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SYNTHESIS OF ORTHO DEUTERATED PHENYLISOCYANATE 

UNDER MILD CONDITIONS 

SUMMARY 

A new method h a s  been developed for t h e  s y n t h e s i s  of phenyl i socyanate  

2 -  H through t h e  u s e  of a z i d o  ( t r is  dimethylamino) phosphonium hexa-  
2 f luorophosphate  and benzoic  a c i d  2 -  H. The product prepared is obtained 

with a high percentage  of i so topic  subs t i tu t ion ,  spec i f ic i ty  of l a b e i  and 

apprec iab le  yield.  
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I - INTRODUCTION 

The method of Bergmann e t  a l .  (1) w a s  used  by Abderhalden and Brock- 

mann (2) and by Jensen  and Evans (3) to determine the  N-terminal group 

of a pept ide or a protein by  removal of only one  res idue .  The ident i f icat ion 

of t h e  N-terminal amino-acid w a s  determined through t h e  u s e  of phenyli- 

s o c y a n a t e  as t h e  coupl ing reagent .  Phenyl isocyanate  r e a c t s  with t h e  

a lpha  amino groups a t  pH=8 and 0°C.  The phenylcarbamyl pept ide  obtained 

undergoes a cyc l iza t ion  a t  100°C for one  hour in t h e  presence  of methanol  

or hydrochloric ac id .  

The appl icat ion of Bergmann's method t o  low quant i t ies  of proteins  and 

pept ides  i s  p o s s i b l e  if labeled phenyl isocyanate  i s  u s e d .  Such an appl ica-  

tion led to t h e  s y n t h e s i s  of the  ortho deutera ted  phenyl i socyanate  
2 (PhNCO 2 -  H) 
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The non-select ivi ty  of t h e  deuterat ion of an i l ine  (4) and t h e  redis t r ibut ion 

of deuterium on t h e  aromatic ring ( 5 )  during t h e  phosgenat ion of th i s  amine 

(6) d o e s  not  allow t h e  recovery of the  expec ted  i s o c y a n a t e  wi th  a sufficient- 

l y  high percentage of deuterat ion and appreciable  yield.  Similarly, the  prepara- 

tion of t h e  i socyanate  by t h e  react ion of lead  t e t r a a c e t a t e  w i t h  deutera ted  

benzamide (7) w a s  unsuccessfu l  . It w a s  d e c i d e d ,  therefore ,  t o  apply  t h e  
L 

CURTIUS rearrangement on t h e  benzoyl  a z i d e  2 -  H. However ,  t h e  c l a s s i c a l  

method - benzoyl  chlor ide and sodium a z i d e  - u s e d  t o  obtain benzoyl  a z i d e  
2 2 2 -  H could not b e  used .  In effect ,  t h e  preparation of benzoyl  ch lor ide  2 -  H ,  

s tar t ing with benzoic  ac id  2 -  H and thionyl  ch lor ide ,  l e a d s  to a n  e x t e n s i v e  

l o s s  of labe l  (8). The in te res t  in t h e  method presented  here ,  l i e s  in obtaining 

benzoyl  a z i d e  2 -  H in one  s t e p  under mild condi t ions ,  s ta r t ing  with benzoic  

ac id  2 -  H and t h e  phosphorylated reac tan t  : N3$ (NMe2)3,  PF- - a z i d o  ( t r is  

dimethylamino ) phosphonium hexafluorophosphate  ( 9 , l O ;  noted 5 in f igure 1). 
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2 
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L 
In th i s  w a y ,  e a s y  access t o  phenyl i socyanate  2 -  H is obta ined  with a high 

percentage of i so topic  subs t i tu t ion ,  a high spec i f ic i ty  of l a b e l  and a n  appre- 

c i a b l e  yield.  

I1 - Method and mater ia ls .  

T h e  react ion scheme is shown schemat ica l ly  in fig. 1. 

Benzoic acid 2 -  H c a n  b e  e a s i l y  obtained with a high d e g r e e  of purity 

through t h e  process  descr ibed  by Jones  e t  a l .  (11). The s e l e c t i v i t y  of t h e  

deuterat ion i s  d u e  t o  the  fmmation of the  b icyc l ic  compound 2 during t reatment  

of the  dimethylbenzylamine (DMBA) by  n-butyllithium in anhydrous ether .  The 

hydrolysis  of 2 with  DZO, giving t h e  DMBA 2 -  H (bp 20= 67OC), is followed by 

permanganic oxidation in a lka l ine  solut ion and l e a d s  t o  benzoic  ac id  2 -  H. 

2 

2 

2 

Compound 5, a s t a b l e  reac tan t  (121, with a s t ruc ture  s imilar  t o  tha t  of 

diphenylphosphoryl a z i d e  (DPPA) (13) ,  a l lows  e a s y  a c c e s s  t o  aryl ic  a c y l  

az ides .  To our knowledge DPPA h a s  not  been u s e d  for t h i s  purpose ,  a l though 

t h e  intermediate  a c y l  a z i d e  h a s  been sugges ted  by Fieser  and Fieser  (13). 

The react ion of benzoic  a c i d  2 -  H with 5 in a c e t o n e ,  yielded compound 5 . 
The ace tone  w a s  removed under vacuum, t h e  r e s i d u e  d i s s o l v e d  in  cold e ther  

and the  solution washed  with cold water .The  e thera l  p h a s e  w a s  dr ied over 

magnesium su lpha te  in t h e  co ld  and evaporated under low p r e s s u r e  a t  a tempe- 

ra ture  below 30" c , The thermolysis  of compound 5 w a s  car r ied  out on t h e  

crude product in anhydrous benzene .  The evolut ion of t h e  reac t ion  w a s  follo- 

2 
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-~ ~~ 

Spectral da ta  

wed by infra-red spectroscopy and the characterist ic bands of the isocya- 

na te  progressively replaced those of the azide group a s  the reaction progres- 

sed.  

Phenylisocyanate 2- H was  isolated in good yield by disti l lat ion under low 

pressure (bp 

2 

- 62 - 6 3  O C )  20- 

a 
Yield (X.1 

111 - RESULTS 

The spectral  da ta ,  yield and deuterium analysis of each intermediate 

are given in Table I . 
Table 1 

I I Compound 

IR 11: 8 4 7 , 7 7 7 ,  I 
734-,,696 1 9E 

IR 14: 7 7 9 , 8 6 3 ,  
857 ,  800_1 700,  
628 c m  

PR15: 169_3y2134. 
2147 c m  81 

~~ 

IF? 16: 226f) 
2278 c m -  
M W b  

Ieuteriurn anal] 
s i s  
3 atomjnolecul 

0 . 9 3  

0 . 9 3  
Mass : rn/e = 

123 (M) 

0. 91 

Mass:rn/e = 
120  (M) 

a) isolated yield 

b) The specificity of the deuteration on the ortho position has  been checked 

by microwave spectroscopy. 
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IV - CONCLUSIONS 

The u s e  of t h e  phosphorylated r e a c t a n t  5 a l lows  e a s y  access t o  phenyl-  
2 2 icocyanate  2 -  H ,  v i a  benzoyl  a z i d e  2 -  H ,  with a high percentage  of i so topic  

subs t i tu t ion ,  a spec i f ic i ty  of labe l  and an apprec iab le  yield.  The method 

presented  in t h i s  communication offers  t h e  e s s e n t i a l  advantage  of avoiding 

any  redis t r ibut ion of deuterium on t h e  aromatic r ing,  which is t h e  c a s e  with 

the  t radi t ional  synthe t ic  route  (15). 

Redistribution of deuterium on t h e  aromatic r ing w a s  not  observed when 

phenyl i socyanate  -ass used  a s  the  coupl ing reagent  with a lpha  amino groups.  

Therefore  , t h e  compound prepared should b e  of in te res t  in t h e  determinat ion 

of the  N-terminal amino ac id  of low amounts of pept ides  or pro te ins ,by  cou- 

pling t h e  la t ter  with t h e  t r i t ia ted homologue. 

ACKNOWLEDGEMENTS 
W e  thank t h e  CNRS (Ckntre Nat ional  d e  la  Recherche Scient i f ique)  for 

f inanc ia l  support and Prof.CASTR0 and Dr. ROUSSY for their  c o n s t a n t  in te res t .  

M.A. MASSON+ 

Laboratoire d e  chimie thkorique. 

Groupe d e  spec t roscopie  e t  t echniques  microondes. 

J . R .  DORMOY 

Laboratoire d e  chimie organique. 

++ 

+ ++ 
( ERA n o  2 2  and ERA n o  558 ) 

Universiti! d e  NANCY I 

C a s e  of f ic ie l le  140 

54 037 NANCY cedex-  FRANCE 

REFERENCES 

1. Bergmann M., TbMickeley A., Kann E.  - Ann. 458 : 40 (1927) 

2 .  Abderhalden E . ,  Brockman H. -Biochem.Z. =5:386 ( 1930) 

3. J e n s e n  H. ,Evans  E .A.  -J.Biol. Chem. 108 : 1 (1935) 

4 .  Lauer W. M . ,  Errede L.A. -J.Am. Chem. SOC. =:5162 (1954) 

5.Ripka W. C . ,  Applequist D. E . -J.Am. Chem. SOC. a: 4035 (1967) 

6. Ozaki  O,-Chem. Rev. 72:457 (1972) 

7. Aylward J.B.-Quart.Rev. 2 5 :  407 (19713 

8. Thomas A.F. -Deuterium label ing in organic  chemis t ry ,  A. C. C. 

9. C a s t r o  3. ,Dormoy J . R .  -Bull. SOC. Chim. France : 3359 (1973) 
New,. York, 155 (1971) 



79 0 M. A. Masson and J .  R .  Domoy 

1 0 .  F ieser  M. , Fieser  L.-Reagents for organic  Synthes is  

11. Jones  F. N .  , Zinn M. F. , Hauser  C.R. -J. Org. C h e m . u ,  663  (1963) 

1 2 .  C a s t r o  B . ,  Dormoy J .R. ,  Dourtouglou B . ,  Evin G . ,  Se lve  C.,Ziegler 

13. Fieser  M . ,  F ieser  L.-Eeagents for organic  s y n t h e s i s  4 : 2 1 0  (1974) 
5 : 280  0975)  

14. Tiers G.V.D., 

1 5 .  Patai  S. -The chemistry of the  a z i d o  group, J. Wi l ley  and Sons,  1 9 7 1  

16.  Chantry G.W., N i c o l E . A ,  Harr i sonD.J . ,  Bouchy A . ,  R o u s s ~  G. - Spec-  

trochimica Acta 1717  (1974) 

:25 (1 977) 

J . C . - S y n t h e s i s 1 1  : 7 6 1  (1976) 

Tiers J .H.  -J.Chem. Phys.  20 : 7 6 1  71952)  


