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Abstract: The 6-(poly)prenyl-substituted polyprenols 7,9, 11, and 13 were synthesized: (1) 7 from
2-geranyl-farnesal and methyl 4-bromo-3-methyl-2-butenoate, (2) 9 from 2-prenyl-geranyl bromide and
ethyl acetoacetate, via ketone 29, (3) 11 from ethyl acetoacetate, geranyl bromide, and (E)-1-¢-
butyldiphenylsiloxy-3-iodo-3-methyl-2-pentene, via -keto ester 35, and (4) 13 from geraniol by acid
catalyzed condensation. These highly branched polyprenols 7, 9, 11, and 13 were transformed into the

corresponding disodium phosphates 8, 10, 12, and 14, respectively. © 1999 Elsevier Science Ltd. All rights

reserved.

Highly branched isoprenoid alkanes and alkenes 1 (C20, C25, C30, and C35), which are distributed
widely and abundantly in sediments,! have been postulated by Ourisson and Nakatani to be derived from the
corresponding polyprenylated polyprenyl amphiphiles present in biomembranes in primitive organisms.2: 3
Recent isolation of these branched isoprenoid hydrocarbons from diatomaceous algae indicates that such
primitive branched membrane constituents may still exist on Earth,% 5 although these have been isolated neither
from sediments nor from present-day microbial sources. The availability of synthetic samples of these highly
acilitate the search for such nrlmmve mmrogrgamsms and the _est_inu of

ing the physicochemical properties of phosphates or diphosphates 3 in
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search of highly branched 1soprenoid hydrocarbons from diatomaceous algae and sediments.
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We have recently reported the synthesis of 2-geranyl- and 2-farnesyl-su
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geranylgeranyl phosphates
and their isomers 4a—6a and 4b—6b.5.7 We now report the synthesis of 6-geranyl- and 6-prenyi-substituted

polyprenols 7,9, 11, and 13, and their phosphates 8, 10, 12, and 14 possessing a hydrophobic portion of
about 20 A in length, a half of the thickness of all known biomembranes, or shorter.
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Retrosynthetic pathways (1)—(4) for the synthesis of 6-geranyl-substituted polyprenols and their
phosphates 7—14 are shown in Scheme 1. The pathways involve (1) the elongation of a Cg unit, methyl 4-
bromo-3-methyl-2-butenoate 15,8 to 2-geranyl-farnesal 16,92 (2) the alkylation of ethyl acetoacetate 26 with 2-
prenyl-geranyl bromide 27, (3) the successive substitution of ethyl acetoacetate 26 with geranyl bromide 32,

iodide 46, and then geranyl bromide 32, and (4) the acid-catalyzed condensation of two molecules of (E)-
geraniol 23.
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Scheme 2 shows the synthetic pathway to the highly branched polyprenols 7 starting from methyl 4-
bromo-3-methyl-2-butenoate 15 and 2-geranyl-farnesal 16.5%. 9 The Reformatsky reaction of 15 with 16 in
THF under reflux gave lactone 17,10 which was then reduced with diisobutylaluminium hydride (DIBAL-H) to
give diol 18 in 48% yield. The primary hydroxyl group of 18 was selectively protected with t-
butyldimethylsilyl chloride (TBDMSCI) to give alcohol 19 in 90% yield. The alcohol 19 was transformed into
thiocarbonylimidazolate 20 in 74% yield. Reduction of 20 with n-Bu3SnH gave an inseparable mixture of
A6-21 and its isomer AS-21 (a mixture of SE and 52) in 97% yield and in a ratio of 2 : 1. Hutchinson has



case the addition of PdCI2(PPh3)2 or Pd(PPh3)4 gave a complex mixture. Neither the silyl ethers 21 nor the
corresponding acetates (X = AcQO) were not separated on silica gel TLC plate impregnated with silver nitrate.
Finally, the silyl protecting group of 21 was removed using tetrabutylammonium fluoride to give a mixture of
alcohols 7 (A® and AS) in 84% yield

The alcohols 7 were then transformed into the corresponding disodium phosphates 8 via

ylammonium hydrogenphosphates 22 in 48% yield.®
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Scheme 2. (a) Zn, THF, reflux; (b) DIBAL-H, CH2Cl2, r.t.; (c¢) TBDMSCI, imidazole, DMF, 0 °C;

(d) 1,1'-thiocarbonyldiimidazole, CH2Cl?y, r.t.; () n-Bu3SnH, AIBN, toluene, 100 °C; (f)

n-BuaNF: (o) CI2CCN. (n-BudaNYHAPQO4. CHCl2. r. t.. then Senhadex LH-20 (eluent:
DU4NTT g LI3LUNN, (1-Du4iN)R2r04, Chl3, oL, then sepnadex Lni-2U euentt
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The second synthetic route, from geraniol 23 and prenol 24 into the phosphate 10, is shown in Scheme 3.
(E)-2-Prenyl-geraniol 257 12 was prepared from geraniol 23 and prenol 24 following the procedures reported
for the synthesis of 4,52 except for the isomerization of (Z)-2-prenyl-geranial to (E)-2-prenyl-geranial, the
precursor of 25, Trifluoroacetic acid catalyzed isomerization of the aldehydes was superior to the previously
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geranyl bromide 27, prepared from the alcohol 25, gave u-substituted 3-keto ester 28 in 69% yield. The keto

ester Z8 was successively hydrolyzed and decarboxylated to give the methyl ketone 29 in 92% yield. The
Horner-Emmons reaction of 29 with (Et0)2POCH2CO2Et gave a.,B-unsaturated esters 30E and 30Z in 85%
and 11% yields, respectively. The ester 30E was then reduced with DIBAL-H to give the allylic alcohol 9 in
95% yield. The alcohol was transformed into the disodium phosphate 10 via tetrabutylammonium
hydrogenphosphate 31 in 67% yield.
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Scheme 3. (a) Ph3P, CBr4; (b) ethyl acetoacetate 26, NaH, then bromide 27; (c) NaOH, then AcOH;
(d) (EtO)2POCH2CO2Et, NaH, DME; (e) DIBAL-H; (f) CI3CCN, (n-BugN)H2PO4,
CHCI3, 1. t., then Sephadex LH-20 (eluent: MeOH); (g) CM-Sepharose FF(Nat) (eluent:
MeOH-CHCl3, 2 : 1).
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infra) to the phosphate 12, is shown in Scheme 4. Allylation of the dianion derived from ethyl acetoacetate 26
with geranyl bromide 32 gave y-geranyi-substituted B-keto ester 33 in 76% yield. The anion of B-keto ester 33
was then alkylated with iodide 46 to give a,y-disubstituted B-keto ester 34 in 49% yield. Subsequent allylation
of 34 with geranyl bromide 32 gave the o, y-trisubstituted B-keto ester 35 in 88% yield. Hydrolysis and
subsequent decarboxylation of the B-keto ester 35 gave hydroxy ketone 36, which was then silylated with
TBDMSCI to give ketone 37 in 66% yield. The methylenation of 37 using the Zn-CH2Br2-TiCl4 system
modified by Lombardo!3 gave 38 in 71% yield. The TBDMS ether was cleaved with tetrabutylammonium

fluoride to give the alcohol 11 in 92% yield.

-
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inseparable mixture of E- and Z-isomers (E: Z=2: 1) in 57% yield.14 Protection of the hydroxyl group in 41
with p-methoxybenzyl chloride, followed by reduction with DIBAL-H, gave allylic alcohol 43 in 74% yield.
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methoxybenzyi group was selectively deprotected with 2.3-dichioro-5,6-dicyano-1i,4-benzoquinone (DDQ) to

give alcohols 45Z and 45E in 47% yield. The diastereomers were easily separated using flash column
chromatography on silica gel to give 45Z (less polar) and 45E in 4% and 35% yields, respectively.!5 The
alcohol 45E was transformed into the iodide 46 using I, hexamethylphosphorous triamide (HMPA), and

\

triphenylphosphine in 97% yield.
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Scheme 4. (a) LiNi-Pr2 (2 equiv), THF, then geranyl bromide 32; (b) NaH, THF, then iodide 46; (c)
NaH, THF, then geranyl bromide 32; (d) NaOH, then AcOH; (¢) TBDMSCI, imidazole,
DMF, r.t.; (f) Zn-CH2Br2-TiCly; (g) n-BugNF; (h) CI3CCN, (n-BugN)H 29045 CHCl3,

el 47 - - O/ - == A==7
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CHCl3, 2 : 1); (j) Ph3P=CHCO2Me; (k) p-MeOCgH4CH2Cl (1) DIBAL-H C 2Cl2, -60
°C; (m) TBDPSCI, imidazole, DMF, r.t.; (n) DDQ; (o) I2, PPh3, HMPA, Et20, r.t.

The aicohol 11 was then transformed into the disodium phosphates 12 via tetrabutylammonium

hydrogenphosphates 39 in 75% yield.



The acetoacetic ester sy
of the prenyi- or farnesyi-substituted polyprenois and their phosphates.

Finally, the biomimetic direct condensation of (E)-geraniol 23 on montmorillonite K 10 was performed
(Scheme 5). To our knowledge, little is known about biomimetic direct non-head-to-tail condensation of
polyprenols.16. 17 Treatment of (E)-geraniol 23 with montmorillonite K 10 (1 : 3 w/w ratio) under solvent-free
conditions gave an inseparable mixture of alcohols along with linalool, digeranyl ether, and geranyl linaly ether.
Acetylation of the alcohols, followed by chromatography on silica gel impregnated with 10% silver nitrate
(hexane—ethyl acetate, 12 : 1), gave 6-geranyl-substituted geranyl acetate 47 in 3.5% yield. The structure of 47
was deduced from its IR and NMR spectra showing the presence of partial structures, HpC=C(Me)-CH [IR 890
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4.58 (2H, d, J = 7.0 Hz), 2.05 (3H, s), and 1.68 (3H, s)]. The E-geometry of the A® double bond was
assigned on the basis of the chemical shift of 9-Me (& = 1.60 or 1.59). The stronger association of the sterically
less encumbered methylene double bond with silver ion has enabled the isolation of acetate 47, but the other
acetates were not purified.

The alcohol 13 was then transformed into the disodium phosphate 147 via tetrabutylammonium
hydrogenphosphate 48 in 65% vield.

ether (13%). The condensation of (ZE,UE)=fame%0! 50 on montmorillonite K 10 followed by acetylation gave a
1 i : Y ] £, +la v Aav radizand mracciiea (118 O A
mixture of acetates. After elimination of farnesy! acetate from the mixture under reduced pressure (115 °C, 2

mmHg), the residue was successively chromatographed on silica gei and on silica gel impregnated with 10%
silver nitrate (hexane-ethyl acetate, 15 : | and then 9 : 1) to give 10-farnesyl-substituted farnesyl acetate 51 in
3% yield. Furthermore, 6-farnesyl-substituted farnesyl acetate [m/z 468, M*; IH NMR & 2.68 (t, J = 6.9 Hz,
9-H); 13C NMR & 48.84 (C-6)] was detected in the slightly less polar fractions (ca. 2 % yield), but its

purification was not succeeded.
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Scheme 5. (a) montmorillonite K10, r.t.; (b) Ac20, pyridine, then 10% AgNO0O3-Si02 column
chromatography (eluent: hexane-ethyl acetate, 12 : 1); (c) K2CO3, aq. EtOH, r.t.; (d)
CI3CCN, (n-BugN)H2PO4, CHCI3, 1. t., then Sephadex LH-20 (eluent: MeOH); (e) CM-
Sepharose FF(Nat) (eluent: MeOH-CHCI3, 2 : 1).
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synthesis of branched acyclic polyprenois, aithough the yieids were low due to the poiymerization reactions.
The alcohol 13 will be prepared from ethyl acetoacetate 26, iodide 46, and geranyl bromide 32 following the

third synthetic route described above.
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operating at 67.9 or 100.5 MHz with CDCI3 as the solvent and mternal tandard (& 7.05) 31p NMR spectra
at 109.4 MHz in
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with complete proton decoupling were recorded on the JEOL GSX-270 spectrometer operati
CDCl3 (external standard: phos_phonc acid in D20). Mass spectra were obtained on a JEOL JMS-700 mass
spectrometer. Precoatcd Merck Kieselgel 60 F254 and Wakogel C-300 were used for thin layer chromatography
(TLC) and flash column chromatography, respectively. Sephadex LH-20 and CM-Sepharose FF were
purchased from Pharmacia. Montmorillonite K 10 purchased from Aldrich was used without activation.

(2Z,6E,10E)-6-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-tetramethyl-2,6,10,14-
hexadecatetraene-1,5-diol (18)
To a mixture of 16 (294 mg, 0.83 mmol) and activated Zn powder (1.1 g, 17 mmol) in THF (2.0 cm3) was

Aﬂf\ 1 ol P

S U D TS TR c L1 A1 ~ P T T T N Y-22 Ay 4 a .
aadea a soiution o1 me[nyl 4-Dromo-3- me[nyl Z- Du[enoa[e DL L =3 J l g, 17 IIlIIlOl) in THF (0. 0 Cm‘)),

..............................

with diethyl ether. The ethereal layer was washed successwely with 5% HCI, water, saturated aqueous
NAHFOQ water, and brine, and then dried over ﬂnhvdrmlg Nn’)Q()A Flash r‘hrnmmnnranhv on silica of-l (20 g

benzene) gave lactone 17 as an oil. To a solution of the lactone in CH2Cl2 (10 cm3) was added a solutlon of
DIBAL-H in hexane (0.95 mol dm‘3; 15 cm3, 14 mmol) at 0 °C and the solution was stirred at room
temperature for 20 h. An aqueous solution of NaOH (10%) and then diethyl ether were added. The organic
layer was washed successively with 10% aqueous NaOH, water (until neutral), and brine, and dried over
anhydrous Na2S0O4. Chromatography on silica gel (20 g; hexane—AcOEt, 5 : 1) gave diol 18 (176 mg, 48%
yield), an oil, IR 3327, 1045, 1025, and 997 cm~1; 1H NMR & 5.75 (1H, dd, J = 8.4 and 6.8 Hz, 2-H), 5.22-
4.95 (4H, m, 4 x CH=), 4.67 (1H, dd, J = 10.4 and 2.4 Hz, 5-H), 4.15 (1H, dd, J = 11.8 and 8.4 Hz, I-H),
3.87 (1H, dd, J = 11.8 and 6.8 Hz, 1-H), 2.92 (1H, dd, J = 15.3 and 6.7 Hz, 1°-H), 2.82 (1H, dd, J = 15.3
and 6.7 Hz, 1’-H), 2.74 (1H, dd, J = 13.4 and 10.4 Hz, 4-H), 2.14-1.91 (12H, m, 6 x CH2C=), 1.81 (3H, s,
3-Mc), 1.74 (3H, s, Mc), 1.69 (3H, s, Me), 1.68 (3H, s, Me), 1.65 (3H, s, Me), 1.61 (3H, s, Me), 1.60 (3H,
s, Me), and 1.58 (3H, s, Me); 13C NMR § 138.32, 135.36, 135.03, 134.27, 131.85, 131.55, 131.40,
126.78, 124.88, 124.32, 124.26, 123.93, 68.84, 57.71, 39.74, 38.07, 35.01, 26.74, 26.66, 26.57, 25.97,
25.69, 23.72, 17.70, 17.66, 16.15, and 16.03; EI-MS m/z 442 (M, relative intensity 0.5%), 424 (M+ - H20,
52), 406 (M+ - 2H20, 17), 357 (100), 287 (45), 269 (35), 137 (55), 109 (51), 81 (61), and 69 (94). Found:
m/z 424.3721 (M* - H20). Caled for C30H480: M - HpO, 424.3705.

,11,15-
S A
To a solution of 18 (91 mg, 0.21 mmol) in N N-dimethylformamide (1 sz) were added r-butyldimethylsilyl
chloride (150 mg, 0.99 mmol) and imidazole (167 mg, 2.5 mmol). The mixture was stirred at 0 °C for 45 min
and then extracted with pentane. The extract was washed successively with water and brine, and then dried over
anhydrous Na2SO4. The crude product was chromatographed on silica gel (10 g; hexane—ethyl acetate, 30 : 1)

to give #-butyldimethylsilyl ether 19 (105 mg, 90% yield), an oil, lH NMR § 5.57 (1H, t, J = 7.0 Hz, 2-H),
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5.23-5.03 (4H, m, 4 x CH=), 4.65 (1H, td, J = 10.0 and 3.3 Hz, 5-H), 4.18 (1H, dd, J = 11.9 and 7.0 Hz, 1-
H), 4.08 (1H, dd J = 11.9 and 6.7 Hz, 1-H), 2.94 (1H, dd J = 15.3 and 7.0 Hz, 1’-H), 2.78 (1H, dd J = 15.3
and 5.8 Hz, 1'-H), 2.59 (1H, dd, J = 13.4 and 10.0 Hz, 4-H), 2.48 (1H, d, J = 3.3 Hz, 4-H), 2.12-1.85
(12H, m, 6 x CH2C=), .80 (3H, s, 3-Me), 1.72 (3H, s, Me), 1.68 (6H, d, J = 0.9 Hz, 2 x Me), 1.66 (3H, d,

J =0.6 Hz, Me), 1.60 (6H, s, 2 x Me), 1.59 (3H, s, Me), 0.90 (9H, s, t-Bu), and 0.08 (6H, s, SiMe)).

Thiocarbonylimidazolate 20

Th a enliitinn Af 1Q F108 mo N 12 mmal) in OTAMA () A D ng addad 1 1'_thinrarkhanvldiimidarala 71£Q4
10U A SULULIURL UL 37 \tVUy lllé, Vel UV D N1l JNd & VillT ) wad auliu 1,1 'Llll\J\aClJUU]llelllllanLUlC (V75
mor O mmnl) and tha calntinn wacg ctirrad at ranm tamnaratnire far 1A 8 h  Cheamataoranhy an cilicra aal (N
Elig,y ~7..7 1111IUE ] ALV WL SULULIVILL wWwad JStliilvu al 1uvvin L\Aul.)\.dalul\/ FAV) U B PYU RS § N L3 § VY Lllllﬂl\)sla L Uil diva E\dl \A-U
g; hexane—ethyl acetate, 15 : 1) gave thiocarbonylimidazolate 20 (90 mg, 74% yield), an oil, IR 1698, 1220,
1100, 1062, 882, 838, and 775 cm~!; |H NMR & 8.11 (1H, s, NCH=N), 7.40 (1H, d, / = 1 Hz, =CHNC=S),
7.04 (1H,d, J=1Hz, =CHN=), 550 (1H t, J = 7.1 Hz, 2-H), 538 (1H, m, 5-H), 5.17-4.88 (4H, m, 4 x
CH=), 420 (2H, d, J = 6.4 Hz, 1-H), 294 (2H, m, CH?), 2.84 (2H, d, J = 7.1 Hz, CH?), 2.14-1.81 (12H,
m, 6 x CH2C=), 1.80 (3H, s, 3-Me), 1.73 (3H, d, . Hz, Me), 1.68 (3H, s, Me), 1.66 (3H, s, Me), 1.64

? AN 3 k :] i 9 VAl AN b ? el AN 1 1 FAl d

(2Z,6Z,10E)-1-t-Butyldimethylsiolxy-6-[(2E)-3,7-dimethyl-2,6-octadienyl}-3,7,11,15-
tetramethyl-2,6,10,14-hexadecatetraene (A6-21) and (2Z,10E)-1-t-Butyldimethylsiolxy-6-
[(2E)-3,7-dimethyl-2,6-0octadienyl]-3,7,11,15-tetramethyl-2,5,10,14-hexadecatetraene (A5-
21)

To a solution of 20 (21 mg, 0.031 mmol) in toluene (0.25 cm3) were added n-Bu3SnH (0.15 cm3, 0.56 mmol)
and a catalytic amount of AIBN. The solution was stirred at 100 °C for 15 min, and then chromatographed on
silica gel (20 g; hexane—ethyl acetate, 20 : 1 and then 4 : 1) to give a mixture of A®-21 and AS5-21 in a ratio of 2
.1 (16 mg, 97% yield) as an oil, lH NMR & 5.31 (1H, t, J = 5.1 Hz, 2-H), 5.22-4.93 (4.3H m, CH=), 4.19
(2H, d, J = 5.6 Hz, 1-H), 2.88-2.60 (2.7H, m, 1'-H and 4-H for AS-21), 2.18-1.80 (14.7H, m, CH2C=),
1.73, 1.68, 1.66, 1.60, 1.57, 1.55, (23H, 6 x s, 7 X Me and 7-Me for A6-21), 0.97 (0.9H, d, J = 6.8 Hz, 7-
Me for A5-21), 0.90 (9H, s, +-Bu), and [0.067 and 0.065 (6H, 2 x s, SiMe)]; 13C NMR § 144.84, 144.42,
137.75, 137.52, 137.29, 136.73, 135.03, 134.79, 134.73, 134.54, 132.20, 132,15, 131.35, 131.30, 129.30,
125.13, 125.01, 124.82, 124.78, 124.46, 124.36, 123.70, 123.64, 123.50, 121.69, 121.57, 60.43, 60.06,
40.55, 39.86, 39.79, 35.86, 35.78, 34.56, 34.45, 31.26, 31.13, 30.90, 30.77, 29.12, 27.89, 27.38, 27.15,
26.80, 26.74, 26.69, 26.08, 25.73, 23.75, 23.62, 23.56, 22.31, 20.31, 20.23, 18.49, 18.19, 19.10, 17.71,
16.62, 16.19, 16.16, 16.02, 15.04, 13.71, 9.38, and -5.01.
(2Z,6Z,10F)-6-[(2F)-3,7-Dimethyl-2,6-octadienyi]-3,7,11,i5-tetramethyi-2,6,10,14-
hexadecatetraen-1-0l (A9-7) and (2Z,10E)-6-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-
teiramethyl-2Z,5,10,14-hexadecatetiraen-i-oi (A“’-'?)

To a solution of 21 (216 mg, 0.32 mmol) in THF (3 cm3) was added tetrabutylammonium fluoride (318 mg,
1.0 mmol), and the mixture was stirred at room temperature for 1 h. A drop of water was added and then the
solvent was evaporated. The residue was extracted with diethyl ether and the ethereal layer was washed

successively with water and brine, and then dried over anhydrous Na2804. The crude product was
rhraomatnaoranhad Aan cilica anl (20) o han7ene) tn give a mivtmre Af alenhnle /\5_ and /\6_7 (116 mao K49\ an
VINUVHIGWUSIAPUVU VIl SIHVA BV (LW Gy UVELEVIIL ) LU SIVE G JHUARGIL Ul QUG ULIVES &3 AIE LA 42V gy US /Ay, Gu
Al TD 2222 and 1001 nm-l- lLI NMBR S §4Q. 87 (1 m JHY SS90 A Q7 1A m A OCH= and _H far
Ull, 1IN 00 4aiiul 1uul vl ) A1 IVLIN U YO T.I T \lll, Ly & ll}, (O RV s VAl \-r..zxx ik, 7 /A el allu UJTix 1ut
A5-7), 4.14 (1.3H, d, J = 7.1 Hz, |-H for A®-7), 4.09 (0.7H, m, 1-H for A5-7), 2.80 (0.7H. d, J = 7.3 Hz,
AT C . AS My A TA /AET s 17 TIN N 10 1 MO /1A MTLT m MYy 174 171 1 ££6 1 £0) ~d 1 &0 (Y2LT
4-r1 10T A~-7), £.74 {<H1, M, 1 -T1), £.10-1./0 (14./0, I, Ln2C=), [1./0, 1./3, 1.00, 1.0V, @ila 1.J56 (<2511,
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7 x Me and 7-Me for A9-7), and [0.99, and 0.98 (1H, d, J = 6.8 Hz, 7-Me for A5-7)]; 13C NMR & 145.15,

144.71, 140.42, 140.33, 139.99, 139.60, 135.03, 134.96, 134.90, 134.85, 13480 134.73, 134.57, 132.07,
131.33, 13129 131.25, 129.62, 12958 127.68, 12473 12468 12441 24.29, 124.25, 123.85, 123.56,

b 1 N (! 3), 33
(34), 271 36) 189 (35), 159 (36), ]47 ( ) 121 (52), 119 ((52), 109 (49), 107 (54) 105 (47) 5 (53), 93
(48), 81 (70), and 69 (100). Found: m/z 426.3882 (M*). Calcd for C30H500: M, 426.3862.

-Pm,""

Tetrabutylammonivm (2Z,6Z,10E)-6-[(2E)-3,7-Dimethyl-2,6-0ctadienyl]-3,7,11,15-
tetramethyl-2,6,10,14-hexadecatetraenyl Hydrogenphosphate (A6.22) and
Tetrabutylammonium (2Z,10E)-6-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-tetramethyl-
2,5,10,14-hexadecatetraenyl Hydrogenphosphate (A5-22)

Alcohols 7 (108 mg, 0.25 mmol) were transformed to A6-22 and A3-22 (107 mg, 56% yield) following the
procedures described previously.62 Compounds A6-22 and A5-22, a viscous oil, 'H NMR & 6.60 (1H, br s,
P-OH), 5.40 (1H, t, J = 6.1 Hz, 2-H), 5.20-4.88 (4.3, m, CH=), 4.54-4.37 (2H, m, 1-H), 3.39-3.18 (8H,
m, 4 x CH?2), 2.82-2.60 (2.7H, 1’-H and 4-H for A5-22), 2.16-1.77 (14.7H, m, CH2C=), [1.67, 1.64,
1.62, 1.59, 1.57 (23H, 7 x Me and 7-Me for A6—22)], 1.45 (8H, q, J=7.1 Hz, 4 x CH?2), and 0.98 (13H,t, J
= 7.3 Hz, 4 x Me and 7-Me for A5-22): 13C NMR § 144.25, 143.99, 136.03, 135.88, 135.67, 134.79,
134.63, 134.54, 134.44, 132.37, 132.11, 131.19, 131.16, 129.22, 128.84, 124.78, 124.71, 124.59, 124.46,
124,42, 124.39, 124.35, 124.29, 123.67, 123.59, 122.10, 122.02, 61.27, 61.20, 58.55, 40.26, 39.73,
35.81, 30.59, 27.85, 26.74, 26.63, 26.05, 25.65, 24.05, 19.66, 17.63, 16.10, 15.93, and 13.74; 31P NMR §
1.84 (s); negative FAB-MS (glycerol), m/z 505 [M - (2 x n-BugNt)]. Found: m/z 505.3409 [M - (2 x
BugNH)]. Caled for C3gH5004P: 505.3447.

Disodium (2Z,6Z,10E)-6-[(2E)-3,7-Dimethyl-2,6-octadienyl}-3,7,11,15-tetramethyl-
2,6,10,14-hexadecatetraenyl Phosphate (A6-8) and Disodium (2Z,10E)-6-[(2E)-3,7-
Dimethyl-2,6-octadienyl]-3,7,11,15-tetramethyl-2,5,10,14-hexadecatetraenyl Phosphate (AS-
8

Io)n-exchange of phosphates 22 (101 mg, 0.14 mmol) using CM-Sepharose FF(Na%) (eluent: MeOH-CHCI3, 2
: 1) gave disodium phosphates A6-8 and AS-8 (68 mg, 86% yield), a viscous oil, IH NMR & 5.39 (1H, m, 2-
H), 5.20-4.87 (4.3H, m, CH=), 442 (2H, br s, 1-H), 2.88-2.58 (2.7H, m, 1’-H and 4-H for A5—8), 2.13-
1.77 (14.7H, m, CH2C=), 1.70, 1.66, 1.64, 1.58, 1.57, 1.55 (23H, 7 x Me and 7-Me for A6-8), and 0.94
(1H, d, J = 6.4 Hz, 7-Me for AS-S); 13C NMR & 144.81, 139.83, 139.21, 134.77, 134.63, 134.56, 132.17,
131.84, 131.12, 129.52, 124.77, 124.49, 124.41, 123.50, 123.41, 121.45, 121.31, 62.32, 39.82, 35.93,
30.96, 30.57, 28.01, 26.81, 26.69, 26.15, 25.69, 23.59, 23.24, 20.16, 18.26, 18.18, 17.67, 16.13, and
15.97; 31P NMR & 3.38 (s); negative FAB-MS (glycerol), m/z 505 [M - (2 x Na+) + H*].

(2E)-3,7-Dimethyl-2-(3-methyl-2-butenyl)-2,6-octadien-1-0l (25)

To a solution of (Z)-2-prenyl-geranial (550 mg, 2.5 mmol), prepared from (E)-geranial and prenyl chloride
following the reported procedures,52 in THF (19 em3) cooled to 0 °C was added a mixture of trifluoroacetic acid
and THF (1 : 1 v/v; 38 cm3). The solution was stirred at 35 °C for 3.5 h under nitrogen, and then saturated
aqueous NaHCO3 was added. After evaporation of the organic solvent the residue was extracted with ethyl
acetate. The extract was washed successively with water and brine, and dried over anhydrous NapSO4. After
filtration, the solvent was evaporated to give a mixture of (£)- and (Z)-2-prenyl-geranials (630 mg). Flash
chromatography on silica gel (50 g; hexane-ether, 60 : 1) gave (E)-2-prenyl-geranial (154 mg, 28% yield) and
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(Z)-2-prenyl-geranial (232 mg, 42% yieid) (E)-2-Prenyl-geranial was reduced with DIBAL-H to give 25 in

-1 TT WY AT} = P

% yield. uompouna 25: an oil, 1 NMR § 5. 13 5.03 (2H, m, 2 x CH=), 4.10 (2H, s, 1-H), 2.86 (2H, d,

j=6.-9i1 1'-H), 2.08 (4H, m, 2 x CH2C=), 1.76 (3H, s, Me), 1.69 (9H, s, 3 x Me), and 1.61 (3H, s, Me);
13C NMR & 133.82, 132.06, 131.77, 131.60, 124.04, 122.99, 62.49, 34.74, 29.54, 26.93, 25.87, 25.77,

18.12, 17 89, and 17.70; EI-MS m/z 222 (M, 26) and 69 (100). Found: m/z 222.1972 (M*). Calcd for
CisH260: M, 222.1984

(5E)-5-Bromomethyi-2,6,10-trimethyl-2,5,9-undecatriene (27)
A mixture of alcohol 25 (398 mg, 1.79 mmol), CBr4 (1.07 g, 3.2 mmol)

iy

CHACIh (8 ¢ 3\ was stirted at 0 °C for S h. An agueous NaHCO» added The arganie laver
A RSN R LY A.lx v YRS s 2L \1\! VHO L Ndi 1A Al ,l-l‘ 1 v AW CANAAINAR. 4 1w L 15(41!1 (l.y\,l
was washed successively with water and brine. Extraction of the crude product with hexane gave a mixture of
27 (m/z 286, M) and bis (2-prenyl-geranyl) ether (537 mg) in a ratio of 4 : 1

Ethyl (4E)-2-Acetyl-5,9-dimethyl-4-(3-methyl-2-butenyl)-4,8-decadienoate (28)

Following the procedures reported for the synthesis of 6,6 the B-keto ester 28 was prepared from ethyl
acetoacetate 26 and bromide 27 in 69% yield. Compound 28: an oil, IR 1719 cm’l; 1H NMR & 5.09 (1H, m,
CH=), 4.97 (IH,t,J = 6.8 Hz, CH=), 4.15 (2H, q, J = 7.3 Hz, CH?), 3.58 (IH,t, J = 7.6 Hz, 2-H), 2.71
(2H, d, J = 6.8 Hz, 1'-H), 2.59 (2H, m, 3-H), 2.21 (3H, s, Ac), 2.02 (4H, m, 2 x CH2C=), 1.68 (6H, s, 2 X
Me), 1.67 (3H, s, Me), 1.65 (3H, s, Me), 1.60 (3H, s, Me), and 1.25 (3H, t, J = 7.3 Hz, Me); 13C NMR &
203.11, 169.72, 132.41, 131.74, 131.43, 128.04, 124.12, 123.08, 61.25, 58.23, 34.75, 30.75, 30.29,
29.36, 27.02, 25.84, 25.78, 18.58, 17.92, 17.69, and 14.18.

(5Z)-6,10-Dimethyl-5-(3-methyl-2-butenyl)-5,9-undecadien-2-one (29)

To a solution of keto ester 28 (373 mg, 1.12 mmol) in ethanol (8 cm3) was added an aqueous solution of
sodium hydroxide (1.2 mol dm-3; 48 cm3). The mixture was stirred at 50 °C for 3 h, and then acidified with
acetic acid. After cvaporation of the organic solvent, the residue was extracted with diethyl ether. The crude
product was chromatographed on silica gel (30 g; hexane-ethyl acetate, 40 : 1) to give methyl ketone 29 (270
mg, 92% yield), an oil, IR 1717, 1161, and 829 cm-1;1H NMR & 5.10 (1H, m, CH=), 5.00 (1H, t,J = 6.9
Hz, CH=), 2.70 (2H, d, J = 6.9 Hz, I'-H), 2.47-2.41 (2H, m, CH?2), 2.27-2.21 (2H, m, CH2), 2.13 (3H, s,
Ac), 2.02 (4H, m, 2 x CH2C=), 1.68 (6H, s, 2 x Me), 1.65 (6H, s, 2 x Me), and 1.60 (3H, s, Me); 13C
NMR & 208.85, 131.35, 131.27, 130.64, 129.85, 124.25, 123.25, 42.59, 34.54, 30.80, 29.89, 27.12,
26.74, 25.82, 25.76, 18.17, 17.86, and 17.66; EI-MS m/z 262 (M, 31%), 219 (11), 204 (20), 175 (26), 161
(18), 149 (21), 135 (100), 119 (25), 107 (28), 105 (24), 93 (27), and 69 (32). Found: m/z 262.2295 (M*).

Fthyl MME A7\ 7 11 _Trimaoathvl_&_(2,_ m
[ B¢ if t \J-

Ethy
To a suspension of NaH (60% in mineral oil, 412 mg, 10.3 mmol) in 1 ,2-dimethoxyethane (21 m3) was added
dropwise triethyl phosphonoacetate (2.05 c_r_n3= 10.3 mmol) at room temperature. The mixture was stirred at this
temperature for 1h. A solution of ketone 29 (270 mg, 1.03 mmol) in DMF (20 cm?) was added and the mixture
was stirred at 50 °C for 3 h. Water was added and the aqueous solution was extracted with diethyl cther. The
crude product was chromatographed on silica gel (50 g; hexane-benzene, 4 : 1) to give 30E (291 mg, 85%
yield) and its diastereomer 30Z (39 mg, 11% yield). Compound 30E: an oil, IR 1718, 1648, 1222, 1145,
1051, and 863 cm~1; 1H NMR & 5.66 (1H, s, 2-H), 5.11 (1H, m, CH=), 5.00 (1H, br(, J = 6.9 Hz, CH=),
4.14 (2H, g, J = 6.9 Hz, CH20), 2.71 (2H, d, J = 6.9 Hz, I'-H), 2.17 (3H, d, / = 1 Hz, 3-Me), 2.13 (4H, m,
2 x CH2C=), 2.04 (4H, m, 2 x CH»C=), 1.69 (6H, s, 2 x Me), 1.65 (6H, s, 2 x Me), 1.61 (3H, s, Me), and
1.28 3H, t, J = 6.9 Hz, Me); 13C NMR § 166.75, 160.15, 131.29, 131.06, 129.78, 124.30, 123.32,
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115.29, 59.46, 39.87, 34.59, 30.89, 30.82, 27.18, 25.86, 25.78, 18.99, 18.20, 17.90, 17.70, and 14.43; EI-
MS m/z 332 (M+, 100%), 205 (88) 189 (83), 175 (70), 149 (65), 135 (75), 121 (59), 109 843), 107 (55), and

/n 7 LN AN Ao Ay e T omTm aw

5 (60). Found: m/z 332.2681 (M*). Calcd for C22H3602: M, 332.2715. Compound 30Z: an oil, 'H NMR
5.63 (1H, s, 2-H), 5.12 (1H, m, CH=), 5.03 (IH,brt,J = 7.1 Hz, CH=), 4.13 (2H, q, J = 7.1 Hz,

s R 8 { Pat & e TR IATY TE

20), 2.76 (2H, d, J = 6.9 Hz, 1'-H), 2.63 (2H, m, CH2C=), 2.14-2.08 (2H, m, CHC=), 2.04 (4H, m, 2

——

(3H, d, 4 = 1 Hz, Me), 1.72 (3H, s, Me), 1.68 (6H, s, 2 x Me), 1.67 (3H, s, Me), 1.61 (3H,
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Tetrabutylammonium (2E,6Z)-3,7,11-Trimethyl-6-(3-methyl-2-butenyl)-2,6,10-dodecatrienyl
Hydrogenphosphate (31)

Alcohol 9 (103 mg, 0.36 mmol) was transformed into 31 (165 mg, 76% yield) following the procedures
described previously.%2 Compound 31: a viscous oil, 1H NMR § 5.38 (IH,t,J=5.9 Hz, 2-H), 5.11 (1H, m,
CH=), 5.00 (IH, brt, J = 7.0 Hz, CH=), 444 (2H, t, J = 5.9 Hz, 1-H), 3.33 (8H, m, 4 x CH2N), 2.70 (2H,
d,J =69 Hz, 1'-H), 2.02 (8H, m, 4 x CH2C=), 1.68 (6H, s, 2 x Me), 1.63 (9H, s, 3 x Me), 1.60 (3H, s,
Me), 1.70-1.60 (8H, m, 4 x CH?), 1.51-1.39 (8H, sext. J = 7.3 Hz, 4 x CH2), and 0.99 (12H, t, J = 7.3 Hz,
4 x Me); 13C NMR 8 136.73, 132.19, 131.18, 130.90, 128.67, 124.43, 123.54, 123.10, 61.46, 58.44,
38.32, 34.38, 31.20, 30.73, 27.03, 25.65, 23.90, 19.54, 17.89, 17.72, 17.51, 16.34, and 13.64; 31P NMR &
1.53 (s).

Disodium (2E,6E)-3,7,11-Trimethyl-6-(3-methyl-2-butenyl)-2,6,10-dodecatrienyl Phosphate
(10)

Ion-exchange of the phosphate 31 (117 mg, 0.19 mmol) using CM-Sepharose FF(Na*) (eluent: MeOH-
CHCI3, 2 : 1) gave disodium phosphates 10 (70 mg, 88% yield) as a viscous oil, I'H NMR § 5.37 (1H, m, 2-
H), 5.09 (1H, m, CH=), 4.97 (1H, m, 2'-H), 4.38 (2H, m, 1-H), 2.67 (2H, m, 1'-H), 1.98 (8H, m, 3-H),
2.27-2.21 (2H, m, 4-H), 2.13 (3H, s, Ac), 2.02 (4H, m, 2 x CH2CH=), 1.74 (3H, s, Me), 1.71 (3H, m, 4 %
CH?2), 1.66 (3H, s, Me), 1.64 (6H, s, 2 X Me), 1,61 (6H, s, 2 x Me), and 1.58 (3H, s, Me); 13C NMR &
140.87, 131.93, 131.14, 130.79, 129.01, 124.60, 123.67, 120.47, 62.38, 38.51, 34.63, 31.44, 30.89,
27.17, 25.75, 25.69, 18.00, 17.78, 17.56, and 16.23; 31P NMR & 4.96 (br s); negative FAB-MS (glycerol):
miz 369 [M - (2 x Nat) + Ht; 100]. Found: m/z 369.2224 [M - (2 x Nat) + H*]. Calcd for C20H3404P:
369.2194.

Ethyl (6E)-7,11-Dimethyl-3-0x0-6,10-dodecadienoate (33)
To a soiution of LiNi-Pr2, prepared from clusopropylamme 2.5 cm?) and n-BuLi (1.6 mol dm™3 in hexane;

YT

] ) 3
1i.0 cm3, 17.6 mmol) in anhydrous THF (11 cm3) was added a solution of ethyl acetoacetate 26 (0.9 cm?3,
7.06 mmol) in anhydrous THF (1 cm3), and the mixture was stirred at -75 °C for 30 min under nitrogen. A

2 al 8 & Y 4 _“-‘Z abo o oo lelol o

solution of geranyl bromide 32 (1.25 g, 5.76 mmol) in anhydrous THF (5 cm”) was added, and the resulting
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solution was stirred at O °C for I h. Usual workup and flash chromatography on silica gel (87 g; hexane-ethyl
acetate, 60 : 1) gave 33 (1.16 g, 76% yield), an oil, IR 1749, 1719, 1235, and 1038 cm-1; IH NMR § 5.07
(2H, m, CH=), 4.20 (2H, q, J = 7.2 Hz, OCH32), 3.43 (2H, s, 2-H), 2.57 2H, t, J = 7. 4 Hz, CH2), 2.30

(2H, m, CH?p), 2.10-1.93 (4H, m, 2 x CH2CH=), 1.68 (3H, s, Me), 1.61 (3H, s, Me), 1.60 (3H, s, Me), and

1.28 (3H, t, J = 7.2 Hz); 13C NMR § 202.6, 167.2, 136.8, 131.5, 124.1, 122.1, 61.3, 49.4, 43.0, 39.6,
26.6, 25.7, 22.1, 17.7, 16,0, and 14.1

Delaw,} (LD D /A & 4 TIaud 1. 12 L .. F_20___... 9 ____<L_T1 3 _-___4___-011 » %9 X" ___40 _.1 12 - P 1

HinYt (0L j-4-j oL )-S-i-pUlylaipnenyisiioxy-s>-metnyi-5>-pentenyij-/,11-aimetnyi->-0x0-6,10-
dadarsadiannata (AN

ULV @UBITIIvaLe \-J")

Tn a enenancinn nf Na (AN, in minaral Al O mo 7 S mmanl) in anhudrane THE /) ) m3\ rrnlad 1o N O ayra0
LV G SUSPUEISIVIL UL INALL \ UV /U LRI QL Viky 20 11iE, Lo/ HHHHUL] I Al YUWUUS 110 (£.4 1T JLUUILU IV U U wad
added a solution of 33 (543 mg, 2.0 mmol) in anhydrous THF (7.3 cm3) under nitrogen. The mixture was
stirred at room temperature for 30 min, and then a solution of iodide 46 (1.1 g, 2.4 mmol) in anhydrous THF
(7.5 cm3) was added. The mixture was heated under reflux for 23 h. Afler evaporation of the solvent under

1L U CIIUA 1UL £ J dpadaliinl vl

reduced pressure, the residue was extracted with diethyl ether. Usual workup and flash chromatography on silica
gel (62 g; hexane-ethyl acetate, 80 : 1 and then 110g; benzene) gave 34 (598 mg, 49% yield), an oil, IR 3072,
1745, 1716, 1112, 824, 740, and 702 cm~!; IH NMR & 7.67 (4H, m, Ph), 7.40 (6H, m, Ph), 5.38 (1H, m,
CH=), 5.08 (2H, m, 2 x CH=), 4.19 (4H, m, 2 x CH20), 3.40 (1H, m, CH), 2.55 (1H, m), 2.27 (1H, m),
2.15-1.80 (8H, m), 1.67 (3H, s, Me), 1.61 (3H, s, Me), 1.59 (3H, s, Me), 1.42 (3H, s, Me), 1.26 (3H, t, J =
7.1 Hz, Me), and 1.04 (9H, s, -Bu); EI-MS m/z 602 (M*, 3%), 545 (48), 515 (36), 499 (50), 329 (52), 255
(52), 199 (100), 81 (42), and 69 (57). Found: m/z 602.3788 (M™). Calcd for C38H54048Si: M, 602.3791.

Ethyl (6E)-2-[(3F)-5-t-Butyldiphenylsiloxy-3-methyl-3-pentenyl]-2-[(2E)-3,7-dimethyl-2,6-
octadienyl)]-7,11-dimethyl-3-0x0-6,10-dodecadiencate (35)

To a suspension of NaH (60% in mineral oil; 31 mg, 0.78 mmol) in anhydrous THF (0.7 cm3) cooled to 0 °C
was added a solution of 34 (423 mg, 0.70 mmol) in anhydrous THF (2.5 cm3). The mixture was stirred at
room tcmperature for 30 min, and then a solution of geranyi bromide 32 (229 mg, 1.05 mmoi) in anhydrous

1 l’lF \/_ .) Llll"} Wdbd d.LlUCU l UC bUlUllU[l was llCdlCU uuuu ICUUX lUl 1 H ALCT CVdPﬁldllU[l of UlC SUIVCIll uuucx

reduced pressure the residue was extracted with diethyl ether. Usual workup and flash chromatography on
1713, 112, 824, 740
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(100), 81 (35) and 69 (70). Found: m/z 738.5008 (M*+). Calcd for C48H7004Si: M, 738.5043.
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(6E,13E)-9-[(3E)-5-Hydroxy-3-methyl-3-pentenyl]-2,6,14,18-tetramethyl-2,6,13,17-
nonadecatetraen-10-one (36)

To a solution of 35 (199 mg, 0.27 mmol) in ethanol (13 cm3) cooled to 0 °C was added a solution of sodium
hydroxide (2.2 g, 56 mmol) in aqueous ethanol [water (10 cm3)/ethanol (26 cm3)]. The mixture was stirred at
55 °C for 7 h and then at room temperature for 17 h. After acidification with acetic acid, the solvent was

evaporated under reduced pressure to give a residue, which was extracted with diethyl ether. The extract was
washed successively with water and saturated brine, and dried over anhydrous Na2SO4 . The crude product was

chromatographed on silica gel (30 g; hexane-ethy! acetate, 8 : 1) to give keto alcohol 36 (80 mg, 69% yield), an
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oil, IR 3399, 1701, 999, and 835 cm~!; }H NMR & 5.38 (1H, t, J = 6.9 Hz, CH=), 5.07 (4H, m, 4 x CH=),
4.13 (2H, d, J = 6.8 Hz, OCHy), 2.47-2.40 (3H, m), 2.27-2.17 (3H, m), 2.17-1.90 (11H, m), 1.68 (6H, s, 2
X Me), 1.65 (3H, s, Me), 1.61 (3H, s, Me), and 1.59 (9H, s, 3 x Me); 13C NMR 8 213. 94, 139.29, 137.35,
136.24, 131.53, 124.26, 124.16, 123.87, 122.87, 121.22, 59.37, 51.88, 42.90, 39.79, 39.73, 37.37, 30.44,
29.00, 26.73, 26.66, 25.72, 22.12, 17.71, 16.15, 16.11, and 16.04; Found: m/z 428.3659 (M¥). Caicd for
CraHaoON M AR IRS[A

C2ooH48072: M, 428.3654.
(6E,13E)-9-[(3E)-5-t-Butyldimethylsiloxy-3-methyl-3-pentenyl]-2,6,14,18-tetramethyl-

2,6,13,17- nonadecatetraen 10-one (37)

To a solution of 36 (148 mg, 0.35 mmol) in N,N-dimethylformamide (1.4 cm3) were added imidazole (147
mg, 2.2 mmol) and ¢-butyldimethylsilyl chloride (115 mg, 0.76 mmol). The mixture was stirred at room
temperature for 1.8 h, and then extracted with hexane. The extract was washed successively with water and
saturated brine, and then dried over anhydrous Na2S0O4 . The crude product was chromatographed on silica gel

(11 g; hexane-ethyl acetate, 10 : 1) to give 37 (184 mg, 98%), an oil, IR 1714, 1256, 1069, 836, and 776 cm~
1. IH NMR & 5.28 (1H, m, CH=), 5.06 (4H, m, 4 x CH=), 4.16 (2H, d, J = 6.3 Hz, OCHp), 2.43 (3H, m),
2.24 (3H, m), 2.15-1.85(11H, m), 1.67 (6H, s, 2 x Me), 1.61 (3H, s, Me), 1.59 (12H, s, 4 x Me), 7 X Me],
0.90 (9H, s, t-Bu), and 0.06 (6H, s, SiMe2); 13C NMR § 214.05, 137.25, 136.43, 136.15, 131.51, 131.42,
125.00, 124.29, 124.18, 122.89, 121.31, 65.91, 60.23, 51.77, 43.00, 39.80, 39.73, 37.33, 30.41, 29.02,
26.73, 26.66, 26.05, 25.73, 22.12, 18.45, 17.71, 16.16, 16.04, 15.32, and -5.04.

- - a

emylsuo y-3-methyi-3-pentenyij-2,6,i4,i8-tetramet
s }

p=a

=
p—l
(]
L]

(2E,10E)-6-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,11,15-trimethyl-7-methylene-2,10,14-
hexadecatrien-1-0l (11)

To a solution of 38 (103 mg, 0.20 mmol) in THF (1.4 cm3) was added a solution of TBAF (256 mg, 0.98
mmol) in THF (1.9 cm3), and the mixture was stirred at 25 °C for 3 h. Workup as described above and flash
chromatography on silica gel (5.4 g; hexane-ethyl acetate, 10 : 1) gave 11 (75 mg, 92% yicld), an oil, IR 3340,
1108, 1018, and 889 cm-1; IH NMR § 5.39 (1H, t, J = 6.9 Hz, 2-H), 5.25-5.0 (4H, m, 4 x CH=), 4.80 (1H,
s, =CHH), 4.75 (1H, s, =CHH), 4.14 (2H, t, J = 6.9 Hz, OCH?), 2.4-1.9 (19H, m), 1.68 (6H, s, 2 X Me),
1.66 (3H, s, Me), and 1.60 (12H, s, 4 x Me); 13C NMR 8 151.72, 140.37, 135.55, 135.15, 131.36, 131.29,
124.41, 124.35, 123.10, 109.27, 59.48, 46.57, 39.85, 39.74, 37.40, 33.34, 32.76, 31.22, 26.77, 26.34,
25.73, 17.73, 16.35, 16.23, and 16.09; EI-MS m/z 426 (M*, 6%), 408 (M* - H20, 14), 339 (15), 271 (18),
81 (42), and 69 (100). Found: m/z 426.3829 (M*). Calcd for C30H500: M, 426.3862.
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Disodium (ZE,10E)-6-[(2E)-3,7-Dimethyi-2,6-octadienylj-3 i5-trimethyi-7-methyliene-
2,10,14-hexadecatrienyl Phosphate (12)

1H NMR §5.32 (1H, t, J = 5.7 Hz, 2-H), 5.15-5.00 (4H, m, 4 x CH=), 4.77 (1H, s, =CHH), 4.71 (1H, s,
=CHH), 4.34 (2H, br s, 1-H), 2.15-1.80 (17H, m), 1.66 (6H, s, 2 x Me), 1.61 (3H, s, Me), and 1.59 (12H,
s, 4 x Me); 31P NMR 8 2.91 (s): negative FAB-MS (giycerol) miz 505 [M - (2 x Na* ) + H*; 100]. Found:

a™) + HT]. Calcd for C3gH5004P: 505.3446.

MA AL _ B & WW__ B % ____ a0 ¥ A _____a___ a4 saE
vietny: S5-nyuaroxy-o>-meiiyi-<-pentenoates (41)
A enlntinn Af PhAP_C"HOCMNANMa (T A o 7 mmanl) and A_hudrave_ D hintanana AV (A A & 7Y mmmall in hanaana
A OSURLUUAL UL & DI =AU LINAV (0T By &4 HINTIVE ) AU FTHYUIUA Y “2~UUaliviae v (U5 B, /4 HIIIULG 1 UCLLZCTEC
(1R nm3\ wac heated under rafliiy fnr 11 and than ctirrad at raom temnaratnre far 11 h Tha genlvent wac
LJU LT ) Wad Gl aili uiiutcs 1Ciun 1080 1 U, alu il Sulicl at 10U WinpliatuiT 101 11 1. 100 SUIVEIL was

evaporated, and the residue was chromatographed on silica gel (150g; hexane-ethyl acetate, 3 : 1
mixture of 41E and 41Z inaratioof 2:1 (1.8 g. 57% vyield) as an oil.
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1.2 Hz, CH=), 3.80 (2H, m, OCH?), 369 (3H, s, Me),
1.2 Hz, Me). 41Z: lHN MRSSES(!H_Q C

Hz, 85 (1H, s, ---=); 3.8

Hz, CH?), and 1.96 (3H, d, J = 1.2 Hz, Me).
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5-p-Methoxybenzyloxy-3-methyl-2-penten-1-ols (43)

To a solutionof 41 (E: Z=2:1; 1.8 g, 12.7 mmol) in CHCI3 (70 cm3) cooled to 0 °C were added Ag20
(9.96 g) and 4-methoxybenzyl chloride (12.2 cm3, 89.6 mmol). The mixture was stirred at room temperature
for 21 h, and then filtered. The crude product was chromatographed on silica gel (160g; hexane-ethyl acetate,
25: 1) to give 42 containing 4-methoxybenzyl alcohol. To a solution of the crude ester 42 (9.1 g) in CHClp
(50 cm3) cooled to 0 °C was added DIBAL-H (0.94 mol dm3 in hexane; 28.3 cm3, 26.6 mmol). The mixture
was stirred at 0 °C for 2.8 h. Workup as described above and chromatography on silica gel (70 g; hexane-ethyl
acetate, 6 : 1) gave a mixture of (2E)- and (22)-43 (2.2 g, 74% yield from 41) as an oil. (2E)-43 was partly
isolated by chromatography on silica gel: 1H NMR § 7.25 (2H, d, J = 8.5 Hz, ArH), 6.88 (2H, d, J = 8.5 Hz,
ArH), 5.46 (1H, tt, J = 7.0 and 1.2 Hz, 2-H), 4.44 (2H, s, O-CH?), 4.15 (2H, d, J = 7.0 Hz, 1-H), 3.80 (3H,
s, OMe), 3.54 (2H, t, J = 6.8 Hz, CH?), 2.33 (2H, t, J = 6.8 Hz, CH?), and 1.69 (3H, s, Me).

5-t-Butyidiphenylsiloxy-3-methyl-3-penten-1-0is (45)
To asolution of 43 (£: Z=2:1; 2.2 g, 9.4 mmol) in N,N-dimethylformamide (16 cm3 ) were added imidazole
(2.0 g, 29 mmol) and ¢-butyldiphenylsilyl chloride (2.5 cm3, 9. 9 mmol). The mixture was stirred at room
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S0 n cooled to 0 °C was added saturated aqueous NaHCO3 and the resulting precipitate w
removed hv deca [agion_ The organic laver was washed successively with agueous NaHCQ3 and brine, and then

22 2 2L VIEarNL 1G YR AL SURLARAIIVRLY i AHRLUS ULILG,; Q100 LAAud

dried over anhydrous Na2S04 . The crude product was chromatographed on silica gel (150 g; hexane-ethyl
acetate, 8 : 1) to give a mixture of 45F and 45Z (849 mg, 47% yield from 43). The mixture was carefully
chromatogrdphed on silica gel to give 45E (an oil; 631 mg, 35% yield) and 45Z (an oil; 73 mg, 4% yield).
Compound 45E: IR 3352, 1113, 1067, 823, 739, and 702 cm™1; |H NMR & 7.71-7.67 (4H, m, Ph), 7.46-
7.35 (6H, m, Ph), 5.46 (1H, td, J = 6.1 and 1.2 Hz, 4-H), 4.24 (2H, dd, J = 6.1 and 0.7 Hz, 5-H), 3.64 (2H,
q.J = 6.1 Hz, 1-H), 2.23 (2H, t, J = 6.1 Hz, CH?2), 1.46 (3H, d, J = 0.5 Hz, Me), 1.33 (1H, m, OH), and
1.04 (9H, s, t-Buy, 13C NMR & 135.54, 133.80, 133.40, 129.57, 127.60, 127.11, 60.86, 59.92, 42.34,
26.80, 19.09, and 16.05. Compound 45Z: IR 3374, 1113, 1063, 824, 739, and 702 cm~1; 1H NMR § 7.72-
7.67 (4H, m, Ph), 7.46-7.35 (6H, m, Ph), 5.59 (1H, td, J = 7.1 and 0.7 Hz, 4-H), 4.15 (2H, dd, / = 7.1 and
0.7 Hz, 5-H), 3.61 (2H, g, J = 6.0 Hz, 1-H), 2.25 (2H, t, J = 6.0 Hz, CH2), 2.06 (1H, t, J = 6.0 Hz, OH),
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176 (A 4 T =12 Hz Me) and 104 (0L ¢ +Bu)y 130 NMR § 126724 123860 123252 170 &4 177 £5
L0500, G,y = 1.2 nNZ, My, aiid 1.u4 {(7n, §, I-oUj, COINIVIR O 130.4%, 135,00V, 153.35, 127.0%, 1217.0),
126 70 ANNA SQ 78 2§ 14 26 T7) 22 A4S and 10 NA
1 &uN\Fs i 2 AEAV LAY o e ~Fot e LTF i \T o | e ot WSy ALINL 1 F U\

(2E)-1-t-Butyldiphenylsiloxy-5-iodo-3-methyl-2-pentene (46)

To a solution of triphenylphosphine (554 mg, 2.11 mmol) and HMPA (0.7 cm3) in diethyl ether (3.7 cm3) was
added iodine (543 mg, 2.1 mmol). The mixture was stirred at room temperature for 20 min. A solution of
alcohol 45E (228 mg, 0.64 mmol) in diethyl ether (1.9 cm3) was then added, and the mixture was stirred for 3
h. After dilution with diethyl ether, the ethereal solution was washed successively with 10% NapS03, dilute
H2504, aqueous NaHCO3, water, and brine. The crude product was chromatographed on silica gel (31 g;
hexane) to give iodide 46 (290 mg, 97% yield), an oil, IR 1609, 1112, 899, 824, 739, and 701 cm-1, 1H NMR
4 7.69 (4H, m, Ph), 7.40 (6H, m, Ph), 5.43 (1H, t, J = 6.1 Hz, CH=), 4.21 (2H, d, J = 6.1 Hz, CH20), 3.18
(2H, t, J = 7.6 Hz, CH2), 2.52 (2H, t, J = 7.6 Hz, CH2), 1.44 (3H, s, Me), and 1.04 (9H, s, t-Bu).

(2F,8E)-6 Isopropeny 1-3,9,13-trimethyi-2,8,12-tetradecatrienyl Acetate (47)

A mixture of geraniol 23 (1.0 g) and nn ‘ntmor illonite K 10 (3.0 g) was allowed to stand at room temperature for
2 h. The product was extracted with ethyl acetate. Volatile components (419 mg) containing geraniol and
linalnnl wera aliminatad huv hulh_ta_holh Adigtillatinan (110 ©C A mmHa) Tha racidiie (A8 ma) wa <
111iarvuvl YWulLw wvillliiniiialva U.y VUIUTIVTUUILIU uldLliiativia \‘l iv oy 11151181 ,’ 1 G IVo1uuL \-TUJ llls} wad
rhromatnaranhed an cilira onl fhavana_athy atate 10 - 1) th agiva frartinng rantaining athare (64 mo)

A2 VIV llul,\lsluklll\/\_l Uil Jiiiva 601 Luvaqiy \rlll]l “\.r\./Lul\r, 1\7 1) ow bl AAYERR S ¥/ L SAWS S ) LUIILCIILIIIIS Ui o \U—T lllé}, aliu

fractions containing alcohols (91 mg). From the former mixture, geranyl linalyl ether (12 mg, 1%) and
digeranyl ether (45 mg, 4%) were isolated. The alcohols were treated with acetic anhydride (1.0 cm3) and
pyridine (1.0 cm3). The mixture of acetates was chromatographed on silica gel impregnated with silver nitrate
(10%:; 6 g) to give 47 (37 mg, 3.5%), an oil, IR 3080, 1745, 1670, 1645, 1230, 1025, and 890 cm'l; 1H
NMR & 5.32 (1H, tq, J = 7.0 and 1.2 Hz, 2-H), 5.08 (2H, m, 2 x CH=), 4.75 (1H, m, =CHH), 4.66 (1H, d,
J =18 Hz, =CHH), 4.58 (2H, d, J = 7.0 Hz, OCH?), 2.10-1.87 (9H, m, 4 x CH2 and CH), 2.05 (3H, s,
Ac), 1.68 (3H, s, Me), 1.67 (3H, s, Me), 1.61 (3H, s, Me), 1.60 (3H, s, Me), 1.59 (3H, s, Me), and 1.55-
1.37 (2H, m, CH2); 13C NMR 3§ 171.10, 147.39, 142.63, 135.48, 131.21, 124.35, 122.95, 118.02, 111.41,
61.41, 47.25, 39.76, 37.33, 32.20, 30.55, 26.66, 25.66, 21.03, 18.59, 17.66, 16.46, and 16.13; EI-MS m/z
332 (M, 6%), 272 (24), 204 (51), 161 (23), 135 (54), 121 (47), 107 (56), 95 (50), 93 (86), 81 (93), and 69
(100). Found: m/z 332.2725 (M¥), Calcd for C22H3602: M, 332.2715.

(2E ,8E)-6-Isopropenyl-3,9,13-trimethyl-2,8,12-tetradecatrien-1-0ol (13)

1H NMR & 5.43 (1H, tq, J = 6.8 and 1.2 Hz, 2-H), 5.08 (2H, m, 8-H and 12-H), 4.76 (1H, m, =CHH), 4.68
(1H, m, =CHH), 4.14 (2H, d, J = 6.8 Hz, OCH?), 2.05-1.89 (9H, m, 4 x CH2 and CH), 1.68 (3H, s, Me),
1.67 (3H, s, Me), 1.62 (3H, s, Me), 1.60 (6H, s, 2 x Me), and 1.53-1.39 (2H, m, CH?2).

Disodium (2E,8E)-6-Isopropenyl-3,9,13-trimethyl-2,8,12-tetradecatrienyl Phosphate (14)

IH NMR § 5.33 (1H, m, 2-H), 5.07 (2H, m, 8-H and 12-H), 4.72 (1H, m, =CHH), 4.64 (1H, m, =CHH),
4.34 (2H, m, OCH2), 2.00-1.85 (9H, m, 8 x CH2 and CH), 1.66 (3H, s, Me), 1.61 (3H, s, Me), 1.57 (9H,
s, 3 x Me), and 1.43 (2H, m, CH?); 31P NMR & -2.31 (s); negative FAB-MS (glycerol): m/z 369 [M - (2 x

Nat) + Ht; 100]. Found: m/z 369.2216 {M - (2 x Nat) + H*]. Caled for C2oH3404P: 369.2194.

(2E,6E,12E,16E)-10-Isopropenyl-3,7,13,17,21-pentamethyl-2,6,12,16,20-docosapentaenyl
Acetate (51)

IR 3080, 1745, 1670, 1645, 1230, 1025, and 890 cm™ 1 IH NMR & 5.34 (1H,tq, J=7.0 and 1.2 Hz, 2-H
H, d 7

5.15-5.05 (4H, m, 4 x CH=), 4.73 (1H, m, =CHH), 4.65 (1H, d, J = 1.7 Hz, =CHH), 4.59 (:
s )

$.59 (2H, d
Hz, OCH?), 2.15-1.80 (17H, m, 8 x CH2 and CH), 2.05 (3H, s, Ac), 1.70 (3H, s, Me), 1.68 (3H,
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i.61 (3H, s, Me), 1.59 (9H, s, Me), 1.58 (3H, s, Me), and 1.51-1.32 (2H, m, CH2); 13C NMR & 171.10,
147.71, 142.29, 135.78, 135.39, 134.88, 131.24, 124.42, 124.27, 123.44, 123.10, 118.25, 111.20, 61 .41,
47.20, 39.81, 39.73, 39.57, 37.44, 32.20, 31.09, 26.80, 26.69, 26.22, 25.69, 21.04, 18.65, 17.67, 16.48,
14 10 and 16 NN RT_NQ /- AAQ f'hﬂ-f- ALCZN ANQ 719)Y 220 /AN AT 722y INY /70 1L 0N 1AOD FAY 1727
U7, allld 10UV, L17IVED I 200 \IVL 7, U0 ), FUO (14 ), D30T (LU, & 14 \335), LUS (40}, 101 (LY, 147 (4D), 1D
(64\ 138§ (S7Y 12} ¢ Y 121 Q1Y 10Q (A 107 (87) OS (AN QR (A7 R1 (A7) and O 1NN Fruond: s/~
AWVT )y A/l \W T Jy duad \UNIJy Rl \JT L]y AUT \TL)y LVT T Jy 70 \UNJy T (Ui J, OL (Ui J, Ul U7 (1UYV) A VUi, TG
468.3955 (M*). Calcd for C32H5202: M, 468.3967
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