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ride at 0° for 2 days.2” After the usual work-up procedure?’ the
crude product was recrystallized from ether-ligroin mixture (82%):
mp 119-121° (lit.28 mp 120-122°); NMR 6 4.4 (m, 1, >CHOTS),
7.66 (m, 4, CeHy).

38-Cholestanyl-48-d; Brosylate (9). The mixture containing
38-cholesterol-48-d1 and freshly distilled acetic anhydride was re-
fluxed in dry pyridine for 20 hr.2? After addition of ether (200 ml)
the resulting solution was washed with water until neutral reac-
tion. The organic layer was dried over MgSOy and filtered. Solvent
was removed under reduced pressure and crude 38-acetoxycholest-
erol-48-d; was recrystallized from EtOH (91%): mp 118-115.5°
(lit.29 mp 114.5-116.5°); NMR & 2.00 (s, 3, -CHa), 4.70 (m, 1,
>CHOAc). .

Acetylated 38-cholesterol-48-dy was catalytically hydrogenated
over Pt (Adams catalyst) in glacial acetic acid at 65° for 36 hr. This
method does not lead to deuterium scrambling.?? After the usual
work-up the crude product was refluxed in an alkaline ethanol so-
lution for 1 hr.3° Purification and recrystallization from acetone
yielded 38-cholestanol-48-d; (80%): mp 142-144°; [a]D +238.4°; ir »
2140 em~! (C-D).28 The alcohol was converted to the correspond-
ing brosylate 9 by the known procedure?’ (53%), mp 121-122°.
Mass spectral data did not indicate deuterium scrambling. The
deuterium content was determined as 0.91 atom D per molecule.
The ir spectrum supported the presence of a 43 C-D bond in the
substrate.?8

3p8-Cholestanyl-5a,6a-d; Brosylate (10). 38-Acetoxycholest-
erol?® was catalytically deuterated over Pt in AcOH-d; as pre-
viously described.® The reaction mixture was treated as usual,*®
yielding 3B-cholesterol-5a,6a-d2 (91%): mp 142.5-144°; [a|D
+23.1°; 'H NMR spectrum did not show the signal corresponding
to a vinyl proton (8 5.35). The deuterium distribution according to
the mass spectrum was dg, 3%; da, 96%; d1, 1%; total 2.02 atoms D
per molecule. The deuterated alcohol was converted to the brosy-
late 10 in a described manner®? (67%), mp 120.5-122°,

Kinetic Measurements. The titrimetric rates were obtained
using the automatic potentiometric titration method by means of a
pH-stat, Radiometer, Copenhagen, SBR-2/TTT 11, maintaining a
constant “pH setting” of 6.8. The substrate concentration was 1.5
mmol in all experiments. Six to eight solvolyses were performed for
each sulfonate ester, alternating the measurement of the labeled
and unlabeled derivative. The rate data were calculated from the
standard integrated first-order law and evaluated using a nonlin-
ear least-squares program. No trend was observed in the rate con-
stants between 15 and 80% of the solvolysis completion.
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The addition of hydrogen chloride to 5-cholestene (1)
was reported long before the constitution of the steroid nu-
cleus was established.? The major product (prisms, mp 97°,
[a]D +4.7°) has been described as 5x-chlorocholestane (2),
rather than the 58 isomer (38),° and reference has been
made? to a structure determination using X-ray diffraction
techniques.®

The structure of the major product (“Mauthner’s hydro-
chloride™) was, however, not solved. The crystallographic
investigation was limited to the determination of the point
group and dimensions of the unit cell. As pointed out by
Bernal,® these data are not sufficient to be considered diag-
nostic as to the stereochemistry of the ring junction.

Subsequent experiments on the addition of hydrogen
chloride to 1 substantiated Mauthner’s observations but
lacked rigorous proof of stereochemistry.® The major prod-
uct (prisms, mp 96-97°, {a]D +6.4°) was separated me-
chanically from a minor product (plates, mp 94-95°, [a]D
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Figure 2. Bond lengths of 5a-chlorocholestane. The average stan-
dard deviation of a C-C bond is 0.008 A

+37°). The minor product was assigned the 58 configura-
tion 3. ,

Recent interest in the stereochemical and conformation-
al aspects of decaly! cations’ led us to question the struc-
ture of Mauthner’s hydrochloride. The reasoning which
prompts this reconsideration is based on the numerous ob-
servations of competitive, sometimes dominant capture of
decalyl cations by nucleophiles to afford products having
cis ring fusions.”™?®

Addition of hydrogen chloride to 1 in chloroform at 25°
afforded prisms, mp 96.0-96.5°, [«|D +3°, as the only crys-
tallizable product. These constants correspond well to
those reported and the physical appearance of the crystals
matched those of a diagram of Mauthner’s hydrochloride.?

Since the chemical shift of the 19-methyl group in ste-
roids is sensitive to the presence of substituents elsewhere
in the molecule and the stereochemistry of the A/B ring
junction,1© an attempt was made to deduce the structure of
the product from its NMR spectrum. A singlet 1.04 ppm
downfield from internal tetramethylsilane was readily as-
signable to the 19-methyl group. The chemical shift of 0.26
ppm to lower field relative to 5a-cholestane is in good
agreement with the 0.21-0.27-ppm shift predicted from the
Zurcher rules. In spite of the observed correspondence, the
58-chloro stereochemistry could not be rigorously excluded
because of the lack of data available with which to make a
prediction for this substitution pattern. The observed sig-
nal is 0.12 ppm downfield from the 19-methyl signal of 53-
cholestane and a shift of this magnitude appears not unrea-
sonable. It is relevant to note that the chemical shifts of the
methyl groups of cis- and trans-9-chloro-10-methyldecalin
are identical within experimental error (1.11 ppm).23

With only one isomer in hand, recourse was made to an
unambiguous determination of structure by X-ray crystal-
lographic methods. The structure was solved by standard
Patterson heavy atom techniques, and refined by block-
diagonal least-squares calculations. The coordinates of all
hydrogen atoms were found in a Fourier difference map.

The final conventional R factor was 4.6%, weighted R was
3.4%.
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-C(5)-C(8) a112,3°
- C(5) - Cl5x)=108,5
-CO0)-C (9) =121
-C(0}-C (19) =11C.1
-C13)-C(17) =117.8
-CU13)-Cc18) =112,3

Figure 3. Valence angles ‘of 5a-chlorocholestane. The average
standard deviation in a s alence angle is 0.6°.

C(2)-C)-C 0 C (19) = -840
Ci®)-C(9)-C10)-C (19) = 64,2
C{-Cl4)-C(5)-CL (Sal = -83.8
C(12)-CtQ-C07)-C (18) = ~686
C 018)-Cl17}-C13)-C (18) = 789
C 118)-C13)-C017)-C (20} =~50.4

Figure 4. Torsion angles of 5a-chlorocholestane.

Final positional and thermal parameters are listed in Ta-
bles I and II (supplementary material). Figure 1 shows an
ORTEP drawing (50% probability thermal ellipsoids) of
the steroid skeleton. Figures 2, 3, and 4 depict the bond
distances, angles, and torsion angles, respectively, of the
steroid skeleton. The chlorine is clearly in the « position
on C(5). Figures 5 and 6 show the packing in the 100 and
001 projections, respectively (supplementary material).
The side chains pack over one another and the steroid skel-
etons pack over one another with normal van der Waals
contacts.

Experimental Section

NMR spectra were recorded on a Jeol PS-FT spectrometer at
100 MHz in CDCl; and chemical shifts are reported in parts per
million from internal tetramethylsilane. Melting points are cor-
rected and were determined on a Thomas-Hoover apparatus.

Hydrochlorination of 5-Cholestene. Hydrogen chloride was
passed through a solution of 1.02 g (2.77 mmol) of 5-cholesterie in
chloroform for 2 hr. The solution was allowed to stand at 25° for 2
days, the solvent was evaporated, and the resulting product was
taken up in ether dried over magnesium sulfate. The ether was
evaporated and the residue was then dissolved in the minimum
quantity of anhydrous ether and allowed to stand at 25°. After 2
days the crystalline product (139 mg, 12%) was collected: mp 96—
96.5°; [a]D +3° (chloroform); NMR (CDCly) 0.65 (s, 3, C-18 meth-
yl), 0.86 (d, 6, J = 6 Hz, C-25 methyls), 0.90 (d, 8, J = 6 Hz, C-20
methyl), 1.04 (s 3, C-19 methyl), and 1.0-2.1 ppm (m).

Crystal Data. CorHy7Cl, mol wt 407.1, a = 14.444 () A, b =
19.264 (6) A, ¢ = 8.976 (2) A; space group, P2:2,2;, orthorhombic,
Z =4,V =24955 A3,

Crystallographic Measurements. The unit cell parameters
were determined by a least-squares refinement of 20 values of 15
well-centered reflections with 30° < 26 < 50°. An initial set of
three-dimensional data (2444 reflections, 1056 observed) was col-
lected with a GE-XRD-5 diffractometer. The data did not refine
well, so another set of data was collected with an Enraf-Nonius
CAD-4 automated diffractometer using Mo Ka (A 0.71069 A) ra-
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diation with a graphite monochromator (4104 reflections, 1533 ob-
served). Only the latter data set was used in the refinement re-
ported here.
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Previous work from this laboratory has been concerned
with attempts to identify the components in the cotton
plant Gossypium hirsutum which are implicated in pro-
ducing the clinical symptoms of the disease byssinosis.! In
this earlier study we reported preliminary characterization
of a column chromatographic fraction from cotton dust or
cotton bracts which exhibited chemotactic activity with
human polymorphonucleur cells. Purification of this frac-
tion by preparative layer chromatography afforded 70 ug of
a compound exhibiting a strong yellow-green fluorescence
under 254-nm ultraviolet light which was tentatively as-

Notes

signed a molecular weight of 260 from mass spectral exami-
nation. :

Reisolation of 20 mg of this compound has now permit-
ted its characterization as 1-hydroxy-7-methoxy-4-isopro-
pyl-1,6-dimethyl-2(1H)-naphthalenone (1).

CH,0 OH
OH

The initial isolation studjes of the fluorescent compo-
nent were directed toward examination of the volatile frac-
tion on the basis that steam treatment of cotton is reported
to reduce or destroy the byssinosis factor when measured
by the response of susceptible workers.2 The yields of the
fluorescent fraction obtained by this procedure were ex-
tremely low (~10 ug/kg) and alternative sources and meth-
ods of isolation were examined. Using the fluorescence
properties as a guide to the presence of active material, it
was found that aged cotton bracts contained more than
fresh bracts and that fresh leaves and stems contained only
insignificant amounts of this material.

Extensive purification of an aqueous acetone extract of
aged cotton bracts by column chromatography afforded a
crude fraction containing the yellow-green fluorescent
component. Preparative layer chromatography of this frac-
tion on silica gel in chloroform-5% methanol gave a pure
compound, mp 100-102°, which proved identical in its
chromatographic and mass spectral characteristics with
that previously obtained.

An exact mass measurement of the molecular ion, m/e
260, from the electron impact (EI) spectrum established
the molecular formula as CigHg004. Verification that the
ion m/e 260 was indeed the molecular ion was obtained
from the chemical ionization (CI) spectrum, which showed
a quasimolecular ion at m/e 261 (100).

The CI spectrum was remarkably simple in that in addi-
tion to the QM™ ion the only ions of significant intensity
appear at (QM™* + 1), (QM* — OH), and (QM* — H;0) and
account for 90% of the total ion current. In contrast, the
high-resolution EI spectrum contained many ions of which
those corresponding to M+ — CHjz at m/e 245 and M+ —
CO at m/e 232 were present. The loss of CH; from the m/e
232 ion to a fragment ion of m/e 217, when taken in con-
junction with the appearance of an ion at m/e 202, suggest-
ed the presence of two methyl groups and a ketone. In ad-
dition, the base peak at m/e 183 (C12H,302) and an ion at
m/e 175 (C1;H1104) were the only other ions of any signifi-
cance at high mass. The occurrence of absorption bands at
1670 and 3490 em™! in the ir spectrum of 1 confirmed the
presence of an unsaturated carbonyl and hydroxyl func-
tions, respectively.? The invariance of the OH band at 3490
cm~! with increasing dilution in CCly solution demon-
strated that the OH group was intramolecularly hydrogen
bonded and the frequency of the absorption was consistent
with that expected for an o-hydroxy ketone.*

In agreement with the fluorescence properties of 1, the
uv spectrum in cyclohexane showed evidence for extended
conjugation with bands at 222 nm (e 9100), 227 (10,400),
252 (10,800), 258 (11,300), 335 (4730), and 365 (2730). An
indication that the latter was consistent with a 8-aryl-«,3-
unsaturated ketone chromophore was supported by a com-
parison of its spectrum in ethanol, which was much less de-
tailed than in cyclohexane, with the uv of other 2(1H)-
naphthalenones® and by the marked change in the uv spec-



