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no unreacted fulvene could be isolated. Other attempts to
isolate the starting fulvene also were unsuccessful.
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Preparation of o-Phenylenebis(dichloroarsine)
and o-Phenylenebis(dimethylarsine)
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Kalb! failed to convert o-benzenediarsonic acid
by the action of concentrated hydrochloric acid
and sulfur dioxide into o-phenylenebis(dichloroar-
sine), obtaining 1,3-dichloro-1,3-dihydrobenzofur-
arsan instead. This observation was also made by
Hamilton and Ludeman.? Chatt and Mann? con-
verted 1,3-dichloro-1,3-dihydrobenzofurarsan into
o-phenylenebis(dichloroarsine) by the action of
thionyl chloride. However, Goldsworthy and as-
sociates? converted p-benzenediarsonic acid into
p-phenylenebis(dichloroarsine) in a single step by
the action of alcoholic hydrogen chloride and
sulfur dioxide. In our hands, by means of the modi-
fied procedures as detailed below, o-phenylenebis-
(dichloroarsine) has been prepared in 65%, yield in
a single step from o-benzenediarsonic acid, and o-
phenylenebis(dimethylarsine) in 889, yield from
the bis(dichloroarsine). The yields obtained are
significantly higher by the simplified procedures
than those previously reported.

EXPERIMENTAL

o-Benzenediarsonic acid. o-Benzenediarsonic acid was pre-
pared by treating diazotized arsanilic acid with sodium
arsenite solution according to the method of Kalb.! The
vield of air-dried acid containing one molecule of water of
crystallization (did not melt at 360°) was 56.2%.

o-Phenylenebis(dichloroarsine). A solution of 178.4 g.
(0.5187 mole) of the above o-benzenediarsonic acid in 3000
ml. of concentrated hydrochloric acid (37.25%) containing
2.0 g. of potassium iodide was treated with a brisk stream of
sulfur dioxide until precipitation ceased (35 min.). The
orange-colored solid was removed by filtration and pressed
as dry as possible on a sintered glass filter (435.8 g.). The

(1) L.XKalb, Ann., 423,39 (1921).

(2) C. Hamilton and C. Ludeman, J. Am. Chem. Soc., 52,
3284 (1930).

(3) J. Chatt and F. Mann, J. Chem. Soc., 610 (1939).

(4) L. Goldsworthy, W. Hook, J. John, 8. Plant, J.
Rushton, and L. Smith, J. Chem. Sac., 2208 (1948).
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moist, oily solid was treated with 400 ml. of carbon disulfide
whereby some material dissolved, and two liquid layers were
obtained. The aqueous layer was separated and discarded.
Evaporation of the remaining carbon disulfide solution on a
water bath and subsequent cooling yielded ecrystals. Re-
crystallization from carbon disulfide yielded colorless crys-
tals of pure o-phenylenebis(dichloroarsine) (123.45 g. or
64.79%) melting at 96°.

Anal. Caled. for CsH,As,Cly: C, 19.59; H, 1.10; Cl, 38.57.
Found: C, 19.44; H, 1.15; Cl, 38.61.

o-Phenylenebis(dimethylarsine). o-Phenylenebis(dimethyl-
arsine) was prepared by a modification of the method of
Chatt and Mann.? A Grignard solution was prepared in a
3-1. flask from 48.15 g. (1.98 atoms) of magnesium turnings,
281.05 g. (1.98 moles) of dry methyl iodide, and 500 ml. of
sodium-~dried ether. With rapid stirring and ice cooling in an
argon atmosphere, a solution of 121.4 g. (0.330 mole) of
o-phenylenebis(dichloroarsine) in 570 ml. of dry ether was
added (1 hr.). After stirring at room temperature for another
hour, a solution of 413.0 g. of ammonium chloride in 1150
ml. water was added with ice-cooling (40 min.). The organic
layer was separated, then the inorganic layer was extracted
with 300 ml. of ether and rejected. After drying the com-
bined organic solutions with sodium sulfate under argon, the
ether was removed by fractional distillation. The residual
liquid was fractionated at reduced pressure, bleeding in
argon, collecting the fraction boiling at 153-158° at 20 mm.
The yield was 82.75 g. (87.6%) of pale yellow liquid, o-phen-
ylenebis(dimethylarsine), having the following physical
properties: f.p., —12° (sharp); and n%, 1.6204. The sub-
stance is rapidly oxidized by air, and must be stored under
argon.

Chatt and Mann?® obtained a yield of 269, and men-
tioned only the b.p. of the product (156° at 20 mm.).
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Cyclization of an Unsaturated Benzyl Ether
to a Hydrofuran

E. M. Fry
Received April 18, 1957

The work reported in this communication is the
outgrowth of another problem and owes its genesis
to the failure of the amino ketone I* to react with
the methyl Grignard reagent. That this inertness
probably is not due to steric factors was made evi-
dent by the normal reaction of IT with this reagent.
Some ketone was always recovered from the reac-
tion mixture however. On refluxing with acetic an-
hydride-pyridine the tertiary alcobol from IT lost
the elements of water to give the dihydro compound
III, the structural assignment being based on the
following consideration: The ultraviolet absorption
had too small an extinction coefficient for ring con-
jugated absorption, eliminating the possibility of a
double bond shift. From the results of previous work
on the relative stabilities of the endo- vs. the exo-
double bond the ezo- methylene structure can tenta-

(1) E. L. May and J. G. Murphy, J. Org. Chem., 20, 257
(1955).
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tively be disregarded.? Skeletal rearrangement
appears ruled out by the isolation of 1,2-dimethyl-
naphthalene in 209, yield after heating the com-
pound at 275° for 1 hr. And the remaining possibil-
ity, involving migration of the side chain was elimi-
nated by converting the compound into IV which
had been synthesized by another route.! In the
present instance compound IV was contaminated
by the stereoisomer resulting from hydrogenation
of the double bond. Identification was made by
comparing the infrared diagrams of the two pure
isomers with that of the mixture.

It was hoped that the double bond could be
shifted into the 3,4-position. This transformation
takes place readily and in high yield with 1,4-di-
hydronaphthalene,* but did not prove feasible in
the present case. By the use of sodium amide in
liquid ammonia it was possible to get an oil with
an enhanced extinction coefficient at 264 mu but
the increment was not enough to indicate a method
of synthetic value. Another example of the reluc-
tance of this system to undergo isomerization was
provided by Wenkert and Stevens who obtained
VIII from IX in 159, yield after prolonged treat-

AT

g
\/O IX VIII
ment with hot potassium hydroxide.® In both cases
the double bond shift would shorten the distance
between one of the gem groups and the group on the
adjacent carbon, and it is possible that resistance to
crowding accounts for the experimental results.
Bromine in carbon tetrachloride added rapidly to
III giving benzyl bromide and a bromo compound
showing strong absorption at 9.3 u differing from
the broader bands, 9.1-9.3 u, of the benzyl ether
and characteristic of a tetrahydrofuran structure.
By the action of base hydrogen bromide was elimi-
nated and the product showed a maximum absorp-
tion in the ultraviolet at 263 mu, ¢ = 6100, consist-
ent with its formulation as VI. The unsaturated
compound VI absorbed one molar equivalent of
hydrogen to give a compound identical with that
obtained by the action of hydrogen bromide in
glacial acetic acid on the benzyl ether II1. Both the
reaction with bromine and with hydrogen bromide
take place rapidly at room temperature, and indeed
there is some evidence that the ring closure can be

(2) H. C. Brown, J. H. Brewster, and H. Shechter, J,
Am. Chem. Soc., 76, 467 (1954).

(3) E. L. May and E. M. Fry, J. Org. Chem., 22, 1366
(1957).

(4) W. Htickel and H. Bretschneider, Ann., 540, 157
(1939).

(5) E. Wenkert and T. E. Stevens, J. Am. Chem. Soc., 78,
2318 (1956).

(6) L. J. Bellamy, The Infrared Specira of Complex Mole-
cules, John Wiley and Sons, Inc., New York, N. Y., 1954,
p. 104.
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brought about by the action of hot acetic acid. This
follows from the isolation of benzyl alcohol as one
of the hydrolysis products from the action of base
on the forerun obtained in the preparation of III.
The remaining material showed infrared absorption
with the sharp band characteristic of the tetrahy-
drofuran moiety. Hence it is unlikely that interme-
diate addition to the double bond or ether cleavage
steps take place prior to the formation of the prod-
uct. A concerted reaction such as is shown in figure

[ }(()\/CH2C6H5

X

X rationalizes the above observations. Lack of car-
bonyl absorption in the lower boiling by-products
indicates that acetic anhydride (X = CH,CO, Y-
CH;CO0) does not add to III in this manner, but
the possibility of such an addition was not rigor-
ously excluded. Models indicate that the benzene
ring imposes a rigidity that makes existence of a
trans ether ring impossible. If formation of the ring
is by the more probable trans addition to the double
bond” then substituents at 3«, 4, and 9b are ¢is to
each other.

EXPERIMENTAL

1-(2-Benzylozyethyl)-3,4-dihydro-2(1 H )-naphthalenone. B~
Tetralone (46.2 g.) was added within 5 min. to 27.2 g. (1.1
equiv.) of sodium amide in 100 ml. of dry benzene in an
externally cooled three-neck flask equipped with stirrer,
thermometer, and under a nitrogen atmosphere. Temper-
ature was kept below 50°. Most of the solid dissolved. g~
Chloroethyl benzyl ether, 54 g., (1 equiv.), in 50 ml. of ben~
zene was added rapidly and the green solution was brought to
reflux and maintained there for 18 hr. A solid enolate sep-
arated shortly after the beginning of the heating period. The
dark solution was cooled and 150 ml. of 6N HCl was added
with stirring. The benzene layer was separated, the solvent
removed under reduced pressure, and the remaining oil dis-
tilled. The first fraction was collected up to 150° at 20
mm., and from this was recovered 16 g. of the sodium bi-
sulfite adduct of g-tetralone. The second fraction distilled
for the most part at 170-180° at 0.3 mm. and weighed 56.1
g. Yield, taking recovery into account, ca. 759, The sample
for analysis distilled at 178~180° at 0.5 mm.

Anal. Caled. for CisHyO,: C, 81.40; H, 7.19. Found: C,
81.38; H, 7.26.

1-(2-Benzyloxyethyl)-1~methyl-3,4-dikydro-2(1 H }~naph-

thalenone (II). The above-described compound (56 g.) was
added neat to 8.6 g. (1.1 equiv.) of sodium amide in 100 ml.
of dry benzene in a three-neck flask equipped with stirrer and
thermometer. A solid enolate separated. A solution of 31.2
g. (1.1 equiv.) methyl iodide in 20 ml. of dry benzene was
then added and the temperature kept at 40° by occasional
cooling. After 2 hr., water was added, the benzene layer
separated, and the product recovered and distilled. In addi-
tion to forerun and residue, 51.1 g. (869%) of oil distilling
ca. 160-170°/0.4 mm. was obtained. The analyzed sample
distilled at 170-175° at 0.5 mm.

(7) M. 8. Newman, Steric Effects in Organic Chemistry,
John Wiley and Sons, Inc., New York, N. Y., 1956, p. 242,
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Anal. Caled. for CyHzO4: 7.53. Found:

C, 81.56; H, 7.47.

1-(2-Benzyloxyethyl)-2-hydroxy-1,2-dimethyl-1,2,3,4-letra-
hydronaphthalene. To 190 ml. (1.2 equiv.) of 1.08N CH;Mgl
in ether was added 50.2 g. of ketone II in an equal volume of
dry ether. The ethereal solution refluxed and it became
cloudy at the end of the addition, It was stirred for 20 min,
and the adduct decomposed with dilute acetic acid. The
othereal solution was separated, the solvent removed, and
the product distilled. Aside from a forerun, 50.5 g. distilling
at 1756-185° at 0.4 mm. was obtained. The analytical sample
boiled at 183°/0.4 mm. The infrared diagram showed car-
bony!l absorption at 5.824 in addition to hydroxyl absorption
at 2.95u.

Anai. Caled. for CyHyOs: C, 81.25; H, 8.44. Found: C,
81.41; H,8.44.

1-(2-Benzyloxyethyl)-1,2-dimethyl-1,4-dihydronaphthalene
(III). The tertiary alcohol in an equal volume of a 10-1
acetic anbydride-pyridine mixture was refluxed for 3-4
days. The solvent was removed under reduced pressure and
the main portion of the product (70-80%, of the weight of
the starting material) distilled in the range 145-165° at ca.
0.3 mm. Infrared absorption at 5.76u showed the presence
of acetate. Hydrolysis by hot alcoholic sodium hydroxide
caused disappearance of this band and revealed the car-
bonyl band at 5.83u known to be present originally. From
25-35Y%, of the material appeared to be the acetoxy com-
pound. The substance was further purified by partial pre-
cipitation of the alcoholic and ketonic impurities from a
petroleum ether solution by means of CH;Mgl. The analyti-
cal sample distilled at 146-149° at 0.4 mm. Infrared absorp-
tion still revealed a little carbonyl impurity.

Anal. Caled. for CyHaQ: C, 86.25; H, 8.27. Found: C,
86.02; H, 8.30.

Mkahne hydrolvsis of the forerun material (strong acetate
absorption at 5.77u) vielded a fraction distilling at 105-110°
at 21 mm. and which was identified as benzyl alcohol by
means of itz phenylisoeyanate derivative. The remaining
material, an oil distilling from 90-120° at 0.3 mm. showed
strong absorption a$ 9.3x characteristic of the tetiahydro-
{uran derivatives,

4=Bromo-1 ,~,3a,4 9b-hexahydro-3a,9b-dimethylnaphtho-
(2,1-b) furan (V). A carbon tetrachloride solution of 4.4 g.
of the benzyl ether IIT in 5 ml. of carbon tetrachloride was
chilled in ice and a solution of bromine (0.149 g./ml.) in car-
bon tetrachloride was added. Decolorization was immediate
and co. 14.8 ml. (92% of theory) was required to give an
apparent end point, The solution was shaken with water
and tha nic laynr removed. Distillation yielded a lachrym-
50-90°/0.7 mm., wt. 1.5 g. Its infrared dia-
most identical with that of an authentic sample
of vi bromide. The second fraction distilled at ca.
130/0.3 mm., wi. 5.5 g. (849). The infrared diagram showed
strong apsarntion at 9.3u.

Angl. Caled. for CuHyBr0; C, 59.80; H, 6.09; Br, 28.42.
Found: C, 61 £.08; Br, 27.21.
shydro-36,9b-dimethylaophtho( 2,1-b)furan
on of 1.8 g. of the bromohydrofuran V
\ine in'a seajed tube was heated on the
Th 001‘4 ent was distilled, ether added,
aduct distilled at 88-92°/

e J . maximum in ethanol at
2 ether band af 9.34.

C, 81.60; H,

Culen ©, 83.96: H, 8.05. Found: C,
81.66; !
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collected from 90-100° at 18 mm. From the infrared dia-
gram it appeared to be a mixture of benzyl bromide and
benzyl acetate. The main fraction distilled at 90-97° at
0.5 mm., wt. 1.25 g. Its infrared diagram was identical with
that of the compound described under A, showing ether
absorption at 9.3p and being negative in the hydroxyl

region.
Anal. Caled. for CiHi0: C, 83.12; H, 8.97. Found: C,
82.90; H, 8.99.

1-(2-Hydrozyethyl)-1,2-dimethyl-1,2,3,4-letrahydronaph-
thalene. Catalytic reduction of 7.3 g. of III followed by hy-
drolysis of the benzyl group by aquecus HBr~-HOAc gave
the aleohol contaminated by acetate. Hydrolysis with alco-
holic sodium hydroxide gave the alcohol. It distilled at 113-
116°/0.2 mm., wt. 3.1 g.
Anal. Caled. for C HyO: C, 82.30; H, 9.87. Found: C,
82.15; H,9.81.
I1-(2-Dimethylaminoethyl)-1,2-dimethyl-1,2,3,4~tetrahydro-
naphthalene. The above-described alcohol in 3.0 g., chloro-
form solution reacted with thionyl chloride to give ca. 509
yield of crude chloride. This material in benzene solution
with excess dimethyl amine in a sealed tube was heated on
the steam bath for 4 days. After distilling the solvent, the
oil was triturated with dilute sodium hydroxide solution,
then dissolved in ether. The solvent was distilled from this
solution and the residue dissolved for the most part in a small
excess of 2N HCI, the insoluble oil being removed with ether.
The acid solution was concentrated to an oil under reduced

CHzCHz N (CHa)z CH3
y
4 STEPS

C HZCHZOCchsH CH,CH:N(CII;),

]HBr \

NS
O
CH;, J

CH :CH;OCH,C(H;

1Y

pressure whereupon it crystallized. Washed with ethyl ace-
tate it weighed C.18 g. Purified from ethyl acetate it melted
at 108-199.5°, Its ponidentity with an isomer?® m.p. 202-
203.5°, prepared by another synthesis was established by a
mixture melting point. Impure material, m.p. 166-173°,
from the mother liquors of recrystallization gave an infrared
diagram which was a composite of the diagrams of the two
pure 1Ro*norq

4 nel. Caled. f(l l;vsllye(/“\ C, 7175, [{,
C 7i 7 H, u.87.

Pyro{ _js]: of I-(2-benzyioxyetiyl)y-1,2-dimethyl-1,4~dikydro-
naphthalene ‘111) was achieved by heating 0.5 g. in u tos
tube at 275-227° for 1 hr. The oil was dissolved i ar alcoh
solution containing 0.2 g. of picric acid and a crysta
pigrate was obtaincd. Purifind from aleohol it weighed 6.14

9.78, Found:
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g. (219%), m.p. 115-130°. Another crystallization gave a
melting point of 128-131°, undepressed by admixture with
authentic 1,2-dihydronaphthalene picrate.
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Organic Deuterium Compounds.
I. 1,2-Dimethoxy-d¢-ethane-d; and 2-Meth-
oxy~d;-ethan-ds-ol!
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In connection with some nuclear magnetic reso-
nance studies being conducted in this laboratory, a
need arose for a material with the solvent proper-
ties of ethylene glycol dimethyl ether (1,2-dimeth-
oxyethane) which would, however, show little or no
nuclear magnetic resonance signal in the proton re-
gion. Since a completely deuterated ethylene glycol
dimethyl ether would meet these requirements, we
undertook its synthesis starting with deuterium
oxide and a sample of ethylene-d; available to us.

Ethylene-d, was converted via its dibromide to
ethylene-d, glycol diacetate which was then hydro-
lized to the free glyeol.?2 The glycol thus obtained
was converted via its monosodium derivative to a
mixture of 1,2-dimethoxy-de-ethane-ds, 2-methoxy-
ds-ethan-ds-ol, and unchanged glycol by treatment
with methyl-d; bromide. The 2-methoxy-ds-glycol
could be further methylated to the diether. The
methyl-ds bromide was prepared from carbon sub-
oxide®* via malonic-d, acid-d, and acetic-d; acid-d.5
The procedure of Nolin and Leitch® for the Huns-
diecker degradation was modified to eliminate the
somewhat hazardous sealed tube operation.

Comparison of the nuclear magnetic resonance
spectrum in the proton region of the 1,2-dimethoxy-
de¢-ethane-d,, obtained by this method, with that of
normal material indicated that the isotopic purity
of our deuterated material was at least 98.6 and
probably better than 99 atom per cent deuterium,

(1) This work was performed under the auspices of the
U. 8. Atomic Energy Commission, Contract No. W-7405-
eng-48,

(2) R. A. Bannard, A. T. Morse, and L. C. Leitch, Can.
J.Chem., 31,351 (1953).

(3) A. Wohl and C. Oesterlin, Ber., 34, 1139 (1901),

(4) C. D. Hurd and F. D. Pilgrim, J. Am. Chewm. Soc.,
55,757 (1933).

(6) C. L. Wilson, J. Chem. Soc., 1, 492 (1935).

(6) B. Nolin and L. C. Leitch, Can. J. Chem., 31, 153
(1953).
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The isotopic purity of the deuterium oxide used
was 99.69, and that of the ethylene-d, better than

99%.

EXPERIMENTAL’

Ethylene-ds glycol. Ethylene-d, was brominated in carbon
tetrachloride solution at 0°. Distillation yielded 47.8 g. of
dibromide b.p. 128-131°, a3 1.53367 (Lit.? b.p. 129.5°,
7% 1.5360). The dibromide was converted in 78.5% yield
to ethylene-ds glycol by the procedure of Bannard, Morse,
and Leitch.2 B.p. 113-115°/12 mm., n% 1.42831 (Lit.2 b.p.
86-87°/8 mm.,n% 1.4293).

Acetic-d; acid-d. Diacetyltartaric anhydride® was pyro-
lyzed according to the procedure of Hurd and Pilgrim* to
afford an average yield of 429, of earbon suboxide, b.p.
7-8°. This was converted via malonic-dz acid-d; to acetic-ds
acid-d in 89-979, yield by the method of Wilson.® d% 1.137,
n%* 1.3675.

Methyl-ds bromide. Silver acetate-ds, prepared from acetic-
d; acid-d by the method of Nolin and Leitch,® was subjected
to the Hunsdiecker degradation in an apparatus (Fig. 1)

-—ou-—To Vocuum line

A «—Magnet
B

«Mercury

...} =Fritted disk

o,

Ficure 1

consisting of a trap (A) connected to a vacuum system, a
mercury bubbler (B) containing about 0.5 inch of mercury,
and a reaction tube (C) charged with 20-40 g. of silver
acetate-d;. Attached to the bottom of the reaction tube was
a bromine reservoir (D) containing about 25 g. of 8-mesh
Drierite and bromine in about 2%, excess over that required
to consume all of the silver acetate-d; in C.

After assembly of the apparatus with the center tube in the
bubbler {B) raised with a magnet from the outside, the bro-
mine reservoir was cooled to —78°, and the system was
evacuated. The trap (A) was cooled in liquid nitrogen, and
argon was admitted to the system to a pressure of 150 mm.
The argon served to control the rate of flow of bromine vapor
through the silver acetate-ds bed. The center tube in B was
lowered and the bromine reservoir allowed to warm to room
temperature. During the first hour or 20 of the reaction pe-

(7) Boiling points are uncorrected.
(8) L. C. Leitch and A. T. Morse, Can. J. Chem., 30,
924 (1952).



