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Kinetic studies of the additions of benzylamines to a noncyclic dicarbonyl group activated olefin, methyl o-
acetyl-S-phenylacrylates (MAP), in acetonitrile at 30.0 °C are reported. The rates are lower than those for the
cyclic dicarbonyl group activated olefins. The addition occursin asingle step with concurrent formation of the
C-N and Cs-H bonds through a four-center hydrogen bonded transition state. The kinetic isotope effects
(kn/ko > 1.0) measured with deuterated benzylamines (XCsH4CH2NDy) increase with a stronger electron
acceptor substituent (dox > 0) which isthe sametrend asthose found for other dicarbony! group activated series
(1-4). The sign and magnitude of the cross-interaction constant, pxy, iscomparabl e to those for the normal bond
formation processes in the Sy2 and addition reactions. The relatively low AH” and large negative AS™ values

are also consistent with the mechanism proposed.
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Introduction

Nucleophilic addition of amines (XRNH;) to olefins
(Y CsH4CH=CZZ") activated by electron-withdrawing groups
(Z, 2" is known to proceed in acetonitrile by concerted
formation of the C,-N and Cg-H bonds in a single-step
process to a neutral product,* eg. (1).
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In contrast, the reactions in agueous solution are reported
to occur through a zwitterionic intermediate, T+, with an
imbalanced transition state (TS) in which the development
of resonance into the activating groups (Z, Z") lags behind
C.-N bond formation.? The imbalance in the TS is mainly
caused by the poorly developed resonance into Z, Z' and
solvation with the negative charge largely localized on
carbon (Cp), an exaggerated form of which can begiven asl.
The imbalance phenomenon is pronounced in the amine
additions in agueous solution, which was expressed semi-
quantitatively by using structure-reactivity coefficients such
as Bronsted « and B values? In contrast, the imbalance was
hardly observable in the amine addition reactions in aceto-
nitrile, mainly due to the concerted formations of C,-N and
Cs-H bonds*
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Recently, however, we found that a stronger localized
anionic charge on Cgdue to the lag in the development of

resonance induces a larger kinetic isotope effect involving
deuterated amines (XRND), ku/kp > 2.3, which is caused by
alarger N-H bond stretching (11) in the concerted single step
addition in acetonitrile.X*® In the absence of, or insignificantly
small, imbalance, the isotope effects were smaller (ku/ko <
2.0)**9 and the trends of change in ka/kp wit substituents X
in the nucleophile and Y in the ring were exactly opposite to
those for the reactions with substantial imbalances (vide
infra). Since we noted that the dicarbonyl activated olefins,'*9
Z, Z' = (CO)2R1R,, especialy with the cyclic structure, 1'¢
and 2%, belong to such a class with smaller ku/kp values and
insignificant imbalances, it is of much interest to verify that
the cyclic dicarbonyl structure of the activating group is a
prerequisite to the negligible imbaance in the amine addi-
tions in acetonitrile. Although we found the same behavior
with a noncyclic dicarbonyl activated olefin, 3%, we test
further in this work with another acyclic dicarbonyl activated
group, 4, methyl a-acetyl-S-phenylacrylates. The purpose
of this work is to examine (i) whether such a negligible
imbalance is limited to the cyclic dicarbonyl activated
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olefins (1 and 2) or not, and (ii) why do dicarbonyl, or cyclic
dicarbonyl, activated olefins'®? behave differently from
other activated olefins?9 In thiswork, the rate constants for
the reactions of MAP with benzylamines (BA) were
determined in acetonitrile and derived a reasonable reaction
mechanism.

Results and Discussion

The reactions studied in the present work followed a
simple second-order rate are the concentrations of substrate,
4, and

“d[MAP] / dt = kess[MPA] @
Kobs = k2 [BA] (©)]

benzylamine, respectively. No catalysis by a second amine
molecule was detected. The second-order rate constants, ko,
were obtained from the slopes of the linear plots of Kos VS
[BA], eg. 3, and are summarized in Table 1. The Hammett
ox and py values and Bronsted Sk values are also shown in
Table 1 together with the cross-interaction constant oxv,
which is defined as egs. 4.2 The S« values were determined
by the plots of log k;: (MeCN) against

log (kxy/kun) = ox Ox + Py Oy + Pxy Ox Oy (48
Table 1. The second order rate constants, k» x 107 dm® mol s for

the addition reactions of methyl c~acetyl-phenylacrylates with
X-benzylaminesin acetonitrile at 30.0 °C
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OXY = apx/aSY = arylan (4b)

pKa(H20) of benzylamines. This procedure was found to be
reliable, sincethe pKa (MeCN) variesin parallel with the pKa
(H20) with areasonably constant difference of ApKa (= pKa
(MeCN) - pKa (H20)) = 7.5.* The rates and other relevant
parameters for the benzylamine additions to the dicarbonyl
activated benzylidene series of substrate (1-4) in acetonitrile
are compared in Table 2. We note that the rates are signifi-
cantly faster for the cyclic dicarbonyl activated substrates (1
and 2) than the noncyclic dicarbonyl activated ones (3 and
4). Thisis caused by the 7=overlap effect of the ring structure
which aleviate the rate lowering due to the lag in the
resonance stabilization.® In noncyclic systems the resonance
develops late aong the reaction coordinate but in the ring
system the 7overlap is dready maximaly built into the
olefin so that the structural reorganization that may be
needed to achieve this overlap in noncyclic system is not
required and hence the activation barrier is lowered. The
sign of pxvy isnegativein al cases, which is consistent with
those reported for nucleophilic bond formation processes.®
The magnitudes of pxy for the cyclic series (-0.33) are
somewhat smaller than those for the noncyclic series (—0.45
and —0.35), which could be an indication of an earlier TS
for the cyclic compounds. This is supported by smaller
ka/ko vaues for 1 and 2 than for 3 and 4. The kinetic
isotope effect, ku/kp, involving deuterated nucleophiles
(XCsH4CH2ND,) reflects bond stretching of the N-H (N-D)
bond of the amine in the TS due to the hydrogen bonding of
the amine proton toward the anionic center developing on Cg
forming a four-membered type (I1), or dternatively hydro-

Y i . .
oM v " g 5 o0 gen bonding to a carbonyl oxygen forming a six-membered
poie pMe > p-br type, (111), structure, albeit the latter possibility has been
pOMe 670 828 119 188 207 094+002  ghown to be less likey! (vide infra). The ki/ko values
4.82° 141
337 9.73 Table 3. Kinetic isotope effects on the second-order rate constants
E’Me ‘2‘7‘2 ;;é 1704; 132 g(g) 8gf 88; (ko) for the reactions of methyl a~acetyl-f-phenylacrylates with
: " g : X o= deuterated X-benzylaminesin acetonitrile at 30.0 °C
p-Cl 3.16 3.69 5.03 7.24 7.95 0.77+£0.02 7 7
2.26 5.49 kq % 1 ko x 1
X Y a4 1 kn/ko
1.56 373 (M7s™) (M7s™)
E -066 071 -075 -083 083 pxy*=-035 pOMe pOMe 6.70(x006) 3.40(+002) 1.97+0.02°
f (x0.01) (0.01) (£0.01) (£0.04) (x0.01) (20.01) p-OMe p-Me  828(+01) 4.40(+006) 188+0.03
A 063 067 072 078 080 p-OMe H 119 (+01) 6.65(x006) 1.79+0.02
(#0.03) (£0.03) (¥0.03) (+0.02) (£0.02) p-OMe  p-Cl 188 (+02) 106 (+£0.09) 1.71+0.02
2The s values were taken from ref. 10a. Correlation coefficients were  P-Cl p-OMe 316(+0.03) 1.57(+0.02) 2.01+0.03
better than 0.998 in all cases. "At 20.0 °C. °At 10.0°C. “The source of sis ~ p-Cl p-Me 3.69(£0.04) 192(+0.02 1.92+0.03
the same as for footnote a. Correlation coefficients erere better than 0.998 p-Cl H 5.03(+0.06) 278(+002) 1.81+0.02
in all cases. “Correlation coefficients was 0.998. 'The pKa values were
taken from ref. 10b. Correlation coefficients were better than 0.998 in all p-Cl p-Cl 7.24(+007) 418(x004) 173+002
cases. pKa=9.67 was used for X=p-CH3O. (ref. 1c.). aStandard deviations.
Table 2. Comparison of rates (k2) and other parameters for the benzylamine additions to 1-4 in acetonitrile
k2 (°C)? AH”P —ASC kn/kop® 5 Oxy Ref.
BMA (1) 86.6(20) ~40 ~-37 145-1.74 0.23 -0.33 le
BID (2) 1.48(25) ~6.2 ~-37 1.25-1.81 1.09 -0.33 1f
BDM (3) 2.48 x 102 (20) ~6.4 ~-48 1.52-2.07 0.88 -045 1g
MAP (4) 7.48 x 1072 (30) ~53 ~-43 1.71-2.01 0.72 -0.35 Thiswork

3For X =Y =H : M* s Pkeal mol 2. cal mol ™ K ™, 9With deuterated benzylamine (X CsHaCH2ND). SFor Y = H.
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determined in this work are collected in Table 3. We note
that the ku/ko values are smaller (1.78-2.24) for a stronger
nucleophile (dox < 0) than for a weaker nucleophile (1.82-
2.38) i.e., dox < 0 — I (ka'ko) < 0. Admittedly the differ-
ences are marginal but the trend is clear. Exactly the same
tend was found for the benzylamine additions to other
dicarbonyl activated series in acetonitrile, irrespective of
whether the dicarbonyl group has aring structure (BMA (1)
and BID (2))'*" or not (BDM (3)!9 and MAP (4)).

In nucleophilic substitution reactions, the two product
stabilizing factors are (i) a stronger nucleophile ((dox < 0)
and (ii) a better leaving group ((doz > 0), for which the TS
shift is predicted based on thermodynamic models,® such as
Hammond postul ate,® Bell-Evans-Polanyi® (BEP) principle
etc. According to these models, a stronger nucleophile ((dox
< 0) leads to an earlier TS with a lower degree of bond
formation (and bond cleavage of the leaving group), which
in the present case should give alower degree of C,-N bond
formation with a low degree of progress in the hydrogen
bonding by the N-H (D) protoni.e., asmaller ka/kp value for
a stronger nucleophile (dox < 0 — d (ku/kp) < 0) as it was
observed with dl the dicarbonyl activated compounds, 1-4.
This means that the TS structure, or the TS position aong
the reaction coordinate, are largely determined by the
product stability, and a greater reactivity is accompanied by
a lower sdectivity, i.e,, the reactivity-sdectivity (RSP)’
holds for the dicarbony! activated olefins.’#®

The activation parameters, AH* and AS", are shown in
Table 4. Since the reaction proceeds by a concurrent bond
formation of N-C, and H-Cs bonds, the AH* values are
rather low, but the -AS” values are large due to a constrained
hydrogen bonded TS structure, V. In this structure the
amine hydrogen is bonded to Cg not to a carbonyl oxygen as
in the six-membered TS structure, 111.8 The charge on Czin
the TS should be stronger due to the lag (although it may be
small, it is not absent entirely) in the resonance delocdization

Table 4. Activation parameters® for the reactions of methyl o~
acetyl--phenylacrylates with X-benzylaminesin acetonitrile

X Y AH%kca mol™ -AS7cal mol* K™
p-OMe p-OMe 53 46
p-OMe p-Br 59 42
p-Cl p-OMe 53 47
p-Cl p-Br 6.1 43

&Calculated by the Eyring equation. The maximum errors calculated (by
the method of Wiberg™) are +0.6 kcal mol and +3 e.u. for AH*and AS,
respectively.
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of anionic charge into the activating groups, and hence
should lead to alarger ka/ko values with a greater degree of
N-H (D) bond cleavage than expected from a synchronous
resonance delocalization. The hydrogen bonding to a carbonyl
oxygen will be very weak sinceinthe TS delocalization will
not be complete.

In summary, kinetic studies of the additions of benzylamines
to a noncyclic dicarbonyl group activated olefin, methyl o-
acetyl--phenylacrylates (MAP), in acetonitrile at 30.0 °C
are reported. The rates are lower than those for the cyclic
dicarbonyl group activated olefins. The addition occursin a
single step with concurrent formation of the C,~N and Cs-H
bonds through a four-center hydrogen bonded transition
state. The kinetic isotope effects (ku/kp > 1.0) measured with
deuterated benzylamines (XCgH4CH2NDy) increase with a
stronger electron acceptor substituent (dox > 0) which isthe
same trend as those found for other dicarbonyl group
activated series (1-4). The sign and magnitude of the cross-
interaction constant, oxy, is comparable to those for the
normal bond formation processes in the Sy2 and addition
reactions. The relatively low AH” and large negative AS*
values are a so consistent with the mechanism proposed.

Experimental Section

Materials. Merk GR acetonitrile was used after three
digtillations. The benzylamine nucleophiles, Aldrich GR,
were used after recrystallization.

Preparartions of methyl o-acetyl-fphenylacrylates.
The methyl co~Acetyl-S-phenylacrylates were prepared by
the literature method of Horning et al®. Equimolecular
amounts of benzaldehyde (10 mmol) and methyl acetoacetate
(10 mmoal) were dissolved in the minimal amount of pyridine
and refluxed for 1h. Solvent was removed under reduced
pressure and product was separated by column chromato-
graphy (slicagd, 10% ethylacetate-n-hexane) (yield > 85%).
IR (Nicolet 5BX FT-IR) and *H and *C NMR (JEOL JMM2X
400 MHz) data were found to agree well with the literture
vaue®

Kinetic measurement. The reaction was followed spectro-
photometrically by monitoring the decrease in the concen-
tration of methyl o~Acetyl-phenylacrylate, [MAP], at Amax
of the substrate to over 80% completion. The reaction was
studied under pseudo-first-order condition, [MAP] = 8.0
x10° M and [BA] = 0.02-0.05M at 30.0+0.1 °C. The pseudo
first-order rate constant, Kqns, Was determined form the slope
of the plot (r > 0.995) INNMAP] (2.303 log [MAP] vstime.
Second-order rate congtants, kn, were obtained from the
dope of aplot (r > 0.993) of Ko VS. benzylamine with more
than four concentrations of more than three runs and were
reproducible to within + 3%.

Product analysis. The analysis of final products was
difficult dueto partial decomposition during product separation
and purification. We therefore analysed the reaction mixture
by NMR (JEOL 400 MHZz) at appropriate intervals under
exactly the same reaction conditions as the Kkinetic
measurement in MeCN at 30.0 °C. Initialy we found a peak
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for CH in thereactant, p-ClC¢H4sCH=C(COCH3) CO,CHg, at
7.61 ppm, which was gradually reduced, and a new two
peaks for CH-CH in the product, p-CICsHa (CsHsCHoNH)-
CH-CH(COCH3)CO,CHj, grew at 3.07 and 4.23 ppm asthe
reaction proceed. No other peaks or complecatons were
found during the reaction except the 3 peak height changes
indicating that the reactiom proceeds with no other side
reactions.
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