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Rearrangement of 3,3-Disubstituted 1-Aryl-4,5-dihydro-5-oxo0-3H-1,2,4-triazolium
Tetrafluoroborates; Part 1. A Versatile Synthesis of 1,5-Disubstituted 2-Aryl-1,2-dihydro-

3H-1,2,4-triazol-3-one Tetrafluoroborates
Hubert Gstach,*! Patrick Seil

Institut fiir Organische und Pharmazeutische Chemie, Universitit Innsbruck, Innrain 52a, A-6020 Innsbruck, Austria

a-(Arylazo)alkyl isocyanates 3 react with tetrafluoroboric acid to
yield 3,3-disubstituted 1-aryl-4,5-dihydro-5-oxo0-3H-1,2,4-triazo-
lium tetrafluoroborates 4. These compounds rearrange under mild
conditions and in good yields to the tetrafluoroborates of 1,5-
disubstituted 2-aryl-1,2-dihydro-3H-1,2,4-triazol-3-ones 5. Our re-
sults show that the nature of the substituents determines their
migratory aptitude for the rearrangement.

Only few methods for the preparation of 1,5-disubsti-
tuted 2-aryl-1,2-dihydro-3H-1,2,4-triazol-3-ones have
been reported, e. g. the cyclization of 1,2-diaryl-4-benzo-
ylsemicarbazides in hydrochloric acid, or the thermolysis
of carbonyl azide derivatives of hydrazones.? Further-
more, good yields of these dihydro-1,2,4-triazol-3-ones
have been reported to result from thermally induced
rearrangement of a-(arylazo)alkyl isocyanates.> Here we
present a new and convenient synthesis of 1,5-disub-
stituted  2-aryi-1,2-dihydro-3H-1,2,4-triazol-3-one  te-
trafluoroborates § by acid-induced rearrangement of a-
(arylazo)alkyl isocyanates 3.
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Several well described procedures for the synthesis of the
substrates 3 are reported in the literature.”>®8-11 We
chose the 1,3-dipolar cycloaddition of isocyanic acid
(generated in situ) to arylhydrazones 1 to give 5,5-
disubstituted 2-aryl-1,2,4-triazolidin-3-ones 2 (Table
1),*~? followed by oxidation®° with potassium per-
manganate (Scheme A) (Table 2).

o-(Arylazo)alkyl isocyanates 3 were converted to 3,3-
disubstituted 1-aryl-4,5-dihydro-5-ox0-3 H-1,2,4-tri-
azolium tetrafluoroborates 4 by simply stirring with
tetrafluoroboric acid!? in diethyl ether for 5 minutes
(Scheme B). The compounds 4a-f could be isolated as
crystals and characterized (Table 3). All triazolium tetra-
fluoroborates 4 rearrange under mild reaction con-
ditions with a 1,2-shift of one of the substituents from
position 3 to the nitrogen atom at position 2 to yield the
salts of 1,5-disubstituted 2-aryl-1,2-dihydro-3H-1,2,4-
triazol-3-ones 5 (Table 4). This opens a new synthetic
route to the heterocycles 5 (Scheme B).
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Scheme B. For Ar, R! and R?, see Scheme A

The stability of the 3,3-disubstituted 1-aryl-4,5-dihydro-
5-0x0-3H-1,2,4-triazolium tetrafluoroborates 4a—p de-
pends strongly on the nature of the substituents R!
and R?, but to a lesser degree, it is also influenced by
the substitution pattern of the aromatic ring. The
compounds with geminal methyl substituents 4a—e
(R' = R? = methyl) are the most stable triazolium salts.
Within these, the reaction leading to 1,2-shift of a methyl
group, which needs 10 to 15 minutes to be performed in
boiling acetonitrile for 4a—c, is slowed down by the
donor-substituted aryl group in 4d to such a degree that
the reaction time has to be prolonged to 6 hours. On the
other hand, compound 4e, with a 4-nitro substitution of
the aromatic ring, shows a steep increase in the rate of the
rearrangement reaction. Crystalline 4e is always accom-
panied by impurities of Se, a result of rearrangement even
atlow temperatures. The 4-nitrophenyl substituent on the
heterocyclic ring of 4e does accelerate the rearrangement
reaction, but it hinders the acid-promoted ring closure of
the 1-(4-nitrophenylazo)-1-methylethyl isocyanate (3e)
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to the triazolium salt 4e. This synthetic problem can be
resolved by carrying out the reaction in pure aqueous
tetrafluoroboric acid without previously dissolving the
isocyanate 3e in an organic solvent.

In the series of 3,3-disubstituted 4,5-dihydro-1-phenyl-
5-0x0-3H-1,2,4-triazolium tetrafluoroborates 4a,f-p
the influence of the substituents R' and R? on the
rearrangement was studied, by following the course of the
reaction by UV/Vis-spectroscopy. The yellow triazolium
salts 4 show a broad, strong absorption at
A =336-364nm (log ¢ = 3.87-3.98), which decreases
with the progression of the rearrangement reaction. The
colorless products 5 do not show any absorption above
A = 300 nm. Compound 4a (R' = R? = methyl) shows
in acetonitrile at 22 °C a half-life of 22 h with regard to its
rearrangement to 5a. In compound 4j (R! = cyclopro-
pyl, R? = methyl) only the cyclopropyl substituent un-
dergoes the 1,2-migration, but the half-life in acetonitrile
at 21.5°C decreases to 10.2 minutes. Compound 4f
(R! = ethyl, R? = methyl) can be isolated as crystals and
kept at low temperature for a few minutes, but in
acetonitrile at 22°C the half-life is only 16 seconds,
yielding 5f with exclusive migration of the ethyl substitu-

Table 1. 5,5-Disubstituted 2-Aryl-1,2,4-triazolidin-3-ones 2 Prepared

SYNTHESIS

ent. The considerable acceleration in the rate of the
rearrangement reaction by replacing one of the methyl
groups in 4a with an ethyl group in 4f [t, , (methyl): ¢, ,
(ethyl) = 5000: 1] can be associated with the presence of a
strongly polarized transition state during the migration of
one of the substituents.

The ease with which alkyl substituents larger than methyl
undergo the 1,2-migration explains that only few of the
triazolium salts 4f—p can be isolated even at low tempera-
tures and that most of the compounds 4f-p exist only as
short-lived intermediates. Furthermore, the important
differences in the migration rates of the respective sub-
stituents ensures that, in the case of a rearrangement with
two different substituents R and R?, the formation of
mixtures of the two possible isomers is never observed.
The tetrafluoroborates of 1,5-disubstituted 2-aryl-1,2-
dihydro-3H-1,2,4-triazol-3-ones 5f-p formed are the
products of migration of only one substituent. Even the
acid catalysed rearrangement of 30 via 40 shows a
complete differentiation of the alkyl substituents. The
exclusive migration of the isopropyl substituent generates
only 5o. If an alkyl and a phenyl substituent compete for
the migration, the following observations can be made:

IH-NMR (CDCl,/TMS)

6, J(Hz)

Prod- Yield mp (°C) Molecular IR (KBr)
uct (%) (solvent) Formula® VN-H,c=0
or Lit. mp (°C) (cm™1)

2d 60 103-104.5 C,;H,sN;0, 3170, 1713
(MeOH) (221.3)

2f 73 109-111 102-1047 3190, 1704
(MeOH)

2 77 101-103 98-1007 3165, 1698
(crude)

2h 77 118-119 118-1207 3215, 1695
(crude)

2i 81 142-143 139-1417 3170, 1696
(crude)

2j 55 104-106 981007 3185, 1694
(crude)

21 63 143-144 C,¢H;,N;O 3165, 1687
(MeOH) (267.3)

2m 77 110-111 C,-H{4N,;0 3235, 1703
(MeOH) (281.4)

2n 80 132-134 125-1287 3175, 1698
(crude)

20 85 109-110 C3HoN;0 3175, 1700
(MeOH) (233.3)

2p 63 97-99 C,4H,N;O0 3190, 1697
(PE) (243.3)

2q 74 128 (dec) C,3HoN;0 3210, 1697
(MeOH) (233.3)

2r 81 >108 (dec) C,¢H,,N;0 3200, 1704
(MeOH) (267.3)

1.42 (s, 6H, -C,Hy), 3.73 (s, 3H, CH;0), 4.54 (br 5, 1 H, NNH), 6.09
(br s, 1H, CONH), 6.68, 6.82, 7.40, 7.55 (AA'BB/, 4H,,,,)

0.97 (t, 3H, J = 7, CH,CH,), 1.39 (s, 3H, CH,), 1.48-1.97 (m, 2H,
CH,CH,), 4.44 (s, 1 H, NNH), 6.48 (br s, 1 H, CONH), 6.70-7.77 (m,
SHarom)

0.60-1.13 (m, 3H, CH,CH,CH,), 1.13-1.86 (m, 4H, CH,CH,CH,),
1.37 (s, 3H, CH,), 4.4 (br s, 1H, NNH), 6.64 (br s, 1H, CONH),
6.74-7.78 (m, SHyom)

0.95. 1.04 [2d, 3H each, J = 7, (CH,),CH], 1.41 (s, 3H, CH,), 1.53-
2.25 [m, 3H, (CH,),CHCH,], 4.45 (s, 1H, NNH), 6.45 (br s, 1H,
CONH), 6.75-7.80 (m, SH, o)

0.99 [d, 6H, J = 7, (CH,),CH], 1.34 (s, 3H, CH3), 1.54-2.22 [sept,
{H, J =7, (CH;),CH], 4.39 (s, 1H, NNH), 6.43 (br s, 1H, CONH),
6.75-7.85 (m, 5H,om)

0.20-0.76 (m, 4H, CH,CH,), 0.76-1.27 (m, 1H, CH), 1.43 (s, 3H,
CH,), 4.51 (s, 1H, NNH), 6.42 (br s, 1H, CONH), 6.66-7.80 (m,
5Harom)

0.85 (t, 3H, J = 7, CH,CH,), 2.09 (q, 2H, J = 7, CH5CH,), 4.76 (s,
1 H, NNH), 6.85-7.90 (m, 11H, 10H,,,, + CONH)

1.46 (s, 3H, CH3), 1.75-2.15 (m, 2H, CH,CH,Ph), 2.50-2.95 (m, 2H,
CH,Ph), 4.45 (s, 1H, NNH), 6.45 (br s, 1H, CONH), 6.75-7.85 (m,
10Hrom)

0.92 (t, 6H, J = 7, 2x CH,CH,), 1.40-1.93 (m, 4H, 2x CH,;CH,),
439 (br s, 1H, NNH), 6.52 (br s, 1 H, CONH), 6.70-7.80 (m, 5H,.om)
0.75-1.20 [m, 9H, CH,CH, (CH,),CH], 1.50-2.15 [m, 3H,
CH,CH,, (CH,);CH], 4.35 (br s, t H, NNH), 6.43 (br s, 1 H, CONH),
6.65-7.75 (m, SH,om)

0.23-0.84 (m, 8 H, 2 x CH,CH,), 0.84-1.47 (m, 2H,2 x CH), 4.41 (br
s, 1H, NNH), 6.40 (br s, 1 H, CONH), 6.65-7.88 (m, SH,m)

1.02 (s, 9H, -C,Hy), 1.47 (s, 3H, CH,), 4.45 (br s, 1 H, NNH), 6.09 (br
s, 1H, CONH), 6.90-7.83 (m, 5H,pom)

1.40 (s, 3H, CHs), 2.70, 2.91, 2.95, 3.16 (AB, 2H, J,p = 12, CH,), 4.56
(br s, 1 H, NNH), 6.06 (br s, 1H, CONH), 6.80-7.80 (m, 10Hrom)

» Satisfactory microanalyses obtained: C £0.13, H £0.15, N £0.21, except for 2r which is unstable.
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Table 2. a-(Arylazo)alkyl Isocyanates 3 Prepared

Papers 805

Prod- Yield n,(°C) Molecular UV (CH;CN) IR (film) 'H-NMR (CDCl,/TMS)
uct (%) Formula® Amax (nM) VN=c=0 4, J(Hz)
or Lit. Data (loge) (cm™Y)
3d 97 1.5508 C,,H5N;0, 304 (4.14), 2220, 2165sh, 1.55 (s, 6H, +-C,H,), 3.82 (s, 3H, CH;0), 6.83,
(25) (219.2) 370 (2.58) 2125sh 6.98, 7.69, 7.84 (AA'BB’, 4H,,,m)
3f 90 1.5275 bp 80-81/0.21° 268 (4.01), 2220, 2155sh 0.82(t, 3H, J = 7, CH,CH,), 1.54 (s, 3H, CH3;),
(22) 382 (2.25) 1.76-2.24 (m, 2H, CH,CH,), 7.20-7.92 (m,
5Harom)
3g 90  1.5230 Ci,HsN;0 268 (4.02), 2220, 2160sh 0.50-2.20, 1.53 (m, s, 10H, CH;CH,CH,, CH,),
(23) (217.3) 382 (2.26) 7.15-7.98 (m, 5H,,,n)
3 84 15191 C,3H;4N;0 269 (4.10), 2220, 2140sh 0.79, 0.90 [2d, 3H each, (CH;),CH], 1.50 (s, 3H,
(24) (231.3) 380 (2.28) CH,), 1.62-2.10 [m, 3H, (CH;),CHCH,], 7.10-
7.92 (m, 5H,om)
3i 90  1.5298 C,,H,sN;0 268 (3.96), 2220, 2170sh 0.80, 1.04 [2d, 3H each, J = 7, (CH;),CH)], 1.49
(20) (217.3) 381 (2.24) (s, 3H, CH;), 2.07-2.60 [m, 1H, (CH,),CH],
7.16-7.87 (m, 5H,om)
3j 94  1.5422 C.,H5N;0 268 (4.08), 2220, 2160sh 0.10-0.80 (m, 4H, CH,CH,), 1.25-1.80 (m, 1 H,
(20) (215.3) 379 (2.26) CH), 1.65 (s, 3H, CH,), 7.13-7.90 (m, 5H,,,..)
31 97  1.5784 C;6H,sN30 273 (4.09), 2220 0.83 (t, 3H, J=17, CHy), 2.27 (q, 2H, J =17,
22) (265.3) 382 (2.30) CH,), 7.10-8.05 (m, 10H,,,,,)
3m 88 1.5688 C,,H;N;0 268 (4.16), 2225 160 (s, 3H, CH,), 2.02-285 (m, 4H,
22) (279.3) 380 (2.29) CH,CH,C¢H,), 6.90-7.20 (m, SH, CH,C¢Hjs),
7.30-7.95 (m, 5H, CgH;N=N)
3n 83 1.5258 C,,H,sN;0 271 (4.11), 2220, 2125sh 0.78 (t, 6H, J =7, 2 x CH,CH,), 1.78-2.30 (m,
23) (217.3) 381 (2.26) 4H, 2 x CH,CH,), 7.18-7.85 (m, 5H, ;)
3o 94 1.5254 Ci3H ;N30 269 (4.01), 2210, 2150sh 0.55-1.15 [m, 9H, CH,CH,, (CH;),CH], 1.70-
24 (231.3) 385 (2.23) 2.80 [m, 3H, CH,CH,, (CH,),CH], 7.20-7.90
(m’ 5Harom)
3p 88 1.5531 C.HsN;0 269 (4.06), 2220 0.10-0.92 (m, 8H, 2 x CH,CH,), 1.38-2.10 (m,
(20) (241.3) 380 (2.27) 2H, 2x CH), 7.21-7.95 (m, SH,.,p)
3q - - C3H;N;0 - 2200, 2145sh -
(231.3)
Ir - - C,6H,sN3;0 - 2215, 2155sh -
(265.3)

* Satisfactory microanalyses obtained: C +0.39, H +0.15, N +0.22, except for 3i, I, m, o, q, r which are unstable.

Table 3. New Isolable 3,3-Disubstituted 1-Aryl-4,5-dihydro-5-oxo-
3H-1,2,4-triazolium Tetrafluoroborates 4 Prepared

Prod- Yield mp  Molecular uv IR

uct (%) (°C) Formula® (CH,;CN) (KBr)
lmax(nm) Vc=0
(loge) (cm™)

d4c 91 120 C,oH,(BCLF,N,0 357 1874
(rear.) (345.9) (3.93)

d4e - - CjoH,BF,N,O, - 1872
(322.0)

4 - - C,H.BFN,0 - 1865
(291.0)

4m - - C,,H;sBE,N,0 - 1845
(367.2)

* Microanalysis obtained for 4¢: C —0.53, H +0.01, N —0.21; 4e,
f, m are unstable and accompanied by Se, f, m.

compound 4k is converted into 5k with the exclusive
migration of the phenyl group, but 41 yields 51 with only
the ethyl group undergoing the 1,2-shift.

The proof, which substituent has migrated during the
rearrangement from 4 10 5 can be furnished simply by the
analysis of the "H-NMR spectra of 5. Compared to the

respective chemical shifts in the substrates 3 and 4, the a-
protons of the substituent, which has migrated to the
nitrogen atom show a strong shift downfield of about
2 ppm in the products 5. The a-protons of the group,
which did not migrate reflect the same tendency, but the
shift downfield is only 0.5-1 ppm.

The scope of the acid-induced rearrangement reaction of
a-(arylazo)alkyl isocyanates 3 for the synthesis of the
tetrafluoroborates of 1,5-disubstituted 2-aryl-1,2-
dihydro-3H-1,2,4-triazol-3-ones 5 is broad. However, the
synthesis of some of the compounds 5 fails at the step of
the 1,2,4-triazolidin-3-ones 2. Thus, for example, the
arylhydrazones of 2,2 4-trimethyl-3-pentanone, 1,1,1-
trifluoracetone and also diarylketones fail to add iso-
cyanic acid to form 2.

In the course of further investigations on the rearrange-
ment of 4, problems arose in attempts to synthesize the
tetrafluoroborates of 1,2-dihydro-2-phenyl-3H-1,2,4-
triazol-3-ones with 1-tert-butyl- S5q or 1-benzyl-
substituent Sr. The respective a-(phenylazo)alkyl isocya-
nates 3q,r tend to rearrange to the 1,5-disubstituted 1,2-
dihydro-2-phenyl-3H-1,2 4-triazol-3-ones 7q,r during
their synthesis, even if the oxidation is carried out at 0°C.
These examples show that the known, thermally induced
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rearrangement of the isocyanates 33 is influenced also pp, Ph
4 M N\ KMnOQ,
strongly by the substitution pattern. N—NHg  E1,0/H;0, 0°c N=N R "
As the experience with the rearrangement of the triazo- 07Ny n ! o2 -
. . X R2 0=C=N R
lium salts 4 suggests, the presence of an aryldiazenium H
function is absolutely essential to induce the migration of 2q,r 3q,r
an alkyl or aryl group to the nitrogen atom. For this
reason the thermal rearrangement of 3 to 7 should PR, PR R!
proceed via the cyclic zwitterionic isomer 6 (Scheme C). N=N N-N
OJ\N)(RRZ 64-83% OJ\N/)\RZ
Scheme C 6q,r 7q,r
Table 4. Compounds 5 Prepared
Prod- Me- Yield mp (°C) Molecular IR (KBr) 'H-NMR (TMS)*
uct thod (%) (solvent) Formula® Ve=olcm™1) é, J(Hz)
5. A 91  >185 (dec) C,0H,,BF,N,0 1750, 1775sh  2.56 (s, 3H, CH,), 3.42 (s, 3H, NCH,), 7.27-7.76
(MeOH) 277.0) (m, 5H,,,,), 10.06 (br s, 1H, NH)
5 A 82 >180 (dec) C,oH,,;BCIF,N,O  1755,1797sh  2.56 (s, 3H, CH,), 3.41 (s, 3H, NCH,), 7.31,
(MeOH) (311.5) 745, 7.51, 7.66 (AA'BB’, 4H,,,,), 10.21 (br s,
1H, NH)
5c A 83 >205(dec) C,oH,oBCL,F,N;O 1760, 1795sh  2.60 (s, 3H, CH,), 3.48 (s, 3H, NCH,), 6.96 (br s,
(MeOH/Et,0) (345.9) {H, NH), 7.24-7.85 (m, 3H,,,,))
sd A 8 T73-75 C,,H,,BF,N,0, 1751 2.52 (s, 3H, CHs), 3.39 (s, 3H, NCH,), 3.80 (s
(CH;CN/Et,0) (307.0) 3H, CH;0), 7.00, 7.14, 7.30, 7.44 (AA'BB,
4H,,.), 9.56 (br s, 1H, NH)
Se B 71 >208 (dec) C,oH,,BF,N,0, 1754 248 (s, 3H, CH,), 3.44 (s, 3H, NCH,), 7.50,
(MeOH/TBME) (322.0) 7.64, 8.18, 8.33 (AA'BB’, 4H,.), 12.31 (br s,
1H, NH)
5f C 93  >130(dec) C,,H,,BE,N,0 1756 1.07 (t, 3H, J =7, NCH,CH,), 2.56 (s, 3H,
(CH,CN/Et,0) (291.0) CH,), 3.95 (g, 2H, J = 7, NCH,), 7.35-7.77 (m
5H,,..), 11.09 (br s, 1H, NH)
58 C 8  >135(dec) C,,H,6BF,N,0 1746 0.72 (t, 3H, J =7, NCH,CH,CH,), 1.05-1.65
(MeOH/TBME) (305.1) (m, 2H, NCH,CH,), 2.55 (s, 3H, CH,), 3.87 (t,
2H, J =17, NCH,), 7.48 (s, 6H, SH,,.., + NH)
Sh  C 85  >148 (dec) C,H,sBF,N,0 1748 0.73 [d, 6H, J =7, CH(CH,),), 1.30-1.90 {m,
(MeOH/TBME) (319.1) 1H, CH(CH,),], 2.57 (s, 3H, CH,), 3.78 (d, 2H,
J =17,NCH,), 6.78 (s, 1 H, NH), 7.47 (s, 5H,or)
5i C 76 >180 (dec) C,,H,¢BF,N,0 1768 1.31 [d, 6H, J = 7, NCH(CH,),], 2.59 (s, 3H,
(MeOH/TBME) (305.1) CH,), 4.04-4.67 [m, 1H, NCH(CH,),], 7.46 (s,
SH,,,), 10.64 (br s, 1H, NH)
5§ C 74 >155(dec) C,,H,4BF,N;0 1750 0.70-1.05 (m, 4H, CH,CH,), 2.52 (s, 3H, CH,),
(MeOH/Et,0) (303.1) 2.92-3.51 (m, 1H, NCH), 7.44 (s, 5H,,,,), 9.91
(s, 1H, NH)
5k C 83  >104 (dec) C,sH,,BF,N,0 1752 2.29 (s, 3H, CH,), 7.05 (br s, 1 H, NH), 7.22 (s,
(MeOH/TBME) (339.1) 5H, H,,,..), 7.38 (s, SH,...)
51 C 89  >205(dec) C,6H,4BF,N,0 1750 092 (t, 3H, J=17, CH,), 405 (q, 2H, J=1,
(MeOH/Et,0) (353.1) CH,), 7.55-8.20 (m, 10H,,,.), 9.04 (s, 1 H, NH)
5Sm C 74  80-95 C,.H,sBF,N,0 1750 225 (s, 3H, CH,), 278 (, 2H, J=1,
(MeOH/TBME) (367.2) NCH,CH,CHs), 419 (t, 2H, J =7, NCH,),
6.85-7.40 (m, 5H, CH,C4H,), 7.40~7.80 (m, SH,
C¢H,N), 8.58 (s, 1 H, NH)
5 C 71 >145(dec) C,,H,¢BF,N,0 1748 1.06 (t, 3H, J =7, NCH,CH,), 1.32 (t, 3H, J
(MeOH/Et,0) (305.1) =7, CH,CH,), 2.96 (q, 2H, J =7, CH,CH,),
3.98 (q, 2H, J = 7, NCH,CHs), 7.51 (s, 5H,.o0),
10.60 (s, 1H, NH)
50 C 76 > 185 (dec) C,3H,3BF,N,;0 1758 1.27[d, 6H, J =7, NCH(CH3),], 1.31 (t, 3H, J
(MeOH) (319.1) =7, CH,CH,), 2.97 (q, 2H, J =7, CH,CH,),
4.44 [sept, 1H, J = 7. NCH(CHj,),], 7.55-7.85
(m, 6H, SH,,.m + NH)
5p C 75  >185(dec) C,,H,4BF,N,0 1762 0.87-1.78 (m, 8H 2 x CH,CH,), 2.17-2.70 (m,
(CH;CN/TBME) (329.1) 1H, CH), 3.08-3.51 (m, 1H, NCH), 7.10 (br s,

1H, NH), 7.47 (s, SH,;0m)

2 TBME = tert-Butyl methyl ether.
b Satisfactory microanalyses obtained: C +0.36, H £ 0.19, N +0.32, exceptions: Sm C +0.71, Sn C +0.45; 54, k, 1 were analysed as free

bases: C +£0.18, H +0.23, N +0.18.

¢ Solvent: CD;CN for 5a—c, p; DMSO-dg for 5d—o.
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Taking into account these facts, the 3,3-disubstituted 1-
aryl-5-oxo0-4,5-dihydro-3H-1,2,4-triazolium tetrafluoro-
borates 4 may be considered as zwitterionic isomer 6 of
a-(arylazo)alkyl isocyanates 3 stabilized by proton-
ation,'? even if up to this day no spectroscopic or
chemical proof for the existence of 6 can be furnished.
The cyclic intermediate 6 is probably only a transition
state in the reaction pathway of the rearrangement of 3.

Virtually all a-(arylazo)alkyl isocyanates 3a—p can also
be rearranged to 7a—p thermally, but colored products
are formed. In the case of 30, the 'H-NMR spectrum of
the crude reaction mixture shows that the selectivity of the
reaction is affected and a mixture of the two possible
isomers are produced.

Melting points were determined on a Thermovar-Reichert Kofler
melting point microscope and are uncorrected. 'H-NMR spectra
were performed on a JEOL JNM-PMX-60 spectrometer in various
solvents with TMS as an internal standard. IR-spectra were re-
corded on a Beckman Acculab 2 spectrophotometer and UV/Vis
spectra on a Gilford 250 spectrophotometer. Microanalyses were
performed by Dr. J. Zak at the Institute of Physical Chemistry of
the University of Vienna.

All reagents are available commercially and were purchased from
Fluka, Merck, or Aldrich and used without further purification.
Solvents were distilled before use. Petroleum ether (40-60°C) was
used. The reactions were monitored, and the purity of the com-
pounds was checked, by TLC on Polygram SIL G/UV,s, plates
purchased from Macherey-Nagel.

5,5-Disubstituted 2-aryl-1,2,4-triazolidin-3-ones 2a—r were pre-
pared from arylhydrazones 1 and KNCO in AcOH according to
literature.” ~® Care must be taken concerning the synthesis and
storage of 5-benzyl-5-methyl-2-phenyl-1,2,4-triazolidin-3-one (2r).
This compound is sensitive to air and should always be handled
under a N, atmosphere, since it is slowly oxidized in contact with air
to yield 2,3-dihydro-5-methyl-2-phenyl-3H-1,2,4-triazol-3-one and
benzaldehyde.

a-(Arylazo)alkyl isocyanates 3 were prepared by oxidative ring
cleavage of 2-aryl-1,2,4-triazolidin-3-ones 2 according to literature.’
Before the separation of the layers, the MnO, formed may be filtered
with diatomaceous silica to prevent the formation of emulsions
during the extraction process. If further purification of the product is
necessary, it is best performed by short column chromatography on
silica gel (10-15cm, eluent: Et,O/petroleum ether (40-60°C),
cluent ratio must be varied according to the product and the
impurities). Bulb to bulb distillation in vacuo is possible with some of
the products 3, but at elevated temperatures spontaneous rearrange-
ment to 7 may occur, therefore distillation of these compounds
should be avoided. Compounds 3i,l,m,0,q,r rearrange to
7i,l,m,0,q,r even at r.t., so that the oxidation is best carried out in
an ice bath.

3,3-Disubstituted 1-Aryl-4,5-dihydro-5-0x0-3H-1,2,4-triazolium
Tetrafluoroborates 4; General Procedure:

The appropriate a-(Arylazo)alkyl isocyanate 3 (10 mmol) is dis-
solved in Et,0 (75 mL), and the solution is cooled to 0°C. A 50%
aq HBF, (10 mL) is added dropwise within 10 min with stirring,
whereupon the yellow crystalline product 4 (red in the case of 4m)
precipitates (crystallization of 4¢ needs cooling to — 40°C). Stirr-
ing is continued for 5 min, the product is filtered, washed with a
small quantity of ice cold Et,0, and dried in vacuo over CaCl,.

1,5-Disubstituted 2-Aryl-1,2-dihydro-3H-1,2,4-triazol-3-one Tetra-
fluoroborates 5; General and Typical Procedures:

Method A, for Sa—d: A solution of the appropriate 1-aryl-4,5-
dihydro-5-0x0-3H-1,2,4-triazolium tetrafluoroborate 4 (5 mmol) in
CH,CN (10 mL) is refluxed for 10-15 min (6 h for 4d), during
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which time the initially bright yellow color fades. The solvent is
removed under reduced pressure, and the crystalline residue is
dissolved in a minimum quantity of CH;CN. Precipitation is
induced by careful addition of Et,0O, or better +-BuOMe, and the
colorless crystalline product 5 is dried in vacuo over CaCl,.
Method B, for 1,5-dimethyl-1,2-dihydro-2-(4-nitrophenyl)-3 H-
1,2 4-triazol-3-one tetrafluoroborate (Se). A suspension of 3e
(1.17 g, 5 mmol) in 50% aq HBF, (10 mL) is stirred at r.t., for 10
min. The nearly colorless suspension is heated at 90°C for 10 min
when it becomes homogeneous. This solution is filtered, cooled to
r.t.,diluted with Et,O (100 mL) and cooled to 0°C for 2-3 h. The
colorless crystalline product Se is filtered and dried in vacuo
(CaCly), yield: 1.15 g (71 %).

Method C, for 5f—p: To a stirred solution of the appropriate a-
(arylazo)alkyl isocyanate 3 (5 mmol) in Et,O (40 mL) at 0°C is
added dropwise 50 % aq HBF, (5 mL) within 5 min. The mixture
becomes only slightly turbid without formation of any crystalline
precipitate of 4. The mixture is diluted with CH,CN (10 mL), and
the Et,0 is removed under reduced pressure. In most cases the
color of the solution fades during this step, but to make sure that
the rearrangement is complete, the solution is refluxed for 10 min.
The major part of the CH;CN is removed under reduced pressure,
and the colorless crystalline product § is precipitated by careful
addition of Et,0, or better -BuOMe, filtered, and dried in vacuo
(CaCl,).

1,5-Disubstituted 2-Aryl-1,2-dihydro-3H-1,2,4-triazol-3-ones 7;
General Procedure:

The a-(arylazo)alkyl isocyanates 3q,r are synthesized starting from
2q,r (10 mmol) at 0°C following the general procedure above, but
they rearrange to 7q,r even at r.t., within minutes. After filtration
of MnO, and separation of the layers, the aqueous layer is
extracted exhaustively with CH,Cl, (20 mL portions, TLC con-
trol). The combined organic extracts are dried (MgSO,) and the
solvent is removed under reduced pressure at a bath temperature of
40°C to give colorless solid 7q, and in the case of 7r a strongly
impure dark red solid. The impurities are washed out with Et,0,
and the, now colorless products 7q,r are recrystallized from MeOH
or MeOH/Et,0 and dried in vacuo (CaCl,).

7q; yield: 83 %; mp 122—-124°C (MeOH/Et,0, dec).

CisH,N;0 cale. C67.51 H7.41 N18.17

(231.3) found 67.57 7.48 17.97

IR (KBr): v = 1698 cm~! (C=0).

'H-NMR (CDCl;/TMS): & = 1.37 (s, 9H, NBu-f), 2.61 (s, 3H,
CH,), 7.20-7.40 (m, SH,,,.).

Tr; yield: 64%; mp 127-128°C (MeOH/Et,0 (Lit.> mp
142-144°C).

IR (KBr): v = 1664 cm ™! (C=0).

IH-NMR (CDCl,/TMS): § = 2.41 (s, 3 H, CH,), 4.88 (s, 2 H, CH,),
6.70~7.50 (m, 10H,,,).
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