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2 ¢ Cionamonitrile ] A-7}¢EEd wigSE=34E 25°C, HCIO; 1~5M2 444 S9<
ol UV 23y o g %7355 Bunnett A Aol 4881 w=9.8, w*=0.42 2 $=1.6 59 hy-
dration parameter & T3 T, of & AagA el YAHA o) FoiR] A dldld SEAAUA
dA AFA 2 LA oMY 80l F4A A2 ALt Rg A4, Cinnamonitrile
79 HEg5E CNDO/2vbY o 2 A 2ghal, Jejo]l A9 <-4 =& (E)-planar> (Z)-planar o]
Rod $349 ZoE G (HENoH =z Aol Aol FEAE Hale) Fapzo] & Cr(a) Aol
A3t ¢ AT Gtk ol 39 Az BB, AdHd A cinnamonitrile 2] S &
A A-ENAEE FUHE A289 Aera EeARIF 5kl AP L5k,

ABSTRACT. Rate constants for the hydrolysis of cinnamonitrile in the concentration range of
1~5M of perchloric acid at 25°C have been determined by UV spectrophotometry and from the
Bunnett equations, hydration parameters (w=9.8, w*=0.42 & ¢=1.6) were obtained. CNDO/2
MO calculations were performed to determine relative stability, net charges, and overlap popula-
tion of various conformational isomers. The results show that the (E)-planar is more stable than
the (Z)-planar and protonation is fovored on the nitrogen atom. On the basis of above findings,
the acid hydrolysis is initiated by the protonation of the nitrogen atom of cinnamonitrile and
then water molecule acting as nucleophile and as a proton transfer agent in the rate determining
step. In the transition. state of the acid hydrolysis, nucleophilic addition of water molecule occurs
by sigma approach to the positively charged C;{(a) atom of the conjugate acid. As the results,
we may conclude that the hydrolysis of cinnamonitrile in the strong acidic media proceeds through
the A~2 type mechanism.
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1. Cnnamonitrile 2] &4 Klein’ 2] w0l
Wil a-cyanoacetic acid 9 benzaldehyde 2%
8] a-cyanoacetic acid (yield; 75%, mp: 186~
187°C(lit, 185°C)%E <lo] pyridine 8- ol A
g s}z A shsbe] 145°C) :30mmHg (Ziz. 135°C;
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25mmHg)ol 4 7HHEH-3tdeh. (sp, gr, 1,028)
AXEL Zals)lr] 48k JASCO DS701G Gra-
ting ir spectrophotometer 8 Varian 60MHz
NMR spectrometer & A8l o0 7|71 £4
A g5 72,

IR(KBr) em™; 690, 740~750(s, phenyl),
960~-970, 3030~3060(s, w, CH=CH), 2200(,
CN) NMR(CDCl;, TMS}); 5.84 (d, 1H, AB;
J=16.6Hz), 7.35 (d, 1H, AB, J=16.6Hz), 7.
43(s, 5H, phenyl) UV (MeOH); Ap,,=275nm,
€max=3.0X10*

2. HI2SE AMpol &F, HCIO, 1~5M 9
338 e ez A 25°CE fAswA
cinnamonitrile-¢+2 & £98 2X1073M 1mi &
o] E4-3) t}-ofl pye-unicam sp 1800 UV spec-
trophotometer & ©]8-3te] 275nm -2l A A
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& Andl 918+4? through-bond 9} through-
space interaction ol @& MO ZH<l 4T} o]
£33 97} Cinnamonitrile 9] 33374 -
Hildebrandt®e] = g2z o 2 A As}gl o0, o]l
0]-2-% bond parameter = Niemeyer'?7} CNDO
j2 A A g Bt A & FsE .
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Fig. 1. Molecular geometry and_numbering scheme
of cinnamonitrile.
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Table ). Formal charges, overlap population and total energies for four conformational isomers of cinnamonitrile

Formal charges

Overlap population AE,

Conformer ﬁtgg)le E.(a. 1) |(kcal/ Sltn?l-ity
V| G |G | @] € | N |GG |Cns|ConCs| Conn M)
(E)-1 0.0/ 0.032 0.026~0.020| 0.066—0.136] 1.564 2.172 1.608 2.771-80.35188 0.0 1
(E)-IT | 90.0) 0.042] 0.035—0.028} 0.081—0.156] 1.551 2.176| 1.606] 2.771-80.34456 4.6 2
@1 0.0/ 0.038 0.022{—0.001] 0.134/~0.210] 1.564] 2.169 1.605 2.750|-80.33864 8.3 4
(Z)-1 | 90.0] 0.043 0.035—0.027) 0.087|—0.161| 1.551 2.174] 1.603 2.753-80.34145 6.5 3
Table 2. The AQ coefficients of LUMO(x) for the unprotonated and protonated of cinnamonitrile
TYPE Cs Cr{@) Cs(8) Co N
(VAR | —0. 3450 —0.4224 0. 4658 0. 1697 —0. 2995
(BE)-1 —0. 3554 —0.4275 0. 4748 0. 1576 —0. 2859
(E)-I-(N)H* —0. 0980 —0. 5496 0.2721 0. 4855 -0, 4561
(E)-1-(N)H*- (@) Hy0 —0.0998 —~0. 5482 02. 680 0. 4883 —0. 4567
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Fig. 2. Coordinates axes for the interacting system.
The spatial arrangement corresponds to the =, o-
approach(9=0° and ¢$=0°) to E-planar (Cy).

Table 3. Total energies for various :rotational con-
formations of CgHs CH=CHCN H*---(a)H:0, complex

b (otatiun angles AE, R
Approac ) (kcal/ pota-
methods | 5 5 | B0 ) ) | biliey
Sigma (&) 0 90 [—100.5358 85.0 3
90 90 |—100.6713] 0.0 1
pi(m) 0 0 \—100.6683 1.6 2
90 0 |—100.4941 111.2 5
180 0 |—100.5318 87.6 4
270 0 |—100. 2969, 239.7 6
ol A Aztel WEe A9 FEEE] F3F:=
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Table 4. Hy, logaH:O and kjof acidic hydrolysis of
cinnamonitrile in HCIOy —H0O mixture at 25°C

“(*A%?;] H, logaH:0% |  Eglsec D)
1.0 —0.22 | —0.018 | 2.30x107
1.5 —0.53 | —0.030 | 230x1077
2.0 —0.78 | ~—0.043 | 206x107
2.5 —101 | —0.063 | 230x107
3.0 -1.23 | —0.085 | 1.92x107
3.5 —147 | —0.111 | 1.73x1077
4.0 -172 | —0.142 | 2.25x107
45 197 | —0.176 | 2.30x10°
5.0 ~2.23 | -0.219 | 1.25%107

*Logarithm of the activity of water in concentrated
acid at 25°C,

201
~0F
x
E O O 0 O 0, O 0, O 0,
00
N i1 1 1
0.5 1.0 1.5 20

Fig. 3. The plots of ‘Hammett acidity function ws.
rate constants for the acidic hydrolysis of cinnamoni-
trile at 25°C.

T .

a8, Fig. 34 Hy e F33 logk
9] Wzt Jepdoz AN F4A
Beh S48 EEAL AW Eo dold

L 9 uigt}, B ubg-E Ixhbgeln) ST

o 3% EFEE vebhr] A Feol F24
< vh&s 2ol viehd 4 gl

Rate=—d(S] r/dr="2,(Sir (1)

oo ky=2.05X107"sec! (2

Bunton®e]] 2|3}w, w24 g AL (1~
9.5M)ol Ae]  A-FR @Iz HSO0,>HCI>
HCIO 9| oz 7hastd A-2uhest Aol
vtz RzEul gltl, Hammett-Zucker 2] 2)
AP oz JASTF A& Bunnett A& 1M o]
A9 vl A F& A FLAHK) g AR5



422 HEE - RS - 2ER - B8

o A5t AR, Hy §5s} logk 219) A A4
o] Z A3 g B0t gk

4. A-7iRs] gh2nFiL| &, Cinnamonitrile
of & AAFES e SEAQENEH ¢ T
QT vh gh3te] logk 7t Hy gl F33p7]
ol §543 AN FFAS QolvteE
A-lolth A-SE299 o] ohd §4 43
iulgol wE A-239 2EAFg ukgo] 4
o itvlz Bt whebA] A-Seik3 e gt
U Z& Atetr] $iste Hy 5ol gk &F
E Y EA L v F Bunnett 341456 (3)E (9]
A 88le} hydration parameter, w ¥ w*3+%,
28] 32 Bunnett-Olsen A A 2(5) o) 23} 3k
& 7Rt

logk,+ Hy=w log aH,O+ const, 3
logk,—log (H*} =w*logaH,O+const, @
logk,+ Hy=¢ (Hy+log{H*}) +const, (5)

Fig. 4% Tabledd) A5E (DA A8
Aol™] Table5= Bunnett 9 344 Q~G L
Z 2%} hydration parameter ZHES 73k A
2] Aol

YA wHe TARAES SAAL
FHA R Aol EF Ede FEEAM estervt
amide = w>0, acetal & w<09 g ehd
v (SH*)/(8)9 M7} AAE Afde <02
g vk A 9B, g, wdol
A-1ubgo] 28] % w>0e)d A2l o
v w60 A7bE e vEd SEAAE

2.0 1
=
+

5 |
o

I 1.0 .
-

0.0 -

! ! L L
005 0, 015 0.20
io’. G.H;O

Fig. 4. Hydrolysis of cinnamonitrile in HCIO;—water
mizture; plots of log &4+ Ho against log aF;0.

Table 5. Rate correlations of cinnamonitrile in 1~5M
HCIO, at 25°C

Coordinate w w* ¢ Inlt-z;,pt r
(logks+Hp) ws. +9.8 — —{—0.02| 0.960
log aH:O
(Jogks;—log (H*)) vs, -—~+0.42 —|—6.64] 0.968
log aH,0
(logks+ Hy) vs. —  — +1.6/+0.10] 0.994
log (H*) + H,
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Scheme. A-2 mechanism of cinnamonitrile in aqueous HClO,.
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