
In p r e s e n t i n g the d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t o f 
the r equ i rement s f o r an advanced d e g r e e from the G e o r g i a 
I n s t i t u t e o f T e c h n o l o g y , I ag ree tha t the L i b r a r y o f the 
I n s t i t u t e s h a l l make i t a v a i l a b l e f o r i n s p e c t i o n and 
c i r c u l a t i o n i n a c c o r d a n c e w i t h i t s r e g u l a t i o n s g o v e r n i n g 
m a t e r i a l s o f t h i s t y p e . I ag ree t ha t p e r m i s s i o n t o copy 
f rom, o r t o p u b l i s h f rom, t h i s d i s s e r t a t i o n may be gran ted 
by the p r o f e s s o r under whose d i r e c t i o n i t was w r i t t e n , o r , 
i n h i s a b s e n c e , by the Dean o f the Graduate D i v i s i o n when 
such c o p y i n g o r p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y purposes 
and does n o t i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s under ­
s t o o d tha t any c o p y i n g f rom, o r p u b l i c a t i o n o f , t h i s d i s ­
s e r t a t i o n which i n v o l v e s p o t e n t i a l f i n a n c i a l ga in w i l l no t 
be a l l o w e d w i t h o u t w r i t t e n p e r m i s s i o n . 
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The ohymists are a strange class of mortals 
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SUMMARY 

Viomycin i s an a n t i b i o t i c composed o f the amino a c i d s L - s e r i n e , 

L-a , 3 - d i a m i n o p r o p i o n i c a c i d , L - $ - l y s i n e , and v i o m y c i d i n e . From the 

p a r t i a l a c i d h y d r o l y s a t e o f v i o m y c i n i t i s p o s s i b l e t o i s o l a t e a com­

pound more b a s i c than v i o m y c i d i n e t h a t can be c r y s t a l l i z e d as the 

d ihydrobromide s a l t . P r e c e s s i o n pho tographs r e v e a l e d t he space group 

o o 
as P2 12 2 and the u n i t c e l l d imens ions a = 8 . 1 7 ( 2 ) A , b = 1 2 . 2 2 ( 2 ) A , 

o 

and c = 15 .34- (2)A. These d imens ions were w i t h i n e x p e r i m e n t a l e r r o r o f 

the d imens ions r e p o r t e d f o r v i o c i d i c a c i d by Johnson , et al. The s t r u c ­

t u r e was r ede te rmined s i n c e t h e r e was some doubt as t o the s t r u c t u r e 

p roposed f o r v i o c i d i c a c i d . S o l u t i o n o f t he s t r u c t u r e by a c o n v e n t i o n a l 

a p p l i c a t i o n o f the heavy atom method r e v e a l e d the s t r u c t u r e t o be 
4- 11 

2 , 5 , 8 , 1 0 - t e t r a a z a - 9 - i m i n o t r i c y c l o [ 5 . 3 . 1 . 0 ' ] u n d e c a n e - 6 - c a r b o x y l i c 

a c i d , i d e n t i c a l wi th tha t p roposed f o r v i o c i d i c a c i d . The s t r u c t u r e 

r e f i n e d t o an va lue o f 0 .0901 us ing 1031 unique r e f l e c t i o n s . A 

mechanism i s p roposed t o e x p l a i n the g e n e s i s o f v i o c i d i c a c i d from a 

p e p t i d e known t o be p r e s e n t in the h y d r o l y s i s medium. 

The p roduc t r e p o r t e d f o r the r e a c t i o n o f 2 - p y r r o l i d i n o n e t r e a t e d 

sucess ive ly with hydrogen c h l o r i d e , phosphorous p e n t a c h l o r i d e , and s t rong 

base i s 2 - c h l o r o - A ^ - p y r r o l i n e . P r e l im ina ry s p e c t r o s c o p i c data i n d i c a t e d 

the r e p o r t e d s t r u c t u r e was i n c o r r e c t . When fu r t he r s p e c t r o s c o p i c i n ­

v e s t i g a t i o n s and p r e l i m i n a r y c h e m i c a l t e s t were not d e f i n i t i v e , an 

e f f o r t was under taken t o o b t a i n c r y s t a l s s u i t a b l e f o r X- ray 



i n v e s t i g a t i o n . The compound formed s t a b l e minera l a c i d s a l t s , and the 

hydrobromide s a l t was o b t a i n e d c r y s t a l l i n e . P r e c e s s i o n pho tographs 

showed the c r y s t a l t o be m o n o c l i n i c o f space group P 2 ^ / c . From d i f -
o 

f r a c t o m e t e r data u n i t c e l l d imens ions o f a = 9 . 1 9 3 ( 2)A, b = 2 1 . 9 0 1 ( 1 0 ) 
o o 

A , c = 9 . 4 2 8 ( 3 )A, and 3 = 1 3 8 . 1 6 6 ( 2 0 ) ° were o b t a i n e d . A t o t a l o f 

2197 r e f l e c t i o n s were c o l l e c t e d and averaged t o g i v e 1042 unique 

r e f l e c t i o n s . The s t r u c t u r e determined by c o n v e n t i o n a l a p p l i c a t i o n o f 

t h e heavy atom method was (E)-2,3-dichloro-l-(2-pyrrolidinylidine)-

2 - p y r r o l i n i u m bromide and r e f i n e d t o an v a l u e o f 0 .0492 based on 

604 nonze ro unique r e f l e c t i o n s . S p e c t r o s c o p i c da ta i n d i c a t e the s t r u c ­

t u r e o f the f r e e base t o be 2 - ( 2 , 3 - d i c h l o r o - 2 - p y r r o l i n - l - y l ) - l - p y r r o -

l i n e . 

Examination o f the l i c h e n s Telosohistes flavioans} Telosohistes 

flavioans norm.3 and Telosohistes flavioans v. minor Crombie by s e v e r a l 

workers r e s u l t e d i n t he i s o l a t i o n o f a c o l o r l e s s subs tance t ha t showed 

I 

mp 2 4 0 - 2 4 5 ° . S e s h a d r i , et al. in 1962 n a m e d t h e c o l o r l e s s s u b s t a n c e 

v i c a n i c i n , and r e p o r t e d the s t r u c t u r e t o be 2 , 4 - d i c h l o r o - 3 - h y d r o x y - 7 -

m e t h o x y - l , 5 , 8 - t r i m e t h y l d e p s i d o n e . In 1967 B a l t h i s p r o p o s e d a new 

s t r u c t u r e f o r v i c a n i c i n based on s p e c t r o s c o p i c data as 2 , 4 - d i c h l o r o -

3 - h y d r o x y - 7 - m e t h o x y - l , 5 , 6 , 8 - t e t r a m e t h y l d e p s i d o n e . In 1968 B a i l l i e 

p roposed a new s t r u c t u r e f o r v i c a n i c i n based on b i o g e n i t i c arguments 

as 2 , 6 - d i c h l o r o - 3 - h y d r o x y - 7 - m e t h o x y - 1 , 4 , 5 , 8 - t e t r a m e t h y l d e p s i d o n e . 

A c a r e f u l examina t ion o f the e a r l i e r d e g r a d a t i v e s t u d i e s i n d i c a t e d 

s e v e r a l a m b i g u i t i e s t ha t r e q u i r e f u r t h e r i n v e s t i g a t i o n . The s t r u c t u r e 

o f the two p r o d u c t s o b t a i n e d when methyl O - m e t h y l v i c a n i c a t e i s o x i d i z e d 



x i i 

were shown t o be methyl 5 - c h l o r o - 3 , 6 - d i m e t h y l - 2 - h y d r o x y - 4 - m e t h o x y -

benzoa te and 3 - c h l o r o - 2 , 5 - d i m e t h y l - 6 - h y d r o x y - p - b e n z o q u i n o n e by 

s y n t h e s i s . The h y d r o x y l group in v i c a n i c i n was shown t o be in the 

A r i n g by c o n v e r s i o n o f v i c a n i c i n t o C - e t h y l v i c a n i c i n and d e g r a d a t i o n 

t o methyl 5 - c h l o r o - 3 , 6 - d i m e t h y l - 4 - e t h o x y - 2 - h y d r o x y b e n z o a t e . C o n s i d e r a ­

t i o n o f the p r o b a b l e mechanism o f the o x i d a t i v e h y d r o l y s i s o f methyl 

O - m e t h y l v i c a n i c a t e l e a d t o 2 , 7 - d i c h l o r o - 3 - h y d r o x y - 6 - m e t h o x y - l , 4 , 5 , 8 -

t e t r a m e t h y l d e p s i d o n e as the s t r u c t u r e o f v i c a n i c i n . 
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CHAPTER I 

INTRODUCTION 

The C r y s t a l S t ruc tu re o f V i o c i d i c A c i d 

Viomycin i s a broad spectrum a n t i b i o t i c tha t i s p a r t i c u l a r l y 

e f f e c t i v e a g a i n s t Mycobacterium tuberculosis?~ The a n t i b i o t i c was 

f i r s t r e p o r t e d in 1951 s i m u l t a n e o u s l y by Char les P f i z e r and Company"*" 

2 

and Park, Davis and Company from c u l t u r e s o f Streptomyces pumceus 

and Streptomyces floridae. La te r c l i n i c a l s t u d i e s showed tha t k idney 

damage, v e s t i b u l a r d y s f u n c t i o n , e l e c t r o l y t e i m b a l a n c e , and h y p e r s e n s i -
3 

t i v i t y r e s u l t e d from i t s ex tended u s e . In s p i t e o f t h e s e t o x i c r e a c ­

t i o n s , v iomyc in i s s t i l l used c l i n i c a l l y i n c a s e s where the t u b e r c u l o s i s 

mic roorgan i sm has become r e s i s t a n t t o s t r e p t o m y c i n . 

E l u c i d a t i o n o f the s t r u c t u r e o f v iomyc in has p r o c e e d e d in s e v e r a l 

l a b o r a t o r i e s i n o r d e r t o u l t i m a t e l y s tudy the s t r u c t u r e - b i o l o g i c a l 

a c t i v i t y r e l a t i o n s h i p s . Ex tens ive s t u d i e s o f the comple t e d e g r a d a t i o n 

o f v i o m y c i n and the most r e c e n t l y p r o p o s e d s t r u c t u r e f o r v i o m y c i n (1_) 
4-8 . . . . 

a r e r e p o r t e d e l s e w h e r e . These s t u d i e s have shown tha t v i o m y c i n i s a 

p e p t i d e composed o f the amino a c i d s L - s e r i n e ( 2 ) , L-a, (3 -d iaminoprop ion ic 

a c i d (3_), L - 3 - l y s i n e (4_), and v i o m y c i d i n e (5_) in a d d i t i o n t o u r e a , c a r b o n 

d i o x i d e , and ammonia. The r e c e n t s i n g l e c r y s t a l X- ray d i f f r a c t i o n 

a n a l y s i s o f v i o m y c i d i n e hydrobromide r e v e a l e d 2 , 4 , 6 - t r i a z a - 3 - i m i n o b i c y c l o 

[ 3 . 2 . 1 ] o c t a n e - 7 - c a r b o x y l i c a c i d t o be the c o r r e c t s t r u c t u r e o f v i o m y -
. , . 9 

c i d i n e . 



2 



3 

In a d d i t i o n t o v i o m y c i d i n e , ano ther guan id ino compound was 

r e p o r t e d t o o c c u r in the t o t a l a c i d h y d r o l y s a t e o f v i o m y c i n . A q u a n t i t y 

o f t h i s m a t e r i a l , r e f e r r e d t o b y Streetman as Pep t ide I I I , was p u r i f i e d 

and c o n v e r t e d t o the hydrobromide s a l t . P e p t i d e I I I d ihyd rob romide was 

c r y s t a l l i z e d from a c e t o n e - w a t e r t o g i v e c o l o r l e s s n e e d l e s . The u n i t 

c e l l d imens ions o f Pep t ide I I I d ihydrobromide o b t a i n e d from p r e c e s s i o n 

pho tographs were w i th in expe r imen ta l e r r o r o f the d imens ions r e p o r t e d 

by Johnson and c o - w o r k e r s f o r the compound v i o c i d i c a c i d . " ^ However, 

the m o l e c u l a r formula r e p o r t e d by Johnson (C H N 0 »2HBr'3H 0 ) f o r 

v i o c i d i c a c i d (6_) d i d no t agree wi th the a n a l y t i c a l data o b t a i n e d by 

Streetman f o r Pep t ide I I I . 

The m o l e c u l a r formula f o r P e p t i d e I I I t ha t b e s t f i t the a n a l y t ­

i c a l data was C g H 1 5 N 5 0 3 » 2 H B r . l H ^ O , which would be q u i t e r e a s o n a b l e i f 

two o f the water oxygen atoms in c r y s t a l s o f v i o c i d i c a c i d had been 

i n c o r r e c t l y a s s i g n e d . Unequ ivoca l ass ignment o f a tomic number t o the 

l i g h t atoms (C^N^O) i n a s t r u c t u r e such as 6_ on the b a s i s o f d i f f r a c t i o n 

data i s d i f f i c u l t . I t would be p o s s i b l e t o a s s i g n a tomic numbers on the 
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b a s i s o f g e o m e t r i c a l e v i d e n c e ( the n i t r o g e n and ca rbon atoms o f the 

guan id ino group are in the same p l a n e ) . However, i n the s t r u c t u r e 

p r o p o s e d f o r v i o c i d i c a c i d , the p o s i t i o n s o f two o f the f i v e n i t r o g e n s 

atoms were n o t f i x e d by chemica l o r g e o m e t r i c a l a rguments . At the t ime 

s t r u c t u r e 6_ was r e p o r t e d t h e r e was l i t t l e c h e m i c a l e v i d e n c e t ha t would 

s u b s t a n t i a t e 6_ as b e i n g a c h e m i c a l l y l o g i c a l s t r u c t u r e f o r P e p t i d e I I I . 

Normally a s t r u c t u r e de termined by X-ray d i f f r a c t i o n methods would be 

q u i t e c o n c l u s i v e . However, s i n c e bond l e n g t h s and a n g l e s were no t 

r e p o r t e d f o r v i o c i d i c a c i d , and b e c a u s e the f a c t o r s s t a t e d above were 

seeming ly i n c o n f l i c t wi th the r e p o r t e d s t r u c t u r e , i t was d e c i d e d t o 

r ede te rmine the s t r u c t u r e o f v i o c i d i c a c i d . 

The S t r u c t u r e o f 2 - ( 2 , 3 - D i c h l o r o - 2 -
P y r r o l i n - 1 - y l ) - 1 - P y r r o l i n e 

A c i d h y d r o l y s i s o f the a n t i b i o t i c v iomyc in y i e l d s among o t h e r 

6 7 1 amino a c i d s , v i o m y c i d i n e ( 5 ) . ' Another s t r u c t u r e , 2 -guan id ino -A -

p y r r o l i n e - 5 - c a r b o x y l i c a c i d (7_), had been p r o p o s e d f o r t h i s guan id ino 

amino a c i d p r i o r t o the s i n g l e c r y s t a l X- ray a n a l y s i s o f the h y d r o b r o -

mide s a l t . ^ During s t u d i e s d i r e c t e d toward the s y n t h e s i s o f 7_, i t was 

d e s i r a b l e t o o b t a i n 2 - c h l o r o - A 1 - p y r r o l i n e (8_). T a f e l and Wassmuth 1 1 
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r e p o r t e d t he s y n t h e s i s o f 8_ from 2 - p y r r o l i d i n o n e in 1907 . B a i l l i e 

r epea t ed t h e i r work and o b t a i n e d an u n s t a b l e c r y s t a l l i n e compound t h a t 

ana lyzed c o r r e c t l y f o r 8 (C H NCI) . The m a t e r i a l was d i f f i c u l t t o 
— 4 6 

p u r i f y by c r y s t a l l i z a t i o n , but the c rude c r y s t a l s o b t a i n e d agreed i n 

m e l t i n g p o i n t wi th tha t r e p o r t e d e a r l i e r ( 5 0 - 5 1 ° c o r r ) . The 2 - c h l o r o -

1 

A - p y r r o l m e was e x p e c t e d t o be v e r y r e a c t i v e toward n u c l e o p h i l i c r e a ­

g e n t s s i n c e i t i s ana logous t o an a c i d c h l o r i d e . When Q_ was t r e a t e d 

wi th aqueous ammonia o r aqueous g u a n i d i n e , none o f the e x p e c t e d p r o d u c t s 

was o b t a i n e d . Even more s u r p r i s i n g , un reac ted 8_could be r e c o v e r e d from 

the r e a c t i o n m i x t u r e . S ince t h i s c h e m i c a l behav iou r seemed i n c o n s i s t e n t 

wi th the p r o p o s e d s t r u c t u r e , an i n v e s t i g a t i o n o f the s p e c t r o s c o p i c 

p r o p e r t i e s o f 8 was made. The nmr spectrum o f 8_ showed a b s o r p t i o n s f o r 

f i v e d i f f e r e n t t y p e s o f p r o t o n s , which was i n c o n s i s t e n t wi th the s t r u c ­

t u r e p r o p o s e d . The mass spectrum o f 8_ showed a m o l e c u l a r i o n at m/e 

204 . A d e t e r m i n a t i o n o f the e x a c t mass o f t h i s i o n (m/e 2 0 4 , 0 2 9 ) d i c ­

t a t e d C Q H , n N 0 C l _ ( c a l c d m/e 2 0 4 . 0 2 2 ) A S the M O L E C U L A R F O R M U L A . Th is I S 

O 1 0 Z Z 

equal t o t w i c e the m o l e c u l a r formula r e p o r t e d by T a f e l and Wassmuth l e s s 

two h y d r o g e n s . S p e c t r o s c o p i c data and p r e l i m i n a r y c h e m i c a l i n v e s t i g a ­

t i o n s were no t d e f i n i t i v e ; t h e r e f o r e i t was d e c i d e d t o f u r t h e r i n v e s t i ­

ga te the c h e m i s t r y o f 8_ and t o o b t a i n c r y s t a l s s u i t a b l e f o r X - r a y i n ­

v e s t i g a t i o n . 
The S t ruc tu re o f V i c a n i c i n 

The f i r s t examinat ion o f the l i c h e n Telosohistes flavioans by 

13 

Zopf i n 1905 r e s u l t e d in the i s o l a t i o n o f p a r i e t i n , r e f e r r e d t o by 

Zopf as p h y s c i o n , ( 4 , 5 - d i h y d r o x y - 7 - m e t h o x y - 2 - m e t h y l a n t h r a q u i n o n e ) (9_) 
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and a c o l o r l e s s s u b s t a n c e , mp 2 4 0 - 2 4 5 ° . In 1949 Seshadr i and Subramanian 

r e p o r t e d the i s o l a t i o n o f p a r i e t i n , t e l o s c h i s t i n ( 4 , 5 - d i h y d r o x y - 2 -

hydroxymethy l -7 -methoxyan th raqu inone) (10), and a c o l o r l e s s s u b s t a n c e , 

14 

mp 2 4 0 - 2 4 5 ° , from an Indian sample o f Teloschtstes flavvcans 'Norm. 

A sample o f the same l i c h e n , c o l l e c t e d in 19 55 , c o n t a i n e d f a l l a c i n a l 

( 2 - f o r m y l - 4 , 5 - d i h y d r o x y - 7 - m e t h o x y a n t h r a q u i n o n e ) ( 1 1 ) i n s t e a d o f 
15 

t e l o s c h i s t i n and the c o l o r l e s s subs tance mp 2 4 0 - 2 4 5 ° . Thus t he re 

were v a r i a t i o n s in the c o m p o s i t i o n o f the anthraquinone p i g m e n t s , but 

the c o l o r l e s s subs t ance seems t o o c c u r in a l l t he l i c h e n samples . 

0 OH 

11 

In 1962 Seshad r i , et al. r e p o r t e d the f i r s t work d i r e c t e d toward 

the i d e n t i f i c a t i o n o f the c o l o r l e s s s u b s t a n c e , which they named v i c a n i -

16 

c i n . V i c a n i c i n was o r i g i n a l l y i s o l a t e d in a smal l amount (ca. 0.1%) 

from the a l k a l i - i n s o l u b l e f r a c t i o n o f the pe t ro leum e t h e r e x t r a c t o f 

the l i c h e n . L a t e r , us ing column chromatography on magnesium c a r b o n a t e , 
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v i c a n i c i n was i s o l a t e d pure and in b e t t e r y i e l d (oa. 1%). V i c a n i c i n 

was c r y s t a l l i z e d from b o i l i n g benzene as c o l o r l e s s c r y s t a l s , mp 2 4 8 -

2 5 0 ° . The a n a l y t i c a l data agreed with the m o l e c u l a r formula 

C H 0 CI . The compound was shown t o c o n t a i n one methoxyl group by 
1 / 14 5 Z 

the Z e i s e l method ( f o u n d , 1 . 0 6 ) and t h r e e C-methyl groups by the Kuhn-

16 

Roth method ( f o u n d , 2 . 7 6 ) . V i c a n i c i n c o n t a i n e d a f r e e h y d r o x y l group 

s i n c e i t formed a m o n o a c e t a t e , mp 2 1 3 - 2 1 4 ° , by a c e t y l a t i o n with a c e t i c 

a n h y d r i d e , and a monobenzoa te , mp 1 9 0 - 1 9 1 ° , wi th b e n z o y l c h l o r i d e and 

p y r i d i n e . The f r e e h y d r o x y l group was p h e n o l i c in na ture s i n c e i t 

r e a d i l y underwent m e t h y l a t i o n and e t h y l a t i o n with the a p p r o p r i a t e a l k y l 

i o d i d e and po tass ium c a r b o n a t e , y i e l d i n g ( 9 - m e t h y l v i c a n i c i n , mp 1 9 3 - 1 9 4 ° , 

and ( 9 - e t h y l v i c a n i c i n , mp 1 8 5 - 1 8 6 ° . I t was c o n c l u d e d tha t v i c a n i c i n c o n ­

t a i n e d a l a c t o n e r i n g s i n c e t rea tment o f O - m e t h y l v i c a n i c i n wi th 2N 

sodium h y d r o x i d e i n d ioxane f o l l o w e d by a c i d i f i c a t i o n y i e l d e d a hydroxy 

a c i d , ( 9 - m e t h y l v i c a n i c i c a c i d , mp 2 1 2 - 2 1 8 ° . When ( 9 - m e t h y l v i c a n i c i n was 

heated under r e f l u x with m e t h a n o l i c sodium me thox ide , the p r o d u c t 

o b t a i n e d , m e t h y l - C - m e t h y l v i c a n i c a t e , mp 1 5 5 - 1 5 6 ° , s t i l l c o n t a i n e d a 

f r e e h y d r o x y l group that c o u l d be methy la ted t o g i v e a n e u t r a l compound, 

methyl-0 3 0 ' - d i m e t h y l v i c a n i c a t e , mp 9 7 - 9 8 ° . The uv spectrum o f v i c a n i -
17 18 

c i n was compared t o t h o s e o f d i p l o i c i n (12 ) , n i d u l i n ( 1 3 ) , and 
18 

n o r n i d u l i n ( 1 4 ) , and t h e y were shown t o be s i m i l a r . These compounds, 

1 2 , 1 3 , and 14_ are a l l c h l o r o d e p s i d o n e s and the numbering sys tem f o r 

the n u c l e u s i s shown by s t r u c t u r e 1 5 . S ince f o u r o f the f i v e oxygen 

atoms i n v i c a n i c i n were a c c o u n t e d f o r by the f r e e h y d r o x y l , m e t h o x y l , 

and l a c t o n e f u n c t i o n , the f i f t h oxygen was a s s i g n e d t o an i n e r t d i p h e n y l 
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e t h e r l i n k a g e . Dean, et at. r e p o r t e d t ha t the c h a r a c t e r i s t i c uv 

s p e c t r a o f the c h l o r o d e p s i d o n e s were a s s o c i a t e d wi th r i n g A; t h e r e f o r e 

16 

a p a r t i a l s t r u c t u r e was a s s i g n e d t o v i c a n i c i n ( 1 6 ) assuming tha t the 

A r i n g was i d e n t i c a l t o t h o s e o f 1 2 , 1 3 , and 1M-. 

16 

When m e t h y l - O - m e t h y l v i c a n i c a t e was d i s s o l v e d i n a c e t i c a c i d and 

t r e a t e d wi th c o n c e n t r a t e d n i t r i c a c i d , two p r o d u c t s were o b t a i n e d . 
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A pheno l r e p o r t e d t o be methyl 3 , 5 - d i c h l o r o e v e r n i n a t e ( 1 7 ) was i s o ­

l a t e d as a c r y s t a l l i n e s o l i d , mp 7 6 - 7 8 ° . A quinone was p r e s e n t i n the 

sodium b i c a r b o n a t e - s o l u b l e f r a c t i o n . The quinone was r e p o r t e d t o be 

20 

2 - h y d r o x y - 3 , 6 - d i m e t h y l - p - b e n z o q u i n o n e ( 1 8 ) by compar ison o f t h e i r uv 

s p e c t r a i n a b u f f e r s o l u t i o n . These data l e a d S e s h a d r i , et al. t o 

ex tend the p a r t i a l s t r u c t u r e 16_ t o a comple te s t r u c t u r e f o r v i c a n i c i n 

( 2 , 4 - d i c h l o r o - 3 - h y d r o x y - 7 - m e t h o x y - l , 5 , 8 - t r i m e t h y l d e p s i d o n e ) ( 1 9 ) . 

CH 3 0 

CI CH 3 

19 

In 1965 i n v e s t i g a t o r s i n t h e s e l a b o r a t o r i e s o b t a i n e d a q u a n t i t y 

o f a l i c h e n ga the red from v o l c a n i c r o c k s i n the A s c e n s i o n I s l a n d s . The 

22 

l i c h e n , i d e n t i f i e d as Telosohistes flavioans v. minor Crombie, was 

much s m a l l e r than the samples o f Telosohistes flavioans p r e v i o u s l y 

i n v e s t i g a t e d , p r o b a b l y due t o the unusual h a b i t a t o f the A s c e n s i o n 

I s l a n d s . E x t r a c t i o n o f 1,426 g o f the l i c h e n wi th c h l o r o f o r m y i e l d e d , 

a f t e r chromatography , 8.08 g (oa. 0.6%) o f g o l d - c o l o r e d m a t e r i a l and 
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8 . 7 5 g (ca. 0 .6%) o f p a l e y e l l o w m a t e r i a l . The g o l d - c o l o r e d m a t e r i a l was 

r e c r y s t a l l i z e d t w i c e from g l a c i a l a c e t i c a c i d t o y i e l d g o l d - c o l o r e d 

c r y s t a l s , mp 2 0 7 - 2 0 8 ° . The g o l d - c o l o r e d compound was i d e n t i f i e d as 

p a r i e t i n ( 1 0 ) based on m e l t i n g p o i n t , s p e c t r a l d a t a , and the d i a c e t y l 

23 
d e r i v a t i v e . The p a l e y e l l o w m a t e r i a l was r e c r y s t a l l i z e d t w i c e from 

23 

benzene t o g i v e c o l o r l e s s c r y s t a l s , mp 2 3 9 - 2 4 0 ° . 

Based on the method o f i s o l a t i o n and s i m i l a r i t y in mp i t was c o n ­

s i d e r e d p o s s i b l e tha t compound 20_ was v i c a n i c i n . The l i k e l i h o o d tha t 

the s t r u c t u r e p r o p o s e d f o r v i c a n i c i n was the c o r r e c t s t r u c t u r e f o r com­

pound 20_ was e l i m i n a t e d when the nmr spectrum o f 20_ c l e a r l y showed f o u r 

C-methyl group a b s o r p t i o n s and no a romat i c p r o t o n a b s o r p t i o n , as would 

have been e x p e c t e d f o r s t r u c t u r e 1 9 . The e l emen ta l a n a l y s e s o f compound 
20 were s a t i s f a c t o r y f o r the formula C H 0 CI , which i s one ca rbon 

_Lo _Lb o Z 

and two hydrogens more than the formula r e p o r t e d f o r v i c a n i c i n . The 

mass spectrum o f compound 20_ a l s o suppor ted the formula ^^Q^l^' 

mw = 3 8 3 . 3 1 . The r a t i o s o f i on i n t e n s i t i e s in the r e g i o n o f the 

m o l e c u l a r i o n {.m/e 382 (23%) , 384 (16%) , and 3 8 6 ( 3 % ) ] were in agreement 

with the e x p e c t e d r a t i o s f o r a compound c o n t a i n i n g two c h l o r i n e atoms 

(obsd 1 . 0 0 : 0 . 6 9 : 0 . 1 3 ; c a l c d 1 . 0 0 : 0 . 6 5 3 : 0 . 1 0 6 ) . 2 4 These data showed 

tha t 20_ was no t r e p r e s e n t e d c o r r e c t l y by the s t r u c t u r e p r o p o s e d f o r 

v i c a n i c i n ( 1 9 ) • However, the p o s s i b i l i t y s t i l l e x i s t e d tha t 20_ was 

i d e n t i c a l wi th v i c a n i c i n bu t the s t r u c t u r e p r o p o s e d f o r v i c a n i c i n was 

i n c o r r e c t . 

P r epa ra t i on o f d e r i v a t i v e s and d e g r a d a t i o n o f compound 2_0_ were 

c a r r i e d ou t t o compare the r e s u l t s wi th t hose r e p o r t e d f o r v i c a n i c i n . 
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The method o f p r e p a r i n g a c e t y l v i c a n i c i n was f o l l o w e d us ing compound 

23 
20_ and y i e l d e d a c o l o r l e s s c r y s t a l l i n e s o l i d , mp 2 1 0 - 2 1 1 ° . The 

e l emen ta l a n a l y s e s were s a t i s f a c t o r y f o r C H 0 CI . The nmr spectrum 
20 18 6 2 

was s a t i s f a c t o r y f o r the a d d i t i o n o f one a c e t y l g r o u p . The p r o c e d u r e 

f o r p r e p a r i n g 0 - m e t h y l v i c a n i c i n was r e p e a t e d u s ing compound 2 0 , and the 

p r o d u c t , o b t a i n e d i n 70 p e r cen t y i e l d , was a c o l o r l e s s c r y s t a l l i n e 
23 

s o l i d , mp 1 9 2 - 1 9 3 ° . Elemental a n a l y s e s suppor ted the formula 

C H 0 C l n . The mass and nmr s p e c t r a were c o n s i s t e n t wi th the a d d i t i o n 
i y l o 5 2 

o f one 0-methyl group t o 20 . Compound 20_ was c o n v e r t e d t o the 0-methyl 

d e r i v a t i v e , and t h i s p roduc t was t r e a t e d wi th m e t h a n o l i c sodium methox­

i d e t o g i v e a c o l o r l e s s c r y s t a l l i n e s o l i d in 70 pe r c e n t y i e l d , mp 1 5 4 -

1 5 6 ° . The a n a l y t i c a l d a t a , nmr spec t rum, and mass spectrum were c o n ­

s i s t e n t wi th m e t h a n o l i s i s o f a l a c t o n e and suppor ted the formula 

23 . . . . 
C H 0 C l 0 . The n i t r i c a c i d o x i d a t i o n r e p o r t e d f o r v i c a n i c i n was 20 22 6 Z 

23 

r e p e a t e d us ing 2 0 , and the p h e n o l i c fragment o b t a i n e d showed mp 7 6 - 7 8 ° . 

A compar ison o f the m e l t i n g p o i n t s o f d e r i v a t i v e s and d e g r a d a t i o n p r o d ­

u c t s o b t a i n e d from compound 20_ with t h o s e r e p o r t e d f o r v i c a n i c i n i s 

shown i n Tab le 1 . From the data i n Tab le 1 i t was c o n c l u d e d tha t com­

pound 20_and v i c a n i c i n were i d e n t i c a l , but t ha t the s t r u c t u r e r e p o r t e d 

f o r v i c a n i c i n was i n c o r r e c t . 
23 

B a l t h i s p roposed a r e v i s e d s t r u c t u r e f o r v i c a n i c i n ( 2 1 ) based 

on a n a l y t i c a l d a t a , d e r i v a t i v e s , and s p e c t r a l e v i d e n c e . However, when 

25 

B a i l l i e re -examined the n i t r i c a c i d o x i d a t i o n o f methyl - (9-methyl -

v i c a n i c a t e , he was a b l e t o o b t a i n the quinone fragment i n c r y s t a l l i n e 

f o r m , mp 1 2 6 - 1 2 8 ° . The b e h a v i o r o f t h i s m a t e r i a l by t i c was d i f f e r e n t 



12 

Tab le 1. Comparison o f V i c a n i c i n and Compound 20 

16 
D e r i v a t i v e V i c a n i c i n , mp Compound 2 0 , mp 

V i c a n i c i n 240-245° 239-240° 

2 4 8 - 2 5 0 ° l k 

A c e t y l - 213-214° 210-211° 

(9-methyl- 193-194° 192-193° 

0 - e t h y l - 185-186° 1 8 5 - 1 8 6 . 5 ° 

m e t h y l - 0 - m e t h y l - 155-156° 154-156° 

Phenol from 

o x i d a t i o n o f m e t h y l -

0 -me thy l - 76 -78° 76 -78° 

me thy l -0 , (9 ' - d i m e t h y l - 96-97° 94-97° 

from t ha t o f h y d r o x y t r i m e t h y l - p - b e n z o q u i n o n e ( t he quinone e x p e c t e d from 

23 

the s t r u c t u r e p roposed by B a l t h i s ) . A comple t e i n v e s t i g a t i o n o f t h i s 

quinone was undertaken by B a i l l i e . The mass spectrum and a n a l y t i c a l 
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data were c o n s i s t e n t with the formula C H 0 C I . The nmr spectrum i n 

d e u t e r o c h l o r o f o r m showed a b s o r p t i o n s a t 7 .77 (-CH , s ) , 7 .98 (-CH , s ) , and 
o 3 

3 . 0 0 T ( - 0 H ) . The s t r u c t u r e o f t h i s quinone was p roved by the unambigu­

ous s y n t h e s i s o f 3 - c h l o r o - 2 , 5 - d i m e t h y l - 6 - h y d r o x y - p - b e n z o q u i n o n e , and a 

compar i son o f nmr and mass s p e c t r a showed them t o be i d e n t i c a l . The 

n a t u r a l and s y n t h e t i c m a t e r i a l showed i d e n t i c a l b e h a v i o r by t i c in 
25 

s e v e r a l s o l v e n t s y s t e m s , and the mmp was no t d e p r e s s e d , mp 1 2 7 - 1 2 8 ° . 

However, s t r u c t u r e p r o o f o f the quinone fragment d i d n o t p rove the 

s t r u c t u r e o f the B r i n g o f v i c a n i c i n s i n c e the quinone c o u l d a r i s e from 

e i t h e r o f two s t r u c t u r e s ( i n t e r c h a n g e o f s u b s t i t u e n t s a t C-6 and C-l). 

From the o x i d a t i o n B a i l l i e a l s o i s o l a t e d the p h e n o l i c fragment 

from r i n g A. The nmr and mass s p e c t r a showed the compound c o n t a i n e d 

two C-methyl g r o u p s , two C-methyl g r o u p s , one c h l o r i n e and one a c i d i c 

p r o t o n . These data were c o n s i s t e n t wi th the formula ^ . ^ H ^ C I O ^ ' ® n e 

o f t he C-methyl groups was a s s i g n e d the C-l p o s i t i o n , ortho t o the 

c a r b o n y l g r o u p , s i n c e the nmr spectrum showed an a b s o r p t i o n at 7 . 4 0 T 

c o r r e s p o n d i n g t o a d e s h i e l d e d C-methyl g r o u p . The l o c a t i o n o f the o t h e r 

s u b s t i t u e n t s was no t apparent from the d a t a . B a i l l i e a t tempted t o 

r e s o l v e t h e s e and o t h e r a m b i g u i t i e s by s i n g l e c r y s t a l X- ray d i f f r a c t i o n . 

The i o d o a c e t y l d e r i v a t i v e o f v i c a n i c i n was p repared and o b t a i n e d as 

a p p a r e n t l y s i n g l e c r y s t a l s . A f t e r c o l l e c t i o n o f the X- ray data i t was 

not p o s s i b l e t o f i n d s u i t a b l e l o c a t i o n s f o r the i o d i n e a toms , and i t was 

then assumed tha t the c r y s t a l s had been t w i n n e d . From the c h e m i c a l 
26 

da ta a v a i l a b l e and b i o g e n i t i c arguments , B a i l l i e , et al. p r o p o s e d a 

new s t r u c t u r e f o r v i c a n i c i n ( 2 2 ) . 
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When s t r u c t u r e 22_ was p roposed f o r v i c a n i c i n , i t was r e c o g n i z e d 

tha t s e v e r a l o f the s t r u c t u r a l f e a t u r e s were p r e s e n t e d s o l e l y on the 

b a s i s o f a n a l o g i e s w i t h s i m i l a r compounds. C o n c l u s i v e p r o o f o f the 

l o c a t i o n o f the f r e e h y d r o x y l group was not a v a i l a b l e . Most o f the 

e a r l i e r c h e m i s t r y had been done on ( 9 - m e t h y l v i c a n i c i n , and the l o c a t i o n 

o f the f r e e h y d r o x y l group had been a s s igned t o r i n g A, r a t h e r than 

18 

r i n g B, on the b a s i s o f a n a l o g i e s p r e s e n t e d b y D e a n , et at. T h e 

i n t e r change o f s u b s t i t u e n t s a t p o s i t i o n s C-6 and C-l o f 22_ would s a t i s f y 

a l l t he accumulated d a t a . The l o c a t i o n o f the C-2, C-3, and 0 -4 s u b ­

s t i t u e n t s in r i n g A were a s s i g n e d on the b a s i s o f b i o g e n e t i c arguments 
18 

and compar i son o f the spectrum wi th t h o s e o f 12_, 1 3 , and 14_. I t was 

f o r t h e s e r e a s o n s t ha t more c o n c l u s i v e e v i d e n c e f o r the s t r u c t u r e 22 

was r e q u i r e d . 

The purpose o f a d d i t i o n a l r e s e a r c h was t o r e s o l v e t h e s e a m b i g u i ­

t i e s by s y n t h e t i c and fu r t he r d e g r a d a t i v e s t u d i e s and t o o b t a i n c r y s t a l ­

l i n e d e r i v a t i v e s o f v i c a n i c i n s u i t a b l e f o r X-ray a n a l y s i s . 
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CHAPTER I I 

EXPERIMENTAL 

Apparatus and Techniques 

Spec t r a 

Nuclear magnet ic r e sonance s p e c t r a (60 MHz) were o b t a i n e d u s ing 

Var ian A s s o c i a t e s Models A-60A o r A-60D s p e c t r o m e t e r s equ ipped wi th 

s p i n - d e c o u p l e r and v a r i a b l e temperature a t t achmen t s . Nuclear magnet ic 

r e s o n a n c e s p e c t r a (100 MHz) were o b t a i n e d us ing a J e o l c o Model 4H-100 

s p e c t r o m e t e r o p e r a t e d i n the f i e l d sweep mode and equ ipped wi th a v a r i ­

a b l e temperature c o n t r o l l e r . Spin d e c o u p l i n g exper imen t s were per formed 

us ing the J e o l c o instrument i n the f r equence sweep mode. Chemical s h i f t 

v a l u e s are r e p o r t e d i n x u n i t s (x = 1 0 - 6 ) . The i n t e r n a l s tandards used 

were TMS o r DDS. 

A l l mass s p e c t r a l data were o b t a i n e d us ing a Var ian A s s o c i a t e s 

Model M-66 mass s p e c t r o m e t e r . This mass s p e c t r o m e t e r was i n t e r f a c e d 

wi th a Var ian Aerograph Model 200 gas chromatograph. Exact mass d e t e r ­

mina t ions were o b t a i n e d by l i n e a r i n t e r p o l a t i o n between i o n s o f an 

i n t e r n a l s tandard o f known mass. 

I n f r a r ed s p e c t r a were o b t a i n e d us ing a Perk in-Elmer Model 457 

o r 237B s p e c t r o p h o t o m e t e r . The s p e c t r a o f l i q u i d s were o b t a i n e d as 

f i l m s formed between two sodium c h l o r i d e p l a t e s . The s p e c t r a o f s o l i d s 

were o b t a i n e d from potass ium bromide p e l l e t s p r e s s e d at 2500 p s i g o r as 

c h l o r o f o r m s o l u t i o n s i n 0.1mm sodium c h l o r i d e c e l l s . 
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U l t r a v i o l e t s p e c t r a were o b t a i n e d us ing a Cary Model 14 

s p e c t r o p h o t o m e t e r . Matched 1.0 cm quar t z c e l l s equipped wi th matched 

9 mm qua r t z p l u g s were u sed . The s p e c t r a were r e c o r d e d as s o l u t i o n s i n 

95 per cen t e t h y l a l c o h o l ( U . S . I , pure e t h y l a l c o h o l , U . S . P . g r a d e ) o r 

n-hexane ( F i s h e r H-334 C e r t i f i e d A . C . S . S p e c t r o a n a l y z e d n -hexane , L o t . 

7 7 5 2 0 6 ) . 

Chromat ography 

Gas chromatography was performed us ing a Var ian Aerograph Model 

1740 gas chromatograph equ ipped wi th dual hydrogen flame d e t e c t o r s and 

a l i n e a r temperature programmer. S t a i n l e s s s t e e l columns were p repared 

wi th s o l i d s u p p o r t s and l i q u i d phases o b t a i n e d from A p p l i e d S c i e n c e 

L a b o r a t o r i e s . Two columns were used f o r most o f the s e p a r a t i o n s : 

( 1 ) a 1 /8" x 5 ' , 3% SE-30, on a c i d - w a s h e d , and s i l i n i z e d chromosorb W 

and ( 2 ) 1 /8" x 1 2 ' , 3% OV-17, on ac id -washed and s i l i n i z e d chromosorb 

W. The column t empera tu re , l i n e a r programming r a t e , n i t r o g e n c a r r i e r 

gas f l o w r a t e , and the r e t e n t i o n t ime are g i v e n f o r each example . The 

r e l a t i v e peak a reas were measured us ing a Gelman Ins t ruments C o . p l a n i -

me te r . 

Thin l a y e r chromatography was used f o r q u a l i t a t i v e a n a l y s i s , and 

the p l a t e s were p repared as d e s c r i b e d p r e v i o u s l y . Ninhydr in spray 

27 

r eagen t was used as d e s c r i b e d p r e v i o u s l y f o r v i s u a l i z a t i o n o f s p o t s 

c o r r e s p o n d i n g t o amino a c i d s . I o d i n e vapor and uv lamps were a l s o used 

f o r v i s u a l i z a t i o n o f s p o t s on t i c p l a t e s . 

Alumina chromatography columns were p repared by s l o w l y pour ing 

the i n d i c a t e d amount o f the ac id-washed alumina (Merck 71695) i n t o a 



17 

c y l i n d r i c a l column tha t was a l r e a d y h a l f f i l l e d wi th the i n d i c a t e d 

s o l v e n t . The column had a c o a r s e , f r i t t e d g l a s s d i s c at the b o t t o m 

and was packed by d r a i n i n g the e x c e s s s o l v e n t , accompanied by v i b r a t i o n , 

u n t i l the adsorben t was f i r m . The packed d imens ions are g i v e n i n the 

t e x t . 

S i l i c i c a c i d chromatography columns were p repared by mix ing the 

i n d i c a t e d amount o f s i l i c i c a c i d ( U n i s i l 200-325 mesh, C la rkson Chemical 

C o . ) wi th c h l o r o f o r m . The s l u r r y was s l o w l y poured i n t o a c y l i n d r i c a l 

column tha t had a c o a r s e , f r i t t e d d i s c at t h e b o t t o m . The column was 

packed by d r a i n i n g the e x c e s s c h l o r o f o r m , accompanied by s t i r r i n g , f o l ­

lowed by v i b r a t i o n u n t i l the adsorben t was f i r m . The packed d imens ions 

are g i v e n in the t e x t . 

X- ray Data 

P r e l i m i n a r y o r i e n t a t i o n p i c t u r e s were o b t a i n e d us ing a Buerger 

p r e c e s s i o n camera (Charles Supper C o . ) f i t t e d wi th a P o l a r o i d XR-7 f i l m 

c a s s e t t . The c r y s t a l t o f i l m d i s t a n c e was 60 mm. Z i rcon ium f i l t e r e d 

Mo Ka r a d i a t i o n gene ra t ed b y a P i c k e r f u l l wave X- ray g e n e r a t o r was 

used f o r the o r i e n t a t i o n p h o t o g r a p h s . The i n t e n s i t y da ta c o l l e c t e d by 

p h o t o g r a p h i c methods were o b t a i n e d by us ing I l l f o r d I n d u s t r i a l G X- ray 

f i l m ( 5 M x 7 M , cu t t o f i t a f i l m e n v e l o p e , ca. 5" x 6 3 / 8 " ) in an 

e q u i - i n c l i n a t i o n Weissenberg camera ( N o n i u s , D e l f t , H o l l a n d ) . N i c k e l 

f i l t e r e d Cu Ka r a d i a t i o n genera ted by a P h i l i p s f u l l wave X- ray g e n e r ­

a t o r was used t o c o l l e c t the i n t e n s i t y da t a . 

A P i c k e r automated f o u r - c i r c l e d i f f r a c t o m e t e r equ ipped wi th a 

P i c k e r f u l l wave X-ray g e n e r a t o r was used t o c o l l e c t the d i f f r a c t o m e t e r 
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d a t a . Z i rcon ium f i l t e r e d Mo Ka r a d i a t i o n was used f o r da ta c o l l e c t i o n . 

The d i f f r a c t o m e t e r was automated by a d i r e c t r e l a y t o an IBM 026 key 

punch, th rough which i n f o r m a t i o n was conveyed t o and from the d i f f r a c ­

tomete r by punched c a r d s . A Nal ( T I ) s c i n t i l l a t i o n d e t e c t o r was used 

t o count the d i f f r a c t e d r a d i a t i o n . 

A Univac 1108 computer was used e x t e n s i v e l y i n the s t r u c t u r e 

d e t e r m i n a t i o n s . An o f f - l i n e Calcomp p l o t t e r , C a l i f o r n i a Computer 

P r o d u c t s , I n c . , was used t o p l o t the m o l e c u l a r s t r u c t u r e s shown i n the 

t e x t . 

M i s c e l l a n e o u s 

Unless o t h e r w i s e s t a t e d , a l l c o n c e n t r a t i o n s and e v a p o r a t i o n s 

were performed us ing a m o d i f i e d , a l l g l a s s R i n c o (Model VE-1000A) 

r o t o r y e v a p o r a t o r at water a s p i r a t o r vacuum and steam bath temperature 

o r a t o i l pump vacuum and wate r bath t empera tures o f 50° o r l e s s . Dry­

ing o f s o l u t i o n s and e x t r a c t s i n o r g a n i c s o l v e n t s was a c c o m p l i s h e d , 

u n l e s s o t h e r w i s e s t a t e d , by the a d d i t i o n o f anhydrous sodium s u l f a t e 

o 

o r m o l e c u l a r s i e v e s (Linde 3 o r 4 A , 1 /16° p e l l e t s ) . The d r y i n g agent 

was removed by g r a v i t y f i l t r a t i o n and washed t h o r o u g h l y wi th s e v e r a l 

f r e s h p o r t i o n s o f s o l v e n t . 

A l l m e l t i n g p o i n t s were o b t a i n e d us ing a K o f l e r ho t s t age and 

a re c o r r e c t e d . M i c r o a n a l y s e s were performed by Bernhardt L a b o r a t o r i e s 

(Mulheim, West Germany). 

Anhydrous e the r ( F i s h e r r eagen t E-138) was s t o r e d o v e r sodium 

r i b b o n . A l l s o l v e n t s were r e d i s t i l l e d and s t o r e d as d e s c r i b e d e l s e -

28 
where . The n - b u t y l l i t h i u m was o b t a i n e d from A l f a I n o r g a n i c s , I n c . 
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as a 2 1 . 1 wt p e r cen t s o l u t i o n i n hexane (ea. 2.25M) and used as 

r e c e i v e d . Diazomethane was genera ted from EXR-101 o b t a i n e d from 

E. I . Dupont Nemours, I n c . (Gibbs town, New J e r s e y ) , b y the method 

29 
d e s c r i b e d e l s e w h e r e . Diazoethane was p repared by the method 

d e s c r i b e d f o r d iazomethane , bu t b i s - ( / l / - e t h y l - / l / - n i t r o s o ) t e r e p h t h a l a m i d e 

30 

p repared by s tandard methods was s u b s t i t u t e d f o r EXR-101. 

Throughout the expe r imen ta l t e x t the s o l v e n t s h i g h , medium, 

and l ow b o i l i n g pe t ro leum e the r r e f e r t o s o l v e n t s p u r i f i e d a s f o l l o w s : 

High b o i l i n g pe t ro leum e the r was P r a c t i c a l Grade Eastman L i g r o i n 

( d e n s i t y 0 . 6 9 - 0 . 7 1 / 2 0 ° ) t ha t was g l a s s d i s t i l l e d and t he f r a c t i o n 

b o i l i n g at 1 0 5 ° - 1 1 5 ° ( u n c o r r e c t e d ) was c o l l e c t e d and s t o r e d o v e r 

sodium r i b b o n ; medium b o i l i n g pe t ro leum e the r was P r a c t i c a l Grade 

Eastman L i g r o i n ( d e n s i t y 0 . 6 8 - 0 . 7 0 / 2 0 ° ) tha t was g l a s s d i s t i l l e d and 

the f r a c t i o n b o i l i n g a t 66-7 5° ( u n c o r r e c t e d ) was c o l l e c t e d ; low b o i l i n g 

pe t ro leum e the r was P r a c t i c a l Grade Eastman L i g r o i n ( d e n s i t y 0 . 6 3 -

0 . 6 4 / 2 0 ° , bp 3 5 - 6 0 ° ) s t o r e d as r e c e i v e d o v e r sodium r i b b o n . 

In t h e t a b l e s and t e x t , numbers i n pa ren theses t ha t f o l l o w 

numer ica l data r e p r e s e n t the e s t ima ted s tandard d e v i a t i o n i n the 

l a s t s i g n i f i c a n t d i g i t . 

The atom numbering system used in the F i g u r e s c o r r e s p o n d s t o 

the o r d e r i n which the atoms were l o c a t e d and d o e s no t c o r r e s p o n d t o 

any c h e m i c a l c o n v e n t i o n . 
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V i o c i d i c Ac id 

D e s c r i p t i o n and Mounting o f the C r y s t a l 

A s o l u t i o n o f v i o c i d i c a c i d d ihydrobromide i n a c e t o n e - w a t e r 

(aa. 1 : 1 ) was s l o w l y c o o l e d , and c l e a r c o l o r l e s s c r y s t a l s were 

o b t a i n e d (mp 200-205° d e c ) . From t h e s e c r y s t a l s a s u i t a b l e n e e d l e 

shaped c r y s t a l was chosen wi th d imens ions aa. 0 .5 x 0 .25 x 0 .25 mm. 

A s e c t i o n o f the c r y s t a l p e r p e n d i c u l a r t o the n e e d l e a x i s was a p p r o x i ­

mate ly a r e g u l a r hexagon. The d e n s i t y o f a c r y s t a l was o b t a i n e d by 

mixing ca rbon t e t r a c h l o r i d e and bromoethane u n t i l a s o l u t i o n was found 

in which the c r y s t a l would remain s t a t i o n a r y . The d e n s i t y o f t h i s 

_3 

s o l u t i o n was then measured a t 20° and was found t o be 1.8 5 4 ( 2 ) g cm 

The c r y s t a l was c a r e f u l l y g lued o n t o a g l a s s f i b e r ; the n e e d l e 

a x i s was o r i e n t a t e d p a r a l l e l t o the f i b e r a x i s . The g l a s s f i b e r was 

g lued t o a s tandard s i z e meta l p i n , and the p i n was then mounted on a 

s tandard gon iomete r head. 

O r i e n t a t i o n o f t h e C r y s t a l a n d C o l l e c t i o n o f I n t e n s i t y D a t a 

The c r y s t a l was a l i g n e d on a Buerger p r e c e s s i o n camera by the 
31 ° 

methods d e s c r i b e d e l sewhere u s ing Mo Ka r a d i a t i o n (X = 0 .7093 A ) . 

The o r i e n t a t i o n photographs showed zones a t s p i n d l e s e t t i n g s o f 121° 

0 ' and 30° 0 ' . Z e r o and f i r s t upper l e v e l pho tographs a t bo th o f 

t h e s e s p i n d l e s e t t i n g s were t a k e n , and a l l pho tographs p o s s e s s e d m i r r o r -

m i r r o r symmetry, which p l a c e d the c r y s t a l i n the o r tho rhombic sys tem. 

The s y s t e m a t i c z e r o l e v e l e x t i n c t i o n s a l o n g the hOO l i n e when 7 z = 2 n + l , 

a l ong the OkO l i n e when k = 2 n + l , and a l o n g the 001 l i n e when 1 - 2 n + l , 

i n d i c a t e d the space group P2 2 2 . A photograph was taken h a l f way 
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between the z e r o and f i r s t l e v e l t o i n v e s t i g a t e t he p o s s i b i l i t y o f the 

space group be ing f a c e c e n t e r e d . The photograph showed no r e f l e c t i o n ; 

t h i s s u b s t a n t i a t e d the assignment o f the space group as p 2 ^ 2 ^ 2 . 

Film measurement o f the r e c i p r o c a l c e l l d imens ions were 

ft A ft t 
a - 5 .22 mm, b = 3 .49 mm, and o = 2 .78 mm. The d i r e c t c e l l dimen-

ft O 

s i o n s o f a was c a l c u l a t e d from a by the r e l a t i o n s h i p a - 0 .7093 A * 

60 mm/a . The d i r e c t c e l l d imens ions b and o were o b t a i n e d from 

o o 
ana logous e q u a t i o n s t o g i v e v a l u e s o f a = 8 . 1 7 ( 2 ) A , b = 1 2 . 2 2 ( 2 ) A , 

o 

and o - 1 5 . 3 4 ( 2 ) A . The c a l c u l a t e d d e n s i t y based on fou r m o l e c u l e s 

o f Pep t ide I I I (CgH^^N^O^•2HBr•H^O, mol wt = 4 2 1 . 1 1 ) and a u n i t c e l l 

volume o f 1 5 3 1 . 5 A 3 was 1 . 8 3 2 ( 2 ) g c m " 3 . 

The g o n i o m e t e r , wi th the c r y s t a l i n t a c t , was t r a n s f e r r e d t o a 

Weissenberg camera f o r c o l l e c t i o n o f i n t e n s i t y d a t a . A f t e r c h e c k i n g 

the a l ignment o f the camera in r e l a t i o n t o the X- ray beam, a r o t a t i o n a l 
o 

photograph was taken us ing n i c k e l f i l t e r e d Cu Ka r a d i a t i o n (A = 1 . 5 3 9 A) 

t o check c r y s t a l a l i g n m e n t . A zero leve l photograph was exposed 

f o r 24 h r . From t h i s pho tog raph , an intense r e f l e c t i o n was chosen t o 

make a s tandard s e r i e s o f e x p o s u r e s . The s p i n d l e was se t t o a l i g n t h i s 

r e f l e c t i o n , and exposu re s were made on a f i l m f o r 1, 2 , 5 , 1 0 , and 

20 min b y moving the camera c a r r i a g e 4 mm between each e x p o s u r e . The 

one minute exposure was j u s t v i s i b l e on the d e v e l o p e d f i l m ; f o r t h i s 

r eason i t was chosen as t he t ime increment f o r a more comple t e s e r i e s 
t 

R e c i p r o c a l c e l l t r a n s l a t i o n s a re g i v e n in mm on the b a s i s o f a 
sphere o f r e f l e c t i o n o f 60 mm r a d i u s . S ince the v a l u e 60 mm c o r r e s p o n d s 
t o the c r y s t a l t o f i l m d i s t a n c e o f the p r e c e s s i o n camera , r e c i p r o c a l 
c e l l t r a n s l a t i o n s were measured d i r e c t l y from the f i l m . 3 2 
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o f e x p o s u r e s . Standard e x p o s u r e s o f 1 , 2 , 3 , 4 , 5, 6 , 7 , 8 , 9 , 1 0 , 1 1 , 

c i e n t (u) f o r v i o c i d i c a c i d was computed from the mass a b s o r p t i o n 
35 

c o e f f i c i e n t s ( y / p ) by means o f 1, where p . i s the weight f r a c t i o n o f 

A t o t a l o f 1031 independent r e f l e c t i o n s were read and c o r r e c t e d 

f o r Lo ren t z and p o l a r i z a t i o n e f f e c t s . 
34 

The l i n e a r a b s o r p t i o n c o e f f i -

n (_A 
( 1 ) 

element i i n the c r y s t a l and G i s the d e n s i t y . Va lues f o r ( y / p ) were 

1 2 , 1 4 , 1 6 , 1 8 , 2 0 , 2 2 , 24 , 28 , 3 2 , 3 6 , and 40 min were made on a 

s i n g l e f i l m . T h i s c o n s t i t u t e d the s e r i e s o f i n t e n s i t i e s wi th which 

the obse rved i n t e n s i t y data were compared. 

The l a y e r pho tographs were made u s ing the c o n v e n t i o n a l Weissen-

39 

burg geometry by p l a c i n g t h r e e f i l m s , separa ted by t h i n p a p e r , i n t o 

the camera and e x p o s i n g f o r 24 h r . Photographs were o b t a i n e d f o r each 

o f the hkl (/z = 0 , 7 ) l e v e l s . In a d d i t i o n , the hkl (/z = 0 , 4 ) l e v e l s 

r e q u i r e d a f o u r t h f i l m exposed f o r one hour . The t h r e e ( o r f o u r ) 

photographs f o r each l e v e l were d e v e l o p e d s i m u l t a n e o u s l y . The i n t e n s i ­

t i e s were e s t ima ted v i s u a l l y by comparing each r e f l e c t i o n wi th the 

s tandard s e r i e s o f i n t e n s i t i e s prepared from the same c r y s t a l . 

Film f a c t o r s were o b t a i n e d by r e c o r d i n g the i n t e n s i t y o f 80 

p a i r s o f r e f l e c t i o n s , which c o u l d be read a c c u r a t e l y on two f i l m s , 

and computing the average r a t i o o f t h e s e i n t e n s i t i e s . The ave rage 

v a l u e o f the r a t i o s o f the i n t e n s i t i e s o b t a i n e d f o r the f i r s t : s e c o n d 

and second .-third f i l m s f o r a l l e i g h t l e v e l s was 2 . 3 4 ( 6 ) . 
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3 6 

_ ^ ^ o b s d ^ ^ c a l c d ^ , n N 

o b s d 1 

34 
An e l e c t r o n d e n s i t y map was c a l c u l a t e d where the phases o f 

the F . , v a l u e s were based on the two bromide i o n s . From t h i s map i t 
obsd ^ 

was p o s s i b l e t o f i n d s i x peaks f o r atoms tha t were i n r e a s o n a b l e b o n d ­

ing d i s t a n c e o f one a n o t h e r . L o c a t i o n o f the remain ing atoms was 

a c h i e v e d by a sequence o f ( 1 ) a s t r u c t u r e f a c t o r c a l c u l a t i o n , based on 

the c o o r d i n a t e s o f atoms p r e v i o u s l y l o c a t e d t o o b t a i n phased ^ ^ S ( j 

v a l u e s and ( 2 ) an e l e c t r o n d e n s i t y F o u r i e r c a l c u l a t i o n us ing the phased 

F , n v a l u e s t o o b t a i n c o o r d i n a t e s f o r a d d i t i o n a l a toms . A newly 
obsd 

o b t a i n e d from International Tables for X-ray Crystallography. The 

l i n e a r a b s o r p t i o n c o e f f i c i e n t so computed was u = 7 7 . 5 4 cm A b s o r p ­

t i o n c o r r e c t i o n s were computed assuming the c r y s t a l was a c y l i n d e r o f 

37 

mean r a d i u s 0 .1 mm. No e x t i n c t i o n c o r r e c t i o n s were made. 

S t ruc tu re S o l u t i o n and Refinement 

The s t r u c t u r e o f v i o c i d i c a c i d was de termined by a c o n v e n t i o n a l 
38 . . 39 

a p p l i c a t i o n o f the heavy atom method. A t h r e e - d i m e n s i o n a l P a t t e r s o n 
34 

s y n t h e s i s c a l c u l a t e d from the c o r r e c t e d i n t e n s i t y data r e v e a l e d a s e t 

o f h igh i n t e n s i t y v e c t o r s c o n s i s t e n t wi th the P 2 ^ 2 ^ 2 ^ space g r o u p . The 

f r a c t i o n a l c o o r d i n a t e s o f the two bromide i o n s were o b t a i n e d from t h e s e 

v e c t o r s , and a s t r u c t u r e f a c t o r c a l c u l a t i o n based on t h e s e c o o r d i n a t e s 

( x = 0 . 5 6 , y = 0 . 5 7 , z = 0 . 3 3 , x 2 = 0 . 6 0 , y 2 = 0 . 3 3 , z 2 = - 0 . 4 3 ) 
40 

gave a R^ va lue o f 0 . 2 7 0 5 , where R^ i s d e f i n e d by Equat ion 2 . 
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l o c a t e d atom was c o n s i d e r e d v a l i d when the atom c o o r d i n a t e s r e f i n e d 

t o a s t a b l e p o s i t i o n and the magnitude o f the i s o t r o p i c tempera ture 

41 

f a c t o r was l e s s than s i x . Seve ra l c y c l e s o f r e f inemen t o f a l l the 

a tomic c o o r d i n a t e s , s c a l e f a c t o r s , and i s o t r o p i c tempera ture f a c t o r s 

gave a v a l u e o f 0 . 1 3 0 5 . Ten r e f l e c t i o n s su spec t ed o f b e i n g e f f e c t e d 

by e x t i n c t i o n were removed from the data s e t . 

A l l l i g h t atoms i n the s t r u c t u r e had been a s s i g n e d a s c a r b o n . 

The t h r e e atoms t h a t had low i s o t r o p i c tempera ture f a c t o r s ( 0 . 1 - 0 . 3 ) 

were a l l i n l o g i c a l p o s i t i o n s f o r water m o l e c u l e s and were a s s i g n e d 

as oxygen a toms . The p r o c e s s o f r e f i n i n g c o o r d i n a t e s and i s o t r o p i c 

tempera ture f a c t o r s was r e p e a t e d f o r t en c y c l e s . Th i s r e v e a l e d f i v e 

atoms tha t had low i s o t r o p i c temperature f a c t o r s ( 0 . 2 - 0 . 8 ) , and t h e s e 

were a s s i g n e d as n i t r o g e n a toms . An a d d i t i o n a l f i v e c y c l e s o f r e f i n i n g 

a l l a tomic c o o r d i n a t e s , s c a l e f a c t o r s , and i s o t r o p i c tempera ture f a c ­

t o r s gave an R^ v a l u e o f 0 . 1 1 0 1 . 

A l l r e f i n e m e n t s were f u l l ma t r ix l e a s t - s q u a r e s , and the f u n c t i o n 

minimized i s g i v e n in Equat ion 3 , where w i s the weigh t a s s i g n e d t o a 

p a r t i c u l a r r e f l e c t i o n . A l l p r e v i o u s r e f i n e m e n t s were based on u n i t 

E = I w < l F v a I - l F i a I ) 2 ( 3 ) L 1 o b s d 1 1 c a l c d 1 v J 

w e i g h t s f o r a l l r e f l e c t i o n s . S ince i t was p o s s i b l e t o measure t h e 

i n t e n s i t y o f some r e f l e c t i o n s more a c c u r a t e l y than o t h e r s , a w e i g h t i n g 

scheme was d e v i s e d t o g i v e the l e s s a c c u r a t e r e f l e c t i o n s l e s s w e i g h t . 

I t was p o s s i b l e t o measure i n t e n s i t i e s ( I ) between 6 and 14 most 
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a c c u r a t e l y . Any r e f l e c t i o n tha t had an i n t e n s i t y l e s s than 6 was 

a s s i g n e d a we igh t w = / l / 6 . I n t e n s i t i e s g r e a t e r than o r equa l t o 6 

and l e s s than o r equal t o 70 were a s s i g n e d u n i t we igh t (w = 1 ) . The 

2 ~ 

va lue 70 was chosen r a t h e r than 14 because 14 x f i l m f a c t o r = 7 0 . 

I n t e n s i t i e s g r e a t e r than 70 were a s s i g n e d we igh t s w = / 7 0 / I . S e v e r a l 

c y c l e s o f r e f i nemen t u s ing the w e i g h t i n g scheme y i e l d e d an v a l u e o f 
37 

0 .1095 and an R^ v a l u e o f 0 . 1 1 4 1 , where R 2 i s d e f i n e d by Equat ion 4 . 

R 2 = 

I W ( | f 

^ 1 / 2 

obsd ^ c a l c d ^ 

I w F obsd 

( 4 ) 

The i s o t r o p i c tempera ture f a c t o r s o f the two bromide i o n s were 

c o n v e r t e d t o a n i s o t r o p i c tempera ture f a c t o r s . Refinement o f a l l a tomic 

c o o r d i n a t e s , s c a l e f a c t o r s , and a n i s o t r o p i c tempera ture f a c t o r s us ing 

the we igh t ing scheme on 1021 r e f l e c t i o n s y i e l d e d an R^ v a l u e o f 0 .0901 

and an R 2 v a lue o f 0 . 0 9 5 0 . The v a l u e s o f and R^ f o r the 910 r e f l e c ­

t i o n s t h a t were g r e a t e r than t h e i r e s t ima ted s tandard d e v i a t i o n s were 

0 .0852 and 0 . 0 9 4 6 , r e s p e c t i v e l y . 

To de te rmine the a b s o l u t e c o n f i g u r a t i o n o f v i o c i d i c a c i d , i t was 

n e c e s s a r y t o c o r r e c t the s c a t t e r i n g f a c t o r o f the bromide i o n s f o r the 

r e a l ( A f ' ) and imaginary ( A f " ) p o r t i o n s o f anomalous d i s p e r s i o n . The 

42 

c o r r e c t i o n s f o r the r e a l p o r t i o n o f the anomalous d i s p e r s i o n were : 

A f = - 0 . 9 , s i n G /A = 0; Af ' = - 1 . 0 , s i n G /A = 0 . 6 . Values o f Af ' f o r 

i n t e r m e d i a t e s i n 0 / A were o b t a i n e d by i n t e r p o l a t i o n . C o r r e c t i o n s f o r 

the imaginary p o r t i o n were : Af" = 1 . 5 , s i n 0 / A = 0; Af" = 1 . 4 , 
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sine/A = 0 . 4 ; Af" = 1 . 3 , sinG/A = 0 . 6 . The two s e t s o f c o o r d i n a t e s 

c o r r e s p o n d i n g t o the two enant iomers shown by s t r u c t u r e s 6_ and 6_' gave 

v a l u e s o f 0 .0901 and 0 .0922 f o r enant iomer 6_ and enant iomer 6 '̂ , 

r e s p e c t i v e l y , a f t e r e i g h t c y c l e s r e f i n i n g a tomic c o o r d i n a t e s , s c a l e 

43 
f a c t o r , and a n i s o t r o p i c tempera ture f a c t o r s . Hamilton p r o p o s e d a 

s i g n i f i c a n c e t e s t on the R f a c t o r r a t i o t h a t has been a p p l i e d t o 

4 4 , 4 5 
s e v e r a l d e t e r m i n a t i o n s o f a b s o l u t e c o n f i g u r a t i o n . The r a t i o o f 

the R^ v a l u e s f o r the f i n a l r e f inemen t was 1 . 0 2 3 . An a p p l i c a t i o n o f 

43 

H a m i l t o n ' s s i g n i f i c a n c e t e s t r e s u l t e d i n the ass ignment o f enant iomer 

6 as t he c o r r e c t a b s o l u t e c o n f i g u r a t i o n wi th a c o n f i d e n c e l e v e l o f 

b e t t e r than 9 9 . 5 per c e n t . The o b s e r v e d s t r u c t u r e f a c t o r s and the 

c a l c u l a t e d s t r u c t u r e f a c t o r s f o r the 1021 r e f l e c t i o n s are g i v e n i n 

Tab le 2 . The a tomic c o o r d i n a t e s , t h e i r e s t ima ted s tandard d e v i a t i o n s , 

and the i s o t r o p i c tempera ture f a c t o r s a r e g i v e n i n Tab le 3 f o r the non-

hydrogen atoms o f v i o c i d i c a c i d . A d i f f e r e n c e F o u r i e r d i d not r e v e a l 

any s i g n i f i c a n t p e a k s . 

T a b l e s 2 and 3 appear on the f o l l o w i n g p a g e s : 
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Tab le 2. Observed and C a l c u l a t e d S t r u c t u r e 
F a c t o r s f o r V i o c i d i c A c i d Dihydrobromide 

H K L F O F C H K L F O F C H K L F 0 F C 

0 0 4 1 1 1 2 0 5 8 34 31 1 0 7 55 54 
0 0 8 9 7 9 4 0 5 9 7 3 7 5 1 0 8 65 68 
0 0 1 0 90 89 0 5 1 0 4 4 36 1 o 1 1 1 7 1 2 
0 0 1 2 7 8 84 0 5 1 1 36 33 1 0 1 2 28 24 
0 0 1 4 1 4 1 1 0 5 1 2 20 1 5 1 0 1 3 49 48 
0 1 3 49 54 0 5 1 3 3 7 •a i, 1 0 1 4 22 1 9 
0 1 4 1 2 6 1 2 5 0 6 0 34 32 1 1 1 44 4 4 
0 1 5 98 98 0 6 1 35 36 1 1 2 85 96 
0 1 7 7 1 7 0 0 6 2 62 59 1 1 3 82 88 
0 1 8 64 62 0 6 3 25 2 1 1 1 4 30 25 
0 1 9 39 33 0 6 4 3 7 3 7 1 1 5 6 1 59 
0 1 1 0 2 7 20 0 6 5 42 4 1 1 1 6 2 7 23 
u 1 1 3 28 2 4 0 6 6 91 9 1 1 1 7 48 48 
0 1 1 5 60 58 0 6 7 1 2 4 1 1 8 34 30 
0 1 1 6 3 7 38 0 6 .9 23 1 9 1 1 9 7 1 69 
0 2 1 36 4 4 0 6 1 0 31 29 1 1 1 0 59 63 
0 2 2 45 43 0 6 1 1 24 1 6 1 1 1 1 56 54 
0 2 3 95 1 0 0 0 6 1 4 4 3 5 1 1 1 1 2 25 23 
0 2 4 30 2 4 0 7 1 1 0 4 1 1 0 1 1 1 3 32 3 1 
0 2 5 33 31 0 7 2 1 0 5 1 1 6 1 1 1 5 22 1 8 
0 2 6. 90 88 0 7 3 49 4 9 1 2 0 55 59 
0 2 7 52 55 0 7 4 39 4 1 1 2 1 7 3 7 8 
0 2 8 28 22 0 7 5 48 48 . 1 2 2 1 1 4 1 1 9 
0 2 9 81 8 1 0 7 6 1 7 1 6 1 2 3 6 7 60 
J 2 1 1 8 1 8 7 0 7 7 63 60 1 2 5 34 2 7 
0 2 1 2 4 1 31 0 7 8 42 3 8 1 2 6 88 98 
0 2 1 4 31 30 0 7 9 46 40 1 2 7 . 49 49 
0 3 1 2 7 26 0 7 1 0 6 7 7 1 1 2 8 1 7 1 3 
0 3 2 9 7 99 0 7 1 2 31 2 7 1 2 9 52 5 1 
0 3 3 1 5 1 1 5 9 0 7 1 4 2 1 1 3 1 2 1 0 46 42 
0 3 4 7 7 83 0 8 0 98 1 0 0 1 2 1 1 46 43 
0 3 5 7 8 7 8 0 8 2 4 9 48 1 2 1 2 31 28 
0 3 6 90 99 0 8 3 56 52 1 2 1 3 26 22 
0 3 7 6 1 5 7 0 8 4 28 25 1 2 1 4 4 1 4 8 
0 3 9 68 69 0 8 5 7 5 7 4 1 2 1 5 25 24 
0 3 1 0 36 3 1 0 8 8 39 32 1 2 1 6 23 2 4 
0 3 1 1 23 1 5 0 8 9 24 22 1 3 0 90 1 0 4 
0 3 1 2 52 49 0 8 1 0 46 45 1 3 1 1 0 9 1 2 3 
0 4 0 1 7 1 1 0 8 1 2 33 31 1 3 2 1 2 3 1 3 4 
0 4 i 1 2 7 1 3 3 0 8 13 1 7 1 5 1 3 3 68 6 7 
0 4 2 30 32 0 9 1 45 4 1 1 3 4 7 7 8 1 
0 4 3 1 0 5 1 1 0 0 9 2 23 1 3 1 3 5 65 6 7 
0 4 4 2 7 2 7 0 9 4 9 1 95 1 3 6 31 2 7 
c 4 5 84 83 0 9 5 1 9 1 3 1 3 7 93 1 0 0 
0 4 6 1 4 1 2 0 9 7 20 20 1 3, 8 64 63 
0 4 7 36 3 1 0 9 8 6 1 60 1 3 9 42 36 
0 4 8 45 43 0 9 9 31 36 1 3 1 0 4 7 4 4 
0 4 9 7 1 68 0 9 1 2 3 7 4 0 1 3 1 1 3 7 36 
0 4 1 0 32 2 9 0 1 0 1 6 3 56 1 3 1 2 32 2.9 
0 4 1 1 23 1 6 0 1 0 3 46 4 4 1 3 1 3 26 23 
0 4 1 3 56 56 0 1 0 4 39 3 7 1 3 1 4 3 7 38 
G 5 1 1 0 8 1 1 5 0 1 0 6 3 7 36 1 3 1 5 25 1 9 
0 5 2 7 1 65 0 1 0 7 8 1 85 1 3 1 6 20 20 
0 5 3 52 52 0 1 0 8 31 28 1 4 0 1 3 2 1 4 4 
0 5 4 . 9 9 0 1 0 1 1 3 7 35 .1 4. 1 1 1 0 1 2 1 
0 5 6 46 54 0 1 0 1 2 25 2 4 1 4 2 23 2 7 
0 5 7 32 3 1 1 0 2 3 7 29 1 4 3 39 3 7 

1 ' 0 3 45 45 



T a b l e 2 . ( C o n t i n u e d ) 

K L F O F C H K L F O F C H K L F O F C 

4 4 "89 95 8 7 34 31 2 1 9 26 2 4 
4 5 56 54 1 8 8 3 7 29 2 1 1 0 32 2 9 
4 6 58 5 7 1 8 9 3 5 30 2 1 1 1 1 6 1 1 
4 7 35 35 I 8 1 0 1 8 1 6 2 1 1 2 3 7 34 
4 8 89 9 7 8 1 2 25 1 9 2 1 1 3 38 4 1 
4 9 49 52 1 9 0 64 62 2 1 1 4 42 46 
4 1 0 ... 39 3 3 1 9 1 52 56 2 1 1 6 30 3 1 
4 1 1 33 26 1 9 2 24 1 8 2 2 0 7 4 8 1 
4 1 2 45 4 4 1 9 3 28 20 2 2 1 9 1 92 
4 1 3 32 2 7 1 9 4 42 39 2 2 2 92 99 
4 1 4 22 2 1 1 9 5 1 8 1 0 2 2 3 45 38 
5 0 52 56 1 9 7 26 23 2 2 4 66 63 

1 29 30 1 9 8 29 2 7 2 2 5 68 62 
5 2 24 2 4 9 9 55 5 7 2 2 6 4 4 4 6 
5 3 82 82 1 9 1 0 28 28 2 2 7 7 2 7 3 
5 4 1 1 5 1 2 3 1 9 1 1 1 7 1 4 2 2 8 20 1 0 
5 5 65 63 1 9 1 2 1 6 1 9 2 2 9 28 2 4 
5 6 38 3 7 1 9 1 3 23 20 2 2 1 0 58 6 1 

7 49 45 1 1 0 1 1 8 1 1 2 2 1 1 51 46 
5 8 55 54 1 0 2 66 6 7 2 2 1 2 1 7 1 3 
c 9 36 33 I 1 0 3 4 1 38 2 2 1 3 25 2 1 
5 1 1 29 25 I 1 0 4 35 3 5 2 2 1 4 30 2 9 
5 1 2 45 46 I 1 0 5 3 7 39 2 2 1 5 29 28 
5 1 3 1 3 1 2 1 1 0 6 63 66 2 3 0 40 36 
5 1 4 3 1 3 1 1 10 7 29 2 7 2 3 1 98 1 0 2 
5 1 5 23 23 1 1 0 8 1 8 1 4 2 3 2 93 9 1 
6 0 66 69 1 1 0 9 1 7 1 4 2 3 3 7 0 7 4 
6 1 83 7 9 1 1 0 1 1 1 9 1 7 2 3 4 25 20 
6 2 38 30 1 1 1 2 56 65 2 3 5 6 7 7 0 
6 3 48 4 4 1 1 1 3 22 1 6 2 3 6 94 1 0 3 
6 4 2 7 23 1 1 1 4 22 1 9 2 3 7 1 6 1 3 
6 5 23 1 9 1 1 1 6 22 1 5 2 3 8 34 30 
6 6 4 7 4 4 1 1 1 7 2 1 1 5 2 3 9 48 43 
6 7 4 9 54 1 1 1 8 2 4 25 2 3 1 0 3 1 25 
6 8 42 4 0 1 12 4 28 23 2 3 1 1 56 62 
6 9 35 29 1 1 2 5 36 43 2 3 1 2 3 1 2 4 
6 1 0 48 4 9 I 12 6 35 3 7 2 3 1 3 25 22 
6 1 1 49 50 2 0 2 5 5 5 1 2 3 1 4 2 1 1 6 
6 1 2 32 30 2 0 3 1 2 3 1 2 8 2 3 1 5 26 23 
6 1 3 25 1 9 2 0 4 4 7 45 2 4 0 83 80 
6. 1 4 1 7 1 8 2 0 5 42 39 2 4 1 8 1 7 9 
7 0 25 1 8 2 0 6 1 4 9 2 4 2 39 35 
7 1 29 25 2 0 7 66 59 2 4 3 38 31 
7 2 50 48 2 0 8 51 48 2 4 4 1 4 2 1 4 6 
7 3 88 93 2 0 9 1 0 0 9 8 2 4 5 58 63 
7 4 54 54 2 0 1 0 54 5 7 2 4 6 62 66 
7 5 69 7 1 2 0 1 1 3 7 29 2 4 7 43 38 
7 6 68 6 7 2 0 1 2 24 1 5 2 4 8 3 7 34 
7 7 65 6 8 2 0 1 3 4 7 52 2 4 9 32 26 
7 9 39 36 2 0 1 5 1 7 1 4 2 4 1 1 3 7 36 
7 1 0 32 28 2 1 1 53 53 2 4 1 2 40 39 
7 1 1 29 24 2 1 3 8 1 7 9 2 4 1 3 28 2 4 
7 1 2 26 22 2 1 4 82 8 3 2 4 1 4 32 34 
8 0 52 52 2 1 5 85 89 2 5 0 8 7 88 
8 1 46 4 4 2 1 6 6 1 65 2 K 1 4 4 39 
8 2 28 2 4 2 1 7 6 7 66 2 5 2 45 4 7 
8 4 29 26 2 8 7 3 7 7 2 5 3 4 1 36 
& 5 7 1 7 3 
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H K L FO FC 

2 5 4 39 40 
2 5 6 10 6 
2 5 7 28 24 
2 5 8 65 72 
2 5 9 41 36 
2 5 10 49 4 7 
2 5 11 40 34 
2 5 12 36 39 
2 5 13 21 14 
2 6 0 24 21 
2 6 1 73 77 
2 6 2 67 59 
2 6 3 65 6 3 
2 6 4 32 24 
2 6 5 56 56 
2 6 6 58 59 
2 6 7 65 66 
2 6 8 20 13 
2 6 9 24 19 
2 6 10 17 12 
2 6 11 47 50 
2 6 12 28 30 
2 6 13 17 12 
2 6 14 20 21 
2 7 0 59 64 
2 7 1 77 79 
2 7 2 68 67 
2 7 3 49 45 
2 7 4 44 39 
2 7 5 1 9 14 
2 7 6 43 4 3 CM 7 7 41 43 
2 7 8 46 52 
2 7 9 31 34 
2 7 10 25 24 
2 7 11 35 39 
2 7 12 17 17 
2 7 13 16 13 
2 7 14 18 18 
2 8 0 73 77 
2 8 1 42 37 
2 8 2 30 22 
2 8 3 36 32 
2 8 4 56 56 
2 8 5 32 29 
2 8 6 37 31 
2 8 7 25 24 
2 8 8 38 33 
2 8 9 44 49 
2 8 10 31 28 
2 8 11 24 24 
2 8 12 37 39 
2 8 13 19 2 2 
2 8 14 19 17 
2 9 0 24 17 
2 9 1 34 29 
2 9 2 24 16 

T a b l e 2. ( C o n t i n u e d ) 

H K L FO FC 

2 9 3 52 54 
2 9 4 46 51 
2 9 5 74 80 
2 9 6 28 20 
2 9 7 18 14 
2 9 8 22 19 
2 9 9 28 28 
2 9 10 17 12 
2 9 11 2 0 20 
2 9 12 21 19 
2 10 1 58 62 
2 10 2 47 52 
2 10 3 22 16 
2 10 4 12 9 
2 10 5 12 11 
2 10 6 25 18 
2 10 7 30 26 
2 10 8 12 11 
2 10 9 26 26 
2 10 11 18 18 
2 10 10 41 44 
2 11 2 36 32 
2 11 3 40 37 
2 11 5 35 37 
2 11 6 49 51 
2 11 7 26 25 
3 0 3 65 71 
3 0 4 120 131 
3 0 6 35 32 
3 0 7 22 19 
3 0 8 70 77 
3 0 9 32 29 
3 0 11 24 27 
3 0 12 39 33 
3 0 13 12 8 
3 0 14 21 20 
3 1 1 50 46 
3 1 2 39 38 
3 3 118 125 
3 1 4 39 3 3 
3 1 5 32 28 
3 1 6 45 41 
3 1 7 60 63 
3 1 8 62 63 
3 1 9 46 40 
3 1 10 36 34 
3 1 11 4 5 51 
3 1 12 53 57 
3 1 13 12 13 
3 1 14 17 14 
3 2 0 42 47 
3 2 1 34 37 
3 2 2 52 46 
3 2 3 85 86 
3 2 5 70 80 
3 2 6 47 45 
3 2 7 59 61 

H K L FO FC 

3 2 8 3 5 34 
3 2 10 47 50 
3 2 11 27 25 
3 2 12 39 39 
3 2 13 17 16 
3 3 0 60 55 
3 3 1 80 80 
3 3 2 42 33 
3 3 3 38 32 
3 3 4 56 52 
3 3 5 57 50 
3 3 6 104 112 
3 3 7 57 57 
3 3 8 49 43 
3 3 9 27 22 
3 3 10 36 31 
3 3 11 42 41 
3 3 13 21 18 
3 3 14 29 26 
3 4 1 115 128 
3 4 2 11 13 
3 4 3 58 63 
3 4 4 61 59 
3 4 5 20 16 
3 4 6 57 58 
3 4 7 21 13 
3 4 8 35 35 
3 4 9 87 95 
3 4 11 25 24 
3 4 12 25 21 
3 4 13 21 24 
3 5 0 27 20 
3 5 1 57 57 
3 5 2 35 34 
3 5 71 79 
3 5 4 36 27 
3 5 5 66 68 
3 5 6 56 51 
3 5 7 38 32 
3 5 8 16 11 
3 5 9 40 34 
3 5 10 27 23 
3 5 11 12 10 
3 5 12 21 22 
3 5 13 42 47 
3 6 0 16 11 
3 6 1 36 30 
3 6 2 92 105 
3 6 3 55 50 
3 6 4 44 39 
3 6 5 40 38 
3 6 6 65 66 
3 6 7 11 8 
3 6 8 34 29 
3 6 9 27 22 
3 6 10 57 62 
3 6 11 12 13 



T a b l e 2 

H K L FO FC H K 

3 6 12 2 4 2 2 4 1 
3 7 0 4 0 3 4 4 1 
3 7 1 3 0 2 7 4 1 
3 7 2 5 7 5 8 4 1 
3 7 3 5 3 4 8 4 1 
3 7. 4 4 5 4 0 4 1 
3 7 5 2 6 2 0 4 1 
3 7 6 5 7 6 0 4 1 
3 7 7 17 1 4 4 2 
3 7 8 2 7 2 9 4 2 
3 7 9 2 8 2 7 4 2 
3 >7 1 0 2 5 2 4 4 2 
3 7 1 1 2 4 2 3 4 2 
3 7 12 2 6 2 7 4 2 
3 8 1 6 1 58 4 2 
3 8 2 4 0 3 4 4 2 
3 8 4 6 3 6 8 4 2 
3 8 5 3 4 2 9 4 2 
3 8 . 6 12 1 1 4 2 
3 8 7 53 5 6 4 2 
3 8 8 4 7 4 9 4 3 
3 8 9 3 7 3 9 4 3 
3 8 10 2 7 2 3 4 3 
a 8 12 1 9 1 4 4 3 
3 9 0 9 2 9 8 4 3 
3 9 1 2 7 2 1 4 3 
3 9 2 2 1 1 6 4 3 
3 9 4 2 1 1 6 4 3 
3 9 5 33 3 1 4 3 
3 9 6 2 5 2 0 4 3 
3 9 7 4 3 4 4 4 3 
3 9 8 4 3 4 7 4 3 
3 9 10 3 1 2 9 4 3 
3 9 1 1 19 18 4 4 
3 10 1 17 13 4 4 
3 10 2 2 1 1 4 4 4 
3 10 3 4 3 4 5 4 4 
3 10 4 4 1 4 2 4 4 
3 10 5 3 5 3 3 4 4 
3 10 6 12 1 1 4 4 
3 10 7 3 4 3 3 4 4 
3 10 8 2 3 1 9 4 4 
3 1 1 2 17 1 7 4 4 
3 1 1 3 3 2 3 3 4 4 
3 1 1 4 2 7 2 7 4 4 
3 1 1 7 3 6 3 8 4 4 
4 0 2 4 1 3 7 4 4 
4 0 3 2 5 1 7 4 5 
4 0 4 3 7 3 6 4 5 
4 0 5 6 0 6 6 4 5 
4 0 6 2 8 3 1 4 5 
4 0 7 2 9 2 8 4 5 
4 0 8 5 1 5 1 4 5 
4 0 9 7 0 7 1 4 5 
4 0 13 2 2 2 0 4 5 
4 1 1 6 8 7 2 4 5 
4 1 2 4 3 4 1 

( C o n t i n u e d ) 

L FO FC H K L FO FC 

3 4 5 3 7 4 5 9 3 7 3 3 
4 4 4 4 4 4 5 10 2 3 1 9 
5 1 1 5 1 0 7 4 5 1 1 2 5 2 4 
6 7 7 8 6 4 5 12 2 9 32 
7 4 8 3 8 4 5 13 2 1 1 9 
8 5 0 4 0 4 6 0 32 3 1 
9 2 9 2 6 4 6 1 4 3 3 7 

13 • 5 1 52 4 6 2 2 8 3 7 
0 7 6 7 5 4 6 3 6 5 6 7 
1 18 1 9 4 6 4 3 0 2 7 
2 8 7 8 0 4 6 5 55 5 7 
3 7 1 7 8 4 6 6 37 3 9 
4 38 3 3 4 6 7 56 5 6 
5 4 5 4 5 4 6 8 37 3 7 
6 3 0 2 1 4 6 9 16 17 
7 4 9 4 6 4 6 1 0 1 9 2 1 
8 2 6 2 4 4 6 1 1 2 2 19 
9 2 3 2 3 4 . 6. 12 15 12 

10 7 6 7 6 4 6 13 14 1 4 
1 1 37 4 0 4 7 1 5 9 6 2 

0 6 7 6 4 4 7 2 3 1 3 1 
1 52 5 9 4 7 3 2 3 2 0 
2 55 5 4 4 7 4 3 4 2 8 
3 6 4 6 2 4 7. 5 4 1 4 2 
4 6 3 7 0 4 7 6 2 5 2 1 
5 2 9 2 3 4 7 7 3 4 32 
6 53 58 4 7 8 2 0 1 1 
7 2 1 17 4 7 9 2 3 18 
8 3 0 2 8 4 7 10 2 5 2 3 
9 1 0 3 4 7 1 1 3 0 3 2 

1 0 4 5 4 8 4 7 12 1 4 1 0 
1 1 3 0 3 1 4 8 0 2 6 2 4 
12 3 9 4 4 4 8 1 3 6 32 

0 6 0 6 8 4 8 2 3 3 2 7 
1 4 0 3 6 4 8 3 6 3 6 7 
2 5 1 4 7 4 8 4 5 9 6 3 
3 4 3 38 4 8 5 2 5 2 0 
4 9 4 9 6 4 8 6 3 6 3 2 
5 6 0 6 7 4 8 7 1 9 2 2 
6 2 5 2 3 4 8 8 1 1 8 
7 3 8 32 4 8 9 4 7 5 1 
8 5 1 5 5 4 8 10 10. 8 
9 2 4 2 5 4 8 1 1 2 3 2 5 

1 0 2 2 18 4 9 0 3 6 3 2 
1 1 2 5 2 7 4 9 1 1 9 1 6 
12 3 0 3 1 4 9 2 3 4 2 7 
13 2 9 2 3 4 9 3 16 8 

0 6 5 7 3 4 9 4 3 8 3 6 
1 7 5 8 0 4 9 5 3 6 3 9 
2 8 3 4 9 6 3 6 3 4 
3 3 1 2 4 4 9 7 2 2 2 1 
4 4 0 3 5 4 9 8 1 9 18 
5 3 9 3 8 4 9 9 15 15 
6 3 5 3 3 4 10 2 53 5 5 
7 4 6 4 7 4 10 3 32 2 8 
8 6 0 6 3 4 10 5 1 9 1 9 
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T a b l e 2 . ( C o n t i n u e d ) 

H < L F O F C H K L F O F C H < L F O F C 

4 10 6 22 16 5 4 4 16 13 5 8 9 2 4 19 
4 10 8 25 2 4 5 4 5 46 4 8 5 8 10 22 2 2 
4 10 9 2 7 30 5 4 6 10 10 5 9 0 30 2 7 
5 0 2 4 4 4 8 5 4 8 4 7 4 8 5 9 1 4 8 51 
5 0 3 58 5 3 5 4 9 36 36 5 9 4 2 8 21 
5 0 4 58 6 0 5 4 io 2 8 2 7 5 9 6 11 12 
5 0 5 6 5 6 7 5 4 11 19 16 5 9 7 34 33 
5 0 7 13 7 5 4 12 22 19 5 9 8 2 5 2 3 
5 0 8 38 3 3 5 4 13 14 11 5 9 9 2 9 31 
5 0 9 18 2 2 5 5 0 41 4 0 5 10 0 15 11 
5 0 10 30 3 5 5 5 1 4 9 4 4 5 10 1 11 9 
5 0 11 32 31 5 5 2 4 0 36 5 10 2 31 2 9 
5 0 13 38 38 5 5 3 16 15 5 10 3 41 4 5 
5 0 14 17 20 5 5 4 6 9 6 9 5 10 4 10 12 
5 1 1 77 7 9 5 5 5 4 7 4 5 5 10 5 2 3 2 3 
5 1 2 5 4 . 6 3 5 5 6 4 6 4 8 5 10 6 2 0 21 
5 1 3 31 2 9 5 5 7 4 4 4 7 5 10 7 1 7 18 
5 1 4 6 0 5 9 5 5 8 16 10 5 10 8 13 14 
5 1 5 ' 2 7 2 5 5 5 9 16 16 5 11 1 2 7 2 8 
5 1 6 31 31 5 5 10 16 16 5 11 2 35 4 1 
5 1 7 36 36 5 5 11 25 2 5 5 11 3 10 1 
5 1 8 41 3 9 .5 5 12 2 8 31 5 11 4 20 2 0 
5 1 9 50 5 0 5 5 13 22 2 5 5 11 5 19 2 0 
5 1 10 4 5 4 9 5 6 1 6 1 5 9 5 11 6 20 2 0 
5 1 11 2 8 28 5 6 2 4 7 4 8 6 0 • 2 13 13 
5 1 12 30 3 0 5 6 3 4 5 4 2 6 0 3 50 61 
5 1 13 22 18 5 6 4 21 14 6 0 4 2 7 21 
5 1 14 2 0 15 5 6 5 2 9 2 4 6 0 7 25 2 0 
5 2 0 26 2 5 5 6 6 22 13 6 0 8 4 3 4 6 
5 2 1 51 50 5 6 7 2 8 2 0 6 0 9 10 . 15 
5 2 2 7 9 9 1 5 6 8 2 5 2 4 6 0 10 2 4 2 4 
5 2 3 4 6 4 0 5 6 9 32 3 5 6 0 11 15 10 
5 2 4 31 3 4 5 6 10 2 9 28 6 0 12 2 8 3 4 
5 2 5 42 3 9 5 6 11 4 0 4 7 6 1 1 4 5 4 7 
5 2 6 60 6 7 5 6 12 17 15 6 1 2 18 13 
5 2 7 31 2 3 5 7 0 65 7 1 6 1 3 4 3 4 0 
5 2 8 6 0 6 7 5 7 1 32 2 8 6 1 4 56 56 
5 2 9 35 3 7 5 7 2 38 3 3 6 1 5 3 3 2 6 
5 2 10 2 5 21 5 7 3 31 2 4 6 1 7 5 0 53 
5 2 11 2 5 2 6 5 7 4 41 38 6 1 8 3 8 . 33 
5 2 12 11 5 5 7 5 37 32 6 1 9 21 14 
5 . 3 1 70 72 5 7 6 4 2 4 6 6 1 10 21 . 19 
5 3 2 3 9 3 4 5 7 7 34 32 6 1 11 14 12 
5 3 3 2 3 .2 5 5 7 8 16 16 6 1 12 2 2 21 
5 3 4 3 9 3 7 5 7 10 2 8 2 5 6 2 0 5 1 
5 3 5 . 4 2 3 4 5 7 11 17 19 6 2 1 4 5 4 4 
5 3 7 5 9 6 3 5 7 12 18 21 6 2 2 2 8 2 2 
5 3 8 21 15 5 8 0 57 56 6 2 3 55 5 9 
5 3 9 2 5 17 5 8 1 37 31 6 2 4 57 57 
5 3 10 22 15 5 8 2 4 8 4 8 6 2 5 8 5 
5 3 11 19 1 9 5 8 3 32 2 7 6 2 6 54 6 0 
5 3 13 2 8 2 9 5 8 4 4 3 4 5 6 2 7 52 6 1 
5 4 0 4 9 5 5 5 8 5 40 3 4 6 2 8 2 0 17 
5 4 1 4 7 38 1 5 8 6 3 4 31 6 2 9 3 3 3 4 
5 4 2 8 10 5 8 7 2 2 17 6 2 10 15 9 
5 4 3 62 66 5 8 8 . .. 41 4 8 6 2 11 2 7 2 7 
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T a b l e 2. ( C o n t i n u e d ) 

H K L FO FC H K L FO FC H K L FO FC 

6 2 12 20 24 6 7 9 13 9 7 3 3 9 3 
6 3 0 19 16 6 7 10 27 31 7 3 4 40 37 
6 3 1 47 41 6 8 0 49 54 7 3 5 30 25 
6 3 2 50 42 6 8 1 21 15 7 3 6 25 18 
6 3 3 43 35 6 8 2 33 32 7 3 7 26 25 
6 3 4 41 39 6 8 4 18 17 7 3 8 26 29 
6 3 5 30 25 6 8 5 31 32 7 3 9 10 9 
6 3 6 44 44 6 8 6 17 14 7 3 10 27 32 
6 3 7 10 8 6 8 7 14 13 7 4 0 59 52 
6 3 8 25 20 6 8 8 25 27 7 4 2 41 39 
6 3 9 37 39 6 8 9 12 13 7 4 3 . 23 15 
6 3 10 32 37 6 8 10 8 13 7 4 4 20 14 
6 3 11 18 20 6 9 0 14 9 7 4 5 25 22 
6 3 12 27 3 4 6 9 1 14 12 7 4 6 21 21 
6 0 42 40 6 9 2 18 14 7 4 7 26 27 
6 4 1 26 18 . 6 9 3 31 26 7 4 8 24 26 
6 4 2 44 41 6 9 4 40 41 7 4 10 22 26 
6 4 3 47 52 6 9 6 23 26 7 5 0 31 33 
6 4 4 16 14 6 10 0 17 21 7 5 1 17 13 
6 4 5 51 53 6 10 1 26 24 7 5 2 38 37 
6 4 6 43 41 6 10 2 13 13 7 5 3 49 46 
6 4 10 21 26 6 10 3 25 24 7 5 4 42 40 
6 4 8 28 24 6 10 4 26 25 7 5 5 37 40 
6 4 7 41 43 7 0 2 42 45 7 5 6 10 6 
6 4 9 23 20 7 0 3 31 34 7 5 7 21 22 
6 5 0 20 17 7 0 4 33 25 7 5 8 21 22 
6 5 1 65 74 7 0 5 39 46 7 5 9 10 11 
6 5 2 54 54 7 0 6 13 15 7 6 0 10 4 
6 5 3 30 25 7 0 7 23 24 7 6 1 39 37 
6 5 4 17 11 7 0 9 15 15 7 6 2 36 30 
6 5 5 30 30 7 0 10 18 24 7 6 3 30 25 
6 5 6 44 42 7 1 1 23 32 7 6 4 37 41 
6 5 7 26 19 7 1 2 36 45 7 6 5 10 10 
6 5 8 21 17 7 1 3 39 4 4 7 6 6 18 16 
6 5 9 45 52 7 1 4 12 7 7 6 7 21 22 
6 5 10 20 24 7 1 5 42 43 7 6 8 10 13 
6 5 11 17 16 7 1 6 34 33 7 7 0 32 32 
6 6 0 22 15 7 1 7 10 10 7 7 1 15 14 
6 6 1 31 31 7 1 8 26 20 7 7 2 28 27 
6 6 2 43 33 7 1 9 32 37 7 7 3 40 43 
6 6 3 20 17 7 1 10 10 13 7 7 4 18 15 
6 • 6 4 25 16 7 1 11 22 23 7 7 5 18 17 
6 6 5 21 16 7 2 0 14 12 7 7 6 17 11 
6 6 6 56 58 7 2 1 47 56 7 7 7 17 11 
6 6 7 26 26 7 2 2 48 48 7 7 8 16 15 
6 6 8 10 12 7 2 3 11 13 7 8 0 21 17 
6 6 9 20 21 7 2 4 28 23 7 8 1 39 40 
6 6 10 14 10 7 2 5 31 26 7 8 2 18 16 
6 7 0 18 13 7 2 6 43 47 7 8 3 20 18 
6 7 1 23 19 7 2 7 33 31 7 8 4' 20 15 
6 7 2 42 39 7 2 8 18 16 7 8 5 30 33 
6 7 3 30 27 7 2 9 24 28 7 8 6 9 6 
6 7 5 40 45 7 2 11 17 19 7 9 1 26 22 
6 7 6 26 23 7 3 0 52 49 7 9 2 29 28 
6 7 7 23 22 7 3 1 23 18 7 9 3 21 18 
6 7 8 22 23 7 3 2 43 38 7 9 4 16 18 
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Tab le 3 . F i n a l Leas t -Squa re s P o s i t i o n a l and 
Thermal Parameters f o r V i o c i d i c 

A c i d Dihydrobromide 

Atom X y z to
 

B r ( l ) 0, .5654( 3 ) 0 .5690( 2 ) 0 . 3 3 1 K 1 ) A 

B r ( 2 ) 0, ,5961( 3 ) 0 . 3 3 6 K 1 ) - 0 . 4 3 2 9 ( 1 ) A 

N(3) 0 . 2 6 4 5 ( 2 7 ) 0 . 3 1 3 6 ( 1 6 ) 0 . 2 3 8 8 ( 1 3 ) 2 . 9 1 ( 5 3 ) 
C ( 4 ) 0. , 3 3 6 5 ( 2 7 ) 0 . 3 8 0 0 ( 1 7 ) 0 . 1 8 5 3 ( 1 3 ) 1 . 6 3 ( 4 9 ) 
N(5) 0. , 2593(21 ) 0 . 4 7 3 6 ( 1 2 ) 0 . 1 6 7 4 ( 1 1 ) 1 . 5 1 ( 3 8 ) 
C ( 6 ) 0, . 3 1 7 8 ( 3 2 ) 0 . 5 4 2 8 ( 1 9 ) 0 . 0 9 5 1 ( 1 4 ) 2 . 6 4 ( 6 5 ) 
C ( 7 ) 0, . 4 9 6 4 ( 2 5 ) 0 . 5 3 6 9 ( 1 5 ) 0 . 0 6 9 3 ( 1 3 ) 1 . 4 4 ( 4 7 ) 
C ( 8 ) 0, . 5 8 0 4 ( 3 0 ) 0 . 4 3 6 9 ( 1 7 ) 0 . 1 0 4 3 ( 1 2 ) 2, . 0 3 ( 4 7 ) 
N(9) 0, . 4 6 7 8 ( 1 9 ) 0 . 3 5 2 0 ( 1 3 ) 0 .1394( 9 ) 1, . 5 6 ( 3 6 ) 
C ( 1 0 ) 0. , 6 8 1 3 ( 2 6 ) 0 . 3 8 8 5 ( 1 6 ) 0 . 0 2 6 6 ( 1 3 ) 1, . 6 1 ( 5 0 ) 
C ( l l ) 0. , 7 2 2 0 ( 2 8 ) 0 . 2 6 7 1 ( 1 8 ) 0 . 0 2 0 3 ( 1 5 ) 2, . 1 0 ( 5 8 ) 
0 ( 1 2 ) 0. , 8 1 3 3 ( 1 8 ) 0 . 2 4 0 2 ( 1 1 ) 0 .0906( 8 ) 1. , 3 7 ( 3 4 ) 
0 ( 1 3 ) 0. , 6 6 5 3 ( 1 8 ) 0 . 2 0 6 8 ( 1 1 ) - 0 . 0 3 2 4 ( 9 ) 1. . 6 3 ( 3 4 ) 
N(14) 0. , 5 6 2 2 ( 2 2 ) 0 . 4 1 2 8 ( 1 2 ) - 0 . 0 5 2 0 ( 1 0 ) 1. , 2 9 ( 3 6 ) 
C ( 1 5 ) 0. . 4 8 4 0 ( 2 4 ) 0 . 5 2 3 0 ( 1 5 ) - 0 . 0 3 5 9 ( 1 2 ) 1. . 2 0 ( 4 8 ) 
C ( 1 6 ) 0. , 3 0 6 6 ( 2 8 ) 0 . 5 3 4 5 ( 1 6 ) - 0 . 0 6 4 9 ( 1 4 ) 2 . 1 1 ( 5 3 ) 
N(17) 0. , 2 1 0 8 ( 1 9 ) 0 . 5 0 0 8 ( 1 3 ) 0 . 0 1 1 9 ( 1 0 ) 1. , 7 6 ( 3 4 ) 
0 ( 1 8 ) 0. , 5110 (19 ) 0 . 4 5 1 4 ( 1 1 ) - 0 . 2 4 0 K 9 ) 1. , 9 7 ( 3 7 ) 
0 ( 1 9 ) 0. , 5 8 7 3 ( 2 6 ) 0 . 6 7 7 2 ( 1 4 ) - 0 . 2 5 5 9 ( 1 0 ) 3. , 6 5 ( 4 4 ) 
0 ( 2 0 ) 0. 6 4 3 0 ( 2 3 ) 0 . 3 0 9 7 ( 1 4 ) 0 . 3 5 5 4 ( 1 1 ) 3. , 7 6 ( 5 0 ) 

^11 ^22 ^23 w 1 2 

' B r ( l ) 0 .00987 0.00378 0.00359 - 0 . 0 0 0 7 4 

*Br(2) 0 .00911 0.00407 0.00363 0.00173 

w 13 H 23 

- 0 . 0 0 0 3 5 - 0 . 0 0 0 1 9 

0.00017 0 .00039 
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H y d r o l y s i s o f V i o c i d i c Ac id 

S o l v e n t Hydro lysa t e V i o c i d i c A c i d DAPA V i o m y c i d i n e 

BAW3 0, .16 brown 0, .16 brown 0 , .33 brown 0, .25 pu rp l e 
0, .27 b l u e 0 .32 pu rp l e 
0, .68 y e l l o w 

BAAAWb 0. .27 brown 0. .27 brown 0, .41 brown 0, .18 pu rp l e 
0, .39 b l u e 0, .42 pu rp l e 

Water 0, .20 brown 0, .20 brown 0, .42 brown 0, .18 p u r p l e 
0. ,46 b l u e 0, .47 pu rp l e 
0, .67 y e l l o w 

aBAW - t - b u t y l a l c o h o l : a c e t i c a c i d : w a t e r ( 2 : 1 : 1 ) . 

^BAAAW - n - b u t y l a l c o h o l : a c e t o n e : a c e t i c a c i d : 5 % aqueous ammonia:water 
( 9 : 3 : 2 : 2 : 4 ) . 

A s i n g l e c r y s t a l (ca. 1 mg) o f v i o c i d i c a c i d d ihydrobromide 

was d i s s o l v e d in 0 .75 ml o f 6N h y d r o c h l o r i c a c i d ; t h i s s o l u t i o n was 

heated f o r 24 hr on a steam bath under r e f l u x . The h y d r o l y s a t e was 

ana lyzed by t i c us ing s i l i c a g e l HF^c^ p l a t e s in s e v e r a l s o l v e n t 

sys tems ; the p l a t e s were sprayed wi th n inhydr in r e a g e n t , and the 

r e s u l t s a r e g i v e n in Tab le 4 . 

Tab le 4 . T i c A n a l y s i s o f the A c i d Hydro lysa t e o f V i o c i d i c A c i d 
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2 - ( 2 , 3 - D i c h l o r o - 2 - p y r r o l i n - l - y l ) - 1 - p y r r o l i n e 

R e a c t i o n o f 2 - P y r r o l i d i n o n e wi th Hydrogen C h l o r i d e and 
Phosphorous P e n t a c h l o r i d e 

L iqu id 2 - p y r r o l i d i n o n e (30 g , 0.3 5 m o l e s ) mainta ined a t 140° 

was sa tu ra t ed wi th hydrogen c h l o r i d e . A d d i t i o n o f hydrogen c h l o r i d e 

was d i s c o n t i n u e d , and the dark l i q u i d became s o l i d when c o o l e d t o 

ca. 7 0 ° . Phosphorous p e n t a c h l o r i d e ( 9 0 g , 0 .43 m o l e s ) was added t o 

the mix tu re wi th s t i r r i n g and h e a t i n g t o ca. 9 0 ° . A v i g o r o u s r e a c t i o n 

began as the two s o l i d s mel ted and c o n t i n u e d wi th the e v o l u t i o n o f a 

g a s . The s e m i s o l i d m a t e r i a l was heated t o 110° and tha t tempera ture 

was mainta ined wi th s t i r r i n g f o r 15 min. The dark l i q u i d was 

c o o l e d t o 0° in d ry i c e - a c e t o n e . Small c h i p s o f i c e were c a r e f u l l y 

added , and t h e ensu ing r e a c t i o n was c o n t r o l l e d by emersing the f l a s k 

in d ry i c e - a c e t o n e . A f t e r the a d d i t i o n o f ca. 20 ml o f wate r and 1 g 

o f Darco G-60 the mix ture was s l o w l y warmed t o 20° and s t i r r e d f o r 

15 min. The Darco G-60 was removed by vacuum f i l t r a t i o n th rough 

a c e l i t e mat. The f i l t r a t e was c o o l e d t o 0° and c o l d 6/17 sodium 

h y d r o x i d e was added , wi th c o o l i n g , u n t i l a pH o f ca. 11 was r e a c h e d . 

A tan p r e c i p i t a t e formed immedia te ly and was c o l l e c t e d . Th i s m a t e r i a l 

was washed wi th water and r e c r y s t a l l i z e d from a c e t o n e - w a t e r ( 1 : 1 ) t o 

y i e l d brown n e e d l e c r y s t a l s (ca. 7 g ) . These c r y s t a l s were subl imed 

at 57° and 1 mm t o y i e l d 4 .7625 g (13%) o f 8_: mp 50-51° [ l i t . 1 1 mp 

5 0 - 5 1 ° ] ; uv max (95% C H OH) 262 .5 nm (e 1 .49 x 1 0 4 ) ; i r ( f i l m ) 

3160 , 2900 , 2980 , 2860 , 1 7 3 5 , 1 6 2 5 , 1605 , 1423 and 1230 k among o t h e r s ; 

60 MHz nmr (CC1 ) T 8 .10 (m, 2 ) , 7 . 31 ( t , 2 , J = 9 H z ) , 7 . 1 0 ( t , 2 , 

J = 8 H z ) , 6 .45 ( t , 2 , J = 7 H z ) , 6 .00 ( t , 2 , J = 9 H z ) , 100 MHz nmr sp in 
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d e c o u p l i n g (CC1 ) i r r a d i a t e T 6 .4 5 ( 8 . 1 0 became t , J = 8 H z ) , i r r a d i a t e 

T 6 .00 ( 7 . 3 0 became s ) , i r r a d i a t e T 7 . 10 ( 8 . 1 0 became t , J = 7 H z ) ; mass 

spectrum (70 eV) m/e ( r e l i n t e n s i t y ) 2 0 8 ( 1 5 ) , 2 0 7 ( 2 1 ) , 2 0 6 ( 7 9 ) , 

2 0 5 ( 6 1 ) , 204 M + ( 1 0 0 ) , 2 0 3 ( 6 0 ) , 1 7 1 ( 4 0 ) , 1 7 0 ( 1 5 ) , 1 6 9 ( 7 7 ) , 1 3 8 ( 3 0 ) , 

1 3 6 ( 4 3 ) , 1 3 3 ( 2 2 ) , 6 9 ( 1 9 ) , 6 8 ( 2 2 ) ; emd M + 2 0 4 . 0 2 9 ( 8 ) c a l c d 2 0 4 . 0 2 2 . 

Anal C 0 H 1 n N 0 C l 0 C a l c d : C, 4 6 . 8 4 ; H, 4 . 9 1 ; N, 1 3 . 6 8 
8 _L0 2 z 

( 2 0 5 . 0 9 ) Found: C, 4 6 . 7 3 ; H, 5 . 0 2 ; N, 1 3 . 6 1 

A s o l u t i o n o f 2jj_ i n 95 per c e n t e t h a n o l (ca. 20 mg i n 2 ml ) 

was added t o 20 ml o f 95 pe r c e n t e t h a n o l t ha t was ca. IN i n s i l v e r 

n i t r a t e and 0.5717 i n n i t r i c a c i d . A f t e r two hours no v i s i b l e p r e c i p i ­

t a t e was p r e s e n t . A s o l u t i o n o f 24_ in a c e t o n e r a p i d l y d e c o l o r i z e d a 

s o l u t i o n o f n e u t r a l po tass ium permanganate. 
P r e p a r a t i o n o f ( f f ) - 2 , 3 - D i c h l o r o - l - ( 2 - p y r r o l i d i n y l i d e n e ) -
2 - p y r r o l i n i u m bromide 25 

A s o l u t i o n o f 24_ (ca. 1 g ) i n 100 ml o f anhydrous e t h e r was 

c o o l e d t o ca. 10° and t r e a t e d wi th d ry hydrogen b romide . The c o l o r ­

l e s s p r e c i p i t a t e was c o l l e c t e d and washed wi th t h r e e 20 ml p o r t i o n s 

o f anhydrous e t h e r . The d r i e d c o l o r l e s s m a t e r i a l (ca. 1.2 g ) was 

d i s s o l v e d in a minimum amount o f water a t 6 0 ° . The s o l u t i o n was 

a l l o w e d t o s l o w l y c o o l , and the c r y s t a l s tha t formed were c o l l e c t e d 

mp > 200° d e c ; uv max (95% C 2H OH) 2 6 0 . 0 nm(e 1 . 8 3 x l 0 4 ) ; i r (KBr 

p e l l e t ) 3060 , 3000 , 2840 , 1 6 6 0 , 1630 and 1500 k among o t h e r s ; 100 MHz 

nmr (TFA) a t 20° T 7 .65 (m, 4 ) , 6 .96 (m, 4 ) 6 .54 ( 5 , 4 , J = 7 .5 H z ) , 6 .21 

(m, 4 ) , 5 .80 (m, 4 ) , 2 .05 ( s , > l ) and 1.65 ( s , < l ) . The r a t i o o f 1.65 T 

t o 2 .05 T was 1 : 2 . 4 3 , a t 4 0 ° C , 1 : 2 . 3 6 , a t - 7 ° , 1 : 2 . 9 0 . 
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Anal C Q H n n N 0 C l -HBr C a l c d : C, 3 3 . 4 2 ; H, 4 . 0 1 ; N, 9 .61 
o 1 0 Z Z 

( 2 8 5 . 9 3 ) Found: C, 3 3 . 6 0 ; H, 3 . 8 5 ; N, 9 .70 

C o l l e c t i o n o f X- ray Fi lm Data 

D e s c r i p t i o n and Mounting o f the C r y s t a l . A s o l u t i o n o f 25_ was 

c r y s t a l l i z e d from a c e t o n e - w a t e r (aa. 2 0 : 1 ) by a l l o w i n g a warm sa tu ra t ed 

s o l u t i o n t o c o o l s l o w l y t o 0 ° . An a p p a r e n t l y s i n g l e c r y s t a l o f a p p r o x i ­

mate d imens ions 0 .20 x 0.08 x 0.08 mm was s e l e c t e d . The d e n s i t y o f a 

s i n g l e c r y s t a l was determined by f l o t a t i o n in a s o l u t i o n o f ca rbon t e t -
-3 

r a c h l o r i d e and bromoethane and was found t o be 1.67 g cm . The c r y s t a l 

was mounted on a g l a s s f i b e r , and the f i b e r was g lued t o a meta l p i n 

mounted on a s tandard gon iomete r head. 

O r i e n t a t i o n o f the C r y s t a l and C o l l e c t i o n o f I n t e n s i t y Data . 

The c r y s t a l was a l i g n e d on a Buerger p r e c e s s i o n camera by methods 
31 ° 

d e s c r i b e d e l s ewhe re us ing Mo Ka r a d i a t i o n ( A = 0 .7093 A ) . Two zones 

were found a t s p i n d l e s e t t i n g s o f 96° 0 5 ' and 186° 05 ' ; only the zone a t 

186° 0 5 ' showed m i r r o r - m i r r o r symmetry, which p l a c e d the c r y s t a l in 

the m o n o c l i n i c sys tem. The s y s t e m a t i c e x t i n c t i o n s in the hOl zone f o r 

I = 2n+l and a l o n g the l i n e OkO f o r k - 2n+l i n d i c a t e d the space group 

P 2 1 / c . 

Fi lm measurements o f t h e r e c i p r o c a l c e l l d imens ions were 
A A A A 

a" = 6 .95 mm, b" - 1.96 mm, <f - 4 . 9 1 mm, and 3 " = 67° 1 5 ' . The d i r e c t 

c e l l d imens ions c a l c u l a t e d from t h e s e f i l m measurements were 

a = 6 . 6 4 ( 2 ) A, b = 2 1 . 7 9 ( 4 ) A, a = 9 . 4 2 ( 2 ) A and 3 = 112° 4 5 ' . The 

c a l c u l a t e d d e n s i t y , based on fou r m o l e c u l e s o f (CQH N n Cl ' H B r ' 2 H o 0 , 
o 1U z z z 

o 3 
mol wt = 3 2 1 . 0 2 ) and a un i t c e l l volume o f 1256 .9 A , was 1 . 6 8 8 ( 2 ) 

-3 g cm . 
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The c r y s t a l , which had been a l i g n e d wi th the a a x i s p a r a l l e l 

t o the s p i n d l e a x i s , was r e o r i e n t e d wi th t he b a x i s p a r a l l e l t o the 

s p i n d l e a x i s . The c r y s t a l was t r a n s f e r r e d t o a Weissenberg camera t o 

c o l l e c t i n t e n s i t y da t a . Alignment o f the c r y s t a l on the Weissenberg 

camera was checked by t a k i n g a r o t a t i o n a l pho tog raph . 

The l a y e r pho tographs were o b t a i n e d us ing the c o n v e n t i o n a l 

Weissenberg geometry by p l a c i n g t h r e e f i l m s , separa ted by t h i n p a p e r , 

i n t o the camera and e x p o s i n g the f i l m s f o r 24 h r . Photographs were 

o b t a i n e d f o r each o f t he hkl (ft = 0 , 4 ) l e v e l s us ing Cu Ka r a d i a t i o n 

o 

(A = 1.539 A ) . The t h r e e pho tographs f o r each l e v e l were d e v e l o p e d 

s i m u l t a n e o u s l y . The i n t e n s i t i e s were e s t ima ted v i s u a l l y by comparing 

each r e f l e c t i o n wi th a s tandard s e r i e s o f i n t e n s i t i e s . A t o t a l o f 

1380 independent r e f l e c t i o n s were read and c o r r e c t e d f o r Loren tz and 
34 

p o l a r i z a t i o n e f f e c t s . 
39 

Attempted S t ruc tu re S o l u t i o n . A t h r e e - d i m e n s i o n a l P a t t e r s o n 
s y n t h e s i s c a l c u l a t e d from the c o r r e c t e d i n t e n s i t y data r e v e a l e d a 

s e t o f v e c t o r s c o n s i s t e n t wi th the P2^ / c space g r o u p . F r a c t i o n a l 

c o o r d i n a t e s f o r the bromide i on were o b t a i n e d from t h e s e v e c t o r s , 

. 40 

and a s t r u c t u r e f a c t o r c a l c u l a t i o n based on t h e s e c o o r d i n a t e s gave 

an v a l u e o f 0 . 3 2 0 0 . Attempts t o l o c a t e atom p o s i t i o n s from e l e c t r o n 

d e n s i t y maps and subsequent s t r u c t u r e f a c t o r c a l c u l a t i o n s were unsuc­

c e s s f u l . Decompos i t i on o f t he c r y s t a l was n o t i c e d o n l y a f t e r the data 

had been c o l l e c t e d and e s t i m a t e d . Because o f t h i s d e c o m p o s i t i o n and 

the i n a b i l i t y t o r e f i n e the s t r u c t u r e , the a t tempt t o s o l v e the 

s t r u c t u r e from t h e s e f i l m data was abandoned. 
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C o l l e c t i o n o f D i f f r a c t o m e t e r Data 

D e s c r i p t i o n and Mounting o f the C r y s t a l . A s o l u t i o n o f 2 5 in 

d i s t i l l e d water was a l l o w e d t o evapora t e s l o w l y . The smal l c r y s t a l s 

(ca. 0 .07 x 0 .05 x 0 .05 mm) t h a t were o b t a i n e d appeared from p r e l i m i n a r y 

p r e c e s s i o n pho tographs t o be twinned . However, t h e s e c r y s t a l s had 

w e l l formed f a c e s and were p h y s i c a l l y s t a b l e (i.e. t h e y d i d not l o s e 

s o l v e n t o f c r y s t a l l i z a t i o n ) . By s low e v a p o r a t i o n o f an aqueous s o l u ­

t i o n o f 25_, l a r g e c r y s t a l s (ca. 4 x 3 x 1 mm) were o b t a i n e d . A c r y s t a l o f 

s u i t a b l e s i z e was c u t from one o f t h e s e l a r g e c r y s t a l s and mounted f o r 

p r e l i m i n a r y p r e c e s s i o n p h o t o g r a p h s . The c r y s t a l p roduced a d i f f r a c t i o n 

p a t t e r n u n l i k e the c r y s t a l s suspec ted o f b e i n g twinned . 

An a p p r o x i m a t e l y cube shaped ( 0 . 4 6 1 x 0 . 4 0 3 x 0.3 55 mm) c r y s t a l was 

c u t from one o f the l a r g e c r y s t a l s u s ing a r a z o r b l a d e . The d e n s i t y 

o f s e v e r a l s i m i l a r c r y s t a l s was o b t a i n e d by f l o t a t i o n in a s o l u t i o n 

o f ca rbon t e t r a c h l o r i d e and bromoethane and was found t o be 1 . 6 8 7 ( 2 ) 

-3 g cm . 

The c r y s t a l was c a r e f u l l y g lued on to a g l a s s f i b e r ; t he l o n g e s t 

d imens ion o f the c r y s t a l was o r i e n t e d p e r p e n d i c u l a r t o the f i b e r a x i s . 

The g l a s s f i b e r was g lued t o a s tandard s i z e meta l p i n , and the p i n 

was then mounted on a s tandard gon iome te r head . 

O r i e n t a t i o n o f the C r y s t a l . The c r y s t a l was a l i g n e d on a 

31 
Buerger p r e c e s s i o n camera by the methods d e s c r i b e d e l s e w h e r e u s i n g 

o 

Mo Ka r a d i a t i o n (A = 0.7093 A ) . The o r i e n t a t i o n pho tographs showed 

zones at s p i n d l e s e t t i n g s o f 95° 4 5 ' and 54° 0 0 ' . Ze ro l e v e l p h o t o ­

graphs a t bo th s p i n d l e s e t t i n g s were t aken , and bo th pho tographs 
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p o s s e s s e d m i r r o r - m i r r o r symmetry, which p l a c e d the c r y s t a l in the 

m o n o c l i n i c sys tem. Sys t ema t i c e x t i n c t i o n s a l o n g the l i n e OkO 

k = 2n+l and in the hOZ zone f o r I = 2n+l i n d i c a t e d the space group 

P 2 1 / c . 

Film measurements o f the r e c i p r o c a l c e l l d imens ions were 
A . ' . A . ' . 

a" = 6 . 9 6 , b" = 1 . 9 5 , = 6 .81 mm, and 3~ = 41° 5 1 ? . The d i r e c t c e l l 
o 

d imens ions c a l c u l a t e d from t h e s e measurements were a = 9 . 2 1 ( 2 ) A 

b = 2 1 . 8 8 ( 4 ) 1\ a = 9 . 4 1 ( 2 ) A, and 3 = 138° 1 5 ? ( 1 0 ) . 

C o l l e c t i o n o f I n t e n s i t y Data. The g o n i o m e t e r , wi th t he c r y s t a l 

i n t a c t , was t r a n s f e r r e d t o an automated P i c k e r f o u r - c i r c l e d i f f r a c -
46 

t o m e t e r . The c r y s t a l was a l i g n e d a c c o r d i n g t o P i c k e r i n s t r u c t i o n s . 

The s e t t i n g a n g l e s o f t en r e f l e c t i o n s were manually o p t i m i z e d f o r 

maximum i n t e n s i t y . The s e t t i n g a n g l e s o f t h e s e t e n r e f l e c t i o n s were 
47 

used t o r e f i n e u n i t c e l l d imens ions by a l e a s t - s q u a r e s p r o c e d u r e . The 
o o 

u n i t c e l l d imens ions o b t a i n e d were a = 9 . 1 9 3 ( 2 ) A , b = 2 1 . 9 0 1 ( 1 0 ) A, 
o 

a = 9 . 4 2 8 ( 3 ) A, and 3 = 1 3 8 . 1 6 6 ( 2 0 ) ° u s i n g Mo Ka r a d i a t i o n (X = 
o 

0 .7093 A ) . The c a l c u l a t e d d e n s i t y based on fou r m o l e c u l e s o f 25 
( C J L C l o ' H B r ' 2 L 0 , mol wt = 3 2 2 . 0 5 ) and a u n i t c e l l volume o f 8 10 Z 2 2 

1 2 6 6 . 0 A 3 was 1 . 6 9 3 ( 1 ) g c m " 3 . 

The i n t e n s i t y measurements were o b t a i n e d from the same c r y s t a l 

used f o r u n i t c e l l measurements. The i n t e n s i t i e s were measured, u s ing 

z i r c o n i u m f i l t e r e d Mo Ka r a d i a t i o n , wi th a s c i n t i l l a t i o n c o u n t e r 

mounted 21 cm from the c r y s t a l . The i n t e n s i t i e s were c o l l e c t e d by the 

0-20 scan t e c h n i q u e wi th a t a k e o f f a n g l e o f 1 .6° and a scan r a t e o f 

1° min \ A symmetr ica l scan o f 2° was taken about t h e c a l c u l a t e d 
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p o s i t i o n f o r each r e f l e c t i o n . S t a t i o n a r y background c o u n t s o f 20 sec 

by t h r e e because t h i s i s the r a t i o o f t o t a l scan t ime (TST) t o t w i c e 

the s i n g l e background t ime ( S B T ) . The c o r r e c t e d i n t e n s i t i e s were 

50 
a s s igned s tandard d e v i a t i o n s a c c o r d i n g t o Equat ion 6 , where P i s an 

CI = CT - TST/2 x SBT(B1+B2) ( 5 ) 

a ( C I ) = [CT + 0 .25 (TST/SBT) 2 (B1+B2) + (P x C I ) 2 ] 2-.1/2 ( 6 ) 

i g n o r a n c e f a c t o r a s s igned by I b e r s as between 0 .05 and 0 . 0 1 . A t o t a l 

o f 640 r e f l e c t i o n s were a c c e p t e d as s t a t i s t i c a l l y above background on 

the b a s i s t ha t a ( C I ) / C I was l e s s than 0 .11 when P = 0 . 0 1 . 

were taken a t the end ( B l ) and the b e g i n n i n g (B2) o f the 20 s c a n . 

42 

C a l i b r a t e d coppe r a t t e n u a t o r s were used in c o l l e c t i n g t h e data. The 

a t t e n u a t i o n p o i n t was se t so tha t the c o u n t i n g r a t e would not e x c e e d 

1 0 , 0 0 0 coun t s s ec \ The p u l s e h e i g h t a n a l y z e r was s e t f o r a p p r o x i -
49 

mate ly a 90 pe r c e n t window c e n t e r e d on the Mo Ka peak . A t o t a l o f 

2197 r e f l e c t i o n s were c o l l e c t e d f o r h = - 6 , 6 , k - 0 , 1 2 , and I - - 6 , 6 . 

The e q u i v a l e n t hkl and Hkl r e f l e c t i o n s were l a t e r averaged t o g i v e 

1042 unique r e f l e c t i o n s . 

C o r r e c t e d i n t e n s i t i e s ( C I ) were o b t a i n e d by s u b t r a c t i n g t h r e e 

t imes the t o t a l background count from the t o t a l i n t e g r a t e d peak count 

(CT) as shown i n Equat ion 5 . The background c o u n t s a r e m u l t i p l i e d 
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A s t r i p cha r t r e c o r d e r mon i to red the scan o f each r e f l e c t i o n . 

Th i s r e c o r d was examined f o r e r r a t i c background and the i n c l u s i o n o f 

a peak from the Kg o f Mo r a d i a t i o n . T h i r t y - s i x r e f l e c t i o n s were 

removed from the data f o r t h e s e r e a s o n s . 

Approx ima te ly e v e r y 100 r e f l e c t i o n s , t h r e e s tandard r e f l e c t i o n s 

were measured. The average o f the l a s t s e t o f s tandards was oa. 88 

pe r cen t o f t h e i r i n i t i a l average v a l u e . A FORTRAN computer program 

was w r i t t e n t o s c a l e the i n t e n s i t i e s a c c o r d i n g t o the s e t s o f 

s tandard r e f l e c t i o n s assuming a l i n e a r d e c r e a s e i n i n t e n s i t y between 

s t anda rds . The s c a l e d i n t e n s i t i e s (SCI ) were c o r r e c t e d f o r Lo ren t z 

and p o l a r i z a t i o n e f f e c t s . The l i n e a r a b s o r p t i o n c o e f f i c i e n t was 

c a l c u l a t e d a c c o r d i n g t o Equat ion 1, and was found t o be u = 3 3 . 5 cm ^ . 

A b s o r p t i o n c o r r e c t i o n s were made by assuming the c r y s t a l t o be a 

37 

sphere o f mean r a d i u s 0.2mm. No e x t i n c t i o n c o r r e c t i o n s were made. 

S t r u c t u r e S o l u t i o n and Ref inement . A t h r e e - d i m e n s i o n a l P a t t e r ­

son f u n c t i o n was c a l c u l a t e d us ing the 604 u n i q u e n o n z e r o r e f l e c t i o n s . 

A s e t o f h igh i n t e n s i t y v e c t o r s c o n s i s t e n t wi th the P 2 ^ / c space group 

were f o u n d , and the f r a c t i o n a l c o o r d i n a t e s o f the bromide i o n were 

o b t a i n e d from t h e s e v e c t o r s . A s t r u c t u r e f a c t o r c a l c u l a t i o n based on 

t h e s e c o o r d i n a t e s (x = 0 . 3 8 0 , y = 0 .32 5, z = 0 . 0 3 0 ) gave an R 2 v a l u e 

o f 0 . 3 9 . An e l e c t r o n d e n s i t y map computed from the F g ^ v a l u e s , 

phased by the bromide i o n , r e v e a l e d p o s i t i o n s f o r the two c h l o r i n e 

a toms. A s t r u c t u r e f a c t o r c a l c u l a t i o n based on t h e s e t h r ee atoms gave 

See Append ix . 



43 

an v a l u e o f 0 . 2 7 . Subsequent e l e c t r o n d e n s i t y maps r e v e a l e d p o s i ­

t i o n s f o r the 12 l i g h t a toms . A l l l i g h t atoms were i n i t i a l l y assumed 

t o be n i t r o g e n atoms u n t i l t h e i r i s o t r o p i c tempera ture f a c t o r s d i c t a t e d 

t h e i r ass ignment as ca rbon o r o x y g e n . S e v e r a l c y c l e s , r e f i n i n g the 

a tomic c o o r d i n a t e s , s c a l e f a c t o r , and i s o t r o p i c tempera ture f a c t o r s , 

y i e l d e d on R 2 va lue o f 0 . 0 6 8 . A f t e r f u r t h e r r e f inemen t wi th a n i s o ­

t r o p i c tempera ture f a c t o r s and a w e i g h t i n g scheme, based on c o u n t i n g 

o 

s t a t i s t i c s (w = 4 ( C I ) / a ( I ) ) , v a l u e s o f 0 .082 and 0 .049 were o b t a i n e d 

f o r and R , r e s p e c t i v e l y . Tab le 5 l i s t s the o b s e r v e d and c a l c u ­

l a t e d s t r u c t u r e f a c t o r s f o r each hkl. Tab l e 6 l i s t s t he f i n a l p o s i ­

t i o n a l parameters f o r 2 5 . 

T a b l e s 5 and 6 appear on the f o l l o w i n g p a g e s : 
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Tab le 5. Observed and C a l c u l a t e d S t r u c t u r e F a c t o r s f o r 25 

H K L FO FC H K 

2 0 0 55 53 3 1 2 
3 0 0 28 32 4 1 2 
4 0 0 1 3 1 2 - 6 1 
5 0 0 46 43 - 5 I 
2 1 0 95 96 - 4 I 
3 1 0 1 7 1 4 - 2 I 

1 0 38 3 1 - 1 
6 1 0 31 25 1 
2 2 0 49 4 4 2 
3 2 0 24 23 3 
4 2 0 51 4 7 4 I 
1 3 0 1 2 1 8 - 6 2 
2 3 0 1 8 1 6 - 5 2 
3 3 0 5 1 4 7 - 4 2 
4 3 0 33 33 - 3 2 
0 4 0 4 1 43 - 2 2 
1 4 0 4 1 4 4 0 2 
2 4 0 26 1 7 1 2 
4 4 0 36 32 2 2 
1 5 0 29 2 7 3 2 
2 5 0 7 0 66 4 2 
3 5 0 6 7 66 5 2 
4 5 0 49 46 6 2 
5 5 0 2 1 1 6 - 5 3 
6 5 0 32 29 - 4 3 
o- 6 0 1 3 2 1 1 9 - 3 3 
1 6 0 9 7 95 - 2 3 
2 6 0 54 53 1 3 
3 6 0 7 2 69 2 3 
4 6 0 6 1 59 3 3 
5 6 0 20 1 4 4 3 
1 7 0 1 0 0 99 5 3 
2 7 0 81 80 - 5 4 
3 7 0 1 7 I C -4 4 
4 7 0 17 2 - 3 4 
5 7 0 4 1 39 - 2 4 
6 7 0 23 2 1 0 4 
0 8 0 1 8 3 1 7 2 1 4 
2 8 0 1 2 4 3 4 
3 8 0 25 2 1 5 4 
5 8 0 2 7 2 1 6 4 
6 8 0 2 1 1 8 -4 5 
1 9 0 7 4 68 - 3 5 
2 9 0 35 33 - 2 5 
3 9 0 1 6 1 4 - 1 5 
4 9 0 1 7 1 1 0 5 
0 1 0 0 5 7 66 1 5 
1 1 0 0 1 7 1 3 2 5 
2 1 0 0 39 39 3 5 
4 10 0 1 6 1 0 4 5 
2 1 1 0 32 30 5 5 
3 1 1 0 1 7 1 5 6 5 
4 1 1 0 30 29 - 6 6 
5 1 1 0 28 23 - 5 6 
6 1 1 0 1 9 1 3 -4 6 
1 1 2 0 7 0 7 5 - 2 6 

L FO FC H K L FO FC 

0 38 38 - 1 6 1 54 54 
0 39 40 1 6 1 4 7 42 

34 33 2 6 1 43 45 
36 35 - 6 7 1 24 23 
48 48 - 3 7 1 34 28 
1 7 2 1 - 2 7 1 69 65 
39 42 - 1 7 1 6 7 6 7 
7 5 8 1 0 7 1 33 35 
33 3 1 1 7 1 48 4 4 
2 1 2 1 2 7 1 43 4 1 
28 3 1 3 7 1 2 1 1 8 
26 25 6 7 1 2 1 1 9 
4 4 4 4 - 6 8 1 26 23 
45 42 - 5 8 1 28 26 

1 0 3 1 0 3 - 3 8 1 65 63 
34 33 - 2 8 1 24 25 
46 39 - 1 8 1 55 59 
6 1 64 1 8 1 20 2 1 

1 0 9 1 1 4 2 8 " 1 58 59 
35 32 3 8 1 2 7 2 4 
2 1 1 6 4 8 1 2 1 2 0 
1 7 1 5 6 8 1 20 9 
26 26 - 6 9 1 26 2 1 
1 6 2 - 5 9 1 28 28 
59 59 - 4 9 1 4 2 39 
99 99 - 3 9 1 52 4 9 

1 0 1 1 1 4 - 2 9 1 1 9 1 5 
51 52 0 9 1 85 83 
30 30 1 9 1 1 1 0 1 0 9 
56 56 2 9 1 46 46 
40 43 3 9 1 2 7 28 
20 1 9 4 9 1 3 7 38 
28 23 6 9 1 2 1 1 8 
1 9 1 6 - 6 10 1 33 35 
20 1 7 - 5 1 0 1 52 53 

2 6 7 2 9 0 - 4 1 0 1 22 1 7 
1 4 9 - 3 1 0 1 32 36 
38 4 3 - 2 1 0 1 46 4 9 
7 8 7 8 - 1 1 0 1 7 6 7 9 
36 3 7 1 1 0 1 46 46 
1 9 1 4 2 10 1 7 6 7 8 
60 62 3 1 0 1 30 3 1 
46 42 - 4 1 1 1 53 . 56 
65 60 - 3 1 1 1 6 1 62 
4 1 56 - 1 1 1 1 54 55 
4 4 45 0 1 1 1 4 7 4 7 
4 2 43 2 1 1 1 1 5 7 
23 2 1 3 1 1 1 4 1 4 2 
2 7 2 7 4 1 1 1 34 33 
3 7 39 5 • 1 1 1 2 1 2 4 
1 8 9 6 1 1 1 2 0 1 2 
20 1 7 - 3 1 2 1 33 3 7 
26 20 - 2 12 1 8 7 92 
2 1 1 8 - 1 12 1 26 26 
36 34 1 1 2 1 1 5 9 
4 1 39 3 12 1 34 3 7 
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H K L FO FC 

5 12 1 21 26 
-5 0 2 19 20 
-4 0 2 103 101 
-3 0 2 . 70 76 

0 0 2 10 0 
1 0 2 141 143 
3 0 2 62 61 
4 0 2 24 23 

-6 1 2 41 41 
-5 1 2 63 62 
-4 1 2 30 28 
-3 1 2 39 39 

0 1 2 67 62 
1 1 2 54 54 
2 1 2 4S 51 
3 1 2 37 35 

-6 2 2 33 27 
-5 2 2 43 39 
-4 2 2 14 10 
-3 2 2 31 37 

1 2 2 41 41 
2 2 2 15 13 
4 2 2 24 26 
5 2 2 21 16 

-6 3 2 22 18 
-4 3 2 41 40 
-3 3 2 65 65 
-2 3 2 38 51 
-1 3 2 53 53 

0 3 2 33 32 
2 3 2 27 29 
3 3 2 18 17 
4 3 2 23 20 

-5 4 2 22 20 
-3 4 2 26 28 
-2 4 2 25 25 
-1 4 2 36 29 

0 4 2 20 18 
1 4 2 42 41 
2 4 2 21 21 
3 4 2 29 28 
4 4 2 20 19 

-6 5 2 34 31 
'-5 5 2 57 59 
-2 5 2 29 32 
-1 5 2 173 148 

Q 5 2 19 17 
1 5 2 30 30 
2 5 2 29 29 
4 5 2 38 38 
5 5 2 23 16 

-6 6 2 24 19 
-5 6 2 35 30 
-4 6 2 13 3 
-3 6 2 42 47 
-2 6 2 3 3 35 

T a b l e 5. ( C o n t i n u e d ) 

H K L FO FC 
-1 6 2 24 19 

0 6 2 150 144 
1 6 2 70 70 
3 6 2 19 21 
4 6 2 28 30 
5 6 2 22 23 

-6 7 2 38 35 
-5 7 2 51 49 
-4 7 2 47 48 
-3 7 2 26 19 
-2 7 2 83 85 
-1 7 2 51 46 

0 7 2 34 31 
1 7 2 63 62 
2 7 2 64 66 
3 7 2 37 38 
4 7 2 22 23 

-5 8 2 16 14 
-4 8 2 124 127 
-3 8 2 57 57 
-2 8 2 20 24 
-1 8 2 52 45 

0 8 2 24 24 
1 8 2 83 86 
3 8 2 31 34 
4 8 2 24 26 

-6 9 2 19 18 
-4 9 2 21 19 
-2 9 2 13 9 

0 9 2 50 50 
2 9 2 31 36 
4 9 2 19 17 

-6 10 2 18 11 
-5 10 2 17 15 
-4 10 2 41 41 
-1 10 2 58 55 

0 10 2 39 38 
1 10 2 46 43 
3 10 2 22 24 

-5 11 2 26 24 
-4 11 2 48 55 
-3 11 2 33 32 
-2 11 2 60 64 

0 11 2 22 16 
3 11 2 23 15 

-5 12 2 31 32 
-4 12 2 22 19 
-3 12 2 38 42 

0 12 2 97 95 
1 12 2 36 37 
2 12 2 29 28 
4 12 2 23 14 

-5 1 3 16 17 
-4 1 3 20 18 
-3 1 3 92 97 
-2 1 3 14 20 

H K L FO FC 

0 1 3 35 33 
2 1 3 57 58 
3 1 3 22 19 
4 1 " 3 23 20 

-5 2 3 45 45 
-4 2 3 3 0 31 
-3 2 3 50 48 
-2 2 3 172 155 
-1 2 3 78 73 

0 2 3 28 24 
2 2 3 20 24 
3 2 3 41 42 

-6 3 3 22 18 
-5 3 3 13 10 
-4 3 3 68 71 
-3 3 3 85 86 
-2 3 3 42 43 
-1 3 3 32 27 

0 3 3 80 77 
1 3 3 78 82 
2 3 3 17 17 
4 3 3 2 0 21 

-6 4 3 51 45 
-5 4 3 62 62 
-4 4 3 66 71 
-3 4 3 56 61 
-2 4 3 48 43 
-1 4 3 144 139 

0 4 3 17 11 
1 4 3 40 42 
2 4 3 42 46 
3 4 3 17 19 

-6 5 3 28 26 
-4 5 3 48 52 
-3 5 3 86 86 
-2 5 3 82 77 

0 5 3 32 31 
1 5 3 37 37 
3 5 3 . 18 8 

-4 6 3 15 9 
-3 6 3 12 7 
-2 6 3 83. 81 

3 6 3 27 ' 26 
-6 7 3 30 29 
-5 7 3 31 29 
-4 7 3 68 71 
-3 7 3 15 13 
-1 7 3 51 48 

0 7 3 13 18 
1 7 3 62 62 
2 7 3 20 14 

-5 8 3 24 24 
-2 8 3 72 71 
-1 8 3 50 48 

0 8 3 29 20 
1 8 3 24 31 



T a b l e 5. 

H < L FO FC H K 

2 8 3 25 28 1 2 
3 8 3 20 13 2 2 

-4 9 3 26 29 3 2 
-3 9 3 85 92 -6 3 
-2 9 3 47 46 -5 3 
-1 9 3 13 7 -4 3 

0 9 3 49 48 -3 3 
2 9 3 43 46 -1 3 
3 9 3 24 19 0 3 
4 9 3 22 11 -6 4 

-6 10 3 16 11 -4 4 
-5 10 3 38 39 -3 4 
-4 10 3 43 48 -1 4 
-3 10 3 18 19 0 4 
-2 10 3 99 100 1 4 
-1 10 3 55 57 2 4 

1 10 3 25 29 -6 5 
2 10 3 42 51 -5 5 
3 10 3 33 39 -4 5 

-6 11 3 43 45 -2 5 
-4 11 3 36 34 0 5 
-3 11 3 43 46 1 5 
-2 11 3 46 47 2 5 
-1 11 3 53 53 3 5 

0 11 3 5 0 53 -6 6 
1 11 3 51 53 -5 6 

-6 12 3 31 22 -4 6 
-5 12 3 22 20 -3 6 
-4 12 3 18 23 -1 6 
-3 12 3 30 32 0 6 
-2 12 3 25 22 1 6 
-1 12 3 36 34 2 6 

0 12 3 21 20 3 6 
-6 0 4 63 65 -6 7 
-5 0 4 54 56 -5 7 
-4 0 4 58 5 8 -4 7 
-3 0 4 102 105 -3 7 
-2 0 4 53 47 -2 7 

0 0 4 87 87 -1 7 
1 0 4 28 37 0 7 
4 0 4 24 28 2 7 

-6 1 4 39 39 -6 8 
-5 1 4 50 52 -5 8 
-4 1 4 59 57 -4 8 
-3 1 4 23 23 -3 8 
-2 1 4 63 60 -2 8 
-1 1 4 101 97 0 8 

0 1 4 18 16 1 8 
1 1 4 17 13 4 8 
2 1 4 27 34 -6 9 

-6 2 4 24 22 -5 9 
-5 2 4 32 33 -2 9 
-4 2 4 81 84 -1 9 
-2 2 4 26 21 1 9 
-1 2 4 18 8 -6 10 

0 2 • 4 16 11 -5 10 

( C o n t i n u e d ) 

L FO FC H K L FO FC 

4 58 62 -4 10 4 23 29 
4 30 33 -3 10 4 20 13 
4 20 20 0 10 4 26 26 
4 18 11 1 10 4 19 22 
4 35 38 3 10 4 20 18 
4 21 5 -6 11 4 37 37 
4 30 32 -5 11 4 20 22 
4 33 32 -4 11 4 32 38 
4 54 49 -3 11 4 23 17 
4 23 20 -2 11 4 19 22 
4 56 53 -1 11 4 75 76 
4 12 6 -4 12 4 35 22 
4 21 11 -3 12 4 38 36 
4 22 10 -2 12 4 42 41 
4 21 15 -1 12 4 28 35 
4 19 17 0 12 4 28 35 
4 15 13 1 12 4 29 26 
4 45 48 -6 1 5 35 36 
4 46 48 -4 1 5 38 42 
4 78 74 -3 1 5 35 29 
4 67 67 -2 1 5 52 50 
4 18 18 1 1 5 31 29 
4 3 3 33 -6 2 5 37 34 
4 25 25 -5 2 5 22 19 
4 34 34 -4 2 5 22 18 
4 19 16 -3 2 5 25 22 
4 75 84 -2 2 5 20 17 
4 50 46 -1 2 5 85 84 
4 32 28 0 2 5 59 63 
4 50 51 1 2 5 25 29 
4 59 64 2 2 5 22 24 
4 25 23 -6 3 5 46 47 
4 20 18 -4 3 5 36 36 
4 34 32 -3 3 5 137 136 
4 6 4 66 -2 3 5 7 0 6 9 

4 52 49 -1 3 5 21 16 
4 23 14 0 3 5 36 43 
4 57 54 2 3 5 23 24 
4 120 117 -5 4 5 57 59 
4 21 23 -4 4 5 63 63 
4 21 28 -3 4 5 47 42 
4 40 3 8 -2 4 5 64 60 
4 27 27 -1 4 5 37 43 
4 16 11 2 4 5 26 34 
4 71 72 3 4 5 21 19 
4 29 27 -6 5 5 15 7 
4 32 28 -5 5 5 15 15 
4 18 25 -4 5 5 17 13 
4 21 26 -3 5 5 76 73 
4 20 23 -2 5 5 16 15 
4 38 42 -1 5 5 15 15 
4 15 12 0 5 5 17 19 
4 26 24 1 5 5 19 20 
4 17 13 2 5 5 '2 0 18 
4 27 18 -6 6 5 30 31 
4 17 22 -4 6 5 16 10 



T a b l e 5. 

H K . L FO FC H K 

3 6 5 14 9 -5 12 
2 6 5 32 • 30 -4 12 
1 6 5 46 46 -3 12 
0 6 5 19 17 -2 12 
1 6 5 18 16 -1 12 
6 7 5 25 26 -6 0 
3 7 5 43 41 -5 0 
2 7 5 18 18 -4 0 
1 7 5 19 16 -3 0 
2 7 5 21 20 -1 0 
6 8 5 23 17 0 0 
5 8 5 21 17 1 0 
4 8 5 42 43 2 0 
2 8 5 16 15 -5 1 
1 8 5 37 36 -4 1 
0 8 5 22 21 -2 1 
2 8 5 22 18 -1 1 
3 8 5 22 13 0 1 
6 9 5 31 35 -6 2 
4 9 5 63 65 -5 2 
3 9 5 26 24 -3 2 
2 9 5 71 72 -2 2 
0. 9 5 37 39 -5 3 
1 9 5 51 55 -4 3 
6 10 5 25 20 -1 3 
5 10 5 44 47 -6 4 
4 10 5 23 19 -3 4 
2 10 5 30 28 -1 4 
1 10 5 52 55 -6 5 
0 10 5 27 27 -5 5 
6 11 5 16 7 -4 5 
4 11 5 27 24 -3 5 
3 11 5 80 80 -1 5 
0 11 5 25 . 28 

( C o n t i n u e d ) 

L FO FC H K L FO FC 
5 28 38 0 5 •6 19 9 
5 28 33 -6 6 6 38 35 
5 19 18 -5 6 6 15 8 
5 36 39 6 6 71 72 
5 18 18 -2 6 6 65 66 
6 59 58 0 6 6 21 27 
6 65 67 -6 7 6 17 11 
6 32 32 -5 7 6 74 75 
6 56 58 -4 7 6 44 44 
6 17 13 -2 7 6 42 46 
6 25 33 0 7 6 31 40 
6 32 36 -6 8 6 48 52 
6 22 19 -5 8 6 39 39 
6 94 96 -4 8 6 54 57 
6 49 53 -3 8 6 21 20 
6 19 20 -1 8 6 18 19 
6 22 26 1 8 6 24 27 
6 39 46 -5 9 6 18 17 
6 17 18 -4 9 6 22 28 
6 18 18 -2 9 6 17 22 
6 51 53 -6 10 6 19 19 
6 42 41 -5 10 6 24 26 
6 33 33 -4 10 6 34 37 
6 15 15 -2 10 6 25 27 
6 32 28 -5 11 6 26 2 3' 
6 15 16 -4 11 6 16 4 
6 27 29 -3 11 6 18 13 
6 17 19 -2 11 6 18 15 
6 39 40 0 11 6 27 30 
6 15 11 -6 12 6 39 40 
6 43 43 -5 12 6 19 17 
6 21 17 -3 12 6 33 36 
6 72 75 -2 12 6 33 31 
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T a b l e 6 . F i n a l Leas t -Squares P o s i t i o n a l Parameters f o r 2b_ 
Atom X y z 

B r ( l ) 0 3676( 4 ) 0 3271( 1 ) 0 0219( 4 ) 
C l ( 2 ) 0 7979( 9 ) 0 5600( 4 ) 0. 7770( 9 ) 
C l ( 3 ) 0 9 6 4 2 ( 1 0 ) 0 .4452( 4 ) 0 6 9 6 7 ( 1 0 ) 
C ( 4 ) 0 4 8 9 9 ( 4 2 ) 0 5 4 6 4 ( 1 3 ) 0 1 8 1 2 ( 3 9 ) 
N(5) 0 5 2 5 1 ( 2 9 ) 0 5754 (11 ) 0 3 5 2 7 ( 2 6 ) 
N(6) 0 2 6 6 1 ( 2 7 ) 0 6 4 9 8 ( 1 0 ) 0 1 2 3 8 ( 2 6 ) 
C ( 7 ) 0 4 4 5 7 ( 3 4 ) 0 6 5 7 1 ( 1 2 ) 0 4 7 7 5 ( 3 2 ) 
0 ( 8 ) 0 1 4 5 6 ( 2 3 ) 0 8685( 8 ) 0 2 5 4 6 ( 2 2 ) 
C ( 9 ) 0 4 1 6 1 ( 3 5 ) 0 6 2 0 9 ( 1 4 ) 0 3 1 5 5 ( 3 1 ) 
C ( 1 0 ) 0 . 2 4 8 8 ( 3 9 ) 0 7 0 0 3 ( 1 1 ) 0 3 3 5 0 ( 3 7 ) 
C ( l l ) 0 . 6 3 1 5 ( 3 6 ) 0 4 8 9 3 ( 1 3 ) 0 2 7 6 7 ( 3 4 ) 
C ( 1 2 ) 0 . 1 7 1 2 ( 4 0 ) 0 7 0 2 7 ( 1 3 ) 0 . 1 1 9 3 ( 4 0 ) 
0 ( 1 3 ) 0 . 7 6 7 0 ( 2 4 ) 0 6947( 7 ) 0 4 1 3 5 ( 2 2 ) 
C ( 1 4 ) 0 . 7 6 1 6 ( 3 8 ) 0 4 9 4 6 ( 1 5 ) 0 5 1 0 5 ( 3 6 ) 
C ( 1 5 ) 0 . 7 0 7 0 ( 3 5 ) 0 . 5 3 9 8 ( 1 4 ) 0 5 4 3 3 ( 3 1 ) 

V i c a n i c i n 

P r e p a r a t i o n o f B r o m o a c e t y l v i c a n i c i n . T h i o n y l c h l o r i d e (20 g ) 

and a - b r o m o a c e t i c a c i d (6 g , 0 .04 mo le ) were b o i l e d under r e f l u x f o r 

one h o u r . The dark brown s o l u t i o n was then d i s t i l l e d through a 12 cm 

v i g r e u x column, and the f r a c t i o n t ha t d i s t i l l e d a t 125-130° was 

c o l l e c t e d t o y i e l d 3 .1 g ( 0 . 0 1 7 m o l e , 40%) o f a - b r o m o a c e t y l c h l o r i d e : 

bp 125-130° [ l i t . 5 1 bp 127° and 1 3 0 ° ] . V i c a n i c i n (50 mg, 0 .127 mmole) 

was d i s s o l v e d in 20 ml o f anhydrous b e n z e n e . One m i l l i l i t e r o f 

a - b r o m o a c e t y l c h l o r i d e was added t o the benzene s o l u t i o n , and the s o l u ­

t i o n was b o i l e d under r e f l u x f o r 48 h r . The s o l v e n t was evapora t ed 

a t r educed p r e s s u r e , and the r e s u l t i n g gum was c r y s t a l l i z e d from c h l o r o -

f o r m - c y c l o h e x a n e (ca. 1 : 1 ) t o y i e l d 35 mg ( 0 . 0 7 0 mmole, 55%) o f bromo­

a c e t y l v i c a n i c i n : mp 1 7 6 . 5 - 1 7 9 ° ; mass spectrum (70 eV) m/e ( p e l obsd 

i n t e n s i t y , c a l c d i n t e n s i t y ) 508 ( 0 . 0 5 5 , 0 . 0 3 0 ) , 506 ( 0 . 2 2 2 , 0 . 2 1 4 ) , 

504 ( 0 . 4 4 5 , 0 . 4 6 9 ) , 502 M + ( 0 . 2 7 8 , 0 . 2 8 8 ) , 480 ( 0 . 0 8 9 , 0 . 0 3 0 ) , 478 



49 

( 0 . 2 2 2 , 0 . 2 1 4 ) , 476 ( 0 . 4 2 3 , 0 . 4 6 9 ) , 474 ( 0 . 2 9 3 , 0 . 2 8 8 ) , 471 ( 0 . 1 4 4 , 

0 . 1 2 2 ) , 469 ( 0 . 4 9 0 , 0 . 4 9 7 ) , 467 ( 0 . 3 6 6 , 0 . 3 8 1 ) . 

P r e p a r a t i o n o f O - E t h y l v i c a n i c i n 2 6 . Excess d i a z o e t h a n e in 

e the r was added t o a s o l u t i o n o f v i c a n i c i n (103 mg, 0 .27 mmole) in 

t en m i l l i l i t e r s o f e t h e r - e t h a n o l ( 1 : 1 ) . The s l i g h t l y y e l l o w s o l u t i o n 

was a l l o w e d t o s tand a t room tempera ture f o r 48 h r . The s o l v e n t 

was evapora ted a t r educed p r e s s u r e t o y i e l d a gum tha t was c r y s t a l l i z e d 

from benzene -h igh b o i l i n g pe t ro leum e the r t o y i e l d 36 mg o f 2J5_. S e v e r a l 

c r o p s o f 26 were combined t o y i e l d 101 mg ( 0 . 2 4 mmole, 89%): mp 1 8 5 -

1 8 6 . 5 ° [ l i t . 1 6 mp 1 8 5 - 1 8 6 ° ] ; nmr (DCC1 3 ) T 8 .57 ( t , 3 , J = 7 H z ) , 7 .70 

( s , 3 ) , 7 .56 ( s , 3 ) , 7 .51 ( s , 6 ) , 6 .25 ( s , 3 ) , and 6 .00 ( q , 2 , J = 

7 Hz) . 

P r epa ra t i on o f M e t h y l - O - e t h y l v i c a n i c a t e 27 . A s o l u t i o n 28_ 

(100 mg, 0 .24 mmole) in 20 ml o f methanol was t r e a t e d wi th 200 mg o f 

f r e s h l y c u t sodium under r e f l u x . The r e a c t i o n was b o i l e d under r e f l u x 

f o r an a d d i t i o n a l hour . A f t e r c o o l i n g the s o l u t i o n t o aa. 5 ° , c o l d 

d i l u t e h y d r o c h l o r i c a c i d was added t o pH 2 . The a c i d i c s o l u t i o n was 

e x t r a c t e d wi th 50 ml o f e t h e r . A f t e r the e t h e r was washed wi th 20 ml 

o f c o l d IN h y d r o c h l o r i c a c i d , the s o l u t i o n was d r i e d , and t he e t h e r 

was e v a p o r a t e d . The r e s i d u e was d i s s o l v e d in a minimum amount o f 

me thano l , and the s o l u t i o n was a l l o w e d t o evapo ra t e s l o w l y . A f t e r 

s e v e r a l u n s u c c e s s f u l a t tempts t o c r y s t a l l i z e t h i s m a t e r i a l , the c rude 

p roduc t was d r i e d t o y i e l d 82 mg o f 27_. The sample o f 27 gave one 

spo t by t i c a t Rf 0 .40 u s i n g benzene as t he s o l v e n t . 
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O x i d a t i o n o f M e t h y l - f l - e t h y l v i c a n i c a t e 2 7 . A sample o f the 

m e t h y l-(9 - e t h y l v i c a n i c a t e (82 mg, ca. 0 .19 mmole) p r e p a r a t i o n was 

d i s s o l v e d in t e n m i l l i l i t e r s o f d i s t i l l e d g l a c i a l a c e t i c a c i d . To 

t h i s s o l u t i o n 0 .5 ml o f c o n c e n t r a t e d n i t r i c a c i d was added . A f t e r 

15 min, 50 ml o f water was added t o the deep orange s o l u t i o n , and the 

s o l u t i o n was e x t r a c t e d wi th f o u r 25 ml p o r t i o n s o f e t h e r . The e t h e r 

e x t r a c t s were combined and washed r e p e a t e d l y wi th 15 ml p o r t i o n s o f 5 

pe r c e n t sodium b i c a r b o n a t e s o l u t i o n . The i n i t i a l e x t r a c t s were c o l o r ­

l e s s ; then t h e y became pu rp l e c o l o r e d . These pu rp l e c o l o r e d e x t r a c t s 

were combined and immedia te ly a c i d i f i e d wi th c o l d h y d r o c h l o r i c a c i d . 

The e t h e r s o l u t i o n tha t had been e x t r a c t e d wi th the sodium 

b i c a r b o n a t e s o l u t i o n s was e x t r a c t e d wi th t h r e e 25 ml p o r t i o n s o f 10 

per c e n t sodium hyd rox ide s o l u t i o n . The sodium h y d r o x i d e e x t r a c t s were 

combined and a c i d i f i e d t o pH 2 wi th 2N h y d r o c h l o r i c a c i d . The a c i d i c 

s o l u t i o n was e x t r a c t e d wi th two 50 ml p o r t i o n s o f e t h e r ; the combined 

e x t r a c t s were d r i e d and evapora ted t o y i e l d 2 0 mg ( 0 . 0 8 1 mmole, 42%) 

o f p h e n o l i c e s t e r 28_: mp 6 3 - 6 5 ° ; nmr (DCClg) T 8 .55 ( t , 3 , J = 7 H z ) , 

7 .80 ( s , 3 ) , 7 .40 ( s , 3 ) , 6 .02 ( s , 3 ) , 5 .98 ( q , 2 , J = 7 H z ) , and 

- 1 . 3 0 ( s , 1 ) ; mass spectrum (70 eV) m/e ( r e l i n t e n s i t y ) 2 6 0 ( 2 0 ) , 

258 M + ( 6 0 ) , 2 2 8 ( 3 2 ) , 2 2 6 ( 9 1 ) , 1 9 9 ( 2 0 ) , 1 9 8 ( 3 0 ) , 1 8 4 ( 5 6 ) , 1 8 2 ( 1 0 0 ) , 

1 7 2 ( 2 6 ) , 1 7 1 ( 2 4 ) , 1 7 0 ( 8 4 ) , 1 6 9 ( 4 4 ) . 

The sodium b i c a r b o n a t e e x t r a c t s from above tha t had been a c i d i ­

f i e d were e x t r a c t e d wi th two 25 ml p o r t i o n s o f e t h e r . A f t e r the e t h e r 

was d r i e d , i t was evapora ted a t reduced p r e s s u r e t o y i e l d an orange 

c o l o r e d o i l . T h i s o i l was c r y s t a l l i z e d from n-hexane t o y i e l d 10 mg 
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( 0 . 0 5 9 mmole, 31%) o f an orange quinone 29_: mp 1 2 6 - 1 2 7 ° ; mass 

spectrum (70 eV) m/e ( r e l i n t e n s i t y ) 1 8 8 ( 3 2 ) , 186 M + ( 1 0 0 ) , 1 6 0 ( 1 7 ) , 

1 5 8 ( 5 2 ) , 1 3 0 ( 2 0 ) , 1 2 3 ( 6 4 ) , 1 0 3 ( 3 3 ) , 9 5 ( 8 0 ) , 8 3 ( 6 8 ) ; emd M+ 186 .0113 

( 8 0 ) (CoH^CKV 1 8 6 . 0 0 8 3 ) . o / o 
O x i d a t i o n o f M e t h y l - f l - m e t h y l v i c a n i c a t e 3 2 . A sample o f 31 

23 
prepared by B a l t h i s was r e c r y s t a l l i z e d from methanol t o y i e l d 

16 

c o l o r l e s s n e e d l e s : mp 1 5 5 - 1 5 6 . 5 ° [ l i t . mp 1 5 5 - 1 5 6 ° ] . A s o l u t i o n o f 

31 (395 mg, 0 .945 mmole) i n t e n m i l l i l i t e r s o f d i s t i l l e d g l a c i a l a c e t i c 

a c i d was c o o l e d t o aa. 1 0 ° . Concen t ra ted n i t r i c a c i d ( 0 . 5 m l ) was 

added, and the orange s o l u t i o n was s w i r l l e d f o r 15 min. A f t e r 

the a c i d i c s o l u t i o n was d i l u t e d wi th 100 ml o f w a t e r , t he s o l u t i o n 

was e x t r a c t e d wi th f i v e 30 ml p o r t i o n s o f e t h e r . The combined e t h e r 

e x t r a c t s were e x t r a c t e d wi th f o u r 20 ml p o r t i o n s o f 5 pe r c e n t sodium 

b i c a r b o n a t e s o l u t i o n . The f i r s t two e x t r a c t s were c o l o r l e s s and were 

d i s c a r d e d ; t h e l a s t two e x t r a c t s were p u r p l e . The pu rp l e e x t r a c t s 

were immedia te ly a c i d i f i e d wi th c o l d 3N h y d r o c h l o r i c a c i d , and the 

a c i d s o l u t i o n was e x t r a c t e d wi th t h r e e 20 ml p o r t i o n s o f low b o i l i n g 

pe t ro l eum e t h e r . The combined e x t r a c t s were d r i e d , and the s o l v e n t 

was evapora ted t o y i e l d an orange s e m i c r y s t a l l i n e compound (58 m g ) . 

The orange m a t e r i a l was r e c r y s t a l l i z e d from n-hexane t o y i e l d 40 mg 

( 0 . 2 3 mmole, 24%) o f an orange quinone 3_5_ mp 1 2 6 - 1 2 7 ° ; mmp wi th 43_ 

1 2 6 - 1 2 7 ° ; mass spectrum (70 eV) m/e ( r e l i n t e n s i t y ) 1 8 8 ( 3 0 ) , 186 M+ 

( 1 0 0 ) , 1 6 0 ( 1 9 ) , 1 5 8 ( 5 2 ) , 1 3 0 ( 1 7 ) , 1 2 3 ( 6 0 ) , 1 0 3 ( 3 8 ) , 9 5 ( 7 5 ) , 8 3 ( 8 0 ) ; 

emd M + 1 8 6 . 0 0 5 1 ( 8 0 ) , ( C QH C10 . 1 8 6 . 0 0 8 3 ) . 
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T h e e t h e r e x t r a c t s a b o v e t h a t w e r e e x t r a c t e d w i t h s o d i u m 

b i c a r b o n a t e s o l u t i o n w e r e a l s o e x t r a c t e d w i t h t h r e e 20 m l p o r t i o n s o f 

20 p e r c e n t a q u e o u s s o d i u m h y d r o x i d e . T h e b a s i c e x t r a c t s w e r e c o m b i n e d 

a n d a c i d i f i e d w i t h c o l d c o n c e n t r a t e d h y d r o c h l o r i c a c i d . A f t e r t h e 

a c i d i c s o l u t i o n w a s e x t r a c t e d w i t h t h r e e 30 m l p o r t i o n s o f e t h e r , t h e 

e t h e r e x t r a c t s w e r e c o m b i n e d a n d d r i e d . E v a p o r a t i o n of t h e s o l v e n t 

y i e l d e d a c r y s t a l l i n e s o l i d . R e c r y s t a l l i z a t i o n of t h i s s o l i d 

f r o m m e t h a n o l - w a t e r (2:1) y i e l d e d 127 m g (0.520 m m o l e , 55%) of 
1 c 

c o l o r l e s s c r y s t a l s 3_3_: m p 77-78° [ l i t . m p 7 7 - 7 8 ° ] ; n m r (DCC1 ) 

T 7.85 ( s , 3 ) , 7.41 ( s , 3 ) , 6.18 ( s , 3 ) , 6.04 ( s , 3 ) , a n d -1.40 ( s , 1 ) ; 

m a s s s p e c t r u m (70 e V ) m/e (rel i n t e n s i t y ) 2 4 6 ( 2 3 ) , 244 M + ( 7 2 ) , 214 

( 4 7 ) , 2 1 3 ( 4 7 ) , 2 1 2 ( 1 0 0 ) , 1 8 6 ( 2 6 ) , 1 8 5 ( 1 9 ) , 1 8 4 ( 7 6 ) , 1 8 3 ( 2 4 ) , 1 8 2 ( 3 9 ) , 

1 7 1 ( 9 ) , 1 6 9 ( 2 6 ) , 1 4 3 ( 7 ) , 1 4 1 ( 1 8 ) ; ir (KBr) 3 4 0 5 , 2 9 5 0 , 1 6 5 5 , 1 6 0 0 , 

1 5 6 0 , 1445 k a m o n g o t h e r s . 

A s a m p l e of t h e p h e n o l i c e s t e r w a s t r e a t e d w i t h a n e x c e s s of 

e t h e r e a l d i a z o m e t h a n e . A f t e r 24 hr t h e s o l v e n t w a s e v a p o r a t e d , a n d 

t h e s o l i d s a m p l e , (34) m p 5 2 - 5 9 ° , w a s d i s s o l v e d i n d e u t e r o c h l o r o f o r m : 

n m r (DCC1 ) T 7.82 ( s , 3 ) , 7.78 ( s , 3 ) , 6.29 ( s , 3 ) , 6.23 ( s , 3 ) , a n d 

6.14 ( s , 3 ) : m a s s s p e c t r u m (70 e V ) m/e (rel i n t e n s i t y ) 2 6 0 ( 2 0 ) , 

258 M + ( 5 9 ) , 2 2 9 ( 4 5 ) , 2 2 8 ( 3 1 ) , 2 2 7 ( 1 0 0 ) , 2 2 6 ( 5 1 ) , 1 8 3 ( 2 6 ) ; ir (film) 

2 9 5 0 , 2 8 6 0 , 1 7 3 5 , 1 5 9 0 , 1 5 6 0 , 1 4 5 0 k a m o n g o t h e r s ; g l p c (1/8 i n . x 

12 f t . , 3% O V - 1 7 ) , R t 11.0 m i n , ct 1 6 0 - 2 6 0 ° , l p r 10° m i n " 1 , n f r 7 0 % 

a t 80 p s i g . 

P r e p a r a t i o n of 3 , 5 - d i m e t h o x y t o l u e n e 3 8 . One m o l e (23 g) o f 

f r e s h l y c u t s o d i u m w a s s l o w l y a d d e d to a s o l u t i o n o f 3 , 5 - d i h y d r o x y -
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t o l u e n e ( 5 2 . 1 g , 0 .365 m o l e ) in 300 ml o f me thano l . The dark c o l o r e d 

s o l u t i o n was b o i l e d under r e f l u x w h i l e a s low stream o f n i t r o g e n was 

passed th rough the r e a c t i o n v e s s e l . The s o l u t i o n was then s t i r r e d 

under r e f l u x whi le d ime thy l s u l f a t e (100 g , 0 .79 m o l e ) was added . The 

c o l o r l e s s r e a c t i o n mix ture was s l i g h t l y a c i d i c t o pH p a p e r . Upon 

the a d d i t i o n o f 15 ml o f 30 per c e n t sodium hyd rox ide s o l u t i o n , the 

r e a c t i o n mix ture became dark c o l o r e d and more d ime thy l s u l f a t e (50 g , 

0 .40 m o l e ) was added. Th i s a l t e r n a t e a d d i t i o n o f d ime thy l s u l f a t e 

and sodium h y d r o x i d e s o l u t i o n was c o n t i n u e d u n t i l a t o t a l o f 200 g 

( 1 . 6 0 m o l e ) o f d imethy l s u l f a t e was added. The s o l u t i o n was made 

s t r o n g l y b a s i c wi th sodium hyd rox ide s o l u t i o n and was then e x t r a c t e d 

wi th f o u r 200 ml p o r t i o n s o f e t h e r . The e t h e r e x t r a c t s were combined 

and washed wi th 100 ml o f 15 per c e n t sodium h y d r o x i d e and 100 ml o f 

wa te r . A f t e r the s o l u t i o n was d r i e d , the e the r was removed by d i s t i l ­

l a t i o n . The r e s i d u e was d i s t i l l e d in vacuo and the f r a c t i o n b o i l i n g a t 
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95-98° (6 mm) [ l i t . bp 110-112° (17 mm)] was c o l l e c t e d t o y i e l d 43 .18 

g ( 0 . 2 8 4 m o l e , 78%) o f 38_: nmr ( n e a t ) T 7 . 80 ( s , 3 ) , 6.45 ( s , 6 ) , and 

3 .70 ( s , 3 ) ; mass spectrum (70 eV) m/e ( r e l i n t e n s i t y ) 152 M + ( 1 0 0 ) , 

1 2 3 ( 7 8 ) , 1 2 2 ( 2 2 ) , 1 2 1 ( 2 8 ) , 1 0 9 ( 7 8 ) , and 1 0 8 ( 2 5 ) ; g l p c ( 1 / 8 i n . x 12 f t . , 

3% O V - 1 7 ) , R 5 .4 min , c t 1 5 0 - 2 3 0 ° , I p r 10° m i n " 1 , n f r 70% a t 80 p s i g . 

P r e p a r a t i o n o f 2 , 6 - d i m e t h o x y - p - x y l e n e 3 9 . A s o l u t i o n o f 2.25A/ 

n - b u t y l l i t h i u m (ca. 0 .56 m o l e ) in 2 50 ml o f n-hexane was s l o w l y added 

t o 43 .18 g (0.284 m o l e ) o f 38_ d i s s o l v e d i n 150 ml o f e t h e r . The mix ture 

was b o i l e d under r e f l u x f o r t en hours and then c o o l e d t o 0 ° . A c o l d 

s o l u t i o n o f d ime thy l s u l f a t e (100 g , 0.803 mo le ) in 100 ml o f anhydrous 



54 

e t h e r was s l o w l y and c a u t i o u s l y added t o the s t i r r e d r e a c t i o n m i x t u r e . 

The mix tu re was b o i l e d under r e f l u x f o r 1.5 h r . The r e a c t i o n m i x ­

t u r e was washed wi th two 200 ml p o r t i o n s o f w a t e r , 100 ml o f 5 per 

c e n t sodium b i c a r b o n a t e s o l u t i o n , and 100 ml o f wa te r . The s o l u t i o n 

was d r i e d , and the hexane and e the r were removed by d i s t i l l a t i o n . The 

remaining m a t e r i a l was d i s t i l l e d in vacuo, and the f r a c t i o n b o i l i n g a t 

80 -90° ( 1 . 5 mm) was c o l l e c t e d t o y i e l d 36 .14 g o f p a l e y e l l o w l i q u i d . 

Th i s m a t e r i a l was d i s s o l v e d i n me thano l ; c r y s t a l s were d e p o s i t e d upon 

c o o l i n g t o y i e l d 28 .82 g ( 0 . 1 7 4 m o l e , 61%) o f 39_: mp 4 6 - 4 8 ° ; nmr 

(DCC1 3 ) T 7 . 8 2 ( s , 3 ) , 7 .75 ( s , 3 ) , 6 .42 ( s , 6 ) , and 3 .75 ( s , 2 ) ; g l p c 

( 1 / 8 i n . x 12 f t , 3% O V - 1 7 ) , R 4 . 9 min, c t 160-23 0 ° , l p r 10° m i n " 1 , 

n f r 70% a t 80 p s i g ; mass spectrum (70 eV) m/e ( r e l i n t e n s i t y ) , 166 M+ 

( 1 0 0 ) , 1 5 1 ( 2 6 ) , 1 3 5 ( 2 1 ) , 1 2 1 ( 1 8 ) , 1 0 5 ( 2 0 ) , 9 1 ( 2 7 ) . 

P r e p a r a t i o n o f 2 , 6 - D i c h l o r o - 3 , 5 - d i m e t h o x y - p - x y l e n e 4 1 . F i v e 

m i l l i g r a m s o f f e r r i c c h l o r i d e was added t o a s o l u t i o n o f 39 ( 2 0 . 8 2 g , 

0 .125 m o l e ) i n 275 ml o f benzene . Th i s mix ture was c o o l e d t o ca. 1 0 ° , 

and c h l o r i n e was bubb led through the c o o l e d s o l u t i o n f o r 20 min. 

The r e a c t i o n mix ture was f l u s h e d wi th n i t r o g e n f o r 30 min and then 

e x t r a c t e d wi th p o r t i o n s o f 10 per c e n t aqueous sodium b i s u l f i t e u n t i l 

no r e a c t i o n o c c u r r e d . The benzene s o l u t i o n was washed wi th two 50 ml 

p o r t i o n s o f wa te r . A f t e r d ry ing the s o l u t i o n , the s o l v e n t was 

evapora ted t o y i e l d a y e l l o w o i l . T h i s o i l was d i s s o l v e d i n a minimum 

amount o f 95 pe r cen t e t h a n o l and c o o l e d t o ca. - 5 0 ° ; c r y s t a l l i z a t i o n 

o c c u r r e d . The mix ture was warmed t o room tempera ture and the c r y s t a l s 

were c o l l e c t e d by f i l t r a t i o n . S e v e r a l c r o p s o f c r y s t a l s were c o l l e c t e d 
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i n the same manner and the combined m a t e r i a l was a i r d r i e d t o y i e l d 

23 .73 g ( 0 . 1 0 m o l e , 80%) o f 4 1 : mp 5 8 - 6 1 ° ; mass spectrum (70 eV) m/e 

( r e l i n t e n s i t y ) , 2 3 8 ( 1 0 ) , 2 3 6 ( 6 4 ) , 234 M + ( 1 0 0 ) , 2 2 1 ( 1 4 ) , 2 1 9 ( 2 1 ) , 

1 9 0 ( 4 5 ) , 1 8 8 ( 6 5 ) , 1 7 5 ( 2 5 ) , 1 7 3 ( 8 6 ) ; emd M + 2 3 4 . 0 2 2 4 ( 7 6 ) ( C

1 0

H

1 2

C 1 2 0 2 

2 3 4 . 0 2 1 3 ) ; g l p c ( 1 / 8 i n . x 12 f t . , 3% O V - 1 7 ) , R 5 .2 min , c t 1 6 0 -

2 5 0 ° , I p r 10° m i n " 1 , n f r 65% at 80 p s i g ; nmr (DCClg) T 7 .76 ( s , 3 ) , 

7 . 5 2 ( s , 3 ) , and 6 .22 ( s , 6 ) : 

P r epa ra t i on o f 5 - C h l o r o - 2 , 4 - d i m e t h o x y - 3 , 6 - d i m e t h y l b e n z o i c 

a c i d 4 2 . A s o l u t i o n o f 41_ ( 1 2 . 5 4 g , 0 .053 m o l e ) i n 150 ml o f 

anhydrous e the r was added d ropwise t o a s t i r r e d s o l u t i o n o f 100 ml 

o f n - b u t y l l i t h i u m (aa. 0 .225 m o l e s ) in n-hexane and 100 ml o f 

anhydrous e t h e r . The s o l u t i o n was b o i l e d under r e f l u x f o r one hour 

o 
and then c o o l e d t o aa. 0 ° . Carbon d i o x i d e , d r i e d o v e r 3 A m o l e c u l a r 

s i e v e s , was passed o v e r the s u r f a c e o f the s o l u t i o n , wi th r a p i d s t i r ­

r i n g , f o r a p e r i o d o f f ou r h o u r s . The s o l u t i o n was d i l u t e d wi th 100 

ml o f water and a c i d i f i e d t o aa. pH 3 us ing h y d r o c h l o r i c a c i d . The 

a c i d i c s o l u t i o n was e x t r a c t e d wi th two 200 ml p o r t i o n s o f e t h e r . The 

e the r e x t r a c t s were combined and e x t r a c t e d wi th t h r e e 100 ml p o r t i o n s 

o f 5 per c e n t sodium b i c a r b o n a t e s o l u t i o n . The aqueous b i c a r b o n a t e 

s o l u t i o n s were combined , a c i d i f i e d t o pH 3 , and e x t r a c t e d wi th two 100 

ml p o r t i o n s o f e t h e r . A f t e r d ry ing t he s o l u t i o n , t he e t h e r was 

evapora ted t o y i e l d 12 .3 5 g o f a y e l l o w o i l . The o i l c r y s t a l l i z e d 

upon s tand ing and was r e c r y s t a l l i z e d from i s o p r o p y l e t h e r - h i g h b o i l i n g 

pe t ro leum e the r (aa. 1 : 1 0 ) . Seve ra l c r o p s o f the p a l e y e l l o w c r y s t a l s 

were c o l l e c t e d t o y i e l d 8 .10 g ( 0 . 0 3 3 m o l e , 62%) o f 42_: mp 8 6 - 8 8 ° ; 
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n m r (DCClg) T 7.71 ( s , 3 ) , 7.54 ( s , 3 ) , 6.13 ( s , 6 ) , a n d -0.03 ( s , 1 ) ; 

m a s s s p e c t r u m (70 e V ) m/e (rel i n t e n s i t y ) , 2 4 6 ( 3 3 ) , 244 M + ( 1 0 0 ) , 

2 2 9 ( 1 5 ) , 2 2 8 ( 3 5 ) , 2 2 7 ( 3 5 ) , 2 2 6 ( 8 9 ) , 1 8 5 ( 8 ) , 1 8 3 ( 2 6 ) . 

P r e p a r a t i o n of M e t h y l 5-chloro-2 , 4 - d i m e t h o x y 3 , 6 - d i m e t h y l -

b e n z o a t e 3 6 . O n e g r a m (0.0041 m o l e ) o f 4 2 _ w a s d i s s o l v e d i n t e n 

m i l l i l i t e r s o f e t h e r . A n e x c e s s o f e t h e r e a l d i a z o m e t h a n e w a s a d d e d 

t o t h i s solution. T h e y e l l o w s o l u t i o n w a s a l l o w e d t o s t a n d for e i g h t 

h o u r s . T h e e t h e r w a s e v a p o r a t e d t o y i e l d 982 m g (3.8 m m o l e , 93%) 

o f 36_: m p 5 4 - 5 8 . 5 ° ; n m r (DCClg) T 7.78 ( s , 3 ) , 7.71 ( s , 3 ) , 6.26 ( s , 3 ) , 

6.21 ( s , 3 ) , a n d 6.10 ( s , 3 ) ; m a s s s p e c t r u m (70 eV) m/e (rel i n t e n s i t y ) 

2 6 0 ( 2 0 ) , 258 M + ( 6 0 ) , 2 2 9 ( 3 6 ) , 2 2 8 ( 3 3 ) , 2 2 7 ( 1 0 0 ) , 2 2 6 ( 5 1 ) , 1 8 0 ( 2 6 ) ; ir 

(film) 2 9 8 0 , 2 9 3 0 , 2 8 4 0 , 1 7 3 0 , 1 5 9 0 , 1 5 6 5 c m " 1 a m o n g o t h e r s ; g l p c 

(1/8 i n . x 12 f t , 3% O V - 1 7 ) , R 11.0 m i n , c t 1 6 0 - 2 6 0 ° , l p r 10° m i n " 1 , 

n f r 7 0 % a t 80 p s i g . 

12 

S y n t h e s i s of 3 - C h l o r o - 2 , 5 - d i m e t h y l - 6 - h y d r o x y - p - b e n z o q u i n o n e 4_3_. 

B o r o n t r i f l u o r i d e e t h e r a t e (3 m l ) w a s a d d e d t o a s o l u t i o n o f 2 , 5 -

d i m e t h y l - p - b e n z o q u i n o n e (10 g , 0.074 m o l e ) i n 60 m l o f d i s t i l l e d a c e t i c 

a n h y d r i d e , a n d t h e s o l u t i o n w a s a l l o w e d t o s t a n d at r o o m t e m p e r a t u r e 

f o r f i v e h o u r s . T h e s o l u t i o n w a s t h e n c o o l e d t o 0 ° , a n d 600 m l o f 

d i s t i l l e d w a t e r w a s a d d e d . T h e c r y s t a l l i n e p r e c i p i t a t e t h a t f o r m e d 

w a s c o l l e c t e d a n d w a s h e d t h o r o u g h l y w i t h w a t e r t o y i e l d 16 g o f c r u d e 

d a m p m a t e r i a l . T h e c r u d e m a t e r i a l w a s r e c r y s t a l l i z e d f r o m m e t h a n o l -

w a t e r (ca. 4:1) t o y i e l d 12.06 g (0.0431 m o l e , 58%) o f 1 , 4 - d i m e t h y l -
« r . 53 

2 , 3 , 5 - t r i a c e t o x y b e n z e n e : m p 1 0 7 . 5 - 1 0 9 . 5 ° [ l i t . m p 1 0 5 - 1 0 7 ° ] . 
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T h r e e g r a m s (0.011 m o l e ) o f 1 , 4 - d i m e t h y l - 2 , 3 , 5 - t r i a c e t o x y b e n z e n e 

w a s d i s s o l v e d i n 50 m l of 95 p e r c e n t e t h a n o l , a n d c h l o r i n e w a s b u b b l e d 

t h r o u g h t h e s o l u t i o n f o r 1.5 h r . T h e s o l u t i o n w a s f l u s h e d w i t h 

n i t r o g e n for 30 m i n ; t h e n t h e s o l u t i o n w a s r e d u c e d in v o l u m e t o t e n 

m i l l i l i t e r s . T h e c h l o r i n a t e d p r o d u c t w a s v i g o r o u s l y s h a k e n w i t h t h r e e 

50 m l p o r t i o n s o f 2N s o d i u m h y d r o x i d e s o l u t i o n . T h e b a s i c f r a c t i o n 

w a s a c i d i f i e d w i t h 47V h y d r o c h l o r i c a c i d a n d e x t r a c t e d w i t h t h r e e 50 

m l p o r t i o n s o f e t h e r . T h e e t h e r s o l u t i o n w a s e x t r a c t e d w i t h t h r e e 

50 m l p o r t i o n s o f s a t u r a t e d s o d i u m b i c a r b o n a t e s o l u t i o n , a n d t h e 

s o d i u m b i c a r b o n a t e l a y e r w a s a c i d i f i e d w i t h 4/V h y d r o c h l o r i c a c i d . 

T h e a c i d i c l a y e r w a s e x t r a c t e d w i t h t h r e e 50 m l p o r t i o n s o f e t h e r ; 

t h e e t h e r w a s d r i e d a n d e v a p o r a t e d t o g i v e a d a r k b r o w n o i l . T h i s 

o i l w a s c h r o m a t o g r a p h e d o v e r a s i l i c a a c i d c o l u m n (1 c m x 10 cm) b y 

e l u t i n g w i t h h i g h b o i l i n g p e t r o l e u m e t h e r - c h l o r o f o r m ( 4 : 1 ) . T h e 

f i r s t f r a c t i o n to be e l u t e d f r o m t h e c o l u m n w a s e v a p o r a t e d t o d r y n e s s 

a n d c r y s t a l l i z e d f r o m h i g h b o i l i n g p e t r o l e u m e t h e r t o y i e l d 201 m g 

(1.08 m m o l e , 10%) of o r a n g e c r y s t a l s : m p 1 2 6 - 1 2 8 ° ; m m p w i t h 35 1 2 6 -

1 2 8 ° ; m a s s s p e c t r u m (70 e V ) m/e (rel i n t e n s i t y ) 1 8 8 ( 3 9 ) , 186 M + ( 1 0 0 ) , 

1 6 0 ( 1 7 ) , 1 5 8 ( 5 0 ) , 1 3 0 ( 2 0 ) , 1 2 3 ( 6 0 ) , 1 0 3 ( 3 3 ) , 9 5 ( 8 9 ) , 8 3 ( 6 8 ) . T h e R f 

v a l u e s o f 3_5 a n d 3 - c h l o r o - 2 , 5 - d i m e t h y l - 6 - h y d r o x y - p - b e n z o q u i n o n e w e r e 

i d e n t i c a l b y t i c i n f o u r d i f f e r e n t s o l v e n t s y s t e m s . 

P r e p a r a t i o n o f M e t h y l 0*0 ' - d i m e t h y l v i c a n i c a t e .50,. M e t h y l - 0 -

m e t h y l v i c a n i c a t e (78 m g , 0.18 m m o l e s ) w a s d i s s o l v e d i n f i v e m i l l i l i t e r s 

o f m e t h a n o l a n d f i v e m i l l i l i t e r s o f e t h e r . T h i s s o l u t i o n w a s t r e a t e d 

w i t h a n e x c e s s o f e t h e r e a l d i a z o m e t h a n e a n d w a s a l l o w e d t o s t a n d a t r o o m 
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t e m p e r a t u r e f o r 48 h r . T h e s o l v e n t w a s e v a p o r a t e d t o y i e l d a c o l o r ­

l e s s o i l t h a t c r y s t a l l i z e d f r o m m e t h a n o l - e t h e r (ca. 3:1) t o y i e l d 64 
16 

m g (0.146 m m o l e , 81%) o f 50_: m p s o f t e n 86° m e l t 94-97° [ l i t . m p 

9 7 - 9 8 ° ] ; m a s s s p e c t r u m (70 e V ) m/e (rel i n t e n s i t y ) , 4 4 4 ( 7 1 ) , 4 4 3 ( 2 5 ) , 

442 M + ( 1 0 0 ) , 2 1 7 ( 1 2 ) , 2 1 5 ( 3 6 ) ; n m r ( D C C l g ) T 7 . 8 2 , 7 . 8 0 , 7 . 7 7 , 7.73 

( u n r e s o l v e d s i n g l e t s , 1 2 ) , 6.67 ( s , 3 ) , 6.53 ( s , 3 ) , 6.23 ( s , 3 ) , a n d 

6.20 ( s , 3 ) . 

O x i d a t i o n of M e t h y l 030'-dimethylvicanicate 50. A s a m p l e o f 

50 (20 m g , 0.045 m m o l e s ) w a s d i s s o l v e d i n t w o m i l l i l i t e r s of d i s t i l l e d 

g l a c i a l a c e t i c a c i d a n d t r e a t e d f o r w i t h 0.25 m l of c o n c e n t r a t e d n i t r i c 

a c i d . A f t e r 15 m i n , 15 m l of w a t e r w a s a d d e d a n d t h e a c i d i c s o l u t i o n 

w a s e x t r a c t e d w i t h f i v e f i v e m i l l i l i t e r p o r t i o n o f e t h e r . T h e c o m b i n e d 

e t h e r e x t r a c t s w e r e e x t r a c t e d w i t h f i v e t w o m i l l i l i t e r p o r t i o n s o f 5 

p e r c e n t s o d i u m b i c a r b o n a t e s o l u t i o n a n d f i v e t w o m i l l i l i t e r s p o r t i o n s 

of 10 p e r c e n t s o d i u m h y d r o x i d e s o l u t i o n . B o t h t h e b i c a r b o n a t e a n d 

s o d i u m h y d r o x i d e e x t r a c t s w e r e a c i d i f i e d w i t h c o n c e n t r a t e d h y d r o c h l o r i c 

a c i d , a n d t h e a c i d i c s o l u t i o n s w e r e e x t r a c t e d w i t h e t h e r . E v a p o r a t i o n 

o f t h e e t h e r e x t r a c t s f r o m b o t h s o l u t i o n s s h o w e d n o m a t e r i a l . 

T h e o r i g i n a l e t h e r e x t r a c t s w e r e d r i e d a n d e v a p o r a t e d t o y i e l d 
1 c 

17 m g (0.039 m m o l e , 85%) o f 50_: m p 94-96° [ l i t . m p 9 7 - 9 8 ] . 
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CHAPTER I I I 

DISCUSSION 

The C r y s t a l S t r u c t u r e o f V i o c i d i c A c i d 

The a n t i b i o t i c v iomyc in i s a p e p t i d e t ha t y i e l d s , upon a c i d 

h y d r o l y s i s , t h e amino a c i d s L - s e r i n e , L_-a ,3 -d iaminoprop ion ic a c i d , 

L - 3 - l y s i n e , and v i o m y c i d i n e , as w e l l as smal l amounts o f p e p t i d e s , 

ca rbon d i o x i d e , ammonia, and u r e a . One o f the components i s o l a t e d 

from the h y d r o l y s a t e by i o n exchange chromatography on Dowex 5 0 ( H + ) 

was p u r i f i e d , c o n v e r t e d t o the d ihydrobromide s a l t , and c r y s t a l l i z e d . 

The o r d e r o f e l u t i o n from the i o n exchange column i n d i c a t e d t ha t t h i s 

compound was more b a s i c than v i o m y c i d i n e . The nmr spectrum o f t h i s 

compound was c o m p l i c a t e d and c o u l d not be i n t e r p r e t e d . T h i s m a t e r i a l 

gave p o s i t i v e n inhydr in and Weber t e s t s . A n a l y s i s by t i c showed tha t 

v i o m y c i d i n e and DAPA w e r e not p r o d u c e d by a c i d h y d r o l y s i s o f t h i s 

m a t e r i a l . The purpose o f t h i s r e s e a r c h was t o de te rmine the s t r u c t u r e 

o f t h i s compound. S i n g l e c r y s t a l X- ray d i f f r a c t i o n was the method o f 

c h o i c e s i n c e o n l y a smal l amount o f the pure m a t e r i a l was a v a i l a b l e 

(aa. 10 m g ) . 

The u n i t c e l l d imension o f t h i s compound o b t a i n e d from X- ray 

p r e c e s s i o n photographs were w i t h i n expe r imen ta l e r r o r o f the d imens ions 

o f the compound v i o c i d i c a c i d (6_). Johnson r e p o r t e d the s t r u c t u r e o f 

v i o c i d i c a c i d , from X- ray d i f f r a c t i o n s t u d i e s , t o be 6 ( r a t h e r than 

6 ' ) ; however bond a n g l e s and l e n g t h s were no t r e p o r t e d . The ass ignment 
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o f a tomic numbers t o the l i g h t atoms i n 6_ were not e x p l a i n e d , and the 

Tab le 7 l i s t s the bond l e n g t h s and bond a n g l e s w i th t h e i r 

e s t ima ted s tandard d e v i a t i o n s . A l l bond l e n g t h s a r e w i t h i n two 

s tandard d e v i a t i o n s o f commonly a c c e p t e d v a l u e s . The t r end toward 

s l i g h t l y l o n g e r bond l e n g t h s in the f i v e membered r i n g s may r e p r e s e n t 

r e a l v a l u e s l o n g e r than the a c c e p t e d c a r b o n - c a r b o n bond l e n g t h o f 
o 

1.536 A f o r e thane . I t has been p o s t u l a t e d tha t nonbonded s t e r i c 

° . 3 
r e p u l s i o n may cause an e x t e n s i o n o f 0 .02 A f o r h i g h l y s u b s t i t u t e d sp 

55 
c a r b o n - c a r b o n b o n d s . 

mode o f fo rma t ion o f 6_ from v i o m y c i n was not d i s c u s s e d . Hence, a more 

e x a c t d e t e r m i n a t i o n o f the s t r u c t u r e was d e s i r e d . 

The s t r u c t u r e de termined f o r v i o c i d i c a c i d dur ing the c o u r s e o f 

t h i s r e s e a r c h by X- ray d i f f r a c t i o n t e c h n i q u e s was 2 , 5 , 8 , 1 0 - t e t r a a z a -

4 11 
9 - i m i n o t r i c y c l o [ 5 . 3 . 1 . 0 ' ] u n d e c a n e - 6 - c a r b o x y l i c a c i d (6_). A v i e w o f 

54 
the v i o c i d i c a c i d c a t i o n i s shown m F igu re 1. 



F i g u r e 1. V i o c i d i c A c i d C a t i o n 



Tab le 7 . Bond Lengths and Bond A n g l e s i n the V i o c i d i c A c i d C a t i o n 

Bond Length , . . - ^— Bond Ang le s 
Atoms Leng th (A) Atoms A n g l e ( ° ) 

N ( 3 ) - C ( 4 ) 1 . 3 0 ( 3 ) N ( 5 ) - C ( 4 ) - N ( 9 ) 1 1 9 ( 2 ) 
C ( 4 ) - N ( 5 ) 1 . 3 3 ( 3 ) N ( 3 ) - C ( 4 ) - N ( 5 ) 1 1 7 ( 2 ) 
N ( 5 ) - C ( 6 ) 1 . 4 7 ( 3 ) C ( 4 ) - N ( 5 ) - C ( 6 ) 1 1 9 ( 2 ) 
C ( 6 ) - C ( 7 ) 1 . 5 1 ( 3 ) N ( 5 ) - C ( 6 ) - C ( 1 7 ) 1 0 4 ( 2 ) 
C ( 7 ) - C ( 8 ) 1 . 5 0 ( 3 ) N ( 5 ) - C ( 6 ) - C ( 7 ) 1 1 9 ( 2 ) 
C ( 8 ) - N ( 9 ) 1 4 9 ( 3 ) C ( 6 ) - C ( 7 ) - C ( 8 ) 1 1 3 ( 2 ) 
N ( 9 ) - C ( 4 ) 1 3 3 ( 3 ) N ( 3 ) - C ( 4 ) - N ( 9 ) 1 2 3 ( 2 ) 
C ( 1 8 ) - C ( 1 0 ) 1 5 6 ( 3 ) C ( 7 ) - C ( 8 ) - N ( 9 ) 1 1 4 ( 2 ) 
C ( 1 0 ) - C ( l l ) 1 5 2 ( 3 ) C ( 8 ) - N ( 9 ) - C ( 4 ) 1 2 1 ( 2 ) 
C ( l l ) - 0 ( 1 2 ) 1. 3 0 ( 3 ) N ( 9 ) - C ( 8 ) - C ( 1 0 ) 1 1 0 ( 2 ) 
C ( l l ) - 0 ( 1 3 ) 1 2 0 ( 3 ) C ( 7 ) - C ( 8 ) - C ( 1 0 ) 1 0 6 ( 2 ) 
C ( 1 0 ) - N ( 1 4 ) 1 5 8 ( 3 ) C ( 8 ) - C ( 1 0 ) - N ( 1 4 ) 1 0 1 ( 2 ) 
N ( 1 4 ) - C ( 1 5 ) 1 5 1 ( 3 ) C ( 1 0 ) - N ( 1 4 ) - C ( 1 5 ) 1 0 8 ( 2 ) 
C ( 1 5 ) - C ( 7 ) 1 6 2 ( 3 ) C ( 8 ) - C ( 1 0 ) - C ( l l ) 1 2 2 ( 2 ) 
C ( 1 5 ) - C ( 1 6 ) 1 5 2 ( 3 ) N ( 1 4 ) - C ( 1 0 ) - C ( l l ) 1 0 6 ( 2 ) 
C ( 1 6 ) - N ( 1 7 ) 1. 4 8 ( 3 ) C ( 1 0 ) - C ( l l ) - 0 ( 1 2 ) 1 0 8 ( 2 ) 
N ( 1 7 ) - C ( 6 ) 1. 6 2 ( 3 ) C ( 1 0 ) - C ( l l ) - 0 ( 1 3 ) 1 2 4 ( 2 ) 

0 ( 1 3 ) - C ( 1 1 ) - 0 ( 1 2 ) 1 2 7 ( 2 ) 
N ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 1 6 ( 2 ) 
N ( 1 4 ) - C ( 1 5 ) - C ( 7 ) 1 0 3 ( 2 ) 
C ( 7 ) - C ( 1 5 ) - C ( 1 6 ) 1 1 0 ( 2 ) 
C ( 1 5 ) - C ( 7 ) - C ( 8 ) 1 0 7 ( 2 ) 
C ( 1 5 ) - C ( 7 ) - C ( 6 ) 1 0 2 ( 2 ) 
C ( 1 5 ) - C ( 1 6 ) - N ( 1 7 ) 1 0 4 ( 2 ) 
C ( 1 6 ) - N ( 1 7 ) - C ( 6 ) 1 0 5 ( 2 ) 
N ( 1 7 ) - C ( 6 ) - C ( 7 ) 1 0 7 ( 2 ) 

Tab le 8 g i v e s the l e a s t - s q u a r e s p lane through atoms N ( 3 ) , 

C ( 4 ) , N ( 5 ) , and N ( 9 ) . These atoms would be e x p e c t e d t o be p l a n a r . 

o 
A l l t h e s e atoms a r e w i t h i n ± 0.04 A o f the p l a n e . The bond a n g l e s 

around the c e n t r a l atom [ C ( 4 ) ] a re w i th in one s tandard d e v i a t i o n o f 

120° . 
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T a b l e 8. L e a s t S q u a r e s P l a n e of t h e G u a n i d i n o C a t i o n 
i n V i o c i d i c A c i d : 0.55082X + 0.41941Y + 

0.72159Z - 5.44737 = 0 5 6 

D i s t a n c e f r o m o 
A t o m P l a n e (A) 

N ( 3 ) - 0 , .01516 
C ( 4 ) 0. .04035 
N ( 5 ) - 0 , .01345 
N ( 9 ) - 0 , .01174 

T a b l e 9 g i v e s t h e l e a s t - s q u a r e s p l a n e t h r o u g h a t o m s C ( 1 0 ) , 
o 

C ( l l ) , 0 ( 1 2 ) , a n d 0 ( 1 3 ) . A l l t h e s e a t o m s a r e w i t h i n ± 0.04 A of t h e 

p l a n e . 

T a b l e 9. L e a s t S q u a r e s P l a n e of t h e C a r b o x y l a t e A n i o n 
a n d t h e a C a r b o n in V i o c i d i c A c i d : 0.81248X 4 
0.18746Y - 0.55203Z - 5.18595 = 0 5 6 

D i s t a n c e f r o m 
o 

A t o m P l a n e (A) 

C ( 1 0 ) - 0 . 01201 
C ( l l ) 0. 04358 
0 ( 1 2 ) - 0 . 01290 
0 ( 1 3 ) - 0 . 018 67 

T h e a s s i g n m e n t o f o x y g e n a t o m s w a s o b v i o u s s i n c e t h e g e o m e t r y 

o f t h e a t o m s C ( l l ) , 0 ( 1 2 ) , a n d 0 ( 1 3 ) s u g g e s t e d a c a r b o x y l a t e a n i o n . 

T h e o x y g e n a t o m s of t h e t h r e e w a t e r m o l e c u l e s w e r e n o t w i t h i n r e a s o n ­

a b l e b o n d i n g d i s t a n c e t o a n y o t h e r a t o m s . 
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The ass ignment o f the n i t r o g e n atoms o f the guan id ino f u n c t i o n 

was o b v i o u s from the bond l e n g t h s and bond a n g l e s . The thermal 

parameters o f an atom t h e o r e t i c a l l y w i l l c o r r e c t t he s c a t t e r i n g power 

( e x p r e s s e d i n e l e c t r o n s ) o f the atom f o r the d e c r e a s e i n e l e c t r o n 

d e n s i t y due t o thermal m o t i o n . These thermal parameters a l s o c o r r e c t 

the s c a t t e r i n g power o f an atom a s s i g n e d an i n c o r r e c t number o f e l e c ­

t r o n s (i.e. n i t r o g e n a s s i g n e d as a c a r b o n ) by sp read ing the e l e c t r o n s 

o v e r a l a r g e r volume ( d e c r e a s e the e l e c t r o n d e n s i t y ) o r c o n c e n t r a t i n g 

t he e l e c t r o n s i n t o a smal l volume ( i n c r e a s i n g the e l e c t r o n d e n s i t y ) . 

For example , the thermal parameters o f a ca rbon atom tha t i s a s s i g n e d 

s c a t t e r i n g f a c t o r s f o r n i t r o g e n w i l l d e c r e a s e the s c a t t e r i n g power o f 

the n i t r o g e n atom by sp read ing the e l e c t r o n s o v e r a l a r g e r volume 

( l a r g e thermal p a r a m e t e r ) . Al though t h e s e arguments a re not r i g o r o u s , 

they g i v e some i n d i c a t i o n as t o whether the ass ignment o f the a t o m i c 

number i s c o r r e c t . 

Tab le 10 i s a l i s t o f the i s o t r o p i c thermal parameters f o r two 

c a s e s : ( 1 ) a l l t he ca rbon and n i t r o g e n atoms were a s s i g n e d s c a t t e r i n g 

f a c t o r s o f c a r b o n ; ( 2 ) a l l the ca rbon and n i t r o g e n atoms were a s s i g n e d 

s c a t t e r i n g f a c t o r s o f n i t r o g e n . In Table 10 two atoms [ N ( 1 4 ) and N ( 1 7 ) ] 

were found i n the l i s t f o r c a s e ( 2 ) tha t have thermal parameters about 

the same v a l u e as the thermal parameters o f known n i t r o g e n atoms N(5) 

and N ( 9 ) . The ass ignment o f t h e s e atoms [ N ( 1 4 ) and N ( 1 7 ) ] as n i t r o g e n s 

was s u b s t a n t i a t e d by the v a l u e o f t h e i r thermal parameters i n c a s e ( 1 ) . 

In t h i s c a s e , atoms N(14) and N(17) have tempera ture f a c t o r s c o n s i d e r ­

a b l y sma l l e r than t h o s e o f known ca rbon a toms. The tempera ture f a c t o r 
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f o r atom N(3) does not ag ree as w e l l as the o the r n i t r o g e n a toms; 

however , t h i s may be an i n d i c a t i o n o f the g r e a t e r freedom t h i s atom 

has wi th r e s p e c t t o o t h e r n i t r o g e n s i n the r i n g s . 

Tab le 10. I s o t r o p i c Thermal Parameters : 
A l l Carbons , A l l N i t r o g e n s 

B B 
Atom ( A l l N i t r o g e n ) ( A l l Carbon) 

N ( 3 ) 2, .496 1, .580 
C ( 4 ) 2, .953 1, .765 
N(5) 1, .746 0, .746 
C ( 6 ) 4, .446 2. .388 
C ( 7 ) 2, . 951 1. .516 
C ( 8 ) 

CO
 .293 1, .916 

N(9) 1, .132 0, .240 
C ( 1 0 ) 2, .968 1. .479 
C ( l l ) 

CO
 .907 2. .704 

N(14) 1, .396 0, .775 
C ( 1 5 ) 2. , 695 1. ,475 
C ( 1 6 ) 

CO
 .378 1. ,919 

N(17) 1. .081 • 0. ,408 

The a b s o l u t e c o n f i g u r a t i o n o f v i o c i d i c a c i d was de te rmined by 

H a m i l t o n ' s s i g n i f i c a n c e t e s t t o be tha t o f 6_. The s t r u c t u r e de te rmined 

f o r v i o c i d i c a c i d in t he c o u r s e o f t h i s r e s e a r c h was i d e n t i c a l w i th the 

s t r u c t u r e p roposed by Johnson , et a l . However, the data were r e f i n e d 

t o an R^ v a l u e l ower than t ha t r e p o r t e d by Johnson ( 0 . 0 9 0 vs. 0 . 1 2 1 ) . 

One o f the p e p t i d e s formed by p a r t i a l a c i d h y d r o l y s i s o f v i o m y c i n 

• • 57 
was the d i a m i n o p r o p i o n y l v i o m y c i d i n e p r e c u r s o r 23_. I t may be reasonable 

t o assume t ha t t h i s p e p t i d e i s the p r e c u r s o r o f v i o c i d i c a c i d 6. 
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0 

23 6 

A mechanism tha t appears r e a s o n a b l e f o r t h i s c o n v e r s i o n , when the 

e x t r e m e l y low y i e l d s a re c o n s i d e r e d , i s shown i n Scheme I . 
58 

Compound 23 c o u l d r e a d i l y l o s e water under the s t r o n g l y 

a c i d i c c o n d i t i o n s t o g i v e A. The enamine A c o u l d then a t t a c k 

the p r o t o n a t e d amide c a r b o n y l group o f the d i a m i n o p r o p i o n y l r e s i d u e t o 

y i e l d i n t e rmed ia t e B. In t e rmed ia t e B c o u l d then undergo a r e t r o Man-

n i c h r e a c t i o n ; l o s s o f H^N = CH^ and water would y i e l d i n t e r m e d i a t e C. 

I n t e rmed ia t e C c o u l d e i t h e r undergo a p r o t o n s h i f t t o y i e l d D, and D 

c o u l d be r e d u c t i v e l y c y c l i z e d t o v i o c i d i c a c i d 6 o r i n t e r m e d i a t e C 

c o u l d be r educed t o i n t e r m e d i a t e E and then undergo c y c l i z a t i o n t o 

v i o c i d i c a c i d 6_. The a p p r o p r i a t e compound c o u l d be r educed by f o r m a l d e ­

hyde , ammonia o r o t h e r r e d u c i n g agen t s i n the h y d r o l y s i s medium. When 

c o n s i d e r i n g t h i s mechanism one should r e a l i z e t ha t the p roduc t i s 

6 

i s o l a t e d i n l e s s than 0 .5 per c e n t y i e l d . There i s a l s o the p o s s i ­

b i l i t y tha t v i o c i d i c a c i d r e s u l t s from h y d r o l y s i s o f a minor component 

p r e s e n t i n commerc ia l v i o m y c i n . ^ 

+ 
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The S t ruc tu re o f 2-( 2 , 3 - D i c h l o r o - 2 -
P y r r o l i n - l - y l ) - l - p y r r o l i n e (24_) 

The p roduc t r e p o r t e d f o r the r e a c t i o n o f 2 - p y r r o l i d i n o n e wi th 

hydrogen c h l o r i d e and phosphorous p e n t a c h l o r i d e f o l l o w e d by t rea tment 

wi th base was 2 - c h l o r o - A 1 - p y r r o l i n e (8_). P r e l i m i n a r y i n v e s t i g a t i o n s 

o f the s p e c t r o s c o p i c p r o p e r t i e s i n d i c a t e d the p r o p o s e d s t r u c t u r e was 

i n c o r r e c t . The purpose o f t h i s r e s e a r c h was t o de te rmine the s t r u c t u r e 

o f the p r o d u c t (24_) and t o i n v e s t i g a t e the chemis t ry o f t h i s p r o d u c t . 

The compound 24 was prepared as d e s c r i b e d by T a f e l and Wassmuth, 

but was p u r i f i e d by s u b l i m a t i o n t o y i e l d c o l o r l e s s c r y s t a l s (mp 5 0 - 5 1 ° ) . 

The mass spectrum o f 24_ showed a m o l e c u l a r i o n a t m/e 2 0 4 . 0 2 9 , which 

i n d i c a t e d the m o l e c u l a r formula C H N 0 C 1 0 . Th i s formula a l s o s a t i s f i e d 

o -LO Z Z 

the e l emen ta l a n a l y s e s . The nmr spectrum o f 24_ a t 60 MHz and sp in 

d e c o u p l i n g exper iments at 100 MHz i n d i c a t e d tha t the s t r u c t u r e f o r 24 

c o n t a i n e d -CH 2 CH 2 ~ and -CH 2CH 2CH 2~ g r o u p s . 

The compound was e a s i l y o x i d i z e d by n e u t r a l po tass ium permangan­

a t e , and d i d n o t c o n t a i n a l a b i l e c h l o r i n e s i n c e n o p r e c i p i t a t e was 

formed when the compound was t r e a t e d wi th a c i d i c s i l v e r n i t r a t e s o l u t i o n . 

The compound was u n s t a b l e ; the c o l o r l e s s c r y s t a l s became dark brown 

a f t e r 12 hr a t room t empera tu re . A s o l u t i o n o f 24_ i n ca rbon t e t r a ­

c h l o r i d e began t o p r e c i p i t a t e a brown o i l i n one hour a t room tempera­

t u r e . 

S ince the s p e c t r o s c o p i c data and p r e l i m i n a r y c h e m i c a l i n v e s t i g a ­

t i o n s were not d e f i n i t i v e , the t e c h n i q u e o f s i n g l e c r y s t a l X- ray 

d i f f r a c t i o n was c o n s i d e r e d as a p o s s i b l e approach t o the p r o b l e m . 

S e v e r a l a t t empts were made t o e n c l o s e the c r y s t a l s o f 24_ in g l a s s 
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c a p i l l a r i e s , but the r a p i d d e c o m p o s i t i o n and h igh vapor p r e s s u r e o f the 

compound a t room tempera ture p reven ted da ta from be ing c o l l e c t e d u s ing 

t h e s e c r y s t a l s . 

Compound 24_ was found t o be a base t ha t r e a d i l y formed s t a b l e 

mine ra l a c i d s a l t s . The hydrobromide s a l t ( 2 5 ) o f 24_ was prepared by 

p a s s i n g dry hydrogen bromide through a s o l u t i o n o f 24_ i n e t h e r . The 

p r e c i p i t a t e was c r y s t a l l i z e d from a c e t o n e - w a t e r t o y i e l d w e l l formed 

c r y s t a l l i n e n e e d l e s . Weissenberg f i l m data were c o l l e c t e d from one 

o f t he se c r y s t a l s , but a l l a t t empts t o r e f i n e the data f a i l e d . These 

c r y s t a l s were su spec t ed o f be ing twinned . In a d d i t i o n , a s l ow l o s s o f 

c r y s t a l l i n i t y was a t t r i b u t e d t o the l o s s o f s o l v e n t o f c r y s t a l l i z a t i o n . 

A f t e r t r y i n g numerous s o l v e n t systems f o r c r y s t a l l i z a t i o n o f 2 5 , the 

system found s u i t a b l e was s low c o o l i n g o f a s a tu ra t ed aqueous s o l u t i o n 

o f 25_. Th i s y i e l d e d c o l o r l e s s c r y s t a l l i n e n e e d l e s t ha t were shown t o 

be twinned by p r e l i m i n a r y p r e c e s s i o n p h o t o g r a p h s . However, by a l l o w i n g 

the aqueous s o l u t i o n o f 2_5_ t o c o o l s l o w l y t o form smal l c r y s t a l s , and 

then a l l o w i n g the s o l v e n t t o s l o w l y evaporate, l a r g e c r y s t a l s (oa. 

8 x 4 x 1 mm) were formed. By p rope r c u t t i n g , a s i n g l e c r y s t a l o f a p p r o ­

p r i a t e s i z e was f a s h i o n e d , and p r e c e s s i o n pho tographs showed t h i s 

c r y s t a l t o be s u i t a b l e f o r da ta c o l l e c t i o n . 

The s t r u c t u r e determined f o r 25 by X- ray d i f f r a c t i o n t e c h n i q u e s 

59 

was ( E _ ) - 2 , 3 - D i c h l o r o - l - ( 2 - p y r r o l i d i n y l i d e n e ) - 2 - p y r r o l i n i u m b r o m i d e . 

P e r s p e c t i v e v i ews o f 25_are shown i n F i g . 2 and F i g . 3 . 
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Tab le 11 l i s t s the f i n a l a n i s o t r o p i c thermal pa ramete r s . These 

parameters a re r e p r e s e n t e d by the e l i p i s o i d s o f 50 per c e n t p r o b a b i l i t y 

i n F igure 2 . 

T a b l e 1 1 . F i n a l A n i s o t r o p i c Thermal Parameters f o r 25 

Atom B l l 3 2 2 3 3 3 S 1 2 B 13 3 2 3 

B r ( l ) 0. , 0 2 6 0 ( 7 ) 0. , 0 0 1 7 ( 1 ) 0. , 0 1 8 4 ( 6 ) 0. , 0 0 0 6 ( 2 ) 0. , 0 1 5 6 ( 5 ) 0, , 0 0 0 3 ( 2 ) 
C l ( 2 ) 0, . 0 2 4 9 ( 1 7 ) 0, . 0 0 1 8 ( 3 ) 0, . 0 1 1 6 ( 1 6 ) - 0 . 0 0 0 6 ( 5 ) 0 . 0 1 0 7 ( 1 3 ) - 0 , . 0 0 0 9 ( 4 ) 
C l ( 3 ) 0. , 0 2 5 1 ( 1 9 ) 0, . 0 0 1 5 ( 3 ) 0, . 0 2 3 5 ( 2 0 ) 0, . 0 0 1 3 ( 5 ) 0, . 0 1 3 5 ( 1 5 ) 0 . 0 0 2 0 ( 5 ) 
C ( 4 ) 0, . 0 4 2 ( 1 0 ) 0 . 0 0 1 ( 1 ) 0, . 0 2 0 ( 8 ) 0 . 0 0 2 ( 2 ) 0, . 0 2 2 ( 7 ) 0, . 0 0 0 ( 2 ) 
N(5) 0, . 0 1 5 ( 6 ) 0. . 0 0 2 ( 1 ) 0 . 0 1 3 ( 5 ) 0, . 0 0 0 ( 2 ) 0. . 0 1 0 ( 4 ) 0. , 0 0 0 ( 2 ) 
N(6) 0, . 0 1 7 ( 5 ) 0, . 0 0 1 ( 1 ) 0, . 0 1 4 ( 5 ) 0, . 0 0 1 ( 1 ) 0. . 0 1 1 ( 4 ) 0, . 0 0 1 ( 1 ) 
C ( 7 ) 0. . 0 2 7 ( 7 ) 0, . 0 0 1 ( 1 ) 0. , 0 1 6 ( 6 ) 0. , 0 0 1 ( 2 ) 0 . 0 1 6 ( 6 ) - 0 . , 0 0 1 ( 2 ) 
0 ( 8 ) 0. . 0 3 3 ( 5 ) 0. . 0 0 2 ( 1 ) 0. , 0 1 5 ( 4 ) - 0 , . 0 0 2 ( 1 ) 0. , 0 1 8 ( 4 ) - 0 . , 0 0 1 ( 1 ) 
C ( 9 ) 0. , 0 1 1 6 ( 6 ) 0. , 0 0 1 ( 1 ) 0. , 0 1 3 ( 6 ) 0. , 0 0 0 ( 2 ) 0. , 0 0 7 ( 5 ) 0. , 0 0 1 ( 2 ) 
C ( 1 0 ) 0. , 0 3 5 ( 8 ) 0. , 0 0 0 ( 1 ) 0. , 0 2 5 ( 8 ) 0. , 0 0 0 ( 2 ) 0. , 0 2 2 ( 7 ) 0. , 0 0 0 ( 1 ) 
C ( l l ) 0. , 0 2 9 1 ( 7 ) 0. , 0 0 1 ( 1 ) 0 . 0 1 7 ( 7 ) 0 . 0 0 2 ( 2 ) 0. , 0 1 5 ( 6 ) 0. , 0 0 0 ( 2 ) 
C ( 1 2 ) 0. . 0 3 0 ( 8 ) 0. , 0 0 1 ( 1 ) 0. , 0 2 7 ( 8 ) 0. , 0 0 0 ( 2 ) 0. , 0 1 9 ( 7 ) - 0 . , 0 0 2 ( 2 ) 
0 ( 1 3 ) 0. , 0 3 0 ( 5 ) 0. , 0 0 1 ( 1 ) 0. , 0 1 9 ( 5 ) - 0 . , 0 0 1 ( 1 ) 0. 0 1 4 ( 4 ) 0. , 0 0 0 ( 1 ) 
C ( 1 4 ) 0. , 0 2 2 ( 7 ) 0. , 0 0 1 ( 1 ) 0. , 0 1 7 ( 7 ) - 0 . , 0 0 1 ( 2 ) 0. , 0 1 2 ( 5 ) - 0 . , 0 0 1 ( 2 ) 
C ( 1 5 ) 0. , 0 2 2 ( 7 ) 0. , 0 0 1 ( 1 ) 0. , 0 0 7 ( 5 ) - 0 . , 0 0 0 ( 2 ) 0. 0 0 8 ( 5 ) - 0 . , 0 0 1 ( 2 ) 

Tab le 12 l i s t s the bond l e n g t h s and bond a n g l e s wi th t h e i r e s t ima ted 

s tandard d e v i a t i o n s . A l l bond l e n g t h s a re w i t h i n two s tandard d e v i a ­

t i o n s o f commonly a c c e p t e d v a l u e s . Some o f the bond l e n g t h s i n t he 

f ive-membered r i n g s a re s l i g h t l y l o n g e r than normal v a l u e s f o r C-C 

b o n d s , but t h e s e d i s t a n c e s a r e c o n s i s t e n t wi th the s l i g h t l y l o n g e r bond 

d i s t a n c e s t y p i c a l l y found in s t r a i n e d f ive-membered r i n g s . 
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Tab le 1 2 . F ina l Bond Lengths and Band A n g l e s f o r 25 

Bond Lengths Bond Ang le s o 
Atom Leng th(A) Atoms A n g l e ( ° ) 

C l ( 2 ) - C ( 1 5 ) 1. , 8 1 ( 3 ) C l ( 2 ) - C ( 1 5 ) - C ( 1 4 ) 1 2 4 ( 2 ) 
C l ( 3 ) - C ( 1 4 ) 1, . 8 3 ( 3 ) C l ( 2 ) - C ( 1 5 ) - N ( 5 ) 1 2 1 ( 2 ) 
C ( 4 ) - N ( 5 ) 1, . 5 5 ( 3 ) C l ( 3 ) - C ( 1 4 ) - C ( l l ) 1 2 7 ( 2 ) 
N ( 4 ) - C ( l l ) 1, . 5 8 ( 3 ) C l ( 3 ) - C ( 1 4 ) - C ( 1 5 ) 1 2 4 ( 2 ) 
N ( 5 ) - C ( 1 5 ) 1. , 5 0 ( 3 ) C ( 1 5 ) - C ( 1 4 ) - C ( l l ) 1 0 9 ( 2 ) 
N ( 5 ) - C ( 9 ) 1, . 2 8 ( 3 ) C ( 1 4 ) - C ( 1 5 ) - N ( 5 ) 1 1 3 ( 2 ) 
C ( l l ) - C ( 1 4 ) 1, . 6 0 ( 4 ) C ( 1 4 ) - C ( 1 1 ) - C ( 4 ) 1 0 6 ( 2 ) 
C ( 1 4 ) - C ( 1 5 ) 1, . 2 4 ( 3 ) C ( l l ) - C ( 4 ) - N ( 5 ) 1 0 2 ( 2 ) 
C(9 ) - N(6) 1. , 4 9 ( 3 ) C ( 4 ) - N ( 5 ) - C ( 1 5 ) 1 0 7 ( 2 ) 
N ( 6 ) - C ( 1 2 ) 1, . 4 3 ( 3 ) C ( 1 5 ) - N ( 5 ) - C ( 9 ) 1 3 5 ( 2 ) 
C ( 1 2 ) - C ( 1 0 ) 1, . 6 0 ( 4 ) C ( 4 ) - N ( 5 ) - C ( 9 ) 1 1 7 ( 2 ) 
C ( 1 0 ) - C ( 7 ) 1, . 6 0 ( 3 ) N ( 5 ) - C ( 9 ) - C ( 7 ) 1 2 1 ( 2 ) 
C ( 7 ) - C ( 9 ) 1, . 5 7 ( 3 ) N ( 5 ) - C ( 9 ) - N ( 6 ) 1 2 5 ( 2 ) 

N ( 7 ) - C ( 9 ) - N ( 6 ) 1 1 2 ( 2 ) 
C ( 9 ) - N ( 6 ) - C ( 1 2 ) 1 1 5 ( 2 ) 
N ( 6 ) - C ( 1 2 ) - C ( 1 0 ) 1 0 1 ( 2 ) 
C ( 1 2 ) - C ( 1 0 ) - C ( 7 ) 1 1 1 ( 2 ) 
C ( 1 0 ) - C ( 7 ) - C ( 9 ) 1 0 1 ( 2 ) 

The m o l e c u l e i s n e a r l y p l a n a r ; atom C ( 1 0 ) i s puckered s l i g h t l y . 

Tab le 13 g i v e s the l e a s t - s q u a r e s p l ane through a l l t he atoms i n the 

o 
m o l e c u l e e x c e p t C ( 1 0 ) . A l l the atoms are w i t h i n 0 .06 A o f the l e a s t -

o 
squares p lane e x c e p t C ( 1 0 ) , which i s 0 .31 A be low the p l a n e . 

The atoms N(5) and N(6) were a s s i g n e d as n i t r o g e n atoms on t h e 

b a s i s o f bond l e n g t h s and the magnitude o f t h e i r i s o t r o p i c thermal 

pa rame te r s . 
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Tab le 1 3 . Least Squares Plane o f 25_ Except C ( 1 0 ) 
0.77668X + 0.58955Y + 0.22180Z -

9.76745 = 0 5 6 

Atom 
o 

D i s t a n c e from Plane A 

C l ( 2 ) 0 .006 
C l ( 3 ) 0. 036 
C ( 4 ) 0 .050 
N(5) - 0 . 0 2 0 
N(6) 0 .020 
C ( 7 ) - 0 . 0 4 0 
C ( 9 ) - 0 . 0 6 0 
C ( 1 0 ) - 0 . 3 1 0 
C ( l l ) - 0 . 0 6 4 
C ( 1 2 ) 0 .043 
C ( 1 4 ) - 0 . 0 1 6 
C ( 1 5 ) 0 .044 

Tab le 14 g i v e s the i s o t r o p i c thermal parameters f o r two c a s e s : (1) a l l 

atoms l i s t e d were a s s i g n e d the s c a t t e r i n g power o f n i t r o g e n , and (2 ) 

a l l atoms l i s t e d were a s s i g n e d the s c a t t e r i n g power o f c a r b o n . Atoms 

N(5) and N(6) have thermal parameters tha t sugges t the ass ignment as 

n i t r o g e n a toms . Th i s ass ignment i s conf i rmed by n o t i n g the bond 
o 

l e n g t h N (6 ) - C (9 ) i s 1.49(3) A, which a g r e e s w e l l wi th the a c c e p t e d 
o o 

v a l u e o f 1.48 A. The bond C ( 9 ) - C ( 7 ) i s 1.57(3) A, which i s more in 

o 

agreement w i th the a c c e p t e d C-C l e n g t h o f 1.539 A. The bond C ( 9 ) - N ( 5 ) 

i s 1 .28(3) , which i s i n d i c a t i v e o f a C=N double bond . 

The s t r u c t u r e o f 24_ can be deduced from tha t o f 2J5_ s i n c e 25_ i s 

a p r o t o n a t e d form o f 24. The p r o t o n a t i o n o f 24 c o u l d y i e l d two i somers 

"This t h e s i s , p 6 4 . 
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Table 1 4 . I s o t r o p i c Thermal Parameters : 
A l l Ca rbons . A l l N i t r o g e n s 

Atom B ( A l l N i t r o g e n ) B ( A l l Carbon) 

C ( 4 ) 6 .24 3 .53 
N(5) 3 .63 1.13 
N(6) 1.18 - 1 . 9 3 
C ( 7 ) 4 . 9 0 1.70 
C ( 9 ) 6 .31 2 .82 
C ( 1 0 ) 6 .43 3 .46 
C ( l l ) 6 .12 2 .87 
C ( 1 2 ) 7 .51 4 .62 
C ( 1 4 ) 5 .79 2 .51 
C ( 1 5 ) 7 .34 3.47 

in e q u i l i b r i u m , 25_ and 2 6 . The 100 MHz nmr spectrum o f 24_ i n TFA sug­

g e s t two i somers i n a p p r o x i m a t e l y a 1:2 r a t i o . Appa ren t l y s t r u c t u r e 

H 

C I 
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25 c r y s t a l l i z e s more r e a d i l y than 26_ s i n c e the X- ray data d i d no t i n d i ­

c a t e any d i s o r d e r r e s u l t i n g from a mixture o f 25 and 2 6 . 

A p o s s i b l e mechanism f o r the fo rmat ion o f 2M_ i s shown in Scheme 

2 . The s t r o n g l y a c i d i c c o n d i t i o n s under which 7M_ i s formed c o u l d 

p r o t o n a t e 2 - p y r o l i d i n o n e ( A ) t o g i v e B,which c o u l d be a t t a c h e d by un-

p r o t o n a t e d 2 - p y r r o l i d i n o n e t o y i e l d i n t e rmed ia t e C. In t e rmed ia t e C 

c o u l d be dehydra ted t o y i e l d D, which c o u l d e n o l i z e t o g i v e i n t e r m e d i ­

a t e E. C h l o r i n e p r e s e n t in the r e a c t i o n mixture c o u l d c h l o r i n a t e the 

e n o l E t o g i v e i n t e r m e d i a t e F, which c o u l d be dehydra ted t o y i e l d 2 5 . 

The s a l t 25_ when t r e a t e d wi th s t r o n g base would y i e l d 2M_. 

The y i e l d o f 2M_ from the p r e p a r a t i o n d e s c r i b e d by Wassmuth and 

Taffel"'""'" i s v a r i a b l e and low (ca. 5-20 pe r c e n t ) . However, when the 

t rea tment w i th base i s omi t t ed and t he phosphate s a l t o f 25_ i s i s o l a t e d 

d i r e c t l y the y i e l d ( o f 25 ) i s ca. 50 per c e n t . 

A c c o r d i n g t o a r e v i e w o f a - c h l o r o e n a m i n e s by V i e h e , et at.} 

a -ch lo roenamines wi thout s t a b i l i z i n g e l e c t r o n e g a t i v e t3-subs t i tuents 

6 0 

such as f l u o r i n e , c h l o r i n e , o r c a r b o n y l a re ha rd ly known. However , 

Viehe and Buyle have prepared numerous a - c h l o r o - 3 - c h l o r o c a r b o n y l -
C "I 

enamines by t r e a t i n g / ^ - s u b s t i t u t e d amides wi th phosgene in e t h e r . 
For example , when W - m e t h y l p y r r o l i d i n o n e was t r e a t e d wi th phosgene a 

o 
26 p e r c e n t y i e l d o f W - m e t h y l - 2 - c h l o r o - 3 - c h l o r o c a r b o n y l - A - p y r r o l i n e 

was o b t a i n e d . 
62 

Wolf and Block r e p o r t e d the p r e p a r a t i o n o f a,3-dichloro-
enamines by r e a c t i n g d i c h l o r o a c e t y l e n e wi th seconda ry amines . 

63 
S p e z i a l e and Freeman have prepared s e v e r a l 7 l7 . , / l7 -d ia lky l - l ,2 ,2 - t r i -
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c h l o r o v i n y l a m i n e s by t r e a t i n g the a p p r o p r i a t e N3W-dialkyl-2,2,2-

t r i c h l o r o a c e t a m i d e s wi th t r i e t h y l p h o s p h i t e . However, s t r u c t u r e 24 

appears t o be the o n l y example o f a s t a b l e c y c l i c a , B - d i c h l o r o -

enamine. 

The nmr spectrum o f 24 i s i n t e r p r e t e d as shown b e l o w . 

H j _ 

A 8 .10 m, 2 . A c o l l a p s e s t o a t , J = 8 Hz when i r r a d i a t e d at D, 
t , J = 7 Hz when i r r a d i a t e d at C. 

B 7 . 3 0 t , 2 , J = 9 Hz. B c o l l a p s e s t o a s when i r r a d i a t e d at E. 

C 7 . 1 0 t , 2 , J = 8 Hz. 

D 6 .45 T, 2 , J = 7 Hz. 

E 6 .00 t , 2 , J = 9 Hz. 

The S t ruc tu r e o f V i c a n i c i n 

13 
Examination o f the l i c h e n s Telosohistes flavioans3 Telosohistes 

14 . . . . 2 2 

flavioans Norm. 3 and Telosohistes flavioans v. minor Crombie by 

s e v e r a l workers r e s u l t e d i n the i s o l a t i o n , among v a r i o u s a n t h r o q u i n o n e s , 

a c o l o r l e s s subs tance t ha t showed mp 2 4 0 - 2 4 5 ° . S e s h a d r i , et a l . repor ted 
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a s t r u c t u r e ( 1 9 ) f o r the c o l o r l e s s subs tance they named v i c a n i c i n in 

16 

1962 . V i c a n i c i n was c h a r a c t e r i z e d as a deps idone t ha t c o n t a i n e d two 

c h l o r i n e a toms , one 0-methyl g r o u p , t h r e e C-methyl g r o u p s , and one 

h y d r o x y l s u b s t i t u e n t . However, l a t e r i n v e s t i g a t i o n s o f the s p e c t r o ­

s c o p i c p r o p e r t i e s o f v i c a n i c i n i n d i c a t e d tha t i t c o n t a i n e d one a d d i ­

t i o n a l C-methyl g r o u p . The s t r u c t u r e o f v i c a n i c i n was r e a s s i g n e d as 

21 based on the assumption t ha t the s t r u c t u r e p r o p o s e d by Seshadr i was 

c o r r e c t in a l l r e s p e c t s e x c e p t the s u b s t i t u t i o n o f a methyl group a t 

the o n l y u n s u b s t i t u t e d p o s i t i o n ( C - 6 ) . In 1968 , B a i l l i e r e v i e w e d the 

d e g r a d a t i o n o f v i c a n i c i n and showed tha t a l though v i c a n i c i n was a 
2 6 

d e p s i d o n e , the s t r u c t u r e r e p o r t e d was i n c o r r e c t . B a i l l i e , et at. 

22 

p r o p o s e d a s t r u c t u r e ( 2 2 ) f o r v i c a n i c i n based on b i o g e n e t i c arguments 

and a n a l o g i e s wi th known d e p s i d o n e s . 
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S e v e r a l f e a t u r e s o f t he s t r u c t u r e p roposed by B a i l l i e were no t 

r i g o r o u s l y proved and r e q u i r e d f u r t h e r i n v e s t i g a t i o n : ( 1 ) The p o s i t i o n 

o f t he h y d r o x y l group was assumed t o be i n the A r i n g ; ( 2 ) the methyl 

group at C - l was the o n l y s u b s t i t u e n t a s s i g n e d wi th c e r t a i n t y i n the A 

r i n g ; ( 3 ) the s u b s t i t u e n t s a t C-6 and C-7 c o u l d be i n t e r c h a n g e d . 

An at tempt was made t o r e s o l v e t h e s e a m b i g u i t i e s by s i n g l e 

c r y s t a l X- ray d i f f r a c t i o n . Al though the p roposed s t r u c t u r e s f o r 

v i c a n i c i n a l l c o n t a i n e d two c h l o r i n e a toms , i t was d e s i r a b l e t o i n t r o ­

duce a h e a v i e r atom so t ha t a c l a s s i c a l heavy atom approach t o the phase 

problem c o u l d be pursued. P r e p a r a t i o n o f b r o m o a c e t y l v i c a n i c i n was 

a c c o m p l i s h e d , but c r y s t a l s s u i t a b l e f o r data c o l l e c t i o n were not 

12 

o b t a i n e d . B a i l l i e had p r e v i o u s l y prepared l o d o a c e t y l v i c a n i c i n ; 

c r y s t a l s o f t h i s m a t e r i a l were twinned . S ince a s u i t a b l e c r y s t a l l i n e 

d e r i v a t i v e was no t o b t a i n e d , c l a s s i c a l chemica l d e g r a d a t i v e t e c h n i q u e s 

were employed . 

The h y d r o x y l group was shown t o be in the A r i n g by c o n v e r t i n g 

v i c a n i c i n t o ( 9 - e t h y l v i c a n i c i n ( 2 6 ) u s i n g e t h e r e a l d i a z o e t h a n e . The 

( 9 - e t h y l v i c a n i c i n o b t a i n e d (mp 1 8 5 - 1 8 6 . 5 ° ) agreed with the r e p o r t e d 
16 

me l t i ng p o i n t (185-186° ) , and the nmr spectrum was s a t i s f a c t o r y f o r 

an C - e t h y l group (T 8 . 5 7 , t , 3H, J = 7 Hz, 6 . 0 0 , q , 2H, J = 7 H z ) . 

The spectrum a l s o c o n t a i n e d s i n g l e t a b s o r p t i o n s a t T 7 .70 ( 3 H ) , 

7 .56 ( 3 H ) , and 7 .51 (6H) f o r the 67-methyl g roups and an a b s o r p t i o n a t 

T 6.25 (3H) f o r the # -methy l g r o u p . The 0 - e t h y l v i c a n i c i n - was then 

c o n v e r t e d t o methyl 67 -e thy lv i can i ca t e ( 2 7 ) by t rea tment wi th sodium 

and me thano l . Th i s c rude m a t e r i a l was then d i s s o l v e d i n a c e t i c a c i d 
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and o x i d i z e d wi th n i t r i c a c i d a c c o r d i n g t o the method o f S e s h a d r i . 

The p h e n o l i c e s t e r (28_) t ha t was i s o l a t e d from the r e a c t i o n mix ture 

showed a b s o r p t i o n s i n the nmr spectrum c o n s i s t e n t wi th an 0 - e t h y l 

group (T 8 . 5 5 , t , 3H, J = 7 Hz, 5 . 9 8 , q , 2H, J - 7 H z ) . Th i s i n d i c a t e d 

tha t the f r e e h y d r o x y l group in v i c a n i c i n i s i n the A r i n g . T h i s 

sequence o f r e a c t i o n s i s summarized i n Scheme 3 . The nmr spectrum o f 

28_ a l s o showed s i n g l e t a b s o r p t i o n s a t T 7 . 8 0 (3H) and 7 . 4 0 (3H) f o r 

the C-methyl g r o u p s . The d e s h i e l d e d methyl group a b s o r p t i o n a t T 7 .40 

i n d i c a t e s tha t t h i s group i s p r o b a b l y ortho t o the ca rboxymethy l f u n c -

64 

t i o n . S i n g l e t a b s o r p t i o n s a t T 6 .02 (3H) and 5.98 (3H) c o r r e s p o n d t o 

the methoxyl group and the methyl e s t e r g r o u p . The p h e n o l i c p r o t o n 

showed a b s o r p t i o n a t T - 1 . 3 0 ( 1 H ) . The p h e n o l i c e s t e r 28 was f u r t h e r 

c h a r a c t e r i z e d by the mass spec t rum, which showed a m o l e c u l a r i o n a t 

35 
m/e 258 (60%) ( c a l c d f o r C n o H i r C10.,: m/e 258) and an m+2 i o n a t m/e 

12 lb 4 

3 7 

260 (20%) ( c a l c d f o r C. H c C10., : m/e 2 6 0 ) . 

1 / ID 4 

The ass ignments o f t h e c h l o r i n e atom at p o s i t i o n 2 , the 

methoxyl group at p o s i t i o n 3 , and the remain ing methyl group a t p o s i ­

t i o n 4 in 22_ a re t e n a b l e and were sugges ted by ana logy t o the s t r u c t u r e 

o f Pannarin ( 3 0 ) . 

30 
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The s t r u c t u r e p roposed f o r the A r i n g by B a i l l i e was p roved by 

16 
r e p e a t i n g the d e g r a d a t i o n sequence used by Seshadr i and compar ing 

the 0-methyl d e r i v a t i v e o f the e s t e r formed wi th s y n t h e t i c m a t e r i a l . 

23 

A sample o f C - m e t h y l v i c a n i c i n ( 3 1 ) p repared by B a l t h i s was t r e a t e d 

wi th sodium and methano l , which c o n v e r t e d i t t o methyl ( 3 - m e t h y l v i c a n i -

c a t e ( 3 2 ) . The sample o f 32_ was o x i d i z e d wi th n i t r i c a c i d u s ing the 
16 

method o f S e s h a d r i , and the p h e n o l i c e s t e r ( 3 3 ) t ha t was i s o l a t e d 
(mp 7 7 - 7 8 ° ) from the r e a c t i o n mix ture agreed in m e l t i n g p o i n t wi th 

16 

tha t r e p o r t e d ( 7 7 - 7 8 ° ) . The nmr spectrum o f 33 showed s i n g l e t 

C-methyl group a b s o r p t i o n s a t x 7 .85 (3H) and 7 . 4 1 ( 3 H ) . The s i n g l e t 

a b s o r p t i o n s a t x 6.18 (3H) and 6 .04 (3H) were a s s i g n e d t o the methoxyl 

and methyl e s t e r g r o u p s ; the p h e n o l i c h y d r o x y l group absorped a t 

x - 1 . 4 0 ( 1 H ) . The mass spectrum showed a m o l e c u l a r i o n a t m/e 244 

(72%) ( c a l c d f o r C ^ H ^ C I O ^ : m/e 2 4 4 ) . The i r spectrum showed a b s o r p ­

t i o n s a t 3405 ( i n t r a m o l e c u l a r l y hydrogen bonded 0-H s t r e t c h ) , 1660 

(hydrogen bonded a r y l e s t e r ) and 1600 , 1 5 6 0 , and 1445 k ( a r y l C-C 

s t r e t c h ) . 

The sample o f 33 was t r e a t e d wi th e t h e r e a l d i azomethane , and 

the s o l v e n t was a l l o w e d t o evapora t e t o y i e l d a s e m i c r y s t a l l i n e mate­

r i a l ( 3 4 ) mp 5 5 - 5 9 ° . The nmr spectrum o f 34 showed a b s o r p t i o n s f o r 

C-methyl groups a t x 7 .82 (3H) and 7 .78 ( 3 H ) . The a b s o r p t i o n s a t 

x 6 .29 ( 3 H ) , 6.23 ( 3 H ) , and 6 .14 (3H) were a s s i g n e d t o the two methoxyl 

g roups and the methyl e s t e r g r o u p . The mass spectrum showed a m o l e c u l a r 

i o n a t m/e 258 (59%) ( c a l c d f o r C ^ H C 1 0 : m/e 2 5 8 ) . The i r spectrum 

showed a b s o r p t i o n s a t 1735 ( a r y l e s t e r ) and 1 5 9 0 , 1560 , and 1450 k 



84 

( a r y l C-C s t r e t c h ) . Th i s d e g r a d a t i o n sequence i s summarized in Scheme 

4 . The sample 34_ was shown t o be i d e n t i c a l wi th methyl 5 - c h l o r o - 2 , 4 -

d i m e t h o x y - 3 , 6 - d i m e t h y l b e n z o a t e ( 3 6 ) t ha t was s y n t h e s i z e d by the unam­

b iguous r o u t e shown in Scheme 5. 

From commerc ia l o r c i n o l (37 ) , 3 , 5 - d i m e t h o x y t o l u e n e ( 3 8 ) was 

prepared by me thy l a t i ng 37_using d ime thy l s u l f a t e . The 3 , 5 - d i m e t h o x y ­

t o l u e n e was c o n v e r t e d t o 3 , 5 - d i m e t h o x y - p - x y l e n e ( 3 9 ) by t r e a t i n g 38_ 

wi th n - b u t y l l i t h i u m and me thy la t ing the l i t h i u m a d d i t i o n compound wi th 

6 6 
a d i l u t e s o l u t i o n o f d ime thy l s u l f a t e in e t h e r . Compound 3_9_ was a l s o 

prepared by the r e d u c t i o n o f 2 , 6 - d i m e t h o x y - 4 - m e t h y l b e n z a l d e h y d e ( 4 0 ) , 

which was prepared by t r e a t i n g 38_ wi th tt-butyllithium then /17-m e t h y l -

6 7 

f o r m a n i l i d e . The nmr spectrum o f 39 showed C-methyl a b s o r p t i o n s a t 

T 7 .82 (3H) and 7 .75 (3H) . The C-methyl a b s o r p t i o n s were a t x 6 .42 

(6H) and the a roma t i c p r o t o n s absorped at 3 .75 ( 2 H ) . The mass spectrum 

conf i rmed the formula C-^yH^O^ ( c a l c d m/e 166: obsd m/e 1 6 6 ) . 

The sample o f 3_9_ was c h l o r i n a t e d in benzene s o l u t i o n u s i n g 

f e r r i c c h l o r i d e as the c a t a l y s t . The formula C QH C ^ C ^ was i n d i c a t e d 

by the e x a c t mass of the m o l e c u l a r i o n ( c a l c d m/e 2 3 4 . 0 2 1 3 : obsd m/e 

2 3 4 . 0 2 2 4 ) . The nmr spectrum c o n t a i n e d a b s o r p t i o n s f o r the C-methyl 

g roups at x 7 .76 (3H) and 7 . 5 2 (3H) and the e q u i v a l e n t 0-methyl g roups 

at x 6 .22 ( 6 H ) . Th i s conf i rmed the s t r u c t u r e as 2 , 6 - d i c h l o r o - 3 , 5 -

d i m e t h o x y - p - x y l e n e ( 4 1 ) . 

Compound 41 was c o n v e r t e d t o 5 - c h l o r o - 2 , 4 - d i m e t h o x y - 3 , 6 - d i m e t h y l -

b e n z o i c a c i d ( 4 2 ) by t r e a t i n g i t wi th n - b u t y l l i t h i u m and r e a c t i n g t h i s 
68 

mix ture wi th dry ca rbon d i o x i d e g a s . The mass spectrum o f 42 showed a 
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m o l e c u l a r i o n a t m/e 244 (100%) ( c a l c d f o r C

1 1

H

1 3

C 1 0

4

: m / e 2 4 4 ) . The 

nmr spectrum showed s i n g l e t a b s o r p t i o n s a t T 7 .71 (3H) and 7 .54 (3H) 

f o r the C-methyl g r o u p s , T 6 .13 (6H) f o r the C-methyl g r o u p s , and 

T - 0 . 0 3 ( IH) f o r the c a r b o x y l i c a c i d p r o t o n . 

The b e n z o i c a c i d 42 was c o n v e r t e d t o methyl 5 - c h l o r o - 2 , 4 -

d i m e t h o x y - 3 , 6 - d i m e t h y l b e n z o a t e (3JS_) by t rea tment wi th e t h e r e a l d i a z o ­

methane. The nmr spectrum o f 36 was i d e n t i c a l wi th the nmr spectrum 

o f _34_. The mass spec t rum, i r spec t rum, and gas chromatogram o f 36 

were i d e n t i c a l wi th t hose o f 3 4 . 

Thus the A r i n g i s i d e n t i c a l wi th the A r i n g in s t r u c t u r e 22 

26 

p roposed by B a i l l i e . The s t r u c t u r e o f t he B r i n g was sugges t ed by 

p r o v i n g the s t r u c t u r e o f the quinone (3 5 ) o b t a i n e d when methyl C-methyl 

o r 0 - e t h y l v i c a n i c a t e was o x i d i z e d wi th n i t r i c a c i d . The quinone i s 

o b t a i n e d from the r e a c t i o n medium by e x t r a c t i o n wi th sodium b i c a r b o n a t e 

s o l u t i o n . An e x a c t mass d e t e r m i n a t i o n o f the m o l e c u l a r i o n (m/e 

1 8 6 . 0 0 5 1 ) i n d i c a t e d the formula C 8 H ? C 1 0 3 ( c a l c d m/e 1 8 6 . 0 0 8 3 ) . The 

s t r u c t u r e o f t h i s quinone was shown t o be 3 - c h l o r o - 2 , 5 - d i m e t h y l - 6 -
12 

hyd roxy -p -benzoqu inone ( 4 3 ) by compar i son wi th a s y n t h e t i c sample . 
A sample o f 2 , 5 - d i m e t h y l - p - b e n z o q u i n o n e ( 4 4 ) t r e a t e d wi th 

53 

a c e t i c anhydr ide and boron t r i f l u o r i d e e t h e r a t e y i e l d e d 1 , 4 , - d i m e t h y l -

2 , 3 , 5 - t r i a c e t o x y b e n z e n e ( 4 5 ) . A sample o f 4_5_ was c h l o r i n a t e d t o y i e l d 

4 6 . The c h l o r i n a t e d p roduc t was h y d r o l y z e d us ing sodium h y d r o x i d e 

s o l u t i o n . The quinone 43 i s o l a t e d from the h y d r o l y s a t e showed an 

undepressed mix ture m e l t i n g p o i n t o f 126-127° wi th 3_5_. The mass 

spectrum and t h i n l a y e r chromatograms o f 43_ were i d e n t i c a l wi th t h o s e 
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o f 35_. The s t r u c t u r e o f the quinone 35 was thus shown t o be 3 - c h l o r o 

2 , 5 - d i m e t h y l - 6 - h y d r o x y - p - b e n z o q u i n o n e . The s y n t h e t i c sequence i s out 

l i n e d in Scheme 6 . 

Scheme 6 0 

The s t r u c t u r e o f the quinone 3_5_ and the p h e n o l i c e s t e r 36 sug ­

g e s t s two p o s s i b l e s t r u c t u r e s f o r v i c a n i c i n , 47_ and 48_ as shown in 

Scheme 7 . S t ruc tu r e 4-8 i s p roposed as the s t r u c t u r e o f v i c a n i c i n on 

the f o l l o w i n g b a s i s . The o x i d a t i o n and h y d r o l y s i s o f 32 in a c i d i c 

s o l u t i o n i s b e l i e v e d t o p r o c e e d by i n i t i a l o x i d a t i o n o f the B r i n g t o 

a p - b e n z o q u i n o n e and then h y d r o l y s i s o f the phenyl e t h e r . S t r u c t u r e 
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4 7 , however , would not a l l o w i n i t i a l o x i d a t i o n and then h y d r o l y s i s 

s i n c e the B r i n g i n 4_9_ cannot be o x i d i z e d t o a p - b e n z o q u i n o n e . T h i s 

argument i s s u b s t a n t i a t e d by t he f a c t t ha t methyl 030 ' - d i m e t h y l v i c a n i -

16 

c a t e ( 5 0 ) , when t r e a t e d under the o x i d a t i v e c o n d i t i o n s o f S e s h a d r i , 

i s r e c o v e r e d a lmost q u a n t i t a t i v e l y . I f the o x i d a t i o n o f the B r i n g 

were not the i n i t i a l s t e p , one would e x p e c t h y d r o l y s i s o f the phenyl 

e the r in _50_ and i s o l a t i o n o f the p h e n o l i c e s t e r from the A r i n g ( 3 6 ) . 

T h e r e f o r e s t r u c t u r e 48 i s p roposed as the c o r r e c t s t r u c t u r e o f 

v i c a n i c i n . 
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CHAPTER IV 

RECOMMENDATIONS 

The compound 2 - ( 2 , 3 - d i c h l o r o - 2 - p y r r o l i n - l - y l ) - l - p y r r o l i n e (24_) 

was r e a c t e d wi th bromine in bo th carbon t e t r a c h l o r i d e and c h l o r o f o r m 

s o l u t i o n s . The mix tu re o f p r o d u c t s o b t a i n e d , in v a r i a b l e y i e l d , should 

be f u l l y c h a r a c t e r i z e d and the r e a c t i o n c o n d i t i o n s o p t i m i z e d f o r r e p r o ­

d u c i b l e r e s u l t s . Compound 24_ was a l s o t r e a t e d wi th a s o l u t i o n o f 

i o d i n e i n ca rbon t e t r a c h l o r i d e , and a p roduc t was o b t a i n e d t ha t showed 

a v i r t u a l l y i d e n t i c a l mass spectrum wi th tha t o f 24_ but a d i f f e r e n t 

m e l t i n g p o i n t . The y i e l d o f t h i s compound was low and no t r e p r o d u c i b l e . 

T h i s r e a c t i o n should be f u l l y i n v e s t i g a t e d . I t would be i n t e r e s t i n g 

t o s u b j e c t 6 v a l e r o l a c t a m t o the same c o n d i t i o n s tha t 2 - p y r r o l i d i n o n e 

y i e l d e d compound 2 4 . 

I f t h e r e e x i s t s some d o u b t a s t o t h e c o r r e c t s t r u c t u r e o f 

v i c a n i c i n t h i s problem c o u l d be r e s o l v e d by the s y n t h e s i s o f C -me thy l -

v i c a n i c i n ( 3 1 ) . Th i s s y n t h e s i s c o u l d b e g i n by c o n v e r s i o n o f t h e 

methoxyl group ortho t o the c a r b o n y l group t o a h y d r o x y l group i n 42 • 

T h i s c o u l d be a c c o m p l i s h e d by the use o f aluminum c h l o r i d e i n n i t r o ­

benzene s o l u t i o n , which has been shown t o c o n v e r t methoxyl g roups ortho 

69 
o r peri t o a c a r b o n y l group t o h y d r o x y l g roups s e l e c t i v e l y . The 

p h e n o l i c a c i d o b t a i n e d c o u l d then be e s t e r i f i e d wi th 3 - c h l o r o - 2 , 5 -

70 71 

d ime thy l -4 -me thoxypheno l by us ing DCC o r TFAA. The next s t e p 

would be fo rma t ion o f the phenyl e t h e r by t r e a t i n g t h e e s t e r wi th 
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manganese d i o x i d e i n c h l o r o f o r m under r e f l u x . T h i s method o f o x i ­

d a t i v e c o u p l i n g o f p h e n o l s was used by Brown, et a l . du r ing the 

s y n t h e s i s o f d i p l o c i n . 

The B r i n g phenol c o u l d be s y n t h e s i z e d by a n a l o g y t o the 

s y n t h e s i s o f compound 42_but s t a r t i n g wi th 2 , 5 - d i m e t h y l - p - b e n z o q u i n o n e . 

The 4 - c h l o r o - 2 , 5 - d i m e t h o x y - 3 , 6 - d i m e t h y l b e n z o i c a c i d o b t a i n e d c o u l d be 

s e l e c t i v e l y demethyla ted ortho t o t he c a r b o n y l by aluminum c h l o r i d e in 

n i t r o b e n z e n e . The r e q u i r e d phenol c o u l d be o b t a i n e d by d e c a r b o x y l a t i o n 

73 

o f the c o p p e r s a l t o f the b e n z o i c a c i d . T h i s s y n t h e s i s c o u l d be 

m o d i f i e d s l i g h t l y and the 0-methyl e t h e r o f 47_ c o u l d a l s o be s y n t h e ­

s i z e d . 
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C PROGRAM TO CORRECT DIFFRACTOMETER DATA FOR BACKGROUND, CALC STANDARD 
C DEVIATIONS, AND INCLUDES OPTIONS TO SCALE DATA ACCORDING TO STANDARD 
C REFLECTIONS, PROGRAM WILL AVERAGE REFLECTIONS COLLECTED MORE THAN 
C ONCE. CONTROL CARDS ARE AS FOLLOWS"" 
C FIRST CONTROL CARD- FORMAT 1213 THIS IS THE OPTION CARD 
C SECOND " " * FORMAT 616 THE LOWER AND UPPER LIMITS OF THE 
C H,K,L INDICES 
C THIRD CONTROL CARD" FORMAT 4 F 1 0 . 5 , I 2 TST, THE TOTAL SCAN TIME, 
C SBT, THE SINGLE BACKGR. TIME, P IGNORANCE 
C FACTOR, SC, THE FACTOR WHICH SIGCI MUST BE LESS 
C THAN TO BE ABOVE BACKGR. NUMSTD, THE NUMBER OF 
C STD. REFLECTIONS IN EACH SET 
C DATA CARDS MASTER CARDS FROM THE DIFFRACTOMETER ( 1 IN COLUMN 1 ) 
C WILL BE IGNORED. DATA MUST HAVE ZERO OR BLANK IN COLUMN 
C 1. STANDARD REFLECTIONS MUST HAVE A 5 IN COLUMN 1. DATA 
C DECK MUST BEGIN AND END WITH STD.REFLECTION CARD(S). 
C LAST CARD IN DECK MUST HAVE 9 IN COLUMN 1. 
C PROGRAM INCLUDES SUBROUTINES SYMM AND CHECK. SYMM IS FOR AVERAGING 
C SYMMETRY RELATED REFLECTIONS. CHECK ALLOWS ONE TO TRY DIFFERENT VALUES 
C OF P AND SC WITHOUT ANY OUTPUT. IF CHECK IS USED THE FOLLOWING 
C CONTROL CARDS MUST FOLLOW THE DATA DECK IF READING DATA FROM CARDS 
C OTHERWISE FOLLOWS THE THIRD CONTROL CARD. 
C FOURTH CONTROL CARD- FORMAT 13 KYCLE THE NUMBER OF SETS OF P AND 
C SC THAT ARE TO FOLLOW 
C ALL REMAINING CONTROL CARDS" FORMAT 2F8.5 VALUES FOR P AND SC 

INTEGER C,PU,PR,CR 
REAL IW 
DIMENSION S C I ( 1 5 , 1 5 , 1 5 ) , T I M E ( 1 5 , 1 5 , 1 5 ) , S C A L E ( 1 5 , 1 5 , 1 5 ) 
DIMENSION AVG(200) ,STD(200) ,SG(100) ,COSET(100) ,SUM(100) 
IMPLICIT INTEGER(H,M,N) 
CR=5 
PU=1 
PR=6 
READ(CR,100) IECARD,ISYMM,ICHECK,IRTAPE,IUCARD,IPERM,J1,J2,J3,J4,I 

1ICARD,IITAPE 
100 FORMAT ( 1 2 1 3 ) 

WRITE(PR,105) IECARD,ISYMM,ICHECK,IRTAPE,IUCARD,IPERM,J1,J2,J3,J4. 
1IICARD,IITAPE 

105 FORMAT (1H1,'OPTION CARD: ' , 1 2 1 3 ) 
WRITE(PR,102) IECARD,ISYMM,ICHECK,IRTAPE,IUCARD,IPERM,IICARD,IITAP 

1 E , J 1 , J 2 , J 3 , J 4 , J 1 , J 2 , J 3 , J 4 
102 FORMAT (1HO,'IECARD = ' , 1 3 , / / , ' ISYMM = ' , 1 3 ' / / , ' ICHECK = ' , 1 3 , / / 

1 , ' IRTAPE = ' , 1 3 , / / , ' IUCARD = ' , 1 3 , / / , ' IPERM = ' , 1 3 , / / , ' IICARD 
2= ' , 1 3 , / / , ' IITAPE = ' , 1 3 , / / , ' PERMANENT TAPE WRITTEN ON UNIT ' , 1 
3 3 , / / , ' SCARATCH DRUM IS UNIT ' , 1 3 , / / , ' SCALED OUTPUT WRITTEN ON UN 
4IT ' , 1 3 , / / , ' UNSCALED OUTPUT WRITTEN ON UNIT ' , 1 3 , / / , ' J l = ' , 1 3 
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5 , / / , ' J2 = ' , 1 3 , / / , ' J3 = ' , 1 3 , / / , ' J4 = ' , 1 3 ) 
READ(CR,110 ) HMIN,HMAX, KM IN,KMAX,LMIN,LMAX 

110 FORMAT ( 6 1 6 ) 
WRITE(PR,115) 

115 FORMAT (1HO, ' HMIN HMAX KMIN KMAX LMIN LMAX') 
WRITE(PR,120) HMIN,HMAX,KMIN,KMAX,LMIN,LMAX 

120 FORMAT (1H , 6 1 6 ) 
M AX H=HMAX - HM IN+1 
MAXK=KMAX-KMIN+1 
MAXL=LMAX-LMIN+1 
READ(CR,125) TST,SBT,P,SC,NUMSTD 

125 FORMAT ( 4 F 1 0 . 5 , I 2 ) 
WRITE(PR,130) TST,SBT,P,SC,NUMSTD 

130 FORMAT (1HO,'TOTAL SCAN TIME = ' , F 6 . 2 , ' S E C . ' , / / , ' SINGLE BKG. TIM 
IE = ' , F 6 . 2 , ' S E C . ' , / / , ' IGNORANCE FACTOR (P) = ' , F 6 . 4 ' / / , ' CUTOFF 
2FACTOR (SC) = ' , F 6 . 4 , / / , ' NUMBER OF STD.REFLECTIONS = ' , 1 3 ) 

DO 200 IH=1,MAXH 
H=IH 
DO 199 IK=1,MAXK 
K=IK 
DO 198 IL=1,MAXL 
L = IL 
S C I ( H , K , L ) = 0 . 0 
TIME(H,K,L)=0.0 
SCALE(H,K,L)=0.0 

198 CONTINUE 
199 CONTINUE 
200 CONTINUE 

JOJ = 0 
ICOUNT=0 
IMAT=0 
AVG(1)=0 .0 
ATT1=2.7448861 
ATT2=10.90240317 
ATT3=29.66 
NUMSET=0 
101 = 1 
111 = 0 
WRITE(PR,290) 

290 FORMAT ( 1 H 1 , ' C H K L D I Bl B2 CORR.I 
INT. SIGMA SIGSQ IW S I G C I ' , / / ) 

300 IF (IECARD.EQ.0) GO TO 460 
READ(CR,305,ERR= 306,END= 440) C,HH,KK,LL,ID,1 , IB1, IB2 

305 FORMAT ( I I , 3 1 3 , 2 5 X , 1 1 , 3 1 6 ) 
GO TO 310 

306 CONTINUE 
WRITE(PR,308) 

308 FORMAT (1H ,»**********READING ERROR OR BAD CARD**************** ' ) 
GO TO 300 

310 CONTINUE 
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IF ( C . E Q . l ) GO TO 300 
IF (C .EQ.9 ) GO TO 440 
IF ( (HH.EQ.O) .AND.(KK.EQ.0) .AND.(LL.EQ.O)) GO TO 300 
IF (C .EQ.5 ) GO TO 330 
C=0 
IMAT=IMAT+1 
IC0UNT=IC0UNT+1 

330 CONTINUE 
1=1*10 
REFLOAT ( I ) 
IB1=IB1*10 
RBl^FLOAT(IB1) 
IB2=IB2*10 
RB2=FL0AT(IB2) 
IF ( I D . E Q . l ) GO TO 360 
IF ( I D . E Q . 2 ) GO TO 37 0 
IF ( I D . E Q . 3 ) GO TO 380 
GO TO 390 

360 CONTINUE 
RI=RI*ATT1 
RB1=RB1*ATT1 
RB2=RB2*ATT1 
GO TO 390 

370 CONTINUE 
RI=RI*ATT2 
RB1=RB1*ATT2 
RB2=RB2*ATT2 
GO TO 390 

380 CONTINUE 
RI=RI*ATT3 
RB1=RB1*ATT3 
RB2=RB2*ATT3 

390 CONTINUE 
C I = ( ( R I ) - ( 0 . 5 * ( T S T / S B T ) * ( R B 1 + R B 2 ) ) ) 
IF ( C I ) 4 0 0 , 4 0 0 , 4 1 0 

400 CONTINUE 
WRITE(PR,401) C ,HH,KK,LL, ID, I , IB1 , IB2 

401 FORMAT (IH , 1 3 , 3 I 4 , 3 X , I 1 , 3 X , 3 ( I 6 , 2 X ) , ' * * * C O R R E C T INTENSITY < ZERO* 

GO TO 300 
410 CONTINUE 

S I G S Q = ( ( R I ) + ( 0 . 2 5 * ( ( T S T / S B T ) * * 2)*(RB1+RB2))+(P*CI )**2 ) 
SIGMA=SQRT(SIGSQ) 
IW=SIGSQ/CI 
SIGCI=SIGMA/CI 
H=HH-HMIN+1 
K=KK-KMIN+1 
L=LL-LMIN+1 

440 CONTINUE 
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IF (IPERM.EQ.O) GO TO 451 
WRITE(Jl) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RB1,IB2,RB2,SIGMA,SIGSQ, 

1SIGCI,IW,RI 
451 CONTINUE 

WRITE(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RBI , IB2,RB2,SIGMA,SIGSQ, 
1SIGCI,IW,RI 

GO TO 470 
460 CONTINUE 

READ(Jl) C ,HH,KK,LL ,H ,K ,L , ID ,CI ,1 , IB1 ,RB1 , IB2 , 
1RB2,SIGMA,SIGSQ,SIGCI,IW,RI 

WRITE(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RBI , IB2,RB2,SIGMA,SIGSQ, 
1SIGCI,IW,RI 

IF ( ( IECARD.EQ.0) .AND.(C.NE.5) ) GO TO 465 
GO TO 470 

465 CONTINUE 
IC0UNT=IC0UNT+1 
IMAT=IMAT+1 

470 CONTINUE 
WRITE(PR,475) C,HH,KK,LL,ID, I , IB1,IB2,CI ,SIGMA,SIGSQ,IW,SIGCI 

475 FORMAT (1H , 1 3 , 4 1 4 , 2 X , 1 7 , 1 X , 2 ( 1 6 , 2 X ) , 5 ( E 1 0 . 4 , 2 X ) ) 
IF ( C . E Q . 9 ) GO TO 580 
IF (C .EQ.5 ) GO TO 490 
GO TO 300 

490 CONTINUE 
J0J=J0J+1 
STD(J0J)=CI 
SG(J0J)=SIGMA 
IF (101,EQ.NUMSTD) GO TO 500 
101=101+1 
GO TO 300 

500 CONTINUE 
101 = 1 
C0SET(NUMSET)=IC0UNT 
ICOUNT=0 
NUMSET=NUMSET+1 
GO TO 300 

580 CONTINUE 
END FILE J2 
DO 600 IN=1,NUMSET 
N=IN 
DO 598 IM=1,NUMSTD 
M = IM 
JJ =(M+(N-l)"FLOAT(NUMSTD)) 
SUM(N)=SUM(N)+STD(JJ) 

598 CONTINUE 
600 CONTINUE 

WRITE(PR,602) 
602 FORMAT ( 1 H 0 , ' C I 1 + C I 2 + . . . C I N / SUM(l) ' ) 

XXX=SUM(1) 
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DO 620 IJ=1,NUMSET 
J = IJ 
AVG(J)=XXX/SUM(J) 
WRITE(PR,604) AVG(J) 

604 FORMAT (IH , F 1 0 . 8 ) 
620 CONTINUE 

REWIND J2 
WRITE(PR,621) 

621 FORMAT ( 1 H 0 , T H K L SCALED INTENSITY STD.DEV,(IW) 1 ) 
DO 640 IN=1,NUMSET 
N=IN 
II=COSET(N)+l 
J J J = I I - 1 
VV=FLOAT(II) 
DO 635 IJ=1,JJJ 
WW=FLOAT(IJ) 

628 CONTINUE 
READ(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RB1,IB2,RB2,SIGMA,SIGSQ, 

1SIGCI,IW,RI 
IF (C .EQ.9 ) GO TO 645 
IF ( I I I . E Q . l ) GO TO 626 
IF (C .NE.5) GO TO 626 
WRITE(PR,624) HH,KK,LL,CI,IW 

624 FORMAT (IH , 3 1 4 , 4 X , F 1 5 . 5 , 6 X , F 1 0 . 5 ) 
IF (IICARD.EQ.0) TO GO 6000 
WRITE(PU,625) HH,KK,LL,CI,IW 

625 FORMAT ( 3 1 5 , F 1 5 . 5 , F 1 0 . 5 ) 
6000 CONTINUE 

IF ( I ITAPE.EQ. l ) GO TO 6100 
WRITE(J3) C,HH,KK,LL,CI,IW 

6100 CONTINUE 
GO TO 628 

626 CONTINUE 
IF ( C . E Q . 5 ) GO TO 628 
111 = 1 
SCALE(H,K,L)=(AVG(N)+((AVG(N+1)-AVG(N))*WW/VV)) 
SCI(H,K,L)=(SCI(H,K,L)+SCALE(H,K,L)*CI) /TIME(H,K,L)+1 .0 
TIME(H,K,L)=TIME(H,K,L)+1.0 

63 5 CONTINUE 
640 CONTINUE 
645 CONTINUE 

IF (ISYMM.EQ.O) GO TO 650 
CALL SYMM (KOW,IUCARD,IRCARD,IRTAPE,IMAT,MAXH,MAXK,MAXL,SCI,HMIN, 

1KMIN,LMIN,SC,J2,J3,PR,PU) 
CONTINUE 
GO TO 725 

650 CONTINUE 
WRITE(PR,651) 

651 FORMAT ( 1 H 0 , T C H K L SCALED INTENSITY STD.DEV.(IW) TIM 
IE SCALE(H,K,L) ' ) 
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REWIND J2 
655 CONTINUE 

READ(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RBI,IB2,RB2,SIGMA,SIGSQ, 
1SIGCI,IW,RI 

IF ( C . E Q . 9 ) GO TO 705 
IF (C .EQ.5 ) GO TO 655 
IF (LL.GT.O) GO TO 655 
KN0W=KN0W+1 
IF (SIGCI-SC) 6 6 5 , 6 5 5 , 6 5 5 

665 CONTINUE 
K0W=K0W+1 
IF (IUCARD.EQ.0) GO TO 68 5 
WRITE(PU,680) HH,KK,LL,SCI(H,K,L),IW 

680 FORMAT ( 3 1 5 , F 1 5 . 5 , F 1 0 . 5 ) 
685 CONTINUE 

IF (IRTAPE.EQ.l) GO TO 695 
WRITE(J3) HH,KK,LL,SCI(H,K,L),IW 

695 CONTINUE 
WRITE(PR,700) C,HH,KK,LL,SCI(H,K,L) , IW,TIME(H,K,L) ,SCALE(H,K,L) 

700 FORMAT (1H , 1 2 , 3 1 4 , 4 X , F 1 5 . 5 , 4 X , F 1 0 . 5 , 3 X , F 4 . 1 , 6 X , F 1 0 . 8 ) 
GO TO 655 

705 CONTINUE 
WRITE(PR,710) IMAT,KNOW,KOW 

710 FORMAT (1H0,'TOTAL NUMBER COLLECTED = ' , 1 5 , / / , ' REFLECTIONS WITH S 
1CI > ZERO = ' , 1 5 , / / , ' REFLECTIONS WITH SIGCI < SC = ' , 1 5 ) 

725 CONTINUE 
IF (ICHECK.EQ.l) GO TO 730 
CALL CHECK (TST,SBT,CR,PR,J2) 

730 CONTINUE 
END 
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SUBROUTINE CHECK (TST,SBT,CR,PR,J2) 
REAL IW 
INTEGER C,PR,CR 
JJ = 0 
READ(CR,1000) KYCLE 

1000 FORMAT ( 1 3 ) 
WRITE(PR,1005) KYCLE 

1005 FORMAT (1H1,'NUMBER OF CYCLES = ' , 1 3 ) 
1010 CONTINUE 

REWIND J2 
READ(CR,1015) P,SC 

1015 FORMAT ( 2 F 8 . 5 ) 
WRITE(PR,1020) P,SC 

1020 FORMAT (IH , ' P = ' , F 8 . 6 , / , ' SC = ' , F 8 , 6 ) 
1030 CONTINUE 

READ(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RB1,IB2,RB2,SIGMA,SIGSQ, 
1SIGCI,IW,RI 

IF (C .EQ.9 ) GO TO 1050 
IF (C .EQ.5 ) GO TO 1030 
KUMBER=KUMBER+1 
SIGSQ=((RI)+(0 .25*( (TST/SBT)**2)*(RB1+RB2))+(P*RI )**2) 
SIGMA=SQRT(SIGSQ) 
SIGCI=SIGMA?CI 
IF (SIGCI-SC) 1 0 4 0 , 1 0 3 0 , 1 0 3 0 

1040 CONTINUE 
KOKAL=KOKAL+l 
GO TO 1030 

1050 CONTINUE 
WRITE(PR,1065) KUMBER,KOKAL 

1065 FORMAT (IH ,'TOTAL NUMBER OF REFLECTIONS = ' , 1 5 , / , ' NUMBER OF REFL 
1ECTI0NS WITH SIGCI < SC = ' , 1 5 ) 

KOKAL=0 
KUMBER=0 
JJ=JJ+1 
IF (JJ.EQ.KYCLE) GO TO 1070 
GO TO 1010 

1070 CONTINUE 
RETURN 
END 
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SUBROUTINE SYMM (KO W,IUCARD,IRCARD,IRTAPE,IMAT,MAXH,MAXK,MAXL , SCI, 
1HMIN,KMIN,LMIN,SC,J2,J3,PR,PU) 

REAL IW 
INTEGER C,PU,PR 
DIMENSION Q ( 1 3 , 1 3 , 1 3 ) , S ( 1 3 , 1 3 , 1 3 ) , V ( 1 3 , 1 3 , 1 3 ) , S C I ( 1 3 , 1 3 , 1 3 ) 
IMPLICIT INTEGER(H,M,N) 
DO 1800 IH=1,MAXH 
H=IH 
DO 1750 IK=1,MAXK 
K=IK 
DO 1700 IL=1,MAXL 
L = IL 
Q ( H , K , L ) = 0 . 0 
S ( H , K , L ) = 0 . 0 
V ( H , K , L ) = 0 . 0 

1700 CONTINUE 
1750 CONTINUE 
1800 CONTINUE 

REWIND J2 
2000 CONTINUE 

READ(J2) C,HH,KK,LL,H,K,L, ID,CI , I , IB1,RB1,IB2,RB2,SIGMA,SIGSQ, 
1SIGCI,IW,RI 

IF ( C . E Q . 9 ) GO TO 2090 
IF ( C . E Q . 5 ) GO TO 2000 
IF (LL.LT.O) GO TO 2020 
GO TO 2030 

2020 CONTINUE 
HH=-HH 
LL=-LL 
HI=HH-HMIN+1 
LI=LL-LMIN+1 
GO TO 2050 

2030 CONTINUE 
IF ( ( L L . E Q . 0 ) . A N D . ( H H . L T . 0 ) ) GO TO 2040 
GO TO 2080 

2040 CONTINUE 
HH=-HH 
HI=HH-HMIN+1 
LI=LL 

2050 CONTINUE 
Q ( H I , K , L I ) = ( Q ( H I , K , L T ) + S C I ( H , K , L ) ) / V ( H T , K , L I ) + l . 0 
S ( H I , K , L I ) = ( S ( H I , K , L I ) + S I G M A ) / V ( H I , K , L I ) + 1 . 0 
V ( H I , K , L I ) = V ( H I , K , L I ) + 1 . 0 
GO TO 2000 

2080 CONTINUE 
Q ( H , K , L ) = ( Q ( H , K , L ) + S C I ( H , K , L ) ) / V ( H , K , L ) + 1 . 0 
S (H ,K ,L)=(S(H ,K ,L)+SIGMA) /V(H,K,L)+1 .0 
V ( H , K , L ) = V ( H , K , L ) + 1 . 0 
GO TO 2000 

2090 CONTINUE 
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WRITE(PR,2095) 
2095 FORMAT ( 1 H 1 , f H K L SCALED INTENSITY STD.DEVIATION (IW) 

1TIMES COLLECTED') 
DO 3050 IH=1,MAXH 
H=IH 
DO 3048 IK=1,MAXK 
K=IK 
DO 3046 IL=1,MAXL 
L = IL 
IF ( Q ( H , K , L ) - 0 . 0 1 ) 3046 ,3046 ,2097 

2097 CONTINUE 
SIGMA=S(H,K,L) 
SCO=Q(H,K,L) 
SIGSQ=SIGMA*SIGMA 
IW=SIGSQ/SCO 
SIGCI=SIGMA/SCO 
IOW=IOW+l 
IF (SIGCI-SC) 3000 ,3035 ,3035 

3000 CONTINUE 
KTR=KTR+1 
HH=H+HMIN-1 
KK=K+KMIN-1 
LL=L+LMIN-1 
WRITE(PR,3010) HH,KK,LL,SCO,IW,V(H,K,L) 

3010 FORMAT (IH , 3 1 4 , 3 X , F 1 5 . 5 , 3 X , F 1 5 . 5 ' 1 0 X , F 5 . 1 ) 
IF (IUCARD.EQ.O) GO TO 3025 
WRITE(PU,3020) HH,KK,LL,SCO,IW 

3020 FORMAT ( 3 1 5 , F 1 5 . 5 , F 1 0 . 5 ) 
3025 CONTINUE 

IF (IRTAPE.EQ.l) GO TO 3035 
WRITE(J3) HH,KK,LL,SCO,IW 

3 0 3 5 C O N T I N U E 
3046 CONTINUE 
3048 CONTINUE 
3050 CONTINUE 

WRITE(PR,3060) IMAT 
3060 FORMAT (IH ,'TOTAL NUMBER OF REFLECTIONS COLLECTED ' f , I 5 ) 

WRITE(PR,3070) KOW 
3070 FORMAT (IH ,'NUMBER OF REFLECTIONS WITH SCI > ZERO = ' , 1 5 ) 

WRITE(PR,3080) IOW 
3080 FORMAT (IH ,'NUMBER OF UNIQUE REFLECTIONS = ' , 1 5 ) 

WRITE(PR,3090) KTR 
3090 FORMAT (IH ,'NUMBER OF UNIQUE REFLECTIONS WITH SIGCI < SC = ' , 1 5 ) 

CONTINUE 
RETURN 
END 
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