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A kinetic study of the reversible piperidine and morpholine addition to a-nitrostilbene and to a-phenyl-substituted 
a-nitrostilbenes (4-Me, 4Br,  3-NO2, 4NO2) in 50% Me2SO-50% water is reported. The reaction yields a zwitterionic 
adduct, PhCH(R2NH+)C(Ar)N02- (TA*), which is in rapid equilibrium with the anion, PhCH(R2N)C(Ar)N02- 
(TA-). Rate constants for addition (k,) and its reverse (k-,) as well as K1 = k , / k _ ,  and the acidity constant of 
the zwitterion (pK,*) could be determined. The Hammett p values for all parameters are nearly the same for 
the piperidine and morpholine reactions, and p,,, is virtually independent of the aryl substituent, indicating 
p,,,, = ap,,,/aa = ap/apK,,, = 0. The average p values are p(kl) = 0.90, p(k_J = 0.02, p(K,) = 0.88, p(pKa*) = 
-1.02, while the average p values are p,,, = 0.34, pl, = -0.58,&, = 0.93, &,,," = &,uc/t9.q = 0.37, and pl," = plg/p,, 
= -0.63. The almost equal magnitude of p(kl) and p(K1)(a,,," = p ( k l ) / p ( K 1 )  = 1.02) is reminiscent of Bordwell's 
observation of very large acH = p ( k l ) / p ( K 1 )  values in the deprotonation of phenylnitroalkanes and suggests an 
imbalanced transition state, i.e., one in which the delocalization of the negative charge into the nitro group has 
made little progress relative to  bond formation. This lag in charge delocalization is not as pronounced as the 
a,,D = p ( k l ) / p ( K 1 )  = 1.02 ratio might imply, though, because it is distorted by the effect of the positive charge 
on the amino nitrogen. After correcting for this effect one obtains a,,,"(corr) = 0.67 and an imbalance of a,,,"(corr) 
- p.,," = 0.30. The factors which render this imbalance smaller than that found in the deprotonation of the 
phenylnitroalkanes cue discussed. Comparison with the reaction of amines with P-nitrostyrenes reveals a similarity 
in the imbalances but a substantial difference in the intrinsic rate constants for the two systems. Possible 
interpretations of these findings are offered. 

Introduction 
Nucleophilic additions to activated olefins (eq 1) show 

striking similarities to proton transfers involving activated 
carbon acids (eq 2) in their structure-reactivity behavior. 

k l  
ArCH=CXY + Nuv C ArCH(Nu"+l)-CXY- (1) 

k-1 

(2) 

For example, the intrinsic rate constants, k, (k, is kl = kl 
for K1 = 1)2 display the same qualitative dependence on 
the activating substituents XY in both types of reactions; 
i.e., they decrease with increasing resonance stabilization 
and hydrogen-bonding solvation of the product carban- 

I t  has been suggested that the rate retarding effect on 
k, is caused by the fact that, relative to bond formation, 
development of resonance and solvation in the incipient 
carbanion has made little progress at the transition ~ t a t e . ~ t ~  
This lag in the development of resonance and solvation 
manifests itself by "imbalances" in structure-reactivity 
coefficients such as Brernsted a and 0 values. For example, 
CYCH which is the Brernsted a value obtained by varying a 
remote substituent in the carbon acid (eq 2) is often sig- 

kl 

k-1 
RCHXY + Bv RCXY- + BHY+l 

ion. 14-8 

(1) Part 1 9  Bernasconi, C. F.; Kanavarioti, A. J.  Am. Chem. SOC. 
1986,108, 7744. 

(2) For proton transfers, statistical factors3 are usually included and 
hence ko = kl/q = k - J p  at ApK + log ( p / q )  = 0, with ApK = pKaBH - 
pKaCH. 

(3) Bell, R. P. The Proton in Chemistry; Cornell University: Ithaca, 
NY 1973; Chapter 10. 

(4) Bernasconi, C. F.; Renfrow, R. A.; Tia, P. R. J .  Am. Chem. SOC. 
1986,108,4541. 

(5) Bemasconi, C. F.; Laibelman, A.; Zitomer, J. L. J. Am. Chem. SOC. 
1985,107, 6563. 
(6) Bernasconi, C. F.; Murray, C. J.; Fox, J. P.; Carr6, D. J. J .  Am. 

Chem. SOC. 1983,105, 4349. 
(7) Bernasconi, C. F. Adu. Chem. 1987,215, 115. 
(8) Bernasconi, C. F. Pure Appl. Chem. 1982,54, 2335. 
(9) Bernasconi, C. F. Tetrahedron 1985, 41, 3219. 

nificantly larger than the OB value obtained by varying the 
pKa of the base.l+l3 The exalted value of CYCH is generally 
understood to indicate a transition state in which the 
negative charge is largely localized on carbon, which is the 
equivalent of stating that resonance and solvation are 
poorly developed at the transition state. 

As one would expect in the light of the above interpre- 
tation, the extent by which CYCH exceeds PB increases with 
the degree of resonance and solvational stabilization in the 
product carbanion. In fact for nitroalkanes the situation 
is so extreme as to lead to CYCH values greater than unity, 
e.g., CY = 1.54 and 1.29 for the deprotonation of arylnitro- 
methanes by OH- or morpholine respectively,loa in spite 
of "normal" PB values of about 0.55. These extreme C Y C ~  
values have led to the suggestion that there might actually 
be a tetrahedral intermediate (1),l0 although a kinetic 
isotope effect study14 casts doubt on the existence of such 
an intermediate. 

n . . . H - * B  
OpN-C< 

\Yi 
R 
1 

Even though fewer comparable data are available for 
nucleophilic additions to olefins (eq l), it  appears that 
similar imbalances occur in these reactions. If one regards 
the normalized P,, value (P,," = Pnuc/Pes) as the analogue 
of PB and CY,,," (defined as d log kl f d log K1 by varying 
a remote substituent in the olefin) as the analogue of C Y C ~ ,  
the observation of a,,," > P,,," should then require the 
same interpretation as the finding of aCH > OB. Values of 

(10) (a) Bordwell, F. G.; Boyle, W. J., Jr. J .  Am. Chem. SOC. 1972,94, 
3907; 1975,97,3447. (b) Bordwell, F. G.; Bartmess, J .  E.; Hautala, J. A. 
J. Org. Chem. 1978, 43, 3107. 

(11) Bell, R. P.; Grainger, S. J. Chem. SOC., Perkin Trans. 2 1976,1367. 
(12) Terrier, F.; Farrell, P. G.; Leligvre, J.; Chatrousse, A. P. J. Chem. 

SOC., Perkin Trans. 2 1985, 1479. 
(13) Bernasconi, C. F.; Paschalis, P. J. Am. Chem. SOC. 1986,108,2969. 
(14) Wilson, J. C.; Kallsson, I.; Saunders, W. H., Jr. J.  Am. Chem. SOC. 

1980, 102, 4780. 
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anUCn exceeding P,,," have indeed been reported for the 
addition of aryloxide ions and amines to phenyl-substi- 
tuted benzylidene Meldrum's acids,15J6 and of amines to 
substituted P-nitro styrene^.^ 

The data pertaining to imbalances in nucleophilic ad- 
dition reactions obtained so far are too limited to allow 
generalizations, though. This paper in which we report 
on the reaction of piperidine and morpholine with sub- 
stituted a-nitrostyrenes (a-NS-Z, eq 3 below) is a step 
toward filling this gap. 

The structure of the carbanion in the adduct TA* (eq 
3) is quite similar to that of the carbanion formed in the 
deprotonation of phenylnitroalkanes which are the carbon 
acids that show the largest imbalances.1° Hence one might 
expect a relatively large and thus easily measurable im- 
balance for the addition to a-nitrostilbenes, as is also the 
case for amine addition to P-nitro~tyrenes.~ 

A study of the a-nitrostilbenes offers another advantage 
because the phenyl group whose substituents (Z) are varied 
is attached to the carbanionic rather than the electrophilic 
carbon. This renders the interpretation of anucn more 
straightforward, because a,,," should be strictly analogous 
to a C H  in proton transfers. In cases where the substituent 
variation occurs in the phenyl group attached to the 
electrophilic carbon (substituted P-nitrostyrenes and 
benzylidene Meldrum's acids), a,,," may be affected by 
the degree of rehybridization of the electrophilic carbon 
at  the transition state, particularly if this rehybridization 
were not synchronous with charge transfer from the nu- 
cleophile, and hence a,,? may not be strictly comparable 

Our report will also address problems such as the rela- 
tionship between imbalances and intrinsic rate constants 
and provide an analysis of how other factors such as in- 
tramolecular hydrogen bonding and steric hindrance of P 
overlap probably affect the intrinsic rate constant of amine 
addition to a-nitrostilbenes. 

Results 
General Features. We studied the reaction of piper- 

idine and morpholine with five a-nitrostilbenes (a-NS-Z 
with Z = 4-CH3, H, 4-Br, 3-N02, and 4-N02) in 50% 
Me2SO-50% water. As shown in the Experimental Section 
the configuration of all substrates was E. The reaction 
proceeds according to eq 3. 

to (YCH. 

Bernasconi and Renfrow 

a-NS-Z R ~ N H +  

T,t 

9h f i z  
H-C-C ' ( 3 )  

1 \\NO< 
R2N 

T A' 

The T A -  adducts were identified by their UV spectra 
(Amax: <250 nm17 for Z = 4-CH3, H, 4-Br; 269 nm ( e  1.35 
x lo4) for Z = 3-N02; 250 nm ( e  1.34 X lo4) and 402 (5.19 
X lo3) for Z = 4-N02), which are quite similar to those of 
the corresponding phenylnitroethane anions.ls 

(15) Bernasconi, C. F.; Fornarini, S. J. Am. Chern. SOC. 1980,102, 5329. 
(16) Bernasconi, C. F.; Leonarduzzi, G. D. J .  Am. Chem. SOC. 1982, 

(17) Me&O stronnlv absorbs below 250 nm. 
104, 5133. 

(18) Boidwell, F. Gr; Boyle, W. J., Jr.; Yee, K. C. J .  Am. Chern. SOC. 
1970, 92, 5926. 

Table I. Summary of Rate and Equilibrium Constants for 
Piperidine and Morpholine Addition to a-Nitrostilbenes in 

50% Me2SO-50% Water at 20 O C "  

Z 
4-CH, H 4-Br 3-NOI 4-N09 

k , ,  M-l s-] 88 
k-] ,  S C ~  2.30 
K,, M-' 38 
PK," 9.87 
1 0 9 ~ , ~ , *  5.1 

k , ,  M-' s-, 13.9 
k-],  45.4 

PK,' 7.43 
1 0 9 ~ ~ ~ , *  12 

K,, M-' 0.31 

Piperidine 
117 203 

2.60 2.50 
45 81 

9.73 9.47 
8.4 27 

Morpholine 
17.6 33.4 
52 52 
0.34 0.64 
7.26 7.00 

19 64 

512 

229 

260 

2.24 

8.94 

85 
48 

1.80 
6.55 

510 

575 

250 

300 

2.30 

8.92 

99 
61' 

1.63 
6.48b 

540 

1 = 0.5 M (KCl); error limits discussed in the text. Assumed 
to be pK,*(pip) - 2.44, see text. cCalculated from inversion plot 
and estimated pK,', see text. 

If a solution of TA- is acidified shortly after generating 
the adduct, the recovery of the substrate is essentially 
quantitative. On a longer time scale T,- eventually de- 
composes to benzaldehyde and the corresponding aryl- 
nitromethane. 

The kinetics of amine addition and its reverse were 
studied at  20 "C in a stopped-flow apparatus and moni- 
tored at 335 nm, near or at A, of the substrate [A, 326.5, 
325,326.5,323.5 and 324 nm for Z = 4-CH3, H, 4-Br, %No2 
and 4-NO2, respectively (with 1.11, 1.19, 1.20, 1.35, 
and 1.44, respectively)]. With a-NS-4-N02 the reaction 
was also monitored a t  A,, of the adduct (402 nm), with 
equal results. Pseudo-first-order conditions were used 
throughout, with substrate concentrations around 5 x IOw5 
M. The ionic strength was maintained at  0.5 M with KC1. 

Determination of Forward Rate Constants, kl. The 
kinetics of piperidine addition were measured at  pH 11.65 
and 12.08 and of morpholine addition at  pH 9.02 and 9.43, 
At each pH the pseudo-first-order rate constants (kobsd) 
were determined at  five different amine concentrations in 
the range from 0.02 to 0.1 M free amine. The kinetic runs 
displayed excellent first-order characteristics except for 
the reactions with a-NS-4-N02, where the infinity line was 
slightly sloping, presumably due to the slow decomposition 
of T A -  into benzaldehyde and (p-nitropheny1)nitromethane 
mentioned before. Appropriate corrections were applied 
in evaluating kobsd in this case. 

The raw data are summarized in Tables S1-S4 (sup- 
plementary material).lg Plots of kobsd vs. free amine 
concentration (not shown) were all linear with pH-inde- 
pendent slopes. This result is consistent with eq 3 for 
which kobsd is given by eq 4. 

In the piperidine reaction the intercepts (k-,aH+/ (Ka* 
+ aH+)) were too small to measure, but in the morpholine 
reaction they were significant except for the reaction of 
the 4-nitro derivative. The kl  values are summarized in 
Table I. 

Evaluation of kl and pKa*. Under the conditions 
conducive to the determination of k, the second term in 
eq 4 was either negligibly small or reduced to k-,aH+/K< 
because of Ka* >> aH+. In order to determine k-, and K,  , 

(19) See paragraph at end of this paper regarding supplementary 
material. 
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Table 11. B Values and loa k, for Nucleouhilic Addition of Morpholine and Piperidine to a-Nitrostilbenes 
2 

4-CH3 H 4-Br 3-NO2 4-NO2 average 
p,,, = d logkl/d pKeR2"2+ 0.35 & 0.02 0.36 f 0.02 0.34 & 0.02 0.34 f 0.02 0.33 f 0.02 0.34 

p, = d logK,/d pKaR2"2* 0.92 0.06 0.93 f 0.06 0.92 f 0.04 0.92 h 0.06 0.95 f 0.08 0.93 
P"U," = Pnue/Bes 0.38 f 0.06 0.39 * 0.06 0.37 f 0.06 0.37 f 0.06 0.35 f 0.08 0.37 
Pc" = Pl,/P,, -0.62 f 0.06 -0.61 f 0.06 -0.63 f 0.06 -0.63 f 0.06 -0.65 f 0.08 -0.63 
1% ko 1.34 f 0.06 1.43 * 0.06 1.60 f 0.06 1.84 f 0.06 1.81 f 0.06 
pK,*(pip) - pKe'(mor) 2.44 f 0.08 2.47 f 0.08 2.47 f 0.08 2.39 f 0.08 2.44" 2.44 

PIg = d logk-,/d pKaR2"2+ -0.57 * 0.04 -0.57 f 0.04 -0.58 0.04 -0.58 f 0.04 -0.62 f 0.06 -0.58 

a Assumed value. see text. 

the equilibrium was therefore approached in the direction 
TA- - a-NS-Z. TA- was generated by adding substrate to 
a 0.04 M solution of piperidine or morpholine in 0.001 M 
KOH. This solution was then placed into the stopped-flow 
apparatus and mixed with a dilute buffer of low pH 
("pH-jump"). The buffers included triethylamine (pH 
9.67-10.67), Dabco (pH 8.50-9.29), N-methylmorpholine 
(pH 6.50-7.89), cacodylic acid (pH 7.39), acetic acid (pH 
5.26-6.83), and chloroacetic acid (pH 3.71-4.19). 

In these experiments the kl[R2NH] term was often 
negligible and hence k-, and K,* could be obtained from 
inversion plots according to eq 5. In those cases where 
k,[R2NH] was not negligible, eq 5 was applied to kobsdCorr 
= kobsd - k,[R2NH] instead of kobsd. The kobsd values are 
summarized in Tables S5 and S6.19 Figure 1 shows two 
representative inversion plots according to eq 5. 

(5) 

Consistent values of k-, were obtained from the inversion 
plots (experiments in range near pK,*) and from experi- 
menta a t  pH << pK,*, where kobd = kl, except for a-NS- 
4-NO2, where k-, determined a t  very low pH was about 
40% lower than a t  pH around pK,*. The reason for the 
small discrepancy is not known but it is not caused by 
protonation on the nitro group (aci form) since k-, shows 
no additional decrease as the p B  is lowered further. Two 
observations suggest that the k-l values obtained a t  higher 
pH are more reliable: the spectrum of the recovered 
substrate solution at low pH indicated formation of minor 
quantities of an unidentified byproduct, and the kl values 
obtained a t  higher pH are more consistent with the 
structure-reactivity correlations (see Discussion section). 
Hence the latter are the values we have adopted. 

The various k-, and pK,* values are summarized in 
Table I. All rate and equilibrium constants are directly 
measured as described above except for the pK,* and k-, 
of the morpholine adduct of a-NS-4-N02. In this case 
pK,* was calculated as pK,*(mor) = pK,*(pip) -2.44, with 
2.44 being the average difference between pK,*(pip) and 
pK,*(mor) for the other substrates, and k1 was obtained 
from k_,/K,* measured a t  pH > pK,* (inversion plot). 
This method was chosen because a direct determination 
of pK,*(mor) would have to rely on measurements at quite 
low pH and would suffer from the same problem as k-, 
determined a t  very low pH. 

Discussion 
Rate and equilibrium constants for eq 3 are summarized 

in Table I. The values for kl are considered the most 
accurate, with a conservatively estimated error limit of 
f5% or better. For k-, and K1 we estimate error limits 
of f10% and f15%, respectively, except for the reactions 
of a-NS-4-N02, where, due to the problems mentioned in 
the Results section, they are f15% and f20%, respec- 
tively. For the pK,' values the likely errors are f0.04 log 

io-' x a,,:', M-' 
0 1 2 3 

4 

v) 

-x 3 
k Z  o n  
v o  
Y 
v 

2 

1 

0 

I I 

,/ a-NS-H/mor 

CY -NS-4-Br/pip 

; 

0.04 

0.03 

0.02 

0.01 

0 
0 1 2 3 

 IO-''^ a,', M-' 

Figure 1. Representative inversion plots according to eq 5. 
Reactions of morpholine adduct of a-NS-H (H, top and right axes) 
and of piperidine adduct of a-NS-4-Br (0, bottom and left axes). 
Intercept = l /k- l ,  slope = K,"/kl. 

unit for all adducts except for those derived from a-NS- 
4-N02 where they are f0.06 unit. 

Dependence on Amine. Several structure-reactivity 
parameters derived from the amine dependence of k,, kl, 
and Kl are summarized in Table 11. The various values 
are, within experimental error, virtually independent of 
the phenyl substituent; the average values are P,,, = 0.34, 
Plg = -0.58, Peq = 0.93, P,,," = 0.37, and Plgn = -0.63. I t  
is noteworthy that these P values are quite similar to the 
ones for morpholine/piperidine addition to P-nitrostyrene 
under the same reaction conditions (P,,, = 0.32, P1, = -0.63, 
Peq = 0.95, P,,," = 0.34, and Plgn = -0.66).4 

The pK,* differences between the piperidine and mor- 
pholine adducts, pK,*(pip) - pK,*(mor) are also included 
in Table 11. These differences are, within experimental 
error, independent of the substituent, for an average of 
2.44. This compares with a difference between the pK, 
for pipH+ and morH+ of 2.28 in the same solvent. 

Dependence on the  Phenyl Substituent. In this and 
the following sections various types of a values will be used. 
For easy reference a summary of definitions is given in 
Table IV. Hammett plots for k , ,  kl and K ,  based on 
standard a substituent constants are shown in Figure 2 for 
the piperidine reactions. Similar plots (not shown) were 
obtained for the morpholine reactions. Figure 3 shows 
Hammett plots of the pK,' values of the zwitterionic ad- 
ducts. The respective p values are collected in Table 111. 
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Figure 2. Hammett plots of k,, K,, and k-, for piperidine addition 
to a-NS-2 (2 = 4-Me, H, 4-Br, 3-N02, 4-N02). 

(20) Exner, 0. In Advances in Linear Free Energy Relationships; 
Chapman, N. B., Shorter, J. Eds.; Plenum: New York, 1972; Chapter 1. 

(21) Jencks, D. A.; Jencks, W. P. J. Am. Chem. SOC. 1977, 99, 7948. 

Table 111. p and anyon Values 
piperidine morpholine average 

P@l)  0.87 f 0.02 0.92 f 0.03 0.90 f 0.030 
p(k -1 )  -0.03 f 0.03 0.07 f 0.05 0.02 f 0.05 
PWI) 0.91 f 0.04 0.85 f 0.07 0.88 f 0.07 
p(PKa*) -1.04 f 0.03" -1.00 f 0.02" -1.02 f 0.03" 
ainU: = p ( k l ) / p ( K i )  0.96 f 0.03b 1.06 f 0.07* 1.01 f 0.07* 

"p(pKa*) is, within the limits of standard deviations, the same 
whether u or go is used. *Values given are obtained from plots of 
log k,  vs. log K,. 

Table IV. Definition of Various LY Values 
symbol definition 

%H d log k,/d log K1 (change in R, eq 2) 
cy,,," = p(kl)/p(K1) d log kl/d log K ,  (change in Ar, eq 1, or 

cynU:(corr) cynUC" corrected for effect of positive charge 
progress of resonance and solvation at 

progress of phenyl resonance at transition 

progress of steric effect at  transition state 
progress of intramolecular hydrogen bonding 

(3) p ( k l )  and p(K1) are virtually the same while p ( k l )  
is essentially zero, and hence cy,,," 1.0 (for definition see 
Table IV). This high cyn,$ value is reminiscent of the 
results in the deprotonation of arylnitroalkanes, although 
cy,,," does not quite reach the CQH values of 1.29-1.54 ob- 
served in these proton transfers. 

(4) The average p(pK,*) value (-1.02) is somewhat less 
negative than p(pK,*) = -1.15 for the amine adducts of 
P-nitrostyrene. This reduction must be due to the fact that 
the aryl group in the cy-nitrostilbene adducts is one carbon 
further removed from the amine nitrogen in the 0-nitro- 
styrene adducts. The difference between the p(pK,*) 
values for the a-nitrostilbene and P-nitrostyrene adducts 
actually seems small, probably because the less aqueous 
solventz2 tends to enhance the absolute value of p(pK,*) 
for the a-nitrostilbene adducts. 

Imbalance. On the basis of the above results one might 
calculate an imbalance, an,," - p,,," of e0.67. However this 
value overestimates the "true" imbalance because the ex- 
perimental cynu," - &,," is distorted by the effect of the 
positive charge on the amine nitrogen. A similar distortion 
was found for the reaction of amines with substituted 
P-nitro styrene^.^ It is caused by the fact that the p values 
(and hence cy,,,") measure the combined effect of negative 
and positive charge development. With the 6-nitrostyrenes 
the distortion was particularly strong because the phenyl 
substituent is quite close to the site of positive charge and 
relatively remote from the site of negative charge. This 
manifests itself by very small p(K1) and p ( k l )  values (-0.06 
and 0.27, respectively): indicating a near cancellation of 
the effects of the opposite charges. With the a-nitro- 
stilbenes the substituent is much closer to  the site of 
negative than to that of positive charge and hence the 
distorting effect of the positive charge should be smaller. 
This is borne out by the much larger pW1) = 0.88 and p ( k J  
= 0.90 values which show that here the influence of the 
negative charge clearly outweighs that of the positive 
charge. 

In correcting cynucn for the effect of the positive charge 
we follow the procedure developed before: We first correct 
for the contribution of the positive charge on p(KJ by 
expressing p(K1) as the sum of two terms (eq 7 ) .  p,,(C-) 

change in Z, eq 3) 

or cyres,solN02 
transition state (at nitro group) 

state 
Ph 

cyres 

ast 

OlHb 
at  transition state 

(22) Lewis, E. S. In Inuestigation of Rates and Mechanisms of  Reac- 
tions, 4th ed.; Bernasconi, C. F., Ed.; Wiley: New York, 1986; p 871. 
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p(K1) = p,q(C-) + peq("+) = 0.88 (7) 

is the response to the negative charge, and p,,(NH+) the 
response to the positive charge. peq(NH+) may be ap- 
proximated by the p value for pK,f (p(pK,f) = -1.02, Table 
111). Solving eq 7 for p,,(C-) affords eq 8. 

p,,(C-) = 0.88 + 1.02 = 1.90 (8) 

p(k1) = phn(C-) + pkj,(NH') = 0.90 (9) 
The ratio ph,(NH+)/p,,(NH+) can be regarded as a mea- 
sure of the progress of positive charge development on the 
amine nitrogen a t  the transition state, as seen by the 
phenyl substituent, while On,," is assumed to measure the 
same process as seen by the amine substituent. Hence we 
set them equal and obtain 

(10) 

(11) 

(12) 

In analogy to eq 7 we express p ( k l )  by eq 9. 

pkin("+)/peq("+) = Pnuc" = 0.37 

pkjn(NHf) = 0.37(-1.02) = -0.38 

pkjn(C-) = 0.90 + 0.38 = 1.28 

and 

Inserting into eq 9 leads to 

and hence the corrected a,,," is 
anuCn(COr~) = &jn(C-)/peq(C-) = 1.28/1.90 = 0.67 (13) 

The difference anucn(corr) - P,," = 0.67 - 0.37 (average 
value) = 0.30 may now be taken as a measure of the im- 
balance caused by the delayed development of resonance 
and solvation of the a-nitro group. I t  is noteworthy that 
this imbalance is comparable in size to that for the addition 
of piperidine and morpholine to 0-nitrostyrene (0.26).4 
This is a reasonable result and suggests that anUcn(corr) in 
the P-nitrostyrene reactions is not significantly distorted 
by the possible nonsynchronicity between charge transfer 
and rehybridization discussed in the Introduction. 

I t  appears then that the present study, along with three 
previous ones4J5J6 clearly establishes the presence of 
substantial imbalances in nucelophilic additions to acti- 
vated olefins. On the other hand, it is also clear that these 
imbalances are much smaller than in the corresponding 
proton transfers, as seen by comparing a,,,"(corr) - P,,," 
= 0.67 - 0.37 = 0.30 for amine addition to a-nitrostilbene 
with aCH - OB = 1.29 - 0.55 = 0.74 for deprotonation of 
1-arylnitroethanes by secondary aliphatic amines.loa 

One of the main reasons for this large difference prob- 
ably lies in the different hybridizations of the carbon that 
bears the nitro group: in the nitroalkanes this carbon is 
sp3-hybridized, and it may largely retain this hybridization 
in the transition state (2). In the nitroolefins the carbon 
is sp2-hybridized, which facilitates a overlap with the nitro 
group and hence the shift of the negative charge into this 
group a t  the transition state (3). 

H 
a+ 18- Ar\ . , . 8 j A r '  

R2 N *. * H *-*C- NO2 H/t-c\ NO:- 
H I I  Ar R,~H 

2 3 

Another factor likely to contribute to the difference in 
'the imbalances is related to the absolute magnitude of PB 
and P,,,", respectively. This is best understood with ref- 
erence to Figure 4, which is a schematic More O'Ferrall- 
Jencks diagram with separate axes for charge transfer (0 
= or P,,,") and for the development of resonance and 
solvation (a,,,,,,1). As can be seen from the figure, the 
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Figure 4. More OFerrall-Jench diagrams showing separate axes 
for the degree of charge transfer (0 = or @,,,") and for the 
development of resonance and solvation (amml) for proton transfer 
(A) and nucleophilic addition (B). Curved reaction coordinates 
indicate a lag in the development of resonance and solvation 
behind charge transfer; dashed lines refer to a hypothetical re- 
action coordinate with no lag. Iares,sol - 01 is seen to depend both 
on degree of curvature in the reaction coordinate and on the 
magnitude of 8. 

extent by which resonance (and solvation) development 
lags behind charge transfer, as measured by Ia)res,sol - PI, 
not only depends on the extent by which the reaction 
coordinate deviates from the diagonal but also on the lo- 
cation of the transition state on the reaction coordinate, 
Le., on the value of 0. For the idealized symmetrical re- 
action coordinate shown in Figure 4 Iay,e,,soI - PI goes 
through a maximum at a P value somewhat larger than 0.5, 
and approaches zero for 0 - 0 and P - 1.0. 

Even though a,,,,,,l - is not the same as aCH - P B  or 
a,,,"(corr) - @,,," (are8,sol - is a negative number) these 
expressions are related because it is the lag in resonance 
(and solvation) development which is responsible for the 
imbalances measured by aCH - PB or a,,"(corr) - P,". In 
a crude approximation we can therefore assume that acH 
- OB and anucn(corr) - P,,," are roughly proportional to 
Ia,e,,,ol - PI. Thus one would expect that aCH - P B  for the 
proton transfer is larger than anucn(corr) - P,,," for the 
addition reactions since PB = 0.55, but P,,," is only 0.37 
for the a-nitrostilbenes and 0.26 for the fi-nitr~styrenes.~~ 

Intrinsic Rate Constants. Intrinsic rate constants, ko, 
for the various a-nitrostilbenes are included in Table 11. 
They were calculated from eq 14 

(14) log ko = log k1 - P,,," log K1 

where kl and K1 refer to the same amine; this procedure 
is equivalent to our standard method8 of extrapolating or 
interpolating a plot of log kl vs. log K1, generated by 
varying the amine, to log K1 = 0. 

The log ko values increase with increasing electron- 
withdrawing strength of the substituent. This increase is 
not due to any special feature of the electron-withdrawing 
substituents but merely a consequence of the fact that a,,,," 
> P,,,,". The change in log ko with substituent Z, relative 

(23) On the basis of a simple central-force model used to calculate free 
enerp changes and Bransted exponents for proton transfer reactions, 
Bell has suggested that acH may somewhat exceed PB even in cases 
where there is no lag in the development of resonance or solvation at the 
transition state. We cannot speculate on how this effect, if it exists, would 
affect the relative magnitudes of CYCH - /3B and ol,,,"(corr) - fl,,,". 

(24) Bell, R. P. J.  Chem. SOC., Faraday Trans. 1 1982, 78, 2593. 
(25) Keeffe, J. R.; Morey, J.; Palmer, C. A.; Lee, J. C .  J. Am. Chem. 

Soc. 1979, 101, 1295. 
(26) A referee has pointed out that a comparison with a-cyanostilbenes 

where even u- for the p-nitro group is not exalted enough to correlate the 
equilibrium constants for methoxide ion additionz7 might be more rele- 
vant in demonstrating the steric effect. 

(27) Stewart, R.; Kroeger, D. J. Can. J.  Chem. 1967, 45, 2173. 
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to the unsubstituted compound, can be expressed by eq 
15: with 6 log Kl(Z) being equivalent to log (Kl(Z)/Kl(H)J. 
Note that the measured a,,,," rather than a,,~(corr) is used 
in eq 15. 

6 log ko(Z) = (an"," - On,,") 6 log K,(Z) (15) 
The log k, value for the parent a-nitrostilbene (1.43) is 

considerably lower than that for the piperidine/morpholine 
addition to P-nitrostyrene in the same solvent (2.55).4 A 
similar reduction is observed in comparing log KO for the 
deprotonation of phenylnitromethane (-0.25) with that of 
nitromethane (0.73).% In the proton transfer the reduction 
in log ko is most easily understood as the consequence of 
a lag in the development of the resonance effect of the 
phenyl There is now ample experimental evi- 
den~e ' -~  as well as theoretical just i f icat i~n~O-~~ which in- 
dicates that resonance development is generally late along 
the reaction coordinate and that this is the reason why ko 
for the formation of resonance-stabilized ions is reduced 
essentially in proportion to the degree of resonance sta- 
bilization of the product ion. Hence, on top of the strong 
ko-lowering effect of nitronate ion resonance (and solva- 
tion), there is the additional effect from the phenyl reso- 
nance. In keeping with a formalism developed earlier,7,9 
the total reduction in k,, relative to a reference system for 
which there is no resonance stabilization of the carbanion, 
may be expressed by eq 16 

6 log ko = 6 log ko'"(N0~) + log kores(Ph) (16) 
with 
6 log kores(NOJ = (a,e,,,,~No~ - PB)6 log Klres(NOJ 

6 log koreS(Ph) = (are,Ph - &)6 log Klres(Ph) 

(17) 

(18) 
In eqs 17 and 18 6 log K F ( N 0 2 )  and 6 log KlreS(Ph) rep- 
resent the increased stability of the carbanion caused by 
the resonance (and solvation) effect of the nitro group and 
the resonance effect of the phenyl group, respectively. 
( ~ , , , , ~ , ~ ~ ~ 2  is the progress in the development of the nitro 
group resonance (and solvation) and corresponds to a,,,,,l 
in Figure 4, aresPh is the progress in the phenyl resonance 
development. 

< PB, 6 log k{"(NOJ and 
6 log kores(Ph) are both negative. Assuming that 6 log 
kore"(NO,) for the deprotonation of phenylnitromethane 
is of comparable magnitude as for the deprotonation of 
nitromethane, the lower ko value for phenylnitromethane 
can then be understood as arising from the negative 6 log 
kores(Ph) term in eq 16. 

Can the lower k, value for amine addition to a-nitro- 
stilbene as compared to P-nitrostyrene be explained in a 
similar way? It is tempting to  do so, but closer scrutiny 
indicates that other factors come into play. For example, 
the strongly increased acidity of phenylnitromethane (pK, 
= 6.77) compared to nitromethane (pK, = 10.28) has no 
counterpart in the K1 or KIKa* values for amine addition: 
K 1  for the piperidine adduct of a-nitrostilbene is 45 M-' 
and for the adduct of P-nitrostyrene 31.8 M-' 4; for KIK," 
the value for a-nitrostilbene (8.4 X lo4) is even lower than 
that for P-nitrostyrene (1.58 X This lack of an 
enhancement of K, or KIK,* as well as the failure of Kl  
to correlate with u- mentioned earlier indicates that the 

Since cires,so~o~ < PB and 

Bernasconi and Renfrow 

resonance effect of the phenyl group is either strongly 
reduced and/or that it is Compensated for by other factors. 
The most likely state of affairs is that steric crowding 
prevents both the nitro and the phenyl group from 
achieving optimal a overlap in the a-nitrostilbene adducts. 

Because of the reduced resonance effects of the phenyl 
and nitro groups in the a-nitrostilbene adducts, which 
imply reduced 6 log Klres(N02) and 6 log Klres(Ph) values 
in eqs 17 and 18, respectively, 6 log h,  in eq 16 should be 
small. Hence one would expect that the change from P- 
nitrostyrene to a-nitrostilbene reduces ko for nucleophilic 
addition less than the change from nitromethane to phe- 
nylnitromethane decreases ko for proton transfer. The fact 
that the observed reductions in ko are about the same or 
even slightly larger for the nucleophilic addition (A log ko 
= -1.12) than for the proton transfer (A log h, = -0.98) 
indicates that factors other than resonance must contribute 
to the lowering of ko with a-nitrostilbene. 

Two such factors have recently been identified in the 
reaction of amines with benzylidene acetylacetone:' early 
development of steric hindrance to a overlap of the sta- 
bilizing groups attached to the carbanionic carbon and late 
development of intramolecular hydrogen bonding between 
the amine proton and an oxyanion in the adduct. 

We have already discussed the evidence which points 
to steric hindrance to a overlap of the phenyl and nitro 
group of the a-nitrostilbene adducts. It is likely that this 
steric hindrance is already largely built into the substrate, 
as is clearly evident from molecular models, and thus de- 
velopment of the steric effect is indeed "early". The re- 
duction in k, can then be expressed by eq 19, with 6 log 

(19) 
Kist (<O) being the reduction in the equilibrium constant 
caused by the steric effect and ast (>&,,") being the 
progress in the development of the steric effect at  the 
transition state. 

Intramolecular hydrogen bonding in the adducts of 
a-nitrostilbene is suggested by the pKa* values (TA* + TA- 
+ H+) which are more than one pK unit higher than for 
the corresponding 0-nitrostyrene adducts. For example, 
pK,* = 9.73 for the piperidine adduct of a-nitrostilbene, 
and pK,* = 8.30 for that of P-nitrostyrene. Development 
of this intramolecular hydrogen bond is likely to lag behind 
C-N bond formation because the donor and acceptor at- 
oms may still be quite far apart in the transition state, and, 
probably more importantly, the acidity of the N-H proton 
and the basicity of the oxygen have not developed enough 
to give the hydrogen bond significant stability. 

The decrease in ko caused by the lagging hydrogen bond 
is expressed by eq 20, with 6 log KIHb (>O) being the in- 
creased stability of the adduct that results from hydrogen 
bonding and (YHb (<fin,,") measuring the development of 
the hydrogen bond at  the transition state. 

6 log KOSt =  CY,^ - P,,,,")S log KISt 

6 log kOHb = (CYHb - P,,,,") 6 log KiHb (20) 
Conclusions. The kinetic behavior of amine addition 

to a-nitrostilbenes shows strong similarities to that of 
amine addition to P-nitrostyrenes but there also exist some 
subtle, though significant, differences. 

(1) Both systems display large imbalances between P,,,," 
and a,,$. After correction for the effect of positive charge 
on the amine nitrogen the imbalance for the a-nitro- 
stilbenes, (a,,,"(corr) - P,,,," = 0.67 - 0.37 = 0.30) is quite 
similar to that for the P-nitrostyrenes (a,,,,"(corr) - &,,$ 

(2) The imbalances in the nucleophilic addition reactions 
are much smaller than the imbalances in the corresponding 
deprotonation of phenylnitroalkanes. This is probably 

= 0.51 - 0.25 = 0.26). 

~ ~~ 

(28) Bernasconi, C. F.; Kliner, D. A,; Mullin, A,, unpublished obser- 
vations. 

(29) Bernasconi, C. F.; Bunnell, R. D.; Kliner, D. A,; Mullin, A.; Pas- 
chalk, P.; Terrier, F. Proc. 8th IUPAC Conf. Phys. Org. Chem., in press. 

(30) Kresge, A. Can. J .  Chem. 1975, 52, 1897. 
(31) (a) Pross, A,; Shaik, S. S. J .  Am. Chem. SOC. 1982, 104,1129. (b) 

(32) Dewar, M. J. S. J .  A m .  Chem. SOC. 1984, 106, 209 
Pross, A. Ado. Phys. Org. Chem. 1985, 21, 99. 



Nucleophilic Addition to  Olefins J. Org. Chem., Vol. 52, No. 14, 1987 3041 

thermore, these workers report the compound to be nearly col- 
orless, whereas our material is distinctly yellow, as are the other 
a-nitrostilbenes. Since the NMR and UV-vis spectra of our 
compound are consistent with (E)-3-nitro-a-nitrostilbene, it seems 
likely that the previously reported material is a different com- 
pound.38 

Substituted phenylnitromethanes used to make the stilbenes 
were in turn prepared by reaction of appropriately substituted 
benzyl bromides with AgN02 or NaN02, as described by Korn- 
blumS4O 

Unsubstituted a-nitrostilbene was also prepared by the reaction 
of trans-stilbene and acetyl nitrate.41 

Piperidine, morpholine, triethylamine, and N-methyl- 
morpholine were refluxed over calcium hydride and distilled. 
Dabco was recrystallized from hexanes. Chloroacetic acid was 
recrystallized from petroleum ether. Cacodylic acid, acetic acid, 
and potassium chloride were used without further purification. 
KOH and HCl solutions were "Dilut-it" (Baker) diluted to ap- 
propriate volumes with deionized distilled water. 

Stereochemistry of a-Nitrostilbenes. The stereochemistry 
of all the stilbenes was unambiguously determined to be E for 
all substrates by NMR spectroscopy. NMR spectra were obtained 
in CDC1, at  60 MHz on a Varian EM-360 spectrometer. 

The shifts of the 0-hydrogen for each substrate was compared 
to predicted values for both the E and Z terms. These were 
calculated by adding the chemical shift substituent constants for 

and nitro43 groups to the shifts of the corresponding 
hydrogens of the appropriate aryl-substituted styrenes.44 The 
observed and predicted shifts are summarized in Table V. 

Kinetics. All experiments were carried out in 50% Me2SO- 
50% HzO in a Durrum stopped-flow spectrophotometer with 
computerized data acquisition and analysis. Kinetics in the 
forward direction were evaluated by mixing a solution of the 
substrate (1 X M) in 0.5 M KC1 with the appropriate 
amine/amine hydrochloride solution. In pH-jump experiments 
the TA- species was generated by dissolving the substrate in 0.04 
M of the amine and 0.001 M KOH; this was mixed with an 
appropriate acidic buffer in the stopped-flow apparatus to give 
the desired final pH. Reactions were monitored at 335 nm. 
Solution pH's were determined from mock mixing experiments 
using an Orion 611 digital pH meter standardized against 50% 
Me2SO-50% HzO buffers described by Hall6 et al.45 
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(38) a-Nitrostilbene is known to react with phenylnitromethane in the 
presence of base to give a colorless isoxazoline N - ~ x i d e . ~ ~  Flurscheim and 
Holmes37 may have isolated an analogous product; their elemental 
analysis is consistent with this hypothesis. 

(39) Nielsen, A. T.; Archibald, T. J. J .  Org. Chem. 1969,34, 985 and 
references therein. 

(40) Kornblum, N. Org. React. (N.Y.) 1962, 12, 101. 
(41) Bordwell, F. G.; Garbisch, E. W. J.  Org. Chem. SOC. 1962,27,2322. 
(42) Pascual, C.; Meier, J.; Simon, W. Helu. Chim. Acta 1966,49, 164. 
(43) Descotes, G.; Bahorel, Y.; Bourillot, M.; Pingeon, G.; Rostaing, R. 

(44) Gurudata; Stothers, J. B.; Talman, J. D. Can. J.  Chem. 1967,45, 

(45) Hall& J. C.; Gaboriaud, R.; Schaal, R. Bull. SOC. Chcm. Fr. 1970, 

Bull. SOC. Chim. Fr. 1970, 282. 
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Table V. Predicted and Observed Shifts of Vinyl Proton of 
a-Nitrostilbenes" 

Z base(E)" base(Z)d 6 r a ~ r d ( E ) b  S,dZ)c 6obsd 

H 5.20 5.70 8.22 7.51 8.21 
4-BI 5.23 5.68 8.25 7.49 8.25 
4-CH3 5.18 5.69 8.20 7.50 8.20 
3-NO2 5.41 5.86 8.43 7.67 8.33 
&NO2 5.47 5.90 8.49 7.71 8.31 

"In ppm downfield from Me4Si in CDC13. b6cac(E) = base + 
Zkemph) (=1.35)42 + Z(cisN02) (=1.67).43 Cbcacl(Z) base + ZkemPh) (=- 
1.35)42 + Z(trans~02) (=1.67).43 dReference 44. 

mainly a consequence of the  sp2-hybridization of the olefins 
which facilitates T overlap in the transition state and 
contrasts with the sp3-hybridization of the carbon acids. 
Thus, the reaction coordinate for nucleophilic addition 
(Figure 4) is closer to the diagonal than for proton transfer 
which reduces Ia,,,,,,I - PI. A contributing factor to the 
smaller imbalances may  be lower p,,," values compared 
to OB in the proton transfer which leads to further re- 
duction in Ia,es,sol - (Figure 4). 

(3) The intrinsic rate constant for piperidine/morpholine 
addition to a-nitrostilbene (log ko = 1.45) is significantly 
lower than the already low value for p-nitrostyrene (log KO 
= 2.55). This reduction is very similar in magnitude to 
the reduction in ko observed when comparing the depro- 
tonation of phenylnitromethane with that of nitromethane, 
but these reductions have different causes in the different 
reactions. In the  proton transfer the  reduction is probably 
a consequence of late development of the additional res- 
onance introduced by t h e  phenyl group, a factor that is 
minimal or nonexistent in the addition t o  a-nitrostilbenes 
because steric hindrance prevents .rr-overlap with the 
phenyl group. Rather, the reduction is attributed t o  early 
development of this steric hindrance and/or to a late de- 
velopment of intramolecular hydrogen bonding between 
the ammonio proton and the nitro group. 

Experimental Section 
Materials. The a-nitrostilbenes were prepared by conden- 

sation of the corresponding phenylnitromethanes and N- 
benzylidinebutylamine according to the method of Robertson33 
and were recrystallized from ethanol/acetic acid: a-nitrostilbene, 
mp 73-74 "C (lit.34 mp 74-75 "C); 4-methyl-a-nitrostilbene, mp 
72-73.5 "C (lit.% 75-76 "C); 4nitr+a-nitrostilbene, mp 117.5-118.5 
"C (lit.36 mp 122-123 "C). 

4-Bromo-a-nitrostilbene is previously unreported mp 101-103 
"C; NMR 6 8.25 (s, 1 H, vinyl), 7.61, 7.18 (A2B2, 4 H, Ar), 7.15 
(m, 5 H, Ar). 

The 3-nitro-a-nitrostilbene prepared in the current study has 
mp 107-108 "C, which is substantially different from the value 
of 179-180 "C reported by Flurscheim and Holmes.37 Fur- 

(33) Robertson, D. N. J.  Org. Chem. SOC. 1960, 25, 47. 
(34) Freeman, J. P.; Stevens, T. E. J. Org. Chem. SOC. 1958,23,136. 
(35) Meisenheimer, J.; Beisswenger, 0.; Kauffmann, H. L.; Kummer, 

(36) Grant, R. D.; Pinhey, J. T.; Rizzardo, E. A u t .  J. Chem. 1984,37, 

(37) Flurscheim, B.; Holmes, E. L. J.  Chem. SOC. 1932, 1458. 

U. v.; Link, J. Justus Liebigs Ann. Chem. 1929, 468, 249. 

1217. 


