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USE OF SOLVENT VAPOUR PRESSURE 

TO EVACUATE THE INSTALLATION I N  CARBONATIONS OF GRIGNARD REAGENTS 
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Atena Necula and Alexandru T. Balaban* 
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Abstract .  An i n s t a l l a t i o n  i s  described for the carbonation of orgammcrgne- 

sium reagents wi th  13C02 or I4CO2. The obtained vacuum r e s u l t s  by sweeping 

a l l  permanent gases wi th  solvent  vcp10ur (e thy l  e ther  o r  tetrahydrofuran) at 

m o m  temperature under moderate vacuum. Spec i f ic  s teps  i n  the carbonation 

procedure are indicated,  leading t o  good y i e l d s  of carboxyl-labelled acids .  

INTRODUCTION 

The usual procedure i n  the  preparat ion o f  ca rboxy l i c  ac ids l a b e l l e d  w i t h  

1 3 C  o r  14C (denoted by *C) a t  the carboxyl group invo lves  the  carbonation o f  an orga- 

nometa l l i c  reagent (Grignard reagent o r  organol i th ium d e r i v a t i v e )  us ing c o s t l y  h igh  

vacuum l i n e s  w i t h  d i f f u s i o n  We propose an inexpensive a l t e r n a t i v e  based on 

the idea t h a t  the vapour pressure o f  t he  so l ven t  (anhydrous d i e t h y l  e t e r  o r  t e t r a -  

hydrofuran) can be p u t  t o  use f o r  d i sp lac ing  a l l  the a i r  o r  t he  i n e r t  permanent gas 

from the system so t h a t  the va r iab le  vacuum i s  c o n t r o l l e d  on ly  by the  lowest tempe- 

r a t u r e  i n  any p a r t  o f  t he  i n s t a l l a t i o n ,  according t o  the p r i n c i p l e  o f  t he  co ldest  

w a l l .  
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I n  the l i t e r a t u r e ,  as f a r  as we are aware, t h i s  idea has n o t  been applied, 

except f o r  Eberson's apparatus lo f o r  t he  carbonation o f  Grignard reagents w i t h  14C02 

( i n  t h a t  apparatus, coo l i ng  was e f fec ted  w i t h  d r y  i c e  a t  which temperature d i e t h y l  

e ther  has a vapour pressure o f  about 1 Tor r ) .  

The i n s t a l l a t i o n ,  depic ted i n  Fig. 1, i s  made from h igh  q u a l i t y  g lass which 

withstands temperature v a r i a t i o n s ,  and from good, w e l l  l u b r i c a t e d  conica l  o r  spheri- 

ca l  ground-glass j o i n t s  ( f o r  conica l  ones : 14, 19, o r  29 mn ou te r  diameter) and 

stopcocks. F lask 1 conta ins t h e  l a b e l l e d  barium carbonate and, i n  side-arm 2, d i -  

e t h y l  e the r  ( in t roduced by means o f  a p i p e t t e  w i t h  curved t i p ) .  I n  the dropping 

funnel 3 w i t h  100-ml capaci ty  equipped w i t h  pressure equal izer ,  concentrated s u l f u r i c  

a c i d  i s  placed. The preparat ion o f  t h e  Gr ignard reagent had taken p lace e a r l i e r  i n  

the three-necked f l a s k  6 which had been disconnected from the  i n s t a l l a t i o n  and f i t t e d  

w i t h  r e f l u x  condenser and normal dropping funnel ; then the  f l a s k  6 w i t h  the ethereal  

s o l u t i o n  o f  t he  organomagnesium d e r i v a t i v e  i s  attached t o  the  i n s t a l l a t i o n  as i n d i -  

cated i n  F ig .  1. An important c o n d i t i o n  i s  t h a t  t he  f r e e  volume above the  ethereal  

s o l u t i o n  i n  f l a s k  6 should be 25-30% g rea te r  than t h e  volume occupied a t  room tem- 

perature and normal pressure by the  carbon d iox ide  generated i n  1-4 (otherwise 

gaseous *CO, would bubble through mercury i n  7,8 and escape). Th is  cond i t i on  i s  res- 

pected by the amount o f  Ba*COj and the  volume i n d i c a t e d  below : i f  o the r  f l a s k  capa- 

c i t i e s  are used, t he  present  r a t i o  between t h e  amount o f  Ba*CO,and the  volume should 

be maintained. 

PROCEDURE 

The order  o f  operations i nd i ca ted  below should be s t r i c t l y  observed. 

1) Flask 6 (100 m l  capaci ty)  i s  removed by separat ing j unc t i ons  c, d, e ,  

stoppering c, and a t tach ing  a r e f l u x  condenser and a normal dropping funnel t o  junc- 

t i o n s  d and e, respec t i ve l y .  A l l  glassware should be r i g o r o u s l y  d r i ed .  

2 )  I n t o  the f l a s k  6 are in t roduced : a magnetic s t i r r e r ,  0.50 g d ry  magne- 

sium turn ings (21 mmol), 5 m l  anhydrous d i e t h y l  e ther ,  and an i o d i n e  c r y s t a l .  

3)  From the  dropping funnel a s o l u t i o n  o f  18 mmol halogen d e r i v a t i v e  i n  10 

m l  o f  d i e t h y l  e the r  i s  added dropwise under g e n t l e  r e f l u x  t i l l  the  r e a c t i o n  i s  com- 

p le te .  I f  an organol i th ium d e r i v a t i v e  i s  prepared, the r e a c t i o n  should be run  i n  an 

i n e r t  gas atmosphere. 



Technique for Grignard Reagents Carbonations Under Moderate Vacuum 

1. Round bottom flask 

2 .  Side-arm (10 ml) 

3 .  Dropping funnel w i t h  pressure equalizer 

4 .  Stopcock fo r  liquid 

5, 9 ,  11. Vacuum stopcock for  gases 

6.  Three-necked flask (1OC ml) 

7. Barometric tube 

8. Round-bottom mercury reservoir 

e 
10. Thermally insulated cooling b a t h  made 

from aluminium 

F i g .  1. Scheme o f  the ins ta l la t ion  
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4)  F lask 6 w i t h  the s o l u t i o n  o f  t he  organometa l l ic  d e r i v a t i v e  ( i n  excess 

r e l a t i v e  t o  Ba*C03) i s  attached t o  the  i n s t a l l a t i o n  as i n  F ig .  1. Junct ion d i s  a t -  

tached t o  a stopcock connected w i t h  a vacuum pump, and j u n c t i o n  e t o  a barometric 

tube o f  about 1 m l e n g t h  and about 7 m i n t e r n a l  diameter whose lower end i s  i n t r o -  

duced i n  f l a s k  8 having a s u f f i c i e n t  amount (about 0.5 kg) o f  mercury. 

5 )  The carbon d iox ide  (*C02) generator i s  f l a s k  1 con ta in ing  1.80 g (9.10 

mmol) o f  Ba*C03, 6-7 m l  d i e t h y l  e the r  i n  the  side-arm 2 and 20 m l  conc. H2S04in the 

dropping funnel 3. 

6 )  Junct ions b and c are  assembled as i n  F ig .  1. Stopcock 5 i s  opened. 

7 )  Flask 6 i s  cooled f o r  15-20 minutes under s t i r r i n g  w i t h  an i c e - s a l t  mix- 

t u r e  f o r  reducing evaporation o f  t he  so lvent .  

8) Stopcock 9 i s  closed and the vacuum pump i s  s t a r t e d  ( a l t e r n a t i v e l y  one 

may use a water j e t  pump, p r o t e c t i n g  the i n s t a l l a t i o n  aga ins t  mois ture v i a  a calcium 

c h l o r i d e  connector). Stopcock 9 i s  c a r e f u l l y  opened and t h e  r i s e  o f  t he  mercury l e v e l  

i n  the barometric tube 7 i s  observed. A t  a c e r t a i n  moment the d i e t h y l  e the r  i n  the  

side-arm 2 begins t o  b o i l ,  and i t s  vapours sweep o u t  a l l  permanent gases. Some e the r  

s p i l l a g e  i n t o  f l a s k  1 i s  o f  no consequence. 

9) When a l l  the so lvent  i n  side-arm 2 has evaporated and the mercury l e v e l  

i n  7 has became s ta t i ona ry ,  stopcock 9 i s  closed again. 

10) The coo l i ng  bath 10 (a Dewar f l a s k  o r  an e x t e r n a l l y  i nsu la ted  aluminium 

bath) i s  f i l l e d  w i t h  l i q u i d  n i t rogen.  O ie thy l  e the r  condenses i n  f l a s k  6. The 

pressure i n  the i n s t a l l a t i o n  now corresponds t o  the  vapour pressure of d i e t h y l  e ther  

a t  -190°C, i . e .  l e s s  than 1 6 2  Tor r .  The level  o f  mercury i n  7 a t t a i n s  a maximum. 

11) The generation o f  *COz i s  s t a r t e d  by adding dropwise s u l f u r i c  ac id  onto 
* 

the  Ba C03 v i a  stopcock 4 ,  avoid ing excessive foaming i n  f l a s k  1. Since the i n s t a l -  

l a t i o n  i s  under h igh  vacuum, the carbon d iox ide  d i f f u s e s  r a p i d l y  and condenses i n  

f l a s k  6 as d r y  i c e  over the  s o l i d i f i e d  ethereal  s o l u t i o n  o f  t he  organometal l ic com- 

pound. The mercury l e v e l  i n  7 i nd i ca tes  a pressure r i s e  o f  a t  most 1 Torr .  When the 

ac id  has been added, the carbon d iox ide  e v o l u t i o n  i s  completed by heat ing f l ask  I 

a t  about 100'. 

12) Stopcock 5 i s  closed so t h a t  a l l  *C02 i s  trapped i n  f l a s k  6.The coo l i ng  

bath 10 i s  removed, and the  r o t a t i n g  magnetic s t i r r e r  i s  brought under f l a s k  6. 
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13) The s t i r r e r  i s  s t a r t e d  a l l ow ing  f l a s k  6 t o  reach g radua l l y  room tempera- 

tu re .  The mercury l e v e l  s inks by about 250-350 mm. 

14) When the temperature i n  6 reaches -120'C, the  ethereal  s o l u t i o n  thaws, 

and carbonation begins. The mercury l e v e l  

consumption o f  t he  *CO,. 

i n  7 i s  observed t o  r i s e  due t o  the r a p i d  

15) A second freeze-thaw cyc le  i s  s t a r t e d  by opening stopcock 5 and reposi -  

t i o n i n g  the coo l i ng  bath 10 w i t h  l i q u i d  n i t rogen.  The mercury l e v e l  i n  7 should r i s e  

t o  p r a c t i c a l l y  t he  same he igh t  as before ( i n  s tep 10) (otherwise an a i r  l eak  may 

have occurred, the outcome o f  synthes is  i s  doub t fu l ) .  The stopcock 5 i s  closed and 

the  coo l i ng  bath i s  removed. On warning, the mercury l e v e l  drops a few m, and the  

s t i r r e r  i s  s t a r t e d  again. On thawing, i n  some cases a new upward jump o f  t he  mercury 

l e v e l  i n  7 i s  observed i n d i c a t i n g  t h a t  some more *CO, had been generated i n  1. 

F i n a l l y  s t i r r i n g  i s  maintained f o r  2-3 h r s  t o  ensure completion o f  t he  

react ion.  

16) Stopcock 5 i s  opened, then the connection t o  the  vacuum pump 

and stopcock B i s  cau t i ous l y  opened t o  l e t  a i r  i n t o  the  i n s t a l l a t i o n .  

Flasks are disconnected, and a f t e r  reassembling f l a s k  6 w i t h  the 

dropping funnel and r e f l u x  condenser, the l a b e l l e d  magnesium carboxy late 

i s  removed 

usual 

s decompos- 

ed wi th d i l u t e  a c i d  under s t i r r i n g  and cool ing.  The a c i d  i s  ex t rac ted  w i t h  d i e t h y l  

e the r  and p u r i f i e d  i n  t h e  usual manner. 

It i s  recommended t o  perform several t r + a l  runs w i t h  noh- label led BaCO, and 

w i t h  simple Grignard reagents, then w i t h  the Grignard reagent under study, before 

the run  w i t h  l a b e l l e d  Ba*CO,. 

RESULTS 

The r e s u l t s  o f  a se r ies  o f  carbonations are shown i n  Table 1. [1-13C]- 

-naphthalene, [3-I3C]-phenanthrene, and [ l - I 3 C ]  -phenanthrene were prepared i n  order  

t o  study the c a t a l y t i c  automerization l 1  o f  the  condensed p o l y c y c l i c  benzenoid 

hydrocarbons under the i n f l uence  o f  an A1C13.NaC1 me l t  a t  about ZOO'. 

I n  Table 1, Nph means a-naphthyl , y i e l d s  are r e l a t i v e  t o  Ba*CO,. 
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Table 1. 

A. Schiketanz et al. 

No. Grignard reagent Product Yield % 

1 PhCH2MgCl P ~ I C H ~ ~ ~ C U O H  90 

2 Ph( CH,) ,Mgtrr Ph(CH,)3'3COOH 92 

3 NphCH2MgC1 NphCH21 3CUOH 90 

4 Nph(CH,),MgBr Nph( CH,) 313COOH 94 
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