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nb- - m e  reactions of the w t a l  s a l t s  of a-isocyanoacetate e s t e r s  with isothio- 

cyanates and isccyanates =re examined. 

me ef fec t s  of mrliQing the reaction paramstem on the  altcm of the reaction 

(Schem? I1 of methyl a-isocyanoacetate ( G I  with phew1 isothiocyanate (21 have been 

studied, thus providing elhawed understanding of the factors cmtro l l ing  t h i s  u s a h 1  

Crocess. Specif ical ly ,  the substant ial  influence of reaction temperature an3 node of 

addition of reagents on the yield of main erafuct, thiazole &--as wll a s  the novel 

observation of the formation of imidazole 4 as a minor, but reprduc ib le  and s ignif i -  

cant ,  s ide-prdct--has teen docwrented. Previausly reported oxazole formation in  the 

low-t-rature reaction of the l i t h i o  derivative of Lwi th  phenyl isothiocyanate i.2) 

was not observed i n  the present study; m l y  thiazole (&I was detected under these 

conditions. The reaction of isocyano e s t e r  with benzyl isothiocyanate ( z l  gave 

thiazole e s t e r  2 o r  the corresponding caboxylic  acid; no imidazole product was 

i s o l a t d ,  in  contrast  t o  the resul t  obtained with wenyl  i s o t h i q a n a t n  (2). 

me previously unmported reaction of the s a l t  of an a - i s q a n o a c e t a t e  e s t e r  with 

an isocyanate ms sham to produce an a m i n o ( a ~ y 1 ) o x a m l e  in low yield (not 

optimized). No mrrespcoding hydroxy(alkoxyc~t0nyl)imidazole was de teded .  (See 

Schemes IV an3 VII. 1 

~ inota lkoxycahmyl l th iazoles  of tyoe 2 were recently of in te res t  to u s  a s  potent ial  inter- 

mediates in  the preparation Of cer tain fuse3 thiazoles. A search of th* l i t e r a t u r e  revealed a 

a l k y l - 4 C  uNH" R=olkyl or  aryl  



1 
p u c i t y  of methdolcqy for  the synthesis of t'le requisi te  bifunctional thiazoles . w v e r ,  a 

recent report by ~ a t s w o t o  and cowarkers2 addressed t h i s  deficiency d i rec t ly ,  describing the 

base.prorote4 condensation of "ethyl isocyanoacetate with various isothiocyanates. mis approach 

was of special  in te res t  t o  u s  because of the grea t  f l e x i b i l i t y  tha t  it pennits in  the d i r e c t  

i n t r d u c t i m  of substituents on the exocyclic nitrcgen atan. I n  par t i cu la r ,  the m t h d  allow 

the constCU~th7 of N-aryl jerivatives. which are not otherwise readily preparable. 

In  the course of u t i l i z ing  t h i s  thiazole synthesis,  we have mde several cbservations which 

clar i fy cer tain inportant points of ex.wrimenta1 prmedure and provide enhanced understanlirg of 

the u t i l i t y  of iwcyanoacetate esters .  

RESULTS RND DISCUSSIMU 

miazole (Schene I) was of prime in te res t  t o  us  as a synthetic intemmdiate. h e r e f o r e ,  our 

SCHEME I 

R02C 
Bose +" + R'-N=C=S > M ~ ~ ~ '  s t m2c N N,,  
Solvent N~ v R 

i n i t i a l l y  unsuccessful e f f o r t s  to prepam 2 in  the requisi te  quant i t ies  under the reaction 

c a d i t i o n s  report& (potassium :-butoxide in tetrahydrofuran; anbient tenperature implied) by 

2 E13tsuwto and carorken led us  t o  . i l l  investigation of reaction parmeters  and the cbservations 

which form the subject matter of t h i s  note. Rlrtherrmce, we have examine3 the reaction of methyl 

isccyanoacetate ( l a 1  with tenzyl isothiccyanate (z), as e l l  as  the comesoor/lirg reaction 

between ethyl  iwcyancacetate (El and benzyl ismyanat?. 
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I. Reaction of k t h y l  IYryanoacetate with Phew1 Isothiocyanate 

In the l l aus ib le  mechanism f o r  thiazole f o m t i o n  pr-d by M a t s m t o  and carorkers2, an am- 

bident nucleaphilic thiocarboxamide anion (?; Scheme I) i s  postulated. m e  more nucleophilic 

sulfur  a t m  might be e v t e d  to react preferent ial ly  with the electrophi l ic  C-atom of the 

i-anide m i e t y ,  thereby prc&cing thiazoles (2).  as  &%Ned by those authors. Howcver, 

colplete  regiosp?cificity of ring-claauce on su l fur  a s  reported by the Matsunoto g r q 2 ,  would 

seem unlikely, and f o m t i m  of scme imidazole p r d u c t  (4), resul t ing f r m  attack of th imar -  

boxamide nitrcqen on isocyanide carbon, would thereforebe anticipated. Indee3. we have absemed 

the f o m t i o n  of  imidazole :! i n  crude isolated y ie lds  as high a s  24%, depending upon reaction 

3 conditions . 
me ef fec t s  of a l t e r in3  a variety of reaction parameters on the yield oE desired thiazole 35 

are  discussed telw. mis study reveals t h a t  the mcde oE addition' of the reagents, the reaction 

tmperature,  and the w e c i f i c  base-solvent c h i n a t i o n  enployed a r e  a l l  inportant factors  in- 

fluencing t;le o u t c ~  of  the reaction. 

Ma3e of Addition. lhe w t a l a t e d  derivative (5) of the i s q a n i d e  e s t e r  (la) is unstable under the 

wac t ion  conditicns (Schem 11). lhat the d e c w o s i t i m  of 6 is accmanied  by the  elimination 

SCHEME II 

Pofh 

KOBu-l 
\CO&-C&-N.O H$8 +O=C.CH-N=C' 

THF, r.1. 
lo - 10 min. L ?  



of a nethoxyl equivalent is supported by the  resu l t s  of an experiment in  which the i q a n o -  

acetate e s t e r  l g )  was a l l m d  t o  stir in  contact with a s o l u t i m  of potassium t-butoxide in  

tetrahydrofuran f o r  10 mi" a t  roan tenperature p r io r  to  the a d d i t i m  of phenyl i s o t h i e  

4 
cyanate (2). me only isolaSle prcduct oE t h i s  r e a c t i m  was the c a r b m t h i o a t e  8 . 'his resu l t  

i l lus t ra tes  the importance of minimizing the tire interval  between generation of tho mta la ted  

isccyanoacstata and the intrcducticn oE the isothiccyanate, which can then capture the a n i m  5 

and shunt it along the desired reaction pathway belore g can decaqmse e x t e n s i * ~ l y .  'his require- 

mt dic ta tes  e i t h e r  a & sequential addition of isocyanide e s t e r ,  followed by i so th icqana te ,  

o r  a sirmltaneous a d d i t i m  of the reagents to the s o l u t i m  of hase. As th* data in  Table I 

indicste [cf- experiments 2 and 3 ) ,  sequential add i t im with a meminut? tim interval  and 

TABLE EEfect o I  Temperature a d  W e  oE AMition OF Reaqents m P r d u c t  Distribution in  the 

&action of *thy1 Isccvanoacetate ( l a )  with Phenyl Isothiocvanate (2a)  [Schere 111: 

Base = Potassium t-Butoxide; Solvent = Tetrahydrofuran 

-25 t o  -30 

Interval) 69 ( I s o l a t i m )  3 I I s o l a t i m  

a ~ i n c e  the r e a c t i m  was exothermic, application of external ccoling was reqlird t o  maintain a 

r w h l y  c m s t a n t  tenperature. In general. the bassso lven t  mixture was c m l d  to belar ram 

tenwrawre; la, then &, o r  2 + 2, was addedb; and the temprature was allowed t o  r i s e  t o  
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the "prevailing" level  notel,  where it was mintained by ccntrol l ing the r a t e  of addition and 

8 continuing cooling as needd. 

'Sequential: me i s q a n c a c e t a t e  e s t e r  was added t o  the base-solvent mixture arvd s t i r r e d  for  

the ti=-interval indicab3l &€ore addition oE the i s o t h i q a n a t e  was begun. 

Simultaneous: A solution of i socyamceta te  e s t e r  and i s o t h i q a n a t e  in the reaction solvent 

was added to the base-solvent mixture. 

'The apprmimate dis t r ibut ion OE prcducts (expressed here as a percentage of the theoret ical  

y ie ld )  was determined W PMR, HPK, and/or isolat ion,  as noted in  parentheses a f t e r  the 

tabulated nunber.14 The mthcds of estimation are described ful ly  in  the experimental 

section. 

dA szparate oxidaticn s tep  (ut i l iz ing oxygen in the  presence of ca ta ly t ic  icdine) was pec- 

E o m d  in  order to convert t h i o l *  t o  the rp re  readily detectable and isola5le disulf ide 2. 

See e x p x i m n t a l  sect ion f o r  aetails. 

etbt detected, but may be present a s  a minor constituent of the reacticn mixture. 

simultaneous addition gave similar resul ts  a t  20-25Oc with respect t o  thiazole prcduction. he 

significance of the apparent difference in  thiazole: imidazole r a t i o  between the tw0 experiments 

has not been addressed. 

Reaction Tim. Althcugh it has not 5-n daranstratM for the po tass im c-butoxide-tetrahydrofuran 

system, it has been s h m  (vi3c infral  t h a t  in  s d i u m  hydride-3im?thoxyethane the reacticn p m  

ducts a re  f o d  rapidly and are s tab le  under the reaction conditions. n u s ,  following the 

intrcducticn of the isothiocyanate, reaction t i m  does not appear t o  be crucial .  

Temwrature. Tne reaction process is exothermic, and the knperature rapidly rises above d i e n t  

in  the abs?nce of external cooling. Precooling the potassiumt-butoxide-tetrahydmfuran solution 

to -30'~ and a l l w i r g  the bmgcrature to rise t o  arrhient Sefore quenching gave a substantially 

inproved y ie ld  of thiazole (expcrimnt 4; Table I) .  Larer tenperature a l so  appean to suppress 

imidazole f o m t i o n  (g .  experimnt 4 with 2 and 3 )  in  this  system. m e  mrkedly inproved yis ld 

of & obtained in  the lar-temperature e x p r i m n t ,  as analyzed by APLC, was verified by isolat ion 

5 Iexperimnt 4;  Table I )  of t h i s  thiazole . 
?bus, only by careEully minimizing the interval  between i w a n o a c - t a t e  and isothimyanate addi- 

2 ti- an3 lowering the reaction temperature were we ahle to duplicate the reported 65% yield of 

thiazole &. Under these conditions, imidazole &was alw isolated in  3% yield as its disulf ide 

9. - 



Substitution of Sodim Wdride-Dimthowethane Lor Potassium t-Butoxide-Tetrahydrofuran. In a 

fashion similar to that described above for the potassium~utoxi4etetraWdrofuran base-solvent 

system, the effects OK the d e  of addition of reagents and reaction merature on the produe- 

tim of thiazole g were examined with a sdium Wdride4imethowethane system. m e  results are 

sllmMrized in Table 11. 

TABLE I1 Effect of Tewrahlre and Mode of Addition of Rewents on Pmduct Distribution 

in the Reaction of Methyl Isoclanoacetate (la) with m e w 1  Isothioclanate (2a) 

[Scheme 111: Base = W i u m  tlydride; Solvent = Dimethoxyethane 

irrate Prcd~t Distribution. I 
mch polar 1 l7 
mterial (Isolation) 

(Isolation) 

a' b' ', dr %e the correspnding Footnotes in Table I. 

f15-Cram-5 present in reaction mixture. 

gkact~on was mitored by 'LC: -20°c ( 2  h) + o0 to IOOC (34 h) + ZZOC (48 h); 

2 Predcminated thrcughout; no substantial change cbservml during course OF exprimnt. 
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In  the NaH-PIE system, tm, a l l w i n g  a substant ial  (10minutel interval  b e t w n  the additions of 

ismyanoacetate and isothiocyanate was Eound t o  have an adverse e f fec t  on the y ie ld  of thiazole 

(Expt. 5, Table 11). As w i t h  KO&-i-WF, larering the r e x t i a n  tenperaturn to appmximtely 

-30% had a beneficial e f f e c t  on thiazole pmductian (Expt. 8,  Table 11). lk chief differ-  

ences in  resu l t s  with the two basesolvent  systems w r e  the sarewhat higher yields  oE thiazole 

and substantially reduced yields  of imidazole seen a t  r m  t e w r a t u r e  with the WH-mE system. 

A t  reduced tenpetature 1 - 3 0 ~ ~ 1 ,  both systans p r d u c e  their best yields  of thiazole 2, and the 

resu l t s  a r e  colparabln (70-75%). 

Experimnt 11 established tha t  the p r d u c t s  are formed rapidly (within 2 hl  a t  -20°c and that  

no s ignif icant  change in the i r  apparent r a t i o  or t h e  overall c q o s i t i a n  of the reaction mixture 

(as judgzd by thin-layer chmnatcgeaphyl mcurred even a f te r  48 h a t  roan t a p e r a t u r e  -I.%, 
the products appear t o  be s table  under the reaction ccnditions. 

Effect of Solvent with Sodium Wdride as Base. Substituticn oE tetrahydrofuran o r  N.Ndimethy1- 

Eormamide €or dimethoxyethane with sodium hydride as b s e  (simltan-s addition: 20-24%) 

resulted in  decidedly infer ior  yiel4s  of thiazole 2 (Table 1111. 

Rltirxlgh crude imidawle yields  m e  d t a n t l y  enbm33, especial ly  in tetrahydrofuran, the 

reactions prcduced a mre colplex m a y  of side-prOa11~ts than those i n  dimthxyettme. 

TABLE 111 Effect of Solvent on Yield and Pmduct Distribution in  the Reaction of Methyl 

I sxvanmceta te  ( l a1  with Phew1 Isothioryanate (2al  ISchem3 111: Base = Sodium 

Experiment I I nporoximate Mutt Distribution,' % 

hiazole Irnidawle Carbamthioatc 

gd 

11 

PIE 

111F 

22 I Simultaneous I IIPEI I (HPLCI I 

20 

*DME = dimtbqethane; THF = tetrahydrofuran; N,N-tZ4F = N,N-direthylformamide. 

a, b, ', d, e~ the mnesponding fmtnotes  i n  Table I. 

e - 26 

20-24 

53 

I I I I 
simultaneous 

S iml tanems  

(FWRI (PMR) 

14  

(Isolation1 

12 

( I so la t ion)  

e - 



Effect of the Cation of the Base. m examine the effect  of changing the cation of the base on 

reaction outcan?, w2 substituted lithim hydride for d m  hydride with dh?tbqethme a s  sol- 

.vent, erploying sinultaneous addition of reagents. For reasons un!cnam, there was m discernible 

reaction at  mm terrperature. Heating the readion mix tu re  a t  50°c &ght resulted in an 

apprmdmately 30% crude yield of thiazole 3 - substantially p r e r  than the results  generally 

obtaimd with sodim hydride. 

Effect of Cmwn Ether. The addition of 10 m l e  percent 15sraun-5 to a sodim hydri- 

oxyetbane reactjcm mixture (sinultaneous addition; - 3 0 ~ ~ 1  apFeared to reduce significantly the 

yield of thiazole & (cf. Wts. 8 and 9, Table 11). There nss also an apparrnt reduction in 

the yield of imidazole, but the obsenred difference between the absolute yield?. of imidazole 

in the b.0 w i m n t s  is probably not significant. 

IavTenperature P.eztim of the Lithim Derivative of &thy1 Isocyancacetate ( la)  and Phenyl 

Isothiccyanate (24 in THF. The reaction of the l i t h i u m  derivative of ethyl iscqamxcetate 

with phmyl i s o t h i o c y a ~ t e  has been reported6a to yield neither thiazole nor imidazole prod- 

ucts, but rather the 2- or  4 - N - p h e n y l t h i 0 c a r ~ 1 - 5 - a ~ x a z o l e  (cf. Schaw 111: %, b) 

&tvznld result £ran participation by th2 i-aro ester  oxygen i n  oxazole ring closure. 

il 

n-BuLl, THF 
~ c - ~ c :  + Ph-N=c=s l-#'*oyh -70-c to r.t. or 

la 
O w N  - 20 

lob 
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In cur hands, the reaction of aquinalar quant i t ies  o f  methyl isocyanoacetate 1%) and phenyl 

isothimyanate (2) under the prescribed condi t ims  (1 equivalent of n-mLi; THF; -70 t o  -6rJ0c; 

sequential addition with a meminute tiw interval ;  quench a t  rcan tanperature) gave a low yield 

of thiazole (3) as the only detectable product  The min constituents oE the reaction mixture 

wen unchanged s ta r t ing  materials 2 am3 2. No oxazole was observed. 

11. Rac t ion  oE *thy1 Isocyancacetate ( l a )  with B e w l  Isothiccyanate (2b). 

W? examined the reaction (Scheme I) of m t h v l  ismyanoacetate (la) with henry1 isothiocyanate 

(&) i n  two base-solvent systems. With sdim hydride i n  diwthoxyethane (20-XOc mintained by 

-ling; s imltaneous addi t ion)  a 32% cNde yield of thiamle ($) was isolated. 

Wlen p o t a s s i m ~ u t o x i d e  in  tetrahydrofuran was used, the es te r  (3) was not isolated; instead, 

a 46% yield of a c ~ d e  p r d u c t  containing the carboxylic acid I&) was cbtained. In neither case 

was any imidazole detected. Despite wt f a c t ,  the presence oE imidazole in the  form of an N- 

Senzylthiol derivative a n a l q u r s  t o  imirlazole g I S c h w  11) in  the substant ial  polar f ract ion of 

the reactian mixture cannot k defini t ively  led out. Harever, the d e t e c t i m  of sate disul- 

f i d e  resulting £ran spcntanews oxidation would be expect&, base3 on our resu l t s  with the 

imidazolethiol (see A.4. of the Experimntal Section), had any s ignif icant  amount of t h i o l  

been f o m d  in  m e  reaction. No deliberate e f f o r t  was made to oxidize the polar fraction. 

111. Rac t ion  of Ethyl Isocyanoacetate with Benzyl I s m a n a t e  

Since w z o l e  analogs of t k  i a n i n o ( ~ c a r k m y l ) t h i a z o l s  (1) bere a l m  pa ten t ia l ly  of interest 

to us, and since m general new for  their preparation has heen reported, we wished to asaPltain 



SCHEME IV 

SCHEME V 
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whether the s u b s t i t u t i m  of an isxyanate  for  an isothiccyanate in a reaction with the s a l t  of an 

i s q a n o a c e t a t e  e s t e r  might yield tk requisi te  oxazole (12) and/or a substituted imidazole (g), 
7 a s  depicted i n  Sch- N. A signif icant  body OE l i t e ra ture  on the preparation of oxazoles f r m  

ismyanides has accumrlatd over the past decade. Hmever, with respect t o  the specific process 

of acylation of an ismyanide with an ismyanate, only three relevant references, none of which 

suggested a pcsi t ive p r q n o s i s  for  preaaration of the  desired subst i tuted oxazoles, were lmated:  

3 1) (Scheme V ,  &action I )  the reaction of the l i t h i o  derivative of rrethyl isccyanide (G) with 

phenyl ismyanate (15). £ran which 3-phenyl-1-imidazolin-4-e (16) ( isolated in 30% yield1 was 

the only reported product; 2 )  (Schere V, Waction 2lSb the reaction of isccyanohenzyllithim (11) 

with phenyl oc 1-naphthyl isocyanate (g), the pmducts of which c a d d  not be purified and were 

9 not ident i f ied;  and 3 )  (Scheme VI) the reaction of a-ismyanmcetamidcs (20) with cer tain 

reactive a r y l  (subst i tuted with electronurithdrawing g m p s )  or sulfonyl isocyanates (19) under 

neutral ~ondit ions--  L.E., in  the absence of added base--which y i e l d d  5-an!ino-2-(carbam3yl)- 

oxazoles (,5; in  which the oxazole oxygen derives Erom the carboxamide grcup of the isccyano- 

acstamide) a s  the only detectable p rduc ts .  

CONRlR2 
I 
CHz 
l 
N.CZ 

(Per ref. 9) 

20 

R, = H, alkyl 

R2=oryl 

neutral 1 e L t i o n s  

R, = activating moiety 
(see teal 

PhH 
or 

PhCb. 

neutml 
conllitions 

y 'ZR 
CHz I 
N=C' 



Ihe authors of t h i s  last-ited report on isocyanoacetamides specif ical ly  s t a t e  t h a t  a-isocyanc- 

acetates f a i l  t o  cyclize in  the presence of reactive isocyanates under the neutral cmdit ions 

enployed. n e v e r ,  the b a s e a r m t e d  reaction of an a-iscqano e s t e r  with an i s y a n a t e  has not 

b R n  reported, and for the reasons c i ted  above, it was to t h i s  specif ic  process t h a t  we addressed 

aur%lves. 

W chose t o  examine t h i s  prazess with benzyl ismyanate ( ra ther  than the phenyl c a n p m d ) ,  since 

i t v a u l d  serve to simplify the ident i f icat ion of the possible ism& p d u c t s :  the PMR s p e c t r m  

of the N-benzylated imidazole (Scheme N: 12, R' 5 -CH2Ph) should exhibi t  a s ing le t  Eor the 

benzyl ~ t h y l e n e  gmup, whereas the h z y l  mthylene of the desired ~ ( a l k o x y c a r b " y 1 ) o x a z o l e  

(3chene N: g, R' = -C!$Ph) should a p p a r  a s  a doublet due t o  the presence of a proton an the 

adjacent e x c q c l i c  nitrogen. Ihe i s m r i c  5-alko*y-2-(carba~lloxazole (12: Schemc VII  was con- 

silered t o  be an unlikely QnXbX3.r but w l d  be expected to he distinguishable fmm the desired 

5-rmino-4- (akxycarhony1)oxazole on chanical and spectroscopic grounds h l u d i n g  the s i z w b l e  
9 chemical shiEt difference exhibited by the 2- versus the 4-mthine proton of an oxazole nucleus . 

Ihe resu l t s  of t h i s  e x p r i m n t  a r e  depicted in  Scheme VII. 

SCHEME VII 

me l i t h i o  derivative of e thyl  isccyanoacetate was pmparel in  tetrahydrofuran-hexane a t  -70°c. 

B n y l  i socpna te  (El was added, and the r e a c t i m  mixture was a l l m d  t o  c m  t o  roan tenpera- 

ture before benchirq with acet ic  acid. Chr-tography gave a 16% isolate3 yield of axazole (25). 

which was  ful ly  ckrac te r iaed  and unequivocally distinguished £ram the possible imidazole ismr 
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by the appearance in the PMR spectrum (CDC13) of a benzyl doublet a t  64.55, which c o l l a p s d  t o  a 

s i m l e t  u p  D20 exchange. m e  oxazole m t h i n e  s ing le t  appeare4 a t  67.19, s ignif icant ly downfield 

of t \e  65.8-6.3 nqim in  which the i-methine of a 5-alkaxy-2-(ca&.bamoyl)oxazole (22; S c b  VI )  

would Se expected (based m t!!e analwy oE the 5-amincr2-(carb.bamoyl)oxazoles (2; Schem VI) and 

well within the region f o r  the Znethine Of a 5-imjno-4-(alkoxycarbonyl)0xazole.~ No 

imidazole was detected.1° The lar yield &served i n  t h i s  experiwnt is pmbably improvable by 

modification of  reacticn t ine and temperature pacaretem. 

Althaugh cnly a s i r g l e  e x a p l e ,  t h i s  reaction suggests a novel access t o  the otherwise 

difficult-*prepare substituted-amina(alkoxycart0nyl)OMwles (& Schere IV) i n  a fashion 

ana lqous  t o  tha t  by which the corre3pcnding thiazoles (3; Schem I) may be synthesized. 

w. The r e a c t i m  of the m t a l  s a l t s  of a-isocyanoacetate e s t e r s  (1) with i s o t h i q a n a t e s  

(Scheme I) and isocyanates (Schems N a n d  VII)  were investigated. Examination oE the e f fec t s  of 

d i Q i r g  the reaction paramtars  revealed the importance of tenperature and the d e  of addition 

of the reagents in mximizing the yield of thiazoles (2). lhe isaneric subst i tuted imidazol? I&) 

has been d a c m n t e d  a s  a s i d e - p d u c t  in the prcduction of thiazole & Erm isocyanoacetate 

an3 phenyl isothiocyanate &, but the correspcnding imidazole was not detected i n  the reaction 

O F  with benzyl isothiocyanate (3). me previously unrepoctd reaction of the s a l t  3f an a -  

alkoxycxtonyl isocyanide (2) with an isocyanate (=) was s h  to p r d m  an amiro(alkoxycar- 

t0nyl)oxazole 0. No hydroxy(alkoxycarkmy1)imidazole (2) uns deeffted. 

PXPERIMErnAL 

w. Melting points =re debmined  on a Thms-Hmmr capi l lary nelting m i n t  anperatus 

and a r e  correct&. 'H WR spectra =re w o r d e d  on a Varian T-60 (60 Mil=) ,  CFr-20 (79.5 MHz), 

o r  EM-390 (90 MHz) *ctrmeter.  and are expresse3 as p w  (6)  €ran M e p i  internal  standard. The 

solvents in  which the s-ctm were &tained a re  s p c i f i e d  in the t s x t .  IR spectra were run on 

nujol mlls and were recorded on a Nicolet 10 MX fourier  transform infrared Spectraphotmeter. 

mss spectra -am obtainel on a Varian MAT CH5 qectraneter .  Microanalyses were performed by 

the Ehysical Analytical Services reparwent of the Scheriw Ehamceut ica l  Peearch  Divis im,  

and resu l t s  wers within + 0.4% of theory except as noted in the  text.  HPK analyses were .*r- 

f o m d  with a Katers Rssociates apparatus, consisting of a Me1 6000A solvent delivery system, 

M e 1  481 u l t rav io le t  absorbanc? 3etector. and hblel  730 data d u l e .  



Unless otherwise i n d i c a m ,  a l l  reagents and chemicals were cbtained c m r c i a l l y  and were use3 

without pretreatment or fur ther  purification. Rac t ion  solvents e r e  dried over type 3A m l e -  

cular sieves. 

RI'ACPION OF MGRM IS(CYAElC!XeTATE WPIH PHENYL IS3IVIWYANATE 

A. mtassium t-Sutoxide-TetraWdroEuran System+wral  Procedure 

1. Sequential M l i t i o n  Technique. To a suspension of 17.5 mroles of potassium &-butoxide in  

10 ml of dry tetrahydrofuran was added a solution of 14.9 m l e s  of methyl i s q a n o a c e t a t e  (13) 

in  20 m l  o f  dry tetrahydrofuran. External c m l i r q  was applied as necessary a t  t h i s  stage and 

durirg the subsequent addition and reaction of the isothiccyanate. In "nxm temperature" exper- 

iments, an i c e w a t e r  bath was ut i l ized t o  m i n t a i n  the reaction mixture a t  20-3'I0c u n t i l  any 

emthem had ibated. An acetane4ry ice bath served t o  maintain 1-r temperatures when de- 

si-4, as notsd in Table I. 

men aMit ion of the isocyanoacetat* was c q l e t e ,  the reaction mixture was s t i r r e d  a t  the 

requisite temperature f o r  the tine interval  s p e c i f i d  in  Table I. A t  t h i s  m i n t ,  a solut ior  

oE 14.9 m l e s  of phecyl isothiocyanate I&) in  20 m l  of dry tetrahydrofuran was added in  one 

portion. 

m e  reaction mixture was all-d to stir a t  the specified t e q e r a t u r e  u n t i l  thin-layer chro- 

mtagraphy [ s i l i c a  gel  plates; e thyl  acetate-hexane (1:4)1 indicated the absence of s ta r t ing  

materials (generally, 2 to 3 h).  Processing oE the reaction mixture a r ?  isolat ion,  charac- 

terization, and quant i ta t ive estimation of reaction p r h c t s  a re  discussel below. Qualitative 

analysis of the crude reaction mixtures could be performd by means of TIC on s i l i c a  gel  usirg. 

in  add i t im t o  the system c i t e 3  above, ffC13-28 ethanol-concentrated m n i u m  hydroxide i n  

ratios (v/v/v) of 90:Z:O.S and 50:2:0.1. 

2. Simltaneous addition technique. To a suspension of 17.5 mroles of potassium &-butoxide 

in 10 ml of dry tetrahy3roEurm was added a solution containing 14.9 m o l e s  of m t h y l  iiso- 

cymoacetate and 14.9 m l e s  of phenyl isothiocyanate in  40 m l  of dry tetrahydrofuran. As 

r W i r e 4 ,  cooling was anplied in  the mnner described in  Section 1. m e  reaction mixture w a s  

s t i r red a t  the specified t-rature (Table I) u n t i l  s t a r t ing  materials had been coosurred, as 

determined by TLC analysis (see Section 1). m r t h e r  ormessing and analysis of the reaction 

mixture a r e  described belar.  

3. Cuenchirq and crude isolat ion of o d u c t s .  me reactions WE r a k i n e l y  quench?? by 

acidification (to pH 56) with g lac ia l  acet ic  acid. IIaan temperature reactions were p m m l e d  

to  around O'C, while 1-r-terpxature caretions were quenched a t  the prevailing tenperature 
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of t h e  expr i r rpnt .  Solvent was renoved under reduced pressure. The resirlue was par t i t ioned 

b2tween watgc and rrpthylene chlor ide ,  l a y e n  seoacated, a d  the  aqueolls layer  extracted with 

four addi t ional  por t ions  of mthylene chloride. ?he c d i n e d  ex t rac t s  were washed once with 

b r ine ,  dr ied over  anhydrous d i m  su l fa t e ,  an3 solvent' m v s d  under reduced pressure t o  

Obtain t h e  crude reaction p r d u c t  a s  a gunmy so l id ,  which co~>ld then be subjectefi t o  d i r e c t  

quan t i t a t ive  analysis  or t o  i so la t i cn  of the  const i tuents  hy column chr-tqrophy, as de ta i l ed  

below. I n  sm~? instances,  as indicated i n  Table I ,  the crude reaction p r d u c t  was subjectefi t o  

oxidat ive  treatment,  which is described in  tho e r p r i m n t a l  sect ion t h a t  follows. 

I n  thcee experim?nts i n  which it was desired t o  i so la t e  the th iazo le ,  the following a l t e rna t ive  

precessing scherre was EouM helpful  i n  e f fec t ing  a ~ a r t i a l  separation of th i azo le  €ran other  

reaction ccnponents: the  reaction mixture was c m l e d  in an ice-water bath an3 qrenchel by the 

a l d i t i o n  of water. Solvent was rnovarl under reduced pressure, and the  rssidue was p a r t i t i m e d  

between water and methylene chloride. me a lka l ine  aqueous phase was extracted four times with 

mcthylene chlor ide ,  and t h e  c&innl ex t rac t s  were washed once with br ine ,  then dr ied over an- 

hydrms sodium s u l f a t e .  Solvent was removed iun4cr reduce1 Dressura t o  Obtain a residual so l id  

e n r i c h 4  in  t h e  desi red thiazole.  me remining c m m e n t s  oE the reacton mixture could be 

recovered, i f  des i red,  by ac id i f i ca t ion  ( a c e t i c  ac id )  and extract ion of the  aqueous phase. 

4. Oxidative tre-eamnt of the  cmde reaction p r d u c t ;  cmvers icn of 4a t o  9 .  Control ox- 

p r i r r p n t s  ha3 lemmstra ted t h e  following Eacts: a )  spantaneous oxidation o f  the imidaaole- 

s u l f h y d ~ l  p r d u c t  (g) t o  the  correspondiq d i su l f ide  (91 mcurred on s t a n 3 i ~ g  i n  solut ion;  

b) the  oxidative t r e a t m n t  describe? herein  had no a p p r e n t  e f f e c t  on the  t h i i a z o l  (5); c )  

prolonging oxidat ion beyond the  2 h pzriod employed as sbn4arrl q e r a t i n g  procedure produced no 

d i sce rn ib le  increase i n  t h e  amount of d i s u l f i d e  (2). 

D t y  oxygen gas  (SOS; e x t r a  dry)  was bubble4 through a s t i r r ed  solut ion of the  crude react ion 

product ( isola t .? l  as  describe4 in Section 3 ) ,  saiium methoxidn (ca. 10 mole percent,  based m 

weight of crude p r d u c t ) ,  and a very -11, unweiqhcd quantity of iodine i n  dimthoxyethane for 

a period of 2 h. Solvent was then r w e d  under reduced ~ress- ,  and the residue was 

t r i t u r a t e d  with chloroform. Any insoluble s o l i d  t h a t  remined a t  t h i s  s t age  was v i r t u a l l y  pure 

imijazole d i s u l f i d e  (9) and was isola ted by f i l t r a t i m .  h e  f i l t r a t e  was washed successively 

with 25% aqueous amnonium hydroxide and br ine  and was dried over anhydrous so3ium su l fa t e .  

Solvsnt was removed under rduced  pr jssurn,  and the residual s o l i d  was dried  under high vacuum. 

The m t e r i a l  thus  isola ted could then he subjected t o  quantitative analysis  by HPLC (see 

below). 



5. I s o l a t i m  and pur i f i ca t ion  of reaction prcducts 3a, 8 ,  and 1. h e  crude react ion p r d u c t  

mixture--chtained d i r e c t l y  (Section 3 )  o r  v ia  oxidat ive  treatment ( S e c t i m  4)-was subjected t o  

c o l m  chr-tcgraphy, using '€lash'-grade s i l i c a  g e l  (Baker 70241. 3 l u t i m  with e t h y l  aceta te-  

petroleum e the r  ( 3 5 6 0 ~ ~  boi l ing range) mixtures, ranging £ran 1:4 t o  1:l (v/vl,  served t o  

strioped f r m  the  c a l m  by e lu t ion  with E t h a n o l .  h i s  crude m r e  polar  f r ac t ion  was then 

rech?-tographed on s i l i c a  g e l  (Baker 70241, e lu t ing  with chloroEom2H ethanol-concentrated 

amncnium hydroxide (9:2:0.251 t o  abta in  d imthy1  5.5'-dithiabisll-phe~l-l~-imirtazole-4- 

caeboxylatel (91. 

& c r y s t a l l i z a t i m  of th iazole  (2) €ran e thy l  aceta te-di isoorwyl  e t h e r  gave a white 

c rys ta l l ine  s o l i d  with TQ 9 0 - 9 2 . ~ ~ ~  and t h e  fo l l a r ing  s p e c t r o s c q i c  prcperties. (CDC13): 

3.98 (5 ,  3H). 7.0-7.5 (m, SH). 7.97 (s, IH), 9.76 (broad s, lH) ;  E: 234 (49%. M+), 203 (2083, 

202 (100%). 129 (31%). 77 (44%) ; (Nujol):  3270, 3100, 1660 6' ; Anal. Calid. f o r  

C11H10N2S02: C, 56.39: H, 4.30: N ,  11.95: S,  13.68. Found: C, 56.44; H, 4.13; N ,  11.89; S, 

13.65. 

Recrystall ization of t h e  imidazole d i su l f ide  9 from methanol gave a pale  y e l l w  s o l i d  with np 

224-228Oc. (CCC13): 3.83 (s ,  6H), 7.3-7.6 (m, 10H1, 7.79 (s ,  2H); E: 466 (30%. M + I ,  233 

(36%). Z'JZ (27%). 201 (100%). 146 (17%). 77 (95%): 3: 3100, 1710, 1700, 1600 kl; Anal. 

Calcd. f o r  C22H18N404S2.0.3 H20: C, 55.98; H, 3.97; N ,  11.87; S, 13.59. Found: C, 55.79; H, 

3.85: N, 11.76; S, 13.75. 

EYm those crude reaction mixtures i n  which it appeared, tk methyl (N-phenyllcarbatmthioate 8 

could be isolated by means of colunm chronatcgraphy on s i l i c a  g e l  (Baker 70241. Slut ion with 

1:9 (v/v) e thy l  acetate-petroleum e t h e r  ( 3 5 - 6 0 ~ ~  boi l ing range) yielded 8, which a p p a r e l  

before th iazole  3. M r ec rys ta l l i za t ions  £ran mthano l  gave a pale  y e l l a r  s o l i d  with mp 

92-94°~11 and the  Eollaring spectroscmic cha rac te r i s t i c s .  (CLXZl31: 4.11 (s ,  3H); 6.9-7.6 

(m, 5H): 9.28 (broad s ,  1H); E: 167 (1008, M+). 152 (5%) ,  134 (35%). 135 ( lD%),  136 (14%).  119 
~-~ 

(33%); g: 3180, 1590, 1535, 1445, 1310, 1285, 1221, 1205. 1136 mi1; Rnal. Calcd. f o r  CqH9NX: 

C. 57.45; H, 5.42, N, 8.37; S, 19.17. Fmnd: C, 58.00; H,  5.24, N ,  8.10; S, 18.65. PMR and 

ma& s p c t r a l  data  are i n  accord with the  s t ruc tu re  written. N o  i n p u r i t i e s  wre detectable  by 

TLC, but ca rbm an3 su l fu r  analyses deviated €ran theow by s l i g h t l y  m r e  than 0.5%. 

B. Sodium Wdride-Di~thoxyethane System --General Wocedure. Ihe methcds employed with the 

NaH-UW system e r e  i den t i ca l  t o  those described i n  the  preceding s e c t i m s  Eor t h e  KOBu-k-mF 

sy~tem. R l e v a n t  parameters are sumnarized i n  Table 11. me c-rcial 60% dispers ion oE sodium 
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hydride was washed wl tb  ~ e t e o l e u m  e t h e r  o r i o r  to  use.  I n  the experiment (No.9, Table I11 i n  

which crown e t h e r  was a cons t i t uen t  of  the r eac t i on  mixture, 10  mle percent  o f  15-cram-5 was 

added p r i o r  to  the  in t roduct ion  oE the  i so th iccyanate .  

C. %?im HydriSe i n  Tetcahylrofuran o r  N,N-Dirnethylfomide.  These experiments were conducted 

i n  a fashion  d i r e c t l y  a n a l o g o ~ s  t o  t h a t  described above i n  Sec t i ons  A.2 and R.3. Reaction para- 

mters and r e s u l t s  are n u m ~ r i z e d  i n  Table 111. 

D. Lithium Hydride i n  Dimethoxycthane. mis  experimsnt was conducted on a 10-le s c a l e  v i a  

the  simultaneous add i t i on  methal described above ( S e c t i m  A.2). us ing  l i t h ium hydridr: as  haso  

i n  d imthoxyethanc  so lvent .  R ld i t i on  of magenta was performed a t  20%, and t h e  r eac t i on  

mixture was s t i r r e d  a t  roan temperature f o r  24 h. TLC (see A.1 f o r  condi t ions)  s h w d  no 

evidence of reac t ion .  'he  reac t ion  mixture was therefore placed i n  a h e a t i r q  ba th  a t  ~ O O C  f o r  

1G h ,  a f t e r  which i t  was quenched an3 processed as described i n  Sect ion  A.3, lhis gave a 30% 

y ie ld  o f  a crude  s o l i d ,  shown t o  b e  mainly t h i azo l e  & b y  W. TLC a l s o  showed the  prescncc of  

a vcry sma l l ,  b u t  indeterminate ,  a m n t  of imidazole d i su l f i da  9. 

E. Methods oE m a n t i t a t i v e  E s t i m t i o n .  

1. PMR axa lys i s .  &values he re in  r e f e r  to 60-~mz spectra i n  ml3. An estimte of  the r a t i o  

o f  t h i a z o l e  t o  imidazole i n  product mixtures was &mined by cmpar inq  the  i n t e g r a l  f o r  H-2 o f  

4-methoxycarbonyl-5- (phenylamino) t h i a z o l e  (5) wi th  the i n t e g r a l  f o r  the a w l e x  d t i p l e t  in th€ 

67.0-7.8 region,  represent ing  the  phenyl pro tons  ( o f  both t h i azo l e  and imidazolc oroducts )  p l u s  

the  11-2 of imirlazole d i s u l f i l e  9 a t  67.79. (Thiol  %was  never i s o l a t e d  an l . cha rac t e r i zed ,  hut  

i t  is ass-3 t h a t  its H-2 proton m u l l  a l s o  appear i n  t h i s  region) .  The a m t i c  region  was 

a s s w d  t o  be f r e e  of  impur i t ies ,  and a l l  pro tons  r emin ing  a f t e r  d e d u c t i w  the  t h i a z o l s  

pro tons  r c o  ca l cu l a t ed  as  imidazole pro tons  to ob t a in  the r e q u i s i t e  prmluct r a t i o .  W have 

Since  learned t h a t  in  90-mz s p e c t r a  t h e  11-2 proton of 2 i s  s u f f i c i e n t l y  scnara ted  f c m  the  

a ~ m t i c  region  t o  w c m i t  a d i r e c t  camparison of t h e  i n t q e a l s  oE the  H-2 pro tons  oE & a n d  9. 

These h ighe r  Cirld s p s c t r a  were, harever ,  n o t  ava i l ab l e  foe e x p e r i m n t s  3 and 11. Also, i n  t h e  

s p e c t r a  of  t h e  r eac t i on  mixtures,  the  ester m t h y l  grcups of t h i azo l e  and imidazole ovcclappe4 

each o t h e r  and were f u r t h e r  overla@ by a broad N u r i t y p e a k  of unkncwn or ig in .  This region 

of the spectrrrm was t h u s  unsu i t ab l e  f o r  quan t i t a t i on .  The "Pppmximte  Product D i s t r i bu t ion"  

f i g u r e s  r epo r t ed  i n  the Tables  r ep re sen t  percentages of t heo re t i ca l  y i e l d  and W e  obta ined  by  

mu l t i p ly ing  the percentage  of each c o n s t i t u e n t  c a l c u l a t e d  €ran the Pm i n t e g r a t i o n  by the per- 

c e n t  of theoretical y i e l d  represented  by the t o t a l  w i g h t  af the p m d u c t  mixture f m  which the 

a n a l y t i c a l  s anp l e  was obtained.  Since recoveries of clde products were less than q u a n t i t a t i v e ,  



the prcen t rqes  of thiazole plus imidazole t o t a l  l e s s  than 100%. Ihe estimates a re  a p r o x i w t e  

since minor impurities were generally present a l q  with thiazole and imidazole prcducts. 

2. 11PIC analysis. In  order. to m e  -11 m n t s  of polar i w u r i t i e s  f m  the c d e  re- 

action prohrcts t o  be analyzed, the fol lar ing washing schene was enplqred pr ior  to inject ion 

cnto the Hmr: column: a v~ighed  a n t  of the  sanple was dissolved i n  mthylene chloride, 

washed successively with 25% aqueous anImnim hydroxide and brine, and dried over anhydras  

scdim sulfate .  m e  s-le was cmcentrated under reduce3 pressure and tho-hly dried under 

high vacum. me percentage recovery was then calculated. me w q 9 e  thus prepared was analy- 

ze.3 on a Porasil  column ( m t e r s ;  P/N 27477), using CHCl3-2B ethanol-concentrated m i m  

hydroxide (90:2:0.1) a s  the  solvent system, with a f l a r  ra te  of 2 m l h i n  a t  1083-1100 psi .  

~ o t e  t h a t  the conditions ut i l ized rere capable of detectirg thiazole 2 l r e t e n t i m  t h :  1.7 

minutes) and imidazole disulfide 9 (retent ion ti=: 6.7 min), but not the s ignif icant ly m r e  

polar imidazole th io l  s. (Any t h i o l  should, harever, have been removed i n  the oreparative 

base wash d c r r i b e d  above). The "Rpproximate P ~ c d u c t  Distribution" f igures  reporbd in  the 

Tables e r e  calculated by mlt ip ly ing  the percentage of each constituent obtain& by inte- 

gratim'2 of the liquid chrmtcqram by the  Dercentage recovery described above, as well as 

by the percent o f  theoretical yield represented by the  t o t a l  weight of the product mixture 

frcm which the or iginal  analyt ical  sample was derived. That is, eq., 

% Yiell of br] r] Base m s h  F:] 
C h r m t q r a m  

W k u p  

Since recoveries of pralucts were l e s s  than quant i ta t ive,  the percentages of thiazole plus 

imidazole t o t a l  l e s s  than 100%. 

- 
F. Lar T-rature %action of the Lithium b-civat ive of Wthyl Isccyanoacetate ( l a )  ahd Phew1 

Isothicqanate  ( 2 4  i n  mF. mis experiment was perfonred a s  described hy ~ o r s c h . ~ ~  A suspn-  

s i m  of th* lithium derivative of m t h y l  isozyanoacetate was prewred a t  -73O~ (acetone4ry icc 

bath) f m  32.6 ml (50.5 mnoles) of a 1.55W hexane solution of n-Sutyllithirm and 5.0 g (50.5 

moles)  of e t h y l  i s q a n o a c e t a t e  in  35 m l  of tetrahydrolean. To t h i s  suspension, maintained 

a t  -73O~. ms added dropwise over 30 min a solution of 6.82 g (50.5 m o l e s )  of phenyl i s o t h i b  

0 cyanate.in 30 m l  of tetrahydrofuran. zhe reaction mixture was s t i r r e d  for  1 h a t  -70 C and was 

then quenched.at tha t  temperature by t!!e additicn of 2.87 ml (51.5 moles )  of g lac ia l  a c e t i c  
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acid. men  the mixture had c m  to r m  tenperature, it was poured in to  400 ml of water and 

extracted with several p o r t i m s  of methylene chloride. me conbined ex t rac t s  E r e  washed 

successively w i t h  water and brine, then dried over anhydrous scdium sulfate?. Rsnoval of 

solvent under reduced pressure gave 11.1 g (94% of theory1 of residual o i l .  RIR (CD213) of t h i s  

m d  showed mainly the s t a r t i n g  t ta ter ials  ~ l u s  a mall inromt of 4-ne-yl- 

5-(pheny1amino)thiazole (3a). TLC [ s i l i c a  gel ;  e t h y l  acetate-hexane (1:4)1 corroborated t h i s  

finding, s h m i m  spots cormspcnding t o  s ta r t ing  materials and thiazole 2, along w i t h  a -11 

orgin soot. 

The following scheme was devised to i so la te  for  i lent iEicat im purposes a pure s inple  of tb 

reaction p d u c t  €ran the mixture containing mostly t5e s tar t ing m t e r i a l s .  No attempt was 

made t o  *tain a quantitative cecov9ry of the  prcduct. me crude o i l  was s t i r r e d  vigormsly 

with h-ne, and the hexane phase-emtaining vir tual ly a l l  the  phenyl isothimyanate, along 

with s m  of the m t h y l  isocyanoacetate and prcduct-was decanted. The residual o i l  was taken 

up in ether  an i  the solution f i l t s r e d  thrcugh a pad of s i l i ca  g e l  (Baker; 60-200 mesh) on a 

sintered g l a s s  funnel. Solvent was renovel under reduced pressurn f r m  the f i l t r a t e ,  leaving 

4.06 g (34%) of an o i l  which TLC s h w d  t o  be essentially a mixture of methyl iiswyanoacetate 

and thiazole 2. %is o i l  was par t i t imed  between 3M aquems HC1 and ether  with vigorrus stir- 

ring f o r  1 h. 'me layers were spara te* ,  and the aquears phase was m d e  wakly alkal ine with 

2.5 N NaOH and extracted with mthylene chloride. C d i n e d  ex t rac t s  were washed success- 

ively with wat?r and br ine ,  dried over anhy?rcus soJim sulfate ,  and strip.@ of s o l w n t  under 

reduced pcessure t o  give 229 ng (ca. 1.9%) of a s o l i d  with np 80-85O~. TLC shm-1  essentially - 

one spot with an Rf equivalent t o  tha t  of thiazole s. Ccnparison of the PMR and ms spectra 

of this prcduct w i t h  those of authentic r a t e r i a l  slxxed it to be 4 - m e ~ t c o l y l - 5 - ~ p M y l -  

amino)thiazole (g) . 

REACTION OF MFIHYL ISCCYAN2LETRTE WITH BENZYL ISOTHIXYANRTZ 

A. Scd im WdrideDimethoxvethane System. TO a suspension of 1.02 g (25 m l e s l  of 60% d i m  

hydride (washed twice with petroleum ether  pr ior  t o  use1 in 45 ml of dimethoryethane was added 

d r w i s e  a solution of 2.0 g (20 m l e s )  of m t h y l  isccyanoacetate and 3.01 g (20 nrmles) of 

benzyl isothimyanate in  95 m l  of dinethoxyethane. mr@erature was mintaine.1 arcund 25Oc. by 

the application oE external cooli!?g (ice-water b a t h ) ,  as required. l h e  maction mixture was 

then a l l& t o  stir a t  ccan temperature w i t h  p r i o j i c  mnitoring by TLC [ s i l i c a  g e l ;  e thyl  

acetate-petroleum ether ,  35-60% fraction (1:4)1. Wnen the benzyl isothimyanate had been 

cmsunnd (approximately 2 h ) ,  the n a c t i m  was qencha3 with water, an? solvent was rem~ved 



under reduced pressure. me sfmisolid residue was partitioned between water and methylene 

chloride, and the aqueous layer was separated and reex t rac ted  w i t h  methylene chloride. 

C d i n e d  ex t rac t s  wer* washed with br ine,  dried over anhy&ns d i m  sulfate .  and concen- 

t r a t d  under re4uced ?ressJre t o  obtain 3.01 g (60% of theory) of a cmde so l id ,  which was 

st i r red with d i i saprwyl  ether  and f i l t e r e d  t o  cbtain 1.6 g (32%) of a sol id with np 81.5- 

86.5'~. PMR and mass spectral  data ,  smmarized belax, ident i f ied t h i s  p r d u c t  as  5+enzyl- 

a m i n w 4 - ( ~ l ) t h i a m l e  1 ~ ) ~ .  @ (CIT13): 3.90 Is, 3H). 4.48 (d, 2H. J 5Hz; 

collapses t o  s ing le t  m D20 exchange), 7.33 (s ,  58). 7.80 (s, 2H; overlaps a s z c d  b r d  

unresolved rmlt iplet ,  which collapses on D20 exchange); E: 248 (45%. ~ ' 1 ,  215 (31%). 183 

(27%), 187 /13%), 91 (100%). 

m e  original  aqueous phase was acidif ied (acet ic  acid; pH 5-6) and extracted with mthylene 

chloride t o  obtain a f t e r  washing, drying, and reduced-pressure evaporation 1.9 g (38% base* 

nolecular weight of thiazole)  of a cm& sol id,  h i c h  was sham by TIC [ s i l i c a  ge l ;  methanol- 

chlorofom (1:9) o r  chlorofomthanol-0.5% aqueous ammnium hydroxide 1 1 : l : l ) I  t o  be a mixture 

of p l a r  materials. Attenpted crystal l izat ion of t h i s  crude material was unsuccessful, and the 

ccnpwents were not identified. 

0. Potassim t-8utoxide-tetrahvdrofuran System. To a suspension of 1.24 g (11 m o l e s )  of potas- 

sium&-butoxide i n  80 m l  of tetrahydrofuran was added drqwise  a solution of 1.0 g (10 moles )  

of E t h y l  isccyanoacetate and 1.5 g 110 m o l e s )  oE benzyl isothiccyanate in  20 ml of t e t ra -  

hydrofuran. me tenperature was maintained araund 23-22Oc by controlling the rate  of ad4ition. 

*n addition was c a p l e t e ,  the reaction mixture was stir& a t  rcan temperature. Within 

1.5 h. TLC [ s i l i c a  gel ;  e thyl  acetate+troleum ether ,  3 5 - 6 0 ~ ~  fract ion 11:4)1 indicated tha t  

starting materials had been cmsumd. m e  reaction mixture appeared t o  consis t  of a r e l a t i v 4 y  

ncnpolar carponent plus or igin material when examined in  the above system. The reaction mix- 

ture was all-d t o  s t i r  a t  rrnm tenperature for  approximately 60 h. No change was detectable 

by TLC. me reaction was quenched with water and solvent r a v e d  under reduced pressure. m e  

resldual o i l  was p a r t i t i m e d  between water and rrethylene chloride. m e  layers were separated, 

and the aqueous phase was extracted with several p o r t i m s  of rrethylene chloride. m e  d i n e d  

extracts were washed with brine, dried over anhydrous d i m  s u l f a t e ,  and cancentrated under 

d u c e d  pressure t o  obtain 0.6 g (24%) of a red o i l ,  which appeared to be a mixture of several 

ccnponents by TIC [ethyl acetate-petrol- e ther  (1:4)1. Colmm c h r m t q r a p h y  on s i l i c a  g e l  

18aker 7024), eluting with mixtures of e thy l  acetate  and petroleum ether  ( 3 5 - 6 0 ~ ~ )  in  ratice 

rarqing £ran 1:9 t o  1:4 (v/v), ~ i e l d e d  one par t i a l ly  purified c q e n t ,  which was tentat ively 
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i d e n t i f i e d  a s  methyl(N-benzyllcahanothimte m t h e  b a s i s  of t h e  following s w t r o s c o p i c  

evidence. lCDCl31: 3.73 ( s ,  3Hl. 4.36 ( 4 ,  Zfl; J = 6 flzl, 5.05 (broad unresolved m l t i p l e t ,  

1H). 7.3 ( s ,  5Hl; E: 181 IS%, M'), 165 18281, 150 185%). 106 (90%).  91 (100%). 

The o r i g i n a l  aqueous phase was a c i d i f i d  t o  pf1 5-6 w i th  ace t ic  a c i d  and ex t r ac t sd  with s eve ra l  

po r t i ons  of methylene chlor ide .  me canbine-l e x t r a c t s  were wash& wi th  h r i n e  and d r i e d  over  

anhydrous s d i u m  s u l f a t e .  Solvent was removed under reduced pressurn  t o  ob t a in  1.17 g 146%) 

of  a glnny s o l i d ,  which was a mixture o f  c q e n t s ,  as analyzed by TLC [ s i l i c a  g e l ;  CHCl - 
3 

methanol-acetic a c i d  (90:10:0.51]. A por t i on  of t h i s  dark, gunmy s o l i d  was d i s so lved  i n  b o i l i r g  

a t h y l e n o  ch lo r ide  ccnta in ing  a c t i v a t e d  carbon I m r c o ;  grade G601.  The mixture was f i l t e r e d  

through C e l i t a ,  and t h e  f i l t r a t e  was d i l u t e d  with hexanes. Thus was ohta ine3  a few rnilliqrams 

o f  off-white s o l i d  lm, 138.5"~,  d e c l ,  v i r t u a l l y  hrxkgenxxls a s  judged by lW  i n  t h e  ahwe 

system. On t h e  b a s i s  of t h e  following s p e c t r o s c ~ i c  4 a t a ,  t h i s  p r d u c t  was i d e n t i f i e d  as  5- 

benzylaminw4-(ca~oxyItl~iazole (&12. yJ lIlulS0-d61: 4.44 (d ,  2H1, 7.32 ( h r m d  s, X H ) ,  5.00 

Is, 1H; overlapped by a b r m d  exchangeable slNH?Il ,  ?.12.2 ( b r m d  exchatqeable unresolved mlti- 

p l e t ,  U1); EIS: 234 (88, M'), 216 (6%1, 190 (22%1, 149 17%), 91 (100%). 

5 - B e n z y ~ 4 - ( e ~ t a n y l l m z o l e  1251. lhis reaction was performed in f l a m e d r i e d  glassware 

under an atmosphere of  argon. A s o l u t i o n  of  12.9 ml (20.0 mnolesl of n - b u t y l l i t h i m  (1.55M i n  

hexanel i n  12 ml o f  te t rahydrofuran  was c w l e d  t o  -70 '~  in an acetone-dry ice bath.  With the  

temperature maintain& a t  -70°C, a s o l u t i m  of 2.26 g 120.0 mnolesl of  e t h y l  isocyanoacetate13 

was added over  a perid of  30 min. Imnediatsly upon c q l e t i o n  of t h e  add i t i on  OF t h e  iso- 

cyanoaceta te ,  a so lu t i on  of 2.66 g (20.0 mnolas) of  h m y l  i socyanate  i n  12 m l  of tetrahydm- 

faran was added drcpwise wer 10 min t o  t h e  cold (-70'~) o r ange -b rm suspension of  the l i t h i o  

d e r i v a t i v e  of  e t h y l  i s acyanmce ta t e .  h e  r eac t i on  mixture was all-1 t o  stir a t  -70°c f o r  

2.5 h. h e  c m l i n g  ba th  was then remove4 and t h e  mixture s t i r r e d  a t  r m  tem,era ture  foe  

2.5 h. hl brown r eac t i on  suspens im  was then  recwle-1 t o  -7a0c an3 quenched bv t h e  a d d i t i c n  

of  1 .2  ml. (21.1 m l e s )  of g l a c i a l  a x t i c  ac id .  

F i l t r a t i o n  (medium s i n t e r e d  g l a s s  funnel)  o f  t h e  r eac t i on  mixture gave a tan  hygrmc-ic ?ow- 

Jer. which was t r i t u r a t e d  f o r  16 h in e t h e r  conta in ing  5 5% by u o l m  methylene ch lo r ide .  

F i l t r a t i o n  of  t h e  t r i t u r a t i o n  mixture and e v a p o r a t i m  of the f i l t r a t e  under reduced pressure  

gave approximately 0.6 g (12% o f  t h e o q l  of  a y e l l w  so l i d ,  which by TLC [ e t h y l  a ce t a t e -  

cyclohexane ( 1 : I l ;  s i l i c a  gel1 was s i m i l a r  i n  c q o s i t i c n  t o  t h e  bulk o f  t h e  crude  p ro luc t  

obta ined  a s  descr ibed  below. 



Solvent was renoved under reduced pressure €ran the o r ig ina l  f i l t r a t e  of the reaction mixture, 

and the residue was par t i t ioned  b twecn  mthy lenc  chlor ide  and saturated aqueols s d i u m  chlor- 

ide solut ion.  me organic layer  was separated, washed with aquems sdiwn chlor ide  so lu t i cn ,  

and f i l t e r e d  through a 20- layer  of s i l i c a  g e l  on a 63-1 r e d i m  s in te red  g l a s s  funnel. Sol- 

vent was r a v e 4  under reduce3 oressure from the f i l t r a t e ,  y ie lding 4.25 g (86% of theory) of 

a re ldish  o i l .  mis o i l  and the yellow s o l i d  isola ted as described above e r e  conbined an4 

chramatographed on s i l i c a  g e l ,  e lut ing with e t h y l  aceta te-~etroleum ether, 35-60°c f ract ion 

1 1 : Z ) .  TwO p r o l u c t ~  were thus obtained: Product "A" was a l i g h t  yellow powder, h-enems 

t o  TIC, wi th  np 105 .5 -108~~ .  weighing 771 ng 115.5% y i e l d ) .  P r d u c t  "A" was r e c r y s t a l l ~ z e d  

and characterized as described below. Product "R" was a dark brown gum, weighing 330 ng 

(7% of theory) .  and showirq a predominant spot  p lus  a t  l e a s t  one impurity on TLC. Effor ts  

to c r y s t a l l i z e  t h i s  gum were unsuccessfu,l, and the m i n  c m o n e n t  c w l d  not he iden t i f i ed  

based on the w e c t r a  o f  t h e  sernigurifie3 sample. 

Prcduct "A" Was rec rys ta l l i zed  €ran i soormyl  e the r  t o  obtain large  off-white,  needlelike crys- 

t a l s  (69% recovery) with mp 1 0 8 - 1 0 9 ~ ~ ,  which e r e  i den t i f i ed  as the  t i t l e  oxazole based cn the 

data s u m r i z e d  below. ICCClJ): 1.36 ( t ,  3H, J * 7Hz), 4.31 ( q ,  2H, J = 7Hz); 4.55 

13oublet collapsing t o  a s i n g l e t  cn s h a k i q  with D Om1, ZH, J = 6.5Hz). = 6.5 (NH? p m r l y  2 

resolvedd , 7.19 (s,  1 H ) .  7.30 Is, 5H); m e  following chemical s h i f t s  were observed i n  tNX-d6: 

1.23 ( t ,  3H. J r 7Hz); 4.17 (q, 2H. J = 7Hz); 4.43 (d, 2H, J r 6.5Hz); 7.26 (s, 5Hl; 7.60 

+ 
(5, % IH); ?. 7.7 (W unresolved r m l t i p l e t ,  1 H ) .  E: 246 (41%, M 1, 217 16%1, 200 113%), 

141 (14%). 91 1100$), 65 (22%); g (Nujol): 3344, 1670, 1635, 1615 6'; Anal. Calcd. for 

C13H14N203: C, 63.40; H, 5.73; N, 11.38. Found: C, 63.42; H, 5.54; N, 11.29. 

- 
W thank Mr. Marvin P. Cohen tor the  preparation of the  e thy l  isocyanoacetate used in  these 

studies. 

REFERENCES 

l. m e  following a l l  r e f e r  to thiiazoles (A) i n  which R = H:  

a. A.K. Sen and R.K. Mlkhcpadhyay, Indian J. a., 1981, Z:B, 275; 

h. A.K. Sen and G. Chattqadhyay, In3ian J .  m., 1979, 170. 222; 
?. 

c. A.H. Cmk, S.I. t k i l h r m ,  an3 A.L. k v y ,  J. Chem. Soc., 1949, 1954. 



HETEROCYCLES, Vol. 26, No. 3, 1987 

2. M. Suzuki,  T. Moriya, K. l4%tsumoto,and M. Miyffihi, Synthesis ,  1992, 874. 

3. h e  f r e e  t h i o l  is n o t  r e a d i l y  i s o l a b l e ,  bu t  was i den t i f i ed  and yi4 l r l s  es t imated  hy i so l a -  

t i o n  o f  t h e  d i s u l f i d e  2 l%hme I I ) ,  to which t h i o l  e o x i d i z e s  swn tane rus lv .  I n  o rde r  t o  

ensure ca t rp le te  conversion oE t h i o l  t o  d i s u l f i l e  f o r  the plmcse o f  q u a n t i t a t i m  imirlazole 

f o m t i o n ,  a s epa ra t e  ox ida t i on  s t e p  ( u t i l i z i w  02/catalytic 12) was employ&, as  indi -  

caLcrl i n  the Tahles  am3 descr ibed  i n  t h e  exp%rimenta lsec t ion  oE t h i s  pawr. 

I. The s e l f s o n d e n s a t i o n  o f  5-metalate3 isocyano esters with e l im ina t i on  o f  a lkoxide  and 

formation o f  4 -~bony l -5 - ( i s ccyanc l r eUly l )oxazo le  h a s  heen observed: R. Schr;jder, U. 

~ c h h k ~ f ,  E. Blurre, an3 I. H q x ,  Liebirls Ann. Chem., 1975, 533. H m v e r ,  we have no t  

i s o l a t e d  any o r o h c t  *ich wwld  de f i ne  t h e  u l t ima t e  [a te  o f  t h e  "ke tene  por t ion"  (7; 

Scheme 11) of t h e  isocyano e s t e r  (la). 

5. Matsumoto & s.2 remrt a mlt im p o i n t  f o r  3 of 135-137%. Hagever, we observed a 

m e l t i w  p o i n t  o f  90-1))..5O~ f o r  > - r e c r y s t a l l i z e ?  E r n  t h e  s w e  so lven t  system ( e t h y l  

ace ta te -d i i scprapl l .  s t h e r )  an1 having t h e  n p o r t c d  R I R  c h a r a c t e r i s t i c s .  .. 
6.  a .  P.H. porsch ,  D i s s c r t a t i m ,  U. of G o t t i w e n ,  1973; ?". 49-44, 6 \ 4 2 .  Ci ted  i n  D. Roope, 

Arqew. Chem. In t e rna t .  W i t . ,  1974, 1 3 ( 1 2 ) ,  570. 
I\, .. 

b. P.B. Porsch,  D i s s e r t a t i m ,  U. o f  Got t ingsn ,  1973; p. 45. 

7.  I.J. Turchi ,  E. B. Chem. Wcd. Fas. Div.. 1981, 20, 32 an3 ~ f e r e n c e s  there in .  

8 .  E. E i l e r s ,  D i s s e r t a t i a n ,  U. o f  G b ; t i q e n ,  1970. C i t d  i n  D. Hopp?, h e w .  Chem. In t e rna t .  

Edit . ,  1974, 12 (123 ) ,  800. 

9. J .P.  Chupp and K.L. k s c h i n s k y ,  J .  H % t .  Chem. 1900,  17. 11. 

10. m e  apparent  absence of imidazole m y  b e  an a r t i f a c t  IF t h e  i s o l a t i o n  PTCCBSS. A secan3 

mobile (TLC) prorluct was &Lain& ( a p r o x i m t e l y  7% y i e ld )  Ercm the  r eac t i on  as  a p a r t i a l l y  

pu,riEied o i l ,  which was no t  i d s n t i f i e d ;  hauever. the sp?ctrfficopic c h a r a c t e r i s t i c s  of  t h i s  

o i l  d i d  not  E i t  t h e  ismric imidazole s t m c t u r e  l&, b; S c h m e  IW, though th€ presence of 

S U C ~  an imidazole c w l d  no t  b e  d e f i n i t e l y  wlsd out.  

11. Repeatel  r e c r y s t a l l i z a t i o n  f r m  m t h a n o l  f a l l e l  t o  ra i se  t h e  mltirq ~ i n t  o f  t h e  carnard 

t o  t h e  t q r a t u r e s  p r ev i cus ly  r e p c t e i l :  9 7 ' ~  i n  I. Heilhron,  Dictionan/ o f  Omanic  

b v o m d s ,  4 t h  Cd., E. Spotti-e, h d m ,  1965, 4, 2579; 9 8 O ~  i n  J. P a r i s .  M. Payard. 
", 

tl. Brecy, J. Couquelet ,  P. Tronche, L. Har tmn,  s. J .  b k l .  Chem. -- 
Therapeut ica ,  19W, 1 5 ,  57. 

-3, 

12. Peak areas were i n t e g r a t e ?  au t - t ica l ly  hy thz i n s t r u w n t ' s  d a t a  m 4 u l a ,  i n c o q o r a t i q  

w l a r  response fact.ors ob t a in ld  hy analyzing s t an l a rd  mixtures o f  & and 9. 



13. G.D. H a r m n  and L.M. Winstock, Syntheses, 1980, 59, 183. 
'L, 

14.  or. those exgriments  i n  which the products were not isolateed. quant i ta t ive BPLC data were 

used t o  calculate  the aooroximte product vields. A c m s - c h s k  of the gis t r ihut ion 

f igures  ~co l i i c? l  by IPLC and isolat ion was mrle in one exnerimcnt ( Y 4 .  Table I1 an4 

sqqes ted  a c lose com?soon.lonce hetween the w t h d s .  In  two experimnts  in  xhich neither 

isolat ion nor IlPliC analysis was oerfo-1, PMR i n t q r a t i o n  data were used. Inasmuch as ox 

objective was to del ineate  broad trends in product d i s t r ibu t ion ,  rather than to es tab l i sh  

hiqhly precise corparisons of re la t ive ly  close results, data obtained by the PMR mtkd 

wcre reqarled as  suEEiciently c m a r a b l c  t o  justiEy t h e i r  inclusicn. 

R e c e i v e d ,  28th  J u l y ,  1986 


