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The Studies of 13C NMR Chemical Sh i f t s  and 

Induced Lanthanide S h i f t  Reagent C i a - t r a n s  

Isomerization of N-Cinanlylidene-hexyl, t-butyl 

and Substituted Aryl-Amines. 

4t 
Jasim M. 1. Al-Rawi 
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of losuul, Hosul, Iraq., 

Layla’ M.N. Saleem 

Chemistry Department, Education College, University 

of Mosul, Mosul, Iraq. 

KEYWORDS 13C NMR Chemical Shi f t  and Cis/trans 

isonerixation Cinaql ideneani l ines  

Abstract: The Carbon-13 chemical s h i f t s  of N- Cinatqylidene- 

heqyl, t-butyl and sixteen subst i tuted aryl amines were analysed. 

The lanthanide induced carbon-13 chemical s h i f t s  of the  c is  and 

t rans  of f o u r  I?-cinamylidene substituted an i l ines  were analysed. 

The spectra N-cinanqylidene hexylamine showed only the t r a n s  

form. 

creased as the LSR concentration increased. 

The cis / t rans  r a t i o  of N-cinamylidene aryl &es in- 

* Author t o  whom correspondence should be addressed 
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162 AL-RAUI AND SALEEW 

Introduction: Cis-trans isomerization of N-Benwl idene-awl  

o r  aryl aminea induced by a Lanthanide S h i f t  reagent  (LSR) were 

previously reported uaing 'A and 13C NIW 

'hro eete of oarboa-13 signals appeared after the  addi t ion  

of = < f ~ d ) ~  and #te cia/trana r a t i o  depend on the  m o l a r  r a t i o  

of LSR. The tram form showed very small lanthanide induced 

s h i f t 8  (LIS) compaired with t h a t  of t h e  c i a  form and the  r a t i o  

of LSR/Cis form = 3. Nitrogen inversion mechanlsm was augg- 

e s t e d  for the trans-cis isomerization . 3 

U l t r a  v i o l e t  spectroscopy was used in the  s t u d y  of  lanth- 

a i d e  s h i f t  reagents induced c i s / t rans  isomerization o f  cin- 

amylidene-substitutedanilines and i t  was found that t h e  

subs t i tuents  on the a n i l i n e  have no e f f e c t  on the isomeriza- 

t i o n  process . 4 

I n  t h i s  paper we repor t  the carbon-13 NIW assignment and 

the  lanthanlde s h i f t  reagent induced ieomerization of N- 

C i n w l i d e n e - d k y l  or  aryl-amines using "C NMR spectroscopy. 

H W c-- 

t r a n s  ( E )  isomer cis ( 2 )  isomer 

Experimental: N-cinamylidene-alkyl- or  s u b s t i t u t e d  anilLnes 

( 1-18) were prepared according t o  a previously reported 

general  method f o r  schiff-base . 
E q u i m l a r  of each of the alkyl amines or subs t i tu ted  a n i l i n e  

were dissolved i n  ethanol. The amine s o l u t i o n  w a s  added 
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STUDIES OF CARBON-13 CHEMICAL SHIFTS 163 

drope wise to the clnamaldelgrde so lu t ion  and the  mixture 

w a e  heated f o r  few mints cooled, washed with cold ethanol  

and r e c r y s t a l l i z e d  from ethanol. 

Note: For the  ortho-substi tuted an i l ine6  the  reac t ion  mixture 

was ref luxed f o r  few hours t o  complete the  reaction. 

The products gave sa t le fac tory  CHN elemental ana lys i s  and 

checked by 'H NbfR apectroscopy, the y e i l d  was always > 85% 

and t h e  m.p or b.p as follows 1, 10l°C, 2,88OC, 3,97OC, 

8, 91, 9 ,  6 8 O C ,  10, 12loC, 11, 83OC, 12, 74OC, 13, 107OC, 

14, 67OC, 16, 04OC. 

The 13C NMR spec t ra  were recorded a t  ambient probe tempera- 

t u r e  (25OC) on a Bruker WHSODS spectrometer operating at 22.63 

MHz. 

run at a s p e c t r a l  width of 6KHz and an  8k da ta  memory s i z e ,  

a pulee width of 6/uS, a l i n e  broadening of 0.6 and a p u l s e  

delay of 3s. chemical shifts were accurate  t o  b e t t e r  than 2 

0.06 ppm. 

Samples f o r  the  13C NMR mcasurments were prepared by dissolv- 

i n g  120-180 mg of the subs t ra te  i n  1.5 m l  of CDCl3containg 

2% TIS as i n t e r n a l  reference.  The Eu(fod) was weighed and 3 
added d i r e c t l y  t o  the  sample so lu t ion  so t h a t  the  des i red  

molar r a t i o  was obtained. 

The broad-band proton-decoupled 13C NMR spec t ra  were 

Y = z = H  

1 ) X = H  

2) X = 4-F 

3) x = 4-cl 

Z = H  

11) X =2-CH3 , Y = +CH3 

12) X =2-CH3 , Y = 4-133~ 

13) X =2-CH3 , Y I 5-CH3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



AL-RAW AND SALEEM 

4) K = 4 - ~ r  

5 )  x = 4-OR 

6) X = 4-ocB3 

7) x = 4-m3 

9 )  x =2-cH3 

8) X -4-CH(cA3)2 

10) x =3-CA 3 

Resul ts  and Mscussion: The carbon-13 NhX spec t ra  of I A - ~ ~ A  

showed 96-99s one isomer (Table 1). Both proton deaoupled 

and coupled carbon-1) "MR spec t ra  were w e d  i n ' t h e  

ments. 

reported value of  cinamic acid6 , cinamaldehyde 

t o  comparison with the  simple spectrum of N-cinawlidene 

hexyl and t-butylamlne 17A and 18A. The arylamines p a r t  of 

compounds A( 1-16) #re assigned using t h e  previously reported,  

value f o r  the  corrsspondlne p a r t  of benzylidene arylamlnes , 

i n  addi t ion  t o  t h e  s u b s t i t u t i o n  incrementa' and from t h e  

fluOrine-13C coupling patterns'. 

the  carbon-13 chemical s h i f t s  Sor t h e  cinslqgl moiety 

showed no o r  very amal l  changes as a r e s u l t  oS s u b t i  

t i t u t i o n  on the a n i l i n e  rings.  

(para  aubs t i tu ted  a n i l i n e )  showed a small deshleldlng 

= 0.6 ppm on changing t h e  s u b s t i t u t i o n  from H t o  P-F, 

Cl and Br, while shielding efSect -2.2 ppm f o r  

p.ocx3 6A(similar e s r e c t  w a a  observed for the  P-(H 5A 

i n  d6DMS0 as solvent).  

[p-CY3(7A) and (CH3)2CH 3 
- 0.5 ppm. 

assign- 

The cinaqylidene moiety were assigned using t h e  
7 i n  addi t ion  

2 

It is worth not t ing  t h a t  

However C-3 i n  2h - 8h 

Further alkyl eubat i tu t ion  

showed a l s o  a h i e l a n g  of 
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STUDIES ,OF CARBON-13 CHEPlICAL S H I F T S  

a - 
4A 5A* 

(JCH) (JCH) 
i61.9 158.4 

(158.9) (158.7) 
128.4 128.8 

(161.1) (154.2) 

144.7 142.3 
( 156.3) (153.8) 

(-1 (-1 
135.5 135.7 

127.6 127.3 
(161.1) (158.7: 

128.8 128.9 
(161.2) (153.8: 

129.8 129.1 
(163.6) (153.9: 

150.8 142.8 
(-1 (-1 

122.7 122.3 
(161.2) (158.6: 

132.3 115.8 
( 166.0) ( 158.7) 

119.5 156.3 
(161.1) (-1 

132.3 115.8 
( 166.0) ( 158.7) 

122.7 122.3 
(161.2: (158.6: 

165 

6A 

159.5 

128.4 

142.9 

135.9 

127.4 

128.9 

129.4 

144.7 

122.2 

114.5 

158.5 

114.5 

122.2 

Table 1: Carbon-13 Chemical Shift  assignment re lat ive  t o  
TMS f o r  N-Benzyllidene aryl amines (A, before the 
addition of LSR) in CDc1, 

i A  
JCH) 
61.4 
156.3) 
28.5 
162.5) 

43.8 
153.8) 

35.5 
-1 
27.4 
153.8) 

29.1 
16 1.1) 

29.5 
153.8) 

51.7 
-1 
20.8 
153.8) 

28.8 
161.2) 

26.0 
161.5) 

28.8 
161.2) 

20.8 
153.8) 
- 

2A 
(JO-F) 

161.3 

128.3 

144.1 

135.5 

127.5 

129.0 

129.7 

147.8 
(U) 

122.4 
(7.3) 

115.9 
(22.0) 

161.4 
(244.0 

115.9 
(22.0) 

122.4 
(7.3) 
- 

- 
u 

161.5 

128.4 

144.t 

- 

135.5 

127.5 

129.C 

129.7 

150.1 

122.: 

129.1 

131.5 

129.1 

122.: 

- 
- 

- 
7 A  

- 
160.7 

128.9 

143.5 

136.0 

127.5 

128.9 

129.4 

149.2 

120.9 

129.4 

136.0 

129.4 

120.9 

20.9 

- 
8A 
- 
160.9 

f28.9 

143.5 

135.8 

127.5 

128.9 

129.5 

149.5 

120.9 

127.5 

147.2 

127.5 

120.0 

33. a 
24.1 

9 A  

161.4 

128.9 

143.6 

135.5 

127.5 

128.9 

129.5 

151.4 

131.7 

130.5 

125.7 

126.8 

117.8 

17.9 

(continued) 
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CQ-. 

G I -  

G2- 

C-3- 

G4- 

G5- 

G6- 

G7- 

0-1 

0.2 

0.3 

0.4 

~5 

G 6  

X,Y, 
z 

- 
11A 1oA 

161.3 

128.9 

143.7 

135.6 

121.5 

128.9 

129.5 

151.8 

121.6 

139.0 

126.6 

128.7 

117.9 

21.4 
- 

161.1 

128.9 

143.2 

135.7 

127.4 

128.9 

129.4 

141.9 

130.2 

137.4 

126.0 

128.9 

115.5 

13.7 

20.1 

.- 
12A 

160.5 

128.9 

142.9 

135.8 

127.4 

128.9 

129.4 

148.0 

131.8 

131.2 

135.9 

127.2 

111.4 

17.8 

20.8 

- 

AL-RAUI AND SALEEM 

Table 1 (continued) 

-- 
13A - 
161.1 

128.9 

143.3 

135.7 

127.4 

128.9 

129.5 

151.1 

126.3 

130.2 

126.3 

136.1 

118.5 

17.4 

20.9 

- 
14A 

163.6 

129.0 

146.0 

133.4 

127.8 

129.0 

130.1 

154.0 

119.8 

135.4 

125.7 

135.4 

119.8 

7 

- 
- 

- 
15A 

161.5 

128.5 

144.0 

135.0 

127.0 

129.0 

129.7 

149.7 

130.9 

130.2 

126.7 

133.8 

118.8 

17.8 

- 

- 

- 
16A 

164.1 
- 
128.5 

143.7 

135.5 

127.5 

128.9 

129.6 

150.6 

133.1 

126.2 

124.1 

126.2 

138.1 

24.6 

14.8 

- 
17A 

161.9 

128.2 

140.7 

135.7 

126.9 

128.5 

128.7 

61.6 

31.7 

31.0 

27.0 

22.6 

14. 1 

- 

- 

* Sdvent d6 DLlSO 

The 2-substi tuted compounds A (9 ,  11-13) Qnd (15-16) 

( increased t h e  s t e r i c  hindered around t h e  nitrogen lone 

-pair) showed very small changes i n  the chemical s h i f t  

of the  cinamyl moiety (Table 1). 

Systematic 'H NBdR study was carr ied out on 13 and 15 

which revealed t h a t  t h e  c i s  form is present  i n  2% for 

compound 15. 

two sets of signal correspondence t h e  t r a n s  and c i s  

forms a f t e r  t h e  addition of LSR. The c i s  and trans 

The 'H NMR spec t ra  of 13 and 15 showed 

18A 

156.8 

128.4 

140.6 

135.7 

126.8 

128.4 

129.1 

56.0 

29.0 
- 
- 
- 
- 
- 
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S T U D I E S  O F  C A R B O N - 1 3  CHEMICAL S H I F T S  

17B 

- 
173.0 

128.2 

145.2 

134.1 

127.5 

128.2 

128.2 

73.4 

62.4 

35.4 

32.4 

23.0 

14.2 

- 

167 

Table 2: Carbon-13 Chemical S h i f t  assignment r e l a t i v e  t o  T;:? in 
C E l  (B)  b a n d  form and (C) C i s  form after LSH a d d i t i o n  3 

G 1- 

5 2' 

c- 3- 

c-5- 

6 4- 

C6-  

G7- 

0-1 

c-2 

0-3 

c-4 

C 5  

5 6  

X 

y, z 
LSR 
mdar 
ratii 

96 

- 
2B 

2z.L 
75.5 

29.8 

19.9 

35.0 

!7.4 

28.7 

30.0 

51.3 
$1 
35.0 
7.3) 

18.6 
24.9: 

52.9 
!46.( 

18.6 
24.9: 

35.0 
7.3) 
- 

- 
2 c  

JCF) 
231.0 

131.8 

157.6 

136.0 

127.4 

127.8 

130.0 

183.3 
(U) 

(9.0) 

131.8 
( 19.9) 

(a) 

133.0 

131.8 
( 19.8) 

133.0 
(3.0) 

- 
1 

6.91 

- 
3B 
- 
176.9 

129.7 

150.1 

135.1 

127.4 

128.8 

130.0 

163.8 

130.4 

131.8 

132.0 

131.8 

130.4 

- 

- 
3c 

232.0 

132.0 

164.0 

135.0 

127.8 

129.7 

( a )  

185.0 

133.4 

137.7 

133.4 

137.7 

133.4 

- 

1.01 

I 

6B 

174.9 

129.7 

149.5 

135.4 

127.8 

128.7 

130.0 

160.0 

135.4 

117.6 

161.0 

117.6 

135.4 

56.4 

- 
6C 

- 
230.0 

132.0 

160.0 

135.0 

127.8 

128.7 

130.0 

( 4 

132.0 

126.0 

163.7 

126.0 

132.0 

56.7 

24.4 

1.221 

71 1 29 

85 

- 
172.1 

130.4 

149.7 

135.0 

128.6 

129.7 

130.4 

164.1 

134.3 

131.1 

149.7 

131.4 

134.3 

35.1 

23.5 

.___ 

8 C  

- 
232.0 

133.2 

163.0 

135.6 

128.0 

128.6 

130.4 

182.6 

132.0 

138.2 

151.7 

138.0 

132.0 

36.5 
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168 AL-RAW1 AND SALEEM 

proton chemical shifts diowed increased LIS with t h e  

increase i n  t h e  LSR molar r a t i o  (up t o  1.2 mol). 

more c i s / t r a n s  r a t i o  increased l i n e a r l y  with LSR mole 

r a t i o .  

Similar ly  carbon-13 NhlR spec t ra  of 2 showed two sets 

of s igna ls  a f t e r  t h e  addi t ion  o f  Eu(fod)). The major 

Set 23 t64% at 0.911 LSR mole r a t i o )  showed the exact  

mrnber of "30 chemical s h i f t 8  and were assigned u s i m  

t h e  carbon - n u o r i n e  coupling patterns '  i n  addi t ion  

to  the comparison with t h e  simple form ( t r a n s )  of t h e  

N-cinamylidene hexyl amlne 17B. 

The minor form (36.0%) 2C w a e  assigned i n  a similar 

way with the a i d  of the i n t e n s i t y  (The minor s igna ls ) .  

The 13C - signals of t h e  p-fluoroaniline of 2C resemble 

t h e  corresponding p a r t  Freviously reported f o r  t h e  c i s  

form of the  N-benzylidene p-fluoroanlline a f t e r  t h e  

addi t ion  of LSR2. 

t r a n s  form (B) and c i s  form (C) of 3,6 and 8 were acheived 

and checked using X , Y and 2 s u b s t i t u t i o n  increments 

and by comparison throughout the  ser ies .  The t r a n s  form 

2B experience a low-field LIS a f t e r  the  addi t ion  of LSR 

by 14.2 (C-T) , 5.8 (C-31, 13.5(C-i), 12.6 (C-2,6), 2.7 

(C-3,5) and 1.5 ppm (C-4) (Table 3). Similar p a t t e r n  

and value of e f f e c t  were observed for the  t r a n s  form 

B of 3,6,8 and the cinamylidene p a r t  of 17 while C-1, 

c-2, C-3, C-4, C-5 and C-6 of the hexylamine p a r t  s u f f e r  

dsshielding of 11.8, 30.7, 4.4, 1.0 and 1.0 P P  res- 

pectively.  

EUrther- 

Simil-ly the assignment of t h e  

8 

The somehow la rge  LIS for t r a n s  form B i n  the  cinamy- 

l idene  subs t i tu ted  arylamine compared with the corres- 
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AL-UAUI AND SALEEM i 70 

ponding t rans  form of the Y-benzylidene subst i tuted 

arylamines2 could be a t t r ibu ted  t o  the f a c t  that the 

nitrogen lone-pair ( the  only complex formation s i t e  i n  

the compounds) is l e s s  StericaSly hindered and form a 

more s tab le  complex with the  bulky10 Bu( rod) 3 i n  the 

c1nr;uqylidene sohlff-base compared with that of benay- 

lidene scuff-base. The c ia  fcirm (C) of 2,3,6 and 8 

exparience rather large deahlelding effect for C-'T 

ma c-i by 69.7 ma 35.5 ppm ( for zc Table 3) w h i l e  

c-5 , c-5 , c-2,6, and c-3.5 ahowea aeshieiaing or 3.6, 

13.5, 10.6 and 15.9 ppm reapectlvely (Table 3). Thew 

LIS ere aimllar t o  thoee were found for t he  same p a r t s  

i n  the cia  fern of I?-benzylidene argl amlnes. 

The same approach wae uaed t o  explalne the  LIS cia-trans 

isomerisation that found i n  l?-benqlidene arylamines2 

i.e trana-cis isomerleation favor8 the  nltrogen inveraion 

mechanism. 

hindered nitrogen lone-pair in the c i a  forma a more 

atdble complex than tha t  for t r a n s  isomer with the  bulky 

TMa indicate  that the l e sa  s t e r i ca l ly  

&(fW 3. 
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