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Organotin hydrides can bring about replacement of
the halogen in alkyl,?® aryl,®*® benzoyl® and acyl,
halides by hydrogen. Stepwise reduction of chloro-
methanes with triphenyltin hydride® and of benzotri-
chloride®® and gem-dihalocyclopropanes' with tri-n-
butyltin hydride has been accomplished.

In a mechanistic study of the reduction of alky! halides
by organotin hydrides, Kuivila, et al.,*' have shown
that the reaction is not of the Sx1 or SN2 type. Very
importantly they found that the reduction is catalyzed
by azobisisobutyronitrile which suggests a radical chain
mechanism.,

We also have found that an Sx1 or SN2 mechanism is
unlikely by observing that triphenyltin hydride can
reduce 1-bromonorbornane,' a bridgehead halide which
does not readily undergo Sx1 or Sn2 type reactions.'?
For example, triphenyltin hydride reacted with 1-
bromonorbornane in cyclohexane at the reflux tem-
perature to give norbornane in 55% yield and triphenyl-
tin bromide in 499, yield. The yield of norbornane in
this reaction is based on gas-liquid chromatography
data, whereas the yield of triphenyltin bromide is based
on product isolation. The lower value for the triphenyl-
tin bromide is probably due, at least in part, to losses
during purification. There is strong, but not entirely
conclusive, evidence that benzene also is formed in this
reaction. The vapor phase chromatogram of the cyclo-
hexane solution of the reaction mixture contained an
extra band whose retention time was identical to that
for benzene. Also, the infrared spectrum of the cyclo-
hexane solution of the reaction mixture contained a
small band at 14.87 « which also suggests the presence of
benzene. Although we have no conclusive proof, the
benzene may have arisen via the decomposition of the
triphenyltin hydride. Benzene is also one of the prod-
ucts of the reaction between triphenyltin hydride and
benzylamine!®'* and between triphenyltin hydride and
2-thenoic acid.'®

Triphenyltin hydride also can reduce other bridge-
head bromides, namely 1-bromotriptycene and 1-bromo-
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apocamphane. The results are summarized in Table
I. In the case of the bridgehead bromides the yield of
reduction product, especially when based on product
isolation, is often less than the yield of triphenyltin
bromide. We tentatively attribute this to the difficulty
in separating the reduction product from the starting
bromide and to losses owing to the high volatility of the
reduction product.

It should be noted that in some cases hexaphenyldi-
tin and tetraphenyltin were isolated from the reaction
mixture. The precise origins of these by-products were
not investigated. The hexaphenylditin may have arisen
via the decomposition of triphenyltin hydride, a reaction
which is known to oceur,13.16

We have found triphenyltin hydride to be very reac-
tive towards cis- and trans-a-bromostilbene. For ex-
ample, when triphenyltin hydride and cés-a-bromostil-
bene are mixed at ca. 26°, an exothermic reaction occurs,
the temperature rising to 42°. The products isolated
from this reaction were trans-stilbene (98.09;) and tri-
phenyltin bromide (73.89). When this reaction was
carried out at ca. 26 to 29°, the products were trans-
stilbene (61.19), cis-stilbene (30.5%), and triphenyltin
bromide (72.09%). Triphenyltin hydride also reacted
readily with trans-e-bromostilbene at ca. 26 to 30° to
give triphenyltin bromide in 71.79 yield, trans-stilbene
in 54.19% yield, and cis-stilbene in 38.69, yield. No
isomerization of the starting bromide or of the initially
formed stilbenes would be expected to occur under the
mild reaction conditions employed or during the isola-
tion procedure employed. Furthermore, although the
percentages of cis-stilbene and trans-stilbene are based
on product isolation, the values are probably quite close
to the actual amounts of these stilbenes formed in the
reaction. The isolation procedure was similar to that
employed by Curtin and Harris! to separate cis-stilbene
from trans-stilbene. The effectiveness of the procedure
in the present case was demonstrated by applying it to a
known mixture of trans-stilbene, cis-stilbene, and tri-
phenyltin bromide. These three compounds were re-
covered in yields of 98.7%, 100%, and 79.09,, re-
spectively.

The stereochemical results obtained with the a-
bromostilbenes are consistent with a free radical mech-
anism. It is hoped that a study of the effect of sub-
stituents on the kinetics of this reaction will provide
more detailed information concerning the mechanism.

Experimental

Melting points were determined in open capillaries using an
electrically heated aluminum block and are uncorrected. Each
triphenyltin hydride reduction was carried out in a nitrogen atmos-
phere. The triphenyltin bromide obtained in each reduction was
identified by mixture melting point determination and infrared
spectral comparison with a known sample.

1-Bromonorbornane.—This compound was prepared from nor-
bornane-1-carboxylic acid® by a procedure similar to that de-
scribed for the preparation of 1-bromoapocamphane.’® The silver
salt of norbornane-1-carboxylic acid (17.7 g.) afforded 8.3 g.
(65.09%) of 1-bromonorbornane, b.p. 56° (18 mm.), n%p 1.5085,
lit.? b.p. 57-58° (21 mm.).
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TaBLE I

REDUCTION OF BRIDGEHEAD BROMIDES AND a-BROMOSTILBENES BY TRIPHENYLTIN HYDRIDE

— % yield®
Reduction Triphenyltin
Reduction no. Bromide Conditions product bromide
18 1-Bromonorbornane 80°, neat, 24 hr. ¢ 10.0
2° 1-Bromonorbornane benzene, reflux, 24 hr. c 45.1
1-Bromonorbornane diethyl ether, reflux, 24 hr. c 43.0
1-Bromonorbornane cyclohexane, reflux, 24 hr, ¢ 48.8
3 1-Bromonorbornane 80°, neat, 24 hr. 9.3 17.2
44 1-Bromonorbornane cyclohexane, reflux, 24 hr. 55° c
5 1-Bromotriptycene benzene, reflux, 24 hr. 26.3 51.8
6 1-Bromotriptycene ca. 26°, neat, 24 hr. 8.8 7.8
7 1-Bromoapocamphane benzene, reflux, 20 hr, c 35.1
87 1-Bromoapocamphane 80°, neat, 24 hr. 6.8 26.5
9 1-Bromoapocamphane benzene, reflux, 20 hr. 22° ¢
10 cis-a-Bromostilbene ca. 26 to 42°, neat 98.0 (trans) 73.8
cis-a-Bromostilbene ca. 26 to 29°, neat 30.5 (cis) 72.0
61.1 (trans)
11 trans-a-Bromostilbene ca. 26 to 30°, neat 38.6 (cis) 71.7

@ Unless otherwise noted, the yields are based on product isolation.
¢ Based on g.l.c. data.

isolated. ¢ Benzene also probably was formed.

Reduction of 1-Bromonorbornane with Triphenyltin Hydride.
Reduction No. 3.—Triphenyltin hydride (35.1 g., 0.10 mole) and
17.5 g. (0.10 mole) of 1-bromonorbornane were heated at 80 =+
5° with stirring for 24 hr. after which time the mixture had be-
come a thick cream-colored paste. Distillation of the reaction
mixture gave 10.0 g. (567.09%) of unchanged 1-bromonorbornane,
b.p. 61-62° (25 mm.), n%Dp 1.5065. In a Dry Ice trap connected
to the distillation receiver was found 0.900 g. (9.3%,) of norbor-
nane, m.p. 70-74°.  After sublimation, the melting point was 85~
87°, lit.” m.p. 86-87°, and was undepressed on admixture with
an authentic sample of norbornane. The infrared spectrum (5%,
solution in carbon tetrachloride) was superimposable upon that
of an authentic sample of norbornane (5% solution in carbon
tetrachloride).

The residue from the distillation, which solidified on cooling,
was extracted with two 100-ml. portions of diethyl ether. Dis-
tillation of the ether left a solid which was extracted with 50 ml.
of hot methanol. The residue (0.50 g.) was not identified. Dis-
tillation of the methanol in vacuo left a solid which was recrystal-
lized from n-propyl alcohol to give 7.4 g. (17.2%,) of triphenyltin
bromide, m.p. 119-121°.

The residue from the ether extraction was recrystallized from
50 ml. of chloroform to give 12.5 g. of hexaphenylditin, m.p.
232-234°, melting point undepressed on admixture with a known
sample of hexaphenylditin. The mother liquor was evaporated
to dryness, and the residue was fractionally crystallized to give an
additional 4.5 g. of hexaphenylditin, m.p. 232-234°, no depres-
sion on admixture with a known sample of hexaphenylditin. Also
obtained was 3.0 g. of tetraphenyltin, m.p. 222-224°, no depres-
sion on admixture with an authentic sample of tetraphenyltin.

Another run using 3.5 g. (0.02 mole) of 1-bromonorbornane and
7.0 g. (0.02 mole) of triphenyltin hydride gave 1.75 g. (50.09,) of
unchanged 1-bromonorbornane, 1.9 g. (22.0%) of triphenyltin
bromide, and 0.075 g. of impure norbornane, m.p. 85-86°, after
sublimation.

Reduction No. 4.—Reduction no. 2 was repeated using re-
fluxing cyclohexane. A portion (10 ul.) of the solution remaining
after reaction was subjected to gas-liquid chromatography using
a diisodecy! phthalate column at 100° and a flow rate of 95 cc.
helium/min. The estimated per cents of norbornane and 1-bro-
monorbornane were 55 and 459, respectively. The per cents
were estimated by comparison with standard chromatograms.
An additional band was present whose retention time was identi-
cal to that for benzene. The infrared spectrum of the solution
remaining after reaction contained a small band at 14.87 u.

Reduction of 1-Bromotriptycene with Triphenyltin Hydride.
Reduction No. 5.—A solution of 1.5 g. (0.0045 mole) of 1-bromo-
triptycene?? and 1.58 g. (0.0045 mole) of triphenyltin hydride in
10 ml. of benzene was refluxed for 24 hr. Distillation of the
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® Hexaphenylditin and tetraphenyltin also were isolated.
/ Hexaphenylditin also was isolated.

¢ Not

benzene at 60-70° n vacuo left a residue which solidified on cool-
ing. The residue was extracted with 25 mi. of hot methylene
chloride. The residue from the extraction (40 mg.) was a grey-
black solid. Distillation of the methylene chloride in vacuo left a
solid residue which was sublimed at 130° (1 mm.) to give 2.0 g.
of solid material. Recrystallization from cyclohexane—methylene
chloride gave white needles, m.p. 245-248°. The solvent was
evaporated from the mother liquor, and the residue was extracted
with three 10-ml. portions of hot methanol. Distillation of the
methanol in vacuo left a residue which was recrystallized from
n-propy! alcohol to give 1.0 g. (51.8%,) of triphenyltin bromide,
m.p. 112-114°.

The residue from the methanol extraction was recrystallized
from cyclohexane-methylene chloride to give 100 mg. of solid
material, m.p. 242-245°. This material was combined with the
previous solid having m.p. 245-248° and was recrystallized from
cyclohexane-methylene chloride to give 300 mg. (26.3%,) of trip-
tycene, m.p. 252-254°, 1it.?3 m.p. 255-256°, no depression on
admixture with a known sample of triptycene, infrared spectrum
superimposable on that of a known sample of triptycene.

The residue which remained after the initial sublimation was
recrystallized from methanol to give 50 mg. (3.3%,) of 1-bromo-
triptycene, m.p. 240-244°.

Reduction of 1-Bromoapocamphane with Triphenyltin Hydride.
Reduction No. 8.—1-Bromoapocamphane!?® (14.46 g., 0.071
mole) and 24.92 g. (0.071 mole) of triphenyltin hydride were
stirred at 80 £ 5° for 24 hr. The reaction flask was connected to
an ice-water trap which lead to a Dry Ice trap and then was
heated at 90° (1 mm.). From the ice—water trap was recovered
10.2 g. (70.5%,) of unchanged 1-bromoapocamphane, m.p. 161-
163°. From the Dry Ice trap was obtained 720 mg. of impure
apocamphane, m.p. 70-75°. This material wag sublimed twice
to give 605 mg. (6.8%,) of apocamphane, m.p. 82-84°, lit.1 m.p.
86-92°, no depression on admixture with a known sample of
apocamphane, infrared spectrum superimposable on that of a
known sample of apocamphane.

The residue remaining in the reaction flask after sublimation
was extracted with three 40-ml. portions of diethyl ether. Dis-
tillation of the ether left a residue which was extracted with 40
ml. of hot methanol. Distillation of the methanol in vacuo left a
solid which was recrystallized twice from n-propy! alcohol to give
8.1 g. (26.5%,) of triphenyltin bromide, m.p. 116-118°.

The residue from the methanol extraction (3.2 g.) was not
identified.

The residue from the ether extraction (8.5 g.) was recrystal-
lized from chloroform to give 6.87 g. of hexaphenylditin, m.p.
232-234°, no depression on admixture with a known sample -of
hexaphenylditin.

Reduction No. 9.—Reduction No. 7 was repeated. A portion
(10 pl.) of the solution remaining after reaction was subjected to
gas-liquid chromatography using a diisodecyl phthalate column
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at 140° and a flow rate of 55 cc. helium/min. The estimated
per cents of apocamphane and 1l-bromoapocamphane were 229,
and 78%, respectively. The per cents were estimated by com-
parison with standard chromatograms.

Reduction of cis-a-Bromostilbene with Triphenyltin Hydride.
Reduction No. 10.—A mixture of 5.18 g. (0.02 mole) of cis-a-
bromostilbene?¢ and 7.02 g. (0.02 mole) of triphenyltin hydride
was stirred at ca. 26°. During 10 min. the reaction temperature
rose to 42°, remained at this temperature for 5 min., and then
gradually decreased to ca. 26°. After 1 hr. the reaction mixture
had completely solidified. The mixture was allowed to remain at
ca. 26° overnight before processing. It was then slurried with 25
ml. of petroleum ether (b.p. 30-60°) and poured onto 100 g. of
Woelm neutral alumina (activity I-II). The column was eluted
with petroleum ether until 700 ml. of eluate was obtained. Dis-
tillation of the petroleum ether tn vacuo left 6.2 g. of solid material
which was recrystallized from 959 ethanol to give 3.18 g. of
trans-stilbene, m.p. 120-122°, no depression on admixture with a
known sample of trans-stilbene, infrared and ultraviolet spectra
superimposable on that of a known sample of frans-stilbene.

The mother liquor was evaporated to dryness, slurried with 25
ml. of petroleum ether and poured onto 70 g. of Woelm neutral
alumina (activity I-II). The column was eluted with petroleum
ether until 500 ml. of eluate was obtained. Evaporation of the
petroleum ether followed by recrystallization of the solid residue
from 959 ethanol gave 350 mg. of trans-stilbene, m.p. 120-122°,
total yield of trans-stilbene 3.53 g. (98.09).

The first column (100 g. of alumina) was eluted with methylene
chloride-methanol (9:1) until 700 ml. of eluate was obtained,
and the second column was eluted with methylene chloride—
methanol (9:1) until 500 ml. of eluate was obtained. The two
fractions were combined, and the solvent was distilled in vacuo.
There remained 6.6 g. of solid material, m.p. 95-98°, which
upon recrystallization from n-propyl alcohol gave 6.35 g. (73.89,)
of triphenyltin bromide, m.p. 116-118°.

In another run using 2.59 g. (0.01 mole) of ¢ts-e~-bromostilbene
and 3.51 g. (0.01 mole) of triphenyltin hydride there was obtained,
using essentially the same isolation procedure as above, trans-
stilbene (88.89;) and triphenyltin bromide (72.1%).

In another run using 5.18 g. (0.02 mole) of ¢ts-a-bromostilbene
and 7.02 g. (0.02 mole) of triphenyltin hydride and carried out at
ca. 26 to 29°, there was obtained #rans-stilbene (61.1 %,), cis-stil-
bene (30.5%), and triphenyltin bromide (72.0%).

Reduction of {rans-a-Bromostilbene with Triphenyltin Hydride.
Reduction No. 11.—A mixture of 7.0 g. (0.027 mole) of trans-a-
bromostilbene?¢ and 9.47 g. (0.027 mole) of triphenyltin hydride
was stirred at ca. 26°. During the course of 10 min. the tem-
perature rose to 30°, remained at that temperature for 15 min.,
and then returned to ca. 26°. After 24 hr. the reaction mixture
had become a thick paste. The mixture was slurried with 25 ml.
of petroleum ether and poured onto 70 g. of Woelm neutral alu-
mina (activity I~IT, column I). The column was eluted with petro-
leum ether. The first 250-ml. portion of eluate yielded no residue.
The next two 500-ml. portions of eluate were combined and
yielded, after removal of the solvent, 7.4 g. of a semisolid, which
was slurried with 20 ml. of n-hexane and cooled overnight in a
refrigerator. The crystals which were present were collected on a
filter (1.65¢g.), m.p. 112-114°. Recrystallization from 959, eth-
anol gave 1.60 g. of trans-stilbene, m.p. 120-122°, no depression
on admixture with an authentic sample of {rans-stilbene.

The hexane was removed from the first mother liquor in vacuo,
and the residue was distilled to give 1.87 g. (38.69,) of cis-stilbene,
b.p. 93-97° (2 mm.): authentic cis-stilbene had b.p. 93-96° (2
mm.). The infrared and ultraviolet spectra were superimposable
upon that of an authentic sample of cis-stilbene.

The residue from the distillation was slurried with 25 ml. of
petroleum ether and poured onto 70 g,of Woelm neutral alumina
(activity I-II, column II}. The column was eluted with petro-
leum ether until 250 ml. of eluate was obtained. Removal of the
petroleum ether in vacuo gave 1.5 g. of a semisolid which yielded
after two recrystallizations from 959 ethanol 1.03 g. of trans-
stilbene, m.p. 120-122°. The total yield of {rans-stilbene was
2.63 g. (54.19%).

Column [ was further eluted with methylene chloride-methanol
(98:2) until 1 1. of eluate was obtained. Column II was eluted
with methylene chloride-methanol (98:2) until 250 ml. of eluate
was obtained. The two eluates were combined, and the solvent
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was removed in vacuo leaving 8.65 g. of solid material which af-
forded after recrystallization from n-propyl alcohol 8.32 g.
(71.7 %) of triphenyltin bromide, m.p. 116-118°.

Separation of a Known Mixture of {rans-Stilbene, cis-Stilbene,
and Triphenyltin Bromide.—A known mixture consisting of 1.62
g. of trans-gtilbene, 0.180 g. of cis-stilbene, and 4.30 g. of tri-
phenyltin bromide was slurried with 25 ml. of petroleum ether
and poured onto 70 g. of Woelm neutral alumina (activity I-1I).
The column was eluted with petroleum ether until 500 ml. of
eluate was obtained. Removal of the solvent in vacuo left 1.85
g. of a semisolid which gave after recrystallization from 959,
ethanol 1.55 g. of trans-stilbene, m.p. 120-122°.

The mother liquor was evaporated to dryness, and the residue
was dissolved in 5 ml. of hexane and allowed to stand at —5°
overnight. The crystals were collected on a filter giving 50 mg. of
trans-stilbene, m.p. 120-122°. The total yield of ¢rans-stilbene
was 1.60 g. (98.7%).

Removal of the hexane from the filtrate followed by distilla-
tion of the residue gave 0.180 g. (1009) of cis-stilbene, b.p. 93—
96° (2 mm.).

The column was further eluted with methylene chloride-
methanol (9:1) until 500 ml. of eluate was obtained. Removal
of the solvent n vacuo left 3.4 g. of solid material which afforded
after recrystallization from n-propyl alecohol 3.4 g. (79.09) of
triphenyltin bromide, m.p. 116-118°.
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One of the first compounds with antibiotic activity
isolated in Raistrick’s classic investigations on fungal
metabolites was the substance citrinin, obtained in 1931
from Penicillivm citrinum.? Though it proved too
toxic for medical use, the discovery of its activity in-
tensified the search which subsequently led to practical
antibiotics.

The structure of citrinin (I) was established in 1949,
primarily by the investigations of Robertson and his
co-workers,® and several syntheses have been re-
corded.* An ingenious suggestion of Cram?® led to the
assignment of relative stereochemistry. Hydrolysis
of citrinin gives the levorotatory phenol (II) which
is partially or wholly racemized by acid. Cram pointed
out that if the methyl groups on the asymmetric carbons
of citrinin were trans, participation of the aromatic
ring in the formation of a carbonium ion from II would
afford a symmetrical intermediate and consequently
lead to racemization; his subsequent studies with model
compounds confirmed this proposal.®

Further degradation of citrinin has now made it
possible to complete the stereochemical assignment by
showing the absolute configuration. The dimethyl
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