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The title tris(phosphates) 1 and 2 were required as mimics for some myo-in- 

ositol phosphates in pharmacological-biomechanistic studies. Neither compound 
has been described previously. The synthesis of 1 and 2 by conventional procedures 

is now presented. 
The required parent 1,5-anhydroalditols 3 and 4 were obtained from the 

corresponding per-0-acetylpentopyranosyl bromides 5i and 6* through reduction 
with lithium aluminium hydride, using a described method3. Treatment4 of a 
pyridine solution of 3 with an excess of diphenyl phosphorochloridate yielded the 
pure tristdiphenyl phosphate) ester 7 (74%) after column chromatography. Com- 
pound 3 has a meso structure, and the resulting 7 was accordingly optically 
inactive. 

Reaction of 1,5-anhy~o-D-arabinitol(4) with diphenyl phosphoro~hloridate in a 
similar manner provided the tris(triester) 8 in only 12% yield after column 
chromatography. The low yield of 8 was probably due to competitive formation of 
the cyclic phosphate triester 9, which would be facilitated by the equatorial-axial 
arrangement of the C-3 and C-4 hydroxyl groups in compound 4. In reactions with 
diphenyl phosphorochloridate, it is known’ that if two hydroxyl groups are suitably 
situated on adjacent carbon atoms then an initial monophospho~lated product 
may undergo attack at the phosphorus atom by the remaining hydroxyl group to 
give a cyclic triester. No attempts were made to isolate or identify the other 
products of the reaction, but evidence’ supporting the alternative formation of 
compound 9 was provided by the detection (GLC) of significant amounts of phenol 
in the crude reaction mixture obtained from 4. 

* ~rres~ndin~ author. 
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The truns-equatorial disposition of the hydroxyl groups of compound 3 makes 
cyclic phosphate formation less likely as an alternative pathway in its reaction with 
diphenyl phosphorochloridate. 

Catalytic hydrogenation of compounds 7 and 8 provided the desired 1 and 2, 
which were isolated, and characterised as their pentakis(cyclohexylammonium) 
salts by treatment with cyciohexylamine. The salt obtained from 1 was isolated as. a 
monohydrate, whereas that from 2 recrystallised as a hemi-ethanolate. 

The elemental analyses of cyclohexylamine salts of sugar phosphate esters do 
not always conform with the theoretical value#. 13C NMR spectroscopy has been 
suggested’ as a method for the accurate determination of the number of cyclo- 
hexylammonium cations associated with a given derivative. It was found that 
inspection of routine @O-MHz) ‘H NMR spectra was also sufficient for this 
purpose. With the corresponding salts of compounds 1 and 2, good correlation 
with the elemental analyses was shown by merely considering the integrals of the 
signals assigned to the methine and methylene protons of the cyclohexylammonium 
groups, which occurred at S * 3.10 ppm, and between l-2 ppm, respectively. 

Compounds 1 and 2 may be of further interest for other biochemical applica- 
tions. 

EXPERIMENTAL 

Optical rotations were determined with a Per-kin-Elmer Model 241 polarimeter. 
TLC was performed on Kieselgel60 Fz4 (Merck) with ethyl acetate-light petroleum 
(1: 1) and detection was by UV illumination. Column chromatography was per- 
formed on Silica Gel 60 (Merck). GLC was conducted with a Hewlett-Packard HP 
5890 gas chromatograph as described previously (ref 8). ‘H NMR spectra were 
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recorded with a Varian EM 2940 (90 MHz) spectrometer on solutions in CDCl, 
(internal standard Me,Si) or D,O. 31P NMR spectra were recorded with a Bruker 
AM 400 (161 MHz) spectrometer on solutions in CDCl, or D,O (external standard 
TMP in CDCl,). 

1,5-Anhydroxylitol (3).-A stirred solution of bromide 5’ (10.83 g, 32 nun00 in 
dry 1,Zdimethoxyethane (30 mL) was added dropwise to a stirred suspension of 
LiAlH, (13 g, 0.34 mol) in dry 1,Zdimethoxyethane (200 mL) maintained under N, 
at room temperature. The resulting mixture was processed as described3, to give 3 
(3.34 g, 78%); mp 113.5-115S”C (MeOH-EtOAc), lit? 116-117°C. 

1,5-Anhydro-D-arabinitol (4).--Treatment of bromide 6’ (29.8 g, 88 mmol) as 
described above yielded 4 (6.2 g, 53%); mp 95-97°C (EtOH-EtOAc), [cyl$’ - 98.7” 
(c 1, H,O); lit.” m.p. 96-97”C, [cylo -98.6”. 

I,$Anhydroxylitol 2,3,4-trisfdiphenyl phosphate) (7).-A stirred, cooled (0‘0 
solution of 3 (302 mg, 2.25 mmol) in dry pyridine (3 mL) was treated with diphenyl 
phosphorochloridate (1.7 mL, 10.4 mmol), stirred at 0°C for 30 min, and then set 
aside at room temperature for 7 days. The mixture was treated with ice-water (0.5 
mL) and, after 10 min, poured into ice-cold, satd aq NaHCO, (80 mL), and then 
stirred at room temperature for 2 h. The mixture was extracted with CH,Cl, 
(2 x 50 mL) and the combined extracts were washed successively with 2 M HCl, 
satd aq NaHCO,, and water, dried @Ja,SO,), and concentrated in vacua. Column 
chromatography (EtOAc-light petroleum, 1: 1) of the residue (1.72 g) gave pure 7 
(1.27 g, 74%) as an oil. tH f NMR data (CDCI,): 6 7.19 (m, 30 H, aromatic HI, 
5.00 (m, 1 H, H-31, 4.70 (m, 2 H, H-2,4), 4.05 (dd, 2 H, H-le,Se), 3.63 (dd, 2 H, 
H-la,Sa). 31P NMR data (CDCI,): S -15.27 (s, lP), -14.70 (s, 2 PI. 

1,5-Anhydro-D-arabinitol 2,3,4-trisf’diphenyl phosphate) (@.-Treatment of anhy- 
dride 4 (1.0 g, 7.47 mmol) in the above manner yielded pure 8 (0.66 g, 12%), [a]$’ 
-34” (c 3.5, chloroform), as an oil after column chromatography (EtOAc-light 
petroleum, 1: 1). ‘H NMR data (CDCl,) : 6 7.17 (m, 30 H, aromatic HI, 5.09 (bs, 1 
H, H-4),4.95 (m, 2 H, H-2,3), 3.96 (bd, 1 H, H-5e1, 3.85 (m, 1 H, H-le), 3.73 (d, 1 
H, H-5a), 3.57 (m, 1 H, H-la). 31P NMR data (CDCl,): 6 - 14.83 (s, 1 PI, - 14.74 
(s, 1 P), - 14.68 (s, 1 P). 

1,5-Anhydroxylitol 2,3,4-t~~ph~sph~te), pentffk~(~~loh~lamrnoni~rn~ salt (1). 

-A solution of 7 (623 mg, 0.82 mmol) in EtOH (30 mL) was treated with platinum 
oxide (100 mg) and the mixture was hydrogenated (1 atm) for 3 h at room 
temperature. The inorganic material was removed by filtration and washed with 
EtOH (3 x 10 mL), the combined filtrate and washings were treated with a further 
amount of platinum oxide (100 mg), and hydrogenation (1 atm) was continued for a 
further 4 h at room temperature. The inorganic material was again removed by 
filtration, then washed with EtOH (2 X 10 mL), and the combined filtrate and 
washings were concentrated in vacua. A solution of the residue in MeOH (10 mL) 
was treated with cyclohexylamine (0.53 mL, 4.68 mmol, 6 equiv) and concentrated 
in vacua, and the residue triturated with ether. The resulting crystalline material 
(848 mg, 88%) was recrystallised from MeOH-propan-2-01 to give pure 1 monohy- 
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drate (376 mg, 52%); mp 187.5-190°C. ‘H NMR data (D,O): 6 4.02 (m, 5 H), 3.34 

(t 2 H), 3.09 (m, 5 H, N-CH), 1.93 (m, 10 H, CH,), 1.75 (m, 10 H, CH,), 1.59 (m, 5 

H, CH,), 1.29 (m, 20 H, CH,), 1.13 (m, 5 H, CH,). 31P NMR data (D,O): S 3.08 

(s, 2 P), 1.62 (s, 1 P). Anal. Calcd for C,,H,,N,O,,P, * H,O: C, 47.34; H, 9.08; N, 

7.89. Found: C, 47.30; H, 8.99; N, 7.57. 
1,5-Anhydro-D-arabinitol 2,3,4_tris(phosphate), pentakis(cyclohexyiammonium) 

salt (2).-The tris-ester 8 (659 mg, 0.87 mm00 was reduced catalytically and the 

mixture processed as described above. The product was recrystallised from 

MeOH-EtOH to give 2 hemi-ethanolate (560 mg, 79%); mp 184-194°C; [alg 
- 11” (c 1, H,O). ‘H NMR data (D,O): 6 4.37 (m, 1 H), 4.22 (m, 2 H), 3.91 (bd, 1 

H), 3.75 (m, 1 H), 3.62 (dd, 1 H), 3.59 (q, 1 H, 0.5 CH,CH,), 3.51 (m, 1 H), 3.06 

(m, 5 H, N-CH), 1.91 (m, 10 H, CH,), 1.73 (m, 10 H, CH,), 1.57 (bd, 5 H, CH,), 

1.27 (m, 20 CH,), 1.11 (m, 6.5 H, 5 CH, and 0.5 CH,CH,). 31P NMR data (D,O): 

6 3.36 (s, 1 P), 3.09 (s, 1 P), 2.43 (s, 1 P). Anal. Calcd for C,,H,sN,O,,P, .0.5 

CH3CH,0H: C, 48.42; H, 9.14; N, 7.84. Found: C, 48.35; H, 9.04; N, 7.68. 
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