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Relative Stabilities of the NV-Methyldihydropyridines!
Sir.

The isomeric 1,2- and 1,4-dihydropyridines have
held the attention of chemists for many years.2 This
interest is due in part to the early observation? that the
dihydropyridine ring system occurs in the ubiquitous
reducing agents NADH and NADPH.¢ 1t was orig-
inally believed that the 1,2-dihydropyridine? system was
present in NADH and NADPH. However, it has been
shown conclusively that the isomeric 1,4-dihydro-
pyridine occurs in these reducing agents.*

A number of methods are available for the synthesis
of these ring systems and much is known-about their
chemistry.? However, there is little information avail-
able concerning their relative stabilities. There are
scattered data available that indicate the 1,4-dihydro-
pyridine system is more stable. For example, it is
known that some 1,2-dihydropyridines are oxidized by
silver ion at a faster rate than the 1,4 isomer® and Lyle
and Gauthier have shown’ that 1-methyl-3,4,5-tri-
cyano-l,4-dihydropyridine is more stable than the
isomeric  1-methyl-2,3,5-tricyano-1,2-dihydropyridine.
The magnitude of this difference in stability was not re-
ported.

In many of the previous studies on the dihydro-
pyridine ring system and in the biological reducing
agents, there are strong electron-withdrawing groups 8
to the nitrogen atom. The effect of these substituents
on the relative stabilities of the 1,2- and 1,4-dihydro-
pyridine systems is unknown. To date, no work has
been reported on either the position or magnitude of
the equilibrium between simple derivatives of the di-
hydropyridine systems.
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HMO calculations® on the = system of the dihydro-
pyridine ring system indicate the 1,2-dihydropyridine
system is more stable.

In order to prevent problems of tautomerization we
chose the N-methyldihydropyridines for our studies.
These compounds can be prepared by reduction of the
N-carbomethoxydihydropyridines® with lithium alum-
inum hydride. Although the dihydropyridines are
relatively unstable to oxidation and polymerization
they can be handled if care is used to exclude oxygen
and contact with acidic surfaces.

Treatment of either isomer with 1.0 M potassium
tert-butoxide in dimethyl sulfoxide at 91.6° produces an
equilibrium mixture containing 7.7 9, of N-methyl-1,2-
dihydropyridine.1® If statistical factors are taken into
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consideration, the N-methyl-1,4-dihydropyridine is
2.29 F 0.01 kcal/mol more stable than the 1,2 isomer at
this temperature. It is interesting to compare this re-
sult with that obtained for the carbocyclic system where
1,4-cyclohexadiene is only slightly less stable (0.07
kcal/mol with statistical correction) than 1,3-cyclo-
hexadiene!! at 95.0°. These results indicate that elec-
tron-withdrawing groups are not needed to stabilize the
1,4-dihydropyridine with respect to the 1,2 isomer.

It can only be speculated as to the origin of the differ-
ence in stability of these dihydropyridines. It has pre-
viously been suggested that the small difference in sta-
bility of the cyclohexadienes is due to special desta-

bilization of the 1,3-diene. Factors such as the ‘“‘cis

effect”’1? and poor orbital overlap!'® have been sug-
gested. We do not believe these effects adequately
rationalize the difference in stability of the dihydro-
pyridines. We believe that the 1,4-dihydropyridine
ring system is stabilized by a favorable electronic inter-
action.'* This assumption is consistent with the obser-
vation that the unsubstituted 1,4-dihydropyridine is a
remarkably stable enamine.” In the absence of oxygen
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it does not tautomerize, hydrolyze, or polymerize when
treated with NaOD-D,0 in acetone-d; for several days.®
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A Novel Reagent for the Fluorometric Assay
of Primary Amines
Sir:

The formation of fluorescent pyrrolinones (1) from
ninhydrin, phenylacetaldehyde, and primary amines
provides the basis for a novel assay, which is of par-
ticular value in peptide analysis.!:?2 The conditions
which are required to impel the “fluorogenic ninhydrin
reaction” are severe enough to often impede its wider
utility. Frequently, the oxidizing properties of nin-
hydrin are the cause of limiting side reactions. There-
fore, we sought to replace ninhydrin and phenylacet-
aldehyde by a single reagent which would react with
peptides and other primary amines of biological im-
portance, to afford the same, or closely related fluoro-
phors.

We report here the design and synthesis of the novel
reagent 10, which now supersedes the fluorogenic nin-
hydrin reaction.

ninhydrin HOC |

+ RNH, HO N 1
PhCH,CHO ~~_, Ph
or —
10 RNHz 0

1

We had previously observed? that 1-dimethylamino-
2,4-diphenyl-1-butene-3,4-dione (2) reacts with primary
amines to give fluorescent pyrrolinones of structure 3
(Scheme I). However, the use of this reagent is re-
stricted to nonaqueous systems, since it is rapidly de-
stroyed by hydrolysis.

When the enamine 2 was subjected to alkaline hydrol-
ysis, it was converted to 2-hydroxy-2,4-diphenyl-3-
(2H)-furanone (4)[90 %; mp 125°; uv max (MeOH) 244
(e 18,400) and 292 nm (6,250); nmr (CDCl;) § 8.59
(s, =CHO)).? Heating of 4 in methanol afforded the
methyl ether 5 [8397; mp 93°; uv max (MeOH) 241
(e 18,750) and 307 nm (3,500); nmr (CDClI;) 5 8.69 (s,
=CHO), 3.43 (CH;0)]. Reaction of 5 with benzyl
alcohol at 100° furnished the benzyloxy compound 6
[529; mp 140°; uv max (MeOH) 240 (e 21,650) and
300 nm (5,100); nmr (Ce¢He-ds) 5 4.48 and 4.58 (AB,
J = 12 Hz, PhCH,0)]. The cyclic nature of 4, 5, and 6
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6, R=-CH,Ph

is strongly supported by the nmr spectrum of 6, which
shows that the benzylic methylene protons are non-
equivalent and hence in proximity to a chiral center.

The methoxyfuranone 5 reacts rapidly with primary
amines in nonaqueous solution to yield fluorescent
pyrrolinones. For example, with ethylamine in aceto-
nitrile, it gives the fluorophor 3 [R = -C,;H;,? 85%7].
In aqueous systems, however, the methoxyfuranone 5
readily reverts to the unreactive hydroxy compound 4,
and is thus unsuited as a reagent for assay purposes.

We then envisaged the structurally modified reagent
10. This molecule, which retains the structural fea-
tures of 5 responsible for fluorogenicity, but also pos-
sesses a more reactive leaving group, was anticipated to
react with primary amines to yield fluorophors, iden-
tical with those of the fluorogenic ninhydrin reaction.

The synthesis of the spirolactone 10 is outlined in

Scheme II. Alkaline hydrolysis of 3-benzylidene-1,4-
Scheme 11
0 HO,C o
& “Ph HO™ # “Ph
0 OH
0 8
7 lHC(NMeg)3
0 = Ph NMe,
0 0 H.O0" Ph
(0]
10

isochromanedione (7)* gave o-(a-hydroxycinnamoyl)-
benzoic acid 8 [7597; mp 106-115° dec; uv max (Et,0)
315 nm (e 23,300)]. Formylation of 8 with tris(di-
methylamino)methane®® in N,N-dimethylformamide
proceeded to the dimethylaminomethylene derivative

(4) 1. N. Chatterjea, B. K, Banerjee, and H. C. Jha, J. Indian Chem.
Soc., 44,911 (1967); E. B.Knott,J. Chem. Soc., 402 (1963).
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Chem. Ber., 101, 1885 (1968).
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(i964), and H. Bredereck, G. Simchen, and R. Wahl, ibid., 101, 4048
(1968).
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