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High-resolution, electron-impact, mass-spectrometric measurements have been made on three
types of pyrazoles. Type L comprised ethyl 5-styrylpyrazole-3-carboxylates having in the a-position
of the styryl group either a hydrogen atom, a methyl, or a phenyl group. Type 11 were 1,3,5-
trisubstituted pyrazoles having phenyl (or p-substituted phenyl) groups in position 1, amide or

carboxylate groups in position 3, and styryl (or a-substituted styryl) groups in pos;ition 5. Type

I differed from type 1l in possessing a readily cleaved acyl or aroyl group instead of the styryl

group. The compounds containing styryl groups gave significant ions corresponding to the forma-

tion ol polyeyclic heteroaromatic rings, in addition to various other fragments derived from such
rings. Intensities and accurate mass-measurementsare given for allions having intensities exceeding

5% of the base peak.

The mass spectra of substituted pyrazoles have been
extensively studied and the mode of fragmentation of this
heterocyele is now well understood (1-5). Reported in the
present paperis a high-resolution mass spectrometric inves-
tigation of the significant ions produced by electron bom-
bardment of polysubstituted pyrazoles, especially those
having styryl groups attached to the @-position to one of
the ring nitrogen atoms. Such styryl pyrazoles should be
capable of forming stable condensed-ring heteroarmatic
fragments analogous to the phenanthrene formed during
electron bombardment of such styryl arenes as stilbene
(06). To confirm this and to investigate the elfect of an N-
phenyl eroup on the formation of such fragments, we in-
vesligated the mass spectra of S-styrylpyrazole-3-carboxy-
lates and -3-carboxamides having either a hydrogen atom
or an aryl group attached to N-1 or the pyrazole ring.
Further, to differentiate between the aryl substituent at-
tached to N-1 and the phenyl ring of the styryl group, the
former was labeled with a p-substituent such as a methyl
group or a halogen atom. Also studied for comparison were
the spectra of trisubstituted pyrazoles having 5-acyl or
5-aroyl groups instead of the 5-styryl group, since they

would be incapable of forming condensed rings like the
previous compounds.

The exact assignments made possible by correlating the
high resolution mass spectra of twenty-four trisubstituted
pyrazoles constitute valuable reference material for sub-
sequent work on this important class of heterocyeles.

Further, they demonstrate in an unambiguous manner the
formation of polycyclic heteroatomic ring ions from the
molecular jons of S-styryl pyrazoles and not from the 5-
aryl or 5-aroyl derivatives.

Three types of pyrazoles were investigated (see Table I).
The first type (compounds 1-3) included cthyl S-styryl-
pyrazole-3-carboxylates having in the a-position of the
styryl group ecither a hydrogen atom (1), a methyl group
(2), or a phenyl group (3). (See also Figure 1.)
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Figure 1. Mass Spectra of Compounds 1, 2, 3, 4, and 13.
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TABLE (1)
(Continued)
Mass
Measured Caled. Intens. Formula Assignment
1-p-lodophenylpyrazole-3,5-dicarbo xamide (24)
356.9858 356.9804 22 C1o'3CHoN,4O,1
355.9815 355.9770 100 C11HgN40, 1 M
339.9647 339.9583 24 C11HaN30, 1 k
338.9795 338.9743 6 C1HgN,O 1 M-OH
268.9596 268.9576 15 CgHgN,I !
218.9525 218.9545 10 CeHgN 1
202.9331 202.9358 7 CeHy 1 PhI
142.0526 142.0531 7 CoHgN,
76.0324 76.0313 12 CgHg
57.0093 57.0704 5 C4Hg

Compounds 1-3 showed significant molecular-ion peaks
that are the second-largest peaks in the spectra. They are
followed by small (< 5%) M-Et peaks, more-important
M-OEL peaks (@), and M-CO, Et peaks (b).  Alternatively,
compound 1 lost the styryl side-chain and yielded a frag-
ment CgHg Ny Oy this fragment is insignificant in the a-
substituted styry I derivatives 2 and 3. The most important
ion (base peak) in the spectra of compounds 1-3 is a frag-
ment that corresponds to the loss of -OEt and two hydrogen
atoms. o the case of ethyl 5-styrylpyrazole-3-carboxylate
(1), this fragment has the formula Gy, H;N, O and the loss
ol the two hydrogen atoms might be attributed to the con-
version of the styryl side-chain into a phenylacetylenic one.
However, since this intense peak is present in the spectra of
the o-substituted styryl derivatives, and compound 2
yiclded an ion Cy3HgN; O and compound 3 the corres-
ponding ion CygHy N, O itis logical Lo suggest a fused,
tricyclic, nitrogen-heterocyclic structure such as d Lo these
fragments. The protonated forms of d have intensitics of
15% for compound 1, 19% and 20% for 2 and 3 respec-
tively. These fragments, formulated e, are thought to arise
by a McLafferty ty pe of rearrangement involving N-2 of the
pyrazole ring and the Cll, group of the ethyl ester. Subse-

EtO 8
~
£=0

quent loss of CO from fragments ¢ and d yields smaller
fragments e and e-H. Hydrocarbons resulting from the
loss of the two nitrogen atoms and the CO, Et group from
the parent compounds are quite significant. Thus, a hydro-
carbon C;,H, produced in the spectrum of compound 1
had an amplitude 21% of the base peak, and the corres-
ponding C;,Hg and C;5H,, ions in compound 2 and 3
had amplitudes of 11 and 21%, respectively.

The next group of compounds investigated (see Table |
and Fig. 1) comprised trisubstituted pyrazoles @-12) having
phenyl or p-substituted phenyl groups in position 1, amide
or carboxylate ester groups in position 3, and a styryl or
a-substituted styryl group in position 5.

lR\c=o 4 K 1. R NI N H

5 R 1. R NH,. X\ Me

8 I\ 6 R Me R OFRL NI

// N o 7 R Me R OF. N €l

Ph 8 R MR OOEL N\ Br
9 R Ph K- OFL \ Al

10 R PhORTOOKL N

11 R PhoR° OEL N Br

12 R OPhoROOKL N

Whether the compound is an amide (R" = Nll;) or an
ester (R = OEU), the molecular-ion peak is generally cither
the most significant or the second most significant peak in
the spectra. The molecular ion readily loses the R’ group
(‘NH, in amides and -OEt in esters) to give a fragment f,
and a "COR’" group to give a fragment g. As in the pre-
vious group of compounds (1-3), peak f is followed by a
peak corresponding to the loss of two hydrogen atoms,
attributable to the formation of tricycles of the type i,
which are simple phenyl-substituted forms of d.

Interestingly, if p-substituted phenyl groups are attached
to N-1 of the pyrazole ring, these peaks (i) usually corres-
pond to the loss of -OEt, the psubstituent, and a hydrogen
atom. Accordingly, fragment i has the formula CgHyy N, O
in the case of the laryl-5styrylpyrazoles (4 and 5),
CioHy 3N, 0 in the @-methylstyryl compounds (6-8), and
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C4H, 5N, 0 in the a-phenylstyryl derivatives (9-12), irre-
spective of the substituent in the p-position of the 1-phenyl
group. Fragment i is either the base peak or the second
largest peak in the spectrum, and even in compounds 4 and
5 it probably does not arise significantly from the forma-
tion of the S-substituted arylacetylene because the a-sub-
stituted styryl derivatives (6-12) as readily generate the
same intense peak. [t is possible that, during cyclization,
the hydrogen atom attached to position 2 of the phenyl
ring is displaced to the para position vacated by loss of the
p-substituent. Further fragmentation of this major tricy clic
intermediate (i) leads to a variety of minor fragments
through loss of the a-substituent of the styryl group, the
loss of a CO group (§), and other pathways.

[t is evident from the foregoing discussion that the 3-
styrylpyrazoles of series I and H (compounds 1-12) tend to
form ions assigned as the tricyclic ringsystems of the
types d and i. Furthermore, the same compounds (1-12)
give rise to hydrocarbon fragments arising from the styryl
side-chain and one carbon atom (probably C-5) of the
pyrazole ring. Thus styryl pyrazoles (compounds 1, 4, 5)
give rise to an indenyl ion CoH;. The a-methylstyryl de-
rivatives (compounds 2, 6-8) give rise to the corresponding
CyoHy ion, and a-phenylstyryl pyrazoles (compounds 3,
9-12) to the C, sH,, fragment. They may also give peaks
corresponding to the formation of disubstituted acetylenes
(7); methylphenylacetylene (CsHg) in the case of the a-
methylstyryl derivatives and diphenylacetylene (Cy 4H,¢)
from the a-phenylstyryl derivatives.

13 R Me. RO N e
R 1w R Me. RN N Me
Sc=o0 1 K Ve ROOEL N (I
A 16 R Me. K OEL \ Br
[N 17OROPh. RN Me
Y, N 18 R Ph. ROOH N (I
0 19 R Ph. ROORL N Br
20 R Ph. ROOFL N\ |
21 RN R NH. N ()
22 R NI, R OKL A
23 R M, RN\ Br
X 26 R NH. RO N AL
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The third group of pyrazoles investigated (compounds
13-24) were 1,3,5-trisubstituted  pyrazoles having aryl
groups in position 1, ester, amide, or carboxylic acid groups
in position 3, and acyl or aroyl groups in position 5.

These compounds do not undergo the type of cycliza-
tion described for styryl derivatives of the two previous
groups, since the 5-acyl or aroyl radicals are readily split
off due to their greater stability. The molecular-ion peak
in these compounds is usually the base peak and is followed
by the second-largest peak in the spectrum (k), correspond-
ing to the loss of the substituent R’ (NH,, OEt, or OH) to
give a pyrazole derivative having a cH group in position 3.
Removal of the p-substituent from the phenyl ring, espe-
cially Br and L, is quite facile. In this group of compounds,
the most firmly bound substituent to the pyrazole ring is
the phenyl group attached to position 1 of the pyrazole.
Accordingly, an important peak in these compounds is a
protonated 1-phenylpyrazole lacking the substituents in
positions 3 and 5 ({). This is much stronger than the
nonprotonated {ragment M-(COR’ + RCO).

N
R— ' R— N7 N
i L
)
X X x

13-24 3 i

The synthesis of the compounds needed for this study
was achieved by condensation of 2,4-dioxo-6-phenythex-5-
cnoates and various hydrazines by a method described

carlier (7,8).
EXPERIMENTAL

The electron-impact mass spectra were obtained by using an
AEI MS-902 mass spectrometer operated at an effective resolving
power of approximately 15,000. The samples were introduced into
the ion source by means of a direct-insertion probe while simulta-
neously bleeding in the reference compound, perfluorotributyl-
amine. Repetilive scans were made at a scan rate of 40 seconds per
mass decade while the sample probe was heated from room tem-
perature to about 200°. The signal output from the mass spectro-
meter was digitized and recorded on magnetic tape for subsequent
computer processing.

The MS-902 is equipped with an SRIC CIS-2 ion source which
can be operated in either the electron-impact or chemical-ionization
mode. At the time these mass spectra were obtained, a significantly
higher sensitivity could be achieved by operating the ionsource at
500-€V ionizing voltage. Since 500-¢V mass spectra show essential-
ly the same relative ion intensities as the more commonly used
70-¢V, the higher ionization voltage was used.

The jon source temperature was maintained at 150°.

The pyrazoles used in these experiments were analytically pre,
and were obtained by the methods cited in the literature (8,9).
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