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247-217.5° dee. Infrared »5e: 1773 em. ! (ester), 1701
cm. ! {carboxyl), 1689 cm.~! (carbonyl).

Anal. Caled. for CyH;208: C, 61.96; H, 3.29. Found: C,
62.17; H, 3.49.

The product was confirmed to be identical with authentic
rhein diacetate.
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Three different carbon skeletons have been
proposed for the sesquiterpenic alcohol carotol.
Sorm and Urbanek* originally proposed formula
I; carotol was represented as having a hydroxy
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group at Cy and a double bond at C,—C,. These
workers® later suggested that the hydroxy group
was at C; and the double bond at Ci—C; or Coq—
Cu. Very recently Sorm and co-workers® proposed
formula II for carotol on the basis of new degrada-
tive experimental work. At the time of the latter
report there appeared another publication in which
other workers” offered evidence in support of
formula III.

Daucol (carotol oxide), another sesquiterpenic
constituent of the oil of Daucus carota L., is also
obtained from carotol on oxidation with peracids.*
Originally ,daucol ;was,believed ;to be the epoxide
of carotol, but it _was recently shown that oxida-
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tion of daucol gives a keto cther, CisH:O., and
formula IV was proposed as the structure of daucol.®

We were in the process of determining the abso-
lute configuration of carotol when the recent con-
flicting reports appeared. We wish to offer evi-
dence which, together with the recent work of
Sorm, et al.,® shows that structures represented
by formulas I and IIT are untenable and that
formula II or its isomer with the double bond at
Cs—C, represents the correct structure of carotol.

Carotol was isolated from carrot seed oil, as
previously described, and converted to daucol
by oxidation with peracids. The NMR spectrum
of daucol is consistent only with formula IV.
Formula V would represent daucol if carotol were
correctly represented by formula IIT.

The two sharp lines at 64 cps (§ = 8.932) and

- 82 cps (6 = 8.632) in the NMR spectrum of daucol

can be assigned to the bridgchead methyl group
of IV and the methyl group at the tertiary carbon
C,, respectively, since neither line shows spin
coupling to a neighboring proton. The methyl
group attached to the five-membered ring of V
would show a doublet character similar to that
observed for each of the isopropyl methyls at
49 and 63 cps (5 = 9.184 and 8.950). The iso-
propy! methyl groups possess different chemical
shift valucs in this compound (see reference 8 for
discussion of this). Further evidence for IV in
preference to V is the four line pattern at 224
eps (8 = 6.263) which arises from the proton
attached to the same carbon atom as the hydroxy
group in IV. The two protons of the adjacent,
CH. group couple their spins to this proton with
different coupling constants, leading to the ob-
served pattern. In the case of V, the single neighbor-
ing proton could not split the resonance of the
proton in question into more than a doublet.

The acetate of daucol was prepared and its
NMR spectrum showed the isopropyl methyls
unshifted relative to daucol itself, while the bridge-
head methyl and tertiary methyl group at C,
showed small shifts. The large shift of the multiplet
from 224 cps to 296 cps (8 = 5.070), a shift of
1.20 parts per million, is characteristic of the be-
havior of a proton adjacent to hydroxy upon
acetylation of the hydroxy group. Therefore, the
hydroxy group of daucol is adjacent to CH, and
IV represents the correct structure; VI, which
corresponds to the epoxide of II, is excluded.
With the evidence available it is not possible to
say with certainty whether the hydroxy group in
1V is at position 5 or 3.

The NMR spectrum of carotol itself showed a
flat-topped peak in the olefinic region which is
characteristic of an olefinic proton adjacent to a
CH, group. Treatment of carotol with permanga-
nate at 0° gave the previously reported triol.4

(8) S. Goodwin, J. N. Shoolery, and L. F. Johnson, J.
Am. Chem. Soc., 81, 3065 (1059).
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The NMR spectrum of this triol was also consist-
ent with structure II for carotol.

A dicarboxylic acid was obtained by oxidation
of the triol with chromic acid in acetic acid. This
acid appears to be the same as the one recently
reported by Sorm, et al.,® however, Chiurdoglu
and Descamps’ isolated an a-hydroxyketone by
a similar oxidation.

The NMR spectrum of the above acid is consist~
ent with the formula VII proposed by Sorms¢ for this
acid. Itisinteresting that in the NMR spectrum of
the acid the isopropyl methyl groups are equiva-
lent and the doublet corresponding to them is

OAc
CO.H
CO.H

VII

found at 55 cps (6 = 9.083), close to the average of
the nonequivalent methyls in daucol. A similar
situation prevails in carotol itself in which the
isopropyl methyls are equivalent or nearly so and
fall at 57 cps (6 = 9.050).

EXPERIMENTAL?

NMR spectra. The NMR spectra were obtained with a
Varian V-4300C high resolution NMR spectrometer operat-
ing at 60 me. in a magnetic field of 14,092 oersteds. Samples
were examined in dilute deuterochloroform solution at 33°,
contained in cylindrical glass cells 0.195” o.d. and 0.165"
i.d. containing 0.4 ml. of solution. The magnetic field was
swept through the spectrum at approximately 25 milligauss
per minute from low to high field. A trace of tetramethyl-
silane was added to each sample to serve as an internal
reference. The positions of single lines or centers of spin
multiplets are designated by the field-independent symbol
s where § = 10.00 — 10° X (¥ — v3iMes)/V8iMer

Daucol acetate. Carotol was obtained by distillation of
commercial natural carrot seed oil (Magnus Mabee and
Reynard, Inc.). The fraction of boiling point 80-81° at
0.1 mm. and n% 1.4944 was used. Gas chromatography
indicated that this fraction contained at least 909, carotol.

Carotol was converted to daucol with either perbenzoic
acid or monoperphthalic acid as previously described.*

A solution prepared from 262 mg. of daucol (m.p. 117-
118°), 2.5 ml. of pyridine, and 0.2 ml. of acetic anhydride
was allowed to stand at room temperature for 5 hr., then
warmed on the steam bath for 15 min. Daucol acetate, 239
mg., precipitated when the solution was poured on ice.
Recrystallization from methanol-water gave colorless
needles of constant m.p. 80-81°.

Anal. Caled. for C7H20s: C, 73.34; H, 9.41; O, 17.24.
Found: C, 73.27; H, 9.87; O, 17.08. A3 5.78 u, 8.00 u.
Rotatory dispersion in methanol ¢ 0.494; [a]wom, +4.05°;
[a]mm +10.5°; [a]mmu +170°.

Preparation of acid VII. Carotol was converted to the
triol, CisHz0s, m.p. 137-139°, as previously described.
The triol, 4.62 g., was dissolved in 400 ml. of acetic acid,
10.3 g. of chromic anhydride added, and the solution main-
tained at 80° with stirring for 13 hr. The solution was con-
centrated with the water aspirator and the residue taken
up with ether. Extraction of the ether layer with bicarbonate

(9) All melting points are uncorrected. Microanalysis by
Dr. Alfred Bernhardt, Max Planck Institute, Mulheim,
Germany.
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solution followed by acidification of the bicarbonate extract
gave 125 mg. of a colorless solid, m.p. 169-170°.

Anal. Caled. for C;sHyuOs: C, 59.98; H, 8.05; O, 31.96.
Found: C, 60.16; H, 7.93; O, 31.92; neut. equiv., 129.
The neutralization equivalent indicates that saponification
of the acetate occurred. Rotatory dispersion in methanol
¢ 0.460; [a)wom, —2.6°; [a)wsms —3.0°; [alsosm, —31.3°%;
[a]2s6my +53.9°.

Evaporation of the neutral ether layer gave a viscous oil
the infrared spectrum of which showed no O—H band but
two carbonyl bands one at 5.63 u and the other at 5.83 u.
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Diels-Alder addition of «,8-unsaturated nitro®
compounds and conjugated dienes is an important
preparative reaction. In a synthesis of derivatives
of 3-nitroadipic acid,?® it became of advantage to pre-
pare 4-nitrocyclohexene. 4-Nitrocyclohexene was
first obtained (see Experimental) in the present work
in 78-929, yields by condensation of nitroethylene
and 1,3-butadiene at 105-107° in either glacial ace-
tic acid or benzene or in the absence of a solvent.
The condensation, although adequate, offered the
disadvantages that (1) nitroethylene is a viscous
lacrymatory liquid which deteriorates on storage
and is readily polymerized by heat, light, water, or
traces of alkali‘and (2) preparation of nitroethylene
from nitroethanol, either »ia 2-nitroethyl acetate
(88% yield from nitroethanol) and subsequent reac-
tion with sodium acetate (considerable polymeriza-
tion) or by reaction with phthalic anhydride at 170°
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