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ABSTRACT

Photo-adducts of aldchydes and furan were transformed to substitutcd monocyche oxctancs,

using a modification of the Fraser-Reid-Mootoo glycosidatior procedure, and the chemustry of these

oxctanes was studicd. The photo-adduct of 2-mcthylfuran and propionyloxyacetaldchyde was

transformed in a one-pot rcaction to oxetane 75a, which gave oxctanocin and its epumer as described.

The coupling of various oxctancs of the type 75 to nitrogenous bases was also investigated.
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During the course of this work, it was found that epoxides of the type 23 could be transformed

into bicyclic nucleosides 91 and furanosides 93. Bicyclic nuclcosides 99 were also prepared, agan using

a modified Fraser-Reid-Mootoo coupling procedure.
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An investigation into the resolution of photo-adducts of aldehydes and furans was inniated.




RESUME

Des adduits résultsat de la cycloaddition photochimiques du furane sur des aldéhydes unt 616
convertis ¢n oxctancs monocychiques substitués cn  utilisants unc modification du procédé de
glycosidation Fraser-Reid—Mootoo. La chimic de ces oxctanes résuliant a 61é également Gtudide.

L'adduit dénvé de la photo-condensation du methyl-2 furane et du propionyloxyacetaldchyde a
¢ié transformé par trois réactions tn sizu cn 'oxctane 75a dont le couplage avec 1'adénine a donné licu 4 la
formation dc 'oxetanocin et de I'épimeie correspondant.  Une études plus genérale sur la couplage des

oxétanes du types 75 avee des bases puriques a é1é également entreprisé.
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I a é1é trouvé dans le cadre de ce travail que des époxides du type 23 pouricnt été convertis en
nucléosides bicycliques tel que 91 et du furanosides tel que 93. Les nucléosides bicycliques 99 ont

¢également préparés par une modification de la méthode de couplage Fraser-Reid—Mootoo.
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Des travoux cn vue de parvenir a la séparation des diastéréomers des adduits résultant de la

photocondensation des aldéhydes et des furancs ont été entamés.
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HETCOR
HIV
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HRMS
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mol
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heteronuclear correlation

human immunodeficiency virus
1,1,1,3,3 3-hexamethyldisilazane
high-resolution mass spectrometry (spectrum)
herpes simplex virus
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melting point

normal(iiy)
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py
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RNA
RT
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room emperature
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1. INTRODUCTION & LITERATURE REVIEW,
1.1 Isolation and Characterization.

In 1986, an article! was published describing oxetanocin, a structurally novel nucleoside isolaied
from the culture filtrate of Bacillus megaterium NK 84-0Z18, which has been shown to posscss

antibactenal, antiviral and antitumor activity. Oxetanocin was isolated m yiclds of approximaiely 17?

mg/L. of culture filtrate and 1s only obtained 1n pure form alter lengthy and tedious chromatographic
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Structure of oxetanocin

Oxetanocin 1s the first naturai product which is an oxctanosyl-N-glycoside! and the name
"oxetanoside” has been proposed by Nutsuma?, for the glycoside possessing an oxctane ring . The
structure of oxetanocin was assigned after extensive analysis of 1ts IR, UV, BC-NMR, 'H-NMR and ficld
desorpuon mass spectra as well as elemental analysis.  Iis structure was confirmed by X-ray
crystallographic studies?,

Oxctanocin exhibited cytotoxicaty against Vero . _uss (132.6 ug/well, 50% mhibation of cell
growth)!. It also inhibited the growth of Hela cells in vitro (IC, 47 pg/mL)! and showed acuvity
agamst both herpes simplex virus-I (ICsq 4.8 pg/mL)* and herpes simplex virus 11 (ICq, 10 pig/ml)h4.5,
Ozxctanocin showed anu hepautis B virus acuvity (IDgp 9 1 pg/mL)® and any human cytomegalovirus

acuvity (ICg, 13 pg/mL)?. However, oxetanocin did not exhibit any activity against vesicular stomatitss

1 Shimada, N.;Hasegawa, S , Harada, T.; Tomisawa, T, Fuju, A, Takta, T, J Antibiot, 39, 1623 (1988)
2 Nigsuma, S ; Ichikawa, Y, Kato, K, Takita, T, Tetrahedron Lett, 28, 3967 (1987)

3 Nakamura, H.; Hasegawa, 5, Shimada, N, Fuji, A ; Takita, T., itaka, Y , J Antibiot., 39, 1626 (1986)
4 Nishiyama, Y, Yamamoto, N , Takahash, K., Shimada, N, Antimicrob Agents Chemother, 32, 1053
(1988)

S Shimada, N, Hasegawa, S.; Saito, S.; Nishikion, T.; Fupr, A ; Takita, T, J. Antibiot, 40, 1788 (1987)

8 Nagahata, T.;Ueda, K.; Tsunimoto, T, Chisaka, O.; Matsubara, K, J Anfibiot, 42, 644 (1989)
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virus (RNA virus) at 100 pg/well!. Oxetanocin also showed strong antibacterial activity against
Staphylococcus aureus 209P (MIC < 0.1 pg/mL), Bacillus subtitis PCI 219 (MIC < 0.1 ug/mL), Bacillus
polymyxa 1AM 1210 (MIC < 0.1 pug/mL) and Bacillus megaterium ATCC 14945 MIC = 1.56 pg/mL;)
Adcninc and adcnosine were strongly antagonistic against oxetanocin in terms of its antibacieriai activity.
Inusine and guanosine demonstrated only a weak antagonistic effect!. However, the most impressive
feature of oxetanocin is its activity against the huinan immunodeficiency virus’$9, Moreover, it is active
at very low concentrations (0.5-1.5 pg/mL) and intravenous injections of oxetanocin to mice (200 mg/kg)
did not show any signs of toxicity!. When allopunnol and mycophenolic acid were added to oxetanocin,

additive anti-HIV effects were produced®.

7 Hoshino, H.; Shimizu, N.; Shimada, N.; Takita, T.; Takeuchi, T., J . Antibjot., 40, 1077 (1987).

8 Seki, J.; Shimada, N.; Takahashi, 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 Lett., 31, 6931 (1990).
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1.2 Mode of Action Against Human Immunodefiency Virus.

The tremendous interest tn oxetanocin over the last few years is largely due to its ability to
inhibit the HIV virus, The human immunodeficncy virus belongs to a class of viruses that are known as
retroviruses. Replication of the HIV virus is a complicated affair involving many steps. This 15 shown in

Figure 110,
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Figure 1. Life Cycle of the Human Immunodeficiency Virus. The first step involves binding of the
glycoprotein on the viral envelope to the rcceptors on the surface of the cell.  After the HIV virus has
bound to the cell, it fuses with the cell membrane and releases its contents into the cytoplasm, Next, viral
RNA and reverse transcriptase escape from their inner protein coat. The reverse transcriptasc then binds
to the viral RNA and begins synthesizing a complementary viral DNA strand. Reverse transcriplase then
proceeds to make a seccond DNA copy of the first DNA strand. This double stranded DNA 1s now
incorporated into the cellular DNA and 1s transcribed with the host cell DNA. The transcribed RNA s

translated into viral proteins. The viral proteins thus produced undergo modifications to allow them to
assemble into virus particles which then escape the cell by budding out of 1s surface.

10 From AIDS THERAPIES by Yarchoan, R.; Mitsuya, H.; Broder, S, Scientific American, 259, 112
(1988). Copyright © by Scientitic American, Inc  All rights reserved.




Interference with any of the six steps shown in Figure 1. would destroy the virus' ability to replicate
itsclf. Oxetanocin possesses anti-HIV activity due to its atility to inhibat the synthesis of viral DNA by
the itaibison of HIV reverse transcriptase!!. The causative agent of this inhibition is oxetanocin
triphosphate!2, formed through cellular phosphorylation mechanisms. A great deal of effort is currently
underway to deiermine the mechanism of inhibition of reverse wanscriptase so as to make logical

structural changes to known anti-HIV compounds that would enhance their effectiveness.
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Oxetanocin Triphosphate

" Seki, J.; Takeuchi, T.; Shimada, N.; Takahashi, K.; Takita, T.; Hoshino, H., 5th Intarnational Conference
on Aids, Montréal, June 4-9; M.C.P. 121, p. 562

12 saito, S.; Hasegawa, S.; Kitagawa, M.; Shimada, N.; Takahashi, K.; Seki, J.; Hoshino, H.; Nishiyama,
Y.; Matsubara, K.; Nagahata, T., Eur. Pat. Appl., EP 392,403 (1990).
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1.3  Syntheses of Oxetanocin.

Shortly after we initiated our project, the first total synthesis of oxetanocin was published in
1987 by Niitsuma!3. The synthesis, which used a glucose derivative as 1ts starting point, produccd
v«etanocin in only 0.008% overall yield. The key step involved cyclization of an epoxy allylic ether to
an oxetane. Unfortunately, this step proceeded in only 5% yield.

NHBz NHB2 )NiBz
fj[,? LY LY
N o __10 steps — o — &

[e]

OH
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Figure 2, The Niitsuma synthesis of oxetanocin.

Approximately one year later, another equally low yield synthesis was published!#:15, This
synthesis used cis-2-buten-1,4-chol as its stanting point. The starting material was transformed 10
mesylate I, which was then converted to oxetanc II.  Coupling of oxctane II with the nitrogenous base
yiclded protected oxetanacin and epioxetanocin in a 3:1 ratio.  Separation of the two isomers was very
tedious due to the fact that they had to be converted to their tetrabenzoate derivatives before separation

was possible.

13 Niitsuma, S.; Ichikawa, Y.; Kato, K.; Takita, T., Tetrahedron Lett., 28, 4713 (1987).
14 Nishiyama, S.; Yamamura, S.; Kato, K.; Taktta, T., Tefrahedron Lett., 29, 4739 (1988).
15 Nishiyama, S.; Yamamura, S.; Kato, K.; Takia, T., Tetrahedron Lett., 29, 4743 (1988).
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Figure 3. The Yamamura synthesis of oxetanocin.

A few wecks later, Norbeck!® reported a 12 step synthesis of oxetanocin starting from
adenosine. The synthesis proceeded in 5% overall yield. The key step involved a Wolff rearrangement

of diazokctone IIl. Application of this methodology to the preparation of pyrimidine analogues of

oxetanocin has not been reported in the literature,

16 Norbeck, D. W.; Kramer, J. B, J. Am. Chem. Soc., 110, 7217 (1988).
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Figure 4. The Norbeck synthesis of oxetanocin.

The latest synthesis of oxetanocin was published in 1990 by Fleet?. Diacetone glucose was
transformed to lactone IV in S steps. Ring contraction of lactone IV gave oxctanc ester V. This oxctane
ester was then transformed to chlorooxetane VI. The coupling of VI with adenine gave an eprmeric
mixture (o:p 3:2) of protected oxetanocins which were scparated chromatographically.  This synthesis
also failed to provide oxetanocin in an anomerically pure form without resorung to tedious

chromatographic separations.
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1.4  Syntheses of Oxetanocin Derivatives.

Although most nucleoside anubiotics contain a B-D-nbofuranose cennected to a heterocyclic
ring, the fact that oxetanoctn exhibits biological acuivity (antibacterial, anutumor and antiviral) has fueled
interest in modifying this novel nucleoside in the hope of increasing its biological acuvity. The first
derivatives, shown n Figure 6, were synthesized from oxetanocin and involved modification of the

nirogenous base, usually by appropriate enzymatic reactions.
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OXT-H OXT-X
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N N
Gfi Iy
N SNT NH, N
HO o) HO"LO?
OH —OH

2-amino-OXT-A OXT-G

Figure 6. Modified Bases.

None of these derivatives exhibited antibacterial activiues except for 2-amino-OXT-A, which
demonstrated activity against Baculius cereus IAM 1072 (MIC: 3.13 ug/mL) and Staphylococcus aureus
209 p (MIC: 3.13 pg/mL). OXT-G and 2-amino-OXT-A exlubited activity against herpes simplex virus
type-II at 9.71 pg/well (50% nhibiion of cytopathic effect)!” and 17.68 pg/well (50% nhibition of

cytopathic cffect), respecuvely. The other derivauves were inactive agamst this virus®, In testing for
activity against the hepatitis B virus, only OXT-G (IDs; 0.72 pg/mL) and 2-amino-OXT-A (IDg, 0.32

17Nishiyama, Y.; Yamamoto. N.; Yamada, Y.; Fujioka, H ; Shimada, N , Takahashi K, J. Antibiot, 42,
1308 (1989).



ug/mL) showed anuviral activity®. The antiviral effects of OXT-G and 2-amino-OXT-A were 12 to 27
times as strong as that of ara-A, and they were less cytotoxic. Although the mechamism of inhibition of

HBYV DNA synthesis is not known, 1t is thought they affect HBV related reverse transcriptase!®, OXT-G
has also been found to be active against Vancella-zoster virus (EDgg 1-2 pg/mL)!Y%. OXT-G, 2-amno-

OXT-A and OXT-H exhibited activity against human cytomegalovirus (ICs, 1.0 pg/mL, 2.1 pg/mL and
18 pg/mL, respectively). OXT-X did not show any activity at concentrations up to 50 pg/mL4. OXT-G
was found to have a very low acute toxicity (600 mg/kg). It has been shown that the triphosphate form of
OXT-G (analogous to the tnphosphate form of OXT-A shown in section 1.2) inhibits viral replication by
impairing viral DNA polymerasc420.21, OXT-H, 2-amino-GXT-A and OXT-G also exhibited activity
against human imunodeficiency virus (ECsq 2.2 pg/mL, 4.7 pg/mL and 7.3 pg/mL, respectively). OXT-

X did not show any activity at concentrations up to 100 pg/mL8. Allopurinol and mycophenclic acid
potentiated the anti-HIV activity of OXT-H. OXT-H also showed the most promise for therapeutic use

since its selectivity index was the highest of all of the above mentioned derivatives including OXT-A.

o]
= N 2 N NH
N N
L PRt
Xy N N N o]
Ho‘k/_oé Ho_u‘z ) :
OH OH OH
(VII) (VIII) (IX)

Figure 7. Modificd Bases,

A few months later, 2 more derivatives involving modification of the nitrogenous base were

synthesized?2.  No biological data were given for compound VII. Compound VIH exhibited activity
against the human cytomegalovirus (IC5, 0.67 pg/mL) and the hepatitus B virus. In 1991, showdomycin

analogue IX23 was synthesized by chemists at Nippon Kayaku Co.. No information on biological activity

was given.

18 Summers, J.; Mason, W. S, Cefl, 29, 403 (1982).

19 ghimada, N., Takahashi, K.; Masanobu, A.; Takashi, S , Eurt Pat. Appl., EP 430,108 (1991),

20 yamamoto, N.; Yamada, Y.; Dakoku, T.; Nishiyama, Y.; Tsutsur, Y.; Shimada, N.; Takahashi, K., J
Antibiot , 43, 1573 (1990)

21 Daikoku, T., Yamamoto, N.; Satto, S.; Kitagawa, M ; Shimada, N.; Nishiyama, Y., Biochem. Biophys.
Res. Commun , 176, 80S (1991).

22 Kurabayash, K ; Saito, H,; Katsutoshi, T ; Kenichi, M ; Nishiyama, Y.; Takemitsu, N., Jpri. Kokai Tokkyo
Koho JP 02,124,898 (1990).

23 watanabe, T.; Nishiyama, S; Yamamura, S.; Kato, K.; Nagai, M.; Takita, T., Tetrahedron Lett, 32,
2399 (1971).
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Figure 8. Oxectane Modifications.

In 1989, phosphoric acid esters of the type X were prepared!2. Al of these compounds
exhibited activity against cytomegalovirus, hepatitis B virus, herpes simplex virus-l, human
immunodeficiency virus and Varicella-zoster virus. Oxetanocin derivatives of the type XI were also

synthesized??, but no biological data is available.

NH»
HO
I TR
A <
NHA

4

X
(XII) X=H (XVI) (XVII) X=OH
(XIII) X=OH (XVIII) X=CH,OH
(XIV) X=Nj3
(XV)  X=F

Figure 9. Oxctane Modifications.

There have also been many oxctanocin derivatives synthesized which involved modification of
the oxetanc ring. In 1990, oxctanocin derivatives XIII, XVI and XVII were synthesized?3:26,
Compound XIII was found to exhibit anu-HIV activity (ICgg 5.5 ug/mL)?7 as did compound XVI (ICg
0.54 pg/mL). a-Noroxctanocin XVII did not posscss any anuwviral acuvity at concentrauons up to 100

ug/mL. Saito and coworkers?’ also synthesized oxetanocin denivauives XII, XIIT and XVI Compound

24 gapo, S.; Hasegawa, S.; Takahashi, K.; Shimada, N.; Seki, J , Hoshino, H, Nishiyama, Y., Matsubara,
K., Eur. Pat. Appl, EP 334,250 (1989).

25 wilson, F. X.; Fieet, G. W. J.; Witty, D. R ; Vogt, K.; Wang, Y.; Storer, R., Myers, P. L, Wallis, C J.,
Tetrahedron: Asymmetry, 1, 525 (1990).

26 Wang, Y.; Fleet, G. W. J.; Storer, R.; Myers, P. L.; Wallis, C. J ; Doherty, O ; Watkin, D. J., Vogt, K.;
Witty, D. R.; Wilson, F. X.; Peach, J. M., Tetrahedron: Asymmetry, 1, 527 (1990).

27 Kitagawa, M.; Hasegawa, S.; Saito, S.; Shimada, N., Taktta, T.; Tetrahedron Lett, 32, 3531 (1991).

1
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X11 was found to possess anu-HIV activity at concentrations of 0.25 pug/mL. Azido derivative XIV and

fluoro derivauve XV were synthesized by Ficet?8, Compound XIV was found to be acuve against the

HIV virus (Igy 6 pg/mL) whereas the azido denvative XV showed no significant anti-viral activity at

concentrations up to 100 pg/mL. Epioxetanocin XVIII has been synthesized by several groups®14.15.29,

Unfortunately, 1t did not possess any anti-viral activity.

Base
HO

OH

Base = Adenine, Guanine
Uracil, Thymine

(XIX)

Base
HO

X

(XXI) Base=Adenine, X=H
(XXII) Base=Adenine, X=0H
(XXIXI) Base=Guanine, =H
(XXIV) Base=Guanine, X=0H

Base
SV
X

{XXVI) Base=Adenine, X=CH,0H
(XXVII}) Base=Adenine, X=0H
(XXVIII) Base=Guanine, X=CH,OH
(XXIX) Base=Guanine, X=0H

Figure 10. Carbocyclic Analogues.
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HO—
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o
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28 wang, Y.; Fieet, G. W. J.; Wilson, F. X.; Storer, R.; Myers, P. L.; Wallis, C. J.; Doherty, O.; Watkin, D.
J.; Vogt, K Witty, D. R.; Peach, J. M., Tetrahedron Lett., 32, 1675 (1991).

29 Hambalek, R.; Just, G., Tetrahedron Lett, 31, 5445 (1990).




In addition to all of the denivatives shown above which mvolved either modified bases and/or
ruodified oxetancs, a series of carbocyclic analogues has also been synthesized over the Last few years,
The first denvatives made simply replaced the oxetane ring with a cyclobutane ning M08 123133536
Adenosine and guanosine dertvanves of the type XIX exhubated activity aganst HSV-1 HS V-1, HCMYV,
HBV, MCMV, VZV and HIV at corcentratons between 0 024 pg/mi. and 120 pg/ml The guanosine
analogue of XIX was also acuive agammst EBV (IDgy 001 pg/ml)  Nesther denvative proved to be
acutely toxic to mice  No brological data 1s avanlable I the thynudine and unidine analogues of XIX.

Several isomers of XIX have also been synthesized  Dertvatives of the type XX were recently
reported by Katagin and coworkers3S.  No informauon 1s avalable on their biological actuivaty
Analogues XXI and XXIII were also prepared3236 e adenosme analogue XXI displayed no
detectable actuvity agamnst HSV-1, HSV-II, HCMV  However, it was acuve aginst HIV at concentrations
between 10 and 50 pg/mL. The guanosine derivative XXTIN exhibited activity agamst all of the above
listed viruses at concentrattons of 80, 2 0,2 6 and 10 pg/mL, respectively  Derivatives XXH and XX1V
were synthesized by Nishiyama and co-workers32  Both displayed srong actvity agamst HSV-1 HSV-1I
and HCMV (ECs,, 0.12-4 2 pg/mL).  Adenosme analogues of the type XXV were found to be mactive
agamnst HSV-I and HIV3®, The guanosine dervative has not yet been evaluated.

Denvauves XX VI and XX VI were found to be inactive against HSV-1 and HIV?®, Earlier this
year, Legraverend3” reported ihe synthests of XX VIIand XXIX. Both of these derivatives were reported
to be inactive agamst the human immunodeficncy virus.  The adenosne analogue of the type XXX
exhibited no activity agamst HSV-I and HIV3®,  No wnformation 1s available concermng the biological
activity of the guanosine analoguc

Cyclopropanc analogues of the type XXXI and XXXII were recently synthesized by Katagin
and Kancko33. Neither type of denivairve exhibited any activity against herpes simplex viruses | and 11

However, compounds of the type XXXIH were active against bovine leukemia virus at 5-50 pg/mL.

30 Honjo, M.; Maruyama, T.; Sato, Y., Hori, T, Chem Pharm. Bull, 37, 1413 (1989)

31 |chikawa, Y, Narita, A, Shiozawa, A , Hayashi, Y ; Narasaka, K, J Chem Soc., Chem Commun,
1919 (1989).

32 Nishiyama, Y.; Yamamoto, N, Yamada, Y , Daikoku, T, Ichikawa, Y ; Takahasht, K, J Antibiot, 42,
1854 (1989

33 Slusarchyk, W. A, Young, M G,, Bisacchi, G S ; Hockstein, D R, Zahler, R, Tetrahedron Lett, 30,
6453 (1989).

34 Norbeck, D W.; Kern, E ; Hayashi, S ; Rosenbrook, W, Sham, H , Hernin, T, Plattner, J J ; Erickson,
J.; Clement, J.; Swanson, R ; Shipkowitz, N.; Hardy, D ; Marsh, K, Amett, G, Shannon, W, Broder, S ;
Mitsuya, H, J Med. Chem , 33, 1285 (1930)

35 Katagin, N : Sato, H ; Kaneko, C , Chern Pharm. Bull, 38, 288 {1990)

36 Maruyama, T ; Sato, Y.; Hom, T; Shiota, 4, Niita, K, Shirasaka, T, Mitsuya, H , Honjo, M, Chem
Pharm, Bull,, 38, 2719 (1990).

37 Boumchita, H.; Legraverend, M, Guithem, J ; Bisagni, E , Heterocycles, 32, 867 (1991)

38 Katagin, N.; Sato, H ; Kaneko, C.; Chern Pharm. Bull, 38, 3184 (1990)
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Figure 11. Cyclopropane Analogues.

Tricyclic denvatives XXXIII and XXXIV were synthesized in carly 1988 by Fleet?? as part of

his rescarch involving oxctanocin. No information is available on either compound regarding its

o0

iological activity.

NH»
N N\
C?Ez

H H
0 I 0
a11Q anQ
(0] K (o)
A o A "o
(XXXIITI) (XXXIV)

Figure 12. Tricyclic Analogucs.

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

Due to the difficultics nvolved mn the synthesis of oxctanocin and oxctanocin derivatives,
Marquez?0 undertook an investigation into the necessity of tne oxctane or cyclobutane ring for antiviral
activity. Since the tetrahydrofuran ring is known to be an excellent template for reverse transcnptase as
demonstrated by the anti-HIV activity of various 2',3'-dideoxynucleosides?!, they decided to synthesize
hydroxymethyl-subsututed 2',3'-dideoxyadenosines XXXV and XXXVI.

NH, NHp
@Eé" @@”
HO o N N/ HO o N N

S

HO OH

(XXXV) (XXXVI)

Figure 13.

In the modelling studics carried out, 2',3'-dideoxyadenosine (ddA) was asssumed to hiave the
appropriate geometry and was used as a reference template. Oxetanocin and ddA were shown to have a
large common sub-structure with essentially the same geometry and hence can be largely superimposed
as shown in Figurc 14. Since ddA possesscs superior biological activity with respect to oxctanocin, i
suggests the the 2' hydroxymethy! side chain 1in oxetanocin may hinder 1ts ability to fit into the binding
sites used by ddA.

When 2-hydroxymethyl ddA and 3'-hydroxymethyl ddA were modelled, it was found that the 3-
hydroxymethyl isomer closely resembles oxetanocin and docs indeed possess anu-HIV activity, On the
other hand, the 2'-hydroxymethyl isomer does not closely resemble oxetanocin since its 2'-hydroxymcthyl
group is in a very different location. Also, the 2'-hydroxymethy! isomer does not exhibit any anu-HIV
activity. This seems to suggest that the cleft between the 2 nng systems must be empty for binding to the

active sie to take place.

40 Tseng, C. K-H.; Marquez, V. E ; Milne, G. W. A.; Wysockt, R. J.; Mitsuya, H ; Shirasaki, T ; Dnscoll, J.
S., J. Med. Chem., 34, 343 {1991).

4 (a) Mitsuya, H ; Broder, S, Proc. Natl Acad. Sci U.S.A., 83, 1911 (1986). (b} Yarchoan, R ; Mitsuya,
H.; Thomas, R. V.; Pluda, J. M.; Johns, D G.; Broder, S., Science, 245, 412 (1989).
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Figure 15. Modelling of Oxctanocin and Isomeric Hydroxymethyl ddA Analogues?0.
These results scem to indicate that the tetrahydrofuran ring is equivalent to the oxetane ring. It
- also indicates that the type and position of the side chains may be more important for anti-HIV activity

” than ring size.
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2. RESULTS & DISCUSSION.
2.1 Synthetic Strategy.

The structural features of the novel nucleoside oxctanocin IR offer a chalienging synthetic
project. The unprecedented oxetanosyl-N-glycoside presents new challenges in the synthesis of
nucleosides and carbohydrates as many of the principles used in furanoside syntheses are nol applicable
to oxetanoside synthesis. We wanted to design a scheme that was not restricted to the synthesis of
oxetanocin only, but one that would enable us to efficiently synthesize derivatives of oxctanocin as it
was felt by us at the time of the initiation of the project that derivatives would also be biologically actve.
This was borne out later in the numcrous papers on oxetanocin derivatives.

It was decided from the beginning that our strategy would be based on the coupling of a suitably
functionalized oxetanose moiety to the base. This approach would enable us to incorporate pyrimidine as
well as purine bases. The diificulty in the coupling reaction was the control of the stereochemistry at the
anomeric position, It was hoped that a coupling methodology for oxctanoses could be developed
analogous (o the ones that have been developed for furanose sugars Disconnection of the glycosidic

bond is shown in Scheme R1.

NHo
N N
o
NN N RO —
—_—

HO— 0

SchemeR1

______OHH

——OH
1B, oxetanocin

The sugar moiety can be derived from the well known photocycloaddition of aldchydes and

furans?24344_ These photo-adducts incorporate many of the stercochemical features that characterize

42 Toki, S.; Shima, K.; Sakurai, H., Bull. Chem. Soc. Jpn., 38, 760 (1965).
43 ghima, K.; Sakurai, H., /bid., 39, 1806 (1966).
4 Schreiber, S. L.; Science, 227, 857 (1985) and references ciled therwin,
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oxetanocin and offer flexibality in altering the 2' and/or 3' substituents with relative ease. It was clear that
’ the choice of protecting and/or participating groups would have to be carefully considered since these
would ultimately determine the stereochemustry of the coupling reaction. Control of the stereochemistry
about the anomenic positton was deemed to be critical since separation of mixtures of anomers is often
very tedious and impractical as was shown by Yamamura's!4!5 and Fleet's? syntheses of oxclanocin.
These photo-adducts also offer the benefit of being available from relatively inexpensive starting
materials, One drawback of using these photo-adducis as starting materials was that they have never
been obtained in enantiomerically pure form and that ulimately a methodology would have to be devised
to scparate the enantiomers or synthesize them in high enantiomeric excess (ee). The retrosynthesis of

the functionalized oxetane is shown in Scheme R2.

Scheme R2

RO— o OR' RO fo) RO o
Z_E — ‘LQ — e /o
OR" R =

Another possible approach involved coupling of the nitrogenous base directly to a suitably

Hnt

functionalized/modificd photo-adduct. The difficulty in this approach was that the oxetane ring has a
greater tendency to open up (especially under acidic conditons) than the furan ring. Any conversion of
photo-adducts to oxetanocin, or a precursor thereof, must circumvent this ring opening. It was felt that
this could be accomplished by modifying the furan part of the photo-adduct in such a way as to

destabilize it so that it would open in preference 10 the oxelane part,

£
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2.2 Initial Attempt,

2.2a  Synthesis of (3).

The photo-adduct 2a was prepared from benzaldehyde and furan via a shight modification of the
previously described [2+2) Patterno-Buchi photo-cycloadditon*! in large quantities and in consistently
good yields, typically 50%. This material served as the model for our initial mvestigations. Ozonolysis
of 2a in methylene chloride ar -78°C, followed by dimethyl sulfide reducuon provided formate 3 in
virtually quantitative yield and with a purity >95%. Attempts to improve the purity by flash
chromatography resulted in decompostion of 3*5. Nevertheless, we decided to proceed with this material
as obtained and it was hoped that the anomeric formyl group would behave similar to acetatc groups in
coupling reactions and that the only remaining task would be to transform the aldchydc group nto a
suitable participating group.

Attempts to reduce the aldehyde function to the alcohol with NaBH, in methanol or cthanol at
various temperatures resulied 1n decomposition of the starting matcrial. Reaction with sodium
cyanoborohydride in methanol also resulted in decomposition. At this point it was felt that an aprotic
solvent was necded since the oxetanc ring was probably being destroyed in a base catalyzed hydrolysis of
the formate. Therefore, we attempted to carry out the reduction with LiBH,, DIBAL-H or Za(BH,), in

tetrahydrofuran or ether. These approaches were also not successful. An even milder approach involved
treating a methylene chloride solution of 3 with NaBH on alumina or silica gel. This too did niot give
the desired alcohol. Since we were not able to reduce the aldehyde, it was decided to form the methyl
acetal with cerium trichloride, methanol and trimethyl onhoformaie according to the methodology
described by Luche?®. However, insicad of the desired product, only the tewramethoxy olefin 4 was
isolated in 43% yield.

45 Eormate 3 had a shelf-life of only 1-2 weeks at -10°C before significant decomposition occurred.
48 | yche, J.; Gemal, A., J. Org. Chem., 44, 4187 (1979).
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Scheme 1

2a, R=Ph

2b. R=iPr

2c, R=TBDMSIOCH,
2d, R=BzOCH,

%

OMe
Ph Ph ¢ Ph o

OMe /

OMe OCHO
CHO OR

OMe
4
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Figure 16. The 200 MHz TH-NMR spectrum of formate 3 1n CDCly.
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Figure 17. The 200 MHz *H-NMR spectrum of tetramethoxy-olefin 4 in CDCl,.
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2.2b  Mechanism of Formatiom of (4).

Compound 4 is prcsumably formed by a hydrolysis of the formyl group to give the intcrmediate
3a which tautaumenizes readily to the open chain alcohol 3b. Dehydration of 3b, to give the dialdehyde
3c is not uncxpected in view of the instability of B-hydroxy aldehydes. Finally, acetalization of 3c gives

the end product.
Scheme 2
Ph Ph oH =0
% Vi \z_fr — \4{
CHO =0
3 3a 3b

OMo
Ph Ph —0 HO ’a
OMe Me OH/CaCly \ / -H,0 >_':-< “H
- -2
OMe _—\_—-—-o Ph o

OMe

ey

22¢  Attempted Coupling of (3) to Nitrogenous Bases.

Since all efforts 1o transform the aldehyde function of 3 to a suitably protected group failed, we
then decided to proceed with the coupling to the nitrogenous base. Our original approach was based on
the classical Vorbriiggen methodology?’4849 and was to involve a purine base (adeninc) and a
pyrimidine base (cytosinc) just in case the different classes of bases behaved difforently.  NO-
benzoyladenine was synthesized by a described method* and then reacted with chlorotrimethylsilane to
yicld the bis-silylated base®! as a clear yellow glass after bulb to bulb distillation. A stock solution of

this material 1n 1,2-dichloroethanc was used for all investigations and was found to be stable for extended

47 Vorbruggen, H.; Krolikiewicz, K., Agnew. Chem. internat. Edit., 14, 421 (1975).
48 vorbruggen, H.; Hofle, G., Chem. Ber., 114, 1234 (1981).

49 yorbriggen, H.; Krolikiewicz, K.; Bennua, B., Chem. Ber., 114, 1257 (1981).
50 prokop, J.; Murray, D. H., J. Pharm. Sci, 54, 359 (1565).

51 Nishimura, T.; Iwai, |, Chem. Pharm. Bull,, 12, 352 (1964).
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periods of time f moisture was rigorously excluded. Bis-silylated cytosine was obtained from the
unprotected pyrimidine by a known method® and gave a white powder.

The coupling of oxctane 3 and bis-(tnmethylsilyl)-NS.benzoyladenine  catalyzed by
trimethylsilyl triflate, trimethylsilyl acetate or tin tetrachloride wnder various condiuions afforded
complex mixtures which contained no coupled products or otherwise identifiable compounds  Simalar
results were obtained when bis-(trimethylsilyl)-cytosine was employed as the mitrogenous basc.
Therefore, this approach was abandoned and other coupling methods were investigated. Rcaction of 3
with bis-(rimethylsilyl)-N%-benzoylademnne in acetonitrile under phasc transfer condiions using
dibenzo-18-crown-6 and potassium sodide under various conditions32 gave complex mixwres which
contained no coupled products. Attempis to couple oxetane 3 with the sodium salt of adenine in DMF
under various conditions3 also resulted in decomposition of the oxctanc. Coupling of 3 with
chloromercuri-6-benzamidopurine in 1,2-dichlorocthane catalyzed by various Lewis acids under several
different conditions also resulted in only decomr .osition of 3. Our findings regarding the instabihity of
oxetanosyl-formates were corroborated by tiic Yamamura group at Nippon Kayaku Co.!4. Duc 1o the
difficulty in coupling oxc¢tane 3 with nitrogenous bascs, it was decided that we had 10 develop a different

sugar component, on¢ that 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., Synthetic Procedures in Nucleic Acid Chemistry, 3 (1966).
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2.3 Lactone Approach.

Our next atiempt involved the synthesis of lactone 5. We felt that the lactone moicty could be
activated by a Lews acid (E*), thereby making the anomeric center susceptible to fB-attack by the
nitrogenous basc (B:) resulling in opening of the S-membered ring. The resulting nucleoside (an
oxetanocin derivative) could then be transformed into oxetanocin simply by shortening the 2' side chain

by onc methylene unit.

Scheme 3

0 ——COOH

2.3a  Synthesis of Lactone (5a).

Our initial approach was to try to convert photo-adduct 2a to the desired lactone 5a. Although
Schreiber had recently described the oxidation of photo-adducts 2 with m-chloroperbenzoic acid to give
compounds of the type 654, we hoped that it would be possible to add a peroxide across the double bond
of 2a and then transform the resuling compound 7 to the desired lactone. Unfortunately, all atempts to

add r-butylhydroperoxide across the double bond of 2a failed and this approach was abandoned.

Scheme 4
Ph Ph Ph
o o o
7o — \L@o s \4@
. -
"OCO-Ph-m-Cl OOR
HO
[ ] 2s 7

S4 schrelber, S. L.; Hoveyda, A. H.; Wu, H. J,, J. Am. Chem. Soc., 105, 660 (1983).
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Irradiation of benzaldchyde and 2-O-trimethylsilyl-furan in benzene under various conditions

' resulted only in recovered starting material and therc was no evidence of the desired photo-product 8 or
lactone 5a.  Attempts to react benzaldchyde and 2-furanone in benzene photolytically also failed

However, photolysis of benzaldchyde with 2-acetoxyfuran in benzene gave lactone Sa and acctate 9a in

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

Scheme §
/o
Ph ©
OTMS
AV 0
hv. CeHe /A \Z_Q
OTMS
8
o
Ph o o \/ PR TN
Ve L
» CgHg
- o)
r S5a
3

OAc
Ph (o] Ph (0]
OAc > O + 0
h v, CG H5 — o

\ . .

Ph (o]
\A_Q
9b
The lactone is presumably formed from vinyl acctatc 9b. Possible pathways for this rearrangement arc

shown in Scheme 6. No mechanistic studies were carried out to determine by which pathway the reaction

proceeds.

25




Scheme 6
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23b  Attempted Coupling of Lactone (5) to Nitrogenous Bases.

With the lactone 5a 1n hand, we proceeded with the coupling to the base. Rcaction of 5a and
bis-(trimethylsilyl)-N¢-benzoyladenine in 1,2-dichlorocthane catalyzed by vanous Lewis acids resulied
no reaction taking place if mild conditions were used. On the other hand, if more forcing condinons (cg.
reflux, excess catalyst) were employed, the lactone started to decompose slowly. Atiempts to couple
lactone Sa with bis-(inmethylsilyl)-NS-benzoyladenine 1n acetomitrile under phasc transfer condinons
using dibenzo-18-crown-6 and potassium iodide also did not yield any coupled products  Simlar results
were obtained when bis-(tnmethylsilyl)-cylosine was used as the base. Since we were unable to convert

lactone Sa into oxetanocin like material, a new approach had to be devised.
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2.4 New Strategy.

After careful consideration, two new  strategies were developed. The first one was inspired by
the work of Frascr-Reid and Mootoo, who transformed 1-pentenyl glycosides to disaccharides by means
of iodonium di-sym-collidine perchlorate (IDCP) and the appropriate sugars35-56.5758 It was hoped that
by functionalizing photo-adducts of the type 2 with appropriate alkenes that it would be possible to
sclectively open the 5-membered ning of these photo-adducts according to Pathway B to yield
monocyche oxetanes 12 which could then be coupled to nitrogenous bases to yield oxetanocin
derivauves. One possible competing reaction would be the opening of the intermediate 11a according to
Pathway C to yield a bicyclic compound of the type 13a. We felt that it was not lkely that the
intermediate would react this way since the approach of the nucleophile is extremely hindered by the
subsuwent on the 4-position (cspecially pronounced if a bulky group is at C4) and that the resulting
compound would be more strained than compounds of type 12 (predicted by molecular modelling). The
other possible side reaction would involve opening of the oxetane ring according to Pathway A to yield a
bicyclic compound of type 13. We fclt this pathway was only likely in the case where the intermediate
iodonium ion 11 was 1n close proximity to the oxetanc oxygen.

The second approach centered around che investigation of the Paterno-Buchi photocycloaddition
rcaction in order lo determine if it is possible to obtain chemoselectivity in the addition of
unsymmetrically substituted furans to aldchydes. This would enable us to replace the very unstable
anomeric formate group with something more stable, iike an acetate (commonly employed in base

coupling reactions) or benzoate group.

55 Mootoo, D. R.; Date, V.; Fraser-Reid, B., J. Am. Chem. Soc., 110, 2662 (1988).

56 Fraser-Reid, B.; Konradsson, P.; Mootoo, D. R.; Udodong, U., J. Chem. Soc., Chem Commun., 823
(1988).

57 Konradsson, P.; Mootoo, D. R.; McDevitt, R. E.; Fraser-Reid, B., ibid., 270 (1930).

58 Lopez, J. C.; Fraser-Reld, B., lbid., 159 (1991).
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2.5 The Fraser-Reid Approach to Monocyclic Oxetanes.

2.5a Synthesis of (9).

Our first task was to construct a photo-adduct of the type 10. Due to the extreme difficulty that
we experienced in our initial atterapts to epoxidize the double bond in 2 (discussed in section 2.5d), we
decided to carry out our initial studies on model compounds where the hydroxy function would be
replaced by a hydrogen or halogen atom in order to see if the method was a viable one and so as not to
waste time should this approach fail. We also believed that the halogen could be converted to a hydroxy
group if epoxidation proved to be unachievable.

Reaction of 2a with hot methanol gave alcohol 14 in 31% yield. The latter is derived from an
acid-catalyzed opening of the oxctane ring. Treatment of photo-adducts 2a and 2b with allyl or methallyl
alcohol and catalyiic amounts of aceuic acid gave the corresponding allyl (15: 30%) and methallyl (16a:
10%, 16b: 11%) acetals. The structural assignment of 14, and therefore of 15, 16a and 16b, was based
on a HETCOR carbon-hydrogen correlation, which unambiguously ruled out the bicyclic structure of
type 10.

The functionalizing of the bicyciic system 2 proceeded in a more satisfactory manner when a 0.2
M solution of photo-adducts 2a or 2b in the appropriate alcohol was treated with one equivalent of N-
bromo or N-iodosuccinimide at room temperature for 1.5 - 2 h, giving bromo or iodo acetals 10 in
variable, but frequently high yields. The results are summarized in Table 1.

Compounds of the type 10 were formed by, first, an exo coordination of the halonium ion to the
double bond followed by an S,2 type displacemeni from the endo face. The trans stereochemistry along
the C3-C4 bond was confirmed by 'H and COSY NMR, which showed no coupling between H3 and H4
since the two protons had a dihcdral angle of approximately 90°. Had they been cis, a coupling would
have occurred duc to their dihedral angle being approximately 0°. The !3C, APT and HETCOR NMR's
also confirmed that we had obtained the desired bicyclic compounds 10. The high purity of sclected

examples was established by clemental analysis,
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14, R=Ph, R"uCHa 2a, R=Ph
15, R=Ph, R"=CHyCH=CH, 2b, R=Pr 10
16a, R=Ph, R"=CHy;C(CHg3)=CHo
16b, RaPr, R"=CHyC(CH3)=CHop
Table 1
ENTRY R R' X TIME YIELD
10a Ph CHZCH=CH2 Br 15h 22%
100 Ph CH,C(CH,)=CH, Br 15h 17%
10c Ph CH,CH=C(CHj), Br 20h 76%
10d Ph CH,C(CH,)=CH, I 200 100%
10 (CH,),CH CH,CH=CH, Br 20h 70%
10f (CHp,CH | CH,C(CHy)=CH, | Br 20h 9%
10n (CH),CH | CH,C(CHj)=CH, I 20h 84%

The reaction, however, is far from general. All attempts to synthesize chloro derivatives using
NCS and various alcohols {allyl, methallyl, dimethallyl, 4-pentenyl, cinnamyl) failed. It was also not
possible to synthesize any iodo denivatives using the above mentioned alcohols except for methallyl
alcohol. Using NBS, only the reactions with cinnamy! alcohol and 4-penten-1-ol failed. When 4-penten-
1-ol was uscd as the alcohol, reaction with NBS or NIS resulted in intramolecular cyclization giving 2-
bromomethy! or 2-10domethyl tetrahydrofurans. It occurred more rapidly than reaction with the double
bond of the photo-adducts. Surprisingly, the iodo derivatives 10d and 10h had life umes exceeding 1
year at -10°C, whereas the bromo compounds were considerably less stable with life times of one to

fifteen weeks.
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Figure 18. The 200 MHz 'H-NMR spectrum of 10h in CDCl,.

2.5b  Synthesis of Monocyclic Oxetanes (model studies).

Preliminary work was camed out on acetals 10b - 10f and 10h so that it could be determined
which oncs would give the best results.  Using the protocol established by Fraser-Reid and Mootoo,
bromoacetals 10b, 10¢c, 10e and 10f were treated with iodonium di-sym-collidine perchlorate (IDCP)>®
and mcthanol (5 cquiv.) in benzene and gave 17b, 17¢, 17e and 17f in 27 - 70% yield as a mixture of
inscparable and relatively unstable diastereomers. Reaction of iodoacctals 10d and 10h with IDCP and
mcthanol (5 cquiv.) in benzene gave 17d and 17h in 67% and 30% yield, respectively. After observation
of the compounds for scveral weeks, it became clear to us that the iodo derivatives were more stable than
the corresponding bromo derivatives. We also noticed that the 2-methally! derivatives were considerably
more stable than either tie 3,3-dimethally! or allyl derivatives. Thesc results indicated that future work

should be carried out with the iodo methallyl denvatives.

59 Lemisux, R. U.; Morgan, A R., Can. J. Chem., 43, 2190 (1965).

32




Scheme 8
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We next explored the reaction of vanous nucleophiles with 16h, Reaction of the rodo-methallyl
acetal 10h with IDCP and a variety of alcohols and carboxylic acids gave, after 4 h, 18a - 18 in vanable
yiclds. The results arc summarized in Scheme 9 (* yiclds arc based on recovered starting matcnial), As
can be seen, acetate 18f could be obtained in respectable yicld. All compounds 18 were 1solated as
mixtures of inscparable diastercomers All of these compounds decomposed slowly at -10 °C and had to
be repurified after 1 - 2 weeks if required for further work. Unfortunately, the range of nucleophiles that
can be employed in this reaction is not unrestricted. Atutempts to carry out the rcaction using bulky
nucleophiles such as ¢-butanol, diacctonc glucose, methyl-23-isopropylidenc-D-nibofuranose,
stigmastanol and B-cholestanol failed and only starting material was recovered. This is probably duc to
their sheer sizc which prevents them from coordinating with the clectroposiive centers 1n the
intermediate. We also tricd to couple nitrogenous bases [bis-(tnmethylsilyl)-N6-benzoyladenine and bus-
(trimethylsilyl)-cytosine} 10 10h, Unforiunatcly, no reacuon occurred and only startung matcrial was

recovered even if forcing conditions were used.
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Scheme 9
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182, X = E10, 24%, 100%'
18b, X = Me,CHO, 27%, 60%"

18, X = CgHy(0, 11%, 100%"
18d, X = PhCH,0, 30%, 99%"

18e, X = HCOO, 25%, 39%’
18f, X = AcO, 72%, 87%"

Detailed analysis of the 'H and '3C-NMR spectra of these monocyclic oxetancs proves that
bicyclic compounds of the types 13 and 13a were not formed. Since two diastercomers are formed in the
reaction, onc would expect the TH and 13C-NMR of the bicyclic compound 1o be quite different for the
two diastercomers due to the fact that the system is relatively rigid and thus, the CH,I and CH; groups
would be in significantly different environments. On the other hand, the monocyclic oxetanes would not
cxhibit any significant differences in chemical shifts between the two diastereomers since the
chastercomeric center of the molecule is reasonably removed from the oxetane part of the molecule.
Also, since there is frec rotation about the carbon-carbon bond which connects the dioxolanc moiety to

the rest of the molecule, it is not possible for the two diastereomers to be "locked” in a fixed
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configuration (which would cxhbit markedly diffcrent chemical shifts for the two isomers). This s
exactly what we observe in the 1H and 13C-NMR. Also, if onc examincs the 'H and COSY NMR's of
18e and 18f, we can sce that of the two "anomeric™ protons, the onc further downficld (H2) is coupled to
the one at ~ 3.5 ppm (H3) whercas the other "anomenc” proton (H3") is not coupled to any other protons
This indicates that the monocyclic structure is correct since protons at anomeric posions which have

ester substituents arc always more deshielded than acetals due to the deshiclding cffects of the carbonyl

group.

r__
=

L 4 [} L 1R

Figure 19. The 200 MHz 1H-NMR of oxetanc 18e in CDCl;.

2.5¢  Synthesis of (20).

Having proven that the bicyclic system 2 can be opened in the desired manncr using a
modification of the Fraser-Reid--Mootoo methodology, we decided to prepare an intermediate which was
more closely related to oxctanocin. Since we would have to protect what would cventually become the 4
hydroxy group, it was decided to use the (-butyldimethylsilyl protecting group since it 1s reasonably
stable to acid (a requirement for Vorbruggen type couplings), survives ozonolysis and would not interfere

with the halonium reagents used in opening of the photo-adduct.
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Dimethallyl alcohol was quantitatively converted to the t-butyldimethylsilyl ether 19 by standard
means (TBDMSICI / imidazole / DMF)%0. Ozonolysis in methylene chloride at -78°C, followed by
reduction with dimethylsulphide, gave aldehyde 20 in 95% yield. Irradiation of 20 with furan in benzene
provided photo-adduct 2¢ in 34% yield. Treatment of a 0.2 M solution of 2¢ in methallyl alcohol with 1
equivalent of N-bromo or N-iodosuccinimide gave the corresponding bromo (21a) and iodo (21b) acetals
in 34 and 27% yield, respectively. Finally, treatment of 21b with IDCP and acetic acid gave the
monocychic oxetane 22 in 47% yield.

Sincc oxectanes similar 1o 22 had been converted to oxetanocin by reaction with bis-
(inmethylsilyl)-N6-benzoyladenine and tin tetrachlor. d<, we used these reaction conditions and variations
thereof to try to convert 22 to an oxetanocin like m siecule. However, decomposition occurred before
coupling. The instability is probably linked to the prusence of the two halogens in 22. Therefore, it was
decided that the halogen on C3' would have to be replaced by a hydroxy group and this could be
accomplished by cither replacing the halogen 1n compounds 10 or by functionalizing the epoxide of 2
with methallyl alcohol.

Reaction of 10h with excess potassium hydroxide in refluxing tetrahydrofuran / water did not
result in replacement of the iodine by a hydroxy group. When silver carbonate in dioxane / waiv: was
uscd, no reaction occurred unless forcing conditions were used. Then, decomposition of the starting
material resulted. Since we were unsuccessful in our efforts to replace the iodide with a hydroxy group,

it was decided to proceed via the epoxide of 2.

60 Coray, E. J.: Venkateswarlu, A., J. Am. Chem. Soc., 94, 6190 (1972).
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2.5d Epoxidation of Photo-adducts (2), model studies.

Since it was known that MCPBA could not be used for the epoxidation of photo-adducts, other
methods had to be explored. Reaction of 2a with peracetic acid®! in methylene chlonde / acetic acid
resulted in decomposition of the starting material. Similar results were obtaincd when magnesium
monoperoxyphthalate (MMPP)2 was used. Al this point we felt that decomposition was occurring
because the epoxide was unstable and hencs ~~ " not be isolated. Therefore, we added methallyl
alcohol to the reaction mixtures hoping to open the epoxide, to give the methallyl acetal, before it
decomposed. This approach was not successful. When methanol / water solutions of photo-adducts 2a
and 2b were treated with sodium percarbonate3, no reaction occurred even when forcing conditions were
used. Use of 2-butanone peroxide as the epoxidizing agent also did not yicld the desircd epoxides and
only starting matenal was recovered. However, when a methylene chlonde solution of 2a was submitted
to the actions of dimethyl dioxirane in acetone546566 epoxide 23a was obtamed in almost quantitative
yield as a 9:1 mixture of exo and endo isomers, which were unstable to and therefore unscparable by
chromatography. Unfortunately, reaction of 2b with dimethyl dioxirane in acetone / methylenc chloride
did not give the desired product and no starting material was recovered. Nevertheless, we decided Lo
proceed with our model studies using epoxide 23a.

Since we were interested in establishing the optimum conditions for opening up the epoxide with
methallyl alcohol, it was necessary to detcrmine under what conditions the epoxide would survive and
react in the desired manner. It was discovered that by dissolving 23a in dry methanol and stirnng for 16
hours causes the epoxide to open giving acetal 24a in 61% yield. Although 24a can be isolated and
characterized without much difficulty, its hfetime is only 1 - 2 weceks at -10°C. Acctylation by standard
methods (Ac,0, py, DMAP) gave acetate 25a 1n 56% yicld. It was nccessary to protect the free alcohol
SO as to increase the stability of the molecule. Reaction of 23a with 5 cquivalents of acctic acid in
methylene chloride gave, aficr 18 h, 24b in 56% yield. Acetylation proceeded 1n 93% yicld to give
diacetate 25b. This result proved that the epoxide could tolerate controlled acidic conditions. Now that
we had an idea of how to functionalize the epoxide, we procecded io synthesize the methallyl acetal of
23a. Reaction of 23a with 5 equivalents of mcthallyl alcohol 1n methylenc chlonde gave 24¢ in 63%
yield. Protection of the free hydroxy group as an acetate (25¢) proceeded in 71% yield.

61 Reif, D. J.; House, H O., Org Syn., Coll Vol, 4, 860 (1963)

62 Brougham, P.; Cooper, M S ; Cummerson, D. A ; Heaney, H.; Thompson, N., Synthesis, 1015 (1987).
63 Ando, T.; Cork, D. G.; Kimura, T., Chemistry Letters, 665 (1986).

64 Murray, R. W.; Jeyaraman, R, J. Org. Chem , 50, 2847 (1985).

65 Baenschi, S. W.; Raney, K. D.; Stone, M P.; Hams, T. M., J. Am. Chem. Soc., 110, 7929 (1988).

66 Adam, W.; Curci, R.; Edwards, J. O, Acc. Chem. Res., 22, 205 (1989).
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Being satisfied with the results from our mode! studies, work proceeded on epoxidizing photo-
adduct 2¢. Unfortunately, the conditions which were employed for 2a proved to be unsatisfactory for 2c.
It was thought that the epoxide of 2¢ was very unstable and that it could not be isolated. Therefore, we
rcacted 2¢ with dimethyl dioxirane in acetone / methylene chloride contaimng 1 equivalent of methallyl
alcohol hoping to open the epoxide in situ before it decomposed. This approach was not successful. It
also did not succeed when tricd with photo-adduct 2a, but surprisingly, when 2b was employed, epoxide
23b was isolated in 53% yield. No explanauon for why methallyl alcohol is necessary to facilitate
cpoxidation of 2b can be given.

Since we were unable to epoxidize 2¢, a new photo-adduct would have to be designed. The ¢-
butyldimethylsily! group would now have to be replaced by another protecting group because we felt that
the TBMDS:1 group was the source of instability in the epoxide of 2¢. After careful consideration, the
benzoyl ester was chosen since it is stable to oxidizing agents, acidic conditons used in Vorbruggen
coupling reactions, and can be removed under relatively mild conditions,

Dimethallyl alcohol was transformed in quantitative yicld to its benzoate ester 26 by standard
mcthods (BzCl, py, DMAP). Ozonolysss, folicwed by reduction with dimethyl sulfide, gave aldehyde 27,
which upon irradiation with furan, provided photo-adduct 2d in 30% yield. Epoxidation with dimethyl
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dioxirane in acetone / methylene chloride proceeded smoothly to give epoxide 23d in virtually
quantitative yield as a 9:1 mixture of exo and endo isomers which, as expected, were unstable to column
chromatography. Treatment of 23d with 10 equivalents of methallyl alcohol in methylene chloride gave
hydroxy acetal 28, which was transformed to acetate, methyl oxalate and benzoate 29a-¢ by standard
procedures in 75, 64 and 78% overall yield respectively, from epoxide 23d. Treatment of 29a, b and ¢
with IDCP and acetic acid (5 equiv.) gave 30a, b and ¢, whereas the use of benzoir acid as the
nucleophile gave 31a, b and ¢. All of these were obtained in moderate yield. Benzoates 31a, b and ¢ had
a shelf life of 3 - § weeks at -10°C, whereas the acetates 30a, b and ¢ started decomposing after a few
days. The NMR data of 30 and 31 were similar to those of the iodo derivatives 18e, 18f and 22, and
confirmed that we had obtained the desired monocyclic oxetanes.

Since we felt that the presence of an iodine in our sugars was a contributing factor to their
relative instabilities, we also investigated the reaction of 29a-¢ with bromomum di-sym-collidine
perchlorate!8 and acetic acid, hoping that perhaps the bromides would be more stable than the
corresponding 10dides. Although tic indicated that a reaction took place, the products were so unstable
that they could not be isolated even in crude form. Hence it was not possible to ascertain whether or not
the desired product had formed.
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Unfortunately, both 30 and 31 decomposed during attempts to couple with persilylated bases,
using Lewis acid catalysis. In order to improve the stability of oxetanes 30 and 31, we attempted to

remove the dioxolane moiety reductively by means of zinc in methanol$”. When the reaction was carmed

out on oxctancs 30a-c, 31a and 3¢, tc indicated formauon of a new product which could have possibly

been the desired aldehyde 32. However, the product decomposed almost immediately after it was formed
and thus could not be isolated. Only oxetane 31b gave an isolatable, albeit highly unstable (Typ ~2hat

{ 67 Corey, E. J.; Ruden, R. A., J. Org. Chern., 38, 834 (1973),
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-10°C), reduction product 32' whose structure was tentatively assigned based only on 'H-NMR. The

spectrum clearly indicaied the presence of the monocyclic oxetane ring as well as a methallyl side chain.

Scheme 13
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The mechanism for the formation of oxetanc 32' 1s shown in Scheme 14. Afier cxamination of this
scheme, it is quitc obvious why the reaction can only proceed through this pathway when a methyl oxalyl
protecting group 1s used. Clearly, this pathway 1s preferred 1o the onc that would Icad 1o the formation of
aldchydes 32.

Tnbutyltin hydride mediated deiodination of oxctanc 31 only gave the desired product 33 (1= H,
50% yield) 1n the case of 31c. It is stable at -10°C for cxtended penods of ume but could not be
converted to oxetanocin like material because of decomposition under mildly Lewis acid conditions.
From comparison with anomeric benzoates of type 3lc not containing the dioxolane ring (prepared 1n
section 2.6b), we conclude that the dimethyl-dioxolane ring is the source of instability in these types of

compounds since the dimethyl-dioxolane mocty s rapidly converted to an aldchyde under acidic
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conditions. These aldchydes, as scen from our atiempts to convert oxctanes 30 and 31 to aldehydes 32,

are extremely unstable and decompose almost immediately after formation..

Scheme 14
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2.5¢ Methallyl Epoxide Approach.

At the same time as we were investigating IDCP initiated monocyclic oxetane formation, we
also nvestigated the epoxidation of allyl type adducts. It was hoped that nitrogenous bases could be
added to these epoxides in a manner analogous to the one that we developed for synthesis of monocyclic
oxctanes. Again using model compounds, we subjected acetal 10g to the actions of dimethyl dioxirane in
acctonc / methylene chloride and discovered that bromo cpoxide 34a was obtained in 66% yield.
Similarly, cpoxidation of acctal 21a gave cpoxide 34b in 90% yield. However, acetals 10h and 21b did
not afford their comesponding epoxides since the starting material was decomposed by the actions of
dimcthyl dioxirane. We belicve that 10h and 21b decomposed (solution turned black) because the iodine
was oxidized by dimethyl dioxirane.

With 34b in hand, we proceeded with the coupling to the nitrogenous base. Reaction of 34b and
bis-(trimcthylsilyl)-NS-benzoyladenine in 1,2-dichloroethane catalyzed by various Lewis acids resulted in
decomposition of the starting material with no evidence of any coupled products of the type 35a being
formed. Similar results were obtained when bis-(trimethylsilyl)-cytosine was used as the base. Believing
that perhaps the bromine in epoxide 34b was the cause for its instability, epoxide 34¢ was prepared by a
procedure similar to that used for the preparation of 34b in 87% yield. It was hoped that this epoxide

(34¢) would be more suitable for coupling rcactions due to its increased stability. Unfortunately, we were
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unable to achieve any coupling io nitrogenous bascs using conditions similar to those used for 34b and

this approach was abandoned.

Scheme 15
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Since we had experienced difficulty in coupling nitrogenous bases dircctly to functionalized
photo-adducts previously, it was decided to attempt to open the bicyclic compound 34¢ with a thiol to
yield a compound of type 35b. This compound could then be coupled 1o the base via a mercury catalyst,
It was thought that these types of coupling conditions arc milder than the Lewss acid catalyzed methods.
Reaction of 34¢c with thiophenol 1n ether catalyzed by zinc chloride gave alcohol 36 as a mixture of
inscparable diastereomers in 64% yield. The product is derived from a zinc chloride catalyscd opening
of the oxetane ring and is extremely unstable. Attempts to further characterize 36 by forming an acetate
failed. Also, the synthesis of 36 1s very difficult and requires very dry conditions (despitc the best
precautions, only 1 out of 3 attlempts gave 36). All other attempts to synthesize compounds of the type

35b failed and this approach was not pursued any further,
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2.6 Unsymmetrically Substituted Photo-adducts as Precursors for QOxetanocin.

2.6a Model Studies.

One of the major limtations of the Patcmo-Buchi photocycloaddition rcaction s the lack of
regioselectivity in the addition of aldchydes to unsymmetrically substituted furans. For cxample, the
photochemical reaction between benzaldchyde and 2-methylfuran provides a 1:1.3 maxture of photo-
adducts resulting from the exo addition of the aldehyde to the less- and more-substituted double bond of
furan, respectively?, Separation by chromatographic means 1s not possible, and thercfore it was not
possible to convert the appropriate photo-adduct to a suitably protected oxectanc duc 10 the fact that the
undesired isomer decomposcs during the reaction and gives a complex muixture from which 1t was
impossible to isolate the desired sugar.

Since we were terested in synthesizing oxctane sugars directly from photo-adducts by the
method developed for the synthesis of 3, an investigation of the reaction of aldchydes with vanous mono-
substituted furans was initiated. It was hoped that a pattern would emerge regarding the effcct of electron
donating or withdrawing substitucnts on the furan rning. Another objective of this study was to provide a
stock of vinyl substituted photo-adducts which could be used in the synthesis of oxctanocin, We also
wanted to see if the use of non alkyl subsututents would make separation by chromatographic mecans
feasible. Benzaldchyde was chosen as the carbonyl component due to the fact that it gives relatively
stable photo-adducts, its NMR spectrum 1s simple and does not appear in the same region as the photo-
adduct signals and it 1s readily available in very purc form®, The subsututed furans chosen were ones
that were rcadily available and contamed side chains which could be modificd as nccessary 1n our
synthesis of oxetanocin,

Irradiation of a benzene solution of benzaldchyde and furfural did not give any photo-products
and only starting material was recovered. Similar results were obtained when 2-acetylfuran or 2-
methoxyfuran were uscd as the furan components. However, when furfuryl alcohol 37 was used as the
furan component, photo-adducts 37a and 37b were obtamed as a 4:7 muxture of regioisomers,
Purification by flash chromatography gave the vinyl substituted 1somer 37a exclusively, in 20% yield. It
was possible to isolate 37a uncontaminated by 37b since the latter is destroyed on the column. This
selective destruction is possible since silica gel is slightly acidic and catalyzes the opeming of the oxetanc
ring in the case of the acetal substituted isomer 37b duc to the very favourable formation of a tertiary
oxo-carbonium ion. The silica gel, however, 1s not acidic enough to catalyze oxetanc ring opening in the

viny! substituted isomer.

68 1n retrospect, other aldehydes should have also been investigated (especially benzoyloxyacetaldehyde)
since this would have given us a better understanding of the relative stabilties of the photo-adducts under
the conditions of flash chromatography.
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Encouraged by this result, we then formed 2-(2-hydroxyethyl)-furan 38 in 9% yicld by the
reaction of furfural with methyl magnesiun bromide in ether. Irradiation of benzaldehyde with 38 in
benzene gave photo-adducts 38a and 38b as a 3:5 mixture of regioisomers. It was possible (o isolate
isomer 38a in 26% yield by flash chromatography without contamination of the other isomer 38b.
Acctalization of furfural with cenum trichloride, methanol and trimethyl orthoformate gave, in 69%
yicld, dimethyl acetal 39, which was irradiated with benzaldehyde in benzene to give photo-adducts 39a

and 39b in46% yicld as a 2:3 mixture of inseparable regioisomers.

Scheme 17
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It is not possible to draw any conclusions from this study since its scope was simply not broad
enough. However, we did learn that it was possible to obtain unsymmetrically substituted photo-adducts
in a purc form by way of flash chromatography. The isolation of the desired isomer depended solely on

the difference of the stabilities of the two regioisomers.
2.6b  Synthesis of Benzoate (42) and p-Nitrobenzoate (43).

Since anomeric benzoates 31 were more stable than the corresponding acetates 30, we next
procecded to synthesize 42 (Scheme 18). It was felt that these sugars would be significantly more stable
than 31 since they did not contain a dioxolane moiety.

We intially decided to synthesize photo-adduct 4la via [2+2) photocycloaddition of 2-
phenylfuran and aldchyde 27. Although we did not expect any regioselectivity 1n this reaction, it was
hoped that the two regio-isomers could be separated by chromatography. Unfortunately, irradiation of 2-
phenylfuran, prepared by a described method®®, and aldehyde 27 did not give any photo-products and
only starting ma‘crial was recovered. However, when using tributyl-(2 furyl)-stannane, prepared by a

known procedure?©, as the furan component as described by Schreiber?!, photo-adduct 40 was obtained

69 Bohimann, F.; Stéhr, F.; Staffeidt, J., Chem. Ber., 111, 3146 (1978).
70 pinhey, J. T.; Roche, E. G., J. Chem. Soc. Perkin Trans. 1, 2415 (1988).
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in 15% yield after flash chromatography wiathout contammation of the other 1somer. In order to prevent

i acid vaialyzed decomposition of the photo-products, the reaction muxtures were buffered wiih anhydrous
potassium carbonate. It was not possible to tsolate the other regio-isomer’? due (o its mstablity on silica
gel, even when basified with 2% tnicthylamine.  Arylation of 40 using bromobensene and
tetrakis(triphenylphosphine)palladium(0) in refluxing tetrahydrofuran’® proceeded in 80% yicld 1o give
41a. We found that the best results were obtained when the catalyst was added in small portions over the
course of the reaction. This 1s presumably due to the fact that the catalyst becomes posoned by the tin,
which is liberated during the course of the reaction. When the rcaction was carned out using
iodobenzene instead of bromobenzene, the yield increased to 85%. Ozonolysis of 41a i methylene
chloride at -78°C, followed by reduction with dimethyl sulfide and reduction of the aldehyde funcuon
with sodium borohydride on alumina gel gave, after acylation, stable tnacyloxy oxctanc 42a 1 33% yield
(unoptimized).

With anomeric benzoate 42a in hand, we procceded with the couplhing to the  base.
Unfortunately, reaction of 42a and bis-trimethylsilyl-N6-benzoyladenine 1n 1,2-dichlorocthane catalyzed
by various Lewis acids resulted in no reaction taking place even if forcing conditions (reflux, 48 h, excess
catalyst) were used. Since benzoate 42a was too warcacuve, we decided to substitute the benzoyl group
with a p-nitrobenzoyl group in the hope that while at the same ume being stable enough 1o withstand
Lewis acid conditions, it would also be a better lcaving group, thus allowing couphing with the
nitrogenous base to proceed. Hence, 42b was synthesized in 25% yield by a procedure sunilar to that
used for 42a. However, this sugar also proved to be too stable and aticmpts at coupling to the base

proved to be unsuccessful.

71 Schreiber, S. L.; Desmaele, D.; Porco, J. A. Jr., Tetrahedron Lett., 29, 6689 (1988).

72 The isomer with the Sn bonded to the acetal carbon was obtained in a 1,20 ratio with respect to the
i vinyl tributyl tin isomer as determined by integration of 200 MHz proton NMR signals.
“ 73 McKean, D. R.; Paminello, G.; Renaldo, A. F.; Stille, J K., J Org. Chem., 52, 422 (1987).
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2.6c Synthesis of Acetates (47).

We next investigated the photoaddition of 2-trimethylsilylfuran with aldehyde 27. It was
thought that the reaction could yield the desircd vinyl silane either by chromatographic separation or by
achicving high chemoselectivity as we observed earlier when we carried out a photochemical reaction
with tributyl-(2-furyl)-stannane. The resultant vinyl silane 43a could then be converted into an oxetane
by the method described in Section 2.6b. Unforwnately, irradiation of 2-trimethylsilylfuran with
aldehyde 27 gave photo-adducts 43a and 43b in 19% yield (unoptimized) as a 7:4 mixwre of 2

inscparable isomers,

Scheme 19
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BzO (o) Bz20O B
SIMea SlMOa
27 43s 43b
48




Since we were unable to scparatc 43a and 43b, we next investigated the photoaddition of 2-
methylfuran with benzoyloxyacetaldehyde. It was hoped that we could obtain the desired photo-adduct
44a either by chromatographic separation (as observed on several occasions in our model studies; scction
2.6a) or even better, by achieving regiosclecuvity in the photoreacuon. Irradiauon of a benzene solution
of 2-methylfuran and 27 gave regioisomers 44a and 44b in a ratio of 11:8, which could be isolated by
flash chromatography (cthyl acetate / petroleum ether / tnethylamine). In the absence of tnethylamine,
44b decomposed and the desired photo-adduct 44a was isolated in 30% yicld. In a onc-pot reaction, 44a
was transformed to 47a-c by the following scquence: A methylene chloride solution of 44a was ozonized
at -78°C, and the ozonide reduced with dimethyl sulfide to give aldehyde 45. Addition of sodium
borohydride on alumina gel, followed by filtration gave alcohol 46. Acylauon of the alcohol function
(47a: Ac,0, pyridine, DMAP; 47b: BzCl, NEt;, DMAP; 47¢c: McOOCCOCI, NEt,, DMAP) gave 47a,
47b and 47¢ 1n 30% - 55% yield. This result was 1n sharp contrast to the decomposition that occurred
when the corresponding furan denived photo-adduct 2d had been submitted to the same reaction
conditions. Clearly, the anomenic acctatcs arc much more stable than the corresponding anomeric
formates. It was possible to 1solate and charactenze the intermediate aldchyde 45 and alcohol 46,

although neither is very stable and thus cannot be stored for extended periods of time without appreciable

decomposition occurring.
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Figure 20. The 200 MHz 'H-NMR of photo-adduct 44a in CD,Cl,.
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Figure 21. The 200 MHz 'H-NMR of oxetanc 47c in CD,Cl,.

As described by Yamamura!®, reaction of 47b with bis-(trimethylsilyl)-N®-benzoyladenine and
tin tetrachloride in 1,2-dichlorocthane, gave protected epioxclanocin 48b as the only 1solated product in
70% yield’®. Similar results were obtamned when acetate 47a was used as the carbohydrate component,
Applying the Vorbruggen coupling to methyl oxalate 47¢ gave 49 and 48¢ as a 9'1 muxture of o and
anomers 1n 70% vyicld.

Since we were nierested 1n studying the biological propertics of cpioxctanocin, 48b was
debenzoylated (McOH / NH;) to give la in 71% yicld, after recrystallizauon from methanol. However,
when epioxctanocin was evaluated as an anu-viral agent against HIV n vitro, 1t showed no anti-viral

effects at concentrations up to 100 pg/mL. These results were corroborated by Fleet?.

74 since we wanted to compare our product to the one oblained by Nishiyama, 48b was benzoylated
(BzCl, NEt3, DMAP) to give N,N-dibenzoylepioxetanocin dibenzoate 50 in 89% yeld It was completely

identical with the one described by Yamamura in every respect, except for the fact that our product was
racemic.
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Figure 22. The 200 MHz "H-NMR of epioxetanocin 1o in CD,0D.

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

We now tumed our attention to obtaining oxetanocin in anomerically purc form. Since the a-
anomer is formed via a favourable seven-membered intermediate 51b, as shown below, we wanted to
design an oxetanosc in which it was not possible to form this intermediate (or at least limit its ability to
do so), and thus obtain only the B-anomer. After careful consideration, we decided to protect the hydroxy

group in the photo-adduct as a t-butyldimethylsily! cther.

Scheme 21
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Unfortunately, imadiation of a benzene solution of 2-methyliuran  and -
butyldimethylsilyloxyacetaldehyde did not give the desired photo-adduct. Hence, we had to obtain 53 n
an indirect manner. Hydrolysis of photo-adduct 44a with sodium hydroxide in methanol / water resulted
in decomposition of the starting material. Similar results were obtained when the hydrolysis was tricd
using sodium methoxide in methanol. However, when 44a was subjected to the action of lithium
aluminum hydride in cther, alcohol 52 was obtained in 60% yield after flash chromatography. Silylation
(TBDMSICI / imidazole / DMF) of §2 gave photo-adduct 53 in 27% yicld. In a onc-po: reaction, 53 was
ransformed to diacetate 54 1n 19% yield by a procedure similar to that used for synthescs of compounds
47. Reaction of 54 with bis-(trimethylsilyl)-N®-benzoyladenine catalyzed by un tetrachloride gave a
complex mixture which did not contain the desired product. However, two coupled products were
isolated. Their structures could not be determined with any degree of certainty since purification by
chromatographic mcthods was not possible, although we suspect that the oxctanc underwent ring
expansion before coupling. We felt that replacing the TBDMSi group with thc more stable ¢-
butyldiphenylsilyl group would circumvent this problem.,

Reaction of 82 with r-butyldiphenylsilyl chloride’S and imidazole in N,N-dimcthylformamide
gave 55 in 62% yicld. Photo-adduct 55 was tansformed to oxctanes 56a-c in 18% yield by the same
procedure that was uscd for the synthesis of oxctanc 54. All attempts to couple oxctancs 56 with bis-
(trimethylsilyl)-NS-benzoyladenine under Lewis acid catalysis gave very complex mixtures. No matenals
were isolated which contained benzoyladenine connccted to an oxctanc ring. The coupled products that
were isolated in very low yields could not be identified with any degree of certainty due to difficulty of
separation znd instability of the compounds, but, as in the casc 'vith oxctanc 54, we suspect that ring

expansion was taking place before coupling.

e I T

75 Hanessian, S; Lavallée, P., Can. J. Chem., 53, 2975 (1 975).
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2.6e Attempted Synthesis of Oxetanes with 4'-Non-Participating Groups.

Due to the difficulties encountered with the silyl protecting groups, we decided to use a bensyl
group. It was hoped that this group would be robust enough to withstand Lewis acid catalysis and would

not participatc in the coupling rcaction so as not to favour the a-anomer. Dimethallyl alcohol was
quantitatively converted to the benzyl ether §7 by standard mcans (Buy,NI / NaH / BnBr / THF)

Ozonolysis in methylene chlonde saturated with nitrogen at -78°C, followed by reduction with dimethyl
sulfide, gave aldehyde 58 in 95% yield. Irradiauon of 58 with 2-methylfuran in benzene did not give
photo-adducts 59, but surprisingly, photo-adducts 60a and 60b were isolated 1n 27% yicld as a mixture of

regioisomers in a ratio of 3:4.

Scheme 23
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Photo-adducts 60a and 60b arc formed by the photoreaction of benzaldchyde and 2-methylfuran,
The benzaldehyde 1s formed by a Nornsh Type 1l rcarrangement’® as shown below in Scheme 23
Although these types of recarrangements arc not uncommon, 1t was surprising that rearrangement of the

aldchyde took place so rapidly so as to exclude formation of the desired photo-adducts §9 enurcly’’.

76 Norrish, R. G. W., Trans. Farraday Soc., 33, 1521 (1939).
77 No photoreaction takes place between 2-methylfuran and acetaldehyde due 1o the volatility of the
aldehyde.
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Since we were unavle to obtain 59a by photochemical means, we attempted to synthesize it by
an indirect route. Benzylation of photo-adduct alcohol 52 by standard methods did not give the desired
product and only decomposition of starung material occurred. Unfortunately, when a milder method
(BnOH / DEAD / PPhy / THF) was employed, the desired product was also not oblained. We attribute
failure to the instability of alcohol 52.

Being unable 10 synthesize 59a, we decided to substitute the benzyl group with the p-anisyl
protecting group’8. Unfortunately, all attempts to form the p-anisyl ether of alcohol 52 faled. Hence,
we attempted to form 65 via the photochemical route. Dimethallyl alcohol was protected as its p-anisyl
cther 61 by standard mcthods (p-MeO-C¢H,-OH / DEAD / PPh; / THF) 1n 97% yield. However, we werc
unable to gencrate the aldchyde 62 1n pure form by ozonolysis due to oxidation of the phenyl ring, and
since punfication by distillation or flash chromatography was not possible, a new approach had to be
found. Protcction of glycerol acctomde as :ts p-anisyl ether 63 proceeded in 88% yicld. Rcacuion of 63
with acetic acid and water gave diol 64 in 77% yicld. Cleavage of the diol with sodium meta-periodate
in watcr / methanol gave the desired aldchyde 62 1n quantitative yield. Unfortunately, irradiation of a
benzene solution of aldehyde 62 and 2-methylfuran did not give any photoproducts and only starting

matcnal was recovered. Hence, this approach was abandoned.

78 Fukuyama, T.; Laird, A. A.; Hotchkiss, L. M., Tetrahedron Lett., 26, 6291 (1985).
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We then attempted to synthesize a photo-adduct with a methoxycthoxymethyl (MEM) protecting
group. However, all attempts to protect the alcohol function of 52 as a MEM ether failed. Therefore, the
photochemical route to the MEM photo-adduct was mvestigated. Dimethallyl alcohol was transformed to
its MEM ecther 66 by standard methods’® (NaH / MEM-C1 / THF) in 83% yicld. Ozonolysis in methylene
chloride (saturated with nitrogen) at -78°C, followed by reducuon with dimethyl sulfide, gave aldehyde
67 in only 27% yield. It was very difficult to obtain pure aldchyde due to its inherent instabihity
Irradiation of 67 with 2-methylfuran in benzene did not give the desired photo-adduct and only
decomposed starung matenals were recovered. It is not surprising that the reaction failed considering the
instability of the aldchyde We also aticmpied to synthesize a photo-adduct with a p-mitrobensoyl
protecting group via the photochemical routc. Unfortunately, irradiat:on of a benzene solution of p-
nitrobenzoyloxyacetaldehyde 69, obtained from ozonolysis of the p-nitrobenzoate ester of dimethallyl

alcohol 68, and 2-methylfuran did not give any photo-products, and only starting matenal was recovered

79 Corey, E. J.; Gras, J. L.; Ulrich, P., Tetrahedron Lett, 809 (1976).
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2.6f  Synthesis of Oxetanes (75).

Since we were unable to synthesize a photo-adduct with a robust non-participating group on
what would become the 4' position in the oxetane, we then decided to substitute the benzoyl protecling
group with a propionyl group since Yamamura!S had reasonable success with this protecting group®0.
Irradiation of a benzene solution of propionyloxyacetaldchyde 71, obtained by ozonolysis of 1-O-
propionyl-3-methyl-2-buten-1-0l 70, with 2-methylfuran gave, after column chromatography, 72a in 23%
yicld8!, Oconolysis of 72a, followed by dimethyl sulfide gave aldehyde 73 in 92% yicld. Reduction
with sodium borohydride on alumina gave alcohol 74 in 68% yield. This alcohol could now be protected
in many diffcrent ways in order 1o determine which partic:pating group would give the best yicld of
oxctanocin. We hoped that we could achicve a practical anomeric control of the coupling reaction since
scparatio of anomers by chromatographic means requires conversion to their tetrabenzoate derivatives
before chromatographic separation is possible (sce section 2.6¢). This results in a lengthy synthesis with

a low overall yield.

80 we had considered using an acetate protecting group. However, due to our earlier difficulties with this
group (see section 2.7b), we opted for the more stable propionyl protecting group. We also felt that there
would be practically no difference in reactivity between the two groups, except! for increased stability with
the propionyl, since they are very similar in nature.

81 The irradiation of aldehyde 71 and 2-methylfuran gave adducts 72a and 72b in a ratio of 16:11 in 33%
combined yield. The less stable isomer could be isolated as a mixture of the two isomers simply by
basifying the chromatography soivent with 0.5% triethylamine. Lowering the triethylamine content to 0.1%
effectively destroys the minor i1somer without significant destruction of the more stable (and desired)
isomer.
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Coupling of 75a with bis-(trimethylsilyl)-N®-benzoyladenine 1n 1,2-chlorocthane catalyzed by tin
tetrachloride proceeded as described by Yamamura'S and gave protected oxctanocin and epioxetanocin
as a 3:1 mixture of inscparable anomers. Use of trimethylsityl triflate as the Lewss acid calalyst resulted
in decomposiuon of 75a. Although this was an improvement over previous schemes, the f:a ratio was
still not large enough (we were aiming for at least 10:1) for a pracucal synthesis of oxctanocin®?,

Therefore, other participating groups were invesugated. It was hoped that these changes would strongly
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Esterification of hydroxy compound 74 with methyl oxalyl chloride gave 7S5a i 45% yicld.

favour participation of the 3' group over the 4' group, thus reducing the amount of a-anomer formed.

82 1t is not possible to separate the two anomers chromatographically without first forming therr

tetrabenzoate derivatives.




We first invesugated the use of thiocarbonyl participating groups since the C=S bond length is
greater than the C=0 bond length, thus aiding formation of the intermediate that leads to B attack.
Compounds 75b and ¢ were formed from acylation of the alcohol function of 74 (75b: PhOCSCI, py,
DMAP; 75¢: (imd),CS, pyridine). Compound 75d was obtained from 75¢ in 35% yield simply by
stirring the latter in methanol at R.T.. Unfortunately, all of these new oxetanes failed to couple with bis-
(trimethylsilyl)-N®-benzoyladenine under Lewis acid catalysis. This was probably due to the relative
instability of all of these sugars, which lcad to decomposituon before coupling with the base could occur.

We next investigated the use of the thiooMOM (and denvatives thereof) protecting group.
Alcohol 74 was converted to its thio-MOM ether 75e 1n 20% yield by the method of Pojer’3. Upon
rcaction with bis-(tnmethylsilyl)-N6-benzoyladenine and tin tetrachloride in 1,2-dichloroethane, only the
a-anomer 76b was formed in 72% yicld The use of trimethylsilyl triflate also resulted in formation of
the a-anomer, but in a much lower yicld. Having gone completely in the wrong direction, 75e was
converted to sulfoxide 75f and sulfone 75g by oxidauon with sodium m-periodate 1in methanol / waler in
76 and 72% yield, respectively®.85. These sugars however, were too stable and did not couple with bis-
(trimethylsilyl)-N-benzoylademine.  When forcing conditions were used, slow decomposition of the
sugars occurred.

Due to the lack of success with thio participating groups, we decided to synthesize 75h via a
Mitsunobu coupling of guaicol and alcohol 74. This proceeded smoothly in 33% yield. Unfortunatcly,
all attcmpts to obtain any products containing adenine attacihed to an oxetane ring failed. Since we felt
that we needed a participating group that possessed stronger electron donating characteristics than the

methyl oxalyl group, it was decided to synthesize an oxamide protected oxetane.

Scheme 28
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Hence, methyl oxalyl chloride was reacted with pymolidine in ether to give 77 in 95% yield.
Hydrolysis of 77 with potassium hydroxide 1n water / methanol resulted in recovery of only pyrrolidine

hydrochloride8¢. Evidently, a dihydrolysis had occurred and thus, milder conditions would have 1o be

83 pojer, P. M ; Angyal, S. J, Tetrahedron Lett., 17, 3067 (1976).

84 |chikawa, Y.; Kubota, H., Fujta, K.; Okauchi, T.; Narasaka, K., Bull. Chem. Soc. Jpn., 62, 845 (1989).
85 Okauchi, T.; Kubota, H.; Narasaka, K., Chem. Lett., 801 (1989).

86 when pyrolidine hydrochloride was accidently reacted with 74 under Mitsonobu condttions, 75] (OR=CH)
was formed in 48% yield.
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employed. When the hydrolysis was attempted with potassium carbonate in methanol / water, only acid

78 was isolated, n virtually quantitative yicld. A Mitsonobu coupling of 78 and alcohol 74 gave oxctane
75i 1n 26% yeld. Surprisingly, reaction of 75i with bis-(trimethylsilyl)-N®-benzoyladenine and tin
tetrachloride in 1,2-dichlorocthanc gave only the a-anomer which decomposcd when subjected to flash
chromatography. The structure of 76c was confirmed by deblocking (Na / MeOH) 1o obtamn

epioxetanocin la.
2.6g Synthesis of Oxetane (84).

Due to our lack of success in converting 75 to oxetanocin, we investigated the possibility of
synthesizing oxetanes with a halogen at the 2-positon. It was thought that acctates 75 could be
converted 10 chlondes by methods analogous 10 those developed for furanoses and hexoses.  This
approach, however, was not pursucd since Flect et al ? published a synthesis of oxctanocin using these
types of chloro-oxctanes at the time when we were developing our strategy. We were fortunate that this
work was brought to hight at this time since Fleet was not able to convert his chloro-oxeanes to
oxetanocin exclusively. It was obtained as a 1:1 muxture of o and §, which had to be separated
chromatographically.

We were now convinced that no matter what participating group we put on the 3’-positton of the
oxctanes 75, we would always obtain some a-anomer in the coupling reaction as long as we had a group
on the 4'-position that could form a seven-membered ning intermediate. To circumvent the formation of
this intermediate, we decided to synthesize pheto-adduct 81. The new protecung group on the 4-position
can only form a six-membered nng intermediate, thereby hindening a-anomer formation and thus
favoring the formation of the mtermediate which Icads to the B-anomer. Onginatly, sopropyl glyoxatate
80 was obtaincd from the ozonolysis of di-iso-propyl fumaratc 7987, However, we found that 1t was
simpler to prepare aldehyde 80 via a peniodic acid cleavage of commercially available di-iso-propyl [-
tartrate®8, Irradiation of a benzene solution of '.opropyl glyoxalatc 80 and 2-methylfuran gave, after
flash chromatography, photo-adduct 81 in 17% yield®. Adduct 81 was then transformed to oxetanc 84
by the previously descnibed method in 40% yicld. However, all cfforts to couplc 84 with bus-
(tnmethylsilyl)-N5-benzoyladenine under Lewis acid catalysis falled.  If mild conditions were employed,
no reaction would take place. Using more vigorous condiuons simply resulted in decomposition of the

starting material.

87 Di-iso-propy! fumarate 79 was obtained from fumaric acid by estertficatior with sso-propy! alc’ *.ol.

88 Keily, T. R.; Schmidt, T. E.; Haggerty, J G., Synthesis, 544 (1972)

89 The isomer with the methy! group bonded to the acetal carbon was obtained in less than a 1:20 ratio
with respaect 10 the viny! substituted Isomer as determined by integration of 200 MHz proton NMR signals.
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2.7 Synthesis of Enantiomerically Enriched Photo-Adducts and Oxetanes.

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

In paralle]l to our synthesis of racemic oxetanocin and denvatives thereof, we also pursued a
program of synthesizing chiral intermediates that could be used in our oxetanocin synthesis.  Since
separation of Mosher acid derivatives is often impractical for larger scale syntheses due toits cost and the
necessily of tedious chromatographic separations, we nvestigaw? approaches that would chiminate at
least one of these obstacles. We also decided that chromatographic separation of the two cnantiomers
would only be acceptable if 1t occurred early on in the synthesis. This would enable us to carry out
further rescarch with the "wrong” enaniomer so that the undesired enantiomer could be put to some use.

Our first approach involved the {2+42] photoaddition of a chiral aldchyde to a furan.  Although
Schreiber has recently shown that the furan-carbonyl photocycloaddiion proceeds without diastercolace
seleclivity 1n relation to the chiral aldehyde, he did demonstrate that photo-products of the reaction of R-
glyceraldehyde acetal and 3,4-dimethylfuran can be separatcd chromatographically??.  Therefore we
decided 10 synthesize photo-adduct 85 from R-glyceraldchyde acetal and furan, since st was fclt that this
bicyclic compound would be a good starung point for our synthesis of oxetanocin. The substitucnt on the
C-6 position could be easily transformed 1nto an alcohol by removal of the acetonide followed by sodium
periodate / sodium borohydride cleavage to the alcohol, which could then be protected by a suitable
group. Irradiation of a benzene solution of furan and R-glyceraldehyde acctal® gave photo-adduct 85 in
25% yield as a 1.1 mixture of diastercomers. Unfortunately, separation by flash chromatography proved

to be impossible and this approach was abandoned.

Scheme 30

o -

0] o0 —

‘__\/0 . /CO hv. CeMe 0 o
= =

85

90 Bagr, E.; Fischer, H. O. L., Helv. Chim. Acta, 22, 463 (1939).

63




%

£

2.7b  Enzymic Resolution of Photo-Adducts (2d) and (87).

Over the past decade, the use of enzymes in synthetic organic chemistry has increased
dramaucally. Enzyme-cawlyzed syntheses are among the best methods for the preparation of
cnantiomerically pure compounds and in the last few years, methods have even been developed for using
enzymes in organic solvents!. We felt that our photo-adduct 2d would be a suitable candidate for
enzymatic resolution since sclective hydrolysis of the ester would enable us to chromatographically
scparate the alcohol and unreacted ester. It did not matter which enantiomer was hydrolyzed since the
alcohol could be reconverted to its ester quite easily. However, we did have some concern using 2d since
practically all enzyme hydrolysis are carried out on acetates. Therefore, it was decided to synthesize
photo-adduct 87.

Ozonolysis of allyl acetate, followed by reduction with dimethyl sulfide, gave
acctoxyacctaldchyde 86 1n 38% yicld. Irradiauon of 86 with furan provided photo-adduct 87.
Unfortunately, the reaction proceeded in very low yield and a great deal of decomposition took place
during the rcacuon which made this an impractical route to 87. Hence, an alternate route to adduct 87
had to be found. Hydrolysis of photo-adduct 2d with sodium hydroxide in methanol / water gave alcohol
88 in 79% yicld. Acctylauon of the alcohol by standard methods (Ac,0O, py, DMAP) gave 87 in 72%

yield.

Scheme 31

__NoH A0 DMAP AcO o o
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With acetatc 87 1n hand, we were now ready to proceed with our enzymatic resolution. We
decided to carry out our hydrolysis with porcine pancreatic lipase (PPL) since its use in thesc types of
reactions is well documented”9 and has been shown to give high ee's. It was hoped that the enzyme
would only hydrolyzc one cnantiomer and thus, the hydrolysis experiment was designed to stop when
50% conversion was obtained. Unfortunatcly, hydrolysis of 87 with PPL resulted in total decomposition
of the starting matcrial. We felt that this decomposition was due to the inherent instability of photo-
adduct 87 and not because the enzyme was unsuitable for the reaction. Hence, it was decided to carry out

91 Klibanov, A. M., Acc. Chem. Res., 23, 114 (1990) and references therein.
92 kasel, W.; Hultin, P. G.; Jones, J. B., J. Chemn. Soc., Chem. Commui., 1563 (1985).
93 Hemmerle, H.; Gais, H. J., Tetrahedron Lett., 28, 3471 (1987).
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the hydrolysis with photo-adduct 2d. Using the same conditions as for acctate 87, we managed to 1solate
both unreacted photo-adduct -2d (46% yicld) and alcohol 88 (42% yicld), aftcr flash chromatography.
Benzoylation of 88 via standard methods gave +2d in 45% yield. We then measured the rotations of both
the benzoyl photo-adducts 2d obtaincd from the enzyme hydrolysis and found that they were opposite
(-2d: [a]®) = -15.5° (c = 3.21, CH,Cl,) vs +2d: [a] = +18.8° (c = 1.25, CH,Cl,)). These numbers

proved that we were indced getting enantiomeric enrichment.

Scheme 32
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We did not attempt to establish the enantiomeric purity of resolved 2d by Mosher ester or by the use of
TH-NMR shift reagents since this project was not the main thrust of our rescarch anymore and we were
now concentrating on the use of photo-adducts 44a and 72a in our approach to the synthesis of

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

As we had recently completed a total synthesis of (£)-oxetanocin?? starting from photo-adduct
72a, we were now interested 1n synthesizing optically pure oxctanocin. Using the precedent that we
established in resolving photo-adduct 2d, we dccided to hydrolyze photo-adduct 72a with PPL.
Unfortunately, no identifiable products could be isolated from the reaction muxture and the char
measuring the progress of the reaction indicated that there was no selecuvity for one enantiomer. Since
we had earlicr converted photo-adduct 44a 1o photo-adduct 72a, we decided to hydrolyze 44a and
convert the resultant alcohol or unreacted benzoate to enanuomenically pure 72a. Using the same
conditons as for photo-adduct 72a, we managed to obtain both unrcacted 44a and alcohol 52 (as

indicated on tic). Not surprisingly, we were unable to isolate the alcohol due to 1ts instability. However,
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unrcacted photo-adduct 44a was isolated by flash chromatography in 36% yield. We then measured the
rotation of recovered 4a {[a)® = -7.5° (c = 2.22, CH,Cl,)} and found that we were obtaining

cnantiomeric enrichment.  Conversion of -44a to oxetane 47b proceeded smoothly as described in
section 2.6c. The rotation of 47b was determined to be {[a)?0p = +6.4° (c = 2.51, CH,Cly)).
Enantiomerically pure 47b that is the precursor'4 for epioxetanocin has [a]20, = +41.8°. This meant that

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

Scheme 33
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27d  Future Considerations.

We established that racemic photo-adduct 2d could be resolved into its two enantiomers quite
casily and may only require investigation of other enzymes to determine which ones give the highest ee.
On the other hand, resolution of photo-adducts 44a and 72a may require redesigning the hydrolysis
experiment so as to eliminate the aqueous conditions which scem to cause decomposition of the photo-

adduct alcohol 52. Other enzymes should also be investigated since PPL did not give a very high ee.
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2.8 Synthesis of Bicyclic Nucleosides and Derivatives.

During the course of our nvestigations of sttably functionalized photo-adducts for couphng to
nitrogenous bascs, epoxides of the type 23 were synthesized, as previously described in section 2 5d. U
was hoped that these epoxides would couple to the nitrogenous bases in the manner depicted i Pathway
A of Scheme 34 10 yield an oxetanocin like nuclcoside. We also realized that there were two other
compeling routes possible. One would involve a Lewis acud catalyzcd opening of the epoxide followed
by attack of the nitrogenous base to yield bicychic nucleosides (Pathway B), which could then be
transformed into furanose nucleosides via the usc of well established methods. The other possibility
would simply be the Lewis acid catalyzed opening of the oxctane ning followed by addition of the base to

give furanose nucleosides,
Scheme 34

Pathway A Pathway B

o

RO o RO— o
0

HO HO
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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. Reaction of these
epoxides with persilylated bases and Lewis acids (lin tetrachloride, trimethylsilyl acetate, trimethylsityl
trifluoromethancsulfonate) under various conditions gave very complex mixtures. No materials were
isolated which contained mtrogenous bases connected to a sugar component. Simular results were
obtained when epoxide 23d was used. However, it was found that by using zinc chlonde as the Lewis
acid catalyst 1n a variation of the procedure descnibed by Danishefsky%¢, nucleosides 89a and 89b were
obtained in 67 and 66% yield®3, respectively as shown in Scheme 3S. It is interesung to note that the free
hydroxyl group becomes silylated in situ, presumably by chlorotrimethylsilane generated by reaction of

the silylated base with zinc chloride, and survives the work-up even when the reaction mixture is washed

with 5% aquecous hydrochloric acid.

J JJU' ) Jt“ b
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Figure 23. The 200 MH/ 'H-NMR of nuclcoside 89a 1n CD,Cl,.

94 chow, K., Danishetsky, S., J. Org. Chem., 55, 4211 (1990).
95 Upon flash chromatography over silica gel with methylene chioride / methanol, epoxide 23d which had
not coupled to the base was opened up by the methanol to give 24a’ (Ph=BzOCH,) in 22% yield.
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The configuraton of nucleoside 89a, and thus of 89b, about H3' and H4' was contirmed by 'H-

NMR spectroscopy (Figure 23), which clearly showed couplings of ~ 0 Hz for Jjjy g This indicates

that the nitrogenous basc and protected hydroxyl function are trans to one another wath a torstonal angle
of ~ 90°. Had the two subsituents been cis, a coupling between H3 and HE would have been observed
The bicyclic structure was confirmed by a HETCOR carbon-hydrogen correlation (see Appendiy V)
which showed that the 13C signal at 110.45 ppm was coupled to the proton at 6 28 ppm, and the ¢
signal at 99.02 ppm was coupled to the proton at 5 93 ppm. This mdicates that the mitrogenous base s
connected to C3'since O-C-O carbons are always more deshiclded than O-C-N carbons

We also mvestigated this reaction with punine bases.  However, altempts 1o carry out the
coupling reaction with bis-(trimethylsilyl)-N-benzoyladenine  and  zinc chlorde proved w0 be
unsuccessful whether the silylated base was generated in situ using HMDS and chlorotnmethylsifane ™ or
a stock solution of the sitylated base in 1,2-dichlorocthane was used  Further investigation of punne
couplings to 23d have not been carried out at this ume.

Desilylation (BuyNF / THF) of nucicosides 89a and 89b proceded smoothly giving excellent

yiclds (95 and 93%, respecuvely) of the desilylated nucleosides 90a and 90b. Fully deprotected 90b was
obtained by amnolysis (NH, / MeOH), followed by recrystallizauon from methanol, i S8% yicld.
Nucleoside 91a was obtained in a similar manner®® 1n 65% yicld, except that it was puniticd by flash
chromatography prior to recrystallizaion from methanol. The X-ray crystallographic structure of 9la
(Figure 24) confirmed our NMR analyses, clearly showing the nirogenous base trans 1o the adyacent

hydroxy group. Details of the X-ray crystallographic study of nucleoside 91a are shown in Appendix 111

Figure 24. The X-ray crystallographic structure of nucleoside 91a.

96 Nucleosides 91* are enantiomers of nucleosides 91.
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2.8b  Synthesis of Furanoside (93).

We also felt that these novel bicyclic nucleosides could be transformed into interesting
furanosides simply by opening the oxetane ring, and this is known to proceed stercospecifically in many
cases. Reaction of 89a with trifluoroacetic acid in methanol gave the nng opened nuclcoside 92 1 89%
yield. Debenzoylation in methanolic ammoma, followed by flash chromatography and recrystallization
from acetone / hexanes gave the deprotected furanoside 93 in 86% yicld®?. All cfforts to obtain crystals
large enough for X-ray diffraction studics proved to be unsuccessful. Work on the synthes:s of other
derivatives of 93 may be undertaken in the futurc pending the outcome of biological evaluation currently

underway.

28¢c  Attempted Resolution of Enantiomers of Bicyclic Nucleoside (90a).

Since we were nterested in eventually devcloping a method for the synthesis of
enantiomerically pure 91, a project involving the chiral derivatization of 90 was initiated. Furst, 90a was
acctylated by standard methods to give 94a in 90% yield. This denvative was made so that we could
have a simple modcl for the purpose of seiing GC and HPLC condtions. Since our group 1s currently
involved in developing a practical synthesis of enanuomerically pure a-methylvaleric acid, we decided to
make the valerate cster of 90a. Estenficatuon proceeded smoothly giving 94b in 95% yicld
Unfortunatcly, the 2 diastercomers were unseparable by TLC, GC and HPLC. Also, the 'H-NMR
exhibited no difference for the two diastercomers. We then decided to synthesize the Mosher ester
derivativz9% (94c) of 90a. It wac obtained in 82% yicld via standard methods. Agan, we unable to
scparate the 2 diastercomers by chromatographic means, However, the 'H-NMR mdicated that the
diastcrcomers existed in an approximately 1:1 ratio. Being unable to scparate the isomers by
derivatization, other methods (mainly enzymatic) of resolution will be investigated 1n the future f
biological evaluation is promising.

BzO o
@

"' Thy
RO

94a, R=AC
@b, R=CHaCH,CH,CH(CHa)CO
94c, R=CgH5C(OCHgZ)(CF3)CO

97 Furanoside 93* is the enantiomer of furanoside 93.
98 Dale, J. A.; Dull, D. L.; Mosher, H. S., J. Org. Chem., 34, 2543 (1969).
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2.9 Direct Coupling of a Nitrogenous Base to a Modified Photo-adduct (via a
Modified Fraser-Reid-Mootoo Approach).

2.9a  Strategy.

Since all of our cfforts to obtain anomerically pure oxetanocin did not succeed, a new stralegy
bascd on our modified Fraser-Reid-Mootoo method was design 1. We felt that this approach would give
us oxclanocin i anomerically pure form since attack from the o face is extremely hindered and attack at
the C-3 postion of the photo-adduct is extremely unlikely due to sieric factors especially when
considering that much smaller nucleophiles did not attack via this pathway (see section 2.5b). This
approach had been tried earlier and had failed due to the incompatibility of IDCP with the nitrogenous
bases. To circum- nt this problem we decided 10 synthesize modified photo-adducts of the type 95
which contain halogens. It was thought that we could then couple persilylated bases to adducts of type
95 1n the presence of silver salts to afford protected oxetanocin denivatives 96 as shown in Scheme 36.
Hucleoside 96 could then be transformed to oxetanocin by deprotection of the aldehyde, followed by
cleavage of the hydroxy aldchyde function with sodium periodate / sodium borohydride to afford the
desired alcohol. Fully deprotectied oxetanocin could then be obtained by removal of the 4' protecting

group.

Scheme 36
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29b Synthesis of Bicyclic Nucleosides (99).

Our first task was to construct a modified photo-adduct of the type 95. Unfortunately, all
attempts to open epoxide 23d with 2-halocthanol were unsuccessful. However, when 23d was treated
with bromo or chloroacetic acid in methylene chloride, acctals 97a and 97b were obtained in 5SS and 45%
yield, respectively. Acetal 97a was transformed to 1ts t-butyldimethylsilyl ether 98a in 41% yield by
standard means (TBDMSICI / imidazole / DMF). However, when the same conditions were used (o
silylate 97b, adduct 98b was obtained in 36% yield. When silylation was carricd out using 2,6-lutidine /
TBDMSi-OTf in methylene chloride?®, 98¢ was obtained in 58% yield.

Scheme 37
B20— O XCH,COOH B20— 0 x
0] > 0]
L; , CH,Cly
O 'l'|
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97b, X=8Br
TBDMSICI, imidazole, DMF
of Ac0, CH,Clp | py, DMAP
780 MSo-OT(.l 2,6-lutidine, CH,Cly

Bz0— 0 Bz0— O
Ty Ty
0 \O 0 \O
TBDMSIO AcO
98a, X=Cl 101
98b, Xs=imid
98c, X=Br

99 Goray, E. J.;Cho, H ; Riicker, C.; Hua, D. H., Tetrahedron Lett, 22, 3455 (1981).
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We were now ready to couple the nitrogenous base to our modified photo-adducts 98.  Silver
triflate was chosen as the metal salt that would trigger the rcaction due to the high affinity of silver ion
for halogens and because the triflate anion is an extremely poor nucleophile that would not interfere with
the coupling reaction.  Unfortunately, reaction of 98a with bus-(trimethylsilyl)-NS-benzoyladenine and
silver tnflate gave a very complex mixture. No matcrials were isolated which contained NS-
benzoyladenine connected to a sugar moicty. However, when 98¢ was reacted with bis-(trimethylsilyl)-
Nb-benzoyladenine and silver triflate under similar conditions, a product 99a containing NS-
benzoyladenine connected to a sugar moicty was obtained. Its 'H and 1*C-NMR was not consistent with
nucicosides of the type 100. Also, the instability of this compound made it difficult to work with since it
decomposed shortly after purification.  Therefore, we decided to deblock nucleoside 99a not really
knowing the exact structure of it. All attempts 1o remove silyl or benzoyl protecting groups failed!0,

Being unable to work with nucleoside 99a, it was decided to replace the TBDMSi protecting
group with an acclate group since we felt that the TBDMS: group was the cause of the instability. Acetal
97b was acctylated by standard mecans to afford 101 in 95% yield. Coupling of 101 1o bis-
(tnmethylsilyl)-N%-benzoyladenine 1 the presence of silver tnflate again afforded a nucleoside 99b
whose NMR data was not conerstent with nucleosides of the type 100. This compound was more slable
than the TBDMS1 derivative and 1t was possible to carry out extensive analysis by NMR. Unfortunatcly,

it was not possible to obtain a mass spectrum of enther nucleoside 99a or 99b.

TN

/ J vl /

A M

— NP
T T T T O T T T T T T T T T T O O T T T T T T
11 10 8 8 7 6 5 4 3 PPM 2

Figure 25. The 200MH. 'H-NMR of nuclcoside 99b in CD,Cl,.

100 Had we known the structure of nucleoside 99a at this point, we would have obviously not attempted to
hydrolyze the benzoy! group since this would open the bicyclic lactone.

74




Scheme 38
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Despite not being able to obtain a mass spectrum of 99b, we were able to assign the structure of

99b, and thus of 99a, withk a high degree of confidence based on our extensive NMR expeniments. The

mechanism for the formation of nuclcosides 99 1s shown 1n Scheme 39101, The only possible explanation

as to why the reaction proceeds via this pathway, considening that we had carlier opened acetals of type

10, 21 and 29 in the desired manner to yield monocychic oxetanes (sce sccuions 2.5b - 2 5d), 1s that the

oxetane oxygen is in closer proximity to the acetyl bromide side chain than the furan oxygen.

101 Nycleoside 99* is the enantiomer of nucleoside 99.
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Scheme 39
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Duc to this unexpecied result, we reexamined our structural assignment of oxctanes 17, 18, 22,
30 and 31. If we analyzc the NMR data of compound 30c (a representative sample), we see that the main

distinction between oxetanc 30c and furan 102* in the "H-NMR 1s the chemical shift and coupling pattern

of H3. If 102* had been formed, we should see a "ddd” at ~ 2.5 ppm like was observed n nucleosides
99. Insicad, the '"H-NMR shows a triplet at 3.51 ppm. The chemical shift 1s very close to what
Yamamura'¥ reports for oxctanc 103. Also, if we examine the '"H-NMR's of a varicty of monocyclic
oxctancs, we see that H3 1s not affected very much by the sabstituents on C3' due to the fact that the
substituent on C3 1s not ngidly attached and can “"swing" away lo a more stable conformer. If structures
of type 102* had been formed, varying the substtuents on C4 would affect the chemical shift of H3 since

these substituents would be part of the ring and could not orient out of the way.
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Scheme 40

It may be possible to synthesize deprotected nucleosides of the type 99 simply by starting fron
an cpoxide which has a protccting group that can be removed under neutral conditions and protecting the
free alcohol 1n acctals of type 97 with a group that can alo be removed under mild condiions. A
problem may anse with the use of purine bases since these are normally benzoylated prior to bus-
silylation and the benzoyl group may be difficult to remove without again destroymng the icyche lactone
as was the casc when we attempted to deblock 99a. However, no such problems should arise with the use
of pyrimidine bascs and this may be an interesting approach to obtan deprotected nucleosides of the type
99.

L 3%
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2.10  Future Qutlook,

Duc to the uncxpected reaction of adducts 98¢ and 101 with bis-(tnimethylsilyl)-NS-
benzoyladenine, a new adduct would have to be designed in which the halide containing side chain could
not rcach over to the oxctanc oxygen. It has not yet been possible (o synthesize an endo epoxide of type
23d, which would be required to obtain an exe opening of the epoxide, and thus yield an adduct which
would have the halide contamming side chain closer to the furan oxygen Ther.fore, we felt that perhaps
an adduct of the type 107 would be suitable and allow the reacuion to proceed in the desired manner to
give nucleoside 108 since the halide contaiming stde chain 1s locked in a poron that puts it in close
proxumty to the furan oxygen. Adducts of the type 107 could be synthesized via a [2+2]

phutocycloaddition of aldchyde 105 and turan 106 as shown in Scheme 41 or by building the side chain

on to a suitable photo-adduct.

Scheme 41
RO j (o] HO——] (o)
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Although oxetanocin has generated a great deal of interest tn oxetane containing nucleosides
over the past few years, nterest in 1t and derivauves thereof is slowly waning duc to findings that the
oxctane ring is not the sole structural feature which is responsible for activity and due to the fact that no

one has yet developed a cost efficient synthests.
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3. CONTRIBUTIONS TO KNOWLEDGE

1. A number of trisubsittuted monocyclic oxctancs were prepared from photo-adducts of aldchydes
and furan using a modification of the Fraser-Reid—Mootoo glycosidauon procedure

The chemistry of these oxctancs was also mvestigated.

2. Racemic oxctanocin and eproxctanocin were syathesized from photo-adducts of
propionyloxyacctaldchyde and 2-methylfuran. The coupling of oxctanes, contauning varous

paricipating groups, with nitrogenous bascs was investigated

3. Bicychic nucleosides contatning photo-adducts of aldchydes and furan were synthesized

Furanose derivauves of these nucleosides were also prepared.
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4. EXPERIMENTAL

4.1 General Methods.

Mclung pomnts (m p.) were determined on a Gallenkamp block and are uncorrected.  Gas
chromatographic analysces were performed on a Hewlett-Packard 5890 GC equipped with a fuscd silica
capllary column (25m x (0 2 mm), a flame 10nization detector and a HP 3392A ntegrator. UV spectra
were obtained on a Hewleut-Packard 8451 diode array spectrophotometer.  Infrared spectra were recorded
on an Analect AQS-18 spectrometer in the indicated solvent,  Opucal rotations were measurcd on a Jasco
DIP-140 digial polarsmeter in the indicated solvent and concentration 1 a 1 dm ccll. Low-resolution
chemical 1omzation mass spectra were obtauned on an HP-5980A quadrapole mass spectrometer in the
durcet-inlet mode.  Low-resolution clectron impact mass spectra were obtamed on a DuPont 21-492B
mass spectrometer i the direct-ilet mode  High-resolution chemical 1onization and FAB mass spectra
(tow-resoluuon and high-resolution) were obtamed on a VG ZAB-2F-HS scctor mass spectrometer in the
directanlet mode  The measurements were carned out at a resolving power (res) of 10000, unless
otherwise indicated, Elemental analyses were performed by Guelph Chemical Laboratonies Ltd. (Guclph,
Oniano, Canada).  All compounds were shown to be homogencous by t1c. and high-field NMR, and to
have a purity of >95%.

TH-NMR spectra were obtaned on cither a Vanan XL-200 or Varian XL-300 spectrometer at
200 MHs and 300 MHz respectvely and the peak assignments were made, 1n some cases, with the aid of
homonuclear decoupling and/or COSY experniments  Chemical shifts are given in the scale of parts per
mitfhon (ppm). The residual proton signals of chloroform, DMSO, methanol and methylene chlonde
(assigned values of & 7.24, 2.49, 3.30 and 5.32 ppm, respecuvely) were used as reference in these
solvents  The muluplicitics arc recorded using the following abbreviauons: s, singlet, d, doublet; dd,
doublet of doublets, ddd, doublet of doublet of doublets; dddd, doublet of doublet of doublet of doublets;
t, wplet; q, quartet, h7, heptet; m, muluplet, br, broad; ex, cxchangeable. 13C-NMR spectra were
obtuned on a Vanan XL-300 spectrometer at 75.4 MHz and the peak assignments were made, 1n some
cases, with the aid of APT and/or HETCOR cxpeniments.  The '3C signals of CDCly, DMSO-dg,
CD;0D, CD,Cl, and C¢D, (assigned values of & 77.00, 39.50, 49.00, 53.80 and 128.00 ppm,

respectively) were used as reference in these solvents.  Entrics with an asterisk are interchangeable.

Sclected 2-D experiments arc shown n Appendix IV.

Tetrahydrofuran and cther were distilled from sodium benzophenone ketyl. Methylene chloride
and 1,2-dichlorocthane were disulled from P,Os. Benzene, hexanes, petroleum cther and tolucne were

dricd over sodium wire, Mcthanol was distilled from magnesium. Pyridine, acctonitrile, di-sym-collidine
and tricthylamine were distilled from calcium hydride. N,N-Dimcthylformamide was dricd by shaking

with KOH followed by distillation from BaO. Thin-layer chromatography (tic) was performed on silica
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gel (Kieselgel 60 F,q,) aluminum-backed plates (0.2 mm thickness) and visuahized by UV and/or dipping

into a solution of 2.5 g ammomum molybdate and 1 g cenc sulfate in 10 mL sulphuric acid / 90 mL
water, followed by heaung. Kiesclgel 60 (Merck 230-400 mesh) silica gel was used for column
chromatography!02,

Photochemical reactions were carned out n 350 mL or 2 L reaction vessels using a 450 W
medium pressure Hg arc lamp equipped with a VY COR filter. Oxetancs 42, 47, 54, 56, 75 and 84 can be
prepared in one-pot from their respective photo-adducts However, in some cascs, an improved yicld can
be realized if a partial work-up is done at the alcohol stage. The nomenclature of photo-adducts 2a-d,
37a, 38a, 39a, 39b, 40, 41, 43, 44, 52, 53, 55, 72, 81, 85, 87 and 88, and any compounds denved {rom

these adducts, refers to the enantiomer shown.

102 gtjii, W. C.; Kahn, M.; Mitra, A., J Org. Chem., 43, 2923 (1978).
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4.2  Experimentals for Section 2.2,

2a-O-Formyloxy-3a-C-formyl-43-phenyl oxetane (3).

Ozonc was bubbled through a solution of the photo-adduct 2a (1.025 g, 5.89 mmol) in dry
methylene chionde (250 mL) at -78°C until the solution tumed blue (1 h). Dimethyl sulfide (2.16 mL, §
cquiv.) was added to the rcaction mixture under mitrogen and it was allowed to warm to ambient

temperature gradually overmight. The solubon was washed with water (2 x 150 mL), brine (150 mL),
dricd (Na,S0,), filtered and the solvent removed in vacuo to yield aldehyde 3 (1.201 g, 99% yield) as a

hght yellow oil. {'H-NMR (200 MHz, CDCly): 8 3.93 (ddd, 1H, H3), 6.22 (d, 1H, H4), 6.88 (d, 1H, H2),
7.26 - 7.39 (m, SH, phenyl), 8.14 (s, 1H, OCHO), 9.84 (d, 1H, CHO); Jyy5 13 = 6.2 Hz, I3 cpio = 1.0 Hz,
Jia.114 = 6 5 He, IR (CH,Cly): 1730 cm'! [CHO), 1743 cm™! [OCHO))}.

Ph 0 2

7
4 3 ocHO

CHO
3

Tetramethoxy-olefin (4).

To a surred solution of aldehyde 3 (206 mg, 1.00 mmol) in dry methanol (2.5 mL) under
nitrogen at room temperature was added cerium (IIT) chloride heptahydrate (373 mg, 1.00 mmol) and
trimethy! orthoformate (0.80 mL, 7.00 mmol). Afier surring for 43 h, another 0.80 mL of trimethyl
orthoformatc was added. After stirring for another 2 h, the reaction mixture was poured into saturated
aqucous sodium bicarbonate (50 mL), extractcd with cther (3 x 50 mL), dricd (Na;S0O,), filtered and the
solvent removed in vacuo yielding a yellow syrup which was chromatographed over silica gel (hexanes /
cther, 2 1 v/v), affording tetramethoxy-olefin 4 as a hight yellow oil (108 mg, 43% yicld) {!H-NMR
(200 MHz, CDCly): 6 3.34, 3.35, 3.41, 342 (ds, 12H, McQ), 4.89, 5.03 (25, 2H, CH(OMc),), 7.09 (s, 1H,
CH-Ph), 7.32 - 7.39 (m, 5H, phenyl); LRMS (CI-NH;): m/e 221 ((MH* - McOH], 100%)}.

o)
Ph Me
OMe
OMe
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4.3  Experimentals for Section 2.3.

6P-Phenyl-2,7-dioxa-bicyclo-[3,2,0)-hepta-3-none (5a) and 1-B-acetoxy-6-phenyl-2,7-dioxa-bicyclo-
[3,2,0])-hept-3-ene (9a).

A muxture of 2-acetoxyfuran (5.90 g, 46.8 mmol) and benzaldehyde (4.90 g, 46.2 mmol) in
benzene (330 mL) was placed in a 350 mL photo-reaction vessel, cooled to 8°C and saturated with
helium. The solution was then irradiated for 6 h. The solvent was removed under reduced pressure (0

give a yellow syrup. Purification by flash chromatography (petroleum ether / cthyl acctaice, 4.1 v/v) gave
Sa (1.241 g, 14% yicld) and 9a (550 mg, 5% yicld) as yellow oils. Sa: (TH-NMR (200 MH., CDCly) 6

2.80 (A of ABX, 1H, H4,), 2.96 (B of ABX, 1H, H4), 3.51 (dddd, 1H, HS), 5.42 (d, 1H, H6), 6 37 (d,
1H, H1), 7.35 - 7.44 (m, SH, phenyl); Jy; 5 = 4.8 Hz, Jjj4 0, = 1.3 He, Jiianan = 100 He, Jyaa 1ian = -
18.8 Hz, Jys.1y6 = 4.4 Hz; 3C-NMR (75.4 MHz, CDCLy): 8 32 64 [C4), 42 77 [C5), 86 79 [C6], 104 75
[C1], 125.24, 128.38, 139.17 {aromauc CH], 128.23 [aromauc C}, 175.96 [CO), IR (CH,Cl,) 1794
cm'1}. 9a: {'H-NMR (200 MHz, CDCly)" § 2 17 (s, 3H, CH,), 3.86 (1. 1H, H5), 541 (d, 111, H6), 5 51
(1, 1H, H4), 6.66 (d, 1H, H3), 7.30 - 7.45 (m, SH, phenyl); Jij3 114 = 3.4 He, e yis = 3.1 H, Dy 16 = 3.5
Hz; IR (CH,Cly): 1767 cm'!; LRMS (CI-NH;): m/e 250 ((M + NH,*], 25.8%), 233 ((MH"], 14.2%)).

OAc

83




4.4 Experimentals for Section 2.5.

General Procedure for the Reaction of N-Halosuccinimide and Alcohols with Photo-adducts.

To a solution of 2 1n dry alcohol (0.05 M - 0.20 M) at room temperature under nitrogen was
added N-bromo (NBS) or N-iodo (NIS) succinimide (1 equiv.). The reaction mixture was stirred at room
icmperature until complete comsumpuon of the starting material (1 - 3 h). The remaining alcohol was

removed 4n vacuo and the residuc was purificd by flash chromatography (petroleum cther / ethyl acetate,

10.1-4:1, v/v).

3a-Allyloxy-4p-bromo-6f-phenyl-2,7-dioxa-bicyclo-{3,2,0)-heptane (10a).
Photo-adduct 2a (98 mg, 0.56 mmol) and NBS (99 mg, 0.56 mmol) in allyl alcohol (5 mL.) gave
the utle compound (38 mg, 22% yicld) as a clear oil. {'H-NMR (200 MHz, CDCl,): 8 3.59 (1, 1H, H5),

4.32 (dd1, br, 2H, H3',, H3}), 4.50 (s, 1H, H4), 5.31 (dddd, br, 2H, H3",, H3"}), 5.57 (d, 1H, H6), 5.74
(d, 1H, H3), 596 (m, 1H, H3"), 6.33 (d, 1H, H1),7.31 - 7.41 (m, SH, pheny!), Iy s = 4.1 Hz, Jjp3 i3, =
03 Hs, )56 =48 He)

Ja-Methallyloxy-4B-bromo-6p3-phenyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (10b).
Photo-adduct 2a (435 mg, 2.50 mmol) and NBS (445 mg, 2.50 mmol) 1n 2-methyl-2-propen-1-ol
(25 mL) gavc the utle compound (108 mg, 17% yicld) as a clear oil. {'H-NMR (200 MHz, CDClLy): &

§ 1.80 (s, 3H, Me), 3.59 (1, 1H, HS), 4.23 (dd, br, 2H, H3',, H3'y), 4.51 (s, 1H, H4), 4.96, 5.05 (2s, br, 2H,
H3", H3™,), 5.57 (d, 1H, H6), 5.72 (d, 1H, H3),6.33 (d, 1H, H1),7.30 - 7.41 (m, SH, phenyl), Jj; s =
4.1 He, By 113e = -0.5 He, B3 iz = -12.4 Hz, Jys 16 = 4.8 Hz: LRMS (CI-NHy): m/e 344, 342 (M +
NH,*},5.7%, 4 3%), 272,270 ((MH* - H,C=C(CH;)CH,0H], 15.2%, 11.9%)).

3a-Dimethallylovy-43-bromo-63-phenyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (10¢).
Photo-adduct 2a (87 mg, 0.50 mmol) and NBS (89 mg, 0.50 mmol) 1n 3-methyl-2-buten-1-ol (5
mL) gave the utle compound (129 mg, 76% yield) as a clear oil. {'TH-NMR (200 MHz, CDCly): & 1.73,

1.78 (25, br, 6H, Mc), 3.57 (, 1H, HS), 4.31 (ddd, br, 2H, H3',, H3}), 4.48 (s, 1H, H4), 540 (m, IH,
H3"), 5.57 (d. 1H, H6), 5.73 (s, 1H, H3), 6.33 (d, 1H, H1), 7.30 - 740 (m, SH, phenyl), Iy, ;15 = 4.1 Hz,
Jys.qie = 4.7 He: LRMS (CI-NH;): mfe 331, 339 ((IMH"], 5.8%, 6.2%)}.

Ph o A

.."

OR
Br

108, R = CH,CH=CH,
10b, R = CH,C(CHy)=CH,
é 10¢, R = CH,CH=C(CHy),
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3a-Methallyloxy-43-iodo-603-phenyl-2,7-dioxa-bicyclo-(3,2,0)-heptane (10d).
Photo-adduct 2a (87 mg, 0.50 mmol) and NIS (113 mg, 0.50 mmol) in 2-mcthyl-2-propen-1-ol
(5 mL) gave the utle compound (186 mg, 100% yield) as a clear oil. {'H-NMR (200 MHz, CDCl;): &

175 (s, 3H, Me), 3.69 (1, 1H, HS), 4.21 (dd, br, 2H, H3',, H3',), 4.49 (s, 1H, H4), 4.95, 5.04 (2s, br, 2H,
H3",, H3"}), 5.56 (d, 1H, H6), 5.84 (d, 1H, H3), 6.34 @, 1H, H1), 7.30 - 7.43 (m, SH, phenyl), Jyy, ;5 =
4.0 Hz, Jygapya = -0.6 Hz, Jyzanzy = -122 Hz, Jys 6 = 4.8 Hz; LRMS (CI-NH,) m/c 373 (IMH*),
0.2%), 301 ([MH* - H,C=C(CH;)CH,OH], 4.2%)).

3o-Allyloxy-4-bromo-63-i-propyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (10e).

Photo-adduct 2b (140 mg, 1.00 mmol) and NBS (178 mg, 1.00 mmol) 1n allyl alcohol (5§ mL)
gave the title compound (194 mg, 70% yicld) as a colourless o1l {TH-NMR (200 MHz, CDCl5): 8 0 86
(d, 3H, MeCHMe", 0.89 (d, 3H, MeCHMe"), 1.82 (m, 1H, H6'), 3.32 (1, 1H, HS), 4.17 (dd, 1H, H6), 4.23
(m, br, 2H, H3',, H3'p), 4.25 (s, 1H, H4), 5.25 (dddd, br, 2H, H3", H3"), 5.63 (d, 1H, H3), 5.87 (m, 1H,
H3"), 6.02 (d, 1H, H1), Jy s = 4.1 Hz, Jyy5 43, = -0.6 Hz, Jyys 146 = 5.0 Hz, Jyj¢ 116 = 8.2 He, Jjjo e =
7.4 Hz, Jzg.me = 6-8 Hz).

3o-Methallyloxy-4(3-bromo-6B-i-propyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (10).

Photo-adduct 2b (140 mg, 1.00 mmol) and NBS (178 mg, 1.00 mmol) in 2-methyl-2-propen-1-cl
(5 mL) gave the title compound (27 mg, 9% yicld) as a clear o1l (!.+-NMR (200 MH/, CDCIL5): 8 0.87
(d, 3H, MeCHMe"), 0.91 (d, 3H, MeCHMe"), 1.75 (¢, 3H, Me), 1.79 (m, 1H, H6’), 3.34 (1, 1H, H5), 4.15
(dd, br, 2H, H3',, H3")), 4.20 (dd, 1H, H6), 4.28 (s, 1H, H4), 4.93, 5.00 (2s, br, 2H, H3™,, H3™p), 5.63 (d,
IH, H3), 6.05 (d, lH, Hl), JH]~”5 = 38 HZ, 1”3,“3'. = ‘0.3 HZ. Jll3'l-“3'b =-124 HZ, "“5-“6 =44 HI.,
JHG-HG' =80 Hz, JHG'-MC =6.9 Hz, J“6'-N1c' =69 HZ}.

o
“oR
Br

10e, R = CH,CHxCH,
10, R = CH,C(CH,)=CH,
10g, R = CH,CH=C(CH,),
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Ja-Dimethallyloxy-43-bromo-63-i-propyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (£0g).

Photo-adduct 2b (140 mg, 1.00 mmol) and NBS (178 mg, 1.00 mmol) 1n 3-methyl-2-butcn-1-0l
(5 mL) gave the title compound (228 mg, 75% yield) as a clear oil. {'H-NMR (200 MHz, CDCl5): §
0.87 (d, 3H, MeCHMe'), 0.91 (d, 3H, MeCHMe'), 1.69, 1.75 (2s, br, 6H, Me,C), 1.85 (m, 1H, H6'), 3.32
(t, 1H, HS), 4.19 (dd, 1H, H6), 4.21 (ddd, br, 2H, H3',, H3'y), 4.24 (s, 1H, }'4), 5.35 (in, 1H, H3"), 5.63
(s, 1H, H3), 6.04 (d, H, H1), Iy, s = 4.2 Hz, dy3 113, = -0.6 Hz, Jyy3, yizp = -11.1 He, Sy iy = 4.8
Hz, Jyap a3 = 74 Hz, Jys 6 =4.5 Hz, Iy g = 8.0 Hz, Jyye M. = 6.7 Hz, Jjyg aper = 6.7 Hz ).

Ja-Methallyloxy-4f-iodo-63-i-propyl-2,7-dioxa-bicyclo-[3,2,0)-heptane (10h).

Photo-adduct 2b (1.68 g, 12.0 mmol) and NIS (2.71 g, 12.0 mmol) in 2-mcthyl-2-propen-1-ol
(120 mL) gave the title compound (3.84 g, 84% yield) as a clear 0il. {!H-NMR (200 MHz, CDCly): &
0.86 (d, 3H, MeCHMe)), 0.89 (d, 3H, MeCHMe'), 1.74 (s, 3H, Me), 1.81 (m, 11, HE'), 3.44 (1, I1H, HS),
4.13 (dd, br, 2H, H3',, H3), 4.17 (dd, 1H, H6), 4.26 (s, 1H, H4), 4.92, 499 (2s, br, 2H, H3",, H3"),
5.74 (d, 1H, H3), 6.05 (d, 1H, H1); Jyy.135 = 4.0 Hz, Jyy3 143, = 0.5 Hz, Jyyz, y3 = <124 He, Jys g1 =
4.8 Hz, Jyg 16 = 8.0 Hz, Jyyg e = 7-3 Hz, Jyg e = 7.3 Hz; 3C-NMR (75.4 MH., CDCl,) 8§ 16.23,
1697 [Me,CH], 1949 [OCH,C(CH,)=CH;], 24.03 [C4], 33.59 [C6'], 5491 (CS], 71.63
[OCH,C(CH,)=CH,], 89.12 [C6], 107.92 [C1], 112.77 [OCH,C(CH,)=CH,], 11391 [C3], 141.20
[OCH,C(CH;)=CH,]; LRMS (CI-NH;): m/e 356 ((M + NH,*],4.1%), 339 ((MH*], 12.2%), 267 (IMH"* -
H,C=C(CH;)CH,OH], 29.8%), HRMS (CI-NH,): m/e calcd. for C,H,,0;1 [MH*], 339.0458; found
339.0457}. Anal. calcd. for C;,H,;o051: C,42.62; H, 5.66; I, 37.52. Found. C, 42.71; H, 5.70; 1, 37.60.

4,5-Dihydro-4a-(a-hydroxybenzyl)-Sp3-methoxyfuran (14).

A solution of 2a (489 mg, 2.81 mmol) in anhydrous methanol (50 mL) was refiuxcd under an
atmosphcre of nitrogen for 2 h. The solvent was removed under reduced pressure to give a white residuc.
Purification by flash chromatography (petroleum ether / ethyl acetate, 4:1, v/v) gave the title compound
(180 mg, 31% yield) as a clear cil. {!H-NMR (200 MHz, CDCl,): § 2.08 (d, ex, 1H, OH), 3.05 (dddd,
1H, H4), 3.42 (s, 3H, MeO), 4.44 (dd, 1H, H4"), 4.59 (1, 1H, H3), 5.42 (d, 1H, HS), 6.39 (dd, 1H, H2),
7.32 - 7.36 (m, 5H, phenyl}, Jyyo 113 = 2.8 Hz, Jy5 134 = -2.0 Hz, Jyj3. 4 = 2.8 Hz, Jjyq 10 = 8.1 Hey Jyyq s
=22 Hz, Jy4 o = 3.0 Pz; LRMS (EI, 70 ¢V): m/e 206 ((M* ], 1.1%}.
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4,5-Dihydro-4a-(a-hydroxybenzyl)-53-allyloxyfuran (15).

A solution of 2a (2.00 g, 11.5 mmol) in dry allyl alcohol (200 mL) under nitrogen at room
temperature containing acetic acid (13 pL, 0.12 mmol) was refluxed for 2 days. The solution was
cvaporated to dryness and the resicuc was dissolved in EtOAc (500 mL), washed with saturated aqueous
sodium bicarbonate (400 mL), brine (400 mL), dried (Na,SO,), filtered and the solvent removed under
reduced pressure to yicld a thick yellow residue. Flash chromatography of the residual syrup (petroleum

cther / ethyl acetate, 4:1, v/v) gave the title compound (791 mg, 30% yield) as a light yellow oil and
recovered starting material (552 mg). {!H-NMR (200 MHz, CDCly): & 2.25 (4, ex, 1H, OH), 3.08 (dddd,

1H, H4), 4.13 (dddt, 2H, HS',, HS), 4.43 (dd, 1H, H4), 4.60 (1, 1H, H3), 5.18 (dddd, br, 2H, H5" _,
H5",), 5.53 (d, 1H, HS), 5.83 (m, 1H, H5"), 6.37 (dd, 1H, H2), 7.27 - 7.39 (m, SH, phenyl), J;;; 113 = 2.8
Hz, Jiia.1e = -1.9 Hz, Jy3 11a = 28 Hz, Jyo e = 8.0 Hz, Jyq 115 = 2.1 Hz, Iy op = 2.9 Hz; 3C-NMR
(754 MHz, CD,Cl,): § 57.21 [C4), 69.20 [DCH,CH=CH,], 74.63 [C4}, 100.81 [C3], 106.71 [C5],
117.07 [OCH,CH=CH,), 126.68, 128.11, 128..73 [aromatic CH], 134.51 [OCH,CH=CH,)], 142.59
[aromatic C], 145.87 [C2]; LRMS (CI-NH;): m/e 255 (M + NH,*], 1.0%), 233 ((MH*],3.6%)).

4,5-Dihydro-4a-(a-hydroxybenzyl)-53-methallyloxyfuran (16a).

The title compound was prepared in 10% yield by a procedure similar to that used for the
preparation of 15. {!H-NMR (200 MHz, CDCl,): & 1.59 (s, br, 3H, Me), 1.97 (d, ex, 1H, OH), 3.11
(dddd, 1H, H4), 4.03 (dd, br, 2H, HS',, H5')), 4.51 (dd, 1H, H4"), 4.66 (t, 1H, H3), 4.86, 4.88 (2s, br, 2H,
H5",, H5"}), 5.49 (d, 14, HS), 6.42 (dd, 1H, H2), 7.27 - 7.36 \m, SH, phenyl), Ji35 3 = 2.7 Hz, Jjjp yg =
-18 Hz, Jij3 yq = 2.8 Hz, gy = 74 He, Jyg s = 2.1 Hz, Jyeon = 2.6 Hz, Jyy5, s, = -12.6 Hz;
LRMS (CI-NH,): m/c 264 ([M + NH,*], 1.9%), 247 (IMH*}], 5.5%); HRMS (CI-NH,): m/e calcd. for
C,sH,905 [MH*], 247.1333; found, 247.1334).

14, R=CH,
15, R = CH,CH=CH,
168, R = CH,C(CHy)=CH,

4,5-Dihydro-4a-(4'-hydroxy-4''-methylpropyl)-53-methallyloxyfuran (16b).

The title compound ~as prepared 1n 11% yield by a procedure similar to that used for the
preparation of 15. {'H-NMR (200 MHz, CDCly): § 0.95 (d, 6H, Me,CH), 1.50 (s, br, ex, 1H, OH), 1.73

(s, br, 3H, Me), 1.76 (m, 1H, Me,CH), 2.91 (dddd, 1H ,.4), 3.19 (ddd, 1H, H4'), 4.08 (dd, br, 2H, HS',,
H5',), 4.85{, 1H, H3), 489, 4.98 (25, br, 2H, H5", H5",), 5.47 (d. 1H, H5),6.41 (dd, IH, H2), Jj;. 13 =
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2.7Hz, Jyp e = -1.8 Hz, lyy g =28 Hz, Jyq e = 8.0Hz, Jyyq 1y5=24 Hz, Iy cpnte = 6.5 He, Jopye.
Me = 6.7 Hz; LRMS (CI-NHj3): m/e 230 ([M + NH/*], 12.4%), 213 ({[MH*), 39.2%), 141 (|MH* -
H,C<C(CH,)CH,OH], 100%); HRMS (CINH;: m/c caled. for CygHye0p [MH® -
H,C=C(CH,)CH,OH], 213.1490; found, 213.1450}.

16b

General Procedure for I*(sym-collidine),C10, Mediated Opening of Acetals 10, 21 and 29.

To a solution of the adduct in dry benzene (~0.03 M) under nitrogen at room temperature was
added the nucleophile (5 equiv.). After surnng for 10 min., I*(sym-collidine),ClO,™ (1.5 equiv.) was

added in small portions over a 20 minute period and the solution allowed to str until complction of the
reaction (1 - 18 h). The excess I*(sym-collidine),ClO, was precipitated by the addition of cther (amount
equal to total solvent used) and the reaction mixture was filtered through a bed of dry Cehite.  The filter
cake was washed with more dicthyl ether and the combined filtrates were washed with saturated aqucous
scdium thiosulfate, 5% hydrochloric acid, saturated aqueous sodium bicarbonate, water, dricd (Na,SO,).
filtered and the solvent removed vnder reduced pressure to yield a syrup. Flash chi. matography of the
residual syrup (petroleum ether / ethys acetate, 10:1 - 2:1, v/v) gave the tnsubstituted monocyclic

oxctane.

Oxetane (17b).

Acetal 10b (72 mg, 0.22 mmol) and methanol (45ul., 1.10 mmol) gave the title compound
(mixture of 2 inseparable diastereomers, 4:6), (107 mg, 100% yicld) as a colourless o1l. 17b-minor: {1H-
NMR (200 MHz, CDCl,): 8 1.35 (5, 3H, Me), 3.27 (s, 3H, McO), 3.36 (s, br, 2P CHHI, CHHI), 3.59 (t,
1H, H3), 3.83 (dd, 2H, H3",, H3™)),4.51 (s, 1H, H3), 5.50 (d, 1H, H4), 5.72 (s, 1H, H3"), 6.32 (d, 1H,
H2),7.31 - 7.39 (m, SH, phenyD), Jy,. 143 = 4.1 Hz, Jya 44 = 4.8 Hz, Jyj3p 1337 = -10.2 He Jeyenm ~
0 Hz}. 17b-major: { 1H-NMR (200 MHz, CDCl,): & 1.37 (s, 3H, Me), 3.27 (s, 3H, McO), 3.39 (dd, 2H,
CHHI, CHHI), 3.59 (1, 1H, H3), 3.83 (dd, 2H, H3",, H3"}), 4.51 (s, IH, H3), 549 (d, 1H, H4), 5.72 (s,
1H, H3)), 6.32 (d, 1H, H2),7.31 - 7.39 (m, SH, phenyl), Jjjp 3 = A 1 Hz, Jj13.144 = 4.9 He, Jygmg gy = -
9.8 Hz, Jchin.cnm = -104 Hz ).
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Oxetane (17d).
Acetal 10d (74 mg, 0.20 mmol) and methanol (41ul., 1.10 mmol) gave the utle compound

(ruxture of 2 inseparable diastereomers, 4:6), (71 mg, 67% yield) as a light yellow oil. 17d-minor: {'H-
NMR (200 MHz, CDC? )): § 1.35 (s, 3H, Me), 3.27 (s, 3H, MeO), 3.36 (s, br, 2H, CHHI, CHHI), 3.68 (t,

1H, H3), 3.82 (dd, 2H, H3",, H3")), 4.49 (s, 1H, H3'), 5.48 (d, 1H, H4), 5 84 (s, 1H, H3"), 6.33 (d, 1H,
H2),7.33 - 7.39 (m, 5H, phenyl), Jyjp yy3 = 4.1 Hz, Jy3 i = 4.6 Hz, Jygey pyamy, = -10.2 Hz, Iy opmy ~
0 Hz; 13C-NMR (75.4 MHz, CDCly}: & 12.14 [CH,I], 20.07 [CH4}, 22.75 [C3'], 50.22 [C3), 59.86
[Me0], 71.05 [C3"], 74.32 [CCH,I}, 84.91 [C4], 108.45 [C2], 11493 [C3"], 125.40, 128.44, 128.74
{aromatic CH], 140.56 [aromatic C]}. 17d-major: {!H-NMR (200 MHz, CDCly): & 1.37 (s, 3H, Me),
3.27 (s, 3H, McO), 3.39 (dd, 2H, CHHI, CHHI), 3.68 (t, 1H, H3), 3.79 (dd, 2H, H3",, H3"\,), 4.49 (s, 1H,
H3'),5.46 (d, 1H, H4), 5.84 (s, 1H, H3"), 6.33 (d, 1H, H2), 7.33 - 7.39 (m, 5H, phenyl), Jjo.n3 = 4.1 Hz,
Tysan = 48 Hz, Jygeg 113, = -9.9 He, Joypay cpppr = -10.1 Hz; BC-NMR (754 MHz, CDCly): 8 12.60
[CH,I], 20.21 [CH4], 22.71 [C3'), 49.97 [C3], 59.87 [MeO], 70.76 [C3™"], 74.30 [CCH,I], 84.94 [C4],

108.47 [C2], 114.93 [C3'], 125.40, 128.44, 128.74 [aromatic CH], 140.54 [aromatic C}}.

17b, X=Br
17d, X=I

Oxetane (17c).
Accial 10c (68 mg, 0.20 mmol) and methanol (41puL, 1.00 mmol) gave the utle compound

(muxure of 2 inseparable diastercomers, 45:55), (70 mg, 70% yield) as a light yellow oil. 17c-minor:
{TH-NMR (200 MH_, CDCly): & 1.37 (s, 6H, CH;), 3.23 (s, 3H, Me0), 3.59 (dd, 1H, H3), 3.93 (d, IH,

CHI), 4.23 - 451 (m, 2H, H3",, H3"}), 4.54 (s, 1H, H3), 5.67 (d, 1H, H4), 5.77 (s, 1H, H3"), 6.32 (d,

1H, H2), 7.34 - 741 (m, SH, phenyl), Jyy, 13 = 4.1 Hz, Jyy g = 5.0 Hz, Sy gy = 114 Hz). e

major: {'H-NMR (200 MHz, CDCLy): 8 1.37 (5, 6H, CH,), 3.13 (s, 3H, Mc0), 3.59 (dd, 1H, H3), 3.92

(d, 1H, CHI), 4.23 - 4.51 (m, 2H. H3",, H3"), 4.52 (s, 1H, H3", 5.75 (d, 1H, H4), 5.75 (s, 1H, H3"),

6.32(d, 1H, H2),7.34 - 7.41 (m, SH, phenyl), Jyj 113 = 4.1 Hz, Jy3 334 = 5.1 Hz, gy cpyp = 11.9 Hz).
OMe




Oxetane (17e).
Acetal 10e (56 mg, 0.20 mmol) and mcthanol (41ul, 1.10 mmol) gave the utle compound

{mixture of 2 inseparable diastercomers, 45:55), (24 mg, 24% yield) as a light yellow oil. 17e-minor:
{'H-NMR (200 MHz, CDCly): § 0.87 (d, 3H, MeCHMc), 091 (d, 3H, McCHMe'), 1.84 (m, 1H, H4),

3.24 - 3.39 (m, 3H, H3, CHHI, CHHI), 3.43 (s, 5H, McO), 3.66 (m, 1H, H"™), 3.84 - 4.18 (m, 3H, H3",,
H3",, H4), 4.27 (d, 1H, H3), 5.65 (d, 1H, H3"), 6.03 (d, IH, H2), J;jp ;3 = 4.1 Hz, Jyy3 3 = 2.7 He,
JonMe = 6.8 Hz, Jogme = 6.6 Hz). 17e-major: {'H-NMR (200 MHz, CDClLy): & 0.87 (d, 3H,
MeCHMe?, 0.91 (d, 3H, McCHMe"), 1.84 (m, 1H, H4'), 3.24 - 3.39 (m, 3H, H3, CHHI, CHHI), 3.42 (s,
3H, Me0), 5.66 (m, 1H, H3™), 3.84 - 4.18 (m, 3H, H3",, H3",, H4), 4.25 (s, 1H, H3), 5.64 (s, 1H. H3"),
6.04 (d, 1H, H2), Jyjp 443 = 4.1 Hz, Ty 413 ~ O Hz, Jopg. e = 6.8 Hz, Joyp pper = 6.6 Hz).

Oxetane (17f).
Acetal 10f (27 mg, 0.09 mmol) and methanol (19 pul, 0.46 mmol) gave the utle compound

(mixture of 2 inseparable diastcreomers, 4:6), (13 mg, 32% yicld) as a colourless oil.  17f-minor: {"H-
NMR (200 MH¢,, CDCl,): §0.87 (d, 3H, MeCHMc), 0.91 (d, 3H, MeCHMe'), 1.30 (s, 3H, Mc), 1.85 (m,

1H, H4'}, 3.25 (s, 3H, MeO), 3.32 (s, br, 2H, CHHI, CHHI), 3. 44 (t, 1H, H3), 3.75 (dd, 2H, H3™",, H3")),
4.11 (dd, 1H, H4), 4.28 (s, 1H, H3), 563 (s, 1H, H3"), 6.04 (d, 1H, H2), Jjjp ;3 = 4.1 HZ Dy 11q = 47
He, Jiigeaniab = -10.3 Bz, Joppcumn ~ 0 He, Jjang = 8.0 H2, Jiyq e = 6.8 Hz, Jyjq e = 6.6 Hep DC-
NMR (754 MHz, CDCl;}: § 1221 [CH,l}, 1632, 16.98 [Me,CH], 20 18 [Cl,], 33.63 [C4'], 4928
[C31, 50.22 [C3], 52.88 [MeO], 70.58 [€:3™], 74 33 [CCH,l], 87.30 [C4], 107 82 [C2], 11293 [{C3"]).
17f-major: {1H-NMR (200 MHz, CDCly): & 0.87 (d, 3H, MeCHMc"), 0.91 (d, 3H, McCHMe'), 1.32 (s,
3H, Me), 1.85 (m, 1H, H4"), 3.25 (s, 3H, McO), 3.32 (dd, 2H, CHHI, CHHI), 3 44 (1, 1H, H3), 3.73 (dd,
2H, H3",, H3",), 4.11 (dd, 1H, H4), 4.28 (s, 1H, H3), 5.63 (5, 1H, H3"),6 04 (d, 1H, H2), Jjp, ;3 =41
Hz, Jy3.114 = 4.7 Hz, Jyzapiyp = -9-8 Ha, Jonpcnmn = -100 Hz, Jygq e = 80 Hey Jypg e = 6.8 1,
Ji1aMe = 6.6 Hz; 3C-NMR (75.4 MHz, CDCl,}: § 12.60 [CH,]], 16.32, 16.98 [Me,CH], 20.30 [CH],
33.63 [C4], 49.25 [C3'], 49.99 [C3], 52.88 [MeO], 70.36 [C3™], 74.31 [CCH,I}, 87.33 [C4], 107.78

[C2],112.91 [C3"]).
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Oxetane (17h).
Acetal 10h (34 mg, 0.10 mmol) and methanol (20 pL, 0.50 mmol) gave the title compound

(mixture of 2 inscparable diastereomers, 4:6), (15 mg, 30% yicld) as a clear oil and recovered starting
matcrial (S mg). 17h-minor: {'H-NMR (200 MHz, CDCl,): § 0.86 (d, 3H, MeCHMec"), 0.89 (d, 3H,
McCHMe"), 1.30 (s, 3H, L.le), 1.83 (m, 1H, H4"), 3.25 (s, 3H, MeO), 3.32 (s, br, 2H, CHHI, CHHI), 3.43
(1, 1H, H3), 3.74 (dd, 2H, H3™,, H3"}), 4.11 (dd, 1H, H4), 4.27 (s, 1H, H3'), 5.75 (s, 1H, H3"), 6 05 (d,
1H, H2), Jjjp 43 = 4.1 Hz, Jy3 g = 4.6 Hz, Jy3~y i3, = -10.1 Hz, Jeppy.cnmr ~ O Hz, Jyg g = 79 Hz,
Jie-Me = 72 He, Jygme = 6.7 Hz}). 17h-major: { TH-NMR (200 MHz, CDCl;): § 0.86 (d, 3H,
MeCHMe"), 0.89 (d, 3H, MecCHMe'), 1.32 (s, 3H, Me), 1.83 (m, 1H, H4"), 3.25 (s, 3H, MeO), 3.32 (dd,
2H, CHHI, CHHI), 3.43 (1, 1H, H3), 3.69 (dd, 2H, H3",, H3"}), 4.11 (dd, 1H, H4), 4.27 (s, 1H, H3"),
575 (S. ]H. HB"). 605 (d, ng H?.), 5"2_“3 =4.1 !'IZ, JH3-H4 =46 HZ‘ JHJ”’.-HJ"'b = -101 HZ, JCH}"-C”HI
=-99 i‘l/‘, J”‘-”4' =79 HZ, J”d'-Mc =72 HZ, J”4'-Mc‘ =6.7 HZ}.

OMe 1
(o]
(o]
""O
X
171, X=Br
17h, X=i

Oxetane (18a).
Acetal 10h (34 mg, 0.10 mmol) and cthanol (29 pL, 0.50 mmol) gave the title compound

(mixture of 2 inscparable d:astercomers, 4:6), (12 mg, 24% yield) as a clear o1l and recovered starting
material (26 mg). {LRMS (CI-NH;): m/e 528 ((M + NH,*], 53.3%), 511 ([MH*], 21 8%)). 18a-minor:

{'"H-NMR (200 MHz, CDCl3): § 0.86 (d, 3H, MeCHMc), 089 (d, 3H, MeCHMc), 1.16 (i, 3H,
OCH,CHy), 1.30 (s, 3H, Me), 1.81 (m, 1H, H4"), 3.33 (s, br, 2H, CHHI, CHHI), 3.42 (t, 1H, H3), 3.42
(q, 2H, OCH,CHy), 3.73 (dd, 2H, H3",, H3",), 4.09 (dd, 1H, H4), 4.26 (s, 1H, H3"), 5.75 (s, 1H, H3"),
6.04 (d. tH, H2), Joyy, oy = 6.9 Hz, Jyg 3 = 4.2 Hz, Iy g = 4.7 Hz, Jyge, jy3-p = -10.0 Hz, Joyyy.
cimt ~ O Hz, g 1o = 7.8 Hz, Jpgage = 6.8 He, Jygg e = 7.2 Hz). 18a-major: {TH-NMR (200 MHz,
CDCly): 8 0.8 (d, 3H, MeCHMc), 0.89 (d, 3H, MeCHMe"), 1.17 (1, 3H, OCH,CH,), 1.32 (s, 3H, Mc),
1.80 (m, 1H, H4'), 3.35 (dd, 2H, CHHI, CHHI), 3.42 (1, 1H, H3), 3.42 (q, 2H, OCH,CH,), 3.70 (dd, 2H,
H3",, H3"}), 4.09 (dd, 1H, H4), 4.26 (s, 1H, H3), 5.75 (s, 1H, H3"), 6.04 (4, 1H, H2), Jeyy,.cp, = 7.0
He Jyp s = 4.2 Ha, iy e = 4.7 Hz, ey iy = 9.8 Hz, Joyronmn = -10.8 Hz, Jyy yyq = 7.8 He,
eme = 68 Hz, Jjpqme = 7.2 Ha),
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Oxetane (18b).
Acetal 10h (68 mg, (.20 mmol) and i-propanol (77 ul, 1.00 mmol) gave the utle compound

(mixture of 2 inscparable diastercomers, 4:6), (29 mg, 27% yicld) as a light ycllow o1l and recovered
stariing material (37 mg). 18b-minor: {'H-NMR (200 MHz, CDCl4): 6 0.85 (d, 3H, MeCHMc), 0.89

(d, 3H, CHMe'), 1.17 (d, 6H, Me,CH, anomenc), 1.33 (s, 3H, Me), 1.77 (m, 1H, H4"), 3.34 (s, br, 2H,
CHHI, CHHI), 5.42 (t, 1H, H3), 3.68 (dd, 2H, H3",, H3™), 3.77 (m, 1H, H2"), 4.08 (dd, IH, H4), 4.25
(s, 1H, H3),5.75 (s, 1H, H3"), 604 (d, 1H, H2), J;1p 113 = 4.2 Hz, T3 106 =4 4 HZ, Jymy g3 = 10 2 oz,
Seunrchn ~ 0 Bz hone = SOHz, Tyge = 7.0 Hoy Jyg e =67 P2, iy e = 3.2 Hz). 18b-major:
('H-NMR (200 MHz, CDCl5): 60.85 (d, 3H, MeCHMe'), 0.89 (d, 3H, McCHMe"), 1 12 (d, 6H, Me,CH,
anomeric), 1.34 (s, 3H, Me), 1.76 (m, 1H, H4"), 3.30 (dd, 2H, CHHI, CHHI), 3.42 (1, 1H, H3), 3.69 (dd,
2H, H3",, H3™), 3.77 (m, 1H, H4')}, 4.08 (dd, 1H, H4), 4.25 (s, 1K, H3), 5.75 (s, 1H, H3"), 6 04 (d, 1H,
H2), Jyp.u3 = 4.2 Hz, Jy3 134 = 44 Hz, Y3y g3y = 9.8 Ha, Jogyp.copny = -10-2 He, Jyg gy = 5.0 Hy,
JioaMe = 70 HZ, Jyjeape = 6.7 Bz, Vg e = 5.7 He)

Oxetane (18¢c).
Acetal 10h (68 mg, 0.20 mmol) and cyclohexanol (104 uL, 1.00 mmol) gave the title compound

(mixture of 2 inseparablc diastercomers, 4:6), (12 mg, 11% y:eld) as a clear o1l and recovered starting
matcrial (60 mg). 18¢c-minor: {'H-NMR (200 MHz, CDCl,) b 0.88 (d, 6H, MeCHMc"H, 091 (d, 6H,

McCHMe'), 1.20 - 1.94 (m, 10H, CgH, ,0), 1 26 (s, 3H, Me), 1 81 (m, 1H, H4), 2.28 (m, 1H, Cgh,,O),
3.21 (dd, 2H, CHHI, CHHI), 3.46 (t, 1H, H3), 3.90 (dd, 2K, H3",,H3"}), 4.4 (dd, 1H, H4),4 31 (s, 1H,
H3Y), 5.77 (s, 1H, H3"),6.08 (d, 1H, H2), Jp.13 = 4.1 Hz, Jogg gpa = 4.3 He Jygea i = -10.3 H2, Vg
cmr = 97 Hz, T gie = 68 Hi Jgae = 6.6 Hz, Jygpe = S 7Hz). 18c-major: 'H-NMR (200 Mily,
CDCl5): & 0.88 (d, 6H, MeCHMe), 0.91 (d, 6H, McCHMe'), 1.20 - 1.94 (m, 10H, CH;;O), 123 (s, 3H,
Mc), 1.81 (m, 1H, H4%), 2 28 (m, 1H, C¢H;,0), 3.21 (dd, 2H, CHHI, CHHI), 3 46 (1, 1H, H3), 3.90 (dd,
2H, H3™,, H3™), 4.04 (dd, 1H, H4), 4.31 (s, 1H, H3'), 5.77 (s, 1H, H3"), 6.08 (d, 1H, H2), J;; 3 = 4.1
He, Jys e = 4.3 Hz, Jyy~y p3ep = -10.3 Hz, Jewpncim = -9-7 H2u Jjpa e = 6.8 He, g e = 6.6 He,
Jyrme = 5.7 Hz).

.,"o

I
182, X=E10
18b, X=Me,CHO
18¢, X=CgH,,0
18d, X=PhCH,0
18e, X=HCOO
181, X«AcO
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Oxetane (18d).
Acctal 10h (68 mg, 0.20 mmol) and benzyl alcohol (105 uL, 1.00 mmol) gave the uile

compound (mixture of 2 inseparable diastercomers, 3'7), (40 mg, 35% yicld) as a hight yellow oil and
rccovered starung matenal (44 mg).  18d-minor: {'H-NMR (200 MHz, CDCl,): § 0.83 (d, 3H,
MeCHMe), 0.87 (d, 3H, MecCHMe'), 1.40 (s. 3H, Me), 1.77 (m, 1H, H4"), 3.43 (1, 1H, H3), 3.44 (s, br,
2H, CHHI, CHHI), 3.84 (dd, 2H, H3",, H3"), 4.10 (dd, 1H, H4), 4.25 (s, 1H, H3), 4.49 (s, 2H,
OCH,Ph), 5.74 (s, 1H, H3"), 6.05 (4, iH, H2),7.26 - 7.36 (m, SH, phenyl), Jypy 11y = 4.1 Hz, Jyyy 3¢ = 4.4
Hz, Jyz=gpi3p = -10.4 Hey Jopyronmr ~ O Hz, Jya.ng = 5.7 Hz, Jypme = 90 Hz, Jyy e = 6.7 Hz).
18d-major: {'H-NMR (200 MHz, CDCl,): § 0.84 (d, 3H, MeCHM), 0.85 (d, 3H, McCHMe'), 1.43 (s,
3H, Mc), 1.77 (m, 1H, H4), 3.43 (1. 1H, H3), 3.45 (dd, 2H, CHHI, CHHI), 3.81 (dd, 2H, H3",, H3"),
4.10 (dd, 1H, H4), 4.25 (s, 1H, H3"), 4.50 (s, 2H, OCH,Ph), 5.74 (s, 1H, H3"), 6 05 (d, 1H, H2), 7.26 -
7.36 (m, SH, phenyl), Jy yy3 = 4.1 Hr, 3 g = 4.4 He, Jygzey iz = 98 Hz, Joign.onmn = -9-7 He, Jyq.
He' = 5.7 Hz, J]M'-Mc = 1.7 Hz, Jl“'-MC' =5.1 HL}.

Oxetane (18¢)
Acclal 10h (34 mg, 0.10 mmol) and formic acid (19 pL, 0.50 mmol) gave the title compound

(mixture of 2 nscparable diastercomers, 4-6), (13 mg, 25% yield) as a colourless oil and recovered
starung material (12 mg). {IR (CH,Cl,): 1729 cm!; LRMS (CI-NH,): m/e 528 ([M + NH,*], 14.2%);

HRMS (CI-NH;): m/e caled. for C 3H,4NOgl, [M + NH,*], 527.9744; found, 527.9744). 18e-minor:
{TH-NMR (200 MHz, CDCly). 8 0.86 (d, 3H, MeCHMe), 0.89 (d, 3H, MeCHMe"), 1.63 (s, 3H, Me),
1.81 (m, 1H, H4"), 3.43 (1, IH, H3), 3.67 (s, br, 2H, CHHI, CHHI), 3.96 (dd, 2H, H3™,, H3"}), 4.07 (dd,
IH, H4), 4.25 (s, TH, H3), 5.74 (s, 1H, H3"), 604 (d, IH, H2), 7.96 (5, 1H, OCOH), J;;p1y3 = 4.1 Hz,
Juz e =4 4 HeJyy oy yymy = 103 Hey Joppronmr ~ 0 Hz, Jya e = 82 He, Jyg e = 70 He, Jygq e =
7.0 Hz). 18e-major: {'H-NMR (200 MHz, CDCl;) 80.86 (d, 3H, MeCHMc"), 0 89 (d, 3H, MeCHMe'),
1.64 (s, 3H, Mc), 1.80 (m, 1H, H4'), 3.43 (1, 1H, H3), 3.67 (dd, 2H, CsHI, CHHI), 3.99 (dd, 2H, H3",,
H3"\,), 4.07 (dd, 1H, H4), 4.24 (s, 1H, H3"), 5.74 (s, 1H, H3"), 6.04 (d, 1H, H2), 7.96 (s, 1H, OCOH),
Ippus = 4-1 H2, Jyz 1g =44 Ha, Jyyey y3p = -10.5 Hz, Joyp oym = -10-7 Hz, Jyg g = 8.2 Hz, Jygopme
=70Hz, Jjg ye = 7.0 He )L

Oxetane (18f).

Acctal 10h (505 mg, 1.50 mmol) and acetic acid (435 uL, 7.50 mmol) gave the title compound
(muxture of 2 inscparable diastercomers, 4:6), (566 mg, 72% yield) as a clear oil and recovered staring
maicnal (88 mg). (IR (CDCl3): 1734 cm™!}. 18f-minor: {'H-NMR (200 MHz, CDCl,): § 0.83 (d, 3H,
MeCHMe?), 0.86 (d, 3H, McCHMe'), 1.55 (s, 3H, Me), 1.73 (m, 1H. H4), 1.9 (s, 3H, Ac), 3.40 (1, 1H,
H3),3.66 (s, br, 2H, CHHI, CHHI), 3.90 (dd, 2H, H3™,, H3",), 4.03 (dd, 1H, H4),4.20 (s, 1H, H3"), 5.71
(s, 1H, H3"), 6.01 (d, 1H, H2), J}y5 313 = 3.9 Hz, Jy3.144 = 44 Hz, Ji3+, y3~p = -9-5 Hz, Joyni.cumr ~ 0
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Hz, Jyone = 79 He, Jygme = 7.0 Hz, Sy ppe = 6.9 Hz). 18f-major: {'H-NMR (200 MHz, CDCI;)- 5
0.83 (d, 3H, MeCHMc"), 0.86 (d, 3H, McCHMe'"), 1.57 (s, 3H, Me), 1.73 (m, 1H, H4'), 199 (s, 3H, Ac),
3.40 (1, 1H, H3), 3.66 (s, br, 2H, CHHI, CHHI), 3.90 (dd, 2H, H3",, H3"}), 4.03 (dd, 1H, H4), 4.20 (s,
1H, H3), 5.71 (s, 1H, H3"), 6.01 {d, 1H, H2), Jj;p 3 = 3.9 Hz, Sy 0 = 4.4 He, Ly yaop = 98 He,
Jenuicnm ~ O Hz, Iy e = 7.9 Hz, Iy e = 70 Hz, Jyg o = 7.0 Hz}.

1-O-t-Butyldimethylsilyloxy-3-methyl-2-butene (19).

To a solution of 3-methyl-2-buten-1-0l (5.17 g, 60 0 mmol) in dry N N-dimethylformamide (100
mL) under nitrogen at room temperature was added imidazole (1020 g, 0.15 mol) and -
butyldimethylsilyl chlonde (10 85 g, 72.0 mmol) and it was allowed to stir unul all of the starting
matcnial was consumed (20 h) The reaction mixture was diluted with ethyl acctate (600 ml.), washed
with water (3 x 1 L), dned (MgSOy,), filicred and the sovent rerioved in vacuo 10 yicld a yellow oil
Disullation of the crude product (196 °C, 760 mm Hg) gave the utle compound (11 88 g, 99% yicld) as a
light yellow ol {TH-NMR (200 MHz, CDCL): 8 005 (s, 6H, -BuSiMe,), 0 88 (s, 9H, 1-Bu), 1 61 (d,
3H, CHy), 1.69 (d, 3H, CHy), 4.15 (d, 2H, CH,), 5.26 (m, 1H, CH), Jojme = -0 1 Hz, Jyy me = -1.1 He,

JC“_C”2 =6.7 HZ]
>:\/omoms.

19

2-t-Butyldimethylsilyloxyacetaldehyde (20).

Ozone was bubbled through a solution of 19 (11.88 g, 59.4 mmol) tn dry methylene chlonde
(1500 mL) at -78°C until the solution turned blue (12 h). Dimcthy! sulfide (21.9 mL, S equiv ) was added
o the rcaction mixturc under an atmosphere of mitrogen and it was allowed to warm o0 ambient

temperature gradually overmght  The solution was washed with water (2 x | L), brine (1 L), dned
(Na,S0,), filtered and the solvent removed 1n vacuo to yield the aldchyde 20 (9.84 g, 95% yicld) as a

light yellow o1l {!H-NMR (200 MH/, CDCl3). §0.10 (s, 6H, 1-BuSiMe,), 0.92 (s, 9H, £-BuSiMe,), 4.20

TBDMS:O—l/o
2

20
6p-¢-Butyldimethylsilyloxymethyl-2,7-dioxa-bicyclo-[ 3,2,0]-hept-3-ene (2¢).

A mixture of furan (15.6 mL, 0.214 mol) and 20 (9.32 g, 53.6 mmol) n dry benzene (330 mL)

was placed in a 350 mL photo-reaction vessel, cooled to 8°C and saturated with argon. The solution was
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then irradiated for 6 h. Evaporauon of the solvent under reduced pressure gave a yellow syrup which was

chromatographed over silica gel (petroleum ether / diethyl ether, 4:1 v/v) to give the title compound (4.41
g, 34% yicld) as a light yellow oil. {'H-NMR (200 MHz, CDCl,): & 0.08 (s, 6H, 1-BuSiMe,), 0.91 (s,

9H, r-BuSiMec,), 3.65 (dddd, 1H, I:5), 3.73 (A of ABX, 1H, H6',), 3.79 (B of ABX, 1H, H6), 4.56
(dddd, 1H, H6), 5.31 (dd, 1H, H4), 6.26 (dda, 1H. E1), 6.60 (ddd, 1H, H3), Jy; 3 = -0.8 Hz, 3,1y s =
4.2 Hz, Jyj; 16 = -0.8 Hz, Jy3 g = 29 Hz, Jy3.yys = -1.2 Hz, Jygy s = 2.9 Hz, Jys g = 2.9 Hz, Jyg g, =
2.8 Hz, L6 e = 3.1 Hz, Jygupign = -11.8 Hz; 3C-NMR (75 4 MHz, CDCl,): § 18.26 [(CH,),CSiMe,],
25.66 [1-BuSiMe,], 25.83 [(CH4);CSiMe,], 45.91 [C5], 64.73 [C6'], 91.47 [C6], 104.01 [C4], 107.89
[C1], 147.98 [C3]; LRMS (CI-NH,): m/e 225 (TMH* - H,0], 22.2%). HRMS (CI-NH,): m/c calcd. for
C,5Hy,0,Si [MH* - H,0], 225.1310; found, 225.1310).

TBDMSIO— O
/.C
—

2¢

3a-Methallyloxy-4(3-bromo-6f-t-butyldimethylsilyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane

(21a).
Photo-adduct 2¢ (121 mg, 0.50 mmol) and NBS (89 g, 0.50 mmol) in 2-methyl-2-propen-1-ol (5
mL) gave the utlc compound (66 mg, 34% yield) as a clear o1l. {'H-NMR (200 MH¢, CDCly): & 0.06,

0.08 (2s, 6H, t-BuSiMe,), 0.90 (s, 9H, :-BuSiMe,), 1.74 (s, 3H, Me), 3.67 (1, 1H, H5), 3.69 (A of ABX,
IH, H6')), 3 74 (B of ABX, 1H, H6')), 4.13 (dd, br, 2H, H3',, H3), 4.32 (s, 1H, H4), 4.54 (ddd, 1H, H6),
4.90, 4.98 (2s, br, 2H, H3",, H3",), 5.63 (d, 1H, H3), 6.02 (d, 1H, H1), Jyy; 1is = 4.0 Hz, I3 113, = -0.3
He, Jyzze = -12.7 Hz, Jys g6 = 4.6 He, Iyg gy = 1.9 He, Jyg pign = 3.7 He, Jygapien, = -11.9 Has
13C-NMR (75.4 MHv, CDCl,). 8 18.25 [MeyCSiMe,], 19.52 [OCH,C(CH4)=CH,], 25.70 [Mc;CS1Me, ],
29.45 [Me;CSiMe,), 49.25 [C4], 50.84 [C5], 64.03 [t-BuSiMce,0OCH,), 71.56 [OCH,C CH;)=CH.],
82.11 [C6], 107.95 [C1), 11160 [OCH,C(CH;)=CH,], 112.63 [C3], 141.01 [OCH,C(CH;)=CH,];
LRMS (CI-NHy): m/c 323, 321 ((MH* - H,C=C(CH;)CH,0H], 24.5%, 30.9%)}.

TBOMSIO—, ©
o)
iy
X

21a, X=Br
21b, X=|
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Ja-Methallyloxy-4p-iodo-6f-t-butyldimethylsilyloxymethyl-2,7-dio xa-bicyclo-[3,2,0)-heptane (21b),
Photo-adduct 2¢ (968 mg, 4.00 mmol) and NIS (900 mg, 4.00 mmol) 1n 2-methyl-2-propen-1-ol
(60 mL) gave the utle compound (482 mg, 27%. yield) as a clear o1l {TH-NMR (200 MH ., CDCry) &
006, 0.07 (2s, 6H, t-BuSiMe,), 6.89 (s, 9H, -BuSiMey), 173 (s, 3H, Me), 3.68 (A of ABX, 1H, Ho6')),
3.71 (B of ABX, 1H, H6'), 3.76 {1, 1H, HS), 4.12 (dd, br, 2H, H3',, H3%), 4 30 (s, 1H, H3), 4 52 (ddd,
1H, H6), 4.89, 4.98 (2s, br, 2H, H3",, H3™p), 5.75 (d, 1H, H3), 6 03 (d, 1H, HY), Jrns = 4 1T Hz, Iy
Hya = 0.5 Hz, Jyzign = 127 Hz, Jys e = 4.4 Hz, Jyg 6, = 3.0 Hz, Jyg yien = 3 5 Hey Jypn i = -
11.8 Hz; *C-NMR (75.4 MHy, CDCl3) & 18 28 [Mc;CSiMc,}, 19 56 [OCH,C(CH,)=CH, ], 2373 [C4),
23.73  [Mey,CSiMe,], 2583 [Me;CSiMe,], 5279 [C5], 64.15 [1-BuSiMe,0OCH,), 71.60
[OCH,C(CH;3)=CH,0, 83.94 [C6], 108.30 [C1], 112.65 [OCH,C(CH3)CH,], 11398 [C3], 141 21
{OCH,C(CH4)=CH,]: LRMS (CI-NH;): m/c 441 (IMH*], 4 4%), 369 ([MH* - H,C=C(CH;)CH,0H},
100%); HRMS (CI-NH3) mi/c calcd for C,,H,,0,181 [MH* - H,C=C(CH;)CH,OH|, 369 0383, found
369 0383]. Anal calcd. for C\(Hpg0,1 C, 43 64; H, 6 64; S1, 638, 1, 2882 Found C, 44 12; H, 6 95,

S1,623; 28.32.

Oxetane (22).
Acctal 21b (220 mg, 0 50 mmol) and aceuc acid (150 pL, 1.50 mmol) gave the utle compound

(mixture of 2 inscparable diastercomers, 4-€), (147 mg, 47% yicld) as a light yellow o1l and recovered
starting matcrial (101 mg) IR (CDCl;) 1735 cm-!, LRMS (CI-NH;)' m/e 644 ([M + NH4* L 100%), 627

(IMH*], 3.8%); HRMS (CI-NH;) m/c calcd for C;gHy3041,S1 MH*], 6270135, found, 627.0135). 22-
minor: {'H-NMR (200 MH/, CDCl3) 6 0.06 (s, 6H, -BuSiMe,), 0 90 (s, 9H, -BuSiMc,), 157 (s, 3H,
Me), 2.01 (s, 3H, Ac), 3 70 (s, br, 2H, CHHI, CHHI), 3 73 (d, 2H, Ha',, H4')), 3.73 (1, 1H, H3), 3 94 (dd,
2H, H3™,, H3™), 4 28 (s, 1H, H3"), 4.41 (dt, 1H, H4), 575 (s, 1H, H3"), 6 03 (d, 1H, H2), Jipm =41
He Jpans =43 Hz, s o3 5= - 100 He Jeynnconm ~ O Hew Yy 1a iy = 6 0 He) 22-major: (VH-
NMR (200 MHz, CDCl;)" 6 007 (s, 6H, 1-BuSiMe,), 090 (s, 9H, -BuSiMe,), 1 59 (s, 3H, Me), 202 (s,
3H, Ac), 3.69 (dd, 2H, CHHI, CHHI), ? 73 (d, 2H, H4',, H4}), 3.73 (1, IH, H3), 3.93 (dd. 21, H3",,
H3",), 4 29 (s, 1H, H3), 4.41 (dt, 1H, H4), 5.75 (s, 1H, H3"), 6 03 (d, 11, H2), 5= & 1 Hey g g4 =

43 Heo Jyzna s = 9T He dowonmn = <25 H2, Jygg yignia, = 6 0 He)
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Epoxide (23a) of 6[3-phenyl-2,7-dioxa-bicyclo-[3,2,0}-hept-3-ene.

To a solution of 2a (77 mg, 0.44 mmol) 1n dry methylene chlonde (S mL) under riitrogen at
room tempcrature was added a 0 1 M solution of dimethyldioxirane in acetone (4 6 mL, 1.05 equiv.) and
it was allowed to sur unul the reacuon was complete (30 min) The solution was evaporated under

reduced pressure to afford the epoxide (mixture of 2 inseparable diastereomers, 9:1, exo'endo), (85 mg,
100% yicld) as a hight yellow oil. {LRMS (CI-NH;3)' m/e 208 (M + NH,*], 100%), 191 ([MH*],

84.8%), HRMS (CI-NH,;) m/e caled for C; H;;O; [MH'], 191.0710; found, 191.0708). 23a-endo:
('H-NMR (200 MHz, CDCl3) 8 327 (ddd, 1H, HS), 384 (dd, 1H, H4), 5.63 (d, 1H, H3), 5.64 (d, 1H,
H6),6 41 (d, 1H, H1),726 - 7.47 (m, 5H, Ph), Jyy; s =3.8 Hz, i3 1y = 1.8 Hz, Jyyq 1ys =4 2 Hz, Ly e
=38 Hz). 23a-exo: {'H-NMR (200 MHz, CDCl3)- § 342 (1, 1H, HS), 3.93 (d, 111, H4), 5.47 (d, 1H,
H6),5 48 (d. 1H, H3}, 585 (d, 1H, H1), 7 26 - 747 (m, SH, Ph), Jyy; 1ys = 3.8 Hz, T3 1y = 1.8 Hz, Iy s

=40He]}.

Epoxide (23b) of 6B-i-propy}-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene.

To a surred soiution of 2b (42 mg, 0 30 mmol) in dry methylene chloride (5 mL) under nitrogen
at room temperature was added 2-methyl-2-propen-1-0l (25ul, 030 mL) and a 0.1 M solution of
dimethyldioxiranc 1n acctone (3.0 mL, 1.0 equiv.) and it was allowed to sur untl the reaction was
complete (1 h) The solution was evaporated under reduced pressure to yield the exo-cpoxide exclusively
(25 mg, 53% yicld) as aclezr ol ['H-NMR (200 MHz, CDCl,): 5089 (d, 3H, MeCHMc), 0.93 (d, 3H,
McCHMe'), 193 (m, 1H, H6'), 3 25 (1, 1K, HS), 3.69 (d, 1H, H4), 4.11 (dd, 1H, H6), 5.37 (d, 1H, H3),
5.59(d, TH, H1), iy s = 39 He, Jyg g = 16 Ha, gy 115 = 4.1 Hz, Jy6.1e = 7.6 Hz, Jyo e = 67 Hz,
Jhe-me = 6.7 Hsg LRMS (CI-NH3): m/e 174 (M + NH,*], 100%), 157 (IMH*], 95.8%); HRMS (CI-
NH;): m/e caled for CgH 304 [MH?], 157.0859; found, 157.0864).

R O
\L—Q
o
238, R=Fh
23b, R=+Pr

3a-Methoxy-4B-hydroxy-63-phenyl-2,7- dioxa-bicyclo-[3,2,0]-heptane (24a).

Epoxide 23a (34 mg, 0.18 mmol) 1n dry methanol (5 mL) under an amosphere of n:trogen at

room temperature was surred for 16 h. The solvent was removed in vacuo to give the ttle compound (25
mg, 63% yicld) as a clear oil. {1H-NMR (200 MHz. CDCly): 6 197(d, ex, 1H, OH), 3 17 (dd, 1H, H5),

3.54 (s, 3H, Mc0O), 4.47 (d, 1H, H4),5.30 (s, 1H, H3), 5.45 (d, 1H, H6), 6.24 (d, 1H, H1), 7.27 - 7.39 (m,
SH, phcnyl), J“I-”S =41 HI, 1”4_0” =34 HZ, 'IHS-"6 =48 HL}.
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3a-Acetoxy-4B-hydroxy-68-phenyi-2,7-dioxa-bicyclo-[3,2,0]-heptane (24b).

To asolution of 23a (41 mg, 0.22 mmol) in dry methylene chloride (S mL) under an atmosphere
of nitrogen at room temperature was added acetic acid (62 pl., 1.10 mmol) and it was allowed to stir for
18 h. The reaction was diluted with methylene chloride (25 mL), washed with saturated aqueous sodium
bicarbonate (30 mL), dned (Na,SO,), filtered and the solvent removed in vacuo 10 yield a yellow
residue. Purificaton by 1tash chromatography {pctroleum ether / dicthyl cther, 41 v/v) affording 24b (30
mg, 56% yicld) as a clear cil. {'H-NMR (200 MHz, CDCl,)- & 2 17 (s, 3H, Ac), 3.30 (dd, IH, H5),4 21

(s. br, 1H, OH), 4.58 (s, 1H, H4), 5.42 (d, 1H, H6), 6.28 (d, 1H, H1), 6.49 (s, 1H, H3), 7.32 - 741 (m,
5H, phcnyl), JHX-HS = 4.1 Hz, JHS-H6 =48 HZ] .

3a-Methallyloxy-43-hydroxy-653-phenyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (24¢).

To a sured solution of 23a (40 mg, 0.21 mmol) in dry methylene chlornide (5 mL) under an
atmosphere of mtrogen at room temperature was added 2-methyl-2-propen-1-0l (90 pl, 1 05 mmol).
After 1 h, the rcacuon mixture was evaporated to dryness and the residue was chromatographed over
silica gel (petroleum ether / dicthyl ether, 2:1 v/v) to yicld the title compound (35 mg, 63% yicld) as a
clear oil. {!H-NMR (200 MHz, CDCl;): & 1.78 (s, 3H, Me), 2.18 {dd, 1H, HS), 4 02 (d, ex, 1H, Oh),
4.20 (dd, br, 2H, H3',, H3%), 4 53 (d, 1H, H4), 493, 5.04 (2s, br, 2H, H3™,, H3"\), $42 (d, IH, H3),
5.51(d, 1H, H6),6.34 (d, IH, H1),7.20 - 7.39 (m, 5H, phenyl), Yy, ys =4 1 He, Jy3 113, = 0.5 Hz, I,
w3 =-11.9 Hz,Jy4 o =4.5 Hz, Jjj5.46 = 9.8 Hz).

Ph O

“MoR
HO

24a, R=CH,
24b, R = Ac
24¢, R = CH,C(CH,4)=CH,

3a-Methoxy-4p-acetoxy-673-phenyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (25a).

Alcohol 24a (25 mg, 0.11 mmol) vas dissolved in dry methylene chlonde (S mL) contaming dry
pynidine (28 pl, 0.34 mmol) and N N-duncthylaminopyndine (2 mg, 0.01 mmol) Accuc anhydnde (16
ML, 0.17 mmol} was then added dropwise, and the rcacuion was strred at room temperature under an
atmosphere of mtrogen. After 16 h, the reaction was diluted with methylene chloride (25 mL.), washed
with 5% hydrochloric acid (30 mL), saturated aqueous sodium baicarbonate (30 mL), brinc (30 ml.), drnicd

(Na,S50,), filtcred and the solvent removed under reduced pressure to yield a hight yellow residue

Punification by flash chromatography (petrolcum cther / ethyl acetate, 4.1 v/v) gave the ttle compound
(16 mg, 55% yicld) as a clear 0il. {{H-NMR (200 MHz, CDCly): §2.02 (s, 3H, Ac), 3 25 (dd, 1H, HS),
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3.57 (s, br, 3H, Mc0), 5.33 (s, 1H, H4), 5.35 (d, 1H, H3), 5.54 (d, 1H, H6), 6.23 (d, 1H, H1), 7.28 - 742
(m, SH. phcnyl), J”l_us =41 HZ, 1“3_(x:H"2 =.0.8 l'lz, JH5_"6 =4.8 }{Z; LRMS (C]'NHa): m,c 782 ([M

+ NH,*], 0.5%), 265 ((MH*], 5.7%), 233 (IMH* - MeOH, 73.3%); HRMS (CI-NH,): m/e calcd. for
C,4H,705 [MH*}, 265.1075; found, 265.1075).

3a-Acetoxy-4f3-acetoxy-63-phenyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (25b).
Alcohol 24b was acetylated in 58% yield by a procedure similar to that used for the preparation
of 25a. {'H-NMR (200 MHz, CDCl,): § 2.04 (s, 3H, Ac), 2.19 (s, 3H, Ac, anomeric), 3.32 (1, 1H, HS),

5.45 (s, 1H, H4), 5.53 (d, 1H, H6), 6.26 (d, 1H, H1),6.56 (s, 1H, H3), 7.34 - 7.42 (m, SH, phenyl), J;1; 15
= 4.1 Hz, Jysyj6 = 4.8 Hz; LRMS (CI-NH,): m/e 293 ([MH"], 2.0%), 275 ((MH* - H,0], 6.3%), 233
(IMH* - AcOH], 100%); HRMS (CI-NH,): m/e calcd. for C,H;;,0, [MH*], 293.1025; found, 293.1025).

3a-Methallyloxy-43-acetoxy-63-phenyl-2,7-dioxa-bicyclo-heptane (25¢).

Alcohol 24c was acctylated in 71% yield by a procedure similar to that used for the preparation
of 25a. {'H-NMR (200 MHz, CDCl,): & 1.79 (s, 3H, Me), 2.02 (s, 3H, Ac), 3.26 (dd, 1H, HS), 4.22 (dd,
br, 2H, H3',, H3'), 4.94, 5.06 (2s, br, 2H, H3™, F3"y), 5.38 (s, 1H, H4), 5.45 (d, 1H, H3), 5.58 (d, 1H,
H6), 6.23 (d, 1H, H1), 7.32 - 7.40 (m, 5H, phenyl), Jy; 15 = 4.1 Hz, Jyy3 3, = -0.5 Hz, I3 pap, = -12.2
Hz, Jys.n6 = 4.8 Hz; LRMS (CI-NH,): m/e 305 (IMH*], 0.5%), 233 ((MH* - H,C=C(CH,)CH,OH],
44.9%), HRMS (CI-NH;): m/e calcd. for C;3H;,0, [MH* - H,C=C(CH,)CH,0H], 233.0813; found,

233.0813).

Ph O
&)

"oR
AcO

258, R =CH,
25b, R=Ac

1-O-Benzoyloxy-3-methyl-2-butene (26).

A solution of 3-methyl-2-buten-1-0l (5.17 g, 60.0 mmol) in dry methylene chloride (500 mL)
under nitroger al ambient temperaure containing N N-dimethylaminopyridine (733 mg, 6.00 mmol),
pyndine (14.6 mL, 180 mmol) and benzoyl chloride (10.4 mL, 90 mmol) was stirred for 18 h. The
sulution was washed with 5% hydrochloric acid (450 mL), saturated aqueous sodium bicarbonate (450
mL), brinc (450 mL), dried (Na,SO,), filicred and the solvent removed under reduced pressure to yield a
ycllow oil. Distillation of the crude product (101-102°C, 1.4 mm Hg) gave the title compound
contaminated by an impurity which codistilled. Chromatography over silica gel (petrolcum ether / ethyl
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acetate, 10:1 v/v) afforded pure 26 in quantitative yield (11.39 g) as a clear oif. {'H-NMR (200 MHz,
CDCly): 8 1.7€ (d, 3H, CH,), 1.77 (d, 3H, CH;"), 4.78 (d, 1H, CHH), 4.82 (d, 1H, CHH), 5.45 (m, 1H,
CH), 7.36 - 7.71 (m, 3H, Ph), 8.00 - 8.06 (m, 2H, Ph), Joy_me = -1.0 Hz, Joy me = -1.0 Hz, Joiien =
7.1 Hz, Joy.cu = 7-1 Hz; 3C-NMR (754 MHz, CDCly): 8 25.55 [CH,), 25.56 [CH,'], 61.47 (CH,1,
118.58 [CH], 127.95, 130.27, 132.42 [aromatic CH], 129.27 [aromauc C}, 138.57 {(CH5),C], 166.16
[COJ; IR (CDCly): 1714 cm-1).

2-Benzoyloxyacetaldehyde (27).

2-Benzoyloxyacetaldehyde was obtained from olefin 26 as described for the preparation of
aldehyde 20. Purification by flash chromatography (petroleum ether / ethyl acetate, 4:1 v/v) gave the
title compound (95% yield) as a viscous light yellow oil. {!H-NMR (200 MHz, CDCl,): 6 4.88 (d, 2H.
CHy), 7.41-7.64 (m, 3H, Ph), 8.03 - 8.12 (m, 2H, Ph), 9.71 (1, 1H, CHO), Jcyy,.cino = 0.6 Hz; PC-NMR
(75.4 MHz, CDCl,): 8 68.94 [CH,], 128.47, 129.84, 133.55 [aromatic CH], 128.78 [aromatic C], 165.89
[Ph-CO], 195.83 [CHOJ; IR (CDCly): 1728 cm'}, 1759 cm-1, 2717 cm-!, 2825 cm-1}.

820
__Vx

2, X=C(CH,),
21, X=0

6B-Benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (2d).

A mixture of furan (17.5 mL, 240.6 mmol) and 27 (10.11 g, 61.6 mmol) in dry benzene (320
mL) was placed in a 350 mL photo-reaction vessel, cooled to 8°C and saturated with argon. The solution
was then irradiated for 8 h. Evaporation under reduced pressure gave a yellow syrup which was
chromatographed over silica gel (petroleum cther / ethyl acetate, 9:1 v/v) to give the utle compound

(.31 g, 30% yield) as a light yellow oil, and unreacted aldchyde (5.74 g). {'H-NMR (200 MH/,
CDCl,): & 3.75 (dddd, 1H, HS), 4.55 (d, 2H, H6',, H6',), 4.85 (m, 1H, H6), 5.37 (dd, 1H, H4), 6.39 (ddd,

1H, H1), 6.64 (ddd, 1H, H3), 7.28 - 7.58 (m, 3H, Ph), 8.05 - 8.10 (m, 2H, Ph), Jyyy 413 = 0.9 Haz, Iy 15 =
4.2Hz, Iy pe =-0.8 Hz, I3 g = 2.8 Hz, Jyy py5 = -1.3 Hz, Iy i = 2.9 Hz, Jyys 46 = 3.5 He, Jye i, =
3.5 Hz, Jpepsn = 35 B2, Jggasy ~ O Hz PC-NMR (75.4 MHz, CDCl): 8 46 61 [C5), 65.95 [C6),
88.40 [C6), 103.65 [C4], 107.85 [C1], 12846, 129.61, 133.27 [aromatic CH], 128.50 {aromatic C},
148.39 [C3], 166.20 [COj: LRMS (CI-NH,): m/e 250 ((M + NH.*], 6.5%), 215 (IMH* - H,0}, 100%);
HRMS (CI-NH,): m/e caled. for Cy3H,,O5 [MH* - H;0], 205.0709; found, 205.0708}. Anal. crled. for
Cy3H;204: C,67.23; H, 5.21. Found: C, 66.87; H, 5.60.

BzO (o]
‘L@o

2d
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Epoxide (23d) of 6p3-Benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene.
Epoxide 23d (mixiure of 2 inscparable diastereomers, 9:1 exo / endo) was obtzined in
quantitative yield frc2: 7d by a procedure similar to that used for 23a. (LRMS (CI-NH,): m/e 266 ([M +

NH,*], 25.8%), 249 ((MH*'], 100%); HRMS (CI-NH;): m/e calcd. for C,3H,305 [MH*], 249.0762;
found, 249.0762}. 23d-endo: {'H-NMR (200 MHz, CDCl,): & 3.38 (dddd, 1H, H5), 3.78 (dd, 1H, H4)
4.47 (A of ABX, 1H, H6,), 4.57 (B of ABX, 1H, H6'y), 4.88 (ddd, 1H, H6), 5.63 (dd, 1H, H3), 6.22 (d,
1H, H1), 7.29 - 7.61 (m, 3H, Ph), 8.00 - 8.05 (m, 2H, Ph), Jy; s =4.2 Hz, Jy3 4 = 1.5 Hz, Jy4 s = 3.6
Hz, Jys 16 = 4.0 Hz, Jyg e = 4.0 Hz, Jyg nen = 3.0 Hz, Jyg, yien = -12.5 Hz; 13C-NMR (75.4 MHz,
CDCly): § 42.23 [C5), 55.11 [C4], 65.25 [C6'], 76.43 [C6), 88.33 [C3], 112.76 [C1], 128.32, 129.53,
133.14 [aromatic CH], 129.29 {aromatic C], 166.05 [CO]}. 23d-exo: {!H-NMR (200 MHz, CDCly): 6
3.58 (t, 1H, H5), 3.83 (dd, 1H, H4) 4.46 (A of ABX, 1H, H6',), 4.56 (B of ABX, 1H, H6'), 4.77 (ddd,
1H, H6), 5.41 (dd, 1H, H3), 5.74 (d, 1H, H1), 7.29 - 7.61 (m, 3H, Ph), 8.00 - 8.05 (m, 2H, Ph), Jy; s =
3.6 Hz, Jyy3. 134 = 1.4 Hz, Jys 116 = 3.8 Hz, g6, = 4.0 Hz, Jyg pen = 3.1 Hz, g, e = -12.6 Hz; 13C-
NMR (75.4 MHz, CDCl,): 6 43.57 [C5], 56.68 [C4], 65.21 [C6'], 75.62 [C6), 82.55 {C3], 107.82 [C1],

128.48, 129.79, 133.38 [aromatic CH], 129.57 {aromatic C], 166.05 [CO]}.

BzO (o}
=
(o]
23d

3a-Methallyloxy-43-hydroxy-6f3-benzoyloxymethyl-2,7-dioxa-bicyclo-{3,2,0]-heptane (28).
To a sclvtion of epoxide 23d (313 mg, 1.26 mmol) in dry methylene chloride (50 mL) under
nitrogen at room temperature was added 2-methyl-2-propen-1-ol (1.10 mL, 12.60 mmot) and the reaction

mixturc was allowed to stir for 6 h. Evaporation to dryness gave 28 (359 mg, 89% yicld) as a light
yellow oil which was used without further purification. {!H-NMR (200 MHz, CDCl,): 8 1.72 (s, 3H,

Mc), 2.88 (s, br, ex, 1H, OH), 3.30 (t, 1H, HS), 4.11 (dd, br, 2H, H3',, H3",), 4.38 (s, br, 1H, H4), 444 (A
of ABX, 1H, H6'), 4.53 (B of ABX, 1H, H6'), 4.83 (ddd, 1H, H6), 4.89, 4.89 (2s, br, 2H, H3",, H3")),
5.36 (d, 1H, H3),6.06 (d, 1H, H1), 7.30 - 7.60 (m, 3H, phenyl), 8.00 - 8.07 (m, 2H, phenyl), Jj;, 15 = 4.0
Hz, Jys-1ya = -02 Ha, Jygopgn = -12.5 Hz, Jys 46 = 4.4 Hz, Jyeyiga = 4.3 Hz, Jye ngw = 3.2 Hz, Iy,
16 = -12.4 Hz; PC-NMR (75.4 MHz, CDCly): § 19.49 [OCH,C(CH3)=CH, ], 49.95 [CS), 65.84 [C61],
7133 [OCH,C(CH4)=CH,], 7645 [C4), 76.45 [C6]), 10784 [CI], 111.76 [C3], 112.52
[OCH,C(CH,4)=CH,], 12840, 129.59, 133.26 (aromatic CH], 129.46 [aromauc C], 141.20
[OCH,C(CHy)=CH,], 166.42 [CO]).
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3a-Methallyloxy-43-acetoxy-63-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-he stane (29a).

Alcohol 28 was acetylated in 84% yield by a procedure similar to that uscd for the preparation of
25a. {'H-NMR (200 MHz, CDCl,): § 1.72 (s, 3H, Me), 2.04 (s, 3H, Ac), 3.37 (1, 1H, H5), 4.17 (dd, br,
2H, H3',, H3%), 4.46 (A of ABX, 1H, H6')), 4.56 (B of ABX, 1H, H6',), 4.88 (ddd, 1H, H6), 4.91, 5.03
(2s, br, 2H, H3",, H3™)), 5.25 (s, 1H, H4), 541 (d, 1H, H3), 6.08 (d, iH, HI1), 7.40 - 7.59 (m, 3H,
phenyl), 8 05 - 8.10 (m, 2H, phenyl), Jyj; ys = 4.1 Hz, Jy 3, = -0.8 Hz, I3, 3y, = -12.5 He, s 46 =
4.6 Hz, Jyg ne = 4.1 Hz,Jyg g = 34 Hz, Jyg, ey = -12.4 Hz; 1’C-NMR (754 MHz, CDCl,): 8 19 45
[OCH,C(CHy)=CH,], 20.74 [CH,4CO], 47.51 [C5], 65.56 [C6'], 71.49 [OCH,C(CH;)=CH,}, 76.24 [C6),
77.90 [C4], 107.61 [C1], 109.10 [C3], 112.94 [OCH,C(CH;)=CH,], 128.39, 129.64, 133.18 [aromatic
CH], 129.64 [aromatic C], 140.94 [OCH,C(CH,)=CH,], 166.42 [PhCO], 169.71 [CH,CO]; LRMS (CI-
NH,): m/e 363 ((MH*], 1.4%), 291 ((MH* - H,C=C(CH,;)CH,0OH], 17.2%)}. Anal. calcd. for C,4H,,0;:

C, 6297, H, 612. Found: C,62.66; H,6.22}.

BzO 0
o]
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28, R=OH
29a, R=Ac
29b, R=MeOOCCO
29¢, R=Bz

3a-Methallyloxy-43-methyloxalyloxy-63-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (29b).
To a solution of alcohol 28 (1.290 g, 4.03 mmol) in dry methylene chloride (350 mL) under
nitrogen at 0°C was added NN-dimethylaminopyridine (49 mg, 0.40 mmol), pyridine (978 ul., 12.10
mmol) and methyl oxalyi chlonide (556 uL, 6.05 mmol). The solution was gradually warmed to ambient
temperature (over 1 h) and allowed to stir for 18 h. It was washed with 5% hydrochloric acid (500 mL),
saturated aqueous sodium bicarbonate (S00 mL), brine (500 mL), dried (Na,SO,), filtered and the solvent
removed under reduced pressure to yield a yellow syrup.  Flash chromatography of the residuc

(petroleum ether / ethyl acctate, 2:1 v/v) gave the utle compound (1.18 g, 72% yicld) as a hight ycllow
oil. {!H-NMR (200 MHz, CDCly): 6 1.76 (s, 3H, Me), 3.51 (dd, 1H, HS), 3.87 (s, 3H, McO), 4 18 (dd,

br, 2H, H3',, H3}), 4.46 (A of ABX, 1H, H6',), 4.58 (B of ABX, 1H, H6',), 4.89 (ddd, 1H, H6), 4.94,
5.02 (2s, br, 2H, H3™, H3"}), 5.38 (s, IH, H4), 5.50 (d, 1H, H3), 6.11 (d, 1H, HI), 7.40 - 7.58 (m, 3H,
phenyl), 8.04 - 8.09 (m, 2H, phenyl), Jy; s = 4.0 Hz, Jy3 13a = -1.0 Hz, Jyy30 yi3p = -12.6 Hz, Jjys. 6 =
4.4 Hz, Jye 116w = 3-8 Hz, Ly nen = 3-5 Hz, Jygynien = -12.4 Hz; 3C-NMR (75.4 MH¢, CD,Cly) 8
19.59 [OCH,C(CH4)=CH,)}, 47.58 [C5], 54.10 [MeO], 65.53 [C6], 72.00 [OCH,C(CH4)=CH,], 76.53
[C6), 80.59 [C4], 108.04 {C1], 109.05 [C3], 113.04 [OCH,C(CH;)=CH,], 128.84, 129.94, 134.02
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[aromatic CH], 130.36 [aromatic C], 141.48 [OCH,C(CH,;)=CH,], 156.75, 166.38, 166.44 fCO]J; IR
(CH,Cly): 1722 ¢cm’!, 1751 cm'!, 1775 cm'!; LRMS (CI-NH;): m/e 424 ((M + NH,*], 100%)).

3a-Methallyloxy-4f3-benzoyloxy-683-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (29¢).

Alcohol 28 was benzoylated 1n 88% yield by a procedure similar to that used for the preparation
of 26. {'H-NMR (200 MHz, CDCl,): & 1.79 (s, 3H, Me), 3.54 (t, 1H, H5), 4.22 (dd, br, 2H, H3',, H3"),
4.49 (A of ABX, 1H, H6',), 4.61 (B of ABX, 1H, H6'), 4.96 (ddd, 1H, H6), 4.96, 5.06 (2s, br, 2H, H3",,
H3™), 5.51 (s, 1H, H4), 5.58 (d, 1H, H3), 6.16 (d, IH, H1), 7.35 - 7.60 (m, 6H, phenyl), 7.96 - 8.12 (m,
4H, phenyl), Jy1.ns = 4.0 Hz, Jy3 43y = 0.8 Hz, Iy, 3y, = -12.8 Hz, Jyq g = 4.5 Hz, Jyg ey = 4.1 Hz,
Jueneb = 3.3 Hz, Jyganen = -12.4 Hz; LRMS (CI-NH;): m/e 425 ((MH*], 7.9%), 353 (IMH* -
H,C=C(CH;)CH,0H], 10.2%)}.

Oxetane (30a).

Reaction of 29a (298 mg, 0.82 mmol) and acetic acid (269 pL, 4.12 mmol) gave the title
compound (mixture of 2 inseparable diastereomers, 4:6), (113 mg, 25% yield) as a light yellow oil a~d
recovered starting material (70 mg). 30a-minor: {'H-NMR (200 MHz, CDCl,): & 1.61 (s, 3H, Me), 2.02
(s, 3H, Ac) 2.04 (s, 3H, Ac, anomeric), 3.37 (t, 1H, H3), 3.70 (s, br, 2H, CHHI, CHHI), 3.98 (dd, br, 2H,
H3™,, H3"}), 4.47 (A of ABX, 1H, H4)), 4.55 (B of ABX, 1H, H4'), 4.77 (ddd, 1H, H4), 5.27 (s, 1H,
H3'), 5.40 (d, 1H, H3"), 6.08 (d, 1H, H1), 7.40 - 7.61 (in, 3H, phenyl), 8.03 - 8.07 (m, 2H, phenyl), Jj15.413
=4.0 Hz, Jy3. 4 = 44 Hz, Yy i3, = -09 Hz, Jy3my 3 = 9.9 Hz, Joyyr.cnm ~ 0 HZ, Jyepgn = 43
Hz, Jyaqp = 34 Hz, Jygpqun = -124 Hz; 13C-NMR (754 MHz, CDCl,):  11.10 [CH,]], 20.78
[CH4), 21.09, 21.98 [CHLCO), 47.39 [C3], 65.60 [C4'], 70.92 [C3™], 76.15 [C4], 77.81 [C3'], 79.62
[CCH,l], 107.99 [C2], 109.62 [C3"], 128.47, 129.68, 133.28 [aromatic CH], 129.61 [aromatic C}, 166.15
[PhCO], 169.72, 170.32 [CH,CO}). 30a-major: {'H-NMR (200 MHz, CDCl,): 8 1.61 (s, 3H, Me), 2.01
(s. 3H, Ac) 2.03 (s, 3H, Ac, anomeric), 3.35 (1, 1H, H3), 3.73 (dd, 2H, CHHI, CHHI), 3.97 (dd, br, 2H,
H3™,, H3"p), 4.47 (A of ABX, IH, H4'), 4.55 (B of ABX, 1H, H4'), 4.77 (ddd, 1H, H4), 5.23 (s, 1H,
H3'), 5.41 (d, 1H, H3"), 6.07 (d, 1H, H1),7.40 - 7.61 (m, 3H, pheny1), 8.03 - 8.07 (m, 2H, phenyl), Jj15 113
= 3.6 Hz, Jyz 14 = 4.7 Hz, Jyy gy = -08 Hz, Jypyyyi3-p = -9.5 Hz, Jogur o = -10-5 Hz, Jye gy =
4.3 Hz, Jyo jen = 34 Hz, Jygunep = -12.4 Hz; 3C-NMR (75.4 MHz, CDCl,): 8 11.67 [CH,]], 20.78
(CH,4l, 20.78, 21.45 [CH4CO), 47.56 [C3], 65.42 [C4'), 70.40 [C3™), 76.25 [C4], 77.72 [C3'}, 79.58
[CCH,I), 107.71 [C2], 110.21 [C3"], 128.47, 129.68, 133.28 jaromatic CH}, 129.61 [aromatic C], 166.15
(PhCO], 169.61, 170.06 [CH,CO]}.

Oxetane (30b).

Reaction of 29b (32 mg, 0.08 mmol) and acetic acid (25 pL, 0.40 mmol) gave the title
compound (mixture of 2 inseparable diastereomers, 4:6), (7 mg, 15% yield). {IR (CH,Cl,): 1717 cm'l,
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1722 cm, 1751 em’!, 1774 cm'}. 30b-minor: {'H-NMR (200 MHz, CDCl5): § 1.62 (s, 3H, Mc), 2.02
(s, 3H, Ac), 3.52 (1, 1H, H3), 3,78 (dd, 2H, CHHI, CHRI), 3.89 (s, 3H, McO), 4.00 (dd, br, 2H, H3",,
H3"), 447 (A of ABX, 1H, H4')), 4.59 (B of ABX, 1H, H4\), 4.80 (ddd, 1H, H4), 5.39 (s, 1H, H3"),
5.54 (d, 1H, H3),6.10 (d. 1H, H1), 7.42- 7.62 (m, 3H, pheny)), 8.03 - 8 09 (m, 2H, phenyl), Jyy ;13 = 3.9
Hz, Jy3 e = 4.3 He, Iy g = -0.9 Hz, Jyzmg iy = -10.1 H2, Jegpronm = -9.7 He, Jygq ey = 4.1 Hy,
JH‘-H"b =3.6 HZ, JH4'I-H4'b =-12.5 HZ}. 30b'maj0r: {lH‘NMR (2(X) MHZ, CDCI}): 8 1.56 (S. 3H, MC),
2.02 (s, 3H, Ac), 3.52 (t, 1H, H3), 3.79 (dd, 2H, CHHI, CHHI), 3.89 (s, 3H, McO), 4.00 (dd, br, 2H,
H3",, H3"), 4.47 (A of ABX, 1H, H4'). 4.59 (B of ABX, 1H, H4')), 4.80 (ddd, 1H, H4), 538 (s, 1H,
H3"), 5.52 (d, 1H, H3"), 6.12 (d, 1H, H1),7.42 - 7.62 (m, 3H, phenyl), 8.03 - 8.09 (m, 2H, phenyl), J;15 43
=3.7Hz, 3.4 = 4.3 Hz, lyyoy3-y = -09 Hz, Jygry i3y = -10.1 Hz, Joyypp.cpumn = -10.3 He, By g, =
4.1 HZ, JH“~H4'b =36 HZ, JH“'I-H4'b =-125 HZ}.

Oxetane (30¢).
Reaction of 29¢ (45 mg, 0.11 mmol) and acetic acid (32 pL, 0.53 mmol) gavc the tite

compound (mixture of 2 diastcreomers, 4:6), (24 mg, 37% yield) as a light yellow oil and recovered
starting material (11 mg). 30c-minor: {{H-NMR (200 MHz, CDCl,): 6 1.54 (s, 3H, Me), 2.03 (s, 3H,

Ac), 3.51 (1, 1H, H3), 3.74 (s, br, 2H, CHHI, CHHI), 4.02 (dd, br. 2H, H3™,, H3",), 4.49 (A of ABX,
1H, H4')), 4.61 (B of ABX, 1H, H4')), 4.87 (ddd, 1H, H4), 5.51 (s, 1H, H3"), 5.57 (d, 1H, H3"), 6.15 (d,
1H, H1),7.38 - 7.61 (m, 6H, phenyl), 7.96 - 8.10 (m, 4H, phenyl), 311, y3=4.1 He, b3 yg = 4.3 He, 3y
H3"a = -1.3 Hz, Jyzey p3p = -10.1 Hz, Jogp.cnm ~ O H2, Jygnige = 41 B2, Jigg iy = 3494 He Jyie g
= -12.5 Hz}. 30c-major: {"H-NMR (200 MHz, CDCl,): 8 1.64 (s, 3H, Me), 2.03 (s, 3H, Ac), 3.51 (1,
1H, H3), 3.76 (dd, 2H, CHHI, CHHI), 4.03 (dd, br, 2H, H3",, H3™), 447 (A of ABX, 1li, H4')), 4.59
(B of ABX, 1H, H4'), 4.87 (ddd, 1H, H4), 5.50 (s, IH, H3"), 5.58 (d, 1H, H3™), 6.14 (d, 1H, HI), 7.38 -
7.61 (m, 6H, phenyl), 7.96 - 8.1 (m, 4H, phenyl), Jy, 113 = 4.0 Hz, Ji3 44 = 4 3 He, Jypye g3y, = -1.0 He,
Ingmanzy = =98 He doyponm = -10.5Hz, Jygq g = 41 H2, Jjgg ppan =34 H2, Jypg g4 = -12.5 He).

OAc 1

o
RO

30, R=Ac
30b, R=MeQOOCCO
30¢c, R=Bz
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Oxetane (31a).
Acctal 29a (36 mg, 0.10 mmol) and benzoic acid (61 mg, 0.50 mmol) gave the title compound

(mixture of 2 inscparable diastercomers, 3:7), (40 mg, 66% yield) as a light yellow oil and recovered
staring material (7 mg). 31a-minor: {VH-NMR (200 MHz, CDCl,): 8 1.76 (s, 3H, Me), 2.01 (s, 3H, Ac),

3.37 (1, 1H, H3), 3.84 (dd, 24, CHHI, CHHI), 4.16 (dd, 2H, H3",, H3"}), 443 (A of ABX, 1H, H4',),
4.55 (B of ABX, 1H, H4\), 4.73 (ddd, 1H, H4), 5.23 (s, 1H, H3'), 5.46 (s, 1H, H3"), 6.08 (d, 1H, H1),
7.37-7.57 (m, 6H, phenyl), 7.98 - 8.12 (m, 4H, phenyl), Jyp 113 = 4.1 Hz, Jg3 s = 4.1 Hz, Jygzeg ji3vy = -
9.9 Hz, Jopmn.cumr = 109 Hz, g i = 3.7 Hz, Jo ey = 3.9 H2 Jyygaian = -12.5 Hz). 31a-major:
{'H-NMR (200 MHz, CDCly): 6 1.77 (s, 3H, Me), 2.03 (s, 3H, Ac), 3.35 (t, 1H, H3), 3.86 (dd, 2H,
CHHI, CHHI), 4.17 (dd, 2H, H3",, H3™}), 443 (A of ABX, 1H, H4',)), 4.55 (B of ABX, 1H, H4)), 4.73
(ddd, 1H, H4), 5.23 (s, 1H, H3'), 5.46 (s, 1H, H3™), 6.08 (d, 1H, H1), 7.37 - 7.57 (m, 6H, phenyl), 7.98 -
8.12 (m, 4H, phenyl), Jy, 3 = 4.1 Hz, Jyj3 44 = 4.3 Hz, Jyy3g g3y = -9-8 Hz, Joynr.cun = -10.6 Hz,
Jiavan = 3.7 Ha, Jyq ygn = 3.9 Hz, Jjy0q 4 = -12.5 Hz).

Oxetare (31b).
Accial 29b (609 mg, 1.50 mmol) and benzoic acid (920 mg, 7.50 mmol) gave the title

compound (mixture of 2 nseparable diastereomers, 3:7), (578 mg, 59% yield) as a light yellow oil and
recovered starting material (56 mg). {IR (CH,Chy): 1717 em’!, 1722 cm), 1751 em°!, 1774 cm-1). 31b-

minor: {'H-NMR (200 MHz, CDCly) & 1.77 (s, 3H, Me), 3.52 (t, 1H, H3), 3.70 (m, 2H, CHHI, CHHI),
3.88 (s, 3H, Mc(C), 4.18 (dd, br, 2H, H3",, H3"}), 4.42 (A of ABX, 1H, H4'), 4.52 (B of ABX, 1H,
H4',), 4.74 (ddd, 1H, H4), 5.39 (s, I1H, H3’), 5.50 (d, 1H, H3"), 6.11 (d, 1H, H1), 7.37 - 7.58 (m, 6H,
phenyl), 7.98 - 8.11 (m, 4H, phenyl), Jjj5 13 =4.0 Hz, Jij3 qe = 3.8 Hz, Jy30 y3my = -0.9 Hz, Jjy3m, ji3mp =
10.0 Hz, Jjgq e = 09 Hey Jyqqren = 3.8 He Jygayian = -12.4 Hz 13C-NMR (75.4 MHz, CD,Cly): &
11.68 [CH,I], 21.62 [CH,4), 47.49 [C3], 54.10 [MeO], 65.48 [C6'], 71.34 [C3"], 76.53 [C4], 80.41 [C3'],
80.53 [CCH,l], 108.18 [C2}, 109.89 [C3"}, 128.79, 128.84, 129.94, 130.36, 133.03, 134.02 {aromauc
CH), 129.72, 130.13 [aromatic C], 156.75, 166.38, 166.44, 171.14 [CO]}. 31b-major: (TH-NMR (200
MH., CDCly): 6 1.78 (s, 3H, Me), 3.48 (t, 1H, H3), 3.86 (m, 2H, CHHI, CHHI), 3.88 (s, 3H, Me0), 4.19
(dd, br, 2H, H3",, H3")), 4.42 (A of ABX, 1H, H4',), 452 (B of ABX, 1H, H4'), 4.74 (ddd, 1H, H4),
5.37 (s, 1H, H3’), 5.57 (d, 1H, H3"), 6.11 (d, 1H, H1), 7.37 - 7.58 (m, 6H, phenyl), 7.98 - 8.11 (m, 4H,
phenyl), Jyyp.13 = 3.7 Hz, Jy3 g = 39 Hz, gy g3y = -0.9 Hz, Jy3my g3, = -9.8 Hz, Iy g, = 0.9 Hz,
Jnanay = 38 He, gy ey = -12.4 Hz; 13C.NMR (75.4 MHz, CD,Cl,): & 12.10 [CH,l}, 21.78 (CH,),
47.58 [C3), 54.10 [MeOQ), 65.76 [C6], 71.07 [C3™], 76.53 [C4), 80.29 [C3], 80.53 [CCHZI], 108.04

[C2], 109.94 [C3"], 128.79, 128.84, 129.94, 130.36, 133.63, 134.02 [aromauc CH], 129.72, 130.13
[aromatic C], 156.75, 166.38, 160.44,171.14 [CO]}.
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Oxetane (31¢).
Acctal 29¢ (45 mg, 0.11 mmol) and benzoic acid (65 mg, 0.53 mmol) gave the utle compound (mixture

of 2 inseparable diastereomers, 4:6), (32 mg, 45% yicld) as a yellow oil and recovered staring matcrial
(8 mg). 31c-minor: {'H-NMR (200 MHz, CDCl;): & 1.81 (s, 3H, Me), 3.50 (t, 1H, H3), 3 87 (dd, 2H,

CHHI, CHHI), 4.22 (dd, 2H, H3",, H3™}), 4.46 (A of ABX, 1H, H4')), 4.53 (B of ABX, 1H, H¥)), 4 §2
(ddd, 1H, H4), 5.50 (s, 1H, H3"), 5.61 (s, 1H, H3"), 6.14 (d, 1H, H1), 7.37 - 7.64 (m, 9H, phenyl), 7.93 -
8.13 (m, 6H, phenyl), Jy, 43 = 4.1 Hz, Jys 44 = 4.4 Hz, 3y i3 = -9.7 Hz, Jogn.cum = -10.5 He,
Jhanaa = 3.7 Hz, Jyq e = 4.0 Hz, Jyg s = -12.3 Hz; 3C.NMR (754 MHz. CD,(Cl,): & 11.94
[CH,l], 21.68 [CH,], 47.85 [C3], 65.74 [C6], 71.00 [C3™], 76.81 [C4], 78.71 [C3'], 80.65 [CCH,l],
108.30 [C?2], 110.73 [C3"], 128.70, 128.74, 128.83, 129.96, 130.10, 130.36, 133.58, 133.90, 133.97
[aromatic CH], 128.84, 129.17, 130.39 [aromatic C], 165.67, 166.77, 171.20 [CO]}. 3lc-major: {'H-
NMR (200 MHz, CDCl,): & 1.80 (s, 3H, Me), 3.50 (1, 1H, H3), 3.89 (dd, 2H, CHHI, CHHI), 4.22 (dd,
2H, H3™,, H3"}), 4.46 (A of ABX, 1H, H4')), 4.53 (B of ABX, 1H, H4'), 4.82 (ddd, tH, H4), 5.49 (s,
1H, H3'), 5.64 (s, 1H, H3"), 6.14 (d, IH, H1), 7.37 - 7.64 (m, 9H, phenyl), 7.93 - 8.13 (m, 6H, phenyl),
Jhams = 4.1 Hz, Jyz 134 = 44 Hz, Jyymy jyamp = -9-8 Hz, Joyyronmn = -10.5 Hz, Jyg gpe = 3.7 Hey Jyyg.
Hav = 4.0 Hz, Jygu Haw = -12.3 Hz; 3C-NMR (75.4 MHz, CD,Cl,): $12.34 [CH,IT, 21.82 [CH4], 47.89
[CJ], 65.80 [C8], 71.30 [C3™], 76.81 [C4], 78.71 [C3'], 80.55 [CCH,I], 108.34 [C2], 110.73 [C3"],
128.70, 128.74, 128.83, 129,96, 130.10, 130.36, 133.58, 133.90, 133.97 [aromatuc CH|, 128 84, 129.17,
130.39 {aromauc C], 165.56, 166.45,171.20 [CO]}.

Bz I
BzO 0
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31a, R=Ac

31b, R=Me00CCO
31¢c, R=Bz

33, R«=Bz, i=H

Oxetane (33).

To a solution of 31¢ (67 mg, 0.10 mmol) in 7 mL of dry bensene under an atmosphere of
nitrogen at room temperature was added pyridine (24 pL, 0.30 mmol) and Bu;SnH (54 pL, 0 20 mmol).
Afier refluxing for 15 h, tc indicated complele disappearance of starung matenial.  The solution was
evaporated under reduced pressure and the residuc punified by flash chromatography (petroleum cther /

ethyl acetate, 2:1 v/v) to afford the deiodinated compound (27 mg, 50% yield) as a clear ol { 'H-NMR
(200 MHz, CDCl,): & 1.65, 1.66 (2s, 6H, Me), 3.56 (t, 1H, H3), 4.03 (dd, br, 2H, H3™,, H3"), 4.36 (A of

ABX, 1H, H4')), 4.42 (B of ABX, 1H, H4',), 4.86 (ddd, 1H, H4), 5.51 (s, 1H, H3'), 5.64 (d, 1H, H3"),
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6.13 (d, 1H, H1), 7.34 - 7.64 (m, 9H, phenyl), 7.93 - 8.12 (m, 6H, phenyl), Jyy; 113 = 3.8 Hz, I3 44 = 4.6
Hz, Jy3-piib = 98 Hz, Jyepaa = 36 Hz, Jyqyien = 34 Hz, Jyggy ey = -12.5 Hz; 13C-NMR (754
MHz, CDCl,): § 2347, 23.53 [CH4), 47.62 [C3], 65.36 [C6'), 73.44 [C3™], 76.30 [C4], 78.34 [C3],
81.27 [C(CH,),], 107.73 [C2], 110.26 [C3'], 128.21, 128.33, 128.46, 126.48, 129.70, 129.74, 132.59,
133.23, 133.55 [aromatic CH], 129.74, 130.02, 131.57 [aromatic C], 165.35, 165.63, 166.19 [CO];
LRMS (DCI-NH,): m/e 547 ((MH*], 0.9%), 425 ((MH* - PhCOOH], 26.3%); HRMS (DCI-NH5): m/e
calcd. for C,,H,50; [MH* - PhCOOH], 425.1600; found, 425.1600}.

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 stirred for 3 h under an atmosphere of nitrogen at room temperature. The zinc was
removed by filtration and the filtrate evaporated to dryness in vacuo to give a clear syrup. The residuc
was dissolved in ether (30 mL), washed with saturated aqueous sodium bicarbon..c (30 mL), bnine (30
mL.), dried (Na,SO,), filtered and the solvent removed under reduced pressure to give the title compound
(mixture of 2 inseparable diastercomers, 3:7), (16 mg, 65% yield) as an extremely unstable clear oil. {IR
(CH,Cly): 1717 cm'!, 1722 ¢cm!}. 32b-minor: {!H-NMR (200 MHz, CDCl5): 8 1.75 (s, 31, CH,), 3.31
(t, iH, H3), 3.99 (dd, 2H, OCH,C(CH;)=CH,), 4.45 (A of ABX, 1H, H4'), 4.46 (s, 1H, H3'), 4.54 (B of
ABX, 1H, H4',), 4.81 (ddd, 1H, H4), 491, 5.00 (2s, br, 2H, OCH,C(CH;)=CH,), 5.42 (s, 1H, H3"), 6.09
(d, 1H, Hl1), 7.24 - 7.57 (m, 6H, phenyl), 7.98 - 8.08 (m, 4H, phenyl), Jj;; 43 = 4.1 Hz, Jjy3 414 = 4.4 Hz,
Jocun-ochn = 132 Hz, Jyeyias = 44Hz, Jggpen = 34 Hz, Jyga nep = -12.1 Hz}). 32-major: {1H-
NMR (200 MHz, CDCl5): & 1.75 (s, 3H, CHy), 3.31 (1, 1H, H3), 4.14 (dd, 2H, OCH,C(CH;)=CH,), 4.42
(s, 1H, H3), 4.45 (A of ABX, 1H, H4',),4.54 (B of ABX, 1H, H4'), 4.81 (ddd, 1H, H4), 4.91, 5.00 (2s,
br, 2H, OCH,C(CH,)=CH,), 5.39 (s, 1H, H3"), 6.09 (d, 1H, H1), /.24 - 7.57 (m, 6H, phenyl), 7.98 - 8.08
(m, 4H, phenyl), Jyy ;13 = 4.1 Hz, Jy3 54 = 4.4 Hz, Jocyn.ocun = -12.5 Hz, Jyyq e, = 4402, Jyg g =
3.4 Hz, Jyjgy piap = -12.1 12},
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Epoxide (34a) of 3a-dimethallyloxy-43-bromo-68-i-propyl-2,7-dioxa-bicyclo-[3,2,0]-heptane.
Epoxide 34a (mixture of 2 inseparable diastercomers, 2:3) was obtained in 66% yicld after flash

chromatography (petroleum ether / ethyl acetate, 4:1 v/v) from acctal 10g by a procedure similar 10 that
used for 23a. {LRMS (CI-NH;)' m/e 340, 338 ([M + NH*], 4.3%, 4.0%), 323, 321 ([MH*], 1 0%,

1.7%), 221, 219 ([MH* - (H3C);C(O)CHCH,0H], 28.0%, 29 3%), HRMS (CI-NH;). m/c calcd for
Cy3H,5NO,Br [M + NH,*], 338.0967; found, 338.0968} . 34a-minor: ('H-NMR (200 MHz, CDCl,)- &
0.88 (d. 3H, MeCHMe"), 0.91 (d, 3H, McCHMe"), 1.29, 1.32 (25, 6H, Me,C), 1.83 (m, 1H, H6'), 3.02
(dd, 1H, H3"), 3.33 (dd, 1H, H5), 3.83 (ddd, 2H, H3',, H3')), 4.18 (dd, 1H, H6), 4.26 (s, 1H, H4), 5.64 (s,
1H, H3), 6.04 (d, 1H, H1), Jyy, s = 4.1 Hz, Jy34 3y, = -11.7 Hz, Jjy3 3~ = 5.6 He, a4y = 5.8 Hy,
Jus.ne = 4.5 Hz, Jygpga = 4.9 Hz, Jyg e = 7.0 Hz, Jyg e = 6.7 Hz). 34a-major: {TH-NMR (200
MHz, CDCl,): 8 0.88 (d, 3H, MeCHMc'), 0.91 (d, 3H, MeCHMe'), 1.28, 1.32 (2s, 6H, Me,C), 1.84 (m,
1H, H6'), 3.02 (dd, 1H, H3"), 3.33 (dd, 1H, HS), 3.82 (ddd, 2H, H3',, H3'), 4.18 (dd, IH, H6), 4.29 (s,
1H, H4), 5.66 (s, 1H, H3), 6.04 (d, 1H, H1), Jy, s = 4.1 Hz, Jyypq i3, = -11.1 Hz, Jjj34. 43 = 4.1 He,
Jizbna = 10 Hz, Y5146 = 4.5 Hz, Jyg e = 4.9 Hz, Jjyg aqc = 6.8 Hz ).

Br

Epoxide (34b) of 3a-methallyloxy-4[3-bromo-6p3-s-butyldimethylsilyloxymethyl-2,7-dioxa-bicyclo-
(3,2,0]-heptane.

Epoxide 34b (mixture of 2 inseparable diastercomers, 2:3) was obtained 1 90% yicld after flash
chromatography (petroleum ether / ether, 4:1 v/v) from acctal 21a by a procedure similar to that used for
the preparation of 23a. {LRMS (CI-NH,). m/e 323, 321 ([MH* - H,C(O)C(CH;)CH,OH], 10 6%,
9.9%)}. 34b-minor: {'H-NMR (200 MHz, COCl,): § 0.07, 0.08 (2s, 6H, -BuSiMe,), 0 90 (s, 9H, ¢-
BuSiMe,), 1.38 (s, 3H, CH;), 267 (dd, 2H, H3™,, H3",), 3.66 (dd, br, 2H, H3',, H3}), 3.66 (dd, 1H,
H5), 3.73 (A of ABX, 1H, H6',), 3.73 (B of ABX, 1H, H6'y), 4.36 (s, 1H, H4), 4 54 (ddd, 1H, H6), 5 65
(d, 1H, H3), 6.02 (d, 1H, H1), J;.ys = 4.0 Hz, Jy3 g3 = -C.6 Hz, Jyy30 i3y = -11 0 He, Jjyqeg jamy, = -
48 Hz, Jys. g = 4.3 Hz, Jygyig = 3.3 He, Jygpien = 3 2 H2, Jjjgapign = -11.7 Hz). 34b-major: {1H-
NMR (200 MHz, CDCl,): 8 0.07, 0.08 (2s, 6H, 1-BuSiMe,), 0.90 (s, 9H, t-BuSiMe,), 1.35 (s, 3H, CHj),
2.72 (dd, 2H, H3™,, H3"}), 3.66 (dd, 1H, HS), 3.72 (A of ABX, 1H, H6')), 3.72 (B of ABX, IH, H6',),
3.81 (dd, br, 2H. H3',, H3',), 4.31 (s, 1H, H4), 4.48 (ddd, 1H, H6), 5.63 (d, 1H, H3), 6.02 (d, 1H, HI),
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Jin s = 4.0 Hz, Jys 3y = -0.5 Hz, Iy yp3p = -10.9 Hz, Jyyeg gy = -5.0 Hz, Jys 156 = 4.3 Hz, Jyg yga
=3.5 He, Jll6-ﬂﬁ'b = 3.1 Hz, JH6'.-HG'b =-119 HZ].

Epoxide (34c) of 3a-methallyloxy-43-acetoxy-6[3-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0])-
heptane.
Epoxide 34¢ (mixture of 2 inseparable diastereomers, 45:55) was obtained in 87% yield after

flash chromatography (peiroleum ether / ethyl acetate, 4:1 v/v) from acetal 29a by a procedure similar to
that used for the preparuiion of 23a. {LRMS (CI-NH,3): m/e 396 ((M + NH,*], 57.1%), 379 ([MH*],

28.8%), 291 (IMH* - H,C(O)C(CH;)CH,OH], 81.0%); Anal. calcd. for CjoH,,04: C, 60.31; H, 5.86:
found: C, 59.95; H, 5.47}. 34c-minor: {!H-NMR (200 MHz, CDCly): & 1.40 (s, 3H, CH,), 2.03 (s, 3H,
Ac), 2.67 (dd, 2H, H3™,, H3™)), 3.36 (dd, 1H, HS), 3.70 (dd, br, 2H, H3',, H3",), 4.45 (A of ABX, 1H,
H6',), 4.56 (B of ABX, 1H, H6'), 4.82 (ddd, 1H, H6), 5.27 (s, 1H, H4), 5.46 (d, 1H, H3), 6.06 (d, 1H,
H1), 7.39 - 7.61 (m, 3H, phenyl), 8.03 - 8.08 (m, 2H, phenyl), Jy, ys = 4.1 Hz, J13 3, = -0.9 Hz, Ji3'a-
n3p = 111 Hz, Jygmy yymy = 4.6 Hz, Jyys g = 4.0 Hz, Jyg yey = 4.1 Hz, Jyg o = 34 Hz, Jyg, piep = -
12.4 Hz; 13C-NMR (75.4 MHz, CDCl,): & 18.25 [OCH,C(CH,4)(O)YCH5], 20.73 [CH,CO], 47.50 [CS5],
51.58 [OCH,C(CH3)(0)CH,], 55.61 [OCH,C(CH4)(0)CH,], 65.49 [C6'], 71.81 [OCH,C(CH3)(O)CH,],
76.23 [C6], 77.74 [C4], 107.71 {C1], 109.83 [C3], 128.40, 129.62, 133.21 [aromatic CH], 129.57
[aromatic C], 166.10 [PhCO], 169.66 [CH,CO]). 34c-major: {TH-NMR (200 MHz, CDClLy): 6 1.37 (s,
3H, CH,), 2.02 (s, 3H, Ac), 2.73 (dd, 2H, H3",, H3™,), 3.36 (dd, 1H, H5), 3.79 (dd, br, 2H, H3,, H3",),
445 (A of ABX, 1H, H6'), 4.55 (B of ABX, 1H, H6'), 4.82 (ddd, 1H, H6), 5.23 (s, 1H, H4), 5.42 (d,
1H, H3), 6 06 (d, 1H, H1),7.39 - 7.61 (m, 3H, phenyl), 8.03 - 8.08 (m, 2H, phenyl), Jyy, ;s = 4.1 Hz, Jy15.
iya = 0.9 Hey Jygy yyyn = -11.2 Hz, Jygeg 3 p = 4.9 He, 5446 = 4.0 Hz, Jyg ey = 4.1 Hz, "6 1561 =
34 Hz, Jygenien = -12.5 Hz; "C-NMR (754 MHz, CDCly): § 18.53 [OCH,C(CH,)(O)CH,], 20.73
[CH,CO), 47.50 [C5], 51.58 [OCH,C(CH4)(0)CH,], 5541 [OCH,C(CH3)(C)CH,}, 65.49 [C6, 70.09
[OCH,C(CH;)(O)CH,], 76.23 [C6], 77.74 [C4], 107.71 [C1], 109.83 [C3], 128.40, 129.62, 133.21
laromatic CH], 129.57 [aromatic C}, 166.10 [PhCO}, 169.66 [CH,CO]]).

34b, R-TBDMSI, X=5r
34¢, R=Bz, X~AcO
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Thiogylcoside (36).

To an ice cooled soluton of epoxide 34¢ (38 mg, 0.10 mmol) and thiophenol (103 ul., 1.00
mmol) n dry <ther (5 mL) under mtrogen was added a 1.0 M soluuon of zinc chlonde 1n ether (1 00 mL).

Aier <trring for 30 min, the solution was warmed 1o room temperature, diluted with cther (20 mL),
washed wath saturated aqueous sodium bicarbonate (30 mL), brine (30 mL), dned (Na,SO,), filtered and

4

the solvent removed in vacuo yielding a yellow residue which was chromatographed over sihca gel
(petroleum ether / ethyl acetate, 2:1 v/v), affording 36 (mixture cf 2 inscparable diastereomers, 45°55) as
a light yellow o1l (31 mg, 64% yicld). 36-minor: {'H-NMR (200 MHz, CDCl;): 8 140 (s, 3H, CH,),
2.02 (s, 3H, Ac), 2.49 (s, brex, 1H, OH), 2.73 (dd, 2H, H2™,, H2"}), 3.21 (m, 1H, H4), 3.70 (dd, 2H,
H2',, H2',), 4.43 - 4.53 (m, 3H, H4', H4", H4")), 5.05 (s, 1H, H3), 5.27 (d, 1H, H2), 5.72 (d, 1H, H5),
7.22 - 7.62 (m, 3H, phenyl), 8.05 - 8.12 (m, 2H, phenyl), Jys ys = 6.1 Hz, Ji9, 112y = -11.2 Ha, Jypy
1oy = <44 Hz). 36-major: {'H-NMR (200 MHz, CDCly): 8 1.30 (s, 3H, CH;), 2 02 (5, 3H, Ac), 2.49
(s, brex, 1H, OH), 2.75 (dd, 2H, H2",, H2")), 3.21 (m, 1H, H4), 3.71 (dd, 2H, H2',, H2}), 4.43 - 453
(m, 3H, H4', H4",, H4"D), 5.06 (s, 1H, H3), 5.24 (d, IH, H2), 5.72 (d. 1H, H5), 7.22 - 7.62 (m, 3H,
phenyl), 8.05 - 8.12 (m, 2H, phenyl), Jji4.13s = 6.1 Hz, Jya 12w = -11.3 Hz, Jyypey 2 = 4 4 He )

SPh
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4.5 Experimentals for Section 2.6.

3-Hydroxymethyl-63-phenyl-2,7-dioxa-bicyclo-{3,2,0]-hept-3-ene (37a).

A mixture of furfuryl alcohol (38.14 g, 388.7 mmol) and benzaldehyde (10.00 g, 94.2 mmol) in
benzene (300 mL) was placed 1n a 350 mL photo-reaction vessel, cooled to 8°C, and saturated with
helium. The solution was then irradiated for 6 h. The solvent was removed under reduced pressure to
give a yellow syrup. Punification by flash chromatography (ether / hexanes, 3:1 v/v) gave exclusively
37a (3.845 g, 20% yield) as a hight yellow oil and recovered starting matenal (15.02 g furfuryl alcohol,
4.05 g benzaldehyde). ['H-NMR (200 MHz, CDCl5): 8 2.06 (t, ex, 1H, OH), 3.68 (ddd, 1H, H5), 4.34
(d, 2H, CH,), 5.39 (d, 1H, H4), 5.57 (d, 1H, H6), 6.55 (d, 1H, H1), 7.31 - 7.42 (m, 5H, Ph); Jyj; ys = 4.4
Hz, JCHZ»OH = 6.2 Hz, Jysus = 2.8 Hz, Jys.y6 = 3.2 Hz; LRMS (CENH3). m/e 222 (M + NHg),
28.2%), 205 (IMH*], 100%), 187 (IMH* - H,0}, 32.9%); HRMS (CI-NH,): m/e calcd. for C,,H,,0,
iMH?* - H,0], 187.0758; found, 187.0758).

2-(2'-Hydroxyethyl)-furan (38).

To a surred ice-cooled solution of furfural (2.00 g, 20.8 mmol) in anhydrous ether (100 mL)
under an atmosphere of nitrogen was added a 1.0M solution of methylmagnesium bromide in butyl ether
(20.8 mL, 20.8 mmol) over a period of 30 min and the mixturc allowed to gradually arm lo ambient

temperature.  After 1.5 h, the reaction mixture was poured into ice cold 5% hydrochloric acid (30 mL)
and the organic phase was washed with bnine (100 mL), dried (Na,SO,), filtered and the solvent removed

in vacuo 1o afford purc raceniic 38 (2.31 g, 99% yield) as a colourless oil {'H-NMR (200 MH¢, CDCLy)y
8 1.53 (d, 3H, Me), 1.90 (d, ex, 1H, OH), 4.87 (dq, 1H, CH), 6.21, 6.31 (2m, 2H, H3, H4), 7.36 (m, 1H,
HS). 3(:” OH = 50 HL, ‘,CH~MC =6.6 HL}

L

CH(OH)CHj
38

3-(3'-Hydroxyethyl)-63-phenyi-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (38a).
A maxture of 38 (528 mg, 4.71 mmol) and benzaldehyde (500 mg, 4.71 mmol) in benzene (330
mL) was placed in a 350 mL photo-reacuon vessel, cooled to 8°C, and saturated with helium. The

solution was then wrradhated for 5 h, The solvent was removed in vacuo to yield a yellow syrup.

i



Chromatography over silica gel (ether / hexancs, 3:1 v/v) afforded 38a exclusively (mixture of 2
inscparable diastercomers, 1:1), (292 mg, 28% yicld) as a light yellow oil and recovered starung matenal
(102 mg 38, 100 mg benzaldehyde). {'H-NMR (200 MHz, CDCl,): § 1 46, 1.47 (2d, 3H, Mc), 2 03 (d,
ex, 1H, OH), 3.65 (ddd, 1H, HS5), 4.50, 4.52 (2dq, 1H, H3’), 5.31, 5.33 (2d, 1H, H4), 554 (d, 1H, H6),
6.53 (d, 1H, H1), 7.25 - 7.50 (m, 5H, Ph); Jy, s = 4.4 Hz, Jy3 oy = 5.0 Hz, Jyz.mc = 6.6 He, Jypq 115 =
2.3 Hz, Jys.pe = 3.0 Hz}.

Ph (o)
O

“SCH(OH)CHy

2-Furaldehyde dimethyl acetal (39).
A solution of furfural (9.61 g, 100.0 mmol) in methanol (210 mL) contairing CeCly 7TH,0

(37.25 g, 100.0 mmol) and trimethylorthoformate (87.5 mL, 800 mmol) was allowed to stir for 25 min at
room temperature. The reactton mixture was pourcd into saturated aqueous sodium bicarbonate (1 L) and

extracted with ether (4 x 500 mL). The extracts werec washed with brine (2 L), dnied (NaySO,), filtered

and the solvent removed 1n vacuo to afford pure 39 (9.81 g, 69% yicld) as a colourless oil.  { 'H-NMR
(200 MHz, CDCl,): & 3.34 (s, 6H, Me0), 5.43 (s, 1H, CHMg,), 6.36, 6.41 (2m, 2H, H3, H4), 7.39 (m,

1H, HS)).

o

CH(OMe),
39

3-Dimethoxymethyl-63-phenyl-2,7-dioxa-bicycto-[3,2,0]-hept-3-ene (39a) and
1-Dimethoxymethyl-6B-phenyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (39b).

A mixture of 2-furaldehyde dimecthyl acetal 39 (2.84 g, 20.0 mmol) and benzaldehyde (2 00 g,
18.8 mmol) in benzene (330 mL) was placed in a 350 mL photo-reaction vessel, cooled to 8°C, and
sarurated with hehum. The solution was then irradiated for 7 h.  The solvent was removed in vacuo o
yield a yellow residue. Purification by flash chromatography (petroleum ether / ethyl acetate, 6.1 v/v)
gave 39a and 39b (mixture of 2 inscparable regioisomers, 3.5), (2.132 g, 46% y:cld) as a hight yellow ail

and recovered starting matenal (1.39 g 2-furaldehyde dimethy! acetal, 869 mg benzaldchyde) 39a: {'H-
NMR (200 MHz, CDCl;): 8 3.45 (s, 6H, McO), 3.70 (ddd, 1H, HS), 5.09 (t, IH, H4), 5.58 (d, TH, H6),

5.58 (d, 1H, H3'), 6.56 (dd, 1H, H1), 7.29 - 7.68 (m, SH, Ph); Iy, 15 = 4.4 Hz, Jyyj 16 = -0.8 Hz, Jypy e =
-1.1 Hz, Jjyy s = 1.1 Hz, Jys g = 2.9 Hz; LRMS (CI-NH;): m/e 231 ((MH* - H)0}, 0.5%)). 39b: {'H-
NMR (200 MHz, CDCl): § 3.40 (s, 6H, McO), 3.79 (ddd, 1H, HS), 4.48 (s, 1H, HI), 5.41 (i, 1H, H4),
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5.58 (d, 1H, H6), 6.73 (dd, 1H, H3), 7.29 - 7.68 (m, SH, Ph; Jyj3 114 = 3.0 Hz, Jjj3 45 = -0.9 Hz, T4 yys =
2.9 Hz, J;i5.146 = 3.8 Hz; LRMS (CI-NH;): m/e 231 ((MH?* - H,0], 0.5%)}.

CH(OMe)

Ph [o) Ph
\LCZO\ T

CH(OMe),
39 39b

3-Tri-n-butylstannyl-6-benzoyloxymethyl-2,7-dioxa-bicyclo-{3,2,0]-hept-3-ene (40).

A mixture of tributyl-(2-furyl)-stannane (6.43 g, 18.0 mmol), aldehyde 27 (1.64 g, 10.0 mmol)
and anhydrous potassium carbonate (3 g) in benzene (330 mL) was placed in a 350 mL photo-reaction
vessel, cooled to 8°C, and saturated with helium. The solution was then irradiated for 8 h. The solvent
was removed under reduced pressure to give a yellow syrup. Purification by flash chromatography
(peuroleum cther / triethylamine, 1:0.02 v/v) gave 40 (782 mg, 15% yield) as a clear oil and recovered
starting material (5.86 g tributyl-(2-furyl)-stannane, 390 mg aldehyde 27). (!H-NMR (200 MHz,
CD,Cl,): & 090 (t, 9H, SnCH,CH,CH,CH,), 1.04 (1, 6H, SnCH,CH,CH,CH;), 1.33 (1q, 6H,
SnCH,CH,CH,CH,), 1.60 (1, 6H, SnCH,CH,CH,CH3,), 3.70 (ddd, 1H, HS), 4.49 (A of ABX, 1H, H6),
4.52 (B of ABX, 1H, H6'), 4.70 (dddd, 1H, H6), 547 (d, 1H, H4), 6.36 (dd, 1H, H1), 7.43 -7.64 (m, 3H,
Ph), 8.06 - 8.11 (m, 2H, Ph), Jyy ¢ =-0.7 Hz, Jy, ys = 4.3 Hz, Jyq ys = 2.8 Hz, Jys .y = 2.2 Hz, Jyye
nea = 43 Hz, Jyg e = 2.9 Hz, Iyganigy = -12-3 Bz, Jsncn,.cn, = 79 Hz, Joy,.ony = 7-2 Hz, Jon, cn,
= 7.1 Hz; 13C-NMR (75.4 MHz, CD,Cl,): § 10.14 [SnCH,(CH,),CH,], 13.87 [Sn(CH,),CH,], 27.59
[Sn(CH,),CH,CH,4}, 29.31 [SnCH,CH,CH,CH,), 48.00 [C5), 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 |C3];
LRMS (CI-NH,): m/e 523 ((MH*], 2.8%), 505 ([IMH* - H,0], 100%); HRMS (CI-NH,): m/e calcd. for
C25H37,05'208n {[MH* -H,0], 505.1765; found, 505.1764 ).

820 o
=

40, R=SnBu,
41a, R=Ph
41b, R-p-NO,Ph

R

3-Phenyl-6B-berzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (41a).
To a stirred solution of 40a (1.042 g, 2.00 mmol) in dry tetrahydrofuran (140 ml) was added
iodobcnzene (448 pL., 4.00 mmol) and tetrakis(triphenylphosphine)palladium(0) (347 mg, 0.30 mmol; 35

mg added onyinally, the rest was added in 6 portions during the course of the reaction). The reaction
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mixture was refluxed under an atmosphere of nitrogen until tic indicated complete disappcarance of
starting material (36 h). The mixture was allowed to cool to room temperature, and pyridine (800 pl.)
was added followed by 1.2 N pyridinium fluoride solution (1.7 mL). The resulting mixture was stirred
for 18 h. Evaporation of the solvent in vacuo gave a black residue which was dissolved 1n dicthyl cther
(250 mL). The resulting solution was washed with 5% hydrochloric acid (200 mL), saturated aqucous
sodium bicarbonate (200 mL), brine (200 mL), dried (Na,SO,), filtered and the solvent removed under
reduced pressure to give a brown residue. Purification by flash chromatography (petrolcum cther / ethyl

acetate, S:1 v/v) gave the title compound (524 mg, 85% yield) as a light yellow oil. {!H-NMR (200
MHz, CDCl,): & 3.94 (ddd, 1H, H5), 4.58 (d, 2H, H6',, H6'y,), 4.90 (ddt, 1H, H6), 5.71 (d, 1H, H4), 6.52

(dd, 1H, H1), 7.26 - 7.67 (m, 8H, Ph), 8.07 - 8.13 (m, 2H, Ph), Jy; us = 4.3 Hz, Jy33.156 = -0-7 Hz, Jiya 15
= 3.1 Hz, Jys.ue = 2.8 Hz, Jye neunien = 3-3 Hz: 12C-NMR (754 MHz, CD,Cl,): § 48.55 [CS), 66.44
[C6'], 88.57 [C6], 98.58 [C4], 108.36 [C1], 125.75, 128.79, 128.90, 129.46, 129.94, 133.61 [aromatic
CHJ, 130.26, 130.46 [aromatic C}, 158.86 [C3], 166.50 [CO}; LRMS (CI-NH;): m/e 326 (IM + NH,*),
1.9%), 309 ((MH*], 16.3%), 291 ((MH* - H,0], 33.8%); HRMS (CI-NH,): m/e calcd. for CygH,,O,

{MH*], 309.1128; found, 309.1127].

3-p-Nitrophenyl-6P-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (41b).
1-Bromo-4-nitrobenzene and photo-adduct 40a gave 41b in 91% yicld by a procedure similar to
the one used for the preparation of 41a. {!H-NMR (200 MHz, CDCl,): 6 4.04 (ddd, 1H, H5), 4.56 (A of

ABX, 1H, H6'), 4.61 (B of ABX, 1H, H6'y), 4.93 (dddd, 1H, H6), 6.02 (d, IH, H4), 6.55 (dd, 1H, H1),
7.25 -7.67 (m, 3H, Ph), 7.83, 8.24 (AB q, 4H, C¢dH4NO,), 8.09 - 8.14 (m, 2H, Ph), J;;; yi6 = 0.9 Hz, Jjy,.
ns =4.3 Hz, Jya s = 33 Hz, Jys e = 2.7 Hz, Jjy. 1160 = 3°9 He, Jyg ey = 3.1 Hz, Jygpugp = -12.8 He;
LRMS (CI-NH3): m/e 371 ([M + NH4*], 0.6%), ([MH*], 1.8%), 336 ([MH* -H,0], 42.1%); HRMS (CI-
NH,): m/e calcd. for C,gH,4NO; [MH* - H,0], 336.0877; found, 336.0871}.

Oxetane (42a).

Ozone was bubbled through a solution of 41a (25 mg, 0.08 mmol) in dry methylenc chloride (10
mL) at -78°C until the solution tumed blue (5 min). Dimethyl sulfide (60 pL, 0.80 mmol) was added to
tne reaction mixture under nitrogen and it was allowed to warm to ambicnt temperature gradually
overnight. Next, sodium borohydride on alumina gel (10%), (62 mg, 0.16 mmol) was addcd and strring
was continued until tc indicated reduction of the aldehyde was complete (3 h). Pyndine (20 uL, 0.24
mmol), N N-dimethylaminopyridine (2 mg, 0.01 mmol) and acetc anhydride (12 uL, 0.12 mmol) were
added and the reaction was allowed to sur for 16 h. The reacuon mixturc was diluted with methylene
chioride (20 mL), washed with 5% hydrochlonc acid (30 mL), saturated aqueous sodium bicarbonate (30
mL), brine (30 mL), dried (Na,S0,), filtered and the solvent removed under reduced pressure to yicld a

yellow residue. Purification by flash chromatography (pctroleum ether / cthyl acetate, 3:1 v/v) gave the
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title compound (10 mg, 33% yicld) as a light yellow oil. {TH-NMR (200 MHz, CD,Cl,): & 1.97 (s, 3H,
CH,), 3.58 (dddd, 1H, H3), 4.50 (A of ABX, 1H, H3'), 4.50 (A of ABX, 1H, H4',), 4.54 (B of ABX, 1H,
H3)), 4.62 (B of ABX, 1H, H4'), 5.03 (ddd, 1H, H4), 6.72 (d, 1H, H2), 7.45 - 7.70 (m, 6H, Ph), 8.05 -
8.12 (m, 4H, Ph); Jyp 13 = 5.9 Hz, Jy3.3, =4.1 Hz, Jy3 3y, = 39 Hz, Jyy3, pyy = -0.2 Hz, Jyy3 444 = 6.3
Hz, Jj14.40 = 4.5 Hz, Jyy yep = 2.3 Hz, g, yep = -12.6 Hz; 3C-NMR (754 MHz, CD,CL,): § 20.48
[CH,CO], 40.22 {C3], 60.64 [C3'], 65.42 [C4'], BO.15 [C4], 96.88 [C2], 128.53, 128.59, 129.61, 129.75,
133.29, 133.68 [aromatic CH], 128.72, 129.32 [aromatic C], 164.88, 166.05 [CO], 170.62 [CH,CO];
LRMS (CI-NH,;): m/e 402 ([M + NH,*], 17.5%), 263 ((MH* - BzOH], 21.8%); HRMS (CI-NH;): m/e
caled. for Cy H,,NO; (M + NH,*],402.1553; found, 402.1552].

Oxetane (42b).

Oxctanc 42b was obtained from 41b 1n 25% yield by a procedure similar to that used for the
preparation of 42a. ('H-NMR (20¢ MHz, CD,Cl,): & 1.98 (s, 3H, CH,), 3.60 (dddd, 1H, H3), 4.48 (A of
ABX, 1H, H3,), 4.54 (A of ABX, 1H, H4')), 4.56 (B of ABX, 1H, H3')), 4.64 (B of ABX, 1H, H4')),
$.07 (ddd, 1H, H4), 6.75 (d, 1H, H2), 7.43 - 7.67 (m, 3H, Ph), 7.98 - 8.13 (m, 2H, Ph), 8.27, 8.32 (AB q,
4H, p-NO,Bz); J,g = 8.8 Hz, J1p 43 = 5.8 Hz, )34, =4.3 Hz, Jij3. y3, = 1.3 Hz, Ty, 43 = -12.9 Hz,
Jana = 59 Hz, Jyjuqn = 4.7 Hz, Jyy4.441, = 3.0 Hz, Jyyqa pyyn, = -12.8 Hz; I3C.NMR (754 MHz,
CD,Cl,): & 20.80 {CH,CO], 4061 [C3], 60.67 [C3'], 65.57 [C4], 80.75 [C4], 96.87 [C2], 124.07,
128.91, 131.33, 133.71, 134.77 [aromatic CH], 129.98, 135.07, 151.33 [aromatic C], 166.35, 168.90
(CO), 170.72 [CH,CG]; LRMS (CI-NH,): m/e 447 (M + NH/*], 100%), 430 ([MH* ], 1.8%), 263
((MH* - p-NO,BzOH]J, 3.1%); HRMS (CI-NH,): m/e calcd. for Cy;H,3N,0 [M + NH,*], 447.1403;

Bz20 (o}
i OCOPhX
OAc

428, X=H

found, 447.1403}.

3-Trimethylsilyl-653-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (43a) and
1-Trimethylsilyl-63-benzoyloxymethyl-2,7-dioxa-bicyclo-{3,2,0]-hept-3-ene (43b).

A mixture of 2-tnmethylsilylfuran (2,53 g, 18.0 mmol), aldehyde 27 (1.64 g, 10.0 mmol) and
anhydrous potassium carbonate (3 g) in benzene (330 mL) was placed in a 350 mL photo-reaction vessel,
cooled to 8°C, and saturated with helium. 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
acctate / tricthylamine, 42:7:1 v/v/v) gave photo-adducts 43a and 43b (mixture of 2 inseparable
regioisomers, 7:4), (577 mg, 19% yield) as a light yellow oil and recovered starting material (152 mg
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aldchyde 27). 43a: {'H-NMR (200 MHz, CD,Cl,): §0.21 (s, 9H, SiMe;), 3.74 (ddd, 1H, HS), 4.48 (A of
ABX, 1H, H6'), 4.54 (B of ABX, 1H, H6'y), 4.74 (ddd, 1H, H6), 5.59 (d. 1H, H4), 6.38 (dd, 1H, H}),
741 - 7.66 (m, 3H. Ph), 8.00 - 8.12 (m. 2H. Ph); Jl"_ns =42 HZ, JHI-HG =-0.8 Hz, JH‘-"S =29 }‘[Il, 1"5_
He = 3.0 Hz, Jye yea = 54 Hz, Jyg nen = 28 Hz, g nen = -114 Hz). 43b: {'H-NMR (200 MH.,
CD,Cl,): 8 0.16 (s, 9H, SiMe;y), 3.54 (ddd, 1H, HS), 448 (A of ABX, 1H, H6',), 4.54 (B of ABX, IH,
H6'), 4.99 (ddd, 1H, H6), 5.30 (1, 1H, H4), 6.69 (dd, 1H, H3), 7.41 - 7.66 (m, 3H, Ph), 8.00 - 8.12 (m,
2H, Ph); Jy3 g = 2.9 Hz, Jy3 s = -1.2 Hz, Iy yys = 2.9 Hz, Jygg 6 = 3.0 Hz, Jyyg iy = 1.5 Hz, Jygepism,
=0.7 Hz, JH6'I~H6'b =-136 l‘lZ} .

SiMe 3
B20 0 BzO (o)
= °
SiMe 5

43 43b

3-Methyl-6B-benzoyloxymethyl-2,7-dioxa-bicyclo-[3.2,0)-hept-3-ene (44a) and
1B-Methyl-6B-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (44b).

A mixturc of 2-methylfuran (17.3 mL, 192 mmol) and aldchyde 27 (15.74 g, 96 mmol) n
benzene (1800 mL.) was placed in a 2 L photo-reaction vessel, cooled to 8°C, and saturated with argon.
The solution was then imadiated for 7 h. The solvent was removed under reduced pressurc 10 give a
yellow syrup. Purification by flash chromatography (petroleum ether / ethyl acctate / tnethylamine,
10:1:0.01 v/v/v) gave 44a and 44b (mixture of 2 inseparable regioisomers, 11:8), (11.10 g, 47% yicld) as
a hight yellow oil and recovered starting material (5.62 g aldehyde 27). In the absence of tnicthylamine,

44b decomposcd on the column and photo-adduct 44a was isolated (6.38 g, 27% yicld) as a hght yellow
oil along with recovered starting material (5.62 g aldchyde 27). 44a: {'H-NMR (200 MH,, CD,Cl,) &

1.94 (dd, 3H, Me), 3.73 (dddd, 1H, H35), 4.47 (A of ABX, 1H, H6)), 4.52 (B of ABX, 1H, H6'), 4.77
(dddd, 1H, H6), 5.01 (dd, 1H, H4), €.31 (dd, 1H, H1), 7.44 - 7.66 (m, 3H, Ph), 7.99 - 8.11 (m, 2H, Ph);
Jins = 4.4 Hz, Jyq _pe = -0.9 Hz, Jyy pe = -14 Hz, Jyyq jis = 2.8 He, Jyyg \p. = 1.4 He, Jys e = 2.2 He,
Jhe-s160 = 44 Hz, Jyg newn = 2.9 Hz, Jyga paep = -12.5 Hz; I3C-NMR (75.4 MH,, CD,Cl,): 5 13.91 [Me],
48.12 [CS), 66.48 [C6'), 88.76 [C6), 98.91 [C4], 108.51 [C1], 128.33, 129.88, 133.52 [aromauc CH],
130.27 [aromatic C], 158.45 [C3], 166.44 [CO]; LRMS (CI-NH,). m/e 264 (M + NH,*}, 1.7%), 247
(IMH*], 0.8 %), 229 ([MH* - H,0], 100%); HRMS (CI-NH3): m/e calcd. for Cy4H,;0; [MH* - H,0],
229.0865; found, 229.0864}. Anal. calcd. for C,4H,,0,: C, 68.28; H, 5.73. Found: C, 68.09; H, 5.67.
44b: {'H-NMR (200 MHz, CD,Cl,): § 1.69 (s, 3H, Mc), 3.52 (ddd, 1H, HS), 447 (A of ABX, 1H, H6').
4.52 (B of ABX, 1H, H6'y), 4.72 (ddd, 1H, H6), 5.31 (i, 1H, H4), 6.58 (dd, 1H, H3), 7.41 - 7.66 (m, 3H,
Ph), 7.98 - 8.11 (m, 2H, Ph), Jiy3.414 = 3.0 Hz, Jyy3.1ys = -1.0 Hz, Jyu s = 3.0 He, Jyys. 446 = 2.9 He, g6
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L = 4.2 Hey Syg nem = 29 Hz, Jygarign = -12.6 Hzy PC-NMR (75.4 MHz, CD,Cly): § 23.46 [Mel,
48.53 [C5), 66.31 {C6'], 85.88 [C6], 104.29 [C4], 116.22 [C1], 128.75, 130.01, 133.41 [aromauc CH],
130.23 [aromatic C], 14843 [C3], 166.44 [COJ; LRMS (CI-NH5): m/e 264 (IM + NH,*], 1.7%), 247
(IMH*], 0.8%), 229 ([MH* - H,0], 100%); HRMS (CI-NH,): m/c calcd. for C,4H,;0; [MH* - H,0],

229.0865; found, 229.0864}.

Bz0-— (0] BzO (0]
\O (o]
/

44a 44b

2a-Acetoxy-3a-C-formyl-43-benzoyloxymethyl oxetane (45).

Ozone was bubbled through a solution of the photo-adduct 44a (73 mg, 0.30 mmol) in dry
methylene chloride (45 mL) at -78°C until the solution turned blue (15 min). Dimethyl sulfide (218 uL,
10 cquiv.) was added to the reaction mixture under nitrogen and it was allowed to warm to ambicnt

temperature gradually overnight.  The reaction mixture was diluted with methylene chloride (25 mL),
washed with water (2 x 25 mL), brine (25 mL), dried (Na,SO,), filtcred and the solvent removed in

vacuo to yicld aldehyde 45 (78 mg, 94% yield) as a light yellow oil. {TH-NMR (200 MHz, CD,Cly): &
2.06 (s, 3H, Ac), 4.02 (dt, 1H, H3), 4.29 (A of ABX, 1H, H4',), 4.39 (B of ABX, 1H, H4'), 5.41 (ddd,
1H, H4), 6.58 (d, 1H, H2), 7.25 - 7.67 (m, 3H, Ph), 7.91 - 8.11 (m, 2H, Ph), 9.76 (d, 1H, CHO), Jy, i3 =
6.4 Hz, Ji3.ciio = 1.0 Hz, Jy3 g = 6.1 Hz, Jyy e, = 3.8 Hz, Jygq g, = 3.1 Hz, Jyg, gy, = -12.9 Hz;
13C.NMR (754 MHz, CDCly): & 20.75 [CH,CO], 50.61 [C3], 64.72 [C4'], 75.95 [C4], 95.66 [C2],
128.48, 129.61, 133.40 [aromatic CH], 129.24 [aromatic C], 166.01 [PhCO], 169.29 [CH,CO], 194.98
[CHO]; LRMS (CI-NH;): m/e 296 ((M + NH,*], 100%), 279 ([MH*], 3.9%), 219 ([MH* - AcOH],
3.3%); HRMS (CI-NH5): m/e calcd. for Cy qH,gNOg [M + NH,*], 296.1135; found, 296.1134].

BzO o)
_lL'E)Ac
==0
45
2a-Acetoxy-Ja-hydroxymethyl-43-benzoyloxymethyl oxetane (46).
To a stirred solution of aldchyde 45 (78mg, 0.28 mmol) in methylene chloride (45 mL) at 0°C
under an atmosphere of nitrogen was added sodium borohydride on alumina gel (10%), (225 mg, 0.61
mmol) and the mixture warmed to ambient temperature gradually over 1 h.  After 5 h, reduction of the

aldchyde was complete. The reaction mixture was filtered through a bed of dry Celite and the filtrate

was washed with 5% hydrochloric acid (40 mL), saturated aqueous sodium bicarbonate (40 mL), dried
(Na,S0,), filtered and the solvent removed in vacuo to yield the title compound (55 mg, 70% yield) as a
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light yellow oil. For purposes of characterizaton, a small sample of alcohol 46 was chromatographed
over silica gel (petrolcum ether / ethyl acetate, 1:1 v/v). {!H-NMR (200 MH, CD,Cl,): 5 0.88 (s, br, ex,

1H, OH), 2.13 (s, 3H, Ac), 3.32 (dddd, 1H, H3), 3.88 (A of ABX, 1H, H3'), 3.94 (B of ABX, 1H, hi)),
4.46 (A of ABX, 1H, H4',), 4.57 (B of ABX, 1H, H4'), 4.96 (ddd, 1H, H4), 6.48 (d, 1 H, H2), 7.42 - 7,65
(m, 3H, Ph), 8.02 - 8.11 (m, 2H, Ph), J;j5 113 = 5.9 Hz, Jjy3 43 = 5:6 He I3 i3 = 7.2 Hay g i3 = -
11.7 Hz, Jja.pnq = 6.1 HZ, Jygpaa = 4.6 Hz, Jyouen = 3.0 Hz, 3y gy ap = 126 Hey PC-NMR (754
MHz, CD,Cl,): § 21.28 [CH,CO], 43.11 [C3], 59 33 [C3'], 66 03 [C4'], 79 50 [C4], 97.75 [C2], 128 69,
129.93, 133.60 [aromatic CH], 130.13 [aromatic C], 166.49 [PhCO], 169.98 [CH,CO], LRMS (CI-
NH,): m/c 298 ([M + NH,*], 100%), 211 ([IMH* - AcOH], 60 6%); HRMS (CI-NH;)* m/e calcd for
C,4HyoNOg [M + NH,*], 298.1289; found, 298.1290}.

BzO (o]
OAc
OH
46

Oxetane (47a).

Oxctane 47a was obtained from photo-adduct 44a in 54% yicld by a procedurce smular to that
used for the preparation of 42a. {H-NMR (200 MHz, CD,CL,): & 1.99 (s, 3H, Ac), 2.11 (s, 3H,

anomeric Ac), 3.45 (ddt, 1H, H3), 4.38 (d, 2H, H3', H3,), 445 (A of ABX, 1H, H4',), 4.57 (B of ABX,
1H, H4'), 4.93 (ddd, iH, H4), 6.47 (d, 1H, H2), 7.44 - 7.66 (m, 3H, Ph), 7.98 - 8.12 (m, 2H, Ph), J;j,. 113
= 5.9 Hz, Jyz piyansn = 7-1 H2, Jy3.134 = 6.1 Hz, Jyyy pygra = 4.5 HZ, Jygg gy = 3.3 Hey gy sy, = <126
Hz; 13C-NMR (75.4 MHz, CD,Cl,): 8 20.86, 21.17 [CH,), 40.28 [C3], 60.91 [C3'], 65.77 [C4’], 80.45
[C4], 96.48 [C2], 128.87, 129.94, 133.63 [aromatic CH], 130.10 [aromatic CJ, 166 37 [PhCO], 169.80,
170.94 [CH,COJ; LRMS (CI-NH;): m/c 340 ([M + NH,*], 100%), 323 (IMH?*], 0.5%), 263 ({MI1" -
AcOH], 34.4%); HRMS (CI-NH,): m/e calcd. for C;¢H,,NOg [M + NH,*], 340.1397; found, 340.1396).

Oxetane (47b).

To a solution of alcohol 46 (28 mg, 0.10 mmol) in dry mecthylene chloride (15 mL) under
nitrogen at 0°C was added N,N-dimethylaminopyridine (1 mg, 0.01 mmol), pyridine (24 pL, 0.30 mmol)
and benzoyl chloride (17 pl, 0.15 mmol). The solution was gradually warmed to room temperature (1 h)
and allowed to stir for 16 h. It was then diluted with methylene chloride (15 mL), washed with 5%
hydrochloric acid (30 mL), saurated aqueous sodum bicarbonate (30 mL), brine (30 mlL), dncd
(Na,SOy), filtered and the solvent removed in vacuo to yicld a ycllow syrup. Punification by flash
chromatography (petroleum ether / ethyl acetate, 2:1 v/v) afforded the titic compound (18 mg, 47% yicld
from photo-adduct 44a) as a colourless oil. {!H-NMR (200 MHz, CD,ClL,): 8 2.10 (s, 3H, Ac), 3.6l
(dddd, 1H, H3), 4.52 (A of ABX, 1H, H4',),4.64 (B of ABX, 1H, H4",), 4.65 (A of ABX, 1H, H3')), 4.70
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(B of ABX, 1H, H3'), 5.05 (ddd, 1H, H4), 6.58 (d, 1H, H2), 7.34 - 7.76 (m, 6H, Ph), 7.90 - 8.11 (m, 4H,
Ph), Jygp.13 = 6.0 Hz, Jy3 43, = 6.8 Hz, Jyyy 3y, = 7.7 Hz, Jyyy, 3y = -11.5 Hz, Jyg3 e = 6.2 Hz, Jyg g,
=4.4 Hz, Jj4 yavp = 3-2 Hz, Jqpap = -12.6 Hz; 13C.NMR (75.4 MHz, CD,Cl,): & 21.18 [CH;), 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
[aromauc CH], 129.27, 129.86 [aromatic C], 166.47, 169.84, 170.98 [CO}; LRMS (CI-NH,): m/c 402
(IM + NH,*], 100%), 385 ({MH*], 0.7%), 325 ((IMH* - AcOH], 34.4%); HRMS (CI-NH,): m/e calcd. for
CyyH,, O, [MH*], 385.1286; found, 385.1287).

Oxetane (47c).

To a solution of alcohol 46 (56 mg, 0.20 mmol) in dry methylene chloride (30 mL) under
nitrogen at 0°C was added N,N-dimethylaminopyridine (2 mg, 0.02 mmol), triethylamine (140 uL, 1.00
mmol) and methyl oxalyl chloride (37 uL, 0.40 mmol). The solution was gradually warmed to room
temperature (1 h) and allowed to stir for 16 h. It was then diluted with methylene chloride (20 mL),
washed with 5% hydrochloric acid (40 ml.), saturated aqueous sodium bicarbonate (40 mL), brine (40
mL), dricd (Na,SO,), filtered and the solvent removed in vacuo to yield a yellow syrup Purification by
flash chromatography (petroleum ether / ethyi acetate, 2:1 v/v) afforded the title compound (39 mg, 53%
yicld from photo-adduct 44a) as a colourless o1l. {'H-NMR (200 MHz, CD,Cl,): 8 2.12 (s, 3H, Ac), 3.58
(dddd, 1H, H3), 3.85 (s, 3H, Mc0), 4.46 (A of ABX, IH, H4')), 4.59 (B of ABX, 1H, H4',), 4.59 (A of
ABX, 1H, H3')), 4.63 (B of ABX, IH, H3'), 4.96 (ddd, 1H, H4), 6.50 (d, 1H, H2), 744 - 7.66 (m, 3H,
Ph), 8.02 - 8.10 (m, 2H, Ph), Jyy5 y3 = 6.0 Hz, Jy3 3, = 7.1 Hz, Jy3 g3 = 7.2 Hz, Jy3ep3p = -11.5 Hz,
Jisna = 58 Hz, Jyaaa = 4.2 Hz, Jya e = 3.3 Bz, Jgqanep = -12.7 Hz; 13C-NMR (754 MHz,
CD,Cl,): & 21.14 [CH,CO], 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 [aromatic C], 157.69, 158.05 [OCOCOOMe], 166.38 [PhCO],
169.70 [CH,CO]; LRMS (CI-NH;,): m/e 384 ([M + NH,*], 100%), 307 ({[MH* - AcOH], 41.6%), HRMS
(CI-NH;): m/e calcd. for C;7H,,NOg [M + NH,*], 384.1293; found, 384.1294}.

P
BzO (o] 2
v
4 3 OAc
3—OCOR
47, RCH,

47b, R=Ph
47c, R=COOCH,
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Nucleoside (48a).

To a solution of oxetane 47a (13 mg, 0.04 mmol) in dry 1,2-dichlorocthanc (0.5 mL) under an
atmosphere of nitrogen at room temperature was added a stock solution of bis-(trimethylsilyl)-NS-adenine
in 1,2~dichloroethane (0.339 M solution, 250 puL., 0.085 mmol) and tin tetrachlonde (7.1 uL., 0.06 mmot).
After stirring for 1 h, the reaction mixture was diluted with methylene chloride (25 mL), washed with
saturated aqueous sodium bicarbonate (30 mL), brine (30 mL), dned (Na,SO,), filtered and the solvent
removed in vacuo yielding a white residue, Purification by flash chromatography (methylenc chloride /
methanol, 100:3 v/v) afforded nucleoside 48a (14 mg, 70% yield) as a white foam. [{'H-NMR (200 MH.,
CDCl3): 8 2.05 (s, 3H, Ac), 3.47 (dddd, 1H, H2'), 442 (m, 4H, H2",, H2",, H3",, H3"}), 5.47 (ddd, 1H,
H3), 6.26 (d, 1H, H1'), 7.32 - 7.56 (m, 6H, Ph), 7.79 - 7.84 (m, 1H, Ph), 7.92 - 8.00 (m, 3H, Ph), 8.26 (s,
1H, H8), 8.64 (s, 1H, H2), 9.39 (s. br, ex, 1H, NH), Jyy- g2 = 3.3 Hz, Jyp iy = 2.2 Hz; ' 3C-NMR (75.4
MHz, CD,Cl,): & 2095 [CH,CO], 51.39 [C2'], 62.28 [C2"], 74.13 [C3"], 76.23 [C3']. 8780 [C'],
123.98 [C5), 128.12, 128.98, 129.23, 129.85, 133.08, 133.96 [aromatic CH], 130.03 [aromauc C-
COOCH,), 135.76 [aromatic C-CON], 141.36 {C8], 149.87 ’4], 151.96 |C6], 152.86 [C2], 164.76,
166.16 [PhCO], 170.90 [CH;CO]; UV (mcthanol), A ,, 234 nm and 282 nm).

Nucleoside (48b).

Nucleoside 48b was oblained in 68% yield fron oxetanc 47b by a procedure similar to that used
for the preparation of nucleoside 48a. {!H-NMR (200 MHz, CDCl,): 8 3.64 (dddd, 1H, H2"), 4.48 (A of

ABX, 1H, H3',), 4.53 (P of ABX, 1H, H3}), 4.66 (A of ABX, 1H, H2'),4.76 (B of ABX, 1H, H2"),
5.60 (ddd, 1H, H3'), 6.44 (d, 1H, H1"), 7.37 - 7.72 (m, 9H, Ph), 7.84 - 7.88 (m, 1H, Ph), 7.98 - 8.14 (m,
SH. Ph), 8.31 (S, lH, H8), 8.64 (S, IH, HZ), 9.07 (S, br, cX, lH, NH), JHI'-HZ’ =32 HI., Juz-_uzﬂ‘ =170 HI,.
Jyz.nzre = 56 HZ, Jypg jovp = -11.6 Hz, Jyp y3r = 1.6 He, Jyg gy, = 2.5 Ha, Jyga iy = S0 HZ, Uy,
H3'b = -10.8 Hz; 13C.NMR (754 MHz, CDZCIZ): S 51.52 {C2], 62.95 [C2"}, 74.16 |C3"}, 76.23 {C3'],

§9.80 [C1'], 124.02 [C5), 128.21, 128.83, 128.94, 129.09, 129.83, 129.93, 13296, 133.71, 133.93
[aromatic CH], 129.42, 129.76 [aromatic C-COOCH,], 134.30 [aromatic C-CON], 141.36 [C8], 149.97

[C4], 151.86 [C6], 152.58 [C2], 165.19, 166.11, 166.39 [CO); LRMS (FAB-glycerol): m/c 564 ((MH*],
12.1%); HRMS (FAB-glycerol): m/e calcd. for C4;H,(NsOg [MH*], 564.1884; found, 564.1883}.

N \\\\]
N
NHBz
48s, R=CH,
48b, RePh
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N,N-Benzoylepioxetanocin-dibenzoate (50).

A solution of nucleoside 48b (36 mg, 0.064 mmol) in dry methylene chloride (1 mL) under
nitrogen at ambicnt temperaure containing N N-dimethylaminopyridine (8 mg, 0.0¢ 1 mmol), pyridine (52
puL, 0.64 mmol) and benzoyl chloride (37 pL, 0.32 mmol) was stirred for 18 h. The solution was diluted
with methylenc chlonde (25 mL), washed with 5% hydrochloric acid (25 mL), saturated aqueous sodium
bicarbonate (25 mL), bnne (25 mL), dried (Na,SO,), filtered and the solvent removed under reduced
pressure to yield a yellow oil. Chromatography over silica gel (methylene chloride / methanol, 50:1 v/v)
afforded purc S0 (38 mg, 89% yicld) as a white foam. {'H-NMR (200 MHz, CDCly): 8 3.64 (dddd, 1H,
H2), 4.48 (A of ABX, 1H, H3")), 4.54 (B of ABX, 1H, H3"), 4.66 (A of ABX, 1H, H2")), 476 (B of
ABX, 1H, H2"), 5.62 (ddd, 1H, H3’), 6.44 (d, 1H, HI'), 7.25 - 7.65 (m, 12H, Ph), 7.78 - 7.91 (m, 5H,
Ph), 7.95-8.07 (m, 3”, Ph), 8.36 (S, ]H, H8), 8.49 (S, IH, H2), JH]'-H2' =30 HZ, Juzvthw. =172 HZ, .’sz_
b = 36 He, Jyppep o = -11.5 He, Jygp 3 = 2.7 Ha, Jyy 3y = 2.8 He, Jy3 g3y = 5.7 Hz, Jygr, 3, =
-10.9 Hz; 3C-NMR (75.4 MHz, DMSO-dy): § 49.22 [C21], 62.74 [C2"), 72.76 [C3"}, 75.79 [C3'], 87.17
[CI'], 125.56 [CS5], 128.85, 128.90, 129.07, 129.10, 129.65, 129.81, 129.88, 129.97, 133.29, 133.39,
133.72, 133.77 [aromatic CH], 129.36, 129.76 [aromatic C-COOCH,], 134.00, 13432 [aromatic C-
CON], 145.77 [C8], 151.27 [C4], 152.15 [C6], 152.74 [C2], 165.90, 166.23 [PhCOO0}, 17247, 177.77

[OCNCO]; LRMS (FAB-giycerol): m/e 564 ([MH*], 12.1%); HRMS (FAB-glycerol): m/e calcd. for
C3)H, N0 [MH*), 564.1884; found, 564.1883).

Bz0

Epioxetanocin (1a).

To a solution of nucleoside 48a (28 mg, 0.056 mmol) in anhydrous methanol (1 mL) under an
atmosphere of nitrogen at room temperature was added sodium (8 mg, 0.348 mmol) and the mixture
allowed v stir for 16 h. Amberlite weakly acidic resin was added until the pH was adjusted to 7 and the
rcaction mixture was filtered. The solvent was then removed in vacuo and the residue was crystailized

from methanol to afford pure epioxetanocin (10 mg, 71% yield) as white needles (m.p. 117-118°C).
Nuclcosides 48b and 79b were deblocked n a similar manner. {!H-NMR (200 MHz, CD,;0D): & 2.84

(dddd, 1H, H2'), 3.73 (A of ABX, 1H, H2")), 3.77 (B of ABX, IH, H2"), 4.08 (A of ABX, 1H, H3"),
4.12 (B of ABX, 1H, H3"p), 4.35 (ddd, 1H, H3"), 6.10 (d, 1H, HI'), 8.20 (s, 1H, H8), 8.37 (s, 1H, H2),
hnrnz =34 Hz, Jyp yyry = 6.9 Hz, Jygp iy = 6.2 Hz, Jyypmy iy = -11.1 Hz, Jyp 3 = 2.3 Hz, Jyy 3,
=30 Hz, Jyy yy3n = 4.6 Hz, Iy 3, = 96 Hz; 3C-NMR (75.4 Mitz, CD,CD): § 57.44 [C2], 61.90
[C2"], 74.25 [C3"],77.13 [C3'],88.58 {C1'],129.33 [C5], 130.64 [C4], 133.61 [C6], 141.95 [C8], 153.60
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[C2}; LRMS (FAB-glycerol): m/fec 252 ([MH*], 44%). HRMS (FAB-glycerol): m/e calcd. for
C,0H14NsO; [MH*), 252.1095; found, 252.1096; ).

3-Methyl-6p-hydroxymethyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (52).

To a stirred solution of photo-adduct 44a (1.024 g, 4.16 mmol) in dry dicthyl ether (80 mL)
under nitrogen at 0°C was added lithium aluminum hydride (240 mg, 6.24 mmol) and it was allowed to
warm to ambient temperature. After 30 min, water (240 pL), 15% aqucous sodium hydroxide solution
(240 pL) and water (720 pL) were added to destroy excess hydnde. The reaction mixturc was filicred
through a bed of dry Celite and the filter cake washed with ether (80 mL). Evaporation of the filtrate in
vacuo gave a colourless syrup which was chromatographed over silica gel (petroleum ether / cthyl

acetate, 1:1 v/v) to . fford the title compound (349 mg, 59% yield) as a clear oil. {'H-NMR (200 MH/,
CDCly): & 1.94 (dd, 3H, Me), 2.27 (s, br, ex, 1H, OH), 3.64 (dddd, 1H, HS), 3.69 (A of ABX, IH, H6'),

3.77 (B of ABX, 1H, H6'), 4.60 (dddd, 1H, H6), 4.93 (dd, 1H, H4), 6.25 (dd, 1H, H1); J;;; ;s = 4.4 He,
Jurne = 08 Hz, Jypq me = -1.3 Hz, Y4 115 = 2.8 Hz, Jys.pe = 1.4 Hz, 3y g6 = 2.5 He, g gy = 3.7 Ho,
Je.H6n = 29 Hz, Jyg, nep = -12.7 Hz; 13C-NMR (75.4 MHz, CD,Cl,): 8 13.87 [Me], 47.31 [CS5), 64.75
[C6, 92.35 [C6], 99.16 [C4), 108.56 [C1], 158.08 [C3]; LRMS (CI-NH;): m/c 160 (IM + NH.*],
3.5%), 143 ((MH*], 100%), 125 (IMH* - H,0), 47.4%); HRMS (CI-NH;): m/c calcd. for C;H,,0,

[MH*}, 143.0708; found, 143.0708}.
RO (o]
“za

52, R=H
$3, R=TBDMSI
55, R=TBOPhS:

3-Methyl-6B-t-butyldimethylsilyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (53).
Photo-adduct alcohol 52 was silylated by a procedure similar to that used for the preparation of

19. Purification by flash chromatography (petroleum ether / cther, 10:1 v/v) gave the utle compound n
27% yield as a clear oil. {'H-NMR (200 MHz, CDCl,): 8 0.07, 0.09 (2s, 6H, 1-BuSiMe,), 0.91 (s, 9H, «-

BuSiMc,), 192 (t, 3H, Mc), 3.61 (dddd, 1H, HS), 3.72 (A of ABX, 1H, H6'), 3.78 (B of ABX, 1H,
H6,), 4.50 (dddd, 1H, H6), 4.91 (dd, 1H, H4), 6.21 (dd, 1H, HI), Iy s = 44 He, Iy e = 0.9 He, Jyyy.
Me = <14 HZ, g s = 2.7 Hz, Jys.me = 144 Be, Jyspe = 3.1 Hz, Jjgg gy = 3.0 He, g e = 33 He,
Jusanen = -11.7 Hz; LRMS (CLNH;): m/e 274 (M + NH,*], 0.5%), 257 (IMH*], 7.7%), 239 (IMH* -
H,01, 100%); HRMS (CI-NH,): m/e calcd. for C;3H,,0,Si [MH* - H,0], 239.1468, found, 239.1467}.
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3.-Methyl-6(-r-butyldiphenylsilyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (55).

To a solution of photo-adduct alcohol §2 (78 mg, 0.55 mmol) in dry N,N-dimethylformamide (2
mL) under nitrogen at room temperature was added imidazole (79 mg, 1.10 mmol) and ¢-
butyldiphenylsilyl chloride (150 pL, 0.58 mmol) and it was allowed to stir until all of the starting
matenial was consumed (18 h). The solvent was removed in vacuo and the residue was chromatographed
over silica gel (petroleum cther / ethy! acetate, 20:1 v/v) to afford the title compound (129 mg, 62%
yicld) as a clear oil. {'H-NMR (200 MHz, CD,Cl,): § 1.11 (s, 9H, -BuSiPh,), 1.95 (1, 3H, Me), 3.75
(dddd, 1H, HS), 3.82 (A of ABX, 1H, H6',), 3.86 (B of ABX, 1H, H6',), 4.54 (dddd, IH, H6), 4.98 (dd,
1H, H4), 6.32 (dd, 1H, H1), 7.37 - 7.52 (m, 6H, Ph), 7.66 - 7.79 (m, 4H, Ph); Ji;; ys = 4.4 Hz, Jyyy g = -
0.9 Hz, Jjje me = -14 Hz, Iy s = 2.7 Hz, g\ = 1.4 Hz, Jys 116 = 3.0 Hz, Jyg 1ga = 3.0 Hz, Jyg6 e =
3.0 Hz, Jyg, 116p = -11.7 Hz; 1*C-NMR (754 MHz, CD,Cl,): & 14.04 [Me], 19.55 [(CH;),CSiMe,),
27.02 [(CH;)4,CSiMe,}, 47.64 [C5], 66.13 [C6'], 91.72 [C6], 99.25 [C4], 108.66 [C1], 128.13, 128.28,
130.13, 130.17, 13591, 136.02 [aromatic CH], 133.69, 133.80 [aromatic C-Si], 158.10 [C3]; LRMS (LI
NH;): m/e 398 ([M + NH,*], 2.7%), 381 ((MH*}], 100%), 363 ((MH* - H,0], 6.7%), HRMS (CI-NH,):
m/c calcd. for C;3Hy0,51 [MH*], 381.1886; found, 381.1885).

Oxetane (54).
Oxctane 54 was obtaincd from adduct 53 in 19% yield by a procedure similar to that used for the
preparation of oxctane 42a. {'H-NMR (200 MHz, CD,CL,): 8 0.09, 0.10 (2s, 6H, t-BuSiMe,), 0.93 (s,

9H, 1-BuSiMe,), 2.01 (s, 3H, Ac), 2.09 (s, 3H, anomeric Ac), 3.38 (dddd, 1H, H3), 3.71 (A of ABX, 1H,
H4'), 3.81 (B of ABX, 1H, H4),4.31 (A of ABX, 1H, H3',), 4.36 (B of ABX, 1H, H3,), 4.58 (ddd, 1H,
H4), 6.37 (d, 1H, H2), J1p 113 = 5.9 Hz, Ty piza = 7.3 Hz, Sy pye = 7.7 Hz, s jia = 5.6 Hz, Ty 3 =
1014 He, Yy pan = 35 Hey g pien = 2.9 Hz, Jganien = -12.1 Hz; LRMS (CI-NH,): m/e 350 (M +
NH,*], 10.2%), 333 (IMH*], 1.5%); 273 (IMH* - AcOH], 100%); HRMS (CI-NH,): m/e calcd. for
C,3H,50,Si [MH* - ACOH], 273.1522; found, 273.1522).

TBDMSIO (o]
i OAc
OAc
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Aldehyde (56).

Adduct 55 was transformed to aldchyde 56 1n 93% yield by a procedure similar to that used for
the preparation of aldehyde 45. {'H-NMR (200 MH¢, CL,Cly): 6 1.10 (s, 9H, 1-Bu), 2.10 (s, 3H, Ac)
4.14 (dt, 1H, H3), 4.52 (A of ABX, 1H, H4',), 4.63 (B of ABX, 1H, H4), 5.16 (ddd, 1H, H4), 6.63 (d,
1H, H2),7.36 - 7.51 (m, 6H, Ph), 7.64 - 7.85 (m, 4H, Ph), 9.82 (d, 1H, CHO), J;;5. ;3= 6.2 Hz, Jjj3. o =
1.4 Hz, Jy3.144 = 6.1 Hz, Jyy4 40 = 7.0 Hz, Jjy4 e = 7.7 Hz, Jypqp 1iap = -11.5 Hz).

TBDPhSIO (o]
‘ OAc
(o]

Oxetane (56a).

Oxetane 56a was obtained from adduct 55 in 18% yicld by a procedure similar to that used for
the preparation of oxetane 42a. {tH-NMR (200 MHz, CD,Cly)' 8 1.09 (s, 9H, -BuSiPh,), 199 (s, 3H,

Ac), 2.10 (s, 3H, anomeric Ac), 3.51 (dddd, 1H, H3), 3.76 (A of ABX, 1H, H4')), 3.87 (B of ABX, 1H,
H4'), 4.31 (A of ABX, 1H, H3')),4.36 (B of ABX, 1H, H3'), 4.64 (ddd, 1H, H4), 6 46 (d. 1H, H2), 7 31
- 7.49 (m, 6H, Ph), 7.62 - 7.74 (m, 4H, Ph), Jjjo 143 = 5.8 Hz, Jysze = 73 He, 33 3 = 76 He, 35,
1y = -11.4 Hz, Jys 4y = 6.2 Hz, Jy4 yqa = 3.5 Hz, Jyyq yyan = 2.9 Hz, Jjjg, 114 = -12.0 Hz: LRMS (CI-
NH,): m/e 474 ({M + NH,*], 100%); HRMS (CI-NH;)' m/e calcd. for C;5H3(NO(S1 [M + NH,'),

474.2310; found, 474.2311}.

Oxetane (56b).

Oxetane 56b was obtained from adduct 85 in 18% yicld by a procedure simular to that usced lor
the transformation of photo-adduct 44a to oxetanc 47b. {!H-NMR (200 MH¢, CD,Cly) & 1.08 (s, 9H, r-

BuSiPh,), 2.08 (s, 3H, Ac), 3.67 (ddt, 1H, H3), 3.80 (A of ABX, 1H, H4)), 3.91 (B of ABX, 1H, H4\),
4.60 (d, 2H, H3',, H3), 4.76 (ddd, 1H, H4), 6.54 (d, 1H, H2), 7.33 - 760 (m, 9H, Ph), 7.66 - 7.74 (m,
4H, Ph), 7.95 - 8.06 (m, 2H, Ph), Jy5 i3 = 5.9 Hz, Jys yaanian = 72 He, g 13y ~ O Hz, Jyg 134 = 60
Hz, Jy4 14w = 34 Hz, Jyq 4w = 2.8 Hz, g, jian = -12.1 Hz; LRMS (CI-NHy): m/e 536 ((M + NH*|,
74.9%), 459 ((MH* - AcOH], 100%); HRMS (CI-NH,): m/c calcd. for C3pH3gNOS1 [M + NH '),

TBDPhSIO e]
‘ OAc
—OCOR

56s, R=CH,
56b, R-Ph
56c, R=COOCH,

536.2469; found, 536.2468}.
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Oxetane (56c).
Oxectane 56¢ was obtained from adduct 55 1n 18% yield by a procedure similar to that used for
the transformation of photo-adduct 44a 10 oxetane 47c. {'H-NMR (200 MHz, CD,Cl,): 8 1.08 (s, 9H, r-

BuSiPh,), 2.11 (s, 3H, Ac), 3.86 (s, 3H, McO), 649 (d, 1H, H2), 7.35 - 7.73 (m, 10H, Ph), J;;; i3 = 5.8
Hz; ’C-NMR (75.4 MHz, CD,Cl,): § 19.50 [SIC(CH;);], 21.19 [CHyCO], 2695 [SiC(CHy);], 38.91
(C3), 52.95 [CH,0], 63.42 [C3'], 65.03 [C4'], 82.26 [C4], 96.19 [C2], 128.05, 128.14, 130.19, 130.34,
135.93, 136.03 [aromauc CH]), 13348, 133.53 [aromatic C-S1], 157.12, 158.16 [0COCOOMe], 169.76
[CH,COJ; LRMS (CI-NH): m/e 518 (M + NH,*], 40.5%); HRMS (CINH;): m/c calcd. for
C24H3NOgS1 [M + NH,*], 518 2212; found, 518.2210}.

1-O-Benzyloxy-3-methyl-2-butene (57).

Sodium hydnide (60% oil dispersion, 3.60 g, 90.0 mmol) was added to an ice-cooled solution of
3-methyl-2-buten-1-ol (5.17 g, 60.0 mmol) and tetra-n-butylammonium iodide (2.22 g, 6.0 mmol) in dry
tetrahydrofuran (500 mi) under an atmosphere of mtrogen. After complete evolution of hydrogen (1 h),
benzyl bromide (12.30 g, 72.0 mmol) was added drop wisc and stirring was continued for 20 h. Flornisi!
(10 g) was added and the reaction mixturc was stirred for another 30 min. Removal of the solvent in
vacuo gave a residuc which was washed with pentane (5 x 200 mL). Evaporation of the washings gave a

yellow otl which was chromatographed over silica gel (petroleum ether / ethyl acetate, 10.1 v/v) to afford
the utle compound (10.46 g, 99% yicld) as a colourless oil. {!H-NMR (200 MHz, CDCl,): § 1.64 (s, br,

3H, CHy), 1.75 (s, br, 3H, CHy'), 3.99 (d, 2H, CH,), 4 49 (s, 2H, CH,Ph), 5.40 (1, br, 1H, CH), 7.26 -
7.37 (m, SH, Ph), JCHZ_C" = 6.7 Hz; 3C-NMR (75.4 MHz, CDCly): 8 25.67 [CH,}, 66.44 [CHCH,0],
71.90 [CH,Ph], 121.02 [CH], 127.36, 127.66, 128.19 [aromauc CH], 136.97 [aromatic C], 13847
[M02C”.

Bno—yx

57, X=C(CHjy),
58, X=0

2-Benzyloxyacetaldebyde (58).

Oczone and nitrogen were bubbled through a soluuon of 57 (17.60 g, 100.0 mmol) in dry
methylene chloride (1600 mL) at -78°C unul the solution turned blue (4.5 h). Dimethyl sulfide (73.4 mL,
1.0 mol) was added to the reaction mixture under an atmosphere of nitrogen and it was allowed to warm
to ambient teraperature gradually overnight. The solution was washed with water (2 x 1 L), brine (1 L),
dricd (Na,SO,), filtered and the solvent removed in vacuo to yield aldehyde 58 (14.25 g, 95% yield) as a
light yellow oil. {TH-NMR (200 MHz, CDCl,): § 4.00 (d, 2H, CH,CHO), 4.51 (s, 2H, CH,Ph), 7.25 -
7.29 (m, 5H, Ph), 2.58 (1, IH, CHO), JCHZ,CHO = 0.8 Hz; !3C-NMR (75.4 MHz, CDCly): & 73.40
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[CH,CHO], 7508 [CH,Ph], 127.84, 127.99, 128.40 [aromatic CH}, 136.70 [aromatic C], 200.20
[CHO])).

1-O-p-Anisyloxy-3-methyl-2-butene (61).

To & stirred solution of 3-methyl-2-buten-1-0l (8.61 g, 100.0 mmol) and p-methoxyphenol
(37.24 g, 300.0 mmo!}) in dry tetrahydrofuran (300 mL) under nitrogen at ambient temperaure was added
triphenyiphosphine (34.10 g, 130.0 mmol) and diethy! azodicarboxylate (22.64 g, 130.0 mmol). The
mixture was then refluxed for 2 h. Evaporation of the solvent in vacuo gave a white solid which was

chromatographed over silica gel (petrolcum ether / ethyl acetate, 100:1) to afford 61 (18.70 g, 97% yield)
asaclearoil. {'H-NMR (200 MHz, CDCl,): 8 1.71 (d, 3H, CH3), 1.77 (d, 3H, CH3"), 3.75 (s, 3H, McO),

4.43 (d, 2H, CH), 547 (m, 1H, CH), 681, 6.83 (AB quartet, 4H, Ph), Joyy se = 0.3 Hz, Joyj e = 1.2
HZ, JC“z-CH =68 HZ, JAB =96 HZ].

2-p-Anisyloxyacetaldehyde (62).
To a sturred solution of diol 64 (4.16 g, 20.0 mmol) in methanol (100 mL) and water (100 mL) at
ambient temperature was added sodium m-penodate (4.28 g, 20.0 mmol). After 30 mun, the sodwum

iodate precipitate was filtered off and the methanol was evaporated in vacuo. The remaming solution
was then extracted with methylene chloride (3 x 250 mL), washed with brine (250 mL), dricd (Na,SO,),

filtered and the solvent again removed in vacuo to afford aldchyde 62 (3.22 g, 97% yicld) as a clear o1l
{YH-NMR (200 MHz, CDCl,): & 3.75 (s, 3H, Mc0), 4.51 (d, 2H, CH,), 6.81, 6.84 (AB quarict, 4H, Ph),
9.83 (t, IH, CHO), JCHZ-CHO =1.1 Hz, ], = 1.9 Hz; LRMS (CI-NH;): m/c 184 ((M + NH,*],100%)}.

p-MGO-CGH40-—1/X
74

61, X=C(CH,),
62, X=0

Glycerol-1-O-p-anisyl-2,3-Q-acetonide(63).
Compound 63 was obtained in 88% yicld from solketal by a procedure similar 1o that used for
the preparation of 61. {!H-NMR (200 MHz, CDCl,): d 1.38, 1.44 (25, 6H, CMc;), 3.74 (s, 3H, McO),

3.87 (A of ABX, 1H, H1,)*, 3.87 (A of ABX, 1H, H3,)", 4.00 (B of ABX, 1H, H1,)*, 4.14 (B of ABX,
IH, H3b)" 4.44 (dddd, lH, HZ), 6.82, 6.83 (AB q, 4H, Ph), JHII-HZ = 5.9 HZ, J””)-”Z =54 H7, J”]a-”lh
=-9.2 HZ, ]AB =12 }‘!Z, JHZ-H3I =59 HZ, Juz_lwb =64 HZ, J”'sa_uab =-8.6 HZ].

<

p-MeO-CGH4O
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1-O-p-anisyloxyglycerol (64).

A soluuon of 63 (26.61 g, 107.3 mmol) in acetic acid (240 mL) and water (60 mL) was stirred at
ambient temperature for 17 h. Evaporation of the solvent in vacuo gave a white solid which was
dissolved in methylene chloride (1 L), washed with saturated aqueous sodium bicarbonate (3 x 800 mL),
brine (800 mL), dricd (Na,SO,), filtered and the solvent removed under reduced pressure to give a white
residue. Purification by flash chromatography (ethyl acetate / petroleum ether, 2:1 v/v) afforded the title
compound (18.75 g, 84% yield) as a white solid (m.p. 74.5-75.5°C). {'H-NMR (200 MHz, CDCl,): &
2.41 (t, ex, 1H, OH on C3), 2.91 (d, ex, 1H, OH on C2), 3.74 (s, 3H, Me0), 3.74 (1ddd, 2H, H3,, H3,),
4.0S (m, 1H, H2), 3.95 (m, 2H, H1,, H1y), 6.81, 6.82 (AB q, 4H, Ph), Jo}; 11s = 4.5 Hz, Jou _H3an3s = 6.0

Hz, J g =06 Hz).
HO

HO
p-MeO-CgHgO
(Y]

1-0-Methoxyethoxymethyloxy-3-methyl-2-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-1-ol (12.92 g, 150.0 mmol) in dry tetrahydrofuran (500 mL) under an atmosphere of
nirogen. After complete evolution of hydrogen (1 h), 2-methoxyethoxymethyl chloride (22.42 g, 180.0
mmol) was added dropwise and allowed to stir for 16 h at room temperature. The reaction mixture was
then cooled to 0°C and excess hydride was destroyed by careful addition of 0.1% hydrochloric acid.
Removal of the solvent in vacuo gave a residue which was dissolved in methylene chloride (1 L), washed
with saturated aqueous sodium bicarbonate (800 mL), brine (800 mL), dried (Na,SO,), filtered and the
solvent removed under reduced pressure to yicld a yellow oil. Distillation of the crude product (69-71°C,

0.5 mm Hg) gave the title compound (21.59 g, 83% yield) as a light yellow oil. {!H-NMR (200 MHz,
CDCl,): 8 1.65 (s, br, 3H, CH,), 1.72 (d, 3H, CH3"), 3.37 (s, 3H, MeO), 3.54 (m, 2H, OCH,), 3.68 (m,

2H, OCH}), 4.04 (d, 2H, OCH,CH), 4.69 (s, 2H, OCH,0), 5.30 (m, 1H, CH), Jys..cpy ~ 0 Hz, Jype.cp = -

1.0 HL, JCllz~C" =171 HZ}.
MEMO X
l’/

66, R=C(CH,),
67, R=0

2-Methoxyethoxymethyloxyacetaldehyde (67).
Aldehyde 67 was obtained in 27% yicld from olefin 66 by a procedure similar to that described
for the preparation of aldehyde 58. {!H-NMR (200 MHz, CDCly): & 3.37 (s, 3H, Me0), 3.54 (m, 2H,
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OCH,), 3.72 (m, 2H, OCH,), 4.19 (4, 2H, CH,CHO), 482 (s, 2H, 0CH,0), 9.70 (1, 11, CHO), Jey, cyio0
=0.9 Hz; IR (CHCl,): 1738 cm™!).

1-0-p-Nitrobenzoyloxy-3-methyl-2-butene (68).

A solution of 3-methyl-2-buten-1-0l (8.61 g, 100.0 mmol) in dry methylene chloride (125 mL)
under nitrogen at ambient temperaure coniaining N, N-dimethylaminopyridine (1.22 g, 10.0 mmol),
pyridine (24.3 mL., 300 mmol) and p-nitrobenzoyl 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 acid (450 mL),
saturated aqueous sodium bicarbonate (450 mL), brine (450 mL), dried (Na,S0,), filtercd and the solvent
removed under reduced pressure to yield a yellow solid which was chromatographed over silica gel
(hexanes / ethyl acetate, 97:3 v/v) to afford 68 as a light yellow solid (21.60 g, 92% yicld, m.p. 61.5-
63.5°C). {H-NMR (200 MHz, CDCl,): 8 1.76 (d, 3H, CH;), 1.78 (d, 3H, CHy), 4.84 (d, 1H, CH,), 5.45
(m, 1H, CH), 8.19, 8.25 (AB q, 4H, Ph), Joyme = -1.2 Hz, Joyme = -1.0 Hz, -‘cuz-cu =73 He, Jpp =

9.2 Hz}.

2-p-Nitrobenzoyloxyacetaldehyde (69).
2-p-Nitrobenzoyloxyacetaldehyde was obtained from 68 as described for the preparation of

aldehyde 20. Purification by flash chromatography (petroleum ether / ethyl acetate, 2:1 v/v) gave the
title compound (95% yield) as a viscous light yellow oil. {YH-NMR (200 MHz, CDCly): b 4.98 (5, 2H,

CH,), 8.26, 8.31 (AB q, 4H, Ph), 9.71 (s, 1H, CHO), J 5,5 = 9.2 Hz}

p-NOngO—VX

68, R=C(CHj),
89, R=O

1.0-Propionyloxy-3-methyl-2-butene (70).

A solution of 3-methyl-2-butr.i-1-0l (86.13 g, 1.00 mol) in dry methylenc chloride (1500 mL)
under nitrogen at ambient temperaure containing N,N-dimethylaminopyridine (12.22 g, 100.0 mmol),
pyridine (283.1 mL, 3.5 mol) and propionyi chloride (13Q0.3 mL, 1.5 mol) was stirred for 18 h. The
solution was washed with 5% hydrochloric acid (1500 mL), saturaled aqucous sodium bicarbonate (1500
mL), brine (1500 mL), dried (Na,SO,), filtered and the solvent removed under reduced pressure to yield
a yellow oil, Dustillation of the crude product (57-58°C, 0.7 mm Hg) gave the title compound in virtually
quantitative yield (141.49 g) as a clear oil. {!H-NMR (200 MHz, CDCl,): & 1.12 (1, 3H, CH;CH,), 1 69
(d, 3H, CH,), 1.74 (d, 3H, CHy’), 2.30 (q, 2H, CH3CH,), 4.55 (d, 2H, CH,CH), 5.32 (m, JH, CH), Joy;.
Me = 1.3 Hz, Joy mer = -1.1 Hz, JCH_CHZ = 7.3 Hz, JCH;-CHZ = 7.6 Hz; 13C-NMR (75.4 MHz, CDCl,): §
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868 [CH,CH,], 25.27 [Me,C], 27.14 [CH,CH,], 60.74 [OCH,CH], 118.59 [CH], 138.15 [(CH;),C],
173.82 [CO)).

Propionyloxyacetaldehyde (71).
Propionyloxyacetaldehyde was obtained from 70 as described for the preparation of aldehyde 20.

Purification by flash chromatography (petroleum ether / ethyl acetate, 4:1 v/v) gave the title compound
(85% yield) as a clear oil. {'H-NMR (200 MHz, CDCly): & 1.18 (t, 3H, CH,), 246 (q, 2H, CH,;CH,),
4.65 (s, 2H, CH,CHO), 9.59 (s, 1H, CHO), JCH3-CH; = 7.6 Hz; 13C-NMR (75.4 MHz, CDCl,): 5 8.55

[CH4CH,], 26.60 [CH,CH], 68.25 [OCH,}, 173.43 [E1CO], 195.71 [CHO]).

EtCOO—l/x

70, X=C(CHy),
71, X=0

3-Methyl-63-propionyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (72a) and
1B-Methyl-68-propionyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-hept-3-ene (72b).

A mixture of 2-methylfuran (17.3 mL, 192 mmol) and aldehyde 71 (11.14 g, 96 mmol) in
benzene (1800 mL) was placed in a 2 L photo-reaction vessel, cooled to 8°C, and saturated with argon,
The solution was then irradiated for 8 h. The solvent was removed under reduced pressure to give a
yellow syrup. Purification by flash chromatography (petroleum ether / ethyl acetate / tricthylamine,
10:1:0.01 v/v/v) gave 72a and 72b (muxture of 2 inseparable regioisomers, 16:11), (6.36 g, 33% yield) as
a light yellow oil and recovered starting material (4.64 g aldehyde 71). In the absence of tricthylamine,

72b decomposed on the column and photo-adduct 72a was isolated (4.37 g, 23% yield) as a light yeliow
oil along with recovered starting material (4.64 g aldehyde 71). 72a: {!H-NMR (200 MHz, CD,Cl,): &

1.15 (1, 3H, CH,CH,), 1.92 (dd, 3H, CH,), 240 (q, 2H, CH,CH,), 3.59 (dddd, 1H, HS5), 4.22 (A of ABX,
IH, H6')), 4.26 (B of ABX, 1H, H6'y), 4.63 (dddd, 1H, H6), 4.97 (dd, 1H, H4), 6.22 (dd, 1H, HI), i, us
=4.4 Hz, Iy 6 = 08 Hz, Ty e = -1.4 Hz, Jygq s = 2.7 Hz, s ppe = 1.4 Hz, Ty 16 = 2.8 Hz, Jigg sy
=4.4 Hz, Jye yev = 3.2 Hz, Jyygu 6 = -124 Hz, JCH3~CHZ = 7.5 Hz; 13C-NMR (75.4 MHz, CD,Cl,): &
9.11 [CH,3CH,], 13.70 {Me], 27.57 [CH;CH,), 47.89 [C5], 65.80 [C6'], 88.57 [C6], 98.81 [C4], 108.34
[C1], 158.23 [C3], 174.04 [CO]; LRMS (CI-NH5): m/c 199 ([MH*], 0.5%), 181 ([MH* - H,0], 100%);
HRMS (CI-NH3): m/e caled. for C,oH,30; [MH* - H,0], 181.0865; found, 181.0864}. 72b: {'H-NMR
(200 MHz, CDCL,): 8 1.15 (t, 3H, CHyCHy), 1.71 (s, 3H, CHy), 2.39 (q, 2H, CH,CH,), 3.37 (ddd, 1H,
HS), 4.26 (d, 2H, H6,, H6}), 4.59 (dt, 1H, H6), 5.23 (i, 1H, H4), 6.54 (dd, 1H, H3), Jyz 114 = 3.0 Hz, Jyy5.
tis = -1.0 Hz, Jyq jis = 2.9 Hz, Jys.6 = 4.3 Hz, Iy yeanen = 41 HZ, Jyganen ~ 0 Hz, Joy, cn, = 7.6
Hz; 3C-NMR (75.4 MHz, CD,Cl): & 9.18 [CHyCH,], 23.12 [Me], 27.61 [CH;CH,], 48.39 (C5], 65.67
[C6'], 85.73 [C6), 104.25 [C4], 116.08 [C1], 148.37 [C3], 174.20 [CO]}; LRMS (CI-NH;): m/e 199
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(IMH*}, 0.5%), 181 ([MH* - H,0], 100%); HRMS (CI-NH3): m/c calcd. for C\yH;304 [MH* - H,0],
181.0865; found, 181.0864}.

EtCOO0— (o) EtCOO O -
O o]
"

72a 72b

2a-Acetoxy-3a-O-formyl-43-propionyloxymethyl oxetane (73).
Photo-adduct 72a was transformed to aldehyde 73 in 92% yicld by a procedure similar to that
used for the preparation of aldechyde 45. {!H-NMR (200 MHz, CDCly): 6 1.12 (1, 3H, CH;CH;), 2.08 (s,

3H, Ac), 2.37 (q, 2H, CH;CH,), 3.93 (dt, 1H, H3), 4.15 (A of ABX, 1H, H4'), 4.37 (B of ABX, 1,
H4'), 5.30 (ddd, 1H, H4), 6.55 (d, 1H, H2), 9.73 (d, 1H, CHO), J15 113 = 6.4 Hz, i3 cpio = 1:0 Hz, Iy
na = 61 Hz, Jyg gy = 38 Hz, Dy = 3.1 Ha, Ty ppan = -129 He Sy oy = 7.5 Hry 1PC-NMR
(75.4 MHz, CDCly). 8 8.94 [CH,CH,], 20.75 [CH4CO], 27.28 [CH,CH,], 50.50 [C3], 64.19 [C4),
75.76 [C4], 95.59 [C2], 169.30 [CH;CO], 173.94 [ELCO], 195.09 [CHOJ; LRMS (CI-NH,). m/c 248
(IM + NH,*], 100%), 171 ((MH* - AcOH], 59.2%); HRMS (CI-NH,): m/c calcd. for CygH;gNOg [M +

NH,*],248.1133; found, 248.1134}.
BCOO—1/0
i OAc
I
2-Acetoxy-3a-hydroxymethyl-4B3-propionyloxymethyl oxetane (74).

Aldei.yde 73 was reduced to alcohol 74 in 68% yield by a procedurc similar to that used for the
preparation of alcohol 46. {'H-NMR (200 MHz, CD,Cl,): & 0.88 (s, br, ex, H, OH), 1.14 (1, 3H,

CH,CH,), 2.13 (s, 3H, Ac), 2.40 (g, 2H, CH;CH,), 3.19 (dddd, 1H, H3), 3.83 (A of ABX, 1H, H3)),
3.90 (B of ABX, 1H, H3'), 4.20 (A of ABX, 1H, H4',), 4.33 (B of ABX, 1H, H4'), 4.82 (ddd, 1H, H4),
6.41 (d, 1H, H2), J;j 3 = 6.0 Hz, Ty 30 = 5.7 He, Jyp3 13 = 5:6 Hz, Jga 1ya, = -11.8 He, Jjp3 414 = 6.2
Hz, Jyenea = 4.8 Hz, Jyqqiep = 3.0 Hz, Jygg gy = -12.6 Hz, Jopy, cn, = 7.5 He; I3C-NMR (75.4 MH.,
CD,Cl,): 8 8.94 [CH;CH,), 20.98 [CH,CO], 27.31 [CH,CH,], 40.78 [C3], 58.79 [C3'], 65.10 [C4'],
79.34 [C4], 97.23 [C2], 169.62 [CH;CO], 174.14 [E1CO]; LRMS (CI-NH3): m/c 250 (IM + NH,*],
100%), 233 (IMH*], 1.5%), 173 (IMH* - AcOH], 49.5%); HRMS (CI-NH,): m/c calcd. for C;HyoNOg
[M + NH,*], 250.1291; found, 250.1290}.

130




£

£&1CO0O (o]
i OAc
OR

74, R=H

75a, R=COCOOMe
75b, R=CSOPh

75¢, R=CS-imd

75d, R«CSOMe

758, R=CHySCHj
75, R=CHSOCH3
759, R=CHSO,CHj3

75h, R=0-MoOPh

N\
75l, R=COCON (CHy)4

\/
75}, OR=Cl

Oxetane (75a).
Oxctane 75a was obtained from photo-adduct 72a in 41% yield by a procedure similar to that
used for the transformation of photo-adduct 44a to oxetane 47c. {!H-NMR (200 MHz, CDCl,): § 1.15 (1,

3H, CH,CH,), 2.11 (s, 3H, Ac), 2.39 (q, 2H, CH;CH,), 3.44 (dddd, 1H, H3), 3.89 (s, 3H, Mc0),4.19 (A
of ABX, H, H4',), 4.34 (B of ABX, 1H, H4}), 4.55 (A of ABX, 1H, H3}), 4.60 (B of ABX, 1H, H3'),
4.82 (ddd, 1H, H4), 6.46 (d, 1H, H2), Jyjo 13 = 5.9 Hz, Y3 yza = 7-3 Hz, s iz = 72 HZ, Ly s =
116 Hz, Jyy g = 6.2 Hz, Iy gy = 4.3 H, Jygg ran = 3.3 Hz, Jygy i, = -12.7 Hz, Iy o, = 75 Hz,
I3C.-NMR (75.4 MHz, CD,Cl,): § 9.05 [CH,CH,], 2092 [CH;CO], 27.48 [CH;CH,), 39.67 [C3], 53.75
[MeO), 63.00 [C3'], 64.86 [C4], 79.62 [C4], 9596 [C2], 157.56, 158.00 [OCOCOOMe], 169.58
[CH;CO], 174.09 [EICO]; LRMS (CI-NH;): m/e 336 ((M + NH4*], 56.8%), 259 (MH* - AcOH],
25.8%); HRMS (CI-NH,): m/e calcd. for C;3H,;,NOg [M + NH,*], 336.1296; found, 336.1294).

Oxetane (75b).

To a solution of alcohol 74 (70 mg, 0.30 mmol) in dry methylene chloride (5 mL) under an
atmosphecre of nitrogen at 0°C was added N,N-dimethylaminopyridine (7 mg, G.06 mmol), pyridine (170
ul., 2.10 mmol) and phenyl chlorothioformate (124 puL, 0.60 mmol). The solution was gradually warmed
to room temperature {(over 1 h) and allowed to stir for 16 h. The reaction mixture was then diluted with
methylene chloride (20 mL), washed with 5% hydrochloric acid (25 mL), saturated aqueous sodium
bicarbonate (25 mL), brine (25 mL), dried (Na,SO,), filtered and the solvent removed in vacuo to yield a
ycllow syrup. Purification by flash chromatography (petroleum ether / ethyl acetate, 4:1 v/v) afforded the
title compound (24 mg, 35% yicld) as a light yellow oil. {!H-NMR (200 MHz, CD,Cly): & 1.16 (1, 3H,
CH,CH,), 2.14 (s, 3H, Ac), 243 (q, 2H, CH,CH,), 3.59 (dddd, 1H, H3),4.22 (A of ABX, 1H, H4'),
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4.37 (B of ABX, 1H, H4',), 4.80 (A of ABX, 1H, H3'), 4.35 (ddd, 1H, H4), 4.88 (B of ABX, 1H, H3'),
647 (d, 1H, H2), 7.08 - 7.14 (m, 2H, Ph), 7.27 - 7.49 (m, 3H, Ph), J1p 113 = 5.9 Hz, N3 1134 = 7.1 Hz,
Jg3.n3w = 7.5 Hz, Jyzy pyy = -11.3 Hz, Jiy g = 6.7 Hz, Iy g = 4.5 Hz, Iy yq = 3.2 Hz, Dy g =
-12.6 Hz, JCHS‘CHZ = 1.5 Hz; LRMS (CI-NH,): m/e 386 ([M + NH,*], 13.3%), 369 ((MH*], 4.9%), 259
(MH* - AcOH], 100%); HRMS (CI-NH): m/e calcd. for C;;H,,0,S [MH"], 369.1007; found,

369.1008).

Oxetane (75¢).

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 atmosphcre of nitrogen for 2 h.
Evaporation of the solvent in vacuo gave a yellow residue which was chromatographed over silica gel

(petroleum ether / ethyl acetate, 1:1 v/v) to afford the title compound (69 mg, 67% yicld) as a light
yellow oil. {'H-NMR (200 MHz, CD,Cl,): 8 1.14 (t, 3H, CH,;CH,), 2.09 (s, 3H, Ac), 2.40 (q, 2H,

CH;CH,), 3.60 (dddd, 1H, H3), 4.25 (A of ABX, 1H, H4')), 4.36 (B of ABX, 1H, H4), 4.87 (ddd, 1H,
H4), 4.92 (A of ABX, 1H, H3,), 4.98 (B of ABX, 1H, H3'), 649 (d, 1H, H2), 7.02, 7.63 (2d, 2H, N-
CH=CH-N), 8.31 (s, 1H, N-CH=N), Jjp2.113 = 5.9 Hz, Jii3 1534 = 66 Hz, Jys yyzn = 7.5 He, Ty 3 = -
115 Hz, Iy cy=cun = 13 Hz, Jy3 1ig = 5.7 Hz, Iyqqea = 4.3 Hz, Jigqpen = 3.3 Hey Jyga o = -12.7
Hz, JCH;-C}lz = 7.6 Hz; LRMS (CI-NH,): m/ec 343 ((MH*], 38.8%), 292 (IMH* - AcOH}, 100%), HRMS

(CI-NH3): m/e calcd. for C, 4H;(N,0O,S [MH*], 343.0965; fonn';, 343.0963).

Oxetane (75d).

Oxetane 75d (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 temperature. Evaporation of the solvent in vacuo
gave a yellow residue which was chromatographed over silica gel (petrolcum cther / cthyl acctate, 2:1
v/v) to afford the title compound (23 mg, 68% yield) as a clear oil. {'H-NMR (200 MHz, CD,Cl,): &
1.14 (t, 3H, CH,CH,), 2.11 (s, 3H, Ac), 2.40 (q, 2H, CH3CH,), 3.50 (dddd, 1H, H3), 4.04 (s, 3H, McO),
4.19 (A of ABX, 1H, H4',), 4.34 (B of ABX, 1H, H4),4.70 (A of ABX, 1H, H3',), 4.78 (B of ABX, 1H,
H3',), 4.81 (ddd, 1H, H4), 6.43 (d, 1H, H2), Jy; 113 = 5.9 He, Jy3 33 = 7.2 He, Jya 3y, = 7.4 He, Jypa,
nyb = ~11.3 Hz, Jy3 43¢ = 6.1 Hz, Jy yae = 4.5 Hz, Sy = 3.3 Heo Jygypgn = <126 Hey Joy cuy =
7.5 Hz; LRMS (CI-NH;3): m/e 324 (IM + NH,*}, 42.3%), 307 (IMH*], 103%), 247 (IMH* - AcOH],
100%); HRMS (CI-NH,): m/e calcd. for C;,H,,0,S [MH*], 307.0852; found, 307.0851)

Oxetane (75e).
To a stirred solution of alcohol 74 (696 mg, 3.00 mmol) in dimethyl sulfoxide (9.8 mL) under an

atmosphere of nitrogen at room temperature was added acetic acid (2.0 mL) and acctic 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 extracted with methylene chloride (3 x 350 ml). The combined extracts were washed with water
(1 L), brine (1 L), dried (Na,50,), filtered and the solvent evaporated in vacue to afford a yellow residue.
Purification by flash chromatography (petroleum ether / ethyl acetate, 3:1 v/v) gave the title compound
(280 mg, 32% yicld) as a clear oil. {{H-NMR (200 MHz, CD,Cl,): § 1.14 (1, 3H, CH,CH,), 2.10 (s, 3H,
Ac), 2.12 (s, 3H, CH,$), 2.39 (q, 2H, CH;CH,), 3.28 (dddd, 1H, H3), 3.77 (A of ABX, 1H, H3')), 3.85
(B of ABX, 1H, H3',),4.16 (A of ABX, 1H, H4')),4.32 (B of ABX, 1H, H3',),4.62 (s, 2H, OCH,S), 4.72
(ddd, 1H, H4), 6.39 (d, 1H, H2), Jy, 43 = 5.9 Hz, Jy3 43, = 7.6 Hz, Jy3 13, = 7.3 Hz, Iy, jap = 9.7
Hz, Jy3 pa = 62 Hz, Iy e = 4.8 Hz, Jgg e = 2.9 Hz, Jyga nan, = -12.6 Hz, oy, on, = 7.5 Hz; 1°C-
NMR (75.4 MHz, CD,Cl,): 8 9.18 [CH;CH,}, 14.02 [CH,S], 21.15 [CH,CO], 27.66 [CH;CH,], 40.66
[C3), 64.65 [C3'], 65.38 [C4'], 75.92 [OCH,S], 80.46 [C4], 96.69 [C2), 169.78 [CH,CO], 174.23
[E1CO); LRMS (CI-NH,): m/e 310 ((M + NH/*], 100%), 293 ([MH*], 9.3%), 233 ([MH* - AcOH],
26.0%); HRMS (CI-NH,): m/e calcd. for C,,H,,0,S [MH*], 293.1057; found, 293.1058).

Oxetane (75f).
To a solution of oxctane 75e (64 mg, 0.22 mmol) in methanol (0.5 mL) was added a solution of

sodium periodate (51 mg, 0.23 mmol) in water (0.5 mL), and it was stirred for 18 h at room temperature.
After filtration of the inorganic precipitates, the filtrate was diluted with methylene chloride (50 mL) and
dned (Na,SO,). Evaporation of the solvent under reduced pressure yielded a light yelow oil which was
chromatographcd over silica gel (ethyl acetate / hexanes / methanol, 5:3:1 v/v/v) to afford 75f (mixture of
2 inscparable diastereomers, 1:1), (52 mg, 77% yield) as a clear oil. {!H-NMR (200 MHz, CDCl,): &
1.12 (1, 3H, CH,CH,), 2.09 (s, 3H, Ac), 2.36 (q, 2H, CH;CH,), 2.52 (s, 3H, CH,;S0), 3.31 (m, 1H, H3),
3.97-4.50 (m, 6H, H3',, H3,, OCH,50, H4',, H4'), 4.73 (m, 1H, H4), 6.39, 640 (2d, 1H, H2), Jj;5 y3 =
5.9 Hz, Jj13.414 = 6.2 He, JCHS_an = 7.6 Hz; *C-NMR (75.4 MHz, CDCl,): § 8.97 [CH;CH,], 20.96
[CH,CO], 27.33 [CH,CH,), 34.67, 34.77 [CH,S0], 40.37 [C3), 64.87, 64.92 [C3], 70.14, 70.17 [C4],
79.56, 79.60 [C4], 87.68, 87.82 [OCH,SO], 95.97, 96.03 [t .., 169.35, 169.38 [CH,CO], 174.03
[E1CO); LRMS (CI-NH,): m/e 326 ((M + NH,*], 31.0%), 30¢ ([MH*}, 29.9%), 249 ([MH* - AcOH],
100%); HRMS (CI-NH,): m/e calcd. for C,,H,,0,8 [MH*], 309.1009; found, 309.1008].

Oxetane (75g).
To a solution of oxctane 75¢ (58 myz, 0.20 mmol) in methanol (0.5 mL) was added a solution of

sodium periodate (94 mg, 0.44 mmol) in water (0.5 mL), and it was stirred for 18 h at room temperature.

After filtration of the inorganic precipitates, the filtrate was diluted with methylene chloride (50 mL) and
dricd (Na,SO,). Evaporation of the solvent under reduced pressure yielded a light yellow oil which was

chromatographed over silica gel (hexanes / ethyl acetate, 1:1 v/v) to afford 75g (60 mg, 93% yicld) as a
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clear oil. {'H-NMR (200 MHz, CDCl,): 8 1.15 (1, 3H, CH,CH,), 2.09 (s, 3H, Ac), 239 (g, 2H,
CH,CH,), 2.8 (5, 3H, CH,50,), 332 (dddd, 1H, H3), 4.13 (A of ABX, 1H, H4'), 4.20 (A of ABX, IH,
H3,),4.23 (B of ABX, 1H, H3'), 4.34 (B of ABX, 1H, H4}), 4.45 (s, 2H, OCH,S), 4.76 (ddd, 1H, Hd),
6.4 (d, 1H, H2), Jyyp 113 = 5.9 Hz, Ty yy3a = 4.6 Hz, Tz qpsn = 4.3 Hz, Jgyoa yize = -85 Haa Iy 404 = 6.0
Hz, Yo aa = 72 Hz, Ty i, = 30 H2, Ty e, = -12.6 Hz, Iy, oy = 7.5 Hei LRMS (C1-NHy): m/e
342 (M + NH,*], 100%), 325 (IMH*], 0.6%); HRMS (CI-NH,): m/c calcd. for Cy,HyNOgS [M +
NH,*], 342.1222; found, 342.1222).

Oxetane (75h).

To a stirred solution of alcohol 74 (116 mg, 0.50 mmol) and guaiacol (186 mg, 1.50 mmol) in
dry tetrahydrofuran (2.5 mL) under nitrogen at ambient temperaure was added triphenylphosphine (170
mg, 0.65 mmol) and dicthyl azodicarboxylate (108 ul., 0.65 mmol). The mixture was then refluxed for 3
h. Evaporation of the solvent in vacuo gave a white solid which was chromatographcd over silica gel

(petroleum ethei / ethyl acetate, 100:1) to afford 75h (90 mg, 53% yicld) as a clear oil. {TH-NMR (200
MHz, CDCl,): § 1.14 (1, 3H, CH,3CH,), 2.06 (s, 3H, Ac), 2.39 (q, 2H, CH,;CH,), 3.56 (dddd, 1H, H3),

3.81 (s, 3H, Me0), 4.21 (A of ABX, 1H, H4',), 4.27 (A of ABX, 1H, H3',), 4.33 (B of ABX, 1H, H3}),
4.38 (B of ABX, 1H, H4')), 4.86 (ddd, 1H, H4), 6.51 (d, I1H, H2), 6.85 - 7.01 (m, 4H, Ph), Ji2 413 = 5.9
Hz, Jy3. 432 = 8.5 Hz, By 33 = 20 Hz, Ty piyn = =99 He, I3 454 = 6.2 Hz, Jygg 300 = 48 He, Jpyy iy,
= 2.7 Hz, Jyguep = 126 Hz, Joyy, cu, = 7.6 Hz LRMS (CNHy): m/e 356 (M + NH{'), 100%), 139
(IMH*], 0.5%), 279 ([MH* - AcOH], 3.8%); HRMS (CI-NH,): m/c calcd. for Cj;H,,0, [MH?*],

339.1444; found, 339.1443}.

Oxetane (75i).

To a stirred solution of alcohol 74 (70 mg, 0.30 mmo!) and acid 78 (43 mg, 0 30 mmol) in dry
methylene chloride (2 mL) under an atmosphere of nitrogen at ambicnt temperaure was added N.N-
dimethylaminopyridine (37 mg, 0.30 mmol) and N,N'-dicyclohexylcarbodumide (74 mg, 0.36 mmol).
After 18 h, the solvent was removed in vacuo 10 yield a yellow residue which was chromatographed over
silica gel (petroleum ether / ethyl acetate, 1:1) affording 75i (28 mg, 26% yicld) as a white sohd. {'H-
NMR (200 MHz, CDCl,): 8§ 1.14 (1, 3H, CH3CH,), 1.92 (m, 4H, CH,CH,N), 2.12 (s, 3H, Ac), 2.38 (g,
2H, CH,CH,), 3.44 (dddd, 1H, H3), 3.49 (t, 2H, CH,CH,N), 3.58 (1, 2H, CH,CH,'N), 4.18 (A of ABX,
1H, H4')), 4.34 (B of ABX, 1H, H4',),4.50 (A of ABX, 1H, H3,), 4.58 (B of ABX, 1H, H3'), 4.82 (ddd,

IH, H4). 6.45 (d, lH, HZ), JHZ-H3 = 5.9 HZ, JHJ-HJ" =76 HZ, 1“3_"31, = 7.3 HL, .’"3'._”31’ =-11.6 HL,
Inciyc, = 6-5 Ha, Incny.cn, = 68 Hz, Joyy .o, = 5-4 He Tz e = 6.0 Hew Jyg g o = 45 Ha, Ty i
= 3.2 Hz, Jyggpnen = 127 Hz, Joy, o, = 7.6 Hzy 13C-NMR (75.4 MHz, CD,CL): & 9.12 (CHCHy,

21.08 [CH,CO}, 24.18, 2622 [CH,CH,N], 27.56 [CH;CH,l, 39.72 [C3], 4626, 4757 [CH,CH,N],
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62.05 [C31], 64.91 [C'4'], 79.83 [C4], 96.01 [C2], 158.24, 162.47 [OCOCON], 169.66 [CH,CO], 174.17
[E1COJ; LRM3 (CI-NH,): mfe 375 (IM + NH,*], 25.4%), 358 ((MH*), 100%), 298 ([MH* - AcOH],
90.7%); HRMS (CI-NH,): m/e calcd. for C,4H,,NOg [MH*}, 358.1502; found, 358.1501}.

Oxetane (75j).

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 atmosphere of nitrogen at ambient temperaure was
added triphenylphosphine (79 mg, 0.30 mmol) and diethyl azodicarboxylate (47 uL, 0.30 mmol). After3
days, the solvent was removed in vacuo to give a white solid which was chromatographed over silica gel

(petroleum ether / ethyl acetate, 4:1) affording 75j (36 mg, 48% yield) as a clear oil. {!H-NMR (200
MHz, CD,Cl,): & 1.15 (1, 3H, CH3CH,), 2.13 (s, 3H, Ac), 2.39 (q, 2H, CH;CH,), 3.38 (ddd, 1H, H3),

3.75 (s, 1H, H3',)), 3.79 (d, 1H, H3,), 4.19 (A of ABX, 1H, H4,), 4.37 (B of ABX, 1H, H4',), 4.76 (ddd,
1H, H4),6.43 (d, 1H,H2), 15 3 = 5.8 Hz, Jyy3 yan = 2.4 Hz, Jy3 g = 5.9 Hz, Sy e = 4.5 Hz, Jyg puan
= 3.0 Hz, Jygq niaw = -12.7 Hz, Jop, o, = 7.5 Hz; °C-NMR (75.4 MHz, CD,CL): § 9.20 [CH,CHy),
21.14 [CH,CO), 27.70 [CH3CH,), 40.75 [C3'], 43.05 [C3], 65.10 [C4'], 81.39 [C4], 96.16 [C2], 169.69
[CH,CO), 174.23 [EICO]; LRMS (CI-NH;): m/e 270, 268 ((M + NH,*], 38.9%, 100%); HRMS (CI-
NH3): m/e calcd. for CgH,gNOSCI [M + NH,*], 268.0952; found, 268.0951).

Nucleoside (76b).

Nucleoside 76b was obtained in 65% yield fron oxetane 75e by a procedure similar to that used
for the preparation of nucleoside 48a. {'H-NMR (200 MHz, CD,Cly): 8 1.12 (t, 3H, CH5CH,), 2.19 (s,
3H, CH,5), 2.33 (q, 2H, CH;CH,), 3.13 (ddi, 1H, H2)), 3.86 (d, 2H, H2",, H2"), 4.26 (A of ABX, 1H,
H3",), 4.34 (B of ABX, 1H, H3"), 4.63 (ddd, 1H, H3'), 4.72 (s, 2H, OCH,S), 6.33 (d, 1H, H}'), 7.50 -
7,67 (m, 3H, Ph), 7.99 - 8.03 (m, 2H, Ph), 8.31 (s, 1H, H8), 8.73 (s, 1H, H2), 8.67 (s, br, ex, 1H, NH),
hirnz = 36 Hz, g ypmanizp = 5.6 Hz, Jyp g3 = 1.9 Hz, Jyy gy = 2.1 Hz, Jyy 3 = 4.9 Hz, Iy,
3 = -10.6 Hz, JC"s'an = 7.6 Hz}.

EtCOO o
L/—[- N N\I
CH3SCH,0 <NI(N

NHBz

76b

Methy! Oxalyl Pyrrolidinamide (77).
Pyrrolidine (3.56 g, 50.2 mmol) was dissolved in dry ether (250 mL). Methyl oxaly! chloride

(2.30 mL, 25.1 mmol) was then added dropwise, and the reaction was stirred at room temperature under
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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 (Na,SO,), filtered and the solvent
removed under reduced pressure to yield a light yellow residuc. Purification by flash chromatography

(ethyl acetate) gave the title compound (3.75 g, 95% yield) as a white solid. {'H-NMR (200 MH_,
CDCly): 8 1.90 (m, 4H, CH,CH,N), 3.51 (1, 2H, CH,N), 3.61 (1, 2H, CH,'N), 3.83 (s, 3H, McO); qur

CHzN =6.5 HZ, JCHz-CHz'N =6.7 Hz; 13C'NMR (75.4 M}‘IZ. CDCI3): 8 2356. 25.69 [CHzCHzN], 45.88.

47.19 [CH,N], 52.32 [MeO], 157.96, 162.27 [COJ; LRMS (El): m/e 157 ([M*), 48.9%), 98 ((M*" -
COOMe], 100%); IR (CH,Cly): 1651 cm! [NCO), 1741 cm! {COOMe]).

0 O

CN—(IE--—C'-—OR

77, R=CHgq
78, R-H

Pyrrolidine Oxamic acid (78).

To a stirred solution of 77 (419 mg, 2.67 mmol) in methanol (100 mL) and water (50 mL) at
room temperature was added potassium carbonate (738 mg, 5.34 mmol). After 1 h, the solution was
adjusted to pH 2.5 with 5% hydrochloric acid and evaporated to dryness. The residue was dissolved in
methylene chloride (100 mL), washed with water (100 mL), brinc (100 mL), dricd (Na,SOy), filtcred and

the solvent removed in vacuo to yield essentially pure 78 (362 mg, 95% yicld) as a white solid. {'H-
NMR (200 MHz, CD,Cl,): & 1.94 (m, 4H, CH,CH,N), 3.56 (1, 2H, CH,N), 3.94 (1, 2H, CH,'N), 6.70 (s,
br, ex, 1H, OH), Joy,.ci,N = 6.6 Hz, Joy, ciyn = 6.6 Hz; 3C-NMR (754 MH¢, CD,Cl,): 8 23.94,
26.81 [CH,CH,N], 48.52, 49.47 [CH 4], 157.32, 159.89 [CO]; LRMS (CI-NH;) m/e 161 (IM + NH,*],
38.5%), 144 ((MH*], 52.4%); IR (CH,Cl,): 1654 cm'! [NCO], 1783 cm'! [COOMc]}.

Diisopropyl Fumarate (79)

Fumaric acid (29.02 g, 250.0 mmol) was dissolved in dry t-propyl alcohol (600 mL).
Chlorotrimethylsilane (140 mL, 1.1 mol) was then added dropwise, and the reaction was stirred at room
temperaturc under an atmosphere of nitrogen for 3 days. Evaporation to dryness gave a thick residue

which was chromatographed over silica gel (petroleum cther / ethyl accetate, 10:1 v/v) to afford the utle
compound (48.03 g, 96% yield) as a clear oil. {'H-NMR (200 MHz, CDCly): & 1.26 (d, 6H, Me,CH),

5.08 (b7, 1H, Me,CH), 6.78 (s, 1H, =HCCO), Joyy.mc = 6.3 Hz).
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i-Propyl Glyoxylate (80).

To a stirred solution of dusopropyl L-tartrate (23.43 g, 100.0 mmol) in dry ether (500 mL)
cooled to 5°C was added periodic acid (22.79 g, 100.0 mmol) in portions over 1h under an atmosphere of
nitrogen. The milky reaction mixture was stirred for 1 h until the solution became clear and a white solid
scparated. The solid was filtered off and the filtrate was dried with sodium sulfate. Evaporation of the
solvent in vacuo afforded the title compound (11.02 g, 95% yicld) as a clear oil. The 'H-NMR spectrum
indicated that the aldehyde exists largely in a polymeric form and only a small amount of free aldehyde
was present.

i-PrOOC O

3-Methyl-6p-i-propyloxyformyl-2,7-dioxa-bicyclo-[3,2,0)-hept-3-ene (81).

A mixture of 2-methylfuran (7.4 mL, 82 mmol) and i-propy] glyoxylate (2.38 g, 20.5 mmol) in
benzene (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 reduced pressure to

give a yellow syrup. Purificauon by flash chromatography (hexanes / ethyl acetate, 10:1 v/v) gave 81
(700 mg, 17% yicld) as a ight yellow oil. {'H-NMR (200 MHz, CDCl,): § 1.28 (d, 6H, Me,CH), 1.94

(dd, 3H, Mc), 3.69 (dddd, 1H, HS), 4.80 (d, 1H, H6), 5.01 (dd, 1H, H4), 5.11 (h7, 1H, Me,CH), 6.41 (d,
1H, H1); Jy, s = 4.3 Hz, Jyq me = -1.3 Hz, Jyy4 145 = 2.6 Hz, Jyy5 e = 1.4 Hz, Jyy5 16 = 3.1 Hz, JeHMe, =
6.3 Hz; 13C-NMR (503 MHz, CDCly): § 13.56 [Me], 21.46, 21.64 [Me,CH], 50.35 [C5], 69.10
[Me,CH], 86.59 [C6), 98.30 [C4], 109.05 [C1], 159.24 [C3], 170.73 {CO]; LRMS (CI-NH;): m/c 216
(IM+ NH/*],16.7%), 199 ((MH*], 35.3%), 181 ([MH* - H,0], 80.4%); HRMS (CI-NH;): m/e calcd. for
CyoH;504 [MH*], 199.0971; found, 199.0970}. Anal. calcd. for C;oH,O,: C, 60.59; H, 7.12. Found: C,

1-Pro0C o)
LQ

81

60.84; H, 6.86.

2a-Acetoxy-3a-formyl-43-i-propyloxyformyl oxetane (82).
Photo-adduct 81 was transformed to aldehyde 82 in 90% yield by a procedure similar to that
uscd for the preparation of aldehyde 45. {'H-NMR (200 MHz, CD,Cl,): 6 1.26 (d, 3H, CH,CH), 1.28

(d, 3H, CH4'CH), 2.09 (s, 3H, Ac), 4.07 (ddd, 1H, H3), 5.09 (m, 1H, Me,CH), 5.38 (d, 1H, H4), 6.66 (d,
lH, H:’.). 975 (d, lH, CHO). J“2_H3 =6.4 HZ, J"3-CHO =12 HZ, .,}{3_”4 =6.2 HZ. JCH-Mc =6.2 HZ, JC”-
Me = 6.0 Hz; LRMS (CI-NH,): m/e 248 (IM + NH,*], 100%), 231 ((MH*], 0.2%), 171 ((MH?* - AcOH],
0.6%); HRMS (CI-NH,): m/e calcd. for CyqH, {0, [MH*], 231.0868; found, 231.0868).
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2a-Acetoxy-3a-hydroxymethyl-4f3-i-propyloxyformyl oxetane (83).

Aldehyde 82 was reduced to alcohol 83 1n 62% yield by a procedure similar to that used for the
preparation of alcohol 46. {!H-NMR (200 MHz, CD,Cl,): & 0.89 (s, br, ex, 1H, OH), 1.25 (d, 3H,
CH,CH), 1.28 (d, 3H, CH3'CH), 2.13 (s, 3H, Ac), 3.27 (m, 1H, H3), 3.89 (m, 2H, H3',, H3')), 4.90 (d,
1H, H4), 5.08 (m, 1H, Me;CH), 6.52 (d, 1H, H2), Jy; 413 = 5.2 Hz, Jj33 144 = 6.3 Hz, Jiyme = 6.3 Hz,
Jeime = 62 Hz; LRMS (CI-NH;): m/e 250 ({M + NH,*], 70.8%), 233 (IMH*], 8.8%), 173 (IMH* -
AcOH], 3.4%); HRMS (CI-NH,): m/e calcd. for C;oH,,0, [MH*], 233.1026; found, 231.1025}.

Oxetane (84).
Oxetane 84 was obtained from photo-adduct 81 in 39% yicld by a procedurc similar to that used
for the transformation of photo-adduct 44a to oxctane 47c. {'H-NMR (200 MH¢, CLCly)- § 1.25 (d, 3H,

CH,CH), 1.26 (d, 3H, CH3'CH), 2.12 (s, 3H, Ac), 3.60 (ddt, 1H, H3), 3.89 (s, 3H, McO), 4.63 (d, 2H,
H3,,H3',),4.93 (d, 1H, H4), 5.11 (m, 1H, Me,CH), 6.58 (d, 1H, H2), J;15.143 = 5.9 He, Jjy3 yi3attan = 7-2
Hz, Y33 ~ O Hz, Jyspe = 64 Hz, Joyme = 6.7 Hz, Joyme = 6.2 Hz; 13C-NMR (754 MHz,
CD,ClL,): & 21.06 [CH;CO], 21.73 [(CHy),CH], 42.20 [C3], 53.94 [CH;0], 62.72 [C3'), 69.95
[(CH;),CH}, 77.37 [C4], 96.50 [C2], 157.54, 157.99 [OCOCOOMe], 169.40, 169 63 (CO}; LRMS (CI-
NH,): m/e 336 (IM + NH,*1, 100%), 319 (IMH*], 13%); HRMS (CI-NH;): m/c calcd. for Cj4H,4Oq

[MH*], 319.1030; found, 319.1029].
i-Pr00C 0
xﬁm
OR

83, R=H
84, R=COCOOMe
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4.6 Experimentals 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)
in dry benzene (330 mL) was placed in a 350 mL photo-reaction vessel, cooled to 8°C and saturated with
hehium. The solution was then irradiated for 8 h. Evaporation under reduced pressure gave a yellow
syrup which was chromatographed over silica gel (petroleum ether / ethyl acetate, 9:1 v/v) to afford the

title compound (mixture of 2 inseparable diastercomers, 1:1), (415 mg, 25% yield) as a light yellow oil.
{TH-NMR (200 MHz, CDCl,): § 1.36, 1.40, 1.44, 1.47 (4s, 6H, CMe,), 3.62 - 4.46 (m, 4H, H6, H6',

H6",, H6",), 3.68 (m, 1H, HS), 5.32, 5.33 (21, 1H, H4), 6.28 (m, 1H, H1), 6.61 (m, 1H, H3), Ji3 g4 = 2.9
Hz, Jyous = 2.9 Hz; 13C-NMR (75.4 MHz, CDCl): § 25.11, 26.02, 2621, 26.62 [CMe;), 46.68 [C5],
64.49, 65.84 [C6, 76.95, 71.35 [C6"], 88.56, 90.49 [C6], 103.71, 103.87 [C4), 108.36, 108.65 [Cl],
109.76, 109.84 [CMe,], 148.54 [C3]).

<
© o
(o]
85
“-Acetoxyacetaldehyde (86).

2-Acetoxyacctaldehyde was obtained from allyl acetate in 38% yield by a procedure similar to
that used for the preparation of aldehyde 20. {!H-NMR (200 MHz, CDCl,): 8 2.05 (s, 3H, Ac), 4.55 (d,
2H, CH,), 9.47 (1, 1H, CHO), JCHZ_CHO = 0.3 Hz; IR (CDCly): 1746 cm’!, 1762 cm’!, 2713 em-1, 2817

Aco——l/o

cem-!y,

63-Hydroxymethyl-2,7-dioxa-bicyclo-[3,2,0])-hept-3-ene (88).

To a stirred solution of photo-adduct 2d (928 mg, 4.00 mmol) in methanol (100 mL) at room
temperature was added aqucous sodium hydroxide (15% w/v, 10.7 mL, 40.1 mmol). Afier 30 min, the
solution was ncutralized with 0.1% hydrochloric acid, concentrated in vacuo, extracted with ether (5 x
100 mL). The cther extracts were dried (Na,SO,), filtered and the solvent removed under reduced
pressure lo yicld a ycllow oil. Purification by flash chromatography(petrolcum cther / ethyl acetate, 1:1
v/v) afforded the utle compound (403 mg, 79% yield) as a clear oil. {!H-NMR (200 MHz, CDCl,): &
2.24 (s, br, ex, 1H, OH), 3.68 (dddd, 1H, HS), 3.73 (A of ABX, 1H, H6,), 3.82 (B of ABX, 1H, H6",),
4.61 (ddd, 1H, H6), 5.37 (1, 1H, H4), 6.30 (d, 1H, H1), 6.62 (dd, 1H, H3), Jy; 15 = 4.3 Hz, 3 44 = 29
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Hz, 3 55 = -1.1 Hz, Jyy s = 2.9 Hz, Jjjs.006 = 3.0 Hz, Jygg yiea = 34 He, Jppe e = 2.8 HA Jpgea ey -
3 12.8 Hz; LRMS (CI-NH3): m/e 146 (M + NH“*], 31.4%), 129 ((MH*], 100%), 111 ([MH* - HZO],
70.9%); HRMS (CI-NH3): m/c calcd. for CgHgOy [MH*], 129.0552; found, 129.0551)

6f-Acetoxymethyl-2,7-dioxa-bicyclo-{3,2,0]-hept-3-ene (87).
Alcohol 88 was acctylated in 72% yield by a procedure simular to that used for the preparation of
25a. {'H-NMR (200 MHz, CDCl,): 8 2.07 (s, 3H, Ac), 3.58 (dddd, 111, H5), 4.19 (A of ABX, 1H, H6'),

4.24 (B of ABX, 1H, H6'p), 4.63 (dddd, 1H, H6), 5.33 (t, IH, H4), 6.24 (dd, 1H, HI), 6.59 (dd, 1H, H3),
JH‘-HS =43 HZ, J“l-"ﬁ =-08 HZ, .1"3_“4 =29 Hz, .1“3_”5 =-1.2 Hz, .,”4_“5 =29 Hez, J”5 e = 3.2 Hz,
JHG-"@& =4.7 HZ, 1”6-“6'b =35 HZ, Jl(6'a-ll6'b =-12.3 HI,. LRMS (C!'NlL;) m/c 188 ([M + N”4'l,
24.0%), 171 ((MH*], 1.1%), 153 ((MH* - H,0], 100%); HRMS (CI-NH,): m/e calcd. tor Cylty 0,

[MH*, 171.0656; found, 171.0657}.
RO (o]
'LCO
/

87, R=Ac
88, R=H

Enzyme-Catalyzed Hydrolysis of (2d).

Porcine pancreatic lipase (215 mg) was added to a stured suspension of 2d (232 mg, 1.00 mmol)
in phosphatc buffer (10.0 mL, 10 mM, pH 7.00). Aliquots of a 0.1 N NaOH solution were added as
required to maintain the pH of the mixture between 6.95 and 7.05. After 4.5 h, a total of of 5 00 mL of
base solution had been added (50% conversion). The reaction muxture was extracted with cther (6 x 50
mL), and the combined extracts were washed with saturated aqueous sodium bicarbonate (200 mL) and
brine (200 mL). The organic layer was dned (Na,S0,), filtcred and the solvent removed in vacuo 10 give
a yellow syrup which was chromatographed over silica gel (petroleum cther / ethyl acetate, 4:1 v/v, then

1:1 v/v) to afford the starting ester (46% yield) and alcohol (42% yicld). Benzoylation of alcohol 88 via
standard methods yielded benzoate +2d in 45% yield. -2d: {[0]*0p, = -15.5° (¢ = 3.21, CH,Cly)}. +2d:

{[a]?% = +18.8° (¢ = 1.25, CH,Cl,), respectavely).

Enzyme-Catalyzed Hydrolysis of (44a),

Porcine pancreatic lipase (100 mg) was added to a surrcd suspension of 44a (123 mg, 050
mmol) in phosphate buffer (10.0 mL, 10 mM, pH 7.00). Aliquots of a 0.1 N NaOH solution were added
as required to maintain the pH of the mixtuie between 6.95 and 7.05. After 4.5 h, a total of of 2.50 mL
of base solution had been added (50% conversion). The reaction muxturc was extracted with cther (5 x

30 mL), and the combined extracts were washed with saturated aqucous sodium bicarbonate (106) mL)

140




brine (100 mL). The organic layer was dried (Na,80y), filtercd and the solvent removed in vacuo to give
l a ycllow syrup which was a mixture of unreacted ester -44a and very small amounts of alcohol 52 (as
indicated by 'H-NMR). Purification by flash chromatography (petroleum ether / ethyl acetate, 6:1 v/v)

afforded only the starting ester (36% yicld). The enantiomerically cnriched photo-adduct -44a was
transformed to oxctane +47b by the method described earlier. +47b: { [a]2°D =-7.5° (¢ =2.22,CHCly)}.

B
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4.7 Experimentals for Section 2.8,

3'a-Thyminyl-4'B-O-trimethylsilyl-6'8-benzoyloxymethyl-2',7'-dioxa-bicyclo-{3,2,0]-heptane (89a)
To a stirred solution of epoxide 23d (263 mg, 1.06 mmol) in dry tetrahydrofuran (5 mL) at room
temperature under an atmosphere of nitrogen was added bis-(trimethylsilyl)-thymine (860 mg, 3.18
mmol) and zinc chloride (1.0M solution in ether, 1.06 mL., 1.06 mmol). After 18 h, the reaction mixture
was poured into cold saturated aqueous sodium bicarbonate (50 mL.), extracted with methylene chloride
(5 x 50 mL) and washed with brine (5 x 50 mL). The combined organic phascs were then dricd
(Na,S0,), filtered and the solvent removed under reduced pressure to yicld a clear syrup which was
chromatographed over silica gel (methylene chloride / methanol, 100:1 v/v) affording nuclcoside 89a
(312 mg, 66% yield) as a white foam. {!H-NMR (200 MHz, CD,Cl,): § 0.18 (s, 9H, Mc;$1), 1.92 (d,
3H, CH, at C5), 3.34 (1, 1H, H5), 4.35 (ddd, 1H, H6'), 4.41 (A of ABX, 1H, H6",),4.52 (B of ABX, 1H,
H6",), 4.74 (s, 1H, H4"), 5.94 (s, 1H, H3'), 6.28 (d, 1H, H1'), 7.43 - 7.65 (m, 3H, Ph), 7.95 (d, 1H, H6),
8.02 - 8.08 (m, 2H, Ph), 9.69 (s, br, ex, 1H, NH), Jy; ys» = 4.1 Hz, Jj15 116 = 4.4 HZ, )16 116a = 34 Ho,
Ine-He = 34 Hz, Jygapen = -11.8 Hz, Jyg me = -1.1 Hz; 3C-NMR (75.4 MH:, CDCly). § -0.12
[(CHy),Si), 12.52 [CH,4 at C5], 50.97 [C5'], 65.15 [C6”], 76.76 [C6'], 78.11 [C4'], 99.02 [C3'], 109.47
[C5], 11045 [C1'], 128.39, 129.52 and 133.32 {aromauc CH], 129.17 {aromatic C], 135.68 {C6], 151.00
[C2], 164.55 [CA4], 165.96 {CO}; LRMS (CI-NH;): mfe 464 (IM + NH,*], 28.6%), 447 ({MH*], 100%),
357 ([MH* - Me,4SiOH], 78.9%); HRMS (CI-NH,): m/e calcd. for C),Hy7N,O,;Si [MH*), 447.1589;

found, 447.1587).

Bz0 0
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895, B=Thymine
89b, B~Cytosine

3'a-Cytosinyl-4'B-O-trimethylsilyl-6'2-benzoyloxymethyl-2',7'-dioxa-bicyclo-[ 3,2,0]-heptane (89b).
Epoxide 23d and bis-(nmethylsilyl)-cytosine afforded nuclcoside 89b in 58% yield by a
procedure similar to the one used for the preparation of nuclcoside 89a. {'H-NMR (200 MH, CDCl5)- 8

0.16 (s, 9H, Me,Si), 3.25 (1, 1H, HS'), 4.23 (ddd, 1H, H6"), 4.38 (A of ABX, 1H, H6",), 4.51 (B of ABX,
1H, H6",), 4.74 (s, 1H, H4Y), 578 (d, 1H, H5), 5.95 (s, 1H, H3), 6.24 (d, 1H, H1'),7.35 (s, br, ex, 2H,
NH,), 7.39 - 7.61 (m, 3H, Ph), 8.00 - 8.06 (m, 2H, Ph), 8.11 (d, 1H, H6), Jjj; s = 4.3 He, Jyps e = 40
Hz, Jye e = 3-8 Hz, Jyg e = 3-9 Hz, Jygre.pin = -12.4 Hz, Jyys.1y6 = 76 Hz; 13C-NMR (75.4 MHy,
CDCly): 8 0.07 [(CHy),Sil, 51.08 [CS'], 65.24 [C6"), 76.74 [C6'], 77.76 [C4'}, 93.85 [CS), 99.85 [C3),
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110.56 [C1'], 128.48, 129.64 and 133.39 [aromauc CH], 129.31 [aromatic C], 141.16 [C6), 156.32 [C2],
165.90 [C4], 166.07 [PhCO}; LRMS (CI-NH3): m/c 432 ((MH'], 25.3%)}.

3a-Methoxy-4)-hydroxy-65-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (24a’).
Acectal 24a' was formed when epoxide 23d was subjected to flash chromatography using
methylenc chloride / methanol as eluent. {'H-NMR (200 MHz, CDCl,): & 1.95 (d, ex, 1H, OH), 3.29 (1,

1H, HS), 3.48 (s, 3H, Mc0), 4.37 (d, I1H, H4), 4.42 (A of ABX, 1H, H6',), 4.52 (B of ABX, 1H, H6'),
4.73 (ddd, 1H, H6), 5.25 (s, 1H, H3), 6.06 (d, 1H, H1), 7.44 - 7.65 (m, 3H, phceny!), 8.04 - 8.09 (m, 2H,
phenyl), Jijy.ys = 4.1 Hz, Jyy on = 5.0 Hz, Jyy5146 = 4.3 He, Jye pea = 4-3 Hz, Jjg e = 3.1 Hz, Jjig,.
Heb= -12.4 Hz; LRMS (CI-NH:,): m/c 281 ([MH*], 10.9%), 249 ({MH* - McOH], 98.1%)}.

BzO (o]

"loMe
HO
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3'a-Thyminyl-4'S-hydroxy-6'B-benzoyloxymethyl-2*,7'-dioxa-bicyclo-[3,2,0}-heptane (90a).

To a stirred solution of nucleoside 89a (322 mg, 0.722 mmol) in dry tetrahydrofuran (20 mL) at
room temperature under an atmosphere of nitrogen was added tetra-n-butylammonium fluoride (1.0M
solution in tetrahydrofuran, 1.08 mL, 1.08 mmol). After 1 h, the solvent was removed in vacuo 1o yield a

whitc sohid which was chromatographed over silica gel (methylenc chloride / methanol, 20:1 v/v)
affording nucleosidc 90a as a white solid (246 mg, 91% yield). {'H-NMR (200 MHz, CDCly): 6 1.91(d,

3H, CH, at C5), 3.29 (1, 1H, HS"), 3.48 (s, br, ex, IH, OH), 4.33 (ddd, 1H, H6), 4.46 (A of ABX, 1H,
H6",),4.57 (B of ABX, 1H,H6"}), 592 (s, 1H, H3), 6.27 (d, 1H, HI'), 7.41 - 7.63 (m, 3H, Ph), 7.92 d,
1H, H6), 8.02 - 8.14 (m, 2H, Ph), 10.20 (s, br, ex, IH, NH), Jj;- s = 4.1 Hz, Jis.pie = 4.2 Hz, Ty pi6s
= 4.1 Hz, Jyg.jiep = 3-8 He, Jygra.hin = -12.3 Hz, Jj o mc = -1.1 Hz; 1’C-NMR (75.4 MHz, CDCl): §
12.64 [CH4 at C5], 49.61 [CS], 65.08 [C6"], 77.53 [C6'], 78.89 [C4'"), 100.02 [C3], 110.50 [C5], 110.97
[C1'}, 128.56, 129.72, 13348 {aromatic CH], 129.35 [aromatic C], 135.71 [C6), 151.48 [C2], 164.55
[C4], 166.12 [PhCOJ; LRMS (CI-NH,): m/e 392 (IM + NH,*], 8.4%), 375 ([MH"*], 100%), 357 ([MH* -
H,0], 49.1%); HRMS (CI-NH;): m/e calcd. for CygH,oN,0, [MH*], 375.1192; found, 375.1192).

3'a-Cytosinyl-4'B-hydroxy-6'B-benzoyloxymethyl-2',7'-dioxa-bicyclo-[3,2,0]-heptane (90b).
Nucleoside 90b was obtained in 96% yield as a white foam by a procedure identical to the one
described for the preparation of nucleoside 90a. {!H-NMR (200 MHz, CD-OD): § 3.41 (1, IH, HS'), 4.34

(A of ABX, 1H, H6",), 4.39 (ddd, 1H, H6'), 4.44 (B of ABX, 1H, H6")), 4.65 (s, 1H, H4'), 5.88 (d, 1H,
HS), 6.00 (s, 1H, H3"), 6.26 (d, 1H, HI), 7.47 - 7.68 (m, 3H, Ph), 8.04 - 8.10 (m, 2H, Ph), 8.24 (d, 1H,
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H6), Jyy.ns =44 Hz, Jyg e = 4.9 Hz, Jyg e = 4.1 Hz, Jjjg gy = 28 Hz, Jygra iy = -12.5 He, Jyg.
16 = 7.5 Hz; LRMS (CI - NH): mle 377 (M + NH,*], 1.3%), 360 ([MH*], 100%), 249 ([MH* -
eytosine], 20.2%); HRMS (C1 - NH,): m/e calcd. for Cj;H,gN3O, [MH*], 360.1196; found, 360.1195).
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90a, B=Thymine
90b, B=Cytosine

3'a-Thyminyl-4'B-hydroxy-6'-hydroxymethyl-2',7'-dioxa-bicyclo-[3,2,0]-heptane (91a).

An icc-cold soluton of nuclcoside 90a (381 mg, 1.02 mmol) in anhydrous mcthanol (20 mL)
was saturated with ammonia gas and allowed to warm to room temperature. After 20 h, the reacuon was
heated to boiling for 0.5 h, allowed to cool and the solvent removed under reduced pressure to yicld a

white sohd which was washed repeatedly with c¢ther.  Recrystallizaion from mcthanol yielded bone
white crystals of nucleoside 91a (226 mg, 82% yicld, m.p. 194-196°C). {!H-NMR (200 MH., CD,0D):

o 1.86 (d, 3H, CH, at C5), 3.28 (t, 1H, H5'), 3.63 (A of ABX, 1H, H6",), 3.69 (B of ABX, 1H, H6",),
4.14 (ddd, 1H, H6'), 4.59 (s, 1H, H4'), 5.97 (s, IH, H3'), 6.17 (d, 1H, HI'), 8.05 (d, 1H, H6), J;;; s = 4.2
Hz, Jys pe = 44 Hz, Jyg i = 3.8 Hew Jyg g = 3.2 He, Jygrg i = -12.6 He, Jyyg e = -1.2 He; PC-
NMR (75.4 MH¢, CD,0D): 8 13.57 [CH, at C5], 51.42 [C5'], 65.22 [C6"], 80.06 [C6'], 82.63 [C4'),
101.48 [C3'], 110.92 [C5], 112.86 [C1'], 138.38 [C6], 153.42 [C2], 167.46 [C4]; LRMS (CI-NH;)' m/c
271 (IMH*], 100%), 253 ((MH* - H,0], 7.7%); HRMS (CI-NH,): m/e calcd. for C,,H,sN,0¢ [MI1*],
271.0931; found, 271.0930}. Anal. calcd. for C;;H;4N,O: C, 48.89; H, 5.22; N, 10.37, found: C, 48.52;

H, 5.49; N, 10.46.
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91b, B=Cytosine

3'a-Cytosinyl-4'B-hydroxy-6'3-hydroxymethyl-2',7'-dioxa-bicyclo-[3,2,0 ]-heptane (91b).

Nucleoside 91b was obtained in 77% yicld as a white powder by a procedure identical to the one
described for the preparation of nucleoside 91a. {'H-NMR (200 MH¢, CD;0D): § 3.24 (1, 1H, HS'), 3.62
(A of ABX, 1H, H6",), 3.67 (B of ABX, 1H, H6",), 3.98 (ddd, 1H, H6'), 4.52 (s, IH, H4), 5.83 (d, IH,
HS), 5.94 (s, 1H, H3'), 6.13(d, 1H, HI'), 8.21 (d, 1H, H6), }};; s = 4.1 Hz, Jys e = 4.6 He, Jyyg 116 =
4.1 Hz, Jye nev = 3-2 Hz, g a nep = -12.6 Hz, Jys e = 7.5 Hz; BC.NMR (75.4 MH¢,, CD,0D); §
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50.41 [C5'], 64.41 [C6"], 79.05 [C4'], 81.73 [C6'], 95.07 [C5], 101.41 [C3'], 112.10 [C1'], 142.17 [Ce6],

158.76 [C2], 167.99 [C4]); LRMS (FAB - glycerol): m/e 278 (M + Na*), 23.2%), 256 ((MH*], 35.4%);
HRMS (FAB - glyccrol): m/e caled. for CygH,4N;O5 [MH*], 256.0933; found, 256.0933}.

Nucleaside (92).
To a stirred solution of nucleoside 8%a (322 mg, 0.72 mmol) in anhydrous methanol (22 mL)

under an atmosphcere of nitrogen at room temperature was added trifluoroacetic acid (63 mL, 0.72 mmol).
After 30 min, the solution was ¢vaporated to dryness. The residue was redissolved in methylene chloride
(100 mL), washed with saturated aqueous sodium bicarbonate (100 mL), brine (100 mL), dried (Na,SO,),
filtered and the solvent removed in vacuo to yield the title compound in quantitative (493 mg) yicld as a
white foam. {'H-NMR (200 MHz, CD,Cl,): 8 1.82 (d, 3H, CH, at C5), 2.45 (ddd, 1H, H3'), 3.42 (s, 3H,
Me0), 4.31 - 4.45 (m, 5H, H2', H3", H3",, H3™,, OH), 5.33 (d, ex, 1H, OH), 5.34 (d, 1H, H4"), 5.94 (d,
1H, H1Y), 7.34 - 7.62 (m, 3H, Ph), 7.49 (d, 1H, H6), 8.03 - 8.08 (m, 2H, Ph), 10.39 (s, br, ex, 1H, NH),
.’lnv.uz' =52 l{l,. ‘1“3'-"4' = 4.5 P‘Z, .]0"_“2' or H3" = 0.8 HZ, "”6—M6 =-08 HZ; HC-NMR (75.4 MHZ,
CDCl,): 6 12.36 [CH,4 at C5], 54.26 [C3'], 56.26 [CH,0], 67.71 [C3™], 67.86 [C3"], 77.28 [C2'], 90.90
[C1'), 105.40 [C4'), 109.96 [C5], 128.41, 129.76, 133.26 [aromatic CH], 129.66 [aromatic C], 136.64
[C6], 151.87 [C2], 164.32 [C4], 166.84 [PhCO]; LRMS (CI-NH;): m/e 424 ([M + NH,*], 2.6%), 407
([MH*}, 22.2%), 375 ((MH* - McOH], 100%), 281 ((MH* - thymine], 12.3%); HRMS (CI-NH,): m/e
calcd. for C;gH,3N,O4 [MH*], 407.1455; found, 407.1454}.
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Nucleoside (93).
Nucleoside 93 was obtained in 86% yicld as a white powder by a procedure identical to the one
described for the preparation of nucleoside 91a. {!H-NMR (200 MHz, CD;0D): 6 1.85 (d, 3H, CH; at

CS), 2.19 (ddd, 1H, H3), 3.39 (s, 3H, Mc0), 3.51 (A of ABX, 1H, H3"), 3.56 (B of ABX, 1H, H3",),
3.85 (ddd, 1H, H3"), 4.16 (1, 1H, H2), 5.10 (d, 1H, H4"), 6.01 (d, 1H, HI"), 7.52 (d, 1H, H6), J;j;jy2 =
1.2 Hz, gy = 8.2 Hz, Jjpy gy = 4.8 Hz, Jyyge yimy = 74 Hz, Iz i3 = 44 HZ, oy 1130 = -10.9 Hz,
Jvn = 4.2 Hz, Y e = -1.3 Hzg 13C-NMR (75.4 MHz, CD,0D): § 1236 [CHj at C5], 55.29 [C3),
56.14 [CH;0), 65.93 [C3™], 71.24 [C3"], 75.91 [C21), 88.63 [C1'], 105.18 [C4'], 112.18 [C5], 137.82
[C6], 152.77 [C2), 166.11 [C4); LRMS (CI-NH,): m/e 303 (MH*], 39.1%), 271 ([MH* - McOH],
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100%); HRMS (CI-NH,): m/e calcd. for C;,H,gN;0; [MH*], 303.1191; found, 303.1192}. Anal. calcd.
for C,,H,gN,0,H,0: C, 45.00; H, 6.29; N, 8.75; found: C, 44.83; H, 6.19; N, 8.67.

3'a-Thyminyl-4'B-acetoxy-6'3-benzoyloxymethyl-2',7'-dioxa-bicyclo-[3,2,0}-heptane (94a).

Nucleoside 90a was acetylated in 90% yield by a procedure similar to that used for the
preparation of 25a. {'H-NMR (200 MHz, CDCl,): 8 1.92 (d, 3H, CH, a1 C5), 2.10 (s, 3H, Ac), 3.40 t,
1H, HS"), 4.47 (A of ABX, 1H, H6",), 4.55 (ddd, 1H, H6), 4.64 (B of ABX, 1H, H6"}), 5.55 (s, 1H, H4"),
6.22 (s, 1H, H3), 6.23 (d, 1H, HI'), 7.41 - 7.62 (m, 3H, Ph), 7.83 (d, 1H, H6), 8.02 - 8.07 (m, 2H, Ph),
9.18 (s, br, ex, 1H, NH), Jii; s = 4.1 Hz, Jys e = 3.5 Hz, Jyyg 1i6ma = 3.1 Hz, Jyg 16 = 3.0 Hz, Jj60,.
Hep = -11.9 Hz, Jgg ae = -1.1 Hz; 13C-NMR (75.4 MHz, CDCl,): § 12.80 [CH, at CS5), 20.88 |CH4CO),
49.00 [CS, 64.78 [C6"], 77.39 [C6'], 79.71 {C4'], 95.73 [C3], 109 69 [C1'], 110.55 {C5), 128.48,
129.60, 133.38 [aromatic CH], 129.23 [aromatic C), 134.95 [C6), 150.39 [C2], 163.68 [C4], 165.83
[PhCO], 169.32 [CH,CO]}.

Bz20 o
0
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94b, R=CH,CH,CH,CH(CH,)CO
94c, R=PhC(OCH,)(CF4)CO

3'a-Thyminyl-4'B-(0-methylvaleryloxy)-6'f-benzoyloxymethyl-2',7'-dioxa-bicyclo-[3,2,0)-heptane
(94b).

To a surred solution of nuclcoside 90a (37 mg, 0.10 mmol) and 2-methylvalenc acid (125 pl,
1.00 mmol) in dry acetonitrile (5 mL) at room temperature under an atmosphere of mitrogen was added
N N-dimethylaminopyridine (24 mg, 0.20 mmol) and 1,3-dicyclohexylcarbodumide (206 mg, 1.00
mmol). After 18 h, aceuc acid (13 pL) and methanol (66 pL.) were added and surring was continucd for
30 min. The reaction mixture was pourcd into saturated aqucous sodium bicarbonate (50 mL) and
extracted with methylene chloride (3 x 50 mL). The organic layer was dned (NaySO,), filtered and the
solvent removed in vacuo to afford a white sohid. Punfication by flash chromatography (methylene

chloride / methanol, 30:1 v/v) gave the title compound (mixture of 2 inscparable diastercomers, 1:1), (45
mg, 95% yield) as a white solid. ('H-NMR (200 MHz, CDCl,): § 0.87, 0.88 (2t, 3H, CH,CH,), 1.13,

1.15 (2d, 3H, CH,CH), 1.18 - 1.81 (m, 4H, CH,CH,), 1.92 (s, br, 3H, CH; at C5), 2.47 (m, 1H, CHCO),
3.33,3.34 (21, 1H, HS"), 4.47 (A of ABX, 1H, H6",), 4.55 (m, 1H, H6), 4.64 (B of ABX, 1H, H6"), 5.52,

5.54 (2s, 1H, H4'), 6.22 (s, 1H, H3'),6.23 (d, IH, HI'), 7.41 - 7.86 (m, 3H, Ph), 7.83 (s, br, 1H, H6), 8.02
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-8.08 (m, 2H, Ph), 8.81, 8.86 (25, br, ex, 1H, NH), Jyyp- s = 4.1 Hz, Sy e = 69 Hz, 7.0 Hz, Joy, on, =
7.0 Hz, 7.1 Hz, 1"5'-"6' =4.2 HZ. 44 Hz, JH6'-H6"I =29 HZ. JH6'-H6"b =30 HZ, JHG"I-HG"b =-.119 H'I.].

3’a-Thyminyl-4'B-(a-methoxy-a-(triﬂuoromethyl)-phenylaceloxy)-6'B-benzoyloxymethyl-2‘,7'-
dioxa-bicyclo-[3,2,0]-heptane (94c).

Nucleoside 90a (37 mg, 0.10 mmol) and 2-methoxy-2-(trifluoromethyl)-phenylacetic acid (234
mg, 1.00 mmol) gave the title compound (mixture of 2 inscparable diastereomers, 1:1), (48 mg, 82%
yicld) as a white solid by a procedure analogous to the one used for the preparation of 94b. ('H-NMR
(200 MHz, CDCl,): & 1.86 (s, br, 3H, CHj a1 C5), 3.31 (1, 1H, HS", 3.76 (s, 3H, MeO), 4.21 - 4.86 (m,
3H, H6', H6",, H6",), 4.70, 4.74 (25, 1H, H4), 591, 6.02 (2s, 1H, H3"), 6.26 (d, 1H, H1’), 7.29 - 7.68 (m,
8H, Ph), 7.93 (s, br, 1H, H6), 8.02 - 8.06 (m, 2H, 1), 9.25 (s, br, ex, 1H, NH), Jij;. 5 = 3.9 P~ Jys o

=4.1 Hz}.
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48 Experimentals for Section 2.9.

3o-Chiloroacetoxy-4p-hydroxy-63-benzoyloxymethyl-2,7-dioxa-bicyclo-{3,2,0]-heptane (97a).

To a solution of epoxide 23d (50 mg, 0.20 mmol) in dry methylenc chloride (5 mL) under
nitrogen at room temperature was added chloroacetic acid (19 mg, 0.20 mmol) and the reaction mixture
was allowed to stir for 16 h. The solution was diluted with methylene chloride (25 mL), washed with
saturated aqueous sodium bicarbonate (25 mL), brine (25 mL), dned (Na,SO,), filtered and the solvent
removed in vacuo to yicld a yellow syrup. Chromatography over silica gel (petroleum ether / cthyl
acetate, 1:1 v/v) afforded 97a (31 mg, 45% yield) as a clear 0il. {'H-NMR (200 MHz, CDCly): 8 2.67 (s,
br, ex, 1H, OH), 3.40 (di, 1H, HS), 4.13 (s, 2H, CH,Cl), 4.49 (A of ABX, IH, H6',), 4 53 (s, 1H, H4),
4.58 (B of ABX, 1H, H6',), 4.75 (ddd, 1H, H6), 6.15 (d, 1H, H1), 6.50 (d, 1H, H3), 7.40 - 7.63 (m, 3H,
Ph), 8.03 - 8.08 (m, 2H, Ph); Jyy,.1ys = 4.0 Hz, Jyy3 145 = -1.0 Hz, Jys 146 = 4.3 Hz, T 160 = 42 He, Dy
Heb = 3-2 Hz, Jyga e = -12.5 Hz}.

3a-Bromoacetoxy-4p-hydroxy-6f-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (97b).
Epoxide 23d (42 mg, 0.17 mmol) and bromoacetic acid (24 mg, 0.17 mmol) gave the utle

compound (36 mg, 55% yield) as a hght yellow oil by a procedure similar to the one used for the
preparation of 97a. {'H-NMR (300 MHz, CDCly): 8 3.19 (d, ex, 1H, OH), 3.39 (1, 1H, H5), 3.89 (5, 1H,

CHHBr), 3.90 (s, 1H, CHHBr), 447 (A of ABX, 1H, H6',),4.57 (B of ABX, IH, H6'),4.58 (d, IH, 114),
4,77 (ddd, 1H, H6), 6.13 (d, 1H, Hl), 6.46 (s, 1H, H3), 7.37 - 7.59 (m, 3H, Ph), 7.99 - 8.05 (m, 2H, Ph),
Jurus = 4-0Hz, Jyq.on = 4.3 Hz, Jys ye = 44 Hz, Jye g, = 4-3 He Jyg yien = 3.2 Heu yg, mien = -12.5
idz; 3C-NMR (75.4 MHz, CDCl,): § 25.79 (CH,Br], 49.37 [C5], 65.54 [C6'], 76.31 {C4}, 76.72 [C6],
106.77 [C3), 109.04 [C1), 128.52, 129.65, 133.45 [aromatic CH], 129.32 [aromatic C], 166.22, 166.38
[COJ); LRMS (CI-NH3): m/c 406, 404 ((M + NH,*], 34.6%, 34.9%), 389, 387 (IMH*], 4 6%, 3.3%), 249
([MH* - BrCH,COOH], 37.9%); HRMS (CI-NH;) m/c calcd. for C,sH;)NO;7%Br (M + NH,*},

404.0346; found, 404.0344}.

BzO (o}
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978, X=Cl
97b, X=Br

3a-Chloroacetoxy-4f3-1-butyldimethylsilyloxy-63-benzoyloxymethy!-2,7-dioxa-bicyclo-[3,2,0)-
heptane (98a).

Alcohol 97a was silylated by a procedure similar to that used for the preparation of 19.
Purification by flash chromatography (hexanes / ethyl acetate, 9:1 v/v) gave the title compound in 41%
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yicld as a clear oil. {!H-NMR (200 MHz, CDCl,): 8 0.07, 0.09 (2s, 6H, -BuSiMe,), 0.84 (s, 9H, ¢-
BuSiMe,), 3.23 (dt, 1H, H5), 4.13 (s, 2H, CH,Cl), 441 (s, 1H, H4), 4.49 (A of ABX, 1H, H6'), 4.56 (B
of ABX, 1H, H6'y), 4.72 (ddd, 1H, H6), 6.14 (d, 1H, H1), 6.40 (d, 1H, H3), 7.41 - 7.62 (m, 3H, Ph), 8.03
- 8.09 (m, 2H, Ph); Jy;.us = 4.1 Hz, Jy3.ys= -0.9 Hz, Jys ¢ = 4.4 Hz, Iy pnga = 49 Hz, Jyg ey, = 3.8
Hz, J 6 a6 = -12.2 Hz].

3a-N1.Imidazoylacetoxy-4[3--butyldimethylsil yloxy-6[3-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-
heptane (98b).

To a solution of alcoho! 97b (39 mg, 0.10 mmol) in dry N.N-dimethylformamide (0.5 mL) under
nitrogen at room temperature was added imidazole (21 mg, 0.30 mol) and r-butyldimethylsilyl chloride
(23 mg, 0.15 mmol) and it was allowed to stir until all of the starting material was consumed (72 h). The
recaction mixture was diluted with cthyl acetate (30 mL), washed with water (3 x 25 mL), brine (25 mL),
dricd (Na,80,), filtered and the solvent removed in vacuo to yield a yellow syrup. Purification by flash
chromatography (petroleum ecther / ethyl acetate, 1:1 v/v) afforded the title compound (17 mg, 36% yicld)
as a hight yellow oil. {!H-NMR (200 MHz, CDCl,): 6 0.04, 0.06 (2s, 6H, +-BuSiMe,), 0.83 (s, 9H, ¢-
BuSiMc;), 3.18 (1, 1H, HS), 4.30 (s, 1H, H4), 4.34 (ddd, 1H, H6), 4.44 (A of ABX, 1H, H6',), 4.52 (B of
ABX, 1H, H6Y), 4.79 (s, 2H, CH,), 6.12 (d, 1H, H1), 6.39 (s, 1H, H3), 6.98, 7.07 (2d, 2H, N-CH=CH-
N), 7.41 - 7.63 (m, 3H, Ph), 745 (s, 1H, N-CH=N), 8.04 - 8.09 (m, 2H, Ph); Ji1;.;4s = 4.0 Hz, Jjs 146 =
43 Hz, Jyeiea = 41 Hz, Jygyien = 4-1 Hz, Jygra.nien = -12.2 Hz, Jycpney = 0.7 Hz; 13C-NMR (75.4
MHz, CDCl,): & 17.95 [(CH,),CSiMe,], 25.55 [#-BuSiMe,], 25.55 [(CH;),CSiMe,], 48.27 [CH,)}, 50.51
{CS), 65.71 [CE'], 76.25 [C6], 77.31 [C4), 106.66 [C3], 109.11 [C1], 120.23 [N-CH=CH-N], 128.54,

129.69, 133.43 [aromauc CH]), 129.47 [aromatic C], 133.62 [N-CH=N], 166.02, 166.22 [CO); LRMS
(CI-NH3): m/c 489 (IMH*], 100%), 363 ([MH* - (imid-CH,COOH)], 20.8%)}.
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Ja-Bromoacetoxy-4p-t-butyldimethylsilyloxy-63-benzoyloxymethyl-2,7-dioxa-bicyclo-3,2,0]-
heptane (98¢).

To an ice-cooled solution of alcohol 97b (39 mg, 0.10 mmol) in dry methylene chloride (250
uL) under an atmosphere of nitrogen was added 2,6-lutidine (35 gL, 0.30 mol) and 1-butyldimethylsilyl
trifluoromethancsulfonate (46 uL, 0.20 mmol) and the reaction allowed to sur until all of the starting
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material was consumed (2 h). The reaction mixture was diluted with methylene chloride (30 mL),
washed with cold 5% aqueous sodium carbonate (25 mL), brinc (25 mL), dricd (Na,S0,), filtered and the
solvent removed in vacuo to yield a clear residue. Purificauon by flash chromatography (petroleum cther

/ ethyl acetate, 3:1 v/v) afforded the title compound (29 mg, 58% yicld) as a colourless o11. {!H-NMR
(200 MHz, CD,Cl,): 6 0.11, 0.12 (2s, 6H, -BuSiMe,), 0.88 (s, 9H, ¢-BuSiMc,), 3.29 (di, 1H, HS), 3.95

(s, 2H, CH,Br), 4.46 (s, 1H, H4), 4.48 (A of ABX, 1H, H6',), 4.57 (B of ABX, 1H, H6}), 4.77 (ddd, 1H,
H6), 6.14 (d, 1H, H1),6.53 (d, 1H, H3), 7.44 - 7.66 (m, 3H, Ph), 8.05 - 8.10 (m, 2H, Ph); Jj;, 5= 4.1 Hz,
Jha-ns = 0.7 Hz, Jys e = 4.5 Hz, Iy nga= 4.5 Hz, Jyg pien = 3.9 Hz, Yy new = -12.3 Hz: 'C-NMR
(75.4 MHz, CD,Ch): § 18.22 [(CH;),CSiMe,], 25.73 [-BuSiMe,), 25.73 [(CH,),CSiMc,], 26.49
[CH,Br], 50.90 [CS5}, 66.18 [C6'), 76.74 [C6], 77.69 [C4), 107.57 [C3], 109.61 [C1], 128.87, 129.92,
133.65 [aromatic CH], 130.07 [aromatic C], 166.19, 166.41 [CO}; LRMS (CI-NH,): m/c 520, 518 ({M +
NH,4*1, 8.7%, 5.7%), 503, 501 ((MH*], 1.3%, 1.0%), HRMS (CI-NH,)" m/c calcd. for C;,H;0,17%Br

[MH*], 501.0941; found, 501.0944).

3a-Bromoacetoxy-43-acetoxy-63-benzoyloxymethyl-2,7-dioxa-bicyclo-[3,2,0]-heptane (101),
Alcohol 97b was acetylated in 95% yield by a procedure similar to that used for 25a. {{TH-NMR
(200 MHz, CDCl,): & 2.07 (s, 3H, CH,3), 345 (t, 1H, HS), 391 (s, 2H, CH,Br), 4.51 (A of ABX, 1H,

HE,), 4.60 (B of ABX, 1H, H6'), 4.86 (ddd, 1H, H6), 5.36 (s, 1H, H4), 6.14 (d, 1H, H1), 6.53 (s, 1H,
H3), 7.41 - 7.62 (m, 3H, Ph), 8.04 - 8.09 (m, 2H, Ph); Jy;; 1is = 4.1 Hz, Jjjs 116 = 4.3 Hz, Iy 116 = 4.0 Ho,
Jie.Heb = 33 Hz, Jygy ngn = -12.5 Hz: 13C-NMR (75.4 MHz, CD,Cl,) § 20.84 [CH,), 26.27 [CH,Br],
47.69 [CS5], 65.61 [C6'), 76.82 [C6], 77.57 [C4], 104.20 [C3], 109.07 [C1], 128.86, 129.90, 133.65
[aromatic CH}, 130.01 [acomauc C], 166.22, 166.38 [CO], 169.89 [CH,CO]; LRMS (CI-NH,). m/c 431,
429 ([MH'], 15.1%, 20.8%), 291 (IMH* - BrCH,COOH], 100%); HRMS (CI-NH;): m/c caled for
C;7H, 504" Br [MH*}], 429.0186; found, 429.0185).

BzO (o]

AcO

Bicyclic Furanoside (99a).

To a solution of 98¢ (50 mg, 0.10 mmol) in dry acetonitrile (500 puL) under an atmosphere of
mtrogen at room temperature was added a stock solution of bis-(tnmethylsilyl)-N®-adenine in 1,2-
dichloroethane (0.339 M solution, 324 pl., 0.11 mmol) and silver triflate (26 mg, 0.10 mmol). After

stiming for 1 h, the reaction mixture was dilsted with mcthylene chlonde (25 mL), washed with saturated
aquecous sodium bicarbonate (30 mL), brine (30 mL), dned (Na,SOy), filtered and the solvent removed in
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vacuo yiclding a yellow residue. Purification by flash chromatography (methylenc chloride / methanol,

100:3 v/v) afforded nuclcoside 99a (40 mg, 61% yicld) as an unstable light yellow oil. {!H-NMR (200
MHz, CD,Cl,): 6 0.04, 0.07 (2s, 6H, 1-BuSiMe;,), 0.75 (s, 9H, 1-BuSiMe,), 2.29 (ddd, 1H, H2'), 3.80 (s,

2H, OCH,CO0), 4.22 (m, 4H, H2", H2",, H2",, H3"), 5.61 (s, 1H, H4'), 5.79 (d, 1H, H1"), 7.39 - 7.59 (m,
6H, Ph), 7.84 - 7.92 (m, 4H, Ph), 8.57 (s, 1H, H8), 8.80 (s, 1H, H2), 11.44 (s, br, ex, 1H, NH), Jy; . =
5.2 Hz; 13C-NMR (75.4 MHz, CDCly): § 17.99 [Me4CSiMe,), 25.32(r-BuSiMe,), 25.54 [Me;CSiMe,],
26.15 [OCH,CO], 58.30 [C2'], 67.19 [C2™], 68.29 [C2"], 78.08 [C3'], 91.08 [C1'], 104.13 [C4'], 113.76
[CS], 128.56, 128.87, 129.75, 129.86, 132.69, 133.77 [aromauc CH], 129.53 [aromauc C-COOCH,],

135.19 [aromatic C-CON], 146.38 [C8], 147.10 [C4], 154.04 [C2], 154.30 [C6], 165.99, 166.35, 167.07
(COl).

Bicyclic Furanoside (99b).
Acetal 101 (43 mg, 0.10 mmol) and a stock solution of bis-(trimethylsilyl)-N®-adenine in 1,2-

dichloroethanc (0.339 M solution, 324 pL, 0.11 mmol) gave the title compound (41 mg, 70% yield) as an
unstable white foam by a procedure analogous to the one used for the preparation of nucleoside 99a.
{TH-NMR (200 MH¢, CD,Cl,):  2.01 (s, 3H, Ac), 2.39 (ddd, 1H, H2'), 3.81 (s, 2H, OCH,CO), 4.17 (A
of ABX, 1H, H2",), 4.33 (B of ABX, 1H, H2")), 4.37 (ddd, 1H, H2"), 5.16 (d, 1H, H3'), 5.60 (s, 1H,
H4'), 5.86 (d, 1H, H1'), 7.44 - 7.88 (m, 6H, Ph), 7.94 - 8.04 (m, 4H, Ph), 8.58 (s, 1H, H8), 8.76 (s, 1H,
H2), 11.43 (s, br, ex, 1H, NH), Jyj; ;12 = 4.6 Hz, Jjj5 3 = 3.3 Hz; 13C-NMR (75.4 MHz, CDCl,) &
20.78 [CH4CO], 25.30 [OCH,CO], 55.80 [C2']}, 66.76 [C2™], 68.03 [C2"], 78.59 [C3], 90.68 [C1'],
100.93 [C4], 113.10 [CS], 128.52, 128.61, 129.33, 129.59, 132.68, 133.47 [aromatic CH], 129.00
jaromauc C-COOCH,], 134.29 [aromatic C-CON], 145.92 [C8], 146.42 [C4], 154.27 [C2], 154.53 [C6],
165.13, 166.13, 166.80 [CO], 169.99 [CH,CO]).
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S. APPENDICES.
APPENDIX 1. Antifeedant Testing of Photo- Adducts.

Protecting our food supply from predatory nsceet attack in an ecologically responsible manner
has led to increased interest in behavior altering chemucals from natural sources. The Induin neem tree,
Azadirachta Indica A. Juss (Mchiaceac)!™ has provided a large quantity of materials, of which one
component, azadirachtin has reccived a great deal of attention!™,  Azadirachtin possesses extremely

potent biological activity as a growth regulatory and antifecdant agem!93,

0

AcO"

o

Azadirachtin

MeOZC E—

This has led 10 a geat deal of rescarch into the understanding of the structure actvity
relationships and to synthesize simpler compounds which exhibit similar biological activity'™®. Recently,
it was reported that antifecdancy can be demonstrated using relatively simple  hydroxytricychic
hydrofuran derivatives of the type 109'%. In studies carried out by Ley, it was shown that salannin and
derivatives thercof are poor anufcedants, thus indicating that the left hand side of azadirachtin 1s not

responsible for its biological activity!%.

103 Morgan, E. D.; Butterworth, J. H., J. Chem. Soc, Chem. Cormmun., 23 (1968)

104 Ley, S.V.; Anderson, J. C.; Blaney, W. M.; Jones, P. S.; Liden, Z; Morgan, E. D, Robinson, N. G ;
Santatianos, D.; Simmonds, M. S. J ; Toogood, P. L., Tetrahedron Lett., 5175 (1989) and relerences cited
therein,

105 Yamasaki, R B.: Kilocke, J. A., J. Agnc Food. Chem., 35, 467 (1987)

108 Ley, S. V.; Santafiancs, D.; Blaney, W M, Simmonds, M S J, Tetrahedron Lett, 28, 221 (1987)

152




109

Duc to the sumilariucs between 109 and photo-adducts of aldehydes and furans, Dr. T. H. Chan
thought that our photo-adducts might possess biological activity as antfcedants against spruce budworm,
The broassay'®? conducted mvolved feeding laboratory-colony spruce budworm larvae an artificial
dict!98 contiming 0.2% (wet weight) of test compounds. The assay showed the development of larvae
reared from sccond mnstar on test diets was only significantly retarded by compounds 40 and 4la. The

results are shown in Table 2.

Table 2
Compound # Compound Mean Instar,

Control 5.30
2 R =TBDMSIOCH,, R'=H 5.22
2d R =Bz0CH,, R'=H 5.18
40 R =BzOCH,, R'= SnBu, 2.00
4la R =Bz:0CH,, R'=Ph 2.94
442 R =BzOCH,, R'= CH, 5.18
72 R =EICOCH,, R'= CH, 5.22
81 R =i{PrOOC, R'=CH,4 NA

"Maximem = 6.00 (all larvac 6% instars)

Since reduction in development rate could be caused by factors other than feeding, compounds
40 and 41a arc currently being evaluated by an assay that will provide a true reflection of the amount of
food ingested by sixth instar larvac.  Also, both of these compounds are being evaluated at lower

concentrations so as to determine the limits of their effectiveness.

107 Bioassays were carried out by A. W. Thomas at Canadian Forestry Service Maritimes, Fredericton,
N.B., Canada E3B 5P7.
108 McMorran, A., Can. Entomol, 97, 58 (1965).
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APPENDIX I1. Analysis of ABX systems in 1H-NMR spectra.

Thr chemical shifts and coupling constants of second order AB purtions of ABX systems were
calculated by the method shown below!%,

The ABX spectrum is divided into two AB systems,

AB#1

Ll L
2 4 6 8
AB #2
Iap=(8-6)=(7-5)=(4-2)=(3- 1)
AB #i AB#2
O = (1+3+5+7)/4 V= 2+4+6+8)/4
A9,)/2 = [(1- 7)3-5)]"/2 (A9 /2 = [(2-8)(4-6)]"%/ 2
Al* = 9+ (A9 /2 A2 = 9,+(A9,) /2
Al- = 61 '(A'&l)lz AZ. = 132 '(A'Gz)/z
B, = (A1*+A2Y) /2 dp = (Al'+A2) /2
JAx = Alt-A2* JBX = Al - A2
or or
9, = (Al*+A42)/2 Vy = (Al"+A2%) /2
Jyx = Al*-A2 Jgx = Al -A2*

Two possible sets of values are generated, but one gives unrealistic coupling constants.

109 Becker, E. D., (ed.), High Resolution NMR - Theory and Chemical Applications, Academic Press, Inc
London, (1980), chap. 7.
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APPENDIX II1.

An X-Ray study was carricd out on nucleoside 91a. The diffracion measurement was made on

X-Ray Structure Determination of Nucleoside (91a).

a Rigaku diffractometer and the data obtained 1s shown in the tables below.

Table XR-1

Crystal data and course of structure detcrmination

Compound name
Chemical Formula
Formula weight
Crystal

Habit

X-ray specimen size (mm)

Nucleoside 91a
Ci1H14N;Og

270.24

rectangular prism

0.10x 0.20 x 0.25

Radiation Graphite monochromated
CuKqx

Crystal sysiem Triclinic

Space group P-1

Lattice Constants

a(A) 10.0636(17)

b(A) 10.4054(20)

¢ (A) 11.9771(15)

a(®) 96.552(15)

B 108.031(11)

1 90.498(14)

V(A3 1182.5(3)

No. of formula in a cell 4

F (000) 567.90

Calculated density (gem-3) 1.518

ut for CuKat (mm-1) 1.02

A(A) 1.54056

20 max () 110.0

h,k, | ranges
No. of reflections measured

No. of unique reflections

155

-10 10, 0 11, -12 12
3182
2975




oy

?

¢

: I

No. of reflections with I, > 2.50(1,,,) 1975

For sig ificant reflections RF =0.084, R, =0.054, G,f=3.31

For all reflections RF =0.143, R, =0.056

Maximum shift/ o ratio 0.061

Decpest hole in D-map (¢ / A3) -0.580

Highest peak in D-map (¢ / A3%) 0.380

Secondary extinction coefficient 0.019(5)

Merging R 1.2%

Drop of standard intensities (avg.) 0.2%

Method of structure determination Solved by direct methods using
SHELXS!10

Method of structure refinement Refined using NRCVAX system
programs!!!

Cell dimensions werc obtained from 21 reflections with 20 angle in the range 15.00° - 25.00°,
The intensity data were collected using the 6/20 scan mode.

RF=Z(F,-F)/L(F,)
R, = (W (F, - F)?/ £ (wF, D)%
G, F=(E[w(F,- Fc)2 / Z (# of reflections - # of paramclcrs)l)‘/‘

Figure XR-1. X-ray crystallographic structurc of nuclcoside 91a.

110 gheldrick, G. M. in Crystallographic 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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Table XR-2

Atomic Parameters X, Y, Z and ch. E. 8. Ds. refer to the last digit printed.

Atom X Y YA Beq
0-2 0.2995(5) 0.8956(5) 0.7867(4) 3503)
04 0.6723(6) 1.1338(S) 0.7676(5) 4.1(3)
0-2 0.2566(5) 1.1484(5) 1.0577(4) 29(3)
o4 0.0176(5) 0.9666(5) 0.8876(4) I8}
o-7 0.2146(5) 1.3524(5) 0.9833(5) 38(3)
0-6" -0.0601(6) 1.4532(6) 0.8801(5) 594)
N-1 0.3627(6) 1.0859(5) 0.9081(5) 24(3)
N-3 0.4848¢(6) 1.0174(S) 0.7788(5) 2.8(3)
C-2 0.3760(8) 0.9925(7) 0.8205(6) 284
C-4 0.5806(8) 1.1208(7) 0.8137(6) 294
C-5 0.5682(8) 1.2118(7) 0.9122(6) KAYC))
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) 28(4)
c-3 0.2487(8) 1.0572(7) 0.9584(6) 2.8(4)
c4 0.1033(8) 1.0667(7) 0.8702(6) 3.0(4)
Cc-s 0.0574¢7) 1.2000(7) 0.9026(6) 29(4)
c-r 0.1606/8) 1.2477(7) 1.0257(6) 3.1(4)
C-6' 0.1201(8) 1.3150(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) 34(3)
04A -0.7071(6) 0.4809(5) 0.3563(5) 5.7(4)
0-2A’ 0.2178(5) 0.8636(5) 0.3961(4) 2803)
04A’ 0.1710(6) 1.0119(6) 0.6482(5) 59(3)
O-7A' 0.0747(5) 0.6836(4) 044204) 2.80 (25)
0-6A" 0.2075(5) 0.7237(5) 0.5876(4) 3203
N-1A -0.3970(6) 0.7544(5) 0.4457(5) 2.1(3)
N-3A -0.6019(6) 0.6682(6) 0.4621(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) 013287(6) 28(4)
C-5-Me-A -04954(9) 0.4410(8) 0.2392(7) 43(S)
C-6A -0.4004(8) 0.6484(7) 0.3624(6) 2.74)
C-3A" -0.2973(7) 0.8697(7) 04757(6) 25(4)
C4A' -0.1918(8) 08784(7) 0.6012(6) 3.0(4)
C-5A" -0.0559(7) 0.8321(7) 0.5838(6) 2.6(4)
C-1A" -0 0820(8) 0.8220(6) 04505(6) 2.5(4)
C-6A' -0.0342(8) 0.6867(7) 0.5702(6) 2.7(4)
C-6A" 0.1124(8) 0.6484(7) 0.6217(6) 29(4)

B, is the mean of the principal axes of ihe thermal ellipsoid.
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Table XR-3

Calculated Hydrogen Atom Parameters.

Atom X Y Z Biso
H-04' -0.0.86 0971 0.826 45
H-0-6" -0.124 1.530 0.842 6.8
H-N3 0.49% 0.946 0.710 36
H5-Me, 0.777 1.280 1.001 5.0
H5-Me,, 0.679 13719 0.900 5.0
H5-Me, 0.651 1.378 1039 5.0
Hé6 0.501 1.186 1.047 3.4
H3 0.259 0.960 0.983 3.7
H4' 0.109 1.058 0.781 3.7
HS' -0.052 1.206 0.894 3.6
HY' 0.108 1.278 1.090 39
H6' 0.178 1.278 0.803 46
H6", -0.030 1392 0.723 6.8
H6", 0.094 1.506 0815 6.8
H-04'A 0.097 1.019 0.736 5.7
H-0-6"A 0.263 0.803 0.652 4.0
H-N3A -0.675 0.679 0.512 3.8
H5-Mc,A -0.491 0.351 0277 49
H5-Mc,A -0.589 0.436 0.164 49
H5-Mc A -0.407 0.449 0.207 4.9
H6A -0.301 0.604 0.395 3.4
H3'A -0.355 0.957 0471 3.4
H4'A -0.227 0.818 0.655 3.7
HS'A 0.036 0.891 0.637 34
HI'A 0.000 0.870 0.427 3.3
H6'A -0.108 0.634 0.599 3.6
H6",A 0.119 0.547 0.592 3.7
H6",A 0.138 0.660 0.717 3.7

Hydrogen atom posiuons calculated assuming C/N-H distance of 1.08 A.
B, 1s derived from U, of the bonded atom plus 0.01.
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Table XR-4

Bond Distances in Angstroms

Bond Bond Distance Bond Bond Distance
0(2) - C(2) 1.215(%) 0O(2A) - C(2A) 1.220(8)
0@4)-C4) 1.226(9) O(4A) - C4A) 1.21009)
0(2)-C(3") 1.415(8) O(2A) - C(3A) 1.418(8)
0(2)-Cc(1) 1.424(9) O(2A") - C(1A) 1.416(9)
04" -C4) 1.420(9) O(4A" - C(4A") 1.426(9)
o7 -C(1Y) 1.423(9) O(7A) - C(1A) 1.436(8)
079 - C(6Y) 1.480(9) O(7A) - C(6A") 1.457(8)
06") - C6™) 1.386(11) O(6A") - C(6A") 1.414(9)
N(1) - C(2) 1.385(9) N(1A) - C(2A) 1383(9)
N(Q1) - C(6) 1.390(9) N(1A) - C(6A) 1.392(8)
N(1) - C(3") 1.493(9) N(1A) - C(3A) 1.494(9)
NQ) - 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(5Me) 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@) 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(1) 1.540(10y C(5A") - C(1A) 1.524(10)
C(8) - C(6) 1.545(11) C(5A) - C(6A)) 1.528(10)
C(6") - C(6") 1.494(11) C(6A") - C(6A") 1.490(10)
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Table XR-§

Bond Angles in Degrees
Bond Bond Angle Bond Bond Angle
C(3)-0@2)-C(1) 111.0(5) C(3A") - O(RA) - C(1A) 110.5(5)
(1) - O(T) - C(6) 91.8(5) C(1A) - O(7A) - C(6A) 91.7(5)
C(2) -N(1) - C(6) 121.1(6) C(2A) - N(1A) - C(6A) 120.0(6)
C(2)-N(1)-C(3) 114.9(6) C(2A) - N(1A) - C(3A) 114.1(5)
C(6) - N(1) - C(3) 123.6(5) C(6A) - N(1A) - C(3A) 125.6(6)
C(2)-N(3)-C@) 128.4(6) C(2A) - N(3A) - C(4A) 127.8(6)
0(2) - C(2) -N(D) 122.2(7) O(2A) - C(2A) - N(1A) 122.1(6)
0Q2)- C(2)-N(3) 123.5(6) O(2A) - C(2A) - N(3A) 123.1(6)
N(1) - C(2) - N(3) 114.3(6) N(1A) - C(2A) - N(3A) 114.8(6)
0@4)-C(4) -N(3) 122.3(6) O(4A) - C(4A) -N(3A) 120.4(7)
0@) - C@4) - C(5) 122.4(7) O(4A) - C(4A) - C(S5A) 124.8(7)
N(3) - C(4) - C(5) 115.2(6) N@3A) - C(4A) - C(5A) 114.7(6)
C(4) - C(5) - C(5Mc) 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)
7 C(5Mc) - C(5)-C(6) 122.2(6) C(5McA) - C(5A) - C(6A) 120.7(7)
¢ N(1) - C(6) - C(5) 123.8(6) N(1A) - C(6A) - C(5A) 124.4(7)
0(2') - C(3") - N(1) 110.3(5) 0(2A) - C(3A") - N(1A) 109.7(5)
0(2)-C(3)-C@4") 106.1(6) O(2A" - C(3A) - C(4A) 106.6(6)
N(1) - C(3)-C#¥) 112.3(6) N(1A) - “(3A) - C(4A) 113.3(6)
0@y -C@)-C3Y) 106.3(6) O(4A) - CA4A) - C(3A) 107.3(6)
0@4)-C@4)-C(5) 112.3(6) O(dA") - C4A) - C(5A) 108.2(6)
C@3)-C@)-C(5) 105.3(6) C(3A") - C(4A") - C(SA") 105.2(S)
C@)-C(5)-C(1") 104.9(6) C@4A") - C(SA) - C(1A) 104.8(6)
C@)-C(5)-C®) 116.8(6) C@4A") - C(5A") - C(6A") 118.8(6)
C(1) - C(5) - C(6" 85.0(5) C(1A") - C(5A") - C(6A") 85.7(5)
0(2)-C(1)-0(7) 113.9(6) O(2A) - C(1A) - O(7A) 113.3(5)
0(2)-C(1)-C(5) 107.2(5) 0(2A) - C(1A) - C(5A) 108.8(5)
o(7)-C(1)-C(5) 92.8(5) O(7A) - C(1A") - C(5A") 91.5(5)
O(7) - C(6") - C(5") 90.4(5) O(7A") - C(6A") - C(5A") 90.6(5)
O(7) - C(6") - C(6™) 112.3(6} O(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) O(6A") - C(6A") - C(6A") 111.5(6)
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Table XR-6
Torsion Anglcs in Degrees
Bond Torsion Argle Bond Torsion Angle
Cl'-02'-C3- N1 98.4(5) Cr'-02-Cy-Cc4 -23.4(4)
Cy-02'-Cr-o7 -86.6(5) Cy-o2-Cr-cs 14.5(4)
C6'-0O7' -Cl'-02 110.1(6) C6-07 -Cl'-C5' -0.2(4)
C!'-07-C6-CS 0.2(3) Cr'-07-Cé6 - C6" 123.0(7)
C6-N1-C2-02 174.5(8) C6-N1-C2-N3 -3.6(3)
C3-N1-C2-02 0.8(3) C3-N1-C2-N3 -177.3(7)
C2-N1-C6-C5 2.14) C3-N1-C6-C5 175.2(7)
C2-N1-C3-02 171.7(7) C2-N1-C¥-C4' -70.2(5)
C6-N1-C3-02 -1.8(3) C6-N1-C¥y-C4 116.3(6)
C4-N3-C2-02 -177.3(8) C4-N3-C2-N1 0.7(3)
C2-N3-C4-04 -178.4(8) C2-N3-C4-C5 344)
04-C4-C5-C5Me -5.13) 04-C4-C5-Co6 177.1(9)
N3-C4 -C5-C5Me 173.0(8) N3-C4-C5-C6 48(3)
C4-C5-C6-N1 2.3(3) C5Me - C5-C6 - N1 -175.4(8)
02-C3-C4-04 -96.7(6) 02-C3-C4'-C5 22.6(3)
N1-C3'-C4-0O4' 142.8(7) NI-C3-C4'-CS -97.9(6)
04-C4-C5-C1I 101.5(6) 04-C4'-C5-C6 -166.6(7)
Cy¥-C4'-Cs-C1 -13.8(3) C3-C4'-C5-C6 18.1(5)
C4-C5-Cr-o2 0.5(3) C4-C5-CI'-o7 116.6(7)
C6'-C5-C1'-02 -115.9(7) C6'-C5'-CI'-O7 0.2(3)
C4'-Cs5'-C6-O7 -104.4(6) C4'-C5' - C6'- Co" 139.3(8)
Cl'-Cs5'-C6'-O7 0.2(3) ClI'-Cs5' -C6' - C6" -116.4(7)
07'-C6' - C6" - 06" -63.9(5) C5'- C6' - C6" - 06" 40.3(4)
CIA'- O2A'-C3A’-NIA -102.4(5) CIA"- 02A'-C3A'-C4A’ 20.74)
C3A'- 02A'-C1A'- O7A 85.6(5) C3A'- 02A'-C1A'-C5A -14.6(3)
C6A' - OTA'-C1A'- O2A -117.1(6) C6A' - OTA'-C1A’- C5A’ -5.8(3)
CIA'- O7A'-C6A’ - C5A’ 5.8(3) CIA'- OTA'-C6A' - C6A™ -112.1(6)
C6A - N1A-C2A - 02A 179.8(7) C6A - N1A -C2A - N3A -1.1(3)
C3A'- N1A-C2A - O2A -6.4(3) C3A'-N1A-C2A - N3A 172 6(7)
C2A-N1A-C6A - C5A 0.0(4) C3A'-N1A -C6A - C5A -173 0(7)
C2A - N1A-C3A' - 02A -165.8(7) C2A-NIA-C3A'-CaN’ 75.1(5)
C6A - N1A-C3A' - O2A 7.6(3) C6A - N1A - C3A’ - C4A’ -111.5(6)
C4A - N3A-C2A - O2A -179.0(8) C4A - N3A -C2A - NIA 2.0(3)
C2A - N3A-C4A - O4A -179.9(8) C2A-N3A -C4A -C5A -1.5(4)
04A - C4A - CSA - C5McA -1.5(4) 04A - C4A - CSA - 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) C5McA - C5A - C6A - N1A -179.5(8)
02A'- C3A'-C4A’ - O4A’ 96.7(6) O2A'- C3A'-C4A' - C5A' -18.4(3)
NIA - C3A'-C4A' - O4A' -142.4(7) NIA - C3A'- C4A’ - C5A 102.5(6)
04A'- C4A'-C5A' - CIA -104.9(6) O4A" - C4A" - CSA’ - COA 161.9(7)
C3A'- C4A'-C5A' - CIA 9.6(3) C3A'- C4A'-C5A" - COA’ -83.6(5)
C4A’ - C5A'-C1A'- O2A 2.2(3) C4A' - CSA'-C1A' - O7A -113 1(6)
C6A'- C5A’-C1A' - O2A 120.8(6) C6A’-CSA'-CIA" -0 A 5.6(3)
C4A'- C5A'-C6A' - O7A 99.0(6) C4A'- CSA’ - CO6A’ - COA” -145.8(7)
CIA' - C5A'-C6A' - OTA -5.5(3) CIA'- C5A" - C6A’ - C6A™ 109.7(6)
Q7A'- C6A'- C6A" - O6A™ 54.2(4) CS5A'- C6A' - C6A" - O6A™ -47.8(4)
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APPENDIX1V. 2-DNMR Spectra.
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1. The 200 MHz COSY spectrum of acetal 10h.
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‘ 2. The 300 MHz HETCOR spectrum of acctal 10h.
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3. The 300 MHz COSY spectrum of oxctanc 18e.
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4. The 300 MHz HETCOR spectrum of acctal 29a.
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5. The 300 MHz HETCOR spectrum of oxctane 33.
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6, The 300 MHz HETCOR spectrum of tribenzoate 48b,
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7. The 300 MHz HETCOR spectrum of photo-adduct 72a.
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8. The 300 MHz HETCOR spectrum of oxetane 75a.
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9. The 300 MHz HETCOR spectrum of bicyclic nuclcoside 89a.
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10. The 300 MHz HETCOR spectrum of nuclcoside 93*.
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11. The 300 MH2 HETCOR spectrum of bicyclic nucleoside 99b.
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