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Abstract. The mechanism of the reactions of ammonia and
benzaldehyde with three different beta-dicarbonyl compounds
to form the corresponding dihyropyridines has been followed
by NMR. In each case the pathway is shown to involve the
reaction of benzaldehyde with one molecule of beta-dicarbonyl
to give chalcone, and of the ammonia with a second molecule
of beta-dicarbonyl to give an enamine. The rate determining
stage is shown to be the Michael addition of the chalcone to
the enamine.

The oldest, and perhaps most important, of the classical syntheses of pyridines is the ‘reaction
of a 1,3-dicarbonyl compound with an aldehyde and ammonia (or a primary amine), the Hantzsch

(dihydro) pyridine xaynthesr:l.s.1

This reaction has generally been assumed to proceed either via the
intermediacy of an aminocrotonate 5 and an alpha, beta-unsaturated ketone 6 or via a 1,5~diketone
_3_.2 In fact, as is shown in Scheme 1, the four components could join up in the final stage in a
single 2 + 2 manner (i: 5 + 6 --> 10), or in one of three alternative 3 + 1 combinations (ii: 3 +
NH3 --> 7; iii: 1 + PhCHO --> 4; iv: 2+ 13 --> 10).

In the exceptional case of the reaction of 4,4,4-trifluoroacetoacetate 2d (Scheme 1) with a

3,4

range of substituted benzaldehyes, the diols of type 11d have been isolated. The isolation of

only this diol in high yields implies that in this case: (i) the reaction proceeds exclusively via
the 1,5-diketone 3d (Scheme 1) and not via the enamine 5d; (i1) ring closure of the carbinolamine
7d is faster than the elimination 7d --> 10d; (iii) the dehydration of 11d-->154 does not occur,
even in the presence of strong dehydrating .sgents.3 This type of mechanism parallels the reactions
of 1,3-diketones with hydroxylamines, hydraziness, and amidines7, all of which show heterocyclic

diols as key reaction intermediates on the pathways to product.

wWith the important exception of 114, apparently no intermediates have either been isolated or

spectroscoplcally characterized in the Hantzsch pyridine synthesiss. Consequently, the oldere’g"o

and wore recentz monographs on pyridine do not discusas in any detail the pathways delineated in

9

Scheme 1, although some authors favor a particular mechanistic route: e.g., Mosher” cites the

extensive earlier work on the effect of pl-i”"2 and sut:u;ti.t.uents‘3 (in the benzaldehyde ring) on
reaction yields, and favors the 1,5-diketone 3 pathway, whereas Berson“, who made a number of 1,4-

dihydropyridines, favours the aminocrotonate 5 pathway, simply on the basis of product composition.

+ This paper is considered as Part 3 of a series "The Mechanism of Heterocyclic Ring Closures.

For parts | and 2 see references 7 and 15.
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Scheme 1. Reaction Pathways for the Hantzsch Synthesis of Pyridines;
(i) enamine 5 + chalcone 6 --> 10 --> 15 —> 14
(11) diketone 3 + NH3 ==> 37 --> (10 or 11) --> 15 --> 14
(1ii) dienamine 1 + PhCHO ==> 4 ~=> 8 ~-=> 12 --> 14
(iv) enamine 5 + PhCHO --> 9 --> 13 + dicarbonyl 2 -=> 10 =-=> 15 -=> 14
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The present work was initiated to see if intermediatea could be detected in the reactions of a
variety of 1,3-dicarbonyl compounds (Table 1) with ammonia and benzaldehyde on the pathway to
product 14 (Scheme 1). It is a continuation of our studiea of heterocyclic ring closures by

mul tinuclear NMR methods.7'15"6 We have studied the reactions of benzaldehyde and ammonia with

three beta-dicarbonyl components: methyl acetcacetate, acetylacetone, and benzoylacetone. The
reactions were followed by 13C. and 15N NMR spectroacopy. We first discuss the mechanistic

conclusions based on the intermediates detected, and then the spectral identification of these

intermediates.

DISCUSSION

We observe that both the chalcone 6 and that the enamine 5 are always formed. The enamine is
seen within minutes of the addition of ammonia and persists throughout the course of the reaction.
This implies that the bulk of the reaction goes via the pathway of 5-->10-->15-->14. Peaks due to
the chalcone 6 begin appearing within the firat few hours of the reaction, gradually grow to a
maximum, and, like the enamine 5 peaks, persist throughout the course of the reaction.

In two instances, direct combination of preformed compounds 5 and 6 (Et3N catalyst) was shown
to lead cleanly to the respective dihydropyridines i4a and 14b, at a rate somewhat slower compared
to that found when using the usual starting materials. Because there 1is no reaction between
benzaldehyde and either acetylacetone 2a or enamine 5a (Et3N catalyst) after one week, we assume
that formation of chalcones 6 involves the imine phcH=NH!7 as an intermediate. In the presence of
aqueous ammonia, compound 6a undergoes partial reversion to benzaldehyde and diketone 2a, and within
a week significant amounta of enamine 5a and dihydropyridine 14a are formed from 6a. The absence of
detectable quantities of the intermediates 10 and 15 (Scheme 1) implies that the ring closure 10 to
15 and the subsequent elimination 15 to 14 are faster than the Michael addition of 5 to 6.

If elimination from the diol 11 (Scheme 1) was faster than the ring closure 7 to 11, then the
diol 11 would be present only in steady-state concentration and would therefore escape detection;
furthermore, if formation of the carbinolamine 1 were faster than the Michael addition of 2 to the
chalcone 6, no intermediates would be observed on the pathway 2-->3-->11-->14 other than the
chalcone 6. This mechanism however, is implausible on the grounds that whenever diols lie on the
pathway to products in heterocyclic ring closures, elimination from the diol has been shown to be

slower than diol fomation5’6'7;

e.g., the rate of elimination from the diol 17 is ca. 10® s1lower
than the rate of diol formation at pH 8.0.5 Thus, if the diol 11 was an intermediate on the
reaction pathway, it would be expected to gradually accumulate, and persist throughout the course of
the reaction; as this is not the case, we conclude that the above pathway does not make a

significant contribution to the mechanism of the Hantzsch pyridine synthesis.

OH Me Me
/ OH OH OH
HN \ K Me Y k2
N~ ' Me X N O
Me Me HO H
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Table 1. C-13 NMR chemical shifts® and assignments of the beta-diketones 2a and 2c
and beta-ketoester 2b (Scheme 1)

C-1 c-2 C-3 R Rt Literature
|2a  keto 205.3 58.6 205.3 31.2 (Me) 31.2 (Me) 19a
enol 192.8 101.4 192.8 25.1 (Me) 25.1 (Me)
|2b  keto 201.6 49.9 168.3 52.2(0Me) 30.0(Me) 19b
enol b 88.0 b 50.3(OMe) 21.0(Me)
2c  keto 203.7 53.5 195.1 30.5(Me) 19¢
enol 194.0 96.7 182.6 25.3(Me)

21 ppm relative to CD3CN at 1.3 ppm. bConcentxation of enol form too low to
detect spz carbons.

The dienamine sepecies 1 is observable during the initial stage of the reactions involving
aliphatic compounds 2a and 2b, respectively, but it could not be detected in the case of aromatic
beta-diketone 2c. One hour after acetylacetone 2a, benzaldehyde, and ammonia are mixed, enamine 5a,
chalcone 6a, and dienamine l1a are all present, but ia disappears permanently before product 14a
appears at the 24 hr mark. Early formation of enamine Sb and chalcone 6b from beta-ketoester 2b is
also evident, with dienamine 1b and dihydropyridine 14b now emerging together at the six hour
mark. Species )b still remains after one day, but not after three days; after one day substantial
conversion of reactants to product 14b has occurred. Approximately ten days are required before the
combination of 2a with benzaldehyde and ammonia reaches a comparable stage of product (14a)
formation. Since each of the dienamines lda and 2 is outlasted by the related ;bﬂ-dicarbonyl 2,
enamine 5, and chalcone 6, we therefore conclude that la and _12 are metastable sideproducts, rather

than intermediates in the conversion of 2 to 14.

Table 2. C-13 NMR chemical shifta® and assignmente of the dihydropyridines 14{a-c)
{Scheme 1)

R R' C€(2,6) C(3,5) (3,5 C=0) C-4 Ph R R Literature

14a Me Me 144.8 114.5 (198.5) 41.2 b 30.5 19.7 21
14b OMe Me 145.6 101.6 (167.3) 40.3 c 51.4 19.0 21
14¢ P Me 142.5 111.3 (196.7) 42.6 d e 18.3 -

-

1. ppm relative to CD3CN at 1.3ppm. bPh: ©-129.5, m-128.6, p-127.4, i—148.4:
or:h. and meta assignments are interchangeable. Sph: ©0-128.2, m-127.7, p-126.3, i-
148.3: ortho and meta assignments are interchangeable. dPh: 0-126.7, m-127.8, p-
126.0. i-146.5; 2’2‘2 and meta assignments are interchangeable. ®Ph: 0-128.5, m-

127.3; p-131.2, 1 140.8; ortho and meta assignments are interchangeable.
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Finally, we note that the 1,5-diketones 3a and 3b exist wunder our conditions as 3-

hydroxycyclohexanone structures. Thus the original suggestion by Rabe and }:12918

regarding ring-
chain tautomerism for 3 is confirmed. Formation of 18a (R = R' = Me) from acetylacetone 2a and

chalcone 6a (Et3N catalyst) is complete within 4-8 hr.

SPECTRAL ASSIGNMENTS

C-13 NMR Assignments.

Table 1 gives the C-13 NMR chemical shifts and assignments of the 1,3-dicarbonyl compounds used

in the present study. All are in good agreement with the literature referencea’ga'c

quoted in Table
1. Table 2 gives the C-13 NMR chemical shifts and assignments of the 1,4-dihydropyridines 14(a-c)

(Scheme 1) formed from the reactions of the above 1,3-dicarbonyl compounds with ammonia and

benzaldehyde. The 13C NMR 1literature on 1,4-dihydropyridines is surprisingly sparse2°'21;
apparently spectra of only two of our compounds, 14a and 14b, have been previously report.ed.""1 Our

values for these compounds (Table 2) are in excellent agreement with the literature. The two most
characteristic carbons are the enamine type C{2,6) and C(3,4), both of which resonate within the
expected regionszza: ca. 135-155 ppm and ca. 90-120ppm, respectively. Little change occurs in the
chemical shift of the acyl carbonyl (C-3) of the beta-ketoester 2b in going from starting material
(Table 1) to product 14b (Table 2). The corresponding carbons in the starting beta-diketones 2a and
2c are shifted upfield by ca. 6ppm in the products 14a and 14c (Table 2), due to conjugation with
the enamine double bond. Little change occurs {(less than 2ppm) in the chemical shifts of the R-
substituents in golng from starting materials 2(a-c) (Table 1) to products 14(a-c) (Table 2}, as
they are isolated from the enamine double bond. The product methyls (Table 2, R') resonate at ca.

3

18-20 ppm, within the region expected of an sp” carbon attached to a double bc:md.233 By contrast,

the methine carbons (C-4) of products 14(a-c) resonate ca. 20ppm downfield of these methyls (Table

2) as each is attached to three sp2 24a

carbon atoms. An upfield shift of the benzaldehyde ring
carbons occurs in the products 14(a-c) (Table 2); the shift is small (ca. 1-2ppm) for the gxl};_o- and
meta- carbons but somewhat larger (ca. 10 ppm) for the para- carbons. The cause is the methine
carbon (C-4) of product which is weakly electron releasing (through hyperconjugation of the hydrogen
with the phenyl ring). In confirmation, the ipso-carbons of products 14(a-c) (Table 2) are ca.

10ppn downfield of the ipso-carbon in benzaldyde (137.0 ppm).

Table 3. C-13 NMR chemical shifts? and assignments of the intermediates 5(a-c)
{Scheme 1)

R R! C-1 C-2 C-3 Literature
5a (Me) 29.1 (Me)22.2 165.1 95.8 197.1 t9d
Sb (OMe)S50.3 (Me)21.9 162.8 82.3 171.2 -—
sc (ph®) (Me)21.7  164.5 90.5 186.7 -

41n ppm relative to CD3CN at 1.3ppa. bPhenyl: ©0-128.1, m-126.6, p-130.4, i-
140.2; ortho and meta assignments are interchangeable.
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| Table 4. C-13 NMR chemical shifts 3 and assignmente of the intermediates 6(a-c)
(Scheme 1)
Cc-1 C-2 c-3 C-4 R R Ph Literature

6a 206.1 143.8 198.2 140.6 26.7 32.1 b 19e

6b(2)- 203.8 135.0 165.7 141.2 53.1 31.7 < —-—-

6b(E)- 196.4 135.0 169.0 142.4 53.1 26.6 4a —-—

e £ £ g
6c(E) = 197.9 139.7 197.6 142.0 (Ph7) 26.3 h —

b.

2In ppm relative to CDscN at 1.3 ppam. Phenyl: o0-130.7, m-129.9, p-131.4, i-

134.1: ortho- and meta- assignments are interchangeable. chenyl: ©-130.7, m-130.1,

a

p-131.5, 1-134.1; ortho- and meta- assignments are interchangeable. Phenyl: o-

130.5,2-130.1,p-131.8; 1-134.1; ortho- and meta- assignments are interchangeable.°

only one stereoiscmer was isolated. £

Interchangeable. 9 Phenyl: o - 129.9, m- 128.8;
p- 134.1, 1-135.8; ortho- and meta- assignments are interchangeable h Phenyl o-129.1,

m- 128.6, p- 130.4, 1- 132.9; ortho and meta- assignments are interchangeable.

Tables 3 and 4 give the chemical shifts and assignmente of the enamines 2(1-5) and chalcones
_6_(1-2) detected as intermediates in these reactions. The two key enamine carbons C-1 and C-2 (Table
3) resonate in the region expected for an enamine conjugated with a carbonyl cax'bon.zza'25 The same
conjugation decreases the chemical shifts of C-3 in the enamines 5a and 5¢ (Table 3) by ca. 8-10ppm
from that of C-3 in the corresponding be_t.a-diketones 2a and 2c (Table 1), but makes little
difference to the chemical shift of the acyl carbonyl C-3 in the enamine 5b (Table 3). Although the
enamines 5(a-c) may be formed as mixtures of the (E)- and (2)-isomers, only the (Z)-isomer is
observed26 presumably because it is stabilised by intramolecular hydrogen bonding between the
enamine hydrogen and the carbonyl oxygen. By contrast, the chalcone 6b (Table 4) is formed as a
mixture of isomers, with the (E)-form predominating [(E)/(Z)ca. 5/1 as obtained from C-13 NMR peak
heights].

Trends in the chemical shift differences of the chalcones 6(a-c) (Table 4) may also be analysed
by the above procedure, and in fact, the chemical shifts of the main carbon skeleton C-1, C-2, C-4
in the chalcones 6(a-c) (Table 4) parallel those of other enone systems reported in the

literature. 23b, 24b

Changes in the chemical shifts of the carbonyls C-1 and C-3 and the substituents R and R!' in
going from starting materials 2 (1—5) {Table 1) to the chalcones 6 (i'i) {Table 4) are reasonably

ascribed to steric eftocts,23c those atoms SYN to the phenyl being shielded and those ANTI being
deshielded.
Peaks that might correspond to the diol 1_1_ were never observed. Of these, the most

characteristic should be that due to the quaternary carbons C(2,6), expected in the region 80-
lOOppmzzb'27 7 No additional peaks

were observed in this region even upon using very long pulse delays (cf. Experimental) to enhance

and previously observed by us in other dihydroxy intermediates.

the quaternary carbons.
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The dienamine 1 (Scheme 1) was identified in the early stages of the reaction in two instances
(see above); chemical shifts and assignments of structures la and 1b, respectively, are collected in
Table 5. Only minor differences are noted between the peak positions for carbonyl carbon and the
two methyl substituents (R and R') of dienamine la (Table 5) and those of enamine Sa {Table 3) and
dinydropyridine 14a (Table 2). Cross-conjugation of the nitrogen atom affects significantly the
enamine core carbon atoms of both l1a and 14a. In the dienamine Jla the chemical shifts of C-1 and C-
2 decrease by ca. 18 ppm and increase by ca. 12 ppm, respectively, from those of C-1 and C-2 in
reference enamine 5a; analogous changes are noted within the C-~13 NMR spectrum of product l4a. In
similar fashion one may also correlate peak positions with structure for metastable sideproduct 1b

(Table 5), intermediate Sb (Table 3), and product 14b (Table 2).

Spectral evidence supporting cyclohexanone structure Ls_ as the favored (ring) tautomer of 1,5-
diketones 3a and 3b is assembled in Table 6. Use of INEPT (D) pulse sequences'> readily identified
the ring methylene C-1, this technique also confirmed that methine C-4 was associated with a signal
at ca. 46 ppm, a shift value comparable to that of C-4 in product J4 (Table 2). Additional
consistency in signal locations of C-6 and its attached methyl group is also evident in Table 6.
The chemical shifts of the tertiary (ether) carbon and its (identical) methyl substituent(s) of the

methyl ether of diacetone alcoho:l.Ige

are 74.1 ppm and 24.9 ppm, respectively. In completing the
agsignments in Table 6, we note in particular the changes in keto carbon (C-1) signals of 205.3 ppa
to 201.6 ppm and of methylene (C-2) signals 58.6 ppm to 49.9 ppm proceeding from acetylacetone 2a to
methyl acetoacetate 2b, respectively. Differences between C-3' and C-5' carbonyls in 18a and 18b

and between 3'-Me and 5'-Me in 18a are ascribed to steric ettects.nc

Table S. C-13 NMR chemical shifts® and assignments of dienamines 1(1'2) {Scheme 1)

R R’ C=-1 Cc-2 C-3
la (Me)30.2 (Me)22.6 145.5 108.5 196.3
Ri} (OMe)50.7 (Me)19.7 145.9 94.0 171.5

31n ppa relative to CD3CN at 1.3 ppm.

N-15 NMR Assignments

The chemical shift of nitrogen 18 very sensitive to the degree of hybridisation of the
nitrogen.282 pure sp> nitrogens resonate ca. 300 to 500 ppm upfield of nitromethane?8® (e.g. NH, in
our medium comes at -466.3 ppm) whereas pure ap2 nitrogens resonate in the downfield region at ca.
100 to -100 ppm (N-C)zaa and 500 to -50 ppm (N-O).28b In the reaction of 1-3,dicarbonyl compounds
2a and 2b with ammonia and benzaldehyde (Scheme 1), N-15 NMR signals were observed at -277.0 ppm for
intermediate Sb, and also at -241.3 ppm for dihydropyridine J4a and -246.3 ppm for dihydropyridine
14b. All the chemical shifts are within the region expected for an enamine type nitrogen (-200 to
-300 ppm),2?82:2% byt the chemical shifts of products 14a and 14b are 30-40 ppm downfield of the
intermediate 5b (Table 5). The amall downfield shift of the product 14a and i4b nitrogens relative
to the intermediate S5b may therefore be rationalized in terms of an increase in spz character of the
product nitrogen due to cross-conjugation with two double bonds. The abgence of peaks in the pure
ap2 region rules out the posaibility of imines as intermediates on the reaction pathway, and

similarly, the absence of additional peaks in the ap3 region rules out the diol 11 (Scheme 2).
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Table 6. C-13 NMR Chemical Shifts® and Assignments for Structure 18.

Compd C-1 C-2 C-3 Cc-4 Cc-5 C-6 C-3¢ c-5 3'-R 5'-R Me Ph
a 55.0 206.2 68.3 46.3 62.4 74.9 206.2 205.6 34.0 31.6 28.8 b
b 54.1 203.6 63.3 46.2 57.7 74.2 174.1 169.9 52.3 S52.3 26.8 ¢

21n pPpm relative to CD3CN at 1.3 ppm. bPh: ©0-129.9, m-129.3, p-128.6, i-140.7; ortho|
and meta are interchangeable. Sph: ©0-129.9, m-129.1, p-128.7, i-140.5; ortho and

meta are interchangeable.

CONCLUSIONS

The detection of intermediate chalcones 6 as well as intermediate enamines 5 in all reactions
studied, together with the demonatration that preformed chalcones and enamines form the
dihydropyridine indicates clearly that the Hantszch dihydropyridine synthesis usually occurs by
pathway (i) of Scheme 1. The lack of observation of other intermediates supports this

interpretation.

EXPERIMENTAL

All reagents were obtained from Aldrich, characterized by their 13C-NMR spectra (Table 1), and
used without further purification. Melting points were determined on a Kofler hot-stage and are
uncorrected. Elemental analyses were carried out in the department on a Carlo-Erba Elemental

Analyser 1106.

General Method.

Reactions were carried out in NMR tubes and followed in the spectrometer cavity by observing
the decay of peaks due to starting materials, the growth and gradual decay of peaks due to
intermediates, and the concomitant formation of product peaks; these peaks were characterized by
comparison with spectra of authentic samples of products made by literature methods. Starting
material and intermediate peaks were assigned by reference (where possible) to literature values and
by the use of two INEPT(D) pulse sequences“".

Reactions followed by 13c.nmr were started by the addition of ca. 0.001 mole of NH, aq. (as a
28% v/v solution) from a hypodermic syringe into a 5 mm NMR tube containing beta-ketcester or beta-
diketone (0.002 mole) and benzaldehyde (0.001 mole), and sufficient CD3CN to make the total volume
to ca. 0.5 ml. The 1initial concentration of reagents was therefore ca. 2 wol vt These high
initial concentrations are necessary if the reaction intermediates are to be seen clearly. Reactions
involving the preformed intermediates, the chalcones 6 and the enamines 5, were also carried out by

a similar procedure, a drop of triethylamine being added to each run.
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Reactions followed by 155,

NMR were carried out in 12mm NMR tubes using ca. 0.1 mole of starting
materials, with CH3NO2 ag external reference and pMSO-d® as golvent, making the total volume up to
ca. 3 ml. These large volumes were necessary because the N-15 NMR spectra were taken at natural

abundance.

Spectra.

All spectra were taken at ambient probe temperatures (ca. 22-25°C). C-13 NMR spectra were
taken on a JEOL FX-100 spectrometer at 25.1 MHz with a 6kHz sweep width and 8K data points using a
19 micro second (90°) pulse width, 2 second pulse delay and ca. 0.68 second aquisition time; this
afforded a digital resolution greater than 1.5 Hz per point. Longer delays (ca. 6 seconds) were
also employed to enhance peaks due to the quaternary carbons of the intermediates 5 and 6, and the
product, 14. Accumulations varied from 103-104 for each spectrum, giving signal:noise ratios >
102:1,

Spectra were taken immediately upon mixing, and at intervals of ca. 1-3 hrs for the initial 24
hr. Attempts to speed up the reaction by increasing the cavity temperature up to the range 45-55°C

gave product peaks within minutes and disclosed no intermediate peaks.

N-15 NMR sgpectra were takes at natural abundance on a Nicolet NT 300 at 30.4 MHz using a 24
micro second (65.5°) pulse width, 6 second pulse delay and 0.82 second aquistion time. The digital
resolution was 1.2 Hz per point using a 20kHz sweep width with 32K data points; ca. 104
accumulations were taken for each spectrum, giving a signal:noise ratio > 10:1. DMSO-d. was used as

6
internal lock and CH3N02 as external standard.

Synthesis.

The following compounds were made by the literature wmethods cited: benzylidenebisacetylacetone
3a, m.p. 165-166° (72%) (reported'3® 166°) 'H NMR (CDC1;) delta 1.32(s, 3H, 6-CH,), 1.68(s, 3H, 5'-
CH3), 2.06(s, 3H, 3'-CH3), 2.56(d, J=14 Hz, 1H, H-1), 2.66(d, J=14 Hz, 1H, H-1), 3.31(d, J-' 12 Hz,
1H, H-5), 3.88(t, J=12 Hz, H-4), 4.00(s, tH, OH), 4.03(d, J=12 Hz, 1H, H-3), 7.31(m, S5H, Ph);
dimethyl benzylidenebisacetoacetate 3b, m.p. 186-188° (62%) (report.edw 183°); 4-amino-3-penten-2-
one S5Sa, m.p. 42-43° (61%) (reported:” 43°); methyl beta-aminocrotonate S5b, m.p. 81-82° (80%)
(reported3285®); 3-amino-1-phenyl-2-buten-i-one 5c, m.p. 144-1450 (85%) (reported '3¢ 143°);
benzylideneacetylacetone 6a, b.p. 118-120%/0.5 mm. (68%) (teported33 179-181%/12 mm); methyl
benzylideneacetoacetate 6b, b.p. 85-88°/0.2 mm (28%) (r:eporte‘:i34 158-162%/12mm) ;
benzylidenebenyoylacetone 6c, mp 100-101° (69%8) (reported>® 98-99°); 2,6-dimethyl-3,5-diacetyl-4-

phenyl-1,4-dihydropyridine 14a, m.p. 180-182° (86%) (reported”d

180°%; calcd.: ¢, 75.8, H, 7.1, N,
5.2; found: €, 75.6, H, 7.3, N, 5.0); 2,6~dimethyl-3,5~dicarbomethoxy-4-phenyl-1,4-~dihydropyridine
14b, m.p. 196~198° (91%) (reported3® 197-198°; calcd.: ¢, 67.8, H, 6.4, N, 4.7; found: C, 67.4, H,
6.5, N, 4.4), 2,6~dimethyl-3,5-dibenzoyl-4-phenyl-1,4-dihydropyridine l4c, wm.p. 226-228° (37%)

({reported'3¢ 222°). chalcones 6a and 6c were prepared by the method of Pratt and Werble.3’
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