
I N T ' R A M O L E C U L A R  C Y C L I Z A T I O N  O F  P R O P A R G Y L  

A R Y L C A R B A M A T E S  

V .  V .  D o v l a t y a n  a n d  l~. N.  A m b a r t s u m y a n  UDC 547.787.1 +632.938 

It was  found that  the products  of i n t r amolecu la r  cycl iza t ion  of alkynyl  a r y l c a r b a m a t e s  have 
an oxazolidine s t ruc tu re .  

We have p rev ious ly  shown that  when a - e y a n o a l k y l  e s t e r s  of a r y l c a r b a m i c  acids a r e  heated in the 
p r e s e n c e  of pyr idine o r  red  m e r c u r i c  oxide they undergo in t r amolecu la r  cycl iza t ion to give oxazolidine 
de r iva t ives  [1]: 

Ar NHCDOCRR' CsHsN A r - - N - - C = N  H 
I t I 

C~_~N HgO O= C~.o/C--RR. 

We have synthes ized  I-VIII ,  which contain a C-----C t r ip le  bond in place of the C ~ N  t r ip le  bond, by 
r eac t ion  of a r y l  i socyana tes  with alkynyl  a lcohols ,  as  desc r ibed  in an A m e r i c a n  patent [2]. 

A r N ~C=O  + HOCRR~C~CR " ~  ArNHCOORR'C~CR" 

I -Vi i |  

In pyr idine at  high. temperatures these  a lkynyl  c a r b a m a t e s  (I-VIII) a r e  cycl ized to 2 - o x o - 3 - a r y l - 4 -  
methyl ideneoxazol id ines  o r  t he i r  5 ,5 ' - d ime thy l  de r iva t ives :  

Ar--N ~=CH 2 
l-VIII ~ O ~ / L _ R R ,  

IX-XI! 

Inasmuch  as the l i t e r a tu re  contains con t rad ic to ry  data regard ing  the s ix-  [3] o r  f ive- l ink  [4] s t r u c -  
t u r e  of the condensat ion products ,  in the p resen t  pape r  we p re sen t  new a rgumen t s  in f avor  of oxazolidine 
s t r u c t u r e  of IX-XII.  Absorp t ion  bands c h a r a c t e r i s t i c  fo r  C ~ C  and -----CH groups  (2100, 3300 cm -1) a r e  
absen t  in the IR spec t r a  of these  compounds,  but bands cor responding  to the absorp t ion  of an exocycl ic  
C ~ C H  2 group [5] a t  1635 and 1630 c m  -I and cor responding  to the absorp t ion  of the C = O  groups of the 
oxazolidine ring [6] at  1730 and 1690 em - I  appea r .  

In addition, the p r e s e n c e  of an oxazolidine r ing in the he te rocyc l i za t ion  products  was conf i rmed  by 
some  of the i r  t r a n s f o r m a t i o n s .  The product  of i n t r amolecu la r  cycl iza t ion  of propynyl  N-pheny lca rbamate  
was  used as  the object  of the invest igat ion.  The p rev ious ly  desc r ibed  ca rboxymethy l  N-pheny lca rbamate  
(XIII), which is conver ted  to 3-phenyloxazol id ine-2 ,4-d ione  (XIV) on heating [7], was  obtained by oxidative 
degrada t ion  of this  product:  

KMnO 4 I C 6 H s - - N - - C = O  
_ - - ~  0=C1"-, / ~ , ~  " C,[[~NHCOOC~2COOH . C~H~--N=--~=O 

l . O =C'-..o/C q ~ O 

Ki l l  XIV 

However ,  the fo rma t ion  of XIII might  have been  r e p r e s e n t e d  as  occur r ing  not only f r o m  a f ive -  
m e m b e r e d  ring but a l so  f r o m  a s i x - m e m b e r e d  r ing.  
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C6HsNttCOOCH2COOK -' XID 

The choice between these two schemes could be made only if we 
were  able to isolate the intermediate 3-phenyloxazol idine-2 ,4-dione,  
the formation of which would confirm the presence  of a f i ve -membered  
ring. However, the isolation of this compound under the conditions of 
the oxidation reaction does not s e e m  possible .  The assumption that 
the intermediate 3-phenyloxazol id ine-2 ,4-dione  is c leaved to car-  
boxymethyl N-phenylcarbamate under the influence of the potassium 
hydroxide l iberated during the oxidation by potassium permanganate 
was confirmed. We have previously shown that the hydrochloride of 
2-oxo-3 -pheny l -4 - iminooxazo l id ine  is extremely  unstable in aqueous 
media and undergoes hydrolysis to give 3-phenyloxazolidine-2,4-dione 
[1], which, as demonstrated by our special experiments, is actually 
converted completely to carboxymethyl N-phenylcarbamate under the 
influence of dilute potass ium hydroxide solution at room temperature.  

Data obtained during the acid hydrolysis  of the starting hetero-  
cyc les  constitute evidence in favor of the f ive-mernbered ring. It was 
shown that most  of the compounds obtained are  resinif ied under the 
influence of concentrated hydrochloric acid. An exception to this is 
the product of heterocyclization of a,~-dimethylpropynyl N-phenyl- 
carbamate,  the acid hydrolysis  of which gave aniline hydrocbldride. 
The formation of the latter could again be represented by two schemes ,  
which, however,  should lead to the preparation of different carbonyl 
compounds. 

X H C I  C6HsNHC__(~_(CH3}~ ~ C6H~NH2'HCI ~ O=C--C--( CH ), 

: " I l 3~ 
H~C OH H3C OH 

O 

C~H,--N/C\o HCI 
H--C.I\C "C--(CH3)I ~ C6H5 NHCH ~CH--C--(CH3}2 ~ C ~ H ~ N H 2 . H C I ,  . * O=CHCH2--C--(CH3:K 

. . . .  0 t t  ~31~ 

The carbonyl compound formed was identified in the form of the 
dinitrophenylhydrazone. If the starting compound is an oxazolidine 
derivative,  one should have expected the formation of 3 - m e t h y l - 3 - h y -  
droxy-2-butanone,  the dinitrophenylhydrazone of which is described in 
[8] and melts  at 139-1.40 ~ The dinitrophenylhydrazone that we i so-  
lated does not depress  the melting point of an authentic sample of 3-  
methyl -3-hydroxy-2-butanone dinitrophenylhydraz one. 

EXPERIMENTAL 

The 11% spectra of mineral oil suspensions of the compounds 

were recorded with a UR-10 spectrometer. The individuality of the 

substances was monitored by thin-layer chromatography (TLC) on 

activity II Al203 in an acetone-hexane system (20 : 80 or 15 �9 85), and 

the chromatograms were developed with a 0.5% solution of AgNO 3 
and in UV light. 

Alkynyl Esters of Arylcarbamic Acids (I-VIII, Table i). One to 

two drops of pyridine were  added with stirring and cooling with ice 
water to a mixture of 20 mmole  of aryl  isocyanate and 22 mmole  of 
alkynylcarbinol,  and the mixture was allowed to stand overnight at 
room temperature.  The reaction product was recrysta l l i zed  from 
octane. 
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�9 TABLE 2. Oxazolidines 

. i Found, % Calc. ,  % ~ 
i [ ' Empirical i e l l  --7 - i  - !  --: - i ~  

i rn p, , , R ! R' ~ i formula ! I c i ti NI c H N!~ 

IX, C6H~ CH~ i CH~ 124--125" : C~2H~3NO2 069171 3 6,1 72  70,9 6,4'6,9 94 
C~oHgNO2 1068 689 X i C6Hs H I 80--90T i ' ' 4,9 8,2 68,6 5,18,0 86 

XI p-CIC~H4 CH3 H~ 1!27--128 I CI2HI2NO~C1 !0,34 60,3,5016.2'60,6 5,0 5,9 95 
XIIi p-CiC6H4 H 117--'118 [ CIoH,N02CI 10,57156,9 4'.i]6:2573., 3,8,6,798 

I i , : \," 

* Mp 131.5-132 ~ [2], 94-95 ~ [4] (the di f ference between the me l t -  
ing points is apparen t ly  explained by the fact  that  the authors  
isolated the alkynyl c a r b a m a t e  r a t h e r  than the cycl ic  product).  
J' Mp 97.5-98 ~ [2]. 

3 -Ary l -4 -me thy l ene -5 ,5 - a lky l (d i a lky l )oxazo l id in -2 -one  (IX-XII, Table  2). A 0.025-g sample  of p y r i -  
dine o r  t r i e thy lamine  was added to 5 mmole  of the alkynyl a r y l c a r b a m a t e ,  and the mix ture  was heated on 
an oil bath at  a t e m p e r a t u r e  10-20 ~ higher  than the melt ing point of the s ta r t ing  m a t e r i a l  for  4-8 h. The 
products  obtained w e r e  r e c r y s t a l l i z e d  f r o m  octane.  

Carboxymethy l  C a r b a m a t e  (XIII). A) Finely  ground po tass ium permangana te  (4.5 g) was added in 
por t ions  with v igorous  s t i r r ing  in the cour se  of 5 h to a cooled (to 5-8 ~ mix tu re  of 3 g of X in 40 ml of 
wa te r .  The next day, t h e  mix tu re  was s t i r r e d  for  2 h, a f t e r  which it was f i l tered,  and the f i l t r a te  was 
washed repea ted ly  with hot water .  The aqueous solution was evapora ted  to d ryness ,  and the res idue  was 
ac id i f ied  with dilute (1 : 1) hydrochlor ic  acid (3-4 ml).  The acidic mix tu re  was ex t rac ted  with e ther ,  the 
e ther  was r e m o v e d  at  r oom t e m p e r a t u r e ,  and the res idue  was r e e r y s t a l l i z e d  f rom water .  The yield of 
e s t e r  XIII with mp 140 ~ was  1.2 g (36%). Found, %: N 7.23. C9H904. Calculated,  %: N 7.18. Heating of 
the l a t t e r  a t  140-160 ~ fo r  0.5-1 h gave  3-pheny loxaz ol idine-2,4-dione with mp 124-126 ~ No mel t ing-poin t  
dep res s ion  was o b s e r v e d  for  a mix tu re  of this  product  with a genuine sample .  

B) A 0.17-g (0.1 m01e) s ample  of 3 -phenyloxazol id ine ,2 ,4-d ione  was added to a solution of 0.056 g 
(0.1 mole) of po t a s s ium hydroxide in 5 ml  of wa te r ,  and the resul t ing so lu t ion  was acidif ied with hydro-  
ch lor ic  acid,  and the newly gene ra t ed  c r y s t a l s  we re  r e m o v e d ' b y  f i l t ra t ion  to give 0.15 g (80%) of a product  
with mp 140-141% 

Hydrolys is  of 3 - P h e n y l - 4 - m e t h y l e n e ' 5 , 5 - d i m e t h y l o x a z o l i d i n - 2 - o n e  (IX). A mix tu re  of 1 g (5 mmole)  
of 3 -pheny l -4 -me thy lene -5 ,5 -d ime thy loxazo l id in -2 -one ,  10 ml  of concent ra ted  hydrochlor ic  acid, and 2.5 
ml  of w a t e r  was ref luxed until the oxazolidinone had dissolved comple te ly .  The wa te r  was r emoved  f r o m  
the resul t ing  solution and the res idue  was washed repea ted ly  with e ther .  The mix tu re  was f i l t e red  to give 
(96%) of ani l ine hydrochlor ide  with mp 189-191% The e ther  was r emoved  f r o m  the f i l t ra te ,  and the res idue  
was  d isso lved  in ethanol to give 3 -me thy l -3 -hyd roxy -2 -bu t anone ,  which was isolated in the f o r m  of the 2 ,4-  
d in i t rophenylhydrazone with mp 139-140 ~ [7]. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

LITERATURE CITED 

V. V. Doblatyan and ]~. N. Ambartsumyan, Arm. Khim. Zh., 23, 173 (1970). 
US Patent No. 2844590 (1958); Chem. Abstr., 53, 2255 (1970). 
S. L. Shapiro, W. Bandureo, and L. Freedman, J. Org. Chem., 26, 3710 (1961). 
P. R. Easton, D. R. Casady, and R. D. Dillard, J. Org. Chem., 27, 2927 (1962). 
K. Nakanishi, Infrared Spectra and Structure of Organic Compounds [Russian translation], Mir, Mos- 
cow (1965), p. 28. 
A. J,  Speziale and L. R. Smith, J.  Org. Chem.,  27, 3742 (1962). 
M. E. Labl inc,  Comptes  Rend.,  127, 66 (1968); Bei ls te in ,  12, 340. 
C. R. Matsoyan,  G. A. Chukhadzhyan, and S. A. Var tanyan,  Zh. Obshch. Khim.,  30, 1202 (1960). 

13oo 


