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SUMMARY 

2 
Methyl esters of :  2-methyl [3- H21prop-2-enoic a c i d  (methyl 

methacrylate-d2 , C02=C(CH31C02CH3) and 2-  [Me- 2 H31methylprop-2-enoic 

a c i d  (methyl methacrylate-dg , CH2=C(C031C02CH31 were prepared i n  h igh  

y i e l d  under m i l d  cond i t i ons  from carbomethoxymethyl t r iphenylphosphonium 

bromide i n  a new a p p l i c a t i o n  of t h e  W i t t i g  reac t i on .  The methyl 

e s t e r  of 2-methylprop [ H51 -2-enoic a c i d  (methyl methacrylate-d5 , 

CO,-C(CD IC02CH31 was prepared from acetone-dg v i a  the  acetone cyanohydrin 

method. Dens i t i es  of a l l  t h ree  monomers a re  repo r ted  a t  2 5 ,  45 and 

6OoC. 

2 

3 

INTROOUCTION 

Methyl methacry la te i s  one of t h e  most impor tant  v i n y l  monomers 

and many syn the t i c  rou tes  have been devised f o r  l abo ra to ry  and i n d u s t r i a l  

preparat ions.  Convenient rou tes  for prepara t i on  o f  i t s  deuterium 

l a b e l l e d  de r i va t i ves ,  however, a r e  no t  so well developed. Methy l  

methacrylate-d2 has p rev ious l y  been prepared v i a  the  r e a c t i o n  between 

formaldehyde-d and the  monomethyl e s t e r  o f  methylmalonic a c i d  i n  t h e  2 
1 presence of diethylamine. I n  the  present work, t r i a l  syntheses 
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using t h i s  method gave r a t h e r  low y i e l d s  o f  on l y  25-30%. 

methacrylate-d5 has a l s o  been prepared p rev ious l y  from acetone-d6. 

Th is  method was used i n  t h e  present  work and gave y i e l d s  o f  20-25%. 

The a p p l i c a t i o n  o f  t he  W i t t i g  r e a ~ t i o n ~ - ~  t o  the  p repara t i on  

Methy l  

2 

of o l e f i n s  [ r e a c t i o n  1) has been developed t o  a l l o w  s e l e c t i v e  l a b e l l i n g  

Ph3P-CR1R2 + R3R4C0 - Ph3P+CR1R2C[O-)R3R4 

-> Ph3P0 + R1R2C-CR3R4 

7 w i t h  an i so tope  o f  hydrogen i n  e i t h e r  t h e  v i n y l  o r  t h e  a l k y l  pos i t i ons .  

This method was adapted i n  t h e  present work f o r  synthes is  o f  t he  deuterated 

es te rs  methy l  methacrylate-d2 and methyl methacrylate-dg w i t h  h igh  y i e l d  

and deuterium content ( reac t i ons  2 and 3). 

NaOH 
Ph3P + BrCH2COOCH3 ___) Ph3P+CH2COOCH3 Br- 

CH31 [CO,Ol 

Ph3PrCHCOOCH3 > Ph3P+CH(CH31COOCH3 1- - 
NaH 

CD,=C[CH,lCOOCH, (21 

CD31 fCH20In 

?h3P-CHCOOCH3 - Ph3P+CH[CO3)COOCH3 1- _____) 
NaH 

CH2-C(CD31COOCH3 I31 

Crude y i e l d s  were 80-90% and a f t e r  c a r e f u l  f r a c t i o n a l  d i s t i l l a t i o n  

65-70%. The deuterium contents  were 96-99 atom %. The r e s u l t s  

obtained i n d i c a t e  the  genera l  usefulness of t h e  W i t t i g  r e a c t i o n  as a 

means of prepar ing t h i s  type o f  compound. The products  obta ined 

are s tab le  under t h e  r e a c t i o n  cond i t i ons  b o t h  chemical ly  and i s o t o p i c a l l y  

and a m  r e a d i l y  separated from t h e  main by-product t r i p h e n y l  phosphine 

oxide. 
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EXPERIMENTAL 

A n a l y t i c a l  Procedures 

937 

Gas l i q u i d  chromatography [GLC) was c a r r i e d  out on a Pye Argon 

Chromatograph us ing a 120 x 0.4 cm column packed w i t h  10% s i l i c o n e  

SE 30 on C e l i t e  (60-80 mesh] a t  75' and a f l o w  r a t e  o f  30 m l  m in - l .  

Th in l a y e r  chromatography [TLCI o f  t he  triphenylphosphonium 

compounds was c a r r i e d  ou t  on Merck p r e c a s t  s i l i c a  g e l  F254 p l a t e s  

which were developed w i t h  a m ix tu re  o f  chloroform/methanol [3:11. 

Microanalyses were performed on a Perk in  Elmer model 240 

analyser. 

was used as a re ference standard. [ found: C, 54.8 ; 0, 6 . 9  ; N, 31.7% ; 

calc .  for CO$N : C, 54.5 ; 0, 13.7 ; N, 31.8%1. Thus. fo r  mic roana lys i s  

a deuterium atom can be analysed as a hydrogen atom a f t e r  due allowance f o r  

t h e  mass d i f f e rence .  

For  deuterium compounds the  commercial pure a c e t o n i t r i l e - d 3  

Nuclear magnetic resonance LNMR) analyses were performed on a Perk in  

Elmer model R12 spectrometer. I n f r a r e d  [ I R I  analyses were performed on 

a Perk in  Elmer model 325 g r a t i n g  spectrophotometer. Mass spect ra [MSI  

analyses were performed on an A E I  model MS 30 double beam spectrometer. 

M a t e r i a l s  

All chemicals and solvents were o f  'AnalaR' grade or were p u r i f i e d  , 

before use. 

London, U.K. 

Formaldehyde-d2 

The method 

I0 .41 mol, 74%) 

Deutarated precursors were purchased from Prochem Ltd., 

o f  Atk inson e t  a1 was usede and gave a y i e l d  o f  13g 

o f  pure paraformaldehyde-d2, [C020)n ,  m.p. 172-174'. 
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Met h y l  methacrylate-d2 

4 [il Carbomethoxymethyltriphenylphosphonium bromide 

To a s t i r r e d  s o l u t i o n  o f  t r iphenylphosphine L262g. 1.0 moll 

i n  benzene [1.211 was added methy l  bromoacetate (144g. 0.95 moll over  

a pe r iod  o f  about 30 minutes. 

35-40' du r ing  t h i s  pe r iod  and t h e  phosphonium bromide began t o  

c r y s t a l l i s e  out. The m ix tu re  was s t i r r e d  f o r  a f u r t h e r  16  hours 

then f i l t e r e d  and the  product  washed f i r s t  w i t h  benzene then w i t h  

petroleum ether  [ bp 40-60°1 and d r i e d  i n  a vacuum oven a t  50'. 

The y i e l d  was 377g cO.91 mol, 91%). m.p. 162-163O [ found: 

H, 5.0%. calc .  f o r  C H BrO2P : C, 60.9 ; H, 4.8%). TLC showed 

one component on ly .  The product  had I R  absorpt ion a t  1715 cm 

(es te r  12-01 and an NMR m u l t i p l e t  i n  the  r e g i o n 6 7 - 8  (15H, a r y l  C-HI 

as w e l l  as a doublet (J ' U 2  cps) centred a t  6 5.6 [ 2 H .  P+-CH2- )  and a 

s i n g l e t  a t  6 3.5 [ 3 H ,  0 -CH31 .  

The temperature was maintained a t  

C, 60.9 ; 

2 1  20 
-1 

4 
( i i )  Carbomethoxymethylene t r iphenylphosphorane  

Carbomethoxymethyltriphenylphosphonium bromide I41.4g. 0.1 moll 

was d isso lved i n  co ld  water ( 1 1 1  and 2M sodium hydroxide s o l u t i o n  added 

w i t h  s t i r r i n g  u n t i l  t he  s o l u t i o n  was j u s t  a l k a l i n e  t o  phenolphthale in  

i n d i c a t o r .  

r e c r y s t a l l i s e d  from e t h y l  acetate/petroleum e the r  [ bp 40-60'1. The 

crude y i e l d  was about 70%. A f t e r  t w o  r e c r y s t a l l i s a t i o n s  t h e  y i e l d  

was 13.5g (0.04 mol, 40%) m.p. 161-163'. 

contained t races  o f  t r iphenylphosphine ox ide and s t a r t i n g  m a t e r i a l  

(found : C. 75.3 ; H, 5.7%. ca l c .  f o r  C H 0 P : C. 75.5 ; H. 5.7%). 

The m a t e r i a l  had a s t rong I R  absorpt ion a t  1620 cm [ c h a r a c t e r i s t i c  

o f  the system 

The whi te  p r e c i p i t a t e  was c o l l e c t e d  and d r i e d  and 

TLC showed t h a t  t h e  product 

2 1  1 9  2 
-1 

3P+C=CO-URl and an NMR m u l t i p l e t  a t  6 7.2-8.0 
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(15H, a r y l  C-HI a s  well as a s i n g l e t  a t  6 3.5 (3H, 0-CH3) and a broad  

s i n g l e t  c e n t r e d  a t  6 3.0 ( l H ,  ---)P+CHCO-I. 

3 [iii) Methyl(a-carbomethoxyrnethyl)triphenylphosphonium i o d i d e  

Carbomethoxymethylenetriphenylphosphorane [SOg, 0.15 moll was 

3 
d i s s o l v e d  i n  h o t  e t h y l  acetate (400  cm l and t r e a t e d  w i t h  m e t h y l  i o d i d e  

(24g,  0.17 mol l .  The s o l u t i o n  was r e f l u x e d  o v e r n i g h t  and t h e n  c o o l e d .  

The p r e c i p i t a t e d  s a l t  was f i l t e r e d  o f f  and d r i e d .  It  was p u r i f i e d  by 

a d d i n g  e t h y l  a c e t a t e  t o  a c h l o r o f o r m  s o l u t i o n  which y i e l d e d  c o l o u r l e s s  

c r y s t a l s  m.p. 138-140'. The y i e l d  was 5Og (0.11 mol. 70%).  It 

had I R  a b s o r p t i o n  a t  1715 cm-l (es ter  C=Ol and a n  NMR m u l t i p l e t  a t  

6 7 .4-8.2 (15H. a r y l  C - H I  as well a s  two q u a r t e t s  - one  c e n t r e d  a t  

6 1 . 7  [3H. j P + - C - C H 3 1  t h e  o t h e r  c e n t r e d  a t  6 

and a s i n g l e t  a t  

6 .35  ( lH,  j P + - C H l  

6 3 .5  (3H, O-CH31. 

( i v )  Methyl  m e t h a c r y l a t e - d 2  

3 3 P u r i f i e d  d i m e t h y l  s u l p h o x i d e  (200 cm 1 was p l a c e d  i n  a 500 cm 

t h r e e  necked f l a s k  f i t t e d  w i t h  a c o n d e n s e r  and  d r y i n g  t u b e ,  thermometer ,  

stirrer and n i t r o g e n  i n l e t .  P u r i f i e d  n i t r o g e n  g a s  was p a s s e d  o v e r  

t h e  v i g o r o u s l y  s t i r r e d  s o l v e n t  f o r  30 m i n u t e s  b e f o r e  a sodium h y d r i d e  

d i s p e r s i o n  (6g.  80% : 0.2  moll was added.  The m i x t u r e  was h e a t e d  a t  

65' u n d e r  n i t r o g e n  u n t i l  s o l u t i o n  was c o m p l e t e .  

To t h e  c o o l e d  s o l u t i o n ,  m e t h y l (  a-carbomethoxymethy1)triphenyl- 

phosphonium i o d i d e  (96g ,  0.2 moll  was added i n  p o r t i o n s  over  15-20 

m i n u t e s .  The d a r k  r e d  s o l u t i o n  was s t i r r e d  u n d e r  n i t r o g e n  a t  room 

t e m p e r a t u r e  f o r  1 h r  t h e n  paraformaldehyde-d2  (Sg,  0.16 moll was added 

i n  one  p o r t i o n .  

t h i s  t e m p e r a t u r e  f o r  2 h r  and t h e n  a t  room t e m p e r a t u r e  f o r  16 h r .  

The s o l u t i o n  was s l o w l y  h e a t e d  t o  90' and m a i n t a i n e d  a t  
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A t r a p ,  cooled  i n  l i q u i d  n i t r o g e n ,  was a t t a c h e d  t o  t h e  a p p a r a t u s  

v i a  t h e  condenser  and t h e  whole evacua ted  t o  < 1 mm [ < 1 3 3  Nm-’I. 

The f l a s k  was g e n t l y  warmed wi th  s t i r r i n g  and a l l  v o l a t i l e  p r o d u c t s  

c o l l e c t e d  i n  t h e  t r a p .  The v o l a t i l e  m a t e r i a l  was twice r e d i s t i l l e d ,  

t r a p  t o  t r a p  on a high vacuum l i n e  a t  room t empera tu re .  

14.4g c0.14 mol, 8 8 % ) .  It was then  washed wi th  2% sodium hydroxide  

s o l u t i o n ,  t h e n  wa te r  and f i n a l l y  d r i e d  o v e r  anhydrous ca lc ium c h l o r i d e .  

F r a c t i o n a l  d i s t i l l a t i o n  th rough  a s h o r t  Vigreuy y i e l d e d  a second f r a c t i o n  

bp 49‘/110 mm (1 .5  x lo4 N ~ n - ~ l  (8 .7g ,  0.085 mol, 54%1. 

p r e p a r a t i o n s  c rude  y i e l d s  o f  79, 88 and 91% were o b t a i n e d  and by combining 

t h e s e  be fo re  p u r i f i c a t i o n  a f i n a l  y i e l d  o f  p u r i f i e d  monomer o f  72% was 

ob ta ined .  

Crude y i e l d  

I n  subsequent  

T h e  product  had I R  a b s o r p t i o n  a t  1715 crn-l [ e s t e r  CEO, 1600 cm-l 

There  were two NMR s i n g l e t s ,  one [C-C) and 2230 cm-’ [C-D i n  CD,=Cl. 

a t  6 3.5 [3H, O-CH31 t h e  o t h e r  a t  

methacry la te -d2  con ta ined  a t  l e a s t  99 atom % D. 

benzene was d e t e c t e d  by a t i n y  peak a t  6 7.25. 

(<1%1 of  benzene. [ found:  C. 58.8 ; H+D. 8.1%. c a l c .  f o r  C5HB0202 : 

6 2.0 (3H. C-CH31. Thus, t h e  methyl 

I n  a d d i t i o n  a t race o f  

GLC a l s o  showed a t r a c e  

C, 58.8 ; H+D, 7.8%).  

Methyl methacry la te -d ,  

[ i l  Methyl-d [a-carbomethoxymethylltriphenylphosphonium i o d i d e  3 

Carbomethoxymethylenetriphenylphosphorane [52g, 0.16 moll was t r e a t e d  

w i t h  rnethyl-d3 i o d i d e  [25g, 0.17 moll a s  d e s c r i b e d  above. 

of pure  product  was 62g c0.13 mol, 80%1 [ found:  C ,  55.0 ; H+D, 4 .9%.ca lc .  

f o r  C H 0 I 0  P : C ,  55 .1  ; H+D, 4.6%1. The NMR spec t rum had a 

m u l t i p l e t  a t  6 7.4-8.2 [15H, a r y l  C-HI a s  wel l  a s  a doub le t  ( J  n, 12  cps l  

T h e  y i e l d  

22 19  3 2 



MethQcq tates 941 

centred a t  6 6.5 ( lH, P+-CHI and a s i n g l e t  a t  6 3.5 [3H, O-CH3) and 

showed t h a t  t h e  product contained a t  l e a s t  99 atom % 0 .  

( i i l  Methyl methacrylate-dq 

The experimental method used was e x a c t l y  t h e  same as described 

f o r  methyl methacrylate-d2 and y i e l d s  were very s i m i l a r .  

i f  y i e l d s  were based on t he  methyl-d3 iod ide,  o v e r a l l  recovery v a r i e d  

from 45-50% i n  repeat  experiments. As before t h e  product contained a 

minute t r a c e  of benzene i m p u r i t y  [ found : C, 58.1 ; H+D, 7.9%. ca lc .  

f o r  C5H5D302 : C, 58.3 ; H+D, 7.8%). The product had IR absorpt ion 

a t  1715 cm-l ( e s t e r  C=Ol 1630 c m - l  (C=Cl and bands a t  2240, 2220, 2120 

and 2058 cm-' (C-D). The NMR spectrum had two doublets, one centred 

a t  6 6.0 (1H. H\C=) t h e  o the r  a t  6 5.5 [ l H ,  H/C=) and a s i n g l e t  a t  

6 3.5 (3H, O-CH31.  

peak a t  6 1 . 8  ( =C-CH31 from which i t  was estimated t h a t  t he  methyl 

methacrylate-d3 contained a t  l e a s t  96 atom % 0 .  

However, 

Incomplete deu te ra t i on  was i n d i c a t e d  by a t i n y  

5 Methyl methacry la te-d 

( i l  Acetone-d6 

Acetone-d was prepared from acetone by 20 successive exchanges 

w i t h  deuterium ox ide i n  the  presence o f  anhydrous potassium carbonate. 

The f i n a l  product (85% y i e l d )  had a deuterium content  > 99 atom %. 

6 

( i i )  Acetone-cyanohydrin-d7 

A s t i r r e d  s o l u t i o n  o f  sodium cyanide (105g, 2.14 moll i n  deuterium 

169g, 2.6 moll in a th ree  necked 3 3 oxide (250 crn I and acetone-ds (194 cm 



942 G. Ayrey and D.J.D. Wong 

f l a s k  was cooled i n  i c e  t o  15-C. Then su lphu r i c  acid-d2 (ZOOg, 2 m o l l  

i n  deuterium ox ide (300 cmJl was s low ly  added over a p e r i o d  o f  2 hours 

w i t h  t h e  temperature maintained between 10-20°. 

o f  1 hour a l a y e r  o f  acetone cyanohydrin-d 

subsequently combined w i t h  the e t h e r  washings o f  t h e  aqueous l a y e r  and 

p r e c i p i t a t e d  sodium b isu lphate.  The e the r  s o l u t i o n  was d r i e d  over  

anhydrous sodium sulphate, t h e  e the r  removed and t h e  product d i s t i l l e d  

under reduced pressure. 

bp 80°/13 mm (1.7 x lo3 Nm-'I y i e l d  160g (1.74 mol, 67%1. 

A f t e r  a f u r t h e r  pe r iod  

WBS separated o f f  and 7 

Acetone cyanohydrin-d7 was c o l l e c t e d  a t  

f i i i l  Methyl methacrylate-d, 

Acetone cyanohydrin-d7 (160g, 1.74 moll was added t o  concentrated 

su lphur ic  acid-d2 f255g. 2.55 moll a t  70' over a pe r iod  o f  1 hour. The 

s o l u t i o n  was heated s low ly  t o  140' over 30 minutes and then l e f t  t o  stand 

f o r  10 minutes. P u r i f i e d  methy l  a l c o h o l  (96g, 3 moll i n  deuterium 

oxide (80 cm 1 con ta in ing  hydroquinone f0.5gl was then added and t h e  

mixture r e f l u x e d  a t  80' f o r  7 hours. 

i s o l a t e d  by steam d i s t i l l a t i o n .  I t  was washed w i t h  2% sodium hydroxide 

s o l u t i o n  and water, d r i e d  over  anhydrous ca lc ium c h l o r i d e  and d i s t i l l e d  

through a sho r t  Vigreux column. 

was co l lected,  y i e l d  56g (0.53 mol, 20% 

experiments t h e  y i e l d s  were u s u a l l y  around 20-25%. 

by GLC t o  con ta in  one component o n l y  (found: C, 57.1, H+O, 7.8%. ca l c .  

f o r  C5H3O5O2 : 

w i t h  s t rong bands a t  1715 C ~ - ~ ( C = O I ,  1600 cm-' [C-CI and bands a t  2240, 

2220, 2120 and 2058 cm-l (C-D1. 

a t  6 3.8 corresponding t o  t h e  -OCH3 group and deuterium content  was > 99 

atom %. 

3 

Crude methy l  methacrylate-d5 was 

A f r a c t i o n  bp 4S0/105 mm f1.4 x lo4 N ~ I - ~ I  

based on ~ c e t o n e - d ~ l .  I n  t r i a l  

Ti,e product was shown 

C, 57.1, H+O, 7.6%1. I t  showed t h e  expected I R  spectrum 

The NMR spectrum conta ined on ly  one peak 

MS ana lys i s  f u r t h e r  confirmed the  deuterium content  and s t ruc tu re .  
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Oensity measurements 

Dens i t i es  o f  t h e  monomers were measured i n  c a l i b r a t e d  d i l a tomete rs  

t o t a l l y  immersed i n  an o i l  ba th  which was thermostat ted a t  t he  s p e c i f i e d  

temperature 2 0.1'~. 

Monomer 

methyl methacrylate-d2 

I, 9 

-d3 

-% 

Densi ty  [g  cm-3~ 

25OC 450c 600c 

0.953 0.931 0.916 

0.972 0.942 0.925 

0.986 0.961 0.944 
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