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LAURENCENYNE, A PLAUSIBLE PRECURSOR OF VARIOUS NONTERPENOID C15—C0MPOUNDS,AND

NEOLAURENCENYNE FROM THE RED ALGA LAURENCIA OKAMURATL

*
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Department of Chemistry, Faculty of Science, Nagoya University, Chikusa, Nagoya 464 Japan

Abstract: Structural elucidation of two new acetylenic polyenes, laurencenyne 5 and
neolaurencenyne 6 isolated from Laurencia okamurai, together with their syntheses, was
achieved, suggesting that laurencenyne 5 was a possible precursor of various nonterpenoid
Cls-compounds in the marine red algae of the genus Laurencia.

From red algae of the genus Laurencia there were isolated a number of acetylenic

halogenated cyclic ethers based on a linear pentadec-3-en-l-yne carbon chain,l) such as

2) 3

laurencin 177 and cis-maneonene A 2 Irie and his coworkers reported the isolation of

trans- and cis-laurediol (3, 4) from Laurencia nipponica, and suggested that the diols, 3 and

4,might be the biosynthetic precursors of those acetylenic cyclic ethers.a)
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We have examined the constituents of Laurencia okamurai collected off the coast of Goza,
Mie Prefecture, Japan in July and isolated two new acetylenic polyenes, laurencenyne 5 and
neolaurencenyne 6, the structural elucidation of which is described in the present paper.

The ethyl acetate-soluble fraction of the acetone extract of fresh Laurencia okamurai
was chromatographed on silica gel with hexane, hexane-benzene, benzene, and ethyl acetate,
successively. The fraction eluted with hexane was separated by preparative HPLC [Zorbax ODS
with EtOH—H20 (9:1)], giving 1aurencenyn§)§ (0.001%) and negiaurenc;?yne 6 (0.002%), which

and 6 7.
15HZO; UV (MeOH) nm (g) 224 (13,700), 231
(11,400, shoulder); IR (film) 3300 (acetylenic VC_H), 3010 (olefinic VC—H)’ 2140 (vCEc),

1645 (VC=C’ broad), 1610 (vC=c), 725 (GC—H cis-disubstituted olefin) cm_l; lH-—NMR (100 MHz,

were further purified by preparative GLC

8)

to afford pure 5

Laurencenyne 5: colorless liquid, C

4729



4730

cpcl,) § 0.98 (3, t, J=7 Hz, B-15), 2.09 (2H, br.quint, J=7 Hz, H-14), 2.7 - 3.0 (4H, m, B-8,
H-11), 3.12 (1H, 4, J=2 Hz, H-1), 3.13 (2H, br.dd,JI=7 Hz, #H-5), 5.2 - 5.7 (7H, m, B~-3, H-6,
§-7, H-9, H-10, H-12, B-13), 5.98 (1, dt, J=10, 7 Hz, H-4); | C-WMR (22.5 Mz, CDC1,)
§ 14.3 (q), 20.6 (t), 25.6 (t), 25.7 (t), 28.7 (t), 80.2 (s), 81.8 (d4), 108.3 (&), 126.0 (4,
127.0 (d), 127.7 (d), 128.7 (d), 129.6 (d), 132.0 (d), 143.5 (d); MS (m/e) 200 (M+).
Neolaurencenyne §;8) colorless liquid, ClSHZZ; UV (MeOH) nm () 224 (12,500), 231
(10,600, shoulder); IR (film) 3300 (acetylenic vC—H)’ 3010 (olefinic vC—H)’ 2130 (vcsc), 1640
(vC=C’ broad), 1610 (vC=C)’ 730 (GC_H cis~disubstituted olefin) cm-l; lH—NMR (100 MHz, CDC13)
§ 0.90 (3H, br.t, J=6 Hz, H-15), 1.2 - 1.5 (6H, m, H~12, H-13, H-14), 2.07 (2H, m, H-11),
2.83 (2H, m, H-8), 3.11 (1H, d, J=2 Hz, H-1)}, 3.13 (2H, br.dd,J=7 Hz, H-5), 5.2 - 5.6 (5H, m,
H-3, H-6, H-7, H-9, H-10), 5.97 (1H, dt, J=11, 7 Hz, H-4); lBC—NMR (25 MHz, CDC13)9)6 14.0 (q),
22.5 (t), 25.7 (t), 27.2 (t), 28.7 (t), 29.3 (t), 31.5 (t), 81.7 (d), 108.1 (d), 125.7 (D),
127.3 (d), 129.8 (d), 130.5 (d), 143.5 (d); MS (m/e) 202 (M).

Structure of laurencenyne 5

On catalytic hydrogenation (HZ’ Pt/EtOH, room temp., 2 h) laurencenyne 5 gave n-penta-
decane, establishing the carbon skeleton of this compound. Laurencenyne 5 showed spectral
properties characteristic of a conjugated cis-enyne system?’A’lo)(Cl—C4 in (1)) [UV (224 and
231 nm), IR (3300, 3010, and 2140 cm—l) and lH-NMR (§ 3.12 and 5.98)], the presence of which
was further corroborated by 13C—NMR spectrum: carbon signals (& 81.8, 80.2, 108.3, and 143.5)

as shown in (I) corresponded very well to those of the cis—enyne unit present in various

3,11,12)

Cls—compounds. Since the H-4 signal (8 5.98) in the partial structure (I) was

observed as a doublet of triplets (J =10 Hz, JA 5=7 Hz) in the lH—NMR spectrum of 5, the

3,4
olefinic carbon (C-4) was deduced to be adjacent to a methylene carbon (C~5) as depicted in
1 13

d

(1). The "H- an C-NMR spectra of 5 revealed the presence of eight vinyl hydrogens and

eight olefinic carbons: among them two each are contained in the partial structure (I).
Therefore there remained six vinyl hydrogens and six olefinic carbons to be characterized.
In view of the fact that laurencenyne 5 has a linear pentadecane skeleton and that it
possesses a methyl group (vide post), those six vinyl hydrogens and six olefinic carbons
exist as three, unconjugated disubstituted double bonds in 5. Stereochemistry of these
three double bonds was inferrad to be cis based on the fact that there were no prominent

bands around the region of 970 cm-l [ due to trans-disubstituted olefin) in the IR

C-H
spectrum (partial structure (II)). Further, the presence of an ethyl group (III) on a double

1 13C

bond was deduced by "H- and -NMR spectral evidence.

Among fifteen carbons in 5, thirteen carbons were characterized (partial structures: I, II,

111). Each of the remaining two carbons was readily assigned as a diallylic methylene
carbon (a di-T-methane carbon), considering their 1H— and 13C-NMR spectral properties
[partial structure (IV)]. Thus the structure of laurencenyne was deduced to be 3.
5.98 H H
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Structure of neolaurencenyne 6.

Comparison of the spectral properties of laurencenyne 5 and neolaurencenyne 6 suggested
that they were closely related and that the latter was a dihydro compound of the former.
Catalytic hydrogenation of neolaurencenyne 6 afforded n-pentadecane, as in the case of
laurencenyne 5. The presence of the partial structure (I) in neolaurencenyne 6 was
deduced based on the spectral data. From the lH— and 13C—NMR and IR spectral findings
there must exist two unconjugated cis-disubstituted double bonds in 6. Since the chemical
shift due to H-5 (partial structure (I)) of 6 was identical with that of the corresponding
signal of laurencenyne 5, the methylene carbon (C-5) of the partial structure (I) in 6 was
deduced to be adjacent to an olefinic carbon (C-6). In the lH—NMR spectrum of 6 there was
observed a multiplet (2H) at § 2.83 due to diallylic methylene protons. Above findings
clearly defined the location of two cis-disubstituted double bonds in the linear pentadecane
skeleton, and the structure of neolaurencenyne was deduced to be 6.

Syntheses of laurencenyne 5 and neolaurencenyne 6.

In order to confirm unambiguously the structures of laurencenyne 5 and neolaurencenyne 6,

syntheses of laurencenyne and neolaurencenyne were performed as follows.

13) with the Grignard reagent §}4) (1.8 equiv)

in the presence of CuCl (0.2 equiv) in dry THF under reflux for 4 h afforded the triyne 15a)

The coupling reaction of l-bromo-2,5-octadiyne 7

(67%), which was reduced by hydrogen (1 atm) over Lindlar catalyst (deactivated by quinoline)
in benzene (room temp., 7 h) to give the desired all cis-triene l915a) (68%). Exposure of
10 to methanolic d-camphorsulfonic acid (room temp., 45 min.) gave the triene alcohol lllsa)
(98%) , which was converted via sequential reaction with p-toluenesulfonyl chloride - pyridine
(0 °C, 4.5 h) and sodium iodide - acetone (room temp., 12 h) to the triene iodide lnga)

(78% overall yield) and thence with triphenylphosphine (2.4 equiv) in acetonitrile (40 °C,36 h)
into the desired phosphonium salt lngb) (92%). Reaction of the phosphonium salt 13 with
n-butyllithium (1.2 equiv) 1in THF containing HMPT (10 equiv) (-78 °C, 20 min.) gave the
corresponding ylide solution, which was treated with propargylaldehyde (1.2 equiv) at -78 °C
for 1 h and then at room temperature for 1 h. Extractive 1solation and chromatography on
silica gel with hexane afforded as the major product laurencenyne 5}53,16) (297).

The stereochemical assignment of the newly formed double bond (C-3) in synthetic 5 was
confirmed to be cis from the coupling constant (J3 4=10 Hz) of H-4 (8§ 5.98) in the 1H—NMR
spectrum.l6) Preparative GLC gave pure synthetic,laurencenyne éé) as colorless liquid,

which was completely identical with natural 5 in all respects (IR, 1H-NMR, 13C—NMR, and MS
spectra, HPLC and GLC retention timese) and TLC mobility).

Neolaurencenyne 6 was also synthesized by essentially the same procedure as described above.

(32,62)-3,6-Dodecadien-1-0l 13;7) was converted via sequential reaction with p-toluenesulfonyl

15a)

chloride - pyridine and sodium iodide in acetone to the iodide 15 and thence with

triphenylphosphine (6 equiv) in acetonitrile into the desired phosphonium salt l§15b) (79%

/\
\
\//// N\ ¢

BrMg-==— O-THp 10 X = O-THP 14 X = OH
\% 11 X = OH 15 X =1
7 X = Br + _
- , . 12 X =1 16 X = P'Ph,I
9 X = C=CCH,CH,O-TH B
= 2772 = 13 X = P'PhT
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overall yield), which was subjected to the Wittig reaction with propargylaldehyde (1.2 equiv)

15a)

to give, after chromatography on silica gel, neolaurencenyne 6 (30%) . Synthetic and

natural neolaurencenyne 6 were proved to be identical by comparison of the spectral data
(IR, lH—NMR, 13C—NMR, and MS) and chromatographic behavior (HPLC and GLC7) retention times
and TLC mobility). The unambiguous syntheses of laurencenyne 5 and neolaurencenyne 6
confirm fully the structural and stereochemical assignment discussed above.

Biogenetic significance of the isolation of laurencenyne 5 is apparent: laurencenyne k]
might be an intermediate in the earlier stage of the biosynthetic pathway to various

halogenated cyclic ethers than laurediols (3 and 4). Previously, laurinterol and debromo~

laurinterol were reported to be characteristic major metabolites of Laurencia okamurai

18)

collacted at various places in Japan: although laurinterol was isolated from L. okamurai
employed i1n the present study, it was a minor component (0.002%) and the major metabolite

was found to be a chamigrane-type compound, prepacifenollg) (0.03%) .
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