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Abstract. A number of title compoundS8é,.c, 4a—c) were  closure was more pronounced with the saltShe 6-unsub-
prepared by cyclization of 5-aminotetrazolium salts havingstituted representativ8sand4cunderwent g-reactions, the
ketonic substituentsl( 2). The following procedures were 2H-isomerdcbeing slightly more reactive; this was confirmed
applied: a) folBa, 4ab: heating ofla, 2ab with acetic anhy- by AM1 calculations. The nitroso produty exists predom-
dride/base; b) faBc, 4c heating ofLb, 2bin a buffer solution  inantly as the valence-isomeric nitrile oxigle

of pH 6.5 (Tschitschibabin reaction). The proclivity for ring

In contrast to imidazotetrazoles of tylfe andllA [1], the

H H H . P @ R ) R
isomeric systemi andlIB are still unknown, only a tricy N N Y 12 | R
clic congener ofiB , the tetrazolobenzimidazdlk , has been N. X O ge N_ALO ge@ >
described [2]. Earlier attempts to obtain representativiés of N" N, Me™ NTNH, Z P:
and/orlIB include cyclization of 1,4-diphenacyHitetrazol- Me lab 2ab
5(4H)-imine Gb: CH,COPh in place of Me) [3] as well as
methylation of the imidazo[1,d}tetrazolide anion [4]; these l (@or o) l @or b)
efforts remained unrewarded, the latter since alkylation oc-
curred exclusively at the imidazolic half-ring. A previously R Rl 34 | RY R
claimedN-unsubstituted derivative t8 [5] has been shown 1 )\/Rz )\/RZ a | COMe Me
to be in fact the respective 1-phenacylated 5-aminotetrazoleﬁ'?_S=N @M“,‘;N_N b | COPh Me
[3]. In this note we report on the first examples of the title N Me” N c | H Ph
classedB andlIB . Me d | Br Ph
3a, 4a.b, e | come Ph
4c
3c f | CHO  Ph
©f, 3 ig © E 4d-f s | N0 ph
49 h|H H
R R
A A !
IN_N\/a @IN_N\/a @lN_N\ (I)e
N, )= N_© )= L0 )= Ph N®
\II\] b R \N)_ b R/N\ﬁ)_ N IN_N/\n/ NN |(|.‘l
1 O =
R | I i 2] N\N/Kx NC Az
Iy Me” N7 TNT Ph
. - — e
A:a=N, b=CR [1] Sac 6
B:a=CR, b=N
(a) = ACZO/EtaN (1a/2a,b — 3a/4a,b) (b) = buffer pH 6.5 (1b/2b — 3c/4c)

When the tetrazolium saltsa and2a were treated with
acetic anhydride in the presence of triethylamiree under
the conditions formerly applied to 1-acetonyl-4,5-dimethyl-
tetrazolium bromide [6a], the imidazotetrazoBssand 4a Scheme 1
were formed in reasonable to excellent yield (Table 2). Ex-
tension of this experiment to the sdlts and2b only gave
the derivative of thdB seriesyiz. 4b (along withda; cf. our  desired producdc, in agreement with the foregoing, was ac-
observations with pyrrolotetrazoles [6a,b]), whereas the reeompanied by substantial amounts of the tetrazobme
action with1b stopped at the open-chain stdgeAttempts  Again, formation of the 2-isomer was facilitated (see Table
to convert5a into the target compoun8@b resulted in 2 for yield of4c), evidently because the amino grou2bfis
deacetylation { 5b). This points to an enhanced proclivity more nucleophilicdf. [9]) and, second, because the compet-
for ring closure with the synthons of typeRegarding cycli-  ing hydrolysis to give the mesoionic analoguéois a con-
zation ofl and2 withoutan external reagent for C(5) (Tschi- siderably slower processf( [10]). Attempts to cyclizela
tschibabin reaction), we found tt@twas formed on heating and2ain like manner failed; additional efforts to cause ring
1b in a buffer solution showing pH 6.5 [7]. However, the closure of 5-aminotetrazolium salts having propargyl substitu-

(c)= BrZ (3d/4d), ACZO/NaOAc (3e/4e), HCOOAC (3f/4f), NaNOZIAcOH (39/49,6)
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ents — an alternate principle for maki@gmethylazapen- Vis: Philips PU-8730. — MS: Finnigan MAT 8430. — NMR:
talenes [8a] — were also ineffectual [11]. Bruker AM-400 (400.1 and 100.6 MHz i and!3C, resp.).
The new bicycle8 and4 are well crystallized, generally — Microanalyses (C, H, N): satisfactory figures obtained for
stable compounds [12]. Spectroscopically, they exhibit theall compounds (sav@aand3g). — AM1 calculations: Hyper-
features of 1Graromatic azapentalenes, including the detailsChem 4.5 (optimization of geometries 3fi/4h: Polak Ri-
typical of mesoionici(e. non-classical) representatives [13]. biere optimizer, RMS gradiest10* kcal A mol, conver-
Thus, we observed with a) in the UV/Vis spectra a batho- gence limit<10-5 kcal mot?).
chromic shift of the longest wavelength (except for the acyl
derivatives4aef, i.e. according to analogous pyrrolotetra- 1,4-/1,3-Substituted 5-Aminotetrazolium Bromitied/2a,b
zoles [6b]); b) in the NMR spectra the common downfield , . .
absorption of the bridgehead carbon aterg. (4a/3c 3 = la Dimethyl sulfate (6.30 g, 50 mmol) was added to a solu-

- s ion of 1-acetonyl-5-aminotetrazole (1.41 g, 10 mmol) [16]
tlr?f ﬁ-/rlnseotﬁylpgrpo)uioggxthathg (iezsz;%lg |gg60f_c 4a2(i /H 01Ji:n the minimum amount of nitromethane and the mixture held
(o . 7,0 = .

R . room temperature for 48 h. After evaporation of the sol-
i)rl12ar?g mv?/itﬁ)t%netggertr;?zlser?\?aet?\tlzaae rr;ogreomtiﬁgﬁt: '\T_()llgcul%ém’ the oily residue was extracted with ether, dissolved in
peak (:f., the same behaviour 0H2pyrr6|otetrazoles [6b]). water, neutralized W.'th aqueous NaHGmd a_IIowed to pass

As expected from related imidazoazoles [@jand4c 2 column pahcked W:th an|or|1 exchange resin conta:jnlng dbrﬁ'
are susceptible toSeactions, exemplified by the products mld_g on. T e".res(;thant sohutlorI\/ Wk?s cogcoecntra\t((_a | da(;] 3?: €
3d—gand4d—g of Scheme 1. The nitroso derivatBg quite re5|0 u_e Crys;iazfc rc(j)m et ar|1|g ?(tBer at L '167 42' 9
different from its H-pyrrolotetrazole congener.é CH in ngB/S),—THpNMR DI\/I(S?JC.). __5/ ( _r%véng[cm:;H— 3.05 ’
place of N) [6c], is stable with respect to imidazole ring open-3H) 561 (s 2|_$) 9 42{(!55)' 2|F—)|§m£36 l\.lMR(S(,DM)S’O-—C&)'(S,
ing. This can be rationalized as follows: the pyridine-like N(4)5/ P 26 8 1,34 '4 ,56 3 .t 148.4 198.6 '
atom exerts an electron-withdrawing influence comparable ppm = 26.8 (q), 34.4 (q), 56.3 (1), 4 (), 6 (). .
to acyl groups. Indeed, if such functions are attached to C(74a& Bromoacetone (1.51 g, 11 mmol) was added to a solution
of 5-nitroso-H-pyrrolotetrazoles, the derivatives, under or- 0f 5-amino-2-methyltetrazole (0.99 g, 10 mmol) [9a, 17] in
dinary conditions, retain their bicyclic form, too [6c]! In the hitromethane (20 ml) and the mixture heated at 60 °C for 5d.
case ofdg, however, the stabilizing acceptor effect is offset After evaporation of the_ solvent the product was crystallized
by the less nucleophilic N(4) atom of a (monocyclig)-2  from ethanol/ether. — Yield 1.06 g (45%);p. 140-170 °C
tetrazole, so that the nitroso compoenists predominantly (N0 improvement on recrystallization).*™H NMR (TFA):
as the open-chain valence isoiéNe found in dichlorometh-  d/ppm = 2.93 (s, 3H), 4.82 (s, 3H), 6.09 (s, 2H), 7.02 (s, 2H).
ane solution the following proportions (%/°C): 96.2/25, 94.8/—3C NMR (TFA): dppm = 26.3 (q), 42.7 (q), 57.0 (t), 159.2
0, 94.3/-20, 93.3/-40 (values determined by(s), 202.3(s).

IH NMR). 1b, 2b: A solution of phenacylbromide (3.00 g, ca. 15 mmol)
and 5-amino-1-/2-methyltetrazole (0.99 g, 10 mmol) [9a, 17]
i in nitromethane (100 ml) was held at 90 °C for 8b) @nd
Table 1 AM1 atomic charges fa8h and4h for 70 h @b), respectively. Work-up as detailed below.
3h 4h In the case ofb, the mixture was cooled at 5 °C for 10 h
total n total m and the precipitate filtered off; concentration of the filtrate to
N(1) 0.033 1.171 -0.010 1.319 half its volume and standing at 5 °C gave a second crop. Both
N(2) 0.019 1.131 -0.073 1.445 fractions were washed with ether and recrystallized from etha-
N(3) -0.182 1.658 -0.046  1.201 nol/ether. — Yield 2.70 g (88%; hemihydrata)p. 230 °C
C(3a) 0.005 1.051 -0.048  1.059 (dec.). — IR (KBr):Vpa/cnmt = 1702, 1684. *H NMR
N(4) -0.121 1.259 -0.123  1.267 (DMSO-d,): dlppm = 4.01 (s, 3H), 6.31 (s, 2H), 7.64-7.65
g% ol P ooy 9oL (m, 2H), 7.76—7.78 (m, 1H), 8.07—8.08 (m, 2H), 9.47 (s,
N(7) —0.160 1535 —0.081 1409 2H). —13C NMR (DMSO-q): dppm = 34.6 (q), 54.4 (t), 128.6
[2C] (d), 129.0 [2C] (d), 133.4 (s), 134.7 (d), 148.9 (s), 189.8
(s)

During the experiments affording the two series of prod-In the case o2b, the mixture was concentrated and the resi-
uctse—g, the substratéc proved more reactive th&g. This due washed with ether/dichloromethane (10 + 1). — Yield
was borne out by AM1 calculations on the mo®&lsnd4h 1.84 g (60%; hemihydrate).p. 218 °C (dec.; from ethanol/
which indicate a higher electron density at C(6) of tHe 2 ether). — IR (KBr):v g dcnmt = 1702, 1656. H NMR
isomer (Table 1) [14]. Compared to the exceptional ease olfDMSO-d,): dppm = 4.49 (s, 3H), 6.42 (s, 2H), 7.63-7.67
served with §reactions of the analogousidand H-pyr- (m, 2H), 7.77-7.81 (m, 1H), 8.07-8.09 (m, 2H), 8.59 (s,
rolotetrazoles [6b], the imidazotetrazoles react less readily2H). —13C NMR (DMSO-q): dppm =43.2 (q), 54.6 (t), 128.6
for example, acetylation @&c and4c could be accomplished [2C] (d), 129.0 [2C] (d), 133.4 (s), 134.7 (d), 158.7 (s), 189.4
only after addition of sodium acetatd. (15]). (s).

6-Acetyl-3,5-dimethyl-3H¢3a) and 6-Acetyl/Benzoyl-2,5-
dimethyl-2H-imidazo[1,2-d]tetrazol@la,b)

M.p.: Kofler microscope. — IR: Philips PU-9800 FTIR. — UV/ To a stirred solution afa, 2aand2b (4 mmol), respectively,

Experimental
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in acetic anhydride (20—30 ml) was added triethylamine Application of the above procedurelb (110 °C, 0.5 h)
(1.5 ml, ca. 10 mmol) and the mixture heated at 110 °C fogave 0.63 g (61%%a; characterization data correspond to
0.5 h (a), 1.5 h @a) and 2h 2b). Then the unconsumed rea- those of an authentic sample (see below).

gent was hydrolyzed with water (60 ml) at room temperature,

the mixture neutralized with aqueous NaH{TD%) and the  3-Methyl-6-phenyl-3H{3c) and2-Methyl-6-phenyl-2H-im-
solution extracted with dichloromethane. The products werédazo[1,2-d]tetrazol€4c)

isolated by flash chromatography [silica gel 40-068 chlo- . . .
roform/ethyl acetate (4 + 3)]; in the casef elution gave A mixture of1b and2b (0.61 g, 2 mmol; hemihydrate), re-

! : ~ spectively, acetic acid (10.0 g, 167 mmol) and sodium ace-
gﬁc?:;lrst fractiortb, followed by4a — For data, see Table 2 tate (4.00 g, 49 mmol) was adjusted to pH 6.5 by adding 9

Table 2 Preparative and (in selection) IR, UV/Vis and MS dataax—g, 4a—f and6

Yield m.p. recrystallized FTIR?) UV/Vis b) EIMS ©)
(%) (°C) from v (cnY Amax (19 &) m/z (%)
3a 51 124-125 EDO 1657 279 (4.13), 222 (3.92) 179 {M24), 109 (50), 108 (100)
4a 86 129-130 ED 1631 279 (4.16), 240 (3.99), 231 (4.01) 179 (N6), 164 (100)
4b 169  153-155 CHCIL/Et,0 1663
3c 11¢) 118-119 CHCL/ELO 3109 289 (3.94), 252 (4.18), 224 (4.01), 199,(1B), 171 (32), 144 (20),
217 (4.08) 103 (100)
4c 57 198-200  CHCl/p.e.f) 3135 328 (3.98), 271 (4.10), 224 (4.16) 199 (00), 103 (38)
3d 86 149 dec. CECl,/p.e. 296 (3.84), 248 (4.14)
4d 93 150-151  CECl/p.e. 334 (3.88), 267 (4.08), 225 (4.11)
3e 66 113-114 EDO 1656 289 (4.06), 249 (4.17), 223 (4.09) 241 (B), 170 (100), 103 (18)
4e 58 152-154  CECl/p.e. 1663 280 (4.08), 254 (4.27), 222 (4.02) 241,(M0), 226 (98), 129 (22),
103 (6)
3f 62 150-152 CECL/Et09) 1650 298 (4.19), 254 (4.27), 227 (4.16)
4f 69 229-231 CECl/p.e. 1642 294 (4.17), 259 (4.60), 220 (4.03)
39 44 149-150 CECl/p.e. 357 (4.27), 273 (4.05), 237 (4.02)
6 58 105-107 CECl/p.e. 2283 309 (4.11), 286 (4.15), 226 (3.95)

) In KBr; CHmigazole C=0 and ENO, respectively.?) In MeOH. ©) 70 eV; ion source temperature (°GY; 25;3c, 25;3¢, 25;44a, 55;4c¢, 50;
4e 75. 9) Besides 77%a. ©) Besides 89%c (based orH NMR). f) Petroleum etherd) With addition of petroleum ether.

Table 3 1H and3C NMR data of3a,c—g,4a—f, and6

1H NMR 9) 13C NMR 3)

o (ppm) o (ppm)
3a  2.575 (3H), 2.578 (3H), 4.10 (3H) 17.2 (q), 29.4 (), 33.9 (q), 121.1, 145.1, 157.7, 185.7
4a  2.62 (3H), 2.77 (3H), 4.53 (3H) 18.0 (q), 28.9 (q), 42.5 (q), 118.4, 156.3, 159.4, 184.6

4b  2.33 (3H), 4.57 (3H), 7.49-7.51 (m, 3H), 7.73—-7.76 (m, 2H) 28.6 (q), 42.6 (q), 118.4, 128.2 [2C] (d), 129.76 (d), 129.83 [2C] (d
133.9, 156.5, 159.8, 185.0
3¢ 4.12 (3H), 7.30—7.35 (m, 1H), 7.39—7.43 (m, 2H), 7.79 (1H), 33.9 (g), 101.9 (d), 125.7 [2C] (d), 128.3 (d), 128.7 [2CF(d), 133.

7.79-7.84 (m, 2H) 145.3, 150.4
4c  4.41 (3H), 7.33-7.37 (m, 1H), 7.42—7.45 (m, 2H), 7.80 42.4 (g), 99.2 (d), 125.7 [2C] (d), 128.3 (d), 128.7 [2C] (d), 134.0,
(1H), 7.93-7.95 (m, 2H) 151.4, 156.3
3d  4.13 (3H), 7.38—7.48 (m, 3H), 7.99-8.01 (m, 2H) 34.0 (g), 84.1, 127.4 [2C] (d), 128.5 [2C] (d), 128.6 (d), 132.7, 144.3,
146.8
4d  4.45 (3H), 7.39-7.49 (m, 3H), 8.09—8.11 (m, 2H) 42.5 (q), 79.8, 127.8 [2C] (d), 128.5 [2C] (d), 128.8 (d), 132.9, 149.6,
155.0

3e  2.52 (3H), 4.19 (3H), 7.46—7.48 (m, 3H), 7.79—7.82 (m, 2H) 29.4 (q), 34.1 (q), 120.8, 128.2 [2C] (d), 129.8 [2C] (d), 129.9 (d),
133.4, 145.4, 157.5, 185.4

4e  2.33 (3H), 4.57 (3H), 7.49—7.50 (m, 3H), 7.72—7.75 (m, 2H) 28.6 (q), 42.7 (q), 118.4, 128.2 [2C] (d), 129.78 (d), 129.83 [2C] (d
133.9, 156.4, 159.8, 185.1

3f  4.23 (3H), 7.51—7.53 (m, 3H), 7.80—7.82 (m, 2H), 9.95 (1H) 34.2(q), 120.8, 129.0 [2C] (d), 129.3 [2C] (d), 130.5 (d),A.82.1, 14
161.3, 176.7 (d)

4f  4.60 (3H), 7.55—7.58 (m, 3H), 7.95-7.97 (m, 2H), 9.89 (1H) 42.8 (q), 117.4, 128.9 [2C] (d), 129.2 [2C] (d), 130.2 (d), 1.32.3, 15
160.6, 175.8 (d)

3g  4.19 (3H), 7.63—7.71 (m, 3H), 8.59—8.61 (m, 2H) 34.1(q), 129.2 [2C] (d), 129.9 [2C] (d), 131.4, 132.3 (d), 148.3, 154.1,
161.5
6  4.42 (3H), 7.52—7.59 (m, 2H), 7.61—7.65 (m, 1H), 40.1 (q), 128.9 [2C] (d), 129.0 [2C] (d), 133.6 (d), 134.7, 144.1, 167.3;

8.01-8.19 (m, 2H)4g: 4.55 (integral <5% of s at 4.42)] C of CNO group not obsefyed
3) In CDCl, (except forH of 3a, 13C of 4c and'H / 13C of 3gwhich were measured in DMSQ)dunspecified signals are singlefsCf. [19].

J. Prakt. Chen00Q 342 No. 6 593



PROCEDURES/DATA

D. Moderhack, B. Holtmann

NH, and heated at 105-110 °C for 3.5lb)(and at 100 °C

(m, 2H). —13C NMR (CDCL): dppm = 26.6 (q), 34.4 (),

for 2 h @b). The cooled solution was made weakly alkaline 55.0 (t), 128.1 [2C] (d), 129.0 [2C] (d), 133.6 (s), 134.4 (d),
with aqueous NaHC£)10%) and the products were extract- 149.3 (s), 178.2 (s), 189.1 (s).

ed with dichloromethane. For isolation3x, the concentrat-
ed extract showing 11%c and 89%bc (based odH NMR;

5b: To an aqueous solution db (3.07 g, 10 mmol; hemihy-
drate) was dropwise added 8IH;, whereupon the mixture

data below) was dissolved in ethanol and, after addition ofyas extracted with dichloromethane to afford the product. —
ethanolic picric acid, briefly heated at reflux. On cooling atvije|d 2.06 g (95%)m.p. 143—145 °C (dec.; from dichloro-

0 °C crystals of thepicrate of 3c precipitated f.p. 156 —

methane/petroleum ether). —

IR (KBW);,, /et = 3338,

157 °C; from ethanol) which were suspended in dichloromethq 700, 1658. 2H NMR (CDCL): dppm = 3.58 (s, 3H), 4.09

ane and repeatedly shaken with agueous NaHC@»%) to

(s, 1H), 5.39 (s, 2H), 7.49—7.53 (m, 2H), 7.62—7.66 (m, 1H),

give 0.036 g (9%) of the free ba3e — For data, see Table 2 7 97_7.99 (m, 2H). 13C NMR (CDCL): dppm = 32.0 (q),

and 3.

50.9 (t), 128.2 [2C] (d), 129.0 [2C] (d), 134.1 (s), 134.3 (d),

150.1 (s), 190.3 (s). — The same material was isolated after

6-Bromo-3-methyl-5-phenyl-3Kd) and6-Bromo-2-methyl-
5-phenyl-2H-imidazo[1,2-d]tetrazolgd)

To a stirred solution a8¢c and4c (0.40 g, 2 mmol), respec-

heatingbain acetic acid (reflux, 30 min).

5¢: The product was obtained by heatiigin 6N NaOH at
100 °C for 1 h and extraction of the reaction mixture with

tively, in chloroform (5 ml) was dropwise added bromine dichloromethane. — Yield quantitative;p. 122—124 °C (from
(0.34 g, 2.1 mmol) in the same solvent (2 ml) at 0 °C. Afterdichloromethane/petroleum ether). — IR (KBw);,/cn? =

0.5 h the suspension formed was treated with aqueous735, 1716, 1697. 3H NMR (CDCL): dppm = 3.67 (s,
NaH-CQ, (10%) until the solid had dissolved; the mixture 3H), 5.41 (s, 2H), 7.51-7.55 (m, 2H), 7.64-7.68 (m, 1H),
was diluted with chloroform (25 ml) and the product isolated7.96—-7.99 (m, 2H). £C NMR (CDCL): d/ppm = 31.5 (q),

from the organic layer. — For data, see Table 2 and 3.

50.4 (t), 128.1 [2C] (d), 129.1 [2C] (d), 133.9 (s), 134.5 (d),

151.3 (s), 189.8 (s).

6-Acetyl-3-methyl-5-phenyl-3K3e) and6-Acetyl-2-methyl-
5-phenyl-2H-imidazo[1,2-d]tetrazolde); 3-Methyl-5-phe-
nyl-3H- (3f) and2-Methyl-5-phenyl-2H-imidazo[1,2-d]tetra-
zole-6-carbaldehydéif)

A mixture of 3c and4c (0.40 g, 2 mmol), respectively, and [1]
a) acetic anhydride (5.00 g, 49 mmol) and sodium acetate
(0.70 g, 8.5 mmol) or b) acetic formic anhydride (15 ml) [18] 2]
was heated as detailed below: a) 130-140 °C/Zg)hafd
120-130 °C/3 h4c); b) with stirring 85 °C/2.5 h3¢) and [3]
85 °C/1.5 h4c). After cooling the excess reagent was hydro-
lyzed with water (30—40 ml), the solution was made alkaline [4]
(pH 8-9) by adding NALO, and the product extracted with
dichloromethane. — For data, see Table 2 and 3.

3-Methyl-6-nitroso-5-phenyl-3H-imidazo[1,2-d]tetrazole
(3g9) and [(2-Methyltetrazol-5-yl)imino]-phenylacetonitrile
oxide(6)

To a stirred solution a8¢c and4c (0.40 g, 2 mmol), respec-
tively, in acetic acid (10.0 g) was added NaNO.28 g,
4 mmol) in water (1 ml) at 0 °C. After 45 mi8dj or 15 min
(4c) the mixture was made weakly alkaline by addingN®i,
and the product extracted with dichloromethane. — For data[7]
see Table 2 and 3.

(5]

(6]

5-Functionalized 4,5-Dihydro-1-methyl-4-phenacyl-1H-
tetrazolesba—c (Authentic Samples)

5a To a solution of5b (0.35 g, 1.6 mmol) in dichloro-
methane (30 ml) was added acetyl chloride (0.14 g, 1.8 mmol)
in the same solvent at 0—5 °C. After 5 min the mixture was '°)
treated with aqueous NaHG@.0%) until the solid had dis-
solved and the product isolated from the organic layer. — Yield
0.41 g (99%)m.p. 124—-126 °C (from dichloromethane/pe-
troleum ether). — IR (KBr)vpadcnm?t = 1699, 1631. —

H NMR (CDCL): d/ppm = 2.05 (s, 3H), 3.85 (s, 3H), 5.94

(s, 2H), 7.51-7.54 (m, 2H), 7.64—-7.67 (m, 1H), 7.96—7.98

594
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