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S U M M A R Y  

The synthes is  of octadeuterocyclopentanone of high i s o t o p i c  
p u r i t y  (98X)from d i e t h y l  succinate-D4 i s  described. nJ0 routes  

leading t o  the  t i t l e  compound uere employed, each allowing for 
i t s  syn thes is  on a prac t ica l  sca le .  

INTRODUCTION. 

We recently required' reasonably large quantities of perdeuterocyclo- 

pentanone ( I )  of at least 97-98% isotopic purity. Although the ketone ( I )  of 

95% deuterium content is available commercially,Z its prohibitive cost, in view 

of the amount needed, necessitated our undertaking its synthesis. 

preparation of cyclopentanone-D8 ( I )  does not appear to have been reported, 

and accordingly we described herein two facile, and relatively inexpensive, 

procedures which afford octadeuterocyclopentanone in acceptable yield. 

The 

RESULTS AND DISCUSSION. 

Both reaction sequences for the synthesis of octadeuterocyclo- 

pentanone (I) employed diethyl succinate-D4 as precursor (Scheme). 

could he obtained by reduction of Giethyl acetylenedicarboxylate with 

The latter 
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deuterium gas over 5 %  palladium-on-carbon which y i e l d s  mater ia l  having a t  

least 98% deuterium i n  the  labe l led  p o s i t i o n s .  Al te rna t ive ly ,  and less 

expensively,  d i e s t e r  o f  s i m i l a r  deuterium content  was prepared by a-hydrogen 

exchange o f  succ in ic  ac id  i n  deuterium oxide containing sodiwr. deuteroxide a t  

150°, a s  descr ibed by Atkinson and  coworker^.^ 
necessary. Reduction of t h e  dipotassium s a l t  of  acetylenedicarboxyl ic  a c i d  

w i t h  sodium amalgam, fol lowing t h e  method reported by Halford and Anderson, 

y ie lded  succ in ic  acid-D4 of  lower (94%) i s o t o p i c  p u r i t y  which could, however, 

be r a i s e d  t o  98% by a s i n g l e  appl ica t ion  of t h e  exchange process above.3 

Three such exchanges were found 

4 

A s  depicted i n  t h e  Scheme (Path a ) ,  reduct ion of t h e  d i e s t e r  with 

l i thium aluminium hydride gave 1,4-butanediol-2,3-D4. Attempts t o  prepare t h i s  

d i o l  by c a t a l y t i c  reduct ion of  1 ,4-butynediol  d i a c e t a t e  with deuterium gas over  

a v a r i e t y  of  c a t a l y s t s  caused, as  expected, some scrambling (10%) of  protium, 

and t h i s  approach was abandoned. 

dibromide, and t h e  l a t t e r  t r a n s f o n e d  v ia  t h e  diGrignard reagent i n t o  cyclo-  

pentanone-3,4-D4 by reac t ion  with carbon dioxide i n  a modified procedure o f  

von Braun and S ~ b e c k i . ~  Careful  cont ro l  o f  t h e  r a t e  o f  addi t ion  o f  carbon 

dioxide and t h e  temperature is necessary i n  order  t o  obta in  opt imm y i e l d s  (40%) 

o f  t h e  ketone. 

i s o t r o p i c  i n t e g r i t y .  

the  ketone ( I )  was e f f e c t e d  by t r e a t r e n t  with 0.05% sodium deuteroxide i n  

deuterium oxide.' 

of  deuterium i n  t h e  a -pos i t ions .  

and s i g n i f i c a n t l y  higher-yielding than t h e  customary rcethods. 

y ie ld  of cyclopentanone-D8 (I)  from d i e t h y l  succinate-D4 was 16%. 

The d i o l  was converted i n t o  t h e  corresponding 

To t h i s  po in t  t h e  in te rmedia te  compounds re ta ined  t h e i r  

F i n a l l y ,  perdeutera t ion  of cyclopentanone-3,4-D4 t o  give 

Two such exchanges were requi red  t o  e f f e c t  98% incorporat ion 

This  exchange procedure i s  far more e f f e c t i v e  

The o v e r a l l  

I n  t h e  a l t e r n a t i v e  procedure (Path b) d i e t h y l  succinate-D4 was 

converted i n t o  succ in ic  anhydride-D4 by conventional methods, an4 thence i n t o  

monomethyl succinate-D4 by t r e a t r e n t  k i t h  methanol. The h a l f - e s t e r  was 
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submitted to electrolysis under the conditions described by Dinh-Nguyê n' and 

SCHEME 

Path a 

HOCHz.CDZ.CDZ.CHzOH 

conc HBr 
H p 4  I 

BrCHZ.CD2 .CD2.CHzBr 

Path b 

1 ",OH 
HOCK. CDz . CDz . COOCH3 

Kolbe 
electrolysis I 

H3COOC. (CDZ . CDZ) *. COOCH3 

A) conc HC1 
ii) KF, A 

D 2 C 4 D z  iii) NaOD/DZO 

I I  
D 2 C y  CDZ 

0 

I 

gave dimethyl adipate-D8 

No loss of dcuterium kas observed throughout the sequence. 

which yielded the corresponding acid on acid hydrolysis. 

Potassiun fluoride- 

8 * 

but no experimental details are given. 

The route to this point is outlined in a communication by Dinh-Nguyh, 
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ca ta lysed  c y c l i s a t i o n  o f  a d i p i c  acid-D8 afforded cyclopentanone-D8 which 

contained ca. 87% deuterium i n  t h e  a -pos i t ions ,  d e s p i t e  p r i o r  replacement of 

t h e  a c i d i c  protons with deuterium. 

sodium deuteroxide i n  deuterium oxide was s u f f i c i e n t  t o  r a i s e  t h e  t o t a l  

deuterium content  t o  98%. Path b g ives  cyclopentanone-D (I)  i n  an overa l l  

y i e l d  of 20%. 

However, t reatment  of t h e  product once with 
6 

8 

EXPERIMENTAL. 

Melting poin ts  and b o i l i n g  poin ts  a r e  uncorrected.  Proton magnetic 

resonance s p e c t r a  were measured on a Varian A-60D spectrometer  using t e t r a -  

methyls i lane as  t h e  i n t e r n a l  re ference .  p-Dicxane was used as  an i n t e r n a l  

s tandard f o r  determining deuterium concent by nmr a n a l y s i s .  

recorded on an AEI M-30 Spectrometer. 

was performed, whenever poss ib le ,  on the  parent  molecular ion ,  and by incor-  

pora t ing  t h e  n a t u r a l  abundances f o r  t h e  corresponding nondeuterated mater ia l s .  

Mass s p e c t r a  were 

Deuterium a n a l y s i s  by mass spcctrornetry 

Diethyl  succinate-D,. 

Diethyl  acetylenedicarboxylate  (51.0 g, 0.30 mole), prepared f r o n  

dipotassium acetylenedicarboxylate  as  reported, '  was d isso lved  in dry e t h y l  

a c e t a t e  (51 ml) containing moisture-free 5% palladium-on-carbun (0.2 g) 

obtained by reduct ion of  p a l l a d i m  chlor ide  with a l k a l i n e  formaldehyde. 10 

The mixture was shaken i n  a deuterium atmosphere (Parr  apparatus)  u n t i l  the  

t h e o r e t i c a l  quant i ty  of  deuterium had been absorbed. 

by f i l t r a t i o n  and evaporat ion of t h e  so lvent  l e f t  an o i l y  res idue  which on 

d i s t i l l a t i o n  yielded d i e t h y l  succinate-D4 (51.9 g, 97%),  b.p. 59-60°/0.4 rm. 

(d ie thylsucc ina te  has b.p. 55'/0.3 mn); nmr (CDr13) : 6 1.50 ( t ,  3 protons,  

J 7.5  H z ) ,  4 .13 (q,  2 protons ,  J 7.5 Hz). The proddct was shown (nmr) t o  

contain 2 98% deuterium. 

Removal of  t h e  c a t a l y s t  
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1,4-Butanediol-2,3-D4. 

To a s t i r r e d  mixture of l i th ium aluminium hydride (10.0 g) i n  

anhydrous e t h e r  (150 ml) was added a s o l u t i o n  of d i e t h y l  succinate-D4 (44.5 g, 

0.25 mole) i n  e t h e r  (50 m l )  a t  such a r a t e  t h a t  vigorous e b u l l i t i o n  of t h e  

solvent  was maintained. 

under r e f l u x  f o r  a f u r t h e r  30 minutes and then cooled i n  an i c e - s a l t  bath.  

Sa tura ted  sodium sulphate  s o l u t i o n  was added dropwise t o  t h e  rap id ly  a g i t a t e d  

mixture u n t i l  the  s o l i d s  coagulated.  The e t h e r  layer  was decanted,  and t h e  

s o l i d  mater ia l  remaining d isso lved  i n  t h e  minimum q u a n t i t y  of 2 N  su lphur ic  a c i d  

and ex t rac ted  continuously h'ith e t h e r  f o r  18 hours .  

so lu t ions  were d r i e d  (MgS04). t h e  so lvent  evaporated,  and t h e  res idue  d i s t i l l e d  

t o  give 1,4-butanediol-2,3-D4 (18.9 g, E l % ) ,  b.p. 87-88'/2 mm. (1.4-butanediol 

has  b.p. 82-84'/2 mm); ir (nea t ) :  vmax 3320 (s,  broad) and 2220 (w) cm-'; 

nmr (CDC13): 6 3.65 ( s ,  2 protons)  and 3.42 ( s ,  1 proton,  exch). 

(nmr) confirmed the  presence of  > 98% deuterium i n  the  l a b e l l e d  p o s i t i o n s .  

When addi t ion  was complete, t h e  mixture was heated 

The combined e t h e r  

Spec t ra l  d a t a  

1,4-Dibromobutane-2,3-D,. 

1,4-Butanediol-?.3-D4 (47 g, 0.5 mole) was added i n  small por t ions  

t o  a mixture of 48% hydrobromic ac id  (82 ml) and concentrated su lphur ic  a c i d  

(35 ml). 

t u r e  boi led  under r e f l u x  f o r  4 hours .  

apparent. 

l a t t e r  e x t r a c t s  added t o  t h e  denser phase. 

washed with 10% sodium hydrogen carbonate so lu t ion  ( 2  x 50 m l ) ,  water  (1  x 50 

n l ) ,  then d r i e d  (MgS04). and t h e  solvent  evaporated leaving an o i l .  

t i o n  gave 1,4-dibromobutane-2,3-D4 (88.0 g ,  80%), b.p. 100-101°/27 mm (1.4- 

dibromobutane has b .p .  110°/58 mm); nmr (CDC13): 6 3.43 (s ) .  Spect ra l  

a n a l y s i s  showed t h e  deuterium content  t o  be > 98% i n  t h e  designated p o s i t i o n s .  

A f u r t h e r  quant i ty  (54 ml) of  su lphur ic  ac id  was added and t h e  mix- 

On cool ing,  a two-phase system was 

The upper aqueous phase was ex t rac ted  with l i g h t  petroleum and t h e  

The combined organic  e x t r a c t s  were 

Distilla- 
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Cyclopentanone-3,4-DqL 

Seve ra l  m i l l i l i t r e s  o f  a s o l u t i o n  o f  1,4-dibromobutane-2,3-D4 

(60.5 g ,  0.275 mole) i n  anhydrous e t h e r  (100 ml) were added t o  a s t i r r e d  

suspension of magnesium t u r n i n g s  (14.4 g, 0.60 mole) i n  d r y  e t h e r  (80 ml) under  

a n i t r o g e n  atmosphere.  A f t e r  i n i t i a t i o n  o f  t h e  r e a c t i o n ,  t h e  bulk s o l u t i o n  of  

dibromo compound was in t roduced  dropwise so as t o  promote g e n t l e  r e f l u x  o f  t h e  

s o l v e n t .  After a d d i t i o n ,  t h e  mix tu re  was hea ted  under  r e f l u x  f o r  1 hour  

du r ing  which most o f  t h e  diGrignard r e a g e n t  s e p a r a t e s  as an almost  c o l o u r l e s s ,  

mobile l i q u i d .  

i n t roduced  o v e r  i t s  s u r f a c e  a t  a slow r a t e  f o r  a p e r i o d  of 3-4 hours .  

t empera tu re  o f  t h e  h i g h l y  exothermic r e a c t i o n  was maintained a t  Oo, and e t h e r  

added from t ime  t o  t ime i n  o r d e r  t o  f a c i l i t a t e  s t i r r i n g  o f  t h e  mix tu re ,  from 

which a l a r g e  q u a n t i t y  o f  g e l a t i n o u s  s o l i d  had s e p a r a t e d .  

4N hydroch lo r i c  a c i d  was added t o  d i s s o l v e  t h e  s o l i d s ,  when t h e  e t h e r  l a y e r  

was s e p a r a t e d ,  and t h e  aqueous phase e x t r a c t e d  wi th  f r e s h  s o l v e n t  (4 x 40 ml ) .  

The combined e t h e r  e x t r a c t s  were d r i e d  (MgS04) and d i s t i l l e d ,  y i e l d i n g  

The s t i r r e d  mix tu re  was coo led  t o  0' and gaseous carbon d iox ide  

The 

S u f f i c i e n t  i c e - c o l d  

cyclopentanone-3,4-D4 (9.5 g, 40%), b.p.  61-62'/89 nun, which had s p e c t r a l  

c h a r a c t e r i s t i c s  c o n s i s t e n t  with i t s  s t r u c t u r e .  

a n a l y s i s  showed 98% deuter ium i n  t h e  3 , 4 - p o s i t i o n s .  

N m r  (CDC13) and Fass  s p e c t r a l  

Cyclopentanone-Dgl 

Cyclopentanone-3,4-D4 (8.8 g) was added to deuter ium ox ide  (35 ml) 

and s t i r r e d  under  an atmosphere o f  n i t r o g e n .  

deu te rox ide  i n  deuter ium ox ide  (0.05 m l ) l l  was introduoed and s t i r r i n g  con 

t i nued  f o r  5 minutes .  The s o l u t i o n  was e x t r a c t e d  wi th  ne thy lenc  c h l o r i d e  

( 3  x 20 m l ) ,  t h e  o rgan ic  e x t r a c t s  d r i e d  (fCgS04), and t h e  s o l v e c t  removed. 

above p rocess  was r epea ted  on t h e  r e s i d u e  a ~ :  : t h e  de r ived  product  d i s t i l l e d  

g iv ing  cyclopentmone-D8 (6.0 g, 65%), b . p .  66-b!l";?fi m. 

A s o l u t i o n  of 40% sodium 

The 

H m r  a n a l y s i s  i n d i c a t c d  
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the  presence of  cu. 97% deuterium, a r e s u l t  confirmed by mass spectrometry.  

1 2  Succinic  Acit-D 

A mixture of d ie thyl  succinate-D4 (178 g ,  1 .0  mole) and concen- 

t r a t e d  hydrochlor ic  ac id  (356 ml) was boi led under re f lux  f o r  4 hours ,  and then 

l e t  s tand a t  0'. 

f i l t e r e d ,  washed twice with ice-cold water ,  and d r i e d  in vacuo overnight .  

Succinic  acid-D (119 g ,  97%) had m.p. 178-179' ( l i t . 1 2  m.p. 18O-180.So). 

Analysis by nmr spectrometry gave 98% deuterium. Acid of  s i m i l a r  deuterium 

content  was obtained (95%) by hea t ing  succ in ic  acid with sodium deuteroxide 

in deuterium oxide i n  a s t a i n l e s s  s t e e l  bomb a t  150' f o r  24 hours .3  

was repeated twice. 

The white c r y s t a l l i n e  p r e c i p i t a t e  which separated was 

4 

The process  

1 2  Succinic  Anhydride-D 

Succinic  acid-D4 (I19 g ,  0.98 mole) was converted i n t o  t h e  anhy- 

d r i d e  by t reatment  with a c e t i c  anhydride using t h e  method descr ibed13 f o r  the  

protium analogue. 

chloroform as needles ,  m.p. 112-114° ( l i t . ' *  m.p. 119'). 

ana lys i s  shoKed no loss of  deuterium. 

Succinic  anhydride-D4 (86.4 g ,  85%) c r y s t a l l i s e d  from 

N m r  and mass s p e c t r a l  

Cimethyl Adipate-D . 8 

Succinic  anhydride-D4 (10.4 g,  0 .1  mole) and dry methanol (100 ml) 

were boi led  under r e f l u x  f o r  1 hour and cooled. Conversion i n t o  t h e  h a l f -  

e s t e r  was shown t o  be complete by nmr examination o f  a por t ion  of  t h e  s o l u t i o n  

which had been evaporated. The s o l u t i o n  was t r e a t e d  with 1 N  rnethanolic sodium 

methoxide (0.05 mole) and t h e  r e s u l t i n g  so lu t ion  placed i n  an e l e c t r o l y s i s  c e l l  

of  t h e  type descr ibed by D i n h - N g u ~ S n . ~  

and i t s  progress  followed by ptl measurement. 

E l e c t r o l y s i s  was conducted a t  2 .0  amp 

Uhen the  so lu t ion  became j u s t  
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a l k a l i n e ,  e l e c t r o l y s i s  was i n t e r r u p t e d  and methanol removed under reduced 

pressure .  

(MgS04) and the  so lvent  removed. 

adipate-D8 ( 5 . 7  g, 63%),  b .p .  70-71°/0.2 mm. (dimethyl ad ipa te  has  b .p .  71-73'/ 

0.2 mm.) 

(nmr, ms) t h e  presence of  ca. 98% deuterium. 

The res idue  was ext rac ted  with e t h e r  and t h e  e t h e r  e x t r a c t s  d r i e d  

D i s t i l l a t i o n  of t h e  res idue  gave dimethyl 

Spectroscopic  d a t a  were i n  accord with t h e  s t r u c t u r e  and ind ica ted  

Adipic Acid-D,. - 
A mixture o f  dimethyl adipate-D8 (18.2 g, 0 .1  mole) and concen- 

t r a t e d  hydrochlor ic  a c i d  (36.4 ml) was boi led  under r e f l u x  f o r  4 hours and then 

cooled t o  0". 

vacuum f i l t r a t i o n ,  washed with ice-co ld  water ,  and d r i e d  in UQCUO. 

acid-D8 (14.0 g, 92%) had m.p. 140-141°. 

r e t e n t i o n  of i s o t o p i c  p u r i t y .  

The product ,  which c r y s t a l l i s e d  as  needles ,  was co l lec ted  by 

Adipic 

N m r  ana lys i s  ind ica ted  complete 

Cyclopentanone-D ~ 

Adipic acid-D (10.0 g) was added t o  benzene (100 m l )  containing 8 

d e u t e r i m  oxide (20 ml) .  

removed by azeot ropic  d i s t i l l a t i o n  using a Dean and Stark t r a p .  

was repea ted  and t h e  mixture evaporated t o  dryness. 

was added t o  the  s o l i d  which h'as then heated t o  280-300° when the  water/cyclo- 

pentanone azeotrope began t o  d i s t i l .  Heating was continued u n t i l  d i s t i l l a t i o n  

ceased. The d i s t i l l a t e  was ex t rac ted  with e t h e r  and t h e  e t h e r  so lu t ion  washed 

once with 5% sodium hydrogen carbonate s o l u t i o n ,  then w i t h  sa tura ted  sodium 

chlor ide  s o l u t i o n ,  d r i e d  (MgS04), and d i s t i l l e d  giving cyclopentanone-D8 (3.6 g, 

60%), b.p. 65-66'/82 m, which contained 87% deuterium a t  t h e  a -pos i t ions  (nmr). 

Treatment with sodium deutemxide  s o l u t i o n  once,  as above, y ie lded  t h e  ketone 

(2 .9  g )  xhich by nmr and mass s p e c t r a l  ana lys i s  was shown t o  contain > 98% 

deuterium. 

The mixture was heated t o  boi l ing  and t h e  water  

This t reatment  

Potassium f l u o r i d e  (0 .5  g) 
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