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Abstract—The mass spectra of twenty-four 3-phenylisothiazoles and three 3-(halophenyl)isothiazoles are
reported and discussed. Their common features are the prominent molecular ions and the diagnostic
fragment ions arising from cleavages of the N—S or S—C(5) bonds, eliminations of the side chains and
fragments from the phenyl ring. The production of M-1 ions is not common in the 5-Me derivatives in
contrast with the reported cases of methyl-thiophenes, furans and pyrroles. Several characteristic frag-
mentation patterns are noted depending upon the nature of substituents at the 4-position: (1) 4-acetoxy-
isothiazoles preferentially decompose to give molecular ions of 4-hydroxy derivatives, (2) 4-nonsubstituted
and 4-cyano-isothiazoles, though not all, produce the M minus S or M minus SH ions, (3) rearrangements
of 4-bromo and 4-cyano groups take place to the phenyl-containing fragment ions, (4) the hydrogen of
4-hydroxy derivatives and the Me group of 4-MeO derivatives migrate to the phenyl containing ions, (5)
migration of a hydrogen from the 3-phenyl ring takes place in 4-cyano and 4-hydroxyisothiazoles and (6)
methy] esters of 4-carboxylic acids produce M-15 ions regardless of the presence of an adjacent Me group
at the 5-position.

Mass spectra of mononuclear S-membered aromatic heterocycles have been discussed
by several workers on thiophenes,' furans,?> thiazoles,® oxazoles,* isoxazoles,®
1,2,4-° 1,2,5-7 and 1,3,4-oxadiazoles,*® pyrroles,® !° pyrazoles,'®!! imidazoles'®
and 1,2,4-triazoles,'® But studies on isothiazoles have not been published.

In connection with another program,'? we have prepared various 3-phenyliso-
thiazoles by several routes.!>'¢ Since the 3-phenylisothiazoles prepared in this
laboratory were mostly new compounds and some of them prepared by new cycliza-
tion procedures to the isothiazoles ring,'* !¢ studies were undertaken to determine
whether the mass spectra could be a useful tool for confirmation or identification of
3-phenylisothiazoles structures in the resulting product.

The mass spectra of twenty-four 3-phenylisothiazoles (I-VIII) and three 3-halo-
phenylisothiazoles (IX) listed in Table 1 are shown in Figs 1-11 and in Table 2.
The composition of some fragment ions discussed in this paper have been determined
by exact mass measurements and are summarized in Table 3. A transition indicated
by an asterisk (either in the Figs or the text) is supported by the presence of an
appropriate metastable peak. Structures written for fragment ions are only nominal,
but are intended to relate the fragmentation process to the structure of the intact
molecule.

The common features of the spectra of 3-phenylisothiazoles except for the 4-actoxy
derivatives (VII) are that the molecular ion is prominent and the major fragment
ions arise from fissions at i to v shown in Scheme 1 or in somewhat modified
ways with elimination and rearrangement of the substituents.
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TABLE 1. ISOTHIAZOLES INVESTIGATED
Compound Substitutions at positions
No.
3 4 5
Ia CsHg H H
Ib CcH, H CH,
Ic C¢H, H Cl
Ila C¢Hg Br H
IIb CqH, Br CH,
I1la CeHs CN H
I1Ib CeH, CN CH,
Illc CeH, CN Cl
IVa CeH; COOCH, H
IVb CeH, COOCH, CH,
IVe C¢H, COOCH, Br
Va CSHS OH H
Vb CeH; OH CH,
Ve CGHS OH C]
vd CeH, OH CHO
Via CgH, OCH, H
VIb C¢H, OCH, CH,
Vic CeH, OCH, Cl
Vila CeH OCOCH, H
VIIb CsHj, OCOCH, CH,
Viic CeH; OCOCH, CHO
Villa CeHs oD D
VIIIb CeH, oD CH,
Vilic CGHS oD Cl
IXa @ oN cH,
Cl
IXb O Cl CN CH,
IXc -@Br CN CH,

S*=C-R;

D. m/e 44 + R,

etc
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Fi1G. | Mass spectrum of 3-phenylisothiazole (Ia).
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FIG. 2 Mass spectrum of 4-bromo-3-phenylisothiazole (I1a).

The mass spectra of VII give a quite similar pattern to that of the corresponding
4-hydroxy derivatives (V) except for the molecular ion and an mj/e 43 ion (Table 2,
Figs 9 and 6). This indicates that fragmentations within the 4-acetoxy group occur
preferentially to form either an acetyl ion (m/e 43) or an M-42 ion (g) with loss of a
ketene molecule as substantiated by an appropriate metastable peak and that the
structure of the a ion is consequently the same as that of molecular ion of the corres-
ponding 4-hydroxyisothiazole. The acetoxy derivatives will, therefore, be represented
by the hydroxy derivatives in the following discussions.
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M Peaks. As in the cases of biphenyls,'” phenylthiophenes'¢ and diphenyloxa-
zoles,* 3-phenylisothiazoles (I-VI) give pronounced molecular peaks which are the
base peak in twelve compounds (I, I, ITI, IVb, IVc, Vd and VIa) and the second
largest peak in the remaining compounds (IVa, Va—, VIb and IVc). All molecular
ions are accompanied with the distinct double charged ion evidenced by the peaks
with decimal mass unit of half the molecular ion except for the 4cyano and
4-methoxycarbonyl derivatives.

M-X Peaks. The production of M-1 ions in 3-phenyl-5-methylisothiazoles is not
as characteristic as in methyl-thiophenes,' furans? and pyrroles® which have been
reported to give very abundant M-1 ion. 3-Phenyl-5-methylisothiazole (Ib) and
4-cyano-3-phenyl-S-methylisothiazole (IIIb) form M-1 ion with an intensity of 147,
and 15%; to the molecular peak (the base peak), respectively. Such a fragmentation
is not observed in three of the other 5-Me derivatives (IIb, IVb and'Vb). On the
other hand, 4-methoxy-5-methyl-3-phenylisothiazole (VIb) gives M-1 ion, but its
relative abundance to the molecular ion (15%, of the M ion) is lower than that of the
S-unsubstituted isothiazole (VIa) (33%) and of the S-chloro derivative (VIc; 20%).
This indicates that the M-1 ions of VI arise from loss of an H atom from the 4-MeO
group, differing from the cases of Ib and I1Ib which produce the M-1 ions by elimina-
tion of an H atom from the 5-Me group.

H

C6H5‘_ lC-—— 'C"'-R -—‘ CJ‘I,"*C pe— ?"'R
N“s _C—CH, N§S _C=CH,
'S
Ib:R=H
Ib: R =CN
CeHy— c—ﬁ-—ocu, —H CeH, — C—C—O—CH;-
C—R —~R
s~ s’C
- -
Via:R=H
VIb: R = CH;
Vic: R =Cl

As shown in Table 4, peaks due to a cleavage of a whole or a part of the 4- or
S-substituent appear in many compounds. In general the side chain fission takes
place in a fashion as anticipated with the corresponding benzene derivatives.'®



4-Bromoisothiazoles (II) exhibit prominent peaks at m/e M-Br, 4-MeO derivatives
(VD) at mfe M—CH, and M——OCHZ, 4-cyano derivatives (III) at m/fe M—HCN,

but 4-hydroxy derivatives (V) give only a slight or no M—CO peak probably because

of a preferential cleavage of the isothiazole ring. Of 5-halo derivatives, I¢, IIIc and IVc
exhibit an intense peak due to elimination of the halogen atom, while V¢ and Vic
give neither M—Cl nor M—HCI peak.

R non aoaiedon s e | PO TR LR 'SP PR, IPT TRt PRy crsal

Mass specira of miciny J-pucuyuauuuaww-*o-uu UOXY1aics u V) give unusual
peaks which are observed only in esters of aromatic heterocycles with a specific
structural requirement. It has been reported that methyl and ethyl esters of
pyrroles,” furans®* and thiazoles® decompose through operation of the ortho-
effect,!® losing an alkyl group from the ester when they have a Me substituent
adjacent to the ester group. All of IV, however, exhibit a prominent M-15 peak
regardless of the presence of an adjacent Me group, which might probably be due to
a fission of the labile N—S bond followed by a concerted cleavage of the Me radical
to form M—CH, ion (b) (Scheme 2). This fragmentation process would be supported
by an m/e 159 peak (c, CoHsNS) present in all the spectra of IV, which might arise
from a concerted cleavage initiated by the lability of the N—O bond in b. In IVb
production of M—CH ,ion (e) is also possible by the usual ortho-effect of the adjacent
Me group and both fragmentations may be operative. The other peak (f) which could
be formed by the operation of ortho-effect is observed at m/e 201 in the spectrum
of IVb.
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FiG. 3 Mass spectrum of 4-cyano-5-methyl-3-phenylisothiazole (I1Ib).
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F1G. 4 Mass spectrum of 4-methoxycarbonyl -3-phenylisothiazole (I1Va).

Distinct M-33 peaks are observed in Ia (Fig. 1), Ib and 1Ila at m/e 128 (9% of the
base peak), m/e 142 (167;) and m/e 153 (7%;), respectively. High resolution measure-
ment of the M-33 peak of Ib establishes that this peak is exclusively due to loss of
the SH group from the molecular ion. The mass spectrum of IIIb (Fig. 3) demon-
strates both M—S and M—SH peaks. and the halogeno analogs (IX) also give such
fragments in pairs due to the isotopic abundance (Fig. 11). Such M—SH or M—S
skeletal rearrangement ions have been reported for many open-chain sulfides and
disulfides,® but for only a few sulphur-containing heterocyclic compounds.'®
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F1G. 5 Mass spectrum of 4-methoxycarbonyl-5-methyl-3-phenylisothiazole (IVb).
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FI1G. 6 Mass spectrum of 4-hydroxy-3-phenylisothiazole (Va).
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A and related peaks. The A peak in the above scheme at m/e 103 is easily detectable
in the 4-substituted isothiazoles, Il and III, which contain no H atom in the sub-
stituent, and in the 4-unsubstituted derivatives (I). The introduction of a hydrogen-
containing substituent in the 4-position (IV, V and VI) increases the relative abund-
ance of a peak which is higher by one mass unit (4 + 1, m/e 104), and especially the
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TABLE 3. EXACT MASS MEASUREMENTS IN THE SPECTRA OF 3-PHENYLISOTHIAZOLES

Exact mass (m/e)

\,on;qp: und Fragment ion Composition

) Caled. Obsd.

Ib B C,H.S " 72003 72:003
A C,H4N 103042 103044

o CoHgN 130066 130064

E C,;H NS 135014 135012

M-SH C,oHgN 142066 142065

I1Ib B-25 C;H,S 72-003 72-:003
j CcHgNz 129045 129-048

E C,H NS 135014 135012

M-SH C.,H,N, 167-061 167-059

M-S C, HgN, 168069 168068

IVa r C,H,0, (59%) 59013 59017
— CNO, (37% 58993 58997

— CHNS (4% 58983 58978

p CgHgN 116050  116:050

E C,H,S 135014 135017

c C4,H NS 159014 159016

1 CoHgNS 160022 160024

IVb o CoHyN 130066 130066
¢ CyH,NS 159014 159017

1 C,oHgNS 174038 174040

M-58 C,oHoNS 175046 175049

Ve r C,H,0, (46%) 59013 59-017
— CNO, (42%) 58993 58999

— CHNS (12%) 58983 58982
B-Br-OCH, C,08 83967 83-966
B-COOCH, C,"BrS  (90%) 134890 134-891

E C,H,NS (10%) 135017 135016

c CyH NS 159014 159014

Va B C,H,0S8 73983 73982
Vb B C,H,0S 87-998 87997
Via D CHS 45980 45-980
A+l C,H(N 104050 104051

i C H N 118066 118066

peak is quite predominant in compounds V (Table 5). The additional hydrogen of
the m/e 104 ion in V (g, C;H4N) has been established to have originated from the
4-OH group by analysing the mass spectra of VIII (deuterio analogues of V), in
which the prominent peak shifts to m/e 105 (h) (Fig. 10).

On the analogy of hydrogen migration from the 4OH group of V, the 4MeO
derivatives (VI) exhibit an m/e 118 ion (i) corresponding to the migration of a Me
group to the A ion moiety, the abundance of which being 5% (VIa, Fig. 8), 3% (VIb)
and 4% (VIc) relative to the base peak. The elemental composition of the i ion was
established as CgHgN by the accurate mass measurement of the m/e 118 ion in Vla.
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F1G. 7 Mass spectrum of 4-hydroxy-5-methyl-3-phenylisothiazole (Vb).
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Fi1G. 8 Mass spectrum of 4-methoxy-3-phenylisothiazole (VIa).
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Recently, rearrangement ions due to cyano group migration have been reported
in p-phenyl-a,B-unsaturated nitriles?! and isohexyl cyanide.?? The mass spectra of
3-phenyl-4<cyanoisothiazoles {III) exhibit similar interesting peaks which involve a
rearrangement of the cyano group to the A ion moiety (A + CN). The rearrangement
ion affords a weak but distinct peak (3-7%; of the base peak) at m/e 129 (j, R’ = H),
which is established as CgHsN, by high resolution measurement of 11Ib. The intro-
duction of a chiorine atom to ortho- or para-position of the phenyi ring (IXa, IXb)
makes the m/e 129 ion shift to m/e 163/165 (j, R’ = Cl) with the characteristic isotopic
abundances (ca. 3:1) of **Cl and *’Cl. Also, the p-bromo derivative (IXc, Fig. 11)
gives the rearrangement peak at m/e 207/209 (j R’ = Br) in the ratio of about 1:1.
Similarly, migration of Br atom to the A ion is seen in the 4-bromoisothiazoles (II)
giving a pair of isotopic peaks at m/e 182/184 (k), although the intensity is small
(1-2%; of the base peak). On the other hand, migration of the MeO group does not

in 4-methoxycabonyl derivatives (IV), being different from B-phenyl-«, B-unsaturated
21

esters.
R’ o
*
C—C—CN
LL ,l:l ) ——— N=C CN
s
* jiR' = Hmje 129
R’ = Clmje 163/165
R’ = Brm/e 207/209
.
CeH,— c-~-cI —Br Br CeH,—C=N ]
L. |
7. k, m/e 182/184
1
CeHe—C —C —R, ﬁ—R‘
luj; —R, +S—C—R,
+. B, m/e M-103

B and related peaks. The B ion shown in the above scheme is characteristic of all
the 3-phenylisothiazoles studied in the present paper with exceptions of 4-methoxy-
carbonyl derivatives IVa— (IVa and I'VDb give a peak at m/e M-103 but with a different
elemental composition from the B ion; see, the next section). The relative abundance
to the base peak varies in a range of 1 to 29%, and the 5-Me derivatives show a weaker
peak than do the corresponding 5-unsubstituted ones (Table 5). The isotope peaks
are, of course, seen in the compounds having halogens in their substituents at the
4 or 5 position.

Interestingly enough, the B peaks of 4-OH derivatives, Vb and Vc, do not change
position in the corresponding deuterium-labeled compounds, VIIIb and VIIIc, and
the B peak of 'Va shifts to higher position only by one mass unit ir*the di-deuterio
compound, VIIIa. This might suggest that the B ions arise from a fragmentation
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TABLE 5. RELATIVE ABUNDANCES OF A, A + 1, B, D and E PEAKS OF 3-PHENYLISOTHIAZOLES. (I-VI).

A A+1 B D E
Compound
No. mje 103 m/e 104 mje M-103 m/e 45 mje 59 m/e 79/81 mje 135
%) %) (%) %) (%) (%) (%)
Ia 6 2 29 S — — 16
Ib 7 3 19 9 6 — 13
Ic 6 — 11/4 2 — 1/0-3 5
Ila 9 2 15/15 8 — — 26
IIb 10 5 5/5 35 10 — 13
IIla 11 3 15 10 — — 22
I1Ib 13 3 4 9 15 — 12
Illc 14 — 11/4 2 — 5/2 12
IVa 7 8 b 10 4 — 3
IVb 6 5 ¢ 27 9 — 3
IVe 16 — —_ 5 11 1/1 8
(m/e 123/125)
Va 4 100 8 25 — — 05
Vb 4 100 15 4 47 — 05
V¢ 15 100 6/2 11 — 34/12 1-5
vd 5 45 6 16 — 70 1-5
(m/e 74)
Via 6 38 4 85 — — 3
VIb 3 3 15 2 100 — 1
Vic 6 — 1-5/0-5 1 — 100/35 3
° These include methoxycarbonyl ion, r.
b A peak due to p is observed at the same position.
< A peak due to o is observed at the same position.
100 4 " e
CeHg—C——C - OCOCHy
] n
N gt
80 -
10
60
40 A s bl
20 A4 - 2191m*)
3
w |l re HL
] . i s e
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F1G. 9 Mass spectrum of 4-acetoxy-3-phenylisothiazole (VIIa).
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process through both an elimination of the hydrogen in the 4-OH group and an
addition of a hydrogen from the 3-phenyl ring. Similar behavior is observed in the
spectia of 4-Cyano derivatives (I1II), which afford B-25 ions indicating an elimination
of the cyano group from the B ions and an addition of an H atom (Table 4). A support
for this discussion is that a distinct B-25 peak appears even in IIIc which has no
hydrogen atom except for those on the phenyl ring.

Mosi compounds exhibii B-X species corresponding to the ioss of a whole or a
part of 4- and 5-substituents from the B ions (Table 4). The eliminating groups, with
an exception of B-25 ions described above, are the same as those encountered in the
production of the M-X ions from the molecular ions. The B-X ions may, therefore,
be produced by either one of or combination of the following routes: (a) fragmentation
of the M-X ion in a similar way to that of the corresponding M ion to the B ion,
(b) direct formation from the M ion, (c) elimination of the X group from the B ion.
The actual process to the B-X ion, however, can not be determined because of a
lack of the metastable peak.

(a)

/—‘M""*‘~\

M (b) (B-X)*

B © /

TR —|
N{E/é—lz h‘lg'\ —R,
$
R
/ 1
CH~—~C—C ————  CH,~C—C—R
B e, GO
N s N
C,m/e115 + R,

C and related peaks. The C ion shown above is not characteristic of the 3-phenyl-
isothiazole, though the 3-substituted 5-methylisoxazole have been reported® to
exhibit distinct peaks due to the similar fragmentation. Only three compounds
(Ic, ITIb and 11Ic) give this peak with.a relative abundance of 3-5% to the base peak.
The corresponding 5-hydrogen derivatives (Ia and IIla) give C + 1 peak which is
probably produced by a similar fragmentation process with a hydrogen rearrange-
ment. In contrast to the above, 3-phenyl-5-methylisothiazole (Ib) does not give the
C peak but an m/e 130 peak which comes from the M-1 ion as evidenced by an
appropriate metastable ion. As shown in Scheme 3, one plausible process to the
m/e 130 ion, though by no means the sole one, can be visualized by the migration of
4-hydrogen to 5-substituent (the electron deficient site) to form an intermediate ion
! (R = CH,) followed by Me migration to the electron deficient 4-position (I — m)
and elimination of CS group (m — o). The similar m/e 130 peak (o) is observed in the
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mass spectrum of IIb, which gives the M-Br ion formulated as ! (R = CH,) in Scheme
3. Also the corresponding S-hydrogen analog (Ila) exhibits an m/e 116 peak (p)
which is interpretable by the migration of the 5-hydrogen to the positively charged
4-position in ! (R = H). Spectra of IVa and IVb also afford m/e 116 and 130 peaks,
respectively. Exact mass measurement show that these peaks are not due to the B
ions, but p and g ions, which can be similarly explained by the production through
the same intermediate ion, /, corresponding to M—COQCH; ions. The fragmentation
process may be supported by the fact that the mass spectra of Ib, [Ib and IVb exhibit
a more pronounced peak at m/e 45 (g) which is rationalized by invoking four mem-
bered transition state (see, arrow in m) rather than the D peak at m/e 59 as shown in
Table 4.

SCHEME 3
c.n,—c——ﬁ—n c.n,—ﬁ——c—av C.Nrc—ﬁ—coocu,
I i 1
~\S/c—m-c, N\S/C—R N\S/C—R
+- +- -
(b} o (v
0g:R=HW a:R=H
'“l’ b:R = CHy b:R=CHy
C.H’—CI_(lj—H
N ~C™CHa
+ -Br | » ~OCHy | #tR=H)
CeHg~C——C T H CgHs—C Ct CeHa~C——C—C=0
e i, H rearr T TR -co R i
N\S/C—CH: E—— N\S/C_R ‘——' N -R
:
]
R-C/ R reorr \-H
CHz H
A N 7
—C— CegHg—C—C
CeHs—C c\r ( H eHs i ~
c c
¢ N b d
Se S+
m n
/ -cs l-nn.lol -C$ l-
H-Cms* CaHs—Co=—C-CHy CaHs—Cr—C—H
q. m/e 45 N N
0. m/e 130 p. m/e 116
C.sH,—C——kC—Rl - cbu,—cl—c\ R, R—C=s*
—R L7 Co—r,
? 2 +§” D,mje44 + R,

L3

D Peaks. The D ion gives useful information on the S-substituent because the
mass number depends merely upon the substituent. The relative abundance, how-
ever, is affected by the 4-substituent. The D peak of VI is the bas epeak or the second
largest (85% of the base peak), compounds V afford a intense peak (25-70%) and
the other a smaller one (4-17%).

5-Methyl-3-phenylisothiazoles, Ib, IIb, IIIb, IVb, Vb and VIb, have the D peak
at m/e 59 (44 + CH;). As shown in Table 5, the methoxycarbonylisothiazoles exhibit
an m/e 59 peak not only in the 5-Me derivative (IVb), but also in the S-unsubstituted
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FiG. 10 Mass spectrum of 4-hydroxy-d,-5-methyl-3-phenylisothiazole (VIIIb).

(IVa) and S-chloro (IVc) derivatives This suggests the production of methoxy-
carbonyl ion (r), which can be illustrated reasonably by concerted bond cleavages
due to the lability of the N—S bond and a resonance stabilization of the eliminating
radical (s).

+ R
”
C.H,C—C-—?—-OCH, 1 CH—C—C=C
—QCH | ~
JL }}—-R ’ e s
e¥’ e :
R
v re
CHe C—C—C
a:R=H il 9% X
b:R=CH, N
c:R=Br s

The 5-chloro derivatives (Ic, IIic, V¢ and VIc) produce peaks at m/e 79/81 (44 + Cl)
and the S5-bromo derivative (IVc) at m/e 123/125 (44 + Br) with the respective
isotopic abundances. The 5-formyl derivative (Vd) affords a prominent peak at
m/e 74 which is higher by one mass unit than the expected (44 + CHO) ion and
may form through a 6-membered transition state (z).

O<H _OH
c,u,—c:c-on - c,n,,-%-; D) o - fs=c=c\
~&—cHo N7 }5{/\ H H
e ;S mie 74
vd

The S-unsubstituted derivatives produce an m/e peak (44 + H). However it is also
observed in mass spectra of other compounds (Table 5), especially in the 5-Me
derivatives (Ib, IIb and IVb) in which the m/e 45 ion is more abundant than the m/e
59 ion because of the reason described above. The m/e 45 ion can not, therefore, be a
diagnostic peak for the S-unsubstituted 3-phenylisothiazoles.
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Fi1G. 11 Mass spectrum of 3-(p-bromophenyl)-4-cyano-5-methylisothiazole (IXc).
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E Peaks. The E peak at m/e 135 is rather strong in I, II and III (12-28%, of the base
peak), while it is weak in IV, V and VI (0-5-3%,). However, it can be easily detected
even in the latters, because no prominant peak appears around my/e 135. The high
resolution spectra of Ib and IIIb establish that this peak contains a sole ion with an

-elemental composition of C;H;NS. Of the fragment ions produced by ring fission
where the fragmentations are interpretable, this is the only ion which contains both
nitrogen and sulfur atoms. As might be expected for the fragmentation process, the
chlorophenyl derivatives (IXa and IXb) afford a doublet at m/e 169/171 in the ratio
3:1 and the bromo analogue (IXc) at m/e 213/215 in the ratio 1:1.

F Peaks. The fragment ions due to 3-phenyl ring are present as usual® at m/e 77,
76, 75, 65, 64, 63, 52, 51, 50 and 39. In most compounds in this study, ions of m/e 77,
51, 50 and 39 are relatively abundant. Besides a direct formation from the molecular
ion, the phenyl ion may arise from cleavage of some fragment ions. Mass spectra of V
exhibit a metastable ion at m/e 57-0, indicative of a decomposition of the 104 ion to
the m/e 77 ion by elimination of HCN molecule. The presence of the metastable ions
in Ic, I1a, and I1Ib shows that the A ion decomposes to the m/e 76 ion similar to the
fragmentation of benzonitrile.'®

EXPERIMENTAL
Materials. Preparation of compounds Ia, b,!? Ila, b,'? IIla, b,'* ¢ IIIc,'® Va-d,'’ Vla—,'® VIla—,!3
and IXa~c'? have been described in the preceding papers of this series. Compound Ic was prepared by the
procedure of Goerdeler and Pohland,?* m.p. 46-47° (lit., m.p. 46°). Compounds [Va— were prepared by
treatment of the corresponding 4-carboxylic acids'® with diazomethane in ether; IVa, m.p. 85-87° (from
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FiG. 11 Mass spectrum of 3-(p-bromophenyl)-4-cyano-S-methylisothiazole (IX¢).
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E Peaks. The E peak at m/e 135 is rather strong in I, 1I and I11 (12-28%, of the base
peak), while it is weak in IV, V and VI (0-5-3%). However, it can be easily detected
even in the latters, because no prominant peak appears around m/e 135. The high
resolution spectra of Ib and I1Ib establish that this peak contains a sole ion with an

-elemental composition of C,HsNS. Of the fragment ions produced by ring fission

where the fragmentations are interpretable, this is the only ion which contains both
nitrogen and sulfur atoms. As might be expected for the fragmentation process, the
chlorophenyl derivatives (IXa and IXb) afford a doublet at m/e 169/171 in the ratio
3:1 and the bromo analogue (IXc) at m/e 213/215 in the ratio 1:1.

F Peaks. The fragment ions due to 3-phenyl ring are present as usual®® at m/e 77,
76, 75, 65, 64, 63, 52, 51, 50 and 39. In most compounds in this study, ions of m/e 77,
51, 50 and 39 are relatively abundant. Besides a direct formation from the molecular
ion, the phenyl ion may arise from cleavage of some fragment ions. Mass spectra of V
exhibit a metastable ion at m/e 57-0, indicative of a decomposition of the 104 ion to
the m/e 77 ion by elimination of HCN molecule. The presence of the metastable ions
in Ic, IIa, and IIIb shows that the A ion decomposes to the m/e 76 ion similar to the
fragmentation of benzonitrile.'®

EXPERIMENTAL
Materials. Preparation of compounds Ia, b,'® Ila, b,'? llla, b,!> !¢ IIIc,'® Va-d,!® Vla—,!® Vila—,'®
and IXa—c'? have been described in the preceding papers of this series. Compound Ic was prepared by the
procedure of Goerdeler and Pohland,** m.p. 46-47° (lit., m.p. 46°). Compounds 1Va—c were prepared by
treatment of the corresponding 4-carboxylic acids'? with diazomethane in ether; IVa, m.p. 85-87° (from
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cther). (Found : C, 60-08; H, 4-30; N, 6:09. Calc. for C,,;HNO,S: C, 6025; H, 4-14; N, 6-39%). IVD, b.p.
135°/0-1 mm. (Found: C, 61-90; H, 4-76; N, 5-58. Calc. for C,,H,,NO,S: C, 61-78; H, 475; N, 6-:00%).
IVc gave a single peak by vapour-phase chromatography (SE-30; 178°; retention time, 13-1 min). The
spectra of the deuterated VIIla—c were obtained by introducing the corresponding hydroxy derivatives
(Va—c) into the spectrometer in the presence of D,0.2*

Mass spectra. The low-resolution mass spectra were run with a Hitachi RMU-6 spectrometer. The

chamber voltage was either 70 V or 80 V and the electron multiplier voltage 1500 V or 2000 V. Samples were
introduced into the ion chamber through a heated inlet system operating at 80-120°,

Exact mass measurements were pcrformed either against referenoe masses in the spectrum of perfluoro-
kerosene with a Japan Electron Optics JMS-01S mass spectrometer (compounds Ib, II1Ib and Via) or
a CEC-21-110B mass spectrometer (compounds 1Va and 1Vc), or against ions of previously established
composition in the spectrum of an appropriate compound with a Hitachi RMU-6E mass spectrometer
(compounds IVa, IVb, Va and Vb).

Acknowledgement—The author wishes to express his thanks to professor S. Hishida of Nihon University
for measurements of low resolution mass spectra and to Professor A. Tatematsu of Meijo University,
Government Chemical Industrial Research Institute of Tokyo, Japan Electron Optics Laboratory Co. Ltd.
and Hitachi Ltd. for exact mass measurements.
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