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Application of the Bifunctional Phosphonylating Agent Bis[6-(triﬂuoromethyl)ben;go—
triazol-1-yl] Methylphosphonate Towards the Preparation of Isosteric D-myo-Inositol

Phospholipid and Phosphate Analogues

C.E. Dreef, M. Douwes, C.J.J. Elie, G.A. van der Marel, J.H. van Boom*
Gorlaeus Laboratories, P.O. Box 9502, NL-2300 RA Leiden, The Netherlands

The individual diastereoisomeric methylphosphonate analogues of
phosphatidyl-D-myo-inositol A (R, and S,) and D-mpo-inositol 1-
(sodium methylphosphonate) were prepared using the bifunctional
phosphonylating agent bis[6-(trifluoromethyl)benzotriazol-1-yl]
methylphosphonate.

It is well established that receptor mediated activation of
the enzyme phospholipase C is responsible for the
cleavage of phosphatidylinositol [4,5]bisphosphate
(PtdIns[4,5]P,) into the second messengers myo-inositol
1,4,5-trisphosphate’  and  diacylglycerol.>  The
PtdIns[4,5]P, supply is maintained by sequential phos-
phorylation of the more abundant phosphatidylinositol
by specific 4- and 5-kinases.>

After the pioneering work by Shvets and others,*> several
methods®™'? towards the synthesis of inositol phos-
pholipids and analogues thereof were published. For
example, the individual diastereoisomeric phosphoro-
thioate analogues of PtdIns'®~!2 have been employed to
determine the stereochemical course of the cleavage
reaction by PtdIns-specific phospholipase C.

As part of an ongoing programme’ directed towards the
preparation of inosito] phospholipids and phosphate
analogues thereof, we now report a general method for
the synthesis of the diastereoisomeric and uncharged
methylphosphonate analogues A (R, and S,), which may
act as potential phospholipase C inhibitors.

The target methylphosphonate analogues A could be
obtained by the following three consecutive operations:
(a) synthesis of a suitably protected D-myo-inositol de-
rivative; (b) methylphosphonate diester bond formation
and finally removal of the benzyl protecting groups.

Firstly, optical resolution of 2,3,4,5,6-penta-O-benzyl-
myo-inositol (1), prepared in six steps from myo-
inositol,'* was accomplished (Scheme 1) by converting 1
into the corresponding diastereoisomeric camphanates
2.'* The individual diastereoisomers (2L and 2D) were
then separated by silica gel column chromatography.

Subsequent hydrolysis of the camphanates from the
individual diastereomers (2L and 2D) furnished the
enantiomers 1L and 1D, respectively.

Based on the observed negative value of the specific
rotation’’ ~!# of one enantiomer (i.e. 1D), we con-
cluded'® that the lower running camphanate 2D must
be derived from 2,3 4,5,6-penta-O-benzyl-D-myo-
inositol.

Secondly, the introduction of the methylphosphonate
diester bond between the myo-inositol derivative 1D and
1,2-di-O-palmitoyl-sn-glycerol was realized by the two-
step one-pot phosphonylation procedure shown in
Scheme 2.

Alcohol 1D was reacted with a slight excess of the
bifunctional phosphonylating agent 5a, prepared?? in
situ from methylphosphonic dichloride (3) and 1-hydro-
xybenzotriazole (4a), to give, after 15 min, the putative
(benzotriazol-1-yl) methylphosphonate 6a. Intermediate
6a was treated with 1,2-di-O-paimitoyl-sn-glycerol?! in
the presence of N-methylimidazole to afford, after 4 h at
20°C, the diastereoisomeric methylphosphonate diesters
7. Since the second phosphonylation step proceeded
rather sluggishly, we expected?? that replacement of the
benzotriazolyl by 6-(trifluoromethyl)benzotriazolyl
groups would result in a more reactive phosphonylating
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agent. Indeed, when alcohol 1D was treated with a small
excess of the new bifunctional phosphonylating agent
5b, prepared in a similar fashion as described for 5a,
intermediate 6b was formed after 5 min at 20°C. Sub-
sequent addition of 1,2-di-O-palmitoyl-sn-glycerol and
N-methylimidazole afforded, within 1h at 20°C, the
diastereoisomeric methylphosphonate diesters 7 (R, and
S,) in high yield. In this respect it is noteworthy that the
individual diastereoisomers 7 were readily separated by
silica gel column chromatography. The assignment of
the absolute configuration at the phosphorus center is
presently under investigation.

Finally, in order to prohibit migration of the methyl-
phosphonate diester function to adjacent positions, it was
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obligatory to execute the hydrogenolysis of the benzyl
groups from the individual diastereoisomers 7 (R, and S,,)
under neutral conditions. Attempts to remove the benzyl
groups in the presence of palladium on charcoal failed.
However, the individual diastereoisomers of 7 were de-
protected, without the occurrence of unwanted sideprod-
ucts by hydrogenolysis, in the presence of palladium
hydroxide, to furnish the homogeneous D-myo-inositol
methylphosphonolipids A.

The successful preparation of the isosteric analogues of
PtdIns A, urged us to find out whether the phosphonylat-
ing agent 5b could also be applied to the synthesis of nyo-
inositol phosphate analogues. To this end (Scheme 3),
benzyl alcohol was added to the intermediate active ester
6b in the presence of N-methylimidazole to give, after 1 h
at 20°C, the fully protected myo-inositol methylphospho-
nate 8 as a diastereoisomeric mixture (ratio 1 : 3). Benzyl
protecting groups could in this particular case be removed
by hydrogenolysis over palladium on charcoal to yield the
myo-inositol 1-phosphate analogue 9, which may act as a
potential myo-inositol monophosphatase inhibitor.
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In conclusion, the results presented in this paper clearly
demonstrate that a new class of myo-inositol phos-
pholipid and phosphate analogues is readily accessible
using the effective bifunctional phosphonylating agent
bis[6-(trifluoromethyl)benzotriazol-1-yi] methylphos-
phonate (5b). Furthermore, we believe that reagent Sb
promises to be very convenient for the future synthesis
of methylphosphonate mono- and diesters of other
naturally occurring phosphate esters.

CH,Cl, and pyridine were dried by heating with CaH, (10 g per
litre), under reflux, for 16 h and then distilled. Pyridine was redis-
tilled from p-toluenesulfonyl chloride (60 g per litre) and KOH
(25 g per litre). CH,Cl, and pyridine were stored over molecular
sieves 4 A. Dioxane was distilled from LiAlH, (5 g per litre) and
stored over molecular sieves 3 A. Methylphosphonic dichloride
(Janssen, Belgium), benzyl alcohol and N-methylimidazole were
distilled before use. (—)-Camphanic chloride and Pd—C (10 %)
were purchased from Fluka (Switzerland). Pd(OH), —C moist was
purchased from Janssen (Belgium). Sephadex C-25 was purchased
from Pharmacia (Sweden). 1-Hydroxy-6-trifluoromethylbenzo-
triazole?? was dried in vacuo over P,0s for 70 h at 50°C. 2,3,4,5,6-
penta-0-benzyl-myo-inositol and 1,2-di-O-palmitoyl-sn-
glycerol?! were prepared according to literature procedures. Trieth-
ylammonium bicarbonate buffer (TEAB, 2 M): a mixture of freshly
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distilled triethylamine (825 mL) and H,O (2175 mL) was saturated
with CO, gas at 0°C until pH 7.0.

Schleicher & Schiill (Germany) DC Fertigfolien F 1500 LS 254 were
used for TLC analysis. The following eluents were used: A,
hexane/Et,0 (50: 50); B, hexane/EtOAc (50: 50); C, CH,Cl,/Et,0
(99:1); D, CH,Cl,/MeOH (85:15). Compounds were detected
under UV light and by spraying with a solution of KMnO, (10 g) in
2% aq Na,CO; or a solution of (NH,),Mo0O, (25g) and am-
monium cerium(IV) sulfate (10 g) in 10% aq. H,SO,, followed by
heating at 100°C. Column chromatography was performed on
Merck Kieselgel 60 (230—400 mesh, ASTM). Melting points are un-
corrected. Optical rotations were measured at 20°C using a Perkin-
Elmer 141 Polarimeter. 'H-NMR spectra were recorded on a Bruker
WM-300 spectrometer, equipped with an ASPECT-2000 computer
operating in the Fourier transform mode at 300 MHz. '3C- and *'P-
NMR spectra were recorded on a Jeol INM-FX 200 spectrometer on
line with a JEC 980B computer at 50.1 and 80.7 MHz, respectively.
TMS as internal standard for the 'H- and '*C-NMR spectra and
85% H;PO, as external standard for the >*P-NMR spectra.

1-O-Camphanyl-2,3,4,5,6-penta-O-benzyl-L-myo-inositol (2L) and
1-O-Camphanyl-2,3,4,5,6-penta-O-benzyl-D-myo-inositol (2D):

To a cooled solution (0°C) solution of 2,3,4,5,6-penta-O-benzyl-
myo-inositol (1; 3.15 g, 5.00 mmol) in pyridine (25 mL) is added
(—)-camphanic chloride (1.35 g, 6.24 mmol). After stirring for 16 h
at 20°C, MeOH (1 mL) is added and the mixture is concentrated in
vacuo. The residue is taken up in CH,Cl, (100 mL), washed with
H,0 (25mL), 1M NaHCO; (25mL) and H,0 (25mL). The
organic layer is dried (MgSO,) and concentrated in vacuo.
Medium-pressure silica gel column chromatography (220 g, elu-
tion: hexane/CH,Cl,, 10:90 to 0: 100) of the crude product gives
pure 1-O-camphanyl-2,3,4,5,6-penta-O-benzyl-L-myo-inositol (2L);
yield: 1.78 g (44%); R; 0.24 (system A), R; 0.21 (system C); mp
140.5-141°C (i-Pr,O/pentane); [«J3° + 11.8° (¢ = 1, CHCl;).
C51H;5,09 cale. C7553 H6.71

(811.0) found 75.39 6.64

'H-NMR (CDCl,): § =0.90 (s, 3H, CH,, camphanyl), 1.00 (s,
3H, CH,, camphanyl), 1.08 (s, 3H, CH;, camphanyl), 1.60-1.67
(m, 1H, CH,, camphanyl), 1.76—-1.90 (m, 2H, CH,, camphanyl),
2.24-2.33 (m, 1H, CH,, camphanyl), 3.57 (dd, 1H, J,, =
10.0 Hz, H-3),3.57(dd, 1 H, J5 ¢ = 9.5 Hz, H-5),4.10(dd, 1 H, J,, s
= 9.5Hz, H-4),4.13 (dd, 1H, J, ; = 2.5Hz, H-2),4.17 (dd, 1 H,
Js.1 = 10.5Hz, H-6), 4.64-4.94 (m, 10H, 5 x OCH,, benzyl), 4.98
(dd, 1H, J; , = 2.5Hz, H-1), 7.19-7.40 (m, 25H,,,,.)-
BC{'H}-NMR (CDCl,): 6 = 9.46 (CH,, camphanyl), 16.38, 16.53
(2x CHj;, camphanyl), 28.62, 30.52 (2 x CH,, camphanyl), 53.96,
54.52 (2x Cq, camphanyl), 72.77, 74.78, 74.99, 75.69 (5 x OCH,,
benzyl), 74.69, 75.74, 78.90, 80.65, 81.23, 83.19 (C-1, C-2, C-3, C-4,
C-5, C-6), 90.58 (Cq, camphanyl), 127.02-128.19 (25xCH,
aromatic), 137.85, 138.09, 138.17, 138.38 (5 x Cq, benzyl), 167.05,
177.68 2 x C=0).

And 1-O-camphanyl-2,3,4,5.6-penta-0-benzyl-pD-myo-inositol (2D);
yield: 1.66 g (41%); R, 0.23 (system A), R; 0.14 (system C); mp
156.5-157°C (i-Pr,O/pentane); [a], — 18.9° (¢ = 1, CHCl;).
Cs51Hs,04 cale. C75.53 He6.71

(811.0) found 75.67 6.76

'H-NMR (CDCl,): 6 = 0.83 (s, 3H, CHs, camphanyl), 0.96 (s, 3H,
CH;, camphanyl), 1.07 (s, 3H, CH;, camphanyl), 1.61-1.70 (m,
tH, CH,, camphanyl), 1.80-1.95 (m, 2H, CH,, camphanyl),
2.23-2.32 (m, 1 H, CH,, camphanyl), 3.57 (dd, 1 H, J34 =95Hz,
H-3),3.57(dd. 1 H,J5 ¢ = 9.5 Hz, H-5),4.11 (dd, 1 H, J, s = 9.5 Hz,
H-4), 417 (dd, 1H, Js, = 10.0 Hz, H-6), 421 (dd, 1H, J,; =
2.0 Hz, H-2), 4.64—-4.87 (m, 10H, 5 x OCH,, benzyl), 4.90 (dd, 1 H,
Ji2 = 2.5Hz, H-1), 7.25-7.39 (m, 25H,,,,.).

BC{'H}-NMR (CDClLy): 6=9.52 (CH,, camphanyl), 16.47
(2 x CH;, camphanyl), 28.79, 30.81 (2 x CH,, camphanyl), 53.93,
54.63 (2 x Cq, camphanyl), 72.94, 74.58, 75.74 (5 x OCH,, benzyl),
75.13,78.81,80.85, 81.29,83.42(C-1, C-2, C-3, C-4, C-5, C-6),90.69
(Cq, camphanyl), 127.08-128.30 (25x CH, aromatic), 137.88,
138.17, 138.26, 138.50 (5 x Cq, benzyl), 167.29, 177.71 (2 x C=0).
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2,3.4,5,6-Penta-O-benzyl-L-myo-inositol (1L) and 2,3,4,5,6-Penta-
O-benzyl-D-myo-inositol (1D):

The camphanate 2L or 2D (1.62 g, 2.00 mmol) is dissolved in 0.2 N
NaOH in a mixture of dioxane/MeOH/H,0 (25mL, 14:5:1) and
stirred for 16 h at 20°C. The mixture is concentrated in vacuo and
the residue is taken up in CH,Cl, (100 mL), washed with H,O
(2x 25 mL). The organic layer is dried (MgSO,) and concentrated
in vacuo. Silica gel column chromatography (15g, elution:
hexane/Et,0 100:0 to 50: 50) of the crude product yields the pure
enantiomer 1L or 1D, respectively.

1L; yield: 1.25g (99%); R; 0.28 (system A); mp 61.5-62.5°C
(i-Pr,O/hexane); [a]3® + 9.2° (¢ = 1, CHCl,) (Lit.'* mp 55-58°C;
[«]3° +9.2° (¢ = 3.25, CHCL,); Lit."® mp 59-60°C; [«]3° + 14.0°
(¢ = 0.34, CHCl,); Lit.'” mp 58.8-60°C; [«]3° + 13.9° (¢ = 0.3,
CHCL,); Lit.'® mp 64-65°C; [«]3° + 10.0° (¢ = 1, CHCly)).
C4;HyyO4 cale. C78.07 H 6.7t

(630.8) found 77.95 6.64

'H-NMR (CDCl,): § = 2.22(d, 1 H, 1-OH, exchangeable), 3.46 (dd,
1H, J;, = 9.5Hz, H-3), 3.48 (ddd, 1H, J; , = 2.5Hz, J, oy
6.5Hz,H-1),3.48(dd, 1 H, J5 ¢ = 9.5 Hz, H-5),3.81 (dd, 1 H, J, ,
9.5Hz,H-6),4.03(dd, 1 H, J, ; = 2.5 Hz,H-2),4.06 (dd,1 H, J, s =
9.5 Hz, H-4), 4.69-5.01 (m, 10 H, 5 x OCH,, benzyl), 7.24—7.36 (m,
25 Hamm)'

3C{'H}-NMR (CDCl,): § = 72.33(C-1), 72.88, 74.66, 75.42, 75.66,
75.77 (5 x OCH,, benzyl), 77.06 (C-2), 81.03, 81.82, 82.08, 83.54
(C-3, C-4, C-5, C-6), 127.52-128.48 (25 x CH, aromatic), 138.17,
138.58, 138.67 (5 x Cq, benzyl).

1D; yield: 1.24g (98%); R; 0.27 (system A); mp 62.5-63°C
(i-Pr,O/hexane); [«]3° —9.0° (¢ = 1, CHCly) (Lit.!* mp
59.2-60°C; [«]3° — 13.5° (¢ = 0.16, CHCl,); Lit.! " mp 59.1-60°C;
[a]3° —13.5° (¢ = 0.3, CHCl,)).

C41HyyOg cale. C78.07 H6.71

(630.8) found 77.96 6.78

'H-NMR and '*C{"H}-NMR spectral data are identical to those of
compound 1L.

Bis[ 6-(trifluoromethyl)benzotriazol-1-yl] Methylphosphonate (5b);
Typical Procedure:

A solution of methylphosphonic dichloride (3; 1.33 g, 10.00 mmol)
in anhydrous dioxane (10 mL) is added dropwise to a stirred
solution of dry 1-hydroxy-6-trifluoromethylbenzotriazole (4b;
4.06 g, 20.00 mmol) and pyridine (1.62 mL, 20.06 mmol) in anhy-
drous dioxane (40 mL) at 20°C. The solution is stirred for 1 h at
20°C and the salts are removed by filtration. The 0.2 M stock
solution of bis[6-(trifluoromethyl)benzotriazo-1-yl] methylphos-
phonate (5b) thus obtained can be stored for several weeks at
—20°C.

3'P_NMR: § = 47.60.

2,3,4,5,6-Penta-O-benzyl-D-myo-inositol  1-(1,2-Di-O-palmitoyl-sz-
glycer-3-yl Methylphosphonate) (7, R, and S); Typical Procedure:
A solution of bis[6-(trifluoromethyl)benzotriazol-1-yl] methyl-
phosphonate (5b) in dioxane (0.2 M, 3.05 mL, 0.61 mmol) is added
to  2,3,4,5,6-penta-O-benzyl-D-myo-inositol  (1D) (347 mg,
0.55 mmol), which has been dried by repeated coevaporation with
pyridine (2x 10 mL). The reaction is stirred for 5 min at 20°C.
Subsequently 1,2-di-O-palmitoyl-sn-glycerol (284 mg, 0.50 mmol)
and N-methylimidazole (219 pL, 2.75 mmol) are added and the
mixture is stirred for another 1 h at 20°C. After addition of 1M
TEAB (1 mL), the mixture is diluted with CH,Cl, (50 mL) and
washed successively with H,O (10 mL), 1M TEAB (10 mL) and
H,0 (10mL). The organic layer is dried (MgSQO,) and concen-
trated in vacuo. Medium-pressure silica gel column chroma-
tography (220 g, elution: hexane/EtOAc, 100:0 to 50:50) of the
crude product affords the pure diastereoisomers of 7 as oils.

Higher running isomer of 7; yield: 133 mg (21 %); R; 0.09 (system A),
R( 0.49 (system B).

C,;H;,0,P cale. C7342 H8.88 P246

(1259.7) found 73.57 8.78 2.50
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BC-NMR (CDCly): § =11.61 (Jcp = 147.90 Hz, CH;), 14.02
(2x CH,, palmitoyl), 22.60-34.11 (28 x CH,, palmitoyl), 61.64
(C-1, glycerol), 63.80 (Jop = 5.87 Hz, C-3, glycerol), 69.63 (Jcp =
7.33 Hz, C-2, glycerol), 72.88, 75.10, 75.36, 75.74, 75.89 (5 x OCH ,,
benzyl), 76.14 (Jop = 7.32Hz, C-1), 77.15 (C-2), 79.96 (Jcp =
4.40 Hz, C-6), 80.65, 81.38, 83.31 (C-3, C-4, C-5), 127.40-128.22
(25x CH,,o), 138.12, 138.47, 138.64 (5xCq, benzyl), 172.66,
172.95 (2x C=0, palmitoyl).

3IP.NMR (CH,Cl,): 6 = 31.34.

Lower running isomer of 7; yield: 421 mg (67 %); R; 0.05 (system A),
R; 0.44 (system B).

C;sH,{;04,P calc. C7342 H 888 P 246

(1259.7) found 73.52 8.81 2.41

BC-NMR (CDCly): 6 = 11.07 (Jop = 143.50 Hz, CH;), 14.02
(2x CH,, palmitoyl), 22.60-34.05 (28 x CH,, palmitoyl), 61.64
(C-1, glycerol), 62.75 (Jop = 5.86 Hz, C-3, glycerol), 69.42 (Jop =
7.33 Hz, C-2, glycerol), 72.91, 74.99, 75.34, 75.77, 75.86 (5 x OCH,,
benzyl), 76.27 (Jcp = 5.87Hz, C-1), 77.58 (C-2), 80.02 (Jcp =
4.40 Hz, C-6), 80.68, 81.38, 83.34 (C-3, C-4, C-5), 127.28-128.19
(25x CH,,,.), 138.09, 138.35, 138.58, 138.73 (5xCq, benzyl),
172.57 and 172.95 (2 x C=0, palmitoyl).

IP.NMR (CH,Cl,): § = 33.36.

D-myo-Inositol 1-(1,2-Di-O-palmitoyl-sn-glycer-3-yl Methylphos-
phonate) (Higher and Lower Running Isomer of A):

The higher or lower running isomer of 7 (125 mg, 0.099 mmol) is
dissolved in a mixture of EtOAc and MeOH (25mL, 3:1 v/v) and
hydrogenated over Pd(OH), —C (175 mg) at 500 kPa for 20 h at
20°C. The solution is filtered and concentrated in vacuo (30°C).
Silica gel column chromatography (1.5 g, elution: CH,Cl,/MeOH,
75: 25, v/v) of the crude product affords pure p-myo-inositol 1-(1,2-
di-O-palmitoyl-sn-glycer-3-yl methylphosphonate) (A), as a solid.
Higher running isomer of A; yield: 71 mg (88 %); R; 0.32 (system
D).

C4,Hg,04,P cale. C 62.35 H 1009 P 3.83

(809.1) found 62.44 996  3.77

'H-NMR (CDCl,;/CD,0D, 3:1) 6 =0.89 (t, 6H, J = 7.0Hz,
2xCH;, palmitoyl), 1.21-1.34 (m, 48 H, 24 x CH,, palmitoyl),
1.57-1.62 (m, 4H, 2 x C(=0)CH,CH,, palmitoyl), 1.60 (d, 3H,
Jup = 18.0Hz, P—CH,), 2.32 (t, 2H, J = 8.0 Hz, C(=0O)CH,,
palmitoyl), 2.35 (t, 2H, J = 7.5 Hz, C(=0)CH,, palmitoyl), 3.23
(dd, 1H, Js¢ = 9.5Hz, H-5 inositol), 3.41 (dd, 1H, J;, =
10.0 Hz, H-3 inositol), 3.66 (dd, 1 H, J, s = 9.5 Hz, H-4 inositol),
3.82 (dd, 1 H, J,, = 9.0 Hz, H-6 inositol), 4.13 (dd, 1 H, J, ; =
2.5Hz, H-2 inositol), 4.16 (m, 1H, J, , = 2.5Hz, H-1 inositol),
416 (dd,1H, J, p = 12.0Hz, J,, , = 6.5 Hz, H-1a glycerol), 4.22
(ddd, 1H, Js, 3, = 11.5Hz, J3,p = 7.5 Hz, H-3a glycerol), 4.28
(ddd, 1H, J3,p = 7.0Hz, H-3b glycerol), 4.37 (dd, 1H, Jy,,, =
3.5Hz, H-1b glycerol), 527 (m, 1H, J,3, = 6.0Hz, J,3, =
4.5 Hz, H-2 glycerol).

31IP.NMR (CH,Cl,/MeOH, 3:1): 5 = 33.00.

Lower running isomer of A; yield: 74 mg (92 %); R 0.32 (system
D).

C,,;Hs,0,,P cale. C 6235 H10.09 P 3.83

(809.1) found 62.26 10.14  3.89

!'H-NMR (CDCl,/CD,0OD, 3:1) § =0.88 (t, 6H, J = 7.0Hz,
2x CH,, palmitoyl), 1.24-1.34 (m, 48H, 24 x CH,, palmitoyl),
1.58-1.64 (m, 4H, 2 x C(=0)CH,CH,, palmitoyl), 1.65 (d, 3H,
Jup = 18.0Hz, P—CHj;), 2.33 (t, 2H, J = 7.5 Hz, C(=0)CH,,
palmitoyl), 2.36 (t, 2H, J = 7.5 Hz, C(=0)CH,, palmitoyl), 3.23
(dd, 1H, Js6 = 9.5Hz, H-5 inositol), 3.42 (dd, 1H, J;, =
10.0 Hz, H-3 inositol), 3.66 (dd, 1 H, J, s = 9.5 Hz, H-4 inositol),
3.81(dd, 1H, J,, = 9.5Hz, H-6 inositol)), 4.12 (dd, 1H, J, 3 =
3.0 Hz, H-2 inositol), 4.14 (ddd, 1 H, J, , = 2.5Hz, Jy;» = 9.0Hz),
H-1 inositol), 4.11-4.24 (m, 2H, H-3a, H-3b glycerol), 4.18 (dd,
1H, Jy, 1p = 120 Hz, J;, , = 6.5 Hz, H-1a glycerol), 4.38 (dd, 1 H,
Jiba = 3.5Hz, H-1b glycerol), 527 (m, 1H, J, 5, = 6.0Hz, J, 3,
= 4.5 Hz, H-2 glycerol).

31p_.NMR (CH,C1,/MeOH, 3:1): 6 = 35.29.

SYNTHESIS

2,3,4,5,6-Penta-0-benzyl-D-myo-inositol 1-(Benzyl Methylphospho-
nate) (8):

A solution of bis[6-(trifluoromethyl)benzotriazol-1-yl] methyl-
phosphonate (5b) in dioxane (0.2 M, 2.75 mL, 0.55 mmol) is added
to  2,3,4,5,6-penta-O-benzyl-D-myo-inositol  (1D) (315 mg,
0.50 mmol), which has been dried by repeated coevaporation with
pyridine (2 x 10 mL). The reaction is stirred for 5 min at 20°C.
Subsequently BnOH (105 pL, 1.02 mmol) and N-methylimidazole
(0.20 mL, 2.51 mmol) are added and the mixture is stirred for
another 1h at 20°C. After addition of 1M TEAB (1 mL), the
mixture is diluted with CH,Cl, (50 mL) and washed with H,0
(10 mL), 1 M TEAB (10 mL) and H,O (10 mL). The organic layer
is dried (MgSO,) and concentrated in vacuo. Silica gel column
chromatography (10 g, elution: hexane/EtOAc, 100:0 to 50: 50) of
the crude product affords pure 2,3,4,5,6-penta-O-benzyl-p-myo-
inositol 1-(benzyl methylphosphonate) (8) as an oil; yield: 357 mg
(89 %); R; 0.05/0.03 (1:3) (system A), Ry = 0.31/0.26 (1: 3) (system
B).

C,oHs5,O4P calc. C73.67 H 643 P3.88

(798.9) found 73.79 6.54 372

13C-NMR (major isomer, CDCly): § = 11.36 (Jp = 143.50 Hz,
CH,), 66.52 (Jcp = 5.86 Hz, OCH,, benzyl), 72.71, 74.84, 75.22,
75.69, 75.77 (5 x OCH,, benzyl), 75.95 (Jp = 5.86 Hz, C-1), 77.29
(C-2), 79.91 (Jcp = 4.40 Hz, C-6), 80.56, 81.23, 83.16 (C-3, C-4, C-
5), 127.17-128.39 (30 x CH,om), 136.04 (Cq, Jcp = 5.86 Hz, ben-
zyl), 137.97, 138.20, 138.35, 138.44, 138.58 (5 x Cq, benzyl).

3IP.NMR (CH,Cl,): § = 31.13/32.91 (1:3).

D-myo-Inositol 1-(Sedium Methylphosphonate (9):
2,3,4,5,6-Penta-0-benzyl-D-myo-inositol 1-(benzyl methylphospho-
nate) (8; 197 mg, 0.25 mmol) is dissolved in a mixture of MeOH
and H,0 (25mL, 4:1), and hydrogenated over 10% Pd-C
(200 mg) at 500 kPa for 16 h at 20°C. The solution is filtered and
concentrated in vacuo (30°C) to a small volume. After Sephadex C-
25 (Na*-form, 1.1 g, 2.53 mmol) cation-exchange and lyophiliza-
tion, D-myo-inositol 1-(sodium methyiphosphonate) (9) is obtained
as a white solid; yield: 63 mg (91 %).

C,H,,O¢PNa calc. P 11.06

(280.1) found 10.85

'H-NMR (D,O, pH = 2.00): 6 =1.40 (d, 3H, Jyp = 17.0Hz,
CH,), 3.33 (dd, 1H, Js s = 9.5Hz, H-5), 3.56 (dd, 1H, J; 4 =
10.0 Hz, H-3), 3.65(dd, 1 H, J, 5 = 9.0 Hz, H-4),3.73 (dd, 1 H, J, ,
= 10.0 Hz, H-6), 3.99 (ddd, 1H, J,, = 3.0Hz, Jyp, = 9.0Hz,
H-1), 419 (dd, 1H, J, 3 = 2.5Hz, H-2).

31P_.NMR (D,0, pH = 2.00): 6 = 29.12.
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Received: 14 December 1990

(1) Berridge, M.J.; Irvine, R.F. Nature 1984, 312, 315.

(2) Nishizuka, Y. Nature 1984, 308, 693.

(3) Downes, C.P; Macphee, C.H. Eur. J. Biochem. 1990, 193, 1.
(4) Stepanov, A.E.; Shvets, V.I. Chem. Phys. Lipids 1979, 25, 247.
(5) Gigg, R. Chem. Phys. Lipids 1980, 26, 287.

(6) Ward, J.G.; Young, R.C. Tetrahedron Lett. 1988, 29, 6013.
(7) Dreef, C.E.; Elie, C.J.J.; Hoogerhout, P.; Van der Marel,
G.A.; Van Boom, J.H. Tetrahedron Lett. 1988, 29, 6513.

(8) Jones, M.; Rana, K.K.; Ward, J.G.; Young, R.C. Tetrahedron
Lett. 1989, 30, 5353.
(9) Young, R.C.; Downes, C.P; Eggleston, D.S.; Jones, M.;
Macphee, C.H.; Rana, K.K.; Ward, J.G. J. Med. Chem. 1990,
33, 641.
(10) Lin, G.; Tsai, M.-D. J. Am. Chem. Soc. 1989, 111, 3099.

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



June 1991

(11) Lin, G.; Bennett, C.F; Tsai, M.-D. Biochemistry 1990, 29,
2747.

(12) Salamonczyk, G.M.; Bruzik, K.S. Tetrahedron Lett. 1990, 31,
2015.

(13) Massy, D.J.R.; Wyss, P. Helv. Chim. Acta 1990, 73, 1037.

(14) Billington, D.C.; Baker, R.; Kulagowski, J.J.; Mawer, I.M.
J. Chem. Soc., Chem. Commun. 1987, 314.

(15) Gigg, R.; Warren, C.D. J. Chem. Soc. (C) 1969, 2367.

(16) Klyashchitskii, B.A.; Pimenova, V.V.; Bashkatova, A.l;
Zhelvakova, E.G.; Sokolov, S.D.; Shvets, V.1.; Evstigneeva,
R.P; Preobrazhenskii, N.A. Zh. Obshch. Khim. 1970, 40,
2482; J. Gen. Chem. USSR (Engl. Transl.) 1970, 40, 2469.

(17) Klyashchitskii, B.A.; Zhelvakova, E.G.; Pimenova, V.V;
Shvets, V.I.; Evstigneeva, R.P.; Preobrazhenskii, N.A. Zh.

SYNTHESIS 447

Obshch. Khim. 1971, 41, 1386; J. Gen. Chem. USSR (Engl.
Transl.) 1971, 41, 1391.

(18) Gigg, J.; Gigg, R.; Payne, S.; Conant, R. J. Chem. Soc.,
Perkin Trans. 1 1987, 1757.

(19) In this respect it is of interest to note that Billington et al.'*
observed the opposite value of the specific rotation.

(20) Marugg, J.E.; De Vroom, E.; Dreef, C.E.; Tromp, M.; van
der Marel, G. A.; Van Boom, J. H. Nucleic Acids Res. 1986, 14,
2171.

(21) Howe, R.J.; Malkin, T. J. Chem. Soc. 1951, 2663.

(22) De Vroom, E.; Fidder, A.; Marugg, J.E.; Van der Marel,
G.A.; Van Boom, J.H. Nucleic Acids Res. 1986, 14, 5885.

(23) Konig, W.; Geiger, R. Chem. Ber. 1970, 103, 788.

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



