
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Master's Theses Graduate College 

4-1968 

Preparation and Properties of 2, 3, 4, Preparation and Properties of 2, 3, 4, 

6-Tetramethoxybenzotropylium Perchlorate Salts 6-Tetramethoxybenzotropylium Perchlorate Salts 

Robert E. Suder 

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses 

 Part of the Experimental Analysis of Behavior Commons 

Recommended Citation Recommended Citation 
Suder, Robert E., "Preparation and Properties of 2, 3, 4, 6-Tetramethoxybenzotropylium Perchlorate Salts" 
(1968). Master's Theses. 3200. 
https://scholarworks.wmich.edu/masters_theses/3200 

This Masters Thesis-Open Access is brought to you for 
free and open access by the Graduate College at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Master's Theses by an authorized administrator of 
ScholarWorks at WMU. For more information, please 
contact wmu-scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/masters_theses
https://scholarworks.wmich.edu/grad
https://scholarworks.wmich.edu/masters_theses?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F3200&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1236?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F3200&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/masters_theses/3200?utm_source=scholarworks.wmich.edu%2Fmasters_theses%2F3200&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


PREPARATION AND PROPERTIES 
OF 2,3,^,6-TETRAMETHOXY- 

BENZOTROPYLIUM PERCHLORATE 
SALTS

by

R o b e r t  E.~ S u der

A t h e s i s  s u b m i t te d  t o  th e  
F a c u l t y  o f  t h e  S ch o o l  o f  G ra d u a te  

S t u d i e s  i n  p a r t i a l  f u l f i l l m e n t  
o f  th e

D egree  o f  M a s te r  o f  A r t s

W este rn  M ich igan  U n i v e r s i t y  
K alam azoo, M ich igan  

A p r i l  1968

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



ACKNOWLEDGEMENT

The a u th o r  w ish e s  to  e x p r e s s  h i s  a p p r e c i a t i o n  

t o  D r. R o b e r t  E. Harmon f o r  h i s  a d v ic e  and  g u id a n c e .  

H is  i n s p i r a t i o n ,  p a t i e n c e ,  and  encouragem en t a id e d  

g r e a t l y  d u r in g  th e  c o u rs e  o f  t h i s  i n v e s t i g a t i o n .  

T hanks a l s o  to  t h e  N a t io n a l  I n s t i t u t e  o f  H e a l th  f o r  

a  g r a n t  r e c e i v e d  by D r. Harmon i n  s u p p o r t  o f  t h i s  

r e s e a r c h .

The a u th o r  a l s o  w is h e s  to  e x te n d  h i s  g r a t i t u d e  

t o  t h e  D epartm ent o f  C h e m is t ry  o f  W este rn  M ich igan  

U n i v e r s i t y  f o r  a  t e a c h i n g  a s s i s t a n t s h i p  w hich a l lo w e d  

him t o  co m ple te  t h i s  w ork .

R o b e r t  E. S ud er

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



M A S T E R ’S  T H E S IS M - 1 5 1 1

SUDER, Robert Edwin 
PREPARATION AND PROPERTIES OF 
2,3,4,6-TETRAMETHOXYBENZOTROPYLIUM 
PERCHLORATE SALTS.

Western Michigan University, M.A., 1968 
Chemistry, organic

University Microfilms, Inc., Ann Arbor, Michigan

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENT -----------------------------------------------------------  i i

INTRODUCTION -----------------------------------------------------------------  1

HISTORICAL --------------------------------------------------------------------  2

EXPERIMENTAL

P r e p a r a t i o n  o f  2 , 3 , 6 - t r im e t h o x y - 4 “ h y d ro x y -  
5 H -b e n z o c y c lo h e p te n -5 -o n e  --------------------------------  7

P r e p a r a t i o n  o f  2 , 3 , 4 , 6 - te t r a m e th o x y -5 H -  
b e n z o c y c lo h e p te n - 3 -o n e  -------------------------------------  8

P r e p a r a t i o n  o f  2 , 3 , 4 , 6- t e t r a m e th o x y - 5 H -  
b e n z o c y c lo h e p te n - 5 - o l  ---------------------------------------  8

P r e p a r a t i o n  o f  2 , 3 , 4 , 6- t e t r a m e th o x y b e n z o -  
t ro p y l iu rn  p e r c h l o r a t e ---------------------------------------  9

P r e p a r a t i o n  o f  2 , 3 , 4 , 6 “ t e t r a h y d r o x y - 5 “ h ydroxy  
b e n z o t ro p y l iu m  p e r c h l o r a t e  — — — ---------   10

P r e p a r a t i o n  o f  2 , 3 , 4 , 6 - te t r a m e th o x y -9 H -  
b e n z o c y c lo h e p te n - 9 - o n e  ---------------------------------------  10

P r e p a r a t i o n  o f  2 , 3 , 4 , 6 - t e t r a m e t h o x y - 9 - a c e t o -  
b e n z o t ro p y l iu m  p e r c h l o r a t e ------------------------------  11

P r e p a r a t i o n  o f  2 , 3 , 4 , 6 - te t r a m e th o x y -9 H -  
b e n z o c y c lo h e p te n - 9- o l  ---------------------------------------  12

A ttem p ted  G r ig n a rd  r e a c t i o n  ----------------------------- 12

A ttem p ted  am ine r e a c t i o n  ----------------------------------  13

DISCUSSION--------------------------------------------------------------------  14

SUMMARY--------------------------------------------------------------------------  20

BIBLIOGRAPHY -----------------------------------------------------------------  21

V IT A ---------------------------------------------    23

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



INTRODUCTION

The p u rp o se  o f  t h i s  work i s  t o  i n v e s t i g a t e  t h e  

p r e p a r a t i o n  and  p r o p e r t i e s  o f  2 , 3 , , 6 - te t r a m e th o x y -5 H -  

b e n z o c y c lo h e p te n -5 - o n e  and  i t s  d e r i v a t i v e s .  The f o r m a t io n  

o f  t h e  p e r c h l o r a t e  s a l t  was a t t e m p te d  by a  d i r e c t  r e a c t i o n  

o f  t h e  s t a r t i n g  m a t e r i a l  w i th  a c i d ,  and  a l s o  by t r e a t i n g  

t h e  c o r r e s p o n d in g  a l c o h o l  w i th  a c i d .

The p o s s i b i l i t y  o f  t h e  a d d i t i o n  o f  G r ig n a rd  r e a g e n t s  

and  am in es  t o  t h e  b e n z o t r o p o lo n e  sy s te m  was a l s o  i n v e s t i ­

g a t e d .
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HISTORICAL

» *  «|>
I n  1931 H uckel p ro p o se d  t h a t  t h e  CyHy i o n  sh o u ld

have  a ro m a t ic  c h a r a c t e r 1 * In  f a c t ,  t r o p y l iu m  brom ide
p

had  been  p r e p a r e d  i n  18 9 1 by M e r l in  , b u t  i t  was n o t  

i d e n t i f i e d .  I n  195*t t h e  work was r e p e a t e d  and  th e  

y e l lo w  s o l i d  t h a t  was i s o l a t e d  was p ro v e n  to  be t r o p y l iu m  

bromide-'*. M ild  p y r o l y s i s  o f  t h e  d ibrom o a d d i t i o n  

p r o d u c t  a f f o r d s  t h e  s a l t .

( w Br

The p e r c h l o r a t e ,  i o d i d e ,  t e t r a f l u o r o b o r a t e \  and th e
5

t e t r a b r o m o b o r a t e ^  s a l t s  have  a l s o  b een  p r e p a r e d .

R e c e n t ly ,  Dauben h a s  been  a b le  to  p r e p a r e  v a r i o u s  ty p e s  

o f  t r o p y l i u i s  s a l t s  by h y d r id e  exchange  be tw een  c y c lo -  

h e p t a t r i e n e s  and t r ip h e n y lc a r b o n iu m  i o n s  i n  a c e t o n i t r i l e  .

(C6H5 ) 3C Y  > / (  + ) \ Y + (CcHc )„C-H

A number o f  b e n z o tro p y l iu m  s a l t s  have a l s o  been 

p r e p a r e d .  They a r e  u s u a l l y  o b t a i n e d  by t r e a t i n g  th e  

c o r r e s p o n d in g  a l c o h o l s  w i th  a c i d .  The f i r s t  i s o l a t i o n  

o f  b e n z o t ro p y l iu m  p e r c h l o r a t e  was a c h ie v e d  by R ennhard
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i n  1955^. He t r e a t e d  I I  w i th  70% p e r c h l o r i c  a c i d  to

o b t a i n  a  y e l lo w  s a l t ,  I I I .
0

I

L iA l H

HC10

I I

CIO,

I I I

One o f  th e  more e x t e n s i v e l y  s t u d i e d  b e n z o t r o p o lo n e s  

i s  t h e  one o b t a i n e d  from th e  m e t h y l a t i o n  o f  t h e  n a t u r a l  

p r o d u c t  p u r p u r o g a l l i n  ( 2 ,3 > ii- ,6 - te tra h y d ro x y -5 H --b en z o -  

c y c l o h e p t e n - 5 - o n e ) .  Eschentmoser and  c o w o rk e rs  w ere 

a b l e  to  i s o l a t e  t h e  2 , 3 ,/4. , 6- t e t r a m e th o x y b e n z o t r o p y l iu m
O

c h l o r o p l a t i n a t e  s a l t ,  VI .

CH ,OCH CH3
LiAlH

CH,0

VIV
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They f i r s t  r e d u c e d  t h e  c a r b o n y l  g roup  on IV w i th  l i t h i u m  

aluminum h y d r id e  t o  form  t h e  a l c o h o l  V, and  t r e a t m e n t  

o f  t h i s  w i th  c h l o r o p l a t i n i c  a c i d  a f f o r d e d  t h e  s a l t ,  V I. 

However, t h e y  w are  u n a b le  t o  i s o l a t e  t h e  p e r c h l o r a t e  s a l t .

I f  V i s  o x i d i z e d  w i th  chromium t r i o x i d e  one  o b t a i n s  

t h e  r e a r r a n g e d  compound, 2 ,3 » 4 » 6 - te t r a r a e th o x y - 9 H - b e n z o -  

c y c lo h e p te n - 9 - o n e  ( V I I ) .  T h is  was r e d u c e d  w i th  l i t h i u m  

aluminum h y d r id e  t o  t h e  a l c o h o l  and  r e a c t e d  w i th  c h l o r o ­

p l a t i n i c  a c i d .

V p y r i d i n e

0
V II

Li.

HoPtCl

OH

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



The compound p r e p a r e d  was i d e n t i c a l  w i th  VI, d e m o n s t r a t in g  

t h a t  f o r  t h e  b e n z o t ro p y l iu m  c h l o r o p l a t i n a t e  s a l t ,  th e  

p o s i t i v e  c h a rg e  i s  d e l o c a l i z e d  o v e r  t h e  seven-m em bered  

r i n g ,  and  p r o b a b ly  o v e r  th e  six -m em bered  r i n g .

Buchanan found  t h a t  w i th  benzocyclohep ten -.5 --one  (IX) 

i t  was p o s s i b l e  to  p r e p a r e  t h e  5-h y d ro x y b e n z o t ro p y l iu m
9

b i s u l f a t e  s a l t ,  X .

However, he was u n a b le  to  p ro v e  th e  s t r u c t u r e  b e c a u se  

o f  t h e  i n a b i l i t y  to  i s o l a t e  t h e  p r o d u c t .  He d id  f i n d  

t h a t  t h e  a d d i t i o n  o f  w a te r  w i l l  r e v e r s e  t h e  r e a c t i o n .

The r e a c t i o n  o f  G r ig n a r d  r e a g e n t s  w i th  t r o p o l o n e s  

h a s  b een  s t u d i e d  b e c a u se  o f  t h e  i n t e r e s t i n g  p r o d u c t s  

t h a t  r e s u l t .  F o r  exam ple , t h e  a d d i t i o n  o f  a G r ig n a rd  

r e a g e n t  to  1-m e th o x y tro p o lo n e  (XI) c a u s e s  t h e  m ethox y l 

g roup  to  be d i s p l a c e d ^ .

0 OH

HSO. “

IX X

0 0

XI
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The f o l lo w in g  mechanism i s  b e l i e v e d  to  o c c u r ;

Amines can  a l s o  be added  to  1 -m e th o x y tro p o lo n e  to  g iv e  

a  d is p la c e m e n t  p r o d u c t ! 0 ’ ^ 1.

OCH
3
+ RIHL

NHR

+ CH^OH

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  when t h e  c a rb o n y l

g roup  o f  a  b e n z o t ro p o lo n e  i s  r e d u c e d  w i th  l i t h i u m

aluminum h y d r id e  an a l c o h o l  i s  fo rm ed . However, t h e

l i t h i u m  aluminum h y d r id e  r e d u c t io n  o f  1-m e th o x y tro p o lo n e
12r e s u l t s  i n  t h e  fo rm a t io n  o f  b e n za ld eh y d e

.OCH
LiAlH,

CHO
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EXPERIMENTAL

A l l  m e l t in g  p o i n t s  r e p o r t e d  a r e  c o r r e c t e d  and 

e x p re s s e d  i n  d e g r e e s  c e n t i g r a d e .

The i n f r a r e d  s p e c t r a  were m easu red  w i th  a  Beckman 

IR- 8  i n s t r u m e n t .  The u l t r a v i o l e t  s p e c t r a  w ere o b t a i n e d  

w i th  a Cary Model 1/f s p e c t r o p h o to m e te r .  E le m e n ta l  

a n a l y s e s  w ere p e r fo rm e d  by G a l b r a i t h  M i c r o a n a l y t i c a l  

L a b o r a t o r i e s ,  K n o x v i l l e ,  T e n n e s s e e .  The n u c l e a r  m a g n e tic  

r e s o n a n c e  s p e c t r a  were o b t a i n e d  w i th  a  V a r ia n  A-60 

i n s t r u m e n t ;  r e s o n a n c e s  were m easu red  i n  c y c l e s  p e r  

second  d o w n f ie ld  from a t e t r a m e t h y l s i l a n e  i n t e r n a l  

s t a n d a r d .  T h i n - l a y e r  c h ro m a to g rap h y  was p e r fo rm e d  on 

s i l i c a  g e l-G  (D a rm s ta d t)  u s in g  c h lo ro fo rm  a s  a  s o l v e n t .  

The s p o t s  were d e v e lo p e d  by i o d i n e  v a p o r .

The 2 , 3 j4 > 6 - t e t r a h y d r o x y - 5 H - b e n z o c y c lo h e p te n - 5 - o n e  

was o b t a i n e d  from  A ld r i c h  C hem ica l Company, I n c . ,  and  

u se d  a s  r e c e i v e d .

P r e p a r a t i o n  o f  b e n z o t ro p y l iu m  s a l t s

P r e p a r a t i o n  o f  2 .  3 , 6 T -tr im e th o x y -4 -h y d ro x y -5 H -b en zo -  
c y c lo h e p te n - 5 - o n e  X I I I

A s o l u t i o n  c o n ta in i n g  1 if g .  o f  sodium  h y d ro x id e  

d i s s o l v e d  i n  100 m l. o f  w a te r  was added  to  22  g . (0 .1  

m ole) o f  2,3,£j., 6 - t e t r a h y d r o x y - 5 H - b e n z o c y c lo h e p te n - 5 - o n e ,  

28  g .  ( 0 . 0 3 9 m ole) o f  d im e th y l  s u l f a t e ,  and  50 g .  o f  i c e .  

T h is  m ix tu r e  was s t i r r e d  f o r  e i g h t  h o u r s .  By t h i s  

t im e  a  heavy  p r e c i p i t a t e  form ed and was c o l l e c t e d  by
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vacuum f i l t r a t i o n ,  washed w i th  w a te r ,  r e c r y s t a l l i z e d  

from  m e th a n o l ,  and  a i r  d r i e d  to  g iv e  1A g .  (53*5%) o f  

o ra n g e  p l a t e s ,  m .p .  173- 17 5 ( l i t .  ^ m . p .  176); v  max 

( n u j o l )  1730, 1 6 4 8 , 1250, and  1091 cm“ ^ . The nmr s p e c t r a  

i n  a  c h lo ro fo rm  s o l u t i o n  showed a  r e s o n a n c e  a t  £=15  ( 1H), 

a  s e r i e s  o f  m u l t i p l e t s  be tw een  £=7*2 and  £ = 6 .6  ( IfH) ,  and 

t h r e e  s i n g l e t s  be tw een  £=4*0 and £=3*8 (9H ).

P r e p a r a t i o n  o f  2 , 3 6 - te t r a m e th o x y -5 H -b e n z o c y c lo h e p te n  
5 -o n e  (XIVT

A s o l u t i o n  o f  150 m l. o f  65% a q u e o u s  p o ta s s iu m  

h y d ro x id e  was ad d ed  to  10 g .  ( 0 .0 4  m ole) o f  X I I I  and  

23 g .  ( 0 .3 2  m ole) o f  d im e th y l  s u l f a t e .  The m ix tu re  was 

h e a t e d  and  s t i r r e d ,  c a u s in g  a  v i g e r o u s  r e a c t i o n  w hich  

c o n t in u e d  w i th o u t  f u r t h e r  h e a t i n g .  A f t e r  s e v e r a l  h o u r s  

t h e  s o l i d  w hich  form ed was c o l l e c t e d  by vacuum f i l t r a t i o n ,  

washed w i th  w a t e r ,  r e c r y s t a l l i z e d  from  c y c lo h e x a n e ,  and 

a i r  d r i e d  to  g iv e  6 g .  (57%) o f  p a l e  g r e e n  p l a t e s ,  m .p . 

88 - 9 0 ° ( l i t .  lifm .p .9 i f ) ; v  max ( n u j o l )  1730» 16if8, and  

1090 cm~^. The nmr sp e c t ru m  i n  p e r d e u t e r a t e d  a c e t o n i t r i l e  

e x h i b i t s  a  s e r i e s  o f  r e s o n a n c e s  b e tw een  £=7*0 and £ = 6 .0  

(AH), and  t h r e e  s i n g l e t s  be tw een  S=A*0 and £=A*3 (12H1) 

w hich  a r e  a t t r i b u t e d  to  t h e  m ethox y l p r o t o n s .

P r e p a r a t i o n  o f  2 . 5 . A .6 - t e t r a m e th o x y - t5 H -b e n z o c y c lo h e p te n -  
5r& l iMl

A s u s p e n s io n  o f  0 .3 2  g .  (0 .008A  m ole) o f  l i t h i u m  

aluminum h y d r id e  i n  25  m l. o f  a n h y d ro u s  e t h e r  was added
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to  2 .0  g .  (0 .0 0 7 2  m ole) o f  XIV i n  25 m l. o f  a n h y d ro u s  

e t h e r .  The m ix tu r e  was s t i r r e d  f o r  t h r e e  h o u r s  a t  0 ° ,  

and  f o r  one h o u r  a t  room t e m p e r a tu r e .  The e x c e s s  l i t h i u m  

aluminum h y d r id e  was decomposed by a d d in g  w a te r  u n t i l  

t h e  e v o l u t i o n  o f  h y d rogen  c e a s e d .  The s o l u t i o n  was 

f i l t e r e d  and  t h e  e t h e r  rem oved by e v a p o r a t io n  u n d e r  

r e d u c e d  p r e s s u r e .  The r e s i d u a l  o i l ,  p resum ed to  be XV, 

d id  n o t  c r y s t a l l i z e .  The i n f r a r e d  sp e c tru m  showed th e  

a b se n c e  o f  a  c a r b o n y l  g ro u p ,  and th e  p r e s e n c e  o f  a 

h y d ro x y l  g roup  a t  3500 cm

P r e p a r a t i o n  o f  2 . 3 . 4 , 6 - t e t r a m e th o x y b e n z o t r o p y l iu m  
p e r c h l o r a t e  TXVI)

To 2 .0  g .  (0 .0 0 7 2  m ole) o f  XV d i s s o l v e d  i n  25 m l. 

o f  e t h e r  was added  k  g .  ( 0 .0 3  mole) o f  70% p e r c h l o r i c  

a c i d .  A f t e r  a  few m in u te s ,  c r y s t a l l i z a t i o n  o f  t h e  b r i g h t  

r e d  p e r c h l o r a t e  s a l t  b e g an . The s o l u t i o n  was c o o le d  to  

i n s u r e  c o m p le te  p r e c i p i t a t i o n .  The c r y s t a l s  w ere c o l l e c t ­

ed by vacuum f i l t r a t i o n ,  washed w i th  e t h y l  a c e t a t e ,  and 

a i r  d r i e d  to  y i e l d  1 .5  S* o f  p r o d u c t ,  m .p . 1 3 0 -1 3 3  ( d e c . ) ;  

a 98% H2 S0^ ^27  mu (£ max  5 0 ,0 0 0 ) ,  373 mu ( f  max 5 6 0 0 ) ,
' 111 cl X
and k73 mu (  ̂ max 2 5 0 0 ) ,  and v  max ( n u j o l )  15859 1480,

_ 1
and 1081 cm . The nmr sp e c tru m  i n  p e r d e u t e r a t e d  a c e t o -  

n i t r i l e  h a s  a  s e r i e s  o f  r e s o n a n c e s  be tw een  £=9«2 and  <5=5.6 

(5H ), and two s i n g l e t s  a t  <£=if.2 (12H ).

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



1 0

A nal. C a lcd  f o r  C^H ^yC lO g: C, 5 0 .0 ;  II, 4*40; C l ,  1 0 .1 .

Found: C, 5 0 .2 4 ;  H, I f .61; C l ,  9 -9 0 .

P r e p a r a t i o n  o f  2 , 5 . 4 .  6 - te t ra m e th o x .y -5 -h y d ro x y b e n z o -  
t r o p y l iu m  p e r c h l o r a t e  (XVII)

To a  s u s p e n s io n  o f  0 . 5  g .  ( 0 .0 0 2  mole) o f  XIV i n

25  m l. o f  e t h e r  was added  5 g . ( . 0 4  m ole) o f  70% p e r c h l o r i c

a c i d .  A y e l lo w -o r a n g e  p r e c i p i t a t e  a p p e a re d  a t  o n ce .

T h is  was c o l l e c t e d  by vacuum f i l t r a t i o n ,  r e c r y s t a l l i z e d

from g l a c i a l  a c e t i c  a c i d ,  washed w i th  e t h y l  a c e t a t e ,  and

a i r  d r i e d  t o  y i e l d  0*45 g» (68%) m .p . 140-142 ( d e c . ) ;

\98%  HgSO^ 317 mu max 2 1 , 3 0 0 ) ,  363 mu ( f  max 21 80 ) ,
< QlclX

and 435 mu (£ max 1630), and  v max ( n u j o l )  1600, 1570, 

and 1080 c n f ^ .  The nmr sp e c tru m  i n  p e r d e u t e r a t e d  a c e t o -  

n i t r i l e  showed a  s i n g l e  re s o n a n c e  a t  £ = 1 2 .9 ,  w hich i s  

a s s i g n e d  to  th e  h y d ro x y l  p r o to n ,  a  s e r i e s  o f  m u l t i p l e t s  

be tw een  £=7*4 and  § = 9 .4  (4H ), and t h r e e  s i n g l e t s  betw een 

§=4.1 and §=4 .2  (12H ).

A n a l .  C a lcd  f o r  ^  ^  7C109 : C, 4 7 .8 ;  H, 4 .5 3 ;  C l ,  9 -3 2 .

Found: C, 4 7 .6 1 ;  H, 4 .5 8 ;  C l ,  9 -3 2 .

P r e p a r a t i o n  o f  2 ,  3 . 4 . 6 - t e t r a m e th o x y - 9 H - b e n z o c y c lo -  
h e p te n -9 -o n e ~ T x V II l)

A s u s p e n s io n  o f  2 .0  g . o f  chromium t r i o x i d e  i n  20

m l. o f  p y r i d i n e  was added  to  2 .0  g .  (0 .0 0 8 2  mole) o f

XV a t  5 ° .  The m ix tu r e  was s t i r r e d  f o r  tw e lv e  h o u r s .  At

t h e  end o f  t h i s  t im e  20 m l. o f  w a te r  was ad d ed , and th e

r e a c t i o n  m ix tu re  e x t r a c t e d  w i th  e t h e r .  The e t h e r
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s o l u t i o n  was th e n  washed w i th  500  nil. o f  d i l u t e  h y d ro ­

c h l o r i c  a c i d ,  and d r i e d  o v e r  a n h y d ro u s  magnesium s u l f a t e .  

The e t h e r  was removed by e v a p o r a t i o n  u n d e r  re d u c e d  

p r e s s u r e  to  y i e l d  1 .0  g .  ( 50%) o f  p r o d u c t ,  m .p . 100-
Q

105 ( l i t .  m .p . 106 ). T h is  was u se d  w i th o u t  f u r t h e r  

p u r i f i c a t i o n  f o r  t h e  n e x t  p r e p a r a t i o n .

P r e p a r a t i o n  o f  2 , 3 . 4 ,  6 - te t r a m e th o x .y -9 -a c e to b e n z o t ro p .y l iu m  
p e r c h l o r a t e  TXIX)

To 1 .0  g .  ( 0 .0 0 4  m ole) o f  XV III i n  20 m l. o f  e t h e r  was 

added  5 g .  ( 0 .0 4  m ole) o f  70% p e r c h l o r i c  a c i d .  The y e l lo w  

p r e c i p i t a t e  t h a t  form ed was c o l l e c t e d  by vacuum f i l t r a t i o n ,  

washed w i th  e t h e r ,  and a i r  d r i e d  to  g iv e  0 . 4  g .  (62#) o f  

y e l lo w  c r y s t a l s ,  m .p . 164-1 6 6  ( d e c . ) ;  A max ^ ^ 4  325  mu

(£ max 2 7 ,2 0 0 ) ,  365  mu {€ max 4 3 8 0 ) ,  an d  465  mu (£ max 

34 4 O) and  v  max ( n u j o l )  1610, 1495, 1220, and  1096 cm” 1 .

The nmr sp e c tru m  i n  a  s o l u t i o n  o f  p e r d e u t e r a t e d  d im e th y l  

s u l f o x i d e  e x h i b i t s  a  r e s o n a n c e  a t  £=5*6 w hich  i s  due 

to  t h e  h y d ro x y l  p r o t o n ,  a  s e r i e s  o f  r e s o n a n c e s  be tw een  

5= 7 .0  and  5=9*0 (4H ), f o r  t h e  r i n g  h y d ro g en  a to m s, and 

a b ro a d  s i n g l e t  a t  <5=4.0 (12H ). When XIX was r e c r y s t a l ­

l i z e d  from a c e t i c  a c i d ,  t h e  a c e t a t e ,  XX, fo rm ed , m .p . 184-  

187 ( d e c . ) ;  v  max ( n u j o l )  1790, 1600, and  1090  cm” 1 .

The nmr sp e c t ru m  i n  p e r d e u t e r a t e d  a c e t o n i t r i l e  e x h i b i t s  

a  s e r i e s  o f  m u l t i p l e t s  be tw een  6 = 8 .0  and  6 = 7 .2  f o r  t h e  

r i n g  hy d ro g en  a tom s (4H ), fo u r  s i n g l e t s  be tw een  S - 4.1  

and  £ = 4 .0  (12H ), and  a  s i n g l e t  a t  6=3*6 a t t r i b u t e d  to
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t h e  a c e t a t e  p r o t o n s .

A n a l.  C a lcd  f o r  C17H19C1010 : C, 4 8 . 8 ; H, 4 -5 4 ;  C l ,  8 .5 7 .  

Found: C, 4-8.54; H, 4 .6 7 ;  C l ,  8 .6 2 .

R e d u c t io n  o f  XVII w i th  l i t h i u m  aluminum h y d r id e

A s u s p e n s io n  o f  0 .2  g .  ( 0 .0 5 3  mole) o f  l i t h i u m  

aluminum h y d r id e  i n  20 m l. o f  a n h y d ro u s  e t h e r  was added  

to  0 .5  g .  ( 0 .0 0 2  m ole) o f  XVIII i n  20 m l. o f  a n h y d ro u s  

e t h e r .  The m ix tu r e  was s t i r r e d  f o r  t h r e e  h o u r s  a t  0 ° ,  

and f o r  one h o u r  a t  room t e m p e r a t u r e .  The m ix tu r e  was 

f i l t e r e d  and 5g» ( . 1 8  m ole) o f  70% p e r c h l o r i c  a c i d  added  

A f t e r  a few m in u te s  t h e  c r y s t a l s  fo rm ed. The c r y s t a l s  

were c o l l e c t e d  by vacuum f i l t r a t i o n  and washed w i th  

e t h e r .  T h i n - l a y e r  c h ro m a to g rap h y  i n d i c a t e d  t h a t  t h i s  

compound was i d e n t i c a l  w i th  XVI. In  a d d i t i o n ,  a m ix tu r e  

o f  t h i s  compound and  XVI gave no m e l t in g  p o i n t  d e p r e s s io n

A ttem pted  r e a c t i o n  o f  XIV w i th  G r ig n a rd  r e a g e n t s

An a t t e m p t  was made t o  r e a c t  XIV w i th  a  s e r i e s  o f  

G r ig n a rd  r e a g e n t s .  The G r ig n a r d  r e a g e n t s  u se d  were 

£ - c h l o r o p h e n y l  magnesium b ro m id e ,  b e n z y l  magnesium 

c h l o r i d e ,  and p h e n y l  magnesium b rom ide . I n  eac h  c a s e ,  

0 .5  g . (0 .0 0 2  m ole) o f  XIV was d i s s o l v e d  i n  25 m l. o f  

e t h e r  and 0 .0 0 2  mole o f  t h e  G r ig n a rd  r e a g e n t  a d d ed .

A . p r e c i p i t a t e  fo rm ed  im m e d ia te ly  and 50 m l. o f  w a te r  

was a d d ed . The r e s u l t i n g  m ix tu re  was e x t r a c t e d  w i th  

e t h e r .  The e t h e r  was rem oved by e v a p o r a t i o n  u n d e r
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re d u c e d  p r e s s u r e  t o  g iv e  0 .5  g .  o f  a s o l i d  r e s i d u e ,  

m .p . 8 8 -9 0 ° .  A m ix tu re  o f  t h i s  and XIV gave no m e l t in g  

p o i n t  d e p r e s s i o n .  T h i n - l a y e r  ch ro m a to g rap h y  a l s o  i n d i ­

c a t e d  t h a t  no r e a c t i o n  had  o c c u r r e d .

A ttem p ted  r e a c t i o n  o f  N. N - d im e th y le th y le n e d ia m in e  
w i th  XIV

A s o l u t i o n  o f  0 .1 5  g* (0 .0 0 2  m ole) o f  N ,N -d im e th y l -  

e th y le n e d ia m in e  i n  10 m l. o f  benzene  was add ed  to

0 .5  g . ( 0 .0 0 2  m ole) o f  XIV i n  20 m l. o f  b e n z e n e .  The 

s o l u t i o n  was h e a t e d  a t  r e f l u x  f o r  e i g h t  h o u r s .  At th e  

end o f  t h i s  t im e  th e  benzene  was removed by e v a p o r a t io n  

u n d e r  r e d u c e d  p r e s s u r e  to  g iv e  0 .5  g . o f  a s o l i d  r e s i d u e ,  

m .p . 8 8 -9 0 ° .  T h is  was c o n f irm e d  to  be s t a r t i n g  m a t e r i a l  

by th e  m e l t i n g  p o i n t  o f  a  m ix tu re  o f  t h i s  and  XIV, and 

a l s o  by t h i n - l a y e r  ch ro m a to g rap h y .

The r e a c t i o n  was r e p e a t e d  u s in g  o - x y le n e  a s  a 

s o l v e n t .  A g a in , o n ly  s t a r t i n g  m a t e r i a l  was r e c o v e r e d .
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DISCUSSION

1 4

Compound XV can  be p r e p a r e d  by m e th y la t in g  X II  w i th  

d im e th y l  s u l f a t e  i n  a  10% aqu eo us  sodium  h y d ro x id e  

s o l u t i o n ,  and th e n  w i th  d im e th y l  s u l f a t e  i n  a 65% 

p o ta s s iu m  h y d ro x id e  s o l u t i o n .

OH OH

(CH ) SO ™ 3 ° Y ^ >

Na0H ch. oA ^ J

.OH OCH

X II IXII

KOH

OCH
CH-,0

XIV

L ith iu m  aluminum h y d r id e  r e d u c t i o n  o f  XIV g iv e s  t h e  

c o r r e s p o n d in g  a l c o h o l ,  XV.

OCH
LiAlH

XIV

XV

When t h i s  i s  r e a c t e d  w i th  70% p e r c h l o r i c  a c i d  t h e  2 ,3 » 4 > 6- 

te t r a m e th o x y b e n z o t ro p y l iu m  p e r c h l o r a t e  s a l t  (XVI) fo rm s , 

w hich  can be i s o l a t e d .
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When t h e  b e n z o t ro p y l iu m  s a l t s  w ere p r e p a r e d  by t h e

e a r l i e r  w o r k e r s ^ ’ th e y  had  no d i r e c t  e v id e n c e  t h a t

t h e  p o s i t i v e  c h a rg e  was d e l o c a l i z e d  o v e r  b o th  r i n g s ,

o r  j u s t  o v e r  t h e  seven-m em bered  r i n g .  However, t h e  nmr

s p e c t r a l  d a t a  now seems to  i n d i c a t e  t h a t  t h e  p o s i t i v e

c h a rg e  i s  d e l o c a l i z e d  o v e r  b o th  r i n g s  b e c a u se  o f  th e

d o w n f ie ld  c h e m ic a l  s h i f t  o f  t h e  s u b s t i t u e n t s  on th e  r i n g s .

T h is  d o w n f ie ld  s h i f t  i s  a t t r i b u t e d  to  t h e  d e l o c a l i z e d

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

and  i n c r e a s e s  d e s h i e l d i n g .  The r e s o n a n c e s  due to  th e

m e th o x y l  p r o t o n s  a r e  s h i f t e d  a b o u t  24 c p s  f u r t h e r

d o w n f ie ld  i n  t h e  s a l t ,  a s  compared to  XIV. In  a d d i t i o n ,

t h e  r e s o n a n c e s  c au se d  by t h e  r i n g  h y d ro g en  atom s a r e

s h i f t e d  a b o u t  90 cp s  f u r t h e r  d o w n f ie ld  i n  XVI. The

u l t r a v i o l e t  s p e c t r a  i s  c o n s i s t e n t  w i th  o t h e r  ben zo -

t r o p y l i u m  i o n s .  F o r  exam ple , b e n z o t ro p y l iu m  p e r c h l o r a t e

h a s  a  ,Xmax a t  2.62., 338 > and 426  mu. The a b s o r p t i o n  a t
*

2o2 c o r r e s p o n d s  to  t h e  K band , w hich i s  a  fr'to f t

t r a n s i t i o n .  T h is  a b s o r p t i o n  i s  s h i f t e d  to  a  lo n g e r
1 5w a v e le n g th  by s u b s t i t u t i o n  on th e  r i n g  . T hus, i t  i s  

a t  327 i n  XVI.
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1 6

Compound XV, when r e a c t e d  w i th  chromium t r i o x i d e  

i n  p y r i d i n e ,  g i v e s  t h e  r e a r r a n g e d  compound, X V III .

XV
CrO
pyr:f d i

OCH,
ch3o ^ ^ 3 /

ne

XVIII

OCH-

A f t e r  b e in g  re d u c e d  w i th  l i t h i u m  aluminum h y d r i d e ,  

compound XV III can  be r e a c t e d  w i th  p e r c h l o r i c  a c i d  to  

form  a  compound a  compound i d e n t i c a l  w i th  XVI.

OCH-

XVIII
LiAlH,

,OCH-

CH^O

HC10
^  XVI

T h is  i s  c o n s i s t e n t  w i th  t h e  f a c t  th a t ,  t h e  p o s i t i v e  

c h a rg e  i s  d e l o c a l i z e d  o v e r  t h e  seven-m em bered r i n g .

I t  was foun d  t h a t  XIV can be r e a c t e d  d i r e c t l y  w i th  

p e r c h l o r i c  a c i d  to  p r e p a r e  a  h y d ro x y b e n z o tro p y liu m  

p e r c h l o r a t e  s a l t ,  XVII.

HC10,
0CH3 .OCH-

XIV
h2o

CH-tO

CH-,0
CIO,

XVII

The nmr s p e c t r a  o f  XVII shows a  re s o n a n c e  a t  6 = 1 2 .9 .

T h is  l a r g e  c h e m ic a l  s h i f t  i s  a t t r i b u t e d  to  b o th  t h e  

p o s i t i v e  c h a rg e  and to  t h e  s t r o n g  i n t r a m o l e c u l a r  h y d ro g en
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b o n d in g .  As w i th  XVI, t h e  p o s i t i v e  c h a rg e  seems to  be 

d e l o c a l i z e d  o v e r  b o th  r i n g s .  The r e s o n a n c e s  o f  th e  

m etho xy l p r o t o n s  a r e  a b o u t  15 c p s ,  and th e  r i n g  hy d ro g en  

a tom s a r e  a b o u t  60 cps f u r t h e r  d o w n f ie ld  th a n  i n  XIV.

The s h i f t s  i n  r e s o n a n c e  s i g n a l s  a r e  n o t  a s  l a r g e  i n  XVII 

a s  th e y  a r e  f o r  XVI, p o s s i b l y  b e ca u se  o f  t h e  r e s o n a n c e  

e f f e c t  o f  t h e  h y d ro x y l  g ro u p .

OCH

CH-.0

The u l t r a v i o l e t  sp e c tru m  o f  XVII i s  s i m i l i a r  to  XVI, 

e x c e p t  t h a t  t h e  a b s o r p t i o n s  a r e  n o t  a s  i n t e n s e .

Compound XVIII can a l s o  be t r e a t e d  w i th  p e r c h l o r i c  

a c i d  to  form t h e  r e a r r a n g e d  h y d ro x y b e n z o tro p y liu m  p e r ­

c h l o r a t e  s a l t ,  XIX.

OCH CH
HC10

CIO, "
x .CH,0

OH
XIX

The nmr sp e c tru m  o f  XIX i s  more d i f f i c u l t  t o  i n t e r p r e t  

b e c a u se  a s a t i s f a c t o r y  sp e c tru m  c o u ld  n o t  be o b t a i n e d  i n  

a c e t o n i t r i l e .  When d im e th y l  s u l f o x i d e  was u se d  a s  a 

s o l v e n t ,  t h e  nmr sp e c tru m  was o n ly  s l i g h t l y  b e t t e r .

Even so ,  t h e  d o w n f ie ld  s h i f t s  o f  th e  m ethox y l p r o t o n s
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and  r i n g  hy d ro g en  a tom s a r e  a p p a r e n t .  The h y d ro x y l  

p r o t o n  on XIX, w hich i s  n o t  hydrogen  bonded a s  i n  XVII, 

r e s o n a t e s  a t  £ = 5 .6 .  The u l t r a v i o l e t  sp e c tru m  i s  s i m i l i a r  

t o  XVII.

Compound XIX, when c r y s t a l l i z e d  from g l a c i a l  a c e t i c  

a c i d ,  form s th e  a c e t a t e ,  XX.

The nmr sp e c tru m  shows a  r e s o n a n c e  a t  6=3*3 from t h e  

a c e t a t e  p r o t o n s ,  i n s t e a d  o f  a  h y d ro x y l  p r o to n  a s  i n  

XIX. The f a i l u r e  o f  XVII to  a l s o  form th e  a c e t a t e  i s  

p r o b a b ly  a  co n sequ ence  o f  t h e  s t e r i c  i n t e r a c t i o n  o f  t h e  

n e ig h b o r in g  m ethoxy l g ro u p s .

An a t t e m p t  was made to  r e a c t  XIV w i th  s e v e r a l  

G r ig n a r d  r e a g e n t s  i n  o r d e r  to  s y n t h e s i z e  a  v a r i e t y  o f  

s u b s t i t u t i o n  p r o d u c t s .

However, i n  each  c a s e ,  o n ly  s t a r t i n g  m a t e r i a l  was r e c o v e r e d .  

I t  i s  assumed t h a t  t h e  fo r m a t io n  o f  t h e  s u b s t i t u t i o n  

p r o d u c t  i s  u n l i k e l y  b e c a u se  i t  i n v o lv e s  t h e  l o s s  o f
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a r o m a t i c i t y  o f  t h e  s ix -m em bered  r i n g  d u r in g  t h e  c o u rs e  

o f  t h e  r e a c t i o n .

CH_0

CEUO

CH3?
ch3o ^

CH^O'

0 OCH- 
R -

1 g
P o l a r o g r a p h i c  d a t a  i n d i c a t e  t h a t  t h i s  i n t e r m e d i a t e  

i s  l i k e l y ,  a l t h o u g h  i t  h a s  n o t  been  p ro v e n  c o n c l u s i v e l y .

The f a i l u r e  o f  t h e  am ines  to  add  to  XIV i s  p r o b a b ly  

due to  t h e  same c a u s e .
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SUMMARY
2 0

I t  was found  t h a t  i t  was p o s s i b l e  t o  p r e p a r e  and 

i s o l a t e  t h e  p e r c h l o r a t e  s a l t s  o f  2 , 3 , 4 , 6 - te t r a m e th o x y -  

5 H -b e n z o c y c lo h e p te n -5 -o n e  and  i t s  d e r i v a t i v e s .  The 

p e r c h l o r a t e  s a l t s  c o u ld  be form ed by t r e a t i n g  t h e  c o r r e s ­

p o n d in g  a l c o h o l  w i th  p e r c h l o r i c  a c i d .  I n  a d d i t i o n ,  a  

p e r c h l o r a t e  s a l t  c o u ld  be p r e p a r e d  by a  d i r e c t  r e a c t i o n  

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

s a l t s  o f  t h e  r e a r r a n g e d  compound, 2 , 3 , 4 , 6 - t e t r a m e th o x y -  

9 H -b e n z o c y c lo h e p te n -9 ~ o n e ,  w ere  a l s o  p r e p a r e d .  F o r  a l l  t h e  

b e n z o t r o p o lo n e  s a l t s  p r e p a r e d ,  t h e  nmr s p e c t r a l  d a ta  

seems to  i n d i c a t e  t h a t  t h e  p o s i t i v e  c h a rg e  i s  d e l o c a l i z e d  

o v e r  b o th  r i n g s .

I t  was l e a r n e d  t h a t  i t  was n o t  p o s s i b l e  t o  add 

G r ig n a r d  r e a g e n t s  o r  am in es  t o  t h e  b e n z o t ro p o lo n e  sy s te m . 

T h is  c o u ld  p o s s i b l y  be a t t r i b u t e d  to  t h e  l o s s  o f  a r o m a t i c i c y  

o f  t h e  s ix -m em bered  r i n g  d u r in g  t h e  c o u rs e  o f  t h e  r e a c t i o n .  

However, t h i s  was n o t  p ro v e n  c o n c l u s i v e l y .
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