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Abstract : The synthesis of two long-chain homologues of the fluorescent membrane probes
TMA-DPH and DPHpPC is described. The long-chain phosphatidylcholine could be
synthesized from palmitoyl-lysophosphatidylcholine and 21-(diphenylhexatrienyl)
henicosanoic acid only when the promoting agent was 1,1-thionyldiimidazole.

1,6-Diphenylhexa-1,3,5-triene (DPH) 1 and molecules containing the DPH moiety are among
the most popular probes used to study membrane fluidity by fluorescence anisotropy.l
However, in intact cells, a precise location of DPH is precluded since labelling is followed by
a progressive incorporation of the probe into intracellular membranes.2 This drawback can
be overcome, at least partially, by using amphiphilic probes such as TMA-DPH 23 or the
phospholipidic derivative DPHpPC 5.4 Besides, both leaflets of cell plasma membranes have
a different lipid composition and different physical properties,® so that fluorescent probes
allowing fluidity measurements of the inner leaflet only, would be useful. We have recently
synthesized to this end the phosphatidylethanolamine analogue of the amphiphilic probe
DPHpPC 5 and tested its partitioning properties.6 In this paper, we report the synthesis of
the long-chain (L¢) homologues 4 and 6 of the fluorescent probes TMA-DPH 2 and DPHpPC
5. These homologues bear the DPH fluorophore respectively at the end of a Cg2 and of a Cg2;
spacer, a stucture that should allow the location of the DPH moiety in the inner leaflet of cell
plasma membranes whereas the ammonium or the phosphorylcholine polar head would
remain at the surface of the outer leaflet.”

RESULTS AND DISCUSSION

In our initial approach to the long-chain probes,® we planned to couple a functionnalized p-
methyl DPH synthon 7 (X=leaving group) and the Grignard reagent derived from 20-bromo-
1-(tetrahydropyranyloxy)icosane 8, using dilithium tetrachlorocuprate.9 We expected to
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obtain in this way protected 21-DPH-henicosan-1-0l 9 that we would then have transformed
on the one hand into 21-DPH-henicosyltrimethylammonium iodide 8 and on the other into
21-DPH-henicosanocic acid 10, an intermediate in the synthesis of the phosphatidylcholine
(PC) 6. But the synthesis of these long-chain DPH derivatives was more difficult than
expected. In spite of several attempts under different conditions,1® we were unable to obtain
reasonable yields of long-chain Grignard reagents from the corresponding bromides.
Furthermore, the preparation and purification of DPH derivatives 7 (X = Br, OMs, OTs) from
the corresponding benzyl alcohol was also rather difficult. It appeared to us that polar DPH
derivatives were poorly soluble in most solvents, and consequently it was difficult to work
with, particularly when low temperatures were required.

Taking this into consideration, we decided to introduce the rigid DPH feature only in the last
steps.8 Moreover, since it was difficult to prepare an organomagnesium reagent from the
long-chain bromide 8, we choose to use the latter to alkylate a benzylic carbanion. The
carbanion derived from p-toluic acid seemed well suited since the carboxy group, in addition
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to helping stabilize the benzylic negative charge, would also allow later to complete the DPH
moiety. We succeeded in preparing alcohol 9 along these lines, but it was also found to be
difficult to handle because of its low solubility and of the sensitivity of the DPH moiety to
certain reaction conditions. In our hands, it could neither be transformed into a halide nor
oxidized into acid 10. We then modified the preceding route in order to introduce even the
dimethylamino or the carboxy group before the DPH moiety. These modified reaction
sequences led to the probes 4 and 6 as described below.

Synthesis of LcTMA-DPH 4

The 20-bromo-1-(tetrahydropyranyloxy)icosane 8 needed in our syntheses was prepared from
icosane-1,20-diol 11 which was obtained in two ways: i) from a mixture of natural acetates
containing 33% icosane-1,20-diol diacetate; ii) by reduction of icosane-1,20-dioic acidll with
borane-dimethyl sulfide complex.12

The diol 11, suspended in petroleum ether (bp 110-130 °C), was refluxed with 48% aqueous
hydrobromic acid for 24 h and gave a mixture of bromohydrin 12, unreacted diol 11, and 1,20-
dibromoicosane$ (Scheme 1). The bromohydrin 12 was converted into the tetrahydropyran-2-
vl ether (THP ether) 8 with dihydropyran and pyridinium p-toluenesulfonate (PPTS).15
p-Toluic acid treated at 0 °C with two molar equivalents of lithium diisopropylamide gave a
dianion!6 which was reacted with the bromide 8 to give the acid 18. The yield was only 56%
after purification of 13 by recrystallisation, but the unreacted bromide 8 could easily be
recovered from the mother liquors and was recycled. After esterification of the acid 13 with
diazomethane, the resulting methyl ester 14 was transformed in a one-pot sequence into the
cyano ester 15 by treatment with triphenylphosphine dibromide in dichloromethane followed
by sodium cyanide in dimethyl sulfoxide.l?7 Reduction of the cyano ester 15 with lithium
aluminium hydride in the presence of aluminium chloridel8 gave the amino alcohol 16
which is a bolaform amphiphilel9 and is poorly soluble in most solvents. It could however be
extracted from the reaction medium with a 2:1 chloroform-methanol mixture, and after
drying by azeotropic distillation of toluene, was used in the next step without further
purification. It was transformed into the more soluble tertiary amine 17 by the Eschweiler-
Clarke procedure20 (formic acid, aqueous formaldehyde, reflux) which also produced some
formate of compound 17. Therefore an alkaline treatment (potassium hydroxide, methanol)
was required before work-up, to hydrolyze this amino ester into the amino alcohol 17.
Oxidation of the latter with Collins reagent2! gave the amino aldehyde 18 which was allowed
to undergo a Wittig-Horner-Emmons reaction with the phosphonate 19,22 prepared in three
steps from (2E,4E)-5-phenylpenta-2,4-dienal23 (Scheme 2). The resulting amine 20 was
treated with a large excess of iodomethane to give the 22-DPH-docosyltrimethylammonium
iodide 4 (LeTMA-DPH).

§ In our case, this procedure was found more convenient than the continuous liquid-liquid extraction method
which is usually used to prepare halohydrins from smaller o,w-diols.13 The dibromide could be retransformed

into diol 11 by treatment with water in N-methyl-2-pyrrolidone (15:85 v/v) at 130 °C (71% yield).14
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Scheme 1. a) 48% aqueous HBr, petroleum ether (bp 110-130 °C), reflux, 24 h (49% yield); b)
dlhydropyran PPTS, CHaCly, 20 h (100%); ¢) p-LiCH2CsH4CO2Li, THF, 0 °C, 30 min (56%); d) CHN>,

THF, 0 °C, 15 min (89%), e) PPh3Bra, THF, r. t., THF, 30 min ; f) NaCN, DMSO, reflux, 20 h (71% from
14); g) LiA1H4, AICI3, THF, 20 h; h) aqueous HCHO, HCOzH, reﬂux, 20 h; i) KOH, MeOH, reflux, 30 min
(63% from 15); j) CrO3-2 pyridine, CH2Cl, 1. t., 15 min; k) Ph-CH=CH-CH=CH-CH,P(O)(OFEt)2, MeONa,
THF, 0 °C thenr. t., 2.5 h (48%); 1) Mel, toluene, acetone, 70 °C, 3 h (86%).

A _CHO . A CH,P(O)(OEt),
@/\/\/ a,b,c @/\/\/

19

Scheme 2 a) (i-Bu)2AlH, THF, 0 °C then r. t., 2 h (97%); b) PCl3, THF, 0 °C then r. t., 10 h; ¢) P(OEt)3,
130°C, 7

Synthesis of LcDPHpPC 6

The acid 13 was reduced into the alcohol 21 with borane-dimethyl sulfide complex12 (Scheme
3). Acetylation of the benzylic hydroxy of 21 followed by removal of the THP protecting groupl®
led to the acetoxy alcohol 28 which was oxidized with Jones reagent24 into the acetoxy acid
24. This compound was converted into the methyl ester 25 prior to the selective hydrolysis of
the acetate with potassium carbonate in anhydrous methanol. Oxidation of the resulting
alcohol 26 with Collins reagent?1 gave the aldehyde 27 which, by treatment with phosphonate
1922 and sodium methoxide in THF, afforded the DPH methyl ester 28. Saponification of the
latter furnished the acid 10.
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Scheme 3. a) BH3-SMej, THF, 0 °C then r. t., 20 h (67% yield); b) AcoO, DMAP, pyridine, CH2Clo, 1. t.,
20 h (85%); c) PPTS, EtOH, reflux, 1 h (95%); d) Jones reagent, acetone, r. t. (87%); ¢) CH2N», THF, 0 °C
(78%); f) KoCO3, MeOH, THF, r. t., 45 min (69%); g) CrO3-2 pyridine, CH2Clo, r. t., 15 min (76%);
h) Ph-CH=CH-CH=CH-CH,P(O){(OEt)2, MeONa, THF, 0 °C, 30 min (66%); 1) KOH, MeOH, toluene,
reflux, 20 h (82%); j) TDL, THF, r. t,, 1 h; k) lysoPC 29, CHCl3, 50 °C, 5 days (8%).

That the DPH moiety thus formed was all-trans could be shown by second order analysis of
the olefinic pattern in the 1H-NMR spectrum of the ester 28 (Scheme 4). Use of the Bruker
routine PANIC gave the following alkenic coupling constants in chloroform-d : J1,9=15.6 Hz;
J34=14.7 Hz; J56=15.4 Hz 25

After obtention of the acid 10, we focussed our efforts on its esterification with the
lysophosphatidylcholine (lysoPC) 29. The lysoPC acylation reaction is well documented26
and works usually fairly well when common fatty acids (i.e., C1g or so) are involved. But in
our case, it was complicated by the size of the acid 10 (C3g) which resulted in poor solubility
and low reactivity, and by the presence of the acid-sensitive DPH moiety. Acylation methods
involving a mixed anhydride (from 10 and pivaloyl chloride4), the symmetric anhydride
(either preformed or prepared in situ with 1,3-dicyclohexylcarbodiimide),27 an azaarene,28 or
the imidazolide prepared with 1,1’-carbonyldiimidazole (CDI)29 were explored, but none led
to the probe 6. We found however that when acid 10 was reacted with CDI and excess
methanol, methyl 21-DPH-henicosanoate was formed in 50% yield. Commercially available
CDI is sometimes partially hydrolyzed.30 Since preparation of fresh CDI in the laboratory
requires the use of phosgene, we decided to make the imidazolide of acid 10 with the more
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Scheme 4. Olefinic pattern of the IH-NMR spectrum of the ester 28 (400 MHz; CDCl3).

reactive 1,1’-thionyldiimidazole (TDI)31 which can be conveniently prepared from thionyl
chloride and imidazole in THF just before use. Reaction of the so obtained imidazolide in
THF with the lysoPC 29 in chloroform for 5 days at 50 °C gave LcDPHpPC 6 in 8% yield.

EXPERIMENTAL

Melting points were determined on a Buchi SMP-20 apparatus and are uncorrected. IR
spectra were obtained from carbon tetrachloride solutions or potassium bromide pellets on a
Perkin-Elmer 457 or 1310 spectrophotometer and are reported in cm-1. 1H-NMR spectra were
recorded, unless otherwise stated, in CDCl3 solutions on a Hitachi-Perkin-Elmer R-24A (60
MHz), on a Bruker WP-200 Sy (200 MHz) or a Bruker AM-400 (400 MHz) instrument;
chemical shifts are reported in ppm downfield from tetramethylsilane and coupling
constants J are in Hz. FAB mass spectra were recorded on a ZAB HF spectrometer (VG
Analytical). Electron-impact mass spectra (EIMS) were recorded on a LKB 9000 S
spectrometer. Elemental analyses were performed at the Institut de Chimie, Strasbourg.
Column chromatography was carried out under pressure on Merck 9385 silica gel (Kieselgel
60, 40-63 um particle size). Thin layer chromatography (TLC) was carried out on Merck 5715
plates (Kieselgel 60 Fa54). The detection of phospholipids on TLC was performed with a
molybdenum spray.32 All reactions were run under a positive pressure of dry argon.

20-Bromoicosan-1-ol 12. A suspension of icosane-1,20-diol 11 (mp 104 °C; Lit.33 mp 103 °C)
(5.02 g; 16 mmoles) in petroleum ether (bp 110-130 °C; 60 m}) and 48% aqueous HBr (70 ml)
was refluxed for 24 h. After cooling to room temperature, the mixture was filtered on a
Biichner funnel. The organic layer of the filtrate contained mainly 1,20-dibromoicosane
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which was retransformed into diol 11 according to ref. 14. The solid on the Biichner funnel
was dissolved in CH2Clg (600 ml), and filtered again to retain the poorly soluble unreacted
diol 11. The CH2Cl2 solution was washed with aqueous NaHCOg until neutral, dried with
MgSO0y, evaporated in vacuo, and chromatographed on a silica gel column (toluene-AcOEt
9:1) to give bromohydrin 12 (2.98 g; 49%). TLC Rf 0.25 (hexane-AcOEt 8:2); mp 67-68 °C ; IR
(KBr) 3280, 2910, 2840, 1470, 1460 ; 1H-NMR (200 MHz) 1.25 (broad s; 32 H); 1.56 (m; 2 H); 1.86
(m; 2 H); 3.40 (t; J 6.8; 2 H); 3.63 (t; J 6.5; 2 H) ; Anal. Calcd for CooH41BrO : C, 63.64; H, 10.95.
Found : C, 63.8; H, 10.8.

20-Bromo-1-THP-oxyicosane 8. 3,4-Dihydro-2H-pyran (2.0 ml; 22 mmoles) and PPTS (200 mg;
0.80 mmole) were added to a solution of bromoalcohol 12 (2.98 g; 7.9 mmoles) in CH2Clg (200
ml). The mixture was allowed to react for 20 h at room temperature. It was then evaporated
in vacuo and chromatographed on a silica gel column (hexane-AcOEt 95:5) to yield
compound 8 (3.64 g; 100%). TLC Rr 0.86 (hexane-AcOEt 8:2) ; mp 39-41 °C (recristallized in
hexane) (Lit.34 46-48 °C) ; 1H-NMR (200 MHz) 1.25 (broad s; 32 H); 1.45-1.95 (m; 10 H); 3.40 (t; J
6.9; 2 H); 3.32-3.95 (m; 4 H); 4.58 (m; 1 H).

4-(21-THP-oxyhenicosyl)benzoic acid 13. A 0.5 M solution of lithium diisopropylamide (8 ml)
in THF was added to a solution of p-toluic acid (272 mg; 2.0 mmoles) in dry THF (5 ml) at
0 °C. After 30 min, a solution of bromide 8 (922 mg; 2.0 mmoles) in THF (2 ml) was added to
the red solution and the mixture was allowed to react for 30 min. It was then quenched with
water, acidified with 10% aqueous HCIl, and extracted three times with ether. The organic
layers were washed twice with brine, dried over MgSQ4, evaporated in vacuo, and
recristallized (hexane) to give the acid 13 (578 mg; 56%) which was sufficiently pure for the
following step. The mother liquors were evaporated and chromatographed on a silica gel
column (eluent: CH2Cl2) to recover unreacted bromide 8 (313 mg; 0.68 mmole). An analytical
sample of acid 13 was obtained by a rather difficult chromatography of crude 13 on a silica
gel column (THF-CH2Cl3 1:9) followed by recrystallization in hexane. TLC R 0.5 (hexane-
AcOEt 1:1) ; mp 100-101 °C ; IR (KBr) 3100-2500, 1680, 1610, 1470, 1420, 1320, 1280, 1030 ; 1H-
NMR (200 MHz) 1.25 (broad s; 36 H); 1.45-1.93 (m; 8 H); 2.68 (t; J 7.6; 2 H); 3.30-4.00 (m; 4 H);
4.59 (m; 1 H); 7.27 and 8.01 (2 d; J 8.2; 4 H) ; Anal. Caled for C33H5604: C, 76.69; H, 10.92.
Found : C, 76.8; H, 11.1.

Methyl 4-(21-THP-oxyhenicosyl)benzoate 14. A solution of ethereal diazomethane was slowly
added to a solution of acid 13 (930 mg; 1.8 mmole) in THF (100 ml) at 0 °C, until the yellow
color persisted. After 15 min, the solution was evaporated in vacuo and chromatographed on
a silica gel column (CH2Clg) to give ester 14 (858 mg; 89%). TLC Rr 0.53 (hexane-AcOEt 9:1) ;
mp 57-58 °C (from hexane) ; IR (KBr) 2910, 2840, 1710, 1290, 1110, 1030 ; 1H-NMR (200 MHz)
1.25 (broad s; 36 H); 1.45-1.93 (m; 8 H); 2.65 (t; J 7.7; 2 H); 3.30-4.00 (m; 4 H); 3.90 (s; 3 H); 4.58
(m; 1 H); 7.23 and 7.94 (2 d; J 8.4; 4 H) ; Anal. Calcd for C34H5304: C, 76.93; H, 11.01.
Found : C, 76.8; H, 10.9.
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Methyl 4-(21-cyanohenicosyl)benzoate 15. A solution of triphenylphesphine dibromide was
prepared by reacting triphenylphosphine (263 mg; 1.0 mmole) in dry CH2Clz (5 ml) with
bromine (51 ul; 1.0 mmole). A white solid precipitated while the red color of bromine
disappeared. A solution of ester 14 (483 mg; 0.91 mmole) in CH2Clz (3 ml) was added to this
mixture and was allowed to react for 30 min. Sodium cyanide (171 mg; 3.5 mmoles) and dry
DMSO (5 ml) were then added and the mixture was refluxed for 20 h. It was then diluted
with water and extracted with CH2Clg. The combined organic layers were washed with 10%
aqueous HCI, saturated aqueous NaHCO3, and brine, dried over MgSO4 and evaporated in
vacuo. The crude product was chromatographed on a silica gel column (CH2Cl2) to yield
cyano ester 15 (293 mg; 71%). TLC R 0.38 (hexane-AcOEt 9:1) ; mp 62-64 °C (from hexane) ;
IR (CCly) 2920, 2850, 1725, 1280 ; 1TH-NMR (200 MHz) 1.25 (broad s; 32 H); 1.30-1.75 (m; 6 H);
2.33 (t; J 7.0; 2 H); 2.65 (t; J 7.6; 2 H); 3.90 (s; 3 H); 7.23 and 7.94 (2 d; J 8.5; 4 H). EIMS m/e 455
(M+, 8%), 423 (100%),163 (5%), 150 (5%), 131 (26%) ; Anal. Calcd for C30H49NO2 : C, 79.06; H,
10.84; N, 3.07. Found : C, 79.1; H, 11.0; N, 3.1.

4-(22-Dimethylaminodocosyl)benzyl alcohol 17. Aluminium chloride (160 mg; 1,2 mmole)
was added to a solution of lithium aluminium hydride (46 mg; 1.2 mmole) in dry THF (4 ml).
After 10 min, a solution of cyano ester 15 (253 mg; 0.56 mmole) in THF (3 ml) was added and
the mixture was allowed to react for 20 h at room temperature. It was then hydrolyzed and
extracted five times with CHCl3g-MeOH 2:1 (slow phase separation). The combined organic
layers were evaporated in vacuo to yield amino alcohol 16 as a white poorly soluble solid. TLC
Rf 0.54 (CHCl3-MeQH-Hg0O 70:26:4). This crude compound was refluxed for 20 h in a 1:1
mixture of formic acid and 37% aqueous formaldehyde (1 ml). After cooling to room
temperature, potassium hydroxide (1.0 g) in MeOH (100 ml) was added and the mixture was
refluxed for 30 min. It was then diluted with CHCl3-MeOH, 2:1 and washed with MeOH-
aqueous KOH 1:1 (pH>11). The combined organic layers were evaporated in vacuo and
chromatographed on a silica gel column (CHCl3-MeOH 8:2) to give amino alcohol 17 (162 mg;
63%). TLC R 0.32 (CHCl3-MeOH 9:1) ; IR (KBr) 2910, 2840, 1465, 1380, 1010 ; LH-NMR (200
MHz) 1.25 (broad s; 36 H); 1.37-1.67 (m; 4 H); 2.20 (s; 6 H); 2.23 (m; 2 H); 2.59 (t; J 7.7; 2 H); 4.65
(s; 2 H); 7.10-7.32 (m; 4 H).

4-(22-Dimethylaminodocosyl)benzaldehyde 18. A solution of amino alcohol 17 (272 mg; 0.59
mmole) was added to a solution of pyridine (1 ml; 12 mmoles) and chromium trioxide (600
mg ; 6 mmoles) in dry CH2Clz (6 ml). After 15 min at room temperature, the suspension was
diluted with CH2Clg, washed with aqueous KOH and with water, dried with MgSQ4, and
evaporated to yield amino aldehyde 18 (283 mg) which was used in the next step without
purification. TLC R¢0.32 (CHCl3-MeOH 8:2) ; 1TH-NMR (60 MHz) 1.23 (broad s; 36 H); 2.17 (s; 6
H); 2.66 (m; 2 H); 7.35 and 7.83 (2d; J 8; 4 H); 9.98 (s; 1 H).

Diethyl [(2E,4E)-5-phenylpenta-2,4-dienyl]phosphonate 19. A 1 M solution of DIBAH in THF
(4.8 ml) was added to a solution of 5-phenylpenta-2,4-dienal (500 mg; 3.16 mmoles) in THF (20
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ml) at 0 °C. The reaction was stirred at room temperature for 2 h, quenched slowly with 10%
aqueous HCI, and extracted three times with ether. The organic layers were washed with
aqueous NaHCOg and with brine, dried over MgSO4 and evaporated to give 5-phenylpenta-
2,4-dienol (480 mg; 97%) ; IH-NMR (200 MHz) 4.26 (d; J 5.8; 2 H); 5.96 (dt; J 5.8, 15.1; 1 H); 6.43
(ddt; J 10.3, 15.1, 1.4; 1 H); 6.55 (d; J 15.6; 1 H); 6.79 (dd; J 10.3, 15.6; 1 H); 7.15-7.45 (m; 5 H). A
solution of this alcohol (400 mg; 2.50 mmoles) in dry ether (10 ml) was reacted with PCl3 (80
ul; 0.91 mmole) at 0 °C for 15 min and at room temperature for 10 h. It was then hydrolyzed
with water and extracted with ether. The combined organic layers were washed with water,
aqueous NaHCOg3, and with brine, dried over MgSQOy4, and evaporated in vacuo to give 5-
phenylpenta-2,4-dienyl chloride (356 mg) which was heated to 130 °C with triethylphosphite
(365 mg; 2.2 mmoles) for 7 h. The unreacted triethylphosphite and the other volatiles were
distilled from the reaction medium (180 °C, 0.5 mm Hg) to leave the crude phosphonate 19
(308 mg) as a syrup. 1H-NMR (200 MHz) 1.34 (t; J 7; 6 H); 2.71 (dd; J 7.5, 22.5; 2 H); 4.12
(quint.; J 7.0; 4 H); 5.77 (dq; J 7.5, 15.0; 1 H); 6.35 (m; 1 H); 6.51 (dd; J 2.3, 15.5; 1 H); 6.78 (dd; J
10.5, 15.5; 1 H); 7.31 (m; 5 H).

N,N-Dimethyl-22-DPH-docosylamine 20. A solution of aldehyde 18 (300 mg; 0.66 mmole) and
of crude phosphonate 19 (420 mg) in THF (10 ml) was added dropwise to a suspension of
sodium methoxide (54 mg; 1.0 mmole) in THF (2 ml) at 0 °C. Immediately a brownish
precipitate was formed. After 10 min, the mixture was allowed to warm to room
temperature and was stirred for 2 h. It was then quenched with water and filtered on a
Hirsch funnel. The solid was washed with cold MeOH, chromatographed on a silica gel
column (CHCl3-MeOH 8:2) and recrystallized (CH2Cl2-hexane) to give amine 20 (185 mg;
48%). TLC Rr 0.59 (CHCl3-MeOH 8:3) ; mp 175 °C ; IR (KBr) 2910, 2840, 1470, 1380, 995 ; 1H-
NMR (200 MHz) 1.25 (broad s; 36 H); 1.32-1.70 (m; 4 H); 2.21 (s; 6 H); 2.10-2.26 (m; 2 H); 2.58 (t;
J 7.5; 2 H); 6.40-6.95 (m; 6 H); 7.05-7.45 (m; 9 H).

22-DPH-docosyltrimethylammonium iodide (LcTMA-DPH) 4. A suspension of amine 20 (100
mg; 0.17 mmole) in 1:1 toluene-acetone (30 ml) was heated to 70 °C until homogeneous. The
solution was then allowed to cool to 30 °C and methyl iodide (4 ml) was added. Immediately a
precipitate formed. The mixture was then heated to 70 °C for 3 h, cooled to room
temperature, and filtered on a Hirsch funnel. The solid was washed with toluene and dried
in vacuo to give the ammonium iodide 4 (106 mg; 86%). TLC R¢ 0.55 (CHCl3-MeOH-H20
70:26:4) ; mp 217-220 °C ; 1TH-NMR (200 MHz; DMSO-dg dilute solution) 1.24 (broad s; 36 H);
3.01 (s; 9 H); 6.53-7.05 (m; 6 H); 7.05-7.50 (m; 9 H) ; UV (CHCl3-MeOH 1:4) 360 nm £y 40900
OD M-1 cm-1); FAB-MS (m-nitrobenzyl alcohol) 598.7 (M-I, 100%), 538.6 (2), 352.5 (5) ; Anal.
Caled for C43HggNI : C, 71.14; H, 9.44; N, 1.93. Found : C, 70.9; H, 9.2; N, 1.8.

4-(21-THP-oxyhenicosyl)benzyl alcohol 21. A solution of 2 M BH3-MesS in THF (5 ml) was
added to a solution of acid 13 (2.01g; 3.9 mmoles) in dry THF (40 ml) at 0 °C. The mixture was
then stirred for 20 h at room temperature, quenched with water and extracted three times

1467
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with ether. The combined organic phases were washed rapidly with 10% aqueous HCI,
saturated aqueous NaHCO3, and brine, dried over MgSO4 and evaporated. The crude product
was chomatographed on a silica gel column (CH2Clz-EtOH 95:5) and recrystallized (absolute
EtOH) to yield the alcohol 21 (1.31 g; 67%). TLC R¢0.39 (CH2Cl2-EtOH 95:5) ; mp 61-62 °C ; IR
(CCly) 3610, 2910, 2840, 1450, 1025 ; H-NMR (200 MHz) 1.25 (broad s; 36 H); 1.43-1.93 (m; 8 H);
2.60 (t; J 7.6; 2 H); 3.30-3.95 (m; 4 H); 4.57 (m; 1 H); 4.66 (s; 2 H); 7.12-7.33 (m; 4 H) ; Anal.
Caled for C33H5803 : C, 78.82; H, 11.63. Found: C, 79.0; H, 11.9.

4-(21-THP-oxyhenicosyl)benzyl acetate 22. Pyridine (1 ml; 12 mmoles), acetic anhydride (1
ml; 10 mmoles), and 4-(dimethylamino)pyridine (DMAP; 27 mg; 0.22 mmole) were added to a
solution of alcohol 21 (1.09 g; 2.17 mmoles) in CH2Clz (100 ml). The mixture was allowed to
react for 20 h at room temperature. It was then diluted with water and extracted three times
with CH2Cls. The combined organic phases were washed with 10% aqueous HCl, saturated
aqueous NaHCOg, and brine, dried with MgSO4 and evaporated. The crude product was
chomatographed on a silica gel column (hexane-AcOEt 9:1) and recrystallized (absolute
EtOH) to yield the acetate 22 (1.01 g; 85%). TLC R¢0.29 (hexane-AcOEt 9:1) ; mp 43-46 °C ; IR
(CCly) 2910, 2840, 1735, 1460, 1225, 1035 ; IH-NMR (200 MHz) 1.25 (broad s; 36 H); 1.38-1.73 (m;
8 H); 2.10 (s; 3 H); 2.59 (t; J 7.5; 2 H); 3.30-3.95 (m; 4 H); 4.59 (m; 1 H); 5.08 (s; 2 H); 7.10-7.35
(m; 4 H) ; EIMS m/e 544 (M+; 2%); 484 (20); 400 (91); 384 (16); 85 (100) ; Anal. Calcd for
C35Hg004: C, 77.15; H, 11.10. Found : C, 77.3; H, 11.4.

4-(21-Hydroxyhenicosyl)benzyl acetate 23. A solution of acetate 22 (933 mg; 1.71 mmole) and of
PPTS (43 mg; 0.17 mmole) in absolute EtOH (125 ml) was refluxed for 1 h. It was then
evaporated, chromatographed on a silica gel column (CH2Cl2-EtOH 95:5) and recrystallized
(hexane) to give the hydroxy acetate 28 (752mg; 95%). TLC Rr 0.43 (CH2Cl2-EtOH 95:5) ; mp
81-82.5 °C ; IR (KBr) 3270, 2920, 2840, 1735, 1460, 1245 ; IH-NMR (200 MHz) 1.25 (broad s; 34
H); 1.43-1.70 (m; 4 H); 2.09 (s; 3 H); 2.59 (t; J 7.6; 2 H); 3.64 (t; J 6.5; 2 H); 5.07 (s; 2 H); 7.10-7.30
(m; 4 H) ; Anal. Caled for C30Hs5203: C, 78.20; H, 11.38. Found : C, 78.0; H, 11.5.

21-[4-(Acetoxymethyl)phenyllhenicosanoic acid 24. Jones reagent?3 was added dropwise to a
solution of the hydroxy acetate 28 (677 mg; 1.47 mmole) in acetone (200 ml) until the
characteristic orange color of the reagent persisted. The chromium salts were then filtered
off and the acetonic solution was evaporated. The residue was dissolved in CH2Clp, washed
with aqueous 0.01 N HCl, and evaporated. The crude product was recrystallized in hexane to
yvield pure acetoxy acid 24 (611 mg; 87%). TLC Ry 0.38 (CH2Cl2-EtOH 95:5) ; mp 83-84 °C ; IR
(KBr) 3300-2500, 2920, 2850, 1740, 1705, 1250 ; 1H-NMR (200 MHz) 1.25 (broad s; 32 H); 1.50-1.73
(m; 4 H); 2.09 (s; 3 H); 2.35 (t; J 7.5; 2 H); 2.60 (t; J 7.5; 2 H); 5.07 (s; 2 H); 7.10-7.33 (m; 4 H) ;
Anal. Caled for C39Hs5004 : C, 75.90; H, 10.62. Found : C, 76.0; H, 10.7.

Methyl 21-[4-(acetoxymethyl)phenylJhenicosanoate 25. A solution of ethereal diazomethane
was added dropwise to a solution of acetoxy acid 24 (541 mg; 1.14 mmole) in THF (50 ml) at
0 °C until the yellow color persisted. The solvent was then evaporated and the residue was
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chromatographed on a silica gel column (CH2Cl2) and recrystallized (hexane) to give acetoxy
ester 25 (435 mg; 78%). TLC R 0.41 (CH2Cl2) ; mp 77-78 °C ; IR (CCly) 2930, 2860, 1740, 1230 ;
1H-NMR (200 MHz) 1.25 (broad s; 32 H); 1.45-1.73 (m; 4 H); 2.09 (s; 3 H); 2.30 (t; J 7.5; 2 H); 2.60
(t; J 7.7; 2 H); 3.66 (s; 3 H); 5.07 (s; 2 H); 7.10-7.30 (m; 4 H); Anal. Caled for C31Hs204 : C, 76.18;
H, 10.72. Found : C, 76.3; H, 10.7.

Methyl 21-[4-(hydroxymethyl)phenyllhenicosanoate 26. Potassium carbonate (276 mg; 2
mmoles) was added to a solution of acetoxy ester 25 (385 mg; 0.79 mmole) in a mixture of dry
THF (20 ml) and absolute MeOH (10 ml) at room temperature. After 45 min the mixture was
neutralized with 10% aqueous HCI, extracted three times with CHoClg, washed with brine,
dried with MgSO4 and evaporated. The crude product was chromatographed on a silica gel
column (CH2Cl2) and recrystallized (hexane) to give hydroxy ester 26 (248 mg; 69%). TLC R¢
0.28 (hexane-AcOEt 8:2) ; mp 76-77 °C ; IR (KBr) 3340, 2920, 2840, 1735, 1460, 1170 ; I1H-NMR
(200 MHz) 1.25 (broad s; 32 H); 1.50-1.73 (m; 4 H); 2.30 (t; J 7.5; 2 H); 2.60 (t; J 7.7; 2 H); 3.66 (s;
3 H); 4.66 (s; 2 H); 7.10-7.30 (m; 4 H) ; Anal. Caled for CogH5003 : C, 77.97; H, 11.28. Found :
C,78.1;H, 11.1.

Methyl 21-(4-formylphenyl)henicosanoate 27. A solution of hydroxy ester 26 (211 mg; 0.47
mmole) in CH2Clg (5 ml) was added to a solution of pyridine (0.5 ml; 6 mmoles) and of
chromium trioxide (300 mg; 3 mmoles) in dry CH2Clg (3 ml). The reaction was stirred for 15
min at room temperature. The resulting suspension was poured on a short silica gel
column (CH2Cl2) and the filtrate was evaporated and recrystallized (hexane) to give the
formyl ester 27 (160 mg; 76%). TLC R¢ 0.64 (hexane-AcOEt 8:2) ; mp 69-70 °C ; IR (CCly) 2930,
2860, 2740, 1735, 1700, 1605, 1170 ; TH-NMR (200 MHz) 1.25 (broad s; 32 H); 1.50-1.73 (m; 4 H);
2.30 (t;J 7.5; 2 H); 2.68 (t; J 7.7; 2 H); 3.66 (s; 3 H); 7.33 and 7.79 (2 d; J 8.0;4 H); 9.97 (s; 1 H) ;
Anal. Calcd for CogH4g03 : C, 78.32; H, 10.88. Found : C, 78.6; H, 11.0.

Methyl 21-DPH-henicosanoate 28. A solution of aldehyde 27 (160 mg; 0.36 mmole) and crude
phosphonate 19 (250 mg) in dry THF (5 ml) was added to a suspension of sodium methoxide
(35 mg; 0.65 mmole) in dry THF (7 ml) at 0 °C. Immediatly a yellow precipitate formed. After
30 min, the mixture was quenched with water, acidified with 10% aqueous HCI, and
extracted three times with CH2Cls. The combined organic layers were washed with
saturated aqueous NaHCO3 and with brine, dried with MgSO4 and evaporated. The crude
product was chromatographed on a silica gel column (toluene) to remove the polar
impurities and recrystallized (hexane) to yield ester 28 (135 mg; 66%). TLC Rr 0.64 (toluene) ;
mp 110-111 °C ; IR (KBr) 2920, 2860, 1740, 1175, 995 ; IH-NMR (400 MHz) 1.25 (broad s; 32 H;
alkyl chain); 1.55-1.70 (m; 4 H; -CH2CH2CO2Me and -CH2CH2DPH); 2.30 (t; J 7.5; 2 H;
-CH2CO2Me); 2.59 (t; J 7.7; 2 H; -CH2DPH); 3.67 (s; 3 H; -OCH3y); 6.51 (m; 2 H; olefinic H); 6.59
(d; J 15.6; 2 H; olefinic H); 6.82-6.94 (m; 2 H; olefinic H); 7.15-7.50 (m; 9 H; aromatic H) ; 13C-
NMR (100 MHz) 25.0; 29.1; 29.2; 29.3; 29.4; 29.5; 29.6; 29.7; 31.4; 34.1; 35.7; 51.4; 116.6; 126.3;
127.4; 128.2; 128.6; 128.7; 129.2; 132.3; 132.8; 133.0; 133.8; 134.8; 137.5; 142.6; 174.3 ; EIMS m/e
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570 (M+, 47%); 296 (16); 268 (9); 245 (8); 243 (15); 231 (16); 111 (28); 83(78); 55 (100) ; Anal. Calcd
for C40H5802: C, 84.15; H, 10.24. Found : C, 84.2; H, 10.3.

21-DPH-henicosanoic acid 10. Potassium hydroxide (300 mg) was added to a solution of ester
28 (130 mg; 0.23 mmole) in toluene-MeOH 1:1 (200 ml) and the mixture was refluxed for 20 h.
It was then cooled to room temperature, acidified to pH 2 with 10% aqueous HCl, and
extracted three times with CHClg-MeOH 2:1. The organic layers were washed with acidic
MeOH-H0 1:1 (acidified to pH 2 with concentrated aqueous HC]) and dried with MgSOj4.
Recrystallization (THF-EtOH) afforded pure acid 10 (105 mg; 82%). TLC Rr 0.44 (toluene-ethyl
acetate) ; mp 141-142 °C ; IR (KBr) 3010, 2920, 2850, 1700, 1470, 995 ; LH-NMR (400 MHz; THF-
dg) 1.36 (broad s; 34 H); 2.27 (t; J 7.4; 2 H); 2.65 (t; J 7.7; 2 H); 6.60 (m; 2 H); 6.65 and 6.66 (2d; J
15.6; 2 H); 6.95-7.07 (m; 2 H); 7.18 and 7.41 (2 d; J 8.1; 4 H); 7.20-7.50 (m; 5 H); . Anal. Calcd for
C39H5602 : C, 84.12; H, 10.14. Found : C, 83.9; H, 10.1.

1-Palmitoyl-2-(21-DPH-henicosanoyl)-sn-glycero-3-phosphocholine (LcDPHpPC) 6. Prepara-
tion of a solution of 1,1’-thionyldiimidazole (TDI): Two double necked flasks were connected
by a glass tube equipped with a fritted filter. Imidazole (1.09 g; 16 mmoles) and dry THF (16
ml) were introduced into the first flask and were cooled to 0 °C. Addition of freshly distilled
thionyl chloride (0.29 ml; 4.0 mmoles) resulted in the formation of TDI and of a precipitate of
imidazolium hydrochloride. Transfer of the mixture through the glass frit into the other
flask gave a clear 0.25 M solution of TDI.

Acylation of lysoPC 29 : Acid 10 (406 mg; 0.73 mmole) and lysoPC (400 mg; 0.81 mmole; 8:2
mixture of palmitoyl lysoPC 29 and stearoyl lysoPC) were separately dried, first by azeotropic
distillation of dry toluene (8x20 ml) under reduced pressure (30 °C, 1 mm Hg) and then
overnight under reduced pressure (50 °C, 1mm Hg). The acid 10 was then dissolved in dry
THF (30 ml) and treated for 1 h with the TDI solution (4.0 ml; 1 mmole) prepared above, to
give the imidazolide. That the latter had actually been obtained was shown by the
quantitative formation of the methyl ester 28 when an aliquot of the solution was reacted
with dry MeOH. Chloroform (30 ml; freed of ethanol and water by five extractions with
water, drying overnight with CaClg and distillation over P205) was then added to the lysoPC,
followed by the imidazolide solution (33 ml). The mixture was allowed to react for 5 days at 50
°C. It was then brought to pH 2 with 10% aqueous HCl and extracted three times with
chloroform-MeOH 2:1. The organic layers were washed with acidic MeOH-H20 1:1 (acidified
to pH 2 with concentrated aqueous HCI), evaporated in vacuo, dried by azeotropic distillation
of toluene, and chromatographed on a silica gel column with the following eluents : CHCl3-
MeOH 95:5 (500 ml); CHCl3-MeOH 2:1 (500 ml; elution of the unreacted acid 10); CHClg3-
MeOH-H20 70:26:4 [1000 ml; elution of the fluorescent phospholipid 6 (60 mg; 8%)]. TL.C Rf
0.45 (CHCl3-MeOH-H30 70:26:4) ; 1H-NMR (400 MHz; CDCl3-CD30D 2:1) 0.84 (t; J 6.8; 3 H;
-Me); 1.22 (broad s; 56 to 60 H; alkyl chains); 1.57 (m; 6 H; -CH2CH2CO2- and -CH2CH2DPH);
2.28 and 2.30 (2 t; J 7.7; 4 H; -CH2CO2-); 2.55 (t; J 7.6; 2 H; -CH2DPH); 3.18 (s; 9 H; -NMegz); 3.57
(m; 2 H; -CH2N9); 3.96 (m; 2H; ~CHCH20PO3-); 4.13 and 4.39 (2 dd; J 12.0, 7.0, 3.1; 2 H;
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-CH202C-); 4.28 (m; 2 H; -OCH2CH2Nz); 5.21 (m; 1 H; :=CHO-); 6.48 (m; 2 H; olefinic H); 6.54 (d;
J 15.4; 2 H; olefinic H); 6.78-6.90 (m; 2 H; olefinic H); 7.08-7.39 (m; 9 H; aromatic H) ; UV
(CHCl13-MeOH 2:1) 360 nm (€y 41800 OD M-! em-1) ; FAB-MS (m-nitrobenzy} alcohol) 1056.8
(M+Na*, 1%) and 1034.8 (M+H+, 4) for the palmitoyl PC; [1084.9 (M+Na*, 0.3) and 1062.8
(M+H+, 1) for the stearoyl PC]; 184.1 (100).

Acknowledgements. We are grateful for financial support from the Centre National de la
Recherche Scientifique (ARI Chimie-Biologie) and for a predoctoral fellowship from the
Ministére de la Recherche et de la Technologie (to A. B.). We thank Professor P. Granger
and Mr. J. Raya for NMR analysis, Professors G. Laustriat and J. J. Riehl for their interest,
and Roure-Bertrand-Dupont Co (Grasse) for a genercus sample of icosane-1,20-diol
diacetate. Assistance from Professor R. B. Lennox and Mr. N. Hebert (McGill University)
during the writing of this manuscript is also acknowledged.

REFERENCES

1. Shinitzky, M.; Barenholz, Y. Biochim. Biophys. Acta 1978, 515, 367; Shinitzky, M.; Yuli,
1. Chem. Phys. Lipids 1982, 30, 261; Sklar, L. A. in “Biomembranes”, eds. Kates, M.;
Manson, L. A., Plenum, New York, 1984, vol. 12, “Membrane fluidity”, p.99; Lentz, B. R.
Chem. Phys. Lipids 1989, 50, 171.

2. Grunberger, D.; Haimovitz, R.; Shinitzky, M. Biochim. Biophys. Acta 1982, 688, 764;
Kuhry, J.-G.; Fonteneau, P.; Duportail, G.; Maechling, C.; Laustriat, G. Cell Biophys.
1988, 5, 129.

3. Prendergast, F. G.; Haugland, R. P.; Callahan, P. J. Biochemistry 1981, 20, 7333.

4. Morgan, C. G.; Thomas, E. W_; Moras, T. S.; Yianni, Y. P. Biochim. Biophys. Acta 1982,
692, 196.

5. Op den Kamp, J. A. F. Ann. Rev. Biochem. 1979, 48, 47.

6. Beck, A.; Heissler, D.; Duportail, G. Chem. Phys. Lipids 1990, 55, 13.

7. Beck, A.; Heissler, D.; Duportail, G. J. Chem. Soc., Chem. Commun. 1990, 31. Prelimi-
nary communication.

8. Beck, A. These de Doctorat, Université Louis Pasteur, Strasbourg 1989.

9. Tamura, M.; Kochi, J. Synthesis 1971, 303; Fouquet, G.; Schlosser, M. Angew. Chem.
1974, 86, 50.

10. Lai, Y.-H. Synthesis 1981, 585; Cohen, N.; Eichel, W. F.; Lopresti, R. J.; Neukom, C.;
Saucy, G. J. Org. Chem. 1978, 41, 3505, Ricke, R. D.; Bales, S. E. J. Am. Chem. Soc. 1974,
96, 1775; Chapman, O. L.; Mattes, K. C.; Sheridan, R. S.; Klun, J. A. J. Am. Chem. Soc.
1978, 100, 4878; Luche, J.-L.; Damiano, J.-C. J. Am. Chem. Soc. 1980,102, 7926.

11. Hiinig, S.; Liicke, E.; Brenninger, W. Org. Synth., Coll. Vol. V, 19783, 533.

12. Braun, L. M.; Braun, R. A,; Crissman, H. R.; Opperman, M.; Adams, R. M. J. Org.
Chem. 1971, 36, 2388.



1472

13.

14.
15.
16.
17,
18.
19.
. Pine, S. H.; Sanchez, B. L. J. Org. Chem. 1971, 36, 829.
21.
22.

26.

27.

88

h

A.BECKet al.

Pattison, F. L. M.; Howell, W. C.; McNamara, A. J.; Schneider, J. C.; Walker, J. F.
J. Org. Chem. 1958, 21, 739.

Hutchins, R. O.; Taffer, I. M. J. Org. Chem. 1988, 48, 1360.

Myashita, N.; Yoshikoshi, A.; Grieco, P. J. Org. Chem. 1977, 42, 3772.

Creger, P. L. J. Am. Chem. Soc. 1970, 92, 1396.

Sonnet, P. E. Synth. Commun. 1976, 6, 21.

Nystrom, R. F. J. Am. Chem. Soc. 1955, 77, 2544.

Fuhrhop, J. H.; Fritsch, D. Acc. Chem. Res. 1986, 19, 130.

Ratcliffe, R.; Rodehorst, R. J. Org. Chem. 1970, 35, 4000.
De Koning, H.; Springer-Fidder, A.; Moolenaar, M. J.; Huisman, H. O. Recl. Trav.
Chim. Pays-Bas 1978, 92, 237.

. Mikhailov, B. M.; Ter-Sarkisyan, G. S. J. Gen. Chem. USSR 1959, 29, 2524; Taylor,

E. C.; Chiang, C. S. Synthesis, 1977, 467.

. Bowers, A.; Halsall, T. G.; Jones, E. R. H.; Lemin, A. J. J. Chem. Soc. 1953, 2548.
25,

Raya, J., Mémoire de DEA de Chimie Physique, Université Louis Pasteur, Strasbourg
1988,

Eibl, H. Chem. Phys. Lipids 1980, 26, 405; Bogomolov, O. V.; Kaplun, A. P.; Shvets,

V. 1. Russ. Chem. Rev. 1988, 57, 382; Mangroo, D.; Gerber, G. E. Chem. Phys. Lipids
1988, 48, 99.

Selinger, Z.; Lapidot, Y. J. Lipid Res. 1966, 7, 174; Gupta, C. M.; Radhakrishnan, R.;
Khorana, H. G. Proc. Natl. Acad. Sci. USA 1971, 74, 4315; Neises, B.; Steglich, W.
Angew. Chem., Int. Ed. Engl. 1978, 17, 522; Hassner, A.; Alexanian, V. Tetrahedron
Lett. 1978, 4475.

. Mukaiyama, T. Angew. Chem., Int. Ed. Engl. 1979, 18, 707.
. Staab, H. A. Angew. Chem. 1962, 74, 407; Lammers, J.G.; Liefkens, T. J.; Bus, J.; van

der Meer, J. Chem. Phys. Lipids 1978, 22, 293; Diyizou, Y. L.; Genevois, A.; Lazrak, T.;
Wolff, G.; Nakatani, Y.; Ourisson, G. Tetrahedron Lett. 1987, 28, 5743.

. Morton, R. C.; Mangroo, D.; Gerber, G. E. Can. J. Chem. 1988, 66, 1701.
31.

Staab, H. A.; Wendel, K. Angew. Chem. 1961, 73, 26; Liebigs Ann. Chem. 1966, 694, 86;
Wieland, T.; Vogeler, K. Angew. Chem. 1961, 73, 435.

. Dittmer, J. C.; Lester, R. L. J. Lipid Res. 1964, 5, 126.
. Chuit, P.; Hausser, J. Helv. Chim. Acta 1929, 12, 850.
. Seliger, H.; Bitar, M. B.; Nguyen Trong Hao; Marx, A.; Roberts, R.; Krueger, J. K,;

Unruh, H. G. Makromol. Chem. 1984, 185, 1335.



