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stance of systems containing hydrogen bonds, the exper-
iments are complementary. The heteronuclear difference
NOE experiment should work well in all cases, except
where severe spectral crowding in the 'H NMR makes
selective irradiation difficult.

Experimental Section

Compounds 1 and 2 have been previously reported.” The
synthesis of compounds 3 and 4 have been described elsewhere.!
All spectra were obtained on a JEOL FX-200 spectrometer in a
5-mm C/H probe. The experiments on 1 and 2 were obtained
on CH30H (deuterioacetone lock) and CD;OD samples. 2K scans
were collected by using 16K double-precision accumulation. The
NOE difference spectrum for 2 was obtained in deuteriochloroform
solution. The spectra were transformed with a 2.5-Hz line
broadening. The proton-decoupled and heteronuclear NOE ex-
periments on 3 and 4 were obtained with use of deuteriochloroform
as solvent and lock. The NOE difference spectra required ov-
ernight accumulation and were collected with a pulse delay of
5s.
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Selenoketones (selones) 2 are very important interme-
diates in the preparation of a variety of extremely sterically
hindered molecules.! They have interesting photochemical
properties? and also have proved to be very efficient spin
traps for a large number of common free radicals.® Un-
fortunately, further investigations of the properties and
reactivities of selones have been severely limited by dif-
ficulties in the preparation of these molecules.

The most widely used method for the preparation of
selones involves pyrolysis of a phosphoranylidene-
hydrazone (phosphazine) 1 in the presence of excess sel-
enium, affording the selone, nitrogen, and triphenyl-
phosphine selenide.* While these reactions can be op-
timized to afford the selones in typical yields of 66—-85%,
the yields are markedly affected by the age and purity of
the selenium powder. The purity of the phosphazine is
also important. Crystallization of the moisture-sensitive
phosphazines is often difficult, lowering overall yields, and
small amounts of hydrazone contaminants lead to signif-
icant reduction of the initially formed selones to unstable
selenols. Finally, and perhaps most importantly, the
temperature and rate of heating seem to be critical in the
pyrolysis reaction. The pyrolysis of phosphazines without
selenium affords diazo compounds in good to excellent
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1982, 47, 3563 and references therein. (b) Cullen, E. R.; Guziec, F. 8., Jr.;
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references therein.
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Product Selone Sezcl2 SeZBr2 c
&50 45% 65% 29%
7 (ref 4)
Se 76%
40% 25%
8 (50%)b (ref 4)
80%
%50 66% b 48%
) (61%)
Se —_ 70% §3%
10 (ref 1a)
E?:s. — 68% 54%
1
<}So 37% 73% 40%
12
80%
Se 53% p| 75%
13 (74%) (ref 1b)

@ Jsolated yield of pure product. ° Diisopropyl-
ethylamine used in place of triethylamine. ¢ Overall
yield of selone from hydrazone via triphenylphos-
phoranylidenehydrazone,

yield;*5 if the rate of heating in the selone preparation is
too rapid the selone initially formed can react with the in
situ generated diazo compound to afford an olefin in a
twofold extrusion reaction, significantly lowering selone
yields (Scheme I). Recently an alternative method for the
preparation of selenofenchone utilizing bis(tricyclohexyl-
tin) selenide (3)-boron trichloride has been reported.®
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Unfortunately this method uses relatively large amounts
of the selenium reagent and appears to be useful only for
the preparation of small quantitites of selones.

In our investigations of selone reactivity, we required
multigram quantities of these compounds. One potential
method for preparing selones in quantity would involve
the use of the selenium analogue 4a of the dimer of (p-
methoxyphenyl)thioxophosphine sulfide (4b), which is
widely used as a thionating reagent.” Unfortunately the

(5) Guziec, F. S. Jr.; Luzzio, F. A. J. Org. Chem. 1983, 48, 2434.
(6) Steliou, K.; Mrani, M. J. Am. Chem. Soc. 1982, 104, 3104.
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reaction of anisole with commercial phosphorus penta-
selenide under a variety of conditions analogous to the
preparation of 4b did not afford the desired selenating
reagent.?  Sulfur(I) chloride has also proved to be an
effective reagent for converting hydrazones to thiones.?
We therefore investigated the use of selenium(I) halides
in attempts to carry out the analogous selenations.

Treatment of a hindered ketone hydrazone with sele-
nium(I) chloride or selenium(I) bromide!® in the presence
of excess tertiary amine readily affords selones in good
yields (Table I). Yields were significantly better when
selenium(I) bromide!? was used than those with the cor-
responding chloride; changing the amine had less effect
on the selone yield. Direct preparation of the selone from
the hydrazone avoids the additional steps of phosphazine
formation and purification and also affords the selone in
consistently higher yields.

The mechanism for the reaction is intriguing (Scheme
II). Presumably nucleophilic attack of the hydrazone on
the selenium halide and fragmentation affords an unstable
N-selenonitrosimine (5), which rearranges to the 1,2,3-
selenadiazetine 6, which then extrudes nitrogen to afford
the selone. This suggested mechanism differs from that
proposed for the sulfur reagent.® In the first stage of the
selone preparation, 2 equiv of triethylamine hydrobromide
and selenium precipitate. At this point the crude mixture
typically contains no selone. The pyrolysis of the con-
centrate, presumably 5 or 6, affords only traces of selenium
as a residue, consistent with the expected pyrolysis of such
intermediates. A detailed spectroscopic examination of
these intermediates is unfortunately hampered by their
thermal sensitivity. Intermediates 5 and 6 could also be
potential intermediates in the phosphoranylidene-
hydrazone route to selones.!4

As mentioned earlier, one limitation of the phosphora-
nylidenehydrazone reaction was the inability to prepare
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Chim. Belg. 1978, 87, 223.
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literature procedure!! (See Experimental Section).
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these reagents. Both reagents give better yields of selones than the
corresponding sulfur halides give of thiones. Selenium halides are known
to be more stable than the corresponding sulfur halides.!®

(13) Cotton, F. A.; Wilkinson, G. “Advanced Inorganic Chemistry”,
2nd Ed.; Interscience: New York, 1966; p 539.

(14) Pyrolysis of an equimolar amount of diazo compound and tri-
phenylphosphine in the presence of selenium powder affords only traces
of selone (F. Guziec and C. J. Murphy, unpublished experiments). This
strongly suggests that the diazo compound is not an intermediate in this
reaction.

Notes

unhindered or moderately hindered selones due to com-
peting olefin formation. Attempts to use the selenium(I)
reagents to prepare selenobenzophenone, selenofluorenone,
or (£)-selenocamphor were similarly unsuccessful. In the
case of benzophenone or fluorenone, the corresponding
dimeric olefins were obtained in yields of 45% and 61%,
respectively, as the only characterizable products; in the
case of (£)-camphor apparently no olefin was obtained and
no characterizable products could be isolated. In no case
were diselenides observed. Despite these limitations, this
procedure appears to be the method of choice for preparing
very hindered selones in quantity.

Experimental Section

General Methods. Melting points were determined on a Fisher
Mel-temp apparatus and are uncorrected. GLC analyses were
performed with a GOW-MAC Series 550P T'CD gas chromato-
graph with a 80/100 mesh OV-101 column. Infrared spectra were
recorded with a Perkin-Elmer Model 283-B spectrometer. The
100-MHz 'H NMR spectra were recorded with a JEOLCO
JNM-PS-100 high-resolution spectrometer. The 200-MHz 'H
NMR and 3C NMR spectra were recorded with a Varian X1.200
high-resolution spectrometer. The 300-MHz !*C NMR spectra
were recorded on a Nicolet NT-300 spectrometer. Tetra-
methylsilane was used as an internal standard for 100- and
200-MHz spectra; deuteriochloroform was used as an internal
standard for 300-MHz spectra. Mass spectra were obtained on
a Hewlett-Packard 5995A gas chromatograph—-mass spectrometer
with an HP 9885M flexible disk drive. Elemental analyses were
performed by Galbraith Laboratories.

Triethylamine was distilled from barium oxide. Technical grade
dichloromethane was used without further purification. All
solvents were removed by rotoevaporation under reduced pressure
unless stated otherwise. Detailed *C and 7’Se NMR data on the
selones have been reported elsewhere.'®

Selenium(I) Bromide. A three-necked flask is fitted with a
dropping funnel, a gas inlet for nitrogen, and an outlet, which
leads through an air trap to a water trap. To a stirred solution
of 11.5 g of selenium dioxide (0.10 mol) in 89.5 g of 47-49%
aqueous hydrobromic acid (0.52 mol) was added 24 g of powdered
selenium metal (0.30 mol). Concentrated sulfuric acid (approx-
imately 40 mL) was added dropwise until hydrogen bromide gas
no longer evolved. (Care must be taken when adding the sulfuric
acid as the reaction is exothermic. An ice/water bath should be
kept nearby in the event that the reaction proceeds too rapidly.)
The nitrogen gas continuously flushes the reaction vessel of hy-
drogen bromide gas as well as providing a dry, inert atmosphere.
When gas evolution ceased a slight excess of sulfuric acid was
added slowly (10-20 mL): The sulfuric acid acts as a desiccant
for the selenium monobromide. The water-sensitive selenium(I)
bromide separates from the reaction mixture as a heavy, dark
metallic red liquid.. The reaction mixture was allowed to cool and
was then transferred to a 125-mL separatory funnel. The selenium
monobromide was removed and washed with several portions of
concentrated sulfuric acid until the acid layer was free of sus-
pended particles. Traces of sulfuric acid remain in the selenium
monobromide to stabilize it. The selenium(I) bromide was ob-
tained in quantitative yield, and the reaction scale could be
doubled with no lowering of yield. The crude isolated product
was used directly in the selenation reaction.

Selone Preparation: General Procedure. A solution of the
dry hydrazone'® (5 mmol) in dichloromethane (15 mL) and a
solution of selenium(I) bromide (5 mmol) in dichloromethane (15
ml) were simultaneously added dropwise over 15 min to a cooled
0 °C solution of freshly distilled triethylamine (11 mmol) in
dichloromethane (20 mL). The reaction mixture was then allowed
to come to room temperature and stirred for 30 min. The resulting

(15) Cullen, E. R.; Guziec, F. 8., Jr.; Murphy, C. J.; Wong, T. C,;
Andersen, K. K. J. Am. Chem. Soc. 1981, 103, 705; J. Chem. Soc., Perkin
Trans. 2 1982, 473. Wong, T. C.; Guziec, F. S., Jr.; Moustakis, C. A. J.
Chem. Soc. Perkin Trans. 2 1983, 1471.

(16) The hydrazones are typically hygroscopic and should be dried
before use. Simply drying a dichloromethane solution of the hydrazone
with anhydrous sodium sulfate before use is satisfactory.



dJ. Org. Chem. 1984, 49, 191-193 191

suspension was filtered under vacuum to remove triethylamine
hydrobromide and selenium, and the filtrate was washed with
water, quickly filtered through a layer (~4.0 g) of potassium
carbonate, and dried over sodium sulfate. The dichloromethane
was removed under reduced pressure on a rotary evaporator below
room temperature, and the residue was carefully pyrolyzed (~
50-75 °C) with a heat gun in a bulb-to-bulb distillation apparatus
under reduced pressure, continually collecting the volatile selone
in a dry ice/acetone-cooled receiver. Generally, the selone is pure
by GLC and no further purification is necessary.

2,2,4,4-Tetramethylpentane-3-selone (7). Deep blue selone
7 was obtained from hydrazone!” in 65% yield by distillation at
0.1-5 torr. All physical constants and spectra were identical with
those reported in the literature.

(-)-Selenofenchone (8). The deep blue selone 8, identical
in all respects with that previously reported,* was obtained from
the hydrazone!’ in 76% yield, by distillation at 0.5-5 torr.

2,2,5,5-Tetramethyl-3-oxocyclopentaneselone 3-Ethylene
Ketal (9). Deep blue selone 9 was prepared from the hydrazone!®
by a modification of the general procedure. Three equivalents
of triethylamine were used, and the filtrate was washed with water
instead of dilute hydrochloric acid. The selone was obtained in
80% yield by distillation at 0.5-5 torr; bp 70 °C (0.1 torr) (Ku-
gelrohr oven temperature); 'H NMR (CCl,) 4 3.90 (s, 4 H), 2.17
(s, 2 H), 1.32 (s, 6 H), 1.16 (s, 6 H); 13C NMR (CDCly) 6 292.75
(C=Se), 117.48, 65.04, 60.16, 46.22, 31.67, 23.86; MS, m/e 262
(¥Se) (M™); IR (neat) 1470, 1450, 1380, 1360, 1300, 1220, 1160,
1140, 1070, 1050, 1020, 980, 950, 785, 760 cm™, Anal. Caled for
C11H50.8e: C, 50.58; H, 6.93. Found: C, 50.87; H, 6.82.

Preparation of selone 9 via the phosphazine, mp 140-140.5 °C
dec, according to the standard procedure'® afforded this compound
in 48% overall yield.

2,2,5,5-Tetramethyl-3-cyclopenteneselone (10). Deep blue
selone 10 was prepared by a modification the general procedure
using 6.3 mmol of hydrazone.!® Since this selone is quite volatile,
the solvent was removed by a stream of nitrogen at atmospheric
pressure. Selone 10, identical with that previously reported,®
was obtained in 70% yield by distillation at 16-20 torr. This
reaction was also run on a 33-mmol scale, affording 10 in 60%
yield.

2,2,5,5-Tetramethylcyclopentaneselone (11). Deep blue
selone 11 was prepared from the hydrazone,'® according to the
general procedure. The selone was isolated in 68% yield by
distillation at 16-20 torr: mp 74-77 °C; 'H NMR (CDCl;) 6 1.21
(12 H, s), 1.93 (4 H, s); 13C NMR (CDCly) 6 297.8 (C=Se), 64.2,
37.4, 29.3; MS, m/e 204 (M*) (¥Se); IR (film) 1461, 1381, 1361,
1220, 1056 cm™. Anal. Caled for CoH¢Se: C, 53.20; H, 7.94.
Found: C, 53.02; H, 7.86.

2,2,6,6-Tetramethylecyclohexaneselone (12). Deep blue
selone 12 was prepared from the hydrazone, mp 46-47 °C, by the
general procedure. The selone was obtained in 73% yield, by
distillation at 0.1-5 torr: bp 28 °C (0.05 torr) (Kugeirohr oven
temperature); 200-MHz 'H NMR (CDCl;) § 1.39 (12 H, s),
1.78-1.79 (6 H, br s); 3C NMR (CDCl,) 8 294.7 (C=Se), 58.9, 38.4,
33.5,18.3; MS, m/e 262 (M*) (¥Se); IR (neat) 1465, 1450, 1380,
1360, 1220, 1065, 990, 975, 760 cm™. Anal. Calcd for C,oH;gSe:
C, 55.30; H, 8.35. Found: C, 55.42; H, 8.46.

Preparation of selone 12 via the phosphazine, mp 115-123 °C,
according to the standard procedure'® afforded this compound
in 40% overall yield.

1,1,3,3-Tetramethylindan-2-selone (13). Deep blue selone
13 was prepared from the hydrazone, according to the general
procedure. Selone 13, identical with that previously reported,>%
was obtained in 80% yield by distillation at 0.5-5 torr; IR (neat)
1590, 1485, 1455, 1375, 1358, 1310, 1050, 1020, 755 cm™.
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The aerosol direct fluorination method provides a con-
tinuous process for the production of perfluorocarbons
from hydrocarbons with efficient fluorine utilization and
minimal fragmentation.! The application of this process
to alkanes, ethers, cycloalkanes, ketals, and ketones has
been demonstrated.’® Whereas the aerosol direct fluo-
rination of alicyclic ketones yields the corresponding
perfluoro ketone as the majority product,? aerosol fluori-
nation of cyclic ketones has produced none of the per-
fluorinated analogues. In the case of cyclopentanone, the
major product was F-pentanoyl fluoride, resulting from the
opening of the cyclopentyl ring;? aerosol direct fluorination
of cyclohexanone produced only nonvolatile products; no
evidence for the formation of F-cyclohexanone was found.*
However, on employment of a two-step process, per-
fluorocyclopentanone and perfluorocyclohexanone have
been synthesized. Sulfuric acid hydrolysis of the appro-
priate perfluorinated ketal or ether, formed via aerosol
fluorination of the corresponding ketal or ether, produced
the corresponding perfluoro cyclic ketone in high yields.

Previous preparations of F-cyclopentanone and F-
cyclohexanone are relatively few in number; the only
synthesis involving direct fluorination is that reported by
Holub and Bigelow wherein F-cyclopentanone was formed
in trace amounts from the direct fluorination of cyclo-
pentanone.’ F-Cyclopentanone and F-cyclohexanone have
been prepared via the treatment of the corresponding
2,2-dichloroperfluoro cyclic ketones or 1,2-dichloroper-
fluorocycloalkene epoxides with potassium fluoride in
tetramethylene sulfone® and by the contact of Lewis acids
or bases with the appropriate perfluor olefin epoxides.” In
addition to the above methods, Tatlow et al.® prepared
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