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Ferrocenesulfonyl azide reacts with a number of aroylmethylenetriphenylphosphino- 
methylenes in dry methylene chloride to give 1,4,5-trisubstituted 1,2,3-triazoles 
(61-77% yields), which are readily converted to 4,5-disubstituted 1,2,3-triazoles 
and ethyl ferrocenesulfonate when they are refluxed in ethanol. The known tri- 
phenylphosphazo ferrocenyl sulfone and ethyl diazoacetate are formed in the case 
of the reaction of ferrocenesulfonyl azide with carbethoxymethylenetriphenyl- 
phosphinomethylene. The structures of the synthesized compounds were proved by 
the results of elementary analysis and IR, UV, and mass spectroscopy. 

No information regarding 1,2,3-triazoles that contain a ferrocenyl ring is available 
in the literature. In developing our research on sulfur-containing derivatives of ferro- 
cene [i, 2] on the one hand, and continuing our investigation of the reactivities of 
phosphorus ylids [3] on the other, we studied the reaction of ferrocenesulfonyl azide 
(I) [4] with phosphorus ylids; it is well known [5] that this reaction may lead to various 
products, depending on the structure of the phosphorus ylid component. Azide I reacts 
readily in solution in methylene chloride at room temperature with a number of aroyltri- 
phenylmethylenephosphorus ylids [3] to give 1,4,5-trisubstituted l~2,3-triazoles (II-VIII) 
and triphenylphosphine oxide. The formation of triazoles II-VIII can be represented by 
the following scheme [5]: 
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The direction of cyclization in adduct i depends on the nature of substituent R I in 
the starting phosphorus ylid. When R I = C6Hs or p-substituted phenyl groups that have 
only a slight effect on the electrophilicity of the carbonyl carbon atom, the partial 
positive charge on which is higher than on the phosphorus atom, the cyclization proceeds 

Chernovtsy State University, Chernovtsy 274012. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 5, pp. 701-704, May, 1980. Original article submitted 
April 16, 1979. 

550 0009-3122/80/1605-0550507.50 �9 1980 Plenum Publishing Corporation 



TABLE i. 
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CI=[3 

C6Hs 

N-CHaC~H4 

p-CHaOCsH4 

p-CIC6H4 

p-BrC6H4 

p-NO2C6H4 

C6H5 

, , , ,  , 

Reac- [ 
tion j m p ,  ~ 
time,q 

1 134--136" 

3 141--,142 a 

2 129--131 a 

5 169--171 b 

6 159--16l b 

24 155--157 b 

l0 155--157 a 

IR spectrum, cm=t 

v tri-  ferrocenyY 
lazole ~so= ring 

1183I 1150, 
1350 

1175 1151, 
1343 

1179 1150, 
1355 

1183 1158, 
1341 

1184 1148, 
1342 

1183 1154, 
1352 

1177 1152, 
1349 

1408, 1000, ~ 
1003, 850 
1406, 1113, 
1001, 833 
1410, 110~, 
1004, 842 
1405, ll04, 
1000, 850 
1403, 1106, 
998, 838 

1415, ll05, 
1001, 844 
1407, l l l l ,  
1002, 851 

Found. % 

F e  N 

14,61 !0,71 

13,75 10,44 

13,08 10,08 

12,94 9,95 

12,66 %02 

12,79 12,43 

13,771 10,26 

Empirical 
formula 

Calc., % 

F e  N 

CIsHIsFeN~O2S 

CIgHI7FeN302S 

C19HITFeN303S 

C18HI4CIFeN302S C 

C IsHI4BrFeN302sd 

CIsHI4FeN40~S 

CmHITFeN302S 

14,20 I 10,69 

13,71 i0,31 

13,21t 9,94 

13,05 9,82 
I 

12,43 I 8,89 

12,74112,81 

13,7i110,31 

Yield, 
~o 

61 

74 

66 

60 

5? 

77 

64 

aFrom benzene, bFrom alcohol. CFound: Cl 8.51%. Calculated: C1 8.32%. dFound: Br 
17.31%. Calculated: Br 16.96%. 

R 2 Ill 
TABLE 2. 4,5-Disubstituted 1,2,3-lriazoles "/c~--~, 

N~N/N H 

Com- N found, Empirical N calc., Yield, 
pound R~ R ~ mp, ~ % formula % % 

X 
XI 
XII 
XIII 
XIV 
XV 
XVI 

C6Hs 
p-CH3C6H4 
p-CHaOC6H4 
p-C1C6H4 
p-BrC6H4 
p-O2NC6H4 
C6H5 CH3 

146--147 
154--155 
166--167 
157--158, 
184--185~ 
198--199 a 
165--166 

28,64 
26,45 
24,10 
23,48 
18,68 
27,42 
26,45 

C8HvN3 
CgHgN3 
CgHgN30 
CsH6CIN3 a 
CsH6BrN3 e 
CsH6N402 
CgHgN3 

28,99 
26,42 
24,02 
23,41 
18,76 
27,36 
26,42 

99 
98 
97, 
99 
98 
96 
97 

aFound: CI 19.54%. Calculated: C1 19.78%. bAccording to 
the data in [5], this compound has mp 185-187~ CFound: 
Br 35.18%. Calculated: Br 35.76%. dAccording to the data 
in [5], this compound has mp 198-199~ 

via pathway A through the formation of a cyclic betaine (2). The latter forms 1,4,5-tri- 
substituted 1,2,3-triazoles (II-VIII) and triphenylphosphine oxide as a result of redistri- 
bution of the electron density (as shown in the scheme presented above). 

If R: = OC=Hs, the cyclization proceeds via pathway B; this is undoubtedly associated 
with nucleophilic attack of the azide anion on the more electrophilic (as compared with the 
carbonyl carbon atom) phosphorus atom. In this case an intermediate ring (3), which as a 
result of redistribution of the electron density (as shown in the scheme) undergoes de- 
composition to give triphenylphosphazo ferrocenyl sulfone [2] (IX) and ethyl diazoacetate, 
is formed. 

The synthesized triazoles II-VIII are solid well-crystallized substances that melt with 
decomposition. Their structures are confirmed by the results of elementary analysis and 
data from the IR and UV spectra (Table i), as well as by chemical transformations. 

In addition to the absorption bands characteristic for the SO= group [6] and the ferro- 
cenyl ring [7], the IR spectra of triazoles II-VIII contain bands at 1175-1183 cm -I, which 
are characteristic for the 1,2,3-triazole ring [5]. The UV spectra of triazoles II-VIII 
show absorption maxima at 240-250 nm; this is characteristic for this class of compounds [8]. 

The mass spectrum of triazole III is characterized by a weak-intensity peak of molec- 
ular ions M +, the fragmentation of which leads to the formation of the following fragment 
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ions: [M-- HI +, [M-- p-CH3C6H~C2H] +, and [M-- SO~CsH4FeC~Hs] +. The most intense peaks 
in the mass spectrum are the peaks of [CsHsFeCsH4 -- SOmN] +, [CsHsFeCsH4] +, and CsHsSO2 ions; 
in addition, peaks of Fe + and CsHs + ions, which are due to fragmentation of the ferrocenyl 
ring [i0], are observed. 

Triazoles II-VIII readily undergo alcoholysis when they are refluxed briefly in 96% 
ethanol; ethyl ferrocenesulfonate [i] and 4,5-disubstituted 1,2,3-triazoles (X-XVI) (Table 2) 
are formed in practically quantitative yields. Some of these products have been previously 
described [5]. 

R2\_ c/R I R2\C__c/RI 
~ \  O H FeC C2HsOH N~N/N--S 2C5 4" 5H5 ~ CsHsFeCsH4SO2OC2Hs + / \ N~N/N H 

II-VIII X-XVI 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with an IKS-14A 
spectrometer with NaCI and LiF prisms. The UV spectra of 10 -4 M solutions of the compounds 
in alcohol were recorded with an SF-4 spectrophotometer. The mass spectra were obtained 
with a Varian CH-6 spectrometer at an ionizing-electron energy of 70 eV. 

l~4~5-Trisubstituted 1,2,3-Triazoles (ll-Vlll). A solution of 1.3 g (0.005 mole) of 
azide I in i0 ml of dry methylene chloride was added to solutions of 0.005 mole of the 
corresponding triphenylaroylmethylenephosphorus ylid [3] in 30-40 ml of dry methylene chlo- 
ride, and the mixture was allowed to stand at room temperature in the absence of moisture 
for the time indicated in Table i. The solvent was then removed, and the solid residues 
were washed repeatedly with cold alcohol and crystallized. Thealcohol wash solutions were 
diluted with water and allowed to stand at room temperature for 2 days, during which tri- 
phenylphosphine oxide precipitated in the form of characteristic acicular crystals, which 
were removed by filtration and recrystallized from 70% alcohol. As a result, 70-80% tri- 
phenylphosphine oxide, with mp 152-156@C was obtained; this product did not depress the 
melting point of an authentic sample. 

The reaction of azide I with carbethoxymethylenetriphenylphosphorus ylid was carried 
out by the method in [5]. As a result, sulfone IX, which was identical to the compound 
synthesized in [2] with respect to its melting point and IR spectrum, and ethyl diazoacetate 
were obtained. 

4~5-Disubstitute d l~2,3-Triazoles (X-XVI). A mixture of 0.5 g of the corresponding 
1,4,5-trisubstituted 1,2,3-triazole II-VIII and 5 ml of alcohol was refluxed for 4 h, after 
which i0 ml of water was added, and the mixture was allowedto standovernight at0~ The pre- 
cipitate was removed by filtration, dried, and washed repeatedly with hot hexane until the 
wash solvent was no longer yellow. During this process, the ethyl ferrocenesulfonate, which 
had mp 61-62~ (mp 61-62@C [i]) after removal of the solvent, dissolved in the hexane. The 
hexane-insoluble residues -- 4,5-disubstituted 1,2,3-triazolesX-XVl- were crystallized from 
chloroform-hexane (9:1). 

LITERATURE CITED 

i. V. I. Boev, A. S. Osipenko, and A. V. Dombrovskii, Zh. Obshch. Khim., 47, 426 (1977). 
2. A. V. Dombrovskii, M. I. Shevchuk, V. I. Boev, and V. N. Kushnir, Summaries of Papers 

Presented at the Anniversary Conference on the Chemistry of Organophosphorus Compounds 
[in Russian], Kiev (1977), p. 103. 

!3. M. I. Shevchuk and A. V. Dombrovskii, Zh. Obshch. Khim., 33, 1263 (1963). 
4. R. H. Abramovitsch, C. I. Azogu, and R. G. Sutherland, Chem. Commun., 1439 (1969). 
5. G. R. Harvey, J. Org. Chem., 31, 1587 (1966). 
6. L. Bellamy, Infrared Spectra of Complex Molecules, Methuen, London (1958). 
7. A. N. Nesmeyanov, L. A. Kazitsyna, B. V. Lokshin, and I. I. Kr• Dokl. Akad. 

Nauk SSSR, 117, 433 (1957). 
8. Z. W. Hartzel and F. R. Berson, J. Am. Chem. Soc., 76, 667 (1954). 
9. C. S. Rondestvedt and P. K. Chang, J. Am. Chem. Sot., 77, 6532 (1955). 

i0. G. D. Smitson, A. K. Bhattacharya, and F. L. Hedberg, Org. Mass Spectrom., 4, 383 (1970). 

552 


