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C O N D E N S A T I O N  O F  4 - B E N Z A M I D O - 3 - O X O T H I O P H A N  

W I T H  A C R O L E I N .  S Y N T H E S I S  O F  1 - B E N Z A M I D O -  

4 - H Y D R O X Y -  6 - T H I A B I C Y C  L O  [ 3 . 2 . 1 ] - O C T A N - 8 - O N E  

A N D  6 -  B E  N Z O Y L -  7 - H Y D R  O X Y -  2 - T H I A -  6 - A  ZA S P I R  O [ 4 . 4 ] -  

N O N A N - 4 - O N E  

S. D. M i k h n o ,  T .  M. F i l i p p o v a ,  
T .  N. P o l y a n s k a y a ,  S. I .  P e r e t o k i n a ,  I .  G.  S u c h k o v a ,  
a n d  V. M. B e r e z o v s k i i  

UDC 547.733'734 : 542.953 

It is shown that acro le in  adds to the 4 posit ion ( r a the r  than to the 2 position) of 4 -benzamido-  
3-oxothiophan under the influence of ca ta lys t s  with bas ic  cha rac t e r ;  the aldehyde group of the 
in te rmedia te  compound r e a c t s  with the amino group (if the reac t ion  is c a r r i e d  out in ch loro-  
form) to give 6 -benzoy l -7 -hyd roxy -2 - t h i a -6 - aza sp i ro [4 . 4 ]nonan -4 -one  or (if the reac t ion  is 
c a r r i e d  out in a m ixture  of alcohol and chloroform)  1 -benzamido-4 -hydroxy-6 - th i ab i cyc lo -  
[3.2.1]octan- 8-one as a r e s u l t  of in t r amolecu la r  aldol condensation. 

We have p rev ious ly  shown [1] that  subst i tu ted 3-oxothiophans a r e  capable  of undergoing the Michael r e -  
action with a , f l - u n s a t u r a t e d  ketones.  In the p resen t  r e s e a r c h  we invest igated the reac t ion  of 4 -benzamido-3 -  
oxothiophan {I) with acroleLn. Elect ropht l tc  a t tack on acylaminooxothtophan I by the f i -ca rbon  a tom of the double 
bond of the unsa tura ted  aldehyde may  take place at the carbon a toms in both the 2 and 4 posi t ions of the th io-  
phan r ing. 

The r eac t ion  of acro le in  with acylaminooxothiophan I was c a r r i e d  out in ch lo ro fo rm or in a mix tu re  of 
c h l o r o f o r m  and methanol  in the p r e s e n c e  of a bas ic  ca ta lys t  (piperidine, diethylamine,  sodium methoxide,  or  
po ta s s ium hydroxide) at 0 to -50~ It was es tabl i shed that the addition m a y  proceed  in different  d i rec t ions  
depending on the composi t ion  of the medium.  

1 -Benzamido-4 -hydroxy-6 - th i ab i cyc lo  [3.2.1]octan-8-one (Ill) was isolated in the condensat ion of I with 
acro le in  in a mix tu re  of c h l o r o f o r m  and methanol .  The c h a r a c t e r i s t i c  bands of an amide  [3400 (VNH) and 1600 
c m  - i  (vCO)] and of an oxo group (1740 cm-1),  as well  as  the band of a f ree  hydroxyl  group (3580 era- l ) ,  a r e  ob- 
se rved  in the IR s p e c t r u m  of Ill. The fo rmat ion  of oxime IV also const i tu tes  evidence in favor  of the p re sence  
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T A B L E  1. PMR S p e c t r a  o f  I I I - V  

Zorn- ['emp. 6, ppm 3, Hz 
pouac "C 

2-H, 3-H 4-H 5-H 7-H 8-H 1~4 145 ls$ 

I I II llI 90 1,10--2,90m 4,2~'n 3,73d 3,39d; 3,16dl 6,1; 9,2 2,9 
IV 85 1,70--3,20m1421m 493d 3,69 d; 3,11d ] 6,0; 88 2,6 

5,2; 2,8 5,3 V 70 [ 1,70--2,60 m 15,24m 13,68 dd 3,43 d', 3,29d [5,90 d 9:2 

lz7 

9,8 
10,5 
11,7 

T~BLE 2 .  13C NIVIR S p e c t r a  o f  V and  VII 

Corn- I 8, ppm 

potlnd [ C(t) C(3~ C(4 r C~} C~s ) 

V 

VII 

60,5 s 
71,41s 
72,0 s 

37,5 t 
35,9 t 

69,6d, 77,6d 

85,0 s 

46,1d 

C(7 ~ COR COCH.~ 

84,8 d 
83,4 d 

170.7 s 
169,8 s 
167,6 s 
169,3 s 
169,7 s 

20,8 q 
20,6 q 

6 5 4 3 ,3, ppm 

Fig .  1. PiYlR s p e c t r a  of  V in d e u t e r o p y r i d i n e :  a) 
m o n o r e s o n a n c e ;  b) doub le  r e s o n a n c e  wi th  i r r a d i a -  
t ion o f  t he  5 -H  n u c l e u s ;  c) double  r e s o n a n c e  wi th  
i r r a d i a t i o n  of  t h e  4=H n u c l e u s .  

of  an oxo group .  The  r e d u c t i o n  o f  I I I  wi th  s o d i u m  b o r o h y d r i d e  and s u b s e q u e n t  a c e t y l a t i o n  g ive  d i a c e t a t e  V, and 

t h i s  c o n f i r m s  the  p r e s e n c e  of  a h y d r o x y  g r o u p  in I I I  and  IV. 
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In con t ra s t  to s t a r t i ng  acylaminooxothiophan I, the PMR spec t r a  of I I I -V  do not contain the signal  of a 
proton a t tached to the CO) a tom to which the benzamido gr(~up is also at tached.  The geminal  protons  of the 
7 -CH 2 group of III t h e r e f o r e  f o r m  an AB s y s t e m  (J = 9.8 Hz) r a t h e r  than the AB portion of an ABX sys tem;  the 
signal  of the proton a t tached to the n i t rogen a tom of the benzamido group gives a singlet  (a doublet in the case  
of  I). The s ignal  of the C(1 } a tom in the 18C N1VIR s p e c t r u m  of diaceta te  V without suppress ion  of the s p i n -  
spin coupling at the f requency  of the protons  appea r s  in the f o r m  of a singlet  at 5 60.5 ppm. Consequently,  
the re  is a qua te rna ry  ca rbon  a tom in the 1 posi t ion of III-V. 

Signals of only th ree  protons  a t tached to the a - c a r b o n  a toms  of the thiophan r i ng  (7-H, 7 ' -H ,  5-H; Table  
1} a r e  obse rved  in the PIVIR s p e c t r a  of I I I -V,  whereas  the re  a r e  four protons of this type in the spec t r a  of 
acylam[nooxothiophan I. A change in the chemica l  shift  of the proton at tached to the t e r t i a r y  C(5 } a tom o fox ime  
IV as  c o m p a r e d  with ketone HI (a 1.2 ppm shift  to weak field is c h a r a c t e r i s t i c  for r e p l a c e m e n t  of the la t ter  with 
the g~ven a tom of the C - - O  group by a C = NOH group. 

The signal  of the 5-H proton in the PlVIR spec t r a  of HI and IV is a doublet (J45=2.9 and 2.6 Hz, r e s p e c -  
t ively),  whereas  it is a doublet of doublets (J58=5.3 Hz, 345=2.8 Hz) in the s p e c t r u m  of V. Consequently, the 
4-CH methyl[dyne group is a t tached to the C(5 } a tom in these  compounds (Table  1). The 4--CH group is s p i n -  
spin coupled with one of the two methylene  groups,  the complex  signal of which is obse rved  at 1.10-3.20 ppm. 
All of these  a s s ignmen t s  were  conf i rmed  by  means  of double r e sonance  (Fig. 1). A new signal of a proton in 
the 8 posit ion (5.90 ppm) appea r s  in the s p e c t r u m  of d iace ta te  V. 

A molecu la r  ion with m / e  413 (rela t ive intensi ty 5%) is obse rved  in the m a s s  s p e c t r u m  of V at an ioniz- 
ing-e lec t ron  ene rgy  of 75 eV; its intensi ty i nc reases  to 60% at an e lec t ron  ene rgy  of 16 eV. The amide  sub-  
st i tuent  is detached f r o m  the m o l e c u l a r  ion during f ragmenta t ion  (at 75 eV), and C6H + ion peaks  with m / e  77 
(51%), C6H~CO + ion peaks  with m / e  105 (100%), and H2NC(OH)C6H 5 ion peaks  with m / e  122 (25%) a re  formed;  
a f r a g m e n t  of the b icycl ie  por t ion with m / e  241 (14.5%) appea r s  at an e lec t ron  energy  of 16 eV. 

It follows f r o m  the data p resen ted  above that ac ro le in  is a t tached by means  of the f l - ca rbon  a tom to the  
t e r t i a r y  C(4 ) a tom of acylaminooxothiophan I. Addition product  H, which we were  unable to isolate ,  is evidently 
an in te rmedia te .  However ,  if the condensat ion of oxothiophan I with ac ro le in  is c a r r i e d  out at -10~  in ch lo ro-  
f o r m - m e t h a n o l  and the r eac t ion  mix tu re  is then r educed  with sodium borohydr ide ,  4 - b e n z a m i d e - 4 -  ( 3 ' - o x o -  
propyD-3-oxoth iophan (VI) is obtained in 500/0 yield. It is poss ib le  that this compound is fo rmed  as a r e su l t  of 
reduct ion of in te rmedia te  H. 

The  IR s p e c t r u m  of VI contains c h a r a c t e r i s t i c  bands of amide  s t r e t ch ing  v ibra t ions  (PNtt 3430 cm - i  and 
~CO 1660 cm-~}, of a f r e e  OH group (3620 cm-1),  of a bonded hydroxy group (3550 cm-1),  and a b road  band of 
an in t r amolecu la r  hydrogen bond at 3150 c m  -1 (this band is re ta ined  when the solution is diluted to a grea t  de- 
gree).  

Nei ther  the PMR s p e c t r u m  of dihydroxy der iva t ives  VI nor  the P1VIR s p e c t r a  of I I I -V  (Table 1) contain a 
signal of a 4 -H proton,  and the s ignal  of the proton at tached to the ni t rogen a tom is a singlet  (5 8.64 ppm at 
34~ Signals of geminal  protons  of two a - m e t h y l e n e  groups a r e  obse rved  in the spec t rum;  the 2 posi t ion of 
the thiophan r i n g  consequent ly  r e m a i n s  unsubstituted. One of these  methylene groups (2-CH~) is s p i n - s p i n  
coupled with the 3-H proton (5 5.36 ppm), as conf i rmed  by means  of double resonance .  A t r ip le t  of methylene 
protons  of  the CH2OH group (5 3.91 ppm) and a complex  signal  of two other  s ide-cha in  methylene groups (1.68- 
3.05 ppm) a r e  a lso  obs e rved  in the spec t rum.  Thus t he r e  is a hydroxypropyl  group at tached to C(4 ) in VI. 

The s t r u c t u r e  of VI is a lso  conf i rmed  by  its m a s s  spec t rum.  A low- in tens i ty  molecu la r  ion with m / e  
281 (3%) and [M - 1] + ion peaks  with m / e  280 (5.8%) and [hi - 2] + ion peaks  with m / e  279 (30.5%) a re  obse rved  
during its f ragmenta t ion  (16 eV). This  so r t  of f ragmenta t ion  is c h a r a c t e r i s t i c  for  p r i m a r y  alcohols  [2]. No 
molecu la r  ion is p r e sen t  at  an e lec t ron  energy  of 75 eV, andthe  ionpeaks  with m / e  280 (1.2%) and 279 (9.3%) have 
low intensi t ies .  The [M - 31, - 18] + ion peak with m / e  232 (9.8%) co r r e sponds  to detachment  of a hydroxy-  
methyl  (CH~OI-I) r a d i ca l  and a wa te r  molecule  f r o m  M +, which indicates the p r e sence  in VI of two hydroxy 
groups.  The magnitude of this peak d e c r e a s e s  to 4.2% at  75 eV. The [M - 121] + ion peak with mile 160 (100%) 
at 16 eV co r r e sponds  to the e l iminat ion of a benzamido group f r o m  the molecu la r  ion; its intensi ty d e c r e a s e s  
to 27.5% at  "15 eV. The ion peaks  with m / e  105 (21.7%) and 122 (75.2%) at ! 6  eV and with m / e  105 (100%) and 
122 (35.1%) at 75 eV c o r r e s p o n d  to C6H5CO + and [H3NCOCsH~] + f r agment s .  

The reac t ion  of acylaminooxothiophan I with ac ro le in  in c h l o r o f o r m  alone but in the p r e sence  of the s a m e  
bas ic  ca ta lys t s  (piperidine, diethylamine,  sodium methoxide,  and po tass ium hydroxide) under the s a m e  t e m -  
p e r a t u r e  conditions (0 and -50~ and for  the s a m e  length of t ime  p roceeds  in a different  d i rect ion to give a 
sp i ro  compound - 6 - b e n z o y l - 7 - h y d r o x y - 2 - t h i a - 6 - a z a s p i r o  [4.4]nonan-4-one (VII). Absorpt ion  bands of an OH 
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group (3620 cm -1) and an oxo group (1740 cm "1) and an amide v CO band a r e  observed  in its IF{ spect rum,  but 
there  is no cha rac te r i s t i c  band of s t r e t ch ing 'v ib ra t ions  of the NH group. 

The signals of many protons and carbon atoms in the 1H and ISC NMR spec t r a  of spiro compound VII a r e  
doubled (see the exper imental  section and Table 2), and this is evidently associa ted  with the p resence  of two 
s t e r e c i s o m e r s  (VIIa and VIIb). The C(5 ) a tom of the thiophan r ing  of VII is s imi la r  to the quaternary  C (1) 
a tom of I~ -Vwi th  r e spec t  to its chemical  environment.  The singlets (5 71.4 and 72.0 ppm) in the 13C NiVlR 
spec t rum without suppress ion of the s p i n - s p i n  coupling at the f requency of the protons belong to the C(5 ) 
atoms of d i a s t e r e omer s  VIIa and VIIb. Singlets of four geminal protons attached t o a - C  a re  observed  in the 
PMR s p e c t r u m ,  whereas  in the lSC NMR spec t rum the C(1 ) and C(.~) a toms give t r ip le ts  (Table 2). In contras t  
to HI-V, the PMR spec t rum of  spiro compound VII does not contain the signal of a proton attached to the n i t ro -  
gen atom but does contain signals of a CH2CH2CH(OI-I) f ragment  (5 CH~CH s 1.80-2.70 ppm and 5 ?-H 5.87 and 
5.51 ppm). 

The mass  spec t rum of spi ro  compound VII at an ioniz ing-e lec t ren  energy of 75 eV does not contain a 
molecu la r - ion  peak with m / e  277; at 16 e V t h e  intensi ty of the molecu la r - ion  peak is 6%~ The absence of a 
molecular  ion or  the p resence  of a low-intensi ty  molecular  ion is cha rac te r i s t i c  for  3,4-disubst i tuted thiophans 
[3]. An [M - 18] + ion with m / e  259 (17%), the intensity of which increases  to 100% at 16 eV, is fo rmed  during 
the fragmentat ion (at 75 eV) as a consequence of detachment of water  f r o m  the molecular  ion, The format ion 
of ions with m / e  77 (49%) and 105 (100%} at 75 eV cor responds  to C6Hs + and C8H5CO + f ragments .  The mass  
spec t rum of spiro compound VII does not contain an ion peak with m / e  122, which could havebeen formed by 
detachment of a benzamido group f rom M+; the p resence  of this ion is cha rac t e r i s t i c  in the fragmentat ion of 
HI- VI. 

All of the mate r ia l  set  for th  above conf i rms  a spi ro  s t ruc tu re  for  VII. Compound VI was obtained by r e -  
duction of VII with sodium borohydr ide  in methanol. It is known that a -hydroxy-N-acy lpy r ro l idones  a re  capable 
of t an tomer i sm and may exist  in the open fo rm  in prot ic  media  [4, 5]. The reduct ion of the aldehyde group that 
is formed when the pyrrol idone r ing  opens to a hydroxymethyl  group conver ts  spiro compound VII to VI. 

Thus when the re  a re  two reac t ion  cen te r s  in the c~,fl-unsaturated aldehyde and th ree  in the 4-benzamido-  
3-oxothiophan (I) (the carbon atoms in the 2 and 4 positions and the acylamino group), the f l -carbon atom of 
acro le in  and the t e r t i a r y  C(4 ) a tom of oxothiophan I, which bea r s  the acylamino group, display the grea tes t  r e -  
activity.  

Considering the r e su l t s  of the present  r e s e a r c h  it seems more  l ikely that in the reac t ion  of methyl vinyl 
ketone with 4-benzamido-3-oxothiophan the ketone adds to the 4 position r a t h e r  than to the 2 position, as as-  
sumed in [1]. 

EXPERIMENTAL 

The NiVIR spec t ra  of solutions of the compounds in deuteropyridine were  r e c o r d e d  with Hitachi R-20A 
and Varian XL-100 s p e c t r o m e t e r s  with te t ramethyls i l ane  as the internal  standard.  The mass  spec t ra  were  
obtained with a JMS-01-JC-2  h igh-resol tu ion s p ec t ro m e te r  with d i rec t  introduction of the samples  into the ion 
source;  the t e mpe ra tu r e  of the sample support  was var ied  f ro m  60 to 80~ and the t em p e ra tu r e  of the ioniza- 
t ion chamber  ranged f r o m  120 to 140~ The IF{ spec t ra  of solutions of the compounds in ch lo roform were  r e -  
corded  with UR-10 and P e r k i n - E l m e r  spec t rome te r s .  

1-Benzamido-4-hydroxy-6- th iablcyclo[3 .2 .1]oc tan-8-one  on ) .  A solution of 3 ml (45 mmole) of acrole in  
in 10 ml of ch lo ro fo rm was added at -10~ to a suspension of 10 g (46 mmole) of 4-benzamido-3-oxothiophan 
(2) in 30 ml of  methanol,  20 ml of ch loroform,  and 1 ml of t r ie thy lamine ,  and the mixture  was s t i r r e d  at 0~ for 
1 h and at 30-40~ for 3 h. The prec ip i ta te  was then r e m o v e d  by f i l t rat ion to give 3 g (24%) of a product  with 
mp 163-164~ (from alcohol). Found: C 60.3; H 5.4; N 5.0%. C14H15NOsS. Calculated: C 60.7; H 5.4; N 5.0%. 

1 -Benzamido-4-hydroxy-8-ox imino-6- th iab icyc lo  [3.2.1]octane (IV). A 0.25-g (3.4 mmole) sample  of hy-  
droxylamine hydrochlor ide  was added to a solution of 0.5 g (1.7 mmole) of HI in 3 ml of pyridine,  and the mix-  
ture  was maintained at 30~ for 24 h. The pyrtdine was then r e m o v e d  in vacuo, and the res idue  was dissolved 
in chloroform.  The ch lo ro fo rm solution was washed with 2.5 N hydrochlor ic  acid and water ,  dr ied with mag-  
nesium sulfate,  and concentra ted.  Methanol was added to the r e s idue ,  and the mix ture  was allowed to stand at 
0-3~ for 12 h. The resu l t ing  precipi ta te  was washed with ether  to give 0.3 g (57%) of a product  with mp 186- 
187~ (from methanol).  Found: N 9.8%. C14Hl~N2OsS. Calculated: N 9.6%. 

1-Benzamido-4 ,8-d iace toxy-6- th iabicyclo[3 .2 .1]oc tane  (V).. A 0.4--g (11 mmole) sample of sodium boro-  
hydr ide  was added at 0~ to a suspension of 3 g (11 mmole) of HI in 30 ml of methanol,  and the mixture  was 
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s t i r r e d  at 18-20~ for 2 h. Acetyl  chlor ide  (10 ml) and 5 ml  of acet ic  anhydride were  added to the res idue  at 
0~ and the mix tu re  was mainta ined at 30~ for  i h. It wa~ then concent ra ted  in vacuo,  and the r e s idue  was 
dissolved in ch lo roform.  The c h l o r o f o r m  solution was washed with wate r ,  and the ch lo ro fo rm was r e m o v e d  in 
vacuo.  A mix tu re  of e ther  and alcohol (1 : 1) was added to the r e s idue ,  and the mix tu re  was mainta ined at 0 to 
- 3 ~  for  16-18 h. The r e su l t i ng  p rec ip i t a te  was s epa ra t ed  to give 2.4 g (63%) of a product  with mp  156-157~ 
(from alcohol). Found: C 59.5; H 5.8; N 3.6%. C18H21NOsS. Calculated:  C 59.5; H 5.8; N 3.9%. 

6 -Benzoy l -7 -hyd roxy -2 - th i a -6 -aza sp i ro [4 .4 ]nonan -4 -one  (VII). A solution of 1.5 ml  (22 mmole)  of a c r o -  
lein in 5 ml  of c h l o r o f o r m  was added at - 10~ to a suspension of 5 g (22 mrnole) of I in 30 ml  of ch lo ro fo rm 
and 0.5 ml  of  t r i e thy lamine ,  and the mix tu re  was s t i r r e d  at 0~ for  1 h and at 30-40~ for 3 h. It was then con- 
cen t ra ted  to half  its or ig inal  volume,  and the concen t ra te  was mainta ined at 0 to -3~  for 16-18 h. The r e s u l t -  
ing prec ip i ta te  was sepa ra t ed  to give 2.6 g (42%) of a product  with mp  168-170~ (f rom acetone).  PMR spec-  
t r u m  of i somer  VIIa: 5 3.86 and 3.37 (d, J = 1 7 . 0  Hz, 1- or  3-CH2) , 4.21 and 3.03 (d, J = 1 0 . 9  Hz, 3- o r  1-CH2) , 
and 5.60 ppm (m, J78=1.2 Hz, J?8' =3.5 Hz, 7-H). PMR s p e c t r u m  of i somer  VIIb: 5 3.62 and 2.87 (d, 3=14 .9  
Hz, 1- or  3-CH2) , 3.56 and 3.16 (d, J = l l . 3  Hz, 3- or  1-CH2) , and 5.32-5.50 ppm (m, 7-H). Found: C 60.4; H 
5.4; N 4.6%. C14H19NO3S. Calculated.. C 60.7; H 5.4; N 5.0%. 

4 -Benzamido-4 - (3 -hydroxypropy l ) -3 -hydroxy th iophan  (VI). A) A mix tu re  of 10 ml  of c h l o r o f o r m  and 3 
ml  (45 mmole)  of ac ro le in  was added at  -10~  to a suspens ion of 10 g (45 mmole)  of  I in 20 ml  of methanol ,  3 
ml  of ch lo ro fo rm,  and 1 ml  of t r i e t h y l a m i n e ;  and the mix tu re  was s t i r r e d  at  0~ for 2 h. Methanol (40 ml) 
was then added, and the r e su l t i ng  mix tu re  was t r ea t ed  at 0~ with 3.5 g (93 mmole)  of sodium borohydr ide  and 
s t i r r e d  at 18-20~ for 1 h. It was then acidif ied to pH 1-2 with 2.5 N hydrochlor ic  acid and ex t rac ted  with 
ch loroform.  The solvent  was r e m o v e d  f r o m  the ex t rac t  in..vacuo, and a mix tu re  of ethyl ace ta te ,  pe t ro l eum 
ether ,  and e ther  (1 : 1 : 1) was added to the res idue .  The mix tu re  was mainta ined at 0~ for  16-18 h, and the 
r e su l t i ng  p rec ip i t a te  was s epa ra t ed  to give 6.3 g (50%) of a product  with mp 150-151~ (f rom ethyl acetate) ,  
PMR spec t rum:  5 3.36 (In, J22' = J ~ = 1 0 . 7  gz ,  32,3=4.6 Hz, 2-H), 3.02 (m, J2,3=3.9 Hz, 2 ' -H) ,  5.36 (m, 3-H),  
3.60 and 3.32 (d, J55, =10.3 Hz, 5-CH~), 3.91 (t, J = 1 2  Hz, 8-CH20), and 7.81 ppm (60~ (s, NIt). Found.. C 
59.8; H 6.7; N 4.7%. C14H19NO3S. Calculated:  C 59.7; H 6.8; N 5.0%. 

B) A 0.5-g (140 mmole)  s ample  of  sodium borohydr ide  was added at 0~ to a suspens ion  of 1.5 g (54 
mmole)  of VII in 15 ml  of methanol ,  and the mix tu re  was s t i r r e d  at 18-20~ for  1 h. It was then acidif ied to 
pH 1-2 with 2.5 N hydrochlor ic  acid and ex t rac ted  with ch lo roform.  The c h l o r o f o r m  was r e m o v e d ,  and a mix -  
ture  of acetone and ether  (1 �9 1) was added to the res idue .  The mix tu re  was mainta ined at 0~ for  16-18 h, 
and the p rec ip i ta te  was r e m o v e d  by f i l t ra t ion to give 1.2 g (80%) of VI with mp  150-151~ (from ethyl acetate) .  
Accord ing  to its PMR spec t rum,  the product  was identical  to a s amp le  obtained by method a; no mel t ing-point  
depress ion  was obs e rved  for a mix tu re  of the two samples .  
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