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Abstract—A procedure has been developed for oxidative N-adamantylation of awitled -iodoadamantane
in the presence of chromium(lV) oxide or iodine(v)ide. The procedure ipplicable to azoles whos&p,+
value does not excee@d.26.

We previously showed that 1-adamantyl cations According to publisheddata, alkyl halides, in
generated in acid medium are capable of readilyarticular alkyl iodides, areapable of reacting with
alkylating triazoles [2] and tetrazoles [3] to give the nucleophilic species in the presence of inorganic
corresponding N-(1-adamantyl)azoles. Analogous oxidants [6-15]. A unimolecular scheme was pro-
reactions with pyrazoles [4] and imidazoles [5] areposed for reactions of alkyl iodides with nitric acid [7]
strongly limited by the basicity of substrates whoseand other oxidant§l0]. This scheme includes forma-
reaction centers can be protonated. For exampldion of carbocation which is converted into alkyl
adamantylation of 4-nitropyrazole-3(5)-carboxylic chloride or alkyl bromide in the presence of HCI or
acid (Kgy+ -3.63) can beeffected by 85% sulfuric HBr. Underthese conditions, opticallgctive 2-octyl
acid H, -8.29). Reduction of the sulfuric acid con- iodide reacts with HBr to give the corresponding
centration to 72%H, -6.2) makes it possible to per- racemic producf7]. It is beleived that in the presence
form the reaction with 4-nitropyrazole g+ -2.00).  of nitric acid as oxidant the reaction involves genera-
The system phosphoric aeidcetic acid [weightatio  tion of nitronium ion which attacks the substrate thus
4:1, Hy(calcd.)-1.8] wasproposed for adamantyla- favoring formation of carbocatior}8].
tion of highly basic azolese.g., ofpyrazole-3-carb- |, yhe presence of NEBF, or NOBF,, reactions of
oxylic acid (Kgy+ 0.78) [4]. Pyrazoles with Bge  4cetonitrile with alkanegsl?3 and their d4erivative§CR(
valueslargerthan 0.8 cannot be involved in the above y g 1, OAIk) at thetertiary carbon atom afford
reaction. As concernsnidazole derivatives, in 85% acotamides as a result afeavage of the carben
sulfuric acid the corresponding adamantyl-substltutetﬁeteroelemenmond_ It is assumed that the initial
product can be obtained only from 4,5-dinitroimid- jneaction between nitronium cation and a lslec-
azole (jKgy+ -5.33). In thesystem phosphoric acid 4 nair of the heteroelement (Hig or O) follows the
acetlc_aC|d, the mosbasic |r_n|daque _substrate capabIeLewiS acid-base interaction pattern [125]. The
of being aﬂamantylated is 4-nitroimidazoleKgg:  ,yidation of exo2-bromonorbornane gave a racemic
can be accomplished via reduction of the gy func ™LUre of the corresponding acetamidEs),

P y The adamantylation with 1l-iodoadamantamhg i§

tion H, of the medium. However, in thisase the likelv to invol . ‘ b : Th
concentration of reactive species, adamaogtions, e!y o Involve generation of carbocation. The
action of | with acetonitrile in the presence of

also decreases. Using 3-nitro-1,2,4-triazole as a . : :
example, we previously demonstrated [2] that thechromium(VI) oxide gaveN-(1-adamantyl)acetamide

adamantylation process requires a sulfua@d con- NHCOCH
centration no less thary0%. In order to obtain 3

I
+
adamantyl derivatives of more basic azoles, we tried Cr0;, (ID) CH,CN
to take advantage of oxidativalkylation. —_— 0.0
- 2
I I

’ For communication VI, sed1].

1070-4280/01/3712-1762 $25.@2001 MAIK “Nauka/Interperiodica



OXIDATIVE ALKYLATION OF AZOLES: VII. 1763

(1) in 69% vyield. Theyield of Il was raised to 87% complex, was reported in [17, 18]. Thieaction was
when the reaction was carried out with iodine(V)not studied in detail, but it wasssumed that the
oxide (V) as oxidant. process follows a radical mechanidd8]. However,
a ionic reaction pattern cannot be ruledt. Also,
We examined the possibility for oxidative ada-the stage of generation of adamantyl cation could
mantylation of azoles witi,2,3-benzotriazoleM) as  involve formation of the Adl "-1,05". radical ionpair.
an example. The reaction was performed in dioxane ifts subsequent decomposition can take either radical
the presence of CrOat 85-90°C (reaction time 4 h). or ionic path.Assuming that the above radical ipair
As a result, a mixture of 1- an2-(1-adamantyl)-1,2,3- decomposes to give adamangation, the formation
benzotriazolesVl and VII [16] was obtained in of 1-hydroxyadamantané/(ll ) is likely to occur via
an overall yield ofL6%. Theisomer ratioVIl : VIl was direct abstraction of oxygen atoftom the oxidant
determined byGLC; it wasequal to 72:28. The same molecule. Another possible pathway is O-alkylation
reaction in dichloroethane occurred at a much lowebf 1-hydroxyadamantan&/(ll ), which leads to ether
rate, and theoverall yield did not exceed 8%. IX or (in the presence of a heteroaromatic substrate),
to N-adamantylazole.

N [O] N =N As substrates we chose 4,5-dichloroimidazof, (
N+1 — N + N—Ad : i
. -1 N SN 4-nitropyrazole XI, pKgy+ -2.00), 4-nitroimidazole
I
Ad

NH (XIl,  pKgy 0.05), 4-chloropyrazole Xlil
pPKgy+ 0.59), 4-bromo-3,5-dimethylpyrazole X(V,
Vv VI VII PKgy+ 2.26),pyrazole KV, pKg+ 2.48),3(5)-methyl-
pyrazole KVI, pKgy+ 3.27), 4(5)-chloroimidazole
[0] = Cro, 0. (XVI1l'), 4-bromoimidazoleXVIIl , pKg,+ 3.80), and

imidazole KIX, pKgy+ 6.99). The Kg+ values were

lodine(V) oxide (V) turned out to be a more taken from [19].
efficient oxidant. In the presence ofQy the reaction The series of substrates can be divided arbitrarily
was complete in 1 h, and the yield of isomeric mixturento two groups. The first groupincludes azoles
VI/IVII was 67% (ratio 2674). It should be noted XI-XIV; their reactions with 1-iodoadamantane were
that the adamantylation o¥ in sulfuric acid gave characterized by complete conversion of tagter.
only isomer VI [16]. Apart from compound¥I1ll andIX, the correspond-
Next we studied a series of diazoles (pyrazoles an#'d N-adamantylazoles were found among the prod-
imidazoles) asubstrates. They werselected in such UCts (seetable).
a way that their basicity rangedg,+ -2.00 t06.99.
The reactions were carried out in dioxane at@%C R’ R’ R? R’

using LOs as oxidant. Thegoal was to check the l—\( 1,0, Z/—\(

possibility for adamantylation to occur and to estimate R! Nﬁ\l 1 L N +VII + IX
the maximal Kgy+ value at which the alkylation 2 R

is still possible. Ad

The oxidative alkylation process was complicated  XI, XIII, XIV XX-XXII
by the ability of 1-iodoadamantang)(to react with

compoundlV in dioxane in the absence of a hetero- x|, XX, R'= R*= H, RR= NO, Xlll , XXI,
aromatic substrate, yielding a mixture of 1-hydroxy- R'= R’= H, RR= CI; XIV, XXIl, R'= R®*=
adamantaneMll , 53%) and 1,%diadamantyl ether =~ Me, R = Br.

(IX, 9%). Here, thecomplete conversion of 1-iodo- . , ,
adamantanel) is attained in 3 h. Ndurther change The oxidative adamantylation of heteroaromatic

of the composition of the reaction mixture occurregSubstrates includes —two concurrent —processes:
with time. (1) adamantylation and (2) transformation of initial

1-iodoadamantanel )( into compoundsVIll and IX
LO under the action obxidant. The firstpathway pre-
I -2~ Ad—OH + Ad—O—Ad vailed in the adamantylation of relatively weakly basic
- VIIL X azole XI, and 1-(1-adamantyl)-4-nitropyrazol&X)
was the major product. In thesactions with more
The formation of ethefX by reaction of 1-bromo- basic azoleXIll and XIV the contribution of path-
adamantane witbxidants,specifically with copper(ll) way (2) was greater.
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Reactions of 1-iodoadamantan&) (with azolesV and XI-XIV in the presence of,0; (IV)

Yield, %
Azole no. I-to-azole molar ratio Reactiontime, h

N-adamantylazole VIl IX
va? 1:1.5 4 Vi, 12 Vil, 4 - -
\Y% 1:15 1 Vi, 17 Vi, 50 - -
Xl 1:1.5 3 XX, 58 - Traces | Traces
Xl 3:1 9 XXIII, traceg - 78 Traces
Xl 3:1 10 XXI, 18 - 61 14
Xl 1:15 10 XXI, 15 - 32 7
Xl 1:3 10 XXI, 11 - 71 Traces
XIV 3:1 10 XXII, traces - 71 15
XIV 1:15 10 XX, 13 - 3 18
XIV 1:3 10 XX, 17 - 55 5
b - 3 - - 53 9

@ In the presence of CrQ(ll) as oxidant.
P Reaction of 1-iodoadamantang) (with 1,05 (IV) in the absence of heteroaromatuwbstrate.

Raising the amount of 1-iodoadamantahgif the IV through elimination of the chlorinatom, and the
reaction with azoleXIll resulted in insignificant resulting more basi@zole XVII did not react with
increase of the yield of 1-(1-adamantyl)-4-chloropyra-1-iodoadamantane.

zole (XXI). This may be due to increase of then-  »;q1e5 X\/_XIX belonging to the second group
centration of adamanty| cations in the reaction MiX-yjjaq 1o react with 1-iodoadamantane over a period
ture. On theother hand, théiighest yield of 1-(1-ada- ot 19 1, and the substrates were recovered from the
mantyl)-4-bromo-3,5-dimethylpyrazolXXIl') in the o ion mixture. No reaction occurreceven when
reaction ofl with azole XIV was attained when the the amount of the initial azolee.g., imidazole XIX

substrate was taken Excess. Presumably, this is theWas reduced from 1.5 to 0.5 mol per mole bf

result of increase in th@zole concentration and its : : oo
: . o Probably, highly basic azoles having increased elec-
L%Igal ipmlathlg;olg?\sllc\l/%o(é% Hl;asiézif ).islt Srg(;?é? gr?l tron density on the nitrogen atom awmapable of
yis g y reacting with the oxidant. Taking intaccount that

slightly (pKg,- 2.48) falled to react with 1-iodo- ;- process is heterogeneous [iodine(V) oxide is

adamantane under the sag@nditions. On the whole, almost insoluble in dioxane], the oxidant is com-

raising the azole-td-ratio leads to decrease in the . ' ;

’ pletely deactivatedTherefore, the process i&kely

yield of etherIX. . .

o to stop at the stage of formation of a complex with

Only traces of 1-(1-adamantyl)-4-nitroimidazole partial electron transfer from the heteroring to the

(XXIII') were detected among products of the reactionacant orbital of the active center in thexidant.

of 1-iodoadamantane with azokll. This fact may The presence of N-unsubstituted azoles among the

be explained by veryoor solubility of the substrate products indicates that the electron transfer is just
in dioxane and hence low concentration Xfl in  partial and, probably, reversible.

the reactionmixture. CompoundXIl could give rise

to two isomeric products; however, traces of only one 1hus the reaction under study can be regarded as
of them, compound XXIIl , were detected. a method of alkylation of azoles, where tlaetive

species, adamantylation, is generated via oxidation
of 1-iodoadamantane.

O,N O,N
Z»N . 1O Z/»N
[ 3T — Y +vin X EXPERIMENTAL
NH 2 ITT
! Ad The H NMR spectra were recorded on a Perkin
XII XXmI Elmer R-12 spectrometer (60 MHz) i€DCl, using

Our attempt to obtain adamantyl derivative of azoleHMDS as internal reference. GL@nalysis was per-
X was unsuccessful: the substrate reacted with oxidafdrmed on an LKhM Model 3700 chromatograph;
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stationary phase 5% SE-30 on Chromaton N-AW-water was distilled off. The initial azoles were
DMCS (0.1-0.125 mm); oven temperature 100 to identified by theH NMR spectra.

300°C; injector and detector temperature 2¢0 Reaction of l-iodoadamantane () with benzo-

The initial azoles should dissolve in dioxane com-triazole (V). To a solution of 0.5 ¢(1.91 mmol) of
pletely. The solvent should be purified from peroxide1-iodoadamantand)(in 5 ml of anhydrous dioxane
compounds and thoroughlylried. Otherwise, the we added in successidn45 g (3.82mmol) of benzo-
reaction is strongly accelerated, and the major produgctiazole /) and 0.05 g (1.2%nmol) of chromium(VI1)
is 1-hydroxyadamantaneV(ll ). oxide (l). The mixture was stirred for 4 h at 85

Reactions of azoles with 1-iodoadamantane in 90°C and was then treated according to the general

the presence of oxidant(general proceduje To Procedure described above.

a solution of 0.5 g(1.91 mmol) of 1-iodoadamantane  N-(1-Adamantyl)acetamide (Ill) (a) 1-lodoada-
(|) in 5 ml O.f anhydrous dioxane we a_dded IN SsUCCeSmantane (0, 0.5 g (1.91 mmol), antbdine(V) oxide
sion a required amount c_>f N-unsqbstltutezble and (1v), 0.96 g (2.87 mmol)were added in succession
0.96 g (2.87mmol) of iodine(V) oxide (V), and the  to 10 ml of acetonitrile, and the mixture was stirred
mixture was stirred at 890°C until the initial for 0.5 h at 4650°C and was then treated according

1-iodoadamantane disappear€dl.C). Liberation of o the general procedure. Yield 0.32 g (87%),
iodine was observed within the firsbur. Themixture mp 148150°C [12].

was cooled andiltered, and the precipitate of,®s

was washed with 3 ml oflioxane. The filtrate was  (P) 1-lodoadamantang)( 0.5 g (1.91 mmol), and
combined with the washings and evaporated. Th&hromium(Vl) oxide (1), 0.05 g (1.25 mmol)were
residue was dissolved in 20 ml @&HCl,, and the added in succession to 10 ml atetonitrile, and the
solution was treated with 50 ml of 10% aqueousMixtureé was stirred for 2 h at 8¢ and was then
Na,SO,. The organic phase waseparated, and the treated according to the general proceduygeld
solvent wasremoved. The residue wagashed with 0-26 g (69%).

50 ml of 5% aqueuos NaOH at 4495°C and dried. Reaction of 1-iodoadamantane (I) with iodine(V)
CompoundsXX, XXI, and XXIII were identified oxide (IV). lodine(V) oxide (V, 0.96 g (2.87 mmol),
by TLC and GLC, bycomparing with authentic was added to a solution of 0.5 .91 mmol) of
samples which were specially synthesized according-iodoadamantand)(in 5 ml of anhydrous dioxane.
to the procedures reported in [4XX, XXI) and [5] The mixture was stirred for 3 h at 880°C and was
(XXIII'). In the reaction with azoleX] 35 ml of then treated according to the generatocedure.
dioxane was used to dissolve the substrate completelg mixture of compound¥/Ill andIX was obtained.

1-(1-Adamantyl)-4-bromo-3, 5-dimethylpyrazole Yield 0.18 g. Theproducts were separated by frac-

- tional crystallization from 2-propanol. Thelll :1X
(XXII). After treatment with aqueou®NaOH, the , ) . !
residue was treated with concentrated hydrochlori¢@tio Was 85:15. lodine(Vpxide, 0.4 g (1.2 mmol),
acid at 2630°C. The filtrate was neutralized with WasS added to the resultingixture, and the mixture
10% aqueous NaOH and extracted with 20 ml ofVas stirred for 3 h at 8(°C. After appropriate
CHCI,. The extract was evaporated, and the resiguff€aiment, the composition of the mixture did not

was recrystallized from 70%queous2-propanol. Ccnange.

mp 131+132°C. H NMR spectrum,s, ppm: 1.7 m,

2.1m, and 2.2m (15Hadamantane), 2.46H, CHy). REFERENCES
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