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SYNTHESIS OF OEUTERATED 3-METHYLCYCLOHEXANONES 

James Kal lmer ten  

Department o f  C hem i s t r y  
Syracuse U n i v e r s i t y  

Syracuse, New York 13210 

SUMMARY 

The e f f i c i e n t ,  r e g i o s p e c i f i c  p r e p a r a t i o n  o f  t h e  s e r i e s  o f  deu te ra ted  

3-methylcyclohexanones i s  desc r ibed .  

Key words: deu te ra ted  cyclohexanones 

The deu te ra ted  3-methylcyclohexanones 1-4 a r e  o f  i n t e r e s t  f o r  t h e  d e t a i l e d  

assignment o f  t h e  v i b r a t i o n a l  spec t ra  and d e t e r m i n a t i o n  o f  t h e  v i b r a t i o n a l  f o r c e  

I 
f i e l d .  

degree o f  r e g i o s p e c i f i c i t y  and i s o t o p i c  p u r i t y .  

r e g i o s p e c i f i c  p r e p a r a t i o n  o f  t h e  t i t l e  compounds. 

The n a t u r e  o f  t hese  s t u d i e s  r e q u i r e s  m a t e r i a l  l a b e l e d  w i t h  a h i g h  

We r e p o r t  h e r e i n  t h e  e f f i c i e n t ,  
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Compounds j- and L w e r e  prepared from 3-ethoxycyclohexenone 2 by t h e  rou te  

shown i n  Scheme 1. 

2H3-rnethyl iodide’ fo l lowed by ac id-cata lyzed e l  im ina t i on  a f f o r d s  cyclohexenone 

- 6 .  
l y s t  systems were complicated by a l l y l i c  hydrogen exchange which r e s u l t e d  i n  

deuterium loss a t  the methyl group. 

amnonia af forded the des i red 3-(2H~-methyl)cyclohexanone 1 i n  73% o v e r a l l  y i e l d  

from 2, 

Treatment o f  z w i t h  the  Grignard reagent de r i ved  from 

Our attempts t o  reduce t h i s  compound by hydrogenation us ing several cata-  

Reduction o f  5 using l i t h i u m  i n  l i q u i d  

Deuterated 3-methylcyclohexanone 2 has been p rev ious l y  prepared by d i s s o l v -  

ing metal reduct ion o f  the corresponding cyclohexenone i n  the  presence of a 

deuterated a ~ n i n e . ~  

the  r e q u i s i t e  amine so lvent ;  consequently we inves t i ga ted  a more e f f i c a c i o u s  

route t o  2. o f  L w i t h  LiARD,, and ac id-cata lyzed e l i m i n a t i o n  gave 

the 6-deuterated cyclohexenone Treatment o f  t h i s  in termediate w i t h  1 i t h i u m  

d imethyl cuprate a f fo rded  3-’H1 -3-methyl cyclohexanone 2. 

This procedure requ i res  the  synthes is  and p u r i f i c a t i o n  o f  

Reduction 

Scheme 1 

5 - 

7 - 2 - 
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The *-deuterated 3 was prepared from 3-ethoxy-5-methyl cyclohexenone 5 

by the sequence i l l u s t r a t e d  i n  Scheme 2. 

workup y ie lded  cyclohexenone 9. 
base ( t o  wash deuterium from t h e  a - p o s i t i o n )  a f fo rded  5,5-2H~-3-methylcyclo- 

hexanone 3. 

Reduction o f  !w i th  LiARD,, and a c i d i c  

Conjugate reduct ion6 fo l lowed by treatment w i t h  

Scheme 2 

3 - 9 8 - - 

Scheme 3 

n 

C C H  0 

a ___, 
n 

HO P C H  D 

n 

12 - 11 - 10 - 

f ____, 
m 

P C  D D  H, 

b ____, bCH3 D D  

a) LiAlD4, Et20, 0'; b)  1 

d) K2C03, H20; e) T s C l ,  pyr ,  Oo; f )  LiEt3BD, THF, 0'. 

H C I ,  H20, THF; c)  Na2Fe(CO)4, Fe(C0)5, CH3CO2D; 
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F i n a l l y ,  t he  syn thes i s  o f  4,4-2H3-3-methylcyclohexanone !! was achieved as 

7 shown i n  Scheme 3 .  Reduct ion o f  t h e  r e a d i l y  a v a i l a b l e  ketone w i t h  LiAllDv 

a f f o r d e d  a l coho l  fl as a m i x t u r e  o f  d iastereomers.  

which was subsequent ly reduced w i t h  I i t h i u m  t r i e t h y l d e u t e r o b o r a t e 8  t o  g i v e  11. 
D e k e t a l i z a t i o n  o f  13 a f f o r d e d  t h e  d e s i r e d  product  4 in 52% o v e r a l l  y i e l d  f rom 

10. 

T o s y l a t i o n  o f  !I- gave 

- 
The i n d i v i d u a l  p ro ton  resonances o f  1-I were c l e a r l y  reso lved  a t  360 MHz 

Based on NMR and mass s p e c t r a l  a n a l y s i s  and t h e  i s o t o p i c  p u r i t i e s  (Table I ) .  

o f  t h e  s t a r t i n g  m a t e r i a l s ,  we es t ima te  the i s o t o p i c  p u r i t y  o f  t h e  deu te ra ted  

e c t  i v l y  

and w i t h  

1 1  be 

products  t o  be g r e a t e r  than 95% i n  each case. I n  summary, t h e  reg iose  

deu te ra ted  3-methylcyclohexanones i-5 have been prepared i n  good y i e l d  

h igh  i s o t o p i c  p u r i t y .  The p r e p a r a t i o n  o f  1-2 i n  o p t i c a l l y  pure form w 

the  sub jec t  o f  a f u t u r e  communication from these l a b o r a t o r i e s .  

Exper imental  

I n f r a r e d  spec t ra  were determined on a Beckman 4220 spect rometer .  Nuclear 

magnet ic resonance spec t ra  were measured on a Bruker  WM-360 and a Var ian  

Associates T-60. A l l  chemical s h i f t s  a r e  repo r ted  i n  p a r t s  per m i l l  i on  (6) down- 

f i e l d  from i n t e r n a l  t e t r a m e t h y l s i l a n e .  M e l t i n g  p o i n t s  were determined u s i n g  a 

Thomas-Hoover cap i  1 l a r y  m e l t i n g  p o i n t  apparatus and a r e  uncorrected.  Gas chroma- 

tog raph ic  analyses were performed on a Var ian 3700 u s i n g  a 50 cm OV-101 column. 

Deuterated reagents were ob ta ined  as f o l l o w s :  d3-methyl i o d i d e  (99% gm/atm 

D,  A l d r i c h )  l i t h i u m  t r i e t h y l d e u t e r o b o r a t e  (Super Deuter ide,  A l d r i c h ) ,  l i t h i u m  

aluminum d e u t e r i d e  (98% gm/atm D, Chemalog), methanol drl (99.5% gm/atm D, Merck),  

a c e t i c  acid-dl  (98% gm/atm D, A l d r i c h ) .  

3- (2Hs-methy 1 ) -2-cyc lohexenone (5) 
Deuterated methyl  Gr ignard reagent was prepared by slow a d d i t i o n  o f  10.0 g 

(69 mM) d3-methyl  i o d i d e  t o  a s t i r r e d  suspension of Mg metal  ( 1 . 6 5  g, 69 mM) i n  
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100 mL of dry  e t h e r  a t  0'. To t h e  r e s u l t i n g  i c e - c o l d  s o l u t i o n  was added 

3-ethoxy-2-cyclohexenone S (8.01 g, 57 mM) i n  15 mL o f  d r y  e t h e r .  

m i x t u r e  was a l l owed  t o  warm t o  r o o m  tempera ture  and s t i r r e d  f o r  6 h. 

i ng  t o  Do, t h e  r e a c t i o n  m i x t u r e  was quenched by t h e  c a r e f u l  a d d i t i o n  o f  5 mL o f  

H20. The r e s u l t i n g  s o l u t i o n  was f i l t e r e d , c o m b i n e d  w i t h  75 mL o f  1 H C l l  and 

s t i r r e d  2 h a t  room tempera ture .  The o r g a n i c  l a y e r  was separa ted  and t h e  aqueous 

l a y e r  was e x t r a c t e d  w i t h  two 50 mL p o r t i o n s  o f  e t h e r .  

l a y e r s  were washed w i t h  H20 and b r i n e ,  d r i e d  o v e r  MgSOU, f i l t e r e d  and concen- 

t r a t e d  under reduced pressure .  O i s t i  l l a t i o n  o f  t h e  r e s i d u e  under a s p i r a t o r  

p ressu re  (bp 88-94O) a f f o r d e d  cyclohexenone 6 as a p a l e  o i l ,  5.22 g, 82%. 

2240(w), 1690 cm-l. 

The r e a c t i o n  

A f t e r  c o o l -  

The combined o r g a n i c  

I R  ( p l a t e ) :  

NMR (60 MHz, CDCRs): 6 = 5.90 (bs, I H ) ,  2.2-1.8 (m, 6H). 

3- ('H3-methy 1 ) -cyclohexanone (1) 
To a v i g o r o u s l y  s t i r r e d  s o l u t i o n  o f  l i t h i u m  (.67 g, 96 mM) i n  140 rnL d i s t i l l e d  

ammonia was added 3-(2H3-methyl)-cyclohexanone a (5.20 gm, 46 mM) i n  20 mL o f  

d ry  e the r .  The r e a c t i o n  m i x t u r e  was s t i r r e d  1/2 h a t  amnonia r e f l u x  and then 

quenched by a d d i t i o n  o f  s o l i d  NHuCR. The ammonia was a l l owed  t o  evapora te  

and the  res idue  was taken up i n  100 mL o f  e t h e r ,  washed w i t h  H20 and b r i n e ,  

d r i e d  over  MgSO, and concen t ra ted  a t  reduced p ressu re .  F lash  chromatography 

o f  t he  c rude p roduc t  ( s i  1 i c a  g e l ,  10: 1 pentane:e ther )  f o l l o w e d  by  b u l b - t o - b u l b  

d i s t i l l a t i o n  (oven tempera ture  180') a f f o r d e d  4.71 g (89%) o f  cyclohexanone 1 
as a wa te r -wh i te  o i l .  I R ( p l a t e ) :  2205, I713 cm-'. 

MS ( E l ,  70 eV):  m/e 72 ( l o o % ) ,  97 ( 1 3 % ) ,  115 (m+, 31%). 

3 - * H 1 - 5 -met h y 1 - 2 - c y c 1 o hexe n one (2) 
To a s t i r r e d  suspension o f  LiALD,, (1.00 gm, 24 mM) i n  100 mL o f  anhydrous 

e t h e r  a t  0' was added dropwise  cyclohexenone 8 (6.80 gm, 4 4  mM) i n  30 mL of  

e t h e r .  Fo l l ow ing  comp le t i on  o f  t he  a d d i t i o n ,  t h e  r e a c t i o n  m i x t u r e  was a l l owed  

t o  warm t o  room tempera ture  and s t i r r e d  f o r  an a d d i t i o n a l  2 h. The r e a c t i o n  was 
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quenched by t h e  c a r e f u l  a d d i t i o n  o f  1 mL o f  H20, 1 mL o f  15% NaOH and 3 mL o f  

H20. The m i x t u r e  was f i l t e r e d ,  combined w i t h  30 mL o f  1 3 H C I l  and s t i r r e d  f o r  

1 h. The o r g a n i c  l a y e r  was separated, washed w i t h  75 mL p o r t i o n s  o f  s a t u r a t e d  

NaHCO, and b r i n e  and d r i e d  over  MgSO,. F i l t r a t i o n  and c o n c e n t r a t i o n  a t  reduced 

pressure a f f o r d e d  4.33 g o f  cyclohexenone 9 as a p a l e  o i  1 .  

t a i n e d  was o f  s u f f i c i e n t  p u r i t y  t o  a l l o w  f u r t h e r  t r a n s f o r m a t i o n  w i t h o u t  addi -  

t i o n a l  p u r i f i c a t i o n .  An a n a l y t i c a l  sample was prepared by f l a s h  chromatography 

( s i l i c a  ge l ,  5 : l  pentane:ether)  and b u l b - t o - b u l b  d i s t i l l a t i o n  (oven temperature 

220') wh ich  gave ? a s  a wa te r -wh i te  o i l .  

The p roduc t  so ob- 

I R  ( p l a t e ) :  2 2 3 5 ,  1680, 1605 cm-'. 

NMR (60 MHz, CDCLs): 6 = 5.95 bs, (IH), 2.90-1.90 (m,  5H), 1.05 (d ,  

J = 6 Hz, 3H). 

5,5-2H2-3-methylcyclohexanone (2) 
Na2FeCOs (6.01 g, 28 mM) and dl-acet ic a c i d  (3.70 g, 61 mM) were combined 

i n  50 mL o f  d r y  THF. To the  r e s u l t i n g  deep p u r p l e  s o l u t i o n  was added c y c l o -  

hexenone 9 (2.23 g, 20 mM) i n  5 mL o f  THF. 

t i o n  m i x t u r e  was d i l u t e d  w i t h  150 mL o f  e t h e r  and c a r e f u l l y  poured i n t o  150 mL 

o f  an i ce -co ld  s o l u t i o n  o f  5 %  NaOCI1. The aqueous l a y e r  was e x t r a c t e d  w i t h  an 

equal volume o f  e t h e r  and t h e  combined o rgan ic  l aye rs  were washed w i t h  H20 and 

b r i n e ,  and d r i e d  ove r  MgSOy. Concentrat ion under reduced pressure a f f o r d e d  

a da rk  o i l  which was combined w i t h  40 mL o f  5% aqueous K2COs. The r e s u l t i n g  

m i x t u r e  was s t i r r e d  a t  r e f l u x  f o r  6 h. A f t e r  coo l i ng ,  t h e  m i x t u r e  was e x t r a c t e d  

w i t h  t h r e e  50 mL p o r t i o n s  o f  e t h e r  and the combined o r g a n i c  l a y e r s  were washed 

w i t h  b r i n e ,  d r i e d  over  MgSO, and concentrated under reduced pressure.  The 

r e s i d u a l  o i l  was sub jec ted  t o  f l a s h  chromatography (1O:l pentane:ether)  f o l l o w e d  

by bu lb - to -bu lb  d i s t i l l a t i o n  (oven temperature 180') t o  g i v e  cyclohexanone 3 
(1.80 g, 79%) as a wa te r -wh i te  oil. I R  ( p l a t e ) :  2208, I 7 1 3  cm . 

MS (El, 70 eV): m/e = 69 ( l o o % ) ,  99 (9%), 114 (M?, 26%). 

A f t e r  s t i r r i n g  f o r  24 h t h e  reac- 

- 1  

3 -2H -3-me t hy 1 cyc 1 ohexanone (2) 
A s o l u t i o n  o f  l i t h i u m  d ime thy l cup ra te  was prepared f rom 9.77 g ( 5 1  mM) 
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o f  cuprous i o d i d e  and 60 mL o f  m e t h y l l i t h i u m  (108 mM, 1 .8  M i n  e t h e r )  i n  I80 

mL o f  anhydrous e t h e r  and coo led  t o  -78'. 

hexenone z4 (3.50 g,  36  mM) i n  10 mL o f  e the r .  

m i x t u r e  was warmed t o  0' o v e r  1 h and s t i r r e d  an a d d i t i o n a l  hou r  a t  0'. The 

r e a c t i o n  m i x t u r e  was poured i n t o  an i c e - c o l d  s o l u t i o n  o f  s a t u r a t e d  NH,CY: and 

s t i r r e d  v i g o r o u s l y  f o r  1 /4  h. The aqueous l a y e r  was e x t r a c t e d  w i t h  t h r e e  

75 mL p o r t i o n s  o f  e t h e r  and the  combined o r g a n i c  l a y e r s  were washed w i t h  b r i n e ,  

d r i e d  o v e r  MgSO, and concen t ra ted  under reduced pressure .  D i s t i l l a t i o n  o f  t h e  

r e s i d u a l  o i l  a f f o r d e d  3.42 g (84%) o f  cyclohexanone 2 as a w a t e r - w h i t e  o i l  

(b.p. 168-170'). 

Added dropwise  o v e r  1/4 h was c y c l o -  

The r e s u l t i n g  b r i g h t  y e l l o w  

I R  ( p l a t e ) :  2205, I 7 1 5  cm-'. 

MS ( E l ,  70 eV):  m/e = 70 ( l o o % ) ,  98 ( ) I % ) ,  113  (Mt, 32%). 

8-2HI-8-hydroxy-7-methyl - 1,4 d i oxasp i  ro[4.5]decane (11) 
A suspension o f  LiALD, (.680 g,  16 mM) i n  120 mL o f  d r y  e t h e r  was coo led  

t o  0'. 

- 10 i n  20 mL e t h e r .  

t u r e  and s t i r r e d  an a d d i t i o n a l  1 h r ,  a t  wh ich  t ime  t h e  m i x t u r e  was quenched 

by c a r e f u l  a d d i t i o n  o f  . 6  mL o f  HzO, . 6  mL o f  15% NaOH and 2 mL o f  H20. 

r e a c t i o n  m i x t u r e  was f i l t e r e d ,  washed w i t h  b r i n e  and d r i e d  o v e r  Na2S0,. Con- 

c e n t r a t i o n  under reduced p ressu re  fo l l owed  by f l a s h  chromatography o f  t he  

r e s i d u a l  o i l  ( s i l i c a  g e l ,  2 : l  hexane: e t h y l  a c e t a t e )  and b u l b - t o - b u l b  d i s t i l l a -  

t i o n  (oven tempera ture  170') a f fo rded 5.20 g (92%) o f  a l c o h o l  2 as a p a l e  

o i l .  

Added dropwise  o v e r  112 h was a s o l u t i o n  o f  5.55 g (32 mM) o f  ke tone 

The r e a c t i o n  m i x t u r e  was a l l owed  t o  warm t o  room tempera- 

The 

I R  ( p l a t e ) :  3600, 2180(w) Cm-'. 

NMR (60  MHz, CDCRs): 6 = 3.90 ( s ,  4H), 3.05 (bs ,  IH )  1.95-1.20 (m, 7H) 

1.02, 1.05 (2  o v e r l a p p i n g  d, 3 H ) .  

8-'H,-8- (p- to tuenesu 1 f o n y l  ) -7-met h y l  -1.4-d i o x a s p i  r o [  4.5ldecane (12) 
To an i c e - c o l d  s o l u t i o n  o f  a l c o h o l  fl (3 .0  g, 17 mM) i n  30 mL o f  d r y  

p y r i d i n e  was added p - t o l u e n e s u l f o n y l  c h l o r i d e  (3.56 9, 1 . 1  eq) i n  7 mL o f  p y r i -  

d ine .  The r e a c t i o n  m i x t u r e  was a l l owed  t o  warm t o  room tempera ture  and s t i r r e d  

for  an a d d i t i o n a l  12 h. The m i x t u r e  was d i l u t e d  w i t h  100 mL of e t h e r ,  washed 
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w i t h  75  mL p o r t i o n s  o f  5% NaHC03 and H20, d r i e d  ove r  MgSOu, f i l t e r e d  and s t r i p p e d .  

The r e s u l t i n g  brown o i l  was sub jec ted  t o  f l a s h  chromatography ( e l u t e d  w i t h  

4 : l  hexane:ethyl  

82%) which s o l i d  

I R  (KBr p e l l e t ) :  

NMR (60 MHz 

a c e t a t e )  which a f f o r d e d  t o s y l a t e  1_1. as a p a l e  o i l  

f i e d  on s tand ing  t o  g i v e  a w h i t e  amorphous s o l i d ,  m.p. 48-52O. 

1610, 1380, 1160 cm-’. 

(4.56 g, 

CDClla): 6 7.42 ( A B  q ,  4H), 3.84 (bs, 4H), 2.20 ( s ,  3H), 

2.10-1.30 (m, 7H), 0.94, 0.98 2 o v e r l a p p i n g  d (3H). 

4, 4-’H2-3-methyl c y c l  ohexanone (k) 
To an i ce -co ld  s o l u t i o n  o f  t o s y l a t e  12 (1.98 g, 6.1 mM) i n  25 mL o f  THF 

was added I 3  mL o f  l i t h i u m  t r i e t h y l b o r o d e u t e r i d e  (1.0 M i n  THF, 2 eq) .  

The r e a c t i o n  m i x t u r e  was a l l owed  t o  warm t o  room temperature and s t i r r e d  f o r  an 

a d d i t i o n a l  2 hr .  Excess h y d r i d e  was decomposed by c a r e f u l  a d d i t i o n  o f  5 mL 

o f  H20, f o l l o w e d  by a d d i t i o n  o f  5 mL o f  3 1 NaOH and 5 mL o f  30% aqueous HnOz. 

The o r g a n i c  l a y e r  was separated and the  aqueous l a y e r  was e x t r a c t e d  w i t h  t h r e e  

25 mL p o r t i o n s  o f  e the r .  The combined o r g a n i c  l a y e r s  were washed w i t h  b r i n e  

and concentrated.  The r e s u l t i n g  p a l e  o i l  was taken up  i n  2 0  mL o f  e t h e r .  Added was 

10 mL o f  1 HCL and t h e  two-phase m i x t u r e  was s t i r r e d  v i g o r o u s l y  f o r  6 h. 

The e t h e r  l a y e r  was separated and t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  t h r e e  

I 5  mL p o r t i o n s  o f  e the r .  The combined o r g a n i c  l a y e r s  were washed w i t h  20 mL 

o f  b r i n e ,  d r i e d  over  MgSO,,, f i l t e r e d  and s t r i p p e d .  

was sub jec ted  t o  f l a s h  chromatography ( 1 O : l  pentane:ether)  f o l l o w e d  by bu lb - to -  

b u l b  d i s t i l l a t i o n  (oven temperature,  180’) t o  g i v e  deu te ra ted  methylcyclohexanone 

- 4 as a wa te r -wh i te  o i l  

MS:(El, 70 eV): m/e = 69 ( l o o % ) ,  99 ( l o % ) ,  114 (Mt, 30%) 

The r e s u l t i n g  p a l e  o i l  

(506 mg, 73%). t R  ( p l a t e ) :  2197, 1714 cm-l. 
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