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Allylation of the lithiated cyclohexylimine of (2E,6E, 10E)-geranylgeranial with (2E)-geranyl bromide followed
by acid-catalyzed hydrolysis gave (2E)-a-, (2Z)-a-, and y-geranyl-substituted  geranylgeranials. Farnesyl-substituted
geranylgeranials were also prepared. (2Z)-a-Geranyl- and (2Z)-a-farnesyl-substituted geranylgeranials were photoisom-
erized to the corresponding (2E)-isomers, respectively. The branched polyprenyl alcohols, obtained by the reduction of
these aldehydes, were transformed to geranyl- and farnesyl-substituted geranylgeranyl phosphates.

Highly branched isoprenoid hydrocarbons, such as I,
which are distributed widely and abundantly in sediments,"
have been postulated by Ourisson and Nakatani to be derived
from the corresponding polyprenylated polyprenyl phos-
phates II comprising biomembranes in early evolution,>>
although these phosphates and alcohols III have been iso-
lated neither from sediments nor from present-day microbial
sources (Chart 1).” The availability of synthetic samples of
these highly branched polyprenoids would greatly facilitate
the search for such primitive microorganisms which may still
exist on earth,” and the testing of this interesting speculation
by evaluating the physicochemical properties of phosphates
II in water.”> We now report the synthesis of 2-geranyl- and
2-farnesyl-substituted geranylgeraniols Il /=0, m=2,n=1
and 2, A?) and their phosphates II together with their isomers.

Results and Discussion

The introduction of (2E)-geranyl or (2E,6E)-farnesyl chain

I+m=2
n=0,12

I X =0P0s%
l X=0H
Chart 1. Chemical formulae I—III.

into (2E,6E,10E)-geranylgeraniol was performed through the
allylation of cyclohexylimine 2 derived from (2E,6FE,10E)-
geranylgeranial (1) following a reported method.® In the re-
action a-substitution was expected to proceed predominantly
as described in the literature, although the geometry of the
newly formed tetrasubstituted carbon—carbon double bond
was not previsional. Cyclohexylimine 2 was prepared from
aldehyde 1 and cyclohexylamine in the presence of potassium
carbonate in quantitative yield. Imine 2 was lithiated with
lithium diisopropylamide in HMPT/THF, and then treated
with (2E)-geranyl bromide (3a).” The crude product was hy-
drolyzed with buffered aqueous acetic acid to give a mixture
of geranyl-substituted geranylgeranials 4a—6a (Scheme 1).
Flash column chromatography on silica gel of the crude prod-
uct gave (2Z)-a-substituted geranylgeranial 5a [24% yield;
6 =1.96 (s, 3-Me), 2.96 (d, J=6.8 Hz, 1’-CH,), and 10.04 (s,
CH=0)] and an inseparable mixture of (2E)-a- and y-sub-
stituted geranylgeranials 4a and 6a (16% combined yield).
The major product Sa was isomerized to the desired aldehyde
4a as follows. Photoisomerization of a, -unsaturated al-
dehyde 5a was conducted under irradiation with a UV lamp
(254 nm) for 90 h to give an equilibrium mixture of 4a and
5a, which was then chromatographed on silica gel to give 4a
{6 =2.19 (s, 3-Me), 2.99 (d, J=6.8 Hz, 1’-CH;) and 10.13
(s, CH=0)] and 5a in 20 and 39% yields, respectively. The
geometry of aldehydes 4a and 5a was assigned based on the
chemical shifts of 3-Me in their 'HNMR spectra; 3-Me cis
to formyl group resonates at lower field.® The reduction of
aldehydes 4a and 5a with sodium borohydride gave alcohols
7a and 8a in 50 and 67% yields, respectively.

A mixture of 4a and 6a was reduced with diisobutyl-
aluminium hydride (DIBAL) to give allylic alcohols 7a and
9a (65% yield). An inseparable mixture of 7a and 9a was
first silylated with z-butyldimethylsilyl chloride (TBDMSCI)
and then submitted to flash column chromatography on silica
gel to give silyl ethers 10a (77% yield) and 11a (17% yield).
Compound 10a was hydrolyzed with BuyNF to give alcohol
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(a) c-C¢H;;NH;, K»CO3, benzene, 0 °C—room temp; (b) LiN(i-Pr),, HMPT, THF, then 3a (—50 °C), or 3b (—80 °C);

(c) hv, hexane, N3, room temp; (d) DIBAL, CH,Cl,, —50 °C; () TBDMSCI, imidazole, DMF, 30 °C; (f) n-BusNF, THF, room

temp; (g) NaBH4, EtOH, room temp or (d).

7a in 93% yield. The hydrolysis of silyl ether 11a gave alco-
hol 9a as an inseparable mixture of (2E)- and (2Z)-isomers
(RQE:2Z=ca. 1:1) in 90% yield. Although HPLC of the
alcohol 9a showed two slightly separated peaks (retention
times 13.6 and 13.8 min), separation of the minor alcohol
was discarded.

Farnesyl substituted geranylgeraniols were synthesized
similarly using (2E,6E)-farnesyl bromide (3b)” instead of
(2E)-geranyl bromide (3a). In the allylation of imine 2, per-
formed at —50 °C, a-farnesyl-substituted geranylgeranials
4b and 5b were yielded. Although y-farnesyl-substituted

geranylgeranial 6b was not detected in the 'HNMR spec-

trum of the reaction mixture, the spectra, which showed a
signal at 6 =4.71 (m, CH=CH,), indicated that these alde-

hydes were contaminated by nucleophilic substitution prod-
ucts accompanied by an allylic rearrangement (Sy2' reac-
tion). However, when allylation was performed at —80 °C,
aldehydes 4b—6b were obtained without contamination of
the rearranged products (56% combined yield; 4b:5b:6b=
1.7:5: 1, determined by integration of CH=O signals in the
'HNMR spectrum).

The photoisomerization of a,[-unsaturated aldehyde 5b,
followed by reduction with DIBAL, gave a mixture of allylic
alcohols 7b and 8b (7b:8b=1:1.1) in 33% overall yield.
An inseparable mixture of 4b and 6b was first reduced with
DIBAL and then treated with z-butyldimethylsilyl chloride
to give silyl ethers 10b and 11b. The hydrolysis of 10b and
11b gave alcohol 7b and 9b, respectively.
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7a X=0H

12a X = 0P03H-+NBU4

13a X = OPOzH *NH,CgHyy

L.
L.
d E 14a X = OPO;¥Na*,
L.
L.

7b X=0H

12b X = OPO;H*NBu,

14b X = OPO;#Na*,

9a,9b X =OH
a,c |

18a, 18b X = OPO;H*NBu,
o[
19a, 19b X = OPO,%Na*,

Scheme 2.
(d) CM-Sepharose FF (Na*) (eluent: MeOH-CHCl3, 2: 1).

Although several methods for the conversion of
polyprenols into polyprenyl monophosphates have been re-
ported, the yields are low and the purification procedures
are complicated. Recently, disodium farnesyl phosphate
has been prepared from farnesol through tetrabutylammo-
nium phosphate and bis (cyclohexylammonium) phosphate
by combining methods reported by Danilov® and Julia.'*!V
We attempted to prepare disodium (2E)-2-geranyl-geranyl-
geranyl phosphate (14a) from alcohol 7a using this method.
Alcohol 7a was phosphorylated with tetrabutylammonium
dihydrogen phosphate and trichloroacetonitrile to give tetra-
butylammonium phosphate 12a (Scheme 2).” The phosphate
12a was then converted to cyclohexylammonium phosphate
13a. In the case of farnesol, bis(cyclohexylammonium)
phosphate is yielded and purified by crystallization from
water.'® However, the crystallization of phosphate 13a from
water was not achieved because of its poor solubility in water.
Phosphate 13a was purified as follows. Cyclohexylammo-
nium phosphate 13a, possessing bulky hydrophobic chains,
was extracted with hexane. The hexane solution was washed
with water, and the extract was carefully purified by gel fil-
tration using a Sephadex LH-20 column (eluent: MeOH) to
give 13a in 62% yield from alcohol 7a.

Finally, compound 13a was converted to disodium 2-ge-
ranyl-geranylgeranyl phosphate (14a) on an ion-exchange
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(a) CI3CCN, (n-BusN)H,PO4, CHCl3, room temp; (b) aq ¢-CsH;1NH3Cl, pH 9; (c) Sephadex LH-20 (eluent: MeOH);

column of CM-Sepharose FF (Na*) MeOH—-CHCl3=2:1)
in 86% yield.'” Phosphate 14a was characterized by 'H, '*C,
and 3'PNMR and negative FAB-MS spectroscopies. Phos-
phate 17a was prepared similarly from alcohol 8a in 44%
overall yield.

The phosphorylation of alcohol 7b with tetrabutylammo-
nium dihydrogen phosphate and trichloroacetonitrile, fol-
lowed by purification by Sephadex LH-20,'” gave tetrabu-
tylammonium phosphate 12b in 67% yield. Phosphate 12b
was then transformed to disodium (2E)-2-farnesyl-geranyl-
geranyl phosphate (14b) in 95% yield. Geranyl- and far-
nesyl-substituted geranylgeraniols 9a, 8b, and 9b were also
transformed to disodium phosphates 19a, 17b, and 19b in 64,
71, and 55% overall yields, respectively. The two-step trans-
formations of branched polyprenols to disodium phosphates
were superior in yields.

Branched polyprenyl phosphates 14a, 14b, 17a, 17b, 19a,
and 19b were thus prepared in satisfactory yields.'?

Experimental

IR spectra were taken on a JASCO A-3 spectrometer for thin-
layer films on sodium chloride plates. 'HNMR spectra were
recorded on a JEOL GSX-270 (270 MHz) or GSX-400 (400 MHz)
spectrometer with CDCl3 as the solvent and tetramethylsilane as an
internal standard. '*CNMR spectra were recorded on the instru-
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ments operating at 67.9 or 100.5 MHz with CDCl; as the solvent
and internal standard (8 =77.05). *'PNMR spectra with complete
proton decoupling were recorded on the JEOL GSX-270 spectrom-
eter operating at 109.4 MHz in CDCl; (external standard: phos-
phoric acid in D,0). Mass spectra (EI, 70 eV) were obtained on
a JEOL DX-300 mass spectrometer. Negative FAB mass spectra
were recorded on a JEOL SX-102 mass spectrometer. Accurate
mass measurements were recorded on these mass spectrometers.
HPLC was performed on a JASCO TRIROTAR-IV apparatus with
RID-300 RI detector using a Finepak Sil column (4.6x250 mm;
solvent, hexane—ethyl acetate 20:1 v/v; flow rate 2 cm? min_').
Precoated Merck Kieselgel 60 F,s4 and Wakogel C-300 were used
for thin layer chromatography (TLC) and flash column chromatog-
raphy, respectively. Sephadex LH-20 and CM-Sepharose FF were
purchased from Pharmacia.

N-[(2E,6E,10E)-3,7,11,15-Tetramethyl-2,6,10,14-hexadeca-
tetraenylidene]cyclohexylamine (2).  To a solution of (2E,6E,
10F)-geranylgeranial (1) (4.5 g, 15 mmol) in benzene (1.5 cm’)
cooled to 0 °C were added cyclohexylamine (3.2 g, 33 mmol) and
K>CO; (0.65 g, 4.7 mmol). The solution was first stirred at 0 °C
for 1 h, and then at room temperature for 2 h. After filtration, the
solvent was evaporated to give imine 2 (5.7 g, 99% yield) as an
orange oil; IR 1648 cm™'; '"HNMR 8 =8.24 (1H, d, J=9.3 Hz, 1-
H), 6.01 (1H, d, /=9.3 Hz, 2-H), 5.10 (3H, m, 3xCH=), 2.98 (1H,
m, CH-N), 2.14 (3H, s, Me), 2.14—1.22 (22H, m, 6 x CH,CH= and
10xH on cyclohexane ring), 1.91 (3H, d, /=1.2 Hz, Me), 1.68 (3H,
d, J=1.0 Hz, Me), and 1.59 (6H, s, 2xMe).

Preparation of Geranyl-Substituted Geranylgeranials 4a, Sa,
and 6a. To a solution of lithium diisopropylamide [prepared from
diisopropylamine (6.0 cm®) and n-BuLi (1.6 moldm™?; 29 cm?)]
and HMPT (8.0 cm®) in THF (57 ecm®) cooled to 0 °C was added
a solution of imine 2 (5.7 g, 15 mmol) in THF (2.0 cm3). The
resulting brown-yellow solution was first stirred at 0 °C for 10 min,
and then at —50 °C for 30 min. After a solution of (2E)-geranyl
bromide (3a)” (9.9 g, 46 mmol) in THF (2.0 cm®) was added, the
mixture was stirred at —50 °C for 4 h. After evaporation of the
solvent, the residue was extracted with diethyl ether and the ethereal
solution was washed successively with water and saturated brine,
and then dried over anhydrous Na;SOq. After filtration, the solvent
was evaporated to give an orange oil (14 g).

The crude product dissolved in diethyl ether was hydrolyzed
with buffered aqueous acetic acid [pH 4.5, 20 cm’, prepared from
acetic acid (13 cm®), water (13 cm®), and sodium acetate (5.4 2]
for 1 h at room temperature. The solution was first diluted with di-
ethyl ether and then washed successively with water and saturated
brine, and finally dried over anhydrous Na;SOs. After filtration,
the solvent was evaporated to give an orange oil (11 g), which was
chromatographed on silica gel (230 g; hexane—AcOEt, 200: 1 and
then 20 : 1) to give an oil (4.6 g). The oil was then submitted to flash
column chromatography on silica gel (200 g; hexane-benzene, 1: 1)
to give (2Z)-2-geranyl-geranylgeranial (5a) (an oil; 1.5 g, 24% yield)
and an inseparable mixture of (2E)-2-geranyl-geranylgeranial (4a)
and y-geranyl-substituted geranylgeranial 6a (an oil; 1.0 g, 16%
yield). TLC (benzene): R¢ =0.46 for 5a and 0.37 for 4a and 6a.

(2Z,6E,10E)-2-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-
tetramethyl-2,6,10,14-hexadecatetraenal (5a): IR 1670 cm™';
"HNMR 6 =10.04 (1H, s, 1-H), 5.10 (4H, m, 4xCH=), 4.86 (1H,
tq, J=6.7 and 1.2 Hz, 2’-H), 2.96 (2H, d, J=6.6 Hz, 1’-H), 2.60
(2H, t, J=7.6 Hz, 4-H), 2.22 (2H, q, J=7.6 Hz, 5-H), 2.06—1.96
(12H, m, 6xCH,CH=), 1.96 (3H, s, 3-Me), 1.68 (6H, s, 2xMe),
1.66 (3H, d, /=1.2 Hz, Me), 1.60 (6H, s, 2xMe), and 1.58 (6H,
s, 2xMe); P*CNMR & =190.16, 158.47, 137.01, 136.73, 135.21,
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135.05, 131.18, 124.32, 124.23, 123.95, 122.22, 121.64, 39.73,
33.05,27.82,26.84,26.73,26.60, 25.75, 24.38,21.70, 17.74, 16.19,
and 16.07; MS m/z 424 (M*; relative intensity 0.9%), 406 (M* —
H,0; 12), 123 (81), 109 (59), 81 (56), and 69 (100). Found: m/z
406.3568 (M* — H>0). Calcd for C3oHas: (M — H,0), 406.3600.

Photoisomerization of (2Z)-2-Geranyl-geranylgeranial (5a)
to (2E)-2-Geranyl-geranylgeranial (4a). A solution of alde-
hyde 5a (86 mg, 0.20 mmol) in hexane (4.5 cm®) placed in a quartz
cell was irradiated with a UV lamp (254 nm) at room temperature
for 90 h under nitrogen to give an equilibrium mixture of 4a and 5a.
Flash column chromatography (silica gel, 30 g; hexane—benzene,
1: 1) of the mixture gave 4a (18 mg, 20% yield) and 5a (34 mg, 39%
yield). 4a: IR 1670 cm™'; "HNMR 6 = 10.13 (1H, s, CH=0), 5.10
(4H, m, 4xCH=), 4.89 (1H, tq, J=6.8 and 1.2 Hz, 2'-H), 2.99 (2H,
d, J=6.8 Hz, 1'-H), 2.70—1.83 (16H, m, 8 x CH,CH=), 2.19 (3H,
s, 3-Me), 1.68 (6H, s, 2xMe), 1.66 (3H, s, Me), 1.62 (3H, s, Me),
1.60 (6H, s, 2xMe), and 1.58 (3H, s, Me); "CNMR & =191.31,
158.41, 136.40, 136.27, 135.15, 131.30, 124.33, 124.28, 123.99,
122.93, 122.25, 39.68, 37.06, 29.69, 26.76, 26.64, 26.56, 26.12,
25.68, 24.09, 17.65, 17.36, 16.15, and 16.00; MS m/z 424 (M*;
2%), 406 (M*—H,0; 2), 137 (29), 81 (37), and 69 (100).

(2Z,6E,10E)-2-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-
tetramethyl-2,6,10,14-hexadecatetraen-1-ol (8a). Aldehyde
5a (152 mg, 0.36 mmol) was reduced with sodium borohydride
(122 mg, 3.2 mmol) in ethanol (1.5 cm®). The crude product
was purified by flash column chromatography on silica gel (16
g; benzene) to give (2Z)-2-geranyl-geranylgeraniol (8a) (104 mg,
67% yield) as an oil; HPLC: R, =7.56 min (purity 90%); IR 3330
and 995 cm™'; '"HNMR 6 =5.13—5.04 (5H, m, 5xCH=), 4.06
(2H, s, 1-H), 2.86 (2H, d, J=7.1 Hz, 1’-H), 2.20—1.88 (16H, m,
8xCH,CH=), 1.72 (3H, s, 3-Me), 1.68 (9H, s, 3xMe), and 1.60
(12H, s, 4xMe); *CNMR § = 135.92, 135.73, 135.03, 133.69,
132.38, 13147, 131.25, 124.39, 124.21, 124.11, 123.78, 122.69,
61.95,39.75,39.71, 34.27,29.76,27.07,26.75, 26.61, 25.68, 18.46,
17.66, 16.04, 16.01, and 15.98; MS m/z 408 M*"—H,0, 3%), 81
(27), and 69 (100).

Reduction of Aldehydes 4a and 6a. To a solution of the
mixture of aldehydes 4a and 6a (981 mg, 2.3 mmol) in CH,Cl,
(7.0 cm®) cooled to —50 °C was added a solution of diisobutyl-
aluminium hydride (DIBAL) in hexane (0.98 moldm™?; 4.6 cm®,
4.5 mmol). After the solution was stirred for 30 min, an additional
DIBAL solution (9.2 cm®, 9.0 mmol) was added and the mixture
was stirred for 1 h. An aqueous NaOH solution (10%; 5 cm’) was
added. The reaction mixture was warmed to room temperature and
diluted with diethyl ether. The organic layer was washed with a
10% aqueous NaOH solution, and the combined basic aqueous lay-
ers were extracted twice with diethyl ether. The combined ethereal
layer was washed successively with water (until neutral) and sat-
urated brine, and then dried over anhydrous Na;SO4. The solvent
was evaporated and the crude product was purified by flash column
chromatography on silica gel (50 g; hexane~AcOEt, 50: 1) to give
a mixture of alcohols 7a and 9a (661 mg, 65% yield) as an oil.

(6E 9E,13E ,17E)-9-[(¢-Butyldimethylsiloxy)methyl]-2,6,10,14,
18,22-hexamethyl-2,6,9,13,17,21-tricosahexaene (10a) and (6E,
10E,17E)-14-[2-(¢-Butyldimethylsiloxy)ethylidene]-2,6,10,18,22-
pentamethyl-2,6,10,17,21-tricosapentaene (11a). To a solution
of the mixture of 7a and 9a (661 mg, 1.5 mmol) in N,N-dimethyl-
formamide (5.0 cm®) were added ¢-butyldimethylsilyl chloride (467
mg, 3.1 mmol) and imidazole (634 mg, 9.3 mmol). The mixture was
stirred at 30 °C for 30 min and then extracted with pentane. The
extract was washed successively with water and saturated brine,
and then dried over anhydrous Na;SO4. After filtration, the solvent
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was evaporated to give a mixture of z-butyldimethylsilyl ethers as
an oil. Flash column chromatography of the mixture (silica gel,
70 g; hexane—benzene, 30: 1 and then benzene) gave 10a (an oil;
645 mg, 77% yield) and 11a (an oil; 139 mg, 17% yield). TLC
(hexane-benzene 10:1): Ry =0.44 for 10a and 0.27 for 11a.
10a: IR 1258, 1060, 840, and 775 cm™'; 'THNMR 6 =5.21—
5.02 (5H, m, 5xCH=), 4.14 (2H, s, O-CH,), 2.88 (2H, d, /=6.8
Hz, 8-H), 2.16—1.94 (16H, m, 8xCH,CH=), 1.73 (3H, s, Me),
1.70 (3H, s, Me), 1.69 (3H, s, Me), 1.68 (3H, s, Me), 1.62 (12H, s,
4xMe), 0.92 (9H, s, SiBu’), and 0.08 (6H, s, Si(Me),); *C NMR
6=135.05,134.84, 134.57,132.13, 131.40, 131.12, 131.10, 124.44,
124.41, 124.24, 123.54, 61.80, 39.81, 39.74, 34.83, 28.18, 26.76,
26.62, 26.00, 25.67, 18.38, 18.02, 17.64, 16.08, 15.97, and —5.23.
11a (2E/2Z Mixture): IR 1254, 1102, 1055, 833, and 773
cm™'; 'THNMR 6 =5.31 (1H, t, J=6.1 Hz, O-CH,CH=), 5.10 (5H,
m, 5xCH=), 4.21 (2H, d, J=6.1 Hz, O—CH,), 2.16—1.92 (20H,
m, 10xCH,CH=), 1.68 (6H, s, 2xMe), 1.60 (15H, s, 5xMe), 0.90
(9H, s, SiBu’), and 0.07 (6H, s, Si(Me),); *CNMR 8 =140.76,
140.73, 135.37, 135.34, 135.05, 134.87, 134.81, 131.20, 131.14,
131.11, 124.89, 124.39, 124.30, 124.23, 124.17, 124.07, 123.85,
60.08,39.71, 36.77, 30.85, 27.08, 26.75, 26.68, 26.62, 26.59, 26.51,
26.00, 25.66, 18.37, 17.64, 15.99, 15.97, and —5.06.
(2E,6E,10E)-2-[(2E)-3,7-Dimethyl-2,6-octadienyl]-3,7,11,15-
tetramethyl-2,6,10,14-hexadecatetraen-1-ol (7a). To a solution
of 10a (163 mg, 0.30 mmol) in THF (4.0 cm’) was added tetra-
butylammonium fluoride (297 mg, 0.94 mmol); the solution was
stirred at room temperature for 3 h. After the addition of a drop
of water, the solvent was evaporated, and the residue was extracted
with diethyl ether. The ethereal layer was washed successively with
water and saturated brine, and then dried over anhydrous Na,;SOy4.
After filtration the solvent was evaporated, and the residue was
chromatographed on silica gel (10 g; hexane—AcOEt, 20: 1) to give
(2E)-2-geranyl-geranylgeraniol (7a) (119 mg, 93% yield) as an
oil; HPLC: R, =12.2 min (purity 96%); IR 3300 and 990 cm™;
'"HNMR 6 =5.20—5.02 (5H, m, 5xCH=), 4.09 (2H, s, 1-H), 2.88
(2H, d, J=7.1 Hz, 1'-H), 2.14—1.88 (16H, m, 8 xCH,CH=), 1.77
(3H, s, 3-Me), 1.68 (9H, s, 3xMe), 1.61 (3H, s, Me), and 1.60
(9H, s, 3xMe); PCNMR & =135.82, 135.32, 134.94, 133.86,
131.87, 131.50, 131.20, 124.36, 124.14, 123.94, 123.06, 6241,
39.74,39.69, 34.68,29.37,26.79, 26.72, 26.56, 25.66, 18.08, 17.64,
16.02, and 15.95; MS m/z 408 M* — H,0; 9%), 81 (38), and 69
(100). Found: m/z 408.3735 (M" —H,0). Calcd for CipHus:
M —H,0), 408.3756.
(6E,10E)-3-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-7,11,15-tri-
methyl-2,6,10,14-hexadecatetraen-1-ol (2E/2Z Mixture) (9a).
Compound 11a (115 mg, 0.21 mmol) was desilylated as described
above and alcohol 9a was obtained as an oil (81 mg, 90% yield);
HPLC: R, =13.6 and 13.8 min, diastereomer ratio 48:52, purity
> 99%; IR 3320 and 1000 cm™'; "HNMR 6 =5.43 (1H, t, J=7.1
Hz, 2-H), 5.10 (5H, m, 5xCH=), 4.13 (2H, d, /=7.1 Hz, 1-H),
2.18—1.87 (20H, m, 10xCH,CH=), 1.67 (6H, s, 2xMe), and 1.60
(15H, s, 5xMe); *CNMR 6 = 143.33, 135.82, 135.77, 135.26,
134.95, 134.87, 131.30, 131.21, 131.14, 124.33, 124.26, 124.17,
124.13, 124.03, 123.85, 123.81, 123.61, 59.00, 39.62, 36.67, 30.48,
27.01, 26.98, 26.69, 26.65, 26.56, 26.51, 25.61, 17.59, 15.95, and
15.92; MS m/z 408 (M* — H,0; 4%), 81 (37), and 69 (100).
Preparation of Farnesyl-Substituted Geranylgeranials 4b,
5b, and 6b. To a solution of the anion of imine 2 in THF
(2.0 cm®), prepared from 2 (950 mg, 2.6 mmol), as described for
4a—6a, and cooled to —80 °C, was added a solution of farnesyl
bromide (3b)” (1.1 g, 3.9 mmol) in THF (2.0 cm®). The mixture
was stirred at —80 °C for 3 h and the product was chromatographed
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onsilica gel (100 g; hexane~benzene, 1 : 1 and then benzene) to give
farnesyl-substituted geranylgeranials (873 mg). The mixture was
chromatographed on silica gel (50 g; hexane-benzene 1: 1) to give
aldehyde 5b (an oil; 417 mg, 33% yield) and a mixture of aldehydes
4b, 5b, and 6b (4b:5b:6b=3.4:1:2; 290 mg, 23% yield). TLC
(benzene): Rr=0.47 for 5b and 0.34 for 4b and 6b.

(2Z,6E,10E)-3,7,11,15,- Tetramethyl-2-[(2E,6E)-3,7,11-tri-
methyl-2,6,10-dodecatrienyl]-2,6,10,14-hexadecatetraenal (Sb):
IR 1670 and 1625 cm™'; "THNMR & =10.04 (1H, s, 1-H), 5.13—
5.06 (5H, m, 5xCH=), 4.86 (1H, tq, J=6.7 and 1.2 Hz, 2'-H),
2.97 2H, d, J=6.7 Hz, 1’-H), 2.60 (2H, t, J =7.6 Hz, 4-H), 2.22
(2H, q, J=7.6 Hz, 5-H), 2.10-1.78 (16H, m, 8xCH,CH=), 1.96
(3H, s, 3-Me), 1.69 (3H, s, Me), 1.68 (6H, s, 2xMe), 1.59 (9H, s,
3xMe), and 1.58 (6H, d, J=1.2 Hz, 2xMe); *CNMR & =190.34,
158.62, 137.08, 136.78, 135.39, 135.13, 134.94, 131.25, 124.36,
124.13, 124.00, 122.27, 121.62, 39.69, 39.65, 32.97, 27.74, 26.75,
26.59, 26.51, 25.68, 24.27, 21.64, 17.66, 16.14, 16.08, and 15.98;
MS miz 492 (M*; 0.2%), 474 M* —H,0; 0.4), 149 (41), 81 (32),
and 69 (100). Found: m/z 492.4312 (M*). Caled for C3sHssO: M,
492.4331.

Preparation of (2E,6E,10E)-3,7,11,15-Tetramethyl-2-[(2E,
6E)-3,7,11- trimethyl- 2, 6, 10- dodecatrienyl]- 2, 6, 10, 14- hexa-
decatetraen-1-ol (7b). A solution of aldehyde 5b (68 mg, 0.14
mmol) in hexane (5.5 cm®) placed in a quartz cell was irradiated with
a UV lamp (254 nm) at room temperature for 90 h under nitrogen to
give an equilibrium mixture of 4b and 5b (65 mg, 0.13 mmol). Toa
solution of the mixture of 4b and 5b in CH,Cl, (2.0 cm®) cooled to
—50 °C was added a solution of DIBAL in hexane (0.98 mol dm™>;
0.20 cm®, 0.20 mmol). Flash column chromatography on silica gel
(50 g; benzene—hexane 3 : 1) of the crude product gave (2E)-alco-
hol 7b (an oil, 11 mg, 16% yield) and (2Z)-alcohol 8b (an oil, 12
mg, 17% yield). 7b: HPLC: R, = 11.5 min (purity 98%); IR 3320
and 990 cm™!; 'HNMR 6 =5.21—5.00 (6H, m, 6xCH=), 4.09
(2H, s, 1-H), 2.88 (2H, d, /=7.1 Hz, 1’-H), 2.16—1.82 (20H, m,
10xCH,CH=), 1.77 (3H, s, 3-Me), 1.68 (9H, s, 3xMe), 1.61 (3H,
s, Me), and 1.60 (12H, s, 4xMe); *CNMR 6 =135.98, 135.39,
135.17, 134.98, 133.95, 131.89, 131.27, 124.37, 124.17, 124.03,
123.95, 123.00, 62.49, 39.78, 39.71, 34.77, 29.39, 26.84, 26.74,
26.62, 26.56, 25.68, 18.11, 17.66, 16.11, and 15.99; MS m/z 476
M*—H,0; 8%), 123 (35), 109 (43), 95 (41), 81 (54), and 69 (100).
Found: m/z 476.4393 (M* — H,0). Caled for CssHsg: M —H,0,
476.4382.

(2Z 6E ,10E)-3,7,11,15-Tetramethyl-2-[(2E 6E)-3,7,11-trimeth-
y1-2,6,10-dodecatrienyl]-2,6,10,14-hexadecatetraen-1-ol (8b).
HPLC: R,=7.25 min (purity 94%); IR 3330and 990 cm™'; 'HNMR
9 =5.18—5.00 (6H, broad s, 6x CH=), 4.06 (2H, s, 1-H), 2.86 (2H,
d,J=7.1Hz, 1'-H), 2.20—1.84 (20H, m, 10x CH,CH=), 1.72 (3H,
s, 3-Me), 1.68 (9H, s, 3xMe), and 1.60 (15H, s, 5xMe); *CNMR
6=135.90, 135.77, 135.07, 135.01, 133.64, 132.38, 131.21, 124.37,
124.10, 124.05, 123.78, 122.61, 61.91, 39.75, 39.69, 34.25, 29.72,
27.05, 26.74, 26.58, 25.66, 18.44, 17.64, 16.08, and 15.98; MS
mlz 494 M*; 0.2%), 476 (M* — H,0; 3), 149 (40), 81 (37), and
69 (100). Found: m/z 494.4496 (M*). Calcd for CssHssO: M,
494.4487.

(2E6E 10E)-3,7,11,15-Tetramethyl-2-[2E 6E)-3,7,11-trimeth-

. y1-2,6,10-dodecatrienyl]-2,6,10,14-hexadecatetraen-1-ol (7b) and

(6E,10E)-7,11,15-Trimethyl-3-[(3E,7E)-4,8,12-trimethyl-3,7,11-
tridecatrienyl]-2,6,10,14-hexadecatetraen-1-ol (9b). A solution
of aldehydes 4b, 5b, and 6b (290 mg, 0.59 mmol) in CH,Cl, (5.0
cm®) was treated with DIBAL (0.95 mol dm ™2 in hexane; 0.95 cm®,
0.90 mmol) at —80 °C. The solution was stirred for 2 h. The crude
product was purified by flash column chromatography on silica gel
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(30 g; hexane-benzene 1:1) to give 8b (an oil, 27 mg, 9% yield)
and a mixture of 7b and 9b (an oil, 188 mg, 64% yield).

(6E,10E,13E,17E 21E)-13-[(t-Butyldimethylsiloxy) methyl]-2,
6,10,14,18,22,26-heptamethyl-2,6,10,13,17, 21,25-heptacosahep-
taene (10b) and (6E,10E,17E 21E)-14-[2-(t-Butyldimethylsiloxy)
ethylidene]-2,6,10,18,22,26-hexamethyl-2,6,10,17,21,25-hepta-
cosahexaene (11b). A mixture of alcohols 7b and 9b (188 mg,
0.38 mmol) was silylated as described for 7a and 8a. The crude
product was chromatographed on silica gel (50 g; hexane-benzene
30:1, 20: 1, and then benzene) to give 10b (an oil; 138 mg, 61%
yield) and 11b (an oil; 98 mg, 42% yield). TLC (hexane-benzene
3:1):Rr=0.42 for 10b and 0.29 for 11b.

10b: IR 1256, 1058, 834, and 772 cm™'; '"HNMR 6 =5.27—
5.00 (6H, m, 6xCH=), 4.13 (2H, s, O-CH,), 2.87 2H, d, /=6.8
Hz, 12-H), 2.16—1.86 (20H, m, 10xCH,CH=), 1.73 (3H, s, Me),
1.69 (6H, s, 2xMe), 1.68 (3H, s, Me), 1.61 (15H, s, 5xMe), 0.92
(9H, s, SiBu’), and 0.07 (6H, s, Si(Me),); "CNMR 6§ =135.11,
134.91, 134.84, 134.69, 132.10, 131.47, 131.21, 124.40, 124.28,
124.24, 123.45, 61.80, 39.82, 39.72, 34.84, 28.15, 26.76, 26.69,
26.64, 26.00, 25.68, 18.40, 18.04, 17.66, 16.12, 15.98, and —5.21.

11b: IR 1258, 1058, 836, and 774 cm™'; '"HNMR 6 =5.32
(1H, t, J=6.4 Hz, O-CH,CH=), 5.12 (6H, m, 6xCH=), 4.22 (2H,
d, J=6.4 Hz, O-CHy), 2.22—1.85 (24H, m, 12xCH,CH=), 1.69
(6H, s, 2xMe), 1.61 (18H, s, 6xMe), 0.91 (9H, s, SiBu’), and 0.08
(6H, s, Si(Me)2); *CNMR & =140.80, 135.44, 135.16, 134.94,
134.88, 131.20, 124.87, 124.40, 124.24, 124.18, 124.08, 123.85,
60.13,39.72,36.80, 30.88, 27.10, 26.76, 26.65, 26.62, 26.55, 26.02,
25.68, 17.66, 16.02, 15.99, and —5.03.

(6E,10E)-7,11,15-Trimethyl-3-[(3E,7E)-4,8,12-trimethyl-3,7,
11-tridecatrienyl]-2,6,10,14-hexadecatetraen-1-ol (9b). De-
silylation of 11b (78 mg, 0.13 mmol) as described above gave 9b
(64 mg, 100% yield) as an oil; HPLC: R, = 12.1 min (purity 96%);
IR 3317 and 1000 cm™'; '"HNMR & =5.43 (1H, t, J=6.8 Hz, 2-
H), 5.20—5.00 (6H, m, 6xCH=), 4.13 (2H, d, /=6.8 Hz, 1-H),
2.18—1.84 (24H, m, 12xCH,CH=), 1.68 (6H, s, 2xMe), and 1.60
(18H, s, 6xMe); PCNMR 6 =143.51, 135.92, 135.37, 135.03,
134.94, 131.22, 124.36, 124.16, 124.07, 123.84, 123.64, 59.10,
39.69,36.71, 30.52,27.04, 26.74, 26.62, 26.56, 25.67, 17.65, 16.02,
and 15.98; MS m/z 476 M* — H;0; 4%), 149 (17), 81 (35), and
69 (100). Found: m/z 476.4337. Calcd for C3sHse: M —H,0,
476.4382.

Tetrabutylammonium (2E,6E,10E)-2-[(2E)-3, 7-Dimethyl-2,
6-octadienyl}-3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenyl
Hydrogenphosphate (12a). To a solution of alcohol 7a (112 mg,
0.26 mmol) and tetrabutylammonium dihydrogen phosphate (449
mg, 1.3 mmol) in CHCl; (1.0 cm®) was added a solution of tri-
chloroacetonitrile (0.16 cm?, 1.6 mmol) in CHCl5 (0.20 cm®). The
solution was stirred at room temperature for 30 min. After evap-
oration of the solvent, the residue was extracted with the upper
phase of equilibrium butanol/water mixture (6 cm?), and the solu-
tion was washed with the lower phase of the same mixture (15x3
cm®). The butanol solution was coevaporated with heptane at room
temperature to give crude 12a (353 mg).

Cyclohexylammonium (2E,6E,10E)-2-[(2E)-3,7-Dimethyl-2,
6-octadienyl]-3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenyl
Hydrogenphosphate (13a). A solution of the crude phosphate
12a (353 mg) in aqueous cyclohexylammonium chloride [prepared
from cyclohexylamine (3.0 cm®) and 1 mol dm =2 hydrochloric acid
(20 cm®); pH 9] was stirred at room temperature for 17 h. The
reaction mixture was extracted with hexane and the hexane layer
was washed with water. The solvent was evaporated and the crude
product was purified by gel filtration using a Sephadex LH-20

Synthesis of Branched Polyprenyl Phosphates

column (1.8 cmx24 cm; MeOH; twice) to give cyclohexylammo-
nium phosphate 13a (98 mg, 62% yield from 7a) as a viscous
oil; '"HNMR & =8.42 (3H, broad s, NH3), 5.26—4.96 (5H, m,
5xCH=), 4.30 (2H, d, J =4.4 Hz, 1-H), 2.92 (1H, s, N-CH), 2.83
(2H, d, J=6.1 Hz, 1’-H), 2.26—1.83 (18H, m, 8 xCH>CH= and
2xH on cyclohexane ring), 1.82—1.00 (8H, 8 xH on cyclohexane
ring), 1.73 (3H, s, Me), 1.68 (3H, s, Me), 1.65 (6H, s, 2xMe),
1.60 (9H, s, 3xMe), and 1.58 (3H, s, Me); *CNMR & = 135.08,
134.90, 134.58, 131.18, 131.07, 124.43, 124.37, 124.31, 124.21,
123.08, 63.97, 49.90, 39.92, 39.71, 34.96, 30.75, 28.84, 26.87,
26.82,26.74, 26.68, 25.66, 25.02, 24.59, 17.95, 17.64, 17.61, 16.02,
15.95, and 15.92; *’PNMR 68 = —0.62 (s).

Disodium (2E,6E,10E)-2-[(2E)-3,7-Dimethyl-2,6-octadienyl]-
3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenyl Phosphate
(14a).  Phosphate 13a (86 mg, 0.14 mmol) was put on an ion-
exchange column of CM-Sepharose FF (Na*) (1.8 cmx27 cm) and
was eluted with MeOH-CHCIs (2: 1) to give disodium phosphate
14a (67 mg, 86% yield) as a viscous oil; '"HNMR 6 =5.32—4.90
(5H, m, 5xCH=), 4.31 (2H, s, 1-H), 2.81 (2H, d, J=4.4 Hz, 1'-
H), 2.28—1.82 (16H, m, 8xCH,CH=), 1.73 (3H, s, Me), 1.67
(3H, s, Me), 1.63 (6H, s, 2xMe), 1.59 (9H, s, 3xMe), and 1.55
(3H, s, Me); *CNMR & =135.75, 135.13, 134.84, 131.17, 130.94,
124.47, 124.39, 124.27, 124.18, 123.06, 64.88, 39.81, 39.72, 35.00,
28.94, 26.75, 25.67, 25.64, 18.04, 17.64, 16.11, 15.95, and 15.92;
3PNMR & =3.78 (s); negative FAB-MS (glycerol) m/z 505 [M —
(2xNa*)+H"*; 100%]. Found: m/z 505.3461 [M — (2xNa")+H"],
Caled for C3oHspO4P: [M — (2xNa*)+H*], 505.3446.

Cyclohexylammonium (2Z,6E,10E)-2-[(2E)-3,7-Dimethyl-2,
6-octadienyl]-3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenyl
Hydrogenphosphate (16a).  Alcohol 8a (100 mg, 0.23 mmol)
was transformed to 16a as described for 13a. Purification by gel
filtration using a Sephadex LH-20 column (1.0 cm X 62 cm; MeOH)
gave 16a (64 mg, 48% yield from 8a) as a viscous oil; 'HNMR
6 =8.45 (3H, broad s, NH3), 5.20—4.90 (5H, m, 5xCH=), 4.33
(2H,d,J=4.4Hz, 1-H), 2.90 (1H, s, N-CH), 2.82 (2H, d, /=5.9 Hz,
1’-H), 2.30—1.82 (18H, m, 8 x CH,CH= and 2x H on cyclohexane
ring), 1.80—1.00 (8H, m, 8 xH on cyclohexane ring), 1.67 (6H, s,
2xMe), 1.66 (6H s, 2xMe), and 1.58 (12H, s, 4xMe).

Disodium (2Z,6E,10E)-2-[(2E)-3,7-Dimethyl-2,6-octadienyl]-
3,7,11,15-tetramethyl-2,6,10,14-hexadecatetraenyl Phosphate
(17a).  Ton-exchange of phosphate 16a (64 mg, 0.11 mmol) with
CM-Sepharose FF (Na*) [1.8 cmx30 c¢m; eluent: MeOH-CHCl3
(2:1)] gave disodium phosphate 17a (53 mg, 91% yield) as a vis-
cous oil; '"HNMR 6§ =5.25—5.00 (4H, m, 4xCH=), 4.95 (1H, br
s, CH=), 4.32 (2H, s, 1-H), 2.80 (2H, d, J=4.4 Hz, 1'-H), 2.38—
1.78 (16H, m, 8xCH,CH=), 1.67 (6H, s, 2xMe), 1.64 (6H, s,
2xMe), 1.59 (6H, s, 2xMe), and 1.57 (6H, s, 2xMe); *CNMR
8=135.28,134.74, 131.11, 130.89, 129.63, 124.44, 124.36, 123.88,
122.63, 64.33, 39.88, 39.75, 33.85, 28.85, 27.59, 26.79, 25.66,
18.89, 17.64, 16.08, 15.97, and 15.91; *'PNMR & =3.71; neg-

" ative FAB-MS (glycerol) m/z 505 [M — (2xNa*)+H*; 100%].

Found; m/z 505.3456 [M — (2xNa*)+H"]. Caled for C3pHsoO4P:
[M—(2xNa")+H"], 505.3446.

Tetrabutylammonium (6E,10E)-3-[(3E)-4,8-Dimethyl-3,7-
nonadienyl}-7,11,15-trimethyl-2,6,10,14-hexadecatetraenyl Hy-
drogenphosphate (2E/2Z Mixture) (18a). Alcohol 9a (139
mg, 0.33 mmol) was transformed to phosphate 18a as described
for phosphate 12a. The crude product was purified by gel filtra-
tion using a Sephadex LH-20 column (2.8 cmx22 cm; MeOH) to
give tetrabutylammonium phosphate 18a (169 mg, 70% yield) as
a viscous oil; 'THNMR &8 =8.84 (1H, br s, P~OH), 5.34 (1H, t,
J=6.1 Hz, 2-H), 5.05 (5H, broad s, CH=), 4.46 (2H, t, J=5.6 Hz,
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1-H), 3.32 (8H, m, 4xCH;), 2.32—1.80 (20H, m, 10xCH,CH=),
1.63 (6H, s, 2xMe), 1.55 (15H, s, 5xMe), 1.76—1.58 (8H, m,
4xCHy), 1.44 (8H, m, 4xCH,), and 0.93 (12H, t, J=7.3 Hz,
4xMe); *CNMR & =139.68, 135.00, 134.88, 134.82, 134.80,
134.71, 131.14, 131.11, 131.07, 124.33, 124.26, 124.23, 124.16,
124.10, 124.05, 61.29, 61.23, 58.45, 39.61, 37.07, 30.91, 27.20,
26.88, 26.85, 26.65, 26.58,25.57,23.99, 19.58, 17.55, 15.94, 15.87,
and 13.66; >’ PNMR 6 =1.91 (s).

Disodium (6E,10E)-3-[(3E)-4,8-Dimethyl-3,7-nonadienyl]-7,
11,15-trimethyl-2,6,10,14-hexadecatetraenyl Phosphate (2E/2Z
Mixture) (19a).  Ion-exchange of phosphate 18a (80 mg, 0.11
mmol) with CM-Sepharose FF (Na*) (1.8 cmx25 cm) gave diso-
dium phosphate 19a (58 mg, 91% yield) as a viscous oil; "HNMR
& =5.38 (1H, s, 2-H), 5.09 (5H, broad s, 5x CH=), 4.43 (2H, broad
s, 1-H), 2.30-1.74 (20H, m, 10xCH,CH=), 1.66 (6H, s, 2xMe),
and 1.57 (15H, s, 5xMe); *CNMR & =143.98, 135.31, 135.17,
134.77, 131.12, 131.07, 124.46, 124.43, 124.34, 124.01, 121.12,
62.36,39.75, 37.36, 31.57, 30.85, 27.38, 26.79, 25.66, 22.65, 17.64,
16.04, 15.99, 15.97, 15.94, and 14.11; *’PNMR & =3.56 (s) and
3.42 (s); negative FAB-MS (glycerol) m/z 505 [M — (2xNa*)+H",
100%]. Found: m/z 505.3439 [M — (2xNa")+H*]. Calcd for
C30Hs5004P: [M — (2xNa")+H*], 505.3447.

Tetrabutylammonium (2E,6E,10E)-3,7,11,15-Tetramethyl-
2-[(2E,6E)-3,7,11-trimethyl-2,6,10-dodecatrienyl]-2,6,10,14-
hexadecatetraenyl Hydrogenphosphate (12b).  Alcohol 7b (90
mg, 0.18 mmol) was transformed to cyclohexylammonium phos-
phate 12b as described for 18a. Purification by gel filtration using
a Sephadex LH-20 column (2.8 cmx34 cm; MeOH) gave 12b (101
mg, 67% yield) as a viscous oil; 'HNMR 6 =8.67 (1H, br s, OH),
5.15—4.90 (6H, m, 6xCH=), 4.32 (2H, d, J=3.9 Hz, 1-H), 3.30
(8H, m, 4xCH,), 2.80 (2H, d, J=7.2 Hz, 1’-H), 2.10—1.78 (20H,
m, 10xCH,CH=), 1.74—1.46 (8H, m, 4xCHy), 1.68 (3H, s, Me),
1.62 (6H, s, 2xMe), 1.59 (3H, s, Me), 1.54 (12H, s, 4xMe), 1.52
(3H, s, Me), 1.39 (8H, tq, J=7.3 and 7.3 Hz, 4xCH,), and 0.91
(12H, t, J=7.3 Hz, 4xMe); *CNMR & = 134.80, 134.77, 134.58,
133.76, 132.81, 131.14, 131.08, 130.97, 130.82, 124.56, 124.46,
124.39, 124.33, 124.23, 123.74, 63.57, 63.49, 58.69, 39.92, 39.67,
34.96,28.82,26.87,26.69, 26.65, 25.61, 24.06, 19.64, 18.10, 17.59,
16.41, 15.89, 15.87, and 13.71; *'PNMR & = 1.84 (s).

Disodium (2E,6E,10E)-3,7,11,15-Tetramethyl-2-[(2E,6E)-3,7,
11-trimethyl-2,6,10-dodecatrienyl]-2,6,10,14-hexadecatetraenyl
Phosphate (14b). Ton-exchange of phosphate 12b (101 mg,
0.12 mmol) with CM-Sepharose FF (Na*) [2.8 cm X 24 cm; eluent:
MeOH-CHCI; (2: 1)] gave disodium phosphate 14b (73 mg, 95%
yield) as a viscous oil; 'HNMR 6 =5.09 (5H, m, 5xCH=), 4.99
(1H, br s, CH=), 4.30 (2H, s, 1-H), 2.82 (2H, s, 1’-H), 2.30—
1.82 (20H, m, 10xCH,CH=), 1.74 (3H, s, 3-Me), 1.67 (3H, s,
Me), 1.66 (6H, s, 2xMe), 1.58 (12H, s, 4xMe), and 1.56 (3H,
s, Me); BCNMR 6 =135.70, 135.14, 134.81, 134.71, 131.14,
131.01, 129.28, 124.47, 124.41, 124.30, 124.18, 123.03, 64.85,
39.85,39.80, 39.75, 35.03,29.70, 26.85, 26.78, 25.67, 18.07, 17.64,
16.23, 15.98, and 15.95; **PNMR 6 =3.97 (s); negative FAB-
MS (glycerol) m/z 573 [M — (2xNa*)+H*, 53%)] and 183 (100).
Found: m/z 573.4081 [M — (2xNa*)+H*]. Calcd for C35HssO4P:
[M—(2xNa*)+H*], 573.4072.

Tetrabutylammonium (2Z,6E,10FE)-3,7,11,15-Tetramethyl-
2-[(2E, 6E)-3,7,11-trimethyl-2,6,10-dodecatrienyl}-2,6,10,14-
hexadecatetraenyl Hydrogenphosphate (15b).  Alcohol 8b (50
mg, 0.10 mmol) was transformed to tetrabutylammonium phosphate
15b as described for 12a. The crude product was purified by gel
filtration using a Sephadex LH-20 column (2.8 cmx25 cm; MeOH)
to give 15b (58 mg, 71% yield) as a viscous oil; 'HNMR & =6.05
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(1H, br s, P~OH), 5.09 (6H, m, 6xCH=), 4.37 (2H, d, J=4.6 Hz,
1-H), 3.33 (8H, m, 4xCH,), 2.83 (2H, d, /= 6.8 Hz, 1’-H), 2.32—
1.84 (20H, m, 10xCH,CH=), 1.80—1.50 (8H, m, 4xCH>), 1.66
(6H, s, 2xMe), 1.64 (3H, s, Me), 1.62 (3H, s, Me), 1.58 (12H, s,
4xMe), 1.56 (3H, s, Me), 1.43 (8H, tq, J=7.3 and 7.3 Hz, 4x CH»),
and 0.96 (12H, t, J=7.3 Hz, 4xMe); *CNMR 6 =134.85, 134.75,
134.62, 133.83, 131.15, 124.49, 124,43, 124.39, 124.33, 123.38,
63.08, 63.02,58.77,39.94,39.81, 39.71, 34.32, 28.90, 27.69, 26.89,
26.76, 25.66, 24.13, 19.70, 18.72, 17.64, 16.14, 16.01, 15.94, and
13.75; *'PNMR 6 =1.73 (s).

Disodium (2Z,6E,10E)-3,7,11,15-Tetramethyl-2-[(2E, 6E)-
3,7,11- trimethyl- 2, 6, 10- dodecatrienyl]- 2, 6, 10, 14- hexadeca-
tetraenyl Phosphate (17b). Ion-exchange of phosphate 15b
(58 mg, 0.071 mmol) with CM-Sepharose FF (Na*) [1.8 cmx26
cm; eluent: MeOH-CHCIl; (2:1)] gave disodium phosphate 17b
(44 mg, quantitative yield) as a viscous oil; 'HNMR & =5.08
(5H, broad s, 5xCH=), 4.95 (1H, broad s, 2’-H), 4.31 (2H, s, 1-
H), 2.79 (2H, s, 1'-H), 2.32—1.76 (20H, m, 10xCH,CH=), 1.66
(12H, s, 4xMe), 1.58 (9H, s, 3xMe), and 1.57 (6H, s, 2xMe);
BCNMR 6 =135.27, 134.72, 131.08, 129.76, 124.46, 124.36,
123.88, 122.51, 64.27, 39.87, 39.78, 33.86, 28.88, 27.61, 26.84,
25.67,18.92, 17.64, 16.18, 15.99, and 15.95; **PNMR 6 =3.60 (s);
negative FAB-MS (glycerol) m/z 573 [M —(2xNa")+H*; 100%].
Found: m/z 573.4080 [M — (2xNa")+H"]. Calcd for C3sHss04P:
[M—(2xNa*)+H*], 573.4073.

Tetrabutylammonium (6E,10E)-7,11,15-Trimethyl-3-[(3E,
7E)- 4, 8,12- trimethyl- 3,7, 11- tridecatrienyl]- 2, 6, 10, 14- hexa-
decatetraenyl Hydrogenphosphate (18b).  Alcohol 9b (49 mg,
0.10 mmol) was transformed to tetrabutylammonium phosphate 15b
as described for 12a. The crude product was purified by gel filtra-
tion using a Sephadex LH-20 column (2.8 cmx23 cm; MeOH) to
give 18b (46 mg, 56% yield) as a viscous oil; "THNMR 6 =7.73 (1H,
br s, P-OH), 5.36 (1H, t, J=6.1 Hz, 2-H), 5.07 (6H, m, 6xCH=),
4.48 (2H, t, J=5.6 Hz, 1-H), 3.33 (8H, m, 4xCH,—N), 2.32—
1.82 (24H, m, 12xCH,CH=), 1.65 (6H, s, 2xMe), 1.58 (18H, s,
6xMe), 1.75—1.52 (8H, m, 4xCH;), 1.44 (8H, tq, J=7.3 and
7.3 Hz, 4xCH), and 0.96 (12H, t, J =7.3 Hz, 4xMe); *CNMR
6=139.96, 135.10, 134.97, 134.87, 134.78, 131.18, 131.14, 124 40,
124.33, 124.30, 124.18, 124.10, 61.42, 61.36, 58.54, 39.68, 37.15,
30.98,27.28,26.94,26.72,26.66, 25.64, 24.04, 19.65,17.62, 16.01,
15.94, and 13.73; * PNMR 6 = 1.84 (s).

Disodium (6E,10E)-7,11,15-Trimethyl-3-[(3E,7E)-4,8,12-tri-
methyl-3,7,11-tridecatrienyl]-2,6,10,14-hexadecatetraenyl Phos-
phate (19b). Ion-exchange of phosphate 18b (46 mg, 0.056 mmol)
with CM-Sepharose FF (Na*) (2.8 cmx 25 cm) gave disodium phos-
phate 19b (34 mg, 98% yield) as a viscous oil; '"HNMR & =5.37
(1H, broad s, 2-H), 5.09 (6H, broad s, 6 x CH=), 4.39 (2H, broad s,
1-H), 2.30—1.76 (24H, m, 12x CH,CH=), 1.66 (6H, s, 2xMe), and
1.57 (18H, s, 6 xMe); PCNMR 6 =143.59, 135.44, 135.18, 134.75,
131.10, 124.44, 124.33, 124.00, 121.65, 61.85, 39.84, 39.75, 37.43,
30.85, 27.48, 27.04, 26.89, 26.81, 25.67, 17.64, 16.05, and 15.94;
SIPNMR 8 =5.43 (s); negative FAB-MS (glycerol) m/z 573 [M —
(2xNa*")+H*; 100%]. Found: m/z 573.4080 [M — (2xNa*)+H*].
Calcd for C3sHsgO4P: [M — (2xNa*)+H*], 573.4073.
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