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SYNTHESES OF 2-CHLORO-2-METHYLPROPANE-l,l,l,38383-D t 

~-CHLORO-~-METHYLPROPANE-D a 2,2-D IMETHYL-D~-PROPAN ! -1t1.1- 
D3 AND 2,2-DIMETHYL-PROPAN i! -D12 a 

R e c e i v e d  on J a n u a r y  4 t h  1974 

In  connection wi th  our s t u d i e s  of NMR l i n e  shapes f o r  tunnel ing  methyl 

groups and nuc lear  r e l a x a t i o n  in s o l i d s ,  i t  was d e s i r a b l e  t o  synthes ize  p a r t i a l  

and f u l l y  deutera ted  2-chloro-2-methylpropane and 2,2-dimethylpropane. 

method descr ibed here  is based on t h e  reduct ion  of acetone with methylmagnesium 

iodide  t o  t h e  a lcohs l  (1). After  a c h l o r i n a t i o n  of t h e  a lcohol  (Z), i t  is 

coupled wi th  methylmagnesium iodide  t o  give 2,2-dimethylpropane. 

The 

CD3MgI aq. NH4Cl 
CD3COCD3 _I_+ (CD3)gCOMgI __I_+ 

CD3MgI Conc. H C 1  (CD3)3COH ___+ (CD3)3CC1 - (CD3)bC 

The c h l o r i n a t i o n  of a small q u a n t i t y  of  2-chloro-2-methylpropane by 

bubbl ing hydrogen c h l o r i d e  gas  through t h e  s o l u t i o n  has  been reported (1). We 

found t h a t  t h e  method was time consuming and t h e  hydrogen c h l o r i d e  gas c a r r i e d  

away some of t h e  v o l a t i l e  product ,  2-chloro-2-methylpropane (bp,  52'), even 

though t h e  r e a c t i o n  v e s s e l  cooled in an ice-water ba th .  

hydrochlor ic  a c i d  was used i n  t h i s  s t e p  (2). 

The coupl ing r e a c t i o n  between 2-halo-2-methyl-propane and methylmagnesium 

Thus concentrated 

h a l i d e s  has  been repor ted  by s e v e r a l  authors .  

methylpropane w a s  added t o  t h e  methylmagnesium i o d i d e  In e t h e r  and to luene  a t  

40-49" (3). The y i e l d  was found t o  be  18.2% (4) .  Whitmore and Fleming t r e a t e d  

2-chloro-2-methylpropane i n  to luene  wi th  methylmagnesium c h l o r i d e  I n  to luene  

A to luene  s o l u t i o n  of 2-brom-2- 
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at 45-50' t o  g ive  42-50% y i e l d  (4). 

methylpropane and methyl-d3-magnesium iodide  (5) o r  methyl-d3- magnesium bromide 

(6) i n  r e f l u x i n g  to luene  w a s  repor ted ,  b u t  wi thout  d e t a i l s  and y i e l d .  

t o  methyl-dq bromide (bp, 2.8') and methyl-d3 c h l o r i d e  (bp, -24.6"), methyl-dq 

iod ide  is  cheaper and e a s i e r  t o  handle  because it has a h igher  b o i l i n g  poin t  

(bp, 4 1 . 4 ' ) .  

magnesium iodide  t o  t h e  corresponding c h l o r i d e ,  bo th  i n  to luene ,  a t  64'-110". 

This gave 55% y i e l d .  However, t h e  prepara t ion  of t h e  Grignard, methyl-d3- 

magnesium i o d i d e ,  i n  to luene  was not  successfu l  un less  a s m a l l  q u a n t i t y  of  

e t h e r  (10% by volume) was added t o  t h e  s o l u t i o n .  Ether  was removed by 

d i s t i l l a t i o n  before  t h e  coupl ing r e a c t i o n .  

two t r a p s  and t h r e e  U tubes  was a t tached  t o  t h e  r e a c t i o n  v e s s e l  t o  r e m v e  

impur i t ies  such as i sobuty lene  and t o  c o l l e c t  t h e  product. 

The coupl ing between 2-chloro-2- 

Compared 

The method adopted f o r  t h i s  prepara t ion  w a s  t o  add methyl-d3- 

A g l a s s  appara tus  c o n s i s t i n g  of 

Experimental 

A three-necked round-bottomed f l a s k  equipped with a dropping funnel ,  a gas 

i n l e t  and a r e f l u x  condenser a t tached  t o  an o i l  bubbler was f lushed wi th  dry 

n i t rogen .  

dry e t h e r  was added dropwise a s o l u t i o n  of 34 g of  methyl iod ide  i n  40 ml of 

e t h e r  t o  maintain a t  re f lux .  The s o l u t i o n  w a s  he ld  a t  r e f l u x  f o r  1.5 h r ,  

cooled and 15 g of acetone-ds (99.5 atom % D, Merck Sharp & Dohme o f  Canada 

Ltd., Canada) i n  35 ml of e t h e r  was added dropwise t o  maintain a t  re f lux .  

t h e  a d d i t i o n ,  t h e  mixture  w a s  heated a t  r e f l u x  f o r  40 min, cooled and 50 m l  of 

s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  w a s  added dropwise and l e f t  overnight .  

To t h i s  mixture was added 250 m l  more of s a t u r a t e d  ammonium c h l o r i d e ,  separa ted ,  

and e x t r a c t e d  wi th  e t h e r  (85 ml x 10). 

over  anhydrous sodium s u l f a t e  and d i s t i l l e d  t o  g ive  15.5 g of 2-methyl-2- 

To t h e  s t i r r e d  suspension of 6.23 g of magnesium d u s t  i n  200 m l  of 

Af te r  

The combined e t h e r  l a y e r  was d r i e d  
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propanol-1,1,1,3,3,3-dg (99 atom % D ,  bp 79781'). 

The a lcohol  obtained above w a s  used f o r  t h e  next  s t e p  of  prepara t ion  

It is d i f f i c u l t  t o  be f r e e  from water by without  f u r t h e r  drying. 

d i s t i l l a t i o n  (2). 

2-Chloro-2-methylpropane-l,l,l,3,3,3-d~ 

In  a separa tory  funnel  w a s  placed 15.5 g of 2-methyl-2-propanol-1,1,1,3,3,3- 

d6 and 49 m l  of conc. hydrochlor ic  ac id  (Sp. gr .  1.19) (2). After  vigorous 

shaking,  i t  was allowed t o  s tand  f o r  1 hr .  

d r i e d  over  anhydrous calcium chlor ide ,  degassed under vacuum and vacuum 

t r a n s f e r r e d  t w i c e  t o  g ive  13.4 g of 2-chloro-2-methylpropane-1,1,1,3,3,3-d~ 

(99 atom % D) with  58.4% y i e l d  based on aCetOne-dg. 

~-Chloro-Z-methylpropane-d9 

The upper l a y e r  was drawn o f f ,  

2-Chloro-2-methylpropane-dg (99 atom % D) was made v i a  a Grignard r e a c t i o n  

and a ch lor inae ion  s i m i l a r  t o  t h a t  descr ibed  before ,  b u t  s t a r t i n g  wi th  methyl-d3 

iod ide  (99.5 atom % D ,  S t o h l e r  Isotope Chemicals, Inc . ,  New Jersey) .  

2,2-Dimethyl-d6-propane-l,1,1-d3 

A three-necked round-bottomed f l a s k  f i t t e d  wi th  a dropping funnel ,  a gas 

i n l e t  and a Graham condenser which was a t tached  t o  an o i l  bubbler  and cooled 

wi th  0" water .  To a s t i r r e d  suspension of 2.51 g of magnesium dus t  i n  60 m l  

of dry to luene  and 5 m l  of dry e t h e r  w a s  added a s o l u t i o n  of 15 g of methyl-d3 

iod ide  i n  50 d. of dry to luene  and 5 ml of dry e t h e r  dropwise at 35-45" (bath 

temperature)  f o r  3 hr .  In  5 h r ,  t h e  mixture was gradual ly  hea ted  t o  80'. The 

e t h e r  was then  remved by d i s t i l l a t i o n .  

a t tached  t o  a glass apparatus  c o n s i s t i n g  of two t r a p s  (A, B), t h r e e  U tubes  

(C, D,  E), one sample tube  (F) and one o i l  bubbler  (G) i n  sequence. Trap A 

and B were f i l l e d  with 85% s u l f u r i c  a c i d  and cooled wi th  ice-water mixture ,  U 

tube  C was cooled wi th  i c e - s a l t  mixture ( a t  about -5O), U tube  D and E with 

The top  of  t h e  Graham condenser was 
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dry ice-acetone mixture  and t h e  condenser w i t h  0" water. 

2-chloro-2-methylpropane-l,1,1,3,3,3-d~ i n  50 m l  of dry to luene  w a s  added 

dropwise t o  t h e  s t i r r e d  r e s i d u a l  mixture  a t  64" f o r  2.5 h r .  The s t i r r e d  mixture 

w a s  heated a t  64"-78" f o r  4.5 hr. 

and t h e  mixture  w a s  h e l d  a t  78" f o r  4 h r .  

n i t rogen ,  t h e  mixture  was gradual ly  heated t o  110' and t h e  condenser w a s  warroed 

s lowly from 0' t o  10" i n  2 hr .  

between F and G were closed.  

by warming D t o  room temperature  and cool ing  E with a dry ice-acetone mixture. 

Then t h e  va lve  between D and E was closed and t h e  product w a s  d i s t i l l e d  i n t o  F 

A s o l u t i o n  of  10 g of 

A slow stream of dry  n i t r o g e n  w a s  introduced 

While be ing  s lowly f lushed  wi th  

The va lve  between C and D and t h e  va lve  

The product c o l l e c t e d  in D was d i s t i l l e d  i n t o  E 

by warming E and cool ing  F with l i q u i d  n i t rogen .  It gave 4.4 g of 2,2-dimethyl- 

d6-propane-l , l , l -dg (98  atom % D) with 55% y i e l d  based on 2-chloro-2-methyl- 

propane-l,l,1,3,3,3-d6 and i d e n t i f i e d  by NMTL 

2,2-Dimethylpropane-d12 

2,2-Dimethylpropane-d12 (99 atom % D) w a s  prepared i n  a manner similar t o  

t h e  method descr ibed  above, b u t  using 2-chloro-2-methylpropane-d9. 

The deuter ium contents  were analyzed with a Jeo lco  C-60HL NMR 

spectrometer  us ing  i n t e r n a l  s tandards .  
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