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Abstract—Reaction of 3-nitro- and 3-ethoxycarbonyl-1,2,4-triazolo[B}1,2,4-triazin-4-ones  with
1l-adamantanol (or 1-adamantyl nitrate) in concentrated sulfuric acid or with 1-bromoadamantane in sulfolane
affords N-adamantyl derivatives. The adamantylation of 3-nitro-1,4-dihyHrd-2,4-triazolo[5,1€]-1,2,4-
triazin-4-one yields a mixture of N and N-isomers that undergo interconversion in concentrated sulfuric
acid along intermolecular mechanism.

Triazolo[5,1€]-1,2,4-triazin-4-ones possess five suggests a presumable formation of the following
sites sensitive to the attack of alkylating reagents thadlkyl derivatives.
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We established formerly that alkylation of sodiumwith adamantylatingreagents. Introduction of an
salts from 3-nitro-1,2,4-triazolo[5,1-c]-1,2,4-triazin- adamantyl substituent frequently changes the bio-
4-ones gaverise to a mixture of three N-alkylated logical properties of compounds, irparticular,
products (isomers A, B, and G}]]. We did not ob- facilitates their transport through biological
serve formation of O-alkylategroducts.With 3-eth- membranes and favors appearance of hypoglycemic,
oxycarbonyl-1,2,4-triazolo[5,t}-1,2,4-triazin-4-ones  antitumor, analgetic, antipyretic, antarrhythmic,
the reaction under the same conditions with haloalkylgnalaricidal, antibacterial activitj4].
afforded exclusively Risomer C[2]. Besides it is .
known from the literature [3] that methylation of _ 1-2damantanol and 1-adamantyl nitrate are known
1,2,4-triazolo[5,1¢]-1,2,4-triazin-4-one (X = H) has to form readily inacidic media a carbocation that is
provided O-alkylation products (isomer D) and@n eff|C|ent alky_latlng agent as has been shown in
2-methyltriazolotriazine (isomer E). experiments with 1,2,4-triazole, tetrazole, and

, _ , 4-nitroimidazole [57].
In the present study imrder toextend investiga-

tion of reactivity of 3-substituted triazolo[5d- We established that reaction of 3-substituted

1,2,4-triazin-4-ones we carried out their reactionsazolo[5,1€]-1,2,4-triazin-4-oneda-f with adamantyl

_ cation generatedrom l-adamantanol (or adamantyl
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Research and Development Foundation (grant REC-005) anty t0 one isomer in fair yieldexcept reaction with
the Russian Foundation for Basic Resear¢program compound la where formed two adamantylation
“Leading Scientific School8,grant no. 00-15-97390). products.
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-, R= H, Y= NO,(@);R= Me, Y= NG (b); R= SMe, Y= NG (c); R= H, Y= COOEt (); R= Me,
Y = COOEt @); R = SMe, Y = COOEt (); R = SOMe, Y = NQ (g); R = SOMe, Y = COOEt f1); X = OH,
ONO,.

Alkylation of 3-nitro- and 3-ethoxycarbonyl-1,4- salts (Va, d) with 1-bromoadamantane proceeds in
dihydrotriazolo[5, 1€]-1,2,4-triazin-7-ones sodium sulfolane at 188C. This reaction yields twésomers.
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In the mass spectra of heteryladamantanes symf  7-methyl-3-nitro-1,2,4-triazolo[5,t}-1,2,4-tri-
thesized I, Il is present a molecular ion peak azin-4-one Ip). This compound was proved twave
common for the corresponding isomers (Table 1). a structure of 1-adamantyl-7-methyl-3-nitro-1,4-di-

: o hydro-1,2,4-triazolo[5,1]-1,2,4-triazin-4-onel(lb ).

In the IR spectra of nitro derivatives dii-ada-  the picyclic system of compoundlb is virtually
mantyl-1,2,4-triazolo[5,1]-1,2,4-triazin-4-ones  are planar, andonly the nitro group is gut out oton-
observed the absorption bands from stretching Vibrafugation with rotation angle around>N*° bond of
tions of nitro group (13261350 and 15391;3700”71) 109.2 deg.(see figure, Table 3). The main geo-
and carbonyl group bands (1724¥70 cm”). In the  metrical parameters of the molecule are characteristic
spectra of N-adamantyl derivatives of 3-ethoxycarbof the nitrogen-containing triazolo[5,d-1,2,4-tri-
onyltriazolotriazines appear both absorption bands o&zine heterocyclic systenjs]. The C-C bonds in the
exocyclic and endocyclic carbonyl groups (Table 2).adamantyl moiety construct a tricyclic skeleton of
The presence of endocyclic carbonyl group in the IRcyclohexaneings in thechair conformation, and the
spectra of heteryladamantanes evidences that thength of the bonds vary in a relatively narrow range
compounds obtained are not products of O-alkylation1.523(2)1.543(2) A (Table 4).

The position of N-alkyl substituent in adamantyl- To facilitate the assignment of spectral parameters
ation products of compounda-f was derived from We_also synthesized adamantylation product from
13C NMR spectra. 6-""N-3-nitro-1,2,4-triazolo[5,1g-1,2,4-triazin-4-one

(1a") enriched in'°N to 43%. Compoundla was

In order to beable to make correct assignment of prepared by mixing previously described®-3-
spectral characteristics to individual isomers and tanitro-1,2,4-triazolo[5,1¢]-1,2,4-triazin-4-one [8] with
establish their structure we carried out an X-ray'®N content of 87% with an equivalent amount of
diffraction analysis of the sole adamantylation productunlabeled triazolotriazinda.
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Table 1. Pbysicochemical characteristics ®-adamantyl-1,2,4-triazolo[5,8}1,2,4-triazin-4-oneslla, lla *, Id,
llla -h, llla

Yield, % mp, R Found, % Calculated, % |Found Calcd.

(method) °C Formula M

a | r® C H N C |H| N | M
lla 45 (@), 29 (), | 243-245 |0.02(0.53|53.16(5.04 |26.50|C,,H,NO, 53.16(5.10/26.57|316 |316.32
(Ila*) 3 (c), (20) (CH.NsNO,) (317) | (317.32)
lla . 18(), 51 (),[232-234 [0.64/0.72(53.41|5.21 |26.67|C,,H,NsO; 53.16(5.10/26.57|316 |316.32
(la )9 (c), (49) (CH.Ns°NO,) (317) | (317.32)
b |18 @), 52 ()| 270-273' |0.49/0.66[53.99(5.53 |25.00| C,:H,:NO; 54.54(5.49|25.44|330 |330.35
lllc |40 @), 60 ()| 235-237 |0.59(0.71|49.54({4.97 |23.22|C,.H,;NO.S 49.72(4.97|23.20|362 |362.41
lld 47 (@), 62 ()} 233 0.05|0.54({59.42|6.10 (20.42(C,;H,;N-O, 59.46(6.16|20.39|343 |343.39
9 (c)
lld |7 (c) 175-177 |0.58/0.79/59.40/6.16 [20.51|C,;H,;N.O;, 59.46(6.16|20.39|343 |343.39
llle |22 (@), 40 ()|209-211" |0.65(0.68{60.14|6.50 |19.47|C,;H,.N.O, 60.49(6.49|19.59|357 |357.42
nif 20 @), 22 b)| 237 0.56|0.72|55.74|6.04 |18.00|C,H,:N-0O,S 55.53(5.91/17.99|389 |389.49
g |2 240-247 |0.55|0.64|47.44{4.75 |22.11|C,H,;N,O,S 47.62|4.75(22.22|378 |[378.41
lNih {18 214 0.43|0.64|53.01|5.77 |17.28|C,H,:N-0O,S 53.32|5.72|17.27|405 |405.48
| |

For evaluation ofR by TLC wereused as eluents: ethyl acetate,” ethyl ether. Solvent for crystallization® ethanol,
d
2-propanol.

Table 2. IR and '*H NMR spectra of compounds synthesized

Compd. IR spectrum, crmt 'H NMR spectrum,3, ppm
no.
lla |1720(C=2e),1530,1320|1.76 m (6H, CH), 2.25 m (3H, CH), 2.49 m (6H, CH, 9.28 s (1H, CH)
_ |cNoy
lla* |1720(C=2),1530,1320 |1.76 m (6H, CH), 2.25 m (3H, CH), 2.49 m (6H, CB} 9.28 d [1H,2](H'*N)
(C-NO,) 13.55 Hz]
llla |1750(C=0), 1530,1340|1.74 m (6H, CH), 2.27 m (3H, CH), 2.49 m (6H, CH, 8.61 s (1H, CH)
_|cNo) 21
llla™ {1750 (C=0), 1530,1340|1.74 m (6H, CH), 2.27 m (3H, CH), 2.49 m (6H, CH, 8.61 d [1H,%J(H ' —N)
(C-NO,) 15.88 Hz]
lb |1760(C=2e),1530,1350|1.73 m (6H, CH), 2.26 m (3H, CH), 2.41 m (6H, CP, 2.51 s (3H, CH)
(C-NO,)
lllic |1760(C=ee),1530,1320|1.73 m (6H, CH), 2.26 m (3H, CH), 2.38 m (6H, C}, 2.68 s (3H, SCH
(C-NO,)
Ild |1750, 1770 (C=0) 1.31t (3H, CH), 1.75 m (6H, CH), 2.23 m (3H, CH), 2.42 m (6H, C}, 4.35 q
(2H, CH,), 9.14 ¢ (1H, CH)
lld {1730, 1740 (C=0) 1.31 t (3H, CH), 1.73 m (6H, CH), 2.24 m (3H, CH), 2.42 m (6H, C}, 4.35 q
(2H, CH,), 8.48 ¢ (1H, CH)
llle |1760, 1770 (C=0) 1.31 t (3H, CH), 1.73 m ( 6H, CH), 2.23 m (3H, CH), 2.40 m (6H, C, 2.49 s
(3H, CH,), 4.35 q (2H, CH)
f 1730, 1760 (C=0) 1.33 t (3H, CH), 1.74 m (6H, CH), 2.25 m (3H, CH), 2.40 m (6H, C§, 2.53 m
(3H, SCH), 4.40 q (2H, CH)
lllg |1765(C=0), 1530,1350{1.75 m (6H, CH), 2.28 m (3H, CH), 2.42 m (6H, C}, 3.13 s (3H, S&CH
(C-NO,)
llh {1720, 1750 (C=0) 1.32 t (3H, CH), 1.74 m (6H, CH), 2.26 m (3H, CH), 2.49 m (6H, CH, 3.08 s

(3H, Sa&CH), 4.35 q (2H, CH)
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Table 3. Atomic coordinates (in fractions of unit cell
axes) and thermal corrections U, and U, for
1-adamantyl-7-methyl-3-nitro-1,4-dihydro-1,2,4-triazolo-
[5,1<]-1,2,4-triazin-4-one I{Ib )

Atom X y z Uisd Ueg
Az

o' 0.5420(1)(0.8625(1) |0.0117(1) |0.0479(4)

oY 0.4853(1)|0.6959(2) |-0.1158(2)|0.0837(7)

O  |0.4012(1)[0.7635(2) |-0.1989(2)|0.0575(5)

N2 0.3670(1)[ 0.8305(1) |0.0138(1) |0.0325(3)

N* 0.3505(1)[0.8906(1) |0.1029(1) |0.0296(3)

N® 0.3935(1)1.0124(1) |0.2463(1) |0.0353(4)

N® 0.5009(1)[0.9961(1) |0.1952(1) |0.0355(4)

N°® 0.4623(1)[0.9326(1) |0.1276(1) |0.0309(3)

N*° 0.4312(1)[0.7536(2) |-0.1165(2)|0.0426(4)

c! 0.4851(1)|0.8696(1) |0.0379(2) [0.0325(4)

c? 0.4278(1)[0.8206(1) |-0.0152(2)|0.0326(4)

ch 0.3983(1)|0.9453(1) |0.1609(2) [0.0301(4)

Molecular structure of 1l-adamantyl-7-methyl-nitro-1,4-di- C: 0.4576(1)|1.0413(2) |0.2639(2) |0.0348(4)

hydro-1,2,4-triazolo[5,X]-1,2,4-triazin-4-onel(lb ). C 0.4773(1)|1.1173(2) |0.3537(2) |0.0485(5)

c 0.2786(1)[0.8992(1) |0.1338(2) |0.0280(3)

The similarity of *C NMR spectra of compound C*  |0.2687(1)0.8645(2) |0.2593(2) |0.0369(4)

[llb and heteryladamantan#$a, c, g, llla permits C* 0.1960(1)|0.8765(2) |0.2908(2) |0.0408(5)

the assumption that all these products are adamant* 0.1753(1)(0.9912(2) |0.2752(2) |0.0434(5)

ylated at positiorl. The assignment of carbon signals C* 0.1845(1)(1.0241(2) |0.1496(2) |0.0402(5)

was carried out basing on analysis of couplican- C° 0.2571(1)(1.0145(1) |0.1170(2) |0.0343(4)

stants*C-1H that allowed unambiguous determina-C”  |0.1438(1)[0.9530(2) |0.0707(2) |0.0464(5)

tion of atoms G and 2 positions in compountila  C*  |0.1657(1)|0.8381(2) |0.0871(2) |0.438(5)

(d, 13 213.6 Hz and d2J 9.3 Hz respectively). At C° 0.2385(1)(0.8276(2) |0.0544(2) |0.0390(4)

appearance of a substituent in the azofg in com-  C* 0.1549(1)|0.8057(2) |0.2123(2) |0.0478(5)
poundslllb, ¢, g the C atom signal becomes a H,(C? |0.523 1.126 0.351
singlet located in the same regiod {50-152 ppm), H,(C°) |0.456 1.184 0.340
and the signal of €is present as a quartet. The otherH,(C°% |0.464 1.091 0.428
downfield signals were assigned to’ @nd C. The H,(C?)|0.294 0.907 0.309
broadened singlet was attributed td fihked to the H,(C?)|0.282 0.792 0.269
nitro group since the broadening was effected byH(C*) [0.189 0.856 0.369
quadrupole relaxation dfN atom in the nitrogroup.  H,(C*)|0.201 1.035 0.324
The validity of this assignment of the ring carbonH,(C*)|0.130 0.999 0.296
atoms in the heterocyclic fragment of N-adamant-H(C®) [0.170 1.096 0.140
ylated triazolotriazineslla, b, c, g is confirmed by H,(C°)|0.263 1.034 0.037
the 13C NMR spectrum of compountla * registered H,(C®) [0.283  |1.060 0.164
with C-H decoupling. Thus the signal of atom’C H,(C")|0.150 |0.973 -0.008
appears as a doubléd(C’-N®) 3.71 Hz, signals of H,C)|0.098 |0.960 0.088
C* and & atoms also possess doublet structured(C®) |0.140  |0.793 0.038
2)(C*-N°®) 3.78 and?J(C®-N®) 1.69 Hz. Theisotope H,(C°)|0.252  |0.755 0.062
shift values of the atoms QA8 +0.01878ppm), C?  HLC?)|0.244  |0.848 -0.024
(A8 +0.00094 ppm), and ¢ (A5 +0.00015ppm) H,(C°)0.109 |0.811 0.232
obtained at comparison dfC NMR spectra of the H,(C'°) 0.167 0.733 0.222

labeled and unlabeled compounidis * andllla con-
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Table 4. Bond lengths and bond angles of 1-adamantyl-
7-methyl-3-nitro-1,4-dihydro-1,2,4-triazolo[5d-1,2,4-
triazin-4-one [lib)

Bond d A Bond d A
o*-c* 1.205(2) c'-c? 1.462(3)
O"-N™ 1.209(2) c’-c’ 1.473(3)
O"™-N™ 1.225(2) ct-c? 1.530(2)
N>-C? 1.293(2) ct-c* 1.533(3)
NZ-N* 1.327(2) ct-c® 1.537(2)
NZ-CBa 1.374(2) c*-c* 1.538(2)
N'-C" 1.515(2) c’-c* 1.523(3)
Ne-c® 1.309(2) c¥-c? 1.528(3)
Ne-C’ 1.377(2) ct'-c* 1.527(3)
N°e-C’ 1.321(2) c’-c” 1.529(3)
NC-N°® 1.371(2) c’-c* 1.536(2)
N°-C®® 1.373(2) c'-c? 1.532(3)
N°-C* 1.391(2) c¥-cv” 1.524(3)
N*-C? 1.464(2) c¥-c? 1.543(3)
Angle w, deg Angle w, deg

C*N?N* 120.2(2) | N°C®N! 118.8(2)

NZN*C®e 119.2(1) | N°C'N® 115.7(2)

N°N'CY 118.2(1) | N°c'c® 121.8(2)

Cc¥N'C" 122.6(1) || N&C'C® 122.5(2)

Cc¥NeC? 102.2(1) || N'ctc? 109.5(1)

C'N°N® 102.3(1) || N'c'c? 109.4(1)

N°NSC® 108.6(1) || c’c'c? 109.4(1)

NEeN°C* 124.8(1) || N'c'c® 108.4(1)

c¥Nec? 126.6(2) | c’crc’® 109.4(2)

O™N'0* 124.0(2) || C*c*c® 110.8(2)

o"N*c? 117.3(2) | c'c’c? 108.9(2)

o"N'c? 118.5(2) || c*c¥c'® 109.6(2)

O''C'N°® 123.7(2) | c*c¥c? 109.6(2)

o'c'c’ 129.5(2) | c*c’c? 109.4(2)

N°C'C? 106.8(2) || c¥’c*C® 109.8(2)

N*C*c* 128.3(2) | c*c°c” 110.1(2)

N2C3N™ 113.8(2) || c*c®c® 109.4(2)

C'CN™® 117.9(2) || c"c®c® 109.4(2)

NEC¥N® 111.1(2) || c°cfct 108.7(2)

NEC¥N* 130.0(2) || c°c’c? 109.0(2)

firm the position of the label. According toonclu-
sion in [9], the largest isotope shift is characteristic
of the carbon atom the nearest!ftN. Besides in the
spectra of N-adamantylated triazolotriazingk -c,

g, llla” the signals of adamantyl substituent appea

ULOMSKII et al.

In the 13C NMR spectrum of compounta
registered without proton decoupling the peaks of
atoms C and G with the doublet structure’q 223
and 3J 5.1 Hz respectively) are shifted upfield
compared to the analogous signals of triazolotriazine
la (A6 11.54 and 9.38 ppmespectively). In con-
formity with the concept ofx-shift [10] this behavior
evidences the addition of the adamantyl fragment to
N8 atom. Thespectrum of compountia” registered
with decoupling from protons confirms thisonclu-
sion. Thus the peak of atom Cis a doublet with a
small coupling constant®)(**C-1°N) 0.5 Hz]. The
value of coupling constant®C-!*N confirms the
position of the adamanty! substituent at Atom since
the direct coupling constantJ(*®N-13C-sp®) has a
value of 1215 Hz [1, 11]. Thechemical shifts and
coupling ~ constants Be-%N [Lc’-N8 316,
2)(C*-N°®) 3.45, 2)(C®-N°®) 1.60 Hz], isotope shifts
values for C (A8 +0.02287 ppm), C? (AS
+0.00144 ppm), ¢ (A8 +0.00039 ppm) and &

(A6 +0.00039 ppm) prove the conservation of the
bicyclo structure in the triazolo[5,4}-1,2,4-triazine.
The result obtained is well consistent with the
published data[1].

The reaction of 3-substitutet], 2,4-triazolo[5, 1¢]-
1,2,4-triazin-4-ones la-f with adamantyl cation
generated from 1-adamantanol (or l1-adamantyl
nitrate) in concn. HSO, occurs in the temperature
range from-15 to 20C. However the temperature
affects the alkylation direction only for compouiel
For instance, the adamantylation of triazolotriazine
la at -15°C (proceduren) results in prevailing form-
ation of alkylation productla. The ratio of com-
pounds lla:llla was determined from 1H NMR
spectrum. The raise in temperatuwieanges the reac-
tion direction to formation of compounélla. For
instance, at 2 (procedure b) the ratio of
N-adamantyl derivativesla andllla in the product
is 1:2. For the other compoundsthe alkylation is
regioselective irrespective of the temperature. For
instance, adamantylation of compourid affords
productlla alkylated into the azoleing. The other
3-substituted triazolo[5,t}1,2,4-triazinedb, c, e, f
containing a methyl or S-Me substituent at the
azolering in reaction withadamantyl cation giveise
to Nl-isomer. Theregioselectivity is here apparently
due to steric factors. Notéhat with compounddc
andlf the adamantylation result depends on the nature

as four broadened singlets in the upfield regionof the alkylating agent. In reaction witadamantyl

(35-70 ppm). Thepeak of the € is present in the
region of 6970 ppm, characteristic of all Nada-
mantyl derivatives obtaineldla -c, g, llla (Tableb5).

nitrate in sulfuric acid alongside alkylation occurred
oxidation of the S-methyl group resulting in forma-
tion of sulfoxideslllg, h.
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Table 5. *C NMR spectra of compounds, d, lla, d, lla”, llla-h, lla”
Compd. 3, ppm (, Hz)
no. c’ R c® c? c Ad COOEt
la 154.60 d 159.63 d 144.22 143.96 s
["J(13C-H) [*J(13C-H) br.s
213.0] 9.0]
Id 153.33 d 151.38 d | 147.31 s| 13155 s 160.93, 61.41,
['J(13C-H) [*J(13C-H) 13.96
211.1] 9.0]
lla 143.04 d 150.25 d 148.56 141.90 s |61.24, 39.89,
['J(13C-H) [*J(13C-H) br.s 28.88, 35.02
223.0] 5.1]
lla” 143.06 d 150.25 d 148.56 141.90 d 61.24 d
['J(13C-15N) [2J(13C-15N) br.s [2J(13C-15N)|[3J(13C-15N) 0.5],
3.16] 1.60] 3.45] 39.89, 28.88,
35.02
lla 153.30 d 150.45 d 139.22 142.91 s |69.76, 39.18,
['J(13C-H) [*J(13C-H) br.s 29.28, 35.23
213.6] 9.3]
ma”™ | 153.32 d 150.45 d 139.22 142.91 d |69.76, 39.18,
['J(13C-15N) [2J(13C-15N) br.s [2J(13C-15N)|29.28, 35.23
3.71] 1.69] 3.78]
lib 162.82 q 14.07 150.30 © 139.01 142.01 s |69.56, 39.02,
[FJ(13C-H) | ['J(13C-H) br.s 29.16, 35.07
7.2] 129.3]
lic 165.88 q 13.98 q 150.92 s 139.51 141.64 s |69.70, 39.16,
[J(13C-H) | [YJ(13C-H) br.s 29.28, 35.36
4.7 142.60]
ld 141.83 d 148.8 d 14553 s| 138.39 s |60.34, 39.67, |162.46, 60.86,
['J(13C-H) [*J(13C-H) 28.80, 35.06 13.90
221.7] 5.1]
lid 152.32 d 149.95 d | 129.18 s| 146.64 s |68.35, 39.16, [160.65, 61.19,
['J(13C-H) [*J(13C-H) 29.29, 35.36 13.77
212.3] 9.3]
llle 161.71 q 14.06 150.00 s | 129.27 s| 145.89 s [68.15, 39.06, |160.82, 61.41,
[FJ(13C-H) | ['J(13C-H) 29.15, 35.22 13.98
7.2] 129.3]
i 164.51 q 13.34 q 150.35 s | 129.81 s| 145.14 s |68.25, 39.01, |160.82, 61.41,
[J(13C-H) | [YJ(13C-H) 29.15, 35.20 13.98
5.1] 142.60]
llig 168.02 q 39.17 q 151.20 s 139.57 142.56 s |70.35, 39.22,
[FJ(13C-H) | ['J(13C-H) br.s 29.29, 35.13
5.1] 140.50]
llh 166.87 q 39.10 q 150.75 s | 130.06 ©| 146.16 s [68.80, 39.18, |160.70, 61.53,
[FJ(13C-H) | ['J(13C-H) 29.22, 35.22 13.88
5.1] 140.30]
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Alkylation of sodium saltslVa, d with 1-bromo- and llla” with equal content of°N isotope (43 %
adamantane proceeds in sulfolane at°@3(proce- according to 1H NMR data) in theatio 3:1:2
dure c) and affords N-adamantyl derivativéta, d  respectively (see EXPERIMENTAL). For com-
andllla, d. However this procedure is less interest-poundslila” and llla” the content of'°N was also
ing for preparative syntheses because of low yieldsletermined from masspectra.

(Table 1). _The isotope scrambling of nitrogen in compounds
The temperature dependence of the adamantylatida , Ila', and llla proves the establishing of an
regioselectivity for 3-nitro-1,4-dihydro-1,2,4-triazolo- equilibrium and a significant contribution of the
[5,10)]-1,2,4-triazin-4-one &) was confirmed by intermolecular adamantyl fragment transfer in the
isomerization of adamantyl derivativéia andllla in  isomerization process. Thus the interconversion of
sulfuric acid. On dissolving any of the isomers incompoundsila and llla can be illustrated by the
concentrated sulfuric acid abom temperature arises following scheme.
an equilibrium mixture of compound$a andllla in

1:2 ratio. 0
. . . N NO, N NO,
This experiment shows that adamantylation is </ N | ¢ N)K(
reversible, andhat it may proceed along intramolec- NJ*N'N H,S0, N%\N,N
ular, intermolecular, or mixed mechanism. The intra-
molecular rearrangement should involve transfer of
the adamantyl moiety within one molecule and may
occur as [1,3]-sigmatropic shift or by formation of a
tight ion pair fromadamantyl cation and anion of the Ha 1Ta
initial heterocycle as a result of heterolysis of the
N-adamantylbond. Theintermolecular mechanism o) O NO
consists in transfer of the adamantyl substituent to Ny NO,  H,80, /N\N z
another molecule, and it is possible only éase of  + ﬂ/@% & <N;\ &
formation of the initial heterocycle and adamantyl \ig N
Yy y
cation. Among the presumedmechanisms the
sigmatropic shift of adamantyl is the least probable
since [X,3s]-sigmatropic transition is permissible in
photochemical process [12] that is not the caader a II1a
our rearrangement conditions. On the other hand,
[1s,3a]-shift is hampered by geometricaleasons.  The equilibrium ratio of heteryladamantylis and
Even less probable is a sigmatropic shif@(3a] [13].  |jla shows that isomerlll is thermodymamically
A presumable under given conditionsa[Bs]-transi-  more favored.
tion is hardly probable for sterical reasons due to the
structure of the adamantyl substituent. Thus the EXPERIMENTAL
rearrangement with participation of adamantyl cation
seems the mosprobable. IR spectra of compounds obtained were recorded

Similar examples of hetaryladamantanes isomerizOn spectrophotometer Specord 75IR from mulls in
ation were found in theliferature. Thus2-(1- mineraloil. *H and 13C NMR spectra were register-
adamantyl)tetrazole in sulfuric acid is converted intoeéd in DMSO€; on spectrometers Bruker WM-250,
1-(1-adamantyl)tetrazole [14]. The mechanism Bruker DRX-400, and Bruker DRX-500, internal
assumed [14] included formation of 1,3-di(1-adamantreference TMS. Mass spectra of compounds syn-
yltetrazolium cation, and thenechanism was con- thesized were measured on Varian MAT-311A

sidered to be intermolecular relying on TLC data.  instrument with direct input of samples into ion
.source, ionizing electrons energy 70 eV, ionizing

The details of the transadamantylation process iNhamber temperature 1080PC. TLC was carried
the derivatives of 3-nitro-1,2,4-triazolo[5d-1,2,4- o " o Silufcl)al UV-254 plate, eluent ethyl ether
triazineslla andllla were elucidated by isomerization (100%, ¢) and ethy acetate(iOO% d) (Table 1)

of compoundlla (or llla) in the presence of an o elopment in iodine vapor or under Ukfadiation.
equivalent amount of the labeled compoutal

described before [8] (content ofN about 87%). X-ray diffraction study. Crystals of compound
The resulting mixture contained compourids, lla",  lllb rhombic with the following unit celparameters:
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Scheme.

o O 0 0 O
(87%) 43% % (43%)
PNy )K(NOZ H,SO, 15, \IiI NO, 151(\}‘3\% NO, 15N\N)K(Noz
Ma (Ia) + ¢ J\ | </N v 4 )\ |
N= N N=>~N-N
H

7/
N N J%N/Il\l ’ <NA\ N /Il\I

LH
Ia Ia*

Ia" Ia°
0 - 0 ; 0
N\N)K(NOZ HZSO4 N\N)K(NOZ HZSO4 N\N)K(NOZ
¢ I ] < 1| < 1|
N \N;N N N’N N N/N
la ) ] IMla

a 20.437(5), b 12.650(3), ¢ 11.594(3) A, Z 8, temperature was added 4.5 mmol of 1-adamantyl
degic 1.464 gem>, p 0.106 mm', V 2997(1) A3,  nitrate (1-adamantanol), and the mixture was kept at
spacegroup P,., The structure was solved by the this temperature for 3 hrurther workup was carried
direct method and was refined by the least-squaresut as in procedure (a).

rocedure using SHELXS-86 and SHELXS-93 soft- ,
\I?vare in anisotrogpic (isotropic for H atoms) approxim- _ (¢) T0 0.9 g (3.7mmol) of sodium saltva and
ation to R 0.047 (R, 0.136) for 3042 reflections 1.1 9 (5 mmol) of 1-bromoadamantane was added
with F2> 2c at adjustment factor GOOE.071. The 5 ml of sulfolane, the reaction mixture was heated to
experiment was carried out on automatic diffractom-150-180°C for 20-40 min. Oncooling the reaction
eter Inraf-Nonius, Cad-4\MoK_, graphite mono- Mixture was poured intavater, theprecipitate was
chromator, e-scanning 8,,,, 60°, 4400 reflections, filtered off, washed withethanol, and dried. The
among them 3042 Witk 2 > 2c). isomers were separated as in procedade

N-Adamantyl-3-nitro-1,2, 4-triazolo[5, 1-c]-1, 2, 4- 6-1°N-Adamantyl-3-nitro-1,4-dihydro-1,2, 4-
triazin-4-ones (lla, Illa). (a). To asuspension of triazolo[5,1-c]-1,2,4-triazin-4-ones (lla, llla’). A
0.7 g (3.7mmol) of compound la in 5 ml of 96% mixture of 0.35 g (1.85mmol) of compoundla’
sulfuric acid cooled to-15°C was added 4.5 mmol of enriched in*°N to 87% and 0.35 g (1.85mol) of
1-adamantyl nitrate (1-adamantanol), and the mixtur@gompoundla was dispersed in 5 ml of 96% sulfuric
was kept at this temperature for 3 h. The reactiorpcid, thesuspension was cooled 15°C, 4.5 mmol
mixture was then poured into water with ice andof 1.adamantyl nitrate (1-adamantanol) wadded,
neutralized with sodium acetatesolution. ' The  and the mixture was kept at this temperature for 3 h.
separated precipitate was filtereuif, washed with —pyrther workup was carried out as in procedure (a),
ethanol, and driedThen it was extracted with hot Compounddla” andllla” were obtained enriched in
CCl, (5x30 ml). Theinsoluble residue containing 15y to 43%. 7-Methyl-N-adamantyl-3-substituted

prevailingly compoundlla was filtered off and 4 4 4inyqro-1,2,4-triazolo[5, t}-1,2,4-triazin-4-ones
crystallized from ethanol. The extract was evaporate%’IIb e) weré ’obtained alé)ng ,pr,oceduresand b

22%:2; Eggg:ﬁlgvas crystallized from ethanol throm 3.7 mmol of the corresponding triazolotriazine
P ' Ib, e. The precipitate arising of dilution the reaction
(b) To a suspension of 0.7 (8.7 mmol) of tri-  mixture with ice water was filtered off and crystal-

azolotriazinela in 5 ml of 96% sulfuric acid atoom lized from an appropriate solvent.
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7-Methylthio-N-adamantyl-3-substituted 1,4-di- Isomerization of compounds lla and llla in the
hydro-1,2,4-triazolo[5,1<]-1,2,4-triazin-4-ones  presence of 6°N-adamantyl-3-nitro-1,4-dihydro-
(llic, f). (a) A suspension of 3.7 mmol of the cor- 1,2,4-triazolo[5,1€]-1,2,4-triazin-4-ones. In 5 ml
responding triazolotriazindc, f in 5 ml of 96% of concentrated sulfuric acid was dissolved 0.5 g
sulfuric acid was cooled te15°C, and 4.5 mmol of (1.6 mmol) of compoundila (or llla), and 0.29 g
1-adamantanol was addéHereto. The mixture was (1.6 mmol) of compoundia” was added (degree of
kept at this temperature for 3 h. The reaction mixtureenrichment of the latter if°®N 87%). Thesolution
was then poured into water with ice and neutralizedvas left standing for 12 h abom temperature. Then
with sodium acetatesolution. The separated pre- the reaction mixture was poured into water witke,
cipitate was filtered off and crystallized from an the precipitate was filteredff, washed withethanol,
appropriate solvent. dried, andsubjected to'H NMR measurement. The
isomers were separated as in procedure a. We

triazinelc, e in 5 ml of 96% sulfuric acid was added obtained compoundBa andllla ~ enriched in 15N

0,
at room temperature 4.5 mmol of 1-adamantanol. The® 43%.
mixture was kept at this temperature for 3 h. The
reaction mixture was then poured into water with ice REFERENCES
and neutralized with sodium acetasmlution. The 1. Ulomskii, E.N., Rusinov, V.L., Chupakhin,O.N.,
separated precipitate was filtered off and crystallized  Rusinov, G.L., Chernyshev,A.l., and Aleksand-

from an appropriate solvent. rov, G.G., Khim. Geterotsikl.Soed.,1987, no. 11,

7-Methylsulfinyl- N-adamantyl-3-substituted pp. 15431550. _
1,4-dihydro-1, 2, 4-triazolo[5, 1€]-1, 2, 4-triazin-4- 2. UlomsknZ E.N., Deev, S.L., F_Qusmov,V.L., and
ones(lllg, h). A suspension of 3.7 mmol of the cor- Chupakhin,O.N., Zh. Org. Khim., 1999, vol. 35,
responding triazolotriazindc, f in 5 ml of 96% no. 9, pp. 13841391 .
sulfuric acid was cooled t615°C, and 4.5 mmol of 3 Famas, J., Fos, ERomas, R., and Villarrasa, J.,
1-adamantyl nitrate was addetlereto. The mixture J. Org. Chem., 1988, vol. 53, no. 4, pp. 88B91.
was kept at this temperature for 3 h. The reaction ™ Kovalev,|.E., Khim.-FarmZh., 1977, vol. 11, no. 3,

- . S pp. 19-27.
mixture was then poured into water with ice and 5. Saraev, V.V., Kanakina, T.P., Pevzner, M.S..

(b) To a suspension of 3.7 mmol of the triazolo-

neutralized with sodium acetatesolution. The Golod, E.L., Ugrak, B.I., andKachala,V.V.. Khim
separated precipitate was filtered off and crystallized Geterétsikl..,Soed. 1’99'6"n0_ 8 pp107’8_1'0é’7_ '
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prepared by procedures (a) and (b) from 0.8 g 1999, vol. 35, no. 8, ppl260-1261.

(3.7 mmol) of triazolotriazine Id. The precipitate 8- Chupakhin,O.N., Ulomsky, E.N., Deev,S.L., and
arising of dilution the reaction mixture with ice water Rusinov, V.L., Synth. Commun.2001, vol. 31,

was filtered off and crystallized from an appropriate _ N9- 19 Pp. 23512355.
solvent y pprop 9. Hesen,P.E., Ann. Rep.NMR-Spectroscopyl983,

vol. 15, pp. 105234.
8-Adamantyl-3-ethoxycarbonyl-1,4-dihydro- 10. Dea, P. andRobins,R.K., Chemistry and Biology of
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Chem., 1999, vol. 64, no. 13, pp4685-4689.

Isomerization of compounds lla and Illa. In 15 Negradi, M., Stereoselective SynthesigVeinheim:
concentrated sulfuric acid was dissolved 0.3 g of  ycH, 1987. Translated under the titRtereoselektiv-
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reaction mixture was poured into water witte, the pp. 187217.

precipitate was filteredoff, washed withethanol, 14. Saraevy.V. andGolod,E.L., Zh. Org.Khim., 1997,
dried, andsubjected tdH NMR measurement. vol. 33, no. 4, pp. 62%32.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 2 2002



