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Nucleophilic addition reactions of benzylamines (BA;¢KG@CH,NH,) to ethyla-cyanocinnamates (ECC;
YCsH4CH=C(CN)COOETt) have been investigated in acetonitrile at°80.0he rate is first order with respect

to BA and ECC. The rate is slower than that expected from the additive efféabrdR™ for the activating

groups (CN and COOEtNatural bond orbital 77 .. calculations show that the contribution of COOEt group
may not be fully effective despite the coplanar molecular structure. The selectivity parameters including the
cross-interaction constan = -0.22) indicate that the addition occurs in a single step. The kinetic isotope
effects ku/ko= 2.5-2.8) involving deuterated BA (%H4CH:ND;) nucleophiles and activation parameters
(AH*=4~6 kcal mol'; AS'=-45~-52 e.u.) suggest a cyclic transition state in whichd\@ H-G bonds are

formed concurrently.

Keywords : Nucleophilic addition reactionNatural bond orbital calculation, Cross-interaction constant,
Kinetic isotope effect.

Introduction In the present work, we aim to further investigate the

mechanistic difference of the amine addition to olefins

Nucleophilic additions of amines to activated olefins in between in water and in acetonitrile by conducting kinetic
acetonitrile (eq. 1) are found to proceed in a single step tetudies of benzylamine (BA) additions to etlwytyano-

neutral product$. This is in striking contrast to the
COOEt

mechanism of addition in aqueous solution through zwitter- CN
L . ~__/ MeCN o
ionic intermediaté(eq. 2). Je==c_ # XCHCHNH; — o YCH, (—C—CN (3)
In most cases in aqueous solution the acid-base equilibri¥Cst COOEt ' ! ,
NHCH,CI1,X
ArCH=CZZ'+ R;NH — ArCH-CHZZ' 1) cinnamates (ECC) in acetonitrile at 30@ eq.3. We have
NR; determined various selectivity parameters including cross-
7, interaction constanpxy,® egs. 4 where X and Y are the
ArCH=CZZ'+ R,NH kf—— ArlCH'C<54b—’ Products substituents in the nucleophile (X) and substrate (Y),
a NHR, 7 (2)  respectively.
T, log (kxy/KuH) = PxOx + Py Oy + Pxy Ox Oy (4a)
Pxy = 0pvldox = dpxl day (4b)

Ta* = Ta7, is rapidly established subsequently and hence
nucleophilic additionks, is rate limiting? In this mechanism,
the development of resonance into the activating (electron- Results and Discussion

acceptor) group (Z,X lags behind charge transfer or bond

formation and hence the transition state (TS) becomes The reactions studied in this work (eq. 3) obeyed a simple
imbalanced. Thus the ease of the initial attack by aminesrate law given by egs. 5 and 6 whégés the rate constant
on G and hence the polar electron-withdrawing effect of

Z,Z', is the rate determining factor for the reaction in _d[ECC] =k, JECC] ©)
aqueous solution. This means that the greater the electron- dt bs
withdrawing power Xg) of the activating group (Z)% the Kons = Ko[BA] ©)

faster becomes the rate. In contrast the rate in acetonitrile
(eg. 1) increases with the sum of exalted substituenfor the benzylamine (BA) addition to the etlydeyano-
constantsXg,”, since the addition stefk,, involves 7¢ cinnamates (ECC). No catalysis by a second BA molecule
orbitals through an $garbon center, £ was detected in the present studies. Plotk.af/s [BA]

were linear forca. 10-fold increase in [BA]. Th&; values
"Corresponding Author. Fax: +82-32-865-4855; e-mail: ilee@obtained from the slopes of these plots are summarized in
inha.ac.kr Table 1. The selectivity parameters, the Hamme#ind py
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Table 1 The second order rate constahisy 10° M s? for the  -6.0x3.1e.u. In the present work, such ester aminolysis
addition reactions of X-benzylamines to etlaybyano-Y-cinna-  mechanism may also be a possibility, but in our product
mates in acetonitrile at 30°C analysis we found no ester aminolysis product. The leaving
Y group in the present case is Ef@up which is a very poor
X p-Me H pCl  pBr pNO, o nucleofuge and the reactioq rpedium is also an aprotic one
(MeCN) so that such possibility can be safely ruled out.
lalani et al® have reported on the kinetic studies of the BA
additions to ECC in acetonitrile using various BAs. Their
data disagree with our corresponding results. One reason
p-Me 225 273 338 354 559 041+0.02) may be that they plotted log [EC@% time instead of In
H 147 162 201 216 332 0.38+0.02) [ECC]vs time, and they have not reported how well the
0828 0929 111 116 175 0.35+001) reaction temperature Was.controlled. Otherwise, we are not
p-Cl 0591 1.19 sure why there are such _d|sagre.e_ments. _ .
0.418 0.801 In general, rates of amine additions to activated olefins are
much faster in watercé > 17 fold) than those for the
d (;3-827) (;(1)-(1):) (;%)%13) (;10'2021) (-362(?2) =022 corresponding reaction in acetonitfilélithough the rate-
— — — — — v limiting steps in both media are believed to be the initial
B 102 1.09 115 1416 123  (#¥0.05)  nucleophilic additionk, in water (eq. 2) and, in aceto-
(+0.05) (+0.08) (+0.06) (*0.05) (+0.04) nitrile (eq.1), effects of the activating (electron-withdraw-
aThe o values were taken from reference 11. Correlation coefficientsng) groups (Z,2 on the rate are found to be different: In

were better than 0.995 in all casifst 20.0°C. °At 10.0°C. “The source  water the stabilization of the imbalanced transition state
of gis the same as for footnaieCorrelation coefficient were better than

0.998 in all case<Correlation coefficient was 0.998he [k, values  (delocalization of which into the activating groups (¥.,Z
were taken from Fischer, A.; Galloway, W. J.; Vaughad, Chem. Soc.  lags behind the &N bond formation) is important so that

1964 3588. Correlation coefficient were better than 0.995 in all casesthe rate (intrinsic rate) increases with the sum of electron
The Ka=9.67 was used for X p-CHzO. (Oh, H. K.; Lee J. Y,; Lee, I.

) A 1
Bull. Korean. Chem. Sot998 19, 1198.) a_cc_eptlng power of the activating grguﬁgp. In _aceto-
nitrile, however, the rate was found to increase with the sum

of electron-accepting ability of Z,Zhroughrrorbitalsi.e.,
values and the Bronstgd values, are also shown in Table 1 the sum of through conjugative electron-accepting power,
together with the cross-interaction constart (egs. 4). 2o, or IR.! This is of course a manifestation of the
Although the 3x values are based on the plots of lag mechanistic difference in the two media., the amine
(MeCN) against K, of the BAs in water, they are thought to addition reaction in water proceeds through an intermediate
be reliable since it was found both experimentally and(eq. 2), whereas that in acetonitrile proceeds by a single step
theoretically that the absolute values &f,or conjugate addition (eq. 1). The rates of amine additions to various
acids of amines in MeCN differ from those in water by aactivated olefins in water and in acetonitrile are compared in
reasonably constant value&K, (= pKmecn-pKhzo) 07.5% Table 2. The available rate data in aqueous solution show
Bruice and cowokér have investigated ester hydrolysis general parallelism between the intrinsic rate K&’ and
mechanism using-nitrophenyl-2-cyano-3gtmethoxyphen-  the sum of the normal substituent constabts); For ECC
yl) propenoatép-CH;O-CsH4sCH=C(CN)COOGH-p-NOy). the data in aqueous solution are not available, but we can
They found that the ester hydrolysis occurs with the expredict that the lo§ values will fall in between benzyl-
pulsion of p-NO.-phenoxide leaving group in aqueous idenemalononitriie (BMN) and benzylidene-1,3-indandione
solution. This step was found to have a substantially higi{BID). In acetonitrile, however, only the through conjugative
activation barrierAH* = 26.9 + 1.0 kcal mot with AS® = electron shiftXo, or 2R, i.e., the electron shift througts

279 334 436 465 7.63 0.46%(0.03)
p-OMe 2.14 5.38
1.6° 3.77

Table 2 Comparisons of reactivity parameter for the amine addition reactiof;€8=CZZ+XC¢H,CH,NH>, in acetonitrile

Entry 2,7 kMgt log ko o8 o° oxy' P To R Ref.
1 (BMN) CN, CN 1.48 4.94 -1.62 -0.55 -0.31 1.32 2.00 0.98 1b
(=7.0f
2 (BID) (COXCeHq 1.48 - -1.10 0.41 -0.33 0.83 2.08 1.30 1c
(3.13)
3(NS) NQ, H 2.63x 1072 2.55 -1.22 1.73 -0.40 0.78 1.27 0.62 la
(0.73)
4 (ECC) CN, COOEt 1.62 1072 - -1.15 0.38 -0.22 1.11 1.660.75 0.49+0.4F This work
(30°C)

3For X=Y=H at 25C unless otherwise notetExtrapolated to 25.8C. “Intrinsic rate constantks, for carbanion forming reactionk(n eq. 2)n 50%
Me2SO-50% HO at 20.°C with amine<®74The same as but for CHZZ'+RNH. For Y=H or X=H.Correlation coefficients are better than 0.997 in
all casesINormal Hammett substituent constards) ("Exalted substituent constami,{). 'Swain-Lupton resonance constafiar CN.“For COOEt.
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orbital, is important. Table 2 shows that the rate for ECC igposed for the BA additions in acetonitrile to other activated
slower than that for NS (nitrostyrene) which indicates thawlefins listed in Table 2. The hydrogen bonding of the N-H
the through conjugative electron withdrawing power of theproton toward one of the oxygen atoms in the COOEt group,
COOEt groupd@, =0.75 andR = 0.41) is not fully operative. 2, (mostly toward the ester oxygen, since tfzns C=C/

Our MO theoretical calculations (B3LYP/6-31+G* opti- C=0 form is more stable) is also a possibility, albeit such
mized geometrié¥ for H,C=C(CN)COOEt show that the hydrogen-bonding may involve a too long H-bond as the
COOEt group is coplanar with the vinylieorbital and the  lone pair on Nify) of BA approaches to the,©Cs rebond
trans C=C/C=0 form is more stable than itie C=C/C=0

form with a substantial rotational barriea( 7 kcal mot*) Hs~ 8- C=N s~ =N
between the two conformers. If we compare the natural bon YCHy——C—==C —5 YCH,—C7=C =,
orbital (NBOY 71« MO levels (at the HF/6-31+G*// st ] &

. NH----H O HNO s g
B3LYP/6-31+Glevef) in the mono CN (0.183 a.u.) and - Et CH. ~Et
COOEt substituted (0.209 a.u.) with that in the CN+COOEI (Ho [
disubstituted (0.175 a.u.) ethylene, the. level in the latter CeH,X CeHaX
disubstituted ethylene is quite closer to that of the mono C! 1 2

substituted one, albeit tiré.clevel of the mono CN ethene
is depressed somewhat by an additional COOEt substituerdlmost vertically from above (or below) the molecular plane
It is well established that th'e LUMO level is important in ~ of ECC.
determining the rate of the initiaattack of the nucleophile Theky/ko (>1.0) values increase with an electron acceptor
to the olefins; the lower the level the faster is the rate of Y and an electron donor X, which is in line with thg-\C
the addition'® This means that although th& value of  bond formation in the TS with a greater degree of bond
COOEt (0.41}is only smaller by 0.08 than that for CR'(  making by a stronger electron-donor gy <0 (with a
=0.49)M the effect oni .-c lowering by COOEt is relatively larger positive Y,doy >0) and by a stronger electron-
small, i.e.,, the R (and/or gy) is not fully additive. This accepter Y,do0v >0 (with a larger negative Xdpx <0)
could be the reason why the rate for ECC is slower than thé¢ading to a negative cross-interaction constanteq. 4b.
for NS. The activation parametel8H* andAS’ (Table 4), are quite
The cross-interaction constanigyy in eqs. 4, are all similar to those for the corresponding reaction of other
negative for the four series in Table 2. This shows that thactivated olefins in Table 2 in acetonitrile with Iak* and
cross-interaction constantsyy, in the bond formation pro- large negativeAS values. These are consistent with the
cess is negativi:? It is also notable that the magnitude of concurrent N-G and H-G bond formation in the TS
Pxy (-0.22) as well apy (+0.38) value for ECC is smaller Since exclusion repulsion energy in the N4ond making
than those for BMNgxy=-0.31)}®, BID (oxy=-0.33)°and s partially offset by the bond energy of the partial bond
NS (oxy=-0.40)22 This is consistent with somewhat lower formed, and also by the HsMond formation, barrier to
degree of N-@ bond formation in the TS for ECC than those bond formation in the rate determining step should be low
for the BA addition to other activated olefins listed in Table with little variation depending on X and/or Y. This echuse
23 the higher barrier for a weaker nucleophiioy> 0) is
The kinetic isotope effectdu/ko (Table 3), involving  partially offset by a stronger acidity of the N-H proton in the
deuterated benzylamine nucleophif€¢XCsH,CH,ND,) are  H-bond formation. The large negative entropy of acti-
greater than ondy/kp =2.5-2.8, suggesting a possibility of vation is in line with fourcentered constrained TS structure,
hydrogen-bond formationl(and/or2) as have been pro-
Experimental Section
Table 3. Kinetic isotope effects on the second-order rate constants . -
(k) for the addition reactions of deuterated X-bezylamines (x- Materials. Merck GR acetonitrile was used after three
CsH4CH2NDy) to ethyla-cyano-Y-cinnamates in acetonitrile at distillations. The benzylamine nucleophiles, Aldrich GR, were
30.0°C used after recrystallization. Ethyl cyanoacetate and benz-

X Y kax1Mis?  kox1 Mt ki/ko

pOMe pMe 279(x0.01) 1.04(x0.01) 2.68+0.02
pOMe H  3.34(x0.03) 123(x0.01)  2.72+0.03

Table 4. Activation parametefsfor the addition reactions of X-
benzylamines to ethyd-cyano-Y-cinnamates in acetonitrile

p-OMe pCl 4.36(x0.03) 1.59(x0.01)  2.74%0.03 X Y AH/kcal mol*  -AS‘/cal mol* K™
p-OMe pBr 4.65(*0.04) 1.68(x0.01)  2.77+0.03 p-OMe o-Me a1 52
p-OMe p-NO, 7.63(x0.08) 2.73(x0.03)  2.79+0.04 pOMe  pNO, 54 45

p-Cl p-Me 0.828(+0.008) 0.329(+0.003) 2.52+0.03 cl M 53 51
pCl H  0.929(x0.001) 0.364(x0.003) 2.55+0.03 ‘*CI p_N 52 o ps

pCl  pCl 111(:001) 0.430(x0.004) 2.58+0.03 > P :

p-Cl p-Br  1.16(x0.01) 0.446(+0.004) 2.60+0.03 &Calculated by the Eyring equation. The maximum errors calculated (by

_ _ the method of Wiberg, K. BPhysical Organic Chemistryiley: New
PCl p-NO; 1.75(0.02) 0.663(x0.008) 2.64+0.04 York, 1964; p 378.) are +0.5 kcal mband + 2 e.u. foAH* andAS',

aStandard deviations. respectively.




224 Bull. Korean Chem. So2002 Vol. 23, No. 2 Hyuck Keun Oh et al.

aldehydes were Aldrich reagent. 190.8, 160.1, 158.7, 153.4, 140.7, 134.7, 134.6, 132.2,
Preparartions of Ethyl-a-Cyanocinnamates The ethyl-  131.9, 114.3, 113.9, 64.4, 55.6, 27.3, 22.8, 14.2.
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idine was refluxed for 4-6 hours. The solvent was quicklyoccasion of his 65th anniversary.
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