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In aqueous solution containing catalytic amounts of ytterbium riflate , ammoni;

probes for the mechanism of inositol monophosphatase, was achieved in good overall yield.
© 1998 Elsevier Science Ltd. All rights reserved.

Understanding the mechanism of action of inositol monophosphatase (IMPase, EC 3.1.3.25) and its inhibition by
lithium ion is important in manic depression therapy. While it is now established that Li* blocks the action of the
enzyme by occupying the site of the second of two essential Mg?* ions in the phosphate-bound enzyme product

complex,! the catalytic mechanism for the hydrolysis of the substrate could follow one of two mechanisms.2:3 In

order to resolve these ambiguities, we sought substrate analogues that would address the question of whether the
catalytically important 6-OH group of the substrate, myo-inositol 1-phosphate 1, was an H-bond donor or an H-
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bond acceptor. Since analogues 2 and 3 possessing 6-OMe and 6-OPr groups, respectively, were known to be
inhibitors, but not substrates,* it appeared that the 6-OH group served as an H-bond donor. However, it could
not be excluded that 6-O alkylated analogues were too large to bind to the enzyme in the correct conformation
for catalytic hydrolysis. Thus, it was necessary to prepare an isosteric analogue of one of the inhibitors that could

serve as an H-bond donor, and assess it as a substrate.

R R
pe OH oH
o T oo oH oH
[}
HOL, J\IOH Ho.T J\T,.R Ry <. ]| [ J,. NHR [/'\J - NRy
OH OH R
1 2 R=OMe 4 R=NHMe 6 R=0Bn 8 9
aD_MND, £ 0_nu 7 R=H
¢ N=VUrT 9 N=iNeilp *
The 6-methylamino analogue 4 was considered to be a suitable probe with which to test the hypothesis, providing
that it could be established that the 6-amino analogue 5 served as a substrate. Therefore, protocols for the
preparation of 6-amino-1,2,4-trihydroxycyclohexane !-phosphates 4 and § were sought
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Recently, we reported on the preparation of (1R,2R,4R,68S)-1,6-epoxy-2,4-bis-benzyloxy-cyclohexane 6
from (-)-quinic acid.6 The absolute stereochemistry of this intermediate facilitated the conversion of the epoxide,
with inversion of configuration at C-6, to 6-alkyloxy derivatives that could be subsequently converted to
i-phosphate ester derivatives that were known to be the most active sterecisomers for inositol monophosphatase
inhibition.4-6 It, therefore seemed expedient to employ the epoxide in the synthesis of the amine derivatives. The
choice of N-nucleophile was deferred, but given that primary and secondary amine targets 4 and 5 were sought,
the direct aminolysis of the epoxide 6 with the naked amines (or, masked amines, for example, benzylamines or
O-benzyl hydroxylamines, the derivatives of which could be deprotected at the same time as the 2- and
4-benzyloxy groups and the benzyl phosphate ester protection) seemed preferable over the use of azide.

In the synthesis of the alkoxy derivatives from the epoxide, it had been shown that alkali metal alkoxides
were 00 basic and caused C-5 deprotonation and oxirane ring-opening to give the aiiyiic aicohol.> However,
under acidic conditions, in the presence of catalytic quantities of boron trifluoride, good yields of the required
6-ethers were obtained.5 Attempts to react ammonia and primary and secondary amines directly with the epoxide
failed, and likewise, in the presence of BF3 etherate under similar conditions to those utilised for the alcoholyses,
only starting materials were recovered. Presumably, in the latter case, the failure of the reaction is due to the
complete sequestation of the Lewis acid catalyst by the excess amine employed.

It had been reported that magnesium amides were very good reagents for the conversion of epoxides to
1,2-amino alcohols.” In our own hands, in model reaciions using cyclohexene oxide 7, useful yiclds of the
required trans 1,2-amino alcohols 8 were obtained. For example, magnesium benzylamide freshly prepared
from ethyl magnesium bromide and benzylamine, gave 2-N-benzylaminocyclohexanol 8 (R = Bn) in 76% yield.
Under similar conditions the reaction with epoxide 6 gave a much poorer 19% yield of the required amino
alcohol together with other products, and so other protocols were sought and tested.

Lithium tetrafluoroborate and perchlorate salts were claimed to be excellent catalysts for epoxide
aminolysis.8 In model reactions in the presence of LiBF4 and benzylamine, epoxide 7 was converted to the amino
alcohol 8 (R = Bn) in 43% yield using the reported conditions, but epoxide 6 failed to react.

Croiti and co-workers had shown that yiterbium (iil) trifiate,? another Lewis acid, was usefui in the
preparation of 2-amino alcohols from oxiranes in aprotic solvents. Treatment of cyclohexene oxide 7 with
benzylamine and 0.2 equivalents of the salt in DCM solution at 20 °C quantitatively afforded the amino alcohol 8
(R = Bn). Likewise, dibenzylamine reacted with epoxide 7 to afford amino alcohol 9 (R = Bn) in 100% yield
and O-benzyl hydroxylamine gave the amino alcohol 8 (R = OBn) in 90% yield after chromatographic
purification. The reaction of the epoxide 7 with 15M aqueous ammonia at 20 °C gave the amino alcohol 8 (R =
H) in 60% conversion (51% isolated yield), but although longer reaction times gave better conversions, under
similar aqueous conditions, and also in dioxane, the epoxide 6 failed to react

Crotti had noted that treatment of 4-benzyloxy-1,2-epoxycyclohexane with diethylamine in the presence
of 0.5 equivalents of Yb(OTf); in ethanol for 5 days at 55 °C had afforded the amino alcohol in only 50% yield.?
It was also noted that non-protic, non-coordinating solvents worked best and that increasing amounts of water
severely inhibited catalysis. However, when epoxide 6 or 7 was heated to 65 °C with either aqueous ammonia,
methylamine or ethylamine in a sealed tube in the presence of 0.2 equivalents of Yb(OTf); for 24 h, each of the

amino alcohols 8 (R = H, Me and Et) and 10 (R = H, Me and Et) were obtained in quantitative conversion. The
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for compounds 10 (R = H and Me) showed that the reaction had proceeded with inversion of configuration at C-6
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and that no or very little reaction had occurred via attack at C-1. Thus, it was possible to convert the key epoxide
6 to amino alcohols of the required configuration through direct aminolysis.
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Scheme 1 Reagents and conditions : i. aqueous amine, 0.2 eq. Yb(III)(OTf), 65 °C, Sealed tube, 12-48 h; ii. 2M NaOH,
benzylchloroformate, 0 °C, 2 h; iii. diphenylchlorophosphate, TEA, DMAP, DCM, 20 °C, 12 h; iv. BaONa, THF, -70°C, 2 h;
v. PA/C (10%), Hy(y), MeOH, 24 h.

The 6-amino cyclohexanols 10 (R= H and Me) were treated with benzyl chloroformate (Scheme 1) to
give the benzyl ureathanes 11 (R = H and Me) in moderate yields of 57 and 65%, respectively, which were fully
haracterised. It was not essential to protect the amines prior to phosph phorylation, but trial reactions in which
phosphorylation with diphenyl chlorophosphate was performed directly on compounds 10 (R = H and Me),
followed by hydrolysis of the resulting phosphoramides, gave poor yields of the the required phosphate triesters.
Also, chromatographic purification of the triesters was hampered by the high polarity of the amino groups and
their salt derivatives. Accordingly, the amines were protected and the ureathane products 11 (R = H and Me) and
were treated with diphenyl chlorophosphate in the presence of TEA and DMAP to give the required ureathane
triesters in excellent yield. The compounds dlsplayed the required spectral and analytical properties and were
12 (R = H and Me) using
procedures previously optimised for the 6-alkyloxy derivatives 2 and 3,5 in yields of 88 and 89%, respectively.
The dibenzyl phosphate esters 12 (R = H and Me)!0 were subjected to catalytic hydrogenolysis to remove all five
benzyl protecting groups in quantitative recovery and the resulting amino phosphates 5 and 4 were converted to
the cyclohexylammonium salts using previously described procedures.5 These salts displayed the expected
spectral data and were ready to be tested for biological activity.

Buffered deuterium oxide solutions (0.5 cm3) at pH 8.0 of each of the amino phosphate esters (15 mM)

containine magnesinum chloride (2mM) and IMPase! (30 uni ts) were monitored hv IH NMR snectrosconv and
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spectra were acquired at 15 minute intervals. The 6-amino phosphate § was hydrolysed completely within 6 h to
give the expected product, indicating that it is a moderate substrate. Note that the physiological substrate 1 is
hydrolysed completely within 15 minutes under these conditions. The result indicates that a 6-amino group is
able to fully support catalysis and, indeed, is the first example of a compound possessing any substituent other
that a hydroxyl group at C-6 to have been shown to display substrate activity. It is not known whether the free
base form or protonated form of the compound, or both forms can bind to the enzyme, but we would expect the
pK, value of theamino group to be ca. 8.5 such that a significant amount of each form is available at pH 8.0.

The 6-methylamino phosphate 4 took 10 h before an obvious time-dependent change could be observed.
Nevertheless, the activity was inhibited by 200 mM lithium ion and repeat experiments performed using more

enzyme gave faster rates indicating that the 6-methylamino phosphate 4 is a substrate for IMPase. Thus, it is
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established that the 6-amino phosphate is a moderate substrate and that analogues of the compound with which to
probe the mechanism further can be prepared in useful quantities from the key epoxide 6 through its direct
aminolysis. A full kinetic evaluation of the activity of 6-methylamino phosphate 4 as a substrate, and also as an
infiibitor is presenily underway. Because it is at best a siow substrate, a detailed comparison of its propetties to
those of the 6-methylether phosphate inhibitor 2 will be required to address the catalytic role of the 6-OH group

in the substrate 1 in serving as an H-bond acceptor or donor.
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