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Ahstraet-The structures and absolute configurations of three halogenated vinyl acetylenes which are natural 
products from the red alga Laurencia pinnatifida (Gmal. Lamour) are described. The structure of trans- 
pinnatifidenyne 2 was determined by spectral, chemical and X-ray diffraction analyses. The structure of cis- 
pinnatifidenyne 1 is based on spectral comparison and chemical interconversion with the trans-isomer 2. The 
structure of the acyclic trienyne 8 was secured as: (6R;IR)-3-cis,9-cis,l2-ci~,6-acetoxy,?-chloropentadeca-3,9,12- 
trien-1-yne by synthesis from cis-pinnatifidenyne 1. The reactivity of these compounds to various conditions of 
catalytic hydrogenation has been examined in detail. 

Our chemical studies on the marine 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 sesquiterpenoids’ which have been im- 
portant in understanding terpenoid biogenesis in this 
alga. 

Of the large number of metabolites isolated from algae 
of the Laurencia genus, most are halogenated sesqui- 
terpenes3 but a smaller group consists of halogenated 
cyclic ethers characterized by a straight-chain Cl5 carbon 
skeleton and a terminal enyne function.4 The latter 
appear to be restricted to Laurencia, related compounds 
found in Aplysia’ (opisthobrach molluscs) probably hav- 
ing a dietary origin in Laurencia. 

In the present work we describe, among others, the 
isolation from L.. pinnatifida (Gmal.) Lamour of two new 
Cl5 halogenated acetylenic cyclic ethers, designated as 
cis-pinnatifidenyne and trans-pinnatifidenyne for which 
we propose formulae 1 and 2. 

Cis-Pinnatijfdenyne 1, m.p. 47.5-4&W, {a}g + 39 (c, 
13.8CHC13) was obtained in high yield (0.05% dry 
weight) by column chromatography of an ether extract of 
the alga. Purified, neat samples of 1 deteriorated slowly 
at room temperature and hence no combustion analysis 
was obtained. The high resolution mass spectrum of 

cis-pinnattidenyne indicated an elemental composition 
of Ct5H,&CI0. The presence of a conjugated terminal 
enyne group similar to that present in laureatin, a related 
compound, was indicated by IR(KBr) absorption 3300 
and 21OOcm-’ and UV absorption at Amax (EtOH) 
222.6 nm (Q = 13.200). The ‘H-NMR spectrum of 1 (Table 
2) presented signaIs which could be assigned to a cis- 
enyne function, two non-conjugated olefinic protons, two 
a-ether protons and two a-halogen protons. The 13C- 
NMR spectrum of 1 (Table 1) revealed that, in addition 
to the acetylene carbons, two disubstituted double bonds 
were also present in the molecule. 

Trans-PinnatijEdenyne 2, m.p. 57-58’, {a}g + 62 (c, 8.9, 
CHCI,), was isolated by chromatography as a more polar 
constituent (0.025% dry weight). Mass spectral analysis 
established that this new halogenated ether has the same 
elemental composition CIJH&rCIO as cis-pin- 
natifidenyne 1; indeed, the fragmentation patterns of 1 
and 2 were virtually identical. The presence in 2 of a 
terminal acetylene group conjugated with a double bond 
was indicated by IR (3300,2115 cm-‘) and UV data (I\,,,oX 
224 nm, shoulder 232 nm; e 16.400, 11.000). The larger 
extinction coefficient in the UV spectrum of 2 relative to 
that of 1 suggested the trans geometry for the double 
bond of the enyne group. Comparison of the 13C- and 
‘H-NMR spectra of 1 and 2 revealed great similarity in 
structure between the two compounds and at the same 
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Table 1. “C-NMR assignments for cis- and frans-pinnatifidenyne and related”.’ 

Compound C-l c-2 c-3 C-4 C-S C-6 c-7 C-S c-9 c-10 c-11 c-12 c-13 c-14 c-15 

L 82.6 80.0 111.1 140.6 35.0 79.9 64.8 34.4 128.8 130.9 30.2 83.4 61.0 27.1 12.8 

2 76.9 n/o 112.1 141.3 37.7 79.5 64.5 34.3 128.8 130.9 30.5 83.3 61.0 27.4 12.8 

? 14.0 22.6 31.9 25.9 34.0 82.6 62.1 31.2 25.1 23.9 30.6 92.6 61.1 26.8 12.6 

4 82.9 79.8 " 111.7 140.0 35.0 81.3 59.8 34.5 52.8 52.5 32.2 81.7 60.3 26.8 12.7 

!. 76.9 n/o 112.1 141.5 37.6 81.4 60.1 34.6 52.7 52.5 32.4 81.9 60.4 26.8 12.8 

L 14.0 22.5 31.9 25.5 34.3 81.7 60.1 34.6 53.0 52.7 32.0 82.2 60.5 26.6 12.8 

= All spectra taken at 20 MHZ in ~1~ soln. and reported in PPM downfield from TM. 

b 
Assignments were aided by off-resonance decoupling of each canpound and direct analysis of 

non-protonated carbon centres. 

n/o : not observed. 

time confirmed that the enyne double bond of 1 is cis stereoscopic drawing of the molecule in which the ab- 
and of 2 is truns (see Tables). solute configuration is represented. 

Catalytic hydrogenation of 1 afforded an oily octa- 
hydro derivative 3 (C,sH28BrCIO), which is identical, 
included the optical rotation, with that obtained from 2. 
This confirmed that both compounds are identical with 
respect to carbon skeleton, size and location of the ether 
ring, type halogen substitution and stereochemistry of all 
substituents. The complete structure and absolute config- 
uration of truns-pinnatifidenyne were determined by 
single crystal X-ray diffraction. A suitable single crystal 
was obtained by recrystallization from a hexane-ether 
mixture. Compound 2 crystallized in the triclinic space 
group Pl with a = 5.454(4), b = 8.882(7), c = 10.072(7)1(, a 
= 105.97(6), fi = 68.86(6) and y = 75.64(7)0 and one mole- 

cule of C,511,0BrCI0 per unit cell. The structure was 
solved routinely by the heavy atom method using the 
1010 (85%) unique observed (Fo2 B 3u(Fo2)) reflections. 
The current residual is 0.084 for the structure and 
significantly higher for the enantionerP Figure 1 is a 

The identical location of the endocyclic double-bond in 
both isomers was established by selective epoxidation of 
1 (or 2) to give the epoxiderivative 4 (or 5) which was 
hydrogenated to give the hexahydroderivative 6. 

Detailed spectral comparison of cis- and trans-pin- 
natifidenyne and derivatives with the previously des- 
cribed vinyl acetylenes: rhodophytin, chondrioi and 
related natural compounds7 serve as a basis for the 

Fig. 1. A computer generated perspective drawing of the X-ray model of fmns-pinnatilidenyne (2). 
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2 R=/i\ 
\\’ 

2 R=+/* 

6 R=C5 H1l 

structural proposal of 1 and 2 and the spectroscopic 13C- 
and ‘H-NMR assignments (Tables 1 and 2). 

In addition several more polar halogenated compounds 
were identified in subsequent fractions of the lipid 
extract. From the hexaneethyl acetate (5: 1) eluent was 
isolated the chlorinated alcohol 8, as a light mobile oil, 
{a}‘6 t 4.5 (c, 11.0; CHCI,) in 0.0012% yield. Mass spectral 
analysis established the molecular formula C1,HZ&102. 
The IR absorption of 8 showed the terminal acetylene 
(3300 cm-‘), ester group (1720 cm-‘), and multiple double 
bonds (3030 and 164Ocm-‘). The UV absorption A,., 
(EtOH) 224nm (c 13.100) indicate the presence of a 
conjugated cis-enyne group similar to that present in 
cis-pinnatifidenyne 1. The ‘H-NMR and “C-NMR spec- 
tral of 8 presented signals which could be assigned to 
one terminal acetylene group and three disubstituted 
double bonds. Treatment of compound 8 with K&O3 in 
MeOH at 0” gave a mixture of the alcohol 9 and the 
epoxide 12. Further treatment of 9 with K2COS-MeOH 
at room temp gave 12 as the only product. The 8 +9+ 10 
transformation shows a uic 0 and Cl orientation. 

In order to correlate chemically compound 8 with 
cis-pinnatifidenyne 1, this compound was treated with 
Zn-AcOH-EtOH under different reaction conditions. 
Contrarily to reports of similar cases,8 apart from the 
expected heterocyclic ring opening, partial hydro- 
genation of the acetylenic system also took place, the 
only isolable product obtained being the tetraolefinic 
derivative cis,cis,cis - 6R - hydroxy - 7R - chloro - 
pentadeca 1,3,9,12 - tetraene 13. So as to protect the 
terminal acetylene, the trimethylsilyl derivative of 1, 

Br 

7 

compound 7, was prepared, by treatment .of 1 with 
n-BuMgBr-ClSi(CH,), in dry THF. Compound 7 was 
treated with Zn-AcOH-EtOH at room temp to give the 1 
- trimethylsilyl derivative of cis,cis,cis - 6R - hydroxy - 
7R - chloro - pentadeca - 3,9,12 - trien - 1 - yne 10, which 
was acetylated with AczO-py at room temp to give the 
acetate 11. By treatment with sodium fluoride (in DMF, 
40”, 4 hr?” compound 11 was readily converted into 
compound 8 in 94% yield, which was shown to be 
identical in all respects, included optical rotation, with 
the natural product. Hence compound 8 is (6R,7R) - 3 - 
cis9 - cisJ2 - cis - 6 - acetoxy - 7 - chloro - pentadeca - 
3,9,12 - trien - 1 - yne. 

EXPERIMENTAL 

M.ps were determined on a Kofler block and are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer Model 237 
spectrophotometer and ultraviolet spectra recorded on a Perkin- 
Elmer Model 137 or a Unicam SP 800. Optical rotations were 
determined for solutions in chloroform with a Perkin-Elmer 141 
polarimeter. ‘H-NMR spectra were recorded on Perkin-Elmer 
R-12B (60 MHz) or R-32 (90 MHz) spectrometers, chemical shifts 
arc reported relative to MelSi (SO) and coupling constants are 
given in hertz; Q1/2 refers to the width of a band at half height. 
%-NMR spectra were recorded on a Varian CFT-20 spec- 
trometer. Low-resolution mass spectra were obtained from a 
Hewlett-Packard 5930-A mass spectrometer and high-resolution 
from a VG-Micromass ZAB-2F. Column and dry column 
chromatography were performed on silica gel 0.2-0.5 and O.OOS- 
0.2 mm, respectively, and TLC and PLC on silica gel 6, all Merck 
products. TIC pahates were developed by spraying with 6N- 
sulphuric acid and heating. All solvents were purified by standard 
techniques. Anhydrous sodium sulphate was used for drying 
solutions. 

Collection and isolation. Lmrencia pinnatifida was collected 
in April-May 1977, by hand, using SCUBA (- 2 to - 10 m) near 
Los Cristianos, Tenerife. Air dried seaweed (8.5 kg) was extrac- 
ted with MeOH and the MeOH soln was coned in uacuo. The 
residue was percolated with ether and the ethereal soln washed 
with water. After evaporation of the solvent, a pale yellow oil 
(9Og) was obtained and chromatographed on Florisil (ISOOg). 
One-litre fractions were collected employing the following elu- 
tion scheme: hexane, fraction l-10; benzene/hexane (l/l), frac- 
tions 11-14; benzene, fractions 15-24; ethyl acetate, fractions 
25-32. Fractions exhibiting similar tic profiles were combined. A 
portion (3.4~) of combined fractions g-19 (32 g) was chromato- 

\ 
RI 

2 Rj=H R2=Ac 

g Rl=H R2=H 

l,O R1=Si(CH3)3 Rz=H 

12 R,=Si (CH3) 3 R2= AC 

Cl OH 

13 



Non-terpenoid C-15 metabolites from the red seaweed Laurencia pinnaf$da 1013 

graphed on 60g of silica gel H using n-hexanecthyl acetate 
(95: 5) as solvent and collecting 20-ml fractions. cisPin- 
natilidenyne (425 mg) crystallized from the material obtained in 
fractions 12-22 (620 mu). Fractions 27-32 yielded frans-pin- 
natilidenyne (118 mg). After 40 fractions had been collected, two 
250-ml fractions were collected using n-hexane-ethyl acetate 
(5: 1) and this yielded 11 mg of compound 8. All attempts to 
crystallize compound 8 were unsuccessful. 

cis-Pinnatifideayne 1 was recrystallized from n-hexane: m.p. 
47.5-48.5”. {o}g t 39 (c, 13.8; CHCls); IR (KBr) 3300, 3040,2100, 
1450, 1380, 1320, 1300, 1100,970, 800 and 74Ocm-‘. Anal. Calc. 
for C15HsaBrC10: mol wt calculated for C’sH~rsB?5C10, 
330.0921. Found (high resolution mass spectrum appeared at m/e 
295,297 (M-Cl); 265,267,269 (M+-CsHJ); 251,253 (I@-Br) and 
209,211 (M+-CsHsBr). 

Trans-Pinnofijidenyne 2 was crystallized from n-hexane: 
m.p. 57-58”C, {o}: + 62 (c, 8.9, CHCls); IR (KBr) 3300, 3050, 
2100, 1460, 1420, 1200, 1100 and 105Ocm-‘. Recrystallization 
from an ether/hexane mixture yielded large, colourless crystals 
which were utiliid for X-ray crystallographic analysis. The 
molecular ion was extremely weak but could be detected by 
chemical ionization. Mass spectrometry with ammonia as the 
carrier aas led to an unambiguous molecular weight of 330, 332, 
334, while mass spectrometry under all other conditions had 
furnished onlv M+-Br. Anal. Calc. for ClcH&rCIO: mol wt ._ __ 
calculated for C’JHW35Cl~Br0, 330.0921. Found: mol wt 
330.0921. Signiticant peaks in the mass spectrum appeared at m/e 
265, 267, 269 (M+-CsHs); 251, 253 (M+-Br), and 209, 211 (M+- 
C&JW. 

(6R,7R) - 3 - cis9 - cis,l2 - cis,6 - acetoxy.7 - chloro - 
pentadeca - 39.12 - trien - 1 - yne 8 was isolated as an oil, 
{a}gt4.54 (c, 11.0; CHCls); IR (film) 3300, 2990, 2955, 2920, 
2870, 1730, 1430, 1370, 1220, 1030 and %Ocm-,; UV (EtOH) 
224 nm (e = 13100). ‘H-NMR (90 MHz, CC&, g-scale) 0.97 (3 H, t, 
J = 8 Hi), 2.01 (2 H, m), 2.06 (3 H, s), 2.50 (2 H, m), 2.73 (4 H, M), 
3.08 (1 H, d, J = 2 Hz), 3.90 (1 H, m), 5.08 (1 H, m). 5.37 (4 H, m), 
5.55 (1 H, dd, J = 2 and 8 Hz), and 5.95 (1 H, dt, J = 7 and 8 Hz). 
“C-NMR (20MHz, CDC13) 14.2 (q). 20.6 (q). 20.9 (t), 25.8 (t), 
32.3 It). 32.5 It). 75.45 (d). 78.64 Id). 81.77 (s). 83.74 (d). 111.8 (d), ~~ , II . ,, ,, . ,_ 

124.6 (d), 126.5 (d), 131.7 (d), 132.4 (d), 138.9 (d). Mass spectrum: 
M+ m/e 296, 294 (C’~H&IOZ). Further peaks at m/e: 201, 199 
(C’OHIZC~W; 199 GsH19), 193 GzH17W; 171, 169 (GohrCk 

151 ((C’dW), 129 (Cd9) and 108 GHd. 

Cafulytic hydrogenation method Between lO-1oOmg of each 
compound to be hydrogenated was dissolved in 30 ml of anhyd 
diethyl ether and added to a 50ml Erlenmeyer suction flask 
containing a catalytic amount of 10% PI-C (10 mg) and a mag- 
netic stirrina bar. The reaction vessel was fitted with a balloon 
and septum: purged with hydrogen and the balloon filled. After 
stirring at 259”. the hydrogen was removed , the soln filtered and 
the ether evaporated to give, after thick-layer silica gel chroma- 
tography (plc), purified reaction products. 

Octahydropinnatilfdenyne 3. (A) From cis-pinnatijdenyne 1. 
Catalytic hydrogenation of 1 for 1.5 h gave the octahydro deriva- 
tive 3 in 97% yield after plc (10% diethyl ether-n-hexane) 
nurification: oil, {a), t 4.2 (c, 5.5, CHCl,); IR (CHC13) 3000,2960, 
2860, 1450, 1415, 

_- 
1345, 1310 and 1070cm-‘. ‘H-NMR @MHz, 

CDCL) SO.95 Ibs. 3 H). 1.05 (3 H. t. J = 7 Hz), 3.70 (2 H, m), 3.95 
(lH, m), 4.29 (1 H, dt;.J = 9 Hz).‘Mass spectrum M’ at mle 342, 
340, 338 (ClsHssBrCIO); 262, 260 (MC-Br); 261, 259 (M+-HBr); 
219,217 (M+-C3He.Br). Anal. Calc. for C,5HrsBrCIO: C, 52.87: H, 
8.58; Br, 23.45; Cl, 10.40. Found: C, 53.12; H, 8.42; Br, 23.31; Cl, 
10.51. 

(B) From trans-pinnotijdenyne 2. Hydrogenation of 2 for 2 hr 
in the same manner as described above for 1 gave in 92% yield 
after plc purification the octahydro derivative 3: oil, {a)n + 4.5 (c, 
2.32, CHCI,). IR, NMR and MS same as described in (A) above. 

Cis-Pinnatijidenyne-8,9-epoxide 4. m-Chloroperbenzoic acid 
(190 mg) in dry benzene (10 ml) was added dropwise to a soln of 
cis-pinnatitidenyne 1 (300mg) in benzene (lOm1) with stirring. 
After 2 hr, calcium hydroxide was added to remove the excess of 
peracid; the soln was then filtered and evaporated. The 
residue obtained was applied to one large preparative plate and 

this was eluted four times with light petroleum-ether (20: 1). The 
major band afforded cis-pinnatilIdenyne-8,9-epoxide 4 (190 mg, 
63%): oil, (a}fi t 45.2 (c, 12.3, CHCI,); IR (Mm) 3280,2950,2120, ._ 
165~,1450,1380, 1200 and 1100 cmei. ‘H-NMR (60 MHz, CDCI3) 
61.03 (3H. t. J = 7.2 Hz). 3.2 (1 H. d. J = 2 Hz). 3.8 (4 H, M), 5.61 
(lH, h -of bd, J = 10.7’ and‘2 Hz); 6.07 (1 H, dt,. J = 10.7 and 
7 Hz). Mass spectrum M+-C$Hs); 269,267 (M+-Br). 

trans-Pinnatijidenyne-8,9-cpoxide 5. Treatment of trons-pin- 
natifidenyne 2 (120mg) in dry benzene (lOm1) with mchloro- 
perbenzoic acid (100 mg) in benzene (10 ml) in the same manner 
as described above for 1 gave, after plc purification, frans- 
pinnatiftdenyne-8.9-epoxide 3 (67 mg, 56%):. oil, {& + 87 (c, 
11.8, CHCI,). IR (film) 3290, 2930, 1450, 1380, 1070, 960 and 
BOOcm-‘. ‘H-NMR (68 MHz, Ccl.,) 81.07 (3 H, 1, J = 7.2 Hz), 2.83 
(1 H, d, J = 1.7 Hz), 3.85 (1 H, m), 5.59 (1 H, d of dd, J = 16.3 and 
1.7 Hz). 6.16 11 H. dt. J = 16.3 and 7 Hz). Mass spectrum M+ at 
m/e 35f’, 348,346(C,~H,OBrCI0~); 285,283,281 (M-&H,); 269, 
267 (IW-Br). 

Hexahydropinnotijdenyne-8,9-epoxide 6. (A) From cis-pin- 
notijidenyne-8,9-epoxide 4. Catalytic hydrogenation of 4 over 
PtOa in ethyl acetate for 30 min gave the hexahydro derivative 6 
in 87% yield after plc (10% diethyl ether-n-hexane) purification: 
colourless oil, {o}g+22.3 (c, 11.8, CHC13). IR (CHC13) 2950, 
1650, 1465, 1435, 1390,1290, 1270, 1240, 1190, 1160 and 970 cm-‘. 
Mass spectrum M+ at m/e 356, 354, 352 (CIJH~BrClsOs); 285, 
283,281 (M+-CsH,,); 240,238,236 (M+-C7H,,0). 

(b) From trans-pinnatifidenyne-8,9-epoxide5. Hydrogenationof 
5 for 30 min in the same manner as described above for 4 gave in 
82% yield after plc the hexahydro derivative 6, colourless oil, 
{a): t 19.8 (c, 1.13, CHCls). IR, NMR and MS same as described 
in (A) above. 

?r&fmenf of (6R,7R) - 3,3 - cis.9 - cis,l2 - cis - 6 - ncetoxy - 7 - 
chloro - oentadeca - 3.9.12 - trien - 1 - vne 8 with K*CO+ 
Potassium carbonate (108 mg) was added to a-magnetically s&red 
soln of compound 8 (45 mg, 0.15 mmol) in 30 ml of MeOH. After 
2 hr at room temp, 50 ml of diethyl ether was added and the 
supernatant decanted from the solid. The solid residue was 
washed thoroughly 3 times with B&ml portions of ether. The 
combined organic solution was passed through a short pad of 
Florisil and the solvent was removed by distillation. The residue 
was applied to one preparative plate and this was eluted 3 times 
with liaht oetroleum-ether (20: 1). The less polar band offered the 
epoxide li, as a colourless oil (25 mg). IR (Mm) 3290,3000,2950, 
2920, 2880, 1715, 1450, 1450, 1575, 1260, 1110 and 96Ocm-‘. 
‘H-NMR (90 MHz, CDC13) 0.97 (3H, t, J = 7.5 Hz), 2.08 (2 H, m), 
2.40 (2 H, m), 2.62 (2 H, m). 2.82 (2 H, m), 3.00 (2 H, m), 3.15 (1 H, 
d. J = 2 Hz). 5.44 (4 H. m). 5.73 (1 H. dd. J = 7 and 2 Hz), 6.11 
(l H, dt, J’=7 and 6Hz). Mass spectrum M+ at di 216 
(C’JHZOO)~ 198 (GsH,s), 151 (W-W), 133 (Gd113). 

The second band offered the alcohol 9 as an oil (11 mg): IR 
(film) 3440, 3290, 3010, 2%0, 2920, 2870, 1430, 1380, 1260, 1090 
and %5 cm-‘. ‘H-NMR spectrum (90 MHz, CDC13): 60.97 (3H, t, 
J = 7.5 Hz), 2.06 (2 H, m), 2.44 (2 H, m). 2.66 (2 H, m). 2.82 (2 H, 
m). 3.14 (1 H, d, J = 2 Hz), 3.86 (1 H, m), 3.92 (1 H, m), 5.42 (4 H, 
m), 5.64 (1 H, dd, J = 7 and 2 Hz), 6.16 (1 H, dt, J = 7 and 6 Hz). 
Mass spectrum M+ at m/e 254,252 (ClJH2,C10), 217 (CIJH2,0), 
199 (ClsH19), 189, 187 (C,&I,,ClO), 171, 169 (ClaHH14Cl), 159, 157 
(CsJ&4Cl), l5l (C,oI-W), 145, 143 (C7HsClO), 133 (C1oH13). 129 
(CIOH~), 109 (C&3). 95 (C6H70), 65 (CsHs). 

When the reaction was run at o”, the alcohol 9, was the only 
compound isolated (92%). When the reaction was left at room 
temp overnight the epoxide 12 was isolated in 97% yield. 

Treatmenf of cis-pinnat$denyne 1 with Zn-AcOH-EtOH. A 
soln of cis-pinnatihdenyne 1. (315 mg, 0.95mmol) in EtON 
(10 ml)-AcOH (5 ml) was stirred while Zn dust (100 ma) was 
added portionwise during 15 min. The reaction mixture was kept 
at room temp for 2 hr. The Zn was filtered off and the filtrate was 
worked up in the normal way to yield a residue (215mg) which was 
dissolved in n-hexane and chromatographed on a silica gel (40 g) 
column. Compound 13 was eluted with n-hexane+thyl acetate 
(9: 1) as a colourless oil (159mg, 50.4%). IR (film) 3420, 3020, 
2970,2940,1650,1600,1440,1380,1315,1280,1080,1005,975 and 
915cm-‘. UV A, (EtOH) 234nm (e = 13300). ‘H-NMR 
(90 MHz, CC&) SO.97 (3 H, t, J = 7.2 Hz), 2.08 (2 H, m), 2.64 (6 H, 
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m), 3.77 (2 H, m), 5.35 (7 H, m), 6.05 (1 H, t, J = 7 Hz), 6.62 (1 H, 
dt, J=7 and 6Hz). Mass spectrum M+ at m/e 256, 254 
(C,~HrsC10)r 219 (C,sHzsG), 201 (CdW. 

Trearmenf of cis-pinnarilfdenyne 1 with CISi(CHs)s. A soln of 
cis-oinoatifidenvne 1 (783 mp;, 2.36 mmol) in dry THF (5 ml) 
under nitrogen at 0”‘ was -stirred while n-butyl-magnesium 
bromide (779 mg, 4.72 mmol) in 10 ml of THF was slowly added. 
The addition took 30 min at 0”. Subsequently, stirring was con- 
tinued for 15 min. Then 518mg (472 mmol) of _ trimethyl- 
chlorosilane dissolved in 25 ml of drv THF was added in 15 min 
at 0” and stirring was continued for 30 min. The reaction mixture 
was poured into a concentrated aqueous soln of ammonium 
chloride. After work-up and chromatography on silica gel (50 mg) 
769 mg of the I-trimethylsilyl derivative of cis-pinnatifidenyne 7 
(80%) were isolated as a colourless oil: IR (film) 3020,2945,2145, 
1450, 1385, 1255, 1090, 1055, 1020 and 850cm-‘. ‘H-NMR 
(60 MHz, CCL,) SO.17 (9 H, s), 1.06 (3 H, t, J = 7.2 Hz), 1.90 (2 H, 
m). 2.55 (6 H. m). 3.50 (2 H. m). 3.88 (2 H. m). 5.80 (4 H. m). Mass 
spectrum: M+ at mle.406; 4(i4, 402 (CrsHzsBrCIGSij; 325, 323 
(CtsH&SOSi); 269, 267, 265 (C,&sBrCIO); 187, 185 
(C,,H,,CIO); 145, 143 @&H&IO); 107 (C,H,O); 91 (C,H,); 73 
(CIHQSI). 

Treatment of 7 with Zn-AcON-EtOH. A soln of 7 (454mg. 
1.125 mmole) in EtOH (10 ml)_AcOH (5 ml) was stirred while Zn 
dust (120 mg) was added portionwise during 20 min. The reaction 
mixture was stirred at room temp overnight. The ZN 
was filtered off and the filtrate was added to a soln 
of NaHCOsaq and the whole extracted with ether. The 
ether soln was washed with 2N NaOH and water, dried over 
NazSO, and the solvent evaporated. The crude product 
(362mg) was chromatographed using benzene-CHCls (I:l) as 
eluent to give the I-triemethylsilyl derivative of cis,cis,cis - 6R - 
hvdroxv - 7R - chloro-oentadeca - 3,9,12 - trien - 1 - yne, 
compound 10, as an oil (264 mg, 0.81 mmole, 72%): IR (film) 3430, 
3015, 2960, 2155, 1710, 1440, 1345, 1255, 1050,970,845,755 and 
705 cm-‘. ‘H-NMR (60 MHz, CC&): 8 0.22 (9 H, s), O.% (3 H, t, 
J = 7.5 Hz), 2.03 (2 H, m), 2.52 (4 H, m), 2.73 (2 H, m), 3.76 (1 H, 
ml. 3.86 (1 H. ml. 5.46 (4H. m). 5.61 (1 H. dd, J=7 and 2Hz). 
6.bj (lH,‘dt, J = 7 and 6 Hz): Mass spectrum: M’ at m/e 326,324 
(C,sH&IOSi); 289 (C,,H,OSi); 271 (CtsHsrOSi); 271 (C,sH,Si); 
271 (t&H&); 253, 251 (CtJHzaCIO); 197 (CtsHtr); 73 (CsH&). 

Acetate 11, from Ac@Py at room temp overnight, colourless 
oil, IR (film) 3005, 2950, 2145, 1740, 1435, 1375, 1225, 1035,970, 
850, 765 and 705 cm-‘. ‘H-NMR (60 MHz, Ccl,): 60.17 (9 H, s), 
0.95 (3 H, t, J = 7.2 Hz), 2.01 (2 H, m), 2.06 (3 H, s), 2.48 (2 H, m), 
2.60 (2H, m), 2.72 (2H, m), 3.90 (IH, m), 5.11 (IH, m), 5.45 
(4 H, m), 5.56 (1 H, dd, J = 7.5 AND 2 Hz), 5.76 (1 H, dt, J = 6 and 
7 Hz). Mass spectrum, m/e 308,306 (CtsHnCISi); 271 (CtsHzrSi); 
197 @&His); 171, 169 (ClOHt.&I); 73 (CsH&). 

Treatment of 11 with NaF in aqDMF. To a soln of the 
silylated trienyne 11 (65 mg, 0.18 mmole) in DMF (50 ml) was 
added excess of NaF in water. The reaction mixture was kept for 
4 hr at 40”. After work-up with water and n-hexane the crude 
reaction product (58 mg) was chromatographed using benzene- 
CHCls (5: 1) as eluent to give 44 mg (0.15 mmole (94%) of: 
(6R,7R) - 3 - cis,9 - cisJ2 - cis,6 - acetoxy - 7 - chloro - pentadeca 
: 3,9,12 - trien - 1 - yne 8 as a colourless oil, {a}o+4.2 (c, 1.18, 
CHCII). The nhvsical and snectrocooic data (tic, ale, IR, PMR, 
MS) was identical with those obtained from the n&rally occur- 
ring compound. 
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