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I t  has been shown by McKenzie and h is  school that  

when o p t ic a l ly  active  e s ters  of a -k eto -a c id s  (R.00,002#*) 

and a Orignard reagent (R*MgX) in te r a c t  the d ia s te r e o -  

isom erides [R.OR *(0MgX).C02#*3 are produced in  unequal 

amounts. The su b stitu ted  g ly c o l l i c  a c id s , obtained by 

h y d ro ly s is ,  were o p t ic a l ly  a c t iv e ,  although not o p t ic a l ly  

pure. The analogous reaction s  using o p t ic a l ly  a c t iv e

e s te r s  o f  y - ,  ^ - ,  £ - .........  k e to -a c id s  had v ir t u a l ly  not

been studied .

In the present in v e s t ig a t io n  the in te r a c t io n  of 

( - ) -menthyl e s te r s  of u>-acetyl f a t t y  acids  

[CH .̂CO. C02Ĉ qĤ and phenyl magnesium bromide has

been stud ied  w ith  a viev/to obtaining asymmetric syn th es is  

and to  r e la t in g  t h i s  to the len g th  of the chain in te r 

vening between the carbonyl and carbomenthoxy groups.

The in v e s t ig a t io n  has en ta iled  the preparation of 

the above type of e s te r s  when n = 0 ,  2, 3 , 4 and 8, and 

th e ir  treatment w ith  phenyl magnesium bromide. The 

hydroxy-acids or (w ith  n = 2 and 3) la c to n e s ,  obtained  

a f te r  hydro lysis  of the r e su lt in g  e s te r s ,  were o p t ic a l ly



a c t iv e ,  except in  the case o f  n = 8. With n = 2 or 3 ,  

the degree o f  asymmetric sy n th es is  was dependent on 

reaction  con d ition s .

The ad dition  o f  a Grignard reagent to a carbonyl 

group has p rev io u sly  been found to  occur asymmetrically  

only when the carbonyl group i s  in  a molecule containing  

a "fixed centre o f  asymmetry". I t  has now been found 

that an asymmetric reaction  occurs when an o p t ic a l ly  

a c t iv e  organo-m etallic  compound adds to a ketone. This 

type o f  reaction  has been stud ied  using (-)-m enthyl  

bromoacetate, acetophenone and z in c . The ^ -hydroxy acid  

obtained on h yd ro lys is  was o p t ic a l ly  a c t iv e .  The extent  

o f  the asymmetric sy n th es is  was found to be remarkably 

constant, ir r e s p e c t iv e  o f  a wide v a r ia t io n  in  re a c t io n  con

d i t io n s .

Theories o f  asymmetric sy n th es is  are d iscu ssed  and 

a theory in vo lv in g  energy d if fe r e n c e s  o f  two tr a n s it io n  

s ta te s  i s  proposed as an explanation  o f  the r e s u l t s  

obtained in  t h i s  in v e s t ig a t io n .

^-H ydroxy- V -p h en y l-n -v a ler ic  acid  (n = 2) has 

been prepared and reso lved .
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v i i

GENERAL NOTES

1 . A n a ly se s  were c a r r ie d  out by Drs. W eiler  and S tr a u ss .

2. M .p .s .  are u n co rrec ted .

3 . S o lu t io n s  prepared f o r  p o la r im e tr ie  use were e th a n o l ic  

u n le s s  o th erw ise  s t a t e d .  I f  no c o n c e n tr a t io n  i s  

m entioned measurements were made on th e  hcmogeneous 

u n d ilu te d  l i q u i d .

if. R o ta t io n s  o f  s o l u t i o n s  were measured in  an a l l - g l a s s  

w a te r-  ja ck e ted  tube at 25 -0*1 th e  le n g t h  b e in g  

2 cfca. u n le s s  o th e rw ise  s t a te d .

5. R o ta t io n s  o f  homogeneous u n d ilu ted  l i q u i d s  were 

measured v /ithout tem perature c o n tr o l  and i n  an a l l -  

g l a s s  tu b e ,  th e  le n g th  b e in g  i dm.;» u n le s s  otherw ise  

s t a t e d .

6. Where r e le v a n t  th e  e r r o r s ,  in cu rr ed  during measurements 

o f  the r o ta to r y  power, are in d ic a t e d .  The erro r  

in v o lv e d  in  d e te rm in a t io n  o f  r o ta to r y  power o f  homo

geneous l i q u i d s  was -  0.01^#
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INTRODUCTION



I .  INTRODUCTION

l a. D e f in i t i o n  o f  asymmetric s y n th e s is

The id e a  o f asymmetric s y n th e s is  (a s  we understand i t  

today) was f i r s t  d isc u sse d  by F isc h e r  (1 894). Having o b ser 

ved th a t ,  during the s y n th e s is  o f  manno-heptose from 

(*»-)-mannose, on ly  one o f  the two p o s s ib le  d ia s te r e o iso m e r id e s  

was formed, he su ggested  th a t an o p t i c a l l y  a c t iv e  g ly c e r a l -  

dehyde should be formed by th e  f i s s i o n  o f a manno-nonose, 

prepared by repeated  cyanohydrin r e a c t io n s  on (+)-mannose 

and the subsequent p rod u cts . The f i s s i o n  products should  

c o n s i s t  of the  o r ig in a l  mannose to g e th e r  w ith  th e  o p t i c a l l y  

a c t iv e  g ly cera ld eh y d e .

The f i r s t  asymmetric s y n th e s is  a c t u a l ly  put to  the t e s t  

of  experiment was attempted by F isch er  (1 901 ) using the fo l lo w 

in g  s e r i e s  of r e a c t io n s  ( s im i la r  to  th o se  su ggested  in  h is  

e a r l i e r  p u b l ic a t io n )

* * */0H
OHO. (CHOH)^. CHg.O.CgH^^.OHO------ >CHC. (CHOH)^. CHg. 0. CgH^. OH

CN

(not accom plished)
* ki .O H

OHO. ( CHOH) . . CHpOH + HO. C Æ , . OH
^  ^ °  ^  CN

(where C = asymmetric carbon atom).

Marckwald (1 904) claim ed to have accomplished the f i r s t  

asymmetric s y n th e s is  a f t e r  many other  workers had f a i l e d .  

Marckwald c a r r ie d  out the d ecarb oxy la tion  o f the h a lf-b r u c in e



s a l t  o f  m eth y le th y lm a lo n ic  ac id  and obta ined  m e th y le th y l-  

a c e t i c  ( i s o v a l e r i c )  ac id  which con ta ined  a preponderance o f  

the ( - ) -a n t ip o d e .  This l e d  Marckwald to form ulate  the f i r s t  

p r e c is e  d e f i n i t i o n  o f  an asymmetric s y n t h e s i s ,  v i z . ,  a syn

t h e s i s  which y i e l d s  an o p t i c a l l y  a c t iv e  product from sym

m e tr ic a l  su b s ta n ce s  w ith  the aid o f  o p t i c a l l y  a c t iv e  sub

s ta n c e s  as in te r m e d ia te s ,  but w ith  no p r o c e s s e s  of f r a c t io n a 

t io n  in v o lv e d . I t  i s  obvious th a t  F isc h e r  had t h i s  same 

concept o f  what c o n s t i t u t e d  an asymmetric s y n t h e s i s ,  s in c e  he 

c l a s s i f i e d  on ly  the h y p o th e t ic a l  form ation  o f  the g ly c e r  a l 

dehyde as an asymmetric s y n th e s i s  and d id  not in c lu d e  the 

form ation  o f  the manno-heptose from ( + ) -mannose.

In the year i n  which Marckwald cla im ed  the f i r s t  asym

m e tr ic  s y n t h e s i s ,  McKenzie (1904) began an i n v e s t i g a t i o n  in t o  

asymmetric s y n th e s e s  u sin g  o p t i c a l l y  a c t iv e  e s t e r s  of a -k e to  

a c id s  as s t a r t in g  m a te r ia ls .  Products e x h ib i t in g  o p t ic a l  

a c t i v i t y  were o b ta in ed  b o th  by r e d u c t io n  o f such e s t e r s  as  

( - ) -m enthyl pyruvate and subsequent h y d r o ly s i s ,  and by th e  

Grignard r e a c t io n  on s im i la r  e s t e r s .  This work w i l l  be r e 

viewed more f u l l y  l a t e r  i n  t h i s  S e c t io n  w ith  s p e c ia l  r e f e r 

ence to  the p resen t  i n v e s t ig a t io n .

Ib. T ota l Asymmetric S y n th e s is

The type of asymmetric s y n t h e s i s  which has been  d escr ib ed  

above i s  known as a p a r t i a l  asymmetric s y n t h e s i s ,  v a n 't  H off  

had thought i t  p o s s ib le  th a t  an o p t i c a l l y  a c t iv e  substance



might he formed from sym m etrical compoimds under the e f f e c t  

o f  an unsym m etrical p h y s i c a l  f o r c e . T h is  was not r e a l i z e d  

in  th e  la b o r a to r y  u n t i l  Kuhn and co-w orkers (1 9 2 9 ,1 9 3 0 )  e f f e c t 

ed a p h o to -ch em ica l d ecom p osit ion  by means o f  ( + ) -  and 

( - ) - c i r c u l a r l y  p o la r is e d  l i g h t .  An a b so lu te  asymmetric syn

t h e s i s  was c la im ed  by Karagunis and D rikos (1 9 3 3 ) ,  who i n 

f lu e n c e d  th e  co u rse  o f  th e  r e a c t io n  between c h lo r in e  and t r i -I
a r y l  m ethyl by c i r c u l a r l y  p o la r i s e d  l i g h t ;  th e  degree o f  

asymmetric s y n th e s i s  was ex trem ely  s m a l l ,  as in  o th er  

a b s o lu te  asymmetric sy n th e s e s  so f a r  c la im e d .

I c .  Asymmetric s y n th e s e s  in v o lv in g  Grignard R eagents

As w i l l  b e  d isc u sse d  l a t e r ,  the  primary i n t e r e s t  in  t h i s  

i n v e s t i g a t i o n  was th e  stud y  o f  asymmetric s y n th e s e s  r e s u lt in g  

from th e  a d d it io n  o f  an o r g a n o -m e ta l l ic  compound, such as a 

Grignard r e a g e n t ,  to  a carbonyl group. Thus, i t  i s  nBcessaiy  

to  rev iew  asymmetric s y n th e s e s ,  and r e le v a n t  r e la t e d  ob serva 

t i o n s ,  which have some b ea r in g  on t h i s  ty p e  o f  r e a c t io n .

F i r s t  to  be c o n s id ered  w i l l  be experim ents c a r r ie d  out 

by McKenzie and co-w orkers u s in g  o p t i c a l l y  a c t iv e  e s t e r s  

o f  cK-keto a c id s  and Grignard r e a g e n ts  ( s e e  T a b le ) .  The 

ty p e  o f  r e a c t io n  in v o lv e d  i s

E.OO.COoI# + E'MgX =.R.C(OH)E'.OOgR^ ?R.C(0H)E'.COoH
( e x c e s s  o f  one antipode)

where R*̂  i s  an o p t i c a l l y  a c t iv e  a lc o h o l  r a d i c a l .

In  th e  experim ents o u t l in e d  above, th e  g l y c o l l i c  a c id
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obtained  d ir e c t  from the r e a c t io n  mixture was far  from o p t i c 

a l l y  pure. In  most c a s e s ,  on c r y s t a l l i s a t i o n ,  t h i s  product 

y ie ld e d  a racemic g l y c o l l i c  a c id . However, m e th y la n is y l -  

g l y c o l l i c  a c id ,  o b ta in ed  by the a c t io n  o f  MeMgl on 

(-)-raen th y l a n iso y l  for mate or o f a n is y l  MgBr on (-) -m en th y l  

p y ru v a te , was ob ta in ed  o p t i c a l l y  pure by subsequent repeated  

re cry 8 t a l l  i s  at i  on from benzene. A lso ,  methyl 

g l y c o l l i c  a c id ,  prepared from ( - ) -menthyl £ - to lu y l f o r m a te , 

was obtained  i n  an alm ost o p t i c a l l y  pure s t a t e  a f t e r  repeated  

r e c r y s t a l l i s a t i o n  from b e n z e n e / l ig h t  petroleum  m ixture.

From some o f  th e se  experim ents the g l y c o l ,  obtained  by  

the a c t io n  o f  e x c e ss  Grignard re a g en t ,  was i s o l a t e d  as a by

p roduct.

R.C0.C02R'^ + 3E'MgX ^EE'C(OH).CR'R'(OH)

In  one c a s e ,  tr im e th y l  a n is y l  e th y len e  g ly c o l  was ob ta in ed  from 

( - ) -menthyl a n is o y l  forma te  and MeMgl and was found to  be laevo- 

r o ta to r y .

With regard t o  th e  in f lu e n c e  o f c o n d it io n s  on the ex ten t  

o f  asymmetric s y n th e s is  McKenzie (1906) remarks:

"The mode o f  form ation  o f  the Grignard reagent and the  

c o n d it io n s  under which i t s  a c t io n  on the k e to n ic  e s te r  i s  

conducted d o u b t le s s  in  many ca ses  in f lu e n c e  the ex ten t  to  

which an asymmetric s y n th e s is  takes p la c e .  W hilst the 

a c t i v i t y  o f  the m ixture o f  unequal amounts o f  ( d ) -  and ( l ) -  

p h e n y lm e th y lg ly c o l l ic  a c id s  does not v ery  ap preciab ly  vary



w ith  v a r ia t io n  o f  the c o n d it io n s  under which th e  Grignard  

reagent i s  employed, the case i s  d i f f e r e n t  when magnesium 

i s o h u ty l  io d id e  a c t s  on ( l ) -m e n th y l  h en zoy lform ate , s in c e ,  

when the Grignard reagent i s  added i n  th e  p ro p o rtio n  o f  

m ois, of io d id e  to 1 mol. o f e s t e r ,  the exten t o f the asym

m etr ic  s y n th e s is  i s  much l e s s  marked than when the reagent  

i s  added i n  the p ro p o rtio n  of 1 ^ o l s .  o f  io d id e  to  i mol. of  

e s t e r . "

McKenzie and M üller (19 0 9 ) thought i t  might he p o s s ib le  

to  c o r r e la te  degree of asymmetric s y n th e s is  w ith  the magni

tude of the o p t ic a l  r o ta to r y  power o f  the a lc o h o l r a d ic a l ,  

but t h i s  was not confirmed by R itc h ie  (1933a) who commented 

as f o l l o w s : -

"The exten t of any asymmetric s y n th e s is  o f t h i s  type  

appears to  depend as much upon the c o n d it io n s  o b ta in in g  during  

the Grignard r e a c t io n  as upon th e  r o ta to r y  power of the 

d ir e c t in g  system; on rep ea tin g  such a s y n th e s is  se v e r a l  t im e s ,  

the a c t i v i t y  of the product has been found to  vary markedly. 

The case  recorded above i s ,  however, the o n ly  one where th ere  

i s  the l e a s t  doubt about the  s ig n  o f the r o t a t io n  -  a ra th er  

p u z z l in g  r e s u l t ."  Here R itc h ie  was r e fe r r in g  to  the s y n th e s is  

in v o lv in g  i s o b u ty l  magnesium io d id e  upon ( - ) -b o r n y lb e n z o y l  

form ate when McKenzie obta ined  a d e x tr o r o ta to r y  and R itc h ie  a 

la e v o r o ta to r y  prod uct.

McKenzie ( l9 0 6 )  a lso  attempted a few asymmetric sy n th eses
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u s in g  ( - ) -m enthyl e s t e r s  o f  p -  and y - k e t o  a c id s  i n  r e a c t io n s  

analogous to  th e  a b o v e . ( s e e  T a b le ) .

Asymmetric s y n th e s e s  have a l s o  been  observed when an 

o p t i c a l l y  a c t iv e  a c y lc a r b in o l  has been  t r e a t e d  w ith  a 

Grignard reagen t and o x id a t io n  o f  the  o r i g i n a l  asymmetric 

c e n tr e  o f  th e  r e s u l t i n g  g l y c o l  has been  e f f e c t e d .  Roger 

( 1 9 3 7 , 1 9 3 9 ) accom plished  the asymmetric s y n th e s is  o f  

( + ) - e t h y l  b e n z o in  ( i l l )  b o th  from ( + ) -b e n z o in  ( I )  and from  

( - ) -p h en y l p ro p io n y l c a r b in o l  ( I I ) .

( + )  ( +)  ( +)
CHPh(OH).COPh + EtMgBr >CHPh(OH). C(OH)EtPh

I p-form ( + )
PhCC.CPhEt(OH) 

( - )  ( - )  ( + ) y *  I I I
PhCH(OH).CQgt + PhMgBr >CHPh(OH).C(CH)BtPh^

I I  a -form

The above p r e p a r a t io n  o f  ( + ) -b e n z o in  was termed a u n i l a t e r a l  

asymmetric s y n t h e s i s  b y  Roger s in c e  o n ly  one o f  the two 

p o s s i b l e  forms was o b ta in e d .

As would be e x p e c te d  from t h i s  o b s e r v a t io n  T iffen e a u  and 

L evy (1 9 2 7 ) had ob ta in ed  d i f f e r e n t  p ro d u c ts  by t r e a t in g  

( - ) -b e n z o in  w ith  e t h y l  magnesium bromide and ( - ) -p h en y l-  

p r o p io n y lc a r b in o l  w i t h  phenyl magnesium bromide r e s p e c t i v e l y ,  

a lth o u g h  in  b o th  c a s e s  the p rod u cts  were racemic compounds. 

Other o b s e r v a t io n s  analogous to  the above have been recorded ,  

o n ly  one o f  the two p rod u cts  th a t  cou ld  be ex p ec ted  b e in g  

form ed, a lth ou gh  p r e f e r e n t i a l  o x id a t io n  o f  the o r ig in a l  

o p t i c a l l y  a c t i v e  c a r b in o l  group has not always b een
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accom plished  t o  g iv e  a new o p t i c a l l y  a c t iv e  c a r b in o l .

Brokaw and Brode (1948) f a i l e d  to  e f f e c t  an asymmetric  

s y n t h e s i s  by th e  i n t e r a c t i o n  o f  e i t h e r  m e th y l-  or e t h y l -  

a c t i v e -amyl k eton e  w it h  e t h y l  or m ethyl magnesium bromide 

r e s p e c t i v e l y .  Nor was an asymmetric s y n th e s is  e f f e c t e d  b y  

the i n t e r a c t i o n  o f  a c t i v e -amyl magnesium bromide and m eth y l-  

e t h y l  k eton e . T his i s  the  o n ly  re fe r e n c e  which can be found  

to  an attem pted  asymmetric s y n th e s i s  in v o lv in g  an a d d it iv e  

r e a c t i o n  betw een  an o p t i c a l l y  a c t iv e  Grignard reagent and a 

sym m etrical k e to n e .  The s e r i e s  of r e a c t io n s  was:

CH2.CH2.GH . CH2Br 

C H ,

C H ^. C H g. CH. C H g .C .C H ^

CH CHyCO.CH2 .CH2

CH^.O%.CH. C%.GLCH2.CH2

CH2

OH
tH2MgB:

su
CH2 .C H g .C H .C H 2 . c .C H g .C H 2  

CH2 CH2

The r e a c t io n s  d is c u s s e d  above (e x c lu d in g  the l a s t  

example) have a l l  in v o lv e d  a d d it io n  o f a Grignard reagent to  

a carbonyl group in  a m olecu le  which a ls o  c o n ta in s  an 

o p t i c a l l y  a c t iv e  c e n tr e .  A ttem pts have a l s o  been  made to
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e f f e c t  an asymmetric s y n t h e s i s  by t r e a t i n g  an in a c t iv e  

carb on y l compound w ith  a Grignard reagen t i n  an o p t i c a l l y  

a c t iv e  e o lv e n t .

B e t t i  and L u cch i (l 940) c la im ed  t o  have accom plished  

t h i s  type o f  asymmetric s y n t h e s i s  by  t r e a t in g  b e n z a l -  

dehyde w ith  m ethyl magnesium io d id e  i n  benzene and an o p t i c 

a l l y  a c t iv e  s o lv e n t  such as d im eth ylborn ylam ine . S in ce  th en ,  

t h i s  work has b een  c r i t i c i s e d  a d v e r s e ly  by T a r b e ll  and 

P a u lso n  (1 9 4 2 ) ,  who c o n s id e r  t h a t  th e  supposed asymmetric  

s y n t h e s i s  was due to  im p u r i t ie s .  A ls o ,  the  l a t t e r  authors  

were u n s u c c e s s fu l  when th e y  attem pted  a s im i la r  type of  

asymmetric s y n t h e s i s  u s in g  ( + ) -m e th y l - s -b u ty l  e th e r  as 

s o lv e n t  fo r  the p r e p a r a t io n  o f  p h e n y lm eth y lca r b in o l from 

benzaldehyde and MeMgBr.

The e f f e c t  o f  an o p t i c a l l y  a c t iv e  s o lv e n t  on the s t e r e o 

ch em ica l course o f  a r e a c t io n  in v o lv in g  a Grignard reagent  

i n  an o p t i c a l l y  a c t iv e  s o lv e n t  was a l s o  in v e s t ig a t e d  by 

Bonner (l 9 4 7 ) .  No asymmetric s y n t h e s i s  was e f f e c t e d  when 

CHj.CHCl.OCgHj was t r e a te d  w it h  phenyl magnesium bromide to  

g iv e  CH^.(CgH2 )CH.0C2H2 u s in g  m ethyl te tr a m e th y l-a -D -  

g lu c o s i d e ,  t e t r a - a c e t y l g l ^ c o s y l  c h lo r id e ,  b ru cine and a -  

bromocamphor as o p t i c a l l y  a c t iv e  s o l v e n t s .

So fa r  no m en tion  has been made o f  asymmetric sy n th e se s  

w hich  have been  e f f e c t e d  by u t i l i s i n g  the reducing p ro

p e r t i e s  o f  some Grignard r e a g e n ts .  Vavon, R iv ie r e  and
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A ngelo  (1 9 4 6 ) and Vavon and A ngelo  (1 94?) have e f f e c t e d  a 

s e r i e s  o f  asymmetric r e d u c t io n s  o f  k e to n e s ,  c o n ta in in g  no 

asymmetric carbon atom, w ith  the  a id  o f  is o b o r n y l  magnesium 

bromide to  g iv e  o p t i c a l l y  a c t iv e  c a r b in o ls .  In  t h i s  ca se  

the degree o f  asymmetric s y n th e s is  was dependent on the  

s t r u c tu r e  o f  the k e to n e .

In  c o n c lu s io n  some o th e r  r e le v a n t  o b se r v a t io n s  may be

m entioned. Bergmann and H a r tr o tt  (1935) attem pted  the p r e -
*

p a r a t io n  o f  o p t i c a l l y  a c t iv e  CH3. (CH2)2*CH(CH2).C(0H)(Ph)2  

from CĤ # (CH2)2*^ïiGH2*C02Bt and PhMgBr but ob ta in ed  o n ly  the  

i n a c t i v e  a lc o h o l .  They r e j e c t  the id e a  th a t  the e s t e r  under

goes é n o l i s a t i o n  b e f o r e  i t  r e a c t s  w ith  the Grignard reagent  

or th a t  the in te r m e d ia te  ketone formed e n o l i s e s  b e fo r e  

f u r th e r  r e a c t io n ,  and s u g g e s t  th a t  the ra c é m isa t io n  i s  due 

to  the fo l lo w in g  e q u i l ib r iu m  i n  the r e a c t io n  m ixture:

H Ph
1 I / P h

Me -  C -  C -  OH;F=====^Me -  C = C(;
I I I
Pr Ph Pr

However, Camphell and Kenyon t r e a t e d  ( + ) - p a r t i a l l y

r e s o lv e d  hydra t r o p ic  a c id  w i t h  PhMgBr and o b ta in ed  an o p t i c 

a l l y  a c t iv e  g l y c o l .

CH, OH, OH
I  ̂ 1 ^ 1

Ph -  C -  CO pH— ------------ >Ph -  C -  C -  Ph
I  ̂ 1 1
H H Ph

F u r th e r ,  t o  f in d  i f  an eq u il ib r iu m  m ixture was o b ta in e d , th e y
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d i s s o lv e d  1 :1 :2 - tr ip h e n y lp r o p y le n e  i n  4 mol. p r o p o r t io n s  o f  

P M ^ r  s o l u t i o n  and a f t e r  adding 1 mol. p r o p o r t io n  o f  w a ter  

h ea ted  the s o l u t i o n  under r e f l u x .  D ecom p osition  y ie ld e d  the  

unchanged compound ( 4 .5  g . from 5 .0  g . ) ,  p rov in g  i n  t h i s  

ca se  th a t  no e q u il ib r iu m  had b een  e s t a b l i s h e d .

V ariou s s u g g e s t io n s  have b een  advanced as to  f a c t o r s  

c o n t r o l l i n g  asymmetric sy n th e s e s  o f the type in v o lv in g  the  

a d d it io n  o f  a Grignard reagen t to  a carbonyl group, when the  

l a t t e r  and an asymmetric c e n tre  are p r e s e n t  i n  th e  same 

m o lec u le .  McKenzie and h is  c o l l e a g u e s  were in c l i n e d  to  

favour an e x p la n a t io n  in v o lv in g  "induced asymmetry" i n  th e  

carbonyl group undergoing r e a c t io n  ( c f .  R i t c h i e ,  1 9 4 7 ) .  One 

o f  the more r e c e n t  d e f i n i t i o n s  o f  "asymmetric in d u c t io n " ,  

advanced by Kortlim (l 9 3 2 ) ,  i s :  "The a c t io n  o f  a f o r c e ,  

a r i s in g  i n  asymmetric m o le c u le s ,  w hich in f l u e n c e s  ad jacen t  

sym m etrical m o le c u le s  i n  such a way th a t  th ey  become asym

m e tr ic " .  He thought t h i s  e f f e c t  cou ld  be e x h ib i t e d  b o th  

i n t r a -  and in t e r - m o le c u la r ly .  T i f f e n e a u ,  L evy and D itz  

(l 931 , 1935) favour the e x p la n a t io n  th a t  one o f  the two bonds 

o f  the carb on yl group i s  a t ta c k e d  s e l e c t i v e l y  when th e re  i s  

an o p t i c a l l y  a c t iv e  system  e lsew h ere  i n  the m olecu le . Kenyon 

and P a r tr id g e  (1936) have su g g es ted  th a t  " i t  i s  a d i f f e r e n c e  

i n  energy  a s s o c ia t e d  w ith  the d ia s t e r e o is o m e r ic  in term ed ia te  

p ro d u cts  w hich i s  r e s p o n s ib le  f o r  the  o n e -s id e d  a d d it io n " .

V arious w orkers have su g g e s te d  th a t  the degree o f
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asymmetric s y n th e s is  w i l l  he c o n t r o l le d  hy th e  p ro x im ity  o f  

the asymmetric cen tre  to  th e  cen tre  a t  which th e  r e a c t io n  

w i l l  take p la c e  ( c f .  Brokaw and Brode, 1 948, and T i f fe n e a u ,  

L evy and D i t z ,  1931 , 1 9 3 5 ) .  However, th e r e  has he en no 

s y s te m a t ic  i n v e s t i g a t i o n  in t o  the e f f e c t  on the degree of  

asymmetric s y n th e s is  o f  in tr o d u c in g  a carhon ch a in  o f  i n 

c r e a s in g  le n g t h  [ -(GH^)^- ] betw een  the o p t i c a l l y  a c t iv e  

c e n tr e  and the r e a c t io n  c e n tr e .

A ls o ,  i t  appeared from the ahove id e a s  on asymmetric 

s y n t h e s i s  t h a t ,  i f  such  sy n th e s e s  ( in v o lv in g  an a -k e to  e s t e r  

and a Grignard r e a g en t)  were a r e s u l t  o f  asymmetric in d u c t io n  

w hich presumably must he an e l e c t r o n i c  mechanism -  th en  the  

in tr o d u c t io n  of a m ethylene ch a in  sh ou ld  d ecrea se  the e x te n t  

o f  asymmetric s y n t h e s i s .  However, i f  asymmetric sy n th eses  

were due to  en ergy  d i f f e r e n c e s  a t  some s t a g e ,  no such de

crea se  i n  the degree of asymmetric s y n t h e s i s  would he e x 

p e c te d . M oreover, fu r th e r  in fo r m a tio n  as to  th e  e x p la n a t io n  

o f  t h i s  type of asymmetric s y n th e s i s  cou ld  he obta ined  hy  

the stud y  o f  the in t e r a c t i o n  o f  a Grignard r e a g e n t ,  con

t a in i n g  an asymmetric c e n t r e ,  w ith  a sym m etrical k e to n e , w ith  

a view to o b ta in in g  an asymmetric s y n t h e s i s .  Thus, i t  was 

d ecid ed  to  s tu d y  the in t e r a c t i o n  of an o p t i c a l l y  a c t iv e  hromo- 

a c e ta te  and acetophenone i n  the  p resen ce  o f  z in c ,  i . e .
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Me

Ph. CO.Me + Br CH2. CO2B*----- —— ^Ph -  0 -  CH2-CO2R*

OZiiBr

h y d r o ly s is

Me
\

Ph -  C -  CH2-CO2H ( o p t ic a l ly  
I a c t iv e ? )

OH

Id . P resen t I n v e s t ig a t io n

Thus, th e  p r e s e n t  i n v e s t i g a t i o n  e n t a i l e d  the fo l lo w in g  

s t e p s  : -

(1 ) p r e p a r a t io n  o f  ( - ) -m e n th y l  e s t e r s  o f  - a c e t y l  f a t t y  

a c id s  -  CH^.CO.(CH2)n»G02H;

( 2 ) in t e r a c t i o n  o f  th e s e  e s t e r s  w ith  phenyl magnesium 

brom ide, w ith  subsequent h y d r o ly s is  and i n v e s t i g a t i o n  of the  

r e s u l t i n g  h ydroxy-ac id  fo r  o p t i c a l  a c t i v i t y ;

( 3 ) e s t a b l i s h in g  whether the above type o f  asymmetric syn

t h e s i s  was dependent on r e a c t io n  c o n d it io n s ;

(4 )  p r e p a r a t io n  o f  ( - ) -m e n th y l  b ro m o a ceta te , and i t s  

treatm ent w ith  acetophenone in  the  p resen ce  o f  z in c ,  w ith  

subsequent h y d r o ly s is  o f  the p rod u ct. The hydroxy acid  thus 

ob ta in ed  would be examined fo r  o p t i c a l  a c t i v i t y .

I t  w i l l  b e  seen  from the above th a t  i t  was decided  to  

use the menthyl e s t e r .  I t  had been observed th a t  asymmetric 

s y n th e s e s  in v o lv in g  m enthyl e s t e r s  tend to  be g r e a te r  than
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when, fo r  exam ple, b orn y l or secon d ary  o c t y l  e s t e r s  are 

used (McKenzie and M ü lle r ,  1 9 0 9 ) .  A ls o ,  the m enthyl e s t e r  

group has a r e a c t i v i t y  c o n s id e r a b ly  low er than t h a t  o f  

many o f  the o th e r  e s t e r  groups (T r ie b s ,  1 9 4 4 ) .



I I .

PSSPARATIOH OP (-)-MBNTHYL ESTERS
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I I .  PREPARATION OP (-)-MBHTHïL SSTBRS

l i a .  ( - ) -M en th y l pyruvate

P yru v ic  ac id  was prepared accord ing  to  th e  method i n  

O rganic S y n th eses  (C o l l .  V o l. I ,  p. 475) b y  the dry d i s t i l l a 

t i o n  o f t a r t a r i c  a c id  w ith  p otass ium  hydrogen su lp h a te .  I t  

was obta ined  i n  39% y i e l d ,  b ased  on t a r t a r i c  a c id ,  and had 

b .p .  58°/7mm. , which i s  i n  agreement w ith  some o f  the  

p u b lish ed  v a lu e s ,  e . g .  58^/7 mm. (Henri and Promageot, 1 9 2 5 ) ,  

a lth ou gh  th ere  appear to  be some d is c r e p a n c ie s  in  the l i t e r a 

tu r e .

The ( - ) -m enthyl e s t e r  was prepared by the P is c h e r -  

S p e ie r  method u s in g  4 m o lecu la r  p r o p o r t io n s  o f  m enthol.

E xcess  menthol was removed by steam  d i s t i l l a t i o n ,  and the  

low y i e l d  o f  menthyl pyruvate  ob ta in ed  (24% o f  crude, b .p .

1 28-130^ /8  mm.) was a t t r ib u te d  to  th e  steam v o l a t i l i t y  o f  

m enthyl pyru vate  which was su g g es ted  by th e  f a c t  that^ towards 

the end of the steam d i s t i l l a t i o n ,  th e  d i s t i l l a t e  co n ta in ed  

an o i l  which would not s o l i d i f y .  The p h y s ic a l  co n sta n ts  

ob ta in ed  f o r  pure ( - ) -m enthyl pyruvate w ere , b .p .  1 3 2 .5 - 1 3 3 .5 ° /  

10 mm., n^^ 1 .4 5 6 5 ,  cy^ -4 6 .6 4 ^  > ^5780

5 - 5 5 .7 4 ° .  These v a lu e s  are comparable to  th o se  rep orted
5461

by McKenzie (1 9 0 5 ) ,  b .p .  1 31 -132 V i  0 mm., and by Roger and

R i t c h ie  ( l 9 3 2 ) ,  -  46.54^* ^5461 "55.46® ( t  = 0 . 5  dm.);

th ese  authors prepared the e s t e r  by the same method.
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I l b .  ( - ) -Menthyl l a e v u l a t e

( - ) -Menthyl l a e v u la t e  was prepared from l a e v u l i c  a c id  

b y the P is c h e r - S p e ie r  method o f  e s t é r i f i c a t i o n ,  e x c e s s  

menthol b e in g  f i n a l l y  removed by d i s t i l l a t i o n  i n  vacuo.

( - ) -Menthyl l a e v u l a t e ,  b .p .  151 ®/2 mm. was obta ined  in  71% 
y i e l d  w ith  the fo l lo w in g  p h y s ic a l  c o n s t a n t s : -

1 .4 5 7 3 ,  0 .9 7 6 5 ,  0 .9 7 1 ,  - 61 . 1 4 ° ,

r 1 2 5 ^  0 , 0  McKenzie ( l9 0 6 ) ,w h o  prepared the  e s t e r^^5461 71.5 /f  ,  ^
b y the same method, r e p o r te d  b .p .  1 69/ i  2 mm.; d, 0 . 9773; 

o
- 60 . 6 ® fo r  t h i s  compound. The sem i-carbazone  

c r y s t a l l i s e d  from a lc o h o l  i n  p r is m a t ic  n e e d le s ,  m.p.

1 56-1 56. 5°.

l i e .  ( - ) -M enthyl W - a c e t y l - n - b u t y r a t e  [ ( - ) -m enthyl 4 - k e to -  
pent an-1 - c a r b o x y la te  ]

In  th e  e a r l i e r  work, r in g  f i s s i o n  of 5 -  and 6-membered 

r in g  compounds by o x id a t io n  was o f t e n  found to  g iv e  

a c e t y l - n - b u t y r ic  ac id  ( c f .  B e i l s t e i n ,  I I I ,  3 8 5 ) .  Vhrlander  

(1 8 9 7 ) e f f e c t e d  h y d r o ly t ic  f i s s i o n  o f cyclohexan-1 :3 -d ion e  

by b o i l i n g  w ith  barium hydroxide s o lu t io n  and ob ta in ed  t h i s  

compound; cyclohexane-1  :3 -d io n e  was prepared by re d u ct io n  o f  

r e s o r c in o l  w ith  sodium amalgam and w ater . The h y d r o ly s is  

o f  a c e ty l  s u b s t i t u t e d  d ic a r b o x y l ic  a c id s  and d i - a c e t y l  

s u b s t i t u t e d  a c id s  has a ls o  b een  used fo r  the p rep a ra t io n  o f  

a c e ty lb u ty r ic  a c id ,  e . g .  ( i )  h y d r o ly s is  o f  a - a c e t y l - g l u t a r i c
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a c id  prepared from a ceto a ce  t i c  e s t e r  and p -iod op rop ionate  

( P i t t i g  and W o lff ,  1 883; B e n t le y  and P erk in , 1 896) or from 

m ethyl a c r y la te  and a c e t o a c e t ic  e s t e r  (A lb e r tso n , 1 9 4 8 ) ,

( i i )  h y d r o ly s is  o f  y y ' - d i a c e t y l  b u ty r a te ,  and ( i i i )  hydro

l y s i s  o f a - c a r b e t h o x y - - k e t o c a p r o a t e  prepared by the i n t e r 

a c t io n  o f  m alonic e s t e r  and a Mannlchbase(%N.Œ2.CH2^CO. . HCl) 

(Mannich and Pour ne au, 1938 , Harradence and L io n s ,  1 9 3 9 ) .

T his compound has a ls o  been prepared through the i n t e r 

a c t io n  o f  g lu t a r i c  anhydride and m ethyl magnesium bromide i n  

eq u im olecu lar  p ro p o r t io n s  (Komppaand Eohrmann, 1934) as 

w e l l  as by the  h y d r o ly s is  o f  1 : 6-d im e th y l-6-h y d ro x y p lp er id -2-  

one which i s  ob ta in ed  by the i n t e r a c t io n  o f  g lu tsrm eth y lim id e  

and methyl magnesium bromide (Lukes and G orocholinsky, 1 9 3 6 ) .

In  1 942 a method was p a ten ted  for  the p rep a ra t io n  of  

a c e ty lb u ty r ic  a c id  by  the in t e r a c t io n  o f ketene and v in y l  

methyl ketone (Hopff and Rapp, 19 4 2 ) .  T atevosyan, Melikyan  

and Tuteryan (1946) prepared a c e ty lb u ty r ic  acid  by the

fo l lo w in g  s e r i e s  of r e a c t io n s ; -
^ c o p .C p H c  ,cajï 9 -? '  /OOgCgHc

NaCH ^  + C&-0=C-CH2C1 --------------  ̂ CHt-C^c-CHo-CH ^
^ C 02.C2H5

KOH

p - H  O l H /CO pH
CH5.CO .(CH2 ) 3 .CC^H <-------CHj -C =C -C H 2-C H 2.C 02H  <----------CH3 - 6 =C-C!H2 .CH

cone. Heat
^280^̂ and

vacuum 
d i s t i l
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The method chosen  was based  on th e  h y d r o ly t ic  f i s s i o n  

o f  cyc lohexane-1  :3 -d io n e  s in c e  i t  i s  now a v a i la b le  comm ercial

l y ,  and s in c e  th e  hydrolysis, w ith  e i t h e r  barium hydroxide  

or p otass iu m  h yd rox id e , i s  r e a d i ly  accom p lished  and the  

k e to a c id  o b ta in ed  i n  good y i e l d .  H y d r o ly s is  w ith  barium  

hydroxide s o l u t i o n  gave a y i e l d  r a th e r  low er than th a t  w ith  

potass iu m  hydroxide. ^ ' -A c e ty l-n -b u ty r ic  a c id  mono-hydrate  

c r y s t a l l i s e d  from w ater i n  p r ism s, m.p. 37-37 .5® . This  

m.p. i s  comparable w ith  th o s e  recorded  by  o th e r  w orkers; e . g . ,  

37® (L ipp , 1 8 9 6 ) ;  3 6 ® (V brlander, 1 897; Haworth and P erk in ,

1 9O8 ; Mannich, 1 9 3 8 );  37r3^® ( T a t e v o s y a n ^  a L . , 1 9 4 6 ) .  The 

sem i-ca rb a zo n e , which c r y s t a l l i s e d  i n  p r ism s from w a ter , had 

m.p. 172 . 5- 173 . 5  ̂ ( d e c . ) .  M.p. 1 73-1 74® has been  recorded  

by Mannich (1938) and by  B e n t le y  and P erk in  (l 896) ,  1 75® by  

K btz, Blendermann, Mahnert and Rosenbusch ( l 913) whereas  

T atevosyan  (1 946) r e p o r ts  m.p. 1 68-1 6 9 ®. I t  has iDeen o b serv 

ed b y  Komppa and Rohrmann. (1 934) th a t  the  m.p. in c r e a se d  on 

d ry in g  at 110®, from 1 68® t o  204® (w ith  s in t e r i n g  a t 180®).

( - ) - M e n t h y l - ^ - a c e t y l - n - b u t y r a t e  was prepared from

anhydrous a c e t y lb u t y r ic  a c id  ( th e  mono hydrate  

b e in g  dehydrated  by  h e a t in g  under reduced p r e s su r e )  by the  

P is c h e r - S p e ie r  method. E x cess  menthol was removed by steam  

d i s t i l l a t i o n  and pure ( - ) -m enthyl a c e t y lb u t y r a t e , b .p .

1 54 .5-1  55 . 5 ° /3  mm. , was ob ta in ed  i n  45% y i e l d .
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( - ) -M e n th y l  tO - a c e t y l - n - b u t y r a t e  had the f o l lo w in g  p h y s i c a l

c o n s ta n ts :  -  n^^*^ , 1 .4 5 8 8 ;  d^5  ̂ 0 .9 7 3 ;  -6 8 .0 2 ^ ;

[a ]^ P -  - 7 0 .1 7 ° .  The sem icarbazone c r y s t a l l i s e d  from54o1
aqueous a lc o h o l  i n  p l a t e s ,  m.p. 125-1 2 5 .5 ^ .

I l d .  ( - ) -M enthyl < ^ -a c e ty l - n -v a le r a te  [ ( - ) -m enthyl 5 -k e to -  
hexan-1 - c a r b o x y l a t e ]

P r e v io u s  methods o f  p r e p a r a t io n  o f  a c e t y l v a l e r i c  a c id  

have in c lu d e d  th e  o x id a t i o n  o f  l -m e th y lc y c lo h e x e n e -1  w ith  

p o ta ss iu m  permanganate (V /allach , 1903> 1908) and o f  1 -m e th y l-  

cy c lo h ex a n o n e -2  w i t h  chromic and s u lp h u r ic  a c id s  (W allach ,  

1 9 0 3 ) and w i t h  oxygen in  th e  p resen ce  o f  l i g h t  (C iam ician .and  

S i l b e r ,  1 9 1 3 ) .

Subsequent to  th e  co m p le t io n  of th e  p r e s e n t  s e r i e s  o f  

ex p er im en ts  w i t h  a c e t y l v a l e r i c  a c i d ,  the r e s u l t s  o f  a 

d e t a i l e d  i n v e s t i g a t i o n  o f  the  p r e p a r a t io n  o f  t h i s  a c id ,  by  

o x id a t io n  o f  1 -m e th y lc y c lo h e x a n o n e -2 , were p u b l is h e d  by  

R uzick a , S e i d e l ,  S ch in z  and P f e i f f n e r  (l 9 4 8 ) .  O x id a tio n  o f  

the l a t t e r  compound w i t h  chrom ic a c id  in  a c e t i c  a c id  gave  

the  k e t o - a c id  in  good y i e l d .  Naves (l 948) has r e c e n t ly  

r e p o r te d  t h a t  th e  crude k e t o - a c id  (no m.p. g iv e n )  was o b ta in 

ed i n  good y i e l d  by o x id a t io n  o f  1-me th y l  c y c l  ohexene. M i la s ,  

MacDonald and B lack  (l 948) have d e sc r ib ed  the o x id a t io n  o f  

2 - m e th y l - l - e th y n y l - c y c lo h e x e n e  to  g iv e  a c e t y l v a l e r i c  a c id .

H y d r o ly s is  o f  d i e t h y l - a - a c e t y l a d i p a t e , prepared by  th e  

i n t e r a c t i o n  o f  s o d i o a c e t i c  e s t e r  and y - c h lo r o b u t y r ic  a c id  

( P ic h t e r  and G u lly ,  1897) y i e l d s  a c e t y l v a l e r i c  a c id ,  as does
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the h y d r o ly s i s ,  w ith  a l c o h o l i c  potass ium  h ydrox ide , o f  e t h y l  

a: S - d i a c e t y l v a l e r a t e .  The l a t t e r  compound had b een  i s o l a t e d  

b y  P erk in  ( 1 8 9 0 ) during the i n v e s t i g a t i o n  o f  the product o f  

i n t e r a c t i o n  o f  a c e t o a c e t i c  e s t e r  and e th y len ed ib ro m id e .

D er ick  and Hess (1 91 8 ) c r i t i c i s e d  the p u r i t y  o f  the p rod u cts  

o b ta in ed  by e a r l i e r  w ork ers , and d esc r ib e d  the p r e p a r a t io n  

o f  a c e t y l v a l e r i c  a c id  by the a c id  h y d r o ly s is  o f  e t h y l  cT-cyano- 

a - a c e t y l v a l e r a t e

KCN

Br.CH2 .CH^.CH2B r   ---------  ̂ Br.CH^.CH2 .CH2 .ON

IcHCO.CHg.OO2C2H5

CH^.OO. (CH2)|^.C02H. t------------- -OH^. CO. CH(CH2. CH2 . CH2 . CN).
HCl

T h is  method was a ls o  employed by L ea se  and M cSlvain  ( l9 3 3 ) .  

M ü lle r  and Krauss (1 9 3 2 ) prepared  a c e t y l v a l e r i c  a c id  by  

h y d r o ly s i s  o f  the  product o f i n t e r a c t i o n  o f  m alonic  e s t e r  

and 60 - c a r b e th o x y v a le r y l  c h lo r id e .  The l a t t e r  compound has 

a l s o  been  used a s  a s t a r t i n g  m a te r ia l  by  B l a i s e  and Koehler  

(1 910) ,  who t r e a t e d  i t  w ith  dim ethyl z in c .

A lthough P o lg a r  and Robinson ( l 945) o b ta in ed  e x c e l l e n t  

y i e l d s  u s in g  the  method o f B l a i s e  and K oehler ( l 9 1 0 ) ,  Cason 

( 1 9 4 7 ) c o n s id e r s  th a t  d im ethyl cadmium i s  to  be p r e fe r r e d  to  

dim ethyl z in c ,  the form er compound g i v i n g ,  in  g e n e r a l ,  more 

re p r o d u c ib le  r e s u l t s  than the l a t t e r .  A c e t y lv a l e r i c  a c id
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was th e r e fo r e  prepared in  the p resen t  i n v e s t i g a t i o n  hy the  

method o f  Cason. D im ethyl cadmium has the  fu r th e r  advantage  

o f  b e in g  l e s s  dangerous than  d im ethyl z in c ,  and i t  was a n t i 

c ip a te d  th a t  the p r e p a r a t io n  o f <5̂ - c a r b e th o x y v a le r y l  c h lo r id e  

from a d ip ic  a c id  -  w hich i s  r e a d i ly  a v a i la b le  -  would a f fo r d  

no d i f f i c u l t y .

Thus d ^ - a c e t y l - n - v a le r ic  acid  was prepared by the 

f o l lo w in g  s e r i e s  o f  r e a c t i o n s ; -

^/C02H^ 0 2 H
(CH2 )/; d i - n - b u t y l  e t h e r as s o lv e n t  i ( CHn

\aO 2H E tOH, ( CÏÏ2 J4TCO Pt ) 2 , and HCl '  SDOgEt

(1 g .m o l. ) (1 .3g./toL) (0 . 58 g. mol.)

Eton
(6  g. m o l . ) 

t o lu e n e ,  conc. HCl.

/CO pH
(OH^) ^

(,g.»V

(1 g .m o l . )

SOClp 
( 1 . 35g.mdl)

•COCl

vCOpBt
, (1 g . m o l . )

CdMe
(l.07g. mol. )

/COCH%
(CHgL <_

^COgH

(1 g .m o l . )

✓COCH,
K3H ( 1.11 g .m o l . )  (CH2 ) ^

\C%Bt

(1 g. mol. )

E th y l hydrogen a d ip a te  was prepared e s s e n t i a l l y  acco rd in g  to  

th e  method g iv e n  fo r  e t h y l  hydrogen se b a c a te  i n  Organic  

S y n th e se s ,  V o l. IX, p. 4 5 ,  i . e .  by h ea t in g  a m ixture of  

a d ip ic  a c id ,  d i e t h y l  a d ip a te ,  e t h y l  a lc o h o l  and co n cen tra ted
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h y d r o c h lo r ic  a c id  w ith  d i - n - b u t y l  e th er  as s o lv e n t .  The

d i e t h y l  ad ip a te  used in  the above p r e p a r a t io n  was prepared

±T: 94% y i e l d  accord in g  to  Organic S y n th e se s ,  C o l l .  V o l. I I ,

p . 264 , i . e .  by rep ea ted  d i s t i l l a t i o n  of to lu e n e  from an

e t h a n o l i c  s o l u t i o n  o f  a d ip ic  a c id .  E th y l hydrogen a d ip a te ,

s u f f i c i e n t l y  pure f o r  c o n v e r s io n  t o  th e  a c id  c h lo r id e ,  was

o b ta in ed  i n  $6% y ie ld  in  th e  l a s t  two exp er im en ts  ( t o t a l  o f

5 c a r r ie d  o u t)  when the  tech n iq u e  f o r  the d i s t i l l a t i o n  had

b een  m astered . The p rod uct obtained; had b .p .  1 34-1 38®/l 8 mm., 
1 5®nu 1 . 4299. van R y sse lb e rg e  ( l 9 2 6 ) r e p o r ts  b .p .  

o 20^1 27 / l  3 mm. , 1 .4 2 7 2 ;  assuming a tem perature c o e f f i c i e n t

of 0 . 0004/  fo r  the r e f r a c t iv e  in d ex , n^^ i s  c a lc u la te d  to

be 1 . 4292.

S ince  the p r e p a r a t io n  o f  e t h y l  hydrogen ad ipate  o u t

l i n e d  above had proved to  be t e d io u s ,  an attempt was made to

prepare monomeric a d ip ic  anhydride ( H i l l ,  1930) which on
should

treatm en t w it h  e th y l  a l c o h o l / g iv e  a good y i e l d  o f e t h y l  

hydrogen a d ip a te .  The r e a c t io n  gave m ainly cyc lop en tan on e .

60 -C a r b e th o x y v a le ry l c h lo r id e ,  b .p .  1 2 6 V l  5 mm., was 

prepared  i n  95% y i e l d  by the  treatm ent o f  e t h y l  hydrogen  

a d ip a te  w ith  t h io n y l  c h lo r id e ;  McKennis and Vigneaud (1946)  

rep o r t  b .p .  127®/15 mm.

E th y l O - a c e t y l v a l e r a t e ,  b .p .  i0 4 ® /3  m m.-l08®/4 mm., 

was prepared by  the treatm ent o f  co - c a r b e th o x y v a le r y l  

c h lo r id e  w ith  d im ethyl cadmium i n  66% y i e l d .  R e d i s t i l l a t i o n
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o f  t h i s  product gave a l i q u i d ,  b .p .  11 4®/l 1 mm. (90% 

r e c o v e r y ) ;  McKennis and Vigneaud (1946) rep o rt  b .p .  1 2 0 -  

123®/13 mm.

iS - A c e t y l - n - v a l e r i c  a c id  was prepared from i t s  e t h y l  

e s t e r  by h y d r o ly s in g  w ith  10% p o ta ss iu m  hydroxide s o lu t io n ;  

52% y i e l d  was o b ta in e d  (average  o f  2 ex p er im en ts) .

 ̂ - A c e t y l - n - v a l e r i c  ac id  c r y s t a l l i s e d  i n  p l a t e s  from  

e t h e r / l i g h t  petro leum  (b .p .  40-60®) m ix tu re , m.p. 34-35^;  

D erick  and H ess (l 918) rep o r te d  m.p. 36.5® . The sem i

carbazone was prepared and found to  have m.p. 144^ a f t e r  

c r y s t a l l i s a t i o n  from a lc o h o l .  B la i s e  and K oehler (1 91 O) 

rep o r ted  m.p. 1 4 4 °  and 01 ami c i  an and S i lb a  (l 91 3) m.p. l47^o

( - ) -M enthyl c -a ce  t y l - n - v  a le  r a te  was prepared by the  

P is c h e r - S p e ie r  e s t é r i f i c a t i o n  method u s in g  4 g . m ois.

( - ) -m enthol to  1 g. mol. a c e t y l v a l e r i c  a c id ,  a f t e r  p r e l im i 

nary  exp erim en ts  had shown t h i s  method to  y i e l d  b e t t e r  

r e s u l t s  than t h a t  in v o lv in g  rep ea ted  d i s t i l l a t i o n  o f  to lu e n e  

from th e  a c e t y l v a l e r i c  ac id -m en th o l m ix tu re . Two e x p e r i 

ments gave an average y i e l d  o f  71% o f  crude ( - ) -m e n th y l  

a c e t y l v a le r a t e .  The product (o b ta in e d  by fo u r  d i s t i l l a t i o n s  

o f  the crude p r o d u c t ) ,  b .p .  1 73-1 74®/3 mm., had

1 .4 6 0 0 ,  a2 5 °  0 . 9605 , [ a ]^ 5 ° ^ - 5 8 .7 4 ° ,  -6 6 .  50° ,

and i n  ch loroform  - 6 3 .2 °  ± 0 . 2 ° .  [«^35^5  ̂"72. 2°  ± 0 . 2 °

( c ,  “ 1 . 5 ) .  The sem icarbazone of ( - ) -m enthyl f  - a c e t y l - n -  

v a le r a t e  c r y s t a l l i s e d  i n  p l a t e s ,  m.p. 105-106®, from aqueous
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a lc o h o l .

I l e .  ( - ) -M en th y l ^ -^ -acety loe largon ate  f ( - ) -m e n th y l  9 -k e to -  
de can-1 -c a r b o x y l  a te ]

^  - A c e ty lp e la r g o n ic  a c id  was f i r s t  prepared by  

Welander (l 895) by the h y d ra tio n  o f  2-d e c y n e -10 -c a r b o x y l ic  

a c id  (CHj-C=GH-(CH2 )y-C02H) w ith  m oderate ly  con cen tra ted  

su lp h u r ic  a c id .  I t  was shown by M yddleton and B a r r e tt  

( 1927 ) th a t  he had a c t u a l l y  o b ta in ed  a m ixture o f  the

2-  and 3 -k e to -d e ca n e-1  C -c a r b o x y lic  a c id e .  S h e r r i l l  and 

Smith (1 9 3 7 ) e f f e c t e d  t h i s  h y d r a tio n  w ith  m ercuric a c e t a t e .  

Employing t h i s  reagen t M yddleton and B a r r e t t  (19 2 7 ) had 

e f f e c t e d  the h y d ra tio n  o f  1 - d e c y n e -c a r b o x y l ic  a c id ,  to  g iv e  

o n ly  2- k e to -d e c a n e -1 0 - c a r b o x y l ic  a c id  ( a c e ty lp e la r g o n ic  

a c i d ) .  T h is  k e t o - a c id  has a ls o  been  prepared  by the ox id a

t i o n  o f  u n d e c a n e - 2 : l1 - d id  (C h u it ,  B o e l s in g ,  H ausser and 

M a let ,  1 9 2 6 ) and by t r e a t in g  th e  63-carb eth oxyn on oy l-  

c h lo r id e  w it h  d im eth yl z in c  (Ruzicka and S t o l l ,  1927) or 

d im eth y l cadmium (Cason and Prout ,1 9 4 4 ) .

In  th e  p resen t  i n v e s t i g a t i o n  ace t y l p e l  argoni c ac id  was 

p repared  e s s e n t i a l l y  accord ing  to  the method o f  Eyddldtcr  

and B arr^tt^ . (i 927), i . e .  b y  the f o l lo w in g  s e r i e s  o f  

r e a c t i o n s : -
Br2 alc.EOH

CH2.CH,(CH2)8 .CC^H-------> CH2Br.CHBr. (CH2]̂ .C%H  ---------  ̂Œ K.5l2)8 • GO2H

CH^.CO.(CH^)q.C02H
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Treatment o f  1 -de ce n e -1 C-c a r b o x y l i  c a c id  w ith  bromine i n  

l i g h t  p etro leum  gave 1 ;2 -d ib rom o-d ecan e- 1 0 - c a r b o x y l ic  a c id ,  

m.p. 35 . 5, 3 6 . 5̂ % i n  50% y i e l d ,  and a f u r th e r  27% o f  product  

m.p. 31 . 5^, w hereas M yddleton and B a r r e t t  o b ta in ed  a p ro 

d uct o f  m.p. 38 . 5^ in  79% y i e l d .  The 1 -d e c e n e - i  C -carb o-  

x y l i c  a c id  used  b y  M yddleton and B a r r e t t  was somewhat purer  

(m.p. 2i+. 5®) than  t h a t  used i n  t h i s  i n v e s t i g a t i o n  (m.p. 21®), 

1 -D e c y n e - iO -c a r b o x y lic  a c id ,  m.p. 39*7'-40®, was prepared  

from the  dibromo compound by  b o i l i n g  w ith  a l c o h o l i c  p otass iu m  

hydroxide s o l u t i o n  a cco rd in g  to  K r a ff t  (1 8 9 6 ) ,  who recorded  

m.p. 4 2 . 7- 42 .9 ^ .  The h y d r a tio n  o f  th e  crude a c e t y l e n ic  

a c id  was th en  accom p lished  by h e a t in g  a s o l u t i o n  i n  a c e t i c  

a c id  w ith  m ercuric  a c e t a t e .  The mercury s a l t  complex -  

( CH^.COgHg) . CO. ( CH2 )^002Hg/ 2  -  was decomposed w ith  hydro

c h lo r i c  a c id .  Some o f  the  mercury s a l t s  cou ld  be removed 

from t h i s  r e a c t io n  m ixture by f i l t r a t i o n ,  but an e t h e r e a l  

e x t r a c t  o f  the f i l t r a t e  s t i l l  c o n ta in e d  some mercury s a l t s  

w hich were b e s t  removed by p r e c i p i t a t i o n  as the su lp h id e  

( c f .  S h e r r i l l  and Sm ith , 1 9 3 7 ) .  C o n c en tr a t io n  o f  t h i s  

e t h e r e a l  s o l u t i o n  to  d r y n e ss ,  and c r y s t a l l i s a t i o n  o f  the  

p roduct from l i g h t  petro leum  (b .p .  6 0 -8 0 ^ ) ,  gave a c e t y l 

p e l  argon i c a c id  o f  m.p. 3 7 -3 8 °  i n  78% y i e l d .  Further  

p u r i f i c a t i o n  o f  t h i s  p rod uct was e f f e c t e d  v ia  i t s  b i s u l p h i t e  

d e r i v a t i v e ,  w hich was prep ared  by shaking  a benzene s o l u t i o n  

o f  the k e t o - a c id  w it h  a s a tu r a te d  s o l u t i o n  o f  sodium
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b i s u l p h i t e  ( c f .  Abraham, Mowat and Sm ith , 1 9 3 7 ) .  The p ro 

duct from t h i s  p u r i f i c a t i o n  p rocedu re  was c r y s t a l l i s e d  from 

l i g h t  p etro leum  (b .p .  40 - 6 0 ^ ) ,  g iv in g  sm all n e e d le s ,  m .p. 

5 8 . 2 - 5 8 . 8 ^. M yddleton and B a r r e t t  (l 927) record  m.p, 59.5® , 

Chuit e t  (1 9 2 6 ) m.p. 59 -59 .6®  and S h e r r i l l  and Smith  

(1 9 37 ) 58-59^ . The sem icarbazone had m.p. 135.5-136.5®*, 

M yddleton and B a r r e t t  (l 9 2 7 ) record  m.p. 1 3 6 . 5®.

(-)-M en t hyl ^  - a c e t y lp e la r g o n a t e  was prepared b y  the  

F is c h e r - S p e ie r  method in  75% y i e l d  w i t h  b .p .  2 0 9 -2 l0 ® /3  mm. 

This compound had the f o l lo w in g  p h y s i c a l  c o n s ta n t s :  

n 20-5°  i . 4 6 l 9 ,  0 .9 3 9 ,  [^3 59, - 5 5 .0 2 ° .
Jj y 6 OU 546i

The sem icarbazone m.p. 100 .5 -101  ®, c r y s t a l l i s e d  from aqueous 

a lc o h o l  in  r e c ta n g u la r  p l a t e s .

I l f .  Note on p h y s i c a l  p r o p e r t i e s  o f  ( - ) -m enthyl Ü - a c e t y l  
f a t t y  a c id  e s t e r s  i n  r e l a t i o n  t o  s t r u c t u r e

The p h y s i c a l  p r o p e r t i e s  of the ( - ) -m enthyl e s t e r s  o f

O - a c e t y l  f a t t y  a c id s  (CH^.CO. (CH2 )j^.C0 2 ( - ) -m e n th y l)  are

ta b u la te d  below ( s e e  a ls o  grap h).

n Mol. wt. d25° h250 -ra ]25°  -  
' ■‘5780

t o . 0 2 °

[ a ]2 5 °
5461

± 0 . 0 2 °
0 2 2 6 .3 0 .9 8 5  ( 2 0 ° ) * 1 .4 5 3 9  ( 1 0 ° ) ° — 113.1®
1 -  s o l i d
2 2 5 4 .4 0 .9 7 3 1 .4 5 7 3 6 3 .4 8 7 1 .8 4
3 2 6 8 .4 0 . 965 ( 5) 1 .4 5 8 8 6 2 .0 2 7 0 .1 7
4 2 8 2 .4 0 . 9 6 0 ( 5 ) 1 .4 6 0 0 5 8 .7 4 6 6 .5 0
8 

1___
3 3 8 .5 0 .9 3 9 1.461 9 4 8 .5 9 5 5 .0 2

* McKenzie ( l 9 0 5 ) .  o Roger and R i t c h ie  (1 9 3 2 ) .
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,25*

169 190100 1.010

168 18995 1.000

167 18890 0.990  '

166 18785  0.980

165 18680 0.970

164 10576  0.960

163 18470 0.960

162 1836 6  0 .9 4 0

161 1826 0  0 .9 5 0

I t  w i l l  be seen  th a t  the m olecu lar  r e f r a c t io n s  ( c a l c u l -
2

a ted  from the e x p r e s s io n  ( ^ - -1 ~  ) do l i e  on a s t r a ig h t
n + 2 ^

l i n e  when p lo t t e d  a g a in s t  n; the s lo p e  correspon ds to  a

v a lu e  o f  4.64- f o r  the r e f r a c t i v i t y  o f  the -CH2-  group. T his  

i s  i n  agreement w ith  the  v a lu e  ( 4 .6 2 )  p u b lish e d  by ï ï i s e n lo h r  

( c f .  G la s s to n e ,  1 9 4 0 ) .  W ith in  the range s t u d ie d ,  th ere  

appeared to  be an in v e r s e  l i n e a r  r e la t io n s h ip  betw een  the  

d e n s i t y  ana the v a lu e  o f  n.
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The m o lecu la r  r o t a t io n  o f  ( - ) -m enthyl pyru vate  i s  con

s id e r a b l y  la r g e r  than  t h a t  of the  h ig h e r  hom ologues, which  

might be e x p ec te d  i n  v iew  o f  the  p ro x im ity  o f  the carb on yl  

and carbomenthoxy groups. The m o lecu la r  r e f r a c t i o n  o f  

( - ) -m e n th y l  l a e v u la t e  (n  = 2) i s  m inim al. The number o f  

compounds examined was not s u f f i c i e n t l y  g r e a t  to  en ab le  any 

c o n c lu s io n s  to  be drawn, a s  to  th e  r e la t io n s h ip  betw een  [m] 

and n over the whole s e r i e s ;  a l l  v a lu e s  fo r  [M] might l i e  

on a curve when p l o t t e d  a g a in s t  n ,  or e x a l t a t i o n s  or d e p r e s 

s io n s  might be observed a t  r e g u la r  i n t e r v a l s  such as when 

(n  + x ) i s  a m u lt ip le  o f  5 and x i s  a co n s ta n t .

I l g .  ( - ) -M enthyl brom oacetate

( - ) -Menthyl brom oacetate  has p r e v io u s ly  b een  prepared  

b y  the  treatm en t o f  b rom oacety l bromide w ith  m enthol, e i t h e r  

i n  ch loroform  s o l u t i o n  (Cohen, 1 9 1 1 ) ,  or w ith  no d i lu e n t  

( S m i le s ,  1905; C h r is to p h er  and H i l d i t c h ,  1 9 1 2 ) .  S m i l e s ’ 

( 1 9 0 5 ) attem pt to  prepare t h i s  e s t e r  from b rom oacetic  a c id  

and menthol in  th e  p resen ce  o f  s u lp h u r ic  a c id  gave an 

e s t e r  o f  low s p e c i f i c  r o t a t io n .  In  th e  p r e s e n t  i n v e s t i g a 

t i o n  ( - ) -m e n th y l  b rom oaceta te  was prepared by t r e a t i n g  

b rom oacety l c h lo r id e  w i t h  m enthol (no d i l u e n t ) ,  and a ls o  by  

h e a t in g  b rom oacetic  a c id  and menthol at 1 0 0  ̂ i n  th e  p r e 

sen ce  o f  gaseous HBr. Brom oacetyl c h lo r id e ,  b .p .  1 21 -1 2 5 ° ,  

was prepared from b ro m o a cetic  ac id  and t h io n y l  c h lo r id e ,  

i n  7Q% y i e l d ;  i n  one experim ent r e d i s t i l l a t i o n  o f  t h i s
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product gave a l i q u i d ,  b .p .  1 2 5 . 5- 1 2 7 ° . P u b lish ed  v a lu e s

i n c l u d e : -  1 2 ?°  (de W ild e , 1 8 6 4 ) ,  133-1 35° (Meyer, 1 9 0 1 ) ,

and 127- 1 2 7 . 5 ° (A schan, 1 9 1 3 ) .

Crude ( - ) -m enthyl brom oacetate  was ob ta in ed  w ith  b .p .

1 5 6 ° /8  mm. in  02% y i e l d  from th e  a c id  c h lo r id e ,  and w ith  b .p .

1 08-11 6 ° / 2 - 3  mm. in  55$ y i e l d  from th e  fr e e  a c id .  B o i l in g

p o in t s  p r e v io u s ly  recorded  i n c l u d e , 1 4 6 -1 4 7 ^ 1 2  mm. (Cohen,

1 9 1 1 ) ,  141 -1 4 5 V i  2 mm. (S m ile s ,  1 905) and 1 77-1 7 8 ° /4 0  mm.

(C h r is to p h er  and H i l d i t c h ,  191 2 ) .  The d i s t i l l a t e s  s o l i d i f i e d

and th e  crude e s t e r  was found to  c r y s t a l l i s e  from l i g h t

p etro leu m  (b .p .  4 0 -6 0 ° )  as n e e d le s ,  m.p. 1 8 .5 -1  9 . 5^. The
25O
5780'
p cO

product Obtained from th e  a c id  c h lo r id e  had [a ]^ y g ^ -68. ÿ  ± 0,2 °  

[a ^ 546l ~78.1  ̂ i  0 . 2 °  ( c ,  2 . 5 in  c h lo r o fo r m ), and th a t  p r e 

pared  from th e  f r e e  a c id  had 3^ -  0.2*^,

[a ]^ ^  - 7 7 . 4 °  -  Ci2^ ( c ,  2 . 5  i n  ch lo r o fo r m ). The former
5461 p. o

prod uct had - 6 7 .9  -  0 .8 ^  (1 = 0 . 5  dm .). T his v a lu e

sh ou ld  be compared w ith  t h a t  r e p o r te d  by C h ristop h er and

H i l d i t c h  (1 91 2 ) for  a 2.5% s o l u t i o n  i n  ch loroform

-  [ a ] ^ ° ° - 6 3 .2 0 ° .
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I I lZ  INTERACTION OP PHENYL MAGNESi m  BROMIDE AND ( - ) -MENTHYL
-ACETYL PATTY ACID ESTERS

I l i a .  I n tr o d u c t io n

B efore  s tu d y in g  the asymmetric s y n th e s e s  r e s u l t i n g

from th e  r e a c t io n  b etw een  phenyl magnesium bromide and

( - ) -m e n th y l  O - a c e t y l  f a t t y  a c id  e s t e r s ,  i . e .
Ph

CHyCOXCHg)^. C02^C,,qH,, g --------------------------f  CH,-C-(CH2)^00;u.C,, gH, g

( 4  '  ( - )

where n = 0 ,  2, 3» 4 and 8

Ph Ph
I I

CH^-C-(CH2)^C02H -̂---------     CH^-C-(CH2)^C02-C^ g

OH OH
( - )

( o p t i c a l l y  a c t iv e ? )

i t  was e s s e n t i a l  t o  d evelop  a r e p r o d u c ib le  method f o r  the  

p r e p a r a t io n  o f  phenyl magnesium brom ide, and to  determ ine  

th e  amount o f  d ip h en y l formed under th e s e  c o n d i t io n s  so th a t  

t h i s  l o s s  o f  bromobenzene during th e  p r e p a r a t io n  o f  the  

Grignard reagent cou ld  be a llow ed  fo r .

T h is  S e c t io n  in c lu d e s  d e s c r ip t i o n s  o f  the method of 

e s t im a t io n  o f  d ip h en y l and o f  the  b a s i c  c o n d it io n s  used f o r  

s tu d y in g  th e  above type o f  asymmetric s y n t h e s i s ,  to g e th e r  

w ith  th e  exp er im en ta l r e s u l t s  o b ta in ed  during the i n v e s t i g a 

t i o n .

(+ ) U n less  o th erw ise  s t a t e d  o p t i c a l  o b se r v a t io n s  were made 
on e t h a n o l i c  s o l u t i o n s .
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I l l b .  P re p a r a t io n  o f  phenyl magnesium bromide

Phenyl magnesium bromide was prepared i n  an atmosphere  

o f  n i t r o g e n ,  u s in g  3 m olecu lar  p r o p o r t io n s  o f  magnesium 

tu r n in g s  to  1 o f  bromobenzene ( t o  red u ce  the amount o f  

diphenyl form ed). The method f i n a l l y  e v o lv ed  fo r  th e  p rep a

r a t i o n  o f an e t h e r e a l  s o l u t i o n  o f  phenyl magnesium bromide 

was as f o l lo w s .  A p o r t io n  (about 3%) o f  the magnesium was 

covered  w ith  e th e r  and a few drops o f  bromobenzene were 

added; th e  r e a c t io n  f l a s k  was h ea ted  i n  a b a th  a t  60° u n t i l  

t h e  r e a c t io n  had s t a r t e d .  The r e s t  o f  the  magnesium was 

added and covered w ith  e t h e r ,  and an e t h e r e a l  s o l u t i o n  o f  

bromobenzene was added a t  su ch  a r a te  as to  m a in ta in  g e n t l e  

b o i l i n g  o f  the e t h e r  w ith o u t  e x t e r n a l  c o o l in g  or h e a t in g .

When a l l  the  bromobenzene had been added the r e a c t io n  m ixture  

was heated  i n  a b a th  a t  6 0 °  f o r  30 m ins. The supernatant^ , 

was siphoned  in t o  a dropping fu n n e l  i n  an atmosphere o f  

n itr o g e n ,  ready f o r  a d d it io n  to  an e t h e r e a l  s o l u t i o n  o f  the  

( - ) -m enthyl e s t e r .

I I I c .  Method o f  e s t im a t io n  o f  d ip h en y l

A phenyl magnesium bromide s o l u t i o n ,  prepared a cco rd in g  

t o  t h e  above c o n d i t io n s ,  was se p a ra te d  from e x c e s s  magnesium 

b y  s ip h on in g  and was poured on t o  i c e .  The m ixture was 

a c i d i f i e d  w ith  5 N -su lp h u r ic  a c id  and the e th e r  se p a r a te d  

from the  aqueous la y e r  which was th en  e x tr a c te d  w ith  e t h e r .  

The e th e r  e x t r a c t ,  combined w ith  th e  f i r s t  e th e r  s o l u t i o n .
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was washed w ith  w a te r  and sodium carbonate s o l u t i o n ,  and 

d r ie d  over  sodium s u lp h a te .  The r e s id u e  rem ain ing  a f t e r  

d i s t i l l a t i o n  o f  th e  e t h e r  was h eated  on a b o i l i n g  w ater  

b a th  a t  a p r e s su r e  o f about 20 mm. to  remove t r a c e s  o f  

b en zen e . From th e  w e ig h t  o f  the  r e s id u e  (assum ing i t  to  be 

d ip h e n y l)  the amount o f  bromobenzene con verted  in t o  d ip h e n y l  

cou ld  be c a l c u la t e d .  I t  was assumed th a t  th e  r e s t  o f  th e  

bromobenzene was con verted  in to  th e  Grignard r e a g e n t .  In  

th e  method o f  p r e p a r a t io n  o u t l in e d  above, 95$  o f  the  bromo

benzene was con verted  in t o  the  Grignard r e a g e n t .

I  l i d .  C o n d it io n s  employed f o r  th e  Grignard r e a c t i o n , 
and i s o l a t i o n  o f  th e  p rod ucts

An e t h e r e a l  s o lu t io n  of PhMgBr was added under v a r y in g  

c o n d i t io n s  to  an e t h e r e a l  s o l u t i o n  o f  th e  ( - ) -m enthyl e s t e r .  

The r e a c t io n  m ixture was kept under v a r y in g  c o n d it io n s  and 

then  decomposed w it h  i c e  and su lp h u r ic  a c id .  C o n c en tr a tio n  

o f  the e t h e r  e x t r a c t  o f  t h i s  m ixture gave an o i l  c o n s i s t i n g  

o f  the ( - ) -m enthyl e s t e r  o f  the hydroxy a c id ,  n e u tr a l  p r o 

d u cts  and any unchanged ( - ) -m enthyl k e to  e s t e r ,  presum ably  

r e g e n e r a te d  from t h e  product o b ta in ed  by r e a c t io n  o f  the en o l  

form o f  th e  keto  e s t e r .  A n e u tr a l  p rod uct cou ld  be formed  

b y  the r e a c t io n
Ph

PhliCgBr I
CHyCO. ( CH2 ) n , C 0 2 0^19 — CH^-C-( CH2 ) n- CO20  ̂0^1 9

( - )   ̂ ( -  ) ̂  ̂ OMgBr:
Ph Ph Ph Ph

CH^-C-(CH2)n-C-Ph. <------------------ -- CH^-^-(CE2)n6-Ph
OH ÔH ^MgBr, OMgBr
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The o i l  d e s c r ib e d  above was h yd ro lysed  by b o i l i n g  w ith  

aqueous 2»5 N -a lc o h o l ic  p o ta ss iu m  hydroxide s o l u t i o n .  The 

a lc o h o l  was d i s t i l l e d  from the  r e s u l t i n g  s o l u t i o n ,  which  

was then  th o r o u g h ly  e t h e r - e x t r a c t e d  to  remove menthol and 

n e u tr a l  p ro d u c ts .  ( i n  some ca ses  t h i s  e x t r a c t  was steam 

d i s t i l l e d  to  remove m enthol and th e  re s id u e  (n e u t r a l  p r o 

d u c ts )  examined p o l a r i m e t r i c a l l y ) .  The r e s u l t i n g  a l k a l in e  

s o l u t i o n  was a c i d i f i e d  w ith  5 N -su lp h u r ic  a c id  and the  

hydroxy a c id  e x t r a c te d  w ith  e th e r .  P o la r im e tr ie  and 

chem ical exam in ation  was c a r r ie d  out on an e t h a n o l i c  s o l u t i o n  

o f  the hydroxy a c id ,  o b ta in ed  a f t e r  d i s t i l l a t i o n  o f  the  

e t h e r ,  o r  on the co rresp o n d in g  la c t o n e .

I l l e .  O u tl in e  o f  Grignard r e a c t io n s  s t u d ie d

In  th e  p r e l im in a r y  i n v e s t i g a t i o n ,  ex p er im en ts  on the  

r e a c t io n  betw een  ( - ) -m enthyl a c e t y l - n - v a l e r a t e  and p hen y l  

magnesium brom ide, u s in g  v a r io u s  e s t er /G rign ard  reagen t  

r a t i o s ,  d id  not le a d  to  an o b ser v a b le  asymmetric s y n t h e s i s ,

th e  5-h y d r o x y -5-p h e n y l-h e x a n - i  - c  arb o x y l i c  ac id  
Ph

(CH;r-Ç-(CHp), -GC^H) e x h ib i t in g  no o p t i c a l  a c t i v i t y .  T r e a t -  
 ̂ OH ^ ^

ment o f  ( - ) -m enth y l p yru vate  w ith  phenyl magnesium brom ide, 

under c o n d it io n s  s im i la r  t o  th o se  used i n  the  experim ents  

w ith  ( - ) -m enthyl a c e t y l v a l e r a t e ,  was c a r r ie d  out i n  one 

experim ent as a ch eck . When ( - ) - # e n t h y l  pyruvate  was 

t r e a t e d  w it h  phenyl magnesium bromide by McKenzie (1 9 06) , a 

d e x tr o r o ta to r y  a t r o l a c t i n i c  a c id  was o b ta in e d . In th e
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p r e s e n t  case  the a t r o l a c t i n i c  ac id  (CH,-C-COpH) was l i k e w i s e
ÔH

d e x t r o r o t a t o r y ,  a lth o u g h  not o p t i c a l l y  pure, i n d i c a t i n g  

th a t  the g e n e r a l  ex p er im en ta l te c h n iq u e  was s a t i s f a c t o r y .

In  view  o f  t h i s  r e s u l t ,  one f u r th e r  ex p er im en t, on a l a r g e r  

s c a l e ,  was c a r r ie d  out u s in g  ( - ) -m enthyl a c e t y l v a l e r a t e .

The r e a c t io n  most e x t e n s i v e l y  s t u d ie d  was t h a t  b etw een  

( - ) -m enthyl l a e v u l a t e  and phenyl magnesium brom ide. S tudy  

o f  t h i s  r e a c t io n  was com p lica ted  b y  th e  f a c t  t h a t  y -h y d ro x y  

a c id s  are r e l a t i v e l y  u n s ta b le  in  s o l u t i o n ,  c o n v e r s io n  in t o  

th e  l a c t o n e s  ta k in g  p la c e .

A few exp er im en ts  were c a r r ie d  ou t u s in g  ( - ) -m enthyl  

'6^ -a c e ty l -n -b u ty r a te ;  a g a in  th e  r e l a t i v e  ease  o f  r in g  

c lo s u r e  o f  the g -hydroxy  a c id  to  g iv e  th e  la c to n e  made 

d i f f i c u l t  the stu d y  o f  the r e a c t io n  p r o d u c ts .

A s in g le  experim ent w ith  ( - ) -m enth y l - Ü  - a c e t y l 

p e l  argona te was a ls o  c a r r ie d  out.

I l l f .  I n t e r a c t io n  o f  ( - ) -m enthyl p y ru v a te  and nhenyl  
magnesium bromide

In  the  case  o f  m enthyl p y r u v a te ,  a s  has b een  m entioned  

p r e v i o u s l y ,  no a ttem p t was made t o  s tu d y  th e  d eg re e  o f  

asym metric s y n t h e s i s  i n  r e l a t i o n  t o  r e a c t io n  c o n d it io n s ;  

th e  r e a c t io n  was c a r r ie d  out as a check  on exp er im en ta l  

t e c h n iq u e s  and c o n d it io n s  subsequent t o  p r e l im in a r y  e x p e r i 

m en ts , u s in g  ( - ) - m e n t h y l - 6 3 - a c e t y l - n - v a l e r a t e ,  i n  which no 

asymmetric s y n t h e s i s  was observed .

A 50$ y i e l d  o f  a t r o l a c t i n i c  a c id  was o b ta in ed  u s in g
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0 . 0 2  g. mol. o f  m enthyl pyruvate  and 0 . 0 2 5  g. mol. o f  phenyl  

magnesium "bromide. An aqueous s o l u t i o n  o f  a t r o l a c t i n i c  

a c id  had [ a ]^  +7 . 8 ^, +8 . 2 ° ,  [a-]545  ̂ +9. 5 °  ( c ,  6 .1 5 ) ;

and an a l c o h o l i c  s o l u t i o n  had [a ]^ ^  +6 . 7 ° ,  +6 . 8 ° ,

I-°'^5461 (.Sy 3 . 0 7 5 ) .

I l l g .  I n t e r a c t io n  o f  ( - ) -m enthyl l a e v u la t e  and phenyl  
magnesium "bromide

PhMgBr
CH3 .CO. (CH2 ) 2.C02C<|qĤ  9 ---------  ̂ CH3 .C (0 H)Ph. (CH2 ) 2 -C0 2 C^qH^9

 ̂ and /or  fI
CH3Ç P h.(CH2 ) 2 .C=0 

0 — ---------------------

a lk a l in e  
h y d r o ly s is ;

CH^.C(0H)Ph. (CH2)2.G02K

( i )  R e a c t io n  C o n d it io n s

An e th e r e a l  s o l u t i o n  o f  phenyl magnesium "bromide (c o n 

t a in i n g  0 .0 2 5  g. mol. phenyl magnesium "bromide i n  p r e l im in a r y  

ex p er im en ts)  was added under v a ry in g  c o n d it io n s  t o  an 

e t h e r e a l  s o lu t io n  o f  ( - ) -m enthyl l a e v u l a t e  (0 .0 2  g , mol. i n  

p r e l im in a r y  e x p e r im e n ts ) .  The r e a c t io n  m ixture was kept  

under v a r y in g  c o n d it io n s  and th en  decomposed w ith  i c e  and 

s u lp h u r ic  a c id .  C o n c en tr a tio n  o f  the e t h e r  e x t r a c t  o f  t h i s  

s o l u t i o n  gave an o i l ,  s m e l l in g  s t r o n g ly  o f  m enthol, w hich  

presum ably was a m ixture o f  the unchanged ( - ) -m enthyl  

l a e v u l a t e ,  y -h y d r o x y ~ y -p h e n y lv a le r ic  e s t e r  and i t s  l a c t o n e .
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m enthol and b y -p r o d u c ts  ( in c lu d in g  n e u tr a l  p ro d u cts  formed 

b y  i n t e r a c t i o n  o f  the Grignard rea g en t  and th e  e s t e r  group ).  

R e a c t io n  o f  th e  Grignard re a g en t  w ith  th e  e s t e r  group would  

p ro b a b ly  proceed  t h u s : -
Ph

PhMgBr i
GH^.CO.(CH^)2 ^ 0 2 0 ^ g   -) CH^.C.(CH2 ) 2 ^ 0 2 0 ^ g

( - )  1 g, mol. OMgBr

Ph Ph Ph 1  Ph

CH

PhMgBr (2  g. mol. ) 

•V
I

3-C-CH2-C-Ph < ..................... CH3-C-(CH2)2C-Ph

OH OH OMgBr OMgBr

The r e s id u e  from th e  e t h e r  e x t r a c t  was h y d ro ly sed  and

t r e a t e d  a s  u su a l .

( i i )  I s o l a t i o n  o f  v - h y d r o x y -y -n h e n y lv a le r ic  a c id  
and i t s  la c to n e  I v - p h e n y l ^ - v a l e r o l a c t o n e  )

Owing to  th e  d i f f i c u l t y  o f  i s o l a t i n g  pure y -h y d ro x y

a c i d s ,  i t  was not e a sy  to  o b ta in  a p rod uct th a t  cou ld  be

used fo r  com parative p u r p o se s .  Thus, one o f  the f i r s t  aims

was to  o b ta in  a method f o r  i s o l a t i o n  o f  a c id  or la c to n e

th a t  was e a s i l y  r e p r o d u c ib le .

I s o l a t i o n  o f  th e  y -h y d r o x y -y -p h e n y lv a le r ic  a c id ,

e i t h e r  b y  f i l t r a t i o n  or by e th e r  e x t r a c t i o n  o f  the a c i d i f i e d

h y d r o ly s a t e ,  was co n s id e r e d  im p r a c t ic a b le  fo r  th e  f o l lo w in g

r e a s o n s : -

(1 ) Degree o f  p r e c i p i t a t i o n  would depend on c o n c e n t r a t io n s ,  

p a r t i c u l a r l y  o f  hydrogen i o n s ,  w hich  would be hard t o
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rep rodu ce .

(2 )  F i l t r a t i o n  o f  th e  a c id  would have to  h e  fo l lo w e d  by- 

e th e r  e x t r a c t i o n  o f  th e  mother l i q u o r  to  a v o id  l o s s  o f  y i e l d .

R ef. A cid  by f i l t r a t i o n . A cid  by e x t r a c t i o n  ( f i l t r a t i o n  
and e x t r a c t i o n )

K M 53% 62%

K 44 44% 61% i
(3 )  I t  i s  n ot e a sy  to  o b ta in  th e  a c id  i n  a c r y s t a l l i n e  form  

b y  p r e c i p i t a t i o n  from an a l k a l in e  s o l u t i o n  w ith  m inera l a c id .

(4 )  A ttem pts to  i s o l a t e  y - h y d r o x y -y -p h e n y lv a le r ic  a c id  b y  

e th e r  e x t r a c t i o n ,  fo l lo w e d  by c o n c e n tr a t io n  o f  the  s o l u t i o n  

i n  vacuo a t room t e n ^ e r a t u r e ,  were u n s u c c e s s f u l ,  p a r t i a l  con

v e r s io n  to  y - p h e n y l - y - v a le r o l  act  one having occu rred .

(5 )  The r o t a t o r y  power o f  the a c id  i s  ex tre m e ly  sm all  

compared w ith  th a t  o f  the y - p h e n y l - y - v a le r o la c t o n e , and i s  

i n c i d e n t a l l y ,  o f  o p p o s ite  s ig n .

R ef. „A cid  , . ' 
5461 ( )

A cid .  
_ . 5461

+ Lactone®  
( concn. )

K 4-3 + 0 .02  ( 5 .6 5 ) - 0 .7 6 ( 8 .2 5 )

K 44 +0.04- ( 4 .2 8 ) - 0 .3 4 ( 5 .6 0 )

(^) T h is product was o b ta in e d  by e x t r a c t io n  o f  the a c id
( a f t e r  p r e c i p i t a t i o n  from th e  a lk a l in e  s o lu t io n )  w ith  e th er ;  
th e  e th e r  was d i s t i l l e d  u s in g  a b o i l i n g  water b a th  and 
p a r t i a l  c o n v e r s io n  o f  the a c id  to  la c t o n e  occurred . The 
f ig u r e s  are o f  l i t t l e  va lue q u a n t i t a t i v e l y  s in c e  the

  r a t i o  i s  unknown.l a c t o n e
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(6 )  P r e c i p i t a t i o n  o f  t h e  a c id  from an a l k a l i n e  s o l u t i o n  hy  

a c i d i f i c a t i o n  w ith  m in e ra l  a c id  appears t o  e f f e c t  a p r e 

f e r e n t i a l  s e p a r a t io n  o f  th e  a n tip o d e  p resen t  i n  e x c e s s .  In  

experim ent K 46 th e  crude V -p h e n y l-  V"- v a l e r o ia c t o n e ,  ob

t a in e d  from th e  e t h e r  e x t r a c t  o f  the  a c i d i f i e d  h y d r o ly s a t e ,  

p o s s e s s e d  [a ]  - 4 .2 ^ ,  [ a ]  - 3 . 2 °  ( c  = 8 .1 5 ) ;  th e

V -h y d r o x y -V '-p h e n y lv a le r ic  a c i d ,  o b ta in e d  from t h i s  la c t o n e  

by p r e c i p i t a t i o n  from an a l k a l i n e  s o l u t i o n  o f  i t s  p o ta ss iu m  

s a l t  ( h y d r o ly s i s  o f  V ^ -p h e n y lv a le r o ia c to n e ) , gave a la c to n e  o f

5U6 l “ 5780 = (c  = 2 . 25) .
( i i i )  C onversion  o f  V ^-hydroxy-V  - p h e n y lv a le r ic  a c id  

i n t o  i t s  la c to n e

S in c e  i s o l a t i o n  fo l lo w e d  by p o la r im e tr ie  ex a m in a tio n  

o f  th e  a c id  was r e j e c t e d  f o r  r e a so n s  p r e s e n te d  ab ove , a 

r e p r o d u c ib le  method f o r  c o n v e r s io n  o f  Y'-hydroxy- V - p h e n y l-  

v a l e r i c  a c id  in t o  i t s  la c t o n e  was n e c e s s a r y .  The f i r s t  

method to  be c o n s id e r e d  was c o n v e r s io n  by a c id  c a t a l y s i s .

I n  th r e e  exp er im en ts  a tte m p ts  t o  c o n v e r t  th e  a c id  in to  

la c t o n e  by t r e a t i n g  w ith  aqueous a l c o h o l i c  su lp h u r ic  a c id  

l e d  to  com plete  r a c é m is a t io n .  The product o b ta in e d  a f t e r  

”r i n g  c l o s u r e ” by t h i s  method was examined o n ly  p o l a r i -  

m e t r i c a l l y ,  and not c h e m ic a l ly .  A lthough  i t  seemed p o s s i b l e  

t h a t  r a c é m is a t io n  m ight be m inim ised  or e l im in a te d  by  

e f f e c t i n g  th e  r in g  c lo s u r e  w ith  more d i l u t e  a c i d ,  i t  was 

c o n s id e r e d  th a t  th e  r i s k  o f  p a r t i a l  r a c é m is a t io n  was such
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th a t  f u r th e r  expérim enta  w i t h  an a c id  c a t a l y s t  were not  

j u s t i f i e d .

I t  has "been m en tioned  th a t  p a r t i a l  l a c t o n i s a t i o n  

o ccu rred  on d i s t i l l i n g  the e t h e r e a l  s o l u t i o n  from a b o i l i n g  

w a ter  bath . A ttem pts were now made t o  dehydrate th e  

y  -hydr oxy-y -p h en y lv  a le  r i  c a c id  by r e p e a te d ly  d i s t i l l i n g  

benzene from i t .  In  one experim ent the  e t h e r e a l  e x t r a c t  

o f  the  a c id  was d iv id e d  i n t o  two p o r t io n s  w hich  were  

s e p a r a t e ly  c o n c e n tr a ted  and d i s t i l l e d  w i t h  b en zen e . A lthough  

c o n d i t io n s  o f  d i s t i l l a t i o n  were n o t  i d e n t i c a l  the  s p e c i f i c  

r o t a t i o n s  o f  th e  two p roducts  were i n  agreem ent.

( i v )  R eco n v ers io n  o f  v - o h e n y l - v - v a le r o ia c t o n e  in t o  
th e  a c id

For p o la r im e t r ic  o b s e r v a t io n s  an a b s o lu te  a l c o h o l i c  

s o l u t i o n  o f  the la c t o n e  was prep ared . The la c to n e  cou ld  be  

re co v e red  by d i s t i l l a t i o n  o f  th e  a l c o h o l ,  and, in  some 

c a s e s ,  th e  y -hydr o x y -y -p h en y l v a l e r i c  a c id  cou ld  be o b ta in e d  

as w h ite  c r y s t a l s  by d i s s o l v i n g  the  la c t o n e  i n  warm acqueous- 

p o ta ss iu m  h y d r o x id e - s o lu t io n  and p r e c i p i t a t i n g  the  ac id  

w it h  a m in era l a c id .  In experim en t K 43 an a c id  w i t h  m.p.

100-4 0 0 . 5  ̂ was o b ta in e d ;  o th e r  m e lt in g  p o in t s  o b ta in ed  were  

97. 5 -9 8 °  (K 41 ) ,  1 0 3 °  (K 4 4 ) .  These specim ens were o f  

d i f f e r i n g  d eg rees  o f  o p t i c a l  p u r i t y ,  and t h e i r  m e lt in g  

p o in t s  should  be compared w ith  th o se  o f  the racem ic  

y - h y d r o x y -y -p h e n y lv a le r ic  a c id ,  m. p . 10 6 °  (T r iv e d i  and 

Nargund, 1 941 ) ,  1 0 4 -4 0 6 °  (Johnson, P e te r s e n  and S c h n e id e r ,
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i 947) and 1 0 5 " 5-106°  (p r ese n t  i n v e s t i g a t i o n ) .

In  one experim ent (K 47) a ttem p ts  to  p r e c i p i t a t e  the  

a c id  gave o n ly  a dark brown o i l .  In  another ca se  (K 50) 

a c i d i f i c a t i o n  o f  the a lk a l in e  s o l u t i o n  to  pH 5 .0  (U n iv e r s a l  

In d ic a to r  p a p ers)  gave a brown o i l .  This o i l  was removed, 

and fu r th e r  a c i d i f i c a t i o n  y ie ld e d  the a c id  as y e l lo w is h  

n e e d le s .  I t  i s  o f  i n t e r e s t  t h a t  i n  th e  form er o f  th e s e  

exp er im en ts  the phenyl magnesium bromide was added to  the  

( - ) -m enthyl l a e v u l i » a t e  w h i l s t  th e  r e a c t io n  m ixture was 

b e in g  heated  i n  a b a th  a t  60  ̂ and i n  th e  l a t t e r  experim ent  

a d d it io n  a t  0 ° was fo l lo w e d  a f t e r  i  hour by h e a t in g  a t  6 0 ^.

(v )  R e la t io n s h ip  betw een  r e a c t io n  c o n d it io n s  and y i e l d

As has b een  m entioned above, in  the  p r e l im in a r y  e x p e r i 

ments the ac id  was p r e c ip i t a t e d  and e th e r  e x tr a c te d .T h e  

e th e r  e x t r a c t  was co n ce n tra ted  on a b o i l i n g  w ater b a th ;  

th u s p a r t i a l  c o n v e r s io n  i n t o  la c to n e  occu rred . In  c a l c u l a t 

in g  the y i e l d  from th e s e  exp er im en ts  i t  i s  a r b i t r a r i l y  

assumed th a t  the m ixture o b ta in ed  c o n s i s t e d  o f  50^ la c to n e  

and 50% hydroxy a c id .  In  th e  l a t e r  experim ents  the "pure" 

l a c t o n e  was i s o l a t e d .  Hence the y i e l d s  o b ta in e d  i n  the  

e a r l i e r  experim ents have b een  con verted  to  the  e q u iv a le n t  

y i e l d  of l a c t o n e .

I f  the Grignard reagen t i s  added to  the e s t e r  s o l u t i o n  

ov er  f  hour w ith  i c e  c o o l in g ,  the r e a c t io n  i s  ap p a ren tly  

com plete a f t e r  the m ixture has been  kept fo r  i hour at 0 ^
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fo l lo w e d  by i hour at room tem perature .

R ef . Hrs. at room temp.
'■ - -----r
Y ie ld  I

K 44 1 61% j

K 45 15& 51% 1

The f o l lo w in g  c o n d it io n s  a p p a r en tly  d e c r ea se  the y i e l d  

o f  la c t o n e ,  r e l a t i v e  to  t h a t  o b ta in ed  by m ix in g  the r e 

ag en ts  w i th  i c e - c o o l i n g  and com p le t in g  the r e a c t io n  by  

k eep in g  the m ixture  a t  room tem perature ; -  

(1 ) C om pletion o f  the r e a c t io n  b y  h e a t in g  the m ixture i n  a 

b a th  a t 6 0 ° ( c f .  T a b le . b e low  , exp er im en ts  K 46 and K 50 ;

K 44 and K 4 5 ) .

( 2 ) M ixing o f  the re a g en ts  at 60° fo l lo w e d  by com p letion  o f  

r e a c t io n  at 60° . (Of. T a b le , exper im ents  K 47 and K 44 , K 4 5 ) .

When the whole r e a c t io n  i s  accom p lished  a t 6o °  the  

y i e l d  i s  low er than when m ixing i s  i n  i c e  and the r e a c t io n  

com pleted  by h e a t in g  at 60° . (Cf. T a b le ,  exp erim en ts  K 47 

and K 4 6 , K 50) .

R ef. A d d it io n
c o n d it io n s .

C o n d it io n s  fo r  co m p le t io n  
o f  r e a c t io n

Y ie ld  o f  
la c to n e  i c a lc .

K 44 1 hr. a t  0 ° ^ hr. at 0 ° fo l lo w e d  by  
1 hr. a t  room tem perature

61%

K 45 f  hr. a t 0 ° i  hr. a t  0 ° fo l lo w e d  by  
1 5& h rs . a t  room tem pera
ture. _

57^

K 46 i  hr. a t  0 ° i  hr. a t  60° /b a th ____ 44g _ _ _
K 50 1 hr. a t  0 ^ i* hr. a t  0 °  fo l lo w e d  by & 

hr. a t  6o ° ( b a t h ) ,  th en  by  
15 h rs .  a t  room temperature

47%

K 47 i  hr. at  
6 0 ° (b a th )

i  hr. a t  60°  (b a th ) 30% 1
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I n s u f f i c i e n t  ev id en ce  was a v a i l a b l e ,  from t h e s e  e a r ly  

ex p er im en ts ,  to  draw any c o n c lu s io n s  as to  th e  r e la t io n s h ip  

b etw een  e i t h e r  th e  y i e l d  or the ex p er im en ta l c o n d i t io n s  and 

the degree o f  asymmetric s y n t h e s i s .

Once c o n d it io n s  had b een  p e r f e c t e d  fo r  the rep ro d u c ib le  

i s o l a t i o n  o f  y - p h e n y l - y - v a le r o la c t o n e  a s e r i e s  o f  p r e l im in a r y  

exp er im en ts  (0 .0 2  g. mol. ( - ) -m enthyl l a e v u l a t e )  was 

c a r r ie d  out to  o b ta in  i n d i c a t i o n s  o f  any e f f e c t  o f  c o n d i

t i o n s  on th e  degree o f  asymmetric s y n t h e s i s .  In  th e s e  

exp er im en ts  the la c to n e  was o b ta in ed  by th r e e  benzene  

d i s t i l l a t i o n s  from the hydroxy a c id ,  which had b een  se p a ra te d  

b y  e th e r  e x t r a c t i o n  a f t e r  p r e c i p i t a t i o n  from th e  a lk a l in e  

s o l u t i o n .  I t  was found th a t  the y i e l d  was not a f f e c t e d  by  

h e a t in g  the r e a c t io n  m ixture i n  a b a th  a t 6 0  ̂ as lo n g  as the  

r e a c t io n  i s  f i r s t  "com plete" .

A d d it io n  C o n d it io n s  fo r  co m p le t io n  o f  Y ie ld  of
c o n d it io n s  r e a c t io n  la c to n e

K 56 i  hr. a t  0 °  & hr. a t  0 °  fo l lo w e d  by 1 i  hr. 53^
at room tem perature

K 57 & hr. a t 0 ° & hr. at 0 ° fo l lo w e d  by 15 hr. 53%
a t room tem perature and i  hr, 

_________________________ at 60° (b ath )_____________________________
K 58 i hr. a t  i  hr. at 60° (b a th )  35%
:________ 600 (bath)_________________________ ___________________ _____

C onfirm ation  was o b ta in ed  fo r  the s u g g e s t io n ,  d er iv ed  

from th e  e a r l i e r  ex p er im en ts ,  th a t  the y i e l d  i s  low ered  i f  

the r e a c t io n  i s  accom p lish ed  at 6o °  as d i s t i n c t  from 0  ̂

(compare K 58 w ith  K 57 and 5 6 ) .  The y i e l d  seems to
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d ecrea se  w ith  in c r e a s e  o f  the m ix in g  t im e , u n t i l  a minimum 

y i e l d  i s  o b ta in e d  which i s  not a f f e c t e d  by  fu r th e r  in c r e a s e  

o f  the time over which the  phenyl magnesium bromide s o l u t i o n  

i s  added to  the s o l u t i o n  o f  ( - ) -m e n th y l  l a e v u l a t e .

Ref. A d d it io n
c o n d it io n s

C o n d it io n s  fo r  co m p le t io n  
o f  r e a c t io n

Y ie ld  o f  
la c to n e

K 59 5 m ins. a t  0 ° 55 mins. a t  0 ° ,  1 hr. a t  
room tem peratu re

63%

K 56 & hr. at 0^ i hr. a t  0 ° ,  1 J  hr. a t  
room tem perature

53%

K 60 2^ hr. a t  0^ i hr. a t  0 ° ,  1 hr. at  
room tem perature

50%

( v i )  Re l a t i o n s h i p  b etw een  r e a c t io n  c o n d i t io n s  and d egree  
o f  asyïïmiet r i e  S y n t h e s i s  t i .  e. s p e c i f i c  r o t a t i o n  o f  

"'p ro d u ct)’

From th e  experim en ts  c a r r ie d  out i n  t h i s  s e r i e s  ( s e e  

above) i t  i s  apparent t h a t  the  degree o f  asymmetric s y n t h e s i s  

depends, in  some way, on th e  c o n d i t io n s  em ployed fo r  th e  

r e a c t io n .  W ith th e  l i m i t e d  d a ta  so  f a r  o b ta in ed  from t h e s e  

experim en ts  i t  i s  im p o s s ib le  to  s t a t e  f u l l y  th e  r e la t io n s h ip  

betv^een th e s e  two f a c t o r s .

I t  appears th a t  i f  o th e r  r e a c t io n  c o n d i t io n s  are s im i l a r  

the degree o f  asymmetric s y n t h e s i s  i s  dependent ( t o  a c e r t a in  

e x t e n t )  on th e  m ixing tim e ( c f .  exp er im en ts  K 59, K 56 and 

K 6 0 ) .  There was an apparent la c k  o f  v a r i a t i o n  i n  the  d egree  

o f  asymmetric s y n t h e s i s  w ith  v a r i a t i o n  o f  the tem perature a t  

which th e  r e a c t i o n  was c a r r ie d  o u t ,  at l e a s t  under the  

p a r t i c u l a r  r e a c t io n  c o n d i t io n s  employed (K 58 and K 6l ) .
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Re l a t i o n s h i p  b etw een  s p e c i f i c  r o t a t i o n  o f  l a c t o n e  and
r o t a t i o n  c o n d i t io n s

R ef. M ixing
c o n d it io n s

C o n d it io n s  fo r  com p letion  
o f  r e a c t io n [ 5 7 8 0  ̂  ooncn. 

la c t o n e

K 59 5 mins at 0 ° 55 mins a t  0 ° ,  1 hr. a t  
room tem perature

- 3 . 0(11 . 0 3 )

K 56 t hr. at 0 ° i  hr. at 0 ° ,  1 i- h rs . at  
room tem perature

- 4 . 0 ( 7 . 8 3 )

K 57 & hr. a t  0 i hr. a t 0 ° ,  15 h rs .  at  
room tem p era tu re , hr. 
a t  600 (b ath )

- 4 . 0 ( 3 . 8 5 )

K 58 A hr. at  
60° (bath)

i  hr. at 60°  (b a th ) - 4 , 2 ( 5 . 7 5 )

K 61 25 mins a t  
00

& hr. a t  6 0 ° (b a th ) - 4 . 3 ( 5 . 0 5 )

K 60 2 i  h rs. at  
00

i  hr. a t  0 ° ,  1 hr. a t  
room tem perature

—4 . 8 ( 8 . 8 5 ) 1

In  a l l  the exp er im en ts  d e sc r ib e d  above ( - ) -m enthyl 

l a e v u l a t e  was t r e a t e d  w ith  phenyl magnesium bromide (1 .2 5  

m o lecu la r  p r o p o r t io n s ) .  Experim ents c a r r ie d  out u s in g  2 .2 5  

and 4 .0  m o lecu la r  p r o p o r t io n s  o f  phenyl magnesium bromide 

gave y - p h e n y l - y -v a le r o ia c to n e  in  26% and 12% y i e l d  r e s p e c t i v e 

l y ,  o f  s p e c i f i c  r o t a t io n  [a]^^gQ-2.2^ ( c ,  4 .5 5 )  and 

[a ]5 7 Q o -3 .l^  ( c ,  1 . 6 2 5 ) r e s p e c t i v e l y .

( v i i )  F urth er  o b s e r v a t io n s ,  from la r g e  s c a le  e x p e r im e n ts . 
on the  r e la t io n s h ip  betw een  r e a c t io n  c o n d it io n s  
and r e s u l t s

The t e n t a t i v e  s u g g e s t io n s  enumerated above, as to  th e  

r e l a t i o n s h i p s  e x i s t i n g  betw een exp er im en ta l c o n d i t io n s ,  

y i e l d s  and d eg re es  o f  asymmetric s y n t h e s i s ,  had to  be
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v e r i f i e d .  I t  seemed th a t  more u s e f u l  in fo r m a t io n  would he  

o b ta in e d  by ca rry in g  out r e a c t io n s  on a l a r g e r  s c a l e  (0 .1  g. 

mol. or 0 .8  g. mol. o f  e s t e r  in s t e a d  o f  0 .0 2  g. m o l .)  and 

i n v e s t i g a t i n g  the  r e a c t io n  p rod u cts  more f u l l y .

The apparatus and c o n d it io n s  were e s s e n t i a l l y  th e  same 

as those  used fo r  the p r e l im in a r y  ex p er im en ts ,  but th e  e s t e r  

s o l u t i o n  was s t i r r e d  during th e  a d d it io n  o f  the Grignard  

s o lu t io n .  Of the seven  la r g e  s c a le  ex p er im en ts ,  four  were 

c a r r ie d  out under s im i la r  c o n d i t io n s  w ith  v a r i a t i o n  o n ly  i n  

the  time taken  f o r  a d d it io n  o f  the  phenyl magnesium bromide  

to  the  s o l u t i o n  o f  e s t e r  a t  0 ° .  In  th e s e  exp er im en ts  

s t i r r i n g  was d is c o n t in u e d  when a d d it io n  was com p lete , and 

th e  r e a c t io n  m ixture was kept a t  0 °  o v e r n ig h t .

) '—---------
|Ref. A d d it io n  tim e Yield®  (concn)

K 63 1 min. 61% - 3 .0  (1 5 .0 0 )

|K 64 i hr. 44% - 5 . 5  (1 5 .1 2 )

Ik 68 2 |  hr. 46% - 5 . 3  (1 0 . 2 3 )

Ik 65 3 hr. 50 m ins. 39% -5 .1  (8 .5 7 )

(G) The y i e l d  i s  c a l c u l a t e d  as i f  the product  c o n s i s t e d  
e n t i r e l y  of  the l a c t o n e ;  f o r  a d i s c u s s i o n  on the con
s t i t u t i o n  o f  the product  s e e  l a t e r  i n  t h i s  s e c t i o n .
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Comparable r e s u l t s  from p r e l im in a r y  experim ents  are  

ta b u la te d  below

R ef. M ixing c o n d i-  C o n d it io n s  f o r  com- Y ie ld  of [ a ]
t io n s  p l e t i o n  o f  r e a c t io n  la c to n e  , ̂ ( concn;

la c t o n e
K 59 5 mins a t  0 °  55 mins a t 0 ° ,  1 hr. 63% - 3 .0 ( 1 1  .0 3 )

at room tem perature

K 56 ? hr. a t  0 °  i hr. a t  0 ° ,  1 h rs . 53% - 4 . 0 ( 7 . 8 3 )
at ro cm t empe ra t  ur e

K 57 4 hr. a t  0 °  i  hr. a t  0 ° ,  15 h r s .  53% - 4 . 0 ( 3 . 8 5 )
a t  room tem p eratu re ,

 i hr. a t  6qo (bath )_________________ ______

K 60 2 i  h rs .  at i hr. at 0 ° ,  1 hr. 50% ” 4 .8 ( 8 .8 5 )
 02______________ at  room tem perature________________________

M ixing o f  the  r e a c ta n t s  at 0^ over a s h o r t  p er io d  o f  t im e ,  

and th en  a l lo w in g  to  s ta n d ,  gave r e s u l t s  i n  good agreement 

w ith  those  o f p r e l im in a r y  exp er im en ts  ( c f .  K 5 9 ) ,  v i z . a 

good y i e ld  (ca . 60%) and a low s p e c i f i c  r o t a t i o n  ( [a ]^ .^ g ^ 5 .0 ° ) ,  

The th ree  exp erim ents  c a r r ie d  out w ith  a m ixing time o f  1 

hour, 2 hours 45 m ins. and 3 hours 50 m ins. r e s p e c t i v e l y ,  

gave a prod uct ( fo r  co m p o sit io n  s e e  l a t e r  t h i s  s e c t i o n )  i n  

r a th er  low er y i e l d ,  and w it h  a somewhat h igher  s p e c i f i c  

r o t a t i o n ,  than  would have been  ex p ec te d  from p r e l im in a r y  

r e s u l t s .

S in ce  the c o n d i t io n s  o f  th e s e  la r g e  s c a le  experim ents  

were e s s e n t i a l l y  s im i la r  t o  th o se  o f  the sm all s c a l e  

ex p er im en ts ,  apart from the  use o f  s t i r r i n g  i n  p la ce  o f  

hand sh ak in g . I t  appeared probable t h a t  i t  was t h i s  change
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i n  procedure th a t  l e d  to  u nexpected  r e s u l t s .  C onfirm ation  

o f  t h i s  p o in t  was a ffo rd e d  by the r e s u l t s  o b ta in ed  on con

t in u in g  s t i r r i n g  a f t e r  the m ix ing  o f  the r e a c t a n t s .

R ef. A d d it io n
time

Treatment b e fo r e  
d eco m p o s it io n

Y ie ld
o f
la c t o n e

[ ̂  3 5780

K 63 1 min. al: 0 ° Kept o v e r n ig h t  at  
0 °

6l%
!

- 5 . 0  (1 5.00)1

|K 64 1 h r . a t 0 ° Kept o v er n ig h t  at  
0 °

44% - 5 . 5  (15.12)1

69 30 m ins. 
0 °

at S t i r r e d  a t  0 °  fo r  
1 hr. and kept at  
00 ov ern ig h t

50% -6 .1  (1 3 .3 7 )

i
K 104

I

30 m ins. 
CO

at 47% - 6 . 6  (l 0 . 0 6 )!

i

A product was ob ta in ed  w i t h  a s p e c i f i c  r o t a t io n  h ig h er  th an  

would have been  ex p ec te d  i f  th e  degree o f  asymmetric syn 

t h e s i s  were d i r e c t l y  r e la t e d  to  the  tim e o f  addition, or i f  

i t  tended to  a maximum a f t e r  a c e r t a in  addition tim e. F u r th er ,  

r e p e t i t i o n  o f  t h i s  experim ent gave a product w ith  a s l i g h t l y  

h ig h e r  s p e c i f i c  r o t a t io n ;  i f  s t i r r i n g  were such a c r i t i c a l  

f a c t o r  in  determ in in g  th e  degree o f  asymmetric s y n th e s i s  

o b ta in e d , t h i s  d i f f i c u l t y  i n  r e p e a t in g  r e s u l t s  would be ex 

p la in e d .  In  f a c t  i t  appears th a t  d u r a t io n  o f  s t i r r i n g  and 

r a t e  o f  s t i r r i n g  are as im portant i n  d eterm in in g  the  degree  

o f  asymmetric s y n t h e s i s  as i s  the  le n g t h  of the a d d it io n  

pe r io d .
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In one experim ent th e  r e a c ta n ts  were mixed a t  -30^  t o  

-4 0 ^ , and th e  m ixture was s t i r r e d  below - 2 0 °  fo r  30 m ins, 

and th e n  kept o v ern ig h t  a t  0^ . This experim ent a l s o  gave a 

product w ith  a h ig h  r o t a t i o n  -7 ^ ;  y i e l d  46%).

I t  became apparent from t h e s e  exp er im en ts  (a s  fu r th e r  

d is c u s s e d  below ) t h a t  f u r t h e r  e l u c i d a t i o n  o f  the  e f f e c t  o f  

r e a c t io n  c o n d it io n s  on degree  o f  asymmetric s y n t h e s i s  was 

o u ts id e  th e  scope o f  t h i s  i n v e s t i g a t i o n ,  and an a d d i t io n a l  

c o m p lic a t io n  v/as th a t  the la c to n e  f i n a l l y  i s o l a t e d  was found  

to  c o n ta in  t r a c e s  o f  an acid  w hich cou ld  not be r in g  c lo s e d  

to  a n e u tr a l  p rod uct and thus was not y -hydr o x y -y -p h e n y l-  

v a l e r i c  a c id .  The occu rren ce  o f t h i s  " fr e e  acid" was 

e s t a b l i s h e d  by exam in ation  o f  the  p ro d u c ts  ob ta in ed  i n  th e  

la r g e  s c a l e  exp er im en ts . In  th e s e  ex p er im en ts ,  as i n  th e  

sm all s c a le  exp er im en ts ,  the a lk a l in e  s o l u t i o n  from th e  hydro 

l y s i s  was f r e e d  from m enthol and th en  a c i d i f i e d .  The 

o rg a n ic  a c id  (thought t o  be o n ly  y -hyd r o x y -y -p h en y lv  a l e r i c  

a c id )  was i s o l a t e d  em ploying e t h e r  e x t r a c t io n .  Ring  

c lo s u r e  to  o b ta in  th e  la c t o n e  was e f f e c t e d  b y  rep eated  d i s 

t i l l a t i o n  o f  benzene from the hydroxy a c id ;  r e s u l t s  o b ta in ed  

u sin g  pure y -hydr o x y -y -p h e n y l v a l e r i c  a c id  showed t h i s  method 

to  be s a t i s f a c t o r y .  T i t r a t i o n  gave a rough in d i c a t i o n  o f  

the p u r i t y  of the y -p h en y l -y -  v a le  r o la c t  one so o b ta in ed . In  

g e n e r a l ,  sam ples (2  m l.)  o f  the e th a n o l s o l u t i o n  o f  the  

la c t o n e  (l -  3 g. i n  20 m l . ) ,  prepared  fo r  p o la r im e t r ic  

o b s e r v a t io n ,  were d i lu t e d  w ith  w ater and r a p id ly  t i t r a t e d
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w ith  0 .1  N-sodium hydroxide  s o l u t i o n  ( t o  phenol p h t h a l e i n ) .  

E x c ess  sodium hydroxide s o l u t i o n  was th e n  added, and th e  s o lu 

t i o n  b o i l e d  i n  order to  open th e  r in g ;  th e  f i n a l  e x c e s s  o f  

sodium hydroxide was determ ined  by back t i t r a t i o n  o f  th e  hot  

s o l u t i o n  w ith  standard  a c i d . R e s u l t s  o b ta in ed  are  record ed  

below :

^ e f .

j

!A d d it io n  F u rth er  
! p e r io d  s t i r r i n g  

p e r io d (0  ,

Cone, o f  
m ix tu re  
g /2 0 m l.

Approx. %  

f r e e  a c id  
in  m ixture

% la c t o n e  
in  m ixture^

|k63 [1 rain. 3 .0 0 1 k % 96%

| l  hour — 5 .0 2 4 18% 83%

i
i
j a f t e r  r e t r e a t i n g  
1 w ith  benzene 1 .1 4 3 18% 86%

{k68 j 2 3/k hour 2 .0 4 5 20% 78%

i 1 a f t e r  treatm en t w ith  
; sodium carb on ate 0 .8 4 0 3% 95%

K65
i
; 3 h r . 
\50 m in.
Î

1 .7 1 3 25% T 80%

|k69 \ 30 m in. 1 hour 2 .6 7 3 14% 83%
I

[ a f t e r  trea tm en t  
i w ith  sodium  
carbonate

1 .6 8 0 2% 97%

1 ’

d i f f e r e n t  specimen  
1 a f t e r  trea tm en t w ith  

sodium carb on ate
2 .5 6 5 1% 95%

KIOI4.30 min. 1 hour 2 .0 1 2 13% 85%

a f t e r  trea tm en t  
w ith  sodium  
carbonate

1 .0 3 8 2% 96%

* (NaOH to  n e u t r a l i s e  a c id ) X  100; t h i s  r a t i o  i s a gu ide to
t o t a l  NaOH

% o f  a c id  i n  th e  m ixtu re  assum ing th e  M.Wts* o f  th e  a c id  
and la c to n e  are a p p rox im ate ly  t h e  same.

* (E q u iv s .  o f  NaOH n e u t r a l i s e d  on bo ilin^dxM.Wt. o f  lactone x  100
w t. o f  crude m ixtu re  tak en



52

These r e s u l t s  s u g g e s t  t h a t  some a c i d i c  compound(s) or 

d e r i v a t i v e ( s ) , o ther  than ( - ) -m enthyl-y-h^^^droxy-/-phenyl-  

v a l e r a t e ,  was formed d u r in g  the  Grignard r e a c t io n .  This  

" free  acid" cou ld  he removed from the  la c to n e  by w ash ing  an 

e t h e r e a l  s o l u t i o n  o f  the " la c to n e  + acid" w ith  sodium  

carbonate s o l u t i o n  ( c f .  p r e c e d in g  T a b le );  the  y -p h e n y l -  

y - v a le r o la c t o n e  th u s o b ta in ed  was a n a l y t i c a l l y  pure and a l s o  

gave a n a l y t i c a l l y  pure y -h y d r o x y -y -p h e n y lv a le r ic  a c id  on 

a l k a l in e  h y d r o ly s i s .  R ec o n v e rs io n  in t o  th e  la c to n e  gave a 

product w ith  a n e g l i g i b l e  a c id  t i t r a t i o n  (< (0 .2 0  ml. , i r 

r e s p e c t iv e  o f  th e  w eigh t o f  m a te r ia l  ta k e n ) ;  a t i t r a t i o n  o f  

t h i s  order would thus appear to  be a b lan k  fo r  t h i s  method 

( s e e  a l s o  S e c t io n  I l l h ) .  A sm all amount o f  the la c t o n e

( ca. 4 m l.)  was d i s t i l l e d ;  the  d i s t i l l a t e ,  b .p .  134- 1 3 9 ° /
o

7 mm. , had n^^ 1 .5282  [T r iv e d i  and Nargund (194l ) record

b .p .  1 4 5 -1 4 7 ° /5  mm. and n^ 1 .5 2 7 3 ;  Grignard (1 902)

1 68-1 70V i  7 mm., ^ 1 .5 3 0 0 ,  and Johnson , P e te r s e n  and

S ch n e id er  (1 94?) b .p .  1 40H 4 5 ° /5  mm. and n^° 1 .5 3 1 5 ^ ] .

By e th e r  e x t r a c t i o n  o f  the  a c i d i f i e d  sodium carbonate  

e x t r a c t s  a sm all amount o f  dark brown v i s c o u s  o i l  was 

o b ta in e d  -  about 20% o f  what cou ld  be e x p e c te d  from t i t r a 

t i o n  f i g u r e s ;  i t  was n ot p o s s i b l e  to  d e c o lo u r is e  t h i s  p r o 

duct ( e . g .  by c h a r c o a l ) .  I t  w i l l  be remembered t h a t ,  

during  th e  e a r l i e r  work, gradual a c i d i f i c a t i o n  o f  an a l k a l 

in e  s o l u t i o n  o f  y - h y d r o x y -y -p h e n y lv a le r ic  a c id  som etim es  

l e d  to  th e  s e p a r a t io n  o f  a dark brown o i l  b e f o r e  the hydroxy
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a c id  had se p a r a te d . I t  i s  o f  i n t e r e s t  th a t  th e  washing w ith  

carbonate removed alm ost a l l  th e  co lo u r  from th e  la c t o n e .

The r e s u l t  o b ta in ed  from K64, v i z . th a t  r e - tr e a tm e n t  w ith  

b enzene d id  not d ecrea se  the amount o f  "acid" i n  th e  " la c to n e  

+ a c id " , proves th a t  the  a c id  was not y -h y d r o x y -y -p h e n y l-  

v a l e r i c  a c id .  The dark brown o i l  ob ta in ed  from the  la c to n e  

was not a p p r e c ia b ly  s o lu b le  i n  w a te r ,  w hich  v/ould su g g e s t  

th a t  i t  was not l a e v u l i c  a c id .  The o i l  was p a r t i a l l y  s o lu b le  

i n  l i g h t  petroleum  ( b .p .  4 0 - 60 °)  and i n  carbon t e t r a c h l o r i d e .  

I t s  p a r t i a l  s o l u b i l i t y  i n  th e se  s o l v e n t s  su g g e s te d  th a t  i t  

was not homogeneous. As f a r  as co u ld  be judged , a carbon  

t e t r a c h lo r id e  " s o lu t io n "  d e c o lo u r is e d  brom ine. A ttem pts to  

prepare a 2 : 4 - d i n i tr o p henylhydrazone f a i l e d .  In  one e x p e r i 

ment th e  " f r e e  acid" was examined p o la r  ime t r i c a l l y ,  and was
2 5°found to  have a s p e c i f i c  r o t a t i o n  o f  c a . - 7° .

The t i t r a t i o n  exp er im en ts  in d ic a t e d  th a t  the p u r i t y  o f  

the "crude la c to n e "  was u s u a l ly  g r e a te r  than  80%, and com

p a r is o n  o f  the  s p e c i f i c  r o t a t io n  o f  the "crude la c to n e "  

( la c t o n e  + a c id )  w ith  th a t  o f  the  la c t o n e  a f t e r  sodium carbon

ate  trea tm en t  shows th a t  the  d i f f e r e n c e  i n  v a lu e s  i s  not 

marked.

Crude la c to n e  (" la c to n e  + acid") Lactone a f t e r  1̂8l2̂ 3̂ t r e a t  men
con cn

fectone
(approx.)

I^°'^5780 concn. 1\

- 5 .3  - 6 .0 1 0 .2 78 - 5 . 7 —6 .7 4 .2  I
—6.1 * 1 3 .4 83 - 6 . 4 - 7 .2 8 . 4  1

__- 6. 6 - 7 .  5 10.1 85 —6. 8 - 7 . 7 10.1
* not ob servab le -  s o l u t i o n  too co lo u red \
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I t  i s  th u s  c o n s id e r e d  p e r m is s ib le  t o  base g e n e r a l  co n c lu s io n s^  

on th e  e f f e c t  o f  c o n d i t io n s  on d egree  o f  asym metric syn

t h e s i s ,  on com parisons o f  the s p e c i f i c  r o t a t io n s  o f  the  

"crude la c to n e s "  ob ta in ed  i n  d i f f e r e n t  ex p er im en ts .

I t  v/as thought:that th e  " fr e e  acid" might have b een  

formed d uring  the G rignard r e a c t io n .  A ttem pts were made t o  

i s o l a t e  any a c i d i c  p rod u cts  th a t might be formed d uring  t h i s  

r e a c t i o n ,  b y  w ash in g  th e  e t h e r e a l  e x t r a c t  o f  the decomposed  

r e a c t io n  m ix tu re  r e p e a te d ly  w it h  sodium carb on ate  s o l u t i o n .

In  most c a s e s  a sm all amount o f  dark brown o i l  was i s o l a t e d  

b y  a c i d i f i c a t i o n  o f  t h i s  s o lu t io n ;  b u t ,  even a f t e r  e ig h t  

w ash ings  w ith  sodium carbonate s o l u t i o n ,  c o lo u r e d  m a te r ia l  -  

presum ably a c i d i c  -  was b e in g  e x tr a c te d  from th e  e t h e r e a l  

s o l u t i o n .  From the  experim en t conducted a t  -30^ to  - 4 0 ° ,  a 

s e m i - s o l id  product was ob ta in ed  (0.21 g . from a 0 .1  molar  

e x p e r im e n t) ,  w hich  gave w h ite  p la t e s  on c r y s t a l l i s a t i o n  from  

l i g h t  petro leum  (b .p .  4 0 - 6 0 ° ) .  These p l a t e s ,  m.p. 7 0 - 7 4 ° ,  

d e c o lo u r is e d  brom ine. There was i n s u f f i c i e n t  o f  th e  m a te r ia l  

to  p u r i f y  fo r  a n a ly s i s .

I t  was l i k e l y  t h a t  y -phe n y l - y - v a l e  r o l  a c t  one would have 

b een  th e  p r e c u r so r  o f  any 4 - p h e n y l - 3~ p en te n o ic  a c id  p r e s e n t  

i n  th e  " fr e e  acid" ( s e e  S e c t io n  V ). A ttem pts were made to  

e x t r a c t  y -p h en y l -y - v a l e r o l a c t  one from the  e th e r  e x t r a c t  o f  

th e  decomposed Grignard r e a c t io n  m ixture by sh ak in g  w ith  

s tr o n g  p otass iu m  hydroxide s o l u t i o n .  Theise were u n s u c c e s s fu l ;
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but a sm all amaunt o f a c id  was i s o l a t e d  w hich  appeared  

s im i la r  t o  th a t  i s o l a t e d  w it h  sodium carb on ate  s o l u t i o n  

a lth o u g h  i t  was not examined fo r  i d e n t i f i c a t i o n .

( v i i i )  O p t ic a l  ex a m in a tio n  o f  v -h y d ro x y-^✓-nheavl-
v a l e r i c  a c id  p r e c i p i t a t e d  from a lk a l in e  s o l u t i o n

I t  was observed  during  e a r ly  exp er im en ts  th a t  a la c t o n e  

d er iv ed  from an a c id  w hich  had b een  r e p r e c ip i t a t e d  from an 

aqueous s o l u t i o n  had, i n  g e n e r a l ,  a s p e c i f i c  r o t a t i o n  h ig h e r  

than  th e  la c to n e  o f  the o r i g i n a l  a c id .

I f  an a lk a l in e  s o l u t i o n  o f  the y -h y d r o x y -y -p h e n y l-  

v a l e r i c  a c id  ( c o n ta in in g  an e x c e s s  o f  one a n tip o d e )  was 

p a r t i a l l y  a c i d i f i e d  and the h y d r o x y -a c id  a llow ed  to  c r y s t a l 

l i s e ,  the  a c id  so ob ta in ed  had a l a r g e  e x c e s s  o f  one o f  the  

a n tip o d e s  ( th e  one o r i g i n a l l y  i n  sm all e x c e s s ) .  I f  t h i s  

cropwks removed, f u r t h e r  a c i d i f i c a t i o n  o f  the mother l iq u o r  

gave a product which had an e x c e s s  o f  the  o th e r  a n tip o d e .  

Thus, by re p ea ted  p r e c i p i t a t i o n  o f  the h y d roxy-ac id  by 

a c i d i f i c a t i o n  o f  an a lk a l in e  s o l u t i o n ,  i t  i s  p o s s i b l e  t o  

o b ta in  products o f  a h igh  enough degree o f  o p t i c a l  p u r i t y  

to  perm it com plete p u r i f i c a t i o n  t o  be ach iev ed  by r e c r y s t a l 

l i s a t i o n  from (sa y )  b en zen e . R e s o lu t io n  can t h e r e f o r e  be 

e f f e c t e d ,  and b o th  a n tip o d es  o b ta in ed  i n  a s t a t e  o f  o p t i c a l  

p u r i ty .  R e s u l t s  ob ta in ed  in  one experim ent are shown b elow .
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The ( o p t i c a l l y )  p u res t  y -p h e n y lv a le r o la c to n e  o b ta in ed  

b y  t h i s  method had - 55 . 3 ° 8°  ̂ - 62 , 5 ° ^ . 8 ° ,

and was d er iv ed  from an a c id  w ith  m .p. 1 2 1 - 1 2 1 . 5 ° ,  w hich  

had b een  p r e c i p i t a t e d  from a l k a l i n e  s o l u t i o n  and had not  

b een  c r y s t a l l i s e d  from ben zen e . T h is  la c t o n e  was o b ta in ed  

from d e x t r o - r o t a to ry -y -h y d ro x y -y -p h en ^ -'lv a ler ic  a c id .  The 

( o p t i c a l l y )  p u r e s t  la e v o r o t a t o r y  a c id  o b ta in e d  by p r é c i p i t a -  

t i o n  had - 4 . 7 3 °  ± 0 . 0 8 ° ,  - 5 . 3 0 °  ± 0 . 0 8 ° ;

i n  t h i s  case the p rod u ct was not co n v er te d  to the  l a c t o n e .

y -Hydr oxy-y -phe ny lv  a l e r i c  a c id  was a l s o  r e s o lv e d  by  

th e  c l a s s i c a l  method in v o l v i n g  s e p a r a t io n  o f  two d i a s t e r e o -  

i s o m e r id e s  by f r a c t i o n a l  c r y s t a l l i s a t i o n  ( s e e  S e c t io n  V I I ) .

( + ) -y -H y d r o x y -y -p h e n y lv a le r ic  a c id  was o b ta in e d  w ith

5780 -  0 * 2 ° ,  [ d 3̂ 2̂ 61
I o +

[cJ']c;7An + 4 .8 °  -  0 . 2° ,  [a ]  +5 . 7  ̂ -  0 . 1 °  i n  e th a n o l;  the

co rresp o n d in g  la c to n e  had [a]^ygQ - 5 4 .8  -  0 . 4  ,

546l - 6l . 9 °  -  0 . 4 °  i n  e th a n o l .  The d e x t r o r o t a t o r y  la c t o n e

was o b ta in ed  w ith  +53# 9^ -  0 . 5 ° ,  +6l . 8 °  t  0 . 5°

The r e la t io n s h ip  betw een th e  s p e c i f i c  r o t a t i o n  o f  

y -h y d r o x y -y -p h e n y lv a le r ic  a c id ,  i t s  m e lt in g  p o in t ,  and th e  

s p e c i f i c  r o t a t i o n  o f  y - p h e n y l - y - v a l e r o l a c t o n e , i s  shown 

below .
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Ô G\ rn 0\ G\ O's

VO
•H•p

m m m

00
r- -d-m •p

m
G\vo



59

I t  v ; i l l  "be observed  from th e  above th a t  the s p e c i f i c  

r o t a t i o n  o f  the la c to n e  i s  o f  the order o f  1 0 .5  t im es as 

g r e a t  as th a t  o f  the h y d r o x y -a c id ,  and i s  o f  o p p o s i te  s ig n ,

( i x )  N eu tra l p r o d u c ts  o b ta in ed

So fa r  no m ention has b een  made o f the n e u tr a l  p ro 

d u cts  o b ta in ed  by th e  f o l lo w in g  r e a c t io n s  : -

Ph OMgBr
3Phî'/îgBr 1 (

CH .̂ CO. ( CHg) 2 - CO2 ( - )  -m enth y l ---------------->CH^-C-CCHg ) 2"CPh

OM^r Ph
y

h y d r o l y s i s /

Ph CHp—  CHq
I . . Ph I  ̂ I

CH,a-(CH2 )pCPh„ or CPh^
1̂ M e ' ^ \ / 2
OH OH 0

Grignard (1 902) rep orted  the i s o l a t i o n  o f  th e  r in g  compound 

from th e  analogous r e a c t io n  u s in g  the  e t h y l  e s t e r .  In  t h i s  

i n v e s t i g a t i o n  n eu tr a l  b y -p ro d u c ts  were i s o l a t e d  from th e  

e x t r a c t  c o n ta in in g  m en th o l,  a f t e r  removal o f  th e  l a t t e r  by 

steam d i s t i l l a t i o n .  In th e  p r e l im in a r y  exp er im en ts  sm a ll  

amounts o f  n e u tr a l  p rod u cts  were i s o l a t e d  and were found to  

be o p t i c a l l y  i n a c t i v e ;  th e  y i e l d  o f  n e u tr a l  p ro d u cts  i n  th e  

l a r g e r  s c a le  exp er im en ts  were o f  the same order . The 

amounts i s o l a t e d  were not enough t o  account fo r  th e  low  

y i e l d s ,  and i t  must be assumed that the low  y i e l d s  were 

p a r t ly  due to  é n o l i s a t i o n  o f  th e  k e t o - e s t e r .  I f  t h i s  were 

the  c a s e ,  th e  d ecr ea se  o f  y i e l d  w i t h  p ro lo n g ed  m ixing tim e
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might he due to  th e  r a t e  o f  r e a c t io n  o f  th e  G rignard reagen t  

w ith  the  en o l (kg) "being g r e a te r  than  th a t  w ith  th e  t e t o  (k  ̂ ), 

I f  s o ,  th e  l a e v u l i c  a c id  ob ta in ed  a f t e r  th e  h y d r o ly s i s  

would p rob ab ly  rem ain  i n  th e  aqueous l a y e r  during  e t h e r  

e x t r a c t i o n .

C H ,.G .(C H p)g.C O ^(-)-m enthyl
^ II ^ ^

0
k.

Ph

i. \y

CH^C—CH—CHgCO^C—) —menthyl 

OH
1 k.

CH^.C. (C H g)2 .C 02(-)-m en th y l

OMgBr

CH^C=CH—CH2GO2 ( — ) —m enthyl  

d ) M g B r

I l l h .  I n t e r a c t io n  o f ( - ) -m e n tb y l  - a c e t y l - n - B u t y r a t e  and 
phem rl magnesium bromide

CH3.GO. (01̂ )3 . COg.qo Si 9
PhlvîgBr

(_ )  (1 g. mol.)
)  CH3 . ( CgH^) (O E )fC . ( CHg ) 3 . C02C,cP  ̂9

( - )

CH3 . (C g H ^ )(O H )y C .(C H g ^ ^ .C O g H .

One experim ent was c a r r ie d  out u s in g  0 .0 8  g . mol. o f  

( - ) -m e n th y l  O - a c e t y l - n - b u t y r a t e  and 0.1 g, mol. o f  phenyl  

magnesium bromide so as to  have enough m a te r ia l  f o r  the  

s tu d y  o f  th e  co n v e r s io n  o f  the 4 -h y d r o x y -4 -p h e n y l-p e n ta n -  

l^ c a r b o x y l ic  a c id  ( o-hydroxy- é -p h e n y lc a p r o ic  a c id )  to  th e  

co rresp o n d in g  l a c t o n e .  Two s m a l le r  experim ents  ( 0 .0 2  g. mol. 

o f  estei^ were su b s e q u e n t ly  c a r r ie d  out to  a s c e r t a in  i f  the
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degree  o f  asymmetric s y n t h e s i s  were dependent on c o n d i t io n s  

used .

In  the  la r g e  s c a l e  experim ent the phenyl magnesium  

brom ide s o lu t io n  was added to th e  e t h e r e a l  s o l u t i o n  o f  the  

e s t e r ,  w ith  i c e  c o o l in g  and s t i r r i n g ,  over i  hour; s t i r r i n g  

was con tin u ed  fo r  a f u r th e r  hour and then  the  r e a c t i o n  

m ixture was kept a t  0^ o v e r n ig h t .  The r e a c t io n  m ixture was 

decomposed and e x t r a c te d  w ith  e th e r .  The product o b ta in e d  

had o n ly  a f a i n t  s m e l l  o f  menthol (compare w ith  th a t  o b se r v 

ed i n  th e  r e a c t io n  u s in g  (-)-m enthyl l a e v u l a t e ) .  T his o i l  

was h yd ro lysed  w ith  b o i l i n g  aqueous a l c o h o l i c  p o ta ss iu m  

hydroxide s o l u t i o n .  A f t e r  removal o f  th e  m enthol th e  s o l u 

t i o n  was a c i d i f i e d  and the product e x tr a c te d  w ith  e th e r .  The 

y e l lo w  o i l  o b ta in ed  on removal o f  the  e th e r  cou ld  not be com

p l e t e l y  co n v erted  to  the  l a c t o n e ,  even  by d i s t i l l i n g  to lu e n e  

from i t  and then  k eep in g  i t  a t  100^ under a p r e s su r e  o f  5 mm. 

f o r  8 hours, a lth o u g h  t h i s  method was more e f f e c t i v e  than  

t h a t  in v o lv in g  d i s t i l l a t i o n  o f  benzene from the o i l  and then  

k eep in g  i t  a t  100^ a t  5 mm. fo r  3 hours. The cou rse  o f  the  

r in g  c lo s u r e  was fo l lo w e d  by t i t r a t i n g  w it h  0 .1  N-sodium  

hydroxide s o l u t i o n .  Assuming ^ - h y d r o x y - - p h e n y l c a p r o i c  

a c id  to  have a v e r y  sm a ll  r o t a t i o n ,  compared w it h  t h a t  o f  th e  

co rresp o n d in g  l a c t o n e ,  no r a c é m is a t io n  occurred  even  on 

d i s t i l l i n g  to lu e n e  from i t .  E v e n tu a l ly  the  la c t o n e  was 

o b ta in e d  f r e e  from a c id  b y  w ashing an e t h e r e a l  s o l u t i o n  o f
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the m ixture w ith  sodium carbonate s o l u t i o n .  A good a n a ly s i s  

was o b ta in e d  fo r  the la c to n e  prepared  i n  t h i s  manner; i t  

se p a r a te d  as rhomboid c r y s t a l s  from an e t h a n o l i c  s o l u t i o n  

c o n c e n tr a te d  a lm ost to  d ry n ess .  By t i t r a t i o n  i t  showed a 

low f r e e  a c id  c o n t e n t ,  w hich  was of the same order as the  

f r e e  acid  c o n ten t  of y - p h e n y l - / - v a l e  r o la c to n e  t r e a te d  i n  t h i s  

manner ( 0 ,2  ml. o f  0 .1 N-sodium hydroxide r e q u ir e d  fo r  

n e u t r a l i s a t i o n  i r r e s p e c t i v e  o f  the  amount o f  la c t o n e  u se d );  

t h i s  o b s e r v a t io n  su p p o rts  th e  id e a  th a t  su ch  a sm a ll  t i t r a 

t i o n  i s  a method e r r o r ,  and d o es  not d e t r a c t  from th e  u s e f u l 

n e s s  o f  the method as a gu ide  t o  th e  p u r i t y  o f  the  l a c t o n e s .

E ther e x t r a c t i o n  o f  the a c i d i f i e d  sodium carbonate  

e x t r a c t s  gave a r e l a t i v e l y  low y i e l d  of a c i d ,  w hich  was o p t i c 

a l l y  i n a c t iv e  and was not examined c h e m ic a l ly .  I t  could  

have b een  a c e t y l b u t y r ic  a c i d ,  s in c e  the a n a ly s i s  o f  a 

specim en o f  the c 5 -h y d r o x y -^ -p h e n y lc a p r o ic  a c id ,  o b ta in e d  

b y  c o n c e n tr a t io n  o f  an e th e r  s o l u t i o n  a t  0^ under reduced  

p r e s su r e  gave a low carbon c o n te n t ,  w hich  cou ld  not be 

a t t r ib u t e d  to  p a r t i a l  l a c t o n i s a t i o n ,  s in c e  t h i s  would have  

g iv e n  a product w i t h  a h ig h  carbon c o n te n t .  I f  the a c id  

were i n  f a c t  a c e t y l b u t y r i c  a c id ,  w hich  i s  f r e e l y  s o lu b le  i n  

w a te r ,  and i s  e x t r a c te d  w ith  e t h e r  from an aqueous s o l u t i o n  

o n ly  w it h  d i f f i c u l t y ,  a low  y i e l d  o f  a c id  on e x t r a c t i o n  o f  

an aqueous s o l u t i o n  would be e x p e c te d .

S in ce  the  c o n v e r s io n  o f  the  two is o m e r ic  / - h y d r o x y -  

/  -p h e n y lc a p r o ic  a c id s  to  th e  corresp on d in g  l a c t o n e s  w i l l
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p ro ceed  a t  the same r a t e ,  no attem p t was made to  o b ta in  

com plete c o n v e r s io n  i n  the ca se  o f  the sp ecim ens to  be used  

fo r  o p t i c a l  o b s e r v a t io n s .  P a r t i a l  c o n v e r s io n  was e f f e c t e d  

by re p e a te d  d i s t i l l a t i o n  o f  benzene from  the  p roduct and 

th e i k eep in g  the p rod u ct a t  iCO^ under a p r e s s u r e  o f  5 mm. 

fo r  th ree  hours. An e t h e r e a l  s o l u t i o n  o f  the m ixtu re  thus  

o b ta in e d  was washed w ith  sodium carbonate s o l u t i o n  fo l lo w e d  

b y  w a te r ,  and d r ie d  over sodium s u lp h a t e . Removal o f  the  

e t h e r  gave a p roduct s u i t a b le  fo r  o p t i c a l  i n v e s t i g a t i o n .

In  the two sm all s c a l e  e x p er im en ts ,  a d d i t io n  o f  the  

G rignard s o l u t i o n  t o  th e  e s t e r  s o l u t i o n  occu p ied  i min. and 

i  hour r e s p e c t i v e l y ,  w i t h  sh ak in g ; th e  s o l u t i o n s  were kept  

o v e r n ig h t  a t  0^ b e fo r e  d eco m p o sit io n . The p rod uct o b ta in e d  

by th e  slow a d d it io n  o f the G rignard s o l u t i o n  was more 

co lo u r e d  than t h a t  from the f a s t  a d d i t io n  experim ent (a s  was 

the case i n  th e  exp er im en ts  u s in g  ( - ) -  m enthyl l a e v u l a t e )  

th e  c o lo u r  was l ik e w is e  removed when the  la c to n e  was washed  

w ith  sodium carbonate s o l u t i o n .

g .m o l.
e s t e r

g .m o l.
PhMgBr

R e a c t io n  c o n d i t io n s  
b e f o r e  k eep in g  
ov ern ig h t  10^)

la c t o n e  ^"^5780 ^^5461 ooncn.

0 .0 8

1

0 .1 0 A d d it io n  w ith  s t i r 
r in g  over i  hr. 
s t i r r i n g  con tinu ed  
fu r th e r  1 hr.

6 2° - 0 .2 2

± 0 .0 4 °

- 0 .2 4

± 0 .0 4 °

12.033

i  0 .0 2 0.025 A d d it io n  w ith  shak
in g  over 1 min.

70-72° - 2 .2 1  
± 0 .1  5

- 2 .5 2
■H). 1 5

5.626

i  0 .0 2
1

0 .0 2 5 A d d it io n  w i t h  sh ak 
in g  over 30 min.

68-71° H . 3 2
± 0 .0 8

- 1 .4 7
± 0 .0 8

6.466
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The y i e l d s ,  which were o f  the ord er  o f  60%, are o f  l i t t l e  

v a lu e  fo r  com parative purpose s in c e  the e x a c t  c o m p o s it io n  

o f  the p rod uct was not known.

The n e u tr a l  p r o d u c t ,  f r e e d  from m enthol by steam  

d i s t i l l a t i o n ,  was not v e r y  s o lu b le  i n  a lc o h o l .  A s o l u t i o n  

o f  t h i s  p rod uct i n  e th a n o l  ■̂‘ch loroform  m ixture was o p t i c a l l y  

i n a c t i v e ,  show ing t h a t  com plete h y d r o ly s i s  o f  the  e s t e r  had 

o ccu rred .

I l l j .  I n t e r a c t io n  o f  ( - ) -m e n th y l-  ^ - a c e t y l - n - v a l e r a t e  and
phenyl magnesium bromide

Ph
 ̂ PhMgBr

OHyCO. (CHg)^C02R------------------ } CH^.C-(CH2)^-C02H

* (i g .m o l . )  OMgBr
where R = ( - ) -m enthyl

PhMgBr ^
(2 g .m o l.  j /

Ph Ph
I 1

CH^-C- ( CH^) -Ph CH^-C-(CHg)^CO^R

OMgBr OM^r OP

KOH

Ph

CH3-C-(CH2)/;C02H

OH

Three exp er im en ts  were c a r r ie d  out u s in g  0 .0 2 5  g. m ois  

o f  pheny l magnesium bromide t o  0 .0 2  g. m ois o f  ( - ) -m enthyl  

ace t y l v a l e  r a te .  None o f t h e s e  experim ents y ie ld e d  5 -p h en y l-  

5 -h y d r o x y -h e x a n -1 -c a r b o x y lic  a c id  which e x h ib i t e d  an o p t i c a l
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r o t a t i o n  i n  e th a n o l s o l u t i o n  ( c ,  9 t o  1 8 ) .  In  one o f  the

exp er im en ts  the crude 5 -p h e n y l- 5 - hydroxy-hexan-1 - c a r b o x y l i c  

a c id  (y e l lo w  o i l ) ,  t i t r a t e d  a g a in s t  NaCH, had a M.V. 219  

( c a l c ,  fo r  gO^, 2 2 2 ) .  E xperim ents u s in g  0 .0 4 5  g« m ois

and 0 .0 6  g . m ois o f  PhMgBr to 0 .0 2  g. mois o f  ( - ) -m enthyl  

a c e t y l v a l e r a t e  a l s o  y ie ld e d  hydroxy a c id  w hich e x h ib i t e d  no 

O p tic a l  a c t i v i t y .  However, when an experim ent was c a r r ie d  

out u s in g  2 2 .2 6  g . ( 0 .0 8  g. m o l . )  o f  ( - ) -m e n th y l-  6J-ace t y l -  

n - v a l  era t e ,  th e  p rod uct o b ta in ed  had + 0 .09^  ( c  ̂ 50

i n  e th a n o l)  and was a n a l y t i c a l l y  p u re;  a ttem p ts  t o  d i s t i l  

th e  p ro d u ct  r e s u l t e d  i n  d eh yd ration . T h is  p o la r im e t r ic  

r e s u l t  cou ld  n ot be due to  in co m p le te  h y d r o ly s is  o f  the  

( - ) -m e n th y l  5 -p h e n y l-5 -h y d r o x y -h e x a n -1 -c a r b o x y la te  ( th e  two 

d i  as te  re o i  some rs  b e in g  h y d ro ly sed  a t  d i f f e r e n t  r a t e s ) ,  s in c e  

( 1) th e  n e u tr a l  p ro d u c ts  o b ta in ed  ( 0 .0 6  g . ) had no o p t i c a l  

r o t a t i o n  and co n ta in ed  no m enthyl e s t e r ,  and ( i i )  p a r t i a l  

h y d r o ly s i s  o f  the ( - ) -m enthyl e s t e r  o f  5- p h e n y l - 5-h 3̂ r o x y -  

h e x a n -1 -c a r b o x y l ic  a c id  gave a la e v o r o t a t o r y  a c id .  I t  must 

th e r e f o r e  be concluded  th a t  an asymmetric s y n t h e s i s  had 

o ccu rred . However, the s p e c i f i c  r o t a t i o n  o f  the p rod u ct  

o b ta in ed  was so sm a ll  as t o  be b a r e ly  o b serv a b le  i n  s o l u t i o n s  

o f  low  c o n c e n tr a t io n ,  as unavoidab ly  used i n  exam ining the  

p ro d u c ts  o b ta in e d  i n  the s m a l l - s c a l e  ex p er im en ts .

In  th e  ex a m in a tio n  o f  the n e u tr a l  p ro d u c ts  ( in c lu d in g  

m enthol and CH^.C(OH)Ph. (CH2)2^.C(0H)Ph2) e x t r a c te d  by e t h e r
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from the  hyd ro ly s  a t e , steam d i s t i l l a t i o n  was found to  be the  

o n ly  s a t i s f a c t o r y  method fo r  removing m enthol;  b o i l i n g  w ith  

v/ater fo r  a p ro lon ged  p e r io d  o f  t im e was u n s a t i s f a c t o r y .  

A ft e r  removal o f  the m enthol by steam  d i s t i l l a t i o n ,  th e  p r o 

d u ct  (assumed to  be 1 ;6 -d ih y d r o x y -l  :1 :6 - t r ip h e n y lh e p ta n e ,
Ph Ph

H,C-6-(CHp) I-C-Ph), was removed by e th e r  e x t r a c t i o n ,  and
OH

i n

a l l  c a s e s  was found to  e x h ib i t  no pronounced o p t i c a l  a c t i v i t y  

( - 0 .0 5 ^  observed  i n  one c a s e )  even  when 4 g. m ois , o f  phenyl  

magnesium bromide had been used per g .  m ol. of ( - ) -m enthyl  

a c e t y l v a l e r a t e .

The c o n d it io n s  em ployed, and the y i e l d s  o b ta in e d , i n  

t h i s  s e r i e s  o f  experim en ts  are recorded  b e low , a lth o u g h , as  

d is c u s s e d  above, the r e s u l t s , from th e  p o in t  o f  v iew  o f  

asym metric s y n t h e s i s ,  were e s s e n t i a l l y  n e g a t iv e .

|g«mols.
e s t e r

FhM^r 1 
e o l u -  ' 
t i o n  (&i 
mol 6. )

1 A d d it io n  
c o n d it io n s

! . _

Subsequent 
treatm ent of  
r e a c t io n  m ix t .  
b e fo re  decomp.

1 Wt. o f  
1 d i -  
! a lc o h o l

¥ t .  o f  
hydroxy- | 
acid

0 .0 2 0 .0 2 5  !125 m in s v l7 ° 3 h r s . / l 7 ° }
1 5 mine, 
b o i l i n g 1

1 . 9 g . (43%), 
(some lo st )

0 .0 2 0 .0 2 5 i10 m insv50°
1
! ^

30 m i n s . / l 7 ° ;  
90 mins. 
b o i l i n g

3.17g. (72%)

0 .0 2 0 .0 2 5 10 minSv^C
1

30 m in s ./I  7^; 
90 m ins. 
b o i l i n g

Trace 3 .50g . (80%)

0 .0 2 0 .0 4 5 10 minSv^O® 90 m i n s . / 60 ° 1 .  5g. 
(21%)

2.54g. (58%);
i

0.01  5 0 .0 6 10 m in s /6 0 ° 3 h r s . /6 o ^ . 3 . 6g.
. (68%)

0 .56g. (13%) !:

0 .0 8 0 .1 0 30 m in e ./O ^  60 m ins./O  
s t i r r i n g  ^ g h t

0 . 06g.
{
\ .

1 4 . 86g. 
(84%) :
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I l l k .  I n t e r a c t io n  o f  ( - ) -m enthyl ^ - a c e t y l p e l a r g o n a t e  and 
phenyl magnoBium 'bromide

PhMgBr
GH^O0.(O%)g.CO2C^oBl9--------------- > CH^(C6H^)(0H)C. (CHg) g-COgC  ̂ 5

(_ )  ( 1 g .m o l . ) ( - )

CH^(CgH^)(OH)cT(CH2)g.G02H 

( o p t i c a l l y  a c t iv e ? )

The one exp erim ent c a r r ie d  out t o  s tu d y  t h i s  r e a c t io n  gave  

a product w hich e x h ib i t e d  no o p t i c a l  a c t i v i t y  i n  e th a n o l  

s o l u t i o n  ( c .  = 23 , 7 ) .  I t  i s  im p o s s ib le  to  s t a t e  th e  p e r 

cen ta g e  y i e l d  o f  the 9-hyd roxy- 9 -p h e n y l- d e cane- 1 - c a r b o x y l i c  

a c id  s in c e  the p rod uct was not p ure . On s ta n d in g ,  c r y s t a l s  

se p a r a te d  from the y e l lo w  o i l  o b ta in ed  a f t e r  h y d r o ly s i s ,  

b u t th e r e  was n ot com plete s o l i d i f i c a t i o n ,  even on p ro lo n g ed  

s ta n d in g .  The a n a ly s i s  gave a low carbon c o n te n t ,  w hich  

s u g g e s t s  th a t  the product was mixed w it h  unchanged a c e t y l -  

p e la r g o n ic  a c id  (presum ably e n d  r e a c t io n  had taken  p l a c e ) .  

S in c e  a n e g a t iv e  r e s u l t  had been o b ta in e d  from t h i s  e x p e r i 

ment no f u r t h e r  exp erim en ts  were c a r r ie d  ou t.
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IV. INTERACTION OP ACETOPHENONB ̂  ( - ) -MENTHYL BROMOACBTATE 

AND 2ING

I t  was prop osed  t o  examine the g -h y d r o x y -p -p h e n y lh u ty r ic  

a c id  prepared  by the  i n t e r a c t i o n  o f  acetophenone and 

( - ) -m en thy l b rom oacetate  in  the p r esen ce  o f  z in c  (Re form at sky  

r e a c t io n )  w ith  subsequent h y d r o l y s i s ,  w ith  a v iew  to  a s c e r 

t a in i n g  w heth er  any asym metric s y n t h e s i s  had o ccu rred .

GH^.GO.G^H^ GHgBr.GOOG^^H^g

( 4

GĤ  • GOOC-j g 

( - )

OZnBr

/
CHg.COOff

ail. a c id

GHg. COOC^ g

CH3 .C.C6H3 4
GH .̂ G. Ĝ Ĥ

OH

( o p t i c a l l y
a c t iv e ? )

a lk a l in e
h y d r o ly s i s

OH

(-) -M e n th y l  b ro m o a ceta te ,  z in c  and acetophenone were 

a llo w e d  to  r e a c t  in  benzene s o l u t i o n  under va ry in g  c o n d i t i o n s ,  

p r e l im in a r y  exp er im en ts  were c a r r ie d  ou t on a 0 .0 2  g .  m ol.  

s c a l e .  .. The o r g a n o m e ta l l ic  complex was decomposed w ith  

5 N -su lp h u r ic  a c id  and i c e ,  and the aqueous s o l u t i o n  ex 

t r a c t e d  r e p e a te d ly  w ith  e t h e r ,  the f i n a l  aqueous la y e r  

h a v in g  no o p t i c a l  a c t i v i t y .  The r e a c t io n  p ro d u c t ,  o b ta in e d
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by coTXcentretion o f  t b i s  e t h e r e a l  e x t r a c t ,  d id  n o t  s m e ll  

o f  m enthol. H y d r o ly s is  o f  t h i s  p ro d u ct  was effected  w ith  

2.5N aqueous a l c o h o l i c  KOH. The h y d r o ly s a t e ,  from which the  

a lc o h o l  had b een  removed by d i s t i l l a t i o n ,  was e x t r a c te d  

r e p e a te d ly  w ith  e th e r  to  remove n e u tr a l  p ro d u c ts  such a s  

m en th o l, acetophenone and t r a c e s  o f  n e u tr a l  c o n d e n sa t io n  

p ro d u c ts  which m ight be formed by th e  f o l lo w in g  s e r i e s  o f  

r e a c t i o n s ; -

BrZnCHp* COp. Cj# qĤ  q
C H y C . G g H ^ —  ^ C H g l G . G g H g --------------------------------

0 OH  ^  OZnBr

BrZnCHg.C.CgH^

GH^.G.CgHg 

0
Cfi2 .GO.C6H5

CH3 .G .C 6H5

OZnBr

The f i n a l  e th e r  e x t r a c t  was o p t i c a l l y  in a c t iv e #  The 

aqueous a l k a l i n e  s o l u t i o n ,  a f t e r  a c i d i f i c a t i o n  w ith  5N-  

s u lp h u r ic  a c id ,  was e th e r  e x tr a c te d  u n t i l  th e  f i n a l  aqueous  

la y e r  was o p t i c a l l y  in a c t iv e #  The e th e r  e x t r a c t  was washed 

w ith  w ater u n t i l  f r e e  from in o r g a n ic  a c id ,  d r ie d  o v er  sodium  

s u lp h a te ,  and co n c e n tr a te d  to  d ry n ess ;  the (3-h y d r o x y -3-phenyl- 

b u ty r ic  a c id  thu s o b ta in ed  was examined p o la r ir a e t r ic a l ly #  

I n i t i a l l y ,  ex p er im en ts  were c a r r ie d  out em ploying an
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e x c e s s  o f  acetophenone r e l a t i v e  to  m enthyl brom oacetate  or  

v i c e  v e r s a , w ith  z in c  in  e q u im o lecu la r  p r o p o r t io n  to  the  

amount o f  e s t e r  used# F i n a l l y ,  e q u im o lecu la r  p r o p o r t io n s  

o f  acetophenone and ( - ) -m enthy l brom oacetate  were used i n  

th e  p r e s e n c e  o f  e x c e s s  z in c  ( 50Jb in  e x c e s s  o f  th eo ry )  

a cc o rd in g  to  L ip k in  and S tew a rt  (1939)'^. L ip k in  and S tew art  

c la im  to have p e r f e c t e d  c o n d i t io n s  f o r  th e  Reform atsky r e 

a c t io n  which w i l l  g iv e  r e p r o d u c ib le  r e s u l t s ;  th e  e s t e r  i s  

added very  s lo w ly  ( 1 0 -1 2  hours) to th e  s o l u t i o n  o f  the  

k eto n e  w ith  good s t i r r i n g .  As can be seen  from th e  t a b l e ,  

u s in g  th e  ( - ) -m e n th y l e s t e r  and eq u im o lecu la r  p r o p o r t io n s  o f  

r e a c t a n t s  w ith  e x c e s s  z i n c ,  r i g i d  c o n t r o l  o f  c o n d i t io n s  d id  

n o t  appear to  be n e c e s s a r y  to  g iv e  r e p r o d u c ib le  r e s u l t s #

The y i e l d  o f  p -h y d r o x y -p -p h e n y lb u ty r ic  a c id  was o n ly  o f  the  

ord er  o f  59% based  on ( - ) -m enthy l b ro m o a ceta te , th e  f a t e  o f  

which i s  d is c u s s e d  la te r #

The e s te r :a c e to p h e n o n e  r a t i o  d o es  n o t  a f f e c t  the d egree  

o f  asymmetric s y n t h e s i s  a lth o u g h , as would be e x p e c te d ,  i t  

a f f e c t s  the y i e l d ;  as t h i s  r a t i o  i s  d ecrea sed  so does the  

p e r c e n ta g e  y i e l d  d e c r e a s e ,  presum ably owing to  s id e  r e a c t io n s  

o f  the  e s t e r  such as  c o u p l in g  ( s e e  a b o v e) . T h is  r a t i o  

appeared to  be the o n ly  f a c t o r  th a t  a p p r e c ia b ly  a f f e c t e d  the  

y i e l d ,  c o n c e n tr a t io n s  and time o f  r e a c t io n  h av ing  no e f f e c t .

The d eg ree  o f  asymmetric s y n t h e s i s ,  i . e .  the  s p e c i f i c  

r o t a t i o n  o f  th e  product (w hich  was o f  the ord er o f

(+ )  In  t h i s  p aper i t  i s  s t a t e d  th a t  234g. o f  e t h y l  bromo
a c e t a t e  was used. T h is  appears to be a m is p r in t  f o r  334g., 
on which th e  y i e l d s  are c a l c u la t e d  and which i s  the  
c o r r e c t  m olar q u a n t i ty .
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[ ^ 1 +2» if^5 ^^^5if6l 2 *7  ̂ 10 i n  6 *tliaiiol)) sliowGd.

no a p p rec ia b le  dependence on r e a c t io n  c o n d it io n s  such as 

m ixing tim e o f  the e s t e r  and k e to n e ,  p e r io d  of h e a t in g ,  or 

the volume o f  s o lv e n t  used . Any apparent v a r i a t i o n  o f  the  

s p e c i f i c  r o t a t io n  o f  the product can he a t t r ib u t e d  to  th e  

dependence o f  the s p e c i f i c  r o t a t i o n  on th e  c o n c e n tr a t io n  o f  

th e  s o lu t i o n :  as the c o n c e n tr a t io n  i s  in c r e a s e d  so does the  

s p e c i f i c  r o t a t i o n  in c r e a s e .  This i s  shown from th e  f o l l o w 

in g  r e s u l t s

f “'35780^*®^I - - - - - -
5461 ^ . 0 5 ° Ç-

1 + 2 .7 9 + 3 .1 5 1 f .  35
+ 2 .5 8 + 2 .8 7 9 .8 3
4 2 . 44 +2 .7 3 7 .7 4

The crude p -h y d r o x y -p -p h e n y lb u ty r ic  a c i d ,  w hich gave a s a t i s 

f a c t o r y  a n a l y s i s ,  cou ld  be c r y s t a l l i s e d  from l i g h t  petro leum  

( b .p .  1 0 0 -1 2 0 ^ ). The c r y s t a l l i s e d  m a te r ia l  showed a s l i g h t 

l y  h ig h er  d egree  o f  o p t i c a l  a c t i v i t y  than the cr u d e: -

iij ± 0 .0 5 ° Ç .

b e fo r e (+2 .6 7 +3 .0 2 1 5 .1 3
1+2.54 + 2 .6 4 9 .1 0

a f t e r (+ 2 .7 9 + 3 .1 5 1 4 .3 5
c r y s t . 1+2.44 + 2 .7 3 7 .7 4

C o n c e n tr a tio n  o f  th e  mother l iq u o r  y ie ld e d  a product o f  low
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s p e c i f i c  r o t a t io n  which d e c o lo u r is e d  aqueous p o ta ss iu m  p e r 

manganate s o l u t i o n  r e a d i l y ,  whereas th e  crude p rod u ct had 

n ot a f f e c t e d  the  permanganate s o lu t io n .

One la r g e r  s c a l e  exp er im en t (0 .1 1  g .m o l . )  was c a r r ie d  

out w ith  a view to  a more d e t a i l e d  i n v e s t i g a t i o n  o f  the  

co u rse  o f  th e  r e a c t io n ;  th e  c o n d i t io n s  were e s s e n t i a l l y  

th o se  o f  L ip k in  and S tew art  (1939)#  P -H yd roxy-p -p h en y l-  

b u ty r ic  a c id  was o b ta in ed  in  y i e l d  comparable to  th a t  

o b ta in ed  on th e  sm all s c a l e  and w ith  th e  same s p e c i f i c  r o ta 

t i o n .  I t  was p o s s i b l e  to  account f o r  83% o f  th e  ( - ) -m en thy l  

b rom oacetate  used : -

P-K ydroxy-j3-phenylbutyric  a c id  (53% y i e l d )  would be 
formed from  .......... .......................  l 6 . 0g  ( - ) -m enthyl e s t e r

A c e t ic  a c id  ( 0 .0 2 6  g . m o l .)  would be
formed f r o m ............................................ 7# 2g "

Unchanged ( - ) -m enthy l b rom oaceta te . 2 .0 g  ”

T o ta l  accounted  f o r   .........................  25# 2g

B s te r  u s e d . ....................... .............................. .. 3 0 .4 7 g

% e s t e r  unaccounted f o r .................. 17%

The somewhat low y i e l d  may be a t t r ib u t e d  (compare Hussey and 

Newman, 1 9 4 8 ,)  to  l o s s  o f  m a te r ia l  by th e  s id e - r e a c t io n :

CO. CHy- GgH .̂ C=GH2 -
OH

BrZnGH2G02C-  ̂0^  ̂g

HgO

GgHc-G=GHp ^
j + GH .̂ G02Ĉ  g

OZnBr
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T h is  would account f o r  th e  a c e t i c  a c id ,  found to  be 

p r e s e n t  a f t e r  h y d r o ly s i s .  The ( - ) -m enthyl brom oacetate  

unaccounted f o r  co u ld  have been  due to  ( i )  m ech a n ica l  

l o s s e s ,  and ( i i )  fo rm a tio n  o f  w ater  s o lu b le  a c id s  such  

a s  s u c c in i c  a c id ,  which would have r e s u l t e d  from two 

m o le c u le s  o f  ( - ) -m enthyl b rom oacetate  r e a c t in g  to g e th e r .

I t  was proved  th a t  th e  sm all amount o f  o p t i c a l l y  a c t iv e

n e u tr a l  p rod u ct th a t  was i s o l a t e d  was n o t  unhydrolysed

e s t e r .  I t  i s  p ro b a b le  th a t  i t  in c lu d ed  n e u tr a l  co n d e n sa t io n  
p r o d u c ts  ( s e e  ab ove).

U nreacted  acetophenone was e s t im a te d  a s  i t s  2 : 4 - d i n i t r o -  

p henylhyd razone by the  method o f  I d d l e s ,  Low, Rosen and 

Hart (1939)#  The f i g u r e  o b ta in ed  (29% u nreacted ) can o n ly  be 
c o n s id e r e d  as a minimum, s i n c e ,  p r io r  to  the  e s t im a t io n ,

l o s s  o f  unreacted  acetophenone might have occurred  by v o l a t i 

l i s a t i o n  when the  r e a c t io n  m ixtu re  was s u b je c te d  to  ( i )  h e a t 

in g  on a steam bath under reduced p r e s su r e  to  remove t r a c e s  

o f  b en zen e , and ( i i )  h e a t in g  on a steam bath  f o r  a p ro lo n g ed  

p e r io d  to  remove the  a lc o h o l  from an aqueous a l c o h o l i c  

s o l u t i o n .

As checks on te c h n iq u e s  and p u r i t y  o f  s t a r t i n g  m a t e r ia l s ,  

sm all s c a l e  ex p er im en ts  were c a r r ie d  out u s in g  an o p t i c a l l y  

in a c t i v e  e s t e r  o f  b rom oacetic  a c id  ( e t h y l  e s t e r )  and a c e to 

phenone, and a sym m etrica l k e to n e  and ( - ) -m enthyl bromo
a c e t a t e  -  r e a c t io n s  which would g iv e  (3-hydroxy a c id s  which  

would n ot be ex p ec te d  to  be o p t i c a l l y  a c t i v e .  Sym m etrical
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k e to n e s  used in c lu d ed  a c e to n e ,  benzophenone and i s o b u ty l  

k e to n e .  The p rod uct o b ta in ed  u s in g  a ce to n e  was too  s o lu b le

to  g iv e  a r e l i a b l e  check  on c o n d it io n s ;  th e  one ob ta in ed  

from benzophenone was n ot s u f f i c i e n t l y  s o lu b le  to  make the  

c o n d i t io n s  com parable w ith  th o se  o f  ex p er im en ts  u s in g  

acetop henone. 2 -H y d r o x y - 2 - i^ b u t y l - 4 -m e t h y l -p e n t a n - 1 -  

c a r b o x y l ic  a c id  was o b ta in ed  as a y e l lo w  o i l  in  37% y i e l d  

by th e  h y d r o ly s i s  o f  th e  a d d i t io n  p ro d u ct  o f  th e  Reform atsky  
r e a c t i o n  u s in g  d i - i s o b u ty l  k e to n e  and ( - ) -m enthyl bromo

a c e t a t e ;  no o p t i c a l  a c t i v i t y  was e x h ib i t e d  in  th e  crude pro

du ct. I t  was n ot found p o s s i b l e  to o b ta in  t h i s  a c id  

c r y s t a l l i n e ,  and no attem pt was made to  d i s t i l  i t ;  but a

s a t i s f a c t o r y  a n a l y s i s  was ob ta in ed  f o r  the "crude" p rod uct  

which did n o t  d e c o lo u r is e  a c id  p o ta ss iu m  permanganate  

s o l u t i o n .  Kon and May (1927) prepared  th e  e t h y l  e s t e r  o f

2-h y d r o x y -2- i s o b u t y l - 4*-niethyl-pentan-1- c a r b o x y l i c  a c id  from  

e t h y l  brom oacetate  and d i - i s o b u ty l  k eto n e  in  35% y i e l d ;  

a tte m p ts  to  i s o l a t e  and p u r i f y  the  f r e e  a c id  le d  to  a

m ixtu re  o f  u n sa tu ra ted  a c id s .
( -g -H y d r o x y -p -p h e n y lb u ty r ic  a c id  was o b ta in ed  s a t i s 

f a c t o r i l y  from e t h y l  brom oacetate  and acetophenone a s  w h ite  

n e e d le s ,  m.p. 71- 72°  [from  l i g h t  p e tro leu m  ( b .p .  100- 120° ) ] .  

The crude p r o d u c t ,  which e x h ib i t e d  no o p t i c a l  a c t i v i t y ,  was

o b ta in ed  in  65% y i e l d ,  r a th e r  h ig h e r  than th e  y i e l d  o b ta in ed  
from ( - ) -m enthyl brom oacetate  u s in g  th e  same c o n d i t io n s  ( 50%), 
The racem ic a c id  has p r e v i o u s l y  been d e sc r ib e d  o n ly  by 
Arbusov ( 1901) .  By o x id a t io n  o f  me th y 1 - a1 ly 1 -p  heny1 - ca rb in o 1
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w ith  4% p o ta ss iu m  permanganate s o l u t i o n  and i s o l a t i o n  o f  

( - ) -h y d r o x y -p -p h e n y lb u ty r ic  a c id  through i t s  s i l v e r  s a l t ,  he 

o b ta in ed  i t  as w h ite  n e e d le s ,  m.p. 50- 53^; th e  s i l v e r  

c o n te n t  o f  th e  s i l v e r  s a l t  was e s t im a te d  but no a n a l y s i s  o f

th e  f r e e  a c id  was c a r r ie d  o u t .

A ttem pts were a l s o  made to  e f f e c t  th e  r e a c t io n  betw een  
acetophenone and ( - ) -m enthyl b rom oacetate  in  th e  p r e se n c e  
o f  magnesium in s t e a d  o f  z i n c ,  but no r e a c t io n  was ob served .



V.

CORRELATION OP RESULTS
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V. CORRELATION OF RESULTS

The r e a c t io n  s t u d ie d ,  both  c h e m ic a l ly  and p o l a r i -  

m e t r i c a l l y ,  betw een ( - ) -m enthyl e s t e r s  o f  c J - a c e ty l  f a t t y  

a c id s  -  GH^.CO. C0 2 ( - ) -o ie n th y l  -  and p hen y l magnesium

bromide was n o t l i k e l y  to  be co m p lica ted  by r e d u c t io n  o f  

th e  k eto  group, s in c e  p h en y l magnesium bromide does not  

e f f e c t  r e d u c t io n  o f  k e to n e s .

McKenzie ( 1906) found th a t  th e  r e a c t io n  betw een ( - ) -  
m enthyl p yru vate  and p h en y l magnesium bromide produced a 
d e x tr o r o ta to r y  a t r o l a c t i n i c  a c i d : -

Ph
PhMgBr /

GH^.GO.GOgG^oH^g -- - -------— --  ̂GH^.G.GOgG^^H^g
(-) W bp(-)

Ph ^
/

GH%.G.GOpH

iH
( d e x tr o r o ta to r y )  

E xperim ents (tw o) were c a r r ie d  out in  which th e  Grignard  

rea g en t  was added to  the  s o l u t i o n  over  30 m in u te s ,  but 

f u r th e r  c o n d i t io n s  are n ot s p e c i f i e d ;  an aqueous s o l u t i o n  

o f  the a t r o l a c t i n i c  a c id  ob ta in ed  had = + 5 * 4 ° (c ,  1 4 .7 )

T h is  r o t a t i o n  would be ob ta in ed  w ith  a p ro d u ct  c o n s i s t i n g

o f  about 10% o f  ( + ) - a t r o l a c t i n i c  ac id  and 90% o f  racem ic  
a c id .  T h is  c a l c u l a t i o n  i s  based on the s p e c i f i c  r o t a t i o n
o f  th e  pure a c id  ob ta in ed  by McKenzie and Glough (1 9 1 0 ) ,  

i . e .  + 5 1 .1 °  ( c ,  2 . l 6 0  in  w a te r ) .  From an aqueous
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s o l u t i o n  of the  o p t i c a l l y  a c t i v e  a t r o l a c t i n i c  a c id  the  

racem ic a c id  c r y s t a l l i z e d  p r e f e r e n t i a l l y ,  th e  mother l i q u o r  

h aving  enhanced o p t i c a l  a c t i v i t y .

E xperim ents i n  t h i s  i n v e s t i g a t i o n ,  in v o lv in g  a d d i t io n  

o f  phenyl magnesium bromide to  ( - ) -m e n th y l  pyruvate  over  

30 m inutes w ith  warming, d id  i n  f a c t  y i e l d  a d e x t r o r o t a t o r y  

a t r o l a c t i n i c  a c id ,  th e  s p e c i f i c  r o t a t io n  o f  the crude p r o 

duct b e in g  [a]^^ = + 7 .9 °  (_ç, 6 .1 5  i n  w a t e r ) .  An a l c o h o l i c
D * oO

s o l u t i o n  o f  the  crude a t r o l a c t i n i c  a c id  had [a ]^  = + 6 .7 °

( c ,  3 . 0 7 5 ) ; u s in g  th e  f i g u r e s  p u b lish e d  by McKenzie and 

C lough ( 1 9 1 0 ) ,  = +37 . 7 °  ( i n  a lc o h o l ;  ç ,  3 .5 )  f o r

the  s p e c i f i c  r o t a t io n  o f  th e  o p t i c a l l y  pure a t r o l a c t i n i c  

a c i d ,  i t  can be c a l c u la t e d  th a t  the product c o n s i s t e d  o f  

c a . 18% e x c e s s  ( + ) - a t r o l a c t i n i c  a c id  (82% r a c em ic ) .

Study o f  the  r e a c t io n  b etw een  ( - ) -m enthyl l a e v u l a t e  

and p h en y l magnesium brom ide, as w e l l  a s  o f  th a t  betw een  

( - ) -m e n th y l  ^ - a c e t y l - n - b u t y r a t e  and p henyl magnesium 

bromide ( i . e .  when n = 2 and 3 ) ,  was co m p lica ted  by th e  ease  

o f  c o n v e r s io n  o f  y -  and S -hydroxy a c id s  in t o  t h e i r  c o r r e s 

ponding la c t o n e s .

Ph Ph
CH . 0 . ( 0 0 2  >CH . 6 .(CH2 )n .C :0 (h  = 2 or 3 )

 ̂ OH 0 ----------------'

y -H y d r o x y -y -p h e n y lv a le r ic  a c id  (n  = 2 i n  above form ula)  

cou ld  be con verted  i n t o  y  -p h en y l -y -  v a l  e r o l  ac t  one, w i t h  no 

apparent r a c e n d s a t io n ,  by rep ea te d  d i s t i l l a t i o n s  o f  benzene  

from the  compound. P a r t i a l  c o n v e r s io n  o f  <5- h y d r o x y - -
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p h e n y lc a p r o ic  a c id  (n  = 3 i n  above form ula) i n t o  the  

corresp on d in g  la c to n e  cou ld  a l s o  be accom plished  by s im i la r  

tre a tm e n t .  An attem pt to  form y - p h e n y l - y - v a le r o la c t o n e  by  

t r e a t i n g  the hydroxy a c id  w ith  d i l u t e  m inera l a c id  cau sed  

r a c é m is a t io n  to  o cc u r ,  presumably by a mechanism i n v o lv in g  

l a c t o - e n o i c  tautom erism . Johnson, P e te r s e n  and S ch n e id e r  

(1 9 4 7 ) p o in t  out t h a t  u n sa tu ra ted  a c id s  and y - l a c t o n e s  

appear to  b e  i n t e r c o n v e r t i b l e  v i a  t h i s  type o f  e q u i l ib r iu m ,  

a lth o u g h  i n  the  case  o f  p h e n y lv a le r o la c t o n e , i n  t h e i r  

medium (2 v o l s .  48% HBr: 3 v o l s ,  a c e t i c  a c id :   ̂ v o l .  H2C ),  

th e  e q u i l ib r iu m  was f a r  to  th e  r i g h t ,  i f  i t  e x i s t e d  a t  a l l .

Ph Ph
I I

CH .̂ C:CH.CH2. CO2H f '  CH .̂ Ç .CH2.CH2.C :0

0 --------------

Boorman and L in s te a d  (1933) ohserved  th a t  a y -u n sa tu r a te d  

a c id  cou ld  be co n v er ted  i n t o  th e  co rresp o n d in g  la c to n e  w it h  

su lp h u r ic  a c id ;  b u t  the rev erse  r e a c t io n  ( la c t o n e  to  un-  

s a tu r a te d  a c id )  was never observed . T h is  phenomenon was 

a l s o  ob served  in  the case o f  -u n sa tu r a te d  a c id s  and 

6 - l a c t o n e s .  In  v iew  o f  the  d i f f i c u l t y  o f  d e v i s in g  re p r o 

d u c ib le  c o n d i t io n s  f o r  the q u a n t i t a t iv e  i s o l a t i o n  o f  

y - h y d r o x y - y -p h e n y lv a le r ic  a c id  and dT-hydroxy-d-phenyl-  

c a p r o ic  a c id  f r e e  from l a c t o n e ,  p o la r im e t r ic  measurements 

f o r  com parative p u rp o ses  were c a r r ie d  out on s o l u t i o n s  o f  

the  l a c t o n e s .

An e x t e n s iv e  s tu d y  was made o f  the  r e a c t io n  in v o lv in g
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( - ) -m enthyl l a e v u l a t e .  The course o f  th e  r e a c t io n  i s  out 

l i n e d  s c h e m a t ic a l ly  below (R*" = ( - ) -m e n th y l )  :
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I t  was found by t i t r a t i o n  th a t  the "crude la c to n e "  (E) 

co n ta in ed  i n  most c a s e s  an a p p r e c ia b le  amount o f  a c i d i c  

m a te r ia l  which cou ld  n ot be r in g - c lo s e d  to  g iv e  a n e u tr a l  

product ( l a c t o n e ) .  Washing o f  an e t h e r e a l  s o l u t i o n  o f  the  

"crude la c to n e "  w it h  sodium carbonate  s o l u t i o n  gave a n a l y t i c -  

a l l3 ^ p % n y lV a le r o la c to n e  (p ) .

I t  m ight b e  s u g g e s te d  t h a t  the  " fr e e  acid" (G) was 

l a e v u l i c  a c id .  T h is ,  however, i s  u n l i k e l y  s in c e  l a e v u l i c  

a c id  i s  ex trem e ly  s o lu b le  i n  w a te r ,  e s p e c i a l l y  r e l a t i v e  t o  

i t s  s o l u b i l i t y  i n  eth er , and th e  e t h e r e a l  e x t r a c t  o f  the  

a c i d i f i e d  h y d r o ly sa te  had been washed w e l l  w i t h  w a te r .  

C e r t a in ly  the  " fr e e  acid" cou ld  not have c o n s i s t e d  e n t i r e l y  

o f  l a e v u l i c  a c id ,  s in c e  a product in s o lu b le  i n  w a ter  was 

i s o l a t e d .  I t  was a l s o  p o s s i b l e  th a t  the " free  acid" cou ld  

have c o n ta in e d  an u n sa tu ra ted  a c id  ( e . g .  4 -p h e n y l-3 -p e n te n o ic  

a c i d ) ,  s in c e  the "crude la c to n e "  (E) d e c o lo u r is e d  a carbon  

t e t r a c h l o r i d e  s o l u t i o n  o f  bromine. 4 -P h e n y l-3 -p e n te n o ic  

a c id  cou ld  have b een  formed e i t h e r  d ur ing  the  course o f  the  

G rignard r e a c t io n  ( s e e  b e lo w ) ,  or during  the c o n v e r s io n  o f  

the y -h y d r o x y -y -p h e n y lv a le r ic  a c id  in t o  i t s  la c to n e  a f t e r  

h y d r o ly s i s ;  th e  l a t t e r  i s  u n l i k e l y ,  s in c e  i t  has been  found  

p o s s i b l e  to  in t e r c o n v e r t  th e s e  two compounds w ith o u t  forma

t i o n  o f  any o th e r  a c i d i c  p rod u ct.

I t  i s  s i g n i f i c a n t  th a t  i f  m ethyl b enz o y ip r o p io n a te  

(Ph.CO. (0 5 2 ) 2*^0 2pH^) i s  t r e a t e d  w it h  m ethyl magnesium
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bromide (1 . 2 5  g. mol. to  1 . 0  o f e s t e r )  under s u i t a b l e  con

d i t i o n s  (s low  m ixing o f  th e  r e a c ta n ts  a t  0 ^, f o l lo w e d  b y  

h e a t in g  a t 55- 6 0 ° ) ,  4 -p h e n y l-3 -p e n te n o ic  acid  

(Ph(CH^)C:CH;0H2 .C02H) i s  o b ta in ed  i n  75% y i e l d  ( K l o e t z e l ,  

1 9 4 0 ) .  In  t h e s e  exp er im en ts  the G rignard r e a c t io n  m ixture  

was decomposed and th e  aqueous la y e r  e x tr a c te d  w it h  e t h e r .  

The e t h e r e a l  s o l u t i o n  was r e p e a te d ly  e x t r a c te d  w ith  sodium  

b ic a r b o n a te  s o l u t i o n ,  from w hich  4 - p h e n y l -3 -p e n te n o ic  a c id  

was i s o l a t e d .  A s i m i l a r  r e s u l t  was ob ta in ed  by Mayer and 

Stamm (1923) u s in g  the  e t h y l  e s t e r .  I t  appears th a t  t h i s  

type o f  r e a c t i o n  may y i e l d  4- p h e n y l - 3- p e n te n o ic  a c id  or  

y -p h e n y l-y -h y d r o x y  v a l e r i c  ac id  (or i t s  l a c t o n e ) ;  the  

l a t t e r  was the  main p rod u ct i s o l a t e d  i n  th e  preseiÿt i n 

v e s t i g a t i o n  and i n  t h a t  o f  T r iv e d i  and Nargund (l 941 ) .

These au th ors  found th a t  treatm ent o f  e th y l  b en zoy lp rop ion ate  

w ith  m ethyl magnesium bromide a t  0 °  (l g. mol. : 1 g . mol^, 

f o l lo w e d  b y  keep ing  the r e a c t io n  m ixture a t  room tem perature  

f o r  a sh o r t  p e r io d ,  gave y -p h e n y l - y -v  a le r o la c to n e  i n  4C% 

y i e l d  ( a f t e r  h y d r o ly s i s  and c o n v e r s io n  o f  the  hydroxy a c id  

in t o  th e  l a c t o n e ) .

From t h i s  p u b l is h e d  work i t  seems p robable  t h a t ,  s in c e  

4 - p h e n y l - 3 -p e n te n o ic  a c id  was i s o l a t e d  as such from the  

r e a c t io n  m ix tu r e ,  w ith  no in te r m e d ia te  s t e p s  I n v o l v i n g  

h y d r o ly s i s ,  i t  might be formed v i a  the la c to n e  during the  

Grignard r e a c t io n .  The fo rm a tio n  o f  the la c to n e  could
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p rob ab ly  p roceed  as f o l l o w s ; -

ÇH3 I CH3

Ph-C-CHg-CHg I Ph-C-CHg-CHg
I 3

Ph-C-CHo-CH,
I ^  I 

0

F u rth er , th e  c o n v e r s io n  o f  the la c to n e  to  th e  u n sa tu ra ted  

a c id  could  he re p r e se n te d  as f o l l o w s : -

XMg—0 — C’ “OR 0 -------- G
I I  ! II
0  j  0

CH, H ÇH,
I t ^

Ph-C — CH-CHo Ph-C=CH-CHo
K  !  > I 2
0 -  O&O^MgBr 0 = 0 -OMgBr

Ph

T h is  type  o f  r e a c t io n  would he f a c i l e  i n  th e  case  o f  th e  

m ethyl e s t e r  s in c e  the  r e a c t i v i t y  o f  m ethyl e s t e r s  i s  

g e n e r a l ly  g r e a te r  than t h a t  o f  th e  h igh er  e s t e r s .  The 

a l t e r n a t i v e  i s  t h a t  the u n sa tu ra ted  a c id  would he formed 

hy in t e r n a l  e l im in a t io n  in v o lv in g  the py carbon atoms to  

g iv e  the u n sa tu ra ted  e s t e r ,  which might be h y d ro ly sed  w ith  

i c e - c o l d  h y d r o c h lo r ic  a c id  during d eco m p o sit io n  o f  the  

G rignard r e a g e n t .  T h is l a t t e r  co u rse  seems the l e s s  l i k e l y  

o f  the two s in c e  i t  i s  im probable th a t  a C-C bond o f  

C-OMgX would be broken compared w i t h  the C-0 bond o f  an 

e s t e r  group, f i s s i o n  o f  w hich would g iv e  the la c t o n e  as 

d is c u s s e d  above. F u r th er , Campbell and Kenyon ( l9 4 7 )  have 

shown t h a t  t e r t i a r y  a l c o h o l s ,  or t h e i r  bromomagnesium 

d e r i v a t i v e s ,  do not undergo d e h y d r a t io n  i n  the  p resen ce  o f
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e x c e s s  Grignard r e a g e n t .  I t  thus appears l i k e l y  t h a t  the

4 -p h e n y l - 3-p e n te n o ic  a c id  i n  th e se  exp er im en ts  would be 

formed through th e  la c t o n e  i n  th e  G rignard r e a c t io n  m ix tu re .  

M oreover, i f  e th y l  l a e v u l a t e  i s  t r e a t e d  w ith  amyl magnesium  

brom ide, 41% of y  -me nt h y l  -y - p e l  a r go la  c t  one i s  o b ta in ed  

d ir e c t  from the G rignard r e a c t io n  m ixtu re  by d eco m p o s it io n  

w it h  w ater  ( Soloway and La F orge , 1 9 4 7 ) .  A ls o ,  R obinson  

and S l a t e r  (1 941 ) ,  by v a ry in g  the c o n d i t io n s  under w hich

2 -nap h t h y l magnesium bromide and e t h y l  l a e v u la t e  i n t e r 

a c t e d ,  succeed ed  i n  i s o l a t i n g  from th e  Grignard r e a c t io n  

m ixture v a r y in g  amounts o f  y -h y d ro x y -y - 2 -naph thyl v a l e r o 

la c t o n e  and y  - 2  -nap ht hy l -p -pe n t  en o i c a c id .

. I f  th e  la c to n e  were the p r e c u r so r  o f  the u n sa tu ra te d  

a c id  i n  th e  exp erim en ts  u s in g  ( - ) -m enthyl l a e v u l a t e ,  th e  

" e s te r "  (b ) should  have sm elt s t r o n g ly  o f  m enthol; t h i s  

was the  ca se . The s tro n g  sm e ll  o f  m enthol could  a l s o  have 

a r i s e n  b y  i n t e r a c t i o n  o f  the e s t e r  group w it h  the p h en y l  

magnesium brom ide:
Ph
1

CH-z. C. (CHq )y*. CO pR } CH-2. C. (CHp ) n. COpP
!i 2 n  ̂ PMvIgBr ^
0 OMgBr

2PWÆgBr

Ph Ph
I I

CH3 . C . (CH2 )n * Ç -O M gB r.

OMgBr Ph

However, at th e  analogous s ta g e  u s in g  ( - ) -menth yl
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acety llD utyrate  (n  = 3 ) ,  th e  s m e l l  o f  m enthol was c o n s id e r 

a b ly  l e s s ,  and when ( -  ) -ment h y l ace t y l  v a le  ra te  (n  = 4 ) and 

( - ) -m e n th y l  a c e ty lp e la r g o n a te  (n  = 8 ) were used th ere  was 

no p e r c e p t i b l e  s m e l l  o f  m enthol. In  a l l  the  ex p er im en ts  

c a r r ie d  out w ith  th e  v a r io u s  m enthyl e s t e r s  under s i m i la r  

c o n d i t io n s ,  o n ly  v e r y  sm a ll  y i e l d s  of n e u tr a l  p ro d u c ts  

were ob ta in ed . Thus, i t  i s  more probable t h a t  i n  e x p e r i 

ments w i t h  ( - ) -m e h th y l  l a e v u l a t e  the  s tron g  sm e ll  o f  

m enthol was due to  la c t o n e  fo rm a tio n .

When th e  y -h y d r o x y -y -p h e n y lv a le r ic  a c id  and o th er  

a c i d i c  p r o d u c t ( s ) ,  o b ta in e d  a f t e r  the h y d r o ly s i s ,  were  

p r e c i p i t a t e d  from an a lk a l in e  s o l u t i o n  by a c i d i f i c a t i o n  

w it h  m ineral a c id ,  i t  w i l l  be remembered th a t  i n  some 

c a s e s  a brown o i l  s e p a ra ted  f i r s t ,  b e fo r e  the s e p a r a t io n  

o f  y -hydro x y -y -p h e n y l v a l e r i c  a c id ,  a t  a pH v e r y  l i t t l e  

b elow  7 . A ls o ,  the  acid  f r a c t i o n  ( F ) ,  i s o l a t e d  as a syrup  

by w ash ing  the crude la c to n e "  w it h  sodium carbonate s o l u 

t i o n ,  was in s o l u b l e  i n  w ater . Thus the f a i l u r e  o f  the  

attem pt to  sep a ra te  an a p p rec ia b le  amount o f  acid  b e fo r e  

h y d r o ly s i s  might have been  due e i t h e r  to  the low s o l u b i l i t y  

o f  the u n d is s o c ia t e d  acid  i n  water ( e s p e c i a l l y )  r e l a t i v e  

to  i t s  s o l u b i l i t y  in  e th e r )  and/or to  a low d i s s o c i a t i o n  

co n s ta n t  o f  the  a c id .

4-P h e n y l-5 -p e n te n o ic  acid  can e x i s t  i n  two g e o m e tr ic a l ly  

is o m e r ic  form s, and i t  may be s i g n i f i c a n t  th a t  when M ichael
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and Ross (1 931 ) p rep ared  i t  from  e t h y l  m alonate and

a -p h en y l p ro p io n a ld éh y d e , th e y  o b ta in e d  i t  as a syrup

w hich  th ey  could  n o t  induce to  c r y s t a l l i s e ,  a lth o u g h

K lo e tz e l  (1940) and Mayer and Stamm (l 923) o b ta in e d  i t  as

a w h ite  c r y s t a l l i n e  s o l i d .

The " fr e e  acid" f r a c t i o n  e x h ib i t e d  o p t i c a l  a c t i v i t y ;

hence i t  cou ld  not have been  e n t i r e l y ,  i f  at a l l ,  4 -p h e n y l -

3 -p e n te n o ic  a c id .  I t  i s  p o s s i b l e  t h a t  some o p t i c a l l y  a c t i v e

a c i d ic  b y -p ro d u c ts  might have been formed by r e a c t io n s

in v o lv in g  two m o le c u le s  o f  ( - ) -m e n th y l  l a e v u l a t e ,  y i e l d i n g
^CH2.C02H

compounds such as CH^.CO.CH.C , CH^.CHp.CO^H andj \  d.
CO.CH3

CH3 'OH

CHy CO.CH.CHg.COgH, the carbonyl g ro u p (s )  o f  w hich  might 

th e n  r e a c t  w ith  phenyl magnesium brom ide. I t  i s  s i g n i f i c 

ant t h a t  Soloway and LaForge (1947) o b ta in ed  o n ly  41% 

o f  y -m e th y l-y -h y d r o x y p e la r g o n ic  a c id  on t r e a t in g  e t h y l  

l a e v u l a t e  w ith  amyl magnesium brom ide, to g e th e r  w i t h  a 

l a r g e  amount o f  h igh  b o i l i n g  f r a c t i o n  w hich  th e y  su g g e s t  

might be a t r ik e t o c a p r ic  ac id  such as 

CH^.CO.(CH^) 2#CO.CHg.CO. (CH2 ) 2*CO2H. In  th e  p r e s e n t  

i n v e s t i g a t i o n  i t  was not p o s s i b l e  t o  p rep are  a 2 : 4 - d i n i t r o -  

phenylhydrazone o f  the " fr e e  acid " .

Comparison o f  the s p e c i f i c  r o t a t io n s  o f  the la c to n e  

b e f o r e  and a f t e r  carbonate washing in d i c a t e s  th a t  a la r g e
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p r o p o r t io n  o f  th e  " fre e  a c id " ,  which was dem onstrated  hy  

t i t r a t i o n ,  must have been an o p t i c a l l y  i n a c t i v e  a c id .

Thus, i t  appears th a t  the " fre e  acid" w as, i n  f a c t ,  a 

m ix tu re , a c o n c lu s io n  which i s  su p p orted  by s o l u b i l i t y  

c o n s id e r a t io n s .  The m ixture might have in c lu d e d  4 -p h e n y l-

3 -p e n te n o ic  a c id  and compounds r e s u l t i n g  from the i n t e r 

a c t io n  o f  two or more m o lecu le s  o f  ( - ) -m enthyl l a e v u l a t e .

The degree o f  asymmetric s y n t h e s i s  o b ta in e d , i . e .  

th e  s p e c i f i c  r o t a t i o n  o f  the la c t o n e  b e fo r e  any p r o c e s s  o f  

f r a c t i o n a t i o n  such  as p r e c i p i t a t i o n  o f  the hydroxy-  

ac id  from  an a lk a l in e  s o l u t i o n  w ith  m in era l a c id  had been  

perform ed, was dependent on the  c o n d it io n s  used fo r  the  

Grignard r e a c t io n .  The degree o f  asymmetric s y n t h e s i s  

v a r ie d  w i t h  the  time o f  adding the p henyl magnesium bromide  

to  the  s o l u t i o n  o f ( - ) -m enthyl l a e v u l a t e ,  w i t h in  c e r t a i n  

l i m i t s .  There was a lso  some dependence on the c o n d it io n s  

o f  m ixing the r e a g e n ts  d uring  a d d it io n  and on w hether s t i r 

r in g  was co n tin u ed  a f t e r  a d d i t io n  o f  the p hen y l magnesium  

bromide was com plete , y - P h e n y l-y -v a le r o  l a c  tone o b ta in ed  

by adding p hen y l magnesium bromide to  ( - ) -m enthyl l a e v u l a t e  

over  a v ery  s h o r t  p e r io d  of time had a s p e c i f i c  r o t a t i o n  

correspon d ing  to  a p rod uct c o n s i s t i n g  o f  5 . 5% ( - ) - l a c t o n e  

and 94.5% o f  racem ic la c t o n e .  When a d d it io n  o f  the p h en y l  

$agnesiurn bromide t o  the e s t e r  was p ro lon ged  (from  1 t o  4  

hours) w ith  no subsequent s t i r r i n g  o f  the r e a c t io n  m ix tu re .
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th e  la c to n e  co n ta in ed  9 * 5- 10% o f  ( - ) - l a c t o n e ,  the r e s t  

b e in g  racem ic l a c t o n e .  M ixing o f  the r e a c t a n t s  over  & 

hour fo l lo w e d  b y  s t i r r i n g  for 1 hour gave p rod u cts  w ith  

s p e c i f i c  r o t a t i o n s  correspond ing  t o  1 1 - 12% e x c e s s  ( - ) - l a c t -  

one. P r e lim in a ry  exp erim en ts  had shown t h a t  the product- 

o b ta in ed  b y  a d d it io n  o f  the p h en y l magnesium bromide to  t h e  

e s t e r  over i  hour w ith  no subseq uent s t i r r i n g  had an o p t i c 

a l  p u r i t y  mid-^ay b etw een  t h a t  o f  the p rod u ct o b ta in e d  by  

m ixing the  r e a c ta n t s  over a few m inutes and t h a t  by m ix

in g  o v er  1 hour ( s a y ) .  A lso  com parison o f  r e s u l t s  from  

p r e l im in a r y  exp er im en ts  w i t h  th o se  from the l a r g e r  s c a le  

exp er im en ts  in d ic a t e s  th a t  s t i r r i n g  as opposed to  hand 

sh a k in g , w h i l s t  m ixing the r e a c t a n t s ,  in c r e a s e d  the degree  

o f  asymmetric s y n t h e s i s .

The y i e l d  was c o n s id e r a b ly  h ig h e r  i n  th e  experim ent  

where m ixing o f  the r e a c ta n ts  was over  a v er y  sh o r t  p e r io d  

o f  t im e ,  and the p ercen ta g e  o f " fre e  acid"  i n  the "crude 

la c to n e "  from t h i s  experim ent was c o n s id e r a b ly  low er th an  

in  the. o th e r  e x p e r im e n ts ,  i n  w h ich , as f a r  as ^could be 

d is c e r n e d ,  th e  y i e l d  and p e rc e n ta g e  o f  o th er  a c i d ( s )  v a r ie d  

l i t t l e  w ith  c o n d i t io n s .  I t  would have been  o f  i n t e r e s t  to  

stu d y  the e f f e c t  o f  m ixing the  r e a c ta n ts  over a very  sh o r t  

p e r io d  o f time and then  s t i r r i n g  th e  r e a c t io n  m ix tu re .

The degree o f  asymmetric s y n t h e s i s  o f   ̂ - p h e n y l - -  

c a p r o la c to n e ,  ob ta in ed  by the i n t e r a c t i o n  o f  p h en y l
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magnesium bromide and ( - ) -m enthyl (0 - a c e t y l - n - b u t y r a t e ,  

was a g a in  found to  be dependent on th e  c o n d it io n s  p r e 

v a i l i n g  during the Grignard r e a c t io n .  In  t h i s  case  con

d i t i o n s  a f f e c t i n g  the degree o f  asymmetric s y n t h e s i s  have  

the o p p o s ite  e f f e c t  t o  what th e y  have i n  exp erim en ts  i n 

v o lv in g  ( - ) -m enthyl l a e v u la t e .  Work done by a c o l le a g u e  

(M iss D.M. Bovey) i n d i c a t e s  t h a t  the s p e c i f i c  r o t a t i o n  o f  

-p h e n y l-  cT-caprolactone i n  e th a n o l a t  25  ̂ i s  o f  the  

order of 1 5*5^ f o r  the mercury g r e e n  l i n e  (546 lA ^ ). Thus, 

the  la c to n e  o b ta in ed  from the experim ent where the p h eny l  

magnesium bromide was added to  th e  e s t e r  over 1 min. w ith  

shaking  c o n s i s t e d  of about 16% ( - ) - la c t o n e  and 84% racem ic .

By a d d it io n  over 30 m ins. w i t h  no subsequent s t i r r i n g ,  a 

product was o b ta in e d  c o n s i s t in g  o f  about 9*5% ( - ) - l a c t o n e .

By a d d i t io n  over 30 mins,» w ith  subsequent s t i r r i n g  a p r o 

duct w ith  o n ly  1 . 5% e x c e s s  ( - ) l a c t o n e  m s ob ta in ed .

S in ce  th e  i n t e r a c t i o n  o f  ( - ) -m enthyl ^ '^ -a ce ty l-n -v a lera te  

and phenyl magnesium bromide w ith  subsequent h y d r o ly s i s  gave

5-h y d ro x y -5-p h e n y l-h e x a n -1 - c a r b o x y l ic  a c id ,  p o la r im e tr ie  

s tu d y  o f  t h i s  product was not com p lica ted  by r in g  c lo s u r e  

to  g iv e  a la c t o n e .  However, t h i s  has the d isadvantage

th a t  any asymmetric s y n t h e s i s  th a t  might occur w%ld. he
/

harder to d e t e c t  s in c e  r in g  form ation  (such  as the conver

s io n  o f  a h ydroxy-ac id  in t o  i t s  l a c t o n e ) ,  i s , i n  g e n e r a l ,  

accompanied by  a num erical in c r e a s e  i n  o p t i c a l  r o ta t o r y
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power ( c f .  Kauzmann, W alter and B yring  ( 1 940) ) .

The 5 -h y d ro x y -5 -p h en y l-h ex a n -1 -c a r b o x y l ic  a c id  o b ta in 

ed from the p r e l im in a r y  exp er im en ts , u s in g  1 . 2 5 , 2 , 5  and 

4 m olecu lar  p r o p o r t io n s  o f  p hen y l magnesium bromide to  

1 m o lecu la r  p r o p o r t io n  o f  ( - ) -m enthyl 63- a c e t y l - n - v a l e  r a t e , 

had no o b serv a b le  o p t i c a l  r o t a t o r y  power; but a l a r g e r  

s c a le  experim ent c a r r ie d  out under s ta n d a rd ise d  c o n d it io n s  

(m ixing  o f  r e a c ta n ts  ( l . 25:1 r a t i o )  over i hour w it h  

s t i r r i n g ,  fo l lo w e d  by s t i r r i n g  f o r  1 hour a t  0 ° )  gave a 

product which had + 0 .09^  ( c ,  50 i n  e t h a n o l ) .  There

i s  no in d i c a t i o n  as to the d egree  of asymmetric s y n t h e s i s  

th a t  t h i s  r e p r e s e n ts  s in c e  5-h y d ro x y -5-ph en y l-hexan H  -  

c a r b o x y l ic  a c id  has not been  r e s o lv e d .

The 9 -h y d ro x y -9 -p h e n y l-d e c a n -1 -c a r b o x y l ic  a c id  o b ta in 

ed by the  i n t e r a c t i o n  o f  ( - ) -m e n th y l  a c e ty lp e la r g o n a te  and 

phenyl magnesium brom ide, w ith  subsequent h y d r o ly s i s ,  

showed no o p t i c a l  r o ta to r y  power, but t h i s  might be due to  

the  o p t i c a l l y  pure hydroxy acid  having a low s p e c i f i c  

r o t a t io n .

The la c t o n e  prepared  from y - h y d r o x y ^ - p h e n y lv a le r ic  

a c id  has o p p o s ite  r o ta to r y  power to  th a t  o f  the a c id .  I f  

one assumes th a t  the  £ - la c t o n e  has o p t i c a l  r o ta to r y  power 

i n  the  o p p o s i te  d i r e c t io n  to  t h a t  o f  the ( f -h y d r o x y -c f -  

p h en y lca p ro ic  a c id ,  from which i t  i s  p rep ared , a l l  the  

o p t i c a l l y  a c t iv e  hydroxy a c id s  th a t  were prepared by the
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in t e r a c t io n  o f  ( - ) -m enthyl 6 J -a c e ty l  f a t t y  a c id  e s t e r s  and 

phenyl magnesium bromide v/ere d e x tr o r o ta to r y .  Of the 

h yd roxy-ac id s  prepared o n ly  a t r o l a c t i n i c  acid  (n  = O) has 

p r e v io u s ly  been  r e so lv e d .  ( ± ) -H y d ro x y -y -p h e n y lv a le r ic

ac id  has been prepared  b y  o th e r  workers but not r e s o lv e d .

No r e fe r e n c e  to  -h yd roxy- ^ -p h en y lca p ro ic  a c id ,  5 -h yd roxy-

5 -p h e n y l-h e x a n - i - c a r b o x y l ic  a c id ,  or 9 -h y d r o x y -9 -p h en y l-  

d e c a n -1 -c a r b o x y l ic  acid  can be found i n  the l i t e r a t u r e .

An asymmetric s y n th e s is  was a l s o  accom plished  through  

the i n t e r a c t i o n  of ( - ) -menthyl b rom oacetic  e s t e r ,  a c e t o -  

phenone and z in c  (Reformatsky r e a c t io n )  and subsequent  

h y d r o ly s i s .  The s e r i e s  o f  r e a c t io n s  in v o lv e d  I s  i n d i c a t e d : -

CHp. COpC. qH. 9 CHm.COpH
Zn I  ̂ ^  HpC I ^

Ph.OD.Me+ BrCHp.COpĈ Ô  9---------  Ph.C-Me   ^Ph.Ù.CHz
(_ )  I I

OZnBr O'H
and • 

a lk a l in e  
h y d r o ly s is

The degree o f asymmetric s y n th e s is  ( i . e .  the s p e c i f i c  

r o t a t io n  o f  the g -h y d r o x y -p -p h e n y l-b u ty r ic  acid o b ta in ed )  

was independent o f the e s t e r  : ace tophenone r a t i o  and 

independent o f  the c o n d it io n s  used fo r  the r e a c t io n  (su ch  

as m ixing time o f  the r e a c ta n t s  and d i l u t i o n ) .  The 

apparent v a r i a t io n  o f  the s p e c i f i c  r o t a t io n  o f  the product  

( [a l^ y g o  2.31 -  2 .4 7 ;  2 .5 7  -  2 .8 9 )  cou ld  be c o r -

r e la t e d  w ith  the c o n c e n tr a t io n  o f  the s o l u t i o n  used fo r  the
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s p e c i f i c  ro ta t io n ^ a n  in c r e a s e  i n  c o n c e n tr a t io n  c a u s in g  an 

in c r e a s e  i n  s p e c i f i c  r o t a t io n .  ( i ) - g -H y d r o x y -g -p h e n y l-  

b u t y r ic  ac id  has p r e v io u s ly  b een  prepared by Arbusov (l 901 ) 

but has not b een  a d eq u a te ly  d e sc r ib e d .  In  the  p r e se n t  

i n v e s t i g a t i o n  th e  racemic a c id  was o b ta in ed  w ith  a m e lt in g  

p o in t  20^ h ig h er  than t h a t  recorded  b y  Arbusov. So fa r  the  

racem ic ac id  has not been  r e s o lv e d .
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VI. DISCUSSION OF CONCLUSIONS IN RELATION TO THEORIES OF
ASYMMETRIC SYNTHESIS

V ia . P re v io u s  work

This s e c t i o n  w i l l  g iv e  a w ider rev iew  o f  s u g g e s t io n s  

exten d ed  fo r  e x p la n a t io n  o f  the typ e  o f  asymmetric syn 

t h e s e s  in v o lv in g  the a d d i t io n  o f  a Grignard reagent t o ,  

e i t h e r  an o p t i c a l l y  a c t iv e  e s t e r  o f  an a -k e to  a c id ,  or to  

an a c y l  c a r b in o l .  A b r i e f  o u t l in e  o f  current id e a s  was 

g iv e n  i n  S e c t io n  I .  The importance o f  the r e s u l t s  ob ta in ed  

i n  t h i s  i n v e s t i g a t i o n  w ith  r e s p e c t  to  such id e a ^  and how 

th e se  r e s u l t s  have extend ed  our knowledge o f  t h i s  type o f  

asymmetric s y n t h e s i s , w i l l  th en  be d is c u s s e d .

McKenzie and co-w orkers ex p la in e d  the asymmetric sy n 

t h e s e s  Obtained i n  t h e i r  e a r l i e r  exp erim en ts  u sin g  o p t i c a l l y  

a c t iv e  e s t e r s  o f  a -k e to  a c id s  ( s e e  S e c t io n  l )  on the  

assum ption  th a t  the a d d it io n  o f  the Grignard reagent to  the  

carbonyl group was s u b je c t  to  a " d ir e c t in g "  in f lu e n c e  

e x e r te d  by the o p t i c a l l y  a c t iv e  a lc o h o l  r a d ic a l ;  t h u s ,  

a f t e r  com plete h y d r o ly s i s  of the r e s u l t i n g  g l y c o l l i c  e s t e r  

an o p t i c a l l y  a c t iv e  g l y c o l l i c  a c id  was ob ta in ed . About 

1930 i t  was su g g e s te d  by McKenzie, R itc h ie  and co-w orkers  

th a t  asymmetric in d u c t io n  might be an e x p la n a t io n  fo r  th e  

m u ta ro ta tio n  o f the k e t o - e s t e r s  i n  a lc o h o l  s o lu t io n s .  I t

was assumed th a t  the carbonyl group e x i s t e d  as a l a b i l e  

c e n tr e  o f  asymmetry and th a t  t h e r e  occurred i n  s o lu t io n  a



93

change o f "equililDrium’' e . g .

( “ ) ( “*) (+) ( - )

Me. CO, C 0 2 (-)-m en th o l + Me. 00 . C 0 2 (-) -m en th y l
(eq u a l aàounte)

(-)  ( - )  ^ ( +)  ( - )
Me. CO. CO ̂ ( - ) -ment hy l + Me.CO.CO^C-)-menthyl

(unequal amounts)

I t  was su g g e s te d  that th e  c o n f ig u r a t io n  o f the carbonyl  

group was a non p lan ar  one such a s : -

As a c o r o l la r y  to  the above s u g g e s t io n ,  the phenomenon 

of asymmetric s y n t h e s i s  was e x p la in e d  on th e  assum ption  

t h a t  i n  the  e t h e r e a l  s o l u t i o n  the  two "d ia s t e r e o i s o m e r ides ** 

were p re se n t  i n  unequal amounts ( th e  carbonyl group 

assuming dissymmetric c o n f ig u r a t io n  under the in f lu e n c e  o f

the  o p t i c a l l y  a c t iv e  a lc o h o l  r a d i c a l ) .

On r e a c t in g  w ith  the  G-rignard r e a g e n t ,  the l a b i l e  c o n f ig u r a 

t io n s  of each "isomer" were f ix e d ,  thus forming two 

d ia s te r e o is o m e r s  i n  unequal amounts w hich y ie ld e d  on 

h y d r o ly s is  an o p t i c a l l y  a c t iv e  g l y c o l l i c  a c id .
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In  accordance w i t h  t h i s  t e n t a t i v e  s u g g e s t io n ,  e x p e r i 

m ental r e s u l t s  s u g g e s te d  t h a t ,  when the m u ta ro ta t io n  o f  a 

ke to e s  t e r  i n  a lc o h o l  r e s u l t e d  in  a n um erica l in c r e a s e  i n  

th e  degree  o f r o t a t io n ,  the r e s u l t i n g  g l y c o l l i c  ac id  would  

always have a r o t a t i o n  o f  the same s ig n  as the parent  

e s t e r .  The above s u g g e s t io n  r e q u ir e s  th a t  an e q u il ib r iu m  

b etw een  the  two " d ia ster eo iso m ers"  be e s t a b l i s h e d  i n  e t h e r ,  

and the la c k  o f  observed m u ta ro ta tio n  i n  e th e r  was 

accounted  for on th e  grounds th a t  e q u i l i b r a t i o n  was so  

rap id  as t o  be unobservable p o l a r i m e t r i c a l l y ,  w hereas i n  

a lc o h o l i c  s o lu t io n  the e s ta b lish m en t  o f e q u ilib r iu m  was 

r e l a t i v e l y  slow and could be fo l lo w e d  p o la r im e t r id a l ly .

McKenzie and co-w orkers assume th a t  rap id  e q u il ib r iu m  

occurs i n i t i a l l y ;  i t  must, as Turner and H arr is  (1947)  

p o in t  o u t ,  b e  p o s tu la t e d  t h a t  the ra te  o f  a d d it io n  o f  th e  

Grignard rea g en t  t o  the carbonyl group i s  f a s t e r  than  the  

r a te  o f  e q u i l i b r a t i o n  ( s in c e  i t  i s  u n l i k e ly  th a t  the ra te  

o f  a d d i t io n  to  d ia s te r e o is o m e r id e s  would be the same),

Jam ison and Turner (i 941 ) and Turner and H arris  (1947)  

p r e f e r  to regard th e  m u ta ro ta tio n  o f  a - k e t o e s t e r s  i n  a lc o h o l  

as a f i r s t  order tra n sfo r m a tio n  between the d i a s t e r e o -  

iso m e r ic  herniac e t a l s , or as the slow form ation  o f  the  

h e m ia c e ta l .  I t  has been  shown by G lazer  and Turner ( i 949) 

th a t  th e  m u ta ro ta t io n  was, i n  f a c t ,  due t o  slow  h em ia ce ta l  

form ation . The la c k  o f  m u ta r o ta t io n  i n  e th e r  was taken  t o



95

d isp rove  the e x i s t e n c e  o f  the  h y p o th e t ic a l  d i a s t e r e o 

iso m er id e s .

As has b een  shown i n  S e c t io n  I ,  ( - ) - a t r o l a c t i n i c  a c id  

was prepared by the i n t e r a c t i o n  o f  ( - ) -m enthyl b e n z o y l-  

form ate and methyl magnesium brom ide, but ( + ) - a t r o l a c t i n i c  

%did by the  i n t e r a c t io n  o f  ( - ) -m enthyl pyruvate and phenyl  

magnesium bromide. On account o f  t h i s ,  and o f  the apparent  

c o r r e la t i o n  between the change o f  d i r e c t i o n  o f the  r o t a t i o n  

o f  a - k e t o e s t e r s  during m u ta r o ta t io n , and the a lg e b r a ic  

s ig n  of the  r o t a t io n  o f  the p rod u cts  ob ta in ed  by asymmetric  

s y n t h e s i s ,  R i t c h ie  (1947) remarked:

"This s u g g e s t s  a mechanism i n  which the induced  

asymmetry o f  the two ty p e s  o f  u -k e to n ic  e s t e r s  ( o p p o s i t e  

i n  sen se  perhaps owing to  th e  very  p o w e r fu l ly  n e g a t iv e  

nature of the phenyl group as c o n tr a s te d  w ith  the m ethyl 

group) i s  r e f l e c t e d  by m u ta ro ta t io n  i n  o p p o s ite  s e n s e ,  and 

a l s o  by th e  f i x a t i o n  by th e  Grignard reagent to  g iv e  two 

o p p o s i t e ly  r o t a t in g  s e r i e s  o f  s u b s t i t u t e d  g l y c o l l i c  a c id s ."

T if f e n e a u ,  L evy and D i t z ( l 931 , 1935) have r e j e c t e d  

the e x p la n a t io n  o f  asymmetric s y n t h e s i s  proposed  by  

McKenzie, R i t c h ie  and co-w orkers i n  favour o f  the su g g es 

t i o n  th a t  the two bonds o f  the carbonyl group are a ttack ed  

d i f f e r e n t i a l l y  when th e r e  i s  an o p t i c a l l y  a c t iv e  system  

e lsew h ere  i n  th e  m o lecu le . L ike e a r l i e r  i n v e s t i g a t o r s  

th ey  had n o ted  the u n i l a t e r a l  a t ta c k  o f  a Grignard reagent
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on a carbonyl group which i s  adjacent to  a di^ymmetric carbon  

atom when one o f  the groups was e i t h e r  -OH or (^cf. 

work on b e n z o in ) .  They a l s o  observed  t h a t ,  i n  the  t r e a t 

ment o f  ( + ) -p  henyl-d-cam p h o i eny^l ketone (where the two 

groups are separated  by a m ethylene group) w ith  a Grignard  

reagent b o th  o f  the a n tip o d es  are formed, one form prepon

d er a t in g .  These workers s u g g e s t  t h a t ,  as the number o f  

atoms in tro d u ced  between the  o p t i c a l l y  a c t iv e  group and the  

carbonyl group i s  in c r e a s e d ,  so w i l l  th e  ex ten t  o f  the  

asymmetric s^m thesis accom plished d e c r e a se .  This s u g g e s t io n  

i s  extended to  apply  to  McKenzie’s work and i t  i s  p o s tu la t e d  

th a t  the degree o f asymmetric s y n th e s is  may be low  b eca u se  

o f  the in tr o d u c t io n  o f  the -COO-group. R it c h ie  (1 94?) con

s i d e r s  t h a t  h is  h y p o th e s is  and T i f f e n e a u ’ s are complementary 

r a th e r  than opposed.

Roger ( l9 3 9 )  d is c u s s e d  the u n i la t e r a l  a d d it io n  o f  a 

Grignard reagent t o  b en zo in  and phenyl p ro p io n y l c a r b in o l  

where in v e r s io n  o f  the order of in tr o d u c t io n  o f  two groups  

le a d s  to in v e r s io n  o f  c o n f ig u r a t io n  o f  the p ro d u ct, i . e .

H f f f P
Ph—C—C—S t Ph -  Ç — C — Ph; Ph — C -  C — Ph «*«4Ph—C -  G -

M l  I I I II I I
OHO OH OĤ  OH 0 OH Kt

(~) (+) ( - )  (~)

He e x p la in s  t h i s  type o f " u n ila te r a l"  asymmetric syn

t h e s i s  on the  grounds th a t  the carbonyl group assumes a
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dissyimnetric c o n f ig u r a t io n ,  under the d i r e c t in g  in f lu e n c e  

o f  the asymmetric group, which i s  f ix e d  hy the Grignard  

r e a g e n t .  At the same time he s u g g e s t s :

"Since the in d u c in g  cen tre  i s  o f  the same s i g n  i n  b o th  

c a s e s ,  i t  might rea so n a b ly  be ex p ec te d  th a t  the d i r e c t i o n  

o f  in d u c t io n  i n  the induced  c e n tr e s  would be the same.

Y e t ,  when th e s e  two induced c e n tr e s  become f i x e d ,  th e y  are 

o f  o p p o s ite  s ig n ,  i . e .  th e  same n e g a t iv e  in d u c in g  cen tre  

has a p p a r en tly  caused a n e g a t iv e  in d u c t io n  e f f e c t  i n  one 

ca se  and a p o s i t i v e  e f f e c t  i n  th e  o th er :  t h i s  would appear  

to  be i l l o g i c a l .  The f a c t  t h a t  the phenyl and the  e t h y l  

r a d ic a l  d i r e c t l y  a t ta c h e d  to  the in duced  c e n tr e s  ( th e  

carb on y l groups) i n  th e  two k e t o l s  are v e r y  d i f f e r e n t  i n  

c h a r a c te r  may capse a r e l a t i v e l y  d i f f e r e n t  arrangement i n  

space o f  the two c e n tr e s  o f  induced  asymmetry w ith  regard  

to  the c e n tr e  o f  f ix e d  asymmetry ( th e  mandel y l  complex i n  

each c a s e ) .  From th e s e  c o n s id e r a t io n s  i t  would seem t h a t  

the c o n f ig u r a t io n s  o f  the new c e n tr e s  o f  asymmetry i n  the  

two forms o f  e th y lh y d ro b en zo in  are d e f i n i t e l y  f i x e d  a t  the  

moment of a d d it io n  of th e  Grignard re a g en ts  to  th e  ke t o n ic  

groups o f  the k e t o l s .  S ince the fundam ental a c t io n s  o f  the  

two Grignard r e a g e n ts  must be s i m i la r ,  the r e s p e c t iv e  con

f i g u r a t i o n  o f  the two new c e n tr e s  must depend on th e  nature  

or s i z e  o f  b o th  the en tra n t  r a d i c a l s  and a lso  the a lk y l  or 

a r y l  r a d ic a l s  a ttached  t o  th e  k e to n ic  groups o f  the k e t o l s .
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No d e f i n i t e  law can be form ulated  reg a rd in g  t h i s  p o i n t . . . "

P a r tr id g e  (1 939) o f f e r s  an e x p la n a t io n  o f  the above

r e s u l t s  by assuming th a t  a d d it io n  to  th e  double bond tak es

p la c e  by "the double bond opening in  the  same se n se  i n

each ca se" , v/hen "the d i f f e r e n c e  o f c o n f ig u r a t io n  betw een

the e t h y l  b en zo in s  produced by the two r o u te s  i s  a

n e c e s s a r y  consequence o f  the order i n  which the phenyl and

e t h y l  groups have b een  in tr o d u ced ."

With r e s p e c t  to th e  asymmetric s y n th e s e s  e f f e c t e d  i n

the a -k e to  e s te r /G r ig n a r d  reagen t s e r i e s ,  where d i a s t e r e o -
R ’ *iso m e r id e s  of the type t * (R = o p t i c a l l y  a c t iv e

R— Ç —CÔ R
OMgX

a lc o h o l  r a d i c a l )  are formed, Kenyon and P a r tr id g e  (1936)  

took  th e  view th a t  c o l l i s i o n s  between Grignard reagen t and 

k e t o - e s t e r  which l e d  to  one d ia s t e r e o is o m e r ic  in te rm ed ia te  

were more l i k e l y  t o  occur than th o se  le a d in g  to  the o th e r .  

They add th a t  " i t  i s  a d i f f e r e n c e  i n  en ergy  a s s o c ia t e d  

w ith  the  d ia s t e r e o is o m e r ic  in te rm e d ia te  p rod u cts  w hich  i s  

r e s p o n s ib le  fo r  the o n e -s id e d  r e a c t io n " .

R it c h ie  ( l 947) s u g g e s t s  th a t  the la c k  o f  asymmetric 

s y n t h e s i s  ob ta in ed  by the  a d d it io n  of ( - ) -m enthol to

m ethyl e t h y l  ke te n  (g E H £ tX e ^ [^  1934) may be

used in  ev id en ce  a g a in s t  the h y p o th e s is  o f  Kenyon and 

P a r tr id g e .  However, th e  two r e a c t io n s  are n ot s t r i c t l y  

analogous.

Brokaw and Brode (1948) have in v e s t ig a t e d  the  " in d u c t iv e
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e f f e c t "  o f  the a c t i v e-amyl r a d ic a l  b y  s tu d y in g  the i n t e r 

a c t io n  o f  a l k y l - a c t i v e -amyl k e to n e s  w ith  Grignard r e a g e n ts ,  

i . e .  where the o p t i c a l l y  a c t iv e  cen tre  and the u n sa tu ra ted  

group are sep a ra ted  by a m ethylene group. No asymmetric  

s y n th e s i s  was o b serv ed , and th ey  comment on the  la c k  o f  

in d u c t iv e  e f f e c t :

"The la c k  o f  in d u c t iv e  e f f e c t  noted  h e r e in  was c o r 

r e la t e d  w ith  r e s u l t s  o f  Roger and McKenzie to p rov id e  an 

i n t e r p r e t a t i o n  o f t r a n s m is s io n  or i n s u l a t i o n  o f  in d u c t iv e  

power from d ir e c t in g  cen tre  to  r e a c t io n  c e n tr e .  The f o l l o w 

in g  s t r u c t u r e s  are l i s t e d  in  d e c r e a s in g  a b i l i t y  to  tra n sm it  

th e  in f lu e n c e :  ^  ) )  R-C-GH2 -C^

These authors acknowledge th a t  the compounds used i n  p r e 

v io u s  asymmetric s y n th e s e s  in v o lv in g  Grignard r e a g e n ts  

p o s s e s s  s t r u c t u r e s  w hich  perm it o f  c o -o r d in a t io n  o f  th e  

Grignard re a g en t .

In  co n n ect io n  w ith  th e  work o f  Brokaw and Brode ( 1 9 4 8 ) ,  

the  la c k  o f  asymmetric s y n t h e s i s  observed  might not have 

been due t o  the  e f f e c t  o f  th e  in te r v e n in g  m ethylene group 

b etw een  the  carbonyl and o p t i c a l l y  a c t i v e  groups, but  

might be in h e r e n t  in  th e  low degree o f  asymmetric s y n t h e s i s  

w h ich , under any c ir c u m sta n c e s ,  m ight be a s s o c ia te d  w ith  

th e  group. I t  i s  i n t e r e s t i n g  th a t  i n v e s t i g a t i o n  o f  the  

r e a c t io n  betw een  ( - ) -§ -o c t y l  a -k e to  e s t e r s  and Grignard r e 

a g en ts  (McKenzie and R i t c h i e ,  1 931 ) showed th a t  on ly  a v e r y
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low degree o f  asymmetric s y n t h e s i s  had occurred .

T a rb e ll  and P au lson  (1 9 4 2 ) ,  i n  d i s c u s s in g  t h e ir  la c k  

o f  asymmetric s y n t h e s i s  u sin g  ( + ) - m e th y l - s - b u ty l  e th e r  as  

a so lv e n t  f o r  the i n t e r a c t i o n  o f  benzaldehyde and m ethyl 

magnesium bromide ( s e e  S e c t io n  I ) ,  s u g g e s t  th a t :

" . . .  th e  organo magnesium compound i s  c o -o r d in a te d  

w ith  two m o lecu les  o f  e th e r  i n  such  a way th a t  the complex 

has a p la n e  o f  symmetry".

Vavon, R iv ie r e  and Angelo (1946) e x p la in  the asym

m e tr ic  s y n th e s i s  observed in  the  r e d u c t io n  o f  acetophenone  

w ith  i s o -b o rn y l magnesium ch lo r id e  as f o l l o w s : -

"à l ’ in s t a n t  qui précède l a  r e a c t io n ,  l a  m olécu le  de 

m agnésien  e s t  au c o n ta c t  de 1 ’ acétop h én on e, H-C-MgCl é ta n t  

v o i s i n  de 1 ’ une des deux v a le n c e s  0=0, v a le n c e s  qui son t  

sym étriques par rapport au p la n  déterm iné par l e s  deux 

v a le n c e s  GH^-C-CgH^. Cet ensem ble, m agnésien  acétophénone,  

e s t  d i f f é r e n t  e t  non sym étriq ue de l ’ensemble correspondant  

où H-G-MgGl s e r a i t  v o i s i n  de l ’ au tre  v a len ce  de G=0; i l  n ’y 

a pas s u i t e  aucune r a iso n  pour qu’ i l s  s e  forment avec l a  

même f a c i l i t é  e t  é v o lu e n t  avec l a  même v i t e s s e .  Or l ’ un, 

par rupture de l ’ une des v a le n c e s  0=0, con d u it  a l ’ isom ère  

d r o i t  ; l ’ a u tr e ,  par rupture de l ’ au tre  v a le n c e ,  con d u it  à 

l ’ isom ère gauche. Les deux isom ères peuvent donc se form er  

en q u a n t i té s  i n é g a l e s ."

Turner and H arris  ( l 947) have r e c e n t ly  commented on
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the type o f  asymmetric s y n th e s i s  under d i s c u s s i o n  as  

f o l lo w s

"In order th a t  a f i x e d  cen tre  o f  asymmetry s h a l l  

in f lu e n c e  th e  s t e r i c  course o f  an a d d it io n  r e a c t io n  a t an 

un saturated  cen tre  i n  the same m olecu le  in  an asymmetric  

s y n t h e s i s ,  th ere  must he some stage  at w hich  e i t h e r  s t e r e o 

s e l e c t i v e  a d d it io n  occurs as an i r r e v e r s i b l e  p r o c e s s  or 

f i r s t  order asymmetric tra n sfo rm a tio n  ta k es  p la c e  . . . . .  

some g e n e r a l  l i n e s  o f  argument can be fo r e s e e n .  Thus, in  

the  a d d it io n  o f  XY to  a carbonyl group o f  a m olecu le  

a lr ea d y  c o n ta in in g  a f i x e d  c e n tr e  o f  asymmetry ( i n  group R ),  

th e  f i r s t  s ta g e  may be regarded as the approach o f  X” 

towards the p o s i t i v e  end of the p o la r iz e d  carbonyl group:

R R
I ,  _ ♦

X 0 = 0  ---------------> x -------0
I I
R' R*

The two t e t r a h e d r a l  arrangements r e p r e se n te d  hy th e  p lane  

diagrams R and R

R ' < / \
X c -  - /  X

are  p o s s ib le  b e fo r e  the a d d it io n  o f  I f  the en ergy  changes

concerned i n  th e  form ation  o f  th e s e  two s t r u c t u r e s  are  

e q u a l,  th e r e  i s  no immediate asymmetric a d d it io n .  I f  th e y  

are unequal ( i . e .  in f lu e n c e d  by e x i s t i n g  asymmetry), th e n  

we have asymmetric a d d i t io n , which appears to take p la c e
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even i n  n o n -re v e rB ib le  asymmetric r e a c t io n s  o f  t h i s  type  

( e . g . ,  Grignard r e a c t i o n s ) .  On th e  o th er  hand, a d d it io n  

w hich i s  known to  be c h e m ic a l ly  r e v e r s ib l e  ( e . g .  when X~ 

i s  ON ) could  be accompanied by f i r s t  order asymmetric  

tra n sfo r m a tio n  o f  th e  newly formed m olecu le  at t h i s  s t a g e ,  

and i t  would be rash  to  sa y  w ith o u t  fu r th e r  exp er im en t,  

w hether the new asymmetry i s  in trod u ced  during  or a f t e r  the  

f i r s t  a d d it io n  or at b o th  s t a g e s ."

Vlb. P resen t i n v e s t i g a t i o n

O b serva tion s  made during th e  p r e se n t  i n v e s t i g a t i o n ,  on 

asymmetric s y n t h e s i s  i n  r e l a t i o n  to  the s t r u c tu r e  o f  the  

compounds in v o lv e d ,  are summarised below ( c f .  S e c t io n  V ).

(1 ) Asymmetric sy n th e s e s  have b een  observed  in  the  i n t e r 

a c t io n  o f  o p t i c a l l y  a c t iv e  e s t e r s  o f  a - , y - , é  -  and ^ - k e to  

a c id s  and a Grignard reagen t w ith  subsequent h y d r o ly s i s  to  

the h ydroxy-ac id . The keto  e s t e r s  used were the ( - ) -m enthyl 

e s t e r s  o f  p y ru v ic  a c id ,  l a e v u l i c  a c id ,  a c e t y lb u t y r ic  a c id  

and a c e t y l v a l e r i c  a c id . No asymmetric s y n th e s i s  was 

observed  when ( - ) -m enthyl a c e ty lp e la r g o n a te  (a  9 -k e to  e s t e r )  

was used.

(2 )  The d egree  o f  asymmetric s y n th e s i s  ob ta in ed  u s in g  

( - ) -m enthyl l a e v u la t e  and ( - ) -menthyl a c e ty lb u ty r a te  was 

found to  be dependent on the r e a c t io n  c o n d it io n s .  V aria 

t i o n  o f  c o n d it io n s  le a d in g  to  an in c r e a s e  in  the d egree  o f  

asymmetric s y n t h e s i s  u s in g  ( - ) -m en th y llaev tu ia te , had the
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o p p o s ite  e f f e c t  when ( - ) -m enthyl a c e ty lb u ty r a te  was used.

(3 )  An asymmetric s y n th e s i s  was accom plished by the  

in t e r a c t io n  o f  ( - ) -m enthyl b ro m o a ceta te , acetophenone  

and z in c ,  w ith  subsequent h y d r o ly s is  o f  the  p rod u ct.

In th e s e  experim ents the form ation  o f  unequal amounts 

o f  the two d ia s te r e o is o m e r id e s

Ph

( CH^-Ç-(CH2)^_C02C )
0 ( - )

IZn^

a t  the i n i t i a l  s ta g e  ( i . e .  an asymmetric r e a c t io n )  was 

proved by com plete h y d r o ly s is  o f  the e s t e r s  to g iv e  o p t i c 

a l l y  a c t iv e  hydroxy a c id s  ( i . e .  an asymmetric s y n t h e s i s ) .

E x p la n a tio n s  o f  asymmetric s y n th e s is  h i t h e r to  advanced 

have had to  accommodate asymmetric sy n th e s e s  r e s u l t i n g  from  

the a d d it io n  of a Grignard reagent to  a carbonyl group i n  

a m olecu le  which i t s e l f  c o n ta in s  an asymmetric c e n tr e .  Any 

th e o ry  o f  asymmetric s y n th e s is  must now accommodate the 

f a c t  th a t  an asymmetric s y n t h e s i s  can a l s o  be e f f e c t e d  when 

th e  asymmetric c e n tre  i s  in  the same m o lecu le  as the organo* 

m e t a l l i c  group and a sym m etrical ketone i s  used.

In the  l i g h t  o f  current e l e c t r o n i c  t h e o r ie s  o f  o rg a n ic  

ch em is try ,  the s u g g e s t io n  th a t  a carbonyl group cou ld  

assume a "dissymm etric" c o n f ig u r a t io n ,  p r io r  to  the  

approach o f  the Grignard r e a g e n t ,  could  not be accep ted .

I t  i s  now thought th a t  the T T  e l e c t r o n s  ( o f  a chromophoric
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group) moving i n  the unsym m etrical fo r c e  f i e l d  o f  an 

asymmetric c e n tr e  g iv e  r i s e  to  an e f f e c t  o f  o p t i c a l  

a c t i v i t y ;  t h i s  phenomenon has been  termed induced a n is o 

trop y  by B a lfe  and Kenyon (1 9 4 2 ) ,  I t  i s  a ls o  known th a t  

i t  i s  the TT m olecu lar  wave fu n c t io n s  th a t  are concerned in  

the  a d d it io n  r e a c t io n s  o f  the carbonyl group, as Turner 

and H arris  0947) p o in t  out :

"In the o p t i c a l  sphere they fu n c t io n  as p a r t  o f  the  

permanent s t a t e  o f  the m o lecu le ;  in  the chem ical sp h e re , for  

a l l  we know to the co n tra ry , th e y  p la y  t h e ir  normal p a r t  in  

p e r m it t in g  e l e c t r o n i c  a c t iv a t io n  o f  the double bond p r io r  

to  i t s  tw o -s ta g e  s a tu r a t io n .  I t  seems probable th a t ,  a t  

any r a t e  at the moment, o n ly  c o n fu s io n  w i l l  r e s u l t  from 

c o r r e la t i n g  the chem ical r e a c t i v i t y  ("asymmetric in d u ct io n " )  

o f  a carbonyl group w ith  the r o ta to r y  d is p e r s io n  e f f e c t s  

(" induced  asymmetry") a s s o c ia t e d  w ith  i t .  U n t i l  the two 

e f f e c t s  have been  more c l o s e l y  i n v e s t ig a t e d  no u s e f u l  con

c l u s i o n s  can be drawn."

Apart from the above c o n s id e r a t io n s ,  experim en ta l  

r e s u l t s  which have been ob ta in ed  i n  t h i s  i n v e s t i g a t i o n  

cannot j u s t i f y  the id e a  o f  asymmetric in d u c t io n ,  as i t  has 

b een  used to  e x p la in  asymmetric s y n t h e s i s .  Presumably, 

i n  the case o f  the treatm ent o f  ( - ) -m e n th y l  brom oacetate  

w ith  acetophenone, th e  asymmetric s y n th e s i s  observed would  

have to  be exp la in ed  on the b a s is  o f  an in te r m o le c u la r
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in d u c t iv e  e f f e c t .  I f  t h i s  were the c a s e ,  i t  i s  ex trem ely  

u n l ik e ly  th a t  such c o n s i s t e n t  r e s u l t s  for the degree o f  

asymmetric s y n t h e s i s  would have been o b ta in e d , i r r e s p e c t i v e  

o f  r e a c t io n  c o n d i t io n s ,  e s p e c i a l l y  c o n c e n tr a t io n s  of  

r e a c t a n t s .

The a d d it io n  o f  an o r g a n o m e ta l l ic  compound to  a 

carbonyl group i s  an i r r e v e r s i b l e  r e a c t io n .  When one of  

th e se  groups i s  i n  a m olecu le  which has another cen tre  of  

asymmetry, i n t e r a c t io n  w i l l  le a d  to  the form ation  of  

d ia s t e r e o is o m e r id e s .  I f ,  on removing the o r i g i n a l  c e n tre  

of asymmetry, the compound i s  o p t i c a l l y  a c t iv e ,  an asym

m e tr ic  r e a c t io n  w i l l  have occurred  and the d ia s te r e o is o m e r 

id e s  w i l l  have been  p r e s e n t  i n  unequal amounts. S in ce  i t  

i s  im p o ss ib le  f o r  the d ia s te r e o is o m e r id e s  to  be i n t e r 

con vert  ob le and thus to be i n  e q u il ib r iu m , i . e .  no f i r s t  

order asymmetric tr a n sfo r m a t io n  can take p la c e ,  m e c h a n is t ic  

d i f f e r e n t i a t i o n  must be sought at the s ta g e  o f the two 

corresp on d ing  t r a n s i t i o n  s t a t e s  from which the d i a s t e r e o 

iso m e r id es  are formed i r r e v e r s i b l y .

The i n t e r a c t i o n  o f  an a -k e to  e s t e r  and a Grignard  

reagent can be re p r ese n ted  as below (a s  can the analogous  

r e a c t io n s  in v o lv in g  o th e r  k eto  e s t e r s ) .
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R 'M fX  +  R C O C O .R '

The two t r a n s i t i o n  s t a t e s ,  A ’ and B*, ( l  ) must have 

d i f f e r e n t  e n e r g ie s ,  s in c e  th e y  are o f  the nature o f d ia s t e r e o 

is o m e r id e s ,  and (2 )  are formed r e v e r s i b l v  from the r e a c t a n t s .  

¥ e  thus have a mechanism whereby the route  w ith  the low er  

a c t i v a t i o n  en ergy  can be fo l lo w e d  p r e f e r e n t i a l l y  and an 

"asymmetric rea ct io n "  i s  p o s s i b l e .  The "equ ilibr ium "  

b etw een  the two t r a n s i t i o n  s t a t e s  bears a form al resem blance  

to  t h a t  between two d ia s t e r e o is o m e r id e s  undergoing f i r s t
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order asymmetric tra n s fo r m a t io n .

(Owing to s t e r i c  e f f e c t s  i t  seems p robable  t h a t  the  

Grignard reagent w i l l  a t ta c k  the ketone at an angle to  the  

p la n e  i n  w hich th e  two groups a t ta c h e d  to  the carbonyl 

groups l i e ) .

A s i m i la r  s t a t e  o f  a f f a i r s  w i l l  e x i s t  when an o p t i c a l 

l y  a c t iv e  o r g a n o m e ta l l ic  compound i s  used as opposed to  an 

o p t i c a l l y  a c t iv e  k e to n e . In t h i s  case  the two t r a n s i t i o n  

s t a t e s  and the r e s u l t a n t  product can be ex p ressed  a s : -

I-
C.HiO.CCH,........

ZnBr

Me Me

CS

Me

s -
CH.CO.C.H,,

ZnB r

Me

Ph.

.cAo.ccHr 'O Z n B r BrZnO'
'C H .C O .C .H .
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S ince  t h i s  type of r e a c t io n  p roceed s  a sy m m e tr ic a l ly ,

th e  mechanism cannot he e n t i r e l y  through an in te r m e d ia te  
+

c a t io n  [ R-C-R* ] ; i f  i t  w er e , i t  i s  ex tre m e ly  u n l i k e ly  
&MgX

th a t  asymmetric a d d it io n  would take p lace*

I t  has he en su g g e s te d  hy v a r io u s  authors th a t  such  an 

asymmetric r e a c t io n  might take p la c e  hy the p r e f e r e n t i a l  

open ing  o f  one o f  the honds of the carhonyl group. T his  

i s  s t i l l  t r u e ,  in  a s e n s e ,  and i s  com p atib le  w ith  the  

mechanism su g g ested  ahove.

With r e fe r e n c e  to  the asymmetric s y n t h e s i s  o f  secondary  

c a r h in o l s ,  accom p lished  h y  Vavon and co-w orkers ( s e e  

S e c t io n  I ,  and the f i r s t  p a r t  o f  t h i s  S e c t io n )  hy r e d u c t io n  

o f  syHimesrt'ficplketones w ith  i s o -h o rn y l magnesium c h lo r id e ,  i t  

i s  d i f f i c u l t  to  say  how t h i s  typ e  of s y n t h e s i s  f i t s  in t o  

the  ahove th eo ry  u n t i l  more i s  known o f  the mechanism of  

t h i s  type of r e d u c t io n .  I t  seems l i k e l y ,  however, t h a t  the  

r e a c t io n  might tak e  p la c e  through a t r a n s i t i o n  s t a t e

such as , i n  which case

"d iastereoisom eric^* t r a n s i t i o n  s t a t e s  would e x i s t  and an 

argument s im i la r  to  th e  ahove would he a p p l i c a b le .  Vavon’ s 

e x p la n a t io n  assumed th a t  two '̂di as te  re o i  some r id e  s " are 

formed owing t o  the -Mg- b e in g  ad jacen t to  one or o th e r  o f  

the carhonyl h o n d s;th e  form ation  o f  the two d ia s t e r e o is o m e r -  

id e s  would thus p roceed  a t d i f f e r e n t  r a t e s ,  as would t h e ir
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d eco m p o sit io n . Thus an asymmetric s y n t h e s i s  o f  the c a r h in o l  

would he o b ta in e d . Presum ably, a mechanism such as t h i s  

v/ould in v o lv e  a TT -com plex w ith  subsequent r e a c t io n  such  

as th a t  p r e d ic te d  fo r  the tr a n s  a d d it io n  o f  bromine to  an 

e t h y le n ic  double bond. Whether such  a complex would  

e x i s t  i s  d i f f i c u l t  to  sa y ,  i n  v iew  o f  the f a c t  th a t  co 

o r d in a t io n  of th e  oxygen atom on to  magnesium i s  p o s s i b l e ,  

owing to  th e  lo n e  p a ir  o f e l e c t r o n s .

The q u e s t io n  o f  the asymmetric s y n th e s e s  u s in g  b en zo in  

o r  o th er  a cy l  c a r h in o ls ,  where o n ly  one o f  the two p o s s ib l e  

d ia s t e r e o is o m e r id e s  was o b ta in ed  ( s e e  S e c t io n  I ,  and f i r s t  

p a r t  o f  t h i s  S e c t i o n ) ,  must now be d is c u s s e d .  I t  seems 

u n l i k e ly  th a t  the  d i f f e r e n c e  o f  f r e e  en ergy  o f  th e  two 

d ia s t e r e o is o m e r id e s  would be so  la r g e  as to account fo r  

t h i s .  The a l t e r n a t iv e  s u g g e s t io n  i s  th a t  i n  t h i s  case the

oxygen  o f  th e  carbonyl i s  c o -o r d in a te d  on to  the magnesium,
Ph»

fo r  example H -  C--------------C-CgH^ . In  order to

X
accommodate the magnesium atom, i t  would not be p o s s ib le

\ q __________
fo r  the r in g  ( ^^ ^ ) to  be p la n a r .  I t  i s  l i k e l y

Mg ii
t h a t  an e th e r  m olecu le  w i l l  a l s o  be c o -o r d in a te d  on t o  the  

magnesium*

In p u b lish e d  examples o f  such asymmetric r e a c t i o n s , 

one o f  the groups o f  the ca rb in o l  has been a la r g e  group
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such as an arom atic  r a d ic a l .  In  the absence of s t e r i c  

hin d ran ce , the  magnesium atom cou ld  occupy e i t h e r  o f  two 

p o s i t i o n s  w ith  r e fe r e n c e  to the o th e r  atoms in  the  r in g .  

Thus, from s t e r i c  c o n s id e r a t io n s ,  i t  i s  probable  th a t  o n ly  

one o f  th e s e  two c o n f ig u r a t io n s  would be p o s s ib l e  i n  t h i s  

c a s e .  I f  s o ,  a t ta c k  o f  a m o lecu le  of Grignard r e a c t io n  at  

the carbon o f th e  carbonyl group would be h ind ered  from 

one d ir e c t io n ;  thus o n ly  one o f  the two d ia s t e r e o is o m e r id e s  

would be produced. This would be com p atib le  w ith  the f i n d 

in g  th a t  the c o n f ig u r a t io n  at the new asymmetric carbon  

atom depends on th e  order in  w hich  the two groups a tta c h e d  

to  t h i s  atom are in tro d u ce d .

The experim ents  w ith  Grignard rea g en ts  i n  the  p r e s e n t  

i n v e s t i g a t i o n  were c a r r ie d  out w i t h  a s e r i e s  o f  6 3 - a c e t y l  

f a t t y  ac id  e s t e r s .  One might ex p ec t  th a t  as the m olecu lar  

w eig h t  of the r e a c ta n ts  and p ro d u cts  in c r e a s e d ,  so. th e  

d egree o f  asymmetric s y n t h e s i s  might s lo w ly  d ecrea se  owing 

to  the decrease  o f  the d i f f e r e n c e  i n  f r e e  en ergy  between  

th e  two d ia s t e r e o is o m e r ic  forms. In  a c tu a l  f a c t ,  the  

degree o f  asymmetric s y n t h e s i s ,  u sin g  the same e s t e r ,  v a r ie d  

to  such  a wide e x te n t  w ith  experim enta l c o n d it io n s  t h a t  i t  

i s  im p o s s ib le  to  say what i s  the a c tu a l e f f e c t  o f  s tr u c tu r e  

on degree of asymmetric s y n t h e s i s /  I f  the asymmetric syn

t h e s i s  were due to  some type of asymmetric in d u c t io n ,  

in v o lv in g  an e l e c t r o n i c  mechanism, i t  i s  h ig h ly  improbable  

t h a t  the e f f e c t  would be observed  ev en  w ith  a compound
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such as ( - ) -m e n th y l  l a e v u l a t e ,  where o n ly  two m ethylene

groups in te r v e n e  between the carbonyl group and the e s t e r

group* Another d i f f i c u l t y  v/hich arose  i n  c o r r e la t i n g

s tr u c tu r e  and degree o f  asymmetric s y n th e s i s  wafe t h a t

f a i l u r e  to ob serve asymmetric s y n t h e s i s  u s in g  the h ig h e r

e s t e r s  might have been  due m erely  to  the  low s p e c i f i c

r o t a t io n  of the o p t i c a l l y  pure hydroxy a c id s ,  and not to  a

low or n e g l i g i b l e  degree of asymmetric s y n t h e s i s .  The

o p t i c a l  r o ta to r y  power o f  hydroxy f a t t y  a c id s  o f  the g en er a l
Ph

form ula CH^-6 _(CH2 )n-C02H be ex p ec ted  to
OH

d ecrea se  as n i s  in c r e a se d .  When n = 2 or the  s tu d y  

o f  the o p t i c a l  r o t a t o r y  power o f  the product was f a c i l i t a t e d  

by the f a c t  th a t  y -  and S -hydroxy a c id s  are e a s i l y  con

v e r t i b l e  to  the correspon d in g  la c t o n e s  w hich , i n  g e n e r a l ,  

have n u m e r ic a l ly  a h ig h er  r o ta to r y  power than the hydroxy  

a c i d s .

The v a r i a t io n  o f  degree o f  asymmetric s y n t h e s i s  w i t h

c o n d it io n s  might p o s s i b l y  be due to  secondary r e a c t io n s

ta k in g  p la c e .  This i s  e s p e c i a l l y  tru e  o f the exp erim ents

in v o lv in g  ( - ) -m e n th y l  l a e v u l a t e ,  i n  which d ecom p osit ion

o f  the d ia s te r e o is o m e r ic  p rod ucts  o f  the Grignard reagen t  
Ph

(CH^-C------ (^^2^2'^^2^) d i f f e r e n t  r a t e s  to  g iv e  the
ÔMgX

la c t o n e  was a c o m p lica t in g  f a c t o r .  I f  no secondary r e a c t io n
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were o cc u rr in g , t h i s  d ecom p osit ion  would not have a f f e c t e d  

the r a t io  of the two h y d ro x y -a c id s  f i n a l l y  o b ta in e d , s in c e  

each  of the l a c t o n e s ,  as w e l l  as any unchanged e s t e r ,  would  

be h ydro lysed  to  g iv e  the corresponding  hydroxy a c id . But 

i f  the la c to n e  underwent a secondary r e a c t io n ,  the r a t io  of  

the two s te r e o is o m e r ic  hydroxy a c id s  formed on h y d r o ly s is  

might be a l t e r e d .  A s im i la r  type of argument might a lso  

apply to  a c e r t a in  e x te n t  to  the experim ents w ith  ( - ) -m e n th y l  

a c e ty lb u ty r a te  (n = 3 ) .  I t  would have been i n t e r e s t i n g  to  

examine the  r e a c t io n  in v o lv in g  a compound such as the 

( - ) -m e n th y l  e s t e r  of a lo n g  ch a in  f a t t y  acid  such as  

CH^.CO. (CH^)  ̂2̂ . CO^H, where once again  the r e s u l t in g  hydroxy  

acid  can form a la c t o n e .

The v a r i a t io n  in  degree o f  asymmetric s y n th e s is  might 

b e ,  in  p a r t ,  due to  the i n t e r a c t io n  o f  the Grignard r e 

agent w ith  the e s t e r  group to  g iv e  a d i - a l c o h o l .  This  

w i l l  in v o lv e  the i n t e r a c t i o n  o f  each o f  two d i a s t e r e o i s o 

m erides w ith  the Grignard r e a g e n t , - r e a c t io n s  which w i l l  

probably  proceed a t  d i f f e r e n t  r a te s .  I f  t h i s  r e a c t io n  

proceeded  to  d i f f e r in g  d eg re es ,  according to  the c o n d it io n s  

employed, i t  would, t h e o r e t i c a l l y  be p o s s ib le  to account

f o r  the v a r i a t io n  i n  degree of asymmetric s y n th e s is  observed;
\

but i t  must be noted  th a t i n  many c a s e s  the y i e ld  o f  d i 

a lc o h o l  was ex trem ely  low and had no a p p rec ia b le  a c t i v i t y .

The la c k  o f  v a r ia t io n  o f  asymmetric s y n th e s is  w ith
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c o n d it io n s  in  the case  o f  the Reform atsky r e a c t io n  might 

be a s s o c ia t e d  w ith  the f a c t  th a t  a c le a r  r e a c t io n  s o l u t i o n  

was ob ta in ed . In the case  o f  the Grignard r e a c t io n ,  as  

soon as the Grignard reagent was added to  the s o l u t i o n  

o f  the k e to  e s t e r ,  the  system  became h eterogen eou s;  i t  i s  

s i g n i f i c a n t  th a t  replacem ent of hand shaking by m echanica l  

s t i r r i n g  had some e f f e c t  on the r e a c t io n .  The h e te r o 

g e n e i t y  o f  the system  might be p a r t i a l l y  or w h o lly  the  

cause of the v a r i a b i l i t y  o f  asymmetric s y n t h e s i s .

I f  the above h y p o th e s is  on the mechanism of asymmetric  

s y n th e s is  i s  c o r r e c t ,  th e r e  w i l l  be no ru le  as to  whether  

a r e v e r s a l  o f  the order of in tr o d u c t io n  o f  the groups of  

the new asymmetric cen tre  w i l l  le a d  to  p rod u cts  o f  o p p o s ite  

o p t i c a l  a c t i v i t y ,  s in c e  the t r a n s i t i o n  s t a t e s  in v o lv e d  

are d i f f e r e n t  i n  the two c a s e s .  Moreover, th e re  i s  h o  

reason  why th e  s ig n  o f  the o p t i c a l  r o t a t io n  o f  the r e s u l t in g  

p roduct should  be the same i f  the same k eto  e s t e r  i s  t r e a t 

ed w ith  d i f f e r e n t  Grignard r e a g e n ts ,  as had been su g g ested  

i n  th e  th e o r y  o f  McKenzie and co-workers -  s ig n  o f  r o t a t io n  

i s  c o r r e la t e d  w ith  th e  num erical in c r e a s e  or d ecrease  o f  

the s p e c i f i c  r o t a t io n  of the e s t e r  i n  a lc o h o l  owing to  

m u ta ro ta tio n . R e s u lt s  o f  some experim ents are not i n  

accordance w ith  t h i s  s u g g e s t io n ,  e .g .  the in t e r a c t i o n  o f
I

( - ) -m e n th y l  £ - to lu y lfo r m a te  and methyl magnesium bromide 

and phenyl magnesium bromide r e s p e c t iv e ly ,  when p rod u cts
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of dp.p:0 8±tê o p t i c a l  r o ta to r y  power were ob ta in ed  (McKenzie 

and C h r i s t i e ,  1 9 3 5 ) .  I f  a menthyl e s t e r  i s  t r e a te d  w ith  

V arious Grignard r e a g e n ts ,  and i f  i t  i s  assumed th a t  con

f ig u r a t i o n  and s ig n  o f  r o t a t io n  go hand i n  hand, i t  i s  

probable th a t  p rod u cts  o f  th e  same s ig n  w i l l  be o b ta in e d ,  

s in c e  the " d ia s te r e o iso m e r ic "  t r a n s i t i o n  s t a t e s  w ith  the  

same c o n f ig u r a t io n  must be the l e s s  or more s t a b le  i n  each  

case*
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V II . PREPARATION AMD EBSOLDTION OP (-)-V-HYDROXY-^-PHBimi- 
VALERIC "acid ( 3-HYDR0XY-3-PEBNYL-BUTAN-1 -CARBOXYL 10ÂCml ------------------------------------------------------------------------------------------------------------------------------------------------    :--------------------------

V ila .  In tr o d u c t io n

The r e a c t io n  s tu d ie d  most e x t e n s i v e l y  during the  

i n v e s t i g a t i o n  o f  the asymmetric s y n th e s e s  of h y d r o x y -a c id s , 

from phenyl magnesium bromide and ( - ) -menthyl ^ - a c e t y l  

f a t t y  ac id  e s t e r s ,  was th a t  u s in g  ( - ) -m e n th y l  l a e v u la t e .

In order to  determ ine the degree o f  asymmetric s y n t h e s is  

occu rr in g  i n  t h i s  r e a c t io n  the racem ic y -h y d ro x y -y -p h en y l-  

v a l e r i c  acid  was prepared and re so lv e d .

V l lb .  P re p a r a tio n  o f  ( - ) -v -h y d r o x y -v -n h e n y lv a le r ic  ac id

CgHgMgBr
CH .̂ CO. CHg. GÏÏ2. COOĈ Ĥ   ------^  C. CH .̂ CH .̂ COOH

and subsequent CĤ  oh 
h y d r o ly s is

The i n t e r a c t i o n  o f  phenyl magnesium bromide and e t h y l  

la e v u la t e  ( 1 .2 5  g. mol. : 1 g. m o l . ) ,  w ith  subsequent  

a lk a l in e  h y d r o ly s is  o f  the p ro d u ct, gave crude hydroxy-  

p h e n y lv a le r ic  acid  which was im m ediate ly  converted  in t o  

y - p h e n y l - y - v a le r o la c to n e  by re p e a te d  d i s t i l l a t i o n s  of  

benzene from the ac id . The crude la c to n e  was o b ta in ed  i n  

y i e ld  as a dark brown o i l .  An e th e r e a l  s o lu t io n  of 

the la c to n e  was washed r e p e a te d ly  w ith  sodium carbonate  

s o lu t io n .  The la c to n e  o b ta in ed  from the  e th e r e a l  s o l u t i o n  

was d is s o lv e d  i n  hot 2 . 5N -potassium  hydroxide s o lu t io n .
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A c i d i f i c a t i o n  o f  t h i s  s o lu t io n  and c r y s t a l l i s a t i o n  o f  the  

s o l i d  thus o b ta in ed  from benzene gave y -hydro x y -y -p h e n y l-  

v a l e r i c  ac id , m.p. 1 0 5 .5 -1 0 6 ° ,  i n  27% y i e l d .  T r iv e d i  and 

Nargund (l 94l ) recorded  m.p. 1 0 4 -1 0 6 °  and Johnson, P e te r s e n  

and Schneider (1947) m.p. 105-5-106® .

V IIc . R e so lu t io n  -  p r e l im in a r y  experim ents

I t  was proposed  to  attempt the r e s o lu t io n  o f  y -h y d r o x y -  

y - p h e n y lv a le r ic  acid  by f r a c t io n a l  c r y s t a l l i s a t i o n  o f  th e  

d ia s te r e o is o m e r id e s  formed by  com bination  of the acid  w ith  

an o p t i c a l l y  a c t iv e  b a se . P re lim in a ry  experim ents  were 

c a r r ie d  out u sin g  eq u im olecu lar  p ro p o r t io n s  o f  the ac id  

and the base ( s tr y c h n in e  or b ru c in e)  (O.l g. of a c id )  and 

v a r io u s  s o lv e n t s .  A ttem pts to  prepare the  s try c h n in e  s a l t  

i n  e th a n o l and acetone l e d  to  the s e p a r a t io n  o f  s tr y c h n in e ;  

when ch loroform  and ch lo r o fo r m -lig h t  petro leum  m ixture were 

used no c r y s t a l l i s a t i o n  occurred , but v/hen water was used  

an o i l  separated  which cou ld  not be induced to  c r y s t a l l i s e .  

The use of brucine as the base gave rath er  more p rom ising  

r e s u l t s .  A sm a ll  amount o f  the s a l t  s e p a ra ted  from a some

what co n cen tra ted  s o l u t i o n  in  a c e to n e ,  but th ere  was no 

c r y s t a l l i s a t i o n  from e th a n o l .  A good y i e l d  o f  n e e d le s ,  m,p, 

1 0 0 -1 0 8 °  (decomp.) was ob ta in ed  when water was used as the 

s o lv e n t ;  t h e s e  c r y s t a l s  decomposed to  g iv e  a w h ite  s o l i d  

when t r e a t e d  w ith  sodium carbonate and an o p a le sc en t  

" so lu t io n "  when t r e a te d  w ith  h y d r o c h lo r ic  a c id ,  and i t  was
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concluded from t h e s e  o b s e r v a t io n s  th a t  i t  was the s a l t  

th a t  had sep ara ted .

V l ld .  C ondit ions  f o r  I s o l a t i o n  o f  y - h y d r o x y -y -p h e n y lv a le r ic  
acid  and y - n h e n y l - y - v a l e r o l a c t o n e  from the brucine  
s a l t  o f  the acid

The s a l t  was suspended i n  e x c e s s  sodium hydroxide  

s o l u t i o n  and v/armed. The brucine  which had separated  was 

ex tr a c te d  w i th  chloroform. Traces of  ch loroform  which had 

d i s s o l v e d  i n  the aqueous l a y e r  were e x p e l l e d  by warming 

and the acid vms then p r e c i p i t a t e d  from the a l k a l i n e  s o l u 

t i o n  w i t h  mineral ac id .  In g e n e r a l ,  the hydroxyphenyl-  

v a l e r i c  ac id  was e x t r a c te d  v/ ith  e th e r ,  s in c e  the volume of  

the aqueous la y e r  was l a r g e .  The e th e r  was e x p e l l e d ,  and 

the  r e s id u e  e i t h e r  converted  to  the l a c t o n e  (by benzene  

d i s t i l l a t i o n ,  c f .  S e c t i o n  I I I  ) or e l s e  d i s s o l v e d  i n  the  

minimum amount of  2. 5N-potassium hydroxide s o l u t i o n  and the 

hydroxy ac id  p r e c i p i t a t e d  w i th  ac id .  The s o l i d  was f i l t e r 

ed o f f  and v/ashed thoroughly  w i t h  w ater .

V i l e .  R e s o l u t io n  using brucine i n  aqueous medium

From the above experiments  i t  appeared th a t  the  

c r y s t a l l i s a t i o n  of the brucine  s a l t  of  y -h y d ro x y -y -p h en y l-  

v a l e r i c  acid from water might l e a d  to  r e s o l u t i o n .  The 

f i r s t  attempt t o  c r y s t a l l i s e  the brucine  s a l t  from water  

l e d  to the  s e p a r a t io n  o f  bruc ine;  i n  t h i s  experiment 4 .8 5  g, 

(0 .0 2 5  g. m o l . )  o f  h y d ro x y -p h en y lv a ler ic  acid was used and 

350 ml. o f  w ater .  In  a fu r th e r  experim ent,  us ing  0 .0 0 2 5  g. 

mol. o f  hydro x y -ph en y lva l  er i  c ac id  and 10 ml. o f  w ater .
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C. 88 g. of  s a l t  (m.p. 105- 1 0 6 ® (decom p.))  c r y s t a l l i s e d .

This s a l t  had -50 .0® , -58 .8®  ( c ,  1 .0 0 0  i n

chloroform) and on decom posit ion  gave y - p h e n y l - y - v a l e r o -  

l a c t o n e  w i t h  - 21 . 5®, “*24.0® ( c ,  0 .6 4 0  i n

e t h a n o l ) .  S ince  the o p t i c a l l y  pure y - p h e n y l - v a le r o la c t o n e  

was expected  to  have [̂ ']̂ jqq £ê.» - 50° ,  - 60°

( c f .  p re c ip i ta t io n  o f  hydro x y -p h en y lv a l  e r i c  a c id  . ,

S e c t i o n  I I I ) ,  i t  appeared th a t  a f a i r  degree o f  s e p a r a t io n  

had been e f f e c t e d .  C oncentrat ion  o f  the aqueous mother 

l i q u o r  at atmospheric p ressu re  caused a brown o i l  to  

s e p a r a te ,  presumably p h e n y lv a le r o la c to n e .  I t  i s  probable  

th a t  the fo l lov / ing  eq u i l ib r iu m  e x i s t s  i n  s o l u t i o n : -

CH, CH.
\  \ Brucine

C-CH^-CHg -̂------  C-CH^-CHo   Brucine s a l t .

C6H5 '

0-------- 0=0 OH COOH

Such an e q u i l ib r iu m  would account fo r  the s e p a r a t io n  of  

b ru c in e  i n  some ca ses .

In  the n ex t  experiment more water was used i n  the  

hope o f  e f f e c t i n g  a more complete s e p a r a t io n .  4. 85G.

(0 .0 2 5  g. m ol . )  of hydr ox y-p henylv a le r  i  c acid was t r e a te d  

w it h  brucine  i n  250 ml. of  water. 5- 49g. of s a l t  separated  

w ith  "53. 0°  [«•35461 - 63 . cP ( c ,  1 .000  i n  ch loroform ).

C oncentrat ion  o f  the mother l i q u o r  from which t h i s  crop was 

obta ined  gave b r u c i n e , and fu r th e r  c o n c e n tr a t io n  gave a

.1X2 V
/ 2

"6^5
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small  amount of  the s a l t .  Three f u r th e r  c r y s t a l l i s a t i o n s  

o f  the main crop gave a product  of con stant  r o t a t i o n  

-  - 66/ 6®, - 77 . 8 ® ( c ,  1 .0 0 0  i n  chloroform)

but the p h e n y lv a le r o la c to n e  i s o l a t e d  from the s a l t  had on ly

[ct]{z;r̂ ,30 - 4 2 . 9 °  -  0 . 4 ^ ,  ^°'^546l ~ ~ 0 . 4 °  {c, 0 .6 4 0

i n  e t h a n o l ) .

The main experim ent,  i n  which r e s o l u t i o n  was accom pli

shed, was ca r r ie d  out u s in g  9. 7g. ( 0 . 0 5 g. m o l . )  hydroxy-  

p h e n y lv a l e r i c  ac id  and water (200 ml. ) This experiment  

i s  recorded i n  d e t a i l  i n  S e c t io n  V I I I .  The b ru c in e  s a l t  

o f  ( + ) -v - h y d r o x y -y -p h e n y lv a le r ic  a c id ,  m.p. 1 07 - 1 0 8 ®

(decomp.) separated  from water w i th  2^ m olecu le s  o f  water  

of c r y s t a l l i s a t i o n  as sheaves  of  n e e d le s ;  i t  had -

- 6 4 . 9 °  -  0 . 5° ,  - 7 5 . 9 °  - 0 . 5 °  ( c ,  0 .9 9 5  i n  c h lo r o -

form). ( + ) - y - h y d r o x y y - p h e n y l v a l e r i c  acid had m.p. 

1 2 2 : 1 2 2 .5 ° ,  [ O'] + 4 .8 °  ± 0 . 2 ° ,  [a l^ ^ g^ + 5 .7°  ± 0 . 2 ° ( c ,

2 .5 4 4  i n  e t h a n o l ) .  ( - ) - y - P h e n y l - y - v a l e r o l a c t o n e  had 

[ a ] 5ygc - 5 4 . 8 °  ± 0 . 4 ° ,  - 6 l . 9 °  -  0 . 4 °  ( c ,  1 . 2 l 4  i n

e t h a n o l ) .

The b ru c in e  s a l t  of ( - ) - y -h y d r o x y -y -p h e n y lv a le r i c  ac id  

separated  from water i n  p l a t e s ;  on re c r y s t a l l i s a t i o n  from 

w ater  i t  separa ted  w i th  bru c in e .  I n s u f f i c i e n t  ( - ) -y -hydroxy-  

y - p h e n y l v a l e r i c  a c id ,  m.p. 1 21 -1 22° ,  was obta ined  for  an 

o p t i c a l  r o t a t i o n  d e term in a t io n  but i t  was converted  to  

( + ) - p h e n y l - y - v a l e r o l a c t o n e ,  which had [a]^^g^+53. 9 ® ± 0 . 5®, 

[ a ] 546i + 61. 8® t  0 . 5 °  ( c ,  0 .9 5 5  i n  e t h a n o l ) .
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V I I I .  BXPBRIMSmAL

V i l l a .  P rep a ra t io n  o f  ( - ) -menthyl pyruvate

Pyruv ic  a c id . -  A mixture o f  t a r t a r i c  acid  (400 g , ;

2 .6 6  g. m ol . )  and potass ium  hydrogen s u lp h a te  ( 600g . ;

4 .4 2  g. m ol . )  was heated  at  200-210® i n  a d i s t i l l a t i o n  

apparatus u n t i l  th e r e  was no fu r th e r  d i s t i l l a t e .  The 225 g. 

of  p a le  ye l low  l i q u i d  obta ined  gave 9 0 .5  g.  (39%) o f  

p yruvic  a c id ,  b . p .  58®/? mm., a f t e r  two fu r th e r  d i s t i l l a t i o n s .

( - ) -Menthyl p yru vate . -  A mixture o f  p y ru v ic  acid  

(44 g. ; 0 . 5  g. m o l . )  and menthol (312 g. ; 2 g. m o l . )  was 

heated  at 100°  fo r  7 hours w h i l s t  a stream o f  hydrogen  

c h lo r id e  was bubbled through i n t e r m i t t e n t l y .  A f t e r  b e in g  

kept overn ight  the mixture was shaken w ith  e th er  and the  

e t h e r e a l  s o l u t i o n  washed w ith  sodium carbonate s o l u t i o n  

(l  0%) and w ater .  I t  was proposed to  s e p a r a te  the menthol  

from the e s t e r  by steam d i s t i l l a t i o n  o f  the menthol.  A f t e r  

the  steam d i s t i l l a t i o n  had been p ro ceed in g  for  8 hours an 

o i l  was observed to  be d i s t i l l i n g  to g e th e r  w i th  the menthol.  

The steam d i s t i l l a t i o n  was stopped and the re s id u e  i n  the  

d i s t i l l i n g  f l a s k  e x tr a c te d  w i th  e th e r .  The e t h e r e a l  s o l u 

t i o n  of menthyl pyruvate and menthol was dried  over sodium 

su lp h a te  and c o n cen tra ted ;  66 g .  o f  o i l  was obta ined  which  

gave 2 6 .5  g. ( 24%) o f  crude ( - ) -m e n th y l  pyruvate ,  b .p .

1 28-1 30®/8 mm. , on d i s t i l l a t i o n  i n  vacuum; a la r g e  amount of  

polym erised  m a te r ia l  remained u n d i s t i l l e d .  The product was
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d i s t i l l e d  te  co n s ta n t  r o t a t i o n ;  two r e d i s t i l l a t i o n s  were 

required  to g iv e  ( - ) -m e n th y l  pyruvate of  b .p .  132 .5 -1  3 3 .5 ® /

10 mm., 1 .4 5 6 5 ,  - 4 6 . 6 4 ° ,  - 4 8 . 7 5 ° ,
o 5o93 5780

V l l l b .  P r e p a r a t io n  o f  ( -)- iâenth.yl  l a e v u l a t e

( - ) -Menthyl l a e v u l a t e . -  A mixture o f  l a e v u l i c  a c id  

(116 g.  ; 1 g .  m o l . )  and ( - ) -ment hoi  (624 4 g. m o l . )  was

heated at 1 GO°C fo r  7 hours and hydrogen c h lo r id e  bubbled  

through i n t e r m i t t e n t l y .  The r e a c t i o n  mixture was then  

e x t r a c te d  w ith  e th er  and the e x t r a c t  washed v /ith  sodium 

carbonate  s o l u t i o n  (iO%) and water .  A f t e r  dry in g  over  

sodium s u lp h a te  the e t h e r  was d i s t i l l e d  from the s o l u t i o n

and the r e s id u e ^ ( - ) -menthol and ( - ) -menthyl l a e v u l a t e ]
/

d i s t i l l e d  i n  v a cuo. Two f r a c t i o n s  o f  ( - ) -menthyl l a e v u l a t e  

were c o l l e c t e d  having the same r o t a t i o n ;  on r e d i s t i l l a t i o n  

o f  each the middle f r a c t i o n s  had the same r o t a t i o n s  as 

p r e v i o u s l y .  ( - ) -Menthyl l a e v u l a t e ,  b .p .  1 51 ° / 2  mm. , was 

o b ta in ed  In  71% y i e l d  (180 g. ) w i t h  n^^*  ̂ 1 .4 5 7 3 ,

0 . 97 6 5 , d^^° 0 . 971 , - 61 . 1 4 ° .

- 6 3 . 6 2 ° ,  -  72.01°. -6 3 .1 ,9 ° ,

'■‘̂ ^5461 -  7 1 .8 4 ° .  Pound: 0 , 7 0 . 7 ;  H,10.3%. Calc ,  for  
^15^26^3 ’ ^  ̂ 70 . 8 ; H, 10.3%. The semicarbazone c r y s t a l l i s e d

cfrom e th an o l  i n  p r i s m a t ic  n e e d l e s ,  m.p. 156-156.5*'.
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V I I I c .  P repara t ion  o f  ( - ) -menthyl ( 3 - a c e t y l - n - b u t y r a t e

6»)- A c e t y l - n - b u t y r i c  a c i d . -  A s o l u t i o n  o f  c y c lo h ex a n e -  

1 ;3 -d io n e  ( 36g. ; 0 . 5  g. m ol.)  i n  4N-potass ium  hydroxide  

s o l u t i o n  (500 m l . )  was b o i l e d  under r e f l u x  fo r  12 hours.

The coo led  s o l u t i o n  was a c i d i f i e d  w i th  conc. h y d r o ch lo r ic  

ac id  and d 3 -a c e t y l -n - b u ty r ic  acid  was e x t r a c t e d  from the  

aqueous s o l u t i o n  w i t h  e th e r  us ing  a cont inuous  l i q u i d -  

l i q u i d  e x t r a c t o r .  C o n c en tra t io n  o f  the e t h e r e a l  e x t r a c t  

gave a p a le  y e l lo w  o i l  which c r y s t a l l i s e d  when s t i r r e d  i n  

the presence  o f  a sm all  amount of  water (64 g. s o l i d ;  87% 

y i e l d  assuming i t  to  be the mono-hydrate) .  & )-A cety l-n-  

b u t y r i c  a c id  monohydrate c r y s t a l l i s e d  from water i n  p r ism s ,  

m.p. 3 7 - 3 7 . 3®C. The semicarbazone c r y s t a l l i s e d  from w ater  

i n  p r ism s ,  m. p. 1 72. 5-1 73. 5®. Anhydrous w - a c e t y l - n -  

b u t y r i c  a c id  was obta ined  by h e a t in g  the monohydrate a t  80® 

and 5 mm. u n t i l  no water d i s t i l l e d ,  then  the temperature  

was r a i s e d  t o  1 00® and the  o i l  a l low ed t o  co o l  i n  v a c u o ;

40 g. o f  anhydrous ac id  was obta ined  from 46g. o f  mono hydra t e  

( th e o r y ,  40. 5 g . ) .

( - ) -M en th y l  < 3 -a c e ty l - n -b u t y r a t e . -  6 3 - A c e t y l - n -  

b u t y r i c  ac id  (40 g. ; 0 .3 0 8  g. m o l . )  and ( - ) -menthol (l 90 g. ; 

1 . 2 2  g. m o l . )  were heated t o g e t h e r  at  100® fo r  10 hours 

w h i l s t  a stream o f  hydrogen c h lo r id e  was p assed  through  

i n t e r m i t t e n t l y .  The r e a c t i o n  mixture was d i l u t e d  w ith  

e t h e r ;  the s o l u t i o n  was washed w ith  sodium carbonate s o l u t i o n
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and water  and then  c o n ce n tra ted .  The o i l  o b ta in ed  on con

c e n t r a t i n g  t h i s  s o l u t i o n  was steam d i s t i l l e d  to  removed the  

e x c e s s  menthol from the e s t e r .  The non-steam v o l a t i l e  

m a te r ia l  was e x t r a c t e d  w i t h  e t h e r  and d i s t i l l e d  i n  vacu o .

The d i s t i l l a t e ,  b .p .  1 39. 5-1 6C. 5 ° / 5  mm., appeared to  be 

homogeneous ( a l l  f r a c t i o n s  had the same r o t a t o r y  power) and 

on r e d i s t i l l a t i o n  y ie ld e d  40 g.  (45%) o f  ( - ) -m e n th y l  

Ü - a c e t y l - n - b u t y r  a t e , b .p .  1 54 .5 -1  55. 5 ° / 3  mm. , which had

1 . 4 5 8 8 ,  d25°  0 . 9 7 3 ,  - 6 8 . 0 2 ° ,  - 7 0 . 1 7 ° .

Pound: 0 ,  7 2 .2 ;  H, 10.8%. 0  ̂ 6^28^3 q u ir e s :  C, 7 1 .6 ;

H, 10.5%. The semicarbazone c r y s t a l l i s e d  from aqueous  

a l c o h o l  i n  p l a t e s ,  m.p. 125-125 ,5® .

V l l l d .  P re p a r a t io n  o f  ( - ) -menthyl 4 ^ - a c e t y l - n - v a le r a t e

D ie t h y l  a d i p a t e A s o l u t i o n  o f  a d ip i c  a c id  ( 4 3 8 g . ;

3 g. m o l . )  i n  e th a n o l  (1080 ml. ; 1 8 g. m o l . )  and to lu e n e

(540 m l . ) ,  t o g e t h e r  w ith  co n cen tra ted  s u lp h u r ic  a c id  ( 2 . 5 m l . )

as c a t a l y s t ,  was heated  i n  a d i s t i l l a t i o n  apparatus at

110 - 1 1 5 ®, D i s t i l l a t i o n  was a l lowed to  cont inue  u n t i l  the

temperature o f  the  d i s t i l l a t e  rose  t o  79®. A f t e r  dry in g

over  po tass ium  carbonate the d i s t i l l a t e  was re turned  to

the r e a c t i o n  f l a s k  and d i s t i l l a t i o n  was a l low ed to  co n t in u e

u n t i l  the temperature rose  to  8l ®. The was

d i s t i l l e d  under reduced p r e s s u r e .  574p-. (94%) of  d i e t h y l

a d ip a t e ,  b . p .  1 34f-1 38®/l 8 mm. , was c o l l e c t e d ;  i t  had 

1 5®^  1 .4 2 9 9 .
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E th y l  hydrogen a d ip a t e . -  A s o l u t i o n  o f  a d ip i c  a c id  

(292 g. ; 2 g. m o l . )  and d i e t h y l  ad ipa te  (234 g. ; 1 .1 6  g.  

m o l . )  i n  d i - n - h u t y l  e th er  (1CO m l . )  and co n cen tra ted  hydro

c h l o r i c  a c id  (60 m l . )  was ob ta ined  by h e a t in g  the mixture  

to  1 6 5 ®. When the  s o l u t i o n  had co o led  to  1 2 5 ® e th a n o l  

(115 ml. ; 1 . 9 5  g. m o l . )  was added and the s o l u t i o n  then  

b o i l e d  under r e f l u x  f o r  2 hours when a fu r th e r  40 ml. o f  

e th a n o l  (O. 6 6  g. m o l . )  was added. A f t e r  b o i l i n g  f o r  a 

f u r t h e r  2 hours the s o l u t i o n  was d i s t i l l e d  under reduced  

p r e s s u r e ,  the  f o l l o w i n g  f r a c t i o n s  be ing  c o l l e c t e d : -  

I -  d i b u t y l  e t h e r ,  water  and e th a n o l ;  I I  -  d i e t h y l  a d ipa te  

( f o r  use i n  fu tu re  exp er im en ts)  and. I I I  -  e t h y l  hydrogen  

a d ip a te .  209G. of f r a c t i o n  I I I  was c o l l e c t e d  w i th  b . p .

1 24-1 50®/2 mm. R e d i s t i l l a t i o n  o f  t h i s  f r a c t i o n  gave 193 g. 

( 56%) o f  e t h y l  hydrogen a d ip a t e ,  b .p .  11 8-1 31 ®/3 mm., which  

s o l i d i f i e d  a t  room tem perature;  t h i s  m a t e r i a l ,  w i th  m.p. 

28- 29®, was co m p le te ly  s o lu b le  i n  e t h e r  and i n  sodium 

carbonate  s o l u t i o n .

P  -Gmrbethoxyvaleryl  c h l o r i d e . -  A s o l u t i o n  o f  e t h y l  

hydrogen ad ipate  (87 g . ; 0 . 5  g. m o l . )  i n  t h io n y l  c h lo r id e  

(50 m l . ; 0 . 6 7  g. m o l . )  was b o i l e d  under r e f l u x  fo r  75 mins.  

The e x c e s s  t h io n y l  c h lo r id e  was then  removed by d i s t i l l i n g  

under d im in ished  p r e s s u r e .  D i s t i l l a t i o n  o f  the re s id u e  gave 

82 g. ( 91%) o f  P - c a r b e t h o x y - n - v a l e r y l  c h l o r i d e ,  b .p .  126®/  

15 mm. By Volhard t i t r a t i o n  the p u r i t y  o f  the product was
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es t im ated  as 95% (supported  b y  t i t r a t i o n  w i t h  a l k a l i ) ;  r e 

d i s t i l l a t i o n  ( b .p .  1 34 - 136®/21 mm.) made l i t t l e  d i f f e r e n c e  

to  the p u r i t y  o f  the product .

E th y l  d) - a c e t y l - n - v a l e r a t e . -  Methyl magnesium bromide  

was prepared from magnesium ( 3 4 .3  g# ; 1 . 4  g. m o l . )  and 

methyl bromide (ca .  210 g. -  e x c e s s )  i n  e t h e r  (700 m l . ) .  

Cadmium c h l o r i d e ,  which had been d r ied  a t  1 1 0 ° ,  ( 1 3 7 .2  g. ; 

0 .7 4 8  g. m o l . )  was added over 5 mins. to  the i c e - c o l d  s o l u 

t i o n  o f  methyl magnesium bromide and the r e a c t i o n  mixture  

was b o i l e d  under r e f l u x  f o r  30 mins. E ther  (250 m l . )  was 

d i s t i l l e d  from the mixture and then benzene ( th iop hene  f r e e )  

(300 m l . )  was added. 350 MI, o f  d i s t i l l a t e  was c o l l e c t e d  

( b .p .  56- 7 0 ®) and a fu r th e r  155 ml. o f  benzene added. 50 ML. 

o f  d i s t i l l a t e  (b .p .  56- 7 0 ^)was c o l l e c t e d  and f i n a l l y  

benzene (55  m l . )  added. The benzene was heated  to  b o i l i n g  

and then  ^^^carbe t h o x y - n - v a le r y l  c h lo r id e  ( 135.1 g . ;

0 . 7  g. mol.  ) i n  benzene (200 m l . )  was added over  a few 

m inutes;  t h e s e  o p e r a t io n s  were c a r r ie d  cut w i th  e f f i c i e n t  

s t i r r i n g  u s in g  a HeiËiberg s t i r r e r .  The r e a c t i o n  mixture was  

b o i l e d  fo r  30 mins. w i th  s t i r r i n g  and f o r  a f u r t h e r  45 mins.  

w ith o u t .  The r e a c t i o n  mixture was c o o led  and poured on t o  

i c e  (1750 g.  ) and a c i d i f i e d  w i th  5N -su lphur ic  a c id .  The 

benzene s o l u t i o n  was sep a ra ted  from the  aqueous l a y e r  which  

was e x tr a c te d  w i th  benzene (3  t im e s ) .  The combined benzene  

s o l u t i o n s  were washed (w ater ,  10%-sodium carbonate s o l u t i o n .
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w ater ,  s a l i n e ,  w ater)  and d r ied  over sodium su lp h a te .  The 

benzene was d i s t i l l e d  l e a v i n g  123 g. o f  crude e t h y l  -  

a c e t y l - n - v a l e r a t e .  D i s t i l l a t i o n  gave 7 9 .8  g. ( 66%) o f  

prod uct ,  b .p .  1 0 4 ° /  3 mm. -  1 0 8 9 /4  mm. R e d i s t i l l a t i o n  of  

products  o f  p u r i t y  comparable to  the above gave W - a c e t y l -  

n - v a l e r a t e  o f  b .p .  11 4 ® / l1 mm. ( l 30 g.  from 14 4 g . ) .

O -A ce ty l - n - v a l e r i c  a c i d . -  E th y l  6 3 - a c e t y l - n - v a le r a t e  

(1 48 g. ; 0 . 8 6  g. m o l . )  was b o i l e d  under r e f l u x  w i th  10%- 

sodium hydroxide s o l u t i o n  (380 ml.  ; 0 . 9 5  g. mol. NaOH) fo r  

1 hour. The co o led  s o l u t i o n  was e x tr a c te d  w i t h  e t h e r  and 

then  n e u t r a l i s e d  w i th  3N -h yd roch lor ic  a c id .  This  s o l u t i o n  

was co n ce n tra ted  and then a c i d i f i e d  w ith  co n cen tra ted  

h y d r o c h lo r ic  ac id  and e x t r a c t e d  w ith  e t h e r .  The e t h e r  

e x t r a c t  (d r ie d  over sodium su lp h a te )  y i e l d e d  130 g.  o f  

crude a c e t y l v a l e r i c  ac id  which on d i s t i l l a t i o n  gave 94g.

( 76%) o f  p ro d u c t ,  b .p .  1 31 r 5°-1 56®/2 -3  mm. , which s o l i d i f i e d .  

C r y s t a l l i s a t i o n  from e t h e r / l i g h t  p etro leum  ( b .p .  4 0 -6 0 ° )  

gave p l a t e s  o f  m.p. 3 4 -3 5 ° .  The sem icarbazone,  m.p. 1 4 4 ° ,  

c r y s t a l l i s e d  from e th a n o l .

( - ) -Menthyl - a c e t y l - n - v a l e r a t e .  -  Hydrogen c h lo r id e  

was bubbled i n t e r m i t t e n t l y  through the m olten  mixture o f  

60- a c e t y l - n - v a l e r a t e  ( 72g . ; 0 . 5  g. m ol . )  and ( - ) -menthol  

( 312 g .  ; 2 g. m o l . )  at  1 0 0 °  fo r  7 hours. An e th e r e a l  

s o l u t i o n  o f  the m ixture  was washed w i th  10%-sodium carbonate  

s o l u t i o n  and water;  the res idue  o b ta in ed  by c o n c e n tr a t io n
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o f  the s o l u t i o n  was steam d i s t i l l e d .  When a l l  the menthol  

had d i s t i l l e d  the  non-steam v o l a t i l e  m a te r ia l  was e x t r a c t e d  

w ith  e th e r  and the  e x t r a c t  washed w i t h  1 0%-sodium carbonate  

s o l u t i o n  and w a ter .  The d r ie d  e t h e r e a l  e x t r a c t  (sodium  

s u lp h a te )  was f r e e d  from s o lv e n t  and the r e s id u a l  132 g.  

of  o i l  f r a c t i o n a l l y  d i s t i l l e d  i n  vacuo. A f t e r  fo u r  d i s t i l 

l a t i o n s ,  ( - ) -menthyl 63- a c e t y l - n - v a l e r a t e  ( b .p .  1 73-1 74 ®/

3 mm., 1 86-1 87®/8 mm.) o f  c o n s ta n t  r o t a t i o n  was ob ta in ed ;

n20. 5 °  1 . 460C , O .9 6 0 5 , - 5 8 . 7 4 ° ,
D 2 5 0  o 5780

[a ]  , _ - 66 .50  ; i n  ch loroform  s o l u t i o n  th e  s p e c i f i c  r o t a -
5461  ̂  ̂ qo

t i o n  was - 63. 2 ®; - 72 . 2 ® (c.-^ 1. 5 , 1 = 2 dm.).

Pound; 0 ,  72.4%; H, 10.7%, r e q u ir e s :  0 ,  7 2 .3 ;

H, 10.7%. The semicarbazone c r y s t a l l i s e d  i n  p l a t e s  from 

aqueous a l c o h o l ,  m.p. 105- 1 0 6 ®.

V l l l e .  P reparat io n  of  ( - ) -m e n tt iy l  63-a c e t y l p e l a r g o n a t e  

1 ;2-Dibrom odecane-10-carboxyl i c  a c i d . -  (The. l i g h t  

petro leum  used was t r e a t e d  w ith  e x c e s s  bromine and kept fo r  

2 days;  by t h i s  time the  bromine was d e c o l o u r i s e d  and hydro

gen bromide was b e in g  evo lved .  More bromine was added and the  

s o l u t i o n  was kept fo r  a f u r t h e r  day. The l i g h t  petro leum  was 

f r e e d  from e x c e s s  bromine by shaking i t  w i t h  sodium b i 

s u l p h i t e  s o l u t i o n ;  i t  was th en  washed v /ith  water and d r ied  

over  calc ium  c h l o r i d e .  A f t e r  two d i s t i l l a t i o n s  l i g h t  p e t r o l 

eum (b .p .  65- 7 5 ®) was ob ta in ed  which was not lachrym atory ) .  

Bromine (l 63 g. ; 1 . 0 2  g. m o l . )  was added over 85 mins.
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t o  a s o l u t i o n  o f  1 : 2 -d e c e n a - 1 0 - c a r b o x y l i c  a c id  (l 84 g. ;

1 g .m o l . )  i n  l i g h t  p etro leum  (550 m l . ) ,  which was b e in g  

co o led  i n  i c e / s a l t  f r e e z i n g  m ix tu re ,  w i t h  rap id  s t i r r i n g .  

Towards the end of  th e  a d d i t i o n  d e c o l o u r i s a t i o n  o f  the  

bromine became v ery  slow and 1 :2 -d ib ro m o -d eca n e -1 0 -ca rb o -  

x y l i c  ac id  began t o  sep a ra te .  The temperature o f  th e  r e 

a c t i o n  mixture was a l low ed  to  i n c r e a s e  to  6® over  1 hour 

b e f o r e  the s o l i d  was f i l t e r e d  o f f .  The s o l i d  cake was 

t r i t u r a t e d  w i t h  l i g h t  p e tro leum , and then d ir e d  i n  a vacuum 

over  wax fo r  56 hours to  remove l a s t  t r a c e s  o f  bromine.

1 ;2 -D ib rom o-d ecane- lO -carb oxy l ic  a c i d ,  m.p. 3 5 .5 - 5 6 .  5® was 

o b ta in e d  i n  50% y i e l d .  A fu r th e r  110 g.  (32%) o f  product  

(m.po 25- 30° )  was ob ta ined  by c o n c e n tr a t in g  the petro leum  

e th e r  mother l i q u o r  t o  dryness  and t r e a t i n g  the r e s u l t i n g  

o i l  w i t h  water .  Re c r y s t a l l i s a t i o n  of  the product  from 

l i g h t  petro leum  y i e l d e d  92 g.  o f  1 ;2 -d ibrom o-decane- lO -  

c a r b o x y l i c  ac id  o f  m.p. 31 *5°*

1 : 2 -D ecyne-10-carb  o x y l i c  a c i d . -  1 :2-Dibrom o-decane-

1 0 - c a r b o x y l i e  a ic d  (86 g . ; 0 . 2 5  g. m o l . )  was a l low ed  to  

stand  w ith  a s o l u t i o n  o f  p otass ium  hydroxide (86 g. ; 1 . 5 4  

g. m o l . )  i n  e th a n o l  (650 m l . )  and then  b o i l e d  under r e f l u x  

f o r  12 hours. The a lc o h o l  was d i s t i l l e d  from the r e a c t i o n  

mixture and the re s id ue  d i s s o l v e d  i n  w ater  (300 m l . ) .  The 

s o l u t i o n  was a c i d i f i e d  w i t h  conc. h y d r o ch lo r ic  a c id  ( l 00 m l . )  

w i t h  c o o l i n g  and the mixture o f  organ ic  a c id s  was e x t r a c t e d
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w ith  e th e r .  The e t h e r e a l  s o l u t i o n  was washed w i th  water

and d r ied  over sodium s u lp h a te .  This  e x t r a c t  was f r e e d
th e

from s o lv e n t  a f te ]^  dry ing  over sodium su lp h a te  and the  

r e s id u e  d i s t i l l e d  u n t i l  an o i l  which would not s o l i d i f y  

s t a r t e d  to  d i s t i l  (monobromo-undecene- c a r b o x y l i c  a c i d ) .  

Three f r a c t i o n s  were c o l l e c t e d : -

(x )  b .p .  1 5 9 - 1 6 9 ° /6 - 7  mm. ; 1 8 . 8  g.  ; m.p. 4 0 . 5 - 4 1 . 2 ° ;
(11)  b .p .  169-1 74° / 7 - 8  mm. ; 9 .9 5 g .  ; m. d. 5 9 -40°

(111)  b . p .  170- 17 5 ° / 7 - 8  mm.; 4 . 0 3 g . ; m.p. 3 7 - 3 7 .5  .

A l l  three  f r a c t i o n s  gave f a i n t  p o s i t i v e  bromide t e s t s .  The 

t o t a l  w eight  o f  crude p roduct ,  which was used fo r  the p r e 

p a r a t io n  o f  the a c e t y l p e l a r g o n i c  a c i d ,  was 3 2 .8  g. ( 72% 

t h e o r y ) .

6d - A c e t y l - p e l a r g o n i c  ac id  ( 9 - k e t o - u n d e c y l i c  a c i d ) . -  

A hot s o l u t i o n  o f  m ercuric  oxide (i 44 g. ; C.6 6 5  g. m o l . )  

i n  a c e t i c  a c id  ( 90O m l . )  was added to  a hot s o l u t i o n  of  

1 : 2-d e c y n e -10- c a r b o x y l i c  ac id  ( 3 6 . 9  g. ; 0 .2 0 3  g. m o l . )  i n  

a c e t i c  ac id  (93 m l . ) .  I n i t i a l l y  a w h ite  p r e c i p i t a t e  appear

ed; t h i s  then  d i s s o l v e d  g iv in g  an almost c l e a r  s o l u t i o n  

which was heated  at  95-100® f o r  6 hours.  Concentrated  

h y d r o ch lo r ic  a c id  (300 ml. ) was added to  the mixture which ,  

a f t e r  h e a t in g  a t  80® f o r  15  m i n s . ,  was kept o v e r n ig h t .  The 

mixture was poured i n t o  water  ( ca. 1 1 . )  and f i l t e r e d ;  the  

s o l i d  was washed w ith  e th e r  and the mother l i q u o r  e t h e r  

e x t r a c t e d .  Mercury s a l t s  were removed from the e t h e r e a l  

s o l u t i o n  by p r e c i p i t a t i n g  as the su lp h id e  w i t h  hydrogen
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s u lp h id e .  C o n cen tr a t io n  of the e t h e r e a l  s o l u t i o n ,  f i n a l l y  

under reduced p r e s s u r e ,  gave ca. 38 g. o f  product which  

almost a l l  d i s s o l v e d  i n  500 ml. of hot l i g h t  petroleum  

( b .p .  60-80®).  The hot s o l u t i o n  was decanted  from a sm a l l  

amount o f  i n s o l u b l e  dark brown o i l .  31 . 5g. o f  a c e t y l 

p e la r g o n ic  a c i d ,  m.p. 57-58®, separated  from the  s o l u t i o n  

on c o o l in g .  A benzene (240 ml. ) s o l u t i o n  o f  t h i s  m a te r ia l  

was shaken fo r  10 hours w i t h  630 ml. o f  sa tu r a ted  sodium 

b i s u l p h i t e  s o l u t i o n .  The c r y s t a l s  which had sep a ra ted  were 

f i l t e r e d  o f f  and washed w i t h  benzene .  The b i s u l p h i t e  com

pound was decomposed by warming w i th  10% -hydrochloric  a c id  

and the a c e t y l p e l a r g o n i c  a c id  e x t r a c t e d  w i th  e t h e r .  Con

c e n t r a t i o n  o f  the dr ied  e t h e r e a l  s o l u t i o n  (sodium s u lp h a te )  

gave 2 6 .5  g. o f  o i l  ( s t i l l  warm) which on r e c r y s t a l l i s a t i o n  

from l i g h t  petro leum  ( b .p .  40-60®) gave 25 g. o f  P - a c e t y l 

p e l a r g o n i c  a c i d ,  m.p. 5 8 .2 -5 8 .8 ®  ( n e e d l e s )  ( 62% y i e l d ) .

( - ) -M en th y l  P - a c e t y l p e l a r g o n a t e .  -  A c e t y l p e l a r g o n i c  

a c id  (42g.  ; 0.21 g. m o l . )  and menthol (l 31 g. ; 0 . 8 4  g. mol. ) 

were heated f o r  8 hours at  1 0 0 °  i n  the presence  o f  gaseous  

hydrogen c h lo r id e  ( i n t e r m i t t e n t  s trea m ) .  An e t h e r e a l  

s o l u t i o n  o f  th e  r e a c t i o n  mixture was washed w ith  10%- 

sodium carbonate  s o l u t i o n  and w ater .  Menthol was removed 

from th e  re s id u e  obta ined  by c o n c e n t r a t io n  o f  the e t h e r e a l  

s o l u t i o n ,  by steam d i s t i l l a t i o n .  The non-steam v o l a t i l e  

m a te r ia l  (menthyl e s t e r )  was e x t r a c t e d  w i t h  e th e r  and the  

s o l u t i o n  dr ied  over sodium s u lp h a te .  The o i l  (62 g. ) ,
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obtained by c o n c e n t r a t io n  o f  the e t h e r e a l  s o l u t i o n  t o  dry

n e s s ,  was d i s t i l l e d  i n  vacuo to  co n s ta n t  r o t a t i o n .  53 g. 

o f  ( - ) -m e n th y l  ^ - a c e t y l - p e l a r g o n a t e  (75% y i e l d )  was 

obta ined  w i t h  b .p .  209-21 0 ^ 3i - 4  mm. , d̂  ® 0 . 9 4 4 ,

0 . 9 3 9 ,  [a]^5®8o-48.67°,  -55.09": 5 9 ° ,

-55 .01°  Pound: 0 ,  7 4 .4 ;  H, 1 1 .2 ^ .  Ĥ ggÔ  

r e q u ir e s :  0 ,  7 4 .5 ;  H, 11.3%. The aem icarbazone. m.p. 

1 0 0 .5 H C 1 ^  c r y s t a l l i s e d  from aqueous e th a n o l  i n  r e c t a n g u la r  

p l a t e s .

V l l l f .  P re p a r a t io n  o f  ( - ) -m e n th y l  bromoacetate

( - ) -M e n th y l  brom oacetate . -  (a )  -  A m ixture  o f  bromo- 

a c e t i c  ac id  (70 g. ; 0 . 0 5  g. m o l . )  and menthol (300 g. ;

1 . 9 3  g. m o l . )  was heated i n  th e  presence  o f  dry hydrogen  

bromide f o r  8 hours a t  100^. An e t h e r e a l  s o l u t i o n  o f  the  

r e a c t i o n  mixture was washed w i th  lOjS-sodium carbonate s o l u 

t i o n  and then  w i t h  w a ter ,  and then d r ie d  over sodium 

s u lp h a te .  ( - ) -M en th y l  brom oaceta te ,  c o n ta in in g  a t ra ce  o f  

menthol,  was obta ined  from t h i s  s o l u t i o n  by d i s t i l l a t i o n ,  

b . p .  108-11 6 ° / 2 - 3  mm. ( y i e l d , 76. 2 g. ; 55%)* A f t e r  one 

c r y s t a l l i s a t i o n  from l i g h t  petro leum  ( b .p .  40- 60^ ) ,  

( - ) -m e n th y l  bromoacetate was obta ined  as n e e d l e s ,  m.p. 

1 8 . 5 - 1 9 . 5 ° ,  [ 0^35780 - 6 8 . 3  - 0 . 2 ° ,  - 7 7 . 4  ± 0 . 2 °

( c ,  2 . 5  i n  ch loro form ).  (Pound: C, 5 2 .6 ;  H, 7 .7 7 ;  B r ,2 8 .3 ^ .  

C alc .  fo r  C i2H2l 02Br: 0 ,  5 2 .0 ;  H, 7 .6 5 ;  Br, 28.8%).

(h) -  A s o l u t i o n  o f  hrom oacet ic  ac id  (78 g. ; 0 . 5 6  g.  

m o l . )  i n  t h i o n y l  c h lo r id e  (55 m l . )  was h o i l e d  under r e f l u x



132

f o r  2^ hours ,  the r e a c t i o n  mixture then  b e in g  d i s t i l l e d  

through a packed column; t h e  brom oacetyl  c h lo r id e  had b .p .  

1 21- 125° ( y i e l d ,  69 g. ; 78%). Menthol (67 g.  ; 0 .4 3  g. m o l . )  

was added to  brom oacety l  c h lo r id e  (67 g. ; 0 . 4 2 5  g. m o l . )  a t  

room temperature w i th  shaking.  A f t e r  15 m inutes  the r e 

a c t i o n  mixture was s lo w ly  warmed up t o  1 0 0 ° and kept a t

th a t  temperature fo r  20 m inutes .  ( - ) -M en th y l  brom oacetate
b . p . 136^/8 m rg.(y ie ld ,  9 6 . 5 9 . ;  82^) 

was i s o l a t e d  as i n  {à)̂, a f t e r  one c r y s t a l l i s a t i o n  i t  had

[0-3^780 - 6 8 . 9  -  0 . 2° ,  - 7 8 .0  ± 0 .2 ° , [ a ]^ ' '  ° - 6 ? . 9 -  0 . 8 °

( c ,  2 . 5  i n  ch lo ro fo rm ) .  (Found: C, 5 2 .1 ;  H, 7 .8 8 ;  Br, 29.0%.

C alc ,  fo r  2^21^2®^* 5 2 .0 ;  H, 7 .6 5 ;  Br. 28.8%).

V l l l g .  Grignard r e a c t i o n s *

( i )  Phenyl magnesium bromide s o l u t i o n  ( c o n ta in in g  
0 .1 2 5  g. mol.  PhlvigBr) .

The f o l l o w i n g  p r e p a r a t io n  was ca r r ie d  out i n  an

atmosphere o f  n i tr o g e n .

0 . 5  g. Magnesium was covered w i th  e t h e r ,  and bromo-

benzene ( l 0 drops)  was added; t h e  r e a c t i o n  f l a s k  v/as heated

i n  a b a th  at 60°  u n t i l  the r e a c t i o n  had s t a r t e d .  The r e s t

o f  the  magnesium ( t o t a l  -  9 .6 0  g. ; 0 .3 9 6  g .  m o l . )  was added

and covered  w ith  e t h e r  (90 m l . ) .  The r e s t  o f  th e  bromo-

benzene ( t o t a l  -  2 0 .6 5  g. ; 0 .1 3 2  g. m o l . )  was added ( i n

45 ml. e t h e r  ) at such  a r a t e  as to  m a in ta in  g e n t l e  b o i l i n g

(* )  The p r e p a r a t io n  o f  an e t h e r e a l  s o l u t i o n  o f  phenyl
magnesium bromide and'the subsequent a d d i t i o n  t o  th e  e s t e r  
were ca r r ie d  out i n  an atmosphere o f  n i t r o g e n .  Care was 
taken throughout t o  ensure th a t  a l l  o p e ra t io n s  were 
ca r r ie d  out as  q u a n t i t a t i v e l y  as p o s s i b l e ,  a l l  v e s s e l s  
b e in g  thoroughly  washed with the  appropr ia te  s o l v e n t .
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o f  the e th e r  w ithout e x te r n a l  c o o l in g  or h e a t in g .  A f t e r  

a l l  the  hr omo "benzene had he en added the r e a c t i o n  mixture  

was heated i n  a hath  at  60°  f o r  30 m inutes .  The su per

natant  was siphoned i n t o  a dropping fun ne l  i n  an atmosphere  

o f  n i t r o g e n  ready f o r  a d d i t io n  t o  an e t h e r e a l  s o l u t i o n  o f  

the  ( - ) -m e n th y l  e s t e r  u s in g  the apparatus shown i n  the  

diagram.

r /

------1

L_

Apparatus f o r  p re p a ra t io n  o f  G-rignard Reagent ( I ,  w i th  
condenser u p r ig h t ,  and Np i n l e t  at  A); apparatus f o r  
s ip h o n in g  o f  Grignard reagent  (com plete  apparatus -  as i n  
diagram ^

D eterm inat ion  o f  amount o f  d ipheny l  formed. -  

The supernatant  was siphoned from e x c e s s  magnesium and 

poured on to  i c e .  The mixture was a c i d i f i e d  w ith  5N H2SO4 

and the e t h e r  separated  from the aqueous la y e r  which was 

e x t r a c te d  twice  w i th  e th e r .  The e t h e r  e x t r a c t ,  a f t e r  

washing 3 t imes w i th  w a te r ,  3 t im es  w ith  sodium car"bonate 

s o l u t i o n  and tw ice  w i t h  w a te r ,  was dr ied  over sodium
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su lp h a te .  The r e s i d u e ,  from which the  e t h e r  had "been 

d i s t i l l e d ,  was heated  on a t o i l i n g  water h a th  under a 

p r e s s u r e  o f  ahout 20 mm. t o  remove t r a c e s  o f  benzene.

[From the  w eigh t  o f  the  r e s id u e  (assuming i t  t o  he d ip h en y l )  

the amount o f  hromohenzene used fo r  c o n v er s io n  i n t o  d i 

phenyl could  he c a l c u l a t e d .  I t  was assumed th a t  the r e s t  

of  the hromohenzene was converted  i n t o  the  Grignard r e -

o f  d ipheny l  was o b ta in ed .  This would correspond to  9 6 .9 ^  

y i e l d  o f  phenyl  magnesium bromide (based  on hromohenzene).

A rep ea t  o f  the above experiment gave 93.5% y i e l d .

( i i )  P a r t i a l  asymmetric s y n t h e s i s  o f  a t r o l a c t i n i c  a c i d . -  

A s o l u t i o n  o f  ( - ) -m e n th y l  pyruvate  ( 4 . 52g. ; C.C2 g. m o l . )  

i n  e t h e r  (20 m l . )  was added t o  an e t h e r e a l  s o l u t i o n  o f  phenyl 

magnesium bromide (0 .0 2 5  g. m o l . ) ,  w i t h  i c e - c o o l i n g  and 

sh a k in g ,  over 30 mins. The p a le  y e l lo w  s o l u t i o n  was h o i l e d  

under r e f l u x  f o r  2-& hours.  The cooled  s o l u t i o n  was poured  

on t o  i c e  (20 g. ) and t r e a te d  w i t h  5N -su lp h u r ic  a c id  ( 25m l . ) .  

The aqueous l a y e r  was e x t r a c t e d  w i t h  e th e r  (4  x 20 m l . ) ,  

t h e  f i n a l  e x t r a c t  b e in g  o p t i c a l l y  i n a c t i v e ,  end the com

bined e t h e r e a l  s o l u t i o n s  were washed w i th  water (2 x 20 m l . ) ,  

10%-sodium carbonate s o l u t i o n  (1 x 20 m l . )  and a g a in  v / i th  

w ater  (1 x 20 m l . ) ;  a l l  aqueous washings were o p t i c a l l y  

i n a c t i v e .  C oncen tra t ion  o f  th e  d r ied  e t h e r e a l  s o l u t i o n
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(sodium s u lp h a te )  to dryness  gave 5 .4 9  g. o f  p a le  y e l lo w  

o i l  which was hydro lysed  by  b o i l i n g  w i t h  5N-potassium  

hydroxide s o l u t i o n  (5  m l . )  and e th a n o l  (20 m l . )  f o r  4 

hours. S ince there  were two l a y e r s  a f u r t h e r  5 ml. o f  

sodium hydrox ide ,  5 ml. o f  e th a n o l  and 10 ml. of  w a ter  were  

added, when a c l e a r  s o l u t i o n  was o b ta in e d ,  which was b o i l e d  

under r e f l u x  fo r  i  hour. The eth ano l  was removed from the  

s o l u t i o n  by d i s t i l l a t i o n  and the r e s id u e  then  e x t r a c t e d  

w i t h  e t h e r  (5  x 20 m l . ) .  The l a s t  e t h e r  e x t r a c t  was o p t i c 

a l l y  i n a c t i v e  showing th a t  a l l  menthol had b een  removed
as

( th e  e t h e r e a l  e x t r a c t s  are r e f e r r e d  toK "A" ) .  The aqueous  

l a y e r  was a c i d i f i e d  w i t h  5^î-sulphuric a c id  ( i t  had

+ 0 .  59°)  and e x t r a c t e d  w i t h  20 ml. p o r t io n s  o f  e t h e r .  

A f t e r  the 5 th  e x t r a c t  t h e  aqueous l a y e r  was o p t i c a l l y  i n 

a c t i v e .  The combined e t h e r e a l  e x t r a c t s  were d r ie d  over  

sodium su lp h a te  and concentrated  to  d ryn ess .  The r e s id u e  

was d r ie d  i n  vacuo over calc ium  c h lo r id e  and p a r a f f i n  wax 

and gave 1 . 2 5  g. (50%) o f  a t r o l a c t i n i c  a c id  as a p a le  

y e l lo w  s o l i d ,  which had + 7 .8 ^ ,  [^^5780

[ a ] 52̂ 6l +9 . 5°  ( c ,  6 .1 5  i n  water)  and +6 . 7° ,

+ 6 . 8 ° ,  + 8 .1 °  ( c ,  3 .0 7 5  i n  e t h a n o l ) .

Menthol and d iphenyl  were removed from th e  e t h e r e a l  

s o l u t i o n  "A" by steam d i s t i l l a t i o n ;  the  non-steam v o l a t i l e  

m a te r ia l  ( l - m e t h y l -1 ; 2 : 2 - t r i p h e n y l  g l y c o l )  was se p a r a te d  

by e t h e r  e x t r a c t i o n  and was found t o  be o p t i c a l l y  i n a c t i v e .
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Pa r t i a l
( i i l T . âsyinmetric s y n t h e s i s  o f  y -h y d r o x y -y -p h e n y l -  

A v a l e r i c  ac id  and y - p h e n y l - ^ - v a l e r o i actone

Small s c a l e  p r e l im in a r y  experiment -

To a s o l u t i o n  o f  ( - ) -m e n th y l  l a e v u l a t e  (5*08g. ; 0 . 0 2  g. 

m o l.)  i n  e t h e r  (20 m l . )  was added an e t h e r e a l  s o l u t i o n  o f  

phenyl magnesium bromide (0 .0 2 5  g. m o l . )  w i t h  shaking and 

i c e - c o o l i n g  over  30 mins. The r e a c t i o n  mixture was kept  

a t  0^ f o r  i hour and at room temperature f o r  i i  hour, and 

then  t r e a t e d  w i t h  i c e  (20 g. ) and 5N -su lphur ic  acid  (25 m l . ) .  

The aqueous l a y e r  v/as e x t r a c t e d  w i t h  e t h e r  (4  x 20 m l . )  and 

the combined e t h e r e a l  s o l u t i o n s  washed w i t h  water (3 % 20ml.), 

10%-sodium carbonate s o l u t i o n  (3 x 20 m l . )  and water  

( 2 X  20 m l . ) .  The e t h e r  was d i s t i l l e d  from th e  d r ie d  e t h e r 

e a l  s o l u t i o n  (sodium s u lp h a te )  and the re s id u e  ( 6 .7 9  g . ) 

hydrolysed  by b o i l i n g  under r e f l u x  w i t h  2 . 5N-potassium  

hydroxide s o l u t i o n  ( i 0 m l . )  and e th a n o l  (20 m l . )  f o r  4 hours.  

The a l c o h o l  v/as removed by d i s t i l l a t i o n  and the re s id u e  

e x t r a c te d  w ith  e th e r  (6 x 20 m l . ) ,  ( i n  some experim ents  

t h i s  e x t r a c t  was examined f o r  non-steam  v o l a t i l e  compounds). 

The aqueous l a y e r  was a c i d i f i e d  w i t h  5N -su lphur ic  ac id  and 

e x t r a c t e d  w i t h  e t h e r  (6 x 10 m l . ) .  The combined e t h e r  

e x t r a c t s  were washed w i th  water and d r ied  over sodium 

s u lp h a t e .  The res id u e  remaining a f t e r  d i s t i l l a t i o n  o f  the 

e t h e r  had 3 p o r t io n s  o f  benzene d i s t i l l e d  from i t  ( l 0 ml. 

e a c h ) ;  i n  th e  f i n a l  d i s t i l l a t i o n  no water  d i s t i l l e d  w i t h  

the benzene.  The y e l lo w  o i l  was d r ied  i n  vacuo over ca lc ium
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ch lo r id e  and p a r a f f i n  wax fo r  3 hours,  y - P h e n y l - y - v a l e r o -

l a c t o n e  ( l . 89g. ; 53%) was o b ta in ed ;  i t  had - 4 . 0  °

( c ,  7 .8 2 3  i n  e t h a n o l ) .

Large s c a l e  experiment -

An e t h e r e a l  s o l u t i o n  of  ( - ) -m e n th y l  l a e v u l a t e  ( 2 0 .3 4  g.;

0 . 0 8  g. mol. ) i n  e t h e r  (80 m l . )  was coo led  i n  i c e ;  an

e t h e r e a l  s o l u t i o n  o f  phenyl magnesium bromide (C.iO g. m o l . )

was added to  i t  over 30 mins. w i t h  s t i r r i n g .  S t i r r i n g  was
o

cont inued  a t  0 f o r  a fu r th e r  hour and then  th e  r e a c t i o n  

mixture was kept overn ight  at 0^. The r e a c t i o n  m ixture  was 

t r e a t e d  w i t h  i c e  (50 g. ) and 5N-su lphuric  ac id  (iOO ml. ) and 

the  aqueous l a y e r  e x t r a c t e d  w i th  e t h e r  (4  x 50 m l . ) .  The 

combined e t h e r e a l  e x t r a c t s  were washed w i th  water  (3 x 50ml. ), 

10%-sodium carbonate s o l u t i o n  (lO x 25 m l . )  and w a te r  

(3 X 25 m l . ) .  The sodium carbonate  washings removed much o f  

the c o lo u r  from the e t h e r e a l  s o l u t i o n ;  but i n  t h e  standard  

c o n d i t i o n s  i t  was washed on ly  3 t im es  w i t h  carbonate s o l u 

t i o n .  The e t h e r  was d i s t i l l e d  from the  dried  e t h e r e a l  

s o l u t i o n  (sodium s u lp h a te )  and the  re s id u e  (2 7 .8  g. ), s m e l l in g  

s t r o n g ly  o f  m enthol ,  which c r y s t a l l i s e d  from the o i l  on 

s ta n d in g ,  was hydrolysed  by b o i l i n g  under r e f l u x  w i t h  

2 . 5N-potassium hydroxide s o l u t i o n  (40 m l . )  and e th a n o l  

(80 ml. ) fo r  4 hours. The a lc o h o l  was removed by d i s t i l l a t i o n  

from a steam b a th  and the res idue  e x t r a c te d  w i t h  e th e r  

(2  X 75,  7 x 50 m l . )  u n t i l  a l l  menthol and other  n e u tr a l  

compounds had b een  removed ( i n  some experim ents  t h i s  e x t r a c t
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was steam d i s t i l l e d  and the non-steam  v o l a t i l e  compounds

examined). The a l k a l i n e  aqueous l a y e r  was a c i d i f i e d  w i t h

5N-su lphuric  a c id  and e t h e r  e x tr a c te d .  The e th e r  e x t r a c t

was washed w i th  w a te r  and d r ied  over sodium s u lp h a te .  Bther

v/as removed by d i s t i l l a t i o n  and the r e s id u e  s u b je c te d  t o

t h r e e  benzene d i s t i l l a t i o n s  (each  w i t h  75 ml. o f  b e n ze n e ) .

L a s t  t r a c e s  o f  benzene were removed by h e a t in g  the r e s id u e
ounder reduced p ressu r e  a t  100 for  2 hour and th e n  keep ing  

i t  in  vacuo over p a r a f f in  wax fo r  3 hours. Crude y - p h e n y l -  

y - v a le r o la c t o n e  (5 .6 8  g .  ; 47%), w ith  - 8 .6 ^ ,

[ a ]^ 46>| - 7 . 5 °  ( c ,  1 0 .0 6 0  i n  e th a n o l)  was ob ta in ed .  2 Ml. 

o f  t h i s  e t h a n o l i c  s o l u t i o n  requ ired  1 .4 0  ml. 0 . 1N-sodium 

hydroxide s o l u t i o n  fo r  n e u t r a l i s a t i o n  i n  the co ld ;  a f t e r  

opening o f  the  l a c t o n e  r in g  a f u r t h e r  S. 70 ml. were 

requ ired  (corresponding  to the la c to n e  be in g  85% p u r e ) .  An 

e t h e r e a l  s o l u t i o n  o f  the crude la c t o n e  was e x t r a c te d  

r e p e a te d l y  w i t h  sodium carbonate s o l u t i o n ,  which removed 

almost a l l  the c o lo u r ,  and then dried over  sodium s u lp h a te .  

Removal o f  the e th e r  from t h i s  s o l u t i o n  by d i s t i l l a t i o n  gave  

y -p he ny l-y  - v a l e  r o l a c t  on e , which, a f t e r  drying over p a r a f f i n  

wax and calcium c h lo r id e  i n  v a c u o , had - 6 .8 2 ^ ,

[ a ]^ 46i - 7 . 7 1 °  -  0.05® ( c ,  10 .108  i n  e t h a n o l ) .  Pound:

C, 7 4 . 5 ,  H, 7.2%. Calc,  f o r  CnH>| 2O2 : G, 7 5 .0 ;  H, 6.9%.

A small amount o f  t h i s  l a c t o n e  was d i s t i l l e d  and had b .p .  

1 3 4 - 1 3 9 ° /7  mm., 1 ,5 2 8 2 .  Found: ©, 7 5 .6 ;  H. 6.8%.
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C alc, f o r  C-|^H^202- G, 7 5 .0 ;  H 6.9%. The main p o r t io n  o f  

t h i s  la c to n e  was converted  to  y -h y d r o x y -y -p h e n y lv a le r ic  

a c id  and th en  recon verted  to  th e  la c to n e  by th e  above benzene 

trea tm en t. y -P h e n y lv a le r o la c to n e  had -6 .55® ,

-7.33® i  0.1^' ( c ,  5 .190  i n  e t h a n o l ) ;  2 ml. requ ired  

0 .1 4  ml. 0 . 1 N-sodium hydroxide s o l u t i o n  f o r  n e u t r a l i s a t i o n  

and a f u r th e r  5 .64m l.  a f t e r  the la c to n e  had been hydro lysed .  

This  l a c t o n e  was b o i l e d  w i t h  sodium hydroxide s o l u t i o n  

and then  co o led .  Slow a c i d i f i c a t i o n  o f  t h i s  s o l u t i o n  w i th

5N -su lp h u r ic  acid  gave m i c r o - c r y s t a l s  o f  y -h y d ro x y -y -p h en y l-

v a l e r i c  a c id ,  w i th  0.6C ° 0 . 7 3  -  0.1^ ( 0 , 3 .9 6 9

i n  e t h a n o l ) .  Pound C, 6 7 .8  ; H, 7.1%. Gale,  f o r  Ĉ ^Ĥ  2̂0 ^;

C, 6 8 .0 ;  H, 7.3%.

P r e c i p i t a t i o n  o f  y -hyd roxy-y -p h e  a v iv a i  e r i c  a c i d ,  from 
an a l k a l i n e  s o l u t i o n ,  w i th  5N -su lp h ur ic  a c id

y -Hydroxy-y-phenyl va l  e r i c  ac id  (ca .  8.1 g. ) was d i s -

s o lv e d  i n  aqueous potass ium  hydroxide s o l u t i o n m l . ;  and
(5N-sulphuriç  acid)  

the s o l u t i o n  a c i d i f i e d / t o  pH 5 . 1 - 5 .  2; on s ta n d in g  c r y s t a l 

l i s a t i o n  commenced. A f t e r  8 m inutes  the pH had r i s e n  to  5 .8 ;  

c r y s t a l s  were separated  by f i l t r a t i o n  ( p r e c i p i t a t e  "a") .

The mother l i q u o r  (iOO ml. ) was a c i d i f i e d  to pH 4 . 8  and 

allow ed  to s tand  f o r  8 m inutes ,  a l lo w in g  gradual c r y s t a l l i s a 

t i o n  o f  the  a c id  ( p r e c i p i t a t e  *̂b") and a r i s e  i n  pH to  5 .8 .  

This  procedure was repeated  fo r  p r e c i p i t a t e  ^̂ c", th e  f i n a l  

pH b e in g  4 . 8 /  P r e c i p i t a t e  "d'  ̂ was o b ta in ed  when the s o l u t i o n  

was a c i d i f i e d  to  pH 1 and kept f o r  & hour b efo re
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f i l t r a t i o n ;  s low  c r y s t a l l i s a t i o n  occurred.

The complete s e p a r a t io n  i s  shown i n  the  Table (p. 141 ) 

( i n  which and denoted by [ a ] y  and [a ]^

r e s p e c t i v e l y ) .
Par t i a l

( i v ^ Asymmetric s y n t h e s i s  o f  o -p h en y l-  S - c a p r o la c to n e  

(a )  Large s c a l e  experiment

An e t h e r e a l  s o l u t i o n  o f  phenyl magnesium bromide 

(0.1 g. m ol.)  was added over i  hour to  an i c e - c o o l e d  s o l u 

t i o n  o f  ( - ) -m e n th y l  ^ - a c e t y l b u t y r a t e  ( 2 l . 4 7 g . 4 0 . 0 8  g .m o l . )  

i n  e t h e r  (80 m l . )  w i th  s t i r r i n g .  A t h ic k  o i l  had sep ara ted  

and s t i r r i n g  was cont inued  f o r  a f u r th e r  hour, a t  0 ° .  The 

r e a c t i o n  mixture kept at  0 °  o v e r n ig h t ,  and then t r e a t e d  

w ith  i c e  (50 g. ) and 5N -su lphur ic  a c id  (100 m l . ) .  The 

aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r  (4 x 50 m l . ) .  The 

combined e t h e r e a l  s o l u t i o n s  were washed w i t h  water  (3 % 50ml.); 

10%-sodium carbonate (3 x 25 m l . )  and water (3 x 25 m l . )  

and then dried  over  sodium s u lp h a te .  C oncen tra t ion  o f  t h i s  

s o l u t i o n  t o  dryness  l e f t  a y e l lo w  o i l  ( 2 6 .3  g. ) which smelt  

f a i n t l y  o f  menthol.  This  o i l  was b o i l e d  under r e f l u x  v / ith  

2 . 5  N-potassium hydroxide s o l u t i o n  (40 m l . )  and e th a n o l  

(80 m l . )  f o r  4 hours. The a lc o h o l  was removed from t h i s  

c l e a r  s o l u t i o n  by d i s t i l l a t i o n  from a s team -bath  the re s id u e  

then  b e in g  e x t r a c t e d  w ith  e th e r  x 75 m l . ,  5 x 50 m l . )  

to  remove n e u tr a l  p rod u cts .  Steam d i s t i l l a t i o n  o f  the  

r e s i d u e ,  obtained by c o n c e n tra t in g  t h i s  e t h e r e a l  s o l u t i o n  t o  

d ry n ess ,  l e f t  on ly  a trace  o f  y e l lo w  s o l i d  which was not
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steam v o l a t i l e  ( n e u t r a l  products  formed by r e a c t io n  o f  the  

e s t e r  group w i th  the Grignard r e a g e n t ) .  An e t h a n o l / c h l o r o -  

form s o l u t i o n  of t h i s  m a te r ia l  was o p t i c a l l y  i n a c t i v e ;  the  

s o l u b i l i t y  o f  the n e u tr a l  compound was low i n  e th a n o l .  The 

aqueous l a y e r ,  a f t e r  the e t h e r  e x t r a c t i o n s ,  was a c i d i f i e d  

w ith  5N-su lphuric  a c id  and the ^-hydroxy-(T -p h en y lca p r o ic  

a c i d ,  v/hich s e p a r a te d ,  was e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r e a l  s o l u t i o n  was d r ied  over sodium su lp h a te  and con

c e n tr a te d  to d ry n ess .  Benzene (3 p o r t i o n s ,  100 ml. each)  

was allowed to  d i s t i l  from the r e s id u e ;  f i n a l l y ,  l a s t  

t r a c e s  of benzene were removed b y  h e a t in g  under reduced  

p re s su r e  at  1 0 0 ®. 1 0 . 260. o f  y e l lo w  o i l  was o b ta in ed ,  which ,

on s ta n d in g ,  p a r t ia l ly  s o l i d i f i e d .  An e t h a n o l i c  s o l u t i o n  

had —0 . 0 4  , ^^4.61 O.0 5  ( ^ , 15«455)j  when 2 ml. of

t h i s  s o l u t i o n  was d i l u t e d  w i th  water i t  needed 7 . 38 ml. o f  

0.1 N-sodium hydroxide s o l u t i o n  f o r  n e u t r a l i s a t i o n  (p h e n o l -  

p h t h a le in )  and a f t e r  h y d r o ly s i s  o f  the l a c t o n e  p resen t  

req u ired  a fu r th e r  7.71 ml. These f i g u r e s  correspond to  

about 47% l a c t o n e ,  c a l c u la t e d  from the e x p r e s s i o n : -

VoL of N-NaOH needed to neutralise hydrolysed lac ton e  x M.W. x 1 0 0 ,  
Weight o f  m a te r ia l  known to  be present  1000

Retreatment o f  t h i s  product  w ith  benzene ,  as above, f o l lo w e d

by h ea t in g  fo r  3 hours a t  lOO°/5 mm. gave a product con-
0  ̂o

s i 6 t i n g  of 78% la c t o n e  which had -O.O6 ,ci 2̂j.6l

( c ,  1 3 . 2 3 8 ).  This m a te r ia l  th e n  had t o lu e n e  s lo w ly  d i s 

t i l l e d  from i t  and was su b seq u en t ly  kept at 100®/ 5 ram. f o r
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8 hours; s l i g h t  darkening had occurred. The product thus  

obtained  c o n s i s t e d  of  about 90% la c to n e  and had 

^5780 ( c ,  1 5 .4 1 8 )  i n  e th a n o l  s o l u t i o n .

An e t h e r e a l  s o l u t i o n  of  the impure - p h e n y l - - c a p r o -  

l a c t o n e  was washed w ith  sodium carbonate  s o l u t i o n  and 

dried  over sodium s u lp h a te .  Removal o f  the e th e r  by d i s 

t i l l a t i o n  and drying i n  vacuo over calcium c h lo r id e  and 

p a r a f f i n  wax gave ^-pheny l-  c?-caprolactone,  m.p. 52^, an 

e t h a n o l i c  s o l u t i o n  o f  which had -0 .0 5 ® ,  ^5461 “G.06^

( c ,  1 2 . 0 3 3 ).  T i t r a t i o n  o f  2 ml. o f  the s o l u t i o n  used for  

o p t i c a l  o b s e r v a t io n  w i th  0.1 N-sodium hydroxide s o l u t i o n  

showed lhat 0.11 ml. was requ ired  for  n e u t r a l i s a t i o n ,  b e fo r e  

h y d r o ly s in g  the l a c t o n e  to the  h y d r o x y -a c id ,  and then a 

fu r th e r  1 2 .3 4  ml. o f  a l k a l i .  Pound: C, 7 5 .2 ;  H, 7.5%. 

C12H14O2 r e q u ir e s :  0 ,  7 5 .8 ;  H, 7.4%.

A c i d i f i c a t i o n  o f  th e  sodium carbonate e x t r a c t ,  w i th  

subsequent e th e r  e x t r a c t i o n ,  gave a sm all  amount o f  o p t i c 

a l l y  i n a c t i v e  m a te r ia l .

Small s c a l e  experiment

An e t h e r e a l  s o l u t i o n  o f  phenyl magnesium bromide (0 .0 2 5  

g. m o l . )  was added, w i t h  shaking ,  t o  a s o l u t i o n  o f  

( - ) -m e n th y l  a c e ty lb u ty r a te  which was coo led  i n  i c e - w a t e r ,  

over i  hour. The r e a c t i o n  mixture was kept at 0^ o v e r n ig h t ,  

and then decomposed w ith  i c e  and su lp h u r ic  ac id  and sub

se q u e n t ly  worked up as i n  th e  p r e v io u s  example. By
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c o n c e n tra t io n  of  the e th er  e x t r a c t  6 .8 4 g .  of o i l  was 

obta ined  which was hydro lysed  and then  t r e a t e d  so as to  

g iv e  an a lk a l in e  s o l u t i o n  o f  é - h y d r o x y - /  -p h en y lca p ro ic  

acid  as d e sc r ib ed  p r e v i o u s l y .  This s o l u t i o n  was a c i d i f i e d  

and ether e x tr a c te d .  The e th e r  e x t r a c t  was washed w i th  

w a ter ,  d r ied  over sodium su lphate  and then  the e th er  remov

ed by d i s t i l l a t i o n .  Three p o r t io n s  o f  benzene (50 ml. 

each) were d i s t i l l e d  from the res id ue  which was then  kept  

a t  100®/5 mm. fo r  5 hours, and f i n a l l y  weighed 2.71 g. An 

e t h a n o l i c  s o l u t i o n  had - 0 . 27° ,  “G. 29® ( c , l 5 . 295);

2 ml. of t h i s  s o l u t i o n  requ ired  2 .8 3  ml. 0,1 N-sodium 

hydroxide s o l u t i o n  f o r  n e u t r a l i s a t i o n  (p he nolp ht hale i  n ) 

and a fu r th e r  10 .98  ml. a f t e r  the l a c t o n e  r ing  had been  

opened. An e t h e r e a l  s o l u t i o n  o f  the above m a te r ia l  was 

e x t r a c te d  w i t h  sodium carbonate s o l u t i o n  and cT -p h e n y l -  

S - c a p r o la c to n e  obtained from the dr ied  s o l u t i o n  (sodium  

su lp h a te )  by  evap orat ion  o f  the e t h e r .  The p a le  ye l lo w  o i l ,  

on c o o l i n g ,  gave a s o l i d ,  m.p. 68^%1 ° which had
V

- 1 , 3 2 ° ,  [ a ] 2̂̂ 61 “^•^'7° -  0 . 0 8 °  ( c ,  6 .4 6 6  i n  ethanol);  

2 ijO.. o f  t h i s  s o l u t i o n  requ ired  0 .1 0  ml. a l k a l i  f o r  

n e u t r a l i s a t i o n  ani a f u r th e r  9 .8 7  ml. a f t e r  opening of the  

l a c t o n e  r in g .
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(v) I n t e r a c t i o n  o f  ( - ) -m e n th y l  ^ - a c e t y l - n - v a l e r a t e  
and phenyl  magnesium bromide

Bxperiment (sm all  s c a l e )  us ing  1 .2 5  m olecu lar  prop ort ions  o f  
Grignard reagent

An e th e r e a l  s o l u t i o n  o f  phenyl magnesium bromide 

(C.C25 g. m ol . )  was added t o  a s o l u t i o n  o f  ( - ) -menthyl  

a c e t y l v a l e r a t e  ( 5 . 65g. ; 0 .0 2  g. m ol . )  i n  e t h e r  (20 m l . )  over  

10 mins. at room temperature;  th e  temperature o f  th e  r e 

a c t i o n  mixture ro se  t o  30®. The r e a c t io n  m ixture  was kept  

at room temperature for  30 mins. , and was then heated  i n  a 

b a th  at 60°  f o r  90 mins. The r e a c t io n  mixture,  from which  

had separa ted  a s t i c k y  white s o l i d ,  was t r e a t e d  w ith  i c e  

(50 g . ) and 5N -su lp h ur ic  a c id  (25 m l . ) .  The aqueous l a y e r  

was e x t r a c te d  w i t h  e th e r  (3 x 25 m l . )  a t  the end of  which i t  

was o p t i c a l l y  i n a c t i v e .  The o r i g i n a l  e th er  la y e r  and e th er  

e x t r a c t s  were combined and washed w ith  w ater ,  sodium carbon

ate s o l u t i o n  and aga in  w ith  w ater .  The aqueous washings  

had no o p t i c a l  a c t i v i t y .  The dried  e t h e r e a l  s o l u t i o n  (sodium  

su lp h a te )  was concentrated  t o  d ryness ,  and the  res idue  

(7 . 43g . )  was hydrolysed by b o i l i n g  under r e f l u x  w i t h  5N- 

sodium hydroxide s o l u t i o n  (5 m l . )  and e th a n o l  (40 m l . )  f o r  

hours. A lco h o l  was removed by d i s t i l l a t i o n  from a steam-  

bath  and a sm all  amount of  water was added t o  the re s id u e  

which was then  e x tra c te d  w i t h  ether  ( 4 x 1 5  m l . ) ;  the f i n a l  

e th e r  e x tr a c t  had no o p t i c a l  a c t i v i t y  (combined e th er  e x 

t r a c t s  r e fe r r e d  to  as "A"). The a l k a l in e  aqueous l a y e r  was
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a c i d i f i e d  w i t h  5N -s u lp h u r ic  a c id ;  th e  o i l  which se p a r a te d  

was e x t r a c t e d  w i th  e t h e r  (3 t i m e s ) ;  the aqueous l a y e r  was 

i n a c t i v e .  The e t h e r e a l  e x t r a c t s  were combined, washed w i t h  

w a te r  and dried  over sodium s u lp h a t e .  The ether was removed 

by d i s t i l l a t i o n  and the res id ue  d r ie d  over ca lc iu m  c h l o r i d e  

and wax i n  vacua  3 . 1 7g. ( 72%), of a p a le  y e l lo w  o i l  was 

o b ta in ed  which was o p t i c a l l y  i n a c t i v e ;  M.W. (by t i t r a t i o n ) :  

219. C^3H^q03 has M.W. 222.

The combined e t h e r  e x t r a c t s  were steam d i s t i l l e d ,  

u n t i l  f r e e  from menthol and d ip h en y l ,  and the non-steam  

v o l a t i l e  m a te r ia l  was e x t r a c t e d  w i t h  e t h e r .  C o n c en tr a t io n  

o f  t h i s  d r ie d  e t h e r  e x t r a c t  gave a sm all  amount o f  m a t e r i a l  

which  had, i n  e t h a n o l i c  s o l u t i o n ,  - 0 . 0 5 ° .

Large s c a l e  experiment

An e t h e r e a l  s o l u t i o n  o f  phenyl magnesium bromide 

(0 .1 0  g. m o l . )  was added to  a s o l u t i o n  o f  ( - ) - m e n t h y l  ace t y l 

v a l e r a t e  ( 2 2 .6  g.  ; 0 . 0 8  g.  mol. ) i n  e th er  (80 m l . )  over 30 

mins. w i th  i c e - c o o l i n g  and s t i r r i n g .  S t i r r i n g  was cont inued  

w i t h  c o o l in g  fo r  a f u r t h e r  hour and the r e a c t i o n  m ixture  

Was kept ov ern ig h t  at  0®. The mixture was decomposed w i t h  

• i c e  (50 g . ) and 5N -s u lp h u r ic  ac id  ( l 00 m l . ) .  The aqueous  

l a y e r  was e x t r a c te d  w ith  e t h e r  (4  x 50 m l . )  and the combined 

e t h e r  e x t r a c t s  were washed w i t h  water (3 x 50 m l . ) ,  10%- 

sodium carbonate s o l u t i o n  (3 x 25 m l . )  and water (3  x 25 m l . )  

and then  d r ie d  over sodium s u l p h a t e .  C o n c en tr a t io n  o f  t h i s
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s o l u t i o n  to  dryness gave a y e l lo w  o i l  ( 2 9 .3  g. ) which was 

hydrolysed  by  b o i l i n g  under r e f l u x  w i t h  2. 5N-potassium  

hydroxide s o l u t i o n  (40 m l . )  and e th a n o l  (80 m l . )  f o r  4 

hours. Ethanol was removed by d i s t i l l a t i o n  from a steam -  

b a th  and the re s id ue  was e x t r a c te d  w i t h  e th e r  (2 x 75 ml. ,

5 X 50 m l . ) ;  no sm e l l  o f  menthol was p e r c e p t i b l e  when the  

l a s t  e ther  e x t r a c t  was concentra ted .  The e t h e r  e x t r a c t s  

were steam d i s t i l l e d  and C.Oôg. of non-steam  v o l a t i l e  * 

m a te r ia l  was i s o l a t e d  by e th e r  e x t r a c t i o n .  This v/as o p t i c 

a l l y  i n a c t i v e .  The a l k a l i n e  aqueous l a y e r  was a c i d i f i e d  

v / i th  5N-su lphuric  acid  and then  e th e r  e x tr a c te d .  The e ther  

e x t r a c t  was washed w i t h  w ater ,  dried  over sodium s u lp h a te  

and the e t h e r  e x p e l l e d  by h e a t in g  on a s team -bath .  14. 8 6 g. 

(84%) of  5-hydrox y -5 -p h e n y l -h e x a n e - l - c a r b o 3 ^ 1 ic  a c id  was 

o b ta in ed  as a ye l low  v i s c o u s  o i l  which would not c r y s t a l 

l i s e .  Pound: C, 7 0 .3 ;  H, 8.2%. gO  ̂ r e q u ir e s :

C, 7 0 .2 ;  H, 8.2%. I t  had +0.09® ( c ,  4 9 .9 5  i n  e t h a n o l ) .

The y e l lo w  p i l  d i s t i l l e d  at 1 60-1 9 2 ° /3  mm. and on r e 

d i s t i l l a t i o n  a p a le  y e l lo w  l i q u i d ,  b .p .  150-1 7 8 /3  mm. was 

obta in ed .  Pound: G, 7 1 .1 ;  H 8.8%. A d ehydration  o f  p r o 

duct o f  5-hydrox y -5 -p h e n y lh e x a n - l - c a r b o x y l i c  acid  

(C-|3H^g02) v/ould requ ire :  0 ,  7 6 .4 ;  H, 7.9%.
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( v i ) I n t e r a c t i o n  o f  ( - ) -menthyl C D -acety lpe largonate  
and phenyl magnesium bromide

An e th e r e a l  s o l u t i o n  o f  phenyl magnesium bromide 

(O.l g. m o l . )  was added over  i hour to an i c e - c o o l e d  s o l u 

t i o n  of  ( - ) -menthyl 6J - a c e t y l p e l a r g o n a t e  ( 27 . 0 4 g 4 0 . 0 8  g. 

m o l.)  w i t h  s t i r r i n g .  A th ic k  s t i c k y  o i l  separated  which 

prevented  e f f i c i e n t  s t i r r i n g ,  a lthough  attem pts  to  cont inue  

s t i r r i n g  f o r  a fu r th e r  hour were made. The r e a c t i o n  mixture  

was kept at 0 ° o v e r n ig h t ,  and then decomposed w ith  i c e  

(50 g. ) and 5N -sulphuric  ac id  (1C0 m l . ) .  The aqueous l a y e r  

was e x t r a c te d  w i t h  e t h e r  (4  x 50 ml. ) and the combined 

e t h e r e a l  s o l u t i o n s ,  a f t e r  washing w i th  water (3 x 50 m l . ) ,  

10%-sodium carbonate s o l u t i o n  (3  x 25 m l . )  and water (3 x  

25 m l . ) ,  were dried  over sodium su lp h a te .  The s o l u t i o n  was 

co n ce n tra ted  to  dryness and the res idue  hydrolysed  by b o i l 

in g  w ith  2. 5N-pot assium hydroxide s o l u t i o n  (40 m l . )  and 

e th a n o l  (80 m l . )  fo r  8 hours.  The a lc o h o l  was removed by  

d i s t i l l a t i o n  from a steam b a th  and the re s id u e  was ex 

t r a c t e d  w i t h  e t h e r  (2 x 75 ml. , 6 x 50 m l . ) .  The aqueous  

l a y e r  was a c i d i f i e d  w i t h  5N -sulphuric  ac id  and the organic  

a c i d s  e x t r a c t e d  w ith  e th e r .  The e t h e r e a l  s o l u t i o n  was 

washed w i th  water (3 x 25 m l . )  and a f t e r  drying over sodium 

s u lp h a te ,  co n cen tra ted  to dryness to g iv e  2 2 .1 4  g. of  

impure g -h y d r o x y - g -p h e n y l -d e c a n e - l - c a r b o x y l i c  ac id  as a 

ye l lo w  o i l  which p a r t l y  s o l i d i f i e d  on pro longed  s ta n d in g .  

Pound: C, 70.1 ; H, 9.9%. ^̂ 7^26^3 re q u ires :  0 ,  7 3 .3 ;
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H, 9.4%. An e t h a n o l i c  s o l u t i o n  (approx. 25%) e x h ib i t e d  no 

d e f i n i t e  o p t i c a l  a c t i v i t y  (o/^ygo and -C .O l^ ) ,  thus

no attempt was made to p u r i f y  the 9 -h y d ro x y -9 -p h e n y l -d ec a n e -  

1 - c a r b o x y l i c  a c id ;  unchanged a c e t y l p e la r g o n i c acid  would 

have accounted fo r  the low carbon con ten t .

V l l l h .  Reformatsky r e a c t io n s

( i )  P a r t i a l  asymmetric s y n t h e s i s  of  6-hyd roxy-B -ph en y l-  
b u t y r i c  acid

A s o l u t i o n  o f  ( - ) -m e n th y l  bromoacetate  ( 3 0 .4 7  g . ;

0.11 g.  m o l . )  i n  benzene (10 m l . )  w as  added dropwise w i t h  

mechanical s t i r r i n g ,  over 7& hrs .  , t o  a b o i l i n g  s o l u t i o n  

o f  acetophenone ( l 3 . 2  g. ; 0.11 g. m o l . )  i n  benzene (50 ml. ; 

t  h i  op he ne f r e e )  i n  the  presence  o f  z inc  n e e d le s  (IC. 8  g.  ; 

0 .1 6 5  g. m o l . ) .  B o i l in g  and s t i r r i n g  were cont inued  fo r  

a f u r t h e r  four hours a f t e r  a d d i t io n  was complete.  The re 

a c t i o n  mixture was kept overn ight  at room temperature and

f i n a l l y  the l i q u i d  was decanted from unreacted z in c  ( 3 . 6 8 g . ;
e th e r  and

0 .0 5 6 4  g. m o l . )  which was washed w it lr /w ater .  The combined 

l i q u i d s  were t r e a te d  w ith  i c e  (25 g. ) and 51^-Gulphuric 

a c id  (100 m l . ) .  The aqueous l a y e r  was e x t r a c te d  w i t h  e th e r  

(1 X  ICO, 2 X  50 m l . ) ;  the combined e th e r  e x t r a c t s  and 

benzene s o l u t i o n  were washed w ith  water (3 x 25 m l . )  and 

dried  over sodium s u lp h a te .  C oncen tra t ion  o f  t h i s  s o l u t i o n  

to  d ryn ess ,  f i n a l l y  under reduced p r e s s u r e ,  gave 33*32 g. 

o f  a yel low o i l  which s o l i d i f i e d  on s tand in g .  This product  

had a bromine content o f  1.71%, corresponding to  1 .9 8  g. o f



150

urrîhanged ( - ) -menthyl brom oacetate .  The product was hydro

ly s e d  i n  2 p o r t i o n s ,  each us ing  1 5 .1 5  g. o f  "ester"  ( c o r 

responding  to  the product  ob ta in ed  from 0 . 0 5  g. mol. of  

( - ) -m e n th y l  b rom oaceta te ) .

(a )  -  The product ( 1 5 .1 5  g. ) was b o i l e d  under r e f l u x  w i th

2.  5N-potassium hydroxide s o l u t i o n  (25 ml. ; 0 .0 6 2 5  g. mol.  

KOH) and e t h y l  a lc o h o l  (50 m l . )  fo r  4 hours, p-Hydroxy-

p -p h e n y l -b u ty r ic  a c id  was i s o l a t e d  (a s  d escr ib ed  below) as  

an o i l  ( y i e l d  4 .7 3 5  g . ; 53%), which s o l i d i f i e d  on pro longed  

s ta n d in g ,  w i t h  + 3.01 -  C .0 5 ‘̂ ,[a35^g^+3 .3 8  ± 0 . 0 5 °

( c ,  2 2 .0 5  i n  e t h a n o l ) ,  and [̂ ]̂ 7Qq + 2 .3 4  -  0 . 0 5 ° ,

[^^5461 *2 .6 4  -  0 . 0 5 ° ( c ,  9.1 i n  e t h a n o l ) .  Mol. weight  

found by t i t r a t i o n :  1 8 l . Calc,  f o r  2O3 : 1 80.

(b) -  The condensation  product ( 1 5 .1 5  g. ) was b o i l e d  under 

. r e f l u x  w i t h  N-potassium hydroxide s o l u t i o n  (62 .  5 ml. ;

0 .0 6 2 5  g. mol.  KOH) and e t h y l  a lc o h o l  (30 m l . )  f o r  17 hours;  

at  the end of  the  h y d r o ly s i s  there were s t i l l  two l a y e r s  

whereas i n  (a )  a c l e a r  s o l u t i o n  had been obta ined .  p-Hydroxy- 

P -p h en y lb u ty r ic  acid  ( 4 .3 6 5  g. ; 49% y i e l d )  was ob ta in ed  as 

i n  (a )  w i t h  +2 .73  -  0.05*^. [ a ] +3. 06 -  O.O5®

( c ,  1 5 .7 5  i n  e t h a n o l ) .  Pound: C, 6 6 .4 ;  H, 7.04%.

C>io^l2^3 G, 6 6 .7 ;  H, 6. 71%.

A s y s t e m a t ic  exam ination  was made o f  the products  o f  

h y d r o ly s i s .  The product from 0 . 0 5  g. mol. ( - ) -menthyl  

bromoacetate was b o i l e d  w i th  aqueous a l c o h o l i c  potass ium
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hydroxide ( see  above);  f i n a l l y  the a lc o h o l  was removed by 

d i s t i l l a t i o n ,  the r e s id u e  then b e in g  e x t r a c te d  w ith  e th er  

(l  X 50 , 5 X 25 m l . )  to  remove n e u tr a l  compounds. The 

e t h e r e a l  e x t r a c t  was concentra ted  to  dryness  and the 9 .7 3  g. 

o f  o i l  l e f t  was steam d i s t i l l e d .  A small amount (O .C 4g .) 

o f  non s t e a m - v o l a t i l e  re s id u e  was e x t r a c t e d  by means of  

e th e r  and gave on d i s s o l v i n g  i n  e th a n o l  (i 5 m l . )

-  0.Q7®, - 0 . 0 8 ° .  This  o i l  was not s o lu b le  i n

a l k a l i ,  nor was i t  hydrolysed f u r t h e r  by b o i l i n g  w ith  a l k a l i .  

The steam v o l a t i l e  m ater ia l  was a mixture of  menthol and 

acetophenone. Prom 4 .87  g. o f  n e u tr a l  products  2.1 g. o f  

the 2 :4 -d in itroph en y lh ydrazon e  o f  acetophenone was o b ta in ed ,  

m.p. 239- 240^; c r y s t a l l i s e d  from aqueous a c e t i c  ac id  t h i s  

had m.p. 2 4 2 -3°  (decomp.).

The aqueous a lk a l in e  s o l u t i o n  ( a f t e r  removal o f  the  

n e u tr a l  products  as above) was a c i d i f i e d  w ith  5N -su lp h ur ic  

acid  and th e  p-hydroxy-p-phenyl b u t y r i c  acid  e x t r a c te d  

w it h  e th er  (l x 50 , 3 x 20 m l . ) .  The e th er  e x tr a c te d  was 

washed w ith  w ater  (3 x 20 m l . ) ,  d r ie d  over  

and concentra ted  to  d ry n ess ,  thereby  g iv in g  the products  

d e sc r ib ed  above. The ac id  aqueous l a y e r  ( a f t e r  e x t r a c t i o n  

o f  p -hydroxy-p -pheny lbutyr ic  ac id )  was o p t i c a l l y  i n a c t i v e .  

Steam d i s t i l l a t i o n  gave a c e t i c  a c i d ,  r e q u ir in g  1 1 .8  ml.

N KDH f o r  n e u t r a l i s a t i o n  ( t o  thymol b l u e ) ;

7
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( i l )  P reparat ion  o f  ( 1 ) -6 -h y d ro x y -g -p h en y l-b u ty r ic  acid  

A s o l u t i o n  o f  e th y l  brorao-acetate (3 .3 4  g. ; 0 . 0 2  g. mol.) 

and acetophenone ( 2 .88  g.  ; 0 .0 2 4  g. m o l . )  in  benzene 

( 15 nil. ) was b o i le d  under r e f l u x  in  the presence o f  z in c  

(1 .31 g. ; 0 .0 2  g. m o l . )  f o r  li hours. The condensat ion  

product ( 4 .365  g . ) ,  obtained as in  the above example, was 

hydrolysed by b o i l i n g  under r e f l u x  w ith  2 . 5N -potass ium  

hydroxide s o l u t i o n  (10 ml. ; O.025  g. mol. KOH) and e t h y l  

a lc o h o l  (25 m l . ) .  The product o f  h y d r o ly s i s  was worked up 

as in  the above experiment and 0-h y d ro x y -6 -p h e n y l -b u ty r ic  

acid  ( y i e l d  2 .355  g . ; 65%) was obta ined  as an o i l  which 

s o l i d i f i e d  on s tand ing .  On c r y s t a l l i s a t i o n  from l i g h t  

petroleum ( b . p . 100- 120®) n e e d le s  were o b ta in ed ,  m.p.

7 1 -7 2 ° .  Found: G, 66.7%; H, 6 . 85%. 1̂0̂ 12Q3 r e q u ir e s :

C, 66.7%; H, 6 . 71%.

( i i i )  P repara t ion  of  2-hydro x y - 2 - i s o - b u t y l - 4 - m e t h y l -  

hexanoic acid  

A s o l u t i o n  of  ( - ) -menthyl bromoacetate (2 .77  g . ;

0 .01  g. m o l . )  and d i - i s o - b u ty l  ketone ( 1 .70  g.  ; 0 .0 1 2  g.  

m o l. )  in  benzene ( l 5 m l . )  was b o i l e d ,  in  the presence  o f  

z in c  (0 .6 5 4  g . ; 0 .01  g. atoms) ,  under r e f l u x  f o r  5 hours.

The r e a c t io n  mixture was worked up and hydrolysed as u s u a l .

3 .48  5 . o f  condensation  product was obtained which on 

h y d r o ly s i s  gave a p a le  y e l lo w  o i l  ( y i e l d  0 .7 5  g . ; 37%) 

which did not d e c o lo u r is e  acid potass ium  permanganate 

s o l u t i o n .  (Found: G, 64 . 8 ; H, 10.8%. re q u ir e s :

G, 65 . 3 , H, 11.0%).
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V I I I j .  ( _ ) -H y d ro x y -y -p h en y lv a ler ic  a c id

( i )  P rep a ra t io n

Ethyl  l a e v u l a t e . -  A s o l u t i o n  of l a e v u l i c  ac id  (580g. ; 

5 g. m o l . )  in  e th a n o l  (1^150 m l . )  and a sa tu ra ted  a l c o h o l i c  

s o l u t i o n  o f  hydrogen ch lor ide  (60 m l . ) was h o i l e d  under 

r e f l u x  for  24 hours. A sm all  volume o f  e th e r  was added and 

the  e t h e r e a l  s o l u t i o n  was washed w i th  10%-sodium carbonate  

s o l u t i o n  and w ater  and f i n a l l y  d r ied  over sodium su lphate  

and sodium carbonate .  D i s t i l l a t i o n  gave 586g. (81%) of  

e t h y l  l a e v u l a t e ,  b .p .  98° / l  5 nun. Ruzicka (1917) records  

b .p .  9 5 ° / l  5 mm.

( - ) -V -H ydroxy-v -pheny lva ler ic  a c i d . -  An e t h e r e a l  

s o l u t i o n  of  phenyl magnesium bromide ( l .2 5  g. m o l . )  was 

added t o  e th y l  l a e v u l a t e  (l  44 g. ; 1 . 0  g. m o l . )  i n  e th e r  

(l 000 m l . ) ,  w i th  i c e - c o o l i n g  and s t i r r i n g  over 20 mins.  

S t i r r i n g  was continued f o r  a f u r th e r  10 mins. w i th  i c e  

c o o l i n g ,  and the r e a c t io n  mixture was th e n  kept overn ight  

a t  0 ° .  A hard s o l i d  mass had separa ted  from the  e t h e r .

The r e a c t io n  mixture was t r e a te d  w i th  i c e  (500 g. ) and 

5N -su lphur ic  a c id  (lOCO m l . ) .  The aqueous l a y e r  was ex

t r a c t e d  w i th  e t h e r  (4  x 500 m l . )  and the  combined e t h e r e a l  

s o l u t i o n s  were washed w ith  water (3 x 300 ml. ), 10%-sodium 

carbonate s o l u t i o n  (3  x 300 m l . )  and water (3 x 300 m l . ) .  

D i s t i l l a t i o n  of  the e th e r  from the  d r ied  s o l u t i o n  (sodium  

su lp h a te )  gave 1 80 g. o f  ye l low  o i l  which was hydro lysed  by
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b o i l i n g  under r e f l u x  w ith  ethanol  (lOOO m l . )  and 2. 5N- 

potasBium hydroxide s o l u t i o n  (500 m l.)  f o r  5 hours. The 

dark brown s o l u t i o n  was kept overnight  and was e x tra c te d  

w it h  e th e r .  The aqueous la y e r  was a c i d i f i e d  w ith  

5N-Sulphuric a c id  and e th er  e x tr a c te d .  The e t h e r e a l  s o l u 

t i o n  was washed w ith  w ater  and dried over sodium su lp h a te .  

The e th e r  was d i s t i l l e d  and the  r e s id u e ,  having had three  

p o r t io n s  o f  benzene (250 ml. each) d i s t i l l e d  from i t ,  was 

obtained as  a dark brown o i l  (83  g. ; 47%). Crude y -p h e n y l -  

y - v a l e r o l a c t o n e , obtained as above, was d i s s o l v e d  in  e th e r  

and the s o l u t i o n  was washed w i th  10%-sodium carbonate  

s o l u t i o n  (6 X 50 m l . ) .  The e t h e r  was d i s t i l l e d  from the  

e t h e r e a l  s o l u t i o n  and the res idue  d i s s o l v e d  i n  hot  

2 . 5N-potassium hydroxide s o l u t i o n .  The s o l u t i o n  was t r e a t e d  

w ith  c h a rco a l ,  cooled  and f i l t e r e d .  Slow a c i d i f i c a t i o n  o f  

the  a l k a l i n e  s o l u t i o n  w ith  g^T-sulphuric a c id  gave y -hydroxy  

-y -p h e n y l  va l  e r i c  a c id  as m ic r o c r y s ta l s  (48g.; 27%). C r y s t a l 

l i s a t i o n  from benzene gave p l a t e s ,  m.p. 1 0 5 . 5 H 0 6 ° .  Pound:

0 ,  6 8 .2 ;  H, 7.4%. Calc,  for 0 ,  6 8 .0 ;  H, 7.3%.

( i i )  R e s o lu t io n  

y -Hydroxy-y-phenj'l  va l  e r i c  ac id  ( 9 . 7  g. ; 0 . 0 5  g. m o l . )  

was d i s s o lv e d  i n  water (200 m l . )  w i th  th e  minimum amount o f  

h e a t in g .  Brucine (+ 4 H2O) (23 g. ; O. 0 5  g. m ol . )  was 

added i n  one batch  w i th  s t i r r i n g  and warming cont inued  

u n t i l  s o l u t i o n  was o b ta in ed .  The s o l u t i o n  was f i l t e r e d
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and allowed to c o o l .  R o se t tea  of  n e e d le s  separated  

( l3 * 4 7  g. ) which had m.p. 105- 1 10° ( d e comp.) and 

[O'Î57g0 - W . 6 ° ,  [O']32̂ 6  ̂ - 5 8 .2 °  ( c ,  0 .9 9 8  i n  ch loroform ).  

(Mother l i q u o r  from t h i s  termed "Main aqueous mother-  

l i q u o r " ) .  A f te r  f i v e  c r y s t a l l i s a t i o n s  from water the  

b r u c in e  s a l t  o f  ( + ) -y -b y d ro x y -v -p h en y lv a l  e r i c  ac id  was 

obta ined  as sheaves of  n e e d l e s ,  m.p. 1 07 - 1 0 8 ° (decomp. ) and 

[ a ] 3780 - 6 4 . 9 °  - 0 . 5 ° ,  - 7 5 . 9 °  -  0 . 5 °  ( c ,  0 .9 9 5  i n

chloroform^. Pound: C, 6 4 .3 ;  H, 7.3%. C34H40C 7 N2 , 2& H2O 

re q u ir es  : C, 6 4 .4 ;  H 7.1%.

The s a l t  was trea ted  w i th  warm e x c e s s  sodium hydroxide  

s o l u t i o n  and the brucine which had separa ted  v/as e x t r a c te d  

w ith  chloroform (3 t im e s ) .  The a l k a l in e  s o l u t i o n ,  from 

which t r a c e s  o f  d i s s o lv e d  chloroform had been  e x p e l le d  by  

warming was a c i d i f i e d  w ith  h ydroch lor ic  a c i d  w i t h  i c e -  

c o o l in g  and e th er  e x t r a c te d .  The e th e r  e x t r a c t  was washed 

w ith  water and dried  over sodium su lp h a te .  The e th e r  was 

d i s t i l l e d  and th e  r e s id u e  d i s s o lv e d  i n  the  minimum amount 

o f  hot 2 . 5N-potassium hydroxide s o l u t i o n .  The s o l u t i o n  

was a c i d i f i e d  w ith  i c e  c o o l i n g  and kept at  0 ® f o r  i hour, and 

( + ) -y -h y d r o x y -y -p h e n y lv a le r ic  a c id  f i l t e r e d  o f f  and washed 

thoroughly w ith  ic ed  water.  I t  had m.p. 122- 122 . 5 ° ,

[a ]^ ^ 3Q + 4 .8 °  ± 0 . 2° ,  5 . 7 °  - 0 . 2 °  ( c ,  2 .5 4 4  i n

e th a n o l ) .  R e p r e c ip i t a t io n  from a lk a l in e  s o l u t i o n  w ith  

mineral ac id  d id  not a f f e c t  the s p e c i f i c  r o t a t io n .  Re

c r y s t a l l i s a t i o n  from benzene d id  not a f f e c t  the r o t a t i o n
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and acid  obtained from the mother l i q u o r  had the same 

r o t a t i o n .  The la c t o n e  was prepared by subsequent d i s t i l 

l a t i o n s  o f  benzene from th e  acid  (a s  d escr ib ed  e a r l i e r )  

and, f i n a l l y ,  the  o i l  was heated a t  100^. ( - ) - y - P h e n y l -

y - v a l e r o l a c t o n e  was obtained w i t h  -54-. 8 -  0 . 4 ° ,

[°'^546i -  0 . 4 °  ( c ,  1 .2 1 4  i n  e t h a n o l ) .  Found :

C, 6 7 .9 ;  H, 7.3%. Calc,  f o r  0 ,  6 8 . 0 ,  H, 7.3%.

The "main aqueous mother l i q u o r ’* was concentrated  t o  

35 ml. Small amounts o f  s o l i d ,  which had separa ted  i n  the  

i n i t i a l  s ta g e s  o f  the c o n c e n tr a t io n ,  were removed by  

f i l t r a t i o n .  On c o o l in g  t h i s  s o l u t i o n ,  a mixture o f  n e e d le s  

and p l a t e s  separated  w ith  - 2 2 .4 ^ ,  I^^^546l - 27. 5 °

( c ,  1 .0 0 2  i n  ch loroform ).  R e c r y s t a l l i s a t i o n  o f  t h i s  

m a te r ia l  gave f i r s t  a small  amount o f  b ru c in e  and th e n  a 

mixture o f  n e e d le s  and p l a t e s  which had + 0 .0 3 ° ,

C15461 "0.01 °  ( c ,  1.011 i n  chloroform).

y -H y d r o x y -y -p h e n y lv a ler ic  ac id  was obta ined  from t h i s  

m a te r ia l ,  as  described above, and then reconverted  to  the  

b ru c in e  s a l t  ( s i n c e  b ruc ine  had been  s e p a r a t in g  during the  

c r y s t a l l i s a t i o n ) .  The brucine  s a l t  thus  obta ined  separated  

from water i n  p l a t e s ,  m.p. 9 5 .5 - 9 8 °  (decomp.) and had 

[aj^ygo + 7 .1 °  -  0 . 1 ° .  + 6 .5 °  ± 0 . 1 ° ( c ,  5 .0 6 2  i n

ch loroform ).  R ec ry s ta l  l i s a t io n  o f  t h i s  s a l t  gave a product  

w ith  [a]jY80 ^*5° " C.l  ° ,  + 5 .8 °  t  0 . 1 °  ( c ,  3.441

i n  chloroform) ( i t  appeared from th ese  f i g u r e s  th a t  bruc ine  

was c r y s t a l l i s i n g  out as w e l l  as the s a l t ) ,  y -Hydroxy-
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y - p h e n y l v a l e r i c  acid  was i s o l a t e d  both  from th e  s a l t  

and the m o th er - l iq u o r .  Both crops were converted  in t o  the  

l a c t o n e s  which had + 5 3 .4 ° ,  + 5 9 .6 °  ( c ,  0 .7 5 2

i n  e th a n o l )  and [aJpygQ + 5 3 .2 ° ,  and + 5 9 .9 °

( c ,  0 .8 5 4  i n  e th a n o l)  r e s p e c t i v e l y .  These crops were com

bined  and d i s s o lv e d  i n  hot potass ium  hydroxide s o l u t i o n .

( - ) -y -h y d r o x y -y -p h e n y lv a le r ic  a c id  was p r e c i p i t a t e d  and 

f i l t e r e d  from t h i s  s o l u t i o n ,  as descr ibed  b e f o r e ,  and con

v e r te d  to ( + ) ^ - p h e n y l - y - v a l e r o l a c t o n e . R econvers ion  o f  

the la c to n e  to  t h e  acid  and the a c id  back to  the  la c t o n e  

as p r e v i o u s l y  caused no change in  the  s p e c i f i c  r o t a t io n .

( - ) -y -H y d ro x y -y -p h en y lv a le r ic  a c id ,  m.p. 1 2 1 -1 2 2 ° ,  gave 

( + ) - y - p h e n y l - y - v a l e r o l a c t o n e  w i t h  + 5 3 .9 °  -  0 . 5  ,

f^^546l -  0 . 5 °  ( c ,  0 .9 5 5  i n  e t h a n o l ) .  Found:

C, 6 7 .3 ;  H, 7.1%. Calc ,  f o r  C, 6 8 .0 ;  H, 7.3%.+

( + ) P reparat ion  o f  the  s o l u t i o n  of  v -ph en y l-v  -̂ v a l e r o -  
la c t o n e  f o r  o p t i c a l  measurements. Since on ly  small  
amounts o f  the l a c to n e  were a v a i l a b l e  the procedure  
used f o r  the p rep a ra t io n  o f  the s o l u t i o n  was as f o l l o w s .  
The l a c t o n e  (dr ied  at  1 0 0 ° ,  and a l low ed  to  coo l  i n  a 
vacuum d e s ic c a to r )w a s  d i s s o l v e d  i n  e th a n o l  and t r a n s 
fe r r e d  to  a standard f l a s k ;  the  o r i g i n a l  f l a s k  was then  
dried  under the c o n d i t io n s  used p r e v io u s ly  and r e 
weighed.
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rX. SUIviï'ÆARY

1. ( - ) -M enthy l  e s t e r s  o f  O - a c e t y l  f a t t y  a c id s  

[CH3 .CO. (CH2)n.C02.C-|QH-|g] were prepared, w ith  

n = 0 , 2 , 3 , 4 and 8 .

2. These e s t e r s  were t r e a te d  w ith  phenyl magnesium 

bromide. By h y d r o ly s i s  o f  the r e s u l t i n g  h y d ro x y -e s ter  

and examination o f  the product fo r  o p t i c a l  a c t i v i t y ,  an 

asymmetric r e a c t io n  was shown to  occur when n = 0 , 2 , 3 or  

4. When n = 0 ,  2 or 4 a d e x t r o - r o t a to r y  hydroxy-acid  

was obtained and when n = 2 or 3 a l a e v o - r o t a t o r y  la c to n e  

(corresponding  t o  th e  hydroxy-acid)  was ob ta in ed .  No 

asymmetric s y n t h e s i s  was observed u s in g  ( - ) -m e n th y l  

^ - a c e t y l p e l a r g o n a t e  (n = 8 ).

3. The degree o f  asymmetric s y n t h e s i s  obtained u s in g  

the e s t e r s  w ith  n = 2 or 3 var ied  w ith  the exper im enta l  

co n d i t io n s  employed. The r e a c t io n  u s in g  ( - ) -m en th y l  

l a e v u l a t e  (n = 2) was s tud ied  e x t e n s i v e l y .  The y i e l d ,  as  

w e l l  as the degree o f  asymmetric s y n t h e s i s ,  was found to  

vary with  r e a c t io n  c o n d i t io n s .  An attempt was made t o  

a s c e r t a in  the nature o f  the by-products  from t h i s  r e a c t i o n .

4 .  The product obtained from the r e a c t io n  w ith  n = 2 

(y -h y d r o x y -y -p h e n y l -n -v a le r ic  a c id )  was separated in to  

(+) and ( - )  isomers by c o n tr o l le d  a c i d i f i c a t i o n  o f  an 

a lk a l in e  s o l u t i o n  with  mineral a c id .  The products  ( a c id s  

and the corresponding l a c t o n e s )  were almost o p t i c a l l y  pure.
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as shown by comparison o f  t h e i r  s p e c i f i c  r o t a t i o n  w ith  

those o f  the o p t i c a l l y  pure specimens. The l a t t e r  were  

obtained by r e s o l u t i o n  of ( ± ) -y - h y d r o x y - / - p h e n y l - n -  

v a l e r i c  a c id .

5. ( - ) -Menthyl bromoacetate was prepared. An asym

m etr ic  r e a c t i o n  occurred when i t  was t r e a te d  w ith  a c e t o -  

phenone and z in c  (Reformatsky r e a c t i o n ) .  The o p t i c a l  

p u r i t y  o f  the p -h ydroxy-ac id ,  obta ined by h y d r o ly s i s  o f  

the h y d r o x y -e s t e r , was found t o  be remarkably constant  

and independent o f  the co n d i t io n s  used for  the r e a c t io n .  

Control experiments us ing  the same e s t e r  and d i - i s o -  

b u ty l  k e to n e ,  or th e  same ketone and e t h y l  bromoacetate  

r e s p e c t i v e l y ,  gave products which, a f t e r  h y d r o ly s i s  d id  

not e x h i b i t  o p t i c a l  a c t i v i t y .

6. Theories of  asymmetric s y n th e s i s  are d i s c u s s e d  and 

an e x p la n a t io n  of  the  r e s u l t s  obta ined  i n  t h i s  i n v e s t i g a 

t i o n  su g g es ted .
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