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The rate constants for the reactions of five-membered heteroaromatic aldehydes with aniline in acetonitrile
(Schiff reaction) and with benzoylmethylenetriphenylphosphorane in methanol (Wittig reaction) were measured
in order to attempt structure-reactivity correlations. The observed reactivity sequence (2-furyl > phenyl > 2-thi-
enyl > 2-pyrrolyl) is the same as previously found in other substitutions at the carbonyl group. The electron-donat-
ing character of the heteroatoms in the Schiff reaction is proved by the Hammett treatment of the data. However,
extension of this treatment to other reactions at the carbony! group does not give constant ope; values. Application
of the Taft—Pavelich eqation points out a dependence of the rate of reaction on polar and steric effects of heteroaro-
matic rings. Information from Hammett and Taft-Pavelich equations, however, is not unequivocal owing to inher-

ent features of both free-energy relationships.

In previous articles of this series kinetic data for the reac-
tions of arylmethyl chlorides! and arenesulfonyl chlorides?
with aniline were reported, in order to correlate the reactivity
of five-membered heterocycles with that of benzene deriva-
tives and to attempt structure-reactivity correlations. How-
ever, no generalization was drawn owing to different behavior
of heterocyclic compounds in different kinds of reactions.

In fact, the reactivity sequence (2-furyl > 2-thienyl >
phenyl) observed for the reaction of arylmethyl chlorides with
aniline! appears to be in agreement with the polarity of het-
erocycles, given by o* values,® while the rate sequence for the
reaction of arenesulfonyl chlorides with aniline? (phenyl >
2-furyl > 2-thienyl) suggests that the conjugative effect, de-
scribed by ¢* values, appears to be prevailing.*5

Moreover, a different reactivity sequence (2-furyl > phenyl
> 2-thienyl) is observed in some nucleophilic substitutions
at the carbonyl group, as in the reaction of arylcarbonyl
chlorides with aniline,? of aryl chloromethyl ketones with
triethyl phosphite,’ in the alkaline hydrolysis of esters3 and
in the reduction of aryl methyl ketones by sodium borohy-
dride.® This fact might formally derive from the balance be-
tween the opposite electronic effects in the five-membered
heterocycles (—I, +M), even if the role of steric factors in some
of these reactions cannot be neglected.3?

To verify the specificity of this sequence for reactions at the
carbonyl group, we here report kinetic data relative to the
reactions of heterocyclic aldehydes with aniline (Schiff reac-
tion), and with benzoylmethylenetriphenylphosphorane
(BMTPP) (Wittig reaction). In this paper we intend also to
rationalize the data on nucleophilic substitutions at the car-
bonyl group in the side chain of five-membered heterocycles,
using free-energy relationships.

Results

Reactions of Aldehydes with Anilines. The Schiff base
formation from aromatic aldehydes and amines (reaction 1)
is a well-known two-step addition-elimination reaction, in
which the rate-determining step depends on the aromatic ring

structure and on experimental conditions (solvent,
pH).10-12

OH H
ArCHO + CHNH, === | ArC—NC;H;
H

== ArCH==NCH, + HO @

Ar = 2-C,H,8, 2-C,H,NH, p-(CH,),NCH,, p-CH,0CH,,
p-CH,C,H,, p-CIC,H,, p-O,NC, H,

Acetonitrile was chosen as a solvent because, being dipolar,
it allows an appreciably fast kinetics in the absence of catalyst;
moreover, being aprotic, it prevents the hydrolysis of the
Schiff bases, a phenomenon that would not give quantitative
yields.13

The reaction was followed by monitoring the UV absorb-
ance of the Schiff base (see Experimental Section). The ki-
netics is second order overall, first order with respect to each
reactant, as expected for an uncatalyzed reaction, according
to the simple rate law

rate = ky[aldehyde][nucleophile] (2)

Rate constants at 25 °C are reported in Table I, showing
that the reactivity sequence is the following: phenyl > 2-thi-
enyl > 2-pyrrolyl. The k, value for 2-furaldehyde is not re-
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Table I. Second-Order Rate Constants for the Reactions
- of RCHO with Aniline in Acetonitrile at 25 °C

Registry no. R 105k5, L mol~1g~1e
100-52-7 CeH;5 72.0
104-88-1  p-CICeH, 45.8
104-87-0 p-CH3CgH, 13.9
123-11-5 p-CH30CsH, 7.34
555-16-8 p-02NCgH, 4.49

98-03-3 2-C4H38 2.64
1003-29-8 2-C4H3NH 0.0452
100-10-7 p-(CH3)sNCgHy 0.0254

2 Maximum error +7%.

ported, as the Schiff base is not formed quantitatively, owing
to the occurrence of competitive and consecutive reac-
tions,14

The Hammett plot, for para-substituted benzaldehydes is
not linear, showing a rate maximum near the point for benz-
aldehyde (Figure 1).

This behavior, already observed for the reactions of benz-
aldehydes with n-butylamine in methanol,1? with aniline in
water (pH 6.1),!2 and with p-toluidine in ethanol and in
benzene,!® is due to the influence of substituents on both steps
(reaction 1): electron-donating groups (p positive) decrease
the nucleophilic attack rate (first step), while electron-with-
drawing ones (p negative) reduce the carbinolamine dehy-
dration (second step); thus, these effects cause a variation in
the rate-limiting step.

Reactions of Aldehydes with BMTPP. The synthesis of
olefins from carbonyl derivatives and phosphorus stable ylides
(Wittig reaction) is a nucleophilic substitution in which the
rate-determining step is the attack of a carbanion to the car-
bonyl carbon atom, followed by the stepwise formation of a
betaine and a four-membered intermediate (eq. 3).16

N
C,H.COCH=P(C,H.), [CUHECOCH—P( CUH.-,>{|

RCH=0 RCH—O~

C,H,COCH—P(C.H,), (G );P=0
- —_ + (3)

RCH—O C.H,COCH=CHR

R = 2-C,H,0, 2-C,H,S, 2-C,H,NH, C,H,, ¢-C,H,,

BMTPP is a stable ylide, easily workable, and for this rea-
son it was chosen as a reagent. The reaction, carried out in
methanol, yields chalcone analogues quantitatively and was
followed by titration of the residue ylide in the presence of an
indicator (see Experimental Section). In all cases, an overall
second-order kinetics, first order with respect to each reactant
(eq 2), was observed. In Table II the rate constants and the
activation parameters are reported.

The reactivity sequence (2-furyl > phenyl > 2-thienyl >
2-pyrrolyl) is analogous to that already observed for other
nucleophilic reactions at the carbonyl group.36-8
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Figure 1. Hammett plot for the reactions of para-substituted benz-
aldehydes with aniline in acetonitrile at 25 °C.

Discussion

Application of the Hammett Equation. Application of
the Hammett equation to equilibrium or reactivity data of
five-membered heterocycles provides information on the
electronic effects of heteroatoms.517 In fact, if we consider the
heterocycle as a substituted benzene, o}, constants for the
replacement of a CH=CH group in the benzene ring by the
heteroatom can be calculated by eq 4, using the appropriate
p and log k¢ values:

onet = (log k — log ko)/p (4)

The electron-donating effect of the heteroatom is evident
in the Schiff reaction,!8 as shown by the negative o5.5 and
oo.NH values (Table III).

Actually, in the case of five-membered rings, variable opet
values can be derived from other reaction systems,1® while a
high degree of consistency of ope; from pyridine derivatives
is observed.5

The Hammett treatment was also applied to the available
data for nucleophilic substitutions at carbonyl group. Results
reported in Table III show the variability of oy values, also
in the case of reactions at the carbonyl group only. Particu-
larly, the 2-furyl group acts as benzene (5.0 zero) in reactions
2 and 5, and as an electron-withdrawing group in 3, 4, and 6;
3-furyl and 3-thienyl groups show strong resemblances with
benzene, except in reaction 5; ope; for 2- and 3-pyrrolyl groups,
instead, appear to be more consistent.

The wide variability of o,e; can be ascribed to the polariz-
ability of five-membered heterocycles, whose ability to induce
through-conjugation is well known.2° Hence some authors®2!
used the Yukawa—Tsuno equation (5) to rationalize reactivity
data:

log klko = P[Uhet + r{otpes — Uhet)] (5)

However, while ot values are constant, as is proven by
extended selectivity treatment,22 the choice of a particular set

Table II. Second-Order Rate Constants and Activation Parameters for the Reactions of RCHO with BMTPP in

Methanol
Registry 103ky, L mol-1s—1¢ AHF, —~ASF,
no. R 35°C 45 °C 60 °C kcal mol ! cal mol-1 K-!

98-01-1 2-C4H30 2.90 5.14 9.95 9.4 39.7
CgH5 1.04 2.06 4.26 10.8 37.3

2-C4H3S 0.54 0.97 2.56 12.2 34.2

2043-61-0 ¢-CgH1y 0.081 0.18 0.48 13.9 29.4
2-C4HsNH 0.023 0.038 0.12 13.1 37.6

¢ Maximum error +6%.
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Table II1. Application of the Hammett Equation to Reactions at the Carbonyl Group and Substituent Constants for
Heteroatoms in Five-Membered Rings

Log ko° Thet?
Reaction or equilibrium Xe ré p°¢ (orpKy) 2-0 3-0 2-8 3.5 2.NH 3-NH Ref*
1. XCsH4CHO + CgHsNH./ 1,2,3,4 0.999 4.18 (0.14) —3.11 (0.06) -0.35 —0.83 f
(acetonitrile, 25 °C)
2. XC¢H4,CHO + OH# 1,2,83,5,6, 0.994 -2.76 (0.05) 14.98 (0.10) 0.08 -0.085 <-0.73 h
(pK, water, 25 °C) 7,8,9, 10,
11,12
3. XCgH,COCH-Cl! + 1,2,3,5,6 0.997 1.88(0.08) —4.13(0.03) 0.43 0.01 —-0.16 -0.01 J
(CoH50)3P!
(benzene, 40 °C)
4. XCgH4COCI + CgHsNH,* 1, 2, 8, 5,7, 0.978 1.42(0.12) -1.31(0.03) 0.31 —0.05 —0.20 -0.04 !
(benzene, 25 °C) 13, 14,15
5. XC¢H4COCH; + NaBH ™1, 2, 8, 4, 5, 0.987 2.84 (0.15) -2.75(0.06) 0.06 =0.16 —=0.16 -0.11 -0.79 —-093 n
(2-propanol, 30 °C) 7,9, 13, 14,
16,17,18
6. XCgH,COOCsH; + OH-° 1,2,6,17, 0.999 2.37 (0.06) ~2.51(0.03) 0.27 0.03 001 000 -0.587 —0.942 p

(62% aq acetone, 25 °C) 10,16, 19

@ Key for X substituent: 1, H; 2, p-CHjs; 3, p-OCHg; 4, p-N(CHs)g; 5, p-Cl; 6, p-NOg; 7, m-CHjy; 8, m-OCHg; 9, m-Cl; 10, m-NOy;
11, m-CN; 12, p-CN; 13, p-Br; 14, m-Br; 15, m-I; 16, p-NHy; 17, p-F; 18, m-F; 19, m-NHo. b Correlation coefficient. ¢ Standard deviation
of the estimate in parentheses. ¢ Standard deviation of ohe, ranges from 0.05 to 0.08. ¢ References for reactivity data of heterocyclic
compounds. / This work. ¢ W. J. Bover and P. Zuman, J. Chem. Soc., Perkin Trans. 2, 786 (1973). » W. J. Scott, W. J. Bover, K. Breatin,
and P. Zuman, J. Org. Chem., 41, 1952 (1976). ¢ A. Arcoria and S. Fisichella, Tetrahedron Lett., 3347 (1971). / Reference 7. * R. A.
Benkeser, C. E. DeBoer, R. E. Robinson, and D. M. Sauve, J. Am. Chem. Soc., 78, 682 (1956). ! Reference 6. ™ Reference 8, 9. » Reference
8. 2 E. Tommila and C. N. Hinshelwood, J. Chem. Soc., 1801 (1938). » Reference 3; M. K. A. Khan and K. J. Morgan, Tetrahedron,

21, 2197 (1965). 9 Reported from ref 8.

Table IV. Data Used and Results of Correlations with Equation 6

X Cg¢Hs; 2-C4H30 3-C4H3;0 2-C4HsS 3-C4HsS Log ko®
Equilibrium or reaction ¢*¢ g*¢ (.60 1.08 0.65 0.93 0.65 re pb (or pKy)
pK . XCOOH (water, 25 °C)°¢ 4.21 3.16 3.95 3.53 4,10 0.988 —2.04(0.18) 5.39 (0.15)
pK. XB(OH); (water, 25 °C)4 8.83 7.88 8.65 8.11 877 0.993 -—2.00(0.14) 10.0 (0.11)
pK, XSO;NHR (50% aq ethanol, 20 °C)¢
R=H 11.33 10.39 10.76 11.20 0.995 —1.87(0.13) 12.44(0.11)
R = CgHs/ 9.98 9.02 9.41 9.83 0.982 -2.05(0.16) 11.28(0.18)
R = CH,CgH5 12.53 11.54 11.93 1247 0.997 -=2.05(0.12) 13.79(0.10)
Rearrangement XCH(OH)CH=CHCH;#
(log & rel, 60% aq dioxane, 30 °C) 0.00 1.95 1.54 0.994 4.16 (0.46) —2.45(0.41)
Isomerization cis- XCH=CHCgsHs"
(log k1, decalin, 170 °C) -2.21 —-0.98 -1.32 0.999 2.58 (0.10) —3.75(0.09)
Reaction XCH,Cl1 + CsHs;NH,!
(log k3, acetonitrile, 50 °C) -439 -3.61 -3.75 0.990 1.68 (0.24) —5.38 (0.21)
(log k3, benzene, 50 °C) -6.58 —4.78 —-5.46 0.997 3.69 (0.27) —8.82(0.24)
Alkaline hydrolysis XCONHCgH5/
(log k1, 76% aq ethanol, 100 °C) —4.59 —4.00 —4.56 —-4.24 —-4.51 0.994 1.19 (0.08) —5.31 (0.06)
Rearrangement XCOCOY*
(log k9, 67% aq dioxane, 50 °C) —4.00 -3.73 —-3.43 -2.91 0.995 1.59 (0.11) -5.85(0.17)
(ox* + oy*) (1.20) (1.30) (1.53) (1.86)

@ Correlation coefficient. ¢ Standard deviation of the estimate in parentheses. ¢ Reference 3. ¢ B. P. Roques, D. Florentin, and M.
Callanquin, J. Heterocycl. Chem., 12, 195 (1975). ¢ A. Ballistreri, E. Maccarone, and G. Musumarra, J. Chem. Soc., Perkin Trans.

2, 984 (1977). / The correlation includes pK, of the following 5-Y
Br, 8.84, 1.29; NO, 7.68, 1.65. ¢ E. A. Braude and J. S. Fawcett, J.

-2-C4HoSO,NHCgH; (Y, pK,,© o*¢): CHg, 9.65, 0.84; Cl, 8.84, 1.26;

Chem. Soc., 4158 (1952). " G. Scarlata and M. Torre, J. Heterocycl.

Chem., 13,1193 (1976). | Reference 1./ Reference 26. * G. P. Nilles and R. D. Schuetz, JJ. Org. Chem., 36, 2489 (1971).

of oyet values, which is of doubtful general validity, can un-
dergo some criticism.>

For this reason, combination of electronic effects as in eq
5 does not appear to be formally appropriate in order to in-
terpret the reactivity data, and we believe that a different
approach is necessary to rationalize the behavior of five-
membered heterocycles in nucleophilic substitutions at the
carbonyl group.

Application of the Taft Equation. Ten Thije and Jans-
sen® pointed out in 1965 that failure of the Hammett equation
might be expected for 2-substituted five-membered rings,
owing to the proximity of the substituent to the side chain.
Consequently, they proposed to correlate the data by the Taft
equation (6)

log k/kg = p*o* (8)
and derived ¢* values for the heterocycles, following the
standard conditions originally suggested by Taft.23
Recently, Tomasik and Johnson restricted the derivation
of ¢ values for heteroatoms in such rings to cases where steric
interactions with the reaction site appear to be absent.5 The
different geometry of five-membered rings can in fact influ-
ence differently the stability of the transition state. Specifi-
cally, in substitutions at the carbonyl group, the carbon atom
which is sp2 planar trigonal in the initial state becomes a sp?
tetrahedral carbon atom in the transition state. The bond
angles are drastically reduced from about 120° to about 109°,
and the reaction rate will then be decreased because of the
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Table V. Data Used and Results of Correlations with Equation 7

2- 3- 2- 3- 2-C4H;-
C¢Hs CsH;0 CH30 CH3S C4H3S NH
a*®  0.60 1.08 0.65 0.93 0.65 0.46¢ Log ko®
Reaction or equilibrium Elb —-255 -3.16 -2.71 -3.39 -=2.73 —3.884 p 6@ (or pKo)
1. XCHO + CsHsNH; (log &9, -3.14 —-4.58 —-6.34 1.39 2.26 1.79
acetonitrile, 25 °C)¢
2. XCHO + BMTPP (log ks, -298 =254 -3.27 —4.648 258 (0.30) 0.72 (0.14) -3.03 (0.30)
methanol, 35 °C)¢/
3. XCHOh-I- OH- (pK, water, 14.9 14.75 15.21 17 -2.28(0.13) -1.30(0.09) 13.00 (0.20)
25 °C)
4. XCOCH.Cl + (C4H;0)3P -4.05 -3.31 —4.10 —4.43 -4.15 4.12(0.09) 2.10 (0.06) —1.09 (0.12)
(log k2, benzene, 40 °C)¢
5. XCOCl + C¢HsNH: (log ko, -1.20 -0.876 -1.39 -1.59 -1.36 1.52(0.12) 1.03 (0.11) 0.49 (0.23)
benzene, 25 °C)/::
6. XCOCl + m-NO,CcH,/NH- -3.49 -—3.24m.n -3.80mn -3.690 1.18 (0.09) 1.01 (0.06) —1.55 (0.10)
(log ks, benzene, 20 °C)!
7. XCOCHj; + NaBH, (log ks, -219 -1.99 ~2.53 -251 -2.39 -4.45 2.55(0.14) 0.98 (0.04) —1.54 (0.09)

2-propanol, 50 °C)P-9

a Standard deviation of the estimate in parentheses. ® Reference 3. ¢ Obtained from the equation o* = (pK, — pKa,)/p* = (4.45
— 5.39)/—2.04 (see Table IV). ¢ Obtained by interpolation from the data of reaction 2 by the equation E; = (log ko — p*o* — log k¢)/8.
e This work. / The correlation includes log k3 for the reaction of ¢-C¢H;;CHO (—4.09,¢ ¢* = —0.15, E, = —0.79). & Not included in
correlation. » W. J. Scott, W. J. Bover, K. Breatin, and P. Zuman, J. Org. Chem., 41, 1952 (1976); the correlation includes the pK of
5-Br-2-C4H,SCHO (14.64, o* = 1.29,® E, = —3.58%). i Reference 7. / Reference 6. * The correlation includes log k of the following
5-Y-2-C4HoSCOCI (Y, log kg, 0*?, Eb): CHs, —1.99, 0.84, —3.58; Cl, —1.23, 1.26, —3.53; NO3, —0.374, 1.65, —3.19. G. Alberghina, A.
Arcoria, S. Fisichella, and G. Scarlata, Gazz. Chim. Ital., 103, 319 (1973). ! The correlation includes log k5 of the following XCOCI
(X, log kg, 0*, Eg): CHs, —1.91, 0.0, 0.0; n-C3H7, —2.02, —0.115, —0.36; n-C4Hy, —2.17, —0.13, —0.39; i-C4Hy, —2.42, —0.125, -0.93;
C¢HsCH,, —1.68, 0.215, —0.38; CH;CH=CH, —2.32, 0.36, —1.63; CICH;, —0.38, 1.05, —0.24; ClsC, —~0.558, 2.65, —2.06. H. S. Venka-
taraman and C. N. Hinshelwood, J. Chem. Soc., 4977 (1960). ™ A. Arcoria, S. Fisichella, G. Scarlata, and D. Sciotto, J. Org. Chem.,
39, 3025 (1974). " Interpolated at 20 °C from activation parameters. © A. Arcoria and S. Fisichella, J. Org. Chem., 38, 3774 (1973).
P Reference 8. 9 The correlation includes log &, of the following XCOCHj (X, log ks, o*, E;): CHg, —1.68, 0.0, 0.0; CoHj, —1.95, —0.10,
—0.07; i-C4H~, —2.27, —0.19, —0.47; C¢HsCH,, —1.49, 0.215, ~0.37; CgHs(CH3)CH, —2.32,0.11, —1.19; (CgHs5)oCH, —2.40, 0.405, —1.76.
H. C. Brown, R. Bernheimer, and K. J. Morgan, J. Am. Chem. Soc., 87, 1280 (1965); ref 9.

back strain in the transition state, due to the bulky adjacent
group.

The Taft-Pavelich equation (7), which is widely used,?4
takes into account both polar {(¢*) and steric (E;) effects, and
appears to be a better model to relate the substrate structure
to the carbony! group reactivity:2>

log k/ko = p*a* + 0K, )]

Equation 6 was applied successfully to equilibria or reaction
series in which steric hindrances are negligible, as dissociation
of carboxylic acids,? alkaline hydrolysis of arylanilides,?6 and
reactions of arylmethyl chlorides with aniline;! the reported
results are shown in Table IV, together with other data elab-
orated by us.

The data for seven more reactions, for which eq 6 was un-
successfully attempted, were satisfactorily interpreted ac-
cording to eq 7, and, whenever homogeneous data were
available, this equation was also successfully applied in the
case of aliphatic and unsaturated compounds. Data used and
results of correlations are reported in Table V.

As eq 7 correlates a wide range of data for reactions at the
carbonyl group, the behavior of five-membered rings might
be discussed in general terms on the basis of steric and polar
effects.2’ The observed reactivities, separated from the con-

] 1 | 1 | | ! ]

0.6 1.0

Figure 2. Application of the Taft-Pavelich equation to the reduction

tribution due to steric effect (log ko — 8E), are in agreement
with the polar effect sequence (Figure 2).

In particular, the 2-thienyl ring, which seems to behave as
an electron-donating group using the Hammett treatment,
appears to be an electron-withdrawing group as suggested by
its o* values. However, a limitation to this interpretation is
due to the fact that E, values for aromatic and unsaturated

of RCOCH; with NaBHj in 2-propanol at 50 °C.

groups, as well as for heterocyclic five-membered rings, in-
clude a conjugative contribution, as pointed out by Taft.23
In conclusion the Hammett treatment neglects the contri-
bution due to the steric effects, while the Taft-Pavelich
equation, in this case, includes conjugative effects in the steric
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parameter. A better model might be represented by Charton’s
equation (8),25 which takes into account independent varia-
tions of inductive (o7), resonance (o), and steric (v) effects:

logk =ac1+ Bog +yv+h (8)

Unfortunately, its application, which might provide the
“weight” of each effect on the observed reactivity, is not
possible at the moment owing to the lack of appropriate oy, oR,
and v values for five-membered rings.

Experimental Section

Reagents and Solvents. Aldehydes and aniline were commercial
products, purified by distillation or crystallization. Solvents (aceto-
nitrile and methanol, RPE Carlo Erba) were used without further
purification.

Benzoylmethylenetriphenylphosphorane (BMTPP) was obtained
by treating phenacyltriphenylphosphonium bromide with 10%
aqueous sodium carbonate following the procedure already de-
scribed,?8 mp 178-180 °C.

Kinetic Procedure. A. Schiff Reaction. Standard solutions of
aldehyde and aniline in acetonitrile (10 mL) were mixed at 25 °C.
Initial concentrations varied in the range 0.025-0.50 mol L~1. At in-
tervals, 1 mL of the reaction solution was placed in a 100-mL volu-
metric flask and the volume made up with acetonitrile. The optical
density and the molar extinction coefficient of the Schiff bases were
measured at the appropriate wavelength?® and their concentrations
calculated. The reaction follows a second-order kinetics to at least 70%
completion. k2 constants reported in Table I are average values from
at least four determinations at different reagent concentrations.

B. Wittig Reaction. Standard solutions (10 mL) of ylide (0.02 mol
L-!) and aldehyde (0.10 mol L~1) in methanol were mixed in stop-
pered flasks and kept at constant temperature. At intervals the flask
was cooled with an ice bath and part of hydrochloric acid necessary
to titrate the residue ylide added. Some drops of bromophenol blue
(1/1000 v/v alcchol solution) were then added and the ylide titrated
with HCI until greenish color was observed. In all cases the reactions
followed a second-order kinetics. The rate constants were calculated
by

ko = 2.303/4at log[(5a — x)/5(a — x)] 9

where a is the ylide concentration (0.02 mol L-1) and x the reacted
amount at time ¢.

Reaction Products. Schiff Bases. Equimolar amounts of alde-
hyde and aniline (0.10 mol) were allowed to react in acetonitrile (100
mL) at room temperature for 6-48 h, depending on the aldehyde re-
activity. Acetonitrile was evaporated and the residue distilled under
vacuum or crystallized from petroleum ether (bp 30-60 °C) or abso-
lute ethanol, yield >90%. RCH=NC¢H; [R, bp (mmHg) or mp}: C¢Hs,
50-51 °C;30 p-CH3CgHy, 150 °C (0.2), 43 °C;3! p-CH30CeH,, 176 °C
(1.0), 63 °C;31 p-(CH3)osNCgH,, 99 °C;31 p-CICgHy, 63 °C;3132 p-NO,,
90 °C;31.32 2.C4H,S, 109-110 °C (0.1);33 2-C4H3NH, 92-93 °(C .34

Chalcones. Solutions of BMTPP and aldehyde in methanol were
allowed to react at 50 °C for about 24 h. After evaporation of the sol-
vent the residue was distilled or crystallized from petroleum ether or
absolute ethanol, yield > 80%. RCH=CHCOC¢H;5 [R, bp (mmHg)
or mp): C¢Hs, 57-58 °C;3% 2-C4H30, 171 °C (3);3687 2-C4H;S, 58-59
°C;37 2-C4H3NH, 138-139 °C;38 ¢-C4H, 1, 167-168 °C.39
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