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Oxidation of the known? ¢is-2-mercaptocyclohexanol
(6) with iodine gave the cis,cis disulfide 1 melting at
85-88°. The molecular weight of the disulfide 1 was
determined by mass spectrometry to be 262. The non-
identity of this material with the disulfide 2 was veri-
fied by depression of the mixture melting point and
nonsuperposable ir and nmr spectra. The disulfide 1
wasg converted by reduction and derivatization to the
known? c¢is-2-hydroxycyclohexyl 2,4-dinitrophenyl sul-
fide (7).
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It is of interest to note that the nmr spectrum of the
cis,cis disulfide 1 shows the C-1 carbinyl proton as a
multiplet centered at r 5.95 and appearing 0.50 ppm
downfield from the corresponding carbinyl proton of
the trans,trans disulfide 2. This data establishes®
that the hydroxyl group is axial and the disulfide group
is equatorial in the disulfide 1, while both function
groups, as expected, are equatorial in the disulfide 2.

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
apparatus and are uncorrected. Infrared spectra were obtained
with Beckman IR-8 and IR-20A spectrophotometers. The nmr
spectra were recorded at 60 MHz on a Varian A-60 spectrometer.
Mass spectra were measured on a Hitachi Perkin-Elmer RMU-6E
mass spectrometer. Solvents were removed in vacuo on a Buchler
rotary evaporator.

trans,trans-Bis(2-hydroxycyclohexyl) Trisulfide (3).—A modi-
fied procedure for the preparation of trisulfides reported by
Vineyard® was employed. trans-2-Mercaptocyclohexanol (4,
14.9 g, 0.113 mol) was stirred with 0.5 ml of n-butylamine at
room temperature. Recrystallized sulfur (2.5 g, 0.078 mol) was
added over a l-hr period after which the reaction mixture was
stirred overnight. Benzene was added to the mixture and any
solid material present was removed by filtration. The organic
phase was washed with water, 6 N hydrochloric acid, 6 N sodium
hydroxide, and water. After the mixture was dried over mag-
nesium sulfate, the solvent was removed in vacuo to yield an oil.
White crystals (2.0 g, 149) were deposited from a solution of the
oil in benzene-ligroin (bp 60-90°), mp 156~157° (lit.* 157~158°).
This material was identical (mixture melting point, ir, nror, mass
spectrum) with material prepared following Mousseron’s proce-
dure:? ir (KBr) 3280 em™! (OH); nmr (DMSO-ds) 7 5.15-5.34
(d, 2 H, OH), 6.35-6.91 (m, 2 H, CHOH), 7.05-7.65 (m, 2 H,
CHS), and 7.70-9.20 (m, 16 H, methylene); molecular ion, m/e
204.

Anal. Caled for CisH)0.8; (294.5): C, 48.9; H, 7.33; 8,
32.7. Found: C, 48.8; H, 7.66; S, 32.4.

The trisulfide 3 was reduced with lithium aluminum hydride in
ether to give, as previously reported,® trans-2-mercaptocyclo-
hexanol (4) in 409, yield: bp 95-97° (15 mm) [lit.¢ bp 100° (18
mm)]. The 2,4-dinitrophenyl thio ether of 4 was prepared? in a
yield of 56%, mp 133-134° (lit.*%” mp 135°).

trans,trans-Bis(2-hydroxycyclohexyl) Disulfide (2).—To 4.4
g (0.033 mol) of trans-2-mercaptocyclohexanol (4), prepared ac-
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cording to Culvenor, et al.,® was added dropwise a solution con-
taining 5.0 g of iodine/100 ml of methanol until a permanent
brown color was obtained, following which the reaction mixture
was stirred at room temperature for 16 hr. Saturated aqueous
sodium bisulfite was added dropwise until a colorless mixture re-
sulted. The methanol was evaporated in vacuo and the remain-
ing agueous phase was extracted with chloroform. The chloro-
form extract was dried over magnesium sulfate and evaporated
in vacuo to yield a pale yellow oil. The oil was taken up in hot
ethyl acetate-n-hexane, whereupon a white solid crystallized
upon cooling. The solid (2.4 g, 55%) was collected by filtration
and air-dried: mp 83-84°; ir (CHCl;) 3400 (OH), no absorp-
tion at 2500-2600 ecm™! (no SH); nmr (CDCl;) r 6.15-6.70 (m, 4
H, CHOH), 6.90-7.50 (m, 2 H, ~CHS~), and 7.60-8.80 (m, 16 H,
methylene); molecular ion, m/e 262.

Anal. Caled for CaHz0.8, (262.4): C, 54.9; H, 8.45; S,
24.4. Found: C, 54.8; H, 8.43; S, 24.2.

The disulfide 2 was reduced’ with lithium aluminum hydride in
ether to the trans compound 4, which was characterized as the
2,4-dinitrophenyl thio ether derivative 5,° mp 133-134° (lit.487
mp 135°).

cis,cis-Bis(2-hydroxycyclohexyl) Disulfide (1).—cis-2-Mercap-
tocyclohexanol (6, 18.6 g, 0.14 mol), prepared according to
procedure of Behringer and Kley,” was treated with iodine in
methanol as was done in the preparation of the disulfide 2. The
pale yellow oil obtained was eluted through 2 silica gel column
using benzene followed by chloroform. A small amount of white
crystals formed within the oil; these crystals were collected and
used as seed crystals in the subsequent recrystallization of 1. The
remaining oil was dissolved in hot ethyl acetate, to which ligroin
(bp 60-90°) was added to the cloud point. After the solution
was cooled to room temperature and seeded, white crystals of 1
were slowly deposited. The crystals were collected by filtration
and air-dried (3.0 g, 189%): mp 82-85°; ir 3550 (OH), no ab-
sorption at 2500-2600 em™ (no SH); nmr (CDCL) r 5.8-6.1 (m,
2 H, CHOH), 6.9-7.2 (m, 2 H, -CHS-), 7.58 (s, 2 H, OH), 7.9-
8.9 (m, 16 H, methylene); molecular ion, m/e 262; with 2, mmp
73-85°.

An analytical sample was prepared by recrystallization from
ethyl acetate-ligroin (bp 60-90°), mp 85-88°.

Anal. Caled for C;H.0,8; (262.4): C, 54.9; H, 8.45.
Found: C, 54.9; H, 8.60.

Reduction of the disulfide 1 with lithium aluminum hydride
following the procedure reported® for the trans disulfide gave cis-
2-mercaptocyclohexanol (6), as established by comparison of in-
frared spectra, in a yield of 709%. Following a previously re-
ported procedure,” 6 was converted to cis-2-hydroxyecyclohexyl
2,4-dinitrophenyl sulfide (7) in a yield of 33%, mp 141-143°
(lit.” mp 143°).
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Hydroformylation of unsaturated sugar derivatives
has posed a problem of great difficulty.! This difficulty
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arises from the fact that the initial products, namely the
anhydrodeoxyaldoses, subsequently undergo hydrogen-~
ation to afford anhydrodeoxyalditols. In this commu-
nication we present a novel approach to this problem by
designing a starting material having a free hydroxyl on
a carbon atom of the ring which is subsequently capable
of eyelizing with the aldehydo group to form a hemi-
acetal and thus possibly prevent the hydrogenation
stage of the oxo reaction.

When 5,6-dideoxy-1,2-O-isopropylidene-a-p-zylo-hex-
5-enofuranose (1)? was allowed to react with carbon
monoxide and hydrogen in the presence of preformed
dicobalt octacarbonyl at 105° for 45 min, a mixture of
three main components and traces of two additional
compounds was obtained. The major component 3,
isolated in 517, yield, crystallized from the reaction
mixture; ether-petroleum ether was used as solvent.
The nuclear magnetic resonance (nmr) spectrum of 3,
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when compared with the spectra of 5-deoxy-1,2-O-iso-
propylidene-o-p-zylo-hexofuranose and various 6-de-
oxyhexose derivatives,? conclusively shows that the for-
myl group is attached to position 6. If the hydrofor-
mylation had proceeded in such a manner as to add the
formyl group at C-5 yielding a 6-deoxy derivative, the
protons at C-6 would have appeared as a doublet at
about 7 8.9. Instead, the 5,6-dideoxy protons of 3 gave
a multiplet equal to four protons at r 7.8-8.6. The
nmr of 3 showed the absence of a formyl hydrogen and
showed the presence of two hemiacetal hydrogens at
7 482 and 5.32 assigned to H-7e and H-7a, respec-
tively.!* Irradiation of either of these signals altered
the signals at 7 7.8-8.6. Presumably, the free aldehyde
group of the hydroformylation product 2 immediately
cyclized with the free hydroxyl group on C-3 to give an
a,B mixture of anomers possessing the tricyclic structure
3. Further proof that 3 was a dialdose was provided by
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L. Hough, and R. A, Pritchard, J. Chem. Soc., 1537 (1961); (d) D. Horton
and W, N. Turner, Tetrahedron Lett., 2531 (1964); (e) D. Horton and W. N,
Turner, Carbohyd. Res., 1, 444 (1966).

(3) M. L. Wolfrom, K, Matsuda, F., Komitsky, Jr., and T. E. Whiteley,
J. Org. Chem., 38, 3551 (1963), and references therein.

4) P, W. K. Woo, H. W. Dion, and L, F, Johnson, J. Amer. Chem. Soc.,
84, 1066 (1962),
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converting it into a crystalline phenylhydrazone deriva-
tive which possessed an isopropylidene group on C-1
and C-2. Reduction of 3 with sodium borohydride
gave an aldose derivative with retention of the isopro-
pylidene group. This new aldose had the same R; as
one of the minor components present in the hydrofor-
mylation product mixture. Presumably, the dialdose
2 underwent partial reduction during the hydroformyl-
ation reaction. The remaining produects of the hydro-
formylation reaction could not be separated into pure
compounds.

In order to study the effect of the free hydroxyl on
C-3 of 1 in controlling the hydroformylation reaction
compound 1 was converted into its 3-O-acetate deriva-
tive. The latter was then subjected to an oxo reaction.
Surprisingly, a very complex mixture of products was
obtained which could not be separated by chromatog-
raphy. The unblocked oxo product mixture also could
not be separated by paper chromatography.

Experimental Section

General Considerations.—Nmr spectra were obtained in deu-
teriochloroform solution (unless otherwise stated) with tetra-
methylsilane as the internal standard (set at = 10) using a Varian
A-60 spectrometer.® Magss spectra were obtained with an AEI
MS9 speetrometer. All melting points (micro hot stage) are
corrected. Silica gel G was used in the tle with methyl ethyl
ketone-water azeotrope as developer. Elemental analyses were
performed by the Microanalytical Laboratory, University of
British Columbia.

Hydroformylation of 5,6-Dideoxy-1,2-O-isopropylidene-a-p-
zylo-hex-5-enofuranose (1) to Yield 5,6-Dideoxy-1,2-0O-isopropyl-
idene-a-p-zylo-heptodialdo-1,4-furanose-«,3-n-7,3-pyranose (3).
—A solution of compound 1 (1.40 g) and dicobalt octacar-
bonyl (0.30 g) in dry purified benzene (50 ml) was shaken with
carbon monoxide (1100 psi) and hydrogen (1100 psi) in a high-
pressure autoclave at a temperature of 105° for 45 min. The
reaction mixture was transferred to a beaker and heated at 60—
70° to decompose the catalyst. The reaction mixture was added
to a short column of Celite-Norit and eluted with 99:1 benzene—
ethanol. Evaporation of the eluent gave a syrup which was
crystallized several times from ether-petroleum ether, bp 35—
60°, to afford 0.82 g of the major compound 3 in 519, yield: mp
103-104°; [«]?p 4 18° (¢ 1, water) which changed to +36° after
1.5 hr; R: 0.81; nmr +°°% 4.1 (t, H-1), 4.82 (t, H-Te), 5.32 (t,
H-7a), 5.53 (overlapping peaks, H-2), 5.8 (s, H-3), 5.9 (m, H-4),
6.6 (broad peak, OH), 7.8-8.6 (m, equal to 4 hydrogens, as-
signed to H-5,6), 8.5, 8.7 (CMe;). Irradiation at r 4.82 and
5.32 altered the signals at + 7.8-8.6.

Anal. Caled for CoH;s05: C, 55.60; H, 7.40; mol wt, 216.
Found: C, 55.55; H, 7.10; m/e 201 [the base peak in the mass
gpectrum is at M+ —15 (loss of CHj)).

The mother liguor consisted of a mixture of components one of
which was the reduced compound 4 (about 5%). The remaining
components could not be separated by chromatography.

5,6-Dideoxy-1,2-O-isopropylidene-o-p-zylo-heptodialdo-1,4-
furanose Phenylhydrazone.—To a solution of the sugar 3
(0.090 g) in 1 drop of water was added 4 drops of a solution of
phenylhydrazine hydrochloride (0.20 g) in water (3 ml) contain-
ing sodium acetate (0.30 g). The reaction mixture was warmed
on a steam bath for 1 min and then cooled in an ice-water bath
to afford the crystalline phenylhydrazone derivative (0.056 g),
in 499, yield: mp 146-149°; [2]2% —32° (¢ 0.7, chloroform).

Anal. Caled for CisHgN,O4: C, 62.74; H, 7.18; N, 9.10.
Found: C,62.82; H,7.25; N, 8.92.

7-0-Acetyl-5,6-dideoxy-1,2-O-isopropylidene-a-p-zylo-hepto-
dialdo-1,4-furanose-«,3-p-7,3-pyranose.—Compound 3 (0.040
g) was acetylated with acetic anhydride and pyridine at 0° under
the usual conditions for 48 hr. After the pyridine and acetic
anhydride were evaporated under reduced pressure, the product
was passed through a short column of silica gel using ethyl ether
as eluent to afford 0.032 g (609%) of a syrup, [«]*Dp +54° (¢ 3,

(8) s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet.
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chloroform). The product consisted of both « and 8 anomers as
evidenced by tlc and nmr: +°°% 3.95 and 4.45 (m, assigned to
H-7e and H-7a), 4.15 (t, H-1), 5.30 (t, H-2), 8.20 (m, equal to
four hydrogens on C-5 and C-6); the mixture could not be
separated by tle.

5,6-Dideoxy-1,2-0-isopropylidene-«-p-zylo-hepto-1,4-furanose
(4).—Compound 3 (0.045 g) in methanol (20 ml) was reduced
with sodium borohydride at 0° for 24 hr. After the reaction
mixture was neutralized with acetic acid (2 ml), water (10 ml)
was added and the mixture then passed consecutively through
columns of Amberlite IR-120 (H*) and Dowex A-4 (OH~). The
eluent was evaporated to dryness and benzene-ethanol was dis-
tilled from the syrup (0.035g, 75%): [a}Dp 42° (¢ 2, ethanol);
R: 0.46; nmr 7°*° 6.25 (¢, H-7), 8.10 (m, equal to 4 hydrogens,
assigned to hydrogens on C-5 and C-6). Compound 4 had the
same Rr as one of the components of the hydroformylation prod-
uct mixture.

Reaction of 3-O-Acetyl-5,6-dideoxy-1,2-O-isopropylidene-a-n-
xylo-hex-5-enofuranose with Carbon Monoxide and Hydrogen.—
The 3-O-acetate derivative of 1 was subjected to the usual oxo
conditions! at 135° for 2 hr. The oxo product mixture could not
be separated by chromatography. An aliquot of the oxo mix-
ture was deacetylated with methanolic sodium methoxide and
then deisopropylidenated? with Amberlite IR-120 (H*) to yield a
very complex mixture of free sugars which could not be separated
by paper chromatography using 4:1:5 butanol-ethanol-water as
developer.

Registry No.—3 (7R), 27039-90-3; 3 (78), 26988-
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heptodialdo-1,4-furanose-a-n-7,3-pyranose, 26988-66-9;
7-0-acetyl-5,6-dideoxy-1,2-0~isopropylidene- a- - 2ylo-
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Considerable effort has been devoted over the past
decade to the exploration of potential synthetic routes
to compounds in the eremophilane-valencane family
of sesquiterpenes.’?> A major problem in this con-
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nection has been the stereochemical control of the
vicinal methyl groupings which characterize the mem-
bers of this family. Several years ago we devised a
straightforward solution to this problem based upon
the stereoselective condensation of eyclohexanone de-
rivatives with trans-3-penten-2-one.'® This report de-
seribes our application of that synthetic concept to
the total synthesis of nootkatone (11), a sesquiterpene
constituent of citrus fruit.?

OQJ\ étjj\

eremophilane valencane
skeleton skeleton

The requisite starting material for our synthesis,
keto ester 2, could be obtained directly in one step
by treatment of dimethyl y-ketopimelate (1)* with
ethylidenetriphenylphosophorane in dimethyl sulf-
oxide (DMSO0).! Evidently the basic reaction medium
promotes Dieckmann cyclization of the y-ketopimelate
either prior to Wittig condensation or as a subsequent
step. The unsaturated keto ester 2 could also be
prepared through reaction of the diketo ester 12 with
the ethylidene phosphorane in DMSO. Xeto ester 12
was readily obtained from dimethyl y-ketopimelate (1)
vie ketal formation, Dieckmann cyclization, and hy-
drolysis. This latter route to the keto ester 2, though
longer than the direct condensation—cyclization scheme,
proceeded in higher overall yield.

CO,CH;,
1. HC(OMe), MeOH, p-TsOH 0
2. NaH, DME \==ppp,
1 2 _ 2
3. H0
(6]
12

The stereochemically critical step of the synthesis,
condensation of keto ester 2 with {rans-3-penten-2-one,
was effected in fert-amyl alcohol with potassium tert-
amylate as the base. Aldol eyclization of the resulting
Michael addition product in methanolic sodium meth-
oxide then gave the bicyclic keto ester 3, a 3:1 mixture
of cis and trans CH;, CO,CHj; isomers, and a 1:1 mix-
ture of Z and E® double bond isomers according to
the nmr spectrum. These conditions for the Michael-
aldol sequence were selected on the basis of studies
on related condensations.®? The desired cis isomer 3
could be readily separated from the mixture and purified
through crystallization. Material thus secured still
contained the Z and E double bond isomers® in nearly
equal amounts.

Epoxidation of the ethylidene grouping of the dienone
ester 3 followed by boron trifluoride etherate promoted
rearrangement® of the resulting epoxide mixture (syn,
anti, and o8 stereoisomers) led to a 2:1 mixture of
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