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Dipole m o m e n t s of 4-subst i tuted c innamoyl isothiocyanates in benzene were determined. Dipole 
m o m e n t s of Z- and .E-conformations of the above c o m p o u n d s were calculated by vector addit ion 
of the b o n d momen t s . The experimental dipole momen t s , as well as momen t s ob ta ined using 
a graphical me thod , showed unequivocal ly that c innamoyl isothiocyanates exist in Z-conforma-
t ion with the torsion angle 0 = C — N = C 53°. The momen t of the i so th iocyanatocarbonyl group 
— C O N C S was f o u n d to be 3-43 D with a 25° angle relative to the C C bond. 

I n o u r p r e v i o u s p a p e r s w e s t u d i e d d i p o l e m o m e n t s o f p h e n y l i s o t h i o c y a n a t e s a n d 

p h e n y l i s o s e l e n o c y a n a t e s . T h e o b t a i n e d r e s u l t s w e r e u s e d i n t h e d e t e r m i n a t i o n 

o f p o l a r i t y a n d g e o m e t r y o f t h e N C S a n d N C S e g r o u p s 1 , 2 . R e c e n t l y , w e t u r n e d 

o u r a t t e n t i o n t o t h e s t u d y o f s t r u c t u r e a n d r e a c t i o n s o f c i n n a m o y l i s o t h i o c y a n a t e s 

w h i c h a r e h i g h l y r e a c t i v e in n u c l e o p h i l i c a d d i t i o n s a n d c y c l o a d d i t i o n s 3 - 4 . In c o n -

n e c t i o n w i t h t h e s t u d y o f t h e s e r e a c t i o n s it a p p e a r e d d e s i r a b l e t o o b t a i n i n f o r m a t i o n 

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

I n t h e p r e s e n t c o m m u n i c a t i o n w e d e t e r m i n e d d i p o l e m o m e n t s o f s o m e 4 - s u b s t i t u t e d 

c i n n a m o y l i s o t h i o c y a n a t e s i n o r d e r t o s t u d y t h e i r s t r u c t u r e a n d c o n f o r m a t i o n , 

a n d e l e c t r o n i c i n t e r a c t i o n s o f t h e — C O N C S g r o u p w i t h a n a r o m a t i c m o i e t y . 

E X P E R I M E N T A L 

Compounds. C innamoyl isothiocyanate ( / ) , m.p. 41 —43°C; 4-methylc innamoyl isothiocyanate 
(II), m.p . 46—47°C; 4-chIorocinnamoyl isothiocyanate (III), m.p. 106— 108°C; 4 -bromocinnamoyl 
isothiocyanate (IV), m.p. 107—109°C; 4-cyanocinnamoyl isothiocyanate ( V ) , m.p. 133—I34°C; 
all these c o m p o u n d s were described in a previous w o r k 3 and all are /'rarti'-isomers3. 

Dipole moments. Dipole momen t measurements were carried out in 11 — 5-7 . 1 0 ~ 3 m o l / l 
benzene solut ions. Benzene was of UV-spect rograde puri ty and was dried over metallic sodium 
and distilled on a co lumn (b.p. 80T°C/760 Torr) . It was stored over molecular sieve Na!sit-4 
a n d passed before measurement th rough an act ivated a lumina co lumn. Dielectric constants 

* Par t V in the series Synthesis, Chemical Propert ies and React ions of Heterodienes; Part IV: 
This Journa l 40, 2998 (1975). 
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of the solutions were measured on a Dipolmeter D M 01 (Wissenschaftliche-Technische Werk-
statten, G.m.b.H.), accuracy 0 0001. Temperature of the system was 20 + 005°C, the frequency 
for liquids was 2 MHz. The measurements were carried out in a thermostated DFL 2 cuvette, 
volume 4 ml. Density was determined in 10 ml pycnometers for volatile compounds. Refraction 
index was measured on an Abe immersion refractometer (Zeiss, Jena). 

Calculation of dipole moments. The experimental dipole moments were calculated according 
to Halverstadtt and Kumler5 with a correction for the atomic polarisation 5— 15% RD . For the 
calculation of configuration and conformation of 4-substituted cinnamoyl isothiocyanates the 
dipole moments were computed by vector addition of bond moments. Following values of the 
bond moments (in D) were used: C = 0 2-5; C—N 0-45, C a r - - C H 3 0-37, Ca r—CI 1-60, Ca r—Br 
1-58, C a r —CN 4-05 (ref.6); angles: : C C O 120°, <£ C—C—N 115°, <v N — C = 0 125° 
(ref.6 ,7) <r: C — N ^ C 140° (ref.8). The bond moment for the NCS group was calculated from the 
known dipole moments of methyl isothiocyanate9 and phenyl isothiocyanate1 and an average 
value was taken (NCS 2-52 D). The summation was made graphically (1 D ^ 3 cm) with an ap-
proximate accuracy d 0 03 D. 

RESULTS AND DISCUSSION 

The found values of dipole moments, together with the values calculated for the both 
possible conformers, are listed in Table T. As seen from the Table, the isothiocyanato-
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FIG. 1 

Conformers of Cinnamoyl Isothiocyanates 

FIG. 2 
Graphical Comparison of the Calculated and 
Found Dipole Moments of Cinnamoyl, 4-
-Bromocinnamoyl and 4-Cyanocinnamoyl 
Isothiocyanates 

The abscissa represents / / f o r the unsub-
stituted compound, on the ordinate axis 
values for 4-substituted derivatives are given. 
The calculated values for the E and Z con-
formers are depicted by empty circles (for 
an angle 140°); the experimental value is 
hatched. 
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carbonyl group is a relatively strong electron acceptor, so that the direction of the 
dipole is reversed only in 4-cyanocinnamoyl isothiocyanate where the negative 
charge is situated at the — C = N group. 

In contrast to phenyl isothiocyanates, we can anticipate two possible conformations, 
Z or E, for acyl isothiocyanates (Fig. l). A cinnamoyl isothiocyanate molecule 
can exist in two configurations about the C = C bond and in two conformations 
about the C—C and C—N bonds. The configuration of the C = C bond is known 
from previous studies3'10 and the present paper deals with the conformation of the 
C—N bond. The conformation about the C—C bond in ^ara-substituted derivatives 
cannot be deduced from the dipole moments. Dipole moments of the Z and E con-
formations of 4-substituted cinnamoyl isothiocyanates were calculated by vector 
addition of the bond moments. It is evident at the first sight (Table I) that the found 
dipole moments correspond to that calculated for the Z conformation. This was 
confirmed also by a graphical method consisting in a systematic comparison of the 
dipole moment of the substituted and unsubstituted compound7'11 (Figs 2 and 3). 
The results of this method confirm that all measured cinnamoyl isothiocyanates 
exist in the Z conformation with a torsion angle O — C — N = C 53°. 

We determined further the moment of the isothiocyanatocarbonyl group using 
the graphical method described by van Voerden and Havinga12. The obtained ex-
perimental values of dipole moments of cinnamoyl isothiocyanates were plotted 
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Graphical Comparison of the Calculated and 
Experimental Dipole Moments of Cinnamoyl 
Isothiocyanate with That of 4-Methylcinna-
moyl and 4-Chlorocinnamoyl Isothiocyana-
tes 

Determination of the Group Moment of the 
C O N C S Group 
For description of the method see p. 744. 

For description see Fig. 2. 
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T A B L E I 

Polarisation (cm3) and Dipole Moment (D) Values Found for Cinnamoyl Isothiocyanates /— V 
in Benzene at 20°C 

Com-
pound 

an 2 ft, 5% //, 15°A 
jit (calc.) 

I 17-64 0-934 0-576 304-1 60-3 3-40 3-36 3-77 1-02 
II 22-69 1-068 0-593 381-1 66-2 3-87 3-83 4-15 1-30 
III 7-82 1-197 0-812 165-4 68-5 2-12 2-04 2-20 M 0 
IV 8 16 1-283 1-344 169-3 68-9 2-16 2-08 2-42 1-00 
V 5-04 1-162 0-755 120-5 63-5 1-61 151 0-75 3-34 

as circles the centers of which were obtained by plotting of bond moments of the 
substituents from the origin. The tie-line connecting the origin with the center 
of the area of the intersecting circles represents the bond moment of the isothio-
cyanatocarbonyl group (Fig. 4). Thus we obtained f o r — C O N C S group the moment 
3-43 D with the angle 25° relative to the double bond. This value must be considered 
only as approximate because the circles were not intersected exactly in one point; 
however, a better accuracy cannot be expected. 

We are grateful to Professor O. Exner, Institute of Organic Chemistry and Biochemistry, Czecho-
slovak Academy of Sciences, Prague, for valuable comments. 
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