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Fractionation of the 1-hromoheptadecatriene in a Bah- 
cock-type apparatus6 was effective in removing the hydro- 
carbon, but did not give pure samples of any of the other 
components. Passing a pentane solution of a mixture of 1- 
ethoxy-, I-chloro-, and 1-bromoheptadecatriene through an 
activated silicic acid column effectively removed the ether 
from the eluted halides. Carbonation of the Grignard rea- 
gent6 prepared from the mixed halides gave linolenic acid, 
the purity of which was established by gas chromatography 
of the methyl ester. 

An Aerograph Model A-100 chromatograph with a 5-ft. 
polyester column was used for the isolation of pure samples 
of 1-ethoxy- and 1-chloroheptadecatriene. The elution char- 
acteristics of the various fractions were obtained using a 
Barber-Coleman Model 10 Chromatograph with a 6-ft. 
Pyrex column containing 15% succinic acid-ethylene glycol 
polymer on siliconized Johns-Manville Chromosorb, 80-100 
mesh. 

1-Ethoxy- and I-chloroheptadecatriene were identified by 
comparing a hydrogenated sample of each with a homologous 
series of 1-ethoxy- and 1-chloroalkanes from which the elu- 
tion time of the C17 homologwas determined by extrapolation. 
The homologous series of ethers was prepared from sodium 
ethoxide and a mixture of Clz.,a.ls,ls 1-bromoalkanes. The 
chloride series was made by a lithium aluminum hydride 
reduction of a mixture of CM,,S.~S.~O acids followed by refluxing 
the alcohols with thionyl chloride-pyridine. The relative re- 
tention times for the various fractions a t  190' and 139 ml./ 
minute were l-ethoxy-cis,cis,cis-8,11,14-heptadecatriene, 
0.42; l-chloro-cis,czs,cis-8,11,14-heptadecatriene, 0.66; and 
l-bromo-cis,n's,cis-8,11,14-heptadecatriene, 1. Hydrogena- 
tion of the mixture over 10% palladium-on-carbon in ethanol 
gave the 1-substituted heptadecanes with relative retention 
times of ethoxy, 0.45; chloro, 0.66; and bromo, 1. 
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Recently, a number of investigators have re- 
ported splitting of the carbonyl band in the infra- 
red spectra of ketones.'S2 The majority of these 
cases appear to  be due to conformational  effect^.^ 
We wish to report a similar splitting in the carbonyl 
band of the symmetrical, nonenolic P-diketone, 
3,3-dimethyl-2,4-pentanedione (I). This result, 
coupled with ultraviolet spectral evidence, suggests 
that I exists as an equilibrium mixture of two 
conformations (C and D). 
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As the pure liquid, I exhibits absorption a t  5.81 
(1721 cm.-') and 5.88 p (1701 cm.-I) with the more 
intense band a t  the higher wave length. Under these 
conditions the two bands are resolved; however, in 
carbon tetrachloride solution the lower wave length 
absorption is present only as a less intense shoulder 
with both bands a t  the same positions observed in 
the pure liquid. By way of comparison, methyl tert- 
butyl ketone (neat) shows a single symmetrical band 
a t  5.85 p (1709 cm.-'). 

A consideration of the possible conformations of 
I reveals the probable cause for the two bands. 
Conformation A is unlikely due to  the opposed 
carbonyl dipoles. With conformation B, severe 
interference results from the proximity of the 
terminal methyl  group^.^ Form C, on the other 

A B C 

hand, is not unduly strained. A final conformation 
(D, not shown) may be obtained by rotation 
of the acetyl groups so that the oxygens are both 
eclipsed by each of the methyls of the gem-dimethyl 
group. This form has no opposed methyl groups and 
appears to contain the least number of nonbonded 
interactions. 

Conformation C corresponds closely in geometry 
to a cyclohexanone with an equatorial acetyl group 
in the a-position. Based upon the well known shift 
of the carbonyl band observed with cyclohexanones 
having a-equatorial halogen,' the less intense low 
wave length band of I may be assigned to conforma- 
tion C.* Similarly, the other likely conformation, 
D, corresponds to an axial a-acetylcyclohexanone 
with its associated band a t  5.88 p. The effect of 
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Fig. 1. Ultraviolet absorption spectra of 3:3-dimethyl- 
2,4-pentanedione in petroleum ether (b.p. 69-96") (-) ; 
3,3-dimethyl-2,4-pcntanedione in absolute ethanol (-------) ; 
and methyl tert-butyl ketone in petroleum ether (b.p. 69- 
9 6 O )  (-.-.-.) 

solvent polarity on the relative concentrations of 
C and D is consistent with the results obtained 
with a-bromocycl~hexanones.~~ 

The ultraviolet spectra of I in both hydrocarbon 
and ethanol solvents (Fig. 1) are considerably dif- 
ferent from that expected of a compound with a 
pair of isolated carbonyl groups (6. methyl tert- 
butyl ketone, Fig. 1). In hydrocarbon solvent there 
is a maximum at  305 mp ( e  93) and four shoulders- 
a spectrum that is more complex than that for the 
normal n - T* transition of simple ketones. With 
ethanol as solvent the maximum is shifted to lower 
wave length. This is the usual "blue shift" ob- 
served with solvents capable of hydrogen bonding 
with the carbonyl ~hromophore.~ 

The presence of an axial a-halogen is known to 
cause a hathochromic shift in A,,, and an increase 
of the extinction coefficient in the ultraviolet 
spectra of cyclic ketones. lo Application of this result 
to the present case suggests that conformation D 
is mainly responsible for the observed anomalous 
ultraviolet absorption. It has been suggested that 
the shiftsobserved with axial a-halo ketones are due 
to hyperconjugation.'Ob While this may also be true 
with D, another interpretation is that overlap 
between the p-orbitals on the carbonyl carbons 
occurs and, in fact, the geometry of D is favorable 
for this type of overlap. A similar explanation has 
been used to account for the spectral abnormalities 
of phenyl and benzyl acetone." In  any event, 
interpretation of the electronic spectra is subject 
to the usual difficulties in deciding whether a shift 
in A,,, is the result of a change in the ground state 
or the excited state. 
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EXPERIMENTAL 

3,3-Dimethyl-2,4-pentanedione was prepared essentially 
by the published method12 through stepwise dimethylation 
of acetylacetone. Considerable difficulty was experienced in 
introducing the second methyl group until it  was discovered 
that reducing the reaction time to 20 min. prior to removal 
of the ethanol by distillation gave the product in 65-70% 
yield. Purification by fractional distillation followed by 
extraction with aqueous cupric acetate yielded material 
contaminated with 1.5% monomethyl acetylacetone (analy- 
sis by gas-liquid chromatography'3). Low temperature 
recrystallization from pentane reduced the impurity to 

Infrared spectra were determined on a Beckman IR-5 
instrumenV4 with an estimated accuracy of f O . O 1  1.1 (+ 3 
cm.-l). Each spectrum was calibrated with the 6 . 2 4 ~  (1602 
cm, -1) polystyrene band. Ultraviolet spectra were measured 
on a Beckman DK-2 ~pectrophotometer.~~ All solvents used 
for solution spectra were purified. 
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The synthesis of the lactam of endo-2-carboxy- 
endo-6-aminonorbornane (111) was of interest be- 
cause a knowledge of the properties of the mono- 
lactam is potentially useful for the solution of the 
intimate structure of the dilactam of endo-cis-2,3- 
dicarboxy-endo-~is-5,6-diarninonorbornane.~ In  the 
dilactam it js not known whether both the lactam 
groups are in the usual keto form or whether one of 
the lactam groups is in the unusual enol form. 
The lactone of endo-2-carboxy-exo-5-bromo-endo- 
6-hydroxvnorb~rnane~ (I) with aqueous Fodium 
hydroxide a t  room temperature gave endo-2-car- 
hoxy-6-ketonorbornane (11). Evidence for the struc- 
ture of the keto acid I1 is: the elemental analysis; 
the infrared spectrum, 5.7 p for the ketone and 5.85 
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