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(90% yield) of pure 13: mp 174-176 °C (lit.> mp 173-176 °C); NMR
identical to reported data.?
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A total synthesis of racemic cedrol and cedrene is described in which a key step is the intramolecular Diels-Alder
reaction of alkyl cyclopentadiene 3 to give the tricyclic olefin 4, Oxidation of this material followed by ring expan-
sion gives cedrone (6), which is converted to the sesquiterpenes. Modification of the functionality of the starting
materials will permit the application of this general route to diverse tricyclic systems.

Cedar-wood oil contains the interesting sesquiterpenes
a-cedrene (1) (accompanied by ~15% of the 3 isomer) and its
crystalline hydration product cedrol (2), both of which possess
the relatively rare tricyclo[5.3.1.01-5undecane skeleton.! In
addition, several related more highly oxygenated members
of this family such as shellolic acid? and other lac resin and
vetiver oil components® are known. Interest in these tricyclic
sesquiterpenes is widespread and a number of diverse syn-
theses have been reported since the original total synthesis
of Stork and Clarke.* However, all of these recent synthetic
studies® have attempted to mimic, to some extent, the bio-
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synthesis of cedrene and, thus, have utilized a series of car-

bonium ion intermediates of the general type illustrated.
We report herein a total synthesis of (+)-cedrol (2) and

(+)-cedrene (1) via an intramolecular Diels-Alder reaction
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of an alkyl cyclopentadiene. The stereoselective route is direct
and should be suitable for the construction of related com-
pounds.®

The Diels-Alder reaction occupies a position of prominence
in the arsenal of the synthetic organic chemist as a conse-
quence of its good yields; mild reaction conditions, predict-
ability, and high stereoselectivity. In view of both the steric
and electronic requirements for this cycloaddition, intramo-
lecular applications provide access to diverse systems which
are otherwise difficult to prepare.” Thus, complex multicyclic
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arrays (as illustrated) can be envisaged, when both the diene
and dienophile components are themselves cyclic, and with
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appropriate ring systems the opportunity to prepare stereo-
selectively a variety of tricyclic sesquiterpenes is apparent.

Several possible approaches to the cedrene nucleus may be
envisaged. Retrograde analysis of the cedrene skeleton reveals
that a “paper” Diels—Alder route should be the sequence in
Scheme 1. The simplicity of this approach has certain appeal,;
however, our studies on other internal Diels-Alder systems,
earlier work by House and Cronin® with acyclic dienes, and
a careful examination of molecular models indicate that the
unsaturated compound is too rigid to permit the required
alignment of the = systems for the reaction to be successful.
Indeed, it appears that to the extent that any monomeric
product is formed the undesired cyclobutane compound will
be favored due to the preferred orientation of the dieno-
phile.

Thus, the approach selected (Scheme II) is based on the
generation of a suitable tricyclo[5.2.1.01:%]dec-8-ene system
(i.e., 4) which by ring expansion and functional-group ma-
nipulation could be converted to cedrene. An attractive route
to this intermediate is by internal cycloaddition of the alkyl
cyclopentadiene 3. The sequence takes advantage of the rapid
isomerization of 5-alkyl- to 1-alkylcyclopentadienes at room
temperature® and, although the double bond is trisubstituted,
necessitating forcing conditions for the reaction, it was an-
ticipated, due to the stereochemical constraints of the system,
that the cyclopentane side chain would have the correct exo
orientation!® and that hydroboration would give the desired
ketone 5 for ring expansion to cedrone (6).

Results and Discussion

A commercial sample of 6-methyl-5-hepten-2-one was re-
duced with lithium aluminum hydride in diethyl ether and
the resulting alcohol!! treated with tosyl chloride in pyridine
to afford the tosylate 7 in 93% overall yield. Separate treat-
ment of the alcohol with triphenylphosphine dibromide gave
the corresponding bromide (74%). It is well established, from
previous studies with methyl cyclopentadiene,? that the initial
product from alkylation of sodium cyclopentadiene 8a isom-
erizes rapidly at room temperature to 8b and more slowly to
8c. Thus, alkylation of sodium cyclopentadiene!2 with tosylate
7 in tetrahydrofuran at 0 °C for 30 min followed by 4 h at room
temperature afforded, after workup, the isomer 8b (85%
yield).13 Detectible amounts of the isomers 8a and 8¢ were not
present based on the *H NMR spectrum. This spectrum dis-
played a multiplet at 6 2.80 due to the two allylic cyclopentyl
hydrogens and a complex signal from § 5.8 to 6.5 representing
the three vinyl ring hydrogens consistent with structure 8b.

Although the desired isomer 8b had been obtained, the
thermal conditions required for the Diels—Alder reaction will
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Scheme IV

shift the equilibrium, and thus consideration of the possible
intramolecular cycloaddition products which may result is
warranted. These are depicted in Scheme III. It will be noted
that monomeric tricyclic products from 8¢ are unlikely, since
both possible structures violate Bredt’s rule. The desired
product 4 from 8b will clearly be favored, since the geometry
of the system precludes the efficient overlap of the reacting
centers required for the twistane structure 4a. However, if
sufficient 8a is present it would cyclize to the undesired
structure, although for this to occur the Diels—Alder reaction
must be more rapid than isomerization to 8b which seems
unlikely under the temperature conditions found to be re-
quired.

Cyclization of 8 was effected by heating a dilute solution in
hexamethylphosphoramide or tri-n-butylamine at 205 £ 5 °C
for 7 h to give the tricyclic olefin 4 in 36% vield after column
chromatography. Alternatively the reaction was conducted
in a sealed tube in xylene at 155 °C for 50 h. Based on un-
reacted starting material this was the most efficient process
affording the desired product in 74% yield, but attempts to
push the reaction to completion including the use of metal
catalysts were unsuccessful. It appears that the equilibrium
position between the open precursor and the Diels—Alder
adduct cannot be easily shifted under the temperature and
pressure conditions available.

The isomeric internal Diels—Alder structures are excluded
by the TH NMR spectrum of the cyclization product which is
consistent with 4. The olefinic signals appeared as an un-
symmetrical multiplet at 6 6.01 representing the AB portion
of an ABX system, while the single allylic bridgehead proton
(X) gave rise to a broad resonance at & 2.27 (W, = 6 Hz). The
methyl signals appeared as singlets at 6§ 0.80 and 1.05 due to
the endo and exo geminal group and as a doublet at § 0.91 (J
= 6.5 Hz) representing the secondary methyl function. Al-
though 4 was homogeneous by both GLC and TLC, the proton
noise-decoupled 13C NMR spectrum indicated it was an ep-
imeric mixture at Cg (~1:1).14 This spectrum confirmed the
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single mode of attachment of the cyclopentane side chain, and
the success of the synthesis indicated this was exo.

Unfortunately, there does not appear to be a simple method
of controlling the stereochemistry at Cy during the reaction.
An unsubstituted alkyl cyclopentadiene (R = H) may react
from either of the two conformations shown. These are
equivalent except for the orientation of the double bond with
respect to the cyclopentadiene methylene and cyclization will
give rise to an enantiomeric mixture (the two products are
nonsuperimpcsable mirror images). In our case (R = CHj3),
since there is not a significant conformational energy differ-
ence due to the nonbonded interactions present in the pre-
cursor (between the methyl group and the methylene bridge),
even optically active 8b will afford a diastereomeric mix-
ture.

Hydroboration of 4 in dimethoxyethane proceeded as ex-
pected to give after oxidative workup and treatment with
Jones’ reagent the desired ketone 5 whose infrared spectrum
contained a strong carbonyl band at 1735 cm™! typical of a
cyclopentanone. No evidence for the positional isomer due to
attack at the more hindered center was obtained. Previous
work with norbornanone!® suggested that ring expansion of
this ketone should give predominantly the required ketone
6 as an epimeric mixture.

Ketone 5 wes inert 1o diazomethane even under Lewis acid
catalyzed conditions and, since conventional cyanohydrin
formation failed, the trimethylsilylcyanohydrin 9 was pre-
pared using the general procedure of Evans and co-workers!®
with trimethysilylcyanide and zinc iodide at room tempera-
ture. The nitrile displayed a very weak infrared band at 2220
cm~! in addition to intense absorptions at 860 and 1260 cm™!
due to the trimethylsilyl function. The primary amine 10
obtained upoa lithium aluminum hydride reduction was
treated with nitrous acid to give the ring-expanded ketones
in 73% overall yield from 5. This product contained a variable
amount (15-23%) of the positional isomer 11 which was sep-

arated by TLC.Y7
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Stereoselective addition of methyllithium* to the epimeric
cedrone mixture 6 gave a 1:1 mixture of (+)-cedrol (2) and
(+)-epi-cedrol. These alcohols were separated by GLC and
the spectral ({H NMR, IR, MS) and chromatographic prop-
erties (GLC, TLC) of the synthetic cedrol were indistin-
guishable from an authentic sample of the natural material.
The cedrol was converted to (£)-a-cedrene (1) and (4)-3-
cedrene in quantitative yield (ratio 80:20) by dehydration!?
in pyridine containing thionyl chloride at 5 °C to complete the
synthesis.

Extension cf this route using modified side chains should
provide access to a variety of more highly oxygenated cedre-
noids as well as the related tricyclo[6.2.1.06]Jundecane ring
system possessed by isolongifolene.

Experimental Section

Melting poinis were determined on a Fisher-John’s melting point
apparatus and are uncorrected. Microanalyses were performed by
Atlantic Microlab Inc., Atlanta, Georgia.

Infrared spectra were recorded neat, unless otherwise indicated,
on a Perkin-Elmer 237B or 451 grating spectrophotometer and were
calibrated with the 2830- and 1601-cm™~! bands of polystyrene film.
Proton magnetic resonance spectra were measured using a Varian
Model EM-360 spectrometer in carbon tetrachloride solutions, unless
otherwise stated, containing tetramethylsilane as an internal stan-
dard. Band positions are reported in parts per million downfield from
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Me,Si (8 scale). Mass spectra were determined on a Hitachi Perkin-
Elmer EMU 6E instrument using a ionization energy of 70 eV.

The GLC analyses were conducted on a Varian Aerograph gas
chromatograph Model 1720 with helium as a carrier gas on a 10 ft X
0.25 in. 13% SE-30 column supported on Chromosorb W (AW-DMCS)
(70-80 mesh) (A) or on a 8 ft X 0.25 in. 20% Carbowax 20 M column
supported on Chromosorb W (AW-DMCS) (70-80 mesh) (B).

Solutions in organic solvents were dried over anhydrous magnesium
sulfate and stripped of solvent with a Biichi rotary evaporator con-
nected to a water aspirator.

6-Methyl-5-hepten-2-ol. A solution of 6-methyl-5-hepten-2-one
(10 g, 68 mmol, Aldrich) in dry ether (50 mL) contained in a dropping
funnel was added slowly to a 500-mL three-necked round-bottom
flask, equipped with a reflux condenser fitted with a calcium chloride
drying tube, containing a suspension of lithium aluminium hydride
(2.66 g, 70 mmol) in anhydrous ether (110 mL). The resulting mixture
was refluxed for 12 h and the excess reagent destroyed by the careful
addition of aqueous ethyl acetate. The reaction mixture was-diluted
with cold 2 M sulfuric acid (150 mL). The organic layer was separated
and the aqueous layer extracted with ether (2 X 45 mL). The com-
bined ether extracts were washed with saturated aqueous sodium
chloride solution and dried, the solvent was removed under reduced
pressure, and the residual oil was purified by distillation [bp 33-35
°C (0.35 mm), lit.}1 bp 91 °C (34 mm)] to give the alcohol: 8.7 g (100%);
IR (neat) 3320-3350 (br, OH) cm~ 1, THNMR 6 5.0 (1 H,brt,J =7
Hz, CH=C), 4.16 (1 H, s, OH), 3.65 (1 H, sextet, J = 6.5 Hz, CHO),
1.64 (3H, s, CH;C=C), 1.55 (3 H, s, CH;C=C(), 1.09 (3H.d,J = 6.5
Hz, CH3;CH) ppm; mass spectrum M* 128,

6-Methyl-5-heptene 2-p-toluenesulfonate (7). p-Toluenesul-
fonyl chloride (9.55 g, 50 mmol) was added in small increments to a
cold solution (ice bath) of the methylheptenol (5.0 g, 39 mmol) in
pyridine (22 mL), and stirring was continued for 21 h at ~5 °C (cold
room). The white reaction mixture was transferred to a separatory
funnel, ice-cold 40% aqueous hydrochloric acid (125 mL) was added,
and the aqueous material was extracted with ether (2 X 100 mL).
These combined extracts were washed with water and brine and then
dried, and the solvent was removed under reduced pressure to give
the tosylate 7, 10.33 g (93.5%), as a clear light-yellow oil: IR (neat) 1597
(Ph) 1195, 1180 (-SOsR) em~; 'TH NMR 6 7.63 (2 H, d, J = 9 Hz, ArH
@ t0S803),7.18 (2H,d,J = 9 Hz, ArH a to CH3),4.83 (1 H, brt,J =
7 Hz, CH=C), 4.47 (1 H, sextet, J = 6.5 Hz, CHO), 2.33 (3 H, s,
CHjAr), 1.59 (3 H, s, CH;C=C), 1.45 (3 H, s, CH3C=C), 1.18 (3 H,
d,J = 6.5 Hz, CH;CH) ppm.

Anal, (C15H2203S) C, H, S.

2-Bromo-6-methyl-5-heptene. To triphenviphosphine (4.19 g,
16 mmol, BDH) suspended in cold (ice bath) dry acetonitrile (70 mL)
a solution of bromine (2.56 g, 16 mmol) in acetonitrile (15 mL) was
added dropwise followed by pyridine (1.3 mL, 16 mmol). The reaction,
after stirring for 15 min in the ice bath, was warmed to room tem-
perature, and a solution of 6-methyl-5-hepten-2-ol (2.0 g, 16 mmol)
in acetonitrile (20 mL) was added over 15 min. The resulting clear
solution was stirred at room temperature for 1 h, the solvent was re-
moved and the resulting solid was extracted between ethyl acetate
and water. The organic layer was dried and the residue after filtration
and concentration distilled [bp 32-38 °C (0.75 mm)] to give the bro-
mide: 2.3 g (74%); 'TH NMR 6 5.01 (1 H, br t, J = 7 Hz, CH==C). 4.00
(1 H, m,J =~ 6.5 Hz, CHBr), 1.60, 1.71 (9 H, CH3) ppm; mass spectrum
M* 190.

Preparation of 1,5-Dimethyl-4-hexenyl-2'-cyclopentadiene
(8). (A) Sodium spheres (2.88 g, 0.125 mol, MCB) were refluxed in dry
xylene (35 mL) under nitrogen until sodium sand had formed. After
cooling to room temperature the xylene was decanted, and the sand
was washed with dry tetrahydrofuran (2 X 25 mL) and suspended in
tetrahydrofuran (75 mL). Freshly distilled cyclopentadiene (~10 mol)
was added to the stirred mixture in four portions, resulting in a deep
red-purple solution in which all the sodium had been consumed (~3
h).12 The solution was cooled in an ice bath, and the tosylate 7 (31.3
g, 0.11 mol) in dry tetrahydrofuran (100 mL) was added dropwise over
0.5 h. After the addition was complete, the reaction mixture was al-
lowed to warm to room temperature and stirring continued for a
further 4 h. The light-brown mixture was transferred to a separatory
funnel, diluted with brine (100 mL), and extracted with ether (4 X 700
mL), the combined extracts were washed with brine and dried, and
the solvent was removed to afford an oil which was purified by column
cifromatography on silica gel (10:1) elution with n-hexane to give the
hydrocarbon 8, 16.5 g (85%), as a clear oil: IR 1660, 1601 (C=C) cm™;
'H NMR 5.8-6.5 (3 H, m, cyclopentadiene), 5.02 (1 H, brt, J ~ 6 Hz,
CH=CMe,),2.80 (2H,d of m J = 5, 1.3, 1 Hz, C=CCH,C=C), 1.09
(3H,d,J = 7Hz,CH3CH), 1.55,1.63 [6 H, s, (CH3)2C=C] ppm; mass
spectrum M* 176.
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An analytical sample was obtained by preparative GLC (column
A).

Anal. (Cy3Hg) C, H.

{B) Similar reaction of sodium cyclopentadiene with the bromide
required 104 h at room temperature in THF and after column chro-
matography afforded the triene 8 in 69% yield.

(C) Cyclopentadienylmagnesium bromide was prepared according
to the method of Brieger2® and reacted over 15 h at room temperature
with tosylate in diethyl ether under nitrogen to give 8 in 65% yield
after standard workup and chromatography.

(D) Lithium cyclopentadiene was generated from methyllithium
and cyclopentadiene and reacted with the tosylate (4 h, 0-25 °C) to
give a 57% yield of the alkyl cyclopentadiene after chromatogra-
phy.

Preparation of 2,6,6-Trimethyltricyelo[5.2.1.015]dec-8-ene
(4). (A) A solution of alkyleyclopentadiene 8 (18.41 g, 0.105 mol) in
dry hexamethylphcsphoramide (HMPA, 100 mL) was added over a
2-h period to a hot solution of HMPA (110 mL) maintained under N»
in a silicone oil bath at 205 £ 5 °C in a 500-mL three-necked flask
equipped with a condenser and pressure-equalizing dropping funnel.
Heating was continued for a further 5 h, the reaction was cooled to
room temperature, and the resulting black solution was diluted with
brine (250 mL) ancl extracted with ethyl acetate (3 X 90 mL). The
combined extracts were washed with water (5 X 100 mL), dried, and
concentrated, and the oily residue was passed through a silica gel
column (8:1) eluting with n-hexane. These fractions were combined
and distilled [bp 58-56 (0.2 mm)] to give the tricyclic olefin 4: 6.5 g
(36%); IR {(neat) 3040 (CH==C), 1550 (w, C=C) em~!; ITH NMR 6 6.01
{(2H, m, CH=CH), 2.27 (1 H, brs, w0 = 6 Hz, CH), 0.81 (3 H, s, CHgy),
1.07 (3H, S, CHj3), 191 (3 H, d, J = 6.5 Hz, CH3CH) ppm; 13C NMR
(CDCl3) 6 139.56, 159.11, 136.03, 135.58 (C=C for each epimer); mass
spectrum M* 176.

Anal. (C13Hgo) C, H.

(B) The triene 8 (0.161 g, 0.915 mmol) in dry xylene (4.5 mL) was
sealed in a Carius tube and heated at 155 + 3 °C for 51 h. The tube
was opened, solvent was removed, and the product was isolated in 37%
yield (74% based on unreacted starting material) by preparative GLC
(column A).

(C) A solution of the triene 8 (0.271 g, 1.54 mmol) in dry tri-n-butyl-
amine (15 mL) was added over a 0.5-h period to a hot solution of tri-
n-butylamine (40 mL) maintained under Ny in a silicone oil bath at
210 + 5 °C in a 100-mL three-necked flask equipped with a condenser
and pressure-equal.zing dropping funnel. Heating was continued for
a further 3.5 h, the cooled reaction mixture was poured into ice-cold
50% aqueous hydrochloric acid, and the product was extracted with
ether (2 X 50 mL). The combined extracts were washed with dilute
hydrochloric acid, 10% aqueous sodium bicarbonate solution (25 mL),
and brine, dried, and concentrated to give an oily residue. The tricyclic
olefin 4 was purified by preparative GLC, 0.079 g (29%, ~55% based
on unchanged starting material) (column A).

Preparation of 2,6,6-Trimethyltricyclo{5.2.1.015]decan-8-one
(5). To a cold (0 °C) solution of the alkene 4 (1.7 g, 9.7 mmol) in dry
dimethoxyethane ({2 mL) under nitrogen, in a 100-mL three-necked
flask equipped with a reflux condenser and pressure-equallizing
dropping funnel maintained in an ice bath, was added sodium bor-
ohydride (0.53 g, 14 mmol). Freshly distilled boron trifluoride etherate
(1.97 mL, 16 mmol) in dimethoxyethane was added dropwise to the
cold solution over a 10-min period. The reaction mixture was allowed
to warm to room temperature, and stirring was continued for a total
of 20 h. The reaction was then cooled in an ice bath and the excess
reagent destroyed by careful addition of water (~1.5 mL) and this was
followed by aquecuas sodium hydroxide solution (3 M, 5§ mL) and
aqueous hydrogen peroxide (30%, 5 mL) dropwise. The reaction was
refluxed gently for 45 min, aqueous 10% sodium sulfite solution was
added to destroy the excess peroxide (negative starch/KI test), diluted
with water, and exiracted with ethyl acetate (4 X 50 mL). The com-
bined extracts wer> washed with brine (50 mL), dried, and concen-
trated to give an ol. (1.7 g). This alcohol was dissolved in dry acetone
and cooled to 0 °C (ice bath), and Jones’ reagent was introduced
dropwise to the stirred solution until a faint-yellow color persisted.
A few drops of isopropyl alcohol were added to utilize excess oxidant,
and the mixture wes poured into ether-brine. The aqueous layer was
extracted with ether (3 X 35 mL), and the combined extracts were
washed with water and brine, dried, and concentrated to afford the
ketone as an oil (1.59 g, 86%). This material was shown to be homo-
geneous by GLC analysis (column A) and was used without further
purification: IR (neat) 1735, (CCly), 1745 cm~1; NMR 6 0.96 (3 H, br
s with two sharp shoulders), 1.03, 0.98 (CH3); 75 mg of ketone plus 40
mg of Eu(fod)s resoived the methyl signals and confirmed that the
diastereomeric rat' o was 1:1; mass spectrum M* 192.
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The ketone was further characterized as its 2,4-DNP derivative,
crystallized from aqueous methanol, mp 164-166 °C.

Anal. (019H24N4O4) C, H, N.

Preparation of Silyl Cyanohydrin (9). Anhydrous zinc iodide
(10 mg) and trimethylsilylcyanide (0.92 g, 9.2 mmol) were added to
the tricyclic ketone 5 (1.70 g, 8.85 mmol) maintained under nitrogen.
The resulting solution was stirred at room temperature for 5.5 h and
then concentrated under reduced pressure to give the cyanohydrin
ether: 2.51 g (97%); IR (neat) 2220 (w, C=N) em~!; tH NMR 6 0.30
[9 H, s, (CH3)3Si] ppm; mass spectrum M* 291.

Preparation of Amino Alcohol 10. Lithium aluminum hydride
(10.4 g,0.011 mol) was suspended in anhydrous ether (12 mL) under
Nj in a 50-mL three-necked flask equipped with a magnetic stirring
bar, reflux condenser, and pressure-equalizing dropping funnel. An
ether solution (10 mL) of the cyanohydrin ether 9 (2.66 g, 9.14 mmol)
was added dropwise so that gentle reflux was maintained. Stirring was
continued for 10 h at room temperature, excess hydride was destroyed
by careful addition of water (~1 mL}, 15% aqueous sodium hydroxide
solution (1 mL), and water (1 mL), and the reaction was stirred until
a granular white precipitate was formed. After filtration, the ether
solution was washed with brine, dried, and concentrated to give the
aminomethyl alcohol 10: 1.81 g (89%); IR (neat) 3330 (br OH),
3120-3280 (br NHs) em™—1.

The amine hydrochloride was prepared by bubbling hydrochloric
acid through an ether solution of the amine and collecting the pre-
cipitate: mp 205 °C, sublimed 250-260 °C; 1H NMR (Me.SOds) 6 8.10
(3H, brs, NH3%),4.95 (1 H, brs, OH), 2.80 (2 H. s, CHsN) ppm. An
analytical sample was recrystallized from methanol-diethy! ether
(1:8).

Anal. (CMH%ONCI) C, H, N.

Preparation of 2,6,6-Trimethyltricyclo(5.3.1.0%*]Jundecan-
8-one (6). An aqueous solution (3 mL) of sodium nitrite {(0.38 g, 5.5
mmol) was added dropwise to a cold (ice bath) solution of the amino
alcohol 10 (0.91 g, 4.08 mmol) in water (7 mL) containing glacial acetic
acid (0.35 mL, 6.0 mmol). The reaction was stirred for 2h at 0 °C and
6 h at room temperature, water was added, and the reaction was then
extracted with ether (3 X 25 mL). The combined extracts were washed
with aqueous 10% sodium bicarbonate solution and brine, dried, and
concentrated to give the ketones as an oil (0.7 g, 83.3%). The analysis
indicated that 15-25% (depending on run) of the positional isomer
11 was present. They were separated from the epimeric cedrones by
TLC (six elutions with 20% chloroform-n-hexane). The upper band
contained ketone 11: IR (neat) 1706 (C=0) cm~!; 1H NMR 5 0.88 (3
H,d,J = 6.5 Hz, CH3CH), 1.13 (3 H, s, CH3), 1.02 (3 H. s, CH3) ppm;
mass spectrum M* 206.

The epimeric cedrones (6) were extracted from the lower band: IR
(neat) 1705 (C==0) cm~1; 'TH NMR 6 0.97 (9 H. br s with shoulders,
CHj3) ppm; mass spectrum M* 208.

The diastereomer could be separated by preparative GLC (column
B, 187 °C), the cedrone possessing the longer retention time.

Preparation of (+)-epi-Cedrol and (+)-Cedrol (2). A dry ether
solution (5 mL) of the epimeric cedrones (0.33 g, 1.6 mmol) was added
slowly to a methyllithium solution (10 mL, 11 mmol). The resulting
solution was refluxed under nitrogen for 2 h, cooled, quenched care-
fully with water, diluted with ether, and extracted, and the combined
ether extracts were washed with brine, dried, and concentrated to give
the cedrols as a semicrystalline residue, 0.284 g (80%). The alcohols
were separated by preparative GLC (column B, 177 °C), the (£)-
epi-cedrol being eluted first.

(£)-epi-cedrol recrystallized from aqueous methanol: mp 107-109
°C; IR (Nujol) 3450 (br, OH); 'H NMR 6 0.83 (3 H, d, J = 6 Hz,
CH3CH), 0.92 (3 H, s, endo-CH3), 1.19 (3 H, s, exo-CHg), 1.23 (3 H,
s, CH;COH) ppm; mass spectrum M* 222,

Anal. (C15H250) C, H, 0.

(£)-Cedrol recrystallized from aqueous methanol; mp 94-96 (lit.4
(+)-cedrol mp 86-87 °C); IR (nujol) 3330 (br, OH) cm~!; 'H NMR
60.82(3H,d,J =6 Hez, CH;CH), 0.97 (3H, s,endo-CH3), 1.18 (3 H,
s, ex0-CH3), 1.26 (3 H, s, CH;COH) ppm; mass spectrum M* 222.
These spectral features were the same as an authentic sample of
commercial cedrol.

The total ketone mixture from the ring expansion was also treated
with methyllithium and the resulting alcohols were separated by GLC
(column B), or alternatively the positional isomers were first separated
from the cedrols by TLC eluting with 50% chloroform-n-hexane.

Preparation of (£)-a-Cedrene (1) and (+)-3-Cedrene.!?
Thionyl chloride (0.1 mL) was added to a cold (0 °C) pyridine solution
(1 mL) of (£)-cedrol (15 mg, 0.07 mmol), and the reaction was stirred
under nitrogen for 1.5 h. Water was added and the mixture was ex-
tracted with ether (3 X 15 mL); these extracts were washed with cold
aqueous 10% hydrochloric acid and brine, dried, and concentrated
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to afford a quantitative conversion to (£)-a- and (+)-8-cedrene
(80:20). They could be separated by GLC (column B, 146 °C): 'H
NMR 60.82 (3 H,d, J = 6.5 Hz, CH;CH), 0.92 (3 H, s, endo-CHjs), 0.98
(3 H, s, exo-CHy), 5.15 (0.8 H, br s, HC=C, «), 4.49 (0.2 H, br s,
CH,=C, 3) ppm; mass spectrum M* 204.

These results compared favorably with an authentic sample of ce-
drol, which under the conditions described above afforded the - and
B-cedrenes in an 83:17 ratio. The spectral features of the synthetic
cedrene were in excellent agreement with an authentic sample of -
cedrene (Aldrich) shown by GLC and NMR analysis to contain 14%
of the 8 isomer
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Synthesis of Garosamine and of Related Amino Sugars. An Efficient

Tetrahydrooxazine Ring Opening
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Garosamine, a component of the antibiotic gentamicin, and a series of related amino sugars have been synthe-
sized from glucose by a stereospecific route involving a versatile tricyclic intermediate. A new oxidative tetrahy-

drooxazine ring-opening reaction is also reported.

The synthesis of branched chain amino sugars has been
the focus of attention of a number of research groups in recent
years because of the common occurrence of these compounds
in nature in association with antibiotics. Synthetic approaches
to these compounds have usually employed the addition of
organometallic reagents, diazoalkanes, and enolate salts to
cyclic ketones with varying degrees of stereochemical control.
Such an approach was used in a previous synthesis of the
methyl glycoside of garosamine (1),! a component monosac-
charide of the gentamicin antibiotics.2 Because of our interest
in synthetic approaches to aminoglycoside antibiotics,? we
required an efficient and stereospecific synthesis of garosa-
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mine and of structurally related amino sugars. We wish to
report such a synthesis and also the development in the course
of this work of a novel tetrahydrooxazine ring-opening reac-
tion,

We had observed in a related study that the aldehyde 2 is
prone to undergo aldol condensations leading, for example,
after borohydride reduction of the initially formed aldol
condensation product, to the dimeric compound 3, of unde-
termined stereochemistry at position 4 of both furanosyl rings.
Exploitation of the reactivity of a related aldehyde in the
synthesis of apiose has been reported.* Our planned synthesis
is outlined in Scheme 1.
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