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Vigreux column, a still-head containing a cold-finger reflux 
condenser, a dry ice trap and a liquid nitrogen trap. The 
system was first purged with helium and a slow stream of 
helium was maintained during the reaction. The reaction 
flask was heated so as  to maintain a slow reflux a t  the base 
of the Vigreux column but the temperature in the still-head 
did not exceed 30”. The temperature of the reaction mix- 
ture in the runs with diethoxybutane was initially 120” and 
rose to  140’ during the course of t,he reaction. The tem- 
perature of the runs with diisopropoxybutane was about 10” 
higher. After 4 to  5 hr. of heating t,he reaction flask was 
allowed to cool and the flow of helium was increased to 
ensure the complete transfer of volatile products to the 
traps. At the conclusion of a run the contents of the liquid 
nitrogen trap were transferred to an evacuated 1-1. flask 
and brought to atmospheric pressure with helium. The 
gaseous products were analyzed with a mass spectrometer. 
The dry ice trap was connected to an evacuated flask and 
allowed to come to room temperature. The cont,ent,s were 
thus separated into a gaseous and a liquid fraction. The 
gaseous fraction which was analyzed by means of gas 
chromatography and the mass spectrometer was a t  least 
98a/, acetaldehyde. The reaction mixture was distilled at  
atmospheric pressure through a 12-inch Vigreux column 
until the tempera.ture reached the boiling point of the 
acetal. The distillate was combined with the liquid fraction 
of the dry ice trap and analyzed by means of a Perkin- 
Elmer “Fractometer” using their column “A” which is 
supplied with the instrument. Helium was used as the carrier 
gm. The temperature was 50’ and the pressure was 25 
p s i  The chromatogram from the run with the et,hyl 
acetaJ contained a number of well-separated bands which 
t i w c  identified as acetaldehyde, acetone, ethanol, tbutyl  
alcohol, n-butyraldehyde, ethyl n-butyl ether, t-butyl 
peroxide, ethyl butyrate, and the acetal in that order. The 
ethyl alcohol was not a reaction product but, was an im- 
purity of the acetal. The products were identified by trap- 
ping each fraction from the gas chromatography apparatus 
ir: a, Dry Ice trap and transferring the condensate to an 

infrared cell and obtaining the infrared spectrum. The 
identification of each fraction was confirmed by shoving 
that the retention time in the gas chromatogram of the 
known material was identical with the unknown in the re- 
action mixture. For quantitative analysis‘ of the reaction 
mixture, a synthetic mixture was made which contained 
equal molecular amounts of the different substances which 
were found to be present. This mixture was run on the frac- 
tometer and the peak heights measured. It Ras found thst 
the relative peak heights were independent of the sample 
size. Dividing each relative peak height of the chromatogram 
of the unknown mixture by the corresponding relative peak 
height of the known mixture gave the relative amount,s of 
each constituent of the reaction mixture. To convert these 
relative amounts to absolute concentrations it was necessary 
to determine the concentration of any one of the constitu- 
ents. For this purpose the concentration of t-butyl peroxide 
was determined from the intensity of its infrared band at  
11.4 microns using a calibration curve that had previously 
been prepared using solutions of t-butyl peroxide in carbon 
tetrachloride in a 0.1-mm. cell. This band was chosen be- 
cause there was no interference from t,he other const,ituents. 
The residue from the distillat.ion of the reaction mixture 
was further distilled a t  reduced pressure. The unrcacted 
acetal distilled at  55” to 60” at  40 mm. and a high boiling 
product (0.8 gram) was obtained, b.p. 72-76’ a t  2 mm. Its 
infrared curve showed no bands due to hydroxyl or carbonyl 
groups. 

Anal. Calcd. for C12H260e: C, 71.29; H, 12.8i; mol. wt. 
202. Found: C, 71.12; H, 12.75; mol. wt. 196. 

In a similar manner the decomposition of the diisopropy 1 
acetal yielded 0.6 gram of a product, b.p. 75-80’ a t  2 mm. 

Anal. Calcd. for CI4HB0O2: C, 73.04; H, 13.04; mol. wt,. 
230. Found: C, 72.88; H, 12.70; mol. wt. 224. 

Acltnowledgment. We are indebt’ed to J l r .  Roger 
Bowman for the mass spectromet,er analyses. 
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4-Bromo-2-heptene has been converted to a mixture of 1,3- and 2,4heptadiene by dehydrobromination with s-collidine 
The mixtures obtained by the two procedures differed both in and by the Hofmann exhaustive methylation procedure. 

the ratio of structural isomers and in the distribution of geometrical isomers. 

For another study a straight-chain, unsymmetri- 
cal, conjugated diene without terminal unsatura- 
tion was desired. Kot many such dienes are recorded 
in the literature, and of those that have been 
reported the usual method of preparation (dehydra- 
tion of an allylic alcohol prepared from a Grignard 
reagent and ail cr,p-unsaturated aldehyde) leaves 
the structure assignment somewhat doubtful. 
For instance, 2,4-heptadiene has been reported at 
least ten times. The boiling point reported for this 
diene has varied from 103’ to 109.7’, and agree- 

(1) Presented before the Division of Organic Chemistry, 
ACS, Atlantic City Meeting, September, 1956. 

(2) From the master’s thesis of J.A.S. and work of F.L.G. 

ment of literature values for the refractive index 
is no better. Dumoulin3 carried out a permanganate 
oxidation on his 2,4-heptadiene, and the acids 
obtained led him to ronclude that the diene 
contained some of the 1,3-isonier. Re appears to be 
the only worker to have indicated that t,he 2,4- 
heptadiene might contain some of the l13-diene. 
Owens4 did some work on the dehydration of 
n-butylvinylcarbinol which indicated that a mix- 
ture of structural isomers was obtained. The 
distillation curve of the dehydration product 

(3) J. Dumoulin, Conrpt. rend., 182, 974 (1926). 
(4) G. R. Owens, Ph.D. thesis, Ohio State University, 

1937. 
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showed two plateaus. On the basis of the differences 
in the values of the exaltation of the molar refrac- 
tivity the lower boiling material (b.p. 100.0-100.5") 
was assigned the l13-heptadiene structure and the 
higher boiling material (b.p. 103.8-108.3") was 
designated as 2,4-heptadiene. 

In  their original paper on allylic bromination 
Ziegler et aL6 advocated the reaction of an alkene 
with N-bromosuccinimide followed by dehydro- 
bromination as a method for the preparation of 
conjugated dienes. A branched-chain heptadiene, 
and straight-chain nonadiene and dodecadiene 
were reported as having been prepared in fairly 
good yield. No experimental work on the struc- 
tures of these dienes was reported; the only evidence 
offered for the nature of the products were diene 
numbers6 which were about 95% of the theoretical 
values. These high diene numbers are surprising 
in light of later work' on the reaction of maleic 
anhydride with conjugated dienes, where it has 
been shown that the high yield of adduct is ob- 
tained only when the carbon-carbon double bonds 
of the diene are of the trans-configuration. It is 
not likely that the dienes obtained by Ziegler el al. 
were of high steric purity, and the high diene 
numbers can be explained by the long reflux time 
employed, during which the maleic anhydride was 
involved in a polymerization reaction.8 

In the years since 1942 the procedure suggested 
by Ziegler et al. has been highly successful and 
widely used for the introduction of a conjugated 
diene system into cyclic compounds, but the 
method has seen little application in open-chain 
compounds. The open-chain compounds that have 
been useds have been of high molecular weight, 
and the conversion to conjugated diene has been 
only moderately successful. 

Heptadiene was chosen as the final product, 
for ultraviolet and infrared absorption should 
enable one to establish the diene as the 1,3- or 
2,4-isomer. Hurd and Ensorlo reported that 4- 
bromo-2-pentene was dehydrobrominated by tri- 
methylamine at a low temperature. On the basis 
of this report it was hoped that 4-bromo-2-heptene 
could be converted to  2,4-heptadiene under these 
mild conditions. The bromoheptene was treated 
with various amines under a varietv of reaction 

(5) K. Ziegler, A. Spath, E. Schaaf, W. Schumann, and 
E. Winkelmann, Ann., 551.80 (1942). . .  

(6) H. P. Kaufmann, J. Baltes, and H. Buter, Ber., 70, 
903 (1937). 

(7j R. L. Frank, R. D. Emmick, and R. S. Johnson, 
J .  Am. Chem. SOC., 69, 2313 (1947); H. R. Snyder, J. M. 
Stewart, and R. L. Myers, J .  Am. Chem. SOC., 71, 1055 
(1949); K. Alder, Ann., 571, 157 (1950). 
(8) D. Craig, J .  Am. Chem. SOC., 65 ,  1006 (1943). 
(9) P. Karrer and J. Rutschmann, Helv. Chim. Acta, 28, 

793 (1945); H. Schmid and A. Lehmann, Helv. Chim. Acta, 
33, 1494 (1950); J. v. Mikusch, Fette u. Seifen, 54, 751 
(1952); S. Fujise and S. Sasaki, J .  Chem. SOC. Japan, Pure 
Chem. Sect., 74, 579 (1953). 

(10) C. D. Hurd and E. H. Ensor, J .  Am. Chem. Soc., 7 2 ,  
5135 (1950). 

conditions; but to  obtain a bromine-free product 
it was necessary to keep the reaction mixture at a 
rather high temperature for a fairly long period 
of time. The procedure finally adopted was to 
drop the bromoheptene into hot (165") s-collidine 
which was stirred. The diene distilled from the 
reaction flask through a small, helix-filled column. 
After washing, the crude distillate was distilled 
through a spinning-band column. This distilla- 
tion gave fractions amounting to  a 78% yield of 
diene. The distillation curve exhibited two plateaus, 
one at  b.p. 101.9-103" (22% yield of diene) and 
the other at b.p. 108.2-109.1" (26% yield of diene.) 

In  establishing the identity of the two principal 
products, the diene number of each material was 
determined. The lower boiling compound gave a 
diene number (220) which was 83% of the theo- 
retical value (264), whereas the higher boiling 
material had a diene number (165) which was but 
62% of theory. These data may be explained by the 
steric requirements' of the diene reaction. Both of 
these materials had an ultraviolet absorption max- 
imum a t  226 mp with emax. 24,800 and 25,700, 
respectively. These emax. values would indicate 
that both materials are essentially pure conjugated 
diene. 

Maleic anhydride adducts of the low - and 
high-boiling materials were prepared. The amounts 
of crystalline adducts isolated correlated well with 
the values for diene number. The two adducts had 
identical me1 ting points, but differences in crystal 
form and marked depression in a mixed melting 
point determination showed the adducts to be 
different compounds. Elemental analyses of the 
hydrocarbons and of the maleic anhydride adducts 
agreed with the theoretical values for heptadiene 
and for the maleic anhydride adduct of heptadiene. 

The infrared curve of the l o ~ e r  boiling material 
had a doublet a t  10.00 and 11.16~ which is associ- 
ated with terminal unsaturation.12 A strong band 
at  10 .53~ indicated a trans-configuration of the 
carbon-carbon double bond. l3 Medium bands at  
6.03 and 6 . 2 2 ~  also supported a highly unsym- 
metrical conjugated diene structure. la  These data 
were consistent with a 1,3-diene structure for the 
lower boiling material, and in conjunction with the 
diene number the data indicated the material to be 
predominantly the trans-l,3-heptadiene. 

The doublet a t  approximately 10 and l l p  was 
missing from the infrared curve of the higher 
boiling material. Very weak bands at  6.05 and 
6.2311 indicated a fairly symmetrical conjugated 
diene.13 These data indicated the absence of 
terminal unsaturation, and since the ultraviolet 

(11) H. Booker, L. K. Evans, and A. E. Gillam, J .  Chem. 
SOC., 1453 (1940). 

(12) J. N. Coker, A. S. Bjornson, T. E. Londergan, 
T. F. Martens, and J. R. Johnson, J .  Am. Chem. SOC., 77, 
5546 (1955). 

(13) R. S.  Rasmussen and R. R. Brattain, J. Chem. 
Phys., 15, 131 (1947). 
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absorption showed this material to be conjugated 
diene, the higher boiling material must be the 
2,4-hep t adiene. 

Another method for converting an alkyl halide 
to an alkene is the Hofmann exhaustive methyla- 
tion procedure. Some years ago we carried 4-bromo- 
2-heptene through this procedure. The infrared 
absorption of the final product showed the presence 
of terminal unsaturation, indicating that re- 
arrangement, had occurred during the transforma- 
tions. Since that time Young et al.I4 have shown 
that the conversion of an allylic halide to the 
quaternary salt was accompanied by considerable 
rearrangement. 

4-Bromo-2-hepbene was subjected to the Nofmann 
procedure, and distillation of the final product gave 
fractions amounting to an 84% yield (based on the 
quaternary salt) of diene. The distillation curve had 
two plateaus, one at  b.p. 68.1-68.5"/230 mm. (47% 
yield of diene) and the other a t  b.p. 75.3-76.0"/230 
mm. (20% yield of diene). The lower boiling ma- 
terial proved to be identical with the 1,3-hepta- 
diene and the higher boiling material identical 
with the 2,4-heptadiene obtained by the collidine 
dehydrobrornination procedure. Differences in diene 
numbers and slight differences in infrared curves 
showed the geometric isomer composition of the 
various materials to be different. 

EXPERIMENTAL 

Chemicals. 4-Bromo-2-heptene was prepared as described 
prcviously.16 The material used had b.p. 70-71 '/32 mm., 
n y  1.4710. 

Trimethyhmine (anhydrous) was purchased from Dis- 
tillation Products, Rochester, N. Y., and used as received. 

Triethylamine, I,ri-lutidine, s-collidine, quinoline, and 
lepzdine were the best grades available from Distillation 
Products. The materials were distilled just before use, and 
the higher boiling ones were vacuum distilled. 

Muleic anhydride (Distillation Products) was recrystal- 
lized three times from chloroform and stored in a desiccator 
over calcium chloride. 

Dwxune was the best grade available from Distillation 
Products. The material was refluxed with sodium and dis- 
tilled in a nitrogen atmosphere. 

Preliminary experiments. To establish desirable experi- 
mental conditions for the dehydrobromination, 0.028 mole 
of 4bromo-2-heptene was heated with 0.056 mole of an 
amine in a nitrogen atmosphere for varying periods of time. 
Precipitates formed in all cases except with quinoline, 
where a lower, dark, liquid layer was formed. To the rc- 
action mixture ligroin (11.p. 30-60') was added, and this 
mixture extracted successively with 57' acetic acid, 10% 
sodium bicarbonate, and water. The organic layer was 
riricd and distilled through a column (14 X 140 mm.) 
which x a s  packed with helices. A bromine-free distillate 
< t l i ~ l t l  be obtained o d y  if a temperature of at least 140' 
,,iJd 2 hr aeaetion time were used. The following procedure 

I ,  no1 w a  of 4-bro?no-,t?-heptene with s-collidine. 
a& fitted with a dropping funnel, Hershberg 

4 )  W .  G. Young, 1%. A. Clement, and C. Shih, J .  Am. 

1'. L. Grecnwood and M. D. Kellert, J. Am. Chem. 

4 !IP larger scale experiments. 

- I I_ 

?gt. 77. 3061 (1955). 

Sac, 75 ,  4842 (1953). 

stirrer, and helix-filled column (packed portion, 14 X 170 
mm.) was placed 93.2 g. (0.77 mole) of s-collidine (b.p. 
63.5"/16 mm.). The apparatus was flushed with nitrogen 
and the reaction system protected from air during the 
course of the reaction. The reaction flask was placed in a 
metal bath, the temperature of which was maintained at, 
165-170' during the reaction. 4Bromo-2-heptene (54.5 g., 
0.31 mole) was added dropwise to the reaction flask over 
a period of 2 hr. When the rate of distillation decreased, the 
temperature of the metal bath was raised until the boiling 
point of the distillate suddenly rose, indicating collidine 
was coming into the distillate. The reaction was discontinued 
a t  this point. The distillate (30.3 g.) came over at 102- 
106". A portion of the distillate gave a negative test for 
bromine. 

The residue in the reaction flask was filtered, the pre- 
cipitate washed with ligroin (b.p. 30-60') and dried. This 
precipitate was collidine hydrobromide (58.7 g.; 95% yield). 

The distillate was washed into a separatory funnel with 
400 ml. of ligroin (b.p. 30-60'). This solution was extracted 
with three 130-ml. portions of 5% acetic acid, once with 100 
ml. of 10% sodium bicarbonate, and finally with 100 ml. 
of water. Hydroquinone was added to  the organic layer 
and it was then dried with freshly heated sodium sulfate 
overnight. 

The ligroin solution was filtered from the sodium sulfate, 
the drying agent washed three times with ligroin, and the 
washings added to the main solution. Some hydroquinone 
was added to the solution and the ligroin distilled from the 
solution through a Fenske column (18 plates) under a nitro- 
gen atmosphere. The distillation was discontinued when 
the temperature of the distilling liquid reached 85". The 
residue was transferred to  a smaller flask, some hydro- 
quinoue was added, and the liquid was distilled under 
nitrogen through a Nester spinning-band column (7 mm. 
I.D. X 600 mm.). After removal of solvent 27 fractions 
were collected which were combined to give the following: 
Forerun, 0.98 g., b.p. 96-102'/752 mm., nz$ 1.4321-1.4425; 
Liquid I, 6.49 g., 22% yield of diene, b.p. 101.9-103°/752 
rnm., ng 1.443S1.4445, d2' 0.722; Intermediate Fraction, 
8.11 g., 27% yield of diene, b.p. 103-108'/755 mm., ng 
1.4452-1.4529, da6  0.726; Liquid 11, 7.66 g., 26% yield of 
diene, b.p. 108.2-109.1"/755 mm., n y  1.4542-1.4549, dZ5  
0.737. The total weight of distillate (23.24 g.) corresponded 
to a 787, yield of diene from the bromoheptene. Vacuum 
distillation of the product in another preparation gave 
essentially the same results. 

Liquid I was identified as a mixture of cis- and trans-l,3- 
heptadiene. In  the ultraviolet the material had XE:H 226 
RIP, e 24,800. The infrared curve had the following peaks 
(microns): 3.24(m), 3,34(sh), 3.41(vs), 3.47(vs), 5 . 5 6 ( ~ ) ,  
6.03(ms), 6.22(ms), 6.85(s), 7.24(m), 7.68(w), IO.OO(vs), 
10.53(s), 11.16(vs), 13.14(m). The curve indicated terminal 
unsaturation, conjugated diene and cis- and truns-configura- 
tions with a preponderance of the trans-isomer. 

Anal. Calcd. for C&: C, 87.4; H, 12.6; diene number, 
204. Foundle: C, 87.4; H, 12.5; diene number6 (1 hr. reflux), 
230. 

A maleic anhydride adduct of the material was prepared 
by refluxing a benzene solution of the reactants for 2 hr.; 
1.01 g. of diene gave 1.80 g. of solid, m.p. 58-65'. Consider- 
able waxy material was present in the solid. One crystal- 
lization from ligroin (b.p. 60-90') gave 1.28 g. of plates, 
m.p. 67.6-68.3". Two more crystallizations gave material 
of m.p. 68.8-69.5'. 

Anal. Cnlcd. for CllH1.,03: C, 68.0; H, 7.3. Found: C, 
67.6; H, 6.9. 

Liquid I1 was identified as a mixture of geometric isomers 
of 2 Pheptadiene. In  the ultraviolet the material had 
AzE'227 mp, c 25,700. The infrared curve had the follow- 
ing peaks (microns): 3.34(s), 3.41(vs), 3.48(sh), 5.59(vw), 

(16) Elemental analyses by Dr. Carol Fits, Needham 
Heights, Mass. 
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6.05(w), 6.23(vw), 6.90(s), 7.27(m), 7.67(w), 9.35(w), 
10.18(vs), 10.58(vs), 10.78(m), 11.15(vw), 11.53(vw), 
12.18(m). The curve indicated a fairly symmetrical con- 
jugated diene,13 absence of terminal unsaturation and cis- 
and trans-configurations. 

Anal. Calcd. for C7H1a: C, 87.4; H, 12.6; diene number, 
264. Found: C, 87.5; H, 12.6; diene number, 165. 

The diene (1.08 g.) gave 1.58 g. of waxy maleic anhydride 
adduct, m.p. 61.8-67'. One crystallization from ligroin 
(b.p. 6&90°) gave 0.83 g. of needles, m.p. 67.9-69.0'. 
Two more crystallizations gave material of m.p. 68.8- 
69.5". Mixed m.p. with adduct of Liquid I, 35.6-42.8'. 

Anal. Calcd. for CltH1408: C, 68.0; H, 7.3. Found: C, 
67.8; H, 7.0. 

The Intermediate Fraction must be a mixture of 1,3- 
and 2,sheptadiene. The material had an ultraviolet absorp- 
tion maximum a t  226 mp, cmax. 25,900. The material (1.02 
g.) gave 1.46 g. of gummy maleic anhydride adduct. Frac- 
tional crystalhation of the adduct gave 0.51 g. of plates, 
m.p. 68-69'. This material gave no depression in a mixed 
melting point determination with the adduct of Liquid I .  
This proves the presence of the 1,a-diene in this fraction. 
Attempts to isolate the adduct of the 2,4diene from the 
Intermediate Fraction adduct were unsuccessful. 

Reaction of +bromo-Z?-heptene with trimethyhmine. A pres- 
sure bottle containing 100 ml. of dioxane was placed in an 
ice bath. To  this flask was added 10.1 g. (0.171 mole) of 
trimethylamine which was passed through a drying tube 
containing potassium hydroxide pellets before entering the 
dioxane. The reaction flask was kept cold during the drop- 
wise addition of 15.0 g. (0.0847 mole) of 4bromo-2-heptene. 
Three reaction mixtures were prepared as above, and the 
bottles placed in the refrigerator overnight. The bottles 
were then placed in a water bath (75-80") for 8 hr. The 
white solid which was initially present melted to a colorless, 
lower layer on warming. The reaction flasks were shaken 
occasionally during the 8 hr. heating period. The bottles 
were cooled, and the reaction mixtures were combined in a 
500 ml. wide-mouth Erlenmeyer flask. 

The liquid was removed from the reaction mixture with 
a filter stick, and the residue washed twice with dry ether. 
The ether was also removed with the filter stick. The 
quaternary salt was extremely hygroscopic and had to be 
protected from moisture at all times. We were unsuccessful 
in finding a suitable solvent for crystallization of the salt. 
The flask containing the quaternary salt was kept in a vac- 
uum desiccator over phosphorus pentoxide until it  came to  
a constant weight. Yield, 58.1 g., 97%. 

Anal. Calcd. for C10H2ZBrN: Br, 33.8. Found: Br, 34.6. 
The quaternary salt was surely a mixture of normal and 

rearranged product.I4 The bromine analysis showed that 
the reaction product was predominantly the desired quater- 
nary salt and did not contain much trimethylamine hydro- 
bromide which would have resulted from a dehydrobrom- 
ination reaction. 

Conversion of quaternary salt to heptadiene. Into a 2-1. 
flask fitted with a Hershberg stirrer and dropping funnel 
were placed 250 ml. of water and silver oxide which had 
been freshly prepared from 249.1 g. (1.466 moles) of silver 
nitrate and 58.6 g. (1.466 moles) of sodium hydroxide. Into 
the dropping funnel was placed a solution of 172.1 g. (0.729 
mole) of the quaternary salt in 250 ml. of water. This solu- 
tion was added dropwise to the reaction Bask over a period 
of 40 min. The reaction mixture was allowed to stir over- 
night. The reaction mixture was filtered, the residue washed 

twice with water, and the washings and filtrate were com- 
bined to give 1 1. of water-white solution. 

A 500 ml. Claisen flask was fitted with a dropping funnel, 
downward condenser, and receiver which was immersed 
in an ice bath. The apparatus was flushed with nitrogen 
and protected from air during the course of the reaction. 
The reaction flask was immersed in a metal bath which 
was maintained at 170-180' during the pyrolysis. The solu- 
tion of the quaternary base wa8 added a t  such a rate that 
the decomposition flask was essentially dry during the pyrol- 
ysis, The addition of the base solution required 7.5 hours. 
Acetic acid (50.0 g., 0.833 mole) was added to the distillate, 
and the organic layer was separated. The aqueous layer was 
extracted with 2 100-ml. portions of ligroin (b.p. 30-60°), 
and the extracts combined with the organic layer. The or- 
ganic layer was extracted with 100 ml. of 5% sodium bi- 
carbonate and with 50 ml. of water. The organic layer was 
placed in a flask containing some hydroquinone and some 
freshly heated sodium sulfate. 

The drying agent was removed by filtration and washed 
three times with ligroin. The combined washings and filtrate 
were placed in a flask with some hydroquinone, and the 
solvent removed through a Fenske column (18 plates) under 
a nitrogen atmosphere. The distillation was discontinued 
when the temperature of the distilling liquid reached 95" 
The residue was transferred to a smaller flask, hydro- 
quinone added, and the liquid distilled in vacuo through the 
Nester spinning-band column. After removal of a small 
amount of solvent 37 fractions were collected which were 
combined to give'the following: Forerun, 1.42 g., b.p. 
64.0-68.1'/230 mm., n g  1.4391; Liquid 111, 33.04 g., 
47% yield of diene, b.p. 68.1-68.5'/230 mm., n g  1.4427- 
1.4443; Intermediate Fraction, 10.69 g., 15% yield of 
diene, b.p. 68.5-75.3"/230 mm., n y  1.4448-1.4538; Liquid 
IV, 14.04 g., 20% yield of diene, b.p. 75.3-76.0"/230 mm., 
n y  1.4543-1.4552. The total weight of distillate (59.19 g.) 
represented an 84.4% yield of diene. 

Liquid I11 proved to be 1,3-heptadiene. The material 
had an infrared absorption nearly identical with that of 
Liquid I. In  the ultraviolet this material had AZi:H 225.5 
mp, e 23,600. Liquid I11 gave a maleic anhydride adduct 
of m.p. 68.7-69.2', undepressed when mixed with the Liquid 
I adduct. The diene number (137.4) of Liquid I11 was 5270 
of the calculated value, which indicated this I,S-diene to 
contain less of the trans-isomer than Liquid I. 

Liquid IV was 2,4heptadiene. Its infrared curve was 
almost identical with that of Liquid 11. In  the ultraviolet 
this 2,4diene had 229.5 mp, E 24,900. Liquid IV gave 
a maleic anhydride adduct of m.p. 68.8-69.2", which gave 
no depression of melting point when mixed with the Liquid 
I1 adduct. Liquid IV had a diene number (60.6) which was 
23% of the calculated value. This would indicate that 
Liquid IV contained much less of the trans,trans-isomer than 
did Liquid IT. 

Acknowledgments. We are indebted to  Drs. 
J. Chen and P. Kabasakalian and to the Texaco 
Research Center, Beacon, N.Y., for the ultraviolet 
and infrared work. The first Hofmann exhaustive 
methylation was carried out by Morton D. Kellert. 
Financial support was received from the Petroleum 
Research Fund of the ACS and for this we express 
our gratitude. 

MEDFORD 55, MASS. 


