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S U M M A R Y ,

PART I ,

UEW METHODS OP APPROACH TO THE BIQYCLQ[5 :3 :0  ]DECANE SYSTEM,

A* C ondensation  o f  p rop argy l bromide w ith  2-~ethoxy-
c a rb o n y lcy c lo a lk a n o n es  fu r n is h e s  p ro d u cts  w h ich , by 
h y d ra tio n  and su b seq uent r in g  c lo s u r e ,  g iv e  b i c y c l i c  

compounds w ith  a five-m em bered r in g  fu sed  to th e  ring 
o f  th e  s t a r t in g  m a t e r ia l . e .g .

C 02Et
■CH,-CO*CH

C ondensation  o f  c y c lo h eptanone' w ith  r e a d i ly  available 
a c e t y le n ie  Mannich b a se s  g iv e s  p rod u cts w hich may be 
c o n v erted  d i r e c t ly  to  b ic y c lo  [5  »3 tOIdecane d e r iv a t iv e s  

by h e a t in g  w ith  form ic  a c id  -  p h osp h oric  a c id  e .g .



C. S u b s t itu te d  c y c l o h ex an o n e s. a r e  SLibjected to

r in g  exp an sion  with, a diazo-com pound o f  such  a 

n a tu re  th a t  the r e s u l t in g  c y c lo h eptanone p o s s e s s e s  

a s id e  ch a in  cap ab le  o f  con d en sin g  w ith  th e  r in g  

carb on yl group to  y i e l d  b ic .y o lo [5?3»Ol decane  

d e r iv a t iv e s  d i r e c t ly  e .g .

c h 2- c h 2I I

part: i i .

ATTEMPTED SYNTHESIS OP THE INDACEMES.

A ttem pted sy n th e se s  o f  th e  p o s tu la te d  q u a s i-  

arom atic  h yd rocarb on s, sym m etrica l and a ssym m etr ica l 

in d a c e n e s  have been in v e s t ig a t e d  w hich in v o lv e  

deh yd rogen ation  o f  th e  r e le v a n t  h y d ro in d a cen es . The



s tr u c tu r e  a s s ig n e d  to a supposed d e r iv a t iv e  o f  

s - in d a c e n e  r e p o r ted  in  th e  l i t e r a t u r e  has been  

shown to  be err o n e o u s .
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HEW METHODS OF APPROACH TO THE 

BICYGLO [5 :3 :0 1  DECAHE SYSTEM.

(fit) H is t o r i c a l .

5 6 8

4 9

3 2 IO

I n t e r e s t  in  compounds c o n ta in in g  th e  b ic y c lo  [5 : 3 : 0 ]  

decane system  stem s from two so u r c e s . In  th e  f i r s t  p la c e  

th ey  may be r e a d i ly  dehydrogenated  to  g iv e  d e r iv a t iv e s

M tin erto  m ost o f  th e  s y n t h e t ic  work in  th e  f i e l d  h as  

been  accom p lish ed  w ith  t h i s  end in  v ie w . A l e s s  

in v e s t ig a t e d  a sp e c t  o f  t h i s  sysbem r e l a t e s  to  the  

s y n t h e s is  o f  th e  n a tu r a l ly  o c c u r r in g  s e sq u ite r p e n o id  

members o f  th e  group i . e .  g u a io l ,  p a r th e n io l  and th e  

a -  and p- v e t iv o n e s .  f h i s  l a t t e r  stu dy  i s  more com plex  

b ecau se  o f  th e  added s te r e o c h e m ic a l c o n s id e r a t io n s .

o f  th e  n on -b en zen o id  arom atic  sy stem , A zulene , and

Me

Me

Azul ene V e f i v o n e
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The m ethods h i th e r to  employed f o r  th e  p r e p a r a tio n  o f  

b io y o lo  [5 * 3 :0 ]  d ecan es f a l l  in t o  th e  fo l lo w in g  c la s s e s *

A -  RITO EXPANSION METHOD*

A p p lic a t io n  o f  th e  r in g  exp an sion  p r in c ip le  to  

arom atic  and a l i c y c l i c  compounds i s  by fa r  the m ost 

w id e ly  u sed  method fo r  p r e p a r a tio n  o f  the b ic y c lo  

[5*3*0] decane n u c le u s .

1 -  Buchner Type*
2

T h is procedure was d isc o v e r e d  by Buchner and was 

f i r s t  a p p lie d  to th e  s y n th e s is  o f  the b ic y c lo  [5 * 3 :0 ]
3

d ecan es by P la t tn e r  • In  th e  s im p le s t  c a s e , th e  a c t io n  

o f  d ia z o a c e t ic  e s t e r  on indane a t  e le v a te d  tem p era tu res  

in v o lv e d  a d d it io n  to th e  b en zen o id  r in g  and su b seq u en t  

en largem ent to  the seven-mem bered r in g .

C 0 2Et / \

EtQ2CHC

\ \ I
EtChC-
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As i s  s e e n , th e  method g iv e s  r i s e  to  th r e e  p o s i t io n  

iso m e r s , a lth o u g h  t h i s  drawback becom es l e s s  s e r io u s  i f  

th e  e th o x y ca rb o n y l group i s  to  be e lim in a te d  a t  a l a t e r  

s ta g e .  The p rod u cts from t h i s  p r o c e s s  have a lw ays been  

dehydrogenated  fu r th e r  to  a z u le n e s  and th e  procedure  

h as r a r e ly  been  u sed  to  prepare th e  b ic y c lo  [5 :3 : 0 ]  

decanes th e m se lv e s .

In  a r e c e n t  m o d if ic a t io n  diazom ethane h as been  used  

fo r  th e  p h otoch em ica l r in g  exp an sion  o f  in d a n e , th u s
A

le a d in g  to  a co n v en ien t s y n th e s is  o f  a zu len e  i t s e l f  .

2 -  Dem.janow Type.

R e la te d  to  th e  d ia z o a c e t ic  e s t e r  procedure i s  th e
5

Demjanow r in g  exp an sion  method , f i r s t  a p p lie d  to
c

b ic y c lo  [ 5 : 3 : 0 ]  decane s y n t h e s is  by. A rnold and l a t e r
7

by P la t tn e r  and eow orkers . In  a t y p ic a l  c a s e , trea tm en t  

o f  5-am inom ethylhydrindane w ith  n i t r o u s  a c id  fu r n ish e d  

b ic y c lo  [ 5 : 3 : 0 ]  d e c a n -3 -o l (X ).

OH
H2NH2C

( I )

3 -  Blazom ethane R ing E xpansion o f  K eton es .

The a p p l ic a t io n  o f  th e  diazom ethane r in g  exp an sion  

o f  k e to n e s , a p r o c e ss  in tro d u ced  by M eerwein^, to  th e
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s y n th e s is  o f  1310.7010 [5 : 3 : 0 ]  d ecanes was in tro d u ced  by

p e n ta n o n e -2 -c a r b o x y la te  ( I I )  w ith  h e x -2 -e n -4 -o n e  in  

p resen ce  o f  m e t a l l i c  sodium to  g iv e  th e  h i c y c l i c  compound 

( I I I ) *  A fte r  r e d u c t io n , h y d r o ly s is  and d e c a r b o x y la t io n  

o f  ( l l l ) r th e  r e s u l t a n t  b i c y c l i c  k eton e  (IV) was 

tr e a te d  w ith  diazom ethane to  g iv e  a m ix tu re  o f  the two 

k e to n e s  (V) and (VI) c o n ta in in g  the v e t iv o n e  carbon  

s k e le to n . However, the y i e l d s  in  t h i s  s y n t h e s is  were 

v e ry  p oor.

Q
C oats and Cook . They condensed e th y l  4 - iso p r o p .y lcyclO '

COjEt
CHj

Na

CH3

on ( h i)

( I ) H 2 

(ii) H + 
ciii) -C O 2

t CH2N2

C H 3 ch3

c.h3 Ci v )

( V I )
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6U sin g  t h i s  method Arnold o b ta in ed  two k e to n e s  

o f  s tr u c tu r e  ( Y U ) ,  b oth  o f  w hich le d  to  th e  same azu len e*

( V I I )5 -  Hydrindone

Ee assumed t h e r e fo r e ,  th a t  th e  two k e to n e s  v/ere c i s - t r a n s
7

iso m e r s . P la t tn e r  confirm ed t h i s  v iew  by se p a r a t in g  

th e  sem icarb azon es and i s o l a t i n g  th e  pure c i s -  and 

tr a n s -  b ic y c lo  15:3*0] d e c a n -3 -o n e s .

B -  FROM CYQhODECANE-1 s 6-BIOEE

T h is r o u te  was adopted f o r  th e  f i r s t  t o t a l  a zu len e  

s y n th e s is  by Pfau and P l a t t n e r ^ .  In  t h i s  p ro ced u re , 

9 -d e c a lo l  i s  dehydrated  to  9 : 1 0 - o c t a l in  (V III) w hich i s  

then  o z o n ise d  to g iv e  c y o lo d e c a n e -1 : 6 -d io n e  (IX ) . T h is  

d ik e to n e  undergoes an in te r n a l  a ld o l  c o n d en sa tio n  in  

th e  p resen ce  o f  sodium carbonate to  g iv e  b ic y c lo  [5 :3 :0 ]  

d e c - l ( 7 ) - e n - 2 - o n e  (X)*

N 0 ^ 0 0 3

( VIII ) ( IX) ( X )



c -  PROM CYCLOHEPTANONE,

Another method o f  approach to  t h e  b ic y c lo  [5 * 3 :0 ]  

decane system  e n t a i l s  th e  e la b o r a t io n  o f  th e  five-m em bered  

r in g  on to  a preform ed seven-membered r in g  sy stem . T h is  

procedure i s  w e ll  s u ite d  to  th e  p r e p a r a tio n  o f  8 -  and 9 -  

s u b s t i tu t e d  b ic y c lo  [5 :3 * 0 ]  d ec a n e s . Thus P la t t n e r ,  F u r s t ,  

and J i r a s e k ^  u sed  th e  f o l lo w in g  procedure fo r  th e  

p r e p a r a tio n  o f  9 - a lk y l  s u b s t i t u t e d  b ic y c lo  [5 * 3 :0 ] d e c a n e s . 

E th y l c y c lo h e p ta n o n e -2 -c a r b o x y la te  (X I ) , was condensed  

w ith  e th y l  brom oacetate and the product was su b je c te d  to  

h y d r o ly s is  and d e c a r b o x y la t io n  to  g iv e  e th y l  

c y c lo h e p ta n o n e -2 -a c e ta te  (X I I ) ,  S u b je c t io n  o f  t h i s  

compound to  a  R eform atsky r e a c t io n  fo llo w e d  by 

h y d rogen ation  and h y d r o ly s is  gave o y c lo h e p ta n e -1 t2 -  

d ia c e t i c  a c id  ( X I I I ) , w hich was th en  c y c l i s e d  v ia  i t s  

barium s a l t  to  g iv e  b ic y c lo  [5*3*0] d e c a n -9-o n e  (X IV ),

The 9 -a lk y l  s u b s t itu e n t  was f i n a l l y  in tr o d u c e d  by 

in t e r a c t io n  w ith  a G rignard r ea g e n t and d eh y d ra tio n  o f  

the c a r b in o l produced.

a p
( C 0 2Et)2

P a p

,CH2C 0 2Et

‘C 0 2Et

CH2Br.C02Et

S ^ C O i E t

( X I)

(b HCI
(ii) EtOH, 

H2 SO4 a o aCH-C02Et
Reformats Icy (i) H2

tii> H +
CH2C02Et CH2C02Ef



> w C H 2C 02H<m
( X I I I )

c h 2c o 2h

Ba (OHh O

( X I V )

(i) RMgX
( f i ) - H 2 O

Por th e  p r e p a r a tio n  o f  8 - s u b s t i t u t e d  compounds, P la t tn e r  
12and Buchi a p p lie d  a m o d ified  Stobbe co n d en sa tio n  a s  f o l lo w s

O

(C H2C O 2EO 2 

S t ob be
,C 0 2Et 

C/H N a OH

c h 2c o 2h

c o 2h

c h 2c o 2h

Zng2
c  h3c o 2h

COiEt (H )
( X V I I )

I t  w i l l  he seen  th a t  e i t h e r  the i n i t i a l  h a l f  e s t e r  (XV) or  

th e  h y d ro ly sed  produ ct (XVI) can he c y c l i s e d  to  th e  k e to  

a c id  (X V II),
1^

R e ce n tly  Braude and P orbes have d ev e lo p ed  a  

f i v e  s ta g e  p r o c e ss  fo r  th e  c o n v e rs io n  o f  c y c lo h eptanone  

im to b ic .v c lo  [5 :3 * 0 ]  d e c - l ( 7 ) - e n - 8 - o n e  a s  f o l lo w s .
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1 — C hloro c y c lo h ep ten e  (X V III ) , prepared by t r e a t in g  

cy c lo h eptanon e with, phosphorus p e n ta c h lo r id e , was co n v erted  

in to  1 - c y c lo h e p te n y l l ith iu m  (XIX) by r e a c t io n  w ith  

l ith iu m  m eta l in  e th e r  su sp en sion *  The l ith iu m  a lk e n y l  

then  underw ent the u su a l a d d it io n  r e a c t io n  w ith  acra ld eh yd e  

or cro ton a ld eh yd e*  to  g iv e  th e  d ia lk e n y l  c a r b in o l (XX). 

O xid ation  o f  th e  l a t t e r  w ith  manganese d io x id e  in  p e tr o l  

su sp en sio n  a ffo r d e d  th e  d ia lk e n y l  k e to n e  (XXI)* Treatm ent 

o f  t h i s  k e to n e  w ith  a h o t  m ixtu re  o f  form ic  and p h osp h oric  

a c id s  r e s u l t e d  in  c y c l i s a t io n  to  th e  b ic y c lo  [ 5 :3 :0 ]  

d e c - l ( 7 ) - e n - 8 - o n e  (XXII)*

(XVI I I ) ( X I X )

RCH=CH-CHO

OH
.CH,^CH Mn 0 2

II
CHR

CH
11
CHR

( X X ) ( X X I )

O

HCQ2H
H3 PO4

R

( X X I I )
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D -  FROM CYGLOPENTANOHE.

T h is procedure h as been found to  he w e ll  s u ite d  fo r  

th e  s y n th e s is  o f  3 -  and 4 -  s u b s t i tu t e d  b ic y c lo  [5 :3 :0 ]  

d e c a n e sf and i t  i s  p o t e n t ia l ly  ad ap tab le  to  th e  p r e p a r a tio n  

o f  2 - s u b s t i t u t e d  d e r iv a t iv e s .  The 4 - a lk y l  s u b s t i t u e n t s  

are  u s u a l ly  in a c c e s s ib le  by any o th e r  r o u te .

Sorm and F a jk es" ^ , and P la t tn e r  and Studer*^  

in d ep en d e n tly  s y n th e s is e d  b ic y c lo  [5 * 3 :0 ]  d eca n -4 -o n e  

(X X III) from e th y l  c y c lo p en ta n o n eca rb o x y la te  by a  

s u b s t a n t ia l ly  i d e n t i c a l  method in  th e  fo l lo w in g  manner.

( X X I I I )

b ic y c lo  [5 : 3 : 0 ]  D ecan -3-one (XXIV) h as a ls o  b een  

s y n th e s is e d  from e th y l  c y c io p e n ta n o n e ca r b o x y la te  by a

CH2B rC 02Et
.0

(i) NaOH
(ii) HCI 
(lii) EtOH Oo

C 0 2Et
'CH2C 0 2Et 
C 0 2 Et CH2C 0 2Et

CH2CN

CQ2Et

CN
I
C - C 0 2Et .c h 2c o 2h

Arnd t -

CH2C 0 2Et
E i ster t

CH2C 0 2H

c h 2c h 2c o 2h
Ba(OHh-Fe

16r e la t e d  procedure a s  f o l lo w s



°  _ B r ( C H 2) 3 C N

C 0 2 E t
N q ( c h 2) 3 c n

C 0 2 E t

n) HCI
( i i )  C 2 H 5 O H

C H 2- C N C 0 2 E t

( C H 2' ) 3 C 0 2E t

C N
i

C - C Q 2 E t

( C H 2) 3 C 0 2 E t

( i )  H 2 , P t 0 2

( i i )  H C I

y ^ C H 2C 02H

V ^ C C H 2)3 C 0 2H

Fe,
B a C O H ) 2

( X X I V )

E -  FROM EtJBEPRAIi

$he fo l lo w in g  in g e n io u s  method o f  p rep a r in g

b ic y c lo  [5 :3sO ] d ecan -2 -on e  (XXV) h a s r e c e n t ly  b een
17d e sc r ib e d  by Pommer 1; t h i s  approach n e e d s  n e i th e r  a 

c y c lo h eptane nor a cy c lo p en ta n e  a s  an i n i t i a l  b u i ld in g  

u n it  bu t em ploys th e  r e a d i ly  a v a i la b le  f u r fu r a l  a s  s t a r t in g  

m a ter ia l*

^~~~y(CH :CH )2-C 0 2Et < ^ y - ( C H 2) 4 C 02Et
O O
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HBr CH2B r(C H 2) 2 CHBr.(CH2} , C 0 2Et NaCH (COiEt)2
(CH2>CC>2Et

(i) Hydrolysis 
(Ti) Cyc l i sdt i on

O

( x x v )



1 2

(k ) T h e o r e t ic a l .

As may be seen  from th e  p r e v io u s  s e c t io n  m aiy  

o f  th e  s y n t h e t ic  method© le a d in g  to  ‘b ic y c lo  [ 5 : 3 : 0 ]  

d eca n es are lo n g  and te d io u s  and th e  o v e r a l l  y i e l d s  are  

f r e q u e n t ly  very  low . The main aim o f  t h i s  work h as been  

to  d e v is e  m ethods which e lim in a te  th e s e  d isa d v a n ta g e s .

A — The P rop argyl Bromide Approach.

T his approach u t i l i s e s  th e  read y  h y d ra tio n  o f  a 

t r i p l e  bond to  the corresp on d in g  k e to n e  to  b u ild  th e  

five-m em bered r in g  on to  a preform ed c y c l i c  k e to n e .

As a p i l o t  exp erim en t fo r  t h i s  r e a c t io n ,  th e  s y n th e s is  

b ic y c lo  [ 4 : 3 : 0 ]  n on -6—en -8 -o n e  (XXVIII) was c a r r ie d  oifc 

from th e  r e a d i ly  a v a i la b le  e th y l  c y c lo h exanonecarboxy1 a te  

a s  f o l lo w s .

; E t

+  C H 2C = C H  

Br

N a O E t
C 0 2Et
CHr C=CH

( x x v Q

B F3 -  HqO
C 0 2Et
C H 2 C O C H 3 KOH------ y. =o

( X X V I I ) ( X X  VI I I )



R ea ctio n  o f  th e  s o d io - d e r iv a t iv e  o f  e th y l  c y c lo h exanone- 

c a r b o x y la te  w ith  p rop argy l brom ide in  a lc o h o l  gave a good 

y i e l d  o f  th e  ex p ec ted  a lk y la t io n  product (XXVI) which  

w ith  m eth a n o lic  boron t r i f l u o r id e  in  th e  p resen ce  o f
TQ

m ercu ric  o x id e  y ie ld e d  th e  h y d ra tio n  p rodu ct (XXVII). 

A ttem pts to  prepare (XXVII) d i r e c t ly  from e th y l  

c y c lo h ex an on ecarb oxy la te  and c h lo ro a c e to n e  were u n s u c c e s s fu l  

under a v a r ie t y  o f  c o n d it io n s ,  v ery  sm a ll y i e l d s  o f  impure 

p ro d u cts  b e in g  o b ta in e d . When the d ik e to n e  (XXVII) was 

h e a te d  w ith  d i lu t e  p otassiu m  hyd roxid e s o lu t io n  in  an 

atm osphere o f  n itr o g e n , an in tr a m o le c u la r  a ld o l- ty p e  

co n d en sa tio n  took  p la c e  w ith  con com itan t h y d r o ly s is  and 

d e c a r b o x y la tio n  to  fu r n is h  f i n a l l y  th e  h i th e r t o  unknown 

M e y e l i c  k eto n e  (X X V III).

A lthough t h i s  s y n th e s is  in v o lv e d  o n ly  a few  s t e p s  

and th e  o v e r - a l l  y i e l d  was q u ite  h ig h , i t  was n o t  

co n sid ered  very  s a t i s f a c t o r y  fo r  the p r e p a r a tio n  o f  

b ic y c lo  [ 5 :3 : 0 ]  d e c -1 (1 0 ) -e n -9 -o n e  a s  th e  s t a r t in g  

m a te r ia l in  t h i s  c a s e , e t h y l  c y c lo h eptanone c a r b o x y la te . 

i s  n o t r e a d i ly  a v a i la b le .  The p r o c e ss  h a s , how ever, 

r e c e n t ly  been  s u c c e s s f u l ly  a p p lie d  to  t h i s  ca se  e lsew h ere" ^ .

With the above s u c c e s s f u l  r e a c t io n  a s  p r e c e d e n t ,  

an a l l i e d  s y n th e s is  was a ttem p ted  w hich in v o lv e d  th e  

form ation  o f  a seven-membered r in g  on a preform ed  

five-m em bered r in g ,  s t a r t in g  from th e  r e a d i ly  a v a i la b le
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e th y l  g y c lo p en ta n o n eca rb o x y la te  a s  fo llo w s*

B e n t - l - y n - 5 - y l  m ethanesu lp hon ate (XXIX) , prepared  

from p e n t - l - y n - 5 - o l  and m ethanesu lp hon yl c h lo r id e  in  

p y r id in e , was condensed w ith  the s o d io -d e r iv a t iv e  o f  

e th y l  c y c lo p en ta n o n eca rb o x y la te  in  a lc o h o l  to  g iv e  

a good y i e l d  o f  the e s t e r  (XXX); th e  y i e l d  was im proved  

by c a r r y in g  o u t the c o n d en sa tio n  in  x y len e*  On 

trea tm en t o f  t h i s  e s t e r  (XXX) w ith  m eth a n o lic  boron
*1 o

t r i f l u o r id e  in  th e  p resen ce  o f  m ercu ric  o x id e  , th e  

h y d ra tio n  produ ct (XXXI) was produced*

C 0 2Et
+• CH:CCCH 2) 3 O S 0 2'CH3 N gO Et:

C 0 2Et
( C H ^ j C - C H

( X X I X ) ( X X X )

BF3 - H q O
------------

/ ^ C° 2Et 
/  p (C H 2)3 COCH-\A
( x x x i )

KOH 
or BF,

C0 CH3
( X X X I I ! )

( X X X  II )
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I-t was e x p ected  th a t  on trea tm en t o f  the d ik e to n e

(XXXI) w ith  d i lu t e  potassiu m  h yd rox id e s o lu t io n ,  an  

in tr a m o le c u la r  a ld o l- t y p e  co n d en sa tio n  s im ila r  to  th a t  

d e sc r ib e d  above w i l l  tak e  p la c e  w ith  concom itan t h y d r o ly s is  

and d e c a r b o x y la tio n  o f  th e  e s t e r  group in g  to  fu r n is h  e i t h e r

(XXXII) or  (X X X III), o r ,  a m ixtu re  o f  b o th . However, 

trea tm en t o f  th e  d ik e to n e  (XXXI) w ith  d i lu t e  p otassiu m  

h yd rox id e s o lu t io n  in  an atm osphere o f  n itr o g e n  gave

a v ery  sm all amount o f  a com plex m ixture c o n ta in in g  

k e to n ic  m a te r ia l which gave a p a le  y e llo w  2 :4 -d in itr o p h e n y l-  

hyd razon e, th u s showing th e  ab sen ce o f  th e  a t  (3-un sa tu r a te d  

k e to n ic  group p r e se n t in  both  o f  the ex p ec ted  compounds 

(XXXII) and (X X X III), I t  i s  p o s s ib le  th a t  under the  

c o n d it io n  o f  th e  c y c l i s a t io n  f i s s i o n  o f  th e  five-m em bered  

r in g  o c c u r r e d , a r e a c t io n  which h a s been n o ted  b e fo r e .

th e  same d i f f i c u l t y  was en cou n tered  when th e  

prop argy l bromide procedure was a p p lie d  to  e th y l  

c y c lo p e n ta n o n eca rb o x v la te  in  th e  hope o f  p rep a r in g  a 

p en ta la n e  d e r iv a t iv e  (XXXYI)

NaOEt

( X X X I V )



( x x x v )  ( x x x v i )

In  t h i s  c a s e ,  p rop argy l bromide r e a c te d  w ith  th e

s o d io -d e r iv a t iv e  o f  e t h y l  cy c lo p e n ta n o n e ca r b o x y la te  to

g iv e  th e  e x p ected  produ ct (XXXIV). Ih e  d ik e to n e  (XXXV)

was o b ta in e d  v ia  th e  h y d ra tio n  o f  th e  a c e t y le n ic  k e t o e s t e r
18(XXXIV) by tn e  method d e sc r ib e d  above ; in  t h i s  ca se  

th e  d ik e to n e  (XXXV) was found to be p r e p a r a b le , a lth ou gh  

in  sm a lle r  y i e l d ,  by th e  d ir e c t  in t e r a c t io n  o f  

c h lo ro a c e to n e  w ith  th e  s o d io -d e r iv a t iv e  o f  e th y l  

cy c lo p en ta n o n eca rb o x y la te*  However, trea tm en t o f  t h i s

d ik e to n e  (XXXV) w ith  a v a r ie t y  o f  r e a g e n ts  such a s  sodium  

e th o x id e  in  a lc o h o l ,  p otassiu m  t e r t . - b u t o x id e  in  

t e r t . - b u t a n o l  and d i l u t e  aqueous potassiu m  h yd rox id e  

f a i l e d  to  fu r n is h  th e  r e q u ir e d  b ic y c lo  [3 s 3 :0 ]  o c t - l - e n — 3-ome 

(XXXVI)*



B: -  The Mannich Base Approach.

The a c id  ind uced  c y c l i s a t io n  o f  a w ide v a r i e t y  o f

v in y l  a l l y l  and d iv in y l  k e to n e s  to  s u b s t it u t e d

c y c lo p e n te n o n e s , has been d e sc r ib e d  r e c e n t ly  in  a s e r i e s
20o f  memoirs by Kazarov and co-w ork ers , th e  m ost g e n e ra l  

p roced u re in v o lv in g  trea tm en t w ith  a  h o t m ix tu re  o f  

p h osp h oric  and form ic  a c id s ,  e . g .

The mechanism o f  th e  la z a r o v  r e a c t io n  h a s been
21d is c u sse d  by Braude and O oles w ith  p a r t ic u la r  

r e fe r e n c e  to  th e  b i c y c l i c  exam ples o f  th e  typ e  (XXXVIII). 

They d e fin e d  th e  prime fu n c t io n  o f  th e  a c id  medium in  

th e se  r e a c t io n s  as th a t  o f  a p ro to n -d o n o r ; th e  e th y le n ic  

compound, a c t in g  a s a weak b a s e , i s  co n v erted  in to  a 

carbonium io n  by r e v e r s ib le  a d d it io n  o f  one or more 

p r o to n s . The su bseq uent s t e p s  o f  the r e a c t io n  c o n s is t
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o f  th e  form ation  o f  the new carbon-oarbon l in k  accom panied  

by th e  tr a n s fe r e n c e  o f  the p o s i t i v e  charge to  and

th e  r e v e r s ib le  l o s s  o f  a p roton  from the new io n  (XXXV.ULa),

H

CH,
r'1CHR

^ C 0 'C H
II

H CHR

( X X X V I  l a ) ( X X X V I I  b) ( X X X V I I c )

slow

( X X X V I I l a )

-  h+ f a s t

( X X X I X )

R

CO
CH
li
CHR

( X X X V I I I ) ( X X X  V I I )



C y c l is a t io n  o f  (XXXVIIb) would le a d  to  th e  k eton e  

(XXXIX); s in c e  none o f  th e  l a t t e r  i s  d e te c te d , th e  r a te  

o f  c y c l i s a t io n  o f  (XXXVIIa) must e i t h e r  be f a s t e r  than  

th a t  o f  (XXXYIIb) f o r , a s  app ears more l i k e l y ,  th e  

e q u ilib r iu m  p r o p o r tio n  o f  (XXXVIIa) must be c o n s id e r a b ly  

h ig h e r  than th a t  o f  (XXXVIIb).

The wide a p p l i c a b i l i t y  o f  th e  r e a c t io n  su g g ested  

i t s  e x te n s io n  to  compounds o f  th e  b ic y c lo  [ 5 :3 :0 ]  decane  

sy stem . T h is approach h as in d eed  a lr e a d y  been  en v isa g ed
1*5

by Braude and F orbes in  t h e ir  method a lre a d y  d e sc r ib e d  

on p . 8 whereby c y c lo h eptanone was co n v erted  in to  

b ic y c lo  [ 5 :3 :0 ]  d e c - l ( 7 ) - e n - 8 - o n e  in  f i v e  s t a g e s .  W hile 

p r e s e n t in g  s e v e r a l  n o v e l f e a t u r e s ,  the r o u te  in v o lv e d  i s  

r a th e r  le n g th y  and i s  n o t r e a d i ly  ad ap tab le  to  la r g e - s c a le  

w orking.

A new approach was su g g es ted  by th e  r e c e n t  a v a i l a b i l i t y  

o f  a c e t y le n ie  am ines o f  the g e n e ra l type (XL) which are
22o b ta in a b le  by s u b je c t in g  a c e ty le n e  to the Mannich r e a c t io n  • 

By t h e ir  u se  a co n v en ien t tw o -s ta g e  c o n v e r s io n  o f  

c y c lo h eptanone in to  b ic y c lo  [5 : 3 :0 ]  d e c - l ( 7 ) - e n - 8 - o n e  

(XLV; R ss E) h as been a c h ie v e d .

(XL) ( X L I )
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C : C-CH- N Et2
CO.

CH

CH,

( X L I I ) (XLII I)

o coCH
II
CHR

O

( X L  IV) ( X L V )

A c o n d en sa tio n  in  l iq u id  ammonia betw een  o.ycloheptanone  

and tlie  l ith iu m  s a l t  o f  3 -d ie th y la m in o p ro p -l-y n e(X L ?  R = H) 

(prep ared  in  s i t u  by t r e a t in g  2-brom o-3-*diethylam inoprop- 

1 -e n e  w ith  two m o ls . o f  l ith a m id e )  gave th e  co rresp o n d in g  

a c e t y le n ic  c a r b in o l (XLI* R = H ). E e a tin g  t h i s  compound
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w ith  p h osp h oric  a c id  -  form ic a c id  y ie ld e d  m ain ly  the  

d eh y d ra tio n  p ro d u ct, th e  enyne (XLII; R = H) to g e th e r  

w ith  a sm a ll amount o f  the c y c l i s e d  product (XLY; R = H) • 

When the p r o c e ss  was r ep ea ted  in  th e  p resen ce  o f  a sm all 

q u a n tity  o f  m ercu ric  a c e t a t e ,  c o n v e r s io n  to  b ic y c lo  [ 5*3: 0 ]  

d e c - l ( 7 ) - e n - 8 - o n e  (XLY; R = H) ensued in  m oderate y i e l d .  

The id e n t i t y  o f  th e  m a te r ia l was confirm ed by a m ixed  

m e lt in g  p o in t  o f  i t s  sem icarbazone w ith  an a u th e n t ic  

specim en*

The r a t io n a le  o f  t h i s  n o v e l c y c l i s a t io n  may be

en v isa g ed  a s  f o l lo w s .  The i n i t i a l  form ation  o f  the

d eh y d ra tio n  product (XLII; R = H.) i s  fo llo w e d  by the

h y d r a tio n  o f  th e  t r i p l e  bond to form  th e u n sa tu ra te d

d ie th y l  amino fee tone (.XLII I f  R = E) • The mode o f

a d d it io n  le a d in g  to  t h i s  v in y l  k eto n e  r a th e r  than to

th e  iso m e r ic  a l l y l  k eto n e  may be c o n f id e n t ly  p r e d ic te d
18from th e  r e s u l t s  o f  H am let, H en b est, and Jon es on the  

h y d ra tio n  o f  s u b s t i t u t e d  v in y la c e t y le n e s .

S+ S-
c ; C - C 4H9 • CH2 C4H9

( X  L VI ) ( X L V I  a )
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OX . C : C  CH - N H E t 2
S . J - ?  © o ? ®

CO-  CHj  CH-  N H E t j

(X L I I  a ) ( X L I I I a )

Thus in  th e  ca se  o f  th e  v in y la c e ty le n e  (XLYI) th e se  

w orkers found th a t  th e  h y d ra tio n  y ie ld e d  th e  con ju ga ted

k eton e  (XLYIa) r a th e r  than th e  a l t e r n a t iv e  iso m e r . In

th e c a se  o f  (XLIIa) t h i s  mode o f  h y d ra tio n  would be

favou red  even  more b ecau se  o f  th e  e le c tr o n  a t t r a c t in g

p r o p e r t ie s  o f  th e  nearby t e r t ia r y  ammonium c a t io n  formed

in  the a c id  medium.

The h y d ra tio n  product (X LIII) i s  seen  to  be a

(3-d ieth ylam in oketone and the e l im in a t io n  o f  d ie t h y l  amine

from t h i s  product to form th e d iv in y l  k eton e  (XLIY) i s  a
23r e a c t io n  fo r  which many p r e ce d e n ts  are a v a i la b le  . 

F in a l ly ,  c y c l i s a t io n  o f  (XLIV) by th e  mechanism a lrea d y  

d e sc r ib e d  (p . 18 ) le a d s  to  the b ic y c lo  [5 * 3 :0 ] decanone

In  support o f  t h i s  m echanism , i t  was found th a t  

th e  p o s tu la te d  in te r m e d ia te , th e  e t h y le n ic - a c e t y le n ic  

amine (X L II) , underwent c y c l i s a t io n  to  (XLY) under th e

C X L V j  E  =  E ) .
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same c o n d it io n s ,  The o th e r  h y p o th e t ic a l  in te r m e d ia te ,  

the d ie th y la m in o k eto n e  (X L III) was n o t r e a d i ly  a v a i la b le ,  

bu t th e  s i x  membered r in g  analogue o f  (X L III) ( r e a d i ly
24\prepared  by a Mannich r e a c t io n  on 1 -a c e  t y l c.vclohe x - l - e n e  ) 

was found to  undergo ready c y c l i s a t io n  to  th e  six-m em bered . 

analogue o f  (XLV) under th e  same c o n d it io n s .

E x te n sio n  o f  the s y n th e s is  to  th e  hom ologous

3 -d ie th y la m in o b u t- l-y n e  (XL; R = CE^) gave th e  

co rresp o n d in g  a c e t y le n ic  a lc o h o l  (XLI; R = OH^), The 

p r e sen ce  o f  the m eth yl group in  t h i s  compound g r e a t ly  

f a c i l i t a t e d  i t s  c y c l i s a t io n  to  (XLV; R = CE^), th e  

c o n v e rs io n  p ro ceed in g  sm ooth ly  in  th e  ab sen ce o f  m ercu ric  

s a l t .

The a t t r a c t iv e n e s s  o f  t h i s  procedure from the  

p r e p a r a tiv e  p o in t  o f  v iew  i s  fu r th e r  enhanced by th e  

e a se  o f  se p a r a t io n  o f  th e  n e u tr a l  product from any 

unchanged b a s ic  in te r m e d ia te s .

(XL VI I ) (XLVf l l )



A p p lic a t io n  o f  the p roced u res to  c y c lo h exanone

y ie ld e d  b ic y c lo  [4 :3 :0 ]  n o n - l (6 ) - e n e -7 - o n e  (XLVIII; R = E)

and i t s  9 -m eth y l homologue (XLVIII; R = CE^). The

form er compound was a ls o  o b ta in ed  by th e  c y c l i s a t io n  o f

l - ( 3 h y d r o x y p r o p - l / - y n y l )  c y c lo h e x a n - l - o l  (XLVII; R = E ) ,
25prepared from c y c lo h exanone and p rop argy l a lc o h o l ; in

t h i s  ca se  e lim in a t io n  o f  w ater o ccu rs  in s te a d  o f

e lim in a t io n  o f  d ie th y la m in e . In  an attem p t to  in c r e a s e

th e  o v e r a l l  y i e l d  o f  th e  above c y c l i s a t io n ,  c y c lo h exanone
26was condensed w ith  2-p r o p -2 '-y n e -1 '-y lo x y te tr a h y d r o p y r a n  

to  g iv e  l - ( 3 '- te tr a h y d r o p y r a n y l-2 -o x y p r o p -l ' -y n y l)  

c y c lo h e x a n - l - o l  (XLVII; R = 2 -te tr a h y d r o p y r a n y l) .  The 

co n d en sa tio n  was c a r r ie d  out both  v ia  th e  G-rignard complex  

and by means o f  l ith a m id e  in  l iq u id  ammonia; th e  l a t t e r  

p r o c e ss  gave a su p e r io r  y i e l d .  C y c l is a t io n  o f  

(XLVII; R = 2 -te tr a h y d r o p y r a n y l)  w ith  fo rm ic -p h o sp h o r ic  

a c id  m ix tu re  gave (XLVIII; R = E) in  h ig h er  y i e l d .

An a ttem p t was a ls o  made to  ap p ly  the p r o c e ss  to  

th e  p ro d u ctio n  o f  p e n ta la n e  d e r iv a t iv e s .  R ea ctio n  o f  

b oth  th e  G-rignard com plex o f  3 -d ie th y la m in o b u t- l-y n e  

(XL; R = CH^), and th e  l ith iu m  s a l t  o f  3-die■fchylaminoprop- 

1—yne (XL; R = M) w ith  cyclop en tan on e gave d is a p p o in t in g



y i e l d s ,  much cy c lo p  e n ty l id e n e cy c lo pentanone b e in g

produced in  b oth  c a s e s .  The e x p e c ted  p r o d u c ts ,

l - ( 3 '- d ie t h y la m in o b u t - 1 / - y n y l )  c y c lo p e n t a n - l - o l

(Lj R »■ I ;  R'= CH )̂ and l - ( 3  '-d ie th y la m in o p r o p -1  ' -y n y l)

c y c l  o pen ta n - l~ o  1 ( l ;  R = R'= H) r e s p e c t i v e l y ,  were

o b ta in ed  i n  a v ery  poor y i e ld ;  b o th  were u n s ta b le ,

q u ic k ly  darkened i n  c o lo u r  and r e s i n i f i e d  on s ta n d in g .

OR OR R

( X L I X ) 0 0

C 5C - CH r N E t j O

( L I ) ( L I ! )



As th e r e  were in d ic a t io n s  th a t  t h i s  i n s t a b i l i t y

d e r iv e d  from th e p resen ce  o f  a f r e e  hyd roxyl group in

th e s e  compounds a ro u te  was d e v ise d  to  ( l ;  R = CO.CH,.;

R'= H) in  which t h i s  grouping was p r o te c te d  a s  i t s  a c e t a t e .

Thus in t e r a c t io n  o f  1 - a c e t o x y - l - e t h y n y lc y c lo p entane
?7(XLIX) w ith  d ie th y la m in e  and paraform aldehyde gave th e  

r eq u ire d  e s t e r .  S u b je c t io n  o f  t h i s  compound to  the  

c y c l i s a t io n  procedure d id  fu r n is h  the ex p ected  b ic y c lo  

[3 s 3 iO ]o c t - l (5 )~ e n -6 -o n e  ( L l l ) , bu t much ta r  was 

s im u lta n e o u s ly  produced and th e  y i e l d  was c o rresp o n d in g ly  

lo w . The main product was th e  in te r m e d ia te  v in y la c e t y le n e

1 - ( 3 '-d ie th y la m in o p r o p -1 '-y n y l) c y c lo p e n t-1 -e n e  (L I) .
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C- The l - D ia z o - 5 • 3 - (e th y le n e d io x y )  butane Approach

Most o f  the u s e fu l  m ethods o f  s y n t h e s is  o f  th e  b ic y c lo  

[5 * 3 :0 ] decane carbon s k e le to n  s t a r t  from c y c lo h ep tan on e . 

T his k eton e  i s  i t s e l f  n o t  a r e a d i ly  a v a i la b le  m a te r ia l and, 

when hom ologous cycloh ep tan on e  s: have to  be p rep ared , the  

procedure becomes very  t e d io u s .  A method was th e r e fo r e  

en v isa g ed  by w hich the r e a d i ly  a v a i la b le  c y c lo h exanones  

would be su b je c te d  to  r in g  exp an sion  by a diazo-com pound  

o f  such a n a tu re  th a t  th e  r e s u l t in g  c y c lo h eptanone would 

p o s s e s s  a s id e -c h a in  cap ab le  o f  condensing: w ith  th e  r in g  

carb on y l group to  y i e ld  th e  b ic y c lo  [5 :3 :0 J  decane 

s k e le to n  d i r e c t ly .  Thus th e  o ld e r  method o f  c y c lo h eptanone  

fo rm a tio n  fo llo w e d  by e la b o r a t io n  o f  th e  five-m em bered  

r in g  would be te le s c o p e d  in to  one r e a c t io n .

CH2- C H 2I Io  o  
c h 3- c - c h 2- c h n 2

( L I U )

c y c l o he xqnon e

( L I V )

.0 C\ g O - C H 2

/ C V < ! h 2

H OH

( L V ) ( L V I )
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The s u b s t i t u t e d  diazo-com pound chosen  fo r  t h i s  

purpose was l - d i a z o - 3 : 3 ~ (e th y le n e d io x y )  butane (L IU )  

w hich c o n ta in s  a p o t e n t ia l  carb onyl group. I t  would be 

r ea so n a b le  to  assume th a t  r in g  exp an sion  o f  c y c lo h exanone  

w ith  t h i s  r ea g e n t should  le a d  to  th e  2 - s u b s t i t u t e d  

c y c lo h eptanone (L IY ), w hence, by ob v iou s p roced u res o f  

a c id  h y d r o ly s is  and su bseq uent b a s e -c a ta ly s e d  in te r n a l  

c o n d en sa tio n  b ic y c lo  [5 s 3 :0 ]  d e c -7 -e n -9 -o n e  (IV I) sh ou ld  

r e s u l t .

The f i r s t  ta sk  was to  prepare th e  u reth an e  (IX) 

n i t r o s a t io n  o f  which would le a d  to  th e  r e q u ir e d  

diazo-com pound ( L I I I ) .  I n i t i a l l y  t h i s  was a ch iev ed  

by the fo l lo w in g  route*

/ C° \
c h 3 c o c h : c h 2 +  h n  c 6 h 4

\  /  c o

CO
2 - H „ C H j C O  C H j C H j N  C,H,

N /  6 4
CO

( L V I I )

C H ,-C H ,i l
O O CO.

(CH2OH)2 c h j - C - C H j CHj-N7I x  /
CO

c h 2- c h 2I Io  o
C(,H4 _ N 1 H< „  CH3- C - C H 2 CH2'N H 2

( LVI I I ) (LI X)
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c h 2- c h 2

° x  / °
C I C Q 2Me t C H 3- C - C H 2- C H 2- N H C 02 Me

C L X )

flie  s t a r t in g  m a t e r ia l ,  m ethyl v in y l  k eton e  was 

t r e a te d  w ith  p h th a lim id e  in  e th y l a c e ta te  s o lu t io n  

in  th e  p resen ce  o f  b en zy l trimethylammonium hyd roxid e  

(T r ito n  B) to  g iv e  a good y i e l d  o f  th e  a d d it io n  

product (1 V I I ) . 'Then t h i s  p h th a lim id ok eton e  was 

condensed w ith  e th y le n e  g ly c o l  in  th e  p resen ce  o f  a 

c a t a l y t i c  amount o f  to lu e n e -p -s u lp h o n ic  a c id ,  i t  

fu r n ish e d  the corresp on d in g  e th y le n e  k e t a l  (L Y III). 

R ea ctio n  o f  (L Y III) w ith  h yd raz in e  h y d ra te  in  aqueous 

s o lu t io n  removed the p r o te c t in g  p h th a ly l  group and 

a ffo rd ed  the f r e e  k e ta l-a m in e  (LIX) w hich was th en  

condensed w ith  m ethyl ch loro form ate  in  a lk a l in e  medium 

to  g iv e  th e  d e s ir e d  u re th a n e  (LX).

A lthough th e  y i e l d s  in  t h i s  r e a c t io n  sequence  

were, good th e  p r o c e ss  s u f fe r e d  from two drawbacks.
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In  th e  f i r s t  p la c e  s u p p lie s  o f  anhydrous m ethyl v in y l  

k eto n e  were d i f f i c u l t  to  p ro cu re , and, even when a v a i la b le ,  

th e  k eton e  p o lym erised  v ery  r e a d i ly .  S econ d ly  the  

in te r m e d ia te  k e ta l-a m in e  (LIX) was v e ry  s o lu b le  in  

w ater and i t s  i s o l a t i o n  in  good y i e ld  in v o lv e d  a 

co n tin u o u s e x tr a c t io n  w ith  e th e r  o f  th r e e  days* d u r a tio n . 

The p r o c e ss  was o b v io u s ly  n o t s u i ta b le  fo r  la r g e - s c a le  

w orking. An a ttem p t to, remove- t h i s  second d i f f i c u l t y  

by a d d it io n  o f  ureth ane i t s e l f  to  m ethyl v in y l  k eton e  

f a i l e d  c o m p le te ly .

An a l t e r n a t iv e  s y n th e s is  was th e r e fo r e  ev o lv ed  which  

c o m p le te ly  e lim in a te d  a l l  th e  above d i f f i c u l t i e s .

CH j - C O  C H j - CHj- C O j E f  ( CH2- O H ) 2

H

( L X  I )

C H , - C H 2 
I I 
O O \  /

C H 3- C - C H ?- C H 2- C02Et

(  L X II )
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CHyCH,
i L i L
o  o

CH3-NC^-CH2CH2 CO NH NH2 -h n o >

CH2-C H ,I I
o  o  
\  /

C H 3 - C - C H 2 C H 2 C O N 3

* CLX I I I )

MeOH 
-------------------- ► _

c h 2- c h 2 
L 1 o  o  

\  /
C H j - O  CH CH NHC02 Me

Cl x )

The s t a r t in g  m a te r ia l in  t h i s  Case was th e  r e a d i ly  

a v a i la b le  e th y l  la e v ij l in a te  (LXI) w hich was f i r s t l y  

co n v erted  in to  i t s  e th y le n e  k e ta l  (LXII) by th e  u su a l  

p r o c e s s . Treatm ent o f  t h i s  k e t a l - e s t e r  w ith  h y d ra z in e  

th en  fu r n ish e d  th e  co rresp o n d in g  k e ta l-h y d r a z id e  (L X III) 

w h ich , when su b je c te d  to  th e  C u rtlu s d eg ra d a tio n  in  th e  

p resen ce  o f  m eth an o l, y ie ld e d  th e  u reth an e  (LX) i d e n t i c a l  

w ith  th e  product prepared by th e  f i r s t  r p u te . Ho
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d i f f i c u l t y  was ex p er ien ced  in  c a r r y in g  through t h i s  

sequence o f  r e a c t io n s  on a la r g e  s c a le  in v o lv in g  250g. 

o f  th e  k e t a l  h yd razid e  (L X III).

The n i t r o s a t io n  o f  th e  u reth an e (LX) proceeded  

n orm ally  to  g iv e  th e  corresp on d in g  N -n itr o so u r e th a n e .

The normal procedure o f  r in g  exp an sion  in v o lv e s  

trea tm en t o f  a m eth a n o lic  s o lu t io n  o f  a c y c lo h exanone 

c o n ta in in g  suspended p otassiu m  carb onate w ith  th e  

r e le v a n t  K -n itro so u reth a n e*  the corresp on d in g  

diazo-com pound i s  th u s g en era ted  in  s i t u  and r e a c t s  a s  

soon a s  i t  i s  formed w ith  the k e to n e . A p p lic a t io n  o f  

t h i s  procedure to  c y c lo h exanone and th e  above

1 -n itr o so u r e th a n e  u n ex p ec ted ly  f a i l e d  co m p lete ly  even  

when a wide v a r ie ty  o f  ex p er im en ta l c o n d it io n s  were 

u se d . A ltnough the t h e o r e t i c a l  volum e o f  n itr o g e n  

was e v o lv e d , o n ly  unchanged c y c lo h exanone cou ld  

be i s o l a t e d .  I t  was th en  found th a t  the diazo-com pound  

was r e a c t in g  w ith  th e  m ethanol a s  soon a s  i t  was formed; 

th u s th e  t h e o r e t ic a l  volume o f  n itr o g e n  was c o l l e c t e d  

when th e  N -n itr o so u re th a n e  was t r e a te d  w ith  m ethanol 

and p otassiu m  carbonate a lo n e . T h is annoying c o m p lic a tio n  

was soon e lim in a te d  when i t  was found th a t  e th a n o l was n ot  

a tta c k e d  by th e  diazo-com pound; t h i s  seems to  be one o f  

th e  few  c le a r - c u t  c a se s  where th e  s l i g h t l y  g r e a te r  a c id i t y
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o f  m ethanol a s  compared to  e th a n o l makes i t s e l f  m a n ife s t ,

M e t h a n o l  2 x  10"7 ’ E t h a n o l  ^  x 10_9 a t  25° }

R ing exp an sion  o f  c y c lo h exanone u s in g  p otassium  

carbonate in  e th a n o l proceeded  sm ooth ly  to  g iv e  th e  

ex p ected  s u b s t itu t e d  c y c lo heptanone (LIV ) 9 a c id  h y d r o ly s is  

o f  which fu r n ish e d  2 -a c e to n y lc y c lo h e p ta n - l-o n e  (ITV), 

B a se -c a ta ly se d  in te r n a l  a ld o l  co n d en sa tio n  o f  t h i s  

d ik eto n e  th en  fu r n ish e d  the r eq u ire d  b ic y c lo  [5 * 3 :0 ]  

d e e -7 —en -9 -o n e  (LVI)* On a p r e p a r a tiv e  s c a le  th e  

i s o l a t i o n  o f  th e  pure in te r m e d ia te s  (LXY) and (l»V) i s  

u n n ecessary?  the o v e r a l l  y i e l d  o f  (LTI) from the  

S -n itr o so u r e th a n e  was 3 0 i  and the p r o c e ss  proved v ery  

r e p r o d u c ib le .

A tte n t io n  was then  turned  to  th e  p r e p a r a tio n  o f  

hom ologues. A p p lic a t io n  o f  th e  method to  4 -m e th y l-  

and 4- i s o p r o p y lc y c lo h exanones fu r n ish e d  4 -m e th y l-  and

4— is o p r o p y l b ic y c lo  [5 :3 : 0 ]  d e c -7 -e n -9 -o n e s  r e s p e c t iv e ly *  

In th e se  c a s e s  the s t e r i c  r e la t io n  betw een th e  4 -  

s u b s t i t u e n t  and the r in g  ju n c t io n  a t  cou ld

t h e o r e t i c a l ly  be c i s  or tr a n s  but o n ly  one prod u ct was 

i s o la t e d  from th e se  r e a c t io n s ,  The prim ary r in g -exp an d ed  

product (a n a lo g o u s to  LIT) p o s s e s s e s  a carb onyl group 

a d ja cen t to  th e  n e w ly -in tro d u ced  s id e  ch a in  and the
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e n o l i s a t io n  o f  t h i s  group would p rov id e  a ready means"" 

fo r  t h i s  m o lecu le  to  assume i t s  m ost s ta b le  c o n f ig u r a t io n ;  

by p la u s ib le  an a logy  w ith  1 : 4 - d is u b s t i t u t e d  c y c lo h exanones  

t h i s  i s  a lm ost c e r ta in ly  th e  tr a n s - is o m e r «

A p p lic a t io n  o f  t h i s  r in g  exp an sion  p roced ure to

2-m eth .y l-o y c lo h exanone cou ld  t h e o r e t i c a l ly  p roceed  to  

g iv e  two p o s i t io n  iso m ers (LXIT) and (LXV).

\
\ x

c h 3

CHj

( L X I V ) ( L X V )
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In  p r a c t ic e ,  th e  procedure a p p lie d  to  t h i s  k eto n e  

gave a very  meagre y ie ld  o f  b l c y c l i c  k eton e  which  

seemed to  be homogeneous a s  i t  fu r n ish ed  o n ly  one 

2 :4 ~ d in itro p h en y lh y d ra zo n e . I t  i s  l i k e l y  th a t  th e  

product- p o s se s s e d  s tr u c tu r e  (LXIV) as th e  in te r m e d ia te  

m o n o cy clic  d ik e to n e  would in v o lv e  l e s s  s t e r i c  in te r fe r e n c e  

betw een  th e  m ethyl and th e  a c e to n y l groups than  would  

be th e  ca se  in  the in te r m e d ia te  fo r  (1XV)*

A p p lic a t io n  o f  th e  p r o c e ss  to  2? 6 -d im e th y lc y c lo h exanone 

d id  n o t proceed  sm oothly and no i s o l a t a b l e  produ ct was 

en co u n tered .

( LXVI  ) ( LXVI I )
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The a v a i l a b i l i t y  o f  b ic y c lo  [ 5 : 3 i 0 ]d e c -7 -e n -9 -o n e  

(LYI) by th e  above p r o c ess  su g g ested  i t s  c o n v ersio n  

to  th e  corresp on d in g  c i s  and tr a n s  sa tu r a te d  k e to n e s  by 

s t e r e o s p e c i f i c  r e d u c tio n  o f  th e  double bond. C a ta ly t ic  

h y d ro g en a tio n  o f  (LYI) fu r n ish e d  c i s - b ic y c l e  [5*13:0] 

d eca n -9 -o n e  (LXYII) c h a r a c te r is e d  a s th e  sem icart one

(m .p. 1 9 8 -1 9 9 °) and th e  2 :4 -d in itr o p h en y lh y d r a zo n e

(m .p. 1 2 5 -1 2 6 ° );  s im i la r ly ,  r e d u c tio n  w ith  l ith iu m

in  l i q u i d  ammonia produced tr a n s - b ic y c lo  [ 5 :3 :0 ]

d eca n -9 -o n e  (LXVI), sem icarbazone (m .p. 2 2 1 -2 2 3 °) and

2 t4—d in itro p h en y lh y d ra zo n e  (m .p . 1 3 8 ° ) .  The m e lt in g

p o in t  o f  th e  l a t t e r  sem icarbazone a g r e e s  w ith  th a t

(m .p . 2 2 2 -2 2 3 °) record ed  fo r  a b ic y c lo  [5 :3 :0 ]  d eca n -9 -o n e
11o f  unknown s t e r i c  c o n f ig u r a t io n  prepared  by th e  

c y c l i s a t io n  o f  a c y c lo h e p t a n e - 1 : 2 - d ia c e t ic  a c id  (LXIX) 

w hich was in  tu rn  procured by th e  c a t a l y t i c  h y d ro g en a tio n  

o f  th e  corresp on d in g  u n sa tu ra ted  a c id  (L X Y III).

O\  A '

fH'COjH
PNH2 a,c h 2 c o 2h

Bq (O H )2 < x>o
c h 2c o 2 h c h 2- c o 2 h

( l X V I I I ) ( L X I X )



I t  i s  h ig h ly  probable th a t the red u ctio n  product

(LXIX) c o n s is te d  la r g e ly  o f  the tra n s-iso m e r  by analogy

w ith  r e s u l t s  ob ta in ed  fo r  the corresp on d in g  c y c lo h exane 
40d e r iv a t iv e  • The c y c l i s a t io n  would then  fu r n ish  th e  

tr a n s  b i c y c lo - k e to n e . a c o n c lu s io n  in  f u l l  agreem ent 

w ith  th e  r e s u l t s  d escr ib ed  above.
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b ic y c lo  [ 4 1 3:01 E o n -6 -e n -8 -o n e .

Ethyl 2-]£eto-l—propargyl cyclohexane-l-carboxylate.

E th yl 2 -k e to c y c lo h e x a n e ~ l-c a rb o x y la te  ( 1 2 .5g*) was 

added to  a s o lu t io n  o f  sodium e th o x id e  prepared from  

sodium (1 .7  g* ) in  a b so lu te  e th y l a lc o h o l (300 c . c . )  and 

the m ixture h eated  under r e f lu x  fo r  h a l f  an hour. 

P ropargyl bromide (10 g . ) was then  added to  th e  b o i l in g  

s o lu t io n  during one hour and n e a t in g  was continu ed  fo r  

an oth er  two h ou rs. Most o f  the a lc o h o l was removed on 

th e  steam b a th , w ater (200 c . c . )  was added to  the  

r e s id u e  and th e  product e x tr a c te d  w ith  benzene (3 x 70 c . 

E vaporation  and d i s t i l l a t i o n  gave e th y l 2 -k e to ~ l-  

p rop argy lc y c lo h e x a n e - l-c a r b o x y la te  (12 g . ; 83$)*  b .p .

1 5 4 ° /1 2  mm., 1 .4 5 9 0 . In  s p i t e  o f  th e  sharp b o i l in g  

p o in t ,  a s a t i s f a c t o r y  carbon a n a ly s is  fo r  t h i s  compound 

co u ld  n ot be o b ta in ed . The sem icarbazone c r y s t a l l i s e d  

from aqueous a lc o h o l in  c o lo u r le s s  n e e d le s  m .p. 144°•

(Pound t JJ, 15*7 • ^13®19^3®3

r e q u ir e s  : N, 15*8 # ) .
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E th y l l- -A c e to n y l~ 2 -k e to -c y c lo h e x a n e - l-c a r b o x y la te .

E th y l2 -k e  to -1 —p rop argy lc y c lo h e x a n e -l—o arn oxy la te  

(7*3 g . ) in  m ethanol (15 c . c . )  was added s lo w ly  to  a 

c a t a ly s t  s o lu t io n  prepared by warming to g e th e r  red  

m ercu ric  o x id e  (0 .5  g*)* boron t r i f lu o r id e  -  e th er  

complex (0 .2  c . c . ) ,  t r ic h lo r o a c e t ic  a c id  (10 m g .) ,  and 

m ethanol ( l  c . c . ) .  A fter  the i n i t i a l  exotherm ic r e a c t io n  

was o v e r , the m ixture was shaken a t  room tem perature fo r

two h o u rs and then poured in to  d i lu t e  su lp h u r ic  a c id .

A fte r  e x tr a c t io n  w ith  e th er  (3  x 50 c . c . )  the combined 

e th e r  e x tr a c t s  were shaken w ith  d i lu t e  su lp h u r ic  ac id  

th en  w ith  w ater , d r ied  (Ka^SO^) and f i n a l l y  evap orated . 

D i s t i l l a t i o n  gave e th y l l~ a c e to n y l-2 ~ k e to c y c lo h e x a n e - l -  

ca rb o x y la te  (6 g . ; 75$) a s  a p a le  y e llo w  o i l ,  b . p.

1 4 4 ° /lm m ., n ^  1 .4 5 0 4 . In  s p i t e  o f  th e  sharp b o i l in g  

p o in t  o f  the product d e sc r ib ed  above, a s a t i s f a c t o r y  carbon  

a n a ly s is  fo r  i t  cou ld  n ot be o b ta in ed . The sem icarbazone  

c r y s t a l l i s e d  from aqueous a lc o h o l in  p la t e s  m .p . 214°

(Found : ! ,  24*9 *

r e q u ir e s  : N, 24*3 $ ) .



A ttem pts to prepare the fo r e g o in g  e s t e r  d i r e c t ly  

from e th y l  2 -k e to c y c lo h exane-1—ca rb o x v la te  and 

ch lo ro a c e to n e  were u n su c c e ss fu l under a v a r ie ty  o f  

c o n d it io n s ,  very  sm all y i e ld s  o f  impure p rod u cts b e in g  

o b ta in e d .

C y c l is a t io n

E th y l l~ a c e to n y l-2 -k e to c y c lo h e x a n e -l-c a r b o x y la te  

(5 g . )  and aqueous potassium  hydroxide s o lu t io n  

(5$* 150 c . c . )  were h eated  under r e f lu x  fo r  s i x  hours

under n itro g en ^  A fte r  b e in g  c o o le d , the m ixture was 

a c id i f i e d  w ith  d i lu t e  su lp h u r ic  a c id  and the product 

e x tr a c te d  w ith  e th er  (3 x 50 c . c . ) .  E vaporation  and 

d i s t i l l a t i o n  gave b ic y c lo  [4 :3 :0 ]  n o n -6 -en -8 -o n e  

(1 .3  g . ;  73$) as a c o lo u r le s s  o i l ,  b .p .  88°/4m m .,

n | 9 1 .5 1 9 0 .

(Found r C, 7 9 .1  ; H, 8 .9  . CgBi^O

r e q u ir e s  : C, 79*4 ; £ ,  8 .8  $ ) .

E ig h t ab so rp tio n  in  e th a n o l;  X max. 2280A°

( 6 =  1 6 ,5 0 0 ) and 2860A° (& = 140) [Acheson and Robinson  

record  \  max. 2250A° (& = 1 8 ,1 5 0 ) fo r  3~m ethylc y c lo p en t

2 -e n o n e ] . The 2 : 4 -d in itrop h en y lh yd razon e  formed red



n e e d le s  from a lc o h o l m .p. 200°.

(Found j C, 5 7 .0  ; H, 4 .9  ; N, 1 8 .1  . C -^ H -^ O ^

r e q u ir e s  s 0 ,  5 6 .9  ; H, 5 .1  ; N, 1 7 .7 $ ) .

l i g h t  a b so rp tio n  in  e th a n o l X max. 2580A°

( 6  = 1 9 ,0 0 0 ) and 3900A° ( 6 -  2 6 ,5 0 0 ) .  The sem icarbazone  

c r y s t a l l i s e d  from aqueous a lc o h o l in  l e a f l e t s  m .p .2 2 4 ° . 

(Found. : 3f, 2 1 .5  . C10^L5OT3

req u ire®  : F , 2 1 .7  $ ) .



Attempt P rep aration  o f  

b ic y c lo  [5 s5:03 D e c -6 -e n -5 -o n e ,

P e n t - l - y n - 5 - y l  me thane su lp h on ate .

In  a th ree-n eck ed  f la s k  f i t t e d  w ith  a m echanical

s t i r r e r ,  a dropping fu n n el and a calcium  c h lo r id e  tube

a m ixture o f  p e n t - l - y n - 5 - o l  (5 5 g .)  and dry p y r id in e

(80 c . c . )  was in trod u ced  and th e  f la s k  co o led  in  i c e - c o ld

w a ter . Methane su lph onyl c h lo r id e  (lO O g.) was then added

from th e dropping fu n n el a t  such a r a te  th a t  tem perature

o f  the r e a c t io n  m ixture d id  n ot r i s e  above 2 5 -3 0 ° , A fter

th e  a d d it io n  was com p lete , the s t i r r in g  was continu ed  fo r

a fu r th e r  th ree  h o u rs. Decom position, w ith  i c e - c o ld

w a ter , e x tr a c t io n  w ith  e th e r  and d i s t i l l a t i o n  gave

p e n t - l - y n - 5 - y l  m eth ane-su lphonate (90g . ; 85$) a s a
16c o lo u r le s s  o i l ,  b .p .  138°/9m m ., 1 .4 5 7 4 .

(Pound . : C, 44*4 ; H, 5 .96  . OgEE-ĵ Ô S

.r e q u ir e s  : C, 4 4 ,4  ; BI* 6 .1 7  $) •

E thyl 2 -K e to - l—(p e n t ~ l ' - y u - ^ 'y l )  c y c lo p e n ta n e - l-c a r b o x y la te .

a) E th y l 2 -k e to c y c lo p e n ta n e -l—ca rb o x y la te  (2 0 g .)  was 

added to  a s o lu t io n  o f  sodium e th o x id e  (from sodium , 3 g .)



in  a b s o lu te  a lc o h o l (200 c . c . )  and the m ixture was 

h ea ted  under r e f lu x  fo r  h a l f  an hour. Sodium io d id e  

( l g . )  was th en  added fo llo w ed  by p e n t-1 —y n -5 -y l  

m ethanesu lphonate (2 3 g .)  which was added over a p er iod  

o f  one and a h a l f  hours w h ile  the m ixture was b e in g  

h ea ted  under r e f lu x ;  h e a t in g  was then  continu ed  fo r  a 

fu r th e r  two h ou rs . A fte r  removal o f  the a lc o h o l ,  w ater  

was added and the r e a c t io n  m ixture was e x tr a c te d  w ith  

e th e r . E vaporation  and d i s t i l l a t i o n  gave e th y l 2 -k e to —1— 

(p e n t-1 7 -y n —5 y l )  c y c lo p e n ta n e - l-c a r b o x y la te  (l7g«  ; 60$) 

as a c o lo u r le s s  o i l  b .p .  150°/9mm . f n^8 1 .4 5 5 8 .

In  s p i t e  o f  the sharp b o i l in g  p o in t o f  t h i s  p rodu ct, 

no a c cu ra te  a n a ly t ic a l  f ig u r e s  cou ld  be o b ta in ed .

(Pound : 0 , 6 8 .8  ; H, 8 .5  • ^13®X8^3

r e q u ir e s  r C, 7 0 .2  ; H, 8*1 $ ) .

The sem icarbazone c r y s t a l l i s e d  from aqueous a lc o h o l  

in  c o lo u r le s s  prism s m .p. 145°

(Pound s 0 , 6 0 .6  ; H, 7*6 ; Er 1 4 . 4 . c1 4H21°3I3;3

r e q u ir e s  : C, 6 0 .2  ; E, 7 .5  > E, 1 5 .0  $ ) .

h) M e ta ll ic  sodium (2 .3  g .)  was atom ised  in  dry x y len e  

(200 c . c . )  and e th y l 2 -k e to cy c lo p e n ta n e - l-c a r b o x y la te
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( I 5 # 6 g .)  was th en  added during h a l f  an hour w h ile  

th e  m ixtu re  was b e in g  s t ir r e d  and heated  under r e f lu x .

A fte r  a fu r th e r  h a l f  an hour*s h e a t in g , p e n t - l~ y n -5 -y l  

m ethanesu lphonate ( l 6 . 2 g . ) was added and h e a t in g  and 

s t ir r in g -  continu ed  fo r  a fu r th e r  4 h ou rs. Removal o f  

the s o lv e n t  under reduced p r e ssu r e , a d d it io n  o f  w ater  

and e x tr a c t io n  w ith  ether fo llo w ed  by d i s t i l l a t i o n  gave 

eth y12-k  e t o - l - ( p en t - 1 / - y  n - 5 y l )  c y c lo p e n ta n e - l-c a r b o x y la te  

( I 8 g .  ; 81$) b .p . 1 1 8 ° /lm n ., n1^ 1 .4 5 3 2 .

E th y l 2 -K e to -l~ (p e n ta n -2  ',-o n e -5  ' - y l )  c y c lo p e n ta n e - l-c a r b o x y la te

A s o lu t io n  o f  the fo r e g o in g  e s t e r  (17g .)  in  m ethanol 

(32 c . c . )  was added s lo w ly  to  a c a ta ly s t  s o lu t io n  

prepared by warming to g e th e r  red m ercuric ox id e  ( l . 2 g . ) *  

boron t r i f lu o r id e  -  e th e r  complex ( 0 . 4 c . c . ) ,  t r ic h lo r o a c e t ic  

a c id  (2 0 m g .), and m ethanol (3 c . c . ) .  A fter  the i n i t i a l  

exotherm ic r e a c t io n  was o v e r , the m ixture was shaken a t  

room tem perature fo r  two hours and then  poured in to  d i lu t e  

su lp h u r ic  a c id . A fte r  e x tr a c t io n  w ith  e th e r , th e  

combined e th er  e x tr a c ts  were shaken w ith  d i lu t e  su lp h u r ic  

a c id  fo llo w e d  by w ater , d r ied  (Ha2S0^) and f i n a l l y  

evap ora ted . D i s t i l l a t i o n  gave e th y l 2 - k e t o - l - ( p e n t a n - 2 ' - o n e -



5 ' - y l )  c y c lo p e n ta n e - l-c a r b o x y la te  (I5g* ; 83$) as

a c o lo u r le s s  o i l ,  b .p .  122°/0*2  mm., n^1 1 .4 5 4 0 .

(Round s 0 ,63*6  ; E , 8 .4 5  * ci 3 E20°4

req u ire©  s 0 ,64*1  j H, 8 .3  $ ) .

A ttem pted Q y c l is a t io n :

a) The fo r e g o in g  e s t e r  (3 g*) was heated  under r e f lu x  

w ith  a 5$- s o lu t io n  o f  aqueous potassium  hydroxide

(200 c . c . )  fo r  s ix  hours under an atmosphere o f  n itr o g e n .  

A fte r  b e in g  c o o le d , th e  m ixture was a c id i f i e d  w ith  d i lu t e  

su lp h u r ic  a c id  and the product ex tracted , w ith  e th e r .  

E vap oration  and d i s t i l l a t i o n  gave a c o lo u r le s s  o i l  

(0 .5 g * )*  b .p .  86-118°/4m m . The substance a ffo rd ed  a 

l i g h t  y e llo w  2 :4 -d in itrop h en y lh yd razon e  which cou ld  n o t  

be c r y s t a l l i s e d  s a t i s f a c t o r i l y .

b) The above e s t e r  ( l g . )  was h eated  under r e f lu x  

w ith  boron t r i f lu o r id e  -  e th er  complex (3 c . c . )  fo r  

th r e e  hours; the co lou r  o f  th e  m ixture changed to

l i g h t  brow n-red. D ecom position w ith  potassium  a c e ta te

and i c e  and e x tr a c t io n  w ith e th er  gave p a le  y e llo w  o i l  

( O . l g , ) which was converted  in to  a b r ig h t-r e d  2 : 4 -



d in itro p h en y lh y d ra zo n e . Repeated chromatography o f  t h i s  

d e r iv a t iv e  a ffo rd ed  no pure compound.
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Attempt P rep aration  o f  

b ic y c lo  [ 3 s 3 s 0 lQ o t - l - e n - 3-o n e .

E th y l 2 -K e to - l-p r o p a r g y lc y c lo p e n ta n e - l-c a r b o x y la te ,

To a s o lu t io n  o f  sodium eth o x id e  (from sodium , 2 .3 g )  

in  a b s o lu te  a lc o h o l (100  c . c . )  was added e th y l 2-k e to c y c lo — 

p en ta n e-1 -c a r b o x y la te  ( l 6g .)  and the m ixture was h ea ted

under r e f lu x  fo r  h a l f  an hour. P ropargyl bromide ( l 2g .)

was then  added over a p er iod  o f  one hour aad the h e a t in g  

was con tin u ed  fo r  a fu r th e r  two h ou rs. Removal o f  the

s o lv e n t ,  a d d it io n  o f w ater and e x tr a c t io n  w ith  e th e r  

fo llo w e d  by d i s t i l l a t i o n  gave e th y l 2- k e t o - l —p ro p a rg y l-  

cy c l  op en t  an e-1  -  c arb o x y l a t e (12g . $ 60 fo) a s  a c o lo u r le s s  

o i l ,  b .p .  125 ° / 10mm.,  m̂ 7 1 . 4630 .

In  s p i t e  o f  the sharp b o i l in g  p o in t o f  the product 

no a ccu ra te  a n a ly t ic a l  f ig u r e s  could  be o b ta in ed .

(Pound j C, 6604 * Hr 7*8 .  Cl l H14°3

r e q u ir e s  s 0 , 6 8 .0  ; H* 7*2 fo) .

The sem icarbazone c r y s t a l l i s e d  from aqueous a lc o h o l  

in  c o lo u r le s s  n e e d le s  m .p. 12 6 ° .

(Pound £ R, 1 6 .3  • ^12^17^3^3

r e q u ir e s  £ R, 1 6 .7  iA  *
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E th y l 1—Ace to n y l-2 -k e  to e y c lo p e n ta n e - l-c a r b o x y la te .

a) The fo r e g o in g  e s te r  ( lO g .)  in  m ethanol (3 0  c . c . )  

was added s lo w ly  to  a c a ta ly s t  s o lu t io n  prepared by 

warming to g e th e r  red m ercuric o x id e  ( 0 . 9 g . ) *  ^boi^n 

t r i f l u o r id e  -  e th er  complex ( 0 * 3  c . c . ) ,  t r i c h l o r o a c e t i c ^  

a c id  (10 mg.) and m ethanol (2 c . c . ) .  A fte r  shaking fo r  

two hours a t  room tem perature th e  m ixture was poured  

in to  d i lu t e  su lp h u r ic  a c id  and e x tr a c te d  w ith  e th e r .  

D i s t i l l a t i o n  gave e tb y l 1 -a c e t o n y l - 2 - k e t o - c y c lo p e n t a n e - l -  

c a r b o x y la te  ( 7 . 7  g . ; 70$£) as a c o lo u r le s s  o i l  b . p .  1 5 0 ° /  

10 mm. , n ^  1 .4610#

b) E thyl 2 -K etooyolope n ta n e - l-c a r b o x y la te  (2 0 g .)  was 

added to  a s o lu t io n  o f sodium e th o x id e  (from sodium 3 . 6 g . )  

in  a b so lu te  a lc o h o l (100 c . c . )  and the m ixtu re  h eated  

under r e f lu x  fo r  h a l f  an hour. M onochloroacetone ( I 8 g . )  

was then  added during one hour and h e a tin g  was continued  

fo r  a fu r th e r  two h ou rs. Removal o f  the s o lv e n t  and 

e x tr a c t io n  w ith  e th e r  fo llo w e d  by d i s t i l l a t i o n  gave

e th y l 1 -a c e to n y l-2 -k e  t o cy c lo p e n ta n e - l-c a r b o x y la t  e 

(8 g . ; 30fo) , b . p .  157°/6mm. , n^7 1 .4 5 9 3 .
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In s p i t e  o f  the sharp h o i l in g  p o in ts  o f  bath  the  

p ro d u cts  ob ta in ed  from e ith e r  ra* or rb* no accu ra te  

a n a ly t ic a l  figu res; were ob ta in ed ,

(Found j C, 6 0 .8  ; E , 7 .5  . cu Hi6 ° 4  '

req u ires . : C, 62,2 ; E , 7 . 5  f°) •

The h ig h ly  in s o lu b le  sem icarbazone (probably the  

b is-sem ica rb a zo n e) was d i f f i c u l t  to  p u r ify . C r y s t a l l i s a t io n  

from a c e t i c  a c id  gave a product m e lt in g  over the range  

2 3 7 -2 4 8 ° , but the a n a ly t ic a l  f ig u r e s  were n ot s a t i s f a c t o r y ,  

(Found C, 43*2 ; H, 6 , 69  ; N, 22 ,46  . ° 1 3E22 °A M‘6

r e q u ir e s  : C, 47*8 ; H, 6 ,7  ; E , 25*7 $) *

Attem pted C y c l is a t io n g

a) The fo r e g o in g  e s t e r  ( 2g . )  was added to  a s o lu t io n  

o f  potassium  t e r t ia r y  b u tox id e  (from p otassiu m , 0 * 5 g . ) 

in  t e r t ia r y  butanol (30 c . c . )  and the m ixture h ea ted  

under r e f lu x  fo r  two hours on the steam bath; th e  co lou r

o f  the s o lu t io n  turned r a p id ly  to  brow nish-red  and an o i l

sep a ra ted . The m ixture was s e t  a s id e  fo r  30 h o u rs .

Most o f  the so lv e n t  was then removed under reduced p ressu re  

and d i lu t e  su lp h u ric  a c id  was added. A fte r  e x tr a c t io n  

w ith  e th e r  and ev a p o ra tio n , the s t a r t in g  e s t e r  ( l . 8 g . )  

was recovered  unchanged.



b) The e s t e r  (2 g . )  was added to a 3$ s o lu t io n  o f  

sodium m ethoxide in  a b so lu te  m ethyl a lc o h o l  (100 c . c . )  

and dry e th y l  a c e ta te  (30g.) was added. A fte r  stan d in g  

f o r  two days the r e a c t io n  m ixture was thrown in to  

d i l u t e  su lp h u r ic  a c id  and the product i s o l a t e d  w ith  e th e r .  

The i n i t i a l  e s t e r  (1 .7g* )  was recovered  unchanged.

c) The e s t e r  ( i g . )  was heated  under r e f l u x  w ith  a 2fo 

s o l u t i o n  o f  aqueous potassium  hydroxide (60 c . c . )  fo r  

tw enty  m inutes; the co lou r  o f  the m ixture changed from 

l i g h t  y e l lo w  to  orange-red . C ooling and a c i d i f i c a t i o n  

y ie ld e d  a tr a c e  o f  §. brown r e s in o u s  m a t e r ia l .  E x tr a c t io n  

w ith  e th e r  aga in  gave the  s t a r t in g  e s t e r  (0 .8 5 g * )  unchanged.

R e p e t i t io n  o f  the experim ent w ith  a 5$ s o lu t io n  o f  

aqueous potassium  hydroxide and h e a t in g  fo r  f i v e  hours  

£ave t a r s  and no ctp-unsaturated ketone could  be d e t e c t e d .



b ic y c lo  [4 *3:03 E o n - l (6 )~ e n -7 -o n e .

1 -  (3 P iethylam inoprop-1  V y n y l ) c .y c lo h e x a n - l -o l .

To a s o lu t io n  o f  l ith a m id e  (formed from l i t h iu m ,

2 . 2 g . ,  by the c a t a l y t i c  a c t io n  o f  f e r r i c  n i t r a t e )  i n  

l i q u i d  ammonia ( 4 0 0 c .c . )  was added 2—brom o-3-d iethylam ino-  

p r o p - l - e n e  ( 3 0 g . ) and the co n ten ts  o f  the f l a s k  were  

s t i r r e d  fo r  four h ou rs . A s o lu t io n  o f  c.yclohexanone 

( l4 g * )  in  an equal volume o f  e th e r  was then added dropwise  

over  t h i r t y  m inutes and the s t i r r i n g  continued fo r  a 

fu r th e r  four  hours. A fte r  the a d d it io n  o f  powdered 

ammonium c h lo r id e  ( l O g . ) ,  the ammonia was a llow ed  

to  evaporate  o v e r n ig h t ,  the r e s id u e  tr e a te d  w ith  e x c e s s  

2E ~sulphuric  ac id  and then e x tr a c te d  w ith  e th e r  to  remove 

n o n -b a s ic  m a te r ia ls .  The e th e r e a l  e x tr a c t  was washed, 

d r ied  and evaporated. D i s t i l l a t i o n  gave unchanged 

c.yclohexanone ( 6 g . ) .  The ac id  aqueous la y e r  was then  

b a s i f i e d  w ith  concen trated  ammonia s o lu t io n  and e x tr a c te d  

w ith  e th e r  (3 x 100 c . c . ) .  The combined e th e r  e x tr a c t s  

were then washed with w ater , d r ied  and evap orated .



D i s t i l l a t i o n  o f  the res id u e  gave 1—( 3 '-d ie th y la m in o p ro p -  

1 '’- y n y l ) c y c lo h e x a n - l - o l  (13 g .  % 75$  based on r e a c te d

keton e}  a s  an a lm ost c o lo u r le s s  v is c o u s  o i l ,  b*p* 8 4 o/0.2imn# 

n j 9 1 .4959.

(Pound : N, 7*0 .

r e q u ir e s  t $F, 6*7 $>) ♦

C .y c l is a t io n :

l - ( 3  P i e th y l  amino prop-1 ' -y n y l )  c y c lo h e x a n - l - o l

(4g*) was heated  under r e f lu x  fo r  s i x  hours w ith  a 

m ixtu re  o f  form ic ac id  ( lO g .)  and phosphoric a c id  (3g»)*  

A fte r  b e in g  c o o le d , th e  r e a c t io n  m ixture was d i lu t e d  

w ith  w ater and e x tr a c te d  tw ice  w ith  100c ,c*  o f  e th e r .

Washing o f  the e th e r e a l  e x tr a c t  w ith  d i l u t e  sodium 

carbonate s o lu t io n ,  drying (Da^SO^) and d i s t i l l a t i o n  

gave a very  sm all amount o f  a k e to n ic  m a te r ia l  which  

gave a dark red 2 :4~d in itrop henylh ydrazon e.

On n e u t r a l i s a t io n  o f  the ac id  aqueous la y e r  w ith  

con cen tra ted  ammonia s o lu t io n  an o i l  was separated  which  

was e x tr a c te d  w ith  e th er  (3 x 60 c . c . ) *  Washing, drying  

and evaporation  o f  the combined e th er  e x t r a c t s  fo l lo w ed

by d i s t i l l a t i o n  o f  the r es id u e  gave 1 - ( 3 ' - d i e t h y l -



55

a m in o p ro p -l^ -y n y l)cyc loh e x - l - e n e  (3*4g. ;; 90$) as an 

a lm ost  c o lo u r le s s  o i l ,  b .p .  78°/0*2  mm,, n^8 1 . 5001 ; 

l i g h t  a b so rp t io n  in  ethanol X m ax ., 2300A° ( 6 = 9500)® 

(Found : K, 6 .7  .

r e q u ir e s  t N, 7*5 $) •

1 - ( 5 ' - h i e  th y la m in o p ro p -1 '-y n y l) c y c lo h ex~l~ene

f5g*) was reh eated  under r e f lu x  w ith a m ixture o f

form ic  a c id  ( lO g . ) and phosphoric  ac id  ( 2 .5 g . )  c o n ta in in g

m ercuric  a c e ta t e  ( 0 . 5 g . ) fo r  f i v e  hours. D i lu t io n  w ith

w a ter , e x tr a c t io n  w ith  e th e r  and d i s t i l l a t i o n  gave

b ic .yclo  [ 4 : 5 : 0 ]n o n - l(6 ) -e n ~ 7 -o n e  (ig*  j 48$) a s  a

c o lo u r l e s s  o i l ,  b .p .  154°/l6m m ., n ^  1 .5 0 2 2 .  The

2 :4 -d in itro p h en y lh yd razon e  had m.p. 238° undepressed
29when admixed w ith  an a u th e n t ic  sample (M athieson y „ gave  

m .p . 238° fo r  t h i s  d e r iv a t i v e ) .

In  another experim ent, 1 - ( 3 '-d ie th y la m in o —p r o p - 1 ' - y n y l ) -  

c y c lo h e x a n - l - o l  ( 4 g . ) was heated  under r e f l u x  fo r  fou r  

h ou rs w ith  form ic  ac id  ( lO g . ) and phosphoric ac id  (3 g* );  

m ercuric  a c e ta te  ( 0 . 5 g . ) was then added and the  h e a t in g  

continu ed  fo r  a fu r th e r  fo u r  hours. A fte r  b e in g  c o o le d ,
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the r e a c t io n  m ixture  was d i lu t e d  w ith  w ater and e x tr a c te d  

w ith  e th e r .  D i s t i l l a t i o n  gave h ic .y c lo [ 4 : 3 : 0 ] n o n - l (6) -  

en -7—one ( l .3 g *  ; 5 0 $ ) ,  b .p .  142°/l0mm#, n^® 1 .5 0 1 0 .

1~(3  ^ -H y d r o x y p r o p - l ' -y n y l)c y c lo h e x a n - l -o l .

This was prepared by a m o d if ic a t io n  o f  the p u b lish ed  
25procedure as f o l lo w s

To a s o lu t io n  o f  ethylmagnesium bromide prepared from 

e th y l  bromide (4 6 g .)  and magnesium ( lO g .)  in  dry e th er  

(120 c . c . ) ,  propargyl a lc o h o l  (100$; lO g .)  in  dry 

benzene (80 c . c . )  was added during h a l f  an hour. Ether  

was then d i s t i l l e d  o f f  w h ile  another 80 c . c .  o f  dry benzene  

were added from the dropping fu n n e l .  A f te r  h e a t in g  

under r e f l u x  and s t i r r i n g  fo r  one hour, c y c lo h exanone 

(2 2 g .)  in  dry benzene (50 c . c . )  was added during one 

hour and the r e a c t io n  m ixture  was s t i r r e d  and h ea ted  

f o r  a fu r th e r  th ree  h ou rs . A fte r  the a d d it io n  o f  i c e  

and d i l u t e  h y d ro c h lo r ic  a c id ,  the  e x c e s s  a c id  was 

n e u t r a l i s e d ,  the  aqueous la y e r  sa tu ra te d  w ith  s o l i d  

sodium c h lo r id e  and the whole then e x tr a c te d  co n t in u o u s ly  

w ith  e th e r .  D i s t i l l a t i o n  gave l - ( 3 ' - h y d r o x y p r o p - 1 ' - y n y l ) -  

c y c lo h e x a n - l~ o l  (I4g* ; 54$) as an a lm ost co lo u rh ess  

v i s c o u s  o i l  b .p .  110°/0.2mm.
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Qy c l  i s  a t  io n s

When the fo r e g o in g  g l y c o l  (5g*) was h ea ted  under 

r e f l u x  f o r  fou r  hours w ith  form ic a c id  ( lO g . ) and 

phosphoric  a c id  (2 g . )  and th e  product worked up as  u s u a l ,  

the  same b ic y c lo  [ 4 - 3 : 0 ] n o n - l ( 6 ) —en -7 -o n e  m entioned above 

( 2 • 2g. ; 50$) b.p* 1 44° /l0m m ., n1^ 1 .50 17  was i s o l a t e d .

l - ( 5  Tetrahydropyranyl—2-ox.yprop--f ' - y n y l )  c y c lo h e x a n - l - o l .

( i )  To a s o lu t io n  o f  ethylmagnesium bromide prepared  

from ethylli bromide (2 2 g .)  and magnesium ( 4 .8 g . )  in  e th er  

(100 c . c * ) ,  2 -p r o p ~ 2 '-y n - l  '-y lo x y te tra h y d r o p y r a n  (2 0 g .)  

i n  dry benzene (100 c . c . )  was added during h a l f  an hour.

Dry benzene (100 c . c . )  was then added w h ile  the e th e r  was 

b e in g  d i s t i l l e d  o f f  and the r e a c t io n  m ixture h ea ted  under  

r e f l u x  and s t i r r e d  fo r  two h ou rs . cycloH exanone 

(19 g . )  in  dry benzene (50 -  70 c . c . )  was added during  one 

hour whereby most o f  the s o l i d  complex was d i s s o lv e d  and 

the  s o lu t io n  became c le a r .  H eating  and s t i r r i n g  was 

continued fo r  a fu r th e r  th ree  hours and the r e a c t io n  

m ixture then  l e f t  overn igh t*  Decom position w ith  

ammonium c h lo r id e  and e x tr a c t io n  w ith  benzene fo l lo w e d  

by d i s t i l l a t i o n  gave l - ( 3 ' - t e tr a h y d r o p y r a n y l-2 -o x y p r o p - l /— 

y n y l ) c y c lo h e x a n - l - o l  (19 g * ; 58$) as a l i g h t  y e l lo w  o i l

b , p 0 106 °/0 .2m m ., which showed s ig n s  o f  decom p osition  at
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the  "boiling p o in t .

( i i )  Ho a s o lu t io n  o f  l i th a m id e  prepared from 

l i th iu m  ( 0 .7 g . )  i n  l i q u i d  ammonia (400 c . c . ) *

2—p r o p -2 '-y n -1 '-y lo x y te tr a h y d r o p y r a n  ( l4 g o )  was added 

during h a l f  an hour and the r e a c t io n  m ixture s t i r r e d  

f o r  th ree  hou rs . cycloH exanone ( lO g .)  in  an equal  

volume o f  dry e th er  was then added and the s t i r r i n g  

con tin u ed  fo r  a fu r th e r  four  h ou rs . A fte r  decom p osition  

w ith  s o l i d  ammonium c h lo r id e  ( l O g . ) and ev a p ora tion  o f  

ammonia o v e r n ig h t , 1 - ( 3 ' te tra h y d ro p y ra n y l-2 —oxyp rop -1 ' -  

y n y l)  c y c lo h e x a n - l - o l  was i s o l a t e d  as  a p a le  y e l lo w  o i l  

( I 8 g .  ; 7 5 $ ) .  The u n d i s t i l l e d  product was used  d i r e c t

fo r  e y c l i s a t i o n .

H y d r o ly s is ;

The fo r e g o in g  tetrahydropyran adduct ( lO g . ) was 

t r e a te d  w ith  10$ m ethyl a l c o h o l i c  su lp h u r ic  a c id  (100 c . c . )  

a t  room tem perature then l e f t  o v e r n ig h t .  The r e a c t io n  

m ixture was then d i lu t e d  w ith  water (300 c . c . )  and e x tr a c te d  

w ith  e th e r  (3 x 60 c . c . ) .  D i s t i l l a t i o n  gave l - ( 3 ' ~  

h y d ro x y p ro p -1 '-y n y l) c y c lo h e x a n - l - o l  ( 2 .5 g .  ; 4 0 $ ) ,  b .p .

122°/0 .4m m ., 108-110°/0.2m m .
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C y c l i s a t i o n s

When l - ( 3  ' - te tr a h y d r o p y r a n o -2 -o x y p r o p - l-y n y l)  cyc lo h ex a n -  

l - o l  ( 6 g . ) was h e a ted  under r e f l u x  fo r  f i v e  hours w ith  a 

m ixture  o f  form ic a c id  ( I 5 g . )  and phosphoric  a c id  (3*5g*)  

and worked up in  the u su a l  manner, i t  a f fo rd ed  h ic y c lo  

[4 s3 :0Jmon-1 (6)-*en-7-one (1 .9  g* ; 5 5 $ ) ,  b .p .  143° /l0™ u >

Up8 1 . 5012*

C y c l i s a t io n  o f  3~H ~M orpholinoethylcyclohex-1—en y l Ketone

Hydro c h lo r id e .

When a m ixture o f  3 -F -m orp h o lin o eth y lo y c lo h e x ~ l - e n y l
PAketone h y d ro ch lo r id e  ( i g . ),. form ic a c id  ( 3 g . ) and 

phosphoric  a c id  ( i g . ) was heated  under r e f lu x  fo r  four  

h ou rs , then  worked up a s  i n  the  above cognate p r e p a r a t io n ,  

i t  gave a sm all y i e l d  o f  b ic .yclo  [ 4 s 3 s 0 ] n o n - l ( 6 ) - e n - 7 o n e ,  

i d e n t i f i e d  as  i t s  2 s4 -d in itrop h en y lh yd razon e  (m .p, and mixed 

m .p . ) .
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9-M ethylb ic .yclo  [4 »3 »0 ]N o n - l(6 ) -e n -7 -o n e

l - ( .3  ^-D iethylam inobut-1  * -ynyl)  c y c lo h e x a n - l -o l . .

a) To a s o lu t io n  o f  ethylmagnesium bromide prepared

from e th y l  bromide (3 0 g .)  and magnesium ( 6 g . )  in  dry

e th e r  (150 c . c . ) ,  3 -d ie th y la m in o b u t- l -y n e  (3 0 g .)  in

dry benzene (200 c . c , )  was added s lo w ly  during h a l f  an

hour; the  r e a c t io n  m ixture  was then warmed g r a d u a l ly

u n t i l  the  e v o lu t io n  o f  ethane had ceased  and the l a s t

t r a c e s  o f  e th e r  were removed. cycloH exanone (2 5 g .)

in  dry benzene (100 c . c . )  was added during h a l f  an hour

and the  m ix tu re  s t i r r e d  and h eated  under r e f lu x  fo r  a

fu r th e r  th ree  hours. A f te r  decom position  w ith

ammonium c h lo r id e  s o l u t i o n ,  the product was e x tr a c te d

w ith  e th e r  and the  combined e th er  e x t r a c t s  were washed,

d r ied  and evap ora ted . D i s t i l l a t i o n  gave l - ( 3 d i e t h y l -

aminobut-1 ' - y n y l )  c y c lo h e x a n - l - o l  ( 2 0 g . ;; 36$) a© an
01

alm ost c o lo u r l e s s  v i s c o u s  o i l ,  b .p .  100° /0 .6 m m ., n^ 1 .4 9 1 0 .

(Found : U, 5 .85  . C14H250M

r e q u ir e s  i  N, 6 .2  $ ) .



b) 3 -D ie th y la m in o b u t- l-y n e  (2 5 g .)  was added to  a 

s o lu t io n  o f  l ith a m id e  prepared from l i th iu m  ( l * 5 g . )  in  

l i q u i d  ammonia (400 c . c . )  over a p er io d  o f  twenty m inu tes .  

A fte r  one h o u r ’ s s t i r r i n g  a s o lu t io n  o f  c y c lo h exanone 

( 2 0 g . ) i n  an equal volume o f  dry e th er  was added during  

one hour. The c r y s t a l l i n e  l i th iu m  s a l t  o f  the  a c e t y le n ic  

amine changed s lo w ly  in to  a dark v i s c o u s  o i l  a f t e r  

s t i r r i n g  fo r  four  hours a t  the end o f  which s o l i d  

ammonium c h lo r id e  was added ( I 5 g . )  and the ammonia was 

allow ed  to evap ora te . E x tr a c t io n  w ith  e th er  fo l lo w e d  

by d i s t i l l a t i o n  gave l - ( 3 ' - d i e t h y l - a m i n o b u t - 1 y n y l )  

c y c lo h e x a n - l - o l  (25g . * 5 7 $ ) ,  b .p .  92°/0*4mm., 1 .4 9 1 6 .

C y c l l s a t io n -s

The fo r e g o in g  a c e t y l e n ic  a lc o h o l  ( 4 g . ) was h ea ted  

f o r  two and a h a l f  hours w ith  a m ixture o f  form ic a c id  

( lO g . ) and phosphoric  a c id  (3 g . )  a t  about 110°C. A 

t h in  top la y e r  o f  y e l lo w  o i l  s lo w ly  formed. A fte r  

d i l u t i o n  w ith  water and e x tr a c t io n  tw ice  w ith  1 0 0 c .c .  o f  

e th e r ,  the combined e th er  e x tr a c t s  were washed w ith  d i l u t e  

sodium carbonate s o lu t io n ,  d r ied  (HagSO^) then evap orated .  

D i s t i l l a t i o n  gave 9-m ethyl b ic .yclo  [4 * 3 :0 ]  non-1 ( 6 ) -e n -7 -o n e  

( l . 4 g .  ; 51$) as a c o lo u r le s s  l i q u i d ,  b .p .  1 3 5° /l6 m m .,
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n ^  1 . 5 H 6 .  The 2 s4 -d in itrop h en y lh y d ra zo n e  formed red  

n e e d le s  from a lc o h o l  -  e th y l  a c e t a te  m ixture and had 

m .p. 2420 undepressed when admixed w ith  an a u th e n t ic
*1 Q  1  C

sample. (Hamlet, H en best , and Jones gave 1 .513 5  * 

2 i4 -d in itro p h e n y lh y d ra z o n e  m .p. 2 4 6 ° ) .



b i  cy c lo  [ 5 : 5 : 0 ]D ec~ l(7 ) - e n - 8 -o n e .

1 -  (5 ' -D ie  th y la m in o p r o p - l-y n y l) c y c l o h e p t a n - l - o l .

To a s o lu t io n  o f  l ith a m id e  prepared Sbm  l i th iu m  

( 2 . 2 g . ) in  l i q u i d  ammonia (500 c . c . )  was added 2-bromo- 

3 -d ie th y la m in o p r o p - l-e n e  (3 0 g .)  and the m ixture s t i r r e d  

f o r  four  h o u rs . A s o lu t io n  o f  c y c lo h eptanone ( 1 1 .2 g . )  

in  dry e th e r  (15 c . c . )  was then added over t h i r t y  

m inutes and the s t i r r i n g  continued fo r  a fu r th e r  four  

h o u rs . A f te r  the in tr o d u c t io n  o f  powdered ammonium 

c h l o r i d e . ( lO g . )  , the ammonia was a llow ed  to  evaporate  

o v e rn ig h t  and the re s id u e  tr e a te d  w ith  e x c e ss  2N -su lph uric  

a c id  and e th er  to remove the  unreacted  k e to n e . The 

aqueous la y e r  was fu r th e r  e x tr a c te d  w ith  e th e r  and the  

combined e th er  e x t r a c t s  were wa shed, d r ied  and evaporated .  

D i s t i l l a t i o n  gave unchanged c y c lo h eptanone ( 4 . 2 g . ) .  The 

a c i d i c  aqueous l a y e r  was then made a lk a l in e  w ith  con cen tra ted  

ammonia and e x tr a c te d  w ith  eth er  (3 x 100 c . c . ) ;  the  

combined e th er  e x tr a c t s  were washed, d r ied  and evaporated .  

D i s t i l l a t i o n  o f  the re s id u e  gave 1 - ( 3 '-d ie th y la m in o p ro p -  

l ' - y n y l )  c y c lo h e p t a n - l - o l  (9.9g> 72$ based on r e a c te d

k eto n e)  as  an a lm ost c o lo u r le s s  v is c o u s  o i l ,  b .p .
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1 0 2 ° /0 .3 m m ., n^9 1 .4 9 8 5 .

(Pound : H, 6 .4  . C-^H^OW

req u ires: . M, 6 .3  i°) •

C y c l i s a t i o n :

A m ixture o f  1 - ( 3 '-d ie th y la m in o p r o p -1 '-y n y l)  

c y e lo h e p t a n - l - o l  ( 4 * 4 g . ) ,  form ic  a c id  ( 1 2 g . ) and 

phosphoric  a c id  (3*5g*) was heated  under r e f lu x  fo r  s i x  

h ou rs . A fte r  b e in g  co o led  and d i lu t e d  w ith  w a te r ,  th e  

r e a c t io n  mixture, was e x tr a c te d  se v e r a l  t im es w ith  e th e r .

The combined e th er  e x t r a c t s  were washed thorough ly  w ith  

d i l u t e  sodium carbonate s o l u t i o n ,  then w ith  water and 

f i n a l l y  d r ie d .  D i s t i l l a t i o n  gave b ic y c lo  [ 5 : 3 : 0 ] d e c - l ( 7 ) -  

en -8 -on e  (0 .2 5 g .  ; 8^) as a c o lo u r le s s  l iq u i d  b .p .
1 Q

73°/0.2m m . f n^ 1.5241# The semicarbazone c r y s t a l l i s e d  

from d i l u t e  a lc o h o l  in  c o lo u r l e s s  needles; and had m .p.

236° undepressed when admixed w ith  an a u th e n t ic  sample
7/-\

(Cook, P h i l i p ,  and S o m erv il le  , recorded b .p .  5 8 -6 0 ° /0 .1m m ., 

n ^ * ^  1 .5 2 7 5 ,  semicarbazone m.p. 235-236° fo r  t h i s  k e to n e ) .  

The 2 :4 -d in itro p h en y lh y d ra zo n e , a f t e r  p u r i f i c a t i o n  by 

chromoatography (benzene -  alumina) and c r y s t a l l i s a t i o n  

from a lc o h o l  -  e th y l  a c e t a t e ,  formed red  n e e d le s  m .p.

230°.



(Pound s' C, 58 .2  ; H, 5 .2  » I ,  1 7 .1  .

r e q u ir e s  : C, 58 .1  ; H, 5 .4  ; N, 16 .9 5  $ ) .

N e u t r a l i s a t io n  o f  the  a c id ic  aqueous la y e r  w ith  

co n cen tra ted  ammonia fu rn ish ed  an o i l  which was e x tr a c te d  

w ith  e th e r .  Evaporation o f  the  e th er  e x t r a c t  and 

d i s t i l l a t i o n  o f  the r e s id u e  gave l - ( 3 ' - d i e t h y l  aminoprop- 

1 V y n y l ) c y c lo h e p t - l - e n e  ( 3 .2 g .  j 80$) a s  an alm ost  

c o lo u r l e s s  o i l  b .p .  88°/0 .2m m ., n ^  1 .5 0 8 8 .

(Pound : 1 ,  6 .7  . C-^E^M

r e q u ir e s  s N, 6 .8  $ ) .

When t h i s  amine ( 2 . 4 g . ) was h ea ted  under r e f l u x  w ith  

a m ixture  o f  form ic a c id  ( l 2 g . J ,  phosphoric a c id  ( 3 .5 g . )  

and m ercuric  a c e ta te  ( 0 . 5 g . ) fo r  s i x  hours: and worked up 

in  the  u su a l  manner, the  same b i c y c l o [5 ? 5 • 0 ] d ec -1  (7)-en-8-one  

( 0 .7 g . ;  41$) b .p .  7 2 -7 4 ° /0 .2 m m ., njj^ 1 .5247*  was o b ta in ed .

S u b je c t io n  o f  l - (3 ' -d ie th y la m in o p r o p -1  ' - y n y l )  

c y c lo h e p t a n - l - o l  ( l . 3 g . ) to  a hot m ixture  o f  form ic  and 

phosphoric  a c id s  (lO g. and 2g . r e s p e c t i v e l y )  fo r  a per iod  

o f  fou r  h ou rs , then a d d it io n  o f  m ercuric  a c e ta t e  ( 0 . 5 g . )
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and fu r th e r  h e a t in g  under r e f l u x  fo r  another four hours  

gave the same b ic y c lo  [ 5 : 3 : 0 ] d e c - l - ( 7 ) - e n - 8 - o n e  ( 0 . 3 g . ; 

38?°) t . p .  62o/0..1mni.» n^8 1 .5 2 4 3 .



lO -M e th y lb io y c lo [5 s5 s 0 ]D e c - l (7 ) - e n -8 -o n e

143  ' -D ieth y lam in ob u t-1  *-ynyl) cycloheptan-1.—o l .

a) 3 -D ie th y la m in o b u t- l-y n e  ( l 5 g . )  in  dry henzene

(150 c . c . )  was added to an e th e r e a l  s o lu t io n  o f  e t h y l -

magnesium bromide [prepared from magnesium ( 2 . 4 g*) and

e th y l  bromide ( l l g . ) ]  and the m ixture g r a d u a lly  wanned

during the a d d it io n  to d i s t i l  o f f  the e th er ;  h e a t in g

was continued u n t i l  the e v o lu t io n  o f  ethane had cea sed .

A s o lu t io n  o f  c y c lo h eptanone ( 1 1 .2 g .)  in  dry benzene

(100 c . c . )  was then added during one hour and the

r e a c t io n  m ixture s t i r r e d  and heated  under r e f lu x  fo r

fou r  h ou rs . A fter  decom position  w ith  ammonium c h lo r id e ,

e x tr a c t io n  w ith  e th e r  and d i s t i l l a t i o n t l - ( 3 ' - d ie t h y la m in o b u t

I ' - y n y l )  o y c lo - h e p t a n - l - o l  (9g . ? 38$) was ob ta in ed  as  an
1 R

a lm ost c o lo u r le s s  v i s c o u s  o i l ,  b .p .  1 0 4 ° /0 .5  mm., nD 

1 .496 2

(Pound : W, 6 .1  9 C^B^OK"

r e q u ir e s  : K, 5*9 $)*

A very small.amount o f  c y c lo h eptanone was r ec o v er ed .



b) To a s o lu t io n  o f  l ith a m id e  (from l i th iu m ,  1 .7 g . )  in  

l i q u i d  ammonia (400 c . c . )  was added 3 -d ie th y l-a m in o b u t - l -y n e  

(28 g . ) and the r e a c t io n  m ixture  s t i r r e d  fo r  one hour. 

cycloH eptanone ( 2 0 g . ) in  an equal volume o f  dry e th er  was 

then  run in  during one hour and the s t i r r i n g  continued  

f o r  a fu r th e r  four hou rs. A fte r  a d d it io n  o f  powdered 

ammonium c h lo r id e  ( I 2 g . ) ,  ammonia was allow ed to  ev ap orate ,  

the r e s id u e  tr e a te d  w ith  e x c e ss  2F— su lp h u ric  a c id  and then  

e x tr a c te d  w ith  e th e r  to remove the n o n -b a s ic  c o n s t i t u e n t s .  

E vaporation  o f  the e th e r  and d i s t i l l a t i o n  o f  the  r e s id u e  

gave c y c lo h eptanone: ( l l . 5 g * ) *  The a c id ic  aqueous la y e r  

was then  b a s i f i e d  w ith  concen tra ted  ammonia and the  

sep ara ted  o i l  taken up in  e th e r .  The oombined e th e r  

e x t r a c t s  were washed, d r ied  and evaporated . D i s t i l l a t i o n  

gave th e  same l - ( 3 ' - d ie th y la m in o b u t - 1 ' - y n y ^ c y c lo h e p t a n - l - o l  

( l 3 . 5 g .  ; 80$ based on r e a c te d  k e t o n e ) ,  b .p* 1 0 7 -1 0 8 ° /0 .6

mm., n ^  1.4951*

C y c l i s a t io n s

l - ( 3  r~Di e th y l  amino b u t-1  *-ynyl)  cy c lo h e p t a n - l - o l  (-5g.) 

was h ea ted  under r e f l u x  w ith  a m ixture  o f  form ic a c id  

( l 2 g . ) and phosphoric a c id  (3*5g*) fo r  four h o u rs . The 

r e a c t io n  m ixture was then d i lu te d  w ith  water and e x tr a c te d



s e v e r a l  t im e s  w ith  ether* The combined e th e r  e x t r a c t s  

were washed w ith  d i l u t e  sodium carbonate s o l u t i o n ,  d r ied  

(HagSO^) and evap o ra ted . D i s t i l l a t i o n  gave 1 0 -m eth y l-

b i c y c l o  [5 53:0]  d e c - l ( 7 ) - e n - 8 - o n e  ( l . 2 g . ; 35f°) a s  a 

c o l o u r l e s s  l i q u i d  b .p .  1 4 0 ° / l5 m m ., n ^  1 .5 1 3 8 .  The 

2 :4 -d in itr o p h en y lh y d r a zo n e  c r y s t a l l i s e d  from e th y l  

a c e t a t e  -  a lc o h o l  m ixture in  red  n e e d le s  m.p. 236°  

un d ep ressed  on admixture w ith  an a u th e n t ic  sample 

(Braude and Forbes1 ^, record ed  n ^  1*51 18 , 2 : 4 - d i n i t r o -  

phenylhydrazone m*p* 2 3 6 ° ) .  The sem iearbazone c r y s t a l l i s e d  

from a lc o h o l  i n  c o lo u r le s s  n e e d le s  m.p. 216°*

(Found. : IT, 1 8 .6 5  . C12H190H3

r e q u i r e s  i  F ,  19*0 $ ) .
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b i  c y c lo  [3 :5 :0  ]Oct-1 (5 ) - e n - 4 - o n e .

l-»(3 D i.e th y lam in obu t-1 - ''-ynyl) c y c l o p e n t a n - l - o l .

To a s o lu t io n  o f  e thy  lasagne sium bromide [prepared  

from magnesium ( 6 g . ) and e th y l  bromide ( 3 0 g . ) ]  in  dry 

ether' (100 c . c . ) ,  was added 3~di e th y l  amino but—1 -y n e  

(3 0 g . ) i n  dry e th e r  (100 c . c . )  and the  m ixture  goi t l y  

warmed u n t i l  the  e v o lu t io n  o f  ethane had c ea se d , A 

s o l u t i o n  o f  c y o lo p entanone (2 2g , ) i n  dry e th e r  (80 c . c . )  

was th en  added during  one hour and the  s t i r r i n g  and 

h e a t in g  con tin u ed  f o r  a fu r th e r  th ree  h o u rs . D ecom position  

w ith  2 1 -s u lp h u r ic  a c id ,  e x t r a c t io n  w ith  e th e r  and d i s t i l l a t i o n  

gave  c y c lo p e n t y l id e n e c y c lo p entanone (18 g . ) h .p* 112°/l0m m .

The sem iearbazone c r y s t a l l i s e d  from a lc o h o l  i n  prism s  

m .p. 2 2 5 ° .

(Pound : C, 6 3 .9 ;  H, 8 .4 ;  N ,20 .4*  C a lc u la ted  fo r

C1 1 E1 ? 0 F 3 : 6 5 *7? H * 8 # 2 ;  2 ° * 2 ^ *

The 2 :4 -d in itr o p h en y lh y d r a zo n e  formed red  needles;  

from a lc o h o l  -  e t h y l  a c e ta te  m.p* 228°

(Pound : C, 5 8 .4 ;  H, 5 .7 ;  H, 1 6 .8  . C a lc u la ted  fo r

C1 6 E 1 8 ° 4 H4 : c >5 8 *1 ' H » 5 * 4 ’ N >
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When the a c id  aqueous la y e r  was b a s i f i e d  w ith  

c o n c e n tr a te d  ammonia, e x tr a c te d  w ith  e th e r  then  

f o l lo w e d  by d i s t i l l a t i o n ,  an a lm ost c o l o u r l e s s  v i s c o u s  

o i l  [presum ably l - ( 3 ' “ d ie th y la m in o b u t - l ' -y n y l)c y c lo p e n ta n -~  

X - o l ]  ( 2 g . ;  3 .3 $ )  r 9 2 ° /0 .4 m m ., n ^  1 . 4 9 5 0 , was

o b ta in e d .  T his l i q u i d  was u n s ta b le  and darkened q u ic k ly  

and c o n se q u en t ly  no a ccu ra te  a n a l y t i c a l  f i g u r e s  were  

o b t a in a b le .

l - ( 3  *-Di e th y l  amino prop-1 * -yn y l)  c y c l o p e n t a n - l - o l .

2—Brom o-3--diethyl amino pro p - l - e n e  ( 3 0 g . ) was added 

to  a s o l u t i o n  o f  l i th a m id e  prepared from l i th iu m  ( 2 .2 g . )  

in  l i q u i d  ammonia (400 c . c . )  and the m ixture  s t i r r e d  fo r  

fo u r  h o u r s .  A s o l u t i o n  o f  c y c lo p  entanone ( I 3 g . )  in  an 

eq u a l volume o f  e th e r  was then  added during  two hours  

and th e  s t i r r i n g  was continu ed  f o r  another  th r e e  h o u rs .  

A f t e r  th e  a d d i t io n  o f  ammonium c h lo r id e  ( l O g . ) ,  th e  

ammonia was a llo w ed  to  evaporate  o v e rn ig h t  and the

r e s id u e  t r e a t e d  w ith  2® -su lp h u r ie  a c id .  E x tr a c t io n  w ith

e th e r  and d i s t i l l a t i o n  gave a la r g e  amount o f  the s e l f  

c o n d e n sa t io n  product o f  cyclop en ta n on e  m entioned above. 

However, b a s i f i c a t i o n  o f  the  a c id  aqueous l a y e r  w ith



c o n c e n tr a te d  ammonia s o lu t io n ,  e x t r a c t io n  w ith  e th e r  and 

d i s t i l l a t i o n  gave an a lm ost c o lo u r l e s s  o i l  ( 4 g . ; 13*7$)

b*p* 8 4 ° /0 * 4  mm,, n ^  1*4992 , T h is  su b s ta n c e ,  p o s s i b l y  

1 -  (3 ' - d i e t h y  1-amino prop-1  ' - y n y l )  cy c lo p  e n t g n - l - o l , was 

e x tr em e ly  u n s ta b le  and darkened i n  c o lo u r  even in  a s e a le d  

tube and co n se q u en tly  no c o r r e c t  a n a l y t i c a l  f i g u r e s  cou ld  

be ob ta in ed *

1 -A c e to x y - l - e th y n y lc y c lo p e n ta n e *

A m ixtu re  o f  1 - e t h y n y lc y c lo p e n t a n - l - o l  (8g* ) and

a c e t i c  anhydride (15 c , c * )  was h e a ted  under r e f l u x

f o r  two h o u r s .  A fte r  b e in g  c o o le d ,  the  r e a c t io n  m ixture

was thrown in t o  water and n e u t r a l i s e d  w ith  d i l u t e  sodium

hyd rox id e  s o l u t i o n .  E x tr a c t io n  w ith  e th e r  and d i s t i l l a t i o n

gave 1 - a c e t o x y - l - e t h y n y l c y c lo p entane  (9*5g* * 86$) as  a

c o l o u r l e s s  l i q u i d  w ith  a sm all r e se m b lin g  t h a t  o f
16t u r p e n t in e ,  b .p .  6 8 ° / l5 m m ., n-  ̂ 1*4595*

(Found : 0 ,  70*75 ; H, 7 .2  . ^9E1 2 ° 2

r e q u ir e s :  G,71*0 ; K, 7 .8  $ )*



l-A cetoxy~» l—(3 ' - D ie t h y l  amino p r o p - 1 y n y l )  c .yclopentane *

A m ix tu re  o f  1 - a c e t o x y - l —e th y n y lc y c lo p entane (8 .5 g * )»  

d ie th y la m in e  (4 g*)» paraform aldehyde ( 2 .2 g . )  and pure 

d ioxa n  (10 c . c . )  was h ea ted  under r e f l u x  on th e  steam  

h ath  f o r  th r ee  hours and then  l e f t  o v e rn ig h t  a t  room 

tem p er a tu r e .  The r e a c t io n  m ixture  was tr e a te d  w ith  

d i l u t e  h y d r o c h lo r ic  a c id  and the  n e u tr a l  c o n s t i t u e n t s  

removed by e x t r a c t io n  w ith  e th e r .  B a s i f i c a t i o n  o f  the  

aqueous l a y e r  w ith  d i l u t e  sodium hydroxide s o l u t i o n  in  

the  c o ld ,  e x t r a c t io n  w ith  e th e r  and d i s t i l l a t i o n  gave  

l - a c e t o x y - l - ( 3  ' - d i e t h y la m in o p r o p - l - m v l )  c.yclopentane  

( l l g . ; 83$) a s  a c o lo u r l e s s  o i l  b .p .  7 6 ° /0 .2 m m .,

n^8 1.4722

(Found : N* 5*75 * 4^23^2^

req u ires:  : N, 5*9 $) *

C y c l i s a t i o n s

l - A c e t o x y - l - ( 3  ' -d ie th y la m in o p r o p - l  ' - y n y l ) c.yclopentane  

(8 g . )  was h ea ted  under r e f l u x  f o r  f i v e  hours w ith  form ic  

a c id  ( I 5 g . )  and p h osp horic  a c id  (3 g . );  the  r e a c t io n  

m ix tu r e  r a p id ly  darkened* A f te r  b e in g  c o o le d ,  the



m ixtu re  was d i l u t e d  w ith  water then  e x tr a c te d  w ith  

e th e r  (4 x 50 c . c . ) ;  the combined e th e r  e x t r a c t s  

were washed w ith  d i l u t e  sodium carbonate s o l u t i o n  and 

w a te r ,  d r ie d  and eva p orated . D i s t i l l a t i o n  gave  

b i c y c l o  [ 3 : 3 : 0 ] o c t ~ l ( 5 ) - e n - 4 - o n e  ( 0 . 3 g . ;  7$) b .p .

1 2 2 ° / l5 m m ., n ^  1 .5 2 2 6  (Cope and S c h m itz ^  g iv e  

n 25D 1 .5 2 0 2 ) .  The sem iearbazone o f  t h i s  product m elted  

u n sh a rp ly  a t  ca . 205° (Cepe and S c h m itz ^  g iv e  m .p.

230 — 2 3 2 .2 ° )  even a f t e r  r ep ea ted  c r y s t a l l i s a t i o n ;  t h i s  

s u g g e s t s  con tam in ation  o f  th e  product w ith  the  u n c y c l i s e d  

d i v i n y l  k e to n e .  The 2 :4~d in itrop h en y lh yd ra zo n e  was 

r e a d i l y  p u r i f i e d  by chromatography (benzene -  alumina) and 

c r y s t a l l i s e d  from a lc o h o l  -  e th y l  a c e t a t e  i n  red  n e e d le s  

m.p* 1 9 6 °;  l i g h t  a b s o r p t io n  i n  e th a n o l  X  m a x ., 3800A°

( 6 =  2 7 ,5 0 0 )  and 2550A° ( 0 =  1 6 ,5 0 0 ) .

(Pound : JST, 1 8 .7 5  . cl4 % 4 ° 4 ]sr4

req u ires:  : M, 1 8 .5  $ )  •

N e u t r a l i s a t i o n  o f  th e  a c id  aqueous la y e r  w ith  

c o n c e n tr a te d  ammonia s o lu t io n  gave an o i l  which was 

e x t r a c t e d  w ith  e th e r .  E vaporation  and d i s t i l l a t i o n  

gave l - ( 3 ' - d i e t h y l a m in o p r o p - 1 ' - y n y l ) c y n l o p e n t - l - e n e

(5 g .  ;; Qlfo) a s  an a lm ost c o lo u r le s s  o il.  b .p .  5 ? ° / 0 .2  

mm., n^6 1 .4995*
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The prod u ct was very  s e n s i t i v e  to  l i g h t  and 

decomposes q u ic k ly  in  a i r ;  good a n a l y t i c a l  f i g u r e s  

were o n ly  o b ta in a b le  when the  a n a l y s i s  was c a r r ie d  out  

im m ed ia te ly  a f t e r  d i s t i l l a t i o n ,

(Pound : ET, 7 .9 5  .

r e q u ir e s  t N, 7 .9  i° ) .

When a m ixture o f  1 - ( 3  ' -d ie th y la m in o p r o p -1 ' -y n y l )  

c y c l o p e n t - l - e n e  (5g*)*  form ic  a c id  ( 1 0 g . ) ,  phosphoric  

a c id  (5 g » ) and m ercuric  a c e t a t e  ( 0 * 5 g .} was h e a te d  

under r e f l u x  fo r  fou r  h o u r s ,  then  worked up a s  i n  th e  

above cogn ate  p r e p a r a t io n ,  i t  gave the same b ic .yc lo  

[ 3 : 3 : 0 ] o c t - l ( 5 ) - e n - 4 - o n e ( 0 * 2 g * ; 6 $ ) ,  b .p .  128°/L 6  mm,,

n | °  1 .5 2 3 0 .



b io y c lo  [ 5 13 :0 ]D ec~7-en-9-on(

3 -K eto -l-p h th a lim id Q b u ta n e .

A m ix tu re  o f  p h th a lim id e  ( I 8 g * ) ,  f r e s h l y  dist^jj^ed  

anhydrous m ethyl v in y l  k e ton e  ( 8 . 7 g . ) and b e n z y l t r im e t h y l -  

ammonium hydroxide  (3 c * c . )  in  e th y l  a c e t a t e  (70 c .c * )  

was h e a ted  and s t i r r e d  a t  60°0 fo r  h a l f  an hour; no 

apparent change was observed  and the ph tha lim id e  

remained suspended in  s o l u t i o n .  When the tem perature  

o f  the  m ix tu re  was r a i s e d  to the  b o i l i n g  p o in t  o f  the  

s o l v e n t ,  th e  su sp en s io n  d isap p eared  and the s o l u t i o n  

became c le a r  a f t e r  ten  m in u tes;  s t i r r i n g  and h e a t in g  

was con tin u ed  fo r  a fu r th e r  20 m in u tes .  E vaporation  to  

d ryn ess  under reduced p r e ssu re  gave 3—k e t o - l -p h t h a l im id o -  

butane as  a c o lo u r l e s s  s o l i d  (24g .»  90$ )  which c r y s t a l l i s e d

from a lc o h o l  in  c o lo u r l e s s  rhombs m*p* 1 1 2 ° .  The product

was p r a c t i c a l l y  in s o lu b le  in  e th e r  and m oderate ly  s o lu b le

i n  h o t  w a ter ,

(Pound : C,  66*3 ; H, 5*26 ; B , 6*7 • ^12^11^3^

r eq u ire s .  : C, 6 6 .3  $ E, 5 .0 6  ; B, 6 * 4 $ ) .



The 2 :4 —d in itrop h en y lh yd razon e  c r y s t a l l i s e d  from 

a l c o h o l - e t h y l a c e t a t e  m ixture  in  l i g h t  orange prism s  

m .p . 1 7 6 ° .

(Pound : C, 54 .63  ; H, 3 .3  I  B, 1 7 .7 8  . ci 8 ffl 5 ° 6 H5

r e q u ir e s  : C„ 54 .15  ; H, 3 .7  ; B, 1 7 .6 3 $ ) .

3 :3 —(E th y le n e d io x y )~ l~ P h th a l im id o h u ta n e .

3 -K e to - l -p h th a l im id o b u ta n e  ( l 5 g . ) >  e th y le n e  g l y c o l  

( 6 . 5 g . )  and to lu e n e - js - su lp h o n ic  a c id  ( 0 . 2 g . )  i n  dry  

benzene (300 c . c . )  we re  h e a ted  under r e f l u x  fo r  th r ee  

hou rs in  an apparatus equipped f o r  autom atic  water  

s e p a r a t io n .  A f te r  b e in g  c o o le d ,  the benzene s o l u t i o n  

was washed w ith  d i l u t e  sodium carbonate  s o l u t i o n  

f o l lo w e d  by w ater , d r ied  and the  s o lv e n t  d i s t i l l e d  o f f .

The s o l i d  r e s i d u e ,  3 : 3 - ( e t h y le n e d io x y ) - l - p h t h a l im id o -  

butane ( l 5 g .*  83$ ) *  c r y s t a l l i s e d  from a lc o h o l  in

c o l o u r l e s s  prism s m .p. 1 2 2 ° .  The mixed m .p. w ith  th e  

s t a r t i n g  m a te r ia l  was 1 0 0 -1 0 5 ° .

(Pound s C, 6 4 .8  j H, 5 .7  j 1 ,  5 .2  .  C^H^O^B

req u ires; : 0 ,  6 4 .7  * H, 5 .7  ; B, 5 . 3 $ ) .

Treatment o f  the  k e t a l  w ith  warm 2 :4 -d in i t r o p h e n y l~  

h y d ra z in e  r e a g e n t  gave the same 2 :4 -d in itr o p h en y lh y d r a zo n e  

d e sc r ib e d  above.



3 : 3 - ( Ethy1 en e d io x y ) b u t  y  1 am in  e .

The fo r e g o in g  phthalimido-compound ( l 5 g . ) and 

h y d ra z in e  h y d ra te  (100$ ; 3 g . )  i n  w ater  (250 c . c . )

were h e a te d  under r e f l u x  u n t i l  a l l  the  s o l i d  had 

d i s s o l v e d  (4 0 -5 0  m in u te s ) .  To the co o led  m ix tu r e ,  

d i l u t e  sodium hydroxide s o lu t io n  was added and the  

aqueous s o l u t i o n  e x tr a c te d  c o n t in u o u s ly  w ith  e th e r  f o r  

two d a y s . E vaporation  and d i s t i l l a t i o n  gave 3 s 3 - ( e t h y l e n e -  

d io xy )  buty lam in e  ( 5 .6  g .  ; 7 8 .5 $ )  a s  a c o lo u r l e s s  o i l ,

b . p .  1 2 1 - 2 °/l00 m m ., n ^  1 .4 4 6 0 .

The product was c h a r a c te r is e d  by i t s  2 : 4 - d i n i t r o -  

phenyl d e r iv a t iv e , 'w h ic h  c r y s t a l l i s e d  from a lcoh ol,  

i n  l i g h t  y e l lo w  p r ism s, m .p . 1 1 6 -1 1 8 ° .

(Pound : C, 48 .6 7  ; H, 5 .2 3  > B, 1 4 .2 2  • Gi 2 Hl5^)6^3

req u ires .  : C, 4 8 .67  ; H, 4 .7  ? B, 1 4 .1 $ ) .

B—(Methoxycarbony1 ) - 5 : 5 - ( e th y le n e d io x y )  b u ty la m in e .

3 :3 - (E th y le n e d io x y )  butylam ine ( l . 3 g . )  was 

d i s s o l v e d  i n  e th e r  (15 c . c . )  and the s o lu t io n  co o led  to  

0°0; m ethyl ch loro form ate  ( l g . ) J  and a s o lu t io n  o f  

d i l u t e  sodium hydroxide ( 0 . 4 g . ) in  w ater (4 c . c . )  were 

then  added dropw ise from sep a r a te  dropping fu n n e ls  w ith
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c o n t in u o u s  shaking* A fte r  10-15  m in u te s ,  the  e th e r e a l  

l a y e r  was se p a r a ted  and th e  aqueous la y e r  was e x tr a c te d
w i r h

t w ic e / lO  c*c* o f  e th e r .  The combined e th e r  s o l u t i o n s  

were th en  d r ie d  over anhydrous potassium  carbonate  

and ev a p o r a te d . D i s t i l l a t i o n  gave F -(m eth ox ycarb on y l) -  

3*3—( e t h y l  en ed ioxy )  butylam ine ( 1 .6  g . ; 84#) a s  a

c o l o u r l e s s  v i s c o u s  w a t e r - s o lu b le  o i l ,  b .p .  1 4 8 -1 5 0 /l6 m m ., 

n | 2 1 .4 5 3 8 .

(Pound : C, 49 .8 7  j H, 7 .5 0  ; K, 7 .4 8  . C gH ^O ^

r e q u ir e s  : 0,, 5 0 .2  j E f 7 .9  ; F* 7 .4  # ) .

The corresp o n d in g  2 r4 -d in itro p h en y lh y d ra zo n e  

c r y s t a l l i s e d  from m ethanol in  l i g h t  y e l lo w  s i l k y  n e e d le s  

m .p . 1 2 1 ° .

(Found : C, 44*5 * H* 4 .8 2  j F> 2 1 .6 4  . G12H1 5 <̂6' 5̂

r e q u ir e s  r 0 ,  4 4 .3  » H, 4 .6 1  ; 1 ,  2 1 .5 3 # ) .

A ttem pted D ir e c t  P re p a r a t io n  o f  F-(Ethoxycarbon.y]>~5- 

ke to b u fv la m in e .

A m ixtu re  o f  urethane ( 8 . 9 g . ) »  f r e s h l y  d i s t i l l e d  

m eth yl v in y l  ketone  ( 7 g . ) ,  in  e th y l  a c e t a t e  (50 c . c . )  was 

s t i r r e d  and h ea ted  g r a d u a lly  u n t i l  the tem perature o f  the  

s o l u t i o n  reached 60°C. Benzyltrim ethylam m oniu^ hydroxide

(3 c . c . )  was added and the  s t i r r i n g  was con tin u ed  w h ile  

th e  tem perature o f  the s o l u t i o n  was kept a t  60 0 o fo r
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20 m in u te s .  E vaporation  o f  the s o lv e n t  under reduced  

p r e s s u r e  gave a c o lo u r l e s s  gum ( 8 . 5 g . ) which s o l i d i f i e d  

on c o o l i n g  and was proved to  he the  unchanged ureth ane  

(m .p . and mixed m .p . ) .

R e p e t i t i o n  o f  the  experim ent w ith  s t i r r i n g  and 

h e a t in g  under r e f l u x  fo r  40 m in u tes  a ffo rd ed  o n ly  the  

unchanged u re th a n e .

4r4—(E th y le n e d io x y )  p en ta n o ic  h y d r a z id e .

A m ixture  o f  e th y l  4 ? 4 - (e th y le n e d io x y )  p en tan oate  

(lO O g.) and h yd raz in e  hydrate  (100$ ; 3 5 g .)  was h ea ted

under r e f l u x  fo r  fou r  hours; the s o lu t io n  became 

homogeneous a f t e r  45 m in u tes .  D i s t i l l a t i o n  gave 

4 : 4 - (e th y le n e d io x y )  p e n ta n o ic  hyd razide  ( 8 0 g . ; 87$) as

a c o lo u r l e s s  v i s c o u s  o i l ,  b .p .  142 ° /0 .4m m ., which s o l i d i f i e d  

on c o o l in g  to a mass o f  prism s m .p. c a .  3 4 ° .  The 

su b sta n ce  was ex trem ely  h y g r o sc o p ic .

(Round : C, 4 6 .6 5  ; H, 7*7 ; F , 1 6 .3 0  .

r e q u ir e s  : C, 4 8 .2  ; H, 8 .0  ; h ,  1 6 .0 9 $ ) .

The corresp on d in g  m eth y lb en zy lid en e  -  d e r iv a t iv e  

(prep ared  from th e  h yd razide  by h e a t in g  w ith  acetophenone)  

c r y s t a l l i s e d  from a lc o h o l  in  c o lo u r l e s s  n e e d le s  m.p.

98 -  1 0 0 ° .
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(Pound : C, 6 5 .3 6  5 H, 6 .7 0  } N, 1 0 .3 4  . c 15S20°3 ir2

r e q u ir e s  0 , 6 5 .2  ; H, 7 .2  ; K, 1 0 . 14$ ) .

1 -  (Me tk oxy  ca rb o n y l) - g : 3 - ( e th y l  e n e d io x y ) b u ty l am ine.

A m ix tu re  o f  th e  fo r e g o in g  h yd razid e  ( 6 0 g . ) and 

sodium n i t r i t e  ( 6 0 g . ) ,  in  w ater (150  c .c * )  was covered  

w ith  e th e r  (120 c . c . )  and c o o le d  to  -5 °C . An i c e - c o ld  

s o lu t io n  o f  co n cen tra ted  su lp h u r ic  a c id  (33 g . )  in  w ater  

(120  c . c . )  was then  added w ith  o c c a s io n a l sh a k in g , 

a t  such a r a te  th a t  th e  tem perature o f  the m ix tu re  

rem ained betw een - 5 °  and 0°C. When the a d d it io n  was 

c o m p le te , the e th e r  la y e r  was decan ted  and th e  aqueous 

l a y e r  washed tw ice  w ith  fr e s h  e th e r .  The combined 

e th e r  e x tr a c t s  were d r ied  over anhydrous sodium su lp h a te  

a t  0 ° C .; a f t e r  the d ry in g  agen t had been f i l t e r e d  o f f ,  

m ethanol (100  c . c . )  was added and th e  e th e r  d i s t i l l e d  o f f .  

The r e s u l t in g  a lc o h o l ic  s o lu t io n  was then h ea ted  under 

r e f lu x  fo r  two h o u rs . Removal o f  the s o lv e n t  and 

d i s t i l l a t i o n  gave N -(m eth oxycarb on y l)- 3 : 3- (e th y le n e d io x y )  

b u ty lam in e ( 33g . ; 5 0 . 7$) as a c o lo u r le s s  v is c o u s

w a te r - s o lu b le  o i l ,  b .p .  1 4 2 °/l2 m m ., 98-100 /0 .4 m m .*

1 .4 5 3 0 ,  n^8 1 .4 5 5 5 . I t  was shown to  be id e n t i c a l
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w ith  th e  su b sta n c e  prepared above by m .p . and m ixed  

m*p. o f  i t s -  2 :4 —1d in itro p h en y lh y d ra zo n e .

3$—E i t r  o s o-E —(me thoxycarbony1 ) - 3 : 3 —( e th y l  enedioxy) b u ty la m in e .

A m ixtu re  o f  l- (m e th o x y c a r b o n y l) -3 s3 -(e th y le n e d io x y '/ 

b u ty lam in e  ( lO g .)*  sodium n i t r i t e  ( 6 0 g .) ,  crushed i c e  

( lO g .)  and w ater  (80 c . c . )  were covered w ith  e th er  (30 c . c . )  

and c o o led  to  0 ° .  A c o ld  s o lu t io n  o f  co n cen tra ted  n i t r i c  

a c id  (20  c .c * )  in  w ater (30  c . c . )  was th en  added s lo w ly  

from a dropping fu n n e l, the end o f  which was dipped in  

th e  aqueous la y e r .  The s o lu t io n  was shaken o c c a s io n a l ly  

and th e  tem perature was k ep t below  5°* A fte r  the  

a d d it io n  was com p lete , the top e th er  la y e r  which a cq u ired  

a deep b lu is h -g r e e n  co lo u r  was sep ara ted  and the aqueous 

l a y e r  washed tw ic e  w ith  f r e s h  e th e r . The combined e th e r  

s o lu t io n s  were washed w ith  co ld  co n cen tra ted  potassium  

b ic a r b o n a te  s o lu t io n  and d r ied  over  anhydrous sodium  

s u lp h a te  a t  0 ° .  E vap oration  o f  th e  e th e r  a t  room 

tem perature, under reduced  p ressu re  gave a p ink  co lou red  

v is c o u s  o i l  ( lO g .)  which decomposed on attem pted  

d i s t i l l a t i o n ;  t h i s  product was used  as such fo r  th e  

r in g  exp an sion  ex p er im en ts.
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2 j 2 ' i 2 ' *  E tiiy len e—d io x y p ro p y l) cy c lo h ep ta n  - 1-o n e .

The fo r e g o in g  H -nitroso-com pound ( lO g .) was added 

drop w ise  to  a s t i r r e d  m ixture o f  c y c lo h exanone (O g*), 

a b s o lu te  a lc o h o l (20  c .c * )  and f r e s h ly  ig n i t e d  p otassium  

carb on ate  ( 3g . ) , a t  such a rate, th a t  th e  tem perature o f  

th e  r e a c t io n  m ixtu re  d id  n ot r i s e  over  28°• The c o lo u r  

o f  th e  m ix tu re  changed g r a d u a lly  to  orange and 900 c .c*  

o f  n itr o g e n  were c o l le c t e d  a f t e r  f i v e  hours ( t h e o r e t ic a l :

1 0  3 0  c . c .  ) # A fte r  rem oval o f  th e  potassium  carbonate  

by f i l t r a t i o n ,  the a lc o h o l was d i s t i l l e d  o f f  and water 

added. E x tr a c t io n  w ith  e th e r  and d i s t i l l a t i o n  gave th e  

f o l lo w in g  f r a c t io n s .

a) b .p *  40- 8 0 ° / l 6mm. ( 3 . 4g«)

b) b .p .  8 2 -8 6 ° /0 * 2  mm. ( 6g .)

E r a c tio n  fb r was y e llo w  in  c o lo u r  and gave a p o s i t iv e  

L a ssa ig n e  t e s t  fo r  n itr o g e n . When t h i s  l iq u id  was taken  up 

in  ja: sm a ll volume o f  e th e r  and shaken up s e v e r a l tim es  

w ith  w ater then  d i s t i l l e d *  i t  gave a c o lo u r le s s  o i l  

(4*8g*» 48$) which gave a n e g a t iv e  L a ssa ig n e  t e s t  fo r

n it r o g e n ,  b .p .  9 4°/0 .3m m ., n^ 0 *5 1 .4 7 4 7 . In  s p i t e  o f  the

sharp b o i l i n g  p o in t  o f  t h i s  product no s a t i s f a c t o r y  

a n a ly t i c a l  f ig u r e s  were o b ta in ed .
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2—A c e to n y lc y c lo h e p ta n - l-o n e .

A s o lu t io n  o f  the fo r e g o in g  m a te r ia l ( 4 g .)  in. 

a lc o h o l  (20  c . c . )  was t r e a te d  w ith  an aqueous 5fo s o lu t io n  

o f  s u lp h u r ic  a c id  (5 c . c . )  th en  s e t  a s id e  o v e r n ig h t .  

D ilu t io n  w ith  w ater and e x tr a c t io n  w ith  e th e r  fo llo w e d  by 

d i s t i l l a t i o n  gave 2- a c e t o n y lc y c lo h ep ta J i-l—one ( 2 . 5g . ;

80 fo) a s  a c o lo u r le s s  o i l ,  b .p .  1280/l2 m m ., n ^  1 . 4700 .

(Found : 0 , 6 9 .7 2  ; H, 9 .0 3  .  ai o H16°2

req u ires: : C, 7 1 .4  > E , 9 .5  f° ) .

b i  cy c lo  [5 :5 :0  JDe c^7~en~9- o n e .

A m ixtu re  o f  2 ~ a c e to n y lc y c lo h e p ta n - l-o n e  ( 2 g . ) ,  

an aqueous 5$  s o lu t io n  o f  potassiu m  hydroxide (150  c . c . )  

and e th y l  a lc o h o l (10  c . c . )  was h ea ted  under r e f lu x  fo r  

th r e e  h o u rs . At th e  end o f  t h i s  p e r io d , the r e a c t io n  

m ix tu re  was steam d i s t i l l e d  and th e  d i s t i l l a t e  e x tr a c te d  

w ith  e th e r .  E vap oration  and d i s t i l l a t i o n  gave b ic y c lo  

[ 5 i 3 : 0 ]d e c -7~ e n -9~one ( l . 3 g .  f l ^ f )  a s  a c o lo u r le s s  o i l ,  

b .p .  1 1 8 -1 2 0 °/l6 m m ., n^ 9 1 . 5212 .

(Found : C ,  7 9 . 6 ;  E , 8*9 .  ̂ io% 4^

r e q u ir e s  s C, 80*0 ; H, 9 .5 $ ) .
.  O

L ig h t a b so rp tio n  in  e th a n o l X m ax ., 2890 A (& = 186)
o

and 2330 A ( & = 1 2 ,5 9 0 ) .



The 2 : 4 -d in itro p h en y lh y d ra zo n e  c r y s t a l l i s e d  from  

a lc o h o l - e t h y l  a c e ta te  in  red  n e e d le s  m .p. 1 8 4 ° - 185 °

(LLoyd and R ow e^ g iv e  h .p .  94°/2mm. t 2 j4  d in itr o p h e n y l-  

hydrazone m .$ . 18 5 ° fo r  t h i s  k e to n e ) .

(Found : C, 5 9 .3 1  ; E , 5 .5 1  ; E , 1 7 .1  . Cl 6 E180 4R4

r e q u ir e s  : C,' 5 8 .1  ; H, 5 .4 5  ; E , 1 6 . 96$ ) .

L ig h t  a b so rp tio n  in  e th a n o l A m ax ., 3880 A ( 6  = 2 6 ,7 5 0 )

The sem iearbazone c r y s t a l l i s e d  from a lc o h o l in  p la t e s  

m .p . 220- 222 ° .

(Found s E, 2 0 .0  . ^11^17°  ^3

r e q u ir e s  s E , 2 0 .2 $ ) .

g e n e r a l R ing E xpansion and C y c l is a t io n  P roced ure.

I t  i s  n o t n e c e ssa r y  fo r  th e  p r e p a r a tio n  o f  th e  M c y c l i c  

k e to n e s  to  i s o l a t e  any o f  th e  in te rm e d ia te s*  The 

p r e p a r a tio n  may th u s be m o d ified  as f o l lo w s .

The E -nitroso-com pound ( lO g .) was added from a dropp ing  

fu n n e l to  a s t i r r e d  m ixtu re  o f  the keton e (5 -7 g o ) , 

a b s o lu te  a lc o h o l (20  c . c . )  and anhydrous potassium  

ca rb o n a te  ( 2- 4g . ) ,  a t  such a r a te  th a t  th e  tem perature  

o f  th e  r e a c t io n  m ixtu re  rem ained betw een 2 0 -5 0 ° . Between  

800 -1000  c . c .  o f  n itr o g e n  were c o l le c t e d  a f t e r  f i v e  h o u r s .



84

On rem oval o f  th e  potassium  carbonate by f i l t r a t i o n ,  

th e  m ix tu re  was tr e a te d  w ith  an aqueous 5$  s o lu t io n  

o f  su lp h u r ic  a c id  (10  c . c . )  th en  l e f t  o v e r n ig h t . A fte r  

a d d it io n  o f  w a te r , the s o lu t io n  was sa tu r a te d  w ith  

ammonium su lp h a te  and e x tr a c te d  w ith  e th e r .  The 

p rod u ct was g iv e n  a rough d i s t i l l a t i o n  to  remove 

unchanged k e to n e , then  tr e a te d  w ith  a l k a l i .  A fte r  

steam  d i s t i l l a t i o n ,  the f i n a l  product was i s o la t e d  w ith  

e th e r  and d i s t i l l e d .

4 - iso p r o p .y lb ic y c lo  [5 :3 :0  Jd ec-7- e n - 9-o n e .

R ing exp an sion  o f  4 - is o p r o p y lc y c lo h exanone 

and c y c l i s a t io n  o f  the in te r m e d ia te  d ik eto n e  w ith  alkali, i  

fu r n ish e d  4- i s o p r o p y lb ic y c lo  [ 5 : 3 : 0 ]d e c -7-e n ~ 9~one (28$)  

a s  a c o lo u r le s s  o i l ,  b .p .  1 3 6 -1 3 9 ° / l 8mm., n ^  1 .5 0 8 5 .

The f : 4-d in itr o p h en y lh y d r a zo n e  c r y s t a l l i s e d  from 

a lc o h o l - e t h y l  a c e ta te  in  red  n e e d le s  m .p . 1 4 2 -1 4 4 ° .

On b e in g  chromatographed on a lo n g  alum ina column, on ly  

one band was ob served ; the m e lt in g  p o in t o f  th e  prod u ct  

a f t e n  e lu t io n  and c r y s t a l l i s a t i o n  was the same.

(Found : C, 6 1 .4 4  ; H, 6 .5 8  5 H, 1 4 .9 0  .

req u ires; : C, 6 1 .2 8  $ 6 .4 5  % 1 5 * 0 $ ) .

l i g h t  a b so rp tio n  in  e th a n o l \  max. , 3880 A

C& = 2 9 , 0 0 0 ) .



4—M e th y lh ic y c lo  [5 :5 :0  ld e c -7—e n -9-o n e .

E xpansion  o f  4 -m eth y lc y c lo h exanone and c y c l i s a t io n  

o f  th e  in te r m e d ia te  d ik eto n e  as d e sc r ib e d  above gave  

4-m e th y lb i o y c lo [ 5 s3 : 0 ] de c - 7—e n -9-o n e  ( 52$) a s  a c o lo u r le s s  o i l  

L*p* 12 4 °/l6 m iJ i.

(Pound t C, 80*4 I H, 9*4 • ^11^16^

r e q u ir e s  : C, 80*4 j E, 9*7$)*

The 2 :4 -d in itr o p h en y lh y d r a zo n e  c r y s t a l l i s e d  from  

a lc o h o l - e t h y l  a c e ta te  in  red  n e e d le s  m*p* 155—157°•

On b e in g  chromatographed on a lo n g  alum ina column , o n ly  

one hand was observed  and th e  m e lt in g  p o in t  o f  the  

p ro d u ct was th e  same, j

(Pound : C, 59*10 ; H, 6*11 ; E, 16*29 . ^X7^20^4^4 I

r e q u ir e s  : C, 59*30 ; E, 5*81 l E, 16 * 2 7 $ ).
O ;

L ig h t a b so r p tio n  in  e th a n o l \  m a x ,, 5880A 

( 6  = 2 8 , 9 0 0 )*

The sem iearbazone c r y s t a l l i s e d  from eth an o l in

p l a t e s  m*p* 222—224°* .

(Pound : 1 ,  18*85 * C12S19OT5

r e q u ir e s  i E , 1 9 * 0 0 $ ).
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6 -M eth y lb ic .y c lo  [ 5 s 3 sO Id ec -T -en -9 -o n e .

R ing exp an sion  o f  2-m e th y lc y c lo h exanone and 

c y c l i s a t i o n  o f  th e  in te rm e d ia te  d ik eton e  a s  in  the above 

co g n a te  r e a c t io n  fu r n ish ed  a sm all amount o f  a k e to n ic  

m a te r ia l  which gave a red 2 : 4-d in itr o p h e n y lh y d r a z o n e .

T h is  l a t t e r  was chrom atographed (benzene—alum ina ) ; 

o n ly  one band was observed  and the product a f t e r  e lu t io n  

c r y s t a l l i s e d  from a lc o h o l — e th y l  a c e ta te  in  red  n e e d le s  

m .p . 128 - 1 3 0 ° .

(Found : C, 59*51 H, 6.06: ; F , 1 6 .2 0  .

r e q u ir e s  : 0 , 59*30 ; K, 5*81 * F , 1 6 .2  tfo) .

L ig h t a b so rp tio n  in  e th a n o l \  m ax ., 3880A (& =  2 7 ,9 0 0 ) .

A ttem pt P rep a ra tio n  o f  2 : 6-L im e th y lb ic y c lo  [5 s5 tO ld e e7 -e n -9 -o n e

R ing exp an sion  o f  2 : 6-d im eth y l  c y c lo h exanone and 

c y c l i s a t i o n  o f  th e  product w ith  a l k a l i  gave o n ly  ta r s j  

m ost o f  th e  2 1 6-d im e th y l c y c lo h exanone was recovered  

unchanged.



R ed u ctio n  o f  b ic y c lo [5 ;3 :Q 3 L e c -7 ~ e n -9 -o n e .

C a t a ly t ic  H ydrogen ation .

b ic y c lo  [5 :3:0]L ec> -7-en-9~on e (90 m g.) in  m ethanol 

(30 o . o . )  was su b je c te d  to  h yd rogen ation  in  p r e sen ce  o f  

p a lla d iu m  ch arcoa l (5f° ; 5 m g); 1 4 .5  c . c .  o f  hydrogen

( t h e o r e t i c a l  fo r  one double bond, 1 4 .3  c . c . )  were 

absorbed  a f t e r  15 m in u tes a t 21°/760mm. A fte r  b e in g  

f i l t e r e d ,  the a lc o h o l ic  s o lu t io n  was tr e a te d  w ith  

m eth yl a lc o h o l ic  s o lu t io n  o f  sem icarb azid e  a c e ta te  and 

th e  r e s u lta n t , sem iearbazone c r y s t a l l i s e d  from m ethanol in  

c o lo u r le s s  n e e d le s  m .p . 1 9 8 -1 9 9 ° . H eating  t h i s  

sem iearbazone w ith  an a lc o h o l ic  s o lu t io n  o f  2 :4— 

d in itr o p h e n y lh y d r a g in e  su lp h a te  gave th e  corresp en d in g  

2 r4^ d in itro p h en y lh y d ra zo n e  which c r y s t a l l i s e d  from  

a lc o h o l  in  o r a n g e -y e llo w  n e e d le s  m .p. 125- 1 26 ° .

(Found : C, 5 8 .1 2 ; H, 6 .2 4  ; F , 1 7 .0  C16H200 4W4

r e q u ir e s  : C, 57*83; H, 5 .0  ; H, 1 6 .8 6 $ )•

L ith ium  and L iq u id  Ammonia R ed u ction s

b ic y c lo  [ 5 : 3 rO ]Dec-7- e n - 9~one (150 m g.) in  e th e r  

(5 c o c •) was added to  a s o lu t io n  o f  l ith iu m  (100  m g.)



in  l iq u id  ammonia (50 c . c . ) .  A fte r  h a l f  an h o u r 's  

s ta n d in g , ammonium c h lo r id e  was added and the ammonia 

was l e f t  to  e v a p o ra te . E x tr a c tio n  w ith  e th e r  gave an 

o i l  w hich was con verted  d i r e c t ly  to  the sem iearbazone  

w hich  c r y s t a l l i s e d  from e th a n o l in  c o lo u r le s s  p la t e s  

m.p* 2 2 1 -223° ( P la t t n e r ,  E urst and J irasek^  gave m .p. 

2 2 2 -2 2 3 °  fo r  th e  sem iearbazone o f  th e ir  k e to n e ) .

T ransform ation  o f  the sem iearbazone to  the  

co rresp o n d in g  2 :4 -3 in itro p h e n y lh y d ra z o n e  by th e  method 

d e sc r ib e d  above gave the l a t t e r  d e r iv a t iv e  which 

c r y s t a l l i s e d  from e th a n o l in  two polym orphic form s; 

red  sh ea v es o f  n e e d le s  were ob ta in ed  on slow  c r y s t a l l i s a t i o n  

and y e llo w  p la t e s  were formed by rap id  c o o lin g  o f  th e  

s o lu t io n .  Both the red and the y e llo w  m o d if ic a t io n s  

p a r t i a l l y  m elted  a t  129- 130 ° then r a p id ly  r e s o l i d i f i e d  to  

a mass, o f  y e llo w  n e e d le s  which m elted  sh a rp ly  a t  1 3 8 ° .

(Found : C ,  58.3 ; K, 5*98 ; F* 17.0. C - ^ H ^ O ^
requires : C * 57*8 ; IT* 6.0 ; F, 16.86$) 0



PART XX.

ATTEMPTED SYHTHESIS OF THE IFDACEFES.



ATTEMPTED SYNTHESIS OE

THE INDACEEES.

(a )  H is t o r ic a l  and T h e o r e t ic a l

H ith e r to  th e  azu len e  system  i s  th e  s o le  example o f  

a stru ctu re: p o s s e s s in g  arom atic p r o p e r t ie s  which c o n ta in s  

a five-m em bered  r in g  fu n c t io n in g  a s an in t e g r a l  p a r t o f  

th e  r e s o n a t in g  n u c le u s . However, many such system s can 

be e n v isa g e d  on paper. Among th e se  are th e  two c lo s e ly  

r e la t e d  s t r u c tu r e s  sym m etrical ( s )  and asym m etrical (a s )  

in d a c e n e .

( l a ) ( l b )

2

0

7

3

4

\ \

6 5

( I I  a ) ( l i b )



3 2R e c e n t ly , Brown has concluded from m olecu lar

o r b i t a l  c a lc u la t io n s  th a t  th ere  i s  no t h e o r e t ic a l  "barrier 

to  th e  e x is t e n c e  o f  th e se  two compounds. H is d e d u ctio n s  

a ls o  p r e d ic te d  th a t £}-indacene should  be the more s t a b le ,  

a r e s u l t  w hich i s  a lso  e x p lic a b le  on th e  b a s is  o f  

r eso n a n ce  co n cep ts ; th u s the two most s ta b le  c o n tr ib u t in g  

form s o f  s - in d a c e n e  ( la )  and ( lb )  are e q u iv a le n t , w hereas 

th e  co rresp o n d in g  s tr u c tu r e s  fo r  a s-in d a cen e  ( I la )  and

( l i b )  are  n o n -e q u iv a le n t .
33In  1927 Ion escu  rep o rted  th e  i s o l a t io n  o f  a dark 

g r e e n , h ig h ly  in s o lu b le ,  h igh  m e lt in g  compound (A) from 

th e  prod u ct o f  the in t e r a c t io n  o f  benzoquinone and 

a c e ty la c e to n e  in  p y r id in e . On the b a s is  o f  a n a ly t ic a l  

f i g u r e s  (on th e  a lcoh o l-w ash ed  crude product! ) he 

con clu d ed  th a t  th e  compound (A) was 1? 3 -d ia c e ty l-2 :6 -d ih y d r o x y  

js-in d a cen e  (IV ); h i s  mechanism o f  form ation  o f  t h i s  

p rod u ct in v o lv e d  a double M ichael a d d it io n  o f  the  

a c e ty la c e to n e  to  the double bonds o f  the benzoquinone  

fo llo w e d  by

C O C H 3

CO-CHj

cm)



c o c h 3

( I V )

d eh y d ra tio n  o f  th e  d ie n a l form o f  the in te rm e d ia te  ( I I I )  

and su b seq u en t dehydrogenation  to  th e  js-indacene (IV ).

I'rom th e  p o in t  o f  v iew  o f  an in v e s t ig a t io n  o f  

s y n t h e t ic  r o u te s  to  s - in d a c e n e , compound (A) i s  o b v io u s ly  

an a t t r a c t iv e  s t a r t in g  m a ter ia l and i t  was d ec id ed  to  

a c c e p t  t e n t a t iv e l y  lo n e  scu*s s tr u c tu r e  as a working  

h y p o th e s is .  Compound (A) was prepared a cco rd in g  to  

I o n e s c u 's  d ir e c t io n s ,  a lthou gh  the r e a c t io n  was found 

to  be tem peram ental, and h i s  d e s c r ip t io n  o f  i t s  p h y s ic a l  

p r o p e r t ie s  was confirm ed . A ttem pts were then  s ta r te d  to  

"s tr ip "  th e  n u c le u s  o f  i t s  s u b s t itu e n t  group in gs in  order  

to  o b ta in  the b a s ic  s-in d a cen e  s tr u c tu r e . M anipu lation  

o f  th e  compound proved very  d i f f i c u l t  because o f  i t s



t o t a l  i n s o l u b i l i t y  in  n e a r ly  a l l  organ ic  so lv e n ts , but 

i t s  s l i g h t  s o l u b i l i t y  in  h o t p y r id in e  su g g es ted  th e  

p o s s i b i l i t y  o f  rem oving th e  a c e t y l  groups by means o f  a 

Beckmann rearrangem ent o f  the oxime fo llo w e d  by 

h y d r o ly s is  and d eam ination .

C O C H 3 — >- H O N - C - C H ,  — -  N H C O - C H j

NH* H

Treatm ent o f  (A) w ith  hydroxylam ine h y d ro ch lo r id e  

in  h o t  p y r id in e  fu r n ish ed  a dark red  c r y s t a l l in e  

compound which decomposed w ith ou t m e lt in g . A n a ly s is  

d id  n o t  agree  w ith  th a t  exp ected  from e ith e r  a monoxime 

or a d iox im e o f  s tr u c tu r e  (IV) but corresponded w ith  

th e  e m p ir ic a l form ula Hg Og* Beckmann 

rearrangem ent o f  t h i s  product gave a tr a c e  o f  amorphous 

m a te r ia l  w hich cou ld  not be s a t i s f a c t o r i l y  p u r if ie d .  

T h is r o u te  was th e r e fo r e  n o t fu r th e r  in v e s t ig a t e d .



D r a s t ic  z in c  dust r e d u c tio n  o f  compound (A) was 

th en  a ttem p ted  in  order to tr y  and remove a l l  th e  

oxygen fu n c t io n s  o f  the compound s im u lta n e o u s ly . F usion  

o f  (A) w ith  a m ixture o f  z in c  c h lo r id e , sodium c h lo r id e  

and z in c  d u st gave a dark v i o l e t  c r y s t a l l in e  compound (B) 

w hich  was m od erate ly  s o lu b le  in  o rg a n ic  s o lv e n ts  to  g iv e  

s o lu t io n s  w ith  a b r ig h t  red  f lu o r e s c e n c e . The a n a ly t ic a l  

f ig u r e s  o f  t h i s  su b stan ce  corresponded to  no f e a s ib l e  

form ula  in v o lv in g  carbon, hydrogen and oxygen o n ly .

The com parative s o l u b i l i t y  o f  compound (A) in  

p h osp h or ic  a c id  su g g ested  the employment o f  t h i s  a c id  

a s  s o lv e n t  fo r  a m ild er  z in c  d u st r e d u c tio n . The 

p rod u ct in  t h i s  case  seemed id e n t ic a l  w ith  compound (B) 

o b ta in ed  a s  above by the z in c  m elt method and p o sse sse d  

an id e n t i c a l  a n a ly s is .

At t h i s  p o in t  i t  was d ecid ed  to  attem pt a r ig o r o u s  

p u r i f i c a t io n  o f  compound (A) b e fo re  embarking on fu r th e r  

d e g r a d a tio n s . T his p r o c e ss  was g r e a t ly  f a c i l i t a t e d  by 

th e  d is c o v e r y  th a t  p art o f  the product sublim ed in  h igh  

vacuum le a v in g  a b lack  n o n - v o la t i le  r e s id u e ,  th u s  

d em o n stra tin g  c o n c lu s iv e ly  the h e te r o g e n e ity  o f  Io n e s c u f s 

m a te r ia l .  T h is v o l a t i l e  component (which was h ig h ly



94

c r y s t a l l i n e )  cou ld  a lso  be e x tr a c te d  by h ig h  b o i l in g  

s o lv e n t s  such a s d ie th y l  p h th a la te  and d ie th y l  m alonate  

to  le a v e  the same b lack  amorphous r e s id u a l  m a ter ia l#  

S u r p r is in g ly ,  the v o l a t i l e  and n o n - v o la t i le  su b sta n ces  

gave a lm o st id e n t ic a l  carbon and hydrogen f ig u r e s  which  

were v e ry  c lo s e  to th o se  req u ired  fo r  the p o s tu la te d  

j3 -indacene s tr u c tu r e  (IV ) . At t h i s  p o in t  a sodium  

fu s io n  t e s t  fo r  n itr o g e n  was c a r r ie d  out and was found  

to  be s t r o n g ly  p o s i t iv e  b oth  fo r  the v o l a t i l e  and 

n o n - v o la t i l e  components. R e c a lc u la t io n  o f  the a n a ly t ic a l  

f i g u r e s  on t h i s  b a s is  gave the em p ir ica l form ula  

°11 E7 FO2 and t h i s  was confirm ed by n itr o g e n  a n a ly s is ;  

th e  m o lecu la r  form ulae fo r  the two components are  

o b v io u s ly  d i f f e r e n t  m u lt ip le s  o f  t h i s  b a s ic  form ula. On 

t h i s  b a s i s  th e  product o f  ox im ation  i s  a monoxime,

^11 ®2* i'ile a n a ly s is  found. Both

th e  z in c  m elt and z in c -p h o sp h o r ic  a c id  r ed u c tio n  p rod u cts  

now agree  w ith  th e  form ula Cg RO in  which one a c e ty l  

group has been rep la ced  w ith  hydrogen.

N O H

( c 9h 4 n o ) c - c h 3 - —  (c 9 h 4 n o ) c o c h 3 — * ( c 9 h 4 n o ) h





The in f r a -r e d  sp ec tra  o f  th e  v o l a t i l e  component 

o f  (A) (N u jo l m u ll) and o f  the r ed u c tio n  product (B)

( i n  carbon d is u lp h id e )  were too  complex to  a ffo r d  any 

u s e f u l  in fo r m a tio n  a lthou gh  b oth  showed a s tr o n g

benzene n u c le u s .

The b u ild in g  up o f  p rod u cts o f  em p ir ica l form ula

and p y r id in e  i s  n o t a t  a l l  an ob v iou s p r o c e s s .  The 

u n r a v e l l in g  o f  the c o n s t i t u t io n  o f  th e se  p r o d u cts , 

a lth o u g h  o f  g r e a t p o t e n t ia l  i n t e r e s t ,  was o b v io u s ly  a 

lo n g  term p r o je c t  and, s in c e  th ey  were f a i r l y  c e r ta in ly  

n o t  in d a c e n e s , i t  was d ec id ed  to  abandon fu r th e r  

in v e s t i g a t io n  on them.

An ob v iou s ro u te  to the in d a cen es in v o lv e s  the  

d eh yd rogen ation  o f  the r e q u is i t e  hydroarom atic carbon 

s k e le t o n .  The s y n th e s is  o f  a ketone o f  t h i s  typ e ( V)  

h a s  been  r e c e n t ly  rep orted  by the fo l lo w in g  r o u te  from 

in d a n e ^ .

cfcp-unsaturated carbonyl band a t  1 6 6 0 c m .a n d  an in te n s e  

band a t  750cm  ̂ p o s s ib ly  a t t r ib u ta b le  to  a d is u b s t i tu t e d

c i i  H— NOg from the u n i t s  benzoqu inone, a c e ty la c e to n e  

f 0 2Et

COiEt



Clemmensen r e d u c tio n  o f  t h i s  k eton e  gave th e  p aren t  

compound t r i v i a l l y  named s-h yd rin d acen e  (V I) .

Por th e  purpose o f  co n v ersio n  to: j3-indacene i t  

was deemed d e s ir a b le  to  s t a r t  from a h yd rin dacen e

c o n ta in in g  a substituent in both five-membered rings 
w hich cou ld  be readily converted into a double bond



to  g iv e  a compound o f  typ e (V II);  t h i s  n eed s o n ly  a 

l o s s  o f  two hydrogen atoms to  be con verted  in to  s—in d a c e n e .

( V I I )

The o n ly  d o u b ly -s u b s t itu te d  hydrindacene o f  t h i s  typ e

r ec o r d e d  ( T i l l )  h a s  been  r e p o r ted  by K uggli 

em ployed th e  fo l lo w in g  r o u te .

who

° H C  C H O

I IH02C \ ^ C 0 2H

h o 2c c h 2 c h 2c o 2h

o
c c r \ ^ ' c o

o
/

H 0 2CHCCH / ^ C H = C H C 0 2H M eC 02 (CH2)2

— —  I  ]  t i) h 2

HOzC ^ ' V ' C O jH

(CH2)2C 0 2 Me 

M e 0 2C C 0 2 Me

MeOjC C 0 2Me

(V III)
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As i s  seen  th e  r o u te  i s  v e ry  te d io u s  and u s e s  a 

co m p a ra tiv e ly  in a c c e s s ib le  s t a r t in g  m a te r ia l .  In  ord er  

to  procu re a s im ila r  type o f  compound more e a s i l y  

th e  f o l lo w in g  r o u te  was in v e s t ig a t e d .

% r C H 2 CH2 C 0 2K

( X ) C x i )

The r e a d i ly  a v a i la b le  £ -p h e n y le n e d ip r o p io n ic  a c id  

was h e a te d  w ith  p o lyp h osp h or ic  a c id  in  an a ttem p t to  

c lo s e  b o th  five-m em bered r in g s  to  g iv e  th e  d ik eto h y d r in d a cen e

(X I ) . The s o le  product how ever, was th e  indanone (IX)
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o n ly  one such c y c l i s a t io n  h a v in g  o ccu rred . The

c o n s t i t u t io n  o f  th e  compound was confirm ed by Clemmensen

r e d u c t io n  to  th e  known in d a n ep ro p io n ic  a c id  (X ) . A ll

a tte m p ts  to  a c h ie v e  the fu r th e r  c y c l i s a t io n  o f  th e

indanone (IX) w ere u n s u c c e s s fu l;  t h i s  i s  no doubt

due to  th e  d e a c t iv a t in g  e f f e c t  o f  th e  n e ig h b o u r in g

e le c t r o n - a t t r a c t in g  carbonyl group on th e  benzene n u c le u s .

Another p o s s ib le  r o u te  to  s - in d a c e n e  was th en  t r i e d

usin g; th e  r e a d i ly  prepared  adduct o f  benzoqu inone w ith
36two m o le c u le s  o f  c y c lo p e n ta d le n e  .

O

O

KMnCU

C O 2H

( X I I ) ( XI I I )

Br O  Br OH

(i) Aq s a l t  1 -1 ►
(li) Br2

( X I V ) ( X V )



ICO

O x id a tiv e  f i s s i o n  o f  th e  double bonds o f  th e  adduct 

(X II) sh ou ld  y i e l d  th e  t e t r a c a r b o x y l ic  a c id  ( X I I I ) , 

H u n sd ieck er d eg ra d a tio n  o f  which sh o u ld  fu r n is h  the  

c o rr esp o n d in g  tetrab rom id e  (X IV ). Removal o f  fo u r  

m olecu le©  o f  hydrogen bromide from t h i s  compound 

sh ou ld  t h e o r e t i c a l ly  produce compound (X ? ), a 

d ih y d ro x y -js -in d a cen e .

A l l  a ttem p ts  a t  d ir e c t  o x id a t io n  o f  th e  adduct

(X II) w ith  potassiu m  perm anganate, sodium  

perm anganate /  carbon d io x id e ,  and n i t r i c  a c id  

f a i l e d  a s  th e  m o lecu le  seemed to  undergo com p lete  

d e g r a d a tio n . As t h i s  was. th ou ght to  be due to  th e  

c o m p a r a tiv e ly  l a b i l e  c e n tr a l  c y c lo h exane—1 s4—d ion e  r in g ,  

t h i s  p o r t io n  o f  th e  m o lecu le  was arom atised  w ith  

p a l la d is e d  ch a rco a l in  a c e t i c  anhydride to  the  

c o rresp o n d in g  d ia c e t a t e  (X V I).

CH CH

OAC

CHCH

O

( X V I )



1 0 1

O A C

C H CH

O A C

( X V I )

c o 2h
O  C O

C O — o  c o 2 h

C H O  ? AC C H O

C H O  OA C  C H 0

C O 2H 0 A C  c o 2 h

C 0 2H O A C  c ° 2 n



D ir e c t  o x id a t io n  o f  t h i s  d e r iv a t iv e  w ith  sodium  

perm anganate b u ffe r e d  by carbon d io x id e  g a v e , in  one 

c a s e ,  a sm a ll y i e l d  o f  an a c id ic  m a te r ia l  w ith  an 

a n a ly s i s  com p atib le  w ith  th e  d i la c t o n ic  s t r u c tu r e  

(XVII) bu t th e  p r o c e ss  was n o t r e p r o d u c ib le .

An in d ir e c t  method o f  o x id a t io n  was th en  t r i e d  

on th e  arom atised  compound (X V I). The double bonds 

were h y d ro x y la te d  by osmium t e t r o x id e  -  hydrogen

p e r o x id e  to  y i e l d  th e  amorphous t e t r o l  (X V III ) .
37G ly co l f i s s i o n  w ith  sodium b ism u th a te  y ie ld e d  a  

s o lu t io n  w hich gave the a ld e h y d ic  r e a c t io n s  t h a t  

would be ex p ected  from th e  p rodu ct (X IX ). I s o l a t i o n  

o f  t h i s  t e tr a -a ld e h y d e  proved im p o s s ib le ,  h ow ever, 

and th e  w hole r e a c t io n  m ix tu re  was th en  o x id is e d  

w ith  s i l v e r  o x id e  in  ord er  to  o b ta in  the t e t r a —a c id  

(XX). A ttem pts to  I s o la t e  th e  e x tr em e ly  w a te r -  

s o lu b le  p rodu ct by e s t r i f i c a t i o n  gave o n ly  t a r s .

( X X I )  ( x x i i ) ( X X  I I I )
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In  an attem p t to  procure a d e r iv a t iv e  o f  

a s - in d a c e n e ,  d i c y c lo p e n te n y l (XXI) was condensed
XQ

w ith  m a le ic  anhydride to  g iv e  th e  adduct (X X II).

D eh yd rogen ation  o f  t h i s  compound a f f e c t e d  o n ly  the

six-m em bered r in g  to  y i e l d  th e  b en zen o id  d e r iv a t iv e

(X X III) • More d r a s t ic  d eh yd rogen ation  l e d  o n ly

to  d eco m p o sitio n  p r o d u c ts . An a ttem p t to  brom inate

th e  five-m em bered  r in g s  in  (X X III) was made u s in g

carb on  te tr a b r o m id e , a r e a g e n t  s p e c i f i c  fo r  s u b s t i t u t in g
39carbon atoms a d ja c e n t to  a benzene r in g  • Only 

ta r r y  p r o d u cts  were o b ta in e d , how ever.
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IHTEKACTIOH BETWEEH 

BENZQQUINONE AID ACETYLACET ONE IF  PYRIPIHB.

Benzoquimone ( 2 0 g . ; 2 m o l s . ) was d is s o lv e d  in  dry

p y r id in e  (25 c .  c . )  and a c e ty la c e to n e  ( lO g . ; 1 m o l.)  was

added in  sm a ll p o r t io n s  w ith  c o o lin g  and sh a k in g . A fte r  

th e  a d d it io n  o f  h a l f  o f  the a c e t y la c e t o n e , the c o lo u r  o f  

th e  p y r id in e  s o lu t io n  changed to  dark b ro w n ish -red  and 

most; o f  the benzoquinone d is s o lv e d  -w ith  much e v o lu t io n , o f  

h e a t .  F in a l ly ,  a f t e r  th e  a d d it io n  was c o m p le te , th e  

s o lu t io n  became v is c o u s  and a cq u ired  a dark b row n ish -  

v i o l e t  c o lo u r . A fte r  b e in g  c o o le d  a t  0°C . fo r  one d a y , 

th e  r e a c t io n  m ix tu re  was d i lu t e d  w ith  a lc o h o l  (7 0 -8 0  d . d . )  

and th e  s o lu t io n  was f i l t e r e d .  The r e s u l t in g  s o l i d  was
i

w ashed s e v e r a l  tim es  w ith  c o ld  then  w ith  b o i l i n g  a lc o h o l .

The prod u ct (1 g . ) ,  c o n s is t e d  o f  dark g reen  n e e d le s  

w hich d id  n o t m e lt  up to  3 6 0 ° ,  and was p r a c t i c a l l y  

in s o lu b le  in  m ost o f  the o r g a n ic  s o lv e n t s .  H owever, i t  

was s p a r in g ly  s o lu b le  in  h o t p y r id in e ,  n itr o b e n z e n e , e th y l  

p h th a la te  and e th y l  m alonate to  g iv e  an in t e n s e  v i o l e t  

s o lu t io n .  C r y s t a l l i s a t io n  from the l a t t e r  two s o lv e n t s  

gave m inu te dark green  n e e d le s ;  th e  v i o l e t  c o lo u r  o f



th e  h o t  s o l u t i o n  faded on c o o l in g  and s ta n d in g  f o r  some time*  

An i n s o l u b l e  r e s id u e  remained a f t e r  c o n t in u a l  e x t r a c t i o n  

o f  th e  crude m a te r ia l  w ith  th e s e  s o l v e n t s .  The su b s ta n c e  

d i s s o l v e d  i n  c o n c e n tr a te d  su lp h u r ic  a c id  and p h osp h or ic  

a c id  w ith  a dark green  c o lo u r  and was r e p r e c i p i t a t e d  

unchanged on d i l u t i o n  w ith  w a te r .  S u b lim a t io n  a t  

3 2 0 ° / 0 . 2mm., fu r n is h e d  dark green  n e e d l e s  t o g e t h e r  w ith  

a c o n s id e r a b le  n o n - v o l a t i l e  b la c k  r e s id u e  ( c a .  50$ ) .

The green  su b lim a te  (A) showed a l l  th e  p r o p e r t i e s  

d e s c r ib e d  above: and on r e s u b l im a t io n  no r e s id u e  was l e f t .

B oth  th e  sublim ed compound and th e  b la c k  r e s id u e  gave  

a s t r o n g ly  p o s i t i v e  L a ss a ig n e  t e s t  f o r  n i t r o g e n .

[Found : C, 71*62; H, 4*41 * H, 7*80 (crude m a t e r ia l )

0 , 7 1 .1 9 ;  H, 3*85 ; W, 7*28 (su b lim ed  m a t e r i a l )

C11  ®7 °2  F  
r e q u i r e s  : C, 7 1 .3  $ E , 3*7 ; H, 7 .5

I o n e s c u rs p o s t u la t e d  s t r u c tu r e  

r e q u ir e s  : Cr 71*6 ; E, 4*48 fo ]

The b la c k  r e s id u e  was c o m p la te ly  i n s o l u b l e  i n  h o t  

p y r i d i n e ,  n i t r o b e n z e n e ,  e t h y l  p h th a la te  e t c . ;  i t  was 

s o l u b l e  i n  c o n c e n tr a te d  su lp h u r ic  a c id  and p h o sp h or ic  a c id  

and was r e p r e c i p i t a t e d  on d i l u t i o n  w ith  w a te r .  A n a ly s i s  

o f  th e  crude green  m a te r ia l  b e f o r e  su b l im a t io n  was a lm o st



th e  same as  a f t e r  su b lim a tio n ;  a f a c t  which s u g g e s t s  

t h a t  th e  b la c k  r e s id u e  may p o s s i b l y  p o s s e s s  a s t r u c t u r e  

a l l i e d  to  t h a t  o f  the g reen  su b lim a te  b u t  d i f f e r s  i n  

th e  number o f  s t r u c t u r a l  u n i t s  per m o le c u le .

A ttem pted  R ed u ction  o f  the  Green Compound (A ) .

( i )  C a t a ly t i c  H yd rogen ation ;

The green  m a t e r ia l  ( 0 . 5 g . )  i n  h o t  p y r id in e  (25 c . c . )  

was s u b je c te d  to  h y d ro g en a tio n  i n  p r e sen ce  o f  p la tinu m  

o x id e ;  a very  sm a ll  volume o f  hydrogen w as absorbed  

o v e r  a p e r io d  o f  th r e e  hours: and f i n a l l y  a b s o r p t io n  

s top p ed  c o m p le te ly .  The su b sta n ce  was r e c o v e r e d  unchanged.

( i i )  H y d r o su lp h ite  R ed u ct io n s

The green  su b stan ce  (5Q m g.) was added to  a m ix tu r e  

o f  d i l u t e  sodium h yd rox id e  and sodium h y d r o s u lp h i t e  

s o l u t i o n .  A f te r  b e in g  warmed, the  m a t e r ia l  changed  

c o lo u r  g r a d u a l ly  to  dark b lu e .  The r e s u l t i n g  dark 

b lu e  s o l i d  d id  n o t  m e lt  up to  360 °; i t  was s p a r in g ly

s o l u b l e  i n  e t h y l  m alonate  w ith  a f a i n t  b lu e - g r e e n  c o lo u r  

and a b r ig h t  green  f lu o r e s c e n c e .
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( i i i ) Huang Minion R e d u ct io n :

A m ix tu re  o f  the green m a t e r ia l  ( 0 o5 g . )> t r i e t h y l e n e  

g l y c o l  (10  c . c . ) ,  s o l i d  sodium h yd rox id e  ( l * 6g . ) and 

9 h y d ra z in e  h y d ra te  s o l u t i o n  (2  c . c . )  was H eated under  

r e f l u x  f o r  one h ou r. The condenser  was th en  removed  

and th e  tem perature  was r a i s e d  to  2 0 0 ° .  A f t e r  b e in g  

c o o le d ,  the r e a c t i o n  m ixture, was poured in to  w ater . A 

t r a c e  o f  a brown amorphous p r e c i p i t a t e  was c o l l e c t e d  on  

a f i l t e r ;  the f i l t r a t e  had a b l u i s h - v i o l e t  c o lo u r .

On e v a p o r a t io n  o f  th e  f i l t r a t e  under reduced p r e s s u r e ,  

t a r s  were o b ta in e d .

( i v )  Zinc M elt R e d u c t io n :

The green  m a t e r ia l  ( 4 g . ) was ground w ith  z in c  d u st  

( 4 . 8 g . )  th e n  sodium c h lo r id e  ( 4 . 8 g . ) was in tr o d u c e d  and 

the whole mixture, f i n e l y  ground t o g e t h e r .  T his m ixture  

was t r a n s f e r r e d  to  a 250 c . c .  c o n ic a l  f l a s k ,  mixed w ith  

f r e s h l y - f u s e d ,  p u lv e r is e d  z in c  c h lo r id e  ( 2 8 g . ) and about  

8 -1 0  drops o f  w ater were added. The r e a c t i o n  m ix tu re  was 

heatedl g r a d u a l ly  up to  300° w ith  c o n t in u o u s  s t i r r i n g .  At 

t h i s  p o i n t ,  f r o t h in g  took  p la c e  and th e  tem perature was 

k ep t a t  300° f o r  5 m in u te s .  A f te r  b e in g  c o o le d ,  the  

r e a c t i o n  m ixture  was b o i l e d  w ith  w ater  ( 200c . c . )  and
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th e n  e x tr a c t e d  c o n t in u o u s ly  w ith  b en zen e . The benzene  

e x t r a c t  a cq u ired  a dark r e d - v i o l e t  c o lo u r  w i t h  a b lu e  

f l u o r e s c e n c e .  A f t e r  b e in g  d r ie d  and c o n c e n tr a te d ,  th e  

benzene s o l u t i o n  was chromatographed over  a lum ina u s in g  

benzene a s  a d e v e lo p in g  s o lv e n t ;  a deep b lu e  band was 

o b ta in e d  which on e l u t i o n  gave a dark v i o l e t  s o l i d  

( 0 .2  g . ) .  R e c r y s t a l l i s a t i o n  from b e n z e n e - l i g h t  

p etro leum  (b .p*  40- 6 0 °) (1 :1 ) gave dark v i o l e t  s i l k y  

n e e d l e s  which d id  n o t  m e lt  up to  360° .

The product was s o lu b le  i n  m ost o r g a n ic  s o lv e n t s ;  

i t  d i s s o l v e d  i n  c o n c e n tr a te d  p h osp h or ic  a c id  and 

r e p r e c i p i t a t e d  on d i l u t i o n  w ith  w ater .

(Round : 0 ,: 7 5 .5  ; H, 3 .9  ; I ,  9*6  . CgB^KO

req u ires:  : C, 7 5 .5  ; H, 3 .8  ; M, 9 . 7 # ) .

(V) Zinc and P hosp horic  Acid R e d u ct io n :

The green  m a t e r ia l  ( i g . ) was d i s s o lv e d  i n

c o n c e n tr a te d  p h osp hor ic  a c id  (100  c . c . )  then  sm all p i e c e s

o f  g r a n u la te d  z in c  m eta l were added and th e  s o l u t i o n  was 

h e a te d  a t  1 2 0 ° f o r  s i x  hours w ith  the  fr e q u e n t  a d d i t io n  

o f  f r e s h  p i e c e s  o f  z in c .  At th e  end o f  t h i s  p e r io d ,  

th e  s o l u t i o n  was c le a r  and had a l i g h t  b lu e -g r e e n  c o lo u r .



C o o lin g  and d i l u t i o n  w ith  w ater (300 c . c . )  f u r n is h e d  a 

dark b lu e  s o l i d  which was e x tr a c t e d  c o n t in u o u s ly  w ith  

e th e r ;  th e  e th e r  e x t r a c t  a cq u ired  a dark b lu e  c o lo u r  

w ith  a b r ig h t  red  f l u o r e s c e n c e .  E vap o ra tio n  o f  the  

e th e r  s o l u t i o n  gave a dark v i o l e t  s o l i d  which was 

sub lim ed  a t  200°/Q*2mm., and was i d e n t i c a l  i n  p r o p e r t i e s  

and a n a l y s i s  w ith  the v i o l e t  compound o b ta in ed  from th e  

z in c  m e lt  experim ent d e s c r ib e d  above.

(Pound : C, 7 5 .3 3  ; ff, 3 .3 3  ; E, 1 0 .0  . C ^ E O

r e q u ir e s  : C, 7 5 .5  ; H, 3.8. ; E, 9 . 7 # ) .

Attem pted O x id a tio n  o f  th e  Green Compound (A ) .

( i )  P otass iu m  Permanganate O x id a t io n :

A su sp en s io n  o f  the  green m a te r ia l  ( O . l g . ) in  

b o i l i n g  a c e to n e  (50  c . c . )  was t r e a t e d  w ith  a h o t  5#  

s o l u t i o n  o f  potassium  permanganate in  a ce to n e  u n t i l  the  

c o lo u r  o f  the  permanganate p e r s i s t e d .  Sulphur d io x id e  

gas  was then  passed  in t o  the s o l u t i o n  and the p r e c i p i t a t e d  

s a l t s  were f i l t e r e d  and washed th o r o u g h ly  w ith  h o t  a c e to n e .  

The combined aceton e  s o l u t i o n s  were then  evap ora ted  to  

d ry n ess ;  no r e s id u e  was o b ta in e d .  The in o r g a n ic  s a l t s  

were d i s s o l v e d  in  a v e ry  sm all amount o f  w a te r ,  a c i d i f i e d



w ith  d i l u t e  su lp h u r ic  a c id  and e x tr a c te d  w ith  e th e r .  

E va p oration  o f  the  e th e r  e x t r a c t  gave no r e s id u e .

When th e  experim ent was r e p e a te d  w ith  p ota ss iu m  

permanganate i n  a c e t i c  a c id ,  s im i la r  r e s u l t s  were o b ta in e d .

( i i )  P e r su lp h u r ic  A cid  O x id a t io n :

A su sp e n s io n  o f  the green  m a te r ia l  (0 .5 g « )  in  h o t  

g l a c i a l  a c e t i c  a c id  (150  c . c . )  was t r e a t e d  w ith  

c o n c e n tr a te d  su lp h u r ic  a c id  ( l  c . c . )  and potassium  

p e r s u lp h a te  ( 4 g . )  and the r e a c t io n  m ix tu re  h e a te d  under  

r e f l u x  f o r  th r e e  h o u r s .  The c o lo u r  o f  th e  m ix tu re  a t  th e  

b e g in n in g  was dark green  w ith  a f a i n t  v i o l e t  f lu o r e s c e n c e  

which changed s lo w ly  to  brown—red and f i n a l l y  to  y e l l o w i s h -  

brown* Most o f  th e  a c e t i c  a c id  was removed under reduced  

p r e s s u r e ,  w ater  was added and th e  aqueous s o l u t i o n  

e x tr a c te d  c o n t in u o u s ly  w ith  e th e r .  E va p ora tion  o f  

th e  e t h e r  e x t r a c t  gave no r e s id u e .

( i i i )  P erform ic  Acid O x id a t io n ;

The green  m a te r ia l  ( O . l g . )  was added to  a m ix tu re  

o f  fo rm ic  a c id  (30  c . c . )  and hydrogen p ero x id e  (3  c . c . ) .  

A fte r  b e in g  h eated  fo r  about tw enty m in u te s ,  the  r e a c t i o n



m ix tu r e  was d i l u t e d  w ith  water; th e  substance, was 

r e c o v e r e d  unchanged.

( i v )  C oncentrated  E i t r i c  Acid O x id a t io n ;

The green  m a te r ia l  ( 0 . 5 g . )  was covered  w ith  

c o n c e n tr a te d  n i t r i c  a c id  ( 3 -4  c . c . ) ;  a v ig o r o u s  r e a c t i o n  

s t a r t e d  a f t e r  a few  se co n d s .  A f t e r  the r e a c t i o n  

su b s id ed  the  r e a c t i o n  m ixture  was h e a ted  fo r  about 

th r e e  m in u tes  then  poured in t o  w ater  and c o o le d .  The

brown-red p r e c i p i t a t e  (60 mg.) was f i l t e r e d  o f f ;  i t  d id

n o t  m e lt  up to  3 6 0 ° .  I t  was s o lu b le  in  d i l u t e  sodium  

b ic a r b o n a te  s o l u t i o n  w ith  e f f e r v e s c e n c e  and was: 

p r e c i p i t a t e d  on a d d i t io n  o f  d i l u t e  n i t r i c  a c id .  A d d it io n  

o f  an aqueous s o l u t i o n  o f  barium n i t r a t e  to  a m ethyl  

a l c o h o l i c  s o l u t i o n  o f  th e  product gave a b u f f  p r e c i p i t a t e  

which m ight have been the  co rresp o n d in g  barium s a l t .

Eo s a t i s f a c t o r y  method o f  p u r i f y in g  the compound cou ld  

be found.

A c t io n  o f  Brom ine;

A d d it io n  o f  bromine to  a h o t  s o l u t i o n  o f  the  green  
ac i d

m a t e r ia l  in  a c e t i c / g a v e  a brown c o lo u r  which changed



q u ic k ly  to  v io le t -b r o w n .  E vap ora tion  o f  th e  s o lv e n t  

gave a t r a c e  o f  a b r o w n -v io le t  s o l i d  which d id  n o t  

m e lt  up to  350°*

O xim ation o f  th e  green  Compound (A ).

The green  compound ( 0 . 5 g . )  and hydroxylam ine  

h y d r o c h lo r id e  ( 0 . 5g . ;  4 m o les)  in  dry p y r id in e  (30  c u e . )

were h e a te d  a t  1 0 0 ° fo r  th r e e  hours; the  c o lo u r  o f  th e  

r e a c t i o n  m ix tu re  changed from green  to  dark v i o l e t - r e d .  

A fte r  removal o f  p y r id in e  under reduced  p r e s s u r e ,  the  

r e s id u e  was e x tr a c te d  w ith  ch loroform ; the  ch loroform  

s o l u t i o n  was washed s e v e r a l  t im es  w ith  w a ter , d r ie d  and 

d i s t i l l e d .  The r e s id u a l  dark red s o l i d  ( O . l g . ) 

c r y s t a l l i s e d  from d i l u t e  p y r id in e  i n  dark red pr ism s which  

d id  n o t  m e lt  up to  3 5 0 ° .  The su b s ta n c e  decomposed  

v i o l e n t l y  when h e a ted  over  a d i r e c t  flam e and was s o lu b le  

i n  d i l u t e  sodium hyd rox id e  s o lu t io n  w ith  red c o lo u r .

The s o l u t i o n  i n  a lc o h o l  showed a b r ig h t  crimson  

f l u o r e s c e n c e .

(Pound : C, 6 3 .9 3  ; H, 4 .3 0  ; E , 1 4 .4 6  .

. (monoxime)

r e q u ir e s  : C, 6 6 .0  ; E , 4 .0  ; E , 1 4 .0  # ) .



Attem pted Beckmann Rearrangement o f  th e  Oxime:

The oxime ( 0 . 3 g . ) was t r e a t e d  w ith  85#  s u lp h u r ic  

a c id  (6  c . c . )  and the m ix tu re  h e a ted  f o r  few secon d s on  

the  f la m e .  A f te r  b e in g  c o o le d  and d i l u t e d  w ith  w ater

(75  c . c . ) ,  the  r e a c t io n  m ixture  was h e a te d  under r e f l u x

f o r  f i v e  hours then f i l t e r e d .  The f i l t r a t e  was made

n e u t r a l  w ith  d i l u t e  sodium hydroxide  s o l u t i o n  and the  

p r e c i p i t a t e d  s o l i d  was c o l l e c t e d  on a f i l t e r .  The 

produ ct was b lu e - b la c k  in  c o lo u r  and d id  n o t  m e lt  up to  

3 5 0 ° .  I t s  s o l u t i o n  in  a lc o h o l  showed a b r ig h t  b lu e  

f l u o r e s c e n c e .

(Pound : C, 5 0 .4  ; H, 4 .5  * F ,  3 .4  . G18H19°  ¥ 4

requires; : C, 5 0 .8  ; E, 4 .4  * F , 3 . 2 # ) .

Attem pted A c e t y la t io n  and B e n z o y la t io n  o f  the  Green 

Compound (A )♦

The g reen  su b sta n ce  (A) was r e c o v e r e d  unchanged a f t e r  

b e in g  h e a ted  under r e f l u x  w ith  a c e t i c  anhydride f o r  two 

h o u rs .  I t  was a ls o  r ec o v er ed  unchanged a f t e r  trea tm en t  

w it h  e x c e s s  b en zo y l c h lo r id e  i n  p y r id in e .



D ic v c lo o e n ta d ie n e q u in o r e  ( X I I ) .

T h is  was prepared a c c o r d in g  to the  d i r e c t i o n s  o f  

A l b r e c h t ^ .

Attem pt Degra&ative; O x id a tio n  o f  ( X I I ) .

( i )  P otassium  Perm anganate;

A s o l u t i o n  o f  potassium  permanganate ( 0 . 5 g . )  in  

a c e to n e  (15  c . c . )  was added to  a s o l u t i o n  o f  

d ic y c lo p e n ta d ie n e -q u in o n e  (0 . 2g . )  in  a c e to n e  (10  c . c . )  

and the m ixture  was h ea ted  under r e f l u x  f o r  h a l f  an hour.  

Sulphur d io x id e  was passed  in to  the s o l u t i o n ,  th e  

p r e c i p i t a t e d  s a l t s  were c o l l e c t e d  on a f i l t e r  and 

washed s e v e r a l  t im e s  w ith  a c e to n e .  When th e  f i l t r a t e  

and th e  w ashings were combined and evap o ra ted  no 

s o l i d  r e s id u e  was o b ta in e d .  D i s s o lu t i o n  o f  the  

p r e c i p i t a t e d  s a l t s  in  water and subsequent a c i d i f i c a t i o n  

y i e l d e d  no i d e n t i f i a b l e  p rod u ct.

( i i )  Sodium Permanganate-Carbon D io x id e : 

D icy c lo p en ta d ien eq u in o n e  ( l g . ) was d i s s o l v e d  in

benzene (6 c . c . )  and water (40 c . c . )  was added. A
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s te a d y  stream  o f  carbon, d io x id e  was p assed  in t o  the  

s t i r r e d  m ix tu r e  w h ile  a 15$  s o l u t i o n  o f  sodium  

permanganate (30  c . c , )  was added a t  such a  r a t e  th a t  

th e  tem perature o f  th e  m ix tu re  remained helow  30 ° ♦

When the a d d i t io n  was co m p le te ,  su lph ur d io x id e  was 

p a sse d  in j  the  r e s u l t i n g  c l e a r  s o l u t i o n  was a c i d i f i e d  

w ith  d i l u t e  s u lp h u r ic  a c id  and e x tr a c te d  w ith  e th e r  

(3 x 50 c . c . ) .  The combined e th e r  e x t r a c t s  were d r ie d ,  

then  e v a p o ra ted . No c r y s t a l l i n e  m a te r ia l  was o b ta in e d .

( i i i ) N i t r i c  Acid ( 5 0 $ ) ?

D ic y c lo p e n ta d ie n e q u in o n e  ( I g . ) was covered  w ith

50$  (V/V) n i t r i c  a c id  ( 6  c . c . ) .  The r e a c t io n  m ix tu re  

became warm and a v ig o r o u s  r e a c t io n  took  p l a c e .  The 

m a te r ia l  seemed to be c o m p le te ly  o x i d i s e d .

( i v )  G lyco l Formation (H y d r o x y la t io n ) :

To a s o lu t io n  o f  d ic y c lo p e n ta d ie n e q u in o n e  ( l g . ) i n  

t e r t i a r y  b u ta n o l (10  c . c . )  was added a 10$  s o l u t i o n  

o f  hydrogen p er o x id e  i n  t e r t i a r y  b u ta n o l  ( 5 . 6. 0 . )  

f o l lo w e d  by two drops o f  a s o l u t i o n  o f  osmium t e t r o x i d e  i n  

t e r t i a r y  b u ta n o l .  The m ixture  was warmed on th e  steam



b a th  f o r  few  secon d s whereby m ost o f  th e  d ic y c lo p e n t a d ie n e ­

qu inon e  d i s s o l v e d  and the r e s u l t i n g  s o l u t i o n  k e p t  a t  

0° o v e r n ig h t .  Removal o f  th e  s o lv e n t  under reduced  

p r e s s u r e  gave a c o l o u r l e s s  amorphous s o l i d  which was 

s o l u b l e  in  w ater  and in  a lc o h o l  but cou ld  n o t  be 

c r y s t a l l i s e d .  The product m elted  over a v e r y  wide r a n g e .

The D ia c e t a te  (XVI).

D ic y c lo p e n ta d ie n e q u in o n e  ( 5 g . ) ,  p a l l a d i s e d  ch a rco a l  

( 0 . 2g . ; 10$) and a c e t i c  anhydride (80 c . c . )  were h ea ted

under r e f l u x  f o r  two h o u r s .  A f te r  b e in g  f i l t e r e d ,  the  

s o l u t i o n  was d i l u t e d  w ith  w ater  and c o o le d ;  the  

p r e c i p i t a t e d  s o l i d  ( 2 . 8 g . )  c r y s t a l l i s e d  from e th y l  

a c e t a t e  i n  l e a f l e t s  m .p. 235° .

D egrad a tiv e  O x id a tio n  o f  (XYI).

( i )  Potassium  Perm anganate;

To a warm s o l u t i o n  o f  (XYI) ( 0 . 2 g . ) i n  ace to n e  

(.10 c . c . )  was added a 5$  s o l u t i o n  o f  potassium  permanganate  

i n  a c e to n e  (10  c . c . )  and the m ix tu re  warmed on th e  steam  

b<ath f o r  20 m in u te s .  Sulphur d io x id e  was p a sse d  in t o  

the  c o o le d  s o l u t i o n  and the p r e c i p i t a t e d  s a l t s  f i l t e r e d  

and washed w ith  h o t  a c e to n e .  On e v a p o r a t io n  o f  the
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combined a c e to n e  s o l u t i o n s  a t r a c e  o f  an a c i d i c  m a te r ia l  

was o b ta in e d .

( i i )  Sodium Permanganate -  Carbon D io x id e :

A s o l u t i o n  o f  (XVI) ( 3 g . )  in  benzene (20 c . c . )  was 

poured in to  a 500 c . c .  f l a s l :  c o n t a in in g  w ater  (150  c . c . )  

and a s te a d y  stream o f  carbon d io x id e  was p a s se d  i n .

A 15$ s o l u t i o n  o f  sodium permanganate was added w ith  

v ig o r o u s  s t i r r i n g  a t  sucb a r a t e  th a t  th e  tem perature  

o f  th e  r e a c t io n  m ixture  remained below  5 0 ° .  When the  

r e a c t io n  was com plete ( p e r s i s t a n c e  o f  th e  permanganate  

c o l o u r ) , a stream o f  su lphur d io x id e  was p a ssed  in to  

the m ix tu re  and the  c l e a r  s o l u t i o n  was a c i d i f i e d  w ith  

d i l u t e  su lp h u r ic  a c id .  E x tr a c t io n  w ith  e th e r  (4 x 50 c . c . )  

and e v a p o r a t io n  gave a b u f f  co lo u red  s o l i d  ( 0 . 1 g o) which  

c r y s t a l l i s e d  from e t h y l  a c e t a t e  i n  prism s m .p. 130°* The 

su b sta n ce  was s o lu b le  i n  d i l u t e  sodium carb on ate  s o l u t i o n  

and was p r e c i p i t a t e d  on a c i d i f i c a t i o n .

(Pound : C, 59*2 ; E , 4*68 . ^l6®io^8

r e q u ir e s  : C, 5 3 .2  ; E , 3 * 0 5 $ ) .

R e p e t i t io n  o f  th e  experim ent under th e  same c o n d i t io n s  

could  n o t  reproduce the above r e s u l t .



Hydroxvl ,a t io n  o f  (XVI) to. g l y c o l  (X V III ) .

The d i a c e t a t e  (XVI) ( l g . )  was covered  w ith  a 10$  

s o l u t i o n  o f  hydrogen p e r o x id e  in  t e r t i a r y  b u ta n o l  

(7  c . c . ) ;  two drops o f  osmium t e t r o x i d e  i n  t e r t i a r y  

b u ta n o l  were then added and the r e a c t i o n  m ix tu re  warmed 

f o r  a few se c o n d s .  The s o l u t i o n  was then  co o le d  and 

l e f t  a t  room tem perature o v e r n ig h t .  E vap oration  o f  

the  s o lv e n t  under reduced p r e ssu re  produced an a lm ost  

c o lo u r l e s s  amorphous s o l i d  ( 0 .6  g . ) .  The product was 

s o lu b le  in  w ater  and i n  a lc o h o l  but cou ld  n o t  be 

c r y s t a l l i s e d .  I t  m e lted  over a wide range a t  about  

20 0°.

Attempted E i s s io n  o f  G-lycol (X V III ) .

A m ixture  o f  the f o r e g o in g  g l y c o l  ( l g . ) ,  Analar  

sodium b ism u th ate  ( l g . ) ,  ph osp horic  a c id  ( 2 .5  c . c . )  and 

w ater  (15  c . c . )  was shaken in  a s to p p ered  b o t t l e  u n t i l  

the  bism uth compound was c o m p le te ly  red uced  (d isa p p ea ra n ce  

o f  the o r a n g e -y e l lo w  c o lo u r ) .  The b ism uth  ph osp hate  was 

removed by f i l t r a t i o n  and the  aqueous s o l u t i o n  e x tr a c t e d  

s e v e r a l  t im es  w ith  e t h e r .  E vap oration  o f  the  combined  

e th e r  e x t r a c t s  gave no r e s id u e  and i t  seemed th a t  th e



r e s u l t a n t  a ldehyd e remained i n  the aqueous s o l u t i o n .

T h is  l a t t e r  was then  shaken w ith  s i l v e r  o x id e  f o r  one 

hour then  s e t  a s id e  o v e r n ig h t .  E x tr a c t io n  w ith  

e th e r  a g a in  a f fo r d e d  no p rod u ct .  The aqueous la y e r  

was evaporated  a lm ost to d ryn ess  under reduced p r e s su r e ;  

a 3$  s o l u t i o n  o f  su lp h u r ic  a c id  in  m ethanol (20  c . c . )  was 

added to  the r e s id u e  and the  m ix tu re  h e a te d  under r e f l u x  

f o r  one h ou r . At the  end o f  t h i s  p e r io d ,  the  su lp h u r ic  

a c id  was n e u t r a l i s e d  w ith  sodium m ethoxide and th e  

p r e c i p i t a t e d  sodium su lp h a te  f i l t e r e d  o f f .  E v ap oration  

o f  the s o lv e n t  gave a ta r r y  r e s id u e .



In d a n - l~ o n e —6-p r o p io n ic  a c id  (IX)

In a f l a s k  p r o te c te d  from m o is tu r e ,  phosphorus  

p e n to x id e  ( 50g . )  was d i s s o l v e d  in  syrupy p h o sp h or ic  a c id  

(34  c . c . )  by s w ir l in g  and h e a t in g  on the  steam b a th  fo r  

h a l f  an hour. p -P h e n y le n e d ip r o p io n ic  a c id  ( l g . )  was 

th en  added and th e  c o n te n t s  o f  the  f l a s k  were h e a ted  

a t  100 ° f o r  fo u r  h o u rs , then  a t  1 3 0 ° f o r  one hour ; th e  

s o l u t i o n  became c le a r  and acq u ired  a b row n ish -red  c o lo u r .  

A f t e r  b e in g  c o o le d ,  the r e a c t io n  m ixture  was poured  

on to  i c e ,  d i l u t e d  w ith  w ater  and e x tr a c te d  s e v e r a l  

t im es  w ith  b en zen e . The combined benzene e x t r a c t s  

were washed w e l l  w ith  w a te r ,  d r ied  then  c o n c e n tr a te d .  

A d d it io n  o f  l i g h t  petroleum  ( b .p .  4 0 -6 0 ° )  gave y e l l o w i s h  

c r y s t a l s  ( 0 . 6 g . ) .  B o i l i n g  w ith  ch a r co a l  i n  benzene  

gave a c o l o u r l e s s  product which c r y s t a l l i s e d  from benzene -  

l i g h t  petro leum  ( b .p .  40- 6 0 °) ( 3 :1 ) in  c o l o u r l e s s  p r ism s  

m .p . 148 ° .

(Pound ; C, 70*27 ? E ,  5 .3 6  . ° 1 2 K1 2 ° 3

r e q u ir e s  t C, 7 0 .5  ? E, 5 .8  $ )*

The 2 : 4-d in itr o p h e n y lh y d r a z o n e  c r y s t a l l i s e d  from 

a lc o h o l  i n  b r ig h t  red n e e d le s  m.p* 214 ° .

(Pound s C, 56 .53  ; E,. 4 .5 2  ; N, 1 4 .4 4  * ^ is^ i6^ 6 ^ 4

r e q u ir e s  t C, 5 6 .2  ; E , 4 .1 6  E, 1 4 .5  $ ) .
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A ttem pted  C .y c l is a t io n  o f  In d an -1—o n e -6- p r o p io n ic  A cid .

I n d a n - l - o n e - 6- p r o p io n ic  a c id  (0*4g») was covered  

w ith  f lu o r o s u lp h o n ic  a c id  (5  c . c * )  and the  m ix tu re  h e a te d  

under r e f l u x  f o r  th r e e  hours* The c o o le d  r e a c t i o n  

m ix tu re  was t r e a t e d  w ith  crushed  i c e ,  d i l u t e d  w ith  w ater  

and e x tr a c te d  s e v e r a l  t im e s  w ith  ether*  The combined 

e th e r  e x t r a c t s  were shaken tw ic e  w ith  d i l u t e  sodium 

hyd rox id e  s o l u t i o n  th en  w ith  w a te r ,  d r ie d  and f i n a l l y  

e v a p o ra ted . No r e s id u e  was l e f t *  A c i d i f i c a t i o n  o f  the  

b a s ic  e x t r a c t  w ith  d i l u t e  s u lp h u r ic  a c id  fo l lo w e d  by 

e x t r a c t i o n  w ith  e th e r  and ev a p o r a t io n  gave unchanged  

i n d a n - l - o n e - 6- p r o p io n ic  a c id  ( 0 . 35g . )  (m .p . and mixed m .p i .

Indane—5 -p r o p io n ic  Acid*

A m ixtu re  o f  amalgamated z in c  ( l O g . ) ,  w ater  ( 7 c * c . ) ,  

c o n c e n tr a te d  h y d r o c h lo r ic  a c id  (14  c * c * ) ,  a c e t i c  a c id  

(4  c . c . ) , . to lu e n e  (8  c . c * )  and in d a n -1—o n e - 6—p r o p io n ic  

a^id  ( 0 . 5g») was r e f lu x e d  f o r  36 hou rs d u r in g  which time  

an a d d i t io n a l  12 c .c *  o f  c o n c en tr a ted  h y d r o c h lo r ic  a c id  

was added. E x tr a c t io n  w ith  e th e r  and e v a p o r a t io n  o f  th e  

s o lv e n t  gave in d a n e -5—p r o p io n ic  a c id  (0 . 3g *)*  which

c r y s t a l l i s e d  from aqueous a c e t i c  a c id  in  c o l o u r l e s s  n e e d le s
34 om .p . 8 4 -8 6 °  (Arnold and Barnes g iv e  m .p . 8 5 -8 6  ) .



5 : 4 : 5 : 6—D ic y c lo p e n te n o p h th a l ic  A nhydride .

1 : 2 : 3 : 6—T e tra h y d r o -3 : 4 : 5 : 6- d i c y c l o p e n te n c p h t h a l ic  

anhydride^® ( 0 . 5 g . )  and p a l l a d i s e d  c h a r co a l  ( 20$)  in  

m e s i ty le n e  (20  c . c . )  were h e a ted  under r e f l u x  f o r  tw enty

h o u r s .  A f te r  removal o f  pa llad ium  c h a r co a l  by f i l t r a t i o n

th e  s o lv e n t  was evaporated  under reduced p r e s su r e ;  th e  

s o l i d  r e s id u e  c r y s t a l l i s e d  from a lc o h o l  (c h a r c o a l)  i n  

c o l o u r l e s s  pr ism s m .p. 2 6 2 ° .

The product was s o lu b le  in  d i l u t e  sodium hyd rox id e  

s o l u t i o n  a f t e r  prolonged  b o i l i n g ,  th u s c o n f irm in g  the  

p r e sen ce  o f  the anhydride group.

(Found : C, 7 3 .7  ; H, 5 .0 7  . c i 4 Hi2 ° 3

r e q u ir e s :  CT, 7 3 . 6 8 ; H, 5 .2  $ ) .

Attempted fu r th e r  dehyd rogen ation  o f  3 : 4 : 5 :6-  

d ic .y c lo p e n te n o p h th a l ic  anhydride w ith  se len iu m  a t  360 ° 

f o r  s i x  h o u rs ,  l e f t  most o f  the  m a te r ia l  unchanged.

1 : 2 : 3 : 6 —T etra h y d ro -3 : 4 : 5 : 6—d i c y c lo p e n t e n o f h t h a l ie  

anhydride was a ls o  su b je c te d  to dehyd rogen ation  w ith  

se len iu m  a t  360° f o r  f i v e  h o u rs .  A sm a ll  amount o f  

3 :4 : 5 : 6- d i c y c l o p e n te n o p h th a l ic  anhydride was o b ta in ed  

(m .p . and mixed m .p . ) .



Attem pted B rom ination  With Carbon Tetrabrom ide.

3 : 4 : 5 : 6-D ic y n lo p e n te n o p h th a l ic  anhydride  ( O . l g . ) 

and carbon tetrabrom id e  ( 0 . 6g . )  in  carbon t e t r a c h l o r i d e  

(6  c . c . )  were h ea ted  i n  a s e a le d  tube a t  120 - 1 5 0 ° f o r  

fo u r  hours.. ( c . f .  Hunter and E d g a r ^ } .  The p rod u ct  

was an i n t r a c t a b l e  t a r  and no c r y s t a l l i n e  m a te r ia l  cou ld  

be o b ta in e d .
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