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Abstract: The mass spectra of some 3-substituted {acetyl-;
carbamoyl-) N-methyl- and N-benzy1-4—cyéno~1,4-dihydropyridines
were examined.'Unexpected thermolysis occurs prior to ioni-
sation and-gives rise to 3-substituted N-methyl- and N-benzyl-
1,4-dihydropyridine peaks in the mass spectra of these
4-cyanc adducts. High resolution mass measurements were used

to substantiate this hypothesis. The corresponding N-methyl-
and N-benzyl-1,4-dihydropyridines were synthesised énd were

used as reference compounds,
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The behaviour of a variety of dihydropyridine compounds (Fig.1l)
upon electron impact has been outlined in several communications
R Ry (1-5).The general aspect of the fragmentation
l I R3 pattern is greatiy dependent upon the degree of
ﬁB N R2 substitution and on the nature of the substituents
Ry implanted on the dihydropyridine moiety.General-
Fig.1l ly, the structure elucidation of this class of

compounds by mass spectrometry alone does not offer any in-

surmountable difficulties. In this communication we present




the mass spectral data of some N-methyl- and N-benzyl-4-

cyano-l,4-dihydropyridines {I to IV) in which we were parti-
cularly interested as a part of a study on model compounds

of NAD(H) (6). .
IsRy = -CHy~® Ry= -CHy Rp= -CN Mp:110-113°C

II=R1 = ~CH2-¢ R3= vNHZ Ry= -CN  Mp:130-134°C

III=R1'= -CH3 R3= -CH3 Ry= -CN  Mp:110-112°¢C

IV=R1 = ~CH3 R3= -NH2 _R4= -CN  Mp:165-168°¢C
V=R1 = -CH2-¢ R3= -CH3 R4= -H ¢ 011
V_I=R1 = -CH2-¢ R3= -NH2 R4= -H 011l
VII=R, = -CH3 R3= -CH3 R4= -H 011
VIII=R1 = -CH3 R3= -NH2 R4= -H 011

Mass spectrometrically these 4-cyano adducts (I to IV) are
characterised by very low abundant molecutar ions {M}+'.
Interpretation of these mass spectra can however be misieading
since the mass spectra obtained greatly ressemble the mass
spectra of the corresponding 1,4-dihydropyridine compounds
(V to VIII}. This is obviously a result of thermo]ysfs prior
to jonisation. The thermolytic process somehow gives rise
to the 1,4-dihydropyridine which then ionises independently

of the residual 4-cyanc adduct according to Scheme 1.

(a) The 4-cyano adducts (I to IV) were synthesised according
to reference 7. The 1,4-dihydrdpyridines {V to VIII) were
synthesised according to reference 8.
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Scheme 1.

To illustrate the mutual resemblance of the mass spectra
of the 4-cyano adducts (I to IV) and the corresponding
l,4-dihydropyridine compounds (V to VIII) the low resolution
data are depicted in Figs. 2 -11 .

Comparing the mass spectra of compounds I and V, which
are shown in Figs.2 and 3 strong peaks = are observed at
m/z= 213 {R.1.17%} and m/z=122 [R.1.33%]. The genesis of
m/z=213 in the mass spectrum of the 4-cyano adduct I, with
a molecular ion of m/z=238 [R.I1.2%] implies a loss of 25 y,
This cannot readily be explained unless the expulsion of an

acetylene like fragment is accepted (9). The mass difference
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Fig.2.

Low resolution mass spectrum of 3-acetyl-1-benzyl-4-cyano-

1,4-dihydropyridine(I). Torp: 170°C.
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Fig.3.
Low resolution mass spectrum of 3J-acetyl-l-benzyl-1l,4-dihydro-

pyridine(V). Tyqp: 150°C. (5) (e

{b) The symbol [c]; drawn on the mass spectra
dihydropyridines (V to VIII) corresponds
moiety, its structure is analogous to [¢]
spectra of the 4-cyano-1,4-dihydropyridin

(e) Tpip: Temperature of the direct insertion
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Low resolution mass spectrum of 1-benzyl-3-carbamoyl-4-cyano-

1,4-dihydropyridine (II). TDIP: 190°C.
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Fig.5

Low resolution mass spectrum o?Iwbenzyl—3-carbamoy1—1,4-dihy-

dropyridine (VI). T, p:200°C.
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Low resolution mass s

pectrum of T-acetyl-4-cyano-l-methyl-
1,4-dihydropyridine{ILIL}. TDIP:120°C.
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Fig.7 .
Low resoiution mass spectrum o -acetyl-4-cyano-l-methyl-

1,4-dihydropyridine(I1Il) after external heating at 160°¢C
for 60 seconds. TDIP:200°C
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Low resolution mass spectrufi of 3-acetyl-1-methyl-1,4~dihydro-
pyridine(VIIL). TDIP:170°C .
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Low resolution mass spectrum of 3-carbamoyl-4-cyano-l-methyl-
I,4—d1hydropyridine(IV).TDIP:210°C
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Low resolution mass spectrum of 3-carbamoy1—4rcyano-1fmethy1-

1,4-dihydropyridine (IV}, TDIP:300°C
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Low resolution mass spectrum of 3-carbamoyl-l-methyl-1,4-

dihydropyridine(VIII).TDIP:180°C
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Table 1

Low resolution wass spectra of compounds 1 to IV.(lIons
depicted in Scheme 1.) (d)

I 11 111 v
Torpi170°C) Ty p:190°C] Tgyp:120°€C] Ty p:210°C
(Mt 238 [2] 239 (] 162 11001} 163 €]
rapt 212 [5] 213 [3] 136 [801] 137 100)
(b1 * 237 [-] 238 [ -] 161 [48]] 162 [- ]
N 147 (6]} 148 {-) 147 {28)] 148 [- )
(d* 121 [21) 122 [75] 121 [13]| 122 [9 ]
(e1* 106 {40} | 106 [84] 106 1191 106 19 ]
(£t 78 [29) 78 [ 74} 78 130] 78 114
rar™ 146 (7] 147 [5] 146 1 -1| 147 [-]
(ny* 131 [22) 131 [ -] 131 [ -1| 131 @~ ]
tit? 103 (131 | 103 (4 103 (8} 103 (-]
(M 213 (171 | 214 (9] 137 [171] 138 [40]
(bl 212 [5] | 213 (3] 136 [80]f 137 [100]
(el 122 1331 | 123 (28] 122 (4] 123 (<2
gl 121 {21] | 122 [75] 121 [131{ 122 [12]
N 106 [40] | 106 [84) 106 [19]{ 106 [9 ]
[k 78 129) 78 174] 78 [291] 78 [14)
[Ry1* 91 [100) 91 [ 100} - -

(d) Mass spectra were recorded on a JEOL 015G6-2 spectrometer,
jonising voltage 70 eV,source temperature ~280°C
Relative intensities are given in parentheses.
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Table 2

High resolution mass measurements of the idons [M]*'and [c}$
in the mass spectra of compounds I to IV.

Compound Tons Dhserved [Calculated]| Formula

I [Ml;'=213 213.1166 213.1153 |C; 4HqgNO
[c]; =122 122.0613 122.0605 |C;HgNO

i1 (M F-=214 214.1121 214.1106 |C,,H: 4N, O

T 13714N2

[c]; =123 123.0538 123.0558 |CH,N,0

111 [M}§'=137 137.,0821 137.0840 [CgH,qNO
[c]? =122 122.0590 122.0605 [C,HgND

1V [M];'=138 138.0789 138.0793 [C,H, N0
[c]? =123 123.0544 123.0558 [CHoN,0

between m/z=213 and m/z=122 is more evident and points to the
Toss of a benzyl radical, which is a known.fragmentation
mechanism {5). High resolution mass measurements of these jons

in the mass spectrum of compound I Tead to the following results:
m/z=213 213.1166(0bsd.) 213.1163(Calecd.) €, H,NO

m/z=122 122.0613(0bsd.} 122.0605(Calcd.) C7H8N0

If an acetylene 1ike fragment was expelled from the molecular

ion m/z=238 (C15H14N20) an elemental composition of Cl3H13N20

would be expected for m/z=213. Since this was not found, this

possibility has to be rejected. On the other hand, the experi-
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menfa]Ty found formula C14H15N0, corresponds to the elemental
composition of the molecular ion [M]+’ of 3-acetyi-l-benzyl-
1,4-dihydropyridine (V).

Ana1ogoqs results are found with the other cyano adducts
II to IV. From Scheme 1 it is obvious that only [M]?‘ and
{c]? are indicative for the presence of the dihydropyridine
compound since other fragmentation mechanisms starting from
the 4-cyano adduct lead to coinciding fragment ions.

However in compound IV, [c]? has a very low abundance.
Consequently loss of the N-CH3 substituent is an energetically
unfavourable process. The enhanced intensity of [c]? in
3-acetyl-4-cyano-l-methyl-1,4-dihydropyridine can be explained
by contributions due to a-fission of the acetyl function

with expulsion of a radical CHé . Low resolution data are
presented in Table 1. High resolution mass measurements of
[M];' and [c]; are summarised in Table 2.

Furthermore we l1ike to point out that reproducible spectra
are hard to obtain probably due to the thermolytic process
dependent uhon the temperature of the direct insertion probe
{ Figs. 9-10). At higher temperature small signals are obser-
ved above the molecular ion [M]+‘ of the cyano adducts.

As can be seen in Fig.6, compound III shows a strong
molecular ion in contrast to the other 4-cyano adducts. A
possible explanation for this surprising stability can be

found in its vapourising at a probe temperature of 120°C
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in contrast to the other 4-cyano compounds. Indeed, for these
analogues an ion current only could be obtained at probe
temperatyres of at least 170°C. To check this possibility
3-acetyl-4-cyano-1-methyl-1,4-dihydropyridine was heated
externally at 160°C for 60 sec. and then inserted in the

jon source. The mass spectrum abtained in such a way (Fig.7)
gave a much lower abundant molecular ion [M1+' and an in-
creased abundance of the thermolytic dihydro peaks [MI?'

and [c]? . Apparently thermolysis occurs above some threshold

temperature.
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