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Abstract—The absolute configurations of

derivatives, isolated from L. glandulifera

halogenated chamigrene
Kitzing, 10-bromo-3 4-epoxy-a-chamigrene (1), gianduliferol (2), 10-bromo-a-chamigren-4-one (3), 4,10-dibromo-3-
chioro-a-chamigrene (4) and 10-bromo-a-chamigrene (5), have been determined by X-ray diffraction analysis of 1
and subsequently, by relating 2, 3, 4 and § to 1 with the chemsical methods. In addition, the absolute configuration of
(~)a-chamigrene (6), yielded on the process of the above chemical transformation, has been elucidated.

Many halogenated chamigrene derivatives have been
isolated from the marine genus Lawrencia
(Rhodomelaceae; Rhodophyta).>” In the course of our
continued studies of chamigrene derivatives, we have
reported the structures of four chamigrene-type bromo-
sesquiterpenes, isolated from L. glandulifera Kiltzing, 10
- bromo - 3,4 - epoxy - a - chamigrene (1), glanduliferol
(2), 10 - bromo - a - chamigren - 4 - one (3) and 10 -
bromo - 8 - chamigren - 4 - one.”™ Furthermore, an
extensive study of the hydrocarbon part of the neutral
essential oil of this alga led to the isolation of 4,10 -
dibromo - 3 - chloro - a - chamigrene (4) and 10 - bromo -
a - chamigrene (5), previously isolated from L.

and L. species, collected at the Gulf of California.’”™
We have elucidated the absolute configurations of 1, 2, 3,
4 and § by X-ray diffraction analysis and the chemical
methods. The present paper describes the isolation, the
structures and the stereochemistry of these halogenated
chamigrenes in detail.

Structure of 10-bromo-3.4epoxy-a-chamigrene (1)’
10-Bromo-3,4-epoxy-a-chamigrene, C;sH»OBr, (M*
300 and 298), m.p. 53-54°, {a]p—92°, shows no OH nor

CO groups in its IR spectrum and thus, it is suggested
that the O moiety is involved in an ether link. The PMR
and the spin ing studies indicated the presence of
an ABXY pattern [8 5.03 (1 H, m, X of an ABXY), 4.52
(1H, dd, }=8.0, 80Hz, Y of an ABXY) and an AB part
of an ABXY centred at 2.5 2 H, m)] and an ABX pattern
[2.84 (1 H, dd, J = 2.0, 2.0, X of an ABX) and an AB part
of an ABX centred at 198 and 2.10 (each 1H, dd,
1=16.0, 2.0)). In up-field region appear signals for Me
groups at 093 and 1.10 (each 3 H, s, probably gem-
dimethyl), 1.25 G H, s, epoxide Me) and 1.74 3 H, br. s,
olefinic Me). The above-mentioned PMR and the spin
decoupling studies indicated the presence of the follow-
ing partial structures A and Bin 1.
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In view of the above-mentioned PMR and the spin
decoupling studies, thetnnsformahouofltoacon-
jugated cyclohexadiene™ [CisHzO, Anaa 264nm (¢
Bm)]mﬂwthebmnemalcomdemnom.thc
structure of 1 would be represented as 10 - bromo - 34 -
€poxy - a - chamigrene and this was further supported
by the mass and '*C NMR spectra. The main frag-
mentations of the mass spectrum are reasonably explic-
able by the following Scheme 1 and the '*C NMR spec-
trum (Table 1) is completely in conformity with the
structure of 1.

Table 1. "*C NMR spectrum of 1
8 Multiplicity

Assignment

¢-1, 2, 5, and 9

C-14
C-15

C-12 and 13

i
0
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In order to elucidate the structure of 1 containing the
Muteeonﬁnmuon,asin;le cryml of 1 was sub-
jected to X-ray diffraction anal

Colorless, platelike crystals of 1 were obtained by
cooling a hot methanol solution to room temperature. A
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single crystal with dimensions of about 0.4 x 0.4 X 0.2 mm
was used for the X-ray measurement. Cell dimensions
andnﬁecmnmtmmuwmmeaamedonakmku
four-circle diffractometer using CuKa radiation (A =
1.54178 A) monochromatized with a LiF crystal. The
mmmmwwmm
scan technmique at a scan rate of about 1°(8)/min; the
background was measured for 20-30 s at each end of the
scan range. The intensities were corrected for the
Lorentz and polarization factors, but not for either the
absorption or the extinction cffect. In the range of 26
values up to 0% 1507 structure factor magnitudes
above 20(Fo) were selected for the subsequent structure
analysis and refinement.

Crystal data: C,sHxnOBr, mol. wt.=2993, orthor-
hombic, a = 11.862(5), b = 15.210(6), c = 7.961(4) A, Z = 4,
D,=I.3ﬂncm"’. F(000) = 624, u(CuKa)=371cm"
Synmﬁcabsemhw{crhodd.(loforkodd.wl
for 1'odd; space group P2,2,2,(D;*, No. 19).

'Ihesmmewsolvedbytheheavy-ammemod
Approximate coordinates of all non-H atoms were
refined by the block-di matrix least-squares
method, at first with isotropic and then with anisotropic
thermal parameters. The value of the coaventional
9meemnt% factor, R=3JF,-|FJ2|Fd, dropped to

At this stage of the refinentent, the absolute configura-
tion was determined by taking account of the anomalous
scattering of bromine for CuKa radiation. The observed
and calculated Bijvoet inequalities for twenty pairs of
reflections clearly indicated that the actual absolute
configuration corresponds to that shown in Fig. 2. This

|
i)l: & 0.
Y .

m/c 300,208(M%) m/e 218
L ]
@ Afpean W Wpormm—
X
m/e 119 m/e 133 m/e 175 m/c 218
Scheme 1.

Fig. 2. Molecular configuration viewed along the crystallographic a axis
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Table 2. Atomic fractiosal coordinates (Br, O, C, x10%; H, x10%) and thermal parameters (Br, O, C, x10%), with
least-squares standard deviations in pareatheses

(s) vou-hydrogen atoms
Atom x y z B Bag Bss Bi12 B3 Bay
Br -1776(1) 1878(1) 201(1) 103(1) 68(0) 270(1) 16(1) -73(2) 66(1)
(o] 1225(4) -153(4) 7299(6) 75(3) 66(2) 163(7) -11(S) -57(8) -20(7)
C(1) -363(5) 874(4) 5615(8) 73(4) 48(2) 155(9) 18(5) s0(10) -20(8)
C(2) -759(S) 16(6) 6396(9) 64(4) 71(4) 161(9) -32(6) 22(10) 4(10)
C(3) 195(6) -607(S) 6791(9) 79(4) 55(3) 167(9) -29(6) -26(11) 12(9)
C(4) 1168(S) -581(4) 5651(8) 69(4) 44(2) 179(10) -3(S) -44(10) -18(8)
C(5) 1173(4) -26(4) 4095(8) 56(3) 39(2) 169(8) 6(4) 17(9) -18(7)
C(6) 432(4) 827(3) 4064(7) $5(3) 32(2) 148(7) 1(4) 13(8) ~29(6)
C(7) 1215(5) 1637(4) 4199(9) 68(4) 40(2) 196 (10} -17(S) 11(10) -52(8)
c(8) 1051(8) 2361(S) 3313(14) 112(6) 37(2) 306(17) -41(7) -6(17) -19(11)
c(9) 145(9) 2493(S) 2039(14) 136(8) 39(2) 309(19) -21(7) -37(21) 28(12)
C(10) -725(6) 1771(4) 2146(9) 83(4) 41(2) 202(10) 9(5) 8(11) 6(8)
c(11) -219(4) 853(3) 2319(7) 56(3) 35(2) 165(8) -6(8) -7(9) -21(7)
c(12) 590(6) 684(5) 841(9) 81(4) 65(3) 153(9) 18(6) 10(11) -35(9)
C(13) -1153(6) 147(4) 2290(10) 75(4) 48(3) 215(11) -27(6) -64(12) 3(9)
C(14) 2148(7) 1609(6) 5456(12) 98(S) 64(3) 237(14) -47(7) -40(14) -56(12)
C(15) -83(10) -1411(7) 7776(12) 138(8) 74(4) 201(14) -S1(10) 8(18) 36(13)

{b) hydrogen atoms
\tom X y 2z B Atom x y 2z 8
et -106(9) 120(7) 529(16) 6(2) H(12b) 137(9) 114(7) 102(15) 6(2)
H{lh) 2(9) 119(7) 634(14) 5(2) H(12¢) 30(9) 86(7) 39(15) 6(2)
H(2a) -128(6) -34(S) 581(10) 3(1) H(13a) -109(9) -54(7) 238(14) $(2)
H(2b) -125(11) 15(8) 744(17) 7(2) H(13b) -159(9) 18(7) 83(14) 5(2)
H(4) 155(9) -126(7) 525(15) 6(2) H(13c) -156(11) 14(8) 290(17) 7(2)
H(Sa) 73(6) -46(S) 304(10) 4(1) H(l4a) 201(9) 155(7) 616(14) 6(2)
H(Sb) 189(8) 14(6) 383(11) 4(2) H(14b) 242(10) 210(8) 532(17) 7(2)
H(8) 148(9) 290(7) 339(14) 6(2) H(l4c) 263(9) 115(7) S11(16) 6(2)
H(9a) 40(12) 241(9) 113(18) 7(3) H(15a) 67(1S) -178(13) 801(24) 10(4)
H(9b) -33(14) 310(12) 213(23) 10(4) H(1Sb) -66(12) -171(10) 724(20) 8(3)
H(10) -108(9) 189(7) 295(13) $(2) H(15c) -35(8) -129(6) 848(13) 5(2)
H(12a) 70(7) 8(6) 88(12) 4(2)

Table 3. Bond distances (A) and angles (deg.); least-squares estimated standard deviations are gives in parentheses

C(1)-C(2)
c(1)-C(6)
C(2)-C(3)
C(3)-C(4)
C(3)-c(15)
Cc(3)-o0
C(4)-C(5)
c(4)-0
€(5)-C(6)
C(6)-C(7)
C(6)-C(11)
C(7)-C(8)
C(7)-C(18)
C(8)-C(9)
C(9)-C(10)
C(10)-c(11)
C(10)-Br
c(11)-c(12)
c(11)-C(13)

1.520(10)
1.556(8)
1.508(10)
1.468(9)
1.489(13)
1.462(9)
1.499(9)
1.466(8)
1.567(7)
1.547(8)
1.590(8)
1.322(10)
1.493(11)
1.492(15)
1.509(11)
1.526(8)
1.994(7)
1.540(9)
1.543(8)

€(2)-c(1)-c(e)
C(1)-c(2)-c(3)
C(2)-C(3)-C(4)
C(2)-C(3)-C(15)
C(2)-C(3)-0
C(4)-C(3)-C(15)
C(4)-C(3)-0
c(18)-C(3)-0
C(3)-C(4)-C(5)
C(3)-C(4)-0
€(5)-Cc(4)-0
C(4)-C(s)-C(6)
C(1)-c(6)-c(5)
C(1)-C(6)-C(7)
C(1)-C(6)-C(11)
C(5)-C(6)-C(7)
C(5)-C(6)-C(11)
C(7)-C(6)-C(11)
C(6)-C(7)-C(8)

118

111

107

.2(5)
113.
116.
117.
112,
121,

60.
115.
122,

59.
119.
118.
.5(4)
10S.
113.
108.
.9(4)
109.
122,

1(5)
3(6)
3(7)
8(6)
5(7)
1(4)
3(7)
0(5)
7(4)
3(5)
5(5)

8(5)
5(4)
7(4)

4(4)
6(6)

C(6)-C(7)-C(14)
C(8)-C(7)-C(14)
C(7)-C(8)-C(9)
C(8)-C(9)-C(10)
€(9)-C(10)-C(11)
C(9)-C(10)-Br
C(11)-C(10)-Br
C(6)-C(11)-C(10)
C(6)-C(11)-C(12)
C(6)-C(11)-C(13)
C(10)-C(11)-C(12)
C(10)-C(11)-C(13)
C(12)-C(11)-C(13)

118.
119.
125.
110.
113.
108.
113.
107.
111,
110.
109.
110
108.

0(6)
4(7)
S(7)
9(7)
7(6)
9(6)
0(4)
0(S)
2(4)
1(5)
3(5)

.7(5)

6(5S)
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also by the comparison of
Fol - IFJ)’I}JFJ’]'” for all the
determination. Several

Adﬂa’enceFommmaprevealedthelocanomohll
H atoms. Tbe least-squares reﬂnanent was further
isotropic tem-
penmfm‘rhcfuncMmmiudew(]F.l
w Ia(F.)’ exp (AX*+BY*+CXY +DX +
= |Fo| and Y = sin @/A. The intensity data

The results are given in Tables 2-4 and Fig. 2. The H

atoms are denoted by the number of the C atom to which
theyareamched,suﬂixedbya.b ¢, where necessary.
The anisotropic and isotropic thermal parameters are
defined by the equations, exp [~(Buh’+Bk*+Bul’+
B.ﬁk+ﬂuhl+ﬁnkl)] and exp[-B(sin 6/A)’], respec-
tively

The bond distances and angles are all within the
observed range.'® The cyclobexene ring takes a distorted

through the C(6), C(7), C(8) and C(9) atoms; the Br, C(5)
and C(13) atoms are equatorially or pseudo-equatorially
bpndedtothurina.Ontheothahand,thecyclobexm
ring

ning throush the middle points of the C(l)-C(Z) and
C(4)-0(5) bonds. The epoxy O atom is very close to the
C(1) atom, their distance being 2.790 A.

M. Suzuxi et al.

Structure of glandsiferol ()™

Glandufiferol, C,sHaOBr(l, (M* 336 and 334), color-
less gum, [a)p—21.7%, ¥ue. 3580, 1655, 1400, 1390, 1342,
1130, 1105, 1070, 1045, 990, 980, 928 and 832cm™’, is an
alcobolic compound and furthermore, OH group should
be tertiary by its resistance to acetylation with acetic
anhydride in pyridine. The PMR spectrum showed the
grcwmeoffomuemupaatao.%, 1.22, 1.30 (each

H, s) and 2.0 3 H, br. 8), two two-proton signals at 2.17
(2H, d, J=9.5Hz) and ca. 2.5 2H, m), 447 (1H, dd,
J= 10.0,1.0,-Cﬂk-).4.67(lH.dd.1-9.5 9.5, -CHC-)
and 52 (1H, m, olefinic proton). The spin decoupling
studies provided the additional information on the struc-
ture, which indicated the presence of partial structures C
and D as follows:

B—CH—CH—CH=C(CH,8 §—CH~—CH-@

I I
Br a

C D
In view of *C NMR study (Table 5), the structure of 2
would be represented as 10 - bromo - 4 - chloro - 3 -

hydroxy - a - chamigrene and it was definitely confirmed
by the treatment of 2 with potassium hydroxide.

Table 5. "°C NMR spectrum of 2

8 Multiplicity Assignment
139.9 s c-7
122.0 C-8
71.9 s c-3
66.1 d c-4
61.2 d C-10
48.1 s c-6
42.7 s c-11
39.1 t
3. t c-1, 2, 5, and 9
31.6 t
25.8 q c-14
24.7 q C-15
22.1 q .
17°3 : C-12 and 13

Tabie 4. Dihodral angle (deg.); the A-B-C-D angle is positive if, when looking aloag B to C. A bas to be rotated

clockwise to eclipse D

€(6)-C{1)-C(2)-C(3) 51.6 C(11)-C(6)-C(7)-C(8) 21.9
C(1)-C(-)-C(3)-C(4) -32.8 C(11)-C(6)-€(7)-C(14) -161.6
C(1)-C(2)-C(3)-C(15) 171.6 €(1)-c(6)-C(11)-C(10) 68.1
C(1)-C(2)-C(3)-0 33.9 C(S5)-C(6)-C(11)-C(10) -167.8
C(2)-C(3)-C(4)-C(5) -5.3 €(7)-C(6)-C(11)-C(10) -49.7
C(15)-C(3)-C(4)-C(5) 149.3 C(7)-C(6)-C(11)-C(12) 69.6
0-C(3)-C(4)-C(5) -107.7 C(7)-C(6)-C(11)-C(13) -170.0
C(2)-C(3)-0-C(4) -108.3 €(6)-C(7)-C(8)-C(9) -2.5
C(15)-C(3)-0-C(4) 113.2 C(14)-C(7)-C(8)-C(9N -178.9
C(3)-C(4)-C(5)-C(6) 27.6 C(7)-C(8)-C(9)-C(10) 12.4
0-C(4)-C(5)-C(6) -43.1 C(8)-C(9)-C(10)-C(11) -44.4
C(5)-C(4)-0-C(3) 112.1 C(8)-C(9)-C(10)-Br -171.3
C(4)-C(5)-C(6)-C(1) -9.4 C(9)-C(10)-C(11)-C(6) 64.2
C(4)-C(5)-C(6)-C(7) "106.8 C(9)-C(10)-C(11)-C(12) -56.3
C(4)-C(5)-C(6)-C(11) -134.7 C(9)-C(10)-C(11)-C(13) ~-175.9
C(1)-C(6)-C(7)-C(8) -100.7 Br-C(10)-C(11)-C(6) -171.1
C(5)-C(6)-C(7)-C(8) 139.5
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The mild treatment of 2 with 5% methanolic potassium
hydroxide gave a dechydrochlorination product,
CisHxsOBr, which was identical with 10 - bromo - 3.4 -
epoxy - a - chamigrene (1) by the mixed m.p. and by a
comparison of the IR and PMR spectra and the optical
rotation with those of an authentic specimen. This easy
epoxide formation suggests that the vicinal C1 and OH

shouldbemushownmﬁg.lmdusﬂy

On the consideration of ring conformation of 2, the
PMR spectrum has given the information. The PMR
spectrum of 2 showed the chloromethine proton at 4.67
(dd, J=9.5, 9.5), coupling with the adjacent methylene
protons. This coupling constant are consistent with the
twist ring form, in which the dihedral angle between the
chloromethine proton at C-4 and one of the adjacent

C-2 and C4 and also by the equal induced shifts for both
axial and equatorial protons at C-1 and C-5."

The stereochemistry of B-ring in 2 is now shown
provisionallyasmefm'mula7(Fi¢.3).'mealtcrmtive
formula 8 scems to be y unfavorable, since
oneMegroupofxan-dxmethylmupatGllhaseqm—
torial configuration and thus non-bonded interaction of
the equatorial Me group at C-11 to the (1 at C4 are
recognized on the Dreiding model. On the other hand, it
Jis apparent that the shape of B-ring in formula 7 fun-

27

damentally changes in twist boat form to relieve the
interaction between the Me group at C-7 and two axial
hydrogens at C-2 and C4. Formula 9, which possess the
twnﬂbontfmlub—mumwpmoﬂforshnduh-
ferol (2), decreasing the interaction between the Me
group at C-7 and two axial hydrogens at C-2 and C4 in 7
and permitting the coupling constant (J =9.5, 9.5) for the
chloromethine proton at C4 coupled to the adjacent
methylene group at C-5. From these considerations, it is-
assumed that the conformation of B-ring in 2 changes to
normal chair form from twist-boat form during the ad-
dition of shift reagent of Eu(fod)s, because of newly
generated non-bonded interaction of Ew(fod),-complex,
and thus the change of coupling constant of the
chloromethine proton, J =9.5, 9.5- 120, 5.0 (on addition
of the shift reagent), is smoothly explained.
-Moreover, in the PMR spectrum of 2, the signal of the
olefinic Me at C-7 appears in considerably low field
with those of the other compounds, 1, 3 and §
(Table 8). This down field shift is easily explicable by the
reason that the olefinic Me at C-7 is in the situation
closed to the OH group in formula 9. This assumption is
supported by the hydrogenation of 2 with PtO, yielding
the dihydro compound (16). In the PMR spectrum of 16,
the coupling comstant (dd, J=110, 50) of the
chloromethine proton at C4 reveals that the C1 has an
equatorial orientation and the change of coupling con-
stant (9.5, 9.5 on 2 11.0, 5.0 on 10) seems to be caused
by the change of B-ring conformation from twist boat
form (formula 9) to normal chair form (formula 10)
which should be accompanied by the change of A-ring
shape from slightly distorted chair form to normal chair
form during the hydrogenation of 2, and disappearance
of one of the two interactions between the Me group at C-7
and two hydrogens at C-2and C4in 7.

Structure of 10-bromo-a-chamigren-4-one (3)'
10-Bromo-a-chamigren4-one, C;sH»nOBr, (M* 300
and 298), m.p. 78-79°, [a]p — 88°, showed the presence of

Table 6. Spin decoupling results in the PMR spectra of 2 in CCl, after the addition of 0.5 molar equivalents of

Eu{fod),
Run Proton (§) Multiplicity change Splitting
Irradiated Observed decoupled (Hz)
la C6-H 13.74 Cs-ll(ax) 6.15  dd(J=14,12) -~ dd(?)
b Cs-l!(cq) 5.07 dd(J=14,5) = d(J=14) 5
2a Cs-ll(ax) 6.15 C‘-ll 13.74 dd(J=12,5) * br s 12
b cs-n(eq) 5.07 dd(J=14,5) * br s 14
3a cs-ll(.q) 5.07 c6-ll 13.74 dd(J=12,5) + d(J=12) b
b Cy-Hlax) 6.15  dd(J~14,12) -+ br d(J=12) 14
4a Cz-ﬂ(lx) 10.90 Cz-ll(oq) 9.80 br d(I=14) + dbr e 14
b Cl-!l(u) -S. 4 ch
Sa Cz-l(oq) 9.8 CZ—I(B) 10.90 br t(H- 33) < dd(J=12,4) 14
b clvl(n) wS. 4 ch
6a Cl-ll(l.x) «53.4 Cz-l(u) 10.90 br t(ﬂ. 33)*!(‘!5 24)
b éz-n(oq) 9.80  br d(J=14,K, 24) * br d(J=14,¥, 20)

Abbreviations; “e":

"a": multipler, “ch™:

singlet, "d": doublet, "t": triplet, “"dd": double doudlet.
changs, "br"1 broad
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Table 7. Chemical shifts (4 ppm) and Ag,-values (ppm) in the PMR spectra of 2 in CCl, containing various amounts
of Eu(fod),
Eu(fod) 3 0 0.25 wole 0.5 mole 1.0 wole
0.25 0.5 1.0
Proton 3 LI Sl LI 4 ] g
C,~CH(ax) <37 1.8 5.4 3.5 ‘=13  =5.4
1.6 | !
2 -2.1 -3.8 -5.7
-Ci(eq) . 2.9 -1.0 «3.8 -L9 “5.1 3.2
1.9 t {
-1.3 -2.2 -3.5
¢,~CH(sx) 6.30  ~4.4 10.90 -9.0 14.60 -12.7
-4.7 -9‘.3 -13‘.0
C,~CH(eq) 5.80. -3.9 9.80 -7.9 16.20  -14.3
-3.2 -s‘.z -14.6
Cy-CHy 2.30 476 -2,44 7.95  -5.65 11.40  -9.10
c,-ca 4,67  9.32 -4.65 13.74 -9.07 18.68 -14.01
C5-Gli(ax) 2.20 421 -2.01 615 -3.95 819 -5.99
Cs-Gi(eq) 2.20 =37 -L5 5.07 -2.87 6.65  ~h.45
c,~cl, 2.00  2.92 -0.92 3.79 -1.79 A79  -2.79
Cy- G 5,20  5.51 -0.31 5.82  -0.62 6.10 -0.90
cy-cl, «2.5  «2.8 0.3 w32 -0.7 -3.5 -1.0
€GB 4.47 5.01  -0.54 5.55 ~1.08 6.10 -1.53
€ ~Cy(e)  0.96 1.62  -0.66 2.23 -1.27 2.9 -1.98
€ ~Cly(eq)  1.22 2.07  -0.85 2.89 -1.67 3.82  -2.60
0.25 0.2 0.5 1.0 1.0
bea = Scor "% (fod) s 857 = 6oy orutton, Sru 7 Soca, "matton,
Ct
! !
[
Br.
7 8 9
Br. l
10
Fig. 3.
two tertiary Me groups at 8 0.87 and 1.20 (cach 3H, s, PMR spoctrum indicated the presence of the following

probably gem-dimethyf), one secondary Me group at 1.00
(3 H, d, ] = 6.0 Hz), one olefinic Me at 1.55 3 H, br. ),
stallm.lﬂyhcmethyhc).m(lﬂ,dd,l-ﬂ 8.5,

B

partial structures E and F in the molecule.

B—CH—CH—CH=C(CH,)— 8—CH—C—

I |
Br 0
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Table 8. Selocted chemical shift dats for the knlogenated chawigrese derivatives

C.a-8

10

C8

Compound Cyymtay, ¢,

i .93, 1.10 1. (b &)

2 0.96, 1.22 2.00i{hr 8}

3 0.87, 1.20 1.55¢br &)

4 0.95, 1.22 ca.2.0(br )

3 0.92, 1.10 1.64{br »)
1 1.07, 1.16 1.19{d,J=7.0 8s)
13 1.07, 1.16 1.23{d,5=7.0 Hs)

4.52{dd,3=8.0,8.0 Hs)
&.47(4d,1=10.0,7.0 Hx)
4.53(4d,3-9.7,8.5 Rx)
4.42(dd,3=10.0,7.0 Hx)
4.62(dd,7-9.0,7.5 Hs)
#,15(dd,J=12.0,5.0 Ha)
4,21{¢d,J=12.0,5.0 Hs}

4, 67(dd,3»9.5,9.5 8z}

4.78(dd,1=8,5,8.5 Ha)

4.23{d4,J»11.0,5.0 Hs}
4.29(dd, J=13.0,4.0 82}

The structure of 3 has been clarified by the chemicsl
transformation of 1 to 3. Treatment of 1 with boron
triffuoride etherate in benzene at room temperature ied to
the formation of & product, which was iden-
tical with the natural ketone (3) by the mixed m.p. and
the comparison of the IR and PMR spectra, and the opti-
cal rotation with those of an authentic specimen. From
this chemical transformation, the structure of 3 should be

C-3 has been shown on the basis of the reaction
mechanism as shown in Scheme 2.

The ORD curve of 3 displayed a negative Cotton effect
{3 = ~93; [®hsos = ~5200 (trough), [Plas = +4100 (peak)},
being expected from the octant projection of formula 11,
and offered information on the stersochemistry. Alter-
native formula 12 for 3, in which the Me group at C-3
certainly possesses an energetically stable equatorial
nature, should be discarded since the positive Cotton
effect is expected from its octant projection. This
observation accepts the formula 11 for 3 and moreover,
supports the transformation mechanism from 1 t0 3 as
shown in Scheme 2 and B-ring in 3 seems to preserve the
chair form, being different from 2, because of the disap-
pearance of the interaction between the Me group at C-7
and the axial H at C4, similar to formula 10.

Br.

12

) <; A

Sweocbaumr;ofﬂo dibromo - 3 « chloro - a -
chamigrene (&), 10 - hmo a - chamigrene (8)"*™

cad{—)-c-cﬁamiem
staeochcmutryetﬂnemalpmdnc:siands,
inchuding the absotute were determined by

the chemical trunsformation of 2 and 4. Treatment of 2
with Zn-dust in acetic acid afforded 8 and 6. As shown in
Scheme 3, the absolute configurations of § and 6 should
be clear by relating to 2, the absolute configuration of
which has been clarified. On the other hand, 4 gave §
under the same transformation coundition and thus the
structure of 4, including the absolute configuration, was
certified in the same manner as for 8 and 6. Moreover,
from the PMR spectral analysis (Table §) as discussed
for 2, the structure of 4 and its hydrogenated product
(13) are represented as formula 14 and 18, respectively.

EXPERDMENTAL

AR the m.ps are uncorrected. The UV snd IR spectrs were
measured using a Nibon-Busko ORD/UV-S spectrometer and
spectromter, respectively. The PMR spectra wese recor-
ded on a JEOL INM-PS-100 spectrometer, using TMS as an
internal reference in OCL and the C NMR spectra were
obtadaed with & JEOL JINM-FX100 spectrometer in CDOY;. The
optical rotations were measured in CHCY; sol. Aluminum oxide
(Mlerck, activity I1-111) and sificic acid (Malinckrodt) were veed
for column chromatography.

"

Scheme 2.
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Isolation. Air dried seaweed (8.5kg) was cxtracted with 980, 928 and 832 cm™'; mass, m/e 336, 334 (M, 0.1), 300, 298 (1),
MeOH and the neutral essential ofl (90g) was extemsively 219 (38), 218 (15), 201 (31), 185 (15), 175 (36), 199 (56), 149 (100),

chamigren - 4 - oue™ (100 g, 0.0012%). cther fractions
eomistedofnnbohdxnﬂxﬁnaﬂhmtwemwﬂyhud

wnhAc;Om The acetylated mixture was chromato-
acid to yield pare 2 (900 mg, 0.009%) along
wnhhmndn" and cholesteryl acetate.

IGM-SWWI). np. 53-5¢ (from
MeOH).[a]p 92° (c, 0.98); UV, A ¥ only end absorption;

»S 1660, 13” 1372, 1183, 1160, 1130, 1110, 1053, 1033, 965
and 830cm™'; mass, mfe (nhﬁveabwdnco)!bnd&(ll‘.
3),219(19), 218(0).M(38).105(4l), 175 (19), 159 (38), 157 (44),
135 (54), 133 (74), 119 (100), 105 (74), 91 (65),Tl(0),$(5|)|nd
55 (65). (Found: C, 60.09; H, 7.88. C;sHx»OBr requires: C, 60.23;

Gaddvm)l (2); coloriess gum; [alo—2LT (c, 1.66); IR,
»SES 3580, 1655, 1400, 1390, 1342, 1130, 110, 1070, 1045, 990,

'5

133 (77), 119 (92), 105 (87), 91 (82), 77 (49), 69 (51) and 55 (S0).

10-Bromo-a-chamigren-4-one (3); m.p. 78-79* (from MeOH-
H0); [alo—-88° (c, 2.46); UV, Aqas mnm (130):IR.v
1695, 1183, 1033, 092.8“.818“795@ , ySXT 1703, 1395,
1380, 1183, 890, 840 and 810cm™'; mass, m/e 300, 298 (M", 23),
243, 241 (6), 219 (100), 2|8(2),Nl (42), 177 (50), 175 (14), 164
(56), 147 (56), 135 (45), 133 (45), 119 (46), 105 (55), 91 (33), 77 (42),
69 (89) and 55 (54). (Found: C, 60.08; H, 7.83).

&lowmo-}chbm-cmw (@; coloriess oil; [a)p—
18 (c, 145); IR, »22 1389, 1081, 1051, 991, 975, 837, 818 and
790cm'; PMR, 8 095(3H,s), 1.22(3H, ), 166 3 H, ), ca 2.0
(3H, br. 5), 442 (1 H, dd, J =100 and 7.0Hz), 478 (1 H, dd.
J=8.5 and 8.5 Hz) and 5.2 (1 H, m); mass, m/e 402, 400, 398, 396
M*, 19), 321, 319, 317 (32), 283, 281 (3), 201 (34), 159 (49), 145
(100), 133 (40), 119 (95), 109 (50) and 91 (89).

lo-buuo-c (5); colorless oil; [a]p—81° (c, 0.92).
IR, »2 1399, 1389, 1379, 1190, 1074, 847, 817 and 790cm™"
PMR,3092(3H,s), .10 3H, ), 1.64 (6H, br. :).4.“(1!{.&.
J=90 and 7.5Hz), 5.18 (1 H, m) and 5.38 (1 H, m); mass, m/e
284, 282 (M*, 7), 216, 214 (48), 203 (11), 202 (7), 135 (100), 119
42), 109 (24) and 91 25).

Treatment of 1 with 1 M ethanolic KOH. A soln of 1 (16 mg) in
1 M ethanolic KOH (2 ml) was refluxed for 30 min ia & stream of
Na. After being cooled, the mixture was extracted with ether.

Msolnmwuhodwhhwﬂunddmdmm

E
|
it
i
i

to give a conjugated cycio-
bexadiene (Smg) as a coloress oil; [alp+110° (c, 0.99); UV,
ABOH 24 am (e 2900); IR, »3X> 1603, 1385, 1362, 1100, 1051,
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1031, 1007, 990, 965, 918, 888 and 840cm™"; PMR, 8096 3 H, 3),
109 3H, 9), L2 OH, 0), LOOH, br. s), 29 (1H, d, J=
40Hz), 5.0-5.7 3 H, m); mass, m/e 218 (M*, 29), 203 (17), 200
(10), 185 (16), 175 (25), 159 (44), 157 (36), 133 (73), 119 (100), 105
1), 91 (7N, 77 (52), 69 (35) and 55 (63).

Treatment of 1 with boron trifiuoride etherate. A soln of 1
(32 mg) in benzene (0.5 mi) was treated with BFy~Et;0 (0.2 mi) at

over silicic acid 1o yield crystals of
3@“). m.p. 76-T7° (from MeOH); {a)o— 90 (c, 0.59); the IR
spectn were superimposable upon those of natural

temp. for Tmin. After being treated in the usual manner, the
products were chromatographed on silicic acid to give crystals of
1 (22 mg); m.p. 52-53° (from MeOH); [alo—79° (c, 0.96)); the IR
and PMR spectra were superimposable upon those of natural 1.

Hydrogenation of 2. The hydrogenation of 2 (30 mg) was
M«Mmmﬂwwmmdofm
uulynandthnolvem.lhemidmloim

a.gvno (16 mg) as a colorless oil; [alp +16° (c.
073).111. vaer® 3600, 1390, 1343, 1318, 1100, 1080, 1017, 990,
987, 930, 890, Mmmdﬂhm" PMR, 8 107 3H, 9), 116
(3H, s), 1.19 3H, d, I=70Hz), 1.29 (3H, s), 4.15 (1 H, dd,
J=12.0 and S.0Hz) and 4.23 (1 H, dd, ] = 11.0 and 5.0 Hz); mass,
mje 338 and 336 (M*).

Treatment of 2 with zinc-dust-acetic acid. To a soln of 2
(61 mg) in AcOH (Smi) was added Zn-dust (150 mg), and the
mixture was stirred for 3 hr at 60° (bath temp). After cooling and
filtrating off Zn-dust, the mixture was extracted with ether. The
cthereal 2oin was washed with water, $%-NaHCOyaq and finally

mwms«wmmdzwwrc.ma
CisHa (m/e 204; M*), [alp—30° (c, 0.36); the IR and PMR
mmwmm.eoum §, colorless
oil, [alp~92° (¢, 0.39); the IR and PMR spectra were superim-
- a - chamigrene (8).

ki
i
il
He
3

hexane to yield S (7 mg) (10 mg of 4 was recovered), coloriess oi,
[alp - 110° (¢, 0.48); the IR and PMR spectra were superimpos-
able upon those of nataral 8.

mmmmuvmmmoﬂmmm%
over silicic acid to yield 13 (19 mg); [a]p +42° (c, 1.4); IR, »EE

1400, 1390, 1100, 990, 969, 367 and 852cm™'; PMR, 8 1.07 3 H,
), LI6(3H, 1), 121 3H,d, J=7.0Hz), 1.68 (3H, ), 421 (1 H,
dd, J =12.0 and 5.0 Hz) and 4.29 (1 H, dd, ] = 13.0 and 4.0 Hz);
mass; m/e 402, 400 and 398 (M*).
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