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Ozonolysis of 1 largely results in 2 and 3, having features similar to several classes of natural products. The retention of the Cy5 pericycle
suggests preference for the cleavage of z-bonds endo to the cyclopentane ring. This unique property of trindane offers opportunities for
synthesis of complex natural products from this hydrocarbon that can be made in quantity by acid-catalyzed trimerizatiion of cyclopentanone.

Spectroscopic properties of the tethered systems tricyclo-difference in the reactivity profiles af and tricyclohexa-
pentabenzene (trindarB,and tricyclohexabenzene show no benzene toward ruthenium tetroxide oxidation. Trindane
evidence of any serious perturbation of aromati¢iBecent yielded only highly condensed, heavily oxygenated com-
studies have shown that the fixation of thebonds in the  pounds having a resemblance to the naturally occurring
ring can only be achieved by highly restraining the pericycle. ginkgolides, retaining the & periphery and arising from the
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exclusive oxidation ofendo z-bonds® In sharp contrast, fine needles of this compound produced by crystallization
tricyclohexabenzene gave products exclusively from benzylic from benzeneethyl acetate. The structure d{Figure 2A)
oxidation. followed directly from 3, largely based on the facile

The present work tends to further support the concept of transformation noted earlier. Diazomethane esterification and
a preference forendo sz oxidation in 1 that retains the  subsequent chromatography afforded dimethyl glutarate. The
pericycle and should provide a general route to medium ring course of ozonolysis of trindang)(is rationalized in Figure
oxygenated compounds that can undergo further intramo-1, where the yields of the various products secured are also
lecular changes to complex condensed systems havinggiven. A noteworthy feature here is the simple manner in
features similar to those of naturally occurring compounds. which the bicyclic specief folds to generate the complex

A methylene chloride solution of trindane was ozonized tetracyclic systeng, initiated by enolate addition from the
for 3 h. Reductive workup using dimethyl sulfide, followed top side, as shown in Figure 1.
by chromatography of the neutral fraction on silica gel,  The action of either ruthenium tetroxide or ozone gave,
yielded compoundg, 3, and4 (Figure 1) TheH and*3C largely or exclusively, products arising from attack on the
m-bond endoto the cyclopentane present In While the
“milder” ruthenium reagent led to oxidation products of all
threez-bonds, ozonolysis resulted in the oxidative cleavage
of two of the three endocyclic olefins. What seems to be
general is that trindane and its derivatives can give oxidation
products retaining the pericycle in complex condensed
compounds. Surprisingly, although the pathways are grossly
dissimilar, with both oxidizing agents the substances formed
were closely related to the complex naturally occurring
products.

The remarkable similarity of the product from ruthenium
tetroxide oxidation ofL to ginkgolides has been mentioned

(4) Spectral data and experimental procedures for compo@nds
Ozone was bubbled through a solution of trindane (0.495 g, 2.5 mmol) in
dry CH,Cl; (30 mL) at~ —70 to—80°C for 3.0 h, admixed with dimethyl
sulfide (0.8 mL), and left stirring for 2 h, during which time it was allowed
to reach room temperature, treated with saturated NaHCO@ mL), and
stirred for an additional 1 h. The organic layer was separated, the aqueous
layer was washed with additional GEl, (3 x 10 mL), the layers were
combined, washed with distilled water ¢ 10 mL), dried (MgSQ), and
5 (15%) evaporated in vacuo, and the residue was chromatographed on a silica gel
column, prepared initially in hexane. Elution with benzene:ethyl acetate
(6:4) afforded, in sequencd, (0.100 g, 19%).2 (0.105 g, 16%), and
(0.138 g, 21%), which crystallized from benzene:ethyl acetate as fine
needles, mp 138140 °C. 2. H NMR (500 MHz, CDC}) 6 1.80-2.32
(m, 6H, CHp), 2.40-2.60 (m, 8H, COCH), 2.72-3.14 (m, 4H, allyl CH);
NMR t h dth b fthe b 13C NMR (400 MHz, CDC4) 6 18.14, 19.62, 21.58. 29.63, 33.92, 34.30,

Spectra showed he presence or absence of th€ DENZengy o5 35 34 (Ch), 140.88 (G=C), 154.50 (E=C), 198.41 (G=0), 212.51
core. Thus, it was easily seen that while compodinetained (aB-unsaturated €0); |§ﬁ (neat) 30?;1/, )1(73)7, 169(8,)1(59;5, 145?, 1301,

; ; ; 1201, 1178, 1016, 690 GC-MS (2) (%) 262 (M) (11), 244 (M—
the trindane core, i2 and 3 the aromatic framework was 18) (13), 234 (M1 x 28) (9), 206 (M -2x 28) (14), 178 (- 3 x 28)
absent. Whereas the structure fbcould be derived from (16), 150 (M— 4 x 28) (78).3: H NMR (300 MHz, CDC}) 6 1.41—
spectral data, those f& and 3 depended on the crystal ~2.21 (m, 10H, CH), 2.31-2.71 (m, 3H, COCH t-CH), 2.75-3.29 (m,

: 4H, allyl CH,); 13C NMR (300 MHz, CDC}) 6 18.32, 20.01, 21.38, 30.15,
structure of3 and the ready transformation of compoudd  3377,734.32, 35.47, 35.81 (GH 141.12 (G=C), 154.55 (&=C), 198.89

to its isomer3. (C=0), 213.43 @,f-unsaturated €0); IR (neat) 3400, 2944, 1752, 1680,
; 440, 1344, 1040 cnd; EI-MS (m2) (%) 262 (M) (17), 246 (M— 16) (9),
Analytical and mass specFrgI data sugggsted the. formulas;,, (M= 1'x 28) (39), 206 (M- 2 x 28) (17). Anal. Calcd for G Has
of 2 and3 to be GsH1404,% arising from the introduction of 0, C, 68.70; H, 6.87. Found: C, 68.57; H, 6.61L. H NMR (300 MHz,
_CDCly) 6 2.10-2.25 (m, 4H, CH), 2.65-3.05 (m, 10H, benzylic), 3.12
four oxygen at(_)ms to t_he unsaturated hydr(_)carbon. Com 3.23 (M, 2H, COCH); 13C NMR (300 MHz, CDC#) 6 24.46, 24.98, 25.66.
pound2 was quite sensitive, and traces of acid transformed 23 89, 30.02, 31.34, 32.26, 36.66 (§HL31.26-149.87 (aromatic), 207.80

it mostly to 3, which could be easily followed by IR and (§3(=0/(§):2|1§ Er'\l/leit)l_§9(‘7125 1T7r112b ,160% 14?0i 1272, 112(; }IFFEAEEMS |_§r721/ "
: 1 1 o 2) (% . The bicarbonate layer was adjusted to pH 2 wi

TLC.' Whlle the. Hand _3C NMR spectra o2 a_‘nd3 eXhlblted. citric acid, extracted with ethyl acetate {315 mL), washed with water (1

a similar profile, their IR and TLC profiles were quite x 10 mL), dried (MgSQ), evaporated, and esterified with ethereal

divergent In the IR. the former showed no hydroxyl which diazomethane to afford 0.06 g (15%) of dimethyl glutarate, identical to an
U ’ . ! authentic sample.

was present i3. In terms of polarity, thdz values of2 and (5) Crystal structure data f@: C;sH1g04 (four independent molecules),

3 were respectively 0.75 and 0.25 (TLC, eluent40:60 space grouf(—1), Z=8,a=11.471(1) Ab=14.158(1) Ac = 17.121-
(1) A, a = 73.02(0, § = 89.26(0), y = 89.44(0Y, V = 2659.1 &, dcaic

Figure 1. Products from ozonolysis of trindan)(

benzene:ethyl acetate). _ ='1.310 g/cr, R, = 6.07% for 4855 data observed wifly > 4, Cu Ka.
Compound3 was found to possess the highly condensed radiation. X-ray data collected on Bruker P4 diffractometer,26 scan
structure shown in Figure 2B by X-ray crystallograbbtl mode, scan speed Yf&in, scan width 1.9 Structure was determined by

direct phase determination. Coordinates, bond lengths, bond angles,
anisotropic thermal parameters, and hydrogen coordinates are deposited with

(3) Ranganathan, S.; Muraleedharan, K. M.; Bharadwaj, P.; Madhusudan-the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge
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Figure 2. (A) Energy-minimized structure d. (B) X-ray structure of3.

several classes of natural products such as bertyadiomolcanediol, germacren, oxycurcumenol, and guainadfitié.

cubegene, curculothyrane, esulone, jatrophone, and eupho- The structural similarities 03 and the above-mentioned
scopinéaf natural products are shown in Figure 3.

Compound3 presents a composite feature of several
classes of natural products. The oxygen-bridged hemiketal

arising from transannular addition is present in rugosic’acid HO

and curcumendi.The nine-membered bicyclic system present HoOo¢ ‘

in 3 is a feature seen in taxane diterpenes, xeniphyllane, \ CHO
ou i

acanthamolide, acetyl coriacenone, acahetolide, dilopholide,
physaline, and sanada®8t" Finally, the overall profile of3

R
Rugosic acid HO Sanadaol
0
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