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Abstract: The structure of 3a, 98, 13a-trihydroxy-18, 88-trinervita-11(12), 15(17)-diene was
established by X-ray crystallography. The naturally-occurring tripropionate and
dipropionate monoacetate were isolated from the Malaysian termite Nasutitermes sp.

Chemical defense by the highly evolved nasute termite soldiers (Isoptera: Termitidae:

Nasutitermitinae) is effected by the ejection of an irritating viscous glue onto potential

preda’cors.l’2 This defense secretion is composed of monoterpene hydrocarbons (solvents) and

polyoxygenated transannular cyclization products of cembrene-A. Three dome-shaped diterpene
skeletons have been characterlzed by X—ray crystallography: the tricyclic trinervitanes(e.g. %)5,
tetracyclic kempanes (e.g., g and 3 )ana the 1,2-methyl-shifted tetracyclic rippertane

(e.z.,4)". We now report the characterization of two novel tricyclic propionate esters possess-

ing a modified trinervitane skeleton which provides additional insight into the potential bio-

genesis of the termite diterpenes. This is the first report of a propionate ester as the de-
7

fensive compound of a termite.

5, R|=R2=R3=C2|'BC0

6, R)=R3 =CoH5CO
R2= CH300

7,R; =Rp Ry =H

The new trinervitanes were isolated from the soldier defense secretion of Nasutitermes sp.
by chromatography over Florisi1.8 Compound 2 appeared to be a diterpene trlproplonate HRMS,
m/, 488.311 o, 1.8%,C,¢H,,00) » 414,295 - CHQH,00,H, 5, Cy gHz00,), 340 200" - 2CHCH, CO,H,
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67, Costisp0p), 266 O QUG 0, 63, Cyity) 57 (@1,04,Ce0%, 100); TR (CCLy), 1752 cn™L
(ester C=0). Compound § showed an analogous fragmentation pattern but with m/, 474.308

" »Co gl 70g) suggesting a dipropionate monoacetate.  The 360 MHz H-NMR of é(CDCIS) ex-
hibited the following significant resonances: 65.39 (t, 8.3Hz, H-11), 5.14 (dd, 4.4, 11.7

Hz, H-3), 5.07 (brdd, 6.3, 10.7 Hz, H-9), 5.06, 5.07 (s,s,H-17), 4.91 (dd,4.4,11.7 Hz ,H-13),
2.60(brd, 11.2 Hz,H-16), 2.3 (q, 7.3 Hz,CHzCH,C0,-) 2.30 (two overlapping q, 7.3,Hz,CHsCH,C0,.),
1.65 (brs, H-20), 1.12 (three overlapping t, 7.3Hz, C53CH2COZ-), 0.91 (s, 3H,H-18), 0.u6
(d,6.4Hz, H-19). The 20Miz 13C-MvR(CDC13) of 5 showed diagnostic resonances at 174,51, 174.41,
173.65 (s,s,s, ester carboryls), 147.04 (s,C-15), 136.07(s,C-12),124.03(d,C-11), 114.09(t,C-17),
79.6uU, 74.27, 73.39 (d,d,d, C-3,9,13), 59.56 (d,C-16), 48.27 (s,C-4), 44.35(d,C-8). Unassigned
alipnatic signals occurred at 38.54, 37.54, 36.51, 36.28, 33.63, 30.15, 28.41, 28.01 and

27.89 ppm, skeletal methyls at 19.81, 11.90, and 11.70 ppm and propionyl methyls at 9.38 and
9.23 ppm.

Hydrolysis of 5 (CZHSOH,15% aq.KCH, 6 hr. 20°C) afforded a 72:28 mixture (GLC OV-17) of
tae triol 7 and its 3-monopropicnate il R’y= CZHSCO,R2=R3=H). Complete hydrolysis was effected
after 2 hour reflux; conversely,selective removal of the allylic 13-propionate (K,C04,C,H-OH,

1 hour 40°C, 4 hr 20°) gave >80% of the 13-hydroxy-3, 9- dipropionate derivative §(R1=R2=
CZHSCO-, R3=H). Complete hydrolysis of the dipropionate monoacetate § gave triol { and

some of the 3-monopropionate; the attempted selective hydrolysis of the allylic propionate re-
sulted in the partial removal of both the acetate and propionate moieties to give a mixture of
the 13-hydroxy-3-propionate-S-acetate 9 (R1=C2H5CO—, R2=CH3CO-,R3=H) and the 9-hydroxy-3,13-
dipropionate A0 (R1=R3=C2H5CO, R2=H).9 The triol 7 was chromatographed over Florisil (&0%
EtOAc in hexane) and was then crystallized by slow evaporation (20°C) from ethanol containing
traces of water to give clear prisms, mp 277-278°C.

The structureof 7 was established by single-crystal X-ray experiments. The data crystal of
{ was mounted on an Enraf-Nonius CAD-4A diffractometer under the control of a PDP 11/45 computer
system and subJected to Mo X radiation (A= O 71073 A ). The space group is P212121 with
a=9.439(4) A b=13.506(5) A c=14.677(5) A Z=4 and Pealc™ 1.14. The data were reduced
(p = 0.04) and the structure solved using the MULTAN dlrect methods series. 10 of the 1507
reflections measured (0<20<46°), 1099 with Fo2
Residuals could not be reduced below 20% for the proposed C20H3203 molecular formula; in addi-

>30(F0) were used in the subsequent refinement.

tion, a Fourier difference map indicated the presence of one additional carbon-size atom per
molecule in the unit cell. Inclusion of a water of hydration allowed the full-matrix least
squares refinement (anisotropic carbons and oxygens, isotropic hydrogens) to converge to values
of 0.047 and 0.066 for R and R, respectively. The absolute stereochemistry shown in 7 and in
Fig. 1 (ORTEP drawing) is assigned on the basis of biogenetic analogy to other related termite
diterpenes. Extensive intermolecular hydrogen-bonding is evidenced by the following intera-
tomic _distances: 0(1) - 0(2), 2.709 A; 0(1)-0(4), 2.734 A; 0(2)-0(3), 2.722 A; 0(3)-0(4),
2.692 A.
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Figure 1. Computer-generated per-
spective drawing (ORTEP)
of 7, in which hydrogens
have been omitted for
clarity. 0-4 is the
water of hydration.

The occurrence of an (E)-11,12 olefinic bond andan (R)-1 center in a trinervitape molecule
lends further credence to the proposed biosynthetic scheme, since these groups have the correct
position and stereochemistry to be derived from analogous positions in cembrene-A.12 Horeover,
we ilave proposed 1,6 that the tetracyclic compounds may arise from further cyclization of tri-
cyclic intermediates, as shown in Fig. 2. Biosynthetic studies are in progress to test these
hypotheses.

Figure 2. Hypothetical origin of
tetracyclic kempane and

rippertane skeletons from
tricyclic trinervitanes.
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J. C. Brackman et al. have isolated a bicyclic 7,16-secotrinervitane from an Oriental
Nasutitermes. This molecule possesses (E)-8 and (E)-11 olefinic bonds and the (R)-1
center of the proposed cembrene - A precursor, thus providing further support for the
cembranoid origin of these diterpenoids. We thank Dr. Braekmann for a preprint of this
paper.
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