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Whereas the introduction of a deuterium atom a to a keto group is 8 

well know-n process (for a review see ref. l), this is not the case for the 

position. DJERASSI and his co-workers have however described the reduction 

the C@ ethylenic ketone r by lithium in dsuterated liquid ammonia (2). 
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Ye felt this procedure was not entirely satisfactory for several reasons I 

- deuterated liquid ammonia is not particul.arly easy to prepsre, to handle, or 
to store. 

- it is difficult to avoid some residual heavy water (used in the preparation 

of ND,), so that the Li/ND, reduction generally proceeds further to the 

alcohol. Oxidation is then necesssry to obtain the required ketone. 

Low molecular weight amines like propylamine (E,so = 48.) or isopropyl- 

amine (ETsb = 33') avoid the aforementioned drawbacks of liquid ammonia. 

The action as reducing agent of the combination of anines and lithium had 

been recognized for aromatic and ethylenic compounds (3) and for thioketals (4). 

Ethylenic ketones however, had never been submitted to such s treatment. 
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Scous of the reaction. 

For the sake of convenience we first examined the scope of the reaction 

with undeuterated propylamine. 

The redLction of the various oonjugated ethylenic ketones so far studied, 

proceeds muol- more rapidly in propylsmine. This is probably due to the better 

dissolving pcwer fol. lithium of the former solvent. 

Good yields were obtained with all the conjugated ketones investigated 

(see table 1‘ 

It will be noted that : 

1) The isolated double bonds are not reduced (e. g. carvons 4 ) 

2) As in clazsical reductions with Li/NH, (5), 3-keto Atsteroids yield 5~ 

derivatives. 

3) The extens.ion of the reaction to polyl'onctional steroids presents certain 

problems, most probably due to the dir‘fiwlty of finding a suitable co-solvent 

for the reduction. 

Prenaration c'f deuterated prowltine. 

Deuternted propylsmine was prepared acoording to the method of FWJAVILLZ 

and JULLIUI (6). Deuterium is exchanged between propylamine an.d heavy water 

(in 30% exofss) by a countercurrent process in a thermostated distillation coil. 

The isotopic purity of the propylamine thus obtained is better than 98:/. * 

Peuterated Ktst. 

The reduction of 3-methylcycloherenone is a typical example : 

0 0 

ok 1) R.h?)p/Li 
D 

2) Ii20 
CHx CH3 

* Th~N"R siqal due to the i?%i? protons at O.cW3 ppm disappears completely 8 

nevertheless a broad sic181 is observed at this ?osition due the CIIS pr-tons ; 
this does no: allow n ‘pme ?-r:i..,zte ?~n:y~is ( >I. The isotopic purity was also 

checked by m.~s w.d infr ?red c:x?ctr@sco?:l. 
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TABLE1 

Reaction pmduot 

6h - Reflex 

co-solvent : ether 

*A? pure product isolated by G. C. or recrystallisstion. 

1Bc In the majority of experiments, a nixhma separable only with extreme 
difficulty, ves obtained. 

In only one case did the reaction go to completion and the tiydrotestos- 
terone was obtained in 70% yield. 
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To a etM blue solution of 100 w of lit&m in 32 ml of deuteratod 

propylamine,are added atroaatanpemture500 mgof 3-methyloyolohexenone. 

After ettirringfortbreehours, 10ml ofH& are added.Thepropylamineis 

distilledat ateambathtemperatumsni]the #queouslsyerla extraotedvith 

sther.Fhe etherl~ievaehedvithaqwoue diluteHC1, driedovvroaloirn 

ohloride andoonoentratedto 5 ml.The latter extraotisrefluxedfor onehoar 

vith 5 nil of PN metbanolio sodium methodde. After the ueuel vmk up, 350 ag 

of a brovn oil ere obtained 8 after purification by gas chromatography (G.C.) 

(eiUoo~SE3Ooolum-6metres- 150-C) tbie yields 200 mg of 3-methyL, 

3-3auterooyolohe. Maas qeotrometrio analyeia affords the folloving 

data t iaotopio purity a 96% dl ; 3% do ; 0.5% da ; 0.5% ds (7). The lJMB 

speotmm oonflrme the location of the deuterim atom 8 the methyl &roup vhioh 

gave rise to L doublet in the non-deuterated species (6 = 1,02 ppm 8 J = 70~s) 

nov gives a narrov triplet (6 - 1,Ol ppm 1 Jm,CD= 0,8 ops)(E~). 

The &deuterim atcmnecesaerily oomee from the amine asthevorkupvlth 
ordinary rater doee not 
~ollcving meobaniEn * 

0 P' 

lower the deuterim isotopic purity. This euppcrts the 

vhere the radical-ion initially formed is euffioiently baeio to abstract D+ 

fl-cm the solvent (Bee rai. 9). 

The following ketones have been reduced in the came way : 
- 4.4 ~thyloyalohexsnone r 

-1SW.P 

-A~Aholerkb+one 5 

Me.a epectrawetry reveele that the maturated ketones, after isolation by G.C. 

but before metbanolio HeONa treatment, Still oontain 15 to 2O.b of da and ds 

apeoiea; 
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Neither purification by G.C.,, lieing hydrogen M carrier gas, nor #haking with 

ill aqueous 5*/. solution of HCl, is auffloient to remove these extra crdeuterium 

atoms. Treatment with methanollo MeON is in all caaea necessary in order to 

obtain en isotopic purity better than %% . 

The good overall yield of the rbotion, and the small quantities of deu- 

terated prcpylamine required, emphasise the synthetic interest of the reduction, 

which can easily be carried out on the gram scale. 

A complete report on this work will be published elsewhere. 

Aclmovledmments. 

The authors wish to thank FmfpS8or J. JULLIHN (Facultb des Sciences 

d*Oraay) for kindly allowing us free access to his equipment for the preparation 

of deuterated solvents, and Dr. LE. AUDIJSR (I.C.S.N. Gif) for the maaa spectral 

determin&ionn. One of ua (J.G.) thanks the Direction des Recherches et Moyena 

d'Eaeais for having made this study possible. 

REFXRENCES 

1 

2 

3 - R.A. BENKESER, M.L. BURROWS, J.J. HAiXXU end E.K. KAISER -J. Chem. 

9 - H.O. HoDSN "Modern Synthetic reactionen (Ben&s&n ed. 1965) p. 61. 

- H. BUDZIXIEWICZ, C. DJERASSI and D.H. WILLIAMS - "Structure elucidation of 

natural products by maee epeotroecopy - Vol. 1 alkaloids' (Holden Day 

ed. 1964) P. 17 

- D.H.WILL~,JJ.WILSON,H.BUDZ~XIEWICZ end C.INERASSI -J.. 

g$&z - 2091 (lW3). 

1094 , 22 (1963) end mentioned references. 

-B.S. CROSSLEY and H.B. HENBEST -J. Chew Seq. 4413 (IWO) 

-D.Ii.R.HARTON andC.H.ROBINSCN -.I. Chem. So& 3045 (1954) 

-G.Ffll?JAVLl&EandJ.JCLLIEN - F+enoh Patent n* 996978 (l- I.2 -1%) 

- MaaySpeetra were rewrded on a spectrometer Atlee-Werke CHI. 

- N.M.R. Spectra were recorded in CCL on .e Varian A-60, using SiMe. M 

internal reference. 


