Tetrahedron Voi. 36, pp. 171 to 176
Pergamon Press Lid., 1980, Printed in Great Britain

THE RHODOPHYTIN AND CHONDRIOL
NATURAL PRODUCTS; STRUCTURES OF SEVERAL
NEW ACETYLENES FROM LAURENCIA, AND A
REASSIGNMENT OF STRUCTURE FOR
cis-RHODOPHYTIN

BRUCE M. HOWARD' and WILLIAM FENICAL*
Institute of Marine Resources, Scripps Institution of Oceanography, La Jolla, CA 92093, U.S.A.

and

KEN HIROTSU, BARBARA SOLHEIM and JON CLARDY*
Department of Chemistry, Cornell University, Ithaca, NY 14853, US.A.

(Received in USA 9 March 1979)

Abstract—The structures of five new halogenated vinyl acetylencs are described which are natural products from
various species of the red secaweed Laurencia. The structure of epoxyrhodophytin (1) was determined by spectral,
chemical, and X-ray diffraction analyses. The structures of trans-rhodophytin (5) and trans-chondriol (8) are based
on chemical and spectral comparisons with the previously reported compounds cis-rhodophytin (4) and cis-
chondriol (7). The structures of cis-chondrin (14) and trans-chondrin (15) were secured by synthesis from cis- and
trans-chondriol, respectively. The reactivity of these enol-cthers to various conditions of catalytic hydrogenation
has been examined in detail. Hydrogenation yields an unexpected and facile incorporation of oxygen into the
reaction products. Based upon these studies, and upon combustion analysis, the structure of rhodophytin has been
revised as the vinyl ether rather than the vinyl peroxide originally proposed.

Our chemical studies of the marine red alga Laurencia
(Rhodomelaceae, Rhodophyta) have been concerned
with assessing the diversity of halogen-based secondary
metabolite biosynthesis in this genus. As part of this
program we have described the structures of several
halogenated and non-halogenated sesquiterpenoids® and
diterpenoids® which have been important in understand-
ing terpenoid biogenesis in this alga. In addition, we have
been actively investigating several non-terpenoid Cis
acetylene-containing compounds known to be charac-
teristic components of many Laurencia species. In this
paper we wish to describe in detail the structures of five
new halogenated vinyl acetylene compounds which are
related to the previously described natural products,
chondriol* and rhodophytin®* We have also rein-
vestigated the structure and chemistry of rhodophytin
and have reassigned this compound as a vinyl ether
rather than the previously proposed vinyl peroxide.’

Epoxyrhodophytin.  Epoxyrhodophytin (1) was
isolated, as an oil, by silica gel chromatography of the
chloroform-methanol extracts of an undescribed
Laurencia species collected at Coyote Bay, Baja Cali-
fornia, Mexico (April, 1975).%” The IR spectrum (thin
film) of 1 showed absorptions attributable to a terminal
acetylene function (3300 and 2100 cm™") and an intense
hydroxyl absorption which spanned the spectrum from
3800 to 3000cm™'. When 1 was rigorously dried under
high vacuum, and the IR spectrum recorded in CCl,
solution, the OH absorptions diaappeared, indicating 1 to
be very hydroscopic. When placed in anhydrous ethanol
and stored at —20°, 1 crystallised; m.p. 54-55°. High
resolution mass spectral analysis of 1 indicated an ele-
mental composition of C,sH;eBrClO; for the molecular
ion at m/e 334 ("Br*Cl).
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The '"H NMR spectrum of 1 (Table 1) presented signals
which could be assigned to a cis ene-yne ion, an
a-chlorine proton, an a-ether proton, two a-epoxide
protons and an isolated Et group. The *C NMR spec-
trum of 1 (Table 2) revealed that, in addition to the
acetylene carbons (88.6d and 80.0s), two double bonds
were also present in the molecule, one disubstituted
(139.8d and 111.2d) and one tetrasubstituted (147.3s and
117.5s). Based on mass spectral and '*C NMR data,
epoxyrhodophytin was shown to contain two rings, one
of which was an epoxide (**C NMR; 51.6d and 53.2d).
Spectral comparisons of epoxyrhodophytin with the
previously described vinyl acetylenes, rhodophytin and
chondriol, served as a basis for the preliminary structure
proposal of 1.
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Table 1. 'H NMR assignments for the rhodophytin and chondriol natural products®

Carbon No. 1 4 $ e g 1 is
1 3.11d 3.058d 2.71d 3,23 2.5d 3.07d 2,744
2 (2) (2) 2 2 (2) (2)
3 5.774d $.53 §.59d 5.63d 5.484d 5.87d 5.53dd
(12,2) (10) (18) (10) (15,2) (10) (15,2)
4 6.02ddd 6.00ddd 6.16ddd 6.13ddd 6.14ddd 6.05ddd 6.15ddd
(12,8,8)  (10,8,8)  (15,7,7)  (10,8,8)  (15,7,7)  (12,8,8)  (15,7,7)
s 2.6a 2.66a 2.66m 2.72m 2.77m 2.48m 2.50m
6 4.20ddd 4.38ddd 4.36ddd 4.17m 4.77dd 4.09m 4.05m
(7,7,2) (7,7,2) (7,7,2) (12,5)
dd 3.774d 3.78dd
7 4.07ddd 3.89ddd 3.91ddd 3.83a 3.25
(12,6,2)  (12,6,2)  (12,6,2) (14,5) (5.4 (8,4
8 2.6a 2.66m 2.66m 2.7m 2.7 2.48a 2.50m
3.09a 3.20m 3.09m 2.98a
9 3.02m 5.53m 5.59m 5.93m S.07m 5.81m S5.80m
10 3.02m $.73m 5.77m 5.93m 5.64a 5.81m 5.80m
11 3.76dd 3.82dd $.10d S.40bd $.00d 4.99d
(18,4) (18,4) 4 4 ) @
2.83bd 2.89d
(18) (18)
14 2.1lm 2.60m 2.66m 2.02m
15 1.11t 1.03t 1.11t 1.10t 1.14¢ 1.05t 1.05¢
Q) %) %) n N n n

' an spectra were recorded at 220 MHz in CCly solution, except where noted. Chemical shifts are
reported in PPM relative to TMS(0).

b Recorded in ds-benzene solution.

€ Recorded in CDCl3 solution.

Table 2. "*C NMR assignments for the thodophytin and chondriol natural products®®

Carbon 1 4 3 1 {4 A4 15
1 88.6 8.1 77.6 851  77.1  88.2  80.8
2 80.0 8.1 82,1  80.3 825 8.0 8.7
3 111.7  11.2 12,5 1106 1118 111.0 112.1
4 139.8  140.6  141.1  140.9 141.0  138.6  140.0
5 35.0 3.4 37.0 343  36.8  32.6  35.0
6 77.5  76.3 76,0  75.6  75.1  81.1  77.1
7 63.3 64.0 63.8 633 63,3  66.0  65.9
8 32.8 32,9 32.8 32,9  32.8 231  25.0
9 51.6 124.6  124.5 124.4  124.3  125.7  125.S

10 53.2  130.9 1309 134.7 134.8 125.7  125.6
1 34.8 333 33.2 68.2 68.2  68.3  68.2
12 147.3  149.2  149.1 1506 150.8  145.0  145.5
13 117.5  112.8 113.0 112.8 112.6  111.3  111.9
14 274 277 27,7 28,0 28.1  26.8  26.5
15 12.8  12.8 12.8 12,5  12.6  13.1 12.9

®A11 spectra taken at 20 Mz in benzene-d, and reported in PPM relative
to TNS

bAssignnents were aided by off-resonance decoupling of each compound
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Catalytic hydrogenation of 1 over Pd-C for 30 min in
anhydrous diethyl ether gave the hexahydro derivative 2
(90% yield). In compound 2, the viny] acetylene function
has been saturated, but the tetrasubstituted double bond
was left intact, as evidenced by '*C NMR singlets at
147.8 and 116.5 ppm, IR absorption at 1650 cm™ and UV
absorption at A max (Et20) 227 nm (¢ = 5700). When 1 or 2
was subjected to the above conditions of catalytic
hydrogenation for longer periods of time (8 hr), a new
product, 3, could be isolated in 20% yield. The **C NMR
spectrum of 3 showed the presence of a CO group
(207.0), two OH-bearing carbons (74.4 and 70.1), a car-
bon-bearing Cl (67.3), a carbon-bearing Br (60.0), two Me
groups (14.2 and 13.7 ppm) and eight methylene groups.
The '"H NMR spectrum of 3 also substantiated its struc-
ture. Compound 3 is a product of hydrogenation, epoxide
hydrogenolysis and, presumably, vinyl ether hydrolysis.
Since this hydrogenation was performed under anhy-
drous conditions, the source of oxygen incorporation
into 3 is unknown. The reactivity noted here is in direct
analogy with the hydrogenation product obtained from
rhodophytin, which was previously proposed to be a
vinyl peroxide. To determine whether 1 was a vinyl ether
or vinyl peroxide, analytical combustion analysis was
performed. The combustion data showed that 1 consisted
of 52.45%C and 5.20% H thus indicating the vinyl ether
(calculated %C 52.12, %H 5.24). Further, to provide
stereochemical information and to coafirm the assignment
of 1 as a vinyl ether, a single crystal X-ray diffraction
experiment was performed and the proposed structure
fl:ut:ﬂ confirmed as shown in Fig. 1 (see Experimental for

ils).

(«(}}

absolute stereochemistry at C-6 is R, and bond angles and
distances agree well with generally accepted values.

Based on the unexpected and facile oxygen incor-
poration during catalytic hydrogenation, we felt it was
important to reinvestigate the structures of rhodophytin,
chondriol and other enol ethers of this type. Fortui-
tously, an undescribed Laurencia sp.,*” collected in San
Carlos Bay, Guaymas, Mexico, yiclded both cis- and
trans-rhodophytin (4, 5), cis- and trans-chondriol (7, 8),
and cis- and trans-chondrin (14, 15) in amounts sufficient to
allow the following studies.

Cis- and trans-rhodophytin. Open column silica gel
chromatography of the chloroform-methanol extract of
the fresh alga yielded a fraction (20% benzene—petroleum

ether) which contained a mixture of the cis and trans
double bond isomers of rhodophytin. High pressure
liquid chromatography (HPLC) of this mixture (u-
porasil, 0.25% dicthyl ether—petroleum ether) give cis-
rhodophytin (4) as the less polar constituent and trans-
rhodophytin (5) as the more ?olar constituent in a 1:§
ratio. The 'H NMR (Table 1), *C NMR (Table 2) and IR
spectra of 4 indicated it to be identical with the com-
pound previously proposed to be a vinyl peroxide.
Trans-rhodophytin (5) showed NMR characteristics
(Tables 1 and 2) consistent with its assignment as the
trans double bond isomer. The mass spectra of both 4
and § showed the highest mass fragment at m/e
328/330/332 for C1sH,6BrCIO.

.-Cl / .-Cl
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Catalytic hydrogen atom of 4 or § over Pd-C in anhyd-
rous diethyl ether gave 7-chloro-6-hydroxypentadecane-
12-one (6) in approximately 40% yield. Since two O atoms
are clearly present in 6, the question arises as to whether
two oxygens are present in the natural products, or if
oxygen incorporation has taken place during hydro-
genation, as is found with the conversion of 1 to 3. To
determine the number of oxygens in 4 and 5, analytical
combustion analysis data were necessary. Since more of
the trans isomer was available, it was subjected to
repeated HPLC (u-porasil, 0.25% diethyl ether-
petroleum cther) until it appeared as a clear mobile oil
and its '"H NMR (220 MHz) illustrated no signs of im-
purities. Combustion analysis of 5§ gave 54.55% C and
589% H. Calculations for the vinyl ether formula
(C1sH1sBrClO) gave 54.65% C and 5.50% H which is
acceptable with the observed values. Therefore, trans-
rhodophytin (5) and correspondingly cis-rhodophytin (4)
must be reassigned as vinyl ethers and not vinyl perox-
ides.* However, the source of oxygen incorporation dur-
ing anhydrous conditions of hydrogenation is unknown.
In an effort to understand this oxygen incorporation, we
investigated the structures and chemistries of other
natural products related to rhodophytin.

Cis and trans-chondriol. Column chromatography
fractions eluted with 70% benzene—petroleum cther con-
tained cis-chondriol (7) and trans-chondriol (8), and were
further separated by HPLC (u-porasil, 6% dicthyl ether—
petroleum ether). The samples of cis-chondriol isolated
here were found to be identical with that previously
described as determined by 'H NMR (Table 1) and *C
NMR (Table 2). Compound 8 illustrated 'H NMR bands
for a trans-di-substituted olefin [6 5.48 dd (J=15,2);
6.14 ddd (J = 15, 7, 7)], which suggested it to be the C-3,
C-4 double bond isomer of 7. Catalytic hydrogenation of
7 and 8 under anhydrous conditions gave complex mix-
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tures. However, when cis-chondriol acetate (9) was
hydrogenated in the presence of 10% Pd—C in anhydrous
diethyl ether with a catalytic amount of potassium ter-
tiary butoxide, the hexahydro derivative 10 was
obtained. Further hydrogenation of 10 in the absence of
base again produced complex mixtures.

In an attempt to relate cis-chondriol (7) and cis-
rhodophytin (4), 7 was treated with methanesulfonyl-
chloride in pyridine. However, the mesylate could not be
isolated but instead the dehydration products 11 and 12
were obtained. Compound 12 is the dehydro analog of
isorhodophytin (13), which is produced when 4 is
exposed to unpurified carbon tetrachloride. Catalytic
hydrogenation of 12 and 13 again gave unresolvable
mixtures.

Ve _.Cl Cl
4
R o/ H o e
8r m Br
T Re=H 8
9 Re=Ac
J ..Cl l— ,-Cl
AcO o I o ‘/ﬁ
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Cis- and trans-Chondrin. Column chromatography
fractions which were eluted with 50% benzene-
petroleum ether contained the cis and trans double bond
isomers of a new vinyl acetylenc compound. HPLC
separation (u-porasil, 6% diethyl ether-petroleum ether)
gave pure samples of each isomer and were given the
name cis-chondrin (14) and trans-chondrin (15). The
'H NMR (Table 1) and *C NMR (Table 2) spectra of 14
and 1§ indicated that each contained a tetrasubstituted
double bond, two disubstituted double bonds and a ter-
minal acetylene function, in analogy with other com-
pounds of this class. The IR spectra of 14 and 15 were
devoid of OH or CO absorptions. Low resolution mass
spectral analysis suggested a molecular formula of
C1sH,7BrO; for each isomer. Treatment of cis-chondriol
(7) and trans-chondriol (8) with refluxing 10% methanolic
potassium hydroxide for 1hr gave 14 and 18, respec-
tively. Since the structure of cis-chondriol was
rigorously determined by X-ray methods,* the structures
of 14 and 15 are also secured.

Catalytic hydrogenation of 14 and 15 in the presence
of 10% Pd-C, anhydrous diethyl ether and a catalytic
amount of potassium tertiary butoxide gave the common
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octahydro derivative 16 (90% yield), as determined by 'H
and “C NMR analysis. Hydrogenation of 14, 15 or 16
under the above conditions in the absence of base gave a
new product, 17, in approximately 60% yield. Compound
17 is a result of hydrogenation, bromine hydrogenolysis
and vinyl ether hydrolysis, in analogy with the reactivity
of epoxyrhodophytin and cis and trans-rhodophytin. The
addition of base to these hydrogenations appears to
quench any HBr formed from hydrogenolysis, but in the
absence of base, HBr production may be auto-
catalytic. Hydrogenolysis followed by HBr production
seems to be an important factor in the incorporation of
oxygen into the final products. To investigate the pos-
sible mechanisms by which oxygen is incorporated dur-
ing hydrogenation, the chondrin isomers were studied.

Even though anhydrous solvents were used during
hydrogenation, it seemed likely that a lack of totally
anhydrous conditions might be the source of oxygen
incorporation. Therefore great care was exercised in
running a totally anhydrous and oxygen-free hydro-
genation. Commercial anhydrous ether was further dried
over LAH. The hydrogenation was conducted in a dry
box under an anhydrous nitrogen atmosphere. The
hydrogen used was of the extra dry quality (Mallinck-
rodt) and passed over anhydrous CaSO, before use.
Catalytic hydrogenation of 14 under these conditions
gave 17 as the only isolable product in 55% yield. The
same reaction was repeated using anhydrous pentane as
the solvent, but 17 was again the only product isolated.
The use of other catalysts was also investigated (pla-
tinum on carbon and ruthenium on carbon) with the same
result.

Since water had been rigorously excluded and net
incorporation of water observed, the possibility existed
that a decomposition reaction had taken place, perhaps
at the catalyst surface, which produced water. Decom-
position of the natural products to produce water would
account for the consistently low yields of these reac-
tions. In an effort to study the role of water in these
hydrogenations, H.'*0 (95% '*0) was added to the
hydrogenation reaction of 14 under H.'O anhydrous
conditions. The only isolable product was 17 in 69.5%
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yield. Mass spectral analysis of 17 and the LAH reduc-
tion product 18 failed to exhibit '*O incorporation. Since
these compounds have been shown to be ethers and not
peroxides, the oxygen incorporation during hydro-
genation appears to be due to disproportionation reac-
tions which do not involve the intermediacy of water.

EXPERIMENTAL

'H NMR spectra were recorded on a Varian HR-220 spec-
trometer, >)C NMR spectra were recorded on a Varian CFT-20
spectrometer, and IR spectra were recorded on a Perkin-Elmer
model 137 spectrophotometer. Low resolution mass spectra were
obtained on a Hewlett-Packard S930A mass spectrometer and
high resolution mass spectra were obtained through the Depart-
ment of Chemistry, UCLA.

Isolation of epoxyrhodophytin (1). Crude extract (30.0g)
obtained from the 1:1 CHCl;-MeOH extraction of 3kg fresh
Laurencia (Coyote Bay, Mexico), was applied to a column
containing 300 g of silica gel (Grace Chemical). The column was
eluted with a solvent gradient system from petroleum ether to
benzene to diethyl ether. Compound 1 was obtained in fractions
cluted with 50%. benzene-petroleum ether. Repeated silica gel
chromatography of these fractions gave pure samples of 1: High
resolution mass spectrum M* m/e 344.0180 for CisH;sBrClO:
(Calc. 344.0179); IR spectrum (CCL) y3300, 2950, 2120, 1650,
1450, 1380, 1200, 1100; UV (Ety0) Amex 223,230nm. Fraction
eluted with 20% benzene—petroleum ether also contained samples
of cis-rhodophytin (4).

Catalytic hydrogenation method. Between 20 and 200 mg of
each compound to be hydrogenated was dissolved in 30 mL of
anhyd diethyl ether and added to a SO0ml Erlenmeyer suction
flask containing a catalytic amount of 10% Pd-C (10mg) and a
magnetic stirring bar. The reaction vessel was fitted with a
balloon and septum, purged with hydrogen and the balloon filled.
After stirring at 25°, the hydrogen was removed, the soln filtered
and the ether evaporated to give, after thick-layer silica gel
chromatography (THLC), purified reaction products.

Catalytic Hydrogenation of 1. Catalytic of hydrogenation of 1
for 30 min gave the hexahydro derivative 2 in 90% yield after
THLC (10% diethyl ether-petroleum ether) purification. IR
spectrum (CHCl,:) 2950, 1650, 1470, 1440, 1390, 1320, 1290, 1270,
1240, 1190, 1160, 1000, 970cm™'. Mass spectrum: M* mje
350/352/354. Catalytic hydrogenation of 1 or 2 for 8 hr gave 3 in
20% isolated yield. 'H NMR (220 MHz, benzene-ds) 54.34 (2H,
m), 3.84 (1H, m), 3.36 (1H, m), 2.04 (1H, dd J = 16, 4), 0.87 (3H,
J=7, 075 3H, t I=7). *C NMR (20 MHz, benzene-d¢) ppm
13.7, 142, 17.1, 22.9, 25.7, 32.0, 34.9, 41.1, 45.2, 47.8, 60.0, 67.3,
70.1, 74.4, 207.0.

X-ray crystallographic analysis of 1. Preliminary X-ray pho-
tographs revealed that epoxyrhodophytin belonged to the
orthorhombic crystal class. Accurate diffractometer measured
cell constants were a=5.235(2), b=9.555(5) and ¢ = 32.210(15) A
in the unambigously determined space group P2,2,2,. A rough
density measurement suggested one molecule of C,sH;¢BrClO;
per asymmetric unit. All unique diffraction maxima with 26 <
114° were collected on a computer controlled four-circle diffrac-
tometer using graphite monochromated CukK, (1.54178 A) radia-
tion and a variable speed w-scan. Of the 1335 reflections sur-
veyed in this manner, 1194 (89%) were judged observed [Fo® =
30(Fo?)] after correction for Lorentz, polarization and back-
ground effects. The Patterson synthesis readily yielded a Br
position but the placement of the Br at 1/4, 0, 3/4 led to
pseudosymmetry problems. The Br only phased reflections of the
hkl type if h+k =2n and this C-centering generated additional
false symmetry elements. The situation was not helped when a
C1 position was deduced from the Patterson for the C1 sat at 0,
1/4, 1/2. Partial refinement of this model and careful inspection
of the resulting electron density syntheses eventually led to a
reasonable trial structure. Full matrix least-squares refinements
with anisotropic temp. factors for the non-H atoms, isotropic
temp. factors for hydrogens and anomalous scattering cor-
reactions for Br and Cl rapidly converged to the correct crystal-
lographic residual of 0.059. The enantiomeric structure refined to

TET Vol 3, No. 2—B

a significantly higher 0.065." A final difference synthesis showed
no large residual electron density and there were no abnormally
short intermolecular contacts. Further crystallographic details
can be found in the Supplementary Material described at the end
of this paper.

Collection, extraction and chromatographic separation. A
taxonomically undescribed Laurencia was collected in San Car-
los Bay (Guaymas, Mexico) in April of 1976.” The fresh algae
(2.5kg) were stored in methanol for two weeks then homo-
genized and extracted with chloroform—methanol (1:1) to yield a
dark green oil (20 g). The crude extract was applied to a column
containing 250g of silica gel (Grace Chemical, grade 62). The
column was eluted with a solvent gradient system of increasing
polarity from petroleum ether to benzene to diethyl ether.

cis-Rhodophytin (4) and trans-rhodophytin (5). Four fractions
which were eluted with 20% benzene-petroleum ether contained
a mixture of 4 and 5. Subjection of this mixture to repeated
HPLC (u-porasil, 0.25% diethyl ether-petroleum ether) gave
pure samples of 4 and § as clear mobile oils. For compound 4:
Mass spectrum M* mje 328/330/332; IR spectrum (film): 3300,
2950, 1650, 1450, 1420, 1240, 1170, 1100, 980 cm™*. For compound
§: Mass spectrum M* m/e 328/330/332; IR spectrum (CCL): 3300,
3950, 1650, 1450, 1380, 1200, 1100cm™". Catalytic hydrogenation
of 4 and § as previously described gave 6 in 40% isolated yield.
For compound 6: 'H NMR (220 MHz, benzene-ds) 63.66 (1H, bs),
1.91 (4H, 1), 1715, 1460, 1420, 1380, 1140 cm™'; mass spectrum:
M" mle 276/278.

cis-Chondriol (7) and trans-chondriol (8). Three column
chromatography fractions which were eluted with 70% benzene-
Petmleumetbercontainedamixttmof7and8asdetzminedby

H NMR analysis. Separation of this mixture by HPLC (u-
porasil, 6% diethy] ether-peteoleum ether) gave pure samples of
each isomer. For compound 7: Mass spectrum M* m/e
344/346/348; IR spectrum (CHCl,): 3500, 3300, 2950, 2121, 1650,
1450, 1420, 1220, 1090, 1040 CM~'. For compound 8: Mass spec-
trum M' mle 344/346/348; IR spectrum (CHCly): 3500, 3300,
2950, 2100, 1650, 1450, 1420, 1200, 1100, 1050cm ™.

Catalytic hydrogenation of cis-chondriol acetate (9). 50 mg of
9 was hydrogenated as described previously except 10mg of
t-BuOK was added to the mixture. THLC purification gave 10 in
80% isolated yield. For compound 10: IR spectrum (CHCL):
2950, 1740, 1650, 1210, 1160 cm™"; 'H NMR (220 MHz, CDCly) 8
6.72(1H,d J=5), 5.89 (1H, dd J =10, 5), 5.75 (1H, m), 4.75 (1H,
m), 3.89 (1H, m), 3.14 (1H, m), 2.05 (3H, s), 1.09 (3H,tJ =7), 0.89
(3H, t J=7); >C NMR (20 MHz, benzenc-ds) 5 147.7, 131.8,
~126.0, 114.8, 75.2, 69.9, 63.8, 33.7, 33.0, 32.1, 28.0, 26.0, 229,
14.2, 12.6 (15 of 17 bands were observed).

Treatment of 7 with methanesulfonylchloride. 100 mg of 8 was
dissolved in pyridine (Sml) and 1 equivalent methanesulfonyl-
chloride was added drop-wise with stirring. After 2 hr the mix-
ture had turned black and it was extracted with diethyl ether. The
cther was washed with 5% HCl (3x50ml) and distilled water
(2x50ml). The ether layer was dried (MgSO), evaporated and
purified by silica gel column chromatography to give 11 (20 mg)
and 12 (30 mg). For compound 11: 'H NMR (220 MHz, CDCl;) é
6.55 (1H, d J = 12), 6.11 (1H, ddd J =10, 8, 8), 5.68 (4H, m), 4.31
(1H, m), 3.98 (1H, m), 3.20 (1H, bs), 3.00 (1H, m), 1.66 (3H, m),
1.14 (3H, t J = 7). For compound 12: '"H NMR (220 MHz, CDCls)
6.68 (1H, d J = 10), 6.02 (2H, m), 5.55 (3H, m), 5.03 (1H, m), 3.92
(1H, ddd J =12, 4, 2), 3.16 (1H, s), 3.00 (2H, m), 2.68 (2H, m),
1.86 (3H, d J=7); *C NMR (20 MHz, acetone-dg) 141.1, 129.7
(20), 123.0, 125.8, 112.0, 111.8, 103.3, 84.5, 78.6, 59.8, 36.1, 35.3,
17.9 ppm.

cis-Chondrin (14) and trans-chondrin (15). Compounds 14 and
15 were isolated as a mixture from column chromatography (50%
benzene-petroleum cther clution) and were separated by HPLC
(s-porasil, 6% diethyl ether-petroleum ether). For compound 14:
IR spectrum (film) y3300, 2950, 1650, 1460, 1440, 1220, 1100,
1050, 960, 940, 860, 820cm'; mass spectrum M* mle
308/310/312. For compound 15: Mass spectrum M* mje
308/310/312.

Catalytic hydrogenation of 14 and 15. Catalytic hydrogenation
of 14 and 18 in the presence of t-BuOK for 8 hr gave the common
intermediate 16 which was isolated in 90% yield by silica gel
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THLC (10% diethyl ether-petroleum ether). For compound 16:
Mass spectrum M* mje 316/318/320; 'H NMR (220 MHz, ben-
zene-de) 8 4.77 (1H, bs), 3.84 (1H, m), 3.57 (1H, bs), 2.52 (2H, m),
1.05 3H, t, J = THz) -0.89 (3H, t, ] = 7Hz); ’C NMR (20 MHz,
benzene-d) 147.8s, 109.6s, 80.2d, 69.4d, 67.5d, 31.8t, 31.8¢, 28.8¢,
26.4t, 25.3t, 24.5t, 22.6t, 17.4¢t, 14.0q, 13.2q. When 14, 14 or 16
where hydrogenated in the absence of base, 17 was obtained in
60% yield after THLC purification (S0% diethyl ether-petroleum
ether). For compound 17: Mass spectrum m/e 185 (M*-C.H,0);
IR spectrum (film): y 3200, 2950, 1715, 1450, 1100, 1050,
940cm™'; '"H NMR (220 MHz, CDCl;) 8 3.86 (1H, dd, J =12,
3Hz), 3.50 (1H, m), 3.39 (1H, m), 2.55 2H, T, J=7), 0.94 (3H, t,
J=T7), 091 3H, t, J=7): "C NMR (20 MHz, ppm
209.3s, 83.3d, 81.2d, 73.7d, 39.8t, 32.8¢, 32.4¢, 28.2t, 26.0¢, 25.1t,
23.1t, 16.8t, 14.3q, 13.4q (only 14 C atoms observed).
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