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The mass spectra of numerous s-triazines have been

studied to
important

metabolites of triazine herbicides (5). Mass spectrometry R
has revealed interesting fragmentation pathways including

unusual transfer of hydrogen atoms from the side chain

to ring nitrogens of s-triazines.

The compounds studied (see Table 1) may be divided
into four types (la, Ib, l¢, and 1), according to the sub-

Mass Spectra of Substituted Pyrazolo[1,5-a1-1,3,5-triazines
Hassan S. El Khadem

Department of Chemistry and Chemical Engineering, Michigan Technological University,
Houghton, Michigan 49931

Rodger L. Foltz

Organic Chemistry Section, Battelle Columbus Laboratories,
Columbus, Ohio 43201

Thomas Novinson and Keitaro Senga (1)

INC Pharmaceuticals, Inc., Nucleic Acid Research Institute,
Irvine, California 92664

Received June 30, 1975

High resolution electron impact mass spectrometric measurements have been made on twelve
pyrazolo[1,5-a]-1,3,5-triazines. Substituents attached to carbon atoms 2, 4, 7, and 8 were used
to label the various fragments. Three major ions were observed (a) the molecular ion, (b) an ion
corresponding to M-RCN where R is the substituent attached to C-4 and (c) an aryl cyclopropenyl
cation which was observed in 7-aryl derivatives. Intensities and accurate mass-measurements are
given for all ions having intensities exceeding 2% of the base peak. Nine of the twelve pyrazolo-

[1,5-a]-1,3,5-triazines included in this study are described here for the first time.

R R
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understand the fragmentation pattern of this 3"2\?‘/04 Nél\
class of heterocycles (2-4) and to identify the J§ /|§>7‘Ph
2°N7 8 R
i

1; R =H, R' =Me 8; R =

The work described in this paper deals with a high T ke R - e v R
resolution mass spectrometric study of twelve substituted T Ko ® e R "
pyrazolo[1,5-¢]-1,3,5-triazines (compounds 1-12) which R R - e
were chosen from a series of compounds synthesized for T Re RN
screening as ¢-AMP phosphodiesterase inhibitors (6-11), e w -
and in part described here. The various alkyl and aryl S
substituents attached to carbon atoms 2, 4, 7, and 8 of -
pyrazolo[1,5-a]-1,3,5-triazines were used aslabels to help /Mf\
trace the origin of the various fragments in the mass NZNN N
spectra. RJ%N =

stituent attached to the pyrazole ring and its position of

attachment. In type la (compound 1-7) a phenyl group 105 R = he

was attached to position 7 of the pyrazolo[1,54]-1,3,5- 11,
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triazine. In type Ib (compound 8,9) the phenyl ring was
replaced with a p-anisyl group in the same position, and
in type Ic (compound 10,11) the pyrazole ring was
unsubstituted. In one example, designated 1 (compound
12) a phenyl group was attached to position 8 of the

Compounds la were characterized by three major peaks,
the molecular peak “M*”, a peak “A”, corresponding to
the loss of RCN, and the phenylcyclopropenyl cation “D”
(see Scheme I). In view of the stability of the polyannular

pyrazolo[1,5-a]-1,3,5-triazine.

system, the molecular peak in most compounds has an
intensity of more than 90%. However, in compounds 4
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Figure 1. Mass Spectra of Compounds 1, 2. 3, 4.
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Figure 2. Mass Spectra of Compounds 5, 6, 7, 8.
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Figure 3. Mass Spectra of Compounds 9, 10, 11, 12.

and 5 (see Figure 1 and 2), which were substituted with

[1,5-a]-1,3,5-triazines, weaker molecular peaks were ob-
n-propyl or ethyl groups in position 4 of the pyrazolo-

served because of the facile splitting of the alkyl chain.
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Another major peak in compounds la was a peak
equivalent to M-RCN which was designated “A”. Because
the triazine rings were substituted with different sub-
stituents it was possible to establish that it was the R
substituent, attached to position 4 of the pyrazolo[1,5«a]-
1,3,5-triazine and not R', attached to position 2 that was
eliminated during electron bombardment to give fragment
“A”.  The loss of R'CN was usually of less than 2%
intensity except when R’ was a phenyl group that
stabilized the PhCN ion by resonance (see Figure 2 for the
spectrum of compound 6). The predominance of ion “A™
(M-RCN) over the M-R'CN fragment was attributed to the
fact that a positive charge on three of the four nitrogen
atoms in pyrazolo[1,5-¢]-1,3,5-triazines could lead to the
ion radical “A” or an isomer of equal mass, whereas only
a charge on the fourth nitrogen would give the fragment

M-R'CN.

L =

R
)\/'N :‘" N’N Ph
ZNT = . *
NZ XL pp RCN /\»\/g}
R.J%N = R N

N
)\"" +N

~N N—Ph
4 - .
N N-pn ZREN .&N)J

R N
A i
Z> NN — . Ph
b )\>_P" = KN )Q_
& = N
R' 54_ +
. R
+- )\ 0 :zz\N/N
(N/ N-N 0 -RCN |\>_Ph
\V\ e 3 -
R” N

lon “A” had relative intensities ranging from 100 to
15% and when the substituent R, attached to position 4 of
the pyrazolo[1,5-a]-1,3,5-triazine, was an alkyl group
larger than a methyl such as an ethyl or a propyl group, as
for example in compounds 4 and 5, a significant peak
equivalent to Al (a protonated A) was observed. Similar
protonations were observed by Preston and coworkers (2).
The formation of such protonated {ragments can be easily
explained by a McLafferty type rearrangement that would
protonate the nitrogen in the pyrazole ring.

Ha

~C~ +
HaC”y' (H ~N-N
T — ;
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In the case of the propy! substituted compound (5),
a McLafferty rearrangement involving the nitrogen of the
triazine can take place to give an M-(CH,=CH;) peak that
is actually quite significant.

e GHy
H,C—"CHyp
2 —(CH,=CHy) Wt N

M., PN J\ Ph
N NN Me
MQJ\N)\>-ph

A usually weak ion (less than 5%) observed in the mass
spectra of compounds la, is a radical ion of mass equivalent
to M-(RCN + R'CN) which was designated “B”. This ion
“B” can be formed from either the molecular ion “M*>
or from ion “A”.

When ion “B” loses two nitrogen atoms, it is converted
into a very stable or abundant ion “D” which corresponds
to the Hiickel aromatic phenyl-cyclopropenyl cation,
which together with the molecular ion “M*” and ion “A”
represent the three major peaks in the spectra of com-
pounds la. Ion “D” is further split to give first a cyclo-
heptenyl cation and then a phenyl ion.

In addition to giving ion “B”, ion “A” can lose two
nitrogen atoms and give a relatively low intensity ion “C”
which in turn gives an ion “F” that corresponds to the
loss of the substituent R’ originally attached to position
2 of the pyrazolo[1,5-¢]-1,3,5-triazine. This ion “F” is
quite weak and in only one case has a relative intensity
above 2%.

The introduction of a p-anisyl group in position 7 of
the pyrazolo[1,5-a]-1,3,5-triazine (compound Ib) resulted
in a decrease in the intensity of ions “B” and “E”, and
complicated the phenyl ring fragmentation by the usual
(12) anisyl breakdown pattern (see Figure 2 and 3 for the
spectra of compounds 8 and 9).

A more dramatic change occured when the phenyl
group was removed from the pyrazole ring (compounds
Ic). In this case ions “B”, “C”, “D”, and “E” became
either quite insignificant or totally absent and there was a
great increase in the intensity of ion “F” (see Figure 3, for
the spectra of compounds 10 and 11).

Another change occured when the position of the
phenyl group was changed from position 7 to position 8
of the pyrazolo[1,5-2]-1,3,5-triazine (compound 12). In
this case ion “A” became quite small and so did ions “B”,
“C”, “D”, and “E” (see Figure 3 for the spectrum of
compound 12).

The present study will be of use in differentiating the
structures of isomeric pyrazolo[1,5-a]-1,3,5-triazines pro-
posed in earlier work (9). Thus, the major fragment “A”
(M-RCN) can help decide whether a group R is in position
2 or 4. Further, Scheme I might be of value in identifying
the metabolites of these c-AMP phosphodiesterase inhi-
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Dec. 1975

Mass Spectra of Substituted Pyrazolo|1,5-4]-1,3,5-triazines

Table H

New Pyrazolo[1,54]-1,3,5-triazines

Compound No. Solvent of recrystallization

2 Benzene 164.5-165 83
3 n-Heptane 93-95 71
5 n-Hexane 112-113 73
6 Ethanol 183-185 46
7 DMF 160-162 53
8 Petroleum ether (a) 148-150 72
9 Petroleum ether (a) 115-116 59
1 Ethanol 117-119 25
12 n-Hexane 83-84 64

(a) B.p. 30-60°.

bitors, which have potential in several areas of pharm-

acology (10, 11).

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
simultaneously bleeding in the reference compound, perfluoro-
tributylamine. Repetitive scans were made at a scan rate of 40
seconds per mass decade while the sample probe was heated from
room temperature to about 200°. The signal output from the
mass spectrometer was digitized and recorded on magnetic tape
for subsequent computer processing. Relative intensities and mass
measurements are give in table L.

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. The spectra were recorded at 70-eV, and the ion
source lemperature was maintained at 150°.

The pyrazolo[1,5-a]-1,3,5-triazines used in these experiments
were analytically pure; compounds 1, and 2 and 10 have been
previously described in references 5 and 8. The other compounds
were prepared by the same method used in our previous publica-
tion (9); their properties are given in table II.

Micro-analyses were preformed by Heterocyclic Chemical
Corporation of Harrisonville, Missouri and by Galbraith Labs.,
Knoxville, Tennessee.

Acknowledgement.

The authors express their thanks to Drs. R. K. Robins and
A. A. Albert all of ICN Pharmaceuticals, Incorporated and Dr.
J. Kobe of the Kidri€ Institute in Yugostavia. The work was
partially supported by a grant from the National Institute of
Health (RR-00665).

m.p.° Yield %
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Formula C H N C H N
Ci3HiaNg 69.61 5.40 24.99 69.55 5.52 2519
Ci14H14Ng 7055 5.93 2351 7057 6.03 2359
CysHigNa 7140 639 2221 7152 6.34 22.3)
CyigHiaNg 75.50 4.93 19.57 7520 498 19.78
CigH14Ng 75.50 493 19.57 75.60 5.01 19.63
CisH16N4O 6716 597 20.89 67.32 6.02 21.03
CieHi1sNsO  68.08 6.38 19.85 68.31 6.50 20.06
Ci12HioNg 68.54 4.80 26.65 68.60 4.75 26.63
Ci14H14Ng 70.55 5.93 2351 70.31 6.08 23.32
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