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EXPERIENTIA 25/9

The Direct Brominative Cyclization of Dihydrocostunolide

The outstanding oxidative brominating ability of
N-bromosuccinimide (NBS) has been elegantly applied
to various acyclic isoprenoids which under controlled
conditions yield terminal bromohydrins!. In this com-
munication, we wish to report on a similar oxidation of
dihydrocostunolide? 1 with concurrent cyclization in a
stereospecific manner. Treatment of 1 with NBS in
aqueous acetone at room temperature furnished a viscous
gum (3 spots on thin layer chromatogram plate in several
solvent systems); careful fractionation of this gum over
silica gel column resulted in a crystalline bromohydrin 2
(559%)%, bromolactones 3 and 4 (14% and 259 respy)®.
The bromohydrin? 2 [mp 160.0-166.5°, [«]¥ —15.03°
(c 1.45); no characteristic absorption in the UV-spectrum;
vy max (cm~1) 3605, 3583 (m) {(t — OH)}, 1794 (s) and 1772
(w, shoulder) (>C = O stretching vibrations of a y-lac-
tone)3, 1168 (C — O stretching vibrations)] analyzed for
CisH,50,Br (Found: C, 54.17; H, 6.90; Br, 24.60), further
confirmed by its high resolution mass spectrum which
revealed significant peaks due to M-CH, (C;,H,,0,7°Br;
observed mass 315.0593, calculated mass 315.0596) and
M-HBr (C;3H,,0;4; observed mass 250.1567, calculated
mass 250.1569). The NMR-spectrum of 2 exhibited a
two-proton multiplet centered at 7 5.92 assigned to

O
> CHBr and >CH~O—(H)— units, reduced

to a one-proton triplet (with finer splittings) centered
at 7 5.96 in the debromo compound 5. Furthermore, the
spectrum revealed the presence of 3 C-methyl groups:
one secondary (d, 3H, 78.78, J=6.5Hz) and one
tertiary (s, 3H, 7 8.63). In addition, the signal at = 8.87
attributed to the third methyl group at C-10 is para-
magnetically displaced by 0.13 ppm relative to C-10
methyl of the debromo compound 5 (v 9.00)%.

Catalytic hydrogenation? of 2 in ethanol over Pd-C
(109%) containing a trace of Et;N furnished a key com-
pound 5, C,H,,0, [mp 108.5-110.0°, [a]f - 11.9°
(c 1.24); v max (cm™1) 3617 (t — OH) and 1777 (lactonic
carbonyl); mass spectrum, m/e (% Z): 252 (0.48, M),
234 (0.60, M—H,0), 219 (0.97, M-H,0-CH,), 161 (0.83)
and 43 (6.69, base peak)]. The NMR-spectrum was con-
sistent with the assigned structure 5.

In order to probe chemically for the position of hy-
droxyl group, the compound 5 on heating with pyridine-
treated alumina® afforded the major exo-isomer 6
(mp 137-140°, [o]2 +150.2° (¢ 0.9); v max (cm-1) 1766
(lactone), 1655 and 887 (>C = CH,); mass spectrum,
m/e (% 2): 234 (7.06, M+ as well as base peak), 219
(4.77, M~CH,), 161 (1.31, M-73)?; NMR (z) 5.08, 5.24

(0]

(s, 2H, >C=CH,), 6.01 (t, broad, 1H, >CH—O—(“3—),

8.77 (d, 3H, J = 6.5Hz, C-11 methyl), 9.14 (s, 3H,

C-10 methyl); yield'® 709%,). The minor endo-isomer 7

(mp 137.0-139.5°, [o]} +78.7° (¢ 0.74); v max (cm~?)

1770 (carbonyl), 854 and 794 (trisubstituted double bond));
!

NMR (7) 4.63 (s, broad, 1H, -CH = C-), 8.18 (t, 3H,
J = 1.3Hz, C-4 Me), 8.78 (d, 3H, J = 6.5 Hz, C-11 Me),
9.08 (s, 3H, C-10 Me); mass spectrum, m/e (% Zys): 234
(7.02, M%), 219 (11.42, M-CH,, base peak, cf. mass
spectrum of 6), 161 (3.21, M-73)?; yield® 309,). Because
of the predominance of 6, the hydroxyl group at C-4 in
5 and hence in 2 must be equatorial and «'!. Finally,
the identity of 6 and 7 was unambiguously confirmed by
their rigorous comparison with authentic specimens of
the corresponding santenolides!? (mixed mp, IR-, NMR-
and mass spectra). ‘

The bromolactone 3 [mp 136-137°, [«]ly —2.78°
(c 1.4); vmax (cm™') 1766, 1176 (saturated y-lactone),
853 and 793 (frisubstituted double bond)] analyzed for
Cy5H,0,Br which was supported by high resolution
mass measurements: M+ (C,;H,,0,7°Br; observed mass
312.0724, calculated mass 312.0726), M-CH, (C,,H,;0,
7Br; observed mass 297.0495, calculated mass 297.0492),
M-Br (Cy;H,0,; observed mass 233.1540, calculated
mass 233.1542). The NMR-spectrum showed the fol-
lowing methyl resonances: = 9.00 (s, 3H, angular methyl),
7878 (d, 3H, J=6.5Hz, C-11 Me), v8.19 (t, 3H,
J = 1.5Hz, C-4 Me). The lone proton at C-1 exhibited
X part of an ABX splitting pattern?® in the NMR-
spectrum as a quartet centered at v 5.74 (J 4y = 9.5 Hz,
Jpx = 7.5 Hz)% These splittings are consistent with
axial-axial and axial-equatorial interactions respectively
and hence Hy at C-1 must be axial. This in turn esta-
blishes the equatorial and 8 character of C-1-Br linkage 18
in bromolactone 3.
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The exo-isomer 6 4 [mp 169-170°, [«]¥ + 79.1° (c 1.46);
vy max (cm~1) 1770, 1173 (saturated y-lactone), 1655 and
893 (exocyclic methylene); NMR () 5.02, 5.14 (s, 2H,

O

>C = CH,), 5.97 (m, 2H, >CHBr and >CH~O~(”2—
units), 8.79 (d, 3H, J = 7.0 Hz, C-11 Me), 9.03 (s, 3H,
angular methyl)] gave analysis for C;;H,;0,Br, further
corroborated by high resolution mass measurements:
M+ (C;H3,0,7Br; observed mass 312.0724, calculated
mass 312.0726), M-Br (C;;H,,0,; observed mass 233.1540,
calculated mass 233.1542). Catalytic hydrogenation of
endo- as well as exo-isomers 3 and 4 in glacial acetic acid
over PtO, led to a fully saturated bromolactone 9
(mp 199-200°, [«]¥ +11.9° (c 0.69); NMR (z) 6.01
0O

(m, 2H, >CHBr and >CH~O~(”Z—uni‘cs), 8.73 and 8.83
(6H, doublet due to C-11 methyl partly superimposed
on the singlet due to C-10 methyl), 8.96 (d, 3H, J = 7.0 Hz,
C-4 methyl); v max 1761 cm~! (y-lactone); M+t peak at
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m/e 314 (C;;H,;0,7°Br; observed mass 314.0882, calcu-
lated mass 314.0880)] which on catalytic debromination
in EtOH (10% Pd-C, H,, trace of Et,N) furnished a
crystalline compound 8, mp 155-156°, which showed no
depression in its melting point when admixed with an
authentic specimen of 4:5 o« H, 6, 11 § H-eudesman
6,13-olide (santanolide ‘c’)?. Furthermore, their IR- and
mass spectra were comparable.

Thus, these chemical correlations with santenolides
(6, 7) and santanolide ‘c’ (8), compounds with well-
proven stereostructure'® 17, establish unequivocally the
presence of trans-ring juncture in 2, 3 and 4 produced by
NBS-induced cyclization of dihydrocostunolide 1. It may
be relevant to point out that the bromolactones described
in this communication are potential intermediates in the
syntheses of some of the natural products currently under
way in our laboratories® 21,

Zusammenfassung. N-Bromosuccinimid-induzierte trans-
annulare Zyklisation von Dihydrocostunolid wird be-
schrieben.
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Phthalate Esters of Oenanthe stolonifera DC. (Umbelliferae)?!

In a previous communication?, we reported that the
isolation and identification of several di-alkyl phthalates
from Crypiotaenia canadensis DC. var. japonica Makino
(Umbelliferae). On further investigation, three optically
inactive phthalate esters, di-ethyl, n-butyl-2-ethylbutyl
and di-2-ethylbutyl phthalate, have been found from
benzene extract of whole plant of Oenanthe stolonifera DC.
(Umbelliferae). It is the first case where di-2-ethylbutyl
and n-butyl-2-ethylbutyl phthalate are isolated in nature.

The benzene extract was chromatographed on silica-
gel column, eluted with n-hexane and then with n-hexane-
ethyl acetate. The fraction eluted by n-hexane-ethyl
acetate (1:1 v/v) gave a yellow oily material, which
showed 9 peaks on the gas chromatogram and the charac-
teristic IR- and UV-spectra due to di-alkyl phthalate
esters.

n-Butyl-2-ethylbutyl phihalate. The constituent isolated
through repeated column chromatography showed UV-

maxima at AL08 nm (log &) 225.7 (3.89), 277.5 (3.13) and
283 (3.11) due to benzene ring, IR-bands at 1733 cm~1,
1285, 1130 (aromatic ester), 1605, 1586, 1075, 1043 and
747 (ortho substituted benzene ring) and mass spectrum
having distinctive fragment ions at mj/e 43 (CH,yF),
85 (CeH,qT), 149 (base peak), 205, 223, 233 and 251 as
represented below (Diagram). The NMR-spectrum
(60 MHz, in CDCl,) indicated ortho substituted benzene

1 Japanese name is Seri.
% S. Havasui, Y. Asakawa, T. Isuipa and T. MATsuURA, Tetra-
hedron Letters 50, 5061 (1967).



