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The diterpenes previously isolated from the leave£ajton zambesicusere tested to evaluate their vasorelaxant
activity on the Wistar rat aorta. Their vasorelaxant effect was compared to a series of synthetic trachylobanes and

related polycyclic compounds on KCI- or noradrenaline-

induced contractions in order to evaluate stractivity

relationships. We demonstrate the vasorelaxant properties of some pure trachylobane diterpenes at low concentration
(ICsp < 10 uM) on KCl-induced contractions, but none have a significant effect in noradrenaline-induced contractions.

Comparing structures and activity we observed that a C-

14 carbonyl group associated with a C-15 hydroxy or ketone

function or a C-3 carbonyl associated with a hydroxymethyl group plays an important role in the vasorelaxant activity
of trachylobane diterpenes. We also observed that the absolute configuration or the cleavage of @&32&3/8lopropane

bond does not have a marked effect on the activity. The cytotoxicity of all of these compounds has also been evaluated
on Hela cells in order to verify that the vasorelaxant activity was not correlated with general cytotoxicity.

Croton zambesicus a tree whose leaves are frequently used in
traditional medicine in Benin to treat hypertension, urinary infec-
tions, and other diseasé®revious studies reported the isolation
of three trachylobanes (compoundis7, and8), one isopimarane
(5), atransphytol (6), and two diterpenesl(and 2) (see Chart
1).23 The mixture ofl and2 has been shown to inhibit the KCI-
induced contraction of male Wistar rat aorta in a concentration-
dependent manner with an 4¢Cof about 3.8uM (1 ug/mL)2 In

tyldimethylsilyloxy-3,18eyclotrachylobane-14,15-dion83).1! The

remaining synthetic trachylobanes are new and have been prepared

by simple chemical transformations of some of the aforementioned

compounds (or their enantiomers). In particular, diketh@evas

readily prepared in high yield by oxidation of the 15-hydroxy group

of hydroxyketoned with the Jones reagent (Scheme 1).
Trachylobanetrion0 was obtained by treatment of compound

33 with PTSA in refluxing chloroform, which effected both

the present study we evaluated the vasorelaxant effect of thecyclopropane ring cleavage and simultaneous hydrolysis déthe

diterpenes isolated from the leavesthfzambesicuand compared

butyldimethylsilyloxy group (Scheme 2). Stereoselective reduction

them with several synthetic trachylobanes and some other relatedof the C-15 carbonyl group o83 with NaBH, in a mixture of

polycyclic compounds (compoundsto 26) in the KCl-precon-
tracted aortic ring assay.

Results and Discussion

Diterpenesl and4—8 in addition to the mixture of and2 were
previously isolated in our laboratory from the g, extract of
the leaves ofC. zambesicusThe isolation procedure and the
characterization of these metabolites, as well as the purification of
compound3 from the mixture ofl and 2, have been reported
previously?—*

MeOH and CHCI, at low temperature, followed by treatment with
PTSA as above, afforded the hydroxytrachylobaned@h@ an
excellent overall yield. This alcohol was readily transformed into
the iodide22 by treatment of the corresponding mesylate with Nal
in refluxing acetone.

Compounds12 and 13 were prepared in the same way as
described in the previous paragraph for the preparation of their
enantiomerf0 and 21, respectively, but starting from the enanti-
omer of compound33. As shown in Scheme 1, stereoselective
reduction of the 3- and 15-keto groups It with excess NaBkl
afforded the dihydroxytrachylobanedio§, in excellent yield.

The synthetic compounds used in the present vasorelaxant activity Tpe remaining compounds, excd; and the seco-trachylobanes

study were prepared in enantiomerically pure form following a

diastereoselective approach previously developed by some of us

for the preparation of trachylobanes and biogenetically related
atisane-, beyerane-, and kaurane-type diterpenes from effer (
(+)- or (R)-(—)-carvone?12 The following compounds have been
described: 1B-hydroxy-enttrachyloban-14-one9j,° enttrachy-
lobane-14,153-diol (11),° 18-bromoenttrachylobane-14,15-dione
(14),1° 18-hydroxytrachylobane-3,14,15-trionkr},° 150-hydrox-
ytrachyloban-14-onel@),® 155-iodotrachyloban-14-oné §),° 15a.-
hydroxybeyeran-14-on&8),° ent-beyerane-14,153-diol (29),1112
163H-atisane-3,14,15-trion8(),1112atis-16-ene-3,14-dion8Y),*
19-nhor-enttrachylob-3-ene-14,15-dione3%),** and 3-tert-bu-
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Fax: 0032(0)27647253. E-mail: Chiara.Baccelli@cham.ucl.ac.be.
T Laboratoire de Pharmacognosie, Univérsiaholique de Louvain.
* Universitat de Valencia.
§ Laboratoire de Physiologie Cellulaire, Univeis@atholique de Lou-
vain.

10.1021/np0603976 CCC: $37.00

23-26, were prepared from the known diketorg2.° Thus,
compound16 was prepared by regio- and stereoselective bro-
momethoxylation of the C3C4 double bond 082 using NBS and
MeOH (Scheme 3). Allylic chlorination d32 using solid CQ and
calcium hypochlorite occurred with isomerization of the endocyclic
C3—C4 double bond to the less substituted exocyclic position,
yielding the allyl chloride24 in good yield. Similarly, allylic
bromination of32 with NBS gave the bromid®3, which was
readily debrominated to give compoué by treatment with a
DMF solution of CrC} and i-PrOH as the proton source. The
preparation of the allylic alcohd5 was not possible by direct
oxidation of26 or 32. However,25 was prepared very efficiently
by a two-step sequence, involving the stereoselegtigpoxidation
of the double bond 082 with m-CPBA and subsequent regiose-
lective opening of the oxirane ring with diethylaluminium 2,2,6,6-
tetramethylpiperidine (DATMP) in benzene.

For the bioassays, the compounds were dissolved in DMSO and
tested at concentrations ranging from 0.3 toutdmL. The same
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Chart 1. Structures of Natural and Synthetic Compounds Tested for Their Vasorelaxant Activity
R" R R R' RS
B-OH CHOH CH; H H  (Refd)
B-OH CH; CH; H H (Ref2)
=0 CH; CHy H H (Ref3)
=0 CHyOH CH; H H (Ref3)
H CH; CH; =0 PB-OH (Ref9)
H CHy CH; =0 =0 (a)
H CH; CH; a-OH B-OH (Ref9)
=0 CH; CH; =0 =0 (@)
=0 CHz CH; =0 B-OH (a)
=0 CH)Br CH; =0 =0 (Ref10)
a-OH CH;  CH; =0 PB-OH (a)
B-Br CH3; OCH; =0 =0 (a)

R" R? R3

=0 CH,OH =0 (Ref10) R

H CH; «OH (Ref9) 23 Br (a)
H CH; B (Ref9) 24 ¢l (a)
=0 CHs; =0 (@) 25 OH (a)
=0 CH; «OH (g 26 H (a
=0 CHj; p-l (a)

OH oH

HO HO

\H
CH,OH

2 (Ref 4)

" H
HOH,C ~

27 (Ref 5) 29 (Ref 9,12) 30 (Ref 11,12)

TBDMSO=3

31 (Ref 11,12) 32 (Ref9,12)

Scheme 1 Scheme 2
CrO3—aq. H2304
acetone, 0°C

9:R'=H, 10:R' = H,
R? = a-H, p-OH 92% R2=0

o3o, | 1-NaBHs CH;OH-CH,Cl, 0°C

NaBH, 2. PTSA, CHCl; A
CH5OH-CH,Cl,
12.R'=R2=0 0°c 15: R = 6-OH, p-H
89% R? = o-H, p-OH

volume of DMSO added to control rings (maximal concentration
of DMSO in the organ batk= 0.1%) had no effect on vascular
tone. MarrubenolZ7), a diterpene with known vasorelaxant activity 21:R'=H:; R? = OH 1. MsCl, EtsN, CH,Cly 0°C
associated with Ga-channel antagonist properties, was used as 22:R'"=1: R2=H
reference compourfd.

Most of the diterpenes isolated fro@. zambesicusnduced
a concentration-dependent relaxation on the KCl-induced contrac-is the most potent among the pure compounds, with an
tion at concentrations lower than 10g/mL, as shown in ICs50 = 6.3 uM.
Figure 1A, but did not have a significant effect on noradrenaline-  This is the first report showing vasorelaxant activity for a pure
induced contraction (data not shown). Theigd@alues are given trachylobane at low concentration. Although the number of natural
in Table 1, which shows that 18-hydroenttrachyloban-3-oneg) trachylobanes tested is too low to establish a reliable strueture

2. Nal, acetone, A
85%
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activity relationship, some comments can be deduced from these &
data. It seems that the presence of a carbonyl group at C-3 could 0 T T |
play an important role in the vasorelaxant activity of this type of 10° 10 10
natural diterpenes. In fact, diterpedehaving a carbonyl group at Log Concentration

C-3 and a hydroxymethyl group at C-4, exhibited a much more gigure 1. Concentratiorresponse curves of the diterpenes isolated
potent activity tharil, which has a hydroxyl group at C-3 and a  from C. zambesicugA) and of the most active synthetic diterpenes
hydroxymethyl group at C-4. However, this is not the only important (B) on rat aorta. Effect was measured on endothelium-intact aortic
functional characteristic for high activity sinemttrachyloban-3- rings precontracted with KCl (100 mM), and compounds were
one (7), which also has a carbonyl group at C-3, showed a lower added cumulatively (I® to 104 M). Each point represents the
vasorelaxant activity. As deduced from the comparison of the mean+ SEM from 3-6 determinations.

activity of 7 and8, the presence of a hydroxymethyl group at C-4
in addition to a carbonyl group at C-3, seems to greatly increase
the inhibitory activity of this type of diterpenes on KCl-induced

Table 1. Vasorelaxant Activity of Diterpenes Isolated froth
zambesicusn KCl-Induced Contraction (100 mM)

contractions. compound 1Go value (M) ICso value («g/mL)

In order to further investigate how the nature and location of 1 >80 >30
the substituents at different positions of the trachylobane skeleton 2 igg igg
affect the vasorelaxant activity, we also tested the synthetic g 46.2 (42.5 t0 50.1) 13.32 (12.28 to 14.45)
trachylobanes and related polycyclic compounds. Some of them ¢ >80 >30
belong to the same enantiomeric series as the natural trachylobanes 7 >80 >30
(theentseries, see below), while others have opposite configuration. 8 L andz g-g g-g :0 g-g; i?% %-gg :0 igg

: mix or L an . .Otoo. . . o 1l.

They were tested at a concentration of A@mL (25.4 to 35.2 marrubenol 10.0 (7.5 t0 10.5) 3.36 (2.51 10 3.54)

uM), and the percentages of inhibition of KCI- or noradrenaline-
induced contractions were calculated after 40 min of incubation of  Each value represents theshQvith the 95% Confidence Interval
the rings in the presence of the diterpene. We first observed that°ctWeen brackets

none of the synthetic trachylobanes significantly inhibited norad- )

renaline-induced contractions (data not shown), while some were Contrary to the pa‘_tter_ng previously observed fgr the natural
active on KCl-induced contraction (Table 2). The concentration ~trachylobanes, the inhibitory potency of synthetic compounds
response curves for the most active compounds were established?SSessing an additional carbonyl group or a hydroxyl group at
by cumulative addition on the plateau of contraction (Figure 1B), C-3 was lower than those lacking this group, e.g., compalind

13
and their IGy values were determined (Table 3). Removal of vst.12, 9V5tﬁ3’t.18\/s 21, 19d\ésf§' orzzgvs 2% SIS fact, thelmore
endothelium did not affect the potency of the active compounds active synthetic compoun (10, or 26) are C-3 deoxy analogues.
(data not shown) It is also observed that the presence of a hydroxy group at C-3

; . produces a strong detrimental effect on the vasorelaxant activity
Among the active compounds, diterper2$s 9, and10 showed (26 vs 25 and 15 vs 9).

a higher activity than marrubenol (4= 10 M) with ICso values Halogen Substitution at C-3.The presence of a C{3halogen

of 3.5, 4.6, and 5.&M, respectively, while compounds3 and24 atom in the 19-nor-trachylobane system markedly reduced the

were active in the same range. Comparison of the results for the\asorelaxant effect. Thug3 and24, having respectively bromine

synthetic compounds highlights the importance of the location of anq chiorine atoms at C-3, are significantly less active than the

some substituents at strategic positions of the trachylobane frame-parent nonhalogenated analoge® It is interesting to note that

work for the vasorelaxant activity. bromine substitution has a higher detrimental effect on the
Influence of Substitution at C-3. Degree of Oxidation at C-3. vasorelaxant activity than chlorine.
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Table 2. Inhibitory Effects of Constituents fror®. zambesicus
and Their Synthetic Derivatives on KCI-Induced Contractions in
Rat Aortic Ring8

compound

residual contraction (%) at 26/mL
b

mix of 1 and2

1 b

3¢ b

4 67.3+ 4.7 (3)*
5 54.6+ 6.1 (3)*
6 81.4+ 55 (3)*
7 65.6+ 3.7 (3)*
8 17.0+ 3.2 (3)*
9 17.9+ 2.3 (4)*
10 14.5+ 2.0 (3)*
11 73.4+ 1.3 (5)*
12 84.4+ 1.3 (3)*
13 92.7+1.4(3)
14 71.84+ 3.3 (3)
15 90.3+ 2.0 (3)
16 33.0+ 7.1 (6)*
17 93.1+ 2.6 (3)
18 22.14 2.4 (4)*
19 37.4+9.3(3)*
20 91.44 2.6 (3)
21 90.0+ 3.0 (3)
22 95.7+ 1.8 (3)
23 65.5+ 0.9 (3)*
24 28.54 2.7 (4)*
25 83.9+ 4.5 (3)*
26 9.2+ 2.7 (3)*
28 40.74 1.7 (3)*
29 52.24 1.4 (3)*
30 87.9+ 3.9 (3)
31 60.6+ 17.9 (3)*
32 ¢

33 ¢

marrubenol 27) 7.9+ 0.7 (5)*

aEach value represents the meanSEM of (n) determinations.
*Significantly different from the control: p < 0.05.° Maximal
concentration realized in organ bath: x8/mL. ¢ Obtained from the
hydroxylation reaction of the mixture df and 2 (see Experimental
Section).9Not determined because of small amount.

Table 3. Vasorelaxant Activity of the Synthetic Compounds on
KCl-Induced Contraction (100 mM)

compound 1Go value (M) ICso value «g/mL)
9 4.65 (4.6t04.7) 1.41 (1.40t0 1.43)
10 5.8 (4.810 7.0) 1.75 (1.46 t0 2.10)
16 12.3(12.1t0 12.5) 4.86 (4.77 t0 4.96)
18 9.1(8.2t010.1) 2.75 (2.49 t0 3.05)
24 9.75 (7.6 t0 12.4) 3.11 (2.44 to 3.95)
26 3.5(3.410 3.6) 1.01 (0.97 to 1.04)

aEach value represents thesh@vith the 95% confidence interval
between parentheses.

Influence of Substitution or Hybridation at C-4. Function-
alization of the C-18 Position In sharp contrast with what was
observed for the natural trachylobanes with a carbonyl group at
C-3, the hydroxylation of the equatorially oriented methyl group

Journal of Natural Products, 2007, Vol. 70, Nail3®

Influence of Substitution at C-14 and C-15.Compound10,
having carbonyl groups at C-14 and C-15, &daving a carbonyl
group at C-14 and a hydroxy group at C-15, were more active than
11, which has a hydroxy group at C-14 and C-15. The strong
vasorelaxant activities of compoun@sand 10 support the idea
that a carbonyl group at C-14 may be important for the activity.
However, the positive effect associated with the presence of the
carbonyl group at C-14 seems to be suppressed by the presence of
another carbonyl at C-3, as inferred from comparison of the data
for 9 and13, or 10 and12. On the other hand, replacement of the
oxygenated function at C-15 by a less polar group, like iodine,
produces a decrease of activityg(vs 19).

From these results we conclude that a carbonyl group at C-14
associated with a hydroxy or ketone at C-15 or a carbonyl at C-3
associated with a hydroxymethyl group at C-4 seems to play a
decisive role in the vasorelaxant activity of trachylobane diterpenes.
Thus, the presence of a nonpolar site at one end of the molecule
and an oxygenated more polar site with at least one ketone and
another polar substituent at the other end seems important for the
activity.

Influence of the Absolute Configuration: Trachylobane vs
ent-Trachylobane Skeleton.Trachylobane diterpenes are charac-
terized by a pentacyclic carbon skeleton and a tricyclo[3.27.0
octane system for rings C, D, and E. They are named trachylobanes
when the absolute configuration at C-5, C-9, and C-10 is the same
as in steroids. On the contrary, when the configurations at these
positions are inversed compared to steroids, they are namied
trachylobanes. It is important to underline at this point that most if
not all of the natural trachylobanes of known absolute configuration
belong to theentseries. We observed a small difference in the
vasorelaxant activity of the enantiomeric trachyloba?2@snd12
or 9 and 18. In addition neitherl3, from the entseries, nor21,
from the normal series, exhibited significant vasorelaxing activity.

Other Structural Modifications. It was interesting to examine
how the cleavage of the tricyclo[3.2.2:Qoctane moiety, charac-
teristic of the trachylobane skeleton, could affect the vasorelaxant
activity. We thus determined the inhibitory effect on KCl-induced
contraction of rat aortic rings of compound@8 to 31. The first
two possess a beyerane skeleton that results from the formal
cleavage of the C+2C13 bond of the trachylobane system, while
30and31 have an atisane framework that results from the cleavage
of the C13-C16 cyclopropane bond. Cleavage of the €C36
bond does not result in a modification of the activity of the
compounds, as deduced by comparison of the data for compounds
30 and 20. However, rupture of the C12C13 bond leads to an
important loss of activity: 28 is about 50% less active than
trachylobanel8. These results are consistent with the change in
the geometry of the molecule as a consequence of the opening of
the cyclopropyl moiety. Thus, the cleavage of the €C36
cyclopropyl bond does not produce an important modification of
the geometry of the C ring, which in both the initial trachylobane
system and the resulting atisane framework adopts a boat conforma-
tion, while cleavage of the Ct2C13 bond leads to a beyerane

at C-4 in the trachylobanes oxygenated at C-14 and C-15 does notSkeleton in which the C ring adopts a chair conformation.

significantly influence the activity, e.g., compouri vs 20.
However, the activity of these two compounds is too low to draw
a definitive conclusion. A small positive effect is observed with
the bromination of this position, as deduced from comparison of
the data forl2 and 14 in Table 2.

Methylidene Group at C-4. The conformational changes of the

However, this is not observed in tleatseries. In this case, the
cleavage of the C12C13 bond induced a small positive effect on
the vasorelaxant activity, as evidenced by comparison of the activity
of 29 and11 It is important to note tha29 has a hydroxy group
at C-14, while28 has a carbonyl group at this position. Therefore,
cleavage of the C12C13 bond has a positive or a negative effect

A ring as a consequence of the tetrahedral to planar geometrydepending on the presence of a hydroxy or a carbonyl group at
conversion at C-4 does not result in a decrease of the activity of C-14 and/or the absolute configuratid?8(and 18 do not belong
compounds oxygenated at C-14 and C-15. On the contrary, ato theentseries).

comparison of the 16 values of compound40 and 26 reveals
that this modification has a significant positive effet(s about
1.6-fold less active tha@6, the most active of all the compounds
studied).

In our previous work, we described the cytotoxic activities of
diterpenes isolated frorCroton zambesicusn Hela cell€3 In
order to have a general indication of the potential toxicity of these
compounds, we also evaluated the cell viability of the synthetic
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Table 4. Cytotoxic Activity on HelLa Cells of Diterpenes from 5 min at 105°C. High-speed counter-current chromatography was

C. zambesicuand Synthetic Diterpengs performed on an HSCCC Kromaton Ill, SEAB. An Omnifit glass
compound 1Go (uM) ICso (ug/mL) column (OM 6427 15< 750 mm) packed with Lichroprep Si 60 (#5
- 25uM, Merck) was used for MPLC. All operations requiring anhydrous
mix of 1 and2 81.8+14.8 24.9£4.5 conditions and/or involving air-sensitive reagents were performed under
1 64+ 7.2 19.5+ 2.2 . . ) ;
3 b b an inert atmqsp_here of dry argon using syringes, oven-dried glassware,
4 2534+ 6.6 7.3+ 1.9 and freshly distilled and dried solvents.
5 87.8+11.4 25.3+ 3.3 Plant Material. The aerial parts o€. zambesicugere collected in
6 46.6+ 4.4 13.8+1.3 the surroundings of Cotonou (Benin) and identified by Prof. V.
7 33.5+5.6 9.6£1.6 Adjakidje (Universifed’Abomey-Calavi, Benin). A voucher specimen
8 40.44+ 6.9 12.2+£21 has been deposited at the herbarium of the Belgian National Botanical
9 137.6+ 4.9 41.6+15 Garden at Meise (BR S.P. 848.108).
12 i11858>i 36 S?gi 11 Extraction and Isolation of Compounds 1 and 4-8 and the
12 ~150 ~75 Mixture of 1 and 2. Powdered, air-dried leaves (580 g) €.
13 >150 >75 zambesicusvere macerated (1.8 L) during 48 h in gl and then
14 >150 >75 extracted by percolation (3.2 L) at room temperature. Five grams of
15 >150 >75 the extract was fractionated by HSCCC using the two-phase solvent
16 >150 >75 system heptareMeCN—-CH,Cl, (10:7:3) in the descending mode,
17 b b giving 21 fractions. The mixture df and2 was isolated from fraction
18 >150 >75 3 by successive MPLC. The isolation of puteand hydroxylated
19 150.4+ 6.1 62+ 2.5 pimarane3 was possible only after hydroxylation of the mixturelof
20 >150 >75 and2 with OsQ, (0.1 M) at room temperature followed by preparative
21 >150 >75 TLC. Successive MPLC of fractions 20, 9, 14, and 6 gave, respectively,
22 >150 >75 compoundst (10 mg),5 (14 mg),6 (8 mg) and7 (25 mg), both from
gi iigg i;g fraction 14, andB (20 mg).
o5 ~150 ~75 Measurement of Aorta Contraction. Male Wistar rats weighing
26 128.4+ 4.2 36.5+ 1.2 200 to 300 g were sacrificed by decapitation, and the descending
27 b b thoracic aorta was isolated, cleaned, and cut in rings (2 mm length).
28 152.84 4.9 465+ 1.5 Aortic rings were suspended under a resting tension of 20 mN in 12.5
29 >150 >75 mL organ baths filled with a physiological solution (composition
30 >150 >75 (mM): NaCl, 122; KClI, 5.9; NaHCg) 15; MgCh, 1.25; CaCl, 1.25;
31 >150 >75 glucose, 11) maintained at 3C and bubbled with a gas mixture of
32 1249+ 1.8 35.5+ 0.5 95% G and 5% CQ. Contractile responses were measured as described
33 _ >150 >75 previously*
camptothecine 0.5 0.174 Preparations were equilibrated for 60 min before initiating the
2 Each value represents the mearSEM. P Not determined. experimental procedures. Contractions were evoked by changing the

physiological solution in the bath to a depolarizing solution (composi-
diterpenes by MTT (Sigma) colorimetric assay on HelLa cells. The tion (mM): NacCl, 27; KCI, 100; NaHCg) 15; MgCh,1.25; Cadl, 1.25;
ICso values are summarized in Table 4. Tested compounds showedglucose, 11) or by adding noradrenaline (1M). After washing, the
a large range of cytotoxic potency, the most potent bdiagd?7, muscle was preincubated for 30 min in the presence of the compounds,
but we observed that there was no relation between cytotoxic and and a second contraction was evoked in the continuous presence of

vasorelaxant properties and that several vasorelaxant molecules argrﬁ ﬁgﬂg%‘;ggf‘ trtgct?c?n fvsgig d(i)rrl tt:: ?:sr?aﬁc\éocl)?mg tgfst(sagl\ég?r:' c;'::%
not cytotoxic at the maximum tested dose. P P P

g o . was compared to the response obtained in its absence. Stock solutions
In conclusmn,_qur results demonstrated fo_r the first time the high ,o1a prepared by dissolving in DMSO at a concentration of 10 mg/
vasorelaxant activity of some trachylobane diterpenes. Furthermore,m_ and compounds were tested atgmL on KCI- and noradrena-
we can propose some structui@ctivity relationships. For com-  Jine-induced contractions. Some compounds were tested at lower
pounds lacking the C-14 ketone function, the presence of both aconcentrations because of their low water solubility. The highest
C-3 carbonyl and a C-4 hydroxymethyl group greatly increased concentration that could be realized in the organ bath for these
the activity (natural compounds). In the absence of a substituent atcompounds was ag/mL. To calculate the 16 for the most active
C-3, the compounds having a C-14 carbonyl group associated with compounds, in a second set of tests they were added cumulatively on
a C-15 carbonyl or hydroxy group showed a higher activity than the plateau of contraction induced by KCI. Selected diterpenes

; - : possessing a low water solubility were tested at concentrations from
;@itﬁc;?cpgg;dpsossglsngr: ;#}?ﬂgﬁ;ﬁ?’n gprgfﬁ'e (;bservatlons for 0.3 to 3ug/mL, and other selected compounds were tested from 0.3 to

10 ug/mL. For the assays, marrubenol, used as reference compound,
was dissolved in DMSO.

Experimental Section - I
Cell Culture and Assessment of Cytotoxicity.Cell viability was

General Experimental Procedures. All melting points were determined by the MTT (Sigma) method on a human cervix carcinoma
determined using a Kofler hot-stage apparatus and are uncorrectedcgl| jine (HeLa) as was described previoudiThe relative absorbances
Optical rotations were determined ugia 5 cmpath length cell. ¢]o were expressed as percentage of the control, and camptothecin (Sigma)
values are given in units of 10deg cnt g~. 'H NMR spectra were was used as positive control.
recorded in CDGlat 300 or 400 MHz, anéC NMR spectra at 75 or Data Analysis and Statistics.The response of aortic rings was
100 MHz.*H NMR spectra were referenced to residual CH@I7.26) expressed as percentage of the initial contraction to KCI (100 mM).
and**C NMR spectra to the central component of the Cix@plet at Concentratiorresponse curves were analyzed to give the concentration

6 77.0. Carbon substitution degrees were established by DEPT pulseproducing 50% inhibition of the maximal contractile response by
sequences. A combination of COSY, HMQC, and NOE experiments sigmoidal curve-fitting analysis. All results are expressed as mg¢ans
was utilized when necessary for the assignmeniHaind*C chemical the standard error of the mean (SEM)sd@alues are expressed as
shifts. IR spectra were measured as KBr pellets or liquid films. Mass mean values with their 95% confidence interval. Differences in the
spectra were obtained by electron impact (El) at 70 eV. Column concentratiorresponse curves were analyzed by two-way analysis of
chromatography refers to flash chromatography and was performed onvariance, followed by the Dunett test with a criterion set for statistical
Merck silica gel 60, 238400 mesh. Analytical TLC was performed  significance ap < 0.05.

on precoated silica gel 6024z plates (Merck), and detection was Preparation of New Synthetic Trachylobane-Type Compounds
achieved by spraying with $$O,—anisaldehyde, followed by heating  Experimental procedures for the preparation and appropriate structural
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of activity

Cleavage of the C12-C13 cyclopropane bond reduces activity by 50% for nor- trachylobanes
when C=0 at C-14. The C13-C16 cyclopropane bond may be cleaved without significant loss

Ketone group at C-14
(R* = O) required for
the highest activity

Significant loss of
activity if R'# H
when C=0 at C-14

R2,R®= CH,or R® = CH,Br
improved the activity when
C=0at C-14

RS = O improves activity.
Reduction to alcohol or
halogenation slightly
reduces the activity

Change to the nor series
only slightly reduces the
activity

Figure 2. Schematic SAR model for the vasorelaxant activity of synthetic trachylobane diterpenes.

characterization data for compouridy 12, 13, 15, 16, 20, 21, 22, 23,
24, 25, and26 are given below.

entTrachylobane-14,15-dione (10)A solution of compound® (40
mg, 0.132 mmol) in acetone (3 mL) was cooled tdMand dropwise
treated with a solution of Jones reagérita. 0.5 mL). After a few
minutes the reaction mixture was poured into 20 mL ¢fOHand

The enantiomerienttrachylobane-3,14,15-triond %) was synthe-
sized in the same way &9, but starting from the enantiomer 88.
The spectroscopic and physical properties are identical to tha0 of
with the exception of the sign of the optical rotation.

15a-Hydroxytrachylobane-3,14-dione (21)and153-hydroxy-ent
trachylobane-3,14-dione (13)A solution of diketone33'%1? (11 mg,

extracted with ether. The organic layer was washed successively with 0.026 mmol) in a 1:1 mixture of MeOHCH,CI, (0.8 mL) was cooled

H20, 5% aqueous HCI solution, and brine and dried over MgS@e
residue was chromatographed, using hexéet©Ac (9:1) as eluent,
to give compound.0 (37 mg, 92%) as a solid: mp 142148°C (from
CHCLy); [a]p?®® —37 (c 1.2, CHC}); IR (KBr) vma2909, 2868, 1752,
1696, 1454, 1383, 1137, 1019, 958, 896 ¢mH NMR (300 MHz) &
2.49 (1H, dddJ = 7.7, 2.3, 2.3 Hz, H-12), 2.58 (1H, d,= 8.1 Hz,
H-13), 2.08 and 1.96 (1H each, two m,-#1), 1.99 (1H, ddJ = 6.3,
6.3 Hz, H-9), 1.88 and 1.61 (1H each, two mz-1, 1.71 and 1.62
(1H each, two m, k1), 1.61 (2H, m, H-2), 1.43 (1H, m, Hed, 1.42
and 0.79 (1H each, two m, ), 1.39 (3H, s, Me-Cyg), 1.14 (1H,
ddd,J = 13.0, 13.0, 3.9 Hz, H{}), 0.89 (3H, s, Me-C,), 0.84 (3H,
s, M&3-Cy), 0.84 (3H, s, Me-&), 0.75 (1H, m, H-5);*3C NMR (75
MHz) 6 207.13 (Gs), 206.67 (Gg), 61.09 (G), 56.14 (G), 54.05 (G),
48.89 (Ge), 46.88 (G3), 43.54 (Go), 42.72 (G), 39.23 (G), 38.93 (Go),
33.22 (Gy), 32.87 (G), 21.86 (G), 21.55 (Gg), 18.03 (G), 19.16 (Ga),
18.03 (G), 12.80 (G7), 13.57 (Gg); EIMS mvz (%) 300 (M", 100),
285 (20), 163 (94), 138 (61), 135 (46), 123 (90), 91 (66); HREIMS
m/z 300.2082 (calcd for &H»s0, 300.2089).

Trachylobane-3,14,15-triong(20) and ent-Trachylobane-3,14,15-
trione (12). A solution of compound3'*'2(80 mg, 0.19 mmol) and
PTSA (46.5 mg, 0.23 mmol) in CHE(4 mL) was refluxed for 3 h,
cooled to room temperature, and then poured ird® ldnd extracted
with ether. The organic layer was washed with 5% aqueous NaHCO
solution and brine and dried over MgaO he residue obtained after
evaporation of the solvent was chromatographed, using hex@E@Ac
(7:3) as eluent, to give the trachylobanetrid@@as a white solid (54
mg, 91%): mp 138139°C (from CHCE); [a]p?® +10 (c 1.2, CHC});
IR (KBr) vmax 2960, 2934, 2863, 1757, 1700, 1454, 1362, 1234, 901,
860, 814 cm?; *H NMR (300 MHz)¢ 2.58 (1H, dJ = 7.9 Hz, H-13),
2.49 (1H, dddJ = 7.9, 2.3, 2.3 Hz, H-12), 2.49 (1H, m, Hx}, 2.23
(1H, ddd,J = 15.8, 5.3, 3.4 Hz, H{2), 2.15 (1H, dddJ = 14.7, 12,
2.4 Hz, H-11), 1.94 (1H, m, H-18), 1.94 (1H, dd, m, H-9), 1.75 and
1.58 (1H each, two m, $6), 1.65 (2H, m, H7), 1.60 (1H, m, H-&),
1.38 (3H, s, Me-@), 1.25 (1H, dddJ = 13.5, 13.5, 5.3 Hz, H{),
1.13 (1H, ddJ= 12.1, 2.3Hz, H-5), 1.03 (3H, s, MB-C,), 0.99 (3H,
s, Mex-Cy), 0.96 (3H, s, Me-&); °C NMR (75 MHz) 6 215.41 (G),
206.56 (G4), 205.86 (Gs), 59.67 (G), 55.36 (G), 53.89 (G), 49.09
(C4), 47.48 (Ge), 46.88 (G3), 43.15 (Go), 38.22 (Go), 37.69 (G), 33.83
(Cy), 25.42 (Gg), 21.64 (Gg), 21.62 (G), 19.11 (G,), 18.84 (G), 12.87
(Co0), 12.69 (G); EIMS m/z (%) 314 (M*, 100), 285 (25), 229 (15),
187 (17), 163 (31), 135 (21), 109 (23), 91 (24); HREIMfz 314.1883
(calcd for GoH2603 314.1882).

to 0°C, and NaBH (4 mg, 0.106 mmol) was added in small portions
over a period of 30 min. Stirring was continued for 15 min at the same
temperature, and then the reaction mixture was quenched with H
and stirred for a few minutes until the evolution of hydrogen ceased.
The reaction mixture was diluted with,8 and extracted with ether.
The organic layer was washed with brine and dried over MgSO
Evaporation of the solvent left a residue that was filtered through a
short pad of silica gel, using hexanEtOAc (7:3) as eluent, to give a
solid residue (10.2 mg).

A solution of the product obtained above and PTSA (5.7 mg, 0.028
mmol) in CHCE (1 mL) was refluxed for 3 h. Workup as above for
20/12 and purification by chromatography, using hexaf®OAc (7:

3) as eluent, afforded the hydroxytrachylobanedi@ieas a white,
amorphous solid (6.7 mg, 93%): mp 192.093.5°C (from hexane-
benzene);d]p? —16 (€ 0.37, CHC}); IR (KBr) vmax 3399, 2945, 2907,
2841, 1716, 1689, 1425, 1405, 1399, 1088, 1022, 908, 634;cir
NMR (300 MHz) 6 3.63 (1H, s, H-15), 2.52 (1H, dd#i= 15.6, 13.5,
6.2 Hz, H-2v), 2.36 (1H, dddJ = 15.6, 5.1, 3.1 Hz, H{2), 20.12
(1H, m, H-11), 2.04 (1H, ddJ) = 14.6, 4.3 Hz, H-9), 1.81 (1H, m,
H-12), 1.85 (1H, m, H-7), 1H, m, H-12), 1.78 (1H, m, H:}11.76
(1H, m, H-6), 1.74 (1H, m, H-13), 1.62 (1H, m, H}61.60 (1H, m,
H-1), 1.29 (1H, m, H-%, 1.35 (3H, s, Me-G,), 1.41 (1H, m, H-1),
1.17 (1H,ddJ = 12.6, 2.5 Hz, H-5), 1.04 (3H, s, MeC,), 0.99 (3H,
s, Max-Cy), 0.91 (3H, s, Me-&); *C NMR (75 MHz) 6 216.67 (G),
211.81 (G4), 76.74 (Gs), 54.63 (G), 49.79 (G), 48.73 (G), 47.67
(C4), 39.92 (Gg), 37.68 (G), 37.50 (Gs), 37.04 (Go), 34.85 (G»), 34.04
(Cy), 27.64 (G), 25.46 (Gg), 21.60 (Gy), 19.74 (G), 18.82 (G,), 17.88
(C17), 13.30 (Go); EIMS m/z (%) 317 (M, 20), 316 (M, 100), 298
(17), 259 (15), 243 (18), 213 (36), 171 (14), 119 (15); HREIM&
316.2016 (calcd for gH,s03; 316.2038).

The enantiomeric ¥&hydroxy-enttrachylobane-3,14-diond8) was
synthesized in the same mannel4adut starting from the enantiomer
of 33. The spectroscopic data @B are identical to those d?1 with
the exception of the sign of the optical rotation.

30,153-Dihydroxy -ent-trachyloban-14-one (15).A solution of
compoundl2 (25 mg, 0.079 mmol) in a 1:1 mixture of GBl,—CHs-

OH (3 mL) was cooled to 0C, and NaBH (12 mg, 0.32 mmol) was
added in small portions during 1 h. The mixture was allowed to warm
to rt and then treated with acetone to destroy excess NaBfter 15

min the mixture was poured into® and extracted with EtOAc. The
combined organic extracts were washed wit®Hnd brine and dried
over MgSQ. The residue obtained after evaporation of the solvent was
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purified by chromatography, using hexaretOAc (6:4) as eluent, to
afford the diol15 (21 mg, 89%) as a white solid: mp 17274 °C
(from MeOH); []p?® —23 (c 1.4, CHCE); IR vmax (KBr) 3486, 3450,
1750, 1440, 1335, 1010, 930, 900 tin*H NMR (300 MHz) § 3.58
(1H, s, H-15), 3.19 (1H, dd) = 10.9, 4.6 Hz, H-3), 21.4 (2H, m,
H2-6), 2—1.4 (2H, m, B-11), 1.95 (1H, m, H-9), 1.87 (1H, m, H-12),
1.80 (1H, m, H-13), 1.80 and 1.20 (1H each, two m;Hj, 1.50 (2H,
m, Hx-7), 1.40 and 0.90 (1H each, two myHi), 1.34 (3H, s, Me-@),
0.95 (3H, s, M@-Cy), 0.74 (3H, s, Me-C4), 0.71 (3H, s, Me-&),
0.65 (1H, m, H-5);3C NMR (75 MHz) 6 211.94 (G.), 78.91(G),
76.91 (Gs), 53.83 (G), 49.95 (G), 49.50 (G), 39.89 (G3), 38.68 (Q),
37.29 (Ge), 37.22 (Go), 37.03 (G), 34.91 (Gy), 27.98 (G), 27.93 (Gy),
26.75 (G), 18.71 (G), 18.71 (G1), 17.92 (G7), 15.58 (Gy), 14.04 (Gy);
EIMS m/z (%) 318 (M, 8), 300 (24), 285 (4), 261 (10), 105 (11), 135
(21), 91 (15), 86 (61), 84 (100); HREIMS8Vz 318.2200 (calcd for
CooH3005 318.2195).
18-Bromo-4a-methoxy-19nor-enttrachylobane-14,15-dione (16).
NBS (39 mg, 0.22 mmol) was added to a solution of compog#fd
(50 mg, 0.18 mmol) in MeOH (3 mL) at 0C. After stirring for 45
min, the reaction mixture was poured into 50 mL of diethyl ether and
washed successively with,8 and brine. The organic phase was dried
over MgSQ, and the residue left after evaporation of the solvent was
purified by chromatography, using hexarietOAc (6:4) as eluent, to
afford the dionel6 (50 mg, 70%) as a white solid: mp 15962 °C
(from MeOH); [0]p?® +34 (¢ 0.5, CHC}); IR vmadcm™* (KBr) 2975,
2919, 1757, 1700, 1449, 1424, 1372, 1122, 1075, 83NMR (300
MHz) 6 4.45 (1H, ddJ = 2.5, 2.5 Hz, H-3), 3.11 (3H, s, OGFC,),
2.56 (1H,dJ=7.9 Hz, H-13), 2.47 (1H, ddd,= 7.9, 2.6, 2.6 H-12),
2.23 and 1.66 (1H each, two mp4), 2.1 (1H, m, H-1&), 2.07 (1H,
m, H-5), 1.86-1.50 (2H, m, H-6), 1.93 (1H, dddJ = 11.9, 4.7, 2.7
Hz, H-118), 1.75 (2H, m, H-7), 1.42 (1H, m, H-B), 1.42 (1H, m,
H-5), 1.39 (3H, s, Me-g), 1.31 (3H, s, MB-Cy4), 0.92 (3H, s, Me-
Cio), 0.91 (1H, dddJ = 13.2, 3.5, 3.5 Hz, H-4); *C NMR (75 MHz)
0 206.80 (G4), 206.40 (Gs), 77.37 (G), 59.79 (G), 58.05 (G), 55.89
(Cg), 49.13 (OCH), 48.99 (Ge), 47.36 (Ga), 46.92 (G), 43.26 (G)),
38.62 (Go), 32.94 (G), 26.29 (G), 23.80 (Gg), 21.24 (G), 18.92 (Go),
16.96 (G), 12.85 (Gy), 12.83 (Go); EIMS miz (%) 396 (MP*, 42),
394 (M*, 44), 364(8), 362 (7), 315 (15), 273 (100), 241 (11), 85 (74);
HREIMS m/z 394.1134 (calcd for &H,70sBr 394.1144).
155-lodotrachylobane-3,14-dione (22)EtN (20 uL, 0.143 mmol)
and MsCl (10uL, 0.11 mmol) were added to a solution of hydrox-
yketone21 (10 mg, 0.03 mmol) in CkCl, (2.3 mL) at 0°C. After
stirring at rt for 2 h, the mixture was diluted with diethyl ether, washed
successively with 0.5 M HCI, 5% aqueous NaH{0lution, and brine,
and dried over MgS®© Evaporation of the solvent under reduced

pressure at rt afforded a yellowish residue of crude mesylate (15 mg),

which was used in the subsequent step without further purification.
The mesylate was dissolved in a 10% solution of Nal in dry acetone
(2 mL), and the mixture was heated at 40 for 2 h. The reaction
mixture was cooled to rt, poured inta,@, and extracted with hexane.
The combined organic phases were washed with dilute aqueg8gdJa
solution and HO, dried over MgS@ and filtered, and the solvent was
evaporated under vacuum. Purification by column chromatography,
using hexane EtOAc (9:1) as eluent, afforded iodoketo@g (10.8
mg, 85% for the two steps) as a white, amorphous solid: mp°T43
(with decomposition) (from MeOH);of]p?¢ +9.6 (€ 0.52, CHC}); IR
(KBr) vmax 2950, 2850, 1716, 1715, 1454, 1383, 1181, 640%rH
NMR (300 MHz) 6 4.24 (1H, s, H-15), 2.52 (1H, ddd,= 16.9, 13.5,
7.0 Hz, H-2v), 2.28 (1H, dddJ) = 16.9, 6.0, 2.8 Hz, H2), 2.21 (1H,
m, H-11), 2.11 (1H, dJ = 7.9 Hz, H-13), 2.05 (1H, dd]= 14.3, 4.6
Hz, H-9), 1.99 (1H, m, H-12), 1.98 (1H, m, H-6), 1.81 (1H, m, H-7),
1.77 (1H, m, H-1), 1.71 (1H, m, H-1)1 1.53 (1H, ddddJ = 13.9, 7.8,
4.8, 2.5 Hz, H-6, 1.38 (1H, dddJ = 13.4, 13.4, 3.7 Hz, H-}, 1.34
(3H, s, Me-Gg), 1.22 (1H,dd,J= 14.6, 2.1 Hz, H-5), 1.20 (1H, m,
H-7), 1.07 (3H, s, MB-C4), 1.00 (3H, s, Me-C,), 0.92 (3H, s, Me-
Ci0); °C NMR (75 MHz) 6 216.08 (G), 206.47 (Gs), 56.02 (G), 54.44
(Cs), 50.89 (Gs), 49.75 (G), 47.58 (G), 42.77 (G3), 38.04 (Ge), 37.55
(C1), 37.50 (Go), 34.18 (G»), 33.87 (G), 28.27 (G), 25.57 (Gg), 21.49
(Ci9), 19.36 (@), 17.18 (Gy), 20.90 (G7), 13.09 (Gp); FABMS mv/z
(%) 427 (M, 14), 391 (11), 308 (68), 289 (34), 155 (100), 137 (66);
HRFABMS m/z 427.1148 (calcd for gH,710, 427.1134).
36-Bromo-19-or-ent-trachylob-4(18)-ene-14,15-dione (23)A
solution of NBS (31 mg, 0.17 mmol) in Gl (0.5 mL) was dropwise
added to a solution of compourg®® (40 mg, 0.14 mmol) in CkCl,
(2.5 mL) at 0°C. After stirring for 30 min, the reaction mixture was
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poured into 50 mL of diethyl ether and washed successively wit H
and brine. The organic phase was dried over Mg3@d the residue
obtained after evaporation of the solvent was purified by chromatog-
raphy, using hexareEtOAc (8:2) as eluent, to give the bromodiketone
23 (36 mg, 72%) as a white solid: mp 176:572.5°C (from MeOH);
[a]p?® —8 (c 0.5, CHCY); IR (KBr) vmax 2929, 2858, 1752, 1695, 1439,
1203, 1114, 917, 830, 753 ci *H NMR (300 MHz)6 5.13 and 4.74
(1H each, two bs, KH18), 4.96 (1H, ddJ = 2.1, 2.1 Hz, H-3), 2.60
(1H, d,J = 7.9 Hz, H-13), 2.50 (1H, dd]= 7.9, 2.6, 2.6 H-12), 2.4
(1H, m, H-5), 2.26 (1H, ddJ= 10.0, 2.5, H-9), 2.25 and 1.93 (1H
each, two m, B11), 1.97 (2H, m, K2), 1.806-1.50 (2H, m, H-6),
1.78 (2H, m, H-7), 1.72 (1H, m, H-B), 1.42 (3H, s, Me-G), 1.35
(1H, ddd,J = 13.4, 3.5, 3.5 Hz, H-d), 0.64 (3H, s, Me-G); *C NMR
(75 MHz) 6 207.05 (Gs), 206.01 (G4), 148.41 (G), 111.09 (Gg), 57.90
(Cy), 57.57 (G), 55.47 (G), 49.33 (Ge), 47.12 (G5), 43.62 (G), 43.13
(C12), 40.45 (Gy), 33.65 (G), 31.59 (G), 20.87 (G), 19.86 (G.), 19.66
(Ce), 12.84 (G), 11.97 (Go); EIMS m/z (%) 394 (M, 4), 283(54),
282 (25), 163 (32), 109 (58), 91 (100); HREIMSz 362.0881 (calcd
for Ci9H230,Br 362.0886).
3p-Chloro-19-nor-ent-trachylob-4(18)-ene-14,15-dione (24Ca-
(OCl), (16 mg, 0.11 mmol), kD (0.1 mL), and a small piece of solid
CO, were added to a solution of compoud® (40 mg, 0.14 mmol) in
CH.CI, (1 mL) at 0°C. The mixture was stirred for 30 min at the
same temperature, poured into 20 mL efjand extracted with CH
Cl,. The combined organic phases were washed wi® Hnd brine,
dried over MgS@, and filtered, and the solvent was evaporated under
vacuum. Purification by column chromatography, using hex&t®Ac
(8:2) as eluent, afforded chlorodiketogd (35 mg, 80%) as a white
solid: mp 177179 °C (from cold MeOH-pentane); ¢]p?° —27 (c
0.7, CHCE); IR (KBr) vmax 2929, 2858, 1757, 1705, 1439, 1091, 922,
830, 758, 712 cmt; 'H NMR (300 MHz) d 5.07 and 4.73 (1H each,
two bs, H-18), 4.72 (1H, m, H-3), 2.60 (1H, dl = 7.9 Hz, H-13),
2.51 (1H, ddJ = 7.9, 3.0, 3.0 H-12), 2.26 (1H, dd,= 10.0, 2.5 Hz,
H-5), 2.20 and 1.76 (1H each, two mpHi1), 2.15 (1H, m, H-9), 1.97
and 1.67 (1H each, two m,26), 1.92 (2H, m, HK-2), 1.73 (2H, m,
H.-7), 1.60 (1H, m, H-8), 1.30 (1H, dddJ = 13.4, 3.5, 3.5 Hz, H-d),
1.42 (3H, s, Me-G), 0.65 (3H, s, Me-&); 3C NMR (75 MHz) 6
207.05 (Ga4), 205.98 (Gs), 147.87 (G), 111.53 (Gg), 64.21 (G), 57.94
(Co), 55.49 (G), 49.32 (Ge), 47.11 (G3), 43.21 (G), 43.13 (Go), 40.36
(Ci0), 32.95 (G), 30.87 (G), 20.83 (G), 19.84 (G1), 19.65 (), 12.83
(C17), 11.59 (Gp); EIMS m/z (%) 318 (Mf, 36), 282(45), 247 (12),
225 (14), 163 (52), 135 (34), 109 (100), 91 (92); HREIM%z
318.1387(calcd for H»30,Cl 318.1401).
36-Hydroxy-19-nor-ent-trachylob-4(18)-ene-14,15-dione (25A
solution of compoun@®2® (35 mg, 0.12 mmol) in CkLCl, (2 mL) was
slowly added to a solution afi-CPBA (42 mg, 0.24 mmol) in CkCl,
(2 mL) at —78 °C. The mixture was stirred while it was allowed to
warm to rt. After 10 min, the reaction mixture was quenched with
saturated aqueous NEI solution, poured into kO, and extracted with
CH,Cl,. The combined organic layers were washed sequentially with
diluted 5% aqueous NaHGGolution and brine and dried over Na
SQO,. The residue obtained after evaporation of the solvent was filtered
through a short pad of silica gel, using hexaf#OAc (7:3) as eluent,
affording a white solid of crude C3C4 epoxide (36 mg), which was
used in the subsequent step without further purification.

A solution of n-BulLi in hexane (1.6 M, 0.28 mL, 0.45 mmol) was
slowly added to a solution of 2,2,6,6-tetramethylpiperidineB50.49
mmol) in dry benzene (1.5 mL) at @. After stirring for 10 min at
this temperature, a solution of £AICl in toluene (1.8 M, 0.25 mL,
0.45 mmol) was added dropwise, and the mixture was stirred for 30
min. Then, a solution of the epoxide in dry benzene (0.8 mL) was
added dropwise. The reaction mixture was stirred &€0or 1 h and
then quenched by the addition of saturated aqueougCNEblution,
poured into cal 1 M aqueous HCI solution, and extracted with EtOAc.
The combined organic layers were washed with brine and dried over
MgSOQ,. The residue left after evaporation of the solvent was purified
by chromatography, using hexarEtOAc (6:4) as eluent, to afford
the hydroxydiketon@5 (26 mg, 70% overall yield fron32) as a white
solid: mp 229-230°C (from MeOH); [o]p?° —45 (c 0.7, CHC}); IR
(KBr) vmax 3486, 2945, 2852, 1749, 1705, 1443, 1066, 968, 90Z'cm
IH NMR (300 MHz) 6 4.99 and 4.66 (1H each, two bs,-i8), 4.25
(1H, dd,J = 2.0, 2.0 Hz, H-3), 2.59 (1H, d] = 7.9 Hz, H-13), 2.48
(1H, dd,J = 7.9, 2.7, 2.7 H-12), 2.25 (1H, ddd,= 9.9, 9.9, 2.7 Hz,
H-110), 2.17 (1H, m, H-5), 2.17 (1H, m, H-9), 1.92 (1H, ddd= 9.9,
4.1, 2.7 Hz, H-18), 1.65 (2H, m, H-7), 1.63 and 1.53 (1H each, two
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m, Hx-1), 1.60 (2H, m, K-2), 1.51 and 1.24 (1H each, two myHi),
1.41 (3H, s, Me-Cye), 0.64 (3H, s, Me-&); 3C NMR (75 MHz) &
207.16 (Ga4), 206.18 (Gs), 150.61 (G), 110.35 (Gg), 72.80 (G), 58.00
(Co), 55.68 (G), 49.31 (Ge), 47.16 (G3), 43.49 (G), 43.26 (G>), 40.49
(Ci0), 33.40 (G), 29.35 (G), 20.96 (G), 19.88 (Gy), 19.76 (G), 12.85
(C17), 11.16 (Gp); EIMS miz (%) 300 (M, 100), 282(42), 239 (14),
163 (36), 135 (34), 109 (46), 91 (70); HREIM8Zz 300.1725 (calcd
for C19H2405 300.1723).

19-nor-ent-Trachylob-4(18)-ene-14,15-dione (26CrCl; (314 mg,
2 mmol) and LiAIH; (38 mg, 1 mmol) were suspended in dry THF (2
mL) at rt. When the evolution of hydrogen had ceased, DMF (4 mL)
andi-PrOH (0.3 mL) were added. After an additional 20 min of stirring,
a solution of compoun@3 (25 mg, 0.07 mmol) in DMF (1.5 mL) was
added. The mixture was stirred for 10 h at rt, and then it was diluted
with diethyl ether, washed with 5% aqueous HCI solution and brine,
and dried over MgS® The solvent was removed under vacuum, and
the residue was purified by chromatography, using hex&i®Ac (8:
2), to afford diketon&€6 (18 mg, 91%) as a white solid: mp 15253
°C (from MeOH); []p?® —108 (¢ 0.3, CHC); IR (KBr) vmax 2929,
2868, 1746, 1695, 1439, 1338, 1239, 968 ¢mH NMR (300 MHz)
0 4.74 and 4.51 (1H each, two bs,-#8), 2.60 (1H, dJ = 7.9 Hz,
H-13), 2.48 (1H, ddJ = 7.9, 2.3, 2.3 H-12), 2.26 and 1.92 (1H each,
two m, H-3), 2.24 and 1.92 (1H each, two m#1), 2.08 (1H, ddJ
=9.8, 6.5 H-9), 1.761.63 (2H, m, H-7), 1.61-1.51 (2H, m, H-6),
1.58 and 1.51 (1H each, two mf), 1.57 (1H, m, H-5), 1.50 (1H,
m, H-1a)), 1.05 (1H, ddd,] = 16.5, 12.3, 2.3 Hz, HA), 1.41 (3H, s,
Me-Cye), 0.65 (3H, s, Me-@); **C NMR (75 MHz) 6 207.10 (Ga),
206.05 (Gs), 149.39 (G), 106.98 (Gg), 36.36 (G), 58.39 (G), 55.72
(Cg), 49.21 (Go), 47.14 (Gy), 49.78 (G), 43.28 (G»), 40.71 (Gy), 39.30
(Cy), 22.81 (G), 20.98 (G), 19.94 (Gy), 20.18 (G), 12.85 (Gy), 11.98
(Cxo (calcd); EIMSm/z (%) 284 (M, 100), 269(13), 256 (21), 241
(11), 163 (11), 122 (22), 109 (16), 83(35); HREIMEz 284.1764 for
CigH240, 284.1776).
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