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Nucleophilic addition reactions of benzylamines ¢M@CH,NH,) to benzylidene Meldrum's acids (BMA;
YCsH,CH=C(COO)C(CHs),) have been investigated in acetonitrile at 20 The rates of addition are
greatly enhanced due to the abnormally high acidity of Meldrum's acid. The magnitudes of the Hagnmett (
and py) and Bronsted) coefficients are rather small suggesting an early transition state. The sign and
magnitude of the cross-interaction constamt, (=-0.33), and kinetic isotope effectkufio (01.5-1.7)
involving deuterated benzylamine nucleophilies {M§CH,ND,) are indicative of hydrogen-bonded cyclic
transition state. The activation parametéts? [ 4 kcal mof* andAS' 0 -37 e.u., are also in line with the
proposed mechanism.
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Introduction addition of benzylamines to benzylidene Meldrum's acids
(BMAS) in acetonitrile at 20.8C, eq. (3). Meldrum's acitl
The nucleophilic attack to carbon-carbon double bonds
has been the subject of numerous investigatidsscleo- i

philic vinylic substitution reactions activated by electron- PN N
withdrawing groups (Z,Z') are known to proceed by the two- YCH =0 A o XGHCHNH, U5

step mechanism, eq. (1), where LG = leaving group and Ni G—o b

= nuclephilie! The primary addition stegk, leads to an
association complex or intermediate which for amine base i
a zwitterion, .

[l

O
BMA (3)
Y CH(XCH,CHNH)CHCH(COO),C(CH),

has attracted considerable attention due to its high atidity,

higher (K. = 7.3) than its acyclic analogues such as dimethyl

C=c - N i A7) | \(:(\(Z_z,)_ w6 (1) malonate 2, pKa= 15.9) or even th_e_diketone_ analogGg (

A I e pKa=11.2)* The nucleophilic addition reactions to BMA

in aqueous solution have been investigated extensively by

Bernasconiet al® They reported some unusual kinetic
In the simple nucleophilic vinylic additions, however, behaviors in the addition reaction of BMA.

when the amines are primary or secondary, intramolecular

proton transfer may immediately follow or even simultane-o 0 0 0

ously upon formation of T**23 eq. (2). Previous works

LG LG At

H i oy

Ar—C—C(Z.2) %» /\r—C—(l’,(Z,Z') (2)
R\H; RN\H
- The primary purpose of this study is to elucidate the
mechanism of primary amine addition to BMA in aceto-
have shown that in aqueous solutfdrthe mechanism of nitrile. Since the Meldrum's acid in BMA is known to have
nucleophilic addition to activated olefines is complex unusually strong power of stabilizing the anion formed in the
involving group separated products formation following theprimary attack*°>we are interested especially in the rates of
rate-limiting addition stepk, with imbalanced transition addition k& step in eq. (3)) and in the degree of bond
states in which the development of resonance to the activatermation in the TS by determining the Hammeit) (and
ing groups (Z,Z') lags behind charge transfer or N-C bondBronsted coefficientsB), and cross-interaction constént,
formation. In contrast, the amine addition in acetonitrile pxy in egs. (4), where X and Y are the substituents in the
was found to be a relatively simple oine,, one step addi- nucleophile (benzylamine) and substrate (BMA), respectively.
tion.

In this work we report kinetic study of the nucleophilic log (kxv/kun) = pxOx + pv Oy + Pxy Ox Oy (4a)

C=C(£.L) - RNiL,

s

Ar 1 2 3
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Pxy = 0pvl00x = dpxldoy (4b)  amine addition to BMA, the reactivity in aqueous solution
increases with the (polar) electron-withdrawing povies)

_In agueous solution, the mggmtudqﬁs@(ﬁnuc) determined of the activating groups whereas that in acetonitrile depends
with piperidine and morpholine pair has been shown to b%n the through conjugative electron-withdrawing strength
exceptionally small £ =0.07§* but that with primary 9 Jug 9 g

7 L L
amines is somewhat larger wifla = 0.22>° It is of interest (20) . of the activating groups. We note that.the reactivity O.f
! . . BMA is exceptionally large in aqueous solution as well as in
to find out whether such unusual behaviors in aqueous L 7 .
solution persist in acetonitrile or not acetonitrile. Thexo=0.75 should place thg reactivity of
' BMA to the lowest place but the ldg value is the second
after that of BMN for whichzo=1.32. Again theo™ =
1.38 should give the reactivity of BMA in acetonitrile less
an that of BID Xo™ = 2.08) but the reactivity of BMA in
cetonitrile is the largest. The enhanced reactivity of the
amine addition to BMA no doubt reflects the unusually

strong acidity of the Meldrum's acid due to strong stabilizing

Results and Discussion

A clean second-order kinetics according to egs. (5) and (
was obtained throughout this work, whésés the second-
order rate constant for the benzylamine (BnA) addition to

Rate =Kobsa[BMA] (5)  power of the Meldrum's acid aniéfy?in which the anionic
charge is delocalizedA.
Kobsa= ke [BNA] ®) 9 A
5
the benzylidene Meldrum's acid (BMA) under pseudo-first- P AN
order condition Kinsg with large excess of amine nucleo- B!
philes. Plots okopsq against [BnA] were linear fota. 10- 0 04
fold increase in [BnA]. Thde values determined from the ><
slopes of these plots are summarized in Table 1. The ratt :
are compared with those involving other activating groups, 1A

Z,Z', in Table 2. The rates in acetonitrile are much slower The anomalously high acidity df has been a subject of
than those (lodw) in aqueous solution. Excepting for the extensive theoretical as well as experimental investigations.

Table 1 The second-order rate constamts(M™s™), and selectivity parametérfor the addition of X-benzylamines to Y-benzylidene
Meldrum's acids in acetonitrile at 200

X v o
p-OMe p-Me H p-Cl
p-OMe 74.4 86.4 101 132 0.49+0.02
48.F 85.8
32.4 56.3
p-Me 71.9 80.3 93.5 117 0.420.01
H 67.2 73.9 86.6 106 0.400.01
p-Cl 62.6 68.0 76.6 91.0 0.32+0.01
42.1 60.3
28.4 40.6
m-Cl 59.3 62.1 70.4 78.9 0.260.02
oxE -0.15+ 0.01 -0.21+0.01 -0.24+0.01 -0.33+0.02 [ Y%
By 0.15+ 0.01 0.21+ 0.01 0.23+ 0.05 0.32+0.02 =-0.33£0.03

aThe o values were taken from ref. 7. Thiévalues were taken from ref. 8. Thé.= 9.67 was used for ¥5=CH:O (ref. 9).°Correlation coefficients
were better than 0.996 in all cas#st 10.0°C. %At 0.0 °C. *Correlation coefficients were better than 0.994 in all c&Gestelation coefficients were
better than 0.993 in all casé€orrelation coefficient was 0.998.

Table 2 Comparisons of reactivity parameter for the addition reactiogHY@H=CZZ'+XCsH4CH,NH,, in acetonitrile

Entry 2,z kAM1st log ko ox° o oY% So® So f
1(BMA)® (COO)}CMe; 86.6 (20°C) =4.10 -0.24 0.40 -0.33 0.75 1.38
2 (BMN)" CN, CN 1.48 4.94 -1.62 -0.55 -0.31 1.32 2.00
3(BID)' (COXCeHa 1.48 - -1.10 0.41 -0.33 0.83 2.08
4 (NS) NO., H 2.63x 1072 2.55 -1.22 1.73 -0.40 0.78 1.27
5 (NSBY NO;, GsHs 2.69x 1072 1.42 -0.82 1.27 -0.52 0.77 1.27
6 (CNSY CN,p-NOCeHs  1.26x 107 (30°C) =3.35 -1.15 1.10 -0.67 0.92 1.00

3For X=Y=H at 25.(°C unless otherwise noted in parenthe¥aginsic rate constantky, for carbanion forming reactionk(n eq. 2)in 50% DMSO-
50% HO at 20.0°C with amines (refs. 1b and 5dFor Y=H and X=H, respectivelyCorrelation coefficients were better than 0.997 in all cases.
*Normal Hammett substituent constagg)( ‘Exalted substituent constait,() for direct conjugation with anionic functional center (ref 9Fhis work.
"Benzylidenemalononitrile (ref. 3b)Benzylidene-1,3-indandione (ref. 3¢§B-Nitrostyrene (ref. 3a)3-Nitrostilbene and3-cyanof-4"-nitrostilbene
(ref. 3d).'Extrapolated valué'The value of Ph group is excepted (ref. S@ihe value op-NO-Ph group is excepted (ref. 3d).
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Arnett et al*® measured acidity constants of esters and lac o, 0,
tones that are relevant to the Meldrum's acid and attribute SO an A om,
the strong acidity ol to restricted rotation which faces the vegne—c L >< vege—c {8 ><
ester groups to adopt unfavorable anti conformation ir i P -5 N\
Meldrum's acid. Wibergt al“° studied the acidity difference  *“':“':MN 7/
between syn and anti rotamers of methyl acetate theoretice
ly at the MP3/6-31G**//HF/6-31G* levé] and concluded
that the change in charge distribution that accompanies the
more facile loss of proton from the anti rotamer (by 4.7 kcabetween X and Y can be through two routes so that the
mol™) leads to the unusual acidity of Meldrum's acid, havingintensity of interaction,e., the magnitude gfxy, can have a
a bis (anti) conformation. Wang and Héuslso reported ab  modest value even though the C-N bond making is $fnall.
initio calculations on the acidity of methyl acetate in syn andNormally the amine nucleophiles approach toward an end
anti conformations at the HF/6-31+G*//HF/3-21G le¥el. carbon of the vinylic double bond from almost directly
They attributed the strong acidity of the anti form (Meldrum'sabove (or below) the carbon so that distancewise the H-----C
acid has a bis (anti) form) to greater dipole-dipole electroin 7 may be nearer than H-----@bin
static repulsion interaction between the ether and carbonyl The kinetic isotope effects involving deuterated benzyl-
oxygen atoms in the anti conformation, which is significantlyamine nucleophiles (XEl.CH:ND;) in Table 3 are all
relieved in the corresponding enolate anion. greater than unityki/ko = 1.5-1.7) and indeed supports such
The Hammett g« =—0.15 ~—0.33) and Bronsted coeffi- hydrogen bonded TS structu®and?. The size ofku/kp
cients 3x = 0.15-0.32) in Table 1 are similar to those obtain-increases with a stronger electron acceptor substituent in the
ed in the corresponding reactions with primary amines irsubstrate (Y) as well as in the nucleophile (X) which is in
aqueous solutionok = -0.22)> The Bx values are greater accord with a greater degree of bond making in the TS with
than that obtained with secondary amings=<0.07? by electron accepter Y (with a greatgk value) and the
two points correlation using piperidine and morpholine) inenhanced acidity of the NH proton with an electron-acceptor
aqueous solution, but are rather smaller still than those fasubstituent X in the nucleophile. The overall size oktlfie,
other benzylamine addition reactioh€although thefx values ranging 1.5-1.7 are, however, smaller than those of
values are not listed in Table 2, they are numerically quitehe corresponding values for the substrates with weaker
similar to thepx values in Table 2 due to the near unity slopeelectron acceptor Z,Z' exhibiting slower addition rateg,
in the correlation between thekgs of benzylamine and for entries 4, 5, and 6 in Table 2 tkeko values are larger
Hammett substituent constants; i.e., K400 [11.06 for  ranging 2.2-3.#2¢ This is in line with the greater degree of
benzylamines?)) The largerBx value with primary amines bond formation in the TS for those substrates (entries 4-6)
than with secondary and tertiary amines seems to representéth larger magnitude of the cross-interaction constants,
common pattern, albeit there are some exceptfoRer
example, Skoog and Jentkseportedfx = 0.19 and 0.17 Table 3 Kir_u_etic isotope effects on the sec_ond-order rate constants
for the reactions of primary amines and pyridines with/oF the addition of deuterated X-benzylamines ‘D;%::HZNDZ) to
phosphorylated 3-methoxypyridine afid = 0.28 and 0.22 Y-benzylidene Meldrum's acids in acetonitrile at 2@0
for the corresponding reactions with phosphorylated 4- X Y kiM7st  ko/M7's? ku/ko
morpholinopyridine, respectively. The aminolysis of iso- p-OMe pOMe  744#0.1) 51.3£05) 1.45 0.02
quinoline N-phosphonate with primary amines and piperi- p-OMe  p-Me 86.4¢09) 57.6&0.5) 1.50t0.02

CH CH;

5N
XC L CH,N—T1 &0
H

6 7

dine-morpholine pair gavgx = 0.15 and 0.0, respectiveéf.  p-ome H 101 ¢ 1) 64.7 £0.8) 1.56+0.03
For the aminolysis 0%-(2,4-dinitrophenyl)O-ethyl carbon- p-OMe p-Cl 132 ¢ 2) 81.5¢0.9) 1.62£0.03
ate, EtOC(=0)SDNPBx = 0.56* and 0.4& are obtained p-Cl  pOMe 626¢08) 409£0.4) 1.530.03
with secondary alicyclic amines and quinuclidines, respec- p-Cl p-Me 68.0¢0.9) 42.8£0.4) 1.59:0.03
tively. The pv values are also small so that charge transfer p-Cl H 76.6¢0.9) 456£0.4) 1.68t0.02
from the benzylamine nucleophiles to the vinylic carbon in  p-Cl p-Cl 91.0¢0.1) 523£0.5) 1.74£0.02

the TS may be small.

On the other hand, the cross-interaction constat,
(=-0.33), is negative as in other bond forming procéssesTable 4 Activation parametefsfor the addition of X-benzyl-
and the magnitude is similar to those for other relativelyamines to Y-benzylidene Meldrum's acids in acetonitrile

aStandard deviations.

faster addition reactions with stronger activating groups, X Y AHY/kcal mol*  -AS'/cal mol*K™
entries 2 (BMN;pxy = —0.1_31) and 3 (BIDpxy = —0.33) in pOMe  pOMe 3.9 37
Table 2. The modest size of thmy value despite the p-OMe p-Cl a1 36
relatively early TS with a lower degree of bond making p-Cl p-OMe 3.8 38
(lower Bx values) may point to a possibility of intramole- p-Cl p-Cl 38 37

cular hydrogen bondiﬁ@ to an oxygen of the (CO®) #Calculated by the Eyring equation. The maximum errors calculated (b

. : . u y yri uation. imu u y
C(CHs). moiety, 6, or to the central carbon atoﬁh,sm_ce N the method of Wiberg, K. B. ref. 17) are + 0.5 kcal thahd + 2 e.u. for
these types of hydrogen bonded TS structures the interactiam* andAS, respectively.
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As expected from a hydrogen bonded cyclic TS, thereactantp-CICsH4CH = C(COO)C(CH),, at 7.62 ppm, which
enthalpies of activation are loH * 04 kcal mol*, and the ~ was gradually reduced, and two new peak€/+CH in the
entropies of activation are large negatvs* 0 -37 e.u.  product, p-ClICsH4(p-MeOGCsH4CH,NH)CH-CH(COO)-
(Table 4). The addition step is facilitated by the simultaneou€(CHs)., grew at 3.93 and 4.69 ppm as the reaction proceed-
hydrogen bonding (lowAH?) but the TS is constrained ed. No other peaks or complications were found during the
(large negativ\S) in a cyclic structure. reaction except the 3 peak height changes indicating that the

reaction proceeds with no other side reactions.
Conclusion
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