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Soldiers of the termite subfamily Nasutitermitinae fight 
predators by ejecting a sticky defense secretion containing 
structurally unique bi- to tetracyclic diterpenes biosynthetically 
derived from cembrene A.1 Recent synthetic endeavors in this 
area have succeeded in the preparation of two bicyclic secotri-
nervitanes2 as well as several naturally occurring3 or closely 
related4 tetracyclic kempanes in racemic form. Here we report 
an enantioselective route to the ring system of 3a-hydroxy-15-
rippertene (I),5 a defense secretion constituent first isolated from 
Nasutitermes rippertii, utilizing the commercially available 
eudesmanolide (-)-a-santonin (2)6 as the chiral source. Next to 
a photoisomerization generating the hydroazulene moiety of 1, 
an intramolecular vinylogous aldol reaction and an intramolecular 
Diels-Alder cycloaddition featured key roles in the construction 
of the tetracyclic olefinic core. 
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« (a) 9% HCl in DMF, 100 8 C, 77%. (b) 40 mol % /-BuOK, toluene, 
2O0C, 69%. (c) hv, HOAC, 17 0C, 33%. (d) Concentrated H2SO4, 0 
0 C, 94%. (e) 1 atm H2, Pd/BaS04 , EtOAC, 20 0C, 73%. (O CrCl2, 
HOAc, 2 N HCl, 60 0C, 99%. (g) 1 atm H2, Pd/C, EtOH, 2 N NaOH, 
20 0C. (h) CH2N2, ether, MeOH, O 0 C, 72% 8 from 7. 

Scheme II* 

Photolysis7 of 6-epi-/3-santonin (3),7a '8 readily obtained from 
2 after acid-catalyzed epimerization at C-69 and subsequent 
equilibration at C-118 under basic conditions according to modified 
literature procedures, provided a rapid access to hydroazulene 
410 (Scheme I). For stereoselective deoxygenation at C-IO, the 
strategy used by Biichi and co-workers during their synthesis of 
1 -epi-cyclocolorenone1' was applied. Thus, elimination of acetic 
acid produced dienone lactone 5,7a which in turn was hydrogenated 
with complete chemo- and stereoselectivity. But in contrast to 
the corresponding reaction of the dienone epimeric with 5 at C-6 
and C-Il,11 hydrogen added solely from the a-face of 5 to yield 
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<• (a) LiAlH4, ether, 20 0C, 99% from 8, 98% from 12. (b) 6 mol % 
TPAP, NMO, CH2Cl2,20 0C, 90% 10,83% 13. (c) Ph3P=CHCO2Me, 
toluene, reflux, 76%. (d) 1 atm H2, Pd/C, EtOAc, 20 "C, 99%. (e) 2% 
KOH in MeOH, reflux, 69%. 

6, as was unambiguously proven by X-ray diffraction analysis. 
On the other hand, hydrogen addition to acid 7 prepared from 
5 via hydrogenolysis with chromous chloride occurred, as for its 
C-11 epimer,11 predominantly from the /3-face (86:14) to give 8 
as the major product after esterification and separation by 
HPLC12 

Reduction of keto ester 8 with lithium aluminum hydride 
afforded diol 9,13 which was smoothly oxidized to the keto aldehyde 
10 using tetra-n-propylammonium perruthenate/AT-methylmor-

(12) Stereochemical assignment for 8 was confirmed by conversion of lactone 
6 (CrCl2 and then CH2N2,88% overall) to a stereoisomer identical (capillary 
GC, 1H NMR, 13C NMR) to the minor product obtained after hydrogenation 
and esterification from 7. 

(13) Reduction leads to a single diol stereoisomer with unknown config
uration at the endocyclic carbinol center. 
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0 (a) MsCl, Et3N, CH2Cl2,0
 8C. (b) LiBr, DMF, reflux, (c) 10 mol 

% RhCl3OH2O, EtOH, reflux, 68% 15 from 14. (d) LiAlH4, ether, -78 
0C to 20 0C, 99%. (e) HC^CCH2Br, 20 mol % W-Bu4NI, 50% KOH, 
20 0C, 94%. (f) f-BuOK, /-BuOH, reflux, (g) TsOH, H2O1 THF, 
f-BuOH, 20 8C, 47% 19 from 17. (h) 3 mol % TPAP, NMO, CH2Cl2, 
20 8C, 79%. 

pholine N-oxide14 (Scheme II). Chain elongation of 10 to 13 was 
efficiently accomplished by a sequence involving chemoselective 
Wittig reaction to 11, chemoselective hydrogenation to 12, and 
subsequent adjustment of oxidation levels.13 Treatment of 13 (2 
X 1O-3 M) with potassium hydroxide in refluxing methanol for 
1 h effected a clean and completely stereoselective cyclization to 
1415 via intramolecular vinylogous aldol reaction.16 

Brief heating of the mesylate derived from 14 with lithium 
bromide in refluxing DMF4 provided a mixture of isomeric 
dienones consisting mainly of 15 (Scheme III). After further 
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enhancement in the relative proportion of this major component 
by rhodium-catalyzed isomerization of the crude mixture,4,17 pure 
15 was easily isolated by flash chromatography. As antici
pated,18 the elimination step proceeded with concomitant epimer-
ization at C-3a of the primarily formed enone. X-ray diffraction 
analysis of dienol 16 obtained as a single stereoisomer upon hydride 
reduction of 15 not only established that this crucial inversion 
had indeed taken place but also revealed the desired ̂ -orientation 
of the hydroxyl group. Alkylation of 16 to propargyl ether 17 
set the stage for the key intramolecular Diels-Alder reaction. To 
this end, 17 (3.5 X lO-3 M) was treated with potassium tert-
butoxide in refluxing tert-butyl alcohol for 1-2 h, which effected 
base-catalyzed isomerization to the corresponding allenyl ether 
and subsequent [4 + 2] cycloaddition19 to generate the tetracyclic 
ring system of 3a-hydroxy-15-rippertene (1). Due to the lability 
of the resultant enol ether 18, the crude product was directly 
subjected to acid-catalyzed hydrolysis, furnishing a 7:1 ratio of 
epimeric lactols 19. Oxidation14 of this diastereomeric mixture 
yielded the homogeneous pentacyclic lactone 20. Efforts toward 
introduction of the additional methyl group present in 1 are 
currently in progress. 
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