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was stirred for 1 h, 20 (0.1 g, 0,0004 mol) in 2 mL of anhydrous 
THF was added dropwise, and the mixture was stirred for 1.5 h 
a t  room temperature. The reaction mixture was filtered, and the 
solvent was removed to give crude 9. Purification by silica gel 
chromatography using hexane as the eluant gave pure 9 (30 mg, 
33%): mp 81-82 "C; NMR 6 5.25 (d, 1 H, J = 12 Hz), 5.8 (d, 1 
H, J = 18 Hz), 6.65-7.0 (m, 1 H), 7.1-7.9 (m, 9 H); MS, m / e  
(relative intensity) 228 (M', 100). UV A,,, ( e )  360 (8390), 344 
(7930), 329 (5520), 295 (184001, 283 (24800). 278 (341001, 267 
(37 800), 253 (43400). 

Anal. Calcd for CI8H12: C, 94.69; H, 5.30. Found: C, 94.37; 
H, 5.11. 
3-(2-Hydroxyethyl)fluoranthene (21). The alcohol 21 was 

prepared from 3-fluoranthenylacetic acid (2.6 g, 0.01 mol) and 
LiAlH, (0.36 g, 0.01 mol) under conditions similar to those de- 
scribed for reduction of 17: yield 85%; mp 91-93 "C; NMR 6 1.7 
(br s, 1 H, OH), 3.3 (t ,  2 H, CHJ, 3.8 (t, 2 H, CH,) 7.2-8.0 (m, 
9 H); MS, m / e  (relative intensity) 246 (M', 6.7), 215 (100). 

Anal. Calcd for C18H140: C, 87.77; H, 5.72. Found: C, 87.51; 
H, 5.88. 
3-(2-Chloroethyl)fluoranthene (22). A solution of SOCl? (3 

mL,) in 10 mL of dry benzene was added slowly to a stirred solution 
of alcohol 21 (0.49 g, 0.0022 mol) in 10 mL of dry benzene. After 
being stirred for 1 h, the mixture was then heated a t  reflux for 
12 h. The reaction mixture was cooled, washed with HzO, aqueous 
NaHC03, and H20, dried (MgSO,), arid concentrated. The re- 
sulting yellow solid was preabsorbed onto silica gel and purified 
by chromatography on a column of silica gel with hexane-CH2C1, 
(9O:lO) as eluant to yield 0.2 g (37%) of the chloride 22 as light 
yellow crystals: mp 89-90 "C; NMR 6 3.6 (d, 2 H, CHJ, 3.85 (d, 
2 H, CH,Cl), 7.2-7.5 (m, 4 H), 7.6-8.0 (m, 5 H); MS, m / e  (relative 
intensity) 229 (M' - C1, 34.4), 215 (100). 

A suspension of 3-(2-chloro- 
ethy1)fluoranthene (0.26 g, 0.001 mol) and KOH (200 mg) in 
ethanol was heated at reflux for 1 h. Conventional workup fol- 
lowed by chromatography on silica gel eluting with hexaneCHzCl2 
(9O:lO) afforded 10 as a yellow solid: mp 100 "C (0.15 g, 66%); 
NMR 6 5.45 (dd, 1 H, J = 1.2 Hz, J = 11.0 Hz), 5.8 (dd, 1 H, J 
= 1.2 Hz, J = 19 Hz), 7.1-7.9 (m, 9 H), 8.0 (d, 1 H); MS, m / e  
(relative intensity) 228 (M', 100); UV A,,, (6) 376 (11101, 363 
(1200), 335 (79701), 293 (22000), 238 (34400). 

Anal. Calcd for ClsH12: C, 94.69; H, 5.30. Found: C, 94.35; 
H, 5.54. 

Mutagenicity Assays. Mutagenicity assays were performed 
as previously describedz6 using S. typhimurium TAlOO (TA 
1535/pKm 1101) provided by Dr. Bruce Ames of the University 
of California, Berkeley, CA. Male F344 rats or Sprague-Dawley 
rats (250-350 g) were treated with a single ip injection of 500 
mg/kg Aroclor 1254,5 days prior to sacrifice, and the liver 9OOOg 
supernatants were prepared for use as the metabolic activation 
system.27 Reported values are the means of triplicate assays. 
Standard deviations were less than 10% of the means. 

3-Vinylfluoranthene (10). 
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Hexamethylenetetraselenafulvalene (HTMSF, 1)l is 
known to form electrically conducting charge-transfer 
complexes with TCNQ (tetracyanoquinodimethane) (oRT 
= 2000 cm-' Q-1)2 and with TNAP (tetracyanonaphtho- 
quinodimethane) (oRT = 2900 cm-' R-1)3, with the TCNQ 
complex remaining metallic as T - 0 K.4 However, 
widespread studies of HMTSF complexes have been hin- 
dered by the lack of availability of the a-donor molecule 
1. We wish to provide a new synthetic pathway to HMTSF 
and report for the first time the physical properties of this 
interesting donor component for organic metals. 

1 

HMTSF was first synthesized from CSe? via piperidi- 
nium diselenocarbamate, which was reacted with a-halo- 
cyclopentanone (2). The resulting selenocarbamate was 
then taken through two synthetic steps to yield the ap- 
propriate 2-selenoxo-1,3-diselenole (3) (Scheme I). Tri- 
ethylphosphite-induced coupling of the resulting selone 
(3) provided HMTSF. Later? HMTSF was obtained 
through the same basic synthetic pathway, except that 
formation of the piperidinium diselenocarbamate was ac- 
complished via consecutive HzSe reactions with N,N-di- 
methylphosgeneimminium chloride, in the presence of 
piperidine. 

These routes to HMTSF are not only long and ineffi- 
cient but also involve the use of expensive, highly toxic, 
and malodorous CSe2 or H,Se. 

In our approach to 1, we adopted a procedure similar 
to those used to synthesize the sulfur and tellurium donors: 
DBTTF,' DBTTeF,8 HMTTeF,g and BDMT-TTeF.I0 

(1) Recommended IUPAC name: 5,5',6,6'-Tetrahydro-A2aT-bi-4H- 
cyclopenta-1,3-diselenole. Current Chemical Abstracts name: 2-(5,6- 
Dihydro-4H-cyclopenta-1,3-diselenol-2-ylidene)-5,6-dihydro-4H-cyclo- 
penta-1,3-diselenole. 

(2) (a) Bloch, A. N.; Cowan, D. 0.; Bechgaard, K.; Pyle, R. E.; Banks, 
R. H.; Poehler, T. 0. Phys. Reu. Lett. 1975,34, 1561. (b) Cooper, J. R.; 
Weger, M.; Jerome, D.; Lefur, D.; Bechgaard, K.; Bloch, A. N.; Cowan, 
D. 0. Solid State Commun. 1975, 19, 749. 

(3) (a) Bechgaard, K.; Jacobsen, C. S.; Andersen, N. H. Solid State 
Commun. 1978, 25, 875. (b) Mogensen, B.; Friend, R. H.; Jerome, D.; 
Bechgaard, K.; Carneiro, K. Solid State Commun. 1978,26, 919. 

(4) For a comparative guide to the conductivities of organic charge- 
transfer complexes and some recent reviews, see the Proceedings of the 
International Conference on Low Dimensional Solids, Boulder, CO, 1981 
(Mol. Cryst. Liq. Cryst. 1982, 79,l-362) and the Proceedings of the Joint 
Symposia: Horizons in the Chemistry and Properties of Low Dimensional 
Solids and Celebration of 30 Years of Mulliken's Charge-Transfer Theory, 
Hawaii, HI, 1984 (Mol. Cryst. Li9. Cryst., in press). 

(5) (a) Bechgaard, K.; Cowan, D. 0.; Bloch, A. N. Mol. Cryst. Liq. 
Cryst. 1976,32,227. (b) Cowan, D.; Shu, P.; Hu, C.; Krug, W.; Carruthers, 
T.; Poehler, T.; Bloch, A. N. In "Chemistry and Physics of One-Dimen- 
sional Metals"; Keller, H. J., Ed.; Plenum Press: New York, 1977; pp 
25-46. 

(6) (a) Chiang, L.-Y.; Poehler, T. 0.; Bloch, A. N.; Cowan, D. 0. J .  
Chem. Soc., Chem. Commun. 1980,866. (b) Wudl, F.; Nalewajek, D. J .  
Chem. Soc., Chem. Commun. 1980, 866. (c) Cowan, D. 0.; Kini, A.; 
Chiang, L.-Y.; Lerstrup, K.; Talham, D. R.; Poehler, T. 0.; Bloch, A. N. 
Mol. Cryst. Li9. Cryst. 1982, 86, 1. 

(7) (a) Hurtley, W. R. H.; Smiles, S. J .  Chem. SOC. 1926, 2263. (b) 
Bajwa, G. S.; Berlin, K. D.; Pohl, H. A. J .  Org. Chem. 1976, 41, 145. 

0022-3263/85/1950-4646$01.50/0 0 1985 American Chemical Society 



Notes J. Org. Chem., Vol. 50, No. 23, 1985 4647 

Scheme I1 
- l.t-BuLi 

4 5 1 

The reaction scheme is outlined in Scheme 11. 
It was previously thought that tetrachloroethylene would 

only produce tetrachalcogenafulvalenes from organodi- 
thiols and organoditelluride dianions (similar to 5,  where 
Se-Li+ is replaced by either SH or Te-Li+, respectively). 
However, we wish to report the first synthesis of a selenium 
a-donor molecule utilizing the "tetrachloroethylene" route. 
We have found it  crucial that the  following conditions be 
adhered to in  the preparation of 1: (1) 1,2-dibromo- 
cyclopentene be freshly distilled; (2) the reaction mixture 
be warmed to 25 "C before the addition of the second 
equivalent of Se to give 5; (3) tetrachloroethylene be added 
(after all of t h e  selenium has reacted) at 25 "C; (4) the 
reaction mixture be warmed t o  45 "C for a 36-h period. 
Utilization of these steps gave HMTSF (1) in 11 % yield 
from 1,2-dibromocyclopentene ("carbamate" route gives 
HMTSF in yields 7-17% based on the bromoketone). The  
physical data of the product, elemental analysis, IR, NMR, 
mp, a n d  mass spectrum, were identical with those of a 
sample of HMTSF prepared by t h e  "carbamate" route.5 
The molecular ion peak, in the mass spectrum, exhibited 
an  isotopic cluster which matched a computer-simulated 
pattern of C12H1+3e4, and the overall fragmentation pattern 
was identical with a previously published spectrum of 
HMTSF.l' It is interesting to note that when using tet- 
rachloroethylene t o  produce sulfur heterofulvalenes, 
harsher conditions are needed (refluxing Et,N) than are 
needed in the synthesis of tellurium heterofulvalenes (-78 - 25 "C). The  conditions reported here for the synthesis 
of t he  selenium compound HMTSF are intermediate be- 
tween the conditions required for the preparation of t he  
sulfur and tellurium heterofulvalenes. Conditions used in 
the synthesis of HMTTeF  do not give detectable amounts 
of HMTSF.g 

Selenocines (Figure 1) have been demonstrated to pro- 
vide a stable source of organodiselenide dianions (similar 
to 5 )  by cleavage of the two diseleno bridges with LiAlH4.12 
However, oxidation of 5,  with oxygen, did not cleanly give 
the expected selenocine 6,  but produced products of higher 
oxidation states (selenoxides), as determined by mass 
spectroscopy. 

In conclusion, HMTSF can now be made utilizing the  
readily accessible 1,2-dibromocyclopentene (4) in a one-pot 
reaction with tetrachloroethylene, without the use of ex- 
pensive and  highly toxic CSez or H2Se. 

(8) Lerstrup, K.; Talham, D.; Bloch, A.; Poehler, T.; Cowan, D. J. 
Chem. SOC., Chem. Commun. 1982, 336. 

(9) Wudl, F.; Aharon-Shalom, E. J .  Am. Chem. SOC. 1982,104,1154. 
(10) Lerstrup, K.; Cowan, D. 0.; Kistenmacher, T. J. J.  Am. Chem. 

SOC. 1984, 106, 8303. 
(11) Andersen, J. R.; Egsgaard, H.; Larsen, E.; Bechgaard, K.; Engler, 

E. M. Org. Mass. Spectrom. 1978, 13, 121. 
(12) (a) Lerstrup, K.; Cowan, D. J .  Phys. (Les Ulis, Fr.) 1983, 44, 

C3-1247. (b) Lerstrup, K.; Lee, M.; Cowan, D.; Kistenmacher, T. Mol. 
Cryst. Liq. Cryst .  1985, 120, 295. 

ge-sem Se-Se 

6 
Figure 1. 

Experimental Section 
The melting point was determined on a Thomas-Hoover Un- 

imelt capillary melting point apparatus and is uncorrected. In- 
frared spectra were obtained with a Perkin-Elmer 599B spec- 
trophotometer. 'H NMR spectra were taken in CDC13 or 
CDC1,/CS2 (1:l) on a Varian XL-400 spectrometer with tetra- 
methylsilane as an internal standard. Low-resolution mass spectra 
were obtained on a KRATOS MS-50 mass spectrometer (at The 
Middle Atlantic Mass Spectrometry Laboratory, The Johns 
Hopkins University, School of Medicine). Elemental analysis was 
performed by Galbraith Laboratories, Inc., Knoxville, TN. 

l&Dibromocyclopentene (4).'3 Cyclopentanone was reacted 
with PC15, according to literature pro~edure, '~ to  give l-chloro- 
cyclopentene, which was brominated immediately after isolation 
(1-chlorocyclopentene decomposes rapidly above -30 O C )  to give 
1,2-dibromo-l-chlorocyclopentane (40%). The product was 
subsequently added to a solution of t-BuOK in t-BuOH (25 "C) 
at a very slow rate (-0.1 mL min-') to avoid localized heating, 
which gives rise to excessive polymerization. The yield of 1,2- 
dibromocyclopentene was 67 '70. 
Hexamethylenetetraselenafulvalene (1). To a THF solution 

(35 mL) of fresh distilled 1,2-dibromocyclopentene (2.26 g, 10 
mmol), cooled to -78 "C, was added dropwise 11.1 mL of 1.8 M 
(20 "01) fresh t-BuLi in pentane, the temperature of the reaction 
mixture being kept below -55 "C. The resulting opaque yellow 
solution was allowed to stir at -78 "C for 2.5 h, and finely ground 
Se (0.79 g, 10 mmol) was then added via a solid addition flask 
to the mixture at -20 "C. The reaction mixture was stirred until 
all Se had reacted (ca. 0.5 h). The clear solution was cooled to 
-78 "C, and 11.1 mL of 1.8 M (20 mmol) t-BuLi in pentane was 
added, while the reaction temperature was kept below -55 "C. 
The resulting clear yellow solution was allowed to stir at -78 O C  

for 2.5 h; then the reaction mixture was allowed to warm to 25 
"C over a 0.5 h period. Finely ground Se (0.79 g, 10 mmol) was 
then added via a solid addition flask and allowed to stir until all 
Se had reacted (0.25 h). To the resulting opaque white solution 
was added 0.83 g (0.51 mL, 5 mmol) of tetrachloroethylene at 25 
"C, and the mixture was then stirred at 45 "C for 36 h. After ca. 
12 h, the pink product began to precipitate out. The reaction 
mixture was slowly cooled to -20 "C to facilitate the crystallization 
of HMTSF. After filtration, the pink, microcrystalline solid was 
washed with benzene, then with HzO, and finally with hexane and 
dried to yield 270 mg (11.4%) HMTSF: mp 207-209 "C dec; IR 
(KBr) 2960 (w), 2940 (w), 2900 (s), 2842 (s), 1600 (w), 1440 (m), 
1435 (m), 1310 (m), 1120 (m), 849 (w), 730 (w) cm-'; 'H NMR (1:l 
CDC1,/CS2) 2.6 (t, J = 7 Hz, 4 H), 2.3 (q, J = 7 Hz, 2 H), ppm; 
ppm; MS, m / z  (relative intensity) 478 (30), 477 (ll), 476 (71), 
475 (25), 474 (100, M'), 473 (44), 472 (94), 471 (45), 470 (68), 469 
(33), 468 (37), 467 (17) (calcd relative intensities, 32, 12, 75, 26, 
100,44,93,44,67, 32,37, 17, respectively), 39 (3,M+ - Se), 330(9, 
M+ - C5H,Se), 328 (12), 326 (ll), 318 (lo), 317 (16), 316 (34,M+ 
- 2Se), 315 (45), 314 (35), 313 (46), 312 (31), 311 (27), 310 (14), 
309 (ll), 287 (8), 249 (8), 238 (ll), 237 (18), 236 (31, M+ - 3Se), 
235 (48), 234 (22), 233 (25), 232 (13), 231 (lo), 170 (17), 169 (37), 
167 (20), 155 (26), 154 (21), 153 (25), 145 (ll), 142 (7), 141 (17), 
128 (ll), 117 (ll), 90 (ll), 89 (19), 78 (lo), 66 (17), 65 (36, CSHS'). 
A sample for analysis was recrystallized from chlorobenzene. Anal. 
Calcd for C12HlzSe4: C, 30.53; H, 2.56. Found: C, 30.65; H, 2.69. 

Note Added in Proof. Addition of HMPA (1:l 
HMPA/THF)  to the  reaction mixture containing 5 en- 
hances the  reaction rate (5  - 1) apparently without in- 
creasing the overall yield. 

(13) Wittig, G.; Pohlke, R. Chem. Ber. 1961, 94, 3285. 
(14) Braude, E. A.; Forbes, W. F. J .  Chem. SOC. 1951, 1755. 
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In connection with our research on activated lactams,l 
we required a variety of N-acyl ketene SJV-acetals.2 Bose 
et al.3 reported that the reaction of 2-(methylthio)-l- 
pyrroline (1) with phenoxyacetyl chloride (4c) in the 
presence of triethylamine gave N-phenoxyacetyl ketene 
S,N-acetal (5c). We tried the similar reaction of cyclic 
thioimidates (1, 2, and 3) with acetyl chloride (4a) and 
benzoyl chloride (4b). Although N-acyl ketene Sa-acetals 
(6a,b and 7a,b) were obtained as expected from 2 and 3, 
respectively, the corresponding N-acyl-2-(methylthio)-2- 
pyrrolines (5a,b) were not isolated. The lH NMR spectra 

n = l ,  L 

n = 2 ,  3 

- 
w 

n=l, 6a.b 

n=2, 7a,b 
Y )  

of 6a,b and 7a,b showed peaks of vinyl protons at  C-3 
position as characteristic triplets (Table I). However, 
compounds 8a,b obtained from 1 have no peaks for vinyl 
protons in the 'H NMR. Microanalyses data of 8a,b were 
consistent with the addition of one oxygen atom to the 
molecular formulas of the corresponding N-acyl ketene 
S,N-acetals (5a,b). Next, 1 was allowed to react with 4c 
and 4-bromobenzoyl chloride (4d) to give 8c and 8d to- 
gether with the lactam 9, respectively. The spectral pat- 
terns of 8c and 8d were similar to those of 8a,b. 

. -  
i.: 

I,  ;=i. 

. _ -  , \ = ! ~  ..,:: 

:, x=;-g::.r:, 

sa-.! 

- 
?. c 1  
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(1) (a) Takahata, H.; Tomiguchi, A.; Nakano, M.; Yamazaki, T. Syn- 
thesis 1982,156; (b) Takahata, H.; Nakano, M.; Yamazaki, T. Synthesis 
1983, 225; (c) Takahata, H.; Nakajima, T.; Yamazaki, T. Synthesis 1983, 
226; (d) Takahata, H.; Nakajima, T.; Yamazaki, T. Synthesis 1984,703. 

(2) Takahata, H.; Tomiguchi, A.; Hagiwara, A.; Yamazaki, T. Chem. 
Pharm. Bull. 1982, 30, 1300. 

(3) Bose, A. K.; Fahey, J. L. J.  Org. Chem. 1974, 39, 115. 
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Tab le  I. Reaction of Cyclic Thio imida tes  (1, 2, a n d  3) w i t h  
Acyl Hal ides  (4a-d) 

compd yield, '70 'H NMR (Cs-H), 6 
6a 
6b 
7a 
7b 
8a 
8b 
8c 
8d 

9 

73 
83 
54 
73 
50 
39 
48 
64 
69" 
17b 
2 
00 

546 

5.50 (t, J = 4 Hz) 
5.47 (t, J = 4 Hz) 
5.70 (t, J = 7 Hz) 
5.67 (t, J = 6 Hz) 
3.47 (dd, J = 8 and 4 Hz)  
3.37 (dd, J = 9 and 5 Hz) 
3.55 (dd, J = 8 and 4 Hz) 
3.47 (dd, J = 8 and 4 Hz) 

(I Reaction was carried out in an  atmosphere of 0,. 

Since no physical and spectral data for 5c were reported 
by Bose, we decided to determine the structures of 8s-d. 
Heating of 8d with piperidine at  160 OC afforded the amide 
(10) and 3-(methylthio)pyrrolidin-2-one (1 1)4 in 85% and 
96 % yields, respectively. Formation of 11 suggested the 

Reaction 
was carried out with exclusion with 02. 

- 
II 

existence of a methylthio group at C-3 position in 8d. The 
structure of 8d was then determined finally by X-ray 
crystallography (Figure 1). In order to speculate on po- 
tential mechanisms for this unusual transformation, the 
following experiments were carried out. The reaction of 
1 with 4d in an atmosphere of oxygen gas (0,) resulted in 
a little increase of 8d (69%) and no isolation of 9. Next, 
the similar reaction with exclusion of O2 was carried out 
(Experimental Section). 'H NMR spectrum of a crude 
product before chromatography revealed a signal at 6 5.00 
(t, J = 3 Hz) due to a vinyl proton at  C3 position, sup- 
porting the structure of 5d. After chromatography, 8d and 
9 were obtained in 17% and 54% yields, respectively. 
These results suggested the participation of an oxygen 
molecule in this r e a ~ t i o n . ~  

On the other hand, the reaction of 2-(methylthio)-3- 
methyl-1-pyrroline (12) with 4d gave only the normal 
product, N-acyl ketene Sa-acetal  (13), in 79% yield. It 
was found that the novel products were formed only in the 
reaction using 3-unsubstituted 2-(methylthio)-l-pyrroline. 

Experimental Section 
'H NMR spec t ra  were recorded on  a JEOL PMX (60 MHz) 

spectrometer and a Varian XL-200 (200 MHz) spectrometer in 

(4) Murakami, Y.; Koga, K.; Matsuo, H.; Yamada, S. Chem. Pharm. 

(5) Although insufficient experimental evidence deter us from offering 
Bull. 1972,20, 543. 

a mechanism, we have a temporary explanation as shown below. 

COR 

The formation of N-acyl ketene Sa-acetals 5 followed by the epoxidation 
with air (oxygen) and rearrangement of the methylthio group accompa- 
nied with the cleavage of the epoxide ring might afford the products (8). 
The existence of 5 would be supported by the reaction with exclusion of 
02. In this reaction, 5d would be hydrolyzed to give compound 9 by 
chromatography. I t  ia known that cyclic alkenes were epoxidated with 
O2 (van Sickle, D. E.; Mayo, F. R.; Arluck, R. M. J.  Am. Chem. SOC. 1965, 
87, 4824.) However, the precise mechanism remains unclear. 
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