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INTRODUCTION

Polychloropyridines containing N,N-dialkyl-
dithiocarbamate and alkylxanthate groups in positions
2 or 4 or the pyridine ring may undergo intramolecular
substitution reactions leading to 1,3-dithiolo[4,5-c]pyri-
dines and bis-1,3-dithiolo[4,5-b;4',5-¢] pyridines.!

The ability of mass spectrometry to mimic some
intramolecular reactions catalyzed by acids or bases in
solution has been demonstrated.>~® This led us to study
the reactivity of the pyridine derivatives mentioned
above in a mass spectrometer vs. the liquid phase.

The reaction of pyridine derivatives 1 with potassium
carbethoxydithiolate results in the corresponding cycli-
zation products 2 [Eqn (1)]. Carbonyl-containing het-
erocycles 3 may be obtained via similar reactions
involving thioamides 4 as parent compounds.
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These reactions take place via various intra- and
intermolecular mechanisms, while several factors influ-
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ence their rate and yields. The nature of the leaving
group (Cl vs. F) and the presence of -electron-
withdrawing groups in the para position to the leaving
group are the most important among these factors. The
higher the electronegativity of the halogen and the
stronger the electron-withdrawing effect of the substit-
uent in the para position are, the easier the reaction
proceeds.

EXPERIMENTAL

Compounds 1-8 were prepared at the Institute of
Chemical Physics, Chernogolovka, as described' and
were pure according to thin-layer chromatography and
NMR spectroscopy. Mass spectrometric measurements
(low- and high-resolution electron impact (EI) spectra
and collision-induced decomposition (CID) spectra)
were performed with a VG 70-250SEQ mass spectro-
meter. The source temperature was 250 °C, ionization
energy 70 eV, emission current 250 mA (micro) and
accelerating voltage 7 kV. Samples were introduced
through the direct probe while their temperature was
maintained as low as possible to prevent thermolysis.
(The low-resolution EI spectra were also recorded with
a Varian MAT-44S instrument. The effect of the source
temperature in the range (120-250°C was negligible,
while an increase in the direct probe temperature led to
changes in the spectra). Argon was used as the collision
gas at a pressure sufficient to reduce the main beam
signal by 20%. The CID spectra were recorded at colli-
sion energies of 50 and 100 eV.
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RESULTS AND DISCUSSION

The general fragmentation schemes for the first stages of
decomposition of M*" of 1 and 4 are shown in Schemes
1 and 2, respectively. The relative abundances (as a per-
centage of the total ion current) of the mentioned ions

© 1997 by John Wiley & Sons, Ltd.

are presented in Tables 1 and 2. M*" of these com-
pounds are unstable and not observed in the spectra.
Since ions B of the proposed structure are identical
with M ™" of the independently obtained compounds 3,
and ions C are the primary fragment ions appearing
during decomposition of the molecular ions of 3, it was
of interest to obtain the CID spectra of the correspond-
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ing pairs of ions.

Figure 1(a)—(c) represent the CID spectra of m/z 262
for M™" of 3a; [M —Cl, —C,H;]*" of 1a and [M
— C,H;, — SCN(CH,),]*" of intermediate 5 isolated
after the cyclization reaction in solution. The spectra
are remarkably similar to each other, confirming the
identical structure of the ions at m/z 262. The fragmen-
tation scheme shown in Scheme 3 may be proposed.

Similar CID experiments confirmed the identical
structure of m/z 234 ions in the case of the [M — CO]™"

fragment of 3a [Fig. 2(a)], the [M — CS]*" fragment of

2 [Fig. 2(b)], the [M — CSOC,H;, — CSOC,H;]*
fragment of 6 [Fig. 2(c)] and the [M — Cl, — C,H,
—CO]"*" fragment of 1a [Fig. 2(d)], although one can
note a decreased abundance of the ion at m/z 117. The
composition C;NSCl of the latter was obtained by
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HRMS. The structure of ion at m/z 278 (M*" of 2) is
identical with that of [M — CS(OC,H;),]*" of 6 [see
Fig. 3(a) and (b)].

Compound 7 also undergoes electron impact-induced
cyclization as the CID spectra of its fragment at m/z 256
(M — Cl, — CN(CH,),]1") [Fig. 4(a)] appeared to be
completely identical with that of the [M — CO]*" ion
of 3¢ [Fig. 4(b)]. In this case, the fragmentation scheme
shown in Scheme 4 may be proposed.

Figure 5(a) and (b) demonstrate the structural identity
of m/z 271 ioms, being the [M — Cl, —CN(CH,),,
—CO]" fragment of 8 and [M — 2CO] ™" ion of 3d.

The data in Table 2 throw light on the nature of the
halogen in this intramolecular substitution reaction.
While the abundance of the [M — CI]™" ion is 28.4%
(total ion current) for tetrachloro derivative 4a, the cor-
responding [M — F]™ ion is absent in the mass spec-
trum of the analogous tetrafluoro derivative 4f. This
proves that mass spectrometric cyclization with the loss
of fluorine atom is not possible. In this case, the results

Table 1. Relative abundances (as a percentage of total ion
current) of fragments in the mass spectra of compounds

1
B
Compound ~ [M-—CI]*  [M—Cl, —C,HJ*  [M~-Cl, —C,Hg* c
1a 0.18 1.80 0.70 0.10
1b 7.79 4.40 1.09 0.10

Table 2. Relative abundances of fragments (as a percentage of total ion current) in

the mass spectra of compounds 4

Compound RNCS* R, NCS*

4a 5.65 14.7 28.4
4b 6.05 18.3 21.2
4c 5.45 121 12.0
4d 6.82 16.9 19.2
4e 6.47 311 11.7
4f 8.20 29.3 -

4qg 6.40 39.8 6.5

[M — Hal]*

[M —Hal, —CNR,J* [M —Hal, —SCNR,]*

2.85 2.85
0.76 1.66
3.20 0.90
1.61 0.37
0.28 0.28

- 0.49
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ile:V6117 Scan:1 Acq: 4-MAR-94 16:51:46 +0:49
70SEQ EI+ Function:0D BpI:363202 TIC:21507860 FM:219.00
ile Text:CPB82
100, 234 1.9E6
951 1.68E6
90 1.7E6
E 262 E;#‘A{)
85] 1.6E6
] S
801 Cl 1.5E6
753 <::> 1.4E6
E
703 N N Ci 1.3E6
65 1.2E6
] =
603 M =262 1.1E6
55] 1.1E6
503 9.6E5
45 8.6ES
40 7.6E5
35 6.7E5
303 5.7ES
253 4.8ES
- 199
20 3.8E5
153 73 o4 2.985
10] 1.9E5
5] 129 9. 6E4
i Ll L l“,“*‘ i et e~ 0 - 0E0
oo 8o 100 130 140 150 180 2060 220 240 260 260 300 320 340 360 380 400 M/Z (EST)
(@)
[File:V6115 Scan:2 Acq: 4-MAR-94 16:37:23 +1:30 -
70SEQ EI+ Function:QD BpI:162722 TIC:12328687 FM:219.00
File Text:CK631
100 234 _6.7E5
95 5 F 6.4E5
90 Il t 6.0ES
85 ~C-OC:Hs 5. 7Es
t5.7E
Cl :
80 Ci <:::> £ 5.4E5
75 t5.0E5
NC \N C‘ 3
70 4.7E5
65 -Cl t4.4E5
60 262 . t 4.0E5
l'Csz g
55  3.7E5
50 3.3E5
4s S F 3.0E5
40 a S t2.7E5
35 O 2385
o
30 199 N v Cl F2.085
25 262 F1.7E5
20 M= ;1.355
15 E1.0E5
10 79 oy ;_6.7154
S t 3.3E4
0 NSRS VDY . 080
60 80 100 120 140 150 180 200 230 240 260 280 300 320 340 3f0 380 460 | M/z(EST)
(b)

;égzl)uef :; CID spectra of (a) m/z 262 for M*" of 3a, (b) [M —Cl, —C,Hg]*" (m/z 262) of 1a and (c) [M —C,Hgs, —SCH(CHj;),1* (m/z
of 5.
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[File:V6122 Scan:1 Acq: 4-MAR-94 17:32:09 +0:43
70SEQ EI+ Function:QD BpI:127582 TIC:11488319 FN:219.00
IFile Text:PC35
100 234 5.8E5
953 5.6ES
90 S—iso-Pr 5.3E5
8s 262 S— &0C2H5 5.0E5
80 S 4.7E5
75 Ci O 4.4E5
7 4.1E5

¢ NC- Ny~ ~Cl

65 . 3.8E5
60 'CzHS 3.5E5
35 -SCH(CH3)» 3.2E5
50 2.9E5
45 2.6E5

Sf{) 2.3E5
40 .3E
S

35 cl 2.0E5
30 Q 1.8E5
25 199 N N Cl 1.5ES
20 M = 262 1.2E5
15 79 94 8.8E4
10 5.BE4

5 2.9E4

03== Atk et 0.0E0

160 130 ﬂo 160 160 200 230 240 260 280’ 360 350 340 360 380 480 | M/z(EST)

|

Figure 1.

for the gas and liquid phases appear to be different, as
both tetrahalogenated compounds (4a and 4f) do not
produce cyclic structures in solution. The rational-
ization of this difference might involve the radical vs.
anion losses in these cases. On the other hand, the
introduction of an electron-withdrawing cyano group in
positions 2 or 4 of the pyridine ring, favoring cyclization
in solution, has the same effect in conditions of mass
spectrometry. For example, the abundance of the
[M — F]" ion for 4g is 6.5%, indicating that the substi-
tution readily takes place under EI conditions. This
compound is also highly active in solution, requiring
lower temperatures to carry on cyclization, while
increasing its temperature to the level necessary for
other compounds 4 leads to polymerization products.

© 1997 by John Wiley & Sons, Ltd.

—(Continued)

Therefore, the cyclization of pyridine derivatives 1
and 4 leads to the same products in solution (reaction
with potassium carbethoxydithiolates; may be followed
by hydrolysis) and in the gas phase (EI ionization). The
presence of electron-withdrawing groups in the para
position to the leaving group favors the reaction, while
chlorine is a better leaving group compared with fluo-
rine under EI conditions (radical loss).
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1le:V6118 Scan:1 Acq: 4-MAR-94 16:53:30 +0:47

70SEQ EI+ Function:QD BpI:1251191 TIC:51341000 FM:219.00

File Text:CP82 :

100 234 4.8E6
95 4.6E6
90 S’/{) 4.3E6
8s S 4.1E6
80 Cl 3.8E6
75 N - 3.6E6
70 N 3.4E6
65 ' 3.1E6
o l co 2 om6
55 2.6E6
50 , 199 s 2.4E6
45 \S 2.2E6
40 94 Cl 1.9E6
35 O 1.7E6
30 N N~ Cl 1.4E6
25 _ 1.2E6

e M = 234

20 9.6ES
15 7.2E5
10 129 4.8E5
5 155 2.4E5
03t ‘H.‘..‘.LHA&,, A+ 0 - 0E0

60 B0 100 120 140 160 180 200 230 240 260 280 360 320 3%0 380 380 4do M/2Z (EST)
(a)

File:V6121 Scan:1 Acq: 4-MAR-94 17:21:46 +0:39
70SEQ EI+ Function:QD BpI:2858200 TIC:85998736 FM:.219.00
File Text:CP112 ’

100_ 234 ~1.1E7
951 E1.1E7
90 ] : S 5_1.0137
85] S’< Es.szs
80.] ol S E9.0E6
75 O f8.5E6

E t7.9E
70_E N N C' : 9E6
65 £ 7.3E6
601 L 6.8E6

i -CS E
55 L 6.2E6
50 5. 656
453 S £5.1E6

1 ~ ;

403 S F4.5E6

] Cl g
353 199 O __3.91-:6
30 F3.4E6

Cl E
25 N N £ 2.8E6
207 s4 M =234 t2.3E6
15_; 79 ;_1.7E6
101 t1.1E6

3 129 3
51 :_5.6E5
0] b o A . ——————————————  0.0E0

c0 80 100 120 140 160 180 200 220 240 250 280 380 330 330 360 330 4do M/Z (EST)
(b)

Figure 2. CID spectra of (a) [M — COT*" (m/z 234) of 3a, (b) [M — CS]*' (m/z 234) of 2, (c) [M — CSOC,Hg, —CSOC,H]*" (m/z 234) of
6 and (d) [M — Cl, —C,Hg, —~CO1*" (m/z 234) of 1a.
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File:V6725 Scan:1 Acq:18-MAY-94 14:01:04 +0:57
70SEQ EI+ Function:QD BpI:27858698 TIC:614494528 FM:219.00

File Text:CK632
100 234

95
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80 T S

1s (?OC2H5 \S
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7le:V6116 Scan:2 Acq: 4-MAR-94 16:40:02 +1:32
7J0SEQ EI+ Function:QD BpI:38370 TIC:7774408 FM:219.00
File Text :CKé631 i
100, 2?4 _8.7E4
95 »e.354
901 t7.9E4
853 i7.4z4
80] £ 7.0E4
75; _&_ocsz S\ ?_6.6!:‘.4
9 F
1 (| S ¢
70_:‘ C O Cl _22"_‘5_» cl __6.1E4
5 F5.7E4
60 N L 5.2E4
553 M=234 4.8
501 t4.4E4
453 199 3.954
40 3.554
357 3.134
3 94 E
303 ~2.654
253 £2.2E4
203 79 F1.7E4
153 ’1.334
10; 103 l 135 B.7E3
3 164
51 Moot '. nl “147‘4..\ I 4226 v 4.41-:3
L —_— [ 0.0E0
60 "100 120 140 160 180 200 220 240 260 280 300 320 340 3f0 360 480 | m/z(EST)

(d)
Figure 2.—(Continued)

© 1997 by John Wiley & Sons, Ltd. JOURNAL OF MASS SPECTROMETRY, VOL. 32, 728-738 (1997)



CYCLIZATION OF DITHIOCARBAMATES OF POLYHALOPYRIDINES 735

Fi1le:V6723 Scan:1 Acq:18-MAY-394 13:33:09 +0:55

70SEQ EI+ Function:0D BpI:25630324 TIC:617626880 FM:219.00
File Text:CP112 .

100_ 278 _
955 3
903 E

853
80 S

753 S

703 Cl
653 O
E Cl

60 NC™ >N 3

A20a2a)aasss canas

T

3 234

T 'l"""' Trr T'IlA"WV T T Avw—r T rr T T T T rr Trr L "l' l'ff-
60 80 100 120 140 150 180 200 230 240 260 280 300 3%0 3k0 ' M/Z(EST)
(a)

F1le:V6324 Scan:1 Acq:18-MAY-94 13:50:26 +1:01

70SEQ EI+ Function:QD BpI:4700790 TIC:146965392 FM:219.00
File Text:CK632

100_ 278 _

95
90 3
851 S S

3 I 3
80 —C—0C,Hs s—
753 S

Zg_ Cl O S-gsf—‘OCsz -CS(OC,Hs), CI O

s NC>NC NN el ]
55 M = 278 —
503 E
45 _

353 234 3

[
(5]

il
T

(8]
Livig
T T

S I S S VES— L
20 40 60 80 100 120 140 160 180 200 230  2h0 280 mM/z(EST)
(b)

Figure 3. CID spectra of (a) m/z 278 (M* of 2) and (b) [M — CS(OC,Hg),1* (m/z 278) of 6.
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ile:V6125 Scan:1 Acq: 4-MAR-94 17:54:13 +0:49
70SEQ EI+ Function:QD BpI:1147310 TIC:62915960 FM:219.00
File Text:CP203 .
100 256 ~3.3E6
95 E3.1E6
90 228 CN 3. 0E6
85 £ 2.8E6
Ct s
80 O >=O 2. 6E6
- t2.5E6
”® (CHa)N-C-S7 7 8 :
70 E_z.ame
65 -l t2.1E6
102 Cf
0 E2.0E6
° -CN(CHa) |
55 L1.8E6
152 E
50 ? CN :_1.7E6
45 S £1.5E6
40 I O }O F1.3E6
3s F1.2E6
S N 3
30 t9.9E5
25 M = 256 ;_3.355
20 6. 6E5
15 5_5.035
10 94 £3.3E5
l £1.7ES
60 80 100 120 140 160 140 2060 220 240 260 280 300 3%0 3ko 3b0 30 ado M/Z (EST)
(a)
ITe:v6123 Scan:1 Acq: 4-MAR-94 17:44:18 +0:48
70SEQ EI+ Function:QD BpI:2907401 TIC:169129440 FM:219.00
ile Text:CP212 ‘
100 - 256 1.0E7
95 228 9.8E6
90 CN 9.3E6
85 8.8E6
80 O=< O >=O 8.2E6
75 S N S 7.7E6
70 _ 7.2E6
65 -Co 6.7E6
60 102 6.2E6
55 152 5.7E6
50 CN 5.2E6
45 4.6E6
40 l Q >:0 4.1E6
35 S N S 3.6E6
30 M = 256 3.1E6
25 2.6E6
20 2.1E6
15 1.5E6
.0E
10 04 1.0E6
5 164 5.2E5
[ S | .I..H,A.,. -ttt 0 - 0E0
0 80 100 120 140 160 180 200 220 240 260 280 300 320 3d0 350 380 4b0 M/Z (EST)

(b)
Figure 4. CID spectra of (a) [M —CIl, —CN(CH;),]1*" (m/z 256) of 7 and (b) [M — CO]*" (m/z 256) of 3c.
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File:V6131 Scan:1 Acq: 4-MAR-94 18:15:04 +0:49
70SEQ EI+ Function:QD BpI:1142613 TIC:48234612 FM:219.00
File Text:CP264
100 271 4.9E6
95 4.7E6
90 4.4E6
8s Fa 4.2E6
80 Cl S A.OEG
O »oit
75 _ 3.7E6
(CH3)2N—C-S N S
70 'é 3.5E6
65 -Co % 3.2E6
60 . -CN(CH3),E3.0E6
55 102 2.7E6
50 F3 2.5E6
45 ‘ 2.2E6
40 l ' 2.0E6
35 S N S 1.7E6
30 M = 271 1.5E6
25 1.2E6
20 207 9.9ES
15 169 7.4E5
10 126 4.9E5
5 I 2.5E5
o3 A b LA a4 A 0. 0E0
60 80 100 120 140 150 180 200 220 240 260 280 300 320 340 360 380 400 M/2Z (EST)
(a)
T1e:V6128 Scan:1 Acq: 4-MAR-94 18:08:28 +0:49
70SEQ EI+ Function:QD Bpl1:1045672 TIC:54037292 FM:219.00
ile Text:CP262
100 271 _3.6E6
95 3,486
90 CF3 E 3.2E6
85 S S £ 3.1E6
80 0=< O >=O 2. 9E6
o
75 S N S £2.7E6
20 102 t2.5E6
-2CO E
65 :,2.356
60 2. 2E6
Fa 3
55 £ 2. 086
50 l F1.8E6
45 l F1.6E6
40 S N S 5_1.456
35 M = 271 £1.3E6
30 F1.1E6
25 ' 195 . - £9.0E5
20 207 £7.2E5
15 L 5. 4E5
169 E
10 126 t 3. 6E5
5 £1.8ES
'F SN N 5D NI I N DU A ——— .
60 B0 100 120 140 150 180 200 230 240 260 280 300 320 340 360 380 400 M/Z (EST)

(b)
Figure 5. CID spectra of (a) [M —CIl, —CN(CHj),, —CO]*" (m/z 271) of 8 and (b) [M —2CO]* (m/z 271) of 3d.
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