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SUMMARY

PA RT 1. F ive  syn the tic  ro u te s  to the p ro s ta g la n d in s , a g roup

of h ighly  su b stitu ted  cyclo p en tan es , have been  e x p lo red . The f i r s t  

fo u r ro u te s  w ere  u n su c c e ss fu l but have p ro v id ed  in te re s tin g  and u se fu l 

in fo rm atio n  on a v a r ie ty  of su b stitu ted  cy c lo p en tan es . The fifth  

ro u te  has re su lte d  in  the iso la tio n  of 2 - (6 -c y a n o h e x y l) -3 - (o c t- l-y n -3 -  

ol) c y c lo p e n t-2 -e n o n e . The tra n s fo rm a tio n  of th is  im p o rta n t in te r ­

m ed ia te  in to  the  p ro s ta g lan d in  s tru c tu re  r e q u ire s  th re e  fu r th e r  

s tr u c tu ra l  changes -  the h y d ro ly s is  of the n i t r i le  g roup , the  se le c tiv e  

red u c tio n  of the enyne sy s te m  to a t r a n s  double bond and the  in tro d u c tio n  

of a second  oxygen function  in to  the cyclopen tane  r in g .

PART I I . Synthetic  pathw ays to the  cyclopen tano id  m o n o te rp en es ,

the ir id o id s , have been  ex p lo red . T h e se  a tte m p ts  w hich have been  

b ased  on the u se  of s im p le  phenols as  p r e c u r s o r s ,  have so f a r  p ro v ed  

un s u c c e ss fu l. The iso la tio n  of m eth y l nep e to n a te  as  i ts  2, 4 -d in i tro -  

pheny lhydrazone r e p re s e n ts  the n e a r e s t  ap p ro ach  to  the n a tu ra l  p ro d u c ts .
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PA RT I

S ynthetic  A p p ro ach es  to the P ro s ta g la n d in s



REVIEW

In tro d u c tio n .

The p re s e n c e  of a  lip id  so lub le  ac id ic  f ra c tio n  s tim u la tin g  

sm ooth  m u sc le  and d e p re ss in g  blood p r e s s u re  in  hum an se m in a l

p la sm a  and in  sheep  v e s ic u la r  g lands w as f i r s t  re p o r te d  by

1 2 G oldb la tt and von E u le r  • The ac tiv e  p r in c ip le  w as c a lled

p ro s tag la n d in  b ec au se  of i ts  supposed  o rig in  f ro m  the  p ro s ta te  g land

w hich e n c irc le s  the  b a se  of the  m a le  b la d d e r  and s e c re te s  an

im p o rta n t p ro p o rtio n  of sem en .

In 1957 B e rg s tro m  and S jovall iso la te d  two c ry s ta l l in e

3 4 5com pounds f ro m  sheep  v e s ic u la r  g lands 9 9 , One of th e se  

com pounds, p ro s tag la n d in  (PGE^) show ed both  a  s tro n g  

v a s o p re s s o r  and sm ooth  m u sc le  s tim u la tin g  ac tiv ity , w h e re a s  the  

o th e r , P G F ^ ,  m a in ly  show ed th e  la t t e r  a c tiv ity . L a te r  two

re la te d  com pounds, -PGE^ and PG E ^, w ere  iso la te d  by B e rg s tro m

6 fo
f ro m  th e  sam e  so u rc e  and w ere  found to  have s im ila r  p h y s io ^ ica l

a c t iv i te s .  Two ad d itio n a l p ro s ta g la n d in s , PG F„ and F G F , w ere2a 3a
7 8f i r s t  iso la te d  f ro m  an im a l lung t is s u e  ' and have s in c e  b een  show n 

to  o c c u r  w idely  in  v a rio u s  o th e r  an im a l . t is s u e s .
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The s t ru c tu re s  of th e se  com pounds a r e  p re s e n te d  on flow  sh e e ts  

A1 and A 2, The p a re n t ac id  has been  given the t r iv ia l  nam e 

p ro s ta n o ic  ac id  f ro m  w hich the  n am es  of the  p ro s ta g lan d in s  a r e  

d e r iv e d . The su b sc r ip t  one in  PGE^ r e f e r s  to  the n u m b er of 

double bonds in  the  m o le cu le . T he s u b sc r ip t a  in  P G E ^  r e f e r s  to

the co n fig u ra tio n  of the  C G. -  hyd roxy l g ro u p ,
✓

(40)C h e m is try
9

The s tru c tu re  of PGE^ was re p o rte d  in 1962 „ The m o le c u la r

fo rm u la , C H O , was deduced f ro m  m ic ro a n a ly tic a l. m a s s  s p e c tra l  
2 U 34 5

5
and X -ra y  d a ta  • PGE^ was shown to  con ta in  one carb o x y l, one 

ca rb o n y l (cy c lo p en tan o n e), two h ydroxy ls  and one t ra n s  double bond*^.

T re a tm e n t of PGE^ (1), (see  flow  sh ee t A3) w ith sod ium  

h ydrox ide  (0 ,5  N) a t ro o m  te m p e ra tu re  gave a  com pound (2) w ith 

\  m ax’ ^78 m M-* ®n ox idative  ozo n o ly sis , the a c e ty la te d  m eth y l

e s te r  of (2) gave m onom ethyl s u b e ra te  (3) su cc in ic  ac id  (4) and 

a -ace to x y h ep tan o ic  ac id  (5) • T hat is ,  n in e teen  of the  tw enty  ca rb o n  

a to m s of (2 ) , w ere  accoun ted  f o r .  The d e g rad a tio n  p ro d u c ts  w ere  

s e p a ra te d  by g a s -liq u id  ch ro m a to g rap h y  and id en tified  by m a ss  

s p e c tro m e try . The iso la tio n  of su cc in ic  ac id , w hich m u s t o r ig in a te
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in  the ring , show ed th a t two v ic in a l m ethy lene  g roups w ere  p re s e n t  

in  the f iv e -m e m b e re d  ring  and that, acco rd in g ly , the th re e  ca rb o n  

a to m s c a r ry in g  the  side chains and the keto  group m u st be a d ja c e n t. 

F u r th e rm o re , the  iso la tio n  of m onom ethyl su b e ra te , p ro d u ced  by 

ox idation  of the v ic in a l d iketone in itia lly  fo rm ed , in d ica ted  th a t the  

ca rb o x y l s ide  chain  m u st be a ttach ed  to the ca rb o n  a tom  th a t is  in 

the  a -p o s itio n  re la t iv e  to the keto  g ro u p . The p ro p o sed  s tru c tu r e  

of (2 ) was fu r th e r  su p p o rted  by the in f ra  re d  d a ta .

H ydrogenation  of PGE^ (1) gave a d ihydrocom pound (6 ) w hich

on b a se  tre a tm e n t lo s t w a te r to fo rm  (7), w ith \  , 237 m u ,m ax

O xidative ozo n o ly sis  of the m ethy l e s te r  a c e ta te  of (7) gave two

p ro d u c ts , m onom ethyl su b e ra te  (3) and 7 -ace to x y -4 ~ o x o -d o d ecan o ic

ac id  (8 ) , Thus a ll tw enty  cf the ca rb o n  a tom s w ere  accoun ted  fo r .

T re a tm e n t of PGE^ (1) w ith a ce tic  anhydride  gave a

d e r iv a tiv e  (9), X. , 218 m u . O xidative o zono lysis  of the m eth y l m ax J

e s te r  a c e ta te  of (9 ) gave 1, 2 , 8 -o c ta n e tr ic a rb o x y lic  ac id  (10), 

a -ace to x y h ep tan o ic  ac id  (5) and carb o n  d io x id e . The fo rm a tio n  of 

th e se  degre-dation p ro d u c ts  p ro v id ed  f irm  su p p o rt fo r  the  p ro p o sed  

s tru c tu re  o f (9 )•



- 4 -

The p h y s ic a l da ta  of the d e r iv a tiv e s  of PGE^, n am e ly  (2),

X , 278 mp, (7), X , 237 m u and (9), X , 218 m u andm ax  m ax m ax

the id en tifica tio n  of th e ir  d eg rad a tio n  p ro d u c ts  r ig o ro u s ly  e s ta b lish e d

th e ir  s t r u c tu r e s .  F ro m  th is  w ork follow ed the s tru c tu r e s  of the

side  chains of PGE^ (1) as w ell as th e ir  p o s itio n s  on the r in g  and

the p o s itio n  of the  keto  g ro u p . The p o s itio n  of th e  hydro x y l g roup

w as d e riv ed  fro m  in d ire c t  ev id en cee The fac ile  d eh y d ra tio n  of

PGE^ with a lk a li su g g ested  a (3-hydroxyl k e to n e . A t e r t i a r y

(3-hydroxy l was ru le d  out by the e a se  of ace ty la tio n  of the  two

h ydroxy ls  in d ihydro  - PGE^ (6 ) and a lso  by N .M .R . d a ta . An

h ydroxy l a t the seco n d a ry  carb o n  a tom  a to the  keto  g roup  was

excluded by the finding th a t n e ith e r  PGE^ (l) n o r  PGF^ o r P G F

w ere  o x id ised  by p e r io d a te  o r lead  t e t r a a c e ta te .

F ina lly , c a ta ly tic  red u c tio n  of PGE^ w ith p la tin u m  in  ace tic

ac id  gave am ong o th e r p ro d u c ts  com pound (11) which was iso la te d  by

p a r tit io n  ch ro m ato g rap h y  and id en tified  by ga:- liqu id  ch ro m a to g rap h y

and m a ss  s p e c tra l  c o m p ariso n  with a sy n th e tic  sp ec im en , thus

40es ta b lish in g  the  ca rb o n  sk e le to n  of PGE^ c
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R eduction  of PGE^ with b o ro h y d rid e  re su lte d  in  two e p im e ric

a lco h o ls, P G F  (12) and P G F  (13)fc An X -ra y  a n a ly s is^ - ofla  lp

the tr i -p -b e n z o a te  of the m ethy l e s te r  of PG E co n firm ed  the

s tru c tu ra l  a ss ig n m en t and p ro v id ed  the s te re o c h e m ic a l f e a tu re s .

O zono lysis  of P G F  gave 2 -hydroxyhep tano ic  ac id  w hich was

ass ig n e d  the (R) - con figu ra tion  on the b a s is  of i ts  ro ta tio n a l value

and s ig n . T h is  e s ta b lish e d  the ab so lu te  co n fig u ra tio n .

The s tru c tu re s  of PG E^ (14) and PG E^ ( ^ )  w e re p a r t ly

e lu c id a ted  by m a ss  sp e c tro m e try , which showed th a t the  m o le c u la r

w eight of PG E was two u n its  le s s  than  th a t of PG E and fo u r u n its

16le s s  than th a t of PGE^ , T hat the p a re n t s tru c tu re  was the sam e

fo r a ll th re e  com pounds follow ed fro m  th e ir  co n v e rs io n  by c a ta ly tic

red u c tio n  in to  the sam e  d e r iv a tiv e  (6 ) as  judged  by m a ss  s p e c tro m e try .

Since a ll  th re e  com pounds w ere  tra n s fo rm e d  in to  d e r iv a tiv e s  w ith

the sam e ch ro m o p h o re  a t \  278 m u, on tre a tm e n t w ith a lk a li,m ax
13it  was ev iden t th a t they  a ll  had the A double bond d e m o n s tra te d

fo r  PGE^ (1) • The lo ca tio n  of the  ad d itio n a l double bond of

PG E^ (14) in  the  ca rb o x y l s ide  chain  w as in d ica ted  by m a ss  s p e c tro m e try

and i ts  p o s itio n  e s ta b lish e d  by the  id en tifica tio n  of g lu ta r ic  ac id  as

a p ro d u c t of c h ro m ic  ac id  o x ida tion . Using the sam e  m ethods i t  was
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a lso  e s ta b lish e d  th a t PG E^ (15) only d iffe re d  fro m  (14) by

having an add itio n al double bond. T h is double bond w as d e te rm in e d

17 12as A by N .M .R , s p e c tro s c o p y .

T hat the s te re o c h e m ic a l fe a tu re s  of PGE^ (1), PG E ^ (14)

and PG E^ (15) a re  the  sam e was re c e n tly  d e m o n s tra te d  by

co n v e rs io n s  of PG E^ into  PGE^, and of PG E^ into  PG E ^ by s e le c tiv e

17 5 . 3 8c a ta ly tic  hydrogenation  of the  A and A double bonds re sp e c tiv e ly  •

V/ith re g a rd  to the s te re o c h e m is try  of the double bonds, i t

was o b se rv ed  th a t PGE^ (1) exh ib its  in f r a re d  ab so rp tio n  a t 970 cm  \

13d em o n stra tin g  th a t the  A double bond has the tr a n s  co n fig u ra tio n .

PG E (14) and PG E (15) a lso  show ab so rp tio n s  a t th is  wave leng th

5but i t  could not be dec ided  w hether the ab so rp tio n  was due to  the A

17 13and A double bonds in add ition  to the  A double b o n d . T h is

q u estio n  has re c e n tly  been  so lved  by the se le c tiv e  red u c tio n  of the

13 39A double bond in  ^G E ^ and PG E^ by enzym es frp m  lung t is s u e  •

The red u c tio n  p ro d u c ts  (16) and (17) did not show any ab so rp tio n  a t

"1 5 17970 cm  d em o n stra tin g  th a t the A and A double bonds of

PG E a.r.d PG E have the c is  co n fig u ra tio n .
u J
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O c c u r re n c e ,

Com pounds of the p ro s ta g lan d in  s t r u c tu ra l  type have not

p re v io u s ly  been  re p o rte d  as o c c u rrin g  in  n a tu re .  A cy c lo p en ten -

olone n u c leu s  is  p re s e n t  in p y re th ro lo n e  (18), which r e s u l ts  f ro m  the

h y d ro ly s is  of the p y re th r in  e x tra c t  f ro m  P y re th r iu m  f lo w e rs .

The wide d is tr ib u tio n  of the p rostag land ins in v a rio u s  t is s u e s

is  ap p a re n t f ro m  T ab le  1. The h ig h est co n c en tra tio n s , how ever,

have been  found in  sheep  v e s ic u la r  g lands and in  m a le  se m e n . In

13the l a t te r  in s ta n c e  B ygdem an and S am uels son have developed  a

m ethod  fo r the  q u an tita tiv e  d e te rm in a tio n  of the  p ro s ta g la n d in s  in

hum an se m in a l p la sm a  of n o rm a l m en . T h e ir  f i r s t  a v e rag e

d a ta  w ere  in  pg p e r  m l: P G E ,: 20; E : 20; E_: 4; F, : 3; F_ : 3 .1 2 3 la  2a

The co n c en tra tio n  in  lung t is s u e  was d e te rm in e d  by iso to p e  d ilu tio n

14and found to be about 0, 5 pg of P G F  p e r  g ra m  of t is s u e  •
2a

The iso la tio n  of PGE_ and PGF_ f ro m  m e n s tru a l  flu id  was
2 2a

18c a r r ie d  out in  th is  d e p a rtm e n t . The co n cen tra tio n s  of th e se  two

p ro s ta g la n d in s  w ere  re p o rte d  as  being  m uch  le s s  than  th o se  in  m a le

25se m e n , It has  been  su g g ested  th a t th e  p ro s ta g la n d in s  in  se m in a l 

flu id  m ay  be  ab so rb ed  f ro m  the vag ina  in to  the  c irc u la tio n  sifter co itu s , 

su b seq u en tly  to a c t upon the fem ale.rep roductive  t r a c t  sm oo th  m u sc le . 

T h is  su g g estio n  is  the  b a s is  of c u r re n t  c lin ic a l t r i a l s ,  d isc u s se d  b e lo w .



TA BLE !» -  D is tr ib u tio n  of P ro s ta g la n d in s  ^

S ource E 1 *3 F2a F.3a R e fe ren ce

S em en  (hum an) + + + + + 13, 16 ,

Sem en (sheep) + 17

V e s ic u la r  g land (sheep) + + + + 3, 4

M en s tru a l flu id  (hum an) + + 18

Lung (hum an) + 19

t Lung (m onkey) + 19

Lung (ox) + + 19

Lung (pig) + 7

Lung (sheep) + + 7, 14

Lung (guinea pig) + 19

I r i s  (sheep) + 21

B ra in  (ox) + 22

T hym us (calf) + 23

P a n c re a s  (ca ttle )
i-----

+ + 24
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B io s y n th e s is .

E a r ly  w ork on the re la tio n sh ip  of fa tty  acid s tru c tu re  to

b io lo g ica l ac tiv ity  su g g ested  th a t e ith e r  the  6 -  t e r m  (tha t is  a

double bond betw een  6th  and 7th carb o n  a to m s counted f ro m  the

te rm in a l  m eth y l group) o r  the 9 -  te r m  double bonds o r both  w ere

fundam en ta l fo r  e s se n tia l  fa tty  ac id  a c tiv ity . L a te r  how ever i t

was shown th a t the  6, 9 - te rm  s tru c tu re  was not an ex c lu siv e

condition  and fa tty  ac id s  w ith add itional double bonds and cf v ary in g

26
chain  leng ths could a lso  be b io lo g ica lly  ac tiv e  • Of the ac id s 

exam ined  a rach id o n ic  ac id  (2 0 ) ap p ea red  to  have the h ig h est a c tiv ity .

Follow ing the  s tru c tu r a l  e luc ida tion  of the p ro s ta g la n d in s  

PG E , PG E and PG E it ap p ea red  p o ss ib le  th a t th e ir  b io sy n th e s is
1  w  J

m ight be a r e s u l t  of a d ire c t  c y c lisa tio n  of re sp e c tiv e ly , h o m o -y -

lin o len ic  ac id  (19), a rach id o n ic  ac id  (2 0 ) and 5, 8 ,11, 14, 1 7 -e ic o sa -

, x 27, 28pen taeno ic  ac id  (21). T h is was shown to be the c a se  •

T r it iu m  la b e lled  a rach id o n ic  ac id  was co n v erted  in to  lab e lle d  PG E

in  high y ie ld  by hom ogenates of the v e s ic u la r  gland of sh eep .

14S im ila r ly  C -lab e lled  h o m o -y -lin o len ic  ac id  (19) was co n v erted

29in to  lab e lle d  PGE^ and the fo rm a tio n  of PG E^ fro m  a l l - c is - e ic o s a -  

5, 8, 11,14,17-pen taenoic  ac id  (21) has been  d e m o n s tra te d  with

29u n lab e lled  p r e c u r s o r  by the  n e t in c re a s e  of PG E^ in  the  hom ogenate  .
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The C^2 " hom ologue of h o m o -y -lin o len ic  ac id  h as  b een

29found to y ie ld  p ro d u c ts  w ith the expected  p h y s ica l p ro p e r t ie s  and

the C - hom ologues of both h o m o -y -lin o len ic  and a rach id o n ic  ac id

30
have been  found to  y ie ld  n o r  -  PG E and n o r -  PG E re sp e c tiv e ly  •

1 w

The co rre sp o n d in g  C - ac id s , how ever, did not ap p ea r to belo

s u b s tra te s  fo r the enzym e sy s te m  p re s e n t  in  sheep  v e s ic u la r  g lan d s .

O ther enzym atic  cy c lisa tio n s  of fa tty  ac id s  in to  p ro s ta g la n d in s

have been  re p o rte d  as  fo llo w s. F ro m  h o m o -y -lin o le n ic  ac id  was 

31obtained  in  add ition  to PGE^ a le s s  p o la r  com pound w hich was

shown to  be the  d eh y d ra ted  fo rm  of PG E - (22) • T h is com pound

was s im ila r  to  PGE^ in  i t s  b lood p r e s s u re  red u cin g  ab ility  bu t had

m uch le s s  sm ooth  m u sc le  s tim u la tin g  p ro p e r t ie s .  The

in c o rp o ra tio n  of lab e lled  h o m o -y -lin o len ic  ac id  by ovine and bovine

enr.ym atic sy s te m s  re su lte d  in  the  iso la tio n  of la b e lle d  P G F  in  

32addition  to PGE^ . T ritiu m  lab e lled  a rach id o n ic  ac id  was

33found to be co n v erted  by guinea pig lung hom ogenate  in to  P G F ^ ,  

PG E  and two new  p ro s ta g lan d in s  (23) and (24) • T h e se  two new  

le s s  p o la r  p ro s ta g la n d in s  a re  p re su m a b ly  m e ta b o lise d  f ro m  PG E .Cd

PGE^ h as  been  shown to be m e tab o lise d  in  the sam e  way by 

h cm o g en a tes  of g u in ea-p ig  lung by the iso la tio n  of the analogous 

11a, 15-d ih y d ro x y -9 -oxo p ro stan o ic  ac id  (25) and 11a-hydroxy-9,15- 

d io x o p ro stan o ic  ac id  (2 6 ) ^
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42
The m e tab o lism  of P G F , (12) has been  stud ied  in  vivo in  the  r a t  •

la

A d m in is tra tio n  of lab e lled  P G F  re su lte d  in  the  iso la tio n  of the  m e tab o lite
la

(27) in  which the  ca rb o x y l s ide  chain  had been d eg rad ed  by two ca rb o n  units*

34A fu r th e r  new  p ro s tag lan d in  has re c e n tly  been  iso la te d  f ro m  m ale  

se m in a l flu id  and a ss ig n ed  the  s tru c tu re  (28) - 15 ,1 9 -d ih y d ro x y -9 -o x o - 

p ro s ta -5 ,  10 ,1 3 -tr ien o ic  ac id .

F in a lly  the  b io sy n th e tic  p ic tu re  h as  been  com p le ted  by d e m o n s tra t­

ing th a t the th re e  oxygen function in  the  p ro s tag la n d in  m o lecu le  a t C^,

34 35and a r e  d e riv e d  fro m  the in co rp o ra tio n  of m o le c u la r  oxygen * ,

A su sp en sio n  of a p a r tic u la te  f ra c tio n  of sheep  v e s ic u la r  g land hom ogenate

was in cu b ated  w ith h o m o -y -lin o len ic  ac id  in the p re se n c e  of la b e lled  

18[ O ] oxygen. The m a ss  sp e c tru m  of the lab e lled  PG E obtained
u  jL

in d ica ted  th a t the C -k e to  g roup and C . C,_ h yd roxy ls  w ere  d e riv e d
9 11 15

fro m  oxygen in c o rp o ra tio n .

The b io sy n th es is  of the p ro s tag lan d in s  fro m  e s s e n tia l  fa tty  ac id

p r e c u r s o r s  by th e  in co rp o ra tio n  of m o le c u la r  oxygen su g g es ts  a  D ie ls -

8 11A ld er photo s e n s it is e d  oxygen addition  to the  A t A , 1, 4 -d ie n e  group ing

p re s e n t  in  the fa tty  a c id s . D ie ls -A ld e r  re a c tio n s  in  w hich m o le c u la r

43
oxygen a c ts  a s  the  d ienophile  have been  re c e n tly  rev iew ed  , The 

ty p ica l re a c tio n  is  one in  which 1, 3 -d ien es  undergo  p h o to se n s iiise d  

oxidation  to  g ive 1, 4 -e p id io x id e ^ .
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C yclopen tad iene fo r exam ple g ives the  epid ioxide (2 9 ).

In the p re s e n t  in s ta n c e  the  photo s e n s it is e d  ox idation  of

h o m o -y -lin o len ic  acid  (19) could r e s u l t  in  the  ep id ioxide (30) as  a

r e s u l t  of an in te rn a l  cy c lisa tio n  and D ie ls -A ld e r  type of add ition

a c ro s s  the and C p o s itio n s . M odels su g g est th a t a c y c lisa tio n

of th is  n a tu re  would fo rc e  the side  chains in to  a t r a n s  re la tio n s h ip .

A fu r th e r  m o le  of oxygen could then  a tta c k  the rem a in in g  p o s itio n  of

u n sa tu ra tio n  a t C , w ith the in tro d u c tio n  of a h y d ro p ero x id e  group 15

a t th is  p o s itio n  and concom itan t d isp lace m e n t of the c is  double bond 

13in to  the A tra n s  p o s itio n . C leavage of the p erox rde  links

would r e s u l t  in  P G F  (12).la

B io lo g ica l E ffe c ts .

The sug g estio n  th a t p ro s ta g lan d in s  can in fluence m u sc u la r

a c tiv ity  in  the  fem a le  re p ro d u c tiv e  t r a c t  has a lre a d y  been  r e f e r r e d  to

and is  the  b a s is  of c u r re n t  c lin ic a l t r i a l s  a t U n iv e rs ity  C ollege 

3 6H osp ita l, London • The f e r t i l i ty  of a m an  can  be a s s e s s e d  by

the c o n c e n tra tio n  of sp e rm a to z o a  in  h is  sem e n , Yfhen the  s p e rm  

count is  low  so is  the  chance of the  wife conceiv ing . A su rv e y  of 

fifty  m en  with low sp e rm  counts showed th a t the  concep tion  r a te  in
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th e ir  w ives was d ire c tly  re la te d  to  the p ro s tag lan d in  con ten t of the 

husband’s sem in a l flu id . The p re s e n t  t r i a l s  a re  des ig n ed  to te s t  

the  id ea  th a t p ro s ta g la n d in s  in  sem en  p ro m o te  conception  by 

in fluencing  the  m u sc u la r  ac tiv ity  of the  w om an 's  b ir th  can a l in  such  

a way as  to help  sp e rm a to z o a  re a c h  the  ov iduct.

O ther ex p e rim en ts  have shown th a t when in jec te d  in to  the

b ra in  of a cat, PG E types of p ro s tag la n d in s  cau se  the  an im a l to

b eco m e in e r t  and w ithdraw n in a m an n e r re sem b lin g  c e r ta in  types of

sc h iz o p h re n ia  in  m an . P ro s ta g la n d in s  can a lso  re la x  the  w alls  of

the  s m a ll  a i r  tubes of the lung which a re  in  sp a sm  durin g  a s th m a tic

a tta c k . The sam e  p ro s tag la n d in s  can r e le a s e  body fa t f ro m

s to ra g e  depo ts (such  as  fa tty  la y e rs  u n d er the  skin) and so in c r e a s e

blood fa t le v e ls , and a high blood fa t lev e l a p p e a rs  to be a s so c ia te d

. 36with a r t e r i a l  d is e a se  and co ro n a ry  th ro m b o s is  .

A rev iew  of th e se  and s im ila r  ex p e rim en ts  is  con ta ined  in  

r e fe re n c e s  15 and 37. It w ill be a p p a re n t f ro m  th e se  b r ie f  

co m m en ts  th a t the p h y sio lo g ica l p ro p e r t ie s  of the p ro s ta g lan d in s  

have a ro u se d  c o n s id e rab le  in te r e s t .
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S yn thesis

The only re p o rte d  sy n th es is  of a d e r iv a tiv e  of p ro s ta n o ic  

ac id  is  th a t v e ry  re c e n tly  pub lished  by W iesn er and- c o - w o r k e r s ^ ^  

who sy n th e s ise d  1 5 -d ihydroxyprost-13 -eno ic  ac id  (31) as  a 

m ix tu re  of two a lco h o ls  ep im e ric  a t carb o n -1 5 .

The p o ta ss iu m  s a lt  of ethy l 2«cyclopentanone ca rb o x y la te  

was condensed  with ethyl 7 -b ro m o h ep tan o a te  to  give the d ie s te r  (32) • 

B ro m in a tio n  of th is  d ie s te r  (32) w ith one m ole of b ro m in e  re su lte d  

in  a m onobrom o d e r iv a tiv e  which when re flu x ed  fo r  18 h o u rs  in  2 0 % 

su lp h u ric  ac id  in  ethanol, follow ed by ch ro m a to g rap h y  of the  c ru d e  

p ro d u c t, r e su lte d  in  the  cyclopentenone (33), e 0 0 0 ).

T h is  was then  tra n s fo rm e d  in to  the n i t r i le  (34) by the ac tio n  of ace to n e  

cyanohydrin  in  the p re se n c e  of sod ium  ca rb o n a te  in  aqueous m eth an o l. 

The k e to -n itr i le  (34) was h y d ro ly sed  in  b a se  to  give the d iac id  (35) • 

The d iac id  (35) on tre a tm e n t w ith m ethano l in  the p re se n c e  of 

p -to lu en esu lp h o n ic  ac id  re su lte d  in  the  m o n o es te r  (3 6 ). T h is  was 

co n v e rted  to the ac id  ch lo rid e  (37) w hich on tre a tm e n t w ith ace ty len e  

in  the p re se n c e  of a lum in ium  c h lo rid e , follow ed by ch ro m ato g rap h y , 

gave the ch lo ro v in y l ketone (3 8 ). The ch lo rov iny l ketone (38) was 

co n v erted  to the  a c e ta l (39) by tre a tm e n t w ith m eth an o lic  c a u s tic  so d a .
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R eduction  of the diketone (39) w ith b o ro h y d rid e  gave a m ix tu re  of 

s te re o is o m e rs  of a lcoho ls (4 0 ). T h is c ru d e  m ix tu re  when 

tre a te d  with 2N su lp h u ric  ac id  was tra n s fo rm e d  in to  a m ix tu re  of 

two e p im e ric  a ldehydes f ro m  which the  p red o m in an t is o m e r  was 

iso la te d  and a ssu m ed  to  have the s te re o c h e m is try  shown (41) •

T re a tm e n t of (41) with pen ty l m ag n esiu m  b ro m id e  gave the  

m eth y l e s te r  (42) f ro m  which (31) was ob tained  by a lk a lin e  h y d ro ly s is .

Note added in  p ro o f.

1. A to ta l sy n th es is  of the ra c e m ic  ethyl e s te r  of (15 R ) -9 -o x o -

11a, 15-d ihydroxyprostano ic  acid  (D ihydro-P G E ^), a n a tu ra lly

149
o c c u rr in g  m e tab o lite  of PGE^, has ju s t  b een  re p o rte d  •

1492. I t is  fu r th e r  re p o rte d  th a t re -e x a m in a tio n  of the o r ig in a l 

d a ta  in d ica te s  th a t the ab so lu te  co n fig u ra tio n  of the  p ro s ta g la n d in s  

should  now be re p re s e n te d  by the m i r r o r  im ag e  of th a t u sed  

th roughou t th is  th e s is .
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DISCUSSION

F iv e  d is tin c t a ttem p ts  have been  m ade to sy n th e s ise  the 

p ro s tag la n d in  s tr u c tu r e .  T h ese  a r e  d es ig n a ted  R outes 1 to 5, and 

a re  d isc u s se d  below  u n d er th e se  h ead in g s . Route 5, which has 

p ro v ed  the m o st su c c e ss fu l of th e se  a ttem p ts , is  c u r re n tly  u n d e r 

in v e s tig a tio n .

Route 1

The f i r s t  syn the tic  ap p ro ach  to the  p ro s ta g lan d in s  v isu a lis e d

the p re p a ra tio n  of two key com pounds, d ie thy l 2 -ace ty ln o n an ed io a te  (4 4 )

and 1, l-d im e th o x y -2 -b ro m o d e c -3 -y n -5 -o l (47)» n e ith e r  of which w as

re p o rte d  in  the l i t e r a tu r e .  The condensation  of the known ethyl

457 -b ro m o h ep tan o a te  (43), w ith ethyl a c e to a c e ta te  ap p ea red  to be a 

p r a c t ic a l  ro u te  to  (44). The p re p a ra tio n  of (47) was env isag ed  as  a 

tw o -s te p  p ro c e s s , an in itia l  G rig n a rd  add ition  of l -m e th o x y b u t- l-e n -3 -  

yne (4 5 ) to n -h ex an a l, which should r e s u l t  in  1-m e th o x y d e c - l-e n - 3 -y n -  

5 -o l (46), follow ed by the  1, 2 add ition  to (4 <J) of one m o le  of m eth y l 

h y p o b ro m ite . T h ese  re a c tio n s  a re  ou tlined  on flow  sh e e t (b 1 ) .

The c ru c ia l  s tep  in  th is  sy n th es is  was the condensa tion  of the 

anion of th e  (3 -k e to este r (4 4 ) w ith the b ro m o ace ty len e  (47). I t was
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an tic ip a ted  th a t th is  would p ro c ee d  by a n o rm a l Sn2 m ec h an ism  w ith 

b ro m id e  e lim in a tio n  and the fo rm a tio n  of (4 8 ) . Com pound (48) on 

h y d ro ly s is  would be expected  to lo se  the e s te r  g roup  p to the  ca rb o n y l 

fun c tio n . Subsequent h y d ro ly s is  of the a c e ta l g roup  and rin g  c lo su re  

by m ean s of an aldo l condensation  would lead  to (4 9 )«, f ro m  w hich i t  was 

c o n s id e re d  the  p ro s tag lan d in  s tru c tu re  could be re a d ily  ob tained  by 

tra n s  red u c tio n  of the  tr ip le  bond and h y d ro ly s is  of the  e s te r  g ro u p .

E thy l 7 -b ro m o h ep tan o a te  (43) was p re p a re d  as d e sc r ib e d  in  the 
45

l i te r a tu r e  • T e trah y d ro p y ran  on tre a tm e n t w ith a ce ty l c h lo rid e

in  the p re se n c e  of zinc c h lo rid e  was re a d ily  co n v erted  in to  5 -c h lo ro -  

a m y la ce ta te  (5 Q)t The la t te r  was condensed  w ith so d io -m a lo n ic  

e s te r  and the  p ro d u c t c y c lise d  to  the lac to n e  (51)., w hich was 

h y d ro ly sed  and d eca rb o x y la ted  in  reflux ing  su lp h u ric  a c id . The 

lac to n e  r in g  was opened by h y d ro b ro m ic  ac id  and the p ro d u c t, 7 -b ro m o - 

hep tano ic  acid , e s te r if ie d  to give (43) in  60% o v e ra ll  y ie ld .

C ondensation  of (43) w ith the  sod ium  s a lt  of e thy l a c e to a c e ta te  

gave the  f i r s t  key  com pound, d ie thy l 2 -ace ty ln o n an ed io a te  (44-}, in  

ex ce llen t y ie ld . I t  was found th a t too p ro longed  a  re a c tio n  tim e  in 

th is  condensa tion  cau sed  c leav ag e  of the a ce ty l g roup  w ith the fo rm a tio n  

of d ie th y l n o n an ed io a te .
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Tpe G rig n a rd  com plex  of th e  ace ty len e  (4 *), was condensed

w ith n -h e x a n a l in  a so lven t m ed ium  of te tra h y d ro fu ra n  and m eth y len e  

46
c h lo r id e .  The p ro d u c t was the  expected , l-m e th o x y d e c - l-e n -3 -y n -

5 -o l (46), iso la te d  in  48% y ie ld . The addition  of one m ole  of m eth y l

hy p o b ro m ite  to  th e  enyne (46) p ro ceed ed  sm ooth ly  w ith N -b ro m o -

su cc in im id e  in  ic e -c o ld  m ethano l to  give a com pound of the  ex pected

m o le c u la r  fo rm u la .

T h e re  a r e  two ways in  which m eth y l h y p o b ro m ite  m ay  add to

an enyne s y s te m . In the  p re s e n t  in s tan ce , 1, 2 add ition  would

r e s u l t  in  th e  hoped fo r ace ty len e  (47), w h ereas  the p ro d u c t f ro m  1, 4

add ition  would be th e  a llen e  (5 2 ), The ab sen ce  of ace ty len ic

-1ab so rp tio n  a t 2200  cm  in  the in f ra  re d  sp e c tru m  of th e  p ro d u c t 

to g e th e r  w ith a w eak band a t 1980 cm  *, su g g ested  th a t add ition  had 

indeed  p red o m in an tly  p ro ceed ed  by the  1, 4 ro u te , and th a t the  

p ro d u c t w as the  b ro m o a llen e  ( 52) •

l*he fo rm a tio n  of the  a llen e  (52) r a th e r  than  the  ace ty len e  (4 7 ) 

did no t n e c e s s a r i ly  in v a lid a te  the  rem ain in g  sy n th e tic  seq u en ce . I t 

w as c o n s id e re d  th a t nucleoph ilic  su b stitu tio n  of the  a llen e  (5 2 ) by  the 

P -k e to e s te r  (4^ could o ccu r in  an Sn2* m an n e r  w ith b ro m id e  

d isp la c e m e n t and a lle n e -a c e ty le n e  re a rra n g e m e n t as  i l lu s tr a te d  and 

w ith the  fo rm a tio n  of the d e s ire d  com pound (48),
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47T h is  hy p o th esis  was supported  by a re c e n t in v es tig a tio n  which 

d e s c r ib e d  the  condensation  of l-b ro m o -3 -m e th y lp e n ta - l , 2 -d i# » «  (53) 

and 3 -c h lo ro -3 -m e th y lp e n t- l-y n e  (54) w ith d ie th y l e th y lm a lo n a te . It 

was found th a t both  (53) and (54) gave the sam e p ro p o rtio n  of a llen ic

(55) and ace ty len ic  (56) m alon ic  e s te r .  The fo rm a tio n  of the  la t te r

(56) f ro m  the b ro m o a llen e  (53) was ev idence of an Sn2* m ec h an ism  

ex ac tly  analogous to th a t d e s ire d  in  the p re s e n t  c a s e .

In the  event condensation  of the |3 -k e to es te r  (44) w ith the 

b ro m o a llen e  (52) did no t p ro d u ce  a p ro d u c t w ith p h y s ica l and s p e c tro ­

scop ic  p ro p e r t ie s  com patib le  w ith (4 $ ,  and i t  p roved  im p o ss ib le  to 

define th e  n a tu re  of the com plex  rea c tio n  m ix tu re  a c tu a lly  o b ta in ed .

I t was c o n s id e red  th a t m ethy l hy p o ch lo rite  m igh t add 1, 2 to the  

enyne sy s te m  in  (4$ r a th e r  them 1, 4 as o b se rv e d  fo r  m eth y l hypo­

b ro m ite ,  T he r e s u l t  of 1, 2 addition  would be the ch lo ro ac e ty len e  (5 7 ) 

w ith w hich the (3 -ke toester (44) m ight r e a c t  by d ire c t  ch lo rin e  

d isp la c e m e n t to  give (48) •

The add ition  of m ethy l h y p o ch lo rite  to (48) was effec ted  by 

N -ch lo ro su c c in im id e  in  reflux ing  m eth an o l. The p ro d u c t show ed 

weak a b so rp tio n  in  the in f ra  re d  a t 2200  cm  * (ace ty len e) and a t 

1980 cm  * (a llen e) su g g e s tin g  th a t both 1, 2 and 1, 4 add ition  had o c c u r re d .
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C ondensation  of the p ro d u c t w ith (44) again  p ro v ed  com plex  and no 

ev idence of the  d e s ire d  (48) was ob ta ined .

In view  of the com plex ity  of the above cond en sa tio n s  i t  was 

d ec id ed  to in v e s tig a te  th is  re a c tio n  using  s im p le r  m odel com pounds.

The addition  of m ethy l hypobrom ite  to l-m e th o x y b u t- l-e n -3 -y n e  

(45) re su lte d  in  ex clusive  1, 4 add ition  with the fo rm a tio n  in  80% y ie ld  

of the  b ro m o a llen e  (5 8 ). The p ro o f of the  s tru c tu re  of (58) was b a sed  

on the in f ra  re d  sp e c tru m  which show ed a w eak band a t 1980 cm  

(a llen e) and no a b so rp tio n  a t 2200 cm  * (ace ty lene) o r  3300 cm  * 

( te rm in a l a c e ty le n e ) . R igo rous co n firm a tio n  of the a ss ig n e d  

s tru c tu r e  w as e leg an tly  p ro v id ed  by n . m . r .  The s ix  m ethoxyl 

p ro to n s  ap p ea re d  as a  s in g le t a s  t  = 6 .71 . The te rm in a l  a llen ic  

p ro to n  w as sp lit  in to  a doublet, t  = 3 .9 0 , J  = 6 c . p . s . ,  by the  o th e r  

a lle n ic  p ro to n  and each  peak  of the doublet was again  sp lit  by the 

rem a in in g  m eth in e  p ro to n  in to  two fu r th e r  doub le ts , J  = 2 c „ p ,s ,  The 

n o n -a lle n ic  m eth ine  p ro to n  a t t  = 5 .0 9 , show ed p r im a ry  sp littin g ,

J  = 6 c . p . s . ,  by the ad jacen t a llen ic  p ro to n  in to  a doublet and fu r th e r  

seco n d a ry  sp littin g , J  = 2 c . p . s .  in to  a q u a r te t by the te rm in a l  a llen ic  

p ro to n . The n o n - te rm in a l a lle n ic  p ro to n  ap p ea red  a t t  4 .7 2  as  a 

q u a r te t  and was sp lit  equally  by the  o th e r  two p ro to n s  in to  two doub le ts  

w ith J  = 6 c . p . s .
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C ondensation  of the sodium  sa lt  of ethyl n -p ro p y la c e to a c e ta te

w ith (58) p ro ceed ed  sm ooth ly  and an ace ty len ic  e a te r  was iso la te d  in

good y ie ld . D eta iled  exam ination  showed th is  p ro d u c t to have the

unexpected  s tru c tu re  (59) which w as unam biguously  a ss ig n ed  by the

follow ing ev id en ce . The in fra  re d  sp e c tru m  show ed ab so rp tio n  a t

2280 cm  (ace ty len e) and 1740 cm   ̂ ( e s t e r ) . The m o le c u la r

w eight was d e te rm in e d  by m a ss  sp e c tro m e try  as 242 as re q u ire d

by the m o le c u la r  fo rm u la . The com pound did not give a tra c ta b le

2, 4 -d in itro p h en y lh y d ra zo n e  as p rev io u s ly  o b se rv e d  fo r a c e ta ls  of

48a, p -u n sa tu ra te d  ace ty len ic  a ldehydes , but like  o th e r  ace ty len ic  

a c e ta ls  of th is  type re a d ily  fo rm ed  a c ry s ta ll in e  b is -u re th a n e .

T h is  d e r iv a tiv e  was fo rm u la ted  as  (60) on the  b a s is  of m ic ro  a n a ly tic a l 

a n d n . m . r .  d a ta .

F in a l co n firm a tio n  of the  s tru c tu re  of (59) cam e f ro m  its  

n . m . r .  c o m p a riso n  w ith the m odel ace ty len e  ( 61), p re p a re d  by the 

G rig n a rd  add ition  of pentyne-1  to e thyl o r th o fo rm a te . The m eth in e  

p ro ton , ad jacen t to the tr ip le  bond, ap p ea re d  as a t r ip le t  in  (59)# 

t  = 5. 01 and J  = 1 c .p .  s . ,  and in  ( 61), t  = 4 .8 8 , J  = 1 c .p .  s . ,  coupling 

o c c u rr in g  th rough  the  t r ip le  bond w ith the m ethy lene  g ro u p .
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The fo rm a tio n  of 1, l-d im e th o x y -5 -c a rb o e th o x y -o c t-2 -y n e  

( 59 ) in  th is  condensation  m ay be ra tio n a lis e d  in te rm s  of n u c leo - 

p h ilic  a tta ck  of the  carb an io n  of the p -k e to e s te r  a t the te rm in a l 

ca rb o n  of the b ro m o a llen e  (58 ), follow ed by b a se  c a ta ly se d  a lle n e -  

ace ty len e  p ro to tro p ic  re a rra n g e m e n t and the n o rm a l p ~ k e to e s te r  

f is s io n  of the ace ty l g roup . W hile in te re s tin g  in  i t s e l f  th is  m ode 

of a tta c k  was not f ru itfu l as fa r  as p ro s tag lan d in  sy n th es is  was 

c o n ce rn ed .

A tten tion  was nex t d ire c te d  to the p re p a ra tio n  of the m o rp h o lin e

enam ine ( 62) co rresp o n d in g  to the vinyl e th e r  (46 ) .  C pndensation

of the b ro m o e s te r  (63 ) d e riv ed  fro m  the p -k e to e s te r  ( 4 4 ) ,  w ith such

an enam ine (62), follow ed by h y d ro ly s is  of the enam ine function  should

r e s u l t  in  the aldehyde (64) \ H y d ro ly sis  and d ecarb o x y la tio n  of the

e s te r  group* p to the keto function, follow ed by ring  c lo su re  should lead

to (49), f ro m  which the p ro s ta g la n d in  s tru c tu re  could be d e riv e d  as

d e sc r ib e d  above.

The p re p a ra tio n  of enam ines fro m  seco n d a ry  am in es  and both

k e ta ls  and a c e ta ls , s im p ly  by heating  the two to g e th e r  and d is tillin g
49

off the  a lcoho l fo rm ed , is  w ell e s ta b lish e d . R ecen tly  the

p re p a ra tio n  of d ien am in es  has been  d e sc rib e d  by heating  m o rp h o lin e
50

w ith the  k e ta ls  of a s e r ie s  of m ethy l n -a lk y l k e to n es .
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H ow ever, a ll  a ttem p ts  to fo rm  the enam ine (62), u n d e r a 

v a r ie ty  of conditions fa ile d . U nchanged v iny l e th e r  ( ^ )  was 

id en tified  in  the rea c tio n  p ro d u c ts  in each  c a s e ;

The double bond in an enyne sy s te m  is  known to r e a c t  

p re fe re n tia l ly  w ith e le c tro p h ilic  epoxid ising  re a g e n ts . An a ttem p t 

to ob ta in  the  epoxide (65) was th e re fo re  m ade, fro m  the  v iny l e th e r  (4() •

I t  w as c o n s id e re d  th a t nuc leoph ilic  su b stitu tio n  of (65)by  the anion of 

the  (3 -k e to ester (4 4 ) would re s u l t  in  the  aldehyde (64)» w hich has 

a lre a d y  been  d isc u sse d  as an in te rm e d ia te  in  the p ro s ta g la n d in  sy n th e s is .

H ow ever, a ttem p ts  to fo rm  the  epoxide (6$ w ith a v a r ie ty  of 

p e ra c id s  w ere  u n su c c e ss fu l. At 0° the v inyl e th e r  (4Q was re c o v e re d  

unchanged . A t h ig h e r te m p e ra tu re s , the re a c tio n  p ro c ee d ed  v io len tly

and a com plex  m ix tu re  r e s u lte d .

51
A m ethod  of epoxidation su c c e ss fu lly  app lied  to v inyl e th e rs  in  

w hich eq u im o la r co n cen tra tio n s  of v inyl e th e r, a c e to n i t r i le  and hydrogen  

p e ro x id e  w ere  re a c te d  to g e th e r  a t a pH of 10 in m ethanol, was app lied  to 

(4$; co m p le te  re c o v e ry  of the  s ta r tin g  m a te r ia l  was ob tained  h o w ev er.

F in a lly  a fu r th e r  a ttem p t a t the  p re p a ra tio n  of the  b ro m o a ce ty len e  

(4*3) f ro m  the  v inyl e th e r  (46) was m ade by the add ition  to  (46) of m eth an o lic  

m e rc u r ic  a c e ta te , follow ed by tre a tm e n t of the  p ro d u c t w ith p o ta ss iu m
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b ro m id e  and then  b ro m in e . A n u m b er of su c c e ss fu l add itions 

of m ethy l hypobrom ite  to double bonds have been  re p o rte d  u sing  th is  

technique?^

In the p re s e n t  in s tan ce , su c c e ss fu l 1, 2 addition  of m e rc u r ic  

a c e ta te  to (46) would re s u l t  in  the m e rc u r ic  s a lt  (6 6 ), w hich w ith 

p o ta ss iu m  b ro m id e  would be expected  to fo rm  the  m e rc u r ic  b ro m id e  

(6 7 ). R eac tion  of (67) w ith b ro m in e  should lead  to the  d e s ire d  

b ro m o a ce ty len e  (4 7 ).

In the  event tre a tm e n t of (46) in the d e sc rib e d  m an n e r re s u lte d  

in an in tra c ta b le  m ixture*

Route 2

The second  ap p ro ach  to the p ro s tag la n d in s  was s im ila r  in  som e 

re s p e c ts  to the f i r s t  and involved the p re p a ra tio n  of two key  com pounds 

(44) and (71 ) which in c o rp o ra te d  the two side chains of the  p r o s ta ­

g landin  m o le cu le . C ondensation  of th e se  two key com pounds by an 

Sn2 type reac tio n , follow ed by the fo rm a tio n  of the cyclopen tane ring  

as a re s u l t  of an in te rn a l cy c lisa tio n , would re s u l t  in  the g ro ss  

p ro s tag la n d in  s tru c tu re .
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The tw o  key com pounds w ere  the p re v io u s ly  d e sc rib e d  

d i e t h y l  ^ -ace ty ln o n an e  d ioate  (44 ) and 1, l-d ic h lo ro -2 ~ m e sy lo x y -5 -  

( t e t r a h y d r o ^ ^ r  pyranyloxy) d e c -3 -y n e  (71) . The p ro p o sed  ro u te

to the  l a t te r  is  outlined  on the flow sh ee t (C l). Thus the condensation

of the m ono*.G rignard com plex of ace ty len e  w ith n -h ex a n a l woijld give 

the ace ty len ic  a lcohol (68  ) , the hydroxyl of which could be b locked  

w ith d ih y d ro p y ran  giving (6 9 ) .  The G rig n a rd  d e r iv a tiv e  of (69  ) 

would be expected  to r e a c t  with d ich lo ro ace ta ld eh y d e  to give ( 7 0  ) .

The p re p a ra tio n  of the m e sy la te  of (70) would lead  to the  second key 

com pound ( 71).

C ondensation  of the anion of the (3 -ketoestor (4 4 ) w ith ( 71 ) 

should r e s u l t  in  the d isp lace m en t of the  m e sy la te  g roup and fo rm a tio n  

of (72) e H y d ro ly sis  and d ecarb o x y la tio n  of the e s te r  g roup  (3 to the 

carb o n y l function, follow ed by rem o v a l of the  te tra h y d ro p y ra n y l 

p ro te c tio n  group and h y d ro ly s is  of the d ich lo ro  group, should lead  

to the aldehyde ( 6 4 ) .  T h is aldehyde and its  tra n s fo rm a tio n  in to  

the  p ro s ta g la n d in  s tru c tu re  has a lre a d y  been  d is c u s s e d .

The ace ty len ic  alcohol, o c t- l-y n -3 -o l  (68 ) was re p o rte d  in 
53

the l i te r a tu r e  , but few  d e ta ils  given of i ts  p re p a ra tio n . I t was 

p re p a re d  in itia lly  by the condensation  of sod ium  ace ty lid e  w ith n -h e x an a l
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bu t the  y ie ld  was poor - 12%. A 12% y ie ld  of { 68 ) was a lso

obtained  when sodium  acety lid e  in d iruc-thylform am ide was

54
c o n d e n s e d  w i th  n-hexanal*  S a tis fa c to ry  re s u l ts  w ere  obtained

how ever when the  m o n o -G rig n ard  of a c e ty le n e , p re p a re d  in 

55te tra h y d ro fu ra n , was condensed  with n -h ex an a l; by  th is  techn ique  

the y ie ld  w as ra is e d  to 50%.

T re a tm e n t of (68) w ith d ih y d ro p y ran  in  the p re se n c e  of a 

c a ta ly tic  am ount of ac id  re su lte d  in an  ex ce llen t y ie ld  of 3 - ( te t r a -  

h y d ro -2 -p y ran y lo x y ) o c t- l-y n e  (69)*

To e s ta b lish  optim um  conditions fo r the  condensa tion  with 

c lch lo ro ace ta ld eh y d e , p re lim in a ry  re a c tio n s  w ere  in v e s tig a ted  

b e t w e e n  the  G rig n a rd  d e r iv a tiv e  of (59) and the m uch m o re  re a d ily  

av a ilab le  c h lo ra l .  The la t te r  was p re p a re d  by the d is ti l la tio n  of 

c h lo ra l h y d ra te  fro m  co n cen tra ted  su lp h u ric  ac id  follow ed by a 

second  d is tilla tio n  of the d is tilla te*  The p ro d u c t f ro m  the  

G rig n a rd  re a c tio n  betw een  ( 69 ) and c h lo ra l w as a h igh bo iling  

v isco u s  liqu id  which slow ly c ry s ta l l is e d  on s tan d in g . The p re se n c e  

of a s tro n g  ab so rp tio n  band a t 3450 cm  * in  the in f ra  re d  s p e c tru m  

t o g e t h e r  v/ith ace ty len ic  ab so rp tio n  a t 2300 cm  * sug g ested  th a t the 

p r o d u c t  w a s  the  expected  ( 7 3 ) . H ow ever when th is  p ro d u c t was
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tre a te d  w ith an ex cess  of m ethane sulphonyl (m esy l) ch lo rid e , 

in an a ttem p t to fo rm  the  m e sy la te  ( 74), two new  com pounds w ere  

fo rm e d  and iso la te d  by ch ro m ato g rap h y . The le s s  p o la r  of th e se  

two com pounds showed sulphonyl (1180 cm ”*) and ace ty len ic  (2200 cm  *) 

ab so rp tio n  in  the in f ra  re d  sp e c tru m  but no hydroxyl ab so rp tio n  at 

3500 cm  *. The m o re  p o la r  com pound com pound show ed 

sulphonyl, a ce ty len ic  and hydroxyl ab so rp tio n .

T h ese  o b se rv a tio n s  suggested  th a t the p ro d u c t f ro m  the 

G rig n a rd  re a c tio n  with c h lo ra l was not (75) but the d io l ( 75) • T his 

was co n firm ed  by m ic ro a n a ly s is .  The le s s  p o la r  m a te r ia l  f ro m  

the  re a c tio n  of (75) w ith m esy l ch lo rid e  was p re su m a b ly  the  b is -  

m e sy la te  (7 6 )  and the m o re  p o la r  m a te r ia l  the m o n o -m esy la te  (77  ) 

r a th e r  than  the iso m e r ic  ( 7 8 )  which would be le s s  fav o u red  fo r 

s te r ic  r e a s o n s .

The lo ss  of the te tra h y d ro p y ra n y l p ro te c tin g  group in  th is  

G rig n a rd  re a c tio n  w as su rp r is in g , p a r t ic u la r ly  so s in ce  som e 30% 

of the  s ta r tin g  ace ty len e  (69) was re c o v e re d  unchanged w ith the 

p ro te c tin g  group s t i l l  in ta c t .  H ow ever the in s ta b ili ty  of the 

te tra h y d ro p y ra n y l g roup in  the ace ty len e  (69) to w ard s  the conditions 

of the  G rig n a rd  re a c tio n  was o b se rv ed  on a nu m b er of sub seq u en t 

o c c a s io n s .
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When the G rig n a rd  of (69) was condensed  w ith d ic h lo ro -  

ace ta ld eh y d e , lo ss  of the p ro tec tin g  group again  o c c u rre d  and the 

p ro d u c t was 1, l-d ich lorodec-3**yne-2 , 5 -d io l (7 9 ) .  In reflux ing  

sod ium  m ethoxide ch lo rin e  d isp lace m e n t o c c u rre d  re a d ily  and (79) 

was co n v erted  to the liqu id  ace ta l, 1, l-d im e th o x y d ec -3 -y n e -2 , 5 -d io l 

( 8 0 ) ,  The s tru c tu re  of (30) was co n firm ed  by its  h y d ro ly s is  in  

bo iling  m ethano lic  2% su lphuric  ac id  to the aldehyde w hich re a d ily  

fo rm e d  a 2, 4 -d in itro p h en y lh y d razo n e .

A itcm ptc  to  r e a c t  the le s s  h in d ered  of the two hydroxy l g roups 

in  ( 80) w ith d ih y d ro p y ran  and hence obtain  ( 81) w ere  u n su c c e ss fu l. 

L ik ew ise  e ffo r ts  to obtain  (73) by se le c tiv e  re a c tio n  of (75) w ith 

d ih y d ro p y ran  w ere  a lso  u n su c c e ss fu l.

A fu r th e r  a ttem p t a t the p re p a ra tio n  of (70) by m aking the 

lith iu m  s a lt  of (6 9 ) , r a th e r  than the G rig n a rd  d e r iv a tiv e  and 

condensing  th is  w ith d ich lo ro ace ta ld eh y d e  in  d im e th y lfo rm am id e  

fa iled ; the  ace ty len e  was re c o v e re d  unchanged.

In view  of the in s ta b ility  of the te tra h y d ro p y ra n y l g roup  to 

the  conditions of the G rig n a rd  re a c tio n  in  the above exam p les , i t  w as 

d ec id ed  to in v es tig a te  the u se  of ch lo ro m eth y l m ethy l e th e r  a s  a m ean s of 

p ro te c tin g  the a lcohol function in  the ace ty len ic  a lcoho l (6 8 ) .
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T h is  re a g e n t has been  u sed  freq u en tly  to p ro te c t phenolic  g roups
56

but has four.d l i t t le  a p p lica tio n  in  the p ro te c tio n  of a lcoho ls  .

The add ition  of ch lo rom ethy l m ethy l e th e r  to the alcoho l (68 ) 

cit 0 U , in  the  p re se n c e  of an equ im olar co n cen tra tio n  of tr ie th y la m in e , 

cau sed  the p re c ip ita tio n  of a white, w a te r so luble , c ry s ta l l in e  so lid , 

p re su m e d  a t th is  s tage  to be the b ase  h y d ro ch lo rid e . H ow ever when 

the  re a c tio n  m ix tu re  was w orked up, the s ta r tin g  m a te r ia l  ( 68) was 

re c o v e re d  q u a n tita tiv e ly . I t ap p eared  lik e ly  th e re fo re  th a t ch lo ro m e th y l 

m eth y l e th e r  i ts e lf  had a ttacked  the b ase  to fo rm  the q u a te rn a ry  s a l t .  

A p p a ren t co n firm a tio n  of th is  cam e fro m  the  o b se rv a tio n  th a t addition  

of ch lo ro m e th y l m ethy l e th e r to both  p y rid in e  and tr ie th y la m in e  cau sed  

an im m e d ia te  w hite p re c ip ita te .

S u rp ris in g ly  the d e s ire d  3-(m ethoxym ethyloxy) o c t- l-y n e  (8 2 ) , 

w as ob ta ined  in  22% y ield  with 66% re c o v e ry  of unchanged a lcoho l ( 6 8 ) ,  

s im p ly  by m ixing the rea g e n ts  to g e th e r  and allow ing th em  to stand  fo r  

two days a t room  tem p era tu re*

The addition  of the G rig n a rd  com plex  of the ace ty len e  ( 82) to 

d ich lo ro a ce ta la ld eh y d e  in  an a ttem p t to fo rm  the alcoho l (83 ) re su lte d  in  

a b lack  in tra c ta b le  p roduct, which con tained  som e s ta r tin g  m a te r ia l  as  

shown by i ts  in f ra  re d  sp e c tru m  and T ;L * C . com parison*
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Route 3

The f i r s t  two u n su ccess fu l a ttem p ts  at p ro s tag lan d in  

sy n th e s is  v isu a lis e d  the co n s tru c tio n  of the two side cha ins of the 

p ro s tag la n d in  m olecu le  in the in itia l s tag es  of the sy n th es is  and the 

in tro d u c tio n  of the  cyclopentane ring  a t an advanced  s tag e  and as  a 

r e s u l t  of an in te rn a l  condensation . The th ird  syn the tic  a ttem p t 

d iffe red  in th a t the  fo rm atio n  of the c a rb o cy c lic  ring  was conceived  

as a f i r s t  s te p . The schem e is  ou tlined  on flow  sh ee t D l.

Thus condensation  of d iethy l 2 -ace ty ln o n an ed io a te  (44) w ith 

d ie thy l o x a la te  should, on the b a s is  of m any p re c e d e n ts , lead  to the 

cyclopen tane  -  1, 2, 4 - tr io n e  (8 4 ). In view  of the fa c ility  which 

c y c lo p en tan e trio n es , of the type re p re s e n te d  by (84), fo rm  m ono- 

s e m ic a rb a z o n e s , re a c tio n  o c cu rrin g  a t the l--keto position , i t  was 

c o n s id e re d  th a t such tr io n e s  m ight fo rm  the analogous m o n o -e th y len e  

k e ta l .  In the c a se  of (84) th is  would be re p re s e n te d  by the 

s tru c tu re  (85) • R eaction  of (85) w ith d iazom ethane  should re c u lt  

in the fo rm a tio n  of the two p o ss ib le  iso m e r ic  e n o l-e th e rs , in which 

the is o m e r  (86) should p red o m in a te  fo r  s te r ic  re a s o n s .
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The addition  of the G rig n ard  d e riv a tiv e  of the ace ty len e  (68) 

to (86) should r e s u l t  in  the te r t i a r y  alcohol (87) which on tre a tm e n t 

w ith ac id  would be ex pected ’to re a r ra n g e  to the cyclop entenone (88)« 

The co n v e rs io n  of (88) to the p ro stag lan d in  s tru c tu re  should be 

re a d ily  ach ieved  by reduction  of the double bond, t ra n s  red u c tio n  of 

the t r ip le  bond, rem o v a l of the k e ta l p ro te c tin g  group and h y d ro ly s is  

of the e s te r  g ro u p .

T h is  ap p ro ach  was stud ied  using  re a d ily  av a ilab le  m odel 

com pounds*

3-M ethyl-cyclopentane*-l, 2, 4 - tr io n e  (89) was p re p a re d  as 

. 57d e s c r ib e d  in  the  l i te r a tu r e  by the condensation  of d ie th y l o x a la te  

w ith m eth y l e thy l ketone and h y d ro ly s is  of the in te rm e d ia te  

g lyoxala te  (9 0 ). At a la te r  s tage  the tr io n e  (89) was m o re  

re a d ily  p re p a re d  by h y d ro ly s is  of the sem ica rb azo n e  (91), a 

qu an tity  of which becam e av a ila b le .

When the tr io n e  (89) was tre a te d  o v er 23 h o u rs  w ith a te n ­

fold  e x ce ss  of e thylene glycol in  an a ttem p t to m ake the  m o n o -k e ta l 

(92) an ex ce llen t y ie ld  of a new  com pound was obtained  w hich had 

no a b so rp tio n  in  the u l t ra  v io le t and was shown to be the  unexpected  

t r i - k e ta l  (93) • When one m ole equ ivalen t of g lyco l w as u sed  in
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th is  re ac tio n , the only id en tifiab le  p ro d u ct in  the re a c tio n  m ix tu re  

w as s ta r tin g  m a te r ia l  (8 9 ). A ttem pts to m ake the  m o n o -k e ta l 

(92) by the ethyl o rth o fo rm a te  technique and the exchange k e ta l-  

isa tio n  m ethod, em ploying 2-e th y l-2 -m e th y l-1, 3 -d ioxo lane , had 

s im ila r  re s u l ts ;  the s ta r tin g  m a te r ia l  (89) was the only com ponent 

id en tified  in  the reac tio n  p ro d u c ts .

In view  of the  lack  of su cc e ss  in obtaining the m o n o -k e ta l, 

by the  u su a l k e ta lisa tio n  p ro c e d u re s , i t  was decided  to  re p e a t  the 

e x p e rim e n t w ith ex cess  ethylene glycol which had re su lte d  in the 

t r i - k e ta l  (93), and to exam ine the p ro d u c ts  a t se le c te d  tim e  

in te rv a ls .  T h is re su lte d , a f te r  a re a c tio n  tim e  of one h o u r and 

45 m in u tes  in the iso la tio n  of a new k e ta l which was id en tified  as a 

cyclopentane-1 , 3 -d ione  on the b a s is  of i ts  in fra  re d  and u l t r a  v io le t 

ab so rp tio n  p ro p e r t ie s .  The la t te r  w ere  p a r t ic u la r ly  d iag n o stic , 

the  sh ifts  in  w avelength  caused  by the addition  of ac id  and b a se  

c o rre sp o n d e d  c lo se ly  to th o se  o b se rv ed  fo r 2 -m e th y l-cy c lo p en ta n e -  

1, 3 -d ione  (94) -  see  T ab le  2 , T his new  k e ta l w as consequen tly

thought to be the d e s ire d  m o n o -k e ta l (92) • H ow ever the  m o le c u la r  

w eight w as d e te rm in e d  by m a ss  sp e c tro m e try  to be 214 which 

n e c e s s ita te d  two m oles of ethylene g lycol in  the s tr u c tu r e .
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S ince N.lv-i.R. showed the p re se n c e  of one m ethy l group and one 

rin g  m eth y len e  g roup  the s tru c tu re  of th is  k e ta l was c o n s id e re d  to 

be (9 5 ), A lthough (95) would have been  a su itab le  a l te rn a tiv e  to 

the  m o n o -k e ta l (92) in  the syn thetic  schem e, a ll a ttem p ts  to  re p e a t 

i ts  fo rm a tio n  failed*

One fin a l a ttem p t a t the p re p a ra tio n  of the m o n o -k e ta l (92) 

w as m ade s ta r tin g  with the m o n o -sem ic a rb a zo n e  (91). T h is  highly  

in so lu b le  com pound was tre a te d  in the u su a l m an n er w ith an ex cess  

of e thy lene g lyco l in  the hope of rep lac in g  the se m ic a rb a z id e  group 

by e thy lene k e ta l. H ow ever a f te r  a re ac tio n  p e rio d  of 20 h o u rs , 

the  s ta r t in g  m a te r ia l  (91) was re c o v e re d  unchanged .

In v iew  of the read y  p re p a ra tio n  of the  t r i - k e ta l  (93), i t  was 

d ec ided  to exam ine the se le c tiv e  h y d ro ly s is  of th is  com pound, s in ce  

if  the b is -k e ta l  (96) could be obtained  th is  would allow  the  in tro ­

duction  of the  second side chain  by m eans of a G rig n a rd  re a c tio n  

w ith the ace ty len e  (6 8 ). The re su ltin g  t e r t i a r y  alcoho l (97) would 

obv iously  be a v e ry  u se fu l in te rm e d ia te , and could  be tra n s fo rm e d  

to the  p ro s ta g la n d in  s tru c tu re .



When an e th e re a l  so lution of the  t r i - k e ta l  (93) w as shaken

w ith d ilu te  su lp h u ric  ac id  fo r  a p e rio d  of two days, co m p le te

h y d ro ly s is  o c c u rre d  to the tr io n e  (89) • H ow ever when th e  re a c tio n

w as s topped  a f te r  one hour, a 60% y ield  of a  new  com pound was

ob ta ined  by ch ro m ato g rap h ic  sep a ra tio n  fro m  the tr io n e  (89)# T h is

new  com pound, w hich ab so rb ed  a t 1740 cm . * in the in f ra  red , was

shown by i ts  m o le c u la r  weight, d e te rm in e d  by m a ss  sp e c tro m e try ,

to be a b is - k e ta l .  In  addition to the  hoped fo r  b is -k e ta l  (96) two

o th e r  b is -k e ta ls ,  (98) and (99) w ere  p o s s ib le . To re so lv e  th is

u n c e r ta in ty  the  p re p a ra tio n  of a benzylidene d e r iv a tiv e  w as a ttem p ted

and the  fo rm a tio n  of th is  d e riv a tiv e , \  304 ( e 30, 700), wasm ax

d isap p o in ted ly  o b se rv e d . T his im m ed ia te ly  ru led  out th e  d e s ire d  

(96) as  the  s tru c tu re  fo r the b is -k e ta l .  A d is tin c tio n  betw een  the 

rem a in in g  two s tru c tu re s  was p o ss ib le  on the b a s is  of N .M .R .

The N .M .R . d a ta  of th is  whole s e r ie s  of ex tre m e ly  in te re s tin g  

oxygenated  cyclopentanes is  d isc u sse d  in  d e ta il in  a la te r  se c tio n . 

B r ie f ly  the d is tin c tio n  was m ade on the  b a s is  of the seco n d a ry  m ethy l 

g roup  ap p earin g  as  a s im p le  doublet, J  = 11 c . p . s . ,  in  the  N .M .R . 

of the  b is -k e ta l  in  question  which can only be  rec o n c ile d  w ith the
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s tru c tu re  (99) * The a lte rn a tiv e  s tru c tu re  (98) would be

exp ected  to 3how further sp litting  o f the m eth yl group by the ring

m eth y len e  p ro to n s  th rough  the ring  ketone function ,

58It was re p o rte d  th a t tre a tm e n t of the tr io n e  (89) w ith

sod ium  b o ro h y d rid e  re su lte d  in  se le c tiv e  red u c tio n  of the  C -  1,

keto  g roup  and fo rm a tio n  in  high y ie ld  of the  a lcoho l (100) i The

is o m e r ic  enol e th e rs  (101) and (102) w ere  then  fo rm ed  by the  axtion

of d iazo m eth an e  on th is  a lcohol, and s e p a ra te d  by fra c tio n a l 

57c ry s ta l l is a t io n  , I t  was not p o ss ib le  to d is tin g u ish  betw een  the  

a l te rn a tiv e  s tru c tu re s  fo r  the two is o m e r s .  The h ydroxy- 

cyclopentenone (102) is  analogous to the  k e ta l (86), an hydroxy l 

g roup  rep lac in g  the k e ta l function, and should th e re fo re  be s im ila r ly  

t ra n s fo rm e d  in to  the  p ro s tag lan d in  s tru c tu re  by an id e n tic a l s e r ie s  

of re a c tio n s  to  th a t d e sc rib e d  fo r  the k e ta l (86)»

T h is  w ork  w as th e re fo re  re p e a te d  and the two is o m e r ic  eno l- 

e th e rs  (101) and (102) o b ta in ed . By m ean s of N .M .R . i t  was 

p o ss ib le  to  a s s ig n  s tru c tu re  (102) to  the p red o m in an t iso m e r , 

m .p .  164-166°, and the  lo w er m elting , m .p .  84 -  86°, is o m e r  

w as re p re s e n te d  by (101),
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B efo re  p ro ceed in g  to the addition  of the  G rig n a rd  d e r iv a tiv e  

of the ace ty len e  (68) to  the hydroxy-cyclopen tenone (102) the 

add ition  of p heny lace ty lene  to  2 -m e th y l-3 -m e th o x y -c y c lo p en t-2 -e n o n e  

(103) w as exam ined  as a p ilo t e x p e r im e n t. The la t te r  com pound (103) 

w as re a d ily  ob ta ined  by the  ac tion  of d iazom ethane  on 2 -m e th y lc y c lo -  

pen tane-1 , 3 -d ione (94) *

Y/hen the G rig n a rd  d e r iv a tiv e  of ph en y iace ty len e  was condensed  

w ith (103) and the  re su ltin g  com plex  decom posed  with d ilu te  su lp h u ric  

acid , 2 -rn e th y l-3 (2 -p h en y le th y n y l)-cy c lo p e n t-2 -e n o n e  (104)* was 

ob ta ined  in  20% y ie ld . The fo rm a tio n  of (104) in  th is  re a c tio n  

show ed th a t th e  in itia lly  fo rm ed  te r t i a r y  a lcoho l had r e a r ra n g e d  in  the 

hoped fo r  m an n e r on ac id  t r e a tm e n t.

A ttem p ts  w ere  then  m ade to  re p e a t th is  G rig n a rd  re a c tio n  

using  th e  ace ty len e , o c t- l-y n -3 -o l  (68) and (103). In  th is  c a se  

how ever no d e tec tab le  re a c tio n  o c c u rre d  and in  a v a r ie ty  of so lv en ts , 

the  s ta r tin g  ace ty len e  (68) was re c o v e re d  unchanged . H ow ever 

when the  G rig n a rd  d e r iv a tiv e  of 3 -( te tra h y d ro -2 -p y ra n y lo x y )  oc t-1 - 

yne (69), the  p re p a ra tio n  of which fro m  (68) has a lre a d y  been  

d e sc rib e d , was condensed  w ith (103), th e  re a c tio n  p ro ceed ed  as
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a n tic ip a ted  and a m ix tu re  of (105) and (106) was ob ta ined  in  about 

25% y ie ld  to g e th e r  with re c o v e ry  of s ta r tin g  m a te r ia l .  The 

p red o m in an t p ro d u c t, 2 -m e th y l-3 -[3 -( te tra h y d ro -2 -p y ra n y lo x y )o c t-  

l-y n e ]~ cy c lo p en t-2 -en o n e  (105), was s e p a ra te d  by c h ro m a to g ra p h y . 

T re a tm e n t of the re a c tio n  m ix tu re  w ith 2, 4 -d in itro p h en y lh y d ra z in e  

in  ac id  gave r i s e  to only one d e riv a tiv e , th a t co rre sp o n d in g  to  (106), 

the te tra h y d ro p y ra n y l p ro tec tin g  g roup  in  (105) having c leav ed  u n d e r 

the  s tro n g  ac id  co n d itio n s. I t  w ill be o b se rv ed  th a t in  th is  G rig n a rd  

re a c tio n  involving the ace ty len e  (69) p a r t ia l  lo ss  of the p ro te c tin g  

group  has again  o c c u rre d  as  on a p rev io u s  o ccas io n .

Having e s ta b lish e d  th a t ace ty len ic  G rig n a rd s  add to the  

3 -m e th o x y cy c lo p en t-2 -en o n e  sy s te m  in  the d e s ire d  m anner,, 

a tten tio n  w as d ire c te d  a t analogous add ition  to the  h y d ro x y -c y c lo -  

pentenone (102) • H ow ever when the G rig n a rd  d e r iv a tiv e s  of 

3 - '( te trah y d ro -2 -p y ran y lo x y ) o c t- l-y n e  (69) and of p h en y lace ty len e  

w ere  re a c te d  with (102) the p red o m in an t com ponents, and the  only 

ones id en tified , of the  re a c tio n  p ro d u c ts  w ere  the s ta r tin g  a c e ty le n e s .

I t was c o n s id e red  th a t if  the seco n d a ry  hydroxy l g roup  of (102) 

was b locked, G rig n a rd  ace ty len ic  add ition  m igh t be m o re  su c c e s s fu l .
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A cco rd in g ly  (102) was tre a te d  with d ih ydropyran  in  the  p re se n c e  of 

a c a ta ly tic  am ount of acid , when h y d ro ly s is  o c c u r re d  and 1 -hydroxy-

3 -m e th y lcy c lo p en tan e-2 , 4 -d ione  (100) was re c o v e re d  q u a n tita tiv e ly .

T h is  e x tre m e  la b ility  of the 3*m ethoxycyclopen t-2 -enone  sy s te m  

to w ard s  h y d ro ly s is  to give the  p a re n t 1, 3 -d ione  was o b se rv ed  in a ll 

com pounds containing th is  sy s te m . Indeed 3 -m e th o x y -2 -m e th y lc y c lo -  

p e n t-2 -e n o n e  (103) hyd ro ly sed  even when exposed to the la b o ra to ry  

a tm o sp h e re  fo r  a p e rio d  of foui1 d ay s .

An a ttem p t to b lock  the hydroxyl group of (102) w ith c h lo ro ­

m eth y l e th e r  a lso  cau sed  h y d ro ly s is  and again  (100) was ob ta ined  in 

high yield* A n u m b er of a ttem p ts  w ere  then  m ade to p re p a re  the 

ben zy l d e r iv a tiv e  of (102)but the u su a l p ro c e d u re , re flux ing  the 

re a g e n ts  in  p y rid in e , re su lte d  in  re c o v e ry  of the s ta r tin g  m a to H a l (102) j

An a lte rn a tiv e  to p ro tec tin g  the hydroxy l in  the h y droxy-eyelo*  

pentenone (102) was the a t tra c tiv e  p o ss ib ility  of a s im ila r  re a c tio n  

with the p r e c u r s o r  to (102), l-h y d ro x y -3 -m eth y lcy c lo p en tan e-2 >  4* 

dione (100). T h is could lead  to the  cyclopentenone (107) d ire c tly  

thus e lim inating  the need  fo r  in te rm e d ia te  enol e th e r  fo rm a tio n . 

A cco rd in g ly  (100) was t re a te d  with two m o les  equ ivalen t of d ih y d ro - 

p y rcn  bu t no ap p re c iab le  re a c tio n  o c c u rre d  and a 70% re c o v e ry  of
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s ta r tin g  m a te r ia l  was ob ta ined . When benzy l c h lo rid e  was u sed  

in  p lace  of d ih y d ro p y ran  a  b lack  in tra c ta b le  o il r e s u l te d .

The cy c lo p en tan e trio n e  (89), the p r e c u r s o r  of a l l  the above 

com pounds, c ry a ta l l is e s  f ro m  w ate r as the m onohydra te , the fo rm  

in  which i t  is  g e n e ra lly  u se d . I t is  p ro b ab le  th a t the  m o lecu le  of 

w a te r  of c ry s ta l l is a t io n  is  a ttach ed  to the n o n -en o lic  ketone function  

at C - 1. If th is  is  so, tre a tm e n t of (89) w ith d iazo m eth an e  m igh t 

lead  d ire c tly  to the ace ta l, 1, l-d im e th o x y -3 -m e th y l-4 -m e th o ::y «  

c y c lo p e n t-3 -e n -2 -o n e  (108), In the event tre a tm e n t of (89) with 

d iazo m eth an e  lead  to  the iso la tio n  of a new  com pound in  55% y ield , 

w hich w as shown by its  sp ec tro sc o p ic  p ro p e r tie s  to be, 3 -m e th y l-

4 -m e th o x y c y c lo p e n t-3 -e n e -l, 2 -d ione (109). T h is 1, 2 -d io n e  ex is ted  

e n tire ly  in  the d iketone fo rm  as was shown by the fa c t th a t i t  did not 

give a  co lo u r w ith f e r r ic  ch lo rid e  so lu tion  and by its  N .M .R , 

sp e c tru m  (d iscu sse d  in  a la te r  s e c tio n ) . No ev idence fo r  the  

fo rm a tio n  of the  iso m e r ic  en o l* e th er (110) w as ob ta ined  in  th is  

re a c tio n .

The p re p a ra tio n  of (109) seem ed  to p ro v id e  a m ean s  of 

obtain ing  the  e thy lene k e ta l (111), the ob jec t of the e a r ly  p a r t  of th is  

w ork . H ow ever when (109) was r e a c te d  w ith an e x c ess  of e thy lene
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g lyco l in  the u su a l m an n er, th e re  was ob tained  in add ition  to re c o v e ry  

of s ta r tin g  m a te r ia l ,  a sm a ll am ount of a c ry s ta ll in e  com pound which 

was id en tified  as  the t r i - k e ta l  (9 3 ).

S tru c tu re s  of C yclopentanepolyones 

The sp e c tro sco p ic  p ro p e r tie s  of the oxygenated  cy c lo - 

p en tan es  d isc u s se d  in the p rev io u s  sec tio n  (Route 3) a r e  of 

c o n s id e rab le  in te re s t  and have been  v e ry  u se fu l in s tr u c tu ra l  

a s s ig n m e n ts . T h is sp ec tro sc o p ic  da ta  is  tab u la ted  in  T able  2 

(u ltra  v io le t) , T ab le  3 (in fra  red ) and T able  4 (n u c lea r m agnetic  

r e s o n a n c e ) .

I t  is  known th a t cyclopentane-1 , 2 -d ione e x is ts  a lm o s t

62e n tire ly  in  the eno l-ke tone  fro m  (112) , and a s im ila r  o b se rv a tio n

63has re c e n tly  been  m ade fo r  2 -a c e ty lcy c lo p en ta n e -l, 3 -d ione  (113).

The s tru c tu re  of 2 -m e th y lcy c lo p en tan e -l, 3 -d ione (94) has been

64d isc u sse d  by H irag a  , and he concluded th a t in  the so lid  s ta te  a 

p o ly m eric  en o l-ke tone  fo rm  p red o m in a ted  (114) • T h is  conclusion  

was b a sed  on the  p re se n c e  in the in f ra  re d  sp e c tru m  (nujol m ull) of



two bands, one in the 1550 - 1580 c m ,  ̂ reg ion  and the o th e r in  the 

2 3 0 0 - 2700 cm ,  ̂ reg ion , which w ere  found to be c h a ra c te r is t ic  of 

a s e r ie s  of 2 - su b stitu ted  cy c lo p en tan e-1, 3 -d io n e s , The s tro n g  

and b ro ad  band a t 1550- 1580 c m ,  ̂ was a ttr ib u te d  to a conjugated  

and a ch e la ted  carbony l g ro u p . The band a t 2 3 0 0 - 2700 cm , 

was a ttr ib u te d  to a s tro n g ly  hydrogen bonded g ro u p . The weak, 

sh a rp  band a t 1680 -1700 cm , * was co n sid e red  to be a function of 

the n o n -ch e la ted  ca rbony l group e ith e r  a t the te rm in a l p o s itio n s  of 

the p o ly m er o r on the m o nom eric  m o lecu le .

The N .M .R . of (94) s tro n g ly  suggested  th a t i t  was 

p re s e n t  in  so lu tion  e n tire ly  as the eno l-ketone and th a t a rap id  

e q u ilib riu m  o c c u rre d  betw een the tau to m e ric  fo rm s  (115) • Thus 

the fou r m ethy l p ro to n s , which o ccu r as a s ing le t, have id en tic a l 

en v iro n m en ts  and th e re  was no ind ica tion  of a s ig n a l fo r  the ac tiv e  

hydrogen  betw een the two keto g ro u p s .

The in fra  red  sp e c tru m  (nujol m ull) of the 1, 3 -d ione,

1 -h y d ro x y -3 -m eth y lcy c lo p en tan e-2, 3 -d ione (100) was s im ila r  to 

th a t of (94) w ith the c h a ra c te r is t ic  bands in the 1550-1580 cm , *, 

1680-1700 cm . \  and 2 3 0 0 - 2700 c m , * re g io n s . In addition  a
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hydroxy l band o c c u rre d  a t 3350 c m . ’ 1. T h is  would su g g e s t th a t 

in  the c ry s ta ll in e  s ta te  a s im ila r  p o ly m eric  s tru c tu re  to  th a t 

d e sc r ib e d  fo r  2 -m e th y lcy c lo p en tan e-l, 3 -d ione e x is ts .  In  so lu tion  

the N „M .R . showed the m ethy l group as  a s in g le t w hich su g g ested  

th a t the k e to -en o lic  s tru c tu re  is  again  the p r e fe r r e d  fo rm .

The N .M .R . of 3 -m e th y lcy c lo p e n ta n e-l, 2, 4 - tr io n e  (89)

65 64has been  d e sc rib e d  both  by E lv idge and H irag a  . H irag a

s ta te d  th a t both  the m ethy l and m ethy lene  g roups ap p ea re d  as

s in g le ts  and concluded th a t of the two lik e ly  eno lic  fo rm s  (116) and

(117), the fo rm e r  m ay  be p re fe ra b le .  On the o th e r  hand E lv idge

d e sc rib e d  the s ig n a ls  f ro m  the m ethy l and m ethy lene  g roups as  a

t r ip le t  (J = 1 c . p . s . )  and q u a r te t (J = 1 c . p . s . )  re sp e c tiv e ly . The

addition  of tr if lu o ro a c e tic  acid , expected  to c a ta ly se  p ro to tro p y  and

of tr ie th y la m in e , expected  to y ie ld  a m e so m e r ic  anion, did not,

i t  was s ta ted , in c re a s e  the coupling co n sta n t of 1 c . p . s .  On th is

b a s is  E lv idge su g g ested  a rap id  eq u ilib riu m  ex is ted  betw een  the

ta u to m e ric  fo rm s  (118).

The N .M .R . of both  the  h y d ra ted  and anhydrous fo rm s  of 

3 -m e th y lcy c lo p e n ta n e -l, 2, 4 - tr io n e  w as m e a su re d  on a 100 m /c .
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in s tru m e n t, bu t no sp litting  of the m ethy l and m ethy lene  s ig n a ls  

was o b se rv e d . I t is  n e c e s s a ry  th e re fo re  to q u estion  the b a s is  

on which E lv idge has p o stu la ted  a rap id  tau to m e ric  eq u ilib riu m .

Such an eq u ilib riu m  m ay ex is t but in tra m o le c u la r  hydrogen  bonding 

could  r e s u l t  in  one fo rm  (116) being p r e f e r r e d .  It is  un like ly  

th a t the  enolic fo rm  (117) is  a p o ss ib le  s tru c tu re  fo r  th is  tr io n e , 

as  su g g ested  by H iraga , s ince  no o lefin ic  p ro to n  w as o b se rv ed  in  

the N .M .R .

The N .M .R , of 2 -m e th y l-3 -m e th o x y cy c lo p en t-2 -en o n e

(103) showed the m ethy l group sp lit  as  a t r ip le t ,  J  = 1.5 c . p . s . ,  the

rin g  m ethy lene  p ro to n s  appearing  as a sy m m e tr ic  m u ltip le ts .  T h is

su g g ested  lo n g -ran g e  coupling th rough  four ca rb o n  a to m s . I t was

p o ss ib le  to show th a t sp litting  of the m ethy l g roup  in th is  com pound

is  a r e s u l t  of coupling with the m ethy lene p ro to n s  a lpha to the

ca rb o n y l group and not with the a lte rn a tiv e  a lly lic  m eth y len e  p ro to n s .

T h is w as c le a r ly  d e m o n stra ted  by the iso la tio n  of 3 -m e th y l-4 -m e th o x y -

c y c lo p e n t-3 -e n e - l, 2 -d ione (109). The in f ra  re d  sp e c tru m  (ch lo ro fo rm
.1

so lu tion) of th is  com pound show ed bands a t 1745 c m . , a ttr ib u te d  

to the n on -con jugated  carbony l, 1695 cm . 1 (con jugated  ca rb o n y l) and
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1626 cm , , (C arbon double b o n d ). The p re se n c e  of th e  ca rb o n y l 

band a t 1745 cm , ^  ru le d 'o u t the p o ss ib ility  of the iso m e r ic  

com pound (110) being the c o r re c t  s tru c tu re , fo r  the l a t te r  would be 

expected  to have only one carbony l band a t around  1700 c m , 

(co m p are  cyclopentene-1, 3 -d ione (120) which h as  one ca rb o n y l 

ab so rp tio n  a t 1700 c m , *),

The N .M .R , of th is  1, 2 -d ione (109) showed both  the  

m e th y len e  and m ethy l g roups as  s in g le ts  so th a t no co u p lin g adcc u rs  

th ro u g h  the  o lefin ic  bond. C onsequently  the long ran g e  coupling 

o b se rv ed  in  (103) m u st o ccu r th rough  the ring  ketone fun c tio n .

T h is o b se rv a tio n  was u sefu l in a ssig n in g  s tru c tu r e  to  the 

is o m e r ic  e n o l-e th e rs  (101) and (102). One of th e se  enol e th e rs  

show ed a s in g le t fo r  the m ethy l hydrogens and the o th e r  a t r ip le t  

(J = 1.5 c . p . s . ) .  The iso m e r  with the s in g le t m eth y l was 

th e re fo re  a ss ig n ed  the s tru c tu re  (102) with the  m ethy lene  g roup  

a lly lic  to the double bond and the is o m e r  w ith the  m eth y l as  a 

t r ip le t  a ss ig n e d  the  s tru c tu re  (101), which would p e rm it  long ran g e  

coupling th rough  the carbony l function . T h is  a ss ig n m en t ag re e d  

w ith the in f ra  re d  ab so rp tio n  m e a su re m e n ts  fo r the hyd roxy l g ro u p .
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The is o m e r ic  enol e th e r assig n ed  s tru c tu re  (102) had an hydroxy l 

ab so rp tio n  band a t 3568 cm , * (ch lo ro fo rm  high d ilu tio n ), w h e reas  

the value  in  the iso m e r  (101) was 3608 cm , \  One would expect 

in tra m o le c u la r  hydrogen bonding to o ccu r in  (102) but no t in  (101) 

and th is  would account fo r the low er value in  the fo rm e r .

In the p rev io u s  sec tion  i t  was s ta ted  th a t the  b is -e th y le n e -  

k e ta l re su ltin g  fro m  the h y d ro ly s is  of the t r i - k e ta l  (93) had the 

s tru c tu re  (99) ra th e r  than (98), on the b a s is  of i ts  N .M .R . The 

N .M .R , show ed the m ethy l p ro to n s  as a s im p le  doublet, J  = 11 c . p . s . ,  

and th is  can  only be reco n c iled  w ith s tru c tu re  (9 9 ). F o r  if  the 

is o m e r ic  (98) was the c o r re c t  s tru c tu re , fu r th e r  sp littin g  of the 

m eth y l g roup  would be expected  to o ccu r by long ran g e  coupling 

w ith the rin g  m ethy lene group th rough  the carb o n y l fun c tio n .

I t is  of in te re s t  to note th a t in  the com pounds, (104),

(105) and (106) the m ethy l group ap p e a rs  a s  a tr ip le t ,  J  = 1. 5 c . p . s , ,  

as  to be expected  in the ligh t of the above d isc u s s io n .
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Route 4 ,

The fo u rth  a ttem p t a t p ro s tag lan d in  sy n th e s is , ou tlined  

on flow  sh ee t E ,2 , involved the p re p a ra tio n  of the su b stitu ted  

cyclohexenol, 2 -(6 -carb o x y h ex y l) -4 -m e th y lc y c lo h e x -4 -e n o l (121a), 

by the  syn the tic  sequence d isc u sse d  below . C leavage of the 

double bond in  (121a) should re s u l t  in  the k e to -a ld eh y d e  (122a) which 

on b a se  tre a tm e n t should undergo  an in te rn a l aldo l condensa tion  and 

fo rm  the cy c lo p en tan e-d io l (123a), I t w ill be o b se rv e d  th a t (123a) 

con ta in s bo th  the  re q u is ite  ring  oxygen functions p re s e n t  in  the 

p ro s tag la n d in  m o lecu le  to g e th e r w ith one of the side  c h a in s . 

E x ten sio n  of the ace ty l group in to  an eight ca rb o n  side chain  

con tain ing  a t ra n s  double bond and an hydroxyl g roup  would r e s u l t  

in  the p ro s tag la n d in  s tru c tu re ,  A som ew hat s im ila r  ex tension

44was u sed  by Y /iesner in  h is  p a r t ia l  sy n th es is  of the p ro s ta g la n d in  

s tru c tu re  d e sc rib e d  in  the R eview , In  th is  c a se  an ac id  ch lo rid e  

group r a th e r  than an ace ty l function was ex tended in to  the  re q u is ite  

eigh t ca rb o n  s ide  cha in .

The p re p a ra tio n  of the su b stitu ted  cyclohexeno l (121b) 

was c a r r ie d  out as fo llow s, E s te r if ic a tio n  of p im e lic  ac id  gave
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the d ie th y l e s te r  (124), fro m  which the acid  e s te r  (125) was

p re p a re d  by p a r t ia l  h y d ro ly sis  T re a tm e n t of (125) w ith

th iony l ch lo rid e  re su lte d  in 6 -carb o e th o x y cap ro y l c h lo rid e  (126) •

67
The F r ie d e l-C ra f ts  condensation of the acid  ch lo rid e  (126) w ith

p -m e th y la n is o le (12.7) in te tra ch lo ro e th an e  as so lven t p ro c ee d e d  in

v ir tu a lly  quantitative y ie ld  to g ive ethyl 7 -(2 -m e th o x y -5 -m e th y lp h e n y l)  -

7 -o x o -n -h e p to a te  (128), The u se  of n itro b en zen e  as  so lv en t in

th is  co n d en sa tio n  reac tio n  re su lte d  in a som ew hat lo w er y ie ld .

The e s te r  (128) was re a d ily  h y d ro ly sed  w ith a lco h o lic

p o ta ss iu m  hydroxide to the acid, 7 -(2 -m eth o x y -5 -m eth y lp h en y l)  -

7 -o x o -n -h ep to ic  acid  (129), R eduction of th is  k e to -a c id  by the

68C lem m en sen  p ro ced u re , gave an ex ce llen t y ie ld  of 7 -(2 -m e th o x y -

5 -m eth y lp h en y l) -n -h ep to ic  acid  (130),

B irc h  reduction  of the su b stitu ted  a n iso le  (130) re su lte d  

in  th e  d iene (131), which was not iso la te d  but t r e a te d  d ire c t ly  w ith 

2 M , oxalic  ac id  a t room  te m p e ra tu re . U nder th e se  m ild  ac id  

con d itio n s, the  diene (131) was hyd ro ly sed  to the non -co n ju g a ted  

acid , 2 -(6 -c a rb o x y h e x y l)-4 -m e th y lc y c lo h e x -4 -e n o n e  (132), a 

c o lo u r le s s  liq u id . T h is acid  was id en tified  by i t s  fo rm a tio n  of a
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yellow  c ry s ta ll in e  2, 4 -d in itropheny lhydrazone  on tre a tm e n t w ith

73the re a g e n t in  phosphoric  acid  • The u l tra  v io le t sp e c tru m  of 

th is  d e riv a tiv e , (^m ax 365 mp; € 19, 500) was ty p ica l of non­

con jugated  cyclohexanones. The N .M .R , sp e c tru m  p ro v id ed  

convincing ev idence fo r the s tru c tu re  of (132) and d e m o n s tra te d  the 

p re s e n c e  of one o lefin ic  p ro ton  (t = 4 ,5 9 , m u ltip le t)  a s  re q u ire d  by  

a t r is u b s t i tu te d  double bond.

The ac id  (132) p roved  d ifficu lt to iso la te  by d is ti l la tio n  

o r  by ch ro m ato g rap h y  of i ts  m ethy l e s te r .  In an a ttem p t to  obtain  

a c ry s ta l l in e  so lid  a t th is  s tage , the a ro m a tic  ac id  (130) was 

co n v e rted  in to  i ts  am ide (133) and the la t te r  su b jec ted  to the B irc h  

r e a c tio n . H ow ever the p ro d u ct fro m  the B irc h  re a c tio n  could  not 

be induced  to  c ry s ta llin e  n e ith e r  would i t  fo rm  a  tra c ta b le  2, 4 - 

d in itro p h en y lh y d razo n e  and consequen tly  th is  a sp e c t w as no t p u rsu e d .

The c ru d e  acid  (132) as  obtained  fro m  the B irc h  rea c tio n , 

w as t re a te d  with ex cess  of d iazom ethane and the  m eth y l e s te r  (134) 

red u ced  d ire c tly  w ith sodium  b o ro h y d rid e . The p ro d u c t, the 

d e s ir e d  (121b), w as obtained  as  a  p a le  yellow  liqu id  and w as re a d ily  

iso la te d  by  ch ro m ato g rap h y  in  60% o v e ra ll  y ie ld  f ro m  the a ro m a tic  

ac id  (130).
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E vidence fo r the s tru c tu re  (121b) a ss ig n ed  to  the  b o ro -

h y d rid e  red u c tio n  p ro d u ct was based  on a p o sitiv e  co lo u r re a c tio n

w ith te tra m tro m e th a n e  which ind icated  an iso la te d  double

bond* The m o lec u la r  weight as d e te rm in ed  by m a ss  s p e c tro m e try

was in  a g re e m e n t with the ca lcu la ted  value fo r  the a ss ig n e d  s tru c tu re

and N*M «R, d em o n stra ted  the p re se n c e  of one o lefin ic  p ro to n

(t = 4*80, m u lt ip le t) . Thin la y e r  ch ro m ato g rap h y  su g g ested  th a t

the p ro d u c t was hom ogeneous but gas liqu id  ch ro m ato g rap h y  c le a r ly

d e m o n s tra te d  an ap p ro x im ate ly  1:1 ep im eric  m ix ture*

The next stage  in the syn th esis , the opening of the  s ix

m e m b e re d  rin g  in  (121b), followed by cy c lisa tio n  of the  p ro d u c t

(122b) to  the cy c lopen tane-d io l (123b), is  w ell i l lu s tr a te d  by r e fe re n c e  

69to lim o n en e  (135). In a su ccessfu l sy n th es is  of the  n a tu ra lly  

o c c u rr in g  l-a c e ty l-4 - iso p re n y l- l-c y c lo p e n te n e  (136), lim onene was 

co n v e rted  to  the  m onoepoxide (137), which in ac id  so lu tion  fo rm ed  

the  d io l (138). Sodium  p erio d a te  c leaved  the d io l (138) to  the k e to - 

ladehyde (139), which cy c lised  in  b ase  to give the re q u ire d  (136) 

to g e th e r  w ith the  hydroxy-ketone (140). T h is co n v e rs io n  of 

lim onene  in to  the  hydroxy-ketone (140) d u p lica tes  ex ac tly  the  hoped- 

fo r  tra n s fo rm a tio n  of the cyclohexenol (121b) to the cy c lo p en tan e- 

d io l (123b).
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In itia lly  a d ire c t conversion  of (121b) to the k e to -

aldehyde (122b) was attem pted , but found u n su c c e ss fu l. Thus

tre a tm e n t  of (121b) with an excess  of ozone a t -7 0 °  in  ethyl a c e ta te

o r  a t 0 in  aqueous methanol^*? afforded an in tra c ta b le  m ix tu re  of

com pounds w hich did not give a c ry s ta llin e  d e riv a tiv e  when tre a te d

71w ith 2, 4 -d in itro p h en y lh y d raz in e , R udloff's m ethod fo r  c leav ing  

double bonds, using  an oxidising m ix tu re  of sodium  p e r io d a te  and 

p o ta ss iu m  p erm an g an a te , was a lso  u n su ccessfu l in p roducing  a 

tra c ta b le  p ro d u c t and again  the reaction ; m ix tu re  did not fo rm  a 

c ry s ta l l in e  2, 4 -d in itro p h en y lh y d razo n e .

T re a tm e n t of (121b) with osm ium  te tro x id e  in  an a ttem p t 

to fo rm  the t r io l  (141), re su lte d  on w ork up in  a b lack  v isco u s  liqu id  

w hich s tre a k e d  on a T .L .C .  p la te . T h is b lack  liqu id  w as t re a te d  

d ire c t ly  w ith sodium  p erio d a te  and o v er th re e  days a t ro o m  

te m p e ra tu re ,  a white p re c ip ita te , p re su m a b ly  sod ium  io d a te , 

was o b se rv e d . T his suggested  som e rea c tio n  was o c c u rr in g  but 

su b seq u en t w ork up gave an in tra c ta b le  b lack  liqu id  m ix tu re  which 

d ecom posed  on d is ti l la tio n . The sm a ll am ount of d is t i l la te  did 

not give a c ry s ta ll in e  p re c ip ita te  with 2, 4 -d in itro p h en y lh y d ra zo n e .
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F in a lly  the sequence of reac tio n s  u sed  to c o n v e rt 

lim onene  (135) t* the keto-a ldehyde (139) was re p ea ted  w ith the 

cyclohexeno l (121b). Epoxidation of (121b) with m -c h lo ro -  

p e rb e n z o ic  ac id  ap p eared  to give a m ix tu re  of is o m e r ic  epoxides 

(142) • A cid tre a tm e n t of th is  epoxide m ix tu re  in an a ttem p t to 

fo rm  the t r io l  (141) follow ed by cleavage with sodium  p e r io d a te  to 

the k e to -a ld eh y d e  (122b), did not appear hopeful on b r ie f  ex am in a tio n . 

A tho rough  in v estig a tio n  was not c a r r ie d  out how ever in  v iew  of the 

m o re  p ro m is in g  developm ents in the next syn the tic  a p p ro ach  (Route 5 ) .

B efo re  com pleting the account of th is  sec tio n  of the  w ork 

the p o s s ib ili ty  was exam ined of ex trac tin g  the  cyclopen taned io l, 

in  w hich the  hydroxyls a re  c is -o r ie n ta te d , f ro m  a m ix tu re  of c is  

and t ra n s  d io ls  by a c e ta l fo rm a tio n . T h is  would obviously  be 

u se fu l in  sim plify ing  the s te re o c h e m ic a l a sp e c ts  of p ro s ta g lan d in  

sy n th e s is .

T h is  p o ss ib ility  was exam ined using  ’te ch n ica l cy c lo - 

p en ten ed io l1 as  a m odel com pound. T h is  m a te r ia l  was in  fa c t 

a  70:30 m ix tu re  of the 1, 4-(143) and 1, 2-(144) cy c lo p en ten ed io ls .

When th is  m ix tu re  was refluxed  with an eq u im o la r co n cen tra tio n
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of p a ra fo rm a ld eh y d e  in benzene containing a ca ta ly tic  am ount of 

p -to lu en esu lp h o n ic  acid, the p roduct was m o re  v isco u s  and m o re  

p o la r  than  the  s ta r tin g  d io l. The in fra  red  sp e c tru m  show ed a 

red u ced  hydroxyl abso rp tion  (com pared  with the s ta r tin g  d io l) , and 

a b ro a d  band a t 1140 cm .^  (e th er bonds) • T his su g g ested  th a t 

in te rm o le c u la r  bonding had o c c u rre d  to give (145) r a th e r  than  the 

hoped fo r (146).

72I t was re p o rte d  th a t the re ac tio n  betw een c is -c y c lo -  

pen tane-1 , 3 -d io l and p -n itrobenzaldehyde  gave the a c e ta l (147) in 

ex ce llen t y ie ld . In deed th is  reac tio n  was given a s  p ro o f of the 

c is  o r ie n ta tio n  of the hydroxyls in  the s ta r tin g  com pound. When 

’te c h n ic a l cyc lopen tened io l1 was re a c te d  with p -n itro b en za ld eh y d e  

a c ry s ta l l in e  com pound was iso la ted  which an a ly sed  c o r re c t ly  fo r a 

p -n itro b e n z y lid e n e a c e ta l.

A d is tin c tio n  betw een the two p o ss ib le  a c e ta ls ,  (148) and 

(149), was p o ss ib le  on the b a s is  of N .M .R . Thus in  v iew  of the 

s y m m e tr ic a l  n a tu re  of (148), the  two o lefin ic  p ro to n s  would be 

equally  d esh ie lded ; s im ila r ly  the two a lly lic  p ro to n s . In  fa c t 

the N c M . R .  showed fou r m u ltip le ts  (t = 3 .8 5 , 4 .2 4 , 4 .6 7 , 5 .19 ), 

e a c h  w h ic h  in te g ra te d  fo r one pro ton , showing c le a r ly  th a t (149) is  

th e  c o r r e c t  s tr u c tu re .
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Route 5

The fifth  rou te  to the p ro stag lan d in s  and the one 

c u r re n tly  being p u rsu ed  envisaged a syn thetic  sch em e which is  

ou tlined  on flow sh ee t F . l ,  The s ta r tin g  point was the known 

com pound, 2 -(6 -b rom ohexy l) cyclopentanone (150) which on 

b ro m in a tio n  and e lim ination  of hydrogen b ro m id e  should re a d ily  

fo rm  the  a, {3-unsaturated ketone (151) • The c ru c ia l  s tep  in  the  

sy n th e s is  was the G rig n ard  addition of the ace ty len e  (69) to th is  

cyclopentenone (151), It was co n sid e red  th a t the in itia lly  fo rm ed  

t e r t i a r y  a lcoho l (152) would on acid  tre a tm e n t undergo  an an io n o tro p ic  

re a r ra n g e m e n t to give the a lly lic  alcohol (153). A s im ila r  type of 

re a r ra n g e m e n t has been  observed  with analogous cyc lo h ex en o n es .

R ep lacem en t of b rom ine by n itr i le  and h y d ro ly s is  of the 

n i t r i le  g roup would convert the a lly lic  alcohol (153) to the  ac id  (154) • 

A lly lic  oxidation  of (154) and rem oval of the te tra h y d ro p y ra n y l 

p ro te c tin g  group would lead  to (155) • The rem ain in g  p ro b le m s  

would be to in tro d u ce  a fu rth e r  oxygen function in to  the  cy c lo - 

pen tenone rin g  a t the a lly lic  position  and to ach ieve s e le c tiv e  

red u c tio n  of the enyne sy stem  to a tra n s-d o u b le  bond, so re su ltin g
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in  the  p ro s tag la n d in  s tru c tu re#  Gne way of acco m p lish in g  the 

fo rm e r , in tro d u c tio n  of a ring  oxygen function, would be a W ohl- 

Z ie g le r  re a c tio n  betw een the cyclopentenone (155) and N -b ro m o - 

su cc in im id e  to give (156)follow ed by d isp lacem en t of the  b ro m in e  

a tom  with h y d ro x y l. The double bond in the ring  could be s a tu ra te d  

by fo rm a tio n  of the epoxide (157), re p lac e m en t of the oxide b rid g e  

by su lp h u r and rem o v a l of su lphur by re a c tio n  with R aney n ick e l to  

give (158). T ra n s  red u c tio n  of the tr ip le  bond would a ffo rd  PG E^.

A p o ss ib le  ro u te  to 2 -(6 -b ro m o h ex y l) cy c lo p en t-2 -en o n e

(151) ap p e a red  to be a d ire c t  a lky la tion  of cy c lo p en t-2 -en o n e  with

741, 6 -d ib ro m o h ex an e . Thus Conia p re p a re d  '2 -(p rop~ 2~ eny l) — 

cy c lo h ex -2 -en o n e  (159) by condensation  of a lly l b ro m id e  with 

cy c lo h ex -2 -en o n e  using  sodium  t-a m y ta te  as b a s e . The y ie ld  in 

th is  c a se  how ever was only 4%. YThen n -p ro p y l b ro m id e  was 

condensed  with cyclopentenone in  the p re se n c e  of sod ium  t-a m y la te , 

as  a t r i a l  ex p erim en t, a co n s id e rab le  am ount of re s in o u s  m a te r ia l  

was ob ta ined  and th e re  was no evidence fo r  th e  fo rm a tio n  of

2 -n -p ro p y lcy c lo p e n t-2 -en o n e  (160) •
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2 -(6 -B ro m o h ex y l) cyclopentanone (150) was p re p a re d  as  

75d e sc r ib e d  m  the  l i te ra tu r e  as fo llow s. The D ieckm ann

condensa tion  of d ie thy lad ipa te  re su lte d  in 2 -ca rb o e th o x y cy c lo - 

7 6
pen tanone (161). 1, 6~.Dibromohexane was p re p a re d  in itia lly  by

lith iu m  a lum in ium  h ydride  reduction  of d ie thy l ad ipa te , and tre a tm e n t

77of the re su ltin g  1, 6 -hexaned io l with h y d ro b ro m ic  ac id  • The

condensa tion  of 1, 6 -d ib rom ohexane with 2 - carboethoxycy  clop entanone

(161) re su lte d  in  2 -ca rb o e th o x y -2 -(6 -b ro m o h ex y l)  cyclopentanone (162)

f ro m  w hich (150) was obtained  by h y d ro ly s is  and d eca rb o x y la tio n  in

reflux ing  h y d ro b ro m ic  and ace tic  ac id .

The fo rm atio n  of the cyclopentenone (151) by b ro m in a tio n

of the ketone (150) and hydrogen b ro m id e  e lim in a tio n  ap p e a red  a

p lau s ib le  p ro p o sitio n  in  view  of the tendency  of k e to n es  to  r e a c t

p re fe re n tia l ly  w ith b ro m in e  a t the  m o re  su b stitu ted  a -p o s itio n  in

ac id ic  so lu tio n . The known ab ility  of s il ic a  to se le c tiv e ly  e lim in a te

78
t e r t i a r y  b ro m in e  as  hydrogen b ro m id e  would then  lead  to the 

d e s ire d  cyclopentenone (151) •

In p ra c tic e  th is  p ro c e d u re  cau sed  c o n s id e ra b le  d ifficu lty . 

B ro m in a tio n  re su lte d  in m ix tu re s  of v a rio u s  b ro m o k e to n es  which
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being u n s tab le  rap id ly  darkened  on standing with hydrogen  b ro m id e  

evolution*

Thus when the ketone (150) was tre a te d  in  te tra h y d ro fu ra n

with one m ole  equ ivalen t of p h en y ltrim ethy lam m onium  b ro m id e  

. 79p e rb ro m id e  and the p ro d u c t d ire c tly  ch ro m ato g rap h ed  on s ilic a ,

a com plex  m ix tu re  of com pounds was obtained  including  the s ta r tin g

m a te r ia l  and a sm a ll am ount of the d e s ire d  cyclopentenone (151).

W th  one m ole equ ivalen t of N -b ro m o su cc in im id e  in  re flux ing  carb o n

te tra c h lo r id e , m o n o -b ro m in a tio n  ap p eared  to o cc u r p r im a r i ly  a t

the  le s s  su b s titu ted  a -p o s itio n . S im ila rly  with one m ole  equ ivalen t

of b ro m in e  in  e th e r , the ketone (150) ap p eared  to a ffo rd  2 -b ro m o -

5 -(6 -b ro m o h ex y l)  cyclopentanone (163) ex c lu s iv e ly .

W ith one m ole equ ivalen t of b ro m in e  in a c e tic  ac id  follow ed

by im m ed ia te  s il ic a  ch ro m ato g rap h y  of the p ro d u ct, the  ketone (150)

gave a m ix tu re  of com pounds which included  a sm a ll am ount,

id en tified  by T .L .  C ., of the  d e s ire d  enone (151) • The u se  of the

80b ro m in e -d io x a n  com plex  as b ro m in a tin g  agent, fo llow ed by s il ic a

c h ro m ato g rap h y  affo rded  an ap p ro x im a te  20% y ie ld  of the dec1 red  

enone (151).
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The b e s t re su lts  w ere  obtained when p y rid in iu m  b ro m id e

• j 81 .p e rb ro m id e  m  ace tic  acid  was u sed  as  the b ro m in a tin g  ag en t.

W ith one m ole equ ivalen t of th is  reag en t follow ed by s i l ic a  c h ro m ­

atog raphy , the  ketone (150) gave an ap p rox im ate  1:1 m ix tu re  of 

s ta r tin g  m a te r ia l  and cyclopentenone (151). With 70% ex cess  

reag en t, the  sam e p ro c e d u re  re su lte d  in 14% of unchanged s ta r tin g  

m a te r ia l ,  e s ta b lish e d  by G. L . C ,,  and the m ain  p ro d u ct, the  

d e s ire d  enone (151) was p re se n t to the extent of about 60% by G .L .C . 

O th e r b ro m o -k e to n e s  ap p eared  to m ake up the r e s t  of the  p ro d u c t 

m ix tu re  and ch ro m ato g rap h ic  sep a ra tio n  was d iff icu lt. The b e s t  

r e s u l ts  w ere  obtained  with a 20% ex cess  of p y rid in iu m  b ro m id e  

p e rb ro m id e  follow ed by a com bination  of s il ic a  gel ch ro m a to g rap h y  

and d is t i l la t io n . By th is  technique y ie ld s  of re a so n a b ly  p u re  

2 -(6 -b ro m o h ex y l) cyclopentenone (151) v a ried  betw een  20 -  35%

It m igh t be added th a t m ethods o th e r than  s i l ic a  c h ro m ­

a to g rap h y  fo r  hydrogen  b ro m id e  e lim ination  w ere  tr ie d , n am ely  

lith iu m  c h lo rid e  in  d im eth y lfo rm am id e  and p ro p y len e  oxide, but 

n e ith e r  w ere  as  e ffic ien t as  s i l ic a .
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In v iew  of the d ifficu lty  in  p re p a rin g  the cyclopentenone 

(151) by the  above p ro c e d u re s , o ther m ethods of p re p a ra tio n  w ere  

in v e s tig a te d . The p re p a ra tio n  of the enol a c e ta te  (164) f ro m  the 

ketone (150) follow ed by tre a tm e n t of (164) with one m ole equ ivalen t 

of b ro m in e  would r e s u l t  in  the exclusive  fo rm atio n  of the t e r t i a r y  

b ro m id e  (165) fro m  which the d e s ire d  cyclopentenone (151) m ig h t be 

p re p a re d  by s il ic a  d ehydrob rom ination . U nfortunate ly  when the 

ketone (150) was refluxed  with iso p ro p en y l a c e ta te  in  the p re se n c e  of 

p -to lu en esu lp h o n ic  acid , the p ro d u c t was shown by G .L . C . to be a 

1:1 m ix tu re  of the  two p o ssib le  enol ac e ta te s  (164) and (166). 

T re a tm e n t of th is  m ix tu re  w ith one m ole equ ivalen t of p y rid in iu m  

b ro m id e  p e rb ro m id e  follow ed by s il ic a  ch ro m ato g rap h y  re su lte d  in  

a com plex  m ix tu re  of p ro d u c ts  which included  only a sm a ll am ount 

of th e  d e s ir e d  (151) •

An s e ll  has  su m m a rise d  the m ethods of p re p a rin g  cy c lo - 

82pen tenones and developed a new ro u te  to  th e se  com pounds w hich 

involved  the  G rig n a rd  re a c tio n  of alkyl h a lid es  with 2 -iso b u to x y - 

c y c lo p e n t-2 - enone (167) • The in itia lly  fo rm ed  t e r t i a r y  alcohol 

(168) on ac id  tre a tm e n t lo s t w ater with concom itan t h y d ro ly s is  to
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give the  2 -su b s titu te d  cyclopentenone (169). A s e r ie s  of cy c lo - 

pen tenones w ere  p re p a re d  in good y ie ld  by th is  re a c tio n . T h is 

ap p ro ach , the  G rig n a rd  addition of a su itab le  alkyl h a lid e  to 

2 -iso b u to x y cy c lo p en t-2 -en o n e  (167), ap p eared  u se fu l in  the  p re s e n t  

in s ta n c e .

C yclopentane-1, 2 -d ione (170) was th e re fo re  p re p a re d  in

83ex c e lle n t y ie ld  by a m ethod d e sc rib ed  in  the  l i te r a tu r e  • G lu ta r ic

ac id  w as e s te r if ie d  and condensed with d ie thy l o xala te  to g ive 3, 5-

d icarboethoxycyclopen tane-1 , Jtrdione (171) • H y d ro ly sis  of th is

d ie s te r  (171) in  20% su lphuric  acid  afforded  cyclopentane-1 , 2 -d ione

(170) a s  a w hite, low  m elting , c ry s ta llin e  solid , w hich w as co n v e rted

82
im m e d ia te ly  in to  2 -iso b u toxycyclopen t-2 -enone  (167) .

A su itab le  alky l halide fo r G rig n a rd  add ition  to (167)

a p p ea re d  to be the p rev io u sly  u n d esc rib ed  7 - ( te tra h y d ro -2 -p y ra n y l-

oxy) h ep ty l b ro m id e  (172). T his was re a d ily  p re p a re d  by lith iu m

45
a lu m in iu m  h y d rid e  reduction  of ethyl 7 -b ro m o h ep tan o a te  (173) to

84
7-b ro m o h e p ty l alcohol (174) as d e sc rib e d  in the l i te r a tu r e  and 

t re a tm e n t  of th is  alcohol with d ihydropyran  in  the  p re se n c e  of a 

c a ta ly tic  am ount of ac id .
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I t  was co n s id e red  th a t G rig n ard  addition of the alky l 

h a lid e  (172) to  2 -isobu toxycyclopen t-2 -enone  (167) would r e s u l t  in 

the  fo rm a tio n  of the cyclopentenone (175). G rig n a rd  re a c tio n  of 

the a ce ty len e  (69) with (175) would, i t  was hoped, r e s u l t  in  (176) 

by an an io n o tro p ic  re a rra n g e m e n t as  d e sc rib e d  e a r l i e r .  The 

com pound (176) would be su itab le  fo r e lab o ra tio n  in to  the p r o s ta ­

glandin  s tru c tu re  by rea c tio n s  s im ila r  to those  d e sc rib e d  above fo r 

e lab o ra tio n  of (154) •

U nfortunate ly  the alkyl halide  (172) would no t r e a c t  w ith 

m ag n es iu m  in  the  u su a l G rig n ard  so lv en ts . S im ila r ly  a ttem p ts  

to  m ake the  lith iu m  sa lt  of (172) and re a c t  th is  with 2 -iso b u to x y - 

cy c lo p en t-2 -en o n e  (167) w ere a lso  u n su c c e ss fu l. The u se  of a 

d iffe re n t p ro te c tio n  group to d ihydropyran , n am ely  t r i ty l  ch lo rid e , 

re su lte d  in  the fo rm atio n  of 7 -triph^ny lm ethoxyhep ty l b ro m id e  (177), 

f ro m  the  a lcoho l (174), but th is  lik ew ise  would not r e a c t  w ith 

m ag n esiu m  o r  lith iu m .

A ttem p ts  to p re p a re  the m o n o -G rig n ard  d e r iv a tiv e  of 

1, 6 -d ib ro m o h ex an e  and r e a c t  th is  with 2 -isobu toxycyclopen t-2»  

enone (167) not su rp r is in g ly  failed , a com plex  m ix tu re  r e su lt in g .
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Thus the  u se  of 2 -isob u to x y cy c lo p en t-2 -en o n e  (167) 

as a m ean s  of p re p a rin g  a su itab ly  2 - su b stitu ted  cy c lo p en t-2 -en o n e  

was u n su c c e ss fu l.

4 4
In the syn thetic  w ork of W eisner , d e sc rib e d  e a r l i e r  m  

the  rev iew  sec tion , the 2 - su b stitu ted  cyclopentenone (178) w as 

p re p a re d  s u rp r is in g ly  fro m  the P -k e to e s te r  (179) which w as f i r s t  

t r e a te d  w ith one m ole of b rom ine , to fo rm  a m onobrom o derivative*  

The la t t e r  when refluxed  fo r s ix teen  ho u rs  in  e thano lic  20% su lp h u ric  

ac id  w as co n v erted  to the cyclopentenone (178), s e p a ra te d  by 

c h ro m a to g ra p h y . P re su m ab ly  the m onobrom o d e r iv a tiv e  was (180) 

w hich d eh y d ro b ro m in a ted  to give (181) • E s te r  h y d ro ly s is , 

d eca rb o x y la tio n  and double bond iso m e r isa tio n  would lead  to  (178) •

On th is  b a s is  i t  seem ed  reaso n ab le  to a ssu m e  th a t t re a tm e n t  of

2 -(6 -b ro m o h ex y l)  cyclopentanone (150) w ith one m ole of b ro m in e , 

w hich had been  shown to give the m ix tu re  of b ro m o -k e to n e s , fo llow ed 

by reflux ing  of the c rude p ro d u c t with e thanolic  20% su lp h u ric  ac id  

fo r  s ix teen  h o u rs  m ight lead  to the  d e s ire d  cyclopentenone (151).

A ccord ing ly  the ketone (150) was tre a te d  with one m ole

80
eq u ivalen t of the  b ro m in e-d io x an  reag en t and the c ru d e  p ro d u c t 

re flu x ed  fo r e leven  h o u rs  in  ethanolic  20% su lp h u ric  a c id .
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S ep a ra tio n  of the  p ro d u c ts  by ch rom atog raphy  gave a 12% y ie ld  of 

the cyclopentenone (151).

t/h e n  the ketone (150) was tre a e d  with one m o le  equ ivalen t 

of b ro m in e  in  ace tic  acid  and the p roduct re fluxed  fo r sev en teen  

h o u rs  in  e thanolic  20% su lphuric  acid, th e re  was iso la te d  in  

add ition  to the  cyclopentenone (151) fo rm ed  in 22% y ield , a new  

com pound w hich was shown to be the diosphenol, 3 -(6-brom ohexyl) 

cyclopentane-1 , 2 -d ione (182), fo rm ed  in  about 25% y ie ld . The 

fo rm a tio n  of th is  com pound (182) was p re su m ab ly  a r e s u l t  of the 

h y d ro ly s is  and dehydrobrom ination  of an in te rm e d ia te  2, 2 -d ib ro m o - 

d e r iv a tiv e  (183).

In  v iew  of the unp rom ising  re s u l ts  obtained  by the 

ap p lica tio n  of W iesn e r’s b ro m in atio n  -  refluxing  e thano lic  su lp h u ric  

ac id  t r e a tm e n t  to the 2 - substitu ted  cyclopentanone (150), i t  was 

dec ided  to  re p e a t  th is  p ro ced u re  with the P -k e to e s te r  ‘ (162), which 

is  ex ac tly  analgous to the p -k e to e a s te r  (179) u sed  by W eisn er to  

p r e p a re  the  cyclopentenone (178), and which is  the  in it ia l  p ro d u c t 

fro m  the  condensation  of 1, 6 -d ib rom ohexane with 2 -ca rb o e th o x y  

cyclopentanone (161).
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When the ,6 -ke toester (162) w a3 tre a te d  w ith one m ole 

equ iva len t of b ro m in e  in ace tic  ac id  and the p ro d u c t im m e d ia te ly  

re flu x ed  w ith e thanolic  20% su lphuric  acid, th e re  rem a in ed  a f te r  a 

p e rio d  of e igh teen  h ours, a brow n oily la y e r  at the bo ttom  of the 

re a c tio n  f la sk . W ork up of the p roduct a t th is  s tag e  show ed only 

a sm a ll am ount of cyclopentenone to be p re se n t.  It w as c o n s id e red  

th a t the brow n heavy la y e r  in  the reac tio n  fla sk  w as p ro b ab ly  

u n re a c te d  b rom oketone  and T .L .  C. ap p eared  to su p p o rt th is .  The 

re flu x  tim e  was th e re fo re  extended u n til the heavy brow n la y e r  

d isa p p e a re d  and the reac tio n  solu tion  becam e hom ogeneous -  about 

th ir ty  s ix  h o u rs . F ro m  the reac tio n  p ro d u c t a t the  end of th is  

p e r io d  th e re  was iso la te d  by s il ic a  ch ro m ato g rap h y  a cyclopentenone 

in  23% y ie ld  w hich was co n sid e red  in itia lly  to be the deciTed cy c lo ­

pen tenone (151) • I t soon b ecam e ap p aren t how ever th a t the 

p ro d u c t was no t (151) but 2 -(6-e thoxyhexy l) cy c lo p en t-2 -en o n e  (184), 

re su ltin g  fro m  the rep lacem en t of.brorrude by ethox ide .

S im ila r ly  when the p -k e to e s te r  (185) was su b jec ted  to  the  

sam e t re a tm e n t  the p ro d u c t was 2 -(5 -e thoxypen ty l) c y c lo p en t-2 - 

enone (186) •
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It w ill be reco g n ised  th a t a co n s id e rab le  am ount of e ffo rt 

was expended to p re p a re  the cyclopentenone (151) by a n u m b er of 

m ethods but re c o u rs e  had to be m ade to the b ro m in a tio n , d eh y d ro - 

b ro m in a tio n  p ro c ed u re , d esc rib ed  e a r l i e r .  T h is m ethod  w as n e t 

e n tire ly  s a tis fa c to ry  and p re se n te d  p ra c tic a l  d iff icu ltie s  of separat'-on . 

A fte r  a p e r io d  of t r i a l  and e r r o r  the b e s t y ie lds of cyclopentenone 1̂51} 

w ere  ob ta ined  by tre a tm e n t of the ketone (150) in  a c e tic  ac id  w ith 20% 

e x c ess  p y rid in iu m  b ro m id e  p e rb ro m id e , im m ed ia te ly  follow ed by 

s i l ic a  ch ro m ato g rap h y  of the b ro m o -p ro d u c t. The v e ry  c ru d e  

cyclopen tenone (151) obtained a t th is  s tage  was d is tille d , c h ro m a to ­

g rap h ed  again  and then d is tille d  fo r a second tim e  to give a 25-35% 

y ie ld  of accep tab ly  p u re  m a te r ia l .

A tten tion  was then tu rn ed  to the addition of the  G rig n a rd  

d e r iv a tiv e  of 3 -(te tra h y d ro -2 -p y ra n y lo x y ) o c t- l-y n e  (69) to the  

cyclopen tenone (151). I t w ill be xeoollec d th a t the  in itia lly  fo rm ed  

t e r t i a r y  a lco h o l (152) fro m  th is  reac tio n  would, i t  was hoped, on 

ac id  t r e a tm e n t  undergo  an an ion trop ic  re a rra n g e m e n t to  give the 

a lly lic  a lcoho l (153). B efo re  p roceed ing  with th is  re a c tio n  a 

p re l im in a ry  in v e stig a tio n  was m ade of the addition  of the Grngnnrd.
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d e r iv a tiv e  of phenylacety lene to cy c lo p en t-2 -en o n e . Y/hen the 

G rig n a rd  com plex  fro m  th is  p re lim in a ry  re ac tio n  was decom posed  

with s a tu ra te d  am m onium  ch lo ride , th e re  was id en tified  in  the 

re a c tio n  m ix tu re  in  addition to unchanged s ta r tin g  m a te r ia ls  and a 

c e r ta in  am ount of re s in o u s  m a te r ia l, a new p ro d u c t which was 

s e p a ra te d  by ch ro m ato g rap h y . This new p roduct, fo rm ed  in  

about 25% y ield , was iden tified  as  the unexpected  3 -(2 -p h en y l-  

ethynyl) cy c lo p en t-2 -en o n e  (187). S p ec tro sco p ic  c o m p a riso n  with 

the p re v io u s ly  p re p a re d  2 -m eth y l-3 -(2 -p h en y le th y n y l) cy c lo p en t-

2 - enone (104) p rov ided  com plete p roo f of s tr u c tu r e .  In o rd e r  to 

exp la in  th e  fo rm atio n  of (187) in  th is  reac tio n  i t  was a ssu m e d  th a t 

the  in it ia l ly  fo rm ed  te r t ia r y  alcohol (188) underw en t the  d e s ire d  

an io n o tro p ic  re a rra n g e m e n t on tre a tm e n t with am m onium  ch lo rid e  

to give the  a lly lic  alcohol (189) • The m ode of oxidation  of th is  

a lcoho l (4#j to the u n sa tu ra te d  ketone (187) is  not re a d ily  

ex p licab le  although a e r ia l  oxidation is  an obvious c an d id a te .

A second t r i a l  ex p erim en t was then run  betw een  the  

G rig n a rd  d e r iv a tiv e  of 3 - ( te tra h y d ro - 2 -py rany loxy) o c t- l-y n e  (69) 

and cy c lo p e n t-2 - enone• D is tilla tio n  of the c ru d e  p ro d u c t gave a
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15% re c o v e ry  of s ta r tin g  acety lene (69) and a h ig h er bo iling  f ra c tio n  

w hich w as ch ro m ato g rap h ed  on silica* F ro m  the e lu ted  fra c tio n s  

th e re  was iso la te d  by fu r th e r  ch rom atog raphy  a liqu id  ace ty len e  w ith 

a b so rp tio n  in  the  u l tra  v io le t a t 232 mp, ( e 10, 000) which su p p o rted  

the  p re se n c e  of an enyne sy stem  in the m olecule* On the b a s is  c l  

th is  and N .M .R . evidence th is  acety lene was co n s id e red  to be

3 -(3 -h y d ro x y o c t- l-y n e )  cy c lo p en t-2 - enol (190) * In th is  ex p e rim e n t 

th e re fo re  i t  ap p eared  th a t the expected an ion trop ic  r e a rra n g e m e n t 

did indeed  o ccu r resu ltin g  in the a lly lic  a lcohol (190). The y ie ld  

h ow ever was v e ry  poor and fu rth e rm o re  lo ss  of the te tra h y d ro p y ra n y l 

p ro te c tin g  group occurred*  R epetition  of th is  e x p e rim en t in  o th e r 

G rig n a rd  so lven ts  and a lso  the p re p a ra tio n  of the lith iu m  s a lt  of

3 -(te tra h y d ro -2 -p y ra n y lo x y )  o c t- l-y n e  (69) and the a ttem p ted  

add ition  of th is  to cy c lo p en t-2-enone in  liquid  am m onia  did not 

im p ro v e  the yield* It did ap p ear how ever th a t in addition  to the 

a lly lic  a lcoho l (190) being fo rm ed  in  th a s*  re a c tio n s  som e of the  

a lly lic  a lcoho l (191) in  which the p ro tec tin g  group was in ta c t was 

a lso  p r e s e n t .
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When the G rig n ard  d e riv a tiv e  of 3 - ( te tra h y d ro -2 -p y ra n y l-  

oxy) o c t- l-y n e  (69) was condensed in e th e r with 2 -(6 -b ro m o h ex y l) 

c y c lo p e n t-2 - enone (151) and the re su ltin g  com plex decom posed  w ith 

ic e -c o ld  5% su lp h u ric  acid, the m a jo r p roduct, fo rm ed  in  40-50%  

yield , w as id en tified  as the a lly lic  alcohol 2 -(6 -b ro m o h e x y l)-3 -  

[3 -( te trah y d ro -2 -p y ra n y lo x y ) o c t- l-y n e ]  cy c lo p en t-2 - enol (192),

The a ss ig n ed  s tru c tu re  was f irm ly  b ased  on sp e c tro sco p ic  ev id en ce . 

The u l t r a  v io le t sp e c tru m  showed one maxirryrum a t 234 mfj. ( e 10, 4 0 0 ). 

In th e  in f ra  re d  bands w ere  o b serv ed  a t 3500 (hydroxyl), 2250 (v e ry  

weak, a c e ty le n ic ) , 1700 (weak, te tra -s u b s ti tu te d  double bond), 1130 

(p y rany l e th e r ) ,  1050 (secondary  alcohol) cm . * • The N .M .R . 

was p a r t ic u la r ly  d iagnostic  and d em o n stra ted  the p re se n c e  of an 

a -b ro m o m e th y len e  group ( t = 6.63 , tr ip le t)  and a p r im a ry  m ethy l 

g roup  ( t = 9*09 s in g le t) .  D is tilla tio n  of th is  a lcoho l (192) and 

i ts  tra n s fo rm a tio n  p ro d u cts  re su lte d  in  ex tensive  d eco m p o sitio n .

The sep a ra tio n  of the a lly lic  a lcohol (192) by ch ro m a to ­

g rap h y  of the  re a c tio n  m ix tu re  was com plica ted  by th re e  f a c to r s .  

F i r s t ly  som e 40-50% of the s ta r tin g  cyclopentenone (151) rem a in ed  

unchanged  and the R f  value of th is  m a te r ia l  was only s lig h tly  

g r e a te r  than  th a t of the alcohol (192) •
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Secondly the alcohol 0-;9S?) , which con tains th re e  

a sy m m e tr ic  c e n tre s , was p re se n t as  an iso m e r ic  m ix tu re  and did 

not e lu te  c lean ly  f ro m  s ilic a  ch rom atograph ic  co lu m n s. T h ird ly  

the G rig n a rd  re a c tio n  re su lted  in som e lo ss  of the te tra h y d ro p y ra n y l 

p ro te c tin g  group and a sm a ll am ount of the a lly lic  a lcohol (193) 

was p re s e n t .

R epe tition  of the G rig n ard  reac tio n  betw een the  ace ty len e  

(69) and the cyclopentenone (151) in te tra h y d ro -fu ra n  as  so lven t in 

an e ffo rt to im p ro v e  the yield, re su lte d  in li t t le  if  any of the  d e s ire d  

a lly lic  a lcoho l (192) being fo rm ed .

O xidation of (192) by m eans of B ro w n 's  two p h ase , e th e r -  

85c h ro m ic  ac id  p ro ce d u re  re su lte d  in the sm ooth co n v e rs io n  of (192) 

to 2 -(6 -b ro m o h ex y l)  -3 -[3 -( te tra h y d ro -2 -p y ra n y lo x y )o c t- l-y n e ]  cy c lo - 

p e n t-2 -e n o n e  (194), This reac tio n  was convenien tly  follow ed by 

o b se rv in g  the  change in the u l tra  v io le t m axim um  fro m  234 m p to 

269 m p . The ab so rp tio n  m axim um  of 269 m p fo r  (194) was in  

co m p le te  a g ree m e n t with the p rev io u sly  re c o rd e d  v a lu e  fo r  th is  

c h ro m o p h o re  o b se rv ed  in  the in te rm ed ia te  (105) •

I t was of in te re s t  th a t T .JL .C . ev idence su g g ested  the
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u n p ro te c te d  alcohol (193) p re se n t in  the s ta r tin g  m a te r ia l  was 

c o n v e rted  in  the  above oxidation reac tio n  to the cyclopentenone (195); 

the p ro p a rg y lic  hydroxyl did not appear affected  by the  oxidation  

co n d itio n s .

When (194) was boiled fo r fifteen  m inu tes  in aq u eo u s-

m eth an o lic  5% su lphuric  acid, the te trah y d ro p y ran y l p ro te c tio n  g roup

w as c leav ed  to give 2-(6-b rom ohexy l) - 3 - (o c t- l-y n -3 -o l)  cy c lo p en t-

2 -en o n e  (195), The s tru c tu re  of (195) was unam biguously

e s ta b lish e d  as fo llow s. The observa tion  of only one peak  when the

com pound was run  on G .L .C ,  d em o n stra ted  the likelihood  of i ts

being a s in g le  su b stan ce . The in fra  red  sp ec tru m  show ed bands a t

3500 (h y d ro x y l), 2260 (ace ty len e), 1700 (ketone) and 1615 (double bond''

c m , \  T he position  of the carbonyl was m e a su re d  ex ac tly  a t

1703 c m ,  ̂ by  m eans of a high dilution sp e c tru m . The u l t r a  v io le t

m ax im um , K / n (e 18, 000), was in ag reem en t with p re v io u s ly  
269

re c o rd e d  v a lu es  fo r th is  ch ro m o p h o re . The N ,M ,R , p ro v id ed  s tro n g  

ev idence fo r  the a ssig n ed  s tru c tu re  and. showed one p r im a ry  m ethy l 

as  a s in g le t (t, 9 ,0 8 ) , an a-b ro m o m eth y len e  ( t, 6,61, t r ip le t)  

and a p ro p a rg y lic  m eth ine pro ton  attached  to a ca rb o n  c a rry in g  a
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hydroxy l ( t, 5*4, m u ltip le t) , The m o lecu la r w eight d e te rm in e d  

by m a ss  sp e c tro m e try  ag reed  with the ca lcu la ted  value  of 368 

and co n firm ed  the p re se n c e  of one b rom ine  atom*

The ketone (195) fo rm ed a red  2, 4 -d in tro p h en y lh y d razo n e  

the m icro am aly sis  of which was in ag reem en t with the ca lcu la ted  

value* When the u ltra  v io le t sp ec tru m  of th is  d e r iv a tiv e  was 

c o m p ared  w ith th a t fo r the 2, 4 -d in itropheny lhydrazone  of th e  in te r ­

m ed ia te  (105), the two w ere found to be superim posab le*

The nex t stage  in the syn thesis  was the re p la c e m e n t of 

the  te rm in a l  b ro m in e  in the cyclopentenol (192) by n i t r i le  to give 

(196) and h y d ro ly s is  of the n itr i le  (196) to the ac id  (154) • A lly lic  

ox idation  of th is  acid  and rem oval of the p ro tec tin g  group by the  

above p ro c e d u re s  would lead  to the in te rm ed ia te  (155) •

T re a tm e n t of the cyclopentenol (192) w ith sod ium  cyanide 

in  aqueous m ethano l re su lted  in re co v e ry  of s ta r tin g  m a te r ia l*

H ow ever, when the reac tio n  was c a r r ie d  out in d im e th y lfo rm am id e  

the b ro m in e  atom  was sm oothly d isp laced  by cyanide to give (196),

X 238 (e 7 6 0 0 ). The in fra  red  sp ec tru m  of th is  n i t r i le  showed 
m ax  '

a p eak  a t 2245 c m ." 1 (n itr ile )  and a w eaker peak  a t 2215 c m . (ace ty len e) „
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The re so lu tio n  and in ten sity  of th ese  two bands w ere  in c re a se d  

in  th e  k e to -n itr i le  (197) re su ltin g  fro m  the oxidation of (196) and 

rem o v a l of the te trah y d ro p y ran y l p ro tec tin g  group by the above 

p ro c e d u re .

A ttem p ts  to hyd ro lyse  the n i tr i le  to the  acid  have so 

f a r  p ro v ed  u n su c c e ss fu l. The k e to -n itr i le  (197) was la rg e ly  

u n affec ted  by reflux ing  50% su lphuric  ac id . When re flu x ed  with 

d ilu te  sod ium  hydroxide, the hydroxy n itr i le  (196) was re c o v e re d  

unchanged  and s im ila r ly  with ethylene glycol as c o -so lv e n t. In 

e th an o lic  50% su lphuric  acid  (196) gave no evidence fo r  the 

fo rm a tio n  of the  d e s ire d  acid  (154). In an a ttem p t to  m ake  the 

am ide  (198) the n i tr i le  (196) was tre a te d  with 30% hydrogen  p e ro x ifo  

in  b a se  bu t was unaffected  by th ese  cond itions.

In v iew  of the d ifficu lties  of n i tr i le  h y d ro ly s is , the  allyl:.c 

a lco h o l (199) was p re p a re d  by the addition of the G rig n a rd  d e r iv a tiv e  

of th e  ace ty len e  (69) to 2 -(5 -b rom open ty l) cy c lo p en t-2 -en o n e  (200) 

in  a m an n e r analogous to the p re p a ra tio n  of (192). C ondensation  

of the  sod ium  sa lt  of m alonic e s te r  with (199) should r e s u l t  in  (201) ? 

w hich on h y d ro ly s is  and decarboxy la tion  should affo rd  the  d e s ir e c  

ac id  (154). T his m alonic e s te r  condensation  with (199) is
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c u r re n tly  u n d er in v estig a tio n . P re lim in a ry  r e s u l ts  have so

fa r  been  d isap p o in tin g .

One fina l a sp ec t of th is  w ork has rec e iv ed  a tten tio n  and 

th a t has been  the p ro b le m  of in troducing  a second oxygen function  

in to  the  cyclopentane r in g . This has been a ttem p ted  in  two ways

T h e re  a r e  a nu m b er of exam ples in  the s te ro id  fie ld  w here k e ta lis a tic n

4
of the  3 -k e to  g roup in  A -3 -k e to -s te ro id s  resu lty in  the double bond

5 6m oving out of conjugation into the A ' p o s itio n . I t seem ed  p o ss ib le  

th e re fo re  th a t k e ta lisa tio n  of the cyclopentenone (155) would r e s u l t  

in  the  e thy lene k e ta l (202) in  which the double bond h as  undergone a.n 

a lly lic  sh if t. S e lec tive  hydroboration  of the double bond in  (202). 

fo llow ed by rem o v a l of the k e ta l group and tra n s  red u c tio n  of the  

t r ip le  bond would re s u l t  in  the p ro stag lan d in  s tr u c tu r e .  T h is  

m ethod  w as evaluated  on two su itab le  m odel com pounds n am ely  (195) 

and (2 0 3 ). The la t te r  was p rp e a re d  by the add ition  of the  G rig n a rd  

d e r iv a tiv e  of the  ace ty lene  (69) to 2 -(6 -e thoxyhexy l) cy c lo p en t-2 - 

enone (184) follow ed by the u su a l oxidation and p ro te c tin g  group  

rem o v a l p ro c e d u re s .
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T re a tm e n t of e ith e r  of th e se  com pounds w ith an e x ce ss  

of e thy lene g lyco l in  the p re se n c e  of p -to lu en e  su lp h u ric  ac id  

cau sed  darken ing  of the re a c tio n  m ix tu re  and the re a c tio n  p ro d u c t 

tended  to s m e a r  on T .L .C .  p lates*  Two d is c e rn ib le  com pounds 

ap p ea red  to  be p re s e n t  how ever, one with the sam e Rf value  as  the  

s ta r tin g  m a te r ia l  and one with a h ig h er Rf v a lu e . The u l t r a  v io le t 

s p e c tru m  of the  p ro d u c t m ix tu re  showed a m a jo r  m ax im u m  a t 

269 m p (s ta r tin g  m a te r ia l)  and a  le s s  in te n se  m aatim um  a t 228 m p 

(p o ssib ly  an enyne s y s te m ) , I t was co n s id e re d  th a t th e  la t t e r  

m ax im um  was due e ith e r  to the  d e s ire d  e thy lene k e ta l (204) o r  to 

the non-con jugated  ketone (205) iso m e r ic  w ith the  s ta r tin g  m a te r ia l ,  

When the le s s  p o la r  m a te r ia l  was se p a ra te d  f ro m  

unchanged s ta r tin g  m a te r ia l  (> 50%) by s il ic a  ch ro m ato g rap h y , a 

sm a ll am ount of liqu id  was obtained  which by i ts  in f ra  re d  and u l t r a  

v io le t sp e c tro sco p ic  p ro p e r tie s  was now shown to be id e n tic a l to  the 

s ta r tin g  m a te r ia l  (195) • The Rf value of th is  m a te r ia l  w hich b e fo re  

ch ro m ato g rap h y  had been  h ig h er than  the s ta r tin g  m a te r ia l  was nov/? 

a f te r  ch ro m ato g rap h y , equal to  the  s ta r tin g  m a te r ia l*  In  o th e r 

w ords, a ssu m in g  th a t th is  in itia lly  le s s  p o la r  m a te r ia l  was (204)
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o r (205), s i l ic a  ch ro m ato g rap h y  ap p eared  to have cau sed  d e k e ta l-

ica tio n  o r  iso m e ra tio n  re sp e c tiv e ly  to  give in  both  c a s e s  s ta r tin g

m ate ria lo  In  view  of the m a jo r  re c o v e ry  of s ta r tin g  m a te r ia l,

th is  m ethod  did not ap p ear su itab le  fo r the p u rp o se  of in tro d u c in g

a. "econd oxygen function into the cyclopentane r in g .

The second m ethod of achieving th is  ob jec tive , and the

one m entioned  in  the e a r ly  p a r t  of th is  d iscu ss io n ,^ w as  by m ean s  of a

W o lf -Z ie g le r^  re a c tio n  betw een the  cyclopentenone (155) and N -b ro m o -

cu cc in im id e . T h e re  a re  p e r tin e n t p re c e d e n ts  fo r  th is  type of re a c tio n

87Thus an in te rm e d ia te  in  a su c c e ss fu l sy n th es is  of d ih y d ro c in e ro lo ic

(206) was the b rom ocom pound (207) which was fo rm ed  by the  re a c tio n

of N -b ro m o su cc in im id e  w ith 2 -n -b u ty l-3 -m e th y lcy c lo p en t-2 ~ en o n e

(208) o T e tra h y d ro p y re th ro lo n e  (209) was sy n th e s ise d  in  an 

88
analogous m an n e r fro m  2 -n -a m y l-3 -m e th y lc y c lo p e n t-2 -enone (2 1 0 ) .  

M ore re c e n tly  the re ac tio n  of c y c lo p e n t-2 -e n o n e  with N -b ro m o -

su cc in im id e  h as  been  s ta te d  to give the  4 -b rom ocom pound  (211) r a th e r

09than  the  5-b rom ocom pound  (212) on the b a s is  of N .M .R . evidence., 

although th e re  m u st re m a in  som e douht about th is  a s s ig n m e n t.
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In o rd e r  to  obtain  co m p ara tiv e  N *M .R . d a ta  2 -m e th y lc y c lo p e n t-2 -

enone (213) was p re p a re d  by the G rig n a rd  re ac tio n  betw een  m ethy l

82iod ide and 2 -iso b u tex y cy c lo p en t-2 -en o n e  (167) • When th is

com pound (213) was tre a te d  with N -b ro m o su cc in im id e  fo r  tw enty-

two h o u rs , an ex ce llen t y ie ld  of a b ro m o -cy c lo p en ten o n e  w as

obta ined  which was shown by N .M .R . to be e ith e r  (214) o r  (215).

A d is tin c tio n  betw een  th e se  two p o s s ib ili t ie s  could not be m ade on

the b a s is  of the  ev idence . T re a tm e n t of the p ro d u c t of th is

re a c tio n  w ith 2, 4 -d in itro p h en y lh y d raz in e  in  ac id  cau sed  lo s s  of

b ro m in e  and a re d  d e riv a tiv e  to fo rm . The n a tu re  of th is  d e r iv a tiv e

is  not a t the m om ent c le a r  bu t is  p re su m e d  to c o rre sp o n d  to  (216) o r

89p o ss ib ly  to  a d im e r  of th is  . When the rea c tio n  betw een  (213) and 

N -b ro m o su cc in im id e  was rep ea ted , i t  p ro ceed ed  m uch m o re  qu ick ly  

than  on the  f i r s t  o ccasio n  and two p ro d u c ts  w ere  id en tified  by T . L .C . ,  

as a g a in s t one p ro d u c t on the f i r s t  o c c a s io n . F u r th e r  the  p ro d u c ts  

f ro m  the second re a c tio n  tu rn ed  b lack  on standing a t ro o m  te m p e ra tu re  

w h ereas  the p ro d u c t f ro m  the f i r s t  re a c tio n  was qu ite  s ta b le . C le a r ly  

th is  re a c tio n  re q u ire s  fu r th e r  in v e s tig a tio n .

The re a c tio n  of the m odel cyclopentenone (203) w ith 

N -b ro m o su cc in im id e  to fo rm  (217) is  c u r re n tly  being ev a lu a ted .
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Ultraviolet Spectra of O xygenated Cyclopcntanongs(mu.)

COMPOliMn Methanol O-l N. HCI O-l N.NsOH
A max £ A max £ Amax £■

O

£
27A > 8350 267, 10850

(literature value)
31 0 ,13450

(lit. value)

<?
.P 2 5 6 , 1A 000 252 , 15750 2 6 9 ,2 0 8 0 0

<?
^PCH3 25 2 , 1S 650

OCH

£>

3

2 7 3 , 12100

V
P 2A9, 14800

6
OCH:

P 257, 18400

OH
/ OCH3 251, 1840 0

i
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Infrared Spectra (cm- *) o f  Oxygenated Cyclopentanones

COMPOUND
NUJOL CHC(j  solution C C I^ so lu tio n

V A y*  £ V A v ±  £
O

0
O(Qn)

p

tycJrous)

3 5 4 0  
34-20  
2 6 2 0  
1 7 3 5  
1 6 7 S  
1 6 5 0

3 4 7  6 5 6 
I7SO 13 
1 7 0 0  14 
1674 1 O

3 4 7 6  3 6  
1 7  S 1 II 
1 7 0 3  12 
1 6 7 6  IS

0
O

2 6 2 0  
1 6 9 0

157 5

1742  2 3  
1 6 4 4  31

1 7 4 2  31 
1 6 5 5  13

9
P C H 3 S 6 o O

1 6 3 5
168.6 21 2 7 0  
1 6 2 8  27 1070

I 7 0 0  IS 4 5 0  
1 6 4 4  2 5  8  10

0

0
OCH,

P

%

1 7 4 0  
1 7 0 0  
I 6 3 0

1745  13 1 90  
1695 2 2  1 2 2 0  
1 6 2 6  |S 6 3 0

1 7 4 6  9 2 0 0  
1 7 0 0  18 1310

1 6 2 8  12 5 8 0

OHe/ >
3 3 0 0  
2 6 2 0  
1 6 7 0  
1 S 4 0

OHcO O

3 3 5 0  
I 6 7  5 

t 6 0 5

3 5 6 8  SS 4 0  
1 6 93  21 2 6 0  

1 6 23  2 3 8SO

3 5 7 0  21 
1 7 0 3  15 
1 6  3  3 17

£
0

-

3 60  8 4  5 6 0  
1697 2 6  2 SO 

1637 2 4  6 8 0

/
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N.M.R Spectre  of Oxygenated Cyclopentanonesvalues)
s-s in g let t=tripl<zt m=multiplet

C O M P O U N D  Ha Hb Hc Hd H e SOLVENT

H? y

OH

C H b

6-94(s)

7-00(s)

7-98(5)

8-00(5)

PYRIDINE

CDClj

Ha

5 $
O

a

f OH
CHjb

7-53(5) 8-14(s) PYR IDINE

Hd / «

° hy 6
» hV

o

d c  
.OCHj

^ch/

7-4 0(m) 8-4 4(t) 

7=1-5
cps.

6-05(s) 7-70(m) C C I4-

oHx / Y °  
a h / y < CHt,

OCH3c 3

7-21(s) 8-15(s) 5 7l(s)
I

CCI4-

u c O H '

° HY ^
° " ' \ J

o

d
7-15(<n) 8-0 8 (5) 5-04(m) 7-0 0(s) PYRIDINE

Hd o:

a H/ ys ‘s‘
O O

He

CH»b

7-5 0(m) 8-28(5) 5-8l(s) 5-05(m) 6-79(5) CDCI

Hd O h

°h/Vo

/°C H 3C

kCH3b

7-2 0(m) 8-3 5(t) 

T-1-5
cps.

6-01(5) 5-70 (m) 6-7 6(s) CDCI3
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EX PERIM ENTAL

A ll m elting  po in ts w ere  d e te rm in ed  on a K ofler b lock  and a re  

u n c o rre c te d . A ll bo iling points a re  u n c o rre c te d .

In fra re d  so lu tion  s p e c tra  w ere  re c o rd e d  by M rs , F ,  L aw rie  

on a U nicam  S .P .  100 d o u b le-beam  sp ec tro p h o to m e te r equipped with 

an S ,P .1 3 0  sod ium  ch lo rid e  p r is m -g ra tin g  double m o n o c h ro m a to r .

Some in fra re d  so lu tion  sp e c tra  w ere  re c o rd e d  on a P e rk in -E lm e r  237 

sp e c tro p h o to m e te r . The in f ra re d  s p e c tra  of nujol m u lls  and of 

liqu id  film s w ere  re c o rd e d  on a U nicam  S .P .2 0 0  sp ec tro p h o to m e te r. 

U ltra -v io le t sp e c tra  w ere  re c o rd e d  on a U nicam  S. P . 800 

s p e c tro m e te r .

N u clear m agnetic  re so n an ce  sp e c tra  w ere  re c o rd e d  by 

M r, J ,  G alt and M r. J ,  Lennon on a 60 m egacycle  s p e c tro m e te r  u n le ss  

o th e rw ise  s ta te d , T e tra m e th y ls ila n e  was u sed  as the in te rn a l r e fe re n c e .

Thin la y e r  ch ro m a to p la te s  ( T .L .C .)  and th ick  la y e r  p re p a ra tiv e  

ch ro m a to p la te s  w ere  p re p a re d  fro m  M erck ’s 'K ie se lg e l G .f

G as-liq u id  ch ro m a to g ram s ( G .L .C .)  w ere  run  on a P y e-A rg o n  

C h ro m ato g rap h  with a S tro n tiu m -9 0  io n isa tio n  d e te c to r .

M ass s p e c tra l da ta  was re c o rd e d  on an A .E . I ,  M ,S ,9  m a ss  

s p e c tro m e te r .

M icro an a ly ses  w ere  by M r, J ,M ,L ,  C am eron , B ,S c ,,  and h is

s ta ff ,

i
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D iethyl 2 -ace ty lnonaned ioa te  (4 4 )

Sodium  (7 .22  g . ,  0. 314 m . ) was d isso lv ed  in  d ry  m ethano l

(100 c c . ) .  To th is  solu tion  was added sodium  iodide (l« 8 g .) and ethy l

a ce to a c e ta te  (40 .8  g . ,  0.314 m . ) .  To the s t i r r e d  and h ea ted

solu tion  was d rip p ed  in ethyl 7 -b ro m o h ep tan o ate  (47 .26  g . ,  0 .2 0  m . )

and reflux ing  continued fo r 2 h o u rs  45 m in u te s .

The so lu tion  was cooled and poured  in to  an ex cess  of ic e  cold

d ilu te  su lp h u ric  ac id . The acid  so lu tion  was e th e r  e x trac ted , the

e th e r  e x tra c t w ashed with sodium  b icarb o n a te , b r in e  and d r ie d . The

so lven t was rem oved  and the liqu id  re s id u e  d is t i l le d . A fte r  an

in it ia l  re c o v e ry  of ethyl ace to ace ta te , d iethy l 2 -ace ty ln o n an ed io a te

d is til le d  as a co lo u rle ss  liquid, b .p .  132-135°/0 . 02 m m ,, 42.18 g 

20
(74% y ie ld ) ,  n ^  = 1 .4455. v (neat) 1740, 1720, 1650 D m ax .

(j3 -ketoester) c m "1, X 245 m|u,, (e  = 600 in m ethanol)
m ax .

N .M .R . (C C l^), t = 5 .8 5  (4 H; two overlapp ing  q u a r te ts , e s te r  

m ethy lene g ro u p s) , t = 6.71 (1 H; tr ip le t;  enolic p ro to n ) , t = 7 .8 6  

(3 H; s ing le t; ace ty l m e th y l) . (Found: C, 62.66; H, 8 ,6 2 . ^ 15^ 2 6 ^ 5  

re q u ire s  C, 62 ,92 ; H, 9 .1 5 ).

i
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1-M ethoxydec-l- e n -3 -y n -5 -o l (46)

M agnesium  (24 g . ,  l.O M .) was p laced  in a two l i t r e  3 -necked  

fla sk  f itted  with reflux  condenser, s t i r r e r  and dropping funnel* The 

m ag n esiu m  was covered  with 200 c c . of d ry  te tra h y d ro fu ra n  and n itro g en  

p a s se d  th rough  the sy s te m . E thyl b rom ide  (109 g . ,  1 m ole) was added 

d ro p w ise  and the reac tio n  in itia ted  by g rind ing . On com pletion  of the 

fo rm a tio n  of ethyl m agnesium  brom ide, the solution was cooled  in  ice  

and f re s h ly  d is tille d  l-m e th o x y b u t- l-en -3 -y n e  (45), (90 g , ,  1 .1 m .) ,  in  

600 c c . of d r ie d  m ethylene ch lo rid e  added d ropw ise  o v er 20 m in u te s .

A v ig o ro u s re a c tio n  o c c u rre d  which was com pleted  by reflux ing  fo r 

10 m in u te s .

To the ic e  cold solution of the ace ty len ic  G rig n ard , n -h ex an a l

(100 g , ,  1 .0 m ) was added d ro p w ise . A m ild  re a c tio n  o c c u rre d .

A fte r  the addition, the solution was refluxed  fo r 45 m in u te s .

The G rig n a rd  com plex was decom posed by the add ition  of

250 c c . of s a tu ra te d  am m onium  ch lo rid e . The o rg an ic  la y e r  v/as

se p a ra te d , b r in e  w ashed and d rie d . A fte r so lven t rem o v al, the

liqu id  re s id u e  was d is tille d  to give l-m e th o x y d e c - l-e n -3 -y n e -5 -o l as

a p a le  yellow  oil, b .p .  109-112 /0 .0 2  m m ., 47.12 g . ,  (48% y ield) .

n ? °  = 1 .4927. v (n ea t), 3500, 2220, 1635 cm *1 \  241 m :-(cI3 6CO)D m ax . m ax . *

in  CH O H ). (Found: C, 72 .36 ; H, 9 .9 7 . CUH18C 2 re q u ire s  C, 72 .49 ;

H, 9 .9 6 ) .
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1, l-D im e th o x y -4 -b ro m o d eca -2 ,  3 -d ie n -5 -o l  (52)

l -M e th o x y d e c - l -e n -3 -y n -5 -o l  (46), (16.47 g . ,  0 .09  m . ) ,  was

p laced  in a 250 c c . ,  3 -necked  f la sk  and d ry  m ethanol (100 c c . )  added.

The s t i r r e d  solution was cooled to -3 °C .  in an ice  sa l t  cooling ba th .

To th is  solution was added over  20 m inutes  N -b ro m o su cc in im id e

(17.01 g . ,  0 .095 m . ) ,  p rev io u s ly  r e c ry s ta l l i s e d  and d r ie d .  S t i r r in g

was continued a t -3 ° C .  fo r  a fu r th e r  45 m inu tes  and then fo r  2 hours

at room  te m p e ra tu re .  The reac tio n  m ix tu re  was f i l te red ,  pou red  into

ex cess  sodium  b ica rb o n a te  and e th e r  e x tra c te d .  The e th e r  la y e r  was

b r in e  w ashed and d r ie d .  A fte r  rem o v a l of solvent th e re  re m a in e d

23 ,92  g . ,  (91% cru d e  y ie ld ),  of a pale  yellow oil, 1, l -d im e th o x y -4 -

b ro m o d e ca -2 ,  3 -d ie n -5 -o l .  n ^  = 1.4938. v (nea t) ,  3500, 1980 (weak),D m ax .
-1 o1120, 1060 cm  . The p roduc t d is t i l led  with decom position  a t 114 / 0. 01mm

A p u re  sam ple  was iso la ted  by s i l ica  th ick  p la te  ch ro m ato g rap h y  with

20
benzene as  the so lvent sy s te m . The p u re  sam ple  had n ^  = 1.4980.

(Found: C, 49.16; H, 6 .97; c 12H2 lC 3B r re<lu i re s  c » 4<?.15; 7 .1 7 ) .
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C ondensation of Diethyl 2-ace ty lnonanedioa te  (44) with 

1, l -D im e th o x y -4 -b ro m o d e c a -2 > 3 -d ie n -5 -o l  ( 52)

(a) Sodium ethoxide as b a s e . Sodium (0. 254 g . ,  0 .0 1 1 m .)  was 

d isso lv ed  in d ry  ethanol(30 c c . )  and to the cooled solution was added 

the k e to e s te r  (44 )» (3.17 g . f 0.011 m , ) ,  To the s t i r r e d  and

refluxing solution was added d ropw ise  the b ro m o a llen e  (52)»

(2.535g«, 0 .009 m . ) ,  S t ir r in g  and refluxing was continued fo r  

2 h o u rs ,  15 m in u te s .  The solution was cooled, f i l te r e d  f ro m  

sodium  brom ide , and the f i l t r a te  e th e r  e x tra c te d .  The e th e r  e x t r a c t  

was b r in e  washed, d r ie d  and the so lvent rem o v ed .  The liquid

re s id u e  d is t i l led  as  a pa le  yellow liquid, b . p .  110 - 115°/0. 03 m m .,

2 0  -1 
nil = 1.4452, v (nea t),  2280, 1730, 1060 cm  . The N .M .R .D m ax .

(CCl^) showed the absence  of an ace ty l  m ethy l g ro u p . The p roduc t

did not fo rm  a  2, 4 -d in itropheny lhydrazone . (Found C, 63.25; H, 9 .0 3 .

C__H , 0  re q u i re s  C, 65.03; H, 9 .3 0 ) .27 4o 8



(b) P o ta s s iu m  bu t03a.de in t e r t i a r y  butanol as  base* P o ta s s iu m  

(0 .403 g . ,  0.010 m . ) was d isso lved  in t e r t i a r y  butanol (40 c c . )  under  

a n i tro g en  a tm o sp h e re .  To the cooled solution was added the keto- 

e s te r  ( 2 .9 8 6 g . ,  0 ,0 1 0 m .) .  To the s t i r r e d  and heated  solution was 

added d ropw ise  the b ro m o a llen e  (5B), (3 ,8 4 2 g . ,  0 .0131m .) and 

refluxing continued fo r  45 m in u te s .  The solution was cooled and 

f i l te re d  f ro m  p o ta ss iu m  b ro m id e  (1.2 g) the weight of which 

co rre sp o n d e d  to a reac t io n  app rox im a te ly  50% com ple ted . The 

f i l t r a te  was worked up as  in (a) and the liquid re s id u e  d is t i l le d  o v er  

a wide range, 88 - 124°/0 . 04 m m , , and was shown by T . L . C .  to be

a m ix tu re  of compounds including both s ta r t in g  m a te r ia l s .

(c) P o ta s s iu m  butoxide in benzene as  b ase . A solution of p o ta ss iu m  

butoxide was m ade f ro m  p o ta ss iu m  (0 ,5 4 0 g . ,  0 .0 1 3 8 m .)  and t e r t i a r y  

butanol u nder  n i tro g en .  The ex cess  t e r t i a r y  butanol was d is t i l led  off, 

and rep laced  by d ry  benzene in which the p o ta ss iu m  sa l t  fo rm e d  a 

su sp en s io n .  To th is  was added b ro m o d eca llen e  (52)&(44), (3 .9 4 g . ,  0, C138 

and the m ix tu re  s t i r r e d  and refluxed for 15 hours  under  n i t ro g e n .  A t th 

end of th is  p e r io d  the solution was cooled, e th e r  e x tra c te d ,b r in e  washed 

and d r ie d .  A fte r  solvent rem o v a l the liquid re s id u e  d is t i l le d  o ver  a

a range  96 - 132°/ 0. 02 m m .,  and was shown by T .  L. C. to be la rg e ly  a 

m ix tu re  of unchanged s ta r t in g  m a te r ia l s .
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M ethyl hypochlorite  addition to l -m e th o x y d e c - l -e n -3 -y n -5 -o l  (46)

To l -m e th o x y d e c - l -e n -3 -y n -5 -o l  (46), (5 .5 5 1 g . ,  0 .0 3 1 m .)

in d ry  m ethanol (50 c c . )  was added N -ch lo rosucc in im ide  (4 ,2 0 4 g . ,

0.0315 m . ) .  The solution was s t i r r e d  and refluxed  fo r  30 m inu tes ,

cooled, f i l te red ,  and excess  sodium b icarbonate  added to the f i l t r a te .

The f i l t r a te  was e ther  ex tracted , the e ther e x tra c t  washed with b r in e

and d r ie d .  R em oval of solvent left 6 .0 0 g . ,  (88% cru d e  y ie ld ) ,  of a

20c o lo u r le s s  o il .  n = 1,4775, V (neat), 3500, 2250 (weak),JJ m ax .

1980 (weak), 1120, 1080 cm  \  The product d is t i l led  with 

decom position  at 100°/0.01 m m .

C ondensation of Diethyl 2-acetylnonanedioate  (44) with the p roduc t 

f ro m  the p rev io u s  r e a c t io n .

Sodium (0.263 g . ,  0 .0114m .) was d isso lved  in d ry  ethanol 

(40 c c . )  and the k e to e s te r  (44), (3.243 g . ,  0.0113 m . )  added. To 

the s t i r r e d  and heated  solution was added the ch lo ro -com pound  

(2 ,787 g . , 0.0112 m . )  d ropw ise  and s t i r r in g  and refluxing continued 

fo r  2 h o u rs  45 m in u te s .  The solution was cooled and f i l te r e d  f ro m  

sodium  ch lo r id e  ( 0 .6 5 g . ) ,  equivalent to a reac t io n  ap p ro x im a te ly  

50% com p le ted . The f i l t r a te  was e ther  ex trac ted , b r in e  washed,
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d r ie d  and the solvent removed# A pale * yellow liquid (4#336g#)
20 o

rem ained# n ^  = 1.4575. This was d is ti l led  at 90-114 /  0# 01 m m .

The d is t i l la te  was shown by T . L . C .  to co n s is t  of a n u m b er  of 

compounds, the  spec troscop ic  p ro p e r t ie s  of which w ere  incom patib le  

with those  of the d e s ire d  product (48 ) .

1, l -D im e th o x y -4 -b ro m o b u ta -2 > 3-diene (58 )

F r e s h ly  d is t i l led  l -m e th o x y b u t- l-en -3 -y n e  (45)» (7#02g#,

0# 0856 m . ) was d isso lved  in d ry  m ethanol (50 c c . ) and p laced  in  a

o
100 c c . ,  3 -necked  f la sk .  The solution was cooled to -3  , in an i c e - s a l t

f reez in g  m ix tu re .  To this s t i r r e d  solution was added over 25 m inu tes

N -b ro m o su cc in im id e  (16.14 g . ,  0,091 m . ) p rev io u s ly  r e c ry s ta l l i s e d

and d r ie d .  S t ir r in g  was continued at -3  fo r  a fu r th e r  30 m inu tes

and then fo r  2 hours  at room  te m p e ra tu re .  The solution was f i l te re d ,

ex cess  sodium  b icarbona te  added and e ther  e x tra c te d .  The e th e r

e x tr a c t  was b r in e  washed, d r ie d  and the solvent rem o v ed .  The liquid

re s id u e  d is t i l le d  to give 1, l-d iA iethoxy-4-brom obuta-2 , 3 -d iene  as  a

pale  yellow  liquid, b .p .  78 /15 m m ,,  12.88 g . (78% y ie ld ) .

n 2 ° = 1.5050, v (neat), 1980 (weak), 1120, 1080 cm  . N .M .R ,
D m ax .

( C C l J ,  t = 6.71 (6 H; singlet; 2, OCH ), r  = 3 .9 0  (1H; doublet,
4
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J  = 6 c . p . s .  showing fu r th e r  splitting into a quarte t,  J  = 2 c . p . s . ;

te rm in a l  a l len ic  H ), t = 5*09 (1 H; doublet, J  = 6 c . p . s .  showing

fu r th e r  sp litting  into a quarte t,  J  = 2 c . p . s , ;  m eth ine H ), t = 4 .7 2

(l H; doublet, J  = 6 c . p . s ,  fu r th e r  sp lit into a quar te t ,  J  = 6 c . p . s . ) .

The m o le c u la r  weight was de te rm ined  by m a ss  s p e c t ro m e try  as  193,

in a g re e m e n t  with the ca lcu la ted  value . (Found: C, 37.32; H, 5 .03;

2, OMe, 31.5 . C ^ H ^ B r  re q u ire s  C, 37.32; H, 4 .70 ; 2, OMe, 3 2 .2 ) .

It was of in t e r e s t  to note that the analys is  for the m ethoxyl content of

(58) in d ica ted  in i t ia l ly  only one OMe group. Suitable p r e t r e a tm e h t  of

the sam p le  how ever gave the c o r re c t  r e s u l t .  A s im i la r  o b se rv a t io n

61
has been  re c o rd e d  fo r  o ther  m ethoxylated compounds *

1, l -D im e th o x v -5 -ca rb o e th o x y -o c t-2 -v n e  ( 59 )

Sodium (0 ,63  g. 0,027 m .)  was d isso lved  in d ry  ethanol (50 c c . )  . 

E thyl n -p ro p y la c e to a c e ta te  (4 .72 g , 0.027 m . )  was added. To the 

s t i r r e d  and refluxing  solution was added dropw ise the b ro m o a llen e  (5 8 ) ,  

(6 .595 g . ,  0 .034  m . ) and refluxing continued for 1 hour 45 m in u te s .

The so lution was cooled, f i l te re d  f ro m  sodium  b ro m id e  and the f i l t r a te  

e th e r  e x t ra c te d .  The e ther  ex trac t  was b r in e  washed and d r ie d  and 

the so lvent rem o v ed .  The liquid re s id u e  was d is t i l led  to give 

1, l -d im e th o x y -5 -c a rb o e th o x y -o c t-2 -y n e  as a pale  yellow liquid,
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b . p .  8 8 -  9 0 ° /0 .0 3  m m .,  3.996 g. (60% y ie ld ) . n*° = 1 .4483.

Vm a x . (n e a t )» 2290» 1740» 1060cm "1, N .M .R .  (CC14 ), t  = 5.01 

(1 H; t r ip le t ,  J  = 1 c . p . s . ;  p ropargy lic  m ethine p ro to n ) ,  t  = 6.10 

(6 H; s ingle t; 2, OMe), t  = 7,52 (3 H; m ultip let; p ro p a rg y lic  

m ethy lene  and adjacent methine p ro to n s ) .  The m o le c u la r  weight 

was d e te rm in e d  by m a ss  sp ec tro m e try  as 242, in a g re e m e n t  with

the ca lcu la ted  va lue . (Found: C, 63.98; H, 8 .8 7 .  C H O
13 22 4

r e q u i re s  C, 64,44; H, 9 .15).

U re thane  (0,245 g . )  was shaken with (59 ), (0 .075 g . )  in

(3 c c . )  of n o rm a l  hydroch loric  acid at room  te m p e ra tu re  fo r  2 h o u rs .

A white p re c ip i ta te  fo rm ed  and was f il te red  off. R e c ry s ta l l is a t io n

f ro m  60/80  p e t ro l  gave white m ic ro c ry s ta ls  of the b is -u re th a n e  (6 0 ) ,

m .p ,  110-111°. N .M .R .  (CC14 ), t  = 5.82 (6H; qu ar te t;  3, OCH2),

t  = 7 .5 2  (3H; m ultip let; p ropargy lic  methylene and ad jacen t m eth ine

p ro to n s ) ,  t  = 3 .8 0  (2 H; diffuse doublet; secondary  am in e ) ,  t  = 4 .2 5

(1H; m u ltip le t;  p ro p arg y lic  m e th in e ) .  (Found: C, 57.16; H, 7 .72 ;

N, 7 .7 5 .  C H N O re q u ire s  C, 57.29; H, 7 .92; N, 7 .8 6 ) .
7 28 2 6
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1, l-D im eth o x y h ex -2 -v n e  ( 61)

M agnesium  (1.758 g . ,  0,073 m . )  was p laced  in a 100 cc#, 

3 -necked  f la sk  with d ry  e ther  (25 c c . ) .  Ethyl b ro m id e  (10.17 g . ,

0. 093 m . ) was added and ethyl m agnesium  b rom ide  p re p a re d  u n d er  

n i tro g en  in  the u su a l  way. To the ice  cold solution p e n t- l-y n e  

(5 .046 g . ,  0.081 m , ) was added in e ther  (20 c c . ) .  The solution 

was s t i r r e d  fo r  30 m inutes a t room  te m p e ra tu re  and then refluxed  

fo r  an additional 90 m in u tes .  At the end of th is  period , ethyl 

o r th o fo rm a te  (10,88 g , ,  0.073 m .)  was added to the solution of the 

ace ty len ic  G r ig n a rd  a t room  te m p e ra tu re .  The m ix tu re  was s t i r r e d  

and re f luxed  fo r  5 hours  and 30 m inu tes .  The com plex  was 

decom posed  by the addition of sa tu ra ted  am m onium  ch lo r ide  (100 c c . ) ,  

e th e r  e x trac ted ,  b r in e  washed and d r ie d .  A fte r  so lvent rem oval,

1, l -d im e th o x y h ex -2 -y n e  d is t i l led  as a co lo u rle ss  liquid, b . p .  110-112°/

0 .2  m m . ,  7 .03  g. (57% y ie ld ) . n?^ = 1.4306 v (nea t) ,  2280,JL/ m ax  §

1150, 1070 c m " 1. N .M .R .  (CC14 ), t = 4 .88  (1H; t r ip le t ,  J  = 1 c . p . s . ;  

p ro p a rg y l ic  m e th in e ) ,  t  = 7 .79  (2H; hextet; p ro p a rg y lic  m e th y le n e ) .  

(Found C, 6 8 .4 2 .  H, 10.13. C10H18° 2 re q u ire s  C, 70.54; H, 10.66)
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A ttem pted  p re p a ra t io n  of the enamine (62) f ro m  

l -m e th o x y d e c - l - e n -3 -v n -5 -o l  (46 )

(a) The v inyl e th e r  (46), (2.056 g . ,  0.0113 m . ) ,  m orpho line  (1.419 g . ,  

0.0163 m . )  and p -to luene  sulphonic acid  (26 m g .)  w ere  re f luxed  fo r

1 hour 45 m in u te s .  D istilla tion  of the reac tion  m ix tu re  gave so le ly  

s ta r t in g  m a te r ia l s  identified  by t boiling point, re f ra c t iv e  index, in f ra  

re d  s p e c t ru m  and T .JU C .

(b) The vinyl e th e r  (2.025 g. ,  0.0111 m . ) ,  m orpholine  (1.346 g . ,

0,0155 m . ) w ere  refluxed with p-to luene sulphonic ac id  (0.173 g . )  fo r

13 h o u r s .  The reac t io n  m ix tu re  was d is ti l led  to give a f rac t io n  (1.53 g . ) ,  

b . p .  8 0 - 1 0 0 ° /0 .0 9  m m . This was shown to be su b s tan tia l ly  vinyl 

e th e r  ( 46 ) .

(c) Vinyl e th e r  (1.843 g . ,  0.010 m . ) ,  m orpholine  (1.216 g . ,  0.0139 m .) ,  

and a c r y s ta l  of p - to luene  sulphonic acid w ere  p laced  in a con ical f la sk  

f it ted  with a  d is t i l la t io n  head and th e rm o m e te r .  The m ix tu re  was 

m ag n e tica l ly  s t i r r e d  and heated so as to m ain ta in  a head te m p e ra tu re

of 7 0 -  80° a t  which te m p e ra tu re  any m ethanol p roduced  by the re a c t io n  

would d is t i l l  off. A fte r  28 hours  the solution had tu rn ed  b lack .  I t  was 

d is t i l le d  to give a f rac tio n  (0 .79 g*)# b .p .  100-110 / 0 . 3  m m . ,  which 

was shown to be substan tia lly  vinyl e ther  ( 46) •
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A ttem pted  p re p a ra t io n  of the epoxide (65 ) f ro m  1 -m eth o x y d ec-l-  

e n -3 -y n e -5 -o l  (4 6 ) .

(a) To the vinyl e th e r  (1.232 g , ,  0,0067 m , ) in d ry  e th e r  (15 c c . )  

o
at 0 , was added an equim olar weight of perbenzo ic  acid  in  e th e r  

(3 c c s . )  a t  0 . The solution was left 89 hours  a t 0°, by which 

t im e  the  co ncen tra tion  of peracid , as es tim ated  by sodium  th iosu lphate , 

had fa llen  to 10% of i ts  in itia l  value# The acid in the re a c t io n  m ix tu re  

was n e u t ra l is e d  by shaking for 24 hours with ca lc ium  hydrox ide .

The so lution was f il te red , and the f i l t ra te  was evapora ted  to leave  a 

yellow  liquid  (0 .54  g , ) ,  b .p .  8 5 -  9 0 ° /0 .0 9  m m . This  was shown 

to be su b s tan t ia l ly  vinyl e ther  (4 6 ) .

(b) Vinyl e th e r  (1.700 g . ) ,  was t re a te d  a t room  te m p e ra tu re  with an 

eq u im o la r  concen tra tion  of perbenzoic  acid in e th e r .  A fte r  66 h o u rs ,  

the p ro d u c t  was worked up as  in (a) to give a liquid (1.46 g . ) ,  which 

decom posed  on d is t i l la t io n .  The d is t i l la te  (0 .30  g . )  was shown by 

T . L . C .  to be a com plex m ix tu re .
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(c) The vinyl e th e r  (2 .95 g . ,  0.016 m .)  was t re a te d  a t 0° in e th e r

with an eq u im o la r  amount of m -ch lo rp e rb en zo ic  ac id .  A fte r  7 days a t 
o

0 , the p ro d u c t was worked up as in (a) and shown to be e s se n t ia l ly  

s ta r t in g  m a te r ia l .

(d) The vinyl e th e r  (1.218 g . ,  0.0066 m . ) was t re a te d  with fo rm ic  

acid  (0 .5  c c . )  and 30% hydrogen peroxide (0.833 g . )  in m ethano l a t  

ro o m  te m p e r a tu re .  A fter  5 days, the solution was e th e r  ex tra c te d  

and the e th e r  e x tra c t  washed with sodium b icarbonate , b r in e  and d r ie d .  

R em oval of so lvent left 1. 035 g. of a liquid which was shown to be a 

m ix tu re  of compounds, including vinyl e ther  ( 46 ) .

A ttem pted  p re p a ra t io n  of 1, l -d im e th o x y -2 -b ro m o d e c -3 -v n -5 -o l  (47) by 

m e r c u r i c  sa lt  add ition .

M e rc u r ic  ace ta te  (7 .86 g . ,  0,0247 m .)  was d isso lved  in 

m ethano l (200 c c . )  and added to the vinyl e th e r  (46), (4 ,479 g , ,

0o0247 m . )  in m ethanol (5 c c . )  at room  te m p e ra tu re .  A fte r  a few 

m inu tes  a flocu llen t white p rec ip i ta te  appeared  and th is  was f i l te re d  

off. A f te r  3 days, p o tass iu m  brom ide  (4 g . )  d isso lved  in  w ate r  

(25 c c t ) was added, the solution concentrated , ex trac ted  with 

c h lo ro fo rm  and the ch lo ro fo rm  ex trac t  washed with b r in e  and d r ie d .
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To the  a m b e r  co loured  ch lo ro fo rm  solution at 0° was added d ropw ise  

a solution of b ro m in e  in chloroform# The b rom ine  addition was 

stopped a f te r  0.013 m#of b rom ine  had been added when the solution 

had tu rn e d  b la c k .  The solution was b r ine  washed, d r ie d  and the 

so lvent rem o v ed  at room  te m p e ra tu re  under vacuum  to leave  6 ,3  gm , 

of a b lack  liquid re s id u e .  This was shown by T . L . C ,  to be a 

m ix tu re  of a t l e a s t  eight compounds. D istilla tion  r e su l te d  in  s e v e re  

decom posit ion .

b% *•
O c t - l -y n -3 -o l  (H )

A 500 cc., 3 -necked  flask  was fitted with a m ech an ica l  s t i r r e r ,  

re f lux  c o n d en se r  and a p r e s s u re  equalising dropping funnel.

M agnesium  (12g«, 0 .5  m . ) was placed in the f la sk  and te t ra h y d ro fu ra n  

(300 c c . ), d r ie d  by refluxing with lithium  alum inium  hydride  and then 

d is til l ing , added. Under an a tm osphere  of n itrogen , ethyl b ro m id e

(60 g . ,  0 ,55  m . )  in te t ra h y d ro fu ran  (100 c c . )  was run  in and the re a c t io n  

in it ia ted  by g r ind ing .
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A 1 - l i t re ,  3 -necked f la sk  was fitted  with a m ech an ica l  s t i r r e r ,  

tube fo r  ace ty lene  passage , and a 500 cc .  p r e s s u r e  equalising  

dropping funnel.  The w arm  solution of ethyl m ag n es iu m  b ro m id e  in 

te t ra h y d ro fu ra n  was t r a n s f e r r e d  under n itrogen  p r e s s u re ,  v ia  a g la ss  

wool f i l te r ,  to the 500 cc . dropping funnel.

D ry  te t ra h y d ro fu ra n  (200 c c . )  was placed in the 1-l i t r e  flask , 

the s t i r r e r  s ta r te d  and acetylene (via a c a r d ic e - a c e to n e  cooling trap ,  

c o n cen tra ted  su lphuric  acid and soda lim e  wash b o ttles  and a m e r c u ry  

escap e  valve) bubbled through the te tra h y d ro fu ran  a t a f a s t  r a t e .

A fte r  five m inu tes , 5 cc .  of the e thylm agnesium  b ro m id e  was run  in 

and p o r tio n  w ise addition continued over th re e  h o u rs .  During th is  

t im e  the e thy lm agnesium  brom ide sep ara ted  as  a solid  in  the 500 cc .  

dropping funnel and was broken up with a p iece of w ire .

A fte r  the addition of the e thylm agnesium  b rom ide , n -h ex an a l 

(55 g . ,  0 ,55  m . ) in te tra h y d ro fu ran  (55 c c . )  was added d ropw ise  o ver  

th i r ty  m in u tes  to the ice -coo led  solution of the ace ty lene  G r ig n a rd .  

A cety lene  p a ssa g e  was m ain tained  during the addition. At the end 

of th is  period , the acety lene flow was stopped and the solution s t i r r e d  

overn igh t a t room  te m p e ra tu re .
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The reac t io n  m ix tu re  was poured  into sa tu ra te d  am m onium  

ch lo r id e  (1500 c c . ) ,  the organic  lay e r  se p a ra te d ,  the aqueous la y e r  

e x tra c te d  tw ice with e ther  and the organic  la y e rs  combined, washed 

with b r in e  and d r ie d .  A fter  rem oval of solvent, the liquid re s id u e  

was d is t i l le d  to give o c t - l - y n - 3 *ol (32 g . ,  50%), as a c o lo u r le ss

liquid, b . p .  8 0 -  90°/19 m m , ( l i te ra tu re  value 85 - 90 ° /2 0  m m . ) ,

23 -1
n_  = 1.4399 v (neat), 3400 (sh), 3300, 2150, 1030 cm  .D m ax ' ’

3 -(T e trah y d ro -2 -p v ran v lo x y )  o c t- l-y n e  ( ^  )
6 ?

To o c t - l - y n -3 -o l  (9 1 ) ,  (9*43 g , ,  0,075 m . )  in a 50 c c ,  f la sk

was added d ihydropyran  (6,51g., 0,078 m .)  and two drops  of

co n cen tra ted  hydroch lo ric  ac id . The m ix tu re  was gently  sw ir led
o

and the t e m p e ra tu re  m ain tained  below 40 by cooling under  the w a te r  

tap . When the reac tion  te m p e ra tu re  s ta r te d  to fall, the f la sk  was 

le ft  overn igh t a t  room  te m p e ra tu re .

The solution in the flask, was taken up in e ther ,  w ashed with

sodium  b ica rb o n a te ,  b r in e  and d r ie d .  A fter  rem o v a l of solvent

the liquid  re s id u e  d is t i l led  to give 3 -( te trah y d ro -2 -p y ran y lo x y )  oc t-

l-y n e  (12.8 g . ,  82%) as a co lou r le ss  liquid, b .p .  6 0 - 6 5 ° / 0 .2 5  m m .,

n 2 ° = 1.4521. v (neat), 3300, 1110, 1020 c m " 1. (Found: C, 74.44; 
D m ax

H, 9 .8 3 .  C._H O re q u ire s  C, 74.24; H, 1 0 .5 4 ) .
13 22 ^
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~7tf
1, 1, l -T r ic h lo ro d e c -3 -y n e -2 ,  5-diol (33)

C h lo ra l  was obtained as a co lou rless  liquid, = 1.4567, 

by d is t i l l in g  c h lo ra l  hydrate  f ro m  concentra ted  su lphuric  acid  and 

then red is t i l l in g  the d is t i l la te .  Chloral is  ex trem ely  hydroscop ic  

and tu rn s  blue l i tm us  paper  re d .

To a s t i r r e d  solution of ethyl m agnesium  brom ide , f ro m

m ag n es iu m  (0 .57 g . )  and ethyl b rom ide (3.07 g . ) ,  in e th e r  (20 c c . )
6?

was added under  nitrogen, the acetylene ( S ) ,  (5.01 g , ,  0 .024  m . )  

in e th e r  (5 c c . ) .  A vigorous evolution of ethane o c c u r re d  and 

s t i r r in g  was continued for 15 m inutes at room  te m p e ra tu re  and then 

45 m in u tes  under  gentle reflux . Chloral (3 .54  g . ,  0 .024  m . ) in 

e th e r  (10 c c . )  was then added to the reac tion  solution and refluxing 

continued fo r  6 h o u rs .  A fter  standing overnight, the re a c t io n  

m ix tu re  was poured  into sa tu ra ted  am m onium  ch lo ride  (100 c c . ) ,  

the o rg an ic  la y e r  separa ted , washed with b r in e  and d r ie d .  A fte r  

so lvent rem oval,  the liquid res id u e  was d is t i l led  to give unchanged 

s ta r t in g  m a te r ia l  (S?), (1*49 g«, 32%) and c rude  1 ,1 ,1 - tr ic h lo ro -  

d e c -3 -y n e -2 ,  5 -d io l (2 .58 g . ,  48%) as a brown v iscous oil, 

b . p .  142 -  144°/lO-4  m m . n* = 1.5017. On standing the oil 

c r y s ta l l i s e d .  R e c ry s ta l l is a t io n  f ro m  p e tro l  afforded t r a n s p a re n t  

p la te s ,  m .p .  93 - 101°, p resu m ab ly  a m ix tu re  of the e ry tho  and
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th re o  f o r m s ,  v (CC1 solution), 3450, 2300, 1070 cm**1, m ax  4

(Found: C, 43 .95 ; H, 5.41 CiOH15C13°2 re<*u i re s  C» 43*89  ̂ H» 5 -5 3 ) ,

R eaction  of 1,1, l - t r ic h lo ro d e c -3 -v n e -2 ,  5-d io l (*>8) with m e sy l  ch lo r id e  
"76

The d iol ( 33), (0 .78 g . ,  0,0029 m . ) was d isso lved  in py r id in e

(2 c c . )  and m e sy l  ch lo ride  (0 .46  g . ,  0 ,004 m . ) added. The solution

was le f t  a t  0° fo r  24 hours , f i l te red  f ro m  pyrid ine  hydro ch lo rid e  and

w a te r  (10 c c . )  added to the f i l t r a te .  The solution was e th e r  ex trac ted ,

the e th e r  e x t ra c t  washed with dilute hydrochloric  acid, sodium

b ic a rb o n a te  solution, b r in e  and d r ie d .  Rem oval of so lvent le ft  a yellow

oily r e s id u e  which was chrom atographed  on s i l ic a  and eluted with

b e n z e n e /e th e r .  Two new compounds w ere  obtained . The le s s  p o la r

m a te r ia l  gave a positive  sulphur fusion te s t  and had v (nea t),m ax

2200, 1180 cm  * and was assu m ed  to be the b is -m e sy la te  ( &  ) • The 

m o re  p o la r  compound, positive to sulphur fusion te s t ,  hed  v (neat),  

3500, 2200, 1180 c m " 1 and was assum ed  to be the m o n o -m e sy la te  ( ® ) .
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l t l -D ic h lo ro d e c -3 -y n e -2 .  5-diol (3^)

An e th e re a l  solution of ethyl m agnes ium  b ro m id e  was

p r e p a re d  u n d e r  n itrogen  f ro m  m agnesium  (0.427 g . )  and ethyl

&b ro m id e  (2 .28  g . ) .  To th is  was added the ace ty lene  (2 7 ) ,

(3 .56  g . ,  0.017 m . )  in e th e r  and the solution s t i r r e d  fo r  15 m in u tes  

a t ro o m  te m p e ra tu re  and 45 m inutes under re flux .

F r e s h ly  d is t i l led  dichloroaceta ldehyde (1.83 g . ,  0,0162 m . ) 

in  benzene (10 c c . )  was added to the reac tio n  m ix tu re  and the solution 

refluxed  fo r  2 hours  and 15 m inutes during which t im e  the co lour  

changed f ro m  yellow to b lack . A fter  standing overn igh t the G r ig n a rd  

com plex  was decom posed with sa tu ra ted  am m onium  ch lo ride , the 

o rg an ic  la y e r  sep a ra ted , b r in e  washed and d r ie d .  A fte r  re m o v a l  

of so lven t the re s id u a l  d a rk  brown liquid was d is t i l led  to give
bq

unchanged s ta r t in g  m a te r ia l  (2Bf-), (1,57 g , ,  44%) and c rude

1, l -d ic h lo ro d e c -3 -y n e -2 ,  5 -d io l (1 .9 9 g . ,  51%) as  a d a rk  brow n v iscous

2 0liquid, b . p .  140 - 150°/0 . 07 m m ,,  n ^  = 1.4926. This  liquid slowly

c r y s ta l l i s e d  on standing . The s t ru c tu re  was a ssu m ed  on the b a s is  of

the in f r a  re d  spec trum , v (neat),  3500, 2300, 1070 cm  , and by
m ax %o

su bsequen t convers ion  into the ace ta l  )*
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%o
1, 1 -D im ethoxydec-3 -v n e -2. 5-diol ( & )

Sodium (0.165 g . ,  0.0072 m .)  was d isso lved  in  m ethanol 

(20 c c . )  and the diol ( J ^ ) , (0.818 g . ,  0 .0034 m . )  in  m ethano l (5 c c . )

added a t room  te m p e ra tu re .  The solution was refluxed  fo r  1 hour, 

cooled and f i l te re d  f ro m  sodium ch lo ride .  The f i l t r a te  was e th e r

e x trac ted ,  washed with b r in e  and d r ie d .  A fter  rem o v a l  of solvent,

the liquid  re s id u e  was d is ti l led  to give 1, l -d im e th o x y d ec -3 -y n e -2 ,  5-

d io l (0 ,396  g . ,  50%) as a c le a r  yellow liquid, b .p .  1 0 5 -1 2 5 ° /0 .1  m m . ,

20  1 
n = 1.4658, v (neatO 3500; 2l5U, U20, 1080 c m “ . m ax

The ac e ta l  ( J8) was hydrolysed  to the aldehyde by boiling a 

m ethano lic  solution with an equal volume of 2% su lphuric  a c id .  The 

solution was e th e r  ex trac ted , and a f te r  rem o v a l of solvent, the liquid 

re s id u e  re a d i ly  fo rm ed  an orange 2, 4 -d in itrophenylhydrazone , 

m .p .  145-146° (Found: C, 53.48; H, 6.19; N, 15.11. C1(,H2 0 ° 6 N4 

r e q u i re s  C, 52.74; H, 5 .53; N, 1 5 .3 8 ) .
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R eaction  of 1, l -d im ethoxydec-3 -vne-2 , 5-d io l (38 ) with d ihydropyran  .
So

To the ace ta l  (3®), (0.407 g . ,  0.0018 m , ) in  e th e r  was added

dihydropyran  (0.174 g . ,  0 .0020 m . ) and two d rops  of co n cen tra ted

h y d ro ch lo r ic  ac id . An im m edia te  colour change o c c u r re d .  The

solution was cooled under the tap and left overn ight at to o m  tem p era tu re*

The solution was washed with sodium b icarbonate , b r in e  and d r ie d .

R em oval of solvent left a brown liquid (0. 50 g , ) .  This  liquid was

22d is t i l le d  to give a yellow d is t i l la te  (0.27 g . ) ,  = 1.4668, v (neat),'  e D m ax

3500, 1720, 1680 (weak), 1620 (weak), 1100 cm  \  T . L . C .  showed 

s m e a r in g .  A ttem pts  to fo rm  a t ra c ta b le  2, 4 -d in itophenylhydrazone 

in su lphuric  acid  and in pyrid ine fa iled .

7%
R eaction  of 1, 1, l - t r ic h lo ro d e c -3 -y n e -2 ,  5-d io l (33) with d ih y d ro p y ran .

To the diol (3 8 ) ,  (1.50 g . ,  0.0055 m . )  in e th e r  was added 

d ih y d ro p y ran  (1 .7 0 g . ,  0 .020 m . ) and two drops  of co n cen tra ted  

h y d ro ch lo r ic  ac id .  An exotherm ic  reac tio n  o c c u r re d  and the solution

was cooled in ic e .  A fter  standing over the weekend, the solution was

e th e r  ex trac ted , washed with sodium b icarbonate , b r in e  and d r ie d .

A fte r  so lvent rem oval the liquid re s id u e  was d is t i l led  to give a
2i

f rac t io n  (0 .27  g . ) ,  b .p .  5 0 -7 0 ° /0 .  02 m m . * nD = 1.4667, and u n ch an g ed
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s ta r t in g  m a te r ia l  (0 .939 g . ) ,  b .p .  130- 140°/0. 02 m m . The

frac tio n  (0 .27 g . )  had v = 1710 cm  \  and T . L . C .  showed onemax

spot, l e s s  p o la r  than the s ta r ting  m a te r ia l .  It was not fu r th e r  

in v es t ig a ted .

A ttem pted  condensation  of the lith ium  sa lt  of 3 - ( te t r a h y d ro -2 -  

pyranyloxy) o c t - l -y n e  ( with d ichloroacetaldehyde in d im e th y lfo rm am id e  

A suspens ion  of litham ide in liquid am m onia  was p r e p a re d  f ro m  

lith ium  (0.104 g . ,  0.015 m . ) ,  a c ry s ta l  of f e r r i c  n i t ra te  being used  to 

ca ta ly se  the r e a c t io n .  The am m onia was evaporated  off and rep laced  

by d im ethy l fo rm a m id e .  To this suspension  was added the ace ty lene  

(* * ) ,  (2 .92  g . ,  0,014 m . ) in d im ethy lform am ide (5 c c . ) .  A fter

s t i r r in g  3 h o u rs  a t room  te m p e ra tu re ,  d ich loroaceta ldehyde (1.47g .,

0.013 m . )  in d im ethy lfo rm am ide  (5 c c . )  was added and the solution 

s t i r r e d  fo r  a fu r th e r  3 hours  a t room  te m p e ra tu re .  It was then 

left o v e rn ig h t.  Dilute su lphuric  acid was added to the ice  cold 

reac t io n  m ix tu re ,  which was then e ther  ex trac ted , the e th e r  e x tra c t  

washed with s a tu ra te d  sodium  bicarbonate , b r in e  and d r ie d .

R em oval of so lvent le f t  the s ta r t ing  m a te r ia l  ( S ’). (3.01 g . )  which 

was iden tified  by i ts  in fra  red  spec trum , re f ra c t iv e  index and T . L . C .  

c o m p a r iso n .
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3"(M ethoxvmethyloxv) o c t- l-y n e  ( *Q)

(a) All rea g e n ts  w ere  d ried  and d is t i l led  p r io r  to use* To an

ic e -c o ld  so lution of o c t - l - y n *  3*ol (&6), (0 .75  g. ,  0.006  m . )  and 

tr ie th y la m in e  (0 .70  g . ,  0 ,007 m .)  in benzene was added ch lo rom ethy l 

m ethyl e th e r  (0,619 g . ,  0 ,008 m , ) .  A fter  standing overn igh t at 0°, 

the so lu tion  was f i l te re d  and the f i l t ra te  ex trac ted  with e th e r .  The 

e th e r  e x t r a c t  was washed with sodium bicarbonate , b r in e  and d r ie d .  

R em oval of solvent left a liquid (0.83 g . )  which was shown to be
k>%

su b s tan tia l ly  s ta r t in g  m a te r ia l  ( by i ts  in fra  red  spec tru m , 

re f r a c t iv e  index, boiling point and T . L . C .  co m p ar iso n ,

U
(b) The ace ty lene  ( ^ ) ,  (3 .73 g . ,  0 .03 m . ) in e th e r  was added

to ch lo ro m e th y l m ethyl e th e r  (2 .94  g . ,  0 .036 m . ) a t room  te m p e ra tu re  

and the solution le f t  fo r  2 days . It was then e ther  ex trac ted , the 

e th e r  e x t r a c t  washed with sodium  bicarbonate , b r in e  and d r ie d .

A fte r  r e m o v a l  of solvent the liquid res id u e  was d is t i l led  to give

unchanged s ta r t in g  m a te r ia l  (2 ,43 g . ,  66%) and a h igher  boiling

o 24frac tio n  (1,08 g . ,  22%), b .p ,  9 2 -  94 /0 ,0 7  m m .,  n ^  = 1.4430.

The s t ru c tu re  of the h igher  boiling f rac tion  was a ss ig n ed  as

*7~
3-(m ethoxym ethyloxy) o c t- l-y n e  (*̂ ®) on the b a s is  of the in f ra  red

sp ec tru m , v (neat) 3300(te rm in a l  ace ty lene) ,  2150, 1080, 1020 cm . 
m ax
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G rig n a rd  addition  of 3-(methoxvmethyloxv) o c t- l-y n e  (4b0) to

dichlor oac etaldehyde

An e th e re a l  solution of ethyl m agnesium  b ro m id e  was m ade

under n itro g en  f ro m  m agnesium  (0.175 g . ,  0.0073 m . )  and ethyl

brom ide  (0 .928  g , ,  0 .0085 m . ) .  To this solution the ace ty lene  
SO

(4^), (1,065 g . ,  0 .0063 m . )  in benzene (15 c c . )  was added a t ro o m

te m p e r a tu r e .  The solution was s t i r r e d  under re flux  fo r  1 hour

and 30 m in u te s .  D ichloroacetaldehyde (0.813 g . ,  0 .0072 m . )

in benzene (10 c c . )  was run  into the w arm  solution, which was then

refluxed  fo r  3 h o u r s .  During th is  t im e  the colour d a rk en ed .

The so lution was left overnight, decom posed with s a tu ra te d

am m onium  ch lo ride , e th e r  ex trac ted , and the e ther  e x tra c t  washed

with b r in e  and d r ie d .  The solvent was rem oved  to leave  a  b lack

oil (1.76 g . ) ,  v (oeat) 3500, 3300 cm . *. T . L . C .  showed 
m ax .

s m e a r in g .  D is til la tion  gave a b lack  d is t i l la te  (0 .54  g . ) ,

b .p .  9 0 -1 0 0 ° /0 .0 6  m m . which consis ted  p a r t ly  of unchanged
to

s ta r t in g  m a te r ia l  (4P©) as shown by in fra  red, boiling point, and 

T . L . C .  c o m p a r iso n .
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3 - M ethyl-cyclopentane-1 , 2. 4 - t r ie n e  (89)

This  compound was p re p a re d  in two w ays:- 

/ \ • 57(a) by the l i t e r a tu r e  method f ro m  diethyl oxalate  and m ethy l 

ethyl ketone .

(b) f ro m  the C~1 sem ica rbazone  (91) • The se m ic a rb a z o n e  

(ap p ro x im ate ly  2 g m s . )  was boiled fo r  one hour with d ilu te  su lphuric  

ac id .  The solution was allowed to cool and f i l te r e d .  The f i l t r a te  

was e x tra c te d  rep ea ted ly  with e ther  and the e th e r  solution on 

evapora tion  gave v e ry  p u re  c ry s ta ls  of the tr ione  (89), (app rox im ate ly

0 .3  g m . ) .

F o r  sp ec tro sco p ic  data  see ta b le s ,

1, 2, 4 -T rie thy lened io x v -3 -m eth y lcy c lo p en tan e  (93)

In a con ica l f lask  equipped with a m agnetic  s t i r r e r ,  re flux  

c o n d en se r  and Dean and S ta rk  side a r m  w ere p laced  3 -m e th y l-  

cyclop eptaataoe-l, 2, 4 - tr io n e  (89), (2.95 g . ,  0.012 m , ) ,  e thylene 

glycol (12.27 g . ,  0 .20  m . ) ,  p-to luenesulphonic acid  (70 m g s . )  and 

d ry  benzene  (50 c c . ) .  The solution was refluxed fo r  23 hours ,  

the so lu tion  cooled, the benzene lay e r  sep a ra ted  and the glycol 

la y e r  e x tra c te d  with e th e r .  The organic  la y e rs  w ere  washed
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with sodium  b icarbonate , b r ine  and d r ie d .  A fte r  rem o v a l  of

so lvent and one c ry s ta l l isa t io n  f ro m  petro l,  1, 2, 4 - tr ie th y len ed io x y -

3-m ethy lcyc lopen tane  was obtained as co lo u rle ss  p la tes  (3.18 g . ,

72%) m .p ,  108 -  110 v (CC1 solution) 1105 cm  Nom ax 4 '

ab so rp tio n  in the u l t r a  v io le t.  N .M .R .  (CCl^): 12 p ro tons

betw een t  = 5 .7  and 7 ,0 , com plex splitting . 3 p ro tons  betw een

t  = 7 .0  and 8 .3 ,  again complex splitting . t  = 9.15 (3 H; doublet,

J  = 12 c . p . s . ;  secondary  m e th y l) .  M olecular weight d e te rm in e d

by m a s s  s p e c t ro m e try  as 258 in ag reem en t with the ca lcu la ted  v a lue .

(Found C, 56.18; H 6 .8 9 .  C H O re q u ire s  C, 55,80; H, 7 ,0 3 ) .
12 18 6

10-M ethyl-1, 4, 7 - t r io x a s p iro  f7, 4 ]deca-9 ,11-d ione (95)

In a con ical f lask  equipped with a m agnetic  s t i r r e r  was p laced  

the t r io n e  h yd ra te  (89), (0 .65 g, 0.0045 m . ) ,  ethylene glycol 

(3.12 g . ,  0 .05  m , ) ,  p -to luenesulphonic acid ( 8 m g .)  and d ry  

benzene  (50 c c . )  • The solution was refluxed with a Dean and S ta rk  

s ide a r m .  A fte r  one hour and 45 m inutes, the reac t io n  was 

stopped, the solution cooled and solid p o tass iu m  carbona te  added 

to the re a c t io n  m ix tu re .  The solution was shaken and the
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benzene  la y e r  decanted off* The res id u e  of glycol and solid

m a te r ia l  was washed twice with f re sh  benzene and the benzene

e x tra c ts  decan ted  off. The combined benzene la y e r s  w ere

d r ie d .  A fte r  rem o v a l of solvent and t r i tu ra t io n  with p e tro l

the p a s ty  re s id u e  (0*62 g .)  c ry s ta l l i s e d .  R e c ry s ta l l is a t io n

f ro m  benzene gave white needles, m .p .  119 - 121°, of 10-m e th y l-

1, 4, 7 -tr ioX asp iro [7 , 4 ]d eca -9 , 11-dione* v (nujol) 3400, 1690,m ax

1610, 1050 cmT1 \  263, 274, 249 mp ( € 16400, 18100, 9700 inm ax

m ethanol, 0 .1 N  sodium hydroxide, O .IN hydroch lo ric  acid  

r e s p e c t iv e ly ) ,  N .M .R .  (pyrid ine): t  = 8 .32  (3 H; t r ip le t ,  J  = 1.5

c . p . s . ;  m e th y l) ,  t  = 6.75 (2H; quarte t,  J  = 1 .5  c . p . s . ;  r ing  

m e th y len e ) ,  t  = 5 .4  to 6 .0  (8 H; m ultiplet; - O C H ^-) .  M olecu la r  

weight d e te rm in e d  by m a ss  sp e c tro m e try  as 214 in a g re e m e n t  with 

the a s s ig n ed  s t r u c tu r e .  (Found C, 56,26; H 5 .6 3 .  ^ 10^ 4 ^ 5

r e q u i re s  C, 56,07; H, 6 .5 9 ) .  This reac tion  could not be rep e a te d  

d e sp ite  a  n u m b er  of a t tem p ts .
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2> 4»Bis(ethylenedioxy). “ 3-m ethylcyclopentanone (99)

The t r i - k e t a l  (93), (228 m g s . )  in e ther  (10 c c . )  was shaken 

with d ilu te  su lphuric  acid (10 c c . )  fo r 1 h our .  The e th e r  la y e r  was 

s ep a ra ted ,  w ashed with brine , d r ied  and the solvent rem oved  to 

leave a solid  re s id u e  (126 m g s . ) .  This re s id u e  was c h ro m a to ­

g raphed  on a s i l ica  th ick  p late  and eluted with b e n z e n e -e th e r  to 

give the b i s -k e ta l  (109 m g s .  60%). R e c ry s ta l l is a t io n  f ro m  p e tro l

afforded  white rhom bs, m .p .  132 - 134°, which underw ent poly-

o om orph ic  change between 80 and 120 f ro m  rhom bs to hexagons.

A sub lim ed  sam ple  exhibited the sam e behaviour on hea ting . G .L .C .  

(20% polyethylene glycol a t 175° flow ra te  5Occ/m inute ) gave one 

peak, a t  12j m in u te s ,  v (CHC1- solution) 1753, 1110 cm .
ITlcLX j

N .M .R .  (CDCl^), t  = 8 .95 (3H; doublet, J  = 11 c . p . s . ;  secondary  

m e th y l) .  Rem aining pro tons show complex sp litting . 8H  betw een 

t  = 5 .6  and 7 .0 ,  3 H between p = 7 .0  and 8 .4 .  M ass s p e c t ro m e try

showed m o le c u la r  weight to be 214 in ag reem en t with ca lcu la ted  value. 

(Found C, 56.26; H, 6 .4 7 .  c 10H14O 5 r e q u ire s  C, 56. 07; H, 6. 59 ) .

The b is -k e ta l  (99) fo rm ed  a benzylidene d e r iv a tiv e  when 

t r e a te d  with benzaldehyde in b a se .  R e c ry s ta l l is a t io n  of th is  

d e r iv a t iv e  f ro m  absolu te  ethanol afforded a lm o s t  c o lo u r le ss  s t r a w - l ik e
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c ry s ta l s ,  m .p .  115 - 145°, \  304 mjA (e 30, 700 in m ethanol)  .max

(Found C, 67.19; H, 6 .35 . C H O re q u ire s  C, 67.54; H, 6 .0 0 ) .
17 18 5

1-H ydroxy-3-m ethy lcyclopen tane-2 , 4-dione (100)

58This  was p re p a re d  as desc rib ed  in the l i t e ra tu r e  by 

sodium  borohydride  reduction of the tr io n e  hydra te  (89) •

S pec troscop ic  p ro p e r t ie s  a re  given in the ta b le s .

l -H y d ro x v -2 -m e th o x y -3 -m e th y lcv c lo p en t-2 -e n -4 -o n e  (101) and

1-H ydro x y -3 -m eth y l-4 -m eth o x y cv c lo p en t-3 - e n -2 - one (102) •

57T h e se  iso m e r ic  en o l-e th e rs  w ere p re p a re d  as  d e sc r ib e d  by 

the action  of d iazom ethane on (100), The iso m e r  c ry s ta l l i s in g  f ro m  

benzene, m .p .  167 - 168°, was assigned  the s t ru c tu re  (102). The 

i s o m e r  c ry s ta l l i s in g  f ro m  petro l,  m .p .  84 - 86°, the le s s  p o la r  of 

the two i s o m e r s ,  was assigned  the s tru c tu re  (101) • S t ru c tu ra l  

a s s ig n m e n ts  w ere  baeed  on the spec troscop ic  p ro p e r t ie s  which a r e  

re p o r te d  in the ta b le s .
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3 - M ethoxy- 2 -m ethy lc  vclopent- 2- enone (103)

2-M ethoxycyclopentane-l, 3-dione (94), (2 .00  g m .)  was 

suspended  in d ry  e th e r  (20 cc) and to the s t i r r e d  suspension  d iazo- 

m ethane  was added until n itrogen evolution ceased , and a l l  the 

s ta r t in g  m a te r ia l  was in solution. The e th e re a l  solution was d ried , 

so lvent rem o v ed  and a f te r  one c ry s ta l l isa t io n  f ro m  pe tro l,  2 -m e th y l-  

3 -m ethoxycyc lopen t-2 -enone  (1.98 g. 88%) was obtained as  white 

need les ,  m .p .  63 - 65°. Spectroscopic  p ro p e r t ie s  a r e  r e p o r te d  

in the  ta b le s .  (Found: C, 66.45; H, 8.14. C_H O r e q u i re s
I iv C*

C, 66 .64; H, 7 .9 9 ) .

2 -M ethy l-3 (2 -pheny le thyny l)-cyc lopen t-2 -enone . (104).

A solution of ethyl m agnesium  brom ide  was m ade  in e th e r  in 

the u su a l  m an n e r  under  n itrogen  f ro m  m agnesium  (0.21 g , ,  0 .009  m , )  

and ethyl b ro m id e  (1.5 g . ,  0.014 m . ) .  To th is  solution was added 

phenylac ety lene (0.873 g . ,  0 .009 m .)  in d ry  benzene (10 c c . ) .  The 

solution was refluxed  fo r  1 hour. The solution was then cooled and 

to the cooled solution was added 2 -m ethy l-3 -m e th o x y cy c lo p en t-2 -en o n e  

(103), (1.05 g . ,  0 .008 m .)  in benzene (10 c c . ) .  The solution was
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s t i r r e d  and refluxed for 2 hours  and then cooled in i c e .  The 

G r ig n a rd  com plex  was decom ppsed with ice -co ld  5% su lphuric  acid, 

the e th e r  l a y e r  separa ted , the aqueous la y e r  e x trac ted  with e th e r  

and the e th e r  la y e rs  com bined. A fter  washing with sodium  

b ica rb o n a te ,  b r in e  and drying the solvent was rem oved  to leave  a 

d a rk  re d  liquid (1.10 g . ) , E x traction  of th is  liquid with p e t ro l  and 

cooling of the p e tro l  ex trac t  gave pale yellow c ry s ta ls  ( 0 .4 g . ,  25%)

of 2 -m eth y l-3 (2 -p h en y le th y n y l)-cyclopen t-2 -enone , m .p .  63 -  66°
i 3 0 5 - Z25L

v (C C F  solu tion), 2210, 1700, 1620 cm . \  MB, 228, 3 » m p  m ax  4 m ax

(e 26, 900; 9, 100; 9, 600 in m ethano l) .  N .M .R .  (CC14 ) t = 2 .52

(5 H; m ultip le t;  a ro m a t ic ) ,  t = 7 .30  (2H; m ultip let, r ing  m ethy lene) ,

t  = 7 ,6 0  (2 H; m ultip let; a lly lic  ring m ethylene), r  = 8 .08  (3 H; t r ip le t ,

J  = 1.5 c . p . s . ;  a lly lic  m e th y l) .  A sam ple was sub lim ed  to give a

white so lid  fo r  ana lys is ,  m .p .  68 - 70 • (Found C, 84.65; H, 6.14.

C H G r e q u i re s  C, 85.68; H, 6.16)
14 12

The 2, 4-d in itrophenylhydrazone was r e c ry s ta l l i s e d  f ro m  

ace tic  ac id  as d e e p - re d  c ry s ta ls ,  m .p .  242 - 244 • (Found:

C, 63.71; H, 4.31; N, 15.17. c 20Hl6O4N4 re q u ire s  C, 63.82;

H, 4 .2 9 ; N, 1 4 .89 ) .
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2 -M eth y l-3 -[3 -(te trah y d ro -2 -p y ran v lo x y ) o c t- l-y n e l-c y c lo p e n t-2 -  

enone (105)

The G rig n a rd  d eriv a tiv e  of 3 - ( te tra h y d ro -2 -p y ra n y lo x y )-o c t-

l-y n e  (69) was condensed with 2 -m e th y l-3 -m ethoxycyclopen t-2 - enone 

(103) in e th e r, te trah y d ro fu ran  and in b en zen e . The lith iu m  sa lt  

of (69) was a lso  p re p a re d  and condensed with the ketone in liqu id  

am m onia  and in  d im ethy lfo rm am ide . In a ll th e se  re a c tio n s  the 

s ta r tin g  ace ty len e  was reco v e red  in am ounts vary ing  fro m  25% in  the 

c a se  of the G rig n a rd  reac tio n  in benzene to over 90% in  the  c a se  of 

the lith iu m  s a lt  re a c tio n . The optim um  conditions w ere  found

to be as  fo llow s.

An e th e re a l solution of ethyl m agnesium  b ro m id e  was 

p re p a re d  un d er n itro g en  fro m  m agnesium  (0 .43  g . ,  0.018 m . ) and 

ethy l b ro m id e  (2 .3  g .,  0 .02  m . ) .  To th is  solution was added at 

ro o m  te m p e ra tu re  the acety lene (69), (3.21 g . ,  0.015 m . ) in  d ry

benzene  (15 c c . ) .  The solution was refluxed  fo r 90 m in u te s .

To the  cooled solution was added the ketone (103), (1.95 g . ,  0.016 m .)  

in  d ry  benzene (15 c c .)  • The solution was refluxed  fo r  2 h o u rs , 

cooled  and the G rig n ard  com plex decom posed with ic e -c o ld  d ilu te
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su lp h u ric  a c id . The o rgan ic  lay e r  was sep a ra ted , w ashed with

sodium  b ica rb o n a te , b rin e  and d rie d . A fte r rem o v a l of so lven t

the re s id u a l d a rk  red  liquid (4 ,3  g .)  was d is ti l le d . A fte r  an in itia l

re c o v e ry  of s ta r tin g  acety lene (25%), a frac tio n  (0,1 g . ,  25%)

b .p ,  120 -  140 /0 .0 1  m m ., was co llec ted . T his was id en tified  as

c ru d e  2-m e th y l-3 -[3 -(te tra h y d ro -2 -p y ra n y lo x y )o c t-l-y n e ]-c y c lo -

p e n t-2 -e n o n e . A p u re  sam ple was iso la ted  by s il ic a  c h ro m a to -

23graphy, w ith b en z en e -e th e r  as the eluan t. n ^  = 1.509 v (neat)D m ax

2260, 1705, 1620, 1130 (pyranyl e th e r) , 1040 cm . * \  267 mjx'  m ax

(e 7420 in  m e th a n o l) . N .M .R . (CC1 ), r  = 7 .4 0  (2 H; m u ltip le t;
4

ring  m e th y len e ), t  = 7 .65  (2H; m ultip let; a lly lic  ring  m eth y len e),

t  = 8.15 (3 H; tr ip le t ,  J  = 1 .5  c . p . s . ;  a lly lic  m e th y l^  t  = 9 .0 4

(3 H; s in g le t;  p r im a ry  m e th y l) . (Found: C, 74 ,03 ; H, 8 ,4 5 .

C H O re q u ire s  C, 74.96; H, 9 ,2 7 ) .
17  28 -3

A sm a ll am ount of a second compound was id en tified  in  the

c h ro m ato g rap h ic  fra c tio n s  as 2«im eth y l-3 (3 -h y d ro x y o ct-l-y n e) -

c y c lo p e n t-2 - enone. v (neat), 3450, 2240, 1700, 1620, 1060 cm .
m ax

\  268 m u ( e 18, 650 in m e th an o l) , N .M .R . (CDC1 ) , t  = 7 .65
m ax 5

(4H; m u ltip le t; r ing  p ro to n s) , t  = 8.15 (3 H; tr ip le t, J  = 1.5 c . p . s . ;  

a lly lic  m e th y l) , T  = 9. 04 (3 H; s in g le t; /  ’ p r im a ry  me th y l) . 

(Found: C, 75.19: H, 9 .19. C14H2()0 2 re q u ire s  C, 76 .32 ,-H , 9 .1 5 ).
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T re a tm e n t of the crude product with 2, 4 -d in itro -

pheny lhydrazine  in concen tra ted  su lphuric  acid  caused  c leavage

of the p y ran y l e th e r group and gave a d ee p -re d  d e riv a tiv e  which

was r e c ry s ta l l is e d  fro m  m ethanol, m .p . 146 - 147°. X 393,
m ax

300, 266, 239 mji ( e 36, 900; 11, 700, 16, 250; 14, 700 in m ethanol) •

(Found C, 60 .02 ; H, 6 .02; N, 14.04. C _.H  O N re q u ire s
20 24 5 4

C, 59 .99 ; H, 6 .04; N, 13 .99 ).

A ttem pted  addition of the acety lene (69) to 1-h y d ro x y -3-m e th y l-4- 

m ethoxycyclopen t- 3- en -2 -one (102)

An e th e re a l solution of ethyl m agnesium  b ro m id e  was m ade 

un d er n itro g e n  fro m  m agnesium  (62 m g s .)  and ethyl b ro m id e  (415 m g s. ; 

To th is  so lu tion  was added the acety lene (69), (480 m g s .)  in d ry  

benzene (5 c c ) . The solution was refluxed fo r 1 hour 45 m in u tes, 

cooled, and the cyclopentenone (102), (150 m g .)  added in d ry  benzene 

(10 c c . ) .  A fte r fu r th e r  refluxing fo r 3 hours, the so lu tion  was 

cooled, the G rig n ard  com plex decom posed with ic e -c o ld  d ilu te  

su lp h u ric  ac id  and the o rgan ic  la y e r  se p a ra te d .
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The u su a l w ork up gave a brow n liquid (0.523 g . ) which had no

carb o n y l ab so rp tio n  in the in f ra - re d  sp ec tru m . T his liqu id

was d is ti l le d  to give the s ta rtin g  acety lene (0 .26  g , ,  55% re c o v e ry ) ,

id en tified  in  the  u sual way.

A fu r th e r  addition to the cyclopentenone (102) was

a ttem p ted  using  the G rig n ard  d eriva tive  of phenylacety lene and a

46m e th y le n e -c h lo rid e -te tra h y d ro fu ra n  solvent sy s te m . Phenyl 

ace ty len e  was the only com ponent iden tified  in  the re ac tio n  p ro d u c t.

A ttem pted  O -alky la tion  of l-h y d ro x y -3 -m eth y l-4 -m eth o x y  

c y c lo p en t-3 -e n -2 -o n e  (102)

(a) The secondary  alcohol (102),(13 m g s .)  in  ch lo ro fo rm

(3 c c . )  was tre a te d  a t -10° with d ihydropyran  (8 m g s .)  and a 

m ic ro -d ro p  of concen tra ted  hydroch lo ric  acid  added. A fte r 

s tand ing  overn igh t a t room  te m p e ra tu re  c ry s ta ls  of the highly 

in so lu b le  1 -hydroxy-3 -m ethy lcyclopen tane-2, 4 -d ione (100), (9 m g e) 

w ere  f i l te re d  off and iden tified  by m elting point and m ixed  m elting  

p o in t.
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O5) The secondary  alcohol (102), (13 m g s .)  in c h lo ro fo rm

(3 c c . )  was tre a te d  at room  te m p e ra tu re  with ch lo ro m eth y l m ethy l 

e th e r  (8 m g .)  and the solution sea led . A fter standing overn igh t 

c ry s ta ls  (8 m g . ) of the dione (100) w ere f ilte re d  off and iden tified  

as in ( a ) .

(c) The secondary  alcohol (102), (50 m g .)  in  p y rid in e  (0 .5  c c .)  

was s t i r r e d  fo r 8 hours on the w ater bath with benzyl c h lo rid e  (54 m g s. 

The so lu tion  was cooled, pyrid ine rem oved under vacuum  and the 

liquid  re s id u e  ex trac ted  with hot benzene. The benzene e x tra c t

on cooling deposited  c ry s ta ls  of the s ta rtin g  m a te r ia l  (46 m g s .) ,  

id en tified  by m elting  point and m ixed m elting  po in t.

(d) Sodium  (24 m g s .)  was d isp e rse d  by heating in  xylene and

shak ing . The xylene was decanted off, the sodium  w ashed with

59e th e r  by decan tation , and dioxan (3 c c .)  added • The seco n d ary

alcohol (102), (122 m g s .)  in dioxan (5 c c .)  was added to the solu tion  

which was then refluxed  fo r 6 h o u rs . To the cooled so lu tion  was 

then  added benzyl ch lo ride  (114 m g s .)  in dioxan (3 c c .)  and the 

so lu tion  refluxed  fo r a fu rth e r  14 h o u rs . The so lu tion  was cooled,
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f i l te re d  th rough  ce lite , solvent rem oved and the re s id u e  e x tra c ted  

with hot b en zen e . The benzene ex tra c t on cooling dep o sited  

c ry s ta ls  of the  s ta rtin g  m a te ria l, iden tified  as in ( c ) .

(e) The secondary  alcohol (102), (63 m g s .)  in dioxan (5 c c .)

was s t i r r e d  m ag n etica lly  a t 50° toge ther with benzyl ch lo rid e  

(105 m g s .)  and so lid  p o tass iu m  hydroxide (109 m g , ) ^  A fte r  

1 hour, w a te r was added and the solution ch lo ro fo rm  e x tra c te d .

The c h lo ro fo rm  e x tra c t was w ashed with b rin e , d rie d  and so lven t 

rem o v ed . The re s id u a l liquid showed no carbony l o r  double 

bond ab so rp tio n  in the in fra  red  sp ec tru m .

T re a tm e n t of 1-hydroxy-3-m ethy lcyclopen tane -2 , 4 - dione (100) 

w ith d ih y d ro p y ran

1-H ydroxy-3 -m ethy lcyclopen tane-2, 4 -d ione (104 m g .)  in 

d ry  e th e r  (10 cc) was tre a te d  with dihydropyran  (181 m g ,, 2 ,6  m oles 

equ ivalen t) and two d rops of concen tra ted  h y d ro ch lo ric  a c id . A ftcs 

s t i r r in g  fo r  18 hours a t room  tem p e ra tu re  the e th e r  in so lub le  

m a te r ia l  was f il te re d  off and identified  as unchanged s ta r tin g
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com pound (100), (70 m g s . ) .  The e th e r la y e r  was ev ap o ra ted  to 

leave  a b row nish  liquid resid u e  which was not fu r th e r  exam ined .

3 -M eth y l-4 -m eth o x y cy c lo p en t-3 -en e-l, 2-dione (109)

The trio n e  hydrate  (89), (4 .69  g .)  was tre a te d  in  e th e r

with an ex cess  of d iazom ethane. A fter no fu r th e r  n itro g en

evolution, th e  e th e r  was evaporated  and the sem i-liq u id  re s id u e

d is til le d  a t 0.1 m m . The d is tilla te  c ry s ta llis e d  in the re c e iv e r

and w as id en tified  as 3 -m e th y l-4 -m e th o x y cy c lo p en t-3 -en e-l, 2-

dione (2 .6  g . 57% ). R ec ry s ta llisa tio n  fro m  p e tro l affo rded

o
c o lo u r le s s  n eed les , m .p .  48 -  49 • The sp ec tro sco p ic

p ro p e r t ie s  a r e  reco rd ed  in the ta b le s . The com pound did not

co lo u r f e r r i c  ch lo rid e  so lu tion . (Found: C, 59 .77 ; H, 5 .3 0 .

C H O re q u ire s  C, 59.991- H, 5 .7 5 ) .
( o 5

A ttem p ted  p re p a ra tio n  of the ethylene k e ta l of 3 -m e th y l-4 -m e th o x y  

c y c lo p e n t-3 -e n e - l, 2 -dione (109).

(a) The 1, 2-d ione (109), (300 m g .) ,  ethylene glycol (1.31 g f

10 m o les  equivalent) and p-to luenesulphonic acid  (20 m g . ) w ere

A
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re flu x ed  in  to luene (20 c c ,)  with s ti r r in g  and a Dean and S ta rk  side 

a rm  r e c e iv e r .  A fter 6 h o urs, the solution was cooled, the to luene 

la y e r  sep a ra ted , w ashed with sodium  b icarb o n a te , b r in e  and dried* 

R em oval of so lven t le ft a liquid re s id u e  (377 m g s ,) .  T h is was 

e x tra c te d  with p e tro l and the p e tro l e x tra c t ch ro m ato g rap h ed  on a 

s il ic a  th ick  p la te . T h is re su lte d  in the iso la tio n  of a c ry s ta llin e  

com pound (16 m g s ,) ,  m .p ,  109 -  111°, which was id en tified  as  1, 2, 4- 

trie th y len ed io x y -3 -m e th y lcy c lo p en tan e  (93) by i ts  m elting  point, 

m ixed m elting  point, in fra  red , N .M .R .,  and T .L .C .

(b) The 1, 2 -d ione (109), (282 m g s .)  was d isso lv ed  in  2 -e th y l-

2 -m e th y l- l, 3 -d ioxalane (3 c c . )  and p -to luenesu lphon ic  ac id  (10 mg*) 

added. The solu tion  was refluxed  fo r  16 h o u rs , cooled, e th e r  

added and the  so lu tion  w ashed with sodium  b ica rb o n a te , b r in e  and 

d r ie d . R em oval of the so lvent and dioxalane u n d er vacuum  le ft a 

d a rk  brow n liquid  (100 m g .)  which gave six  spots on T .L .C .  The 

m a jo r  spot was equivalent to s ta r tin g  m a te r ia l  and the in fra  red  

sp e c tru m  confirm ed  th a t th is  was the p redom inan t com ponent.
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E x p erim en ta l (4)

E thyl 7 -(2-m ethoxv-5-m ethy lpheny3)-7 -oxo-n-hep toate  (128)

p -M ethy l an iso le  (23, Og., 0,188 m , ) was p laced  in a

250 cc, 3 -necked  fla sk  and te tra ch lo ro e th an e  (100 c c , ,  d r ie d  over

p o ta ss iu m  carb o n a te ) added. To the s t i r r e d  so lu tion  a t 0°,

anhydrous alum in ium  ch lo rid e  (45 ,2  g . ,  0 ,336 m .)  was added in

p o rtio n s  and the reac tio n  te m p e ra tu re  m ain ta ined  below  5° during

the add ition . The acid  ch lo ride  (126), (34,1 g , ,  0,165 m , ) was

then added o v er 20 m in u te s . S tirr in g  was continued fo r  3 hou rs

at 0°, and then overn igh t a t room  te m p e ra tu re . The com plex

in the re a c tio n  fla sk  was decom posed by cau tious addition of c ru sh ed

ice  to the s t i r r e d  and cooled so lu tion . The so lven t was rem oved

by s te a m  d is tilla tio n  and on cooling, the aqueous o ily  re s id u e

c ry s ta l l is e d .  The c ry s ta ls  of ethyl 7 -(2 -m eth o x y -5 -m eth y lp h en y l) *

7 -o x o -n -h ep to a te  (47 .2  g m ., 98%), w ere f il te re d  off and a sam ple

r e c ry s ta l l is e d  f ro m  m ethanol as white sp a rs , m .p ,  50-51 •

v (CClA so lu tio n ), 1737, 1679 c m ." 1 X 216, 248, 313 m|Jt m a x ' 4 m ax

( c 16900, 5700, 2850 in  m e th a n o l) . (Found: C, 70.13; H, 8 .3 8

C _ H  O re q u ire s  C, 69.83; H, 8 ,2 7 ) .17 24 4
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7 -(2 -M eth o x y -5 -m e th y lp h en y l)-7 -o x o -n -h ep to ic  acid  (129)

The e s te r  (128), (4 7 .2 g ., 0,161 m , ) was h y d ro ly sed  by

reflux ing  fo r 3 h o u rs  with alcoholic  10% p o ta ss iu m  hydroxide

(115 cc) and w ate r (5 ccs) , The so lution was cooled, ac id ified

r nd e th e r  e x tra c te d . The e th e r e x tra c t was w ashed with sodium

b ica rb o n a te , and the b ica rb o n a te  la y e r  reac id ified  and e th e r

e x tra c te d . The e th e r e x tra c t was b rin e  w ashed, d rie d , and the

so lven t rem o v ed  to give a f te r  one r e c ry s ta ll is a tio n  fro m  p e tro l/

benzene, 7 -(2 -m e th o x y -5 -m e th y lp h e n y l)-7 -o x o -n -h e p to ic  ac id

^33,5 g, ,  78% ). m .p ,  5 9 -6 0 ° . v (CC1 solu tion) 3530, 1758,m ax 4

1711, 1680 c m ." 1. X 216, 249, 312 mji ( e 17, 000, 5700, 2550 inm ax

m e th a n o l) , (Found: C, 68.41; H, 7 .4 7 , C ^ H ^ qO^ re q u ire s  

C, 68.16; H, 7 .6 3 ) ,

7 -(2 -M eth o x y -5 -m eth y lp h en y l) -n -hep to ic  acid  (130)

Zinc (32 g .)  was am algam ated  by shaking with m e rc u r ic  

ch lo rid e  (3 g .) , w a te r 45 cc) and co n cen tra ted  h y d ro ch lo ric  acid  

(1,9 c c . ) .  A fte r 5 m inutes shaking, the aqueous so lu tion  was 

decan ted  and to the zinc am algam  was added w ate r (22 c c .) ,  

co n cen tra ted  h y d ro ch lo ric  acid  (56 c c . ) ,  to luene (3 2 c c .)  and acet:
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acid  (1 c c . ) .  To th is  solution was added the k e to -a c id  (129) >

'v̂ 4»8 g . ,  0 ,056  m , ) and the whole refluxed  fo r 24 h o u rs . D uring 

th is  p e r io d  th re e  additions of co n cen tra ted  h y d ro ch lo ric  acid , 

each  of 15 c c s .  w ere  m ade to the refluxing so lu tio n . The so lu tion  

was cooled, f il te re d  f ro m  the zinc, and the o rgan ic  la y e r  s e p a ra te d . 

The aqueous phase  was re -e x tra c te d  with e th e r, the o rg an ic  p h ases  

com bined, w ashed with b rin e  and d r ie d . A fte r rem o v a l of so lv en t 

the liqu id  re s id u e  d is tille d  to give 7 -(2 -m eth o x y -5 -m eth y lp h en y l) -

■i«heptoic ac id  as  a co lo u rle ss  v iscous oil (10,6 g . ,  76%), b .p .

o 22°158-168 a t 0 ,2  m m . n_  1,513, v (n ea t), 3200 (b ro ad ),D m ax

1710, 1610 (weak) cm.**1. \  220, 279, 285 m p ( e  7750, 1950,m ax

1840 in  m e th a n o l) . The anilide was r e c ry s ta l l is e d  f ro m  60/80  

p e tro l, m .p .  84-86° (Found C, 77 ,82; H, 8 .39 ; N, 4 ,2 9 , 

C H O N  re q u ire s  C, 77.50; H, 8 .36; N, 4 .3 0 ) .  The am ide
W  < L  I  b

was r e c ry s ta l l is e d  fro m  p e tro l/b en zen e , m .p ,  88-89°. (Found:

C, 72.21; H, 8 .9 8 ; N, 5 .8 4  C15H23 ° 2 N re<lu ire s  c » 72 .25 ;

H, 9 .30 ; N, 5 .6 2 ) .
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2 -(6 -C arb o x y h ex y l) -4 -m eth v lcy c lo h ex -4 -en o n e  (132)

The acid  (129), (2 .8 0 4 g ., 0.0112 m .)  d isso lv ed  in d ry  

te tra h y d ro fu ra n  (45 cc) was p laced  in a 500 c c . ,  3 -necked  f la sk  

and to the  s t i r r e d  solution approx im ate ly  200 c c . of liqu id  

am m onia added . To th is  solution lith ium  (2 .4 0  g . ,  0 .3 4  m . ) 

was added in  sm a ll p ieces , and s tir r in g  continued fo r 1 hour 30 

m in u te s . At the end of th is  perio d  isop ropano l (23 .5  g . ,  0 .3 9  m . ) 

was added cau tio u sly  o v er 20 m in u tes . The so lu tion  was s t i r r e d  

fo r a fu r th e r  hour when i t  had tu rn ed  w hite . The am m onia  was 

ev ap o ra ted  on a w ate r bath, and the liquid re s id u e  ac id ified  with 

ice  cold 2 M oxalic  ac id . The o rgan ic  la y e r  was se p a ra te d  and 

the aqueous la y e r  ex trac te d  with e th e r . The o rg an ic  la y e rs  w ere  

com bined and b r in e  w ashed. The organ ic  phase  was s t i r r e d  

overn ig h t a t room  te m p e ra tu re  with an equal volum e of 2M oxalic 

ac id  • The o rg an ic  la y e r  was then sep ara ted , b r in e  w ashed, 

d r ie d  and the so lven t rem oved to leave a pale  yellow  liqu id  (2 .6 8 g .)
^  A

n ^  = 1.4874, b .p .  153°/0 .07  m m . The crude acid  p ro d u c t

had v (neat) 3200 (b ro ad ), 1700 (b ro ad ), cm . • \  222m ax m ax

(shoulder}, 281 m p (e  1430, 238 in  m e th an o l). N .M .R . (C C l^ ), 

t  = 0.01 (1 H, m u ltip le t, acid ic  H ), t  = 4 .4 5  (1H, m u ltip le t, o le f in ic
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The 2, 4 -d in tropheny lhydrazone, m ade in  phosphoric  acid  , 

r e c ry s ta l l is e d  fro m  aqueous m ethanol as yellow  p la te s , m .p .  114-117 . 

\ n a x  365 19, 500 in m ethano1) • (Found C, 57 .35; H, 5.91;

N, 13 .35 . C2oH2 6 °6 N4 re q u ire s  C» 57.40; H, 6 .26 ; N, 1 3 .3 9 ). 

A ttem p ts  to  m ake a c ry s ta ll in e  S -benzy liso th iou ron ium  d e r iv a tiv e  

w ere  u n su c c e ss fu l.

The m ethy l e s te r  (134) of the above acid  (132) p re p a re d  

by tre a tin g  the  acid  with diazom ethane had b .p .  130-134°/0 .2  m . ,

n ? 3 = 1 .474 , v (CC1 solution) 1745, 1725, 1680 (w eak shou lder)D m ax 4

cm . *. X. 220 (sh o u ld er), 281 m p (e  1445, 315 in m ethanol) • m ax

N .M .R . (CC14 ) .  t = 4 .5 9  (1 H; m ultip le t; o lefin ic  H ), t = 6 .37  

(3H, s in g le t, m e th o x y l) . (Found: C, 70.37; H, 9 .16 . ^ 15^ 2 4 ^ 3  

r e q u ire s  C, 71.39; H, 9 .5 9 ) .

7 -(2 -M ethoxy-5 -m ethy lpheny l) -n -h ep tam id e  (133)

To the acid  (130), (0 .844 g .,  0.00337 m .)  in  a 50 c c . 

long -n eck ed  f la sk  was added re d is tille d  thionyl ch lo rid e  (2 .5  c c . )  

and the  so lu tion  gently  refluxed  fo r 30 m inutes on a hot w a te r  b a th .
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A t the end of th is  period , ex cess  thionyl ch lo rid e  was rem oved  u n d er

vacuum  and to the ice  cold resid u e , am m onia (5 c c . )  was added

c au tio u sly . The so lid  in  the fla sk  was ex trac ted  with e th e r , the

e th e r  e x tra c t w ashed with b rin e  and d r ie d . A fte r rem o v a l of

so lven t and one c ry s ta llis a tio n  fro m  p e tro l/b en z e n e , 7-(2-m ethoxy-

5 -m ethy lpheny l) -n^heptam ide (0 .644 g . ,  76%) was obtained  as

w hite c ry s ta ls ,  m .p .  88-89° v (nujol) 3500, 3300, 1660 c m . -1 .m ax

^ 220, 279, 285 m p (e 6800, 1850, 1700 in m e th a n o l) . (Found:

C, 72.21; H, 8 .9 8 , N, 5 .8 4 , ClCH O N  re q u ire s  C, 72 .25;15 23 2

H, 9 .30 ; N, 5 .6 2 ) .

A ttem pted  B.irchr reac tio n  with the am ide (133)

To n. s t i r r e d  solution of liquid am m onia (400 c c . )  in a

1 - li tre , 3 -necked  flask , was added the am ide (133), (2 .0 3 0 g .,

0,00814 m . ) d isso lv ed  in  d ry  e th e r (145 c c . ) .  A 'te r  15 m inu tes, 

lith iu m  (0 .873  g . ,  0.125 m . ) was added in sm all p ieces  and s t i r r in g  

continued fo r  45 m in u te s . At the end of th is  p e rio d  d ry  ethanol (6 ,8  g .,  

0.148 m .)  was added siow ly. A fter 1 houds fu r th e r  s t i r r in g  the 

so lu tion  had tu rn ed  white, the am m onia was evapora ted  off, ?nd the



- 125 -

liqu id  re s id u e  e th e r extracted* The e th e r  e x tra c t w as w ashed

once w ith b rin e  and then s t i r r e d  overn ight a t room  te m p e ra tu re  with

an equal volum e of 2M oxalic acid* The o rgan ic  la y e r  was se p a ra te d ,

w ashed with sodium  b icarbonate , b r in e  and dried* R em oval of so lven t

le ft a p a le  yellow  liquid (1.65Og.) v (n ea t), 3500, 1710, 1610 (weak)m ax
-1

c m . • A ttem pts  to fo rm  a c ry s ta llin e  2, 4 -d in itro p h en y lh y d razo n e  

and a xan thy lam ide d e riv a tiv e  w ere unsuccessfu l*

2-(6-C arbo« thoxyhexy l) -4 -m eth y lcy c lo h ex -4 -en o l (121b) •

The crude  acid  p roduct (132) fro m  the B irc h  re a c tio n  was

e s te r if ie d  w ith d iazom ethane and the re su ltin g  m ethy l e s te r  (134),

(6 .7 4 g ., 0.0267 m .)  d isso lv ed  in  m ethanol (50 c c . )  and a few  d ro p s

of w a te r added. To the m ethanolic solution was added sodium  b o ro -

h y d rid e  (0 .6 5  g .)  and the solution le ft a t room  te m p e ra tu re  fo r  45

m in u te s . The solu tion  was acid ified  with d ilu te  h y d ro ch lo ric  acid ,

e th e r  e x tra c te d , the e th e r ex tra c t washed with sodium  b ica rb o n a te ,

b r in e  and then  d r ie d . R em oval of so lvent le ft a pa le  yellow  liqu id

(5 .9 4  g .)  which w as ch rom atographed  on s il ic a . E lu tion  with

b en zen e / e th e r  gave 2-(6-carboethoxyhexy l) -4 -m e th y lcy c lo h ex -4 -en o l

25
( 4 .10g., 60%) a s  a liquid, b .p .  9 5 -9 7 ° /0 .0 9  m m ., nD = 1.4780,
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Vm ax^CC14 ^  362°* 3597 (sh°ul<ier), 1742 c m .-1 . U .V .-e n d  

ab so rp tio n  only . N .M .R . (CC14), t  = 4.71 (1H; m u ltip le t; o lefin ic  H ), 

t  = 6 .2 9  (3H; sing le t; m ethoxyl), t  = 8 .36  (3H; m u ltip le t, a lly lic  

m ethy l) • The m o lecu la r weight de term in ed  by m a ss  s p e c tro m e try  

was 254 in  ag reem en t with th e  calcu la ted  v a lu e . T he m a ss  sp e c tru m  

showed peaks a t P -2  and P -4  of app rox im ate ly  equal in te n s ity  to the 

p a re n t ion  and suggested  the lo ss  of f i r s t  two and then fou r p ro to n s  

f ro m  the  cyclohexene rin g . A strong  peak a t P-18 was due to lo ss  of 

w a te r f ro m  the p a re n t ion . (Found: C, 70.42; H, 10.40,
15 26 5

re q u ire s  C, 70 .83 ; H, 1 0 .3 0 ).

The p roduct deco lou rised  1% p o tass iu m  p erm an g an a te  and 

gave a b row n-yellow  co louration  with te tra n itro m e th a n e . G .L .C . ,

(2% polyethy lene glycol at 150? flow ra te  60 c c /m in .)  in d ica ted  a 

1:1 m ix tu re  of ep im eric  alcohols with re ten tio n  tim es  of 113 and 132 

m in u te s .

A ttem p ts  to fo rm  a c ry s ta llin e  am ide, pheny l- and a -n a p h -  

th y lu re th an e  and 3, 5 -d in itrobenzoate  fro m  the h y d ro x y -e s te r  (121b) 

w ere  u n su c c e ss fu l. H ydrolysis of (121b) by reflux ing  fo r  3 h o u rs  

w ith 4 N  sodium  hydroxide gave a liquid acid  (121a) f ro m  which a 

c ry s ta ll in e  am ide, S -benzyliso th iouron ium  sa lt, a -n a p h th y lu r  ethane 

o r 3, 5 -d in itro b en zo a te  could not be deriv ed .
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O zono lysis  of the  h y d ro x y -e s te r  (121b)

(a*) The h y d ro x y -e s te r  (121b), (203 m g s ,)  was ozon ised  in

ethyl a c e ta te  (50 c c ,)  at -70 un til the solution acq u ired  a pa le  blu^ 

co lo u r (ex cess  o zo n e). The solvent was rem oved  under vacuum  

and to the liqu id  re s id u e  g lac ia l ace tic  acid (15 c c , ) ,  w a te r (3 c c e) 

and zinc d ust (72 m g s .)  added and the solution s t i r r e d  fo r  30 m in u tes  

at ro o m  te m p e ra tu re .  The solution was f il te re d  th rough  ce lite , and 

ev ap o ra ted  to d ry n e ss  under vacuum . The white re s id u e  was taken  

up in b r in e , e th e r  ex trac ted , and the e th e r e x tra c t w ashed with sodium  

b ica rb o n a te , b r in e  and d r ie d . Rem oval of so lvent le f t a pa le  yellow  

liqu id  (131 m g , ) , The p roduct showed abso rp tion  in  the in f ra  red  

sp e c tru m  a t 3500, 1720 (b road), 1240 (broad) cm , \  T .L .C .  

showed co n s id e rab le  s treak in g . The p roduct was ch ro m ato g rap h ed  

on s il ic a  and elu ted  with b e n z e n e /e th e r . Individual f ra c tio n s  w ere  

shown by T .JL .C . to be com plex m ix tu res  and tre a tm e n t w ith 2, 4- 

d in itro p h en y lh y d raz in e  fa iled  to give a c ry s ta llin e  d e r iv a tiv e ,

(b) The h y d ro x y -e s te r  (121b), (285 m g s .)  was d isso lv ed  in

50 c c s .  of a 70 :30  m ix tu re  of m ethanol to w ater, and the solu tion  

tre a te d  w ith ex cess  ozone a t 0 • The volum e was red u ced  un d er 

vacuum  on a w ate r bath  to about 20 c c s , and the aqueous so lu tion
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e th e r ex tra c te d , the e x tra c t w ashed with b rin e , d r ie d  and so lven t

rem oved  to leav e  a c le a r  liquid  (311 m g .) ,  v (neat) 3500,
m ax

1700 (broad) • T .L .C .  ind icated  a m ix tu re  of com pounds and 

tre a tm e n t w ith 2, 4 -d in itropheny lhydraz ine  again fa iled  to  give a 

tra c ta b le  d e r iv a tiv e .

Rudloff ox idation  of the h y d ro x y -e s te r  (121b)

The h y d ro x y -e s te r  (121b), (198 m g s. K), 00078 m .)  was

d isso lv ed  in  d ioxan (75 m l .)  and p laced  in  a 500 cc f la sk . W ater

(100 m l . ) ,  p o ta ss iu m  carb o n ate  (91 m g s. 0 .00066 m .)  and sodium

p erio d a te  (1.350 g . 0 .0063 m . ) w ere  added. P o ta ss iu m  p erm an g an a te

(0.441 g . )  w as d isso lv ed  in  w ater (500 c c s .)  and 25 c c . of th is  so lu tion

(containing 0,000139 m . of p o tass iu m  perm anganate) added to  the

500 c c . f la s k . The f la sk  was shaken overn igh t a t ro o m  te m p e ra tu re ,

the so lu tion  f il te re d  th rough  ce lite , and the volum e re d u ce d . The

reduced  volum e was ex trac ted  with e th er, the e th e r  e x tra c t  w ashed

with b r in e , d r ie d  and so lvent rem oved to leave a pale  yellow  liquid

(193 m g , ) , v (n ea t), 3500, 1720 (broad) cm . • T .L .C .  show ed 
° m ax

o
co n s id e ra b le  s tre a k in g . G .L . C . (2% polyethylene g lycol a t 175 , 

flow r a te  50 c c /m in . ) gave s ix  m a jo r peaks with re ten tio n  tim e s
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betw een 4 and 28 m in u te s . The crude p roduct did not give a 

tra c ta b le  2, 4 -d in itro p h en y lh y d razo n e . M ic ro -d is tilla tio n  of the  

p ro d u c t gave a c le a r  liquid  d is tilla te  which was by T .L .C .  

su b stan tia lly  th e  sam e as befo re  d is tilla tio n .

O sm ylation  of the h y d ro x y -e s te r  (121b) and sodium  p e rio d a te  

tre a tm e n t of the  p ro d u c t.

The h y d ro x y -e s te r  (121b), (0 .939 g«, 0.0037 m .)  was 

d isso lv ed  in  p y rid in e  (10 c c .)  and tre a te d  with osm ium  te tro x id e  

(l.O O g,, 0 .00393 m . ) .  T he solution was le ft in the d a rk  fo r  38 

hours  during  w hich tim e  a b lack  deposit fo rm ed . The re a c tio n  

p roduct w as w orked up by adding w ater (10 c c . ) ,  p y rid in e  (15 c c . )  

and sod ium  b isu lp h ite  (1.8 g .)  and the m ix tu re  s t i r r e d  fo r  1 hour 

at ro o m  te m p e ra tu re .  The solution was then evapora ted  to  d ry n e ss  

under vacuum , th re e  su ccess iv e  quan tities  of benzene added and the 

so lu tion  again  evapora ted , to rem ove w ater and p y rid in e  by az e o tro p e  

fo rm atio n , a f te r  which the b lack  re s id u e  was e x tra c te d  th re e  t im e s  

with bo iling  ethyl a c e ta te . The ethyl ace ta te  e x tra c t was b o iled  

with c h a rc o a l and f il te re d  through  c e li te . R em oval of so lven t fro m  

the f i l t r a te  le f t  a d a rk  b lack  v iscous liquid (1. 05 g . ) .  v_-_v (n ea )̂»
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3500 (s tro n g ), 1720 (b ro a d ) . T .L .C .  showed sm ea rin g  and

in d ica ted  som e of the s ta rtin g  m a te r ia l  p re se n t to g e th e r w ith

highly p o la r  com pounds (base line spots) . On d is tilla tio n , the

p ro d u c t gave two frac tio n s , b .p .  130-150°/0.1 m m . and b .p .

2 0 0 ° /0 .1  m m ., to g e th er with extensive decom position . T .L .C .

showed both frac tio n s  to be m ix tu re s . They w ere  th e re fo re

com bined (0 .720  g .)  and d isso lved  in diaxan (20 m l . ) .  To th is

so lu tion  was addfed sodium  p erio d a te  (0 .637 g ., 0 .003 m .)  in  w ate r

(25 c c . ) .  The solution was le ft in the d a rk  fo r 36 h o u rs , a t the

end of which a c ry s ta llin e  w ater soluble solid, (349 m g s .)  p re su m a b ly

sodium  io d a te  was f ilte re d  off. V /ater was added to the f i l t r a te

w h ic h  was e th e r  ex trac ted , the e th e r ex tra c t w ashed with b rin e ,

d rie d  and so lven t rem oved to leave a b lack  liquid  (0 .72  g . )  v (n ea t),m ax

3500, 1740, 1720 (sh ), 1700 (sh) c m ." 1. D is tilla tio n  gave a m obile, 

dr.rlc co lo u red  liquid  (0 ,25 g . ) ,  b .p .  135-140 /0 .1  m m . T h is 

liqu id  did not give a tra c ta b le  2, 4 -d in itro p h en y lh y d razo n e .

E poxidation  of the h y d ro x y -e s te r  (121b).

The h y d ro x y -e s te r  (121b), (198 m g s .,  0 .00078 m . ) was 

tr e a te d  a t 0°in ch lo ro fo rm  with m -ch lo ro p erb en zo ic  ac id  (183 m gs,
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15% e x c ess )  • A fte r 80 hours at 0 , the excess  p e ra c id  was 

d e s tro y ed  by the addition of 10% sodium  b isu lp h ite , the so lu tion  

e x tra c te d  with ch lo ro fo rm , the ch lo ro fo rm  e x tra c t w ashed with 

b rin e , d r ie d  and solvent rem oved to leave a c le a r  c o lo u r le ss  

liquid  (204 m g s . ) .  The crude epoxide m ix tu re  was ch ro m a to ­

g raphed  on s il ic a  and eluted with b e n z e n e /e th e r . Two m ain  

f ra c tio n s  w ere  obtained . The m o re  p o la r fra c tio n  (89 m g s .) ,  

gave one m a jo r  peak on G .L .C . (2% polyethylene glycol, 175? flow 

ra te  50 c c / m i n . ), re ten tion  tim e  73 m in s . The N .M .R . (CDCl^) 

ag ree d  with the epoxide s tru c tu re , t  = 6 .35  (3H; s in g le t, m eth o x y l), 

t  = 8.71 (3H ; sing let; ring  m e th y l) .  The le s s  p o la r  f ra c tio n  

(84 m g s .)  gave four peaks on G .L .C . (2% polyethylene glycol, 175°, 

flow ra te  50 c c /m in )  with re ten tion  tim es of 18, 20, 34, 38 m in s .

The N .M .R . (CDCl^) of th is  frac tio n  suggested  an epoxide m ix tu re , 

t  = 6 .3 5  (3 H; s ing let, m ethoxyl), t  =  8 . 6 8  (3H; sing le t; r in g  m e th y l) .

Both frac tio n s  w ere tre a te d  se p a ra te ly  with 1% su lp h u ric  

ac id  (5 cc) in  m ethanol at 0°. A fter 9 days, the m o re  p o la r  

f ra c tio n  gave a c le a r  liquid (50 m g s .)  and the le s s  p o la r  fra c tio n  

a lso  a  liqu id  (71 m g s . ) .  Both liquids w ere tre a te d  se p a ra te ly
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with a s lig h t ex cess  of sodium  p e r f la te .  No p re c ip ita te  of sodium  

lodate  was o b se rv ed  during the reac tio n  and n e ith e r  p ro d u c t on 

w ork up gave c ry s ta llin e  d eriv a tiv es  on tre a tm e n t with 2, 4 -d in itro -  

phenylhgdr a z in e .

A ce ta l fo rm atio n  fro m  "techn ical cvclopentened io l11

(a) Vfith fo rm a ld eh y d e . A m ix tu re  (1.35 g .,  0.014 m . ) of

1, 4-(70% ) and 1, 2-(30%) cyclopentenendiols was re fluxed  with

p a ra fo rm ald eh y d e  (0,418 g , ,  0.014 m .)  in  d ry  benzene (50 m l .)

containing a ca ta ly tic  am ount of p -to luenesu lphonic  a c id . W ater

was rem o v ed  fro m  the reac tio n  m ix tu re  by a Dean and S ta rk

c o lle c to r .  A fte r 3 hours the reac tio n  was stopped, the re ac tio n

m ix tu re  w ashed with sodium  b icarbonate , b rin e  and d r ie d . The

b enzene w as rem oved  to leave a v iscous, c le a r  co lou red  liquid  

21(1. 71 g . ) ,  = 1.5145. T .L .C .  showed the p ro d u ct to be m o re

p o la r  than  the  s ta r tin g  d io l. The in fra  red  sp ec tru m , v m ax (n e a t)> 

3500, 3100, 1710 (m edium ), 1695 (m edium ), 1100 (broad  and stro n g ) 

a m .  ̂ su ggested  in te rm o le cu la r  bonding. D is tilla tio n  caused  

decom position , b .p .  > 120 /0 .0 5  m m ., and only a sm a ll am ount

of d is t i l la te  (0 ,0 3 g .)  was obtained.
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(b) With p -n itro b en za ld eh y d e . ^T echnical cy c lopen tened io l11 ,

(1. 09 g . ,  0, Oil m . ) and p-n itrobenzaldehyde (l. 64 g . ,  0. Oil m . )

w ere  d isso lv ed  in  d ry  xylene (50 cc) and a ca ta ly tic  am ount of

p -to lu en esu lp h o n ic  acid  added. The volum e was red u ced  to

about 25 c c . by d is tilla tio n  and the rem ain ing  so lven t rem oved

u n d er vacuum . The b lack  liquid re s id u e  was ex tra c ted  with

e th e r  and the e th e r e x tra c t f ilte re d  through c e li te .  R em oval

of so lven t le f t a red  oily solid  (1.66 g . ) ,  consis ting  m ain ly  of

p -n itro b en za ld eh y d e . F rac tio n a l c ry s ta llisa tio n  fro m  m ethanol

gave the p -n itro b en zy lid en eace ta l (100 m g s .)  which was

re c ry s ta l l is e d  fu r th e r  fro m  60/80 p e tro l as c o lo u r le ss  p la te s ,

m ,p .  123-125°. v (CC1. so lu tion), 3060 (w eak), 1615,m ax 4

1080 c m ." 1 \  , 205, 213 (sh ), 262 m p ( e 8200, 6600, 11, 000
m ax

in  m ethano l) N .M .R . (CC14 ), t  = 2.15 (4H; q u a rte t; a ro m a tic  H ), 

t  = 3 .8 5  (1H; m ultip le t; o lefinic H ), t  = 4 .2 4  (1 H; m u ltip le t, 

o lefin ic  H ), T = 4 .3 8  (1H, sing let, benzylic  H ), r  = 4 .6 7  (1H; 

m u ltip le t; a lly lic  H ), t  = 5.19 (1 H; m ultip le t; a lly lic  K ), 

r  = 7 .3 5  (2 H; m u ltip le t, ring  m e th y len e). (Found: C, 61.63;

K, 4 .2 9 ; N, 6 .5 , C12H11°4N re<lu ire s  61.80; H, 4 .7 5 ; N, 6 .0 ) .
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E x p e rim en ta l 5 

Cy c lo p en t-2 -e n o n e . This was p re p a re d  as  d e sc rib e d  in

^  90O rgan ic  S yntheses fro m  dihydroxycyclopentene.

2-(6 -B ro m o h ex y l) cyclopent-2-enone i l5 i )

2 -(6 -B rom ohexy l) cyclopentanone (150), (11.2 g , ,

0, 0454 m . ) was p laced  in a 100 cc . conical f la sk  and g la c ia l 

ac e tic  ac id  (20 c c .)  added. To th is  solution a t room  te m p e r ­

a tu re  was added pyrid in ium  brom ide p erb ro m id e  (17.5 g . 0 .0545 m) 

and the so lu tion  w arm ed fo r about one m inute un til the re ag en t 

d isso lv e d . A fte r standing 4 hours at room  te m p e ra tu re , the 

so lu tion  was poured  into excess  b rin e  and e th e r e x tra c te d . The 

e th e r  e x tra c t  was w ashed repeated ly  with b rin e  and then  with 

sa tu ra te d  sodium  b icarbonate , again b rin e , d rie d  and the so lven t 

rem oved  undervacuum  (w ater pump) at w arm  w ate r te m p e ra tu re . 

The re s id u a l brow n liquid was chrom atographed  im m ed ia te ly  on 

s il ic a  and e lu ted  with c h lo ro fo rm -e th e r , The c ru d e  p ro d u ct

w a s  d is tille d , ch rom atographed  again and fina lly  d is tille d  fo r a

second tim e  to give 2 -(6-brom ohexyl) cyclopen t-2 -enone  as
21

a  y e l lo w  liqu id  (3 .9  g . ,  35%), b .p .  100 /0 .0 5  m m . ,  n ^  = 1 .509«

v (n ea t), 1700 (doublet), 1630, 800 c m ." 1 Xm ax  228 m(i
m a x
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(e 9100 in m e th a n o l) . N .M .R . (CC14) t = 2 .8 0  (1 H; m u ltip le t;

v in y lic  p roton ), t = 6.63 (2H; tr ip let, J = 6 c . p . s ;  CH^B r ) .

A sam ple was p re p a re d  fo r an a ly sis  by a s il ic a

p re p a ra tiv e  th ick  p la te  and b en zen e /e th e r used  as the so lven t

sy s te m . (Found: C, 53,48; H, 6 .9 5 . C H BrO  re q u ire s

C, 53 .87 ; K, 6 .9 9 ) .

A sam ple of crude brom oketone p r io r  to s il ic a

ch ro m ato g rap h y  was tre a te d  with 2, 4 -d in itro p h en y lh y d raz in e

in  a c id . H ydrogen b rom ide was elim inated  to give an o ran g e

red  c ry s ta ll in e  d eriva tive , \  375 ( e 21, 500 in m eth an o l),m ax

c o rre sp o n d in g  to the a, (3-unsaturated cyclopentenone (151).

The tendency  of a -b ro m o  a licyc lic  ketones to lo se  hydrogen 

b ro m id e  in  th is  m anner is  well known.

A sam ple  of th is  2, 4 -d in itropheny lhydrazone was 

r e c ry o ta l l is e d  j fro m  m ethanol, m .p . 114-115° (Found: C, 47 .73 ;

H, 5 .2 6 ; N, 12.96, c 17H2iN4 ° 4 B r reclu ire s  c > 48*00»

H, 4 .9 8 ; N, 13.17).
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1 - A c e t  oxy- 2 -  (6 -b  r  om ohexyl) c vc lop ent en e (164. 166)

2 -(6 -B rom ohexy l) cyclopentanone (150), (1,10 g . ,

0 ,0 0 4 4 m .)  was refluxed  fo r 6 hours in iso p ren y l a c e ta te  (30 c c . )  and

p-to lu en esu lp h o n ic  acid  (0.110 g , ) .  The volum e was then  reduced

undervacuum , the o rgan ic  phase washed with sodium  b ica rb o n a te ,

b rin e  and d r ie d . A fte r rem oval of solvent the re s id u a l liqu id  was

d is tille d  to give a co lo u rle ss  d is tilla te , (0.957 g . ,  76%), b .p ,

100-105°/0 .0 4 m .,  n l, = 1.4906. v (nea t), 1750, 1695, 1660,D m ax

1650 (sh o u ld er) c m . *. The N .M .R , (CCl^) showed a m ix tu re  

of the two p o ss ib le  end ace ta tes  (164) and fl66); t = 4 .6 0  (0 .5 H ; 

m u ltip le t; v iny lic  p ro to n ); t = 6.65 (2 H; tr ip le t, J  = 7 c . p . s . ;  

C H ^B r), t  = 7 .9 5  ( 3H; singlet; CO CH^). G .L .C .  co n firm ed  

th a t the  p ro d u c t was a 1:1 m ix tu re  of enol ace ta te s  with re ten tio n  

tim es  of 16,5 and 19.5 m inutes (5% Q .F . l ,  150°, 35 c c s /m in ) .

(F ound: C, 53.94; H, 7.61. c 13H2i0 2B r r e <lu ire s  

C, 53 .98 ; H, 7 .3 2 ) .

7 -(T e trah y d ro -2 -p y ran v lo x y ) heptyl b ro m ide (172)

To 7-brom ohep ty la lcoho l (3.28 g .,  0.0160 m .)  in  e th e r  

(5 c c . )  was added d ihydropyran  (1.476 g .,  0.0175 m .)  and two 

d rops of co n cen tra ted  hydroch lo ric  acid . The so lu tion  was le f t
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standing a t ro o m  te m p e ra tu re  overnight, and then w ashed with 

sodium  b ica rb o n a te , b rin e  and dried* A fte r rem o v a l of so lven t 

the liqu id  re s id u e  was d istilled  to give 7 -(te trah y d ro -2 -p y ran y lo x y ) 

hepty l b ro m id e  (3 ,43  g , ,  77%), as  a co lo u rle ss  liquid, b*p* U l° /0 ,0 7 m m , 

v ™ , „ 1130> 1040 cm . . N .M .R . (CC1„), t  = 5 .4 9  (1 H; m u ltip le t;m ax  4

m eth ir.3 ) , T = 6 .63  (2H; tr ip le t, J  = 6 c . p . s . ;  CH B r) t  = 6 .4

( 4 H, b ro ad  m u ltip le t; O C K ) . (Found: C, 52 .05; H, 8 .13 .

^12^2 3^2** r  reclu*re s  51*62; H, 8*30),

7 - T riphenylm ethoxyhepty l b rom ide (177)

7 -B rom ohep ty l alcohol (2 ,63 g*, 0.0135 m .) ,  to g e th e r  w ith 

t r i ty l  ch lo rid e  (4. 37 g*, 0.0156 m) re c ry s ta ll is e d  fro m  b en z e n e -a c e ty l 

ch lo rid e , w as s t i r r e d  m agnetically  at 50° in d ry  p y rid in e  (15 c c .)  fo r  

one h o u r and then  fo r 10 hours a t room  te m p e ra tu re . The so lu tion  

was f il te re d , e th e r  added and the solution w ashed with d ilu te  h y d ro ­

c h lo ric  ac id , sodium  b icarbonate , b rin e  and dried* A fte r so lven t 

re m o v a l the  liquid  re s id u e  was d is tilled  to gice 7 -trip h en y lm eth o x y - 

hep ty l b ro m id e  (3 .75  g . 63%) as a highly v iscous oil, b .p .  180-190°/

0.01 m m ., n “ = 1.5766. v (neat), 3100 (a ro m a tic ) , 1600,
D m ax

1080 c m . '1. N .M .R . (C C lj), T = 2 .65  (15 H; m u ltip le t; a ro m a tic ) ,  

t =  6 .6 0  (2H ; tr ip le t ;  C H .B r) , r  = 6.91 (2H; t r ip le t ;  C f ^ - O ) .
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3-(6-B rom ohexyl) cyclop entane-1, 2-dione (182)

2-(6-Brom ohexyl) cyclopentanone (4 .92  g . ,  0 .020  m . )

was t r e a te d  a t room  te m p era tu re  in g lac ia l ace tic  ac id  (20 c c . )  with

b ro m in e  (3 ,2 6  g .,  0 ,020 m , ) ,  The solution was poured  in to  b rin e ,

e th e r added and the e th e r lay e r washed with b rin e , sodium  b ica rb o n a te ,

and b r in e  ag a in . To the crude b ro m o -p ro d u c t was added ethanol

(20 c c . ) ,  20% su lphuric  acid (40 c c .)  and the solution refluxed  fo r

17 h o u rs . The volum e was reduced, cooled, e th e r ex tra c te d  and

the e th e r  e x tra c t w ashed with sodium  b icarbonate , b r in e  and d r ie d .

A sm a ll p o rtio n  (205 m g s ,)  of the reac tio n  p roduct (4 .6  g .)  was

ch ro m ato g rap h ed  on a s ilic a  th ick  p late  using b e n z e n e -e th e r  as the

so lven t s y s te m . T his afforded 2-(6-brom ohexyl)jey£lo*»

p e n t-2 -en o n e  (48 m g s .,  22%) and a m ore  p o la r  m a te r ia l  3 -(6 -b ro m o -

hexyl) cyclopentane-1 , 2-dione (69 m g ,, 30%), white s p a rs  fro m

p e tro l, m .p .  48 -5 0 ° v (CC1 solution) 3487, 3290 (bondedm&x 4

h y d ro x y l), 1712, 1665, cm . 1. ^m ax 2<̂ 5, 2 ^0 mjx ( e 15, 050; 

11,500; 1 5 , 0 5 0  in  m e th a n o l; 0 .1  N NaOH; 0 . 1 N H C 1 ) .  (Found;

C, 50 .58 ; H, 6 .0 6 . C ^ H ^ O ^ B r re q u ire s  C, 50 .58; H, 6 .5 6 ) .
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2 - (5 -E thoxypen ty l) cyclopent-2-enone (186)

2 -C arboethoxy-2 -(5 -b rom open ty l) cyclopentanone (185), 

(39*6 g . ,  0.430 m , ) in acetic  acid (50 c c .)  was tre a te d  a t room  

te m p e ra tu re  with b rom ine  (21,5 g .,  0,134 m . ) ,  The so lu tion  

was p o u red  in to  b rin e , e th e r added, and the e th er e x tra c t w ashed 

with b r in e , sodium  b icarb o n ate  and then b r in e . The c rude

p ro d u c t a t th is  s tage was refluxed  with 20% su lphuric  ac id  (300 c c . )  

and e thanol (200 c c .)  fo r a period  of 42 hours u n til the so lu tion  was 

p ra c tic a lly  hom ogeneous. The volum e was reduced , cooled, and 

e th e r  e x tra c te d . The e th e r e x tra c t was w ashed with sodium  b i­

ca rb o n a te , b r in e , d rie d  and the solvent rem oved . The re s id u a l 

liqu id  (15.3 g .)  was chrom atographed  tw ice on s il ic a  and then

d is til le d  to  give 2-(5-ethoxypenty l) cyclopen t-2 -enone (3 .29  g . ,  13%)

23
as a yellow  liquid , b .p .  90-93 /0 .0 4  m m ; n ^  = 1,4737 v rn a x (n ea*)

1700 (doub le t), 1635, 1120 (e th e r) , 800 c m . '1, Xm ax 228

(e 9800 in  ethanol) N .M .R . (C C 1 r  = 2.71 (1H; m u ltip le t; v iny lic

ring  p ro to n ) , t = 6 .55  (4H; q u arte t; OCH,, ) , t = 8 ,8 4  ( 3H; tr ip le t ,

m e th y l) . M olecu la r weight 196 de term ined  by m ass  sp e c tro m e try

in a g re e m e n t with the ca lcu la ted  va lue . (Found C, 72 .56 ; H, 9 .7 9 .

C ,.H  C re q u ire s  C, 73.43; H, 10 .2 7 ).
12 20 2 H
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2-(6- E thoxyhexyl) cvclopent-2-enone (184)

2 -C arboethoxy-2 -(6 -b rom ohexy l) cyclopentanone (162), 

(3 6 .2 g ,, 0,114 m , ) was tre a te d  with b rom ine  (18.8 g . ,  0.118 m .)  

as d e sc rib e d  above and the p roduct refluxed  fo r 34 h o u rs  with 

ethanol (200 c c .)a n d  d ilu te 20% sulphuric acid (300 c c . ) .  The 

p ro d u c t w as ch rom atographed  th re e  tim es  and then d is ti l le d  to 

give 2 - (6 -ethoxyhexyl) cyclopent-2-enone (5,61 g . ,  23% ). b .p .  

100-110°/0.04 m m .

3 -(2 -P h en y le th y n y l) cy c lo p en t-2 - enone (187)

A solu tion  of ethyl m agnesium  brom ide  was m ade in 

e th e r  u n d er n itro g en  in the u su a l way fro m  m agnesium  (0 ,675  g . ) 

and ethy l b ro m id e  (3 .4  g , ) .  To th is  solution was added phenyl 

ace ty len e  (2 .77  g . ,  0. 0269m .) in d ry  benzene and the so lution 

s t i r r e d  and h ea ted  fo r one h our. C yclopent-2-enone (2 .22  g . ,

0. 0272 m . ) was then run in as  a solution in benzene . No 

re ac tio n  was o b se rv ed  and the solution was refluxed  w ith s ti r r in g  

fo r 3 h o u rs . At the end of th is  period , the com plex  was 

decom posed  with sa tu ra te d  am m onium  chloride , ex tra c ted  with 

e th e r  and the e th e r  ex tra c t w ashed with b rin e  and d r ie d . The
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liquid  re s id u e  a f te r  solvent rem oval was d is tille d  and a f te r  re c o v e ry  of 

s ta r tin g  m a te r ia l  (1.59 g . ) ,  a h ig h er boiling d is tilla te , 180-200°/

0. 05 m m ., w as co llec ted  (0.472 g . ) . A p o rtion  of th is  (108 m g . )  

was ch ro m ato g rap h ed  on a  s il ic a  th ick  p la te  using  b e n z e n e -e th e r  as  

the so lven t sy s te m . T his afforded  3-(2-phenylethynyl) cyc lopen t-

2 -enone (29 m g ,, 25%), m .p .  86-88°, n eed les  fro m  p e tro l .  vm ax

(nujol) 2240, 1695, 1670, 1605 c m .-1 X 306, 227, 221 mp.m ax

( e 23, 500; 9850, 9650 in  m e th an o l). N .M .R . (CC14 ), t = 2 .6 2  

(5H; d iffuse  sing let; a ro m a tic ) , t = 3 .72  ( 1 H; t r ip le t ,  J  = 2 c . p . s . ;  

v iny lic  rin g  p ro to n ), t  = 7.21 (2 H; m ultip le t; CH CO ), t = 7 .7 5
w

(2 H; m u ltip le t; a lly lic  m e th y len e ) . (Found C, 85 .65 ; H, 5 .4 9 . 

^13^16^ re<lu^re s  85.69; H, 5 .5 3 ) .

3 -(3 -H y d ro x v o c t-l-y n e) cy c lo p en t-2 -en o l (190)

A solu tion  of ethyl m agnesium  b ro m id e  was m ade in  

e th e r  u n d er n itro g en  fro m  m agnesium  (0,343 g , ,  0,0143 m , ) and 

ethyl b ro m id e  (1.80 g , ,  0.0165 m . ) . To th is  so lu tion  in  d ry  

benzene (15 c c . )  was added 3 -(te trah y d ro -2 -p y ran y lo x y ) o c t-1 -yne  (69 ) ,  

(2 .5 4  g . ,  0.0121 m . ) and the solu tion  s t i r r e d  and re flu x ed  fo r  1 h o u r. 

C y c lo p en t-2 - enone (1.124 g . ,  0.0137 m .)  was then added in  benzene 

(20 c c , ) ,  the  so lu tion  s t i r r e d  fo r 2 hou^-o with re flu x  and then  le ft
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o v ern ig h t. The G rig n ard  com plex was decom posed with

sa tu ra te d  am m onium  ch lo ride , the solution e th e r  ex trac ted ,

the e th e r  e x tra c t w ashed with b rin e  and d r ie d . The liqu id

re s id u e  a f te r  so lven t rem o v al was d is tilled  and a f te r  a re c o v e ry

of s ta r tin g  m a te r ia l  (0 .39 g«)* a high boiling fra c tio n  (0 ,64  g , ) ,  

o ,b .p ,  178-195 /0 ,0 2  m m , was co llec ted . F ro m  the la t te r  a 

sm a ll am ount of m a te r ia l  was iso la ted  by ch ro m ato g rap h y  on 

s ilic a , b e n z e n e -e th e r  as  the so lv en t system , which was con­

s id e re d  to be 3-(3-hydroxyoct-l-yne) cy c lo p en t-2-e n o l, v 3450m&x

(s tro n g ), 22£0, 1670 (w eak), 1040 cm ,  ̂ X 232 mjj. ( e 7 6 5 0 ),
lT18tX

N .M .R , (C C l^), t  = 4.10 (1H; m ultip let; vinylic ring  p ro to n ), 

t  = 5 ,65  (1H; m u ltip le t; p ro p arg y lic  m eth ine) r  = 9 ,09  ( 3 H; 

d iffuse s ing le t; m ethyl) •

2 - (6-B rom ohexy l) - 3- r 3 - ( te tra h y d ro -2-pyrany loxy) oct-1 -yne]

cyclop e n t-2 - enol (192).

A solu tion  of ethyl m agnesium  b ro m id e  w as p re p a re d  

under n itro g en  in the u su a l way fro m  m agnesium  (0 .070  g . ,

0 .0029 m .)  and ethyl b rom ide  (0 .362 g „  0.0033 m .)  in  a  sm a ll 

(5 c c . )  volum e of d ry  e th e r .  To th is  solution w as added
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3 -(te tra h y d ro -2 -p y ra n y lo x y )o c t-l-y n e  (69), (0 .585 g . ,  0 .00278 m .)  

in e th e r  (3 c c . )  and the solution s t i r re d  on a w arm  w ate r bath  fo r 

one h o u r, 2 -(6 -B ro m o h ex y l)cy c lo p en t-2 -en o n e  (0 ,633  g . ,

0,00258 m . ) was then added in e th e r  (5 c c .)  and the so lu tion  s t i r r e d  

fo r 3 h o u rs  on a w arm  w ater bath  and then le ft o v e rn ig h t. I t was 

o b se rv ed  in  th is  reac tio n  th a t if  the e th e r volum e was in c re a se d  the 

o rig in a lly  g ree n  tra n sp a re n t reac tio n  solution changed to a m ilky  

su sp en sio n .

The G rig n ard  com plex was decom posed with ic e -c o ld  5%

su lp h u ric  ac id  and e th e r ex tra c te d . The e x tra c t was w ashed w^th

sodium  b ica rb o n a te , b r in e  and d r ie d . A fte r so lven t rem o v a l the

23re s id u a l yellow  liquid  (1,2 g . ) ,  n.^ = 1.4913, was ch ro m ato g rap h ed

on s il ic a  and elu ted  with b e n z e n e -e th e r . T his re su lte d  in  an 

ap p ro x im a te  40-50% re co v e ry  of s ta rtin g  2 -(6 -b rom ohexy l) cyclopent 

2 - enone, follow ed by the d e s ire d  2 -(6 -b ro m o h e x y l)-3 -[3 -( te tra h y d ro  

2 -py rany loxy) oc t-1 -y n e]cy c lo p en t-2 -en o l in  a y ie ld  of 40-45% and in 

the fin a l ch ro m ato g rap h ic  frac tio n s  a sm a ll am otiat of 2 -(6 -b ro m o - 

h e x y l) - 3 - (o c t- l-y n -3 -o l)  cy c lo p en t-2 -en o l was o b ta ined .

The t i t le  compound on sh o rt path  d is tilla tio n  d is ti l le d  

a t ap p ro x im a te ly  170°/0 .01 m m . with ex tensive  decom position  to 

give a ye llow -brow n d is t i l la te ,  A m o lecu la r w eight could not
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be obtained  by m a ss  sp e c tro m e try . When the com pound was

run on G .L .C .  (1% F .6 0 , 30 m ls /m in . ,  200°) i t  decom posed .

A c ry s ta ll in e  a-n ap h th y lm re th an e  could not be ob ta ined .

v m ax (n e a t), 3500 (m edium ), 2250 (very  w eak), 1700

(w eak^llSO , 1040 cm . X 234 m u (e 10, 400 in  m e th a n o l) ,m ax

N .M .R , (CC14 ) . t = 6 .63  (2  H; tr ip le t, J  = 6 c . p . s . ;  C H ^B r),

5 o th e r p ro to n s  betw een t = 5 .0  am d 7 .0 .  t = 9 .0 9  (3H ; d iffuse

sing let, m e th y l) . (Found; C, 62.10; H, 7 .8 3 . C H O B r
24 39 3

re q u ire s  C, 63.27; H, 8 .6 3 ) ,

2 -(6 -B ro m o h ex y l) -3 -f3 -( te tra h y d ro -2 -p y ra n y lo x y ) o c t- l-y n e ]

cy c lo p en t-2 -en o n e  (194)

The a lly lic  alcohol (192), (1.52 g .,  0.00333 m . ) in

e th e r (20 c c . )  was s t i r r e d  a t room  te m p e ra tu re  fo r two h ours

with a th re e -fo ld  ex cess  of sodium  d ichro rnate  oxid ising  so lu tion

85
p re p a re d  as  d e sc rib e d  in  the l i te ra tu re  • The e th e r  la y e r  

was sep a ra ted , w ashed with sodium  b icarb o n a te  and b rin e , d r ie d  

and so lven t rem oved  to leave a yellow -brow n liquid  (1,28 g m .) ,  

co n sis tin g  m ain ly  of 2 - (6 -b ro m o h e x y l)-3 -[3 -( te tra h y d ro -2 -  

pyranyloxy)oct-1-yne]cyclopent*-2-enone. ^ rn ax
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2250, 1700, 1620, 1110, 1040 cm . \  \  269 m u , When
m ax

tre a te d  w ith 2, 4 -d in itropheny lhydraz ine  in acid, the p y ran y l e th e r  

group c leav ed  and a red  deriv a tiv e , m .p .  116-118°, was ob ta ined . 

When th is  d e r iv a tiv e  was sub jected  to a m ixed m elting  point w ith 

2, 4 -d in itro p h en y lh y d razo n e  of 2 - (6-brom ohexyl) - 3 - (o c t- l-y n -3 -o l)  

cy c lo p en t-2 -en o n e  (195), see below, no d ep re ss io n  of the m elting  

point o c c u r re d .

2 -(6 -B ro m o h ex y l) -3 ~ (o c t-l-y n -3 -o l)  cy c lo p en t-2-enone (195)

The p roduct fro m  the p rev ious reac tio n  (194), (1.28 g .)  

was b o iled  on a  w ate r bath  with 5% su lphuric  acid  (20 c c .)  and 

m ethanol (60 c c . )  fo r 15 m inu tes, The solution was cooled, 

poured  in to  b r in e , and e th e r ex tra c ted . The e th e r e x tra c t was 

w ashed w ith sodium  b icarb o n ate , b rin e  and d r ie d . R em oval of 

so lvent le f t a yellow  liquid  (1.24 g .)  which was ch ro m ato g rap h ed  

on s il ic a  and e lu ted  with c h lo ro fo rm -e th e r  to give 2 -(6 -b ro m o h ex y l)

3 -(o c t- l-y n -3 ~ o l)  eye lop e n t-2-enone (o .52 g . ,  42% fro m  the  a lly lic

alcohol (192) ) .  v (n ea t) , 3500, 2250. 1700, 1615, 1070m ax

(broad) cm .  ̂ v (CC1. so lu tion), 1703, 1612 c m . .
' m ax 4

\  269 m u ( e 16, 450 in  m ethanol) • N .M .R . (CC1 ), t = 5 ,38
m ax *
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(1 H, d iffuse t r ip le t ;  p ro p arg y lic  m eth in e), t  = 6 .6 0  (2  H; tr ip le t ,  

J  = 7 c .p ,  s . ; C H ^B r); 7 H betw een t  = 7 .0  and 7 .9 , t  = 9# 07 

(3 H; s in g le t; m e th y l) . The m ass  sp ec tru m  showed a p a ren t 

ion a t 368 (in ag reem en t with the caluu lated  value ) and an equally  

in ten se  peak  a t m / e, 370 (P + 2 ) showing the p re se n c e  of one 

b ro m in e  a to m . P eak s a t m ass  num bers 367 and 369 of the 

sam e in te n s ity  and tw ice that of the p a ren t ion w ere a lso  no ted . 

When ru n  on G .L .C .  the compound gave one peak (1% F . 60,

30 c c /n i in . ,  200°) of re ten tio n  tim e 17^ m in u te s . On d is tilla tio n  

decom position  o c c u rre d  at > 170°/0,01 m m . (Found: C, 62 .98;

H, 7 .5 3 . C10H O B r re q u ire s  C ,61.79; H, 7 .9 1 ).IV 29 2

When tre a te d  with 2, 4 -d in itropheny lhydraz ine  a re d  

d e riv a tiv e  was obtained, rn .p .  116-118 , a fte r  re c ry s ta l l is a t io n  

fro m  m e th an o l. The u l tra  v io le t sp ec tru m  was id e n tic a l to th a t 

of the 2, 4 -d in itro p h en y lh y d razo n e  of (105) . \ n a x  300j 

266; 239 m p (e  36, 100; 11, 500; 16,100; 14, 500 in m e th a n o l) .

(Found: C, 54 .63 ; H, 5.81; N, 10.15. C25H330 5B r N 4 re q u ire s  

C, 54 .64 ; H, 6 .05 ; N, 1 0 .2 0 ).
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2- (6-C yanohexyl) - 3- f 3« (tetrahydro~2"pyranyloxy) o c t- l-y n e ]

cy c lo p en t"2 - enol (196)

The a lly lic  alcohol (192), (0,473 g ., 0,00104 m .)  was

p laced  in  d ry  d im ethy lform am ide (10 c c .)  to g e th e r with p o ta ss iu m

cyanide (0 .200  g .,  0, 0031 m ,) .  The solution darkened , and was

s t i r r e d  m ag n e tica lly  a t 60° for 2 h o u rs . A t the end of th is  p erio d ,

the so lu tion  was f ilte re d , eth^r ex trac ted  and the e th e r e x tra c t

w ashed w ith b rin e  and d r ie d . A fter solvent rem o v a l 2 -(6 -cy an o -

hexyl) -3 -[3 " te trah y d ro -2 -p y ran y lo x y ) o c t- l-y n e ]c y c lo p e n t-2 -en o l

(0,113 g , ,  27%) was obtained by p re p a ra tiv e  s il ic a  th ick  p la te

ch ro m ato g rap h y  using  b en zen e-e th e r as the so lven t sy s te m . The

p ro d u c t gave a p o sitiv e  n itrogen  fusion te s t  r e s u l t  and a negative

halogen , v (neat) 3440, 2240, 2220 (very  w eak), 1740 
m ax ,

(weak and b ro a d ) , 1040 (brbad) cm . * \  238 mp. ($  7600 inm ax ,

m ethanol) •

A sam p le  was oxidised with sodium  d ich ro m a te  a s

d e sc rib e d  above and the pyranyl group rem oved  by tre a tm e n t with

boiling 5% su lp h u ric  ac id . The p roduct, 2 - (6-cyanohexyl)*-3-

(o c t- l-y n -3 -o l)  cyclopent-2-enone (197), had 3440,

2240 (n itr i le ) ,  2215 (ace ty lene), 1700, 1615, 1060 (broad) c m ." 1

\  269 m^i.m ax .
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2 - (5 -B ro m o p en ty l) cyclopen t-2 -enone  (200)

2 -(5 -B rom open ty l) cyclopentanone (10.6 g . ,  0. 0 4 5 4 m .)

91d e sc rib e d  in  the l i te ra tu r e  , was tre a te d  in ace tic  ac id  (2 0 c c s .)

with 20% e x ce ss  of py rid in ium  brom ide  p e rb ro m id e  (17.5 g . ,  0 .0 5 4 5 m .),

in a m an n e r exactly  analogous to the p re p a ra tio n  of 2 -(6 -b ro m o h ex y l)

cy c lo p en t-2 -en o n e  (151) above.

The p roduct, 2 - (5-brom openty l) cy c lo p en t-2 -en o n e ,

o 20was ob ta ined  as  a pale  yellow  liquid, b .p .  95 /0 .0 5  m m ., n ^  = 1, 5071,

v (n ea t), 1700 (double t), 1630, 800 cm .  ̂ \  228 m um ax , m ax .

( s 12, 600 in  m ethanol) • M olecu lar weight d e te rm in e d  a s  230 by

m a ss  sp e c tro m e try  in  ag reem en t with the ca lcu la ted  v a lu e . (Found:

C, 50 .58 , H, 6 .3 8 . CinH OBr re q u ire s  C, 51.96; H, 6 .5 4 ) .10 15

A ttem pted  h y d ro ly s is  of the n i tr i le  (196)

1. The n i t r i le  (196), (113 m g s .)  was refluxed  fo r  6 h o u rs  with

d ilu te  sod ium  hydrox ide . F ro m  the n e u tra l la y e r  was re c o v e re d  

s ta r tin g  m a te r ia l  (66 m g s . ) .  F ro m  the b as ic  la y e r  was obtained  

a liqu id  (14 m g s . ) ,  which was e s te r if ie d  and shown by T .Jb .C . to 

be a  m ix tu re  of com ponen ts.
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2o The n i t r i le  (196), (6 6 m g s.) was refluxed  with d ilu te

sodium  hydrox ide  and ethylene glycol a s  co -so lv en t, fo r  24 hours* 

The n e u tra l  la y e r  afforded  the s ta rtin g  m ate ria l (53 m g s .)  on 

re c o v e ry .

To the  n i t r i le  (196), (50 m g s ,) ,  in  acetone (2 c c . )  was 

added 30% hydrogen  perox ide  (0 .4  c c .)  and d ilu te  sodium  hydroxide 

(0 .4  c c . )  . A fte r  5 m inu tes, when oxygen evolution had 

ceased , the  so lu tion  was s t i r r e d  a t 50° fo r 1 h o u r. F ro m  the 

n e u tra l la y e r  w as re co v e re d  the n i tr i le  (50 m g s . ) .

4 0 The n i t r i le  (196), (59 m g s .) ,  was refluxed  with ethanol

(3 c c . )  and 50% su lp h u ric  acid  (l c c . ) ,  fo r  5 h o u rs . F ro m  the  

b ;ack  so lu tion  a t the  end of th is  p e rio d  was reco v e re d , a f te r  

w ashing w ith b ase , a brow n liquid  (52 m g s .)  which was m ain ly  

s ta r tin g  n i t r i le  a s  shown by T .L ,  C. and in f ra re d .

2 -(5 -B ro m o p en ty l) -3 -f3 -(te trah y d ro -2 -p y ran y lo x v )o c t-l.» v n e1  

cy c lo p en t-2 -en o l (199)

T his com pound was p re p a re d  by the add ition  of the  

Oh-ignard d e r iv a tiv e  of 3 -(te trah y d ro ~ 2 -p y ran y lo x y ) o c t- l-y n e  (69) 

to 2~(5-brornopenty l) cyclopen t-2 -enone  (200) in a m an n er analogous 

to the p re p a ra tio n  of the a lly lic  alcohol (192) • The p ro d u c t was
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ch ro m ato g rap h ed  and an app rox im ate  55% re c o v e ry  of the  s ta r tin g

cyclopentenone (200) ob tained , 2 -(5 -b rom open ty l) - 3 - [ t e t r a -

hy d r  o -  2 -  py r  anyloxy ) oc t - 1- yn e ]cy clop en t- 2 -  enol, had v 3500,m ax ,

1700 (w eak), 1125, 1030 c m ," 1 \  235 m u ( e 8700 in
m ax .

m e th a n o l) .

A ttem pted  K e ta lisa tio n  of 2 - (6 -b ro m o h e x y l) -3 - (o c t- l-y n -3 -o l) 

eye lop e n t-2-en o n e  (195)

The cyclopentenone (195), (58 m g s .) ,  e thylene glycol 

(97 m g s .)  and p-to luenesu lphon ic  acid  (l c ry s ta l)  w ere  re flu x ed  

in benzene  with a Dean and S tark  co llec to r fo r  48 h o u rs . The 

so lu tion  d a rk en ed . The p roduct (82 m g s .)  showed two peaks 

in  the u l t r a  v io le t a t 228 m u and 269 m p. T .L ,  C. showed two 

m a jo r  sp o ts . The m o re  p o la r  spot was se p a ra te d  by  s il ic a  

th ick  p la te  ch rom atog raphy  and iden tified  as  the s ta r tin g  ketone (195). 

The le s s  p o la r  was s im ila r ly  sep a ra ted  and a liqu id  (23 m g s .)  

o b ta in ed . T h is was a lso  iden tified  as s ta r tin g  m a te r ia l  suggesting  

th a t s i l ic a  ch rom atog raphy  caused  iso m e r isa tio n  o r  d e k e ta lisa tio n .

In o th e r k e ta lisa tio n  ex p erim en ts, the m ain  com ponent 

of the  re a c tio n  m ix tu re  was alw ays the s ta r tin g  m a te r ia l  (195) •
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Reaction of N -b ro m o su cc in im id e  with 2~m ethylcyclopent-2-enone (213)

L T he cyclopentenone (213), (0 .3 6 8 g ., 0.0038 m .)  was

refluxed in  ca rb o n  te tra c h lo rid e  with N -b rom osuccin im ide (0 .663  g.,

0,0038 r n . ) .  A fte r  22 hours, the solution was f il te re d  and so lven t

rem oved to  leav e  a  pa le  yellow  liquid (0.640 g . ) .  T .L ., C . showed

a sing le  m a jo r  spot of h ig h er Rf value them the s ta r tin g  m a te r ia l .

A p u re  sam ple  was iso la ted  by s ilic a  ch rom atography ,
*

b e n z e n e -e th e r  a s  the so lvent system , and had & 224 m pm ax.

( e  10, 7 0 0 ). N . Ivl. R . ( C C lJ ,  t  = 2.75  (1 H; d iffuse q u a r te t ;  

v iny lic ), r  = 4 .9 1  (1 H; m ultip le t; -  CH- B r ) , t  = 7.15 (2 H; 

m ultip le t; m e th y le n e ) , t  = 8.14 (3H; tr ip le t, J  = 2 c .p .s * ,  m e th y l) .

2. T he ketone (213),, (0.682 g .)  was refluxed  in  carbon

te tra c h lo r id e  w ith N -b rom osuccin im ide (1.24 g .)  fo r  3 h o u rs .

The so lu tion  w as f il te re d , the volum e reduced, taken  up in  e th e r, 

w ashed w ith  sod ium  b icarb o n a te , b rin e  and d r ie d . A fte r  rem o v a l 

of so lven t, th e  brow n liquid  re s id u e  (1.028 g .)  was d is tille d  to give a 

brow n d is t i l la te  (0 .564  g .)»  b .p .  55-60 /0 .0 4  m m . T .L .C .  

showed two sp o ts  both  of h igher R.£ value than the s ta r tin g  m a te r ia l .

On stand ing  the  p ro d u c t tu rn ed  b lack .
*

v
max I ? 1 0 , 1635  OK
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REVIEW

T he te rm 'irid o id *  has been  u sed  to  d e sc rib e  th a t group 

of m o n o te rp en es  w hich p o s se s s  the carbon  skele ton  (218) • Naturally- 

o ccu rrin g  com pounds of th is  type w ere  no t known u n til f a i r ly  recen tly , 

but in  the  l a s t  five o r  s ix  y e a rs  a  fa ir ly  la rg e  group o f m o n o terp en es  

has been  id en tified  which a r e  c h a ra c te r is e d  by p o s se s s io n  of the  

irid o id  sk e le to n •

The v a r ie d  b io log ica l p ro p e r tie s  of the irid o id  m ono­

te rp e n e s  h as  a ro u se d  co n s id e rab le  in te re s t  in  th e ir  s tru c tu re  and 

sy n th e s is . T hus n ep e ta lac to n e  fro m  catnip  is  an a ttra c ta n t  to  

c a ts .  T he an t e x tra c tiv e s  irid o m y rm ec in , iso ir id o m y rm e c in , 

ir id o d ia l and do lich o d ia l have lacrym atorry , rep e llan t, in se c tic id a l 

and an tib io tic  p r o p e r t ie s .  The m o re  com plex ir id o id  g lu co sid es  

a re  often  re sp o n s ib le  fo r the  b lackening  on standing of the  le a v e s  of 

c e r ta in  p lan ts  and have th e re fo re  been  co llec tiv e ly  nam ed  p seu d o -

in d ic a n s . A ucubin is  known to in c re a s e  the ra te  of e x c re tio n  of 
92

u r ic  a c id .

In te rc o n v e rs io n s  of the  d iffe ren t su b stan ces  a r e  m any 

and have been  of c o n s id e rab le  value  in s tru c tu re  d e te rm in a tio n .

In p a r t ic u la r ,  th e  a llo ca tio n  of s tru c tu re  and s te re o c h e m is try  to
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the m o re  com plex  com pounds has often depended on a re la tio n sh ip

with n ep e ta lac to n e  o r  i ts  deg radation  p ro d u c ts .

N ap e ta lac to n e  (219) was iso la ted  fro m  catn ip , N epeta 
93

ca ta r ia , in  1936. On a lkaline  h y d ro ly sis  i t  y ie ld s  the  two

ep im eric  n e p e ta lic  ac id s  (220) which can be re co n v e rte d  to  the

lactone on p y ro ly s is .  O xidation of the aldehyde function g ives

a n ep e ta lin ic  a c id  (221) o r  a nepetonic acid  (222) which can be

fu r th e r  d eg rad ed  w ith sodium  hypoiodite to nepetic  ac id  (223) •

The ev idence  lead ing  to the s tru c tu re  and s te re o c h e m is try  of th e se

94com pounds h a s  been  su m m arise d  by C avill , A ll the

95
p o ss ib le  n e p e tic  ac id s  have been  sy n th esised  and id en tified  •

C o m p ariso n  w ith sam p les  m ade fro m  the n a tu ra l so u rc e s  and

c y c lisa tio n s  and e p im e risa tio n s  o b serv ed  with the  n a tu ra l m a te r ia ls  

96enabled  M cE lvain  to a llo ca te  to nepeta lac tone  the s te re o c h e m is try  

shown in  (219) • I ts  ab so lu te  configuration  as  (219) follow s fro m
97

d eg rad a tio n  of the  cyclopentane ring  to L -(+ )-a -m a th y lsu c c in ic  ac id  .

98In  1949, Patfan iso la te d  fro m  the A rg en tin e  ant, 

I r id o m y rm e x  h u m ilis , a  m onoterpene lac tone nam ed ir id o m y rm ec in , 

which acco u n ted  fo r  ap p ro x im a te ly  one p e r  cen t of the body w eight 

of the a n t.  S ubsequently  C av ill has  d isco v e red  the c lo se ly  re la te d
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sub stan ces  iso ir id o m y rm e c in , ir id o d ia l and do lichodial in  

species of A u s tra lia n  a n ts . Irid o m y rm ec in  and is o ir id o -

101 94m y rm ec in  a lso  o ccu r in  the Jap an ese  p lan t A ctin id ia  polygam a; *

these two com pounds a re  known co llec tiv e ly  as the ir id o la c to n e s .

I r id o m y rm e c in  is  ep im erised  by b ase  to iso ir id o m y rm e c in

Irid o m y rm e c in  on oxidation  gives one of the n ep eta lin ic  ac ids

d eriv ab le  w ithout e p im e risa tio n  fro m  nepeta lactone while is o ir id o -

102m y rm ec in  g ives the C Q - ep im er , The irid o lac to n es  a r e  th e re fo reO

ep im eric  about C_ and X -ra y  stud ies have confirm ed  th a t ir id o m y rm e c in  o

is (224) and iso ir id o m y rm e c in  is  (225).

I r id o d ia l un d erg o es d isp ro p o rtio n a tio n  with b ase  giving

iso ir id o m y rm e c in . On oxidation i t  gives a m ix tu re  of n ep e ta lin ic

a c id s . I ts  in f r a  re d  sp e c tru m  suggests  th a t i t  ex is ts  la rg e ly  as

the e n o l-h e m ia c e ta l. It is  th e re fo re  b e s t re p re se n te d  a s  an

f \ 104eq u ilib riu m  m ix tu re  (226) .

Dolichjdial has been  assig n ed  the s tru c tu re  (227) • It

gives ir id o d ia l  (226) on hydrogenation  and fo rm aldehyde on o zo n o ly sis . 

I ts  u l t r a  v io le t sp e c tru m  is  ty p ica l of an a-m ono su b stitu ted  a c ro le in .

T re a tm e n t of ir id o d ia l b is-d in itro p h en y lh y d razo n e  with acid

104 • . 101gives ac tin id in e  (228) , which o ccu rs  n a tu ra lly  in  A ctin id ia  polygam a •
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In  add ition  to the n a tu ra lly  o ccu rrin g  irid o id  m o n o terp en es

a lread y  m en tioned , fu r th e r  exam ples of the group have re c e n tly  been

id en tified . A re in v e s tig a tio n  of the te rp e n es  fro m  A ctin id ia

polygam a re s u lte d  in  the iso la tio n  of th re e  new lac to n es , d ih y d ro -

n ep e ta lac to n e  (229)» isod ihydronepeta lac tone  (230) and neo n ep e ta -

lactone (231), to g e th e r  with the cyclic  e th er, m a ta ta b ie th e r  (232).

The sam e w o rk e rs  a lso  re in v es tig a ted  the e x tra c ts  of N epeta c a ta r ia

and w ere  ab le  to iso la te  two d ihydronepeta lactones, which w ere

iden tified  as  (229) and (230), and in addition obtained m ethy l n ep e t-

onate (233), an aldehyde e s te r  (234) and a hydroxy lac tone (235).

Iso n ep e ta lac to n e  (236) was a lso  iden tified  in  oil of catn ip  and was

co n v erted  to n e p e ta lac to n e  (219) by heating with p o tass iu m  carb o n a te  

106m  xylene .

A n o th er v a r ia tio n  on the sk e le ta l s tru c tu re , an iso m o rp h a l,h a s

been iso la te d  f ro m  the so u th ern  w alk ing-stick , A nisom orpha

107cu p re s to id e s  and c h a ra c te r is e d  as the dialdehyde (237), an 

iso m e r  of dolichoj& ial.

S e v e ra l h igh ly  oxygenated fo rm s  of the ir id o id  m o n o -te rp en e$

108 109
o ccu r n a tu ra lly  such  as  loganin (238) , v erb an a lin  (239) ,

genipin (2 4 0 )^ ^ , a sp e ru lo s id e  (241) , aucubin (242) , ca ta lp o sid e

(243)U3, and i ts  p -hydroxybenzoate , agnuside114, p lu m ie rid e  (244) ^
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116 117
p lu m eric in  (245) and h arp ag id e  (246) . A red u ced  fo rm

118of the ir id o id  sk e le to n  e x is ts  in  the a lkalo id  skytanth in  (247)

T he e s s e n tia l  s tru c tu ra l  fe a tu re s  of th e se  com pounds,

the cyclopen tane ring , can be d e riv ed  bio genetic  a lly  by an in te rn a l

M ichael con d en sa tio n  on an in te rm ed ia te  such as  (249), which can i ts e lf

be d e riv ed  f ro m  c itro n e lla l  (248) by oxidation of* one of the  two

m ethyl g ro u p s ac tiv a te d  by the double bond* Indeed both the

oxidation and cy c lisa tio n  have been  re a lis e d  in  Robinson*s in  v itro

sy n th esis  of th e  d ialdehyde (250) fro m  which iso ir id o m y rm ec in  and

119re la te d  com pounds w ere  then  p re p a re d  •

T he lik e ly  p r e c u r s o r  to c itro n e lla l (248) is  c i t r a l  (251) 

which h as  b een  iso la te d  fro m  a t le a s t  one sp ec ies  of an t and on 

3»troaldol c leav ag e  would give 6 -m e th y lh e p t-5 -e n -2 -o n e  which 

o ccu rs  to g e th e r  w ith ir id o d ia l in  m any Irid o m y rm ex  and D olichoderus 

sp e c ie s .

An ox idation  and cy c lisa tio n  of c i t r a l  itse lf , w ithout 

red u c tio n  to  c i tro n e lla l, would give the dialdehyde s tru c tu re  (252) •

T his would a p p e a r  to be a  p o ss ib le  p re c u rs o r  of a ll the  m o re  

oxygenated ir id o id c  s in ce  the e x tra  oxygen functions, as  in  

a sp e ru lo s id e  (241), o c c u r  a t the  a lly lic  po sitio n s , w hile loganin  (238) 

and c a ta lp o s id e  (243) would re q u ire  h yd ra tion  o r  epoxidation of the 

double bond.
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C y c lisa tio n  to  p roduce the h e te ro cy c lic  s ia t-m em bered

-ings p re s e n ts  no sp e c ia l problem * In  the ca se  of aucubin  (242)

for exam ple, c y c lisa tio n  could be accom panied  by d ecarboxy la tion

of the (3-form yl carb o x y lic  acid  sy stem  as shown in  (2 5 3 ). In

the c a se  of th e  a lk a lo id s  ac tin id ine  (228) and skytanth in  (247),

:,m m onia o r  a  b io lo g ica l equivalent could be in c o rp o ra ted  a t an

a p p ro p ria te  s ta g e .

An opening of the cyclopentane ring  as in (254) could

lead, v ia  an  open chain  in te rm e d ia te  (255) to such s tru c tu re s

as s w e r tia m a r in  (257) and g en tiop icrin  (258) in  which the o rig in a l

120
iso p ren o id  n a tu re  of the  p r e c u rs o r  has been  lo s t •

Two o th e r  b iogenetic  ro u te s  to the ir id o id s  have 

121been c o n s id e re d  • Thus c i t r a l  (251) has been cy c lised  by

122i r r a d ia t io n  to  give the  aldehyde (259) • E nzym atic  a lly lic

oxidation of (259) would give do lichq /d ial (227) which a f te r  

red u c tio n  and d isp ro p o rtio n a tio n  would afford  iridodicd and the  

ir id o la c to n e s  re sp e c tiv e ly .

The th ird  b iogenetic  schem e v isu a lise s  lim onene (260) 

as p r e c u r s o r .  O xidation of lim onene to (261), a ldo l c y c lisa tio n  

to the  u n s a tu ra te d  aldehyde (262) and enzym atic red u c tio n  would
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afford  (259) • The la t te r  could then be co n v erted  to the 

ir id o la c to n es  in  the m an n er d e sc rib ed  above. The p la u s ib ility

of th is  sch em e is  suggested  by the p re p a ra tio n  of (262) fro m  the

123ke to -a ld eh y d e  (261)

A b io sy n th e tic  th eo ry  fo r the m ain  c la s se s  of indole 

a lkalo ids involve the in te rm e d iac y  of the irid o id  m o n o terp en es to 

account fo r  th e  d e riv a tio n  of the n o n -try p to p h an -d eriv ed  segm ent 

of th e se  ty p es  of a lk a lo id . The type of open chain in te rm e d ia te  

(255) en v isioned  above in the fo rm ation  of sw e rtia m a rin  (257) and 

g en tio p ic rin  (258) can be su ccessfu lly  used  to d eriv e  the s tru c tu re s  

of m any of the indole a lk a lo id s . V ery  recent, t r a c e r  work 

su p p o rts  th is  th eo ry , by d em o n stra tin g  not only m evalonate  in co rp o r 

ation but a lso  g e ra n io l (263) in co rp o ra tio n  into a num ber of indole 

a lk a lo id s^ ^ *  G eran io l m ay be reg a rd e d  as the

im m ed ia te  p r e c u r s o r  in  the p lan t of the irid o id  m o n o te rp e n es .

S ynthesis

The m o s t no tew orthy  sy n th esis  in  the irid o id  fie ld

119s til l  re m a in s  th a t by  R obinson , which s im u la tes  a p ro p o sed  b io - 

genetic  ro u te . R e fe ren ce  was m ade to th is  work in  the section
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on b io sy n th e s is . The s ta r tin g  point was c itro n e lla l (248) which

was su itab ly  p ro te c te d , sub jec ted  to a lly lic  oxidation and then  ring

closed as  in  (249) to give irid o d ia l (250).

127
C av ill a lso  u sed  citironellal to p re p a re  the u n sa tu ra te d

c y a n o -e s te r  (2 6 4 ). T h is in te rm ed ia te  w as cy c lised  to  the  ir id o -

lactones and d o lich o d ia l. K orte  developed two ro u te s  fro m

128non n a tu ra l  s o u rc e s .  In the f i r s t  of th ese  3 -m eth y lcy c lo - 

pentanone w as co n v e rted  by R efo rm atsk i reac tio n  with ethyl 

a -b ro m o p ro p io n a te , dehydra tion  and h ydro lysis  to a m ix tu re  of 

u n sa tu ra te d  a c id s  (2 6 5 ). A P r in s  reac tio n  with fo rm aldehyde 

was u sed  to  in s e r t  the  f in a l carbon  atom  and so lead  to ir id o m y rm ec in . 

The m ethod  w as co m p lica ted  how ever by the s te re o c h e m ic a l 

am b ig u itie s .

In  K o rt^ s  second m ethod , hom ocatechol (266) was 

hydrogenated , c leav ed  and cy c lised  to (267). This aldehyde 

when h ea ted  w ith c is - l- (n -p ro p o x y )-p ro p e n e  gave the enol aceta‘t* (2 6 8 ) . 

The la t te r  w as hyd rogenated , hydro lysed , oxid ised  and lac to n ised  to 

give iso ir id o m y rm e c in .
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Sakan has sy n th es ised  nepeta lac tone  f ro m  2 -carb o e th o x y -
2 Jf?" 130

5-m ethy lcyc lopen tanone  (2£f9) . A lkylation with 3 -b ro m o b u t-

1-yne gave (270) w hich was then converted  to (271)* T h is diketone 

was c y c lise d  to  (272) which was converted  to n ep e ta lac to n e  (219) in  

seven  steps*

131C av ill has  d e sc rib e d  a n ea t synthetic  ro u te  to th e se  

m onoterpenes*  P u leg an e  (273) was converted  v ia  tra n s -p u le g e n ic  

ac id  (274) to  the  b icy c lo -o c ten o n e  (275) • The d ire c t B a e y e r-  

V illig e r  ox idation  of th is  to nepeta lac tone  could not be effected  

bu t epoxidation  of the  enone (275), re a rra n g e m e n t and reduction  

could  be m ade to  y ie ld  a  hydroxyketone (276) o r  a diol (277) which 

could  be c o n v e rted  on oxidation o r p e rio d a te  c leavage to  n ep e ta ­

la c to n e  o r  i r id o d ia l  resp ectiv e ly *
121 .

P u leg en ic  ac id  (274) was a lso  u sed  by W olinsky in  a 

sy n th es is  of ir id o m y rm e c in  and re la te d  irido lac tones*

2 -C arb o eth o x y -5 -m eth y lcy clo p en tan o n e  (269), u se d  by 

Sakan  above as  a  s ta r tin g  poin t fo r h is  syn th esis  of n ep e ta lac to n e  

was co n v e rted  by S isido  to  the  k e to -e s te r  (278) by a lky la tion  

w ith ethy l a -b ro m o p ro p io n a te«  The keto group in (278) was 

c o n v e r te d  to  an © xo-m ethylene by a  W ittig reac tio n  and h y d ro b o ra ted  

to  g ive  (279) * C y c lisa tio n  of (279) gave a m ix tu re  of ir id o la c to n e s .
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The fin a l re p o rte d  to ta l syn thesis  of an ir id o id

m onoterpene is  th a t of neonepetalactone (2 3 1 )* ^  The k e to - 

/  ̂ \ 123aldehyde (262) p re p a re d  fro m  lim onene as m entioned  above,

was o x id ised  and e s te r if ie d  to give (280) • S elec tive  h y d ro -

b o ra tio n  gave (281) which was ring  c lo sed  to give neonepeta lac tone  (231).

I t i s  of in te re s t  to note th a t a syn thesis  of sky tan th in  (247)

133has been  r e p o r te d  f ro m  ir id o m y rm e c in . With lith iu m  

alum in ium  h y d rid e , ir id o m y rm e c in  give3 the  diol (282), the 

d ito sy la te  o r  d ib ro m id e  of which was condensed with m ethy lam m e 

to y ie ld  sky tan th in  (247)*
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DISCUSSION

F o r  som e tim e  w ork in  th is  d ep artm en t had been 

d irec ted  a t developing  a syn thetic  rou te  to the ir id o id  m ono terpenes 

from  s im p le  a ro m a tic  p r e c u r s o r s ’̂ *  A sh o rt rev iew  of

this w ork  fo llo w s.

P ech m an n  condensation  of ethyl ace to ace ta te  (see  flow  

sheet H I) w ith p y ro g a llo l gave the coum arin  (283) which was 

converted  v ia  the  t r im  ethoxy c innam ic acid(284)by  hydrogenation  

and c y c lisa tio n  with po lyphosphoric  acid  to the indanone (285) •

This on C lem m en sen  reduction , ch lorom ethy la tion  and h y d ro ly sis  

gave the indane (2 8 6 ). A ll a ttem p ts  to degrade th is  o r  i ts  

d e riv a tiv e s  to  a su b stan ce  with the skeleton  of irid o d ia l fa iled , 

ap p aren tly  owing to the tendency  of the tria lk y l- tr io x y g e n a te d  

sy stem  to  r e s in ify .  An a ttem p t to m ake the s im p le r  

analogue (287) fa ile d  when the in te rm ed ia te  (288) could not be 

induced to  c y c l is e .

T he co u m arin  (289) re su lte d  fro m  the Pechm ann 

condensation  of p - c r e s o l  w ith ethyl a c e to a c e ta te . R eduction 

of (289) w ith R aney n ick e l-a lu m in iu m  alloy  in hot a lk a li, follow ed
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by tre a tm e n t of th e  a lka line  solution of the p ro d u c t w ith d im ethy l 

sulphate gave the  ac id  (290). T his acid  was re a d ily  cy c lised  

in p o ly phosphoric  ac id  to the indanone (291) • C lem m ensen

reduction  of (291) gave the indane (292) in  ex cellen t o v e ra ll y ie ld .

The indane (292) was sub jected  to the B irc h  reduction  

reac tio n  in  an a ttem p t to obtain the a, (3-unsaturated ketone (293) 

which by c leav ag e  of the  double bond would re su lt  in  the d e s ire d  

irid o id  sk e le to n . U nfortunately  the B irc h  reac tio n  re su lte d  in  

an in tra c ta b le  m ix tu re .

The indane (292) was n itra te d  to give (299) but th is  

could no t be d em eth y la ted  a t a ll  and on reduction  it  gave an am ine 

whose m ono- o r  d i-  a c e ta te  could not be degraded  sa tis fa c to rily  

by o z o n o ly s is .

D em ethy la tion  of the indane (292) was accom plished  

with m eth y l m ag n esiu m  iodide to give 7 -h y d ro x y -1, 4 -d im e th y l-  

indane (2 9 4 ). A ttem p ts  to ox id ise  th is  phenol to the o rth o - 

quinone (295) w ith F re m y 1 s s a lt  o r  with f e r r ic  ch lo rid e  w ere  

u n su c c e ss fu l. In  an a ttem p t to in tro d u ce  a fu r th e r  oxygen 

function a t the 5 -p o s itio n  of the benze’ne ring, and so fa c ilita te  

ring  cleavage^the  phenol (294) was tre a te d  with lead  te t ra c e ta te .
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H ow ever th e  p ro d u c t was not the hoped-fo r acetoxycyclohexa-

dienone (2 9 6 ) w hich should re a rra n g e  to the 5 - su b stitu ted  phenol

(297), bu t th e  is o m e r ic  fully  conjugated dienone (298).

Such was the s ituation  when the p re se n t w ork was

in itia te d ; a su itab le  m eans of degrading  the a ro m a tic  ring  of the

phenol (294) was re q u ire d .

A q u an tity  of the phenol (294) was p re p a re d  by the

re a c tio n  seq u en ce  outlined above. When th is  phenol (294) was

. 136
su b jec te d  to  the  conditions of the R e im er-T iem an n  re ac tio n  ,

the c ro s s  con jugated  dienone (300), 1, 4 -d im eth y l-4 -d ich lo ro -

m e th y l-7 -k e to -d ih y d ro in d an e  was iso la ted  in 22% yield  by

ch ro m a to g ra p h y . The N .M .R . shov/ed the two olefin ic p ro to n s

as a  ty p ic a l AB q u a rte t, = 10 c . p . s .  The d ich lo ro -

m eth in e  p ro to n  ap p ea red  as  a s ing le t a t t = 4.18, and the 4 -m e th y l

as a  s in g le t a t  8 .5 7 . N .M .R . co m p ariso n  v/ith the m odel

137dienone (304) p re p a re d  fro m  p -c re s o l  , p rov ided  add itional p ro o f

of s t r u c tu r e .

An a ttem p t was then m ade to se le c tiv e ly  c leav e  the 

d isu b s titu te d  double bond of the dienone (300) whicn would lead  

to the  d ica rb o x y lic  ac id  (301) • This d iacid  should be re a d ily  

tra n s fo rm e d  in to  the  ir id o id  sk e le ton .
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A ccord ing ly  the fo rm ation  of the epoxide (302) was 

a ttem p ted  f ro m  the  bicyclo-dienone (300). A cid opening of 

the epoxide r in g  follow ed by cleavage of the 1, 2 -d io l (303) with 

sod ium  p e r io d a te  would re su lt  in the d ibasic  acid  (301). In 

view  of the  sm a ll  am ount of b icyclic  dienone (300) av a ilab le  

sc re en in g  ex p e rim en ts  w ere c a r r ie d  out on the m odel sy s te m  (304) 

S u rp ris in g ly  the dienone sy stem  proved  highly  s tab le

to h y d rogen  p e ro x id e  in  cau s tic  soda, sodium  hypoch lo rite  in

. . 138 139p y rid in e  , t-b u ty lh y d ro p ero x id e  and to hydrogen p erox ide

140
in  th e  p re s e n c e  of sodium  tungsta te  . T rea tm en t of the 

dienone (300) w ith one m ole equivalent of osm ium  te tro x id e  in  

an a ttem p t to fo rm  the diol (303) d ire c tly  re su lte d  in an 

in tra c ta b le  m ix tu re  of p roducts  which included s ta rtin g  m a te r ia l .

I t is  of in te re s t  to co n sid e r s im ila r  reac tio n s  with

1, 4 -d ie n e -3 -k e to s te ro id s  in which the sam e c ro ss -co n ju g a te d

, „ _ 141
dienone sy s te m  is  p re s e n t .  Thus cholest-1 , 4 -d ie n e -3 -o n e

on p ro lo n g ed  tre a tm e n t w ith perbenzo ic  acid  in refluxing  benzene

gave a s m a ll y ie ld  of the  4, 5 -epox ide . T re a tm e n t of
. , 142

1, 4 -a n d ro s ta d ie n e -3 ,1 7 -d io n e  w ithosm ium  te tro x id e  gave as

the  p red o m in a n t p ro d u c t the 4, 5-d ihydroxy  com pound. I t  w ill
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be o b se rv ed  th a t in  both th ese  exam ples oxidation o c c u rre d  a t 

the m o re  e le c tro p h ilic  of the two double bonds.

The r a th e r  m o re  s tr in g en t conditions of the Rudolff 

reac tio n  fo r  c leav ing  double bonds, if  su ccessfu l in  the p re se n t 

in stan ce  could  lead  d ire c tly  to the d iacid  (301). The dienone 

(300) how ever was re c o v e re d  unchanged when tre a te d  with an 

oxidising m ix tu re  of sodium  p erio d a te  and p o tass iu m  p erm an g an a te . 

In v iew  of the s tab ility  of (300) to the above oxidative 

p ro c e d u re s , ozo n o ly sis  was a ttem p ted . A p re lim in a ry  reac tio n  

in which (300) had been tre a te d  with an excess  of ozone had 

e s tab lish ed  the com plete  breakdow n of the m olecule  to produce an 

in tra c ta b le  m ix tu re . I t was th e re fo re  n e c e s sa ry  to e s ta b lish  

conditions fo r se le c tiv e  ozon isa tion  of the dienone sy stem  in an 

a ttem pt to ach ieve  p re fe re n tia l  cleavage of the le s s -h in d e re d  double 

bond and fo rm a tio n  of the d iacid  (301) •

P re lim in a ry  stud ies  w ere c a r r ie d  out with the m odel 

com pound (3 0 4 ). T re a tm e n t of th is  with th re e  m oles equ ivalen t 

of ozone in  ethy l a c e ta te -a t  otic a t -10°, followed by an ox iaative  

w ork-up p ro c e d u re , re su lte d  in  the iso la tio n  of a c ry s ta llin e  acid, 

h i , p. 134- 136° , which was iden tified  as 2-m eth y l-3 - c h lo ro a c ry lic
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acid (305) • N .M .R . showed tha t the m ethyl and hydrogen w ere

cis; the m eth y l ap p eared  as a doublet, J  = 8 ,57 , coupling co n stan t

with hydrogen  4 c . p . s ,  and the hydrogen as a m u ltip le t a t r  = 3 .9 8 .

This ac id  had  no C=C s tre tch in g  v ib ra tio n  in the in fra  red  sp ec tru m

and th is  m ay  be a ttr ib u te d  to the sy m m etrica l position  of the double 

143
bond . A p o ss ib le  m ech an ism  fo r the fo rm ation  of the acid  (305)

is dep icted  on the  flow sh ee t (H  3 ) , The in itia lly  fo rm ed  d ib asic

acid, re su ltin g  f ro m  oxidative cleavage of the two double bonds in  the

m olecule, lo se s  one ch lo rin e  atom  with concom itant decarb o x y la tio n .

In h is  defin itive  w ork on the cyclohexadienones,

144Von A uw ers re p o rte d  th a t tre a tm e n t of the dienone (304) with 

p o tass iu m  d ic h ro m a te  in  su lphuric  acid  re su lted  in 2 -m e th y l-3 -  

c h lo ro ac ry lic  ac id , m .p .  138°, which on the b a s is  of the p re se n t 

work m ay  be a ssu m e d  to be the sam e acid  as (305) • It was 

also re p o rte d  in  the sam e p ap er th a t 2 -m e th y l-3 -ch lo ro a c ry lic  

acid, m .p .  5 9 -60°, was obtained when the sam e dienone (304) 

was ox id ised  w ith p o ta ss iu m  perm anganate  in su lphuric  a c id . It 

appeared  lik e ly  th a t th is  low er m elting  acid  was the g e o m e tric a l 

iso m er (306) and re p e titio n  of th is  work proved th a t th is  was the c a s e .

The N .M .R . of th is  acid , m .p .  59-60°, showed the m eth y l a t t = 8 .0 0  

sp lit by the hydrogen  in to  a doublet, J  =1.5 c . p . s .  The v iny lic  hydrogen
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appeared  a s  a d iffu se  q u a r te t at t ==1.21. The in fra  re d  sp e c tru m  of 

this low er m eltin g  acid  showed strong carbon  double bond ab so rp tio n  

at 1615 cm .

The iso la tio n  of this, iso m e ric  2 -m e th y l-3 -c h lo ro a c ry lic  acids

145invalida tes  p rev io u s  w ork on th ese  com pounds . I t was re p o rte d  th a t 

p y ro ly s is  of ch lo ro ace to n e  cyanohydrin  a t 500° gave a m ix tu re  of the 

iso m e ric  2 -m e th y l-3 -c h lo ro -a c ry lo n itr i le s . The t r a n s - is o m e r  (ch lorine 

and n i t r i le  t r a n s )  w as s ta ted  to have b .p .  4 7 -4 8 ° /4 0 m m ,, and the  c is -  

iso m e r  (ch lo rin e  and n i t r i le  c is )  to have b .p .  5 7 ,5 -5 8 ° /2 0  m m . 

C onfiguration  was a ss ig n ed  to the n i tr i le s  on the b a s is  of th e ir  h y d ro ly sis  

to the is o m e r ic  2 -m e th y l-3 -c h lo ro a c ry lic  a c id s . The t r a n s - n i t r i le  was 

hyd ro lysed  by b a se  to  an acid , m .p .  57-58 .5°, which showed in fra  red  

ab so rp tio n  a ttr ib u te d  to  the carbon  carbon  double bond a t 1607 cm . •

The c i s - n i t r i l e  gave an acid, m .p .  65 .5 -67  , with ab so rp tio n  in  the  in fra  

red  a t 1601 c m . T h i s  la t te r  acid  was assigned  the c is -co n fig u ra tio n  on 

the b a s is  of i ts  g r e a te r  so lub ility , the fac t tha t it  was m o re  e a s ily  iso -  

m e r is e d  and i t  being  a s tro n g e r  acid  than the iso m e r , m .p .  5 7 -5 8 .5  •

It is  ev iden t f ro m  the  p re s e n t w ork tha t both th ese  ac id s  have in  fac t 

the tra n s -c o n fig u ra tio n  (306) •
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When th e  b icy c lic  dienone (300) was ozonised  with th re e  

moles equ iva len t of ozone, a v iscous liquid  acid  was iso la te d  in  good 

yield* The d im eth y l e s te r  of th is  acid  showed b ro ad  in fra  red  abso rp tion  

at 1740 c m . 1 and o lefin  ab so rp tio n  a t 1640 c m .’ 1. T his suggested  th a t the 

acid had the d e s ire d  s tru c tu re  (301), and m icroan& lytical data.’fo r the 

dim ethyl e s te r  ap p ea re d  to co n firm  th i3 . However the N .M .R . of the 

dim ethyl e s te r  show ed in  addition to the d ich lo rom eth ine  s in g le t a t t  = 4 .07  

and the ad jacen t t e r t i a r y  m ethy l s ing le t a t t  = 8 .39 , two o lefin ic  p ro to n s  at 

t  = 3 .52  and t  = 4 , 02 as  an AB q u a rte t with J ^ = 1 2  c . p . s .  .Further, the 

two m ethoxyl g ro u p s ap p ea red  as se p a ra te  s ing le ts  a t t  = 6 .2 9  a n d t  = 6.39* 

This sug g ested  th a t the ozono lysis  p roduct was not (301) but the d ibasic  

acid (307) re su ltin g  f ro m  the c leavage of the te tra -su b s titu te d  double bond 

of the d ienone . The m ic ro a n a ly tic a l data  was equally  in ag reem en t with 

this a lte rn a tiv e  s t r u c tu r e .  A high dilution in fra  red  sp ec tru m  of the 

dim ethyl e s te r  p ro d u ced  convincing evidence fo r (307) being the c o r re c t  

s tru c tu re . A b so rp tio n  m ax im a o c c u rre d  a t 1737 ( e s te r ) ,  1727 

(conjugated e s te r ) ,  1714 shou lder (ketone) and 1643 (olefin) cm* •

The m a ss  sp e c tru m  of the  d im ethyl e s te r  did not give a p a re n t 

ion u n fo rtu n a te ly . T he f i r s t  m a jo r  peakes o c cu rre d  a t m / e = 274, 276,

278 in  the  ra tio  9, 6 , 1 d em o n stra tin g  the p re se n c e  of two ch lo rin e  atom s 

and in  a g re e m e n t w ith the lo ss  of two m olecu les of m ethanol (2 x 32) from
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the m o lecu la r ion  (m /e , 3 3 8 ), The lo ss  of one ch lo rin e  atom  fro m  the 

fragm ent m /e  274 gave r is e  to the b ase  peak a t m /e  239. An abundant 

fragm ent a t m /e  143 (90% of b ase  peak) co rresp o n d ed  to the ion (300) 

arising fro m  c leav ag e  alpha to the carbonyl group .

An a tte m p t to  fo rm  the anhydride of the ozonolysis p ro d u ct 

was u n su c c e ss fu l p rov id ing  add itional evidence against the su b stitu ted  

glutaric ac id  s tr u c tu re  (301), which should read ily  fo rm  an an h y d rid e .

O zone h as  th e re fo re  re a c te d  p re fe re n tia lly  with the 

m ore e le c tro p h ilic  of the  two double bonds in the dienone (300), 

despite th is  being  th e  m o re  s te r ic a lly  h in d ered . T his is  in 

keeping with th e  ox idation  of 1, 4 -d ie n e -3 -k e to s te ro id s  p rev io u sly  

d iscu ssed .

The re a d y  av a ila b ility  of the m odel dienone (304) 

suggested a d i r e c t  ro u te  to  the  irid o id  s tru c tu re  by m eans of a 

condensation betw een  (304) and d iace ty l. It was co n s id e red  th a t 

an in itia l M ichael add ition  to the a, f3» u nsatu ra ted  double bond m ight 

be, fo llow ed  by an a ldo l condensation  and re su lt  in  the b icy lic  (309) 

or the d eh y d ra ted  p ro d u c t (310) • T hese com pounds would

be obviously  u se fu l in te rm e d ia te s  in irid o id  sy n th e s is . H ow ever 

under b a s ic  re a c tio n  conditions the d iace ty l se lf-condensed , 

and the dienone w as re c o v e re d  unchanged.
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H ydrogenation  of the indane (294) would lead  to the 

b icyclo-[4 , 3, 0]-n o n an o l (311). O xidation of th is , follow ed by 

p re fe re n tia l m onobrom ination  of the ketone a t the a -m eth y len e  

group would give (312), which on dehydro -b rom ination  would give 

the a, P -u n sa tu ra te d  ketone (293). C leavage of the double bond 

in (293) would r e s u l t  in  the ir id o id  skele ton .

When the indane (294) was hydrogenated  in  d ilu te  sodiiUn

•  j  146hydroxide o r  m  ethano l a t room  te m p e ra tu re  with a rh o d iu m — 

alum ina c a ta ly s t, the  s ta r tin g  m a te r ia l  was reco v e red  a lm o st 

q u an tita tiv e ly . U nder m o re  s tr in g en t conditions -  fo rty  eight 

hours a t 100° and 1640 p . s . i .  -u sin g  the sam e ca ta ly st, the m a jo r 

com ponent of the re a c tio n  p ro d u c t was again  the s ta r tin g  indane (294). 

S im ilar o b se rv a tio n s  w ere  re c o rd e d  when ru th en iu m -ch a r coal and

p latinum  o x id e -c h a rc o a l v /ere u sed  as c a ta ly s ts .

147It w as re p o r te d  in  the l i te ra tu re  that the m odel dienone 

(304) could  be re a d ily  hydrogenated  w ith a p a lla d iu m -c h a rc o a l 

ca ta ly s t to the cyclohexanone (313) • V/'hen hydrogenation  of the 

b icyclic  d ienone (300) w as a ttem p ted  under s im ila r  conditions, the 

uptake of h y d rogen  w as com ple te  in  fifteen  m inutes and a 60% yield 

of 1, 4 -d irn e th y l-4 -d ic h lo ro m e th y l-7 -k e to -hexahydro indane  (314) was
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obtained, B ro m in a tio n  of (314) a t the le s s -su b s titu te d  a -p o sitio n

to the keto  group , follow ed by elim ination  of hydrogen b ro m id e  and

cleavage of the  double bond, v/ould re s u l t  in the d ib asic  ac id  (315)

from  which th e  ir id o id  skele ton  could be d e riv ed .

P re l im in a ry  b ro m in a tio n s  w ere c a r r ie d  out using

4 -m eth y l-4 -d ich lo ro rn e th y lcy c lo h ex an o n e  (313), p re p a re d  by hydro -

147genation of th e  dienone (304), as a m odel. The brorn inating

agent u sed  w as the  convenient pheny ltrim ethy lam m onium  b ro m id e  
79

p erb rom ide , w hich h as  found wide use  fo r the b rom ination  of 

k e ta ls . When (313) was tre a te d  with one m ole equivalent of the 

reagent in  te tra h y d ro fu ra n  the  m onobrom ide (316) was fo rm ed  in 

good y ie ld .

T he b ic y c lic  ketone (314) was then tre a te d  with the

brorn inating  ag en t in  a s im ila r  fashion  and the p roduct run on a

T .L .C . s il ic a  p la te  when one m a jo r  spot appeared  with a low er

Hf value than  th e  s ta r tin g  ketone (brom o-ketones have g e n e ra lly

h igher R^ v a lu es  th an  the  co rresp o n d in g  k e to n e ), T h i3 m a jo r

spot gave a re d  co lo u ra tio n  when sp ray ed  with 2, 4 -d in itro p h en y l-

hydrazine  in  su lp h u ric  a c id . In view  of the known tendency  of

te r t ia ry  b ro m id e s  to  lo se  hydrogen b rom ide when ch rom atographed  

78on s il ic a  , th is  su g g ested  th a t b rom ination  of (314) had o cc u rre d
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in the m o re  su b s titu ted  positio n  alpha to the ca rbony l group to give

(317) which had  then  lo s t hydrogen b rom ide  on s ilic a  to give e ith e r

(318) o r (319).

The s tru c tu r e  of the dehydrobrom inated  p ro d u c t fo rm ed  

in 47% y ie ld  f ro m  the  ketone (314) was shown by N .M .R , to  be (318). 

The m ethy l g roup  a ttach ed  to the cyclopentane ring  ap p eared  as two 

overlapping d oub le ts  ( iso m e ric  m ix tu re) at t = 8.91, J = 11 c ,p .  s . 

The com pound exh ib ited  a m axim um  in the u ltra  v io le t sp ec tru m  at 

249 m|i, in  a g re e m e n t w ith W oodw ard's ru le s  which p re d ic t a value 

of 254 rnp fo r  (319) and 249 m p fo r (318) •

An a lte rn a tiv e  ro u te  to the irid o id  skeleton v isu a lised  

p re p a ra tio n  of the  benzy lidene  d e riv a tiv e  (320) of the ketone (314) •

It was c o n s id e re d  th a t ac id  tre a tm e n t of (320) would re s u lt  in an 

ally lic  sh ift and le a d  to the fo rm atio n  of the m ore  stab le  iso m e r  

(321) in  w hich th e  fo rm e r ly  exo-double bond has en te red  the r in g . 

O xidative c leav ag e  of the  double bond of (321) would re s u lt  in  the 

d ibasic ac id  (315) •

A s on p rev io u s  o ccasio n s  p re lim in a ry  in v estig a tio n s  

w ere c a r r ie d  out w ith the m odel compound (313), T rea tm en t 

of th is  w ith one m o le  equ ivalen t of benzaldehyde re su lte d  in  the
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form ation in  th e  e thano lic  reac tio n  solution of yellow  c ry s ta llin e  

needles w hich w ere  f il te re d  off and iden tified  as the b is -b e n z y l-  

idene (322), ( \  327 mp, e 29, 500). The yield  was 19%.

The m o th er l iq u o rs  con ta ined  a m ix tu re  of com pounds, in which, 

judging by the u l t r a  v io le t m axim um  a t 292 mp, the m ono-benzy l- 

idene (323) w as p ro m in e n t.

When the b icy c lic  ketone (314) was tre a te d  with a

slight ex cess  of benzaldehyde, the benzylidene d eriv a tiv e  did not

c ry s ta llise  f ro m  the  rea c tio n  so lu tion . However the solution

did exhibit a m ax im u m  in the u l tra  v io le t a t 292 m p suggesting

the benzy lidene (320) had fo rm ed , but a ttem p ts  to iso la te  (320)

by ch ro m a to g rap h y  w ere  unsuccessful* When the crude

reaction  p ro d u c t w as re flu x ed  with concen tra ted  hydroch lo ric  acid

a shift o c c u r re d  in  the  u l t r a  v io le t m axim um  to 251 m p ( e 6000),

[Woodward* s ru le s  p re d ic t  \  237 m p fo r the d e s ired  (321) ],
m ax .

but again  th e  p ro d u c t p ro v ed  to be an in trac ta b le  m ix tu re .

148
It w as re p o r te d  in the l i te ra tu re  th a t oxidation of 

1,1 7 p -d ih y d ro x y -4 -m e th y lo e s tra - l, 3, 5(10) - tr ie n e  (324) with 

alkaline h y d rogen  p e ro x id e  gave r is e  to an acid ic m ix tu re  fro m  

which, a f te r  d iffe re n tia l  p a r titio n  betw een sodium  b ica rb o n a te  and
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sodium  hy d ro x id e  and e s te r if ic a tio n  with d iazom ethane the m ethyl 

e s te rs  (325) and (326) w ere  iso la te d . The oxidation of the indane 

(292) u n d er s im i la r  conditions m ight th e re fo re  be expected  to lead 

to the m eth y l n ep e to n a te s  (327) and (328) fro m  which the irid o id  

skeleton could  be d e riv e d  by the addition of a one carbon  un it to 

the ca rb o n y l c e n tre  by m eans of a W ittig reac tio n .

When the  indane (292) was oxidised in  the d esc rib ed  

m anner the sod ium  b ica rb o n a te  e x tra c t gave an acid ic  frac tio n  

which was e s te r if ie d  with d iazom ethane to a m ix tu re  of liquid 

m ethyl e s te r s  w ith a m in t- lik e  odour. This crude e s te r  

m ix tu re  gave a p o s itiv e  iodoform  te s t  and fo rm ed  a yellow 2, 4- 

d in itropheny lhydrazone  the an a ly s is  and the m o lecu lar weight of 

which a g re e d  w ith th a t fo r the 2 , 4 -d in itrophenylhydrazone of 

m ethyl n ep e to n a te  (3 2 7 ), F u r th e r  evidence fo r the fo rm ation  

of (327) w as ob ta ined  f ro m  the high dilution sp ec tru m  of the 

crude m eth y l e s te r s  which showed absorp tion  a t 1713 (ketone) 

and 1740 (e s te r )  cm .  ̂ in addition to a shoulder a t 1754 cm . •

The u l t r a  v io le t s p e c tru m  of the crude e s te r  p roduct dep icted  a 

fla t m ax im um  a t 233 m p ( e 6 9 8 ) which suggested  th a t l i t t le  of 

the u n s a tu ra te d  e s te r  (328) was p re se n t since th is  type of



- 176 -

chrom ophore w as shown in  the ca se  of (326) to have \  240
m ax .

( e 5550).

G .L .  C . (10% polyethylene glycol a t 100°) of the crude 

ester p ro d u c t p ro d u ced  six  m a jo r  peaks a t re ten tion  tim es  and 

concen tra tions of 11 (5%), 17 (9%), 30 (10%), 34 (4%) 44 (35%).

51 (37%) m in u te s . I t  seem ed  reaso n ab le  to assu m e th a t the 

two m a jo r  p eak s  a t 44 and 51 m inu tes, which accounted fo r about 

70% of the  m ix tu re  w ere  the  d ia s te re o  iso m e rs , the c is - t r a n s  (329) 

and t r a n c - t r a n s  (330) fo rm s  of m ethyl nepetonate, s ince the oxidation 

reaction  w as c a r r ie d  out in  b ase  which would en su re  the two 

functional g roups in  the p ro d u c t having the stab le tra n s -re la tio n sh ip .

C h ro m ato g ra p h y  of the c ru d e  p roduct gave a frac tion  

which G .L .C .  show ed to  be a lm o st (>  90%) exclusively  a m ix tu re  

of the two m a jo r  com ponents with re ten tion  tim es of 44 and 51 

m inu tes. T he in f r a  re d  of th is  frac tio n  showed abso rp tion  a t 

1710 cm .~* and 1742 c m ." * , The N .M .R . showed a ll the

s tru c tu ra l f e a tu re s  re q u ire d  by m ethyl nepetonate, th a t is , one 

m ethoxyl group, an ac e ty l m ethyl, and a cyclopentane m ethy l sp lit 

as a doublet, bu t th e  in te g ra tio n  was suffic ien tly  incom patib le  to 

cause c o n c e rn . T his co ncern  was subsequently  ju s tif ie d
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when i t  w as found th a t the  m ic ro a n a ly s is  of the frac tio n  was 

over 3% low  in  ca rb o n  fo r  the value req u ire d  by m ethyl 

nepetonate  and fu r th e r ,  the m o lecu la r weight, as  d e te rm in ed  

by m a ss  sp e c tro m e try , was 198 as ag a in st a value of 184 fo r 

m ethyl n e p e to n a te .

A t th is  s tag e  i t  was decided  to d iscontinue th is  

ap p roach  to  th e  sy n th e s is  of the irid o id  m ono terp en es.
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EXPERIM ENTAL

1, 4 - D im e th y l-4 - d ic h lo ro m e th y l-7-keto -d ihydro indane  (300)

7 -H y d ro x y -l, 4 - dim e thy lindane (294), (2 .25  g . ,  0.014 m .)  

was p laced  in  a 100 c c . 3 -necked  f la sk  equipped with s t i r r e r ,  re flux  

condenser and dropp ing  funnel. Sodium hydroxide (60 c c . of

20% solu tion) w as added and the solution s t i r r e d  and heated  to  an
-  • .

oil bath  te m p e ra tu re  of 8 0 -9 0 ° , C hloroform  (7 .5  c c .)  was

added to the re a c tio n  so lu tion  over 30 m inutes and s tir r in g  and

refluxing con tinued  fo r  an add itional 3 h o u rs . The cooled

solution was e x tra c te d  with ch lo ro fo rm , the ch lo ro fo rm  ex trac t

washed re p e a te d ly  w ith 5% sodium  hydroxide-and then b r in e .

A fter d ry ing  and re m o v a l of solvent, a b lack  v iscous oil (2 .4  g .)

rem ain ed . T h is  o il was ch rom atog raphed  on s ilic a  and eluted

with benzene, when 1, 4 -d im e th y l-4 -d ic h lo ro m e th y l-7-k e to -

d ihydroindane w as ob tained  as  crude yellow  c ry s ta ls .  A fte r

tre a tm e n t w ith c h a rc o a l and re c ry s ta llis a tio n  fro m  p e tro l, the

product (0 .7 5 3  g . ,  22%) had m .p .  93-95 vm a x . ^ ^ 4  so û tion)

1670, 1645, 1615, 850 c m . " 1 X 235, 273 m p ( e 9960,* * m ax .

4850 in  m e th a n o l) .  N .M .R . (CC14 ) , T = 3 .04  (1 H; doublet,

J  = 10 c . p . s . ;  o le f in ic ) , t = 3 .6 8  (1H; doublet, J  = 10 c . p . s . ;  

o le fin ic ), r  = 4.18 (1H; sing let; d ich lo ro m eth in e), t  = 8 .57
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(3 H; s in g le t ; 4 -m e th y l) , t  = 8 ,7  (3 H; doublet, J  = 10 c . p . s . ;

secondary  m e th y l) . (Found C, 58.88; H; 6 .0 8 . C H OC1
12 14 2

re q u ire s  C, 5 8 .7 9 ; H, 5 .7 6 ) ,

A ttem pted epoxidation  of 1, 4 -d im e th y l-4 -d ich lo ro m e th y l-7 -k e to - 

d ihydroindane (300)

(a) A lkaline  hyd rogen  perox ide . The dienone (300),

(0,016 g . ,  0 .00043  m . ) in  m ethanol (10 c c .)  to which 4 N sodium  

hydroxide (0 .1  m l .)  had been  added was s t i r re d  a t room  

te m p e ra tu re  w ith 30% hydrogen perox ide  (0.0019 m . ) for 7 h o u rs . The 

solution w as e x tra c te d  with e th e r , washed, d ried  and the dienone 

(300), (0 .0 7 8  g . ,  74%) re c o v e re d . I t  was iden tified  by its

m elting  poin t, m ix ed  m elting  point, in fra  red  spec tru m  and T .L .C .  

co m p ariso n .

When th e  ex p erim en t was rep ea ted  using 60 m oles 

equivalent of hydrogen  p ero x id e  over a p erio d  of 20 hours, a 30% 

re c o v e ry  of (18) w as ob ta ined .

(b) Sodium  h y p o ch lo rite  • The sodium  hypochlorite  (bleach) 

solution was s ta n d a rd is e d  ag a in s t sodium  th io su lp h a te . The 

reac tio n  w as c a r r ie d  out w ith the m odel dienone, 4 -m ethy l~ 4- 

d ich lo ro m eth y lcy c lo h ex a -2 , 5 -d ienone (304). The dienone (304),
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(0.328 g . ,  0.0017 m . ) in  p y rid ine  (5 c c . )  was s t i r r e d  with sodium  

hy p ro ch lo rite  (8 c c s . ,  0.0017 m .)  fo r 30 m in u tes . A fte r 

ex trac tion  w ith e th e r , the e th e r lay e r  was w ashed with d ilu te 

hyd ro ch lo ric  a c id  and b rin e , d ried  and solvent rem o v ed . The 

residue  w as c r y s ta l l is e d  fro m  p e tro l to give a 66% re c o v e ry  of 

s ta rtin g  m a te r ia l  (304) id en tified  as  in  (a) •

(c) t-B u ty lh y d ro p e ro x id e . The m odel dienone (304),

(0.189 g . ,  0 .0 0 1  m . ) was d isso lv ed  in benzene (5 c c .)  and 

t-b u ty lh y d ro p ero x id e  (0.1 c c . ,  0,001 m . ) added. F ro m  a fine 

p ipette  two d ro p s  of T r ito n  B (approx im ately  one fo rtie th  the 

co n cen tra tio n  of th e  p ero x id e) w ere  a lso  added. The solution 

was s t i r r e d  fo r  12 h o u rs  a t room  tem p e ra tu re , ex trac ted  with e th er 

and the e th e r  e x tra c t  w ashed with d ilu te acid, b rin e  and d r ie d .

The liqu id  re s id u e  p ro v ed  d ifficu lt to c ry s ta ll is e  owing to the 

p re se n c e  of t-b u ty lh y d ro p e ro x id e  but T .L ,C .  and in fra  re d  

confirm ed  th e  m a jo r  com ponent to be s ta rtin g  m a te r ia l (304) •

A re p e a t  ex p erim en t using a la rg e  excess  of perox ide 

and TritQ n B a lso  re su lte d  in the s ta rtin g  m a te r ia l  rem ain ing

unchanged.



-  181 -

(d) Sodium  tu n g s ta te  and hydrogen p ero x id e . The m odel 

dienone (304), (0 .210 g . ,  0.0011 m . ) was d isso lved  in ethanol 

(3 c c .)  and 30% hydrogen  perox ide  (1.65 c c . ,  0.0145 m .)  to g e th er 

with sodium  tu n g s ta te  (0 .080  g .)  added. The solution was 

refluxed fo r  2 h o u rs , cooled, e th e r ex trac ted , the e th e r e x tra c t 

washed w ith b r in e  and then d r ie d , A 75% reco v e ry  of the 

sta rting  m a te r ia l  w as obtained  and identified  as  in  ( a ) .

A ttem pted o sm y la tio n  of 1, 4 -d im eth y l-4 -d ich lo ro m eth y l-7 -k e to - 

dihydroindane (300) •

To (300), (0 .283  g . ,  0.0012 m .)  in pyrid ine (2 cc) 

was added o sm iu m  te tro x id e  (0 .3 4  g . ,  0.0013 m .)  in e th er 

(35 c c . ) .  A fte r  stand ing  43 hours  in  the dark , during which 

tim e a b lack  p re c ip i ta te  fo rm ed , py rid ine  (20  c c . ) ,  w ater (18 c c .)  

and sod ium  b isu lp h ite  (0.61 g .)  w ere  added. The solution was 

s t i r re d  fo r  30 m in u tes  and then ex trac ted  with e th e r . The e th e r 

lay e r w as w ashed  w ith d ilu te  hyd roch lo ric  acid, sodium  

b ica rb o n a te , b r in e  and d r ie d . A fter rem oval of so lvent a 

dark  g re e n  liq u id  (0 .392  g .)  rem ained , which gave five spots on 

T .L .C . ,  one of w hich was equivalent to the s ta rtin g  m a te r ia l .
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The in fra  re d  s p e c tru m  confirm ed  the p re sen ce  of s ta r tin g  

m ate ria l (bands a t 1670, 1645 and 1615 cm* ) ,  C hrom atography 

of the p ro d u c t on s i l ic a  follow ed by elution with b en zen e -e th e r 

failed to is o la te  a  t r a c ta b le  p ro d u c t.

A ttem pted R udloff ox idation  of 1, 4 -d im eth y l-4 -d ich lo ro m eth y l-7 - 

keto -d ihydro indane (300)

T he d ienone (300), (0.134 g . ,  0.00054 m . ) was 

d isso lved  in  d ioxan  (75 c c . )  and w ater (100 c c .)  added. To 

this so lu tion  w as added sodium  p erio d a te  (0 .95  g .,  0,0044 m .) ,  

po tass iu m  c a rb o n a te  (0 ,0 7 0  g . ,  0 .0005 m .)  and p o tassium  

perm an g an a te  (20 c c . ,  0.00011 m . ) .  The solution was shaken 

for 15 h o u rs , f i l te r e d  f ro m  a brow n deposit (38 m g s .)  p resu m ab ly  

m anganese d iox ide, and the f i l t r a te  acid ified  with dilute hydro­

ch lo ric  a c id . E x tra c tio n  with e th e r, washing with b rin e  and 

drying le f t a f te r  rem o v a l of so lvent a liquid (120 m g s .) ,  fro m  

which the  s ta r t in g  dienone (40 m g s .)  was re co v e re d . T his 

was id en tified  in  th e  u su a l m an n e r.

C is -2 -m e th y l-3 -c h lo ro a c rv lic  ac id  (305)

T he o z o n ise r  was c a lib ra te d  by p assin g  the ozone into
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2% p o ta ss iu m  iod ide  and t i t ra t in g  the lib e ra te d  iodine with

standard  th io su lp h a te . The dienone (304), (2 .03  g . ,  0 , 011m .)

was d isso lv ed  in  e thy l a c e ta te  (25 c c .)  and ace tic  acid  (25 c c .)

and cooled  to  -10 . Ozone (3 m oles equivalent) -was p a sse d

through the so lu tio n . To th is  solution was then added 30%

hydrogen p e ro x id e  (2 .5  c c s , ,  2 m oles equivalent) and w ater

(2 c c .)  • T he so lu tion  was then refluxed fo r 45 m inutes, the

volum e c o n c e n tra te d  and ex tra c te d  with e th e r . The e th er

ex trac t w as w ashed  w ith b r in e  and then with sa tu ra ted  sodium

b ic a rb o n a te . T he sod ium  b icarb o n a te  lay e r  was acidified;

e th e r e x tra c te d  and the e th e r  e x tra c t washed with b rin e  and

d rie d . A f te r  re m o v a l of so lvent the liquid resid u e  (0 .89 g .)

slow ly c r y s ta l l i s e d .  R e c ry s ta llis a tio n  fro m  hot w ater,

fo llow ed .by  su b lim a tio n  gave a p u re  sam ple of c is -2 -m e th y l-3 -

c h lo ro a c ry lic  ac id  (305), m .p .  134-136 • vmax# (CHCl^ solution)

1740 c m .  ̂ \  209 m u ( e 4750 in  m eth an o l). N .M .R .
m a x .

(CDC13), t = 8 .5 7  (3 H; doublet, J  = 4 c . p . s . ;  m eth y l), t  = 3 .98  

(1 H; m u ltip le t; v in y lic  h y d ro g en ). (Found: C, 40 .03 ; H, 3 .8 4 .

C4H5O2 CI r e q u ire s  C, 39*87; H, 4 .1 8 ).

The n e u tra l  la y e r  fro m  th is  reac tio n  gave unchanged

s ta r tin g  m a te r ia l*
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T ra n s -2- m e th y l- 3 -c h lo ro a c ry lic  acid  (306)

T h is  was p re p a re d  by the oxidation of 4 -m e th y l-4 -

d ic h lo ro m e th y lcy c lo h ex a -2, 5-dienone (304) with pojtassium

144p erm an g an a te  a s  d e sc rib e d  by Von. A uw srs v (CHC1
m ax. x 3

solution) 1700, 1615 c m . " 1 N .M .R . ( C C lJ ,  t  = 8 .0 0 (3 H ;
*  M

doublet, J  = 1 .5  c . p . s . ;  m eth y l), r  = 1.21 (1H; diffuse q u arte t; 

vinylic h y d ro g e n ) .

7
2, 6-D im e th y l-5 -k e to -6 -d ic h lo ro m e th y l-A  -a z e la ic  acid  (307)

The o z o n ise r  was ca lib ra ted  as d esc rib ed  above.

The dienone (^ST), (0 ,6 7 0  g. ,  0.0027 m . ) in e thy laceta te  (25 c c .)  

and a ce tic  ac id  (25 c c . )  was ozonised a t -10° with th re e  m oles 

equivalent of ozone. 30% H ydrogen perox ide (1 c c .)  was 

added to the  so lu tio n  w hich was then refluxed  fo r 1 h o u r. The 

volum e w as re d u c ed  and ex trac ted  with e th e r . The e th e r 

ex tra c t w as w ashed  f i r s t  w ith b rin e  and then with sodium  b i­

c a rb o n a te . The sodium  b icarb o n a te  was acidified , e th e r 

e x tra c te d  and the e th e r  e x tra c t w ashed with b rine , d rie d  and the 

so lvent rem o v ed  to leave  a v iscous yellow  liquid (0. 614 g . ) •

A fter t r e a tm e n t  w ith ch a rco a l, a co lo u rle ss  v iscous g la ss  (0 .464  g . ) 

re m a in ed . C h ro m ato g rap h y  on s ilic a  and elution with benzene- 

e th er did no t y ie ld  a c ry s ta llin e  fra c tio n .
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The ac id ic  p ro d u c t was e s te rif ie d  with d iazom ethane

and d is ti l le d  to^give 2 , 6 -d im e th y l-5 -k e to -6 -d ich lo ro m e th y l-/? -

azela te , b .p .  1 2 0 °/0 .1  m m . = 1.4880, v (CC1
m ax. 4

solution) 1737, 1727, 1714 ( s h . ) ,  1643 c m . ’ 1 X. 207 m u
m ax.

(e 6500 in  m e th a n o l) . N .M .R . (CC14), t  = 3 .52  (1H; doublet, 

J = 12 c .p .  s . ;  o le f in ic ) , t = 4. 02 ( 1H; doublet, J  = 12 c . p . s . ;  

o le fin ic ), t = 4 . 07 ( 1H; sing let; d ich lo ro m eth in e), t = 6 .29  

( 3H; s in g le t; m eth o x y l), t = 6 .39  (3H ; singlet; m ethoxyl), 

t = 8 .3 9  (3 H; s in g le t; te r t ia r y  m ethy l), t  = 8 . 86 (3  H; doublet,

J  = 12 c . p . s . ;  se c o n d a ry  m e th y l) . The m ass  sp ec tra  did not 

give a p a re n t io n . M ajor frag m en ts  observed  at m /e , 278, 

276, 274, 239 (base  p eak ), 143 (cleavage alpha to the ketone 

g ro u p ). (Found: C, 50 .09 ; H, 5 .8 7 . C l2 re q u ire s

C, 49 .56 ; H, 5 .9 4 ) .

A ttem p ts  to m ake the 6 -benzyliso.thiouronium  sa lt  and 

the 2 . 4 -d in itro p h en y lh y d ra zo n e  of the d ibasic  acid  w ere 

u n su c c e ss fu l.

R eaction  be tw een  d iace ty l and 4 -m e th y l-4 -d ic h lo ro m ethy l- 

cyclohexa-2 , 5 -d ien o n e  (304)

A so lu tion  of sodium  m ethoxide was p re p a re d  fro m  

sodium  (0 .052  g . ,  0 .0023 m .)  and m ethanol (25 c c . )  To th is
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solution a t ro o m  te m p e ra tu re  was added the dienone (1.05 g.,

0.006 m . ) fo llow ed by d iace ty l (0.372 g . , 0. 0043 m . ) .  The 

solution co lo u r  tu rn e d  b lack  as soon as the d iace ty l was added. 

A fter s tand ing  5 days a t room  tem p e ra tu re , the solution was 

poured in to  ic e -c o ld  d ilu te  su lphuric  acid, e th e r ex trac ted , the 

ether e x tra c t  b r in e  w ashed and d r ie d . A fter rem oval of 

solvent and p e tro l  e x tra c tio n  of the liquid  resid u e , a 66% re co v e ry  

of s ta r tin g  d ienone was ob ta ined . It was identified  in the 

usual m a n n e r .

A ttem pted  h y d ro g en a tio n  of 7 -h y d ro x y -1, 4 -dim ethylindane (294)

(a) T he indane (294), (0,241 g .)  in  d ilu te caustic  soda and 

5% rh o d iu m / a lu m in a  c a ta ly s t (64 m g .) wa3 hydrogenated a t room  

te m p e ra tu re  and a tm o sp h e ric  p re s s u re  fo r  66 h o u rs . The indane 

(294), (0 .2 0 0  g . )  w as re c o v e re d  fro m  the reac tio n  solution and 

iden tified  in  the u su a l m an n e r.

(b) The indane (294), (0.191 g .)  in ethanol and 5% rhod ium / 

alum ina c a ta ly s t  (63 m g . ) was hydrogenated a t room  te m p e ra tu re  

and a tm o sp h e r ic  p r e s s u r e  fo r 5 d ay s . The s ta r tin g  m a te r ia l  

(180 m g .)  w as re c o v e re d  unchanged fro m  the reac tio n  so lu tion .
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(c) The indane (294), (169 m g .)  in ethanol (500 c c . )  and 

5% rh o d iu m /a lu m in a  c a ta ly s t (120 m g .)  was hydrogenated  fo r 

48 h o u rs  a t 1640 p a i and 100 , The solution was f il te re d  

through c e lite  and ethano l rem oved  to leave a g reen ish  liquid 

(0,49 g . ), w hich could  not be induced to c ry s ta l l is e .  This 

liquid w as e x tra c te d  with p e tro l, the p e tro l ex trac t tre a te d  with 

ch arcoal and the  re s id u a l c o lo u rle ss  liquid shown to co n s is t 

su b stan tia lly  of s ta r t in g  m a te r ia l  by its  in fra  red  sp ec tru m  and 

T .L .C .  c o m p a r iso n . The absence of the d e s ired  cyclohexanol 

in the p ro d u c t w as co n firm ed  by oxidation of the product with 

J o n e s 1 re a g e n t and the  fa ilu re  of the oxidised product to fo rm  

a tra c ta b le  2, 4 -d in itro p h en y lh y d razo n e .

(d) R ed u c tio n s of the indane (294) using ru thenium  in 

ethanol and p la tin u m  in  a ce tic  acid  c a ta ly s ts  w ere c a r r ie d  out in 

a s im ila r  m a n n e r  to th a t d e sc rib ed  in (c) • S tarting  m a te r ia l 

was the only com ponent id en tified  in the p ro d u c ts .

1, 4 -D im e th y l-4 - d ic h lo ro m e th y l-7-keto -hexahydro indane (314)

The d ienone (300), (121 m g s .)  in re c tif ie d  s p ir i t  (50 c c .)  

was h y d ro g en a ted  fo r  one hour over a 5% p a lad iu m /c h a rco a l 

(3 3m gs.) c a ta ly s t .  The solution was f il te re d  through celite ,
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solvent rem oved , and the liquid  re s id u e  chrom atographed  on s ilica

and eluted with b en zen e  to give 1, 4 -d im e th y l-4 -d ich lo ro m e th y l-7 -k e to -

hexahydroindane (74 m g s , ,  60% y ie ld ), b ,p .  9 0 ° /0 ,0 5 m m .,  v (nea:)
m ax,

1710 cm , , T ne N .M .R , (CCl^) ind icated  a m ix tu re  of four iso rn e rs

as shown by the d ich lorom eth in e  peak at t va lues of 3 ,90  (9%), 4,0(19% ),

4,38 (29%), 4 .4 2 (4 3 % ) . (Found: C, 57.57; H, 7.14. C H10CC1_
1Z lo  Z

requires C, 57 .8 2 ; H, 7 .Z 8 ) , The 2, 4 -d in itrophenylhydrazone was 

re c ry s ta llise d  f ro m  m eth an o l as orange sp a rs , m .p .  170-190°,

\  365 ( e 22, 400 in  m e th a n o l) . (Found: C, 50,67; H, 4 .98;
IT13»X

N, 13.41. C 0H C N Cl re q u ire s  C, 50.36; H, 5.16; N, 13 .05 ). 
lo Lc. 4 4 2

1-3 rom o- 4 - m e th y l-  4 - d ich lorom ethylcyclohexanone (316)

4 -M eth y l-4 -d ich lo ro m eth y lcy c lo h ex an o n e  (0.81 g .,

0.0042 m . ) was d isso lv e d  in te tra h y d ro fu ra n  (5 c c .)  and phenyl - 

trim ethy l am m onium  b ro m id e  p e rb ro m id e  (1.63 g ., 0.0043 m . ) 

added. A fte r  one h our the ino rgan ic  p re c ip ita te  was f ilte re d  off* 

the f il tra te  e th e r  e x tra c te d  and the e th e r ex trac t washed with sodiur$a 

bicarbonate, b r in e  and d r ie d . The re s id u a l yellow  oil rem ain ing  

after rem o v a l of so lv en t was ex tra c te d  with 40/60  p e tro l and the p e tro l 

ex tract c ry s ta l l is e d  on standing to give l-b rom o-4-rnethy l~4-d ich lorom eunyl
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cyclohexanone (0 .5 6  g. ,  50%), white c ry s ta ls , m .p .  68-95°

V m a x .(nUjol) 1715 Cm- "X* N .M .R . (C C l^ . t  = 4 .2 8  (1 H; singlet; 

d ic h lo ro m e th in e ) , r  = 5 .38  (1 K; quarte t; b rom ohydrogen), t  = 8.56 

(3 H; s in g le t; t e r t i a r y  m e th y l) . (Found: C, 34.61; H, 4 .2 3 . 

C g H ^O C ^B r r e q u ire s  C, 35.06; K, 4 .0 5 ) .

8 91, 4 -D im e th y l-4 -d ic h lo ro m e th y l-7 -k e to -A  * -te trah y d ro in d an e  (318) 

The b icy c lic  ketone (314), (78 m g s .)  in te trah y d ro fu ran  

(3 c c .)  was t r e a te d  with the above brom inating  agent (120 m g s .) .

A fter 5 h o u rs , e x ce ss  5% sodium  b icarbonate  was added, the solution 

e th er e x tra c te d , the  e th e r  e x tra c t b rin e  washed and d rie d . Rem oval 

of so lven t le f t a d a rk  p u rp le  liquid (105 m g s .) ,  consisting  m ainly  

of the t e r t i a r y  b ro m id e  (317) • This re s id u a l liquid was ex trac ted  

with p e tro l and the  p e tro l e x tra c t chrom atographed  on s ilic a  and

eluted w ith b en zen e  to give 1, 4 -d im eth y l-4 -d ich lo ro m eth y l~ 7 -k e to -

8 9A * - te tra h y d ro in d a n e  (36 m g s . 47%) a3 a liqu id . Vmax^nea^

1680, 1620, 780 c m ." 1. X 249 ( e 10, 400 in m e th a n o l) . N .M .R .
m ax .

(CDC13 ) t  = 4.10 (1 H; sing le t, d ich lo rom eth ine), r = 8 .62  ( 3 H; 

sing let; t e r t i a r y  m e th y l), t = 8 .89  ( 3 H; doublet, J  = 11 c . p . s . ,  

seco n d ary  m e th y l) . The 2, 4 -d in itropheny lhydrazone fo rm ed red
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c ry s ta ls ,  m . p .  198-210°, X 386 ( e 28, 300 in m e th an o l) .m ax •

(Found: C, 50,31; H, 4 ,57 ; N, 12,89 C _H C N Cl re q u ire s
18 20 4 4 2

C, 50.60; K, 4 .7 2 ;  N, 13.11).

1, 5 -D ibenzylidene-4-.m ethy l-4-d ich lorom ethy lcyclohexanone (322)

4 - M ethy l-4-d ich lorom ethylcyclohexanone (313), (122 m g s .)

in rec t if ied  s p i r i t  (5 c c . )  was t re a te d  with f re sh ly  d is ti l led  benz»

aldehyde (66 m g s . )  and one drop of dilute sodium hydroxide added.

After standing overn igh t the b is-benzy lidene  (44 m g s , ,  19%) was

fil te red  off and r e c r y s ta l l i s e d  f ro m  ethanol as yellow needles,

rn .p .  159-165°. v (C C F solution), 1675, 1615 c m ." 1. X 327,m a x . 4 m ax.

233, 205 m u ( e 29, 500; 14,100; 23, 700 in m e th an o l) . N .M .R .(C C 14 ),

t  = 2.16 ( 2 H; d iffuse  singlet; vinyl p ro to n s) ,  t  = 2.62 ( 10 H; singlet;

a ro m a tic ) ,  t = 4 .2 9  ( 1 H; s ing le tr  d ichlorom ethine), t = 7 .0 0

( 4 H; s ing le t; r in g  p ro to n s ) ,  t  = 8.83 ( 3 H; singlet; t e r t i a r y  methyl) •

(Found: C, 71.25; K, 5 .7 7 .  C H  CGI req u ires  C, 71.15; H, 5 .4 3 ) .
22  20  ^

The f i l t r a te ,  a f te r  rem oval of the b is-benzylidene, was 

diluted with w a te r  and the p re c ip i ta te  which form ed f i l te red  (82 m g s . ) .

v (nujo l), 1705, 1610 c m . \  X 292 mjx in m ethanol,m ax. ’ m ax .



C hrom atography  on s i l ic a  and elution with b en zen e-p e tro l  did not 

produce a t r a c ta b le  p ro d u c t .

Attem pted benzy lidene  fo rm ation  f ro m  l t 4 -d im ethy l-4 -d ich lo rom ethy l-  

7 -keto -hexahydro indane  (314)

To (314), (115 m g s . )  in rec tif ied  sp ir i t  (3 c c . )  was added 

fresh ly  d is t i l le d  benzyla ldehyde (56 m g s ,  15% excess) and one drop 

of dilute sod ium  hydro x id e .  The in itia l co lourless  solution 

im m ed ia te ly  tu rn e d  b row n. A fter standing overnight the solution 

was diluted with w a te r ,  e th e r  ex trac ted  and the e ther ex trac t washed 

with b r in e  and d r ie d .  Rem oval of solvent left a yellow liquid 

(100 m g s . )  sm e ll in g  of benzaldehyde. v m ax (n e a t)» 1710, 1680,

1610 cm . 1. X 292 m u in m ethanol. T .L .C .  showed c losely
m a x .

assoc ia ted  s p o ts .  C hrom atography  of the crude product on s il ica  

followed by e lu tion  with b e n z e n e -e th e r  did not produce an identifiable 

product.

The c ru d e  reac t io n  product (64 m g s .)  was d isso lved  in 

glacial ac e t ic  ac id  and concen tra ted  hydrochloric  acid (5 c c . )  added. 

The solution was refluxed  fo r  30 m in u tes .  At the end of this period 

the re a c t io n  so lu tion  was w orked-up in the usual m anner to give a
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brownish liqu id  (30 m g s . ) ,  v (neat), 1710, 1680, 780 c m . ' 1.
H i a X f

\ n a x .   ̂ S 5950 in m ethano l) ,  T.Lr, C, showed a complex m ixture.

Oxidation of 7 -h y d ro x y - l ,  4 -3  *-dim ethylindane (294)

The indane (294), (3 ,20 g .)  was d issolved in  m ethanol

(300 c c . )  and 2N sod ium  hydroxide (200 c c . ) .  To th is  refluxing

solution on the  w a te r  bath  was added over 20 minutes, 307c hydrogen

peroxide (80 c c . ) ,  Refluxing was continued for 1 hour. At the

end of th is  p e r io d ,  the volum e was reduced and the cooled reduced

volume was extra .c ted  with e th e r  th re e  t im e s .  The e ther ex trac t

gave a 147o r e c o v e ry  of s ta r t in g  m a te r ia l .  The basic  lay e r  was

acidified with c o n c e n tra te d  hydrochloric  acid, e ther ex tracted  and

the e th e r  e x t r a c t  w ashed f i r s t  with sa tu ra ted  sodium bicarbonate  and

then with N sod ium  hydrox ide .  These basic  lay e rs  w ere acidified

with h y d ro c h lo r ic  acid, e x trac ted  with ether, the ether ex trac ts

brine washed and d r ie d .  The N sodium hydroxide lay e r  gave a

yellowish liqu id  (100 m g .)  the in fra  red  of which appeared  s im ila r

to the s ta r t in g  phenol.  This f rac tion  was not fu r th e r  pursued*

The sod ium  b icarbona te  frac tion  gave a brown liquid (1.57 g . ) ,

which did not fo rm  a t r a c ta b le  deriva tive  with 2, 4-d in itropnenyl- 

hydrazone . T re a tm e n t  of this c rude  acid with diazomethane gave an
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es te r  p ro d u c t with a m in t- l ik e  odour, v (CC1 solution )
m ax. 4 '

1754 (sh o u ld e r ) ,  1740, 1713 c m . -1. The e s te r  m ix tu re  d istilled

over a range , 7 0 -1 0 0 ° /0 .1  m m . to give a c lea r ,  co lou r le ss  d is t i l la te .

22Four f ra c t io n s  w e re  co llec ted  with n ^  between 1.451 and 1.459.

\  (m iddle  f ra c t io n )  232, 207 mp ( e 698, 1000 in m e th an o l) . max.

The d is t i l la te  gave a pos it ive  iodoform  te s t  and form ed a 2, 4 -d in i tro ­

phenylhydrazone which was r e c ry s ta l l i s e d  from  methanol as yellow

c ry s ta ls ,  m . p ,  111-113°. X 363 mp ( e 21, 500 in m ethanol),m ax .

The m o le c u la r  weight of th is  deriva tive  was 364, determ ined  by 

m ass s p e c t ro m e try ,  in  ag re e m e n t with the calculated value for the 

2, 4 -d in itro p h en y lh y d razo n e  of dim ethyl nepetonate. (Found:

C, 53 .03; H, 5 .4 8 ;  N, 15.14. c l6 H2 oN4 ° 6  rec*u ires  C» s z * 1 4 '*

H, 5 .53; N, 1 5 .3 8 ) .

G . L . C .  of the  c rude  e s te r  m ix ture  p r io r  to d istilla tion  

gave (10% po lyethy lene  glycol a t 100 , flow ra te  70 c c /m in .)  m ajo r  

peaks at re te n t io n  t im e s  and concentra tions of 11 (5%), 17 (9%), 

30(10%), 34(4% ), 44 (35%), 51 (37%) m inu tes .  The e s te r  

m ixture  was ch ro m a to g rap h ed  on silica , eluted with b enzene-e ther  

and f ina lly  d is t i l le d  to give a frac tion  consisting ( > 90%) of the two
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*
components with re te n t io n  t im es  44 and 51 m in u tes .  (C C l^ ,

t  = 6.22 ( 3 H; s ing le t; m ethoxyl), t  = 7.80, 7 .85  ( 3H; two singlets; 

acetyl), t  = 8 .9 0  ( 3 H; overlapping doublets, secondary  m ethy l).  

The m o le c u la r  weight was de te rm ined  by m ass  sp e c tro m e try  as 198; 

dimethyl n ep e to n a te  h as  value 184. (Found: C, 62.03; H, 7 .3 5 .  

Dimethyl n ep e to n a te  r e q u i re s  C, 65*19; H, 8 .7 5 ) .

An a t te m p t  to e x tra c t  the ketonic m a te r ia l  f rom  the 

crude e s te r  p ro d u c t  v ia  se m i-c a rb a z o n e  fraction  was unsuccessfu l. 

This d e r iv a t iv e  could  not be obtained c ry s ta l l in e .  A s im ila r  

attem pt with G i r a r d ' s  T reag en t  re su lted  in the extraction of 

50 m g s ,  of liquid, f ro m  457 m g s .  of crude e s te r .  G .L .C .  

showed the s m a l l  am ount of ex trac ted  m a te r ia l  (50 m g s .)  to 

consist of fou r  com ponents  with a m ajo r  peak at 17 minutes and 

no peak a t 44 m in u te s .

*

Vmax(n e a t )  I7 i;5 ’ I 7 I 0 > 1270 cm_I' ^  ma.,;207m^ ( ? I 26° ) .
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