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Abstract—In the present publication various synthetic procedures raported for previouslyunknown
1,4-disubstituted adamantanes, containing in particulgsasition 1 an amino acid fragmeni-penzoyl$-
alanyloxygroup). The proceduredeveloped for modification of functional groups in the adamantane skeleton
provide a possibility of synthesis of compounds with poterdidicancer activity.

In the last decades syntheses of bioisosteric analods/ topological data and are valid for small groups of
of the known active substances was extensively usecbmpounds with a definite type of activity.
for preparation of new physiologically active com- . .
pounds.Bioisosteres are obtained by replacing of a We recently showed by computer simulation that

group in the parent compound by another fragmeng’lxane skeleton of some anticancer preparations may

wih retention of the biologicaproperty.Quite a few 0. S o0 M BERTIEENE (i ion i
empirical rules of such replacement exmstw. The 9 '

majority of these rules valid for wide series of com- bioisosteric the functional groups that are present in

pounds with various types of physiological activity taxane substances and that are important for anti-

P . cancer activity should be placed in certain positions
consists in replacement of functional groups by frag-Of the adamantaneskeleton. These are orimaril
ments similar in size and characteristics (for instance ' P Y

substitution of carboxy group by sulfo group or tetr- benzoyloxy group and amino acid fragment [3] that

should be introduced respectively into positidnand
azole) [1]. However more complex and UNCOMMON 4 ot the adamantanskeleton. The target of this study

examples of preparation of bioisosteric analogs alsQ : )
exist where the molecular skeleton bearing functionarivaS development of synthetic procedures for prepara

moieties important for interaction with biological on of such compounds.
targets is substituted by the other structural systems As a model amino acid moiety we selected
[2]. This type replacements as a rule are substantiate-benzoylf-alanine that was prepared by standard

Scheme 1.
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Scheme 2. THF by procedurd6]. The structure ofalcohol Il
. obtained as a mixture of axial and equatorial isomers
Q N-bexzoyl-p-alanine was proved by spectral methods (Table 2). In the

'H NMR spectrum of compoundll alongside the
proton signals from the aminacid fragment and
OH OﬁCHZCHZNH%Ph protons of the main skeleton were also observed two
O O triplets at3.74 and 3.92 pprbelonging to the proton
vl attached to the skeleton carbon linked to the hydroxy

Q N-bexzoyl--alanine group in axial and equatorial isomer respectively.

(Assignments of signals belonging to eatdomer
here and hereinafter was performed basing on
OH OCCH,CHNHCPh  comparison of'H and **C NMR spectra with the
0 o) known spectra of structurally similar compounds
VIII [7-9]). The ratio of equatorial to axial isomers in
compoundlll equaled to 1:1.

prOCEdure fromB-aIanine and benZO)(thloride. For The last Stage involved benzoy|ati0n of M_(
model adamantane compound was chosen 1-hydroxyenzoylg-alanyloxy)-4-hydroxyadamantaneii()
adamantan-4-onel)(that was prepared by oxidation with benzoyl chloride in pyridine[10]. The final
of adamantanone with00% nitricacid by procedure reaction productlV was isolated in good yield
we modified[4]. The synthesis of target INcbenzo-  (Table 1) by column chromatography on siligel,
yl-B-alanyloxy)-4-benzoyloxyadamantanelV§ was eluent ethyl acetatpetroleum ether, 12.5. The
carried out by two procedurg¢Scheme 1). structure of 14-benzoylg-alanyloxy)-4-benzoyloxy-

By the first routea of 1-(N-benzoylp-alanyl- adamantanel{) was confirmed by'H and™*C NMR
oxy)-4-benzoyloxyadamantane V() synthesis the SPectra (Table 2). The ratio of axial to equatorial
amino acid fragment should be introduced into theSOmers in the final product was 1:2.

molecule of compound by esterification [5] provid- Second syntheticroute (b) to 1-N-benzoylB-
ing esterll. Since this reaction was not prewo_usly alanyloxy)-4-benzoyloxyadamantandV| used the
studied on cyclic and cage-likalcohols, we carried opposite sequence of the substitueintsoduction. In
out optimization of esterification conditions by the first stage 1-hydroxyadamantan-4-ond (as
examples of two model compounds, cyclohexanol angeduced by lithium aluminum hydride into 1,4-di-
adamantanol (Scheme 2). hydroxyadamantane V{j  along procedure we
The reaction products, estel and VIl , were modified [11]. The reaction of the lattewith benzoyl
obtained in good yield (Table 1) by keeping reagent£hloride in pyridine furnished 4-benzoyloxy-1-hydr-
at room temperature for 225 h in THF solution in OXyadamantaneM() in 31% yield. The variation of
the presence of dimethylaminopyridine and dicyclo-"€agents ratio that we performed allowed selection of
hexylcarbodiimide. Under theame conditiongrom ~ the optimum ratio diol ¥)-benzoyl chloride for
the 1-hydroxyadamantan-4-one was prepared\-1-( Denzoylation of a single hydroxy group (@.8).
benzoylB-alanyloxy)adamantan-4-one 11Y.  Com- CompoundVl was separated from the reaction mix-
poundsll, VI, and VIl were synthesized for the ture by chromatography using as eluent the system
first time, and their structure wasonfirmed by'H  ethyl acetatepetroleumether, 1:4. In the'H NMR
and °C NMR spectra (Table 2). In théH NMR  spectrum of compound/l (Table 2) alongside the
spectra of all esters obtained were observed all protofignals of aromatic protons and protons of the
signals of the amino aciffagment,also those from adamantane skeleton appearedriplet at 4.84 ppm
the side chain anfrom the aromatiaing. Besides in  belonging to the proton attached to the skeleton
the spectra of adamantane derivatives were presefi@rbon bearing the benzoyloxy group of the axial
the signals from protons of the skeleton in65- isomer. These data unambiguously evidence the
2.65 ppm region. prevailing formation in this reaction of the axial

1-(N-Benzoyl$-alanyloxy)-4-hydroxyadamantane Isomer in 4 position.

(1) that further wasused in preparation of target  Reaction of compoundVI with N-benzoylB-

compoundIlV was obtained by reduction of N{ alanine in THF in the presence of dimethylamino-
benzoylB-alanyloxy)adamantan-4-one 1Y with  pyridine and dicyclohexylcarbodiimide furnished
sodium borohydride in a mixture of methanol and1-(N-benzoyl$-alanyloxy)-4-benzoyloxyadamantane
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Table 1. Yields, melting points, and elementahalyses of esters of amino acids with cyclic and cage-like alcohols

Compd. Yield, mp, Found, % Calculated, %
no. % °C Formula M
C H N C H N

Il 71 82 70.46 6.76 3.89 C,H,sNO, 70.38 6.74 4.11 341
v 78 (52)

71 (21§ 89-90 72.85 6.24 3.12 C,H,NO; 72.48 6.49 3.13 447
Vil 96 65 70.01 7.62 4.98 CeHNO, 69.82 7.64 5.09 275
VI 82 72 73.73 7.77 4.18 C,yH,sNO, 73.39 7.65 4.28 327

% By procedurea. P By procedureb.Theyield with respect to the initial compourids given inparentheses.

(IV) whose 'H NMR spectrum unlike that of the activity will depend on the theoretically calculated
compound obtained along procedure (a) did nowtctivity of eachisomer. The latter data may be
contain a signal at5.18 ppm belonging to the obtained by including the appropriate ligands into
equatorial isomer(BzOCH,); only a triplet in the refined computer models of protein molecules that
region5.06 ppmappeared corresponding to the axialare the targets of the taxane pharmaceuticals in the
isomer (BzOCH,). human body.

Thus depending on the synthetic procedure the
samples of 1i{-benzoylB-alanyloxy)-4-benzoyloxy- EXPERIMENTAL
adamantane{ ) have different isomericomposition.
The prevailing formation of axial isomer A by proce-
dure (b) at the stage of dioV benzoylation is
apparently caused by steric hindranfesn the hydr-
oxy group in positionl of the adamantanskeleton. The reactions progress was monitored by TLC on
The prevalence of equatorial isomer of compolvid  Silufol plates, Chromatographic separation was
in the isomer mixture B obtained along procedure (ararried out on columnspacked with silica gel
as has shown simulation we hagarried out may be Merk 60 (220-440 meshASTM).
ascribed to the additional stabilization of this isomer 1-Hydroxyadamantan-4-one (I). To 100 ml of

by a hydrogen bond and_ hydrophobic interactionsloo% HNO, cooled to 1315°C was added agtirring
between benzoyl and amino acidagments. 12 g (80 mmol) of adamantanone. The reaction
It should be noted in conclusion that in most casesnixture was maintained atoom temperature for
the optimal biological activity is shown by one among72 h, then it was heated in an open flask on a water
the possible isomers of a compound. Therefore théath to 60C for 2 h. The excessitric acid was
synthesis of cage-like esters with potential anticanceremoved by distillation in a vacuum. To the residue

'H and ®C NMR spectra were recorded on
spectrometer VXR-400 (400 MHAyom solutions in
CDCl; with HMDS as internal reference.

O
OH & %N 0
<> Cc-0 Y
N j; cQ
H f; N\-O
1 H Q o
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C o
Y/
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aial axial equatorial
A B,1:2

Isomers forming depending on tleder of substituents introduction in the course of synthesis d-bé&nzoylfi-alanyloxy)-
4-benzoyloxyadamantane: A, procedieB, procedurea.
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Table 2. 'H and**C NMR spectra of new 1,4-disubstituted adamantanes

Compd. 5, ppm (CDCYHMDS)
no.

I '"H NMR: 1.92-2.65 m (13H, skeleton), 2.58 (2H, CH,CQ,), 3.68 m (2H, G&,NH), 6.81 t (1H, NH),

7.39-7.75 m (5H, arom)

1 'H NMR: 1.8-2.4 m (13H,skeleton; 1HOH), 2.54 t (2H, CHCQ,), 3.67 m (2H, G,NH), 3.74 t(HOCH,),

3.92 t (HOCH,), 6.86 t (1H, NH), 7.47.8 m (5H, arom)

v 'H NMR: 1.8-2.5 m (13H, skeleton), 2.58(2H, CH,CO,), 3.68 m (2H, CHNH), 5.06 t(BzOCH,), 5.18 t
(BzOCH), 6.84 t (1H, NH), 7.48.1 m (10H, arom);

®CNMR: 29.47-41.04 (8C skeleton unsubstituted; 1C, GNH; 1C, O,CCH,), 75.04 (1C,OCH), 75.53(1C,
OCH,), 79.65 (1C, ¢), 80.00 (1C, ¢), 126.86-134.47 (10C, arom); 165.66, 167.20C, OOCCH,; 1C,

NHCOPh), 171.92[1C, PhCQ (a)], 172.01 [1C, PhCQ ()]

VI 'H NMR: 1.16-1.85 m (13H; skeleton; 1H,0OH), 4.84 t (1H, BzOCH,), 6.84-8.02 m (5H, arom)

VIl |*H NMR: 1.2-1.85 m (10H, 5 CH,), 2.6 t (2H, CHCQ,), 3.7 m (2H, G4,NH), 4.76 m (1H, CHO), 7.12 t
(1H, NH), 7.257.8 m (5H, arom);

®C NMR: 23.30-31.46 (5C, CH), 34.2 (1C, CHNH), 35.4 (1C, QCCH,), 73.06 (1C,CH0)126.86-134.32
(6C, arom), 167.32,172.00 (1C, OQCCH,; 1C, NHCOPh)

VI |*H NMR: 1.65-2.15 m (15H, skeleton), 2.54(2H, CH,CQ,), 3.7 m (2H, CHNH), 6.9 t (1H, NH), 7.4

7.8 m (5H, arom)

was added 40 ml of water and 15 ml of 96%3®,, was kept at 4C for 8-12 h. The separated precipitate
the solution was heated on a water bath in an opewas filteredoff, the filtrate was washed with 0.1 N
flask for 1 h, then the mixture was cooled andHCI, then withwater, and dried oMgSQ,, filtered,
extracted (250 ml) with a mixture petroleum ether and evaporated taryness. The colorlessily fluid
(bp 40-60°C)-ethyl ether, 2:1. Theacidic solution obtained was subjected to chromatography [eluent
obtained was neutralized with 30% aqueous NaOHethyl acetatepetroleum ether (bp 4®0°C), 1:2].
and without cooling the solution the reaction productWe obtained0.97 g of compoundll as colorless
was extracted into chloroform (60 ml). The crystals.
extracts were combined, washed with a saturated

; . y . 1-(N-Benzoyl$-alanyloxy)-4-hydroxyadaman-
NaCl solution, dried with MgSg filtered, and =50 ((III). To ayrﬁixtureyof 6y)ml ofyTHFyand 1.5 ml
gvaporated in a vacuum. The reS|due_was dls_solve MeOH at OC was added by portions atirring
in 15-20 ml of CH,Cl,, and to the solution obtained 15 g (4mmol) of NaBH,. In 15 min to the mixture
was added petroleum ether (bp80°C) till separa-  hiained was added 0.3 (@.9 mmol) of compound
tion of precipitate finished. The precipitate WaS|| . and the stirring wascontinued for 3 h with
filtered off and sublimed in a vacuum at YOC - gradual raising temperature fromi@to ambient. The
(20 mm Hg). Weobtained 9 g (68%) of compounid o5 tion mixture was evaporated, 5 ml of water was
as colorless crystals, mp 318 (publ. bp 318320°C  ,q4ed, and the reaction product was extracted into

[41). hot ethyl acetate. The extract was dried with MgsSO
1-(N-Benzoyl$-alanyloxy)adamantan-4-one(ll). ~ filtered, and evaporated. Webtained0.28 g (93%)
To a solution of 1 g (6 mmol) of compoundand of compoundlll as colorless viscoudluid.

0.78 g (4mmol) of N-benzoyIB-a}Ia'nine_ in 30 ml of 1-(N-Benzoyl-alanyloxy)-4-benzoyloxy-
anhydrous THF was added atirring in an argon gqamantane (IV). (@ To 0.3 g (0.9mmol) of
atmosphere 0.9 ¢4.4 mmol) of dicyclohexylcarbodi-  compoundill in 8 ml of pyridine at 0C was added
imide and0.05 g ofdiethylaminopyridine. The reac- dropwise whilestirring 0.13 g (0.9mmol) of benzoyl
tion mixture was stirred at room temperature for 12 hpioride. The reaction mixture was stirred &C0for

At completion of the reaction 1 drop @icetic acid 3 1y Then 1 ml of water was added, and the reaction
was added, and the stirring wasntinued for 15 min  mnixture was evaporated on ratary evaporator. To
more. Theprecipitate was filteredff, thefiltrate was  the residue 15 ml of water was added, and the reac-
evaporated todryness, the residuadily fluid was  tion product was extracted into chloroform30 mi).
dissolved in 10 ml of ethyl acetate, and this solutionThe combined extracts were washed wits% HCI,
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with water, saturated solution of NaHCQand again 1.37 g (7.1mmol) of N-benzoylg-alanine in 40 ml
with water. The solution obtained was dried with of anhydrous THF at stirring under argon atmosphere
MgSQ,, filtered, and evaporated. The residue waswvas added 1.6 §7.8 mmol) of dicyclohexylcarbodi-
purified by column chromatography [eluent ethylimide and 0.1 g of diethylaminopyridineFurther
acetatepetroleum ether (bp 4®0°C), 1:2.5]. We procedure was the same as in the synthesis of
isolated0.31 g ofcompoundV as colorless crystals. (N-benzoylg-alanyloxy)adamantan-4-ondl ). After
chromatographic purification [eluent ethyl acetate
petroleum ether (bp 4®0°C), 1:3] we obtained
S1.87 g ofcompounadVll as colorless crystals.

(b) To solution of 0.3 g1.1 mmol) of compound
VI and 0.14 g (0.7mmol) of N-benzoylg-alanine in
20 ml of THF at stirring under argon atmosphere wa
added0.15 g (0.7mmol) of dicyclohexylcarbodiimide (N-Benzoyl$-alanyloxy)adamantane (VIII). To
and 0.02 g ofdiethylaminopyridine. Furtheproce- a solution of 1 g(6.6 mmol) of adamantanol and
dure is the same as in the synthesis ofNibgnzoyl- 0.84 g (4.4mmol) of N-benzoyl$-alanine in 20 ml
B-alanyloxy)adamantan-4-one 11).  After the of anhydrous THF at stirring under argon atmosphere
chromatographic purification [eluent ethyl acetate was added..03 g (4.9mmol) of dicyclohexylcarbodi-
petroleum ether (bp 4®0°C), 1:2.5] weobtained imide and 0.05 g of diethylaminopyridine. Further
0.22 g of compoundlV as colorless crystals. procedure was the same as in the synthesis of
(N-benzoylB-alanyloxy)adamantan-4-ondl J. After
chromatographic purification [eluent ethyl acetate
petroleum ether (bp 4®0°C), 1:3] we obtained
1.2 g of compound/Ill as colorless crystals.

1,4-Dihydroxyadamantane (V). To 50 ml of
ethyl ether at room temperatusghile stirring was
added by portions 1.3 g (34 mmol) &fAIH , , and
to this mixture was added 2.6 g (16 mmol) of com-
poundl. The reaction mixture was stirred for 4 h at
room temperaturethen it was evaporated, 2 ml of
water was added, and the mixture was dried in a
vacuum. The solid residue was treated with chloro- ™
form in a Soxhlet extractor for 4 h. The extract was
dried on MgSQ, filtered, and evaporated. We
obtained 2.5 g (93%) of compound as colorless 2000, vol. 36, no. 9, ppl273-1300

crystals, mp 328 (publ. bp 32%331°C [11]). 3. Zhu, Q., Guo, Z.,Huang, N., Wang, M., and

4-Benzoyloxy-1-hydroxyadamantane (VI). To Chu, F.,J. Med. Chem.,1997, vol. 40, no. 26,
1 g (6 mmol) of compound/ in 8 ml of pyridine at pp. 43194328.
0°C while stirring was added dropwise0.67 g 4. Geluk,H.W., Synthesis1972, no. 7, pp. 37875.
(4.8 mmol) of benzoylchloride. The reaction mixture 5. Csanady, G. and Medzihradszky, KQrg. Prep.
was stirred at &C for 3 h, then it was evaporated in Proced.Int., 1988, vol. 20, no. 2, pp. 18084.
a rotary evaporator. To the residue 10 ml of water 6. Mercle, L., Dubois, J., Place, E., Thoret, S3ue-
was added, and the mixture was extracted with ethyl ritte, F., Guenard, D.Poupat, C., Ahond, A., and
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