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ABSTRACT 

Photo-adducts of aldehydcs and furan wrre transfonncd 10 sub'illtuled monocychc OXl'lnncs, 

usmg a modification of the Frascr-Reid-Mootoo glycosidatiofl procedure, and the chcllllslry of thcsc 

oxetanes was stndied. The photo-adduct of 2-methylfuran and propionyloxyacetnldrhyde wa~ 

transformed in a one-pot reactlon to oxel.1ne 7Sa, which gave oxcl..'lnOCIn and Its <'l'liner as lIcscrihrd, 

The coupling or varions oxctanes of the type 75 to nitrogcnous bases was :llso invrslIgalcd. 

EtCOO~71 
OAc 

OCOCOOMe 

75. It) o~olanocln 

During the course of thls work, it was found that cpoxillcs of the type 23 could be lran"forllled 

inta bicyclic nuclcosidcs 91 and furanosides 93. Blcycllc nuclcosldcs 99 werc nlso prcparcll. agam using 

a modified Fraser-Reid-Mootoo caupling procedure. 

B20~O HO~ o 

" 'Base 

23d HO 

1 
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el 
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An investigation into the rcsolution of photo-adducLS of aldchydes and rurans was inltialed. 
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RESUME 

Des adduils résull:;nt de la cycloaddluon photochimiques du furane sur des aldéhydes uot été 

convertis en oxctanes monocyclique, \ubstitués en utllisanls une modification du procédé de 

glycoc;idation Fraser-Reld-Mootoo. La chimIe de ces oxetanes résuhant a été également étudiée. 

L'adduit dérivé de la photo-condcn<;uuon du mcthyl-2 furane ct du propionyloxyacetaldehyde a 

été transformé par trois réactions ln sllU en l'oxeulne 75a dont le couplage avec l'adénine a donné lieu 3 la 

formation de l'oxetanocin ct de l'épimèle correspondant. Une études plus genérale sur la couplage des 

oxétanes du types 7;' avec des ba.,es punques a été également entreprisé. 

EICOO~ 
OAc 

OCOCOO/.Ae 

l)::> 
HO,">-J 

LOH 
751 (±)-OX8lanocin 

Il a été trouvé dans le cadre de ce travail que des époxides du type 23 pourient été convertis en 

nucléosides bicycliques tel que 91 et du furanosldes tel que 93. Les nucléosides bicyc1iques 99 ont 

également préparés pru' une modification de la méthode de couplage Fraser-Reid-Mootoo. 

BZO~ HO~ 0 • '0 

'--0 '11'Base 

23d HO 

j '1 

l 
NHBz (eN Ot,4e 

HO~ N N) o 0 

~ 
""'NANH OR 

O~O OB, 

HO Y ~O 
113 .. 

Des travoux en vue de parvenir a la séparation des diastéréomèrs des adduits résultant de la 

photocondcnsation des aldéhydes ct des furanes ont été entamés. 

il 
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(iLOSSARY OF ABBREVIATIONS 

Ac 

Ade 

AIDS 

APT 

B 

Bn 

Bu 

Bz 

caled 

CI 

coll 

COSY 

Cyl 

ddA 

DEAD 

DIBAL-H 

DMAP 

DMF 

DMS 

DNA 

f+ 

ECso 

EDso 

El 

EBV 

El 

ee 

cquiv. 

FAB 

g 

Ge 

h 

HBV 

HCMV 

acelyl 

adenine 

acquired Immunodeficlency syndrome 

auached proton test 

base 

benzyl 

but yI (C .. ~) 

benzoyl 

calculated 

chemical ionizaùon 

sym-coIIidine 

correlation spectroscopy 

cytosine 

2',3'-dideoxyadcnosine 

diethyl azodicarboxylatc 

di-iso-butylaluminum hydride 

4-dimethylaminopyriuinc 

dimethylformamide 

dimethyl sulfide 

2'-deoxyribonucleic acid 

elcctrophile 

effective concentration for 50% mhibition 

effective dose for 50% inhibition 

electron impaci 

Epstein-Barr virus 

cthyl (C2H5) 

enanuomeric exccss 

equivalent(s) 

fast atom bombardment 

gram(s) 

gas chromatography 

hour(s) 

hepaùtis B virus 

human cytomegalovirus 

iv 



1 HETCOR helCronuclear correlation 

HIV human unrnunodeficicncy VIruS 

HMOS 1.1.1,3,3,3 -hexamcth y Idlsilazanc 

HRMS high-resolution mass spcçlromcu-y (spcclnlm) 

HSV herpes simplex VIruS 

Hz Hertz 

;- iso-
ICso inhibilory concentration which inhibiL~ 50% 
IDso inhlbilOry do'lC whlch inhllllL<; 50% 

IDCP iodonium di-syrr.·colhdme pcrchlor.llC 

imld imlda70lc 

IR mfra-rcd 

Â. wavclength 

L hlcr(s) 

LRMS low-resolution mass spcclromcU)' (spcclrum) 

M rncga 

M molar(ity) 

rn mllh 

JI. micro 

MCPBA meta-chloropcrbcnzOic aCld 

MCMV murine cytorncgaloVirus 

Mc mClhyl (CH3) 

MEM mClhoxyclhoxymcthyl 

MIC mmimum inhlbilDry conccntrallOn 

min rninul.C(s) 

MMPP rnagncslUm monopcro1( yphlhalalc 

mol mole(s) 

MOM methoxymethyl 

m.p. mclting pOlOt 

N normal(ily) 

NES N-bromosuccinlmlde 

NCS N-chlorosuccinimide 

NIS N-iodosllcclnimldc 
i 
;, Nu nucleophilc 

~ ... ppm parts pcr Il" iII i on 
1 

propyl (C3H7) ( .t Pc ~ 
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Ph phenyl 

PPL porcine pancreauc Iipa.'iC 

py pyridine 

Rf distance travelled by compound. divided by thal 

travelled by solvent front 

res resolving power (in HRMS) 

R."IA ribonucleic acid 

RT room œmperature 

T~ half-Iafe 

t- or lerl· tefliary-

TBAF tetrabutylammontum fluo.ide 

TBOMS. tert-butyldimethylsilyl 

TBOPhS. ttrt-butyldiphenylsilyl 

TEA triethylamine 

Tf trifluoromethanesulfonyl-

TFA trinuoroacetic acid 

THF tetrahydrofuran 

·f 
Thy thymine 

tic thm layer chromatography 

TMSI trimethylsilyl 

TMS tetramethylsilane 

UV ultraviolet 

v volume 

VZV varicella-zoster ViruS 

w weight 
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1. INTRODUCTION & LITERATURE REVIEW. 

1.1 Isolation and Characterization. 

In 1986, an artlcle l was pubhshcd dcscnbmg oxctanocm, a structurally novel nuclcosH.lc lsol.ncll 

from the culture filtrale of Baci//us megalenum NK 84-0~18, which has becn shüwn 10 posscss 

anllbactenal, antiviral and antllumor actlVlty. Oxctanocin was lsolaled m ylclds of approxlmatl'Iy !? 

mg/L of culture fillIate and IS only obtamcd 10 pure fonn afler lcnglhy and tcdlou~ chromatographie 

separations. 

Structure of oxetanocin 

Oxetanocln IS the first nalurai product which is an oxetanosyl-N-glyco.'.tde1 and the nume 

"oxetanoside" has becn proposcd by Nlltsuma2, for the g!ycosldc posscssmg an oxctanc TIng. The 

structure of oxelanocm wa" asslgned arter cxtl'nSlVe analysis of 1\s IR, UV, I3C-NMR, J H-NMR and field 

dcsorpl1on mass spcctra as weil as clcmcnlal analysls. hs structure wa<; confimlcd by X-ray 

crystallographic StudICS3. 

Oxctanocm cxhibllcd cylolOxlClly againsl Vero __ "s (l32.6 ~g/wcll, 50'1r! I/lhlbIlI()!) 01 lell 

growth)l. Il also IOhlbiled thc growth of HeLa ceIls ln Vitro (lC50 47 Jlg/mL)1 and showcd lllIJVJly 

agam<;t bath herpes Simplex vlrus-I (ICso 4.81lg/mL)4 and herpes Simplex Vlru\ JI (IC~o 10 1lg/IllL)I.4.S. 

OxetanoclO showcd anLl hepauus B ViruS aCllVlty (IDso 9 1 ~g/mL)6 and anll human cylomcgalovlru,> 

aCtlvIly (ICso 13 llg/mL)4. HoweveT, oxctanocm dld not eXhlbll any aCllvIty agam,>t vC~llular stomalill'> 

, Shimada. N.; Hasegawa, S • Harada, T.; Tomlsawa, T ,Fujll, A, Taklta, T, J Ant/b/ot, 39,1623 (1986) 

2 Niltsuma, S ; Ichikawa, Y , Kata, K , Taklta, T, Tetrahedron Lett , 28, 3967 (1987) 

3 Nakamura, H.; Hasegawa, S , Shlmada, N, FUJI!, A ; Taklta, T., Iitaka, Y , J Ant/b/of., 39, 1626 (1986) 
4 Nlshlyama, Y, Yamamoto, N , Takahash. K., Shlmada, N , Ant/mlcrob Agents Chomother, 32, 1053 
(1988) 

5 Shlmada. N, Hasegawa, S.; Saito, S.; Nlshlklon, T.; FUjll, A; Tal<lta, T ,J. Antlblot. 40,1788 (1987) 
6 Nagahata, l; Ueda, K; Tsunmoto, T , Chlsaka, O.; Matsubara, K , J Anf/blot, 42, 644 (1989) 
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t VIruS (RNA virus) at 100 Jlg/wcli l • Oxetanocin also showed strong antIbac'erial activity against 

Slaphy/oeoeeus aureus 209P (MIC < 0.1 ~g/mL), Baeil/us subtilis PCI 219 (MIC < 0.1 Jlg/mL), Baeil/us 

po/ymyxa IAM 1210 (MIC < 0.1 Jlg/mL) and Bacll/us megaterium ATCC 14945 MIC = 1.56 Jlg/mL) 

Adenine and adenosmc were strongly antagonistic against oxetancx:in in tenns of its antibacterial activity. 

Inusine and guanosinc demonstrated only a weak antagonistic effeetl . However, the most impressive 

reature of o-c.clanocm is its activity against the human immunodeficiency virus7,8,9. Moreover, it is active 

at very low concentrations (0.5-1.5 Jlg/mL) and intravenous injections of oxetanocin to mice (200 mg/kg) 

dld not show any slgns of toxicity 1. When allopunnol and mycophenolic acid were added to oxetanocin, 

additive anti-HlV effects were produced8. 

7 Hoshlno, H.; Shimizu, N.; Shlmada. N.; Takita, T.; Takeuchi, T., J. Antibiot., 40, 1077 (1987). 
8 Sekl, J.; Shlmada, N.; Takahashl, K.; Takita, T.; Takeuchi. T.; Hoshino, H., Antimicrob. Agents 
Chemother., 33, 773 (1989) 
9 Wilson, F. X.; Fleet, G. W. J.; Vogt, K.; Wang, Y.; Witty. D. R.; Choi. S.; Storer, R.; Myers, P. L.; Wallis. 
C. J., Tetrahedron Lptt., 31, 6931 (1990). 

2 
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1.2 Mode of Action Against Human Immunodefiency Virus. 

The tremendous inlcrcst HI oxct.1nocm ovcr the last fcw yeats is largely duc 10 ilS ahlltty 10 

inhibit the HIV ViruS. The human Immunodcficncy ViruS bclongs to a class of Vlru~CS Ihat arc ~n()wn as 

retroviruses. Replication of the HIV ViruS is a complicatcd arratr involving many stcps. This 13 shown in 

Figure 110• 

W,,"YS TO INTERVENE 

"f.'?-~-r--r-.j.~~~- 1 BLOCK BINOINe 

------t-~- 2 INHIBIT UNCOATING 

REVERSE 
TAANSCRIPTION 

~------ 3 INHIBIT REVERSE 
TRANSCRIPTION 

INTEGAATION ~ 
"'~",mON ~M<"''' 

VIAAL PROTEIN --1)'-)------+--- 4 TRANSLATION 
SYNTHESIS "" ~ ARREST 

I .... 'litt' _ 
MODIFICATION' J' J ' I.~.' . ..., '-( ."",: 

S INHIBIT PROTEIN 
MODIFICATIONS 

ASSEM8LY ~'-'------1L..-..-- 6 INHIBIT ASSEMBU' 

~
J/. AND BUOOINe 

~~ 
BUDDINe 

Figure 1. Lire Cycle or the Human Immunodeficiency Virus. The fust stcp involves btndmg of the 
glycoprotein on the viral envelope 10 the rcceptors on the surface of the ccII. Arter the HIV virus has 
bound to the ccli, it fuses with the cell membrane and relcases its contents into the cytoplasm. Ncxt, viral 
RNA and reverse transcriptase escape from thcir inncr protein coat. The revcrse transcrIptase then bmds 
10 the viral RNA and begins synthcsizing a complemcntary viral DNA strand. Revcrse transcrIptase then 
proceeds to make a second DNA copy of the first DNA strand. This double strandcd DNA IS now 
incorporated into the cellular DNA and IS transcnbed with the host cell DNA. The transcnbcd RNA is 
translated into viral proteins. The viral proteins thus produced undcrgo modifications to allow lhcm to 

assemble into virus particles whlc,h thcn escape the ccli by buddmg out of Ils surface. 

10 From AlOS THERAPIES by Yarchoan, R.; Mitsuya, H.; Broder, S. Sclenflflc American, 259, 112 
(1988). Copyright © by Scientlfie Amencan, Ine Ali rights reserved. 
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Interference with any of the six stcps shown in Figure 1. would destroy the virus' ability to replicate 

itsclf. Oxetanocin possesses anti-HIV activity due to its abilily lO inhibll the synthesis of viral DNA by 

the iI.;.ibwJn of HIV reverse transcriptasc ll . The causative agenl of this inhibition is oxetanocin 

triphosphatcl2, fc·nned through cellular phosphorylation mechamsms. A great deal of effort is currently 

underway to de:ermine the mechanism of inhibition of reverse liëlllSCriptase sa as to make logical 

structural changes lO known anti-HlV compounds that would enhance !heir effectiveness. 

N~N 
o 0 0 ~ .. )l> Il Il Il l,N N 

HO-,-O-i-O-i-°--kZ OH OH OH OH 
Oxetanocin Triphosphate 

11 Sekl, J.; Takeuchl, T.; 5hlmada, N.; Takahashl, K.; Taklta, T.; Hoshino, H., 5th Intemational Conference 
on Alds, Montréal, June 4-9; M.C.P. 121, p. 562. 
12 Salto, S.; Hasegawa, 5.; Kltagawa, M.; Shimada. N.; Takahashl, K; Saki, J.; Hoshino, H.; Nishiyama, 
Y.; Matsubara, K; Nagahata, T., Eur. Pat. Appl., EP 392,403 (1990). 
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1 1.3 Syntheses of Oxetanocin. 

Shortly after wc initialed our project, the first total synthesis of oxetanocin was published in 

1987 by Niitsumal3• The synthesis, which used a glucose derivative as Its starting point, produced 

OJc.etanocm in only 0.008% overall yleld. The key step involved cyclizatlon of an epoxy allyhc ether to 

an oxetane. Unfonunately, this step proceeded in only 5% yield. 

:):

NHBZ N 

N " 

Q ro OBz 

Figure 2. The Niitsuma synthesis of oxetanocin. 

Approximately one year later, another equally low yield synthesis was publishedl4 ,15. This 

syntheliis used cis-2-buten-I,4-dlOl as its starting point. The starting material was transforrned to 

mesylate l, which was then converted to oxetanc D. Coupling of oxctane Il with the nttrogcnous ba~c 

yicldcd protccted oxctanC'Cin and cpioxetanocin in a 3: 1 ratio. Separation of the lwo isomer~ wa~ very 

tedious due to the fael that they had to be eonvened 10 thcir tctrabcnzoate dcrivatives berore separation 

was possible. 

13 Niltsuma, S.; Ichikawa, Y.; Kato, K.; Takita, T., Tetrahedron Lett., 28,4713 (1987). 
14 Nishiyama, S.; Yamamura, S.; Kata, K.: Takrta, T., Tetrahedron Lett., 29. 4739 (1988). 
15 Nishiyama, S.; Yamamura, S.; Kata, K.; Takrta, T., Tetrahedron Lett., 29, 4743 (1988). 
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1 OH ."O~O~ 

< .. OMs 

OTBDMSI 

OH (I) 

.. 

Figure 3. The Yamamura synthesis of oxetanocin. 

7.I.p. .. BCOO~ 
OAc 

OCOCOOMe 

(IX) 

l 
<N~~ 
N-lN) 

BC00"l/0-/ 

LOct'COOMe 

A few wceks later, Norbu:kl6 reported a 12 step synthesis of oxetanocin starting from 

adcnosine. The synthesis proceeded in 5% overall yield. The key slep involved a Wolff rearrangemenl 

of diazokclone m. Application of this methodology lO the prep~ration of pyrimidine analogues of 

oxctanocin has nOl been reponed in the Iileralure. 

16 Norbeck, D. W.; Kramer, J. B., J. Am. Cham. Soc., 110, 7217 (1988). 
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1 
i' 

1 NHBz 

" atepa 

+N 0 
Il HO OH 

- N 

(Ill) 

l 

... 

Figure 4. The Norbcck synthesls of oxeumocm. 

The latest synu.csis of oxctanocin was pubhshed in 1990 by F1ect9. Dmcetonc gluco,>c was 

transfonned to lactone IV in 5 steps. RIOg contraction of lactone IV gave oxctanc ester V. This oxctanc 

ester was then transformed to chlorooxetane VI. The couphng of VI Wlth adenmc gave an cplmerlc 

mIxture (a:~ 3:2) of protectcd oxetanocins whlch were scparatcd chromatographlcally_ This synthc\1\ 

also failcd to provide oxetanocin in an anomerically pure fonn without rcsonmg to tcdlOU~ 

chromatographic separations. 

7 
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OTf 

(IV) 

NHBz 

<=6 
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L oBn 

a:p 3:2 

Figure • . 5 The Fleel synthesis of oxetanocin. 
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1.4 Syntheses of Oxetanocin Derivatives. 

Although most nucleoside anl1biotics contaan a ~-D-nbGfuranosc connectcd to a hClcrocychc 

ring, the fact tha' oxetanocm exhlblL~ blOlogical acuvlty (anl1bactcrial, anUtumor and antlvlfal) has fuclcd 

interest in modifying this novel nucleoslde in the hopc of incrcasing Ils biological aCl1vlly. The first 

derivatives, shown an Figure 6, were synthesized from oxetanocin and involvcd modification of the 

nitrogenous baseS, usually by appropria te enzymatic reacllons. 

(NJ-NH 
N~N) 

HOI/O) 

LOH 

OXT-H 

2-amino-OXT-A 

Figure 6. Modified Bases. 

OXT-X 

OXT-G 

None of thcsc derivallves exhibited antibacterial activlues exccpt for 2-amino-OXT-A, whlch 

demonstratcd activlty against Bacillus cereus IAM 1072 (MIC: 3.13 J.lg/mL) and Slaphylococcus aureus 

209 p (MIe: 3.13 J.lg/mL). OXT-G and 2-ammo-OXT-A exlublted actlvity against herpes ~Implcx Vlru~ 

type-II at 9.71 J.lg/well (50% mhlbillon of cytopathic effcct)17 and 17.68 ~g/wcll (50% mhlbJllon of 

cytopathlc cffect), respccllvely. The oilier derivauvcs were anactive agamsl thlS VlfU~5. ln te\l1ng for 

activity against the hepatltis B virus, only OXT-G (1050 0_72 ~g/mL) and 2-ammo-OXT-A (IDso 0.32 

17 Nishiyama, Y.; Yamamoto. N.; Yamada, Y.; FUjioka, H; Shlmada, N, Takahashl K, J. Anflblof, 42, 
1308 (1989). 
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J,lg/mL) showcd antiviral activity6. The antivIral effects of OXT-G and 2-amino-OXT-A were 12 to 27 

times as strong as thal of ara-A. and they were less cytoloXIC. Although the mechanlsm of inhibition of 

HBV DNA synthesis is not known. Il is thought they affect HBV related reverse transcriptasc l8. OXT-G 

has also becn found 10 he active against Vancella-wster VITUS (EDso 1-2 J,lg/mL)19. OXT-G. 2-ammo-

OXT-A and OXT·H exhlbllcd activity against human cytomegalovirus (ICso 1.0 J.1g/mL. 2.1 J.1g/mL and 

18 J.lg/mL. respccuvely). ŒIT-X did not show any activity al concentrations up to 50 J1g/mL4. OXT-G 

was found 10 have a very low acute toxicity (600 mg/kg). Il has been shown that the triphosphate form of 

OXT-G (analogous lO the tnphosphate form of ŒIT-A shown in section 1.2) inhlblts viral replication by 

impairing viral DNA polymerase4•20,21. OXT-H. 2-amino-OXT-A and OXT-G also exhibiled activlly 

against human imunodeficiency virus (ECso 2.2 J.1g/mL. 4.7 J,lg/mL and 7.3 J.lg/mL. respcctively). OXT-

X did nol show any acûvily al concentrations up lO 100 llg/mL8. Allopurinol and mycophcnolic acid 

polcntialcd thc anti-HIV activilY of OXT-H. OXT-H also showed the most promisc for therapeulic use 

sincc Its sclcctivity index was the highesl of ail of the above mentioned derivatives including OXT-A. 

0 J=N N:JeN L >-N3 l :>-NH
2 

0 H0-=q H0-=q HO 

OH OH 

(VII) (VIII) (IX) 

Figure 7. Modlfied Bases. 

A few months laler, 2 more derivaûves involving modification of the nilrogenous base were 

synthesized22. No biological data were given for compound VU. Compound VIn exhibiled activily 

agamsl the human cYlomegalcvirus (lCso 0.67 J.lg/mL) and the hepatilus B virus. In 1991. showdomycin 

analogue 1X23 was synthesized by chemists al Nippon Kayaku Co.. No informallon on biological activily 

was glven. 

18 Summers, J.; Mason, W. S , Ce/l, 29,403 (1982). 
19 Shlmada, N., Takahashl, K.; Masanobu, A.; Takashi, S, Eurt Pat. Appl., EP 430,108 (1991). 
20 Yamamoto, N.; Yamada, Y.; Dalkoku, T.; Nlshiyama, Y.; TsutsUl, Y.; Shlmada, N.; Takahashi, K., J 
Antibiot , 43, 1573 (1990) 

21 Dalkoku, T., Yamamoto, N.; Salto, S.; Kltagawa, M; Shlmada, N.; Nlshlyama, Y., Biochem. Biophys. 
Res. Commun, 176,805 (1991). 

22 Kurabayashl, 1( ; Saïto, H,; Katsutoshi, T ; Kenichi, M ; Nlshlyama, Y.; Takemitsu, N., Jpn. Kokai Tokkyo 
Koho JP 02,124,898 (1990). 

23 Watanabe, T.; Nlshiyama, S; Yamamura, S.; Kato, K.; Nagai, M.; Takita, T., Tetrahedron Lett., 32, 
2399 (19"1). 
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OH LL( 

X 

Base 

HO~ 
X 

Base = Adenine, Guanine 

(X) (XI) 

Figure 8. Oxetane Modifications. 

In 1989, phosphoric acid esters of the type X were preparedl2. Ali of thesc compounds 

exhibited activity against cytomegalovirus, hepatitis B virus, herpes simplcx virus-l, hum an 

lmrnunodeficiency virus and Varicella-zoster virus. Oxetanocin derivatives of !.he type XI were also 

synthesizcd24, but no biological data is available. 

NLN> 
~NJ-N H0-iq 

(XII) 
(XIII) 
(XIV) 
(XV) 

X 

X=H 
X=OH 
X=N3 
X=F 

Figure 9. Oxetane Modifications. 

(XVI) 

HO~NJÇNl 
X < N 

N 

NH2 

(XVII) X=OH 
(XVIII) X=CH20H 

There havc also becn many oxetanocin derivatives synthesized which involved modification of 

the oxetane ring. In 1990, oxetanocm derivatives xm, XVI and XVD were synthC'illCd25•2f>. 

Compound XIII was found to exhlblt antl-HIV aCllvlly (ICso 5.5 ~g/mL)27 as dld compound XVI (ICso 
0.54 ~g/mL). a-Noroxetanocm XVD did nOl posscss any antIVIral aClivity al com.cntrauon\ up 10 J(X} 

~g/mL. Saito and coworkcrs27 also syntheslZcd oxetanocm dcnvatlvcs XII, XIII and XVI Compound 

24 Sai.o, S.; Hasegawa, S.; Takahashl, K.; Shlrnada, N.; Saki, J, Hoshlno, H, Nlshlyama, V., Malsubara, 
K., Eu,'. Pat. Appl, EP 334,250 (1989). 
25 Wilson, F. X.; Flee!, G. W. J.; Witt y, D. R ; Vogt, K.; Wang, Y.; Storer, A., Myers, P. L , WalliS, C J., 
Tetrahedron: Asymmetry, 1, 525 (1990). 
26 Wang, Y.; Fleet, G. W. J.; S!orer, R.; Myers, P. l.; Wallis, C. J ; Doherty, 0; Watkin, D. J., Vogt, K.; 
Willy, D. R.; Wilson, F. X.; Peach, J. M., Tetrahedron: Asymmetry. 1,527 (1990). 
27 Kitagawa, M.; Hasegawa. S.; Saito, S.; Shimada, N., Takrta, T.; Tetrahedron Lett, 32, 3531 (1991). 
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XII wa~ round to posscss antl-HIV acuvity at concentrations of 0.25 ~g/mL. Azido derivative XIV and 

fiuoro denvaLJve XV were synthesJZed by Flcet28. Compound XIV was found to be acLJve against the 

HIV virus (Iso 6 ~g/mL) whereas the alldo denvative XV showed no signiflcant anti-viral activlty at 

concentrations up 10 100 ~g/mL. Epioxetanocin XVllI has becn synthesized by several groups9.14.1S,29. 

Unfortunalcl y, Il dld not possess any anti-viral activilY. 

HO,rJ

se 

LOH 
Base - Adenine, Guanine 

Uracil, Thymine 

(XIX) 

Base 

HO~ 
X 

(XX:r ) Base=Adenine, 

(XXII) Base=Adenine, 

(XX:rII) Base=Guanine, 

(XXIV) Base=Guanine, 

Base H0-V 
X 

(XXVI) Base=Adenine, 
(XXVII) Ba se=Aden ine, 
(XXVIII) Ba se=Gu an ine, 

(XX:rX) Base=Guanine, 

Figure 10. Carbocychc Analogues. 

X=H 

X=OH 

X=H 

X=OH 

X=CH2OH 
X=OH 

X=CH 2OH 
X=OH 

HO-i2J''' 
Base 

Base 

Adenine 

Uracil, Thymine 

(XX) 

Adenine, Guan ine 

(XXV) 

Base Adenine, Guanine 

(XXX) 

28 Wang, Y.; Fleet, G. W. J.; Wilson, F. X.; Storer, A.; Myers, P. L.; Wallis, C. J.; Doherty, O.; Watkin, D. 
J.; Vogt, K; Witt y, D. R.; Peach, J. M., Tetrahedron Len., 32, 1675 (1991) . 
29 Hambalek, R.; Just, G., Tetrahedron Len., 31, 5445 (1990). 

12 



• 

" 

In addition to al! of thc dcnvatlvl's shown 'Ihove '" hlCh llIvolycd l'Jllll'r Illolltlïl'd ha'l''; alllVor 

rllodlfied oxctanes, a scnes of carbocychc analoguc'i ha.; 3"0 lX'l'n ~ylltl1l'\lIl'd owr tlll' I.I"t kw ycar ... 

Thc tirst dcnv..ltlvcs m..lde ~lInply rl'placct! the (l'l'tanc nng \VIth .1 l ydohlll.\llt' nng 10. \ 1 \~. H,HYi,16 

AdenOSine and guano'>lOc denv<ll1Vl's of thc lypc XIX c,lllbiled aCll\lly agalll\( IISV-I, IISV-II,IICI\.tY, 

HBY, MCMY, VZY and HIV at cOl~ccntraUons hctwecn 0 0241lVIlIL ,1I1l\ l~ () pg/ml The guano~\Ilc 

analoguc of XIX wa<; al<;o actlvc agam~t EB V (1050 0 01 pg/IlIL) Nctther dcnvallvc provcd 10 hl' 

aeutcly toxle to mlcc No blOloglcal data IS avatl.lblc f- the thYIllldlllc .md IIrtlhnc .\I1aloguc" 01 XIX. 

Scveral isomcrs of XIX have also bccn ,>ynLhc'il/cû Dcnv.lllvl" ul Ihe (ype XX were rCl'enlly 

rcported by Katagm and coworlcrs35. No mformallOn l' av,ul.lhle 011 (I!l'Ir hlologlcal al'tlvlty 

Analogucs XXI and XXIII \\oerc also preparcd32,J6. j h' adcnn"lIlc ,IIl,lIogue XXI dl\pl.lycd no 

dctcctablc aetlvlty agaIn'il HSY-I, HSV-II, HeMV Howcvcr, Il W'lli active ,lga\ll\lIlIY ,Il conl'cntratlon'i 

bctween 10 and 50 llg/mL. The guanoslOc dCflvallvc XXIII c-..lllhlll'd :leUvlly .Igam\l ail of thc "bovc 

hstcd VlruSCS at conccntratlOn'i of 80,20,26 and lO ~lg/mL, rl'\pl'lln cl)' Iknvallvcli XXII and XXIV 

wcre synthcsl/cd by NI\hljama and co-workcrsH Both llt"plaYl'd ... trong atllvlly agalll\tIlSY-I, IISV-II 

and HCMV (ECso 0.12-4 2 llg/mL). Adcno~lIIe .Inaloguc", of Ihc tj'pt: XXV Wl're tOlllld to hl.' macllvc 

agamst HSY-I and HIy36. The guanoslne dcnvatlvc ha~ not j'Cl hccn t:V,tlU,lIl'\1. 

DCrIvauves XXVI and XXVIII were found 10 he 1I1actlvc agall1\lllSV -1 and IIly16. E.1rllcr Hw; 

year, LegravcrcndJ7 rcportcd Lhe synthesl<; of XXVII and XXIX. Both of lhe\c lknv,lllvC~ wcre rcportcd 

to be inactive agam5t lhe human Immunodcficncy vIrus. 1 hc adclIO'.llIC all.llnguc of lhc type XXX 

cxhibncd no actlvlty agamst HSY-I and HIV36. No IIlformatlon I~ av,lIlahlc ulIlLcrnlllg the hlOlogKal 

actlvlly of thc guano~lIle analoguc 

Cyclopropane analogues of the type XXXI and XXXII wcrc recl'ntly <;ynthc<;J/,cd by KatagJrl 

and Kanck038. NCllhcr type of denvaLIve CXhlbltcd any actlvlty agam ... t hcrpc~ 'illllplcx VlTU'>CS 1 and II. 

However, compounds of thc type XXXII wcre active agamst bovlllc IcukcnHa Vlru~ al 5-50 ~g/rnL. 

30 Hon JO, M,; Maruyama, T.; Sato, Y., Hom, T , Chem Pharm. Bull, 37, 1413 (1989) 
31 Ichikawa, Y , Nantél, A , Shlozawa, A , Hayashl, Y ; Narasaka, K ,J Chem Soc., Chem Commun, 
1919 (1989). 
32 Nishlyama, Y.; Yamamoto, N , Yamada, Y, Dalkoku, r, IchIkawa, Y; Takahashl, K ,J AntlblOt, 42, 
1854(1989~. 

33 Slusarchyk, W. A, Young, MG., Blsacchl, G S; Hocksteln, 0 R ,Zahler, R, Tetrahedron Lett, 3D, 
6453 (1989). 
34 Norbeck, 0 W.; Kern, E ; Hayashi, S ; Rosenbrook, W ,Sham, H , Herrtn, T, Plattner, J J ; Ertckson, 
J.; Clement, J.; Swanson. R ; ShlpkoWltz, N.; Hardy, 0 ; Marsh, K ,Amen, G , Shannon, W , Broder, S ; 
Mltsuya, H ,J Med. Chem, 33, 1t'85 (1990) 
35 Katagm, N ; Sato, H ; Kaneko, C , Chem Pharm. Bull, 38, 288 (1990) 
36 Maruyama, T; Sato, Y.; Hom, T; Shlota, ~ ,NI1ta, K, Shlrasaka, T , Mltsuya, H , Honlo, M , Chem 
PharfTl. Bull., 38, 2719 (1990). 
37 Boumchlta, H.; Legraverend, M , GUIlhem, J ; Bisagnt, E , Heterocycles, 32, 867 (1991) 
38 Katagm, N.; Sato, H ; Kanako, C.; Chem Pharm. Bull, 38, 3184 (1990) 
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Base 

HO~ 
HO 

(XXXI) Base = Adenine, Thymine (XXXII) 

Figure 11. Cyclopropane Analogues. 

Tricyclic dcnvallvcs xxxm and XXXIV wcrc synthesized in (;arly 1988 by Fleet39 as part of 

his rcscarch involving oxetancx;in. No infonnation is available on either compound regarding its 

blOlogieal aClivily. 

Ci> ~ '1---+-0\ 
6--t-J.·~, 110 

= ", 
H 0 

(XXXIII) (XXXIV) 

Figure 12. Tricyclic Analogues. 

39 Fleet, G. W J.; Son, J. C.; Vogt, K.; Peach, J M; Hamor, T. A., Tetrahedron LeU., 29, 1451 (1988). 
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1.5 Structure-Activity Relationship versus HIV. 

Due to the dtfficull1es mvolved In the synthesls of oxetanocill and oxelanoclll denval1\'c'\, 

Marquez40 undertook an investigation into the necessity of tne oxetane or cyclobutane nng for anllVlral 

activity. Since the tetrahydrofuran ring is known to he an excellenttemplate for reverse transcnptase as 

demonstrated by the anti-HIV activlty of vanous 2',3'-dideoxynucleosldes41 , thcy decided to SynthCSI/C 

hydroxymethyl-subsututed 2',3'-dideoxyadenosines XXXV and XXXVI. 

HO 

(XXXV) 

Figure 13. 

(N0N 
N~ .. ) 

o N 

OH 

(XXXVI) 

In the modelling studies carried out, 2',3'-dldeoxyadenosine (ddA) was a~<;sumed 10 have Ihe 

appropriate geometry and was uscd as a reference template. Oxetanocm and ddA were shown to have a 

large common sub-structure Wlth essentially the same geometry and hence can bc largely supcnmpO'>ed 

as shown in Figure 14. Smce ddA posscsses superior biologlcal actlvlly Wlth respect to oxetanoull, H 

suggests the the 2' hydroxymcthyl side cham In oxetanoctn may hmder us ablhly 10 fit Hllo Ihe bmdlOg 

sites used by ddA. 

Whcn 2'-hydroxymethyl ddA and 3'-hydroxymethyl ddA wcrc modellcd, It wa" found thal the 3'

hydroxymethyi isomer closcly resembles oxetanocm and docs mdr.cd posscss anu-HIV aCllvlly. On Ihe 

other hand, the 2'-hydroxyrncthyl i~orner docs not c10scly rcscrnblc oxctanocm 5>lOce Its 2'-hydroxYfTll:lhyl 

group is in a very diffcremlocation. Also, the 2'-hydroxymethyl isomer docs nol cxhibll any antl-IIIV 

activity. This secms to suggest that the c1eft bctwccn the 2 nng systems must he empty for bmdmg to the 

active sile to take place. 

40 Tseng, C. K-H.; Marquez, V. E ; Milne, G. W. A.; WySOCKI, R. J.; Mltsuya, H ; Shlrasakl, T ; Dnscoll, J. 
S., J. Med. Cham., 34, 343 (1991). 
41 (a) M~suya, H; Broder, S, Proc. Natl Acad. Scl U.S.A.,83, 1911 (1986). (b) Yarchoan, A; Mltsuya, 
H.; Thomas, R. V.; Pluda, J. M.; Johns, DG.; Broder, S., Science, 245.412 (1989). 
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Figure 14. Modclling of Oxetanocin and ddA 

l , 

\ zslA 

I06A 

Figure 15. Modelling of Oxctanocin and Isomerie Hydroxymethyl ddA Anaiogues40• 

Thcsc rcsults scem to indieate that the tetrahydrofuran ring is equivalent to the oxetane ring. It 

also indicatcs that the type and position of the side chains may he more important for anti-HIV activity 

th an ring sizc. 
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2. RESUL TS & DISCUSSION. 

2.1 Synthetic Strategy. 

The structural features of the novel nuc1eoslde oxetanocin l~ offer a challcnging synthetic 

project. The unprecedented oxeumosyJ-N-glycoside presents new challenges in the synthcsis of 

nucJeosides and r.arbohydrates as many of the principles used in furanosidc synthescs are nol applicOlbll' 

to oxetanoside synthesis. We wanted to design a scheme that was nol restncled 10 the synthesis of 

oxetanocin only, but one thal would enable us to efficiently syntheslzc derivatives of oxetanocin as il 

was fell by us at the ùme of the initiaùon of the projcct tbat derivatives would also bc biologically acuve. 

This was borne out laler in the nurnerous papers on oxetanocin derivatives. 

Il was decided from the beginning IDat our strategy would he based on the coupling of a sUltably 

functionalized oxetanose moiety to the base. fhis approach would enable us to incorporate pyrimldme as 

weil as purine bases. The difficulty in the couphng reaction was the conltol of the stcreochemistry allhe 

anomeric position. Il was hopcd that a coupling methodology for oxetanoses could he dcvelopcd 

analogous to the ones that have becn developed for furanose sugars Disconneciion of the glycosldic 

bond is shown in Scheme R 1. 

SchemeRl 

N5cN> 
l.N N RD OR' > HO 

OR" 

OH 

1~, oxetanocin 

The sugar moiety can he derived from the well known pholocycloaddition of aldehydcs and 

furans42.43,44. Thesc photo-adducts incorporale many of the slereochemical fealurcs that characlcrJl.c 

42 Toki, S.; Shima, K.; Sakurai, H., Bull. Chem . .soc. Jpn., 38,760 (1965), 
43 Shima, K.; Sakurai, H., Ibid., 39, 1806 (1966). 
44 SChreiber, S. L.; Science. 227, 857 (1985) and references clled ther..,in. 
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·1 
oxetanocin and offer nexibllity in altering the 2' and/or 3' substituents with relative easc. It was c1ear that 

the choice of protccting and/or parocipati!lg groups would have 10 be carefully consijered smce thesc 

wouJd uhimalcly dcterminc the stereochemlstry of the coupling reaction. Control of the slercochemistry 

about the anomcnc posiuon was deemed 10 be criticaJ since separation of mixtures of anomers is often 

very lcdious and impraclical as was shown by Yamamura'sl4,IS and Reel's9 syntheses of oxetanocin. 

These pholO·adducts a1so offer the benefit of being available from relatively inexpensive starting 

materials. One drawback of using thesc photo-adducts as starting materials was that mey have never 

becn obtained in enamiomericaIly pure form and that ultimately a methodology would have 10 be devised 

lo scparate the enantiomers or synthesize them in high enantiomeric excess (ee). The retrosynthesis of 

the functionalized oxetane is shown in Scheme R2. 

Scheme Rl 

RO~OR' =====~> RO~9 
-LORe.. ~ 

R'" 

Another possible approach involved couphng of the nitrogenous base directly to a suilably 

functionalized/modificd pholo-adducL The difficulty in mis approach was thal the oxetane ring has a 

grealer lcndency 10 open up (espccially under acidic condilOns) than the Curan ring. Any conversion of 

pholo·adducts to oxetanocin. or a precursor thereoC, must circurnvent this ring opening. Il was fell that 

this could he accomplishcd by m(xhfying the furan part of the photo-adduct in such a way as 10 

destabilize il so mal il would open in preference lO the oxetane part. 
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2.2 Initial Attempt. 

2.2a Synthesis of (3). 

The pholo-adducl la was prepared from bcnzaldehyde and furan Via a shghl modification of Ihe 

previously describcd (2+2] Patterno-Buchi pholo-cycloaddillOn41 in large quanti lies and 10 consistcntly 

good yields, lypically 50%. This material served as the model for our imtial mvestigations. O~onolysls 

of 2a in methylene chloride af ·78°C, followed by dimethyl sulfide reductlOn providcd formale .3 in 

virtually quantitative yicld and with a purity >95%. AuempLS to improve the purity by na~h 

chromatogr.aphy resulted in decompostion of 345• Nevertheless, we decided lO procccd with thls malerial 

as obtained and it was hoped that the anomeric formyl group would bchavc similar to acctate group~ in 

coupling reactions and thal the only remaming task would bc 10 transform the aldchyde group lOto a 

sui table participating group. 

Auempts to reduce the aldehyde function to the alcohol with NaBH4 in methanol or cthanol at 

various temperatures resulted In decomposition of the starting material. Reaction wilh sodIUm 

cyanoborohydride in methanol also resulted IR decomposition. At this point il WIlS CciI lhal an aprotic 

solvent was necded since the oxetane ring was probably bcing destroycd ID a base cataJyzed hydroJysis of 

the formate. Thcrefore. we attempted to carry out the reduction wllh LIBH4, DIBAL-H or Zil(BH4}z ln 

tetrahydrofuran or ether. These approaches were also not successful. An even milder approach mvol'lcd 

treating a methylene chloridc solution of 3 Wlth NaBH4 on alumina or sllica gel. ThiS too dld not glvc 

the desired alcohol. Since wc were not able to reduce the aldehyde, il was dcclded to Conn the rncthyl 

acetal with cerium trichloride. methanol and trimethyl onhoformate according 10 the mClhodology 

describcd by Luchc46• Howcver. instead of the deslrcd producl. only the lctrarnelhoxy olcfm " wa~ 

isolated in 43% yield. 

45 Formate 3 had a shalf-Iite of only 1-2 weeks al ·1 ooe belore significant decompositlon occurred. 
46 Luche, J.; Gemal, A., J.Org. Cham., 44,4187 (1979). 
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Figure 16. The 200 MHz 1 H-NMR spcctrum of fonnale 3 JO CDCI3• 
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r Figure 17. The 200 MHz 1 H-NMR spectrum of tctramelhoxy·olcfin 4 in CDCI3• 
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2.2b Mechanism of Formatiom of (4). 

Compound 4 is prcsumably formed by a hydrolysis of the fonnyl group to glve the inlcrmedmlc 

Ja whlch tautaumerazcs rcaddy to the open chain alcohol 3b. Dehydration of 3b, to give the dlaldehyde 

Je is not unexpected in vicw of the instability of ~-hydroxy a1dehydes. Finally, acetalization of Je gives 

the end product. 

Seheme 2 

Ph 0 

~-{o ~r" 
CHO ~ 

3 

4 

OMe 

OMe 

P~ 
~·l OH 

CHO 

3. 

Ph~o 
-0 

3c 

2.2e Attempted Coupling of (3) to Nitrogenous Bases. 

Ph\/o,<:". ° 
-0 

3b 

II 
HO" rr~ 
~"H 

Ph -0 

Since ail efforts to transform the aldchyde function of 3 to a suitably protected group fai/cd, we 

then decided 10 proceed with the coupling 10 the nitrogenous base. Our original approach was based on 

the classical Vorbrüggen mcthodology47.48,49 and was 10 involve a purine base (adeninc) and a 

pyrimldme base (cytosmc) just in case the dlffercnt classes of bases behaved dlff~~rcnlly. JV6-

bcnzoyladenine was synthesized by a described methodso and then reacled Wlth chlorotramcthylsi1:mc to 

yicld the bÜ'-sllylatcd basesi as a c1car yelJow glass after bulb 10 bulb distillation. A slock solution of 

thls malCrial ID 1,2-dlchloroethane was uscd for ail investigations and was found to bc stable for cxtcndcd 

47 Vorbrùggen, H.; KrolikiewlCz, K., Agnew. Chem. mternat. Edit., 14, 421 (1975). 
48 VorbrOggen. H,; HOfle, G., Chem. Ber., 114, 1234 (1981). 
49 VorbrOggen, H.; Kroliklewlcz. K; Bennua, B., Chem. 8er., 114,1257 (1981). 
50 Prokop, J.; Murray, D. H., J. Pharm. Sei., 54, 359 (1S65). 
51 Nishimura, T.; !wai, 1., Cham. Pharm. Bull., 12, 352 (1964). 
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1 
pcriods of lime If moisturc was rigorously excludcd. Bis-silylatcd cytosine was obtaincd Irom the 

unprotecled pyrimidine by a known melhod50 and gave a white powder. 

The coupling of oxetane 3 and bis-(tnmethylsilyl)-NS-benzoyladenine catalY7cd by 

trimethylsilyl triflate, trimelhylsilyl acetate or tin tetrachloride under various condillons arfordcd 

complex mixtures which contamed no coupled products or olhcrwisc idenuftablc compounds Simllar 

results were obtained when bis-(trimethylsilyl)-cylosme was employed as the natro~cnous base. 

Therefore. this approach was abandoned and other coupling me!hods were investigalcd. Reacllon of 3 

with bis.(trimethylsllyl)-N6-benzoylademnne in acelOnitrile under phase transfer condllions usmg 

dibenzo-18-crown-6 and potassium lodlde under various condlùonsS2 gave complex mixtures whkh 

contained no coupled products. Attempts 10 couple oxetane 3 with the sodillm salt of adcninc in DMF 

under various condiuonsS3 also resulled in dccomposition of the oxctane. Couphng of 3 wlth 

chloromercuri-6-benzamidopurine in 1.2-dlchloroethane catalyzed by various Lewis acids undcr several 

dirferenl conditions also resulled in only decorr Josition of 3. Our findings regarding the mstabihty of 

oxctanosyl-formales were corroborated by III" Yamamura group al Nippon Kayaku Co.14. Duc 10 the 

difficuhy in coupling oxetane 3 with nitrogenous bases. il was decided thal we had to devclop a dlffercnt 

sugar component, one !hal was considerably more stable than 3. 

52 Azymah. M.; Chavis, C.; Lucas, M.; Imbach, J. L., Tetrahedron Lett., 30,6165 (1989). 
53 Carraway, K. L.; Huang. P. C.; Scott. T. G., Synthetie Procedures ln Nue/eic Acid Chem/stry, 3 (1966). 
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2.3 Lactone Approach. 

Our next attempl involved the synthesis of laclOne 5. We teU thal Che laetone moicty could bc 

aClivated by a leWIS acid (E+), thereby making the anomerie center susceptible to J}-altack by the 

nitrogcnous base (8:) resulting in opemng of the S-membered ring. The resulting nuc1eoside (an 

oxetanocin derivative) could then be transformed into oxetanocin simply by shortening the 2' side chain 

by one methylene unit. 

SchemeJ 

B 

RO RO 

COOH 

5 

2.3a Synthesis of Lactone (Sa). 

Our initial approach was 10 try 10 con vert pholo-adduct 2a to the desired lactone Sa. Although 

Sehreibcr had recently describcd the oxidalion of pholo-adducts 2. wilh m-chloroperbenzoic acid lO give 

compounds of the type 6S4 , wc hoped thal it would be possible to add a peroxide across the double bond 

of 2a and then transform the rcsulung compound 710 the desired lactone. Unfonunately, ail altcmplS 10 

add t-butylhydropcroxidc across the double bond of la failed and Lhis approach was abandoncd. 

Scheme 4 

Ph))O--r..... 0 .. 
/ ~" 

" OCO·Ph-m·CI 

Ph~ 
OOR 

HO 

7 

54 SChrelber, S. l.; Hoveyda, A. H.; Wu, H. J., J. Am. Chem. Soc., 105, 660 (1983). 
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Irradiation of benzaldehydc and 2-0-trirnethylstlyl-furan in bcnzcnc under various condluons 

resulted only in recovercd starting malerial and there was no evidcnce of the desIrcd pholo-producl 8 or 

laclone Sa. AtlCmplS to reaet benzaldehyde and 2-flll"l/lone in bcnzene photolytically also fallcd 

However, photolysis of benzaldehydc wlth 2-acctoxyfuran in bcnlcne gave laclOne Sa and al'Ctalc 9a an 

14% and 5% yield (unoptimized), respccuvely. 

Sc:heme 5 

Q 
Ph"Z:t OTMS 

hv,CsHs o OTMS 

a 

Ph 0 Ct Ph O/'-

V 0 

~ hv, CsHs 

° s. 

Q OAc 

Ph~ Ph~ OAc + 

hv, CsHs 

\ 
0 

a- Sa 

gb 

The lactone is presumably formed from vinyl acctate 9b. Possible pathways for this rearrangemenl arc 

shown in Seheme 6. No mechanistic studies were carried out to delermine by which pathway the rcaction 

proceeds. 
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l.3b Attempted Coupling of Lactone (5) to Nitrogenous Bases. 

With the lactone Sa ln hand, we proceeded with the couphng lO the basc. Reaction or Sa and 

bls-(trimethylsilyl)-N6-benzoyladenme in 1,2-dlchlorocthane catalyzed by vanous LeWIS aClds rcsulted 10 

no reactlon taking place if mild conditions were used. On the other hand, If more forcing condillons (eg. 

reflux, exccss catalyst) were employcd, the lactone started to decompose slowly. Aucmpts \0 couple 

lactone Sa with blS-(tnmethylsllyl)-~-benzoylademne ln acetomtrile under phase lransfcr conditions 

using dibenzo-18-crown-6 and potassium iodide also dld not Yleld any coupled prodUCl'i Smlliar rc.;ull" 

were obtained when bis-(tnmethylsilyl)-cYlosine was uscd as the base. Sance we were unablc 10 con vert 

lactone Sa inta oxetanocin Iike malerial, a new approach had 10 be devlsed. 
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2.4 New Strategy. 

After carcful consldcration, two new strategies wcrc dcvelopcd. The fuslone was mspired by 

the work of Fraser-ReId and Mootoo, who transfonned I-pentenyl glycosides 10 disaccharides by mcans 

of iodonium dl-sym-colhdinc perchlorate (lDCP) and thc appropriate sugarsSS,s6,s7,5S. Il was hopcd thal 

by functionalizmg photo-adduclS of thc type 2 with appropriate a1kcncs that il would bc possiblc to 

sclcclivcly open the 5-membcred nng of these pholo-adduclS accordmg to Pathway B to yicld 

monocycltc oxctanes 12 whlch could then he coupled to nitrogenous bases to ylcld oxetanocin 

dcrival1ves. One possible competing reaction would be the opemng of the intermediate lIa according to 

Pathway C to yield a blcyclic compound of the type 13a. We fell that it was nol hkely that the 

mlermediale would react thlS way since the approach of the nucleophile is extremely hindered by the 

substltucnt on the 4-position (espcclally pronounced if a bulky group is at C-4) and that thc rcsulting 

compound would bc more strained than compounds of type 12 (predicted by molccular modelhng). The 

other posslblc sldc reaCl10n would involvc opening oC the oxctane ring according 10 Pathway A 10 ylcld a 

bicyclic compound of type 13. We Cclt thlS pathway was only Iikely in the case where the tnterrncdlate 

iodonium ion Il was In close proximity to the oxetane oxygen. 

The second approach centercd around me investigation oC the Patemo-Buchi pholocycloaddnion 

rcactlOn in order 10 dClcrmine iC it is possible to obtain chemoselectivity m the addition of 

unsymmctrically subsl1tutcd furans 10 aldchydcs. This would enable us to replace the vcry unstable 

anomeric formate group Wlth something more stable, iike an acetate (commonly employed in base 

coupling rcactions) or benzoate group. 

55 Mootoo, D. R.; Date, V.; Fraser-Reid, B., J. Am. Cham. Soc., 110, 2662 (1988). 
56 Fraser-Reid, B.; Konradsson, P.; Mootoo, D. R.; Udodon9, U., J. Cham. Soc., Chem Commun., 823 
(1988). 
57 Konradsson, P.; Mootoo, D. R.; McDevilt, R. E.; Fraser-Reid, B., Ibid., 270 (1990). 
58 Lopez, J. C.; Fraser-Reid, B., Ibid., 159 (1991 ). 

28 



1 Scheme 7 

2 

'Ith .. yl 

~ 
I""\~~cf ,- \, 

ROO 

13 

--.. "~;"'kl' 
J .. 07 
X 

10 

l 

"~;" . J"'O 
;YU' X ~ Nu' 

111 

Nu.---4. 

":;9 
AU ~ 
r-··i~ 

Aoo 

11 

i 

10 

A~NU j:ROO1ROO 
o A' a 

""0 

"~~" .. " 
h'~ x Nu x 

12 131 

'Ithw.y B 'lthwlY C 

29 

1 



, 

f 

2.5 The Fraser-Reid Approach to Monocyclic Oxetanes. 

2.58 Synthesis or (9). 

Our fUSl task was 10 construCl a photo-adduct of the type JO. Due 10 the extreme difficulty that 

we expcrienced in our imtial auempts to epoxidize the double bond in l (discussed in section 2.5d), we 

dccidcd to carry out our initial studies on model compounds where the hydroxy function would he 

replaced by a hydrogen or halogen atom in order 10 sec if the method was a viable one and so as nOl ta 

waste time should this approach fail. We also helieved thal the halogen could he converted to a hydroxy 

group if epoxidation proved to be unachievable. 

Reaction of 2a with hot methanol gave alcoholJ4 in 31% yield. The latter is derived from an 

acid-eatalyzed opening of the oxetane rmg. Treatment of photo-adducts la and lb with allyl or methallyl 

alcohol and catalylie amounts of acelle acid gave the corresponding allyl (15: 30%) and methallyl (J6a: 

10%, J6b: 11%) acetals. The structural assignmenl of J4, and therefore of 15, 168 and 16b, was based 

on a HETCOR carbon-hydrogen correlation, which unambiguously ruled out the bicyelic structure of 

type 10. 

The functionalizing of the bicyciie syslem 2 proceeded in a more satisfactory manner when a 0.2 

M solution oC photo-adducts 2a or 2b in the appropriale alcohol was treated with one equivalent of N

bromo or N-iodosuecinimide at room temperature for 1.5 - 2 h, giving bromo or iodo aeetals 10 in 

variable, bul Crequently high yields. The results are summarlzed in Table 1. 

Compounds oC the type 10 were fonned by, firsl, an exo coordination of the halonium ion ta the 

double bond followed by an SN2 type displacemem from the endo face. The trans stcreochemistry along 

the C3-C4 bond was eonfirrncd by IH and eOSY NMR, which showed no eoupling belwccn H3 and H4 

sinee the IwO prolons had a diheàral angle oC approximatcly 900. Had they becn cis, a coupling would 

have occurrcd duc ta their dihedral angle being approximately 00. The 13e, APT and HETCOR NMR's 

also confinned that wc had obtaincd the desired bieyclic compounds 10. The high purily oC selectcd 

e'-amples was esrablished by elemenral analysis. 
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R"OH 

14, R.Ph, R""CHa 

15, R.Ph, R".CH2CH.CH2 

161, R.Ph, R".CH2C(CH3).CH2 

16b, R.Pr, R".CH2C(CH3).CH2 

ENTRY R 

lOa Ph 

lOb Ph 

IOc Ph 

IOd Ph 

lOe (CH3)2CH 

lOf (CH3)2CH 

lOg (CH3hCH 

IOh (CH3)2CH 

R' 

21, R.Ph 

2b, R.Pr 

Table 1 

CH2CH=CH2 

CH2C(CH3 )=CH2 

CH2CH=C(CH3)2 

CH2C(CH3)=CH2 

CH2CH=CH2 

CH2C(CH3)=CH2 

CH2CH=C(CH3h 

CH2C(CH3)=CH2 

NXS 

R'OH 

X 

Br 

Br 

Br 

1 

Br 

Br 

Br 

1 

R 0 

~~"'OR' 

TIME 

1.5 h 

1.5 h 

2.0h 

2.0 h 

2.0 h 

2.0 h 

2.0 h 

2.0h 

X 

10 

YIELD 

22% 

17% 

76% 

100% 

70% 

9% 

75% 

84% 

The reaction, however, is far from general. Ali atlCrnplS to synthesize chloro dcnvallvcs u~ang 

NCS and various alcohol~ {allyl, rnethallyl, dirnethallyl, 4-pentenyl, cinnamyl) failed. Il wao; t\l~() not 

possible to synthesize any iodo denvatives using the above mentioned alcohoIs except for melhallyl 

alcohol. Using NBS, only the reactions with cinnarnyl alcohol and 4-penten-t·ol faaJed. When 4-penten

}-ol was uscd as the alcohol, reaction with NBS or NIS resulled m intrarnolecular cych/allon glvlng 2-

bromomethyl or 2-lOdomethyl tctrahydrofurans. Il occurred more rapldly than rcacuon wllh the double 

bond of the photo-adduclS. Surprisingly, the iodo derivalives IOd and IOh had Mc lImes excccdmg 1 

year at -100C, whereas the bromo cornpounds were considerably less stable Wlth IIfe limes of one to 

fifteen weeks. 
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F;gure 18. The 200 MHz lH-NMR spectrurn of lOb in CDCI3• 

2.Sb Synthesis of Monocyclic Oxetanes (model studies). 
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Prcliminary work was camed Oulon acetals lOb· lOf and IUb so thal il could bc delennined 

which ones wou Id give the OOsl results, Using the protocol established by Fraser-Reid and Mootoo. 

bromoacetals lOb, IOc, lOe and 10r were treated with iodoniurn di-sym-collidine perchlorate (IDCP)S9 

and methanol (5 equiv.) in bcnzene and gave 17b, 17c, 17e and 17r in 27 - 70% yield as a mixture of 

inscparable and relalivcly unslable diastereomers. Reaction of iodoacetals IOd and 10h Wlth IOCP and 

methanol (5 cqulv.) in bcnzene gave 17d and 17h ID 67% and 30% yield. respcctively. Aner observation 

of the compounds for several 'Nccks, it bccarne c1ear 10 us thatthe iodo derivatives were more stable than 

the correspond mg bromo dcrivaùves, We also noticed that the 2-rnethallyl derivatives were considerably 

more stable than ciLher \:'tc 3,3-dirnethallyl or allyl derivatives. Thcsc results indlcaled that fulure work 

should bc carried out with the iodo methallyl dcnvatives, 

59 Lemieux, A. U,; Morgan, A A., Cano J. Chem .• 43, 2190 (1965). 
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We ncxt explored the rcaclion of vanous nucleophilcs wlth IOh, ReactIOn of the IOdo-mclhallyl 

dce1allOh with IDCP and a varicty of alcohols and carboxylic acids gave, after 4 h, 18a - 18f ln vanablc 

yields. The results arc summanzed lfl Scherne 9 (* ylclds arc bascd on recovcrcd starting matcnal). A~ 

can he seen, acetate lSf could bc obtained in respcctable yield, Ali compounds 18 were I~olated a~ 

mixtures of in separable diastereorners Ail of thesc compounds decomposed slowly al -10°C and had 10 

bc repurified afler 1 - 2 weeks If rcqUired for further work. Unfonunately, the range of nucleophllc!> th al 

can he employed in this reacl10n is not unrestricted. Auempts lO carry out the rcaction uSlng bulky 

nucleophilcs such as t-butanol, diaccLone glucose, methyl-2,3-isopropylJdcne-D-nbofurano~e, 

stigmastanol and p-cholestanol failed and only starting material was rccovered. This i .. probably duc 10 

their sheer size which prevcnts them from coordmatmg wlth the clcctrOpO~llJVC ccnlcr~ ln thc 

inLermedlate. Wc also tricd to couple nitrogenous bases [blS-(tr,methylsllyl)-~-bcn7.0yladcmnc and bls

(trimethylsilyl)-c)'tosmc] to lOb, Unfonunatcly. no reacuon occurred and only startmg malerial wa~ 

recovered even if forcing conditions were used. 
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DcUlih.'.d analysis of the IH and I3C-NMR speclra of these monocyclic oxeUlnes proves that 

blcychc compounds of the types 13 and 13a were nOl formed. Since two diastereorners are fonncd in the 

rcaction, one would c:xpcctthe JH and 13C-NMR of the bicyclic compound 10 be quilC differenl for the 

lwo diastcrcomers duc 10 the faci mat the system is relatively rigid and thus. the CH21 and CH) groups 

would bc ID significanlly diffcrenl environmenlS. On the other hand, the monocyclic oxetancs would not 

cxhlbit any significam differences in chemical shifts between the IwO diastereomers since the 

dlastcrcomeric center of the moleculc is reasonably removed from thc oxetane part of thc moleculc, 

Also, since mcre is frec rotatIon about the carbon,carbon bond whlch connects the dioxolanc moiety 10 

lhc rCSl of the molccule, il is nol possible for the lWO diastereomers to be "Iockcd" in a fixcd 
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configuration (which would cxhlbit markcùly dlffcrent chemical shifts for the Iwo isomers). l'lus as 

exactly what wc observe in the tH and 13C-NMR. Also, if one examines the t Il and COSY NMR's of 

18e and 18r, we can see Ihat of the two "anomeric" protons. the one furLhcr downficld (112) is couplcd 10 

the one at - 3.5 ppm (H3) whcrcas the other "anomenc" proton (H3") is not coupled to ally other protons 

Thi:; indicates that the monocyclic structure is correct since protons al anomenc posItIons whlch have 

ester substllUenlS arc always more dcshieldcd than ace taIs due to the dcshieldmg effects of the cmbonyl 

group. 

OCOH ('1 

~.y 

j 

: ' • , i i i , i i ~ •• i i i i • , , J ' , , . i •••• ~ , i , i , • i , , l' , i i i ' i •• ~ , , , , i , , j • l if. , l ' i • , i ;,;. • 

Figure 19. The 200 MHz IH-NMR of oxetane ISe in CDCI3_ 

2.Sc Synthesis of (20). 

Having proven that the bicyclic system 2 can be opcned in the desired manner using a 

modification of the Fraser-Rcid--Mootoo methodology, wc decided to prepare an intermcùiate which wa'i 

more closely related to oxetanocin. Smce we would have to proteet whal would cvcntually bccornc the 4' 

hydroxy group, il was decidcd 10 use the I-butyldirnethylsilyl protecting group since It 15 rcasonably 

stable to acid (a requiremcnl for Vorbruggcn type couplings), survives ozonolysls and would n{Jtmtcrfcre 

with the haloniurn reagents used in opcning of the photo-adducl. 
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Dimethallyl alcohol was quantitatively converled to the t-butyldimethylsilyl ether 19 by standard 

means (TBDMSiCI / imidazole 1 DMF)60. Ozonolysis in methylene chloride al -78°C. followed by 

reduction with dimethylsulphide. gave a1dehyde 20 in 95% yield. Irradiation of 20 with furan in benzene 

provided photo-adduct 2e in 34% yield. Treatment of a 0.2 M solution of le in methallyl alcohol with 1 

equivalent of N-bromo or N-iodosuccinimide gave the corresponding brama (21a) and iodo (21b) acetals 

in 34 and 27% yield. respectively. Fmally, Ireatrnent of 21b with IDCP and acetic acid gave the 

monocychc oxetane 22 in 47% yield. 

Sincc oxetanes simllar to 22 had becn converted to oxetanocin by reaction with bis

(tnmethylsilyl)-~-bcnzoyladenine and lin tetrachlor. dç" we used Ihese reachon conditions and variations 

thereof to try 10 conven 22 to an oxetanocin like rr )iecule. However. decomposition occurred before 

coupling. The instability is probably linked 10 the pn,sence of the lWO halogens in 22. Thercfore, il was 

decided that the halogen on C3' would have to he replaced by a hydroxy group and this could be 

accomphshed by either replacing the halogen ln compounds 10 or by functionahzmg the epoxlde of 2 

wlth mcthallyl alcohol. 

Reaction of JOh with exccss potassium hydroxide in refluxing letrahydrofuran / watcr did not 

result in replacement of the iodme by a hydroxy group. When silvcr carbonate in dlOxane / w~~... was 

used, no reaction occurrcd unless forcing conditions were used. TIlen. decomposition of the starting 

material resulted. SlOce wc were unsuccessful in our efforts lo replace the iodide with a hydroxy group, 

it was dccided to proceed via the epoxide of 2. 

60 Corey, E. J.; Venkateswarlu, A., J. Am. Chem. Soc., 94,6190 (1972). 
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2.Sd Epoxidation of Photo-adducts (2), model studies. 

Since il was known thal MCPBA could nOl be used for the epoxidation of pholo-adduclS, olher 

methods had 10 be explored. Reaction of 2a with peraceuc aeld61 in methylene chlonde 1 aeetic acid 

resulted in decomposition of the starting malerial. Similar results were obtained when magnesium 

monoperoxyphthalale (MMPP)62 was used. Al this poinl we felt thal decompositlOn was occurring 

because the epoxide was unstable and hem'" l'" ,!... "01 be isolated. Therefore, we added methallyl 

aleohol ta the reaction mixtures hoping 10 open the epoxide, ta give the methallyl acetal, bcfore il 

decomposed. This approach was nol successful. When methanoll waler solutions of photo-adducis 2a 

and 2b were trealed with sodium percarbonate63, no reaction occurred even when forcing conditions were 

uscd. Use of 2-butanone peroxide as the epoxidlzing agent also did not yield the desired epoxides and 

only starting matenal was recovered. However, when a methylcne chlondc solution of 2a was submillcd 

10 the actions of dlmethyl dioxrrane ln accloné4,6S,66, epoxide 23a was obtamed in almost quanlilativc 

yield as a 9: 1 mixture of exo and endo isomers, whlch were unstable 10 and therefore unseparable by 

chromatography. Unfortunately, reaction of 2b wlth dimethyl dlOxlrane in acelOne 1 methylene chloride 

did not glve the desired product and no starting material was recovered. Nevertheless, we decided 10 

proceed with our model sludles using epoxide 23a. 

Since we were interested in establishmg the optimum conditions for opcmng up the epoxide wlth 

methallyl alcohol, il was necessary to dClermine under what conditions the epoxlde would survive and 

reacl in the desrred manner. Il was discovered thal by dlssolving 23a in dry methanol and stirrmg for 16 

hours causes the epoxide to open glving acetal 24a in 61 % yleld. Although 24a can be isolated and 

characterized without much dlfficulty, its hfetime is only 1 - 2 wecks at -lOUe. Aeelylallon by standard 

method~ (Ac20, py, OMAP) gave acetate 25a an 56% yield. Il was nccessary to proteet the free akohol 

so as to increase the stability of the molecule. Reaction of 23a Wlth 5 cqUivalents of aeellc aCld in 

methylene chloride gave, after 18 h, 24b in 56% yield. Acetylation procceded an 93% yleld to glve 

diacetate 25b. This result proved that the epoxide could lolerale controllcd aCldlc conditIOns. Now that 

wc had an idea of how 10 functionalize the epoxide, we procecdcd lO synthcslze the rneLhallyl acelal of 

23a. Reaction of 23a with 5 equlvalents of rnethallyl alcohol ID methylcnc chlondc gave 24c in 63% 

yield. Prolecùon of the Cree hydroxy group as an acetalc (2Sc) procceded ID 71 % yleld. 

61 Reil, D. J.; House, HO., Org Syn., Coll Vol., 4, 860 (1963) 
62 Brougham, P.; Cooper, MS; Cummerson, D. A; Heaney, H.; Thompson, N., Synthesis, 1015 (1987). 
63 Ando, T.; Cork, D. G.; Klmura, T., Chemistry Letters, 665 (1986). 
64 Murray, A. W.; Jeyaraman, R , J. Org. Chem, 50, 2847 (1985). 
65 Baertschl, S. W.; Raney, K. D.; Stone, M P.; HarriS, T. M., J. Am. Chem. Soc., 110, 7929 (1988). 
66 Adam, W.; Curci, R.; Edwards, J. 0, Ace. Chem. Res., 22,205 (1989). 
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Being satislied with the results from our model studies, work proceeded on epoxidizing photo

adduct2e. Unfonunatcly, the conditions which were employed for 2a proved to be unsatisfactory for 2e. 

Il was thought that the epoxide of le was very unSlable and that il could not be isolatcd. Thcrefore, wc 

rcactcd 2e with dimethyl dioxiranc in acctone 1 methylene chloride conlainmg 1 eqUivalcnt of methallyl 

alcohol hoping to open the epoxlde in situ before it decomposed. This approach was not successful. Il 

also did not succeed when tried with photo-adduct2a, but surprisingly, when 2b was employed, epoxide 

23b was isolated in 53% yield. No explanallon for why methallyl alcohol is nccessary to facilitate 

epoxidation of 2b cao be given. 

Since wc were unablc to cpoxidize 2e, a new photo-adduct would have lo be designed. The t

butyldlmethylsilyl group would now have to be replaced by another protccting group because we fcll that 

the TBMDSI group was the source of instability in the epoxide of le. After careful consideration, the 

benzoyl ester was chosen since it is stable ta oxidizing agents, acidic conditons used in Vorbruggen 

coupling rcactions, and can be removed under rclatlvely mild conditions. 

Dimethallyl alcohol was transformed in quantitative yicld to its benzoate ester 26 by standard 

mcthods (BzCI, py, DMAP). Ozonolysls, foHûwed by reduction with dimethyl sulfide, gave aldehyde 27, 

which upon irradiation with furan, providcd pholo-adduct 2d in 30% yield. Epoxidation witb dimcthyl 
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dioxirane in acetone 1 methylene chloride proceeded smoothly ta give epoxide 23d in vinually 

quantitative yield as a 9: 1 mixture of exo and endo isomers which, as expected, were uns table to column 

ehromalography. Trealmenl of 23d with 10 equivalents of methallyl alcohol in methylene chloride gave 

hydroxy aeetal 28, which was transformed to acetate, methyl oxalate and benzoate 29a-c by standard 

procedures in 75, 64 and 78% overall yield respectively, from epoxide 23d. Treatment of 29a, band c 

with IDCP and aeetie acid (5 equiv.) gave 30a, b and c, whereas the use of benzoir. aeid as the 

nueleophiIe gave 31a, b and c. AU of these were obtained in moderate yield. Benzoates 31a, band chad 

a shelf liCe of 3 - 5 weeks al -)OOC, whereas the acetates 3Oa, band c started decomposing arter a fcw 

days. The NMR data of 38 and 31 were similar 10 those of the iodo derivatives ISe, ISr and 22. and 

eonfmned thal we had obtained the desired monocyclie oxetanes. 

Sinee we fell that the presence of an iodine in our sugars was a eontributing factor to thcir 

relative instabilities, we also invcstigated the reaction of 29a-c with bromomum di-sym-colhdine 

pcrchlorate l8 and aeelic acid, hoping that perhaps the bromidcs would be more stable than the 

correspondmg lodides. Although lIc indJcated that a reaction look place, the products wcrc 50 unslablc 

that they could nol he isolated even in crude forrn. Hence il was nol possible 10 ascertain whcther or nol 

the desired producl had forrncd. 
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Unfortunatcly, both 30 and 31 decomposed during altemplS to couple with persilylatcd bases, 

usmg Lewis aCld caL'llysis. In order to improve the stabihty of oxetanes 30 and 31, we attempted to 

remove the dlOxolanc mOiety reductively by means of zinc in methanol67. When the reaction was camed 

out on oxetanes 30a-c, 31a and 31c, tic indicatcd formauon of a new product which could have posslbly 

becn the desircd aldchyde 32. However, the prodUCI decomposed aImosl immediately after il was formed 

and thus could not bc isolatcd. Only oxetane 31b gave an isolatable, albcit highly unstable (TIn. - 2h al 

67 Corey, E. J.; Ruden, R. A., J. Org. Chem., 38,834 (1973). 
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1 
-l00C), reduction product 32' whose structure was tentatively assigned bascd only on IH-NMR. Thc 

spectrum clearly indicaled the presence of the rnonocyclic oxetanc ring as weil as a rncthallyl side cham. 

Scheme 13 

OR 

BzO 

32, R.Ac, Bz; R'.Ac, MeOOCCO, Bz 

OR 1 

BzO o.~ Zn 
MaOH 

30, R-Ac; R'.Ac, MeOOCCO, Bz 
31, R-Bz; R'.Ac, MeOOCCO, Bz BzO 

32' 

The rnechanism for the formation of oxctane 32' IS shown 10 Scherne 14. Aflcr cxammatlOn of llll~ 

scheme, it is quitc obvious why the reaction can only proceed through this pathway whcn a rncthyl oxalyl 

protecting group IS used. Clcarly, this pathway IS preferrcd to the one that would Icad lO the formatIOn of 

aldehydes 32. 

Tnbulyltin hydnde medlalcd deiodination of oxctanc 31 only gave thc dCSJJcd producl 33 (1 = H, 

50% yicld) ID the case of 31c. Il is stablc al -lQOC for cxlcndcd pcnods of llmc but could nOl he 

converted 10 oxetanocin hke malerial because of dccomposition under mlldly LeWIS aCld conditlonl-. 

From companson wllh anomenc benzoates of type 31c not contammg the dloxolane nng (preparcd ln 

section 2.6b), wc conclude that the dlmcthyl-dioxolane ring is the source of instabihty JO thesc types of 

compounds since the dimelhyl-dioxolane mOiety IS rapidly converted lO an aldchydc under aCldlc 
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concllLions. Thesc aldchydes, as seen from our alLemplS LO convcrt oxetancs 30 and 31 to aldehydes 32, 

arc exLremcly unstablc and decompose almost immediatcly after formation .. 

Scheme 14 

BzO BzO 

OBz )= 
o 

OBz 

31b 

2.5e Methallyl Epoxide Approach. 

AL the same tlme as we were investigaLmg IOCP initiatcd monocyclic oxelane fonnation, we 

also mvcstigatcd Lhe cpoxidation of allyl Lype adducts. It was hoped that nitrogenous bases could be 

addcd to tltcse epoxides in a manner analogous LO the one that wc developed for synthesis of monocyclic 

oxctanes. Again usmg model compounds, we <;ubJected acetallOg to the actions of dimethyl dioxirane in 

accLone / mcthylene chloride and dlscovered thaL bromo epoxide 34a was obtained in 66% yield. 

Similarly, epoxldaLion of acetal 21a gave epoxlde 34b in 90% yield. However, acelals lOb and 2lb did 

not afford thcir corrcsponding epoxides sincc the starting rnaterial was decomposed by the actions of 

dimcthyl dlOxirane. Wc bclieve thallOh and 2Ib decomposed (solutIOn tumed black) because the iodine 

was OXlt!tzcd by dirnethyl dioxlranc. 

Wlth 34b ln hand, wc procecdcd wilh the couphng to the niLrogcnous base. Reaction of 34b and 

bis-(trirnethy IsJlyl)-~-henzoyladenine m 1 ,2-dlchloroelhane catalyzed by various Lewis acids resultcd in 

dccomposltion of the starting rnaterial with no evidencc of any cou pIed products of the type 3Sa being 

fonned. Simllar rcsults wcre obtamcd when bis-(trirnethylsilyl)-cytosine was uscd as the base. Believing 

that pcrhaps the brornme in cpoxide 34b was the cause for its inSlabllity, epoxide 34c was prepared bya 

proœdure similar 10 that uscd for the preparation of 34b in 87% yicld. Il was hoped that this epoxide 

(34c) would he more sui table for coupling reaclions duc to its increased stability. UnfortunaLely, wc were 
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unable to achieve any coupling LO niU'ogenous bases using conditions similar to those uscd for 34b and 

this approach was abandoned. 

Scheme IS 
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34b, R=TBDMSIOCH2. X=Br 

34c, R=BzOCH2' X=AcO 

Since wc had experienced difficulty in couphng nitrogenous bases dircctly to funclionalil.cd 

photo-adducLS prevlOusly, il was decided to attempl 10 open the bicyclic compound 34c wJlh a thlOJ 10 

yield a compound of type 35b. This compound could then he coupled 10 the base via a rnercury calalysl. 

Il was thought thal these types of couphng conditions arc milder than the LeWIS aCld calalyzed methods. 

Reaction of 34c Wlth thlOphcnol 10 ether calalyzed by zinc chloride gave alcohol 36 as a mix.ture of 

inseparable diaslcreomers in 64% ylcld. The product IS dcrived from a zinc chloridc catalY/cd opcnmg 

of the oxetane ring and is extremely unstable. Attempts 10 further charactenzc 36 by formang an acctate 

failed. Also, the synthesis of 36 IS very difficull and requires very dry condJlions (dcsplte the heM 

precautions, only 1 out of 3 attcmpLS gave 36). Ali other attcmpts to syntheslzc compounds of the lype 

3Sb failed and this approach was not pursued any forther. 
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2.6 Unsymmetrically Substituted Photo·adducts as Precursors for Oxetanocin. 

2.6a Model Studies. 

One of the major limItations of the Patemo-Buchi photocycloaddll1on reaCl10n IS the lack of 

regioselectivlty in the addilion of aldehydes to unsymmclncally substllull'd furans. For eX:lmple, the 

pholochcmlcal reacl10n b('lween bcnlaldehyde and 2-mclhylfuran provide.; a 1:1.111llxture of photo

adducLS resulting from lhe cxo addItion of the aldehyde 10 the less- and morc-substituted douhle bond of 

furan, respectively42. Separation by chromatographlc mcans IS not possible, and thcrcfore Il was not 

possible to converl Ihe appropnate pholo-adduct to a suiL3bly protccted oxeLanc due to the facl that the 

undcsired isomer decomposes during the reactlOn and glves a complex mixture from wluch Il was 

impossible to isolate the dcsired sugar. 

Since we were mterested in synthesizang oxetane sugars dlrcctly from ph()to-;lllducl~ by the 

method devcloped for the synthesls of 3, an Invesligatlon of lhe reaction of aldchydcs wllh vanous mono

substiluted furans was initIatcd. Il was hopcd that a pattcrn would emerge regardlllg the effccl of elcctron 

donating or withdrawing substituenLS on lhe furan ring. Another objecl1ve of thls sludy was tu provl(le a 

stock of vinyl substituted pho1o-adducLS whlch could be used in the synthesis of oxeLanocm. Wc also 

wanled to see if the use of non alkyl substltutcnLS would make separatIOn by chromatographlc mcans 

feasible. Benzaldchyde was chosen as the carbonyl component due to the facl 1hal Il glves relatlvcly 

stable photo-adducLS, iLS NMR spcctrum IS simple and docs nol appear m the same reglon as the photo

adduct signaIs and il IS rcadlly avallable m vcry pure form68. The Subsll1uled furans cho~n wcrc ones 

1hat were readlly avallable and contamed side chams whlch could bc modified as ncccssary III our 

synthcsis of oxetanocm. 

Irradiation of a bcnzene solutIon of benzaldchyde and furfural dld not glve any pho1o-producLS 

and only starting material was recovered. Similar resulLS wcre obtained when 2-acctylfuran or 2-

melhoxyfuran were uscd as the furan componenLS. However, when furfuryl alcohol 37 was used as the 

furan componcnt, photo-adducLS 37a and 37b were obtamed as a 4:7 mixture of regiOisorners. 

Purification by flash chrornatography gave the vin yI substitutcd lsomer 37a excluslvcly, III 20% ylcld. Il 

was possible 10 isolate 37a uncontammated by 37b since the latter is dcstroyed on the column. ThIS 

selective destruction is possIble smce sIlica gel is slightly acidic and cataly1.cs thc opemng of the oxetane 

ring in the case of the acetal substltuted isomer 37b duc to the very favourablc formatIon of a 1ertiary 

oxo-carbonium ion. The silica gel, however, IS not acidic enough to catalyze oxctane rmg opcning in the 

vinyl subslÏluted isomer. 

68 ln retrospect, other aldehydes should have also been Jnvestigated (especially benzoyloxyacetaldehydo) 
since this would have given us a better understanding of the relative stabilrties of the photo-adducts under 
the conditions of flash chromatography. 
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Encouragcd by this result, we then fonncd 2-(2-hydroxyethyl)-furan 38 in 99% yield by the 

reacLion of furfural Wlth methyl magnesiun bromide in ether. Irradiation of benzaldehyde with 38 il. 

benzene gave pholo-adducts 381 and 38b as a 3:5 mixlure of regioisomers. Il was possible 10 isolale 

isomer 38a in 26% yield by Oash chromalOgraphy withoul contamination of the other isomer 38b. 

Acetalization of furfural with cenum triehloride, methanol and trime!hyl orthoformale gave, in 69% 

yield, dimethyl acetal 39, which was irradiatcd with benzaldehyde in benzene lO give pholo-adduets 393 

aud 39b in46% yield as a 2:3 mixlure of inseparable regioisomers. 

Scheme 17 
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38b, R.CH(OH)CHa 

38b, RsCH(OMe)2 

It is not JXlssible to draw any conclusions from this study since its scope was sim ply nOI broad 

enough. However, we did learn thal il was possible ID obtain unsymmetrically substitutcd pholo-adducts 

in a pure form by way of flash chromatography. The isolaLion of the desircd isomer depended solely on 

the difference of the stablliLies of the lwo regiOlsomers. 

2_6b Synthesis of Benzoate (42) andp-Nitrobenzoate (43). 

Sinec anomcric benzoales 31 wcrc more stable than the corresponding acetalcs 30, wc nexl 

procccded 10 synthesize 42 (Scheme 18). Il 'Us Cell !hal these sugars would he significantly more stable 

Ihan 31 sinee Ibey dld nOI contain a dioxolane moiety. 

Wc imLially dccidcd ID synlbesize pholo-adduct 41a via [2+2] pholocycloaddition of 2-

phenylfuran and aldehyde 27. Although we dld nol expect any regioselectivily ID ibiS reaction, Il wali 

hopcd thallhe Iwo regio-isomcrs could be separalcd by chromalography. Unfortunalcly, irradialion of 2-

phenylfuran, preparcd by a dcscrihed method69, and aldchyde 2'7 did nOI glvC any pholo-products and 

only starting ma"crial was rccovcred. Howevcr, when using tribulyl-(2 furyl)-stannanc, preparcd by a 

known procedure 70, as the furan component as describcd by Schreiber71 , pholo-adducl40 was obtained 

69 Bohlmann, F.; StOhr, F.; Staffeldt, J., Chem. Ber., 111,3146 (1978). 
70 Pinhey, J. T.; Roche, E. G., J. Chem. Soc. Perlcin Trans. 1,2415 (1988). 
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!!I 15% yie1d after flash chromatography wlthout contammation of the other Isorner. In ortler to prcvclll 

acid l,aialyzed decomposition of thc photo-products, the rcaction mixtures wcre buffcrcd W!Ih anhydroul\ 

potassium carbonate. Il was not possiblc to Isolalc the other rcglo-isofller72 due 10 Ils 1lI1\14lhlhly on "Ihca 

gcl, cven when baslficd Wlth 2% tnethylamme. Arylallon of "'0 UStng bromotll'nlcnc .Ultt 

tctrakis(triphcnylphosphine)palladium(O) in reflux mg tctrahydrofuran73 proccedcd In HO% ylcld to gl\'C 

41a. We found thatlhe oost results were obtaincd whcn the catalyst was 4ldded III slllall portIOns over Ihc 

course of the reaction. This IS presumably due 10 the factthal the calaly .. t bccomrl\ pOlsollcd hy Ihc 1111, 

which is liberatcd during the course of lhe rcaCllon. Whcll the reaction was carncd oul usmg 

iodobenlcne instcad of bromobenzcne, the yicld tncreascd 10 85%. Ownolysls of 4la 111 IlIcthylclIC 

chloride at -78°C. followcd by reduction with duncthyl su\lide and reductlOn of the aldrhydc funcllon 

with sodium borohydride on alumina gel gave, afler acylation, stable wacylolly oxctllne 42a III 33% Ylcl(\ 

(unopumiled). 

Wllh anomcric benzoale 42a 10 haml, we procccdcd wilh the couphng 10 Ihe \>;I\c. 

Unfortunately, rcaclion of 42a and bls-lnmethylsllyl-~-benlOy\adenlllc 10 1,2-dlchloroclhanc cal'llyl.cd 

by various Lewis aClds resultcd in no reaction taktng place cven If forcmg conditions (rcllux. 48 h, ex cess 

catalyst) were used. Since benzoate 42a was too unrcactlvc, we dccldcd 10 substllutc lhe bcnl.Oyl group 

with a p-nitrobenzoyl group in the hope that wh de at the same lime bctng stable enough 10 wllhstand 

Lewis acid conditions. il would also be a beucr )caving group. thus allowing couphllg wlth the 

nitrogcnous base to procecd. Hence, 42b was synthesJzed ID 25% y.cld by a procedure slIllllar to lhat 

uscd for 42a. However, this sugar also provcd 10 he too stable and auempts at coupling to the base 

provcd 10 be unsucccssf u1. 

71 Schreiber. S. L.; Desmaele, D.; Porco, J. A. Jr., Tetrahedron Lett., 29,6689 (1988). 
72 The isomer wilh Ihe Sn bonded to the acetal carbon was oblained in a 1.20 ralio wlth respect la the 
vinyl tribut yI tin isomer as determined by Integration of 200 MHz proton NMR signaIs. 
73 McKean, D. R.; Parrinello, G.; Renaldo, A. F.; Stillo, J K., J Org. Chem., 52,422 (1987). 
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2.6c Synthesis of Acetates (47). 
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We next IOvestigated the photoaddition of 2-trimethylsilylfuran with aldehyde 27. It was 

thought that the rcaction could yleld the desircd vinyl silane either by chromatographie separation or by 

achieving hlgh chcmoselectlvity as we observed earlier when we earried out a photochemical reaetion 

with tributyl-(2-furyl)-stannane. The resultant vinyl silane 43a could then be eonvertcd into an oxetane 

by the method describcd in Section 2.6b. Unfortunately, irradiation of 2-trimethylsilylfuran with 

aldehydc 27 gave photo-adducts 43a and 43b in 19% yield (unoptimized) as a 7:4 mixture of 2 

inscparable isomcrs. 

Scheme 19 

27 43b 
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Since we were unablc to separatc 43a and 43b, wc next mvcstigatcd the photoaddition of 2-

mcthylfuran with bcnzoyloxyacetaldehydc. It was hopcd that wc cou Id obtain the desired photo-adduct 

44a either by chromatographie separation (as observed on several occasions in our modcl studlcs; scctlon 

2.6a) or even better, by achievmg regloselccuvity ln the photoreaclion. Irradiauon of a benLene solution 

of 2-methylfuran and 27 gave reglOisomcrs 44a and 44b in a ratio of Il :8, whlch could bc isolatcd by 

flash ehromatography (ethyl acetate 1 petroleum ether 1 tnethylamme). In the absence of tnethylammc. 

44b decomposed and the desired photo-adduct 44a was isolated in 30% yield. In a onc-pot rcaction. 44a 

was transformed to 47a-c by the following sequcnce: A methylene chloridc solution of 44a was ozonizcd 

at -7SoC, and the ozonide reduced with dimethyl sulfide to give a1dehyde 45. Addition of sodium 

borohydride on alumina gel, followed by filtratIOn gave aleohol 46. Acylallon of the alcohol function 

(47a: AC20, pyridine, DMAP; 47b: BzCI, NEt3, DMAP; 47c: McOOCCOCI, NEt3, DMAP) gave 47a, 

47b and 47c ln 30% - 55% Yleld. ThiS result was ln sharp eontrast to the dccomposltlon that occurrcd 

whcn thc corresponding furan denvcd photo-adduct 2d had becn submlucd to the same rcaCllon 

conditions. Clearly, the anomenc aeetates arc much more stable than the correspondmg anomcnc 

formates. Il was possible to lsolate and charactem-c the mtermcdlate aldehydc 4S and alcohol 46. 

although neither is very stable and thus cannot be stored for extendcd pcnods of tlmc wllhout appreciablc 

dccomposition occurring. 
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Figure 20. The 200 MHz 1 H-NMR of pholo-adduct 44a in CD2CI2. 
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Figure 21. The 200 MHz 'H-NMR of oxctane 47c in CD2Clz' 
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As dcscribcd by Yamamural5, reaclion Qf 47b wilh bls-(trimclhylsilyl)-JVb-bcn.lOyladcnmc and 

tin tetrachloride in 1,2-dlchlorocthane, gave protcclcd epioxctanocm 48b as the only tSOlalcd producllll 

70% yicld74 _ Similar rcsults wcrc obtatncd whcn acetate 47a was uscd as the carbohydrate com[X>ocnl. 

Applymg the Vorbruggcn coupling 10 mcthyl oxalate 47c gave 49 and 48c as a 9'1 mixture of Cl and ~ 

anomers ln 70% yicld, 

Smce wc were mlcrcsled ln studymg the bJOloglcal propcrtlCS of cploxetanocm, 48b wa\ 

debcnzoylated (McOH 1 NH3) to glve 1ex in 71 % ylcld, aftcr rccrystallizatlon from mClhanol. Howcvcr, 

when eplOxetanocm was evalualed as an anlt-viral agent agamsl HIV ln vitro, Il showcd no anll-vlrat 

effeclS al concentrations up 10 100 Jlg/mL. These rcsulLS wcrc corroboralcd by FlcCl9, 

74 Slnce we wanled 10 compare our product to the one obtalOed by Nlshlyama, 48b was benzoylated 
(BzCt, NEt3' DMAP) to glve N,N-dlbenzoyleploxetanocln dibenzoate 50 ln 89% yleld Il was completely 

Identical w,th the one described by Yamamura in every respect, except for the fact that our product was 

racemlC, 
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Figure 22. The 200 MHz IH-NMR of epioxelanocm la in CD30D. 

2.6d Synthesis of Silyl Oxetanes (54) and (56). 

J 
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We now lurned our attention 10 obtaining oxetanocin in anomerically pure form. Since the Q

anomer is formed via a favourable sevcn-membered intermediale 5lb, as shown below, we wantcd 10 

design an oxelanosc in which il was nol possible 10 form this inlennediate (or at least Iimit ilS ablhly 10 

do so), and thus obtain only the p-anomer. After careful consideration, we decided 10 proteet the hydroxy 

group in the pholo-adduct as a t-butyldimethylsilyl ether. 

Scheme 21 
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Unfortunalely. irradiation of a benzene solution of 2-mcthylfuran and t-

butyldimethylsilyloxyacetaldehydc did not glve the desired photo-adduel Hence, we had to obta&n 53 III 

an indtrect manner. Hydrolysis of photo-adduct 44a with sodium hydroxide in methanoll water rcsuhcd 

ln decomposition of the starting malerial. Similar results wcre obtained when the hydrolysls was lncd 

using sodium methoxide in methanol. Howcver, when 44a was subjcctcd to the aclion of lithIUm 

aluminum hydride in ether. alcohol 52 was obtained in 60% yicld arter flash chromalography. S,lylaüon 

(fBDMSiCll imidazole 1 DMF) of 52 gave photo-adduet S3 in 27% yield. ln a one-po: rcaetlon, 53 wa.o; 

transformed to diaeetate 54 ln 19% yield by a procedure similar 10 mat used for synthcscs of compounds 

47. Reaction of 54 with bis-(trimethylsilyl)-Ni-benzoyladenine catalyzcd by un tetrachloride gave a 

complex mixture which did not contam the desircd producL However, two coupled products were 

isolated. Their structures could not be determincd wlth any degree of certainty slOce purification by 

chromatographie methods was not possible, although we suspecl that the oxetanc undcrwenl ring 

expansion beforc eoupling. We fch thal replac&ng Ihe TBDMSi group with the more swble 1-

bUlyldiphenylsilyl group would CÎrcumvenl this problcm. 

Reaction of 52 wilh t-butyldiphenylsdyl ehloridc75 and lmldazolc in N,N-dlmclhylformamlde 

gave 5S in 62% yicld. Pholo-adduct SS was ll'aJIsfomled 10 oxetanes S6a-c in 18% Yleld by the same 

procedure that was used for the synthesls of oxetane 54. Ali altemplS 10 couple oxctanes S6 Wllh bis

(trimethylsilyl)-fJ6-benzoyladenine under Lewis acid catalysis gave very complex mixtures. No malcnal" 

were isolated which contained bcnzoyladeninc connecled to an OXClanc ring. The couplcd producls lhal 

were isolated in very low yields could not be identified with any degrec of cenamty duc to dlfficully of 

separation a,nd instabihty of the compounds. but, as 10 the case ·vlth oxetanc 54, wc SU!lpcct thal ring 

expansion was taking place beforc coupling. 

75 Hanesslan. S; Lavallée, P., Cano J. Chem., 53, 2975 (1975). 
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2.6e AUempted Synthesis of Oxetanes with 4'-Non.Participating Groups. 

Due to the dlfficulties encounlercd with the sil yI protectlOg groups, we declded to use a ben/yI 

group. Il was hopcd that thlS group would be robust enough 10 wlthstand LewIs aCld catalysis and would 

not participalc JO the coupling rcacllOn so as not to Cavour the (X-anorner. Dlrnethallyl alcohol was 

quantitatively convertcd to the benzyl ether 57 by standard means (Bu4NI / NaH 1 BnBr / Tm,). 

Ozonolysis in rnethylene chlonde saturated with nitrogcn at -78°C, followed by rcduction Wlth dlrncthyl 

sulfide, gave aldehyde 58 JO 95% yleld. Irradiation of S8 Wlth 2-mcthylfuran JO benzcnc dld nol glvc 

photo-adducts 59, but surprisingly. photo-adducl" 60a and 60b werc i50latcd JO 27% ylcld as a mixture of 

regioisomers in a ratio of 3:4. 

Scheme 23 

.. o + Bno~ Bno~ 

591 5gb 

~~ + ~~ 
60. 60b 

Photo-adducts 60a and 60b are fonned by the pholoreaclion of bcnl.aldchydc and 2-mclhylfuran. 

Thc benzaldchydc IS formcd by a Nomsh Type II rcarrangcmcnt76 as shown bclow 1/1 Scherne 21 

Although thesc types of rearrangcmcnts arc not uncommon, Il was ~urpnsing thal rcarrangerncn! 0/ the 

aldehyde lOok place 50 rapidly so as to cxclud<.' formatIOn of the desircd pholo-adduCl'i 59 entlfcly 77. 

76 Norrish, R. G. W., Trans. Farraday Soc., 33. 1521 (1939). 
77 No photoreaction takes place between 2-methylfuran and acetaldehyde due to the volatlilty of the 
aldehyde. 
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Scheme 24 
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Sance we were unaiJle to obtain 59a by photochemical means, we attempted to synthesize it by 

an indirect route. Benzylation of photo-adducl alcohol 52 by standard methods did not give the desired 

producl and only decomposition of startlDg material occurred. Unfonunately, when a milder method 

(BnOH / DEAD / PPh3 /11IF) was employed, the desired producl was also not obtained. We altribute 

faature to the instablhty of alcohol 52. 

BelOg unable to synthesize 59a, wc dccided to substitute the bcnzyl group Wlth the p-anisyl 

protectlDg group78. Unfonunatcly, ail attcmpts to forrn the p-anisyl ether of alcohol S2 falled. Hence, 

we attempted to form 65 via the photochemical route. Dimethallyl alcohol was protected as its p-amsyl 

ether 61 by standard methods (p-MeO-C6H.-OH / DEAD / PPh3 / TI-iF) ID 97% yield. However, wc were 

unable to generate the aldehyde 62 ID pure form by ozonolysis due to oxidation of the phenyl ring, and 

smce punfication by distillation or flash chromalOgraphy was not possible, a new approach had to he 

found. Protection of glycerol acclomde as Ils p-anisyl ether 63 procccded in 88% yield. Reaction of 63 

Wlth acetic aCld and water gave diol 64 in 77% yield. Cleavage of the dlol with sodIUm meta-pcnodate 

ID water / methanol gave the desired aldehyde 62 ID quantitative yield. Unfortunately, Irradiation of a 

bcnzene solution of aldehyde 62 and 2-methylfuran did not give any photoproducts and only starting 

malcnal was rccovcrcd. Hence, this approach was abandoned. 

78 Fukuyama, T.; Laird, A. A.; HotchkiSS, L. M., Tetrahedron Lett., 26, 6291 (1985). 
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61 

HO~ 
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65 

::~ • AcOH :=J H20 

p·MeO-CsH40 

• p·MeO,CsH4·OH.OEAO 

PPh 3• THF 
X:J 

HO] 
64 63 

Wc then auempled to syntheslze a photo-adduct Wlth a methoxyethoxymelhyl (MEM) prOlccl1l1g 

group_ However, ail attemplS 10 proteet the alcohol funcllOn of 52 as a MEM ether falled. Thercfore, the 

photochemical route to the MEM photo-adduct was Invcsilgaied. Dlmcthallyl alcohol wa, traO'.fonncd ln 

ilS MEM ether 66 by standard rnclhods 79 (NaH 1 MEM-CII THF) ln 83% ylCld. Omnolysls III mcthylcnl' 

chloride (salurated Wlth nitrogen) al -78°C, followed by reducuon Wlth dlmclhyl sulfidc, gave aldchydc 

67 in only 27% yield. Il was very dlfficull to obtain pure aldchyde duc 10 Ils Inherent mstablhly 

Irradiation of 67 Wlth 2-mcthylfuran ln bcnzcne dld not give the desired pholo-adduet and only 

dccomposcd starllng malenals wcrc reeovered. Il is nol surpnsmg lhat the rcacl10n failcd com,ldcring the 

instablhty of the aldehydc We also allempled to syntheslze a pholo-adduct wllh a p-mtrobcn/oyl 

prolccting group vIa the phOlochemleal roUle. Unfonunalcly, IrradiatIOn of a bcnzcnc solullon of p

mtrobenzoyloxyacetaldehyde 69, obtamed from ozonolysls of the p-mtrobcnloalc e!>tcr of dlmethallyl 

alcohol 68, and 2-rnethylfuran did nol give any photo-produel':, and only staning rnatenal was {ecuvercd 

79 Corey, E. J.; Gras, J. L.; Ulrich, P., Tetrahedron Lett., 809 (1976). 

57 



Scheme 26 

R0V=< 
66, R.MEM 

68, R.J>N02Bz 

ROVO + 

67, R.MEM 

68, R.p-N02Bz 

2.6f Synthesis of Oxetanes (75). 

x ROLQ 

(' Since wc were unable lO synthesize a pholo-adducl with a robusl non-participaling group on 

what would bccome the 4' position in the oxetane. we then decided lO substitute the benzoyl protccting 

group with a propionyl group since Yamamura1S had reasonable sueeess with this ploteeling group80. 

IrradIation of a benzene solution of propionyloxyacetaldehyde 71, obtatned by ozonolysis of 1-0-

propionyl-3-methyl-2-butcn-l-01 70, with 2-methylfuran gave, after column ehromatography, 72a in 23% 

yicld81 • Olonolysis of 72a, followed by dimethyl sulfide gave aldehyde 73 in 92% yield. Reduction 

with sodium borohydride on alumina gave alcohol 74 in 68% yield. ThIs alcohol could now bc protected 

in many differcnl 'vays in order 10 detennine which partic~vatjng group would give the besl yield of 

oxelanocin. Wc hopcd that we cou Id aehieve a practieal anomeric control of the eoupling reaction smce 

scparatio:' Jf anomers by chromatographie mcans requires conversion to their letrabcnzoate derivatives 

before chromatographie separation is possible (sec section 2.6c). This results in a lengthy synthe sis with 

a low ovcrall yield. 

80 We had eonsidered using an acetate protecting group. However, due to our earlier diffieulties wilh this 
group (see section 2.7b), we opted for the more stable propionyl proteeting group. We also felt that there 
would be praclically no difference in reactlvity between the Iwo groups, excepl for increased stabilily with 
the proplonyl, sinee they are very similar in nature. 
81 The irradiation of aldehyde 71 and 2-methyHuran gave adducts 728 and 72b in a ratio of 16:11 in 33% 
combined yield. The Jess stable Isomer could be isolated as a mixture of the two isomers simply by 
basHying the chromatography solvent wlth 0.5% triethylamlne. Lowering the trieth~lamine content la 0.1 % 
effeclively deslroys the minor Isomer wlthoul slgnifieanl destruction of the more stable (and desired) 
isomer. 
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74 
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ClCH 2C H 2C1. SnCl4 

73 

EtCOO~ 

Ra) <JQ 
NHBz 

761, R .. MeOOCCO. 1 3 Il ~ 

76b, R-CH3SCH2' 100% (l 

---------76c, R .. (~COCO. 100% Il 

Esterification of hydroxy compound 74 with rncthyl oxalyl chloridc gave 7Sa ln 45% yicld. 

Couphng of 7Sa Wlth bis-(trimcthylsilyl)-fv!6·benzoyladcnmc m 1,2-chlorocthane catalyzed by lin 

tctrachloride proccedcd as describcd by YamamuralS and gavc prolcclcd oxctanocm and cplOxetanoclO 

as a 3: 1 mlxturc of inseparable anorncrs. Use of trimcthylsilyl triflalc as the Lcwl!> acid calaly<,t rc\ultcd 

in dr,composluon of 7Sa. Although thlS was an irnprovcmcnt ovcr prcvlous schcme .. , the li:a rallO wa\ 

still not large enough (wc were alming for al l~t 10: l) for a pracllcal !lynlhe!>ls of oxetano<.JnR2 • 

Thcrefore, othcr participating groups wcre invcsLJgated. Il was hopcd that thcsc changcs would strongly 

favour participatIon of the 3' group m,!r me 4' group, thus rcduçmg the amounl of a-anorncr formed. 

82 Il is nol passible to separale Ihe Iwo anomers chromalographically wllhoul tlrst forming Ihelr 
tetrabenzoate derivallves. 
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We first mvesugaled the use of thlOcarbonyl parucipating groups since the C=S bond length is 

greater than the C=O bond length, thus aidmg fonnation of the intermediate that leads to ~ attack. 

Compounds 7Sb and c were formed from acylation of the alcohol function of 74 (7Sb: PhOCSCl, py, 

OMAP; 7Sc: (imld)zCS, pyridine). Compound 7Se1 was obtaaned from 7Sc in 35% yield simply by 

slirring the lalter in methanol at R.T .. Unfonunately, ail ofthese new oxetanes failcd ta couple with bis

(trimcthylsilyl)-JV6-bcnzoyladenine under Lewis acid catalysis. This was probably due lO the relative 

anstabihty of ail of these sugars, which lcad 10 decomposiuon before couphng with the base could occur. 

We nexl mvcsligated the use of the thio-MOM (and denvatives thereoO prolccting group. 

Alcohol 74 was convened lO Ils tluo-MOM ether 7Se an 20% yield by the method of POJer83. Upon 

rcaction witlt bis-(tnmethylsilyl)-JV6-benzoyladenme and lin tetrachloride m l,2-dichloroethane, only the 

(l-anomer 76b wa'l fonned in 72% yield The use of lrimethyJsilyl lrinate also resulled in formalion of 

the a-anomer, bul in a much lower yield. Having gone completely in the wrong direction, 7Se was 

convertcd to sulfoxide 7Sr and sulfone 7Sg by oxidauon wlth sodium m-periodale m methanoll watcr in 

76 and 72% yield, respectively84,85. These sugars however, were loo stable and did nOl couple with bis

(trimethylsilyl)-JV6-bcnzoylademne. When forcing conditions were used, slow decomposation of the 

sugars occurred. 

Due lO the lack of success with thio participating groups, we dcclded to synthcsizc 7Sh via a 

Mitsunobu coupling of guaicol and alcohol 74. This proceeded smoothly in 33% yield. Unfortunatcly, 

ail attcmpts ta obtaiu any produClS contaming adenine attacilcd ta an oxetane ring failed. Smce wc fch 

tltat we nceded a participaling group that possessed stronger electron donaling charactcristics than the 

mcthyl oxalyl group, it was decidcd to synthesize an oxamide protected oxetanc. 

Scheme 28 

o 0 

CN-~-~-OMe 
T7 78 

Hence, methyl oxalyl chloride was reacled with pyrrolidine in ether lO give 77 in 95% yield. 

Hydrolysis of 77 with potassium hydroxide an water 1 mcthanol resultcd in recovery of only pyrrolidinc 

hydrochloridc86. Evidently, a dihydrolysis had occurred and thus, milder conditions would have lO bc 

83 POler, P. M ; Angyal, S. J , Tetrahedron LeN., 17,3067 (1976). 
84 Ichikawa, Y.; Kubota, H., FUilla, K.; Okauchi, T.; Narasaka, K., Bull. Cham. Soc. Jpn., 62, 845 (1989). 
85 Okauchl, T.: Kubota, H.; Narasaka, K., Chem. Lett., 801 (1989). 
86 When pyrohdmo hydrochloride was accldently reacted with 74 under Mitsonobu conditions, 75J (OR=CI) 
was formed ln 48% yield. 
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employed. When the hydrolysis was altemplcd wlth potassium carbonale in methanoll waler, only aCld 

78 was isolated, 10 vinually quanlitauve yleld. A Mitsonobu couphng of 78 and alcohol 74 gave oxctanc 

7Si m 26% yleld. Surpnsingly, reaclion of 7Si with bis-(trimelhylsilyl)-~-bcnloyladentne and lin 

tetrachloridc in l,2-dlchloroethane gave ooly the (l-anomer whlch decomposcd when subJcctcd 10 l1a.'\h 

chromatography. The structure of 76c was confinned by deblocking (Na 1 MeOH) to obtam 

epioxetanocin la. 

2.6g Synthesis of Oxetane (84). 

Due 10 our lack of success in conven.mg 7S 10 oxetanocin, wc iovestigated the posslbilily of 

synthesizing oxetancs with a halogen at the 2-posibon. Il was thought mat acctatcs 1S could bc 

converted 10 chlondes by methods analogous 10 those developcd for furanoscs and hexoses. This 

approach, howevcr, was nOl pursued S10ce Acel el al 9 publishcd a synthesis of oxetanocm usmg thesc 

types of chloro-oxetancs al the lime when we were developmg our stralegy. Wc were fortunatc lhal lhl'i 

work was broughl 10 IIghl al this lime sm cc Acel was not ablc to conven. hls chloro-oxetanc'i ln 

oxetanocin excluslvely. Il was obtained as a 1:1 mixture of Cl and p, which had to bc scparatcd 

chrornalograph leall y. 

We wcre now convinced that no maller whal participaling group wc put on the 3'-poMltOn of the 

oxetanes 7S, wc would always obtain sorne a-anomer 10 the couphng rcacllon as long as we had a group 

00 the 4'-position mal could fonn a seven-rnernbcred nng mlenncdiale. To Clrcurnvenl the formallOn of 

thlS inlcrrncdlatc, wc dccided 10 synth~sizc phrto-adducl 81. The ncw protccung group on the 4-poslllon 

can only form a slx-mcmbercd nng mtennediatc, thcrcby hindcnng a-anorner formation and thU'i 

favonng the fonnatlon of the m\ermcdla\e which lcads to the ~-anomcr. Onginally, Isopropyl glyoxa1atc 

80 was obtaincd from the ozonolysls of dl-iso-propyl fumarale 7987. However, we found lhat It wa~ 

simpler 10 prepare aldehyde 80 via a pcnodlc acid clcavage of commercmlly avallable dH.w·propyl 1-

tartrale88• IrradiatIOn of a benzcne solution of 'A>propyl glyoxalatc 80 and 2-methylfuran gave, after 

flash chrornalography, pholo-adduct 81 in 17% yield89• AdduCl81 was then tnmsformcd to oxctanc 84 

by the previously rlescnbcd method in 40% yleld. Howevcr, ail efforts to couple 84 WI\h bl.\

(tnmcthylsilyl)-~.-6-bcnzoyladenme under LeWIS acid catalysls falled. If rnild condlliom. were employed, 

no reacl10n would take place. Usmg more vigorous condiuons simply resullcd in decomposlllOn of the 

starting malerial. 

87 Dj-is~propyl fumarate 79 was obtalned from fumanc acid by esterrflCatiol'! wrth Iso-propyl ale' ',01. 
88 Kelly, T. R.; Schmidt, T. E.; Haggerty, J G., Synthesis, 544 (1972) 
89 The isomer wlth the methyl group bonded 10 the acetal carbon was obtalned ln Jess Ihan a 1 :20 ratio 
with respect to the vlnyl substltuted ISO mer as determmed by integratlon of 200 MHz proton NMR signais. 
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2.7 Synthesis of Enantiomerically Enriched Photo-Adducts and Oxetanes. 

2.7a The "Chiral Aldehyde" Approach; Synthesis or (85). 

In parallcl to our synthcsis of raccmlC oxelanocin and dcnvaùves thercof, we also pursued a 

program of synlbcsizmg chiral intenncdiates lbat could be uscd in our oxclanocin synthesis. Smce 

separation of Mosher acid dcnvatives is oflen impractical for largcr scale synthcses duc to IL~ cost and Ihe 

necessily of tcdious chromatographie separations, wc mvestigalL. ~ approachcs mat wou Id chmmale al 

least one of mese obstacles. We also decidcd thal chromatographie separation of the IwO cnanliomers 

would only he acceptable if Il oceurred early on in the synthcsis. This would enablc us 10 carry OUi 

further rcscarch with me "wrong" enanuomcr sc that the undesircd enantiomcr could he pUllo sorne use. 

Our first approaeh IOvolved the [2+2] photoaddition of a chiral aldchyde to a furan. Ahhough 

Schreibcr has rccently shown that the furan-carbonyl photocycloaddilion procccds withoul dmstcreofacc 

selcetivity 10 relation to the chiral aldehydc, he dld dcmonstralc mal photo-produel" of the reactlOn of R

glyeeraldchydc aectal and 3,4-dimethylfuran ean bc separalcd chromatographlcally44. Thercforc wc 

dccided 10 syntheslzc photo-adduct8S from R-glyccraldchyde acctal and furan, sIOce Il was feh thalthis 

bicyclic compound would he a good startmg pomt for our synlhcsis of oxctanocm. The substituent on Ihe 

C-6 position could he castly transfonned lOto an alcohol by removal of the accloOldc followcd hy sodium 

pcriodalc / sodium borohydridc c1cavagc to the alcohol, which eould then bc protcclcd by a suitablc 

group. Irradiation of a henzene solullOn of furan and R-glyeeraldchyde acclal90 gavc pholo-adducl 8S ln 

25% yield as a 1.1 mixlure of diastercomcrs. Unfortunalely, separation by flash chromalOgraphy proved 

to bc impossible and this approach was abandoned. 

Scheme 30 

_hll_,_C...,:6o...H-=6;... .. 

85 

90 Baer, E.; Fischer, H. O. L., He/v. Chim. Acta, 22, 463 (1939). 
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2.7b Enzymic Resolution of Photo·Adducts (2d) and (87). 

Over the pasl dccade, the use of enzymes in syn!hetie organie ehemislry has inereased 

dramaucally. Enzyme-eatalyzed syntheses are among the OOSI me!hods for the preparation of 

enantiomerieally pure compounds and ln the last few years, mclhods have even been developed for using 

enzymes in organic solvenlS91 • Wc fell lbal our pholO-adduCI ld would he a suitable candidate for 

enzymatic resolulion sinee selcctive hydrolysis of !he ester would enable us 10 chrornalographically 

separate the alcohol and unreacled ester. Il did nol malter which enantiomer was hydrolyzed sinee the 

alcohol could he rcconverted 10 ilS ester qui te easily. However, we did have sorne concem using lei sinee 

practieally ail enzyme hydrolysis are earried out on acetates. Therefore, it was dccided 10 synthesize 

photo-adducl 87. 

Olonolysis of allyl aeetale, followOO by reduction with dlmelhyl sulfide, gave 

aceloxyacetaldehyde 86 ID 38% yield. Irradlauon of 86 with furan provided pholo·adduet 87. 

UnfOrlUnalely, the reaclion proceeded in very low yield and a great deal of dccomposition look place 

during the reaeUon whieh made lhis an impraClical roule to 87. Hence, an a1ternale roule 10 adducl 87 

had to bc f'ound. Hydrolysis of pholO-adduclld with sodium hydroxide in melhanoll water gave alcohol 

88 in 79% yield. AcetylallOn of the alcohol by standard methods (Ac20, py. DMAP) gave 87 in 72% 

yield. 

Scheme31 

.,o~ 

2d 88 87 

Wilh aeelale 87 ln hand, we were now ready to proceed with our enzymatic resolution. We 

decided to carry out our hydrolysis wilh porcine pancreatic lipase (PPL) sinee ilS use in these lypes of 

reactions is wcH documcntcd92,93 and has becn shown to give hlgh ee's, Il was hopcd that the enzyme 

would only hydrolYle one cnantiomer and thus. the hydrolysis expcriment was designed to SIOp when 

50% conversion was obtained. Unforlunately. hydrolysis of 87 with PPL resulled in lotal decomposition 

of the starting rnalerial. We fell thal this decomposition was due to the inherent instabilily of photo

adducl 87 and not bccausc the enlyme was unsuitable for the reaction. Hence, it was decided 10 carry OUi 

91 Khbanov, A. M .• Ace. Chem. Res .• 23, 114 (1990) and references therein. 
92 Kasel, W.: Huhln, P. G.: Jones, J. B .• J. Chem. Soc .• Chem. Commu,l., 1563 (1985). 
93 Hemmerle, H.: Gals, H. J., Tetrahedron Lett., 28.3471 (1987). 
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the hydrolysis with photo-adduct2d. Using the sarne conditions as for acetale 87, we managed 10 lsolale 

both unreacted photo-adducl -2d (46% yield) and alcohol 88 (42% yield), afler flash chromalOgraphy. 

Benzoylation of 88 via standard methods gave +2d in 45% ylcld. We then measurcd the rotations of both 

the benzoyl pholo-adducts 2d obtained from the enzyme hydrolysis and found thal they were opposite 

(-lei: [a]200 = -15.5° (c = 3.21, CH2C12) vs +ld: [a]20o = +18.8° (c = 1.25, CH2CI2)1. These numbcrs 

proved that we were indeed getling enantiomenc enrichmenl. 

Scheme 3% 

"'O~ PPL ~ 
pH 7 buff.r HO~ + B'O~ 

t2d 18 -2d 

•• ". o .... J ". CH,C', 

.2d 

We did not atlempt to establish the enantiomeric purity of resolved 2d by Mosher ester or by the use of 

IH-NMR shift reagents sance this project was nOl the mam thrust of our rcscarch anymore and wc wcrc 

now concentral1ng on the use of pholo-adducLS 44a and 72a ln our approach lO the synthesis of 

oxetanocin. 

2.7c Enzymic Resolution of Photo-Adducts (44a) and (72a). 

As wc had rccenlly completed a total synthesis of (±)-oxetanocin29 starling from photo-adduct 

72a, we were now interesled an synthesizing opucally pure oxetanocm. Us mg the precedent that we 

established in resolving photo-adducl 2d, we dccided to hydrolyze photo-adduct 72a Wilh PPL. 

Unfonunatcly, no identifiable products could be isolatcd from the reaChon mixture and the chart 

measuring the progress of the reacuon indlcated thal there was no sclcctlvity for one enanllOmer. Smce 

we had earlier convened photo-adducl 44a 10 photo-adduct 72a, we dcclded to hydrolyzc 4411 and 

conven the rcsultanl alcohol or unreacled benzoale to enanllOmencally pure 72a. Usmg the same 

conditions as for pholo-adduct 72a, we managed 10 obtam both unrcacted 44a and alcohol S2 (a'i 

indicated on tIc). NOL surprisingly, wc were unable to lsolate the alcohol due to ILS mstablhty. Howevcr, 
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unreactcd pholo-adduct44a was isolatcd by flash chromatography in 36% yield. We then measured the 

rotation of recovered 44a {[a]200 = -7.5° (c = 2.22, CH2CIz}1 and found that we were obtaining 

enantiomeric enrichmenl. Conversion of -44a 10 oxelane 47b proceeded smoothly as described in 

section 2.6c. The rotation of 47b was detemuned lO he ([a]20D = +6.4° (c = 2.51, CH2CI2)}. 

Enantiomerically pure 47b that is the precursorl4 for epioxctanocin bas [a]20D = +41.8°. This meanl thal 

our oxetane +47b had an ee of 15.3%. 

Scheme 33 

B'O~ PPl B'O~ + HO~ pH 7 bull.r 

..u. 52 

~'-------J,I···"···_"'_···"······"········l 
BZO~k EtCOO~p 

L oez ~ 
+47b 721 

2.7d Future Considerations. 

We estabhshcd that racemlC photo-adducl lei could he resolved into ilS Iwo enantiomers quitc 

ca.~i1y and may only require investigation of other enzymes to determine whlch ones give the highesl ee. 

On the other hand. resolullOn of pholo-adduclS 44a and 7la may rcqulre redcsigning the hydrolysis 

expcriment so as 10 eliminale the aqucous conditions which seem 10 cause decomposition of the photo

adducl alcohol 52. Other enzymes should also he investigatcd since PPL did nol give a very high ee. 
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2.8 Synthesis of Bicyclic Nucleosides and DerÏ\'atives. 

Dunng the course of our Invcstlgatlons of slIlwbly functlonahlcd photo-adliliCl'i for cOllplmg tu 

nitrogcnous bases, epoxldes of the type 23 w~~re syntllcsl/.cd, as prcvlollsly lIcscrilx'lI III section 2 St!. It 

was hopcd that thcse epoxldes would couple to the nttrogellous bases in the manncr dcplctcd \1\ I·~'th\\'lty 

A of Scherne 34 to yield an oxcl.4mocm like nuclcosldc. We also rcali.l.cd that thl're wcrc 1'.\0 olhcr 

compcting routes possible. One would anvolvc a Lcwls aeld cawly/cd opcnang of the epo:<ldc fllllO\wll 

by attack of the nitrogenous base to yield blcychc nuclcosldes (Pathway Il), whldl could lhcn he 

transforrned into furanosc nuclcosldcs via the use of weil establashcd methods. The olher pO'i'ilhlhly 

would sim ply he the Lewis aCld catalYlcd opcning of the ())(ctane nng followcd by additIOn 01 the h.l'iC to 

give furanosc nuclcosides. 

Scheme 34 
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2.8a Synthesis of Bicyclic Nucleosides (89a) and (89b). 

Our initial efforts were carried out with model compounds 23a and 23b. Reacùon of these 

epoxides with persllylated bases and Lewis acids (tin tetrachloride, trimethylsilyl acetate, trimethylsilyl 

trifluoromethanesulfonate) under vanous condiùons gave very complex mixtures. No materials were 

isolated which containcd nJtrogenous bases connected to a sugar component. Simllar results were 

obtamed when epoxide 23d was used. However. it was found that by using zinc chlonde as the Lewis 

aCld catalyst ln a variatIOn of the procedure descnbed by Danishefsky94, nuclcosldes 89a and 89b were 

obtained in 67 and 66% yield9S , respectively as shown in Scheme 35. Il is interesung to note that the free 

hydroxyl group bccomes silylated ln situ, presumably by chlorotrimethylsilane generated by reacùon of 

the silylated base Wlth zinc chloride. and survives the work-up even when the reacùon mixture is washed 

wlth 5% aqueous hydrochloric acld . 

(" 
( 
1 

1 
1 
! 

1 Il 
r 

JJJt 
J i 
t Il '\ 

Jl \.. J~ . ... ~ . J~ 
'-TJ Illl~ 11 fT fi In;n rqnn:rn fTlTl1~11 rTTTrn:nTTTfîM1nTTTTïi~rrnïpTTi: i i i i:. 1111 i il i 

9 B -; 6 5 .: :3 2 1 PPM 

94 Chow, K .• Danlshefsky, S., J. Org. Chem., 55,4211 (1990). 
95 Upon flash chromatography over slilca gel wlth methylene chloride / methanol, epoxlde 23d which had 
not coupled to the base was opened up by the melhanol to give 248' (Ph=BzOCH2) ln 22% yield. 
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The configuration of nuclcoslde 89a, and thus of K9b. ahout 1\3' allli lI·f W:lS uml mllctl hy 111_ 

NMR spccuoscopy (Figure 23). which c1e.lfly ~hllwcd couphngs of - 0 III for Jill' Il.I'' nus IIIllll'all':-. 

lhal thc nitrogcnous base and protcctcd hydfll'I(yl funcuon arc trllflS Il) onc anlltlll'f wult :1 Im'loll,11 .lIlgiL' 

of - 900, Had the two subsltuents bccn CIS, a couphng 01.'1\\'1.'1.'11 lU' and II r \\ould h.I\l' bl'l'JI Oh:-'l'f\'l.'d 

The bicyclic structure was confimlcd by il HETCOR carhon-hydrogl'n corrdatlllii ('l'C App\.'nlll' IV) 

which show cd thal the I3C signai al 110.45 ppm was coupled 10 lhc protOIl ,II 6 2H ppm, and thl' 1 le 

signal at 99.02 pprn wa'i cou pied lO the prolon al 594 ppm, l'III!> IIllIIl:JIl" Ih.1l IIIl' mllogelHlII" !J.I'l' l' 

connccted to C3' srnce O,C-O carbons arc alway!. more dc~hlelded Ihan O-C-N larhon, 

Wc also rnvestigated lhls reactlOn wllh punne ba~cs, lIowcwf, alll'mpl\ 10 lafry ouI Ihe 

coupling reaCllon wlth bjs-(lrimethylsllyl}-~-ben.f.Oyladclllne ,\Ill! IIIlC chlomlc proWlt lO t~ 

unsuccessful whcther the sllylalcd base was gcncralcd ln Situ uSlIlg IIMDS ami chlor()lnml'lhyl-;II~UleIK Of 

a stock solution of the sllylatcd base 10 1.2-dlchloro~:thane wa'i u~cd Furthl'r IIIYC'Ug,1l1011 of IHlline 

couplings 10 23d have not becn carncd Oui at IhlS lUllc. 

Desllylauon (Bu4NF / THF) of nucko~ldc!. ~9a and ~9b pnltl'(kd \1Il0lllhly glVllIg c'llclknl 

yields (95 and 93%, rcspccl1vely) of lhc dcsllylatcd nuclcosldc<; 90" and I)Ob, "ully (kproll'Cled 90b wa .. 

obtalOcd by aminolysis (NH3 / McOH), followed by rccrystallllauon lrolll IIll'llwllll. 11\ "W~J ylcld. 

Nucleoside 91a was obtaIncd ln a siffillar manncr96 ln 65% ylcld. ellcepl that It was punllcd by Il;L<;h 

chromatography pnor to recrystallilatJOn from methanol. The X-ray cry'itallogr,lplllc ~lructllrc 01 91a 

(Figure 24) confirrncd our NMR analyses, c1early showlllg the mlIogcrlOU'i ba\l' tram 10 the adJaccll1 

hydroxy group. Details of thc X-ray crystallographlc study of nuclc()~rdc 91 a arc .. hown HI Appcndlx III. 

Figllre 24. The X-ray crystallographic structure of nuclcoside 91a. 

96 Nucleosides 91* are enantiomers of nucleosides 91. 
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l.8b Synthe sis of Furanoside (93). 

We also fell thal these novel bicyclic nucleosldes cou Id bc transfonncd into mtcreslmg 

furanosides simply by opening the oxetane ring, and this is known lO procccd slcreospcciflcally in many 

cases. Reaction of 89a with tnfluoroacetic acid in methanol gave the nng opened nuclcoslde 92 m 89% 

yield. Debcnzoylation m methanolic ammoma, followed by flash chromatography and rccrystaJlualion 

from acetone 1 hexanes gave the deprotccted furanoside 93 in 86% yield97. Ali efforts to obtam cry'itals 

large enough for X-ray diffraction sludles provcd to bc unsuccessful. Work on the synthesls of other 

derivaùves of 93 may be undertaken in the future pending the outcomc of biologlcal evaluatIOn currently 

underway. 

l.Sc Attempted Resolution of Enantiomers of Bicyclic Nucleoside (90a). 

Since wc were anterested in evenlually devcloping a method for the synthesis of 

enanùomerically pure 91, a projccl mvolving the chiral derivauzatlon of 90 was anitiated. Flrst, 90a wa.', 

acetylated by standard methods to give 94a ID 90% ylcld. This dcnvativc was made sa that we could 

have a simple model for the purposc of sctung Ge and HPLC condtions. Smcc our group IS curremly 

involved in developmg a practical synthesls of enanuornerically pure a-methylvalcnc aCld, wc decldcd to 

rnake the valerate ester of 90a. EsterificatIon procceded srnoothly glvmg 94b ln 95% yicld 

Unfonunatcly, the 2 diastercorners were unseparable by TLe, Ge and HPLC. Also, lhe IH-NMR 

exhlbitcd no difference for the Iwo diastereorners. Wc then declded to synthesi/.c the Mosher ec;ter 

derivati\l~98 (94c) of 90a. Il was obtained in 82% ylcld via standard rncthods. Agam. wc unablc to 

scparate the 2 diastcreomers by chromatographie means. However, the IH-NMR IIldlcaled lhat the 

dlastereomers existed in an approximately 1:] rallO. Being unable to scparatc the bomerc; by 

dcrivatization, other meLhods (rnainly enzyrnatic) of resolutlOn will bc Investigated ln the future If 

biologlcal evalualion IS promising. 

.'0lL7'? 
r "Thy 

RO 

Ma, R-Ac 

1Mb, R .. CH3CH2CH2CH(CH3)CO 

Mc, R-CSHSC(OCH3)(CF3ICO 

97 Furanoside 93* is the enantlomer of furanoside 93. 
98 Dale. J. A.; OuI!, D. L.; Mosher, H. 5., J. Org. Chem.. 34. 2543 (1969). 
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2.9 Direct Coupling of a Nitrogenous Base to a Moditied Photo-adduct (via a 
Modified Fraser-Reid-Mootoo Approach). 

2.9a Stralegy. 

Sincc ail of our cfforts to obtain anomerically pure oxelanocin dld not succeed, a new strategy 

based on our modified Fraser-Reid-Mootoo mcthod was dcsig"l' 1. Wc feh that this approach would give 

us OXCL.mocm ln anomerically pure form since attack from the (X face is extremely hindered and attack at 

the C-3 posItion of the photo-adduct is extremely unlikely due to SLCriC factors especially whcn 

considcring that much smaller nucleophiles did not attao::k via this pathway (see section 2.5b). ThIs 

approach had becn tricd earlier and had failed due to the incompatibility of IDCP with the nitrogcnous 

baM!s, To circum- 'lt this problcm wc declded to synthcsize modified photo-adducts of the type 95 

which contain halogens. It was thought that wc could then couple persilylatcd bases to adducts of type 

95 ln the presence of stlvcr salts to afford protccted oxctanocin derJvauves 96 as shown IR Schcmc 36. 

tJuclcOSldc 96 could thcn bc transformcd to oxctanocm by deprotectlon of thc aldehydc, followcd by 

cleavage of thc hydroxy aldehyde function with sodium pertodate / sodIUm borohydride to afford the 

de~mcd alcohol. Fully dcprotected oxetanocm could thcn he obtaincd by removal of the 4' prolccting 

group. 

Scheme 36 
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2.9b Synthesis of Bicyclic Nucleosides (99). 

Our first task was ta construct a modificd photo-adduct of the type 95. Unfonunatcly. ail 

atlCmplS ta open epoxide 23d with 2-h:1locthanol wcre unsucccssfui. However. whcn 23d was trcatcd 

with bromo or chloroacetic acid in methylcne chloridc, acctals 97. and 97b wcrc obtamcd in 55 and 45% 

yield, respectively. Acetal 97a was transformed to Us t-butyldlmethylsilyl ethcr 98a in 41 % ylcld by 

standard mcans (TBDMSiCI / imidazolc 1 DMF). Howcvcr. whcn the samc conditions wcrc uscd to 

silylatc 97b, adduct 98b was obtamcd in 36% yield. Whcn silylation was carricd out using 2.6-lutidmc / 

TBDMSi-OTf in methylcne chloride99, 98c was obtamcd 10 58% yield. 

Scheme 37 
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99 Corey, E. J.; Cha, H ; ROcker. C.; Hua. D. H .• Tetrahedron Len, 22,3455 (1981). 
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Wc were now rcady to couple the mtrogenous base to our modilïcd photo-adducts 98. Silver 

tflnale was chosen as the meull salt lhat would triggcr the reaclion due to the hig!' affinity of silvcr ion 

for halogcns and bccause the trinalc anion is an cxtremely poor nucleophile that would not interfcre with 

the couphng reacllon. Unfortunalely, reaclion of 98a wllh blS-(trimethylsilyl)·N6-bcnzoyladenine and 

sJlvcr trlnate gave a very complex mixlure. No malenals were isolated which contained N6_ 

bcnzoyladenlOe connccted 10 a sugar mOlety. However, when 9& was reacted with bis-('rimcthylsilyl). 

N6-bcnzoyladcnine and sllver triflate undcr similar conditions, a prodtlct 99a containing N6_ 

bcnl.Oyladcnine connccted to a sugar moicty was obtained. ILS 1 H and 13C-NMR was not consistent with 

nuclcosides of the lype 100. Also, the instability of this compound made it difficult to work with since il 

dccomposcd shortly aCter purilïcation. Thercfore, we decided to deblock nucleosidc 99a not really 

knowmg the exacl structure of il. Ali allempts 10 remove silyl or benzoyl prolecting groups failed 1OO• 

Being unable to work with nuckosidc 99a, it was dccided 10 replace the 'mOMSi protecting 

group wilh an acctalc group smce wc fcll thal the TBDMS. group was the cause of thC instabilily. Acetal 

97b was acetylatcd by !ltandard mcan., to alford 101 in 95% yleld. Coupling of 101 to bis

(lfllllcthylsJlyl)-N6.hcn/.Oyladcnlllc m the presence of sllvcr (nflate agalll affordeû a nuc\eosidc 99b 

whose NMR data wa, not lon' '~lenl wuh nuclC(mdes of thc lype 100. Thl., compound was more stable 

lhan the TBOMSI denvative and Il was possible 10 carry out extensive analysls by NMR. UnforLunatcly, 

Il was not 110ssIhie to obtam a mass spcctrum of euher nucleosldc 99a or 99b. 

r 
,-ntT' I1tpU trttrtn11TtlTtp-n'l'lîTrn-api1trrrnpml'TlîTfTttTTlTnpnlllllllllllllllll1 

H 10 9 B 7 6 5 -4 3 PPM 2 

Figure 25. The 200MHL 1 H-NMR of lIuc1eoside 99b in CD2C12• 

100 Had we known Ihe structure of nucleoside 99a at thls point, we would have obviously not attempted ta 
hydrolyze the benzoyl group since this would open the blcyclic lactone. 
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BZO~~, jBr 

IIO~_ 
o 

RO 

9ac, R=TBDMSI 

101, R=Ac 

(T MSI)2Ado- Bz 

~---. AgOTI 

CIC H 2C Il 2CI 

CH)CN 

99a, R: TODMSI 

99b, R=Ac 

NHE3z 

1~ 

<"J(~ï 
w '- ~ 

BzOi '00<j_-1 N 
IL- ]---- \_ 

---, ./ ------..0 
"0/ -

R'O 

100 

Dcspite nol being able to obtam Il mass SDCclrum of99b, wc wcrc able 10 a.""'gn Ihc \Iru\.:turc ot 

99b, and thus of 99a, with a high dcgree of confidence hascd on our extensive NMR expcwllclll<;. '1 he 

rncchanism for the formation of nuclcosidcs 99 IS shown ln Schcrne 39101 • l he unly pO\\lhlc eXplall4ll1011 

as to why the rcaclion proceeds via thl5 palhway, cOllsldcrlng that wc had car 11er OpCIICO a<..clal<; of lype 

10, 21 and 29 in the desircd manner to y".'ld monocvche oxctancs (sec <,Celions 2.5h - 2 5d), 1<; that th(: 

oxetane oxygcn is in closer proxlmity 10 the aeclyl bromidc sille cham Ihan the fUHIn oxygcn. 

101 Nucleoside 99* is the enantiomer of nucleoside 99. 
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Scheme 39 
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Duc 10 thlS uncxpccted rcsult, wc rcexammcd our struclural assignment of oxetanes 17, 18, 22, 

30 and 31. If wc analyze the NMR data of compound lOt: (a representatlVe samplc), wc sec that the mam 

distinctIOn belwccn oxetane 3Ot: and furan 102* m the IH-NMR IS the chcmlcal shift and coupling pallem 

of H3. If 102* had be.en fonnt.d, wc should sec a "ddd" al - 2.5 ppm Iike was observed 'n nucleosides 

99. Instcad, the 1 H-NMR shows a tnplet at 3.51 ppm. The chemlcal shlft IS very close ta what 

Yamamura l4 reports for oxetane 103. Also, if wc examme the IH-NMR's of a vanety of monocychc 

()xetanc~, wc sec that H3 IS nOl affectcd very much by the stJbsUtucnts on C3' due ta the faet that the 

substituent on C3 IS not ngldly altachcd and can "swing" away to a more stable conformer. If structures 

of type 102* had becn formcd, varylOg the Subslltuents on C4 would affect the chemlcal shlft of H3 sm ce 

lhcsc Subsilluents wou Id he part of the nng and could not onent out of the way. 
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Scheme 40 
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Il may be possible to symhesu.c dcprotectcd nudco~ldc.., of Ihe IYr~ 1)9 '>"Ilply by \larllllg lrolll 

an cpoxidc whlch has a protecting group that can bc removcd undcr neulral condition" and prolCc:tlflg Ihe 

frec alcohol 10 acetals of type 97 Wlth a group that can al\o bc rClIlovcd undcr mald LOlIllltIlHl'i. A 

problcm may anse with the use of punne bases smce these arc nonnally bcnl.OylJlCd prim 10 hls

silylatlon and lhe bcnzoyl group may be dlfficuh 10 remove wlthoul agam llcslroylllg the hll:ychc laclOne 

as was the case when we auemptcd to deblock 99a. However, no "oc.h problcl1I'i \hould ame wllh the U.'>C 

of pyrimidine bases and thls may bc an IlItercsting approach to ob!..l1n deprotc(.{cd IIUdC())ldc\ of the type 

99. 
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2.10 Future Outlook. 

Duc to the unexpeeted reaCllon of adduelS 98c and 101 wilh bls-(ltImethylsilyl)-N6-

lx:nl.Oyladelline, a new adduct would have to he dC\lgned 111 whlch the hahdc contammg slde cham could 

not reach ovcr to the oxcWne oxygcn. ft has not yet been pos<;iblc to synilicslzc ail cndo cpoxldc of type 

23d, whl<.h would he rcqUired to obtalll an exo opcnmg of the cpoxlde, and thus ylcld an adduct whlch 

would hJVC the hahde eonwllung slde <.ham do~cr to the furan oxygen Ther ~(ore, wc felt that pcrhaps 

an adduet of the type 107 would lx: SUI table and allow the reaCLIon to procee,j 111 thc deslred manner to 

glve lIudeo<;ldc lOS ~mcc the halIde contamlllg ~Ide challl IS locked In a pŒ'llIon that puts It In close 

proxlIIlIty to the furan oxygen. AdduclS of the type 107 could bc synthesl.lcd vIa a [2+2) 

phutocycloaddlllon of aldehyde 105 and luran 106 as shown m Schcme 41 or by bUIlding the side chain 

on to a sUlt~lble photo-adduct. 

Sctwmc 41 

+ 

lOS 106 107 

/ 
Base 

RO 

108 

Although oxctanocin has generated a great deal of intercst !II oxetane containing nucleosides 

over the past few years, mteresl in Il and denvaLIves thereof is slowly waning duc to findmgs that the 

oxetane ring is nol the sole structural feature which is rcsponsible for activity and duc to the fact that no 

one has yct dcvclopcd a cost eflicient synthesls . 
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3. CONTRIBUTIONS TO KNO\VLEDGE 

1. A numbcr of uisubslltuted monocychc oxetanes werc prepared from photo-adduCb of aldchydes 

and furan using a modifl(',auon of the Frascr-Rcld-Mootoo glycosldauon procedure 

The chcmlsU)' of Lhese oxelanes was also mvesligaied. 

2. Raccmlc oxelanoclO and eplO.Ilctanocm wcrc synthcMI.cd from photo-addul:ls of 

proplOnyloxyacctaldchydc and 2-mcLhylfuran. The couphng of oxelanCs. conlallung vanoll'\ 

partlclpalmg groups. wllh nitrogcnou,\ hase!> wa.; mvc!>ugalcd 

3. Bicycllc nuc1co5ldes contalOmg pholo-adducls of aldchydcs and furan wcrl' ~yl1lhc'l/cd 

Furanosc dCTlv:ll.lvCS of thcsc nuclcosldcs wcrc aho prcparcd. 
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4. EXPEIUMENTAL 

4.1 (;cncral Mcthods. 

MclLl/Ig point" (m p.) were delermmed on a Gallenkamp block and arc uncorrecled. Gas 

<..hromalOgraphic analyl>es were pcrformed on a Hewlcu-Packard 5S<)0 GC equippcd with a fused silica 

caplllllry column (25m x 02 mm), a flame 10nl/alion deteclor and a HP 3392A mlegralor. UV spcclra 

wcre oblamed on a lIewleu-Packard 8451 diode array 'ipcclrophotometer. Infrarcd spcclra were recorded 

on an Analect AQS-IS ~pcClrOmeler in the indlclIted solvent Opucal rotations were mcasured on a Jasco 

DIP-140 dlgll •• 1 polaruneter m lhe mdlcated solvenl and concentration mal dm cciI. Low-resolutlOn 

dU:llIical 1001I/atlOn mas~ l>pcclra wcre obtamed on an HP-5980A quadrJpole mass s{X'ClrOmCler in lhe 

direct-miel mode. Low-rcl>olutlOn c1cctron Impacl mU!>s spcclra werc obtamcd on a DuPont 21-4928 

Illa\~ ~pccirollleter m the dlrccHnlctlllode Hlgh-rc'iolution chemlcal IOnll:ation and FAB ma'iS spcclra 

(low·reMllullon .1Ild hlgh-rel>olutlon) wcre obtamcd on a VG ZAB-2F-HS sector ma.\s spcClrometcr m the 

dan:ct-m1c1 mode The mcu"urcmcnts were carned oui at a rcsolvmg power (res) of 10000, unless 

othcrwlo,c Imllc:atcd. Elelllentai analyse\ wcre pcrformcd by Guelph ChelTIlcal Laboratones L1d. (Guelph, 

Olllano, Canada). Ali cOlllpounds werc l>hown to bc hOlllogeneou'\ by tl c. and hlgh-field NMR, and ta 

have a punty of >95%. 

1 tI-NMR \peclra wcrc ohlalllcd on ellhcr a Vanan XL-200 or Vanan XL-300 spccLrometrr at 

200 Mil/ .lIId 30() Mill. rc\pccuvcly and the peak aS'ilgnmenL<; were made, ln sorne ca'ies, with lhe md of 

hOlllolluclear dClOuplmg and/or COSY expenments Chemlcal shlfts arc given m lhe seale of parLs pcr 

Il li 1 lion (PPI11). The re\.dual prolon signais of chloroform, DMSO, mcthanol and methylcne chlonde 

(asslgncd values of Ô 7.24, 2.49, 3.30 and 5.32 ppm, respccllvely) were used as reference m lhese 

l>olvcllt\ The IllUlllpllclllCS arc recorded usmg the followmg abbrevl3l1ons: s, !.mglcl, d, doublet; dd, 

douhlet of doubkl\, ddd, doublel of doublel of doublels; dddd, doublet of doublet of doublet of doublets; 

t, lflpkt; q. quartet, h 7, hcptet; m, multiplet, br, broad; ex, exchangeablc. 13C-NMR speclra werc 

ohcllned on a Vanan XL-300 spcclromcter al 75.4 MHI. and lhe peak a.~slgnrncnts werc made, m sorne 

C~L\eS, wlth the ~lId of APT and/Of HETCOR expcnmenlS. The \3C signais of CDCI3, DMSO-d6 , 

CDPD, CD,!CI2 ,md C6D6 (alo.slgncd values of Ô 77.00, 39.50, 49.00, 53.S0 and 128.00 ppm, 

rcspcclively) wcre used as refcrence III thesc solvenlS. Entnes wllh an aSlerisk arc interchangcable. 

Selcctcd 2-D expcriments arc shown III Appcndix IV. 

TClrahydrofuran and elher wcre dislilled from sodIUm bcnlOphenone kctyl. Melhylene chloridc 

and 1,2-dlchlorœlhanc were distlllcd J'rom P20s. Benzene, hexanes, peuolcum ether and loluene were 

dncd over sodium wire. Methanol was dislilled from magnesium. Pyridine, acetonilrilc, dl-sym-collidmc 

and tricthylamlllc wcre distilled frorn calcium hydridc. N,N-Dimethylformamidc was dried by shaking 

\Vith KOH followcd by distillation from BaO. Thin-layer chromalography (tic) was pcrforrned on silica 
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gel (Kieselgel60 F2S4) aluminum-backcd plates (0.2 mm thlckness) and visuahlcd by UV and/or dlPptng 

mlo a solution of 2.5 g ammonium molybdate and 1 g cene sulfate ln 10 ml !>ulphurlc at'Id /90 ml 

water, followed by heaung. Klesclgcl 60 (Merck 230-400 mesh) sihca gel was uscd for column 

chromatography 1 02. 

Photochemical reactions were camed OUI ln 350 ml or 2 L fCéiction ves.-.cls using a 450 W 

medium pressure Hg arc lamp cqUlppcd with a VYCOR fiUer. Oxetancs 42. 47. S.a. 516. 75 and 84 can bc 

prepared in one-pot from thcJr respccuve photo-adduclS Howevcr. In sorne cases. an Improved yleld can 

be reahzed if a partial work-up is donc at the alcohol stage. The nomenclature of photo-adducL" 2a-d. 

37a, 38a. 39a. 39b, 40, 41. 43. 44. 52, 53,55. 72, 81,85,87 and 88, and an)' compoundo; denvcd (mm 

thesc adduclS, refers to the enanùomcr shown. 

102 Still. W. C.; Kahn, M.; Mitra. A., J Drg. Chem .• 43. 2923 (1978). 

81 



f 4.2 Experimentais for Section 2.2. 

2Cl-O-Formylo"y-3Cl-C,'ormyl-4~.phenyl outane (3). 

OLonc was bubblcd through a solulJOn of the pholo-adducl la (1.025 g, 5.89 mmol) in dry 

melhylcne chlonde (250 mL) al ·78°C until the solution lumed blue (1 h). Dimcthyl sulfide (2.16 mL, 5 

equlv.) was addcd 10 Ihe reaeuon mlxlure un der mtrogen and lt was allowed 10 warm 10 ambient 

lcmperalure gradually ovemlghl The solullon was washed wlth waler (2 x 150 mL), brine (150 ml), 

dned (Na2S0 .. ), fihered and the solvent removed 1ft vaeuo 10 yleld aldehyde 3 (1.201 g, 99% yleld) as a 

IIghl yellow oil. (1 H-NMR (200 MHz, COCI3): ~ 3.93 (ddd, 1 H, H3), 6.22 (d, 1 H, H4), 6.88 (d, lH, H2), 

7.26 - 7.39 (m, 5H, phenyl), 8.14 (s, 1 H, OCHO). 9.84 (d, IH, CHa); Jm.H3 = 6.2 Hz, JH3-CHO = 1.0 Hz, 

1113."" = 6 5 HL, IR (CH2C12): 1730cm·1 [CHO], 1743 cm·1 [OCHO]}. 

Trtramelhoxy.olerin (4). 

Ph~2 
... -13 OCHO 

CHO 

3 

To a sllrred solution of aldchyde 3 (206 mg. 1.00 mmol) in dry methanol (2.5 mL) under 

nitrogen al room lemperature was added eerium (III) chloride heptahydrale (373 mg, 1.00 mmo/) and 

lrÎmclhyl orthoformale (0.80 mL, 7.00 mmol). Afler sturing for 43 h, another 0.80 mL of trlmethyl 

onhoformal(,; was added. Artcr slirring for another 2 h, the reaellon mixture was pourcd into saturated 

aquc.ous sodium bicarbonate (50 mL), exlraClcd Wlth ether (3 x 50 mL), dned (Na2S04)' fillcred and the 

snlvent rcmoved ln vacuo ylcldmg a yellow syrup whlch was ehromalographcd over slhca gel (hcxancs 1 

cther, 2 1 v/v), affordmg lClramelhoxy-olcfin 4 as a IIghl yellow 011 (108 mg, 43% ylcld) II H-NMR 

(200 MHl, COCI3): 03.34.3.35,3.41,3.42 (4s, 12H, MeO), 4.89, 5.03 (2s, 2H, CH(OMch), 7.09 (s, IH, 

Cil-Ph), 7.32 - 7.39 (m, 5H, phenyl); LRMS (CI-NH3): mIe 221 ([MH+ • MeOH], 100%)}. 

Ph~OMo 
OMo 

OMo 

OMs 
4 
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1 
4.3 Experimentais for Section 2.3. 

613·Phenyl.2,7.dioxa.bicyclo.[J,2,OJ.hepta.J.none (Sa) and 1·I3·acetoxy.613·phenyl.2.7.dio\:a-bicyc!o

[3,2,O)-hept-J-ene (9a). 

A mixture of 2-acetoxyfuran (5.90 g, 46.8 mmol) and bcnzaldehyde (4.90 g, 46.2 mmol) an 

benzene (330 mL) was placed ln a 350 mL photo-reaction vesse l, coolcd 10 goC and salur.ltcd wllh 

helium. The soluuon was then madiated for 6 h. The solvenl was removcd undcr rcduced pressure ln 

give a yellow syrup. Purification by nash chromalOgraphy (pctrolcum ether 1 ethyl acctate. 4.1 v/v) gave 

Sa (1.241 g, 14% yicld) and 9a (550 mg, 5% yleld) as yellow mis. Sa: (1 H-NMR (200 MH/. CDCI
3

) ~ 

2.80 (A of ABX, lH, H4.), 2.96 (B of ABX, IH, H4tJ, 3.51 (dddd, IH. H5). 5.42 (d, III, H6), 637 (d, 

lH, HI), 7.35 - 7.44 (m, 5H, phenyl); JIII .1I5 = 4.8 Hz, J1I4.114a = 1.3 Hl. J1I4.114b = 10 0 HI, J1I4• 114b = _ 
18.8 Hz, JH5.H6 = 4.4 HL; I3C-NMR (75.4 MHz, COCI): 0 3264 [C41. 42 ï7 IC51, 8679 (C61. J(~ 75 

[Cl]. 125.24, 128.38, 139.17 [aromallc CHI, 128.23 [aromalle Cl. 175.96 [COI. IR (CII
2
CI

2
) 1794 

cm-II. 9a: {IH-NMR (200 MHz, CDell )' 0 2 17 (s, 3H, CHÛ' 3.86 (1. IH. H5), 541 (d. 11/. H6), 551 

(l, 1 H, H4), 6.66 (d, tH, H3), 7.30·7.45 (m, 5H, phenyl); JII3_114 = 3.4 HL, J II4_115 = 3.1 III, J
II5 

116 = 3.5 

Hz; IR (CH2CI2): 1767 cm- I; LRMS (CI-NH3): mIe 250 ([M + NH/I. 25.8%),231 (lMB i l, 14.2%)1. 

~~ 
4 0 

Sa Sil 
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4.4 ExperimentaJs ror Section 2.5. 

General Procedure ror the Reaction or N-Halosuccinimide and Alcohols with Pboto·adducts. 

To a solution of 2 an dry alcohol (0.05 M - 0.20 M) at room temperature under nitrogen was 

addcd N-bromo (NBS) or N-iodo (NIS) succanimide (1 eqUIV.). The reaction mixture was stirred al room 

lCmpcmturc until complete comsumpllon of the slartÎng malenal (l - 3 h). The remaining alcohol was 

removed ln vacuo and the rcsldue was purificd by flash chromalOgraphy (pctroleum ether 1 ethyl acetate, 

JO. 1 - 4: l, v/v). 

3a.Allyloxy-4p-bromo·6p.phenyl.2,7·dioxa.bicyclo-[3,2,0)-beptane (10a). 

Photo-adducl la (98 mg, 0.56 mmol) and NBS (99 mg, 0.56 mmol) in allyl alcohol (5 mL) gave 

the tille compound (38 mg, 22% yield) as a c1ear ail. (IH-NMR (200 MHz, COCI3): 53.59 (t, 1 H, H5), 

4.32 (ddl, br, 2H, H3' •• H3'b)' 4.50 (s, IH, H4), 5.31 (dddd, br, 2H, H3"'., H3"'J, 5.57 (d, tH, H6), 5.74 

(d, tH, H3), 5.96 (m, 1 H, H3"), 6.33 (d, 1 H. HI), 7.31 - 7.41 (m. 5H, pht'nyl), JII1 .IIS = 4,1 Hz, JII3 _113'1 = 
-03 HI, JS_6 = 4,8 HI.} 

3a· Meth ail yloxy.4~-bromo-6~-phenyl-2,7 -d ioxa-bicyc 10'( 3,2,0 )-heptane ( 1 Ob), 

Photo-adduct2a (435 mg, 2.50 mmol) and NBS (445 mg, 2.50 mmol) ln 2-mcthyl-2-propcn·l-ol 

(25 mL) gave lhc tIlle compound (108 mg, 17% ylcld) as a c1car oil. {I H-NMR (200 MHz, CDCIÛ: Ô 

1.80 (s, 3H. Me), 3.59 (l, 1 H, H5), 4.23 (dd. br, 2H, H3'a. H3'J, 4.51 (s, lH, H4), 4.96,5.05 (2s, br,2H, 

H3 "'., H3"'tJ, 5.57 (d. 1 H, H6), 5.72 (d, 1 H. H3), 6.33 (d. 1 H, HI), 7.30 - 7.41 (m, 5H. phenyl), Jm-lls = 

4.1 HI, lIB_IITI = -0.5 HI., JIIJa-II3'b = -12.4 Hz, JII5-116 = 4.8 Hz; LRMS (CI-NH3): mIe 344, 342 ([M + 

NH4+), 5.7%, 4 3%), 272,270 ([MW. H2C=C(CH3)CH20H1, 15.2%, 11.9%)}. 

3(l-Dimethallylo,y-4p-bromo.6~-phenyl-2,7-dioxa-bicyclo·(3,2,O]·heptane (lOc). 

Photo-adducl 2a (87 mg, 0.50 mmol) and NBS (89 mg, 0.50 mmol) JO 3-methyl-2-buten-I-ol (5 

mL) gave the Olle compound (129 mg, 76% yleld) as a clear oil. {IH-NMR (200 MHz, COCI3): 5 1.73, 

1.78 (2s, br, 6H, Mc), 3.57 (l, lH, H5), 4.31 (ddd, br. 2H, H3' •• H3'J, 4.48 (s, tH, H4), 5.40 (m, lH, 

H3"), 5.57 (dt 1H, H6), 5.73 (s, IH, H3), 6.33 (d,tH. Hl), 7.30 -7.40 (rr., 5H, phenyl), Jm.lIs = 4.1 Hz, 

J1I5.116 = 4.7 Hl: LRMS (CI-NH): rn/e 341.339 ([MH+), 5,8%, 6.2%)}. 

Ph\L(f 
r "OR 

Br 

10., R. CH2CH-CH2 
10b, R. CH2C(CH3).CH2 
1Oc, R. CH2CH.C(CH3)2 
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1 3cx.Methallyloxy.4~.iodo-6p·phenyl.2.7.dioxa.bicydo·(3.2.0)·heptane (lOcI). 

PhOlo-adduCl 2a (87 mg, 0.50 mmol) and NIS (113 mg, 0.50 mmol) in 2-methyl-2-propcn-I-ol 

(5 ml) gave the utle compound (186 mg, 100% yield) as a clcar 011. {l H-NMR (200 MHz, COCI3): 5 

1.75 (s, 3H, Me), 3.69 (l, IH, ID), 4.21 (dd, br, 2H. H3'., H3'tJ, 4.49 (s, IH, H4), 4.95. 5.04 (2s, br, 21-1, 

H3"'" H3'''iJ, 5.56 (d, lH, H6), 5.84 (d, IH, H3), 6.34 (d, IH, Hl), 7.30 - 7.43 (m, SH, phcnyl), JII1 .11.5 = 
4.0 Hz, lH3.H3'. = -0.6 Hz, JH3· •. II3'b = -12.2 Hz, JH5.116 = 4.8 Hz; LRMS (el-NH 3)' mIe 373 (If\m+], 

0.2%),301 ([MH+ - H2C=C(CH3)CH20H1. 4.2%)}. 

Phvy.1 0 ):3'" 
6 5 3" 

4 :) -"10 3' 

l 

1 Del 

3a.Ally loxy·4~·bromo-6~-i·propy 1.2,7 -dioxa·bicyclo.(3,2,O] .heptane (1 Oe). 

Pholo-adducl 2b (140 mg, 1.00 mmol) and NBS (178 mg, 1.00 mmol) 10 allyl alcohol (S mL) 

gave the tille compound (194 mg, 70% yicld) as a colourless 011. {IH-NMR (200 MHz, COCI3): cS 086 

(d, 3H, MeCHMe'), 0.89 (d, 3H, MeCHMe'), 1.82 (m, ) H. H6'), 3.32 (l, 1 H, H5), 4.17 (dd. 1 H, H6),4.23 

(m, br, 2H, H3'" H3'tJ, 4.25 (s, lH, H4), 5.25 (dddd, br, 2H, H3'''" H3"'tJ, 5.63 (d, 1 H, H3). 5.87 (m, ) 1 f, 

H3"), 6.02 (d, lH, Hl), hll.H5 = 4.1 Hz, lm_m'. = -0.6 Hz, lm-HG = 5.0 Hz, JII6.116, = 8.2 I-IL, JII6'.Mc = 

7.4 Hz, JH6·-Mc' = 6.8 Hz}. 

3a.Methallyloxy-4p-bromo-6p.;·propyl-2,7-dioxa-bicyclo·(3,2,O)·heptane (lOf). 
i 

Photo·adducl 2b (140 mg, 1.00 mmo1) alld NBS (178 mg, 1.00 mmol) ln 2-melhyl-2-propcn-I-ol 

(5 ml) gave the title compound (27 mg, 9% yield) as a c1ear 011. I! ,j·l\ttiR (200 MH/, COCI3): cS O.S7 

(d, 3H, MeCHMc'), 0.91 (d, 3H, MeCHMe'), 1.75 Ü:, 3H, Mc), 1.79 (m. 1 H, H6'), 3.34 (t, 1 H, H5), 4,15 

(dd, br, 2H, H3'., H3'tJ, 4.20 (dd, lH, H6), 4.28 (s, tH, H4), 4.93, 5.00 (2s, br, 2H, H3"'., H3"'b)' 5.63 (d, 

lH, H3), 6.05 (d, IH, HI), JHI -1I5 = 3.8 Hz, Jm.lI3,. = -0.3 Hz, JII3'.-1I3'b = -124 HJ;, JII5.116 = 4.4 }-IJ:. 

JH6•IIG, = 8.0 Hz, JH6'.Me = 6.9 Hz, JI16'.Mc' = 6.9 Hz}. 

108, R. CH2CH.CH2 
1Of, R. CH2C(CH3l-CH2 

10g, R. CH2CH.C(CH3)2 
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3(X-Dimethallyloxy-4~-bromo-6~-i-propyl-2,7-dioxa-bicydo-[3,2,O)-heptane (IOp). 

Pholo-adducl2b (140 mg, 1.00 mmol) and NBS (178 mg, 1.00 mmol) JO 3-mcthyl-2-bulcn-l-ol 

(5 mL) gave the tille compound (228 mg, 75% yield) as a clcar oil. (IH-NMR (200 MHl, COCI3): li 

0.87 (d, 3H, MeCHMe'), 0.91 (d,3H, MeCHMe'), 1.69, 1.75 (2s, bf, 6H, MelC), 1.85 (m, IH, H6'), 3.32 

(l, IH, HS), 4.19 (dd, tH, H6), 4.21 (ddd, br, 2H, H3'., H3'tJ, 4.24 (s, IH, .~4), 5.35 (m, IH, H3"), 5.63 

(s, IH, H3), 6.04 (d, tH, Hl), 1H1 -HS = 4.2 Hz, lm.m'. = -0.6 Hz, JH3',.J13'b = -11.1 HL. JII3' •. II3" = 4.H 

Hz, JH3'b-H3" = 7.4 Hz,lH5.H6 =4.5 Hz, I H6.116, = 8.0 Hz, JH6'.Mc = 6.7 Hz, 1//6,. Me' = 6.7 Hz}. 

3Cl-Methallyloxy.4~-iodo·6~-i-propyl-2,7-dioxa-bicyclo-[3,2,O)-heptane (IOh). 

Pholo-adduCl2b (1.68 g, 12.0 mmol) and NIS (2.71 g, 12.0 mmol) in 2-mcthyl-2-propcn-l-01 

(120 mL) gave the title compound (3.84 g, 84% yield) as a c1ear oil. (lH.NMR (200 MHz, COCI3): li 

0.86 (d, 3H, MeCHMe'), 0.89 (d, 3H, MeCHMe'), 1.74 (s. 3H, Mc), 1.81 (m, Il-!. H6'), 3.44 (l, 1 H, H5), 

4.13 (dd, br, 2H, H3'., H3'J, 4.17 (dd, lH, H6), 4.26 (s. IH, H4), 4.92,4.99 (2s, br, 2H. H3"., H3"b)' 

5.74 (d, tH, H3), 6.05 (d. IH, Hl); JH1 •HS = 4.0 Hz, 1113.113'. = -0.5 Hz, 1113' •. II3'b = -12.4 HI., 1/15.116 = 

4.8 Hz, 1H6.116· = 8.0 Hz. JH6'.Me = 7.3 Hz, 1H6·.Me, = 7.3 Hz; 13C-NMR (75.4 MHI., COCI3)' li 16.23, 

16.97 [MelCH], 19.49 [OCHzC(CH3)=LHzl, 24.03 [C4), 33.59 [C6'], 54.91 [C5), 71.63 

[OCH1C(CH3)=CH.zJ, 89.12 [C6J, 107.92 [CI]. 112.77 [OCH2C(CH3)=CH21, 113.91 IC31, 141.20 

[OCHzC(CH3)=CH21; LRMS (CI·NH3): mie 356 ([M + NH4 +1,4.1%),339 ([MH+J, 12.2%),267 (IMIJ'+ -

H2C=C(CH3)CH20HJ, 29.8%); HRMS (CI·NH3): mie calcd. for C 12H:'!oOjl [MWI, 339.0458; round 

339.0457}. Anal. calcd. for C12H1903I: C,42.62; H,5.66; 1,37.52. Found. C, 42.71; H, 5.70; 1,37.60. 

l 

10h 

4,5-Dih ydro-4cx-( cx-hydroxybenzyl)-S ~-methoxyruran (14). 

A solution of 2a (489 mg, 2.81 mmoI) in anhydrous methanol (50 mL) was reOuxcd under an 

atmosphere of nitrogen for 2 h. The solvent was removed under rcduccd pressure lo glve a white reslduc. 

Purification by flash chromatography (petroleum ether 1 ethyl acelale. 4:1, v/v) gave the tille compound 

(180 mg, 31% yield) as a clear oil. (lH-NMR (200 MHz, CDCI3): Ô 2.08 (d. ex, lH, OH), 105 (dddd, 

IH, H4), 3.42 (s. 3H, ~eO), 4.44 (dd, IH, H4'). 4.59 (l, IH, H3), 5.42 (d, lH, H5), 6.39 (dd, 1H, H2), 

7.32 - 7.36 (m, 5H. phenyl}. JH2.113 = 2.8 Hz,1H2.H4 = -2.0 Hz. 1/13.H4 = 2.8 Hz, JII4.114, = 8.1 HI.,1114 .1!S 

= 2.2 Hz,lH4'.OH = 3.0 Pz; LRMS (El, 70 eV): mie 206 ([M+ J, 1.1 %). 
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4,5.Dihydro·4a-(a.hydroxybenzyl)-S~-alJyloxyruran (15). 

A solution of 2a (2.00 g, II.5 mmol) in dry a1lyl alcohol (200 mL) under nitrogen at room 

temperalure containing acetic acid f13 ~, 0.12 mmol) was refluxed for 2 days. The solution was 

evaporatcd 10 dryness and the resic.ue was dissolved in EtOAc (500 mL), washed with saturated aqueous 

sodium bicarbonate (400 mL), bnne (400 mL), dried (Na2S04)' filtered and the solvenl r~moved under 

reduced pressure to ylCld a thick yellow residue. Aash chromatography of the resldual syrup (pctroleum 

ether 1 ethyl acetale, 4:1, v/v) gave the title compound (791 mg, 30% yield) as a Iight yellow oil and 

rccovered starûng material (552 mg). {I H-NMR (200 MHz, CDCI3): 8 2.25 (J, ex, tH, OH), 3.08 (dddd, 

lH, H4), 4.13 (dddlo 2H, ill'., H5'J, 4.43 (dd, IH, H4'), 4.60 (t, IH, H3), 5.18 (dddd, br, 2H, H5" .' 

H5"'b)' 5.53 (d, IH, ID), 5.83 (m, tH, H5"), 6.37 (dd, IH, H2), 7.27 - 7.39 (m, 5H, phenyl), JH2•H3 = 2.8 

Hz, JII2-114 = -1.9 Hz, JJI3.H4 = 2.8 Hz. JI/4.114· = 8.0 Hz, JII4_IIS = 2.1 Hz, JII4 '.01l = 2.9 Hz; 13C_NMR 

(75,4 MHl, CD2CI2): ~ 57.21 [C41, 69.20 [OCH2CH=CH2], 74,63 [C4'J, 100.81 [C3], 106.71 [CS], 

117.07 [OCH2CH=CH21, 126,68, 128.11, 128 .. 73 [aromatic CH1, 134,51 [OCH2CH=CH2], 142.59 

[ruomatic Cl, 145.87 [C21; LRMS (CI-NH3): mIe 255 dM + NH4 +1,1.0%),233 ([MH+],3.6%)}. 

4,5.Dihydro.4a-(a-hydroxybenzyl).S~-rnethallyloxyruran (161). 

The title compound was prepared in 10% yield by a procedure similar to that uscd for the 

preparation of IS. [IH·NMR (200 MHz, COCI3): 5 1.59 (s, br,3H, Me), 1.97 (d, ex, IH, OH), 3.11 

(dddd, 1 H, H4), 4.03 (dd, br, 2H, H5'., H5'b)' 4.51 \dd, lH, H4'), 4,66 (l, IH, H3), 4.86,4.88 (2s, br, 2H, 

H5"'., H5"'J, 5.49 (d, lH, H5), 6.42 (dd, IH, H2), 7.27 - 7,36 ,m, 5H, phenyl), JII2_113 = 2.7 Hz, JII2.114 = 
-1.8 Hz. JII3.114 = 2.8 Hz, JII4_114, = 7.4 Hl, JII4_HS = 2.1 Hz, JII4'.01l = 2,6 Hz, JHS' •. HS'b = -12.6 Hz; 

LRMS (CI-NH): mIe 264 ([M + NH4 +], 1.9%), 247 ([MH+], 5.5%); HRMS (CI-NH3): mie caled. for 

ClsHl903 [MW], 247.1333; found,247.1334}. 

OR 

p~ pH Ao 
'f---V. ~2 

3 

14, R - CH3 
15, R - CH2CH.CH2 
161, R - CH2C(CH3)-CH2 

4,5.Dihydro.4a·( 4' -hydroxy-4" -methylpropyl)-S~.methallyloxyruran (16b). 

The tille compound ."as prcpared ID II % yield by a procedure simllar to that used for the 

preparation of 15. {IH-NMR (200 MHz, CDCI): 5 0,95 (d, 6H, Me2CH), 1.50 (s, br, ex, IH, OH), 1.73 

(s, br, 3H, Me), 1.76 (m, IH, ~·~CH), 2,91 (dddd, lB lA), 3.19 (ddd, IH, H4'), 4.08 (dd, br, 2H, ID'., 

H5'~, 4,85 (l, 1 H, H3), 4.89, 4.98 (2s, br, 2H, H5"'., H5"'J, 5.4 7 (d. IH, H5), 6.41 (dd, tH, H2), JH2•H3 = 
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2.7 Hz, JH2•H4 = -1.8 Hz, Jm .H4 = 2.8 Hz, JH4.H4• = 8.0 Hz, JH4-HS = 2.4 Hz, JII4·.CH \1c = 6.5 HL, JCHMe. 

Mc:: 6.7 Hz; LRMS (CI-NH3): mie 230 ([M + NH/l, 12.4~), 213 ([MW), 39.2%), 141 (IMW -

H2C=C(CH3)CH20H], 100%); HRMS (CI-NH'l): m/e caled. for CIsHI903 {MW 

H2C=C(CH3)CH20H], 213.1490; found, 213.1490}. 

16b 

General Procedure for J+(sym-collidine)2C10 .. - Mediated Opening or Acetals 10,21 and 29. 

To a solution of the adduct in dry benzene (-0.03 H) under nitrogen at room lcmpcralure wa'\ 

added the nucleophile ~5 cquiv.). Afler sumng for 10 mm., I+(sym-collidme)zCI04' (1.5 eqUlv.) was 

added in sm aU portJons over a 20 mlOute penod and the solution allowed 10 sllr untll complellon of the 

rcaction (1 - 18 h). The excess I+(sym·colhdme)2CI04· was precipitated by the addition of ether (amounl 

cqual to total solvcnt used) and the reaction mixture was filtered through a bcd of dry Cehle. The /iller 

cake was washed with mare diethyl ether and the combmed filtratcs were washed Wlth saluratcd aqucou'\ 

scdium thiosulfate, 5% hydrochloic acid, saturated aqueous sodium bicarbonale, watcr, dned (Na2S04)' 

filtered and the solvent removed L'nder red!lced pressure to yield a syrup. Flash Chi, malOgraphy of the 

residual syrup (petroleum ether / ethYI lcetate, 10: 1 - 2: 1, v/v) gave the tnsubstltutcd monocyc\Jc 

oxetane. 

Oxetane (17b). 

Acetal lOb (72 mg, 0.22 mmol) and mcthanol (45J.Ù...., 1.10 mmol) gave the lille compound 

(mixture of 2 illscparable diastereomers, 4:6), (107 mg, 100% yield) as a colourless 011. 17b-minor: (1 H

NMR (200 MHz, COCJ3): S 1.35 (s, 3H, Me), 3.27 (s, 3H, MeO), 3.36 (s, br, 2P CHHI, CHili), 3.59 (l, 

IH, H3), 3.83 (dd, 2H, H3"'., H3'''tJ, 4.51 (s, m, H3'), 5.50 (d, 1H, H4), 5.72 (s, 1H, H3"), 6.32 (d, IH, 

H2), 7.31 - 7.39 (m, 5H, phenyJ), JII2.113 = 4.1 Hz, J1P.II4 = 4.8 Hz, Jllr •. II3"·b :: ·10.2 HI, JCHlII-CIIIII -

o Hz}. 17b-major: {IH-NMR (200 MHz, COCI3): B 1.37 (s, 3H, Me), 3.27 (s, 3H. McO), 3.39 (dd, 2H, 

CHHI, CHHI), 3.59 (t, IH, H3), 3.83 (dd, 2H, Hl"'., H3"'tJ, 4.51 (s, m, H3'), 5.49 (d, 1 H, H4), 5.72 (s, 

IH, H3), 6.32 (d, tH, H2), 7.31 - 7.39 (m, 5H, phenyJ), JH2.l!3 = A 1 Hz, JII3.114 = 4.9 H/., JII3· .... II3 .. ·b =-

9.8 Hz, JCHIII.CIIHI = -10.4 Hz} . 
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Oxetane (I7d). 

Acetal lOd (74 mg, 0.20 mmol) and methanol (41j.Ù.., 1.10 mmol) gave the lttle compound 

(r. ... xturc of2 inseparable dUlstereomers. 4:6). (71 mg. 67% yield) as a light yellow oil. 17d.minor: {IH_ 

NMR (200 MHz, COCI): cS 1.35 (s, 3H. Me). 3.27 (s. 3H, MeO), 3.36 (s, br, 2H, CHHl, CHUI), 3.68 (l, 

IH, H3), 3.82 (dd, 2H. H3"'., H3"'iJ, 4.49 (s, tH, H3'), 5.48 (d. IH, H4), 5 IW (s, IH, H3"), 6.33 (d, lH, 

H2), 7.33 - 7.39 (m, 5H, phenyl), JI/2.113 = 4.1 Hz, JH3-1I4 = 4.6 Hz, JH3m •• H3"·b = -10.2 Hz, JCHHI-CIIHI -

o Hz; \3C-NMR (75.4 MHz, CDCI3): a 12.14 [CU2I1, 20.07 [CH3], 22.75 [C3'1. 50.22 [C31, 59.86 

[MeOl, 71.05 [C3"']. 74.32 rCCH21], 84.91 [C4]. 108.45 [C2], 114.93 [C3"], 125.40, 128.44, 128.74 

[aromatic CHI, 140.56 [aromatic C]J. 17d·major: (IH-NMR (200 MHz, CDCI3): a 1.37 (s. 3H, Me), 

3.27 (s, 3H. MeO), 3.39 (dd, 2H, CHHI, CHHl), 3.68 (t. tH, H3). 3.79 (dd, 2H, H3 ..... H3"'iJ, 4.49 (s, lH, 

H3'), 5.46 (d, lH, H4), 5.84 (s. IH, H3"), 6.33 (d, IH, H2), 7.33 - 7.39 (m. 5H, phenyl), JII2_113 = 4.1 Hz, 

JII3.114 = 4.8 Hz, J\I3· ... -m .. ·b = -9.9 Hz, JCHHl.CHH' = -10.1 Hz; l3c-mm (75.4 MHz, COCI3): 0 12.60 

(CH21], 20.21 (CH3], 22.71 [C3'], 49.97 [C3], 59.87 [MeO]. 70.76 [C3'''l, 74.30 [CCH21], 84.94 (C4], 

108.47 [C2J, 114.93 [C3'J,125.40, 128.44, 128.74 [aromatic CH1, 140.54 [aromatic Cl). 

Oxetane (17c). 

17b, X-Br 

17d, X-I 

Acetal tOc (68 mg, 0.20 mmol) and methanol (41~, 1.00 mmol) gave the lltle compound 

(mixture of 2 inseparable diastercomers, 45:55), (70 mg, 70% yield) as a light yellow oil. t7c.minor: 

(1 H·NMR (200 MHl, COCI3): a 1.37 (s, 6H, CH3). 3.23 (s, 3H. MeO), 3.59 (dd, IH, H3), 3.93 (d, !H, 

CHI), 4.23 - 4.51 (m. 2H, lB"'., H3"'b)' 4.54 (s, 1H. H3'), 5.67 (d, IH, H4). 5.77 (s, IH, H3"). 6.32 (d, 

IH, H2), 7.34 - 7.41 (m, SH, phenyl), Jm .!13 = 4.1 Hz, J1I3.H4 = 5.0 Hz, JII3"'.-CHI = 11.4 Hz}. 17c. 

major: (1 H-NMR (200 MHl, COCI3): Ô 1.37 (s, 6H, CH3), 3.13 (s, 3H, MeO), 3.59 (dd, lH, H3), 3.92 

(d, IH, CHI), 4.23 - 4.51 (m, 2H. H3m., H3"'iJ, 4.52 (s, tH, H3'), 5.75 (d. lH, H4), 5.75 (s, IH, H3"), 

6.32 (d, 1 H. HZ), 7.34 - 7.41 (m. 5H, phenyl), JH2.H3 = 4.1 Hz, JH3.H4 = 5.1 Hz, JH3'''D-ClII:: 11.9 Hz}. 

17c 
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1 Oxetane (l'e). 

Acetal lOe (56 mg, 0.20 mmol) and methanol (41J,1L, 1.10 mmo1) gave the uLle compound 

(mixture of L. inseparable dlastercomers, 45:55), (24 mg, 24% yleld) as a light y(:lIow oil. 17e-minor: 

(lH-NMR (200 MHz, CDCI3): S 0.87 (d, 3H, MeCHMe), 0.91 (d, 3H, McCHMe'), 1.&4 (m, IH, H4'), 

3.24 - 3.39 (m, 3H, H3, CHHI, CHUI), 3.43 (s, :;H, MeO), 3.66 (m, 1 H, H~""), 3.84 - 4.18 (m, 3H, H3'''., 

H3"'b' H4), 4.27 (d, IH, H3'), 5.65 (d, tH, H3"), 6.03 (d, IH, H2), JII2_\13 = 4_ t Hz, Jm _\I3" = 2_7 HI, 

JCH-Me = 6.8 Hz, JCH.Me' = 6.6 Hz). 17e-major: {lH-NMR (200 MHz, COCI3): ô 0.87 (d, 3H, 

MeCHMe'), 0.91 (d, 3H, McCHMe'), l.84 (m, tH, H4'), 3.24 . 3.39 (m, 3H, H3, CHHl, CHIlI), 3.42 (s, 

3H, MeO), :'.66 (m, IH, H3"'), 3.84 - 4.18 (m, 3H, H3"'., H3m

b, H4), 4.25 (s, IH, H3'), 5.64 (s, IH, H3"), 

6.04 (d, tH, H2), ]H2.H3 = 4.1 Hz, JI-I3'.H3" - 0 Hz, ]ell.Me = 6.8 Hz, ]CII-Mc' = 6.6 HI.). 

o °2

Me 61 

o 3"" 

3 3" 
3'" 

"'10 

Br 

17. 

Oxetane (170. 

Acetal IOr (27 mg, 0.09 mmon and mcthanol (19 J,1L, 0.46 mmol) gave the LILle compound 

(mixture of 2 in separable diasLcreomcrs, 4:6), (13 mg, 32% yicld) as a colourless 011. 17r-minor: {l H

NMR (200 MH.l, CDCI3): BO.87 (d, 3H, MeCHMe), 0.91 (d, 3H, McCHMe'), 1.30 (s, 3H, Mc), I.H5 (m, 

IH, H4'), 3.25 (s, 3H, McO), 3.32 (s, br, 2H, CHHI, CHHI), 3.14 (L, 1 H, H3), 3.7.3 (dd, 2H, H3"'., H1"'t,), 

4.11 (dd, IH, H4), 4.28 (s, tH, H3'), 563 (s, IH, H3"), 6.04 (d, 1 H, H2), 1112-113 = 4.) JI!, Jin 114 = 4 7 

Hf., JII3"'a-H3'''b = -10.3 Hz, JCHIII-CI-IHI - 0 fu, ]114-114' = 8.0 HI, 1114·• Mc = 6.8 HI, JII4 -Mc' = 661ft.; Ile· 
NMR (75.4 MHz, CDC13 ): ô 12.21 [CHzI], 16.32, 16.98 [Me2CH], 2018 [CII31, 33.63 [C4'1. 492H 

[C3'], 50.22 (C3], 52.88 [MeOI, 70.58 [r.3"']. 7433 [CCH21), 87.30 [C4), 10782 [C21. 11293 [e3"11. 

17f-major: {lH·NMR (200 MHz, CDCI3): ô 0.87 (d, 3H, MeCHMe), 0.91 (d, 3H, McCHI\-1'!'), 1.32 (s, 

3H, Mc), 1.85 (m, 1H, H4'), 3.25 (s, 3H, McO), 3.32 (dd, 2H, CHHl, CHIlI), 344 (L, ) H, H3), 3.73 (dd, 

2H, H3"'., H3"'b)' 4.11 (dd, IH, H4), 4.28 (s, IH, H3'), 5.63 (s, 1H, H3"), 6 04 (d, IH. 1-12), JIIL_1I3 = 41 

Hz, ]113-114 = 4.7 Hz, JU3""a-lI3"'b = -9.8 HL, ]CHIII-CflHI = -JO 0 Hz, JII4 114' = 80 HI, JII4'-~c = 6.8 III, 

]1l4'-Mc' = 6.6 Hz; 13C-NMR (75.4 MHz, CDC13 1: Ô 12.60 [CH21). 16.32,16.98 [Me2CHJ, 20.30 [C1I3], 

33.63 [C4'], 49.25 [C3'}, 49.99 [C3], 52.88 [MeOJ, 70.36 [C3'''J, 74.31 [CCH21J, 87.33 [C4J, 107.78 

[C2], 112.91 [C3"]}. 
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Oxeta De (l7h). 

Acelal IOh (34 mg, O. ID mmol) and methanol (20 jJ.l, 0.50 mmol) gave the tiLle compound 

(mixture of 2 inseparablc dlastcreomers, 4:6), (15 mg, 30% yicld) as a clear oil and recovered slarting 

matcnal (5 mg). 17h-minor: {IH-NMR (200 MHz, COCI3): ô 0.86 (d, 3H, MeCHMc'), 0.89 (d, 3H, 

MeCHMe'), 1.30 (s, 3H, r.:e), 1.83 (m, lH, H4'), 3.25 (s, 3H, McO), 3.32 (s, br, 2H, CHHI, CHHI), 3.43 

(t. IH, H3). 3.74 (dd, 2H, H3"' •• H3"'J, 4.1 1 (dd, tH, H4), 4.27 (s. lH, H3'), 5.75 (s, tH, H3"), 6 05 (d. 

IH. H2), JI/2.1/3 = 4.1 Hz, JII3_114 = 4.6 Hz., JH3-.-113"b = -10.1 Hz, JCHHI-CHHI - 0 Hz. JH4-H4· = 7.9 Hz, 

JII4.-Mc = 7.2 Hz, JIl4·-Mc' = 6.7 Hz). 17h-major: {IH-NMR (200 MHz, CDCI3): ô 0.86 (d, 3H, 

MeCHMc'). 0.89 (d, 3H. MeCHMe'), 1.32 (s. 3H, Me), 1.83 (m, tH, H4'), 3.25 (s, 3H, MeO). 3.32 (dd, 

2H. CHHl. CHHI), 3.43 (t, lH, H3), 3.69 (dd, 2H, H3'''., H3'''.,), 4.11 (dd, IH, H4), 4.27 (s, tH, H3'), 

5.75 (s, lH, H3"), 6.05 (d, IH. H2), JII2_113 = 4.1 Hz, JII3-H4 = 4.6 Hz, J H3m._Hl"'b = -10.1 Hz, JCHIII-CHHI 

= -9.9 fü, JII4.114, = 7.9 Hz, J"4'-Mc = 7.2 Hz, J"4'-Mc' = 6,7 Hz}. 

Oxelane (1Sa). 

x 

o"'~. (~ 
~. 

17f, X.Br 

17h, X.I 

Acetal IOh (34 mg, O. ID mmol) and ethanol (29 JJ.L, 0.50 mmol) gave the tille compound 

(mnlurc of 2 mseparable dldslercomers, 4:6), (12 mg, 24% yield) as a clear 011 and recovcrcd starting 

malcnal (26 mg). (LRMS (CI-NH3): mie ,28 ([M + NH/J, 53.3%), 511 ([MWJ, 21 8%)}. 18a-minor: 

{IU-NMR (200 MHl, COCI3): Ô 0.86 (d. 3H, MeCHMeî, 0,89 (d, 3H, MeCHMe'), 1.16 (l, 3H, 

OCH2CH l ), 1.30 (s, 3H, Mc), 1.81 (m, IH, H4'), 3.33 (s, br, 2H, CHHI, CHHI), 3.42 (l, IH, H3), 3.42 

(q, 2H, OCII2CH3), 3,73 (dd, 2H, H3"'., H3"'.,), 4.09 (dd, IH, H4), 4.26 (s, IH, H3'), 5,75 (s, tH, H3"), 

6,04 (d, IH, H2), JCII2-CII3 = 6.9 Hz, J1I2_113 = 4,2 Hz, JII3_114 = 4,7 Hz, Jmm._H3"'b = -10.0 Hz, JCHH!-

cmu - 0 Hl. JII4 114' = 7,8 Hl. JII4'_Mc = 6,8 Hl, JH4'-Mc' = 7.2 Hz}. 18a-major: {lH-NMR (200 MHz. 

CDCI3): ô 0.8" (d, 3H. MeCHMc'), 0.89 (d. 3H. MeCHMe'), 1.17 (l. 3H, OCH2CH3). 1.32 (s. 3H. Mc). 

1.H0 (m. tH. H4'). 3.35 (dd. 2H, CHHI. CHHI). 3.42 (t, tH, H3), 3.42 (q, 2H, OCH2CH3), 3.70 (dd. 21-1. 

m"' •. H3 ... .,). 4.09 (dd. IH. H4), 4.26 (s, IH. H3'), 5.75 (s, IH. H3"), 6.04 (d. IH, H2), JCH2-CH3 = 7.0 

HI. JII2-113 = 4.2 Hl. JII3_114 = 4.7 HI. JJl3"'a [[3'''b = -9.8 Hz, JCHIII-CHHl = -10.8 Hz. J"4-H4' = 7.8 Hz, 

J II4'.Mc = 6.8 Hz, JI!4'-Mc' = 7.2 H.l}. 
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Oxetane (18b). 

Acetal IOh (68 mg. 0.20 mr.lol) and ,-propanol (77 j..Ù... 1.00 mmol) gavc lhe tiLle compound 

(mixture of 2 inseparable diastereomers.4:6). (29 mg. 27% ylcld) as a hghl ycllow 011 and rccovcrcd 

sl,lfiÏng malerial (37 mg). 18b-minor: {IH-NMR (200 MHz. COCI3): 50.85 (d. 3H, MeCHMc'), O.!N 

(d, 3H. CHMe'). 1.17 (d. 6H. Me2CH, anomenc). 1.33 (s, 3H, Me). 1.77 (m. IH. H4'), 3.34 (s, br, 2U, 

CHHI, CHHI). 3.42 (t, lH. ID), 3.68 (dd, 2H, H3'''., Hj"'~, 3.77 (m. 1 H, H2'), 4.08 (dd, 1 H, H4), 4.25 

(s, tH, H3), 5.75 (s,lH. H3"),6.04 (d. Hl, H2). J H2_113 =4.2 Hl,JII3_1I4 =44 Hz. J\I3· ... -m .. ·b = -10 2117, 

JCHHI-CI/HI - 0 Hz. JH4-H4· = 5.0 Hz, JH4'_ Me = 7.0 fu, JH4· -Me' = 6 7 J-I::, ]112' Me ::= 3 .. : liL). 18b-major: 

(IH-NMR (200 MHz, CDC13): 50.85 (d, 3H, MeCHMe'). 0.89 (d, 3H. McCHMe'), 1 12 (d, 611, Mt'2CH, 

anomenc), 1.34 (s, 3H, Me), 1.76 (r.l, IH, H4'). 3.30 (dd. 2H. CHHI. CHHI), 3.42 (l, lB, H3), 3.69 (dd, 

2H. H3 "'a' H3"'~, 3.77 (m. 1 H. H4'). 4.08 (dd. 1 H. H4). 4.25 (s. 1 H, H3'), 5.75 (s. 1 H, H:.l "). 604 (d. 111, 

H2). Jm-IB = 4.2 Hz. JH3-114 = 4.4 Hz. JH3"'.-H3'''b = -9.8 Hl. JCHIII-CIlItI = -10_1 Hl, JI14_114' = 5.0 IV. 

JII4 a-Me = 7.0 Hz. JII4'a-Me' = 6.7 Hz. JH2·-Mc = 5.7 Hl} 

Oxt'tane (18c). 

Acetal IOh (68 mg. 0.20 mmol) and cyclohexanol (104 j..Ù... 1.00 mmol) gave the LIlle compound 

(mixLure of 2 inscparable dlastcrcomers. 4:6). (12 mg. Il % 11e1d) as a clcar 011 and rccovcrcd slaruog 

matcrial (60 mg). 18c-minor: (IH-NMR (200 MHz, COCI3)' ô 0.88 (d. 6H, MeCIIMc'). 091 (d. 611, 

McCHMe'). 1.20 - 1.94 (m. 10H, C6H II O). 1 26 (s. 3H. Me). 1 81 (m. IH. H4'). 2.28 (m, lH, C"IIIIO). 

3.21 (dd. 2H, CHHI. CHHI), 3.46 (1. 1 H. H3). 3.90 (dd. 2H. H3· .... H3"·tJ, 4.()4 (dd. 1 H, H4). 4 31 (<;. III, 

H3'). 5.77 (s, 1 H. H3"). 6.08 (d. lH, H2). JH2-1B = 4.1 Hl. J: 13_114 = 4.3 HI. Jm · ... -II1 .. 11 = -HU III, I(,JflII 

CIIHI:: -9.7 Hz. J II4_114' = 6.8 Hl. JII4'-Me -:: 6.6 HL. JII4'.Me· = 57 Hl). ISe-major: : III-NMR (200 Mill, 

CDCI3): 50.88 (dt 6H, MeCHMc). 0.91 (d, 6H. McCHMe'). 1.20 - 1.94 (m, JOH, C611 11 0l, 121 ('" '111, 

Mc). 1.81 (m, IH. H4'). 2 28 (m, IH. C6H lI O). 3.21 (dd. 2H. CHHI. CHIlI), 346 (t, III, lU), 3.90 (dd, 

2H.I-13"' •• H3'''!J, 4.04 (dd. tH. H4). 4.31 (s. IH, H3'). 5.77 (s. IH. H3"). 6.08 (d. Hl, H2). 1112113 = 4.1 

fut JH3 _114 = 4.3 Hz. JH3'''a-m'''b = -10.3 fut JCHIII-CIIHI = -9.7 HI. JII4 _I/4' = 6.8 HI, 1114 -Me = 6.6 HI., 

JII4·-Mc· :: 5.7 Hz}. 

l 

1&., X-EtO 

18b. X.Me2CHO 

18e, X.CsH"O 

18d. X.PhCH20 

18e, X-HCOO 

181. X.Ac:O 
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Oxetane (lSd). 

Acetal IOh (68 mg, 0.20 mmol) and benzyl alcohol (105 J..LL, 1.00 mmol) gave the Lille 

compound (mixture of 2 mseparable dlaslercomers, 3'7), (40 mg, 35% yleld) as a hght yellow 011 and 

rccovcrcd startmg malenal (44 mg). 18d·minor: {IH.NMR (200 MHz, COCI3): 5 0.83 (d, 3H, 

MeCHMe'), 0.87 (d, 3H, MeCHMe'), 1.40 (s. 3H, Me), 1.77 (m, IH, H4'), 3.43 (L, lH, H3), 3.44 (s, br, 

2H. CHHI, CHHI), 3.84 (dd, 2H, H3"'., H3"'iJ, 4.\0 (dd, tH, H4), 4.25 (s, IH, H3'), 4.49 (s, 2H, 

OCU2Ph), 5.74 (s, tH, H3"), 6.05 (d, lH, H2), 7.26 - 7.36 (m, 5H, phenyl), JH2.1!3 = 4.1 Hz, JH3.H4 = 4.4 

Hz, JII3• .... I/3 .. b = -10.4 Hl, JCHIII.CIIHI - 0 Hz, JH4-H4· = 5.7 Hz, JH.·_ Me = 9.0 Hz, JI!4'.Mc· = 6.7 Hz). 

ISd·major: {IH-NMR (200 MHz, COCI3): 50.84 (d, 3H, MeCHMe), 0.85 (d, 3H, MeCHMe'), 1.43 (s, 

3H, Me), 1.77 (m, tH, H4'), 3.43 (1. IH, H3), 3.45 (dd, 2H, CHHI, CHUI), 3.81 (dd, 2H, H3'''., H3'''t», 

4.10 (dd, tH, H4), 4.25 (s, tH, H3'), 4.50 (s, 2H, OCH2Ph), 5.74 (s, tH, H3"), 605 (d, tH, H2), 7.26 -

7.36 (m, 5H, phcnyl), 1112111 = 4.1 HI, 1113.114 = 4.4 HL, J/I3 .. ·.-m .. ·b = ·9.8 Hz, lCRHl-CHUI = -9.7 fu, JU4_ 

114' = 5.7 Hz, 1J14·. Me = 1.7 Hz, JII4·. Me, = 5.1 Hl}. 

()xelane (ISe) 

Acetal IOh (34 mg, 0.10 mmol) and fonme acid (19 ~,O.50 mmol) gave the tille compound 

(mixture of 2 mseparable dlaslercomers, 4'6), (13 mg, 25% yield) as a colourless oil and recovcrcd 

startlOg malcnal (12 mg). {IR (CH2CI2): 1729 cm- l ; LRMS (CI-NH3): mIe 528 ([M + NH/l, 14.2%); 

HRMS (CI-NH3): mIe calcd. for CI3HZ4NOs1:', [M + NH/l, 527.9744; found, 527.9741). 18e-minor: 

(IH·NMR (200 MHz, COCI3). ~ 0.86 (d, 3H, MeCHMe), 0.89 (d, 3H, MeCHMe'), 1.63 (s, 3H, Me), 

1.81 (m, tH, H4'), 3.43 (l, tH, H3), 3.67 (s, br, 2H, CHHl, CHHI), 3.96 (dd, 2H, H3"'., H3"'b)' 4.07 (dd, 

tH, H4), 4.25 (s, IH, H~'), 5.74 (s, IH, H3"), 6.04 (d, IH, H2), 7.96 (s, IH, OCOH), 1112•113 = 4.1 Hz, 

JII3114 = 4 4 HI, JII 3"all3'''b = -10.3 Hl, JCHIII.CIIHI - 0 Hz, JH4-114· = 82Hz, J'I4'.Me = 7.0 HL, JH4'.~1c' = 
7.0 Hl). lSe·major: {IH-NMR (200 MHz, COCI3)' ~ 0.86 (d, 3H, MeCHMe), 0 89 (d, 3H, McCHMe'), 

1.64 (s, 3H, Me), 1.80 (m, lH, H4'), 3.43 (l, !H, H3), :'.67 (dd, 2H, CI1H1, CHUI), 3.99 (dd, 2H, H3"'., 

H3'''iJ, 4.07 (dd, IH, H4), 4.24 (s, IH, H3'), 5.74 (s, tH, lB"), 6.04 (d, IH, H2), 7.96 (s, IH. XOH), 

JII2.113 = 4.1 HI, JI\3.114 = 4.4 Hz, JlI3m •• II3"b = ·10.5 Hz, lCRHl-CHRI = ·10.7 Hz, J"4.1-14' = 8.2 Hz, JII4'_Mc 

= 7.0 HL, J 114' ~fc = 7.(\ Hi). 

Onlane (180. 

Aeetal IOh (505 mg, 1.50 mmol) and acellC aCld (435 ~, 7.50 mmol) gave the title compound 

(mlxlure of 2 inseparable dlastereomcrs, 4:6), (566 mg, 72% yield) as a clear oi! and recovered slartmg 

malcnal (88 mg). (IR (COCI3): 1734 cm- l ). lSr·minor: (IH-NMR (200 MHz, COCI3): Ô 0.83 (d,3H, 

MeCHMe'), 0.86 (d, 3H, McCHMe'), 1.55 (s, 3H, Me), 1.73 (m, lH, H4'), 1.99 (s, 3H, Ac), 3.40 (t, lH f 

H3), 3.66 (s, br, 2H, CHHI, CHUI), 3.90 (dd, 2H, H3"'., H3"'iJ, 4.03 (dd, 1 H, H4), 4.20 (s, lH, H3'), 5.71 

(s, IH, H3"), 6.0t (d, lB, H2), Jm.1!3 = 3.9 Hl, JH3-1-14 = 4.4 Hz, JIl3"· •. H3-b = -9.5 Hz, JCRHI-CHHI - 0 
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Hz, JII4.H4· = 7.9 Hz, J II4'.Mc = 7.0 Hz, J'I4'.Mc' = 6.9 Hz}. ISf-major: (IH-NMR (200 MHz, CDCIJ)' 5 

0.83 (d, 3H, MeCHMc'), 0.86 (d, 3H, MeCHMe'), 1.57 (s, 3H, Me), 1.73 (m, 1 H, H4'), 1 99 (s, 3H, Ac), 

3.40 (l, tH, H3), 3.66 (s, br, 2H, CHHI, CH"I), 3.90 (dd, 2H, H3"'., H3"'tJ, 4.03 (dd, 1 H, H4), 4.20 (", 

IH, H3'), 5.71 (s, IH, H3"), 6.01 (d, IH, H2), JII2•113 = 3.9 Hz, Jm.1I4 = 4.4 Hl, JII J"'a.I\3"·b = -9.8 Ill, 

JCHH[.CIIHI - 0 Hz, JII4.114·:: 7.9 Hz, J'I4'.Mc = 7.0 Hz, J II4·.Mc· = 7.0 Hz}. 

t-o-'·Butyldimethylsilyloxy.3.methyl.2·butenl' (19). 

To a soluùon of 3-methyl-2-bulen- t -01 (5.17 g, 60 0 mmol) ln dry N ,N-dlmethylformamlde (100 

mL) un der mlrogen at room temperalure was addcd imHlazole (JO 20 g, 0.15 mol) and r

butyldlmethylsllyl chlonde (JO 85 g, 72.0 mmol) and Il was allowed to stlr unlll ail of the startlOg 

matcnal wa3 consumcd (20 h) The reactlon mixture wa~ dllutcd wllh ethyl acetate (600 mL), w:I\hed 

willa waler (3 x 1 L), dned (MgS04), lïhercd and the sO\·ent rCrlovcd ln varuo ln ylcld a ycllow 011 

Dlsullatlon of the crudc product (196 oC, 760 mm Hg) gave the tille compound (II 88 g, 99% yleld) a\ a 

IIght yellow 011. (IH-NMR (200 MH7. COCI3): B 005 (\. 6H, r-BuSIMe2), 0 RH (~. 9H. I·Bu), 1 hl (d, 

3H, CH3), 1.69 (d, 3H, CH3'), 4.15 (d, 2H, CH2), 5.26 (m, 1 H, CH), Jell-Mc = -0 1 /II, Jell Mc' = -1.1 III, 

JCII.CII2 = 6.7 Hz}. 

rvOTBDMSI 

151 

2,'-Dutyldimethylsilyloxyacetaldehyde (20). 

OLOne was bubblcd through a solution of 19 (11.88 g. 59.4 mmol) ln dry mClhylenc lhlondc 

(1500 mL) at -78°C untll Lhe solutIOn lumed blue (12 h). Dlmethyl !)ulfidc (21.9 mL, 5 CI.jU1V ) wa.\ :lddctl 

to the rcacllOn mixture undcr an auno~phcrc of I1Jlrogcn and Il wa~ allowcd 10 w.mn 10 amhlent 

tempcraturc gradually ovemlght The soluIJon was washed wlth water (2 x 1 L). hrllle (1 L), dned 

(Na2Sû4)' filtcred and the solvent rcmovcd JO vacuo 10 ylcld the aldehydc 20 (9.R4 g, 95% ylcld) a~ a 

IIght yellow 011 (1 H-NMR (200 MH1, COCI 3). Ô 0.10 (s, 6H, r-BuS1Me2)' 0.92 (~, 9H, ,-nUSIMC2)' 4.20 

(d, 2H,CH2), 9 69 (t, IH, CHO), JCl/2-CIIO = 0.7 Hz}. 

TBDMSIO~O 

20 

6~-,-Butyldimethylsilyloxymethyl.2,7·dioxa-bieyelo-[3,2.0J.hept-3-ene (2e). 

A mixture of furan (15.6 mL, 0.214 mol) and 20 (9.32 g, 53.6 mmol) ln dry bcnlcne (330 mL) 

was placed in a 350 mL photo-rcaction vessel, cooled ta 8°C and saturatcd wlth argon. The solutIOn wa~ 
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lhen lrradlatcd for 6 h. Evaporal1on of the so)vent under reduced pressure gave a yellow syrup WhlCh was 

chromalogra;>hed over sihca gel (pctroleum ether 1 dlethyl ether, 4:1 v/v) 10 give the tille compound (4.41 

g, 34% ylcld) as a Iight yellow oil. IIH-NMR (200 MHz, COC13): ô 0.08 (s, 6H, t.BuSiMe2)' 0.91 (s, 

9H, I-BuSIMez), 3.65 (dddd, IH, r15), 3.73 (A of ABX, IH, H6'.), 3.79 (B of ABX, IH, H6'tJ, 4.56 

(dddd, IH, H6), 5.31 (dd, lH, H4), 6.26 (ddd, IH. HI), 6.60 (ddd, IH, H3), JH1 _J13 = -0.8 Hz, J'II.IlS = 

4.2 Hz, JIII _1I6 = -0.8 Hz, Jm_1I4 = 2.9 Hz, JH3-HS = -1.2 Hz, JII4-IIS = 2.9 Hz, JHS H6 = 2.9 Hz, JII6_H6·• = 

2.8 Hz, JII6-116'b = 3.1 Hz, JII6·.-1I6b = -11.8 Hz; I3C-NMR (75 4 MHz, COCI3): li 18.26 [(CH3hCSIMez), 

25.66 It-BuSIMe2]' 25.83 [(CH)3CS1MCz], 45.91 [C5], 64.73 [C6'], 91.47 [C6], 104.01 [C4], 107.89 

(Cl], 147.98 [C3]; LRMS (C)-NH3): mIe 225 (~iW - H20], 22.7Cb); HRMS (CI-NH3): m/c caled. for 

CI2H2102Si [MH+ - H20], 225.1310; found, 225.1310). 

TBDMSiO~00° 

2c 

3a-Methallyl()xy-4~-br()mo.6~-t-butyldimethylsilyloxymethyl-2,7-dioxa-bicyclo-[3,2,Ol-heptane 

(2Ia). 

Pholo-adduCl2c (121 mg, 0.50 mmol) and NBS (89 g, 0.50 mmol) ln 2-melhyl-2-propcn-I-ol (5 

ml) gave the 1111c compound (66 mg, 34% yicld) as a c1ear 011. Il H-NMR (200 MHl, CDCl,): li 0.06, 

0.08 (2s, 6H, ,·BuSIMe2)' 0.90 (s, 9H, t-BuSIMe2)' 1.74 (s, 3H, Me), 3.67 (l, IH, H5), 3.69 (A of ABX, 

IH, H6'.), 3 74 (B of ABX, IH, H6'tJ, 4.13 (dd, br, 2H, H3'., H3'tJ, 4.32 (s, tH, H4), 4.54 (ddd, 1 H, H6), 

4.90,4.98 (2s, br. 2H, HT" •• H3"'~), 5.63 (d, IH, H3), 6.02 (d, IH, HI), JIlI .IIS = 4.0 HL. J II3.IIJa = -0.3 

Hl, J II3' •. II3'b = -12,7 Hz, JII5_116 = 4.6 HL, J II6.116,. = 1.9 Hz, JII6.1I6'b = 3.7 HL, JII6a.I/6'b = -11.9 Hz; 

I3C-NMR (75.4 MH/. COCI3), ô 18.25 [Mc3CSIMCz], 19.52 [OCH2C(CH)=CH2], 25.70 [Mc3CSIMe2], 

29.45 IMe)CSIMc2J. 49.25 [C4J, 50.84 [CS], 64.03 [t-BUSIMCz0CH2J. 71.56 [OCH2C,CH3)=CHJ. 

82.ll [C6], 107.95 {CI], 11160 [OCH2C(CH3)=CH2], 112.63 [C3J. 141.01 [OCH2C(CH3)=CH21; 

LRMS (CI-NH3): mie 323,321 ([MH+ - H2C=C(CH1)CH20H1. 24.5%. 30.9%)}. 

TBOMS.O-~?, \--

Y"O~ 
X 

21., X.Br 

21h, X.I 
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30-Methallyloxy.4~-iodo-6~-t-butyld imethylsilyloxymethyl-2, 7-d io ta-bicyclo-(3.2.0 J- hepl4lne (21 b)_ 

PhoLO-adducl2c (968 mg. 4.00 mmol) and NIS (900 mg. 4.00 mmol) 10 2-mclhyl-2-propcn-l-ol 

(60 mL) gave thç uLle compound (482 mg. 27lf., yleld) as a c1ear 011 IIH-NMR (200 MH!. COCI.,) 0 

006. 0.07 (25. 6H. t-BuSIMez). 0.89 (s. 9H. l-BuSIMez). 1 73 (~. 3H. Mc), 3.6X (A uf ABX. III, 116'.), 

3.71 (B of ABX. lH. H6'b)' 3.76 Ct. IH. HS). 4.12 (dd. br. 2H. H3' •• H3'~, 4 30 (~, IH, H·n, 452 (ddd, 

IH. H6), 4.89. 4.98 (2s, br, 2H, H3"' •. H3"'t). 5.75 (d. tH, H3). 603 (d. IH. Hl). Jill 115 = 41 Hl. Jill 

HJ'a = -0.5 Hz, Jm· •. lI3b = -12.7 Hz, JIIS-H6 = 4.4 Hz, JII6_116·• = 3.0 Hz, JII6.116·h ::: 3 5 HI., J,((,. 116 h = . 
11.8 Hz; I3C-NMR (7.5.4 MH/, COCI3) li 18 28 [Me3CSIM~J. 19 56 ICX:1-f2C(C Il J)=C Il 2 1. 2373 [Coll, 

23.73 [Me3CSIMe21, 25.83 (Me3CSIM~1. 52.79 [C51, 64.15 [t-BuSIMe2ûCII2I, 71.60 

[OCH2C{CH3)=CH20, 83.94 (C6], 108.30 [Cl], 112.65 [OCH2C(CH3)CII2I, IIJ9X [C3], 14121 

[OCH2C(CH3)=CH21; LRMS (CI-NH3): mIe 441 ([MW']. 44%). 369 ([MW - H2C:..-C(CH 1)CH
2
0H1, 

100%); HRMS (CI-NH) mIe calcd for C'2H~203IS1 [MW - H2C=C(CH3)CH 20H], 369 03Xl round 

36903831. Anal calcd.forCl6H29û41 C,4364;H,664;SI.638.I,2882 Found C,4412;H,695, 

SI, 6 23; 28.32. 

Oxetane (22). 

Acetal 2Ib (220 mg. 050 mmol) and acetlc acl1 (150 J.Ll. 1.50 mmol) gave the ulle compounll 

(mIxture of 2 Inseparable dl3~lercomer~, 4'6), (147 mg, 47% ylcJd) as a hght yelJow 011 and m:ovcrell 

starlmg malcnal (101 mg) IR (CDCI3) 1735 cm- I• LRMS (CI-NH)' mie 644 ([M + NH/1. HX)%), 6'27 

([MH+]. 3.8%); HRMS (CI-NH3) mIe calcd for CII;H3306I2S1 [MW], 6270135. round, 627.01351. 22-

minor: {IH-NMR (200 MHI', COC)3) Ô 0.06 (s. 6H. t-BuSIMe2)' 0 90 ('i, 911, I-HuSIMcÛ. ) 57 (\,111, 

Mc). 2.01 (~, 3H, Ac). '370 (s, br, 2H, CHHI. CHUI), 373 (d, 2H. H4'., H4'J, 3.73 (l, III, lB), 3<)4 (dd, 

211. H3"'a' H3"'b)' 4 28 (<;. IH, H3'), 4.41 (dl, IH, H4), 5 75 (~, IH, H3"), 603 (d. IH.1I2), 1112 111 = 4 1 

Hl, JII3 _114 = 43 H7']1I3 a.1I3 b= -100 Hl. JCHIIl.Cl!IlI - aI-li, JII4 il4 .. 1i40 ':: 60 JVI 22-major: 1'1/. 
N~,tR (200 MHz. COCI3)' 0 a 07 (s, 6H, t-BuSIMe2)' 0 90 ('i, 9H, t-8USIMc2)' 1 59 (", 3H. Mc), 202 ('>, 

3H, Ac). 3.69 (dd, 2H. CHHI, CHili). ~ 73 (d, 2H. H4'~. H4'J, 3.73 (l, IH, fl3), 3.93 (dd, 211, 113 '''a' 

H3"'b),4 29 (s, J H, H3'), 4.41 (dt, 1 H, H4), 5.75 (s. 1 H. H3"), 6 03 (d. III, H'2). J II2_1I1 = 4 1 lV., J
II1

_
114 

= 
4.3 HI.. JII3"'a-H3 "b = -9.7 HL. J(,HIII-CIIHI = -2.5 Hz, JII4 114'»114'0 = 6 0 HI. 1 

TBDMS'O~:O_~ 
r ,,) 
l 

22 
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Epoxide (233) of 6p-phenyl-2, 7-dioxa-bicyclo-[3,2.0 ]-hept-3-ene. 

To a solullùn of 2a (77 mg, 0.44 mmol) ln dry methylcne chlonde (5 mL) under mtrogen al 

room tempcrature was addcd a 0 1 M solution of dlmethyldloxlrane m acetone (4 6 mL, 1.05 eqUlV.) and 

Il wa~ al!owcd to stH unul the reaCtlon wa~ complete (30 mm) The solullon was evaporaled under 

reduccd pw;<.,ure 10 afford the epoxlde (mIxture of 2 mseparablc dlaslercomers, 9: l, exo'cndo), (85 mg, 

IO()% ylclJ) as a ltght yellow 011. {LRMS (CI-NH3)' m/c 208 ([M + NH/J, 100%), 191 ([MH+], 

84.8%), HRMS (CI-NH3) mIe caled for CIJH\lOJ [MH'], ]91.0710; found, J91.0708}. 23a-t'Ddo: 

{IH-NMR (200 MH/. COCI,)' Ô 327 (ddd, IH. H5), 384 (dd, IH, H4), 5.63 (d, IH, H3), 5.64 (d, 1H, 

H6),6 41 (d, IH, HI), 7 26 - 7.47 (m, SB. Ph), JII1 _HS ::: 3.8 Hz, JH3-H4 = 1.8 Hz, JH4 -Il5 ::: 42Hz, ]'15-H6 

::: 3.8 Ht.}. 23a-uo: {IH-NMR (200 MHz, COCIJ)' Ô 342 (t, lH, HS), 3.93 (d, III, H4), 5.47 (d, IH, 

H6),5 48 (d. IH, H3), 5 85 (d, IH, Hl), 7 26 - 747 (m, 5H, Ph), JIII _II5 = 3.8 Hl, JII3_1/4::: 1.8 Hz, ]1I4-H5 

:::4 0 HJ:}. 

EpoxÎde (23b) of 6p-;.propyl.2,7-dioxa-bicyclo-r3,2,Oj-hept-3-ene. 

To a stlrred soiutlon of 2b (42 mg, 030 mmol) in dry methylene chloridc (5 mL) under nitrogen 

al room temperalure was addcd 2-methyl-2-propcn-l-ol (25~, 030 mL) and a 0.1 M solutIOn of 

dlmcthyldlmurane ln acetone (3.0 mL, 1.0 eqUlv.) and Il was allowed to stlr untll the reacuon was 

complete (1 h) The solution was evaporatcd under reduced pressure to yleld the exo-epclXIdc excluslvely 

(25 mg, 5~% yleld) as a c1C:!T 011 {IH-NMR (200 MHz, COCI 3): 0089 (d, 3H, MeCHMc'), 0.93 (d, 3H, 

MeCHMe'), 193 (m, lH, H6'), 325 (t, lB, H5), 3.69 (d. lH, H4), 4.11 (dd, lH, H6), 5.37 (d, IH, H3), 

5.59 (d, 1 H, H 1), JII1 _II5 = 3 9 HI., ]113-114 = 16Hz, '114_115 = 4.1 Hi, JH6-H6· = 7.6 Hz, ]/I6'-Me = 67Hz. 

JII6'- Me = 6.7 HI; LRMS (CI-NH3): mIe 174 ([M + NH/J. 100%), 157 ([MW], 95.8%); HRMS (CI

NH3): mIr;: calcd for CSHI30 J [MW], 157.0859; found, 157.0864). 

R~O 
231, R=Ph 

23b. R-I-Pr 

3a-Melhm,y-4p-hydroxy-6p-phenyl.2, 7 -dio'(a·bicyclo-[ 3,2,0 ]-heptane (24a). 

Epoxlde 23a (34 mg, 0.18 mmol) ln dry methanol (5 mL) under an atmospherc of nitrogen at 

room temperature was slIrred for 16 h. The solvcnt was removed in varuo to give the tltle compound (25 

mg, 63% yleld) as a clcar 011. {IH-NMR (200 MHz. CDCI3): 0 197 (d, ex, tH, OH), 3 17 (dd, IH, H5), 

3.54 (s, 3H, McO), 4.47 (d, IH, H4), 5.30 (s, IH, H3), 5.45 (d, IH, H6), 6.24 (d, lH, Hl), 7.27 - 7.39 (m, 

5H, pllen)'!), 1111_115 = 4.1 HI, JII4 _011 = 3.4 Hz, ]1I5-H6 = 4.8 HL}. 
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3a.Acdoxy-4~-hydroxy-6p-phenyl-2,7-dioxa·bicyclo·[3,2,OJ~heptane (24b). 

To a solution of 23a (41 mg, 0.22 mmol) ln dry methylcnc chlonde (5 mL) undce an almosphcec 

of nitrogcn al roorn tcmperatuTc was addcd aceLlc aCld (62 IlL, 1.10 mmol) and il was allowcd to slie for 

Us h. The reacllon was dlluled Wlth methylene chlonde (25 mL), washed Wlth saluraled aqueous sOlhurn 

bicarbonatc (30 mL), dncd (Na2S04)' filtercd and the solvenl removcd ln vacuo 10 ylclù a }cllow 

reslduc. Punlicallon by 11ash chromatography (petroleum ether 1 dlCthyl cther, 4'1 v/v) aff0rdmg 24b 00 
mg, 56% yielcl) as a c1ear 011. (1 H-NMR (200 MHz, COCI3)' Ô 2 17 (s, 3H, Ac), 3.30 (dd, 1 H, H5),4 21 

(s, br, 1 H, OH), 4.58 (s, 1 H, H4), 5.42 (d, 1 H, H6), 6.28 (d, 1 H, Hl), 6.49 (s, lB, H3), 7.32 - 741 (m, 

5H, phcnyl), lUI.I1S = 4.1 Hz, JH5-1I6 = 4.8 Hz). 

3a.Methallyloxy·4~-hydroxy-6J3-phenyl-2,7·dioxa-bÏ<'ycJo-[3,2,O]-heptane (24c), 

To a sllrred solullon of 23a (40 mg, 0.21 mmol) ln dry mcthylene chlonde (5 mL) undce an 

atrnosphere of mtrogen at room tcmperaturc was added 2·meLhyl-2-propcn-1-ol (90 f,..lL, 1 05 mmol). 

ACter 1 h, the rcacllon mixture was cvaporatcd to dryncss and thc resldue wa~ chroOlalographcd ovce 

slliea gel (pctrolcum cther / dlCthyl cther, 2: 1 v/v) Lo ylcld thc Lille compound (35 mg, 63% ylcld) :IS a 

c1ear oil. (1 H-NMR (200 MHz, COCI3): Ô 1.78 (s, 3H, Mc), ~.18 (dd, 1 H, H5), 402 (d, ex, 1 H, 011), 

4.20 (dd, br, 2H, H3'a. H3'b)' 4 53 (d, IH, H4), 4 93, 5.04 (2s. br, 2H, H3"'a' H3'''b)' 5 42 (d, HI,II3), 

5.51 (d, IH, H6), 6.34 {d, tH, Hl), 7.20 - 7.39 (m, 5H, phenyl), J II1 .1[5 = 4 t HI, 1113 /13.1 = -0.5 Hl,lU3'a 

H3'b = -11.9 Hz, 1114 _011 = 4.5 Hz, J1I5.1[6 = 4.8 Hl}. 

P~I 
jO"OA 

HO 

248. R = CH3 

24b, R -Ac 

24c, R - CH2C(CH3)=CH2 

3a-Methoxy-4p.acetoxy.6p-phenyl-2,7.dioxa.bicyclo-[3,2,O]-heptane (25a). 

Alcohol24a (25 mg, 0.11 mmol) la" dlssolvcd in dry mcthylcne chloTldc (5 mL) conlaJnmg dry 

pyndmc (28 ~,0.34 mmol) and NNdlfficLhylammopyndme (2 mg, 0.01 mmol) AcetJC anhydnde (16 

j.1.L, 0.17 mmol) was then added dropwI!>e, and the rcacllOr. was ~LlTTed al roorn lcmperalurc undcr an 

aunosphcre o[ mtrogen. After 16 h, the rcactlon was dlluled Wlth mcthylcnc chlonde (25 mL), wa~hcd 

Wlth 5% hydrochlonc aCld (30 mL), saturatcd aqucous sodIUm bICarbonate (30 mL), brlne nO mL), dned 

(Na2S04)' filLcred and the solvcnt removcd under Tcduccd pressure to yleld a IIght yellow rC~lduc 

PunflcatlOn by flash chromalOgraphy (petrolcum ethcr 1 eth yi acctalc, 4.1 v/v) gave the tille compound 

(16 mg, 55% ylcld) as a clcar oil. (1 H-NMR (200 MHz, t:OCI 3): B 2.02 (s, 3H, Ac), 3 25 (dd, 1 H, H5), 

Q8 
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3.57 (s, br, 3H, McO), 5.33 (s, tH, H4), 5.35 (d, tH, H3), 5.54 (d, IH, H6), 6.23 (d, tH, Hl), 7.2~ - 7.42 
(m, 5H, phenyl), J/II_ IfS = 4.1 Hz, ]m-OCHII2 = -0.8 Hz, ]HS-1I6 = 4.8 Hz; LRMS (CI-NH3): mIe ~'82 ([M 

+ NH/l, 0.5%), 265 ([MW1, 5.7%), 233 ([MW - MeOH,73.3%); HRMS (CI-NH3): mIe caled. for 

CI4 HJ70 S [MH+l, 265.1075; found, 265.1075}. 

3a-Acetoxy-4p-.acetoxy-6p.phenyl-2,7-diou-bicyclo-[3,1,Ol.heptane (25b). 

Alcohol 24b was acetylated in 58% yield by a procedure similar to that used for the preparation 

of 15a. (IH-NMR (200 MHz, CDCI3): ~ 2.04 (s, 3H, Ac), 2.19 (s, 3H, Ac, anomeric), 3.32 (t, IH, lli), 

5.45 (s, tH, H4), S,53 (d, tH, H6), 6.26 (d, IH, Hl), 6.56 (s, tH, H3), 7.34 - 7.42 (m, 5H, phenyl), JHI-US 

= 4.1 Hz, J"S_1I6 = 4.8 Hz; LRMS (CI-NH3): mIe 293 ([MWl, 2.0%), 275 ([MW - H201, 6.3%).233 

([MH+ - AcOHl, 100%); HRMS (CI-NH3): mIe calcd. for CISHI70 6 [MW], 293.1025; found, 293.1025), 

3a-Methallyloxy.4p.acetoxy.6p.phenyl.2,7-dioxa.bicyclo.heptane (25c). 

Alcohol 24c was acclylaled in 71 % yield by a procedure similar lo lhat used for the preparation 

of 25a. {IH-NMR (200 MHz, CDCI3): ~ 1.79 (s, 3H, Me), 2,02 (s, 3H, Ac), 3.26 (dd, IH. H5), 4.22 (dd, 

br, 2H, H3'., H3'b)' 4,94, 5.06 (2s, br, 2H, H3"'., F3"'~. 5.38 (s, IH. H4), 5.45 (d. tH, H3). 5.58 (d, tH, 

H6), 6.23 (d, 1 H, HI), 7.32 - 7,40 (m. 5H, phenyl), JUI _IIS = 4.1 Hz. ]113-113'. = -0.5 Hz, ]H3'.-U3'b = -12.2 

Hz, JIIS-1I6 = 4.8 Hl; LRMS (CI-NH3): mIe 305 ([MH+], 0,5%), 233 ([MH+ - H2C=C(CH3)CH20HJ, 

44.9%); HRMS (CI-NH3): mIe caled. for C13HI30 4 [MH+ - H2C=C(CH3)CH20H), 233.0813; found, 

233.0813). 

1·0-Benzoyloxy·3·methyl.2·butene (16). 

25e, R .CH3 
25b, R .Ac 

25c, R. CH2C(CH3)·CH2 

A solution of 3-methyl-2-butcn-l-ol (5.17 g, 60.0 mmol) in dry methylene chloride (500 mL) 

un der nitrogcr. al ambicnt tcmpcraurc containing N ,N-dimethylaminopyridine (733 mg. 6,00 mmol), 

pyndine (14.6 ml, 180 mmol) and benloyl chloride (10.4 ml, 90 mmol) was stirrcd for 18 h. The 

solution was washcd with 5% hydrochloric acid (450 mL), salurated aqueous sodium bicarbon,llc (450 

mL), brIDe (450 ml), dricd (Na2S04)' fihercd and the solvent removed undcr reduced pressure lO )"ield a 

ycllow ail. Distillation of the crude product (lOI-102°C, 1.4 mm Hg) gave the tille compound 

contaminalcd by an impurity which codistilled. Chromatography over silica gel (petroleum ether 1 ethyl 

99 
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acetate, 10: 1 v/v) afforded pure 26 in quantitative yicld (11.39 g) as a c1ear 011. {I H-NMR (200 MHz, 

COCI3): 81.76 (d, 3H, CH3), 1.77 (d, 3H, CH3'), 4.78 (d, IH, CHH), 4.82 (d, IH, CHH), 5.45 (m, 1 H, 

CH), 7.36·7.71 (m, 3H, Ph), 8.00 - 8.06 (m, 2H, Ph), JCH-Me = -1.0 Hz, JCI/-Me' = -1.0 Hz, JCHII.CH = 

7.1 Hz, JCHH.CH = 7.1 Hz; BC-NMR (75.4 MHz, COCI3): a 25.55 [CH3], 25.56 [CHl'l. 61.47 [CH21. 

118.58 [CH]. 127.95, 130.27, 132.42 [aromatic CH], 129.27 (aromauc Cl, 138.57 [(CH3hCI. 166.16 

[CO]; IR (COCI3): 1714cm-I}, 

2-Benzoyloxyacetaldehyde (27), 

2-Benwyloxyacetaldehyde was obtained from olefin 26 as described for the preparation of 

aldehyde 20. Purüication by flash chromatography (petroleum ether 1 ethyl acetate, 4:1 v/v) gave the 

title compound (95% yield) as a viscous Iight yellow oil. {I H-NMR (200 MHz, CDCI3): 5 4.88 (d, 2R 

CH2). 7.41 - 7.64 (m, 3H, Ph), 8.03 - 8.12 (m, 2H, Ph),9.71 (t, IH, CHO), JCII2.CHO::; 0.6 Hz; \3C·NMR 

(75.4 MHz, COCI3): l) 68.94 [CH2], 128.47, 129.84, 133.55 [aromatic CHI, 128.78 [aromatic Cl, 165.89 

[Ph-COI, 195.83 [CHO]; IR (CDCI3): 1728 cm· I, 1759 cm-l, 2717 cm-l, 2825 cm-) ). 

BZO~X 

26. X .. C(CH3)2 

1'. X~ 

6p-Benzoyloxym~thyl-2,7·dioxa-bicyclo·[3,2,01·hept-3-ene (2d), 

A mixture of Curan (17.5 mL, 240.6 mmol) and 27 (10.11 g, 61.6 mmol) in dry bcnzcne (320 

mL) was placed in a 350 mL pho1o-reaction vessel, coolcd 10 SoC and satura1cd with argon. The solution 

was then irradiated for 8 h. Evaporation under reduccd pressure gave a yellow syrup whlch wa<; 

chromatographed over sllica gel (pctrolcum cther 1 ethyl acetatc, 9: 1 v/v) to givc the tltle compound 

(4 .. 31 g, 30% yield) as a lighl yellow oil, and unrcactcd aldchydc (5.74 g). (IH-NMR (200 MH/, 

COCI3): S 3.75 (dddd, tH, AS), 4.55 (d, 2H, H6'" H6'!J, 4.85 (m, \H, H6), 5.37 (dd, IH, H4), 6.39 (ddd, 

1H, HI), 6.64 (ddd, IH, H3), 7.28 - 7.58 (m, 3H, Ph), 8.05 - 8.10 (m, 2H, Ph), JI\1-113 = -0.9 Hz, JIII .115 = 

4.2 Hz, JH1 -H6 = -0.8 Hz, Jm_H4 = 2.8 Hz, 183.115 = -1.3 Hz, JH4.IIS = 2.9 Hz, JII5_H6 = 3.5 Hz, JII6.1I6·• = 
3.5 Hz, 'H6.H6'b =: 3.5 Hz, 'H6· •. H6'b - 0 Hz; t3C-NMR (75.4 MHl, COC)3): l) 4661 [CSJ, 65.95 [C6'). 

88.40 [C61, 103.65 [C4J, 107.85 [CIl, 128.46, 129.61, 133.27 [aromatic CHJ, 128.50 [aromatic C1. 
148.39 [C3], 166.20 [COl: LRM.~ (CI-NH3): mIe 250 ([M .. NH/l, 6.5%), 215 ([MW - H201, 100%); 

HRMS (CI-NH3): mIe calcd. for C\3H\103 [MW - H201, 205.0709; found, 205.0708}. Anal. cr4lcd. for 

C\3HI20 4: C,67.23; H, 5.21. Found: C, 66.87; H, 5.60. 
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Epoxide (23d) 01 6p-Benzoyloxymethyl-2, 7-dioxa-bicyclo-[3,2,O)-hept-3-ene. 

Epoxide 23d (mixture of 2 inseparable dlastereomers, 9:1 exo 1 cndo) was obtained in 

quantitative yield fre::: '.cl by a procedure similar lO that used for 23a. (LRMS (CI-NH3): mIe 266 ([M + 

NH/], 25.8%), 249 ([MW), 100%); HRMS (CI-NH3): mIe ealed. for C13H130s [MW), 249.0762; 

found,249.(762). 23d-endo: {IH-NMR (200 MHz, CDCI3): 83.38 (dddd, lH, HS), 3.78 (dd, lH, H4) 

4.47 (A of ABA, IH, H6'.), 4.57 (B of ABX, IH, H6'.,}, 4.88 (ddd, IH, H6), 5.63 (dd, lH, H3), 6.22 (d, 

IH, HI). 7.29 -7.61 (m,3H, Ph), 8.00 - 8.05 (m, 2H, Ph), JHI -HS = 4.2 Hz, JH3-H4 = 1.5 Hz, JH4-H5 = 3.6 

Hz, JHS-H6 = 4.0 Hz, JH6-H6,. = 4.0 Hz, JH6-H6'b = 3.0 Hz, JH6'.-H6'b = -12.5 Hz; \3C-NMR (75.4 MHz, 

CDCI3): 8 42.23 [C5], 55.11 [C4], 65.25 [C6'], 76.43 [C61, 88.33 [C3], 112.76 [C 1], 128.32, 129.53, 

133.14 [aromatic CH], 129.29 [aromatie Cl, 166.05 [CO)). 23d-exo: (IH-NMR (200 MHz, CDCI3): ô 

3.58 (t, IH, H5), 3.83 (dd, IH, H4) 4.46 (A of ABX, IH, H6'.), 4.56 (B of ABX, lH, H6'tJ, 4.77 (ddd, 

1 H, H6), 5.41 (dd, 1 H, H3), 5.74 (d, tH, HI), 7.29 - 7.61 (m, 3H, Ph), 8.00 - 8.05 (m, 2H, Ph), Jm_1IS = 

3.6 HL, JH3 _114 = 1.4 Hz, JH5-H6 = 3.8 Hz, JH6.H6,. = 4.0 Hz, JH6-H6'b = 3.1 Hz, JH6'.-H6'b = -12.6 Hz; 13e_ 

NMR (75.4 MHz, CDCI3): ô 43.57 [C5], 56.68 [C4), 65.21 [C6'), 75.62 [C6), 82.55 [C3], 107.82 [CI), 

128.48, 129.79,133.38 [aromatie CH], 129.57 [aromatie C], 166.05 [CO)). 

3cx-Methallyloxy-4p-hydroxy-6p-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,O]-heptane (28). 

To a so!I'tion of cpoxidc 23d {313 mg, 1.26 mmol) in dry methylcnc chloridc (50 mL) under 

nitrogen at room temperalure was added 2-methyl-2-propen-l-ol (1.10 mL, 12.60 mmol) and the reaction 

mixture was allowcd to stir for 6 h. Evaporallon to dryness gave 28 (359 mg, 89% yield) as a hght 

ycllow oil which was uscd without further purification, (IH-NMR (200 MHz, CDCI3): Ô 1.72 (s, 3H, 

Mc), 2.88 (s, br, ex, lH, OH), 3.30 (t, IH, H5). 4.11 (dd, br,2H, H3'., H3'tJ, 4.38 (s, br, tH, H4), 4.44 (A 

of ABX, 1 H, H6'.), 4.53 (B of ABX, tH, H6'tJ, 4.83 (ddd, tH, H6), 4.89,4.89 (2s, br, 2H, H3"'., H3"'b)' 

5.36 (d, 1 H, H3), 6.06 (d, tH, Hl), 7.30 - 7.60 (m, 3H, phenyl), 8.00 - 8.07 (m, 2H, phenyl), Jm_m = 4.0 

Hz, lH3_I13'. = -0.2 Hl, JH3'.-H3·b = -12.5 Hz, J1I5•H6 = 4.4 Hz, JII6-H6,. = 4.3 Hz, JH6-H6'b = 3.2 Hz, JH6,._ 

116'b = -12.4 HL; I3C-NMR (75.4 MHz, COCI3): Ô 19.49 (OCH2C(CH3)=CH2], 49.95 (CS], 65.84 (C6'], 

71.33 (OCH2C{CH3)=CH2], 76.45 [C4], 76.45 [C6], 107.84 [CI], 111.76 [C3], 112.52 

(OCH2C(CH3)=CHz], 128.40, 129.59, 133.26 [aromatic CH], 129.46 [aromallc Cl, 141.20 

(OCH2C(CH3)=CH2], 166.42 [CO)). 
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3a·Methallyloxy.4~-acetoxy·6~.benzoyloxymetbyl-2, 7-dioxa-bicyclo·(3,2,O)·hr ."tane (29a). 

Alcohol28 was acetylated in 84% yield by a procedure similar to that used for the preparation 01 

25a. {IH-NMR (200 MHz, COCI3): 81.72 (s, 3H, Me), 2.04 (s, 3H, Ac), 3.37 (t, tH, H5), 4.17 (dd, br, 

2H, H3'., H3'tJ, 4.46 (A of ABX, tH, H6'.), 4.56 (B of ABX, IH, H6'tJ, 4.88 (ddd, IH, H6), 4.91, 5.03 

(2s, br, 2H, H3"'., H3"'iJ, 5.25 (s, tH, H4), 5.41 (d, tH, H3), 6.08 (d, lH, Hl), 7.40 - 7.59 (m. 3H, 

phenyl),8 05 - 8.10 (m, 2H, phenyl), Jm -Hs = 4.1 Hz, JH3•113,. = -0.8 Hz, hl3' •. H3b = -12,5 HI., Jm .1I6 = 

4.6 Hz,JH6_H6,. =4.1 Hz,JH6.H6'b = 3.4 Hz, JH6' •. H6'b = -12.4 Hz; I3C-NMR (75.4 MHz, COCI3): 8 1945 

[OCH2C(CH3)=CH2], 20.74 [C"3CO], 47.51 [C5], 65.56 [C6'], 71.49 [OCH2C(CH3)=CH2J, 76.24 [C6), 

77.90 [C4], 107.61 [Cil, 109.10 [C3], 112.94 [OCH2C(CH3)=CH21, 128.39, 129.64, 133.18 [aromatic 

CH], 129.64 [aromatic Cl, 140.94 [OCH2C(CH3)=CH2], 166.42 [PhCO), 169.71 [CH3CO); LRMS (Cl

NH3): mIe 363 ([MH+). 1.4%),291 ([MH+ - H2C=C(CH3)CH20H], 17.2%»). Anal. calcd. for C I9"2]07: 

C, 62.97; H, 612. Found: C, 62.66; H, 6.22}. 

BZ°Lé'{r, \--
y"o.-1 

RO 

28, R.QH 
., R.Ac 

29b, R.MeOQCCO 

~, R.Bz 

3a·Methallyloxy.4~-mft"yloxalyloxy.6~.benzoyloxymelhyl-2,7-dioxa-bicyclo-(3,2,O)-heptane (29b). 

To a solution of alcohol 28 (1.290 g, 4.03 mmol) in dry methylene chlonde (350 mL) undcr 

nitrogcn at OOC was added N .N-dime!hylammopyridmc (49 mg, 0.40 mmol), pyridmc (97H J.LL, 12.10 

mmol) and mClhyl oxalyl chlonde (556 J.LL, 6.05 mmol). The solution was gradually warmcd 10 ambicnt 

temperalure (over 1 h) and allowed lU slir for 18 h, Il wa'i washcd wi!h 5% hydrochloric aCld (500 mL), 

saluraled aqueous sodium bicarbonale (500 mL), brine (500 mL), drled (Na2S04)' filtered and the solvent 

removed under reduccd pressure 10 yleld a ycllow syrup. Flash chromatography of lhe resldue 

(pctrolcum ether / ethyl aCClale, 2: 1 v/v) gave !he tIlle compound (1.18 g, 72% ylcld) as a IJght ycllow 

oil. {lH-NMR (200 MHz, COC)3): Ô 1.76 (s, 3H, Me), 3.51 (dd, tH, H5), 3.87 (s, 3H, McO), 4 18 (dd, 

br. 2H, H3'., H3'iJ, 4.46 (A of ABX, lH, H6'.), 4.58 (B of ABX, lH, H6'.,), 4.89 (ddd, lB, H6), 4.94, 

5.02 (2s, br, 2H, H3"'., H3"'iJ, 5_38 (s, IH. H4), 5.50 (d, IH, H3), 6.11 (d, 1", HI), 7.40 - 7.58 (m, 311, 

phenyl), 8.04 - 8.09 (m, 2H, phenyl), JH\.H5 = 4,0 Hz, JH3./I3'. = -1.0 Hz, Jm 'I.I/3'b = -12.6 HI., Jm .1I6 = 

4.4 Hz, JH6-H6,. = 3.8 Hz, JH6-H6'b = 3.5 Hz, JH6' •. H6'b = -12.4 Hz; 13C-NMR (75,4 MHl, CD2C12)' 0 

19.59 [OCH2C(CH3)=CH2J, 47.58 [C5], 54.10 [MeO). 65.53 [C6'], 72.00 [OCH2C(CH3)=CH2J, 76.53 

[C6], 80.59 [C4], 1~8.04 [Cl], 109,05 [C3J, 113.04 [OCH2C(CH3)=CH1l, 128.84, 129.94, 134,02 
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laromatic CH). 130.36 [aromatic Cl. 141.48 [OCH2C(CH3)=CH2). 156.75, 166.38. 166.44 rco]; IR 

(CH2CI2): 1722 cm'). 1751 cm· l • 1775 cm· l ; LRMS (CI-NH3): mIe 424 ([M + NH4 +],100%»). 

3a-Methallyloxy-4~-benzoyloxy-6p-benzt)yloxymethyl-2,7-dioxa-bicyclo-[3,2,O)-beptane (29c). 

Alcohol 28 was benzoylated ln 88% Yleld by a procedure similar to that used for the preparatlOn 

of 26. {IH-NMR (200 MHz. COCI3): a 1.19 (s, 3H, Me), 3.54 (l, IH, HS), 4.22 (dd. br, 2H. H3'., H3'.,), 

4.49 (A of ABX, tH, H6·.). 4.61 (B of ABX, IH .. H6'.,), 4.96 (ddd, IH, H6), 4.96, 5.06 (2s, br, 2H, H3"' •• 

H3"'.,), 5.51 (s, IH. H4), 5.58 (d, IH, H3), 6.16 (d, IH, Hl), 7.35 - 7.(fJ (m, 6H, phenyl), 7.96 - 8.12 (m, 

4H, phenyl), JHI -liS = 4.0 Hz, Jm-H3•• = -0.8 Hz, JH3' •. H3'b:: -12.8 Hz, JH5-H6 = 4.5 Hz, JH6-H6 .• = 4.1 Hz, 

JU6-H6'b = 3.3 Hz, JII6 ••. 116'b = -12.4 Hz; LRMS (CI-NH3): mIe 425 ([MH+], 7.9%), 353 ([MH+ -

H2C=C(CH3)CH20H],lO.2%»). 

Oxetane (30a). 

Reaction of 29a (298 mg, 0.82 mmol) and acetic acid (269 ).IL, 4.12 mmol) gave the tiLle 

compound (mixture of 2 inseparable diastereomers, 4:6), (113 mg, 25% yield) as a Iight yellow oil :l'd 

recovered starting malCrial (70 mg). 30a-minor: {IH-NMR (200 MHz, COCI3): a 1.61 (s, 3H, Me), 2.02 

(s, 3H, Ac) 2.04 (s, 3H, Ac, anomeric), 3.37 (t. IH, H3), 3.70 (s, br, 2H, CHHI, CHHI), 3.98 (dd, br, 2H, 

H3 .. ·., H3'''.,), 4.47 (A of ABX, tH, H4'.), 4.55 (B of ABX, tH, H4'.,), 4.77 (ddd, tH, H4), 5.27 (s, tH, 

H3'). 5.40 (d, IH, H3"), 6.08 (d, tH, Hl), 7.40 - 7.61 (m. 3H, phenyl), 8.03 - 8.07 (m, 2H, phenyl). JH2.m 
= 4.0 Hz, Jm .1I4 = 4.4 Hz, JH3".m-. = -0.9 Hz, JHn.}I3"'b = -9.9 Hz, JCHHI.CHHI - 0 Hz, JH4.H4 .• = 4.3 

Hz, JII4.114·b = 3.4 Hz, JH4 ••. 114·b = -12.4 Hz; I3C-NMR (75.4 MHz. COCI3): a 11.10 [CH21], 20.78 

[CI-Il ], 21.09, 21.98 [C"lCO], 47.39 [C3], 65.(fJ [C4'), 70.92 [C3'"], 76.15 [C4]. 77.81 [e3'], 79.62 

ICCH21], 107.99 [C2). 109.62 [C3"], 128.47,129.68.133.28 [aromatic CH], 129.61 [aromatic C). 166.15 

fPhCO], 169.72, 170.32 [CH3CQ]). 30a-major: {!H-NMR (200 MHz, COCI): a 1.61 (s, 3H, Mc), 2.01 

(s. 3H, Ac) 2.03 (s. 3H, Ac, anomeric), 3.35 (t, tH, H3), 3.73 (dd. 2H, CHHI, CHHI). 3.97 (dd, br, 2H. 

H3"'., H3'''.,), 4.47 (A of ABX. m, H4'.), ~':'55 (B of ABX, tH, H4'.,), 4.77 (ddd, IH, H4), 5.23 (s, tH, 

H3'), 5.41 (d, 1 H, H3"), 6.07 (d, lH, Hl), 7.·to - 7.61 (m, 3H, phenyO, 8.03 - 8.07 (m, 2H, phenyl), J1)2.1I3 

= 3.6 Hl, JII3.1I4 = 4.7 Hz, JH)'·.II3· ... = -0.8 Hz, Jm"' •. 113"·b = -9.5 Hz, JCHHI-CIIHI = -10.5 Hz, JII4.114 .• = 
4.3 Hz, JH4.114·b = 3.4 Hz, JII4' •. H4b = -12.4 Hz; \3C-NMR (75.4 MHz, COCI3): a 11.67 [CH21], 20.78 

(CH3 ), 20.78, 21.45 [CHlCO), 47.56 [C3], 65.42 [C4'], 70.40 [C3''']. 76.25 [C4], 77.72 [C3'], 79.58 

ICCH2IJ.107.71 [C2J, 110.21 [C3"], 128.47,129.68,133.28 iaromatic CHI. 129.61 [aromatic Cl, 166.15 

[PhCO], 169.61,170.06 [CH3CO]). 

Oxetant (30b). 

Rr.acûon of 29b (32 mg, 0.08 mmol) and acetic acid (25 ).IL, 0.40 mmol) gave the title 

compound (mixture of 2 in separable diaslereomers, 4:6), (7 mg, 15% yield). {IR (CH2C12): 1717 cm'!, 
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1722 cm·I, 1751 cm· I, 1774 cm·1 J. 3Ob·minor: (IH.NMR (200 MHz,CDC(3): S 1.62 (s. 3H. Mc), 2.02 

(s, 3H, Ac), 3.52 (t, lH, 113), 3.78 (dd. 2H, CHHI. CHHI), 3.89 (s, 3H, McO). 4.00 (dd, br. 2H, m ..... 
H3"'tJ, 4.47 (A of ABX, tH, H4'.), 4.59 (B of ABX, lH, H4'tJ, 4.80 (ddd, lH. H4), 5.39 (s, IH, H3'), 

5.54 (d, tH, H3'), 6.10 (d. !H, HI), 7.42·7.62 (m, 3H, phcnyl), 8.03·809 (m, 2H, phenyl), JII2.113 = 3.9 

Hz, J H3•H4 = 4.3 Hz, JH3".mm. = -0.9 Hz, JH3 .. · •• m ... b = -10.1 l-U, JCHHl.CIIHI = ·9.7 HL, J1I4 114'.:::: 4.1 HI. 

JH4.H4b = 3.6 Hz, JH4· •. H4b = -12.5 Hz}. 30b-major: {IH-NMR (200 MHz, COCI3): b 1.56 (s. 3H, Mc), 

2.02 (s, 3H, Ac), 3.52 (t, tH, H3), 3.79 (dd, 2H, CHHI. CHHI), 3.89 (s, 3H, McO), 4.00 (dd, br, 2H, 

H3 ..... H3"'tJ, 4.47 (A of ABX, lH, H4'.), 4.59 (B of ABX, 1H, H4'~, 4.80 (ddd, IH, H4), 538 (s, lB, 

H3'), 5.52 (d, lH, H3"), 6.12 (d, lH, Hl). 7.42 - 7.62 (m, 3H. phenyl), 8.03 - 8.09 (m, 2H. phcnyl), J II2_113 

= 3.7 Hz, JH3.H4 = 4.3 Hz, JJI3".H3~~ = -0.9 Hz, JH3"· •. H3~ = -10.1 Hz, JCHIII.CIIHI = -10.3 Hl. JII4 _114·• :::: 

4.1 Hz, JH4.H4·b = 3.6 Hz, JH4·.-H4·b = -12.5 Hz}. 

Oxetane (3f\c). 

Reaction of 29c (45 mg, 0.11 mmol) and acctic acid (32 ~. 0.53 mmol) gave the tille 

compound (mixture of 2 diaslcrcomers, 4:6), (24 mg, 37% YJcld) as a hght yellow oil and rccovcrcd 

starting material (11 mg). 3Oc·minor: l'H-NMR (200 MHz, COCI3): S 1.S4 (s, 3H. Mc), 2.03 (s, 3H, 

Ac), 3.51 (t, lH, H3), 3.74 (s, br. 2H, CHHI, CHHl), 4.02 (dd, br. 2H, H3"'., H3'"b), 4.49 (A of ABX, 

IH, H4'a), 4.61 (B of ABX, 1H, H4'tJ, 4.87 (ddd, \H, H4), 5.51 (s, IH, H3'), 5.57 (d. 1 H, H3"), 6.15 (d, 

lH, Hl), 7.38 - 7.61 (m, 6H, phenyl), 7.96 - 8.10 (m,4H, phcnyl), J II2_113 = 4.1 H/., 11/3-114 = 4.3 H~, Jill" 

lI3"·. = ·1.3 Hz, Jm .. · •. lI3·"b = ·10.1 Hz, JCHIII.CIIHI - 0 Hz. JII4_114,. = 4.1 HL, JII4_114'b = 3.4 H/., J"4'.-1I4'o 

= ·12.5 Hz}. 3Oc·major: {IH-NMR (200 MHz, COCI3): S 1.64 (s, 3H, Mc), 2.03 (s, 3H. Ac), 3.51 (l, 

IH, H3), 3.76 (dd, 2H, CHHI, CHUI), 4,03 (dd, br, 2H, H31\1., H3'''tJ, 4 47 (A of ABX, 1 H, H4'.), 4.59 

(B of ABX, IH, H4'tJ, 4.87 (ddd, IH, H4), 5.50 (s, IH. H3'), 5.58 (d, 1H, H3"), 6.14 (d, IH, HI), 7.3H· 

7.61 (m, 6H, phcnyl), 7.96 - 8.I'J (m, 4H, phcnyl), 1112_\13 = 4.0 Hz, J113_114 = 43 Hl, JII3"-IIî"·. =·1.0 IV" 

JH3 ..... H3·o = -9.8 Hz, JCHHI-CHHI = -10.5 Hz, JH4-114·• = 4.1 Hz, JII4.114·b -= 3.4 Hz, JII4'I-II4'b = ·12.5 HI.). 

BZ0-dAc

?, (~ 
r-:) 

RO 

3Oe. R-Ac 

3Gb. R-MeOOCCO 

3Oc. RzBz 
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Oxetane (31a). 

Acelal 29a (36 mg. 0.10 mmol) and bcnzoic acid (61 mg, 0.50 m'llol) gave the tille compound 

(mixture of 2 inseparable diastcrcomers, 3:7), (40 mg, 66% yleld) as a light yellow oil and recovered 

swing malerial (7 mg). 31a-minor: {IH-NMR (200 MHz, CDCI3): Ô 1.76 (s, 3H, Me), 2.01 (s, 3H, Ac), 

3.37 (t, tH, H3), 3.84 (dd, 2B, CHHI, CHHI), 4.'6 (dd, 2H, ID"'., H3"'.,), 4.43 (A of ABX, IH, H4'a)' 

4.55 (B of ABX, ] H, H4'.,), 4.73 (ddd, ] H, H4), 5.23 (s, tH, H3'), 5.46 (s, tH, H3"), 6.08 (d, tH, HI), 

7.37 - 7 .57 (m, 6H, phenyl), 7.98 - 8.12 (m, 4H, phenyl), JH2•H3 = 4.1 Hz, Jm .1I4 = 4.1 Hz, IH3-a-H3'"b = -

9.9 Hz, JCIIIII-C/IHI = -10.9 Hz, JII4.114'a = 3.7 Hz, JH4-H4b = 3.9 Hz, JH4'a-H4b = -12.5 Hz}. 3Ia·major: 

(IH·NMR (200 MHz, COCI3): Ô 1.77 (s, 3H, Me), 2.03 (s, 3H, Ac), 3.35 (t, IH, H3), 3.86 (dd, 2H, 

CHHI, CHHI), 4.17 (dd, 2H, H3"'., H3'''.,), 4.43 (A of ABX, IH, H4'.), 4.55 (B of ABX, tH, H4'J,4.73 

(ddd, ]H, H4), 5.23 (s, IH, H3'), 5.46 (s, ]H, H3"), 6.08 (d, ]H, Hl), 7.37 - 7.57 (m, 6H, phenyl), 7.98 -

8.12 (m, 4H, phenyl), JII2 1/3 = 4.1 Hz, 1113_114 = 4.3 Hz, JH3~a.H3"'b = -9.8 Hz, leHHI.cIIHI = -10,6 Hz, 

J/l4.\14'a = 3.7 Hz, 1114-114b = 3.9 Hz, J/l4'a-1I4b = -12.5 Hz}. 

Oxetane (31b). 

Acelal 29b (609 mg, 1.50 mmol) and benzoic acid (920 mg, 7.50 mmol) gave the tille 

compound (mixlure of 2 mseparable diastereomers, 3:7), (578 mg, 59% yield) as a liglu yellow oil and 

rccovered starting material (56 mg). {IR (CH2CI2): 1717 cm-l, 1722 cm-l, 1751 cm-l, 1774 cm-!}. 31b-

minor: (1 H·NMR (200 MHz, COCI3)' li ] .77 (s, 3H, Me), 3.52 (t, tH, H3), 3.70 (m, 2H, CHHI, CHHI), 

3.88 (s, 3H, MeO), 4.18 (dd, br, 2H, H3"'., H3"'tJ, 4.42 (A of ABX, IH, H4'.), 4.52 (B of ABX, IH, 

H4'tJ, 4.74 (ddd, IH, H4), 5.39 (s, lH, H3'), 5.50 (d, tH, H3"), 6.11 (d, tH, HI), 7.37 . 7.58 (m, 6H, 

phenyl), 7.98·8.11 (m, 4H, phcnyl), JH2-113 = 4.0 Hz, l/13-H4 = 3.8 Hz, JH3"-m"'a = -0.9 Hz, IH3"'.-II3"'b = 

-10.1 Hz, 1114.114,. = 0.9 Hl, JII4-114'b = 3.8 Hl, JH4'a-1I4'b = -12.4 Hz; I3C-NMR (75.4 MHz, CD2CI2): 0 

11.68 [CH21], 21.62 [CH3}, 47.49 [C3], 54.10 [MeO], 65.48 [C6'], 71.34 [C3"'], 76.53 [C4], 80.41 [C3'], 

80.53 (CCH21J, 108.18 (C2J, 109.89 [C3"], 128.79, 128.84, 129.94, 130.36, 133.~3, 134.02 (aromallc 

CBI, 129.72, 130.13 [aromatlc Cl, 156.75, 166.38, 166.44,171.14 [CO]). 31b-major: (IH-NMR (200 

MUl, COCI3): Ô 1.78 (s,3H, Mc), 3.48 (l, IH, H3), 3.86 (m, 2H, CHHI, CHHI), 3.88 (s, 3H, MeO) , 4.19 

(dd, br, 2H, H3'''., I-I3"'tJ, 4.42 (A of ABX, lH, H4'.), 4.52 (B of ABX, IH, H4'.,), 4.74 (ddd, IH, H4), 

5.37 (s, 1 H, H3'), 5.57 (d, lB, H3"), 6.11 (d, IH, HI), 7.37 - 7.58 (m, 6H, phenyl), 7.98 - 8.11 (m,4H, 

phcnyl), Jm _1/3 = 3.7 Hz, )/13_114 = 3.9 Hz, JII3".1I3-. = -0.9 Hz, JH3m._H3·"b = -9.8 Hz, )H4-H4'a = 0.9 Hz, 

J II4.114b = 3.8 Hl, 1114·.-1I4·b = -12.4 Hz; J3C-NMR (75.4 MHz, CD2CI;z): 0 12.10 [CH2I], 21.78 [CH3], 

47.58 [C3], 54.10 [MeO], 65.76 [C6'], 71.07 [C3"'], 76.53 [C4], 80.29 [C3'], 80.53 [CCH2I], 108.04 

(C2), 109.94 le3"], 128.79, 128.84, 129.94, 130.36, 133.63, 134.02 [aromallc CH], 129.72, 130.13 

[aromalic CI, 156.75, 166.38, 100.44,171.14 [CO]). 
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. ' 

Oxetane (31c). 

Acetal 29c (45 mg, 0.11 mmol) and bcnzOic acid (65 mg, 0.53 mmol) gave the utlc compound (nllXlure 

of 2 inseparable diastereomers, 4:6), (32 mg, 45% yield) as a yellow 011 and recovercd slartmg maten.lI 

(8 mg). 31c-minor: {IH-NMR (200 MHz, COCI3): Ô 1.81 (s, 3H, Mc), 3.50 (l, 1 H. H1). 387 (dd,211. 

CHHI, CHHI), 4.22 (dd,2H, H3"·., H3"'tJ, 4.46 (A of ABX, 1 H. H4·.), 4.53 (B of ABX. 1 H, H·f~), 4 H:! 

(ddd, IH, H4), 5.50 (s, tH, H3·). 5.61 (s, IH, H3"), 6.14 (d. IH, Hl), 7.37 - 7.64 (m, 9H. phenyl). 7.1)3 -

8.13 (m, 6H, phenyl), JH2.H3 = 4.1 Hz, Jm.u4 = 4.4 Hz, JH3·" •. II3"·b = -9.7 Hz, JCHIIl.CIIIII = -10.5 IV., 

JH4.H4·• = 3.7 Hz, JH4.H4'b = 4.0 Hz, JH4' •. U4b = -12.3 Hz; I3C-NMR (75.4 MHz. C02CI2): li 11.94 

[C821], 21.68 [CH3], 47.85 [C3], 65.74 [C6'], 71.00 [C3"'I, 76.81 [C41, 76.71 [C3'), 80.65 [CCH211, 

108.30 [C2], 110.73 [C3"], 128.70, 128.74, 128.83, 129.96, 130.10, 130.36, 133.58, 133.90, 133.97 

[aromatic CHI, 128.84, 129,17, 130.39 [aromatic C], 165,67, i66.77, 171.20 [CO)). 3Ic-major: {III_ 

NMR (200 MHz, COCI3): li 1.80 (s, 3H, Mc), 3.50 (t, lH, H3), 3.89 (dd, 2H, CIIHI, CHIlI), 4.22 (L1d, 

2H, H3· .... H3"\,), 4.46 (A of ABX, IH, H4·.), 4.5:~ (B of ABX, IH, H4·tJ, 4.82 (ddd. 1 H, H4), 5.49 (s. 

tH, H3'), 5.64 (s, 1H, H3"), 6.14 (d, 1 H, Hl), 7.37 - 7.64 (m, 9H, phcnyl), 7.93 - 8.13 (m, 6H. phcnyl), 

JH2.H3 = 4.1 Hz, JH3-H4 = 4.4 Hz, Jm m._H3"·b = -9.8 Hz, JCHIII-CIlHI = -10.5 Hl, J II4. 114,. = 3.7 Hl, J1I4_ 

H4'b = 4.0 Hz, JU4'a-H4'b = -12.3 Hz; I3C-NMR (75.4 MHz, CD2CI2): li 12.34 [CH211, 21.821C1I31, 47.89 

[CJ1. 65.80 [C6'1, 71.30 [C3''']. 76.81 [C4], 78.71 [C3'), 80.55 [CCH2I], 108.34 [C21, 110.73 (C3"), 

128.70, 128.74,128.83, 129.96, 130.10, 130.36, 133.58, 133.90, 133.97 [aromalle CIII, 12884, 129.17, 

130.39 {aromauc Cl, 165.56, 166.45, 171.20 [CO]} . 

BzO 

Oxetane (33). 

RD 

31 •• R=Ac 

31b, RzMeOOCCO 

31c. R-Bz 

33. R-Bz. I.H 

To a solution of 31c (67 mg, 0.10 mmol) ln 7 ml of dry ben/cnc under an atmo!>pherc of 

nitrogcn at room tcmperature was added pyridmc (24 J.Il., 0.30 mmol) and BU3SnH (54 Jll, 0 20 mmol). 

ACter refluxing for 15 h, L1c indlcated complclC disappearance of st.arlmg matenal. Thc solutIOn wao,; 

cvaporated undcr rcduced pressure and the reslduc punficd by flash chromalOgraphy (pcLroleum ether / 

ethyl acetate. 2: 1 v/v) lO afford the delOdmated compound (27 mg, 50% ylcld) as a c1car 011 {I H-NMR 

(200 MHz, COCI3): Ô 1.65, 1.66 (2s, 6H, Me), 3.56 (l, 1 H, H3), 4.03 (dd, br, 2H, H3"'., H3"'b)' 4.36 (A of 

ABX, IH, H4'.), 4.42 (B of ABX, lH, H4'tJ, 4.86 (ddd, IH, H4), 5.51 (s. IH, H3'), 5.64 (d, ) H, H3"), 
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l 
6.13 (d, lH. Hl), 7.34 - 7.64 (m, 9H, phenyl), 7.93·8.12 (m, 6H, phenyl), ]H2.IB = 3.8 Hz, JlI3•H4 = 4.6 

Hz, JII3.· .•. II) .. ·b = -9.8 Hz, JU4.Jl4·. = 3.6 Hz, JU4.114·b = 3.4 Hz, ]H4· •. H4'b = -12.5 Hz; I3C-NMR (75.4 

MHz, COCI): ~ 23.47, 23.53 [CHl ], 47.62 [C3J, 65.36 [C6'] , 73.44 le3"'], 76.30 [C4J, 78.34 [C3'J, 

81.27 [C(CH3hJ, 107.73 [C21, 110.26 IC3'], 128.21, 128.33, 128.46, 129.48, 129.70, 129.74, 132.59, 

133.23, 133.55 [aromatic CHI, 129.74, 130.02, 131.57 [aromatic Cl, 165.35, 165.63, 166.19 [COI; 

LRMS (OCI-NH): mIe 547 ([MH+], 0.9%), 425 ([MH+ - PhCOOHl, 26.3%); HRMS (DCI-NH): mIe 

caled. forC24H2S07 [MH+ - PhCOOHJ, 425.1600; found, 425.l600}. 

Oxetane (32'). 

A solution of 31b (33 mg, 0.05 mmol) and activated zinc dust (50 mg, 0.76 mmol) in dry 

methanol (2 mL) was slirred for 3 h under an atmosphere of nitrogen at room temperature. The zinc was 

rcmoved by filtration and the filtrate evaporaled to dryncss ln vacuo to give a c1ear syrup. The residuc 

was dissolvcd in ether (30 mL), washed with saturaled aqueous sodium bicarbon ... Lt! (30 mL), bnne (JO 

mL), dried (Na2S0.), filtered and the solvent removed under reduced prcssure to give the tillc compound 

(mixture of 2 inseparable diaslCrcomers, 3:7), (16 mg, 65% yield) as an extremely unslable clear oil. [IR 

(CH2CI2): 1717 cm·I, 1722 cm')). 31b-minor: {IH-NMR (200 MHz, COCI3): ô 1.75 (s, 3H, CH), 3.31 

(l, iH, H3), 3.99 (dd, 2H, OCH2C(CH3)=CH1), 4.45 (A of ABX, IH, H4'.), 4.46 (s, IH, H3'), 4.54 (B of 

ABX, lH, H4'tJ, 4.81 (ddd, IH, H4), 4.91, 5.00 (2s, br, 2H, OCH2C(CH3)=CH2), 5.42 (s, tH, H3"), 6.09 

(d, IH, HI), 7.24 -7.57 (m, 6H, phenyl), 7.98 - 8.08 (m, 4H, phenyJ), Jm .H) = 4.1 Hz, ]113.114 = 4.4 Hz, 

JOCHH.OCIIH = -13.2 Hz, ]m.II.·. = 4.4Hz, ]H4-H4'b = 3.4 Hz, JH4'.-H4'b = -12.1 Hz). 32-major: {IH_ 

NMR (200 MHz., COCI): ~ 1.75 (s, 3H, CH), 3.31 (l, 1H, H3), 4.14 (dd, 2H, OCH2C(CH3)=CH2), 4.42 

(s, 1 H, H3'), 4.45 (A of ABX, lH, H4'.), 4.54 (B of ABX, 1H, H4'~, 4.81 (ddd, lH, H4), 4.91,5.00 (2s, 

br, 2H, OCH2C(CH3)=CH2), 5.39 (s, tH, H3"), 6.09 (d, 1H, HI), 1.24 - 7.57 (m, 6H, phenyl), 7.98 - 8.08 

(m, 4H, phenyl), JII2.:13 = 4.1 Hz, ]113-114 = 4.4 Hz, JOCHH-OCIIH = -12.5 Hz, ]H4.114·. = 4.4Hz, JII4-H4'b = 
3.4 Hz, JII4' •. H4·b::: -12.1 l1Z). 

BzO 

32' 
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Epoxide (34a) or 3a-dimethallyloxy -4p-bromo-6p-;-propyl-2, 7 -dioxa-bicyclo-( 3,2,0 ).heplane. 

Epoxlde 34a (mixture of 2 inseparable dlaslcreomcrs, 2:3) was obtaincd ln 66% ylcld aftcr flash 

chromalOgraphy (pctroleum ether / ethyl acetate, 4:1 v/v) from accta110g by a procedure simllar 10 that 

used for 23a. (LRMS (CI-NH3)' mIe 340, 338 ([M + NH/J, 4.3%, 4.0%), 323, 321 ([MW), 1 0%, 

1.7%), 221, 219 ([MW - (H3ChC(O)CHCHl OH), 28.0%, 293%); HRMS (CI-NH3). mie caled for 

C13H2SNO.79Br [M + NH4 +]. 338.0967; found, 338.0968}. 34a·minor: (1 H-NMR (200 MHl, CDCI3)' S 

0.88 (d, 3H, MeCHMe1, 0.91 (d, 3H, MeCHMe'), 1.29, 1.32 (2s, 6H, MezC), 1.83 (m, 1 H, H6'), 3.02 

(dd, IH, H3"), 3.33 (dd, IH, H5), 3.83 (ddd, 2H, H3'., H3'tJ, 4.18 (dd, IH, H6), 4.26 (s, IH, H4), 5.64 (s, 

IH, H3), 6.04 (d, IH, Hl), JHI _HS = 4.1 Hz, JH3· •. H3b = -11.7 Hz, JUJ·._m" = 5.6 Hl, J1I3'1>-1I3" = 5.8 HI, 

JHS.H6 = 4.5 Hz, JH6.H6,. = 4.9 Hz, ]H6'-!t1e = 7.0 Hz. JH6·- Me, = 6.7 Hz}. 34a-major: (IH-NMR (200 

MHz, CDCI3): Ô 0.88 (d, 3H, MeCHMc'), 0.91 (d, 3H, MeCHMe'), 1.28, 1.32 (2s, 6H. MelC)' 1.84 (m. 

IH. H6'). 3.02 (dd. IH, H3"). 3.33 (dd. IH. H5). 3.82 (ddd, 2H. H3' •• H3'tJ. 4.18 (dd. IH. H6), 4.29 (s. 

IH. H4), 5.66 (s, tH. H3), 6.04 (d. 1 H, HI), JH\.J!S = 4.1 Hl. JII3· •. !l3·b = -ILl Hl. JII3'._\I3" = 4.1 111. 

JII3'I>-H3" = 7.0 Hz, Jm .1I6 = 4.5 Hz. JH6-H6·• = 4.9 Hz. JH6'-Me = 6.8 Hz}. 

34a 

Epoxide (34b) or 3a·methallyloxy.4p-bromo-6p-'·butyldimethylsilyloxymethyl-2,7·dioxa-bicyclo

[3,2,O]-heptane. 

Epoxidc 34b (mixture of 2 mscparable diaslcreomers, 2:3) was obtained iii 90% ylCld afler fla. ... h 

chromatography (pctroleum ethcr / ether, 4:1 v/v) from acctal 21a by a proccduTC simllar LO Lhat uo;cd for 

the preparation of 23a. {LRMS (CI-NH3). mIe 323, 321 ([MW - H2C(O)C(CH3)CH20H). 10 6%, 

9.9%)}. 34b·minor: {IH-NMR (200 MHz, COCI3): Ô 0.07, 0.08 (2s, 6H, I-BuSIMe2)' 090 (s. 9H, 1-

BuSiMe2)' 1.38 (s, 3H. CH3), 267 (dd. 2H, H3''' •• H3"'J, 3.66 (dd, br, 2H, H3'., H3't,), 3.66 (dei, IH, 

H5), 3.73 (A of ABX. tH, H6'.), 3.73 (B of ABX, IH, H6'J, 4.36 (s, IH, H4), 454 (ddd, IH, H6). 565 

(d, lH, H3), 6.02 (d, IH, HI), JHl .lIS = 4.0 Hl, Jm _m ,. = -0.6 Hl. Jm ·.- II3·b = -II 0 HL, JII3·•a-I/3·"b = -
4.8 Hz, JHS.H6 = 4.3 Hz. JH6-H6'a = 3.3 Hl. J1I6.H6b = 32Hz, JII6·.-Hf,·b = -11.7 Hl}. 34b.major: (1 H

NMR (200 MHz, CDCI3): B 0.07,0.08 (2s, 6H, I-BuSiMel)' 0.90 (s, 9H, I-BuSIMe2)' 1.35 (s, 3H. CH). 

2.72 (dd, 2H, H3"' •• H3"'J, 3.66 (dd, IH. H5), 3.72 (A of ABX. !H. H6'.). 3.72 (B of ABX, IH, H6'J, 

3.81 (dd, br, 2H. H3'., H3'tJ, 4.31 (s, IH, H4), 4.48 (ddd. IH. H6), 5.63 (d, IH, H3), 6.02 (d, IH. HI). 
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Jill liS = 4.0 Hz, Jm .!I3·. = -0.5 Hz. JH3· •. H3·b = -10.9 Hz, JH3~ •. H3"'b = -5.0 Hz, JHS•lI6 = 4.3 Hz, JH6.H6·• 

= 3.5 Hz, JII6.H6'b = 3.1 Hz, JH6' •. II6'b = -11.9 Hz}. 

Epoxide (34c) 01 3(l-methallyloxy-4~-acetoxy-6~-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,O]

heptane. 

Epoxide 34c (mixture of 2 inseparable diastereomers, 45:55) was obtained ln 87% yield after 

flash chromalOgraphy (petroleum ether 1 eth yI acetate, 4:1 v/v) from acetal29a by a procedure simllar to 

mat used for the prcparlA'lOn of 23a. {LRMS (CI-NH): mIe 3% ([M + NH.], 57.1%), 379 ([MH+], 

28.8%), 291 ([MH+ - H2C(0)C(CH3)Cl-12OHl, 81.0%); Anal. caled. for C19H2208: C, 60.31; H, 5.86; 

found: C, 59.95; H, 5.47}. 34c-minor: (IH-NMR (200 MHz, COCI3): ~ 1.40 (s, 3H, CH3), 2.03 (s, 3H, 

Ac), 2.67 (dd, 2H, H3 "'. , H3'''~, 3.36 (dd, tH, H5), 3.70 (dd, br, 2H, H3'., H3'tJ, 4.45 (A of ABX, tH, 

H6'.), 4.56 (8 of ABX, IH, H6'~, 4.82 (ddd, IH, H6), 5.27 (s, tH, H4), 5.46 (d, tH, H3), 6.06 (d, tH, 

HI), 7.39 - 7.61 (m, 3H, phenyl), 8.03 - 8.08 (m, 2H, phenyl), JH1•lIS = 4.1 Hz, JH3.H3,. = -0.9 Hz, Jm .•. 

/I3'b = -1 J.I Hz, J/B-•. lI3"·b = -4.6 Hz, JHS.H6 = 4.0 Hz, JH6.H6·• = 4.1 Hz, JH6.H61- = 3.4 Hz, JH6' •. lI6·b = -

12.4 Hz; J3C-NMR (75.4 MHz, COCI3): ~ 18.25 [OCH2C{CH3)(O)CH2], 20.73 [CH3CO], 47.50 [C5], 

51.58 [OCH2C(CH3)(O)CHzl, 55.61 [OCH2C(CH3)(0)CH2], 65.49 [C6'], 71.81 [OCH2C(CH3)(O)CH2], 

76.23 [C6), 77.74 [C4], 107.71 [CI], 109.83 [C3], 128.40, 129.62, 133.21 [aromatie CH], 129.57 

laromatic CJ. 166.10 rPhCO], 169.66 [CH)CO]}. 34c:·major: (IH-NMR (200 MHz, COCI3): S 1.37 (s, 

3B, CH3), 2.02 (s, 3H, Ae), 2.73 (dd, 2H, H3 .... ' H3"'~, 3.36 (dd, tH, H5), 3.79 (dd, br, 2H, lB'., H3'b)' 

4.45 (A of A8X, IH, H6'.), 4.55 (8 of ABX, IH, H6'~, 4.82 (ddd, IH, H6), 5.23 (s, tH, H4), 5.42 (d, 

IH, H3), 6 06 (d, IH, Hl), 7.39 - 7.61 (m, 3H, phenyl), 8.03 - 8.08 (m, 2H, phenyl), JH1.IIS = 4.1 Hz, l/B. 

/13'. = -0.9 Hl, JII3· •• IIJ'b = -11.2 Hz, JH 3"'.· 113' b = -4.9 Hz, JHS.H6 = 4.0 Hz, JH6.H6·• = 4.1 Hz, '..I6.116·b = 

3.4 Hz, JII6· •. II6·b = -12.5 Hz; I3C-NMR (75.4 MHz, COCI3): S 18.53 [OCH2C(CH3)(O)CH2], 20.73 

[CH3COj, 47.50 [C5), 51.58 [OCH2C(CH3)(O)CHz], 55.41 rOCH2C(CH3)(O)CH2] , 65.49 [C6'], 70.09 

[OCHzC(CH3)(0)CH21, 76.23 [C6J, 77.74 [C4], 107.71 [CI], 109.83 [C3], 128.40, 129.62, 133.21 

[aromatic CHJ, 129.57 [arom~tie CI, 166.10 [PhCO], 169.66 [CH3CO]]. 

RO~?, <L
l "0.-1 
X 

34b. R. TBDMSI, x.a, 
34c. R.Bz. X.AcO 
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Thiogylcoside (36). 

To an ice coolcd solutIOn of epoxldc 34c (38 mg, 0.10 mmol) and L'lIophcnol (103 ~, 1.00 

mmol) m dry tther (5 ml) under mtrogen was added a 1.0 M soluuon of zinc chlonde III ~ther (100 ml). 

AI:cr ~~JTing for 30 mm, the solutIOn was warrned to room tempcrdture, dtluled wllh ether (20 ml), 

washcd wlth saturated aqueous sodIUm bIcarbonate (30 ml), brine (30 ml), dned (Na2SÛ4)' filtered and 

the solvent removed in vacuo ylelding a yellow resldue which was chromalographcd over slhca gel 

(pctroleum ether 1 ethyl acetate, 2:1 v/v), affordmg 36 (mixture cf 2 mseparable dlastcreomers, 45'55) a .. 

a hght yellow 011 (31 mg, 64% yleld). )6-minor: (1 H·NMR (200 MHz, CDCI3): ô 1 40 (s, 3H, CH3), 

2.02 (s, 3H, Ac), 2.49 (s, br,ex, tH, OH), 2.73 (dd, 2H, H2"'., H2~'b>, 3.21 (m, 1H, H4), 3.70 (dd, 2H, 

H2'., H2'tJ, 4.43 - 4.53 (m, 3H, H4', H4"., H4"tJ. 5.05 (s, IH, H3), 5.27 (d, tH, H2), 5.72 (d, tH, H5), 

7.22 - 7.62 (m, 3H, phenyl), 8.05 - 8.12 (m, 2H, phenyl), JIIOIS = 6.1 Hz, JII2 • 112 b = -11.2 Hz. JII2, .. " 

1I2"'b = -4.4 Hz). 36-major: (IH-NMR (200 MHz. COCI3): Ô 1.30 (s, 3H, CH), 202 (!ot, 3H, Ac), 2.49 

(s. br,ex, tH, OH). 2.75 (dd, 21-1, H2"'., H2"'b>, 3.21 (m, tH, H4), 3.71 (dd, 2H, H2'., H2'b>, 4.43 - 4 53 

(m, 3H, H4', H4"., H4"b), 5.06 (s, tH, H3), 5.24 (d, lH, H2), 5.72 (d, IH, H5), 7.22 . 7.62 (rn, 311, 

phenyl), 8.05 . 8.12 (m, 2H, phenyl), JH4•H5 = 6.1 Hz, JH2' •. 1I2b = -11.3 Hl:, JII2' .... H2 .. b = -44 HI.). 

SPh 

BzO 

36 
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4.5 Experimentais for Section 2.6. 

3-H ydroxymethy 1-6f3-phen yl-2, 7 -dioxa-bicyclo-[3,2,O )-bept-3-ene (37 a). 

A mixture of furfuryl alcohol (38.14 g, 388.7 mmol) and benzaJdehyde (10.00 g, 94.2 mmol) 10 

bcnzene (300 mL) was placed 10 a 350 mL photo-reaction vessel, cooled to BOC, a,d saturated with 

helium. The solution was then irradlated for 6 h. The solllent was removed under reduced pressure to 

give a yellow syrup. Punfication by flash chromatography (ether / hexanes, 3:1 v/v) gave exclusively 

37a (3.845 g, 20% yield) as a hght yellow oil and recovered starting matenal (15.02 g furfuryl alcohol, 

4.05 g bcnza1dehyde). (lH-NMR (200 MHz, COCI3): a 2.06 (t, ex, lH, OH), 3.68 (ddd, IH, H5), 4.34 

(d, 2H, CH2), 5.39 (d, IH, H4), 5.57 (d, IH, H6), 6.55 (d, tH, Hl), 7.31 - 7.42 (m, 5H, Ph); JHI -HS = 4.4 

Hz, JC/lrOIl = 6.2 Hz, ]H4.HS = 2.8 Hz, J HS.H6 = 3.2 Hz; LRMS (CI-NH3). mie 222 ([M + NH4 +], 

28.2%),205 ([MWI, 100%), 187 (fMW - H20] , 32.9%); HRMS (CI-NH3): mie cal cd. for C 12HI10 2 

IMW - H201, 187.0758; found, 187.0758J. 

37. 

2-(2'-Hydroxyethyl)-ruran (38). 

1'0 a stmed ice-cooled soluuon of furfural (2.00 S' 2u.8 mmol) in anhydrous ether (100 mL) 

under an aunQsphcre of nattogen was addcd a I.OM solution of methylmagnesium bromide in but yI ether 

(20.8 mL, 20.8 mmol) over a pcnod of 30 min and the mIxture allowcd to gradually ann lO ambient 

tcmpcralurc. Afler 1.5 h, the reactlOn mixture was pourcd into lee cold 5% hydrochloric aciù (30 mL) 

and the organle phase was washcd with brme (100 mL), dried (Na2Sû4)' filtcred and Lhe solvent removed 

lfI vacuo 10 afford purc raccnue 38 (2.31 g, 99% ylcld) as a colourless oil [t H-NMR (200 MHt., CDCJ3)' 

Ô 1.53 (d. 3H, Mc), 1.90 (d, ex, 1H, OH), 4.87 (dq, IH, CH), 6.21, 6.31 (2m, 2H, H3, H4), 7.36 (m, tH, 

H5), JCII 011 = 5 0 Hl., JeU-Me = 6.6 Hl}. 

CO 
~CH(OH)CH3 

38 

3-(3'-Hydroxyethyl)-6~-phenyl-2,7-dioxa-bicyclo-(3,2,Ol-hept-3-ene (38a). 

A mixture of 38 (528 mg, 4.71 mmol) and benzaldehyde (500 mg, 4.71 mmol) JO benzene (330 

mL) was placed in a 350 mL phuto-rcaclIon vessel, cooled to SoC, and saturated with helium. The 

solution was then Irradlalcd for ~ h. The solvcnt was removed in vacuo to Yleld a yellow syrup. 
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Chromatography over slhca gel (ether 1 hexancs, 3: 1 v/v) affordcd 383 Cxc1uslvely (mixture of 2 

inscparable dlastereomers, 1:1), (292 mg, 28% yicld) as a hght yellow oil and rccovercd startmg matcnal 

(102 mg 38, 100 mg bcnzaldehydc). (IH-:f'jMR (200 MHz, CDCI3): 5146, 1.47 (2d, 3H, Mc), 203 (d, 

ex, IH, OH), 3.65 (ddd, lH, H5), 4.50, 4.52 (2dq, lH, H3'), 5.31, 5.33 (2d, 1H, H4). 554 (d, 1H, H6), 

6.53 (d, lH, Hl), 7.25 - 7.50 (m, ,)H, Ph); lm.1IS = 4.4 Hz, JII3'_OIl = 5.0 Hz, JI\3'-Me = 6.6 HI., JII4 Ils = 
2.3 Hz, JH5-H6 = 3.0 Hz}. 

2-Furaldehyde dimethyl acetal (39). 

A solutIon of furfural (9.61 g, 100.0 mmol) in methanol (210 mL) contammg CeCI3 7Hp 

(37.25 g, 100.0 mmol) and trimethylorthoformate (87.5 mL, 800 mmol) was allowed 10 stlr for 25 min al 

room temperature. The reaCl10n mixture was poured lOto saturated aqueous sodium bicarbonate (1 L) and 

extracted with ether (4 x 500 mL). The extraclS were washcd with bnne (2 L), dned (Nu2S04)' fHtered 

and the solvent removcd m vacuo to afford pure 39 (9.81 g, 69% yleld) as a colourIcss 011. (J H-NMR 

(200 MHz, COCI3): ô 3.34 (s, 6H, Meü), 5.43 (s, IH, CHM~), 6.36,6.41 (2m, 2H, H3, H4), 7.39 (m, 

IH, H5)}. 

39 

3-Dimethoxymethyl-6~-phenyl-2,7-dioxa-bicyclo-[3.2,O]-hept-3-ene (39a) and 

1-Dimethoxymethyl-6~-pheny 1-2,7 -d ioxa-bicyclo-[ 3,2,0 J-he pt-3-ene (39b). 

A mixture of 2-furaldehyde dimcthyl acetal 39 (2.84 g, 20.0 mmol) and bcnzaldehyde (2 00 g, 

18.8 mmol) 10 bcnzene (330 mL) was placed in a 350 mL photo-rcaction vessel, coolcd to goC, and 

salurated WIÙI hehum. The solutIOn was then lITadiatcd for 7 h. The solvent was rcmoved ln varuo 10 

yield a yellow residue. Purification by flash chromatography (pctroleum ethcr / eLhyl acelaLc, 6.1 v/v) 

gave 39a and 39b (mixture of 2 inscparable reglolsomcrs, 3.5), (2.132 g, 46% ylcld) as a hghl ycllow 011 

and recovered starting maLenaJ (1.39 g 2-furaldehyde dlmethyl arctal, 869 mg bcnzaldchydc) 39a: (II/_ 

NMR (200 MHz, COCI3): li 3.45 (s, 6H, MeO), 3.70 (ddd, tH, HS), 5.09 (l, lH, H4), 5.58 (d, 1 H, fJ(), 

5.58 (d, IH, H3'), 6.56 (dd, lH, HI), 7.29 - 7.68 (m, 5H, Ph); 1111_115 = 4.4 Hz, JIII _1f6 = -0.8 Hl, JII3 '_1I4 = 
-1.1 Hz, ]H4-H5 = 1.1 Hz, Jm_H6 = 2.9 Hz; LRMS (CI-NH3): mie 231 ([MH+ - H20J, O.5%)}. 39b: {IH_ 

NMR (200 MHz, COCI3): li 3.40 (s, 6H, MeO), 3.79 (ddd, lH, HS), 4.48 (s, 1H, HJ'), 5.41 (L, lB, H4), 
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5.58 (d, lH. H6),6.73 (dd, tH, H3), 7.29 - 7.68 (m, 5H, Ph); JH3-H4 = 3.0 Hz, JH3-HS = -0.9 Hz, JH4.1!S = 
2.9 Hz, JIIS_1I6 = 3.8 Hz; LRMS (CI-NH3): mIe 231 ([MW' - H20], O.S%)}. 

Ph 0 

~CH(O"')2 
381 

Ph... ..,O-X~Me)2 
~ 

38b 

3-Tri-lI-butylstannyl-6-benzoyloxymethyl-2,7-dioxa-bicyc:lo-[3,2,O]-bept-3-ene (40). 

A mixture of tributyl-(2-furyl)-Slalmane (6.43 g, 18.0 mmol), a1dehyde 27 (1.64 g. 10.0 mmol) 

and anhydrous potassium carbonale (3 g) in benzene (330 mL) was placed in a 350 mL photo-reaction 

vessel, cool cd to 8°C, and saturatcd with helium. The solution was then irradiated for 8 h. The sol\'enl 

was removed under reduced pressure to give a yellow syrup. Purification by flash chromatogr~phy 

(pctroleum ether 1 triethylamine, 1:0.02 v/v) gave 40 (782 mg, 15% yield) as a clear oil and recovered 

starting malcrial (5.86 g tribUlyl-(2-furyl)-stannane, 390 mg aldehyde 27). {lH-NMR (200 MHz, 

CD2CI2): a 0.90 (l, 9H, SnCH2CH2CH2CH3), 1.04 (l, 6H, SnCH1CH2CH2CH3), 1.33 (lq, 6H, 

SnCH2CH2CHzCH3), 1.60 (u, 6H, SnCH2CHzCH2CH3), 3.70 (ddd, tH, ID), 4.49 (A of ABX, IH, H6',), 

4.52 (8 of ABX, IH, H6'.,), 4.70 (dddd, tH, H6), 5.47 (d, tH, H4), 6.36 (dd, IH, Hl), 7.43 -7.64 (m, 3H, 

Ph), 8.06 - 8.11 (m, 2H, Ph), JH1 -H6 = -0.7 Hz, JHI .HS = 4.3 Hz, JH4•HS = 2.8 Hz, JHS-H6 = 2.2 Hz, JH6_ 

116'. = 4.3 Hz, JH6.H6·b = 2.9 Hz, JH6' •. H6'b = -12..\ Hz, JSnCH2.CH2 = 7.9 Hz, JCH2.CH2 = 7.2 Hz, JCH3.CH2 

= 7.1 Hz; \3C-NMR (75.4 MHz, CD2CI2): a 10.14 [SnCH1(CH2)2CH3], 13.87 [Sn(CH2)3CHJ]' 27.59 

[Sn(CH2hCH1CH3]' 29.31 [SnCH2CH2CH2CH3], 48.00 lC5], 66.84 [C6'], 88.39 [C6], 109.01 [C1], 

115.91 [C4], 128.89, 129.98, 133.55 [aromatic CH], 130.42 [aromaticC], 166.53 [CO], 167.29 lC3]; 

LRMS ~CI-NH3): mIe 523 ([MH+), 2.8%), 505 ([MH+ - H20], 100%); HRMS (CI-NH3): mIe caled. for 

C25H3703120Sn [MW -H20], 505.1765; found, 505.1764}. 

azolLQ 
40, R-SnBu3 

411, R-Ph 

41b, R.~N02Ph 

R 

3-Phenyl.6p-bel'lzoyloxymethyl-2, 7 -dioxa-bicyclo-[3,2,O ]-bept-3-ene (41a). 

To a stirred solution of 40a (1.042 g, 2.00 mmol) in dry tetrahydrofuran (140 ml) was added 

iodobcnzene (448 J.1l.., 4.00 mmol) and tetrakis(triphenylphosphinc)paIladium(O) (347 mg, 0.30 mmol; 35 

mg added on~inal\y, the rest was added in 6 portions durinIJ the course of the reaction). The reaclion 
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mixture was refluxed under an atmosphere of nitrogen until tic indicated complete dlsappcarance of 

starting material (36 h). The mixture was allowed 10 cool to room tcmpcralure, and pyridine (800 J.Ù..) 

was added followed by 1.2 N pyridinium fluoride solution (1.1 ml). The resulung mixture was stirrcd 

for 18 h. Evaporation of the solvent in vacuo gave a black residue which was dlssolved an dlethyl ether 

(250 mL). The resulting solution was washed with 5% hydrochloric acid (200 ml), saturated aqucous 

sodium bicarbonate (200 mL), brine (200 mL), dried (Na2S04)' filtered and the solvent removed under 

reduced pressure to give a brown residue. Purification by flash chromatography (pctroleum ether 1 ethyl 

acetate, 5:1 v/v) gave the tille compound (524 mg, 85% yield) as a light yellow oil. (IH-NMR (200 

MHz, CDCI3): a 3.94 (ddd, 1H, HS), 4.58 (d, 2H, H6'., H6'b), 4.90 (ddl, IH, H6), 5.11 (d, IH, H4), 6.52 

(dd, IH, Hl), 7.26 - 7.67 (m, 8H, Ph), 8.07 - 8.13 (m, 2H, Ph), J"t."S = 4.3 Hz, JIII •1I6 = -0.7 Hl, JII4.115 

= 3.1 Hz, J"S.H6 = 2.8 Hz, JH6."6·.H6'b = 3.3 Hz; I3C-NMR (75.4 MHz, CD2CI2): ô 48.55 [C5),66.44 

[C6'l, 88.57 [C61, 98.58 [C41, 108.36 [Cil. 125.75, 128.79, 128.90, 129.46, 129.94, 133.61 [aromatic 

CH1, 130.26, 130.46 [aromatie Cl, 158.86 [C3], 166.50 [COl; LRMS (CI-NH3): mie 326 (lM + NH/J, 

1.9%), 309 ([MH+l, 16.3%), 291 ([MH+ - H20], 33.8%); HRMS (CI-NH3): mie calcd. for CI9HI604 

{MH+], 309.1128; found, 309.1127). 

3-p-Nitrophenyl-6p-benzoyloxymethyl-2, 7 -dioxa-bicyclo-[ 3,2,O).hept-3-ene (41 b). 

I-Bromo-4-nitrobenzcne and photo-adduct40a gave 4tb in 91 % yield by a procedure simllar to 

the one used for the preparation of 41a. (tH-NMR (200 MHz, CDCI3): ~ 4.04 (ddd, IH, H5), 4.56 (A of 

ABX, IH, H6'.), 4.61 (8 of ABX,IH, H6'iJ, 4.93 (dddd, IH, H6), 6.02 (d, IH, H4), 6.55 (dd, IH, HI), 

7.25 -7.67 (m, 3H, Ph), 7.83,8.24 (AB q, 4H, C6H4N02), 8.09 - 8.14 (m, 2H, Ph), JIII .1I6 = -0.9 Hl, Jill. 

Ils = 4.3 Hz, JH4_H5 = 3.3 Hz, J"5."6 = 2.7 Hz, JII6.H6·1 = 3.9 HL, J"6.116·b = 3.1 Hz, JJl6· •. 1I6·b = -12.8 H./.; 

LRMS (CI-NH3): mie 371 ([M + NH4+1, 0.6%), ([MWl, 1.8%),336 ([MW -H201, 42.1%); HRMS (CI

NH3): mie caled. for C19H14NOs [MH+ - H20l, 336.0877; found, 336.0871 J. 

Oxetane (42a). 

Ozone was bubbled through a solution of 41a (25 mg, 0.08 mmol) an dry methylene chloride (10 

mL) at -78°C until the solution tumed blue (5 min). Dimethyl sulfide (60 J..Il, 0.80 mmol) was addcd 10 

U." reaction mixture under nitrogen and it was allowed lO warm to ambient lCmperalure gradually 

ovemight Next, sodium borohydride on alumma gel (10%), (62 mg, 0.16 mmol) was added and sllrnng 

was eontinued until ùc indicated reduetion of the aldehyde was complete (3 h). Pyndme (20 J..Il, 0.24 

mmol), N,N-dimethylaminopyridine (2 mg, 0.01 mmol) and aeellc anhydride (12 ~,0.12 mmol) were 

added and the rcaction was allowed to sur for 16 h. The rcacuon mixture was dllulcd wlth mClhylene 

chloride (20 mL), washed with 5% hydrochlonc acid (30 mL), saturated aqucous sodium bicarbonalc (30 

mL), brine (30 mL), dried (Na2S04)' filtered and the solvenl removcd under rcduced prcssure to yicld a 

yellow residue. Purification by flash chromat.'>graphy (pctroleum ether 1 ethyl acetatc, 3: 1 v/v) gave the 
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tille compound (10 mg, 33% yield) as a light yellow oil. {I H-NMR (200 MHz, CD2CI2): S 1.97 (s, 3H, 

CH3), 3.58 (dddd, 1 H, H3), 4.50 (A of ABX, tH, H3'.), 4.50 (A of ABX, tH, H4'.), 4.54 (B of ABX, 1 H, 

H3'iJ, 4.62 (8 of ABX, IH, H4'iJ, 5.03 (ddd, IH, H4), 6.72 (d, tH, H2), 7.45 - 7.70 (m, 6H, Ph), 8.05 -

8.12 (m, 4H, Ph); Jm.1I3 = 5.9 Hz, J"3.3·. = 4.1 Hz, JH3•H3b = 3.9 Hz, JH3· •. H3'b = -0.2 Hz, JH3.H4 = 6.3 

Hz, JII4.4 .• = 4.5 Hz, JH~.H4b = 3.3 Hz, JH4· •. H4b = -12.6 Hz; I3C-NMR (75.4 MHz, CD2CI;t): li 20.48 

(CH3CO], 40.22 [C3], 60.64 [C3'], 65.42 (C4'], 80.15 [C4], 96.88 [C2], 128.53, 128.59, 129.61, 129.75, 

133.29, 133.68 [aromatic CH], 128.72, 129.32 [aromatie Cl, 164.88, 166.05 [CO], 170.62 [CH3CO]; 

lRMS (CI-NH3): mIe 402 ([M + NH4 +], 17.5%), 263 ([MH+ - 8z0H], 21.8%); HRMS (CI-NH3): mIe 

caled. for C21 H24N07 [M + NH/], 402.1553; found, 402.1552}. 

Oxetane (42b). 

Oxetane 42b was obtained from 4tb ln 25% yield by a procedure similar to that uscd for the 

preparation of 42a. IIH-NMR (2œ MHz, CD2CI2): S 1.98 (s, 3H, CH3), 3.60 (dddd, tH, H3), 4.48 (A of 

A8X, IH, H3'.), 4.54 (A of AB", IH, H4'.), 4.56 (8 of ABX, tH, H3'tJ, 4.64 (B of ABX, tH, H4'iJ, 

5.07 (ddd, tH, H4), 6.75 (d, IH, H2), 7.43 -7.67 (m, 3H, Ph), 7.98 - 8.13 (m, 2H, Ph), 8.27,8.32 (AB q, 

4H,p-N028z); JAD =- 8.8 Hz, Jm.H3 = 5.8 Hz, JI-I3.3·. = 4.3 Hz, JH3.H3b = 1.3 Hz, JH3·I.H3'b = -12.9 Hz, 

Jm 114 = 5.9 Hz, JII4.4'1 = 4.7 Hz, JH4.~4·b = 3.0 Hz, JH4'.-H4'b = -12.8 Hz; J3C-NMR (75.4 MHz, 

CD2CI2): a 20.80 [CHlCO], 40.61 rC3], 60.67 [C3'], 65.57 [C4'], 80.75 [C4], 96.87 [C2], 124.07, 

128.91, 131.33, 133.71, 134.77 [aromatic CHJ, 129.98, 135.07, 151.33 [aromatic CJ, 166.35, 168.90 

[CO], 170.72 [CH3CO]; LRMS (CI-NH3): mIe 447 ([M + NH:J, 100%),430 ([MW J, 1.8%), 263 

([MW - p-N02BzOHJ, 3.1%); HRMS (CI-NH3): mIe ealed. for C21H23N209 CM + NH/], 447.1403; 

found,447.1403). 

BZO~ 
OCOPhX 

OAc 

4211, X.H 
42b, X.p-N02 

3· Trimethylsilyl-6~-benzoyloxymethyl-2, 7 -dioxa-bicyclo-[J.2,O].hept-J-ene (43a) and 

1· Trimethylsilyl-6~-benzoyloxymethyl-2, 7 -dioxa-bicyclo·[ J,2,O)·hept-J-ene (43b). 

A mixture of 2-tnmethylsilylfuran (2.53 g, 18.0 mmol), a1dehyde 27 (1.64 g, 10.0 mmol) and 

anhydrous potassium carbonate (3 g) in benzene (330 ml) was placed in a 350 mL pholo-reaction vessel, 

cooled to 8°C, and saluraled Wlth hchum. The solution was then irradiated for 8 h. The solvent was 

removed in vacuo to afford a yellow syrup. Chromatography over silica gel (petroleum ether / ethyl 

acctale 1 tricthylamine, 42: 7: 1 v/v/v) gave photo-adducts 43a and 43b (mixture of 2 inseparable 

rcgioisomcrs, 7:4), (577 mg, 19% yielù) as a light yellow oil and recovered staning material (152 mg 
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Il 

J, 

aldehyde 27). 43a: {IH.NMR (200 MHz, CD2CI2): 80.21 (s, 9H, SiMc3)' 3.74 (ddd, IH, H5), 4.48 (A of 

ABX, lH, H6'.), 4.54 (B of ABX, tH. H6'iJ, 4.74 (ddd, tH. H6), 5.59 (d. tH, H4). 6.38 (dd, tH, Hl). 

7.41·7.66 (m, 3H, Ph), 8.00 - 8.12 (m. 2H, Ph); Jm-Ils = 4.2 Hz, JHI-H6 = ·0.8 Hz, Jm_lIs = 2.9 HJ., Jus-

H6 = 3_0 Hz, JH6-H6•• = 5.4 Hz, JU6-H6'b = 2.8 Hz, JU6·._1I6'b = ·11.4 Hz}. 43b: (1 H·NMR (200 MHL, 

CD2CI2): 80.16 (s, 9H. SiMe3)' 3.54 (ddd, IH, H5), 4.48 (A of ABX, lH, H6'.), 4.54 (B of ABX, IH. 

H6'iJ, 4.99 (ddd, lH, H6), 5.30 (t, tH, H4), 6.69 (dd, tH, H3). 7.41 ·7.66 (m, 3H, Ph), 8.00·8.12 (m, 

2H, Ph); JI13_114 = 2.9 Hz, JH3-HS = ·1.2 Hz, JU4_HS = 2.9 Hz, Jm-U6 = 3_0 HJ., JII6_116 .• = 1.5 HL, JII6.U6'h 

= 0.7 Hz, JII6' •. H6b = -13.6 Hz}. 

SlMe3 

.zo~ 

43b 

3-Methyl-6~.benzoyloxymethyl-2,7-dioxa-bicyclo-[3.2,O]-hept-3·ene (44a) and 

1 P-Meth yl-6p-benzoyloxymethyl-2, 7 -dioxa-bicydo-[ 3,2,0 j-hept-3-"ne (44b). 

A mixture of 2·methylfuran (17.3 mL, 192 mmol) and aldehyde 27 (15.74 g, 96 mmol) ln 

bcnzene (1800 mL) was placed in a 2 L photo·rcaction vessel. cooled to 8°C, and saturated wllh argon. 

The solution was then irradiated for 7 h. The solvent was removed under reduccd pressure to give a 

yellow syrup. Purification by flash chromalOgraphy (pctroleum ether / ethyl acctale / tnethylammc, 

10:1:0.01 v/v/v) gave 44a and 44b (mixture of2 inseparable regiOlsomers, Il:8), (11.10 g, 47% yield) a .. 

a hght yellow oil and recovered starting material (5.62 g aldehyde 27). In the absence of tnelhylamme. 

44b decomposcd on the column and photo-adduct 44a was isolated (6.38 g, 27% yield) as a Itghl yelJow 

oil along Wlth recovered staning materiaJ (5.62 g aldehyde 27). 44a: {l H-NMR (200 MH/., CD2C1 2)' 0 

1.94 (dd, 3H, Me), 3.73 (dddd, tH, H:», 4.47 (A of ABX, IH, H6'.), 4.52 (B of ABX, JH, H6'tJ,4.77 

(dddd, IH, H6), 5.01 (dd, IH. H4), 6.31 (dd, IH, Hl), 7.44 - 7.66 (m, 3H, Ph), 7.99 - 8.11 (m, 2H, Ph); 

Jm .lls = 4.4 Hz, JHl -H6 = ·0.9 Hz, JH4-Me = -1.4 Hz, JU4 ilS = 2.8 HL, JUS-Me = 1.4 Hl, JIIS.1I6 = 2.2 Hl, 

JU6-i/6·. = 4.4 Hz, JH6-U6'b = 2.9 Hz, JU6·.-H6·b = ·12.5 Hz; I3C-NMR (75.4 MHl, CD2C12): 5 13.91 IMel, 

48.12 [CSJ, 66.48 [C6'], 88.76 [C6], 98.91 [C4], 108.51 [CIl, 128.33, 129.88, 133.52 (aromallc CIII, 

130.27 [aromalÎc Cl, 158.45 [C3], 166.44 [CO]; LRMS (CI-NH3): mIe 264 (lM + NH/I, 1.7%),247 

([MW], 0.8 %),229 ([MW - H 201, 100%); HRMS (CI-NH3): mIe calcd. for C14 H I30 3 IMW . H20J, 

229.0865; found, 229.0864}. Anal. calcd. for C14H1404: C, 68.28; H, 5.73. Found: C, 68.09; H, 5.67. 

44b: {IH-NMR (200 MHz, CD2CI2): 8 1.69 (s, 3H, Me), 3.52 (ddd, tH, H5), 4.47 (A of ABX, m, H6'.). 

4.52 (B of ABX, IH, H6'iJ, 4.72 (ddd, IH, H6), 5.31 (t, IH, H4), 6.58 (dd, IH, H3), 7.41 ·7.66 (m, 3H, 

Ph), 7.98 - 8.11 (m, 2H, Ph), JH3-H4 = 3.0 Hz, JH3.HS = ·1.0 Hz, JH4.IIS = 3.0 Hl, Jm.II6 = 2.9 Hl, J1I6_ 
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116'3 = 4.2 fil., JlI(,.//6'h = 2,9 Hz, 1116'a.//6·h = -12,6 Hz; l'lC-NMR (75.4 MHz, CD2CI2): ~ 23.46 [Me], 

4H.53 [C5], 66.31 [C6'], H5,H8 [C6J, 104.29 [C41, 116.22 [CI], 128.75, 130.01, 133.41 [aromallc CH], 

130.23 [aromallc Cl, 14H.43 [C31, 166.44 [CO); LRMS (CI-NH3): mie 264 ([M + NH/), 1.7%),247 

([MWI, O.H%), 229 ([MW· H20l, 100%); HRMS (CI.NH3): mie calcd. for CI4H130 3 [MH+ - H2ü], 

229.0H65; found, 229.0864 J. 

44b 

2a-Acetoxy-3a·c-rormyl-4~-benzoyloxymethyl oxetane (45). 

Ozone wa<; bubbled through a solution of the photo-adduct 44a (73 mg, 0.30 mmol) in dry 

mClhylene chloride (45 mL) at -78°C until the solution tumed blue (15 min). Dimcthyl sulfide (218 ~, 

JO equiv.) was added to the rcaclJOn mixture under nitrogen and Il was allowed to warm to ambient 

tcmperature gradually ovemighL The reaction mixture was diluted with methylenc chloride (25 mL), 

washed with waler (2 x 25 mL), brine (25 mL), dricd (Na2S04)' filtered and the solvent removed in 

vacuo 10 yield aldehyde 45 (78 mg, 94% yield) as a light yellow oil. {IH-NMR (200 MHz, CD2Clz): 5 

2.06 (s, 3H, Ac), 4.02 (dt, IH, H3), 4.29 (A of ABX, tH, H4'.), 4.39 (B of ABX, IH, H4'tJ, 5.41 (ddd, 

tH, H4), 6.58 (d, tH, H2), 7.25 - 7.67 (m, 3H, Ph), 7.91 - 8.11 (m, 2H, Ph), 9.76 (d, tH, CHO), JH2•H3 = 

6.4 Hz, JII3•CIIO = 1.0 Hz, 1\13.H4 = 6.1 Hz, JH4.H4,. = 3.8 Hz, JH4.H4'b = 3.1 Hz, JH4'a.H4'b = -12.9 Hz; 

13C-NMR (75.4 MHz, CDCI3): Ô 20.75 [CH3CO], 50.61 [C3], 64.72 [C4'] , 75.95 [C41, 95.66 [C21, 

128.48, 129.61, 133.40 [aromatic Cil], 129.24 [aromatic Cl, 166.01 [PhC01, 169.29 [CH3C01, 194.98 

[CliO); LRMS (CI-NH3): mie 296 ([M + NH4 +], 100%), 279 ([MW1, 3.9%), 219 ([MH+ - AcOH) , 

3.3%); HRMS (CI-NH3): m/ecalcd. for C14HlSN06 [M + NH/J, 296.1135; round, 296.1134}. 

BZO~ 

LAC 
-0 

45 

2a-Acetoxy-3a-hydroxymethyl-4p-benzoyloxymethyl oxetane (46). 

To a stirred solution of aldehyde 4S (78mg, 0.28 mm')l) in methylene chloride (45 mL) at DOC 

under an atmosphl!re of nitrogcn was added sodium borohydride on alumina gel (10%), (225 mg, 0.61 

mmol) and the mixture warrned to ambient temperature gradually over 1 h. After 5 h, reduction of the 

aldchyde was complete. The reacLÏon mixture -.vas filtered lhrough a bcd of dry Celite and the filtrate 

was washed wilh 5% hydrochloric acid (40 mL), saturated aqueous sodium bicarbonate (40 mL), dried 

(Na2S04)' filtered and the solvent removed in vacuo to yield the tltle compound (55 mg, 70% yield) as a 
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Iight ycllow 011. For purposes of characterl/allOn, a sm ail sample of a\cohol .&6 wa!: ~'hrom:llogr:lphl'd 

ovcr siliea gel (petrolcum ether / elhyl acetale, 1: 1 v/v). {I H-NMR (200 MH~, CD2CI;?): 0 O.SS (!:, hr, C', 

IH, OH), 2.13 (s, 3H, Ac), 3.32 (ùddd, tH, H3), 3.88 (A of ABX, 1 H, H3'a)' 3.94 (H of ABX, 1 H, h'~'h)' 

4.46 (A of ABX, lH, H4'a)' 4.57 (B of ABX, 1 H, H.r.,), 4.96 (ddd, 1 H, 114),6.48 (d, III, 112), 7.42 - 7.t15 

(m, 3H, Ph), 8.02 - 8.11 (m, 2H, Ph), 11/2.113 == 5.9 Hl, 1113-I13'a = 5.6 Hl, 1113 .11 3'1> = 7.2 H~, 1113·a.1I3 h = -
11. 7 Hz, JII3-114 = 6.1 Hz, 1114' 114'8 = 4.6 Hz, Jm.l!4·b = 3.0 Hl, JII4'1I.114'., = -126 li;,; I1C-NI\tR (754 

MHz, C02CI2): 021.28 [CII3CO], 43.11 [C3], 5933 [C3'], 6603 rCn, 79 50 [C41, 97.75 le2[, 12S m, 

129.93, 133.60 [aromalic CH], 130.13 [aromatle Cl, 166.49 [PhCOJ, 169.98 lCHJCO[, LRMS (CI

NH3): m/c 298 ([M + NH/l, 100%), 211 ([MW - AcOHI, 60 6%); HRMS (CI-Nil,)' mie cabl lor 

CI4H20N06 [M + NH4+], 298.1289; found,298.1290}. 

BZ01L( 
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Oxetane (47a). 

Oxetanc 47a was obtaincd from phOlo-adduel 44a in 54% yicld by a procedure slIllllar 10 Ihal 

uscd for the preparation of 42a. {lH-NMR (200 MHz, C02CI2): 0 1.99 ts, 3H, Ac), 2.11 (s, :m, 
anomcrie Ac), 3.45 (ddt, tH, H3), 4.38 (d, 2H, H3'a' H3'tJ, 4.45 (A of ABX, 1 H, H4'a)' 4.57 (8 of ABX, 

IH, H4'tJ, 4.93 (ddd, IH, H4), 6.47 (d, lH, H2), 7.44 - 7.66 (m, 3H, Ph), 7.98 - 8.12 (m, 211, Ph), 1112.113 

= 5.9 Hz, 1113-113'all3'b = 7.1 Hz, JII3 _114 = 6.1 Hz, 1114./l4'a = 4.5 Hz, JI/4.114'b = 3.3 Hl, JII4'd IWb = -126 

Hz; 13C-NMR (75.4 MHz, C02C12): 020.86, 21.17 [CH)I, 40.28 [C3], 60.91 [C3'I, 65.77 [C4'[, H0,45 

[C4], 96.48 [C2], 128.87, 129.94, 133.63 [aromalle CH], 130.10 [aromalle Cj, 166 37 [PhCO), 16Y.HO, 

170.94 [CH3CO]; LRMS (CI-NH): mk 340 ([M + NH4 +], 100%), 323 ([MH+], 0.5%), 261 (lM/!'" -

AcOH], 34.4%); HRMS (CI-NH3): mIe caled. for CI6H22NOs [M + NH4 +),340.1397; found, 340.1396). 

Oxetane (47b). 

To a solution of aleohol 46 (28 mg, 0.10 mmol) in dry methylene chloride (15 mL) under 

nitrogen at OOC was added N,N·dimethylaminopyridine (1 mg, 0.01 mmol), pyridme (24 J-LL, 0.30 mmol) 

and benzoyl chloride (17 J.tL, 0.15 mmol). The solution was gradually warrned to room lcmperaturc (1 h) 

and aJlowcd to stir for 16 h. Il was then diluled Wlth mcthylene chloridc (15 mL), wao;hed Wlth 5% 

hydrochloric acid (30 mL), saturatcd aqucous sodIUm bicarbonate (30 mL), bnnc (30 mL), dncd 

(Na2S04)' fihered and the solvent removcd in vaeuo 10 yicld a ycllow syrup. PUflflcallon by fla'ih 

chromatography (pctroleum ether 1 ethyl aectatc, 2: 1 v/v) afforded the tIlle compound (18 mg, 47% yicld 

from pholo-adduct 44a) as a colourless 011. [1 H-NMR (200 MHz, CD2CI2): 0 2.10 (s, 3H, Ac), 3.61 

(dddd, lH, H3), 4.52 (A of ABX, IH, H4'.), 4.64 (B of ABX, IH, H4'tJ, 4.65 (A of ABX, 1 H, m'.), 4.70 
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(B of ABX, m, H3'iJ, 5.05 (ddd, tH, H4), 6.58 (d, tH, H2), 7.34 - 7.76 (m, 6H, Ph), 7.90 - 8.11 (m, 4H, 

Ph), JII2•113 = 6.0 Hz, JII3_m·• = 6.8 Hz, JII3.H3b = 7.7 Hz, Jm· •. H3b = -11.5 Hz, ]H3.H4 = 6.2 Hz, JH4.H4·• 

= 4.4 Hz, JU4.H4·b = 3.2 Hz, ]H4' •. H4b = -12.6 Hz; 13C_NMR (75.4 MHz, CDzCI2): Ô 21.18 [CH3],40.49 

[C3], 61.44 [C3'], 65.85 [C4'], 80.31 [C4], 96.58 [C2], 128.84, 128.90, 129.91, 130.42, 133.59, 134.14 

[aromatJc CH], 129.27, 129.86 [aromatic Cl, 166.47, 169.84, 170.98 [CO]; LRMS (CI-NH3): mIe 402 

(lM + NH4 +], 100%), 385 ((~IH+], 0.7%),325 ([MH+ - AcOH], 34.4%); HRMS (CI-NH3): mIe calcd. for 

C21 H21 ÛJ [MH+], 385.l286; found,385.1287). 

Oxetane (47c). 

To a solution of a1cohol 46 (56 mg, 0.20 mmol) in dry methylene chloride (30 mL) under 

nilrogen at OOC was added N,N-dimethylaminopyridine (2 mg, 0.02 mmol), triethylamine (140 Jil, 1.00 

mmol) and methyl oxalyl chloridc (37 J.LL,0.40 mmol). The solution was gradually wanned to room 

temperature (1 h) and allowed to stir for 16 h. Il was then diluted with methylene chloride (20 mL), 

washed wlth 5% hydrochloric acid (40 mL), saturated aqueous sodium bicarbonate (40 mL), bnne (40 

mL), dried (NaZS04)' filtered and the solvent removed in vacuo to yield a ycllow syrup Purification by 

flash chromalOgraphy (petroleum ether 1 ethyl acetate, 2:1 v/v) afforded the tille compound (39 mg, 53% 

yicld from photo-adduct 44a) as a colourless 011. (IH-NMR (200 MHz, CD2CI2): 52.12 (s, 3H, Ac), 3.58 

(dddd, IH, H3), 3.85 (s, 3H, MeO) , 4.46 (A of ABX, tH, H4'.), 4.59 (B of ABX, IH, H4'tJ, 4.59 (A of 

ABX, IH, H3'.), 4.63 (B of ABX, tH, H3'iJ, 4.96 (ddd, IH, H4), 6.50 (d, tH, H2), 7.44 - 7.66 (m, 3H, 

Ph), 8.02 - 8.10 (m, 2H, Ph), JH2•H3 = 6.0 Hz, JH3-m,. = 7.1 Hz, JH3.H3'b = 7.2 Hz, ]H3' •• H3'b = -11.5 Hz, 

JII3-114 = 5.8 Hz, JII4.114,. = 4,2 Hz, ]H4.H4'b = 3.3 Hz, ]H4' •. H4b :: -12,7 Hz; I3C·NMR (75.4 MHz, 

CD2CI2): ~ 21.14 [C"3CO], 39,95 [C3], 63.16 [C3'], 65.57 [C4'], 79,92 [C4], 96,07 [C2], 128.90, 

129.98, 133.68 [aromatic CH], 129.88 [aromalic C], 157.69, 158,05 [OCOCOOMe], 166.38 [PhCO], 

169.70 [CH3CO]; LRMS (CI-NH3): mIe 384 ([M + NH4+], 100%),307 «(MW - AcOH] , 41.6%); HRMS 

(CI-NH3): mIe caled. for C17H22N09 [M + NH4 +],384.1293; found,384.1294}, 

BZD~4' 0 2 
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47c, R-COOCHa 
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Nucleoside (4&). 

To a solution of oxetane 47a (13 mg. 0.04 mmoJ) in dry 1,2-dichloroclhane (0.5 ml) undcr an 

aunosphere of nitrogen al room temperalure was added a stock solution of blS-(trirncthylsilyJ)-Ni-ademnc 

in 1,2-dichloroethanc (0.339 M solution, 250 J.Ù.., 0.085 mmol) and tin leuachlonde (7.1 ~,0.06 mmol). 

After stirring for 1 h, the reacllon mixture was dtlutcd with rncthylene chloride (25 mL). washcd wllh 

salurated aqueous sodium bicarbonate (30 mL), brine (30 ml), dned (Na2S0.), fillered and the solvent 

removed in vacuo yielding a white residue. Purification by flash chrornatography (methylenc chloride 1 

methanol, 100:3 v/v) afforded nuclcosidc 48a (14 mg, 70% Yleld) as a white foam. (IH-NMR (200 MHl, 

COCI): 6 2.05 (s, 3H, Ac), 3.47 (dddd, tH, H2'), 4.42 (m. 4H, H2 .... H2"b' H3 .... H3"tJ, 5.47 (ddd, 1 H, 

H3'), 6.26 (d, IH. HI'), 7.32 - 7.56 (m. 6H, Ph). 7.79 - 7.84 (m, lH, Ph), 7.92·8.00 (m, 3H. Ph), 8.26 (s, 

tH, H8), 8.64 (s, lH, H2). 9.39 (s. br, ex, tH, NH), JII\'_H2' = 3.3 Hz, 1112'-113' = 2.2 Hz; J 3C-NMR (75.4 

MHz, CD2CI2): 520.95 [CH)COJ, 51.39 (C2'l. 62.28 [C2"), 74.13 (C3"). 76_23 IC3'J. 87RO [Cl'I. 

123.98 [CS], 128.12, 128.98, 129.~3, 129.85. 133.08, 133.96 [arornatic CH]. 130.03 taromatlc C

COOCH21 , 135.76 (aromatic C-CONJ, 141.36 [C8], 149.87 "24]. 151.96 [C6J. 152.86 (C21. 164.76. 

166.16 [PhCOJ, 170.90 [CH)COJ; UV (mcthanol), Àmax 234 nm and 282 nm). 

Nucleoside (48b). 

NucleoSide 48b was obtained in 68% yield fmn oxetanc 47b by a procedure similar 10 thal uscd 

for the preparation ofnucleoside 488. (IH-NMR (200 MHz, COCI3): Ô 3.64 (dddd, lB, H2'), 4.48 (A of 

ABX. lH, H3'.), 4.53 (TI of ABX, tH, H3'tJ, 4.66 (A of ABX, IH, H2'.), 4,76 (B of ABX, IH, H2'h)' 

5,60 (ddd, lH, H3'), 6.44 (d, IH, HI'), 7.37 - 7.72 (m, 9H, Ph), 7.84 - 7.88 (m. lH, Ph), 7.98 - 8.14 (m, 

5H, Ph), 8.31 (s, tH, H8), 8.64 (s, IH, H2), 9.07 (s. br, ex, IH, NH), 1111"_112' = 3 2 Hl, JIIZ'-II2"'& = 7.0 HI., 

JII2'-H2"b = 5.6 Hz, JH2"a-H2""b = -11.6 Hz, JII2'-H3' = 1.6 HL.. 11\3'_113'" = 2.5 Hl. JJl3'-II3"h = 5.0 111,1/13". 

HJ'b = -10.8 Hz; I3C·NMR (75.4 MHz, CD2Clz): Ô 51.52 (C2'J, 62.95 (C2"I, 74.16 [C3"j, 76.23 le3'!. 

89.80 [Cl'], 124.02 [C5], 128.21, 128.83, 128.94, 129,09, 129.83, 129.93, 132.96. 133.71, 133.93 

[aromatic CH], 129.42, 129.76 [aromatic C-COOCHz], 134.30 [aromallc C-CON1, 141.36 (C81, 149.97 

[C4], 151.86 [C61, 152.58 rC2], 165.19, 166.11, 166.39 [CO]; LRMS (FAB-glycerol): mIe 564 {(MH+l, 

12.1%); HRMS (FAB-glycerol): mie calcd, for C31H26Ns06 [MWI, 564.1884; found, 564.18831, 

BZO-i:t<" 0 2' N 
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N" -Benzoylepioxttanocin-dibtnzoate (50). 

A solution of nucleoside 48b (36 mg. 0.064 mmol) in dry methylene chloride (1 ml) undcr 

nilrogen al ambienltemperaure conlaining N ,N-dimethylaminopyridine (8 mg, O.Of '\ mmol). pyridine (52 

~, 0.64 mmol) and bcnwyl chloride (37 ~, 0.32 mmol) was stirred for 18 h. The solution was dlluted 

Wlth methylene chlonde (25 mL), washed with S% hydrochloric aCld (25 ml). saturaled aqueous sodium 

bicarbonate (25 ml), bnne (25 ml). dried (Na2S04)' filtered and the solvent removed under reduced 

pressure lO yield a yellow oH. Chromatography over sibca gel (methylene chloride 1 methanol, 50: 1 v/v) 

affordcd pure 50 (38 mg, 89% yield) as a white foam. (1 H-NMR (200 MHz, CDCI3): 6 3.64 (dddd. 1 H, 

H2'). 4.48 (A of ABX, IH. H3".), 4.54 (B of ABX. lH. m"tJ, 4.66 (A of ABX. lH, H2".), 4.76 (B of 

ABX. tH, H2"tJ. 5.62 (ddd. tH, H3'), 6.44 (d, IH, HI'), 7.25 - 7.65 (m, 12H. Ph), 7.78 - 7.91 (m, SH, 

Ph), 7.95·8.07 (m, 3H, Ph), 8.36 (s, IH, H8), 8.49 (s, lH, Hl), JHI'.H2· = 3.0 Hz, JII2'.H2". = 7.2 Hz, JH2,. 

l12"b = 5.6 Hl, JU2"a.1I2"b = -11.5 lU, JII2'.H3' = 2.7 Hz, JH3'.H3". = 2.8 Hz, JH3'.H3"b = 5.7 Hz, JH3" •. I!3"b = 
·10.9 Hz; J3C-NMR (15.4 MHz, OMSO-~): 6 49.22 [C2'], 62.74 [C2"], 72.76 [C3"], 75.79 [C3'], 87.17 

[Cl']. 125.56 [C5), 128.85, 128.90, 129.07, 129.10, 129.65, 129.81, 129.88, J29.97, 133.29, 133.39, 

133.72, 133.77 [aromatic CH], 129.36, 129.76 [aromatic C·COOCH2], 134.00, 134.32 [aromatic C-

CON], 145.77 [C8], 151.27 [C4). 152.15 [C61, 152.74 [C21, 165.90, 166.23 [PhCOO] , 172.47, 177.77 

[OCNCO]; lRMS (FAB-glycerol): mIe 564 ([MW], 12.1%); HRMS (FAB-glyeerol): mIe caled. for 

C3JH26NS06 [MH+], 564.1884; round. 564.1883). 

BZ03< N N

1 .. 0 \N=çN 
NBz2 

Epioxetanocin (la). 

To a solution of nucleoside 48a (28 mg, 0.056 mmol) in anhydrous methanol (1 ml) under an 

aunosphere of nitrogen at room lemperature was added sodium (8 mg, 0.348 mmol) and the mixture 

alloweè ''l sLir for 16 h. Amberluc weakly acidic resin was added until thf; pH was adjusted to 7 and the 

reaction mixture wa~ filtered. The solvent was then removed in vacuo and the residue was erystallized 

from methanol lO afford pure epioxctanocin (10 mg, 71% yield) as while needles (m.p. 117-11 8°C). 

Nucleosides 48b and 79b wcrc deblocked ID a similar manncr. (IH-NMR (200 MHz, C0300): li 2.84 

(dddd. IH, H2'), 3.73 (A of ABX, IH, H2".), 3.77 (B of ABX, lH, H2"tJ, 4.08 (A of ABX, tH, H3".), 

4.1:! (8 of ABX, tH, H3"tJ. 4.35 (ddd, lH, H3'), 6.10 (d. lH, HI'), 8.20 (s, IH, H8), 8.37 (St tH, H2), 

JII\'.1I2· = 3.4 Hz, JH2'.1I2". = 6.9 Hz, JII2'.H2"b = 6.2 Hz, JH2~ •. H2'b = -11.1 Hz, JH2'.H3' = 2.3 Hz, JH3'.H3·. 

= 3.0 Hz, JII3'.H3'b = 4.6 Hz, JII3" •. H3"b = -9,6 Hz; I3C-NMR (75.4 ~'I.{7, CD30n): 657.44 [C2'],61.90 

[C2"]. 74.25 [C3"], 77.13 [C3'), 88.58 [CI'], 129.33 [C51, 130.64 [C41, 133.61 [C6J, 141.95 [CS], 153.60 
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[C2]; LRMS (FAB-glycerol): mie 252 ([MH+] , 4.4%); HRMS {rAB-glycerol): mIe caled. for 

CIOH14Ns03 [MH+], 252.1095; found, 252.1096; }. 

3-Methyl-6p-hydroxymethyl-2,7-dioxa-bicyclo-[3,2,O)-hept-3-ene (52). 

To a stirred solution of photo-adduct 44a (1.024 g, 4.16 mmol) ID dry dlelhyl ether (80 ml) 

under nitrogen at OOC was added lithium aluminum hydride (240 mg, 6.24 mmol) and il was allowcd lO 

wann to ambient temperature. Mter 30 min, waler (240 J.1l.), 15% aqucous sodIum hydroxide solution 

(240 JJ,L) and water (720 J.1l.) were added to destroy excess hydnde. The reaclion mixture was fihercd 

through a bed of dry Celile and the filler cake washed with ether (80 ml). Evaporation of the fiIlfatc ln 

vacuo gave a colourless syrup which was chromatographed over sdica gel (petroleum ether 1 elhyl 

acetate, 1:1 v/v) to .. fford the title compound (349 mg, 59% ylcld) as a c1car 011. (IH-NMR (200 MHt, 

COCI3): ô 1.94 (dd, 3H, Me), 2.27 (s, br, ex, tH, OH), 3.64 (dddd, IH, H5), 3.69 (A 01 ABX, 1H, H6'.). 

3.77 (B of ABX, IH, H6'.,), 4.60 (dddd, lH, H6), 4.93 (dd, 1H, H4), 6.25 (dd, IH, Hl); ll/l-IIS = 4.4 HL, 

JHI _H6 = -0.8 Hz, JH4.Me = -1.3 Hz, JII4-115 = 2.8 Hz, JIIS-Me = 1.4 Hz, JII5_116 = 2.5 Hl, JII6_116'1 = 3_7 HI., 

JU6-H6'b = 2.9 Hz, JH6 .• -H6'b = -12.7 Hz; 13C-NMR (75.4 MHz, C02CI2): ô 13.87 [Mel,47.31 [C5l,64.75 

[C6'], 92.35 [C6], 99.16 [C4], 108.56 [CI], 158.08 rC3]; LRMS (CI-NH3): mIe 160 (lM + NH4 "'J, 
3.5%1), 143 ([MH+] , 100%), 125 ([MH+ - H20], 47.4%); HRMS (CI-NH3): mIe calcd. for C7HII0 3 

[MW], 143.0708; round, 143.0708}. 

AO~ 

52, R.H 
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55, R .. TBDPhS. 

3-Methyl-6~-I-butyldimetbylsilyloxymethyl.2,7-dioxa-bicyclo-[3,l,O)-hept-3-ene (53). 

Photo-adduct alcohol 52 was sllylated by a procedure slmllar lO lhal uscd for the preparation of 

19. Purification by flash cbromalOgraphy (pctro]eum ether / ether, JO: 1 v/v) gave the tille compound ID 

27% yield as a clear oil. (1 H-NMR (200 MHz, CDCI3): Ô 0.07, 0.09 (2s, 6H, l-BuSIMe2)' 0.91 (s, 9H, ,-

BuSiM~). 1.92 (l, 3H, Me), 3.61 (dddd, lH, HS), 3.72 (A of ABX, IH, H6'.), 3.78 (B of ABX, tH, 

H6'tJ. 4.50 (dddd, IH, H6), 4.91 (dd, IH, H4), 6_21 (dd, IH, HI), JHI _IIS = 4.4 Il!., JIII _1I6 = -0_9 HI., J1I4_ 

Me = -1.4 Hz, JH4-11S = 2.7 Hz, JUS-Me = 1.4 Hl, JH5-H6 = 3.1 Hz. JII6-116,. = 3.0 Hl, JII6-116'b = 3.3 HI., 

JH6'.-H6'b = -11.7 Hz; LRMS (CI-NH3): mie 274 ([M + NH4 +J, 0.5%), 257 ([MH+], 7.7%), 239 ([MW -

H20], 100%); HRMS (CI-NH3): mie caled. for C 13H2302Si [MB'" - H20), 239.1468, found, 239.l467J. 
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3-Methyl-6~-I-butyldiphenylsilyloxymethyl-2,7-dioxa-bicyclo-[3,2,O]-hept-3-ene (55). 

To a solution of photo-adduct alcohol 52 (78 mg, 0.55 mmol) in dry N,N-dimethylformamidc (2 

mL) under niuogen at room temperature was added imidazole (79 mg, 1.10 mmol) and t

butyldiphenylsilyl chloride (150 ~, 0.58 MmDI) and il was allowed to stir until ail of the starting 

malCraal was consumcd (18 hl. The solvenl was removcd in vacuo and the residue was chromatographed 

over silica gel (petroleum ether 1 eth yi acetate, 20:1 v/v) to afford the tille compound (129 mg, 62% 

yield) as a c1ear oil. (IH-NMR (200 MHz, CD2CI2): S 1.11 (s, 9H, I-BuSiPh2), 1.95 (l, 3H, Me), 3.75 

(dddd, 1 H, H5), 3.82 (A of ABX, IH, H6'.), 3.86 (B of ABX, lH, H6'.,), 4.54 (dddd, tH, H6), 4.98 (dd, 

IH, H4), 6.32 (dd, IH, Hl), 7.37 - 7.52 (m, 6H, Ph), 7.66 - 7.79 (m, 4H, Ph); IHI_HS = 4.4 Hz, IHI-H6 = -

0.9 Hz, JII4-Me = -1.4 Hz, 1"4-115 = 2.7 Hz, JHS_Me = 1.4 Hz, I HS-H6 = 3.0 Hz, IH6-H6·. = 3.0 Hz, lH6-H6'b = 
3.0 Hz, JH6·.-H6'b = -11.7 Hz; I3C-NMR (75.4 MHz, CD2CI2): S 14.04 [Me], 19.55 [(CH3)3CSiM~], 

27.02 [(CHJ)lCSIM~J, 47.64 [C5], 66.13 [C6'], 91.72 [C6J, 99.25 [C4], 108.66 [CI], 128_13, 128.28, 

130.13,130.17,135.91,136.02 [aromatic CH], 133.69, 133.80 [aromatic C-Si], 158.10 [C3]; LRMS (Li

NH3): mie 398 ([M + NH4 +],2_7%), 381 ([MH+], 100%), 363 ([MH+ - H20], 6.7%); HRMS (CI-NH3): 

mIe caled. for C23H2903S1 [MH+], 381.1886; found, 381.1885). 

Oxetane (54). 

Oxetane 54 was obtained from adduct 53 in 19% yield by a procedure similar to that used for the 

preparation of oJtctane 42a. (IH-NMR (200 MHz, CD2CI2): 60.09,0_10 (2s, 6H, l-BuSiMez), 0.93 (s, 

9H,I-BuSiM~), 2.01 (s, 3H, Ac), 2.09 (s, 3H, anomeric Ac), 3.38 (dddd, IH, H3), 3.71 (A of ABX, tH, 

H4'.), 3.81 (B of ABX, 1H, H4'tJ, 4.31 (A of ABX, IH, H3'.), 4.36 (B of ABX, IH, H3'tJ, 4.58 (ddd, 1H, 

H4), 6.37 (d, 1 H, H2), JII2_113 = 5.9 Hz, lm_H3'. = 7.3 Hz, JH3-H3'b = 7.7 Hz, lm-H4 = 5.6 Hz, lH3'.-H3'b = 

-11.4 lli., JII4_114•• = 3.5 HL, lIl4-114'b = 2.9 Hz, lH4·.-H4b = -12.1 Hz; LRMS (CI-NH3): m/c 350 ([M + 

NH/J. 10.2%), 333 ([MW"], 1.5%); 273 ([MH+ - AcOH] , 100%); HRMS (CI-NH3): mIe caled. for 

C13H2S0 4Si (MH+ - AeOH] , 273.1522; found,273.1522). 

TBDMSiO~ 
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Aldehyde (56). 

Adduct 55 was transformcd to a1dehyde 5610 93% yleld by a procedure slffillar 10 thal uscd for 

the preparation of a1dehyde 45. (IH-NMR (200 MHl, CD2CI2): ~ 1.)0 (s, 9H, l-Bu), 2.10 (s, 3H, Ac) 

4.14 (dt, lH, H3), 4.52 (A of ABX, IH, H4'.), 4.63 (B of ABX, IH, H4'tJ, 5.16 (ddd, IH, H4), 6.63 (d, 

IH, ID), 7.36 - 7.51 (m,6H,Ph), 7.64 - 7.85 (m, 4H, Ph), 9.82 (d, IH, CHO), JII2.1\3 = 6.2 Hf, JII3-CIIO = 
1.4 Hz, J H3-H4 = 6.1 Hz, J H4-H4,. = 7.0 Hz, JH4-H4b = 7.7 Hz, J U4'.-1I4b = -11.5 Hz). 

TBDPhSiO~ 

L'AC 
-0 

Oxetane (56a). 

Oxetane 568 was obtaincd from adduct 55 in 18% yleld by a procedure slmllar 10 thal u\Cd for 

the preparation of oxetane 42a. (IH-NMR (200 MHz, CD2CI2)' l5 1.09 (~, 9H, ,-BuSIPh2), 191) (<;, lI!, 

Ac), 2.10 (s, 3H, anomeric Ac), 3.51 (dddd, 1H, H3), 3.76 (A of ABX, IH, H4'.), 3.87 (B of ARX, III, 

H4'.,), 4.31 (A of ABX, IH, H3'.), 4.36 (B of ABX, lH, H3'tJ, 4.64 (ddd, tH, H4), 6 46 (d, 1 H, H2), 7 31 

- 7.49 (m, 6H, Ph), 7.62 - 7.74 (m, 4H, Ph), JIU-ID = 5_8 HI., JII3_113·• = 7 3 HI., JII3 113'h = 76 li!., Jlild 

l/3'b = -11.4 Hz, Jm -H4 = 6.2 Hz, J H4_1/4'. = 3.5 Hz, JII4 _114'b = 2.9 Hz, J"4'a-1I4'h = -12,0 I-JL: LRMS (CI

NH3): mIe 474 «(M + NH/l, 100%); HRMS (el-NH3)' mIe calcd, for C2sH3"NO"SI 1 M + N1I4' l, 

474.2310; found,474.2311). 

Oxetane (S6b). 

Oxetanc 56b was obtaillCd from adduct 55 ln 18% yield by a procedure sinlllar 10 that u\Cd for 

the transformation of photo-adduct 44a to oxetanc 47b, {I H-NMR (200 MHI., CD2CI!)' l5 1.08 (s, 9H, 1-

BuStPh2), 2.08 (s, 3H, Ac), 3,67 (ddt, IH, H3), 3.80 (A of ABX, IH, H4'.), 3,91 (B of ABX, IH, 114'h)' 

4.60 (d, 2H, H3'., H3'.,), 4.76 (ddd, IH, H4), 6.54 (d, IH, H2), 7.33 - 760 (m, 9H, Ph), 7.6(, - 7.74 (m, 

4H, Ph), 7.95 - 8,06 (m, 2H, Ph), Jm.In = 5.9 Hz, Jm-lB'.mb = 7.2 HI., JII3,. 1/3 b - 0 Hz, J II3 114 = 60 

Hz, JH4-H4,. = 3.4 Hz, JH4-H4'b = 2,8 Hz, JIi4'.-H4'b = -12.1 Hz; LRMS (CI-NH3): mIe 536 ([M + NH/1. 

74.9%), 459 ([MW - AcOHl, 100%); HRMS (CI-NH 3): mIe calcd. for C30H3!!N06S1 [M + NH/ J. 

536.2469; found, 536.2468). 

TBDPhSIO~ 
OAc 

-OCOA 

sa., R.CH3 
56b, R.Ph 

56c, R.COOCH3 
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Oxelane (S6c). 

Oxetane 56c wa'i obtamed from adducl S5 ln 18% yield by a procedure simllar 10 that uscd for 

the transformallOn of pholo-adduct 44a ta oxetane 47c. (1 H-NMR (200 MHz, CD2CI2): S 1.08 (s. 9H, t-

BuSlPh2). 2.11 (s, 3H, Ac), 3.86 (s, 3H, McO). 6.49 (d. IH, H2). 7.35 - 7.73 (m, IOH. Ph), Jm_H3 = 5.8 

Hz; 13C-NMR (75.4 MHz, CD2CI2): S 19.50 (SIC(CH3)31, 21.19 [CHJC01, 26.95 [SiC(CHJ)31, 38.91 

(C3], 52.95 [CHJO], 63.42 (C3'], 65.03 [C4'l, 82.26 [C41, 96.19 [C21, 128.05,128.14,130.19, 130.34, 

135.93, 136.03 [aromauc CH1, 133.48, 133.53 [aromatic C-SIJ. 157.12, 158.16 [OCOCOOMe), 169.76 

rCH3CO]; LRMS (CI-NH3): mIe 518 ([M + NH4 +1, 40.5%); HRMS (CI-NH3): mIe caled. for 

C26H36NOaSI [M + NH/l, 5182212; found. 518.221O}. 

1-O-Benzyloxy-3-methyl-2-butene (57). 

SodIUm hydnde (60% oil disperSIOn. 3.60 g, 90.0 mmol) was added to an ice-cooled solutJon of 

3-methyl-2-butcn-] -01 (5.17 g, 60.0 mmol) and letra-n-bulylammonium iodide (2.22 g. 6.0 mmo]) in dry 

tctrahydrofuran (500 mL) under an almosphcre of OItrogen. ACter complete evolution of hydrogcn (1 h), 

bcnzyl bromidc (12.30 g, 72.0 mmol) was added dropNlSC and stirring was continued for 20 h. FlonsJl 

(10 g) was added and the reaction mixture was stirred for another 30 min. Removal of the solvcnl in 

vacuo gave a rcsidllc whlch was washed with pentane (5 x 200 mL). Evaporation of the washings gave a 

yellow 011 which was chromatographed over silica gel (petroleum ether 1 ethyl acetate, JO. 1 v/v) to afford 

the tule compound (10.46 g, 99% yicld) as a colourlcss oil. (lH-NMR (200 MHz, COCI3): li 1.64 (s, br, 

3H, CH), 1.75 (s, br, 3H, CH3'), 3.99 (d, 2H, CH2), 4.49 (s, 2H, CH2Ph), 5.40 (t, br, IH, CH), 7.26 -

7.37 (m, 5H. Ph), JCH2.CH = G.7 Hz; 13C-NMR (75.4 MHz, COCI3): S 25.67 [CHJ], 66.44 [CHCU201. 

71.90 ICH2Phl, 121.02 [CHl. 127.36, 127.66, 128.19 [aromatJc CHl. 136.97 [aromatic Cl, 138.47 

[Me2CJ). 

2-Benzyloxyacelaldebyde (58). 

Bn0--Vx 

57, X.C(CH3)2 

58, X..o 

OLone and nitrogen were bubbled through a solullon of 57 (17.60 g, 100.0 mmol) in dry 

rnethylenc chloridc (1600 ml) at -78°C untJl the solutIOn turned blue (4.5 h). Dimethyl sulfide (73.4 ml, 

1.0 mol) was added to the reaction mixlure under an atrnosphere of nitrogen and it was allowed to warm 

to ambient ter.lperalurc gradually ovcmighL The solution was washed with water (2 x 1 L), bnne (1 l), 

dncd (Na2S04)' fi!lcrcd and the solvent removed in vacuo to yield aldehyde S8 (14.25 g, 95% yield) as a 

Iight ycllow oil. /IH-NMR (200 MHz, COC)3): Ô 4.00 (d, 2H, CH2CHO). 4.51 (s, 2H, CH2Ph), 7.25-

7.29 (m, 5H, Ph), J.58 (l, IH, CHO), JCH2-CHO = 0.8 Hz; 13C-NMR (75.4 MHz, CDCI3): 5 73.40 
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[CH2CH01, 75.08 [CH2Ph], 127.84, 127.99, 128.40 [aromatic CH], 136.70 [aromatic C), 200.20 

[CHO)). 

1-0-p-Anisyloxy-3-methyl-2-butene (61). 

To & stirred solution of 3-methyl-2-buten-l-ol (8.61 g. 100.0 mmol) and p-melhoxyphcnol 

(37.24 g. 300.0 mmol) in dry letrahydrofunm (300 mL) under nitrogen at amblcnt tempcraure was added 

triphenylphosphine (34.10 g. 130.0 mmol) and diethyl azodicarboxylate (22.64 g. 130.0 mmol). The 

mixtUTC was then refluxed for 2 h. Evaporation of the solvent in vacuo gave a whIte solid whlch was 

chromatographed over sihca gel (peuoleum ether 1 ethyl acetale, 100:1) to afford 61 (18.70 g, 97% yICld) 

as a c1ear oil. (IH-NMR (200 MHz, CDCI3): l) 1.71 (d, 3H, CH3), 1.77 (d, 3H. CH3'), 3.75 (s, 3H. MeO), 

4.43 (d, 2H, CH2), 5.47 (m, tH, CH), 6.81,6.83 (AB quartet,4H, Ph), JCU-Me = -0.3 Hz, Jell Mc' = -1.2 

Hz, JCH2.CH = 6.8 Hz,] AB = 9.6 Hz}. 

2-p-Anisyloxyacetaldehyde (62). 

To a slllTed solution of diol 64 (4.16 g, 20.0 mmol) in meLhanol (100 mL) and water (100 mL) al 

ambient temperature was addcd sodIUm m-penodale (4.28 g, 20.0 mmol). Arter 30 mm, the sodIUm 

iodate prccipitale was filtered off and the methanol was evaporated in vacuo. The rcmammg solution 

was then extracled with methylene chloridc (3 x 250 mL), washcd wilh brine (250 mL), dricd (Na2S04), 

filtcred and the solvent again removed in vacuo to afford aldehyde 62 (3.22 g, 97% ylcld) a~ a c1car 011 

[lH-NMR (200 MHz, COCI3): li 3.75 (s, 3H, MeO), 4.51 (d, 2H, CH2), 6.81, 6.84 (AB quartel, 4H, Ph), 

9.83 (t, IH, CHO),JCH2-CHO= 1.1 Hz,JAB = 1.9 Hz; LRMS (CI-NH3): mIe 184 ([M + NH/J, 100%»). 

p.MeO.C6H40~X 

61, XmC(CH3)2 

62, X.o 

G lycerol-l-0-p-anisy 1-2,3-0-acetonide( 63). 

Compound 63 was obtained in 88% yield from solketal by a procedurc simllar to lhal uscd for 

the preparation of 61. (lH-NMR (200 MHz, CDCI3): Ô 1.38,1.44 (25, 6H, CMc2)' 3.74 (s, 3H, MeO), 

• • • 3.87 (A of ABX, tH, HIa) ,3.87 (A of ABX, HI, H3a) ,4.00 (B of ABX, IH, Hl b) ,4.14 (B of ABX, 

IH, H3tJ"', 4.44 (dddd, 1H, H2), 6.82, 6.83 (AB q, 4H, Ph), J/II 1-H2 = 5.9 Hz, 1/111>-1/2 = 5.4 H7, Jllla_1I11l 

= -9.2 Hz, 1 AB = 1.2 Hz, Jm.lI3a = 5.9 Hz, JU2-113b = 6.4 Hz, JlI3a-H3b = -8.6 Hz). 
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1 
1·0-p-anisyloxyglycerol (64). 

A solulJon of 63 (26.61 g, 107.3 mmol) in acetic acid (240 mL) and water (60 mL) was stirred al 

ambient temperature for 17 h. Evaporation of the solvent in vacuo gave a white solid which was 

dissolvcd in methylene chloride (1 L), washed with saturated aqueous sodium bicarbonate (3 x 800 mL), 

brine (800 mL), dricd (Na2S0.), filtered and the solvent removed under reduced pressure 10 give a white 

residue. PurificalJon by flash chromatography (ethyl acelate 1 petroleum ether, 2: 1 v/v) afforded the tille 

compound (18.75 g, 84% yield) as a white solid (m.p. 74.5-75.5°C). (IH-NMR (200 MHz, COCI3): ~ 

2.41 (t, ex, aH, OH on C3), 2.91 (d, ex, tH, OH on C2), 3.74 (s, 3H, MeO), 3.74 (rfddd, 2H, H3., H3tJ, 

4.05 (m, tH, H2), 3.95 (m, 2H, Hl., HltJ, 6.81, 6.82 (AB q, 4H, Ph), JOH-H2 = 4.5 Hz, JOH-H3.H3b = 6.0 

Hz, J AB = 0.6 Hz). 

::j 
P·MeO-C6H40 

14 

1.0-Methoxyethoxymethyloxy·3·metbyl.l·butene (66). 

Sodium hydride (60% oil dispersion, 7.20 g, 180.0 mmol) was added to an ice-cooled solution of 

3-methyl-2-buten-I-ol (12.92 g, 150.0 mmol) in dry tetrahydrofuran (500 mL) under an atmosphere of 

nitrogen. After complete evolution of hydrogen (I h), 2-methoxyethoxymethyl chloride (22.42 g. 180.0 

mmol) was added dropwise and aUowed to stir for 16 h at room lemperature. The reaction mixture was 

then cooled to OOC and excess hydride was destroyed by careful addition of 0.1 % hydrochloric acid. 

Rcmoval of the solvenl in vacuo gave a residue which was dissolved in methylene chloride (1 L), washcd 

willl saturaled aqucous sodium bicarbonate (800 mL), brine (800 mL). dried (Na2S04)' filtered and the 

solvent removed under rcduced pressure to yield a yellow oil. Distillation of the crude producl (69-71 oC, 

0.5 mm Hg) gave the tille compound (21.59 g. 83% yield) as a Iight yellow oil. {IH-NMR (200 MHz, 

CDCI3): ~ 1.65 (s, br, 3H. CH3), 1.72 (d, 3H, CH3'), 3.37 (s, 3H, MeO). 3.54 (m. 2H, OCH2), 3.68 (m, 

2H, OCH2), 4.04 (d, 2H, OCH2CH), 4.69 (s, 2H, OCH20), 5.30 (m. IH. CH), JMe-CH - 0 Hz. JMc'.CH = -
1.0 H". JCU2,CII = 7.1 Hz}. 

MEM0--vX 

66, R.C(CH3)2 

67, R..o 

2·Methoxyethoxymethyloxyacetaldehyde (67). 

Aldehyde 67 was obtained in 27% yield from olefin 66 by a procedure similar 10 that described 

for the preparation of aldehyde 58. {I H-NMR (200 MHz. CDCI]): 8 3.37 (s, 3H. MeO). 3.54 (m, 2H, 
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OCH~, 3.72 (m, 2H, OCH2), 4.19 (d. 2H, CH2CHO),4.82 (s. 2H,OCH20), 9.70 (t, Ill, CHO), JCII2.CIIO 

= 0.9 Hz; IR (CHCI3): 1738 cm-' J. 

1·0·p-Nitrobenzoyloxy-3.metbyl·2-butene (68). 

A solution of 3-methyl-2-bulen-l-01 (8.61 g, 100.0 mmol) in dry methylene chloride (125 mL) 

under nittogen al ambient temperaure conlaining N,N-dimethylaminopyridinc (1.22 g, 10.0 mmol), 

pyridine (24.3 mL, 300 mmol) and p-nittobenzoyl chloride (22.27 g, 120.0 mmol) was stirred for 18 h. 

The solution was diluted with methylene chloride (1 L), washed with 5% hydrochloric aCld (450 mL). 

saturated aqueous sodium bicarbonate (450 mL), brine (450 mL), dried (Na2S0 .. ), fihered and the solvent 

removed under reduced pressure to yield a yellow solid which was chromatographcd over sllica gel 

(hexanes 1 ethyl acetate, 97:3 v/v) 10 afford 68 as a Iighl yellow solid (21.60 g, 92% ylcld, m.p. 61.5-

63.5°C). (lH-NMR (200 MHz. CDCI3): S 1.76 (d, 3H, CH3), 1.78 (d, 3H, CH3'), 4.84 (d, 1 H, CH2), 5.45 

(m, tH. CH), 8.19,8.25 (AB q, 4H, Ph), JCH.Me = -1.2 Hz, JeH.Me, = -1.0 Hz, JCII2.CII = 7.3 HL, JAD = 
9.2 Hz}. 

2·p·Nitrobenzoyloxyacetaldebyde (69). 

2-p-Nitrobenzoyloxyacetaldehyde was obtaincd from 68 as descrillCd for the preparation of 

aldehyde 20. Purification by flash chromatography (pctroleum ether / elhyl acetatc, 2:1 v/v) gave the 

tille compound (95% yicld) as a viscous light yeUow oil. ('H-NMR (200 MHz, CDCI3): Ô 4.98 (s, 2H, 

CH2), 8.26, 8.31 (AB q, 4H, Ph), 9.71 (s, 1H, CHÛ), JAR = 9.2 Hz) 

P-N02BZO~X 

68, R-C(CH3)2 

a9, R=O 

1·0-Propionyloxy.3-methyl-2-butene (70). 

A solution of 3-methyl-2-buII'.I-1-ol (86.13 g, 1.00 mol) in dry methylene chloride (15(X) mL) 

under nittogen al ambient tempera ure containing N,N-dimelhylaminopyridine (12.22 g, 100.0 mmoJ), 

pyridine (283.1 mL, 3.5 mol) and propionyl chloride (130.3 mL, 1.5 mol) was sllrrcd for 18 h. The 

solution was washed with 5% hydrochloric acid (1500 mL), saturalcd aqucous sodIUm bicarbonate (1500 

mL), brine (1500 mL), dried (Na2S04)' fillered and the solvcnt removed under reduccd pressure lO ylcld 

a yellow oil. Distillation of the crude producl (57-58°C, 0.7 mm Hg) gave the title compound ln vlrlually 

quantitalive yield (141.49 g) as a clcar oil. ('H-NMR (200 MHz, COCl3): Ô 1.12 (t, 3H, CII3CH2). 1 69 

(d, 3H, CH3), 1.74 (d, 3H, CH3'), 2.30 (q, 2H, CH3CHz), 4.55 (d, 2H, CHzCH), 5.32 (m, IH. CH), JCI/_ 

Me = -1.3 Hz, JCU-Mc' = -1.1 Hz, JCH-CH2 = 7.3 Hz, JCH3-CH2 = 7.6 Hz; 13C-NMR (75.4 MHz, COCI3): Ô 
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8.68 [CH3CH2], 25.27 [MelC]' 27.14 [CH3CH2], 60.74 [OCH1CH), 118.59 [CH], 138.15 [(CH3hCJ, 

173.82 [CO)). 

Propionyloxyacetaldehyde (71). 

Propionyloxyacetaldehyde was obtained from 70 as described for the preparation of aldehyde 20. 

Purification by flash chromalOgraphy (petroleum ether / ethyl acetale, 4:1 v/v) gave the tille compound 

(85% yield) as a clear oil. (IH-NN1R (200 MHz, COCI3): a 1.18 (t, 3H, CH3), 2.46 (q, 2H, CH3CH1), 

4.65 (s, 2H, CH1CHO), 9.59 (s, lH, CHO), JCH3-CJl2 = 7.6 Hz; I3C-NMR (75.4 MHz, CDCI3): a 8.55 

[CH3CH2J, 26.60 [CH3CH2], 68.25 [OCH1J, 173.43 [EtCO], 195.71 [CHO)). 

70, X.C(CH3)2 

71, X-O 

3-Methyl-6~-propionyloxymethyl-2, 7 -dioxa-bicyclo-(3,2,O ]-hept-3-ene (72a) and 

1~-Methyl.6p-propionyloxymethyl-2,7-dioxa-bicyclo-[3,2,O]-hept-J-ene (72b). 

A mixture of 2-methylfuran (17.3 mL, 192 mmol) and aldehyde 71 (11.14 g, 96 mmol) in 

bcnzcne (1800 mL) was placed in a 2 L photo-reaClIOn vessel, cooled to 8°C, and saturated with argon. 

The !IOlution was then irradiatcd for 8 h. The solvent was removed under reduced pressure to give a 

yellow syrup. Purification by flash chromalOgraphy (petroleum ether / eth yI acetate / triethylamine, 

10: 1 :0.01 v/v/v) gave 72a and ?lb (mIXture of 2 inseparable regioisomers, 16: Il), (6.36 g, 33% Yleld) as 

a Iight yellow oil and recovered starting malerial (4.64 g aldehyde 71). In the absence of triethylamine, 

72b decomposcd on the column and pholo-adduct 72a was isolated (4.37 g, 23% yield) as a Iight yell<iw 

oil along with recovcrcd starting material (4.fA g aldchyde 71). 72a: (IH-NMR (200 MHz, C02CI2): li 

1.15 (l, 3H, CH3CH2), 1.92 (dd, 3H, CH3), 2.40 (q, 2H, CH3CH1), 3.59 (dddd, IH, HS), 4.22 (A of ABX, 

IH, H6'.), 4.26 (B of ABX, IH, H6'tJ, 4.63 (dddd, tH, H6), 4.97 (dd, IH, H4), 6.22 (dd, IH, Hl), Jm _H5 

= 4.4 Hz, JIII _1I6 = -0.8 Hz, JH4-Me = -1.4 Hz, J1I4-H5 = 2.7 Hz, Jm-Mc = 1.4 Hz, JH5-H6 = 2.8 Hz, JH6-H6 .• 

= 4.4 Hz, JII6-H6'b = 3.2 Hz, JH6'.-1I6b = -12.4 Hz, JCH3-CH2 = 7.5 Hz; 13C-NMR (75.4 MHz, C02C(2): li 

9.11 rCHJCH2], 13.70 [Me], 27.57 [CH3C"2]' 47.89 [C5], 65.80 [C6'], 88.57 [C6J, 98.81 [C4],108.34 

ICI), 158.23 [C3], 174.04 [CO]; LRMS (CI-NH3): mie 199 ([MW], 0.5%), 181 ([MW - H20] , 100%); 

HRMS (CI-NH3): mie calcd. for CIOHI30 3 [MH+ - H20], 181.0865; round, 181.0864). 72b: (IH-NMR 

(200 MHz, CDCI3): li 1.15 (t, 3H, C83CH2), 1.71 (s, 3H, CH3), 2.39 (q, 2H, CH3CH1), 3.37 (ddd, IH, 

H5), 4.26 (d, 2H, H6'., H6'tJ, 4.59 (dt, 1 H. H6), 5.23 (1. tH, H4), 6.54 (dd, 1H, H3). JH3-114 = 3.0 Hz, Jm _ 

Ils = -1.0 Hz, JII4-115 = 2.9 Hz, JIIS-H6 = 4.3 Hz, JH6-H6'.H6'b = 4.1 Hz, JH6'.-H6b - 0 Hz, JCH3-CH2 = 7.6 

Hl; I3C-NMR (75.4 MHz, CD2CI2): ~ 9.18 [CII3CH2J, 23.12 [MeJ, 27.61 [CH3CH1]. 48.39 [CS), 65.67 

[C6'J. 85.73 [C6], 104.25 [C4), 116.08 [CI], 148.37 [C3], 174.20 [COJ; LRMS (CI.NH3): mie 199 
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([MH+l,O.5%), 181 ([MW - H201, 100%); HRMS (CI-NH3): mIe caled. for CtnH\303 [MW - H20l, 

181.0865; found, 181.0864}. 

EICOO~ 

72a 

EtCOO~ '0 

~ 

72b 

2a-Acetoxy-3a-O-rormyl-4~-propionylo"ymethyl oxetane (73). 

Photo-adduct 72a was transfonncd to aldehyde 73 in 92% yicld by a procedure slnlilar 10 lha! 

used for the preparation ofaldehyde 45. (lH-NMR (200 MHz, COCI3): ~ 1.12 (l, 3H, CII3CH2), 2.08 (s. 

3H, Ac), 2.37 (q, 2H, CH3CH2), 3.93 (dl, IH, H3), 4.15 (A of ABX, IH, H4'.), 4.37 (B of ABX, III, 

H4't», 5.30 (ddd, tH, H4), 6.55 (d, 1H, H2), 9.73 (d, lH, CHO), J1I2.113 = 6.4 HI, JII3.CIIO = 1.0 .1/.., Jill 

H4 = 6.1 Hz, JH4.114,. = 3.8 Hz, JH4.114'b = 3.1 fU, JII4' •. 1I4'b = -12.9 Hl, JCII3.CII2 = 7,5 lV: I3C-NMR 

(75.4 MHz. CDCI3). ô 8,94 [CH3CH2]. 20.75 [CH3CO], 27,28 [CH3CH21. 50.50 [e3], 64,19 IC4'I, 

75.76 [C4], 95.59 [C2], 169.30 [CH3CO], 173,94 [EtC01, 195.09 [CHO]: LRMS (CI-Nil), mIe 248 

([M + NH4+], 100%), 171 ([MH+ - AcOH1, 59,2%); HRMS (CI-NH3): mIe calcd, for CJ(JH 1&N06 lM + 

NH/], 248.1133; found, 248.1134 J. 
EICOOV~ 

LAC 
-0 

73 

2Ot-Acetoxy-3a-hydroxymethyl-413-propionyloxymethyl oxetane (74). 

Aldei. yde 73 was reduced to alcohol 74 in 68% yield by a procedure similar 10 lha! u<;cd for the 

preparation of alcohol %, (IH-NMR (200 MHz, CD2CIz): ~ 0.88 (s, br, ex, IH, OH), 1.14 (l, 31/, 

CH3CH2), 2.1.3 (s, 3H, Ac), 2.40 (q, 2H, CH3CH2), 3.19 (dddd, tH, H3), 3,83 (A of ABX, IH, 1-13'.). 

3.90 (B of ABX, tH, H3'b)' 4,20 (A of ABX, tH, H4'.), 4.33 (B of ABX, 1 H, H4'b)' 4.82 (ddd, 1 H, H4). 

6.41 (d, IH, H2), JH2.H3 = 6,0 Hz, JH3.113,. = 5.7 Hl, Jm.II3'b = 5.6 Hl,I113' •. I/3'b = -11.8 HI., J1I3.114 = 6,2 

Hz, JH4.H4,. = 4.8 Hz, JH4.114'b = 3.0 Hz, JH4' •. H4'b = -12.6 Hz, JCH3.CII2 = 7.5 Hl; I3C-NMR (75.4 MHI., 

CD2CI2): 8 8.94 [C83CH2].20.98 [CH3CO], 27.31 [CH3CH2], 40,78 [C3], 58,79 [C3'), 65,10 [C4'), 

79.34 [C4], 97.23 [C2J, 169,62 [CH3CO], 174.14 [EtCO]; LRMS (CI-NH3): mIe 250 (lM + Nil/J, 

100%),233 ([MH+], 1.5%), 173 ([MW - AcOH], 49.5%); HRMS (CI-NH3): mIe caJcd. for CIOH20N06 

[M + NHtl, 250.1291; found, 250.1290}, 
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Oxetane (7Sa). 

EtCOO~ 
OAc 

OR 

74, R-H 

75., R-COCOOMe 

75b. R-CSOPh 

750, R-CS·;mld 

75d. R-CSOMe 

75 •• R-CH2SCH3 

75f. R-CH2S0CH3 

ng. R-CH2S02CH3 

75h. R-o-MIIOPh 

r-...... 
751. R-COCON (CH2)4 

"--/ 
75J. OR-CI 

Oxetane 7Sa was obtained from photo-adduct 72a in 41% yield by a procedure similar to that 

used for the transfonnation ofphoto-adduct 44a 10 oxetane 47c. (IH-NMR (200 MHz, COCI3): S 1.15 (t, 

3H, CHJCH2), 2.11 (s. 3H, Ac), 2.39 (q, 2H, CH3CH2), 3.44 (dddd, 1 H, H3), 3.89 (s, 3H, MeO), 4.19 (A 

of ABX, IH, H4'.), 4.34 (B of ABX, IH, H4'iJ, 4.55 (A of ABX, IH, H3'.), 4.60 (B of ABX, IH, H3'tJ, 

4.82 (ddd, IH, H4), 6.46 (d, IH, H2), 1112_113 = 5.9 Hz, IH3_IB·. = 7.3 Hz, JH3-H3'b = 7.2 Hz, JH3'.-II3'b = 

-11.6 Hz, JH3-H4 = 6.2 Hz, JH4.lIf• = 4.3 Hz, JH4-H4'b = 3.3 Hz, JH4'.-H4'b = -12.7 Hz, JCH3-CH2 = 7.5 Hz; 

13C-NMR (75.4 MHz, CD2CI2): S 9.05 [CH3CH2], 20.92 [CH3CO], 27.48 [CH3CH21, 39.67 [C31, 53.75 

[MeOj, 63.00 [C3'l, 64.86 [C4'], 79.62 [C4j, 95.96 [C2]. 157.56, 158,00 [OCOCOOMe1, 169.58 

[CH3C01, 174.09 [EtCO]; lRMS (CI-NH3): mIe 336 ([M + NH4 +], 56,8%), 259 ([MH+ - AcOH1, 

25,8%); HRMS (CI-NH3): m/ecalcd. for C13H22N09 lM + NH/1, 336.1296; found, 336.1294 J. 

Oxetane (7Sb). 

To a solution of alcohol 74 (70 mg. 0.30 mmol) in dry methylene chloride (5 ml) under an 

atmosphcrc of nitrogcn al OOC was added N,N-dimethylaminopyridine (7 mg, G.(\() mmol), pyridinc (170 

JJ.L, 2.10 mmol) and phcnyl chlorothiofonnalc (124 IlL, 0.60 mmol). The solution was gradually warmed 

to room lcmpcralurc (over 1 h) and allowed to stir for 16 h. The reaelion mixture was then dJlutcd with 

mcthylenc chlonde (20 mL), washcd Wlth 5% hydrochloric acid (25 ml), saturaled aquC'.ous sodium 

blcarbonale (25 ml), brine (25 ml), dried (Na2S0.), fillered and the solvenl rcmovcd in vaeuo to yield a 

ycllow syrup. Purification by flash chromatography (pctroleum ether / ethyl acetaLe, 4:1 v/v) afforded the 

lille compound (24 mg, 35% yield) as a IIghl yellow oil. {IH-NMR (200 HHz, CD2CI2): S 1.16 (l, 3H, 

CII3CH2), 2,14 (s, 3H, Ac), 2.43 (q, 2H, CH3C"2)' 3.59 (dddd, lH, H3), 4.22 (A of ABX, lH, H4'.), 
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4.37 (B of ABX, 1H, H4'.,), 4.80 (A of ABX, 1H, H3'.), 4.85 (ddd, 1H, H4), 4.88 (B of ABX, IH, H3'b)' 

6.47 (d, tH, H2), 7.08 - 7.14 (m, 2H, Ph), 7.27 - 7.49 (m, 3H, Ph), Jm.1Il = 5.9 Hl, JII3.113,. = 7.1 H.t, 

JH3•H3'b = 7.5 Hz, Jm's.H3'b = -11.3 Hz, JH3.H4 = 6.7 Hz, JH4•H4,. = 4.5 Hz, JU4.114'b = 3.2 Hz, JII4' •. 1I4'b = 
-12.6 Hz, JCH3.CH2 = 7.5 Hz; LRMS (CI-NH3): mIe 386 ([M + NB .. +], 13.3%), 369 ([MW], 4.9%), 259 

([MH+ - AcOH1, 100%); HRM5 (CI-NH3): mIe calcd. for C17"21075 [MH+], 369.1007; found, 

369.IOO8}. 

Oxetane (7Sc), 

A solution of alcohol 74 (70 mg, 0.30) mmol and N ,N'-thiocarbonyldiimidazole (80 mg, 0.45 

mmol) in dry methylene chloride (5 mL) was refluxed under an atrnosphcrc of nitrogcn for 2 h. 

Evaporation of the solvent in vacuo gave a yellow residue which was chromatographed over silica gel 

(petroleum ether 1 ethyl acetate, 1:1 v/v) to afford the title compound (69 mg, 67% yicld) as a light 

yellow oil. {IH-NMR (200 MHz, CD2CI2): 0 1.14 (t, 3H, CHJCH2), 2.09 (s, 3H, Ac), 2.40 (q, 2H, 

CH3CH2), 3.60 (dddd, tH, H3), 4.25 (A of ABX, IH, H4'.), 4.36 (B of ABX, 1 H, H4'b)' 4.87 (ddd, 1 H, 

H4), 4.92 (A of ABX, IH, H3'.), 4.98 (B of ABX. lH, H3'tJ. 6.49 (d, lH. H2). 7.02. 7.63 (2d, 2H. N

CH=CH-N), 8.31 (s, lH, N-CH=N), JII2•113 = 5.9 Hz, JIl3.H3,. = 66 lU, JH3.I!3'b = 7.5 HI, J1I3'III3'h = -

11.5 Hz, JN.CH=CH.N = 1.3 Hz, JU3.H4 = 5.7 Hz, JH4.H4,. = 4.3 Hz, JU4.114'b = 3.3 Hl, JII4' •. 1I4'b = -12.7 

Hz, JCH3.CH2 = 7.6 Hl; LRM5 (CI-NH3): mIe 343 ([MWl, 38.8%),292 ([MW - AcOHl. 100%); HRMS 

(CI-NH3): mIe caled. for C14HI9N206S [MW), 343.0965; fOl\n(~, 343.09631, 

Oxetane (7Sd). 

Oxetane 7Se1 (38 mg, 0.11 mol) was dissolved in anhydrous methanol (10 mL) and allowed to 

stir for 24 h under an atmosphere of nitrogen at room tempcrature, EvaporatIOn of the solveO[ in vaîUO 

gave a yellow residue WhlCh was chromatographcd over siliea gel (pctroleum ether 1 cthyl ac.etate, 2: 1 

'11'1) to afford the title compound (23 mg, 68% yield) as a c1ear oil. (IH-NMR (200 MH.l, CD2CJ2): ô 

1.14 (t, 3H, CH3CH2), 2.11 (s, 3H, Ae), 2.40 (q, 2H, CH3CHz), 3.50 (dddd, lH. H3), 4.04 (s, 3H, MeO). 

4.19 (A of ABX, 1H, H4'.), 4.34 (B of ABX, 1 H, H4'JJ, 4.70 (A of ABX, 1 H, H3'.), 4,78 (B of ABX, 1 H, 

H3'tJ, 4.81 (ddd, 1H, H4), 6.43 (d, IH, H2),l112.113 = 5,9 fù, J1I3.113,. = 7.2 Hl, JII3-113 't> = 7.4 HI., JII3 'a_ 

m'b = -11.3 Hz, Jm.H4 = 6.1 Hz, JII4.114,. = 4.5 Hz, JH4.114·b = 3.3 lù, J"4' •. 1I4'b = -126 H.l, Je /l
3 

CII
2 
= 

7.5 Hz; LRMS (CI-NH3): mIe 324 (lM + NH4 +), 42.3%), 307 ([MH+], 10 3%), 247 (lMH+ - AcOHI. 

100%); HRMS (CI-NH3): mIe caled. for C12HI90 7 S [MW], :507.0852; found, 307.0851) 

Oxetane (7Se). 

To a stirred solution of alcohol 74 (696 mg, 3,00 mmol) in dlmethyl sulfoxide (9,8 mL) under an 

atrnosphere of nitrogen al room temperalure was added aeelic acid (2.0 mL) and acetie anhydride (6.4 
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mL}. After stimng for 24 h, the reaction mixture was poured in 10% aqueous sodium carbonate (500 

mL) and extraclCd with methylene chloride (3 x 350 ml). The combined extracts were washed with water 

(1 L), brine (1 L), dried (Na2SO .. ), filtered and the solvent evaporated in vaCIW 10 afford a yellow residue. 

PurifIcation by flash chromalOgraphy (petroleum ether / ethyl acetate, 3: 1 v/v) gave the title compound 

(280 mg, 32% yield) as a c1ear oil. (IH-NMR (200 MHz, CD2CI2): l; 1.14 (t, 3H, CHJCH2), 2.10 (s, 3H, 

Ac), 2.12 (s, 3H, CH3S), 2.39 (q, 2H, CH3CHz), 3.28 (dddd, IH, H3), 3.77 (A of ABX, tH, H3'.), 3.85 

(B of ABX, IH, H3'iJ, 4.16 (A of ABX, IH. H4'.). 4.32 (B of ABX. tH, H3'.,), 4.62 (s. 2H, OCH2S), 4.72 

(ddd, tH. H4), 6.39 (d, IH, H2). JH2-H3 = 5.9 Hz, JH3-H3,. = 7.6 Hz, JH3-H3'b = 7.3 Hz, JH3·.-H3'b = -9.7 

Hz, JH3.H4 = 6.2 Hz. JH4.H4·• = 4.8 Hz, JH4.H4'b = 2.9 Hz, JH4'.-H4'b = -12.6 Hz, JCH3-CH2 = 7.5 Hz; 13C_ 

NMR (75.4 MHz, CD2CI2): l; 9.18 [CHJCH2]. 14.02 [CH,S], 21.15 [CHJeO], 27.66 [CH3CH2]. 40.66 

[(3), 64.65 [C3'], 65.38 [C4'], 75.92 [OCHzS], 80.46 [C41, 96.69 {C2], 169.78 [CH3CO], 174.23 

[EtCO]; LRMS (CI-NH3): mIe 310 ([M + NH:], 100%), 293 ([MH+], 9.3%), 233 ([MH+ - AcOH] , 

26.0%); HRMS (CI-NH3): mIe calcd. for C 12H210 6S [MH+], 293.1057; found, 293.1058). 

Oxetane (750. 

To a solution of oxetane 7Se (64 mg, 0.22 mmol) in methanol (0.5 mL) was added a solution of 

sodium periodale (51 mg, 0.23 mmol) in water (0.5 mL), and il was stirred for 18 h at room temperature. 

Arter filtration of the inorganic prccipitates. the filtrate was diluted with methylene chloride (50 mL) and 

drtcd (Na2S04)' Evaporation of the solvenl under reduced pressure yielded a Iight yeJlow ail which was 

chromatographed over silica gel (ethyl acetate / hexanes / methanol, 5:3: 1 v/v/v) 10 afford 7Sr (mixture of 

2 Inseparable dlastereomers, 1: 1), (52 mg, 77% yield) as a c1ear ail. (1 H-NMR (200 MHz, CDCI3): 8 

1.12 (l, 3H. CH3CH2), 2.09 (s. 3H, Ac), 2.36 (q, 2H. CH3CH1). 2.52 (s, 3H, CH3SO), 3.31 (m. IH, H3). 

3.97·4.50 (m, 6H, H3'., H3'b' OCH2SO, H4'., H4'.,). 4.73 (m, IH, H4), 6.39, 6.40 (2d, tH, H2). JH2.1!3 = 
5.9 Hz, JII3_1/4 = 6.2 Hz, JCH3-CII2 = 7.6 Hz; 13C-NMR (75.4 MHz, COCI3): l; 8.97 [CH3CH2], 20.96 

[ClIlCO]. 27.33 [CH)CHzJ, 34.67, 34.77 [C83SO]. 40.37 [C3J, 6<1.87, 64.92 [C3']. 70.14, 70.17 [C4'], 

79.56, 79.60 [C4], 87.68, 87.82 [OC"2S0], 95.97, 96.03 [l _~, 169.35, 169.38 [CH3CO], 174.03 

(ElCO); LRMS (CI.NH3): mIe 326 ([M + NH/], 31.0%), 3~ ([MH+J, 29.9%),249 ([MH+ - AcOH], 

100%); HRMS (CI-NH3): mie caled. for CI2H:!I07S [MW), 309.1009; found, 309.1008). 

Oxelane (7Sg). 

To a solution of oxetane 7Se (58 mg, 0.20 mmol) in methanol (0.5 mL) was added a solution of 

sodIUm periodalc (94 mg, 0.44 mmol) in water (0.5 mL), and It was stirrcd for 18 h al room temperature. 

Afler filtratIOn of thc inorganac prcclpitalcs, the filtrate was dlluted with methylene chloride (50 mL) and 

dried (Na2S04)' Evaporation of the solvcnt under reduced pressure yielded a Iight yellow oil which was 

chromalographcd ovcr silica gel (hexancs / ethyl acetate, 1:1 v/v) to afford 7Sg (60 mg, 93% yicld) as a 
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clcar ail. {IH-NMR (200 MHz, CDCI3): ~ 1.15 (t, 3H, CH3CH2), 2.09 (s, 3H. Ac), 2.39 (q, 2H. 

CH3CH2). 2.88 (s. 3H, CH3S02), 3.32 (dddd, tH, H3). 4.13 (A of ABX, 1 H, H4'1)' 4.20 (A of ABX, tH, 

H3'.), 4.23 (B of ABX. tH, H3'tJ. 4.34 (B of ABX. IH. H4'.,). 4.45 (s, 2H. OCH2S). 4.76 (ddd. IH, H4), 

6.44 (d. IH. H2), JH2-113 = 5.9 Hz, JH3.H3•• = 4.6 Hz. I H3.H3b = 4.3 Hz, JH3• •. !I3'b :: -8.5 Hz, JII3.114 :: 6.0 

Hz. JH4.H4,. = 7.2 Hz. JH4.H4b = 3.0 Hz. JH4'I.H4b = -12.6 Hz. JCH:a.CH2 = 7.5 H/.; LRMS (CI-NH3): mIe 

342 ([M + NH:I, 100%), 325 ({MW1. 0.6%); HRMS (CI-NH3): mIe caled. for C 12H24NOgS [M + 

NH4 +1, 342.1222; round, 342.1222). 

Oxetane (7Sb). 

To a stirred solution of a1eohol 74 (116 mg. 0.50 mmol) and guaiacol (186 mg. 1.50 mmol) in 

dry letrahydrofuran (2.5 mL) un der nitrogen al ambient temperaure was added triphenylphosphine (170 

mg, 0.65 mmol) and dicthyl azodlcarboxylate (l08 ~. 0.65 mmol). The mixture was lhen renuxcd for 3 

h. Evaporation of the solvent in vacuo gave a white solid which was chromalographcd over silica gel 

(petroleum ethel 1 ethyl acetate. 100:1) to afford 7Sb (90 mg, 53% yield) as a c1ear oil. IIH-NMR (200 

MHz, CDCI3): 8 1.14 (l, 3H, CH3CH2), 2.06 (s, 3H. Ac), 2.39 (q, 2H, CH3CII2), 3.56 (dddd, 1 H, H3), 

3.81 (s, 3H. MeO) , 4.21 (A of ABX, tH, H4'.), 4.27 (A of ABX, IH, H3'.), 4.33 (B of ABX, 1 H, H3'b)' 

4.38 (B of ABX, tH. H4'tJ, 4.86 (ddd, IH. H4), 6.51 (d, IH, H2), 6.85 - 7.01 (m, 4H, Ph), J\l2.l13 :: 5.9 

Hz. JII3.H3 •• = 8.5 Hz. ]m.H3'b = 2.0 Hz, Jm 'I.1I3'b:: -9.9 Hl, JII3.114 :: 6.2 Hz, J1J4 114'. :: 4.R HI.. JII4 114'b 

= 2.7 Hz, JH4'.-H4'b = -12.6 Hz. JCH)'CHZ = 7.6 HL; LRMS (CI-NH3): mIe 356 ([M + NH4 +), 100%),339 

([MW], 0.5%), 279 ([MH+ - AcOH] , 3.8%); HRMS (CI-NH3): mIe caled. for C17H230 7 [MW), 

339.1444; round,339.1443). 

Oxetane (7Si), 

To a stirred solution of alcohol 74 (70 mg, 0.30 mmoJ) and acid 78 (43 mg, 030 mmol) ln dry 

methylene chloride (2 mL) under an atmosphere of nitrogen at amblcnt tcmperaurc was addcd N,N

dimethylaminopyridme (37 mg. 0.30 mmol) and N,N'-dicyclohexylcarbodumide (74 mg, 0,36 mmol). 

After 18 h, the solvent was removed in lIQCUO ta yield a yellow residue WhlCh was chromatographcd ovcr 

silica gel (petroleum ether,' ethyl acetate, 1: 1) affording 7Si (28 mg, 26% yicld) as a white sohd. Il H· 

NMR (200 MHz, COCI3): 51.14 (l, 3H, CH3CH2), 1.92 (m, 4H. CHzCHzN), 2.12 (s, 3H, Ac). 2.3H (li, 

2H, CH3CHz), 3.44 (dddd, tH, H3), 3.49 (t. 2H, CHzCH2N), 3.58 (l, 2H, CH2Cllz'N), 4.18 (A of ABX, 

IH, H4'.). 4.34 (B of ABX, IH, H4'tJ, 4.50 (A of ABX, tH, H3'.), 4.58 (B of ABX, 1 H, H3'tJ, 4.82 (ddd, 

IH, H4), 6.45 (d, tH. H2), JH2-H3 = 5.9 Hz. JH3.H3,. = 7.6 Hz, Jm.H3b = 7.3 Hl, Jm' •. JI3'b = -11.6 Hl, 

JNCII2.CHl = 6.5 Hz, JNCHi.CII2 = 6.8 Hz, ]CH2.CII2 :: 5.4 Hl, JII3.114 = 6.0 HL, JII4 114 a = 4.5 Hf., 1114 114'b 

= 3.2 Hz, JH4' •. H4'b = -12.7 Hz. JCH3.CH2 = 7.6 Hz; I3C-NMR (75.4 MHz. CD2CI2): Ô 9.12 (CII3CH21, 

21.08 [C03eO], 24.18, 26.22 [CHzCH2Nl. 27.56 [CH3CHz), 39.72 [C3], 46.26, 4757 ICH2CHzN), 
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62.05 [C3'], 64.91 [('4'1. 79.83 [C4], 96.01 [C2], 158.24, 162.47 [OCOCONl. 169.66 [CH3CO], 174.17 

[EtCO]; lRM.:i (CI-~H3): mIe 375 ([M + NH4 +], 25.4%), 358 ([MH+], 100%), 298 ([MW - AcOH), 

90.7%); HRMS (CI-NH3): m/ecalcd. forCI6H24NOs [MH+], 358.1502; found, 358.1501 J. 

Oxetane (7Sj). 

To a stirred solution of alcohol 74 (70 mg, 0.30 mmol) and pyrrolidine hydrochloride (43 mg, 

0.40 mmol) in dry tetrahydrofuran (10 ml) under an aunosphere of niuogen at ambient lemperaure was 

added triphenylphosphine (79 mg, 0.30 mmol) and diethyl azodicarboxylate (47 J.LL, 0.30 mmol). Mter 3 

days, the solvent was removed ill VQC/UJ to give a white solid which was chromatographed over silica gel 

(pctroleum ether 1 ethyl acetate, 4: 1) affording 7Sj (36 mg, 48% yield) as a clear oil. {IH-NMR (200 

MHz, CD2CI2): ~ 1.15 (t, 3H, CH3CH2), 2.13 (s, 3H, Ac), 2.39 (q, 2H, CH3CH2), 3.38 (ddd, IH, H3), 

3.75 (s, IH, H3'.), 3.79 (d, IH, H3'J, 4.19 (A of ABX, IH, H4'.), 4.37 (B of ABX, tH, H4'.,), 4.76 (ddd, 

IH, H4), 6.43 (d, tH, H2), JH2.I!3 = 5.8 Hz, JH3.H3'b = 2.4 Hz, JH3.H4 = 5.9 Hz, JH4.H4" = 4.5 Hz, JH4.H4'b 

= 3.0 Hz, JII4' •. H4'b = -12,7 Hz, JCH3.CH2 = 7.5 Hz; I3C-NMR (75.4 MHz, CD2CI2): ~ 9.20 [CH3CH2], 

21.14 [CH3CO], 27.70 [CH3CH2]. 40.75 [C3'], 43.05 [C3], 65.10 [C4'], 81.39 [C4], 96.16 [C2], 169.69 

[CH3CO], 174.23 [EtCO]; lRMS (CI.NH3): mIe 270, 268 ([M + NH:], 38.9%, 100%); HRMS (CI· 

NH3): mIe caled. for CloHI9NOsCI [M + NH4 +],268,0952; found, 268.0951}. 

Nucleoside (76b). 

Nucleoside 76b was obtained in 65% yield fron oxetane 7Se by a procedure similar to that uscd 

for the preparation ofnucleoside 48a. [IH-NMR (200 MHz, CD2C12): ~ 1.12 (t, 3H, CH3CH2), 2.19 (s, 

3H, CH3S), 2,33 (q, 2H, CH3CH2), 3.13 (ddt, IH, H2'), 3.86 (d, 2H, Hl"" H2",,>, 4,26 (A of ABX, IH, 

H3".), 4.34 (B of ABX, IH, H3".,), 4.63 (ddd, IH, H3'), 4.72 (s, 2H, OCH2S), 6.33 (d, IH, Hl'), 7.50 • 

7,67 (m, 3H, Ph), 7,99 ·8.03 (m, 2H, Ph), 8.31 (s, tH, H8), 8.73 (s, tH, H2), 8.67 (s, br, ex, tH, NH), 

JIII '.II2' = 3.6 Hz, JIIZ'.lIr.H2"b = 5.6 Hz, JH2'.H3' = l.9 Hz, JH3'.H3". = 2.1 Hz, JH3'.1I3"b = 4.9 Hz, Jm" •. 
113"b = ·10.6 HL, JCII3.CII2 = 7.6 Hz]. 

EtCO°--:5<N __ (~ 
CH3SCH20 <Ny 

NHBz 

76b 

Melh,1 Oxalyl Pyrrolidinamide (77). 

Pyrrolidinc (3.56 g, 50.2 mmol) was dissolved in dry ether (250 mL). Methyl oxalyl chloride 

(2.30 ml, 25.1 mmol) was then added dropwise, and the reaction was stirred al room temperature under 
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1 
an atmosphere of nitrogen. After 2 h, the reaction was washed with 5% hydrochlonc acid (200 mL), 

saturated aqueous sodium bicarbonate (200 mL), brine (200 ml), dried (Na2SO.), filtercJ and the solvcnt 

removed under reduced pressure to yield a Iight yellow resldue. Purification by flash chromatography 

(ethyl acelate) gave the title compound (3.75 g. 95% yield) as a white solid. (IH·NMR (200 MHI., 
CDCI3): 51.90 (m. 4H, CHzCH2N). 3.51 (t. 2H. CH2N). 3.61 (t, 2H. CH2'N). 3.83 (s, 3H, MeO); JCH2. 

CH2N = 6.5 Hz, JCH2.CHiN = 6.7 Hz; 13C·NMR (75.4 MHz, CDCI3): 5 23.56, 25.69 [CHzCH2N], 45.88, 

47.19 [CHzN], 52.32 [MeO], 157.96, 162.27 [CO]; LRMS (El): mIe 157 ([M+ J, 48.9%), 98 ([M+' -

COOMe], 100%); IR (CH2CI2): 1651 cm'\ [NC01, 1741 cm·l [COOMe]). 

Pyrrolidine Oxamic acid (78). 

To a stirred solution of 77 (419 mg. 2.67 mmol) in methanol (100 mL) and watcr (50 mL) at 

room temperaturc was addcd potassium carbonate (738 mg, 5.34 mmol). ACter 1 h. the solution was 

adjusted to pH 2.5 with 5% hydrochloric acid and evaporated to dryness. The residue was dlssolvcd in 

methylene chloride (100 mL). washed with water (100 mL). brine (100 mL), dricd (Na2S0.). filtered and 

the solvent removed in vacuo to yield essenually pure 78 (362 mg, 95% yield) as a whue solid. (1 H· 

NMR. (200 MHz, CD2CI2): ~ 1.94 (m, 4H. CHzCH2N). 3.56 (t. 2H, CH2N). 3.94 (t. 2H. CH2'N). 6.70 (s. 

br. ex, lH, OH), JCH2.CH2N = 6.6 Hz, JCH2.CH2'N :: 6.6 Hz; \3C-NMR (75.4 MH". CD2C12): li 23.94, 

26.81 [CHzCH2N], 48.52, 49.47 (C ... .l:olJ. 157.32, 159.89 [CO]; lRMS (CI-NH3)' m/e 161 (lM + NH4 +]. 

38.5%). 144 ([MH+], 52.4%); IR (CH2CI2): 1654 cm·1 [NCO]. 1783 cm·1 [COOMell. 

Diisopropyl Fumarate (79) 

Fumaric acid (29.02 g. 250.0 mmol) was dlssolved in dry ,-propyl alcohol (600 mL). 

Chlorotrimethylsilane (140 mL, 1.1 mol) was then added dropwlse, and the reaction was stlITcd al room 

temperature under an atmosphere of nitrogen for 3 days. Evaporation to dryncss gave a thick reMdue 

which was chromatographed over sllica gel (pctroleum ether 1 ethyl acetate. 10: 1 v/v) 10 afford the LILle 

compound (48.03 g.96% YJeld) as a clcar 011. (IH-NMR. (ZOO MHz. COCI3): 5 1.26 (d. 6H. MezeH), 

5.08 (h7, tH. M~CH), 6.78 (s, tH. =HCCO), JCH•Mc = 6.3 Hz). 
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i·Propyl Glyoxylate (80). 

To a stirred solution of dllsopropyl L-tartrate (23.43 g, 100.0 mmol) in dry ether (500 mL) 

cooled to SoC was added pcriodic acid (22.79 g, 100.0 mmol) in portions over lh under an atmosphere of 

nitrogen. The milky rcaction mixture was stirred for 1 h until the solution became c1ear and a white solid 

scparated. The sol1d was filtered off and the filtrate was dried with sodium sulfate. Evaporation of the 

solvent in vacuo afforded the tille compound (11.02 g, 95% yield) as a clcar oil. The IH·NMR spectrum 

indicated that the aldehyde exists largely in a polymerie forrn and only a small amount of free aldehyde 

was present. 
I-PrOOC 0 

V 
10 

3·Methyl·6~·i·propyloxyrormyl.2,7·dioxa·bicyclo·[3,2,O]·hept·3·ene (81). 

A mixture of 2-methylfuran (7.4 ml, 82 mmol) and i-propyl glyoxylate (2.38 g, 20.5 mmol) in 

bcnlcnc (330 mL) was placed in a 350 ml photo-reaction vessel, cooled to 8°C, and saturated with 

argon. The solution was then irradiated for 25 h. The solvent was removed under redueed pressure to 

give a yellow syrup. Purificauon by flash chromatography (hexanes 1 ethyl acetate, 10: 1 v/v) gave 81 

(700 mg, 17% yield) as a I1ght yellow oil. (IH-NMR (200 MHz, COCI3): S 1.28 (d, 6H, Me2CH), 1.94 

(dd, 3H, Me), 3.69 (dddd, IH, HS), 4.80 (d, lH, H6), 5.01 (dd, lH, H4), 5.11 (h7, lH, Me2C"), 6.41 (d, 

IH, Hl); JIfI -IIS = 4.3 Hz, JH4-Mc = -1.3 Hz, JH4-HS = 2.6 Hz, JHS-Me = 1.4 Hz, JHS-H6 = 3.1 Hz, JCH-Me2 = 
6.3 Hz; 13C-NMR (50.3 MHz, COCI3): S 13.56 [Me], 21.46, 21.64 [Me2CH], 50.35 [C5], 69.10 

[Me2Cn], 86.59 [C6], 98.30 [C4], 109.0:; [e11, 159.24 [C3], 170.73 [CO]; LRMS (CI-NH3): mIe 216 

(lM + NH4 +],16.7%),199 ([MW], 35.3%), 181 ([MW - H20], 80.4%); HRMS (CI-NH3): mIe caled. for 

CIOH1S0 4 [MW], 199.0971; found,199.0970}. Anal. caled. for CIOHI40 4: C, 60.59; H, 7.12. Found: C, 

60.84; H, 6.86. 

,."'ooc~ 

81 

2(l.Acetoxy.3(l"rormyl.4~.i.propyloxyrormyl oxetane (82). 

PhOlo-adduet 81 was uansformed to aldehydc 82 in 90% yield by a procedure similar to that 

uscd for the preparation of aldehyde 45. (IH-NMR (200 MHz, CD2CI2): S 1.26 (d, 3H, CHJCH), 1.28 

(d, 3H, C"J'CH), 2.09 (s, 3H, Ac), 4.07 (ddd, !H, H3), 5.09 (m, tH, M~CH), 5.38 (d, !H, H4), 6.66 (d, 

lH, H2), 9.75 (d, IH, CHO), JII2_113 = 6.4 Hz, Jm-cuo = 1.2 Hz, JH3-H4 = 6.2 Hz, JCH-Me = 6.2 Hz, JCU_ 

Me' = 6.0 fu; lRMS (CI-NH3): mIe 248 «(M + NH4 +], 100%), 231 ([MH+], 0.2%), 171 (lMH+ - AeOH), 

0.6%); HRMS (CI-NH3): mIe caled. for CIOH1S06 lMWJ, 231.0868; found, 231.0868}. 
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2cx.Acetoxy.3a.hydroxymethyl.4p.;.propyloxyformyl oxetane (83). 

Aldehyde 82 was reduced to a1cohol83 ln 62% yield by a procedure slmilar to thal uscd for the 

preparation of alcohol 46. (1 H-NMR (200 MHz, CDzClz): ~ 0,89 (s, br, ex. 1 H, OH), 1.25 (d. 3H, 

CU3CH), 1.28 (d, 3H, CU3
t eH), 2.13 (s, 3H, Ac), 3.21 (m, IH, H3), 3,89 (m, 2H. H3'I' H3'tJ. 4.90 (d, 

lH, H4), 5.08 (m, 1H, MezC"'), 6.52 (d, tH. Hl), JH2•113 = 5.2 Hz, JU3•1I4 = 6.3 HL. JeU.Me = 6.3 Hz, 

JCH.Mc' = 6.2 Hz; LRMS (CI-NH3): mIe 250 ([M + NH/J, 70.8%),233 ([MH+], 8,8%). 173 «(MW -

AcOH], 3.4%); HRMS (CI-NH3): mIe caled. for C lOHI70 6 [MH+], 233.1026; found, 231.1025 J. 

Oxetane (84). 

Oxetane 84 was obtained from pholo·adducl81 in 39% ylcld by a procedure slmllar lO thal uscd 

for the transformation ofphoto-adduct 443 lO oxetane 47c. {1 H-NMR (200 MHl, CIX'13)' 0 1.25 (d. 31-1, 

CU3CH), 1.26 (d, 3H, CHl'CH), 2.12 (s, 3H, Ac), 3,60 (ddt, lH. H3), 3.89 (St 3H, MeO). 4,63 (d, 21-1, 

H3'I' H3'tJ, 4.93 (d, IH, H4), 5.11 (m, 1 H, MezCH), 6.58 (d. 1 H. H2). Jm .1!3 = 5.9 Hl. JII3 .I\3'III3'b = 7.2 

Hz. JH3' •. H3'b - 0 Hz, JII3.H4 = 6.4 Hz, JCH.Me = 6,7 Hz, lCI/.Mc' = 6.2 Hz; 13C-NMR (754 MHz. 

CD2CIz): a 21.06 [CU3CO], 21.73 [(CH3)zCHl, 42.20 le3J, 53.94 [CH30), 62.72 le3'1, 69.95 

[(CH3hCH\ 77.37 [C4], 96.50 [C2). 157,54, 157.99 [OCOCOOMel, 169.40, 16963 [CO}; LRMS (CI

NH3): mie 336 ([M + NH4+], 100%), 319 ([MH+], 13%); HRMS (CI-NH3): mIe calcd. for C13HI90 9 

[MW), 319.1030; found,319.1029}. 

;.prooc~ 
OAc 

OR 

83. R-H 
84, R-COCOOMe 
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4.6 Experimentais for Section 2.7. 

Photo·adduct (85). 

A mixture of furan (3.0 mL, 41.2 mmol) and R-glyceraldehyde acetonide (1.090 g, 8.38 mmol) 

ln dry benl.1."ne (330 mL) was placed 10 a 350 mL pholo-reaction vessel, cooled to 8°C and saturated with 

hcltum. The solution was then irradiated for 8 h. Evaporation under reduced pressure gave a yeUow 

syrup which was chromatographed over sJlica gel (petroleum ether 1 ethyl acetate, 9: 1 v/v) to afford the 

tille compound (mixture of 2 inseparable diastereomers, 1:1), (415 mg, 25% yield) as a Iight yellow oil. 

() H-NMR (200 MHz, CDeI3): cS 1.36, 1.40, 1.44, 1.47 (4s, 6H, CM~), 3.62 - 4.46 (m, 4H, H6, H6', 

H6"., H6"tJ, 3.68 (m, IH, H5), 5.32,5.33 (2t, IH, H4), 6.28 (m, IH, HI), 6.61 (m, tH, H3), ]H3-H4 = 2.9 

Hz, ]1I4.US = 2.9 Hz; J3C-NMR (75.4 MHz, CDCI3): cS 25.11, 26.02, 26.21, 26.62 [CMe2J, 46.68 [C5J, 

64.49.65.84 [C6'1. 76.95, 77.35 [C6"], 88.56, 90.49 [C6], 103.71, 103.87 [C4], 108.36, 108.65 [CIJ, 

109.76, 109.84 [CM~], 148.54 [C3]}. 

85 

-.-Acetoxyacetaldehyde (86). 

2-Acetoxyacetaldehyde was obtained from allyl acetate in 38% yield by a procedure similar to 

thal used for the preparation of aldehydc 20. () H-NMR (200 MHz, CDCI3): cS 2.05 (s, 3H, Ac), 4.55 (d. 

2H, CH2), 9.47 (t, IH. CHO). ]CH2.CUO = 0.3 Hz; IR (CDeI3): 1746 cm-l, 1762 cm· l, 2713 cm-l, 2817 

cm-I). 

AC0-V0 

86 

6~-Il ydrox ymethyl·2, 7 -d ioxa·bicyclo-[3,2,O J-hept·3·ene (88). 

To a stirred solution of photo-adduct 2d (928 mg, 4.00 mmol) in methanol (100 mL) al room 

tcmperature was added aqucous so<hum hydroxide (15% w/v. 10.7 mL, 40.1 mmol). ACter 30 min, the 

solution was neutralllcd with 0.1 % hydrochloric llCld, concentrated in vacua, extracted with ether (5 x 

100 mL). The ether extracts wcrc dricd (Na2Sû4)' fiItered and the solvent removed under reduccd 

pressure to yield a yellow L\II. Punflcatlon by flash chromatogf'dphy(petroleum ether 1 eth yI acetate, 1:1 

v/v) affordcd the tille compound (403 mg, 79% yleld) as a c1car oil. (IH-NMR (200 MHz. COCI3): ô 

2.24 (s, br, ex, IH, OH), 3.68 (dddd. IH. H5), 3.73 (A of ABX, IH, H6'.), 3.82 (B of ABX, tH, H6'J. 

4.64 (ddd, IH, H6), 5.37 (t. IH, H4), 6.30 (d, IH, HI), 6.62 (dd, IH, H3), ]H\-US = 4.3 Hz, JH3-H4 = 2.9 
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Hz, J/l3-\l5 = -1.1 Hz, JII4_115 = 2.9 Hz, JII5_116 = 3.0 Hz, JII6_116'a ::: 3.4 Hl, Jllo.1I6'h == l.S H/., JII6'a.llo'h -

12.8 Hz; LRMS (CI-NB3): mie 146 (lM + NH/], 31.4%), 129 ([MW], 100%), 111 ([MW - H20J, 

70.9%); HRMS (CI-NH3): m/c calcd. for C6H903 [MH+], 129.0552; found, 129.0551 } 

6I3-Ac~toxymethyl-2,7 -dioxa-bicyclo-j3,2,O }-hept-3-ene (87). 

Alcohol 88 W3S acetylated in 72% yicld by a procedure sinlllar to that uscd for ùle prepamllon of 

25a. {IH-NMR (200 MHz, CDC13): 02.07 (s, 3H, Ac), 3.58 (dddd, llI, H5), 4.19 (A of ABX, III, 116'11)' 

4.24 (8 of ABX, IH, H6'tJ, 4.63 (dddd, tH, H6), 5.33 (t, IH, H4), 6.24 (titi, Ill, HI), 6.59 (lId, IH, 113), 

JHl-H5 = 4.3 Hz, Jill_lit; ::: -0.8 Hz, JII3_114 = 2.9 Hl, JII3_115 = -1.2 Hl, J1I4-115 = 2.9 H.f., JII5 116 = 3.2 Il/., 

JH6-1I6'a = 4.7 Hz, J1I6-I16'b = 3.5 Hz, JII6'a-1I6'b = -12.3 Hl; LRMS (CI-NIl): mie 1 HS (lM + NII4 +1, 

24.0%), 171 ([MW], 1.1%), 153 (lMW - H201, 100%); HRMS (CI-NB3): mie calcd. lOf C!!H II04 

[MWJ, 171.0656; found, 171.0657}. 

Enzyme-Catalyzed Hydrolysis of (2d). 

RO~ 

87, A-Ac 

88. R=H 

Porcine pancreatic lipase (215 mg) was addcd to a sllITed suspension of 2d (232 mg, 1.00 mmol) 

in phosphate buffcr (10.0 mL, 10 mM, pH 7.00). Aliquols of a 0.1 N NaOi-! solutIOn werc addcd a~ 

required 10 maintain the pH of the mixturc bctween 6.95 and 7.05. After 4.5 h, a total of of 500 mL of 

base solution had becn addcd (50% conversion). The reacllon mlxture was exlraclcd wlth ether (6 x 50 

mL), and the combined cxlraclS were washed wiLh saluratcd aqueous sodium bicarbonate (200 mL) amI 

brine (200 mL). The organic layer was dned (NaZS04)' filtcrcd and the solvent removcd in vacuo 10 glve 

a yellow syrup which was chromatographed Qver slliea gel (pctroleum ether / cthyl acctatc, 4: 1 v/v. then 

1:1 v/v) 10 afford the starting ester (46% yi cId) and alcohol (42% ylCld). BCfllOyJatlOn of alcohol 88 via 

standard meLhods yielded benzoate +2d in 45% yleld. -2d: ([a]200 = -15.5° (c = 3.21, CII2CI2)}. +2d: 

{[a120D= +18.8° (c = 1.25, CH2CI2), respcctlvcly}. 

Enzyme-Catalyzed Hydrolysis of (44a), 

Porcine pancrcatlc lipase (100 mg) was added 10 a slurcd suspensIOn of 44a (123 mg, 0 50 

mmoI) in phosphate buffer (10.0 mL, 10 mM, pH 7,00). Ahquols of a 0.1 N NaOI! solutIOn wcrc added 

as required to mamtain the pH of the mixtUlc bclween 6.95 and 7.05. After 4.5 h, a total of of 2.50 mL 

of base solution had becn added (50% conversion), The rcactlon mixture was cXlIactcd wlth elher (5 x 

30 mL), and the combined eXlraCls wcrc washcd wilh saturatcd aqucou~ sodIUm bicarbonate (100 mL) 

140 



1 

.... 

!>rine (100 mL). The orgamc layer was dricd (N'a2SO.). filtercd and the solvent removed in vacuo to give 

a yellow syrup which was a mixture of unreack'.d ester -44a and very small amounts of alcohol 52 (as 

indicaled by 1 H-NMR). Purification by flash chromalOgraphy (petroleum ether / ethyl acetate. 6: 1 v/v) 

affordcd only the starting ester (36% yield). The enantiomerically enriched photo-adduct .44a was 

transformed 10 oxClane +47b by the method described earlier. +47b: {[a]20D = -7.5° (c = 2.22, CHCI3)} • 
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4.7 Experimentais for Section 2.8. 

3'a-Tbyminyl-4'~·O.trimetbylsilyl.6'~.benzoyloxymethyl.2',7'-dioxa-bicydo·(3,2,O)-heptane (89a) 

To a stirrcd solution of epoxide 23d (263 mg, 1.06 mmol) in dry letrahydrofuran (5 mL) al room 

temperature under an aunosphere of nitrogen was added bis·(lrimethylsilyJ)·lhymine (860 mg, 3.18 

mmol) and zinc chloride (l.OM solution in ether, 1.06 mL, 1.06 mmol). After 18 h, the rcaction mixture 

was poured into cold saturaled aqueous sodium bicarbonate (50 mL), extracled wilh mclhylene chloridc 

(5 x 50 mL) and washed wilh brine (5 x 50 mL). Thc combincd orgamc phases wcre then dried 

(Na2S0,J, filtered and the solvent removed under reduced pressure lO yicld a clcar syrup which was 

cbromalographed over silica gel (methylene chloride 1 melhanol, 100:1 v/v) affording nucJcoside 893 

(312 mg, 66% yield) as a white foam. (1 H-NMR (200 MHz. CDzCI2): l) 0.18 (s. 9H. MC3SI). 1.92 (d, 

3H, CH) al CS), 3.34 (t, 1 H, H5'), 4.35 (ddd, 1 H, H6'), 4.41 (A of ABX. tH, H6".), 4.52 (B of AUX, Ill. 

H6"tJ, 4.74 (s, IH, H4'), 5.94 (s, IH, H3'), 6.28 (d. tH, Hl'), 7.43 - 7.65 (m, 3H, Ph), 7.95 (d, IH, H6), 

8.02 - 8.08 (m, 2H, Ph), 9.69 (s, br, ex, tH, NB), JIl I'_1I5' = 4.1 Hz, JII5·_ II(,· = 4.4 Hl, JIIt,·_II(,". = 3.4 III, 

JH6'.H6"b = 3.4 Hz, JH6 .... H6 .. b = -11.8 Hl, JH6-Me = ·1.1 Hl; I3C-NMR (75.4 Mlü, CDCI3). Ô -O. J 2 

[(CH3)3Si], 12.52 [CH3 al C5], 50.97 [CS'], 65.IS [C6"J, 76.76 [C6'], 78.11 (C4'1,99.02 le3'I, 109.47 

[C5], 110,45 [Cl'l, 128.39,129.52 and 133.32 [aromalle CH}, 129.17 laromatic CI, 135.68 IC61, 151.00 

[C2], 164.55 [C4], 165.96 [CO]; LRMS (CI·NH1): mIe 464 (lM + NH/l, 28.6%), 447 (lMW1, 100%), 

357 ([MW - MC3SiOH1, 78.9%); HRMS (CI-NH3): mIe caled. for CI2H27N207Si (MW·], 447.1589; 

round,447.15871. 

B'0LL(? 

r'flB 
TMSiO 

890, B-Thymine 

89b, B .. Cytoslne 

3'a-Cytosinyl.4'~-0-trimeth)'lsilyl-6'~-benzoyloxymethy1-2',7'-dioxa-bicyclo-(3,2,O)-heptane (89b). 

Epoxidc 23d and bis·(lIImethylsilyl)-cYlosinc afforded nuclcosldc 89b ln 58% ylcld by a 

procedure simiIar 10 the one used for thc preparation of nuclcoslde 89a. /IH·NMR (2(X) MHI., COCI 3)' 0 

0.16 (s, 9H, MC3Si), 3.25 (l, IH, H5'), 4.23 (ddd, tH, H6'), 4.38 (A of ABX, lH, H6".). 4.51 (B of ABX, 

lH, H6"~, 4.74 (s, lH, H4'), 5.78 (d, lH, H5), 5.95 (s, lH, H3'), 6.24 (d, lH, H1'), 7.35 (s, br, ex, 2B, 

NH2), 7.39 - 7.61 (m, 3B, Ph), 8.00 - 8.06 (m, 2B, Ph), 8.11 (d, 1H, H6), 111 1'_/15' :: 4.3 Hl, JJI5'1I6' = 40 

Hz, JH6'.H6". = 3.8 Hz, JH6·.H6"b = 3.9 Hz, JH6".-1I6''b = -12.4 Hz, JII5_116 = 76Hz; I3C-NMR (75.4 MH/, 

COCI3): 80.07 [(CHJ)3SiJ, 51.08 [C5'], 65.24 [C6"], 76.74 [C6'J, 77.76 [C4'], 93.85 [C51, 99.85 [e3'1, 
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,1 ] 10.56 (CI'], ]28.48, 129.64 and ]33.39 (aromallc CH], 129.31 [aromalic C], 141.16 [C6], 156.32 [C2], 

]65.90 [C4], 166.07 [PhCO]; LRMS (CI-NH3): mie 432 ([MW], 25.3%)}. 

3Cl-Metho"y-4~-hydro"y-6~-benzoyloxymethy 1-2,7 -dioxa-bicyclo-[ 3,2,0 ]-heptane (24a '). 

Acetal 24a' was fonned whcn epoxidc 23d was subjCClcd 10 flash chromatography using 

mClhylcne chloride 1 rnethanol as eluen!. {IH-NMR (200 MHz, CDCI3): a 1.95 (d, ex, IH, OH), 3.29 (l, 

] H, H5), 3.48 (s, 3H, McO), 4.37 (d, tH, H4), 4.42 (A of ABX, JH, H6'.), 4.52 (B of ABX, ] H, H6'b)' 

4.73 (ddd, ]H, H6), 5.25 (s, tH, 1I3), 6.06 (d, IH, HI), 7.44 - 7.65 (m, 3H, phenyl), 8.04 - 8.09 (m, 2H, 

phcnyl), Jm-lis = 4.1 Hz, JII4-OH = 5.0 Hz, Jm.I/6 = 4.3 HL, JII6-H6,. = 4.3 Hz, J1I6.H6'b = 3.1 Hz, JI/6's. 

116'b = -12.4 Hz; LRMS (CI-NH3): m/c 281 ([MW], 10.9%),249 ([MH- - McOH] , 98.1 %)}, 

.t0lL{? 
Y"OMe 

HO 

24.' 

3' Cl-Thyminyl-4'p-hydroxy.6'p-benzoyloxymethyl-2', 7'-dioxa-bicyclo·[3,2,O ]·heptane (90a). 

To a stirrcd solulion of nuclcoside 89a (322 mg, 0,722 rnmol) in dry lctrahydrofuran (20 mL) al 

room lcmperalure under an aunosphcrc of nitrogen was added tetra-n-butylammonium fluoridc (1.0M 

solution in tetrahydrofuran, 1.08 mL, 1.08 rnmol). Mter 1 h, the solvent was removed in vacuo to yleld a 

while sohd which was chromatographcd over silica gel (methylcne chloridc 1 methanol, 20: 1 v/v) 

affording nucleoside 90a as a white solid (246 mg, 91 % yield). {I H-NMR (200 MHz, CDCI3): a 1.91 (d, 

3H, CH3 al CS), 3.29 (t, IH, HS'), 3.48 (s, br, ex, IH, OH), 4.33 (ddd, IH, H6'), 4.46 (A of ABX, tH, 

H6".), 4.57 (B of ABX, tH, H6"tJ, 5.92 (s, IH, H3'), 6.27 (d, IH, HI'), 7.41 - 7.63 (m, 3H, Ph), 7.92 (d, 

IH, H6), 8.02 - 8.14 (m, 2H, Ph), 10.20 (s, br, ex, tH, NH), JIII'_HS' = 4.1 Hz, JUS'.H6· = 4.2 Hz, JH6'.1I6"a 

= 4.1 Hz, JU6·.1I6"b = 3.8 Hl, JII6".-H6"b = -12.3 Hz, J1.o-Mc :: -LI Hz; J3C-NMR (75.4 MHz, COCI3): 5 

12.64 [Cil) al CS], 49.61 [C5'], 65.08 [C6"], 77.53 [C6'], 78.89 [C4'], 100.02 [C3'J, 110.50 [C5], 110.97 

[Cl'], 128.56, 129.72, 133.48 [aromatic CH], 129.35 [aromatic Cl, 135.71 [C6], 151.48 [C2], 164.55 

[C4], 166.12 [PhCO); LRMS (CI-NH3): mIe 392 (lM + NH/], 8.4%),375 ([MW], 100%),357 ([MW -

HIO), 49.1 %); HRMS (CI.NH3): mIe caled. for C18HI9N201 [MH+], 375.1192; found, 375.1192}. 

3' Cl-Cytosinyl-4' p-hydroxy.6'p-benzoyloxyrnethyl-2' ,7' -dioxa -bicyclo·[ 3,2,0 ]-heptane (90b). 

Nucleoside 9Gb was obtained in 96% yield as a while foam by a procedure identical 10 the one 

describcd for the preparation of nuelcoslde 90a. (IH-NMR (200 MHz, CD .. OD): ô 3.41 (t, lH, HS'), 4.34 

(A of ABX, IH, H61t

.), 4.39 (ddd, IH, H6'), 4.44 (B of ABÀ, IH, H6 lt

b), 4.65 (s, tH, H4'), 5.88 (d, lH, 

H5), 6.00 (s, tH, H3'), 6.26 (d, IH, Hl'), 7.47 - 7.68 (m, 3H, Ph), 8.04 ·8.10 (m, 2H, Ph), 8.24 (d, IH, 
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H6), 1H1 '-H5' = 4.4 Hz, 1m'_1I6' = 4.9 Hz, JH6'-1I6". = 4.1 Hz, JII6'_1I6"b = 2.8 Hz, J/l6"._1I6"b = -12.5 Hl., J/l5. 

116 = 7.5 Hz; LRMS (CI - NH3): mie 377 ([M + NH/l, 1.3%), 360 ([MW], 100%), 249 ([MW -

~ytosine], 20.2%); HRMS (CI - NH3): mIe calcd. for C17HISN306 [MWJ, 360.1196; found, 360.11951. 

BZ°lD'O. 

r'is 
HO 

lOI, B-Thymine 

lOb, B-CytoSiIlO 

3' n· Thyminyl.4' ~-bydroxy.6' lJ-bydroxymethyl.2' ,7' .dioxa·bicyclo·(J,l,O ].heptane (91a). 

An ice-cold soluuon of nuclcosidc 90a (381 mg, 1.02 mmol) in anhydrous mclhanol (20 mL) 

was saturaled with ammonia gas and allowed to warm to room lempcralure. After 20 h, the reactlon was 

heated to boiling for 0.5 h, allowed 1O cool and the solvent removcd under reduced prcssurc to ylcld a 

white sohd which was washcd repcatcdly with ether. Recrystallilauon from methanol Ylclded bone 

white crystals of nucleoside 91a (226 mg, 82% yield, m.p. 194-196°C). () H-NMR (200 MH/, CD30D): 

Ô 1.86 (d, 3H, CH3 al CS), 3.28 (l, IH, HS'), 3.63 (A of A8X, IH, H6".), 3.69 (8 of ABX, HI, H6\), 

4.14 (ddd, IH, H6'), 4.59 (s, IH, H4'), 5.97 (s, IH, H3'), 6.17 (d, IH, HI'), 8.05 (d, 1 H, H6), 1J1)'.JIS' = 4.2 

Hz, JHS'.H6' = 4.4 Hz, JII6·.116". = 3.8 Hl, 1H6'-H6"b = 3.2 Hl, JH6".-1I6"b = -12.6 Hl., JH6-Me = -1.2 Hl; \3C_ 

NMR (75.4 MHl, CD30D): S 13.57 [CH3 at CS], 51.42 [C5'], 65.22 [C6"J, 80.06 [C6'1, ri2.63 [C4'J, 

101.48 [C3'J, 110.92 [CS], 112.86 [CI 'l, 138.38 (C6J, 153.42 [C2], 167.46 (C4); LRMS (CI-NU3)' mIe 

271 ([MH+], 100%), 253 ([MH+ - H20J, 7.7%); HRMS (CI-NH3): mie calcd. for ClIHISN206 (MW), 

271.0931; found, 271.0930). Anal. caled. for CIIH)4N206: C, 48.89; H, 5.22; N, 10.37, round: C, 48.52; 

H, 5.49; N, 10.46. 

H0IL7'? 

rOIB 
HO 

91., B-Thymlne 

91b, B-Cytosille 

3'n·Cytosinyl-4'~·hydroxy.6'p-bydroxymetbyl.2' ,7' -dioxa· bicyclo·(3.2,O ]-heptane (9 J b). 

Nucleoside 9tb was obtaincd in 77% yield as a white powder by a procedurc idcntical lO the one 

described for the preparaùon of nuclcosldc 91a. (1 H-NMR (200 MHl, CD30D); Ô 3.24 (l, 1 H, H5'), 3.62 

(A of ABX, tH, H6".), 3.67 (8 of ABX, IH, H6".,>, 3.98 (ddd, lH, H6'), 4.52 (s, IH, H4'), 5.83 (d, IH, 

H5), 5.94 (s, 1 H, H3'), 6.13 (d, 1 H, Hl'), 8.21 (d, IH, H6), J"I'_1I5' = 4.) Hz, JII5·./l6· = 4.6 Hl, JII6·.II"". = 

4.1 Hz, JH6'-H6"b = 3.2 Hz, JH6".-H6"b = -12.6 Hz, Jus 116 = 7.5 Hz; 13C-NMR (75.4 MHl, CD30D): Ô 
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S0.41 [CS'J, 64.41 [C6"1, 79.05 [C4'], 81.73 [C6'], 9S.07 [C5], 101.41 [C3'], 112.10 [Cl'], 142.17 [C6], 

158.76 [C21, 167.99 [C4]; LRMS (FAB - glyeerol): mIe 278 ([M + Na+l, 23.2%), 256 ([MW], 35.4%); 

HRMS (FAB - glyccrol): mIe caled. for CIOHI4N)OS [MW], 256.0933; found, 256.0933 J. 

Nucleoside (92). 

To a ~ttrrcd solution of nucleoside 89a (322 mg, 0.72 mmol) in anhydrous methanol (22 mL) 

unller an almo'\phcrc of nitrogcn at room tcmpcralurc was addcd lnfluoroacctie acid (63 mL, 0.72 mmol). 

ACter 30 mm, the solution was cvaporated to dryness. The residue was rcdissolved in methylene ehloride 

(100 mL), washcd with saturatcd aqueous sodIUm bicarbonate (100 mL), brine (100 mL), dried (Na2S04)' 

lïhercd and the solvcnl removcd ln vacuo to yield the tille compound in quantitative (493 mg) yield as a 

white foam. {I H-NMR (200 MHz, C02CI2): Ô 1.82 (d, 3H, CH3 at C5), 2.45 (ddd, tH, H3'), 3.42 (s, 3H, 

MeO), 4.31 - 4.45 (m, 5H, H2', H3", H3"'a' H3"'b' OH), 5.33 (d, ex, IH, OH), 5.34 (d, IH, H4'), 5.94 (d, 

IH. HI'), 7.'34 - 7.62 (m, 3H, Ph), 7.49 (d, IH, H6), 8.03 - 8.08 (m, 2H, Ph), 10.39 (s, br, ex, IH, NH), 

JIl I'.II2· = 5.2 III., JII3'_1I4' = 4.5 Hz, JOll_1I2' or 113" = 0.8 Hz, JII6-Me = -0.8 Hz; I3C-NMR (75.4 MHz, 

CDCI3): 0 12.36 [CII3 al CS], 54.26 [C3'], 56.26 [CU301, 67.71 [C3"'J, 67.86 [C3"]. 77.28 [C2'l, 90.90 

[Cl'], 105.40 [C4'I, 109.96 [C51, 128.41, 129.76, 133.26 [aromalle CH], 129.66 [aromatic Cl, 136.64 

[C61, 151.87 [C21, 164.32 [C41, 166.84 [PhCO]; LRMS (CI-NH3): mIe 424 ([M + NH4 +], 2.6%), 407 

([MH+], 22.2%), 375 ([MH+ . MeOH], 100%), 281 ([MH+ - thymine], 12.3%); HRMS (CI-NH3): mIe 

caled. forCI9H23N20g [MH+],407.1455; found,407.l454J. 

RO 

Nucleoside (93). 

OMe 

HO 

92, R"BI 
93, R-H 

" '. Thy 

Nucleoside 93 was obtained in 86% yield as a white powder by a procedure identical to the one 

describcd for the preparation of nueleoside 91a. {IH-NMR (200 MHz, C030D): ô 1.85 (d, 3H, CH3 at 

C5), 2.19 (ddd, IH,II3'), 3.39 (s, 3H, MeO), 3.51 (A of ABX, tH, H3"'a)' 3.56 (8 of ABX, tH, H3"'tJ, 

3.85 (ddd, lB, H3"), 4.16 (t, lH, H2'), 5.10 (d, tH, H4'), 6.01 (d, tH, HI'), 7.52 (d, IH, H6), JIII '_1I2' = 
7.2 IIz, JII2·_113, = 8.2 Hz, ]113'-113' = 4.4 Hz, JII3"-H3~. = 7.4 Hz, JII3"_II3"'b = -1.4 Hz, JII3'''.-II3'''b = -10.9 Hz, 

JII3'_II .. · = 4.2 Hz, JII&.Me = -1.3 HI.; I3C-NMR (75.4 MHz, CO)OD): Ô 12.36 [CH3 at C5], 55.29 [C3'], 

56.14 [ClllOI, 65.93 [C3"'], 71.24 [C3"I, 75.91 [C2'], 88.63 [Cl'], 105.18 [C4'], 112.18 [C5J, 137.82 

[C6], 152.77 [C21. 166.11 [C4J; LRMS (CI-NB): mIe 303 ([MH+], 39.1%), 271 ([MH+ - MeOHJ, 
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100%); HRMS (CI-NH3): mIe calcd. for CI2HI9N207 [MH+), 303.1191; found, 303.1192). Anal. caled. 

for C12H18N2~'H20: C, 45.00; H, 6.29; N, 8.75; round: C, 44.83; H, 6.19; N, 8.67. 

3' a-Thyminyl-4 '~-acetoxy.6' ~-benzoyloxymethyl-2', 7' -dioxa-bicyclo-[ 3,2,0 ).heptane (94a). 

Nucleoside 9Ga was acelylated in 90% yield by a procedure similar to that uscd for the 

preparation of 25a. {JH-NMR (200 MHz, COCI): ~ 1.92 (d, 3H, CH) al CS), 2.10 (s, 3H, Ac), 3.40 (l, 

tH, HS'), 4.47 (A of ABX, IH, H6".), 4.55 (ddd, IH, H6'), 4.64 (B of ABX, tH, H6"tJ, 5.55 (s, tH, H4'), 

6.22 (s, tH, H3'), 6.23 (d, IH, Hl'), 7.41 - 7.62 (m, 3H, Ph), 7.83 (d, IH, H6), 8.02 - 8.07 (m, 2H. Ph). 

9.18 (s, br, ex, IH, NH), Jm ••Hs' = 4.1 Hz, JHS'.H6· = 3.5 Hz, JH6'.1I6". = 3.1 Hz, JH6'.1I6"b = 3.0 Hz, JII6"._ 

116"b = ~11.9 Hz, JH6-Me = ~l.l Hz; I3C~NMR (75.4 MHz, CDCI3): ~ 12.80 [CH] al C51, 20.88ICII]COI, 

49,00 [C5'], 64.78 [C6"] , 77.39 [C6'], 79.71 {C4'], 95.73 [e3'I, 109 69 [Cl'l, 110.55 IC51. 128.48, 

129.60, 133.38 [aromatic CHI. 129.23 [aromatic Cl, 134.95 [C6]. 150.39 (C21, 163.68 IC4], 165.83 

[PhC01, 169.32 [CH3CO)}. 

.'0IL{?, 
r'iB 

RO 

941, R .. Ac 

t4b, R-CH3CH2CH2CH(CH3)CO 

Mc, R-PhC(OCH3)(CF3)CO 

3' a-Thyminyl.4' ~-( a-methylvaleryloxy )-6'~-benzoyloxymethyl-2' ,7' -dioxa-bicycJo-( 3,2,0 )-heptane 

(94b). 

To a SlIrred solution of nuclcoslde 90a (37 mg, 0.10 mmol) and 2-mclhylvalenc aCld (125 IlL, 

1.00 mmol) in dry acetonittile (5 mL) at room lemperalurc under an aUnosphere of mtrogcn was added 

N .N-dimethylaminopyridine (24 mg, 0.20 mmol) and l,3-dlcyclohexylcarbodllmldc (206 mg, 1.00 

mmol). ACter 18 h, acellc acid (13 ~) and methanol (66 IlL) were addcd and surrmg was rontinued for 

30 min. The reaClIon mixture was poured into saluratcd aqucous sodIUm blcarbonale (50 mL) and 

extraclcd with methylene chloridc (3 x 50 mL). The orgamc layer wa'i dncd (Na2S04)' lilLcrcd and the 

solvenl removed in vacuo 10 afford a white sohd. PunflcatlOn by fla'ih chromatography (mclhylcnc 

chloride 1 methanol, 30: 1 v/v) gave the tiLle compound (mixture of 2 inscparable dlaslcrcomers. 1: 1), (45 

mg, 95% yleld) as a white soM. (IH-NMR (200 MHz, COCI3): 0 0.87,0.88 (21, 3H, CHJCH2), 1.13, 

1.15 (2d, 3H. CHJCH), 1.18 - 1.81 (m, 4H. CH2CH2), 1.92 (s. br, 3H. CH3 at C5). 2.47 (m. 1 H, CHCO). 

3.33,3.34 (21, IH, ID'), 4.47 (A of ABX, lH, H6".>, 4.55 (m, IH, H6'), 4.64 (8 of ABX, 1H, H6"~, 5.52, 

5.54 (2s, lH,H4'),6.22 (s, IH, H3'), 6.23 (d, tH, Hl'), 7.41 -7.86(m,3H, Ph), 7.83 (s, br, IH. H6), 8.02 
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_ 8.08 (m, 2H, Ph), 8.~1, 8.86 (2s, br, ex, IH, NH), JH\'.1I5' = 4.1 Hz, JCH•Me = 6.9 Hz, 7.0 Hz, JCH3.CHZ = 

7.0 Hz, 7.1 Hz, JII5·.116• = 4.2 Hz, 4.4 Hz, JH6·•H6". = 2.9 Hz, JH6••H6"b = 3.0 Hz, JH6"a-H6"b = -] 1.9 Hz). 

3'a-Thyminyl-4'p-(a-methoxy-a-(trinuoromethyl)-phenylacetoxy)-6'~-benzoyloxymethyl-2t,7'

dioxa-bicydo-I3,1,O)-heptane (94c). 

Nucleoside Ma (37 mg, 0.10 mmol) and 2-methoxy-2-(trifluoromethyl)-phenylacetic acid (234 

mg, 1.00 mmol) gave the title compound (mixture of 2 in separable diastereomers, 1:1), (48 mg, 82% 

yicld) as a white solid bya procedure analogous lO the one used for the preparation of 94b. (IH.NMR 

(200 MHz, COCI
3
): a 1.86 (s, br, 3H, CH) at C5), 3.31 (t, IH, HS'), 3.76 (s, 3H, MeO), 4.21 - 4.86 (m, 

3H, H6', H6"., H6"t.>, 4.70, 4.74 (25, IH, H4'), 5.91, 6.02 (25, 1H, H3'), 6.26 (d, IH. HI'), 7.29 -7.68 (m. 

8H, Ph), 7.93 (s, br, tH, H6), 8.02 - 8.06 (m, 2H, '-"1'),9.25 (s, br, ex, IH. NH), JH1 '.m· = 3.9 p ... JII5••116, 

=4.1 Hz). 
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4.8 Experimen~als for Section 2.9. 

3a·Cbloroac:etoxy-4p·bydroxy·6p·benzoylolymetbyl-2,7-dioxa·bic:yc:lo-[3.2.0)-bt'ptane (97a), 

To a solution of epoxide 23d (50 mg, 0.20 mmol) in dry methylenc chloride (5 mL) under 

mtrogen at room temperature was added chloroacetic acid (19 mg, 0.20 mmol) and the rcacuon mixture 

was aIIowed lO stir for 16 h. The solution was diluted with melhylene chloride (25 ml), washed with 

saturated aqueous sodium bicarbonale (25 ml), brine (25 mL), dned (Na2S0.), filtered and the solvent 

removed in vacuo to yield a yellow syrup. Chromalography over silica gel (petroleum ether 1 ethyl 

acelate, 1: 1 v/v) affordcd 97a (31 mg, 45% yield) as a c1ear oil. {IH·NMR (200 MHz, COCI3): li 2.67 (s, 

br, ex, IH, OH), 3.40 (dt, IH, H5),4.13 (s, 2H, CH2CI), 4.49 (A of ABX, lH, H6'.), 4 53 (s, tH, H4), 

4.58 (B of ABX, IH, H6'"" 4.75 (ddd, IH, H6), 6.15 (d, IH, Hl), 6.50 (d, tH, H3), 7.40 - 7.63 (m, 31-1, 

Ph), 8.03 - 8.08 (m, 2H, Ph); JHI . IIS = 4.0 Hz, JII3-11S = -1.0 Hz, JII5.116 = 4.3 Hl., JII6.116·1 = 4.2 II!, J1I6. 

H6'b= 3.2 Hz, JH6' •• H6'b= -12.5 Hz). 

3a-Bromoacetoxy-4~-hydroxy.6p.benzoyloxymethyl-2.7.dioxa-bicyclo-(3,2,OI·heptane (97b), 

Epoxide 23d (42 mg, 0.17 mmol) and bromoaceuc acid (24 mg, 0.\1 mmol) gave the lille 

compound (36 mg, 55% yield) ~ a hght yelJow oil by a procedure sinular 10 the one uscd for the 

preparation of 97a. {lH-NMR (300 MHz, COCI3): l) 3.19 (d, ex, lH, OH), 3.39 (t, 1 H, H5), 3.89 (:-., 1 H, 

CHHBr), 3.90 (s, 1 H, CHHBr). 4.47 (A of ABX, 1 H, H6'.), 4.57 (B of ABX, tH, H6'tJ, 4.58 (d, 1 H, 114), 

4.77 (ddd. IH, H6), 6.13 (d, IH, HI), 6.46 (s, tH, H3), 7.37 - 7.59 (m, 3H, Ph), 7.99 - 8.05 (m, 2H, Ph); 

JUI.US = 4.0 Hz, JU4.011 = 4.3 Hz, JHS-H6 = 4.4 Hz, JH6-H6,. = 4.3 Hl. JII6.116'b = 3.2 HI., J1\6'. 116'b = -12.5 

Hz; I3C-NMR (75.4 MHz, COC(3): li 25.79 [C"2BrJ, 49,37 [CS], 65.54 (C6'), 76.31 [C4]. 76.72 IC6), 

106.77 [C3), 109.04 [Cl], 128.52, 129.65, 133.45 (aromaùc CHI. 129.32 (aromalle CI, 166.22, 166.38 

[COI; LRMS (CI-NH3): mIe 406, 4<» ([M + NH4 +], 34.6%, 34.9%), 389. 387 (IMH+ J, 4 6%, 3.3%),249 

([MW - BrCH2COOHl, 37.9%); HRMS (CI.NH3)· mIe caled. for CIsHI9N0779Br lM + NH/J. 

404.0346; found,404.03441. 

BZO~O X 

"'o--C o 
HO 

17., X-CI 

87b, X-Br 

3a-Chloroacetoxy.4~-I-butyld imethylsily lo"y-6~.benzoylo"ymethyl.2. 7 -d iota·bic yclo-! 3,2,0 J

heptane (98a), 

Alcohol 97a was silylated by a procedure similar lO that uscd for the preparation of 19. 

Purification by flash chromatography (hexanes 1 eth yi acelate, 9: 1 v/v) gave the title compound in 41 % 
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yield as a clcar oil. {IH-NMR (200 MHz, COCI3): 6 0.07, 0.09 (2s, 6H, t-BuSiMez)' 0.84 (s, 9H, ,

BuSiM~), 3.23 (dt, JH, H5), 4.13 (s, 2H, CH2CI), 4.41 (s, JH, H4), 4.49 (A of ABX, IH. H6'.), 4.56 (B 

of A8X, IH, H6'.,), 4.72 (ddd, IH, H6), 6.14 (d, IH, Hl), 6.40 (d, IH, H3), 7.41 - 7.62 (m, 3H, Ph), 8.03 

. 8.09 (m, 2H. Ph); Jill_liS = 4.1 Hz, Jm _us = -0.9 Hz, ]HS-1I6 = 4.4 Hz, JU6_116·• = 4.9 Hz. JH6-H6'b = 3.8 

H!., J H6'.-I/6'b = -12.2 Hz). 

3a-NI.lmidazoylacelolly·413·'-bulyldimethylsilyloxy-6l3-benzoyIOllymethyl.2,7-c1ioxa-bicydo-(3,2,OJ

heptane (9Sb). 

To a solution of aleohol97b (39 mg, 0.10 mmol) in dry N ,N-dimethylformamide (0.5 ml) under 

nitrogen al room lemperalure was added imidazole (21 mg, 0.30 mol) and t-butyldimethylsilyl chloride 

(23 mg, 0.15 mmol) and il was allowcd 10 stir until ail of the starting malerial was eonsumed (72 h). The 

rcaction mixlure was dlluled Wlth ethyl acelale (30 mL), washed with walcr (3 x 25 mL), brine (25 ml), 

dried (Na2S04)' fihered and the solvent removed in vacuo to yleld a yellow syrup. Purification by flash 

chromalography (petroleum ether 1 eth yI acelale, 1: 1 v/v) afforded the tille compound (17 mg, 36% yicld) 

as a I1ghl yellow oil. ( 1 H-NMR (200 MHz, COCI3): 0 0.04, 0.06 (2s. 6H, t-BuS1Mez), 0.83 (s, 9H, ,-

DuSiMe2)' l18 (l, IH, HS), 4.30 (s, IH, H4), 4.34 (ddd, IH, H6), 4.44 (A of ABX, 1H, H6'.), 4.52 (B of 

ABX, IH, H6'tJ, 4.79 (s, 2H, CH2), 6.12 (d, 1H, HI), 6.39 (s, JH, H3), 6.98,7.07 (2d, 2H, N-CH=CH

N),7.41 - 7.63 (m, 3H, Ph), 7.45 (s, IH, N-CH=N), 8.04 - 8.09 (m, 2H, Ph); ]Hl-HS = 4.0 Hz, JHS-H6 = 
4.3 Hz. JII6_116,. = 4.1 Hz, ]1I6-116'b = 4.1 Hz, JH6·.-116'b = -12.2 Hz, JNCH-NeH = 0.7 Hz; I3C-NMR (75.4 

MHz, COCI3): li 17 .95 [(CH3)3CSiM~). 25.55 [I-BuSiMez), 25.55 [(CH3)3CSiM~), 48.27 [CHz], 50.51 

(C51. 65.71 [C6'], 76.25 [C6], 77.31 [C4], 106.66 [C3], 109.11 [CIl. 120.23 [N-CH=CH-NJ, 128.54, 

129.69, 133.43 [aromalle CH), 129.47 (aromatie CJ, 133.62 [N-CH=NJ, 166.02, 166.22 [CO]; lRMS 

(CI-NH3): mIe 489 (lMW). 100%),363 ([MW - (imld-CH2COOH)], 20.8%)}. 

BZOyO X 

""O~ o 
TBDMSiO 

NIl. X.CI 
Nb, X.llflid 

Ne, X .. Br 

3a-Brorn08cetoxy-4~-t-butyldimethylsilyloxy.613-benzoyloxymethyl-2,7-dioxa-bicyclo-(J,2,O)

heptane (98c). 

To an icc-eooled solution of alcohol 97b (39 mg. 0.10 mmol) in dry rncthylene chloride (250 

j.tl) undcr an atrnosphcre of nitrogen was addcd 2,6-lutidine (35 j.1l, 0.30 mol) and t·bulyldirnethylsilyl 

triOuoromclhancsulfonale (46 j.tl, 0.20 mmol) and the reaetion allowed 10 sur until ail of the starting 
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material was consumed (2 h). The reaction mixture was dJluted with methylene chloride (30 ml), 

washed with cold 5% aqueous sodium carbon ale (25 mL), brine (25 ml), dried (Na2S0.), filtered and the 

solvenl removed in vacuo 10 yield a clear rcsldue. Puriflcauon by flash chromatography (pelroleum ether 

1 ethyl acetale, 3: 1 v/v) afforded the tiLle compound (29 mg, 58% yield) as a colourless 011. {IH-NMR 

(200 MHz, CD2CI2): ~ 0.11, 0.12 (2s, 6H, t-BuStMel)' 0.88 (s, 9H, I-BuSiM~). 3.29 (dl. IH, US), 3.95 

(s, 2H, CH2Br). 4.46 (s. 1 H, H4), 4.48 (A of ABX, tH, H6'.), 4.57 (B of ABX, 1 H, H6'.,). 4.77 (ddd, 1 H, 

H6), 6.14 (d, IH, Hl), 6.53 (d, tH, H3). 7.44 - 7.66 (m, 3H, Ph), 8.05 - 8.10 (m. 2H, Ph); J UI .IIS= 4.1 Hz, 

JH3-HS = -0.7 Hz. JUS-H6 = 4.5 Hz, J"6."6'. = 4.5 Hz, JU6-H6b = 3.9 Hz, JU6'. 116'b = -12.3 Hz; IlC-NMR 

(75.4 MHz. CD2C12): li 18.22 [(CH3)3CSiM~], 25.73 [t-BuStMelJ, 25,73 (CH3)3CStM~), 26.49 

[COzBr], 50.90 [CS]. 66.18 [C6'], 76.74 [C6], 77.69 [C4), 107.57 [C31, 109.61 [Cil, 128.87, 129.92, 

133.65 [aromatic CH1, 130.07 [aromatic C], 166.19, 166.41 [CO]; LRMS (CI-NH): mIe 520,518 (lM + 

NH4 +1. 8.7%, 5.7%), 503, 501 ([MH+1, 1.3%, 1.0%), HRMS (CI-NH3)' mIe caled. for C21113007S119Br 

[MH+], 501.0941; found, 501.0944 J. 

3(l-Bromoacetoxy-4~-acetoxy·6~-benzoyloxymethyl-2, 7 -dioxa·bicyclo-(3,2,O )-heptane (101). 

Alcohol 97b was acetylated in 95% yield by a procedure similar la thal uscd for 25a. (IH-NMR 

(200 MHz. COCI3): ~ 2.07 (s, 3H, CH3), 3.45 (l, tH. HS), 3.91 (s, 2H, CH2Br), 4.51 (A of ABX, 1 H, 

H6'.). 4.60 (B of ABX, 1 H, H6'tJ. 4.86 (ddd, 1 H, H6), 5.36 (s, 1 H, H4), 6.14 (d, 1 H, H 1), 6.53 (s, 1 H, 

H3), 7.41 ·7.62 (m, 3H, Ph), 8.04 - 8.09 (m. 2H, Ph); JHI -IIS = 4.1 Hz. JII5_116 = 4.3 HL, JII6 1/6'. = 4.0 HI, 

JU6.H6·b = 3.3 Hz. JH6'.-H6·b = -12.5 Hz; 13C-NMR (75,4 MHz, CD2CI2)' ~ 20.84 [Cfl3), 26.27 ICII28rl, 

47.69 [CS], 65.61 [C6'], 76.82 [C6], 77.57 [C4], 104.20 [C3), 109.07 [CIl, 128.86, 129.90, 133.65 

[aromalle CH], 130.01 [afOmattc CI, 166.22. 166.38 [COI, 169.89 [CH3CO); lRMS (CI.NH). mIe 431, 

429 ([MW], 15.1%, 20.8%), 291 ([MH+ - BrCH2COOH], 100%); HRMS (CI-NH): mIe caled for 

C17H1SOS79Br [MH+I, 429.0186; found, 429,0185 J. 

Bicyclic Furanoside (99a). 

BZ0-uy0 Br 
"'01: ° AcO 

101 

To a solution of 98«: (50 mg, 0.10 mmol) in dry acetonilrile (500 jlL) under an atrnosphcre of 

mtrogen al room lCmperature was added a stock soluuon of blS-(tnmelhyl~llyl)-,N6-adcnine an 1,2-

dichloroethane (0.339 M solution, 324 ~,O.l1 mmol) and silvcr tnnatc (26 mg, 0.10 mmol). Afler 

stirring for 1 h, the reaction mixture was dilutcd with methylene chlondc (25 mL), wa~hcd wilh saturalcd 

aqucous sodium bICarbonate (30 ml), bnne (30 mL), dned (Na2S04)' fillercd and the solvenl removed ln 
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vacuo yielding a yellow residuc. Purification by flash chromatography (methylene chloride / melhanol, 

100:3 v/v) affordcd nuclcoslde 99a (40 mg, 61% yield) as an unslable Iighl yellow 011. {IH-NMR (200 

MHz, C02CI:z): 60.04,0.07 (2s, 6H, I-BuSiMez), 0.75 (s, 9H, I·BuSiM~), 2.29 (ddd, lH, H2'), 3.80 (s, 

2H, OCH2CO), 4.22 (m, 4H, H2", m .... , H2'''b' H3'), 5.61 (s, IH, H4'), 5.79 (d, lH, Hl'), 7.39 - 7.59 (m, 

6H, Ph), 7.84 - 7.92 (m, 4H, Ph), 8.57 (s, IH, H8), 8.80 (s, IH, H2), 11.44 (s, br, ex, IH, NH), JHI'.H2· = 
5.2 Hz; 13C-NMR (75.4 MHz, COCI3): 6 17.99 [M~CSiM~], 25.32[t-BuSIMez], 25.54 [Me3CSiMe2]' 

26.15 (OCH2CO], 58.30 [C2'], 67.19 (C2"'], 68.29 [C2"], 78.08 (C3'], 91.08 [CI'], 104.13 (C4'], 113.76 

[C5), 128.56, 128.87, 129.75, 129.86, 132.69, 133.77 [arornauc CH], 129.53 [aromatIe C-COOCH2], 

135.19 [aromatic CoCON], 146.38 [C8], 147.10 (C4]. 154.04 [C2], 154.30 (C6], 165.99, 166.35, 167.07 

[CO]). 

Bicyclic Furanoside (99b). 

Acetal 101 (43 mg. 0.10 mmol) and a slock solution of blS-(trimelhylsilyl)-~-adenine ln 1,2-

dlchloroethane (0.339 M solution, 324 jJ.L, 0.11 mmol) gave the tille compound (41 mg. 70% yield) as an 

unslable white foam by a procedure analogous to the one uscd for the preparation of nucleoside 99a. 

{l H-NMR (200 MH/.. C02CI2): 62.01 (s, 3H, Ac), 2.39 (ddd. lH, H2'), 3.81 (s. 2H, OCH2CO). 4.17 (A 

of ABX, IH. H2"'.), 4.33 (B of ABX, lH, H2"'~, 4.37 (ddd, lH, H2"), 5.t6 (d, lH, H3'), 5.60 (s, IH, 

H4'), 5.86 (d. IH, H1'), 7.44 - 7.88 (m, 6H, Ph), 7.94 - 8.04 (m, 4H, Ph), 8.58 (s, tH, H8), 8.76 (s, IH, 

H2), 11.43 (s, br, ex, IH, NH), JII I'.1I2' = 4.6 Hz, JH2 .. 1I3• = 3.3 Hz; 13C-NMR (75.4 MHz, COCI3)' 6 

20.78 (CH3CO), 25.30 (OCH2CO], 55.80 [C2'], 66.76 [C2"'], 68.03 [C2"], 78.59 [C3'], 90.68 [Cl'], 

100.93 [C4'], 113.10 (C5], 128.52, 128.61, 129.33, 129.59, 132.68, 133.47 [aromatic CH], 129.00 

laromalle C-COOCH2], 134.29 [aromalic CoCON], 145.92 [C8], 146.42 [C4], 154.27 [C2], 154.53 [C6], 

165.13,166.13,166.80 [CO], 169.99 [CH3CO]). 

o <XS 
891, R. TBDMSl 

89b, R-Ac 
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5. APPENDICES. 

APPENDIX 1. Antifeedant Testing of Photo-Adducts. 

Protecting our food suppl Y from pred:llory IOseet attack ln an ccologleally rc\pon'ilhlc mannl'r 

has lcd to incrcased wtcrest ln bchavlOr altcnng chcllllcals from natural sourcc". The lll!han IlCCllI IrCl', 

Azadlrachta Indlca A. Juss (Mehacc:Jl')l03 has provlllcd a large qU.lOllly of 1ll.Ill'n.II~, of wfJlLlI olle 

component, azadlf3chtin has reeelvcd a grcat deal of attention Hl4. A/a<hrachtlO pO'i\I'~~C'i c'(lrl'lIwly 

potenl biologieal aCllvily as a growlh regulalOry and anllfccdant agclll 105. 

-) 
o 

Azadirachtin 

ThiS has led 10 a geat deal of rcscarch into the undcrstandmg of the ~lTucl\lrc aCllvlly 

relationships and to synthesize simpler compounds whlch exhlbll simllar blOlogleal activlly\()4. Rccenlly, 

It was reported that antifeedancy ean bc dcmonstraled uStng rclativcly sImple hydroxylTlcyclJc 

hydrofuran derivativcs of the type 109106• In sludlcs carried out by Ley, It was !>hown lhal salannm and 

derivatives thereof arc poor anllfeedanls, thus IOdlcatmg lhat the lerl hand ~lllc of u/adlrachttn IS not 

rcsponsiblc for its biologie al aelivllyl04. 

103 Morgan, E, D.; Butterworth, J. H., J. Chem. Soc, Chem. Commun., 23 (1968) 
104 Ley, S.V.; Anderson, J. C.; Blaney. W. M.; Jones, P. S.; lIdert, Z; Morgan, E. D, Robmson, N. G; 
Santafianos, D.; Simmonds, M. S. J ; Toogood, p, L, Tetrahedron Lett., 5175 (198q) and relerences clted 
therein. 
105 Yamasaki, RB.; Klocke, J. A., J. Agne Food. Chem., 35,467 (1987) 
106 Ley, S. V.; Santaflanos, D.; Blaney, W M , Simmonds, M S J, Tetrahedron Lett, 28,221 (1987) 
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109 

Duc LU the sHlIIJarilles bclwcen 109 and pholo-adducls of aldehydes and furans, Dr. T. H. Chan 

lhoughtlhal our pholo-adducls nllghl posscss blOlogleal activity as anlIfecdants against spruce budworm. 

1 hc blOas~ylO7 conductcd mvolvcd fccdmg laboratory-colony sprucc budworm larvae an artificial 

d/ct 108 conLammg 0.2% (wet wClght) of test compounds. Thc assay showcd the development of larvae 

rcarcd from <;ccond IIlSLar on Icst dlcts was only stgmfieantly rCLarded by compounds 40 and 41a. The 

rcsults arc ~h()wn ln Table 2. 

Table 2 

Compound # Compound Mean Instar a 

Control 5.30 

2e R = TBDMSiOCH2, R' = H 5.22 

2d R = BzOCH2, R' = H 5.18 

40 R = BzOCH2, R' = SnBu3 2.00 

41a R = BlOCH2, R' = Ph 2.94 

44a R = BzOCH2, R' = CH3 5.18 

72a R = EtCOCH2, R' = CH3 5.22 

81 R = iPrOOC, R' = CH3 NA 

IMaximum = 6.00 (ail larvae 6th instars) 

Smee rcduction in dcvelopmcnt rate could he caused by factors other than feeding. compounds 

40 and 41a arc currcnlly bcing evaluatcd by an assay that will provide a truc reflection of the amount of 

food ingcsled by sixth instar larvae. Also, both of these compounds are being evaluated at lower 

concentnllions so as to dctcrmine the Iimils of thcir effcctiveness. 

107 Bioassays were carried out by A. W. Thomas at Canadian Forestry Service Mantimes, Fredericton, 
N.B., Canada E3B 5P7. 
108 McMorran, A., Cano Entomol, 97, 58 (1965). 
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APPENDIX II. Analysis of ABX systems in 1 H-NMR spectra. 

Thr chemical shifts and coupling constants of second order AB portions of ABX systems wcrc 

caJculated by the method shown below lO9• 

The ABX spectrum is divided into two AB systems. 

AB #1 

3 S 7 

1 1 -, 

~! 
L-I 
2 4 6 

AB #2 

AB#i 

J A,B = (8 - 6) = (7 - 5) = (4 • 2) = (3 . 1) 

l')\ = (1 + 3 + 5 + 7) 14 

(~l')\) /2 = [(1 - 7)(3 • 5)]~/2 

~1+ = l}1 + (~t)l) /2 

~1' = l}1' (M}l) 12 

l')A = (~1+ + ~2+) / 2 

JAX = ~1+· ~2+ 
or 

l') A = (~1 + + ~2') / 2 

JAX = ~1 ~ - ~2' 

AB#2 

8 

t}2 = (2 + 4 + 6 + 8) /4 

(M}2) /2 = (2 - 8)(4 . 6)J~/2 

~2+ = l')2 + (~l')2) /2 

~2' = t)2' (~l')2) /2 

1'}B = (~1'+~2')/2 
JBX = ~1'· ~2' 

or 

1'}B = (~1'+~2+)/2 
JUX = ~1' - ~2+ 

Two possible selS of values are generated, but one gives unrcalistic couphng constants. 

109 Becker, E. D., (ed.), High Resolution NMR· Theory and Chemical Applications, Academlc Press, Inc , 
London, (1980), chap. 7. 
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API'END(X III. X-Ray Structure Determination of Nucleoside (91a). 

An X-Ray study was carricd out on nuc\coside 91a. The diffractIon mcasurement was made on 

a Rigaku <hffractomctcr and the data obtmned IS shown mthe tables bclow. 

Table XR-l 

Crystal data and course of structure dctermination 

Compound name 

Chcmical Formula 

Formula weight 

Crystal 

Habit 

X-ray specimen si/.c (mm) 

Radiation 

Crystal system 

Space group 

Laltice Constants 

a (A) 

b (Â) 

c(A) 

a (0) 

~ (0) 

X (0) 

V (A3) 

No. of formula in a ccII 

F (000) 

Calculated density (gcm-3) 

Il for CuKa (mm- l ) 

).,(A) 

20 max (0) 

h, k, 1 mngcs 

No. of reOcctions measurcd 

No. of unique rcncctions 

155 

Nucleoside 91a 

Cil Hl4N20 6 

270.24 

rcctangular prism 

0.10 x 0.20 x 0.25 

Graphite monochromated 

CuKa 

Triclinic 

P-I 

10.0636(17) 

10.4054(20) 

11.9771(15) 

96.552(15) 

108.031(11) 

90.498(14) 

1182.5(3) 

4 

567.90 

1.518 

1.02 

1.54056 

110.0 

-10 10, 0 11, -12 12 

3182 

2975 



1 No. of reOections with ~et > 2.5cr(lnet) 

For sigl Hicant reflections 

For all reOections 

Maximum shiftl cr ratio 

DeepeSl hole in D-map (e 1 A3) 

Highest peak in D-map (e / A3) 

Secondary extinction coefficient 

Me:-ging R 

Drop of standard intensities (avg.) 

Method of structure determination 

Method of structure refinement 

1975 

RF = 0.084, Rw = 0.054, Gof = 3.31 

RF = 0.143, Rw = 0.056 

0.061 

-0.580 

0.380 

0.019(5) 

1.2% 

0.2% 

Solvcd by direct methods using 

SHELXSIIO 

Refined usir.g NRCV AX system 

programs III 
Cell dimensions were obtained from 21 reflections wilh 29 angle in the range 15.00° - 25.00". 
The intensity data wcrc collected using the 9/29 scan mode. 

RF = 1: {Fo-Fe> / 1: (F 0) 

Rw = (1: [w (F 0 - Fc)2/l: (wFo 2)])1h 

GoF = (1: [w (F 0 - Fc)2 / 1: (# of rcOections - # of paramclcrs)l)'h 

Figure XR-l. X-ray crystallographlc structure of nuclcosldc 91a. 

110 Sheldrick, G. M. in Crystal/agraphie Computing 3; Sheldrick, G. M , Kruger, M , Doddard. R , Eds , 
Oxford University Press: Oxford. England. 1985' pp 175· 189. 
111 Gabe, E. J.; lepage, Y.; Charland, J P.; Lee, F l; White, P. S., J. Appl. Cryst., 22,384 (1989). 
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Figure XR-2. Unit ccli of nuclcoslde 91a. 
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Table XR-l 

Atomic Pararnctcrs X, Y, Z and Bcq. E. S. Ds. rcfcr 10 the lasl digit pnntcd. 

Atom X Y Z lIeq 

0-2 0.2995(5) 0.8956(5) 0.7867(4) 3.5 (3) 
04 0.6723(6) 1.1338(5) 0.7676{5) 4.1 (3) 
0-2' 0.2566(5) 1.1484(5) 1.0577(4) 2.9 (3) 
0-4' 0.0176(5) 0.9666(5) 0.8876(4) 3.8 (3) 

0-1' 0.2146(5) ].3524(5) 0.9833(5) 3.8 (3) 
0-6" -0.0601(6) 1.4532(6) 0.8801(5) 5.9 (4) 
N-I 0.3627(6) 1.0859(5) 0.9081(5) 2.4 (3) 

N-3 0.4848(6) 1.0114(5) 0.7788(5) 2.8 (3) 

C-2 0.3760(8) 0.9925(1) 0.8205(6) 2.8 (4) 
C-4 0.5806(8) 1.1208(7) 0.8137(6) 2.9 (4) 

C-5 0.5682(8) 1.21 ]8(7) 0.9122(6) 3.1 (4) 
C-5-Me 0.6757(9) 1.3203(7) 0.9681(7) 4.1 (5) 
C-6 0.4587(8) 1.1905(7) 0.9524(6) 2.8 (4) 
C-3' 0.2487(8) 1.0572(7) 0.9584(6) 2.8 (4) 
C-4' 0.1033(8) 1.0667(7) 0.8702(6) 3.0(4) 
C-5' 0.0574(7) 1.2000(7) 0.9026(6) 2.9 (4) 
C-I' 0.1606(8) 1.2477(7) 1.0257(6) 3.1 (4) 
C-6' 0.1201(8) 1.3]50(8) 0.8614(7) 3.7(4) 
C-6" 0.0296(10) 1.4222(9) 0.8144(8) 5.6 (6) 

0-2A -0.5015(5) 0.8567(5) 0.5729(4) 3.4 (3) 

0-4A -0.707](6) 0.4809(5) 0.3563(5) 5.7 (4) 
0-2A' -0.2178(5) 0.8636(5) 0.3961(4) 2.8 (3) 
0-4 A' -0.1710(6) 1.0119(6) 0.6482(5) 5.9 (3) 
0-7A' -0.0747(5) 0.6836(4) 0.4420(4) 2.S0 (25) 
0-6A" 0.2075(5) 0.7237(5) 0.5876(4) 3.2 (3) 

N-IA -0.3970(6) 0.7544(5) 0.4457(5) 2.1 (3) 
N-3A -0.60]9(6) 0.6682(6) 0.462](5) 30(3) 
C-2A -0.5007(7) 0.7655(7) 0.4993(6) 2.7 (4) 
C-4A -0.6101(8) 0.5598(7) 03808(7) 33(4) 
C-5A -0.4987(8) 0.5532(7) 03287(6) 2.8 (4) 
C-5-Mc-A -04954(9) 0.4410(8) 0.2392(7) 4.3 (5) 
C-6A -0.4004(8) 0.6484(7) 0.3624(6) 2.7 (4) 
C-3A' -0.29730) 0.8697(7) 0.4757(6) 25(4) 
C-4A' -0.]91~(8) 08784(7) 0.6012(6) 3.0 (4) 
C-5A' -OJI559(7) 0.8321(7) 0.5838(6) 2.6 (4) 
C-IA' -0 o.~20(8) 0.8220(6) 04505(6) 2.5 (4) 
C-6A' -0.0342(8) 0.6861(7) 0.5702(6) 2.7 (4) 

C-6A" 0.1124(8) 0.6484(7) 0.6217(6) 2.9 (4) 

Beq is the mcan of the prmclpal axes of the lhennal ellipsoid. 
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TableXR-3 

Calculaled Hydrogcn Alom Paramelers. 

Atom X Y Z 

H·O-4' -0.0.86 0.971 0.826 

H·O-6" -0.124 1.530 0.842 

H·N3 0.496 0.946 0.710 

HS·Mc. 0.777 1.280 1.001 

HS·Mcb 0.679 1.379 0.900 

H5-Mcc 0.651 1.378 1.039 

H6 0.501 1.186 1.047 

H3' 0.259 0.960 0.983 

H4' 0.109 1.058 0.781 

H5' -0.052 1.206 0.894 

HI' 0.108 1.278 1.090 

H6' 0.178 1.278 0.803 

H6". -0.030 1.392 0.723 

H6"b 0.094 1.506 0.815 

H·O-4'A 0.097 1.019 0.736 

H·O-6"A 0.263 0.803 0.652 

H-N3A -0.675 0.679 0.512 

H5-Me.A -0.491 0.351 0.277 

H5-McbA -0.589 0.436 0.164 

H5-MccA -00407 0.449 0.207 

H6A -0.301 0.604 0.395 

H3'A -0.355 0.957 0.471 

H4'A -0.227 0.818 0.655 

H5'A 0.036 0.891 0.637 

HI'A 0.000 0.870 0.427 

H6'A -0.108 0.634 0.599 

H6"~A 0.119 0.547 0.592 

H6"hA 0.138 0.660 0.717 

Hydrogen alom posluons calculalcd assummg C/N-H distance of 1.08 Â. 
Buo IS derivcd from VISO of Ihe bondcd alom plus 0.01. 
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Table XR-4 

Bond DIstances in Angsb'oms 

Bond Bond Distance Bond lJond Distanl'~ 

0(2) -C(2) 1.215(9) 0(2A) - C(2A) 1.220(8) 

0(4) - C(4) 1.226(9) 0(4A) - C(4A) 1.210(9) 

0(2') - C(3') 1.415(8) 0(2A') - C(3A') 1.418(8) 

0(2') - C(l ') 1.424(9) 0(2A') - C(lA') 1.416(9) 

0(4') - C(4') 1.420(9) 0(4 A ') - C(4A') 1.426(9) 

0(7') - C(1 ') 1.423(9) 0(7A') - C(IA') 1.436(8) 

0(7') - C(6') 1.480(9) 0(7A') - C(6A') 1.457(8) 

0(6") - C(6") 1.386(11) 0(6A") - C(6A") 1.414(9) 

N(1) - C(2) 1.385(9) N(1A) - C(2A) 1383(9) 

N(I) - C(6) 1.390(9) N(lA) - C(6A) 1.392(8) 

N(1) - C(3') 1.493(9) N(lA) - C(3A') 1.494(9) 

N(3) - C(2) 1.370(10) N(3A) - C(2A) 1.364(9) 

N(3) - C(4) 1.375(9) N(3A) - C(4A) 1.388(9) 

C(4) • C(5) 1.463(10) C(4A) - C(5A) 1.440( 11) 

C(5) • C(SMc) 1.500(11) C(5A) - C(5McA) 1.500(10) 

C(5) - C(6) 1.358(11) C(5A) - C(6A) 1.330(11) 

C(3') - C(4') 1.529(10) C(3A') - C(4A') 1.540(10) 

C(4') - C(5') 1.513(10) C(4A') - C(5A') 1.520( 10) 

C(5') - C(I ') 1.540(10) C(5A') - C(lA') 1.524( 10) 

C(S') - C(6') 1.545(11) C(5A') - C(6A') 1.528( 1 0) 

C(6') - C(6") 1.494(11) C(6A') - C(6A") 1.490(10) 

-. 
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Table XR-5 

Bond Angles in Degrees 

Bond Bond Angle Bond Bond Angle 

C(3') - 0(2') - C(I') 111.0(S) C(3A') • O(2A') - C(IA') 11O.5(S) 

C(I') .0(7') - C(6') 91.8(5) C(IA')· O(7A')· C(6A') 91.7(S) 

C(2) -N( 1) - C(6) 121.1(6) C(2A)· N(lA) - C(6A) 120.0(6) 

C(2) - N( 1) - C(3') 114.9(6) C(2A) • N(lA) - C(3A') 114.1(5) 

C(6) - N(1) • C(3') 123.6(5) C(6A) • N(lA) • C(3A') 125.6(6) 

C(2) • N(3) - C(4) 128.4(6) C(2A). N(3A)· C(4A) 127.8(6) 

0(2)· C(2) - N(l) 122.2(7) 0(2A)· C(2A) - N(1A) 122.1(6) 

0(2) • C(2) • N(3) 123.5(6) 0(2A) • C(2A) - N(3A) 123.1(6) 

N(I) • C(2) - N(3) 114.3(6) N(lA) • C(2A) - N(3A) 114.8(6) 

0(4)· C(4) - N(3) 122.3(6) 0(4A) - C(4A) - N(3A) 120.4(7) 

0(4) - C(4) - C(S) 122.4(7) 0(4A) - C(4A) • C(SA) 124.8(7) 

N(3) - C(4) - C(5) 115.2(6) N(3A) • C(4A) • C(SA) 114.7(6) 

C(4) - C(5) - C(SMe) 120.8(7) C(4A) - C(SA) - C(5McA) 120.1(7) 

C(4) • C(5) - C(6) 117.0(7) C(4A) - C(5A) - C(6A) 118.3(6) 

C(SMc) - C(5) • C(6) 122.2(6) C(5MeA) • C(5A) - C(6A) 121.7(7) 

N(I) • C(6) - C(5) 123.8(6) N(1A) - C(6A) - C(5A) 124.4(7) 

0(2') - C(3') - N(l) 110.3(5) 0(2A) • C(3A') - N(IA) 109.7(5) 

0(2') - C(3') - C(4') 106.1(6) 0(2A'.' • C(3A') - C(4A') 106.6(6) 

N(l) - C(3') - C(4') 112.3(6) N(lA) - ~(3A') - C(4A') 113.3(6) 

0(4') - C(4') - C(3') 106.3(6) 0(4 A ') - C(4A') - C(3A') 107.3(6) 

0(4') - C(4') - C(S') 112.3(6) 0(4A') - C(4A') - C(5A') 108.2(6) 

C(3') • C(4') - C(S') 105.3(6) C(3A') - C(4A') - C(5A') 105.2(5) 

C(4') - C(S') - C(l') 104.9(6) C(4A') - C(5A') - C(lA') 104.8(6) 

C(4') - C(5') - C(6') 116.8(6) C(4A') • C(5A') - C(6A') 118.8(6) 

C(l') • C(5') - C(6') 85.0(5) C(IA')· C(5A') - C(6A') 85.7(5) 

0(2') • C( l') - 0(7') 113.9(6) 0(2A') - C(1 A') - 0(7 A') 113.3(5) 

0(2') - C( l') - C(5') 107.2(5) 0(2A') • C(IA') - C(5A') 108.8(5) 

0(7') - C(I') - C(5') 92.8(5) 0(7A') • C(1A') - C(5A') 91.5(5) 

0(7') - C(6') - C(5') 90.4(5) 0(7A') - C(6A') - C(5A') 90.6(5) 

0(7') - C(6') - C(6") 112.3(6~ 0(7A')· C(6A') - C(6A") 112.3(6) 

C(5') - C(6') - C(6") 119.9(7) C(5A') - C(6A') - C(6A") 115.4(6) 

0(6") - C(6") - C(6') 110.9(7) 0(6A'') • C(6AOI

) • C(6A') 111.5(6) 
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1 Table XR·6 

Torsion Angles ln Degrees 

Bond Torsion Angle Bond Torsion Angle 

CI' • 02' • C3' - NI 98.4(5) CI' . 02' - C3' - C4' -23.4(4) 
C3' - 02' - CI' - 07' -86.6(5) C3' - 02' . Cl' - C5' 14.5(4) 
C6' - 07' - CI' - 02' 110.1(6) C6' - 07' - Cl' - C5' ·0.2(4) 
C:' - 07' - C6' - C5' 0.2(3) CI' - 07' - C6' - C6" 123.0(7) 
C6 - NI - C2 - 02 174.5(8) C6 - NI - C2 . N3 -3.6(3) 
C3'·NI-C2-02 0.8(3) C3' - NI - C2 - N3 -177.3(7) 
C2 - NI - C6 - CS 2.1(4) C3'-NI-C6-CS 175.2(7) 
C2 - NI - C3' - 02' 171.7(7) C2-NI-C3'-C4' ·70.2(5) 
C6-NI-C3'·02' -1.8(3) C6-NI-C3'-C4' 116.3(6) 
C4 - N3 - C2 • 02 -177.3(8) C4 - N3 - C2 - NI 0.7(3) 
C2 - N3 - C4 - 04 -178.4(8) C2 - N3 - C4 - C5 3.4(4) 
04 - C4 - CS . CSMe -5.1(3) 04 - C4 - CS - C6 177.1(9) 
N3 - C4 - CS - CS Mc 173.0(8) N3 - C4 - CS - C6 -48(3) 
C4 - CS - C6 - NI 2.3(3) CS Me - C5 - C6 - NI -175.4(8) 
02' - C3' - C4' - 04' -96.7(6) 02' - C3' - C4' - C5' 22.6(3) 
NI - C3' - C4' - 04' 142.8(7) NI - C3' - C4' - C5' -97.9(6) 
04' - C4' - CS' - CI' 101.5(6) 04' - C4' - CS' - C6' -166.6(7) 
C3' - C4' - CS' - CI' -13.8(3) C3' - C4' - CS' - C6' 78.1 (5) 
C4' - CS' - Cl' - 02' 0.5(3) C4' - C5' - CI' - 07' 116.6(7) 
C6' - CS' - CI' - 02' -115.9(7) C6' - C5' - CI' - 07' 0.2(3) 

'\ C4' - CS' - C6' - 07' -104.4(6) C4' • C5' - C6' - C6" 139.3(8) 
CI' - C5' - C6' - 07' -0.2(3) CI' - C5' - C6' - C6" ·116.4(7) 
07' - C6' - C6" - 06" -63.9(5) CS' • C6' - C6" - 06" 40.3(4) 
CIA' - 02A' - C3A' - NIA -102.4(5) CIA' - 02A' - C3A' - C4A' 20.7(4) 
C3A' • 02A'· CIA' - 07A' 85.6(5) C3A' - 02A'· CIA' - CSA' -14.6(3) 
C6A' - 07A' - CIA' - 02A' -117.1(6) C6A' - 07A' - CIA' - CSA' -S.8(3) 
CIA'· 07A' - C6A' - CSA' 5.8(3) CIA' - 07A' - C6A' - CM" -112.1(6) 
C6A - NIA - C2A· 02A 179.8(7) C6A - fi-. lA - C2A - N3A .1.1 (3) 
C3A'· NIA - C2A - 02A -6.4(3) C3A' - NIA -C2A - N1A 172 6(7) 
C2A - NIA - C6A - CSA 0.0(4) C3A' - NIA -C6A - CSA -1730(7) 
C2A - NIA - C3A' - 02A' -165.8(7) C2A - NIA - C3A' - C4A' 7S.I(5) 
C6A - NIA - C3A' - 02A' 7.6(3) C6A - NIA - C3A' - C4A' -111.5(6) 
C4A - N3A - C2A - 02A -179.0(8) C4A - N3A - C2A - NIA 2.0(3) 
C2A - N3A - C4A - 04A -179.9(8) C2A - N3A . C4A - CSA -1.5(4) 
04A - C4A • C5A • C5MeA -1.5(4) 04A - C4A - C5A - C6A 178.6(9) 
N3A - C4A - C5A - C5McA -179.9(8) N3A - C4A - C5A - C6A 0.2(3) 
C4A CSA C6A NIA 0.4(3) CSMeA - C5A· C6A· NIA -179.S(8) 
02A' - C3A' - C4A' - 04A' 96.7(6) 02A' - C3A' - C4A' - CSA' -18.4(3) 
NIA - C3A' . C4A' - 04A' -142.4(7) NIA - C3A' - C4A' - CS A' 102.5(6) 
04A' - C4A' - C5A' - C lA' ·104.9(6) 04A' - C4A' - C5A' - CM' 161.9(7) 
C3A' - C4A' - CSA' • CIA' 9.6(3) C3A' - C4A' - C5A' - C 6A' -83.6(5) 
C4A' - C5A' - CI A' - 02A' 2.2(3) C4A' - C5A' - CIA' - 07A' -113 1(6) 
C6A' - C5A' • CI A' - 02A' 120.8(6) C6A' - C5A' - CIA' - 0 7A' S.6(3) 
C4A' - C5A' - C6A' - 07A' 99.0(6) C4A' - C5A' - C6A' - C6A" -145.8(7) 
CIA' - C5A' - C6A' ·07A' -5.5(3) CIA' - C5A' - C6A' - C6A" 109.7(6) 
07A' - C6A'· C6A"· 06A" 54.2(4) CSA' - C6A' - C6A" - 06A" -47.8(4) 
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APPENDIX IV. 2-D NMR Spectra. 

J. The 200 MHz COSY spectrum ofacetailOh. 
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1 2. The 300 MHz HETCOR spectrum of aectal IOh. 
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3. The 300 MHz COSY spcctrum of oxctane ISe. 
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MHz HETCOR spcc 4. The 300 
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5. The , 300 MHl HETCOR spec trum of oxctane 33. 
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6. The 300 z MH HETCOR spcctrum of lnbcnzoalC 48b. 
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7. The 300 MHz HETCOR spcctrum of pholo-adducl 72a. 
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8. The 300 MHz HETCOR spectrum of oxctanc 7Sa. 
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9. The 300 MHz HETCOR spcctrum of bicychc nuclcoside 89a. 
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10. The 300 MHz HETCOR spectrum of nuc1cosidc 93·, 
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1 J. The 300 MU/. HETCOR spcctrum of bicychc nuclcosidc 99b. 
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