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L. M. LUNDY *

Abstract 0O For the facilitation of mass spectral analysis of medi-
cinal pyrazolidinediones, fragmentation pathways of phenylbuta-
zone, oxyphenbutazone, and sulfinpyrazone were established by
means of deuterium labeling, metastable peaks, and accurate mass
determinations. The major pathways are the McLafferty rear-
rangement of the molecular ion and formation of azobenzene and
substituted azobenzene ions. The mass spectra of 1,2-diphenyl-
3,5-pyrazolidinedione and the 4-methyl and 4,4-dimethyl deriva-
tives are also discussed.

Keyphrases [0 Pyrazolidinediones, medicinal —mass spectra,
fragmentation pathways, mechanisms O Phenylbutazone—mass
spectrum, fragmentation pathways, mechanisms 0 Oxyphenbuta-
zone—mass spectrum, fragmentation pathways, mechanisms
0 Sulfinpyrazone-—mass spectrum, fragmentation pathways, me-
chanisms 0 Mass spectroscopy—medicinal pyrazolidinediones,
fragmentation pathways

Although medicinal pyrazolidinediones such as
phenylbutazone have received wide attention in the
past 20 years, only a few reports of their mass spectra
have appeared recently (1-3). This technique was
used for the characterization of degradation products
of phenylbutazone (1, 2), but no details of the frag-
mentation pathways of phenylbutazone or the degra-
dation products were described.

The fragmentation patterns of phenylbutazone,
oxyphenbutazone, and their O-methyl and C-methyl
derivatives were described (3), but that investigation
did not include verification by evidence of metastable
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ions, accurate mass determinations, or use of labeled
derivatives.

This paper presents the mass fragmentation pat-
terns of 1,2-diphenyl-3,5-pyrazolidinediones of medi-
cinal importance: phenylbutazone, oxyphenbutazone,
and sulfinpyrazone, as well as some simpler model
derivatives. The establishment of characteristic mass
spectral patterns and fragmentation schemes for
these compounds may facilitate further characteriza-
tion of pharmaceutical degradation products, meta-
bolic studies, and forensic analysis of this important
class of medicinals.

EXPERIMENTAL!

All mass spectra were recorded on a mass spectrometer? at an
ionizing potential of 70 ev. The samples were introduced via the
direct probe and were vaporized at temperatures between 150 and
200°. Accurate mass measurements were made by the peak match-
ing technique.

Phenylbutazone® (I), Oxyphenbutazone? (IT), and Sulfinpy-
razone® (III)—Compounds I-III had literature melting points
and gave NMR and IR spectra consistent with their structures. Of-
ficial assays gave values in excess of 98% for each compound. They
were used without further purification.

1R spectra were taken on a Unicam SP 1000 IR spectrophotometer, and
NMR spectra were recorded on a Varian A-60D spectrophotometer using
tetramethylsilane as the internal standard. UV spectra were obtained on a
Unicam SP 1800 UV spectrophotometer. Elemental analyses were deter-
mined by Mr. W. Dylke.

2 AEI MS-9.

3 Gift of Geigy Pharmaceuticals.
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Figure 1-—Mass spectrum of phenylbutazone.

1,2-Diphenyl-3,5-pyrazolidinedione (IV)—Compound IV was
prepared following the method of Pesin et al. (4), mp 180-181°
(ethanol) [lit. mp 173.5° (4) and 178° (5)]; IR (KBr): 1753 and 1722
(vC=0) cm~!; NMR (CDCl;): 2.68 (s, 10 p., phenyl) and 6.62 (s, 2
p. CHg) T.

4-Methyl-1,2-diphenyl-3,5-pyrazolidinedione (V)—Com-
pound V was prepared by an adaptation of the method reported
for phenylbutazone (6). Sodium metal (0.9 g) was dissolved in 30
ml of anhydrous ethanol, and 7.5 g of methyl diethylmalonate and
6.4 g of 1,2-diphenylhydrazine were added. The mixture was re-
fluxed for 12 hr, the progress of the reaction being followed by
TLC (hexane-ethyl acetate, 2:1). The alcohol was distilled off and
the residue was heated at 130° overnight.

After cooling, 30 ml of water was added and the resulting mix-
ture was filtered. The filtrate was made acidic with 10% HCI, and
the resulting precipitate was collected and recrystallized from 10%
ethanol, mp 115° [lit. (7) mp 114-116°}; IR (KBr): 1753 and 1725
(+C=0) ecm~!; NMR (CDCls): 2.65 (s, 10 p., phenyl), 6.61 (q, 1 p.,
C-4 H), and 8.43 (d, 3 p., C-4 methyl) r.

4,4-Dimethyl-1,2-diphenyl-3,5-pyrazolidinedione (VD) —
Compound VI was prepared by a modification of the method de-
scribed for the methylation of phenylbutazone (6). To a solution of
1.5 g of V in 40 ml of 1% alcoholic potassium hydroxide solution
was added 3.1 g of methyl iodide. The resulting solution was re-
fluxed with stirring for 3 days, after which time the solution turned
a dark brown and a precipitate had formed. The precipitate was

N.
o
e AN
R o
R,
compound R, R, R;

phenylbutazone (I) H CH,CH,.CH.CH, H
phenylbutazone deu- D CH;CH.CH,CH, H

terated (Ia)
oxyphenbutazone (IT) H CH;CH,CH.CH, OH
sulfinpyrazone (111) H C:H;SOCH.CH. H
1,2-diphenyl-3,5- H H H

pyrazolidinedione

(IVv)
1,2-diphenyl-3,5- D D H

pyrazolidinedione

deuterated (IVa)
4-methyl-1,2-di- H CH, H

phenyl-3,5-pyrazo-

lidinedione (V)
4,4-dimethyl-1,2-di- CH, CH; H

phenyl-3,5-pyrazo-
lidinedione (VI)

collected and recrystallized from 60% ethanol to give a white crys-
talline product, mp 134-135°; IR (KBr): 1755 and 1725 (+»C=0)
cm~l; NMR (CDClg): 2.69 (s, 10 p., phenyl) and 8.52 (s, 6 p., C-4
methyl groups) 7.

Anal. —Calc. for C17H1gN20s: C, 72.84; H, 5.75; N, 9.99. Found:
C, 72.58; H, 6.02; N, 9.84.

The deuterated Compounds Ia and IVa were prepared by re-
fluxing a solution of the parent compound in tetrahydrofuran con-
taining deuterium oxide for 4 hr, followed by removal of the sol-
vents in vacuo. The exchange was monitored by the disappearance
of the C-4 proton absorption in the NMR.

RESULTS AND DISCUSSION

The mass spectra of the pyrazolidinediones, I-VI, are repro-
duced in Figs. 1-6. As observed by Unterhalt (3), phenylbutazone,
oxyphenbutazone, and sulfinpyrazone undergo the McLafferty
rearrangement to give a radical ion at m/e 252 (m/e 268 in oxy-
phenbutazone). Metastable ions are present in all three spectra to
indicate that this is a direct fragmentation from the molecular ion
with the loss of the elements of butene or C¢HsSOCHCHb for sul-
finpyrazone. This fragmentation is presented in Scheme I for
phenylbutazone.

A minor fragmentation pathway for the molecular ions of phen-
ylbutazone and oxyphenbutazone, also substantiated by the pres-
ence of metastable ions, is the loss of a propyl radical from the
butyl side chain of the molecular ion to give ions at m/e 265 (1.2%,
phenylbutazone) or m/e 281 (3.2%, oxyphenbutazone). In the
spectrum of sulfinpyrazone, strong peaks at m/e 279 (20.0%) and

r Tt
H/ 0\ NG ——»CC‘H‘
O]~
b, e
N
\CHQ/ \O
LC}LCH2 H |
Mf(m/eBOS)
+
HO
N
O
b
TN
e \O
m/e 252

Scheme [—McLafferty rearrangement of phenylbutazone

Vol. 63, No. 12, December 1974 / 1897



199

100 ~CeHs
-N
-co n 2 * )
R -CHp * 9{3 “C7He02 B 324 (M)
w 80T * 77 *
o
z
3
60 - -CoH
z
5 2 -GH,
m *
« o5 L -CHCH,CH= CH,
w 4F 2Hy -
2
<
- CH3CH,CH;
E 20 3 ‘2 ;|
18 28
0 , B i
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
mfe
Figure 2— Mass spectrum of oxyphenbutazone.
-CoH, N
% * |
100 - 7
R
8 sof
z
b3 -C4HsNCO
z 5 1
2 er 278 20
<
u ) 404({M?)
2 40+ C.O .50 0 r .
= S 360 380 400
51
e h-Hon m/e
& ot l 78 ':]' 105
39
40 o4 1o 130 183
o8 93 109 lm 159 252
0 | JJL[[L. 11.l!|||14‘ bl p — L
40 60 80 100 120 140 160 180 200 220 240 260 280
m/e

Figure 3— Mass spectrum of sulfinpyrazone.

at m/e 278 (55.4%) represent the loss of C¢HsSO and CgH;SOH
from the side chain of the sulfinpyrazone molecular ion. No meta-
stable ion is present in the spectra for this fragmentation. An ion
occurring at m/e 125 was identified as the phenylsulfoxide ion,
(Ce¢HsS0)*, by accurate mass measurement (125.0041 measured,
125.0061 calculated).

The most characteristic fragments in the mass spectra of all py-
razolidinediones studied were a series of peaks at m/e 182, 183,
and 184 (198, 199, and 200 in oxyphenbutazone). The relative
abundances of these peaks are given in Table I.

The peak at m/e 182 can be attributed to the formation of the
azobenzene radical ion, (CgHsN2CgHs)*. Metastable evidence for

_ 9+ F ~+
H— H
(l) Q H
\C/ \N@ ~c tN_@
S A
L7 o 2 Yo
m/e 252. R =H - -
H 6]
H +| N—Cc=C=0
NS g7
N
m/e 183

Scheme II—Mechanism for formation of ion at m/e 183

1898 / Journal of Pharmaceutical Sciences

the origin of this ion could not be found in any spectra except that
for Compound VI, in which the m/e 182 ion was formed from the
molecular ion, M* (m/e 280) — m/e 182, (m* observed, 118.4; m*
calculated, 118.3).

The ion at m/e 183 can originate from the molecular ion or the
McLafferty rearrangement radical ion (m/e 252) by hydrogen
transfer as depicted in Scheme II. Metastable ions at 133.0 (calcu-
lated 132.9) were present in the spectra of I and IV to indicate that
the fragment ion at m/e 183 arose from the ion at m/e 252. In the
spectrum of oxyphenbutazone, the equivalent peak, m/e 199, ap-
parently is derived from the molecular ion, M* (m/e 324) — m/e
199 (m* observed, 122.3; m* calculated, 122.2). This is also the
case in the spectrum of Compound V: M* (m/e 266) — m/e 183
(m* observed, 126.0; m* calculated, 125.9).

Table I—Relative Abundances (Percent) of Fragment Ions
in the Range m/e 182-185

Com-
pound m/e182¢ m/e 183 m/e 184 m/e 185
I 2.3 65.1 19.8 2.1
Ia 2.9 32.4 42.6 14.0
11 6.8 100.0 17.7
(m/e 198) (m/e 199) (m/e 200) —
II1 1.9 11.2 3.2 —
IV 5.8 100.0 35.8 4.0
IVa® 1.1 7.2 70.4 13.7
v 4.1 50.0 6.8
Ci.Hy,N, C1.Hi:N, -
VI 14 .4 3.7 — —
CIZH10N2 CIZH11N2

% Where formula followed percent relative abundance, the identity was
established by accurate mass measurement. ? This spectrum also contained
an ion at m/e 186 (13.09%,).
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Compound VI was examined with the expectation that there
would not be a peak at m/e 183, since neither enolization nor a
McLafferty rearrangement is possible with this compound. Al-
though it is only present to a small extent (3.7%), an accurate mass
determination did establish that this ion had the composition
C12H1;1 N2 and was not a simple isotope peak. It would appear that

F It
H
!
N )
% \N© .
\
\/\
c@
cx\{ H/
CH.CH, |
MY
_ - i .
H H
-co. | H
\ N.
O=C=(=C(
N\
] ) ] W
- m/e 184

Scheme I11—Formation of ion at m/e 184, C3H 2N, from the

molecular ion

intermolecular hydrogen transfer may be involved in the formation
of this ion in the spectrum of VI.

The ion at m/e 184 may arise from the transfer of two hydro-
gens to ortho positions of the aromatic rings (Scheme III). Meta-
stable ions were present for the formation of this ion from the mo-

+

N=N NLH,
CpimO] e [ IO
H H

H H

m/e 183 mfe 153
Scheme IV—Formation of ion at m/e 153 from the ion at m/e 183

4(9.8) 122(24)

G0l

105(5.3) 77(7
m/e 199

78(8.3) 106(3.0)

+
N=N OH
H H

121(26.6) 93(78.7)

m/e 199
Scheme V—Ions arising from the m/e 199 ion

Vol. 63, No. 12, December 1974 / 1899



77

100
~C5HyO2 .
&o + - 280{m*" )
: 80 [
5 =CeHsNy
z -N, *
< W‘i
a *
z 60 105
2 oM
< 22
-
W 40
5 -HCN -CHj
-
w * ; *
20 - . .
x ““ st 9I»CH3 N8-CoH; 182
39 64 70 (78 = *
l l 106 me CK]
1] 'JL |lhlll i Jnvnl Lol | L ' alhy . il — —— . . —
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
mfle
Figure 6— Mass spectrum of 4,4-dimethyl-1,2-diphenyl-3,5-pyrazolidinedione.

lecular ion in the spectra of I [M*, m/e 308 — m/e 184 (m* ob-
served, 110.0; m* calculated, 109.9)] and IV [M?, m/e 252 — m/e
184 (m* observed, 134.3; m* calculated, 134.4)].

The peak at m/e 184 in the spectrum of V cannot be explained
by Scheme III and, although of low relative abundance (6.8%), it
did have the composition C;3H9No. It may also arise from an in-
termolecular hydrogen transfer mechanism. There is no peak at
m/e 184 in the spectrum of VI, as would be predicted, since there
are no hydrogen atoms for transfer in the 4-position of the pyrazol-
idinedione nucleus. .

Deuteration of phenylbutazone and 1,2-diphenyl-3,5-pyrazoli-
dinedione yielded Ia and I'Va, respectively. Peaks in the mass spec-
tra of these deuterated derivatives are consistent with the mecha-
nism given in Scheme III. Comparison of the peaks in the m/e
182-185 region in the spectra of I and Ia demonstrates that the
peak at m/e 182 is almost unchanged in percent relative abun-
dance upon deuteration. Deuteration decreases the intensity of the
peak at m/e 183 and increases the intensity of the m/e 184 peak by
almost exactly one-half, which may be explained by the observa-
tion that in the deuterated compound (Ia) there is now equal op-
portunity for the formation of C;sH;;No, m/e 183, and
Cy13H190DNg, m/e 184, from the McLafferty ion, m/e 252, or the
enol form of the molecular ion. A significant peak at m/e 185
(14.0%) likewise corresponds to C,sH,;DNs.

A similar comparison can be made for analogous peaks in the
spectra of IV and IVa. A peak at m/e 186, 13.0% relative abun-
dance, corresponding to C;2H10D2Ng, occurs in the mass spectrum
of IVa.

Skeletal rearrangement ions of m/e 152, 153, and 154 were ob-
served in all compounds studied. In oxyphenbutazone, these occur

Table II—Fragmentations Involving Loss-of
CH:NCO as a Neutral Molecule

(OH) (OH)
-CHNOO
[¢) _ 7 -
N N
('\C %f‘@ /\ R
R/I \0 C—C .
L R, _J mfe =X
Compound
(Relative
R, R. X Abundance, %)
H H 133 IV (2.6)
D D 135 IVa (2.2)
CH, H 146 I(.0
[1621] (II (6.8)]
CH, D 147 Ta (0.7)
CH,CH H 159 11T (4.2)
CH,CH, H 160 I¢.2), I11 (1.3)
1176 ] (IT (8.7)]
CH.CH, D 161 Ia (0.6)
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at m/e 168, 169, and 170. These ions may be assumed to be due to
the loss of nitrogen and hydrogen from the azobenzene radical ion.
Such rearrangement ions were described (8) in a study of mass
spectra of azobenzenes. The peak at m/e 153 in all spectra proba-
bly arises from an equivalent rearrangement of the m/e 183 ion
(Scheme IV).

Other ions in the spectra of the pyrazolidinediones that may
arise from the azobenzene radical ion are the result of the loss of a
phenyl radical, C¢Hs, to give CgHs;No*, m/e 105, which subse-
quently may lose nitrogen to give CgHs*, m/e 77. The azobenzene
radical ion may also lose CgHsNy as a radical to give CgHst, m/e
77. These fragmentations were documented for azobenzene (8).

A series of analogous ions may be generated from the m/e 199
ion in the mass spectrum of 1l (Scheme V).

A fragmentation from the m/e 183 ion, which yields ions at m/e
92 and 91, may be due to the fission of the two nitrogen atoms
(Scheme VI).

The ion of mass 91 (ionized phenyl nitrene) has been observed
in the mass spectra of 3-phenyl-5-pyrazolone (9), substituted pyra-
zolone azomethine dyes (10), and 4-acyl-substituted 1-phenyl-3-
methyl-5-pyrazolones (11). The CeHgN* ion, m/e 92, has also been
observed in the mass spectra of substituted pyrazolones (11). In

Table ITII-—Ions Resulting from Loss of CO
after Loss of Neutral Phenyl Isocyanate

(OH) (OH)
e,
N N
C/_\{ R I
o” g R R,
mfe =X
X
(Relative Com-
R, R, Abundance, %) pound
H H 105 (28.3) v
m* obs. 82.9,
calc. 82.9
D D 107 (3.0) IVa
m* obs. 85.0,
calc. 84.8
H CH. 118 (2.5) 111
m* obs. 95.4,
calc. 95.4
H CH, 118 (5.4) A\
D CH. 119 (5.4) la
H CH.CH 131 (8.1) 111
H CH.,CH, 148 (4.1) 1T (p-OH)
H CH,CH. 132 (1.0) 1
D CH.CH. 133 (0.9) Ia
CH:J CH:; 133 (41) Vi

a

m/e 133 in the specirum of VI may lose H" to yield m/e 132 (8.77%),
CsHpeN (132.0808 measured, 132.0813 calculated).



92
m/e 183
Scheme VI—Fragmentation of the m/e 183 ion

the spectrum of oxyphenbutazone, analogous peaks were seen at
m/e 108 (7.6%), (C¢HgNO)*, and at m/e 107 (11.2%), (CsHsNO)™.

A characteristic fragmentation of all pyrazolidinediones studied
was the loss of the elements of phenyl isocyanate either to form the
radical ion (C¢HsNCO)*, m/e 119 [(HOC¢HsNCO)*, m/e 135 in
the case of II] or as a neutral molecule. These pathways have been
observed in the mass spectrum of aminopyrine (12). Fragmenta-
tions involving the loss of phenyl isocyanate as a neutral molecule
are listed in Table II.

The ions (X, Table I) resulting from the loss of the elements of
phenyl isocyanate as a neutral molecule may then lose CO to give
ions CgHsNCR Ry (Table III).

The remaining peaks in the low mass range, below m/e 100, are
common to substituted aromatic systems, and the fragmentations
observed are illustrated in Figs. 1-6.
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Kinetics of Dehydration of Epitetracycline in Solution

BETTY-ANN HOENER, THEODORE D. SOKOLOSKI *, LESTER A. MITSCHER, and

LOUIS MALSPEIS

Abstract O The dehydration kinetics of epitetracycline in solution
to form epianhydrotetracycline were studied using UV and visible
spectrophotometry. The reaction was found to be first order with
respect to epitetracycline and hydronium-ion concentrations. The
activation energy for the reaction was 28.3 kcal/mole at pH 2.0 in
0.1 M potassium chloride solutions. Dehydration of epitetracycline
at pH 2.0 and 70° was found to be slower than that for tetracycline
under similar solution conditions, although the activation energy
for both reactants is essentially the same. This result is explicable
on the basis of conformational differences in the molecules. This
paper represents a portion of studies of the rates of various degra-
dation reactions of tetracycline that lead to the toxic material epi-
anhydrotetracycline.

Keyphrases O Epitetracycline—dehydration kinetics in solution,
activation energy, UV and visible spectrophotometry 0O Dehydra-
tion—epitetracycline to epianhydrotetracycline kinetics in solu-
tion, activation energy, UV and visible spectrophotometry 0 Epi-
anhydrotetracycline—formation from epitetracycline, dehydration
kinetics in solution, activation energy, UV and visible spectropho-
tometry O Kinetics, dehydration—epitetracycline in solution

Studies show that commercially available tetracy-
cline products contain significant amounts of degra-
dation products of the antibiotic (1-3). This might be
expected because tetracyclines can degrade through

at least four different pathways: epimerization, dehy-
dration, hydrolysis, and oxidation. Since the first two
reactions are the most commonly encountered, they
have been of specific interest for study. In solution at
acid pH, two pathways connect tetracycline and 4-
epianhydrotetracycline, as shown in Scheme I.

Epimerization about carbon-4 in tetracycline leads
to inactive, nontoxic epitetracycline (4). The kinetics
of this reaction were studied by other workers (4-7).
Epimerization, which is a reversible first-order pro-
cess, occurs most rapidly between pH 3 and 5. Dehy-
dration and aromatization of the C-ring of tetracy-
cline follow pseudo-first-order kinetics, leading to
anhydrotetracycline, which is inactive in vivo and
nontoxic. This reaction occurs in solution at very low
pH (8) and in the solid state under thermal condi-
tions (9).

There are two important steps in the overall degra-
dation of tetracycline, whose kinetic characteristics
have not as yet been studied in solution or in the
solid state. These are the epimerization of anhydrote-
tracycline and the dehydration of epitetracycline.
Both reactions lead to the inactive, but toxic, epi-
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