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ORGANIC PREPARATIONS AND PROCEDURES IN”. 22(4), 485-493 (1990) 

IMPROVED PROCEDURES FOR THE PREPARATION OF BENZO[c]CINNOLINE. 

ITS N-OXIDE AND SOME BROMO DERIVATIVES AND SYNTHESIS OF 

PYRROLIDINO, PIPERIDINO, AND MORPHOLINOBENZO[c]CINNOLI”S  

Emine Kilic and Celal Tuziin* 

Department of Chemistry, Faculty of Science 
University of  Ankara, 06100 Ankara, TURKEY 

The most widely used method of preparing benzo[c]- 

cinnolines is the reductive cyclisation of 2,2’-dinitro- 

biphenyls,l-a e.g., the reduction of 2,Z’-dinitrobiphenyl (1) 

with Raney nickel/Hzs o r  Pd-C/Hzs to benzo[c]cinnoline (2) o r  

with sodium sulf ide7 to benzo[c]cinnoline-N-oxide ( 3 ) .  Depend- 

ing on the reaction conditions, the reduction of  1 with Raney 

5 6  +,o - 

N=N N a N  

4 5 -  1 
4 5. B 2 

a: 1-Br a: 1-Pyrrolidino a: 1-Piperidino a: 1-Morpholino 
b :  2-Br b :  2-Pyrrolidino b: 2-Piperidino b: 2-Morpholino 
c: 3-Br c :  3-Pyrrolidino c: 3-Piperidino c: 3-Morpholino 
d :  4-Br d: 4-Pyrrolidino d: 4-Piperidino d: 4-Morpholino 

RzNH: Pyrrolidine, piperidine, and morpholine 
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JULIC AND TUZUN 

nickel/hydrazine3 gives 2 or 3.  Recently, it was reported that 

2, 2 or benzo[clcinnoline-N,N'-dioxide could be obtained from 

the reduction of 1 with NaBH4-Pd in NaOH media by varying the 

NaBH4/NaOH ratio. It was reported that mixed products are form- 

ed by the reduction of 1 with Pd-C/hydrazine.2-4 Although for- 

mation of 2 from the reduction of 1 with Pd-C ( 5 %  Pd)/hydrazine 

was mentioned, no procedure was given.8 

There are several methods for the preparation of mono- 

bromobenzo[c]cinnolines.lO-l3 2-Bromobenzo[clcinnoline (&) has 

been prepared from either 2-aminobenzo[clcinnoline by a 

Sandmeyer reactionlo or by the reduction of 2-bromobenzo[cl- 

cinnoline-6-oxide (h) with lithium aluminium hydride" or with 

stannous ch1oride;lZ Compound a has also been isolated from 

the Sandmeyer reaction of 2-aminobenzo[clcinnoline-6-oxide,10 

and also from Z-acetamido-Z'-nitrobiphenyll2 by bromination, 

hydrolysis, and cyclisation of the resulting 2-amino-5-bromo-Z- 

nitrobiphenyl with base. Synthesis of & has also been achieved 

by the oxidative cyclisation of 2,2'-diamin0-5-bromobiphenyl, 

obtained from 2,Z'-diacetamidobiphenyl by bromination and sub- 

sequent hydrolysis of the resulting 2,2'-diacetamido-5-bromo- 

biphenyllo. 3-Bromobenzo[clcinnoline (&c) has been prepared by 

the reductive cyclisation of 4-bromo-Z,Z'-dinitrobiphenyl (b) 

which was isolated from the reaction products of a mixed 

Ullmann reaction between 1 , 4 - d i b r o r n o - Z - n i t r o b e n z e n e  and Z-nitro- 

bromobenzene.12 There is no report in the literature document- 

ing a synthetically useful reduction of 1 with Pd-C/hydrazine 

to give 2 and 3,  or the direct brominations of 1 and 2 .  

The only reported aromatic nucleophilic substitution reac- 

tions of halobenzo[clci.nnolines are those with potassium 
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PREPARATION OF BENZO(C]CINNOLINE, ITS N-OXIDE AND SOME DERIVATIVES 

amide, 14 alkoxides, I5 sodium anilide, 1s dialkylaminesl7 ( d i -  

ethyl and dimethylamines) and their salts.lB Reactions of mono- 

chlorobenzo[clcinnolines with dialkylamines gave the four corre- 

sponding dimethylaminobenzoCcJcinnolines and 2-diethylamino- 

benzo[c]cinnoline at high temperature and under pressure;l7 

similar reaction with lithium dimethylamide in dimethylamine 

led to the formation of complex product rnixtures.lB 

We now report: a) 2 and 9 can be prepared in high yields 

(over 90%) from the reduction of 1 with hydrazine in the pres- 

ence of Pd-C (10% Pd) catalyst. In basic ethanol, 2 is formed, 

while in neutral ethanol 3 is produced. This procedure requires 

very little catalyst and small amounts of ethanol; b) 4h and 

TABLE 1. Yields and Analytical Data of Compounds 5-2. 

Compd Time Yield mp Analyses, Found (Calcd.) 
No (hrs) (%*I  ("C) C H N 

96 52a 

12 80= 

192 70- 

8 80f 

144 59b 

48 7 2* 

216 59- 

14 760 

144 5 5= 

48 7 56 

216 490 

16 76h 

94-95 

238-239 

219-220 

117-118 

124-125 

135 136 

150-151 

145-146 

158-159 

193-194 

227-228 

1 3 8 . 5  

7 7 . 1 0 ( 7 7 . 0 8 )  6 . 1 7 ( 6 . 0 6 )  

77 .20(77 .08)  6 .14(6 .06)  

77 .05(77 .08)  6 . 0 4 ( 6 . 0 6 )  

7 7 . 3 9 ( 7 7 . 0 8 )  6 . 0 1 ( 6 . 0 6 )  

77 .63(77 .54)  6 . 5 5 ( 6 . 5 1 )  

7 7 . 6 8 ( 7 7 . 5 4 )  6 . 6 5 ( 6 . 5 1 )  

77 .64(77 .54)  6 . 6 1 ( 6 . 5 1 )  

7 7 . 5 3 ( 7 7 . 5 4 )  6 . 4 4 ( 6 . 5 1 )  

72 .61(72 .43)  5 . 8 4 ( 5 . 7 0 )  

7 2 . 5 1 ( 7 2 . 4 3 )  5 . 6 5 ( 5 . 7 0 )  

72 .67(72 .43)  5 . 7 3 ( 5 . 7 0 )  

7 2 . 3 2 ( 7 2 . 4 3 )  5 . 6 6 ( 5 . 7 0 )  

16 .58(  1 6 . 8 5 )  

16.80(  16 .85)  

1 6 . 9 1 ( 1 6 . 8 5 )  

1 6 . 5 7 ( 1 6 . 8 5 )  

16 .01(  1 5 . 9 6 )  

15 .69(  1 5 . 9 6 )  

15 .87(15 .96)  

1 6 . 1 1 ( 1 5 . 9 6 )  

15.61(  1 5 . 8 4 )  

15 .72(  1 5 . 8 4 )  

15 .65(  1 5 . 8 4 )  

16 .10(  1 5 . 8 4 )  

*Recrystallisation solvents; a) p.ether-Etz0 b) n-Hexane-EtzO 
c)EtOH d) Benzene e) 2-Propanol f) CHzClz-EtOH 8 )  n-Hexane- 
EtOH h) n-Hexane-CHzClz. 
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KILIC AND TUZUN 

TABLE 2. Mass Spectra and 1H NMR data for Compounds 3-1. 

Compd Found !I+ 
No (Required M) G-ram./ppm 

249( 249) 

249( 249) 

249( 249) 

249( 249) 

263( 263) 

263( 263) 

263( 263 ) 

263( 263) 

265( 265) 

265( 265) 

265( 265) 

265( 265) 

7.47-9.33 (m, 7H) 

7.14-8.57 (m, 7H) 

7.20-8.60 (m, 7H) 

6.81-8.52 (m,  7H) 

7.59-9.98 (m, 7H) 

7.44-8.56 (m, 7H) 

7.56-8.61 (m, 7H) 

7.25-8.68 (m, 7H) 

7.60-9.96 (m, 7H) 

7.45-8.60 (m, 7H) 

7.58-8.65 (m, 7H) 

7.21-8.67 (m, 7H) 

2.10 (bs, 4H) 
2 . 7 5  (bs, 2H) 
3.54 (bs, 4H) 
2.13 (m, 4H) 
3.52 (t, 4H) 
2.10 (m, 4H) 
3.46 (t, 4H) 
2.44 (m, 4H) 
3.94 (m, 4H) 
1.42-1.98 (m, 6H) 
2.71-3.34 (m, 4H) 
1.71 (m, 6H) 
3.49 (t, 4H) 
1.70 (m, 6H) 
3.41 (t, 4H) 
1.72 (m, 2H) 
1.96 (m, 4H) 
3.54 (t, 4H) 
3.03-3.19 (m, 4H) 
4.04 (m, 4H) 
3.46 (t, 4H) 
3.94 (t, 4H) 
3.42 (t, 4H) 
3.96 (m, 4H) 
3.61 (t, 4H) 
4.09 (t, 4H) 

bs: broad singlet, m: multiplet, t: triplet. 

4-bromobenzo[c]cinnoline(~) may be obtained by the bromination 

of 3 using bromine in the presence of silver acetate and subse- 

quent reduction of the resulting products (2-and 4-bromobenzo- 

[clcinnoline-6-oxides, ;La and 3h ) with Raney nickel/hydrazine 

in refluxing ethanol. Compounds and were also obtained by 

the bromination of 3 in the presence of iron-powder at 140- 

150"; c) & was prepared by bromination of 1 in the presence of 

iron-powder at 140-150", followed by reductive cyclisation of 

the resulting 4-bromo-2,2'-dinitrobiphenyl (La) with hydrazine 

in the presence of Raney nickel in refluxing ethanol; d )  the 

synthesis of 1-, 2-, 3-  and 4-pyrrolidino, piperidino, and 

morpholinobenzo[cJcinnoline derivatives (5-2) from the reaction 
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PREPARATION OF BENZO[C]CINNOLINE, ITS N-OXIDE AND SOME DERIVATIVES 

of  t h e  c o r r e s p o n d i n g  b r o m o b e n z o C c l c i n n o l i n e s  w i t h  an  e x c e s s  o f  

amine  ( p y r r o l i d i n e ,  p i p e r i d i n e ,  and m o r p h o l i n e ) .  I n  t h e  case o f  

4a and k, small amounts  o f  d i m e t h y l  s u l f o x i d e  was added  t o  t h e  

r e a c t i o n  medium t o  i n c r e a s e  t h e  r a t e  o f  t h e  r e a c t i o n . l e . 2 0  

I t  is known t h a t  r e a c t i o n s  of  chlorobenzoCclcinnolines 

w i t h  d i a l k y l a m i n e s  ( d i e t h y l  and d i m e t h y l a m i n e s )  r e q u i r e  h i g h  

t e m p e r a t u r e  and pressure.17 We have  o b s e r v e d  t h a t  t h e  r e a c t i o n  

o f  4 w i t h  c y c l i c  s e c o n d a r y  amines  ( p y r r o l i d i n e ,  p i p e r i d i n e ,  and 

m o r p h o l i n e )  p r o c e e d e d  a t  r e f l u x i n g  t e m p e r a t u r e .  I t  is r e p o r t e d  

t h a t  2 h a s  m u t a g e n i c  a c t i v i t y . 2 1  The aim of  t h i s  s t u d y  is t o  

s y n t h e s i z e  new b e n z o C c ] c i n n o l i n e  d e r i v a t i v e s  which  may have  

p h y s i o l o g i c a l  a c t i v i t y  

EXPERIMENTAL SECTION 

1-Bromobenzo[clcinnoline (&a) was p r e p a r e d  b y  t h e  method 
d e s c r i b e d  by  B a r t o n  and Lapham.12 A l l  mps ( u n c o r r e c t e d )  were 
d e t e r m i n e d  on a Thomas-Hoover m e l t i n g  p o i n t  a p p a r a t u s .  Column 
ch romatography  was c a r r i e d  o u t  by  u s i n g  Merck s i l i c a  gel 60 
( 0 . 0 4 0 - 0 . 0 0 6 3  m m ) .  Merck F-254 t h i n - l a y e r  p l a t e s  were u s e d  i n  
o r d e r  t o  f o l l o w  t h e  p r o g r e s s  of t h e  r e a c t i o n s ,  t h e  p u r i t y  o f  
s u b s t a n c e  and column f r a c t i o n s .  The s p o t s  o f  s u b s t a n c e s  on t h e  
t h i n - l a y e r  were v i s u a l i z e d  u n d e r  UV l i g h t .  The 400  MHz 1 H  N M R  
spectra  o f  2, fra, fia and 2a, and mass s p e c t r a  o f  (5-2) were 
t a k e n  by  Merck L a b o r a t o r i e s ,  N e w  Jersey, USA.The 200 MHz 1 H  NMR 
s p e c t r a  and e l e m e n t a l  a n a l y s e s  were pe r fo rmed  by T e c h n o l o g i c a l  
R e s e a r c h  C o u n c i l  (TUBiTAK) L a b o r a t o r i e s ,  Gebze ,  T u r k e y .  The 1 H  
NMR spec t ra  were r e c o r d e d  i n  C D C 1 3  w i t h  MerSi ,  as  i n t e r n a l  
r e f e r e n c e .  2 , 2 ’ - d i n i t r o b i p h e n y l  1 ( >  98%, Merck) ,  Pd-C ( 1 0 %  P d ,  
F l u k a ) ,  Raney n i c k e l  ( N i - A 1  a l l o y ,  50% N i ,  Merck) .  

rc lc innol ine  (2).- H y d r a z i n e  h y d r a t e  (15 .5  g ,  80%) was 

added  t o  a m i x t u r e  of 1 ( 6 . 0  8 ,  2 5  mmol), Pd-C (0.1 g ,  10% Pd)  

and sodium h y d r o x i d e  ( 0 . 4  g )  i n  e t h a n o l  (20  m l )  w i t h  c o n t i n u o u s  

s t i r r i n g .  A v i g o r o u s  r e a c t i o n  ensued  w i t h i n  a s h o r t  t ime. The 

r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  2 h r s .  The h o t  s o l u t i o n  was 

f i l t e r e d ,  c o o l e d  and n e u t r a l i z e d  w i t h  c o n c .  h y d r o c h l o r i c  a c i d .  

The b r i g h t  y e l l o w  s o l i d  which had p r e c i p i t a t e d  w a s  c o l l e c t e d  t o  

g i v e  4 . 1  g ( 9 3 % )  o f  2, which  was r e c r y s t a l l i z e d  f rom e t h a n o l  
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KILlC AND TUZUN 

mp. 158-159" ,  l i t . =  1 5 6 " ;  no mp. d e p r e s s i o n  was o b s e r v e d  w i t h  

an  a u t h e n t i c  sample.  1 H  N M R  ( C D C 1 3 ) :  6 8 . 7 7  ( m ,  2H, H4 and H7) ,  

8 . 6 0  (m, 2H, H1 and HlO) ,  7 . 9 3  (m, 4H, H2, H3, H8 and H9) .  

o r c l c l n n o l l n e  - -  N o x i d e  (a) . -  H y d r a z i n e  h y d r a t e  ( 3 6 . 7  g ,  8 0 % )  

was added  s l o w l y  t o  a m i x t u r e  o f  1 ( 1 8 . 6  g ,  76 mmol) and Pd-C 

( 0 . 2  g ,  10% P d )  i n  h o t  e t h a n o l  ( 9 0  m l )  w i t h  s t i r r i n g ,  and t h e  

m i x t u r e  was r e f l u x e d  f o r  2 h r s .  The h o t  s o l u t i o n  was f i l t e r e d  

and d i l u t e d  w i t h  w a t e r  ( 3 0  m l ) .  The p a l e  y e l l o w  p r o d u c t  which 

p r e c i p i t a t e d ,  was c o l l e c t e d  t o  g i v e  1 4 . 0  g ( 9 4 % )  o f  9, which 

w a s  r e c r y s t a l l i z e d  f rom e t h a n o l - w a t e r ,  mp. 138-139" ,  l i t . 7  

1 3 8 " ;  no  mp. d e p r e s s i o n  was o b s e r v e d  w i t h  an a u t h e n t i c  sample.  

- -  xides (a and a).- ( i )  Bro- 

mine ( 4 . 7  g )  i n  g l a c i a l  a c e t i c  a c i d  ( 5  m l )  was added  t o  a mix- 

t u r e  o f  3 ( 3 . 9  g ,  20 mmol), s i l v e r  a c e t a t e  ( 4 . 0  g )  and c o n c .  

s u l f u r i c  a c i d  ( 2  m l )  i n  g l a c i a l  a c e t i c  a c i d  ( 3 0  m l ) ,  and s t i r -  

r e d  f o r  5 h r s  a t  room t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  w a s  

p o u r e d  i n t o  c o l d  w a t e r ;  t h e  p r e c i p i t a t e d  p r o d u c t  was c o l l e c t e d ,  

t r e a t e d  w i t h  100-130 m l  of  h o t  m e t h a n o l ,  f i l t e r e d  t o  remove t h e  

s i l v e r  s a l t s  and t h e  s o l u t i o n  was e v a p o r a t e d .  The r e s i d u e  was 

ch romatographed  on a s i l i c a  g e l  column ( 1 2 0  g ) ,  and e l u t e d  w i t h  

d i c h l o r o m e t h a n e .  The f i r s t  e l u a t e  ( 8 0  m l )  g a v e  1 . 0  g ( 2 4 % )  of  

;Ib, mp. 244-245" ,  lit.13 234 2 3 5 " ,  a f t e r  r e c r y s t a l l i z a t i o n  f rom 

d i c h l o r o m e t h a n e - e t h y l  a c e t a t e .  

A n a l .  C a l c d .  f o r  CizH7BrN20: C ,  5 2 . 3 9 ;  H, 2 . 5 6 ;  N ,  1 0 . 1 8  

Found:  C, 5 2 . 4 1 ;  H, 2 . 4 8 ;  N, 9 . 9 7  

The s e c o n d  f r a c t i o n  g a v e  1 . 4  g (33  X )  of  a, which  was r ec rys -  

t a l l i z e d  f rom dichloromethane-petroleum e t h e r  ( b p .  4 0 - 6 0 " ) ,  mp. 

2 5 1 - 2 5 2 " , l i t . 1 0  249-250" .  S t a r t i n g  ma te r i a l  (9)  was r e c o v e r e d  

f rom t h e  l a s t  f r a c t i o n  ( 0 . 9  g ) .  
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PREPARATION OF BENZO[C]CINNOLINE, ITS N-OXIDE AND SOME DERIVATIVES 

( i i ) . -  Bromine (1 .3  8)  was added  d r o p w i s e  t o  a mixture  o f  

9 ( 1 . 0  g ,  5 . 1  mmol) and i ron-powder  ( 0 . 1  g )  a t  140-150" w i t h  

s t i r r i n g ,  t h e  r a t e  o f  a d d i t i o n  b e i n g  a d j u s t e d  t o  a v o i d  l o s s  o f  

b r o m i n e .  The m i x t u r e  was h e a t e d  a t  140-150" u n t i l  b romine  

v a p o u r  d i s a p p e a r e d .  After c o o l i n g ,  t h e  s o l i d  was d i s s o l v e d  i n  

h o t  me thano l  ( 5 0  m l ) ,  t h e  s o l u t i o n  f i l t e r e d  by g r a v i t y  and t h e  

p r o d u c t  was p r e c i p i t a t e d  w i t h  water. The i s o m e r s  (3.a and 3.b) 

were s e p a r a t e d  and p u r i f i e d  as i n  ( i ) ,  y i e l d s  f o r  3a 0 . 3  g 

( 2 7 % )  f o r  a 0 . 4  g ( 3 6 % ) .  The amount o f  r e c o v e r e d  s t a r t i n g  

mater ia l  (9) was 0 . 2 g .  

g (La).- R e a c t i o n  were c a r r i e d  o u t  

u s i n g  a p r o c e d u r e  s imilar  t o  t h a t  d e s c r i b e d  above  f o r  2s and 

( i i ) .  I n  t h i s  r e a c t i o n ,  b romine  ( 4 . 4  g ) ,  1 ( 5 . 0  g ,  2 1  mmol) 

and i ron-powder  (0.2 g )  were u s e d .  The c r u d e  p r o d u c t  was 

ch romatographed  on a s i l i c a  ge l  column i n  p e t r o l e u m  e t h e r -  

benzene  (1 : l ) .  F i r s t  f r a c t i o n  g a v e  0 . 3  g ( 4 % )  o f  4 ,4 ' -d ib romo-  

2 , 2 ' - d i n i t r o b i p h e n y l  which  was r e c r y s t a l l i z e d  f rom e t h a n o l ,  mp. 

166 .5 -167" ;  lit.11 150" .  1 H  N M R  (CDC13): 6 7 . 1 6  ( d ,  2H, H 1  and 

H l O ) ,  7 . 8 3  ( d d ,  2H, H2 and HS), 8 . 3 3 ( d ,  2H, H4 and H7),  J1-2 

8.19 Hz, 52-4 2.02 Hz. The s e c o n d  f r a c t i o n  g a v e  2 . 9  g ( 4 3 % )  o f  

La, which  was r e c r y s t a l l i z e d  f rom m e t h a n o l ,  mp. 148-148 .5" ;  

l i t .  1 2  146-147" .  

I . .  - - 

o r c l c i m u U a e  (4h and a).- H y d r a z i n e  h y d r a t e  

( 1 . 6  g ,  8 0 % )  was added  t o  a m i x t u r e  o f  2s ( o r  of a) ( 2 . 7 5  g ,  

10 mmol) and Raney n i c k e l  i n  h o t  e t h a n o l  ( 4 0  m l )  w i t h  s t i r r i n g .  

A f t e r  r e f l u x i n g  f o r  1 h r ,  t h e  h o t  s o l u t i o n  was f i l t e r e d ,  and 

d i l u t e d  w i t h  water; t h e  p r e c i p i t a t e d  p r o d u c t  was c o l l e c t e d  and 

d r i e d  t o  y i e l d  1 . 9 - 2 . 1  g (73-81%) o f  & which  w a s  r e c r y s t a l -  

l i z e d  f rom e t h a n o l ,  mp. 221-222" ,  l i t . 1 0  221-222" ; no mp. 

491 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



KILIC AND TUZUN 

d e p r e s s i o n  was o b s e r v e d  w i t h  an a u t h e n t i c  s a m p l e .  

Anal. C a l c d .  f o r  C12H7BrNz: C,  55.63; H I  2.72; N, 10.81 

Found:  C ,  55.46; H ,  2.83; N ,  10.76 

46 was r e c r y s t a l l i z e d  f rom 2 - p r o p a n o l ,  199-ZOO", l i t . 1 2  199- 

200"; no  mp. d e p r e s s i o n  was o b s e r v e d  w i t h  an a u t h e n t i c  s a m p l e .  

3-Bromobenzorclcinnoline (&).- The r e a c t i o n  was c a r r i e d  o u t  

u s i n g  (3.2 g, 10 mmol) o f  la, (8.3 g ,  80%) of h y d r a z i n e  h y d r a t e  

and  Raney n i c k e l  i n  r e f l u x i n g  e t h a n o l  and worked up  as  f o r  4h, 

t o  g i v e  k.  R e c r y s t a l l i z a t i o n  f rom m e t h a n o l  y i e l d e d  2 . 0  g (77%) 

o f  &, m p .  194-195", l i t . 1 2  194-195" ,  wh ich  had t h e  same spec- 

t r a l  c h a r a c t e r i s t i c s  as  t h a t  d e s c r i b e d  i n  t h e  l i t e r a t u r e . 1 2  
. .  . .  s e s  o f  P v r r o l l d l n o .  PiD-. a n d  

r c l c i n n o l i n e s  (5-21.- A s o l u t i o n  o f  4 ( 0 . 2 6  g ,  1 

mmol) i n  t h e  amine  (10 m l )  ( p y r r o l i d i n e ,  p i p e r i d i n e ,  o r  morpho- 

l i n e )  was r e f l u x e d  ( s e e  T a b l e  1); i n  t h e  r e a c t i o n s  o f  4a and 

&, d i m e t h y l  s u l f o x i d e  ( 5  m l )  w a s  a d d e d .  The excess  o f  amine  

was e v a p o r a t e d  t h e n  t h e  r e s i d u e  was d i l u t e d  w i t h  water .  The 

p r e c i p i t a t e d  c r u d e  p r o d u c t  w a s  c o l l e c t e d  and t h e  f i l t r a t e  w a s  

e x t r a c t e d  w i t h  d i e t h y l  e t h e r .  The e t h e r a l  s o l u t i o n  washed w i t h  

w a t e r ,  d r i e d  o v e r  sodium s u l f a t e ,  and e v a p o r a t e d .  The r e s i d u e  

w a s  combined w i t h  c r u d e  p r o d u c t ,  t h e n  c h r o m a t o g r a p h e d  on a 

s i l i c a  ge l  column (10 g )  i n  d i c h l o r o m e t h a n e - d i e t h y l  e t h e r  

(4:1), and t h e n  r e c r y s t a l l i z e d  f rom t h e  s o l v e n t ( s )  t h a t  g i v e n  

i n  T a b l e  1. 

W o w 1 e d P e m e n t s . -  We t h a n k  t h e  R e s e a r c h  F o u n d a t i o n  o f  t h e  
U n i v e r s i t y  of  Ankara  f o r  f i n a n c i a l  s u p p o r t  o f  t h i s  work .  We a r e  
a l s o  g r a t e f u l  t o  F u l b r i g h t  P r o f e s s o r  E r n e s t  I .  Becke r  (1987- 
1988), and Dr. B .  A r i s o n  o f  Merck USA,  f o r  t h e i r  k i n d  h e l p  i n  
o b t a i n i n g  t h e  spec t r a  and  t h e i r  i n t e r p r e t a t i o n .  
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