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with ice-cold H.O, and sucked dry, 1.9 ¢ (58%): mp 101-103.5° dec;
PHir (mull) 3110 (m), 1765 (m), 1710 (s), 1835 (m), 1320 {s), 1270
(s), 865 (m), 850 (m) em~ L.

2H-1,3(3H)-Oxazine-2,6-dione (1a). To a stirred dispersion of
N-chloromaleimide (250 mg, 1.9 mmol) in 10 ml of H,O at 0° was
added dropwise over a period of 0.25 hr a solution of NaHCO;; (180
mg, 2.1 mmol) in 5.0 ml of H,O. The solid dissolved during the
above addition to vield a clear solution. After neutralization with
cold dilute H.80,, the solution was saturated with NaCl and the
oxazinedione la isolated by ethyl acetate extraction. It was identi-
cal with that prepared as described above.

Registry No. .. 1a, 24314-63-1; b, 51440-82.5; 1d, 53907-40-7,
le, H3907-41-8; 1f, 53907-42-9; 1g, 53907-43-0; 4a, H3807-44-1; 4b,
53907 -45-2; 6, 45514-70-3; maleic anhydride, 108-31-6; trimethylsi-
Ivt azide, 1648-54-8; citraconic anhydride. 616-02-4; fluoromaleic
anhvdride. 2714-23-0; dichloromaleic anhydride, 1122-17-4; bro-
momaleic anhvdride, 3926-51-2.
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The synthesis and some physical and chemical properties of 1,3-diselenole-2-selones and -2-thiones are re-
ported. The compounds were prepared in a three-step synthesis from N,N-pentamethylenediselenocarbamate

and appropriate «-halo ketones.

In recent years 1,3-dithiole-2-thiones (1) have gained in-
terest as intermediates in the synthesis of tetrathiaful-
valenes (II), which have been used as the donor in several
highly conducting organic “metals.”"23

R, R, R
s S, S
I@>=S . ISH I
R, - R, S R,
I 11

As a part of a systematic study of organic conducting sol-
ids,* we have been interested in substituting sulfur with se-
lenium in order to increase electronic interactions in the
donor stacks of the organic “metals.” So far the selenium-
containing fulvalenes have shown very promising proper-
ties in salts of the general type I11.56

R « s RTTONC CN '~
To~L O
R S Np o NC CN
R=H.R =CH,
1

In order to obtain the tetraselenafulvalenes in question,
we have developed a general synthetic route to mono- and
disubstituted 1,3-diselenole-2-selones (IV) and -2-thi-
ones {V), which by dechalkogenizing reagents can be cou-

pled to tetraselenafulvalenes.’® Reaction sequences similar
to those outlined in Scheme I have been reported for sulfur
analogs of some of the compounds described in this

paper.”$#
R s R s
P
R) R"Z &3
v \Y%

Recently Engler and Patel®® have prepared 1,3-diselen-
ole-2-selone (IV, R; = Ry = H) from sodium acetylide, sele-
nium, and carbon diselenide, utilizing a modified procedure
originally developed to prepare 1,3-dithiole-2-thiones.10:1!
Engler and Patel also prepared several thiaselenoles.?

Results and Discussion

The compounds in question were all prepared by the
general route outlined in Scheme 1.

The first step involves nucleophilic substitution of a
halogen with the N,N-pentamethylenediselenocarbamate
anion. The substitution proceeds rapidly, but the solution
was usually left 2-4 hr at room temperature to assure com-
plete reaction. In addition to piperidinium N,N-penta-
methylenediselenocarbamate,'? we have used the morpho-
line and pyrrolidine analogs which react as well, but since
piperidinium N,N-pentamethylenediselenocarbamate is
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Table I
(2-Oxoalkyl)-N, N-pentamethylenediselenocarbamates
Se O R
CN—C/ hd
\Se-——CHR1 Ve Nmr? §, ppm (rel to TMS) N
SCH~ ,CH—
VI | —N HC
Symbol Ry R2 Mp, °C  Yield, % Ry Ry, —Se—CH— CH— \CH, =
Via CH, H 45-46 83  2.40 (3 H) 4.45 2 H) 3.9 and 4.45 4 H)  1.69 (6 H)
J="THz
.
VIb CH; CH, 43-44 79 2.31 3 H) 147 3 H), 4.94 (1 H) 4.07 4 H) 1.69 (6 H)
Vie Ph H 99-102 95 7.4-8.25 (5H) 5,08 (2 H) 3.9and 4.45 (4H) 1.75 (6 H)
Vid Ph Ph 15 b b b b
2 CDClj. ¢ Not recorded.
Table II
2-N,N-Pentamethylenimino-1,3-diselenolium Perchlorates
Rl 8e
R,ISe>=N<:> clo,” — Nmr, 6 (rel to TMS) “\
: i + ,CH— —CH,,
viI =X CH,
Symbol Ry Ry Yield, % Ry Ry \oH — —CH,/
J=1,5Hz
Vila H CH, 817 7.83 (1 H), 2.54 3 HY 3.97 (4 H) 1.8-2.15 (6 H)
Vilb CH, CH, 91 2.66 (6 H) 3.66 (4 H) 1.7-2.1
VIIc H Ph 91 7.89 (1 H),7.59 (5 H)° 3.90 4 H) 1.8-2.15 (6 H)
VIiid Ph Ph 90
2 (CD3)2C0O.° CD3CN.¢ CF3COOH.
Scheme 1 nation of VII it might be advisable to handle these sub-
Se stances with care only in small quantities.
R, (6) [ Compounds obtained are colorless crystalline solids, but
I/ + -Se—(C—N —_— may be pink due to a small amount of free selenium, which
~Hal” can be removed by dissolving the salts in acetonitrile, fil-
R, H Hal tering, and precipitating with ether. Results are summa-
R, 0 rized in Table II.
& Se Cleavage of VII with excess HoSe or HyS was achieved in
I [ :2;; HaS0, methanol or methanol-water mixtures. The slightly soluble
R, Se—C—N - perchlorates (VIIc and VIId) were suspended in methanol
H ~HO and an equimolar amount of pyridine added as a catalyst.
VI Compounds VIla and VIIb were treated with excess HsSe
R, e . e or S R, Se ((;r H,S iII:J 7}(_){92: (r)netha(rilo;—water :ivithoutlcatalyst, since pyri(i
- or ine or Na 3 tended to produce polymeric tars instea
ji>= N: > , IO, —pipH*,ClO,~ ISe>= Se(S) of the desired selones or thiones.
R, R, The 1,3-diselenole-2-selones (IVa-d) are red crystalline
VI IVorV solids, whereas the -2-thiones (Va and b) are yellow.

readily obtained!3 and relatively stable, it was generally
preferred.

The resulting oxo esters (VI) obtained are crystalline,
colorless solids, and can be recrystallized from nonpolar
solvents. Results are summarized in Table 1.

The ring closure of the oxo esters was found to proceed
smoothly in concentrated sulfuric acid. The hydrosulfates
obtained were converted to perchlorates or fluoroborates
by treating the reaction mixture with excess perchloric or
fluoroboric acid. Various other procedures, including treat-
ment of the esters with acetic anhydride containing fluo-
roboric or perchloric acid, were tested, but all tended to
give lower yields due to decomposition.

We have characterized the 2-immonio-1,3-diselenoles as
their prechlorates (VII) since these salts are the ones most
readily isolated. However, an evident detonation of 1,3-di-
thiolylium perchlorate has recently been reported, and al-
though we have not so far observed any spontaneous deto-

Ir spectroscopy is a convenient tool for the identification
of compounds IV and V since they both exhibit a very char-
acteristic pattern of two strong (absorption) bands in the
700-1100-cm ™! region which arise from the Se-CSe-Se or
Se-CS-Se grouping. The high-frequency bands are found
at 880-920 cm™! for IV and at 920-1020 cm~! for V and
have been approximately ascribed to C=Se or C=S§
stretching vibrations, respectively.!* The low-frequency
band is found at 750-780 cm~! for both compounds and is
approximately described as a C—Se stretching band.}4

Uv-Visible Spectra. 1,3-Diselenole-2-selone® was re-
ported to have a maximum at 555 nm. Aliphatic substitu-
tion has only a minor effect, whereas the aryl-substituted
compounds as expected exhibit a shift to higher energy (see
Table III). The two analogous 2-thiones exhibit a band at
approximately 450 nm.

Nmr spectral data are summarized in Table II1.

Chemical Properties. Preliminary investigations of the
chemical properties of IV and V have given the following
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Table IT1
1,3-Diselenole-2-selones and -2-thiones®
R Se R, Se
RJI&)>=S( and sz[se%b
v /
Symbol Ry Ry Yield, % Mp, "C ir, em-1b Uv-vis, nm (€)¢ Nmr,2 6, ppm
IVa CH, H 66 80-81 890, 880, and 700 558 (197), 417 (15,500) 2.42 B H), 7.42 1 H), J=1.5 Hz
318 (870), 266 (7300)
IVb CH; CH, 60 149-150 890, -, and 762 555 (224), 424 (14,800) 2.25
328 (730), 266 (6200)
IVe Ph H 86 121-122 902, 885, and 732 524 (296), 431 (16,800) 7.36 (5 H), 7.87 (1 H)
Ivd Ph Ph 55 161-163 902, 889, and 750 528d(291), 434 (19,300) 7.15
va CH; H 90 81-81.5 1020, 990, and 752 460 (sh), 382 (15,000) 2.42 (3 H), 7.23 (1 H), J= 1.5 Hz
295 (1400), 255 (9800)
Vb CH; CH, 87 101-102 1020, -, and 772 453 (53), 385 (13,800) 2.19

304 (1000),

254

276 (2400)
(8300)

a Satisfactory analytical data (£0.3 for C, H) were obtained for all compounds listed in the table. * KBr. ¢ Hexane. ¢ CH;Cls. ¢ CDCl;

relative to TMS.

results. (1) Both selones and thiones can, in analogy with
previous reports,>® be coupled (by treatment with triphen-
ylphosphine or trialkyl phosphites) to give tetraselenaful-
valenes in 30-60% yield (Scheme II). (2) Treatment of IV

Scheme II
Rl pR Rl Se Se RI(Z)
IZ:) Se(8) ~R PSe(§) I&Hg"(
R, R, Ran

or V with excess methyl iodide gives methiodides!®
(Scheme III). (3) 1,3-Dithiolium salts can be prepared by

Scheme III

R, R, CH
CH,I + LR
I& g &, Iz se®” 1
oA

R! R’?

peracid oxidation of 1,3-dithiole-2-thiones.}'¢ Several at-
tempts to prepare the hitherto unknown 1,3-diselenolium
salts (VIII) by this method (Scheme IV) were unsuccessful,

Scheme IV

R,

I >= RCOOOH
Se(S)

R,

|+ )—H
e
VIl

probably due to oxidation of the selenium atoms in the
ring.?

Summary

The synthetic route described above provides a pathway
to mono- and disubstituted 1,3-diselenole-2-selones and
-2-thiones. When compared to Engler and Patel’s pro-
cedures,’® the advantage of the present method is that
4,5-disubstituted 1,3-diselenoles are obtainable, since no
acetylenic hydrogen is required.

Experimental Section

(2-Oxoalkyl)- N,N-pentamethylenediselenocarbamates.
VIb. Piperidinium N,N-pentamethylenediselenocarbamate (0.03
mol) dissolved in 60 ml of dry CH2Cl; was added, under argon, to a
stirred solution of 3-bromo-2-butanone (0.04 mol) in 200 ml of dry
CHClo. After the addition was completed, the solution was left
with stirring at room temperature for 4 hr, and then washed with
five 100-m) portions of water and dried over MgSQj, and the sol-
vent evaporated in vacuo. The resulting yellow oil was recrystal-
lized from hexane to yield slightly yellow crystals of VIb. Vla was
prepared in the same manner as VIb from chloroacetone. VIc and
V1d were prepared from phenacyl bromide and 2-bromo-1,2-di-
phenylethanone, respectively. Both recrystallized from cyclohex-
ane.

2-(N,N-pentamethylenimino)-1,3-diselenolium Salts. VIIb.
Vib (0.003 mol) was dissolved slowly in 3 g of concentrated HySOy4.
After standing 0.5 hr at room temperature enough EtOAc was
added cautiously to cause starting precipitation of the hydrosul-
fate. The solution was then filtered into a mixture of 1-2 ml of 70%
HC104 and 50 ml of absolute EtOH, and 300-500 m! of ether was
added. The resulting white solid was filtered off, washed with
ether, and dried in vacuo. VIla, VIlc, and VIId were prepared in
the same manner as VIIb.

1,3-Diselencle-2-selones or -2-thiones. IVb, VIIb (0.0025 mol)
was dissolved in 60 ml of 70% MeOH-water cooled to —10°, and
the stirred solution, which was kept under argon, treated with a
sixfold excess of HaSe.!7 A red solid was slowly formed and the so-
lution was allowed to warm to 0° over 2-3 hr. Water (40 ml) was
added and the solid filtered off and dried in a desiccator over
P,0s. Recrystallization from heptane yielded bright red plates of
IVb. IVa was prepared in the same manner as IVb.

IVe and IVd. Since Vilc and VIId are rather insoluble, they
were suspended in absolute MeOH, and an equimolar amount of
pyridine was added as a catalyst. Both products were recrystallized
from absolute EtOH. Va and Vb were prepared by essentially the
same procedure as IVb. Due to its lower reactivity, however, HsS
was passed through the stirred solution at room temperature for
4-6 hr.
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Conformational Analysis of the Favorskii Rearrangement
Using 3(a)-Chloro-3(e)-phenyl-trans-2-decalone and
3(e)-Chloro-3(a)-phenyl-trans-2-decalone!?
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The starting material for the synthesis of the isomeric chloro ketones (3 and 4) was trans-2-decalone, which was
converted to 3(e)-phenyl-trans-2-decalone (1) and 3(e)-hydroxy-3(a)-phenyl-trans-2-decalone (2). Compound 1
was chlorinated by sulfuryl chloride in carbon tetrachloride to yield the axial chloro ketone 3, while compound 2
was chlorinated by thionyl chloride in carbon tetrachloride to vield the equatorial chloro ketone 4. Potassium
tert-butoxide was used to effect the rearrangement both in ethanol (E) and 1,2-dimethoxyethane (D). The prod-
uct from 3 when the rearrangement was performed in D included 2-phenylhexahydroindan-2-carboxylic acid [iso-

lated as the methyl ester (5)] and 2

-phenacyl-1-cyclohexaneacetic acid |isolated as the methyl ester (

6)]. Rear-

rangement of 3 in E yielded 5, 6, and 1-ethoxy-3-phenyl-trans-2-decalone (7). Favorskii products were not evi-
dent when 4 was subjected to rearrangement conditions. It can be concluded that the axial conformation of the
chlorine atom is more favorable for the Favorskii rearrangement. Compound 7 was apparently produced either
from a cvclopropanone intermediate or an enol allylic chloride.

An attempt was made by Smissman et al.” to determine
whether a cyclopropanone intermediate or a dipolar ion
was operative in the Favorskii rearrangement of a pair of
conformers, viz., 3(a)-bromo-trans-2-decalone (8) and
3(e)-bromo-trans-2-decalone (9). Since the axial compound
gave no rearrangement product in either polar or nonpolar
solvents whereas the equatorial compound rearranged in
both solvent types, it was concluded that the results of this
study disputed the role of the dipolar ion as an active par-
ticipant in the Favorskii rearrangement. If this conclusion
were valid, if not on a general basis, then at least for rigid
systems such as the trans-decalones, it could be predicted
that of the two conformers used in the present study, viz.,
3(a)-chloro-3(e)-phenyl-trans-2-decalone and 3(e)-chloro-
3(a)-phenyl-trans-2-decalone, the equatorial isomer would
give the Favorskii product.

Results

The two chloro ketones 3 and 4 were synthesized by the
chlorination of 3(e)-phenyl-trans-2-decalone (1) and 3(e)-
hydroxy-3(a)-phenyl-trans-2-decalone (2). Compounds 1
and 2 were synthesized by published methods.? Potassium
tert-butoxide was used to effect the rearrangement both in
the polar solvent ethanol and in the nonpolar solvent 1,2-
dimethoxyethane. The products of the rearrangement were
hydrolyzed and separated into an acidic fraction and a neu-
tral fraction. The former was subjected to Fischer-Spier es-
terification prior to column chromatography on alumina.
The components of the neutral fraction were separated by
column chromatography on silica gel.

Cl
“CClg o

OH SOCl cl
—_
\\0 CClg \\o
2 4

Rearrangement of the axial chloro ketone 3 in ethanol
gave, after esterification, the methyl ester of 2-phenylhex-
ahydroindan-2-carboxylic acid (5, 2% yield) and 2-phen-
acyl-1-cyclohexaneacetic acid (6, 2% yield). The neutral
components included compounds 1-ethoxy-3-phenyl-trans-
2-decalone (7, 2% yield) and 3(e)-hydroxy-3(a)-phenyl-
trans-2-decalone (2, 42% yield). A polymeric material was
also isolated.

The yield of 5 was similar (2%) when the rearrangement
of 3 was performed in dimethoxyethane. Compound 6 was
also isolated (<1% yield). Sublimation of the crude acid
fraction prior to Fischer-Spier esterification yielded benzo-
ic acid. The neutral components included polymeric mate-
rial.



