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Our chemical studies of the marine red alga Lalvmcia 
(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 sesquiterpenoids2 and 
diterpenoids’ which have been important in understand- 
ing terpeooid biogenesis in this alga. In addition, we have 
been actively invest&ating several non-terpcnoid Ca 
acetylenecontaining compounds known to be charac- 
teristic components of many Luunncia specks. In this 
paper we wish to descrii in detail the stru&ures of five 
new halogenated vinyl acetylene compounds which are 
related to the previously described natural products, 
choodriol’ 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 chromatogaphy of the 
chloroform-methanol extracts of an undescrii 
Luumncia species collected at Coyote Bay, Baja Cali- 
fornia, Mexico (April, 1975).&’ The IR spectrum (thin 
tilm) of 1 showed absorptions attriik to a terminal 
acetylene function (3300 and 21OOcm-‘) and an intense 
hydroxyl absorption which spanned the spectrum from 
3800 to 3OOOcm-‘. When 1 was rigorously dried under 
high vacuum, and the IR spectrum recorded in CCL, 
solution, the OH absorptions diaeppcared, indicating 1 to 
be very hydroscopic. When placed in anhydrous etharml 
and stored at -20’. 1 crystal&d; m.p. 54-S“. High 
resolution mass spectral analysis of 1 indicated an ek- 
mental composition of GH&rClOz for the mokcular 
ion at mlc 334 (TPCl). 

The ‘H NMR spe&um of 1 (Table 1) presented signals 
which could be assigned to a cis cue-yne fun&on, an 
achlorine prom an a-ether protoo, two a-q&k 
protons and an isohtcd Et group. The ‘“C NMR spec- 
trum of 1 (Table 2) revealed that, in addition to the 
acetykne carbons (88.6d and 80.0s), two doubk bonds 
were also present in the molecule, one dis&stiMed 
(139.&I and 111.2d) and one tehasubstituted (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 S3.2d). 
Spectral comparisons of epoxyrbndophytin with the 
previously descrii vinyl acetyknes, rhodophytin and 
chondriol, served as a basis for the preliminary structure 
proposal of 1. 
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’ All spectra were rOcOrded at 220 CHZ in a14 solution, sxcspt whore noted. Chemical shifts are 
reported in PPM relative to Iws(O). 

b recorded in d6-benzene solution. 

’ Recorded in CDC13 solution. 

1 66.6 63.1 77.6 63.1 77.1 66.2 80.6 

2 60.0 60.1 62.1 60.3 62.5 60.0 61.7 

3 111.7 111.2 112.5 110.6 111.6 111.0 112.1 

4 139.6 140.6 141.1 140.9 141.0 139.6 140.0 

s 3s.o 34.4 37.0 34.3 36.6 32.6 3S.0 

6 77.5 76.3 76.0 73.6 73.1 61.1 77.1 

7 63.3 64.0 63.6 63.3 63.3 66.0 65.9 

6 32.8 32.9 32.6 32.9 32.6 23.1 23.0 

9 51.6 124.6 124.5 124.4 124.3 125.7 125.5 

10 53.2 130.9 130.9 134.7 134.6 125.7 125.6 

11 34.8 33.3 33.2 66.2 66.2 66.3 66.2 

12 147.3 149.2 149.1 150.6 150.6 145.0 145.5 

13 117.5 112.6 113.0 112.6 112.6 111.3 111.9 

14 27.4 27.7 27.7 26.0 26.1 26.6 26.5 

15 12.6 12.6 12.6 12.5 12.6 13.1 12.9 

*All spectra taken at 20 hliz in benzene-d, ud rqmrted in PPW relative 
to lI6 

b Assi6nments “em aided by off-nmmancs Qwuplin6 of each wqmmd 



CataJytk hyw of 1 over Pd-C for 3Omin in 
anhydrous diethyl ether gave the hexahydro derivative 2 
(9046 ykld). In compound 2, the vinyl acetykne function 
has been &urated. but the tetrasubstituted double bond 
was kft intact, as evidenced by ‘% NMR sin@& at 
147.8 and 116.5 ppm, JR absorption at 1650 cm-’ and UV 
absorption at A, (WI) m nm (E = 5700). When 1 or 2 
was subjected to the above conditions of catalytic 
hydrogenation for longer periods of time (8hr), a new 
product, 3, could be isolated in 20% yield. The ‘?I NMR 
spectrum of 3 showed the presemze of a CO group 
(207.0), two OH-bear@ carbons (74.4 and 70.1), a car- 
bon-bearing Cl (67.3). a carbon&earing Br (60.0), two Me 
grout (14.2 and 13.7ppm) and eight methykne groups. 
The HNMfqectrumof3alsosubstantiatedit.struc- 
ture. Compound 3 is a product of hydroge&on, epoxide 
hydrogenolysis and, presumably, vinyl ether hydrolysis. 
Since this hy-on was performed under anhy- 
drous conditions, the source of oxygen incorporation 
into3is~o~Thenactivitynotedhereisindirect 
analogy with the hywon 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 
(cakulated %C 52.12, %H 5.24). Purther, to provide 
stereochemical information and to confum the assignment 
of 1 as a vinyl ether, a single crystal X-ray diffraction 
experiment was performed and the proposed structure 
fully coni3rmed as shown in Fu. 1 (see Experimental for 
details). 

ltismmsgfeewellwlthgeaaanyacceptedvslucs. 

Based on the unexpected and facile oxygen incor- 
poration during catalytic hydrogenation, we felt it was 
important to reinvest@ate the suuctures of rbodophytin, 
chondriol and other enol ethers of this type. Fortui- 
tously, an undescribed I-Aurn& sp.,&’ collectedinSan 
Carlos Bay, Guaymas, Mexico, yielded both cis- and 
tturu-rhudophytin (4, S), ti- and fmas~hondriol (7,8)), 
and cis- and rma.rchondtin (14, Is) in amounts sutTkknt to 
allow the following studks. 

cis- und trans-tiphytin. Gpen column silica gel 
chroma@raphy of the chloroform-methanol extract of 
the fresh alga yielded a fractku (20% benz.enGpetrokum 

ether) which contained a mixture of the cis and tranr 
double bond isomers of rhodophytin. High pressure 
liquid chnwatolpaphy (HPLC) of this mixture or- 
poras& 0.25% diethyl ether+roleum ether) give cis- 
rhodophytin (4) as the less polar con&uent and tmas- 
rhodophytin (5) as the more polar con&rent in a 1:5 
ratio. The ‘H NMR (Table l), ‘C NMR (Tabk 2) and JR 
spectraof4indiWedittobeidentkalwiththecom- 
pound previously proposed to be a vinyl peroxide. 
Traar-rhodophytk (5) showed NMR characteristics 
(Tables 1 and 2) consistent with its assignment as the 
tmnc double bond isomer. The mass spectra of both 4 
and 5 showed the highest mass fragment at m/c 
328/3301332 for CI~H&CIO. 

6 

Catalytic hydrogen atom of 4 or 5 over Pd-C in anhyd- 
rous dkthyl ether pave 7chloro-&hydroxypentadecane- 
12-one (6) in approximately 40% yield. Sii two 0 atoms 
areclearlypresentin6,thequestionarisesastowhether 
two oxygen.9 are present iu the natural products, or if 
oxygen incorporation has taken place during hydro- 
genatkn, 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. Smce more of 
the tmns isomer was available, it was subjected to 
repeated HPLC (p-porasil, 0.25% diethyl ether- 
petroleum ether) until it appeared as a clear mobile oil 
andits’HNMR(22OMHx)iUustratednosignsofim- 
purities. Combustion analysis of 5 pave 54.55% C and 
5.89% H. CalcuWons for the vinyl ether formula 
(C,,HrcBrClO) pave 54.65% C and 5.50% H which is 
acceptable with the observed values. Therefore, tmns- 
rlmdophytin (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 co&ions of hydrogenation is unknown. 
Jnanefforttounderstandthisoxygenincorporatkn,we 
invest&a&d the &uchues and chemistries of other 
natural products related to rhcdophytin. 

cis and trans-chondnbl. column ;pbrgfW; 
fractionsehrtedwith70%~ 
tained cis-chomhkl(7) and tmas-chomtriol(8), and were 
further separated by HPLC (Ir-porasil, 6% diethyl ether- 
petroleum ether). The samples of &&mdriol isolated 
bere were found to be identical with that previously 
desc&al as determined by ‘H NMR (Table 1) and ‘“C 
NMR (Table 2). Compound 8 illustrated ‘H NMR bands 
for a tmnsdi-sub&iMed ole6n 16 5.48 dd (J = 15.2); 
6.14 ddd (J = 15,7,7)], which suggested it to be the C-3, 
C-4 doubk bond isomer of 7. Catalytic hyQosenation of 
7 and 8 under anhydrous conditions gave complex mix- 



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. Pulther hydroge&ion of 10 ill the absence of 
base again produced complex mixtures. 

In aa attempt to relate cischondriol (7) and cis- 
rhodophytio (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 obtain& Compound I2 is the dehydro analog of 
isorhodophytin (W), which is produced when 4 is 
exposed to unpurified carbon tetrachkMe. Catalytic 
hydTogtnation of l2 and W again gave unresolvable 
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Cis- und tram+Go&in. Column chromatography 
fractions which were eluted with 50% benxene- 
petroleum ether contained the cis and trans double bond 
isomers of a new vinyl acetylene compomxl. HPLC 
separation (JL-porasil, 6% diethyl ether-petroleum ether) 
gave pore samples of each isomer and were given the 
name cis-chondrin (14) and transchondrin (IS). The 
‘H NMR (Table 1) and “C NMR (Table 2) spectra of 14 
and 15 indicated that each contained a tetrasubstituted 
double boml, 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 
spectml analysis suggested a molecular formula of 
&H,,BG for each isomer. TreaWznt of cis+zhondriol 
(7) and rrfzf~chondriol(8) with refluxing 10% methaoolic 
potassium hydroxide for 1 hr gave 14 and 15, respec- 
tively. Since the structure of cis-cboodriol was 
rigorously determiA by X-ray methods,’ the structures 
of 14 and 15 are also secured. 

Catalytic hydroge&on 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 

octahrdro derivative 16 (9046 yield), as determined by ‘H 
and ’ C NMB analysis. Hydrogenation of 14, 15 or 16 
undertheaboveconditionsiotheabsenceofbasegavea 
new product, 17, in approximately 60% yield. Compound 
17 is a result of hydrogenation, bromine hydrogenolysis 
and vinyl ether hydrolysis, in analogy with the rea&ivity 
of epoxyrhodophytin and cis and true-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. HydrogcxAysis followed by HBr production 
seems to be an important factor in the iocorpomtion of 
oxygen into the final products. To investigate the pas- 
sible meAanisms 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 
h~0rporation. Therefore great care was exercised in 
running a totally anhydrous and oxygen-free hydro- 
genation. Commercial anhydrous ether was further dried 
over LAH. The hydroge&on was conducted in a dry 
box under an anhydrous &ogen atmosphere. The 
hydrogenusedwasoftheextradryqualityWllinck- 
rodt) and passed over anhydrous &SO4 before use. 
Catalytic hywn of 14 under these conditions 
gave 17 as the only isolable product in 55% yield. The 
SamelWU3iollwaSRpe&dU.GlgallllydrouSpentaneaS 
the solvent, but 17 was again the only product isolated. 
The use of other catalysts was also inve&ated (pla- 
tinum on carbon and ruthenium on carbon) with the same 
lZSUk 

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. Decor- 
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, Hz”0 (95% “0) was added to the 
hydrogenation reaction of 14 III&J Hz’60 anhydnwrs 
conditions. The only isolable product was 17 in 695% 
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yield. Mass spectral analysis of 17 and the LAH reduc- 
tion product 18 failed to exhii “0 incorporation. Since 
these compounds have been shown to be ethers and not 
peroxides, the oxygen incorporation during hydra 
genation appears to be due to dispropationation reac- 
tions which do not involve the intermediacy of water. 

-AL. 

‘H NMR spxtm were reconkd on a Variao HR-220 spec- 
trometer, “C NMR spectra were recorded on a Variao CFT-20 
spectrometer, aod IR spectra wctc recorded on a Perkio-Elmer 
model 137 -tometer. Low resoiutioo mass spectm were 
obtaioed on a Hewleti-Packard 593OA mass spectrometer sod 
high nsolutioo mass spectra were obtained through the Depart- 
meat of chemistry, UCLA. 

Jsolotion of cpoxydwdophytin (1). Crude extract (M.Og) 
ob&ined from the 1: 1 CHClrMeOH extmction of 3 kg fresh 
Lnwmcio (Coyote Bay, Mexico), was applied to a cdumo 
coo~~gofsilicagtl(Gracechemical).Thecolumnwas 
eluted with a solvent gradient system from petroleum etbcr to 
benzene to diethyl ether. Compound 1 was obtained io fractkms 
eluted with SO%.benzene-petroleum ethtr. -ted silica gel 
chromatography of these fractions gave pure samples of 1: High 
resolution mass spe&um K+ m/a 344.0180 for C&&CIOZ 
(Cak. 344.0179); iR spectrum (CCL) ~3300, 2950, 2120, 1650, 
14%. 1380. 1200. 1100: W (Et&) A,. 223230~~ Fraction 
elutei with’2096 lienzeobpctrdk&~e&~ako &otahd samples 
of cis-rhodophytio (4). 

Catalytic hydrogenation method. Between Xl and 2lHla of 
eachcornpoundtobehydroeenatedwasdissolvedia30mLof 
anhyd diethyl ether aod added to a 5Oml Erknmeyer soctioo 
flask cootaioio8 a catalytic amount of 1096 Pd-C (1Omg) and a 
magnetic stirring bar. The reaction vessel was titted witb a 
balloon and septum, purged with hydrogeo aad the balloon tilled. 
After stiniog at 25”. the hydrogeo was removed, the solo filtered 
and the ether evaporated to &e, after thick-layer silica gel 
chrometography (THLC), purified reaction products. 

m), 3.84 (lH, 6), 3.36 (lH, m),‘2.04 (lH,.dd J = 16,4), 0.87 (jH, i 

Catalytic Hydrogen&on of 1. Catalytic of hydrogenatkm of 1 

J =7), 0.75 (3H, t J =7). “C NhIR @MHz, benzene_d6) ppm 

for 3Omio gave the hexahydro derivative 2 in 90% ykld after 

13.7, 14.2, 17.1. 22.9, 25.7, 32.0, 34.9, 41.1, 45.2, 47.8, 60.0, 67.3, 
m.i,74.4,207.0. 

THLC (10% diethyl ether-petroleum ether) purification. IR 
spectrum (CHCI,:) 2950,1650,1470,1440,1390.1320,1290.1270, 
1240, 1190, 1160, loo0, 970 cm-‘. Mass spectrum: M+ m/c 
350/352/354. Catalytic hydrogen&on of 1 or i for 8 hr gave 3 in 
20% isolated vield. ‘H NMR (ZZOhiHz. beozem&) 64.34 (W. 

X-ray cryatallogmphic analysis of 1. Prelimimuy X-ray pb~+ 
togmphs reveakd that epoxyrhodophytio belonged to tbe 
horhombic crystal class. Accurate ditTr&ometa measured 
ten coostaots were . = 5.235(2), b = 9.555(5) sod c = 32.210(15) A 
in the uoambiiusly determined space group P2,2,2,. A rough 
deosity measurement suggested one molecuk of C1&Brc1@ 
per asymmetric unit. AU unique difTntc&m olaximawitb2es 
114” were c&c&d on a computer controlled foor&k di&ac- 
tometer using graphite mooochromated CUK. (1.~78 A) IUG 
tion and a variable speed a~)-szao. Of the 1335 retkctions sur- 
veyed in this mater, 1194 (89%) were judged observed [FUZZ 
3&G?] after correction for Lore&, polarizatioo and back- 
grotmd etTects. The Patterson synthesis readily yielded a Br 
positioo but the placement of tbe Br at l/4, 0. 3/4 kd to 
pseudosymmetry probkms. The Br only phased &&ions of the 
bkltypeifh+k=2oaodtbisCccoter&genzraMadd&mi 
fake symmetry ekmeots. ‘IRe situation was not helped wbeo a 
C1positioowasdeduccdfromthePattersoofortbeC1satat0, 
l/4.1/2. Partial refinement of this model sod careful inspe&m 
of the. resultiog electron density syntheses eventually kd to a 
reasonabk trial structure. Full matrix kast-squares refinements 
with anisotropic temp. factors for the mm-H atoms, isot.@c 
temp. facton for hydmgeos sod anomalous scat&r& cor- 
reactions for Brand Cl rapidly converged to t& cone& crystal- 
logmphic residual of 0.059. The enaotiomeric stnbctun re&d to 
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a si&kanUy higher 0.M5.‘” A final ditTerencc synthesis showed 
nokugeresidualckctnmdensityaDdtherewerewabaXmauy 
slmrt ioteImolecular cootacts. Puther crysMo@aphk details 
c.anbefoondintbeSupplementaryMaterialdescriiattbeend 
of this paper. 

CoIlection, extraction and chnnnatogmphic sepamtion. A 
taxowmicallyll&scriiLovrmciowascolkctediosaoCar- 
los Bay (Goaymas, Mexico) io April of 1976.’ The fresh a@ 
(2.5kg) were stored in methatml for two weeks tbeo horn* 
genixed and exbacted with chloroforawe&aool (1: 1) to ykld a 
darkgreenoil(#)g).Tbccndcextractwasappliedtoacohunn 
umtaiuio8 25O.g of silica gel (Grace Chemical, grade 62). The 
c&mm was eluted with a solvent gradient system of M 
polarity from petroleum ether to benzene to diethyl ether. 

cis-Rhodophyfin (4) and trmddophylln (5). Four fractkms 
which were eluted with 20% benzene&roleum ether coota&d 
amixhueof4aod5.Bubject.ionofthismixturetorepea&d 
HPLC (ct-poras& 0.25% dietbyl ether-petroleum etbe~) gave 
pUrCsamp~of4andSssclearmobileoils.Forcom~I: 
-tis q&rum M* m/e 328/33&/332; IR spe&on (fil.&: 3300, 
2950.1650.1450.1420.1240. urn. 1100.980cm-‘. Forcemoound 
5: Mass s&tr& M+ ‘m/c 3!!3&332;‘11 specbum (ccl& 3300, 
3950,1650,1450,1380,1#10,1100cm-’. Catalytic hydmgeMtioo 
ofIaadSaJprrviouslydeJcnbedgave6in4046isolattdyicld. 
For compound 6: ‘H NMR (220 MHz, benzen&) 83.66 (lH, ba), 
1.91 (4H, t), 1715, 1460, 1420, 1380, 114Ocm-‘; mass q&rum: 
K+ m/c 276/278. 

cis-Chond&l (7) and tmns-chond&l (8). lluee column 
chromatography fractkms wbicb were eluted with 70% bcnzcltb 
~kumetberamtainedamixtureof7aml8asdetetGnedby 
H NMR analysis. Spamtioo of this mixturr by HPLC @- 

porasil, 6% dietbyl etber-peteokum ether) gave pure sampks of 
each isomer. For compouod 7: Mass spectrum hi+ m/r 
344/346,‘348; IR w (CHCM: 3500.33tNl, 2950.2121. 1650. 
1450,1420,1220,~1090,1040Ch@. For compound 8: Mass spec- 
trmn M+ m/c 344/3&/a IR SDectrum (CHCM: 3500. 3300. 
2950,2100. i650,1&0, i4ti, 1200~1100,lO5i1cm-~: ’ . 

Catdytic hydmgmafioa of cis-chondriol acetate (9). 50 mg of 

Ll&O, 114.i. 75.2, 69.9, b3.8. 33.7, 33.0, 32.1, 28.0, 26.b, 22.9; 

9 was hydrogenated as desaii previously except lOm8 of 

14.2,12.6 (IS of 17 bands were observed). 

t-BuOK was added to the mixture. THLC purification gave 10 in 
8096 isolated yield. For compound 10: IR q&rum (CHQ): 
m, 1740, 1650, 1210, 116Ocm-‘; ‘H NMR (22OMHx, CDCb) 8 
6.72 (IH. d J = 5), 5.89 (lH, dd J = 10, s), 5.75 (IH. m), 4.75 (lH, 
m). 3.89 (lH, q ), 3.14 (1H. m), 205 (3H. s), 1.09 (3H, t J = 7), 0.89 
(3H. t J=7): “C NMR (#)MHx. m) 8 147.7. 131.8. 

TrcotmCnt Of7 with tdQRUUffO~~hfO~idc.~~Of 8 WB(I 
diswlved in pyridioe @ml) end 1 equivalent mahanesulfooyl- 
chloridewasaddeddropwisewithstiniog.After2hrtbemix- 
turehadtunedMackanditwasexbactedwitbdiethyletbez.Tbe 
ether was wasbrd with 5% HCI (3 X 50 ml) and distilled water 
(2 X 50 ml). The e&r layer was dried (MgSQ), evaporated and 
purifkd by silica gel c&mm chromatogmphy to give 11 @me) 
sod 12 (30 mg). For compound 11: ‘H NMR (220 MHZ. CDC&) 8 
6.55 (IH. d J = 12), 6.11 (lH, ddd J = 10,8,8), 5.68 (4H, q ), 4.31 
(lH, q ), 3.98 (IH, q ), 3.20 (lH, bs), 3.00 (lH, q ), 1.66 (3H, m), 
1.14 (3H, t J = 7). For compound u: ‘H NMR (220 MHz, CD&) 
6.68 (lH, d J = lo), 6.02 (W, q ), 5.55 (3H, m), 5.03 (1H. m), 3.92 
(lH, d&i J = 12, 4, 2), 3.16 (1H. s), 3.00 (2H. q ), 2.68 (W, m), 
1.86 (3H. d J -7); “C NMR @MHz. ace-) 141.1, 129.7 
(2C), 123.0, 125.8, 112.0, 111.8, 103.3, 84.5, 78.6, 59.8, 36.1. 35.3, 
17.9 ppm. 

cis-cAol&n (14) oad trans-chon&fn (Is). compounds 14 alld 
lSwereisoktedasamixturefromcolumochromatogmphy(5096 
vkum ether e&ion) aml were separated by HPLC 
&mrasil, 6% dktbyl ether-petroleum e&r). For ccmpo~I 14: 
IR spectrum (mm) y3300,295O,i650,i460,1440,1220,~im, 
1050, MO, 940. 860. 82Ocm-‘; mass spectNm M+ m/c 
3@/310/312. For compound IS: Mass spectrom W m/e 
308/310/312 

Catofytic hy&ogau& of 14 and l5. Catalytic hyw 
oflIandlSiathe~oft-BuGKfor8hrgavetbecommon 
in- 16 which was isolated in 9096 yield by silica gel 
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THLC (10% diethyl etbcr-9ctrokum etbcf). For compoud 14 
r&M IlpcdNm M+ m/c 316/318/320; ‘II NMR (22OMHz. bco- 
zme&) 6 4.77 (lH, bs), 3.84 (lH, ml, 3.37 (1H. bd, 2.52 (2H. 3. 
1.~(3H.tJo7Hz~-a89(3H.tJ=7Hz~:‘CNMR(ZDMHL 
baucn&) 147.8s, iO9.6a. iO.2i, b9.4d. 67:id, 31&t, 31it. Zast; 
x.4& 25.3& 24.5t. 22.& 17.45 14.h 13.2q. Wh 14 14 of 16 
wkehydm#amMillt&absenccofbasc,17ana~in 
6096yidd*THLCtlldhth(~diethyietba-9C4Nlk~ 
c&r). For compaud 17: Mass spaam m/r 185 w+-whOh 
JR apxtNm @al): 7 32m. 2950, 1713. 14M, 1100, ltw 
94Ocar’; ‘H NMR (220 MHz, CDChI d 3.86 (1H. dd J = 1% 
3 Hz). 350 (lH, ml. 3.39 (lH, ml, 255 @I, T, J -7). 0.94 (3H. f 
J=7). 091 (3H, t, J-7): “C NMR @MHz bau+=& ppm 
209.3s. 83.3d, 8t.2d. 73.74 39.8t, 32.k 32.41,28.2t,26.ot, 25.k 
23.lt, 16.81,14.~ 13.4s (only 14 c atoms observed). 

Ah~s-This nacarcll is a mult of tluanca support 
fmmtheNathd!kiwcFou&th,oceinoorspby~ 
uder~OCE7643824.NSPshipaqportfudirigof0RV 
DOLPHINaffordedaurcdk&nofvarioushzumwia~ 
t&n+outtbc~ofCdlifonliaTheiMtNmmltwppoltpro- 
vidalbytheNMRCenter.UCSD,wpportdbyanNIHGrant 
RRAtl6. is patefully rknowkdged. 
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