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Irradiation of dimethyl fumarate in the solid state affords a dimer, cistranscis-1,2,3,4 tetracarbomethoxycyclobutane,
whose stereocheinistry can be rationalized in terms of direct bond formation between nearest neighbor molecules in the

crystal lattice of the moiomer,
ester is reidily achieved thermally,

Isomerization of this dimer to the thermodyuamically more stable ¢rans.irans.trans-tetru-
The reduction of the trans.transtrans-isomer and the hydrolysis of both isomers as

well as their reactions with plienylmagnesium bromide were also studied.

In the course of studies directed toward the syn-
thesis of the elusive 1,2,3,4-cyclobutanetetra-
carboxylic acids®~7 to be employed as possible pre-
cursors for the unknown tetramethylenecvcio-
butane (I),* tetrakis-(diphenylmethylene)-cyclo-
butane (II)° as well as the tricyclic system III,
we have irradiated several derivatives of maleic
and fumaric acid in the solid state with formation
of the corresponding cyclobutane derivatives.!
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Although numerous examples of solid state ole-
fin photodimerizations appear in the literature,!
no broad study of the scope of this method for the
preparation of substituted cyclobutanes has been
reported., The primary purpose of the work pre-
sented i this report is to determine the structure
and study the properties of the dimer obtained from
dimethyl fumarate. However, it is hoped that
these data coupled with crystallographic studies
and results obtained with a series of related olefins
will shed some light on the more general problem
of the miechanisin of olefin photodimerizations in
the solid state. Of particular interest is the sig-
nificance of monomer lattice geometry (i.c.,
intermoelecnlar distances and relative orientations)
in allowing dimer formation and dictating product
stereochemistry.!!

(1) For a preliminary communication on this subject, see G. W.
Griffin, J. E. Basinski and A, ¥, Vellturo, Tefrahedron Letters, No. 8, 13
(1960),

{2) Predoctoral N,I,H. Fellow, 1960-1961.

(3) Y. Shibata, Ber., 43, 2619 (1910).

(4) J. Owen and J. 1. Simonsen, J. Chem. Soc., 1424 (1932);
(1933),

(5) 8. K. Ranganathan, J. Indian Chem. Soc., 18, 419 (1936).

(6) E. B. Reid and M. Sack, J. Am. Chem. Soc., 78, 1985 (1851).

(7) E. B. Reid, Chemistry & Industry, 846 (1953).

(8) J. D. Roberts, A. Streitwieser, Jr., and C. M. Regan, J. Am.
Chem. Soc., 74, 4579 (1952).

(9) H. Shechter and R. O. Uhler have recently published data which
indicate that the photodimer of tetraphenylbutatriene pogsesses this
structure; see Disseriation Abstr., 21, 765 (1960).

(10) A. Mustafa, Chem. Revs., 51, 1 (1952).

(11) For a preliminary report on a study of the effect of monomer
crystal structure in determining the course of solid state reactions, see
G. M. J. Schmidt, Abstracts, 4th International Congress, International
Union of Crystallography, Montreal, July, 1957, p. 65. It is reported
that the dimerizations of the alpha and beta modifications of trans-
clanamic acid to a-truxillic and §-truxinic acids, respectively, may be
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The technique used in the dimerization of di-
methyl fumarate consisted of irradiating a thin
layer of the monomer on the inner surface of a
glass tube with a light source which had been in-
serted into the tube. The dimethyl fumarate was
deposited from solution on the inner surface of
the tube by evaporation of solvent under a nitro-
gen streain. The system was thermostated at 25°
and the irradiation was continued for a period of
1-5 days. Under these conditions dimethyl fuma-
rate undergoes a 599, conversion to a stereoisomer
of 1,2,3,4-tetracarbomethoxycyclobutane  (m.p.
144-145°). It is noteworthy that only one product
could be isolated from the irradiation although four
isomers are possible. On inspecting the X-ray
crystallographic data for dimethyl fumarate!? it
appeared that the most reasonable structure for
the dimer was the cis,frans,cis or ''chair’” form
(IVa). Professor R. Criegee and co-workers!®
Lave recently synthesized threc of the four possible
isomeric 1,2,3,4-cyclobutanetetrucarboxylic acids
and their methyl esters by ozonolysis of cinnamic
acid dimers of known stereochemistry. The
fourth isomer possessing cis,cis,cis stereochemistry
(m.p. 203-205") was obtained in our laboratories
from cis-heptacyclene, an acenaphthiylene dimer,
by ozouolysis.!*'® We are indebted to Professor
Criegee for confirming by mixture melting point
and infrared determinations that the diniethyl
fumarate dimer does indeed possess the ''chair”
structure IVa.
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The cis,trans,cis-isomer is thermally stable up
to 200° and for short periods at 250°, but under-
goes thermal isomerization at 300° in 509 yield

rationalized in tetms of the packing arrangement of nearest neighbor
molecules in the erystal structure of the monomer.

(12) I. E. Knaggs and K. Lonsdale, J. Chem. Soc., 417 (1942).

(13) R. Criegee, Private Communication; R. Criegee and H. Héver,
Ber., 93, 2521 (1960).

(14) G. W. Griffin end D. Veber, J. Am. Chem. Soc., 8%, 6417
(1960).

(15) Professor Crieges has recently been successful in obtaining
cis cis cis-tetracarbomethoxycyclobutane by ozonolysis of peri-
truxillic acid anhydride and subsequent esterification of the oxidation
product with diazomethane. This compound has an infrared spec-
trum identical in all respects to that of our product.



2726

to an isomeric ester, m.p. 126-127°. The thermally
rearranged product was assigned structure Va,
having the trans,trans,tirans stereochemistry, on the
basis of melting point and infrared data for authen-
tic Va supplied by Professor Criegee.!’® Further
confirmation of this assigmment was obtained by
n.ar.r. analysis. The rearrangement of IVa to the
more stable isomer can also be effected with sodinm
methoxide, albeit in much lower yvields (1897).
Essentially quantitative hydrolysis of the tetra-
methyl esters to IVb and Vb can be achieved with
concentrated hydrochloric acid. Esterification of
IVb with diazomethane to IVa established that the
less stable isomeric ester IVa does not rearrange
under these hydrolysis conditions. When heated
at its melting point in a sublimator the tetrabasic
acid IVb loses water and affords a dianhydride
which has been assigned the frans structure VI.
Conversion of IVb to VI can be accomplished more
effectively with thionyl chloride. The assignment
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of structure is supported by the infrared spectrum
of VI which exhibits the characteristic unconjugated
anhydride peaks at 5.38 and 5.60p.% Furthermore,
this anhyvdride is identical in all respects to the
dimer obtained irom the solid state irradiation of
maleic anhyvdride.! It is interesting, however, that
the "all-frans” isomeric tetrabasic acid Vb under-
goes thermal isomerization and dehydration at
265° under reduced pressure to form VI. As yet
conditions have not been found which allow isola-
tion of the pure trans trans,trans-dianhydride VII,
although its formation from the "all-frans” acid
and acetyl chloride is indicated by infrared analysis.

Applying the lead dioxide bis-decarboxylative
technique of Doering and co-workers!” to the di-
anhydride VI could formally lead to cyclobutadiene;
Lhowever up to the present time experinents along
these lines huve proved unrewarding. Although
more thau one mole of carbon dioxide was liber-
ated when the anhydride VI was heated with
active lead dioxide, uo products could be collected
in the low temperature traps and no precipitation
occurred when the efluent nitrogen carrier gus was
passed through o coucentrated silver nitrate
solution.'® 'The usc of lead tetraacetate in pyridine
as a milder decarboxylative agent for the tetra-
basic acid IVb also proved ineffectual, probably
because of the low solubility of the polybasic
acid in acetonitrile and benzene which were used
as solvents.!®

(16) The doublet for the anhydride from ¢is,cis-3-methyleyclobu-
tane-1,2-dicarboxylic acid is at 5.41 and 5.63x. See H. N. Cripps,
J. K. Williams, V. Tullio and W. H. Sharkey, J. Am. Chem. Soc., 81,
4904 (1959).

(17) W. v. E. Doering, M. Farber and A. Sayigh, ibid., 74, 4370
(1952).

(18) M. Avram, E. Marica and C. D. Nenitzescu, Ber., 92, 1088
(1959).

(19) C. A. Grob, M. Olta and A. Weiss, Awgew. Chem., 70, 313
{1958).
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Conversion of the tetraester IVa to the cor-
responding tetraacetate VIIIa was accomplished
in a one-step process designed to avoid the problems
associated with isolating the water-soluble alcohol
VIIIb from an aqueous syvstemn. In this procedure
the alcoholate obtained from the reduction of IVa
with lithium aluminum hydride in the inverse
manner was treated directly with acetyl chloride.
The resulting tetraacetate VIIIa after purification
by distillation, was converted to the benzoatc
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VIIIc by basic hydrolvsis and subsequent treat-
ment with benzoyl cliloride. The results of «
study on the pyrolysis of the tetraacetate and the
preparution of IXa and IXb will be reported at a
later date.

In connection with studies on the tetraacetatc
VIIIa it is noteworthy that an isomer (m.p. 104
105°) tentatively assigned a cyclobutane structurc
was obtained by Raphael® as a by-product from
the partial catalytic hydrogenation of 1,4-diacetoxy-
butyne-2. On the basis of physical properties it
is clear that if this product is indeed a cyclobutanc
derivative, it does not possess the stereochemnistry
of VIIIa. A preliminary examination, however,
indicates that the n.m.r. spectrum of the tetru-
benzoate obtained by Raphael from the tetraacc-
tate is too complex to arise fromn a cyclobutanc
structure such as V1IIc.%

Further studies on the tetraesters IVa and Va -
cluded their reactions with phenyvl Grignard reagent
and with sodium metal. The inverse addition of
phenylmagnesium bromide to the 1,2,3,4-tetra-
carbomethoxveyclobutane possessing the “‘cliair’”
stereochemistry afforded a compound whicih cx-
hibited both carbonvl and hydroxyl bands in its
infrared spectrum. Iu contrast, the correspondiug
Grignard reaction with the "all-frans” isomer Va
gave a compound possessing 1o carbonyl absorp-
tion in its spectrum. The latter product lias
been assigned the ‘‘all-frans’ structure X ou the
basis of its mfrared and combustion analvsis.™
The difference in behaviar shown by the two esters
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X, R g, X1, Re=CgHE,

(20) R. A. Raphael, J. Chem. Soc., 401 (1952).

(21) We are indebted to R. A. Raphael for a sample of this material
and to Nugent Chamberlain of the Humble Oil and Refining Co.,
Baytown, Tex,, for n.m.r. analysis.

(22) The tetraalecohol X lias also been prejared from iranstians,
trans-1,2,3.4-tetrabenzayleyclobutane by  treatiment with pheuyl
maguesium bromide. The experimental details will be described in «
later paper.



June 20, 1961

is consistent with the observations made by Alber-
man and Kipping on the reactions of the dimethyl
esters of ¢is- and #rans-1,2-cyclobutanedicarboxylic
acids with phenylmagnesium bromide.?* While
the trams-diester reacted with four moles of Grig-
nard reagent to give the diol XII which was sub-
sequently converted to the diolefin, the cis isomer,
presumably because of hindrance, reacted with
only three moles affording the ketoalcohol XI.
Hydrogenolysis of X to 1,2,3,4-tetrabenzhydryl-
cyclobutane (XIII) was achieved with copper
chromite catalyst in an autoclave at a pressure of
2700 p.s.i. and a temperature of 250°. The sim-
plicity of the n.m.r. spectrum of XIII as well as the
splitting and the relative peak areas all attest to
the fact that the cyclobutane ring has been pre-
served in the Grignard reaction and subsequent
reduction. Experiments designed to convert X
to the tetrakis-(diphenylmethylene)-cyclobutane

(II) are now in progress.
R.CH H R,CH

Nsz,‘OH
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R.COH R.CH

NIL R=CyH. XIII. R=CgH,
Whereas the 'all-irans”’ ester Va reacted

smoothly with phenyl Grignard reagent, no isolable
products were obtained when it was treated with
sodiunm-on-alumina®* or sodium dispersed in tol-
uene? under acyloin conditions.

Experimental®

Dimerization of Dimethyl Fumarate.—The solvent from a
solution of 10 g. (0.07 mole) of dimethyl fumarate in acetone
was evaporated under a nitrogen stream while the container,
a 500-ml. graduate cylinder, was rotated in a nearlyv horizon-
tal position. A Westinghouse 15T8 Germicidal Sterilamp?
was then inserted and irradiation was continued for a period
of 1-5 days. During the course of the irradiation tle tem-
perature was maintained at 25-30° by immersing the tube
in a large water-bath. After the irradiation was completed
the dimer was separated fromn unreacted dimethvl fumarate
and polyvmer by extraction with benzene, and finally recrys-
tallized from the same solvent (Norit); m.p. 144-145° (60
9%). A mixture melting point determination showed this
prodict to be identical to an authentic sample of the ““chair’
form of 1,2,3,4-tetracarbomethoxycyvclobutane (IVa) ob-
tained by Criegee und co-workers fromn a ciunainic acid dimer
of this stereochemistry.

Anal. Caled. for CuH 505t C, 50.00; H, 5.60; miol. wt.,
288. Found: C, 50.28; H, 5.55; mol. wt., 263 (Rast).

The infrared spectrum of the conipound, determined in
potassium bromide, shows two bands characteristic of a
carbonyl function at 5.74(s) and 5.80(m) x. These bands
inerge when the spectrum is taken in chloroforin. Other
significant bands in the spectrum are found at 7.72(s), 8.33
(m), 9.79(w), 10.55(w), 11.85(w), and 12.21(w) u. The
n.m.r. spectrum determined in deuteriochloroforni shows
only two types of protons in the expected ratio of 1:3 with
the less intense peak at 7 = 6.15 and the other at r = 6.20,
The position of the latter peak is consistent with that of the
~OCH; protons of methyl acetate (r = 6.35).28 The lack of

(23) K. B. Alberman and F. B. Kipping, J. Chem. Soc., 779 (1951).

(24) W.v. E. Doering and P. LaFlamme, Teirahedron, 2, 75 (1958).

(25) A. C. Cope and E. C. Herrick, J. Am. Chem. Soc., 72, 983
(1950).

(26) Unless otherwise indicated all melting points are uncorrected.
Analyses were performed by Schwarzkopf Microanalyytical Labora-
tories, Woodside 77, N, Y. We are indebted to R. B, Hager and R.
Willeott for 60me. n.m.r. spectra.

(27) Maximum uvltraviolet radiation (857) at 253.7 myu.

(28) G. V. D. Tiers, J. Phys. Chem., 62, 1151 (1958); L. M. Jack-
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absorption in the region r = 3-4 attests to the absence of
vinyl protons. The major peak in the mass spectrum of the
dimef is at M /e 257 corresponding to loss of an —OMe frag-
ment from the molecule.?

The tetrabenzyl ester was prepared by transesterification
and was purified by two recrystallizations from benzene—
hexane; m.p. 107.5-108.5°. The n.m.r. spectrum is con-
sistent with the proposed structure (three peaks in the ratio
of 1:2:5).

Anal. Caled. for CysHzOs: C, 72.96; H, 5.44. Found:
C, 73.22; H, 5.28.

Isomerization of cis.trans,cis-1,2,3,4-Tetracarbomethoxy-
cyclobutane (IVa).—A Pyrex tube containing 1.0 g. (0.004
mole) of the dimer [Va was sealed at a pressure of 0.1 mm.
The tube was then heated in a muffle furnace at 300° for 20
hours. After cooling, the dark solid was recrystallized twice
from benzene ( Norit) to give Va in 509, yield, m.p. 123-125°
(reported!® 127°).

Stereochemical equilibration was also effected by heating
the dimer 0.28 g. (0.001 mole) with 0.3 g (0.006 mole) of
sodium 1nethoxide in methanol for 2 hours. The resulting
reaction mixture, after treatment with 10 ml. of a 10% am-
monium chloride solution, was evaporated to dryness. The
organic material was separated from the inorganic solids by
sublimation at 80° (0.01 mm.) and subsequently purified by
recrystallization from water; m.p. 127° (18%,).

The infrared spectrum of this substance determined in
potassium bromide shows absorption at 3.36(w), 5.77(s) and
8.25(s) u. The n.m.r. spectrum has bands at + = 6.67 and
+ = 6.28 in the proper ratio of 1:3, respectively.

Hydrolysis of cis trans,cis-1,2,3,4-Tetracarbomethoxy-
cyclobutane (IVa).—Five grams (0.017 mole) of the dimer
IVa was heated on a steam-bath with concentrated hydro-
chloric acid until complete solution was attained. The
mixture was then evaporated to dryness under reduced pres-
sure. The resulting solid after recrystallization from ace—
tone-hexane lost water at 220-225°; reported!® m.p. 226°
dec. Treatment of the acid with diazomethane in ether pro-
vided the original dinier deinonstrating that no isomeriza-
tion had occurred during the hydrolvsis stage.

Hydrolysis of trans,trans.trans-1,2,3 4-Tetracarbometh-
oxycyclobutane (Va).—A mixture of 0.28 g. (0.001 mole) of
the dimer and 5 ml. of concentrated hydrochloric acid was
heated ou a steain-bath until a homogeneous solution was
obtained. This solution was then evaporated to dryness
under reduced pressure. The residual solid was crystallized
from either acetic acid—hexane or tetrahvdrofuran-hexane
solvent pairs; m.p. 261-264° dec., reported!3 261-264° dec.
Sublimation of a sample of this tetrabasic acid Vb at 265°
(0.05 mm.) afforded a mixture of starting material and the
“‘chair’’ dianhydride.

Dehydration of cis.trans.cis-1,2,3,4-Tetracarboxycyclo-
butane (IVb).-—A 0.10-g. (0.0005 mole) sample of the tetra-
carboxveyclobutarne was heated witlt 5.0 nil. of thionyl chlo-
ride for 3 hours. The excess thionyl chloride was removed
by distillation nuder reduced pressure aud the residue after
being washed with hexaue was collected on u filter and finally
purified by sublimation.

The tetrabasic acid may ulso be dehydrated thermally by
lieating at 225-230° iu1 a sublimator at 0.05 inim. A second
sublimmation is needed iu order to free the anhydride from
acid which also subliies.

The infrared spectruin exhibits the cliaracteristic anhy-
dride doublet at 5.38 and 5.60 u and is identical to the spec-
trum of the product ohtained frou: the photodimerization of
maleic anhiydride in the solid state.

Attempted Bis-decarboxylation of the Diunhydride VI.—
An intimate mixture of 0.50 g. of the dianhydride, 2.50 g. of
active lead oxide and 10 g. of powdered pyrex glass was
heated at 250° for 0.25 hour while being stirred in a stream
of nitrogen. The effluent gases were passed in turn through
silver nitrate and barium nydroxide traps. Although carbon
dioxide was generated, there was no indication of any reac-
tion occuring in the silver nitrate trap and repeated extrac-
tion of the residual material with solvents yielded no soluble
organic products.

man, ‘Applications of Nuclear Magnetic Resonance Spectroscopy in
Organic Chemistry,’* Pergamon Press, London, 1959, p. 30.

(29) We are indebted to A. H. Struck and Miss R. Herberich, Stam-
ford Research Laboratories, American Cyanamid Co., Stamford,
Conn., for determination of the mass spectrum.
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Preparation of c¢is trans,cis-1,2,3,4-Tetraacetoxymethyi-
cyclobutane (VIIIa).—A 5.8-g. (0.02 mole) sample of the
tetriester [Va dissolved in a miixture of 150 ml. of benzene
and 150 ml. of dry ether was reduced in the inverse manner
by adding 3.0 g. (0.08 mole) of lithium aluminun hydride.
A superior procedure for accomplishing this cousists of ex-
tracting the lithium aluminmunn hydride into the stirred ester
solution from a Soxhlet thimble witli the refluxing solvent.
After the addition was completed 25 ml. of acetyl chloridein
50 ml. of ether was adrled dropwise and heating was continued
for an additional 12 hours. The reduction mixture was
finally decomposed by adding 200 ml. of water followed by
100 1l of 109, sulfuric acid. The organic laver was remove:l
and the aqueous phase extracted three times with 50-ml.
portionis of benzene. The combined organic layers were
then dried over Drierite and finaily concentrated to a dark
oil (4.5 g.). Vacuum distillation of this oil (178-180°
(0.02mm.)) provided 2.0 g. of the polyacetate VIIIa which
stowly solidifiedd on stunding. The infrared spectrum of this
compound measured in chloroform has bands at 5.80(s) and
8.09(s) mg. The n.unr. spectrum has peaks at = 5.88,
T = 7.42 and 7 = 8.00 in the rutio of 2:1:3 which is consist-
et with the assigned structure,

A nu/ Caled. for CisHwOs: C, 55.80; H, 7.03. Found:

C, 85.26; 11, 7.21.

Preparation of  cis.trans,cis-1.2,3,4-Tetrabenzoyloxy-
methylcyclobutane (VIIIc).—A solution of 0.90 g. (0.0026
mole) of the tetraacetate VIiIa and 2.0 g. of potassium liy-
droxide in 50 1l. of methaaol was heated under reflux for 2
hours. Tlie niethanol was theu removed and the residue
was heated for 3 hours with 50 nil. of benzoyl chloride. After
hvdralysis of the excess benzoyl cliloride the reaction mix-
ture was repeatedly extracted with beuzene., Removal of
tlie benzene from the organic phase uader vacuum afforded
a1t oil whiclt consisted largely of methyvl benzoate. This in
turn was remaved by distillation aad the residual ail was
dissolved in ethano! and allowed to stand in the freezer.
After 2 days crvstals were deposited which upon recrystal-
lization from 1-butanol melted at 104-105°. The infrared
spectrurn of this ruaterial determined in potassium bromide
lias bauds at 5.82(s) aud 7.90(s) g. The n.an.r. spectruni,
determined in carbon {etrachitoride, shows absorption at 7 =
2.10, 2.20, 2.65, 2.75 {avoinatic), » = 5.45 (~CH»,-0) and =
= 7.10 (3° C-H) in the approxivuite ratio of 5:2:1, re-
spectively.

Anal. Caled. fur Ciuglln0s: C, 72,06, H, 5.44; mol. wt.,,
893, Found: C, 72.91; H, 5.54; mal. wt., 475 (Rast).

Condensation of cis.trans,cis-1,2,3,4-Tetracarbometh-
oxycyclobutane (IVa) with Phenylmagnesium Bromide.—A
solution of 0.1 miole of phenvlmagnesium bromide in 50 ml.
of anhydrous tetrahydrofuran was added dropwise to a
salution of 1.0 g. (0.0035 aiole) of the tetraester it 200 ml. of
boiling tetrahydrofuran. The first 10 ml. of Grignard solu-
tion turned the reaction rnixture wiac-red. After the addi-
tion was completed the soiution was hiested under reflux for
1 hour and then the temperature was raised to 8)° by dis-
placing the tetralivdrofuran with benzeite. After cooling the
reaction mixture to room temperature it was perinitted to
stund overnight while stirring was continued. Fiaally,
cecomposition was achieved by pouring the solution into an
aminoniunt chloride-ice mixture and then allowing it to
stand 0.25 honr.  Tlhte organic laver was removed and the
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aqueous phase exiracted repeatc:iiy with SU-mlb. portions of
benzene. After the combined organic layers had beea dried
over Drierite, tlie volatile solvents wcre removed. Tie
residual solid was heated with enough henzene to effect solu-
tion, When the benzeiie was exchanged with methyleyvelo-
hexate 0.5 g. of crystals separated, which when recrystallized
from benzene melted at 285-287° dec. The infrared spee-
truni of this compound has bands assignadle ta a hydroxyl
function (3.03 w) aud a1 aromatic carbouyl groun (6.07 ).

Condensation of  trans.trans,trans-1.2,3,4-Tetracarbo-
methoxycyclobutane (Va) with Phenylrnagnesium Bromide.
~—The Grignard reagent prepared in tetra }Iv(l'ofm an {rom 16

g.(0.70 g. atom) of magnesiuin turnings and 72 m!. of bromo-
benzeue (0.70 1nole) in 75 ml. of dry tetrehydrofuran was
added dropwise to a well stirred solution of the tetraester Vi
i1 250 ml. of tetrahvdrofuran. After the addition waz cam-
pleted, the solution was heated uunder reflux for 2 hours, aud
thien stirred an additional 12 hours at roowr temperature.
The tetrahvdrofuran was then displaced withh benzeae and,
after being cooled, the reaction mixture was poured into i
solution of a.nm(mlum chloride (70 g.) cooled to 0° witit ice.
After stirring 23 hours the resulting suspension s centri-
fuged and the solid which appeared at the interface was
collected by decatiting the solvents. This solid was dried,
transferred to a Soxhilet thiinble and extracted in turn with
pentane to reimove biplienyl; benzene, to extract hvdroxy-
ketoues; aund fiually with tetrahyvdrofurau.  After 5 0 &
hours of extraction, the tetracarbinol X began to crystailize

rom the boiling tetraiivdrofuran and in 19-12 hours the
extraction wus comipieted. The product which precipitated
wheu the extract was diluted with absolate echunot melterd
above 300°. The iufrared spectrum bas bands  at
3.00(s), 3.10¢s) aund 3.30(w) . A1 1LaLr, spectruin was siat
obtained oa the product because of its low solubility.

Anal. Caled. for CsplsOqr C, 85.68; 11, 8,140,
C. 85.69; H, 6.06.

Preparation of trans,trans,trans-1,2,3 4-Tetrabenzhydryl-
cyclobutane.—A mixture of 0.50 g. (0.0900 mole) of thie cur-
binol, 1.0 g. of copper oxide—copper barium chrosiite cat-
alyst¥:3t gnd 100 ml. of ethanol was piaced in a hydroge:i-
tion bomb and heated at 250° for 8 hours. ‘The original
hydrogen pressure was 1900 p.s.d. at roow teaperature.
The hydrocarbon was obtaiited as a crystailine solid, insala
bte in hot ethanol and was collected by decautatios ((1L25 g.,
680%). After beiug reerystallized froin methyleyclohexane
the product melted at 284-287°.  The n.ie.r. spectrin s
a complex peak in the aromatic region centered at 5 = 3.1; ).
and two doublets i1l the aliphatic region at 7 = 5.8+ aud =
7.54 with a coupling constant of 11.6 c.p.s. These pe LL.
appeared to have tlie expected ratio 10:1: 1, respectively.

Anal. Caled. for CuHys: C, 93.29; L, 6.71; wol. wi.,
721. Fouund: C, 93.33; H, 6.92; mol. wt., 715 (Rast).
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