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It is shown that the dissociat ive ionization of 2-mercaptobenzothiazole  derivat ives with 
a sulfenamide bond is accompanied by cleavage of the labile N - S  bond and simultaneous 
migra t ion of the hydrogen atom f rom the thiol substituent at the site of cleavage to the 
sulfur  atom. Ion peaks with mass  167, 166, R, and (R-H),  where R is an N-substituted 
cycloalkylamine,  a re  maximum peaks and a re  used for  the identification of the compounds. 

In o rde r  to make a qualitative and quantitative analysis  of the volatile substances that are  l iberated 
f rom rubber  and latex ar t ic les ,  we studied the mass  spec t ra  of individual derivat ives of 2-substi tuted benzo-  
thiazoles (fa-g, II). The compounds in this ser ies  a re  standard and widely used vulcanization acce le ra to r s .  
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The mass spectra of Ia-g and II were recorded by direct introduction of the substances into the ion 
source.  The mass  spec t ra  of Ia -g  and II a re  presented in Table 1; the stabili t ies of the compounds with 
respect  to e lectron impact  (WM), the i r  select ivi t ies ($1/2), and the total ion cur ren ts  (ZI) a re  also given 
in Table 1. 

The mass  spec t rum of Ia is described in [1, 2]. However, one should note that the difference in the 
relative intensities for  cer ta in  ion peaks (for example, those with m / e  140, 135, 108, 96, and 91) in the 
mass  spec t ra  obtained reaches  44% in individual cases .  The mass  spec t ra  of Ic, d [3], which were not ex- 
p ressed  in tabular  form, were also part ial ly presented,  but the mechanism and pecul iar i t ies  of the f rag-  
mentation of these compounds were  not discussed.  All of the above-indicated mass  spec t ra  of the com-  
pounds were obtained with a spec t romete r  with direct  introduction of the sample into the ion source .  

It follows f rom an analysis of the mass  spec t rum of I that the formation of the p r i m a r y  f ragment  ions 
a-g  f rom ion M + is not real izable without its p r io r  isomerizat ion.  It should be assumed that the M + ion 
exists in states A-D. The format ion of the cyclic fomas A and B of the M + ion is associated with a dynamic 
th io l - th ione  equilibrium [3]. The appearance in the spec t rum of (M-HCN) + and (M-NCS) + ion peaks con- 
stitutes evidence for  the p resence  of the corresponding open i somer ic  forms - C and D - for  the M + ion, 
and the formation of the C fo rm is accompanied by migrat ion of a hydrogen atom f rom the thiol substituent.* 

It follows f rom a compar ison of the total intensities of the peaks of ions whose formation is associated 
with the p r i m a r y  acts of fragmentat ion of the M + ion that the contribution of thione form B to the total ion 

s  and subsequently, the numbers  under the formulas  indicate the mass  number of the ion and the num- 
bers  with as ter i sks  indicate the apparent mass  of the metastable transi t ion.  
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T A B L E  1. M a s s  S p e c t r a  o f  I a n d  I I  ( the  p e a k s  o f  i o n s  w i t h  i n t e n s i -  

t i e s  > 5% o f  t h e  m a x i m u m  i 0 n  p e a k  in  t h e  s p e c t r u m  a r e  i n d i c a t e d )  

Compound Ia. 32 (6.4), 45 (6,5), 63 (11,2), 64 (5,1), 69 (15,6), 82 (6,9), 83,5 (5,6), 91 (9,1), 
96 (9.7), 103 (5.2), 108 (I4,7), 109 {13,3), 122 (5,2), 123 (9,1), 135 (6,5), 140 (7,5), 166 (6.I). 
167 (I00,0), 168 (10.5), 169 (8,0); W~r=27.9; S~/2=7,5; ZI=357.1 
Compound II. 45 (12,0), 48 (6.3), 50 (6.1), 51 (6,4), 58 (11,7), 63 (16.7). 64 (17.9). 65 (6.0), 
69 (22.9), 70 (6.4), 82 (8.51, 83.5 (10.6), 86 (8.4), 91 (12A), 96 (I5.O i, 100 (93). 10,3 (60). 
108(19,7), 109(18.7), 122(6,5), 123(13,7), 135(9,5), 140(7,9), 151 (6,6), 166(6.3), 167 
(100.0), 168 (I 1,9). 169 (9,8), 252 (5,7), 253 {3,1). IV~r = 1,0; S~/2= 13,0; EI=598,5 
Compound Ib. 45 (7,1), 108 (I9,5), 109 (5.8), 122 (I0.3), 123 (8.7), 166 (9.9), 167 (100,0), 
168 (12.1). 169 (9,1), 260 (8.2), 261 (2,0), 1!7~ =3,0; S~/~_=4,0; Z1=275,2 
Compound Ic. 41 (9,0), 43 (7,7), 4~i (9,6), 45 (8.7), 54 (6.3), 55 (7,0), 56 (60,0), 57 (11,3), 
58 (5,7), 60 (15,7), 63 (8.7). 69 (J2,7), 82 (5,7), 86 (73,3), 90 (5,3), t02 (5,0), 108 (23,0), 122 

(9,7), 134(5,4), 135(13,0), 162(7,0), 163(II,3), 166 (15,7), 167(100,0), 168(13,3). 169 
(11,3), 220 (8,7), 252 (4,7) ; W.~ =0,6; S~/~= 10,0; ZI=738,5 
Compound Id, 41 (40,0), 42 (9,5), 43 (25,0), 44 (ll,5), 45 (6,0), 47 (17,7), 48 (10,0), 49 (5,5). 
53 (5,5), 54 (16,4), 55 (40,4), 56 (38,0), 57 (ll,0), 63 (7,3), 67 (5,9), 68 (5,4), 69 (19,3), 
70 (7.6), 81 (10,0), 82 (7,4), 83 (43,6). 85 (29,5), 91 (6,3), 96 (8,3), 97 (9,5), 98 (I00,0), 99 
05,2), 102 (5,7), I08 (28,1), 109 (10,3), 122 (10,8), 123 (7,4), 135 (13,5), 136 (7,t), 149 (16,6), 
150 (14,1), 166 (22,8), 167 (78,0), 168 (28,I), 169 (13,5), 181 (7,3), 182 (24,9), 22I (12,4). 
264 (9,8), 265 (7,0) ; IY/.~r = 1,0; S~/2= 12,0; EI=952,3 
Compound Ie. 39 (8.7), 41 (21,7), 42 (15,2), 43 (13,0), 44 (13,0), 55 (12,0). 56 00,9). 
57 (8,7), 68 (6,5), 69 (10,9), 70 (I0,9), 82 (5,4), 97 (6,5), 98 (I00,0), 99 (15,2), 108 (8,7), 
109 (5,4), 135 (8,7), 149 (5,4), 150 (6,5), 166 (7,6), 167 (67,4), 168 (9,8), 169 (6,5), 232 (5,3), 
264 (2,2), IIFM=0,4; S1/2=8,5; E1=518.5 
Compound If. 39 (13,0), 41 (49,3), 43 (10,8), 44 (12,3), 53 (6,5), 54 (12,2), 55 (71,3), 56 
(24,6), 67 (7,7), 68 (6,8), 69 (15,8), 79 (5,5), 81 (12,3), 82 (13,9), 83 (24,3), 96 (14A), 97 
(7,9), 98 (100,0), 99 (8,1), 108 (13,0), 123 (5,4), 124 (5,3), 136 (34,6), 137 (8,5). 138 (17,3), 
150 (5,9), 151 (6,0), 166 (14.3), t67 (44,4), 168 (17,0), 169 (5,0). 179 (19,5), 180 (93,6), 18l 
(23,3), 346 (0,5) ; l~.~r =0,03; S~/2=7,5; E/=835,1 
Compound Ig. 39 (10,3), 41 (13,4), 43 (9,4), 44 (5,6), 54 (6,4), 55 (33,1), 56 (15,7), 69 (8,2). 
83 (8,1), 91 (6,3), 95 (6,8), 96 (19,4), 98 (93,6), 99 (8,0), 108 (21,5), 109 (14,2). 122 (9,1). 
123 (11,I), 127 (9,4), 135 (5,5), 149 (8,5), 150 (6,7), 166 (25,8). 167 (100,0), 168 (21,5), 169 
(13.1), 182 (ll,7), 219 (12,8), 220 (9,6), 221 (5,7), 229 (14,7), 262 (12,3), 264 (7,0); ltT,~r =0: 
$1/~.= 12,5; ZI=781,2 

c u r r e n t  i s  g r e a t e r  by  a f a c t o r  o f  a l m o s t  t w o  t h a n  t h e  c o n t r i b u t i o n  o f  t h i o l  s t r u c t u r e  A .  T h i s  r e l a t i o n s h i p  

i s  a l s o  r e t a i n e d  a s  t h e  i o n i z i n g - e l e c t r o n  e n e r g y  i s  r e d u c e d  t o  15 e V .  A s h i f t  in  t h e  e q u i l i b r i u m  t o  f a v o r  

t h e  t h i o n e  f o r m  i s  o b s e r v e d  f o r  I a ,  a c c o r d i n g  t o  t h e  UV s p e c t r o s c o p i c  d a t a  [4].  

In  [1],  M i l l a r d  a n d  T e m p l e  a s s o c i a t e  t h e  f o r m a t i o n  o f  t h e  ( M - H )  + i o n  w i t h  r a n d o m i z e d  l o s s  o f  h y d r o -  
g e n  f r o m  t h e  b e n z e n e  f r a g m e n t  o f  t h e  m o l e c u l e ;  h o w e v e r ,  t h i s  c a n  s c a r c e l y  o c c u r .  It  w a s  s h o w n  in  [5] t h a t  

t h e  e l i m i n a t i o n  o f  h y d r o g e n  f r o m  t h e  b e n z o t h i a z o l e  m o l e c u l e  i s  r e a l i z e d  e x c l u s i v e l y  f r o m  t h e  2 p o s i t i o n .  

In  a d d i t i o n ,  in  t h e  c a s e  o f  r a n d o m i z e d  l o s s ,  t h e  r a t i o s  of  t h e  i n t e n s i t i e s  o f  t h e  i o n  p e a k s  (I135/I134 a n d  I167/ 
Ii66) in  t h e  b e n z o t h i a z o l e  a n d  I a  m o l e c u l e s  s h o u l d  b e  a p p r o x i m a t e l y  i d e n t i c a l  [6, 7] .  

�9 
]-S 90,6" I-CS "G~'~'* 
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165,0" 
C, 166 

A M, 167 

g. 109 C 

CS7 § 
f, 76 

HC~C--CH~CH--CH 
Or S~--C~$ +. 

S--C=S 
d,14o 

T h i s  w a s  n o t  o b s e r v e d ,  f r o m  w h i c h  i t  f o l l o w e d  t h a t  t h e  e l i m i n a t i o n  o f  h y d r o g e n  f r o m  t h e  M + i o n  i s  r e a l i z e d  
f r o m  t h e  t h i o l  s u b s t i t u e n t  ( f o r m  A) ,  
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TABLE 2. Fragment  Peaks of Ions Used for  the Identification of Ia-g  
and II (the peak intensities a re  expressed in percent  of the total ion 
current)  

Ions 

(M-S)+ 
R+ 
(R-H)+ 
A +(B,C,D) (m/e 167) 
a (m/e 135) 
b (m/e 123) 
c (m/e 166) 
d (role 140) 
~ (m/e 91) 

(m/e 76) 
g (role 109) 
h !m/e 163) 
i (m/e 150) 
j (role 221) 
k (m/e 182) 
A+(B, C, D)/C 

l a  

1,8 

27,9 
1,8 
2,5 
1,4 
2,1 
2,5 
0,6 
3,7 

19,9 

II 

16,7 
1,6 
1,3 
1,0 
1,3 
2,1 

16,7 

Ib 

1,3 
1,0 

36,4 
1,0 
3,2 
3,6 

1,3, 

2,1 

10,1 

Corn poLlnds 

l . c  I d 

1,2 -- 
9,9 0,5 
0,6 1,0 
3,5 8,2 
1,8 i,4 

- -  9,8 
2,1 2,4 

- -  , 1,1 
1,5 - -  

- -  1,0 
- -  1 , 3  

- -  2,6 
6,4 I 3,5 

1,0 
19,3 
1,3 

13,0 
1,7 

1,5 

1,0 

1,3 

i7 

If 

5,7 

1,8 

0.6 

3,2 

Ig 

0,5 
1,6 

12,8 

1,4 
3,3 

1,8 

0,9 
0,8 
1,5 
3,8 

The  a p p e a r a n c e  in the  s p e c t r u m  of II (Tab le  1) of f r a g m e n t  ions  a - g  and o t h e r  ions  (with m a s s e s  167, 
166, 140, 135,  123, 122, 109, 108, 103, 96, 91, 82, and 69) c o n s t i t u t e s  e v i d e n c e  tha t  the  f r a g m e n t a t i o n  of II 
i s  r e a l i z e d  t h r o u g h  a r e a r r a n g e m e n t  p r o c e s s ,  wh ich  l e a d s  to  the  f o r m a t i o n  of a p s e u d o m o l e c u l a r  ion wi th  
the  2 - m e r c a p t o b e n z o t h i a z o l e  s t r u c t u r e ,  the  p e a k  of which  i s  a m a x i m u m  in the  s p e c t r u m .  The  s u b s e q u e n t  
f r a g m e n t a t i o n  of t h i s  ion s e r v e s  a s  the  r e a s o n  f o r  the  a p p e a r a n c e  in the  s p e c t r u m  of f r a g m e n t s  wi th  the  
i n d i c a t e d  m a s s  n u m b e r s .  C h a r g e  l o c a l i z a t i o n  in  the  M + ion of II e v i d e n t l y  o c c u r s  e x c l u s i v e l y  on the  n i t r o -  
gen  a t o m  in the a m i n o a l k y l  s u b s t i t u e n t s ,  and in t h i s  c a s e  the  c l e a v a g e  tha t  is  c h a r a c t e r i s t i c  f o r  a l i p h a t i c  
a m i n e s  [8, 9] i s  r e a l i z e d ;  t h i s  i s  i n d i c a t e d  by  the  p r e s e n c e  in the  s p e c t r u m  of a f r a g m e n t  ion wi th  m / e  86 
and the  c o r r e s p o n d i n g  m e t a s t a b l e  t r a n s i t i o n .  The  ~ c l e a v a g e  i s  a c c o m p a n i e d  by  m i g r a t i o n  of a h y d r o g e n  
a t o m  to  the  n i t r o g e n  a t o m  in the  h e t e r o a r o m a t i c  r i n g :  I t  i s  l i k e l y  tha t  t h i s  p r o c e s s  is  r e a l i z e d  t h r o u g h  a 
f i v e - m e m b e r e d  t r a n s i t i o n  s t a t e  in  which  the  B - c a r b o n  a t o m  is  a h y d r o g e n  donor  [3, 9, 10]. Ion B wi th  m / e  
167 i s  f o r m e d  a s  a r e s u l t  of t h i s  s o r t  of r e a r r a n g e m e n t .  

a 

  oA Cl avag~ ~$. t  S ~ B, 167 

--CS~,A,s 
M, 252 2D,,..?.e~"--.-~ C2Hs--? -c2H5 

s 2 
86 

The presence  of a labile sulfenamide bond in Ib-g prede te rmines  its cleavage on electron impact 
cleavage relat ive to the thiazole r ing of the molecule).  Charge localization in the M + ion of Ib-g in beth 

the benzothiazole port ion and in substituent R promotes  the appearance and formation of both molecular  
f ragments  in mass  spect ra .  By analyzing the mass  spec t ra  of Ib-g (Table 1) one can a r r ive  at the con- 
clusion that, in addition to simple cleavage of the S - N  bond, which proceeds  to a sma l l e r  extent, cleavage 
associated with migrat ion of a hydrogen atom f rom substituent R {s also real ized.  As a result  of this sor t  
of rear rangement ,  the spec t ra  of Ib-g always contain a pseudomolecular  peak of an ion with s t ruc ture  A 
and the corresponding daughter peaks of f ragment  ions d-g.  The peak of this ion, with mass  167, is, as a 
rule, a maximum peak in the spectra,  and its intensity increases  sharply as the ionizing-electron energy 
decreases  (by a fac tor  of almost  two to four at 15 eV), while the intensity of the ion peaks due to the usual 
fl cleavage remain  within thei r  ea r l i e r  l imits .  

Thus the general  trend of the fragmentat ion of Ib-g constitutes evidence that the identification and 
qualitative analysis  of substances of this type should be made on the basis  of a detailed examination of the 
fragmentat ion p rocesses  of ions with s t ruc tures  R + and (R -- H) +, especial ly since the W M values of such 
s t ruc tures  range f rom 0 to 1% of the total ion current ,  and this does not make it possible to use the M + 
ion peak as an analytical peak. 

The fragmentat ion of compounds with s t ruc tures  analogous to R + and (R-H)  + was studied in detail in 
[11-13] for  a number  of furan derivatives,  cyclohexylamines:  hexamethyleneimine, and morpholine, and the 
interpretat ion of the fragment  ions determined by the s t ruc ture  of subst i tuentR does not ra i se  any difficulties. 
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The el iminat ion and migra t ion  of a hydrogen  a tom i n s a m p l e s  of Ic -g ,  in which subst i tuent  R is a 
cyc loa lky lamine  o r  a cycl ic  amine ,  will a lways be rea l i zed  f r o m  the mos t  highly subst i tuted s - c a r b o n  a tom 
(rela t ive to the n i t rogen atom) [12, 13]. 

Thus the overa l l  pa t t e rn  of the f ragmenta t ion  of Ib -g  under  the influence of e lec t ron  impact  can be 

descr ibed  by the following scheme:  

- (R- -HI  

' Stl 

~7 .+ 
IC, 252 

I E:, 264 

M 

-s S 2 ? H sNS 2 

~7 § -~ (~_.)~. 

In addition to the f r agmen t  ions obtained as a resu l t  of f ragmenta t ion  of the Ib-g  molecules ,  s eve ra l  
speci f ic  f ragmenta t ion  p r o c e s s e s  that it is des i r ab le  to use for  identif icat ion pu rpose s  {Table 2) a r e  char -  

+ 
ac t e r i s t i c  fo r  this s e r i e s  of compounds.  Fo r  example ,  e ject ion of a s u l m r  a tom f r o m  the M ion (which, in 
pr inciple ,  is uncha rac t e r i s t i c  for  cycloalkyl  a ry l  sulfides [14]) is r ea l i zed  for  s amples  of Ic and Ie, and the 
p r o c e s s  is fixed by the cor responding  me ta s t ab l e  t rans i t ion .  The p seudomolecu l a r  (M-S)  + ion has a 2- 
morphol inobenzothiazole  s t ruc tu re  (for Ic) and a 2-hexamethyleneiminobenzoth iazole  s t r u c t u r e  (for Ie); the 
intensi ty of the peak of this ion i n c r e a s e s  apprec iab ly  (~4.5 t imes)  as the ion iz ing-e lec t ron  energy  is r e -  
duced to 15 eV. The subsequent  f r agmenta t ion  of this ion p roceeds  through des t ruc t ion  of the ring of R, 
which is accompanied  by migra t ion  of a hydrogen a tom to the n i t rogen a tom.  The f l -carbon a tom of the 
ring is evidently a hydrogen donor [12, 13, 15]. The f ragmenta t ion  of ions with s t r u c t u r e s  h and i was 
desc r ibed  in [1, 2, 16]. 

F ragmenta t ion  of the cycloalkyl  grouping is also observed  fo r  Id. Success ive  e l iminat ion of alkyl 
f r a g m e n t s  f r o m  the M + ion leads to the fo rmat ion  of ions j and e and the in te rpre ta t ion  of the subsequent  
f ragmenta t ion  of the l a t t e r  was accompl i shed  in [2, 16]. 

One should have expected the fo rmat ion  of ions of this tyPe in the m a s s  s p e c t r a  of If and Ig (Table 1). 
However,  this  p r o c e s s  is c h a r a c t e r i s t i c  only for  Ig and is observed  a f t e r  the step involving the fo rmat ion  
of ions with m / e  264 and 263 due to c leavage  of the N - S  bond and subsequent  e l iminat ion of a radical  and 
a 2 -mercap tobenzo th iazo le  molecule  f r o m  the M + ion, which is de te rmined  f r o m  the p r e s e n c e  of j and k 
ion peaks  in the s p e c t r u m  of Ig. 

The fo rmat ion  of an ion peak with m / e  180 with a d icyclohexylamine cat ion s t r u c t u r e  in the m a s s  
s p e c t r u m  of If is due to the s t r u c t u r e  of subst i tuent  R. The axial ly or iented hydrogen a toms in the cyc lo-  
hexyl r ad ica l s  cause  ce r ta in  s t e r i c  h indrances ,  which can be el iminated only by c leavage  of the labi le  N - S  
bond in the M + ion or  by de tachment  of one of them.  The l a t t e r  should have led to the known m a s s  spec-  
t r u m  of Id or  Ig.  

y fl+ 
N 

IC, 220 I0, 236 

|203 ~ -C^ HsO ' 1 o 96,9~1 -COH Ic~ 

h,  ,e3 i, ia0 

'd ,  ~s4 j ,  221 

~k, 182 
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H,+ 
/ ( V : N = c  c.=c.2 

R,.180 R, 180 . \  ~ . .  138 

l: C>o.  
,(R--H), J79 83 82 97 98 

However, we did not observe  this p roce s s .  The f ragmentat ion of the dicyclohexylamine cation is rea l ized 
as in the case  of ord inary  amines .  

The s t ruc tu re  of the ion with m / e  138 is indirect ly  conf i rmed by the high-resolut ion mass  spect rum.  
The calculated mass  (138, 1298) fo r  empir ica l  formula  C9H16N is in good agreement  with the exper imenta l ly  
f()und value (138, 1288). 

It follows f rom Tables 1 and 2 that the maximum ion peaks in the mass  spec t ra  of Ia-g correspond,  
as a ru le ,  to A + (B, C, D) and R + f ragments ,  i .e. ,  to those ions whose format ion  is due to cleavage of the 
labile sulfenamide bond. It is known [2, 17, 18] that a co r re la t ion  between the the rma l  cleavage of the bond 
and the cleavage of the same bond under  the influence of e lec t ron  impact  is possible;  on the other  hand, the 
the rmal  effect  exer ted  on Ia-g and II during vulcanization is also associa ted with homolytic cleavage of the 
N--S bond [19]. 

The p r e sence  of amine and benzothiazole cations cor responds  to opening of the S 8 ring during vulcan- 
ization [20]. In this case,  the benzothiazole cation should be readi ly  reduced to an anion during reductive 
vulcanization. It is then completely l ikely that the activity of the acce l e r a to r  can be charac te r ized ,  on the 
one hand, b y t h e  magnitude of the rat io  of the A + (B, C, D)/c + ion peaks (i.e., m / e  167 : m / e  166), and, on 
the o ther  hand, by the intensity of the ion peak of amine radical  R +, which const i tutes evidence for  the ease  
of format ion  of the amine (Table 2). 

EXPERIMENTAL 

The mass  spec t ra  of Ia-g and II (purity >- 98.5%) were  recorded  with a Varian MAT-311 s p e c t r o m e t e r  
with d i rec t  introduction of the samples  into the ion source .  The conditions under  which the spec t ra  were  
recorded  were  as follows: The ionizing v o l t a g e s w e r e  70 and 20 eV, the cathode emiss ion  cur ren t s  were  
100 and 50/zA, respect ively ,  the acce lera t ing  voltage was 3 kV, and the source  t empera tu re  was 180-200 ~ 
The reproducibi l i ty  of the spec t ra  was 2-3 re l .  ~0 in both cases .  
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C O N F I G U R A T I O N  OF 2 - S U B S T I T U T E D  I - A M I N O E T H Y L E N E I M I N E S  

S. A .  G i l l e r , *  1~. ]~. L i e p i n ' s h ,  
A .  V .  E r e m e e v ,  I .  Y a .  K a l v i n ' s h ,  
V .  A .  K h o l o d n i k o v ,  a n d  V .  A .  P e s t u n o v i c h  

UDC 543.422.25 : 541.634 : 547.717 

The t rans  configurat ion of 2-phenyl -  and 2 - m e t h y l - l - a m i n o e t h y l e n e i m i n e  was proved  by 
means  of t he i r  PMR s pec t r a  in the p r e s e n c e  of t r i s (d ip iva loylmethana to)europium.  

The es tab l i shment  of the configurat ions of 2-subst i tu ted  1-aminoe thy lene imines  d i rec t ly  f r o m  the 
chemica l  shifts of the protons  of the t h r e e - m e m b e r e d  ring in the PMR spec t r a  r equ i res  p r i o r  knowledge 
of the effect  in these  compounds of the an iso t ropy  of the adjacent  groups,  the magnitude of which can cu r -  
rent ly  be evaluated only ex t r eme ly  approx imate ly .  In o rde r  to es tab l i sh  the spat ia l  or ienta t ion of the amino 
group, we used t r i s  (dipivaloylmethanato)europium [Eu(DPM)3], inasmuch as one may  expect  that  complex-  
ing will occur  only at one n i t rogen a tom at low concentra t ions  of this p a r a m a g n e t i c - s h i f t  reagent ,  This  
assumpt ion  is conf i rmed  exper imenta l ly :  Upto CEu(DPM ) / C s u b s t a n c e  -< 0 3-0 4, deviat ion f r o m  the l inea r  3 �9 " 

dependence of the chemica l  shift  if) on CEu(DPM)3/Csubstance  is not observed�9  

The resu l t s  obtained a f t e r  ma thema t i ca l  t r ea tmen t  of the l inea r  dependences of the �9 =A - BD type, 
where  D = C E u ( D P M ) / C I _ I I I ,  a r e  p re sen ted  in Table 1. 

*Deceased .  

TABLE 1. Coefficients  of the Calculated L inea r  Dependences and 
The i r  Mean-Square  E r r o r  and Corre la t ion  Coefficients 

Compound ~* A B r s 

1-Amiaoethyleneimine (I) 

2-Phenyl-l-aminoethylene_ 
imine (II) 

2-Methyl-l-aminoethylene_ 
imine (III) 

Hcis 
H tram 
He 
H2 

"~ H3 cis 
Htram 
He 

"[" H3 cis 
H 3 trans 
CH3 

8,56 
8,12 
5,71 
7,70 
8,52 
8,35 

8,48 
8,47 
8,65 
8,88 

52,87 
50,94 
91,52 
21,38 
16,73 
21,58 

51,60 
16,71 
35,30 
21,29 

0,99 
0,99 
0,99 

0,99 
0,99 
0,99 

0,99 
0,99 
0,99 
0,99 

0,36 
0.29 
0,57 
0,18 
0,17 
0,17 

0,12 
0.03 
0.02 
0.06 

*~" = A -- B [CEu (DPM) J C I - I I I ] .  
tWith r e spec t  to the subst i tuent  in the 2 position�9 
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Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 10, pp. 1337-1338, October,  1975�9 Original a r t i c le  submitted 
D e c e m b e r  26, 1974. 
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