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A g~nera1 method of transforming aldehydes via ex, t3-unsaturated esters to the 
N 

3-substitute~ glutarimide ring was. d_e\{eloped aria -was..appli~~ tQ the oonstruction of, ~ 

ring A of, (-)-~esbanimJ(.le A (1), and the AB ring m~iety of ( + )-sesbanimide A (2), The 

phase-tramfer-catalyzed methylenatron reaction of dlhydroxy dithioacetal 46 brought 

about a 1,4-r:nigration of the t-butyldiphenylsllyI group JO p'rovide 1,3-dioxolane 

<.lerivative 49. 

, Model studies towards the synthesis of (+ )-sesbanimide (2) and C-15 desmethyl 
, . 

sesbanimide 93 were caqied out using allyisilanes 7~ 79 and 94, with aldehydes 56a 

and 85. 

The . synthe:i~ of 8-0-benzyl~ 13-0-t-butyldirne!~ylsilyl sesbanimidi 88, 13-' 

deoxychlor9 sesbanimide 89, 8-0-benzyl-13-0-t-butyldimethylsilyl-15-desmethyC 

sesbanimide 91, 13-deoxychloro-15-desmethyl sesbanimide 92, 8-0-benzyl-13-0-t­

butyldiphenylsilyl-15-desmethyl sesbanimide 96 and 13-0-t-butyldiphenylsrlyl-15-

desmethyl sesbanimide 97 are described. 
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RESUME 

" 

.. 
Une méthode générak de la tramfürm~lti41n d'aIJcl1\d-:-. .IU\ ~~~:l.l: i:::hl., : 

substitués correspon~nts par rmt~rmcdiaf~ JèS è"l~r~ n.,d-In,,:tui v, ,\ \:: ,: (!,-", "l, ". 
; 

Cette méthode fut employée pour la "ynth~"c du c~(ll \ du )!)-~~':',l:llll1:l.l' \ II \ ,l, 

même que pour la synthè~e de" cyc\e~ adpcènt~ :\ ct B dll ( t )-,,-,,\),111, 11ldc \ \.: 1 

, . 
Utte migration-I,4 du groupe'ment f-butyldlrh~nyl"I1: k ~l l'tt.' Ob,,-'l \ ,',-' Illr" '\' ; 1 

c3ttlyse par transfert de phase de la mcthyl':natlol1-du dlthln:\c":t.tl dt!l\llr()\\ le -th 1 l ~ 
" / \ 

derivé.49, un dioxolane-l,3, fut am~i ohtenu. 

Des études prélimIn:l1res à la syntht!,>e du (+ H.e ... halllIllldc (2) t.'l dll 

sesbanimide 15-desmethylé 93 ont été d~ec~ués a 

allylés 74, 79, et 94 avec les 3ldényde~ 56a et 85. 
o 

Lllde de la f(',\<.:III)I1 dc" "ILIlll' • 

" 

La synthèse de~ sesbammides ~ujvants est également JéCrlk' k,> K-( )-hell/vl-l ,-

,O-t-butyldiméthylsilyl sesbanimides 88, le déo'Xychloro-13 .,C..,IMllIllw.k HI), IL: ~ ()­

beryzyl-13-0-t-butyldimétpylsilyI desméthyl .. 15 <;eshal1lIl1l(.Ie f) l, le lkoxyc/J lor ()- J3 
'. '.> . 

desméthyl-15 - sesbanimide 92, le 8-0-bcnzyl-13-0-t-butyldi plWll) I..,ilyl dt:\mét IlVl-1 ~ 

sesbanimide 96 et le 13-0-t-butyldiphénylsilyl desméthyl-15 se~banlmlde 91 . .. 
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INTROD cenON 

[n 1976, Powell and co-workers 1 reported that the ethanohc extraets from 

L!dJtteu ..,eeu of threc Icgumc'l, Sesbanw veslcana (JACO.) ELL., Sesbania pllfllct>a 

(CA V) BFNTH and Snhamu dmmn/Ondll (R YD) CORY exhlhlted slgmflcant 

~,~ dLtlvlty .lg.lIf)'lt' P-3~~ Iymphocytlc leukemla ln vlvo. 2 Further work wllh the extr;lct~ 

f rO!1l tlle "l'CU" of .'·;t'\/!WlllJ dnlmmondll !eL! to the l~ol,ltIon anJ 'ltructmal ~cldatl()n \ 

(lI ,",e,hanlnc I,l .lnd Jrummllnuol 4 The ~truct1jre ot the tormer ha::. ,>mee been 
L 

conllfll1ed hl' totJ.! '"'l'nllle'l'" 'l,h.7.:i 

Me 

o 
sesbamne drurnrnondol 

'i 

R Ci Powell. R Smith. Jr JOU R V ~1Jdngal, Planta 
.\lt'ci • JO. t ( '16) 
RI GCTJn. Il (;recnberg,;-'I:--l ~fcD()naIJ, \ ~~ 
SchurnJc\..ér ,Il1J B J Ahbllll, Callcer Chemv{llt:r Rt'," • P Mt 

'.J. 1 (197:) 
,R (; Pmvdl. C R ~1I11lh. 'r ,mJ Danu Ww,ledcr. J Am 
(ht'I': ''oc. 101. 27S4 ( 1 q~<)) .. 

Rej Ptl\\clI .mJ C R ~ mlth. Jr ,J \a! Prùd. "4.:\6 
(l"~ i \ 
AS Kendl.' .lntl T P'Dcmulh. Tt'c VU, 715 (l9hO) 
J C BOUJTn .mJ (/ A Be rchtolJ. J Ory; Chcl1I , "5. 1176 
( \'>1'0) 
:--U \\'JnncT. (, t.,'nmen ,\nU li K P.lndl!, Hetcroc\'cles, 
15. :-0 (!I)S]) 

~ K TI.'nlllh,\ .l'ld K K\)~.l. Td Lt'Il . 23~1 (1\)81) 
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dntItumOur actl\lt\' 

"pèctrm1ic:rIC ,lilL! 'lilr,lrcLl "['l'~!;I"\.I'I'll ,:::,:1," l,,; \-1.1\ l'\["', 

1 1 

rcveakJ 1:" rcl.dl\C (hut !lul ~lh~I)llItC) "lè:-CI)\.'!1l':III';;\ \L',I1.IIII:"I,I, 

1 
13 

v 

A ye;v tuer. G()r~t-AJlman et ,,! \11 al'lo rcpoltcd thl:lr ~trllctlJl.l 

, .' . 

, " 

, 

" 

?esbanimlue, aft0 ~ts l~olatlUn from the ~eeJ~ of SC.\hcltll!l fJllfllU'tl 1 hl'Y \.1,' • '.' " 

g, 
structure of 1, atter an exten~lve appllG~tl()n ot hlgh tldd proton and l.lrl,I,:, 

supplemented with nucle:.lf (jvefQau~èf ctf-:ct 'Itudle', The"c !f1Ve~tlgd" If 

9 

10 

.. 

R G Powell. C R ~mllh. Jr . 0 W<':I~ld<.:r. (, K 
~falsumoJo JnJ J UJrdv, J Am Chem ~'()C. li/5. 373') 
(1983) 
CP Gorst--\llm.1!1. P S ~tC'.n. R 'vit:;gJT Jnu '-: 
Grobbe!a..lr,J Ci/em ~'()C Pt'rJ./Il Tralls /,1311 (1"),;~) 

) 
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rllat ln ~olvent.., mfJrc rUr.H th:ln chloroform <.uch J!l meth::mol, p: ndine and dlmethyl 

<,dltl'XIUC, \C\b,lI1l;;lHk e'\l"t\ <1" an tljulllhrUllTl l;dxture of the hemlacetal form" l JIll] 

f he ri nl:,-ofwPl'd -t'-!l\(jr()'(vk(·t()rJ~ 1 a 

ln .1 tlill p.Jper pLJt111~heJ hy Powèll and co:\",'orker~ll In jlJS'+. l '.\,l~ r~I:,"r;;ed 

~(\h.lI1I1r11de t\ : ~ r urth~f[;}ore, t\'.o 0lher antltumour actl\c compound" • ..,C~:1~1l11mlCC 
;;. 

n .1nJ ... e"b,IflIl11llk C, \vere <\e\cnhed. Wherea~ the configuratlnn :lhullt the C-!O 

L.Hhn!l ot "e~hampl1dc :\ 1" fi\~d, 'ie,hanimide B exi"h as ~r.omc.:r" <lIft :nng ln tbeli' 

t"()f1tlguratlOl1 at C- 10 r 

J"e o 

CH, 

sesbJmmide B sesbanimide C 

\Vhether IS J fllngai metaoohte or a hlgher plant product rem::llnS ta be' 

determlIleù The blOsynthesls of sesbamItude has yet ta be mvestlgated. It does 

however, he~lr a ~tructur.ll resemblance tP the glutarimf"de antibiotlcs. the more 

11 

12. 

R G Po\\<cll. CR Smith ,lDd D \\ el~leder. 
Ph)tlXherm.Hf\"" ~3, ~,-;8~ ~ lQ~) 

For COnl,cnœnce, ~e,b.lmmlùe ~ \l,111 he "lm ply roferred 
ta as sesoaDlmlde lrom hereon 

\ 



. 
prominent members of this dass of natural proJucts hcmg \.·ydoh~xlmH.le. 

streptovitacin A. and streptlmidone. 

M.""~,,~,,, OH 

~o 0 

cycloheXImide 

Glutarimide Antibiotics 

. 
M Q

o ~ .. ,.OH 
"" 1\\" 

Me ""OH 
e 6' 

o N 0 
H 

streptovu,aC10 A ~trep(Hl1\Jonc 

Cydoheximide IS known to be a potent inhlbitor ot prot~lI1 ~ymhc:-h lii, .... \.'()1l1POlll1d . .. 
and streptimidone are also active antlfungal agents. StreptovllaCln A ')fl the othl'r 

hand. possesses strong antitumour activlty.lJ 

There is sorne stru~tural resemblance of the lactol C-nng ()~ "e~han.lml(k 10 Wc 

a-methylene-'Y-butyrolactone ring. TI:e latter mOICty b an integr:.ll Ol1lldlJ1g hloL~ (II 

many natural products, e~pecIally the ,>e'>qUlterpenc la~tOl1c",. whl\.h e'(!Jlhll dlkrc"t:llL,' 

biol,ogical properpes. A l'Hge number of the.,e aClJvc 1<1Cton~.,. InclLJdJr1~ 'vl':-r]()kplr,~ 1 

aromaticin,15 and elephantopm 16 have been I,>olated l'rom pl.lI1t cxtrac:., \ .. IJ.dl "Ill IW 

tumour inhibltmg activlty. However. none of the ... e terpenoul aI111tuCl1011r dg',;flh 11.1 .... 

been used clirucally owmg to' thelr extreme toxlcny 

antitumour activny by chemical modific~tions have, '"'0 far, he~n un~lIccc.,,,tul. 

13 H.D SLSler and \1 R Siegel, Anflb/Or (Mt:ch 'AC/IOn), 

1.283 (1967) 
\.J4 . L. Sequelra. RJ HemlDgwav Mid S ~I Kupcl13n.5Lï('ncc. 

161, 789 (1968) 
15. S.~f K:lpchan. \IA Eakln and ~f Thomas, J Mt.:d Cllf:m, 

14, 1147 (1971) 
16. SM Kupchan, Y Aynehdu, J \.f Ca!>sady. H.K ~.chnccs 

and A L. Burllngame. J 0'15 Chem ,3".3867 (11)(/1/ 

J 
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Sesquiterpene Lactones • 

\ 

Me o 
..... OH /v 

'''''''0 Il 

o 
,-0 o 

. vernol,epln \ . 
aromaucm elephantopin 

Wtth few exccptton~, almùst aU known cytotoxic sesquiterpene lactones possess 

an (X,iJ-uru,J.tera!eJ bctone ~tructure, and the double bond must be exaq.clic in order 

'for 'em to exhiba '1Ctlvlty B:ologIcal studies performed by Kupch~n et al. l1,18 have . 
dernon.'ltrateo a-methylc:1e-l'-butyrolactones ta bc ~1J..:y!z..Ii"g agents which are 

, 
. b]()l()gl~ally actIve becuuse they undergo Michael reactlOns WIth biological nucleaphiles 

\uch :J.!I L-<.j'~tetne or thiol-contairung enzymes. ln their studles. it was faund that the 

àpm.ure of vernolepm, elephantopin and eupatundin ta L-cysteme resulted m the 
• ot ' 

recovery of their corresponding monocysteine adducts. 

o 

17. 

18 

"."OH 

o 

~\ 

\ 
\ 

vernolepm 
/ 

SM, Kupchan. D.C Fessier, MA. Eakin and T J. 
Giacobhe.Sc/C;lce. 168.376 $1970). 
R L. Hamon. H~. LJrdv and S.M. Kupchan, Sr.:1enc..e, 168, 
37S (l~70) 

- l' 

Addition Products 

".,.OH 

s 
o ~ 

+ A -
NH, co: 

\. 
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l 

, 

o 

elephantopin 

of-) 
o 

eupatundÎn 

cf.·.. , 
Me HO . o 

1 
o 

6 

""'''o~ 

• 

Btl.Sed on this information, one could postulate that the antitumour mcchani~m I)l 

sesbanimide might involve prior enzymic oxidation of the C-nng al the allyl1c c~uh{)n • 
. 

followed by attack of the exocyclic d~~ble bond by biologlcal nuclcophdcs (Schcme 1). 

Scheme 1 

(0) .. I~ 
o 

OH Me / 

.l~ 
ON-Enz 
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It should be emphasized that the above mode of action is highly.specu1ative. 

Since sesb4J1imide was isolated in extremely low yields, a thousand pounds of 

starting seed material being needed to obtain milligram quantities, the full spectrum of ' . 
. 

its biological activity profile could oruy be studied after its total'synthesis. With this in 

mmd, as weil aS the novelty exhibited by its tricyclic structure linked by single bonds, 

and the exceptionally strong antituITlour activity of sesbaninude, we were attracted to 
• 

att(fl'Tlpt a synthesls of sesbanimide apd if successful, sorne of its analogues . 

• 

, 

'. 1 . 

-" .. 
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\ 
\ 
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.- Chapter 1 • 

- , 
Introduction 

In this ehapter, we deseribe model studies toward the synthesis nf the' 

glutarimide moiety (ring A) of sesbanimiae. 

Part 1 begins with our retro&YI1thetic rationale for the synthesis ~f se~banimidc. 

Furthermore, we discuss sorne investigations of acydic imides and their phosphonates, 

in àddition ta the synthesis of sorne a.(3-unsaturated imides and their attempted 

cyclization. 
\ 

Part II is eoncemed with our efforts to reaet certain nucleophile~ with halides or '" . 
to add them in a conjugative manner to a.{j-unsaturated compounds, which cnuld 

presumably give the glutarimide ring after further elaboration. Finally, the 

development of a general procedure for introducing the glutanmide tùnctionality is 

described. 1 

- , 

. 1 

1 

If 
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Part 1 

The first published structure identification of sesbanimide by Powell et al.9 

tentatively depicted it as enantiomer l, having the relative (7R, 8S, 9R, lOS. l1S)19 
. 

stereochemistry.· However, sinc~ either, 1 or its mirror image 2 was naturaI 

sesbanimide, any starting mate rial we chose to chemically modify should be able to .... \ 
~ \.. \ 

provide either·enantiomeric form. 

OH 

1 

. -

-

.. 

f , 
.1 

CHI 1 

1 

1 

OH 
~ io/~o 
O~o 

• 3 

19. The (R) dcscriptor wu assigned in error to C-IO in 
ref.9. 

2 
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10 

A retrosynthetic analysis shows tbat the middle 1,3-dioxane ring of sesbanimitle 

is perfectly symmetrical about its x-axis. Disconnecting this middle ring~ from the 

g!utarimide ring (ring A) and the lactol ring (ring C), reveals a dialdehyde interrnediate 

1. 
1 

Diacetone glucose 3 has all the necessary functionalities whlch would allnw lm 

its appropriate chemical transformation to this intermediate. A potenttal aldehyde~ 
"-

exist at C-l and at CoS, whlle its chiral. centers at C-2, C-3 and C-4 have the "all1e 

configuration as carl.Jons 2, 3 and 4 in 3. Thus, both possible enantiomer~ 1 and Z rould 

'" in principle be derived from a suitably protected IOtermediate f, followed by thL' 

systematic elaboration of the glutarimide ring or the làctol nng ahout th,,, Illlddic rJn~ 

to complete the total synthesis. The synthesis of each desired enantlomer i~ dcpendcnt . 

o~ which side of the middle ring, rings A and C are placed. Roughly "pc;tkJ.ng, 

enantiomer 1 bas ring A on the left and ring C to the right of ring G, whlch etfectively 

means its s~thesis would involve the elaboration of the glutar1mide functlOnallty at c-
l, and the construction of the lactol moiety at C-5 of glucose. The Oppo~lte woulu hold 

true for its rnirror image 2 .. 

After a careful examination of the structure of sesbammldc and hecaLl~c (~ the 

L 

,reported extreme lability of the lactol ring tQlards hase,9 we thought It would be / 

desirable to construct the lactol moiety at the final stage. Wlth that In mInd, we tir~t -

set forth to devise a useful methodology for the synthe~ls of glutanmide (Jng~ [rom 

aldehydes. 'Studies on. the construction of the oeher two rings wIll he dl~cu~"ed ln 

chapters two and three. 

Although there is much chemical lIterature aCCOunlIng for the '\ynthC\I~ of • 
t 

glutarimide derivatives,2°,21,22 that specifically descnbing 3-monosub.,tituted 

20. 

21. 

22.' 

M.K. Hargreaves, J G, Pritchard and H R Dave, Cbcm. 
Rev., 70, 439 (1970)" 
O.W. WheeJer in Cb. 7 of "The OlemlStry of Amides·, Ed. 
J. ZJabiclcy, (1970), John Wiley & Sons Ud. 
S.R. Sandler and W Karo, Org. Group, Pr~p., 3, Ch. 7, 
pp,252, Academie Press, Ine. 1972. 
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1 
]utarimiùe rIngli I~ liparse. The papers mainly mvolve studies l'ertaining to the 

- 23 '"'4 "S "6 (" c!ohexlnllùe cla<,:., of antlhlotlC~. ,- ,- ,- AlI thelf preparatlon~ requae rnulthtep 

eqilence~, Vdlh ..,orne of the i;tcp~ invoJvln~ strong llCld and e'<trcmelv lm:h , . 
temperaturc cO!1lht!on" ( > :200()) T1JC need for a rn!lù ,ma CWèllitlOUS ~yntheslS of the 

• 
glutanmlde wa" tr.cidorc oh'v!OUS 

Almo"r ail proceùure.., for nng cycllzation of CycilC ImlJè~ lnvolve formation ClI 

the carhonyl-carhon-nttrogen honù U~ a last ~tep We thou.ght lt mlght be mtèrestw~ 

and chalkngmg tn devJ"e a ~hort route tor formmg cyclic ImIdes thr\)ugh 

l~tram\)lecu Idf COI1JLl~ate JlklltllJn reaction~ of acydlc IfJilde~ 

ft \Va" fclt Ihat an acycllc Imlùe in the form of a hl~phospbon~lte ester 5 c(JuIll .. -reaet \VIth an ,tldt:hyde tu I()rrn tralls-o]efln phosphonate Â. Cycllzation oI the anion ot 

Amay th'en k.lJ ln gtutarlmld~ B. T~è -;ecor.d phosphonate group of compound A, tne 

role of whi.ch \1,;1" 10 Jmpart apprcCl~lhIe aCldny to Its a-metbme hydr()~e;1 to enable 

carbamon Imm:.lt!I)i1. \\ (Juld ~e rem()~'eJ later alter the em isagcd cyclizatlon. 

H jN'(O _R~HO_ 
(MeO)z ~ rr(OMe)z 

:~. 

:5. 
:6. 

o 0 
5 

H 
o ~O 

~" L --_?_-
~ -......; PPh 

3 

R 

D D Philips, MA ACItel!J and J MelD\\ald, J. Am. 
ClIem Soc, 79, 3517 (1957). 
Be L..lWClI, J Am Cl/em SOC., 8~, 64~3 (1960). 
F Jolmson,ro~ Cllt17l., :1, 3658 (196~). 
~f. Suzuh y Eg;1\.,.a J.li'd T Okuda. Clrem. Pham!. Bull., 
11,589 t 1%3) • 

H 0yN 0 
p( OMe)2 
Il 

R 0 

B 

... 
1 

c. 
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This same sequence of events could theoretIcally b~ achie\'e~1 b,y il'" pho"pholllllll1 \ Illk 

homologue II, but thlS îliea was abanJoneJ be('all~e phJ)"pI!0I111Inl ,llll"" ,Ill' J...Jlll\\ll !~, 

to proceed comparecJ [n the pi1()~phona[e ,l'HOll (lt \ 

In order to ... yr:the~lze h:~pllO'>ph()n.ltè nll'r:' tilt' \t,1:llnc: d:l!lill:ll 11~1;(!l' l, ',' 

to be prepared, Acc,~HJtng to the lè((ll11l1'ènd.llHll1'-. nt \l.lrch,-'· 'Iltl' :ll'\! \, ~III, , 

method for the preparatlOn of acycllc Imllle\ h tht' ~l'.ll-!dl[l bl'!\\l'l'l1 .111 ,111~llk ,11'.1 

anhydride at 100° catal:. zeù tw '>ultur!c ;\Cld" 

Petterson's28 extensive studle<; on the nHlnoacvlall!ll1 (lI .11111dl" :1-1 1" .1 i1ql( :l!II' ( 

earlier developed hy DavlJ.,on and '1 ) 

Skovrolld - !IIl' !(HIll.lllll/1 II! 

bis(chloroacetyl)amtne", wa::. achlev~d tn (.5(;( yldd by rè~\(tln~ 2-l!111lIil,tll'I,II]1Ilk ,tlld 

chloroacenc anhydnde, wlth. lOOt:;'o \lllfurIC aCld That", \\.1\ Ifldl','d (lhl.\llled, ,~,I\ 

confirmed bv mas:-:; spectral, Ir.frared, and 1~1 N\iR C\llk:ll~, 

spectroscoplc detatls of this sYlJ1mclncai Imlue v.ere lUCl1IIC,t! It) tilt ''Il' r(;'!l( Il !(;'d 11'.' 

Booth and ~oori.30 

• 27. 

28 

29. 

30. 

, 

+ 

J. March in "Reactions, Mechanisms. anù Structure' 3d 
. Ed. pp.379 (1985), John Wlley & Sons 

R.C Petterson, K. Barburao. A.M Costello and G E 
Sander,l C1lem. Soc. (C), 2779 (1968) • 
D DaVIdson and H Skovronek,l Am. Chem Soc, SO, 376 
(1958)~ 

B.L. Booth and F ~t :-~oon, J Chem Soc Pcrkll1 Trans 
l, ~94 (1980) 
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Before pr~ceeding with the dis~on of.the formation of bisphosphonate ester 

S from the symmetrical imide 4, one should note with interest tbat assuming 
~ 

coplanarity of the -CONHCO- structure, tbree possible rotational isomers are 

possible for any acyclic imides. They are shown in Figure 1. 

Figure 1 

H H H 
.OjNrO RyNyR Ry~o 

° 0 
R R / o R 

·d.s-cu . r.'-trans traru.-cis 

The (rans-trans structure was tentatively assigned by us to bis(chloroacetyl)amine 4 , . 
based on the following arguments from evidence collected from an infrared spectrum 

taken of a crystalline samplc; (1) a b~ at 1520 eliminates its existence as the cis-cis 

. rotomer. Succinirnide31,32 and glutarirrude,33 because of ~eir cyclic nature, cannot 
. . 

exist in any configuration other than the cis-cis form34 and do Dot exhlbit any strong 

band i~ the 1450 to 1600 cm-1 region; (2) its infrared spectra was quite similar ta tbat 

reported by U no and Machida35,36 for the (rans-trans isomer of diacetamide and for 
. 

four other trans-trans saturated acyc1ic imides, determined in their crystalline states and 

31 

32. 
33. 

34. 

35. 

36. 

J Chouteau. Bull. Soc. Clum. France,~) 20, '1149 
(1953) • 
A.W. Baker, J Phys. Chem., 61, 453 (1 7). 
R.L. Frank and J B. McPherson. Je.,J.Am. Clrem. Soc., 
71, 1389 (1949). 
H.K. Hall and R:"Zbinden,J.Am. Orem. Soc., 80, 6428 
(1958). ' 
T. Uno and K. Machida, Bil/l. Orem. Soc.lpn, 34, 545 
(1961). 
T Uno and K. Machida, Bull. OIent. Soc. Jp1f, 34, 551 
(1961). 

. , 

o 
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(3) the IR spectra of imide 4 aIso. failed ta reveal any band in the 1690-1695 'cm - 1 

region, which is characteristic of acyclic imides possessing 1he traru-cis geometry. 
1 

The first attempt at forming bisphosphonate 5,. hy simply rctluxlng 

bis( chloroacetyl)amine 4 Wlth a slX-foid excess of tnmethyl phosphite for uJ. 1 H h()ur~. 

gave a mixture of predominantly undeslred side product dimethyl methyl-ph()~phonate. 

and a trace amount of the requlreà bis(dimethyl phosphonoacctyl)ammc S. Ilknllflcd 

by IH NMR. That considerable amounts of dimethyl methylphmphonate were formel! 

reflec! the ease of interaction of methyl chio ride (generated dunng the <;ccond ... tep of 

the AbuzOv reaction) wlth trimethyl phosphite in contra~t to the latter .... low reaCtlvlly 

with startmg material 4. Because the molar quantlty of dlmethyl methylpllO ... phol1ate 

obtained vastly exceeded tbat of used srarting mate rial, thls suggc~t'l that only a 

catalytic amount of chloride wa~ required for generating the former compound. 

.,i 
H H 

al p(OMe), a Hl 0 .. 
(Mea).J/ p(aMe), " CI} CI ~ + Me-P(OMe)! 

*\1 \1 
o 5 0 

4 -.. 

Literature precedents37,38 are available indlcating that "wJre the alkyl hahdc 

employed is not identical with the one elimmated during the ~econd '1tage of the 

reaction; a mixture may be formed." as shown by the equations 

1}- R-X + P(OR')3 

2) R'-X + P(OR')l 

37. A"K. Bahatta<:jlarya and G TbyagaraJan. Chem. Rev, 81. 
415 (1981) 

38. G M. Kosolapoff, J Am. Chem. Soc., 66,109 (1944) 

RP(O)(OR\ .. R1_X 

R'P(O)(OR'>t .. R'-X 
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Thu~, Jt was felt that If methyl chlonde farmed In the reaction was to be removed as 

rapluly a~ pO'>'1lhle from the reactIon mLxture. the course of the reacHan should be 

cIeaner Thl~ prohlem ",as re~olved hy bubblIng nitrogen lOto the solutIOn vigorously 

dunng the rcDuxIng penod Con"equently, formatIon of dImethyl methyl phosphonate 

Wé.L ... ,:;reatly ulmtnl:-h!d Jnd after Its removal along \Vith excess tnmethyl phosphIte hy 

V.1cuum dl<.,llllatlOn. the rcmalmng resIdue, bIs(dlmethyl ph()~phonoacetyl)amine 5 was 

JuJgcd hy Il ... III NJ\lR "'pectrum, to he sufficlently pure (> 95%) for the next step. 

f31 ... phmphonatè e"lèr 5 was we!l-characterized by its IH ~MR, rnfrared ar.d mass 
! 

"pecHai d,lI,l. 

r-.;ow thal the JC'>IfCJ hl'>phosphonate wa~ obtamed. the next step ,would be a 

model )tuuy Invo!vlng the re~C!l()n of thls compound wlth henzaldchyde. We \Vere 

!Joplng that the lo!lowlng Ir,.ln~tormatIom \Vould occur In a onç-pot reactlOn: 

(1) ()!Clill forrn.l!lon .l~ .1 ~c...,ult ot the Wlltlb-Horner reactIOn of the fir'it phosphonatc 
~ ~ 

carh,lnlon \VI th herlla!Jehydc glVlng 6 and (2) ~ub'icquent additIOn of the ~econd aman .. 
III .1I1.lntcrr1Ld tJ"hIO!1 tu provlJe glutarlmlde C. WhlCh al50 satlsfIes BaldwIn'~ rule,39 

\\l1lL11 "t,l«~'" th.tt tJ-cnd()-trJg()n~1 nng cIosure~ ~re favoured 

, 
H ft 

o N 0 a N 0 

• '=XP(OM')~ ---- r'[p(OMe), l Il Til 
Ph 0 Ph 0 

6 c 

, 
l;ru the ftr~t rC3ctlOn where one equIvalent e3ch of(, benzaldehyde and 

- ) 

hl~( dimethyl phosphono.lcetyl ).Immc were trcateo \VIth two eqUlvalents of sodium 

J 
) 

JI) J E B.tIJ\\1n, J OlmI Soc. Chan Cùrtm. 734 ( 19ï6). 
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hydride in THF at room temperature, almost al! the benzaldehvJe \Vas transformcJ 

into trans-cmnaffilmlde 7, )'1eldmg no desired cyclized product C. 

0r~t PhCHO °y~'t 
(M.O), P . P(OM.),· '1 l 

Il \1 Ph Ph H o 0 0 N 0 

5 "X,,_~ ___ V~(OM.)2 
Ph 0 

c 
Confirmation of the structure of trans-cinnamlmld~ 7 wa, ba~cd 011 m.l..,.., \p~~tl.lI. 

infrared and 1 H NMR data. Its mass spectral data, ln .looltlon to dl"plaYIl1l.! tllL 

molecular ion peak mie 277, also. dl"played two promll1ent ,>ch of trwh ,1I11ollg o!l1er 1) 

peaks. ln c1o,e agreement wlth Lalonde and Davl..,41l rc..,t!!r... rh~ tlf\1 (JI IIlC\L lrt,IO\ 

was located at m/~ 20b, 205 and 204 and thc\..\econd at 1 ~(), 1 Îl) .l::d 1 ~,) (\nl' \et ol1lv 

of AB quartet protons celltcred at 7 h2 ppm wlth .1 coupllng C(lml.lI11 01 l'i Il.1 W,l\ 

indicative of the E-geometry Joout hoth ncwly e~tahll,>hcd oktlnl(. dOl}hk h()nd, 

After fat!l~ to obtam C ln a one-pot methoJ, .1 tW() "tcp '>yntht:'>l'> \'.'.1'> 

attempted ln art effort to form the glutanmlde nng Our alm wa.., tn tlf,t f()rm :Ind rhen 

isolate the monopho~phonate e'>ter 6, before maklng Ih al11Of] ll1 .ln Lilort to cycll/e Il 

After repeating the reactlOn with different '\tOlchlOmetflc quantlty 01 reactanh (one 

equivaJent of benzaldehyde. two equlvalents of hl~( olrhclhyl p!Jo"'p!JOf]().[c":lyl),lmlnl', 

one equivalent of sodium hydnde) at the ~ame tempe rature and conditIOn. wc wcre 

40. R.T. Lalonde and C.B. Dms, Can.! Ch cm , 47,3250 
(1%9). 

• 

~ 

• 

\ 
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'J 
~ucce~~ful 10 i~oJatIng the de~ired monophosphonate 6 ln apprecwble yie!d (610: \Vith 

re~pe<...t to bCflLaldehyde) Attempted c.!o~ure nf thi~ mOlety VlU it~ amon to t:-:e 2.3-

dl\llh ... tlrtJtc~j ~JuLinmlJe nn~l~ ""a~ i'nfortlln;)!dy dmdccc:,<.,tUI 

.H H 
O~N~O 0 N 0 

-- .~ ~P(OMe) --/~--17r . 
l " 2 P(0l't1e)2 
Ph 0 Il 
6 Ph 0 

C 

1 
At about the ~ame time, we .1lso invesugated the fOr.T1JtlOn and the.po"~lhle 

\.:lmurc of -"ImpIe r u,f,3-unsJtt:ratcd IP.lldes \Vlt~out the second phosphpnate group 

----,... 

• 
Therefore. a phosphorane or phosphon'ate imide was needed 'as starting 

matenal. More explicitly, an extension of an aldehyde Via its stabili~d Wittlg reaction / 

\vlth a pho~ph()!;ane. ylide D or phosphonate anion E should lead ta the required lV 

• 

\ ' 

o 

• 1 

.. 
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.. 
acylated ~turlted amide F. re:ldy for the attemplcd dn"urc tn the '-~lJh,llll1!l·l· 

glutanrrtide. 

H 

°rNyO 
CH 

PhlP'?' 1 

0 
~ Oy~O 

;> . ----~~ .~ CH, \ 

H / 
. 0yNyO R 

• CH] F (MeO) 2 Ft 
, 

0 E 

Slnce the I-.no\';r. relge:1t carhamoyltnphen)lpIJ()\plll,r.lflt· Sil lllllhi 1'" 

convenientiy preparcll In one "tep, wc tflCU 10 ChClTlll.!llv Il (Hltiv Il 1111 l Il', ':, ;1 

-deri\'ati~e 9, In the usual filall1er Tr.:-atment (',1 S \\1111 alelle .lnilv,!rllk ,111,1 .11. Il,II\,/( 

amount of fuming sulfune aCIll gave a leS., polar proJuct .l.., Oht'rvèd lin Il (' /\1 II' 1 

workup. we dld not obtain the expected lm lue, but l ... ol:.ded ll1,t~.td tlll' I(Jiim\ Ill\! IIli, ,I( 

ut 

, . 
10 

41. S. Trippeu and 0 M Wallcer,f CJrem Soc., 38Î-l (1959) 

"-
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The ppobahle mechamsm for 1tS formatlOn IS sho~n 10 Sc he me II. 

/ 

o 0 
1\ H Il 

,... u (' _. r, .- ,. ,... , 

Scheme Il 

J 

-li-

H C=N 

+~"-J 
Ph pY"-C-CHl 

3 Il 
o 

19 

Strudure 10 \\ as confirmed by 1 H ~~'lR, mass spectral, and intrared data. l11e l H 

Nl\tR "hO\\cù .1 methyl ,ingIet at 2.37 ppm and an aromatlc multiplet centered àt 760 

ppm, and the ahsence of the imide 0i-rl proton. Its Infrar~d spectmm showed an 

, ,lh~orptl()n at 2170 cm-l, characteristlc of a nitrile functionality. There was also a 
.. 

Larhony) ahllorption at 1585 cm· l . No bands were found at 1740-1670 cm· l assocrated 

\Vith carhOl:yl ahsorptlOns for Imides (taken in the solld state), nor were any ~-H band 

!(Junl! near ~250 cm 1. In Jddlt1on, the mass spectrum of 10 showed a peak at mie 343 

WhlCh corre~pomh to ItS molecular ion, rather th an mie 361 expected for 9. 

Recause of thls surprismg and rather unexpected result, we elected to synthesize 
( .. -

the. phosphonate derivative 11. .This could conceivably come from the heating of 

trimethyl phosphite wnh N-2-chloroacetytacetamide Il. Adopting agam the generel 

procedure pubhshed by Petterson et al. 2S for the acylation of amides. Il was made in 
Sl;;'o yleld by heatlDg a mixture of acetic anhydride and ~.c~loroacetarrude with a 

catalvtic amoum of fummg sulfunc acid. Ir shoulè be noted that Polya a...'ld 

" 
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'spotswood~2 had previously synthesized this coftpound using 2-chloroacetamid~ and 

acetic anhydride in the presence of acetyl chloride as cat:l.lyst. re~ulting in lower yield 

(50%). 

After obtaining the asymmetrical imide Il, the synthesl~ of dHnl:lhyl N­

acetylphosphonoacetamide 12 was pursued by h~ating< imide Il "'-Ith lrllll~thvi 
phosphite. For reasons discu,;sed earlier dunng the preparatIOn ot 'hhp!JO"phpo.lte 5. a 

stream of mtrogen was required ta dimml!lh the production. of llllllc"lred dlfllcthyl 

methylphosphonate. 

H H H 

cY~:' 
P{OMe), )NyO PhCHO O~'fO\ 
-e:. (M:O) p CH, 

• ~ CHI ... 

2" 
11 0 12 Ph 

13 ,/ 

We thert proceeded to test this phosphonate\ amon rcactlvlty w~ 

benzaldehyde as the model aldehyde. The ph,o.,phonate carhanlOn of 12 rcaclcd 

smoothly with benzaldehype givmg N-acetylcinfJamamide 13 in 70Ck ylcld. A prolon 

. coupling constant of approximately 16 Hz certIfied that the c()nden~ati()n hau rc~uJtcd 

in pure trcJ1S-olefinatIOn. 

42. J.B Poly~ and T. M Spotswood, Rec. Trav. cllIm ,67, 
927 (l~)~). 

, 
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With regards to this successful Wittig-Horner condensation and 'the earlier 

mentioned blsphosphonate S anion reaction Wlth benzaldehyde, we believe it ta be the" 

first time phosphonates containing imide groups have been mvolved in provlding a 

pseful ro~te to a.{3-unsaturated Imides. Prior to now, there was only one small note of 

phosph6nate~ containing '1econdary and tertiary amides reactmg with aldehydes and 

ketones to affo,rd a.{3-unsaturated ~econdary and tertiary amides.43 

The next step was to effect its cyclization, We envisaged that the cyclizatlon 

would occur after formatIon of Its dianion. Treatment of 13 with 2.2 molar equivalents 

of' n-butyllithium In THF at -780 Immeùiately led ta the disappearance of starting 

matenal givmg two very non-polar produe!s and a thlrd highly polar produet on TLC, 

aU of them highly UV "en~ltlve. These two non-pola~ products were identifIed as 

ketone 14 and alcohol IS by 1 H NMR. The latter was formed as a result of the 

addition of n-I3uLI to keione 14. The thlrd and most po\ar çompo'und v.as identlfied a~ 
cinnamamlde after a companson of its Rf value \V1th an authentlc sample on TLe. 

That both 15 and cinnamamide are products of. this reaction attests 10 the susceptibility . 
of both carbonyl centers towards nucleophilic attack by n-butyllithium. The SIUC 

products. acetamlde and 2-hexanone were not obsetved probably due to their 1055 

during aqueous workup and dunng solvent refuoval. 

o 0 
Il H II 

PhCH=CHC-N-CCH1 
& • 

13 

o 
u 

• Ph CH =CH C -ft-Bu 

14 

43 r. Shahak. J. Almog and E.O: Bergmann, Isr J Olem., 7, 
S85 (1969). 

0, 

+ 
OH 
J 

P hCH =CHC - ft-Bu 
1 
... -Bu 

15 

.. 
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While this work was in progress, Czarnocki and Wrobel"" aIso reponed' that • 

treatment of several acyclic and cyclic imides with phenyllithium led to ketones and 

amides, products corresponding to nucleophilic attack of phenyllithium on the carhonyl 
, 

cen,ters of the imide. Our findings confirm thelr ob~ervations regaPlling treatment ot 

imides wit~ organolithlUm compounds. 

TI1erefore, the need for a non-nucleophihc and more sterically hinde.red ~'}ase 

was warranted in order to convert 13 to its dianion. We found lithlUm 

bistrimethylsilylamide45 (prepared in situ from hexamethyldisJ1azane and n­

butyllithium at -78°) suitable for generating diamon 16: as iIttle or no llndt:~lrt:J by-

products were formed even after warming the reactlOn mixture 10 - ~()(). 
, 

Unfortunately, the cyclizatlOn of 16 could not be effecteJ elther. l'roof of Jlaniol1 
, 

formation was obtained by quenching the reactlon mLxture wIth methyll(H.lIde ln vIC:ld 

17. The isolated product indlcated that the condensatIOn took plJce only a1 the rn~t hyl . 

carbon even though the N-H proton was assumed to have been ah\tracteJ :1\ weil. 

Thus, the methyl resonance which had appeared at 2.47 ppm in the lH NMR \pcctrum 

of 16 was replaced bya methylene quartet and a methyl tnplet ccntercd re\rectlv~ly at 

2.70 and 1.18 ppm. 

H 

0'tN'fO • 
~ CH1 ---•• 

Ph 

\"Y.0 

Ph \ 
\ 

13 16 X H 

" O/N'f0 ." 
Jj 
" 

44. . Z. Czarnockt and J.T. Wrobel, Bull. Pol. Acad SC/., 
Chem, 32,335 (1984) 

45. J C Stowell, ·Carbamons ln Orgamc Syntbesls", John 
Wiley & Sons, !"ew York, 1979, p. 15 . 

"y 
Ph 

17 

• 
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In another attempt at cyclization of N-acetylcinnamamide, 13 was reacted with 

2.2 equivalents each of trimethylsilyl trifluoromethanesulfonate and triethylamine to 

generate the 2-aza-l,3,5-triel1e 18 intermediate, hoping that the int~rmediate would 

cyclize. We lmew beforehand t~at treatment of diacetamlde with trialkylsN:-I triflates 

resulted in the formation of 2-aza-l,3-dienes, whlch acted as powerful dienophites in 

, cycloâddition reactions.46 We could not predict however, the consequence of placmg a 

third olefin in conjugation witb the 2-aza-I,3-dienophile system. Optimistically 

speakiilg, a successful cyclization of the type depicted by 18 could in principle, provide 

the sought after glutarimid~ ring after an acid hydrolysis wor\}up. 

H ™S6,'iîoTMS TMSO'YoTMS o N' 0 H t;lH.- /~I l "-
HzO Oye ~, --~--. ..-
H+ 

Ph Ph Ph 
Ph 

13 j~ 18 

, 

Treatment of 13 with trimethylsilyl trifluoromethanesulfonate and triethyl 

amine led to two products after purification by flash chromatography.47 The)ess polar' 

product had an Rf exactly equal to the starting mate rial. It could not be identified. The . r 
second proquct 19 apparently resulted from a Diels-AIder reaction between two 

molecules of 13. The course of the reaction is outlined oelow. 

46. F. Sainte, B.S Serckx-Poncm. A.·M. Hesbain-Frisquc and 
L. Gbosez. J.Am. Orem. Soc., 104, 1428 (1982). 

47. W.C. StiU. M. Kahn a.nd A. Mitra, J. Org. Oltm., 43, 
=m (1978) 
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Ph Ph 

H ~ OTMS 0 
1'-' ... H 

MeyN "Ç( ... M:yN 
o 0 ~ 13 TMSO ~ 0 0 :::--. 

Ph 
, 

Ph ·.ph 

18 19 

Even though we were not able to isolate the highly reactive lOtcrmcdl.lte 11'\. 

isolation of the Diels-AJder product 19 was ample proof of ilS formatIon The III 

NMR, mass spectrum and high resolutiQn ma~s spcctrum \Vere In a~c()rd \\1Ih tlIl.' 

proposed structure of 19. 

The decisIOn was then made ta alk.jlate N-acetylclnnamamuJc wlth belll\ 1 

@romide. It was based on the highly tentative assumptlOn that the removaJ nI thl.' 

~ acidic N-H protQn would result In a more electron tleficlent double hono 'nlC l1l' Ill! 1 

group was chosen because of ItS facIle removal by catalytlc hydrogenatlon, a..,.,lllllllll:! .1 

successful cyclization rook place. Treatment of N·acetylcmnamamltk Wlth .,OJllllll 

hydride and benzyl bromide in DMF resulteJ in -Its conver~lOn to renlary amllJc ZU rh 

infrared spectra demonstrated a doublet between the 1600 to 1700 cm- I range, gl\lll1~ 

credence to the faet that the product isobted was strictly N-alkyla~ed (:mJ not (). 

alkylated). .. 

20 

, 
• 

J 



l 

( 

-
25 

However, treatment of 20 with non-nucleophilic bases ~uch as lithium 

'examethyldisilazide or lithium diisopropylamide in THF or potassium t-butoxide in [­

utanol at room te.mperature falled ta cyclize the compound, and only staning material 

as recovered. Upon prolonged heating Wlth the t-butoxidejt-butanol system, we 
c 

o~Jd anly obtam the secondary arrude 21 resulting from acyl cIeavage, along with 

froducts of decomposition. 

1 

rPh 

O~N'T0 Il CH] 

Ph 

'20 

• 

1 

21 

.. 

\Ve then went on to expld're the chemistry of its silyl enol ether 22. It was fel! 

, that a Lewis acid would coordinate with the carbonyl oxYgen of this compound, thereby 

activating the a./J-unsaturated system towards ~n internaI Michael addition, and. 

, 

hopefully resulting in cIosure. The synthesis of silyl enol ether 22 was achieved by 

quenching the enolate anion of 20 generated by lithium hexamethyldisilylam1de \vith . . 
chlorotrimethylsilane. 

.. .. 

(Ph (Ph. 

LHDS ~"Y0TMS L .... is -* Ylt° 
--T"';:';M":"'S:=;'C~I--~ 'l CH) -~id - y. 

) 

Ph Ph 

20 22 

./ 
• 
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This silyl enol ether was identified by lH NMR alone. Owing ta the extreme 

susceptibility of the compound to moisture, no mass spectrum was ohtained. HIgh~ 
~ 

'apparent ln its lH NMR spectrum are t\Vo sets of doublets (J = 1 ~ Hz) ccnter~J .It ~ o.~ 

and 4.20 pprn corresponding to the two vinyl protons, III addItion 10 ather ~Ign:d .... 

Once isolated, lt was immediately treated eHher wIth tHallium tetra~ond~ or \ .. llh 

aluminum chloride, in an effort to effect LeWIS aCld promoted cycIizatlOn. Ag:lIn. Ihl' 

cyclization attempt was thwarted for only unreacted a.t3-umaturated amide !O wa~ 

recovered. 

In conclusion, we would hke to !->ugge!->t that the fa Il ure nt the :l11l011 nt 20 10 

undergo an internai Michael condensation IS due tn the poor electrophdlc charactc:r ut 

the olefinic bond of thea.j3-unsaturated sylitem. Another p()~~lbk rC:.l.,oll 1., thl: tadllre 

of the enolate anion to be III the proper onentatiOn wlth re~rc:ct to the t!\)\lhlt: hond !I) 

allow for closure, smce three possible configuratiOns are permJ~"lble a~ depli:tt:d helm ... 

-1 -1 -1 
R R -
1 ... 1 

~H-y 
Ph 

_o~yo \,~ 0 ~ 0 

R 
o y 

R 

Unfortunatelv, studies of rotatiotll barriers have not bcen carnet! out .,0 t:!r. 

\ 
and this latter explanatlOn IS speculative. 1 

" . 
Dr. G. Sacnpante~S In our laboratory, found that trcatment (J~ \ ' -~-, -

bromoacetylcrotonamlde 23 WIth AIB:--I gave exclusively 2-ethyJ~UCClnImH!t 2~ . .l·) 

48 . 

49. 

G. Sacnpanlc, P~ry Thesls, Depl of ChemJ~lry, .\Iç(idl 
Uruverslty, 1987 
G Sacnpante, C Tan and G J~t, Tet. Leu., 5643 
(1985). 
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resulting fro,rn a 5-exo-trig addition of the radical to the olefinic bond, with sorne 

reduction product. 

H H 

O~'( f. 
~-~ Br 

CH] CH 3 

23 24 

Failure of aIl our {lforernentioned attempts at ~c1izing the a,j3-unsatUPated 

imides to the corresponding glutarimides compelled us ta investigate other approaches, 

which are discussed in part II of this chapter. 

, 



1 Pan Il 

In view of the failure ta effect cyclization of a,jTunsaturated imiùes, wc 

Îlwestigated other possibilities for the construction of the glutarimide nng of 

sesbanimide. 

Our approach descnbed in this second part of the first chapter is directed 

towards finding the shortest route possible to corutructing a hifunctlllnal carbonyl 

derivative of type III, starting from an aldehyde functlOnallty. Tran~formatl()n of ally 

initial aldehyde ta III cou lu be envlsaged to occùr ln two ... tep .... the llr\l ... Il'p 

mcorporating a twa-carbt>n Untt homologatIOn and the second '>lep lInpltcatlng ano\lIer 

two-carbon umt addHlon ta the ~tanlng aldehyde\ earbonyl carbon ;\1 orc()ver, tl1h 

pair of two-carbon umts ~hauld bear an e~ter: amIde or aldehydt: terIllll111". Jll()'Wlng lm 

• the requued chernlca} modifications, before or after the cycJll:.I!IOn "tep to tlle 
ç, 

glutarimide ring. 

y , X 
1 Cl _ n second step O=y-"_----

R 

III X,Y=OR,NHR, 
CI,H 

., 
y 
1 o=c 
1 
R 

" 

fir~t stcp 
+----

0-
Many methods are available 'to' accomplish the first two-carhon < unit 

homologationl Wittig-type reagents are e~peclally attractive i:ecau'le they arc ra,plt! 

and hlgh Ylel~ reaetions. Furthermore. the ensUlng a.;3-un~aturatcd compound 1" a 

po~ntIal ~lichael acceptor t'or suhsequent nucleophtllc all~tIOn of the ~cconll two-

( 
carbon unit. 

, 
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• 
l (jr the "l'CUrlU t\\()-I.:ar(1on unIt cnnden~atJr)n, we tlr"t con"Hlered the use ot .. 

': :.1"1. cd ",lU': [,1 m 1\11:' "-\ Il; !i()n,,-, Anl()n~ oj ,v,O- hl"( tl 1 met hyl ~Ijy! )aCètamldè (here a~tèr 

""drl)\\ ,lll'l..ll1Jltle ... In è\Cè!~Cl1t Yleitt '(1'1 Ill..tWI\e, the '..l[7;è prnduc;s cou~d he 
1 

,':rhl \:/l'd u"lng tl1~ dl.ln:cJn ot \ -( [ilmt.'thylqlyl ),H,et;;'fT1lde fhe l~tte~ :~ :"':1(\\\Tl .li" 

::l'l'd "()fT~l' "rll,lil lhl':l1l\..,I! 1l1l1dtfll,ltl\lf]'-, rCl lJ.,tl,c t:ll' ~!lltdflil:ldc r,r;~ rCJr C\,1!11i)k. :~ .. .. 
lky \\crl' to ,ldt! III ,1 :.~ ',("lllu!1 tou.p-Un\,ltur,ltcJ JIJchydc"-. \\C \\CluILl he ~lhlc [0 

h,lnLl, a "llcL'e"rul 1..+ ,11ldltl0I1 hy an Jcetamlue <;yllthon 10 the cor~è~pont1Irlg c"tè; 

\\OlIlJ pro\!tk the rr:clI:Cl,JI:lldc L whlch c(Juill t:wn tw ëycll?t>Ù hv kno\',:n lIter:..tture 

T ~lnn\1ck. Ter Lcu. t::-: {IC)SO) 
DA E\,tn~ .lnJ R Y \\ llng, J O'1!. ChcIII ,,J;, 350 (l<J7ï) 
r \1 H ,Irrl~. Pl' K U/mJ Jnd L E Brm' n. J Org CI/Ol!, 

.N, :l1l5 ~ 1 <)~ l) 

Je Hubert, 1 R P .... \\ ~Inbl'r:.! ,lnJ W ~ ~rcd\ùmr. 
Tt'fr(iht'dr(lfl JI !.t; ~ (!')~5) 

P JC\I.I\ll.lnd'\ r f{(ld,(//t"/l und/lld'/Lon"), I.:'-ll 

( P l(2) 
SR S.lnJkr .Inu \\' KIr,' ()r~ (,rl)Ur Pr.:p. 3 Ch ~. 

rr .:~:; ..... .:.IJ\.·lTIIC Pr.:'., Inc ]1)-: 

\1 K H.lr!,;.re.l\c\. J G Prtt..:h,lrû .mJ H R Da\e. Cht:'1Il 
Rel , ~o ~ 1 (!')(l<l\ .lnJ rcre~en,c~ ,'llcu :hc.:m 
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JO , 

HN '0 

o~ 0y 
~ 

R 
R 

~Me MeO,cyONH' 

R R .... , 

l 

In a model ~tudy reactlon InvolvIng the BSA ,lnlOn and Cfo(oll,tldehvde, ..,dyl 

-ether 25 was obtained rapldly The newly created alk(lXIdc hecornc.., "I1ylated, elllwr hy 

internaI sllyl tramfer or by a "econd moleculc nt I3SA 

n OS{CH)) J 0 (CH)) Si/N, 
J ~ 

(CHJ)lSi6 0\ 0-

.. HzO .. 
C~ CH3 J 

CH] 

25 

. 
Because the a.~-unsaturated aldchyde reacted wlth the BSA anIon by 1:2 ratller than • • 

l,4-addition, It was decided to attcrnpt an analogom rcactlOn wah J j-haloacctal. Â 

recent procedure by Gil57 descnblng the one-pot <,yntr.e<,l<, of ;3-h:.üf(.!C\ of ;!cetal ... lrorn 

57 • 
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&.{3-umaturated aJdehyde~ wa~ available; therefore. we then ~ormed the acetal halIde, 

26 and 27 hy rcactlng cmr.amaldehyde wnh ethylene glycol anJ the appropn:lte 

tnmethyJ"dyl hallJe. 

.. /\ ,(\ 
o 0 0 0 

HOCHzCH20~ y- __ *_ y CONHz 

Me,S,X. yx y 
X= l, Br Ph Ph 

\.. 

26 X=I 

27 x=Br 

IV G 

Once the hallde \ra" oht.lIrll'd. Il'' dl"placement hy "m:.J.~ked" acetamlde derivatlves 

could ln prl nClrk. he rh~1 tl)f med ln glve the amlue<llJehyde G after an '.lC1U hydralysls 

"Il:p ,\n llI1I...!1O\\ll t,lctlll (li 1:111'm::IIlCè i11 thls aj)pr(),IC~l \va~ the nuclèophtllclty of the 

;;~.~tanr equI\'aknr... lll\\:lrd" "L'c()nJa.ry~haIJJe" In thèlr ~,t.UdlL'<; \\Ith the dla~lOn ot: 

.\-(tfl~et!JyhIlyl):~œt,lll1lde. 1 Llrm ct (/15~ noteJ the sucœssful alJ..ybtlun reactlons ot 

the latter \VIth pnmar~ .. lnd henzyl haliues. ~o mention however, wa~ m:.J.ùe regarùing 

it~ reactlvity \vlth o{her c1a~~e'i ot h,lIlues, ~uch as secondary haliJes. .. 
Unfort;mate\y. the experlmental results were quite dlsappomting. Firstly. {3-

loJoact:tal16 \\a ... \crv un ... tal1 le and ilS Immediate treatment \Vith the anian of BSA or 

the thanlon nt ,\ -tmnethyl"tlylaœta1nlde at _]80 fatled to hfford IV but yielded anly 

} (inn,lmaldch~tk Secondly, reactl~m Imolving these "maskeJ" aceta~1lde anions wl:h 

~ f the more ... tahle ,6-hromoaœwl :'7 ,llso gave cinnam<\ldehyde. in addition ta unreacted . 

" ~tarttng mat~lïa1. In these reactions, cmnamaldehyde was presumably formed after 

hase, mduced e!tmIn~ltlon of HX (X = Br. 1), folla\\ed by aciJ hydrolysis of tbe acetal 

mmetv. 
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'-
f 

f\ n 
O~x base o~ 0" 

HzO \-.. .. 
H+ 

Ph Ph Ph 

\.. .. 

In expenment~ lD'ohmg, rcactinn" h~t\\e,'n .ll1lull' pl n~ \ ,llll! dl,llilPlh 01 ,\ 

tnmethylsdylacctamllk \Vith methvl l'l'1nam,\k. \\111\ li1.:\II\' \.+1111,llll.:k ,lllIi 

atltlltlOn p'roduc!s \Vere lSI)I.lted. 

~Me 

Ph 

1 , 

Primarya.t3-unsaturated amiùes as Michael acceptor" are rart:ly rt:poftcd Ifl Il!' 

literatur.e. . l:ntil nov.. in thlS c1ass of comp()und~. only acrylarnjdc~K,511,1'/) ;Ifld 

58 . 

59. 
60. 

Bruson,. V.S. P 2, 370, 142, Cllftm Abs , 39, 3S.w 
(1945) 
r1 Elad and 0 Gmsburg,J Chem Soc .. 413.7 (1953) 
T. Kametam, W T ,lUb and D GlDsburg, Bull CJuml Soc 
Jpn, 31. 857 (1958). 

1 
, 

.' 



( 

33 

methacrylamide61 have been reported to undergo Michael condensations. For . ~ 

cxample: Gm<;burg et al.60 condensed the dibenzyl malonate anion with acrylamide, to 
, 

provlue the followmg glu{~.tr!mlde derivatlve. 

+ 
)LOBn 
\-OBn 

o 

• 

H 0yN'f0 
.. ~OBn 

o 

We decided (0 try thls reactlOn with trans-cinnamamide as the C4)-unsatura.tcd amide 

.lnd d1ll1ethyl malonate ~s the Mlcbel donor. Condensation of cinnamamlde \Vltll 

Jlm~thyl rna!onate ln the presence of sodium methoxlde g~ve glu~aflmlùe m:~ 13 

uJrectly, albelt ln low and variable ylelds of approximately 15-~5% In addwon tu , 
methyl ClIll1amate, triester 29 and mt.:ch unreacted cinnarnamide. An explanatiof! for 

the product!l recovereç is outlined in Scherne III and Scheme IV. 

Scheme III 

.' 

61. Oesterr A.G. Stlckstoffwerke. Austnan pat. 176,~5 
[CA.48. lOm (195~)]. 

H 
a N 0 

~co,Me 
Ph 

28 
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The reactlon proceeded either by (1) N-acylation resulting ~rom the condensation of 

the anion from cinnamamide with dimethyl malo'nate. follo.wed hy suh~cquent 
, . 

cyclization or, (2) direct ad~ition of the carhamon of dimethyl malona!e to the {:3-

carbon of cmnamamide, followed b~ formation of the Imldo ~tructurc. 

The formation of methyl emnarnate rnay he~xplaInhi by the nucleophilic attack 

of sodium methoxide on the hypothetleal acyelle Imide intermClhate .J. whlch in turn 

could aIso aet as a Michael aeceptor for dirnethyl malonate anion. accounttng for the 

formation of the triester by-produet 29. This IS outlined In Scheme IV. 

-Scheme IV 
• 

o O· 
1\ H Il 

PhCH=C HC-N- CCH 2C02 Me 

-J J 
MeO 

, . 

\ / '~'M. 

Ph l 30 

.1 

, 

28 

A third plausible mechanism for tne forniation of glutarimide rIng 28 ..,ugge..,ts 

involvement of by-products in Scherne IV. Presumably, the half amide of malonatl! 
li 

ester 30 may also add In a 1,4 manner tu methyl cinnarr.att! (Ibclt .1 hy-proùllC~).' 

-
followed by N-C bond formation ta affo(d the di~llbwtutcd glutanmldc 28 hce 

Scheme IV). Beeause of the low yield nature of this reactlon, we dcclded to ITIvc..,tlgate 

other approae~es. 
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The resuIt of this work convinced US that a,t3-unsaturated amides are poor 

Michael acceptors and tberefore, the accep!or would have ta come in the fann of an 

a,~-unsaturated ester. What was required was an acetate synthon, for the acetamide 

syntQon was earher found incapable of adding. We decided upon dimethyl malonate 

as the acetate ~ynthon after giving careful thoughts ta the following considerations. 

Methyl acetate or ethyl acetate existing as their lithio enolates or enol silyl ether~ 

would he Ideal synthons provided that they would add in a 1,4 fashion. However, it has 

heen noted that the quenchmg of anions of methyl acetaté2,63 and ethyl acetate with 

chlorornmethybJ!a~ gives a mixture of C- and O-sIlylated products. Furthermore, 

their treatment wah Lewis aClds results in self-polymenzation, prohibiting their use. 

The lahio enolate of methyl acetate has been shown to add 1.2 to a,{3-unsaturated 

ketonc (and not 1,4) hy Ravld and Ikan.64 Another compound, O-methyl-C,O-
j# t 

Im,(trimethybIlyl)keter.e acetal, syntheslzed by Matsud:. and co-workers,65 is described 

tD add in a MIchael fashion to a{3-unsaturated ketone upon treatment with TiCl
4
, but 

has not been tested yet for its action ona.{3-unsaturated esters. Moreover, màking this 

reagent requires two steps, and as~unung that the addItion praduct could be formed, a 

protodesllylation step would still be required. 

The anions of malonates gîves excJusively conjugate addition ta a.{3-unsaturated 

carbonyl systems,. as eviden"Fd by the great number of pertinent refet'ences cited in 

Bergmann'sÔ() review artIcle regarding Michael reactlons. A model study was then 

:!ttempred wlth the go:!I of making 3-phenyI glutarirnide. startlng from the l,4-addition 

63. 

tH. 
oS. 

h6. 

C. Airu.worth. F. Chen .mJ Y~. Kuo, J. Orgallomet Chein., t 
46.59 (19~) 
M.\V. Rathkc ,.tnd D F S~llvan, S\11 Comm., 3, 67 
(197.3) ~ . 

U Rand Jnrl R. Ibn,J ùrg. Chem .• 39, 2637 (197.t). 
I. Malsuda, S. ~furata. :mJ Y lzuml, J 018. Oum .... 5. 
137 t1980) 
E 0 Ber::mann, D ("jlnsburg and R Papp<\ Org Reaer., 
10,17t>(1')5i)) 

\ 
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of dimethyl malonate anion tD methyl cinnamat~ (n retlu.'ing m~thanolic SOt.hUnl 

methoxide solution. 

\ 
MeO,C CO.M .. 

l J' ," -----
Ph 

.31 

The resulting Michael product, triester 31 was ootalneu in ..tpprmllnate\y hW';, Yll'Id • 

after purification by flash chromatography. 

Now that the triester '-YU\) at hand. a methoJ ,\~i.., r~qulred lo d~rndhyl.ltl,· .\11\1 

decarboxylate one of the gemwal eq~r group" Thl'> prp:)km '\~l" Il',>()I,ed !Jl'.ltly III 
. 

one step by Krapcho's methoùh7 01 l:~carhalkoxylalI()n. :.Jtl()rJlllg Ih~ de,>rred drll1ctll\1 

\ 3-phenylglutarate 32 ln 60% viekl. It ~hould he notcu that the m~(hanl'1m ot ,11i'. 

reaction Îs not yet,.entirely undentood.b8.69.70 Thu<;, the in'trouucllOn of a tWO-l'dl horl 

unit methyl acetate synthon was accompl1sh~d sUCce."~flllly ln two ~tep'> 

We then turned our attention to the activation of the glutarate nng rClto tlle 

required 3·phenylglutarimlde 34. There was a va"t ~ealth of pllhlr'1hcu, litcratllfc - . 
( 

dealing with the converSIOn of glutarates 10 cycllc imides. but ail of them wnuld ent.lil 

at least a two-step sequence procedure. We finaJly decided on ()n~ whlch WUlj!U 

inv?lve (1) hydrolysis of the~est.,er to dicarboxylic aciu 33 and (2) heating the di~l(.Jd 

61. 
68. 

69. 
70. 

. , 

A.P. Krapcho and AJ. Lovey, Tet Lcu., 957 (1973). 
A.P. Krapcllo, E.G.E. Jahngen, AJ. Loveyand F.W. Short, 
Tet. Letr., 1091 (1974) 
C.L. Lioua and F L. Cook, Tee. Lert , 1095 (1974). 
J.E. :V1c~furra}, Org React, ~~, 190 (1976). 
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with urea.71 They gave resp~ctive yields" of 5S and' 70%. The ovetall non-optimized 

yield in four steps', starting from the Michael reaction was about 15%. 

. . 

71. 

HO'YO.H H 

.- Y Ph Ph 

33 34 

,. 

, , 

r 

. , , 
a.c. Croc.kett, BJ. Swanson, D.R. Anderson and T.H. 
Koch, Syn. Comm., 447 (1981). 
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Chapter2 

• 

" 
Synthesis of Ring A of Sesb anim ide 

Since the glutarimide ring had only been grafted onto simple aldehydes, we next 

investigated if it could also be added ta a molecule of higher complexity. Our c1HlIœ 

was the readily available diacetone glucose, which not only can serve a~ .1 mmkl, but 
. 

. can in principle also be further elaborated to enantIOmer 1 of ~e~banIml(.k. provlo.cJ 

that the molecule obtained w?uld be reslstant ~ further manipulation. Th~., plan for 

the synthesis of ~nantiomer l}was ta first constnkt the A (glutannllJe) rIng onto the 

yet unformed B (1,3-dioxane) rIng, followed by elaboraüon of ring I3 allJ addition of 

ring (lactoI) C. The success of this scheme ~pends on the abtilty ot the gluturuTIloc 

rnoiety to survive the reaction conditions It would be et:1countenng later, 'iuch a~ it~ 

forecasted exposure ta zinc chloridejethanethiol or the yet undetermlneù condition for 

the methylenatic;m reaction required ta bridge the C-2 and C-4 hyor oxyl group". Our 
. 

irnrnediate synthe tic goal was therefore glutarimide derivative ... .3. where ~he 

construction of the glutarimide ring would take place about C-5 of diacetone gluco\e. 

H 

EtSH 

o 

43 

HN 
'SEt 

, SEt 
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The crucial factor involved the selection of a suitable protecting group at C-3 of 
, 

this glucose. ·The protecting group. had to be bath acid- and pase-stable to survive the 

reaction conditions that were to employed in the synthe tic scherne. Acetates ::Ire 

susceptIble to facile mIgration and elimination, and furtherrnore. are senSItIve to ZInC 

chloride/ethanethiol. reagents hkely to be employed later. Benzyl ethers CQuid be 

rernoved by hydrogenation, but the removai co~ditions may be incompatible Wlth the 

preservation of olefIns. They could also be cleaved chemically. but these would involve 

use of "harsh" chemical reagents such as tnrnethylsilyl io~hde,72 whlch could pos~lhly 

destroy the 1,3-dIOxane rIng "ystem as weIl. Eventually, (he relatively aCId- and ha~è­

~table t-butyldlphenylsilyl group was chosen for the protection of the hydroxyl group at 

C-3 of diacetone glucose. It can be removed by the actIOn of fluoride lon.71.74 

Silylatlon of diacet<:me glucose 3 with t-butyldiphenylsîlyl chlonde and Imldazole 

in dimethylformarnlde gave sdyl ether 35, which wa~ selectlvely hydrolyzed ta lts 

correspondlng dIOI 36 wlth 70% aqueous acetlc acid. Subsequent tre...ttment of <.hol 36 
1\, 

with lead tetraacetate Ylelded aldehyde 37. 

,.O"~a 
OS; 

o .0t-
3 R=H 36 37 

35 R=SiPhzt-Bu =Si 

/ '. 

Evidence for the formatIOn of aldehyde 37 came ·[rom Ils mfrared spectrum, which had 

the aldehydlc carbonyl a~ .. \.rbJng at L'35 cm-l, and from as IH ~\1R spectrum. which 

7:. 

73. 

74. 

M E. Jung .mJ \L\ L)Slcr. J ()~ C.'/t'nt. ~~. 3"701 
(1977). • 

S. Hanesslan and i' wvallee. C.in J Cht'fn _ 53. ~q75 
(1975)_ 
S HaneSSl.ln and P La\.likc. CJ!t ] CJlt'm. 5S. 50: 
( 1977) 

1 



l 

) 

t 

40 

displayed an aldehydic low field proton at 9.70 ppm with a small coupling c()n~tant of 

J=1.2 Hz with 4-H. An item "Of interest re\'ealeJ hy the 200 7\111/ 111 :'\l\IR pl thl" 

aldehyde IS the ah..,ence. of anv proton-proton \.'()uplll1t! hL'!\\ dl'Il t Ill' ~ Il ,ll1d', Il • 

protons. ~hlCh IS ImÎlcame of J l)()') dlhedr,t! .1l1~k Ih Ckll[(lll 1<l1l1:,ltll)11 111.1"" 

the respecl1\e los"e~ ot al-hut]1 radle.lI. [r-hut\! ... lù't(l[lL'I.llld Ir·hut\1 • ,l,l'tlllll' . 

~ CO]. lt shoulJ 'he noteJ that 1Il many "llh..,eqll~nt ~k(tw/l 1(l11l.,111,'11 Ill,"''' "I)l'lll 1 

"'bken of t-butylJlphenybtlyl protected compollnd" 1ll.lllY Ir.l~11ll'11h Ill\nl\l'd the I\.',llh 

los~ of t-hutyl radlcab. m'.lng to the gre.ltèr (,lp.llltv ni "1!llI111 tl1,111 1..1:111111 Il) 

accommodatt: ..l pmi tl\ e charge -:5 

-AlJehHle 37 (oulLl he eL.tbor.ueJ lO :11l: ~;lIl,H1lllllk f1Il~. lollm\dllt: tlll' 

methoLlology \'.e hJJ JevelopeJ e:uller. 1 rc:ttment of Ihe ,tlddl~lk wltll t"ll,' <,Llhll/l'll 

. 
yI ide metooxycarbonylmethY'lenetnphen:/lph()"phor~l1e. g.lW lm1/.I-l" :èr JXa .Lllll 11\-

ester 38b, 

38a 38b 

separated by t1a~h chrom:.ltography Hm'.è'.er, Ir \~a" pm~lhk tl) :'II~,lt~ ,l ':l .. til .!!1l!)::r~1 

of the two comp0r.ents ln ~uftlclenr purJty to a"\I~n rhelTl ,t"> l n- J:~d rrrJl/',-I'IJ11:Lr~ li II 
. 

the basls of thelr lH \'\lR Liau. 1l1~ :~~!,,>t polùr 'Pl)t ~d" tl,t; (/:-,'IJllH.:r • .!'> l.:·,J(~t:I:<.t.:d 

75 

, 

\1 R Lt.:ow ...tnr.1 T R "r;j~JIDI!, \1...t\'> "f'LllrCml.tr:, tlt 
InorgJnIc JnJ On:J!1l'm\:t...tijK C ,mp')L.nJ',lh..lf lU \. 

(1 ')73, El )\:'oI\:f, ..... 1 



( 

, 

41 

by a coupling constant between the two olefinic protons of ca. 10.5 Hz. The more 

polar isomer, displayed a coupling constant of ca. 15 Hz, indicative ôf a trans­

relatlOmhlp The total yleld for the two products wa ... approxlmately BI CC from 

aldchyde 37 PreparatJOn of the a.t3-unsaturated e-;ter on a larger "cale \Vas achle\ed 

hy treatlng the "ame aldehydc \'-Ith the carhamon of tnmethyl phmphonoacetate. 

Whllh'" re"lIltcd ln exclll"lve trull\-olefinatlOn 10 afford trallY-e<.,ter 38a as the ~ole 

proJuct By ernp!()ylng tnrnethyl pho"phonoacetate In a \VIttlg-Horner reactlOn 

Imtcad of the corrc<.,ponJlnt! phmphorane, we ma~d to aVOld the pUrIfIcation step 

r~qlllfed 10 rernove tnphcm Iphmrhlne o\IJe f 
Sorne ddllell!tle<., \\ere encountered dunng the additIOn !ltep of dlmethyl 

mJlonate ,lnlOn te> the u.d-un~atu;-attd c..,ters 38a and 38b, when th<J reactIon was 

conducted ln refluxlIlg methanolic ,,(~dlUm methoxlde medIUm. On TLC, we ohservcd 

a rapld dl"Jppearanœ of the CLJ-e<;tcr. whereas much of the trans-eqer remamed 

vlrtually l:ntollched, ~loreover, chromatographIe "epar~tlOn of the products ~/lelded an 

unde"lred Illethyl ether J9 rc'-,ultlng from mcthoxlJe auditIOn ta the double hond. m 

aùdltum 10 rec()\'cnr~g "tartln~ traI!.H~<;ter 38:1 ~nJ tne<;ter -to. 

'\ 
CO~Me 

OMe 

39 40 

n1e pmblem \\as rectlfied by replacing sodium ,mJ methanol \\Ith ..1 rctluxmg 

non-h~'droxy!J~ "! ..,rem ~(lmpm~d 1)( wluene. ~olId J.nn~ drom potJ."slum carbol'ate J.nl.! 

di~"ydohe\ano-l~-\.'w\\ n-n, The m.t1onate alilOn of tlm !TIl\tur.:! adLkJ to [ram-~ster 

\\'lthollt ruri!lcatlon. the tnester \\2.5 heateo In orme-

J 
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175° for 8 h' followmg Krapcho's method67 to glve dimethyl glutarate .. H. TIle yidd . 
obtained in two steps from thea.j3-unsaturated ester was R3C'é. 

o 

CO~Me 

41 

The hydroly~~~ of the 3-~ubo.,tltutcJ t:lutar.lte to dlLlrh()\y IÎe .IUt! ·t! \\,1,> 

achleved by treatmg t!le dJe"ter \Vith lithium hydf()XJoe. 7
(, l'he 1I"c...' of tlll,> rl.:,l"l'flt 

resulted ln a cleanèr reactlOn comp.HcU 10 hydroIY"I" wlth .1 "y"tcm ()I .tljllCllll" \Odlllrll 

hvdroxide ~lnU methanol. • 
o 

42 

1 

43 

) 
/ 

that the extremely hro,IJ h).:;-m:,j "tJcknlr.~ .lh-nrptlfl[l ,n :!;~ r'':'''(lll (d ~ !IJlj :() ~-;-I,\J 

'" 
cm- 1 belongmg 10 the dlC.lrho\'.llc .lcld ..Jll'rclur,,()r r.dd hL'cn ~Cp:,llCd Ily ,1 ::,!fr(J',',cr 

observed on the 1 H ~\!R "r-=ctrum J.'> a hroad ,Ing!ct rc<,ondt!f1g .:1 7.1)' ;)f'rT] 
~ 

76 ~EJ CJre\, 1 ~/àc!v JnJ (_ "'l "'lnmef. ft:! Lc:t. ~5:') 
(197"7) / 



• 

(. 

43 
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In parallel 'itudles, we had at that time established that the formation of the 1.3-

dioxane ring dld not proceed weIl under aCld-catalyzed conditIOns, but requ,ired' strong 

ha.'IQ Since the glutanmlde nng would certamly not SUIVlve these strong basic 

conJlllOfl',. tlm pathway wa~ not funher explored. 

J 

, . 

• i 

() 
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Synthesis of the AB Ring System'lf SesbaJJlmide: Unexpectrd I,..J-Silv/ SIz,ft 

At the time that we did this work, the ah~()lllte ~tcreochenll~try nt "e~ba!llmltk 

tl. was unknown. Smce selsbanimide had heen repre~enteu Ll~ enalltHHllcr l, wc dCl'llkd 

to syntheslze ItS ffilrror image 2, in the bellef that mn'.t rc'.carch group"> \\-\luld tir',! 

attempt to prepare 1. lndeed, two years laler, Upcndra K. p~lldlt77 prO\lded li"> ,\ wpy . 
of 1~ls paper in ad'van~.e of publtcation, reportlIlg that lm group Il.ld aclllL'\l'd the.: 

f 

synthesis of enantiomer 1. They noted that thl~ enantl<lI1ler Il,ld Lill optllLtl rot,ltJ(l(l 

equal in magOltuùe, but Opposite In slgn to that of natLÎr JI '.C'.h,llll[l1J(k 

For the "ynthe~ls of the natural enantlomer, \ ... e telt \1 \\oltld hl' approprl:lle III . 
'ob,tam a mlùGi!e flng ulaldehyde Intermedlatc, WIth the (~I and ('-~ ,t1dchy dll ">IIL', (lI 

the <üacetone gluco~e "kelct,on masked ulffercnt!y The dCCI"IIl11 \Va'. madt' ln ,(l!l\ l'rI 

the 5,6-Ù101 sy~tem of ulacetone gluco',e In(() Il'. e()rr~">pondIng Oletlll 45 \t tlll 
1 

reqUlreu moment, the aletin could he converted 10 the rClJlIlred C-~ aldehyde ,tlter .111 

ozaralysls reactlOn. 1l1C C-l ~lte. wc envl!>aged, would he proteett:d :t" .1 dlClhy! 

dithioacetal, a~ have been known ta occur after trcatment ot ] ,2-I\opropvlllknc 

denvatlves of 'iugars wlth ZInC chi onde jet han eth 101. The ùemlon to proteel Ille ;~ 

hydroxy functlOn of dlJcetone glucose JS tne t-hutyldÎIlheny hIly! ether w:t'> dl\lll\\.:d 

prevlOu~ly Thus, a ::-,ynthe"IS ot an mtermcùlatc ~uch :.1\ \1 \Va" v. arrallteO ,111<1 ulldd hJ.:, 

derived pre'ium~bly, via dihyùroxY dahlOacetal 46 and ()lctln 45 

77. \U. WJllna, ~ P Wiilard, G·J Koomen and C K Pamhl, 
J Clse·n Soc .. ClIent C01llm. 3% (19))6) 
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\ 45,46 Si =SiPh2 t-Bu 

.Two syntheti~ routes were possible for the synthesis of olefin 45. The first 

• would Involve the ~tlylatlon of l,2-acetonide L, a derivativè which could be made in 

thrcc ~teps ~tartlng wlth triol KJ8,79 

HO 

HO 

K 

36 

R=H 

R=SiPh1t-Bu 

\ 

, 

~
o 

OH 0 1 

· of 
L 

'\ 
The second route lnvolves stlylation of diacetone glucose, selective hydrolysis of 

the t5,~cetonide. and converSIOn of the 5,6-diol system to carbon-carbon double 

bonds~ stnce the first two steps of th~s latter possibllity had been- performed e~rlier, 
and a sulfh:icnt quantlty of 5,h-dlOl 36 \Vas available, we decided to canvert the dial to 

, , 

ib olefin 45. There are many methods to carry" out this kind of transformation. 

Prominent ones are ( 1) tl:e Corey-Winter methodSo,81 of thioc'arbonylation fbIIowed by , 

11) 

81. 

J.K N. Jone~ ,md \.L Thomrson, Cm J C/rem .. 35, 955 
(1957) .mJ relcn'nces cllcd 
~1. Pietr.lszllC\\lCZ .lnd P SlOay, Tet Ltcc., .t7.H 
( 1971:)). 

EJ. Corey ,mu R~-\ E \VlOter. J. Am Chcm. Soc., 85, 
2ôn (1%3) 

EJ. Corcy and R_-\ E Willler. J. Am. Chein Soc., 87,934 
(1%5). 

: 
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heata:tg in trimethyl phosphite, (2) Hanessian's method82 involving the formatIOn of tte! 

t-dirnethylamino(methylene)acetal and treatment WU? methyl iodide and (3) Josan 

and East\vood's procedure83,84 of converting the dinl tn a l.)lcll\: orthoc~t~r and 

subsequent pyrolysls with catalytic amount of benzOIc or tn phcnylaœtlc ,Icld. 

The firs't method ~as not applicd in our case hecall~e of the hlgh C()~l (')1 tht' -

thiocabonylating reagent, thiocarbonylJiirTIlda.lole, predudcJ 11'. u"'c ln l.lrgc 

quantities. F~.lrthermore, thls procedure reqlllrc~ two rcactlon ~tcp", in Whldl the 

second step requires a prolonged heatmg tane of about 60 hour .... 

\Ve focused mstead our attentIOn on the latter two proccdure.., w/lIch .lre .tho 

_~entially one-pot methods. Ou; flrst attempt at olcf1l1<ltlOl1 ll~ing Ilanc'>'>lall\ fncthod 
~ 

gave unsatisfactory results. As Jetected on TLe, .neatrncnt Il! the dlol \\-Ilh N.N-

dimethylformamide dimethylacetal in methylene chloriJc a~ "O!VCllt g.l\C a le..,.., polar 

compound. W.ithout charactenzatIon, methylenc chlorak wa.., rcpLlu:d \~Ith tolucne, 

methyl iodide was added and the mixture refluxed for the prc..,cflhcJ .1I110unl ot tUlle ,1'> 

descnbed by Hanessian. As vlsualizeJ by TLC· another "'pot Ic..,~ polar apP9lfcd, ,1" 

expected. After workup, however, only orthoe~ter ~~ wa~ ohtained; no trace of olc! Il}l\.. 

compound was ètetected. 

We then decided ta use Josan and Ea!ltwood\ proceJur~ lo convert the diol 10 

its olefin. The acetic acid catalyzed reactIOn of the 5,6-dIOI wlth tnmcthyl 

, orthoformate gave quantitatively its corre~ponding dia ... tcreomenc ortllOe..,tcr\ 44. 

82. 

83. 

84. 

s. Hanesslan, .1.. Bar~&11 and M. LaRue, Te!. LCII., 737 
(1978). 
J.S. Josan and FW Easlwood, Carbohyd Rt!s, 7,161 
(1968) 

. J S, Josan anJ F W Easlwooè. Aas' J Olem , 2J. 2013 
( 1968) 

• 

, ' 
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ln the 200 MHz lH NMR spectrum, the orthoformyl proton was observed as two 

signais resonating at 5.73 and 5.79 ppm. the integrated areas of which were in the 

approximate ratIo 3: l, :.md the total mtegral o~ which corres~:mded to one proton. 

Heatlng thls mixture of orthodters 4-4 m the presence of benzoic aCld at 155-

175° for 20 h afforded the alefin 45 in 73% yield, based on diol 36. The lH NMR 
• 

~pectrum of 45 showed the presence of vinylic protons.85 The two coupling constants 

between th~ ris 6a-H and 5-H protons, and trans 6b-H and 5-H protons, were abufut 
/ v~ 

JO.3 and 17.7 Hz, rcspectively. ,. 

, . 

, 
• 

45 

The next step was the formation of dihydroxy diethyl dithioacetal 46. Earlie!' 

worke;!86.87 in our !aboratory had discovered that -dithioacetals could be formed from 

85 

• 
p 

JA. Ptlpk. W G. Sch~eldcr and HJ Bernstem, 
Hlgh - rC~0lutlOn NucJear Magnetlc Resonance, pp 2-W, 
McGraw- Hill Book Company. Inc. (1959). 

\" C Luthe. Ph D Thesls. \tcGllIl1mverslty, 1981 
H Oh. Ph D Th~sls. \fcGlill·OIversltv. 19~ 
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their corresponding ribose l,2-acetonide derivatives without prior deprotection of the 

isopropylidene group by simply exposing them to zinc chIo ride jet han eth 101. n1U~. "5 

was treated wlth zinc chlondejethanethiolBS•iN at 0° for 15-25 min to • .ltford 

dithioacetal 46. It should ~oted that the reaction mIxture wa~ 1111I11cdl.ltL' 1\ 

quenched by rapld addition of a IN l-;lCl ~olutlon wahin the tlme penot! "pel'ltlcd Il 

the reaction time wa~ prolonged, there was rapld formation nt a "Ille prodlH:t. Jll'lt 

slightly less polar than the expected dithioacetal. This product wa~ determincd 10 he 

48. presumably formed via ;n episulfonium IOn 47.')() 

OH 

46 
47 

SEt 

s . 
+ 'ft SEt 

48 

The next step in the synthetic sequence was .the linkage of the 1.3-diol 

dithioacetal 46 via a methylene unit ta form the l,3-dioxane ring M. Literature 

methods for synthesis of methylene acetélls report that they are conducted in ncutral. 

acidic or basic conditions_ 

In neutrai media, a diol is treated with NBS or hromine in DMSO,'J1:n.'n a 

reaction \vhich involves a Pummerer rearrangenient. nli~ tyre of acctallzatJOn wa~ Ilot 

88. P J. Barry andriB ~1 CraIg, Cm J Cllelll. 33, 716 
(1955) -

/89. H. Zinner, H Sr~lI1(jner .mù G Remb..trz, C!u:m. Ber, H9, 
800 (1956) 

90. M.L. Wollrom and \V von Bcbenburg, J. Am Gwn Soc, 
82,2817 (1960). 

91. ~. Hanesslan, G Yang·Chun, P L.lvallce and A.G. Pemet. 
J.Am. Cilem. Soc., 94,891911972) 

92. S. Hanesslan and A G Pernet, Carbohyd. Res .• 26. 258 
(1973). 

93. R ~t. ~1 unJ\ u. J O'X Chc!'l , olS. 3341 (1 ')~() 

" 
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attempted because of possible interference from the brominating reagents on the , 
dithioacetal moiety of 46. The fust attempt at methylenation employing a refluxing 

solution of l,3·diol 48, s·trioxane and p·toluenesulfonic acid failed to afford the desired 

1,3-diaxane ring. A second attempt using powdered KOH and methylene bromide in 

DMS094 gave Itlany products, which we did not try ta isolate. 

The third atternpt using phase·transfer condition described by Szarek and 
• 

Kim,95 calls for heating the diol concerned at 60·65°, in a heterogeneous solution of 

methylene bromide and 50% aqueous sodium hydroxide, in the presence -of 

tetrabutylarnmonium bromlde as phase-transfer catalyst. This method seemed 

prornJsmg after a TLC taken from the organic phase showed a major non-polar 

product, as expected, and also two minor spots (more polar th an the starting material) 

which we did not attempt to lsolate. After work-up and purification by flash 
. 

chromato~raphy, this major product was isolated in approximately 55-57% yield. This 

product was first thought to be the required B ring intermediate M. 

, 
- OSiPh2t-Su 

~SEI 
SEt 

M 
• 

The ZOO MHz 1 H NMR cou Id reasonably be interpreted in terros of M. The chemical . 
1 ~ 

shifts of the vinylic prQ.'ons, as weIl as the other ring protons, all seemed ta be in the 
~ . 

proper location. The methylene protons of the 1,3·dioxane ring appeared as singlets at 

4.86 and 5.05 ppm. The I.1ck of any coupling was rationalized at tbat point by 

Q4. A. Ltptak. \1 A OI..Ùl and J Kcrckgyarto. Synthesis, 411 
( 19~Z) 

K.S Kt~ .. lOd \V_o\.. Slarck. S\llC/rests. ~ (19'78). 

o • 
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postulating that the sterie bulk of the t-butyldiphepylsilyl pro!eeting group had altercJ 

the conformation of the six-membere'd ring, and henee the value of the coupling 

constants. The mass spectrum fragmentation pattern was also Ln aecord WI t Il n 

Although no molecular ion peak was detected, there was a -prominent peak at mil! , 
445(M+' - t-Bu'), and anôther one at mie 353(M+' - t-Bu' - H 2CO - EtSlI), Wc 

therefore proeeeded ta transfarm this intermediate to the corre~ponùing glut.lrIllmlc 

ring containing AB ring system. 

Large Seale preparatIOn of M led to sorne problem~ wlth erratlc ylckl\ vary'l!lg 

between 12-25%, Sinee methylene brarniùe assumeu the role of both 'Inlv,t'nt and 

.reactant in this phase-transfer reaction, we thought that an appropnate Jdutlon ",-uh a 

co-solve nt such as 1,2-dichloraethane could lead to higher ylclds _ of thl~ product. 

Unfortunately, dilution wlth thlS co-~olvent mhlbited any de~lred reactlon. A dtlutlOll 

with toluene also did not afford bettcr ylelds of M. 

It was then felt that lower base concentration might provide better YI(!IJ of ~t • 

However, the reaction fatled ta proceed ln ~ystems whcre the aqucoll., ha'lè 

concentration was lower than 40% (w:w), An attempt carncd out at rOOll1 
l 

temperature, instead of heating at the recommended temperature (60-65°) rc ... ultcJ 111 

• 
long reaction times in arder to consume al! of the st_ting matenal. Furthermorc" tlm 

also resulted in the recovert of substantial amount of a side-product ju~t slightly more 

polar than the required one, Wlth the exception' of two extra proton~ ob.,erved a~ 

singlets on~the 200 MHz IH NMR spectrum, the re'lt of the <;pectru~ ot thl" "Ide 
, 1 

produet was wperimposable wlth that of 1\1. The ohscrved fragmentatIOn pallcrn !flJIT1 

the mass spectrum of this hy-product wa.., also ..,lmllar to that dl"playc~ by Ihe m.lJ(Jr 

produet'but many of its fragments were shifted hlgher by 30 ma~~ unit." Fragmenh . . 
......... which appeared at mie 4.+5 ~nd 353 ,In M were replaced by fragment~ III thb \ldc 

product appearing at rp/ e 475 and 383. The rna~s ~pectrum of this by-proquct al .. o 

exhlbited another peak at mie 415 which could he interpreted ln term~ of the 101,\ of . 
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[t- Bu' + 2 HzCO] from the mol~cular ion.. In other words, tbis side-product ~ 

contained an extra formaldehyde unit. We thus assigned it. as 1,3,5-trioxepan N. Since 

we could not find the right condition to increase the yieIds during large scaIe 

preparation, the required transformation was accomplished by carrying it out on 5 g 
~ 

batches. 1 

N 

. 
Mercury ion-mediated (HgO/HgCI2) hydrolysis of dithioacctaI M only gàve low 

yields (31 %) of aldehyde 0, and much starting dithioacetal was retovered after silica­

. gel chromatography. It was necessary to unmask this dithioacetal group in a different 

.... manner. This was achieved by treating M ~th NeS/AgNO) in aqueous acetonitrile.96 

As monitored by thin layer chromatography, the 11ydrolysis reaction was extremely . . 

• 

ra pi d, .aIl of the starting material being consumed aImost immediately. The workup 

failed to remove the silver chloride salts completely and the lH NMR spectrum, 

though not definitive. revealed a downfield aldehyde peak at 9.63 ppm. 

\Ve diqi not purify the aldehyde but instead, we proceeded ta conduct a Wittig­

Horner . condensatlon of this aldehyde with the carbanion of trimethyl 

phosphonoacetate. This reaction yielded only the trans-ester P, as evidenced bv a • • 
coupling constant of ca. 16 Hz. The yield obtained was 55%, based on dithioacetal M . 

1 

Q6. 
~ D 

EJ. Corcy :lnd B:W. EricksonJ. Org. Olem .• 36, 3553 
(1971). • ... 
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Now that the a,l3-unsaturated ester was obtained, the next step would be the 

.. ,addition of the anion of dimethyl malonate. Using the procedure developed earlier on 

gluco~e derivative 37, we then undertook the conversion of a,(3-unsaturated ôter 1) to 

glutarimide T. The aniof\ of dimethyl maloriate was aùded to P, formmg tJle~tt:r Q 

The triester was conveniently demethoxycarbonylated hy Krapcho\ mcthoJIl7 tn 

dimethyl glutarate R. This diester was subsequently hyùrolyzed 10 dlcarboxylIc al'ld S 

after treatment with lithium hydroxiùe and then heated with urC!à to form the 3-

substituted glutanmide T. The sequence from ester P to glutarirr.ldc T ;;a'.'c an ovcrall 

yield of 56%. 

~ COzR 

E 
3 

"-

Q R= Me, E=C02 Me T X=SiPh~ t·Bu . • 
R R=Me, E=H U X=H 

'S R= H, E=H 

Throughout the sequense of cQemical modificatIOns and structure 

identifications from :\1 ta T, the proton-proton coupling constants of the methylene 

acetal protons vaned between zero and two Hz, but never exceeded 2 Hz. Even afta 

the deprotection of the t-butyl.diphenylsilyl group ~f T to alcohol V, the methylcne 

acetal protons remained as two singlet!!. That these methylene protons had a coupiing 

. constant of 1=0 Hz'was therefore not due to the steric bulk of the t-buty!diphc1"!ylsdyJ 
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protectingyoup. Moreover, the 1H NMR signal of the allylic proton (9-H of U) 

appeared as a multiplet centered at 4.16 ppm, instead of the expected doublet of 

doublet. Cookson et al.97,98 listed a series of compounds possessing methylenedioxy 
\ 

-groups the protons of which have different chernical shifts. In five-membered 1,3-

dioxolane rings the coupling constant was between zero an. 2 Hz, whereas in sÏx­

membered 1,3-dioxane rings it was about 6 Hz. The former value was the type which 

we had observed throughout the products M to T. Obviously, a selective 1,4 silyl shift 

must h~ occurred with concomitant acetalization during the phase-transfer reacti~n 

step involving the methylenation step of dithioacetal M. Instead of the expected 1,3 

acetalization, we had a 1,4-migration of the t-butyldiphenyIsilyI group from the C-~ 

(OH) to the C-4 (OH) of the glucose skeleton followed by a 1,2 acetalization reaction, 

giving the five-membered dioxolane ring 49. 

(Sche~ 

OH OH 

HtSEI 
OSi SEt 

3) Y-. 
· 5(!.!ZrSEt 

• SI-cJ SEt 

III III 

0- 0-~SEI OSi SEt ~ 
OH 

SEt .... -_~SEI 
OSi SEt 

/ 
, 

6Si 

49 

97. T.A. Crabb and R.C. Cookson, Tet. Lett.,679 (1964). 
98. R.C. Cookson. T.A. Crabb, JJ. Frankel andJ. Hudcc. 

Tetrahtdron (Suppl. '7), 35~ (1967). 

\ 
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We therefore had unknowingly operated on a se"ies of 1.3-dioxolane rmg 

derivative~ instead of the l,3-dioxane derivatives. ~'1ass ~pectral~lnJ hlgh re~ollltll)(1 

mass spectral data of these series of l,3-dioxoIane products, not une"tpectedlv, t:lIkd ln 

distinguish them from the" requued 1,3-dlOxane ring homologut..''\ 

fragmentation patterns would not have differed due 10 ~1I111L\r funCIIl)I:.lll1 It.· .... , .111l1 h'I~'i1 

resolution mass spectral data of these 1,3-dl<J:\.olane "ub .... tanœ~ g~l\'(: rl· .... ulh l'\I'l'l tl'il Ir 
• 

the 1,3"-dioxanes since they are isomeric, Bec:lust..' the error m:ldc: Cl)(lt'èlllll1!-! tlll' 

structural assignments ofthese series of compounùs h,l(j only ht.'L'll tll\l'(l\l'rcd .11 .... lIl.·h.\ 

late stage, we declded to use the glutarlITllJe IntermedlalC ~,6 a.., .1 J1HHkl lor "tlldl~'\ IlII 

the final C-ring synthesis and posslbly for tht..' ~ytithe~l'" of ..,ome al1,dl)~lIl.·'" 

Structure Reassignments 

N 50 

o 51 

Si =: Si Ph,' -Bu 

• 
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53 R=Me, E=C02Me 

54 R=Me, E=H 

55 R=H, E=H 

o 

56 X=Si 

57 X=H 
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200 MHz. H NMR spectrum of compound49 (CD03). 
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Part III 

Synthesis of the AB Ring Moiéty of Sesbanimide 

In view of the failure to form the 1,3-dioxane middle nng because of the 

selective mIgration of the t-butyldlphenylsilyl group from the C-3 hydroxy ta C-4 

hydroxy, a different protecting group was required for protection of the alcohol 
?-

funCtlon at C·3 or- glucose. The choice of protectmg groups being rather Imuted, we 
" 

dceided to prote et diaeetone glucose with a benzyl group. Following hterature 

method~, the transformation of dlaeetone glucose 3 was accomphshed in four steps to 

oleffn 61. The first ~tep lIlvolved the benzylation of the C-3 hydroxy of diacetone 
1 

gluco~e to benzy! ether 58 hy the method of Czemecki et al.99 usm)fsodlUm hydride, 

tetrabutylammonIum iodlde and benzyl bromlde. Selective hydrolysis of the 5,6-

I~opropylldene group gave the correspondmg 5,6-diol 59,100 which was· readily 

converted to orthoester 60 }OI after refluxing the diol in tnme\hyl orthoformate and a 
~~ . ~ 

cata1ytlc amount of acetic acid. Finally, 60 was pyrolyzed llsing triphenylacetic acid as 

a cataly~t to afford olefin 61. 

x: 
3 

58 

C)(). 

100. 

101. 

\ 

R=H 

R=Bn 

r 

59 R=R'=H 
1 

60 R R == MeOCH 

S Czernec!o, C. Georgoulls and C. Provelengluou, Tet. 
Lett, 3535 (1~n6). 
R L. Whl~t!cr and W.c. Llke •. \lethods carbOIJ),d.~lenl., 6, 
::ss (197~). 
D. Horton. J K. Thompson aod c.G. Tirrdall, Jr., .... Ie otis 
Carboh\'d Cltem . 6,300 (1971) 

61 

• 

, 

, 
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in the usual manner, acetonide 61 was treated with zinc chloride and , 
ethanethiol providi.ni diethyl dithioacetal 62 in quantitative ~eld. In contrast tu Il~ 

sUyi ether homologue 45 whère the reaction time was cruCIal to'avoid the formatIOn ot 

by-product 48, by-product V was not detected even after prolonged expo~ure of 61 to 

ethanethioljZnCL, . ... 

, 

45 R=SiPh 2
t ·Bu 

61 R=Bn 
62 

OH SEt 

48 R=SiPh2 t·Bu 

V R=Bn , 

The methylenation reaction of Szarek and Kim95 wa~ then .,uccc~.,tully 

employed on dithioacetal 62 to provi..de~potential dlaltlehyde mterrncdiatc 63, ' 

appropriately masked at C-l and at C-5, ~ a lithioacetal and an olcfin, re~pectlvely. 

\ 

OB" 

~O-""""-O SEt 
3" 

? 4 2 1 SEt 

63 

, . 

About a 75% yield of 1,3-dioxane 63 was obtamed after workup and purification by 

flash chromatography. The tH NMR and mass spectral data were in accord wllh 

pr?posed structure 63. The methylene protons were clearly ob~erved a'i two set~ of 

doublets cel'ltered at 4.79 and 5.28 ppm, each \VIth a coupling con'itant of J = 6,4 Hz. 

The 3-H proton of this ring was displayed as a broad singlet on a 200 MHz or 300 ~Hz 
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, lH NMR spectrum. The coupling constant·observed between 3-H and 2-H or between 

3-H and 4-H of this 1,3-dioxane compound and of subsequent 1,3-dioxane 
\ ' 

. interrne~iates, was al ways less than 2 Hz. That there is very little or no apparent 

coupling between 3-H, and 2-H and 4-H, is indicative of dihedral angles of close 10 90°, 
1 

and implies that 2-H and 4-H occupy axial positions. si;ce the benzyloxy grou~ is 

assumed 10 be axlal in the chair conformation of the l,3-dioxane. 

The dithioacetal was hydrolyzed ta its corresponding aldehyde 64, usmg 

mercuric chloridejmercuric oxide. Its lH NMR spectrum showed a singlet at 9.60 ppm 

for the aldehyde proton among other peaks. 

, Treatment of aldehyde 64 with the anion of trimethyl phosphonoacetate gave­

both trans-ester and ci.r-ester 65. 

65 

, 

The ci.r-ester was less polar than the trans-ester and bath geometric isomers \vere easily 

s~parated by flash chrornato~raphy. The cÏS-ester did not crystallize whereas the trans-' 

, :> 
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ester crystallized readily (mp 91-92°). The former adduct revealeu a proton-proto Il 

coupling constant of 11.7 Hz and the latter displayed a coupling COII~tallt l)f 111 n 1 Il 

The total yielli of the lsomer)was ahout 9!trc, con~isl1ng nf one-fltth (Ï\ ,inti tllllr-tltlh" 

trans isomèrs. 

Havlng obtamed thea,$-unsaturateli esters, \\c proceeded \VIth the :-y!l\hl.·w~ III 

the glutarimide moiety. The esters were rearteL! \vlth tlle "oJlurn .1111()1l of dlil1t'! 11\ 1 

malanate ta provH.le tnester 66, foiloweù by heatlI1g llh~ tne~tc:'r ll1 .lqll~()Ll" dll1Jl·tll~1 
, . 

sulfoxide and 'iOll!um chlonde at IbO-175 l
) lor 4 h tn glve dl!l1ethyl gllll:II.I!l' (J"7 

Lithium hydro\lde bydrolY'ils of 67 pro\- Ilkd dlcar hox) Ilc dCIl! hS, wlilch 1 Il Il Ir ,1 \\ .1\ 

converted ta glutanmlde 69 alter heattng with urea The vlcld uht.lIl1ed .Ifler the 111111 

step transformatIon of the a,l3-umaturated e\ter~ {() the AB rIll~ wlltlHlll (,1) \\.1" 

~ . 
1 approxlmately 60% . 

66 R=Me, E=C0 2Me 

67 R=Me, E=H 

68 R=H, E=H 

o 

/ 

, 
NH 

~Satisfactory spectral and analytlcal data were obtained for the AB ring Sy\tClll 1\ 

broad singlet at 7.77 ppm corre~ponding ta the N-H proton wa!l JI\playcd on the Il r 

NMR spectI"\lm. The methylene protons of the 1,3-dlOxane rIng were ob..,erveù ;J~ [1,',( 1 

, 
doublets (J =6,4 Hz) çentered at 4.77 and 5.22 ppm~ the 5'·11 proton as muaI, appc~rcd 

as a singlet at 3.40, while the 4' -H and 6' -H protons were ob!lerved as doubler'l ot 

doublets respectively c'entered at 3.33(1"',5 = 1.2. J~,4' =7.3 Hz) and .U5tJ4',5 :: 1.3. 
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15',6' =6.2 Hz) ppm. The ammonia che~cal ionization mass spectrum showed peaks at • 

mie 349«M + NH4)+) and 322(MH+). The high resolution chemical ionization mass 

spectrum analY'iis gave the recorded value of 332.1499 for MH + compared to the_ 

calculated vaiue of 332 1498. An infrared spectrum showed tbe catbonyl band at li08 

and the N-H band at 3373 cm- l . 

-
, ., 

_~~ J 
~ ---~NH 

o 
60 

200 MHz lH NMR spectrum of compound 69 (CDC13)' 

J 

ô 
.., 
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Chapter 3 

.) 
'far1.l 

Model Studies Involving the Condensation of Allylsilanes to the AB Ring System using J,3-

Dioxo[ane 56a 

, 

In order to construct the' C-ring of sesbanimide. a five-carbon unit hall to be 
f. 

added to the aldehyde carbonyl carbon. We felt that this addition would be 

conveniently achieved by using allyl~ilanes. For instance. an allylsilane protected as I!~ 

t-butyldirnethylsilyl ether 74 would lead to the desmethyl analog of sesbanimide, in 

which we were also interested, whereas allylsilane 79 would be useful for the synthesis 

of sesbanirnide itself. 

.' 

74 R=H 

79 .R=Me 

Allyl alcohol 73 was prepared in two steps according to a procedure developed 

by Trost et al. 102,103 The commercially available 2-methyl~2-propen-l-ol '10 was firM 
, 

converted to its dianion .71 using n-butyllithium and tetraethylenediamine as ba~e, 

102. 

103. 

B.M. Trost and P. Renaut. J Am. Chem. Soc., 104,6668 
(1982). 
B.M. Trost and D.M.T Chan, J. Am. Chem. Soc., 105, 
2315 (1983). 
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followed by quenching with chlorotrimethylsilane to provide 72'. Trimethylsilyl ether 

n was then hydrolyzed to its alcohol 73. 

)l / 
H,C '1 

OH 

70 71 

• 

72 73 

, 

Allyl alcohol 78 was synthesized according to the method of Vedejs and co-

wqrkers.104 The anion of ethyl 3-(trimethylsilyl)propionate105 was condensed with 

acetaldehyde to afford alcohol 75. This was followed by a one pot reaction in which 

alcohol 7S was mesylated ta 76, and the mesylate function eliminated using DBU as a 

\ ~ase to give ester-olefin 77. Subsequent düsobutylaluminum reduction of 77 gave the 

corresponding alcohol 78. 

104. 

lOS. 

H,c,OR 

, ('COzEt 

Me,5i 

75 R=H 

76 RaMa 

H,C1 
(lCO.EI 

MI,Si 

77 

E. Vcdcjs, J.B. Campbell, Jr., R.C. Gadwood, J.o. 
Rodgers, K.L. Spcar and Y. Watanabc, J. 0". Chem., 47, 
1534 (1982). 1 
B.M. Trost and D.M.T. Chan, J. Am. G.em. Soc., 105,2326 
(1983). 

; 

~?~ 
MisSi OH 

78 

.' 
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Allylsilanes 74 and 79 were formed after silylation of the respective allyl 

alcobols 73 and 78 with tert-butyidimethylsilyl chloride106 and imidazole in 

dimethylformamide. 

Preliminary studies were carried out witb these allylsilanes on mo<rels involving 

the aldehyde derived from the unexpected 1,3-dioxolane product 56. Thus. olefin S6 . 
was first converted to the aldehyde intermediate 568, after ozonolysis at -78°, followeù 

by reduction with dimethyl sulfide107 for 16 h at room temp$ature. 

0 

OSi 

• 0 

56 X=CH2 

56a x=o 
Si=SiPhzt:Bu .. 

Condensation of allylsilane 74 with aldehyde intcrlnediate 56a using boron 
~ " 4 

trifluoride etherate as catalyst at -780 for 1 hour and then at -450 for ano'ther 19 hours, 
. 

gave alcoho180 in~52% yield. 

106. 

107 . .. 

80 

r-: EJ. Corey and A. Venkateswarlu./.Am. Chem. Soc., 94, ~ 
6190 (1972). 
JJ. Pappas, W.P. Keaveney, E. Grancber and M. Berger, 
Tet. Lett., 4273 (1966). 

, , 
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A 1LC of the reaction mïxfure showed Qn1y a single product of higher mobility 

compared to the aldehyde. Acdording to the 200 MHz IH NMR of this com~oun4, this 

was, a silfgle diastereomer. The R-configuration was assigned ta the newly created 

chiral cente'r after application of Crarn's rule108 (or Felkin-Anh model). Our 

assump.tion was substantiated by a report authored b1 Reetz and Kesseler,l09 who 

.. experimentally determined that non-chelation-controlled (Felkin-Anh) products would 

result from the nucleophilic addition to chiral a-alkoxy aldehydes when catalyzed by . , 

boron trifluoride etherate. Furthermore, Danisbefsky and DeNinnollO reported that 

reactions of allylsilane with aldosuloses under catalysis by boron trifluoride etherate 

gave ·high diastereofacial excess of Felkin-Anh type products. A fast atom 

bombardment spectrum of 80 using a diethanolamine (DEA) matrix showed a peak at 

mie 773 which corresponds ta (M + DEAH) + . 

o 
R,S=H 

L=OSiPh,,·Bu 

Oxidation of alcohol 80 was carried out with c~omium rioxide and pyridine in 
o 

me'thylene chloride to give ketone 81 in almost quantitative Yi Id. 

108. 

109. 

110. 

DJ. Cram and FA Abd Elhafez,J . .Am. Chem. Soc., 74, 
S828 (1952). 
M.T. Reetz and I<. Kesseler, J. CJI~m. Soc., Chem. Comm., 
1079'(1984). 
S. Danishefsky and M. DeNinno, Tet. Lett., 8"'..3 (1985). 

--
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81 

The 200 MHz lH NMR and FAB mass spectra were·in accord with the proposed 

structure 81. The lH NMR signaIs for 81 showed the presence of the two silyl groups, 

a multiplet accounting for the five C-H protons of the glutarimide ring at 2.08-2.65, a 

broad singlet downfield N-H proton at 7.80 ppm. two doublet of doublet signais at 3.74 

(J =4.5, 5.5 Hz) and 3.89 ppm (J =4.2, 5.5 Hz) for the 4-H and 5-H protons. as weil as 

two methylene acetal singlets at 4.80 and 4.91 for the 1.3-dioxolane ring 'i)ortion. There 
1 

was a doublet at 4.33 ppm (J =4.2 Hz) for the single CHOSiPh2 proton. Two 

methylene protons a to the keto group appeared as an AB quartet centered at 3.28 

ppm with coupling constants of J = 19.5 Hz. The two olefinic protons were found as 

doublets with coupling constants of 1.5 Hz centered at 4.76 and 5.20 ppm. and the CH:! 

protons of t~e C~OSiMe2 moiety as a singlet at 3.96 ppm. The FAB spectrum of 

ketone 81 using a diethanolamine (DEA) matrix gave a peak at mIe 771 corresponding 

ta (M + DEAH) + . Unfortunately. treatment of 81 with fluoride ions did not give the 

expected analog f2 but instead gave two products which cou Id not be identified after 

an examination oftheir lH NMR spectrum. 

r 
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82 

l 
Aftet. having successfully carried out the the addition of allylsllane 74 tg the 

~ 
" .., model aldehyde, follow.ed by oxidation of the resulting alcohoI, we next sought to 

4 

... 

repeat these steps using allylsilane 79 to the same aldehyde. When allylsilane 79 was 

condensed with aIdehyde 56a, three products less polar than the starting aldehyde were 

observed on thin layer chromatography. Mter workup: they were serated by flash 

chromatography. The product with the highest mobility on TLe could not 'be 

identifi~. The other two we~ the required diastereomeric alcohols 83a and 83b, as 

shown by 1 H NMR. The Jess polar component and the more polar component were 
• 

isolated in the ratio of 1:4. The total yield was 42%. 
J ~ 

~ 

') OH '\ , 0 
R'U'U' 

H2C 

OSiMez-+ 
83a R=Me R' H 
83b R=W R-Me 

Because of the non-chelation-contiol nature of the boron tritluoride etherate catalyzed 
a 

addition. we expected to form only diastereomers 83a. and 83b, both of whicll possess 

the R-configuration about the C-OH center, but are epimeric about the C-CH3 carbon 

center. When these separated alcohols were oxidized to ketones 84a and 84b with 
'" 1 
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1'-

chromium trioxidejpyridine, each corresponding ketone provided di~erent optical 

rotation values. 

84a 
84b 

R=Me R'=H 
R=H R=Me 

The oxidation product of the less polar alcohol had an optical rotation of 

[alD
23 +20.8° whereas oxidation of the more polar alcohol led to a ketone with 

[a]D 23 - 58.2°. This proves that the two isolated alcohols were indeed epimeric at the 

carbon metbyl position and not at the carbon hydroxy position. Unfortunately, no 

facile methods were~available ta determine the stereochemistry at the C-CH3 center. 

Therefore, we decided ta stop at this point, satisfied that allylsilanes could selVe as the 

five-carbon unit synthon for the construction of the C-ring of sesbanimide. 

.. 
.. 

" 

.. 

'. 

, 
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Part II 

Attempted Synthesis of Desmethyl Sesbanimide: Synthesis of Disubstituted Furan 98 

In order to construct the C-ring , a five-carbon unit had ta be introduced ta the 

C-IO carbon. Ozonolysis of 69 at -780 followed by reduction with dimethyl sulfide for 

16 h at room temperature, yielded aldehyde 85 111 and minor amounts of a by-product 

the Rf value of which was identical to the starting olefin 69. The IH NMR of the 

required aldehyde displayed a singlet for the aldehydic proton at 9.76 ppm, amongst 

other peaks. That there is no apparent coupling between the aldehydic proton and 9-H 

is indicative of a 90° dihedral angle. 

69 

OBn 

X=CH % 

85 x=o 

86 
r 

• NH 
o 

The by-product of the ozonolysis reaction was separated from the aldehyde by flash 

chromatography. It was identified as ozonide 86. The three protons of the ozonide 

ring appeared on the lH NMR spectrum as singlets at 5.02 and 5.39 pp m, 

corresponàing tu the t~o methylene protons, and a doublet at 5.60 ppm with a coupling 

constant J = 7.5 Hz. Fragments in rlle chernicallOnization mass spectrum appeared at 

mie 334. 226 and 196, corresponding to the los~s of OCH:O, [OCH20 + 

C6HsCH20H] and [OCH20 + C6H5CHzOH + CH20], respectively, from MH+. 

111. Starting W1lb lhlS aldehyde, the numbering system 
patterned afler sesbanimide (see ref. 9) will be 
utlhzed. 
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Unfortunately, the ozonide by-product persisted even after prolonged exposure to ~ 

dimethylsulfide; therefore, separation by flash chromatography was necessary w afford 

the aldehyde. It should be noted that methanol had to be avoided as eluant during the 

purification process. A first attempt at separating the aldehyde from the ozomde using . 
rnethanol-methylene chloride (1/19) as eluant, gave sunstanttal amounts of a 

compound the TLC mobility of which was slightly greater than that of aldehyde 85. 

Although generally uninformative, the IH NMR spectrum of this compound showed 

addi~onal methoxy peaks at 3.42, 3.46 and 3.51. This unknown compound may weH be 

hemiacetal X or acetal Y. 

MeO 

X R=H 

y R=Me 

NH 
o 

Pre~~mably, silica gel was sufficiently acid'ic to catalyze the add~on of methanol to the 

aldehyde. When this product was kept in ethyl acetate at room lernperature overnight, 

aldehyde 85 was recovered from it. 

After having obtained the requited crucial intermediate 85, the ~tage wa!l set for 

the condensation steps mvolving allylsilanes 74 and 79. 

79 R=Me 

• 
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A condensatIOn involving allylsilane 79 ta aldehyde 85 should provide an 

intermediate alcohol, WhlCh upon further elabcratwn would !ead to the natural 

sesbanimlde. On the other hand, additIOn of al1ylsIlane 74 to aldehyde 85, would 

provioe the alcohol precursor, WhlCh could be later transforrned to 'he desmethyl 

analogue of sesbammide. 

Boron tnfluonde etherate mediated condensatIOn of allylsllane 79 with 

aldehyde 85 gave three compounds that were detected by TLC. The compound .with 

the highest mobility could not be identified. The two more polar compounds gave 

proper !',pectro~copic data (200 MHz IH NMR, CI. mass spectrum) for the anticipated 

" 
dia-stereomenc alcohols 87 (a,b). Because of non-chelation-control, these substances 

art: epimenc about the C·ll carbon, and both isomers are assumed ta possess the R­

'configuration about the C-10 center. The 'diastereomers were isolated in the ratio of 

3.5/2. The total yiold of the diastereomers was approXImately 40-45%. 

Il 

87a 

87b 

R =Me, R1=H 

1 
R=H, R=Me 

It was not possible ta assign the stereocheru1stry at tms epimeric C-11 center for each 
• • 

of tbe isolated compound at this stage. We [elt it was only possible to assign them, 

after having sub~equt!ntly transformed them fo the naturai products. 
4: 

Oxidation of both diastereomer~ employing chr0n:ïum trioxide/pyridine gave 

. thdr corresponding ketones 88. 

\ 

. . 
• 

.. 
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B8a R::Me, R'=H 

B8b R~H.R'=Me 

The reactivity of the dia~tereomer" tO\\ards oXldatlon \'vas poor and al\n dll kr<.'t~ 

significantly. Oxidation of the le~~ polar alcobol and more pOI'WCOllljl()Jl<.:llt g:lVt tlll 

corresponding ketones in only 4 and 21~'é, respcctive!y Thefi.~ \V,l'" ahn tnll\ .. h "\lk 

product formatIOn, along with recovered starting matenal The pl\,lr ()'\ldatIO!1 vicie!, 

of these \.hastereomers 15 in sh:.Hp çontrast to the oXld.ltlll!1 (Jt tht: .tkohol" III t!lt' 

correspondmg 1,3-dioxolane systems (80, 83a, 8Jb), where yleld\ lè,:m'l'I~d \\Vft' 

essential1y quantitative. Attempted o.\ldation of the~e alcohol ... 87 ll~lllg other llXldl/lllL' 

systems such as oxalyl chloride/Et3NjDMSO,1I2 NCSjmethy! ~ultlde/r-:t ,:"< II \ 

pyridinium dichromate l14, and by the Fetizon 115 reactIon ail falled tu ajford the 

required ketones. 

Despite the low yield of the O\ll.latlOn step, we <clId ha\c a ..,u!llclent quantity of 

one of the Isomerie ketones to proceed with the next step, namely the rcmoval of the 

benzyl group. \Ve felt that the exposure of 88 to boron tnchlonde"() v .. ()uld lead III 

deprotection of bath benzyl and silyl protecting groups. Insfead. alter expo'lure 01 (JIll' 

of the ketanes to baron trichloride at -78°, we were ~urprised to finti that in additIOn to 

112. AJ, Mancuso, S .. -L.. Huang and D Swern, J Org. 
CIJem., 43, 24S0 (1978) 

113. EJ. Corey and C.U. KIm,! Am. Chem Soc, 94, 7586 
- (lm). 

114. El.' Corey and G .. Schmidt, Tet Lett, 399 (1979). 
115. M. Fetizon and M. Golfier, Compt. rend., 267, 900 

(1968). . 
116. F. Seela and S. ~tenkhoff, Lleblgs Ann. CJum , 813 

(1982) .. 

\ 

/ 

o. 
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removing the he~zyl grou~, the t·butyldirnethylsilyloxy moiety was also displaced by a 

chloride, to give the allyl chio ride derivative 89. 

89 

The structùre of 89 was confirmed by lH NMR and mass spectral data. Only two 

dissociable protons were observed after D..,O exchange experiments were performed. 
. -

AIso) during this time, Terashima and Matsuda,117 published the first total 

synthesj~ of natural sesbanimide A a~d sesbanimide B, which was very similar to our 

propo.,cd '1ynthesis. Thus, instead of continuing with our work towards completion of 

the synthesis"1)[ sesbanimide, we focused OUf attention towards its C-15 desmethyl 

analogue. 

ln the usual manner, the aldehyde intermediate 85 was condensed with 

allylsiIane 74 using baron trichloride at _78°. Only one alcohol was isolated after 

. purification by flash chrornatography. PresuPlably, this was derivative 90, the alcohol 

with R-configurution at C·l0. 

1 

He 1 

90 

117. F. Matsuda ~d S. Terashlma, Ttl. Ltlt., 3407 (\986). , 
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74 

1 

oxidalion of this alcoh"ol to ils corresponding ketone '1. when monitor~d by 

1LC plates was somewhat deceiving, because both alcohol and ketone had identical Rf 

values. Whed~we treated this alcohoi with the recommended amount of 1~ equivalents 

of pyridine and 6 equivalents of chromium trioxide per equivalent of alcohoI. only ca. 

30% of alcohol was oxidized, as determined by 1 H NMR integration of relevant 

protons. Much starting alcohol remained unoxidized. An infrared spectrum of this 

product cou Id not detect tbis newly made carbonyl center, ilS absorption being 

obscured by the carbonyl absorptions of the glutarimide ring moiety. Since the 
~ 

polarities of both starting alcohol and ketone product were identical, a c1can 

separation could not be effected, to isolate enough product for the sul)sequent step. 

Fortunately, th~ problem was resolved by treating 90 with two to three times the 

recommended amount of pyridine (24-36 eq.) and chromium trioxide (12-18 eq.) in 
~ \ 

order to effeet a qu~ntitative oxidation of 90. 

91 

'1 

/ 
The next step would be to deprotect the benzyl and silyl group using boron 

tnéhloride. Exposure of ketone 91 to boron trichloride resulted in the cleavage of the 

benzyl group, but agJ.in, the t-butyldimethylsilyloxy moiety was replaced by a chloride 

function to yield allyl chloride' 92. AlI subsequent attempts aimed at displacing the 

chlora with a hydroxy group failed to provide the required alcohol functionality at C-

13; therefore the C-15 desmethyl analogue (If sesbanimide 93 could not be olnained in 

. trus manner. 

... 
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OH 

X=CI 

93 X=OH 

75 

.. .. 
It was decided that the use of a protecting·group more resistant than the t­

butyldimethylsilyl -protecting group towards boron trichloride would be warranted. 

Therefore, allyl alcohol 73 was silylated to the more stable t-butyldiphenylsilyl-ether, by . . 
heatil!g with t-butyldiphenylsilyl chloride and iIpidazole in dimethylformamide at 60°, 

providing 94. 

\ ' 73 
-----...~ j~ ... 

Me3~j OSiPhzt-Su 

'94 

1 • 

The addition of allylsilane 94 to the aldehyde intermediate 85 in the usual manne.r with 

boron trifluoride etherate. gave a 44% yield of alcohol 95 after ptpification by flas~ 

chromatography. A 200 MHz lH NMR 6f this alcohol indicated tbat it was a single 

diastereomer. Applying Cnun's roIe, th~chemistry about the C-IO car~on was 

assigned the R-configuration. 

• 
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95 

The oxidation of this alcohol was carried out in the same manner as previously 
. 

described for the t-butyldimethylsilyl protected homolog 90, employing pyridine and 

~hromium trioxid~ (24 eq. py /12 eq. CrÛ3 for each eq of a1cohol) at .~oom temperaturc 

to obtain the corresponding ketone 96 in 44% yield. 

96 

Î 

As we had predicted, ~sure of this compound to boron trichloride resu~ted in 

seleçtive c1eavage of the benzyl group and afforded the required a1cohol 97. The t-

butyldiphenylsilyl group was not removed. 

\ -

97 

., • ",.-c,.t....... .J.. ...... 
, 
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The next step would be tbe treatment of silyl ether 97 with tetra-n-butylammonium 

fluoride in tetrahydrofuran to give C-15 desmethyl sesbanimide eitber as the ring-

opened bydroxy ketone 93 or ring-closed lactol 93a.. _1. 

OH 

93 • 938 

A single more polar spot was detected by tbin layer chromatography immediately after 

exposure of 96 to fluoride ion. Within 15 min the reaction was essentially'complete; , 
the tetrahydrofuran was evaporated at 00

, and the mixture was immediately purified by 

flash chromatography. This product, however, was not the expected j3;I-unsaturated 

ketone, but the disubstituted furan 98. 

! 

98 

This furan compound when subjected ta a chemical ionization mass spectroscopy 

analysis decomposed in the probe. However, a satisfactory FAB mass spectrum was 

obtained. 

Our suspici ns were raised when a TLe of this product taken from the NMR solvent, 

was Marke different trom that of the sample originally recovered after flash 
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chromatography. The sample which was isolated after purification had an Rf value­

equal to 0.20 (in methanol-methylene chloride 1:19), but after its dissolution in the 

NMR solvent, the Rf increased to Rf=0.32. This coincidentally, was also the Rf value 

of the starting silyl ether 97. Therefore, we knew that the as yet uncharactenzeù 

sample, observed to form during the desilylation step. had been converteù to l'uran 98 

once dissolved in the NMR solvent. 
( 

When we repeated the same desilylation procedure, using silica gel pre-washeù , 

with triethylamine, and conducted the lH NMR analysis using deuterated chloroform 

treated, with sodium bicarbonate, an extremely complicated lH NMR spectrum ~as 

observed, in which integration of the vinylic protons gave much less than the two 

protons expected. The lH NMR spectrum of this unknown substance also showed' a 

doubling of the usual methylene acetal doublet which suggested that Îsomers were 

involved, but it was not possible ta assign the vast number of signaIs recorùed to any 

specifie structure. A TLC of this NMR' sample r~vealed only one .~P()t and It 

'decomposed in the probe during chemical mass spectral analysis. A F AB spectrum 

displayed only a weak MH+ but a prominent MH+ - H 20 fragment. 

When the sample that gave rise to the complicated 1 H NMR spectrum wa~ 

subsequently treated with a catalxtic amount of ace tic aCld, furan 98 was obtaineù \ 

again, in a clean and rapid manner. It i~ quite possible that the unknown ~ubstance i~ 

indeed, desmethyl sesbanirrtide existing as a mixture of ring-openeù "'f-hydroxy ketone 
• 

93, and ring-clŒed anomers 93a. This would account for the ijreat number of "'Ignab 

recorded~in the lH N'W1R spect~.' 

.(' 
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The desmethyl C-ring, once exposed to. the smallest trace of acid, presumably, is 

dehydrated to the furan ring. The mechanism for the formation of furan 98 is 

proposed below. 

Scheme VI 
OH 

H+ .. 
HaC 

93 

Me 
• 

NH 

98 
0 

ln view of the fact that satisfact:ory spectral data could not be obtained for desmethyl 

sesbaniniide, the above suggestions, are however, highly speculative. , , 

~uring the course of our work, synthe tic studies of sesbanimide by many o~her 

investigators have led to the synthesis of ring A, 118,119 ring Cl20,121 and the AB ring 

system 122, 123, 124,125,126, 127 of sesbanimide. In addition, Terashima and Matsuda1l7 

have completed the total synthesis of natura! ( + )-sesbanimide, and the syntheses of its 
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K. Tomioka and K. Koga, Tet. Lett., 1599 (1984). 
T. Kometani, T. Fitz and D. Watt, Tet. Leu., 919 
(1986). 
N. Willard, MJ. Wanner, G.-J. Koomen, and U. K. Pandit, 
Heterocycles.~, 51, (1985) 
A.V Rama Rao, J.S. Yad.lv, A.M. NéUk and A.G. Chaudhary, 
Tet. Leu., Q93 (1986). 
MJ. Wanner, G.-J. Koomen and U K. Pandit, Hecerocycles, 
2'2:'1483 (1984). 
G.WJ. Fleet and T.K.M Shing,J. Olem. Soc., Olem. 
Comm., 835 (1984). 
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, 
enantiomer have been described by Pandit et al. 1J and by Schlessinger and !V()Od.l~~ 

AlI these syntheses followed a sequence very similar ta our propo~eJ ~ynthesi~. anJ 

differed mainly in the choice of protecting groups, and the exact nature ot th~ 1Ï,\'l'­

carbon unit_necessary for the construction of the C-ring. The f,u:t that tht' tot,1I 
~ 

synthesis of the C-15 desmethyl analogue of sesbanimiùe ha~ yet tn he r~por~d. 111.\~ 

be due ta similar problems which we encountered during 1tS con~trllctlOn. n~llllel\' 'hL' 

unstable n~ture of the C-15 de~rnethyl C-ring moiety._ 

, . 

Il 

128. R.H. Sch1cssinger and J.L W~J. 0". Olem., 51, 2623 
(tJs6). ' . 
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CONTRmUTION TO KNOWLEDGE 

1: A general procedure for transforming aldehydes to the corresponding 

glutarimides was developed. 

2. Aiter subjecting dihydroxy dithioacetal 46 to the phase-transfer conditions 

prescribed by S.larek and Kim,95 1,3-dioxolane derivative 49 was fonned. This was 

explained by the ~gration of the t-butyldiphenylsilyl group from the C-3 (OH) ta the 
l/f 

C4 (OH) of 46, followed by acetalization of the C-2 (OH) and C-3 (OH) l,2-diols. 

3. The synthesis of the AB ring moiety of sesbanimide was carried out. 

4. The synthesis of 8-0-benzyl-13-0-t-butyldimethylsilyl sesbanimides 88, 13-

deoxychloro 'sesbanimide 89, 8-0-benzyl-13-0-t-butyldimethylsilyl-15-desmethyl 

sesbanimide 91 and 13-deoxychloro-15-desmethyl sesbanimide 92 were described. 

5. 13-0-t-Butyldiphenylsilyl-15-desmethyl sesbanimide 97 was ~ynthesized. 

Subsequent desilylation of 97 gave compounds which could not be identified, but which 

were easily converted to a single furan derivative 98 upon exposure to acetic acid. 

a , 
,. 
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GENERAL EXPERIME~TAL 

Melting pomts (m p) were determlned on a Gallenkamp block and arc 

uncorrected. Mass spectra (ms) were ohtamed on a i le''t\ett P.lcLuù 5()~4t\ or .1 

Dupont ~1-492 B mass spectrometer, 10 the ùlrect mlet mode llnk~ ... nthcrwl ... , 0 

indicated. Fast Alom Bombardme~t (FAB) ~pectra were recorùeJ on a VG Z -\B Ils 

mass spectrometer. Infrared (IR) spectra were ohtalOeJ on a Pnkm bJmer '() 1 

spectrophotometer or Analect Instrument~ AOS-l~ FT-IR, anù "pecIt le rut.ltlom 

([O']D) on a JASCO DIP-140 digital polanmett>f (Na "apow lan1r' 5SQ 'lTW) Pr(q"l1 

magne tic resonance eH NMR) were recorded on Vanan T-M), T-IlOt\, Xl-,2()() :md 

XL-300 spectrometers as specIfïed, L!~lOg tetrameth) bllane cr~1 S) a~ an Ifltl'rn.ti 

standard. Chérnical ~hifts are given ln the oscale ln parts per million (ppm) Douhkt ... 

(d), triplets (t), and quartets (q) \Vere recorùed at the center nf the peak .... :l1l!j 

multIplets (m) as their range of ab~()rptlon::" other abbre\ lalluns mcd: "'lngh.~t (,,) .. 

broad (b) and broad ~mglet (hs). ChelTIlcal shlfts are dcscribed as they appearcd t:VL' Il 

though they ffilght represent more complex pattcrn~. 

Analytical thm layer ehromatography (TLC) wa~ performeù on Merck Stlll.1 

Gel 60 F254 alurninum-backed plates and was visualtzed by diPPlnp into a <;OlutlOll of 

ammonium molybdate (25 g) and cede sulfate (1 g) in c-H ~SO./H20 (10 mLNO mL) 

and heating on a hot plate. Merck Silica Gel 60 (230-400 me~h, 40-60 m) W;J.S ll~cd for 

flash chromatography, performed according to the procedure of Still et al 47 

Solvents were reagent grade unless otherwise specified. Petroleum ether rdt'r ... 

to thât fraction having a boiling point of 30 to 60°. Dry tetrahydrofuran (THF) was 

obtained by refllLxing with sodium metal and benzophenone. AlI· cvaporauons werc 

c~ed out under reduced pressure (water aspirator) with a bath tempe rature of 

25 -400 unless otherwise spec~fied. 
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Concentrated ~ulfunc aCld (fummg (30% S(3)' 1 1 g, 11 \1111101) \va.., .\ddnl \1) ,1 

r;nLxture of 2-chloroacetamide (l0.1 g. 10B mmol) anù chloroal'cllC .IlllJydflde (15_1 ~. 

90 rnmoI) with stirring. The reaction mixture wa:-. then healed at !05°, tht' )lIlll(ltltl 
, , 

upon heafing became yel10wlsh and then hrownlsh until preClpltatlDI1 Dccl1rrcd .11 te! 

l h. It was heated for an extra 1 h at 1:20°, cooled to room temperatLJrc and thel! It l' 

~old water was added. The crystalline mate rial wa~ filtercd and rin"ed rcpeall'dly 11(11) 
"\ 

5% NaHC03 solution and ice-cold water. Recrystalliz:.ltlol1 from hot al'elo/lltr de gdVl' 

10.3 g (67%) of bis(chloroacetyl)amine 4 as Iight brown crystals, m.p. 1%-1 ()Xo (dcl' ) 

(Lif. m.p. Booth and Noori30 give 191-193°). lH NMR (60 MHz, DMSO-d{J) o'lT/h: 

4H, C(O)CH2CI). lH NMR (60 MHz, acetonc-d6 ) 0: 2-:77(s, III, N-IL 1):0 l'xcl!.), 

4.50(s, 4H, C(O)CH2CI). -Mass spectrum (70 eV, E.I, 172°) mie (n~1. Illt fti,) 

169(0.3, M+'), 134(7.l, M+' - Cl'), 93(6.8, M+' - CICH=CO), 77(70.2, CI-CH1CO + ), 
o -

76(11.9, M+' - CO - CICH2ü'), 49(100, CI12=CI+), 44(11.9, M+'_- ClCll=('() 

CICH2'), 42(50.3), 41(12.0). High resolution molecular wci~ht determinutlon (fJOo), 

ca1cd. for C4H30 235ClN (M - Cl): mie 134.0009; found: mie 134.0029; caJcd. lor '"' 

C4H30237 CIN (M '- Cl): mie 135.998'0; found: mie 136.0002. IR (KBr dise): 3260 and 

3180(N-H'), 1750(C=O), 1550, 1520, ll60(imide III band) cm- l . 

" 
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BLS(dimetlzyl plimpholl(){[cctyl)aJll/lle 5 

Nurogen was bubblcd vigorously into a retlu;<ing solutioI). of 

!m,tchloroacetyl)aml ne 4 (3AOg, 20 mmol) in 30 mL of trimethyl phosphite for 7 h. 

The re~ult1ng ~olution' was cooled and a 1 H NMR spectrum of the crude rhi"\ture 

Identlfied the formation of two products the required bise dimethyl 
\ 

phosphonoacetyl)amlne 5 and a by-product, dimethyl methylphmphonate. A vacuum 

dl~tJ!latjon (0.5 mmHg} removed ca. 2 g of dimethyI methylphosphonate (b.p. 37-38°), 
,A-' 

punflcatlon 01 the rematnJng Iight brown syrup by flash chromatography using 

melhanol-methylene chlonde (l/19) ~s eluant gave bis(dimethyl 
.......... 

phosphono)acetylamII1e (4.1 g, 65%) as a colourless and viscous liquid. IH NMR (60 , 
MHz, CDCI3) O. 3.37(d, 4H, J ==22 Hz, CH2P(O)(.OMe)2' 3.83(d, 6H, J == 12 Hz, 

P(O)(OCH3 )2)' lü.lO(bs, 1H, NH). Mass spectrum (70 eV, E.I., 150°) m/e (rel. 

int. 0/0) 31ï(O.2, M+'), 1.51(49.3, (MeO)2P(O)CH2CO+), 12~(100, 

(MeO)2P( == CH20H + '), 109(44.2, (MeO)2P(O) +), 94~66.5,. MeOP(O)HCH3 + '),' 

93(8.0, MeOP(O)CH3 +), 79(39.7, ;VfeP(O)OHT). IR (neat): 3220(NH), 1680 and 

1730(b) (C=O), 1250(b) (P=O), 1020(b) (P-O-CH3)cm- 1 .. 

A s.ubstantial amount of the undesired by-product, climethyl methylphosphonate 

(ca. 10 g) was obtained in additio,n to much unreacted starting material,o offering Httle 

of the desired bis(ùimethyl phosphonoacetyl)amine 5, if the process of btibbling 

nitrogen gas into the refluxing solution had been omitted. Presl1:mably, nitrogen 

tntroduction rapidly removed methyl chlodde (itself a by-product) from the reaction 

mixture, minimizmg the latter's reactÏDn with the excess trimethyl phosphite; therefore, 

this slight modificmiot! ~lowed the reaction ta proceed ta completion . 

.. 
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.. . N-2-(Dimethyl phosphonoacetyl)cinnamamide 6 

To a solution of bis(dimethyl phosphonoacetyl)amine (317 mg. 1 mmol) -in 50 . . -
ml of dry tetrahydrofuran under a nitrogen atmosphere, was added a sodium hyoride 

dispersion (20 mg, 0.5 rnmol, 60% dispersion); aft'è'r 15 min at room temperaturc th~ 

reaction mixture was cooled to 5° and a tetrahydrofuran (10 mL) solution ot 

benzaldehyde (53 mg, 0.5 mmol) was adde"d over a 1.75 h period. The ice-bath was 

removed 'and the mixture was magnetically stirred at room temperature overnight. 

Evaporation of the solvent and purification by flash chromatography using methanul­

methylene' chloride (1/19) as eluant gave 90 mg (61 % yiclJ with respect ln 

benzaldehyde) Of N-2-dimethyl phosphonoacetylcinnamamide 06 as a white ~()ltJ. . . 
Recrystallization from ethyl acetate-petroleum ether afforded white crystals. m.p. 9H-

-
. 100°. IH NMR (60 MHz, CDCI3) ô--: 3.50(d, 2H"J =22 Hz, CH2P(O)), 3.77(d, 011, 

-J = JI Hz, QCH3), 7.à7-~.60(m, 5H, C6H5)' 7.30(~q, 2H, J = 15 Hz,'Q-l~-.CH-Ph), 

9.93(bs, 1H, NH). Mass spectrum (70 eV, E.L, 70°) m/e (rel. int. 

(MeO)2P(O)CH2CO +), 131( 12.9, Ph-CH =CHCO +). 
. 

(MeO~p(==CH2)OH+'), 109(92.7, (MeO)2P(O)+), 103(29.4, 

79(76.5, MeP(O)OH+), 77(53.2, C6HS +). 

trans-Cinnamimide 7 , 

%) : 151(95.H, 

124(67.2 . 

Ph-CH = CH + }, . . 
; 

To a solution of 270 mg (0.852 nunol) of bis(ùimethyl phosphonOlicctyl)amine 5 . " 
in 60 ~of dry THF was added NaH,(68 mg(60 % 011 ùbp.), 1.70 mmol); hydrogen 

o 

evolution was immediate, apd the suspension becarne clear. After 30 ITIin :it room 

temperature, the reaClidn mixture was cooled to 00 , and a TI-IF (10 mL) \o!ution of 
• " 

benza1dehyde (90 mg. 0.852 mmol). was added over a 1 h period. The 4)0tution wa!' 

allowed to further proceed for an extra 30 min at room temperélture. Evaporation of 
- \ 

the solvent and purification by flash chromatogfaphy using ethyl acetate as eluant gave - , ~ .. 

\ 

~ 

.. 
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60 mg of cinnamimide 7 as whi,e crystals; m.p. 198.5-199.50(lit.129 m.p. 198.5-199°) as 

the undesired by-product.d only 38 mg (11% yield with respect to benzaldehyde) of 

N-2-(dimethyl phosphonoacetyl)cinnamamide 6. 1H'NMR (60 MHz, CDC13) 0: 7.17-. -) . 
7.90(~ 10H, 2C6H5), 7.62(ABq, 4H, J = 15 Hz, ~ =CHPh), 8.88(bs, 1H, NH). Mass 

spectrum (70 eV, E.L, 277°) mie (rel. int. %) : 277(11.3, M+'), 206(9.6, C16H 14 +), > 

205(31.7, C13H 13 +), 180(8.5, C14H12 +), 179(7.7, C14Hll +), 178(1.6, Ci4H lO +), 

131(91.5, ,Ph-CH=CH-CO+), 103(92.8,.. Ph-CH=CH+), 77(100, C6HS +)' 51(54.2). 

High resolution molecular weight determination (1700 ), calcd. for C18H1502N: mie 

277.1102; found: mie 277.1061. 

• . 1 
Carbamoylmethylenetriplzenylphosplzorane 841 

According to the method of Trippett and Walker, 9.35 g (0.1 mmol) of 2.1 • 

chlorolcetamide and triphènylphosphine (26.2 g, 0.1 mmol) was refluxed for 24 h in ...... ' 

250 mL of nitromethane. The reaction mixture was cooled in ice, ani-filtered to give 

carbamoylmethylphb'sphonium chloride (30.1 g, 85%). 25 g bf this' C~Oride was-
) J 

dissolved in 500 mL of water, cOQled tD 0°, and then made alkaline with 2 N NaOH . 
solution. With minimal defay, the resulting precipitate wa5 filtefed, washed with water 
~ . 
and dried in vacuo to give 21.3 g ofphosphorane 8 (95% yield) (m.p. 172-175°, lit. 177-... " 

'1780 ). '..' 'II 

• 

Nitrile 10 

1 . . 
A mixture of 100% fuming sulfuric acid (123 mg, 1.25 mmol), acetic anhydride 

• (1.53 g. 15 ~ol) and CarbambYlmethylenetriPhen:IPhosp~or.me ~8 \g, 12.5-mmol~ 
was heated for abou~ 5 h at 100° and then for an extra 3 h at ,-150°. e' mixture was ------ . 
119. Q.E. Thomp~n,J. Am. Chem. Soc., 73,5841 (1951). 

J 

" 
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cooled and then ice-water. was added ta the black and tarry syrup. The product \\'a~ 

extracted with ethyl acetatc; the ethyl acetate- extract \vash washcd with s:ltur~ltl'd 

s~dium bicarbonate solution. water and brine before drying with- MgS04. [v~pmatill[1 
of the solve nt in vacuo yielded a white crystalline comFound (rn.p. ~()J-2()~o). 111 

. 
spectrum (70 eV. E.L, 2920 ) mie (rel. int. 0/0) : 344( 26A. i\ [ +. + 1). 34.3( \1) .0: ~ I! ) . . 

. . 
330(23.4), 329(100, 344 - CH3·). High rcsolution molccular weight det~rrTIlnatl~lll 

- (2400 ), calcd. for C22H180N~P: 343.1126; found: 343.1093: IR (KSr dbc): 3070 and 

'" 3040(a~omatic C-H stretch), 2170(C == N stretch), 15H5(C =0) cm -1. 

N-Acetyl-2-chloroacetamide Il , 

2-Chloroacetamide (37.4 g, 0.4 mol) was added to a solution of H~S04 (3.C) g, 2 

mL-containing 30% 503) in acetic anhydride (49 g, 0.48 mol) under nitrogen. After ~() 

minutes of stirring at 60°, the initial c1ear golden-coloured solution hecame cloudy 

with precipitate. The white solid cake was heated for an extra 40 minute;; at 60° to 
, 

• 
ensure completion of the reaction. Cold ice water was added to dc~troy the exce"'~ 

"-acetic anhydride; the product \t'as extracted with ethyl acetate (3 x 51)() mL), wu..,llCd 

with saturated NaHCO; solution (2 x 150 mL) 'and ,brIne (150 ml) befme drying witl] 

MgS04. Evaporation of the solvent in vacuo and recrystallization from ctllyl uœtat~ 
'. .. 
gave 43.7 g ofthe.inùde (81%yield), m:p. 111-113°. Lit:l2 m.p. 106°. lH NMR' ({)tJ 

MHz, CbCl3) ô: 2.40(s, 3H, CH3), 433(s, 1H, CH2Cl), 9.05(b), IH, NB). Ma~~ 
~ ), 

~ 

spectrum (70 eV, E.I., 1200 ) mie (rel. int. %): \~5(0.1, M+'), 93(1.5, M+' - CH2CO), . 
77(1.6, CICH2CO+), 49(6.7, CI-CHZ +), 44(10.9, HO-CNH+), 43(100, CH3CO+), 

" 

42(12.5,\CH3CN-H+). High resolution molecular we~ght determination (40°), cakd 
, . . 

for C4H602C1235N (M): mie 135.0q87; found: mie 135.0123: ÎR (KEr dise): 3262 

,. 

1 

. 
i , 
• 
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- . 
and 3180 (N-H), 1748(C = 0), 1540, 1508(C-N), 1378(s), 12.30 and B64(irnide III 

bands) cm -1. 

, 

N-Acetyl-dil1letltyl plzosplrOllOacetamide 12 

ImiêJe 1) «(i.ÎR g, 50 mmol) was adùed ta trimethyl phosp'hite (24.8 g, 200 mrhol) 

and the reaction mixture was then heated under ret1ux for 5.5 h. The reaction \Vas 

monitored hy TLC. 'Çhc apparatus was th en arranged for vacuum distillation to 

ren}()ve tlit: exce~s tflm~thyl pho~phite and dimethyJ lnethyl phos]!honaLe, a major by­

product of the \eaction. The re~ult!ng phosphonate 12 (a vis cous oiÏ) could not be. 

purified by vacuum dj~tillatlOn; it \Vas 1eft behind and was found to be 95% pure by IH 
, < 

NlvlR. To obtain even purer phosphonate 12, a Kuge1rohr distillation (200-230°, 1.8 
4 _ , 

, mm Hg) afforded a colourless ail in 680/1; yield. IH NMR (60 MHz, CDC13) 8: 2.37(s, 

~H, CH3), 3.22(d, 2H, J=22 Hz, (NteO)2P(O)CH2-, 3.83(d, 6H, J=11.5 'Hz, 
1 ~ • 

,,(MeOhP(O», 9.30(bs, IH, NH). ~rass spectrum (70 eV, E.I., 180°) mie (rel. int. %) : - .' 

209(0.3; M+'), 194(1004, Nl+' - CH3'), 167(5.8, M+' - CH2CO)~ 151(62.2, 

(MeOhP(O)H?CO +, 124(59.0, (MeO},P( = Cf.-I-,) OH + '), 109(50.8, (MeOhP(O) + ~ - - - - -., ~ . 
94(50.8, MeOP(O)HCH3 +'), 93(8.0, MeOP(O)CH3 +), 79(39.7, MeP(O)OH+). 'IR 

• < , 

(neat): 3180(NH), 1780-1660(C=O), 1510 cm -1. ... 

" 

~ . \ 
N-Acetylcinnamamide 13 

--~--Sodillm hydfkle (1.2 g-; :50-lfl1ItOll-was--added to a'-soiptimruf phosphomrtel1 
, 

. (10.45 g,' 50 .rn~ol) il dry rnethylene chloride ~P20;) at -200 under ~ nitrogen 
, ~ .. ' .. 

) 

atmosphere. The mixture was kept stirring for 10 minutes resulting in precipitation, . 

Benzaldehyde (4"+2 g, 42 ~ol) in 20 mL of dry methyle~e chloride was ~added 

dropwise to the mixture over a 15 minute period. The solution .became clear and after 

, 
) 

• 
i 

.. 1 
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30 ~utes at -20°, tne reaction was kept for an extra 1.5 h at room-temperature before 
~ . 

- t, -

quenching--with water. The prodl~,ct ~as extracteti witn methylene chloride (2 x ~OO 

mL), wasbed :with water (2 x 70 mLt and dried over magne~iumlsulfate. Evaporation 

of the solvent yielded a crude crystalline residue. Th.ree crops ?f pure product \Vere 
. .. 

obtained by precipîtating the erystals with petroleU'm ether frl'ml a concentrated ethyl 

. acetate solution, reevaporating the mother liquors and repea.ting the proc~-;~. The 

three crops Were weighed (5.51 g, 70% yield) 0 and melted at' 127-1280 , (lit. m.p. . ~ 

Thompson129 give 131-132°, Polya et al. DO 1270 ). The fourth erop was contaminatcd 

with benzaldehyde. IH NMR (60 MHz, CDCI3 ) 0: 2.47(s, 3H, CH3), 6.87(ù. !H, J = lb 
.' . 

Hz, CH=CHC6HS)' 7.17~7.67(ril, 511, C6H5), 7.78(d, IH, J= 16 Hz, CH=CHé61-IS)'_ 
• 

933(bs, IH, NH). Mass spectrum (70 eV, EJ.,2400) mie (rel. int. %) ': 189(58.0, 
" ., 

M+'), 147(20.Z: M+' - CH2CO), 146(65.6, M+' - 43), 131(100, Ph-CH=CHCO+).· .. 
-......,.. • ... 1 

+ +. + 103(74.2, Ph-C~=CH ), 102(48.3), 77(S6.0,,..C6HS ), 51(35.9, C6H S - C 2H2), 

43(80.4, CH3CO+). High resolu'tion molec~lar weight ùetermin<uion (700), caled. for . 
CllHU.o2N (M): mie 1~9.0790;.found: mie 1~9.0835. IR (KEr dise): 3000-3280(b)-

(N-H), 1630(C=C) cm -1, 
f ' 

" ..... 
1 

. Iso/ated ketone 14 and slcohollS 

, 
1.4 mL of n-J>utyUithiultf (2.2 mmoI, 1.6 M in hexane) was added to a -780 ... . 

solution of N-acetylcinnamamide 13 'in 5 mL of dry THF under N2' The cJear . , 

colourle~s solution immediately became .orange-brôwn. After an extra 15 .min. at .78°, 
t 

the reaction mixture was warmed to room temperature, S mL of water was added and 

the bulk of the tetrahydrofuran removed in ·vacuo." The products were extracted with .. 
. 

. , diethyl ether (1 x 20 mL); the ether extract was washed witn water (1 x 7 mL) and drieù 

O\~er magnesium sulfate. Evaporation of the F solvent and purification by flash 

130. - M.R. Atlf,inson, EA. Parkes and J.B. Polya,!. Chem. Soc., 
4256 (f954). 
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chrothatogi:aphy (ethyl acetate-petroleum ether : 1/19) gave 55 mg of alcohàl 15 

(Rf~0.53) and' 29 mg of ketone 14 (Rf=0.42). IH NMR ~60 MH~ CDC13) of alcohol 
. ' N 

IS ô: 0.57-1.90(m, 18H, 2 C4H9), 6.30(Af3q,2R, 1 = 16 Hz, CH = CH), 6:90-7.37(m, SH, 
Q . 

C6HS)' 1H NMR (60 MHz, CDCI3) of.ketone 14 ô: 1.0-,2.0(m, 7H, (CH2)ZCH3), 
, • ù 

2.62(t, 2H, J=7 Hz, C(O)CH2)' 7.0S(~q, 2H, 1=16 Hz, CH = CH), 6.90-7.60(m, SH, 

C6HS)' 

Methylation- of the dianion of N-acetylcinnamamide 13: fonnation of N­

propionylci';lnamamide 17 
\ 

A solution of N-acetylcinnamamide 13 (189 mg, 1 mmol).in THF (3 mLJ was 
" -

adde .. d at -78° ta 2.2 ;quivàlent 'of lithium hexamethyld{silazide (generated in sitU from 
• 

hexan:e~hyldisilazane and n-butyllithium at -78°) in TIIF (S mL), The c~lour of the 
• p 

,reaction mixtyre ~ediately became reddish-brown. It was allowecj to warm to 0° 

,and further stirred for 30 min at 0°. Then methyi iodide (0.14 mL, 2.2 mmol) was 
, 

added via a syringe and' the col our of the solution becam~ a pale Ç>range. After stirring 

for 1 h at 0°, 10 ~ of ice-cold t N HCl solution was added ta the reaction. 'The 
, 

.solution was extracted with'e,thyl acetate, dried with magnesium sulfate and evaporated' 

to give 28 mg (14%) of N-propionylcinnamamide 17 (white crystals, m.p. 130-132°) and . 
18 mg of starting material' after column chr.omatography ethyl acetate-petroleum ether 

: 1/4). IH NMR (60 MHz, CDC13) ô: 1. 18(t, 3H, 1=7. Hz, CI13)' 2.70(q, 2H,1=7.0 

Hz, CH2), 6.88(d, IH, 1 = 15 Hz, CH=CHPh), 7 -. J(m, 5H, C6HS)' 7.6S(d, IHI 

" J = 15 Hz, CH = CHPh). 
\ 

, 

,.J . 1...- . 
~. 

/ 

lJ , 
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Compo.und 19 
. . 

'oTo an ic~-bath cooled (00) solùtion of N-acetyicinnamamide 13 (189 mg, 1 

mmol) in 2 mL of dry methylene chloride, under a nitrogen atmosphere. \Vas adl.lcd 

trimethylsilyl trifluoromethanesulfonate (445 mg, :2 mmol). ~e reaction mixture wa~. 

sti~ed for 15 min at 00 foUowed by the addition of triethylamine ~~:13 mg, 2.:1 mmol). 

Immedi ately, the solution became bright yellow. Ii was left for an extra 1 h at 0°, 

wru;med to room temperature and maintained for 1.5 h before 1 N HCI (3 mL) w~~s 

·added.· The solution was extracted with methylene chloride (20 mL); the organic 

extract was washed with 1 N HCI (7 mL), saturated sodium bicarbonate (7 mL) and 
. ~ 

water (7 mL) and dried ~ith MgS04 .. After 11ash chromatography using ethyl acetate" 

petroleum ether (1/1) as elmlnt, 68 mg of 19 was obtained as a yellow powder, along 
, . 

with 47 mg ç>f an nhidentified by-product which had the same Rf' value as the starting 
" 

~ate~hl. lH NMR (200 MHz, CDC13) 0: 2.36(s, 3H, COCH3), 2.73(dd, 1H, J=4 and 
... \ .. .. 

16 !iz',CHAHBC(Ü», 3.05(dd, 1H, J=8 and 16 Hz, CHAHBC(O», 4.07(dd, 1H, 1=4 

and 8 Hz, C6~5CH), 7.20-7.50(m, 10H, 2C6HS)' 7.30(ABq, 2H, 1~ 16 Hz, . . 
CH=CHPh), 8.09(bs, 1H, NH), 8.69(bj;, 1H, NH). Mass spectrum OO'eV, E.I.) m/e 

, . . ( 

(rel. int. %) :.360(1.6, M+'), 31Sc.s.9, M+'- CH2CO), 317(1O:J' M+' - HN=C=O). ',. 

302(23.9, M+ .. " CO - CH3NH'), 301(100, M+' • CH3CONH2), 275(7.6, M "':, -
J 

CH2CO - HN =C=O), 274(30.7, M+' - CH2CO - NH"CO'), 273(22.0), 272(22.7), 
, . ~ -

245(13.5), 244( 19.0). High resolution molecular we}'ght determination ~ 195°), calcd. 

for Cz2H2003N2 (M): m/e 360.1473; found: m/e 360.1528. 
\ _. 

N-Acetyl-N-benzylcinnamamide 20 .. 

• ..:ro N-acety1cinnamamide '20 (189 mg, 1 mmol) hl 2 mL of qry DMFt under a 

nitrogen a'tmospher~ was added NaH (60 mg(60 % qil disp.), 1.5 mIl}ol); hydrogen 

evolution w~~mmediate, and the suspensip'n became clear. 'Aiter 30 m~n of stirrjng a~ 

, 

/ 
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room tempe rature, the reaction-mixture was cooled to 00 and benzyl bromide (257 mg, 

1.5 mmol) was added dropwise vi,! a s~nge. The solution immediately became pale 

yellow and after 30 min, it became a white suspension. The mixture was allowed 10 

warm to room température and maintained for an extra 1 h. The solution was then 
, -

diluted with 20 mL.of water, and the mixture was extracted with diethyl ether (3 x 30 
. 

mL), washed with water (4 x 20 mL) and dried over MgS04. Pu.rification by flash 

chromatography using ethyl acetate-petroleum ether (1/4: v/v) as eiuant gave N­

acetyl-N-benzylcinn'amamide 20 as a semi-solid (148 mg, 53 %). Recrystalliz<\tion frOID , 
• • 

diethyl et1!er afforded white CTystals: m.p. 91-92°. 1H NMR (60 MHz, CDC13) 0: 

.. 

. . 
2.50(s, 3H, CH3), 5.07(s, 2H, CH2Ph), 7.03(d, IH, J = 16 Hz, CH=CHPh), 7.03-7.67(m, 

,r-' , 
WH, 2C6H5), ?-77(d, IH, J=16 Hz, CH=CHPh). Mass spectrum (70 eV, E.I., 2500 ) 

. + 14' 
mie (rel. int. %) : 279(28.5, M+'), 148(94.1, M+' - 131),132(12.6, CH) - CN-CH2Ph), 

- \ 

13'1(100, PhCH=CHCO+), 106(86.4), 103(65.0, PhCH=éH+)V1(32.0, C6H 5CH2 +t 

77(47.5, C6HS +), 51(18.4, C6H5 + - ,~H2)' 43(52.5, CH3CO+). High .resohitio~ 

molecular w.eigh~ deterrnination (120°), calcd. for C18HI70 2N: mie 279 1259; found: 
\ 

mie 279.1281. IR (KBr dis.c): 1667 and 1695(C=O) cm -1. , 
i 

N-Benzylcinnamamide 21 

"100 
Potassium t-buldxide (30 mg, 0.267 mmol) was added to N-acetyl-N-

benzylcinnamami~e (68 mg, .244 mmol) in 3 mL of dry t-butanol and the mixture was 4 . 
heat~d at 700 for 1.5 h during whiçh_ aH starting materiaL had disappeared. The 

product was diluted with 15 niL of diethyl ether and 3 mL of 0.1 N HCI was added . . 
The organic layer W'as separated form the aqueous layer. wasbed with water (2 x 5 mL) 

and dried over MgS04 before reIl}oval in vacuo. Purifttation by flash chromatography 

using ethyl acetate-petroleum ether (1/3) gave 14 mg of N-bènzylcinnanlamide 21. 1H 
. . 

NMR (200 MHz, CDel3) ô: 4.54d, 2H, J=5.4 .. Hz, CH2Ph). 5.18(bs, IH, NH), 6.43(d, 
. . 
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liI; J=15.4 Hz, CH~CHPh), 7. 19-7.56(m, lOH, 2C6H5)' 7.66(d. l, J=15.4 Hz. 

CH;=CHPh). Mass spectrum (70 eV, E.l.) mie (rel. int. %) : 237(99.1, M+'), 160(6.:!. -
1 • 

M+' -_ C 6HS')! 131(100, PhCH=CHCO+), 10637.3, C7HSN+), 103(52.4,. 

PhCH=CH+). IR tCHC13): 1647(C=O), I627(C=C) cm- l . 

Si/yl enol etlzer'22 

A dry flask charged with 1,1~-1,3,3,3-he~am~thyldisilazane (194 mg, 1.2 m~(~l) 
/ 

and 4 mL of dly tetrahydrofuœn pnder a nitrogen atmosphere was c(~le(j to -78°. n~ 
\ 

BuLi (.1.2 mmol, 1.60 M in hexan~) ~ added dtopwise, and the mixture stirred for 30 

min at -7PP. To this was added a solution of N-acetyl-N-ht:nzylcinnamamide 20 (279 

mg, 1 mmol) in 2 mL of dry tetrahydrofuran. The resulting bright yellow ~()Iution wus . 
stirred for a further 20 min beiore quenching with excess chlo.rotrimethybilane (520 

mg, 4.8 mmol). The solution (1;10W a pale yellow colour) was poured into dry hexane 
) . 

(fresh~y distilled over P20 5) and forrriation of a white precipitate (LiCl) was observ~d. 

The precipitate was filtered ~ff and evafJoration of the solve nt in vacuo afforded the 

silyl enol ether 22 in quantitative Yielâ as a colourless oil., IH NMR (60 MHz: CDtI3) 

. -. ! ô: 0.23(s, 9H, "S1(CH3)3)' 4.03 and 4.20(2d. 2H, J = 1.8 Hz, C=CH2), 4.77(s, ?H," 

)CH2Ph), 7.07(d, IH, J = 16 Hz, CH=CHPh), 7. 15-7.53 (rl,', SPI, C6HS)' 7.77(d, IH, J = 16 

Hz, CH=CHPh). '\ 
•• 

.. 
Silyl ~tl1er amide 25 ... 

n-Butyllithium (5 mmol, 1.6 M in hexane) was added to a solution of ' 

• 
bis(trirnethylsilyl)acetamide (1.02 g, 5 mmol) in 15 mL of dry THF at -780 unde.r 

. 
nitrogen. The resulting milky solution was stirred for 20 min before proceeding with 

, . 
the dropwise addition of crotonaldehyde (350 mg, 5 mmol) in. THF (10 mL) over a 
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'period of 15rrun. The mixture was then stirred for an extra 30 min at -7So and warrned 

to' -400 . tt was mamtained at -40° for another 1 h .. After ~rming 'ta 00 , the reaction 
cl 

• 
, --was quenched with '20 mL of saturated ammopJum chloTide solution, Tae THF W:lS 

.J 

removtld in vacuo and the solution was extracted with ethyl "acetate (2 x 60 mL); the 

ethyl acetate extracts \vere washed once' with brine and dried over magnesium sulfüte. 
1 

8()0 mg of the product s~bstance \'tas recovered ~s an oil ('80 %). l'H NMR (60 MHz, -of 

CDC13) ô: 0,00(5, 9H, OSi(CH3)3)' 1.60(d, 3H, J =4.8 Hz, CH3), 2.28(d, 2H, J =5.5 Hz, 

• CH2CONHZ)' 4.42(dt, 1H, J = 6.0 and 6.0, Hz, CHOSi(ÇH3)3)" 5.'20-?OO(J, 2H, 

CHz:CH), 6.37(bs, 2H, CONH:;). " 

1 

j3-1odoacecal26 

'. , According to the method of Gil,57 iodotrimethylsilane (4.4' g, 22 mmol) aqd' 
, f . . 

ethylene glycol (1.24 g, 20 mmol) were added to cinnamaldehyde (1.32 g; '10 mmol) in 

40 mL of dry me~hylene chIo ride at GO urider a n~trogen atmosphere. Afte'r 5 min of 

stirring, 50 mL o~5% NaHC03 solution was added ta the mixture. The produ~t was 

extracted with diethyl eth~ (2 x 80 mL); the ether extràcts were washed with 10% 
Q • • 

sodium thiosulfatfj solution p x 40 mL), 5% NaHC03 (1 x 40 mL) and water and dried _ 

• with magnesium sulfate.· After removal of the solvent, 2.76 g (91%) of this highly 
• a 

unstable product wâs recov.ere~ "as an oil and was used as such with minimal delay. rH 
~MR • (60 MHz, CDC13) O:~07-3.03(m, 2H, CH2CHI), .3.73-4. 14(m, 4H, 

~ , 

CH(02CH2)2)' 4.;3(t, IR, J =4 Hz, tH(92~H2)2)' 5.33(t, IH, J ~7 Hz, èHIPh), 7.00-

7.67(m, SH, C6HS)" ., " 

------~ 

'\ 
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{3-BromoacetaI27 

, 

According :0 the method of Gtl,57 bromotnm~thYbl;;Y(S.c rnt-. ~ S I11m!)I) 

was added to cmnarnaldehyde (330 mg, 2.5 mrllld) ln ill !I;L,o{ dr: llIl'lh:knc l'hl!lTl~k 

at 0° unèler N.., and the' solution \vas stlrrc'd for 20 mln rn thl" \\ ,1" :Idd<..'d l'lin \elll' 
( 

glycol (310 mg, 5 mmol) di~solved ln 5 Ill.l of rnerhykne (!llmille .1Ild tlte l !L',1r 

colourless ITm.:i'urè' became green. 'The re.ilcti~Jn wa~ 1ll.1I11t.lIncd for 1 ~ Il dl 0°, [llell 'll 

• mL of 5% NaHC03 solutlqn \Vas a.uded ro quench the rc:al'tlo/1 l'Ill' prodllL'l \\ ,1\ 

.' ,-
extracted with diethyI ether (1 x 60 ml ); tht' l'tht'T extr;lt'f W:l~, wa<;lwd with 10 Iid 01 

brine and drled.o~er MgS04. Removal of \he "(Jlvent /II ~Ul!l() b:\\'l: 13IHIlIlH~l't.t1 .~/ 

as an ail in quantitatl\e ;,:eld. IH N\lR (200 ~I"l. (,])(1 .. ,) 0 227·2.-H·:(Ill, III, 

CHAHBCHBr), ~.66(ddd, IH. 'J=5.0 Hz, ~~ <lnd 13 () Iii', Cïl:\IIB(ïIBrj, _, l'''' 

• 
- 4.08(m, 4H, H (0.., CH", ).,), 4.9~(t, lH, J =3.Î Hz: C'1I( O",CI!,,)--,), 5 07-) ~.f(Ill, 1 il, 

4 - - - - --

CHJ3rPh) , 7.19-ï.51(m, SH, ~6H5)' Mass ~pecrrllm (70 eV" E.I.) mie (rel 

rrhO.9, ~;1+. - Br), 176(0.9. :vI + " - HBr), 73(100, (CH.,O)')CH +) . 

. - . ) 
2-iVletllOxycarbollyl-3-plzellyl-glutan'n,lLle 2~r 

1 
~ 

.. 

TD-' a retlwoog ~olutioh of methanolic sodium methoxide (1 fJ3 mg of ..,mllulJl, "+ ~ 

~mmol) and dimethyl malonate (595 mg, 4.5 mml)l) was added cinnamal11lde (441JIIJ~, ) 
il 

mmol) in dry methanol, and the mixture refllLxed fl\rth~r for ~3 il The mLxtllre wa'l 

poured into 10 % acetlc acid solution (10 mL), and the producl!-.- were extract~d WI t h 

ethyl acetate (1 x 30 mL); the ethyl acetate extract was washed once with hrlne and 

dried with 'tv1gS04' R~rnoval of the solvent gave a crude re'lidue WlllCh W~I)' 1'" -

subs'equently purified by flash chromatography ~sing 300 mL of ctlly! aéetate­

petroleum ether (1/3) as eluant for the first three less pglar products, followed byethyl 
" 

acetate alone for eluting out the very polar cinnamamide (~tarting material). The 

prod.ucts recovered in increasing order of POlar/are methyl c1l1na:are (40 mg), 
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triester 29 (55 mg), 2,3-disubstituted glutarimide 28 (175 mg, 24%) and cinnamamide 

(173 mg). lH NMR (60 MHz, CDC13) of ~lutarirnide derivative 28 0: 2.70-3.17(m, 2H, 

CH2(O», 3.37-3.97(m + s(OCH3), 5H, Cf/C02CH3), CHPh and C02CH3), 6.93-

7.47(m, 5H, C6H5). Mass spectrum, (70 eV, E.I., ~250) mie (rel. int. %) : 247(10.0, 

M+'), 216(3.7, M+' - CH30'), 215(2.2, M+' - CH30H), 189(34.8, M+' -

~CH2CONH2)' 188(100, M+' - CH30' - CO), 187(6.1, M+' - CH30H - CO), 

171(12.7),161(13.9, M+' - 'CH2CONH2 - CO), 160(34.1, M+' - CH30' - 2CO)." Higb 

resolution molecular weight determination (135°), calcd. for Cl~1304N: 247.0844; 
• found: 247.0855. 

, " 
Dimetlzyl 2- (methoxycarbonyl)-3-phenyl-glutarate 31 

Ta a solution of dimethyl malonate (1.98 g, 15 mmol) and sodium methoxide . , 

(810 mg, 15 mmol) in anhydrous metbanol (5 mL) was added a solution of trans-methyl 

cinnamate (l.62 g, 10 mmol) in methanol. The mixture was refluxed for 19 h under 

nitrogeI,l. cooled and acidified with IN HCl until pH l. Methanol was remeved in 

vacuo, the product extracted with diethyl ether (2 x 30 mL), washed once with brjne (10 

mL), and dried (MgS04). 1]1e crude residue, after evaporation pf the solvent in vacuo, 

was chromatographed on silica gel. Elution with ethyl acetate-petroleum ether (1:4, 
e 

v/v) afforded triester 31 (1.61 g, 55%) as, a transparent liquid .. 1H NMR (60 MHz, 

CDCl3) 0: 2.70-3.00 '(m, 2H, CH2C02CH3), 3.50 (s, 3H, C02CH3), 3.~5 (s, 3H . 
• 

. CQ2CH3)' 3.77 (s, ~H, CH2C02CH3), 3.80-4.00 (m, 2H, PhCH and CH(C02CH3)z), 
) 

7.'27 '(s, 5H, C6HS)' ~1ass spectrum (70 eV, E.I., 45°) mie (rel. int. %) : 294(6.4, M+ '). 

263(4.3, M+' - CH30 ), '23~(28.8. M+' - CH30H - CO), 231(7.9, M+' - CH30H -
, 

CH30'), 203(8.3, 231 - CO), 202(42.0, M+' - 2CH30H - CO), 189(7.0, M+' -. , 

'CH2C02CH3 - CH30H), 176(26.~), 175(100,203 -' CO), 174(33.0~ M+' - 2CH30H ~ 
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2CO). High resolution molecular weight determination (45°), calcd. for C lSH 180{): 

294.1103; found: 294.1103. IR (neat): 173S(b) (C=O), 1430(phenyl) cm -1 . 
• 

Dimethyl 3-phenylglutarate 32 1 

1 

Triester 31 (1.47 g, 5 mmol), sodium chloride (526 mg t 9 mmol) and water' (252 

mg ... 14 mmol) in 2.5 mL of dimethyl sulfoxide \vas heated at 165~170o for 2 h. following 

Krapcbo's proceduré7 for demethoxycarbonylation. The mixture was cooled. 30 mL 

of water was added, and the product was extracted with diethyl ether (3 x 20 mL). The 

" organic layer was wasbed once with brine (10 mL) and dried (MgS04)' Evaporation ()t~ 

the solvent in vacuo gave a crude solid which was recrystallized from diethyl ether to 

give dimethyl 3-phenyl glutarate 32 (703 mg, 60%), m.p. 85-870 (Lit. value131 85-87°). 

IH NMR (200 MHz, C6D6) 0: 2.33-2.70(m, 4H, 2 CH2COZCH3), 3.23(s, 6H, 

C02CH3è 3.50-4.07~m, IH, PhCH), 7.07(s, 5H, C6H5). Mass spectrum (70 eV,. E.I., 

~30o) mie (rel. int. %): 236(7.8, M+ '), 205(16.7, M+' - 'OCH3), 204(8.6. M +. -

CH30H), 177(12.2. M+' - CO - 'OCH3), 176(100, M+' - CH30H - CO), 131(26.5, 

M+' - 'CH2COZCH3 - CH30H), 121(48.2), 118(49.0, PhCH(éH2)CH2 +), 117(17.6. 

PhC(=CH2)CHZ +), 104(17.3. PhéHCH2 +), 103(20.2 •. PhCH=CH+), 91(17.9, 

C7H 7 +), 78(11.6, C6H6 + '), 77(15.8, C6HS +,),59(36.1, CH30-C:::O+). IR (CHCl3): 

1720(b) (C=O), 1420(phenyl) cm- 1. 

3~Plzenylglutaric acid 33 

To a stirring solution of dimethyl 3-phenylglutarate 32 (1.56 g, 6.61 mmol) in 20 
-

mL of reagent grade methanol was added 5 mL of a 10 N NaOH solution. The 

solution was stirred for 30 min at room temperature and then acidified with IN HCI 

131. G.P. Scluemenz and H. Engelhard, Chem. Ber. 95, 195 
(1962). 
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solution. The methanol was removed in vacuo and the product was extra€ted with 
'- ., 

ethyl acetate (2,x 100 mL). The organic extracts were dried (MgS04L and evaporated ~ 

to give the erude diacid. RecrystalIization fr~m, wa~ the diacid (735 mg, 

540/0). M.p. 137-139° (Lit. valuJ31139-1410). ~H N~R (200 MHz, CD3CN) 0: 2.58(dd, 
. 

2H, 1 =8.5, 15.9 Hz, CH AHBCOOH), 2.72(dd, 2H, 1 =6.5, 15.9 Hz, CHAHBCOOH), 

3.40-3.58(m, tH, PhCH), 7.28(s, 5H, C6H5)' IR (KBr dise): 3000(COOH), 1700(b) 

(C=O) cm -1, 

3-Phenylglutarimide 34 

\ 

3-Phenylglutaric acid 33 (690 mg, 3.32 mmol) and finely ground urea (~19 mg, 

.~~3.65 mrool) were mixed in a round bottom flask (10 mL), and the flask was imm.ersed 

in an oil bath preheated to 170°. A magnetie stirring bar was added and the melted 
. 

solution was stirred for 3 h. AIter eooling, tbe erude residue was reerjstaliized from 

absolute ethanol to afford 436 mg (6J%) of 3-phenylglutarimide. m.p. 175-1710 (lit. l31Z 

m.p. 175-177°), IH N!"fR (200 MHz, CD3CN) 0: 2~75(d, 4H, 1=8.0 Hz, CH2C(O», 
, . 

3.92-3.55(m, 1H, PhCH), 7.19-7,47(m, 5H, C6H5)' 8:78(bs, IH, NH). Mass spectrum 

(70 eV, EJ., 265°) mie (rel. int. %) : 189(100, M+'), 161(8.9, M+' - CO), 160(19.7), 

131(57.3, M+' - 'CH2CONH2~' 118(19.0, M+' - HNCO - CO), 117(15.2, 

PhÇ( = CH)CH2 +), 115( 1t).7), 104(77.8, PhCH2CH2 +)1 103(33.7, PhCH = CH +), 91 

(16.3. C7H7 +), 78(40.3, C6H6 + '), 77(25.8, C6H5 +). IR (neat): 3180(N-~), 1680-

172.8(C=O) cm -1. 

-

o 

132. A. Burger and A. Hofstetter, J. 018. Cltem., 24, 1290 
la (1959). 
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CHAPTER 2 -~EXPERIMENT AL 7J 

3 -O-t -Butyldiphenylsilyl-l, 2:5, 6-di ~ Q-isopropylidene-Œ D-g/u cofuran ose 35 
\ r 

A solution of diacetone glucose 3 (40 g, 169 mmol), t-

butylchlorodiphenylsilane 73 (46.5 g, 169 mmol) and ijfazole (23 g, 338 mmol) in -dry 

dimethylformamide (40 mL) was stirred at 850 under N2 for 17 hours. Water (500 

mL) was then added and the solution extracted with ether (3 x 200 mL). The ether - , 

extract~ were w~hed with water (2 x 'ISO mL) and brine, dried (MgS04) and 
\ \ 

eoneentrated to give silyl ether 3S as a erude solid. Recrystallization frdm hexane gave 

,,' 1 .... 68.3 g of prodüet (8~ yield, m.p. 98-100?). H NMR (300 MHz,.CDeI3) ô: 1.08(~, 
-J 

3H, CH3), 1.09(5, ~H, C(CH3)3,J.33, 1.39, and 1.42(35, 9H, 3CH3), 4.00(dd, IH, j =6, 

8.5 Hz, 6a-H), 4.03(dd, 1H, 1=3,8.5 Hz, 4-H), 4.06(d, IH, 1=3 Hz, 2-H), 4.17(dJ, lB, 

'1=6,8.5 Hz, 6b-H), 4.43(d, 1H, 1=3 Hz, 3H), 4.45-4:50(m, IH, 5-H), 4,81(d, 1H, J=4 

Hz, I-H), 7.37-7.90(m, 10H, 2 C6H5), Mass spectrum (70 eV, E.I., 69°) mie (rel. int. 

_ %): 483(8.4, M+' - CU3'), 383(4.], M+' - CH3' - H2C=C=O - (CH3)2CO), 325(15.5, 

M+'- t-Bu' - 2(CH3)2CO), 297(8.1), 283(8.1), 253ÙO~), 199(41.7, Ph2SiOH +), -

101(16.3, (CH3)2ÇOCH2CH? +). 
; 

3-0+ Butyldiphenylsilyl-l, 2-'0-isopropylidene-a-D-glucofuranose 36 , 
y 

Siiyl ether 35 (15 g, 30 mmol) was heated in 70% aqueous acetic acid (75 mL) . 
for 3-4 hours at 70-75°. The solution was diluted with 100 mL of water and then 

extracted with methylene c~loride (2 x 300 mL); the ex tracts were washed with . 
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( ~ saturated sodiu.m bicarbonate solution (3 x 100 mL), water (1 x 100.mL) and brine 

c 

. before drying over magnesium sulfate. Evaporation of the s.alvent gave the crude diol 

< in quantitative yield which was used without purification in the nex't step. IH NMR (60 
... 

MHz, CDC13) 0: 1.08 (s, 3H, CH3), 1.11(5, 9H, t-~u), 1.39(5, 3H, CH3), 2.10-2.77(m, 
, 

2H, 20H, D20 exch.), 3.63-4.l3(m, 4H, 4-H, 5-H, 6a-H and 6b-H), 4.23(d, IH, J =4 

Hz, 2-H), 4.50(bs, IH, 3-H), 5.80(d, IH, J=4 Hz, l-H), 7.20-7.87(m, 10H, 2 C6HS)' 

IR(neat): 3~60(OH) cm.- l . 

- . 
3-0-t-Butyldiphe'1Ylsilylpl,2-0-isopropylidene-a-D-xylo-pentodialdo-l,~4-furanose 37 

To diol36 (1.03 g, 2.25 mmol) in chloroform (20 mL) at room temperature, was . . 

added dropwise lead tetraâcetate (1.29 g, 2.92 mmol, 1.3 eq) in 20 mL of chloroform 
( 

over a period of fifteen minutes. The solution was maintained for. 1 hour and then 

filtered through a bed of Celite. The product was extracted with cbloroform (2 x 120 
. . . 

mL); the ,extracts were washed wit~ saturated sodium bicarbonate solution (2 x 40 mL) 
, 

and then with waœr (2 x 40 mL). The chloroform extracts were dried over magnesium 

sulfate, whereafter. evaporation of _the solvent gave the aldehyde as a yellow oil in 

qua~titative yield: IH NMR (200 MHz, CnCl3) 0: 1.03 (s, 9H, C(CH3)3)' 1.13 and 
Il • , 

1.~6(2s, 6H, Ç(CH3)2)! 4.20(d, 1H, J =4 Hz, 2-H, 4:SI(dd, IH, J = 1.2 and 3 Hz,4-H), 

4.69(d. 1H, J =3 Hz. 3-H), 6.08(-d, lH, J =4 Hz, I-H), 7.32-7.86(m, 10H, 2C6HS)' . . 
9.70(d, 1H. J=1.2 Hz, 5-H). Mass spectrum (70 eV, E.I., 2000 ) mie (rel. int. %) : , , . 
369(8.1, M+'- t-Bu'), 311(33.2, M+·· t-Bu·· (CH3)2CO), 283(33.0, M+'- t-Bu'-

(CH3)2CO - CO), 253(7S.4), 199(~OO, Ph2SiOH+). 

• 
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, . 
esters of 3,5, 6-tn'deoxy-3-{( 1,1-dimethylethyl)-diplrenylsilylf-l,2-0-( 1-( Met~yl 

methylethylidene)-a-D-xylo-hept-5-enofuranuronic acid 38a and 38b 

, , 
698 mg of aldehyde 37 (1.64 mmol) in 8 mL of dry methanol was treated ,with 

548 mg (1.64 mmol) of methyl (triphenylphosphoranylidene)acetate. Aiter 30 min at , , 
room temperature, 2 components of higher Rf were observed on TLC. The methanol 

was removed in vacuo and after purification by flash chromatography (ethyl acetate­
J 

petroleum ether: 1/9), it was possible to obtain a srnall amount of the two componenls ... 
in sufficient purity ~o identify them' as cis (.lllindr and less polar) and tram (major and 

• 
more polar) isomers. The total yield of the purified mixture of bomers was 639 mg " 

• 
~1 %). IH NMR (60 MHz, CDC13) of cis-ester 38b ô: 1.07(s, 9H, C(CH3)3)' 1.18 and , 
1.45(25, 6H, C(CH3)2)' 3.5'8(5, 3H, COOCH3• 4.33(d, IH, 1 =4 Hz, 2-H), 4.65(d, lH, . . 
J=3 Hz, 3-H), 5.60(m, 1H, 4-H),.5.75(dd,...m, J=1.5 and 10.5 Hz, CH=CHC02CH3), 

5.96(d, IH, J=4 Hz, I-H), 6.38(dd, IH, J=7 and 10.5 Hz, CH=CHC02CH3), 7.lO-. . \ 

/ 7.80(m, 10H, 2 C6H5). [a]D23 -0.530 (c 3.15, CHCl3); IH NMR (60 MHz, CnC'3) of 

trans ester 38a ô: 1.03(s, 9H, (CH3)3), 1.20 and 1.41(25, 6H, C(CH~)2' 3.68(s, 3H, 
". 

COOÇH3),4.32(d, IH, J=2.5 Hz, 3-H), 4.36(d, IH, 1=3.5 Hz, 2-H), 4.68(m, IJI,4-H), 

, '\ 5.96( d, J.= 3.5 Hz, 1-H), 6.12( dd, _ IH, J = 1.5 and 15 Hz, CH = CHC02CH3), 6.83~ dd, 

IH, J=5 and 15 Hz, CH=CHCOOCH3), 7.27-7.82(rn, 10H, 2 C6H5). Mass spectrum 

ofbotb trans- and cis-ester (70 eV, E.l., 170°) mie (rel. int. %) : 425(100, M+'- t-Bu'), 

407(7.1, M+'- CH3'- .CH3COOH), 367(23.6, M+'- t-Bu'- (CH3)CO), 349(7.3, 367 -. . 
H20), 335(29.0, 335 - MeOH), 325(17.8, 367 - H2C=C=O), 253(44.5), 213(19.4), 

199(44.8, Ph2SiOH+). IR Eneat) of the cis-ester: 1725(C=O), 1655(C=C) cm- l . IR , 

(neat) of the' tr~ns-e5ter: 1722(C=O),' 1660(C=C) cm -1. ' lf! 

Altermùively,' in order !o synthesize the trans-ester exclusively, the following 

.,. pro€edure was used. To sodium hydride (0.34 g, 14.2 mmol, pre-washed with hexane) 
, 

in dry THF (30 mL), under a nitrogen atmosphere, was' added trimethyl 

phosphonoacetate (2.73 g, 14.:2 mmol); hydrogen evolution was immediate and after 30 

\ 
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min at room tempe rature, the initially clear solution became a white suspension .... To .. 
this weU·stirred suspension was added 4."04 g (9.48 mmol).~f aldehyde 37 in 40 mL of 

, . 
THF via a drop funnel. The su~pensiôn became dear a~d after stirring for an e~tra·1.5 

hours, water (30 mL) \Vas added to .tbe reaclion. Th~ bulk of tH.e lliF was removed in 
... 

, vdcuo and the prouuct was extracted with Jiethyl ether (3'x 90 mL); the ether ex tracts 

were wa~tJed with water (3 À 30 'fnL) and dried with XfgS04. Evaporation of the 

~()lvent gave 435 g (93%) of a,.B-un~aturated ester 38a, exclusively in the trans 

g~ometry, as a pale yellow syrup. 
CI 

Metlzyl ester of 3,)~6Itridemy-3-[(I,1-dil1/ethyletlz.vl)·diplzenylsilyfJ-5.metlzoxy-l,2-0-(1- 0 

methyletlzylidcne)-a-D-xylo-lzeptofurmllll"Onic add 39 
• 

, 
Esters 38a and 38b (165 mg. 0.34:2 mmol) and dimethyl malonate (50 mg, 0.377 . 

mmol) were reflu.xed in a mcthanolic ~odium methoxide solution (2 mL MeOH, -8 mg 
, , 
of Na) for 20 h. The solution \Vas acidified \Vith HCI (O. IN); the mixture was extracted 

with ether (2 x 50 mL), washeâ with- water (2 x 15 mL) and dried over magnesium 
( 

sulfate. '. 6 mg 'of methyl ether 39 and 53 mg of triester 40 ·were recovered after . 
purification by flash chromatography (l/19 : ethyl acetate/petrol~um ether). IH NMR 

ai methyl ether 39 (200 MHz. CDCI3) ô: 1.05(5, 3H, CH3),' 1.09(5, 9H, C(CH3)3)' 
• 1 

1.38(s,3HÇH3), ~.66(dd, 1H, 1=6;0 and 16 Hz, CHAHBC02CH3), ~.92(dd, IH, 1=3.8 
... 

and 16 Hz. CHAHBC02ÇH3), 3.31(5, 3H, OCH3), 3.70(s, 3H, C02C:tI3)' 4.11(d, IH, 

J=4 Hz, 2-H), 4.14-4.29(m, 1H, 5-H), 4.15(d,"lH, J=3 Hz, 4-H), 4.48(d, 1..fi, J=3 Hz, 3-' 

H), 5.69(d, l~I, J=+ HZ; 1-H), 7.27-7.91(m, lOH, 2 C6HS)' Mass spectrum (70 eV, E.I., 

180°) mie (rel. int. %~, 499(3.4, M+' ~ 'CH3), 483(3.2, M+' - 'OCH3), 4S7(lOO,.M+·­

t-Bu'), 425(9.0, 457 - Me OH), 407(11.7, M+' - 'CH3 - CH3CÇOH - CHfJH), 397(3.8, 

425 - CO)'. 339(6.1,367 -CO), 3:;5(:;0.1, M+' - CH3COZCH3 - t-Bu' - (CH3)2CO). IR 

(neat):1738(~=O)cm-1. _ 

. ' 
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... 
Methyl es(er of. • 3,5, 6-trideoxy-3-[(I,I-dime,thyletlJyl)-diphenylsilyl J -6-

(methoxycarbo1'Zyl)~5-(2-methoxy-2-oxoethyl)-I,2-0-(1~methylethylidene)-a-D-gluco-
';;"," , . 

heptofuranuronic acid 40 

A mixture ofa,tJ-unsaturated ester 38a (1.17 g, 2.42 mmo!), dimethyl malànate 

(384 mg, 2.91 nunol), anhydrotis potassium carbonate (2.49 g, 18 mmol) and . 
dicyclohexano-18-crown-6 (64 mg, 0.242 mmol) in 5 mL of dry t~luene was heated at 

the reflux temperature for 22 hours under a nitrogen atmosphere. Potassium . 
. carbonate was filtered off to give triester 40, which was use in the next step without 

prior pu~cation. IH NMR (200 MHz, CDCI3) 0: 1.06(s, 3H, CH3), 1.07(s, 9H, 

è(CH~), ,1.35(s, 3H, CH3), 2.56(ABX ,system, 2~, J =4.5, 7.5 and 16 Hz, 

CH6aH6bC02Me), 3.20-3.38(m, l,H, 5-H), 3.60(s, 3H, H6aH6bC02€H3)' 3.72(5, 6H, 
\ 1 

CH(C02CH3)2),4.03(d, IH, J=4.8 Hz,.CH(C02CH3)2' 4.22(d, 1H, J=3.6 Hz, 2-H), 

4.23-4.33(m, 2H, 3-H and 4-H), 5.65(d, IH, J=3.6 Hz, I-H), 7.32-7.77(m, 10H, 2 

C6H5). Mass spectrum (70 eV, E.I., 212°) mie (rel. int. %) : 583(8.9, M'+· - 'QCH3), 
, . 

557(100, M+' - t-Bu'), 525 (39.4, 557 ~ CH30H), 499(8.4, 557 : (CH3)2CO), 467(5.9, 
",.; 

M+' - t-Bu' (CH3)2CO CH30H), 427(?0), 397(5,5, M+·. 

'cH(éH(C02Me )4)CH2C02Me). 

Methyl ester of 3, 5, 6-trideoxy-3-[(l, l-dimethylethyl)-diqhenylsilylj-5-(2-methoxy~2-

oxoetlzyl)-1,2-Ô-(l-methylethyÏidene)-a-D-xylo-heptofuranuronic acid 41 

Krapcho's method67 for demethoxycarbonylation was used. Sodium chloride . 
~ 

(255 mg, 4.36 mmol) was added to a magnetically stirred mixture of tries ter 40 (1.49 g, 
1 

2.42 mmol) and wat~r (122 mg, 6.78 Înmol) in 30 mL of DMSO and ,the solution wa.~ 

heated to I~Oo. Monitoring by TLC showed the formation of. the required producl 

, (less polar). After 8 hours of heating, the reaction mixture was coole,d and dlluted wlth 
• 

300 mL of water. The product was extracted with diethyl ether (3 x 100 mL); the erher 
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extracts were ~a~hed with water (3 x 30 mL) a~d dried over MgS04. After removal of 

the sol\ent and purification by flash chromatography (ethyl acetate-p'etroleum ether: 

1/5), 1.1 g of diester 41 was recovered as a colourless syrup (8~% yield in two steps 

from a,{3-unsaturated ester 38a). [a] D23 -5:5° (c 4.70, èHC13); 1 H NMR ((100 MHz, 
. ) 

CDCI3) ô: 1.07(5, 9H, C(GH3)y 1.26 and 1.37(2s, 6H. QCCH3)2)' 2.3ï(ù, 2R, }=6.4 
- . 

Hz, èH2C02Me), 2.70(ABX system, 2H, J =3.8, 7.2 and 16 Hz, CH AHBco~J'vre), 

2.71-3.00(m, lH, 5-H), 3.63 and 3.65(2s, 6H, 2C02CH3), 4.08(dd; IH, J =2.5 Hz and 10 

Hz, 4-H), 4.23(d, 1H, J =2.5 Hz, 3-H), 4.27(d, IH, J =3.8 Hz, 2-H), 5.72(d, HI, J =3.8 

Hz, I-H), 7.26· 7.80(m, lOB, 2 C6H5), Mass spectrum pO eV, E.I.;·2000 ) m/~ (rel. int. . , 

%) : 525(8.9, M+' - 'OCH3), 499(100, M+' t-Bu'), 441(12.2, M+' - t-Bu' - (~H3)2CO), 

381(17.2. -l41 - CH30H -~ CO), 3~7(18.8, 441 - Cli3C03CH3)' 339(18.2, M +. -
/ , 

'CH(CHZ0 2Me)2 - (CH3)ZCO), 253(13.0)" 199(13.4, PhZSiOH+) . 

. 
5· (Carboxymethyl)-3,5,6-trideo.ty-J-[ (l,l-dimethylethyJ)-diphenylsilyl] -1,2-0-(1--

11letlzylethylidene )-Ci.-D-:tylo-Izeptofuranuronic acid 42 
f 

\ "C 
Diester 41 (392 mg, 0.705 minaI) dissolved in a soiution of THF:MeOH:H20 

(3/2/1) was treated with lithium hyd~oxide monohydrate76 (65 mg, 1-.55 mmol) and the 

reaction was magnetically stirred at r?om temperature for 24' h04rs. The solution w~s 

th en acidified (until pH 2), concentrated (ta -2 mL) and extracted with ethyl acetate ... 
(3 x 15 mL); the ethyl acetate ex tracts were washed with water (5 mL) and brine (5 

mL) and dried over magnesium sulfate. Removal of the solvent in vacup afforded ~2 ... . 
as a white foam in, quantitative yield whicb was used without. purification in the next , 

step. lH NMR (200 MHz, CD~13) ô: 1.05~s, 9H, C(CH3)3)' 1.05 and 1.24(2s, 6H, 

C(CH3)2)' 2.2?-2.80(m, 5H, 2CH2COOH and l-H), 4.50(m, 1H, 4-H), 4.68(d, 1H, 

=4.0 Hz, Z-H), 4.ï5( d, IH, J =3.5 Hz, 3-H), 5.91(d, lH, J =4.0 Hz, l'-H), 7.22-7.93(m. 

10H, 2 C6H5)' 1Q.Q3(bs. '~H, 2COOH). IR (n~at): 3150-3680(OH), 1710(C=0) -cm -=-1; 

j 

" 
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4-[6-[(1,1-Dimetliylethyi)-dipJzenylsilylJ~etrahydro-2,2-dimethylfuro{2,3-dJ-l!3-dioxol-5-
J 

yi] -2, 6-piperidinedione 43 
\ 

, ' 

Dicarboxylic acid 42 (372 mg, 0.705 mmol) and fi~ely ground urea,l1 (64 mg, 

1.06 mmol) were immersed in an oil bath pre-heated to 165°. When, the mixture hall ' 

melted, a magne tic stirring bar was added, and the reaction stirred for 2 hours. . . 
An0ther 42 mg~1.00 mmol) of urea was added and heating was maintained for an , 
extra 2 hours. After cooling the mixture to fQom tempernture, the product was 

• 

extracted with ethyl acetate (3 x 20 mL); the ethyl acetate extracts were washed once 

with pH 4.0 buffer (6 mL) and brine (6 mL), dried over MgS04, ~nd evapo:atell to , 

give the 3-substituted glutarimide 43 in 73% yield (261 mg), after flash chromatography 

(petroleum ether/ethyl acetate : 3/2). [aJi}3 -20.30 (c ~.1O, CHel3); IHcNMR (300 <.. . -

MHz, CDC13) 0: 1.06(s, 9~, C(CH3)3)' 1.11 and 1.37(~s, 6H, C(CH3)2)' 2.18, 2.46, 
-

2.49, 2.61-2.78 and 3.00(dd + dd + d + m(5-H) + bd, 5H, J = 11:6, 16.~ Hz; J =7.0, 
, 

17.1; 1=17.1 Hz; J = 17.1 Hz, CH2C(O)NHC(O)CH2 and 5-H», 3.78(dd, lH, J=2.4 . . 
and 8.7 Hz, 4-H), 4.19(d, IH, J=2.4 ~ 3-~), 4.35(d, IH, J=3.7 Hz, 2-H), S.80(d, IH,/ 

J=3.7 Hz, I-H),7.37-7.80(m, lOH, 2 C6HS)' 7.9S(bs, 1H, NH). Mass spectrum (70 eV, . . . 
E.I., 292°) mIe (rel. int.·%) : 452(100, M+' - t-Bu'), 394(8.2, M+' - t-Bu' - (CH3)2CO), 

352(49.4,394 - CzH20 or NCO), 322(8.9), 274{13.7), 253(43.2), 199(32.~, Ph2SiOH+). 

High resolution ms (180b) ca1cd. for C-14HZ.6N)6Si ('M - t-Bu): mIe 452.1S29; Cound:, 
, . 

mIe 452.1489. IR (neat): 3250(b) (NH), 1710(C=O), 1262(C-N stretching and N-H 

bending vitrradons) cm -1. 

• 
3~O-t~BUtyldiphenylsilyl-i,2-0-isopropylidene-5,6-0-methoxymethy/idene-a-D-

glucofuranose ~ 
, 

.. 
The general directions of -Josan and EaStwood83,84 were used. 3-0-t-

. , Butyldiphenylsilyl-l,2-0-isopropylidene-ŒD-glucofuranose 36 (2.29. g, 5 mmo~), 
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trimethylorthoCQrmate '(2.65 g, 25 mmol), and one drop of glacial acetic acid were . . 
~ < 

refluxed for 4 hQW's ·under .a. nitrogen atmosphere. Mer ~vaporation of the .excess 

trimethylorthoformate in vacuo, the mixture of diastereomenc orthoformic esters was 

abtained as a colou~less, oil in quantitatiye.yield. 1~ NMR (200 MHz, CDC13) 0: 1.06 

aIKi 1.07(2s, 6H, C(CH3)2)' 1.10(5, 9H, t-Bu), 1.37(s, 3R, CH3)' 3.29 and 3.30(25, 3R, 
. . 

OCH3}' 4.0S-4.74(m, '6H, 2-H, 3-H, 4-H, 5-H, 6a-H and 6b-H), 5.73 and 5.79(2s, IR, 

CHOCH3, ratio 1:3), 5.80(d, IH, J =3 Hz, I-H)j 7.30-7.86(m, "10H, 2 C6H5). Mass 

.... spectrum (70 eV, EJ., 1870 ) mie (rel. int. %):,.:169(8.9, M+' - 'OCH:?), 383(15.1, M+'­

HC02Me, -t-Bu'), 325(19.7, 383 - (CH3)2CO), 253(100),' 199(33.8, Ph2SiOH+), . 

3-0-t-Butyldiphenylsilyl-5,6-dideoxy-l,2-0-is4propylidene-a:-D-xylo-hex-j-
• \ 

enofurallose 4S 

" 

According to the literature method of' Josan and Eastwood,83,84 the crude ~ 81 

• 
mixture of cyclic orthoformates 44 (2.50 g, 5 mmol) and benzoio acid (15 mg) was -

t 
heated from IS5° to 17So over a perio.d of 20 hours, during which time methanol .and 

carbon dioxide were evolved. The resi~ue was dissolved in ether, solid potassium 
.. 

carbonate was added and after stirring for 1 hour, the suspension wa,s filtered, and the , 
, filtrate was evaporated to dryness. The brown syrup could be used as such in the next 

step without further purification. Alternatively, purification of the crude olefin by flash 
" 

chromatography (petrole4m eth"erjethyl acetate : 19/1) gave l.S6 g of product as a . . 
clear colourless oil (73% yield fr~m the diol). ~]D23 -26.90 (c 4.70, CHC13); 1~ NMR 

(300 ~Hz, CDC13) 0: 1.08(s, 9H, t-Bu), 1.16 and 1.43(25, 6H, 2t-Bu), 4.25(d, 1H, J =3.5 

Hz. 2-H), 4.26(d, IH, J=3.5 Hz, 3-H), 4.52(dd, 1H, J=2.4, 7.2 Hz,:4-H), 5.24(d, 1H, . . "' 
J:= 10.3 Hz, 6a-H), 5.36 {d, 1H, J = 17,7_& 6b-H), 5.~i-6.08(m, 1Ht-~), 7.34-7.77~m-, _______ _ 

) 10H, 2 C6HS)' Mass spectrum (70eV~ E.I., 19So) mIe (rel. i~t. %) ~Î(19.7, M+'- t-
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Bu'), 309(8.7, M+'- t-Bu' - (CH3)2CO), 267(56.3), 253 (100), 199(24.8, PhisiOH+), 

135 (13.7), 115(25.3). High resolution ms (55°) cal cd. for ~1H2304Si (M+' - t-Bu'): 

mie 367.1365; found: mie 367.1247. IR (neat): 3080(ol<?fi~C-H stretch) cm -1. 

Dihydroxy diethyl dithioacetal 46 

A solution ofvinyl acetonide 45 (6.25 g, 14.7 mmol) in ethanethiol (12 mL) was 
-

cooled to -15° in an ice-salt bath. To this was added anhydrous ZnC12 (10.0 g, 73.7 

·mmol). The flask was stoppered and the mixture was magnetically stirred for 15 min at 

-15°. The reaction was tIeated with 0.5 N HCI (30 mL) and then excess ethanethinl 

was removed by bubbling qitrogen through the flask into a series of 3 Erlenmeyer 

flasks filled with NaOH and pot~sium permanganate solution for about 1 hour .. The 

solution was extracted with ëthyl aœtate (3 x 90 mL), washed with 0.5 N HCl (30 mL), 

and water (30 mL) before drying with MgS04. Filtration fqllowed by evaporation of 

the filtr~te gave the product in quantitative yield .. 1 H\ NMR (300 MHz, COCl3) fJ: 

1.~7(s, 9H, t-Bu), 1.13 and 1.l9(2t, 6H, J =7.2 Hz, 2SCHZCH3), 2.02(d, lH, 1 =5.4 Hz, 

4:H~OH), 2.43-2.72(m, 4H, 2SCH2CH3), 2.86(d, lH, J =5.2 Hz, 2-HCOH), 3.67(ddd" 
• f 

lH, J =3.0,5.2,8.5 Hz, 2-H), 3.95(d, lH, J =8,5 Hz, 1-H), 4.l9(dd, 1H, 1 =2.9,5.6 Hz, 3-

H),4.22-4.32(m, IH,.4-H), 6.11-6.35(m, 2H, 6a-H and 6b-H), 5.72-5.90(m, 1H, 5-H), 

7.34-7.86(m, 10H, 2 CeHS)' Mass speétrum (70 eV, E.L, '215°) mie (rel. int. %) : 

433(03, M+' - t-Bu'),' 415(3.0, M+' - t-Bu' -' H20), 371(3.6, M,+ ·-t-Bu·- EtSH), 

329(23'.8), 303(17.8), 285(52.6),' 267(79.8, M+' - EtSH - CH~CHOH - t-Bu'), 
. It • 

253(58.8), 199(57.1, Ph2SiOH+), 135(100, (EtS)2CH+lt IR(neat) ,3500(OH), 

3080(01efinic C-H stretch) cm~ 1. 
"" 

( 

" 
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Dithioacetal by-product 48 

During the transformation of 45 ta dihydroxy diethyl dhhioacetal 46, it \lfas 

found that a longer reaction time resulted in. a substantial amount of undesired by­

p;oduct 48. it has the follo~ng spectral data: 1H-NMR (60 MHz, CDCI3) 0: 1.08(t, 

3H, J =7 Hz, SCH2CH3)' l.l2(s'/9H, t-Bu), 1.17(t, 6H, J =7 Hz, 2 'SCH2CH3)' 2.08-

2.87(m, 7H, OH and 3 SCH2CH3), 3.33(dd, lH, J =4 and 9 ~, 2-H), 3.67-4.03(m, 2H, 
, 

1-H and 3-H), 4.13-4.50(m, IH, 4-H), 4.63-5.20(m, 2H, 2 6-H), 5.40-6.10(m, 1H, 5-H), 

~. 7.13-7.97(m, lOH, 2 C6H5). Mas[ sp.ecirum ~70 eV, E.I., 2300
) mie (rel. int. %) : 

417(8.5, M+i- t-Bu'), 473(3.3; M+'- EtS'), 415(39.9, M+~ - t-B~' - EtSH), 368(13.5), 

353(22.5, M+' - t-Bu' - 2EtSH), 329(68.6);-135(100, (EtS)2CH+). 

-
4-0-t-Butyldiplzenylsilyl-5,6-dideox;'-2,3-0-metlzylene-dietlzyI ~rcaptyl~D-xylo-hex-

p 

5-enofuranose 49 

According to the methôd described by Szarek and Kim,95 a mixture or dihydroxy 

diethyl dithioacetal 46 (2.97 g, 6.00 mmol), tetra-n-butylammonium bromide (390 mg, 
1 

1.21 mmol), methylene bromide (60 g) and 50% aqueous sodium hydroxide (100 g) was .... ., . , 

vigorously stirred at 60-65°. The reaction was monitored by TLC of the organic layer. 

After 45 min the starling malerial had disappeared. The organic l~~as separaled 

from the 50% aque?us Nao~layer and then diIute~, with 40. of methylene 

chloride, washed with water (30 mL), .brine, apd, dri1a over mag ium sulfate. 

( Evàporation of ~he filtrate gave an oily, residue which' was p~rified ~y flash 

chromatography using hex,ane-methylene chloride (1:1) as eluant. to afford 1.65 g 

(54%) of product. [a]o23 -12.8° (c .1.00, CHC13); 1H NMR .(206 MHz, CDC13) 0: 

1.08(s, 9H. t-Bu), 1.21 and 1.23(t and 4 6H, J =7.4 Hz, 2SCH2CH3), 2.63 and 2.65(q 

and q, 4H, J =7.4 ~,2SCH2CH3)' 3:83(d, 1H, J =5.1 Hz. 1-H), 4. 16(dd, 1H, J =4.9,4.9 . , 
Hz, 3-H), 4.30( dd, IH, J =4.9, 5.1 Hz, 2-H), 4.32( dd, IH, J =4.9, 7.4 'Rz, 4-H), 4.86(s; 

~ ) 
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1H, 0<=:H AHSO), 4.90-5.13 and 5.05(rn + s(OCHAHBO), 3H, 6a-H, 6b-H and 

o CHAHB 0), 5.86(ddd, IH, J=7.2, 10.4, 17 Hz, 5-H), 7.28-7.82(m, -10H, 2 C6Hs-J. 

Mass spectrum (70 eV, E.I., -295°) m7e (rel. int. %): 445(16.7, M+' - t-Bu'), 
, +' 

353(33.9, M+' -~u' - H 2CO<"EtSH), 295(14.6, H2CH=CH-CH=0-Si(t .. 13u)Ph2), 

267(14.6) 135( 100, (EtS\2CH +). 

, 
By-product 50 

, 

A mixture of 7.22 g of dithioacetal 46, methylene bromide (147 g), 50% NaOH ~ .. 
(235g), tetrabutylammonium bromide and 20~ mL of toluene was stirred overnight at 

23°. The sodium hydroxide layer was separated from the organic laykr; the ~rganic 

layer was diluted wit~OO mL of diethyl ether and washed once with-water (120 mL), 

and dried over magnesium sulfate. After separation by flash chromatography (ctbyl 

acetate-petroleum ether: 3/97), 2.1 g of dith:oacetal 49 and 0.93 g of dithioacetal SO 

were recovered. ~MR ofby-product 50 (200 MHz, CDCl3) ô: 1.07(s, 9H, t-Bu), 1.24(t, 

6H, J =7.5 Hz, 2 CH2CH3), 2.51-2.80(m, 4H, 2 CH2CH3), 3.88(d, 1H, J =5.8 Hz, l-l-I), 

4. 16-4.44(m, 3H, \l-H, 2-H and 3-H), 4.94(ABq, 2H, J =5.Q Hz, OCH20). 5.04 and 

5.11(2s,2H, OCH,>O), 5.16-5.38(m, 2B, 6a-H and 6b-H), 5.70-5.94(m, 1H, 5-H), 7.24-... 
7.78(m, 10H, 2 C6H 5). Mass spectrum (70 eV, E.L, 950rm/e (rel. int. %) : 475(4.3, 

M+' - t-Bu'), 445(1.9, M+' - t-Bu' - CH20), 415(4.6, 445 - CH20), 377(21.6), 353(3.6, 

415 - EtSH). ~ 

c 

M erlzyl 6R -t-butyldiplzenylsilyloxy-4S,5 R -dilzydroxy-4,5 -a-methylene-octa-2E, 7-
'l ," 

dienoate 52 

A solution of diethyl dithioacetal 49 (3.45 g, 6.81 mmol) in acetonitrile (10 mL) 

was added quickly to a well-stirred solution of NCS96 (2.90 g, 21.8 mrool) and silver 

• 

.. 
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nitrate (4.16 g,24.5 mmol) in aqueous 80% acetonitrile (60 mL) at -So (salt-ice batb). 
\ ' 

Silver chloride separated immediately as a voluminous white precipitate. The mixture 

was stirred for S-10 min and treated successively at l-mÏ!l intervals with ,saturated 
8 

aqueous sodium sulfite, saturated aqueous sodium ,carbonate, and brine (7 mL each); 

1: 1 hexane-methylene chloride (100 mL) was added and the mixture filtered through 

Celite. The Celite cake was washed thoroughly with 1:1 hexane-methylene chloride 

(tOQ mL) and the organic layer "as washed once with brine (60 mL). After drying 

(MgS04) and removal of the solvent, sorne 4.39 g of mate rial (aldehy?e 51) r~mained 

contaminated with silver chloride and water. The lH NMR speclrum, though 

uninformative generaIly, showed a weak peak at 09.63. Without furtber purification of 

this material, the cnide product was,azeatroped twice with fuenzene (20 mL), dissalved 

in 40 mL of 001 dry THF and added quickly ta a stirring suspension'<\). of 
of 

trimethylphosphonoacetate (1.97g, 10.8 rnrnol) and sodium hydride (526 mg(50% oil . . 

~ dispersion), 10.8 mmol) in 120 mL of dry THF at 200 under nitrogen. The solution was 

kept stirring for 30 min before addition of water (30 mL). The' s01ution was then 

concentrated (ta 30 mL) and the product was extracted with ethyl acetate (3 x 60 mL), . ... 
washed"'1' brine (2 x 20 mL) and dried (Mgst). The residual oil w~ purified by 

flash chromatography (petroleum ether (30-60 )/ethyl 'acetate : 9/1) to yield 1.75 g 

(56% yield in two steps from diethyl dithioacetal 49) of the a,t3-unsaturated ester 

existing excIusively in the trans geometry as a transparen~ oil. [a]D23 + 21.10 (c 14.9, 

CHCl3); 1 H NMR (200 MHz, CDCI3) 0: 1.08(5, 9H, t-Bu), 3.60(dd, IH, J =6.5, 6.6 Hz, 

5.~ 3.74(s, 3H, CO~CH3)' 4.38( dd, IH, J ~5.5, 6.5 Hz, 6-H)'1,4.49( ddd, IH, J = 1.2, 4.7, 

6.s1Iz. 4-H), 4.90(5, _H, OCH20), S.1l-S.30(m, 2H, 8a-H and 8b-H), 5.74-5.94(m, IH, 

7-H), 5.99(dd, lH, 1 = 1.2, 16 Hz. 3-H), 6.77(dd, IH, cl =4.7, 16 Hz'J2-H), 7.25-7.72(rn, 

.~OH, 2 C6HS)' Mass spectrum (10eV, E.I., 90Q) mie (rel. int. %( 39S(7.1, M+' - t­

Bu'), 365(38.7,.M+· - t-Bu' - H 2CO), 339(4.2), 333(7.8, M+-' -/Bu' '- H 2tO - MeOH), 
\ - ~ 

309(39.2),295(48.9. H 2C=CH-CH=OSi(t-Bu)Ph2), 199(76.7, Ph2SiOH+). IR (neat): 
, . 
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3080(olefinic C-H stretch; terminal), 1728(C=O), 1665(terminal C=C), 1618(conj. 

C=C) cm- l . 

M ethyl 6R -t -butyldiplzenylsilyloxy-4S,5 R -dihydroxy-4,5-O-methylene-2-

(methoxycarbonyl)-3- (2-methoxy-2-oxoethyl)-octa-7-enoate 53 
- 0 

Sodium methoxide (418 mg, 7.73 mmol) was added to a stirring solution ofa,{3-

unsaturated ester S2 (1.75 g, 3.86 mmol) and dimethyl rnalonate (1.02 g, 7.73 rnmol) in 

.2 mL of dry THF under a nitrogen atmosphere. The solution was refluxed for 3.5 

hauTs, cooled, and acidified with 1 N HCI until pH 2. ll1e THF was removed and the . . 
product extracted with ethyl acetate (3 x 50 mL), washed with brine (15 ml), and uried 

over magne:;ium sulfate. Concentration of the solve nt gave the diastereo~eric mixture 

of triesters as an ail in quantitative yield and was used in the next step without furthcr 

purification. 1H NMR (200 MHz, CDCI3) 0: 1.06(s, 9H, t-Bu), 2.37-2.74(m, 21-1, 

CH2C02~e), 3.53-3.87(m (singlets at 3.61, 3.65, 3.67 and 3.68), llH, 2-H, 5-H and 

3COCH3), 4. 12-4.31(m, 2H, 4-H and 6-H), 4.57, 4.71, 4.81, and 4.85(,4s, 2H, OCH20), 

4.94-5.14(m, 2H, 8a-H and 8b-H), 5.69-5.96(m, IH, 7-H), 7.24-7.76(m, lOH, 2 C6H5). 

Mass spectrum (70eV, E.I., 1200 ) mie (rel. int. %): 527(41.6, M+' - t-Bu'), 497(4.6, "-
( t> 

527 - H2CO), 495(8.6,527 - MeOH), 465(3.8, Mt. - t-Bu' - MeOH - H2CO), 441(8.7), 

395(6.2, M+' t-Bu' MeO(OH)C=CHC02Me), 367(5.~, M +. 

'CH(CH2C02Me)(CH(C02Me)2))' 365(56.3, 395 - H2CO), 363(9.5, 395 - MeO~. 

'lit 

Methyl 6R-t-butyldiphenylsilyloxy-4S,5R-dilzydroxy-4,5-0-methylene-3-(2-metlzoxy-2-'. 
oxo-etlzyl)-octa-7-enoate S4 

Crude triester 53 (2.25 g, 3.86 mmol), sodium chloride (406 mg, 6.95 mmol), and 

water (195 mg, 10.8 mmol) were dissolved ID 5 mL of dimethyl sulfoxide and the 

1 
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solution was heated for 4IJh0urs at 160-170°,67 cooled, and diluted with 60 mL of water. 

The product was extracted with ethyl acetate (3 x 50 mL); the ethyl acetate extracts 

weré washed with water (2 x 15 mL), and brine (15 mL). The organic layer was further -

extracted with ethyl acetate' (2 x 6Q mL) and tbe ()rganic layers combined and dried 

over MgS04. After purification by flash chromatography (petroleum ether (30-
- . 

600 )/etDyI acetate:85/15), 1.69 g 9f dimethyl glutarate 54 was obtained as a c1ear . 
colourless oil (830/0 yield in two steps from thea,t1-unsaturated ester). [œ]n23 -1.950 (c -

3.95, CHC13); IH NMR (200 MHz, CDC13) 8: 1.06(5, 9fI~ C(CH3)3)' 2.19-2.41(~ 4H, 

2CH2C02CH3)' 2.41-2.61(m, IH, 3-H), 3.63 and 3.64(2s, 6H, C02CH3)' 3.69(dd~ IH, 

J =4.5, 4.5 Hz, 5-H), 3.98( dd, 1H, J =4.5,4.5 Hz, 4-H), 4.22( dd, 1H, J =4.5,4.5 Hz, 6-H), 

4.62 and 4.81(2s, 2H. OCH20), 5.00-5.16(m, 2H, 8a-H and 8b-H), 5.70-5.92(m, IH, 7-
.. 1 

H),7.27-7.49(m, 5H, C6H S)' 7.56-7.75(~ 5H, C6H5). Mass spectrum (70 eV, E.l., 

135°) mie (rel. int. %): 469(29.0, M+' - t-Bu'), 439(7.8, 469 - H 2CO), 437(5.2, 469-

CH30FI), 407(4.6, 437 - H2CO), 383(25.6),365(41.5, 439 - H2CC(OH)OMe). ~igh 

resolution ms (150°) calcd. for Cz5H2907~i \M+' - t-Bu'): mie 469.1682; found: mie 

469.1661. 

6R-t-Butyldiphenylsilyloxy-3- (carboxymethyl )-4S,5R -dihydroxy-4,5-O-methylene-octa-

7-enoic acid 55 

. 
A solution of diester 5~ (526 mg, 1 nunol) in a mixture of reagent grade 

• 
methanol (15 mL) and water (15 mL) \Vas treated with lithium hydroxide 

monohydrare 76 (420 mg, 10 mrooI) for .20 hours at 20°' The, solution was acidified 

with 1 N HCl until pH 2 and methanol was· removed in vacuô. The product was 
~ . . 

extracted with ethyl acetate (3 x 15 ml), washed once with brine (15 rrlL), and dried 

over magnesium sulfate. Evaporation of the sQlvent yielded 506 mg of dicarboxylic 

acid 55 as a viscous oil which could be used without prior purification in the next step. 
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, 
1H NMR (200 MHz, CDC13) ô: 1.09(s, 9H, t-Bu), 2.06-2.74(m, SH, 3-H and . 
2CH2COOH), 3.67( dd, 1H, J = 4.8, 4.8 Hz, 5-H), 3.86( dd, IH, J =4.8, 4.8 Hz, 4-H), 

4.32(tid, 1H, J =4.8,5.5 Hz, 6-H), 4.74(s, IH, OCH AHB9), 4.88(s, lH, OCHAHBO), 

S.08-5.27(m, 2H, ~a-H and 8b-H), 5.72-6.00(m, IH, 7-f!), 7.28-7.82(m, 6H, 2 C6H5~' , -

Mass spectrum (70 eV,..EJ., 290°) mie (rel. irÏt. %): 441(1.8, ,M + .. t-8u'), 393(25.0. 

M+' - t-Bu' - H20 - H2CO), 351(222, MT. - t-Bu' - C2H4C02 - H20), 295(76.4, 
+ • 

H2C=CH-CH =.OSi(t-Bu)Ph2), 199(100, Ph2SiOI;I+). 

Glutarimide derivt!ltive 56 

The general procedure descrlbed by Crockett et a/.71 for the preparation of 
• f \ ' 

~iphatic imides w~ used. Dicarboxylic acid 55 (498 mg, 1 mmol) and finely ground 

ure a (180 mg, 3 mmol) were mixed well in a 10 mL round·bpttom tlask. A magnetic 
\ . 

spin bar was added and the flask was immersed ln an oil, ba~h préheated to 155-160°. 
o • 

~e melted mixt~re was ..stirred for 2,hours, cooled and the imide purified by flash 

chromatography using ethyl acetate-petroleum ether (1:1) as eluant. 326 mg (68%) of 

crystalline glutarimide 56 was obtained, m.p. 51-56°. IH NMR (200 ~z, CDCI3) ô: 

-1.08(5, 9H, C(CH3)3)' 2.04-2.22(m, 1H, CH(CH2C(O»2NH), 2.22-2.67(m, 41-1, 

CH2C(O)NHC(O)CHz}, 3.58(d,d, 1H, J =5.5, 5.5 Hz,~5-H), 3.83(dd, 1H, J =3.7, 5.5 Hz~ 

4-1I~, 4.38(ddd, 1H, J = 1.5, 4.0, 5.5 Hz, CH(OSiPh2t-Bu), 4.69 and 4.86(25, 2H, 

OCH20), 5.14-S.36(m, 2H, CH =CH2), S.68-6.00(m, lH, CH=CH2), 7.25-7.81(m, WH, 

2 C6HS)' 7.94(bs, IH, NH). ~1ass spec~rum (70 eV, E.I., 266°) mie (rel. int. %) ,: 
\ 

422(69.2, M+' - t-Bu' and/or M+' - HiCO - C2H3'), 410(100), 3~(4.2, M+'-, . 
'CH2CONH2 - CO), 392'(8.2, 422 - H2CO), 391(4.2, M + .. 'CH2CONH2 ~ H2CO), 

, + 
~337(8.2, M+' - t-Bu' - CO - CH2CONH), 336(36.9), 295(30.1, H2C =CH-CI:I =O-Si(t-

• 1 1 .-

• 
B~)Ph2)' 199(29.7, PhZSiOH+). High resolutioIT molecular weight determination, 

1 

• 
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calcd. for· Cz4H2804SiN (M - H2CO - ~H3): 422.1787; found: 422.1821. IR (neat): 

. 3250(NH), 30a.D(C-Hof olefin), 1735 and. 1710(C= 0) ,cm -1. - \ 

Glutarimide alcolzol 57 

Tetra-n-butylammonium fluoride (101 mg, 0.388 nunol) w~ addep ta 

glutarimide 56 in 2 mL of dry THF at room temperature under a nitrogen atmosphere. 

Aiter 2 h, the solvent was removed in vacuo, and aft~r purification by flash 

tChromatography (using ethyl aceta!e as eluant), 57 mg of alcohol 57 was obtained. 

NMR (200 MHz, CDC13) ô: 2.22-2.42(m, m, CH~CH2CO)2NH», 2.42-2.90(m, 5H, 

CH(CH2CO)2NH and OH), 3.79(dd, 1H, J =5.5 and 5.5 Hz, 4-H),3.86(dd, 1H, 1 =5.5 

and 5.5 'Hz, 5-H), 4.05-4.31 (m, 1Ifl,.CHOH), 4.98 and 5.02(2s, 2H, OCH20), 5.27-

5.52(m, 2H, CH=CH2), 5.84(ddd, IH, J=5.5 ,12 and t7 Hz, CH=~2)' 8.48(bs, tH, ' 
- , 

NH). Mass spectrum (isobutane C.I.) mie (rel. int. %): 242(50.7, MH+), 224(18.6, 

MH+ - H20), 194(100, MH+ - H20 - CH20). 

3-0-Benzyl-1, 2:5, 6-di-O-isopropylidene-aD-g/ucof?ranose 5899 

Ta a solution of diacetone glucose (39 g, 150 nunol) in 250 mL of dry 

tetrabydrofuran (00 , N2) were added sodium hydride (7.3 g (50 % oil dispersion), 152 

nunol), t~trabutylamrnonium iodide (540 mg, 1.5 mmol), and benzyl bromide (25.8 g; 

• 151 mmol). The mixture wa~ stirred magnetically at 230 for 2 h. Florisil (10 g, Fisher 
< • 

grade, 60;100 mesh) was then added and' the tetrahydrofuran was removed in vacuo.' 

The solution was filtered through a sintered glass funnel and the Florisil x:insed with 

pentane. Removal of the solvent yielded benzyl ether 58 quantitatively, which was 

used without purification in the next step. 1H NMR- (200 MHz, CD~13) ô: 1.30, 1.37, 
'. , 

',1.42 and 1.49~4s. 12 H, C(CH3)~)' 4.00 - 4.29 and 4.37 - 4.50(2~ 5H, 3-H, 4-H, 5-H, 
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. 
6a-H and 6b~H), 4.58(d, 1H, J =3.4 ~ 2-H), 4.65(s,2H,CH2C6HS)' 5.89(d, 1H, J =3.4 

Hz, I-H), 7.33(bs, 5H, C'(jH5). 

3-0-Benzyl-l,2-0-isopropylidene-a-D-glucofuranose 59100 

3-0-Benzyl-l,2:5,6-di-O-isopropylidene-a-D-glucofuranose 58 (35 g, 100 mmol) 

was selectively hydrolyzed by the addition of a solution of 96 mL of acetic acid and 64 

mL of water, followed by stirring at 40° for 16 h. The acetic acid was carefully 

neutralized by the slow addition of 10 g of solid potassium and then with s~turated 
potassium' carbonat.e solution (until pH=5). The pràduct was extracted wlth 

metbylene chloride (3 x 100 mL); the cornbined rnethyl6ne chloride extracts were 

washed with 10% sodium chloride and dried with anhydrous magnesium sulfate. . ' 

Concentration of the rnethylene chloride solution under diminished pressure gave 29.0 

g of syrup (95%). 1H NMR (200 MHz, CDCI3) 0: 1.3-2 and 1.48(2s, 6H, C(CH3)2)' 

2.12 and 2.54(2b~, 2H, 20H, 020 exch.), 3.59-3.93(rn, 2H, 6a-H and 6b'-H), 3.95-4.25 
~ 

and 4.1O(m+s, 3H, 3-H and 5-H), 4.627(d, 1H, 1=3.8 Hz, 2-H), 4.632(ABq, 2H, 1 
Q 

~ = 1107Hz, PhCH2), 5.93(d, 1H, J =3.8 Hz, 1-H), 7.34(5, 5H, C6H5). 
,1 

Compounds ~O and 61 were prepared by methods ~escribed in references 100 ancJ.I0l. 
, -

• 3-0-Benzyl-l,2-0-isopropy/idene-5,6-0-metlzoxymetlzylidene-a-D-glucofuranose 60 , 

1 • 

3-0-Benzyl-l,2-0-isopropylidene-a-D-glucofuranose S9 (3.1 g, 10 mmol), 

trimethyl ortho formate (2.33 g, 22 mmol), and 0.2 mL of acetic acid were m'lgnetically .. '. -
stirred and heat~d for 45 min. at the reflux temperature. \ Exces~ reagents were then 

removed by evaporation under diminished pressure followed by evaporating three 15 

mL portions of toluene from t~e product. The resultant mixture of diastereqmeric 
.J 

orthoformic esters 60 were used in the next step without further purification. lA ~MR 

.. , 
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(200 MHz, cno3) ô: 1.30 and 1.48(25, 6H, C(CH3)2)' 3.33 (s, 3H, OCH3), 4.013-

4.70(~ 8H, 2-H, 3-H, 4-H, 5;H, 6a-H, 6b-H and CH2Ph), 5.74 and 5.76(2s, IH, 

MeOCH),'S.89 and 5.90(2d, 1H, ~=3.4 Hz, I-H), 7.33(s, 5H, C6H S)' 
o 

)-O-Benzyl-5,6-did~oxy-l,2-0-isop,opylidene-a-D-xylo-lzex-5-enofuranose 61 

Triphenylacetic acid (867 mg, 3 mmol) was added to the syrupy mixture of ortho 

esters 60 (21.1 g, 60 mmol) and the round bottom flask fitted with a condenser Ül a 

distillation setup. The mixture was stirred and beat~d for 6 h at 170°, 'during which 
4-

rnethanol distilled from the mixture. The resultant product was dissolved in 200 mL of , 

ether, salid sodium bicarbonate was added, and the mixture was kept overnigh~. The 

mixture was filtered, and the filtrate was washed twicè with saturated àqueous sodium 
, , 

bicarbonate, dried with anhydrous mag"nesium sulfate, and evaporated. The product 
• 

was distiIled at 0.2mmHg and tbe' pure alkene 61 was collected over the ~ange 140-

.165°; yield 14.9 g"(90% as a colourless oil). lH NMR (200 MHz, CDCI3) ô: 1.32. and 

l.S0(2s, 6H, C(CH3)2): 3.88(d, IH, J ';3.2 Hz, 3-H)~ 4.48-4.74(m + ABq(CH2Ph 
\ 

centered at 4.59), 4H, J = 12.4 Hz, 2-H, 4-H and CH2Ph), 5.23-S.50(m, 2R, 6a-H and 
. ' 

• 6b-H), 5.89-6.13(pt + d(l-H centered at 5.96), 2H, J =3.8 Hz, S-H and 1-H), 731(s, 5H, 

C6HS)' 

Dihydroxy diethyl dithioacetal 62 

A solution of 3-0· Benzyl-5,6-dideoxy-l,2-0-isopropyl-idene-a-D-xylo-hex-S­

enofuranose 61 (16.9 g. 61 rnmol) in ethanethiol (4S mL)was cooled ta 0° in an ice 
, 

bath. Ta this was added anhydrous ZnCli (33.3 g, 244 mmol). The flask was ~ 

stoppered and allowed ta stand for 15 min at 00 . The reaction was treated with 1 N . 
Hel (100 ml) and then excess ethanethi?l was n;moved by bubbling nitrogen through 



" 
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the flask into a series of 3 ErIepmeyer flasks filled with NaOH 'and potassium . 
permanganatê solution for about 1.5 h. The solution was extracte'd with ethyl acetate (2 

x 250 mL), washed with 1 N Hel (2 x 200 mL), water (200 mL), saturated sodium 

bicarbonate (250 mL), and brine (29P' mL) befor,e drying with MgS04. Filtrat~on 

followed by evaporation of the fiItrate . gave the product as 'a yellowish oil in . 
quantitative.yield. 1H NMR (200 MHz, CDCI3) <5: }.24 and 1.26(2t, 6H. J=7.2 Hz, 

?SCH2CH3), 2.52(d, 1H, J=4.6 Hz, OH), 2.55-2.76(m, 4H, 2SCH2CH3), 3.13(d. 1H, 
, 

J=4.9 ~ OH), 3.7,6(ddd, 1H, 1=27, 4.7,7.6 Hz, 2-H), 3.9l(dd, lH, J=2.7, 5.3 Hz, 3-

H),4.00(d, 1H, J=7.6 Hz, 1-H), 4.34-4.48(m, 1H, 4-H), 4.8l(ABq, 2H, j=11.2 Hz, 

J CH2Ph), 5.20 - S.SO(In, 2H, 6a-H ,and 6b-H), 5.87 - 6.08(m, lH, 5-H), n.29 - 6.46(m, 5H, 

C6H5)' Mass spectrum (NH3 CI, -200°) ~/e (rel. int.) : 28l(81.4,'MH+ - EtSI-1), 
, , 

263(14.1, MH+ - EtSa - H20), 236(100, M' + NH4 + - 2EtSH), 195(27.0), 175(94.0), 

High resolution ms (NH3 CI,lldO) calcd. for C17H3003NS2 (M + NH4 +) : mie 

360.l677; found : mie 360.1669. 

J 

Methylenation95 of dihydroxy dietlJyl dithioacetal 62 to methylene ace/al dietlzyl 

dithioacetal'" 63: prepa1'ation of 3-0-benzyl-5,6-dideoxy-2,4-0 .. methylene-diethyl 

meh:aptyl-a-D-xylo-hex-5-enofuranose 63 

, 
A mixture of dihydroxy diethyl dithioacetal 62 (1.71 g, S mmol), te/ra-n-.. . 

butylammonium bromide (160 mg, 0.5 rnmol), methylene bromide (50 g), and 56" % 
, 

~queous sodium hydroxide (80 g) was stirred vigorously at 60-65°. After 30 min, the 
-

orgaI1Ïc phase was separated, diluted with methylene chloride (30 m,L), washed with 

water (25 mL), dried over MgS04, and the solvent removed under reduced pressure. 

The residue was purified by flash chromatography (petroleum etherjethyl acetate : 

9/1) to yield 1.2 g (69%) of 63 'as a yellowish amorphous solide [a]D23 -11.2° (c 1.00, 

CHC13); IH NMR (200 MHz, CDC13) ô: 1.22 and 1.23(2t, 6H, J =7.5 Hz,2SCH2Clf3), 

. , 



, 
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2.50-2.83(~ 4H, 2SCH2CH3)' J.59( dd, 1H, J = 1.4, 10.3 Hz, 2-H), 3.90(s, 1H, 3-H), 

4.12( </. IH, J =5.5 Hz, 4-Hf, 4.17( d, lH, J = 10.3 Hz, l-H), 4. 76(ABq,\ 2H, J = 11.2 Hz, 

CH2P~), 4.79(d, 1H, J =6,4 Hz, OCH AHBO), 5.19 - S.4S(~ 2H: 6a-H and 6b-H), 

5.~8(d,\1H, J =6.4 Hz, OCHAHBO), 5.87 - 6.11(m, ~H, S-H), 7.26 -7,46(m, SH, C6H5)' 

Mass s~ectrum (70 eV, E.I., -250°) mie (rel. int. %) : 354(8.2, M+'), 325(2.7, M+' -
+ 

H' - CO), 293(9.3, M+'-- EtS'), 267(37.9, M+' - 2H' - CH2=CHCH=O-CH=O), 

207(31.5, M+' - H2C=C~CHO - H 2CO - EtS'), IJ7(7.0), 135(100, (EtS)2CH+). 

Mass spectrum (NH:; CI, 163°) mie (rel. int. %): 372(0.9, (M + NH4)+), 355(0.5, 

MH +),293(100, MH+ - C6HSCH20H), 263(3.6, 293 - H2CO), 147(~1,4). 

. Prepara/ion of 3S-0-Benzyl-2R,4R-dilzydroxy-2,4-0-methylene-5-hexenal 64 

'T~diethyl dithioacetal 63 (7.08 g, 20 mmol) in acetone:water (90 mL: 10 mL) 

were a~ed-' mercuric oxide (10.8 g, 50 rnmol) anP mercuric chl~ride (10.9 g, 40 mmol); 

the heterogeneous mixture was stirred at room temperature for ,3 hours' and then .. ~ 

fiItered through a be~ of Ce lite. The solution was evaporated to near dryness and 

taken ui> in chloroform; the precipitated chloride was filtered a second time through . 
Celite. The product was extracted with chloroform (2 x 100 mL), ~ashed with 5% 

potassium iodide solution (3 x 30 mL) and brine,and dried (MgSO,ï). Evaporation of 

. the sobrent and purification of thé product by flash chromatography using ethyl . -

acetatejpetroleum ether (2/3) as eluant gave aldehyde 64 as a white solid (3.69 g, 
, 

74%). M.p. 75-78°. ~H Nl\IR (200 MHz, CDC13) ô: 4.83(5, 1H, 3-H), 4.11(d, 1jI; 

J=2.5 Hz. 2-H), 4:16(d, 1H, J=7.3 Hz,4-H), 4.53 (ABq, 2H, J=11.3 ,Hz, CH2Ph) , 

4.87( d, lH, J = 6.4 Hz, OCH A HBO), 5.21 and 5.34(m + d, 3R, J~.4 Hz, 6a-H, 6b-H 

and OCHAHBO), 5.84·6.08(m, IH, S-H), 7.l4-7.42(m, SR, C6H5), 9.60(s, IH, I-H). 



t 

121 

. 
MethyI5S-0-Benzyl-4S,6R-dihydroxy-4,6-0-methylene-octa .. 2E( - 20% 2Z).1-, 
dienoate 65 ... 

1 • 

A sodium hydride dispersion (854 mg(50% oil disp.), 17.8 mmol) was added to . ' 

trimethyl phosphonoacetate (3.25 g. 17.8 nunol) in 125 tftL of dry tetrahydrofuran 

under a nitrogen atmosphere. Immediately, hydrogen evolution was observed and 

after stirring for 30 min at room temperature, the solution became a heterogeneous 

mixture. To this mixture was added aldehyde 64 (3.69 g, 14.9 mmol) in 50 mL of 

tetrahydrofuran via a drop funnel, and the reaction mixture gradually became 

homogeneous. After further stirring for an additiomll 1.5 h, water (30 mL) was addcd 

to quench the reaction. The bulk of the tetrahydrofuran was removed in vacuo, and 
~ 

the product was extracted with ethyl acetate (3 x 100 mL); the ethyl acetate extracts . " . 
were washed with water (2 x 30 mL) and brine (30 mL) and driéd over MgS04. 

Evaporation of the solvent followed by flash chromatography (ethyl acetatejpetroleum' 

ether : 1/4) gave .88 g of the cis-ester, (which crystallized slowly over a period of 

several weeks) and 3.31 g of the trans-ester, m.p. 91-920 (white crystals from methylene 

chloride/petro1eum ether). The total yield of the mixed fractions was 93%. tH NMR 

of the trans-ester (200 MHz, CDC13) ô: 3.43(~, 1H, )-H), 3.74(s, 3H, C02CH3), 

4~7(dd, IH, J = 1.3, 5.6 Hz, 6-H), 4.32(m, IH, 4-H), 4.53(ABq, 2H, 1 = H.3 Hz, 

< , • CH2Ph) , 4.84(d, IH, J =6.4 Hz, OCR AHBO), 5. 19-5.50(m, 2H, 8a-H and 8b-H), 
. . 

5.25(d, IH, J::6.4 Hz, OCHAHBO), 5.83-6.05(m, lH, 7-H), 6.l4(dd, IH, 1=4.4,\ 16.0 

Hz, CHC02Me), '6.79(dd, lH, 1=4.4, 16.0 Hz, 3-H), ?26{s, SH, C6H5). Ma~~ 

spectrum of the trans-ester (NH3 CI, 185°) mie (rel. ini. %) : 322(100, (M + NH4) +), 

108(32.2, C6HSCH20H+). High resolution ms (NH3 CI, 165°) calcd. for C17tI210S 
. , 

(MH+) : mie 305.1389; found: mie 305.1389. IH NMR of.the' czS-ester (200 MHz, " 

CDC13) ô: 3.69(5, 3H, C02CH3), 3.75(s, 1H, 5-H), 4.25(dd, 1H, J,= 1.4,6.1 Hz, 6-H), f 

4.50(ABq, 2H, J = 11.7 Hz, CH2Ph), 4.86(d, IH, J =6.4 Hz, OCH AHBQ), 5.14-5.53(m, 
. . 
3H, 2-H, 8a-H and 8b-H), 5.20(d, 1H, J =6.4 Hz, OCHAHBO), 5.66(dd, 1H, J :::d.9, 
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11.7 Hz, 2.H), 5.8S-6.06(m, 1fJ, 7-H), 6j1(dd, 1H, J =6.6, 11.7 Hz, 3-H), 7.25(s, SR, 

C6H5). Mass spectrum of the dr-ester (NH3 CI, 17S0 )om/e.(rel. int. %) : 322(100, (M 

+ NH4 +)), 305(49.3, MH+), 197(IS.9, MH+ - C6H5CH20H), 1~7(25.9, MH+ -

C6HSCH20H - t 3H4), 108(48.8, C6H5CH20H+). High resolution ms (NH3 CI, 

9So) calcd for C17H2405N (M +,NH4 +): mie 322.1654; found: mie 322.1658 . 

.. 
Metllyl 5S-0-Benzyl-4S,6R-dihydroxy-4,6-0:methylene-2-(methoxycarbonyl)-3-(2-

methoxy-2-oxoetlzy/)-octa-7-enaate 66 

552 mg of sodium' was dissolved in 20 mL of dry methanol in a 100 mL round­

bott~m flask. DimethyI malonate (3.17 g, 24 mmol) was added and the reaction 

mixture was refluxed for 30 min. Removal of the methanol l!Pder reduced pressure 

gave the sodium salt of diniethyl mal'onate' as a white powder. The sodium salt was 

resuspended in 50 mL of dry tetrahydrofuran. To this cloudy white suspension was' 
~ 

added 6.08 g (20 mmo!) of trans-ester 65 under a nitrogen atmospherë; the solution . . 
, 

became clear over a period ,of 20 hours and a TLC showed onIy one spot having a 

lower Rf value. The rea.ction mixture was neutralized with 1 N HCI (until pH -2) and 

the bulk of tetrahydrofuran removed in vacua. The product was extracted wjth ethyl 

acetate (3 x 150 mL)~ the ethyl acetate extracts were washed once with bri~ (SO mL) 

and ciriee with magnesium ~ulfate. Evaporation of the solve nt followed by flash 

chromatography (ethyI acetate/petroleum ether: 1/3), gave 7.15 g of triester 66 as an 
) 

amorphous solid (82%). A parallel reaction involving the dimethyl malonate addition 
'" 

ta the c,s-ester also gave triest~r 66. lH NMR (ZOO Mhz, CDC13)' ô: 2A1(dd, ,1H, 

J=5.1, 16.9 Hz, CHAHaC02Me), 2.54(dd, IH, 1=6.3, 16.9 Hz, €HAHaCÛ2Me), 
\ 

3. 13(m, lH. 3-H), 3.S1(bs, lH, 5-H), 3.60(s, 3H, CHAHBC02CH3)' 3.68 and 3.69(2s, 

6H, CH(C02CH3)Z)' 3.92(dd, 1H, J.= 1.3, 8.9 Hz, 4-H): 3.98(d, 1H, J =4.5 Hz, 

CH(COZCH3)2)' 4.16 (dd; lH, J=1.3, 5.7 Hz, 6-H), ~.€j5(ABJ 2~, J=11.1 Hz, 

( 

• 



• 

o . 

123 

, 1 

CH2Ph), 4.72 ând S.14(2d, 2H, J =6.4 Hz, OCH20), S.22-5.56(m, 2H, Ba-H and Rb-H), ' 
- . 

5.93-6.16(m, IH, 7-H), 7.22-7.44 (m,SH, C6HS)' Mass spectrum'iisobutane CI) mIe 

(relative inténsity %): 437(45.2, MH+), 405(82.8, MH~ - CH3ôN), 329( 100, MH + -

C6HSCH20H), 313(43.7, MH+ - 3CH30H - C<?), 299(40.1, MH+ - C6HSOH -

CH20), 289(45.0, MH+ - 2CH30H - 3C02). 

, 

Methyl 5S-0-Benzyl-4S,6R-dilzydroxy-4,6-0-methylene-3-(2-methoxy-2-oxoethyl)-octa-

7-enoate 67 

Krapcho's67 method for decarbomethoxylatibn was used .. A mixture of trie~ter 
66 (7.15 g, 16.4 mmol), sodium chloride (1.73 g, 29.5 rnmol) and water (830 mg, 45.9 

, . 
mmol) in 8 mL of dimethyl sulfoxide was heated for 4 hours at 160-170°. The reaction 

mixture was cooled and diluted with 150 mL ofwater. The product was extracted with 
~ 

diethyl ether (3 x 100 mL); the ether extracts were washed with water (3 x 30 mL) and 
( 

dried over magnesium sulfate. Evaporation of the solvent and purification by flash 

chromatography using ethyl acetate-petroleum ether {l/3) as eluant gave 5.04 t!! 

(81.3%) of diester 67, m.p. 73-75° (ethyl acetate-petroleum ether). [alo23 +20.5° (c 

1.00, CHC13); lH NMR (200 MHz, COCl3 ) ô: 2.22-2.83(m,. 5H, 3-H and 

2CH2C02Me), 3.50(5, IH, 5-H) 3.62(s, 3H, C02CH3)' 3.71(dd, 1H, J = 1.5, 7.8 Hz, 4-

H), 4.16(dd, lH, J=1.2, 5.7 Hz, 6-H), ~.68(ABq,·2H.-J=IL-3 Hz, CH2Ph), 4.76 and 

5.19(2d, 2H, J = 6.0 Hz, OCH20), 5.24-5.55(m, 2H, 8a-H and 8b-H), S.95-6.15(m, 1 H, 

7-H), 7.20-7.39(~ SH, C6H5,. Mass spectrum (isobutane CIl 135°) mie (relative 

intel,lSity) : 379(56.4, MH+), 347(100, MH+ - MeOH), 317(52.6, MU+ - MeOH -

H2CO), 299(49.9, M + CzH5 + - C6HSCH20H), 271(73.9, MH + - C6H5CH20H). 

Higb resolution ms (NH3 CI) ca1cd. for CzOH2707 (MH +) : m/ e 379..1 756; found : , 

mie 379.1753. IR (CHel3): 301O(C-H aromatic), 1730(C=O) cm -1. 

• 

( 

.' 
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5 S ~ 0-Ben...jl/ -3 -(carbOJ .. ymet hyl )-45, 6R -dihydroxy-4, 6-Q-methy lene-octa -7-enoic acid 68 
, 

A solution of 1.46. g of 3-substituted dimethyI glùtarate 67 (3.85 nunoI) in a 

ITlIxture of 18.8 mL of methanol and 6.2 mL of water was magnetically sJirred at room . 
temperature, in the presence of 1.62 g of lithium h~roxide monohydrate76 (1.62 g, 38.5 

mmol) for 6 hours. Th~ solution was then acidified v.ith 1 N HCl until pH ~he 

methano! v . .'a~ removed in vacuo, the product extracted with diethyl ether and dried 

ov~r M"SO 4' Evaporation of th.e solvent afforded dicarboxylic acid 67 in qu~antitative 

yicld, m.p. 123-124°. 1H NMR (200 MHz, CDCJ3) 0-: 2.12-3.00 and 2.76(m + bs(l-H), 

SH, 2Cf-f2COOH and 3-H), 3.49(s, IH, 5-H), 3.62(d, IH, J=7.2 Hz, 4-H),,4.17(d, IH, 

J=7.0 Hz, 6-H), 4.69(ABq, 2H, J=11.3 Hz. CH2Ph), 4.84 and 5.22(2d, 2H, J=6.0 H~, 

OCI-hO). 5.23-S.58(m, 2H, 8a-H and 8b-H), 5.91-6.17(m, 1H,.7-H), 7.13-7.45(m, SH, - . 
C6HS)' 1 0.45(b~, 2H, 2COOH). 

-
4-! 5'S-0-Bcn::yl-6'R-l'Înyl-I',3'-dim,wz-4'S-yl] ~2, 6-pipen'dinedione 69 

According to the general procedure deScribbd by Crockett et al.71 for the 

preparation of aliphatic imides, dicarbm.'ylic acid 68 (1.35 g, 3.86 rnmol) and finely 

ground urea (463 mg, 7.71 mmol) were well-mixed and heated at 175°. When tbe 

nnxture had melted, a magnetlc spin har waf added and it was stirred for an extra 2 
, 

• hour:- }:\[--!er coohng, a soliù black residue rernained. Purification by flash 

chromato~raphy (ethyl acetate-petroleum ether: 3/1) gave 1.13 g of 3-substituted 

glutarimide 69 (89%), m.p. 141-1·eo (from hot benzene). [Ci]D23 +77:80 (c 2.35, 

CHCI3); 1 H NMR (200 r\1Hz, CDC13) ô: 1.94-2.26, 2.32-2.59 and 2.74-2.96(3m, 5H,3-

H, 4-H and 5-H). 3.33(dd, IH, } = 1.2, 7.3 Hz, ,t'-H), 3.40(bs, IH, S'oH), 4.15( dd, IH, 

,J =).3 and 6.2 'I:Iz, 6'-H), 4.67(ABq, 2H, J; 12.0 Hz, CH2Pb), 4.77 and 5.22(2d, 2H, 

. J=6.4 Hz, 2'-H), 5.30-5.62(m. 2H, CH = CHi), 5.98-6.'19(m. IH, CH=CH2), 7.33(s, SH, 

C6Hs),7.77(bs, 1H, NH). Mass spectrum (NH3 CI, 236°) mie (rel. int. %) : 349(100, 
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(M + NH4 +)), 332(80.2, MH+). High resolution ms (NH3 Cl. 35°) ca!cd for 

.. C1 8H 220SN (MH+) : mie 332.1498; found: mie 332.1499. 

\ 
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CHAPTER 3 - EXPERIM'ENT AL 

\ 

3-/SR-! (1 S-t-Butyldiphenylsilyloxy)fotmylmethyl}-l)3-dioxolan-4S-yl}glu tarim ide .. 563 

Ozone- was bubbled through a solution of l,3-dioxolane de~vative 56 (l05 mg, 
, ~ 

0.219 mmol) in ethyl acetate (15 mL) at -78°, Excess ozone was flushed out with 

nitrogen, 1 mL of methyl sulfide was added, and the reaction was stirred for 16 h at 

room tempe rature, After removing" the ethyl aceJate under reduced pressure and 

'purificatio[l by flash chromatography (ethyl acetatejpetroleum ether-1:1), 79 mg (75%) 
1 -) 

of aldehyde 56a was recovered oas a white foam. H NMR (200 MHz, CDC13) 0: 

1.12(s, 9H, t-~u), 2.02-2.10(m, 1H, CH(CH2C(O))2NH), 2.10-2.73(m, 4H, 

CH(CH2C(O) )2NH)., 3.82(dd, 1H, J =4.5 and 4.5 Hz, 4-H), 3.95(dd, IH, J =4.5 and 5 

Hz, 5-H), 4.10(dù, IH, J = 1.5 and? Hz, CHOSiPh2t-Bu), 4.88 and 4.94(2~, 2B, 

OCH AHBO), 7.30-7.76(m, lOH, 2 C6H 5), 8.25(bs, IH, NH), 9.70(d; 1H, J = 1.5 Hz, 
~ 

CHO). The ass.ignments were made with the help of decoupling experiments . 

(2- (Trimetlz.vlsiloxy )metJzyl)-3-al~vl)trimetlzylsilane 72102, J03 

A SOO-mL three-necked flask equipped with mechanical stirring, nitrogen inlet, 

and ~eptum was charged with n-butyllithium (1.6 M in hexane, 154 mL, 246 mmol) . . 
The bulk of the hexane \Vas removed by using an aspirator at 15-20 mmHg and with 

'1' 

gentle warming at actemperature no higher than 45°. Anhydrous ether (135 mL) and 
II" 

NN.N· •. .v'-tetramethyletj'lylenediamine (40 mL, 264 mmol) were added at 0°. 2-

~lcthyl-2-propen-l-01 70 (8.Q g, 121 mmol) was added dropmse over 15 mÏ.il. THF was 
4: ~ , ... 



then introduced, and the reaction tumed from cloudy to c1ear yellowish orange. The 

reaction was allowed to warrn up to room tempe rature over 5-7 h and then was stirred 

for an additional 13 h. The reaction was quenched with chlofotrimethylsilane (65 mL, 

512 mmol) at 0°. The dark reaction mixture was allowed to stir for 10 min hefore 

being diluted with 1 L of ether. The mixture was washed wlth saturated sodium . 
bicarbonate (250 mL), water (250 mL), saturated CuS04 (2 x 250 mL), w~ter (l(!() 

mLh and brine (200 mL) and dried over anhydrous potassium carbonate. _Tlïe ~olvènt 

was removed in vacuo carefully, and the orange residue was then distilled via a Vigreux 
~ 

column to give 11.5 g (44%) of the title compound as a colourless OlI (99-102° (15 

mmHg». IH NMR (60 MHz, CDCI3) 0: .02(s, 9H, CH2Si(CH3)3)' 0.10(5, 91I. 

OSi(CH3!3)' 1.43 (bs, 2H, CH2Si(CH3)3)' 3.87(bs, ?H, CH20Si(CH3)3' 4.53 and 

4.83(2m, 2H, C = CH2). These 'aSsignments correspond closely to the data reported ln 

th~iterature. 

[2-(Hydroxymetlzyl)-3-allyl]trimetlzylsilane 73102,103 

To a solution of 72 (5.4 g, ,25 mmol) in 60 mL of THF waS added 12 mL of 1 N 

H2S04. The ,mixture was stirred vigorously for approximately 30 min at room 

temperatufe. Anhydrous potassium carbonate was added carefully until hubhling 

U . subsided. The reaction was diluted with 200 mL qf ether, washed with saturateù 

sodium bicarbonate (40 mL) and brine (40 ml), and dried over magne~lUm ..,ulfate. 

Thé solvent was removed by rotary evaporation to yieId 3.6 g (WO%) <,f crude 

·colourless alcol1ol, which was carried on to the next step wlthout further purification. 
t -

,." . ' 
\ 

IH NMR (60 MHz, CDC13) 0: O.OO(s, 9H, Si(CH3», 1.53(5,,3H, CH2Si(CH3)3)' 

1.79(bs, IH, OH),}.91(bs, 2H, CH20H), 4.60 and 4.80(2m, 2H, C=CH2). These 1H 

NMR assigrunents were sirnil'âr ta the ones reported in the literature . 

1 
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f2-(.(t-Butyldimethylsilyloxy )methyl)-3-allyl]trimethylsilqne 74 

To alcohol 73 (60'0 mg, 4.17 mmol) in dry DMF (6 mL)under NZ were added.t-
l , 

butyldimethylsilyI chloride 106 (942 mg, 6.25 mmol) and imidazole (624 mg, 9.2 mmoI); 

"the reaction mixture was then stirred at 50-550 for"Zl h .. 'Water (100 mL) was added 

and the product w~as extracted with ether (3 x 30 mL) and dried over magnesium 
, . 

sulfate. Evaporation of the solvent and purification by flash chromatography gave 566 

mg (53%) of silylated alcohol 74. 1H NMR (60 MHz, CDeI3) ô: 0.010(5, 9H, 

Si(CH3)3)' 0.14(s, 6H, Si(CH3)Z), 1.00(s, 9H, C(CH3)3)' 1.55(bs, 2H, CH2Si(CH3)3)' 

4.02(m, 2H, CH20Si), 4.67 'and 4.97(2m, .2H, C= CH~). High resolution molecular 

weight determi~ation (1500 ), calcd. for C13H300Si2 (M): mie 258.1879; found: mie 

258.1857. 

E~ 3.(Trim~thylsilyl)propionatel05 · 
, J 

A dry 2-L three-necked flask equipped with a 250 mL addition funnel, nitrogen 

inlet, thernlometer, and mechanical stirrer was chal'ged with lithium. (éa. 8.0 g, 1153 

mmol, i~'the form. of small pieces of ribbon). THF (550 1J1E) was ad~ed, and the 

reaction was rigorously stirred for 1 h u~der nitrogen. Chlorotrimiethylsilane (140 mL, 
- -

1109 mmol) was then added dropwise àt ice-bath, temperature. The' mixture was 

stirred for 45 min. A solution Bf ethyl acrylate (42 g, 420 nunol) i~ 50 mL Qf THF was 

then added o~er 5 h, with the tempe rature of the reaction maintained between 4 ~nd . ' 

80 . The°cloudy mixture was warmed to room temperature and stirred for an additional 

'1 40 h. The reaction was allowed to settle: and the supernatant liquid was cannulated 

into a l-L flask. The solid residue (lithium chloride. and unreacte~ lit,hium) was rinsed 

with ether. The combined organic solution was conéentrated in vacuo. Oilute . 

hy~rochloric acid (3%, 300 ~) was added and the mixture stirred vigorously for 45 

min. Ether (200 mL) was then added, and the aqueous layer was extracted with ether 
-4 

\ 

\ 
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" . 
(100 mL). The corubined organic layers were dried over magnesium sulfate. The 

-
solve nt was removed in vacuo and the resi ue distilled via a Vigreux column to give 41 

g of a light yellow liquid (bp 89-10 S mmHg». lH NMR (60 MHz, CDCI3) ô: 

O.OO(s, 9H, Si(CH3)3)' 0.50- (m, 2H, CH2CH2Si(tH3~)' 1.17(t, 3H, 1'=7.0 Hz. 

OCH2CH3 ), 2.00-2.43(m, 2H, CH2CH2Si(CH3)3)' 3.98(q, 2H, 1=7.0 Hz, OCH2CH3). 

Ethyl 2-[(Trimethylsilyl)meihyl}-3-hydroxybutanoate 75104 

r A dry 250-mL flask cooled under a stream of nitrogen was charged with 9.27 mL 

.(66.1 mmol) of diisopropylamine (distilled from CaH2) and 75 mL of dry THF. After 
, \ 

the mixtur~ was cooled to -78Q, n-BuLi (39.0 mL, 63 mm~l, 1.6M in hexane) w~s aùù~ù 
" ..) 

dropwise. After the mixture was stirred for 15 min at -78°, a solution of, cthyl 3-

(trimethylsnyl)propionate105 (10.35, 59.5 mmol) in 15 mL of THF was added over a 

peI'fl::>d of 2 h. The resuIting yellow soIution'was stirred for 1 h at -78°. Frc~hly 

distilled acetaldehyde P.07 ml, 90 mmol) in 20 mL of THF was then added over a 

perioo of 15 min. After the mixture was stirred for 1.5 h at -78°, the cooling bath wa~ 
c 

removed and the soltltion stirred for an extra 30 min. The reaction was quenched by 

. pouring the mixture into 150 mL of 0.5 N HCI at 0°. The aqueous phase was saturateu . 

with sodium chloride followed by separation -of the Iayers and extraction of the 

aqueous phase with ether (3 x 25 mL). The combined organic layer was washed once 

. with 50 mL of brine, followed by drying over anhydrous sodium ,sulfate. The solvenh 

were removed by rotary evaporation, with the re~idual liquid being di~tilled to ylclù K2 

'g (37.6 mmol, 63%) of the colourless ester: bp 87-92° (lS'mmHg). lH NMR (60 MHz. 
, 

CDCI3) ô: 0.05(s, 9H, Si(CH3)3)' 0.78-1.03(m, IH, CH2Si(CH3)3)' 1.18(d, 3H, 1 =6.0 

Hz, CH(OH)CH3~' 1.30(t, 3H, J ='7.0 Hz, OCH2CH3), Z.33-2,.65(m, 2B, CHCOzEt and 

OH), 3.84(q, 1H, J =6.0 Hz, CH(OH», 4.13(q, ZH, J =7.0 Hz, OCH2CH3). Il 
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" . 
Ethyl 2e [(trimethylsilyl)methylj-2-butenoate 77104 

To" a,ri. ice-bath cooled (00 ) solution of' ethyl 2e[(trimethylsilyl)methyi]~3-
, . 

hydroxybutanoate 7S ,(8.2 g, 37',6 mmoI) in 50 mL of ether was added 3.1 mL of 

methanesuIfonyl chloride (40 nunoI). Immediaiely, triethylamine (distilled. ffom 

CaH2; 5.57 mL, 39.5 mmol) was added. The white suspension was stirred for 30 min "at 

oq followed by dilution witt 60 mL of hexane. "I?e mixture was filtered through Celite 

with severa! portions of 1:1 ether/hexane. The solvent was removed by r-otary 
J 

evaporation while the tempe rature was maintained below 35°. trbe' resulting crude 

yollow oil was taken up in 70 mL of dry THF, and 13.5 mL of DBU (1,8-

diazabicycIo[5.4.0]undec-7-ene, Aldrich, 90.3 mmol) was added all at once. The 
v • 

, reaction mixture was warmed to 400 and stirred for 30 h. After the mixture was cooled 

to toom temperature, ether (40 mL) and H20 (40 mL) were added. The layers were 

separ~ted, and the organic phase were' washed with saturated CuS04 (2 x 60 mL) to 

remove the excess D~U. Aftet a final w~h with 60 mL of brine, drying (MgS04), and 

removal of the soIvents. the residual liquid was distilled to' give 4,86. g (24.3 mmol: 

: 65%) of 77 as a colourless oil: bp 55-65° (0.5 mmHg). IH NMR (60 MHz, CDCI3) ô: 

O.OO(s, 9H, Si(CH3b), 1.25(t, 3H, J =7.0 Hz, OCH2CH3), 1.79(bs, 2H, CH2Si(CH3)3)' 

4.09(q, 2H, J=7.0 Hz, OCH2CH3), 6.55(q, 1H, 1=7.0 Hz, C=cHCH3). 

, , . 1 
2:[(Trimethylsilyl)metlzylj-2-buten-l-oI7S104 

To a -780 solution of ethyl 2-[(trimethylsily~)methyl]-2-butenoate 77 (1.0 g, 5.0 

mmoI) in 12 mL of dry THF was added dropwise 7.33 mL of diisobutylaluminum ( 

hydride (Aldrich, 11.0 mmol, 1.5 Min toluene). After being stirred 2 h at -780 and 1 h 

at 00 , the solution was poured with stirring into 40 mL of 00 IN H2S04 solution. The 

mixture was stirred for 30 min, followed by saturating the aqueous 'phase with sodium 

chloride and adding 50 mL of ether. The layers were separated and the aqueous phase 
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was extr~cted with et~ér (2 x 20 mL). The combined ether layer was dried (Na2S04) 

and condensed. and the cru~ alcohol was purified by flash chromatography using ethyl 

acetate-petroleum ether (1:9) as eluant, to ~ford 0.759 g (96%) of 78 as a yellowish oil. - , 

1H NMR (60 MHz, CnCI3) ô: O.OO{s, 9H: Si(CH3)3)' 1.51(s, 2H, CH2Si(CH3h), 

1.52(d, 3R, J=7.0 Hz, C=CHCH3), 3.82(bs, 2H, CH20H), 5.25(q, tH, J:::7.0 Hz, 

C=CHCH3)· 

2-[ (Trim ethylsilyl) metltyl ]-l-(tert-butyldimetlzylsilyloxy f-2-butene 79 

To 2-[(Trimethylsilyl)methyl]-2-buten-l-ol 78 (759 mg, 4.80 mmol) in dry DMF . 
(5 mL) uI].der N2 were added t-butyldimethysilyl chioride106 (1~09 g, 7.20 mmol) and 

, 
iJ11Ïdazole (719 mg# 10.6 mmol); the reaction mixture was then stirred at 500 for 45 min 

t6 effect complete silylation. Water (60 mL) was added and the product was extracted 

with ether (3 x 20 mL); the ether ex tracts were washed with water (2 x 7 mL), dried 
" . 

over MgS04 and evaporated. After purification by flash chromatography with 

petroleum ether as eluant, it was p'ossible to obtain a small ainount of the two 
.' . 

components in sùfficient purity to identify them as Z (major) and E (minor) isomer'l. 

The total yield of the purified mixture ~ isomers was 1.16 g (89%); Z isorner: 1 JI . . 
NM~ (200 MHz, CDCI3) ô: Û.Ql{s, 9H, Si(CH3)3)' 0.05(s, 6H, Si(ÇH3)2)' 0',90(s, YB, 

C(CH3)3)' 1.51(s, 2H, CH2Si(C~.3)3)' 1.55(d, 3H, J =6.9 Hz, CH3), 3.95(s, 21 J, 

CH20Si(CH3)2)' 5.37(q, 1H, J=6.9 Hz, C=CH); E isorner: IH NMR (200 Mil;, 

" CDC13) ô: -.002(s, 9H, Si(CH3)3)' 0.05(s, 6H, Si(CH3)2)' 1.57(s, 2H, CH2Si(C!{3)3)' 

1.59d, 3H, J=7.2 Hz, CH3), 4.10(s,.2H, CH20Si(CH3)2)' 5.10(q, 1H, 1=7.2 Hz, 

C=CH). High resolution molecular weight determinatiora (1500 ), calcd. for 
1> 

C1oH230Si2 (M - C4H9): mie 215.1288; found: mie 215.1260. 
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3-ff5R-f4-((t-Butyldimethylsilyloxy)methyl)-lR-t-butyldiplzenylsilylo).y-2R-hydroxy]~4- \ 

pentenyl] -1,3-diàxolan-4S-yl]glutarimide 80 .. 

Aldehyde 56a and allylsilane 74 were dissolved in 1 mL of dry methylene 

chloride and the mixture was cooled 10 -78°. BF3'Et20 dissolved in 0:5 ml of 

methylene qhloride was added via a syringe over a 2 min period. After stirring th.e 

solution at _780 for 1 hour, the mixture was warmed to -450 and maintained at this 
~ \ 

temperature for a further 17 hours. Saturated sodium bkarbonate solution waS added, 

and the product was extracted with 10 mL of methylene chloride (2 x 10 mL) and dried 

\Vith magnel'ium sulfate. After purification by flash chromatography (ethyl 

acetate':petroleum ether / 3:7), 45 mg (52%) of 8M was recovere~ as whi&e l.sta1~ 
(m.p.4R-520). IH NMR (200 MHz, CDC13) ô: 0.07 and 0.08(2s, 2H, SiMe2)' 0.90 and 

" 
1.08(2s, 18H, 2 t-Bu), 1.94-2.74(m, 7H, CH(CH2C(O»2NH and CH2CH.OH), 3.43(d, 

IH, J =4 Hz, OH), 3.61(dd, IH, J =4 and 6.5 Hz, 4-H), 3.69-3.92 and 3.73(m(CHOH) + 

dd(CHOSiPh2), 2B, J=4 and,6.S Hz), 4.00(dd. IH, J=4 and 6.5 Hz, 5-H), 4.10(s, 2H, 

CH20SiMe2t-Bu) .. 4.55(s; lB. OCH AHBO), 4.81(s. IH, OCHAHBO), 4.93 and 5.11(2 

d. J = 1.5 Hz, C=CH2), 7.'27-7.87(m, 10H, 2 C6HS)' 7.80(bs, IH, NH). FAB spectrum 

(8 kV xenon, cliethanolamine matrix, room temp.). ï73(2.05, M + DEAH+) ... 743(0.38. 

3-lf5R-I.J- ((t-Butyldimethylsilyloxy)methyl)-l R -t-butyldiphenylsilyloxy-~-oxo J-4-

pcntenylj-I,3-dioxolun-4S-yl]glutarimide 81 
., 

o 
Chrommm trioxide (27 mg, 0.27 mmol), was added to a magnetically stirred 

solution of pyridine (43 mg, 0.54 mmol) in 0.68 mL of dry methylene chloride under a 

nitrogen atmosphere at room temperature. The solution was stirred for 15 min at 
. . 

room temperature. At the end of thlS period, a solution of alcohol 80 (30 mg. 0.045 

mmol) in 0.60 mL of methylene chloride \Vas added in one portion. -Âfter 20 min at 
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. 
room temperattire, it was diluted with 5 mL of ether, and the contents filtered th'rough 

Celite. The rinsing and filtration was repeated an additional three times, each tlInc 

with 5 mL of ether. Purification by flash chromatography \Ising ethyl acetatt' 

petroleum (3/7) as elua.nt gave ca. 26 mg ?f ketone 81. lH NMR (~OO MHz, CDCi3) 

ô= n.02 and 0.04(2 s, 6H, 2 SiMei), 0.89 and 1.12(2 s, 18H, 2-t-Bu), 1.()~-2.0H(m, Ill, 

CH(CH2C(O)hNH), 3.28(ABq, 2H, J=195 Hz, COCf{2C(=CI'~~», .~.7.l(dd. HI. 

J =4.5 and 5.5 Hz, 4-H), 3.89(dd, lH, J =4.2 and 5.5 Hz, S-II), ~ {)()(~, :II~ 

CH20SiMe2t-Bu), 4.33(d. lH, J =4.~ Hz, CHOSiPh2t-Bu), 4.7ô(d. III, J = 1 ~ "L' .. 

C=CH AHB)' 4.80(s. IR. OCH AHRO). 4.91(s, lH, OCHAh'BÜ)' 'l.20(c1, 111. .1 '. l '\ 

Hz, C=CHAHB), 7.30-~.75(rn, lOH, 2 C6H5 ), 7.80(bs, IH, NE). FAn ~pectrurn (K h. V 

xenon, diethanolamine matnx, room temp.): 771(5.W, M + DEAH +), 665(O.lH, M) . 

.. 

3-[[SR -[4- ((t· But)'ldi 11 zethylsil)'lcxy)mcthyl)-J R -t-butyldiplzenylsi/y!w, .. y-2R-lzydroxy-3-

111ethylj-4-pcntclÏ) 1 J: 1. 3-dioxolan-4S-y/jglutarimide 83(n,b) 

Boron trifIuoride etherate (50 mg, 0.35 mmn]) was added 10 a' solution of 
'-

aI,dehyde 56a and allyisilane 79 in 1 mL of methylene chloride at -780 .under N"'J. The 
$ -

reaction mLXture was stirred at -780 for 1 h and at ~40(} for 21 h. tllen poured into :1 

cold (00 ) saturated sodium bicarbonate solution (40 mL). The products were extractcd 

witb 30 mL of m~~'lene c~lorjde and dried over magne:'lUm sulfate. PurificatIon hy 

flash chromatography using ethyl acet~te-petroleum ether (J /3) as el uant gave IWO 

alcohols (12 mg of the less polar component and 38 mg of the more polar "uh~tance) .. 

The total yield was 42%. Spectroscopie data for the majOr alcoho] component 

[a]n20-14.2° Cc 1.65, CHCl3 ); IH NMR (200 MHz, CDC13) 0: 0.02 and OJ)4(2~, (df, 

SiMe2)' 0.91 and 1.08(2 s, lSH, 2 t-Bu), 1.14(d, IH, J=6.8 Hz, CH3), 2.lü-2.6g(m, 7H, 
. 

CH(CH2C(O»)2NH, CHCH3 and OH), 3.40-3.54(m. lH, CHOH), 3,60-4.06(m + 2 ~ at 

3.87(2H, CH20SiMe2) and 3.96(1H, OCHAHBQ), 7H, CH20S1Me2' OèHAHBO, 4-

J 

M 

1 
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. H, 5-R and CHOSiPh2), 4.56(s, IH, OCHAHBO), 4.70 and 5.13(2s, 2H, C=CH2), 

7.34-7.82(m, 10H, 2 C6H5)' 7.96(s, IH, NH). Mass spectrum (NH3 C.I., 335°) mie 

. (rel. int. %) : 682(8.6, MH+), 624(100, MH + - 58). High resolution ms (NH3 Cr., 

'2450) calcd. for C37H5607NSi2 (MH+): mie 682.3595; found: mie 682.3596:' 

~(ëHCl3): 3565(OH) and 3373(NH), 1711~C=O)cm-1. Spectroscopie data of the 

minor alcohol: [a]D20 +5.40 (c 0.5, CHCl3); 1H NMR (200 MHz, CDC13) 0: 

·O.04(s, 6H, SiM'2)' 0.86(" 9H, t-Bu), O.97(d, !H, J =6.7 Hz, CH3), 1.04(s, 9H, t-Bu), 

1.90-2.83(m, 7H, CH(CH2C(O»2NH, CHCH3 and OH), 3.64-3.80(m, 4H, 4-H, 5-H, . 

CHOSiPh2 and CHOH),3.96(s, 2H, CH20SiMe2)' 4.48(s, IH, OCH A HBO), 4.68(s, 

IH, C=CHAHB). 4.75(s, IH, OCHAHBO), 5.00(s, IH, C=CHAHB), 7.24-7.85(m of: 
o 

, s(NH), lI!!, 2 C6H5 and NH). Mass~-spectrum (NH3 C.l, 330°) mie (rel. int. %): 

682(16.5. MH +),624(100, rvi'H+ - 58). High resolution ms (NH3 C!., 215°) caled. for 
, 

C33H4607NSi2 (M - t-Bu): mie 624.2812; found: mie 624.2812. IR(CHC13): 

1707,(C =O)cm- l . 

3-115R -[4- ((t-Butylèlimethylsilyloxy )methyl)-lR-t-butyldiphenylsiIyloXy-3-methyl-2~oxo J-

4-penteny/l-l,3-dioxolan.-4S-y1Iglutarimide 84(a,b) 
• . '" 

Alcohols 83(a,b) were oxidized to ketones 84(a,b) in the same manner as 

described for the conversion of alcohol 80 to ketone 81. Spectroscopie data fOI: the 

keto product resulting from the oxidation of the major and also more polar alcohol 83: . , 

[alD23 - 58.20 (!; 0.85, CHCt3)~ 'IH NMR .(200 MHz, CDCI3) 0: 0.0,14(2s, 6H, SiMe2)' 

0.86(s. 9H, t-Bu), O.97( d, lH, : = 7.0 Hz, CH3), 1.06(s, 9H, t-Bu), 2. 15-2.70(m, SH, 

CH(CH2C(O»2NH), 3.27(q, IH, J =7.0 Hz, CHCH3), 3.62(dd, lH, J =3.4 Hz and 5.2 
• 

Hz, 4-H), 3.83(bs, 2H, CH"OSi:Me.,), 4.10(dd, IH, J =5.2 and 5.6 Hz, 5-H), 4.26(d, IH, - ~ ~ 

J =5.6 Hz, CHOSiPh2)' 4.50(s, IH, OCH AHBO), 4.75(s, 1H, C=CH AHB)' 4.81(5, IH, 

OCHAHBO), 5.17(s, lH, C=CHAHB), 7.30-7.50 and 7.SS·7.75(2m, lOH, 2 C6H 5), 
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• 
7.85(bs, IH, NH) .. IR(CHC13): 3373(NH) and 1711(C=-O)cm-1. ·.spectral data of the 

. ketone resulting from the oxidation of the minor (less polar) alcohol component: 

r~D23 +20.80 (c O,~, CHC13); lH NMR.(200 MHz, CDC13) ô: O.OLand 0.03(2s, 6H, 

SiMeZ)' 0.88(s, 9H, t-Bu), 1.08(d, 1H, J=6.5 Hz, CH3), 1.09(5, 9H, t-Bu), 1.92-2.80(m. 

SH, CH(CH2C(O)hNH), 3.61(q, IH, J =6.5 Hz, CHCH3), 3.81-4.00(m, 4H, 4-H. 5-H 

and CH20SiMe2)' 4.48(d, 1H, J =4.8 Hz, CHOSiPh2)' 4.59(5, 1H, OCHAHBO), 4.61(s, , 
IH, C=CHAHB), 4.8Z(s, 1H, 'OCHAHBO), 5.04(s, IH, C=CHAHB), 7.26-7.85(m, 

IOH, Z C6HS)' 

• 
Aldehyde 85 and ozonide 86 

Ozone and nitrogen were bubbled for approximately 45 min through a solJltion . 
of glutarimide 69 (497 mg, 1.5 mmol) in ethyl acetate 30 mL) at -78°.. Excess ozone 

was, tlushed out .with nitrogen, 4 mL of methyl suÜide was added at -78° and ,the 

mixture allowed to stir for 24 h at ambient temperature under a nitrogen atmosphere. 

Removal of the ethyl aeetate gave erude aldehyde 85 as a foam, contaminated with 

ozonide, 86. The Rf value of 86 was identical to olefin 69. Purification by flash 

ehromatography using methanol-meihylene chIo ride (1/19) as eluant resulted jn the 

formation of either hemiaeetal X, or dimethyl aeetal Y. Aldehyde 85 (Nas eventually 

separated from ozonide 86 by flash ehromatography using ethyI aceta~ as eluant. 

Aldehyde 85 was i501ated in °approximately 70 to 75% yield. 1 H NMR (200 MHz, 

CDcrj) -of aldehyde 85; fr: 2tl0-3.00(m, SH, 3a-H, 3b-H, 4-H, 5a-H and 5b-H), 3.33(u, 

1H, J =7.3 Hz, 7-H), 3.92(5,. 1H, 8-H), 4.1O(s, IH, 9-H), 4.52(ABq, 2H, 1 = 12.4 Hz, 

CH2Ph), 4.79 and S.31(2d, 2H, J =6.4 Hz, 14a-H and 14b-H), 7.17-7.S4(m, 5H, C6HS)' 

8.32(bs, 1H, NH), 9.76(s, IH,.lO-H). 1H NMR (200 MHz, éOC13) of ozonide 8.6; 0: o 1.90-3.00(m, 5H, 3a-H, 3b-H, 4-H, 5a-H and Sb-H), 3.25(d, 1H, J =6.4 Hz, 7-H), 

3.S6(dd.'1H, J=1.6 and 7.5 Hz, 9-H), 3.64(s, 1H, 8-H), 4.72(d, IH, 1=6.4 Hz, 14a-H): 

, 

J • 
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4.78(ABq, 2H, J=11.7 Hz, Cif2Ph): 5.02(s, 1H, OCHAHBO), 5.20(d, 1H, J=6.4 Hz, 

14b-H). 5.39(s, 1H, OCHAHBO), 5.60(d, IH, J =7.5 Hz, 10-H), 7.38(5, SH, C6H5), 

7.77(bs, ni, NH). Mass speetrum of ozonide 86 (isobutane c.I.) mie (rel. int. %): 

334(0.8, MH+ - OCH20'), 226(S6.9, MH+ -OCH20' - C6HSCH20H), 196(100,226-
- ! 

CH20). 

• 

Alcoho/s 87(a,b) 

Boron trifluoride etherate (216 mg, 1.52 mmol) was added to a mixture of 

aldehyde 8S (422 mg, 1.27 mmol) and allyIsilane 79 (414 mg, 1.52 mmol) in 5 mL of dry 

methylene chloride at -780 under nitrogen. The reaction mixture was stirred at -780 

for 1.5 h. Cold sàturated so.dium bicarbonate solution (5 mL) was added to the mixture 

and the solution was extraeted with metbylene ehloride (2 x 15 mL)'; the' ll1ethylene 

ehloride extracts were dried over magnesium sulfate and evaporated. Mter 

purification by flash chromatography using'.ethyl aeetate-petroleum ether (2/3), 174 mg 

of the less polar alcohol and 108 m~ of the more polar alcohol were obtained (42% 
c 

yield). Spectroscopie data of the less polar alcohol: 1 H NMR (200 MHz; CDC13) ô: .. 
0.13 and 0.16(2s, 6H, SiMe2)' 0.93(s, 9H, t-Bu), 1.24(d, 3H, J =7.2 Hz, 15-H), 2.72-

2.91(m, 5H, 3a-H, 3b-H, 4·H, 5a-H and 5b-H), 3.02(m, IH, ll-H), 3.09(d, IH, J =7.0 

Hz, 7-H), 3.3I(d; 1H, J =9.4 Hz, 9-H), 3.68(I11 + bs(8-H), 2H, 8-H and lO-H), 

4:08(ABq, 2H, J = Il Hz, 13a-H and 13b-H),- 4.50( d, IH, J = 10.2 Hz, OH, D20 exeh.), 

4.56(d, IH, J=6.0 Hz. 14a·H), 4.82(ABq, 2R, J=11.7 Hz, CH2Ph), S.OI(d. IR, J=2.0 

. Hz, 16a-H), 5.09(d. IH, J =2.0 Hz, 16b-H), 5.13(d, 1H, J =6.0 Hz, 14b-H), 7.26-7.48(m, 
• 

5-H, C6H S)' 7.85(bs, IH, N-H). FAB spectrum (8 kV xenon, glyeerol matrix, room 

temp.): 718(0.09, fv1H+ + 2 gly), 626(0.22, M + ,glyH+), 553(0.29, M + glyH+ -

HNCO - CH20), 534(1.52, MH+), 461(0.50, MH+ - HNCO - CH20), 402(0.52, MH+ 

- HOSiMe2t:.Bu), 369(1.47). Mass spectrum (isobutane C.I.) mie (rel. int. %): 53f7.0, 

l ' 
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MH+), 474(7.3), 402(100, MH+ - HOSiMe2t-Bu). Spectral data of the more'polar 
. ... 

alcohol: IH NMR (200 MHz, CDC13) ô: O.OO(s, 6H, Si Mez), 0.94(s, 9H, t-Bu), l.04(d. 
'"' 

3H, J =6.8 Hz, 1S-H), 1.80-Z.95(m, 6H, 3a-H, 3b-H, 4-H, 5a-H, 5b-H and 11-H), 3.26(d. 

1H, J =6.9 Hz, 7-H), 3.45(d, IH, J =9.6 Hz, 9-H), 3.67(m + s, 2H, 8-H and lO-H). 

3.93(d, 1H, r;"9.9. Hz, lO-H), 4.15(ABq, 2H, J=12.6 Hz, 13-H), 4.19(d, IH, J=5.1 Hz, 

OH), 4.69(d, IH, J =6.4 Hz, 14a-H), 4.81(ABq, 2H, J = 11.9 Hz, CH2Ph), 5.07(s, lH. 

16a-H), 5. 14(s, 1H, 16b-H), 5.17( d, IH, J =6.4 Hz, 14b-H), 7.26-7.47(m, 5H, C6HS)' 

7.66(bs, tH, NH). Mass spectrum (isobutane c.I.) mie (rel. int. %): S34(100, MH+), 

426(6.8, MH+ - C6HSCHZOH), 402(100, MH+ - HOSiMe2t-,Bu). " 
.. 

\ 

8-0-Benzyl-13-0-t-butyldimethylsilyl sesbanimides 88 

Chromium trioxide (146,mg, 1.2 mmol) was added to a magnetically stirred 
, , 

solution of pyridine (190 mg, 2.4 mmol) in 3 mL of dry CH2C12 (from P20S) under N::! . 
. 

The resulting deep burgundy solution'was stirred for 15 min at room temperature. At , ~ 

tbe end of this period, a solution of the less ,.polar alcahol 87 (104 mg, 0.20 mmol) in 1.S 

mL of CH2C12 was added hi one portion. A tarry, black deposit separated 

immediately. Aiter stirring an additiona115 min at room temperature, the solution wa!\ 

diluted with ether and filtered through Celite. Purification by flash chromatography 
.t 

using petraleum ether-ethyl acetate (3:1) as eluant, gave 4 mg (4%) of ketone as an oil. .. 
Much starting ma'terial was recovered along with other unidentified products . . 
OxidaÙon of the more polar alcohol was carried o.ut in the sam.e manner exccpt that 

the yield of the corresponding ketone ob·tained was higher (21%). IH NMR (200 
, 

MHz, CnC13) of the k~tone obtained from th'e Jess polar alcohol 87 ô: 0.06(s, 6H, 

... SiMe2)' 0.89(s, 9H, t-Bu), 1.26(d, 3H, J =6.9 Hz, 15-H), ~.95-3_00(m, SH, 3a-H, 3b-H, 4-

H, Sa-H and Sb-H), 3.30(dd, tH, J = 1.6 and 8.2 Hz, 7-H), 3.66(q, IH, J =7.3 Hz, ll-H), " , 

3.78(5, IH, 8-H), 4.13(5, 2H, 13-,H), 4.56(ABq, 2H, J=11.7 Hz, CH2Ph), 4.64(s, 1H, 9-

\ 
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H)f 4.93(df 1H, J =6.4 Hz, 14a-H), 4.96(s, 1H, 16a-H), 5.02(d, 1H, J =6.4 f:lz, 14b-H), 

S.74(s, 1H, 16b-H), 7.35(s, SH, C6HS)' 7.7S(bs, 1H, NH). Mass spectrum of th~ ketone 

derived from the less polar alcohol (isobutane C.I.) mie (rel. int. %): S32(50.0, MH+), 

424(31.0, MH+ - C6HSCH20H), 400(65.5, MH+ - HOSiMe2t-BlI), 394(18.5, 424 -

CH20), 382(56.3), 292(37.5, 400 - C6H SCH20H), 262(100, 292 - CH20). Oxidation 

'of the 'more poJar alcohol 87 gave the ketone with the following spectral data: NMR 

(200 MHz, CnCI3) &: 0.14(s, 6H, SiMe2)' 0.96(s, 9H, t-Bu), 1.26(d, 3H, J=6.9 Hz, IS-
• 

H), 3.44(d, 1H, J =7.5 Hz, 7-H), 3.67(q, 1H, J =6.9 Hz, l1-H), 3.Bl(st 1H, 8-H), 4 .. 20(s, 

2H) 13-H), 4.58(ABq, 2H, J=I1.7 Hz, CH2Pb), 4.66(d, IH, J=6.4 Hz, 14a-H), 4.77(s, 

1H, 9-H), 4.92(s, 1H, 16a-H), 5.08(d, IH, J = 6.4 Hz, 14b-H), S.24(s, IH, 16b-H), 7.20-

7.46(m, 5H, C6HS)' 7.90(bs, IH, NH). Mass spectrum (isobutane C.I.) mie (rel. int. 

%): 532(60.2, MH+), 424(17 . .6, MH+ - C6H5CH20H), <400(100, MH+ - HOSiMe2t-. , 

Bu), 382(70.0), 370(16.4,400 - CH20), 292(47.5,400 - C6HSCH29H). 262(30.7, 292-

CH20). 

"' 
\ 

13-Deoxychloro sesbanimide 89 

To ketone 88 (57 mg, 0.110 mmol)(which/was obtained after oxidation of the 
\ 

-, J - -
more polar alcohol 87) in 1:0 mL of dry methylene chlotide at -780 under NZ was 

added 0.14 mL of 1 N BCl3 (in CH2CI2) via a syringe. After 40 rrun at -78°, the 

reaction mixture was poured into 2 mL of a cold (0°) and well-stirred saturated sodium 

bicarbonate solution. The product was extracted with methylene chloride and dried 

o~r magnesium sulfate. Evaporation under reduced pressüre and purification by flash 

chromatography using methanol-methylene chloride (1:25) as eluant, gave -2 mg of 89 

(2~%r as a white foam. ~R (200 MHz, CDCI3) 0: 1.28(d, 3H, J=7.0 Hz,_ 15-H), 

2.2,3e 2.97(m + d(OH) at 2:~, 6H, J = 12 Hz, 3a-H, 3b-H, 4e H, Sa-H, 5b-H and OH), 

3.49(dd, tH, J = 1.3 and B.4 Hz, 7e H), 3.81(q, IH, J =7.0 HZ,. ll-H), 4.00(d, 1H, J = 12 
• 
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Hz, 8-H), 4. 13(ABq, 2H, J = 1.6 Hz, 13-H), 4.63(d, 1H, J = 1.7DH~, 9-H), 4.72(d. lH. 
, 

J=6.7 Hz, 14a-H), 5.04(d, 1H, J=6.7 Hz, 14b-H), 5.12(s, 1H. l6a-H), S.37(s, tH, 16b-

H), 7.79('b(' IH, NH). Mass spectrum (isobutane CI.) mie (rel. in-te %): ,346( 100, ~ .' 
, . 

MH+), 328(12.4, MH+ - H20), 316(11.9, MH+ - CH20), 310(72.4, MH+ - HCl), 

300(12.9,328 - CO), 298(40.3, 316 - H?J), 280(37.8,310 - CH20), 264(13.2.310 - c6-
H20), 262(15.7, 280 - H 20). 

Alcohol90 

Boron triflu~ride etherate (369 mg, 2.6 mmol) was syringed into a well-stirred 
" 

solution of aldehydt; 8S (666 mg, 2 mmol) apd 2-[(trimethylsilyl)methyl]-3-tert- ... . 
butyldimethylsiloxy-l-propene 74 (714 mg, 3.0 mmol) in 12 mL of methyle'ne chloride 

at -78° under a nitrogen atmosphere. Immediately, a white suspension was fqt!med in 

the reaction mixture which becarne a .homogeneous solution after 10 min of further 
. 

stirring. l\fter-tne mixture was stirred 2 h at -78°, it was poured into a cold (DO) rapidly __ ---

1 stirring saturated sodium bicarbonate solution. After warming ta room temperature,. 

the product w~ extracted with CH2C12 (2 x 90 mL), washed once with water (40 mL), 

and dried over lv1gS04' 467 mg (45% ) of a1cohol 90 was recovered- as a white solid 

after flash chromatography (ethyl acetate-petroleum ether/l:}). m.p. 148-1510 ; ~D23 
, " 

~63.00 (c 0.40, CHCl3); IH NMR (200 MHz, CDClj) 0: 0.~3(s. 6H, Si(CH3)i), 0.93(s. 

9H, t-Bu), 1.82-1.98 and 2.13-2.50(2~; 5H, 3a-H, 3b-H, 4-H, 5a-H and 5~). 3.17(d, 

IH, J =6.5 Hz, 7-H), 3.30(d, 1H, J :e9.5 Hz, 9-H), 3.73(s, lH. 8-H), 3.80-4.00(m, 1H, W­

H), 4.12(s, 2H, 13-H), 4.29(d, IH. J =4.0 Hz, OH, °20 exch.), 4.65(d, 1H, J =6.0 Hz, 

14a-H), 4.81(ABq, 2H, J = 11.8 Hz, CH2Ph), 5.03(s, 1H, 16a-H), 5.15(s, lH, 16b-H), 

5.16(d, IH, J=6.0 Hz, 14b-H), 7.26-7.48(m, 5H, C6HS)' 7.77(5, IHt~ NH). FAB 

spectrum (8 kV xenon, glycerol matrix, 22°) mie (rel. int. ~): 612(O.069,MH+ ~gly), 
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520(0.520, MH+), 462(0.113, MH + - CO - HZCO), 459(0.084, MH+' - !iNco -H20), .. 
431(0.063, MH+ - HNCO - CO - H20). 

8~O-Benzyl-13-0-t-butyldimethylsilyl~ 15-desmethyl se~animide 91 

~ ChrDmium trioxid<e (Z40 mg, 2.40 mmol) was added to a magnet{cally stirred 

" 
solution o( pyridine (380 mg, 4.81 mmol) in 7 mL oidry CHZC12 (from P205) under 

N2. The resuIting deep burgundy solution was stirred ~or 15 min at room temperamre. 
~ , 

• 
At the end of this period, a solution of alcohol 90 (104 mg, Q.20 rnmol) in 3 mL of 

~ CH2CIZ was added in one portion. A tarry, black deposit separated immediatel~~ . 

After stirring an additional 15 ~n at room temperature, tbe solution was decanted 

from the residue. The ~esidue was further rinsed with small portions of methylene 

chloride (totalZOtmL). The combined extracts v:ere v'ashed with 1 N Hel (2 x 10 mL), 

satumted NaHe03 (10 mL), 5% sodium bisulfite (2 x 10 ml), and"V water (10 mL) 

beforè drying with magnesium sulfate. Purification by flash chromatography using 

petroleum ether-ethyl acetate (Z:3) as eluant, gave 57 mg (55%) of ketone 91 as an oil. 

. 1H NMR (200 MHz, CDC13) ô: 0.02(s, '6H, SiMe2)' 0.87(s, 9H, t~Bu), 2.00-2.93(m, 5H, 

3a-H, 3b-H, 4-H, 5a-H and 5b-H), 3.29(d, 1H, J =6.8 H~ 7-f!), 3.47(ABq, 2H, J = 16.9 
. -

Hz, l1a-H and llb-H), 3.93(s, 1H,,8-H), 4.08(d, 1H, J=1.3 Hz, 9-H), 4.13(s, 2R, 13-H), 
, ù 

4.50(ABq, 2H, 1=11.9 Hz, CH2Ph) , 4.73(d, 1H, J=6.5 Hz, 14a-H), 4.89 and 5.Z4(2d, 

2H, J=1.0,Hz" 16a-H and 16b-H), 5.29(d, 1H, J=6.5 Hz, 14b-H), 7.24-7,41(rn, 5H, 
, ~, 

C6HS)' 7.81(bs, 1H, NH). Mass spectrum .. (isobutane c.I., 28Z0 ) mie (rel. int. %): 

518(100, MH+), 460(7.7, MJ:I'+ - CO - CH20), 410(10.7, MH+ - C6H5CH20H), 

402(10.1,460 - 'C~2C(O)NH2)' 388(12.6), 386(4~.4, MH+ - HOSiMe2~-Bu)-, 380(55.4, 
, . 

410 • H2CO), 368(15.8), 362(13.4); 35.6(19.9, 386 HZCO), .278(15.1, 386 -
u • 

C6H5CH20H), 248(32.2 .. 278-· H2CO). 

• • 
1 

o 
, 

r 



. " 

( 

o 

141 

(0 

13-Deoxychloro-15-desmethyl sesbaltimide 92 

To ketone 91 (57 mg,0.110 mmoI) in 1.0 mL of dry methyIene chloride at -780 

o 

under N2 was added 0.55 mL of 1 N BCl3 (in CH2C12) via a syringe. After 1 h at -78°, 

the reaction mixture was poured into 3 mL of a cooled (0°) and well-stirred saturated 

sodium bicarbonate solution. Mter warming the total mixture to room temperature, 

the product was extracted with ethyl acetate (3 x 10 mL), washed with H,O (1 x 3 mL), .. 
apd brine before drying over magnesium sulfate. Evaporation under reduced pressure 

and purification by flash chrom~tography using met~anol-methylene chlf)ride (1: 19) as 

eluant, gave 26 mg of92 (68%) as a white foam. 1H NMR (200 MHz, CDCI3) ô: 2.29-

3.03 and 2.62(m + d(OH), 6H, J = 10.0 Hz, 3a-H, 3b-H, 4-H: 5a-H, 5b-H, and OH, 

~20 exch.), 3.44(d, IH, J =7.2 Hz, 7-H), 3.53(5, 2H, 11-H, 4.00(d, IH, J = 10.0 Hz, 8-H), 

4.16(s, 3H,"9-H 'and 13-H), 4.80(d, IH,J=6.5 H~ '14a-H), 5.10(s, lH, 16a-H), 5.2.5(d, 
. ' 

1H, J =6.5 Hz, 14b-H), 5.38(s, 1H, 16b-H), 8.05(bs, 1H, NH, D20 exch.). MU3S . D 

spectrum (NH3 C.I., 230°) mie rel. int. %) : 349/351(28.1/7.7, (M + ~H4 +),332(2.2, 

MH+), 331/333(3.Ô/1.3, (M + NH4)+ - H20), 314(15.3, MH+ - H 20), 313(100, {M 

'\ + NH4)+ - HCl), 296(13.5, MH+ - HCl), 266(7.6,296 - H2CO), 265(7.4), 248(4.7. 266 

- H 20). High resolution ms (NH3 CL, 210°) calcd. for C14H2206C1N2 (M + 

NH4 +): mie 349)166; found: mie 349.Ù69. 

, 

[2- ( (1-Butyldiphenylsilyloxy )methyl);-3 -ailylj trimetlzy/silane 94 

Alcobol 73 (2.88 g, 20 mmQl), t-butylchlorodiphenylsilane (8.2 g, 30 mmol) and 
i 

imi4azole (3.00g, 44 mmol) in 30 mL of dry DMF were heated for 19 h at 50-55? The -

" mixture was diluted with 350 ml of water and the solution was extracted with diethvl . . 
ether (3 x 120 mL); the ether extracts were washed with water (3 x 40.mL) and brine' 

and dried over MgS04. After flas!1 chrornatography,' 5.4 g of silyl ether 94 was 

obtained. IH NMR (60 MHz, CDCI3) 5: -.007(s, 9H, Si(Ç)i3)3)' 1.07(s, 9H. 
~ 
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C(CH3)3)' 1.43(5, 2H, CH2Si(CH3)3)' 4.00(~ 2H, CH20Si), 4.65 and 5.~(2m, 2H". 

C=CH2), 7.17-7.77(m, lOH, C6HS). H1gh resolution molecular weigh}rPetermination 
"\ . ' 

(800), calcd. fo'r C19H2S0Si2 (M - C4H 9): mie 325.1444; found: mie 325.1457. 

Alcolio/9S 

Borotl trifluoride etherate (86 mg, O.~l mmol) was added via a syringe to a 
1 

mixture of aldehyde 85 (120 mg, 0.36 mmol) and allylsij,ane 94 (268 mg, 0.70 mmol) at-
. 

78° under a nitrogen atmosphere and t~e reaction was stirred for l.5 h. The mixture 

was then poured into a cold saturated sodium bicarbonate solution; the product "'tas 

extracted with methylene chIo ride (2 x 30 mL). The methylene chloride extracts were 

washed with water (1 x 10 mL), dried ov~r magp.esium s~lfate an~vaporated. After 

purification by flash chrorrlatography, 100 mg of alcohol 94 (43%) was recovered as a - , 
foam. Pin23 +50.70 (c 1.50, CHe13); 1H NMR (200 MHz, CDC13) 0: 1.08(s, 9H, t-

, 
Bu), 2.09-2.53, 2.63-2.96 and 2.82-2.99(3m, 7H, 3a-H, 3b-H, -l-H, 5a-H, -Sb-H, lla-R 

and I1b-H), 3.IS(d, 1H, J=7.0 Hz, 7-H), 3.29(<;1, IH, 1=8.9 Hz, 9-H), 3.70(5, 8-H and 

~H), 020 exch.), 3.82-4.00(rn, 1H, 10-H), 4..12(s, 2H, 13-H), 4.61(d, lH, J=6.0 Hz,"' 

14a-H), 4.78(ABq, 2H, 1 = 1l.9 Hz,ICH2Ph), 5.04(s, IH, 16a-H), 5.13(d, tH, J =6.0 Hz, 

14a-H), 5.18(s, IH, 16b-H), 7.l8-7.93(m+s(NH), 16H, CH2C6HS' Si(C6H5)2 and NB, 

D20 exch.). Mass spectrum (NfI3 C.I., 1500)~m/e (rel. {nt. %) : 661(100, (M + 
l ' 

NH4) +), 644(35.9, MH +). 566(22.7). High resolution ms, (NH3 CL, 30.09) calcd. for 

C37H4607NSi (MH+): mie 644.3044; found: mie 644.3046. 
, " \ 

.. 

... 
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8-0-Be~I-13!C?!-butyldipheny/silyl-15-desmethyl sesbanimide 96 .. 

_ Chromium trioxide (56 mg, 0.56 mmol) was added to pyridine (89 mg, l.l~ 
, 
\ 

mmol) in 1.5 mL of dry methylene chIo ride and the solution was stirred for 15 min at 

room temperature. To this solution was added alcohol 94 (3~ mg, 0.047 mmol) in 1 ml 

of methyfene chloride. After 30 min, the solution was decanted and the solvent 
.... 

removed. The product was purified by flash chromatographY,(ethyl acetate-petroleum 

ether: 5/3) to yield 20 mg o,f 96 (67%). lH NMR (200 MHz, CDCI3) 0: 1.04(s, 9H, t­

Bu), 1.85-2.95(m, 5H, 3a-H, 3b-_H, ~H, 5a-H and 5b-H), 3.14(bs, IH, 7-H), 3.45(ABq, 

2H, J = 1.7.7 Hz, ll-H), 3.88(s, 1H, 8-B), '~:98s, lH, 9-H), 4.16(s, 21d, 13-H), 4.42(ABq, 

2H, J = 11.6Hz, CH2Ph), 4.63{d, IH, J =6.2 Hz, l4a-H),4.92(s, lH, 16a-H), 5.20(d, 1H, 

J =612 Hz, I4b-H), 5.35(s, IH, 16b-H), 7.09-7.74(m, 15H, CH'2,C6HS and Si(C6H 5)2)' 

7.86(bs, IH, NH). Mass spectrum (NH3 CL, -120~) m/e rel. int. %) : 659( 100, (M + 

NH4) +),455(9.5),426(15.9),403(23.0, 65{ HOSiPh2t-Bu), 338(9.5). H~h resolution 

ms (NH3 C.L, 3050 ) calcd. for C37H4707NZSi «M + NH4) +): 659,.3152; found 

659.3156. 

0-
13-0-t-Butyldiphenytsa;l-15-desmetltyl sesbanimide 97 

Boron trichloride (0.07 mL, 1 N in methylene chloride) was added to a solution 

of alcohol 96 in I mL of qlethylene chloride at -780 under nitrogen. The reaction 

mixfure was stirred for. 30 min at -78°, then poured into a cold saturated sodium 

bicarbonate solution (5 mL). The product was extracted with methylene chloride (1 x 
.. 

15 mL), washed with water (1 x 5 mL) and dried with MgS04. After purification by 

flash chromatogr:aphy (ethyl acetate-petroleum ether: 1/1), 10 mg of '7 (60%) wa!) 

4) obiained. IH NMR (300 MHz~ CDCl3) 0: 1.06(5, 9H, t-Bu), 2.29-3.05m, 6H, 3a-H, 3b­

):I, 4a-H, 5a-H, 5h.H and OH), 3.33(d, IH, J =8.3 Hz, 7-H), 3.34(ABq, 2H, J = 16.6 Hz, 

lla-H a!1d llb-H), 3.93( d, IH, J = 10.3 Hz, 8-H), 4.03(s. IH, 9-H), 4.17(s, 2H, 13-H), 
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4.66(d, tH, 1=6.4 Hz, 14a-H), 5.00{s, IH, 16-H), 5.16(d, 1H, 1=6:4 Hz, 14b-H),5.34(s, 

1H, 16b-H):7.33-7:86(m, 10H,2 C6H5)' 7.89(bs, 1H, NH). Mass spectrurr.((NH3 C.l, ' 

271°) mie (rel. int. %) : 569(88.8, (M + NH4)+), 504(64.8, MH+ - H20 - CH20), 

478(100), 460(94.4), 400(79.2). High resolution ms (NH3 C.l, 230°) calcd. for 

C30H3807NSi (MH+): 552.2419; found 552.2418. 

Furan 98 . 
1 

-<> • / 

To a solution of of silyl et(1er 97 (28 mg, 0.05 mmol) in dry THF (0.5 mL) was 

added tetra-n-butylammonium fluoride (0.076 mmol) at room temperature. Onlyone l' 
major spot was observed on TLC and it had an Rf value equal to 0.20. After 15 min, 

the solvent was removed at 00 and the mixture was immediately purified by flash 

chromatogrfphy using silica gel pre-washed with triethylamin~ ~ 'theth~ 
methylene chloride (1/19) as e}uant. A 1H NMR spectrum was obtained using 
« ' 

deuterated chloroform treated with sodium bicarbonate as solvent and it gave rise, to a 

spectrum \Vith a vast number of signaIs. Homever, upon exposure of tbis sampIe to a 
, \ 

catalytic amount of ace tic acid, the spot with Rf =0.20 became replaced with one less 

polar (Rf=0.32). This less polar compound was furan 98. 1H NMR (200 MHz, 
, fJ 

CDC13) of {uran 98 ô: 1.9.9(s, 3H, CH3), 2.27-3.00(m + d(OH), 6H, J =9.5 ~, 3a-H, 

3b-H,4-H, 5a-H, 5b-H and OH"D20 exch.), 3.45(d, 1H, J =7.5 Hz, 7-H), 3.77(dt IH, 
- . 

J=9.5 Hz, 8-H), 4.69(s, IH, 9-H), ~.86(d, IH, J=6.4 Hz, 14a-H), 5.17(d, 1H, 1=6.4 Hz, 

14'b-H), 6.35(s, 1H, furan ')'-H), 7.15(d, 1H, .J = 1 Hz, furan a-H), 7.83(bs, IH, NH, 

020 exch.). FAB spectrum (8 kV xenon, glxcerol matrix, room temp.): 388(6.9, M + 

glyH+), 296(17.1. MH+), 266(7.0, MH+ - CH20). High resolution FAB spectrum (8 

kV xenon, glycerol matrix, room temp.):,.çalcd. for MH+: 296.1135; found: 296.1066. 

.." 


