NoTEs

Experimental Section®

The general telescoped procedure is illustrated with biphenyl-
carbonyl chloride as substrate as follows. To a stirred solution
of 2 g (0.009 mol) of the acid chloride (G & C Chemical Co.,
Belleville, N. J.) and 1.7 g (0.01mol) of bistrimethylsilylacetylene?
in 25 m! of methylene chloride (dried by storing over molecular
sieves) cooled in ice-water was added 1.4 g (0.01 mol) of anhy-
drous aluminum chloride. After stirring for ca. 3 min, the cooling
bath was removed. The reaction mixture was stirred at room
temperature for 2 hr and then was poured into ice-water and the
organic product was extracted into ether. Drying and evaporat-
ing the ether left the trimethylsilylacetylenic ketone 2 (R =
biphenyl) which was treated with 20 ml of cold 0.1 M/ methanolic
sodium methoxide. The cooling bath (ice~water) was removed
after ca. 1 min and the mixture was stirred for 10 min to effect
conversion to 3 (R = biphenyl). The resulting solution of 3
was cooled (ice-water), 1.2 g (0.031 mol) of solid sodium borohy-
dride was added, the cooling bath was removed, the mixture was
stirred for 20 min and poured into ice—water, and the g-hydroxy
dimethyl acetal 4 (R = biphenyl) was isolated by extracting with
ether and drying and evaporating the ethereal solution. Crude 4
was dissolved in 40 ml of dioxane, 20 ml of 4 N aqueous hydro-
chloric acid was added, and the mixture was heated on the steam
bath at 80~85° (internal temperature) for 5 min and then allowed
to cool for another 5 min. The reaction mixture was poured into
ice~water to give the a,8-unsaturated aldehyde 6 (R = biphenyl)
as an off-white solid, yield 1.55 g (849 from the acid chloride),
mp 106-115°. Uv comparison with an analytical sample indi-
cated it to be 819 pure. [Analytically pure aldehyde could be
obtained by thick layer chromatography on 2-mm silica gel using
n-hexane-EtOAc (4:1) for development; R:ca 0.8.] It melted
at 119-121° (lit.7 mp 120-121°), Ne%® 318 nm (e 33,300).

Liquid aldehydes (e.g., cinnamaldehyde) were isolated from
the hydrolysis mixture by extraction into ether,

With the biphenylchloroearbonyl substrate the various inter-
mediates involved in the conversion (eq 1) were isolated (by
quenching in ice—water and extracting with ether after the appro-
priate time interval indicated in the telescoped procedure) and
characterized.

p-CeH;CeH,C(—0)C=CSiMe;.—The analytical sample melted
at 71-73° (from petroleum ether, bp 30-60°): R: on tlc
(n-hexane-EtOAc) ca. 0.9; No&r 4.7 (C=C, v weak), 6.13
(acetylenic ketone), and 6.25 u (aromatic).

Anal. Ca].Cd for ClsHlsOSi (27841)
Found: C,77.74; H, 6.47.

p-CeH:;C;H,C(=0)CH,CH(OMe);.—The analytical sample
obtained by thick layer chromatography using n-hexane-EtOAc
(4:1) for development melted at 35-38°: . Ri ca. 0.3; Now 5.95 u;
mass spectrum m/e 270 (M*), 75 [CH(OMe).].

Anal. Caled for CyHiOs (270.31): C, 75.53;
Found: C,75.28; H, 6.57.

p-C:H;C.H,CHOHCH,CH(OMe);..—The analytical sample ob-
tained by thick layer chromatography (CsHe~EtOAc 4:1) melted
at 57-59°, Aumr 3.0 4 (OH), Ry (CeHe—EtOAc4:1) ca. 0.35.

Anagl. Caled for CpH.0; (272.33): C, 74.97; H, 7.40.
Found: C,74.92; H, 7.45.

p-CeH:C:H.CHOHCH,CH(OH),.—Treating 4 (R = biphenyl)
dissolved in a small amount of ether with 6 N aqueous hydro-
chloric acid at room temperature for 15 min gave the hydrated
aldehyde as a colorless solid, mp 135-140°, as indicated by ir,
nmr, and mass spectral analysis. Treatment of the hydrated
aldehyde with 4 N HCl-dioxane as described above gave the
unsaturated aldehyde 6 (R = biphenyl)in 929 yield.

Cyclohexyl-COCl — Cyclohexyl-CH=CHCHO.,—Using the
telescoped procedure described above, cyclohexylcarbonyl
chloride (Eastman) was converted to g-cyclohexylacrolein® in
40-45%, yield. (The crude aldehyde was converted directly to
its semicarbazone® by the usual method.® The yield of aldehyde
indicated is based on the amount of semicarbazone obtained.)

C, 77.65; H, 6.52.

H, 6.71.

(6) Melting points are uncorrected. The thin layer and thick layer (2
mm) plates used were obtained from Analtech Inc., Newark, Del. Uy light
was used for spot visualization., Mass spectrs were determined on an AEI
MB8-9 spectrometer at 70 eV.

(7) C. Jutz, Chem. Ber., 91, 1874 (1958).

(8) E. D. Venus-Danilova, J. Gen. Chem. USSR, 4, 866 (1934); Chem.
Abstr., 29, 21523 (19385).

(9) R. L. Shriner and R. C. Fuson, “Identification of Organic Com-
pounds,”’ 3rd ed, Wiley, New York, N. Y., 1948, p 170.
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Benzoyl Chloride — Cinnamaldehyde.—Using the telescoped
procedure, benzoyl chloride was converted to cinnamaldehyde in
78% yield. (Here too, as in the previous experiment, the yield
was established by conversion to its semicarbazone derivative.)

Registry No.—1, 14630-40-1; 2 (R = biphenylyl),
39703-85-0; 3 (R = biphenylyl), 39703-86-1; 4 (R =
biphenylyl), 39703-87-2; 5 (R = biphenylyl) hydrated
aldehyde, 39703-88-3; 6 (R = biphenylyl), 39703-89-4;
biphenylearbonyl chloride, 14002-51-8; cyclohexyl-
carbonyl chloride, 2719-27-9; g-cyclohexylaerolein,
935-03-5; benzoyl chloride, 98-88-4; cinnamaldehyde,
104-55-2.
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Studies on the stereoselective synthesis of carbohy-
drates by telomerization of vinylene carbonate with
polyhalogenomethanes! have shown the need for the
mild and selective reduction of tri- or dihalogeno-
methyl groups to di- or monohalogenomethyls, and,
among the reductive agents previously reported,? only
Ni(CO), is satisfactorily effective for the present pur-
pose.? The reduction of polyhalide is important as the
preparative method for synthetically difficult lower
halides.

In this paper we describe the smooth and mild con-
version of polyhalogenomethyl groups to di- or mono-
halogenomethyls by simple irradiation with an ultra-
violet lamp in tetrahydrofuran (THF). The solutions
of tri~ or dihalogenomethyl compounds (ca. 1 X 10!
M) were irradiated either with a high- or low-pressure
mercury lamp at room temperature and reduction is
usually completed within several hours. This reaction
does not proceed in the dark. The results are sum-
marized in Table I.

Polyhalides such as 1,1,1,3-tetrabromononane,
1,1,1,3-tetrachlorooctane, and telomers of vinylene car-
bonate with CCl; (1a and 2a)!* could be reduced ex-
clusively to dihalogenomethyl compounds without any
detectable amount of monohalogenomethyls, while the
benzylic trichloromethyl compound underwent a
smooth reductive dimerization to 1,1,2,2-tetrachloro-
1,2-diphenylethane in analogy with the case by

(1) T. Tamura, T. Kunieda, and T. Takizawsa, Tetrahedron Lett., 2219
(1972).

(2) C. A. Buehler and D. E. Pearson, “Survey of Organic Syntheses,”
Wiley-Interscience, New York, N. Y., 1970, p 408; E. T. Chukovskaya,
A. A. Kamyshova, and R. K. Freidlina, Zh. Org. Khim., 8, 1358 (1987);
I. M. Downie and J. B. Lee, Tetrahedron Lett., 4951 (1968); R. G. Petrova
and R. K. Freidlina, Izv. 4kad. Neuk SSSR, Ser. Khim., 1574 (1970);
E. T. Chukovskaya, N. A. Kuzmina, and R. K, Freidlina, ibid., 2343 (1970).

(3) T. Kunieda, T. Tamura, and T. Takizawa, Chem. Commun., 885
(1972).

(4) T. Tamura, T, Kunieda, and T. Takizawa, in preparation.



2256 J. Org. Chem., Vol. 38, No. 12, 1973 Notes
Tapir I
Irradiation
Registry Concn, time, Registry Yield,®
Compd no. mol/l. hr Product no. %

1,1,1,3-Tetrabromo- 1070-25-3 0.11 8 1,1,3-Tribromo- 1071-51-8 69 (0)e

nonane nonane
1,1,1,3-Tetrachloro- 18088-13-6 0.12 11 1,1,3-Trichloro- 4905-80-0 78 (0)

octane octane
la 0.20 3 1b 76 (4)
2a 0.04 0.5 2b 74 (0)
Carbon tetra- 558-13-4 0.20 0.1 Bromoform 75-25-2 780 (10)

bromide
7,7-Dibromo- 2415-79-4 0.02 6 7-Bromo- 1121-40-0 24 (13)

norcarane norcarane (endo)

1121-41-1
(exo0)
Benzotrichloride 98-07-7 0.12 4 1,1,2,2-Tetra~ 13700-81-7 40 (7)
chloro-1,2-di-
phenylethane

@ Isolated yields. ? Determination by gle.

H H H H H
| Yy
Rl R
O\C/O O\C/O O\C/O
| I |
0 0 0]
la, R =CCl, 2a, R =CCl,
b, R =CHC], b, R = CHClL,
Ni(CO)s.? 7,7-Dibromonorcarane® gave a mixture of

cis- and trans-7-bromonorcarane in a ratio of 2.2:1,
which is similar to that in the reduction v¢a radical inter-
mediates by tri-n-butyltin hydride® or methylmagne-
sium bromide,’™ while 1,1-dibromocyclohexane did not
give 1-bromocyclohexane under the same conditions.

This reaction would involve the initial formation of
dihalomethyl radicals as important intermediates by
action of uv light followed by hydrogen abstraction
from tetrahydrofuran.™ The more stable intermediate,
dichlorobenzyl radical, would couple more rapidly than
abstract hydrogen from the solvent.

X
rex, 2= R+ Xx-
X

X
RC<X + [(')j — RCHX, + I'\:J_

This mild and selective reduction is a feasible method
as a general route to dihalogenomethyl compounds.

Experimental Section

The melting and boiling points are uncorrected. The nmr
spectral data (CDCl;, TMS internal standard, J in hertz) were
obtained using a JEOL PS-100 nmr spectrometer, the gle data
using a YANACO G-800 gas chromatograph (SE-30 column).
Trradiations were carried out either with a HALSS PIL-60 (low
pressure) or a HALSS PIH-500 (high pressure) at room tempera-
ture and the average distance of the irradiated solution from the
light source was 4 cm.

1,1,3-Tribromononane.—1,1,1,3-Tetrabromononane was pre-
pared by the addition of carbon tetrabromide to 1-octene accord-

(5) W. von E. Doering and A. K. Hoffmann, J. Amer. Chem, Soc., 76,
6162 (1954).

(8) D. Seyferth, H. Yamazaki, and D. L. Alleston, J. Org. Chem., 28,
703 (1963); H. G. Kuivile, L. W. Menapsace, and C. R. Warner, J. Amer.
Chem. Sc., 84, 3584 (1962).

(7) (a) Cf. D. Seyferth and B. Prokai, J. Org, Chem., 81, 1702 (1966). (b)
Determination of the fate of the tetrahydrofuran radicals as well as the
mechanistic evidence awaits further investigation.

¢ Recovery of starting material in parentheses (%).

ing to the reported method.? 1,1,1,3-Tetrabromononane (5.0 g,
11.3 mmol) was dissolved in THF (100 ml) and irradiated in a
Pyrex vessel with a high-pressure mercury lamp for 8 hr. The
solvent was removed 7n vacuo and chromatography of the residue
on silica gel (n-hexane) followed by distillation under diminished
pressure gave 1,1,3-tribromononane (2.8 g, 699) as a colorless
liquid: bp 126-127° (5 mm); nmr § 1.30 (m, 13 H), 2,70 (d d,
Jy =10,J, = THz, 1 H),280 (dd, J; = 10, J, = 7 He, 1 H),
410 (tt,J =7Hz,1H),5.90(t,J = 7Hz, 1 H). Anal. Caled
for CoHyBrs: C, 20.62; H, 4.97. Found: C, 29.56; H, 4.71.

1,1,1,3-Tetrachlorooctane.—1-Heptene (19.6 g) and carbon
tetrachloride (92.4 g) were heated under a nitrogen atmosphere
for 9 hr, and benzoyl peroxide (1.45 g) was added every 3 hr.
The solvent was removed in vacuo and the product was purified
by distillation to give 1,1,1,3-tetrachlorooctane: bp 98-99°
(2.5mm); nmr $ 1.30 (m, 11 H),3.00(d d, J, = 16, J; = 5 Hg,
1H),3.80(dd,J; = 16,J, = 5Hz, 1 H), 4.20 (m, 1 H). Anal.
Caled for CsHuCle: C, 388.12; H, 5.60. Found: C, 38.36; H,
5.50.

1,1,3-Trichlorooctane.—1,1,1,3-Tetrachlorooctane (3.0 g, 12
mmol) was dissolved in THF (100 ml) and irradiated in a quartz
vessel with a low-pressure mercury lamp for 11 hr. The solvent
was removed n vacuo and the residue was chromatographed on
silica gel (n-hexene) to give 1,1,3-trichlorooctane (2.8 g, 78%) as
a colorless liquid: bp 98-99° (10 mm); nmr 3 1.35 (m, 11 H),
250(dd,Ji =9,J, =6Hz,1H),260(dd,Jy =9,J; = 6 Hz,
1H), 410 (tt,J =6Hz, 1 H),6.00(dd,Jy =7,J; =5 Hz,
1 H). Anal. Caled for CsHisCly: C, 44.17; H, 6.95. Found:
C, 44.46; H, 6.92.

Irradiation with a high-pressure mercury lamp gave a similar
result.

4-Chloro-5-dichloromethyl-1,3-dioxolan-2-one (1b).~—4-Chloro-
5-trichloromethyl-1,3-dioxolan-2-one (1a), mp 53-54° (4.8 g, 20
mmol), was dissolved in THF (100 ml) and irradiated in a quartz
vessel without filter with a high-pressure mercury lamp for 3 hr.
The solvent was removed in vacuo and purification by chromatog-
raphy on silica gel gave 4-chloro-5-dichloromethyl-1,3-dioxolan-
2-one (1b) (3.1 g, 76%) in addition to the unchanged material
(0.2 g). Recrystallization from n-hexane gave an analytical
sample of 1b as colorless prisms: mp 31-33°; ir (neat) 1830
em™ (ve=o0); nmrd 5.05(dd, J1 = 4, J; = 2.5 Hz, 1 H), 5.95
(d,J = 4Hz 1H),6.20(d,J = 2.5 Hz, 1 H). Anal. Caled
for C.H;0:Cl;: C, 23.39; H, 1.47. Found: C, 23.33; H, 1.39.

5-Chloro-5/-dichloromethyl[4,4’-bi-1,3-dioxolane]-2,2’-dione

(2b).—5-Chloro-5'-trichloromethyl[4,4’-bi-1,3-dioxolane]-2,2’-di-
one (2a)! (mp 185-186°, 1.3 g, 4 mmol), prepared by telomeriza-
tion of vinylene carbonate with carbon tetrachloride, was dis-
solved in THF (100 ml) and similarly irradiated with a high-
pressure mercury lamp for 0.5 hr.  After removal of the solvent the
product was purified by chromatography on silica gel and re-
crystallized from carbon tetrachloride to give dichloromethyl
compound 2b (864 mg, 74%) as colorless prisms: mp 115-116°;
ir (Nujol) 1830 em™ (vcm0); nmr (CHCN) & 3.15 (m, 3 H),

(8) M. 8. Kharasch, E. V. Jensen, and W. H, Urry, J. Amer. Chem. Soc.,
69, 1100 (1947).
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6.20 (d,J = 3Hz, 1 H),6.60 (d,J = 2Hz, 1 H). Anal.- Caled
for C:H:0,Cls: C, 28.85; H, 1.73. Found: C, 29.01; H, 1.69.

Bromoform.—Carbon tetrabromide (0.65 g, 1.95 mmol) was
dissolved in THF (10 ml) and irradiated through a Pyrex filter
with a high-pressure mercury lamp for 6 min. The major product
(789 yield by gle analysis) was identified as bromoform by
direct comparison.

7-Bromonorcarane.—7,7-Dibromonorcarane® (4.9 g, 19.1 mmol)
was dissolved in THF (1000 ml) and irradiated with a low-pressure
mereury lamp under an argon atmosphere for 6 hr. Removal of
the solvent followed by chromatography on silica gel (n-hexane)
gave a mixture of ¢fs- and irans-7-bromonorcarane in a ratio of
2.2:1 (0.8 g, 24%) as a colorless liquid in addition to the starting
material (0.66 g): bp 78° (16 mm); nmr s 1.35 (m, 10 H), 2.55
(t, J = 8 Hz, 0.3 H, trans isomer), 3.25 (t, J = 8 Hz, 0.7 H, cis
isomer); gle retention time (120°), trans isomer 5.1 min, ecis

isomer 6.2 min. The nmr and glc data were identical with those

of the authentic sample prepared by the literature method.”

1,1,2,2-Tetrachloro-1,2-diphenylethane.—A solution of benzo-
trichloride (2.35 g, 12 mmol) in THF (100 ml) was irradiated in
8 Pyrex vessel with a high-pressure mercury lamp for 4 hr.
Purification of the product by chromatography on silica gel gave
dimeric compound, 1,1,2,2-tetrachloro-1,2-diphenylethane (0.77
g, 409,), together with a trace of benzal chloride and the un-
changed material (156 mg). The dimer was recrystallized from
n-hexane to give colorless prisms, mp 163°, whose ir spectrum was
identical with that of the authentic sample.®

Registry No.—la, 39010-29-2; 1b, 39010-30-5;
2a, 39010-31-6; 2b, 39010-32-7; 1-heptene, 592-76-7;
carbon tetrachloride, 56-23-5.

(9) G. Sanna, Chem. Zentr., II, 2345 (1937).
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Photolysis of unsaturated sultones of general struc-
ture 1, when carried out in methanol solution or in
ether solutions containing benzylamine, has been shown
to give ketosulfonic acid derivatives (2).2:?

(\ @

| —

o050 Np S0.Z
! 2

Z = Me, NHCH,Ph

We have found that when photolysis is carried out
in the absence of a nucleophile the product is a buteno-
lide. Thus, irradiation of 4-hydroxy-2-methyl-1,3-
pentadiene-1-sulfonic acid sultone (3a)* in ether solu-
tion employing a medium-pressure mercury lamp
yielded 2-methyl-4-hydroxy-2-pentenocic acid lactone
(4a)® in 659, yield. Similarly irradiation of the sul-

(1) Taken in part from the Ph.D. Thesis of B. Gorewit, Brandeis Uni-
versity, 1973.

(2) E. Henmo, P. de Mayo, A. B. M. A, Sattar, and A. Stoessl, Proc.
Chem. Soc., 238 (1961). .

(3) J. F. King, P. de Mayo, E. Morkved, A. B. M. A. Sattar, and A.
Stoessl, Can. J. Chem., 41, 100 (1963).

(4) T. Morel and P. E. Verkade, Recl. Trav. Chim. Pays-Bas, 68, 539
(1949).

(5) H. C. Volger, W. Brackman, and J. W. F. M, Lemmers, ibid., 84,
1203 (1965).
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tone 3b* gave the butenolide 4b® in 539, yield. The
loss of sulfur monoxide in these reactions is evidenced

R,
2 R1
o N 1 /(___&
I —
R O/So2 RS 0" 70
3 4

a, R, =R, = Me
b, R, = Me; R, = Ph

by the formation of both sulfur dioxide and mono-
clinic sulfur.”8

Although the detailed mechanism of this transfor-
mation has not been defined, initial formation of a
dicarbonyl intermediate 5 through photochemically
induced loss of sulfur monoxide from 3 seems likely.®
Further transformation of the unsaturated keto
aldehyde through photochemical y-hydrogen abstrac-
tion, decay to the ground state, and cyclization of the
ketene 6 has a close parallel in the photochemical con-

R, R R,
B A~ H I ZN s
3 o — I S
R, O R R, ~OH
5 6

7 Sou©

version of 2-formylbenzophenone,!® 2-formylacetophe-
none,* and phthalaldehyde® ¥ to the corresponding
pthalides. In these reactions clear evidence has been
adduced for y-hydrogen abstraction in the keto alde-
hyde and for the intermediary of an enol ketene ¢

Sensitized photolysis of these sultones, carried out
in the presence of benzophenone, leads to the formation
of dimeric products. The infrared spectra of these
dimers preserved the moderately intense band near
1680 cm—1, present in the starting material, which is
assigned to the enol sulfonate grouping.” However,
a second moderately intense absorption band in the
starting material near 1580 em™?, assigned to the re-
maining double bond, is uniformly absent from the
dimers.’® These observations eliminate all possible

(6) F. Ramirez and M. B. Rubin, J. Amer. Chem. Soc., TT, 3768 (1955).

(7) P, W, Schenk and R. Steudel, Angew. Chem., Int. Ed. Engl., 4, 402
(1965).

(8) The loss of 802 on irradiation of a similarly constituted sultone in
dyglyme solution has previously been reported by J. L. Charlton and
P. de Mayo, Can. J. Chem., 46, 55 (1968).

(9) Sulfenes may be intermediates in this reaction. The photochemical
rearrangement of the closely related sulfines to carbonyl compounds through
an excited singlet statel® has been reported for a number of such com-
pounds.10:t1  Although the corresponding photochemical rearrangement of
a sulfene has hitherto not been observed, high-temperature thermolysis of
thiete 1,1-dioxides is reported to give a,8-unsaturated ketones or aldehydes
formed apparently through initial cycloreversion to a vinyl sulfene followed
by loss of 80,12

(10) A. G. Schultz and R. H. Schlessinger, Chem. Commun., 1483 (1969);
R. H. Schlessinger and A. G. Schultz, Tetrahedron Lett., 4513 (1969).

(11) R. Zwanenburg, L. Thys, and J. Strating, ibid., 3453 (1967). J. F.
King and T. Durst, J. Amer. Chem. Soc., 88, 2676 (1963); Can. J. Chem.,
44, 819 (1986).

(12) C. L. MeIntosh and P. de Mayo, Chem. Commun., 32 (1969).

(13) M. Pfau, E. W, Sarver, and N, D. Heindel, C. R. 4cad. Sci., Ser. C,
268, 1167 (1969).

(14) P, Yates, A. C. Mackay, and F. X. Garneau, Tetrahedron Lelt., 5389
(19868).

(15) 8. P, Pappas and J. E. Blackwell, ibid., 3337 (1968),

(16) K. F. Cohen, J. T. Pinhey, and R. J. Smith, 4bid., 4729 (1968).

(17) P. E, Peterson and J. M. Indelicato, J. Amer. Chem. Soc., 90, 6515
(1968), have reported absorption near 1880 em=! for & number of enol
tosylates and brosylates.

(18) Divinyl sulfone exhibits absorption at 1613 cm ~ (Satler ir no. 13512).



