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wm shown to be benzyl nitrate. Three minor peaks 
had retention times identical with those of a-nitro- 
toluene, benzaldehyde and benzyl alcohol. Unfor- 
tunately, pure benzyl nitrate partially decomposed on 
the vpc column tal give peaks with retention times iden- 
tical with those of benzaldehyde and benzyl alcohol. 
Thus it is unclear whether or not these latter compounds 
are produced in the photochemical reaction. Small 
amounts (<3%) of phenolic material,e possibly nitro- 
phenols (ir and solubility behavior), could be isolated 
from the original photolysis mixture by extraction with 
sodium hydroxide. 

The photochemical reaction herein reported consti- 
tutes another method for the functionalization of alkyl 
residues. It must also be kept in mind if nitric oxide is 
employed to scavenge photochemically generated alkyl 
radicals in solution. 

Experimental Section 

Reagent grade toluene was fractionally distilled while reagent 
grade cyclohexane was fractionally distilled from concentrated 
sulfuric acid prior to use. Nitric oxide (98.5% pure) was pur- 
chased from the Matheson Co. Irradiations were conducted in 
a RPF-100 Rayonet photochemical apparatus employing the 
3500-A range lamps Vapor phase chromatographic analyses 
were performed on a 3% Dow 710 on Chromosorb W column a t  
the temperatures indicated below. Cyclohexyl nitrate," 1- 
nitrocyc1ohexene,l2 cyclohexyl nitrite,13 benzyl nitrate," and 
wnitrotoluene'5 were prepared by published procedures. Nitro- 
cyclohexane was obtained from the Aldrich Chemical Co. 
Products isolated by preparative vpc were identified by compari- 
son of their vpc retention times and nmr and ir spectra with 
those of authentic samples. Relative yields were estimated by 
cutting out the vpc tr,sce and weighing it. Detector response was 
assumed to be identical for all compounds. Yields are reported 
~ts percentages of the oily reaction product remaining after evapo- 
ration of excess solvent. 

General Procedure .-A cylindrical Pyrex vessel equipped with 
a sintered glass gas inlet tube which extended to the bottom of 
the vessel wa3 charged with 150 ml of solvent. Nitrogen was 
bubbled through the solvent for 4 hr and then likewise nitric 
oxide for 15 min prior to irradiation. While a slow stream of 
nitric oxide was allowed to bubble through the solvent, the 
initially colorless solution was irradiated for 20 hr and then 
nitrogen was passed through the resulting yellow solution for 15 
min to remove nitrogen oxides. Excess solvent was removed 
under reduced pressure and shown by vpc and nmr to be essen- 
tially free of photolysis products. The remaining oil was used 
in the experiments below. 

Cyclohexane Product Analysis.-A portion of the 1.81 g of 
yellow-green oil was analyzed by vpc at a column temperature 
of 104'. Retention times of 3.2, 5.1, and 9.4 min corresponded 
to cyclohexyl nitrate (2OY0), nitrocyclohexane (6y0), and l-nitro- 
cyclohexene (3y0), respectively. Ca. 25% of the yellow-green 
oil remained nonvolatile a t  150' (0.01 mm). 

Toluene Product Analysis.-A portion of the 0.567 g of residual 
brown oil was analyzed by vpc a t  a column temperature of 123". 
A retention time of 4.6 min corresponded to benzyl nitrate (970). 

Registry No.-Nitric oxide, 10102-43-9; cyclohexane, 
11082-7; toluene, 108-88-3. 
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It was previously shown2g3 that acetone and cyclo- 
hexanone, when allowed to react with carbon disulfide 
and ammonia, afforded thiazine derivatives. 2-Thio- 
1,3-thiazines were obtained from acetone, and 4- 
thiono-3,l-thiazine from cyclohexanone. Methyl ethyl 
ketone proved to give both types of compounds in 
this reaction3 Thus the structure of reactant ketone 
affected the course of reaction. 

The present work was designed to test the behavior 
of cyclopentanone and cycloheptanone in the reaction 
concerned. Our finding is that cyclopentanone as- 
sumed the reaction pattern of cyclohexanone; however, 
the intermediate, 2-iminocyclopentanedithiocarboxylic 
acid (I), was isolated rather than the expected thiazine 
IIa. A number of thiazines were prepared by the 
coupling of I with ketone in the presence of morpholine: 
4( lH)- thiono -5,6-dihydro -4H - 3,l- cyclopentathiazine- 
2-spirocyclopentane (IIa), 2,2-dimethyl-4 (1H)-thiono- 
5,6-dihydro-4H-3,l-cyclopentathiazine (IIb), 4( 1H)- 
t,hiono-5,6-dihydro-4H -3,l- cyclopentathiazine - 2 - spiro- 
cyclohexane (IIc) , 4(1H)-thiono-5,6-dihydro-4H- 
3,1-cyclopentathiazine-2-spirocycloheptane (IId), 2,2- 
diethyl-4( 1H)-thiono - 5,6 - dihydro-4H- 3,l- cyclopenta- 
thiazine (IIe), and 2-isopropyl-2-methyl-4( 1H)- 
thion0-5,6-dihydro-4H -3,l-cyclopentathiazine (IIf). 
The reaction of I with methyl ethyl ketone was re- 
peated several times, but i t  proved to be abortive. 
On the basis of infrared (ir), ultraviolet (uv), and 
nuclear magnetic resonance (nmr) spectra and the 
fact that it led t o  IIa, IIb, IIc, IId, IIe, and IIf, the 
structure I was assigned. In  addition, when allowed 
to react with 2,4-dinitrophenylhydrazine, I gave cyclo- 
pentanone 2,4-dinitrophenylhydrazone accompanying 
dedithiocarboxylation. Comparison of ir and uv 
spectra of IIa, IIb, IIc, IId, IIe, and IIf with those of 
4( lH)-thion0-5,6,7,8-tetrahydro-4H- 3,l-  benzothiazine- 
2-spirocyclohexane and 2-ethyl-2,5,6- trimehhyl-4- 
(lH)-thiono-4H-3,l-thiazine in turn provided evidence 
for the assignments of the structures of IIa, IIb, IIc, 
IId, IIe, and IIf. 

It may be noteworthy that I is much more sensitive 
to nickel ion than is dimethyl glyoxime and may be 
used for analytical p ~ r p o s e . ~  
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When I was refluxed with tetrahvdrofuran or oxidized was cooled and to this was added water until the solution became 
with iodine, ~i(~-iminocyc~o~enty~i~enemercapto- turbid. The yellow solid material which separated from the 

methyl) disulfide (111) was produced (Scheme I), The solution was collected and recrystallized from methanol to give 
ca. 1.8 g of yellow plates (I): yield ca. 38%; mp 101-102" dec 

structure of 111 Was tentatively assigned by irl nmr, (rapid heating) and 96" dec (slow heating); uv max (n-heptane) 
and mass spectra. 309.5, 389 m i  (log E 3.39, 4.10); uv max-(99% EtOH) 302, 388 

Cycloheptanone reacted in the same pattern as that mfi (log e 4.05, 4.38); ir (CHCla) 3450 (m, Y"), 1618 (sh, 

of cyclohexanone to give 4( lH)-thion0-5,6,7,8-tetra- ::'; tFYr:zl; Y ~ ~ ~ . , ~ ~ ~ d Y 3 ~ i ~ ~ o . ~ ~ ~ ~ , m ~ ,  '$$;, :$ 
hYdro-4H-3,1-cycloheptathiazine-2-spirocYc1oheptane (s, 1, SH), 3.40 (t,  1, C-1 H), 2.95 (t, 2, C-5 H2), 2.72 (t, 2, 
(IV) (Scheme 11). In  addition, a small amount of C-3 H2), 1.85 (m, 2, C-4 HZ). Anal.  Calcd for CeH9NS2: C, 

SCHEME I1 

n 
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U 

IV 

4,5,6,7-tetrahydro-l,2-cycloheptadithiole-3-thione (V)5 
was isolated; the same applied to the case of methyl 
ethyl ketonea3 The structure IV was assigned in the 
same way as above (consult Experimental Section). 

Experimental Section 
Ammonium 2-Amino-1-cyclopentene-1-dithiocarboxylate (Ia). 

-A mixture of cyclopentanone (25 g, 0.30 mol), carbon disulfide 
(30 g, 0.39 mol), and 300 ml of aqueous ammonia (28%) was 
stirred below 0" for ca. 8 hr. The yellow solid product was 
collected, washed with ether, and dried: yield ca. 70 g. When 
the crude product was recrystallized from ethanol, ca. 40 g of 
yellow plates (Ia) was obtained: yield ca. 80%; mp 135-137' 
dec; uv max (99% EtOH) 301, 388 mp (log e 3.95, 4.35); ir 
(KBr) 3390 (m, Y N I I A ,  3820 (m, Y ~ H J ,  3080 (m, YNHIt), 1615 

1418 cm-l (8, vrinp). Anal.  Calcd for C~HIZN&: C, 40.90; 
H, 6.87; N, 15.90; S, 36.33. Found: C, 41.11; H, 6.69; N, 
15.65; S, 36.27. Compound Ia  was easily soluble in water and 
decolorized bromine water. It produced various coloration 
toward metal ions though much less sensitive than I (see below). 

Conversion of Ia into 2-Iminocyclopentanedithiocarboxylic 
Acid (I).-Compound Ia  (5-g) was dissolved in 50 ml of acetic 
acid a t  60-70". Ammonia gas evolved. The resulting solution 

(8, ~ N H P ) ,  1595 (8, Yoonjd C-C), 1455 (VS, Yring), 1430 (m, Yring), 

(6) A. Thuillier and J. Vialle, BUZZ. SOC. Chim. Fr., 2194 (1962). 

45.28; H, 5.70; N, 8.80; S, 40.22. Found: C, 45.29; H, 
5.51; N, 9.02; S, 40.14. Compound I was easily soluble in 
hot water, methanol, ethanol, acetone, and ether and hardly 
soluble in hydrochloric acid. Dissolved in methanol, I instantly 
decolorized bromine water. Sodium nitroprusside test showed 
bluish green. I t  was remarkably sensitive to Ni(I1) ion producing 
pink-red precipitates or coloration (sensitivity, ca. 20 ppb). 
Moreover, I produced various coloration with other metal ions: 
Fe(II), dark green; Fe(III), yellowish green; Mn(II), yellowish 
green; Zn(II), yellowish green; Cu(II), brown; Co(II), brown. 
These metal ions were much less sensitive than was the nickel ion. 
When warmed with 2,4-dinitrophenylhydrazine in methanol 
containing sulfuric acid, I afforded yellow cyclopent.anone 2,4- 
dinitrophenylhydrazone, mp 144-145', undepressed by admix- 
ture with an authentic sample. 

Morpholinium 2-Ammo-1-cyclopentene-1-dithiocarboxylate 
(Ib).-Compound I (5 g) was dissolved in 50 ml of morpholine 
and heated until evolution of ammonia gas subsided. The 
yellow crystals of I changed to an orange material. This was 
washed with ether and recrystallized from methanol to give 
ca. 6 g of short orange prisms (Ib): yield ca. 80%; mp 173-183" 
dec (rapid heating) and 157-162" dec (slow heating); uv max 
(99% EtOH) 303, 393 mfi (log e 3.40, 3.94); ir (CHCL) 3455 (s, 
YNH,), 3338 (m, YNH~),  2850 (m, mmt), 1605 (VS, vconjd c-c), 
1465 cm-I(s, vring); nmr (CD&OCDa) 6 3.60 (m, 4, NHz, NHz+), 
2.75 (m, 8, C-2',3',5',6' Hz), 2.10 (t, 4, C-3,8 Ht), 1.60 (m, 2, 
C-4 Hz). Anal.  Calcd for C1OH&O: C, 48.77; H, 7.37; N, 
11.38; S, 26.00. Found: C, 48.68; H, 7.07; N, 11.18; S, 
25.71. 
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4( lH)-Thiono-5 ,tS-dihydro-4H-3, 1-cyclopentathiazine-2-spiro- 
cyclopentane (IIa).-A solution of Ib (5 g) and cyclopentanone 
(6 g) in 200 ml of ethanol was refluxed for 4 hr. The resulting 
colorless material W a i  collected and recrystallized from methanol 
to give ca. 0.2 g of morpholinium morpholine-N-dithiocarboxylate, 
mp 233-234' (in sealed t ~ b e ) . ~ , B  The filtrate was concentrated 
and water was added. The yellow material which separated 
from the solution wm recrystallized from ethanol to give ca. 3 g 
of yellow plates (IIa): mp 189-190'; uv max (99% EtOH) 336, 
407 mp (log t 3.89, 4.36); ir (CHCl,) 3398 (s, YNH),  1555 (vs, 
Yconld C-c) ,  1518 cm-l (vs, Y,,,,); nmr (CFsCOOH) 6 9.50 (br, 1, 
NH),  2.97 (t, 4, C-5,'7 H2), 2.30 (m, 6, C-6,2',6' Hz), 2.05 (m, 4, 
C-3',4' Hz). Anal .  Calcd for CltHlsNSz: C, 58.65; H, 6.71; 
N, 6.22; S, 28.41. Found: C, 58.77; H, 6.68; N, 6.50; S, 
28.18. 

2,2-Dimethyl-4( lH)-thiono-S,6-dihydro-4H-3, l-cyclopentathia- 
zine (IIb).-A mixture of Ib  (5 g), acetone (5 g), and 200 ml of 
ethanol was refluxed for 4 hr and worked up as above to yield 
ca. 3.2 g of yellow plates (IIb): yield 80% mp 172-173'; uv 
max (99% EtOH) 336, 406 mp (log e 3.67, 4.26); ir (CHCL) 
3397 (s, Y N H ) ,  1548 (vs), 1520 (s), 1453 cm-1 (m); nmr (CF3- 
COOH) 6 9.50 (br, I ,  NH), 2.95 (t, 4, C-5,7 Kz), 2.27 (m, 2, 
C-6 H2), 1.87 (s, 6, 2CH3). Anal.  Calcd for C~HI~NSZ:  C, 
54.26; H,  6.58; N, 7.03; S, 32.13. Found: C, 54.53; H, 
6.73; N, 7.11; S, 31.87. 

4( 1H)-Thiono-5,6-dihydro-4H-3,l-cyclopentathiazine-2-spiro- 
cyclohexane (IIc).-A mixture of Ib  (5 g), cyclohexanone (6 g), 
and 200 ml of ethanol was refluxed for 4 hr and worked up as 
above to yield ca. 4 g of yellow plates (IIc): yield 85%; mp 
186-187'; uv max (99% EtOH) 334, 406 mp (log t 3.91, 4.41); 
ir (CHC13) 3385 (s), 1550 (vs), 1520 (s), 1450 cm-I (m); nmr 
(CFsCOOH) 6 9.40 (br, 1, NH), 2.93 (t, 4, C-5,7 Hz), 2.25 (m, 6, 
C-6,2',6' Hz), 1.80 (m,  6, C-3',4',5' &). Anal.  Calcd for 
ClzHllNSz: C, 60.24; H, 7.16; N, 5.85; S, 26.75. Found: 
C, 60.20; H, 7.09; N, 5.99; S, 26.79. 

4( 1H)-Thiono-5,6-dihydro-4H-3,l-cyclopentathiazine-2-spiro- 
cycloheptane (IId).-A mixture of Ib (5 g), cycloheptanone (4,3 
g), and 200 ml of ethanol was refluxed for 4 hr and worked up as 
above to yield ca. 4.0 g of yellow plates (IId): yield 80%; 
mp 204-205'; uv max (99% EtOH) 338, 408 mp (log c 3.80, 
4.32); nmr (CF3COOH) 6 9.10 (br, 1, NH), 2.95 (t, 4, C-5,7 
Hz), 2.33 (m, 6, C-6,2',7'H~),  1.73 (s, 8, C-3',4',5',6"~). Anal.  
Calcd for C13HleNSz: C, 61.64; H, 7.56; N, 5.53; S, 25.27. 
Found: C, 61.42; H, 7.40; N, 5.50; S, 25.45. 

2,2-Diethyl-4( 1H)-thiono-5,6-dihydro-4H-3,l-cyclopentathiazine 
(IIe).--A mixture of Ib (5 g), diethyl ketone (10 g), and 200 ml of 
ethanol was refluxed for 4 hr and worked up as above to yield 
ca. 2.3 g of yellow plates (IIe): yield 50%; mp 183-184'; 
uv max (99% EtOH) 338, 411 mp (log e 3.76, 4.19); nmr (CF3- 
COOH) 6 9.56 (br, 1, NH), 2.95 (t, 4, C-5,7 Hz), 2.35 (m, 6, 
C-6 Hz, -CHz-CH3), 2.03 (t, 6, 2-CHs). Anal.  Calcd for CII- 
H17NSZ: C, 58.13; 13, 7.54; N, 6.16; S, 28.16. Found: C, 
58.36; H,  7.45; N, 6.19; S, 27.90. 

2-Isopropyl-2-met hyl-4( lH)-thiono-5,6-dihydro-4H-J, l-cyclo- 
pentathiazine (IIf).-A mixture of Ib (5 g), methyl isopropyl 
ketone (10 g), and 200 ml of ethanol was refluxed for 4 hr and 
worked up as above to yield ca. 2.8 g of yellow plates (IIf): 
yield 60%; mp 184-185"; uv max (99% EtOH) 338, 409 mp 
(log t 3.79, 4.31); nmr (CF3COOH) 6 9.56 (br, 1, NH), 2.95 
(t, 4, C-5,7 €Iz), 2.45 [m, 1, -CH(CH&], 2.33 (s, 3, CHa), 2.15 
[d, 6, -CH(CHs)z], '2.00 (m, 2, C-6 Hz). Anal.  Calcd for 
C1lHnNSz: C, 58.13; H,  7.54; N, 6.16; S, 28.16. Found: C, 
58.34; H, 7.35; N, 6.33; S, 28.09. 

Compounds IIa-IIf were easily soluble in methanol, pyridine, 
and hydrochloric acid and hardly soluble in water; in methanol 
solution they readily decolorized bromine water. 

Di(2-iminocyclopentylidenemercaptomethyl) Disulfide (III).- 
Compound I (5 g )  and an equivalent amount of sodium hydroxide 
were dissolved in a requisite amount of water and oxidized with 
iodine solution in the usual way. The yellow material obtained 
was recrystallized from pyridine-water to yield 4.5 g of yellow 
plates (111): yield (:a. 90%; mp 152-153'; uv max (99% 
EtOH) 308, 398 mp (log e 4.01, 4.64); ir (CHCla) 3450 (s, YNH), 

1650 (ah, ~ N B ) ,  1630 (sh, VC-N), 1600 cm-l (VS, Yoonjd c-c); 
nmr (CD3SOCDs) 6 10.80 (m, 2, 2NH), 9.30 (6, 2, 2SH), 2.95 

1.90 (m, 4, C-4,4' Hz, J = 8 cps); mass spectrum (75 eV) m / e  
(re1 intensity) 318 (0.04), 316 (0.2), 158 (20), 157 (loo), 126 
(65), 125 (20), 124 (71) ,  76 (98). Anal.  Calcd for CIZHISN~SI: 

(t, 4, C-5,5' Hz, J 6 CPS), 2.70 (t, 4, C-3,3' Hz, J 6 CPS), 

C, 45.50; H, 5.10; N, 8.80; S, 40.50. Found: C, 45.75; H, 
4.95; N, 8.90; S, 40.53. 

Compound I11 was also obtained by refluxing I with tetra- 
hydrofuran for 0.5 hr; the yield was 40%. 

4 (1H)-Thiono-S16, 7,8-tetrahydro-4H-3,l-cycloheptathiazine-2- 
spirocycloheptane (IV).-A mixture of cycloheptanone (25 g, 
0.26 mol), carbon disulfide (30 g, 0.39 mol), and 290 ml of 
aqueous ammonia (28%) was stirred below 0" for 8 hr. The 
reaction mixture was kept overnight in an icebox. The yellow 
solid product was collected, washed with water, and dried: 
yield ca. 20 g. The crude product was recrystallized from metha- 
nol to give ca. 18 g of yellow plates (IV): yield ca. 50%; mp 
199-200'; color reaction toward cupric ion, deep red; uv max 
(99% EtOH) 335, 409 mp (log e 3.67, 4.32); ir (CHC13) 3392, 
(s, YNH), 1520 (VS, Yoonjd c-c), 1460 (m, Yriog), 1450 cm-I (m, 
vring). Anal.  Calcd for ClsHzaNS2: C, 64.03; H, 8.24; N, 
4.98; S, 22.75. Found: C, 63.90; H,  7.95; N, 5.09; S, 22.45. 

4,5,6,7-Tetrahydro-1,2-cycloheptadithiole-3-th~one (V).-The 
preceding mother liquor from which IV was removed was con- 
centrated under diminished pressure a t  40' and allowed to stand 
a t  0' for 3 hr. The yellow solid material was collected and re- 
crystallized from carbon tetrachloride to give ca. 3.5 g of yellow 
needles: yield ca. 7%; mp 98-99' (lit.6 mp 99'); uv max (99% 
EtOH) 229 244, 279, 312, 413 mp (log c 4.04, 3.81, 3.86, 3.73, 
4.00); ir (CHCls) 2980 (s, YCH), 2930 (VS, VCH),  2855 (s, V C H ) ,  

1520 (m, Yconjdc-c),  1300 (VS, Yheteroring), 1150 (VS, Y C p S ) ,  530 
cm-l (s, VS-8) ;  nmr (CDC13) 6 2.98 (t, 4, C-1',5' Hz), 1.75 
(m, 6, C-2',3',4' Hz). Anal.  Calcd for C~HIOS~: C, 47.53; H, 
4.99; S, 47.49. Found: C, 47.47; H, 4.96; S, 47.25. 

Registry No.-Ammonia, 7664-41-7 ; cyclopentanone, 
120-92-3; cycloheptanone, 502-42-1 ; I, 18521-91-0; 
Ia, 18521-92-1 ; Ib, 18521-93-2; IIa, 18521-94-3; 

IIe, 18521-98-7; IIf, 18521-99-8; 111, 18522-00-4; 
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I n  connection with studies directed toward the total 
synthesis of cis- and trans-fused bicyclic sesquiterpenes 
of the eudalene group having carbon skeleton Ills2 the 
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