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SUMMARY 

Nuc leoph i l i c  s u b s t i t u t i o n  o f  benzyl-type c n l o r i d e s  w i t h  cyanide i o n  i n  deutero- 
chloroform, deuteroacetoni t r i l e  o r  deuterobenzene ca ta l yzed  by 18-crown-6 r e s u l t s  i n  
the  i n t r o d u c t i o n  o f  deuterium onto the  benzyl carbon. Benzyl cyanides a re  l a b e l l e d  by 
r e f l u x i n g  wi th cyanide i o n  and crown e t h e r  i n  deutero solvent. Two such exchanges i n  
deuterochloroform produced g rea te r  than 90% inco rpo ra t i on .  Side-chain l a b e l l e d  phenyl- 
ethylamine, t ryptamine and ;- and p t y r a m i n e  were synthesized i n  t h i s  way. 
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INTRODUCTION 

It has been repo r ted  t h a t  t he  n u c l e o p h i l i c  s u b s t i t u t i o n  o f  a l k y l  h a l i d e s  by cyanide 

i o n  can be accomplished i n  a p r o t i c  organic  so lvents  by the  a d d i t i o n  o f  c a t a l y t i c  

amounts o f  a s u i t a b l e  crown e the r  (1 ,2 ) .  

are  h i g h  y i e l d s ,  ease o f  i s o l a t i o n  o f  t he  product  and t h e  absence o f  hyd ro l yz ing  condi- 

t i o n s .  In c a r r y i n g  o u t  t h i s  r e a c t i o n  on some a,a-*H* benzyl ch lo r i des  i n  a c e t o n i t r i l e ,  

s u b s t a n t i a l  l o s s  o f  deuterium i n  t h e  product  was observed. Th is  paper i s  a d e s c r i p t i o n  

o f  a s h o r t  study o f  t h i s  phenomenon which has n o t  been repo r ted  prev ious ly .  

The advantages o f  t he  crown e t h e r  procedure 
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RESULTS AND DISCUSSION 

In the course of the synthes is  o f  B,B-’Hz and c ~ , c I , B , B - ~ H ~  phenylethylamine (3a ,  4a) ,  

- m- and E-tyramine ( 5 e f ,  6 e f ) ,  and tryptamine (3d,  4d) (Figure 1 )  f o r  use a s  t r a c e r s  i n  

K C N  R - C2H2CN LiA1H4 R C 2 H 2 C H 2 N H 2  or R C 2 H 2 C 2 H 2 N H 2  
o r  L i A l ‘ K  

R - CH2C1 
CLHCl 3 

1 18-crown-6 2 3 4 

Hz/Pda 

R ’ C * H ~ C H Z N H Z  o r  R ‘C 2 H z C  ‘H2NH 2 

5 6 

R = a )  phenyl-, b )  fi- and, c )  - p-benzyloxyphenyl-, or d )  3-indolyl- 

R’ = e )  F-, and f )  e-hydroxyphenyl- 

a T h i s  step required only i n  the synthes is  of z- and p-tyramine. 

Fig. 1. St ruc tures  o f  cyanide intermediates  and f i  na l  ami ne products. 

Ilretabolic studies and a s  i n t e r n a l  s tandards i n  q u a n t i t a t i v e  mass spectrometry, the 

a,a-‘H2 benzyl cyanides ( I I ,  Fi gure 1 )  were synthesized from the corresponding chlor-  

ides  ( I )  by the t h e  18-crown-6 catalyzed reac t ion  w i t h  potassium cyanide i n  ace toni t -  

r i l e .  

subs tan t ia l  l o s s  of deuterium occurred (Table 1). When the reac t ion  was c a r r i e d  out  

The cyanide s u b s t i t u t i o n  was complete w i t h i n  24 h as expected, b u t  unexpectedly 

Table 1. Deuterium on benzyl carbon a f t e r  nucleophi l ic  s u b s t i t u t i o n  

of p-benzyloxybenzylchloride-a,a-2H2a by cyanide ion i n  proteo 

solvents catalyzed by 18-crown-6. 

Sol vent Time ( h )  do(%) d i ( % )  d2(%)  
Reaction 

~~~ ~ ~~~ ~.~~ 

CH3CN 72 6.6 36.4 57.0 

CHpCl2 72 3.9 29.7 66.4 

CHCl3 72 57.8 34.7 7.5 

CCl4 72 no reac t ion  (deutero chl o r i  de recovered) 

Benzene 72 1.5 23.5 75.0 

a I n i t i a l  deuterium incorporat ion = 98.3% ‘Hz i n  t h e  -position. 



Crown Ether Catalyzed Deuterium Exchange 201 

i n  other solvents usually considered t o  be aprotic,  such as benzene, chloroform or 

dichloromethane, loss  of deuterium again occurred. 

no nucleophilic substi tution occurred, b u t  refluxing a benzyl cyanide i n  a deutero 

solvent without crown e ther  resulted i n  about 10% exchange. 

In the absence of the crown ether 

The extent of the exchange does not appear t o  be related t o  t h e  d i e l ec t r i c  constant 

of the solvent, since chloroform, which has a re la t ive ly  low constant, promotes the 

grea tes t  exchange (Table 2 ) .  

only the r a t e  o f  cyanide substi tution b u t  a l so  the r a t e  of exchange, possibly because 

of improved so lubi l i ty  of the crown e ther  or crown-KCN complex (31. 

the crown ether i n  the solvent may be a c r i t i c a l  fac tor  i n  determining the r a t e  of 

exchange. 

sol vents, showing tha t  chloroform is a be t t e r  solvent than ace toni t r i l  e, benzene or 

carbon tetrachloride (Table 2 ) ;  a similar trend probably applies t o  the so lubi l i ty  of 

18-crown-6 i n  these solvents. 

solvents may also be an important fac tor  in determining the r a t e  of exchange. 

cyanide ions a re  not only strong nucleophiles b u t  should a l so  be quite strong bases 

capable of abstracting a proton (or  deuteron) from solvents such as chloroform, 

dichloromethane, ace ton i t r i l e  and benzene. 

of the three chlorine atoms of chloroform should make the proton of chloroform more 

acidic than the protons of benzene or acetoni t r i l e  and, therefore, more readily 

abstracted and exchanged w i t h  the deuterons of benzyl cyanide-dn. 

The addition of 1% methanol t o  the solvent increases not 

The so lubi l i ty  of 

Pederson ( 4 )  reports the so lubi l i ty  of di  benzo-18-crown-6 i n  several aprotic 

The re la t ive  ac id i t i e s  of the hydrogen atoms i n  these 

"Naked" 

The strong electron-withdrawing character 

Table 2.  

of d i  benzo-18-crown-6. 

Sol vent Dielectric Constant D i  benzo-18-crown-6a 

Acetoni t r i l e  38.8 0.079 

Dichl oromethane 9.1 - 
Chloroform 5.05 0.210 

Carbon Tetrachl ori de 2.24 0.005 

Benzene 2.28 0.018 

Dielectric constants of some solvents and the so lub i l i t i e s  

sol ubl 1 1 ty of  

a moles/L 
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Having shown tha t  deuterium is l o s t  from the benzyl carbon under the conditions 

described above, the poss ib i l i ty  of introducing deuterium by the reaction of benzyl 

chloride and E- and pbenzyloxybenzyl chloride w i t h  cyanide ion i n  deuterochloroform 

and deuteroacetonitri le ( 2 t i 3 )  was investigated. 

product was analyzed for  deuterium incorporation by mass spectrometry. 

spectra of the benzyloxybenzyl cyanides exhibit  no M-1 or M-2 ions, the calculations of 

deuterium incorporation required correction only for  the natural isotopic contributions 

from the unexchanged proteo analogue. Indolylacetoni tri l e  and benzyl cyanide, however, 

do show large M-1 ions so the calculation o f  deuterium incorporation was omitted, and 

instead, a f t e r  two or three exchanges, the product was reduced and the isolated amines, 

phenylethylan1ine-B,B-~H2 and trypta1nine-B,B-~H2 were analyzed as their dansyl 

derivatives by integrated ion current mass spectrometry (5). 

incorporation on the benzyl carbon of the n i t r i l e s  and amines a f t e r  one, two or three 

exchanges i s  given i n  Table 3. 

exchanges is suf f ic ien t  t o  achieve greater than 90% deuterium incorporation. 

After completion of the reaction, the 

Since the mass 

The deuterium 

Using 1% methanol-02H i n  deuterochloroform, two 

Table 3. 

benzyl chlorides by cyani de i o n  i n  deutero sol vents catalyzed by 18-crown-6. 

Oeuterium on benzyl carbon a f t e r  nucleophilic substi tution o f  proteo 

Product 
After 

Sol vent Exchanges l H p  2H 1 2H 2 

m-Benzyloxybenzyl C2H3CN 1 34.3 
C2H3CN 2 1 .o 

C2HC1 3-CH302H 1 4.9 

e-Benzyl oxybenzyl C2HC1 3 1 24.5 

- cyanide 
C2HC1 3 1 31.5 
C2HC1 3 2 5 .O 
C2HC1 3 3 n.d. 

C2HC1 3-CH302H 2 n.d. 

cyanide CiHC13 2 5.1 
c HC13 3 3.6 
C%HC13 4 1.7 
C HC1 3-CH302H 1 7.1 
C2HC1 3-CH302H 2 n.d. 

48.1 
15.5 
49.0 
33.4 
5.6 

29.1 
5.2 

51.8 
37.6 
31 .O 
21.7 
40.7 
9.7 

17.6 
83.5 
19.5 
61.6 
94.4 
66.0 
94.8 

23.7 
57.3 
65.4 
76.6 
52.2 
90.3 

Phenyl ethyl ethyl ami ne-2H2 C2HC1 3-CH302H 2 n.d. (1.0 >99.0 

Tryptami ne-2H2 C2HC1 3-CH302H 2 n.d.  7 .O 93.0 

n.d .  = no€ detected 
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Experimental 

Mater ia ls and Instruments 

18-Crown-6 (A ld r ich)  was purchased from Terochem (Edmonton, Alberta, Canada) and the 

deuterated solvents from Merck Sharp and Dohme (Montreal , Quebec, Canada). A Hewlett- 

Packard 5710A Gas Chromatograph equipped w i th  a flame ion i za t i on  detector and a 2 m x 2 

mn i.d. 3% O V l O l  on Gas Chrom Q column was used f o r  the determination o f  the pu r i t y  o f  

cyanide products and f o r  the detect ion o f  the presence o f  crown ether. The mass spec- 

t r a  o f  the cyanides were obtained by d i r e c t  probe i n j e c t i o n  i n t o  the i o n  source o f  an 

AEI MS902S mass spectrometer operated a t  70 eV, i o n  source temperature o f  200°C and 

reso lu t ion  o f  1000. 

The proteo and deutero benzyl chlor ides were synthesized f r o m  benzoic, m- o r  2- 

benzyloxybenzoic ac id  by e s t e r i f i c a t i o n  w i th  ethanol-HC1, reduction o f  the ester i n  

ether w i th  e i t h e r  LiAlHb or  LiA12Hb t o  give the corresponding proteo or  deutero benzyl 

alcohol, which was then converted t o  t h d  respective benzyl chlor ide w i th  th iony l  chlor-  

i de  i n  chloroform-pyridine. The y i e l d s  o f  a l l  steps were greater than 90%. 

Crown ether catalyzed conversion o f  benzyl ch lo r ide  t o  cyanides 

The 0,a-~H2 benzyl ch lo r ide  ( 1  equiv.) and 18-crown-6 (0.05 equiv.) were dissolved 

i n  ace ton i t r i l e ,  benzene, chloroform, dichloromethane or  carbon te t rach lo r ide  (50 m l  

f o r  each 0.10 mole o f  chlortde),  i n  some experiments containing 1% methanol. Powdered 

potassium cyanide ( 2  equiv.) was added and the mixture was gently re f luxed f o r  24 h t o  

72 h (Table 1). 

suction and the f i l t r a t e  was ro ta ry  evaporated a t  45OC. 

desired, can be accomplished by passing a dichloromethane so lu t ion  of the product 

through a column o f  s i l i c a  gel (100-200 mesh) (3-4 9). For la rger  scale reactions, 

t h i s  step was repeated one or  more times t o  ensure complete removal o f  the crown ether 

( 2 ) .  The presence or  absence o f  the crown ether was determined by gas chromatography. 

The same procedure was fol lowed f o r  the react ion o f  proteo benzyl chlor ides i n  deutero 

solvents. 

ed a f t e r  evaporation o f  the eluate from the s i l i c a  column i n  f resh deutero solvent and 

re f l ux ing  w i th  f resh crown ether (0.05 equiv.) and KCN ( 1  equiv.). 

A t  the end o f  the re f l ux ing  period, the mixture was f i l t e r e d  w i th  

Removal o f  the crown ether, if 

A second or  t h i r d  exchange was ca r r i ed  out by dissolv ing the residue obtain- 
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Af te r  t h e  f i n a l  exchange the  n i t r i l e s  were reduced w i t h  e i t h e r  LiAlH4 t o  g i ve  the 

p , ~ - ~ H 2  ary le thy lamine o r  w i t h  LiA12H4 t o  g i ve  the  a,a,B,p-'Hq amine. Subsequent 

hydrogenolysis o f  t he  benzyloxyphenylethylamines i n  ethanol ic-HC1 removed the  p r o t e c t -  

i n g  groups. Confirmation o f  t he  deuterium i n c o r p o r a t i o n  i n  the  f i n a l  products (2H2 o r  

'HI, l a b e l l e d  phenylethylamine, t ryptamine and - m- and p t y r a m i n e )  was obta ined by i n t e -  

grated i on  c u r r e n t  mass spectrometry o f  t h e i r  dansyl d e r i v a t i v e s  by a procedure p r e v i -  

ous ly  publ ished (6 ) .  

Conclusions 

1 )  Crown e t h e r  ca ta l yzed  n u c l e o p h i l i c  s u b s t i t u t i o n s  o f  a,(x-'H' benzyl c h l o r i d e s  by 

cyanide i o n  must be c a r r i e d  ou t  i n  deutero so lvents  t o  avoid hydrogen-deuterium 

exchange w i t h  the so l  vent. 

2)  Proteo ch lo r i des  o r  cyanides can be converted t o  deutero benzyl cyanides by 

r e a c t i o n  w i t h  KCN i n  " a p r o t i c "  deutero sol vents, two such exchanges u s u a l l y  p rov id ing  

g rea te r  than 90% deuterium inco rpo ra t i on .  

3) Deuterochloroform would appear t o  be the  so l ven t  o f  choice because o f  t he  greater  

exchange which occurs i n  i t  and because i t  i s  the  l e a s t  expensive o f  the deutero 

so l  vents. 
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