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Stereoselective Synthesis of (±)-Gymnomitrol 

Sir: 

Gymnomitrol, one member of a group related sesquiterpenes 
isolated from the liverwort Gymnomitrion obtusum (Lindb.) 
Pears, has been assigned the novel tricyclic structure 1 on the 

2 

1 
basis of degradative and spectroscopic evidence.1 The pre
sumed biogenetic parent, ^-gymnomitrene,2 co-occurs with 

1. R2NLi; (EtO)2P(O)Cl / ^ 4 ^ \ _ ^ , 
2. H,, Pt/C V - J - / 

3 

*c££—cfe 
5a, R = CH2CH=CH, 
5b, R = CH2CH,CH(OCH2)2 

gymnomitrol and has also been extracted from other species 
of liverwort.3^5 Since the rare 4,8-methanoperhydroazulene 
nucleus6 of gymnomitrol and cogeners most likely arises from 
cyclization of a bazzanenyl cation,1'7 these compounds rep
resent yet another biogenetic branch within the cuparene 
family of sesquiterpenes. In this communication we report a 
total synthesis of (±)-gymnomitrol which serves to confirm 
the structure of this interesting compound.8 

The plan of the synthesis centered around the regio- and 
stereoselective geminal dialkylation of 3a,6a-dimethylhex-
ahydro-2(l//)-pentalenone (3). This known compound9 was 
conveniently prepared from the readily available diketone 210 

in the following manner (Scheme I). Addition of 1 equiv of the 
lithium derivative of hexamethyldisilazane to a tetrahydro-
furan (THF) solution of 2 (—78 0C, 15 min) evidently pro
duced the monoenolate anion which was phosphorylated with 
diethyl chlorophosphate (-78 to 25 0C, 2.5 h). Catalytic hy-
drogenation of the unpurified monoenol phosphate in ethyl 
acetate (5 atm, 5% Pt/C, 25 0C, 2.5 h)11 provided monoketone 
3 (mp 159-160 0C, sealed capillary) in 77% overall yield. The 
hydroxymethylene derivative 4 (mp 87-89 0C)12 was prepared 
by condensation with ethyl formate (NaH, THF, 25 0C, 14 
h, 83%) and converted into the n-butylthiomethylene ketone 
5 by reaction with butanethiol (TsOH, CeH6, reflux, 18 h, 
84%).13 Reduction of 5 with lithium in liquid ammonia and 
1,2-dimethoxyethane as cosolvent (2 equiv of H2O, -78 to -33 
0C, 0.5 h)14 followed by addition of allyl bromide afforded a 
stereochemically homogeneous dialkylated ketone (6) in yields 
ranging from 26 to 49%. 

Since the stereochemical outcome of the alkylation step in 
the reduction-alkylation 4a —» 5a did not seem safely pre
dictable, ketone 5a was further converted into tricyclic diketone 
6 to ascertain the stereochemistry. The allyl side chain was 
elaborated into an acetal-protected propionaldehyde substit-
uent (5b) through a sequence of seven reactions.15 Hydrolysis 
of the acetal (10% HCl, acetone, reflux) was accompanied by 
spontaneous aldol cyclization, and the resulting ketol was ox
idized with Jones reagent to diketone 6 (55%; mp 214-216 0C; 
IR i>KBr 1740,1715 cm-1). Although the IR and NMR spec
tral characteristics of 6 are very similar to those of nor diketone 
14 previously prepared from natural gymnomitrol,16 the larger 
chemical shifts for two of the three quaternary methyl groups 
in the former (<5CDC,3 1.04, 1.07, 1.10) provided convincing 
proof for the nonidentity of the two compounds.17 Conse
quently the three-carbon bridge in diketone 6 is syn to the ring 
juncture methyl groups, and the alkylation of the methyl-
substituted enolate anion from 4b must have occurred exclu
sively on the convex surface of the bicyclic structure. It is also 
evident that the order of introduction of the methyl and 
three-carbon substituents at C-1 must be reversed in order to 
establish the correct stereochemistry for the synthesis of 
gymnomitrol. Cyano ketone 7 proved to be a suitable inter
mediate for this purpose (Scheme II). 
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Reaction of hydroxymethylene ketone 4 with hydroxylamine 
in the presence of 5 equiv of sodium methoxide (CH3OH, re
flux, 20 h)18 gave the crystalline cyano ketone 7 (mp 128-135 
0C) as mixture epimers in 89% yield following column chro
matography. When heated with 3 equiv of acrolein diethyl 
acetal in benzene at reflux for 22 h, 7 underwent alkylation 
affording the ethoxyallyl ketone 8 (76%)19-20 as a yellow oil: 
NMR 8 4:6 (dt, 1 H, / = 7 and 13 Hz, vinyl H), 6.22 (d, 1 H, 
J- 13 Hz, vinyl H). The crystalline 1,3-dioxalane 9 (mp 
79-80 0C), prepared by reaction with ethylene glycol in ether 
(concentrated HCl, 25 0C, 21 h, 92%), was subjected to re
ductive decyanation with lithium in liquid ammonia (THF, 
—78 0C, 20 min; 3-hexyne),21 and the resulting enblate anion 
was trapped with chlorotrimethylsilane (86% distilled yield) 
after evaporating the ammonia. The lithium enolate was re
generated from the enolsilane by treatment with methyllithium 
(THF, O to 25 0C, 3 h) and alkylated with methyl iodide (25 
0C, 17 h) to give keto acetal 10 (65% after column chroma
tography). 

Keto aldehyde 11, obtained by hydrolysis of the acetal 
protecting group (1.2 N HCl, acetone, reflux, 3 h), was re
markably resistant to aldol cyclization, evidently owing to 
steric hindrance from the opposing cyclopentane ring.22 

Consequently, the aldehyde was oxidized to keto acid 12 with 
Jones reagent (92%) and cyclized to the enol lactone 13 (mp 
72.5-73 0C) with acetic anhydride (HClO4, CH2Cl2, O 0C, 
20 min, 64%).23 Reduction of 13 with diisobutyl aluminum 
hydride in THF (-78 to O 0C, 6 h)24 led to the bridged ketol 
which was oxidized with chromic acid directly to diketone 14: 
mp 214-216 0C; 54%; NMR 5CDC13 0.91, 1.01, 1.08 (3 s, 3 
CH3), 2.95 (s, bridgehead CH). The IR and NMR spectra of 
(±)-14 are in good agreement with the corresponding spectra 
of the optically active nor diketone of the same structure ob
tained from gymnomitrol.1'16 

The one remaining carbon atom was incorporated by reg-
ioselective addition of 1 equiv of methyllithium to the cyclo-
hexanone carbonyl (ether, -78 0C, 4 h; aqueous NH4CI, -78 
to 25 0C) of diketone 14 to give a 76% yield of ketol 15 as a 
single stereoisomer: IR v 3400 (OH), 1730 (C=O) cm-1. 

Dehydration of the latter with phosphorus oxychloride in 
pyridine (reflux, 2 h)25 furnished a 1:1 mixture (64%) of 
(i)-gymnomitrone and its endocyclic isomer. The mixture of 
ketones was reduced with lithium aluminum hydride in THF 
at 0 0C, and the resulting alcohols then separated by prepar
ative thin-layer chromatography on silica gel impregnated with 
silver nitrate (9:1 pentane-ether). The more polar component 
proved to be (i)-gymnomitrol ((±)-l, mp 107-109 0C) which 
had IR, NMR, and mass spectra identical with those of the 
natural product.1,16 
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Synthesis of Gymnomitrol 

Sir: 

Gymnomitrol, one of the latest finds in Nature's seemingly 
inexhaustible reservoir of sesquiterpenes, was isolated from 
Gymnomitrion obtusum (Lindb.) Pears. Chemical studies' 
revealed the novel structure 1, and both barbatene2 and pom-

pene,3 constituents of related liverwort species, were shown to 
be identical with gymnomitrene. To probe the generality of a 
new method for the preparation of bicyclo[3.2.1]octanes by 
acid-catalyzed addition of p-quinone ketals to olefins,4 we 
pursued a synthesis of gymnomitrol (1), and the results are 
described in this communication.5 

Aldehyde 26 was transformed to phenol 3, mp 87-88 0C 
(85%), by treatment with m-chloroperbenzoic acid in meth
ylene chloride, followed by hydrolysis with potassium hy
droxide. Oxidation of 3 with DDQ7 in methanol at 0 0C af
forded thep-quinone ketal 4 (63%): mp 103-104 0C; UV max 

CHO 

OMe 

MeQ OMe 

OMe 

1.30 

H 5.67 

OMe OMe 

(95% C2H5OH) 234 nm (e 12 400), 293 (3500). Condensation 
of the ketal 4 with 1,2-dimethylcyclopentene8 in the presence 
of 1 equiv of stannic chloride in CH3NO2-CH2Cl2 (-20 0C, 
10 min) gave a mixture of two diastereomeric adducts that was 
immediately reduced with sodium borohydride in CH3OH 

(-20 0C, 10 min). The major alcohol 5(10% overall yield; mp 
175.5-177.5 0C; UV max (95% C2H5OH) 267 nm (e 6700); 
IR (CHCl3) 3670,3450,1680,1620 cm"1) was separated from 
its diastereomer 6 by crystallization from ether. The NMR 
data (270 MHz) indicated in formulae 5 and 6 were used to 
assign configurations. In addition to these cycloadducts the 
reaction mixture contained 30-45% phenol 3 and an unde
termined amount of the quinone derived from ketal 4. Catalytic 
hydrogenation of 5 and 6 over 10% Pd/C in ethanol produced 
the stereochemically homogeneous dihydro derivatives 7 and 
8, respectively (77%). These were found to be easily separable 
by flash chromatography.9 In preparative runs we took ad
vantage of this finding by hydrogenating the mixture of 5 and 
6 prior to separation. Isomers 7 and 8 (both unstable oils) were 

THPO' THPO' 

1 0 R = O 

thus obtained in a ratio of 3.3:1. The remaining steps in the 
synthesis could only be accomplished after the hydroxy group 
in 7 had been protected. The tetrahydropyranyl ether 9 
(dihydropyran, CH2Cl2, catalytic amount of camphorsuifonic 
acid, 20 0C, 1 h) was reduced with calcium (liquid ammonia, 
THF, 10 min),10 and the resulting product (78% for two steps) 
was condensed with methyltriphenylphosphonium bromide 
(2:1 THF-Me2SO, n-BuLi, 80 0C, 3.5 h) to afford olefin 11. 
Deprotection (3:2:2 AcOH-H2O-THF, 60 0C, 7 h) gave ra-
cemic gymnomitrol (1) (76% for two steps), mp 105-108 0C, 
which had IR and NMR spectra identical with those of the 
natural product.11 
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