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Abstract 

• 
\, 

: ' 

The synthesis of an isaùtrile that, after an Ugi type cxn-

densatiat, yields an anide that can be raooved by mild oxidatial 

am hyàrolysis is descri.bed. The o-nit.roc.innamayl function wa.s 

devel.c::p:!d as ~ N-prot:ectjDJ ,group in peptide synthesis. The 

synthesis of 2--o-lÙ:trostyryl-4':'th.iaœthylene-s-oxaZolale is de­

scr.ibed. lirproved proœdures far the syn~sis of a nurrber of 

key intennedi.ates ~ in a oeP'lëIll syn~is ~e developed. 
, . 

A new, cheap and easy metlvJd, suitable for the synthesis -of iarge 

, 

"atDmts of D-mannitol diaoetaù.de, i5 included. The total synthesis . 
of a. cepham derivative wa.s aocarplished.. In additial, 

CXI'IpOlmds were prepared and characterized. , 
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_"Qtt la syntlèel dérivés ~ 
Gerald David ~ 

Department of Chan.istry 

M::Gill university 

lobltreal, ()lebec, canada 

. 
Réuné 

,> 

! 

en décrit la synthèse d '\Dl isalitrile qui, par une oaXlensa~ 

tiœ de type Uqi, dame un amide pouvant ètre enlevé par axidatioo 
1 1 . 

douce suivie d 'une hydl:oly~. Le groupement fanctionnel o-nitrocin-

nanDyl a été EI'Ployé pèœ-~ l' anine dans la synthèse pep-
" 

tidique. ()1 décrit la synthèse de la 2-o-nitrostYIYl-4-~~-
. ,p. 

l.ène-S-oxazolale. On a anélioré les ~ de synt:hè!l$'de plusieurs 
1 ~ '\. 

intm:méd.iaires clefs dans la synthèse de~. Ckl ~'~.înclUS 

une noovelle méthode de synthèse de 1 'aoe~. de D-mannitol, 

sinple et avantageuse car facilement transposable sur de grandes 

quantités. La synthèse totale d'un dérivé œpwn a été réalisée. 
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8-Iact:.Mns are four-mEltlbered heterocyc1ic ~ o~ the type 

(1). AltOOugh the functi.ooal.ity was recxlgIlized as ear1y as 1907 by 

StalXlinger1
, real interest was anly focused 00. it during the ear1y 

1940 • s when the then new aritibiotic penici11in (2) was discovered 

ta cxntain this ring systEm,_ 2 

o tr1 
• J 

(1) (2) 

The structure of penicillin })ad hanlly been elucidated when 

Brotzu' in 1945 disoovered What turnEd out to he aoother 6-1actam 

produciD;J fWYjUS near a sewage outiet in the Bea off Sardinia. Be­

cause of inadequate facilities in Sardinia, a culture of the· fuhgus 

of species Cephalospori\D was sent 1:0 Sir Ibward Florey at OIcford 

University wb:> !lad been very active in penicillin reaearch. 

Abraham and Newtallt
, also at OXford, carried out a detailed 

exaninatia1 of ~ the antibiDtics pt'OdJ.Dd by this ~iœt 

sp. In 1955 they isolated fran cultures of a mold, œphalospori\.lll 

acreBodU'l\, a new antibi.ot.i.c substarioe which they called ~ 

J 
,', 

1 
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sp:>rin C (3). The stJ:ucture \liaS detel:mined 5 by the sare wxkers 

in 1961 am ronf:inned by Ib:lgkin and...~6 'by means of single 

crystal X-ray diffraction st:udi.es. 

~
OOH 

4 5 
CHsC-O 3 V N 

Il 
o 2 S 7 , 

(3) 
M.lch ~rk \eS dcne between 1940 am 1945 al the chemical syn-

, 

thesis of penicil1ins rut wi tlDut II1JCh success. In the meantime, 

single step fermentati..a1 processes had becxJne sufficiently developed 

sc as to maJœ any IllJltistep chanical synthesis ~titive. This 

was rot true, }x)wever, for the ~osporin series of 6-J..actain 

antibiotics. \'hile a nutant of the original ~spxiun acre-

norU.\I1\ strain, which could produœ substantial aroounts 9f oepw.o­

sporin C, was discavered by the Antibiotics Research Statial of 

the f.Blical Research Counc11 7
, attenpts to :induce the biosynthesis 

of analogs of the antibiotic durirç fermentatial \IIlIere 1lIlSlXX'essful. 

Henoe, the total synthesis of cephal.osparin C an:} its derivatives 
, 

seemerl emi.nently worthwh1le. "-

The total synthesis of a derivative of ~in Cc (4a), 

which bas no bio1ogical activity, was reported by Heyrœa, Alnia%d am 

~. in 1966. '11leir ~k wu the culminatial of attalpts by 

severa! gra1p8 t.o apply the ~ful pen1cUlin sYt1thesis of 

2 

, 
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(4a) 

(4b) - 01 R- -Co-CHa S 

(4) 

" 

Sheehan aM Henery-ID:Jan' to the synthesis of ~m Cc (41:». 

A very iltp:>rtant advantage in cOOosÏDJ thia unsaturated 

y-lactcne (4a) as the synthetic ~ is that the carbaxy and the ' 

hydroxy groops in the ~thiazine rinJ are prot:ected am the 

OOuble l:xni "ls Unt&ilized. The key reaction for this synthetic 

3 

, 

:route la oarlensatioo of the eranine (6), fcmned fran the aldehyde (5), 

(5)' (6) 

.' 
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te fann b«> i.scmers of with a-hydJ:oxy-B-thi.anethyl Wt.eIlolide (7) 
.".. 

~ 
/) 

o:~ 
l ,:-~=CH-NHI 

~ C Coot-Bu 
Il o 

. .. 

(6) (7) 

It is claiJDFd'· that.upon rEIIDVëÙ. of the N-phthaloyl group 

in (8), thê b"o isaneric t-tutyl esters qive, en acid treatment arrl 

1ritylation, cnly ooe,anino acid (9) • 

. ., 

ft 
~C).-C--f'tJS 
~C/ oC .... 

Il • ? 
o ~ 0 

t-Bu 0 

(8) 

S 
fItt.C -NH-ÇH-(tJ 

HOOC HM 
? 

o 
o 

(9) 

(8) • 

'nE ~Ïizatial of (9) to the B-lactan (10a) p:oved difficu1t 

but wu eventuallYaccxllPlisbed in 70l yield us:iDJ dicycl.obexylcar-

bOOi imide in tetranit1'aDet:hmle. Detritylatial am acylatiœ with 

2-thieny~1 chloride gava a raoemic oep.alosparin Cc deri~ 

(lOb) • 

r 

'. 

o 

4 

'III ',. 
a -..:;"" ... 
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(lOa) R: - C( .... ) , 

_.(lOb) R= -Co-CHiQ 

The main disadvantage to this awroach is that there exists 

ooly me low yield IœtlDd of opE!![l.iDJ the y.,.lactœe witlnlt hydrolyz:ing 

the B-lactam. In 1970 Nei.dleman am DolfW 1 0 managed to obta.in a 

10% yiel.d of the deaœty1apw.othin (11) fran the oorresp::nling lac­

tale (lOb). 'Ihls hyèroxy-acid 00\ll.d be CXIlverted a'1l.y with 9reat 
diffi.culty ta Œ!(ilalothinll:. 

RNH~ 
o h~ 

'- OH 

ft = -co-ctt)[J 
\ 
\ 

.. (U) 

In the liqht of Neid)aœn's.1«Jr:k lO , the synthesis of the lIeyDèJ 

grœp cm therefont he CXlIlS:idered a total synthesis of a racanic 

5 
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OE!{ilalosparin. The aù.y curp1ete stereospecific total synthesis 

of oephal.osporin C' ~ oephalothin wu repar:ted by R.B. Nxxiward 12 
, 

in bis Nobel p:-ize ëdh-ess in 1965. 

/ \ 

.. 
" 
(U) .. , (13) 

UsinJ Ircyst:eine 02) as the starti.ng point..ensures the "cx:»:tzect 
" 

absolute stereoàlemistry at' the 7-positicn of oeFbalosporin C (see 

d.i.ag:rëml 3). 'l1le am:iIx> 9XQJP in the a-positial ta the cart:.oxy groop, 
o 

required far the fcmnat:ÏClr\ of the a,-l.âctam riBj, wu introduced 

stereospecifically in a 1'XMÙ fashlal. 

L-cyBt:eine (12) wu ptota..~~with an acet:œide functiœ and 

_"' • ., then reacted vith t-butcaty ÇIIrbanyll>chl.cr~ te qive .,(13)." 'l'be acid 

.. (13) tIIBS est::erified vith ci1.uc:mathm1e and then reacted vith dimethy1 

azod:icax:baxylate to affard (14). 

-, 

. . 

o 

" 
" 

, . 
(14) " r 

,r .• '. >' 
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OK:i.datioo of. (14) with lead tetr~ followed by treatment with 

sodiun acetate in met:haml produced the trans h}'droxy CXJIpOUIid (15). 
1 

TreatIœnt of (15) with azide folJ..owed by reducti.cn with aluninun 

amalgëS'l1 in methaool gave the desi.red cis amilx>-ester (16). The 

HH, COOCH, 
H.'~ (.oH 

S N-C-Ot-Bu 

X& 

" . (15) (16) 

B-lactam was fomai usiD3 tri j sob.ltyl aluninun arr:l this ocalensEd 

with pÏ'efanœd dialdehyde (17) ta give (18). 

~,CHI-CCIJ ~. CC'jCHp~ 

1 • CH CH 0 .. 
OHC- t. 'f::{ c 

1 H .. ' , .. H 
C C 
It Il ' , S N-C"Ot-Bu 
0 0 HO X & 

(17) (18) 

Fran (18) the l!I'lÙD:>-àldehyœ (19) was prod1:iJed by treatment 

with trifl1xlracetic acid. '!ben, acylatial of the 7-SIli,m cp:oup, re-

ducti.al ~ the aldebyde with diborane fol.lawed. by aœtylAtiœ of 

the resultiD:J hydraxy grœp am isanariaat.it.:ll of the denb] e bœIi in .. 

, " . 

7 ~ 

" ... ~,. 

-.,. 

~ , 1}' .,' .' ' , 
_ ........ '" "' ..... >,..,1 • ,'.~,,,:;;~"t. ~é-l. ,~::"t...1~. 
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the ester (20a) which oould be ccnverted to the free 

acid (20b) 

(20a) R = -CHrCC1, 

(2Ob) R=-H 

There have been other attatpts at the synthesis of cer;ilam 
~--- ' 

J 

derivatives, IUle of Mlich bas been as successful as that rE!(XJrted 

by~. A rn.mDer of review articles am m:::nogrélPls 1 J - 21t have 

been written 00 the subject am deal in saœ detail with other ap­

proaches am with the chemi.stry am the biological activityof 

œpw.osparins . 

Cephalosparins, like penicillins, are by no means effective 

against all infectious djseases. The virus diseases such as influ-

enza, rœasles, chi.cJœn p:lX or nurps are inmme to 1!he effects of 
~ 

~ drugs. Also, 11a'le of the proto7œl am parasitic djseases 
\l li, 

such as mùaria, sleeping sickness, dysentry or schistœaniasis 

respald to c:epw.osparins. 'LiJœwi.se fungal. di seases such as ringwoJ:m, 

athlete's foot, histq>l..asoosis,or psoriasis#are unaffected. As well, 

saœ bacterial diseases liJœ tuberculosis, cholera, brucellosis, 

bllxnic plague.or typbls fEMlr,do net respord. ~, the 

diseases that are ocntJ:olled by the cep.J.osporins maJœ an iDp:essive 

8 

liste Respiratory dis.ses' liJce pna:ncnia, scar1et fever, sore th1:oat, 

. f 

,) 
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am ear infecticns ail œspcni to cephalospcrin t:J:eatment. Also, 

rhet.JMtic fever, .many infect.ials of the urinary tract, infecti.a1s of 

~, mils, abscesses, gas gél'lgl'ene, men.iDJitis and tet:arus carl 

be ccntro11ed with these drugs. Syphillis and gcca:d&l are also \ 

cured. 

'lhere are several clinically available derivatives of oefjW.o­

splI'in c. The Gl.a.xo-Al.lenbu· s ~ Cmpany lIi!lrlœts 

cephaloridine (21) (trade name Ceparan). E1i Lilly prodIaJes 

sodiun cephalothin (22) (trade name Keflin) and also an arally ac­

tive derivative oephalexin (23) (trade nàme Keflex). 

1 -
thN~ÎO 
~ snNHR 

(21) (22) 

• 

(23) 

.. 

9 

.. 

, f 
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Cephalosporins am penicillins sean 1l.o have similar m::des of 

acticn, interfering with bacterial oell wall synthesisu - 25. &lt 

oepw.osporins have seme characteristics that in many cases maJœ 

t:hsn IJtt"e useful than penicillins. They are, liJœ penicillins, ,.. 
IXIl-toxi.c,l:ut they are also IOOre acid stable, and mre chemical 

variatims are possible. '!bey have good gran-positive and a:Jœ 

gzam-neqative antibacterial activity and are active against penicil-

lin resistant staphyJ..ooocci. _ Perhaps the greatest advantage of 
, 

cephalosporins over peni.cillins is that they are less liable to 

cause allergie reacti.a1.s. The greatest disadvantage, bJwever, 

10 

is that they are nuch JOOre elCP,E!llSive than penicillins. It is parti.a.l­

ly up:D this basis that the work in the foll.owiD3 chapters was under­

taken. 'Ihe objective in this work, as was t:hat of IœsyH,was to 

devise ët novel am ~e schsne far the synthesis of oephmn der-.. , - . 
.-

ivatives ~jnJ inexpensive arx1 readily available ~ materials. . . 
Rœsy's scheme for the svnthesis of a oepan derivative is 

) 
diagranmeè1 below. D-Mlndtpl' (24) was ooovert:e:l te the di.acetaùde (25) 

x 
HO 

OH 

HO ><: 
(24) (25) 
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" 

which was then cleaved with lead tetraoetate ta glyceraldeh}'de 

aoetaU.de27 (26). Treatment of (26) with fonnalc1el'l}'de am potas­

siun carba:late in aqueoos methaool gave the diaxan (27). Pyrolysis 

(26) 

(oy~ 
O~ 

(27) 

of (27) under vac\D1\ afforded about a 50% yield of the al.dehyde 

aloolDl (28). Ircmediate reacticn of (28) with N-methylethanol.-

11 

amine (29) in ether gave a fair yield of the axazoli.dine-alCX1b:>l (30). 

(28) 

1 1 
CHrN,O 

)<:]'vOH 

(30) 
'fi 

,tri' 
...; .. , .' 
.1 . . 
~ , 

t>~' _.~ 

1 1 
CHrNH OH 

(29) 

• 

,/1> ',., 
'. , 

- ' 

\ 
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This cnlld. be cxnverted in up tx> 80% yield to the oorrespxXling 

crysta11ine ~late (31). Coodensatioo ofaxazolidine-mesylate (31) 
'"j 

(31) 

with the sodiun salt of thiol (32) derived fran 2-phenyl-4~ 

rœthylene-5-oxazol.aleu (33) in dimethylsul~ at 75°C gave a 

loW' yield of the cxxdensEd prc:xiœt (34) as a yell.ow oil. 

" 

H\l:)~ (0) 
CaHP/ 

(32) (33) 

(34) 

; 

\ 

1 

12 

'.' 

~, ,k ,. ... ' 

<., 

',. 
. 
" 

( 

" ..," , ::':," ~ 
l ' 

',: "1 , ,~ .• "~ ',.~. ,... - . . .. ,,-!... .. .~.; 



• 
Hydrolysis of the axamlidine protecting group was effected 

with 50% aqueous aoetic acid in ooe bœr at roc:m tsrperature ta 

yield (35) as a pale orange oil.. '!he axazolone ring in (35) was 
, 

then oper1Erl by treatment with 2N sodiŒ1 h:YèroXide for b.o 1nlrs 

~ at roan tarperature ta give the aldehyde-acid (36) in low yield .. 

Treatment of the crOOe acid (36) with armoria gag in boi1ing benzene 

for 24 lnlrs gave the imino-acid (37).. Reactiœ of this cnrle 

(35) (36) 

(37) 

/ 

:imil'K>-acid (37) with cyclchexylisœitrile in a b«> phase systan 

(nethylene dùpr:ide-carl:al tetrachlaride/watar) affarded a aQal.l 
t .... 

aaœnt of the iDpJre B-l..actam (38), which wu characterized ally 

li 

13 

.. , , 

~ 

". 

1 
l 
j 

; 
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, • t, , . 

o 
NH 
1 
C=O 

~O 

S) \"1<0) 
o 

(38) 

by its infrared and mass spectzun. 

A1~ Rossy' s work was suœessful in att:ai.niDJ the goal, 

nane1y the synthesis of the B-lactan (38), the yield am purity of 

the material àJt:ai.ned) were insufficlent far further WJIr.k. '1'here 
. , 

. were many ot:her problems ,inberent in the synthetic route arxl these 

fonn the basis of the work in the fo1lowiD:J c:haptêrs. 

Olapter l deals with the p:oblan of tl)e ianitrile. Nrl.le 

cycl.ohexylisonitrile does react with the imi.no-ecid (37) ta qive 

(38) it is aùy a lIDdel stuiy. Si.noe ~ins (3) have a 

(3) 

• 

14 



carboxylic acid ftmcti.alality at the 4-positioo, IlOt an amide as in 

(38), it wool.d be very useful if an isooitri1e ooul.d be developed 

whiCh wcnld uOOergo the Ugi reactiŒl aOO yield an amide that could 
" , . 

15 

readi1y be' oawerted to the desired acid wit.}v:)ut damaging the renainder 

of the r001ecule. Chapter I is a sœrnary of oor atta:lp~ synthesize 

seme such iscnitriles arrl the rœtrods by which \Ile planned ta renove 

the amide generated in a Ugi reactia1. Altlnlgh sœh an isooitrile 

was developed, we decided that our awroach would oot be an :inprovem:mt 

00 the cleavage of amides in. oeIilalosporin type <XJtpOOIX1s usin3 ~­

pl'a:cxls pentachloride in metliy~ clùori.de that had been plblishOO 

by Fechtig29 in 1968. 

Chapter 2 deals with a prd>lem of a very similar nature. 

B-Lact.am (38) bas tha benzami.de function at the 7-posit.i.cn, ~ch 

has to be rEmJV'Erl at.,the end of the synthesis. It was original1y 

feit that the oxaml.ale (33) wool.d Œlly he a J1Ddel cx::ttp:JUIld that 

cxW.d be roodified at a later date so as to pravide, when inoxparated 

:iJl the B-1actam (38),an amide that is easi1y rerrovabie. lte believe:l 

(33) 

.. 

o 
MM 
1 
C-O 

(38) , 



that the 2--rœtl1yl CXEp)Ul'rl (39) could he used in place of (33) te 

give an acetate at the 7-positicn. This ooo1.d be rertDVed stereo­

.specifically using an enzyme such as/mg renal acylase JO • The 

synthesis of the 2-rœthyl <XIt1p:)uOO. (39) proved, however, te be 
, 

:inp:>ssible usi.rxJ 1<:rxJwn teclmiques' 1 • Vè then deci.ded ta try ta 

prepare a nEW oxazolcne (40) whidl. w:rol.d give an amide that <nl.ld 

easily he renoved by hydrogenaticn tmder mild cxnditions. In 

'Chapter 2 the synthèsis of the axazo100e ~ 40) is discusSEd am the 

(39) (40) 

potential use of the o-nitrocinnanDy1 gralp as a replacEment for 

the benzpyl group at the 7-positicn of the f3-lactam is evaluated. 

The use of the o-nit:roc.i.nnanoy1 grcA.1p as an ~ group in 

peptide synt.hesis, cne that can be reooved without raoemi.zati.cn of 

the peptide, is also examined in sane detail. 

Chapter 3 stXJWB that the methodology ~ by Rossy for 

his synthesis could alao be applied te pE:OdlX'e 3-methy1œ(ivù.ospcrins 

similar to oepw.exin (23). 'lbe 3-methyl ~ are orally 

16 

active rnak.ing them useful for general applicatim. 'lbis sbdy, which 

wu net ex:t.enaive, WU planned to show the flexibj 1 i ty of éur techni.que 
/ " 

and wu in part auocessful. c7b! apprœch was œly abandcDId when 

/ 

.. ' ,-



r 

(23) 

the w:>rk tnat i5 detailed ID Chapter 4 becmne of nDre imnediate 

\ interest:. ---, 
As was pointed out ~~r, the Rossy synthesis did prodooe 

the desired B-lactam but the yields were such that the synthesis 

oould oot he used as such te make oej;nal0sp0rins. HeIloe it was 

inpartant that techniques be :iIrprcwed if the wlx>1e synthesis was 

17 

ta he cxrrp1eted. ().}r ~ in Chapter 4 was a.imed at this goal. An),m­

proved metb:xi for preparinq the diacetalide of IMnannito1 (25) i5. 

(25) 

described. 'Dle-cleavage react:ial te qive (26) am,the fœ:malde­

hyde reactial. te affard (27) CXlUld net be iDp:cM:d Pm a whole 

'. ~~'.. 1 •• 

., 



\-
,,," 

new technique to give JlIlCh pu:er am l.arger aaomts of the key 

• :intennedi.ate (30) was develq:a}. 

(31) was also inproved 9ClœJWhat. The sod1œ thiol sium as (32) 

was ariginal1y, in the Rossy synthesis, a mixture of ois and 

trans thiols. 

) 

(30) (31) 

(32) (33) 

Bach isane.r (41) J 2 am (42) WI!L8 pœpared aeparately and the 

des!red isaner (42) cculd be DBde cryst:al.l.iJ'E am in excell ent 

yields traD (33). 

'l.'be ooodeI1satiœ of (31) and (42) wu alao ~tly JDp:oved. 

~ yields vith a crystalline ~ weœ easily à:>ta:i.ÏIad. 

18 
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~" .. ~'!..", 

",cî:~ 
NI-S/ 

(41) (42) 

'. ", ... 

,(34) (38) 

Rossy had the prc:xiœt (34) as a ye1l.ow oil arr3. amtinued with cmle 

proc:Jœts to the 8-lactam (38). Most of the inte:cmedi.ates 00tai.ned 

by ~ as oils of varylnJ tnrity were isolated as crysta1line 

Sinoe the synt:hesis that we achieved used a different atJIrOi1Ch' 

after the c:xmensatiœ &tep that gave (34), this synthesis is treated 

as a separate entity in ChIIpt:er 5. 
é _______ 

;r/--

" 

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

-' ' 
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Synt.hesis of isooitriles that ~ Ugi-type reactials ta . 
'-1 

yield easily bydrolyr.abl.e anides 

, 
CD! of the Weaknesses of the synthesis of the B-l.actam der­

ivative (38) wAs ht the i.scnitriles used far the Uqi cxJ;ldensatial 

gènerated a secxniary anide at 'ti'e 4-positiœ of the thiazine r.inq. 

(38) 

~ ~. 

Silx:e a carboxyl group was desired at this positio.'"l seme method 

ha:l to he fru11d ta oonvert this amide ta the desirEd acid. '1here 

are weil known met:IDJs for the hydJ:ol.ysis of sec:xD3ary amidës. ta 

the CXl!respcxalJ.Dj acids JI bIt the severe CXDlitials ~i;ï< for 
1 

thi.s cxmversion toOlld al.so have hydJ:ol.yzed thelaboriously pro-
\ 

&x:ed B-lact:aàl. Bence, an isooitrile that yie1ded an amide tbat -
, 1 

oould be hydrolyzed under suffici.ently mild oonditims such that 

the S-lactam ranained intact vas requi.red. We ~ thia 
-' ,,~ 

probl.em in several diffeœnt wayS;~ of which. l shall discuss 

separately. 

Ne felt that it might be possibll\r starting fxan either ~ 

f 
\ . 

, . , 

20 
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draxy~ cr an' GpJ;rClpLiate derivative, to p:epa:œ ,J; iacnitrile 

that* after the Ug± reactiœ, oould readily be tut:ned into a hy­

~c acid. of the ,type (43). Qrganic hydroxanic acids may be 

c. 

R-C-NH-Ott 

A 

(43) 

classified as aximesJltwith b«> tautaDeric fœ:ms (44) am (45) an:l 
-

as such \rl11 un1ergo GDtidatial with lead tetracetate to yield the 

oorrespcxdiIç carboxy1ic aci.d in a manner anal.oqous ta the axida­

tien ofax.imes ta the cxn:respadinj Jœtœes's. 

\ .,0 C . 

'NOM­
H/ 

(44) (45) 
, ; 

_ believed t:hat it w:Wd be t~ibl. te OCIwwt f~ 

amie ac1d (46) ~Y !nto the c:cr.reep:tjllUrç is::nitrlla witbalt. 

J:OCotecting the byŒxJxyl functiœ. Several o-pEot.ect1nJ groupa 

21 

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

.. ~, ~~., .. '-~. ~.- ,?~-~ .. ~i,&~..1{i;.!:~;~\~. _ ~~l~:~"~~; .~~~:\;f~~ 



'. 

•• ''\ 

,. 

...... H 
HO-NH-C 

& 

(46) 

were evaluated. ().'}e of the nœt easily rEmJVed was the tetra-

hydropyranyl ether groop. Henoe this was tried first. 

Phthalim:lde (47) was oœverted ID N-<~JOe'thoDCYPhtlaaJjlllliCle 

(48) usiD;J the procedure of Nelbens and Tesser's. Re!lctiœ of 

" 

o 
Il 

@:'Ntt 
& 

("7) 

o 
Il 

OO-eooc,H, 
Il o 

(48) 

(48) with c:me equivalent of hydraKylaaina hydrocblcride (rai­

tral~ with triethylaine) in lot abeol.ute ~ • ., gave 

the • (49). 'lbs free ~ gIQJp wu 

(49) with 1..5 equivalaltll of ~ and • catalytic ~ 

- '­..... 

"'-
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• 
o 
Il 

@)-OH 
Il o 

(49) (sa) 

<?f pOOspOOrus oxychlaride in ~ for 3 loIrs. 'Dle 

<>-protec:ted hydraxylamine (51) was then fanœd u by beati.D:J (50) 

with an equivalent émlUnt of l1}drazine hydrate in benzeDe fer 3 

lnlrs to give a 50\ yiel.d of the desired p:oduct. 'l1l:i.s ~ p:cr 

(51) 
- 1 

œdure was necessny sinoe l'UDeI:QJS attaap:s to pœpare • i ''laid 

(51) by direct reactiœ of the ~ochlari.de salt of b,VdmKyl­

an1ne with dihydxqJyran ware unaKXBI8ful.. Or"wV"md (5~) could Ile 

ocmverted to the N-faDayl derivative in a1mst CJaDtitauw y.1eld 

by treablalt with nWœd acetW-fœmic anbydridélt in pyrldina. 

23 
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9Jwever, atteft1?tS ta transfann (52) inte the iscnitrile (53) using 

the usual procedures" 0 1 .. 1 were IlOt su:::oessful. The reacti.a'l.s 'Nere 

(52) (53) 

fo1lowed by ir ~ sinee ail iscni.triles have a very char­

acteristic band at 2120-2180 an -1, Wt no such bard was à:lserved in 
. 

the ir spectrun of the produ:::ts fran either the ~ ~ 

dùoride pr(X)9(}ure" o or the ~ pb:>sqene method .. 1 • It appeared 

that the ~any1 ether of (52) was too labile ta with­

starrl the reacticn c::axliticns used. An attsnpt te prepare (53) 

fran (51) using the dichl.orocarben reacti.oo d.iscovered mmy years 

~"2:''''' arD reoently re-examined" 5 was a1so ~ssfui. 

s~ the tetr~any1 ether turned out to be unsuitable 

~ decided inst.ead te prepare an crbenzy1 derivative that wru.1.d be 

stable ta the h}'dro1ytic cxn:Utims of the isatitrile synthesis rut 

ctJUld later be nm:M!d readlly by h}'drogerx>lysisu • 

(51) cannat 

be used far the crbenzylaticn of ~lamine. WB attaitJlSd tD 

.~ N-f~l-<>-benzylll)'droxyl.amine (59) by direct benzylat.ial. 

of f~ acid (46) bJt this ~ wu unsoocessful. 

24 
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(46) (59) 

Herx:e, the foll.owiJç synthetic rcme was used. The aKime of benzo­

phenorle (54); np l4l-142°C, was prepared by the reactim of hydrOlCYl­

amine with benzophenone in 95' ethmol" 7 
• Ibwever, it was di.scx:wered 

that tœ sodiun salt of the ox.ime ~ net react with benzyl chlari.de 

under any of the ror:mal ex>rditia)s. Therefore, aoetooe oxi.me (55) 

was prepared. aOCOIding to "the ~e of Janny" e. This 0Jti.me was 

(54) (55) 

then treated with sodi.lml in abaolute ethanol to generate the sodiœl 

salt and this wu reacted with benzyl chloride at reflux far 2 lD1rs"'. 

After filtrati.cn and ratDVal of the solvent, the desirEd p:oduct (56) 

• wu obtained as a pale yel.l.CM oil. Treatment of tlùs yellow ail with 

(l 

. " 



, 
, ' 

. ' 

-. 

(56) 

cmcentrated h}Iàrochlaric acid at 100°C afforded the crystalline 

hydrochloride salt of o-benzylhyàraxy1.amine (57). The free 

émÙ1le (58) was liberated by' treabnent of (57) with aqueoos sodilJn 

(57) (58) 

carbonate followed by extractial with ether. 'l1le facnylatial of 

(58) to yield the N-fm:myl derivative (59) p::ooeeded cmly vith 

difficulty but was eventually accœpl i shed by the very œreful 

a&titioo of the mi.xed acetic-fODllic ~ide to Il aolut:.iœ of the 

amine (58) in pyridine. thfortt,plately, attalpts to transfODD (59) 

. \ 

ta the cm:TeSpOrding isarl.tri1e (60) 'WE9 œtlUa"8Ssful usiDJ the 

" , 
'< .. ~ \ ,r ~ ~ ~\ '. p , 

26 
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o~ ~ C-NH-O-CH 2 W _ 

(59) (60) 

With these fai.lures we abandcned the idea of usinq a 

h}ldroxylamine derivative and tlxught that sinoe N-aoety1~ 

toluenesulJ;h:oamide œn be prepaœd, it may be possible to generate 

tœ oarrespcniirg N-foany1-p-to1œnesn1 phcNmide (61) whidl oould 
. 

be cx:nvertai ta the isénitril.e (62). Any amide àerived fran (61) 

wwld he easily hydmlyzed. Ta this Eni we attscpted ta famylate 

... 

o -

(61) (62) 

p-toluenesulpxmamide 1:0 9ive (61), but the S\ll.plaaDide did net re-

27 

act, due ta its acldic behaviour, with any of the mare 0: lilial fal:mylat-
• 

iDJ reagenta suc:h as fœmJc acid, miDd aœt1c-f0DDic .-ah,ydride CI:' ethyl 



• 

/ 

" 

\ 

fa:mate. An attstpt to use the ~ - N,N-dimethylfcmnamide 

cxnplex (63) ~ch is a good reagent far difficult fcmnylatioos 52
, 

gave aùy the OCI'ldensatiœ product (64). The ocniensaticn product 

(63) (64) 

28 

(64) ~ remarkably stable and cnù.d mt be transfarmed to the 

desind fcmnyl derivative (61). '1hls Ul')usual type of cxn3msatial, 

whiàl is not norJIB11y obaerved with,thls reagent, carl also be attri­

blted to the acjdic nature of the amide ptOtalS of the~. In 

this case the solvent, N,l+-d..imethylfQllN!lD1de,. was a stl:alg 8I1a.1gh 

bàse to renDYe the trOtal fran the mtennedjate (65) am give (64) 

befm:e the usual ~ytic work-up oould he carried out. 

(65) 

As .in tbe eue of the diff1cult foalylatim of ~llw-



droxylamine, ~ al90 trial the altemate reactioo sequence, that is, 

the tosylatial of fol:mam:ide. Ibwever, fatmamide an:} p-toluenesul­

phalyl chlari.de cxnld not be made to react even under the forcirY;J 

corrlitims of refIux:iD:J pyridine. We therefore ÇJave up thl~ ap-

proach. 

29 

~œes are known ta he easily ox.idi.zed by lead tetraoetateS 3 - 55. 
~ , 

Therefare,' \'Ile felt that it was possible that ac:id hydraz:ides of type 

, 

(66) cxWd be oxidized with lead tetraacetate to (67). This inter-

mediate (67) urœr hydrolytic ocnlltials woor deculp:>se in the IDan-' 

ner slxM1 (68) ta qive the acid (69) and easfUy ratI.7I.1ed volatile 
1 
1 

~4U~a. 1 

r 

L'r° 
1 

NH 
1 
c=o 
1 
R 

(66) 

(68) 

HO 
1 
C=o 
1 
R 

(69) 

(67) 
v 

, .! 

" . , 



~, . 

" 
, Mo. .-, 
~ ... 

-
lbNever, we first desired to p:rove that an isaû.trile of the 

hydrazi.de type ~ WOU.ld uOOergo the Ugi reacticn CDUld be made. 

Ot:heIwise, any st\.rly al the h~lysis of <XIlp)Ullds of the type (66) 

to the acid (69) u.SinJ the oxidatial am hydrolysis pro::alure would 

oot be relevant. A rurœr of synthaees of hydrazide ÙllClÙtriles 

have been reported 5 ' , 57 , but in most cases the yields have been 

l.c:J\rI or unstated. We deci.ded to see if WB coold p:epare a sjqùe 

hydrazide iscmitiile such as (70)._ 

(70) 

Dii9Oprq)Y1 amine (71) was cx:nverted ta the N-nitroao 0)11-0000 

(72) in quantitative yield by the acti.OO of sodilln nitriteSl in a 

-\ 
NH 

-{ 

" 

(71) 

, '­-' , 

~ 
N-NO 

-( 

/ 
(72) 

30 
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stroogly 'acidic' pediun. then reduœd57 in the ~ of 
,., , 

zi.rw= dust in §lOt aqu~s fomdc acid with mercurici'chlc:ride as œta1yst 
""..1 \'(' • 

t:o yield . ~'--rv the N,N-diisopropyl-N'-f<mnyl hydrazine (73) as a 
• 1 . 

CJ:)rstëlJ,J;;iM material. It was fOl1l'd that (73 ~r oould œ ~ td 
/ 

the isaritrile (70) in up to 80' yield usin:J the usuar ~ pro-
. 

cOOure" l • Reaction of (70) with the Schi.ff base of 8-alanine arxi 

-\ 0 
N-..... cf 

-{ 'ft 

'c/ 
Il ,1 
N COOH 
1 1 

(73) (74) 

aoetale (74) in dry methanol. over a pariai of 85 haJrs·' at :tlXIIl tatper­

ature gave the 8-l.act:an (75) as a c:rystalline oœpud, IIp 91-92OC, 

after chranatogr~ en alunina. Attatpts to ~lyze this amide 

~ 0 CH, 

" III t( N-N-C-C ----N 

-{ ~ 1 
CH, 

(75) 
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r~Y ,~ acid (16) ~ l.eIIvinq the B-l.actam ~ sbowai 

us thI1t ~ ~Jde WU no Ja:e easil.y raaaved~ were the sean-
. ' • 1 -

dary amides of Rossy' s synt:hesis. An effort WIS,made ta ~-

ize the N ,N-d; i $I(Œopyl substituted nittogen with methyl iodide to 

(76) 

see what affect a cpntemary nitrogen wruld have al the ease of 

amide hydrolysis, bIt this was \JIllAXn!Ssful - probably because the 

nitrogesl is toc sterically hindered te react with the iodi.de. There 

was no reactim aven after prokn;Jed heati.n.J. 

Having sbJwn that.the fcxmat.i.œ of the h}drazide isalitril,es 

was rel.atively easy and that they do \.hltmp the desired Ugi reacti.al 

we erdaavored ta pnpre our initial gcel., r-aino-2~idjncme (77). 

1 

1 



'f e, 

,f' 

33 

Initial at.t.enpt:s to cxniense 2-~lh}'drazine Wi.$ 
\: '0 

~~ 1ed ta cœplex mixtures whi.ch cx:W.d nX. be separated. The 

CCIldensatial of the hydrazine with diethyl carbalate60 in anhydroos 

methanol with sodilEl metlxlxide as catalyst Was nm'e sucoesàfu1, 

yjeldirv:J (77) as a crystall:i.ne material,np 64-66°C. The ~ 

could be easily fœ:mylated usiD;J mixed acetic-fOJ:11liè ~ide àt ooe 

to give a quantitative yield of the N-fcmnyl deriva~ve (78) as an oi1. 

This material was not transfa:med te the isc:nitrile as it was felt 

that sinple acylatial of the 3-amino graJp of (77) with an appropriate 

acid Chlaride wtUld give us a DOiel upcn Wich ta test the ax.idatial 

am hydro1ysis react.i.als. TbJs (77) was--' acylated with benzoyl 

chlori.de in pyri.dine te> yield the desi.rei h~azide (79) in. 61% yield. 

Lt 
• NH 
1 

.",C-O 

0° • NH 
• 

C=O cg 
(78) (79) 

, 

lent of lead tetracetate in oold met:hylel1e ~tpe far 30 minutes, am 

then with 5' aqueaJS b.i.c::arlxmate ,and the b«) p.ses milcai far 24 l'nJrs 

at roan ta.le atSJre b.Y vi.qatQJa stirring., After separat.iœ of the 

bJo ~, acidif1cat.J.m of ·the ~ layer and ~ vith' , 

, , -.... 
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,. 

• o 

such reactiœs the yields of benzoic acid ranjed fran 54% to 83% • 

Tt? show that the reactia1 does involve ax:idat.ia1 and ~lysis of the 
" 

(l!Cid1zed inter:mediate, and not just siDple base h}drolysis, the hydra­

ziJ1è (79) was stirI:ed far the same period of time vith 5% aqueous bi­

carbcnate solution. cnly the st:.art.iDJ material was recxJYered after 

24 haJrs, thls ~ that the œddatial am subsequent hydrolysis 

took place in the desired 1IBJlDer. Details of the axidatial itself 

were not Sbdied as they were net cxnsidered relevant te the stuly in 

questial. 
,;-

Other at:tellpts te prepare axazolidi.nes such as (80) were net 

suœessful. Selective l+-fœ:mylatial of the terminal positial of 2-

hydraxyethylhydrazine ,.. mt. poesible. cnly the 2-fœ:myl deriva-

tive (81) wu 8W!IIr iaolated and thia oJnld JXJt be <X1IM!rted to the 

desired product (80). At:teIIpts ta ~ (82) directly léd aùy to 

Il ~ o . N-NH-C X 'H 

(8G) 

HO-CH.- CH - N-NH. • 1 
C 

tI "'0 

(81) 

the bydruœe (83) 80 tbis ~ .. al:Jim;)œed.-



1: - ----- -----r",---- ---
N 

'. 
A 

". 

n o N-NH X 1 

(82) 

35 

(83) 

(77) that il could perhaps be converted to' ~tri1e and H) pro-' 

dlla" an amide that Coula be readily rE!JDOllBd urder mild ocm;4œs. 
We felt that, shculd Fechtiq'sU work al the hldrolysis of amides 

, 

al oephalosporin type CCIIpJI.'D1s IlOt be applicab1e ta rur oePl2IIl 

de.rivative, then this iscnitrile pt'OIIides an altemative. 
~ 

L( , 
NHa 

(77) 

~ :.-: . 
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6-Nitrocinnam?yl d1laride, an easily raIl'Nable an.ine bl.ockiJ'xJ 

group 

One of the pr:oblans that had ta be faced in the Rossy syn­

thesis was the nm:wal of the benzêInide g::z:wp at the 7-positiat 

of B-lact:an (3B). It is p:>SSible ta rerrove such bl~ grcups 

o 
NH 
1 
C=-O 

(38) 0 ~ 

US;ID;J Fechtig's prooedure29. 1i::JWeYer, we believed. that it ~ he 

useful if a ~9rwP, raŒMIble mder mild aniitials, were substituted 

for the 2-phenyl group in (33) fran which the scxUun thiol (42) was 

prepared • 

\. 

(33) (42) 

36 



• 
o-Ni trqbenaxy acetates (84) are acmetimes used as N-bJ.ccJdng 

groups in peptide syntheses' 1 • They are easily rŒDUed by ~ 

genatioo arrl gentle wanniD:j to yield the l.act:an (85) and the free 

peptide (86). lkwever, the ~l.ale (87) with a 2-o-ni.t.zqtsnxy­

tœthyl substituent caJlI'X)t be preparai easily, sinoe the desired 

4-et:OOx}'methylene axaml.ooes can be made readily aùy when the 2-

f( y 
R-~-~-OR· 

1 
NH 
1 

o=c 
1 

",CH, 
o 

©J' 
(84) 

• 

(85) (86) 

(87) 

substituent is either araœtic or ocmjugat:ed to an ëUXIIIltic riDJ2. 

A 2-substituent whic:h meets this requ.iraIalt and wb.:i.cb wculd under 

90 a cleavage reacticn .!mi l ar to an o-nitxq:lbemaly acetate is the 

.' 

'II 



5 

• c~l pzot:ecta:l amine (88) ww.ld generate the l..actan (89) am 
'", 

release.. the free amine (90) in a manner ana.l.ogoos to (84)+(8~). 

R 
1 
HH 
1 R ro C=O Ha/Pt 1 . 1 -+ HH, • 

H-C~ 
C-H H 0 

©r' 
(88) (90) (89) 

It was possible to prepare axazolooe (92) usin] the metlxxl 

described far the cor:respond.in;J p-nitro o:mpo.uxl'2. Glycine 

was ocxwerted to the N-o-nitmcinnisuay1 derivative (91) by 

cxn1ensatial with o-nitrocinnam::Jyl chlori.de ~ fJ:an the 

C:Olilercially available acid with thialyl chlaride. The result-

(91) (92) 

.., 
in} acid (91) WU refl.ulœd vith acet:ic anhydrlde am triet:hy1 

1 

orthofoDaata in ~1 aoetate foc three tDJrs. a. evaporatJœ of _. 

" 

38 
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• 
the solvents am triturat..ial with cold ethyl aœtate, the oxazol.a1e 

(92) separated as a crystalline product, mp 129-130oC, in about 30% 
~ 

yield. This was ocrrparable to the yiel.d of (33) àJtained fran 

hippn-ic acid (93). 

HtC-eooH 
t 

NH 
t @o 

(93) 

The sodi\ltl thiol (94) was p:repare1 by trea1::Irent of (92) 

with scrliœl h~ in rœthanol in the manner analogcus 

to the fonnaticn of sodiœl thiol (42) fran (33). 

(42) . (94) 

It ranained to !:Je shawn, hcMIvar, tbat the o-nitroc::i.nMnoyl 

grœp walld cleave :ln the lND8 way as o-nit:rcphenoxy acetat:es. 

ltlen N-o-nitxccinMmayl.qlycina met:b;yl eater (95) WU ~ 

39 



• 
ated in ethanol with a platiJun ox.i.de catalyst", N-o-aninocin-

narooylglycine methyl ester (96) prec.ipitated b:an the reactim 

mixture. lkJWeVer, when the hydrogenatial was carried rut al (95) 

in wann glacial aoetic acid, the expect:ed 6-lactam (89) was ob­

t:.ains:l in elCCellent yield. 

•. (95) (96) 

• 
Sinoe the methyl ester of glycine was t.oo volatile to iso­

late easily fran the hyàrogenati.cn reacticn and ~ needed to be 

sure that the free am:irK>-est:er was beiDj released, we decidsi to 

prepare seme q:Jtically active dipeptides to Bee if i) the free 

ami.oo-ester ooul.d be isolated and il) no raœinizatim occural. 

o-Nit.roci.nnarlDylglycl.ne was su;x,essfully owpled with L­

Plenylalanine ~l ester usiDJ the Sheehan and Hess procedure'" 
to give the N-protect:ed di.peptide (97) as a crystall.ine materia1, 

IIp l49°C, in 78' yield. Bydzogenatiœ of (97) in WIIIlIl qlac:la1 

aoetic acl.d with platirun oxide catalyst ~ the l.adt.sn (89) and the 

free peptide (98) in 8]IDItl]ent yield and optiDll pJrity. 1he peptide 

(98) ocW.d be easUy IIIIPIIRted fraa the ~ (89) .by extx ... -tian. 

'l!Ja specifie rotatial of tbé".synthet.ic dipeptide (98) .. cJet:erlDiI81 
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(97) (98) 

2S 2S 

to be [a] 5"1~11.4° (0=3.80). An authentic ~le slo.<Ied [ahau: 

11.1° (0=2.00). It can be seen that no racani.zatiŒ1 took plaœ 

duriD3 the hyàrogenati.cn reacti.al. 

As a further verificatim the oarrespcnd.i.ng N-prot.ected g1ycy1-

L-alanine ethy1 ester (99), Dp 183-184°C, was prepared in the same 

o 0 
U Il 

.teI-CH.-C-"-cH-C-OC H 1 ,. 1 

O=C CHa 
1 

~. 
(99) 

vay'" and cm hydEOJSN1t.i.œ y1elded the lact:am (89) aM the free 

peptide (100) also in exce] lalt yield and opt.ical purity. 1be 
as 

specifie mtatian of (100) WU dst:armi.ned ta be [a].,,, ,-37.3° 

"- {."" L.. .... \.) 
'.. . -~.. . 

."\ 
f. ~ 

41 



• / 

) 

• 

ro H 0 

(89) (100) 

Il 
(0=1.60). An autbentic N!lf?le ahoNad (al ... .-39.4- (0-2.00). 

These results demalst:rated that the o-nitroclnni!llDy1 gra1p 

OOl)ld be quite useful in peptide syntheses and tbat it is ent.irely 

possible tD ~ an oxazola1e (92) such that the resulting amide 

en r~_~ can be ~ tmder very mild a:mdi.ti.cns. This 

{rOtec't:iD] groop was mt awlisd t:o the <JE!I~ Rosay synthesis 

as it is ~t expansive and would aùy be awli.ed œce the 

methodology of a-1act:an fODlllltial. Md been thŒ'oughl.y proven. 

. (92) 

, 
~ 1 f ~, 

_ • ~ ':~ ~. ~, ~,~",' ~ ~_~. T, • 't' ~ r 
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Pre1~: st\ilies towards the synthesis of 3-methy1oep1al.o-

sporins " 

This study was urx1ertaJœn ta deterJnine if sane of the metb:xi­

ology develqled by lUISy duriIç the oourse Qi the synthesis of 

43 

~ (38) oc:uld be app1ied taward the synthesis of a 3-methyl.ce[.tlalo­

sparin derivative such as ~ (23). 

(23) (38) 

This 1«lUld require a start.:in;J material whi.ch wruld differ 

fran the ale used in the synthesis of (38) ally in that the 

-teDninal" oxygen functial lOlld he mi ssiD:J. The hydroxy groop 

at C-3 woul.d still be neoessary in a suitably protected faon, in 

œ:der ta in~ the double bond. 

Methacrolein (101) wu chosen as a ""IlIOUDd analogalS ta (28). 

It is .œadily avaUable and inexperuJive. It bas<'the requiJ:ed 

2-methy1 substituant and a <biùe bald that can be S\àltitutai ao 

as to give a 2-hydEax.y group as des~ and, in the 3-pca1tiœ, a 
JI 

gcod leaving groap that œil he dispJaoed by the tbiol (42) to give 

( 
.. L. ) ~.. 
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(102) in a manner anal.ogœs to the fCJl:1Dllticm of (35) • 

.. 
(101) (28) 

, ) 

(42) (102) 

, ., 

" • 

(35) 

,u 

" , 

, ' 
, .~, .. " .. ' ... ~- ',. 



• Siro! methacrol.ein is unstable and polymerizes quicklyat 

ioan tsrperature, we felt that it was neoessary ta fint pr:otect 
(, 

the al.del1}œ befare functicnalizing the double bald in the desired 

manner. Atta"lpts ta use If-!œt:hy1ethanolamine (29) as a prot.ect.,inI1 

group far rœthacrolein ta give the oxazo1i.dine (103) analogous 

to (30) were unsœcessf?!. Mixtures of the 1,1 and 1,4 additiœ 

prod1rts which ccu1d not be separatErl by the normal means were 

00t:ai.nErl. Therefare, methacrolein diethy1 aoetal (104) WlS prepared 

\.. 

l , 
CHrNH OH 

(29) 

1 1 
CHr"l° 
)<:yOH 

(30) 

1 1 
CH-N 0 'y 

CHrt 
CH. 

(103) 

(1«M) 
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USÙYl triethylorthofamate in et.haool with ëlI!IID'ÙŒl nitrate as 

catalyst". Att.aIpts to prepare the 2.3 diol (105) fran the ~ta1 
j 

46 

(104) usiD} either the a.nj •• ~ peroItide" or: .,IBOUS 
potassiœt per.mî!P"JJZllaate57 px:ooeda1l"eS led aùy te <XIIPlex mixtureS 

that oould oot be separated by distillatiœ.. lbJever, we felt that 

the epaxide (106) might urxJeLgo a riD:J openiDJ react.iœ with a thiol 

(105) (106) 

te qive the 2~3-tbio derivative (107). 'lhJS the epaxjde 

(106) was pœpared UIÙ.Bj m-chlarqler:benic acid in ~lene 

chlarlde'· . 

(107) 

-

" , 

.. ~ 1.. • - ~I Ir... -t., 

- ".}: ~.r"!l.~}' '",,'i..' >l' : >~ 
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It was fanl that the, resulting epoxi.de (106) did not react with 

" thi.oacetic acid to give (108). Reactiœ with thiourea to give (109), 

> • ~«111 whi.ch the correspc::rdi.n thio1 (liO) can be made'" 7 0 ,was toc 
, 

slcM to be of any interest. Reactial of epaxide (106) with potassi\Jt\ 

thioaoeta~ gave œly oarplex mixtures. 1iJwever, ~ thiol (1~0) 
. . 

caùd he isolated in good yield by treatment of (106) with hyàrogen 
o 

... 

(108) (109) 

n ~=. 
-SH 

\ .. '" \ 
1 

(110) 

Because ~ epJXide (106) VlIdd net react claanly with either 

potassÏllll thioaœtata or tb10urea .. did net attalpt tu ~ 

4.7 

- "--'-

.. '" ... 

. -' 

.. 

.II -"., 
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with sodian thio1 (42) ~ ta the Rœsy proceDu:e • 
. 

Since thiol (42) was p:epared by t:J:eatment of the ethaxy-

Iœthyl.erleclxazola1è (33) with sodilD ~pti.de we felt that 

(42) (33) 

the etblxy substituent Day be d1sp1aoed by tIiiol (UO) in a ~ 

manner. Ql staminq in pyridi.ne far five days at roan te11er:ature 

(UO) am (33) ocnJensed in the ~ way te give the Oiilœrxl 

(lU) in 75% yield. 

(lll) 

In <*der ta CDlt.bue vith the synthesis, the diethyl acetal 
.. 

hm to be raIDVed. , WB therefaœ triad ta .reJ&a::tate the aldeh.Yde • 
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Ii:M!Ver, it was disoavered that the t:h:iaDethyleneoxazol.ooe did IlOt 

survive the strcn:J1y acidic ocnlitions neoessary to effect the , 
\ ~ 

hydro1ysis. AltlxuJh the ~ was h}œ:01yzed in less than ale 

minute in 90' aqueous trif1ur:n:oaluc ~i.d aM in 5 ln1rs in 10' 

trifhXlrOaoetic acid in aquew.s acetale the material isolated 

fran these reactials was 90 inp.lre as to he no further ,US:e. 
, 

These results showed that \E needed a mxe easi1y raoov.ab1e 

pro1:ect:iBJ grciIp stdl as the N-methylaxazoljdine ~ (112). , 

1 1 
H~-N 0 

~-1-ott 
..J-SH 

(li) 

S:i.nce neither the oxazolidine of met:hacrolein (103) mr that of 

1 1 
H~~N 0, 

" > H 

" 

(103) (ID) 

'. 
" .. ~ .. ". '" 

,-
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• procedure of Payne72 coùd be synthesized as a pure CXllp:x.n:l , it 
'. 

was decided ta cx:nvert the labile thiol (110) into the nu::h less 

rea.ctive disulprl.de (114). Ql ~ (110) in d.imethy1sulJ:i1oxide 

H.cP, ,OCtH.t\CP, "OCtH. 
CH CH 

H.c-{-oH HO-Y-ot. 
HIC, ....... CH 1 

$-& 

-
(110) (114) 

at 85°C for 18 lnlrs 7 ', the disul!iride (114) was isolated in 63% 

yield. 

Its cliacetate (IlS) oould be prepared in 92% yield fran the 

disulpù.de (114) USlDJ IHlimethyl.ami.Ix:pyridine as catalyst". l'ë 

pt:qlOSErl ~ t)1en hydrolY2t! the acetals in (115), reprotect the 

HaC~P, OC .... HI!P, "OC .... . CH 

-OAc ~-cH. 
H" _.,);tt. S-. 

(11S) 

resultinq ~ with N-methyl.ethanolamine to qat the diox­

azolidine (116), then cl.eave the disul.phide tD obtain the desirad 

50 
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1 1 1 1 

":r.:. ::r:.. 
'a-a/' • 

(116) 

Wol (1l2a). The"'NOI"k that is detailed in the next chapter 

became of more imnediate interest ta us at the time and these stnUes 

were disocntinued. Hcwever, we have shawn that, with 9œIe DrJdif.i.ca-

tioos, tœ rnetOOdoIogy and int.eDDediates developed by Rossy fex 

bis cepan stu:lies could be applicable to the synthesis of a 

methyJ.œpla.losparin. f.llch -work remains to he dooe and this is . 

1 1 
H.c-N 0 

HaC-J== 
(ll2a) 
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:r:np:ovaœnts in the synthesis of Jœy int.eI'Jle3iates: sane new 

abservatials 

,·t, 
The synthesis of oepMn (38) develqJed by ~ suffered 

fran the fact that severa! steps pr:ooeeded in relatively low 

yield, am that sane int.ennedi.ates oculd 00t be plrified with-

In order te proceed with the synthesis, it was inperative 

to sinplify the synthetic sequence 50 as to make key inteJ:medi­

ates ~ily available. 

o 
NH 
1 
C=O 

(38) 

~o 

o 

'11le start.in;J pnnt of the synthesis was D-mannitol (24) fJ:an 

'Which the di.acet:arlde (25) wa.s prepa.red usinq the Jcncwn ptocedures2 7. 

Since this procedure rarely gave às lIIJàl as a 50' yield and involved 

l.axge quantities of reagents lM felt that an iDproved methcd for: its 

p!:l!paraticn was possible. It wu en this buis that a sb:dy of 

52 



• 
'\ 

" . 

t:l}e fcmnatiœ. of the aœtaù.des of D-1nannitol in acidic solutioos 

of acetone and d:imet:OO:xypro was undertaken. with Or. G. Kàlan. 

Discooraging initial stlXties showed that when a suspensioo 

of D-mannitol (24) was stirred in a mixture of dimethoxypropane am 

aoetcne at roan ta1perature with p-toluenesulIilcnic acid as catalyst, 

the triacetarl.de (117) was f<mned rapidly. ltJwever, it was then 

discovered that if stirrinj was ccntinued for lC'03'er pericxis, thin 

layer chranatogr~ MSC)'" sOOwed the presence of the desired 

diacetcnide (25). The oœoentratiœ. of diaoetanide in the reactiœ. 

OH 

HO 

HO 

-, 

(24) (25) 

(117) 
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mixture seenel to reac:h a max:inun after ale and a half lnJrs, 

after which it decl.ined rapidly. After filtratial te rŒD\1e un-

reacted mannitol, neutralizaticn with potassi\D carlxnate, am re­

J1DI1aI of sol vents, a 50% yield of the mixture of di and triaoetonides 

was isolated. cne J:eCryStallizatiœ fran either hexane or petroleun 

ether afforded the pure diaoetarlde (25) in 20% yield. Although 

the yield of this rea.cti.al was l.ower than that of the Baer am 

Fisher prooedure2 
7, the slxJrtness of the reactial time am the fewer 

reagents ~ as weIl as the siDple work-ua nade this new pro­

œdure nore suitable far the fcmnat.iœ of large quantities of the 

diaoet.ari.de (25). 

l"è felt that sinee the triacetarl.de (117) MiS fanned initially, 

tŒ: di.aoet.cnide may have been facned by an Ut'1I1SIJétl mechanism in­

volving bIo nolecu!es of the triacetaride (117) and cne of mannitol 

(24) ta yield three of the di.aoetaùde (25). lb'ever, prol.ooged 

stirrin:J of these ratios of triaoetaüde and mannitol in acidic 

solutioos of diaxan or d:imethoxyethan did ID: lead to the fœ:ma­

tial of any diacetarl.de (25). 

Fran the diaoetmi.de (25), glyœraldehyde aoetonide (26) was 

(26) 

" 
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prepared by cleava;e of the vicinal diol' with lead tetraac'etate ,in 

benzene. Ranoval of the benzene solvent by distillatioo. led te loss 

of saœ prochx:t by c::O-disti.llatial and polynerizaticn. Since the 

fonnaticn of the dioxan (27) toak p~ in an aquecus mediun we 

attaTpted to perfcmn the cl.eavaqe reactial with aquews periodate. 

Isolaticn of the generated glyceral.dehyde acétcni.de (26) then woo.ld 
, ' 

he unnecessary. Even after prolalged stirriD:J in patassiun per­

icx1ate soluticns OOffered at varirus pH values ta protect the 

(OT 
o~X 

(27) 

isopropylidine grcA1p, the di.aoet:alidè (25) was reocwered in nearly 

• 
quantitative transfCJD'IBtial of the distilled <jlyceraldehyde aœtxJnide 

(26) to the dioxan (27) oould !XX he i:np:oved. 

During an attsrpt te distill the diaxan (27) Rosay ~ 

that fOJlŒtldehyc1e was evolved when the pot t.EIIp!rature ex::eeded 

l3OOC. M1en evolut.iat of fotmaldeh.yàe oea.sel and the residue wu 

quickly distilled under high VëlC\UIl, the distillate wu foun:l tQ 

he principa11y 2-hydmxymethy1g1yceralde.~ aoetal.ide (28). 

55 
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lt:Jwever, never mare than a 50\ 1'i.eld of the h}'droxy-al.dehyde 

(28) was cbt:ained fran this ptn>lysis reacti.at. '!!le yields Qf the 
1 

reactioo. dropfed cooside:rably below that figure when attatpts were 

made ta prepare lMger éllDmts. '!he distillati.cn cxWd not be per­

fonned. quicklyelXUJh to p&vent the ~aldehyde fran polymer­

izin:] in thë dis~lati.m pX. 'lh:Is an altemative ta the pyrolysis 

had to be fani. N-metby1ethanola:nine (29) was used ta prepare (30) 

fran the hydroxy-al.dehyde (28). l'è believed that sinee f~ 

1 1 
CHr- OH 

(28) (29) 

(30) 

\ .-•• 
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was l~tErl fran the dicoran (27) SC> easily, the CUlpowxl might react 

with N-methylethaoolanine (29) directly, ta give the oxazoHiline-
) .-. ~ 

alcxb>l (30) and N-methyloxazolidine (118). Treatment of ~ diaxan 

(118) 

(27) wit:h 2 equivalents of N-tnethyle1:llaoolamiœ irf reflUJtfng benzene 

rapidly led ta the farmatial of (30) and (118). /water was azeotroped 

fran the reacti.a1 mixture with benzene and, al ~atiŒl of the 

solvent, N-methyloxazolidine (118) oo-distill.eco/.~' The residue was 

vacut.n distilled ta give an 86% yield of the si.red oxazoli.dine-
" 

al<Xllx>l (30). 

This new prooeduJ:e had severa! advantag : i) It peIJlÛ.tted the 

elllninati.cn of ale stepi il) The step ~tErl proceeded at best 

in 50% yield with the yield decreasinJ dras~y upal scale-up: 
1 

iil) The fœ:matioo of a 10\ iJrpJrity, which t.xerloosly had ta ~ 
1 

renr:JVed by chranatograPJy, was elimi.nated. i 

FŒmat.iœ of the axazolidine-1Jlesylat:e (Ill) L the ala:h>l (30) 

\ 
required great~. Too rapi.d addital of ~ ~l chlaride at -SoC 

in the original pr:ôcelure lsd ta Severe ~ in the cl.a.iJl&l 
\ 

yield of 80'. It wu di.sc:oveJ:ed, mwever, ~ the rate of mesyl 

\ 
\ 

\ " 
\ 

\ 
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chlaride ad:lltion was IlOt so critical when the reactial was carrial 

rut at -sooe. At this temperature virtually quantitative yi.elds of 

the crystalline oxazolidine-mesylate (31) were 00t:ained. 

1 1 
CHr N

i
o 

)<:=tv0M0 

(31) (32) 

The next reacti.al in the Rosay ~ was disp1..aœment of the 

xœsylate of (31) with the scxliun thiol (32) in dimethyJ.sulp1oxide to 

give the axamlidine-oxazol.ooe (34). '!he scxtiun thiol (32) Md been 

prepared fran the et:lDxylœthylene:lxazol.ale (33) by treatment with 

sodi\.ll\ hydrosulpùde in metharx:>l for 30 m.:imlt.es at SoC. The. sodiun 

thiol (32) had been precipitat.ed with ether to give a llrc:N1 smpnm 

(33) (34) 
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solid. \'ë were oot satisfied wi th this procedure or the quality 

of tœ sodium thiol. produced so a study was urrlertaken ta see if 

the cxn:1ensaticn reacticn o:ntiticns devel.qJed in Chapter 3 were 

aw1icab1e to tlùs synthesis. In that case the thio1 (110) })ad 

·1 

been oc:n:lensed with etroxymethyleneoxazolale (33) to give the acetal­

oxazo1one (il1) in good yield. 

(110) (1l1)-

TreatIœnt "Of the mesylate (31) with cne equivalent of scdilll\ 

hydrosulpti.de in methano1 at nx:m t:œperature or tmier reflux gave 

mly oarplex mixtures. Attenpts to use sodiun sulpù.de to qive 

the soditm\ thio1 directly were also unsuooessful. I-bever, the 

oxazo1i.dine-tlùoaœtate7lt (119) oould be preparai. The mesylate (31) 

1 J 

X1~·· 
(119) 
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was feflwœd, in the presence of E!laOeSS potassiun thioaoetate in 

" 2-butalx:ne for 3 heurs. FUtraticn am evaparatial of the solvent 

affarded the pure thioacetate (119) as a yellow oil in quantitative 

yie1d. 1bweYer, attalpts to generate the thio1 (120) fran the 

thioacetate (119) ~ net ~ful. Treatrïient of the thio­

acetate (1l9) with excess methox:ide in met:hifno1 100 ta the formati.al 

of an intenœdiate that was trore polar than the starting material 

acamiin:J to thin layer ctm:matography rut, even after ProÙD1ed 

reacticn periods, seme of the starting material remained. Neutral­

izatial am evaporatial of Iœthanol resulted in the recavéry of 

tœ al.nDst Plre starting material, thioacetate (119). It is 

possible that a stable a&iiticn produ::t such as (UI) wh.ich was 

in eqn;] ibri\m with (119) was fœ:trBi in the reactiœ mixture. 

1 1 ('0-•. 

X-fSH 
CIIr~~ , x: · · 

(Ua) (121) 

This ooul.d then revert te the st:art:iD;J lIIIlt:erial in wark-up as sIDwn, 

(l2la) • 

To try ta ~ the foaatJœ of such an àti.t.ial p:aJuct. 

a reoelltly deBcrlbed ~D"e7 5 fŒ the hydmlysis Of- t:hi.oacetates 

60 
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\, 

USln:J st.rcD1 JDl-nucl.eoPrllic bases was enp1oyed. ltlwever, treatment 

of the thioacetae (119) with either potassiun t-h1~ in t-rutano1 . 

or lithiun tri.phenylmethane in ether led to entirely analOgrus re­

sults ta trose described above. In these cases an intennediate of the 

type (12lb) is postulated. In IOOSt' thioaœtates, rE!I'IDVëÙ. of a pro-
... 

(12lb) 

txI'l and subsequent far:matial of Jœtene was the ~lysis meahanisn 

00eerved 7 5. 1tJwever, attalpts to trap the in~ (l21h) by 

œaètiœ vith methyl iodicJe were unsucoeasful. 

Since the., thioacet:ate (119) oould lX)t; be hydrolyzed to fOtm the 

desired th.i.ol (120) am the t:hiaJrea, derivative (U2), fran which 

_. r" 

v 
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1 1 

'X-ts'C 
... 

(U2) 

) 

the thiol,. (UQ) oould perhaps be nade, oruld net ~ fOllŒ!d c1eanly, 

this ~ was dropped. 

62 
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\/ we turned œr efforts ta ~ the methal far ~èparatial ~ // 
lof the "sodiun thiol (32) ard ~ the' subsequent ~tial 

reactial ta give (34). 

(32) (34) 
-' 

'l'h.ioliaat:by~ (U3) 0JUld be prepared as follows l2 • 

A pyridine aol.utial of the et.haxymethyleœaxazola1e (33) wu 

, , 
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(33) (123) 

saturated with h}ùrogen sulprlde and all.owed to ~ at roan tan-. ~ 

perature far 24 tnJrs. It was then poured into di~ aquecus hy-
-, 

dJ:ochloric acid. After fi~tratial, the thio1 (123) crystallized 

fran the filtrate in abrut 10\ yie1d. EJctensive efforts were made 

to i.nqlrove the yiéld b.lt were net sucx:essful. 

It 'o\TaS then disoovered that if the et:haxymethy1eneaxazol.ooe 

(33) was treated with me equivalent of sodiŒ\ hyàrosulpude in 

1-mav-.l for 2 minutes at 'OoC and the react1cm mi.xblre ~ into 

dioxan, ~ sodiun thio1 (42) separated as yel.l.oiIi star1iJœ 

en cooliDJ. The average yield over severa! :runs was 85\. . , 

(U4), prepared fran (4~) by precipit.atial 

! 

" (42) (124) 

1 

, . 1 

1 J. .• ___ , __ .1-'--'- __ j 

, 
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aquerus solutiœ with aceti..c acid, 'provai ta be a different isaner 

• fran (U3).' The actual st.ereocœmi.str was assignEd by ~a1 

means (see followiD} page). cis..lJ.bi.o1 (U3) can be drawn (123a) ta 
. 

64 

shaw the hyàrcxJen lx:n:iJnJ between the thiol hyàrcxJen an:i the axazola1e 

carba1yl. 'lhis redooes the carbaly1 stretc:hing frequency of the 

anhydride type dalblet to 1760 an-1 and 1710 an-le The C-N cb.lble 

bood streching frEqJellC'Yappears as a shollder at 1690 an-le In 

(124) the trans-thio1, the hydrogen bc>Ixlm.J slxJwn (124a) reduoed 

the C-N doob1e bcrld frequency to 1660 an- 1 whi1e the carbony1 an­

h}idride drub1et appears at 1805 an -1 and 1800 an- 1 • 

+;HQJ 
S-H o 

(U3a) (U4a) 

W:! -bèlieve the rmr spectra cx:rrobarate this evidence. The 

relative chBnica1 shifts of cis arxi trans a-~ in a-S tDl­

saturated carbaly1 0CJ1PUlds is wall doo.Dented 71-7. 0 ~ 

analogoos ta (U3) an:i (U4) haVe net been stulied tA1t general 

trerds indicate œr assigIlnerats are ~1y c:m:rect o 

The methylene prota1 in '(U4) appears as a sÎlVJlet at 7.3 6 

" 
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whereas the Itm'e deshielded methylene protm in (123) ,trans to the 

carlx>nyl rut cis ta the nitrOqen, is shiftErl down ta 8.3 6. 

'the separate preparatioo of both these iscmers allowed us 

ta assign the st.ereochemistry of (42) with oertainty far the first 

tiIœ. 

Since the CXDiensatial rea.ctial. of sodi\D thioi (42) am , 
mesylate (31) in diJœthylsulfiloxide was difficu1t ta work up aM 

(42) (31) 

gave an ir'pure prodœt, we wished, if. possible, ta avoid this solvent 

for this reacticn. Potassi\D t.hioacetate was abservOO ta displace 

the mesylate (31) cleanly in reflux:inq 2-butanale in 3 hcm"s. Hence , 

we attatpt:ed ta use the sarDe cx:niitials far the cxn:3ensatial. of (31) 

and (42). After aùy ale and a half heurs with a 30% excess of the 

scdi.un thlol (42), thin layer chranatogr~ showed little ar no 

st:art.inj tœSYlate· (31) and ale major prodœt with several. minar pcQ­

d1X:tS. '!he dark ool.oured reactial mixture was filtered. through 

a1œûna ta ~ ~ ooloored inplrities aM the oxazolidine-oxazo­

lale (34) was isolat.ed as a yellow crystal.line material, np 127°C, in 

sO-SS% yield. This relatively low' yield may he attri.bIted to an 
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attack of the thio1 (42) al the labile oxazo1idine protecting grcA1p 

of the nesylate (31)l as a carpeting reaction. SUch reactialS have 

been observed by Mr .. B.Y. Cb.mg usinq the scxtiun salt of 2-pbenyl-

4-~lene-5-axazol.cme in an analogoos displaament atteltpt.. 

The hydro1ysis of the oxazolidine protecting 9rooP in (34) t.o 

give the CX)rres~ aldehyde (35) was carried out by treatJœnt of 

(34) (35) 

(34) with 50% aqueous aœtic acid far 1 heur at roan tsnperature as 

befare. Dilutial of the reactial mixture an:! extraction with chloro-

fœ:m affarded the crysta1line aldehyde (35), np 80-81°C, in up to 

80% yield. Entire1y similar results were obtained when 1he cis 

saliun thio1 (41) was used in place of the trans scxti\.ll\ thio1 (42) 

far the ocn:lensatioo reactial. The aldehyàe-oxazolcne (35a) was 

abtained as a white crystalline sol.id, op 83-85°C. 

AttaTpts to caIVeIt the a..l.deh}œ oxazolale (35) to the cxr­

respcniiD:J a.ldeh}œ acid (36) were lES suocessful. 'lbe hydro1ysis 
~ ... 

reactia1 was fol1owed by ultraviolet spect:rosoopy • 

67 



• 

• 
. " 

(3Sa) (41) 

(36) 

The tlù.anethy1ene-oxazolale (35) haB a characteristic uv absarpt.ia1 

at 360 ml. Upal ~ysis of (35) ta the acid-amide (36) the uv 

spect.r\.IlI sOOuld shift te the absorpt:.ial characteristi.c of a ben­

zami.de and a B-t:h:iD-substituted erQ1e, namely abœt 225 ma an1 285:: 

nolO • ~, when the bydrolysis wu carried out in 2N aqœcua 

sodiun ~I l, a rapid shift of the 360 ma absc:w:pti.œ ta 330 

" 

no wu observed after which t.here vas no further cbamje. 'Dle 330 ma 

abaarpt.im is charact:eristic of the hytb:ox:ymet:hyl.eneœrazolœe salta • 

., 
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'Ihls, displ.acement of the thio substituent of the oxazolooe Dy hy­

droxjde ial nust have taJœn plaoe. This was ocnfi.J::med when the 

sodiun salt of the ~thyl.eneaxa.zolœe (125) was observed te 

precipitate fran the reactial mixture. Any am:JUnts of the acid 

(36) cbt:ained fran tlù.s re&Cti.cn were always very small as observed 

by Rossy2" in bis synthesis. ~ l!ie d:1t:ained a clean crystalli.ne 

al.dehyde (35) fran the ~lysis of (34) the material àJtai.ned by 

Rossy fran the same reactial showed no spectral evi.denœ of an 

aldehyde funct:i.cn. It i5 believed that the hydrated aldeh.yde or 

a cyclic tautauer may have been the material that was CXI1Verted by 

base ID the acid. (36). 

(US) 

We felt that it wu possible that this problem cxWd be 

ci:raJnvented if a milder base such as aqueous sodiun bicarbalate or , 
> 'C 

carbcoate were used ta open the axazolale. lkM!ver, no reactial 

was observed when a suspensial of (35) was st.irred for pro1œged 

pericds in a soluti.cn of sod.iln bi.carlxmate or soQiun carbalatë .. 

Q1 heating these aqlleOUS suspensials oc al additial of a oo-solvent 

such as dimethaxyethane, dioxane cr t:etrahydI:ofuJ::an to qive a 
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oottOgED:!QlS solutial, œsul.ts similar to those ~ with aquecAlS 

sodiun h}'draxi.de were abeerved. Reacti.al of (35) with bicarbcllate 

in 50% aqueoos methaml led ta a diffex:ent result. In this case 

the uv spectrun shae3 the desired 285 ID am. 225 rm abscxptialS. 

Nlen the reactic:n mixture wa.s di1uted with water and extracted with 

chlorofaDn to nmM! neut.ral ÙlpUrities befare acidificatioo, all 

the material was àlserved to extract into the chlarofonn fran the 
• 

basic aqueous layer. It was i.dentified as a mixture of the methy1 

ester-aldehyde (126) and the cm:respc:niiDJ hemiëJa!tal (127) isolated 

as the acetate(127a). lkJw the methyl ester is fOITOed in basic 

~ met.hanol is l'Dt understood. 'Ibe reactic:n does oot taJœ 

",X 

tt; 0 
Il 

.... /C-ocH. 
.\ c=c 
\ S/ ''''-C-''' \ ft 

') 0 

ce5
x · 0 

"' /~-GCH. c=c ' 
/ " . 5 NH-C-Ph 

H 
o 

(126) (127) 

'" (127&) 
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place" in the abseooe of a base. The axazolcne of (35) is quite stable 

in neutral aqueoos metham1. It W'aS ariqinally beli~ that the 
1 

hœIiaoetal (U8) was fonned first, then a base initiat'ed intemal 

metOOxy transfer of the type sham, (U9), l.éading to (126) wu the 

(US) (129) 

mechani.sm of ester fonnati.al. 1tJweVer, it was di~ that the 
1 

oxazolidi.ne-oxazolooe (34) also UOOerwent the same ~inJ ~ 

reactim to qive (130). In~, me~l usiD;J ~ 10\ triethy1-

ëlnine as catalyst, the ester hticn was oœp~ in 1ess than 

10 minutes at rcxm t.ellp:x:ature 00 bath (34) am (35). s:tn'œ the 

, 
.~I 

\ 

r 
{ 
,i 

(34) (UO) 
1 • ... ~.f 

\ 

t 
J' 
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• 

(35) 
. , 

" 

.' 
prqx>Sed hsniacetal farmatial. ~ metb:lxy shift is net awlicable 

t.o (34), saœ other unknown.1tleChanism nust be involved. It was 

cilserved that the rate of the reactien was a functiat of base cxn-

centratien rut a rate study yes mt. undertaken. 

The 0xaz01~ (130) oruld he cmvert:ed t.o the oarres­

pcnting a.l.deh}'àe (U6) in quantitative yield using the aqueoos 

aœtic acid procedure. '1hi.s led ta an aldehyàe free of hem:i. -aœtal 
.; 

(127) am this root:e beœne the treferred procedure. 

Sinoe we were unable ta hyàrolyze the ~zo1œe (35) 
, 

t.o the acid (36) in acceptable yi.eld, we decided ta develop a 

synthesis of the oe{ilaI1l (38) usiDJ the methyl ester (126) wh.idl we 

'1.. were able ta prepa:œ in good yield. The syntl1esis am its variatials 
v 

are descr:ibed in the next chapter • 
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. 
Synthesis of a œpan derivative 

'lbe aldehyde-acid (36), '4dlich is an essential intmmpôiate in 
"'" 

the Rosay synthesis of oepan (38) oould not be pœpared in a 

satisfactary mamer. 

0 " 
HM , 

0 C-O 
CHO Il ~O 

5~~<0) 5)-\"1<0) 
0 0 

'>, 

(36) (38) 

Il However, the ocxrrespco:1inJ methyl ester (126) oa.ùd be made 

in good yield and plI'ity. Bence, we attarpted to develop an 

~, 

• 

(U6) 

D 

Cl 
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altemate synthetic raIte ta the oerbam (38) using an ester as 

a starting point. We wanted to pœpare (36) fran (126) but because 

of the many functialal c;JrOUPS in (126) we anticipated that selective 

hydro1ysis of the methyl ester might pr:oue diffiaù.t. \<ë tlms 

attenpted to rŒDVe the methy1 ester of (126) umer the mildest 

hydn>1ytic anlitia1s possible. ftJweVer, after proI.cn:Jed stirring 

of the ester (126) in aqueous tetrah}ldrofuran or aqueous dioxan 

solutials of bicarbonate or cari:xx)ate cnl.y st:artin:J material was 
" 

recovered. Treatment of the ~' (126) with either excess or , ~ 

<ne EqUivalent of sodi.œt ~ in aquecns tetr~furan 1êd to 

the di sawearaœe of starting materi.al acxxJI'diB.; ta thin layer 

chranatograpJy, but the acid-a1.de:hyde (36) CXlUld IlOt be isolated. 

At:tœpt:s ta generate the acid fran the ester using c1IÙ'l}Ùr'OOS lithiun 

icrlide in pyridine19 led cnl.y ta bl..ack tarSe &ltirely similar 

results were 00tained using the axamlidine-ester (130) •. 

(130) 

'Dli.s led us ta aee if we OCWJ1d ~ aoot:her ester that. 

ca1!-d be raaaved na:e easily. Ne wanted an ester ~ aJUld be 
pl 

.~ , 

14 

.. 

1 
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.rEI1DYed by either extremely mild h}dro1~ oorru.tians ~ by n:m-- . 
hydro1ytic mèthcds. 

l'i! di.sc:xNered that the oxazol:idine-oxazol.a1e (34) wo.ùd 

wxJergo ring qlE!Iling reactioos ta give the oorr~ ester 

aùy with primary alrohols in the presence of a base. Seocn:3ary 

-am tertiary alcOOols wculd oot react even after prolooged heat~. 

This gave us aùy,a 1imited. nunI::ler of esters of the type ~ 

desired fran which ta t:hoœe. ~ SSS-trichlaroethyl ester 

\ 

(34) (131) 

(131) 

oould he prepared as oould the benzy1 ester (132) and t:he p-anisy1 

ester (133). At this point \1iIIIE! wanted ta see if, \1iIIIE! co..ùd prepare . 

(132) (133) 
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the cx:n:respcnd.i. imines (134) fran these ~~ . 

The CDDditims used by Ibssy far the fcm;natiat Of the imine., 

acid (-135), bubbl.mJ of anuarl.a into boiling ~ fot 24 tnlrs, 

were oonsidered unneoessarily vigorous for the fannatiœ of the 

ex>rrespcn:iing imine-esters'" (13:') in which the cyc1ization reaction 

would be expected ta taJœ place DDre easi1y. 'l'b.ls, the methy1 ester 

(U6) was disso1ved in a nœb!r of so1vents such as ethano1, 

., 
\ . .. 1 

, . 

t. 

. . , ~ 1 ~ J-
I ... 

(126) 

l' 

.' .... 
. ( 
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dimethy1sUl{iloxide arxl d.iJnet.OOxyeth and so1utials were 

" saturated with annaùa at OOC and then all to stand at roan 

~ature. The change in the uv spect:run as a functiœ of tiIre 
1 

was used to follow the .:eacticn. n.. T at 285 B1I char.icter-

istic of the 8-thio substituted a ,6-unsaturated ester, which woul4 

di~ upcn ring c1osure, lofaS d>served to decline in al1 solvents, 
, ...A: 

whi1e the 225 lin benzëmi.de absarptial rara:ined un~ed. The 285 
\ 

rm abscn:pticn disaweared cœp1ete1y within 3 hoors in dimethoxy-
l:;-

ethane or ethano1 am after 5 heurs in diJœthy1sul{ix»dde. HcMever, , 

a smal1 absorpticl1 at 275 IIl\ which oould IX>t he exp1ained, ~ed 

in both ethano1 and dimethylsultb»d.de rut rnt in the di.tœthoxy­

ethane reactiŒl. '1hin layer dlranatography also i.rxlicated a cleaner 

product with the latter solvent. Upcn CXllp1ete evaparaticn of 

dimet:OOxyethane fran the reacticn, the imine (136) ~~~ as 

a crysta.l-line so1id, mp US-U8°C, .in 70% yield. In a liJœ 

manner the benzy1 ester-imine (137) ~ the p-anisyl ester-imine (138) 

(136) 

,~ , , 
" 

, 0 

Il" 
\ 

~ 

" 

(137) 

'" " J 
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(138) (139) 

. cnùd be J:I['epared as aoorphous soliils. Atteapt:s ta ~e the tri­

dùoroethy1 ester-:imi,ne 1ed anly to the fannatial or what appeared 

00 he amide-.imine (1~9)*. We then undertcx:lk a stu:ly of the hydro1ysis 
, 

of both the aldehyde-esters and the imine ester. Att.eIlpts '00 use 

t· the previrus1y mentiœed hydro1ysis methods al (136) Led chlef}.y to 
,4 

\ 

hydro1ysis and decarboxylatioo. The decarbaxylatioo prooeeds pre-

78 

sunab1yafter isanerizatial of the doob1e bcrld ta give a j3-imino­

acid. Such ~ are known to decarboxylate easi1y' S ~ -At~ •. ( 
c 

00 hydrogeno1yze the benzyl ester-imine (137) usinq pal) adj un al 

char<xxù in t-rutano1 or ethano1 were unsucœssful. Only starting 

material was rea:wered after 24 OOurs. Att:enpts ta use the nitrrus 

acid deaminatialu of the amide-imine (137) were also ~ssful. 

.. Treat:rœnt of the p-anisy1 ester-imine (138) with trif1\X.11:'Oaœtic 

acid lad aùy 00 cmplex mixtures in wh1ch there élf4J9ëlred te, be 

• 

'. 

, . 

no major CCllpxaent. We, thus, at~t te remave the trichlaro-

ethyl ester in (131) usinq zinc in aoetic acid am zinc in methaool • 

* This reactial was carried out by Mr. S .G. Kim 

t With the help of Mr. S.G. Kim 
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tt; 0 

(131) 

Il 
"' ;,C--octl. 

C=C / , 
• Mt-C-'" • 0, 

(126) 

In aoetic acid a general decallfXlSiti.a1. of the llOlecule was observed 

while in Iœ~l aùy the methyl ester (126) was isolated. 

At this t:iJne a new ~ld procedure for the ~ysis of 

rœthyl esters involvÏIXJ treattœnt with lithi\lll n-propyl mercaptide 

in hexamethyl~ic triamide 81t was b1:ought te our attention8S
• 

~ did net fee! that the .imi.ne-acid (135) generated fran this 

reactïc.n caù.d be isolated fran the ~l~ic triamide 

solvent. Henoe, we planned te perfann the hydrolysis and the sub-

se:;ruent Ugi reactial without isolating the intermeeUate imine-acid 

(135). The methyl ester-imine (136) was treated with 2 equi.valents 
c... . 

of lithiun n-propyl nercaptide in héxamethy~ic triamide an 
... 

allowed to stan1 at roan telrperature far 1.5 00urs. '!he mixture 
,~ , 

79 

was then treated witil deoxygenated ~te Wffer solut:.icD and " \ 

cyClohexylisooitrile in a mixture of methylene c:hlar:i.de/carba1 

tetrachl.oride. The b«) p,ases were mixed vith vi.garœs stirriDJ far 

12 hoors. 'The cnde prcduct was àJservecl te <XI1tain a substanti.al 

aanmt of the B-lact:am' (38) ~ evidenced by the infl:aœd abacrpt:.iœ 

, , -, 
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o 
NH 
1 
C=O 

(38) 

o 

(1740 - 1750 an -1). The crude mixture was purified by means of 

\ thin laya..r chranatography. 'J.\.«) bcnis were rE!OOVed fran the thln 
1, 

layer plates. Bath were abserved to cxmtain the 8-lactam as 

~ by their ir spectra and bath sl'r1Ned m,le = 473 (M +) in 

their mass spectra. 'D1e uwer band ~ed ta be p.IreI', giving 

a strax} 6-lactam ir absarptial (see folJ..owin3' pages for ir am mass 

spectrun bar graph ). Fach band represented about a 30% yield. 

The nnr spectxun of the purer ~ band, while of a mixture of 

two isaners, was OXlSistenl with the stJ:u::ture (38). 
,~ 

(b attstpts ta repeat the react.ial it was di9CC'1U'el'ed that 

yields of the 8-lactam abtained were very variable. &1Ch factors as 

teDperature, pH of the aqueoos ~ and t.iJn:in:J were foond to be 

critical. q,t:.inun cxnli.tiœs have IlOt yet been worked Olt. 

80 

Because of -the l.axtje rnmber of oc:.qxu1ds mentialed in camectial 

wi th this synthesis the otIIplete synt1wt.ic sequence ~ diagrauœl an 

pi!IIgeS 83 and 84. 'lbe CMIl'all yiel.d st:arting fran the di.aoet:aùde (25) 

~ the !mine ester (126) was 18'. ~ti.al of the final. reactia1 

15 l'DI being caxria:1 out by MI:'. S.G. Kim • 

\ . 

.. 



• 
/ 

l 

~ ... ,~ .. 1,,11 f 

<}~ ... 

• 
\ 

L _ _ .. li. ,), 

o 
2 

, 

o 
fi' 

o .... o .- o .., 

. 

C 
ln 

.,- -

----;------. ----

<:1 .... 

- 1 
, , 

1. _' _____ J __ 

l-

t- - ~~~:::.:_-_~ ____ ; _:. ___ ,...:. __ ~ 
col- --'==~ 

~ c~~ ~c,~~ -'-~~~- --~:-:..-.-~ 

- , :-r - -_____ - _____ , --.=....:.....-:-
l - - - ~ 
1 _ _ ... ..1. - ..;. ---~._- , 
- - -1 -_~:...: __ 

__ 1 .. 

- -- - -: -, ~ ..:. --~; - - 1 • ..:--.. -. ~ -~:~ ----~-

_t __ _ 

.. __ .. _ .. _ f .... _ _ __ .. __ _________________ .. ____ ____________ L __ 

1 : .. - _~ - _ .. ! - -' -~_:: J- _.: -
__ .:..:.. t .... -t-

- 1 1 

-.f .. :_":" : .. ~ -.-
~~------------------------------~-------

• 
1 
1. 

f~-~ 
1 -
1 

l"'~'- ~ - -. 
,.-- --_. 
1 - , 1 : .. _____ '._ 

j n .. 0" 
u 

o .. 

o ... o 
l' 

a 
,.~ 

<> 
N o 

o 
o 
co 

o o 
CD 

81 

-al 
M -
N 
1 

ca. 
~ 
0 

~ 
~ 
~ 

,-

~.<-
" 



• 
l, 

j 

" 

\.." , . 
l ,~' , 

,:t_ f 

/ ... 
\ 

q 

-

" , ~ 

0 

, 

, 
( 

• " • 

82 

+ -

~"'"" 
1"-.. 

-- : 

,-

, -~ ---= --

-
-

1 

, 

: .. 

, 

• • , 



83 



1 \ 

• • 

. • 

'. t \ 4 

r - ~ t'I 

·0 '\~ . 
fIH 

~~@ 
.... \, 

\ . ' 
\ -

'-- \ 
\ , ......... ,. - ~ . 
J 

84 

. " 
"''­• 



'. 
\, 

• Cl 

c Proposa] s far Further stmy 

Sinoe the work that bas been described in the preoeeding 

chapters is a series of snYiies ainai at synthesis of oePlam 

derivatives, ~ new avenues far further stuiy were opened 

that could DX he investigated. 

In chapter 1 the axidatial of the N-benzayl-)-aIIl:Ïn>-2-OX-
• 

azoli.di.mne (79) ard the subsEquent hydxolysis of the oxidatial 

prcxluct 15 described. A sb.dy of the medlanisn and pr:oducts of 

the initial leëd tetraoetate ox:idat:iœ as will. as the products -of 

" 
the hydrolysis, besides the i.solated benzoic acid, shou1.d be wder-

ta1œn. 

ero 

• .... 
• C-O 

A 

© 
" 

> 

_ (79) ~ 

c \ ;.;...' • 

Chapter 3 is aùy a p:elimi.nary study al t:lwÎl~is of a 
1 -

J • 
) 3-1neth:Y1œp:Ml osparin and DUCh WŒ'k raœins toc be-'dœe. '1be aceta1-

~1.œe (lll) is descrlbed but the aoetal oou.ld oot. be J:8IIJVed 

fran the m:llecule withcut causJnq a œo "Iœitial of the CJl'a2Dlœe. 

A study te detarmJne if a ralativel.y MaUy mIDUed acatal such as 
-

the B8~1 ace~ ~ CID be rSIM!d vith zinc pw1er 
' . 

" 

\ 
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(ill) 

cn.ùd be undertaken. ~, a ocntinuaticn of the att:elpt. to maJœ 

use of the easily rerrDVed, N-1œthyloxazolidine prot:ecting qmup after 

tbe raooval of the aoetal.s in the d:i.su4:hlde Cll5) is iDticatai. A 

) 

(115) 

86 

study of the cleavage of the disulIXUde in the p:-esenoe of this labile 
,-i;' • 

protectin; group should also be made. Qlce the aldehyde Oxazol.œe • 

(102) haB been isolat.ed, a sttr:iy t:o detennine if the oxazo.lœe ring 

Cpening reactial with primary aloohols in the ~ of a base , 
obser:ved in dlapter 4 is çpl !cable tD (102) ahcW.d he urdm:taJœn. 

'!'he mec:ban:ian of th1s rihq open:ing J:'eIICtjœ to give an ester 
, 

'. 
/ 
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~ 

Hf31;~ 
s . ) 

(102) 

Its rate was observed ta be a functial of base c:xn3ltrati.al. Siooe 

the reactim 19 used in the syntheti.c sequence ta produce the 
l 

S-l.act:am (38) kncwl.ec1qe of its mechani.sm wrul.d he extreme1y useful. 

o 
MM -

. & 

(38) 
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A new i!Dlitrile thàt, aftèr uOOergoi.JxJ an Uqi type cxn3en­

satim yields an amide that can be rEDDVed tI1der mi.ld cxn:ii.t:i.als 

is described. , , 

. 
~.. A new N-protecting <jrOUp for peptide synthesis, ooe that carl 

"ft , 

be rEDDYed by hydrogenatial with 00 raoemizatial of the peptide" 

was devel.qled. 

A new synthetic route ta a oep.n derlvative maJdng use of 

known in,tennediate& Wi!LS aocatpllshed. A.t.> many iDprovaaents al 

the synthesis of these inteli"ediates were made. 
, " 

Several new 0 "\JOmds were ~ and cbaracte.rized. 
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MeltÎ.D!J points were detemdned an a Gallenkamp block ëUX1 are 
, 

\lIlCXlITected. Mass spectra were abtained an an AEI -MS-902 ma.ss 
t 

spectranet.er at 70ev using a direct insertioo prdJe. Nur spé::lra 

were reocm3ed al Varian ~60, A~, and HA.-100 spectrometers 
> 

usin;J teb:aœthylsilane as an inte:cna1 stmxlard. Dœblets, trip-

lets, and quartet:s in the IDJ[' spectral data \1iIeœ recorded as the 
tl 

oentJ:e of the peaks and nultip1ets as their r~ of absar:ptiœ. 

Ir spectra Were cbtained al a Unicam SP-IOOO and a Perkin-Elmer 

PE-257 infraz:ed speçt.rqJbotane. Uv spectra W'ere recxxded 
.' 

usiDJ a Unicam SP-800 spect:J:ophotcm. Optica1 rotat:.ials were 

,{ 
89 

, " ~ , l 
measured with a Perkin-Elmer PE-141 autanatic polarilDet:.f!!r. An-

alytical. thin layer àlraDatography was perfC:1I "el al sili.ca gel 

CDated p1asti,c plates (Eastman Kodak)' ~ en a preparaclve scale con 

silica qel (Mer:ck tN21"~ .,,) oaatal glass plates. ti:JelJn a1~ 

(neutra1) and si 1 i ca gel were used for ool\llll chranat:cgraphy. 

Microanal.yaes weœ carried out by c. Daessle, Ma\trea.l. AU dMmIca1s 

are "Reagent Grade" unless otbm:wise spacified. 
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, PreJ:!ratial of ~limide' (48) 

" 

Pht:ha.limide [500 g] 1IIBS dissolved in a mixture of dimethy1-

fOlllBtlide [1800 ml] am triethylaDi.ne [500 ml]. '!'he sol.uti..al was 

oooled to 10°C with an. ioe-water bath. Ethy1chlarofœmate 

/'''~ [350 ml] was added aver a period of 45 m:i.QJtes with mechanical. 

,:> 

stirri.nj duriDJ which time the tai(erature of the 901utial rose to 

25°C. After tœ,aàliticn was <XIIpleted the reactim. mixture was 

al lalled ta stand at boc averni.ght then pooœd into oold water 

[9000 ml] with' good mechan:i.cal. stir:ring. 'l'be (reCipitatec1 product 

was ratDVed by' Yac:umn filtratial, wasbed weil with water am. al...lowed 

to air my. 

:ield: 650 9 (87') , IIP 78-79°C (Ut ": 80OC) 

• I%; (CIel.): 18ly5/1785 (O=C-N-C-O), 1735 (0=<», 1615, 1480, 1375, 

1 -1 330 r' 1ll0, 1090, 1030 cm 

Rnr (IH:n - dl): cS 1.5(t,3), 4.6(q,2), 8.1(8,4) • 
'p!epuat:icn of ~l imide (49) 

~ b)üI:oc:tl.ltr:ide [10.8 g, 0.155 DD1el .... djaso1ved. 

\. / in hot (70·C) abaolute etbanol [150 ml] ard triethy~ [31.4 9, ,-;:- , 

0.310 Dr>le] WU aàJed. (48) [34.0 9, 0.155 

DDle] WB..., (Jlickly vith viqarous ~ • .. 
, , 

tJpt WU then œoled in ~ to rcxa' tA4:catma ..t poured int:o 

'r 

<1 , • 
Cl ' 

... '" ... r ... 

. ~ (.-,p J~ ":! 



" 
di1ute hydrochloric acid [800 ml ocnt:.ai.rliDJ 25 ml ocn:. IC1] ~th 

\ 
good mechanical stirring. The yelJ..ow-bl:own solutiai turned oolQ1r-

, 1 

1ess Ql ccntact with water and a white precipitate wu fOLIUEd. 

'nle product was reroved by vacmD filtratial, washed weil with water 

am dried in. vacuo at 65°C. 

Yield: 17 9 (68%) , mp 225-227·C (lit'7: 230°C) 

Ir (ClC1,):' 3400 (broa:l OH), 1765/1735 (O=C-N-C=O), 1610, 1380, 
,""'--" .' 

U90, 1liO, 1090 an- 1 

~ 

Nor (COC1,): ô 7.7 (s,4), 8.0 (s,l) 

Preparaticn of tetrah~l ether of .~ (50) 

N-~ (49) [10.0 g, 0.061 IlDle] WI!lS dissolved 

91 

[il ml, O.UO mle] am ~ oxyc:hlaride [5 drqls] wu added 

in ale portial. 'lbe mixture was allowed to stand at rcx:m ~ 
\! t-," 

far 3 hours. then evaporated ta dryness under rerb10pd p:esBUre. 'n1e ~ 

prodœt ctySta1lized spcnt:aneoos1y Ql cxmplete evaparati.co of the 

solvent •. Petroleun ether (30· - 60·C) [50 ml] was added am the 
i!t 

prodœt n!lDVed by vaoun fi1tratial and dried in vacuo at 65·C.' 

Yield: 13.0 9 (85'> , 11P 12o-122·C (lit": 123·C) 

Ir (CIel,): 2970/.2880 (CH) , 1785/ 1745 (00C-N-C-O), 1610, 1380, 

'1310, 1145, ll20', 970 ~-1 

l NIIr (aC1,): 6 1.7 (m, 6 >" 3.3-3.8 (m,2), 5.4 (br:Qad .,1.), 7.8 (s,4) 

, 
•• ,k. ._ w. 
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1 
Preparatial of o-tetrahydropyran~lamine (51) 

The tetra.hyd.rqlyranyl ether of N-~ (50) 

[140.0 g] was d,issolved in bepzene [1400 ml]. An 85% soluti.al of 
hydrazine hydrate [160 g] was aà3ed arxi the solut.iœ refluxed far: 

3 halrs. The precipitate' was rerroved by fi1ttatial. aOO • the filtrate 

disti1led. The fractiCll boi~ at 83° - 86°C @ 19 mn was colJ.ect:ed. 
Yield: 18 9 (27%) 

Ir (film): 3310 (NH), 2940/2870 (CH), 1590, 1205, 1040, 970 an- 1 

- )} 

Nnr (COCl,): ô 1.65 1 (m,6), 3.3-4.3 (m,2), 4.7 (m,l), S.55 (S,2,NH2) 

Preparatim of N-fcmny1-o-tetJ::ah.yd.rq?xrany1hydr:qx:y~ (52) 
• 

o-Tetrahydropyr~y1hydraxy~ (51) [10 g) \lIaS dissolved in 

pry pyridine [40 mi] ~ the solutial oooled to OOC in an ioe-water 

bath. Mixed aoetic-fœ:mic anhydr:iJ:le [22.5 g] was ëd1ed avec a per-

iod of 10 minutes with stirriB'J. 'Ibe solutim was al1C71ed ta stard 

at roan talperature ovemight am the pyridine and eJCCeSS anhydr~ 

were then rEIIDV&l under redtad~. 'lbree pcrt:iala of tol\Bl8 

[3 x 20 ml] were used ta azeotrope out lut t.oJ:aoea of rea;.-at:a. 

The 0CIIpUld \eS used witbout further purifi.caticm. 

Yiel.d: 11.4 Cl (100%) 

Ir (film): 3220 (NB), 2960/l900 (CH), 1685 (0<», 1~, 1210, 

1120, 1040 an- 1 

Hnr (COC1.): 6 1.65 (Jn,6), 3.3'-4.3 ,(m,2), 5.05 (J:road .8,1), 8~1 

(d,l,NIl), 9.6 (d, l ,Q-C-H) 

, , 

, 'J 
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Prepép;ation of benzo{:tlencne ~ (54) 

.. 
~ [106 g] was disso1ved in 95' e~l [200 ml1 • 

To this mixture was aàjed, iÏl CI'le partial, a solution of hydroxyl-

ëmIine hydrochloride [59 g] in water [40 ml]. ~ NaOH [110 g] 
1 • 

was then added in sma11 p::rt.ioos am the mixture swirled after each 

additioo. After the additicn of the NaOH had ~ <XI1p1eted the 

mixture was ref1\lXBi for 5 minutes and then cxx>1.ed aOO pcxlred \ 

siowly with vigorous stirring in (X)ld dilute ICI [4000 ml CCIl~ 
300 'nù conc. ICI]. '!he ox:iJne cr:ystal1ized and was rEm:Wed by 

Va.c\.Ul\ filtrati.oo, washed \1Iell with water and dried in ~. 

Yie1d: 97.5 9 (85%) , mp 141-142°C (lit: 144°C) 

Ir (CHe1,): 3250 (OH), 1460, 1320, 1160, 990 cm- 1 

, .. 
Preparaticn of Acetooe Oxhne (55) . ~ 

This CXlIPJUOO was prepared usiD] the procedure of Jarmy"'. 

/.\.\ ---" Scx1i\.lt1 hydroxide [120 9] was dissolved in rnet.haool [500 ml] 

/' ~ h}'droxylamine hyàrochlaride [lOS g] Jts added ta the :i.ce-a:x>1ed 

solutioo. Aoetale [US ml) waB' t:œn added in ale part.ica and the , 

mixture refluxed for 2 halrs. The soluticn wu oool.ed to O·C am 

93 

-, . 

~ ., ~ 

~trated lCf [130 ml] was adde::l càrefully. Part of the met:haool 
/ 

[400 nù.] was then renDVed by ewparatial in vacuo and the residue 

was extr~ three times vith ,eth8r [3 x 100 ml). '!!le oœhlned 

extracts were dried with ICxlit:m sulphaœ, filtered and recltDd by ,_ ~ 

. -

J, 
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evaporaticn in vac\X) ta 100 ml. en slow oooling to -20°C the product 

c::rystallized arrl was rE.l1DVed by vaCU\.lt\ fi1trat:icn. 

Yie1d: 79 9 (78%) , np 58-59°C (lit lte : 60-61°C) 

Ir (œ::~.), 3280 (ŒI), 3000;2960;2920 ~, 1680 (C=N), 1450, 1380, 

1075, 920 an- 1 

" 
Rnr (crx:l,): <5 1.9 (s,6), 8.7 (broad s,l) 

Preparaticn of o-be!lzylaoetadme (56) 

. 
ACetoxime (55) [10 g] was dissolved in abso1ute ethanol [100 ml] 

CCIlta:inin:J dissolved scxii.\.IU metal [3.15 g]. - Benzy1 chlaride [15.5 ml] ~. 

was then added in œe partim an:l the mixture refluxed far 2 murs. 

The mixture was then oooled ta roan t.Elîp!Iature arx'i water [150 IIÙ] 

was added. The aqueoos solutial was then extracted with 3 portioos of 

ether [3 x 100 ml]. The cx:mbined extracts were dried with sOOl.tIll sul­

phate, filt.ered am evaparated in vacoo. The residue was a yellow 
. \ 

viscrus oil. It was oot p.lI'ified rut used as such far subsequent 

reacti.cns • 

Ir (film): 3060/ 3040/ 2930 (CH), 1670 (00), 1590, 1460, 1370, 1190, 

1070, 990 an- 1 

Nnr (CIX:l,): <5 1.85 (d,6), 5.1 (s,2), 7.3 (s,5). , 
~t1al 01 C?-benzyl~lamùle (58) 

! 

The cmje o-benzylaoatox:lme (56) fI:an the ~ react::ial 

'WU tœated with cxmoentrated It:l [100 ml) and this mixture haated 

'-
. ,-
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en a steam bath far 2 bœrs while ni~ was passed, t:hr<:u3h the 
. . 

soluticm te RIII:M! ac:etœe. The mixtur:e was then oooled in iœ, am 

water [100 ml] vas ad)ed. A soluti.cn of 20% sodim carbœate was 

adds1 slaI1y \Ultil the solut.ic.C'l was alkaline. '1be mixture was then 
, 

extracted with 3 part.ials of ether [3 x 100 ml). The oanbined ex- ~ 

tracts were dried with sodilJD suJ.plate and the ether ~ate1 in 

vacoo. 'lbe residue was distilled in, vacoo and the fract.ial boiling 
, • f:J 

at 101-102OC @ 8.5 lIDl vas oollected. 

Yieldc 6.2 9 (37\ based al acetox:ime) 
" 

Ir (film): 3305 (NEI), 3060/3020/2905/2860 (CH), 1590, J.~60, 1370, 

UlS, 1200, 1005 an- 1 

Mar (COCl, ): cS 4.6 (8,2 ,CH2)' 5.2 (s, 2 ~'Nlh), 7.3 (8,5 j 
r 

o-D:!nZYJ.hymoxy~ (58)1.\ [r 9] wu diSSOlve:t. in pyr~ 

[15 ml]. 'Ble so1utim ~ ooo1ed ta ooe and miXEd acetic-fa:mic 

anh}œ:ide [3 ml] was"added in 0.5 ml parti.ms at 1, minute int.ervals. 

~ the additial vas 0CJIfl~ the ~ was ~ ta OCDe ta 

roan ta.~a~ and ~ ovenùght. 'lIle sol.utial was then ~'(XAlred 
, . 

into dilute hydroc::h1Œic acid 1100 ml, oœtai..n.i.n.:J 16 ml 00IlC. 0:1]. 

'lbe ~ solut.ial WIS ext.:racted 3 timea. 'With.éther [3 x 50 ml] • 
. 

The extracts wer:e washed twioe vith watar [2 x 50 ml], aod œœ with ,r 
l '. - '1 

5\ aoèIiJn biaii' tœte [50 Ill] • '1he. extcacts W!e ~inàd, dried 

vith aodilln .,d~ and the -et.bar evapcxabar;l in vactJO. 'l'bé iieSidue 
~) .0\-- ~ .... ~. l 

1188 vaa •• di.sti.l.léd and tbe' kaCt1œ boi] 1'K) at lSO-152-c @ 8 Dm 
../ 

./ .. 
• . 

,.- . 
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Yield: 1.12,9 ~9') 

Ir (film): 3450 - 3300 (NH), 3030/2980 JCH), 1675 
-1 ( , 

(C=O), 1460, 

1360, 1090, 1050, 1030 am 
, , 

Nnr (ClX:13): 0 5.1 (s,2), 7.45 (s,5), 9.1 (broad s,l,NH), 9.6 

i / 

Attarpted famylaticn of p=to~ide with ~ -
1 

~ ~ '~dimetlJrlfœ:mami.de CXJII!lex , 
... 

1 The 'thJegeile - IH" oœpl.ex~~\ [1 9] ,was dissolved in dry 

,(~ dimet:h;yl.fal::lœlnide [10 ml]. p-Il'oluenesul.pb::nanide [1 9] was 

~ in cne partim. '!he mi.xture tumed pale yel.low and 

~ sl:i.qbt1y. ~t waS stir.red at rocm tallpezature for 30 min~ 
\ am thèn pouœd mto ice-water. The produ:::t precipitated ard was 

nm:wed by yact.Ul\ fil~tion, washed weil with wate!: ard dried in 
,,~ 

, J , 

np 131-132OC 
. , 

(from chloroform) 
• 

Ir (OC1,): 3050/2950 (CH), 1635 (C=N) , 1350, 1305, 1155, 1095, .. "", 
910 cm-1 

" 
;, 

N'Dr (COCl,): 0 2.45 (s,J,CH,) , 3.10-3.25 (d,6,H,c-N<~,), 7.65 

(AEq,4,J-9B:z,atx:aatic), 8.3 (s,I,N=C-H) 

~YSis~ for C"H",II.0.S: C. 53.10. H. 6.20; Il. 12.38, 

!' 'S, .lS. FcuJd: C, S2.96~ H, 6.33~ N, 12.17~ si 13.89 

. " 
P.r:epe.ratian of !!=p!tn.a'i 1. pawllladne (72) 

, 

96 '\ 

DiisopcopyI.afhe [280 ml]~was cooled in ice-water and cxn:::entrated 



. . ". 
,,' 

, 

hyàrochloric acid [200 ml] was ad1ed very sl.cMly. The ~ting 

so1utioo was then heat:ed ta 70°C and a,901utiQ'l of sodilltl nitrite 

[170 g] in water [400 JOl] was added over a period of 1 lnlr with 

gocxl stirrirx}. 'nle solutim was stirred far a further 2 lnJrs ~t 

70°C am then r001e1 in ice-Water to roan t:enperature. The mix-

ture was transferrm to a 2000 ml separatory funnel and e.xtracted 

3 times with ether [3 x 300 ru]. 'lbe ether extracts ~ cart>ined, . 
dried with soclim\ sul};ilate, fi1terel, am the ~ evaparated in 

vaC\X). The residue was a pale yellow oil which was- not further 

purified. 

Yiel.d: 260 9 (l00%) ') 

• 97 

, 1 

Ir (film): 2990/2940/2880 (CH), 1470, 1450, r85 /1375, (H!C-C!!"CH3), 

1320, 1240, 1230, 1075 cm-1 r? 
Nnr (ax:l,): 6 0.95 - 1.10 (d,U), 3.15 (m,2) 

~~ o~ N,N-diisquopyl-N'-fannyl h:Ydraziœ (73)' 

, , 

N-NitrosexHisoptopylani.ne (72) [260 g] was dissolved in 90% 

aqueœs fcmn:i.c acid [2000 ml}. Mercuric chlaride [4 g) was added 
.. 

and the mixture stirred until it dis901ved. Zinc dust. [480 g] was 
, 

then added in anal1 ~ over a peridi of 6 ln1rs ta the vigar-. . 

ously stirred mixture. The t.enp!1"ature was maiiltained at 4O:-45°C 

by oooling in a water bath. After the D:ii.tioo of the zinc" ciust 
. 

had been <XJlpleted the mi xture wu.stirœd 0I18r1liqht at roaD tan-, 
" 

perature and tben filtered am the residue wa.sllBi vith three pcr-

'tiaul of 90\ fotmic acid [3- x 200 ml). 'lbe'filtrate vas refîuxad foi / 
-' 

, , . .... 
, '. 
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-
amblent pressure ( oil bath ta 200°C). The residue was allcwed to 

" ."'--
rool arxl water [250 ml] was added and solid 9cxliuD carbooate ëdded 

slCMly until effervescence œased. 'lbe m:i.xtul:e was transferred to 

a 2000 ml separatory funnel arv:1 ext:racted with 3 part:.ialS of ether 

• 
[3 x 300 ml]. '!he ether extracts were cxmbined,. .. !iried vith sOOÎI:m '" 

- . 
sulphate and evaparatoo ta dtyness in \7aCUO. '.DJe produ::t c:ryst:all..ize 

spcntaneous1y CIl cœp1ete evaparatiai of the 9Olvent. Bexane (200 ml] . 
was OOded, the product was nmoY'E!d by vaaun fUtratial,. washed with 

helrane and all.owed to dry. 
,~ 

Yield: 170:5 9 (60\ based al di1sopz:upylëlDine) , ~ 58-61OC (from ether) 

Ir (CH:1 s): ,3310 (NB), 3000/2890 (CH), 1695 (C=O), 1470, 1390/ 

-1 1370 (H,C-cH-{!H.), 1305, 1145, 1130 an 

~ (Cl:X:1 3 ): t5 0.95 - 1.10 (d,l2), 3.15 (m,2), 8.2 - 8.3 (d,l,NH), 

9.2 - 9.3 (d,1,fH?=O) 
c' 

Analysis: Calrulated far C,HuN20: C, 58.29; H, li.lB. N, 19.42: 

Found: C, 58.10: H, 10.80; N, 19.33 

Preparatia1 of N-iSCIÛtri1o'li? sq;u:oeyladne (70) 

n 

.N,N-Dii.sopr:q:Jy1-N'-fmmyl ~ (73) [14.4 9') was d i sao1ved 

in a mixture of methyl.ena cbloride [40 ml] and triethyJuine [50 ml]. 

A soluticn of ~18 [14.8 g] in met:hylsoe cblodde vas aàJed over: 

a period of 10 minlt:és vith ~ st:i%riBJ and ioe . .aooJjng. 'l'he . . 
mi.xtUœ was stirred nt a further 30 miputes at O-C and then 20. 

sodiœ ca~te solut.ial [140 ml] waS added. 'DIe ~ were 

separated :in a separatœ:y funne1 and the arganic layer dried vith 

) 

.. 
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potassmn carlxmate [l0 g]. The mixture was filterai am the methylene 

chl.oride and triethy1amine evaparatm in vacuo. The residue was 

vacuun distilled at the lowest possible talperature (00 avoid de­

OCJl1?OSitiŒl) (CN.1rIŒl: n.ne hood) and the fractiCll boiling at 

52-58~ @ 9 mm co11ected. 

Yie1d: 10.0 9 (79%) 

Ir (film): 3000/2990 (CH), 2200 (CIN) 1 1480, 1390/1375 (H,c-<:H­

CH!), 1340, ~30, 1180, 1145, 1095, 1010 an- 1 

Nnr(ŒCl,) Ô 0.95 - 1.10 (d,12), 3.15 (m,2) 

1«> analysis was perfcmœd as the 0CJl1Xllld is volatile am 

extraœly toxic. 

Preparatial of a-lactam (75) 

N-Ismitrilexiii sopr~lamine [7.35 g] vas di ssolved in dry 

tœthaB:>l [100 ml) 0CIlt:.ainin} aoetale [10 ml]. Finely pcMJered 

a-alanine [5.2 g] was then ad:led am the mixture stirred at roan 
. 

tsrperat:ure fur 85 lnJrs. 'lbe 901ut.ial WB then evap:rated to 

dryness in V8COO. Chlorofoan [50 ml1 \eS added am the flask 

shaJœn vigoroosly for several minutes. ~ mixtur:e tas then fi1tered 

ta ra:naue chlorofOIm in901nb!e mat.eria1 am the yel.lcw oolœrec! 

.' 
filtrate pa8S8i through Il co1um of aluaina (100 g,1b!lm, Act. 1]. 

'lb! oo1œn wu elutsl with chlarofœm and aU elumt col.lect:ed 
.f 

until the yellow band reached the bottait of the col..,. ibJ ~ 

myst:alÙzed upal evapœ:atial of the aolvalt. lM ... [20 al] WB 

. .' 
addea im the pI:Oduct 'rt!IIDY8d qy vaaua fUt:ra.tim. 

~I' •• 

À'rl"i:': 



Yield: 3.0 9 (20%, rec:rystallized fran hexane) 1 np 78-81°C" 

Ir (I<Br): 3230 (NB), 2970/2940 (CH), 1740 (lact:am), 1680· (HN<=O), 

1470, 1400, 1390, 1250, 760 cm- 1 

Nnr (a:cl,): 'ô 1.0 - 1.1 (d,12), 1.65 (8',6), 2.8 ..:. 3.5 (m,4"M'BB' 

system N-<::lh-CHz-0=O), 7.75 (broad s,l,NH) 

100 

Analysis: Calculated far C13HUN,02: C, 61.18: H, 9.88: N, 16.47 
p 

Found: C, 61.15: H, 10.13; N, 16.27 

Prepa!ati.a1 of 3-ami.oo-2-oxazolid.i.nœe (n) 

The procedure of Gever' 0 was fol1owed. 

2-Hydraxyethy1 h:yàrazine [7.7 g], diethy1 earbèllate [15 ml] 

am methano1 [5 ml] in which had been d i sso1ved scxii\Jtl [0.3 g] 

were CCIlili.nei in a flask to which was attached a Vigreux oolœn and 

distillaticn :œad. The 'Solutial was heate1 en a st:ealn bath and the 
, 

nethaoo1 and et.harX>l was a1lowed tO distill. A total of 14.2 ml 

(expected 16.7 ml) was ool..lected aft.er 1.5 hoors. The mixture was 
, 

cooled, absolute etha,rx,l [10 ml] ~ and ,the mixture ,filt.ared. The 

filtrats was red1X'Si to 5 ml by evaporatiœ in vacuo and tha1 chilled 

to -20·C. 1-'be ~ mta"ial .. ~ by vanJID filtrat:ial 
~ . ' 

arxl Washed with oold abeolute ethanol [20 ml]. It .. recryst:allized 

fJ:an abeolute ethaIx>l. 
~. ~ 

'~ Y!eld: 4.6 9 (47'> , 1Ip 64-66OC (litu : 68-69~) 

/ 

Ir (lŒI:): 3440 (NIf), 1770 (C-O), 1490, 1440, 1285, 1230; 1125, 1040 an-1 

Nnr (020): ~ 3.6 - 4.0 (m,2,part of M'SB' systan o-cH2~-N), 

4.3 - 4.7 (m,2,part of M'lIB' aystan o--œa-cHt.-N), 4.75 

.. 

,. 



• 

. 
~' 

J 

3-Amino-2-œrazol.id.inoo (77) [1 g] was adde:l to mbœd aoetic­

fcmnic anh,ydride [10 ml] at OOC. The solutial was allowe:l ta stand 

at <5°C far l hem". 'Ibe elCCeSS aoetic-fœ:mic anhydride was then re-
, 

novec1 urder high vac\U1\ .at 25OC.. The pt'Odu::t was cbtained as a 

oola.lr la1Îs oil. 
f'--/ 

Yield: 1.29 9 (100%) 

Ir (film): 3380 (NH), 3000/2930 (CH), 1775 (o-a:>-N), 1700 (H-C=O), 

i 
1490, 1420, 1390, 1230, 1150, 1030 cm l 
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Nor (D20): ~ 3.7 - 4.1 (m,2, part of AA 'SB' systan of O-Clh-cH2-N), 

.' 4.4 - 4.8 (m,3, part of AA'BB' syStem of'O-cH2<Ht-N, NH) 
. 

'" Analysis: calculated for C .. B,N203 :' C, 36.95; , H, 4.62; N, 2i.56 
( 

Fourd: C, 37.13, B, 4.88; R, 21..21 

• • 
Preparatial ol N-btJl!oXl-3-sniJX>-2-axazolkUnœe (79) 

3-A1rlilx>-2-œrazol.idira1e (77) [0.63 9] wu dissolve1 in dry 

pyridine [5 ml] aM oooled te <sec in an ioe-water~. 'AI soluti.al 

of benmy1 dùaride [0.94 9] in dry pyrid1ne [5 ml] )RIS added CNe[' a 
-' , 

period of 30 minutes. After the add1tial leS oœp1ete' the mixture 

waB"stirred for 10 m:t.mtea at <sec and tben far 30 minutes at rocm 

tai(eratm:e. 'Dle aolutiœ wa, thm drfaM!d very slow1y œto iœ 

[200 g] am the iœ .. allorJllld to JElt. 'l'ba a:ystal.liœ pxxi1x:t wu 

raDaIIed by vacUlD filtrat1œ, wubad .u vith oolcI wtar aM dria:1 

in 'VaCU). 'Dle pr:aJuct ... ~ fr:om etbJmol \ [5 mll. 
, 

/ 

" 

r 

... 1 t'H"i; 
~.1'" _t 
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Yield: 0.77 9 (61') , np 175-176°C (lit: 178-180·C) 

Ir (1œr:) 3300 (Nu), 1770 (o-co-N), 1680 (N-<>O),' 1530, 1490, 

1425, 1320, 1265, 1225, 1125, 1030, 9?5;' 910 cm- 1 
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) 

Nnr (I»H) - .d,) : 6 3.7 - 4.1 (m,2,part of AI\. '138' system$. 
o-cH2-<:H2-N), 4.4 - 4.8 (m,2,part' of AA'BB~ systan of- ,,' 

O-Clb-<:H2-N), ~7.5 -8.2 (m,5,aranatic), 11.3 (s,I,NH) 

' .. POund: C, 57.97: H, 4.69; N, 13.59 , , 

'6. 

Oxidatial am b)drolysis of N-benzoyl-3-anino-2-crazo1 idiDCl1e (79) 

" 
, The axidatim met:ln:i of Iffland~' was ussi. 

-N-BenmyI-3-anino-2-oxazoli.dina1e (79) [145~] WéW ~ • 

in methyl.ene chlaride [5 ml]. 'lbe stirred mixtUJ;e was oooled ta 
C-

'f O·C in an ice-'Wrater bath am 90' leëd 'tetraoe~te (380 Dg, 1.1 eQuiv.] 

was added in Saall portüms aver: a periai of 30 minutes. The resultmJ 
...". 

solutial was 1I11owed to stir at roan tSIIerature far 30 minutes. 

'ftel S, sodM bicarlx.nate sol.ut:.ia1' [13 ml] wu adèJedoard the mixture 

oc:ad!ll~ted ICI ta pH 2 am ext:mcted vith t.hI:ee patt.iauJ of cblàr;o-
, ... - w ... _ 

fa11Il [3 x~lO m]..J..! 'lbe CCIItd.nad ext:.ract8 weœ dried v.l.fh 8od1. sul"': 

pate, fllœœcl and avapar;ata! te ~, te yitùd ~ ben-
~ , 

zoic acid. 
'~ .. JII~~" 

• Yi.el4: 60 IIIJ (83\' , IIP ll8-1l94tÇ UI'IdIe(K-- upœ alPim~"'"" 

with .. ~ ~la of bsIaqiç ~.' , ' \- '\' 

.' '. ; ..... ; ---. 

.' • 
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~paratiœ of N-o-nitroc~1 glycine (91) 

, ,"" 

Thicnyl chlaride [60 ml] was ad:1ed te o-nitrocinnamic acid 

[16 g] and the mixture ref1wœd far 13 l'nIrs. ÈX:CeSS- thiony1 

chlaride was evapxa~ in vacoo at <40OC to yield a crystalline acid 

chloride. 

_ Glycine [6.2 g] was dissolved in :zN aquecJ.lS sodiun çarbalate 

[42 ml] and the cnxie acid ~ide added in snall pc:rt.i.oo.s with 

vigarous stirr~. After each ëd:litic:.n of acid c:hlaride sufficient 

1 ZN scxliun carl:alate 9Oluti.al WB added te the mixture te return 
-" 

the mixture to pH 10. A beige qolœred pr:ecipitate was facned 

'l;mrinJ the adiitial of the acid c.hloride. Wei the aŒlitial of 

hl the acid dùaride was oœpleted the mi:xpJre was allowed ta 

stir vigorously far: a further 4 hours. t:hen oooled ta O·C am fi1-
. . 

tered. The prodJot. was wastm ~ t.imes with oold water [3 x 15 ml] 
• am then reaystal.lized traD water [30 ml]. 'Ble recryst:al.lized. 

material was djsaolved in water [100 ml1 am oonoantzAtei 11:1 [6.2 ml] 

.. in water [10 ml] wu atied with stirring. The free acid. 'eryst:a.llizEd 

and was ratDVed by VlIIC\UIl flltratial, washed ~ with -m]d wter 

and recryst:al1.i%e frcm etham1. 

Yield: 11.0 9 (53') , q, 182-18S·C 

Ir (Iœt'): 3390 /3320 (NB), 3100 (vary bmad COt~), 17:t5 (~), 

-1 1660 (N-<>O), 1615, 1530, 1345, 1230, 1045, 980 an 

Na" (DB)':' dd: cS 3.9 (d,2,N-CB1-<>O) 1 7 .1~,2,J-l6lt&,trana 

1 

) 
~ 
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.. 
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H-C-C-H), 7.4 - 8.2 (m,4), 8.5 (~,l,NH) 

Analysis: CalcUlated for CIIHlON20 .. : C, 53.49; H, 4.47; 

N, U.50 FoJrd: C, 53.61; H, 4.57; N:' U.79 

N-o-Nit:rocinnallDyl glycine [2 g] was dBi ta a mixture of 
1 

acetic ~ide [a-ml], trJ.et:t:IYI art:OOf~te [4 ml] am dry ethy1 

aœtate [20 ml]. The mixture was refluxsl for 3 tnJrs durinJ which 

. time it tumed deep red-tmJwn in <X>lD.Jr. 'l1le. solutial was evapatated 

in vacoo ta aOOut 3 ml am ethy1 acetate [IO"ml] was aMed' am. the 

mixture oooled to -20·C. 'l1le ~ c:r:ystallized, was ratDVed 

by vactUI\ filtratial, wa.shBl with oold ethy1 aOet;ate [2-3 ml] and 

.) allowed to dry. 

Yield: 0.80 CJ (31t) , Ill> U9-l3OoC 

Ir (CH:1.): 1780 (0-0), 1680 (C=N), 1630, 1360, 1310, 980, 910 an- 1 -

ltnr ([HD - d,): c5 1.25 (t,3), 4.55 (q,2), 7.5 <AaI,2,J-17Hz,trans 

a-c-c-H), 7.6 - 8.4 (m,5,anDatic am C>CII-<X:zBs) 
/ 

imalysis: Calcnlated fQr Cl .. H12N20S: C, 58.35; B, 4.16; N, 9.72 

Found: Cr 5\.681 H, 4.281 N, 9.46 

" 

J?reparatim of 2-o-nitroetml-t-thiO!lJ8lbyleœ-5-oxamla. aod:J!D 

salt (94) fDaB (92) 

, { 

\ 

t 

. , 
, ' 

. ,~~~ ,;-~- j:-~ 
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susperx1ed in ice-cxx>led dry met:l1aIx>1 [5 ml]. Sodiuo h}œ:osulpùde 

[98 1lY:1, 1 B:IUiv. 1 was then ëd3ed to the st.irred solutim aM the 

suspended solid \1iIB'lt into so1ut.ia1 a1most 1nmed..iately. The rai-
l 
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brown so1utial was stirred far 30 minutes at O·C tben drïWed very \ 

sl.ow1y into ioe-000100, vigorous1y sti.rred, ~ ether [50 ml]·. \ 

The scxlill1\ thiol precipitated as a bJ:am solide The pIXrlœt W8S 

'" 
rEmJIJed by vaC\Un filtratiœ, washed weil with ether, am all..owed to 

ch:y. , 

Yield: 0.45 9 (87') 

Ir (Iœr): 1760 (C=O), 1690 (O=N), 1630, 1330, 1180,1 980 , 910 an- 1 

Nor (020): 6 7.5 (AIq,2,J=16Hz,trans 1DaCH), 7.6 - 8.4 (m,4, 

~tic), 8.8 (s,1,c-cH) 

S, 10.74. Found: C, 48.58; H, 2.18;, S, 10.41 

Preparat!cn of N-o-nitrocinnallDy1 glycine mat:hy1 ester (99) 

N-o-Nitroc::jJ'mcm:JY1 glyctile. [2 g1 WU snspended in dry met:hzmol. 

[100 Iiù] and. the stir:red suspeI'lSia\ oooled. in an ioe water bath. 

Al'lll}'drous 8:1 gas WU passed into the mixture until the 8WIptD)ed 
, 

solid d i sso1ved.' The solutiœ WIIS then ~ at oee fer 4 lDJrs and 

theI'l ocnoentrat:ed to about 5 ml. by evaparatial in vacuD. '!'he aol.u-



• tioo was oooled am triturated with anhydJ:oua ethm" [25 ml] \Dltil 

the plXXiuct crysta1lized. The product was reDDVed by vacuœt fil­

tratioo, washed with ether [10 ml] am al.l.owed ta dry. 

Yield( 1.6 g (76\) , Jl'I> 159-160oC 
1 

~ 

Ir (ClC1,): 3430 (NH), 1760 (0-0-0), 1680 (N-OaO), 1640, 1610, 

1530, 1380, 1360·cm- 1 

Nmr (DMSO - d,): ô 3.8 (s,3), 4.2 (d,2,NHCHz-C-O), 7.5 ~,2, 

J=16Hz,trans H-<)a(:-H), 7.8 -18.4 (m,4,azanatic), 9.1 
" 

(t,l,NB) 

Maas spectI:un (70 ev): mie 238 (tl) 
... 

Hydrogenatial of (95) ta yield N-o-attinoci.nnc!lDy1 glycine methy1 

ester (96) 

N-o-Nit:roc.inlwnoy1 glycine [1 q] wu disso1ved in abao1ute ' 

ethaoo1 [50 ml] wa.med to 50·C. Plat.inœt axide [50, ng] was added 

am the mixture h}drogenated far 1 heur at 50-c al a Pan" ~ 
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atus at 60 lb/in2 h}drogen pressure. The mixture was t:hm ~ ta 

dissolve the precipitated product am. fi1tered hot tQ raŒM! oatalyst. 

by V8C\U1l filtratial and washed with oo]d aœolute et:haml [10 ml]. 

Yield, 0.65 9 (69\) , mp 14o-143°C 

Ir (JœI:'):, 3450 ,13300 (NB), 1760' (0-<>0), 1685.~), 1645, 1520, 

1290, 1050, 975 cm- 1 

Mar ([MS) - d.): cS 3.". (a,3,o-cH.), 4.05 (I::Itœd .,2,NHa), 

. 
4 '\ rp 

,> .... ""- ,,1-. _, . 
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" 
4.15 (d,2,N-CHz<=O), 7.5 (ABq,2,J=10HZ,trans H-C=C-H) , 

7.2 - 8.0 (m,4,aranatic), 9.0 (t,l,NH) 
. 

AnalySis: calqùated far C12HII.NZO, : C, 61.54; H, 5.98; N, 11.97 
-

,-~ 

POund: C, 61.29; H, 6.13; N, 12.07 

~tial Of (95) to field l.ac::bIn (89) 

N-o-Nitrocinnanoy1 glycine methy1 ester (95) [1 g] was disso1vm 
" 

in glacial ·acetic acid [25 ml] am plat:imn axide [50 ng] was ackled. 

The mixture was h}'èrogenated at 40·C far 1 hoor an a Parr çparatus 

at 60 lb/in2 ~en pressure. The mixture was t.hen filtered ta 

renove catalyst and cx:moentrated te 2 ml by evaporatial in vaéuo. 

Ethy1 aoetate [25" ml] was addeO, the, solut.ia1 trmlSfE!1!fE!d to a 
. 

separatory funnel and then extracted with ioe-cold 2N sodiun car-

bcnate sohrt:i.œ [25 ml]. The aquecus extract was bac){ extracted with 
, 

ethy1 acetate [15 ml]. '!he cl:ljëlIlic layera were carbined, dri.ed with 

soditltl sulIbate and oatoentrated te 5 ml by evapcratial in vaclD. 

The residue was triturated with a mixture of ethy1 ether [10 ml] am 

petro1eun ether ( 30-60·C) [15 ml] \mti1 the product began te 

crystallize. The mixture was oooled at -20·C \Ultil c::ryst.ànizatial 

was cx:nplete. The product was rEIlX7Jed by vacuun fi1tratiœ and 

allOW8l te dry. 

Yie!d: 0.53 g (86%) recrystal.li.zed fJ:an ether , rrp 152-154OC ' 

Ir (KBI:'): 3200 (NH), 1690 (C=O), l§OO, 1500, 1440, 1390, 1290, 

U50, U05, 1040 an- 1 

N1Ir (lHn - dl): 6 2.2 - 3.1 (m,4,AA'BB' systan of -cHt-cHtoO(», 

.. .. ~ j 

~ .,". '~b ~.' ;J~1 , .~,!,,~~ ~,: 
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6.8 - 7.5 (m,4, aranatic), 10.6 (broad s,l,NH) 

Anal.ysis: Calcu1ated far C,H,N): C, 73.50; H,c...6.12; N, 9.52 

Found: C, 73.60; H, 6.17; N, 9.71 

Preparatial of N-o-nitrocinnarooy1-g1ycy1-L-phenylalanine ethy1 ester (97) 

-) 

The procedure of Sheehan an:i Hess 6.. was use:l. 

N-o-NitJ:ocinnanoy1 glycine [1 g] was suspenied in tetrahydro- • 
... 

furan [20 ml]. Dicycl.OOexy1carbodiimide [0.90 g,1.1 equivalent] was 
Il 

added and the mixture allowed te stir at rocm t.E!tperature far 15 

minutes. L-{ilenylalanine ethy1 ester [0.85 g] in tetrahydrofuran 

[25 ml] was then ad3ed and the mixture allowed ta stir at roan t:enper­

ature for 4 lnJrs. Acetic acid [0.1 ml] was added te destroy excess 

dicycl.ohexy1carbodiim:i.de, the mixture allowed ta stam 15 minutes aOO 

then fi1tered ta rEmJVe the dicyc1ahexy1urea. The fi1trate was 

evaparated ta dryness in vacuo am the residue t:akerl up in a mùUDun 

arcomt of boi1in1 ethano1 (maint.ained at the boilinJ point 00 a 

st:.eam bath). The mixture was then plaoed in the freezer at -20°C 

overnight. The crystalline prc:xh:ct was raroved by vaaun fi1tratioo, 

wastm with cold etham1 aOO allowed ta dry. 
a5 

Y!eld: 1.33 9 (78') , np 149°e, (a] 11111-5.5° (ca1.80) 

Ir (CIC1,): 3410/3310 (NH)," 1740 (0-0=0), 1690/1670 (N-C-O), 1635, 

1525, 1350, 1295, 1095, 970 cm- 1 

Mm: (J:IoB) - dl) : ~ 1.1 (t,3), 3.05 (d,2,Pb-CHa-), 4.0 (d,2,_ 
t 

N-CHa-C-O), 4.1 (q,2,o-cHJ-cH.), 4. 7 (m,l,~), 

7.2~ (s,5,P'a1Y1), 7.4 ~,2,J-16Hz,trana IJ-OIC-H}, 

'. !, . \,-
>t r \,. 
~ .•. 'l" ,).,:1. '1 . .'. 

l , 

" 

, , 

, . . , 
1. _ >~J,~,~;l.~~: 
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7.4 - 8.4 (m,5,axaoatic aol O-C-fl1!tCH-), 9.3 (t,l, 

0=C-!ti-CH2 ) 

Analysis: cal.culated far C21HuN.O, : C, 62.16; H, 5.45:, N, 9.88 

Fculd: C, 61.87; B, 5.51; N, 9.84 .. 
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Hjdrogenatiœ of N-o-nitrocinœaDy1-q1}'CY1-~lal.anine et:hy1 ester 

(91) te qive q1ycy1-L=p!!lxlalanine et.hyl ester h,ydrochlŒide (98) 
, 

Bat« (97) [200~] ... c11"KÙV8d in glacial acetic acid [30 ml] 

am platilua aIddIt [~~J .. àJal. '1ba lUxture ... ~ al 

a Parr ~ at SSOC fac 1 mur at 60 lb/inl hyùx:0jeIl pressure •. 

The mixture wu then filt.eœd am the filtrats evapcrated ta dryness 

in vacm. 'lbe residue was taJœn up ·in methanol [5 ml] am lN hyàro­

ctùaric acid [15 ml] wu ùBi. 'Ihe solut:i.cn was transferred ta a 

separatay fœnel am extr:CIJ-"'ted with ethy1 acet.atè tlu'ee times 
, 

[3 x 15 ml] to œDCNe <5-1actan (89). 'lbe aqueœs solutial vas , . 

evaparated to dryness am the prodlx::t c:rystal.lized spœt:aneaJsly. 

It was rac:ryata1.lize fJxm etbarwll [2 ml). 

Yi.eld: 109 Dq (82'), Dp 135-138 (lit": l39-140OC) urdep:'essed by 
25 

m:iJœd op with an autbentic SlIIple.rn et:haool [a] sn ,-11.4- -(0-3.80) 
15 

(Authentic wwple [a]s.,.-ll.l- (da 2.00» 

Ir (C8:1.): 3500 - 3200 (Œœd NB), 3000/ 2940 (CH), 1730 (<>-<>0), 

-1 1680 (N-<>O), 1530, 1450, 1385, 1330, 1130, 1100, 950 an 

NIIr ~1.) : <5 1.05 (t,3,o-cal~.), 3.0 (d,2,c&-CBa-Ph), 3.6 - 4.4 
_. f- -

" 

(m,4,o-aIt<BtBDi N-C!a-<>O), 4.75 (aa,lrC!tŒl-l'h), 

+ 7.0-7.6 (Jzam .,8.an-t:ic ..t -. ), 9.2 (d,l,O-C-f&CB) 

" '.0 

, . 
,', 
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Preparat.i.cn of N-o-nitrc:x:innaaDy1-g1yçy1-L-alanine ethy1 ester (99) 

N-o-Nit.roci.nnalooy1 glycine. [1 g] was susperŒd in tetrahyàro­

furan [20 ml) and dicyclohexy1c:artxXJiimide [0.80 g] was added am 

the mixture stirred at roan tslperature far 30 minutes. IrAlanine 

ethy1 ester [0.36 g] was ëdB:l and the mixture stiJ:red -~t roan tem-

perature far a further 4 heurs. The mixture was then treated with 

glacial aoetic acid [0.05 ml] ta destroy exoess d.i.cl'Clohexyl.carlxxli­

imide and allowed to stand far 15 minutes ~ 'lbe mixture was then 
~ 

fi1tered and cxmœntrated to alnlt 2 ml by evaparatial in vac\lO. <:n 

'slight èOolinJ the prcXhx:t crystalllzed, was ratDYed by Vac\U1\ fil-
. 

tratial and washed with ether. It was rec:rystallized f:ran ethaoo1 

[5 ml). 
15 

Yie1d: 0.40 9 (26.5') , mp 183-184°C , [a)5I,.--33.6° (0-1.20) 

Ir (CIel,): 3420/ 3320 (NB), 1742 (<>-<>0), 16f11l /1675 (N-OoO), 

1635, 1535, 1460, 1~5, 1360, 1300, 1165, 970 cm- 1 

Nui (I»9) - d,): cS 1.25 (t,3,O-CU2-cH.)? 1.35 (d,3,CH-CH,), J ~ _ _ 

3.9 - 4.8 (m,5,o-cH1<H ... NH-CHa-<>O am NH-CH-CH,), 

7.5 (AB;{~2,Ja16Hz,trans ..H-C=C-H), 7.7 - 8.4 (m,4, 

~), 8.8 (d,l,~), 9.1 (t,1,NHHCH2~) 
" . 

Analysis: calcu1atsd fer CuHuN,O,: C, 55.01; H, 5.48; N, U.03 

. Polmd: C, 55.20; B, 5.74; N, 12.33 

.. 

,~ , 

( 

( 

'J , 
.: _~ l 
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. ~"'tia1 of !9~ te give gl~H-alanil>e ~l ..-i ~ .. 

100 

" 

'l11e same procedure outlined al::lave for the hydrogenaticn of , ., 

--'97) was used. 1 __ 

II' ~ '25 

yt,eld: (72'), up 169-1700 C {lit 1 
7,: "177:aCl In e~l (ah.,,-37 .3° "-.. 

, 2 5 • 
(c=1.60) (authentic salIp1e [a15.,,=39.4- (c:=2.00) 

/ 

Ir {CH:1a}: 3310 (broad NB), 1740 (0-0-0), 1685 (N-C=O), 1570, 
. , 

1385, 1360, 1140, 910 an- 1 

. 
Mm' (tMOO - d,): 6 1.3 (t,3,o-cH2-cH.), 1.4 (d,3,CH-CIt,), 3.7 

.. 

+ 
(broI!Ki s,2,NH, <112-0=0), 3.9 - 4.7 (m,4,o-CII2-CIi. ard 

+ NH-CH-CH.), 8.5 (brœd s,3,NIf. ), 9.1 (d,l,CO-NH-CH) 

.. 

• 
-~ '-

-
" 

, 
' . .'.J~. ,~ .:,; 

~ 
\' 
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EXPERIMEmAL - ClP.Pl'ER 3 

Preparatial of methacrolein diethyl aœtal (104) 

The procedure far ac::rolein diethy1 aœtal' S was used. 

Methacro1ein [61.5 g, 0.79 lIDle] was dissolved in triethyl-, 
-"-

. artOOfonnate [130 ml, 0.79 DDl.e]. A waœ solut:ial (40"<:) of 

éI'II'lD'liun nitrate [3 g] in abeolute ethano1 [50 ml] was aMed in me 

};XlI't.ioo. 'lbe mixture was stirred at rcxm tenlletat:ure far 24 lxlurs • 
. 

am then filtered to nm:M! precipi.tated ~ nitrate. Anhy-

drous sodiun carbalate [4 g] was added and the mixture vacwn 

distilled. 'lbe fract.ia1 boiling at 71-72°C @ 80 Dm was rol.1ect.ed. 

Yield: 74 g (65%) 

Nnr (neat): ô 1.15 (t,6), 1.7 (d,3) ~ 3,1 - 3.9 (m,4,o-aIl<HS)' 

, 4.75 (s,l,~), 4.9 - 5.3" (ocmp1exm,2,~1) 

PrEparatim of Ep?xidé (106) 

, t',' 

Methacrolein diethyl aœtal [7.2 g] was dissnlwd in methyJ..ene 

"chloride [75 ml] in a 250 ml flask eqniwed vith a :œflux cuwJenser. 

~ic acid (851) [13 g] in methyleœ ctWr:ide [US aJ,] 

was added iI\ me~. The m1xtuœ baat.ed up spœt;msDusly and 

ranained W2l11D for 1 haJr. 'lba solut:.iœ vas stiued fa: a further 
, 

5 hoo:rs at ~ ta"e.rat:uœ then tranafer.œd tD a separata:y funnel 

am the .. CJt'9II:IÙC layar waabad with lOI socU ... dphite so]utiœ œt.il 
i 
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extractai with 5% sodiun bica.rbooate solutioo unt:11 the c:queoos 

wasllin]s were basic. The œ:gani.c layer was dried with sodiun sul-

ll3 

phate am the tœt.hyl:ene chlari.de ratDVed by evaparaticn in vacuo at • 

. <20oe. The residue was disti1led at ambient pœssure am the 

fractioo. boiling at 168-171OC <x>llected. 

Yield: 5.7 9 (72%) 

Ir (film): 2990/2950/2890 (CH), 1465, 1385, 1325, 1122, 1085, 

Nnr (a:x::13): <5 1.3 (2t,6,o-cH2<HJ), 1.4 (s,3), 2.75 o\Bq,2, 

J=5Hz,o-cH2<), 3.4 - 4.0 (m,4,o-cH2<H,), 4.25 (s,l, 

RO-C!!:"Œ) 

j 
Preparatial of thio1 (110) 

The procedure of GcxXkoan, Benitez, an1 Baller7 ! was usai • . 
Hydrogen sul~ was passed far 1.5 heurs into an ice oooled 

solut:i.oo of WV'U1JD hydrax:ide [ll.2 g] in met:halX>l [100 ml]. '.Nû.l.e 

a st:eady st:reéml of hytù:ogen sul.Prlde vas maintained, the epax:ide (106) 
• 

[20 gJ in met:.haoo1 [2oo.ml] wu added to. the i.ce-<x>l.d mixture CNeC 

a periai of 30 minutes. 'lbe reacti.al mixture vas then al..l.aJed to 

stir for 1 heur at O·C and 17 heurs at lX)QIl te' .. :emture. 'l'be aolu-
--

t.iœ was then pq.u:ed into ice-vater [1000 ml] am the pH was red!c::œd 
~ 

to 2 with SN snlpm-ic acid. '.l!le aqueous mixture WB E!Xtract.EI4 

three t.imes vith meth;yl.eœt chlar.ide [3 x 300 ml]. 'Ble extracta weœ 

cmi:>ined, washed with S'.8OCli1.à ~100 ml] ~ dried vith 

Bodil'" ~~~. The uetbylene c:hl.odde .. xawved by ~ 
b ~ 

-, 

, . 
'. 

~-<. 

j ij 
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in vacoo arx:l the residue distillEd. The fracticn boiling at . lOO-103°C 

@ 10 nm was oollected. 

Yie1d: 20.0 9 (~2') 

Ir (film): 3500 (brœd OH), 29901 29401 2880 (CH), 2580 (SH), 

1450, 1380, 1320, 1170, 1115, 1065, 1030 an- 1 

Nnr (crx::l,): 6 1.35 (s,t,9,O<:H2-cH, and O-C<H,), 1.65 (t,l,SH), 

2.65 (s,l,OH), 2.85 (q,2,HS-CH2)' 3.5 - 4.2 (m,4, 

00C!!2-cHa), 4.55 (s,1,RO-C!!-Œ) 

Analysis: calcn]ated far c.àllo,s: C, 49.47; H, 9.34; S, 16.48 • 

PCllnd: C,' 49.31; B, 9.37; S, 16.19 

Preparatim of aoetal-àXaZOlme (lU) 

Thio1 (110) [5 91 mi 2-phenyl-4-ethaxymethylene-5~olooe 

. [5 g] were dissolve;l in dry pyridine [50 ml] and the mixture allcJwled 

r 

to starv:l at roan teDperature far 5 days. The pyridine Was then re- .. 

rOCJYed by evaporat:ial in vaD\X) and the residue taken up. ~ ~oro-. 

focn [50 ml]. Decx>lourizinJ carbcIl [4 g) was added and the mixture 

boUe" for 20 minutes. It wu then filtered and the chlarofocn 

raIIM!Jd by evaporatial in vact.I). 'lbe residue was a yell.ai oil 

~ cr:yBtal.llzed <Xl st:andiD;J. It 'AS rea:ystallized fran hexane 

to 9iw pale ye1lai needl es. 

Y1eld: 7.1 9 ('?St) , IIP 85-88OC 

Ir Cacl,'): 3500 (broad CE), 3040 /2980 /2940. (CH), 1785 (C-O), 

-1 1640 (C>N), 1455, 1330, 1ll0, 1070, 995 an 

~ (ax:l.): 6 1.30 (t,6,CHlooC!!a), 1.35 (s,3,C-cB.), 2.75 (br:oId 8, 

l,œ), 3.4 CAaz,2!J-7~,C!t-S), 3.5 - 4.2 (m,4,~-CH.)" 

4 • 5 (s, l-,RO-CII-œ) , 

, . 

• 

• 
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Analysis: calculated far -CuHuH)sS: C, 59.18: H, 6.30; N,~ 

S, 8.76 POund: C, 59.31; H, 6.01; N, 7.83; S, ~.04 

1 

( 
Preparatial of di SlJ)phide (114) 

.-
Thio1 (UO) [1.94 q] was dissolved in dry ~lsul~ 

[5 q] am ~ solutial heated at 850C far 18 OOurs. The mixture was , ' ' 

tœn ooolééi'!)~ into ice-wat.er [50 ml] and this aqueoJS mixture 

extracted three tbœs with ether [3 r 50 ml]. Each of the extracts. .... . . 
was back extracted 5 times with water [S' x 15 ml] am twiœ with 

ice rold Sl1JtÙun hydrax:ide (10%) [~x 15 ml]. The ether extracts 

weœ CXI1bined, dried. with soc:lillD sulpate ard evaparated to d:ryness 

". in VëIC\X). 'lbe residue wu a yellaw oil (alS spot en t.1.c.). 

Yield: 1.22 q (63%> 

f ,--.., Ir (film): 3450 (brœd aI), 2980 /2940/ 2880 (CH), 1450, 1380, , 
1320, ll1S, 1070 aI)-1 

Mm: (ax:1,): 0' 1.30 (s,b,18,CH2<!. and C-cH.), 2.6 (d,2,OH), 

3.15 (Alq,4,J-l2Bz,BtC-S-s-cnz) ,3.4 - 4.0 (m,8,CH:B2-cH.), 

4.35 (s,2,~) 

Analysis: calculatsd fer CIID,ItOIS! C, 49.74; H, 8.81; S, 16.58 

POund: C, 49.61; B, 8.72; S, 16.43 

Pœparatim of the diacetate (115) 

'lba diaJl.Pû.de (114) (0.50 9] .. diaeolvad in a mixture of 

aœt1c ~ide (0.82 IIlI and triathylal:lne (0.82 Ill). p-OiDetbyl_np-
\ 0 

.~.'J ........ :;: .~. , -, , : 
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~( 
pyridine [10 m;J]' wu added am the mixture a.l.l.a.ed ta starrj 18 

, ! 
haJrs ,at roan 1:atp!rature. 'lbe mixture was then poureâ into ièe 

, 
oold dilute hydrochl.aric acid [50 ~ml. CXI'lt:ai.n:in:J 5 ml c:xmc B::l) and " 

allowed ta stir far 30 minutes at OGC. ''nle ~ nù.xtur:'é was then • 

extracted 3 t.imes with ether {3 x 50 'ml] am the extracts back 

extracted twice vith ice ool.d 5% 90dian bicarbalate [2 x 25 ml], , 

twioe with iee rold 5' ~ic acid [2 x ,25 ml] am ooce with 

water [25 ml]. The extracts were <XIIbined, dried with sodiun SQl: 

JWlte, fi1tered, and evaparated to dryness in vaClX>. The resi~ 'was 
'la pale yellow ou. ( ale spot en t.l.c.) and was not further purified. 

_ Yield: 0.56 9 (92') 

Ir (film): 2980 /2940 /2880 (CH), 1745 (C=O), 1375, 1365, 1240, 

1195, 1120, 1070, 1030 cm-1 

, 

Nor (a:x:::13): 6 1.2 (t,U,CH2-cHS)' 1.5 (8,6,C-cH,), 2.1 (8,6, 

O=C-aI,), 3.4 - 4.1 (m,12,<>-CH2<a. and H~-S), 4.95 

(s,2,RO-CH-œ) 

~ 



Pœparatial of mannitol diaoetarl.de (25) 

"-

D-Mannitol [200 9] was suspended in a mixture of acetale 

[1500 ml1 and dime~ [180 9]. 'l'olw:ne-4-sulpxni.c a=id, 

~ate [0.6 g] was ëQ1e1 and the suspenMoo stirred at roan 

~ature far 90 m:im.rt:es. Unreacted mannitol [90 - 100 9] was 

renpved by vaCUlln filtratiœ"am the' filtrate shaJœn with anhyàrrus 

'pc!ta$ium carbalate [50 9] until it was oolourless. The lX'taSsiœ 

carlx:Ilate was r~ by filtrat.iœ and the filtrate evaporated 
1 

to dryness in V8C\X).' 'i!le sani-solid residue was transferred to 

an Er~enœyer~ OCDt:{rlning hexane [3500 ml]. 'l1le mixture was 

then heated to boilin} with good stirr~ until almost all the solid , 
had dissolved (about 20 minutes). 'Ille mixturé was al.l.aei to settle 

far 5 mimlt:es, decantai, am. a] 1011J11(!rl ta cryst:alli.ze at roan teDpar-

with rold hexane and AllOWPd to dry. 

Yield: 28 q (20') , Hp U9-UI-C (lit 27119-<:) 

Pœparat.i.cf of glyoeraldehyde aoetmide (26) 

The prooednre of Biler and Pischer! 7 vas folJ.owed. 

1be ~ WB ~ cn1œrless oU am distilled at S5-SSoC , 

22 l1li\' (ÎJ.t27 : 35-42tc @ 8-U am) • 

~ 80t (litZ7 79.3t) 

Ir (film): 3450 (œ), 1725 «>0), 1260, 1220, 1080 (C-o) œt l 

"' J 
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Nor (cr.cl,): Ô 1.25 (d,6), 3.9 . (m,2), 4.2 (m,l)', 9.7 (d,l,H-C=Q) 

Preparatial of diaxan (27) 

) . 
Freshly distilled glyoera..J.deh}'à acet:aùde (26) [18 g] was 

édied in cne parti.cn to an ioe cool.ed stirred soluti.cn of anhydroos 

potassiun carbooate [18 CJ] in a mixture of metharx>1 [200 ml] and 

water [100 nù]. Far:malde.hyde solutial (40\) [50 ml] was then added 

and the mixture all.owed te stand cwemight at roan t~ature. The 

soluti.oo was tXl'lOE!l1trated in vactD at <40·C to a voluoe of 100 ml. 

This residue was then extracted three tilDes with methylene dù.ari.de 

[3 x 50 ml]. ~ CXJtbined extracts were dried with scxli\B\ sulIiBte 

[5 g] an:l evaporated to dryness. The material was used witln.tt, 

further purificati.al. 

Yield: 25.1 'g (95%) , np 88-89°C (lit2
': 89.5-91OC) 

Ir (~): 3400 (OH), 1380, 1220, 1160, 1090, 10~0, 1000 cm- 1 

Nor (cr.cl~}: ô 1.5 (s,6), 3.9 (ADJ,2,J==10H.,CH2-O-C [CH,h) ,5.1 - . 
(s,l), 4.0 - 6.0 (Œoad,l,œ) 

Mass spectrun (70eV): oVe 190 ut) 

PrE!paratial of oxamlidine-al.oœa1 (30) 

'lb! diamm (27) [25 9] WIll di uolwd in bmzene [500 JDlJ am N­

methyl.et:hanol.ëDin [20.7 9, 2.1 EqUivalents] vas aMed. The mixture 

vas heated mtil the balzeœ distill.ecl sloIIfly. 'lh! distillat.e 

was cloo:iy. After 350 ml. of benzEme bad been oollected (about two 
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aOO a half OOuis) th:! distil.late cxntai.ned no more wat.er and the 

benzene was rem:Mrl by evaporatiCf'l. in vacuo. The residue was dis-

tilled under high va.cuun and the fracticn boilin:J at lOO-103°C @ 

0.5 nm was collected. 

Yie1d: 24.9 9 (86\) 

Ii (film): 3600 - 3300 (OH), 2810 (N-OI,), 1470, 1380, 1260, 1225, 

1150, 1080, 1070, 1050 cm- 1 

Nnr (CD:l,): 6 1.45 (s,6), 2.60 (s,3,N-CH,), 2.7 (m,l,part of PrA' 

systEms of CH200 and CH2-O-C am OH) 

+ Mass spectnm (70 eV): mie 217 (M ) , 

\ 

Preparatioo of oxazolidine-mesylate (31) 
\ 

The oxazo~U.dine-aloohol (30) [27.6 g] was d j ssolved in a 
, 

mixture of Iœthylene chlaride [250 ml] and triethylanine [19.4 g, 

1.5 equivalents]. The solut.i.al. 'AaS CXlOled to -50oe with dry .ice­

acetœe am freshly disti 11 ed mesy1 chl.cride [16.2 g ,1.1 equiv.] 

in IOOthylene chlaridel [50 ml] added dJ:qJwise' over a periai of 2 

hoors with gocrl stirr:in:J. The mixture was then pound while still 

Ç' cold into ioe wat.er [300 m1.] in a sepu::atary fumel.. '1be arqanic 

1 

layer was wasbed t.wiœ with iœ water [2 x 100 ml], dried with 

aodiœ sulphate, and evapar.ated te dryneas in vaaD. '!he res.idue 

cr:ysta1llzed al oœPlet.e evaporatial of the solvant. 

Yie1d: (~) 37.6 9 (lOGt). RecJ:yatalllzed ftaD,pet:rol:am ether 

(6G-SO-C) [750 ml]. tield: 26.3 <3 (70') , IIP 83-84-C 

,r- '. 
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Ir (CC1~): 2820 (CH), 1475, 1380 (OMs), 1220,1180,1080, 1010 cm- 1 

Nnr(ax::1,): Ô 1.4 (s,6), 2.5 (s,3,N-CH3)' 2.4 - 2.8 (m,1), 3.0 

(S,3,S02-CH3)' 3.0 -3.4 (m,1), 3.6 - 4.0 (m,2,O·Oh­

CH2-N), 4.05 (s,l,N-CH-O), 4.3 (AD:J,2,J=11HZ, [HsC] 2C-

Preparatiœ of thioacetate (119) fran mesylate (31) 

Mesylate (31) [5 9] was dis90lved in 2-}:uf-..anale [100 ml]. 
k • 

Recrystallized (fran water) potassiun t:hiœcetate [3 g] was ëdded am 

the sti.rre1 suspensiœ refluxéi far 3 l'nlrs. The mixture was oooled, 

fi1tered ard evaparated to dryness in V8CU0. The residue was talœn 

up in Iœthy1ene chloride [100 ml]. The sol.uti.œ was washed twice 
i 

with ice water [2 x 40 ml], dried with sodiun sul.çhate and evap:xated 
/ 

ta dryness in vac\X)., The residue was a pale yell..c:M oil (Olle spot cm 

t .1. c.) and was mt further purified. 

Yie1d: 4.6 9 (99\) 

Ir (film): 3000 2360 2900 2810 (ÇH), 1700 (000), 1470; 1380, 

U20, 114S, 1070 an- 1 

Nnr Cax::l.): 6 1.4 (d,6,C-[CH.h), 2.35 (s,3,()IC-cH.), 2.5 (s,3), 

2.4 - 2.8 (m,l), 3.0 - 3.3 (!Il,l) , 3.3 (s,Z,CBz-S), 
1 

3.6 - 4.3 '(m,S). 

. . 
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Preparatiœ of 2--pbenyl-4-thianethy1ene-5-oxazolme (123) 

2-Phenyl-4-etmxymethy1ene-5-oXazolme (33) [5 g] was disso1ved 

in dry pyrid.:ine [25 ru] in a pressure botUe. The solut..ii:n was 

cxx>led ta O°C in an ice-water bath and hydrogen sulJ;illde pasSEd iota 
i 

the mixture far 10 minutes. The bott1e was then sealed ard allowed 
l''''~'' .. 
,( 

ta starrl at roan teTpera'blre for 24 heurs. The mixture was then 

pourai into ice cold, vigoroosly stirred, di1ute hydrochlaric acid 

[ 100 nù CXXltaining 30 ml cmc. ICI]. This aquecAlS mixture was 

vacuun filtered as rapi.dlyas possible. The prodœt crystallized 

frein the fi1trate CIl ~. It wu r8'ID\l'ed by vacuœl fil1:Xatial, 

washed \EU with cold water am driE!d in VëlC\X). 

Yiel.d: 0.47 g (10%) , II'I> 176°C (litu : 175-176°C) 

Ir (CIel,): 3080 (CH), 2480 (SH), 1760/ 1710 (C=O), 1690 (o-N), 

1540, 1450, 12~ 1060 art 1 

Mnr (COC1,): 6 7.3 - 8.2 (m,S,aranatic), 8.25 (s,l,C=<:H) 

The sodiun salt (41) wu preparai as follows. The th10l (U3) 

[200 ng] was dissolved in abso1ute etha001 [2 ml]. A solutioo of 

sodi\IU [22.5 ng, 1 e:;pùv.l in abeolute ethanol. [2 ml] WI1S adds'. '1'be 
; 

mixture was dripped slowly inm ice oold vigaroosly stirred ether 

[50 ml]. The aodiun salt precipitated, was ~ by VéICI.UD fU­

tratial, wrashed with ether and driEd in V8CU0. 

Yield: 190 rrq (80\) 

Ir (Iœt): 1790/1780 (C>O), 141~/1370, 1250, 1200, 1160, 10BO an-~ 
__ (010): 6 7.4 - 8.2 On,S,aranatJ.c), 9.30 C.,1,<>CH) _ 

,,"-' .. 
~ ~ .... • ~ ,t 
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Preparatial of 2-pheny1-4-thianethylene-5-oxazola1e scdiun salt (42) 

To a stirred ice-oooled suspensial of 2-phenyl-4-ethaxy­

roothylene-5-<JXaZ9lCl1e (33) [5 g] in methanol [10 ml] was addErl 
. 

sodi\:.lll hydrosul.{irl.de [1.3 g, 1 equi v • ] • '1be mixture turned red am 

the urrlissolved material went into solutial alIoost imnediately. 

The solutioo was stirrEd for 3 minutes at OOC arrl then pcurEd 

into c1ioxan [80 ml] heated to 70°C. The c1ear red solutiœ was l' 

U2 

oooled ~ an iee bath until precipitatioo of the bright yellow' sodium 

thiol was carp~te (al:loot 1 harr). Thé product was :ràocJved by 

vaClUll filtratiœ, washed twioe iW'ith diaxan [2 x 20 ml], three times 

with diethyl ether [3 x 50 ml] and dried in vaC\D. 

Yield: 4.9 9 (95%) , rrp :i45-247°C (deccnp.) 

~ (020): Ô 7.35 - 8.1 (m,5,aranatic), 9.14 (s,I,C-CH) 

Analysis: Calcu1ated for ClOH,l'D2SNa: C, 52~86i H, 2.64; N, 6.16 

Found: C, 52.41; H, 2.83; N, 6.32 

Preparatial of thiol (U4) fran (42) 

Scxliun thiol (42) [1.0 g] was dissolvai in water [IO/ml] am 

glacial aoetic acid (2 ml] added. The product pr:ecipitated and 

ms ratWJVed by vacuun fi1tratim,. washai well with water am dried 

in vacuo. 

Yield: 0.90 9 (100\) , op 18o-181ec 

Ir (CICl,): 3080 (CH), 2460 (SIl).. 1805/ 1795 (0-0), 1660' (c-N) .. 

1545, 1455, '1260, 1065 an-1 

.. 
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Mor (ax:ls): cS 7.3 (s,l,O=CH), 7.3 - 8.2 (m,5,~tic) 

Uv (ethanol): 405 ml (E = 22,300) / 

Ma.ss specUlE (70 eV): mie 205 !Î4't-) 

Pl:eparatl.cn of 4- « ( (2 ,2dimet:byI-4- (3-met:hy~Udine-2-yl)­

diaxol.an-4:Y1)meth;Y1)thio)oethylene)-2-patyl-2-axazolin-5-a1e (34) 

To a saluticn of zœsylate (31) [1.2 q] in dry 2-bItanale [30 ml] 
\ 

was ~ sodiun thiol (42) (1.2 q, 1.3 equiv). This mixture was re­

f1uxed for 1.5 lolrs, allDwal ta cool. am filtered. 'l.1le dark brown 

filtrate was evap:n:ated ta dryness in vacm. The residne was talœn 

up in chlm:ofœ:m [2 ml] and ether [2 ml] vas added. The mixture was 

filtered an:l. then ~ through a oolœn of al\JlÙna [10 q, lb:ùm, 

Act. 1]. Chlarofœm-ether (1:1) was used te elute the oolmn. A 
; 

total of 50 ml. of eluant vas ooll.ectsl ëlRt evaporat;ed ta drynèss in 

VëICOO. The pale armq! residlJe was taJœn up in ether [4 ml] and 

oool.ed at -20OC œtil crystalli.zatim was <xJII'lete. The ~ was 

raoved by vaaun filtrat.:i.œ, washed witb oold ether [5 ml] and 

al.l.owed te œy. 

Yield: 0.82 q (50') , III> 1270C 

Ir (lœr): 1780 «>0), 1633 «>H), 1590, 1560, 1500, 1460, ).385, 

-1 1375, 1335, 1300, 1175, 1075, 1055, 858, 850 an 

R'IIr (COCl.): cS 1.4 (s,6), 2.5 (s,3,N-CIIs), 2.4 - 2:8 6a,l), 

3.0 - 4.0 (a,7), 4.1 (s,I,N-CIH», 7.3 - 8.3 611,6, 
. (' 

M!Iss apectUID (70 ev): lI,Ie - 404 ot) 

-
~ .' _ i ,_ 
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uv (met.haool): 361 nu (E =- 45,600) 

N, 6.93; S, 1.92. Found: C, 59.21; H, 5.88; N, 1.18; 

S, 1.89 

Prepara.ticn of 2 ,2-dirœthy1-4- ( ( ( (~2JilenYl-2-oxazol.i4ine= 

4J'1:idene)methy1)thio)methy1)-1,3-diœco1ane-4-carboxa1Mh)œ (35) , 

0xaz01idine (34) [0.90 g] was disso1ved in 50% aqueous acetic 

acid [la ml]. The mixture lIIi!lS ~ ta stand at roan 1::enperature 

for 1 han:', then diluted with water [40 ml] an:} extracted three times 

with chlorofcmn [3 x 50 ml]. The extracts were washed twioe with 

a>!d \IIiIilter [2 x 50 ml], 0CIIirl..ned, dried with sodhn sulFbate and 

evaporated ta dryness in Vc1COO. The residue was taken up in ether 

[5 ml] am scratx::hed ta initiate crystal1izaticn. 'lb! mixture was .. 
al..lowed to st:and at -20OC lmtil crystal.lizatim ~ oc:q:ù.ete (about 

5 00lrs). 'lb! prodœt wu then rEIlDV'ed by vacuan fi1tratial, washed 

with oold ether [5 ml], and al.l.Qei ta dry. 

Yield: O. 61 9' (80') rec:r:ystallized fJ:an hex4he-benzene (1: 1) 

up S0-81OC 

Ir (Jœr): 1180 «>0), 1140 (If-OI(», 1630 (C=N), 1590, 1560, 1460, 

-1 1385, 1380, 1330, 1265, 1111, 1015, 1055, 1000, 810 an 

Mm: (CIXa,): c5 1.5 (d,6), 3.5 (s,2,CH2-S), 4.2(ABq,2,J-10Hz, 

<>-C!!J-C-o), 7.2 - 8.2 (Ja,6,araaaUo and <>cH), 8.9" 

(s,l,H-<>O) 

Mus specU\ID (7CW1): II/e - 347 (ft) 

uv (IDet;bmol) : 361 JIll (~- 42,800) 

. ,- '. ,,", IL ' 

1 
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.Ana.lysis: Calculated for C17H17N),S: C, 58.79: H, 4.93: 

N, 4.03; S, 9.23. Fbund: C, 59.03; H , 4.82: 

N, 4.23; S, 9.25 

Preparatioo of 2-benzamido-3- « (2,2-diJœthy1-4- (3-nethyl-axazolldine-

2-y1)-1, 3-diOXDlan-2-y1)methy1)tN:e.)~lic acid methyl ester (130) 
(, 

fran (34) 

'lbe axazo1idine-axazol.cme (34) [0.50 g] \lIaS suspep3ed in 

met:haIx>1 [5 ml]. Triethyianine [0.5 ml] \lIaS added and the mixture 

allowed to stir at roan temperature far 1 hoor. '1be methano1 arwj 

triethyl.ami.ne were than renuved by eva~atim in vacuo am the 

residue ~ urrler high vacm.m far 24 heurs to rEm:JVe the last 

traces of solvent. 

Yield: 0.54 9 (100%) 

Ir (OC1 .. ): 3420 (NH), 3000/ 2970/ 2910/ 2830 (CH), 1710 (C:IQ), 
, 

1690,~), 1490, 1480, 1450, 1390,1380,1345, 

1275, 1080 an- 1 

Hnr (CDC1,): <5 1.4 (s,6), 2.5 (s,3,N<H,), 2.4 - 2.9 (m,1), 

o 3.0 - 3.4 (m,3,H:tC-S and part of N-C!!2-a12-o), 3.6 -

4.'() (m,.), 3.8 (s,3,-œH.), 4.1 (s,l,N-CH-O), 7.3 -

8.0 (m, 7 ,araaatic,C=CH and NIl) 

U\t (MeOfI): 287 on (e: ., 17,000) ,226 ID (e: -= 13,000) 

Maas spectcœ (70 fil): mie· 436 (M+) 

AIla;lYSis: caloJ1ated far C21BUN20,S: C, 57.80; B, 6.42; N, 6.42; 

S, 7.34. POund: C, 57.63: B, 6.70; N, 6.33: S, 7.62 

, . 

., {.~. 
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Preparaticn of 2-benzam:i.do-3 « (4-fat!!i'1-2,2=dimet:hyl-1,3-diaxolan-

4-yl)methyl)thio)acrylic acid Jœ!:hYl ester (126) frcm (UO) 

U6 

The oxazolidine-ester (130) [221' IDJl was dissolved in dimethaxy­

ethane [1 ml]. To this solutim 50% aqueous acetic acid [10 ml] was 

added am the mixture allowed to stand at roan ta'le:ature for 1 heur. 

Water [50 ml] was added and the mixture extracted three tilDes with 

chl.arçfarm [3 x 50 ru]. 'lbe extracts weœ back 1IIIBShed twice with 

water [2 x 50 ml] ( cxIIi>ined, dried with sod.itl1l suIplate, and evapcr­

ated. te dryness in vacuo to yield a fOëll1l. 

Yield: 195 mg (100%) 
\ 

Ir (KBr): 3310 (NH), 1735 «()-C:(), 1720 (9-0=0), 1670 (N-C=O), 

-1 1605, 1520, 1490, 1440, 1390, 1380, 1340, 1250, 1070 cm 

.. ~ (ŒC1,): Ô 1.4 (s,6), 3.1 (ABq,2,J=lSUZ, CH2-S), 3.7 (s,3,OCHJ), 
; 

4.05 ~,2,J=10Hz,H~-o), 7.2 - 8.0 (m,7,arauatic,c=CB 

am NH), 8.9 (s,l,H-C=O) 

Maas spectrlIn (70 eV): nVe = 379 (M+) 

Analysis: cal.culate} far CUH21M>lS: C, 56.99.v- B, 5.54; 
. , 

N, 3.69; S, 8.44. Found: C, 57.21; B, 5.81; 

N, 3.89; S, 8.17 

Preparat.ial of the Jymi aoeta1 aœtate (127) frtm (l5) 

, 
The a.ldehyde-axazo~ (35) (140 mg] WB 8UIIpeIÛ!d in lIet:hIInol 

[5 ml] and triethylatne (0.5 mll WB aMa't'. 'D1e lIixtuat WB 

a110wed ta &tir fer 1 haar At :r:a:m ta"cature and tbm ndaJClEld to 

abcut 1 ml by evaparatiœ .in vacuD. ACIet:Jc anbydrlde [S al) aDd 
•• 

f 

/ ~ : ' '} 

~ ~~~<, .~~--_ .• ;:' • c',.~,,~,~>~f::. :', 
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pyridine (5 ml] was added ard the mixture all.owe;1 to stam at nxm 

ts1perature overni.qht. The mixture was poored into :la! water lIOO ml] , 

allowed to stir at OOC far a balf halr and then extracted three tilDes 

with ether [3 x 50 ml1. ;' The extracts were washe1 twice with ioe rold 

10% hydroch1aric acid [2 x 25 ml), twice with ice rold S, sodiun bi-

carbalate [2 x 25 ml] am ooœ with water [50 mll. 'lE extracts were 

then CXJnbina:1, dried with sodilJn sulpate am evaporated to dryness 

in vaclD. The resi.due was a ro100r1ess cil. 

Yield: 160 m:J (88') 

Ir «(Xl .. ): 3430 (NH), 3010/ 2970 (CH), 1750 (H,<;-O=O), 1720 (C=O), 

1685 (~), 1620,1490,1460,1390, 1380,1340,1250, 

1080 an- 1 

Rnr (a:c1,): 6 1.4 (s,6), 2.0 (s,3,Ac), 3.0 ~,2,3aI4Hz,HaC-S), 

3.2 (s,3,CCH,), 3.5 (s,3,co-a::H,), 3.7 (ABq,2,J-I0ftZ), 

5.5 (d,l,o-cJ+-O), 6.7 .." 7.S \m,7 ,araœtic.,OaCH and NB) 

Mass spectrun (70 fN): nv'e = 453 ~t), n:v'e &: 410 (M+ - 43, n-c-<>o) 

-' 

~atia1 of ~ (35&) fxan mesylate (JI) and (41) 

This c:::mpound was prepared in the &aIRe ley as (35) fraD (31) 
'><-. 

and (42), 

Yield: 35. (based al (31», op 83-85OC 

Ir (KBr:): 3010/ 2960/ 2900/ 2840 (CH), 1~65/ 1760 (o-c-Q), 1730 

(H-O(», 1640 (C-N), 1480, 1465, 1395, 1385, 1220, 

IliO, 1080, 1065 atJ- 1 

RIIr (CDCl.): 6 1.55 (4,6), 4.25 (m),2,JalORz,o-QIa-C), 4.65 

(s,2,BtC-S), 7.3 - 8.2 OD,5, .. -tic), 8.25 (s,l,c.cH), 

9.9 (.,1,1H>O) 

., _ t ... ,. ... • 
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EXPmUMEN.rAL - CH\.Pl"m 5 

~tiŒl of 2-~3-« (4-fœ:mv1-2,2-dimethyl-l,3X 

4-y1)methy1)thio)acrylic acid aa~-trichl.aroethy1 ester (131) ~ (34) 

The oxazolidine-axazolme (34) [0.50 g] was supended in 13Bf3-

,trichl.oroethanol [5 ml]. Triethylamine [0.5 ml] was aQ:led am. the 

mixtilre stirred at roan t:.Estp:n:'ature far 3 haJrs. The exœss tri-

'chlaroethanol ard triethylamine ~ then raooved by distillation 

urrler high vaCUl:ln~i1 bath at <100°C). The residue was taken up' in 

50% aqueous aoetic acid [10 ml] am allowed to stand for l halr at 

roan ~ture. water [50 ml] was ad1ed am the mixtm'e extracted 

3 tirœs with chlorofatm [3 x 50 ml1. 'n1e ext:racts were bacX washej 

.. 
twiœ with water [2 x 50 nù.], carbined, dried with sodi\IU sulFha,t.e 

am evaparated to dryness in vaClD. --Yield: 0.64 g (104% ,0000taninated with b1ichlardethanol) 

Ir (Clel,): 3440 (NH), 1770 (0-00),1740 (H-C=O), 1680 (N-<;=O), 

1610, 1590, 1430, 1400, 1390, 1385; 1280, 1170, 1080 an- 1 

Nnr .<ax::l,): 6 1.5 (d,6), 3.3· (ABq,2,J-13Hz,CH2-S), 4.2 ~'~, 

J=lOHz,o-ca2~), 4.9~ (s,2,Clh-<X:l.), 7.4 - 8.1 (m,7, 

arauatic,c-cH,NH), 9.95 (s,l,H-C-O) 

~t.iœ of 2-ta1za1do-3- < «Haarl-2,2~1-1r3-cUc!!p: 

4=yl)mathyl)th1o)acrylie acld ~l' ~ (H3) fran (34) 

,r 
\ 1 l~ 

\ -' 

. ' -. 1 

C ' 
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ester (131). 
r-

Ir (ClC1,): 3400 (NB), 3080/ 3050/ 2980/ 2960/ 2890 (CH), 1720 

(B-C=O), 1705 (<>0), 1690 (N<=O), 1485, 1465, IJ85, 

1375, 1330, U70, 1080 an- 1 

Nor (CI:X:1,): c5 1.4 (s,6), 3.1 ~,2,J-1~,H~-S), 3.8 (s,J,CClI,), 

4.0 ~,2,J-9Hz,OCHJ-<-o), 5.25 (s,2,H~-Ph), 7:2 -

8.4 (m,ll,an:matic,O:CH, and NB), 9.8 (s,l,H-C=O) 

Uv (dimet:lDxyet:ha) (_ 287 lm CE: = 24,500) 

Mass spectruit: uv'e = 485 ut) 
"" 

" 

Preparatial of 2-benzarnido-3- « (4-fornocl-2,2~1-1,3-dioxolan-
• 

4=yl)Iœthyl) thio) aœ:ylic acid beDzy1 ester (132) frl:m (34) 

'1hls éster was prepared in the BOe way as the tric:hl.oroethy1 

ester (131). 

t' 
, ' 

• 

" ,1 • ~ 
'\ ~f 

~'. J ... .. "~ ...... ~.~'\.-'I~ , ~~. ~ '" ~J" 
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. " , . . . . . .... " , ~ 



t: 

'­, 
130 

" 
Ir (OC1 .. > : 3420 (NB), 3080/ 3040/ '2990/ 2960/ 2890 (CH), 1720 (H-C=Q) , 

1710 (<>0), 1690 (N-C=O), 1485,' 1470, 1385, 1375, 1~35, 
,1 

1270, 1080 an- 1 

Nnr (ax:l,) : 6 1.4 (s,6), 3.1 ~,2,J=16Hz,HzC-S), 4.0 ~,2, 

J=9'Hz,o-H!C-C-o), 5.25 (s,2,H~-Ph), 7.2 - 8.4 (m,U, 

aIŒB.t.ie, C=CH and NHt, 9.8 (s,I,H-C=O) 

Uv (ether) 286 an (E = 26,000), 268 (E = 22,000), 264 (E = 22,000), 

258 (E = 21,700) 

+ Mass spectrun: mie = 455 (M ) f 

,0 

~atial of a-benzam:ido-2 ,2=dimethyl-1, 3-diaxa-7-thia-9-aza 

(spiro) [4,5]dec-9-ene-8-aoetic acid Iœthy1 ester (136) fran (U6) 

The al.dehyde-ester (126) [1 g] was dissolved in dimethaxy-'. 
ethane [100 ml] in a 250 ml nuld bottan flask. The solutiœ wu 

coo1ed in ioe water and éIIIIIO'lia gas was passed into the solutiœ 

for 10 minutes. '!he flask wu then well stoppe:tè;i and all.owed ta 

stand at man telpet'ature for 3 bœrs. The mixture was evaparated 

ta dry:ness in vactXl, the residue t:aJœn up in ether [5 ml] mi after 

scrat:chiDJ ta initiate crysta.1l.izatial al.1owed to staId àt -20°C for 

5 lxm:s. 'ftle white crystal.l.ine pr:odlx:t was raŒ:M!d by vaaun fU­

tratim, waahed wel.l with ether [5 ml] and allCMed ta dry. 

Y.iel.d: 0.65 9 (70t) , JII) 125;-128OC 

Ir (lQk): 3340 (111), 2980/29601 29401 2870 (CH), 1750 (C-O), 1660 

(C-tt), 1650 (»0<», 1525, .J.495, 1390, 1380, 1360, 1265, 
, -1 

1230, 1175, 1160, 1075, ,860 aD 

..... ,. Ii 

'. 

r 

1 



~' • .1. ' 
." , 
" 

.~ 

131 

Nor (ax::13): 6 1.4 (d,6), 2.75 (ABq,2,J=10Hz,IbC-S), 3.80 (s,3, 

OClh), 3.8 - 4.4 (m,3,O-Ob-<=), 4.9 - 5.4 (Jn,2,N-CH-S 

am co-cH-NH), 6.8 - 8.0 (m,7 ,annatic,NH and H-c=N) 

Uv (met.haoo1): 224 l'ID ( E:a 15,100), soonJder at 260 - 275 mt 

Mass spectIln (70eV): nv'e:: 378 ~l) 

Analysis: calculated far ClIIHuN20SS : C, 57.14: H,5.82: 

N, 7.41; S, 8.47. POund: C, 56.88: H, 6.01: 

N, 7.25: S, 8.17 

,.... 
Preparatioo of a-benzëItli.dO(2, 2-d.inethy1-1, 3-di.axa-7-thia-9-aza 

(spiro) [4,5]dec-9-ene-8-acetic acid benzy1 ester (137) fran (32) , 
\ 

The benzy1-ester (132) [1 g] was disso1vai in dimet:lxlxyetha 

[100 ml] in a 250 ml roond bottcln flask. The solutial was coo1ed 

ta OOC in an ioe water bath and aom:nia gas was pasSErl into the 

solutial for 10 m:i.mltes. The flask was then weil stowered aM 

a1lowed ta starrl at ro::m 1:.EIIperature for 3 heurs. The mixture was 

then evapora, ta m:-" in V3CUO and the œsidue taJœn up in 

ether [5 ml]. '1hi.s solutim vas then· dr41?ed slow1y into iee oold 

viqlrWS1y stirred petroleœt ether (6o-80°C) [100 ml]. 'Ble imine 

prod1.Ict precipitat:ei as a beige pcw:1ery mat.eri.al. It was rœoved 

by'vacuml filtratial, washed with petzole\ln ether [20 ml] ard al1cwad 

ta diy. 

Yield: 0.45 g (45'> 

Ir (RBr): 3320 (NIl), 3060/2980/2940/2890 (CH), 1755 (C>O),. 

o '---

1 
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1670' (N-O(», 1530, 1490, 1385, 1375, 1260, 1215, 1160, 

1070 an- 1 

N11r (COC13): 6 1.35 (s,6), 2.5 - 3.0 (m,2,CH2-S), 3.5 - 4.4 (m,2, 

<>-CH2-C) 1 4.8 - 5.4 (m~4~~, N-CH-S, and co-cH-N), 

7.2 - 8.0 (m,12,aranatic,NH and H-C=N) 

uv 
+ Mass spectI:ln (70eV): oVe = 454 CM ) 

Analysis: calculateq" far C2 .. H26N20SS : C, 63.44; H, 5.73; 

N, 6.17. FDund: C, 63.68; H, 5.38; N, 6.43 ... 

Preparatial of œ-benzamido-2, 2-dbœt:hy1-1, 3-1ü.axa-7-thi.a-9-aza 

(spiro) [4,5]dec-9-EIle-8-aœtic aci.d p-met:haxybenzy1 ester (138) , 

fmn (133) 

'lbe p-met.OOxybenzy1 ester (133) [1 gr was dissolved in di­

l'netlxmyethane [100 riù.] in a 250 ml round bottal'l flask. The 9Olu-

t.ia1 was oool.ed to OOC in an iœ water bath am a:DIIali.a gas was 

passed into the solutial far 10 minutes. 'Dle flask' was then well.' 

stoppeLel an! allowed to stand at J:OCIIl te1lerature f(J[' 3 hau:s. 

The mixture was then evaporated ta dxyness in, vac\X) am the residue 
• 

taJœn up in ether [5 ml]. ,'Ibis solutial wu t;hen dripped slow1y 

into ioe oold, vigarously stirred pet:rol.eœl ether (60-80-C) [100 ml]. 

'1'he imine product p:-ecipitated as a beige pw3ery IIBterial. It leS 

nmM!d by vaoun filtraticn, wshed with petrolaiD ether (20 ml] 

" am al.lowed ta dry. 

• 



• YieLd: 0.54 9 (55.) 

Ir (I<Br): 3420 - 3330 (NIl), 3040/ 2980/ 2930/ 2880 (CH), 1750 

(0=0) 1 1680 (N-<>O), 1530, 1490, 1385, l375, 1320, 

1265, 1210 , 1170, 1070 an-1 

N:nr (ClXa,); <5 1.35 (s,6) 1 2.5 - 3.0 (m,2) 1 3.5 - 4.6 (m,2, , 

o-<:H2~), 3.8 (s,3,OCH,), 4.8 - 5.3 (m,4,CB2-Ph, N-CH-S 

and co-cH-N), 7.2 - 8.0 (m,ll,azaratic, NB arrl H-C=N) 

UV (ethaoo1): ~26 ml (E ::r 23,000), shallder at 260 - 275 ml 

Analysis: Calculated far C2SHuN20,S: C, 61.97; H, 5.83: 

N, 5.78. POund: C, 61.69; H, 5.91; N, 6.03 

Isolaticn of the a-benz;Di@=2,2-dimethy1-1,l-diaxa-7-t:hia-9-aza -/ 

spiro[4,5]dec-9-ene-8-acetami t!7 (139) frcm treatment of (13!l.. with 

) 
"'-

Treatment of the tric:h.lDroethy1 ester (l3l) with èIJIIDlia in 

~saœ way as (126) led to the precipitatim of the èIIrlde (139) 

fran the d.imet:haxyet:. solvent. 

Ir (Iœr): 3420/ 3320/ 3280 (NB), 1610/ 1650 (lH)aO), 1530, 149Q, 

1390, 1380, 1325, 1260, 1220, 1160, 1080, 990, 865 an- 1 

. ' 

NDr ([»oS) - d,): ~ 1.4 (s,ô), 2.8 (m,2,cHl-S), 3.8 - 4.2 (m,2,.' 

O<Ha-<:), 4.5 - 5.0 (m,2), 7.2 - 8.4 (m,9, araDIltic, 

N!!2, NIl, B-<>N) 

1 

l33 
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Preparatial of 7-benzami.do-N=cyclahexyl-2' ,2'-dimethy1-spiro(~ 

3,4 • - (5,4 )dic»cclane) -4-œrbo:xanide (38) fnm (136) 

The following was perfœmed uIXler N2 at roan ~ture 

The imine-ester (136) [100 ng] was disso1ved in hexamethy1-

phospOOric triamide (lMPI') [0.5 ml]. LithilE n-pn:v.(lJœrcaptide 

(O. 55M in lMPl'8It) [1. 0 ml, 2 equi v .] 'Il2IS aMed. The mixture was 

alla.ed ta stand at roan td ... _at:ure fer ale and a balf heurs, tben a . 
~te bIffer 801utial(pH 7) [10 ml, ~ted] wu aMed. The 

mixture was allowed ta stir for 2 minutes, then cyclahexyliscnitrile 

[100 rrg] in Iœthylene chlari.de-carboo t:et:rachl.oride (1:1) [10 ml] 

was ërlied am the two ~ InÏ.xl3d with vigarous stirrinJ for U 

lnlrs. The two FhLses were then separated and the argani.c layer 

washed with ioe water 5 times [5 x 15 ml], with ice oold O. 5N 

hydrochloric acid 3 tiJœs [3 x 15 ml], and with ice cold scdilD 

bicarlx:.nate twiee (2 x 15 ml]. '1'he organic layer was t:hen dried 
< 

with sodiun sulJ;bate am evaporated ta dryness in vac\D. CrOOe 

yield: 138 rrg (llOt) ocmtaminated with N-fœmyl.cycl.ohexyl.amine. 

The B-lactam was purifi.ed by thin layer chranatogr~ al sillca 

gel plates (1.0 Dm plates, œ1 .. /dimethaxyethane = 8/2, Rr 0.85). 

Yield: 38 ng (30%) 

Ir (œ1 .. ): 3420/ 3380/ 3340 (NIf), 2970/ 2940/ 2860 (CH), 1740 

(1actam), 1690/ 1680 (N-C-O), 1460, 1410, 1385, 1375, 

1300, 1220, 1190, 1075 an -l' 

Mnr (<D:1.): ~ 1.4 (bI:oad d,16), 2.3 - 3.1 (m,3,CB2-S, and 

CH-NH-CO), 3.3 - 4.3- (m,3,O-CJb-C md co-cH-N), 

.. 

/ 

... ,.. 



7.2 - 8.0 • (m,7 ,aranatic ,NB)' 

+ mie - 473 (M ) 

.. 

/ 

•• 1; ... J~. '., ' .. 

( 

135 

• , . 
. , 

i 
,~1lF 

<, 

.,f 



• 
1. 

2. 

. 3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

BibUography 

H. StaOOinger, Liebigs Ann., 356, 51 (1907). 

H;T. Claxke. J.R. Johnsal and R. Robinscn. "'lbe î 
CheIni.stry of Penicillin", Princeta1 University Press, 

1 

Prinoeta1, N.J. (1949). 

G. Brotzu, "Ri.cherche su di un ncNO antibiotico", 

!.aV. Ist. Igliene, cagliari (1948). 

G.G.F. Newtoo an:! E.P. Abrahan, Nature (I.anlon), 175, 

548 (1955). Also Biochem. J. ~ 62, 651 (1965) • 
. ' 

E.P. Abraham and G .G.F. Newta1, Biochem. J., 79, 377 

(1961) • 

D.C. Fi:ldqk.in am E .N. Masl.en, Bi.ochsn. J., 79, 393 

(1961) • 

" M.S. ~ and A.K. Bose, "B-Lact2lDS, Nat:ural. and, 

synthet:ic, Part 1", Jàm Wiley am. Sala Ltd., New 

York (1971). 

R. 1I!ymes, G. Amiard, G. Nanine, C.R. Aoed. Sci. 

(Paris), 263, 170 (1966). 

H.C. Sheehan aJXl K.R. Henery-IDgan, J. Amer. CheIn. 

Soc., 84, 2986 (1962). 

S.L. NeidlEman and J .E. Dolfini, J. Med. Chan., 13, 

386 (1970). 

U. Glam I.ate Ltd. Bt-itish Patent, 52,288 (1964). 

12. R.B. N:xJdwa1'd et al., J. Amer. Cban. Scx::., 88, 852, 
~ -

(1966) also Scienca, 153, 487 (1966). • -

) 

136 

... " . 
~., . , 

.. • ~'1! II' 
Il , ; ...... "~M 

~ - ~,~ 



• 

" ~~. -t 

~"' ~.",;~~; •.... 

13 • 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

K. Rem] er ; • AdvaJ lIOeS .in the Total Synthesis of B­

Lactam Antibiotics , in -ropics in ptYtT1œoeutical 

Sci..eDoes'" Vol. l, D. PerlDann, Bl., Intersci.enoe, 

New Yorlt, (1968) p. 33-51 

r.P. AIrabam, ibid p. 1-32 

M.S. Manhas and A.K. 8l8e, "Synthesis of Penicil.lin, 

CeP'vùosPcrin C and Analogs", Man:::el DeJdœr, New Ycrk, 

(1969) • 
" 

M.S. Mmhas am. A.K. !bie, "bet:a Lact:ams: Natural an:i 

Syntbetic", Part l, Wiley li SCms Ltd., New York (1911) 

E. Van Beyni.rqen, ~ in Drug Research.,4, 13-19 

(1967) • 

E.P. AI:J[abs, ~. Rev., 21, 231 (1961). 

R. B. ftrin and B.G. Jadcscm., "Fort.acbritte der Chsn:i.e . • 
Or:qan:i.scher Naturstoffe", 28, 344-395 (1970) 

G. Green, J. Page, and S. Stani..fœ:th, J. ChaIl. Soc., 

1595 (1965). 

E.P. AbraIal, Jœrnal of Pure am Applied ChaD:i.sb:y, 

13, 399 (1971). 

ReM. SNeet.and L.P. Dabl, J. Amer. ChaD. SX:., 92, 

5489 (1970). 

H. Bar and J. ZMack, BeI:eid1 Ptvn:m!Izie, 25, 10 (1910). 
,1 

J .L. Juche and G. B:i..l.aoine, aù.l.. SOC. OUm., 7, 2733 

(1971) • 

D.J. ~ and J .L. ~, P.rcx:. Nat. Acad. &:1., 

~, 1133 (1965) and ~ tbar:ein. 

137 

'1 

..... ~ 

t J/) 

... ' '.<'. ;~~::~-~ 



• 

• 
" . 

26 • 

27. 

28. 

29. 

- -30. 

3l. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43 • 

44. 

P.A. Rossy, l?tlD thesis, ~ll thiversity (1972). 

E. Baer and B.O.L. Fischer, J. Biol. Chsn., U8, 

463 (1939). 

Refe:œnoe 2, page 803 

B. Fecht.üJ, Helv. Chim. Acta. ,51, 1108 (1968). 

H. B.irnbaun et al, J. Biol. Chan., 194, 455 (1952). 

Reference 2, page 813 

Reference 2, page 820 

J. Zabicky, Dl., "'lhe Chemistry of Amides", Inter­

science, la York, (1970) and referenoes cited therein. 

A.K. Majœdar "N-~1 :Aleny~lamine am lts 

Analogues", PeryatUl Press, OXford (1972). 

Y. Youkawa, M. Sakai, and S. SUzuki, B..ùl. Chsn. Soc. 

Japan, 39, 2266 (1966). 

G.H.L. NefJœns, G.I. Tesser, and R.J.F. Nivard, Rac. 

Trav. Chim., 79, 688 (1960). 

G.H.L. Neflœns am G.I. Tesser, J. Amer. Chem. &x::., 

83, U63 (1961). 

R.N. WMXeiler and E.N. cain, Angew. CheIn. (Int. Bi.), 

S, 5il (1966). 

L.I. l'rimen, Or:g. Syn., 50, 1 (1970). 

l. Ugi et al, Or:'g. syn., 41, 13 (1961). 

P. Ibffmlm et al, IIISCIlitrile Chemistryll, l. Uqi, Bi., 

Academie Press, New Yodt (1971), p. 12-13 
~ 

A.W. Ii:lffaBm, C.R. Ac:ad. sei., ~, 484 (1867). 

A.W. It>ffIlllDIl, AID. CheIIl., 144, 114 (1867). 

A.W. Ii:lffilann, AID. Chan., 146, 107" (1868). 

138 



• 

• 

45 • 

46. 

s. lbJe, J. ID:liant::hsll. Soc., 35, '376 (1958). 

F .C. McICay and N.F. AlJ:Jertacxl, J. Amer. Chan. SOc., 

79, 4686 (1957). 

47. A. Ladmm, Ot"g. syn., COll. VOl., !, 70 (1943). 

48. A. (Janny, Bllrk:ht:e dBr DautKb!In ChEInie Gesell, 16, 

49. 

50. 

5l. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

170 (1883). 

H. BehreD1 and A. Leu •• , AIm., 257, ~06 (1890). 

L.L. J~, J ..... a-. 8ac., ~, 515 (1920). 

J. cuanova, B.R. .t .. _ ... M.D. 1Iao.-, J. CheIn. 

SOc., 4280 (1963). 

K. lotlrlta, S. lt)guctd, and II. R1IIh.i.JaDa, Chan. PhaDn. 

alli., 1, 896 (1959). 

D.C. Iffland, L. SlIHab.u:y, and W.R. Schafer, J. Amer. 

Chan. SOC., 83, 747 (1961). 
\ 

D.C. Iffland and T.M. Davies, J. Aner. CheIn. SOc., 

85, 2182 (1963). 

J .P. Freemm, J. Qrg. Clan., 29, 1379 (1964). 

H. Bredeœck, H. Fohlisch and K. waJ.z, ~. CheIn. 

(Int. Bd.), 1, 334 (1962). 

H. Bœdereck, B. Fohli.sch and K. Mllz, Ann. CheIn., 

686, 92 (1965). 

H. ZiDmer et al, J. Amer. Chan. Soc., 77, 790 (1955). 

Reference 41, p. 181-185 

tUwicb Pha"""'Ol Co., Brlt. 735, 136 (1955) fJ:an C.A., 

50, 787 4h (1956). 

R.W. Holley and A.D. Ibllay, J. Amer. CheIIl. SOc., !i, 

3069 (1952). 

". 

139 

,. 



• 

." 
t~ 

" 

,1, 
1 

.. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

RefererX"e 2, p. 805 

R. Adana et al, ~. Syn., Coll. Vol., 1, 101 (~1). 

J. Sleèhan and G. Hess, J. Amer. CheIIl. Soc., 77, 1067 

(1955) • 

J.A. Van Allan, org. Syn." COll. Vol., 4, 21, (1963). 

N.A. MUas and S. 9JSS1D8ll, J. Amer. Chaq. Soc., 58 , 

1302 (1936); 59, 2345 (1937). 

140 

E.J. Witzemmn et al, Q[q. Syn., Coll. Vol. ,2, 307 (1943). 

L.F. Fieser and M. Fieser, "Reagents for Organ.i.c Syntbesis-, 

Vol. l, John Wil.ey , Sals, New York (1967), p. 135-137 

G.G. Urquhart, J.W. Gates, and R. ca.ler, Org. Syn., 

COll. Vol., 3, 363 (1955). 

A.J. Speciale, Org. Syn., COll. Vol." 3, 401 (1963). 

L. Gocxtœn, A. Benitez, aÎld B. Baker, J. Amer. CheIIl. 

SOC., 80, 1680 (1958). 

72. ,G.B. Payne, J. Amer. Chan; Soc., 81, 4901 (1959). 

73. C.N. Yiannos am J.V. Karabinos, J. <kg. CheIIl., 28, 

3246 (1963) • 

. 74. 

75. 

76. 

77. 

78. 

79 • 

80. 

ReferaWJE! 26, p. 105 

G. Wilson, Tet. Lett., ,,379 (1972). 

L. Jackmm, J. Chan. Soc •• 2881 (1960). 

M.D. Na.ir, J. Amer. Chan. Soc., 82, 3786 (1960). 

J.S. Pizay, J. ChaD. Soc., 865 (1964). 

Reference 2, p. 759 

R. Silvm:stein and G. aassler, -8pecb:clEb:ic Identi­

fic:ati.œ of Q:ganic cœv-..... , 2D! Bl., J. 1filey md 0 

\ 

~ f: 



• 81L 
82 

83. 

84. 

IS. 
86. 

87. 

88. 

J t 

89. 

.. 

SCI1s, Nat York (1967), p. 160 

Reference 2, p. 826 

T .B. Windholz and D. Johnstœ, Tet. lA!tt., 2555 (1967). 

Reference 2, p. 759 

PA. Bartl.ett and W. Jàmscn, Tet. IBtt., 4459 (1970). 

PA. Rcssy, peraœal. oamunicatial. 

C. Berseet al, J. Org. Chan., 27,3489 (1962). 

G. ü:8ae and H. Sch:oidt, CheIIl. Ber., 91, 1068 (1958). 

w. Steglic:h ~ G. Ibfle, Arqew. CheIn., Int. Bi., 8, 

981 (1969). 

E. Tasàmer am B. Liberek, C.A., 51, 1039 (1957). 

. 
141 

'. 

-.. 
, ~.Ij;l 

-" •• "~ .'..oc, , ..• ' _~: ,~, 


