TETRAHEDRON

Substituted Alkene

Lai-King Sy and Geoffrey D. Brown*

Chemistry Department, The University of Hong Kong, Pokfulum Rd., Hong Kong

Received 29 July 1998; revised 13 October 1998; accepted 29 October 1998

Abstract: Eight novel seco-cycloartanes (1-8) have been isolated from the medicinal plant Kadsura
coccinea. The major component of the extract, coccinetane A (1), undergoes cxtrcmcly facilc autoxidation
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autoxidation of the A24-tri-substituted double bond is assisted by the presence of the 3-carboxylic acid
group or its methyl ester. © 1998 Elsevier Science Ltd. All rights reserved.

Kadsura coccinea (Lem.) A.C. Smith (Schisandraceae) 1s used in traditional Chinese medicine for
treating gastritis and duodenal ulcers.! Previous chemical investigations of K. coccinea have yielded a
number of dibenzocyclooctadiene lignans,2 a variety of triterpenes (including lanostanes, seco-lanostanes,

cycloartanes and seco-cycloartanes)? and eudesmane sesquiterpenes. 4
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yielded eight novel 3,4-seco-cycloartancs (1-8). HREIMS of coccinetane A (1), which was the major

component of the extract, established the molecular formula CygH48057. Inspection of the 1D-NMR spectra
demonstrated a carboxylic acid functional group (8¢ 179.6), a terminal alkene (8¢ 149.5 C; 111.6 CHp; oy
4381, d, J=0.7 Hz; 4.74, s), a tri-substituted alkene (¢ 125.3 CH, 130.9 C; 8y 5.10, ¢, J=7.0 Hz) and the
methylene protons of a cyclopropane ring (8 0.73, d, J=4.2 Hz, 0.41, d, J = 4.2 Hz). These various functional
groups were incorporated into the 3,4-seco-cycloartane skeleton by means of 2D-NMR experiments such as

HSQC, HMBC and 1H-1H COSY (Table 1). The relative stereochemistry for coccinetane A was established

from NOESY correlations (Table 1). Although 3,4-seco-cycloartanes are very rare in nature the assignments
given in Table 1 received support from comparison with recently reported NMR data for seco-cycloartanes
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Table 1 NMR data for compound 1
Assign | 8¢ 8y HMBC correlatxon from "H-"H COSY correlation | NOESY correlation from
-ment 3ctoln from H to 1H Hto IH
1 28.9 (CH») 2.08 - 2.53,2.31, 1.40 1.66, 0.92
1.40 2.53,2.31,2.08 0.41
2 31.4 (CHy) 2.53 - 2.31,2.08,1.40 243,231
231 2.53,2.08, 1.40 2.53
3 179.6 (C) - 2.53,2.31 - -
4 149.5 (C) - 2.43,1.68 - -
5 45.9 (CH) 243 4.81,4.74,1.68,073,041 | 1.52,1.10 4.81,2.53,1.68,1.52,1.10
60 27.8 (CHp) 1.10 - 243,152 2.43,1.52
6B 1.52 2.43,1.10 2.43,1.10
T 25.0 (CHp) 1.31 - I.11 1.57
B 1.11 1.57,1.31 1.68,0.73
g 47.7 (CH) 1.57 0.73, 0.41 111 1.31,0.96, 0.73
9 21.5(C) - 2.10, 1.25,0.73, 0.41 - -
10 27.1(C) - 0.73,0.41 - -
Ha 27.0(CHy) 2.10 0.73,0.41 1.66, 1.25 1.66, 1.25
11g 1.25 2.10, 1.66 2.10,0.41
12 33.1 (CHy) 1.66,1.66 | 0.96 2.10,1.25 2.10,2.08,0.96,0.92
13 452 (C) - 0.96,0.92 - -
id 49.0 (C) R 0.96, 0.92 - -
15 35.7 (CHp) 127 0.92 - -
1.27
16 28.1(CHy) 1.91 - 1.59, 1.32 1.32
1.32 1.91, 1.59 1.91
17 573(CH) 1.59 0.96, 0.88 1.91, 1.32 N
18 18.1(CH3) | 0.96 - - 1.66, 1.57
19a 30.0 (CHyp) 0.41 - 0.73 1.25,0.73
198 0.73 0.41 1.68,1.57, 1.11, 0.41
20 35.9(CH) 1.39 0.88 0.88 2.05,0.88
21 18.3 (CH3) 0.88 - 1.39 1.39
22 36.4 (CHp) 1.45 0.88 2.05,1.88,1.08 1.08
1.08 2.05,1.88, 1.45 1.45
23 25.0 (CHy) 2.05 - 5.10, 1.88, 1.45, 1.08 1.88,1.39
- 1.88 5.10,2.05, 1.45, 1.08 2.05
24 125.3 (CH) 5.10 1.68,1.61 2.05, 1.88, 1.68, 1.61 1.68
25 130.9 (C) - 1.68, 1.61 1= -
26 17.6 (CH3y) 1.61 1.68 5.10 -
77 257 (CHy) | 1.68 1.61 5.10 5.10
28a* 111.6 (CHy) | 4.74 1.68 4.81,1.68 4.81,1.68
28b* T last 4.74,1.68 4.74,2.43
29 19.8 (CH3) | 1.68 4.81,4.74,2.43 4.81,4.74 4.74,2.43,1.11,0.73
30 193(CH;) | 092 - R 2.08, 1.66
+ Multiplicity established from DEPT; *28a proton cis to 29-methyl group; 28b proton trans to 29-
methyl group
Seven other seco-cycloartanes (2-8), of closely related structure to 1 were also isolated from the
extract and their structures rigorously established by 2D-NMR as for compound 1. NMR assignments for the
allylic tertiary hydroperoxide csccinetane B (2) were comparable to those for compound 1, with significant

differences noted only for resonances associated with the 2-methyl-hept-2-ene side-chain (i.e. C3¢-Cy7).
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NMR assignments for this “side-chain” are reported in Table 2: all other assignments were essentially
ith compound 1 (see Table 1). Coccinetane C (3a/3b) which contains a new
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autoxidation of the tri-substituted double bond in 1 (see later). Coccinetane D (4a/4b) was an inscperable
mixture of diastereoisomeric epoxides also perhaps derived from oxygenation of the tri-substituted double
bond in 1. The allylic tertiary alcohol group in coccinetane E (5) may be viewed as being formed either by
acid-catalysed ring-opening of this epoxide group or by reduction of 2; such mechanisms would also account
for the presence of coccinetane F (which was isolated as an inseperable mixture of diastereoisomers 6a/6b),
containing an allylic secondary alcohol group, which might be formed either from the diastereoisomeric
epoxides 4a/4b or by reduction of 3a/3b. For both allylic alcohols 5 and 6 the chemical shift for the oxygen
bearing carbon in the functionalized 2-methyl- heptyl side-chain is more than 10 ppm upﬁeld as compared to

0L a hyulupuumui
transposed in coccinetane G (7) and the corresponding acetate, coccinetane H (8), both o
as single diastereoisomers.

The structures of all novel natural products 2-8 are clearly suggestive of formation via oxidation of the
double bond in the 2-methyl-hept-2-ene side-chain of 1. Qur suspicion that 2 and 3 might be derived from 1
by straightforward “ene-type” addition of molecular oxygen to the A?4-double bond was confirmed by the
observation that a CDCl; solution of 1 when left at room temperature under natural illumination was cleanly
converted into compounds 2 and 3 (Scheme 1) together with smaller amounts of the diene 9. No reaction was

observed in the dark indicating that sin
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bond in natural products 106 and 117 (chosen because of close structural similarities to 1 in the composition
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Table 2 °C and 'H NMR assignments for compounds 2-8¢
5c 8y
Assign- 2 323bY | d4a [ab” | 5 |ewen*t| 7 8 2 3a3p* 4a | % | s 6a/6b* 7 8
ment
20 364 | 361 [ 3590 359 | 364 | 360/ | 327 | 320 | 149 130/ | 144 | 144 | 147 | 1407140 | 1.60 | 1.44
359 1 359 1.39 B
2 183 | 1824/ [ 183 ] 182 ] 183 | 183 | 183 | 185 | o036 087 | o089 | 08 | 0.86 | 085088 | 095 | 093
18.26 183 0.87
2 394 | 3198 | 326 | 328 | 300 | 3191 | 444 | 419 ] 223, | ras,09% [ 1z, | sz, [ 209, | iz 095 | 166, | 182
| 3203 31.89 179 | 115,008 174 | 112,095 | 104 | 1.09
23 1307 | 2747 | 257 | 260 | 1256 | 2817 | 662 | 697 | 568 | 1.65 152 | 1.66, | 1 560 | 164,145/ | 449 | 561
271 280 148,135 | 140 | 140 1.64, 1.45
24 1344 | 904/ | 650 | 648 [ 1394 | 768/ | 1200 | 1248 | 5.2 4217 | 269 | 269 | 560 | 402402 | 520 | 510
902 764 427
25 823 | 143.9/ | 58.4 | 503 | 708 | 1477 | 1339 | 1357 | - - . . - - - .
1436 147.4
26 | 2438 | 17or [ 188 | 187 {209+ | 1760 | 181 | 183 | 134 173 |27 ] 125 [ 132 1mnm | 1es | 113
17.2 172 1.72
27 | 2444* | 1147 | 249 | 249 [ 300% | 11147 | 257 | 257 | 134 | 03,501/ | 130 | 127 | 132 | 492,484/ | 171 | 170
1142 1.0 5.02,5.01 4.93,4.84
CH,CO 214 2.02
CHaCO 170.7 )
* Assignments interchangeble within column; = Assignments within diastereoisomeric pair (approx. 1:1 ratio)
interchangeable; ** Minor diastereoisomer; * Assignments for 13C and 'H at positions 1-19, 28-30 identical to
within +0 01 nnm for |H and +0 1 nn ar 13C with compound 1
ithin #0.01 ppm for 'H and £0.1 ppm for 1°C with compound 1
of the tri-substituted alkene-containing side-chain and for their availability in these laboratories) required a
period of 1-2 months to undergo an analagous autoxidation reaction to the corresponding secondary and
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tertiary allylic hydroperoxides under identical conditions (Table 4).
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17 R = CHj
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Scheme 1 Autoxidation of compounds 1, 12, 14 and 17 to secondary and tertiary hydroperoxides (e.g. 2 and 3
from 1)

In order to explain the remarkable facility with which the A24-double bond in compound 1 undergoes
autoxidation by singlet molecular oxygen, we hypothesised that the 3-carboxylic acid group might be able to
assist this reaction in some way. Although the A*® . double bond would at first sight appear to be the
preferred site for such assisted autoxidation, given its proximity to the carboxylic acid, there are precedents in
the literature for expecting di-substituted double bonds to be much less susceptible to attack by singlet oxygen
than tri-substituted double bonds.® In addition, model building studies of compound 1 showed that the 3-
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In order to test the foregoing hypothesis, the carboxylic acid group in 1 was first converted into a methyl
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ester (12) (Table 3). Compound 12 underwent autoxidation to the corresponding secondary and tertiary allylic

hydroperoxides (as determined by appearance of characteristic resonances in the IH NMR spectral region of
4-6 ppm - see Experimental) at a rate more than double that of compound 1 in CDCI3 under conditions of

ambient light and temperature (Table 4) although no terminal diene analogous to compound 9 could be
detected. When d4-MeOH was substituted for CDCI3 as solvent no hydroperoxides were obtained as products
from the autoxidation of 12: instead compound 13 was formed transiently and reaction ceased with the
production of an unidentified compound in which NMR resonances corresponding to the 2-methyl-hept-2-ene
side-chain had disappeared entirely, whilst resonances for the tricyclic triterpene nucleus remained. We
speculate that the conjugated diene 13 is the product of facile elimination in protic solvent (d4-MeOH) of
hydrogen peroxide from allylic hydroperoxide autoxidation products derived from 12, whilst the
thermodynamically less favoured terminal diene 9, formed from 1 in CDCl,, is the result of a concerted

elimination of hydrogen peroxide, which is intramolecularly assisted by the 3-carboxylic acid group, as

coH|l 1] oy x4 1l ISR PA
‘o HT H
H hviO; | H HO,C -

Reduction of 12 with LiAlH,? yielded the primary alcohol 14, together with small amounts of the
conjugated diene 15; compound 15 was believed to have arisen as an elimination product of hydroperoxides
formed by autoxidation during the course of the LiAlH, reduction in a manner similar to that discussed above.
(In support of this compound 15 was not detected when the reaction was repeated under conditions cxcluding

light). Complete reduction at the 3-position was effected by conversion of 14 into a tosylate (16)!° and
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Table 3 13C and 'H NMR assignments for compounds 12 and 14-17 (from 2D-NMR).

Assignment | 3¢ Sy

12 14 15 16 17 12 14 15 16 17
1 290 1299 1209 1206 13639 |2.06 136 |1.50,1.02 1.50,1.02 | 1.65,095 | 1.71,090
2 315 [299 [299 [262 19.8 |2.51,226 |1.77,1.52 1.80,1.52 | 1.80,1.58 | 1.51,1.22
3 1745 | 636 |633 [712 147 |- 3.56,3.56 | 3.56,3.56 | 3.98,3.93 | 0.83
4 149.5 | 150.1 | 150.1 | 150.1 | 150.3 | - - - - -
5 459 457 |457 [458 [45.6 |2.44 2.53 2.52 2.38 2.53
6 278 1278 [278 1278 {279 |152,1.08 |1.50,1.09 1.50,1.09 | 1.47,1.04 | 149, 1.04
7 249 12497 {250 [250 ]25.1 1.30,1.09 | 1.30, 1.11 1.30,1.10 | 1.27,1.05 | 1.29,1.11
8 477 477 1478 [477 478 1.57 1.58 1.58 1.53 1.57
9 2i5 219 {219 (2i3 (212 - - - X -

27.1 275 27.5 27.2 28.0 -

27.0 27.1 27.1 27.1 27.1 2.08,1.25 2.10,1.24 2.10,1.29 1.97,1.13 | 2.10, 1.24
33.1 332 33.1 33.1 33.18 | 1.65,1.65 1.65, 1.65 1.65, 1.65 1.61,1.61 1.65, 1.65

45.1 45.2 45.2 452 45.2 - - - - -
AQ O AN AQ " AQ N AQ N

“40.7 “47.V “47.L “47.V 47.U - - -

35.6 35.7 35.7 35.7 35.67 | 1.29,1.29 1.28,1.28 1.27,1.27 1.27,1.27 1.29,1.29

28.0 28.1 28.1 28.1 28.1 1.91, 1.32 1.89, 1.29 1.76, 1.29 1.89,1.27 | 1.89,1.29

JUISY (U (IS S (U (VS NS (VDY WD
el Honl ST ey VLY NN VS I S J o) ]

523 | 523 |522 |523 [523 | 1.58 1.59 1.65 1.58 1.59
180 | 180 | 182 | 18.0 | 18.0 | 0.96 0.97 1.00 0.94 0.97
309 301 |30.1 1299 |301 |072041 |0.71,034 |O0.71,035 | 066,029 | 067,030
20 359 | 359 |407 | 359 |3592 |1.39 1.39 2.12 138 138
21 182 | 183 | 202 | 183 | 182 |o0s88 0.88 1.00 0.89 0.89
22 363 | 364 | 1388 | 364 | 3636 | 1.43,1.05 | 145 1.08 | 542 143,105 | 143,105
23 250 12502 | 1242 1250 1250 | 204, 188 |205 188 |6.16 205, 188 | 205 185
24 1253 | 1253 | 1253 | 1253 | 1253 | 5.10 S11 575 510 510
25 130.9 | 130.9 | 132.6 | 130.9 | 1309 |- - - - ‘
26 176 | 176 |17.8 |17.6 |176 | 160 1.61 1.74 1.61 1.61
27 257 | 257 | 258 |25 |257 | 168 1.68 .75 168 169
28 1114 11111 11112 11113 11100 481 473 1480472 1481 472 1472 467 |479 471
20 197 {198 |198 |198 |199 |1.68 1.68 1.69 1.63 1.69
30 193 | 193 |19.3 | 193 |193 |093 0.94 0.94 0.88 0.94
-OMe 514 |- - - - 3 64 - _ - X
I 133.6 -
276 1297 733
375" 1279 777
Py 134.6 -
7 21.6 245

subsequent reduction by LiAlH,’ to yield compound 17. Compounds 14 and 17 were found to undergo
autoxidation reactions of the A24-double bond in CDCl; at rates which were respectively one and two orders
of magnitude slower than the methyl ester of coccinetane A (12) under conditions of ambient light and
temperature (Table 4). The rate of autoxidation for fully reduced compound 17 was comparable to that of the

sesquiterpene hydrocarbons 10 and 11, which is consistent with our hypothesis that the functional group at the
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3-nasition is in same wav ahle to assist the autoxidation of the AZ24-double bond. In addition. no diene
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proposition that the 3-carboxylic acid group is required to promote further elimination reactions of

hydroperoxide autoxidation products in aprotic solvents (Scheme 2).
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an oxygen-containing functional group at the 3-position (effectiveness in the order CO,Me > CO,H >>
CH,0H >> CHj3), we next attempted to establish whether this assistance was intramolecular or intermolecular
in nature. Under controlled conditions of light and temperature (see Experimental), it was found that the rate of
autoxidation of 1 to cach of the products 2, 3 and 9 as determined by 'H NMR spectroscopy was essentially
independent of substrate concentration in dilute solution (over the range 0.25 mg- 2 mg per NMR tube (0.6
ml); Figure 1 - autoxidation to 2 only shown). However, more concentrated solutions - e.g. 5 mg and 7.5 mg -
showed progressively slower reaction rates, which we attribute to be due to a limitation in the rate of
dissolution of oxveen into soh
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of the A24-double bond in 1 by the 3-carboxylic acid group is an intramolecular process.
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hydroperoxides in CDCly under conditions of ambient light and temperature.
Compound Rate of formation of tertiary | Rate of formation of secondary | Rate of formation
. . * .
hydroperoxide (e.g. 2)* hydroperoxide (e.g. 3) of diene 9*
1 -0.16 -0.17 -0.089
10 -0.0029 -0.0048 -
11 -0.0038 -0.0047 -
12 -0.46 -0.43 -
14 -0.038 -0.040 -
17 -0.0076 -0.0080 -
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Figure 1. The autoxidation reaction of 1 to 2 at various concentrations (relative rates of production of 3 and 9

were similar to those of 2).
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er functional group {(and to a lesser extent
a primary alcohol group) is able to assist in the autoxidation of a tri-substituted double bond, as observed in
this study, remains unclear. It seems certain that this reaction involves participation of the excited state of
molecular oxygen -lo, (autoxidation by 302 being exceedingly rare).ll Production of l02 normally requires the
presence of an external photosensitizer such as Rose Bengal or methylene blue, although there are a few
examples of highly conjugated molecules, such as fullerenes and carotenes, which are able to act as their own
'0,-sensitizers during autoxidation reactions.'> However, we are unaware of any reports in which an isolated

JL 11O L ColCl 1L

carboxylic acid or methyl ester has been shown to be able to act as an "internal” photosensitizer. On the other

hand. there is considerable evidence for functional erouns (in partici o a “directine” or
, there 1s considerable evidence I1or runctional groups (in particuie n ting a “directing” or
Cotanrimag? affant ~m tha Cann t0na?? wanntinme A cinglat avvugan with a Aavihla khamd landing t6 2 high degrae ~F
LOCLl 15 C1iCLLl Ul LT CLJU”L)’PC tcacvt i 311151DL UA] 5(41] YYiUL a UUUulic uutid, Lcau1115 wa 111511 UCBI CC Ul

P It is now generally assumed that such selectivity is the result of

regio- and stereoselectivity in the products.
initial formation of a perepoxide intermediate between O, and the alkene which is stabiiized by interaction
with the allylic oxygen-containing functional group. Although there is quite strong evidence for the
intermediacy of perepoxides in such singlet oxygen addition reactions,”® it is experimentally difficult to
distinguish several alternative mechanisms which have been proposed (including concerted [4+2] reactions,
mechanisms involving diradicals, zwitterionic intermediates or exciplexes).15 We propose that that the oxygen

atom in the 3-functional group which is common to compounds 1, 12 and 14 may also be able to exert some

intramolecular functionalization reactions from the steroid literature.'®

Finally, we note that oxygenated steroids similar in the composition of the side-chain to 2-6 have been
reported on several ocassions from natural sources!? and that their biogenetic origins, as either artifacts from
autoxidation or bona fide natural products arising from biosynthesis, have been the subject of debate. Clearly,
the observation that (apparently) quite remote functional groups are able to promote autoxidation of double
bonds in the steroid side-chain will have a bearing on deciding for or against the authenticity of such

oygenated steroidal products.

EXPERIMENTAL

NMR chemical shifts, expressed in ppm (8) relative to TMS as int. standard, for those resonances which are
clearly resolved in 1-dimensional 1H NMR spectra are listed herein. Fully assigned 1H and 13C data were
determined by 2D-NMR techniques and are listed in Tables in the text. All NMR experiments were run on a
Bruker DRX 500 instrument. Two dimensional spectra were recorded with 1024 data points in F and 256 data
points in F{. HREIMS were recorded at 70 ev on a Finnigan-MAT 95 MS spectrometer. IR spectra werc

recorded in solution on a BIO-RAD FT S-7 IR spectrometer.
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Extraction and Separation. K. coccinea (1.51 kg) was collected in Hong Kong (a voucher specimen

S tal

U\ QQ

has been deposited in the University of Hong Kong Herbarium) and exhaustively extracted
with CH2C12 over a period of several days. The organic layer was dried and evaporated under reduced pressure
to yield a green solid (9.53g, 0.63% w/w). Gradient column chromatography was performed using silica gel
60-200 um (Merck). TLC plates were developed using p-anisaldehyde. Further HPLC purification of crude
fractions from the column was performed using a PREP-SIL 20 mm x 25 cm column, flow rate 8 ml/min.
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ppm: 5.10 (1H, ¢, J=7.0 Hz), 4.8
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(3H, s), 0.88 (3H, d, J=6.3 Hz), =4.2 Hz), 0.41 (1H, 4, J=4.2 z),
HREIMS m/z (% intensity) 440.3640 (54) [M™, calc. 440.3654 for C30H4g07], 425 (100), 3

329 (22), 313 (2), 273 (10), 235 (10), 205 (10), 175 (10), 147 (10), 121 (10), 109 (22), 95 (18).
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Coccinetane B (2): Oil (8.1 mg, R; 14.2 min in 30% ethyl acetate/hexane); [o]p +51.9° (¢ 0.81, CHCl3); IR
(CHCI3) vipax : 3400-2600 (br), 3020, 2934, 2874, 1709, 1458, 1308, 1219 cm~1; IH NMR & (CDCl;) ppm:
5.68 (1H, ddd, 1=15.6, 8.2, 6.0 Hz), 5.52 (1H, d, J=15.6 Hz), 4.82 (1H, 5), 4.74 (1H, ), 1.68 (3H, s), 1.34 (6H,

5), 0.97 3H, s), 0.93 (3H, 5), 0.86 (3H, d, I=6.4 Hz), 0.74 (1H, d, J=4.3 Hz), 0.41 (11, d, ]=4.3 Hz); ’C NMR
- see Table 2; HREIMS m/z (% intensity) 472.3546 (1) [M¥, calc. 472.3553 for C30l14804], 454 (5), 439 (15},
423 (35), 399 (10), 385 (15), 357 (20), 329 (55), 313 (20), 287 (20), 247 (20), 235 (28), 187 (20), 175 (42),
161 (50), 147 (70), 121 (80), 107 (100), 79 (50)

Coccinetane C (3a/3b): Oil (13.8 mg, Ry 13.6 min in 30% ethyl acetate/hexane); [c]p +38.4° (c 0.44, CHCly);
IR (CHCI3) vpax: 3400-2600 (br), 2930, 2854, 1711, 1644, 1450, 1308, 1223, 1220 cm™l; 1H NMR &
(CDCly) ppm: 5.03 (1H, d, J=1.5 Hz)/5.02 (1H, ¢, J=1.5 Hz), 5.01 (1H, s5), 4.81 (1H, s), 4.73 (1H, ), 4.27/4.26
(1H, 1, J=6.0 Hz), 1.73/1.72 (3H, s), 1.68 (3H, 5), 0.96 (3H, s), 0.92 (3H, ), 0.87 (3H, d, J=6.6 Hz), 0.73 (1H,
d, J=4.3 Hz), 0.41 (IH d, J=4.3 Hz); >C NMR - see Table 2; HREIMS m/z (% intensity) 454.3450 (6) [M™*-
439 (’)7\ 423 ('H\ 397 (ﬁ\ 357 {1m 329 (50), 313 (20), 273 (20), 219

vvvvv Jy = QL7

Coccinetane D (4a/4b): Oil (12.9 mg, Ry 16.3 min in 20% ethyl acetate/hexane); [a]p +66.9° (¢ 0.16, CHCI3);
IR (CHCI3) vpax @ 3400-2600 (br), 3018, 2932, 2854, 1715, 1454, 1375, 1221, 1219 cm- I. 1H NMR 3
(CDCl3) ppm: 4.81 (1H, s), 4.73 (1H, ), 2.69 (1H, ¢, J=6.2), 1.69 (3H, s), 1.30/1.27 (3H, ), 1.27/1.25 (3H, s),
0.96 (3H, ), 0.94 (3H, ), 0.89 (3H, d, J=6.2 Hz), 0.73 (1H, d, J=4.4 Hz), 0.41 (1H, 4, J=4.4 Hz), 13C NMR -
see Table 2; HREIMS m/z (% intensity) 456.3613 (19) [M™, calc. 456.3603 for C30H4g03], 441 (63), 423
(40), 395 (8), 355 (10), 329 (53), 287 (15), 273 (20), 235 (20), 203 (22), 175 (48), 147 (60), 121 (65), 107 (90),

95 (100).
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Coceinetane FE (SN (617129 ma R: 2232 min in 3I0% athyl acatata/havana) [l L84 70 (2N 1) CLICLN. TD
SULbnibilnie L9). Vil (10.4 Hig, [ &J.4 HIHL AL oV 70 CUlyl alllalv/lICAaliC), [Ujp To4.77 (€ U.o4, LIiuly ), IR

Y IFOAN 7N AT MO A N0 17NN 1 AZO 172 1O =1 Trr w47 ©  rr 1 N
UU (DI}, DU/1, LY2494, £0/V, 1/UD, 1400, 13/0, 1450 CmM *; *11 NMIK O (LUL13) Ppm

|
)
1

2H, m), 4.81 (1H, s), 4.73 (IH, 5), 1.69 3H, 5), 1.321 (3H, s), 1.319 (3H, s), 0.97 (3H, 5), 0.93 (3H, ),
0.86 (3H, d, J=6.5 Hz), 0.73 (1H, d, J=4.5 Hz), 0.41 (1H, d, J=4.5 Hz); °C NMR - see Table 2; HREIMS m/z
(% intensity) 456.3602 (4) [M ™, calc. 456.3603 for C3oH4503], 438 (39), 423 (100), 395 (10), 357 (38), 329
(30), 273 (12), 259 (18), 219 (20), 203 (35), 175 (32), 161 (40), 147 (66), 121 (65), 109 (99), 95 (88).

Coccinetane F (6a/6b): Oil (29.7 mg, Ry 17.9 min in 30% ethyl acetate/hexane); [a]n +86.5° (¢ 0.37, CHCly);
IR (CHCl3) vinax : 3400-2600 (br), 3071, 2943, 2872, 1709, 1454, 1375, 1224 ¢ 1, IH NMR & (CDCl3)
ppm: 4.93 (1H, 5)/4.92 (1H, s), 4.84 (1H, 4 J=1.3 Hz), 4.81 (1H, 5), 4.73 (1H, 5) 4.02 (1H, ¢, J=6.3 Hz), 1.73
(3H, s5), 1.68 (3H, s), 0.96 (3H, s), 0.93 (3H, s), 0.88 (3H, d, J=6.4 Hz), 0.72 (1M, d, I=4.4 Hz), 0.41 (1H, d,
J=4.4 Hz); C NMR -see Table 2; HREIMS m/z (% intensity) 456.3608 (26) [M™, calc. 456.3603 for
C3oHag03], 441 (47), 423 (98), 395 (18), 355 (20), 329 (81), 302 (30), 273 (30), 235 (35), 203 (35), 175 (65),

161 (63), 147 (75), 121 (100), 95 (85), 81 (70).

Coccinetane G (7): Oil (27.4 mg, R; 15.1 min in 30% ethyl acetate/hexane); [a]p +71.1° (¢ 2.74, CHClg); IR
(CHCI3) vipax : 3400-2600 (br), 3069, 3018, 2941, 2874, 1709, 1636, 1452, 1377, 1306, 1215 cm~!; |H NMR
& (CDCl3) ppm: 5.20 (1H, d, J=8.4 Hz), 4.81 (1H, s), 4.73 (IH 5), 4.49 (1H, ddd, J=9.8, 8.4, 3.2 Hz), 1.71
3H, 4 J=1.1 Hz), 1.69 (6H $), 0.99 (3H,
1

e (

w

N A
- D r
< O

Coccinetane H (8): Oil (428.4 mg, R; 13.9 min in 20% ethyl acetate/hexane); [a]p +62.1° (¢ 0.89, CHCI3); IR
(CHCI3) vipax : 3400-2600 (br), 3030, 2937, 2874, 1709, 1639, 1452, 1375, 1256, 1211, 1016 cm-1; TH NMR
& (CDCl3) ppm: 5.61 (1H, ddd, J=9.6, 8.9, 3.3 Hz), 5.10 (1H, d, J=8.9 Hz), 4.81 (1H, s), 4.73 (1H, s), 2.02
(3H, s), 1.73 (3H, d, J=1.0 Hz), 1.70 (3H, 4, J=0.8 Hz), 1.68 (3H, s), 0.96 (3H, s), 0.93 (3H, 4, J=6.0 Hz), 0.92
(3H, 5), 0.73 (1H, 4, J=4.4 Hz), 0.41 (1H, 4, ]=4.4 Hz), PC NMR - see Table 2; HREIMS m/z (% intensity)

498.3710 (1) [M™, calc. 498.3709 for C39Hs004], 454 (2), 438 (42), 423 (100), 395 (5), 357 (38), 329 (37),

172 20N 1A7 20N 122 MO0 121 (S0 100 90y Q5 (74N Q1
LiJd NIV, LT \&V ), 15 \&LV )y, L2l \JV), LUT\TT7j, 7J \iT], O1L

Compound 9. Inseparable from 1 by either CC or HPLC. IH and 13C NMR assignments for positions 22-27
were determined by 2D-NMR (HSQC, HMBC, 'H-1H COSY) analysis of a mixture of 9 and 1 (other
assignments for 9 were not distinguished for those from 1) IH NMR & (ppm): 6.12 (1H, d, J=15.6 Hz, H-24),
5.65 (1H, dd, J=15.6, 8.1 Hz, H-23), 4.86 (2H, s, H-27), 1.85 (3H, s, H-26), 2.30 (1H, m, H-22a), 1.72 (2H, m,
H-22b). 13C NMR 143.5 (C, C-25), 134.1 (CH, C-24), 130.0 (CH, C-23), 114.0 (CHp, C-27), 18.1 (CH3, C-
26).
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could be resoived when present as a mixture with 12 (other assignments for i3 were not distinguished for
those from 12) 1H NMR & (ppm): 6.12 (1H, dd, I=14.8, 10.7 Hz, H-23), 5.69 (1H, d, J=10.7, H-24), 5.33
(1H, dd, J=14.8, 9.0 H-22), 1.64 (3H, s, H-27), 1.58 (3H, s, H-26).

Methylation of coccinetane A (1) Compound 1 (550 mg) was dissolved in MeOH (6 ml) and conc. HCI (0.3
ml) added. After stirring overnight, solvent was removed under reduced pressure to yield coccinetane A
methyl ester (12) (530 mg) without further need for purification: Oil; IR (CHCI3) viax : 2932, 2874, 1732,

4 a
2 S diisiaiel - ¥ AN A Rehinhdh etk i St A D 11aaA ° = =5 -=3

1645, 1456, 1375, 1227, 1205, 1169 cm-l; IHNMR 8 (CDCl3) p m-510 (1H. t. J=7.0 Hz). 4

nn
AL iy Rkl y LTy 2 ANT Wil v j 4 % . \dhiy b9 VT TV 21y, T,

8
4.73 (1H, s), 3.64 (3H, s), 1.68 (6H, s), 1.60 (3H, s), 0.96 (3H, s) 93 (3H, s), 0.88 (3H, d, J=6.3 Hz), 0.72
54. (

/1YY T_ANTIT A~ YY_N T~ w1 ~ ™™

(iH, d, /=4.2 Hz), 0.41 (iH, d, /~4.2 Hz ) 13C NMR - see Table 3; IR

[M*, 454.3811 calc. for C31Hs007], 439 (100), 411 (10), 385 (10), 343 (15), 2
(10), 147 (10), 109 (15).
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Reduction of methyl ester 12 to alcohol 14 by LiAlHy. To a stirred solution of LiAlH4 (46mg) in anhydrous
EtyO (5 ml) was added dropwise a solution of compound 12 (510 mg) in anhydrous EtO (2 ml). Following
further addition of EtyO (3 ml), the reaction was refluxed (3 h), then cooled in an ice-bath and NapSOy4 (sat.,

l

1) B TS

1 ml) added to destroy excess hydride. The mixture was stirred (2 h) and the resulting salt was
h

-
&
T
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=
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e

~
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N
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g) was obtained by column (.hromatograph

Onm moma g - Try

(br) 2932, 2873, 1645, 1456, 1437, 1375 cm™ .1

J=1.3 Hz), 4.72 (1H, dd, J=2.5, 1.4 Hz), 3.56 (2H, m), 2.53 (1H, dd, J=11.7, 49HZ),168(6H 5), 1.61 (3H, s),

', 1.3 Hz), 4.80 (1H, 4,

[

0.97 3H, s), 0.94 (3H, s), 0.88 (3H, d, J=6.4 Hz), 0.71 (1H, d, J=4.3 Hz), 0.34 (1H, d, J=4.3 Hz); 13C NMR - .

see Table 3; HREIMS m/z (% intensity) 426.3847 (40) [M™*, 426.3862 calc. for C3gHs00], 411 (100), 357 (5),
286 (8), 259 (10), 231 (5), 205 (10), 173 (10), 109 (10). Compound 15 (20 mg) was isolated as a minor product
from the reaction: IR (CHCI3) vipax : 3351, 2932, 2874, 1645, 1370 cm"1; 1H NMR 8 (ppm): 6.16 (111, dd,
J=15.1, 11.4 Hz), 5.75 (1H, 4, J=11.4 Hz), 5.42 (1H, dd, J=15.1, 8.5 Hz), 4.81 (1H, 5), 4.72 (1H, 5), 3.56 (2H,

m), 2.52 (1H, dd, J=11.7, 5.0 Hz), 1.75 (311, 5), 1.69 (3H, 5), 1.00 (3H, 4, I=6.4 Hz), 1.00 (3H, 5), 0.94 (3H, 5),
071 (1H 4 I=43 U2\ 015 (11 4 J=43 U130 N - see Table 3
¢ ,u,J TN L14 ), VeI J \1hd, Uy T L1L), s 1 YLVRAN OVAY 1 AUulv J.

Tosylation of alcohol 14. Compound 14 (388mg) was dissolved in CHCl3 (1 ml) and cooled in an ice-bath.
Pyridine (0.15 ml) was added followed by p-toluenesulfonyl chloride (262 mg) in small portions with constant
stirring. After 2.5 h the reaction was complete and EtpO (3 ml) and water (0.7 ml) were added. The organic
layer was washed successively with HCI (2N) and NaHCO3 (5%) and then dried. Solvent was removed and
compound 16 (325 mg) obtained by column chromatography (5% ethyl acetate/hexane): Oil; IH NMR &
(ppm): 7.77 (2H, d, J=8.0 Hz), 7.33 (2H, d, J=8.0 Hz), 5.10 (1H, ¢, J= 7.0 Hz), 4.72 (1H, ), 4.67 (1H, s), 4.00-
3.90 (2H, m), 2.45 (3H, s), 2.38 (1H, dd, J=11.7, 4.9 Hz), 1.68 (3H, s), 1.63 (3H, s), 1.61 (3H, ), 0.94 (3H, s),
0.89 3H, d, 1-6.3 Hz), 0.88 (3H, s), 0.66 (1H, d, J=4.3 Hz), 0.29 (1H, d, J=4.3 Hz); °C NMR - see Table 3;

VUJ \Jiy by

\O
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HREIMS m/z (% intensity) 580.3948 (1) [M™, 580.3950 calc. for C37H56S03], 565 (5), 408 (10), 393 (18),
365 (2), 339 (2), 297 (5), 203 ( ) 175 (10), 161 (10), 123 (20), 119 (30), 109 (40)

Reduction of compound 16 by LiAlH . Reduction of 16 (224 mg) by LiAlHy (identical procedure as described
f (180 mg) with no need for further purification: Oil; IR (CHCI3) vpax

for compound 12) yieided compound 17
: 2932, 2872, 1636, 1452, 1371 cm-1; 1H NMR & (ppm): 5.10 (1H, 1, J=6.9 Hz), 4.79 (1H, s), 4.71 (1H, ),
2.53 (1H, dd, I=11.0, 4.7 Hz), 1.69 (3H, s), 1.61 (6H, s), 0.97 (3H, s), 0.94 (3H, s), 0.89 (3H, d, J=6.4 Hz),
0.83 (3, 1, J=7.3 Hz), 0.67 (1H, d, J=4.0 Hz), 0.30 (1H, d, J=4.0 Hz); °C NMR -see Table 3; HREIMS m/z
(% intensity) 410.3913 (4) [M™, 410.3913 calc. for C3gHs], 395 (100), 367 (5), 327 (8), 299 (12), 271 (10),
231 (10), 205 (18), 189 (10), 121 (10), 109 (40), 95 (36).
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7
aboratory windowsill. "H NMR spectra for compounds 1 and 12, which underwent rapid
autoxidation, were taken at approximately 1 h intervals throughout the day. Spectra for 14 were acquired at
daily intervals over a period of two weeks and spectra of 10, 11 and 17 were acquired every 3-5 days over a
period of 1-2 months. Normally 8-15 time points were used to calculate the rate of autoxidation to secondary
and tertiary hydroperoxides. The rate of formation of tertiary hydroperoxides was calculated by plotting the
natural logarithm of the ratio of the integrals in IH NMR spectra for the alkene proton in the starting material
(1, H-24, & 5.10, ¢, J=7.0 Hz; 10, H-10,  5.01, ¢, J=7.0 Hz; 11, H-10, 8 5.16, ¢, J=7.0 Hz; 12, H-24, 5 5.10, ¢,
J=7.0 Hz; 14, H-24, § 5.11, 1, J=7.1, 1.3 Hz; 17, H-24, 8 5.10, ¢, J=6.9 Hz) to the integral of the alkene proton
" .

adjacent to the tertiary hydroperoxide in the autoxidation product (from 1, H-24, 8 5.52, 4, J=15.6 Hz; from 10,
H-10, 8 5.29, d, J=16.3 Hz; from 11, H-10, 8 5.58, 4, J=15.7 Hz; from 12, H-24, 8 5.53, 4, J=15.8 HZ; from 14,

T - - A N J =15 O YT\ mcmsam it Lo AL avmaciies PRGNS DESE Py TL
H-24, § 5.52, d, J=15.6 Hz; from 17, H-24, & 5.52, d, J=15.8 Hz) against hours of exposure to daylight. The

rate of formation of the secondary hydroperoxides was calculated by plotting the natural logarithm of the ratio
of the integral in 1H NMR spectra for the alkene proton in the starting material (as above) to half the value of
the integral of the terminal alkene protons of the secondary hydroperoxide autoxidation product (or in the case
of compound 10 the full value of the proton geminal with the secondary hydroperoxide group) (from 1, H-27,

8 5.03-5.01, m, [2H]; from 10, H-10, 5 4.25, 1, J= 7.1 Hz [1H]; from 11, H-12, & 5.04 m, [2H]; from 12, H-27,

& 5.03-5.01, m, [2H]; from 14, H-27, § 5.03-5.01 m [2H]; from 17, H-27, & 5.03-5.01, m, [2H]) against hours
e rate of formation of diene 9 was calculated by plotting the natural logarithm of the

idation proguc \J, =445, 0 0.14, d, 12.0 11zZ)
Study of autoxidation of 1 at different concentrations under conditions of controlled illumination and

temperature (Figure 1). Samples of 1 were prepared in CDCly (0.6 ml) in an NMR tube at various
concentrations (0.25 mg, 0.5 mg, 1.0 mg, 2.0 mg, 5.0 mg, 7.5 mg). NMR tubes were placed in an incubator



L.-K. Sy, G. D. Brown / Tetrahedron 55 (1999) 119-132

with caonctant iHaminatinn (25 5 °C- 200 candlac) and iu NMDR cnactra acanired ot 2N_AN min intarmmale Tha
YYALL VUL LTMUITHIGUULL {£0.0 Wy JUV AL valilibo ) allu 13 IVUR spilua alulicl dil Ju-0v IOl el vals. w1l
et o Cmann sl AL e Adns e tastiaer biepda L 22 4 And ¥ 1 1 O 1 ¥ 1 al

fatC Ul 1oauon oI SeConddry dari witlaly nyiopcioxXiaes 4 ana o5 ana aiene > was cailculatea as in wne

preceding section.
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