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separated. This was crystallized from dilute ethanol, m.p.
107-109°. .

Anal. Caled. for CH3ONSS: C, 67.0; H, 6.4; N, 6.0; S,
6.8. Found: C, 67.6; H, 7.0; N, 5.6; 8, 6.3.

Methyl 4,6-diphenozyhezanoate. A solution of 40.8 g. of
4,6-diphenoxyhexanoic acid in 60 ml. of absolute methanol
was saturated with dry hydrochloric acid. The reaction
mixture was allowed to stand at room temperature for 24
hr. and methanol was removed in vacuo. The residue was
extracted with ether which was washed with 3%, sodium
bicarbonate solution to remove unchanged acid and then
dried over anhydrous sodium sulfate. After the remotion of
the solvent, the residue was distilled under reduced pressure
giving 39 g. (91.3%) of the ester collected at 203-205°/1 mm.

Anal. Caled. for CiyH2:Ou: C, 72.1; H, 7.0. Found: C,
72.1;H,6.8.

4,8-Diphenozyhezanol. To a stirred suspension of 9.0 g. of
lithium aluminium hydride in 115 ml. of anhydrous tetra-
hydrofuran, cooled in an ice-salt bath, was added dropwise a
solution of 39.0 g. of methyl 4,6-diphenoxyhexanoate in 150
ml, of anhydrous tetrabydrofuran. The reaction mixture
was worked up as described for preparation of 2,4-diphenoxy-
butanol. The yield of product, b.p. 215°/1 mm., was 32.9
g (88%).

Anal. Caled. for CisH2:04: C, 75.6; H, 7.7. Found: C, 76.0;
H,8.2.

1-Bromo-4,6-diphenozyhezane. Phosphorus tribromide, 11.6
g., was treated with 30.5 g. of 4,6-diphenoxyhexanol by the
procedure described for the preparation of 1-bromo-2,4-di-
phenoxybutane. Distillation of the residue gave 30.6 g.
(82%) of a liquid boiling at 197-200°/1 mm.

No further attempt was made at purification but this
produet was used at once for the next preparation.

6,8-Diphenozyoctanoic acid. (a). From 1-bromo-4,6-di-
phenozyhezane. The general procedure used was that de-
scribed for the preparation of 4,6-diphenoxyhexanoic acid.
The quantities used were: 20 g. of sodium, 73 ml. of absolute
ethanol, 17.25 g. of methy! malonate and 30.4 g. of 1-bromo-
4,6-diphenoxyhexane. The distillation under reduced pres-
sure gave the main fraction boiling at 205-240°/1 mm.,
weight 25 g. Hydrolysis of this impure product with 43 ml,
of 309 sodium hydroxide, followed by decarboxylation gave
a residue which boiled at 243-245°/1 mm.; yield 12.8 g.
(44.7%).
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Anal. Caled. for C:oHuO4: C, 73.2; H, 7.3; neut. equiv.
328, Found: C, 73.0; H, 7.8; neut. equiv. 325.

S-Benzylisothiouronium salt of 6,8-diphenozyoctanoic acid.
The procedure used was that described for the preparation
of the S-benzylisothiouronium salt of 6,8-diphenoxyhexanoic
acid. The m.p. of the solid product was 130-131°.

Anal. Caled. for CsHsOuN:S: C, 67.9; H, 6.8; N, 7.6; S,
6.4. Found: C, 67.6; H, 6.7; N, 7.8; 8, 5.9.

(b) From 46-diphenozyhezancic acid. A mixture of 4,6~
diphenoxyhexanoic acid (9.8 g.) and benzyl hydrogen succi-
nate (17.2 g.) in methanol (90 ml.), which contained 0.08 g.
of sodium, was electrolyzed (0.8 amp., faradays passed ca.
1.5 times theoretical). A considerable amount of a colorless
polymer began to separate from the electrolyte at an early
stage in the electrolysis. After the electrolysis the alkaline
cell contents were acidified and then evaporated. The residue
was separated in the ususl way into acidic and neutral frac-
tions. Distillation of the latter gave three fractions: (i) A
liquid (2.6 g.) b.p. 70-90°/0.3 mm. (ii) A fraction (2.65 g.)
b.p. 150~180°/0.3 mm. which partly solidified. (iii) A liquid
(7.4 g.) b.p. 210-250°/0.3 mm. Fraction (iii) and sodium
hydroxide (4.0 g.) in water (8 ml.) and methanol (26 ml.)
were boiled under reflux for 10 hr. An excess of alkali was
then neutralized by 2N hydrochloric acid, the methanol was
distilled off and the aqueous solution was extracted with
ether. Evaporation of ether extract yielded a resinous
product (1 g.). The ether insoluble material was treated
with an excess of 30% hydrochloric acid and the resulting
acid was extracted with ether. The residue left on evaporation
of ether was distilled, giving 2.5 g. (32.4%,) of 6,8-diphenoxy-
octanoic acid, b.p. 234°/0.4 mm. Its S-benzylisothiouronium
salt prepared as in (a) melted at 130~131° undepressed on
admixture with a sample of the S-benzylisothiouronium salt
prepared in (a). Fraction (ii), crystallized from petroleum
ether (b.p. 50-70°), had m.p. 39°, undepressed on admix-
ture with a specimen of benzyl adipate.
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1,3-Butadiene-ds, 1,3-butadiene-2,3-d,, 1,3-butadiene-2-d, and 1,3-butadiene-1-d; have been prepared. The method of syn-
thesis involves the reduction of mono-, di- and hexachloro-1,3-butadienes, and 1,4-dichloro-2-butyne with zinc and deu-
terium oxide. The red iction is catalyzed by cupric chloride as well as by sodium iodide. It was also applied to three dichloro-
butenes. Dioxane, a8 previouasly reported, is a corvenient solvent for the reaction but act 1ally no solvent other than water
is required. The use of maleic anhydride and gas phase chromatography (propylene carbonate column) for the analysis
of 1,3-butadiene is described.

As part of an extensive program in these labora-
tories for the preparation of a variety of deuterated
polymers, interest was recently focused on the
preparation and stereospecific polymerization of
several deuterio 1,3-butadiene monomers, wiz.,
butadiene-2-d;, butadiene-2,3-d;, and butadiene-
ds. This paper is concerned with the preparation of

these monomers. The stereoregular polymeriza-
tion'» of the monomers and the infrared spectral®
of the polymers will be presented elsewhere.

(1)(a) H. Tucker, Belgian Patent 575,671, February 13,
1959, and paper to be submitted. (b) M. A. Golub and J. J.
Shipman, Spectrochim. Acta, in press.
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Morse and Leitch? have reported the synthesis
of 1,3-butadiene-ds in 809, yield by the reaction
of hexachlorobutadiene with deuterium oxide and
zinc dust (Reaction 1). We have attempted their

6D;0 + 6Zn + CLC=C(C1)—C(Cl}=CCl, —>
D:0=CDCD=CD:; + 6Zn(OD)Cl (1)

directions, including the use of dioxane as solvent,
without observing more than low yields of diene
and finding instead considerable amounts of 1-
buten-3-yne and 1,3-butadiyne. A study with
water as well as with deuterium oxide revealed
that good yields of diene can be expected if sodium
iodide, a reagent previously used in dehalogenations
by Leitch and Morse,® is added to the reaction
mixture. We can note too that they found hexa-
chloropropene to form the hydrogen-poor prod-
ucts! l-propyne and propadiene when used in
place of hexachlorobutadiene in the absence of
sodium iodide. We have found that the action of
sodium iodide is enhanced by cuprie chloride as a
co-catalyst and by cupric chloride alone. As re-
vealed by our studies the replacement of chlorine
with hydrogen (hydrogenolysis) is favored by
excess zinc and other conditions causing fast
reaction including the presence of catalysts. The
formation of hydrogen-poor products is favored by
slow reaction just as though non-reductive de-
halogenation would eventually occur. Alterna-
tively, the same dehalogenation products might
form by dehydrohalogenation of initially formed
hydrogenolysis products. The impurities, including
the acetylenes, were removed by purifying the
1,3-diene by the sulfone method. The diene then
polymerized satisfactorily.!

We have not isolated partially dechlorinated
derivatives from the reduction mixture of hexa-
chlorobutadiene but have studied the reductive
dechlorination of postulated intermediate chlorides
as follows: chloroprene, cis- and trans-1-chloro-1,3-
butadienes, 2,3-dichloro-1,3-butadiene, 1,4-di-
chloro-2-butyne, c¢is- and trans-1,4-dichloro-2-bu-
tenes, and 3,4-dichloro-1-butene. All of these react
with water in the mixture to give good yields of
1,3-butadiene or with deuterium oxide as the hydro-
gen source to give the expected partially deuterated
dienes with the exception, of course, of the di-
chloro butenes where only dehalogenation occurs.

The by-products vary somewhat from one start-
ing chloride to another. Thus, with the monochloro
dienes and the dichloro butenes the derived 1,3-
butadiene is nearly pure. With hexachlorobutadiene
the main byproduct is 1-buten-3-yne, with some
1,3-butadiyne and very small amounts of 2-butyne.
Roedig and coworkers* reported the first two hy-

(2) A.J. Morse and L. C. Leitch, J. Org. Chem., 23, 990
(1958).

(3) L. C. Leitch and A. J. Morse, Can. J. Chem., 30,
924 (1952).

(4) A. Roedig and A. Kling, Ann., 580, 20 (1953); A.
Roedig, G. Voss, and E. Kuchinske, Ann., 580, 24 (1953).
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drocarbons as products of the alcoholic zinc de-
halogenation of hexachlorobutadiene.

The most abundant impurity in the diene de-
rived from 1,4-dichloro-2-butyne is 2-butyne but,
among many products, 1,2-butadiene is also
present, presumably formed according to Reaction

2H:0 + 2Zn 4 CICHy—C=C—CH,Cl —>
CH;=C=CH—C(H)H; + 2Zn(OH)Cl (2)

2 by a combination of two types of reductive de-
halogenation. 2-Butyne is formed by hydrogen-
olysis and, as expected, the yield is greater than
when the starting chloride is hexachlorobutadiene.
2,3-Dichlore-1,3-butadiene and deuterium oxide
lead to 1,3-butadiene-2,3-d; and impurities iden-
tical, according to mass spectra, to those derived
from the dichloro-2-butyne and deuterium oxide.
The main product is 1,3-butadiene-2,3-d; and the
impurities are 1,2-butadiene-3,4-d; and 2-butyne-
1,4-ds.

The 1,4-dichloro 2-butenes and 3,4-dichloro-1-
butene reacted with deuterium oxide to give high
yields of deuterium-free 1,3-butadiene. We know
from this that neither hydrogenolysis nor hydrogen
isotope exchange occurred.

The mechanism by which reductive dechlorina-
tion occurs is still not clear. Clarification must await
knowledge of the stereospecificity of the replace-
ment, and this feature is now under study. Thus it
will be important to find if the configuration of the
monodeuterio-1,3-butadienes derived from the 1-
chlorobutadiene isomers can be related to the struc-
tures of the starting materials.

EXPERIMENTAL

Hezachloro-1,3-butadiene was crystallized from pentane
after which it melted at —19 to —18°. £,3-Dichloro-1,3-
butadiene, m.p. —40°, was prepared by the reaction of po-
tassium hydroxide with mixed 1,2,3,4-tetrachlorobutanes
and was crystallized from pentane. 1,4-Dichloro-2-butyne was
purchased from the General Aniline & Film Corporation.
It melted at --34.5°. Part of the cis- and trans-1,4-dichloro-
2-butenes and 8,4-dichloro-1-butene were prepared by the
vapor phase chlorination of 1,3-butadiene by Drs. Floyd
Ramp, Robert Fawcett, Eugene Sehm, John Wenrick, and
associates of these laboratories. After careful fractionation,
the 1,4-dichloro-cis-2-butene melted at —50°, Mislow and
Hellman$ reported —48° as the melting point of the cis-
dichloride derived from cis-2-butene-1,4-diol. We have
confirmed their synthesis and melting point for the cis-
dichloride. They reported the trans-dichloride to melt at
+1° and prepared it by passing streams of chlorine and
butadiene (1:3 ratio) at Dry Ice temperature into carbon
tetrachloride. As this solvent freezes at about —23°, the
conditions used by them are not entirely clear. However,
there is no doubt about their assignment of configuration.
Our trans-dichloride, prepared in chloroform at -—70°,
melted at +2.5° after crystallization from pentane.

1,3-Butadiene-ds. A 3-l. flask fitted with a paddle-type
stirrer, thermometer, dropping funnel, and helices-filled
fractionating column was charged with 570 g. of azeo-
tropically-dried dioxane, 480 g. (6.6 g.-atoms) of 90% zinc

(5) K. Mislow and H. M. Hellman, J. Am. Chem. Soc.
73,245 (1951).
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dust, and 10 ml. of 99.5%, deuterium oxide. The apparatus
was maintained under an atmosphere of nitrogen. Dis-e
tillation was effected until 60 g. of distillate had been col-
lected. Anhydrous potassium carbonate was added to the
distillate to salt out the dioxane, the water layer was sepa-
rated and distilled to give a forerun of 2.2 g. of m.p. 3.4° and
a second fraction of 3.2 g. which melted at 3.8°. The dioxane-
zinc dust mixtuse was thus shown to be substantially free
of water.

The fractionating column was replaced with a reflux con-
denser, the upper end of which was connected in turn to an
air-cooled receiver and a Dry Ice cooled trap. A freshly pre-
pared mixture of 4.0 g. sodium iodide, 24.0 g. cupric chlo-
ride, and 132 g. (6.6 moles) of 99.5% deuterium oxide was
then added and the stirrer started. The temperature
promptly rose to 41°. The mixture was quickly heated to
reflux at 86° and the addition of 261 g. (1.00 mole) of hexa~
chlorobutadiene dissolved in 340 g. of water-free dioxane
was started. The evolutior of butadiene was immediate
but gradually became less vigorous. During 2 hr., 412 g. of
the hexachlorobutadiene-dioxane solution or 0.69 mole of
the hexachloride was added. The condensate (A) in the Dry
Tce trap which then weighed 30.9 g. (0.52 mole C,Ds or 75%
yield) was set aside and a second trap attached. The re-
maining portion (0.31 mole) of hexachlorobutadiene was
added during 5 hr. during which time 9.0 g. (B) of conden-
sate was collected. Condensate (A) was found to be 949,
reactive with excess maleic anhydride during 1 hr, at 100°
which indicates a yield of 709 of 1,3-butadiene-ds. Only
72.5% of condensate (B) reacted with maleic anhydride.
The total yield of diene reactive with maleic anhydride thus
was 59%,.

The portions of condensates (A) and (B) not reacting
with maleic anhydride during diene analysis were evapo-
rated to a single Dry Ice cooled trap and a mass spectrum
analysis run on the condensate. This showed it to be mainly
1-buten-3-yne-d¢ with very minor amounts of 1,3-buta-
diyne-d;.

The crude perdeuterio butadiene, condensates (A) and
(B), was treated in a bomb with excess sulfur dioxide in the
presence of a mixture of hydroquinone and phenyl-2-
naphthylamine. The unchanged starting materials were
allowed to escape, the sulfone taken up in hot methanol,
and the solution filtered to remove small amounts of polymer
and cooled to give a crystalline product which melted at
63.8°. The corresponding perprotio derivative, similarly
purified, melted at 62.2°,

The decomposition of the sulfone was conducted in ni-
trogen stream at 130°, the sulfur dioxide being removed
by serubbing with 25% potassium deuteroxide. The hydro-
carbon was dried over potassium carbonate and distilled
over calcium hydride. It boiled at about 0.5° lower than
research grade 1,3-butadiene-ks which boils at —4.5°. Mass
gpectrum analysis showed 97.6% of the hydrogen atoms
present to be deuterium and 2.4% to be protium, This cor-
responds to about 85.7% C;D, and 14.39, C,D;H.

The reaction of hexachlorobutadiene in dioxane with zinc
dust and deuterium oxide according to the procedure of
Morse and Leitch? gave about 579, of a mixture of C,
hydrocarbons, 299, of which reacted with maleic anhydride
to give the butadiene adduct, m.p. 104-105°. The hydro-
carbon not reacting with maleic anhydride was recovered
and by mass spectrum analysis found to consist of approxi-
mately 909, 1-buten-3-yne-ds and 10% 1,3-butadiyne-d,.

1,3-Butadiene-ds can be prepared similarly in the absence
of an organic solvent. A 500-ml., three necked flask was
fitted with a paddle-type stirrer, thermometer, nitrogen
inlet, dropping funnel, heating mantle, and reflux condenser,
the top of which was connected to a Dry Ice trap. Sixty
grams of zinc dust (909%) was added to the flask followed
by a mixture of 0.5 g. sodium iodide, 3.0 g. cupric chloride,
and 100 g. of 99.5% deuterium oxide. The stirrer was started,
the reaction mixture quickly heated to reflux and 32.5 g.
(0.125 mole) hexachlorobutadiene added during 1 hr. Reflux-
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ing was continued for 30 min. The yield of condensate
amounted to 6.3 g. or, calculated on the hexachloride, to an
849, yield, 90% of which was reactive toward maleic anhy-
dride. The addition of 1.5 ml. of ethanol increased the rate
of diene evolution but had no effect on the rate when dioxane
was the solvent. With water as the solvent and a small
smount of ethanol and in the absence of sodium iodide and
cupric chloride, the yield of hydrocarbon amounted to 24%,.
Maleic anhydride analysis followed by chromatographie
analysis of the unchanged hydrocarbon showed the product
to contain 449, 1,3-butadiene, 35% 1l-buten-3-yne, and
199%, 1,3-butadiyne. Hydrocarbons identified by mass spec-
trum analysis on the ‘“‘trapped’’ peaks from the chroma-
tograph were 1,2-butadiene, 2-butyne, cis-2-butene, and
trans-2-butene. The chromatograph used was a Kromo-Log,
Model K-1, purchased from the Burrell Corporation, Pitts-
burgh, Pa. The stationary phase was propylene carbonate
deposited on two parts pulverized firebrick. It was 2.5 m.
long and was operated at 25° with helium ag the carrier gas
at 40 ml. per min. Very small peaks were also observed in
the chromatogram at the correct positions for cyclobutene,
n-butane, 1-butene, 1-butyne, and acetylene. Table I shows
the retention times for these hydrocarbons and other com-
pounds of interest, such as 1,3-butadiene-ds, the retention
time of which is substantially the same as that of 1,3-
butadiene-he.

TABLE I

RELATIVE RETENTION TIMES ON PROPYLENE CARBONATE
CoLuMN AT 25°

1,3-Butadiene 3.5 min. (absolute) 1.00
1,3-Butadiene-ds 1.00
CO, .16
Isobutane .16
n-Butane .24
Acetylene .39
1-Butene .41
2-Methyl-1-propene .48
trans-2-Butene .49
¢ts-2-Butene .61
Cyclobutene .83
Propyne 1.22
Vinyl chloride 1.29
1,2-Butadiene 1.35
Methy! chloride 1.44
1-Butyne 2.33
Ethyl chloride 3.20
1-Buten-3-yne 3.30
2-Butyne 4.10
2-Methyl-1-butene-3-yne 6.00
Butatriene(?) 6.00
1,3-Butadiyne 13.00

The reduction of 141.5 g. (1.09 moles) of 1,4-dichlcro-2-
butyne was conducted in dioxane (260 ml.) solution with 210
g. (2.9 g.-atoms) of 909, zinc dust and 80 g. (4.4 moles)
of water in the presence of 10.5 g. sodium iodide and 10.5
g. cupric chloride. The procedure was substantially the same
as for the reduction of hexachlorobutadiene. The dichloro-
2-butyne is very reactive and it was added in admixture
with 140 ml. of dioxane (total dioxane, 400 ml.) during 2.5
hr. after which the mixture was refluxed 0.5 hr. longer. The
yield of hydrocarbon was §5.1 g. (93%) which by maleic
anhydride-gas chromatographic analysis was 899, 1,3-
butadiene, 7.39%, 2-butyne, 3.2% 1,2-butadiene, and 0.36%
2-butene. A minor peak possibly assignable to butatrienes
was also noticed in the chromatogram of the 1,3-butadiene-
free hydrocarbon and in the reflux condenser of the reaction

(6) W. M. Schubert, T. H. Liddecoet, and W. A. Lanka,
J. Am. Chem. Soc., 76, 1929 (1954).
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flask there was a light deposit of polymer, with a satisfac-
torily analysis (in the case of an experiment with deu-
terium oxide) for (CiDy)s.

The reactions of the diene samples with maleic anhydride
were conducted in tared screw-capped, 0.5 ounce bottles.
The bottles were sealed with a short rubber stopper held in
place with the‘cap in which a hole had been drilled for
sampling and, occasionally, for charging with a needle and
syringe. The reaction of butadiene (0.02 mole) of high purity
was usually conducted with about 109, excess maleic an-
hydride and with low purity samples with at least 1009,
excess dienophile. For inhibiting polymerization 0.01 g. of
picric acid and 0.01 g. of di-n-amylamine were added just
prior to the addition of the sample which was usually charged
last and at about -—-50°. The main reaction was allowed to
start at about 30° behind a barricade. After the main part
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of the reaction, which is vigorous for high purity samples,
.had occurred the reaction was completed by heating in a
100° oven, usually for 1 hr. For recovery of unchanged
hydrocarbon the bottle was evacuated to constant weight
at room temperature to a refrigerated trap and the per cent
of the sample reacted calculated as the butadiene content.
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The syntheses and properties of four alkylpolycyclohexyls are reported.

Work in this laboratory, resulting in the syn-
thesis of many new alkylbiphenyls and alkylter-
phenyls, has made available a potential source
of numerous alkylbicyclohexyl and alkyltercyclo-
hexyl compounds. Accordingly we have synthesized
gallon quantities of four new hydrocarbons for use
as experimental fuels, namely, 4-n-heptylbicyclo-
hexyl, 4-n-nonylbicyclohexyl, 4’-n-heptyl-m-ter-
cyclohexyl, and 4’-n-nonyl-m-tercyclohexyl.

The literature contains only a few references to
alkylbicyclohexyl compounds, the most extensive
being the work of Goodman and Wise,? who pre-
pared a series of 2-alkylbicyclohexyls by the hy-
drogenation of the corresponding 2-alkylbiphenyls.
No alkyltercyclohexyls compounds have been re-
ported.

The alkylbicyclohexyls were obtained by acylat-
ing biphenyl with the appropriate acid chloride
according to the method of Long and Henze,?
hydrogenating the resulting ketone to an alkyl-
biphenylylearbinol, dehydrating the alcohol to
the alkenylbiphenyl, and finally hydrogenating the
alkenylbiphenyl to the desired alkylbicyclohexyl.
As the acylation of biphenyl has been established
as occurring in the 4-position,* the 4-alkylbicyclo-
hexyls were thus prepared.

(1) This research was supported in whole by the United
States Air Force under contract AF 33(600)-37474, moni-
tored by the Propulsion Laboratory, Wright Air Develop-
ment Division, Wright-Patterson Air Force Base, Ohio.

(2) 1. A. Goodman and P. H. Wise, J. Am. Chem. Soc.,
73, 850 (1951).

(3) L. M. Long and H. R. Henze, J. Am. Chem. Soc.,
63, 1939 (1941),

(4) 8. L. Silver and A. Lowy, J. Am. Chem. Soc., 56, 2429
(1934).

It is interesting to note that whereas the prepa-
ration of phenylmethylcarbinol by the hydrogena-
tion of acetophenone can yield large amounts of
ethylbenzene unless conditions are carefully con-
trolled,® a similar reaction was not noted during the
hydrogenation of 4-heptanoyl- or 4-nonanoylbi-
phenyl.

The alkyl-m-tercyclohexyls were prepared by the
hydrogenation of the 4’-alkenyl-m-terphenyls, the
preparation of which has already been described.®

The complete hydrogenation of alkylbiphenyls
and alkylterphenyls to the desired alkylbicyclo-
hexyls and alkyltercyclohexyls was difficult and
was never accomplished in a single step. In practice,

.the alkenylpolycyclohexyl compound was hydro-

genated until no more hydrogen was absorbed.
The product showed evidence for incomplete satu-
ration by a slight fluorescence under ultraviolet
light irradiation and by the formation of a light
red color when treated with aluminum chloride and
chloroform, this color becoming more intense and
shifting towards blue or purple as the degree of
unsaturation increased. The product was rehydro-
genated until the final hydrocarbon showed no
ultraviolet light fluorescence and gave only a slight
vellow color when treated with aluminum chloride
and chloroform. It is estimated that the hydrogena-
tion was at least 989, completed in the first step.
All of the four alkylpolycyclohexyl compounds
prepared could exist in cis-frans configurations.
However, no attempt was made to isolate the var-

(5) V. N. Ipatieff and B. B. Corson, J. Am. Chem. Soc.,
61, 3292 (1939).

(6) J. J. E. Schmidt, J. A. Krimmel, and T. J. Farrell,
Jr., J. Org. Chem., 25, 252 (1960).



