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Pyrimidine Derivatives. X.! Synthesis of New Tricyclic Hetero Compounds
Possessing a Pyrimidine Ring: 8,1,3,10-Thiatriazatricyclo[4.3.0.0%'°]-
dodecanes and 8,1,3,10-Thiatriazatricyclo[4.4.0.0% ' °]tridecanes
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Several new tricyclic hetero compounds possessing a pyrimidine ring were formed by reaction of 5-bromo- (and
5-nitro)-1-(2-bromoethyl, 3-bromopropyl, and 2-bromopropyl)-6-bromomethyl-3-methyl-2,4(1 H,3 H)-pyrimidinediones
(1a—c and 7a, b) with thiourea derivatives: namely, 5-bromo-(and 5-nitro)-9-imino-3-methyl-(and 3,11-dimethyl)-2,4-
dioxo-8,1,3,10-thiatriazatricyclo[4.3.0.0° ' *Jdodecanes (2a—4a, 2c, and 8a—10a) and 5-bromo-(and 5-nitro)-9-imino-
3—methyl-2,4—dioxo-8,1,3,l0-thiatriazatricyclo[4.4.0.06‘ 10]tridecanes (2b—4b and 8b—10b). A new ring transformation
reaction was found: compound 8b was converted to 7-acetylimino-3-methyl-2,4-diox0-6,1,3,8-thiatriazatricyclo-
[4.4.0.1°-%]dodec-5(12)-ene (11) by reaction with acetic anhydride.

Keywords 8,1,3,10-thiatriazatricyclo[4.3.0.05'®]dodecane; 1-bromoalkyl-6-bromomethylpyrimidinedione; thiourea; in-

tramolecular Michael-type addition

Previously, we have described the preparation®® of
several bromo-substituted pyrimidine derivatives, such as
1a, 1b, and lc possessing a bromo substituent at the 5-
position and side chains at the 1- and 6-positions by various
means, and the reaction®* of the bromo-substituted
pyrimidines with several nucleophiles. Thus, 5-bromo-1-
(2-bromoethyl, 3-bromopropyl, and 2-bromopropyl)-6-
bromomethyl-3-methyl-2,4(1 H,3H)-pyrimidinediones (la,
1b, and 1c) were easily converted to disulfur-substituted
products by treatment with sodium N,N-dimethyldithio-
carbamate or potassium thioacetate.

It is well-known that a halogen atom is converted to a
mercapto group by reaction with thiourea followed by
alkaline hydrolysis. During the investigation of the reaction
of bromo-substituted pyrimidines having bromo-sub-
stituted side chains at the 1- and 6-positions on the ring
with thiourea in the usual manner, the resulting products
were found to have a novel hetero-tricyclic ring system. In
this paper, we wish to report the structural determination
of the reaction products and the extension of this reaction
to various bromo-substituted pyrimidines and thiourea
derivatives.

Reaction of 1a with Thiourea and Structural Determi-
nation of the Reaction Product (2a) Compound la was
heated with 2eq of thiourea in EtOH under reflux for 1h,
then the separated crystalline mass collected. It was estab-
lished to have the molecular formula of CoH,,Br,N,O,S
by elemental analysis. The FAB-MS of 2a-HBr showed
maximal ion peaks at m/z 321 and 319 with almost the same
intensities and the molecular formula CgH,;BrN,O,S
(corresponding to M-HBr), so this compound must be the
hydrobromide. Then 2a-HBr was treated with 5% sodium
hydrogen carbonate to give 2a, which was established to be
CyH,,BrN,O,S by elemental analysis and FAB-MS. The
structure of 2a was confirmed to be 5-bromo-9-imino-3-
methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.0.0%1°]-
dodecane, based on the following spectral experiments.
The UV spectrum of 2a showed no absorption band at
near 300 nm, corresponding to the starting material (1a).?
This observation suggested that the carbon—carbon double

bond on the pyrimidine ring had been converted to a single
bond. The IR spectrum of 2a showed the characteristic
N-H absorption of an imino group at 3290cm ™", and this
absorption band disappeared in the spectrum of 5a, which
was obtained on treatment 2a with acetic anhydride. The
TH-13C correlated spectroscopy (COSY) experiment on 2a
indicated the presence of N-CHj, CH,, CH,CH,, CH, two
C=0, and two quaternary carbons. The partial structures
C(2)0-N(3)CH;, C(4)O-N(3)CH;, NH=C(9)-5-C(7)H,,
C(6)-C(7)H,, and C(5)-C(6)-C(7)H, were identified by
the 'H-'3C COSY long-range coupling experiment (the
carbon-hydrogen intersections are indicated by under-
lining). The proton signals of -CH,CH,— were separated
into four parts and split into a more complex pattern, as
measured at 400 MHz; therefore, this moiety must be part
of a rigid ring structure. In order to determine the position
of the bromine atom, 2a was hydrogenated on 10%
palladium—carbon to give 6a. The *H-'*C COSY experi-
ment with 6a showed no carbon or proton signal due to.
—CHBr-, while new —CH,~ signals were observed at ¢
41.42 (*3C)and at 6 2.71 (*H, J=2.0 and 15.8 Hz) and 3.40
(*H, J=15.8 Hz). The *H-'*C COSY (long-range coupling)
showed intersections due to carbon—hydrogen coupl-
ing (underlined) of C(4)O-C(5)H, and C(6)-C(5)H,. The
above NMR data indicated that the bromine atom must be
joined to the 5-position of 2a. The carbon—nitrogen bond
across the 6- and 10-positions must be formed by a
Michael-type addition of the NH moiety to the 6-position
of the pyrimidine ring. The stereochemistry of the
Michael-type addition was presumed to be frans on the
basis of the nuclear Overhauser effect (NOE)-difference
spectrum (NOEDS) experiment. Namely, the NOEDS of
2a was observed as a 4% enhancement between one
of C(7)-H, (6 3.23) and C(5)-H (6 4.97). Almost the same
enhancement (4%) was observed between one of C(7)-H,
(6 3.30) and one of C(5)-H, (6 2.71) in the case of 6a.
Reactions of 1b, 1¢, 7a, and 7b with Thiourea Derivatives
Similarly, 5-bromo-6-bromomethyl-1-(3-bromopropyl and
2-bromopropyl)-3-methyl-2,4(1 H,3H)-pyrimidinediones
(1b and 1c) were treated with thiourea derivatives to give
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Chart 1
TabLE 1. "H-NMR Data for 8,1,3,10-Thiatriazatricyclo[4.3.0.0%1°]dodecanes (2a, 2¢c, 5a, and 62)
Compd. Positions ,
No. 5 7 1 or 12 2or 11 N-CH, ~N-H Other
2a 497s 3.23d 3.73ddd 3.61ddd 3.23s 7.2brs
J=11.7 J=17.0, 10.3, 10.6 J=17.2, 10.3, 10.6
3.51d 4.06ddd 4.26ddd
J=11.7 J=1.1,72,10.6 J=1.1, 7.0, 10.6
2¢c 5.04s 3.15d 4.26m (1H) 3.33dd 3.22s 7.1brs C-CH,
J=114 J=8.8, 11.0 1.59d
3.40d 4.41dd J=6.2
J=11.4 J=6.6, 11.0
Sa 493s 3.21d 3.70ddd 3.92ddd 3.24s CO-CH,4
J=12.1 J=173,103,114 J=173,10.3, 11.0 2.27s
3.40d 4.28ddd 4.32ddd
J=12.1 J=1.1,73,11.4 J=1.1,73,11.0
6a 2.71dd 3.19d 3.38dd 3.50dd 3.19s 7.1brs
J=2.0, 15.8 J=11.0 J=6.0, 11.1 J=64,11.8
3.40d 3.30dd 4.10dd 4.19dd
J=15.8 J=2.0,11.0 J=64,11.1 J=6.9, 11.8
TasLe II.  'H-NMR Data for 8,1,3,10-Thiatriazatricyclo[4.4.0.0%1%]tridecanes (2b, 5b, and 6b)
Compd. Positions
No. 5 7 11 or 13 12 13 or 11 N-CH, =N-H Other
2b 5.03s 3.15d 3.06dt 2.06m 3.77ddd 3.24s 6.8brs
J=11.8 J=3.7,13.4 J=3.3,55,13.2
3.46d 4.52ddd 2.22m 4.04dt
J=11.8 J=26,55,13.4 J=909, 13.2
Sb 5.04s 3.12d 3.08 m 2.09m 3.88ddd 3.25s CO-CH,
J=12.2 J=7.7,10.3, 14.0 2.25s
3.37d 4.56ddd 2.26m 4.41ddd
J=12.2 J=25,57,13.7 J=3.8, 8.8, 14.0
6b 2.95dd 3.15d 2.98m 1.95m 3.05m 321s 6.6brs
J=1.8, 16.1 J=11.0
3.10d 3.34dd 4.32ddd 2.05m 4.44 ddd
J=16.1 J=138, 11.0 J=3.6, 10.6, 13.9 J=1.1,7.7,13.9
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Taste III. '3C-NMR Data for 8,1,3,10-Thiatriazatricyclo[4.3.0.0%1%]dodecanes (2a, 2¢, 5a, and 6a)
Compd. Positions ,
No 2 4 5 6 7 9 florl2 120or1l N-CH, CH, co
2a 149.27 165.00 47.17 83.49 38.90 161.90 45.44 47.69 28.44
2c 149.35 165.16 47.11 84.34 38.47 165.16 55.77 54.17 28.43 16.01 (C—-CH,3)
Sa 149.81 167.57 45.50 81.95 38.08 164.58 46.08 48.61 28.68 27.07 183.20
6a 150.58 166.92 41.42 81.23 40.49 162.51 4541 46.43 27.82
TaBLE IV. !'3C-NMR Data for 8,1,3,10-Thiatriazatricyclo[4.4.0.0%!°]tridecanes (2b, 5b, and 6b)
Compd. Positions
No. 2 4 5 6 7 9 11 or 13 12 13or1l N-CH, CH, co
2b 150.28 164.70 46.77 78.59 36.44 158.98 36.67 20.42 41.02 28.71
Sb 150.58 167.20 44.75 78.16 35.73 164.47 36.43 20.43 42.94 28.59 27.05 183.58
6b 151.66 166.86 37.75 77.19 35.83 159.23 34.53 21.35 35.79 28.07
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Chart 3

the corresponding tricyclic compounds: 5-bromo-9-imino-
3-methyl (and 3,11-dimethyl)-2,4-dioxo-8,1,3,10-thiatriaza-
tricyclo[4.3.0.0%*%]dodecanes (2¢-HBr, 2¢, 3a, and 4a)
and 5-bromo-9-imino-3-methyl-2,4-dioxo-8,1,3,10-thiatri-
azatricyclo[4.4.0.0%-1%]tridecanes (2b-HBr, 3b-HBr, 4b-
HBr, 4b-HBr, and 2b). The structures of the products were
established in the same manner as above (Chart 1).

A number of groups have subjected nitro-olefins to

Michael-type addition reactions.” Previously, we have
prepared S5-nitropyrimidine derivatives®) which possessed
a nitro-olefin as a partial structure; the compounds appear
to be more reactive than 5-bromopyrimidines in Michael-
type addition.

6-Bromomethyl-1-(2-bromoethyl and 3-bromopropyl)-3-
methyl-5-nitro-2,4(1 H,3 H)-pyrimidinediones® (7a and 7b)
were treated with thiourea derivatives to give the corres-
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ponding tricyclic compounds: 9-imino-3-methyl-5-nitro-
2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.0.0%1°Jdode-
canes (8a-HBr, 9a-HBr, 10a-HBr, 8a, and 10a) and 9-
imino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatri-
cyclo[4.4.0.0%1%]tridecanes (8b-HBr, 9b-HBr, 10b-HBr,
and 10b), respectively. The structures of the reaction
products were established by elemental and spectral
analyses. In the '"H-NMR spectra of 8a-HBr, the signals
of N-CH; and the S-position are split into two peaks,
namely ¢ 3.15 and 3.17 (N-CH,3), 6 6.41 and 6.78 (C(5)-H),
and the latter peaks disappeared on addition of deuterium
oxide. These phenomena were observed in all of the
hydrobromides of the nitro-tricyclic compounds obtained
above. Based on the above evidence, the hydrobromides
appear to exist as a mixture of stereoisomers (epimers at
C(5)) in solution, and these isomers would be interconver-
tible via pseudo-nitronic acid intermediates.

In order to prepare the N-acetyl derivatives, compounds
8a-HBr and 8b- HBr were treated with acetic anhydride. In
the case of 8a-HBr, pure products could not be obtained.
On the other hand, 8b- HBr was converted to 7-acetylimino-
3-methyl-2,4-dioxo0-6,1,3,8-thiatriazatricyclo[4.4.0.1%8]-
dodec-5(12)-ene (11). The ring transformation presumably
proceeded with nitromethane extrusion, and a plausible
reaction pathway is shown in Chart 3.

Conclusion

We found that the reactions of bromomethyl-1-(2-
bromoethyl, 3-bromopropyl, and 2-bromopropyl)-3-meth-
yl-5-bromo-(and nitro-)2,4(1 H,3H)-pyrimidinediones
with thiourea derivatives afforded new tricyclic hetero
compounds (5-bromo-(and nitro-)9-imino-3-methyl-2,4-di-
0x0-8,1,3,10-thiatriazatricyclo[4.3.0.0%!°Jdodecanes and
-[4.4.0.0%!%]tridecanes) in one step, presumably via intra-
molecular Michael-type addition. A new ring transforma-
tion, from 5-nitro-8,1,3,10-thiatriazatricyclo[4.4.0.0%1°]-
tridecane to 6,1,3,8-thiatriazatricyclo[4.4.0.1%-%]dodec-
5(12)-ene, was found.

Experimental

General Melting points were determined on a Yanagimoto micromelt-
ing point apparatus and are uncorrected. The IR spectra were taken with
a JASCO IR-810 spectrophotometer. The UV spectra were measured
on a Hitachi 323 or a Shimadzu UV-300 spectrophotometer in EtOH
solution. The NMR spectra were taken on a Hitachi R-600 (60 MHz for
'H), a JEOL JNM FX-90Q (90 MHz for 'H, 22.5MHz for 13C), or a
JEOL JNM GX-400 (400MHz for 'H, 100MHz for !3C) Fourier-
transform spectrometer, and were measured in CDCI; solution unless
otherwise mensioned. Chemical shifts are expressed in ppm () relative
to tetramethylsilane as an internal standard. Mass spectra (MS) were
obtained on a JEOL JMS-DX-303 equipped with a JMA-DA-5000 data
processor.

General Procedures for the Reaction of 5-Bromo-(or Nitro-)1-(bromo-
alkyl)-6-bromomethyl-2,4(1H,3 H)-pyrimidinedione with Thiourea Deriva-
tives A solution of a 5-bromopyrimidine (1.0 eq) and a thiourea (2.0eq)
[or a 5-nitropyrimidine (1.0eq) and a thiourea (leq)] in EtOH (5ml/
I mmol) was refluxed for 1h. After cooling with ice-water, the sepa-
rated crystalline mass was collected and recrystallized from a suitable
solvent to give the corresponding hydrobromide. The hydrobromide was
stirred with 5% NaHCOj solution for 1.5 h, and the mixture was extracted
with CHCl; (3 times). The combined extract was dried over MgSO,, and
filtered. The filtrate was concentrated to dryness and the resulting crys-
talline product was recrystallized from a suitable solvent to give the
free base. If necessary, the product was purified by silica gel column
chromatography.

5-Bromo-9-imino-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
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[4.3.0.05'°]dodecane Hydrobromide (2a-HBr) Yield 52%, mp 284—
285°C. Colorless needles (MeOH). IR (KBr): 1721, 1675, 1658 (C=0)
ecm™'. UV: end absorption. Electron impact (ED-MS m/z: 320 [(M—
HBr)* for #'Br], 318 [(M—HBr)* for °Br]. FAB-MS mjz: 321 [(M—
HBr)+1)* for ®Br], 319 [(M—HBr)+1)* for "Br]. 4nal. Caled
for CoH,,Br,N,0,S: C, 27.02; H, 3.02; Br, 39.95; N, 14.00; S, 8.01.
Found: C, 27.06; H, 3.05; Br, 39.76; N, 13.88; S, 7.83.
5-Bromo-9-imino-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.0%')dodecane (2a) Yield 39% (from 1a), mp 157—159°C.
Colorless needles (acetone). IR (KBr): 3290 (br, =N-H), 1718, 1679
(C=0)em™"'. UV: end absorption. EI-MS m/z: 320 (M* for 8!Br), 318
(M~ for "°Br). Anal. Calced for CoH,,BrN,0,S: C, 33.87; H, 3.47; Br,
25.04; N, 17.55; S, 10.05. Found: C, 34.05; H, 3.46; Br, 25.10; N, 17.36;
S, 10.04.
5-Bromo-9-imino-3-methyl-2,4-di0xo-8,1,3,10-thiatriazatricyclo-
[4.4.0.0%*°]tridecane Hydrobromide (2b-HBr) Yield 34%, mp >250°C.
Colorless cubes (MeOH). IR (KBr): 3100—2800 (N*-H), 1720, 1682,
1652 (C=0)cm ™. UV: end absorption. EI-MS m/z: 334 [(M—HBr)*
for #1Br], 332 [(M—HBr)* for "Br], 255 [(334 and 332—Br)*]. Anal.
Caled for C,oH,,Br,N,0,S: C, 29.00; H, 3.41; Br, 38.59; N, 13.53; S,
7.74. Found: C, 29.04; H, 3.36; Br, 38.32; N, 13.43; S, 7.87.
5-Bromo-9-imino-3-methyl-2,4-dioxo-8,1 ,3,10-thiatriazatricyclo[4.4.-
0.05%Ttridecane (2b) Yield 90% (from hydrobromide), mp 185—187°C.
Colorless needles (acetone, EtOH). IR (KBr): 3300 (NH), 1708, 1678
(C=0)cm™'. UV: end absorption. EI-MS m/z: 334 (M* for ®'Br), 332
(M* for "Br). Anal. Calced for C,H,,BrN,0,S: C, 36.05; H, 3.93; Br,
23.98; N, 16.81; S, 9.62. Found: C, 36.17; H, 3.90; Br, 23.72; N, 16.78;
S, 9.87.
5-Bromo-3,11-dimethyl-9-imino-2,4-dioxo0-8,1,3,10-thiatriazatricyclo-
[4.3.0.05'°]dodecane Hydrobromide (2c-HBr) Yield 30%, mp >270°C.
Colorless needles (MeOH). IR (KBr): 3090—2970 (N*-H), 1709, 1671
(C=0)cm™'. UV: end absorption. EI-MS mj/z: 334 [((M—HBr)* for
81Br], 332 [((M—HBr)* for "°Br], 253 (334 and 332—Br)*. Anal. Calcd
for C,,H,Br,N,0,S: C, 29.00; H, 3.41; Br, 38.59; N, 13.53; S, 7.74.
Found: C, 29.06; H, 3.40; Br, 38.59; N, 13.39; S, 7.81.
5-Bromo-3,11-dimethyl-9-imino-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.0%'°]dodecane (2¢) Yield 65% (from hydrobromide), mp 195—
196 °C. Colorless plates (AcOEt). IR (KBr): 3295 (br, N*-H), 1719,
1680 (C=0)cm™!. UV: end absorption. EI-MS m/z: 334 (M* for
81Br), 332 (M* for "°Br), 253 [(334 and 332—Br)*]. 4nal. Calcd for
C,oH,3BrN,0,S: C, 36.05; H, 3.93; Br, 23.98; N, 16.81; S, 9.62. Found:
C, 36.08; H, 3.87; Br, 24.22; N, 16.79; S, 9.57.
5-Bromo-3-methyl-9-methylimino-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.0%'*Jdodecane (3a) Yield 29%, mp 200-201°C. White fine crys-
tals (MeOH). IR (KBr): 1720, 1680 (C=0)cm~!. UV i, nm (log ¢):
207 (4.19). *H-NMR (90MHz) 6: 3.11 (3H, s, =N-CH,), 3.22 (3H, s,
N-CH,;), 3.30 and 3.31 (2H, AB type and coupling constants could not
be read, C(7)-H,), 3.4—4.5 (4H, m, CH,CH,), 4.88 (1H, s, C(5)-H).
EI-MS mjz: 334 (M* for 8Br) and 332 (M for 7°Br). Anal. Calcd for
C,0H,3BrN,O,S: C, 36.04; H, 3.93; Br, 23.98; N, 16.81; S, 9.62. Found:
C, 36.25; 3.84; Br, 23.70; N, 16.85; S, 9.67.
5-Bromo-3-methyl-9-methylimino-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.4.0.05'°Jtridecane Hydrobromide (3b- HBr) Yield 39%, mp > 260 °C.
White fine crystals (MeOH). IR (KBr): 1720, 1680 (C=0)cm ™~ !. UV:
end absorption. "H-NMR (90 MHz, DMSO-d;) &: 2.1 (2H, m, C(12)-H,),
3.06 (3H, s, = N-CHj;), 3.09 (3H, s, N-CH3), 3.2-4.5 (4H, m, 2 x N-CH,),
3.74 and 4.02 (2H, each d, J=12.5Hz, C(7)-H,), 5.36 (1H, s, C(5)-H).
EI-MS m/z: 348 [((M—HBr)* for #!Br], 346 [((M —HBr)* for "°Br]. Anal.
Caled for CH,¢Br,N,O,S: C, 30.86;, H, 3.77; Br, 37.33; N, 13.09; S,
7.49. Found: C, 30.81; H, 3.57; Br, 37.56; N, 13.04; S, 7.59.
9-Allylimino-5-bromo-3-methyl-2,4-diox0-8,1,3,10-thiatriazatricyclo-
[4.3.0.0°!%]dodecane (4a) Yield 32%, mp 168—171°C. White fine
crystals (MeOH-ACcOEY). TR (KBr): 1720, 1680 (C=O)cm~!. UV 1,
nm (log €): 213 (4.21). '"H-NMR (90 MHz) §: 3.22 (3H, s, N-CH,), 3.30
and 3.31 (2H, AB type and coupling constants could not be read, C(7)-
H,), 3.44.3 (4H, m, -CH,CH,~), 3.89 (2H, ddd, J=1.3, 1.5, 54Hz,
N-CH,-CH=), 4.89 (1H, s, C(5)-H), 5.09 (IH, tdd, /=1.3, 1.8, 9.9Hz,
CH=CH, (cis)), 5.18 (1H, tdd, J=1.5, 1.8, 17.1 Hz, CH=CH, (trans)),
5.91 (1H, tdd, J=5.4,9.1,17.1 Hz, CH,~CH =CH,). EI-MS m/z: 360 M *
for ®'Br), 358 (M* for 7°Br). Anal. Calcd for C,,H,sBrN,0,S: C, 40.11;
H, 4.21; Br, 22.24; N, 15.60; S, 8.93. Found: C, 40.18; H, 4.13; Br, 21.89;
N, 15.47; S, 8.89.
9-Allylimino-5-bromo-3-methyl-2,4-diox0-8,1,3,10-thiatriazatricyclo-
[4.4.0.0%!°tridecane Hydrobromide (4b-HBr) Yield 34%, mp >260°C.
White fine crystals (MeOH-AcOEt). IR (KBr): 1718, 1675 (C=0)cm™!.
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UV 4., nm (log g): 220 (4.18). 'H-NMR (90 MHz, DMSO-d,) 6: 2.1 (2H,
m, C(12)-H,), 3.09 (3H, s, N-CHj), 3.2-4.5 (4H, m, 2x N-CH,), 3.80
and 4.01 (2H, each d, /=12.5Hz, C(7)-H,), 4.04 (2H, ddd, J=1.5, 1.8,
5.1 Hz, N-CH,-CH =), 5.29 (1H, tdd, /=1.5, 1.8,9.9 Hz, CH = CH, (cis)),
5.33(1H, tdd, J=1.5, 1.8, 17.1 Hz, CH = CH, (trans)), 5.73 (1H, s, C(5)-H),
5.81 (1H, tdd, J=5.1, 9.9, 17.1 Hz, CH,~CH=CH,). EI-MS m/z: 374
[(M—HBr)* for 8'Br], 372 [(M—HBr)"* for "°Br]. Anal. Caled for
C,3H,¢Br,N,0,S: C, 34.38; H, 3.99; Br, 35.19; N, 12.34; S, 7.06. Found:
C, 34.38; H, 3.82; Br, 35.15; N, 12.33; S, 6.99.
9-Acetylimino-5-bromo-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.05'°]Jdodecane (5a) A mixture of 2a- HBr (3.0 g, 7.5 mmol) in acetic
anhydride (6ml) and pyridine (60 ml) was heated at 90—95°C for 3 h.
After removal of the solvent, the residue was extracted with CHCl; (3
times) and the combined extract was washed with 10% HCI, then with
5% NaHCO;. The organic layer was dried over MgSO, and filtered. The
filtrate was concentrated to dryness, and the residue was crystallized from
acetone (or AcOEt) to give 1.5 g (54%) of colorless cubes, mp 194—195°C.
IR (KBr): 1718, 1680 (C=0)cm ™. UV 4,,,, nm (log ¢): 258 (4.22). EI-MS
mjz: 362 (M* for ®Br), 360 (M* for "°Br). Anal. Calcd for
C,,H,5BrN,O,S: C, 36.58; H, 3.63; Br, 22.12; N, 15.51; S, 8.88. Found:
C, 36.72; H, 3.59; Br, 22.10; N, 15.52; S, 8.64.
9-Acetylimino-5-bromo-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.4.0.0%1°tridecane (Sb) A solution of 2b (0.58 g, 1.75 mmol) in acetic
anhydride (6 ml) and pyridine (5 drops) was heated at 90—95°C for 3h.
The reaction mixture was worked up as described above. The filtrate was
concentated to dryness, and the residue was crystallized from acetone to
give 0.48% (73%) of white fine crystals, mp 236—238 °C. IR (KBr): 1795,
1675 (C=0)em™ 1. UV A, nm (log &): 259 (4.28). EI-MS m/z: 376 (M*
for 8'Br), 374 (M * for "Br). Anal. Calcd for C,,H,sBrN,O;S: C, 38.41;
H, 4.03; Br, 21.30; N, 14.93; S, 8.54. Found: C, 38.69; H, 4.08; Br, 21.38;
N, 14.85; S, 8.48.
9-Imino-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.0.0% ' °]-
dodecane (6a) A mixture of 2a-HBr (540 mg, 1.35mmol) and 10% Pd-C
(210 mg) in EtOH-H,0 mixture (1 : 1, 50 ml) was stirred overnight under an
H, atmosphere. After removal of the catalyst, the solvent was evaporated
to dryness. The residue was dissolved in H,0, made alkaline with 5%
NaHCO,, and extracted with CHCl;. The combined extract was dried
over MgSO,, and filtered. The filtrate was concentrated to dryness, and
the residue was crystallized from MeOH-AcOEt to give 240 mg (74%)
of colorless needles, mp 170—171°C. IR (KBr): 3320 (NH), 1718, 1670
(C=0)cm ™. UV: end absorption. EI-MS m/z: 240 (M*). Anal. Calcd
for CoH,,N,0,S: C, 44.99; H, 5.03; N, 23.32; S, 13.34. Found: C, 45.05;
H, 4.97; N, 23.20; S, 13.31.
9-Imino-3-methyl-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.4.0.0°-1°]-
tridecane (6b) A mixture of 2b (1.0 g, 3.0 mmol) and 10% Pd—C (300 mg)
in EtOH (30 ml) was stirred for 2 h under an H, atmosphere. The reaction
mixture was worked up as described above. The filtrate was concentrated
to dryness, and the residue was crystallized from MeOH to give 490 mg
(64%) of colorless needles, mp 214—215°C. IR (KBr): 3300 (NH), 1710,
1655 (C=0)cm™'. UV: end absorption. EI-MS m/z: 254 (M™*). Anal.
Caled for CoH,,N,O,S: C, 47.22; H, 5.55; N, 22.03; S, 12.60. Found:
C, 47.22; H, 5.46; N, 21.98; S, 12.39.
9-Imino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.-
0.0%1%]dodecane Hydrobromide (8a-HBr) Yield 46%, mp >260°C.
Colorless needles (MeOH). IR (KBr): 3130—2700 (N* —H), 1740, 1700,
1658 (C=0), 1570, 1365 (C-NO,)cm ™. 'H-NMR (90 MHz, DMSO-dy)
&: 3.15 and 3.17 (total 3H, each signal s, N-CH;), 3.6—4.3 (6H, m,
C(7)-H, and -CH,CH,-), 6.41 and 6.78 (total 1H, each signal s, C(5)-H),
10.7 (1H, brs, =N-H). EI-MS m/z: 285 [((M —HBr)*]. 4nal. Caled for
C,H,,BrN;0O,S: C, 29.52; H, 3.30; Br, 21.82; N, 19.12: §, 8.76. Found:
C, 29.77; H, 3.51; Br, 21.58; N, 18.91; S, 8.51.
9-Imino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.-
0.0°'°Jdodecane (8a) Yield 21% (from hydrobromide). Colorless paste.
IR (KBr): 3400—2800 (N-H), 1730, 1690 (C=0), 1560, 1395 (C-NO,)
ecm™ ! UV 1,..nm (log &): 333 (3.43). '"H-NMR (90MHz) § 3.11 and
3.38 (each 1H, d, J=11.8 Hz, C(7)-H,), 3.0—4.8 (4H, m, C(11)-H, and
C(12)-H,), 3.31 (3H, s, N-CH,), 5.67 (1H, s, C(5)-H), 7.2 (1H, b, s,
=N-H). High resolution (HR)-MS: Calcd for CoH,;N;O,S:285.0484.
Found: 285.0508.
9-Imino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.4.-
0.0%1%]tridecane Hydrobromide (8b-HBr) Yield 40%, mp 230°C.
Colorless prisms (MeOH). IR (KBr): 3150—2900 (N*-H), 1740, 1697,
1665 (C=0), 1565, 1390 (C-NO,)cm~!. UV i, nm (log &): 326
(3.92). 'H-NMR (90 MHz, DMSO-d;) é: 2.0 (2H, brs, C(12)-H,), 3.11
and 3.17 (total 3H, each signal s, N-CH;), 3.3—4.6 (6H, m, C(7)-H,
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and 2x N-CH,), 6.39 and 7.07 (total 1H, each signal s, C(5)-H), 10.4
(1H, brs, =N-H). EI-MS m/z: 299 [(M—HBr)*]. 4nal. Caled for
C,oH4BrN;O,S: C, 31.59; H, 3.71; Br, 21.02; N, 18.42; S, 8.43. Found:
C, 31.77; H, 3.81; Br, 20.78; N, 18.21; S, 8.18.
3-Methyl-9-methylimino-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.0%1°]dodecane Hydrobromide (9a- HBr) Yield 40%, mp >240°C.
White fine crystals (MeOH-CH,Cl,). IR (KBr): 2750 (br, N*-H), 1740,
1690 (C=0), 1560, 1385 (C-NO,)cm™!. UV i, nm (log &): 325 (2.82).
'H-NMR (90 MHz, DMSO-dg) 6: 3.06, 3.08, 3.13, and 3.15 (total 6H,
each signal s, 2 x N-CH;), 3.2—4.4 (6H, m, C(7)-H, and -CH,CH,-),
6.31 and 6.78 (total 1H, each signal s, C(5)-H). EI-MS m/z: 299 [M —
HBr)*]. 4nal. Caled for C,oH, ,BrN,O,S: C, 31.59; H, 3.71; Br, 21.02;
N, 18.42, S, 8.43. Found: C, 31.69; H, 3.64; Br, 20.77; N, 18.39; S, 8.42.
3-Methyl-9-methylimino-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.4.0.0%1%]tridecane Hydrobromide (9b-HBr) Yield 37%, mp >260°C.
Colorless prisms (MeOH). IR (KBr): 3150—2900 (N*-H), 1735, 1700
(C=0), 1560, 1340 (C-NO,)cm~!'. UV, nm (log &) 323 (3.97).
'H-NMR (90 MHz, DMSO-d;) é: 2.0 (2H, brs, C(12)-H,), 3.03, 3.11,
3.18, and 3.22 (total 6H, each signal s, 2 x N-CHj;), 3.2—4.6 (6H, m,
C(7)-H, and 2 x N-CH,), 6.33 and 7.08 (total 1H, each signal s, C(5)-H).
EI-MS m/z: 313 [(M—HBr)*]. Anal. Caled for C,,H,BrN,0,S: C, 33.51;
H, 4.09; Br, 20.27; N, 17.76; S, 8.13. Found: C, 33.69; H, 3.94; Br, 20.08;
N, 17.75; S, 8.00.
9-Allylimino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo[4.3.-
0.051%]dodecane Hydrobromide (10a-HBr) Yield 62%, mp >250°C.
White fine crystals (MeOH-CHCl,). IR (KBr): 2750 (br, N*-H), 1740,
1693 (C=0), 1560, 1385 (C-NO,)cm~'. UV: end absorption. 'H-NMR
(90 MHz, DMSO-d;) J: 3.08 and 3.15 (total 3H, each signal s, N-CH,),
3.7—4.4 (8H, m, C(7)-H,, -CH,CH,— and N-CH,~-CH =), 5.1—5.4 (2H,
m, CH,~-CH=CH,), 5.6—6.1 (1H, m, CH,-CH=CH,), 6.34 and 6.80
(total 1H, each signal s, C(5)-H). EI-MS m/z: 325 [(M—HBr)"]. A4nal.
Calcd for C,,H,(BrN;0,S: C, 35.48; H, 3.97; Br, 19.67; N, 17.24; S, 7.89.
Found: C, 35.28; H, 3.84; Br, 19.89; N, 17.17; S, 7.49.
9-Allylimino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.3.0.0°1%]Jdodecane (10a) Yield 39% (from hydrobromide). Colorless
paste. IR (KBr): 1738, 1690 (C=0), 1560, 1320 (C-NO,)cm™!.
UV A nm (log ¢): 330 (3.66). "H-NMR (90 MHz) §: 3.23 and 3.25 (2H,
AB type and coupling constants could not be read, C(7)-H,), 3.28 (3H,
s, N-CH,), 3.4—4.4 (4H, m, -CH,CH,-), 3.90 (2H, ddd, J=1.3, 1.5,
5.3Hz,N-CH,-CH=),5.06 (1H, tdd, /=1.3, 1.8,9.9 Hz, CH =CH, (cis)),
5.20 (1H, tdd, J=1.5, 1.8, 17.1 Hz, CH= CH, (trans)), 5.65 (1H, s, C(5)-H),
5.89 (1H, tdd, J=5.3, 9.9, 17.1 Hz, CH,~CH=CH,). EI-MS m/z: 325
(M ™). HR-MS: Calcd for C;,H,5I,N;S:325.0844. Found: 325.0844.
9-Allylimino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.4.0.0%']tridecane Hydrobromide (10b-HBr) Yield 45%, mp 207—
210°C. Colorless prisms (MeOH). IR (KBr): 3150—2900 (N*-H), 1737,
1697, 1650 (C=0), 1570, 1340 (C-NO,)cm ™!, UV 1. . nm (log &): 323
(3.92). 'H-NMR (90 MHz, DMSO-dy) é: 2.0 (2H, brs, C(12)-H,), 3.11
and 3.18 (total 3H, each signal s, N-CH;), 3.3—4.6 (8H, m, C(7)-H,,
2 x N-CH,, and N-CH,-CH =), 5.0—5.4 2H, m, CH,~CH=CH,), 5.6—
6.1 (1H, m, CH,~CH=CH,), 6.32 and 7.07 (total 1H, each signal s,
C(5)-H). EI-MS m/z: 339 [(M —HBr)*]. Anal. Calcd for C,3H,¢BrN;0,S:
C, 37.15; H, 4.32; Br, 19.01; N, 16.66; S, 7.63. Found: C, 37.17; H, 4.15;
Br, 19.01; N, 16.69; S, 7.71.
9-Allylimino-3-methyl-5-nitro-2,4-dioxo-8,1,3,10-thiatriazatricyclo-
[4.4.0.0°°Jtridecane (10b) Yield 34% (from hydrobromide), mp
144—145°C. Pale yellow prisms (MeOH). IR (KBr): 1737, 1697 (C=0),
1570, 1335 (C-NO,)em ™. UV, nm (log &): 330 (3.69). 'H-NMR
(90 MHz, DMSO-dg) d: 1.9 (2H, m, C(7)-H,), 3.09 and 3.17 (total 3H,
each signal s, N-CH;), 3.5—4.5 (8H, m, C(7)-H,, 2xN-CH,, and
N-CH,-CH =), 4.9—5.3 (2H, m, CH,-CH=CH,), 5.8 (1H, tdd, /=4.9,
9.9, 17.1 Hz, CH,~CH =CH,), 7.00 (1H, s, C(5)-H). EI-MS m/z: 339 (M *).
Anal. Caled for C3H,,N;0,S+0.5CH;0H: C, 45.62; H, 5.39; N, 19.71;
S, 9.02. Found: C, 45.70; H, 5.29; N, 19.78; S, 9.10.
7-Acetylimino-3-methyl-2,4-diox0-6,1,3,8-thiatriazatricyclo[4.4.0.1°-8]-
dodec-5(12)-ene (11) A solution of 8b-HBr (5.05g, 13.3 mmol) in acetic
anhydride (50 ml) was heated at 90—95°C for 2 h. After removal of the
solvent in vacuo, the residue was treated with 5% NaHCOj; and extracted
with CHCIl; (3 times). The combined extract was dried over MgSO, and
filtered. The filtrate was concentrated to a small volume and chromato-
graphed on a silica gel column with CHCI;—CH,CN (19:1). The re-
sulting crystalline mass was recrystallized from AcOEt-MeOH to give
2.2g (59%) of colorless needles, mp >300°C. IR (KBr): 1702, 1660
(C=0)em™'. UV 4., nm (relative intensities): 229 (75), 269 (27); molar
absorptivity could not be calculated because of insolubility in EtOH.
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'H-NMR (400 MHz) §: 2.32 (3H, s, COCH,), 2.34 (2H, m, C(10)-H,), J. Heterocycl. Chem., 28, 1901 (1991).
3.39 (3H, s, N-CHj;), 4.08 (2H, t, J=5.9Hz, C(11 or 9)-H,), 4.21 (2H, t, 4) T. Kinoshita, Y. Takaishi, T. Okunaka, T. Ohwada, S. Furukawa,
J=59Hz, C9 or 11)-H,). 13C-NMR (100 MHz, C-H COSY) J: 20.35 J. Heterocycl. Chem., 29, 741 (1992).
(CO-CH,), 27.01 (C(10)), 28.22 (N-CHj,), 40.63 (C(9 or 11)), 43.09 5) a) A. Yoshikoshi, Yuki Gousei Kagaku Kyokai Shi, 40, 427 (1982)
(C(11 or 9)), 91.31 (C(5)), 140.08 (C(12)), 150.27 (C=0 (2)), 156.85 (C(7)), and references cited therein; b) D. Seebach, E. W. Colvin, F. Lehr,
165.84 (C=0 (4)), 181.64 (CO—CH,). EI-MS m/z: 280 (M *). Anal. Caled T. Weller, Chimia, 33, 1 (1979) and references cited therein; ¢) S. J.
for C;;H,,N,0;8: C, 47.13; H, 4.31; N, 19.99; S, 11.44. Found: C, 47.25; Blarer, W. B. Schweizer, D. Seebach, Helv. Chim. Acta, 65, 1637
H, 4.30; N, 19.93; S, 11.18. (1982); d) D. Seebach, P. Knochel, ibid., 67, 261 (1984); ¢) M.
Yoshikawa, B. C. Cha, Y. Okaichi, Y. Takinami, I. Kitagawa, Chem.
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