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Table II  Addition-élimination products 6 .
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C o m p o u n d Yield
(%)

B.p.
(°C/ torr )

2 0

" D
' H N M R b ( C C I J  

S (ppm)

C 2 H 5 —C = C —C H  =  C H —C H 3a 60 ~  23/19° 1.4624 _  d

C 2 H 5 - C = C - C H = C ( C H 3 ) 2 74 34/15e 1.4664 _ r

C 2 H 5 - C = C - C H  =  C ( C H 2 ) 5 72 46/0.2 1.5158 1.14 (t, C H 3)
1.4-1.7 (b, cyclohexyl 6 H)
2.0-2.5 (b, cyclohexyl 4H +  ethyl CH-,) 
5.08 (m, = C H )

a E /Z  = 65/35. b Varian EM-390 N M R  spectrometer .  c L i t .11: 100-105°. d See ref. 11. c L i t .12: 38°/15 torr .  r See ref. 12,

five washings with a sa tu ra ted  solution of a m m o n iu m  chloride 
were carried out. After drying over anhyd rous  magnesium sul
fate, the solvents were removed in vacuo. The product  was dis
tilled; b.p. l l o/20 torr ,  /7 5 0  1.4508, yield 1.5 g ( 2 0 ° o). 1H N M R  
(CC14): 0.91 (t, C H 3) 1.18 (s, 3 C H 3) 1.3-1.7 (m, C H 2) 1.88 (m, 
= C - C H 2) 5.47 (dt, = C H ,  7 Hz, J2 7 Hz) 6.28 (dt, O C H = ,  
J l 7 Hz, J 2 2 Hz).

1 1  I. Knox , S.-C. Chang and A. H. Andrist, J. Org. Chem. 42, 
3981 (1977).

1 2  R. Koster, A. Bussman and  G. Schroth, Justus Liebigs Ann.
Chem. 2130 (1975).
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Abstract. M ethyl  a - ( [ 13C , 13N ] i s o c y a n o ) p r o p io n a t e  was p rep a red  s ta r t ing  from ( ± )-[* ^N ja la -  
nine. The am in o  acid was conver ted  into the methyl  ester, which was fo rm y la ted  with acetic [ 13C]-  
formic  an hyd r ide ,  to a fford  the methyl  ester of  N - [ l 3C ] f o r m y l [ 1 '"Njalanine.  D e h y d ra t io n  of  the 
lat ter  c o m p o u n d  gave the isocyanide,  which was po lym erized  with nickel chloride.  l H,  13C, 15N 
N M R  and  IR d a ta  o f  the labelled c o m p o u n d s  are presented .

Po ly ( im inom ethy lenes)  can easily be p repa red  by po ly 
m er iza t ion  of  isocyanides  under  the influence of  a c a t a 
lytic a m o u n t  o f  N i 2+ i o n s 1:

N i 2  +
n R —N = C  —--------> ( R —N = C <  )„

Previous inves t iga t ions  o f  the s t ruc tu re  have p roved  the 
po lym ers  to be rigid rod  c o m p o u n d s ,  with their main  
chain  in a helical c o n f ig u r a t io n 2. Despite  our  cons iderab le  
know ledge  co n ce rn in g  the s t ruc tu re  o f  the polymers ,  
some im p o r ta n t  ques t ions  rem ain  unansw ered .  One of  the 
techniques  which seems to offer the possibili ty o f  acqu ir ing  
m ore  in fo rm a t io n  on the s t ruc tu re  is l3C N M R .  U n 
fo r tuna te ly ,  13C N M R  of  non- iso top ica l ly  enr iched  po ly
isocyanides is t ro u b le so m e  and  does not  provide the 
requ ired  in fo rm a t io n .  This  is par t icu la r ly  true for the 
m a in -c h a in  c a rb o n s ,  which are the c a rb o n  a tom s  of  prime 
interest. In general ,  they have very long re laxa t ion  times, 
and  thus  requ ire  an ex trem ely  high n u m b e r  o f  F o u r ie r  
t rans ien ts  to ob ta in  a signal o f  useful intensity. M oreover ,  
q u a d ru p o le  coup l ing  o f  the im ino  n i t rogen  cons ide rab ly  
b ro ad en s  the 13C signal o f  the m a in -c h a in  ca rbons .

The a fo re m e n t io n e d  difficulties can be c i rcum ven ted  by 
investigat ing a po lym er  m ad e  by po lym er iza t ion  o f  an 
isocyanide p roper ly  labelled with 13C as well as with 15N  
in the isocyano g roup .  In o rder  to meet the requ irem en ts  
im posed  by the N M R  techn ique ,  labelling with 15N  should  
be as high as possible to prevent  q u a d ru p o le  coupling.  
The a m o u n t  o f  13C labelling should  be ap p ro x im a te ly  20 %, 
since h igher  13C con ten ts  give rise to cons iderab le  coup l ing  
between the 13C nuclei in the po lym er  m ain  chain.  The 
need for an isocyanide  labelled in this way p ro m p te d  the 
s tudy  described  below.
T o  our  knowledge ,  no exam ples  o f  isocyanides enr iched  
in 13N, as well as in 13C in the isocyano  group ,  are de
scribed in the l i terature .  Godon and  Bauer3 have rep o r ted

1 R. J. M. Nolte , R. W. Stephany  and  W. Drenth, Reel. Trav. 
Chim. Pays-Bas 92, 83 (1973).

2  W. Drenth and  R. J. M. Nolte , Acc. Chem. Res. 12, 30 (1979) 
and references cited therein.

3  M. Godon and  A. Bauer, C.R. Acad. Sci., Ser. B, 278, 113 
(1974).
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som e d a ta  co n ce rn in g  the ro ta t io n a l  spec t rum  of  methyl 
[ 13C , 15N ] iso c y a n id e ,  but the m ater ia l  used was only 
enr iched  in lr?N  (73 .5% ) and  co n ta in ed  13C in its na tu ra l  
a b u n d a n c y  (1.1 %).

Results and discussion

F r o m  a synthet ic  po in t  o f  view, the well k n o w n  pa thw ay ,  
R N H 2 —► R N H C H O  —► R N = C ,  is the most  useful rou te  
for the p re p a ra t io n  o f  large a m o u n t s  of  isocyanides 
in a pure  fo rm  with fair to high y ie lds4. Thus ,  for the 
synthesis  o f  15N-label led  isocyanides,  c o m p o u n d s  having  
a 15N-label led  a m in o  func t ion  are the m ost  obv ious  
s ta r t ing  mater ia ls .  U n fo r tu n a te ly ,  only a limited n u m b e r  
o f  rep resen ta t ives  o f  this type o f  c o m p o u n d s  are c o m 
mercially available .  T a k in g  into accoun t  factors  such as 
price, m in im u m  n u m b e r  o f  reac t ion  steps, yields, etc., 
( ± ) - [ 15N ] a l a m i n e  (9 5 %  15N) seemed to be a su i tab le  
s ta r t ing  mater ia l .  The  m ost  s t r a ig h t fo rw a rd  convers ion  
of  this a m in o  acid into a c o m p o u n d  possessing a p roper ly  
labelled isocyano  func t ion  is depic ted  in a general way in 
Schem e 1.

M ask in g  of  the carboxyl ic  acid func t ion  is necessary 
because  of  the lability of  isocyanides  in the presence of  
acid. Ester if ica t ion  was p e r fo rm ed  acco rd ing  to a m e th o d  
described in the l i t e r a tu re 5. T r e a tm e n t  of  the s ta r t ing  c o m 
p o u n d  with a so lu t ion  of  th ionyl  ch lo r ide  in m e th an o l  
a f fo rded  a q u an t i ta t iv e  yield o f  [ 15N ]a la n in e  methyl ester 
h y d ro c h lo r id e .
The /V-formylation of  the a m in o  func t ion  is the crucial  
step in the synthesis ,  since at this stage the 13C label has 
to be in t ro d u c e d  in the p ro p e r  a m o u n t .  In the l i terature ,  
several reagents  for the TV-formylation of  am in o  g roups  
are d e sc r ib e d 6,7,8. H ow ever ,  these reagents  are less 
su i tab le  in this specific case, since they have to be used in 
large excess which is a d ra w b a c k  when deal ing  with 
expensive labelled c o m p o u n d s .
We used separa te ly  p rep a red  acetic formic  a n h y d r id e 1' 110, 
enr iched  with 13C in the formyl moiety ,  as fo rm y la t ing  
reagent .  This c o m p o u n d  was p repa red  by a m od if ica t ion  
of  the p ro c ed u re  described  by Muramatsu  et a l . 10 s ta r t ing  
f rom  acetyl ch lo r ide  and  an a p p ro p r ia te  m ix ture  o f  u n 
labelled an d  co m m erc ia l ly  avai lable  13C-labelled (9 9 %  
13Q  so d iu m  fo rm ate .
By s ta r t ing  with so d iu m  fo rm a te  co n ta in in g  18.5% of 13C, 
w o rk in g  u n d e r  ex trem e exclusion of  m ois tu re ,  ex tend ing  
the reac t ion  t ime to one night at ro o m  tem p e ra tu re ,  
careful w ash ing  of  the p rec ip i ta ted  sod ium  ch lor ide  and  
rem ova l  o f  the solvent in vacuo at 0°C gave a rep roduc ib le  
9 6 %  yield of  undis t i l led  p ro d u c t .  A cco rd ing  to the 
*H N M R  spec t rum ,  this m ater ia l  was essentially pure 
acetic fo rm ic  an h y d r id e ,  the only c o n ta m in a t io n s  being 
fo rm ic  a n h y d r id e  and  acetic a n h y d r id e  as ind ica ted  by 
small  singlets at 8.78 p p m  and  2.20 ppm , respectively. 
P re su m ab ly ,  these result f rom slow d i s p ro p o r t io n a t io n  
of  the mixed a n h y d r id e  d u r in g  its p r e p a r a t i o n 9. In view 
o f  the ins tab i l i ty9 of  the p ro d u c t ,  the 13C co n ten t  was not

checked  using m ass  spec troscopy .  H ow ever ,  from a d e te r 
m in a t io n  of  the iso topic  en r ic h m e n t  o f  the isocyanide 
( vide infra), it cou ld  be u n a m b ig u o u s ly  conc luded  tha t  the 
13C -enr iched  mixed an h y d r id e  c o n ta in e d  18.9 +  0 .5 %  
13C in its formyl moiety.
Since in fo rm ic  acid an equ i l ib r ium  is e s tab l i sh ed 1’ which 
does not a l low all of  the 13C label or iginally  present in the 
acetic fo rm ic  a n h y d r id e  to be in c o rp o ra te d  into the 
/V-formamide,  the fo rm y la t io n  p ro ced u re  described by 
Muramatsu  et a l . 10 is useless for o u r  pu rpose .
H ow ever ,  we found  th a t  a lan ine  methyl  ester can be 
fo rm y la ted  in good  yield using one equ iva len t  o f  acetic 
formic  a n h y d r id e  in c h lo ro fo rm  as solvent.  The free am ine  
was l ibera ted  from the h y d ro c h lo r id e  salt, which was 
isolated from the es ter i f ica t ion  step (c f  Scheme 1), by 
t rea t ing  a suspens ion  of  the salt in c h lo ro fo rm  with dry

,1 1 .12a m m o n ia  gas . C o n t r a r y  to pub l ished  p ro c ed u re s  
rem oval  of  the p rec ip i ta ted  a m m o n i u m  ch lor ide  by 
f i l t ra t ion ,  which gives rise to cons ide rab le  loss o f  mater ia l ,  
p roved  to be unnecessary .  After  rem ova l  o f  the excess of  
a m m o n ia  in vacuo at low te m p e ra tu re ,  the result ing 
m ix tu re  was t rea ted  with one equ iva len t  of  13C-enr iched  
acetic formic  an hydr ide .  A cco rd in g  to its l H N M R  spec
t ru m  at 200 M H z ,  the m ater ia l  o b ta in ed  after w ork  up 
consis ted  of  a m ix tu re  o f  the methyl  esters of  /V-[13C]-  
f o r m y l [ 15N ] a l a n in e  (7 6 %  yield) and  N - a c e t y l f 1 -‘' N ] a l a 
nine (8 %  yield). A l th o u g h  in the sp ec t ru m  most  o f  the 
signals o f  the fo r m a m id e  and  ace tam id e  part ly  coincide,  
the m o la r  ra t io  o f  the c o m p o u n d s  cou ld  be de te rm ined  
from the integrals  o f  the N H  signals, which differ suffi
ciently in chem ica l  shift. The  ace tam id e  p re su m ab ly  
results from nucleophi l ic  a t tack  of  the am in e  n i t rogen  on 
the acetyl m oie ty  of  the mixed a n h y d r id e  a n d /o r  the 
acetic a n h y d r id e  result ing f rom  d i s p r o p o r t io n a t io n  ( vide 
supra). Since the acetyl c o m p o u n d  does not interfere in 
the p re p a ra t io n  of  the isocyanide  and  can be rem oved  m ore  
easily in a later stage, the labelled formyl a lanine  methyl 
ester was not iso la ted  in its pure  form.
T re a tm e n t  o f  the m ix ture  o f  methyl  esters with p h o s 
p h o ru s  oxych lo r ide  and  t r i e th y l a m in e 13 a f fo rded  methyl

5

6

8

1 0

1 1 
1 2

1 3

P. Hoffmann , G. Gokel, D. Marquarding and I. Ugi in “ Iso- 
nitrile C h em is t ry ” , I. Ugi, Ed., Academic  Press, New York,  
1971, C hap te r  2 and ap p ro p r ia te  references therein.
M. Brenner and IV. Huber , Helv. Chim. Acta 36, 1109 (1953). 
H ouben-W eyl , M e th o d en  der Organischen Chemie,  E. Mutter, 
Ed., Band XI/2, 4th Edit ion,  Thieme,  Stut tgar t ,  1958, p. 27.
A. L. J. Beckwith  in “ The Chemis try  of A m ides” , S. Patai, 
Ed., Interscience, New York ,  1970, C hap te r  2.
H ouben-W eyl , M e th o d en  der Organischen Chemie,  E. Muller, 
Ed., Band XV/1, 4th Edit ion,  Thieme,  Stut tgart ,  1974, p. 164. 
W. Stevens and A. Van Es, Reel. Trav. Chim. Pays-Bas 83, 
863 (1964).
I. Muramatsu , M. M urakami , T. Yoneda and A. Hagitani, 
Bull. Chem. Soc. Jpn 38, 244 (1965).
G. Hillman , Z. N a tu r fo rsch .  1, 682 (1946).
B. O. Hand ford, T. A. Hylton, K.-T. Wang and B. Weinstein, 
J. Org. Chem. 33, 4254 (1968).
I. Ugi and  R. Meyer, Angew. Chem. 70, 702 (1958).
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a - ( [ ‘ 3C , !5N ] i s o c y a n o ) p r o p io n a t e  in 9 4 %  yield. The over
all yield with respect to ( + ) - [ 15N ] a l a n in e  was 71 %.
T he  s t ru c tu re  o f  the isocyanide  and  its p recurso rs  was 
co n f i rm ed  u n a m b ig u o u s ly  by N M R  ( 1H, 13C, 15N) and 
in fra red  spec troscopy .  As a consequence  of  the isotopic 
e n r ic h m e n t  with 1SN  and  13C, the N M R  spectra  showed 
clearly N —H and  C —N sp in - sp in  coupl ings  in add i t ion

to the c o m m o n  H —H sp in -sp in  couplings .  Details on the 
N M R  spec tra  are given in the E xper im en ta l  section.
The  a m o u n t  o f  isotopic  en r ich m en t  o f  the isocyanide was 
d e te rm in ed  using mass spec troscopy .  Invest iga t ion  of  the 
non-en r iched  c o m p o u n d  revealed tha t  the pa ren t  peak is 
absent  in the mass spec trum .  The spec t rum  shows inter alia 
a peak  of  high intensity  at m/z  68, which is due to the fol
lowing r e a r r a n g e m e n t - f r a g m e n ta t i o n  of  the paren t  ion:

O

C

O
C H

✓

; CH

H X

N

C

- C O - H *
[ H 3C - C H = N - C - C H 3]#+ * [ H 3C - C H = N - C = C H 2] +

m /z  =  68

As a co n se q u en ce  of  this r e a r r a n g e m e n t - f r a g m e n ta t io n ,  
the mass  sp ec t ru m  of the iso topical ly  enr iched  isocyanide 
show s peaks  at m/z  68, 69 and  70. F ro m  the relative 
intensit ies of  these peaks  the a m o u n t s  o f  lr>N and  I3C 
labell ing in the isocyanide  m oie ty  were ca lcu la ted  to be
96.4 +  0 .5 %  and  18.9 ±  0 .5 % ,  respectively, thus show ing  
th a t  all o f  the 13C label originally used in the p re p a ra t io n  
of  acetic fo rm ic  a n h y d r id e  had been in co rp o ra te d  into the 
isocyanide.  F ro m  the peak  intensities the relative a m o u n t s  
o f  R - 14N =  12C, R - 15N =  12C, R - 14N =  13C a n d  R - 15N =  
=  i3C  [ R  =  - C H ( C H 3) C 0 2C H 3] present in the iso
topical ly  enr iched  c o m p o u n d  were ca lcu la ted  to be 2 .8% ,  
75 .9% , 0.9 % an d  17.8%, respectively. The  rem ain ing  
2 .6 %  consists  o f  molecules  bear ing  12C and  13C in the ra t io  
o f  their  na tu ra l  a b u n d a n c y  at posi t ions  o ther  than  in the 
isocyano  group .
The  infrared  a b s o r p t io n  spec t rum  of  the enr iched  isocya
nide show ed  two m a jo r  peaks  in the region of  the iso
cyan ide  s t re tch ing  f requency  a r o u n d  2100 c m ” 1. In ac
c o rd an ce  with the findings of  Stephany1*'1*. the posi t ion  
of  the peaks  p roved  to be solvent dependen t .  The posi t ions  
o f  bo th  peaks  (vNC) in the solvents d e u te r io c h lo ro fo rm  
and  c a rb o n  te t rach lo r id e  are, toge the r  with their f requency 
differences (AvNC) and  relative ab so rb an ces ,  presented  in 
T ab le  I. By re la t ing  the c o m p o s i t io n  of  the enr iched  iso
cyanide,  as d e te rm in ed  by mass spec troscopy ,  to the 
relative a b so rb a n c e s  of  the two peaks in the infrared  
sp ec t ru m ,  it can be co n c lu d ed  tha t  the peak having the 
highest a b s o r b a n c e  or ig ina tes  from R —1:>N = 12C, while 
the o the r  peak  or ig ina tes  f rom R —15N = 13C. This c o n 
clusion is s u p p o r te d  by the observed  frequency  difference 
of  a p p ro x im a te ly  37 c m - 1 , which is in fairly good ag ree 
ment  with the difference ca lcu la ted  by app ly ing  H o o k e s ’ 
l a w 16.

Table I Infrared data fo r  methyl a - ([ x 3  C . 1 ? NJisocyano )propio
nate.

Solvent1' VNc/Cm ~ 1 AvNC/cm 1 Relative absorbance

2 1 1 2 . 2 4.2
C D C I 3 36.4

2075.8 1

2107.6 4.3
CC1 4 37.3

2070.3 1

a C o n cen t ra t io n  o f  isocyanide : 200 ing-cm 3.

In o rder  to relate these s t re tch ing  frequencies  to those of  
the non -en r iched  isocyanide,  infrared  a b so rp t io n  spectra  
o f  so lu t ions  o f  the lat ter  c o m p o u n d  in d e u te r io c h lo ro fo rm ,  
c a rb o n  te t rach lo r id e  and  /7-pentane were recorded .  S u r 
prisingly, in all three solvents  the a b so rp t io n  peak due to 
the isocyanide  s t re tch ing  v ib ra t ion  a p p e a re d  to consist  of  
two peaks  spaced a p p ro x im a te ly  16 c m -1 apar t .  In a d d i 
t ion to the an t ic ip a ted  solvent dependency  of  the peak 
posi t ions ,  there  is also a solvent d ep en d en cy  in the relative 
a b s o rb a n c e s  o f  the peaks.  T ab le  II sum m arises  the c h a r a c 
teristics of  the isocyanide  s t re tch ing  v ib ra t ions  o f  the u n 
labelled c o m p o u n d .
The  precise origin of  the d o u b l in g  of  the isocyanide 
a b s o rp t io n  band  for the unlabelled  c o m p o u n d  is still 
unclear.  A l th o u g h  the infrared  a b s o rp t io n  spectra  o f  m any  
isocyanides  have been s t u d i e d 14, to ou r  know ledge  this 
p h e n o m e n o n  has not been observed  earlier. Since the peaks 
of  the enr iched  c o m p o u n d s  do not  d isplay a doub l ing ,  the 
idea o f  a so lv en t -d e p en d en t  c o n fo rm a t io n a l  equ i l ib r ium , 
yielding two different  isocyanides  s t re tch ing  ab so rp t io n s ,  
has to be a b a n d o n e d .  P resum ab ly ,  the doub l ing  is caused 
by Ferm i in te rac t ion  between the fu n d a m e n ta l  isocyanide 
s t re tch ing  frequency  and  an over tone  of  a n o th e r  v ib ra t ion  
in the molecule  which is not observab le  in the spec trum

1 4  R. W. Stephany , Ph.D.  Thesis, State University of Utrecht,  
The Nether lands ,  1973.

1 5  R. W. Stephany , M. J. A. De Bie and W. Drenth, Org. Magn. 
Reson. 6 , 45 (1974).

1 ( 1  S. Pinchas and /. Laulicht, “ Infrared spectra of labelled c o m 
p o u n d s ' ’, Academic  Press, London ,  1971.

Table II Infrared data fo r  non-isotopically enriched methyl 
VL-isocyanopropionate.

Solvent“ O 3
1 AvNC/cm 1 Relative absorbance

C D C I 3 2158.3

2143.8
14.5

1

1

CC1 4 2156.8

2140.3
16.5

1

2 . 2

/J-C 5  H 1 2 2154.4

2136.9
17.5

1

3.4

a C o n cen t ra t io n  of  isocyanide:  200 mg-cm 3; in n-pentane a 
sa tu ra ted  solut ion of u n k n o w n  concen t ra t ion  was used.



186 Edward J. Vlietstra et al. / Synthesis, spectroscopy and polymerization o f  methyl C ,15 NJisocyano)propionate

reco rded  be tw een  4000 an d  600 c m - 1 . W h e th e r  this as
s u m p t io n  is co rrec t  will be invest igated separa te ly  and  we 
hope  to re tu rn  to this m a t te r  in a later pub l ica t ion .  
T re a tm e n t  o f  the iso topica l ly  en r iched  isocyanide with a 
ca ta ly t ic  a m o u n t  o f  nickel ch lo r ide  a f fo rded  the c o r re 
s p o n d in g  po ly ( im in o m eth y len e ) ,  which was isolated as a 
l igh t -b row n  solid. T he  p o ly m er  was soluble  in ch lo ro fo rm ,  
but inso luble  in lower a lcohols ,  w ater  and  hexane. In its 
in fra red  a b s o rp t io n  sp ec t ru m  the ) C = 0  s t re tch ing  v ib ra 
t ion  occu rred  at a p p ro x im a te ly  1745 c m - 1 . The  spec t rum  
revealed two —N = C (  s t re tch ing  v ib ra t ions ,  at 1615 and  
1660 c m - 1 , with relative a b s o rb a n c e s  o f  a p p ro x im a te ly  
4 :  1. In view of  the relative a m o u n t s  o f  R —l r>N = 12C and 
R _ 15N = 13C in the m o n o m e r ,  these two a b so rp t io n s  have 
to be a t t r ib u te d  to the — 15N = 12C( and  the — 1;,N = 13C( 
s t re tch ing  v ib ra t ions ,  respectively. In the infrared  sp ec t ru m  
of  the non - iso top ica l ly  enr iched  p o lym er  only one —N=C( 
s t re tch ing  v ib ra t io n  occurs  at 1640 c m - 1 .
T he  lU and  13C N M R  spectra  o f  the isolated po lym er  
were in full a c c o rd a n c e  with the an t ic ip a ted  s t ructure .  As 
is usual for po ly ( im inom ethy lenes ) ,  the signals in the 
spec tra  a p p e a re d  as b ro a d  bands .  As a consequence  no fine 
s t ruc tu re  due to s p in - s p in  coup l ings  ( H —H, H — 15N, 
13C —15N) was observable .
We have se p a ra te d  the po lym er  into f rac t ions  o f  n a r ro w  
m olecu la r  weight,  each of  which will be invest igated in 
detail  using var ious  N M R  techn iques .  The  results o f  these 
inves t iga t ions  will be p resen ted  in a fo r th c o m in g  paper .

Experimental

General. Infrared (IR) spectra were recorded using a Perkin- 
-Elmer 283 spec t ropho tom ete r .  Accurate  de te rm ina t ions  of 
frequencies were perform ed  under  the following scanning 
cond i t ions :  spectral slit width:  3 c m - 1 ; scanning speed:
0.67 c m ' 1 - s ' 1; size of the spec t rum :  abscissa 1 c m - 1  m m - 1 ; 
o rd ina te  0 .5%  A - m m - 1 . For  solutions,  a liquid cell with a path- 
length of 31 |am equ ipped  with sod ium  chloride windows was 
used. In the case of solid samples,  m easurem ents  were performed 
on 300 mg potass ium brom ide  discs con ta in ing  4 mg of sample. 
The v ap o u r  spec trum of deuter ium chloride was used as a cali
bra t ion  s tandard .  F requency  values ob ta ined  in this way were 
accura te  and reproducib le  within 1 c m - 1  or less. *H N M R  
spectra were ob ta ined  using Varian EM-390 (90 M Hz) and 
Bruker  WP-200 (200 M H z)  spectrometers .  l H noise-decoupled 
13C and 15N N M R  spectra were recorded by Pulse-FT N M R  
using a Bruker  WP-200 spectrometer .  *H decoupled  13C N M R  
spectra  were recorded  for ass ignment  control .  !H and 13C 
chemical shifts 5 are given in ppm downfield from internal 
te t ramethyls i lane .  15N chemical  shifts are given in ppm upfield 
relative to the nitrate n i t rogen of a m m o n iu m  nitrate.  
A bbrev ia t ions  used are:  s =  singlet, d =  doublet ,  q =  quartet ,  
br =  broad.  Mass spectra  were recorded using a V G -M ic rom ass  
Z A B -2F  ins t rum ent ,  with an electron energy of 70 eV, an ac
celerat ing voltage of 8  kV, a resolving pow'er of 1500 and an 
ionisat ion curren t  of 100 |iA. Elemental  analyses were carried 
out by the Element  Analytical  Section of the Institute for Organic  
Chemis try  T N O ,  Utrecht ,  The Nether lands ,  under  the super
vision of  W. J .  Buis. ( ± ) - [ 1 5 N ]a la n in e  (95%  1 5 N) and sodium 
[ 1 3 C ]fo rm a te  (9 0 %  1 3 C) were purchased  from the Nat iona l  
Inst i tute  of R ad ioe lem ents  ( IR E)  in Fleurs,  Belgium. All solvents 
were of pro analysi quali ty and dried over molecular  sieves prior 
to use.

i ± ) - [ 1 5  NJ Alanine methyl ester hydrochloride (1). Star t ing from 
( ± ) - [ 1 5 N ]a lan ine ,  this c o m p o u n d  was prepared  in 100% yield 
as desc r ibed 5  for the unlabel led  c o m p o u n d .  *H N M R  ( C D 3 OD) 
5 1.63 (2 x d, 3 / ( H , H )  7.08 Hz, V ( H ,  1 5 N) 2.93 Hz, 3, a l iphatic  
C H 3), 3.85 (s, 3, ester C H 3), 4.09 (methine H, partly obscured by 
signal of solvent),  8.63 (br  d, ^ ( H ,  1 5 N) 66.04 Hz, N H 3  + ); 
13C N M R  ( C D 3 O D )  5 15.4 (al iphatic C H 3), 48.5 (secondary  car
bon),  53.0 (ester C H 3), 170.0 (carbonyl) ;  15N N M R  ( C D 3 OD) 
5 — 159.26 (amine nitrogen).

Acetic [ 13C]formic anhydride (2)10,17. This c o m p o u n d  was 
prepared  following the p rocedure  described by Muramatsu 
et a l . 10, modif ied as described above. ! H N M R  (CD C13) 5 2.27 
(s, 3, C H 3), 9.10 (s, 1, formyl).

Methyl ester o f  'N-[l3C]formyl[i5NJalanine (3). A stream of 
sod ium-dr ied  a m m o n ia  gas was led into a vigorously stirred 
suspension of 3.028 g (22 mmol)  of 1 in 25 ml of ch loroform.  
The tem pera tu re  of  the mixture  was kept below — 10°C. After
15 minutes,  the excess a m m o n ia  was removed by mild suction 
(m in im um  pressure:  1 0 0  mm),  keeping the tem pera tu re  of the 
mixture  below — 10°C. Subsequently ,  a solut ion of 2.14 g (24 
mmol)  of 2  in 4 ml of  ch lo ro fo rm  was added dropwise at — 10°C, 
whereaf ter  the mixture  was stirred overnight  at room  tem pera ture .  
The mixture was filtered by suction and the precipitate  of a m m o 
nium chloride washed tho rough ly  with ch loroform .  M ethanol  
(20 ml) was added  to the com bined  filtrate and washings. After 
I t  h stirr ing at room  tem pera tu re  the solut ion was concen tra ted  
in vacuo. The oily residue was codisti lled with toluene in vacuo 
(14 mm) several times in order  to remove acetic acid. After 
removing  the last traces of  volatile c o m p o u n d s  at 0.01 mm, 2.5 g 
of a 9 : 1 mixture  of  3 and N -a c e ty l f 1 5 N ]a lan ine  methyl ester (4) 
was obta ined.  ‘ H N M R  of 3 (CD C13) 6  1.45 (2 x d, V ( H , H )  
7.08 Hz, V ( H ,  1 5 N) 2.69 Hz, a l iphatic  C H 3), 3.77 (s, ester C H 3),
4.69 (2 x q, 3 J ( H ,H )  7.08 Hz, V ( H , H )  7.57 Hz, 2J (H, 1 5 N) ~  
0 H z 18, methine  H), 6.56 (4 x d, 3 J ( H ,H )  7.57 Hz, V ( H , H )
1.47 Hz, ^ ( H ,  1 5 N) 92.04 Hz, N H ) ,  8.19 (2 x d, V ( H , H )
1.47 Hz, 2 7(H, 1 5 N) 16.4 Hz, formyl H). 13C N M R  of 3 (CD C13)

8  18.46 (s, a l iphatic  C H 3), 46.84 (d, lJ(C,  1 5 N) 11.91 Hz, second
ary carbon) ,  52.69 (s, ester C H 3), 160.69 (d, lJ(C,  1 5 N) 13.40 Hz, 
formyl carbon) ,  173.19 (s, ester carbonyl) .  l H N M R  of 4 (CD C13)
5 1.51 (aliphatic C H 3), 2.04 (amide C H 3), 3.75 (ester C H 3), 
- 4 . 6 5  (meth ine  H), 6.33 (2 x d, V ( H , H )  7.32 Hz, ‘/ ( H ,  1 5 N) 
91.31 Hz, NH).
Methyl a - ( [ x 3C ,*5 NJisocyano)propionate (5). In an a tm osphe re  
of dry ni trogen a solut ion of  2.4 g of the mixture of 3 and 4, 
obta ined  in the previous step, and 6 . 8  ml (49 mmol)  of triethyl- 
amine in 20 ml of methylene chloride was cooled to — 5°C. At 
this t em p era tu re  a solut ion of 1.75 ml (19.1 mmol)  of p h o sp h o ru s  
oxychloride in 2  ml of  methylene chlor ide was added  dropwise  
over a period of 45 minutes  with vigorous stirring. After an 
addi t ional  stirring period of  1  h at — 5°C, the mixture was allowed 
to come to room  tem pera tu re .  While keeping the tem pera tu re  
lower than  25°C a solut ion of  3.7 g of  sodium ca rbona te  in 25 ml 
of water was added  slowly. Subsequently ,  20 ml of methylene 
chloride was added ,  the layers were separa ted  and the aqueous  
layer was extracted several times with methylene chloride. The 
com bined  organic  layers were washed with water,  dried over 
sodium sulfate and concen t ra ted  in vacuo (14 mm). The residue 
was distilled in vacuo (0 . 0 1  mm) into a cold trap,  cooled in liquid 
nitrogen,  to yield 1.74 g of  5. 1 H N M R  (C D C 13): 5 1.66 (2 x d, 
V ( H , H )  7.08 Hz, 3 J (H ,  1 5 N) 2.69 Hz, 3, aliphatic C H 3), 3.83 
(s, 3, ester C H 3), 4.40 (2 x q, V ( H , H )  7.08 Hz, 2 7(H, 1 5 N)
2.69 Hz, 1, methine  p ro to n ) .  13C N M R  (CD C13) 5 19.24 (s, 
a l iphatic  C H 3), 51.46 (d, {J(C,  lr,N) 10.68 Hz, secondary  carbon) ,  
53.26 (s, ester C H 3), 159.44 (d, V(C ,  1 5 N) 6.10 Hz, NC),  167.50 
(s, C = 0 ) .  15N N M R  (C D C 13) 5 - 3 3 5 . 2 0  ( N = C ) .

Polymerization o f methyl NJ isocyano) propionate. A
mixture  of 0.2 mg (0.0009 mmol)  of nickel chloride hexahydrate  
and 1.65 g (14.5 mmol)  of 5 was stirred at room  tem pera ture .  
Within three days the react ion mixture  became completely solid. 
Infrared  spec troscopy  of a sample  dissolved in ch lo ro fo rm  
revealed the com ple te  d isappearance  of the isocyanide stretching 
frequency,  indicating that  polymeriza t ion  was complete.  The 
solid was dissolved in 2  ml of  ch lo ro fo rm  and the resulting 
solut ion added  dropwise,  with vigorous stirring, to 50 ml of me
th an o l /w a te r  9 : 1. The precipi ta te  was collected by centr i fugat ion  
and decan ta t ion .  The l ight-brown solid was washed several 
times by stirring with m ethano l ,  followed by centr i fugat ion  and 
decan ta t ion .  After drying in vacuo over p h o sp h o ru s  pentoxide,  
1.15 g (70%) of po lymer  was obta ined .  *H N M R  (CD C13) 5 1.4 
(Avj 76 Hz, 3, a l iphatic  C H 3), 3.6 (Av+ 42 Hz, 3, ester C H 3),

1 7  R. Sch ij f  Ph .D .  Thesis,  State Universi ty of Leiden, The 
N e the r lands ,  1968.

1 8  The absence of  this coupl ing  was conf i rmed  by com par ison  
with the spec trum  of  the unlabelled c o m p o u n d .
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4.4 (Avi 84 Hz, 1, methine proton). l3C N M R  (CDC13) 5 19 
(Avj 200 Hz, aliphatic C H 3), 52 (Av .̂ 40 Hz, ester C H 3), 62 
(Avj 150 Hz, secondary carbon), 164 (Á\\  90 Hz, polymer main 
chain carbon), 172 (Av* 100 Hz, C = 0 ) .  15N N M R (CDC13)
5 - 1 5 0  (A\\  175 Hz, C = N ).  IR (KBr) 1745 (C = 0 ) ,  1660 and 
1615 c m " 1 (N =C). Anal. Caled for C 5H 7N 0 2: C, 52.72; H, 6.18; 
N, 13.09; O, 28.01. Found: C, 52.28; H, 6.33; N, 12.63; O, 28.76.
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Abstract. Coalescence  p h e n o m e n a  have been observed  in the N M R  spec tra  of  a variety  o f  7-sub- 
s t i tu ted  1 ,3 ,5-cyclohepta tr ienes  upon  vary ing  t e m p e ra tu r e  a n d /o r  solvent.  Using  two different 
m e thods ,  the energy of  ac t iva t ion  of  the process  respons ib le  for coalescence has been de te rm ined .  
W ith in  a g ro u p  o f  s t ruc tu ra l ly  s imilar  /^ / '^ - su b s t i tu te d  phenyl su lph ides  a linear re la t ion  has been 
found  between the energy of  ac t iva t ion  and  the acidity c o n s ta n t  o f  the c o r re s p o n d in g  benzeneth io l ,  
suggest ing the occu r rence  of  ion pairs.  The  relatively low energy of  ac t iva t ion  for the phenyl sul
phides,  when c o m p a r e d  with the values o f  the phenyl su lphones ,  m ay  result f rom the s t ruc tu re  of  
the in te rm ed ia te  ion pairs.
In ad d i t io n  to the above,  a different exchange  process  between cyc lohep ta t r ieny l  su lphides  and  
t ro p y l iu m  salt via su lp h o n iu m  ions has been observed .

Introduction

In the course  o f  ou r  w o rk  on cyc lohep ta t r ieny l*  a n i o n s 1 
we have synthesized  a variety  o f  subs t i tu ted  1,3,5-cyclo
hep ta t r ienes ,  a m o n g  which are several 7 -subs t i tu ted  sul
phides  (1) and  their  c o r re s p o n d in g  su lphones  (2). The 
N M R  spec tra  o f  these c o m p o u n d s  show interest ing 
p roper t ies .  A g rad u a l  b ro a d e n in g  o f  the or 13C N M R  
signals due to the sev en -m em b ered  ring, with final c o a 
lescence to one signal, is observed  on increasing  ei ther  the 
po la r i ty  o f  the solvent or the t e m p e ra tu re .

S ( 0 ) n - R

Several reac t ions ,  r e p o r te d  by Pietra et al., m ight  also be 
of  interest,  e.g. the fo rm a t io n  o f  1 ,7-difunct ionalized 
cyc lohep ta t r ienes  ins tead  o f  7 ,7-d i th ioaceta ls  (the expected 
p roduc ts )  w hen  t r o p o n e  is t rea ted  with the a p p ro p r ia te  
d i th io l8.
F o r  the four  c o m p o u n d s ,  s tud ied  by Kessler et al., a po la r  
m ec h an ism  via co n tac t  ion-pa irs  seems to be responsib le  
for the observed  p h e n o m e n a ,  a l th o u g h  in the azide the 
m ig ra t io n  is n o n - r a n d o m  an d  the m echan ism  is in te r 
m ed ia te  be tw een  s ig m a tro p ic  an d  ionic. On the o ther  
hand ,  the m ig ra t io n  observed  for the tin c o m p o u n d  is a 
( l ,5 ) - s ig m a t ro p ic  shift. Pietra et al. suggest several m e 
ch an ism s  for their  r e a r r a n g e m e n ts ,  a m o n g  which is a 
rap id  1 ,7-s igm atropic  shift o f  the su lp h u r  subs t i tuen t .

1 / 7  =  0 
2 / 7  =  2

a R 
b R 
c R 
d R 
e R 
f  R 
g R

t-Bu
C H . P h
C H 2C 6H 4Cl-/7
Bu
C 6H 4OMe-/? 
C 6H 4 M Q-p 
Ph

h R 
i R
j R
k R 
1 R 
m R

c 6h 4 f -/> 
c 6h 4c i  -p
C 6H 4Br -p 
C 6H 4C O ^ M  Q-p 
C 6H 4N O \-p  
C 6F 5

Similar  o b se rv a t io n s  have been repo r ted  for c y c lo h e p ta 
trienyl azide by Wulfman  et al. in 19622. O u r  obse rva t ions  
also resemble  those  o f  Kessler et al. for a selected g ro u p  of  
7 -subs t i tu ted  c y c lo h e p ta t r i e n e s 3"6, nam ely  c y c lo h e p ta 
trienyl i so th io cy an a te  (3), cyc lohep ta t r ieny l  isocyanate ,  
cyc lohep ta t r ieny l  azide a n d  7 -n i t rocyc lohep ta t r iene .  These 
four  c o m p o u n d s  are quite  unstab le ,  which cons ide rab ly  
com pl ica te s  the s tudy  of  their  coalescence  propert ies .  An 
N M R  study of  (2 ,4 ,6 -cyc lohep ta t r ieny l) t r ipheny l t in  
( C 7H 7S n P h 3) by Larrabee1 show ed  tha t  this tin c o m p o u n d  
m us t  also be cons ide red  as a “ m o b i l e ” cyc lohep ta t r iene .

Results

The 13C and 1H NMR spectra of 7-(pentafluorophenyl- 
thio)-l,3,5-cycloheptatriene (lm) are strongly solvent-

* In this paper  cyc lohepta t r iene  s tands for 1,3,5-cycloheptatriene 
and cyclohepta tr ienyl  for 2,4,6-cycloheptatrienyl.
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