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1-Methyl-3-isopropylidenecyclobutene and 1,4,4-trimethyl-3-methylenecyclobutene have been prepared from 3-isopropyl-

idenecyclobutanecarbonitrile and 2,2-dimethyl-3-methylenecyclobutanecarbonitrile, respectively.
butane has been shown to be one of the products formed by thermal dimerization of allene.

1,3-Dimethylenecyclo-
A compound believed to be

trimethylenecyclobutane also has been obtained from the pyrolysis of a bis-quaternary salt along with the isomeric triene

1-methyl-3,4-dimethylenecyclobutene.
tion of a dimer.

A number of unsaturated four-membered ring
hydrocarbons have been synthesized by routes
analogous to Willstdtter’s! classical synthesis of cy-
clobutene by decomposition of cyclobutyltrimethyl-
ammonium hydroxide. Examples include the prep-
aration of methylenecyclobutene,? 2,2-dimethyl-
methylenecyclobutene,?  1,2-dimethylenecyclobu-
tane® and recently 1-methyl-3-methylenecyclobu-
tene.* Discovery of a route to substituted alkyli-
denecyclobutanes® that are converted readily to
amine derivatives has made possible the prepara-
tion of a number of new unsaturated four-membered
ring hydrocarbons.

The synthesis of l-methyl-3-methylenecyclobu-
tene (I) and 1,3-dimethylenecyclobutane (II), re-
ported by Caserio, Parker, Piccolini and Roberts,
has been confirmed independently in this Labora-
tory. Pyrolysis of N,N-dimethyl-(3-methylene-
cyclobutanemethyl)-amine oxide* (III) gave a mix-
ture containing 78%, of II and 229%, of I that was
separated readily linto the two pure hydrocarbons
by gas chromatography.
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When the mixture composed of 787%, 1,3-dimethyl-
enecyclobutane and 229, 1-methyl-3-methylenecy-
clobutene was heated under reflux in contact with
a 109, solution of potassium hydroxide in ethylene
glycol it was converted to a mixture composed of
only 4%, 1,3-dimethylenecyclobutane and 969, 1-
methyl-3-methylenecyclobutene.

The preparation and characterization of pure 1,3-
dimethylenecyclobutane led to detection of this
compound in the product formed by dimerization
of allene, which is reported to give 1,2-dimethylene-
cyclobutane.! Dimerization of allene at 400° and
atmospheric pressure’ gave two products in a ratio

(1) R. Willstitter and W. von Schmaedel, Ber., 38, 1992 (1905).

(2) D. E. Applequist and J. D. Roberts, TrIS JOURNAL, 78, 4012
(19586).

(3) A. T. Blomquist and J. A. Verdol, ibid., 78, 109 (1956).

(4) F. F. Caserio, Jr., S. H. Parker, R, Piccolini and J. D. Roberts,
ibid., 80, 5507 (1958).

(3) H. N. Cripps, J. K. Williams and W. H, Sharkey, ibid., 80, 757
(1958); 81, 2723 (1939).

Evidence for the formation of this highly unsaturated compound rests upon isola-

of 85:15. These compounds were separated by
gas chromatography. The major component was
1,2-dimethylenecyclobutane. The minor compo-
nent was identical to 1,3-dimethylenecyclobutane
obtained by pyrolysis of 1.

I{ ~CH,
2C - E + II
I =CH,

The route previously described* for the prepara-
tion of III that culminates in a Hofmann pyrolysis
has now been used to prepare more highly substi-
tuted alkylidene cyclobutenes. Dimethylallene
upon cycloaddition to acrylonitrile forms two prod-
ucts, 3-isopropylidenecyclobutanecarbonitrile and
2,2-dimethyl- 3-methylenecyclobutanecarbonitrile.®
These compounds were converted to 1-methyl-3-iso-
propylidenecyclobutene (IV) and 3-methylene-1,4,-

4-trimethylcyclobutene (V), respectively, by py-
rolysis of the corresponding quaternary hydroxides

VI and VII.
CHgN(eina)g CH,
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The infrared spectrum of IV showed a weak band
at 5.83 u for the isopropylidene double bond stretch-
ing vibration and at 6.26 u for the stretching vibra-
tion of the endocyclic double bond. The infrared
spectrum of V had bands at 5.99 and 6.27 u for the
stretching vibration of the exocyclic and endocyclic
double bonds and a band at 11.78 x for the out of
plane bending vibration of the methylene hydro-
gens. Then.m.r. spectra® of these compounds con-

(8) S. Lebedev, J. Russ. Phys. Chem. Soc., 48, 1249 (1913): C. 4., 8,
320 (1914).

(7) We are indehted to the late Dr. C. Weaver who dimerized allene
and first detected the 1,3-isomer in the product. Analysis of this prod-
uct by vapor phase chromatography was done by Dr. B. C. Anderscn.

(8) We are indebted to Dr. W. D. Phillips of this Laboratory who
determined and interpreted the n.m.r. spectra. N.m.r, spectra were
obtained by means of a high resolution nuclear magnetic resonance
spectrometer and associated electromagnet, both manufactured by
Varian Associates, Palo Alto, Calif., operating at 40 Mc. and approxi-
mately 10,000 gauss. Spectra were calibrated in terms of displace-
ments in cycles per second (c.p.s.) from the proton resomance of H:O.
Negative frequency displacements indicate resonances occurring at
higher field relative to the reference.
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Fig. 1.—Preparation and rcactions of trimetliylenceyclo-

butane.

firms the assigned structures. For IV resonance
peaks occur at +33 c.p.s. corresponding to the hy-
drogen at position 2, at —101 c.p.s. for the two
hydrogens at position 4, at —130 c.p.s. for the three
hydrogens of the methyl group at position 1, and at
—146 c.p.s. for the six hydrogens of the isopropyli-
dene group. Similarly, the n.m.r. spectrum of V
shows resonance at 423 c.p.s. for the hydrogen at
position 2, at —37 c.p.s. for the two hydrogens on
the exocyclic methylene group, at —140 c.p.s. for
the three hydrogens of the methyl group at position
1, and at —164 c.p.s. for the hydrogens on the two
methyl groups at position 4.

1t 1s assumed that 1-isopropylidene-3-methylene-
cyclobutane (VIII) is the initial product in the reac-
tion that gives IV; VIII could give both IV and
1X, but IV was the only product isolated.
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No eviderice was obtained for the presciice of eitlier
VIII or IX.

Bifunctional cyclobutenes® are obtained readily
by rearrangenient of the 1:1 allene-imaleic anhy-
dride adduct, 3-methylenecyclobutane-1,2-dicar-
boxylic anhydride, and one of these derivatives,
N,N,N’,N’-tetramethyl-3-methyl-2-cyclobutene-
1,2-biscarboxamide (X), served as a precursor to
the triply unsaturated cvclobutane derivatives,
trimethylenecyclobutane (XIV) and 1-methyl-3,4-
dimethylenecyclobutene (XV). Trimethylenecy-
clobutane proved to be unstable and dimerized
near room temperature to the cyclodctadiene deriv-
ative XVI. The reactions employed in the prepara-
tion of XIV and XV are outlined in Fig. 1.

Reduction of the bisamide X with lithium alu-

minuim  hydride proceeded uormally to give
(9) M. N, Cripps. J. K. Williams, V. Tullio aml W, 1. Sharkey,
in press.
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the bisamine XI in good yield. Quaternization
with methyl iodide was unusual in that the reaction
was accompanied by migration of the double bond
to the exo position. This was convineingly demon-
strated by infrared analysis, which showed absorp-
tion at 3.31 and 11.25 u for terminal methylene.
These bands were not present in the infrared spec-
trum of XI.

Reaction of XII with silver oxide gave the qua-
ternary hydroxide X111, which was decomposed by
mild heating to yield a volatile, water-insoluble hy-
drocarbon mixture. This product was caught in a
trap cooled at —80°. In an attempt to isolate tri-
methylenecyclobutane (XIV) the pyrolysis prod-
uct was allowed to warm to near room tempera-
ture where it evolved heat and obviously under-
went spontaneous changes. When the pyrolysis
product was allowed to stand at 25° in a solvent,
and then distilled, the hydrocarbons XV and XVI
were obtained.

Pure 1-methyl-3,4-dimethylenecyclobutene (XV)
was obtained by gas chromatography and charac-
terized by spectral studies. Its n.m.r. spectrum
had peaks at 4-5 c.p.s., for the single hydrogen on
the ring, at —32 c.p.s. for the four methylene hydro-
gens and at —143 c.p.s. for the methyl hydrogens.
Infrared absorption of XV is shown in Fig. 2. The
ultraviolet spectrum of XV in iso6ctane showed two
maxima which were at 210 mu (e 31,800) and at 245
my (e 5800).

" ﬁ Al V m
hl I]‘Aﬂbﬁ mﬂ{f tﬂl/\v Lq [ ~‘~J/

.l ]

Y W\/m
I \J U

‘ |

i |
I J
[

I L L . | L L , L L )
R 4 5 3 7 8 9 10 1y 12 13 14 i5

~MICRONS,

Fig. 2.—Iufrared spectra: A, l-niethyl-3,4-dimethylenc-
cyclobutene (XV); B, dimer XVI,

Characterization of the cyclodctadiene XVI is
also based mainly on spectral studies. Its infrared
spectrumm {Fig. 2) is very similar to that of 1I-
methyl-3-methylenecyclobutene (I), with bands at
5.93, 6.17 and 11.75 u. Of particular interest is its
ultraviolet spectrum. Maximum absorption oc-
curred at 225 my as compared to 224 my for I. At
225 mu the extinction coefficient of XVI was
26,700, which is very nearly twice that of I4 as
would be expected for the structure assigned. The
n.m.r. spectrum of X VI was also consistent. Reso-
nance was obtained at —22 and —29 c.p.s. for the
four exocyclic methylene hydrogens aud at —93,
—107 and —114 c.p.s. for the twelve saturated liy-
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drogens. No evidence has been obtained to differ-
entiate between the two possible position isomers
of XVI.

Although trimethylenecyclobutane is too reactive
to be isolated and characterized by chemical meth-
ods, evidence was obtained indicating it to be a
primary product formed by decomposition of XIII.
When the organic material in the cold trap was dis-
solved in pentane, washed with cold, dilute acid to
remove trimethylamine and quickly dried with
magnesium sulfate and its infrared spectrum meas-
ured immediately, strong absorption at 5.64 and
11.37 u was observed while bands ascribable to XV
were of medium strength and those associated with
the dimer XVI were weak. The bands at 5.64 and
11.37 u diminished in intensity when this product
was stored at 25°. At the same time the bands
ascribable to the dimer XVI increased greatly and
those associated with XV remained essentially un-
changed.

The isolation of 1-methyl-3,4-dimethylenecyclo-
butene from the pyrolysis of XI1II may be explained
in several ways. The infrared spectral evidence
indicates that dimerization is the process by which
trimethylenecyclobutane stabilizes itself in neu-
tral solution at 25°; nevertheless base-catalyzed
rearrangement could take place under the highly
alkaline pyrolysis conditions. Alternatively, anal-
ogy for the sequence involving rearrangement of
the partial pyrolysis product XVIII to XIX is
found in the formation of 1-methyl-3-alkylidenecy-
clobutenes from N,N,N-trimethyl-(3-alkylidenecy-
clobutanemethyl)-ammonium hydroxides.

ot IR D S
C_B
CH, - CH,N(CH,); CHa \—CH:N(CHjy);
XVIII XIX
Experimental'?

1,3-Dimethylenecyclobutane (II).—The amine oxide pre-
pared from 75 g. of N,N-dimethyl-(3-methylenecyclobu-
tane)-methylaminet was heated at 150-185° under 140-190
mm, pressure. Pyrolysis products were collected in a trap
cooled at —80°. After pyrolysis was complete the material
in the trap was allowed to warm to room temperature and
the organic phase was separated and dried over magnesium
sulfate. Distillation gave 28 g. of hydrocarbon, b.p. 68.5-
69°, n®*p 1.4486. Gas chromatography showed that the
product was 78%, 1,3-dimethylenecyclobutane and 229, 1-
methyl-3-methylenecyclobutene. The 1-methyl-3-methyl-
enecyclobutene, #2p 1.4598, was identified by comparison
of the behavior of an authentic sample of this material on the
same chromatographic column. Preparative gas chroma-
tography of a sample of the hydrocarbon mixture afforded
a pure sample of 1,3-dimethylenecyclobutane,! b.p. 68°,
n%¥Dp 1.4466.

Rearrangement of 1,3-Dimethylenecyclobutane (II) to 1-
Methyl-3-methylenecyclobutene (I).—A 5-ml. sample of the
hydrocarbon mixture of 78, II and 229, I obtained in the
previous experiment was heated under reflux with 2.5 g. of
potassium hydroxide and 25 ml. of ethylene glycol. Over
the course of 2.75 hours the refractive index changed from
its original value of #2%p 1.4486 to #%Dp 1.4564. Gas chro-
matography showed the hydrocarbon mixture was now com-
posed of 969, l-methyl-3-methylenecyclobutane and 49
1,3-dimethylenecyclobutene.

3-Isopropylidenecyclobutanemethylamine.—A slurry of
100 g. of lithium aluminum hydride in 1 1. of absolute ether

(10) Melting points and boiling points are uncorrected.

(11) Separation was accomplished readily on a 12 ft. X 3/¢ in.
column at 25° packed with 1,5-dicyano-3-methyl-3-nitropentane on
40-60 mesh firebrick (3:7) with a helium flow rate of 545 ml,/min.
The retention time of I was 43 min. and of 1I was 64 min.

UNSATURATED 4-MEMBERED RING HYDROCARBONS

4271

was prepared under a nitrogen atmosphere. To it was
added 242 g. (2 moles) of 3-isopropylidenecyclobutanecarbo-
nitrile over a period of 3 hours. After stirring the reaction
mixture at 25° for an additional 98 hr. the reduction was
complete, and the metal salts were decomposed by addition
of 46 g. of sodium hvdroxide dissolved in 250 ml. of water.
The ether solution was decanted from the solid inorganic
salts, which were washed with additional portions of ether.
The combined ether solutions were dried over potassium
hydroxide, the ether was removed, and the residual oil dis-
tilled through a 24-inch spinning band column to yield 166 g.
(669%) of 8-isopropvlidenecyclobutanemethylamine, b.p.
114° (96 mm.), n%Dp 1.4748.

Anal. Caled. for C;HisN: C, 76.74; H, 12.06. Found:
C, 77.03; H, 11.98.

The phenylthiourea of this amine, purified by two recrys-
tallizations from hexane, melted at 92-92.5°.
Anal. Caled. for CisHoN:S: C, 69.18; H, 7.74; N,
10.76. Found: C, 69.28; H, 7.83; N, 10.70.
N,N,N-Trimethyl-(3-isopropylidenecyclobutanemethyl)-
ammonium Iodide (VI).—3-Isopropylidenecyclobutane-
methylamine (125 g., 1.0 mole) was added over 45 minutes
to a mixture of 318 g. of sodium carbonate. 1.5 1. of absolute
methanol and 270 g. (1.9 moles) of methyl iodide. The
mixture was stirred at room temperature for 16 hours, fil-
tered, and the filter cake washed with two 227-g. portions
of hot absolute methanol. The filtrates were combined
and evaporated to dryness under reduced pressure. A
light-tan solid was obtained that was dried n vacuo at 30°.
The quaternary salt was isolated from this solid by extrac-
tion with six 500-ml. portions of chloroform. TUpon evapo-
ration of the extracts to dryness, recrystallization of the resi-
due from absolute alcohol and drving iz wacuo at 60°, there
was obtained 267 g. (90%) of N,N,N-trimethyl-(3-isopropvli-
denecyclobutanemethyl)-ammonium iodide, m.p. 208-210°.
After recrystallization from a methanol-water mixture, this
compound melted at 211-212°,
Anal. Caled. for CyHIN: C, 44.75; H, 7.51; N, 4.75.
Found: C, 44.31; H, 7.41; N, 4.62.
1-Methyl-3-isopropylidenecyclobutene (IV).—The above
quaternary iodide (155 g., 0.525 mole) dissolved in 1 1. of
water was added to silver oxide prepared from 170 g. of
silver nitrate. After stirring for 3 hours, the reaction mix-
ture was filtered, and the filtrate concentrated at 40° under
reduced pressure. The sirup obtained was heated in an
oil-bath (bath temperature 120-130°) at 1-2 mm. and vola-
tile products were collected in a trap cooled at —80°.
After warming to room temperature, the upper, organic layer
was separated, washed with cold water, and distilled. The
portion boiling at 129-129.5° was washed with 109, aqueous
acetic acid, then with saturated sodium bicarbonate, and
dried over magnesium sulfate. Redistillation through a
12-inch packed column gave 14 g. of 1-methyl-3-isopropyl-
idenecyclobutene, b.p. 130-130.5°, #%Dp 1.4742.
Anal. Caled. for CsHyp: C, 88.81; H, 11.19.
C, 88.71; H, 11.19.
2,2-Dimethyl-3-methylenecyclobutanemethylamme.—
2,2-Dimethyl-3-methylenecyclobutanecarbonitrile (121 g.,
1.0 mole) was reduced with 50 g. of lithium aluminum hy-
dride by the same procedure described for 3-isopropylidene-
cyclobutanemethylamine. The crude amine was distilled
through a 24-inch spinning band column to give 104 g. (83%,)
of 2,2-dimethyl-3-methylenecyclobutanemethylamine, b.p.
97° (102 mm.). This amine formed a phenylthiourea
which, after two crystallizations from hexane, melted at
83-83.5°.
Anal. Caled. for CisHzoNeS: C, 69.18; H, 7.74; N,
10.76. Found: C, 69.05; H, 7.74; N, 10.62.
N,N,N-Trimethyl-(2,2-dimethyl-3-methylenecyclobutane-
methyl)-ammonium Iodide (VII).—The procedure de-
scribed for the preparation of IV afforded N,N,N-trimethyl-
(2,2-dimethyl-3-methylenecyclobutanemethyl)-ammonium
iodide, m.p. 249-250°, in 839, yield. Recrystallization
from water gave crystals melting sharply at 256°.
Anal. Caled. for CyH2IN: N, 4.75. Found: N, 4.32.
1,4,4-Trimethyl-3-methylenecyclobutene (V).—A slurry
of silver oxide (prepared from 340 g. of silver nitrate) in 11.
of distilled water was stirred with 148 g. (0.5 mole) of N,N,N-
trimethyl-(2,2 - dimethyl-3-methylenecyclobutanemethyvl)-
ammonium iodide (VII) at room temperature for 24 hours.

Found:
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Silver salts were removed by fiitration under nitrogen, and
the filtrate was concentrated by distillation at atmospheric
pressure. When the pot temperature reached 145°, the
distillate began to distil in two phases. Pyrolysis was con-
tinued until the pot temperature reached 160°. The upper,
organic layer of the distillate was separated and washed free
of trimethylamine with water and then dried over potassium
hydroxide. The crude product was distilled threugh a 12-
inch packed column to give 31 g. (57%) of 1,4,4-trimethyl-
3-methylenecyclobutene, b.p. 95°, n%Dp 1.4413.
Anal. Caled. for CgHyp: C, 88.81; H, 11.19.
C, 89.12; H, 11.29.
N,N,N’,N’-3-Pentamethyl-2-cyclobutene-1,2-dicarbox-
amide (X).—A solution of 200 g. of anhydrous dimethyl-
amine in 1 1. of benzene was cooled to 0° in 2 Morton flask.
To it was added 100 g. of 3-methyl-2-cyclobutene-
1,2-dicarbonyl chloride® in 100 ml. of benzene with vigorous
stirring over the course of 1.5 hours. During addition the
temperature was maintained between 0 and 10°. Dimethyl-
amine hydrochloride, 84 g. (100%,), was removed from the
reaction mixture by filtration. Benzene and excess di-
methylamine were removed by distillation under reduced
pressure. The dark brown oil that remained weighed 98 g.
(909%). The crude amide was of sufficient purity for reduc-
tion to the more readily purified diamine XI.
3-Methyl-1,2-bis-(dimethylaminomethyl )-2-cyclobutene
(XI).—The crude amide X, prepared as described above,
was dissolved in 500 ml. of anhydrous ether and added to a
slurry of 30 g. of lithium aluminum hyvdride and 640 ml. of
anhydrous ether under nitrogen. The reaction mixture
was stirred at room temperature for 18 hours and then under
reflux for an additional 3 hours. The excess lithium alumi-
num hydride was decomposed by the cautious addition of
150 ml. of a solution of 100 g. of sodium hydroxide in 300
ml. of water. The ether solution was removed and the
brown solid was washed with 640 ml. of ether. The com-
bined ether solutions were reduced to a volume of 300 ml. by
distillation on the steam-bath. The remaining ether was
removed through a 30-inch spinning band column and the
oil that remained was distilled under reduced pressure, b.p.
60-64° (3 mm.), 52.6 g. (62%), n**p 1.4569-1.4572. A
heart cut, n¥*p 1.4572, was analyzed. The infrared spec-
trum of this diamine had no band at 3.25 or 11-11.75 4, but
did have a band at 5.91 g (unconjugated C=C in four-
membered ring).
Anal. Caled.
15.35.
3-Methylenecyclobutane-1,2-bis-(methyltrimethylam-
monium Iodide) (XII).—Over the course of one hour a solu-
tion of 182 g. of XI in 250 ml. of absolute ethanol was added
to a stirred solution of 350 g. of methyl iodide in 1 1. of abso-
lute ethanol while the temperature of the reaction mixture
was maintained at 0-10°. The mixture then was allowed
to stand at 5° for 16 hours. After the solid precipitate of
bis-quaternary iodide XII was collected, washed with 200
ml. of cold absolute ethanol and dried in a vacuum oven at
43°, it weighed 437 g. (949%). After four recrystallizations
from methanol, material was obtained that melted at 217
218° dec. The infrared spectra of both the crude product
and the analytical sample showed bands at 3.31, 5.93 and
11.25 u.
Anal. Caled. for C;ngsNQIQ: C, 3349,
6.01. Found: C, 33.38; H,6.30; N, 5.92.
1-Methyl-3,4-dimethylenecyclobutene (XV) and 5,11-
(or 12 ?)-Dimethylenetricyclo[8.2.0.047]dodeca-1(10),4(7)-
diene (XVI).—A mixture of 117 g. of XII, 750 ml. of water
and the freshly prepared moist silver oxide from 128 g. of
silver nitrate was stirred vigorously at 25° for 0.5 hour.
At this point a filtered sample of the reaction mixture gave
no precipitate with silver nitrate solution in dilute nitric
acid. The solid was removed by filtration, and the filtrate
was placed in a flask equipped with a stirrer and a 12-inch

Found:

for CyHeN;: N, 15.36. Found: N,

H, 6.05; N,
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Vigreux column. Water was removed by distillation at 5
mm. until decomposition of the quaternary hydroxide began,
as evidenced by a change in the nature of the boiling. Then
the product was collected in a receiver containing 100 ml.
of ether and 0.25 g. of phenothiazine and cooled at —80°.
Distillation was continued and the pot temperature was
maintained at 20-40°. The contents of the receiver were
allowed to warm to room temperature and were diluted with
200 ml. of ether. The ether layer was washed rapidly with
two 200-ml. portions of water, two 200-ml. portions of 3%
hydrochloric acid, and finally with two more 200-ml. por-
tions of water and then dried over anhydrous potassium
carbonate at 0°. The ether and more volatile materials
were removed at 5 mm. and collected in a trap at —80°.
Distillation of the residue gave 6.1 g. of the dimer XVI,
b.p. 116-117° (5.5 mm.); XVI polymerized very rapidly
when exposed to the air but could be stabilized by the addi-
tion of a trace of phenothiazine. It melted at about 5° and
could be stored at that temperature, when protected from
air, for several months without any apparent change. The
infrared spectrum of XVI is reproduced in Fig. 2. The
ultraviolet spectrum showed Alssetare 225 my (¢ 26,700).

Anal. Caled. for CisHie: C, 91.23; H, 8.77; mol. wt.,
184; quant. hydrogenation, 0.0439 g. H:/g. Found:
C, 91.00; H, 8.68; mol. wt., 188, 190; quant. hydrogena-
tion, 0.0439 g. Hy/g.

The lower-boiling pyrolysis product that was collected
in the cold trap during the initial distillation was redistilled
to give 1.2 g. of XV, b.p. 44-45° (100 mm.). Gas chroma-
tography afforded a specimen for characterization.'?

The ultraviolet spectrum of XV had two maxima in iso-
octane; Amax 210 mp (e 31,800), Amax 245 mpu (e 5,800).
The infrared spectrum is reproduced in Fig. 2.

Anal. Caled. for C;Hs: C, 91.25; H, 8.75. Found: C,
91.63, 90.84; H, 8.59, 9.17.

Trimethylenecyclobutane (XIV).—In a separate pyroly-
sis conducted as described above, the pyrolysis product was
collected in a trap at —80° without solvent. To the cold
trap was added 100 ml. of pentane and enough calcium
chloride to cause the aqueous phase to melt at about —4Q°.
The pentane phase was collected and washed with a solution
of 10 ml. of concentrated hydrochloric acid in 100 ml. of
299, calcium chloride solution at —40°. Pentane was re-
moved by distillation at 30 mm. pressure until 8 ml. of
material remained. From this residue, 4 ml. of material

TABLE I

Bands Absorbance
assignable to ;4 0 hr, hr. 22 hr,
X1V 5.64 0.18 0.14 0.02
6.08 .29 .26 .20
XV 5.87 .17 .19 .23
6.03 .26 .26 .26
6.44 .90 .90 .90
XVI 5.93 .10 .20 .45
6.17 .24 .44 .95

was distilled into a receiver cooled at —80°. When a small
portion of the distillate was allowed to warm to 25° a spon-
taneous, exothermic reaction took place. Another portion
of distillate (0.5 ml.) was dissolved in 5 ml. of a 1:1 carbon
tetrachloride-chloroform mixture at —80°. The infrared
spectrum of this solution was measured as rapidly as pos-
sible in the 5-6.5 u region. These measurements are sum-
marized in Table I.

WILMINGTON 98, DELA.

(12) 12 ft. X 3/ in. column at 140° packed with Dow—Corning 200
Fluid, 50 cs., on 40-60 mesh firebrick with helium flow rate of 265 ml./
min, The retention time of XV was 31 min.



