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ABSTRACT, 5-Aatdo-l-phanyltrletolss (4) can themelly iraattite to diato aub- 

stftutrd tttraxolee (1, or docospoec to l lkylidenetriaaenem (8) depending on 

the nature of the eubaticucac et the l-poaitioa. Tha fotarr are obtained for 

electron-vithdreving l bmtitumtr (CH-0, CH-NR’, PO(O?WZ, PhS02), uhrrem thr 

latter l re formed with eryl eubetftocote. The diaao cospoumda 2 wart etable 

and isolable vhm R - CLIO or PO<OEtlZt but they ring-cloeed to triarolee (2) 

vben R-Cii=.WR’, or they decospored under the reaction conditioao (refluxlng 

bsnzenc) to cycloheptatrlenes (1, vhen R - brS02. A kinetic l tudy of the rear- 

rangemtnt has betn carrfcd out rnd the mechanism is dfscumsed (Schrac IV). 

Tbennalyais of five-mmbered hetetocyclfc azidetl can occur by twO ganaral path- 

waya (a and b, Scheme I), depending on whether the azide function is located at the 

u or the B-position. Thus, %azidofursne, 1 S-azidopyrazoles' and 5-aztdo-i,4-di- 

phenyl-1,2,3-triaxole3 dacomposc by path (a) p whereas I-azidoisoxazofes, ' I-aaido- 

pyrazolea5 and I-azido-1,2,3-triazolee ' follow path (b). 

Scheme I 
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Alternative reaction routes 

(or nitrene) can interact with 

heterocycle. This path (c) is 

imine, 
7 

nitro 
a 

or vinyl group' 

G. L’MSL Cl cd. 

have also been observed. For instance, the aside 

a neighbourtng function without cleavage of the 

known for 3-axidothiophcnes bearing a carbonyl, 6 

at the 2-position. 

In 1982, we discovered a new rearrangement based on the electrocyclic ring-ope- 

ning of 1,2,3-thiadiazoles; namely the isomerisatfon of 5-azido-4-ethoxycarbonyl-1, 

2,3-thiadiazole (la) to ethyl a-thiatriasolyldiatoacetate (2). 10 - This type of 

rearrangement was also observed when 5-aside-4-methoxycarbonyl-1-phenyl-1,2,3-tri- 

azole (lb) was heated at 60-SO', - yielding methyl a-tetrazolyldiazoacetate (2&).1' 

Thus, rearrangement of lb occurs more rapidly than does thermal decomposition by - 

path (a). In contrast, 
3 5-azido-1,4-diphenyltriazole was shown by Smith et al. to 

thermolyre at 50 to I-phenyl-3-(a-cyano)benzylidenetriazene 

(X = NPh, R = Ph). 

I 2 

a:X=S; b: X=NPh 

From these results, it is evident that the outcome of the thermolysis of S-arido- 

triazoles depends on the facility of ring-opening vs thermal stability of the aride. 

according to path (a) 

Since the nature of the I-substituent is important in determining the reaction route, 

we have now introduced a variety of substituents in this position and studied the 

thermal behaviour. 

SYNTHESIS OF THE AZIDOTRIAZOLES 

The azidotriazoles $ studied in this work (Scheme II) were prepared from the 

aminotriazoles 1, which themselves are available by known procedures. 
12 Diatoti- 

zation of 2 at 0/5O, followed by treatment of the diazonium salts with an excess of 

sodium aside at about -3O* readily afforded the asides b,i,i,k,m,e. The direct -- 

conversion of 3n to 4n was less successful, since a mixture of the desired aride in -- 
low yield (3%) along with much 5-chloro-4-cyano-l-phenyltriazole (14%) was obtained. 

A convenient method for the synthesis of 111, however, starts from the 5-amino-l- 

carbamoyltriarole &, by first transforming the amine function into an azide func- 

tion (rm). The carboxamide function is then dehydrated with phosphoryl chloride in 

dimethylformamide to give a nitrile function. 
13 The conversion of 3 into % by 

the diazotiration method was also unsuccessful, but the diaso transfer reaction with 

tosyl azide under basic conditions 
14 yielded 4c~ in 25% yield. 

Since 5-aminotriazoles bearing an imine function at the 4-position (3b-q) are 
75 

prone to undergo a ring-degenerate rearrangement at ambient temperature, the syn- 

thesis of the asides 4b-h was achieved by treating the asido-aldehyde e with amines -- 
lor hydroxylamine). This furnished Ib,c,d,h in the pure crystalline state, whereas ---- 

le,f,g rearranged during the condensation and subsequent crystallization processes -- 
at room temperature (vide infra). 

THERMOLYSIS 

Although all the atidotriasoles 4a-g decomposed more or less easily when gently - 

heated in solution (< SO'), the R-substituent has a decisive influence on the nature 
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of the reaction products (see Scheme III). Those with the strong electron-withdra- 

wing formyl and phosphoryl substituents (e,p) rearranged cleanly to the diazo sub- 

stituted tetrazoles 2,~. This isomerization also occurred with the phenylsulfonyl 

derivative &, but the resulting diazo compound 19 decomposed further in benzene 

solution via a carbene intermediate to give a mixture of the 2,7- and 3,7-disubsti- 

tuted cycloheptatrienes a in a 

migrated during the reaction as 

stituent. The structures of the 

detailed analysis of the 'H NMR 

perimental Section). 16 

ratio of 1:J. Apparently, the sulfonyl group had 

a result of steric repulsion by the tetraaolyl sub- 

isomers of B were established on the basis of a 

spectrum recorded on a 250 MHz instrument (see Ex- 
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The 1,3-dipolar isomerttation of 1 to 2 was also observed for the I-imino sub- 

stituted axidotriazoles 4&-g, but here a subsequent electrocyclization reaction 

between the resulting diazo and imine functions yielded the triazolyl substituted 

tetrazoles 6b-g. - This isomeritation already occurred during the synthesis and/or 

crystallization of e-g. In contrast, $J failed to iaomerize but gave intractable 

tars on thermolysis in benzene. 

The aryl substituted azidotriazoles 4i,& decomposed in benzene at 50' with loss 

of nitrogen to give the red alkylidenetriazenes a,& in a manner analogous to the 

4-phenyl derivative studied by Smith et al.3 In methanol, the red colour of ai,& 

disappeared with formation of the acetal-amidines a,&. The other azidotriazoles 

~~,IJ,IJ decomposed thermally to intractable tars. 

KINETICS AND HECRANISP( OF THE REARRANGRHENT 

In order to get more insight into the mechanistic details of the rearrangement, 

the rate of the reaction 3 _ l 5a was studied by NHR techniques, and the results are 

summarized in Table I. From this table it is apparent that the rearrangement is en- 

hanced by the use of less polar solvents: a phenomenon already noticed for the ester 

derivative. 11 Furthermore, the same order of reactivity was found for the Dimroth 

rearrangement of 3a which yield6 5-anilino-4-formyltriazole (k = 27.8 x lo-' s-1 in - 
DUO-d6 at 70'). 

Table I. Kinetics of the reaction 4a* 5a at 70' -- 

Solvent CCL4 C6D6 CD3CN 

10' k, s-l 78.3 64.6 21.7 

More relevant was the observation that an equilibrium is reached in the three 

solvents at 70°, containing the diazo isomer 5a for 90%, - 94t and 828 respectively. 

These values are only estimates, since the determination of the exact equilibrium 

positions was rendered difficult by the slow decomposition of 5a at the end of the - 

reaction. The isomerization of & also reached an equilibrium since 101 of the 

starting aside was recovered after being heated at 60' for 24 h. In the case of 

2, studied previously, 
11 the rate of rearrangement was much slower and decomposi- 

tion of the resulting diaro 2b prevented the observation of an equilibrium. - 

The imine substi t 
did the aldehyde la . - 
a rate constant k - 

lar solvent benzene , 
over, the aliphatic 

uted aridotriazoles 4b-g rearranged completely and faster than - 
For instance, 4c reacted in chloroform solution at 70" with - 

124.7 x lo-' s-l, which is twice as fast as la in the less po- - 

and almost six times faster than 2 in acetonitrile. More- 

imines Ie-g could not be isolated pure, since they isomerired - 

readily, even at room temperature. In order to compare the reactivity of three 

selected imines I&,cj,e), we have carried out kinetic measurements in dimethyl sul- 

foxide solution, in which all three samples were soluble. The results, recorded in 

Table II, indicate that the rate increases in the order: & < re ( a. 

Table 11. Substituent effect on the rearrangement 

i l 5 in (CD312S0 solution at 70' 

Aride 4c Id 4e - - - 

10' k, s-l 27.0 40.4 34.6 
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We can rationalize these results on the basis of the mechanistic Scheme IV, which 

comprises the sequence of a reversible ring-opening of i, syn-anti isomerixation of 

the azido-imine 0, and reversible ring-closure to the tetrazole 2. The experimen- 

tally determined first-order rate constant of the forward reaction (k) is given by 

the following equation: 
17 

kl 
k2 x k3 

k_l + k2 k_2 + k3 
k = 

l- 
k2 k-2 

X 

k_l + k2 k3 + k-2 

The diato function of 10 can reclose to 2 by k-1, - thus reducing the overall rate. 

This is counteracted by introducing an imine function at the I-position (R = CH=NR') 

which competes with C=NPh for electrocyclization with the diazo function, so that 

the reaction rate increases. The electron-withdrawing nature of the imine subeti- 

tuent also affects kl to some extent, giving the observed reactivity sequence of 

Table II. 

Finally, a comment on the stereochemistry of ring-opening of i to the axido-imi- 

ne, and its ring-closure to 2, is in order. The indicated stereochemistry is dedu- 

ced from ab-initio calculations carried out for the isomerization of azidoazomethine 

to lH-tetrasole. 
18 According to Leroy and co-workers, the cyclixation reaction 

proceeds by a bending of the azido function, due to the formation of a lone electron 

pair on the central nitrogen atom (Fiq.1). This is accompanied by a n-electron 

flow toward6 the imine function and the formation of a o-bond at the expense of the 

lone pair on the imine nitrogen. The important feature of the process is the role 

of the lone pair on the imine nitrogen which permits the formation of a sigma bond 

without the NH group having to rotate. This has been corroborated by experimental 

facts. 
19 

As a result, the tetrarole 2 is formed from the azido-imine having the E- 

configuration (111, whereas ring-opening of r gives the azido-imine in the Z-confi- 

guration (lo). 

H 

PlR.1. Electronic rcorSanirstion during 

the ,-in‘3-C1O~Ur~ of l rldoaronethlnc 
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Syothe.1. of the l zIdotri.zo1.e 4.,i,l.k,m.e; .xemplIfied for h. __ _- 5-Amino-4-formyl-I-phonyl-1, 

2.3-triexol.. prepered by the method of Albert. 
20 

ve. dI.rotIxed by l lov Addition of l odium nitrite 

In veter (0.76 8, 11 -01) to . solutioa of h (1.88 0, 10 mol) in 120 mL of concentrated hydro- 

chloric acid et 9/-S’C. Thea, . tenfold ext... of @odium arida in water v.e added dropvim at about 

-3O’C. After dilution vith veter. the reectioo mixture v.. l xtrected with ether end the cabined 

ether l xtrect. ver. dried over HRSO4. The l olvent v.. eveporeted end the reeldue v.. chroutopre- 

phcd on rilics gel vith dichloromethme l . the eluent. 

S-Axido-4-fomyl-1-phenyl-1,2.3-trierole (5) v.. obt.1n.d IO 62X yield l fter cryetellicetion 

fra chloroform/ether. mp 97-C (dec.); IR (KBr) 2140 (e, N3). 1690 cm 
-1 

(e. CO); ‘E m (CDCl3) 6 

7.4-7.7 (I, 5 l rometfc H). 10.15 (e, 18, CHO); 13C R?lR (CDC13) 6 129.5 (C-4). 136.8 (C-5). 185.0 

(CO) - Anel. Celcd for C9H6N60 (wl vt 214): C. 50.46; 8. 2.80. Found: C. 50.59; H. 2.74. 

.5-AxIdo-4-(o-cy.nostyryl)-l-ph.nyl-l,2,3-tri.zol. (41) v.. eimilerly prepercd from 11 21 (condl- 

tionr: 5 l quiv. N.N02, 10 l quiv. N.N3. cxtrectfon vith chloroform end cry.t.llIr.tIon from the l em. 

l olvent), yield 56X, mp 125.C (dec.); IR (RBr) 2220 (m. CN). 2140 cm -’ (et N3); ‘H NMR (DUO-d6) 6 

7.5-7.9 (m, vinyl and l rometlc H); 
I3 

117.0 (CN, 3JH CN - 

C NW! (D&SO-d6) 6 110.5 end 126.9 (vinyl a- end B-cerbon l tom.), 

14 Hz), 132.3 (C-4). 134.1 (C-5). 124.S. 125.7, 129.3. 129.4, 129.6, 130.1, 133.5, 

134.0 (Ph C-et&). An.1. Celcd for C17HllN7 (a01 wt 313): C, 65.17; R, 3.54. Found: C. 65.23; H, 

3.64. 

S-ArIdo-4-(p-chlorophcnyl)-l-phenyl-l.2,3-tri.rol. (9) vea l imllerly prepered from 21 (condi- 

tion.: 1.1 l quiv. N.N02, 5 equiv. NaN3, l xtrectlon vith ether end cry.t.lllratioo from the l em. eol- 

vent), yield 21%. mp 96.C (dec.); IR (RBr) 2140 cm -’ (er N3); ’ H N?lR (CDC13) 6 7.4 end 7.7 (tvo d, 

4 l rometic H). 7.4-7.6 (a, 5 l routic H). ~n.1. Calcd for C14H9C1N6 (.ol vt 296): C, 56.66; 8. 3.06. 

Pound: C, 56.82; H. 3.12. 

5-AxIdo-4-(p-oItroph.nyl)-1-phenyl-1.2,3-trierole (s) v.. .ImIl.rly prepered from & (condition.: 

1 l quiv. NaN02. 13 equiv. N.N3, purificetion of the precipltet. by column chrometogrephy oo .Ilic. 

gel with dichloromethen. e. the l luent, followed by crystallIr.tlon from ether), yield 321, mp 92-C 

(dec.); IR (KRr) 2110 cm 
-1 

(es N3); ‘H NMR (CDC13) 6 7.6 (e. 5 erolutic H), 8.10 end 6.35 (two dr 4 

erometic H). An.1. Celcd for C14H9N702 (mol vt 307): C. 54.71; 8, 2.95. Found: C, 54.61; 8, 3.02. 

5-AxIdo-4-cerbemoyl-1-phenyl-1,2.3-triexole (5) v.. .ImIl.rly prepered from 39 (condition.: 1 

l quiv. N.N02, 10 l quiv. N.N3, purificetion of the precipitete by cryst.llir.tIoo from methenol). 

yield 901, mp 138.C (dec.); IR (RRr) 3280, 3250, 3140 (a. NH2), 2120 (e, N3). 1680. 1655 cm” (0. 

CO); l R NHR (DNSO-d6) 6 7.4-7.75 (m, 5 l rometic H), 7.8-8.1 (tw br NH). An.1. Celcd for C9H7N70 

(mol vt 229): C. 47.15; H, 3.08. Found: C, 07.27; Ii, 3.16. 

5-~Ido-4-di.thylphosphoryl-l-phrnyl-l.2,3-trI.rol. (h) we. .Imilsrly preperrd from b 22 (condi- 

tion.: 1.1 l quiv. N.N02, 5 l quiv. N.N3, l xtrection vith chloroforu, purificetion by column chrouto- 

graphy on elumin. vlth ethyl ecetet. A. the l luent , cry.t.llIr.tIon from ether). yield 551, mp 98-C 

(dec.); IR (RBr) 2140 cm” (e, N3); ‘H NKR (CDC13) 6 1.3 (t, 6H. two CH3), 4.3 (I, 411, tvo CR2). 

7.55 (0. 5 arometic H); 

(C-5, ‘Jcp - 

13C N?fR (CDC13) 6 16.3 end 63.4 (C2H5), 126.6 (C-4, ‘Jcp - 243 Rr). 140.4 

32 HZ), 124.3, 129.4, 129.8, 134.3 (Ph C-•tome). An.1. Celcd for C12H15N603P (mol vt 

322): C, 44.73; 1. 4.69. Found: C, 44.05; H. 4.72. 

SyntheeI. of 5-atido-4-cyeno-1-phenyl-1,2,3-trIexo1. (k). Phoephoryl chloride (0.85 ml-, 10 ~01) 

v.. l dded to . auepenrion of r (1.15 R, 5 anal) in 5 mL of DKF et 0.C. Th..eolutIon VI. rtirred 

for S min et O’C. 10 mIn et 2S’C end fioelly 15 810 et BO’C. Them. 5 mL of hydrochloric acid (IN) 

v.. edded end the mixture v.. heeted et 8O’C for 5 min. After coolIn@. 5 VU leorated In 61X 
-1 

yield end recry.t.11Ir.d from meth.nol/v.t.r. mp 88-90-C (dec.); IR (Ur) 2220 (me W)S 2120 cm 

($9 N3); ‘H NMR (CDC13) 6 7.60 (e. l routic H); 13C NHR (CDC13) 6 110.2 end 111.6 (CN end C-4). 

139.6 (C-5), 123.8. 129.7, 130.9, 133.6 (Ph C-atom.). Anal. Celcd for C9E5N7 (001 vt 211): C. 

51.17; H, 2.38. Found: C, 51.03; H. 2.50. 

Synthe.1. of 5-•rido-1-phenyl-4-phenyleulfonyl-1,2,3-trIexo1. (h). Ccmpound 3 (1.5 g, 5 -01) 

(prepared by reacting l quiro1.r xmount. of ph.nylsulfonyl.c.tonltrll., phenyl l zid. end l odium 
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motboxidr In motbenol et 20-C for 1 dey) wee addad in l crrr~l portlone to l l uepeneI08 of #odium 

hydride (140 4, 802) in 30 mL of dry tettehydrofuren. When hydrogen evolution bee ceeerd (ce 30 

.io) . tory1 l ride (0.98 8, 5 mol) wee Added dropviee end the reectioa mixture wee stirred for 5 h 

et room temperature. Then, 20 mL of veter wee l dded end the whole mixture wee l veporeted, l xtrected 

vlth ether rod the ether extracta dried over Ne2S04. Thie furnlehed e crude product (49) uhIch wee 

purified by colum chraetoarephy on eilice gel uith o-hexene/ethyl &XtJte (ratio 2:l) l m the l lu- 

cnt. yield 25X. mp I25.C (dec.); -l IR (Mr) 2150 (e, N3). 1330 end 1155 cm (e, S02); ‘R NMR (CDC13) 

6 7.50 (e, SN, Ph). 7.5-7.7 (I, 3 l ro.etIc E), 8.1-8.2 (d, 2 eroutic 11); 13C NMR (cDc13) 6 135.5 

end 136.5 (C-4 end C-5). 124.5, 127.9. 129.5, 130.4, 133.5. 134.3, 139.7 (Ph C-•tome). Anel. Celcd 

for C14H10N602S (mol vt 326): C. 51.53; 8. 3.03. Found: C, 51.39; H. 3.13. 

Syntherir end thermolyefe of the eridotrieroler 4b-h. -_ Equfmoler amounts (2.3 mol) of 5 end 

l n!lIne were l lloved to reect In cthenol (20 ml,) et room tempereture for IO min. Then, the preci- 

pitate was filtered off end cryrtellixed from chlorofornlether (vithout vermlog). 

5-Axido-l-phenyl-4-pheoylI.fno.ethyl-l,2,3-triexole (s) wee obteined In 71X yield; IR (KBr) 
-1 

2140 (I, N3), 1640 cm (a, C-N); ‘il NMR (CDC13) 6 7.3-7.8 (a, 10 l rometfc H). 8.85 (e, 1H. CH-N). 

Auel. Celcd for C15HllN7 (mol wt 289): C, 62.28; R, 3.83. Found: C. 62.16; B, 3.86. 

When G (30 mg) wee heeted in beozene (5 mL) et 70.C for 10 min. l cryetellioe precipitete of 

l-pheoyl-5-(l-phenyl-l,2,3-trIexol-4-yl)tetrezole (@) wee formed IO 75X yield, mp 224-C; IR (KBr) 

3130 (a, -CCH), 1620, 1600 cm -’ (m); ‘R RKR (DMSO-d6) 6 7.50-7.75 (m, 8 l rometlc A). 7.90-8.00 (I, 

2 l rometic 8). 9.60 (e, 1R. trlerole Ii): 
13 

C HI[R (DIISD-d6) 6 125.1 (trierole C-5). 133.2 (trierole 

C-4). 146.6 (tetrexole C-etcm). Anel. Celcd for C15H11N7 (mol wt 289): C. 62.28; A, 3.83. Found: 

C. 62.26; B. 3.91. 

~-~Ido-4-(p~ethoxypheoyl)inioooethyl-l-pheoyl-1,2,3-trierole (*) we rImllerly obtelned fro. 

h end p-eoisidioe (reectioo time 10 min) ee e red-oreoge precipitete lo 64X yield; IR (RBr) 2120 
-1 

cm (a. N3); ’ H NMR (CDC13) 6 3.85 (6, 3H, 0CH3), 6.9 eod 7.3 (two d. 4 l rometlc H). 7.5-7.7 (rn, 5 

erometic H). 8.8 (e, 1H. CN-N). 

Ccapound & rcerrenged MrtIally loco & upon cryetellixetloo fro. chlorofom/ether et room tem- 

pereture. Reerrengemeat wee ccapleto vheo &wee heeted fn benxene. chloroform or l theool for e 

l hort period. 

S-(l-p-metho~he~l-1,2,3-trIetol-4-y1)-1-pheaylte~exole (&) wee ohteined ia quentitettve 

yield. mp 204.C (chloroform/ether); IR (Klk) 3110 (m, 42i), 1610, 1595 cm -’ Cm); ‘II ma (cDc13) b 

3.9 (I, 3H. OCH3). 7.05 (d. 2 eroutlc ii), 7.6-7.7 (m. 7 l rometic H), 8.6 (e. lH, triexole ii); 13C 

NMR (CDC13) 6 55.7 (DCE,). 123.7 (trlexole C-S), 134.0 (trierole C-4). 146.6 (tetrerole C-eta). 

Anel. Celcd for C16H13N70 (mol wt 319): C, 60.18; 11, 4.10. Pound: C, 60.32; 8, 4.22. 

S-~Ido-4-(p-chlorophonyl)irloawthyl-l-phony1-1,2.3-triuole (3) wee l i.ilerly obtaioed from 

5 l od p-chloroenllIoe (roectioo time 10 mio) l e A yell-reuge precipitete In 64X yield; IR (Ur) 

2140 cm-’ (0. U3); ’ II NMR (CDC13) 6 7.5-7.8 (m. 5 eroutic Ii), 7.2 cod 7.4 (two d, 4 erortic ii), 

8.8 (D, IH, CR-N). 

Compound rd reerrengcd pertially into 66 upon cryrtellicetion fro. chlorofom/ether et room tem- 

pereture. ReerrAUgemeut wee complete vhcn 46 wee heeted lo benzene. chlorofotu or l theool for e 

l hort period. 

5-(l-p-chlorophenyl-l,2,3-trlexol-4-yl)-l-phenyltetrexole (66) VU obtained in quentltetive yield, 

mp 238%; IR (KBr) 3110 (m, -CH), 1605, 1590 cm -’ 

m, 9 eroutic H), 9.6 (e. 1H. trierole H); l3 

(I); ‘11 IMP (D&90-d6) 6 7.6-7.9 end 8.0-8.2 (two 

C NlIR (DMO-d6) 6 125.2 (trixxole C-S), 134.0 (trlaxole 

C-4). 146.4 (tetrerole C-atom). Anal. Celcd for C15H10ClN7 (mol wt 324): C, 55.65; H, 3.11. Found: 

C. 55.52; 8. 3.19. 

S-(1-Ethyl-1,2.3-triexol-4-yl)-1-phemyltetrexole (&) wee obtained directly l e l precipitete fro. 

the condeoeetioo of & (0.5 g) with l o l quivxlent of l thylaiom io l theaol (20 mL) et room tempere- 

turc for 2 deye, yield 54X efter cryotellieetion fro. chloroforr/ether, mp 177.C; IR (Dar) 3100 (I, 

-CH), 1620, 1595 cm-’ (1); ‘11 lllQ (CDC13 + DKW-d6) 6 1.5 (t, 3A. CH3), 4.45 (q, 2H. CH2), 7.6 (e. 

5 erometic ii). 8.65 (a, 1H. trIexole H); 13C NMi (CDC13 + DIUO-d6) U 14.9 end 44.9 (C2H5). 125.9 

(trlerole C-5). 131.8 (triexolr C-4). 146.6 (tetrexole C-•tom). Anel. Calcd for C111111N7 (001 vt 
241): C. 54.76; H. 4.59. POUd: C, 54.56; ti, 4.46. 



3624 c. L’rsilb Cl al. 

Note: Uhao the reaction of ti and ethylamine wee atopped Jfte? 15 rio at room twarature, a crude 
-1 

red oil of 4e wee obtained (IR: 2135 c. ) which we. u..d for tb. RInatic maaaaramanta. - 

5-~ido-4-(t-butyl)irI.naethyl-l-phaoyl-1,2.3-trIarola (4f) was l lmilarly obtained from jl and 

tcrt-butylamine (reaction tine 2 days) am l precfpltate (II: 2150 cm-l) contulnatad with 251 of g. 

5-(l-t-Buryl-l,2,3-trIatol-4-yl)-l-phmyltetrazole (6f) vaa obtaiaod IO 642 yield rhea tba pre- 

vioua mixture uaa cryatallircd frm cblorofoxa/ather at room temperature, mp 12B’C; Ill (KBr) 3160 

(m, -Cl!), 1620. 1595 cm -1 (I); 
13 

‘11 WlR (CDCl3) 6 1.7 (a. 98, QIc3). 7.6 (s, 5 aromatic R). 8.4 (a, 

Ill. triaaola R): C RliR (CDCl3) 6 29.9 and 60.6 (Me3), 123.2 (triarole C-5, ‘.lCH - 196.6 Er). 

132.6 (trIaaole 04, ‘JCH - 9.5 Rr). 146.9 (tatrarolt C-atom). Anal. Calcd for C13H15N7 (001 vt 

269): C, 57.98; H, 5.61. Found: C, 51.84; 8, 5.40. 

5-~ido-4-baoryli~Inoethyl-l-pheoyl-lr2,3-triarole (9) waa similarly obtaioed from h and beo- 

syluIoe (reaction time 1 day) as a ubite precipitate (Ill: 2140 cm-‘) cootaainated vitb much 4. 

Cryatalliratioo of this mixture from chlorofom/ethar at room temperature yielded pure 9. 

5-(l-Beoryl-1,2,3-trIazol-6-yl)-l-phenyltetrazole (&I vaa obtaiocd in 21% yield, mp 176-C; IR 

(KBr) ;lOO ( a. -CH), 1620, 1600 c. -’ (1); 1 H ?DiR (CDC13) 6 5.6 (a. 28. CH2), 7.3-7.45 (a. 5 aromatic 

H) * 7.6 (a, 5 aromatic R). 8.15 (a, lI1, triarola H); 

c-5, 1JCR - 2J 

13C NNR (CDCL,) 6 54.6 (CR2), 125.6 (triaaole 

200 Hz), 133.6 (triaaole C-4, CR - 9.2 Ha), 146.6 (tetratole C-atom). Anal. Calcd for 

C161113N7 (mol vt 303): C. 63.36; 8, 4.32. Found: C, 63.19; I, 4.36. 

5-Aside-4-oxlminomethyl-I-pheoyl-1,2,3-triacole (%) VU obtained by addlog JO aqueous solution 

of NH20H.RC1 (385 mg In 5 ml), cootaInIng 51 NaOll. to an l thaool solution of 4. (0.5 g in 20 mL). 

After atirriog for 10 min at room temperature, the precipitate waa filtered off l od crystallized 

from ethaool. yield 62X, mp 122.C (dec.); IR (KBr) 3220 (br, OH), 2140 cm 
-1 

(a. R3); ill ma (CDC13 

+ DPISD-d6) 6 7.4-7.7 (0, 5 armtic H), 8.2 (a, lH, C&N). 11.5 (a, ltl, OH); 13C N?IR (CDC13 + DMsD- 

d6) 6 131.8 (C-5). 132.0 (C-4), 140.0 (W-N). Anal. Calcd for C9H7N,0 (rol vt 229): C. 47.16; II. 

3.08. Found: C, 47.34; H, 3.22. 

Tharmolyais of the l aidotriaaolea h.R.9. A solution of % (1.5 8) In dry beoreoe was haatad at 

70-C for 3 h. Tbao, the l olvant waa reaoved in vacua and the residue uaa chromatographed on silica 

gel with ethyl l catate/cyclohexaoe (15:85) .a the l luent. This furniehad 5-(a-forryl)dIaaorethyl- 

I-phenyltetrarole (3) as a pale-yellow oil IO 60% yield; IR (neat) 2110 (a, CN2), 1660 cd’ (a, 

CH-D); ’ H RMR (CDC13) 6 7.3-7.7 (I, 5 aroutic R), 9.60 (a, 18, CR-C); 13C RNR (CDC13) 6 66.8 (CN2), 

144.2 (C-S), 180.1 (C-O). 124.3, 129.8, 130.4, 132.1 (Ph C-atoma). Anal. Calcd for C9R6N60 (mol ut 

214): c, 50.47; H, 2.82. Pound: C. 50.73; 8, 2.98. 

A solution of b (0.5 g) in 20 ml of chloroform was heated at 60-C for 24 h. The aolvaot uaa re- 

moved in VJCUO l od the reaidua wee chromatographed 011 silica gal with athyl acetate/n-huaoa (70:30) 

aa the l lueot. ThIa furniahad uoreacted 9 (10X) and S-(a-dlethylphoaphoryl)dlaaomathyl-l-phenyl- 

tetraaole (2) aa a yallou oil in 702 yield; I1 (naat) 2110 cm 
-1 

(Jr CN2); $4 NHil (CDCl3) 6 1.3 (t, 

6H. two CH3), 4.2 (m, 4H. two CH2). 7.4-7.7 (two m, 5 aromatic H); 13C RHR (CDC13) 6 16.0 and 64.1 

(C2H5), 145.1 (C-5). 125.5, 129.1. 129.7, 133.0 (Ph C-atom) ; the diero reaooaoce was not detected 

due to coupling with tha P-atom. Anal. Calcd for C12HlSN603P (mol vt 322): C, 44.73; R, 4.69. 

Pound: C, 44.50; II, 4.75. 

A aolutioo of 9 (0.5 g) In 20 ml of benzene vaa refluxed for 24 h. The aolveot uaa evaporated 

and rho reridue wee chroutographed on silica gal vith ethyl acetate/o-hexana (1:1) as the elueot. 

After crystallization from mathaool 3 was obtained aa a 1:4 q ixtura of the 2.7- and 3.7-phenylaul- 

fooyl aubatituted Is-era (ovarall yield 28X). 

Spectral data of the 2,7-disubatitutad la-r: ‘H RMR (DUO-d6) 6 3.92 (t, 1H. H-7), 5.54 (ddr 

lH, H-6). 5.84 (d. ltl, H-l), 6.43 (ddd. 1H. H-5). 6.6 (m. lH, H-4). 

Spectral data of tha 3,7-diaubstftutad Iscwr: ‘R WR (DRSO-d6) 6 4.1 (t. 18. R-7), 5.4 (dd. 1H. 

H-l). 5.79 (dd. 18, H-6). 6.31 (d. IH, H-2). 6.60 (dd. LH, R-5). 7.25 (d, 18. H-4), 7.35-7.95 (I% 

l routIc H); 13C lDIR (DlISO-d6) 6 63.2 (C-7, ‘JCH - 143 Hr. 
2JCN - 

3.5 Es, 3JcR - 10 Ha). 117.7 (C-l), 

120.1 (C-6), 127.0 (C-2). 128.1 (C-5). 135.0 (C-4), 137.2 (C-3)(tba CB raaoaancaa were aasignad on 

the baaia of a H.C 2D correlation). 153.6 (tatraaole C-5). 125.4. 125.8, 128.6. 129.5. 130.2. 133.6. 

134.3 (Ph C-atoma). 



QSubstitutai S-mdbl-phenyl-1.2.3-lnuola 3625 

Tberwolysie of the uidottlmal~~ Q.1. Capound 9 was heetcd in bcnemc (treated vith alurin~) 

at 50% for 4 h. After raoval of thm l olvmnt, thm renidue vee chroutogrephed on l ilicm gel vith 

dichloroamthmne mm the l luent. Tbim fumimhcd I-phmnyl-3-(o-cyano)(p-chloro)benrylidmnetriazmae (a) 

in 60X yield, up 137-C (ether); 11 (KBr) 2210 (w, CN), 1590 c.-1 (m); ‘II NMR (CDC13) 6 7.4-7.6 and 

7.8-8.1 (two m, 7 aroutic A), 8.20 (d. 2 mrcaatic Ii); 13C NKR (CDC13) 6 110.2 (CrW), 149.3 (C-N), 

129.5. 129.8. 130.1, 130.2. 133.2, 141.2, 148.6 (aryl C-at-). 

When Q warn treated with dry methmnol at room tapmrmture , g.s l volution occurrmd and N-phenyl-o. 

a-dimethoxy-(p-chloro)phsoylmcmtuidinm (9) wmm obtained in 651 yield after crystmllft~tion fra 

ether/petroleum ether, ap 112-115.C; IR (KBr) 3460 md 3300-3250 (m, NH2), 1630-1500 CID-’ (m); ‘H 

NMR (CDC13) 6 3.30 (m, 68, two Cli3). 5.3-5.7 (br, 28, NH2), 6.9-7.25 (a, 5 mrommtic H). 7.3 and 7.6 

(tvo d, 4 aromatic H). Anml. Cmlcd for C16H17ClN202 (no1 vt 304): C, 63.04; H. 5.62. Found: C. 

63.27; H, 5.69. 

Note: Thfo compound warn almo obtained vhmn 9 vam rmfluxmd in dry methanol for 2 h. 

I-Phenyl-3-(a-cyano)(p-nitro)benrylidmnetri~rmnm CE&) warn l imilmrly prepared from G am red crym- 

telm in 63X yield, mp 153-C (ether); IR (KBr) 2220 (w, CN), 1550, 1530. 1340 co -’ Cm); +I Wna (CDC13) 

6 7.3-7.6 l nd 7.9-8.1 (two I, S sroutic 8). 8.50 (m, 4 l routic ll); 13C NXR (CDC13) 6 109.8 (CW), 

150.95 (C-N). 124.4. 124.8, 129.7, 133.8, 13S.4, 147.5, 148.4 (aryl C-atomm). Anml. Calcd for C14- 

H9Ns02 (mol wt 279): C, 60.21; H. 3.23; N, 2S.09. Found: C, 60.05; H. 3.36; N, 24.99. 

When & (0.3 8) “mm treated vith 10 mL of dry methanol mt room teopereturm, the red colour dim- 

l ppemrmd while nitrogen evolution occurred. After 30 min. the solvent warn l vmpormted and the remi- 

due warn crymtillired fro8 ether/n-pencane to give N-phenyl-a,a-dimethoxy-(p-nitro)phenylmcetWdinm 

(fi) am pale yellow crymtalm in 532 yield, mp 141.C; 

C-N); ’ 

IR (KBr) 3480 end 3370 (m. NH2). 1660 cm-’ (I, 

H NKR (COC13) 6 3.25 (e, 6H. tvo CH3), 5.15 (br, ZH, Nl12). 6.7-7.4 (two m, 5 aromatic H), 7.75 

end 8.20 (two d, L erometic H); 13 C NMR (CDC13) 6 100.9 (quat. C-mtom), 155.3 (C-N). Anal. Calcd for 

C16H17N304 (no1 vt 315): C, 60.94; H, 5.43. found: C, 61.05; H, 5.33. 

Kinetic meamurementm. Solutions of the l tldmm 4m.c.d.e (cm 1 -01 in 3 mL of eolvmnt) were placed -_-- 

in NMR tubmm mt 7O’C (2 0.1.) for decompomition. At severml time intervals, thm H)(R tubes were coo- 

led to O’C end enelyred by ‘H NHR epectroecopy. The retee of decomposition were folloved by integre- 

tion of the R-ringlets (6 S-10) in the l pectre. By plotting log Ieride((Z) VI time, lfneer plotm 

were obtained up to a high degree of conversion (70-80X). ml1 hmvin8 m correlation coefficlmnt of 

better thmn -0.995. Thum, thm l ffect of the revmrme remctionm la the cmse of % could be neglected. 

The firet order rete conetents were determined from the mlopem of the linear plots end the resultm 

are givmn in Tablem I and II. 
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