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Some Aspect. of the Synth •••• of 8-lactam 
Antibiotie. and D,L-2'-Epi-.howdomycin 

§ Youla Stratiqoula T.antrizo. 

Department of Chai.try 
MeC!11 Univ.ri.ty 

Montreal, Oueb.c, Canada 

ABSTRACT 

l' 

S.ction l 

D,L-e~.-N-2'-hydroxy-5'-nitropbenyl-3-D-2"-amino-2·­

PhenYl~etamido-4-hYdroxymethYl-2-azetidinone (22) and 7-
Il 

phenylacetamido-3,' -diphenyl-t-butyl.ilyloxy-6' -nitro-

benzo[3,4)-O-2-i.acephem <11) w.re .ynthellized. They bath 

ed.abaorption frequeneiea at 1760 (~) 

The latter wall toc un.table to survive 
" for the tim. requ red tor biologieal teatinq, sinee it 

decompoaed ln dimethyl lIulfoxide within 30 minute •• 

Section II 

The .ynthetic •• quenee leadinq to D,L-2'-epi.howdo-

mye in (Ill) waa improved and aeveral int.rmediatea were 

cbaracterized unambiquou.ly for the f1:a:.t time. Enouqh 

cry.talline III waa prepa~ed to allow for bioloqieal t •• tin9, 

which ahowed it te be inactive againat a aerie. of virUS •• 1 
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et du D,L-2,fpi-.howda.yaine 
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Les deux compo.' •• uivant. ont .~ .ynth'ti.'. s le 

D,L-ci.-N-2'-hYdroxy-5 t -nitroph'nyle-3-o-2--aa1nQ-2-­

ph'nylac'tam1do-4-hydroxymethyle-2-al'tidlnone (!al et le 

'-ph'nylacetamido-3'-diph'nyl-t-butyl.ily1oxy-6'-nitroiben10-

[3,4] -0-2 - i.oc'pheme (11). Le. deux po •• ldent' de haut •• 

tr'quene •• d' ab.orption dans l'infrarouge, • 1760 CIl-
l pour 

.1 

B .t l 1790 cm-1 pour.n. Ce dernier •• t trop in. table 

pour .urvi vre le temps requis pour .ttectuer le. te.ta 

biologique., puisqu'il •• d.compo •• en moin.
1
de trente minute., 

dan. le dimlthyl .u1foxide. 

oeuxil_ ..section 

La s'qûenee aynth'tique menant au ~,L-2-'pi-show4omycin. 

(III) • ,1:6 am:61ior'e, et pluieur. lnt.ermMiair •• ont 't' - . 
car.c:t'ri.'. .an. ambigu! tes pour 1. p~eai.re toi.. Un 

'chantillon c1e ill, suffi.ant aux testa bio1oqique, n". 

damontr' aucune activit' contre une s'rie de virus. 
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1'11. di.covery that the iIIportant antibiotlc., penJ.cill1n 40 . ,~ 

(1) an4 cepbal0.porin41 ,42 (2), cont.ln a 8-1actaa rlD9 (3) ln 
./ 

their .t~cture, ~. provl-ded • contlnulnq i~UI for r •• eucb 

on 8-1actaM in many ln4U1trlal laboratorJ,. •• and. aca4ndc iuU­

tutlolll. 

(2) 

() 

No re4uctioD of a~tivlty ln thl. JChall.nglnq field appeat. 

in .iqht, becau •• penicll1in. and ceph..lo.por1.u h.~ b .. n th. 

druga of choie. for tt.atinq bacterlal \ infection •. in ~. 
Il 

The earlie.t relerance to a .ynth •• i. ~f S~lac~ ap~. 

ta h4ve beu made by Elnhorn1 in 1~83, a~ h. va. fol~owed br 

other .oianti.t. _king" .imilar clailllll. Tb. fir.t auth.ntic 
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, , 

l .' ct 

i 
! 



o 

o 

4 -

synth •• i. of S-lactaJIII, however, ia coa.idered to have been 
;j 

aœieved by Staudinqer2 in 1907. 'l'he'-anormoua uaount of re.earch 
1 

that followed t'he establi.hment of ,the .~ructure of cephalo-

spodn12 'in 1961 hu recently ptoduced three new types of 8-

lactaB antibiotics: 

80cardicin A and Bl~6,3g1 Tbie~cin7 and related compounds 

ps-S', MM4550 (MC696-SY2-A), MMll9029,lO;' and Clavulanic Acid. ll 

~ , 

~ey à1l .how .pecifie and intereating an~imicrobial activity • 

... 
Woeardicin 

A 

! 

, " 

Clawlanie acid 

Tb ien&m)'c in 

X-l MM4550(MC696-SY2-A 

lÇt-O MMl3902 
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Itlde of a.ction of the e .... lac1f!m antibiotièa 

The bacterlal ce11-wa11, peptidoqlycan, ia b.lieved to he 

the site of attaèk of ê-lactam antibiotica. Peptidoqlycan, 

which 18 a complex polymer, ia entirely absent in mammals which / 

can weIl exp1ain the very lov toxicity, to man, of these druqa. 
~ 

The cell wall is àyntheaized in three major .taq.s which a.re 

brief1y outlined in Figure 1. 

\Slqel 

i)s .... m / 

. \ UDP.:H~yl~·1 
.. 

1 " 

rlsurè 1: 
, 

~te~. in the'~i08ynthe8ia of à badtarial cell-.all. 

Ir , 

. . .. 

. , 

.... 
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In the la.t stage of cell-wall synthesi., the cross 

linkage betvaen parallel peptidoglycan chains i8 established 
<1 ., 

through a t~anspepttdation r,action (Fig. 2), in which the 

aMino terminal of a glycine r~sidue, of the cross-linking chain, 

displaces' the carboxyl terminal of D-alanine from the end of 

the pentapeptide s~de chain. B-Lactams are thought to inhibit 

this last step. Incomplete synthesis of the giant Macromolecule , 

composing the cellJwall,"wh~Ch ~nvelops the bacterial organism . "" 
and supports itscell membrane,'~ould result in lysis, caused by 

.' 
the difference in osmolarity between cell cytoplasm and culture 

" . 

medi UIIl ~_ ., • 

Pigure 2: 

1 • 

, " 

. . 
Com,letion of a cros.-link between two adjacent 
pepttdoglycan chains. 

'" 

" " 
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Recent studies have shawn that the interaction of 

a-lactam antibiotics with bacterial eells ia very CODIPlex13 ,}4. 

Bacteria contain a large number of enzymes (transpeptidases, 

carboxypeptidases, endopeptidasesl which are the targets for . , 
the 6-1actam antibiotics. The' affinity of these enzyme for 

the 6-lactam antibiotics varies, and since each enzymes has a 

di~tinct function in the biosynthesis of the cell wall, each 

antibiotic produces characteristic effects on the shape and 
\ , 

dimension of the bacteria. Even thouqh inhibition of the above 

mentioned penicillin binding proteins varies, they aIl result 

in cell death. The way in which a particular a-lactam anti­

biotic kills bacteria depends on the affinity of each of the 

target enzymes for the anti?iotic, and the functi~n of theae 

enzymes in peptidoglycan syntheaia. Inhibition may also trigq~ 

autolytic enzymes which destroy the cel115 • 

16 Bacterial reaistance to eencillins and cephalosporins 

Sinee no species of baeter'ia is homogeneous, the few mutant a 

which are less sensitive to the particular B-lactam antibiotic 

used, can survive during the trea~nt of an infection, to 
'.1" 

produce a resistant atrain. In these types of bacteria three 

pOssible biological changes expIa in their resistance: slight 

change of the target enzyme, whi~b lovera the affinity of a 

given B-1actam antibiotic, decrease permeability of the ~ell 

wall, or production ,of oërtain\proteins, 8~laetama.ea, which 

destroy the antibiotic bafore it reachea the tarqet enyzme •• 

.. ' 
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Sxnthesis of '§-lactam antibiotics 

(a) Structure requirement 

• 
Until recently, it was believed that for the developme~ 

, 
of an active antibiotic, the following structural features were ~ 

necessary: 

(1)\ Acis fused S-lactam ring 

" (II) 

(III) 

(IV) 

1 

An acylamino or a formamidine (-N-C-N-) side chain. 

. -1 
A B-lactam I.R. frequency higher than 1765 cm • 

An appropriately placed carboxy1ic acid function, 

which however May be replaced by a phosphonic acid group. 

Since the isolation of Thienamycin, which has a trans­

fu.ed ring and a hydroxyethyl side chain, and Norcardicin A, 

Nhich has a very low.S-lactam frequency (1720 cm-l) the 

J 

criteria listed above cannot be considered an absolute necessity. 

(b) Production of commercial ê-lactam 'antibiotics 

Pre.ently aIl the B-lactam antibiotics used in the treat­

ment' of infections, are obtained through fermentation or semi­

synthetic procedures. Addition of the appropriately substituted 

acetic acid to the fermentation broth yield. approximately one 

hundred of the common penicillins. , AlI the others are obtained 
\ 

through acylation of 6-~nopenicil1anic acid (6-APA). 
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6-APA 

The cephalolporins are allo obtained either throug~ 

fermentation or partial syntheli. from penicillin, and limilar 

semi-synthetic procedures. 

This lucces. in manlpulatinq"microorqani.m. to produce 

"unnatural" penicillins and cephalosporinl i. remarkable in 

view of the fact that the detail. of their ~io.ynth •• il are 

still not known after d~cades of biochemical relear~h. The 

involvement of a tripeptide (L-valine, L-cy.teine, L-amino­

adipic acid) seema to be very likely, although intermediate. 

between it and penicil1in have never been i,olated, 
\' 

(c) " Total IY!!thesia 

Total synthe.j.s all,ove fo:r; the formation of many novel ,. 

structuree which çould be used in the search for better a-laetam 

an tibiotic •• 
\ 

The firlt synthe.ia of a penicillin wal"repor\ted by 

Sheehan20 , and in 1965 Woodward21 announced the tiret Iucc •• ful 

• 
"""-,"":",:"", -.--_ ...... -_ ..... ---_ . ..., , 

" lo 

t t 7 .. ft * .. t 
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, atereo.pecifie aynthe.i. of cephalo.porin C (!) and 

cephalothin (2). 

CHO 

~ Û.atrèC1
, 

COOHIH oH 1 8 !#O tS 
CCI.CHtOt 'CHO ONe 

H'\:' ---..... -4 -: s-i1 .. , 
! 

! 7 

! R:CH.Q 
2 R:(eHJJr-~HI' 

In thi. ingenious .ynthe.i., L-cy.teine ! was convertéd 

to a tey intermediate 1. Subaequent reactions \with dialdehyde 
1 

! gave! and-.everal other manipulation. tranaformed it to ! 
and s. -

Sinee then other approache. to the syntheaia of penicillins 

and cephaloaporin. have been reported. 80.e22 and eo-workera 

have developed one of th~ mast uset~l and versatile routes for 

B-lactam formation, uaing the reaction'of imt... with acid 

ehlorid ••• 

, ~ ~~ .'. ~! . _ 1 t, 

\ If f.~:\: ...... 
~~, _ --.L-__ 

_ ... 
, , 

,1 

,_.~--" _ .. , 
" '148:-

1 

.. 1 
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Untortunately the productà tram thi. app~o.ch generally 
\ 

give trana-i.omers,·whlch must ~ isomerized23 to the desirad 

cia-isomer by a low yie1d i.omarization procedure. 
24 ' Bristol Laboratories 1atar reported one of the moat 

versatile and reliable Methode for generating ci.-S-lactama 

such as 10 trom the key intermediate E. 

...... 

E 

/ 

/ 

/ 

N / & 0 

: .:' "COCMP'" 
H/H 
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The formation of the c1.-B-lacta. rinq involv •• addition 

of azidoacetyl,chloride ta a mixture of cinnamylidene Schiff 

ba •• and triethylamine in methylene chloride. We have used 

thi. method .ucce •• fully to .ynthe.ize a number of aubltituted 

ei.-S-lactam. in hiqh yield,but we have al.o found 38 that even 
, 

thi. approach i. not free of limitations. AB it iB .hawn below 

the , yield of cil and tran. ilomer. obtained qreatly depend. 

on the pkA of the amine u.ed to pre~.re the Schiff base, and 

a Schiff baIe derived trom o-trialkylsi1yloxy-p-nitroaniline 

give. tran.-e-lactam anly. 

-/- ft~ 
• III; 

Itrl=f + H 

) H .... " 

"" IV 

It-NH, 

• 
It_~, ,Il 

y~dd cab y1'14 tua. \ 
boutai 11»'-1 1 •• LuMII»' _1 

al x-r .. 4.f· JO'IIOtI • ., lU-US 

If' .-,cl • .,.. M" CO'/'otl • ., lU-lU.t 

CIl x-ca20ftC!111. , .. '1· '.'1 n" • ., n.,·a. 
dl_~.J" ". lOti 10\1 ... '4·" 

., x-ca,OftGIaI. , .. '-na. 'J' .nl'ou 
fi ",,"O-OftIIIII ,l' CO\("", • ., n-" 
fI -,,"" 2.C'· ,U 

h' ~, 1..,..:oaMo ,.C" '" U lIWt-Cl, y....c1 ,.0.' (tO\l 111'1 

jl~,r .. ·_ ,.0' IUt) 11UI 

icI -..c:ooII.' , .. z." 110'/ ,Uo. ,.,.,1 

1.1 ~. 1"'110, <1.,' C2\I. la nt. 
101(10., 

., 1-,.1101' r ... 14 UOt) 121'1 

a' .....-oZ. '-, "1" Ut/ (101) 

_ • ""1"')'14a"·fll111'1 

• • .U_W ........... M. a • _II&''' 011 ... ne ..... üot -tIIr1 .... 11 • 
• • 'na iLea .. 'IIft' 
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Au of project 

Durin9 the last fev years .e have be~int.re.ted"in the , 
aynth •• i. of penicillin and cephalo.porin analoquea,'havinq,a 

cia-fused B-lactam rin9 with a hi9h frequency infrared 

ab.orption, an acylamino aid. chain and a modified acidie 

function. 

Two of the firat compound. of thi.' type, .ynth •• ised by 

Kr. A. Uqolini, trere analoque. ~ and, X, wbich have. siJllple 

aey1amino lide chain and a phenolic inatead of the earboxy1ic 
1 

qroup found in natural1y oeeurrinq $-laetam antibiotic •• 

Biol09iea1 studie. on analo9ue 1 ahowed veak antibaeterial 

properti.. aqainst a ~umber of, orqani... where~s Xa and Xb 

ahowed no bioloqieal aetivity. 

1 X 1 a) .. a 
b) ".02 

Wlth the encouraqell8l1t of th •• e biologieal re.ults and 

bOpinq' to synth.sisi • subatantially more active ~-lactaa 
\ 

antibiotie, it vas deeided to modify the structure of 1 in 

the followinq vay: 
l , 

/ 

... , 

, 
l " 

1 •• 
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a) introduction of an acylaaUno aide-chain which ia well 

known for it. bioloqical propertiea, 
1 

an4 b) incr.a •• of the B-lactam rinq atrain by attachinq an 

electron-withdrawinq .ubstituent on the benzene ring. 

In their a.arch for pen!cil~in derivatives w~ch would be 

effective again.t Gram-neqative o~qaniama, when adminiatered 

orally, Doyl., ro.ter, Rayler and Smith29 ayntheaized in 1962 

Ampicil1in III vhich proved ta be active against most bacteria30 • 
1 

III 

lt, effectiven ••• was àttriln~.ted to ita satis,factory 
, : 

ah.orption, vhich va.. thought t,q .. ,be in part due to ita unuaual 
-{ 

.tabi1:1ty toward. ac14 •• • Thi. flroup prepared numerous other 

pènicill~,vbich all contained ~-aub.titueed side-chaina. 
, - / 

They found tbat the pre.ence of the a-.. ino-sub.tituen~ always 
.' 

le4 . te pen.1-cillina vi th marte<! .tabili ty to acids, but thi. val 

lost when the .ub.tituent va. remet. tram the amide linkage. 
1 

"ca~. ~. acylamino .i4e chain in Ampicillin (III) fultil!. 

our requireaent (a), it va. u.e4 to prepare another der ivatJ.ve , 
1 

1 
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* of Xb, ana~oque~. Thi. type of cOIIpOuncS coulcS, in principl., 

a1.0 serve al a model for cyclizat10n stucSies. In any event, 

for reasons which will become apparent in chapter l, no model 

studi.s for cyelization were carried out. \ 

Fu1fillment of our second requiremen~ ide&lly, cou1d be 
, 

achieved by introduction of & nitro qroup para ta the S-l&ct .. 

rinS\ (50) • 

'O~ 

o~ 

Direct nitration of compound I would theoretically qive 50 a. . --
One ot ita products. Preliminary nitration result. on l, ;" 

'" indicateélthat three bomer. were formad, and that they were 

un.table and difficult to .eparat~ • . 
W. therefore focu •• ad our attention on\an alternate route, 

which lnvolved the formation of a nitroaminore.orcino1, it. 

transformation to a Schiff base, and condensation wh1ch azida­

acetyl ch10ride to qive S-lactam 51, which is a potentia1 
~ -.. 

, precurser to compound 50 or one of its pos,itiona1 isomar •• 

* for Anl!0gue n, s,e page l~ 

. 
1 

/ 

'~J~~' "----______ u ___ .... ' 

/' 
( 

/ 

, . 
.... ', .. ' 
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S,Ince the cinn41llylidene Schiff base of 4-nitro-2, 6-

dihy4roxyaniline wôuld be ex~cted to give mainly trans-fused . , 

a-lactam, va tiret inve.tigated the reactions of the readily 

available S-nitro-2-hydroxyaniline, expecting tb extend the 

procedures developed to the les. accessible 3-nitro-2,6-

dihydroxy ani~ine. 
A. will b~ discu.sad in chaptera land 2, experimental 

difticulti.a prevented U8 trom carrying out our original 

,project, we theretore returned to the tirst mentione~ 

apptoach of direct nitration of I~ 

/ 

/ 

l ' 
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'Hcoctt ~.H. 
'NH. 
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22 -

O • 
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NHCOCH,c.H. 

35 -
l' 

, 

The tollow~9 two ehapt~r. d •• cribe th. .UCC!.f~ 

.synthe •• s of ,!! and li. The •• analogue. along vi their 

;recur.or. w.r~- b'iOl09ieally t •• ted, in the bop. at 1Î'ltr04uc-

1 tion of the proper functionaliti •• would t.prove the anti­

bactar ial propertie. of our initial compound 1. 

.-------"";~ ?1;"1",~1-;;>~~1< ,,_ 
~ :~~"l- ri~~,t'{ j\';' " 
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1 
~e 8ynthesie of cqmpounps with the genera1 structure 14 

(1I,r f 'VI 

."., t'. -" 
1 fR - trialkylaily1), 'waB accompliBh~d- uBing procedures developed 

in our 1«boratory26,27~28,33 as out1ined in Figure !. 

, 

o.-@C Rel 

~ • Pyridine 
H, 12 H, 

1 _ 

~ ~t .. 
cinnamaldehyde 

1 

~yl Chlor~ Il triethylUline 
li 

1) Ozone 

2)8ôdIûât 
Ns borohydride' 

1 

ft" 

II 
a) R· Si (CH3) 2 tBu a') R .' a or b, 

b) R_. SiPh
2

tBU b' ) R _- a or b, 

l'igure· 4: Syntheais o~ 8-1actaa'!! 
1 

a) R." Si(CH3)2tBU 

b) R • SiPh2t8u 

" 

R' - H 
R' -Ms 

Il> 

Wé then dacided to ozonolyze the c:innamy1id~ne group-'of 14 
• j J 

"., and rec1uce thé re8ultinq ozonide vith aodium-COrohydrida to tl;1e 

alcohél !2!' in arder ta~proc .. d vith the fluoride induced 

.. 

... _----

/ 
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cyclization of the meaylate .!1!:!.', of alcohol !Z.!' '(ChaPt~r 2). 

Several 4ttampta, uainq different experimental condition., te 

ozonolyze and reducè 144 vere unaucceasful giving very small 

amounts of !Z!. 1 and. a IÙXture of side producta, one of them 
~ , 

beinq dimethyl-t-butylsilanol. The dif~erent experimanta'l 

conditions involved auch variations as solvent'mixture and 

temperature f.e. (1:3 or 2:1) methyl~ne ~hloride: isopropanol 

at -78 0 and (4':1.5 or 1:1) ethanol: methylene chloride at -78 0 

and -60·. ~ \ 

The dimethyl-t-butylsilyl éther vas apparently un.table 

under aIl the reaction eondit~on. uaed, probably due to the 

p-nitro group whieh makes the phenolie group very,acidic. We 

theref9re repeated the reacti~n sequence out~ined Above, uaing 

the more stable diphenyl-t-butylllilyi ether l~b. Unfortunately, 

aimilar resulta vere obtained and no pure aleohol !1!' 

(R - SiPh3 t-butyl),'could be synthesized. 

We then choàe to use a methoxymethyl ether aa th. 
protectinq group. Sinee this qroup could not be introduced 

;directlY'on the phenolic aniline 11 because of alkylation of 

the amine function.introduetion of it vas achieved alter 

formation of a-laetam- il. 

l' 

- -_~-~ -- ~ "It 
• ~ ~ _ , _ J _~ ~ " 

• 't, - ~ .. ~ . , '. ',,,.., , 

...... ---" .... ---'...,;-~_ .......... ' -~. 
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o. 
CB

3
OCB

2
OCB3 

'2°5 ~ 

15 li 

/1) 0
3 0 

2) NaBB
4 

N, 

!!=.' 

A solution of tetra-n-butylammonium flUoride was added to 

compound 14 (a or h) in tetrahyd~ofuran at 0° to qive phenol 

!,â, which was then reacte4 wi th methoxymethyl methyl ether and 

, phosphorus pentoxide ~ give~. '!'he structure of compound .!! 
was consistent with its I.R. and its p.m.r. spectra, which 

showed alonq with all thé appropriate signals, seen in compounds 

~,an4 !!" a sinqlet (3B) at_3.4 p.p.m. due to the -OCR3 group 
, 
and anotller singlet (2B) At 5.3 p.p.m (-oCH20-). Ozonolyais of 

~ in ethanol- methylene chlori~e. {8:3) at -78 0 followed by 
{ 

borohydride r'duction qave ~' in an overall yield of 70t. 

, 
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Since cyclization of "!1E.· woulà now be a cwabersome proc.s., 

ve decided ta forego this step and continue the synthe.i. vith 

the addition of the Ampicillin side chain. The free aloohol of 

l7c l seemed to be preferable ta th~ large cinnamylidine group, 

since no naturally occurrin~ B-lactam antibiotiç has a large 

substituent at this position. 

Reduction of l1c' vith hydrogen sulPhide/triethyl~ne31 
~ 

gave amino alcohol 18 in 84\ yield. 
c, 

To caup~e the side chain to the amine group, the free 

alcohol of 18 was protected vith trimethylsilyl chioride/ 

triethylamine and compound 19 was obtained after evaporation 

of the methylene chioride and vas further reacted vithout 

purif.ication. 

!! a-a 
!!. a· SlCœJ ) l 

'the Ampi\:iIlin .;lde -chain va. 1ntroduced a. tBOC"'phenyl 

glycine, obtained32 from BOC-aN(V) and optically active 
, 

D(-)phenyl-glycine •• outlined below. 

---~ - -" .... "-_ .. ~~---- _ ..... 
/ 

, " 

• 

1 

.'. \ 
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, , 

The transformation of the raeemie amine,19 to the diastexeomerie 

mixture of amide 20 was aohieved throuqh a slow eouplinq 
, -

reaotion (15hr) with optieally active t-BOC-phenyl-glleine/ 
(,;) 

EEDQSS in methylen~ c~lori~e. 
v< 

12. lt-Si(CB
3

)3, 

21 lt. R -

. 
~ .. ~ : 

;. . 
,"'~ 

" ' 
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Compound !2. vas obtained in 95t yield •• a mixture of two 

diastereomers, as evidenced by thin layer chromatography 
! 

behavior of some later d~rivatives <li,.!!), which shaved up .s 

elongated spota. conventional Ichromatography could not be used 

to separate the two diastereomer. of ~ since, not unexpectedly, 

they had almoat the same a, value. 

Soping that the diastereomers might he separable on a 

partially hydrolyzed mixture of dia.tereqmers, we tried removing 

one protecting group at a time. We vere only sueces.ful in 

obtaining.de.ilylated alcohol 21, whlch,can easlly be ~de from 

20 upon mild ac~d treatment. 

Howaver,the methoxymethyl and ~-BOC protecting groups vere 

found,to be of almast equal Itability to acid and therefore 

reactlon conditions affecting one always aftected the other 
\ 

as well. They were subsequently bath cleanly removed with 80\ 

trifluoroacet~ acid to give nitrophenol 22. / 

Unfortunately,neither diastereomers of 21 or of 22 could be -
separated at either stage due to their similar physical 

properties. 

A 90 MHz ,p.m.r •. spectrum of II (figure. 5,6) di.tinctly 

showed the presence of two dia.tereome~l. ~e first spectrum 
" 

(fig. 5) was recorded at 25· and the second (fig- 6) at 60·, 

where rotational freedom is achieved. The compound was 

dissolved in 020 reaulting in complete exchange of the amine, 

amide and hydroxyl protons. In both spectra the -COCS- proton 
, -

showed as two peak. with a small chang_ in the chemical shi ft 
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" difference betw~en them; upon qoing fram 25· to 60·, revealinq 

the pre.ence of two diastereomers. The largelt,effect ia seen 
, l 

in the absorption of the aromatio protons H3, H4 and as' which 

appear a. two distinct sets at 25·, merqinq to one at 60°. 

The re.t ot the protons show only broader and sliqhtly more 

complex peaks at 25· oampared to 60·, 

Compound l! is expected to exist aB a zwitterion. There­

for. stronq ionie interactions are expected to take place 

bat •• en the phenoxide and the ammonium qroupe. 

diaatereomer l 'diastereomer II 

Moleèular modela indicate that if these electrostatio 

interaction. are operative in bath diaetereomer8, in one ca.e 
1 1 

the two benaene rinq. are lined on top of one another wh.rea. 1 

,in the otheX" i.omer they are poin~in9 avay tram each other. 

'!hi. may" aplain why the _jor difterences bétw •• n the two 

.pectra li. in the aromatic proton.. ot Icoura., the pos.ibility 

.-------.!- - __ "_' ___ "'~f"'""'",~",~, 

, 
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of a more eomplex explanation cannot be'-eliminated. It 11 

important thouqh to note that the effect .ean at 60· i.· 
completely rever.ib!e upon cooliriq of the .ample, and that 

free rotation .~ems to have been e.tabli.hed in both 

dia.tereomer. àt 60·. 

The ma •• spectrum {!Jf compound 22 .how •• ~ple fra9lMnta-
1 -

\ 

tion pattern. a. indicated beIow\and i. con.i.tent vith the 

structure ••• iqned. 

1 + . 

o. .: 

•• 
5 ~ ·~.Hs 

HCO H~NH2 

-[ÇII2au • 
JI-Ph' ~ -(N02]· \. 11/. -', jS5 
III/_ • 309 

III/e • 340 

~ .. 
HO" 

--+ rl/e. 44 

-180 

raie - 180_ 
.,te • 224 

.. 

l 
-', 

i \, 
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" 1 0 

[

ft: '\ J+' 
~ 22B 

+ 
~~'.J 

III/e - 189 

"tt-' ~c:l. -. ~~-O --+ al •• 217 r -8N-cHPh g - (NO )' 
2 

228 -
1 

The ion of mas. lâ9 may be explained if one postulates the 

existence of intermediate ion ~, which undergoes cleavage of 

the amide bond. Ion 22E is likèly to arise through loss o( 

water, via a McLafferty-type rearrangement. Similarly, the 

presence of the intense ion of mass 217 could be explained by 
, 

invokinq a second rearranqement intermediate 22E', which may 
1 -

arise throuqh 10'8 of benzaldehyde imine followed by 108S of 
1 \ 

a nitro radical.- Nei~er 22E nor 22E' are detected, therefore - -.. 
other mechaniamscannot be excluded. 

However, a riqoroua ma •• spectral analysia ia not crucial 

to the structure determ4nation of compàund ~. 

" 

-'--,~-,,11 

, ,'~ f ~ 

.....-~) '._. ~ .. _._~ __ ._ ... _' --..._",_~ ... _ v_ ""'-
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Total aynth •• ia of S-lactam 1!1 
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Beeauae of the instability of nitrophenylsilyl ethers' to 

ozonolyaia (chapter 1), the synthetic scheme startinq from a 

3-nitro-2,6-dihydroxyaniline vas abandoned,Dand attention vas 
, 

focua4itd on airect nit-ration of analoques II and Il. 

The ach ... 26 ,21,28,33 outlined in figure S, was used to 
1 -

obtaln the intermediate (II) for the synthesis describe4 in 

~i. chapter. 

" 

CH 

~ 

27 

l ' 

25 -

RI • Sic,,(CH
3

) 3 (CH
3

) 2 

. R • H 

, 1 

'-, 
~. 

._---------- --. .. . -
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28 II - a' • -SiC (CH3) 3 (CH3'2 

a • ... S02CH3 

PiFe S: Synthesia ot analogue II: trOll nitrorellOrcinol 

Sinee nitration of II would have given three compound. which 

were known (introduction) to be difficult to separate, wa 

thought of nitra,ting compound II instead, and carrying out 

the eyclization on the separated nitro cômpounds ~ and ll.:!.. 
Compound 28 was treated with nitronium tetrafluoro b~rate at 

-20~ and" as expected, two 'compounds Clli, 298) were isolated 

from the reaction mixture. Attempts to pur if Y the mixture of 
\ 

compound. 29, which were well separated on thin layer 

ehromatography, proved unsuccessful, resulting in complete 

decomposition of ~ and extensive desilylation of ~ • 

.. 

Il' '. SiCEÔl3' 3 (CH3' 2 

R ~ -S02CB3 

29-A 
-'\ 

, . 
< , 

" 

._-- --'"-----
.,\ /~ , .. 

'; .,' 
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It iS,known that p-nitrophenols (pKA = 7.2) behave 

almost like carboxylic 4cids. The presence of the nitro 

group in 29B well explains the' extreme instabili ty of the 

silyle'ther. In compound ~ the nitro substi~uent para to 

the B-lactam ring, introduces so much chemical reactivity that 

the amide linkage ia easily hydrolyzed on contact with silica 

gel. Because of thia instability of 29-A and ~, it was 

thought that the most convenient approach would be introduction 

of the nitro group as late in the aynthesis as possible. 

Nitration of II showed very similar complications. The 

p.m.r. apectrum of the crude reaction" mixture clearly showed 
, t * 

the'presence of three compounds (~, 30-P, 30-0), charac-

terized by three sets of doublets, two of large couplinq 

constant (J - 9 Hz), as would be expected for ortho protons 

(lQ.:!, 30-0), and 'one set at about 7.4 p.p.m. with the two 

doublets overlapping and a small coupling constant of 3 Hz 

indicating meta protons (~). Att~mpts to purify and 

eeparate the three compounds lead to complete cdecomposition of 
. 

~ and some desilylation of ~ and ~ upon chromatography • . , 

l'. 

30-M 

* M.o.p refera te the nitro group being ortho t meta, para te 
the silyloxy group • 
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30-P a .. -SiC (CH
3

) 3 CCH
l

) 2 

~ a-H 

" 

1Q:Q. R ~ -SiC (CB3) 3 (CH3) 2 

ll.::Q. R" H 

Since nitration had to be carried out at thi. staqe, to 

avoid'nitration of the phenyl ring on the acylam1nd aide chain 

ta be introduced ,in the next step, we concentrated on 

opt~zation of yields for compounds~. Several work-up 

conditions were tried and it was found that neutralization of 

fluoboric acid, fo~ed duri~g the reaction, immediately 

after completion of the nitration and while still cold (-20°) 

would give minimum decompositio~. " Compound. 30-P and 30-0 - -
were found,through p.m.r. and I.R. studies,to be •• ~sitiv. to 

moisture and traces of acid found in solvent., aven after th.y 

had been separated and crystallized. 'rhe p.m.r. spectra 
, * (in C6D6 )\ of the two eompounds, shawn in figure! , cannat fully 

prove the structure of eaeh compound. Theil: p.m.r. speotra 

vere a180 recordad in deuterated chlorotorm (fiqure 10) and a -
• Pigura. 9-0 and 9-P - -

-----~. ; 
, - ~---~, ~_ . 

, ~'. ' 
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Figure 9-P: P.in.r. spectrum of compound 30-P in C6D6 
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significant difference between the two was now observed. The 

reaonance peak, due to the methyl protons on the 8i1y1 ether, 

was recorde<! as a sinqle peak for compound 30-P and as two 

peak. for compound~. The presence of two non-equivalent 

methyl groups and their chemica1 shift at about 0.2 p.p.m. 
, 

downfield in ~ compared to ~, indicates steric hindrance and 

de8hieldinq, Most probab1y due to the presence of a nitra 

group ortho to the sily1 ether. Ultraviolet spectra did not 

he1p to d1fferentiate between the two structures 

The structures of the two compounds was assiqned as 

shawn (lQ:!, ~) usinq the very convincinq results obtained 

\,~ throuqh ~ss spectrometry-(~ig. !!). It ia known that 

aromatic nitro compounds which have ortho -CR, -NR or -OR 
+ groups are charàcterized by their inten$e ions of mass (M -OR), 

obtained from the rearrangement shown in the examp1es be1ow34 • 

,ço.~ 

~ 
~ CO· 

~ 
\ 1 

+ + , 
/ 

Cr Cr-
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+ The very intense peak'at rn/e 260 (M -oSiMe2t-butyl) seen 

in the mass spectrum of compound 30-0 is almost completely 
1 -

absent from the apectrum of ~ stronqly suqqestinq an ortho­

nitro silyl ether for analogue 30-P , in agreement with the .. 
p.m.r. data. 

• Beth compounds show intense ions at mie: 334 (base peak, 

+ M -t-butyl), 306 (334-N2, from the azide group), 2Sl (334-83, 

83 • -COCB-N3), 205 e2S1-N02 ) as indicated in figure !l. 
Subseque~tly a mixture of i&;Q and 30-P was reacted with 

hydrogen sulfide/triethylamine to obtain l the un.table amines 

1!(a,b) in good yield. Further peaction of crude compound li 

in an" attempt ta attach the ~cylamino side chain was unsuccess-

ful)initially leading to hydrolysis of the silyl ether, followed 

by hydrolysis of the a-lactam ring, as evidenced by NMR which 

shows the presence of silanol and I.R.,which shows a decrease 
'\ 

in intensity of tne 8-1actam absorption with time. 

y 

NHCOCH,c.H, 

30 . 34 - -
a) X - H, Y • N02 
b) X - N0

2
, Y .. H 
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Ife than thouqht that protection of the phenol qroup, vith 
r 

diphenyl-t-buty1sily1 chloride, would qive a more stabl.-

S-lactam. It vas fOW'ld that treatment of phenol 31-P vith -1 

diphenyl-t-buty1silyl ch1oride/triethylamine gave compound 

32 which was we11 characterized by its p.m.r. spectrum ' 

(Fig. 12). However, phenol 31-0 was W'lreactiva~und.r the~ - \ 

sam. reaction çonditions, further confirminq that the phenolic 
1 • group vas starieally hindered by the presence ~f an 'ortho 

nitro substituent. 

Ph2(CHl)3CSiCl 
--+ , 

pyridine 

It)a/ SbCH2COCl ' 
+- - o." 

\\ 

32 -

Il 

33 1 -

r 1 

-----'"1'"' ------,.1 ~\ 1 ~i 

,1 

, 
- IL,I, 
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The azide function of diphenyl-t-butyllilyL ether !! 

val then reacted vith hydrogen 8ulphide/triethylamine and 

the progress of the reaction was followed by the dil.ppearance 

of the infrared absorption of the azide.. Open' complete 

formation of amine 33,an
e 

equivalent of triethylamine vas 

added Along with an equivalent of phenylacetyl chloride to 

form final product ~. 

The p.nt.r. spectrum of 11 clea.rly showed the presence of 
, 

all expected proton resonances: a sin~let at 3.5 p.p.m. 

(-C~H2Ph), a multiplet at 3.3-3.6 p.p.m. due to H2, two sets 
, .)-

of dQublets at 3.8 to 4.6 p.p.m., coupled to each other and 

each integrating to one proton (H3 an'd H4). Hl val found as 
. 

a doublet of doublets at 5.1 to 5.3 p.p.m. vith one of ita 

couplinq constants equal to that of the broad doublet (due to 

NH) at 8.0 p.p.m. Finally,tvo doublets (6.6 and 8.7 p.p.m.) 

vere leen coupled to each other by • larqe c~uPling constant 

of 9 Hz, characteristic 'of ortho protons. (86 ~ H7). 

The infrared spectrum of li was a180 consistent vith the 
~ ·-1 

structure ,iven,vith an absorption of 1790, cm for the 

carbonyl group of the a-lactam. 

Onfortunately,mass spectrometryland elemental,analy.i. 
1 

'c~uld not he uaed ta further support the structUre of 1! du. 

to the extrema instability'of thi. compound. It va. observed 

through p.m.r. and I.R. Itudiea that even the traces of 

moiature or acid found in DMSO-d6 1fould cauI." rapid c 

decompoaition of th. lilyl eth.~, followed by hydroly.is 
II 

\ 
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_ 1 

of the S-lactui rin9, within half an hour. 
> ~ 

Due to thi. extrema instability, reacttons to substitute . 
the simple acylamino _id_chain (-NBCOCH2Ph) vith the, 

Ampicillin side-chain, .ere not attempted. ,Biologieal studies 

of compounda B, !Q. and ll. nte ineonelusive due to cC!mplete 

decomposit.ion ôf the.e' compounds durinq travelo " We th'e:refore 

.bowed that a nitro substituent introduees qreater reactivity 
i) 

than desired and ~erhap. replacement of this group ~i~h a 

le •• electron withdrawinq substituent such as an ester miqht 

l •• d to more stable and perhap. biologieally active products. 
~ 
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General Experimental 

Analytical thin layer chromatography (t.1.c.) was per­

formed on si1ica gel-coated plates (Machery Nagel Polygram 

G or Merck Si1ical Gel 60) and on a preparative sca1e on 

silica gel (Merck HF 254) coated glass plates (20 cm x 20 cm 

x 1 mm)., Merck silica gel 60, Woelm alumina (neutral) and 

Camag alumina (supplied by'Ventron) were used for normal 

ch~omatography. Silica Woelm 32-63 was used for flash 

chroma. tography • 

Solvents werè reàgent grade unless otherwise specified. 

Al~>e~aporations were done ~der reduced pressure (water 

a~piratdr) with a bath temperature of 25-40° unless other­

wise specified. 

Elemental analyses were performed by Heterocycl,;ic 

Chemical Cofporation of Midwest Microlab Ltd. 

Melt~g points were determ1ned on a Gallenkamp bJ..ock and 

are uncorrected. MaSS spectra (m.s.) were 'obtained on an 

AEl-MS~902' màss spectrometer or on an LKB-900 mass spectro­

m~ter at 70 eV using a direct insertion probe. Infrared 

(i.r.) spectra were obtained on Unicam SPlOOO, perkin Elmer 

~57 and 297 spectrophotometers. Proton maqnetic resonance 

(p.m.r.) spectra were recorded on ~arian T-60, T-60A, HA-lOO . 
and on Brucker FT 90 spectrometers u.ing tetramethylsllane 

(TMS) as an internà1 standar~.- Chemica1 .hifta are glven 

in tpe 6 scale in parts per million. Doublets (' d ' ) , 

triplets ('t') and quartéts ('q,') vere recorded at the center 

of the pe,ales, and multiplets ('m') as their range of 

- - - --·-----·-"' .... _ ..... k~ ,,~ 
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" 

abaorptiODI other abbreviatioDs used: singlet (~") and 
" 

broad (' bJ,) , t'dollblet: of doUblets (1 dd 1) • 

" 

l' 

" 

o. v. spectra were recorded usinq a Cary 17 spectromet-er. 
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Methoxy-me.th.yl ether II 

The alcOhol 15 (100 mg, 0.3 mmole) was dis80lved in 25 ml 

of dry methylal and stirreà vigorously at room temperature. 
.. . 

Phosphorus p~ntoxidè (SOO mg) was added in small portions, 

every 10 minutes, and the end of the reaction was àetermined 

by T.L.C. Upon comp1etion of the reaction (2 hr.), 25 ml 

of Methylene chloride were added, the phosphorus pentoxide 

was filtered of~, and the filtrate was washed with 5% bicar­

bona~e solution, water andsaturated salt solution. Drying 

of the methylene chloride solution over Magnesium sulfate 

and evaporation gavé 60 mg (53% yield) of product (!!). 

P.m.r. (CDel
3
): 5 3.4 (s, 3H, -OCH3 ), 5.0-5.4 (m, 28, a-lactam) 

5.3 (s, 2H, -OCH20-), 6.0-6.4 (dd, lH, -CH=CHPh), 6.6-6.9 

"(d, lH, -CH-Ç!-Ph), 7.1-7.4 (m, 68, Ar), 7.8-8.1 (dd, lH, 8 4), 

8.75 (d, lH, H3 ) p.p.m.',I.R. (CHe13 ): vmax 3450 (-OH), 

2100 (-N3), 1770 CS-lactam} -1 cm • 

\, -

1· 
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B-lactam a1ooho1 !1. 

Ozone was bUbbled throuqh a sol~tion of !! (396 ~g, ~ 
f'mmo1e) in ethanol-methYlene\Chloride (4:1.5 'ml) at -70 0 

' 

until a faintly blue color wa~ observed. Excess ozone was 

flushed out with dry nitrogen ~ile the system WB' kept at 

-78°. Then, sodium borohydride (76 mq, 2 mmole) was added. 

The temperature was allowed to rise to 20° over a period çt 

5 hrs. the solution was then washed with potassium phosphate 

bufter solution (pH 4.4), water and briné. Drying of the 

solution over magné8ium 8ulfate and evaporation gave a 1ight 

oranqe oil. It was purified on a flash 8i1iea gel eolumn44 

(ti.ing EtOAc/pet. ether (65:35) as the eluent to give product 

17 (227 mg, 70i). P.m.r. (acetone-d
6
):' & 3.55 (s, 3B, -OCR3)! 

4.1 (d, 2B, -9[20B, J - 3 Hz), 4.7-4.9 (dd, 1H, H2, J l -3 Rz, 

J 2-5 Hz), 5.2 (d, lH, Hl' J-S Hz), 5.4 (s, 2H, -OCB20), 

7.35 (d, lH, ~5' J-g HZ>\.7.9-a.l (dd, lB, H4, JI- 9 Hz, 

J 2.-3 Hz), 8.8 (ct lH, H) J - 3 Hz) p.p.m., I.R. (CBC13); 

vmax 3500, (OH), 2110, (-N3) 1775 (B-lactam C-O) cm-l. 

, '. . " 
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Amine li 

Bydroqen sulfide was bubbled into a solution of 11 

(100 .3 mmole) i'n 10 ml of lIIjethy1ene chloride and 

amine (35 mg, 0.35 mmo1e) at 0° for 3 min. After 

for 1 br at 20°, the solution was purged with 

(5 min). The rea~tion mixture was washed with 

( 0 x 20 ml), dried and evaporated to give an orange 
\ 

roduct, which was crystallized from Methylene 

chloride: petro1eum-ether to g1ve 45 mg (84%) of light yellow 

_~~sta1., m~p. 119-l20 oC. P.m.r. (acetone-d6) 6: 3.7 
...r 

(s, 3B, OC93), 4.1 (d, 29, Ç!20H), 4.4-4.9 (m, 28, B-lactam 

plus OH), 5.2-5.3 (m, 3~, B-lactam plus -OCH2OCH3), 7.2-7.4 

(2d, IH, HS)' 7.9-8.1 (2t LJ lB, 94), 9.1-9.4 (2d, IH, H
3

) 

p.p.m., I.R. (CHC13): vmax 3350 (NH2), 1735 (S-lactam) cm-l. 

/ 

\ 
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SyntheBiB of analogue 21 fram alcohol 18 through the 

ailylated compound !! 

Alcohol !! (149 mg, 0.5 mmole) and triethylamine (56 mg, 

0.5 mmole) vere dialolved in 10 ml of methylene chloride to 
, -a 

which trimethylBilyl 'ch1oride (60 mg, 0.5 mmole) was added. 

After stirring for 30 min, the Bolvent was evaporated, and 

the residue disso1ved in ethyl-ether and filtered to~remove 

triethylammon~um hydrochloride. After evaporation, the 

crude silylated product 19 was redislolved ~n methylene 

chloride (5 ml). To this, EEDQ (136 mg, 0.5 mmo~e) and 

t-BOC,phenyl glycine (138 mg, 0.5 mmole) were added, and the 

\mixture was stirred overniqht. The reaction mixture was 

washed with 5\ hydrochloric-acid, 2% bicarbonate and brine 

solutions, dried, (M~S04) and evaporated to give 250 mg (951) 

of a light yellow oily product, a8 a mixture of diastereomers. 

P.m.r. (CDel3): Ô 0 (28, 9B, Si(CH3)3)' 1.6 (s, 9H, -C(CS
3
)3)' 

3.6 (28, 3H, -OCH3), 4.1 (bs, 2H, -9!2-0Si(CH3)3)' 4.8 

(bm, lB, H2), 5.3 (bd, IH, NB), 5.4 (d, 2H. -OCH2-OCH
3
), 

5.6-6.2 '(m, 2H, Bl , COCB) , 7.2-7.5 (m, 2B, HS' NH), 7.4 

(s, SH, Ph), 7.9-8.2 (dd, 1H, H4), 9;Oi(~d,'lB, B3' p.p.m. 

. . 
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Alcoho1 21 -
A solution of the silylated compound ~ (120 mg, 0.2 

Mme1e ) in 5 ml of 5%'hydrochloric acid and 5 ml of a 2:1 

tetrahydrofuran water mixture was stirred at 20 GC !or 

30 min. Ethyl aCétate extraction gave 100 mg (95% yield) 

ot 21. P.rn.r. (acetone-d6): ô 1.5 (s, 9H, -lOOC(CB3 ) 3)' 
\ 

3.6 (s, 3B, -OCH3), 3.9-4.3 (bm, 3H" -(B20B), 4.8 (m, lH, / -

82),5.4 (bd, lH, COCHN), 5.5 (bs, 2H, -OCB20CH3), 5.8 

(dd, lH, Hl)' 6.7 (bd, lH, NH), 7.3-7.7 (m, 6H, pH, HS)' 

8.0-B.3 (bdd, 2B, H4 , NH), 8.9 (dd, lH, H3) p.p.m.; m.s.: mie 

500 (M+-2C~3)' 205, 206, 209, 235; I.R. (film): v 3350 , max 

(-OB), 1760 (S-lactam), 1700 (NHCO), '(690 (NHCOO-t-buty1) 

cm-la 

Amine-dio1 22 

A solution "of a1cohol!l (250 mg, 0.5 mmo1e ) in a 

trifluoroacetic acid-tetrahydrofuran~water mixture (4 ml 

2 ml : 2 ml ) was stirred at room temperature for 3.5 hrs. 

The reaction mixture was then evaporated to dryne,s81 

redis801ved in ethyl acetate, and upon addition OF methylene, 

chloride, 150 mg (0.4 mmole) of ~ precipitated as 1ight 

yellow cry.ta1~; m.p. (161-162°). P.m.r. (D20), 90 MHz, 

60°C): ô 3.9 (d, 2B, -CH20D) , 4.7 Cm, lB, B2), 5.3 (2d, 18, 
\ 

-COCU-), 5.4 (q, lH, Bl ), 7 C2d, lB, US), 7.5 C" 5H, Ph) 
~ 

7.8-7.9 (dd, lB, H4), p.p.m. 8.2 (d, lB, H3); m.s.: mie 

180, 309, 355, 340, 224, 44, 189, 217. 

.. 
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, 
Cyclized compound II 

To a solution of'the mesylate 28 (900 mg, 1.6 mmole in 

acetonitrile (10 ml) vas added potassium fluoride (113 mg, 

1.1 mmole ) and 18-crown-6 (130 mg, 0.5 mmole). After 

stirring for 4 hrs at room cemperature, the reaotion mixture 

va. poured into vater (20 ml) and extracted vith methylene 

chloride (2 x 30 ml). Drying (MqSO,) and evaporation afforded 
. 44 

.the crude product vhich after flash chromatography 

.crystalized on standing (510 mg, 941) m.p. 69-70 oC. P.m.r. , . 
(CDel3): ~ 0.2 (8, 3H, SiCH3), 0.3 (8, 3H, SiCH

3
), 1.1 (s, 9H, 

CCCH3)3)' 3.8-4.7 (m, 3H, H2, H3, H,), 5.3 (d, lH, Hl)' 6.5-
" ' 

7.2 (m, 3B, HS' H6, 87) p.p.m., I.R. (CDCl l ): vmax 2100 

(azide), 1775 CB-lactam) cm-la 

_ c UI1U 
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Nitration of analoque 11 to obtain compound. 30-P and 30-0 

To a solùtion of !! (574 mg, 1.6 mmole ) in dry 

acetonitrile (20 ml) under a nitrogen atmosphere at -20·C, 

nitroniUm tetrafiuoroborate, (3.2 ml, 0.5 M solution in 

*' sulfolanel was added dropwise. Alter l hr, dry benzene 

(10 ml) was added and the mixture was stirred for 10 more 

min. The reaotion mixtUDe was then poured (while still 

very cold) into 30 ml of pH 4.4 buffer and extracted twice, 

dried (MgS04) and evaporated. The ortho-nitro- and para­

nitro-sl1yl ether CO~und8 were lso1ated and cryetallized' 

~fter flash chromatoqraphy. The remaining mixture of nitro­

phenOls was separated from sulfolane via Kuqelrohr distilla­

tion, resilylated, and purlfied by flash chromatography to 

afford more of the desirahle products. 

Ortho-si1fl ether: 

m.p. 109 0 
- IIO·C. P.m.r. (C

6
D

6
): 6 '>0.2 (s, 3B, SiCS

3
), 

0.3 (s, 3H, SiCH3), '1.1 (s, fH, t-Butyl), 2.6-2.9 (dq, lH, H
2
), 

2.9-3.3 (d, IH, H3, J l -J2-10 Hz), 3.8-4.0 (dd, lH, H
4

, JI-

10 Hz, J 2-3HZ), 4.0S ' (d, IH, Hl' Ja4 HZ), 6.15 (d, It H3' J-g S;), 

7.43 (d, IH, H6 , Ja9 Hz) p.p.m.; m.s. mie: 334 (M+-t-Sutyl), 

+ + + 
306 CM -t-Butyl-N2), 260 (M -oSiCCH3'2C(CH3)3)' 251 (M -t-

Butyl-N3CCO)J I.R. (film): vmax 2100 (-H3), 1795 (a-lac~) 
-1 

cm • 

~ 1 J' 
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m.p. 122 0 
- 123°C. P.m.r. (C6D6): 6 0.03 (a, 3H, ~iCH3)' 

0.15 (a, ~H, SiCa3), 1. 7 (.~ 9R, t~Butyl), 2.66 -3.0 (dq, IH,: . ' ;' 

H2, J I -4 Hz, J 2-9'HZ, J 3-S Hz), 3.15-3.45 (dd, lH, H3 , J l -9 HZ, 

J2-11 Hz), 3.7-3.9 (dd, lH, H4, JI-lI Hz, J 2-4 Hz), 4.1 (d, lB, 
, 

Hl' Ja5 Hz), 6.15 (d, lB, H7, J-9 Hz), 7.35 (d, IH, H6 , J-9 Hz) 
1 + + p.p.m.; m.l. mie: 334 CM -t-Butyl), 306 CM -t-Bu~yl-N2)' 251 

(M+ -t-Butyl-N3JCO) 1 I.R. (film): "max 2100 (azide), 1795 
\ -1 

(6-lactam) cm Anal. Calcd for C16H21NSOSSi: C, 49.101 

H, 5.37; N, 17.90. Pound: C, 49.91; H, 5.50; N, 17.72. 
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Reduction of azide ~ ta the amine ll. 

Bydrogen su1phide vas bubb1ed int.o a .01ut.ion of the 

azide 30 (mJ.xture ,of ortho and para-nilt.r08ily1ethera) (170 mg, 

0.45 mmol. ) and triethy1amine (49 mg, 0.5 mmole ) in dry 
r. 

methylene c::Jt1oride (10 ",1) at O·. Aft.er 1 br of stirring 

at room temperature ,the solution 'vas purged vith nitrogen, 

"ashed vith vatel' (2 x 10 ml), dried and evaporate<! to give 
• 1 

l "\ 

a crude yellov oi1y product (140 mg). P.m..~ •. (acetone-de): 
1 II 

6 0.3 (28, 6H, Si(CHl )2)' 1.0 (s, 9R, C(CB3)3)' 2.9 (bs, 2B, 

NB2), 4.0-4.3 (m, 2~,), 4.7-4.9 (m,. lB), 5.5-5.6 (dd, 1H, BI)' 

6.5-6.7 (2d, lB, H7), 7.6 (d, IH, H6) p.p.m1 I~R. (film): 

Vmax 3350 (amine), 1780 CB-lactam) cm-l. 
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Formation of diphenyl-~-butyl.ilylether 1! 

A mixture of ortho- and para-nitrophenols 3~ (13S mq, 

0.5 mmole ); tert-bUtYldiphenylsilyl chloride (165 mg, 0.6 ~le) . . 
" and imidazole (82 mq, 1. 2 mmole ), in dry dimethylformamide 

. (S ml) was stirred at room temperatw:e for 15-20 hrs. 'the 
, 

reaction mixture was then added to ethyl ether (100 ml ), 
1 

v.shed w~th water and brine, dried (Mqs04) and evaporated to 

dryness to qive crude product 32 which was cryatallized from 

CH2Clf"petroleum ether, (1.00 mg, 45'), m.p. 153-l54°C. The 

wat,r-brine layer was further extracted with ethy1 acetate 

in o~r to i.olate ortho-nitrophenol and decompoàtion 
, 

prooucts1 p.mO"r. (C6D6): 5 1.1 (s, 9H, CCCli3) 3)' 3.15-3.5 (dq, 

IH, H2, J l -5 Hz, J 2-g Hz, J 3-4 Hz), 3.65-4.0 (dd, 1H, Hl' 

JI-Il Hz, J 2-9 HZ), 4.3-4.55 (dd, lH, H4, J l -4 Hz, J 2-11 Rz). 

4.65 (d, lH, R,l' J·S Hz), <6.,47 (d, lH, H7 , J-9 Hz), 7.2-7.7 

(m, llR" H6 , 2Ph) p.p.m. 
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Final product 35 

Hydrogen sulphid-e vas bubbled into a sol:ution of the 

azide 32 (140 Mg, 0.3 mmole ) and triethy1amin~ (0.05 ml) 

ip methy1ene'chloride (10 ml') at 0° for 3-5 min. After 

l h~ the solution was purged with nitrogen. To the crude 

product 33 in Methylene chloride (10 ml) and triethyl amine 

<,0'.05 ml) 'at 0°, was added dropwise phenylacetyl chloride 

(0.06 g, 0.4 mmole). After atirring for 1 hr the solution 

Il 

1 

was washed with pH 4.4 buffer (10 inl), water' (10 ml), dried 

(MgS04) and concêntrated. The crude product ~ was crystallized 

from ethyl acetate-petroleum ether several times to obtain. 

100 lIl9 (601) of pale yellow crys ta 11 ine rO:;u~, ~.P. 190~- .. 

191". P .... r. (DllSO-d6): 6 (s, 9B, C(CH!.»)) , 3.f (8, 2B, 

CoCH2Ph), 3.3-3.7 (m, lH, H2), 3.8-4.2 (dd, IH, H3, JI-Il Hz, 
1,. 

J 2-9 Hz), 4.3-4.6 (dd, IH, H4, J l -4 ~z, J-IO Hz), 5.1-5.3 

1dd, IH, Hl' Jl·~ Hz, J 2=S Hz), 6.6 (d, IH, H7, J-9 Hz), 7.2 

(s, lOS, SiPb2), 7.2-7.7 (m, Sa, -CH2Ph), 8.0 (bd, lH, NH,' Œ 

J-S.Hz), S.7 (d, lB, H6, J-9 Hz) p.p.m. I.R. (film): v
max

1790 

(B-Iactam), 1710 (amdde) cm-1 
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In recent years, the term "nucleoside" has come to 

designate natural and synthetic N-glycosides and C-nucleosides. 

Ratural nuc1eosides are compounds of the glycosylamine type 

in which the aglycone is a purine or pyrimidine base, and 

the suqar component is D-ribo~uranose or 2-deoxy-D-ribo­

furanosâ. These are the important constituents of the 

\ nucleic acids DNA and RNA. Analogues, in which the C-l of 

the suqar residue is bonded to a1earbon atom of the hetero­

cyclie base, are referred to as "C-nucleosides", and Many 

).naturally occurrinqC-glycosy1 nue,leos,ides have been 

isolated45 • ' 

The fact that Many nucleosides aQd C-nucleosides exhibit 
t 

biologica1 activity towards a wide range of organisms is 

stimulatinq the synthesis of these compounds. 

ShowdQmycin ,(60) is a broad-spectrum antibiotic. It was 

firet iso1atJd from strePtomyc~s Showdoe~sis46', 'and ifs . 
structure has been shoWn to be 2-(B-D~ribofuranosyl) 

ma le imide '
7 

• 

The'numerous biochemica1 studies carried out with , 
'48 showdbmycin have been ~eviewed by Suhadolnik • Its biologi-

eal activity includes the inhibition of protein and DNA 

synthes!a, and 'of the transport of augar and 'amino acids in 

Escherichia OO1i49• It was also found46 that showdomycin is 

active ~gain8t Ehrlich ~scites tumor cell~. It appears that 

thè maleimide aglycone moiety of ahowddmycin is an active 

,oa1kylatinq agent which is ee~cia11y active towards the 

• 1 

~ 
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60 -

sulfhydryl group of enzyme.SO • 

The biological activity of showdomycin and of .11 

C-nucleosides has been extensively studied, and attributed51 ,52 
\ 

to the length and the stability of the C-C glycosydic bond. 
A.t: 

The longe{ bond of the C-C linkage in C-nucleosides as 

compared to the C-N linkage in N-nucleosides, allows for a 
" 

lower rotational enérqy barrier in the C-nucleosides, 

permitting them to assume ~ suitable conformation for inter­

action with the active site of the inhibited enzyme. As 

weIl, a c-c bond is ~uch more stable towards chemical and 

enzymatic attack than'>a C-N bond. The latter can be more 

ea.ily protonated and hydrolyzed to give free base and free 

sugu. 
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Therefore the prolonged biologieal activity that 

C-nucleosides exhibit, as compared to that of N~nueleo.ides, 

mey be àttributed ta the increased chemical stability and the 
ig> 

increased conformational flextbility, presumably assisting 
"---

the binding to enzymes, of C-nucleosides. 
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Synthesis of epishowdomycin and related cOmpound. 
\ 

Kalvoda et al. 53 have reported the firlt synthelis of 

show9PMYcin. It involves condensation of the key inter­

Mediate 61 with carboethoxymethylenetriphenylphosphorane to 

give the maleate ester 62. Prom 62 8howdomyc1n 18 obtained 

in a few more steps. 

___ .... XO 

61 

x • Ac 

62 

o 

.. , 
The intermediate 61 was adopted by Trumnlitz et al. 54 

in their synthesis of showdomycin, which involved the 

condensation of carbamoyl ~ethylenetriphenylpho.phorane !! 
with keto-ester 61. This approach waa a180 used by 

• 
Dr. Mu-Ill Lim to prepare D,L-2 1 -epiahowdomyc!n(III). 

• 
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* The improvement of his synthetic scheme will be discussed 

in chapter 3. 

) 

\H 

lli 

.. 

• 
,. ~, 

* \ . 
In aocordanc. to th. aim of thia prQject~ only oompound. 
who.. .1:rUcture. ver. ambi9QOU' ~ due to lack of 9004 apectral 
data. and only the expeJ:1Îaental prooedures of reaotiona-
Whioh vere improved, vil1 be d •• cribed. 
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DISCUSSION 

Chapter 3 

Syntheaia of D,L-2'iePiahowdomyçin 

I~ 

1# 
. 
1 , 

t 
Cl 

) 
j 

i 

~--
~ 



<) 

.' 

\ 

\ 

() 

... ~.. »;a J 1 

- 70 

The synthetic sche~ for the t~tal synthesie of 
~ 

D,L-2'-EPI-SHOWDOMYCIN (III) has been studied in the past, -

in .,our laboratory tiy Dr. Mu-Ill Lim35 • Due to lack of 

satisfactory spectral data ?f some products and poor and/or 

irreproducible yields of a few reactions we decided to further 

* study this synthetlc pathway. Compounds 40 to 43 were 
~ -

prepared easily and in good yields as described by Lim35 • 

42 

.. , 

00 CH 1 

+ 

AcŒ!/HCl 

chloropèrbenzoi c 
acid 

41 

* D Since aach of the de.cribed compound. has a different proper 
numberinq,8ystem according to the I.O.P.A:C. rules, an4 in 
order to be consistent and simplify mattera, the arbitrary 
n~erinq given in compound ~ will be used throuqh out the 
discussion. 

o 
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Several attemptsrtd prepare -compound .!! from II usinq DBU35 

in boiling CB2C12 :CH30H (1:1) gave products of a diffrre~t 

nature in a reproducib1e manner, !nstead of the expected !i.. 

Compound 44 was fin~lly prepared in a 40\ yi81d usinq 

triethyl amine in· refluxing Methanol. 
/ 

CHpCH 

43 .. 
44 . R .. H -
~ R .. CH2OCH3 

The structure and 8tereochemistry of compound .!! follows 

from it8 mode of formation and p.m.r. apectrum, which shows 

that H4 i8 split by H3 (2 Hz), whereas the coup1ing constant 

H4-H5 ia close to 0 Hz indicating an exo-configuration of the 

5-aubstituent. 

Alcohol !! wa. then protected with a methoxy-methyl 

group and the product (45) WBS ozonolyzed and reduced to---- - . 
the aldehyde-ketoestér by dimethy1 sulfide followed'by 

lithium tri-tert-butoxy-aluminum hydride to <Jet di01 !!. 

" 
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1) °3 '\ 2) DiMthyl sulfide HO 7 

3' 
~ 

llthiua tri-tert-
butoxy ahainlSll c' 

hydrido , 

46 

X-CBOCH 
2 3 

Selective silylation vith t-butyldimethylsilyl chloride 

gave !l, which aeemed to consiat of one diastereoisomer only. 

Aaaignment of most p.m.r'. spectral éignals was possible upon 
, . 

addition of Eu(fod)3 ~ the deuterobenzene solution of 47. 

~e lawest field signal (lH, C2) appeared as a ~oublet 

(J • 8 Hz). The C3-proton appeared at higher f~eld as a 
. ' 

• doublet of doubleti (J2,3 • 8 Hz, ~3,4 • 4 Hz). This last 

value of J • 4 is a good indication of a cis relation bêtween 

B3 and B4· BS. proton showed as 4 lines where H6 consisted Of, 

a complex aignalwhich did not permit firet ord'er inter-: 

pr,t.~i~n. • 
. 

Oxidation of 44 uaing ruthenl~ dioxide dihydrate/ 
1 

sodium ~riodate in a pH control1ed medium, gave !! .s a 

white, .lightly un.table .olid. !! w~. used directly in'the 
, 

'next, .tep where,upon addition of carbamoylDathylenetriphenyl-
,/ , 

pboapborane in fr.ahly d~atil1ed chloroform,!! wa.~obtained. 

/ 

',:'.' 4 .. ____ . ~' __ M_._~ •• ~ 
~l i .. rI " 
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Ru02·2B2O 

NaI°4 

47 -

\ 
\ 

• 

.- - \ 

48 -

The P"Im.r. ,spectrum ot !!\(Pig. 13) clearly shows the 

" .di.appearance of '~e ~thyl elter 'group, the presence of e 

ainqte NB proton et 6 8.08 and a vinyl proton at 6 6.39. , 

, , 

'. 

Th. I.R. shows cher~ct.risti~ absorptions et 1790 and 1740 am-l 

for the ca.r~nYl funct,ion llnd at 1655 cm -1 for the ol.tinic 

bond. In the mass spectrum, tlie mol.culer ion was 'found at 
/ - . 

, + 
ID/a 43~ and other major pe.ka vere fo~d .t mie 400 (M -OCH3) 

, + 
and 374 (M -C(CB3)3t . The O.V. sp8ctrum revealed ~ 

• ) , 
" 

1. 

,II 

1. 

\ ' 

'\ , 
'). 
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l , 
the typical~leimide chromophore having.absorption maximum 

1 

At 222 nm. Tre~tment of 49 with 80\ aqueous ~rlfl~oroacetic 
1" Jo -, ' li 

acid completed the synthes~s of'2'-epi~showdomycin (III) • 
, ' , , 

The alemantal analysis, I.R.,~ and mass spectral data were 

c9nSiS~E\nt ~~ the structure of.'" (11I~. The mas. ,spectrum, 

whicn 'is' ~;~e 'èypica1. o~" other c~nucleosides, shows a minor 
, • 1 

molecular ~on' at mie :229 ,and a str~ng Peak at mie 1"'211 corres-
"' +' i", ponding to 10ss of ,wAter' from M,~ Comparison of the major 

~ 

l ' 

peak a of 11J to those of showdomycin revealed considerable 
o(j 'i 1 

, ~~ ~ ') 

'" D similarities in tlhe fragmentation ~a~1;~rn. Th,! p.m:+" spectra 

(Fig~ 14) shows clea~lf,81 ~s a~doWD1~t coupled to H3 

(Jl,~ • 2 8~), 'and if) as a doublet of doUblets ,(J"3,1 - 2 Hz, , ' 
J 3,.f

i
- 4 Hz). lAs befo~~a coupling constant of 4 ,Hz between 

1 ~ \ , , 

~3 and 84 indic~ted cis zelated protons. Comparison of. 

, spect~~6/3? of C-nubleo.ides and sugara having a B~configu-
'il '" " ~ , 

ratl'on at th. anomeric c,enter to related compound. havinq an 
1 ~ • kJ" 

.. Q;-confiquratio~ ~h~. that the cht'ef, di'ference ia that the 
..<) p 1 ~ , 

couplinq conatan~ corr •• ponding te' J 3," br the a-anomera, . " ~ 

" 

havXng o~erWi •• idedtlca1 atereocbemistry, i. clo •• to 0 HZ~ 
" ' I~, 

~erefore ve are qui te con.inced~ that ~. atere4chlmiatry of 
", , 
IIf 18 a. ind!cated. 

4 , "/~' 
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This synthetic route seems capable of producing 

D,L,2 1 -epi-showdomycin in bette; yields than before35 and 
~ . 

a~pears to offer an interesting route to analogues and 
, 

homologues of showdomycin. 
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a,B-unsaturated ester 44 

A solution of 43 (1.2 g, 4.89 mmole) and triethylamine 
\ 

. (510 mg, 3 nunole) in dry methanol' (60 ml) was refluJÇed for 
" 

8 hrs. Following the solution'was filtered to remove small 
\ 

~um;s of precipitate and the filtrate was ,evaporated to \\ 

dryness. The residue was dissolved in chloroform,washed 
'.{ 

twice with water, dried over sodium sulfate and evaporated. 

The oil obtained was chromatographed on a column of alumina 

using 3: l chlorofo,rm to ether and slolhy increasing the 

pOlarity. to pure ethyl ether. Compound 44 was obtain'ed as 

a colourless oil in 40% yield (509 mg). I.R. (CHC13) 3500 
" -1 

(alcohol), 1730 (ketoester), 1625 (olefin) cm • P.m.r. 

(CDC1
3
-:à

6
); 15 3.36 (s, 3H, CB20CH 3), '.3.\42 (s. 3B, CH2OCH), 

3.66 (d, lH, CB
3

OCH2OCH, 0.8 Hz), 3.76 (s, 3H, OCH
3
), 4.20 

.. 
(g, lH" CB30CB2~' 0.8 Hz and 4 Hz), 4.466 (g, 2H, OCB20, 

J l -3 Hz and J2-6 Hz), 4.76 (s, 28, OCB20)4' 4.99 (d, lH, 

J= 2 Hz, CsCHCH),·S.12 (d, lH,'J-4 Hz, CH=C-CH), 7.15 (d, IH, --,. . 
J=2 Hz, C=CH) p.p.m. Anal: Calcd for ClOH1406: C, 52.17, H, 6t13 • 

. ,. 
Found: C, 52.08, H, 6.28. 

\ 

, 

( 

, . ,;fat-· ---,':"""------.~,,. :.r ..... \ 

1 \ 
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Formation of the methoxymethyl ether 45 

u Ta a stirred solution of 44 (1.3 g, 5.6 mmole) in dry 

chlofoform (50 ml) w~re added methylal (10 mIl and approxi~ 

mate1y 3 9 of phosphorous pentoxide. Afçer 2 hrsat room 
\ 

temperature, the mixture was poured into 5% sodium bicar­

bonate solution. The organic layer was washed with water, 
\ 

dried over sodium sulfate, and evaporated to dryness. The 

residue was purified on a column of si1icic acid using 

chlorofo~: hexane: ethy1 ether (5:3:.5), gi~ing 1.3 9 (84%) 

of 45 as' a homogeneous syrup. l'oR. (CHC1 3) 1730 (Ketoester) 1 

1625 cm-l (olefin); p.m.r. (CDC1 3) ô 3.36, (s, 3H), 3.42 (s, 3H), 

3.66 (s, lH), 3.76 (s, 3H), 4.20 (d, lH, J=4Hz), 4.66 (q, 2H, 

J-3 Hz), 4.76 (s, 2H), 4.99 (d, 1H, J=1 Hz), 5.12 (d, 1H, J=4 Hz), 

7.15 (d, lB, J-2 Hz)~ m.s. (70 eV): mie 259 (M+-CH 3), 

+ + 243 (M -OCB 3), 213 (M -CH 30CH 20), 148. Anal.' Ca1cd. for 

C12HÜJ07: C, 52.55; H, 6.62. 'iFound: C, 52.38; H, 6.53. 

'. 
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Diol 46 

To a solution of 4S (327 mg, 1.19 mmole) in dry methylene 
~ 

chloride at -78 0 was bubbled ozone until a~aintly blue color 

was observed. Excess ozone was flushed with dry nitrogen 
.. 

while the system was kept at -78 0 and dimethyl sulfide (0.5 ml) 

was added. The mixture was allowed to rise to room tempera­

ture over a period of 5 hr. The 'solution was then evaporated 

to dryness. To a pre-cooled solution of the,,,residue in 

freshly distilled tetrahydrofuran (50 ml) at 0 0 was ~dded 

lithium tri-tert-butoxy-aluminum hydride (O~9l ~, 3.57 mmole) • 

The resulting clear solution was the n' allowed to warm to room 

temperature and stirred overnight under dry nitrogen. 

A solut!on of ammonium sulfate (2 g) in wat.er (2 ml) and 
) 

, 
celite (1 g) was added to the réaction at O~. 

o' 
The mixture 

was stirred for 30 min and finally filtered over a layer of 

celite. Fol~owing évaporation of the solvent the re~idue was 

dissolved in ethy1 Acetate, washed with water, dried (MgSO~), 

a~d evaporated. The orude clear oil was crystallized from 

chloroform-hexane q~ing 222 mg (60%) of 46 a8 white crystals 

m.p 70-7l oC. I.R. (CHC~3) 3S00 (alcohol), 1745 cm-~ (keto­

ester);c p.m.r. (CDe1 3) ~ tS 3.33 '(s, 3H), 3.36 (s, 3HJ.,' 3.67-

3.96 (m, 6H)', 4.06-4.56 'l'Cm, SB), /56-4.83 (m, SH) ~.p.m. Anal. 
ft 

Calcd. for C12H2209: C, 46.45~ H 7.15. Pound C, 46.28; 

H, 7.28. 
\ 

--.-
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Monosilyl ether 47 

The mixture of .!i (169 mg, 0.54 nnnole), dimethyl-te' .. t­

butylsilyl chloride (82 mg, 0.54 mmo1e) and imidazole (92 mg, 
\ 

1.35 mmole) in dimethylformamide (5 ml)' was stirred at room 

temperature for 18 hr~ FOllowing the reaction mixture was 

added to 60 ml of ethy1 ether and washed three times with 

water, dried, and evaporated, leaving a,/'syrup. The latter 

was chromatographed on a column of si1icic acid eluting with . . 

ethy1 ether-hexane (2:1) giving 197 mg (85%) of !1 as an oil 
\ 

which crystallizes-below room temperature. I.R. (CHCl 3) 3500 
-1 (alcohol), 1745 cm (ketoester); ~.m.r. (CDe1)' 6 0.10 

, 
(s, 6H), 0.96 (s, 9H), 3.32 (s, 3H), 3.361(8, 3H), 3.48 

~':" 
(m, lH), 3.60~4.00 (m, 6H), 4.08-4.43 (m, 4H), 4.62 (b.s. 4H) 

p.p.m. Anal. Calcd for C18H3609Si: C, 50.94; H, 8.94. Found: 

C, 50.68; H, 8.37. 

,,; 

/ 

! , . 

" 

/' 
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Oxidation to forro ketoester 48 

To a solution of !2 (424 mg, l mmolel in carbon tetra­

chloride (40 ml) were added ruthenium dioxide dihydrate 

(20 mg) and a solution of sodium periodate (856 mg, 4 mmole) 

in water (40 ml). The pH of the reaction mixture was 

controlled between 6 and 7 by the addition of a 5% aodi~ 

bicarbonate solution. After 6 ho sti~ring at room tempera­

ture or until a yellow color persisted, the reaction was 

terminated by adding a few drops of isopropyl alcoh~l. 

After collection of the black precipitated solid (RUC2 ) on 

Celite; the organic phase waa ~ashed with water and 
û 

brine, dried over magne'sium sulfate, and evapora't,d, leaving 

359 mg of crude !! as a low m.p. white sol id (leas than 25°) • . . 
Attempted purification by chromatography on si1ieie acid 

led to partial deeomposition and accordingly the materia1 waa 
-1 . used directly in the next step. 1.R. (neat) 1750~ 1775, cm , . 

(keton, ketoester); p.m.r. CeDe1 3) ô 0.08 (s, 6R), 0.86 

(s, 9H), 3.13 (a, 3B), 3.25 (s, 3B), 3.36-3.58 (m, 2H)" 3,.72 

(s, 3H), 3.76 ~m, IH), 4.13 (b.s,.lH), 4.30 (m, IH), 4.40-

4.70 (m, 4H),,5.06 (d, IH, J-5Hz) p.p.m • 

. , 

j 

• 

(J 
( 
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A solution o~bamoylmethylenetriphenylphosphorane 

(400 mg, 1.2 mmo1e) and the crude keto ester ~ (450 mg, 

1.07 mmole) in freshly distilled chloroform (20 mi) was 

stirred at room temperature for 2 hr. The solvent was then 

evaporated and the residue was purified by chromatography 

on silica gel column using petro1e~ ether - ethyl acetate , 
(3:1), giving 216~g (47%) of solid '49 m.p. 49°-50°C. . --, 

I.R. (CHC1 3) 3460, 3250 (alcohbl, amine), 1740, 1790 
-1 -(maleimide), 1655 cm (o~efin'; p.m. r. - (CDCl 3, ~20), 

100 MHz: ô 0.10 (s, '6H, Si{CH
3
)2)' 0.82 (s, 9H, C(CH

3
)3)' 

3 • 20 ( S i 3 H, -OCH 3) 1 3 • 2 6 ( s , 3 H , OCH 3)' 3. 5 3 - 3. 7 0 (m, 2 H , 

SiOCH
2
CH), 3.70-4.10 (m, lH, SiQCH2CH), 4.30 (d, lH, OCH20~, 

J-2 Hz), 4.50 (d, lH, OCH
2
0CH, J=4 Hz), 4.65 (g, 2H, CH

3
0Ca2), 

"' 
4.80 (q, 2H, CH30CH2), 5.0 (g, lH, anomeric p~oton, J l =4 az, / 

J 2-3 Hz), 6.39 (d, lH, ClOCH, J=2 Hz) i m.s. (70 eV): 
• +' + + mie 431 (M ), 400 (M -OCH3), 374 (M -C(CH3 )'3)' 328. Anal. 

'Calcd. for C19H33N08Si: C; 52.90: H', 71"66; N, 1.62. Found: 

C, 52.68; H, 7.76,· N, 1.49. 
1 

. . 

, ----- ... ""'.,~~'J' .. ~ .. _~ .... ~." _* 
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D,L-~'-EPI-Showdomycin (!!I) 

A solution of !! (2l2 mg, 0.5 mmole)' in a mixture of 

trifluoroacetic acid-water-tetrahydrofuran 1~4:1:1) (12 ml) 
~ 1/ 

cl 

was stirred at room temperature for 4.hr. After'evaporation 

to dryness in vacuo the residue was crystallized from 

acetone-hexane to qive 68 mg (60') of 49 with "m.p. 170-l7P. 

1. R. (KBr) 3470, 3110, (a1cohol, amine), 1775, 1720 

(maleimide), 1625 cm- l (~efin); u.v. (À
EtOH ) 222 nm (log t 

\ ~x 

4.36); p.m.r. (°2°), 100 MHz; d 3.8-3.9 (m, 2H, H0Ç!2-CH), 
'. 

4.1-4.25 (m, lH, HOCH2CHO), 4.28 (q, lH, J l =2 Hz, J 2-3 Hz), 
, 

4.55 (q, IH, J l -2 Hz, J 2=4 Hz), 5.1 (q, IH, anomeric H, 

J 1=2 Hz, J 2-4 Hz) 6.85 (d, là, Ç-CH, J=2'HZ); m.s. 

(70 eV); mie 229 (M+), 211 (M+ -H
2
0),. 180', 140 (M+ -HOCHCH

2
B) , 

127 (B+31), 126 (B+30), 110, 87,.JJ5, 69, 57,55,45,44,43, 

32, 31, 28 (B ia maleimide). Anal. Calcd. for C9Hi1N06: 

C, 47.16; H, 4.80; N, 6.15. Found: C, 47.05; H, 4.75, 

N, 6.08. 

-_._---.-..--. " . . . 
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