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A Synthesis of (-)-I L-I-Deoxy-I-fluoro-myo-inositol; a Compound of Potential Use in 
sorting out the Phosphatidylinositol Response 
Alan P. Kozikowski," Yan Xia, and James M. Rusnak 
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A synthesis of 1 L-1 -deoxy-I -fluoro-myo-inositol in optically pure form starting from myo-inositol is reported. 

As part of an effort to elucidate the biological role of the 
various inositol phosphate derivatives generated in the 
response of a cell to a drug, hormone, or neuropeptide,l we 
have contemplated the construction of various unnatural 
inositol analogues. Specifically, we sought to prepare a 
compound which would preclude formation of both myo- 
inositol 1,3,4-trisphosphate (1 ,3,4-IP3) and myo-inositol 
1,3,4,5-tetrakisphosphate (1 ,3,4,5-IP4), thus allowing a means 
of sorting out the relative importance of these compounds in 
the PI (phosphatidylinositol) response vis-b-vis 1,4,5-IP3, a 
substance regarded as mobilizing calcium from the endoplas- 
mic reticulum (Scheme 1).1 Additionally, such analogues may 
prove useful in controlliiig abnormal conditions of cellular 
growth such as occur in cancer. 

The true workability of such a notion would, of course, in 
the best of circumstances require that such an inositol 
analogue be incorporated in reasonable amounts into the 
cellular membrane. Upon consideration of the various tenets 
of drug design, we concluded that the best derivative to 
prepare would involve a simple isosteric replacement of the 
hydroxy-group at C-3 of myo-inositol by a fluorine atom.2 
Such an isosteric replacement was viewed as giving rise to a 
compound which in terms of its physiochemical properties 
should still be close enough to inositol to enter into the cell via 
a carrier-mediated process. Additionally, the fluorine atom 
still provides a site for acceptance of a hydrogen bond.3 

myo-Inositol (1) was thus selectively converted into its 
1,2-O-cyclohexylidene derivative (2) as described by Angyal 
(Scheme 2).4 The resulting tetra-ol was next converted into 
1,4,5,6-tetra-O-benzyl-myo-inositol (3) by benzylation fol- 
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Scheme 1. Selective blockade of the PI cycle (the cyclic inositol 
phosphates have been excluded). 
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Scheme 2. Synthesis of intermediate ( 6 ) . 2  

lowed by removal of the cyclohexylidene group. The equa- 
torial hydroxy-group of the resulting diol was selectively 
benzoylated and the axial alcohol replaced by an equatorial 
fluorine atom by DAST (diethylaminosulphur trifluoride) 
treatment. 2-5 

The benzoyl group of ( 5 )  was cleaved by base treatment to 
provide the mono-alcohol (6). Resolution could be accompli- 
shed at this stage by chromatographic separation of the 
diastereoisomeric esters formed upon reaction of (6) with 
(S)-( -)-camphanic acid chloride (Scheme 3 ) . 6  By carrying out 
a similar sequence of synthetic operations substituting the 
p-bromobenzyl group for the benzyl groups in compounds 
(3-7), we were able to obtain good crystals of one isomer of 
the tetrakis-(p-bromobenzyl) analogue of (+)-(7) {[a12 = 
+0.92" (c  0.26, CHC13)} suitable for a single-crystal X-ray 
analysis. This X-ray analysis, in conjunction with chemical 
correlation studies, enabled us to assign the absolute stereo- 
chemistry to compounds (7-11). 

To establish the axial hydroxy-group in the inositol isostere, 
the camphanic ester (7) was hydrolysed to alcohol (8), and a 
Swern oxidation process was brought about. The 1H n.m.r. 
spectrum of ketone (9) exhibited a 9.8 Hz coupling constant 
for the C-2 proton, a J-value indicative of the trans-diaxial 
relationship between the C-2 proton and its vicinal proton 
neighbour. The ketone was reduced in turn to the axial alcohol 
(10) by L-Selectride.' 

Lastly, the benzyl groups of (10) were removed by 
hydrogenolysis over Pd/C under mildly acidic conditions to 
provide the desired optically pure (-)-1L-1-deoxy-1-fluoro- 
myo-inositol derivative (11). Because of the symmetry inher- 
ent in the myo-inositol molecule, the (+)-isomer of (11) is 
equivalent to 1D-1-deoxy-1-fluoro-myo-inositol. This latter 
compound may be capable of blocking the entire PI cascade 
should it be able to compete with inositol for phosphatidyl- 
inositol synthetase. 

Initial biological uptake experiments reveal the ability of 
(11) to substitute for myo-inositol. The effects of these inositol 
isosteres on second messenger signalling processes relevant to 
cell growth and differentiation will be reported ~eparately.8.~ 

(80° /o )  5"loNaOH, 
THF-MeOH 
( 90 " l o )  

( 8 ) . G  = H 
I 

H Y  Y 
L -  Selec t r lde  

(80 ' l o  1 

V OH 
(9 1 (+)-(lo) .[ali4= +7.2"( c . 2 . 4 .  CHCl3) 

1 H2, Pd / C , H '( c a t  1 

MeOH- Et OAc 

( q u a n t i t a t i v e  ) 

(-)-IL - 1  -deoxy-1-fluoro-myo-inositol 
t ( - ) - ( l l )I  

[a]': = -5 .8 '  2 0.4'( c . 0 - 3 8  .H20)  

(-1 -(11) ( X  = OH) 

( + ) - 1 D - 1 - deox y - 1 - f luo ro - myo - i nos i t 0 L 

"+I- (1111 
[ d125 = +6-4'? 0.3" (c .0 .50,HzO) 

Scheme 3. Synthesis of (-)-1L-1-deoxy-1-fluoro- and (+)-1D-1-deoxy- 
1 -fluoro-myo-inositol. 

The present work thus provides the first synthesis of a unique 
fluorine-containing isostere of myo-inositol, a substance 
present universally within plant and animal cells. 

We are indebted to the Mental Health Clinical Research 



J.  CHEM. SOC., CHEM. COMMUN., 1988 

Center (Proposal No. 159) for financial aid. We thank Dr. 
James Byrd of Western Psychiatric Institute and Clinic for 
carrying out the inositol uptake studies. We also thank Dr. J. 
Abola of the University of Pittsburgh, Department of 
Chemistry X-ray diffraction laboratory (support provided 
from the Public Health Service grant No. 1-S10-RR02381-02) 
for the structure determination. Y. Xia thanks the University 
of Pittsburgh for an Andrew Mellon Predoctoral Fellowship 
(1986-1988). 

Received, 7th March 1988; Corn. 8100890F 

References 
A. A .  Abdel-Latif, Pharmacol. Rev., 1986, 38, 227; A. H. 
Drummond, Trends Pharmacol. Sci., 1987,8,129; S. K. Fisher and 
B. W. Agranoff, J. Neurochem., 1987, 48, 999; Y. Nishizuka, 
Science, 1986, 233, 305; J. E. Niedel and P. J. Blackshear, in 
‘Phosphoinositides and Receptor Mechanisms,’ Alan R. Liss, Inc., 
New York, 1986, pp. 47-88. 
For a synthesis of fluorodeoxy-scyllo-inositol, see: S. S .  Yang, T. R. 
Beattie, and T. Y. Shen, Tetrahedron Lett., 1982, 23, 5517. Also, 
see: S. S. Yang and T. R. Beattie, J. Org. Chem., 1981,46, 1718. 
Subsequent to the completion of our work, syntheses of racemic 
4-deoxy-4-fluoro- and 5-deoxy-5-fluoro-myo-inositol were des- 
cribed: C. Jiang, J. D. Moyer, and D. C. Baker, J. Carbohydr. 
Chem., 1987, 6, 319. 

1303 

A. B. Foster and J. H. Westwood, Pure Appl. Chem., 1973,35,147. 
S. J. Angyal, M. E. Tate, and S. D. Gero, J. Chem. SOC., 1961, 
4116; S. J. Angyal, G. C. Irving, D. Rutherford, and M. E. Tate, 
J. Chem. SOC. ,  1965, 6662. 
W. J. Middleton, J. Org. Chem., 1975, 40, 574. 
D. C. BilIington, R. Baker, J. J. Kulagowski, and I. M. Mawer, 
J. Chem. SOC., Chem. Commun., 1987,314. While the racemic axial 
alcohol (10) was also converted into its camphanic acid ester 
derivative, we were unable to separate the resulting diastereo- 
isomeric esters by silica-gel chromatography. 
It is interesting to note here that NaBH, reduction of (9) also 
favours formation of the axial alcohol (10) (although the selectivity 
is lower: 3 : 1 axial: equatorial) despite the fact that sodium 
borohydride usually reduces cyclohexanones to equatorial alcohols: 
H. 0. House, ‘Modern Synthetic Reactions,’ W. A. Benjamin, 
Inc., Menlo Park, CA, 1972, pp. 55-70 cf. J.  Gigg, R. Gigg, 
S. Payne, and R. Conant, J. Chem. SOC., Perkin Trans. I ,  1987, 
1757. 
For other synthetic efforts in the inositol area, see inter alia J .  Gigg, 
R. Gigg, S.  Payne, and R. Conant, J. Chem. SOC., Perkin Trans. I ,  
1987,423. A. M. Cooke, B. V. L. Potter, and R.  Gigg, Tetrahedron 
Lett., 1987,28,2305; Y. Watanabe, T. Ogasawara, N. Shiotani, and 
S. Ozaki, Tetrahedron Lett., 1987,28,2607; C. B. Reese and J. G. 
Ward, Tetrahedron Lett., 1987,28,2309; M. R. Hamblin, B. V. L. 
Potter, and R.  Gigg, J. Chem. SOC., Chem. Commun., 1987, 626; 
J .  P. Vacca, S. J .  deSolms, and J.  R. Huff, J. Am. Chem. SOC. ,  
1987, 109, 3478. 
Satisfactory spectroscopic and analytical data were obtained for all 
new compounds reported herein. 




