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Photolysis of 1 -Aryl-I ,2,3-triazoles; * Rearrangement via 1 H-Azirines 

Glynn Mitchell a n d  Char les W. Rees 
Department of Chemistry, Imperial College of Science and  Technology, London S W7 2A Y, U.K. 

Thepreparationandphotolysisofaseriesof 1 - (1 -naphthyl) -1,2,3-triazoIes, (2)-(5),andof 1 -(2-methyl- 
1 -naphthyl) -1,2,3-triazoIes, (6)-(9), with and without electron-withdrawing groups (CO,R, CON H,, 
CN, CHO, COPh) in the triazole ring, are described. In the first series, triazoles (3) with two electron- 
withdrawing groups, and triazoles (4) with one such group at C-4, mostly give good yields of the 
expected benz[g] indoles (10) and (1 1 ) respectively. Triazoles (5) with the electron-withdrawing group 
at C-5 also give benz[g]indoles but these are now mixtures of the expected (12) and rearranged indoles 
(11). Photolysis of the 1 -phenyltriazoles (21) and (22) follows the same pattern, those [(22)] with the 
electron-withdrawing group at C-5 rearranging t o  give mixtures of indoles (23) and (24). This is 
explained by a mechanism (Scheme 3) in which the less stable carbene intermediate (13) rearranges to 
the more stable carbene (15) via the 1H-azirine (14), in competition with its direct cyclisation. This 
provides the first evidence for antiaromatic 1 H-azirines as intermediates in a photochemical reaction. 
Photolysis of the 2-methylnaphthyl compounds follows a different path: diester (7b) and dinitrile (7d) 
give high yields of the deeply coloured 9-methyl-1 H-benzo[de]quinoline derivatives (25a) and (25b) 
respectively, the first stable examples of this ring system to be isolated. Photolysis of the nitrile (8c) gives 
9b-methyl-9bH-benz[g] indole-3-carbonitrile (28), a rare example of a stable indole with a ring junction 
substituent. 1,2-Shifts in the carbenes are only observed with the bis(trimethylsilyl)triazoles (2d) and 
(6f), in keeping with the known rapid migration of trimethylsilyl groups to carbene centres. 

In the preceding paper' we described the photolysis of certain 
1 -( 1 -naphthyl)benzotriazoles to give cyclo-octaCdeflcarbazoles, 
by collapse of an intermediate carbene onto the naphthalene 
ring junction followed by ring expansion. We were intrigued by 
the possibility that a similar rearrangement (Scheme 1) of the 

hV - 7 ._ 

scbeme 1. 

related monocyclic 1,2,3-triazoles would result in formation of 
the cycloheptCcdJindole ring system (l), a novel heterocyclic 
analogue of the non-alternant hydrocarbon cyclohepta[de]- 
naphthalene ('pleiadiene').' Although the photochemical de- 
composition of 1 -arylbenzotriazoles generally gives high yields 
of c a r b a z o l e ~ , ~ * ~  1 -aryl- 1,2,3-triazoles give variable yields of 
indoles because of a competing Wolff-type 1,2-rearrangement in 
the intermediate carbene (Scheme 2).475 We now present our 
results on the photolyses of an extensive series of monocyclic 
1-( 1-naphthy1)-, (2)--(5), and 1-(2-methyl-l-naphthy1)-1,2,3- 
triazoles, ( 6 j ( 9 ) . 6 *  

(2) a; R '  = R2 = H (6) a; R' = R Z  = H 
b; R' = H, R 2  = Me 
c; R '  = C(Me)=CH,, R 2  = H 
d; R' = R 2  = SiMe, 

(3) a; R' = R 2  = COPh 

b; R' = H, R 2  = Me 
c;R' = Me, R 2  = H 
d; R' = C(Me) = CH,, 

e; R' = C(Me) = CH,, 
R 2  = Me 
R' = R 2  = SiMe, 

(7) a; R'  = R2 = COPh 

R2 = H 

b R' = R Z  = C 0 2 M e  
C; R '  = R2 = CONH, 
d; R' = R 2  = C N  

(4) a; R '  = CO,Et, R Z  = H b; R'  = R2 = C0,Me 
b R' = CO,Me, R 2  = Me 
C; R '  = CN, R2 = H 
d; R '  = CN, R 2  = Me 
e; R' = CO,Me, R 2  = H 

c ; R '  = R 2  = CONH, 
d; R' = R2 = C N  

(8) a; R' = CO,Me, R 2  = H 
b R'  = C02Me,  R 2  = Me 

d; R' = CN, R 2  = Me 
e; R '  = CHO, R 2  = H 

(9) a; R'  = H, R 2  = C0,Me 
b; R' = Me, R 2  = C0,Me 
C; R' = H, R 2  = C N  

(5) a; R' = H, R 2  = C0,Et c;R'  = CN, R 2  = H 
b; R '  = Me, R 2  = C 0 , M e  
C; R' = H, R 2  = C N  
d R' = Me, R Z  = C N  

Results and Discussion 
Preparation of the 7'riazoles.-Triazoles (2)--(5) were pre- 

pared from 1 -azidonaphthalene by 1,3-dipolar cycloaddition 
reactions. Thus dibenzoylacetylene (DBA) gave (3a), dimethyl 
acetylenedicarboxylate (DMAD) gave (3b), ethyl propiolate 
(EP) gave (4a) and (5a) (ca. 6:1), methyl tetrolate ( M e G  

Scheme 2. * Throughout, 1,2,3-triazoles refers to the 1 H-tautomers. 
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CC0,Me) (MT) gave (4b) and (5b) (8:1), and bis(trimethy1- 
sily1)acetylene (BTMSA) gave (2d). Methyl ester (4e) was 
obtained by transesterification of the homologue (4a). Dinitrile 
(3d) was prepared from the diester (3b) by treatment with 
ammonia, to give diamide (k), followed by dehydration with 
toluene-p-sulphonyl chloride and pyridine. The nitriles (4c,d) 
and (5c,d) were similarly prepared from the respective 
monoesters. The isopropenyl derivative (ZC) was prepared by 
treatment of ester (4a) with an excess of methylmagnesium 
iodide, followed by dehydration. The triazole (2a) was prepared 
by hydrolysis of the diester (3b) and thermal decarboxylation of 
the diacid, and the triazole (2b) was similarly prepared from 
monoester (4b); these decarboxylations proceeded smoothly in 
boiling toluene. With the exception of aldehyde (8e), triazoles 
(6)--(9) were all prepared similarly from 1-azido-2-methyl- 
naphthalene, the methyl esters (8a) and (9a) from methyl 
propiolate (MP). Aldehyde (&) was prepared from ester (8a) by 
reduction with lithium aluminium hydride followed by oxid- 
ation with manganese dioxide. 

Photolysis of 1 -( 1 -Naphthyl)- 1,2,3-triazoles (2>-(5).-Initial 
results obtained from the photolysis of l-(l-naphthyl)-1,2,3- 
triazoles were disappointing. Irradiation of the triazole (2b) in 
acetonitrile at 254 nm gave no isolable products, and irradiation 
of the triazole (2a) gave only a very low yield (5%) of 
benzCglindole (10; R' = RZ = H). We therefore photolysed a 
triazole, (ZC), with a vinylic group at the 4-position, in the hope 

(10 a; R' = R 2  = COPh 
b R' = R 2  = C0,Me 
C; R' = R2 = CONH, 
d; R' = R 2  = CN 

(11) a; R' = C02Et, RZ = H 
b R' = C02Me, R2 = Me 
C; R' = CN, R2 = H 
d; R' = CN, R2 = Me 
e; R' = C02Me, R 2  = H 

(12) a; R' = H, R2 = C02Et 
b R' = Me. R2 = C0,Me 
C; R' = H, R2 = CN 
d R' = Me, R2 = CN 

that the unsaturated imidoyl carbene formed on extrusion of 
nitrogen would resemble that formed from the benzotriazoles, * *' 

and cyclise similarly. In the event irradiation of compound (2c) 
gave no identifiable products, and the absence of vinylic proton 
resonances in the n.m.r. spectrum of the photolysate suggested 
that extensive polymerisation had occurred. 

In contrast, photolysis of triazoles (3), which have electron- 
withdrawing groups on both carbon atoms of the triazole ring, 
gave much better yields of the appropriately substituted 
benzCglindoles (lo), arising from attack of the intermediate 
carbene at the naphthalene 2-position. Thus triazoles (3a -d )  
gave benzindoles (1Oa-d) in 18, 100, 81, and 64% yield, 
respectively, and no other products were detected. The low yield 
of the dibenzoyl compound (IOa) is probably associated with 
photoexcitation of the benzoyl groups competing with nitrogen 
extrusion, which ultimately leads to extensive decomposition. 
Photolysis of this triazole (3a) was certainly much slower than 
that of triazoles (3lj-d). 

The increase in yields observed on photolysis of tri- 
azoles (3a-d) ,  compared with triazoles (2a--c), was attributed 
to dipole stabilisation of the intermediate imidoyl carbene (see 
Scheme 3) by the adjacent electron-withdrawing group, initially 
at the triazole 4-position. In agreement with this suggestion, 
subsequently supported by molecular orbital calculations (see 
below), photolysis of triazoles (4a-d) with one electron- 
withdrawing group at the 4-position gave [with the exception 
of (4a)] good yields of the corresponding indoles ( l l a - d )  
(Table), again isolated as the sole products. However, 
photolysis of triazoles (5a-d) with the electron-withdrawing 
group at  the 5-position also gave good yields of products, even 
though the carbene formed in these reactions cannot be 
stabilised directly by the electron-withdrawing group. 
However, the products obtained from these photolyses proved 
to be mixtures of the expected indoles (12a-d) together with 
the isomeric indoles ( l l a - d )  (Table). The yields in the Table 
are based on triazole consumed. Starting triazoles were 
frequently recovered from incomplete photolyses, but in no case 
was the isomeric triazole detected (t.l.c.), nor could any be 
isolated, although isomeric pairs of triazoles are well separated 
on t.1.c. and in column chromatography. Thus reaction 
mechanisms involving initial interconversion of the triazoles (4) 
and (5) were discounted. Although much less likely, it was also 
shown that the isomeric indole products (11) and (12) were not 
interconverted under the photolysis conditions. Thus it seems 

(14) 

I 

R = H ,  Me 
E = CO,R', C N  

I (13)  

Scheme 3. 
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Table. Yields of indoles (11) and (12) from the photolysis of triazoles (4) 
and (5) 

Triazole Indole (11) (7;) Indole (12) (Oi,) 
0 

47 
76 
48 
38 

1 1  
15 
14 
27 

that an intermediate species produced in the photolytic 
decomposition of triazoles (5) must, at least partially, rearrange 
to an isomer before the indoles are formed. We suggest the 
mechanism shown in Scheme 3. The imidoyl carbene (13) 
undergoes two reactions, direct cyclisation to the naphthalene 
2-position to give indole (12), or rearrangement oia the 1H- 
azirine (14) to the isomeric carbene (15), followed by cyclisation 
to indole (1 1). Formation of carbene (15), however, results only 
in direct cyclisation to indole (11) since no trace of indole (12) is 
observed on photolysis of triazole (4). This indicates that either 
cyclisation of carbene (13) to azirine (14), or ring opening of 
azirine (14) to carbene (15), must be essentially irreversible. 
Molecular orbital calculations (MNDO) on model compounds 
indicate that the azirine (16) is more stable than carbenes (17) 
and (18).8 However, the difference in energy between azirine 
(16) and carbene (17) (12.7 kcal mol-')* is calculated to be 
much greater than between (16) and carbene (18) (1.5 kcal 
mol-'), and this is attributed to stabilisation of carbene (18) by 
the dipolar structure (18a). 1H-Azirine (19) itself is calculated to 
be 8.1 kcal mol-' more stable than carbene (20) (cJ ca. 20 kcal 
mol-' given by a less refined earlier method9). The larger 
energy difference between azirine (16) and carbene (17) than 
between azirine (19) and carbene (20) is attributed partly to a 
small destabilising effect of the cyano group on carbene (17) but 
more to stabilisation of the azirine (16) by the non-antiaromatic 
dipolar structure (16a). 

On the basis of these calculations, it appears that a reversible 
ring closure of the carbene (15) to the azirine (14) is likely, which 
suggests that cyclisation of carbene (13) to (14) is essentially 

H A N  H H A N  H 

(18) (18a 1 

irreversible, and that once formed azirine (14) opens exclusively 
to the dipole-stabilised carbene (15). Furthermore, the fact that 
carbene (13) undergoes preferential rearrangement to (15) prior 
to cyclisation onto the naphthalene ring provides experimental 
evidence for a substantial energy difference between these two 
car benes. 

Although molecular orbital calculations indicate that the 
formally antiaromatic 1 H-azirine (19) is stable relative to the 
isomeric imidoylcarbene (20), little experimental evidence has 
been obtained for the participation of these azirines in reactions 
where carbenes of type (20) are generated, and none for such 
reactions in solution. Thus 1H-azirines were generated in the 
flash vacuum pyrolysis of some substituted 1,2,3-triazoles 
and 1 H-benzazirine was generated in a similar decomposition 
of isatin," but azirines were not detected in the gas-phase 
thermolysis or solution-phase photolysis of 1-aryl-triazoles and 
-benzot r ia~oles .~*~~ '  * 1 H-Azirines have previously been pro- 
posed as intermediates in solution in the addition of 
phthalimidonitrene to alkynes. ' 

In view of the unusual rearrangement which accompanies 
photolysis of the 1-naphthyltriazoles (5 )  we investigated the 
similar decomposition of the 1 -phenyltriazoles (21a,b) and 
their isomers (22a,b) (Scheme 4). In general agreement with the 
above observations, irradiation of triazoles (21a,b) gave solely 
the unrearranged indoles (23a,b) in 26 and 55% yield 
respectively, whilst irradiation of triazoles (22a,b) gave the 
rearranged products (23a,b) (5 and 42% respectively) together 
with the unrearranged products (24a,b) (25 and 21% 

hV - 
I 
Ph 

H 

(21) (23) 

I 
Ph 

( 2 2 )  a ; R = H  

b ;  R = Me 

Scheme 4. 

respectively). Thus, although no similar rearrangement was 
reported in the photolysis of 1,4- and 175-diphenyl-1,2,3- 
t r ia~oles ,~  it is possible that stabilisation of intermediates by 
electron-withdrawing groups may give rise to a fairly general 
rearrangement of imidoyl carbenes via the formally anti- 
aromatic 1 H-azirines. 

The failure of the triazole ethyl ester (4a) to give any 
detectable amount of the benzindole (1  la) is noteworthy; no 
clean products could be isolated from this photolysis. This 
result is presumably associated with the presence of the ethyl 
group, which could for example be lost as ethylene from the 
intermediate carbene, since the corresponding methyl ester (4e) 
does give the expected benzindole ( l le )  on photolysis (Table). 
The fact that the isomeric triazole ethyl ester (5a) gives some of 
the benzindole ( 1  la) (as a rearrangement product) suggests that 
the intermediate carbene formed directly by photolysis is in  a 

* 1 cal = 4.184 J. 
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different electronic state (triplet?) to that produced by 
rearrangement via the 1 H-azirine (singlet?). 

Although good yields of indoles were obtained from 
photolysis of 1-( 1 -naphthyl)-1,2,3-triazoles when the triazole 
contained at least one electron-withdrawing group, no traces of 
products derived from attack of the carbene at the naphthalene 
ring junction were detected in any of the above reactions. We 
therefore turned our attention to the photolysis of a series of 
similar compounds but with a blocking methyl group in the 
naphthalene 2-position. 

Photolysis of 1 -(2-Methyl- 1 -naphthyl)-1,2,3-triazoles (6)- 
(9).-As in the photolysis of triazoles (2a-c) discussed above, 
photolysis of 2-methylnaphthyl triazoles (6a-e) without an 
electron-withdrawing group proved unproductive; no products 
could be obtained from the intractable tars produced. Better 
results were obtained, however, on photolysis of triazoles with 
electron-wi t hdrawing groups. 

Photolysis of the diester (7b) gave a single, red, product 
(63%) shown to be dimethyl 9-methyl- 1 H-benzo[de]quinoline- 
2,3-dicarboxylate (2%) by X-ray crystallography. ' Similarly 
the dinitrile (7d) gave the benzoquinoline (25b) (74%) as a 
deep purple solid. Irradiation of the dibenzoyltriazole (7a) and 
the dicarboxamide (7c) gave no identifiable products, however. 
The heterocyclic compounds (2!5a,b) are isoelectronic with 
pleiadiene and are the first stable examples of this ring system 
to be isolated. 1 H-BenzoCdeJquinoline itself is unstable though 
the oxa and thia analogues are not.' ' Presumably compounds 
(25a,b) are stabilised by the electron-withdrawing groups, 
particularly that on C-3 conjugated with the enamine function. 
Indeed, attempted reduction of (Ua) with lithium aluminium 
hydride led to its decomposition. 

( 7 )  b; R = C%Me (25) a; R = COzMe (26) 
d; R = C N  b; R = CN 

The formation of compounds (2%,b) cannot involve an 
electrocyclisation process like that proposed above for the 
naphthyltriazoles lacking the blocking methyl group. Instead, 
the carbene attacks the naphthalene 8-position, either by direct 
insertion into the C-H bond or by electrophilic aromatic 
substitution by the very electron-deficient carbene, with 
contributing forms like (26). It is striking that this new reaction 
pathway is induced merely by the introduction of a methyl 
group at the naphthalene 2-position. 

Photolysis of l-(2-methyl-l-naphthyl)triazoles (8a-c) with 
one electron-withdrawing group (at the triazole 4-position) was 
then investigated. Irradiation of the monoester (8a) and the 
aldehyde (&) gave intractable mixtures, but the nitrile (8c) gave 
three products in variable yields. These were 9b-methyl-9bH- 
benzbJindole-3-carboni t rile (28) (2&27%), the demet h ylated 
compound 1 H-benzok]indole-3-carbonitrile (1 lc) (2-17%), 
and an unidentified, apparently dimeric, product. The demethyl- 
ated compound (llc) was shown to arise by further photolysis 
of the 9b-methylbenzk]indole (28). The stability of the latter 
compound is unusual for a ring-junction-substituted indole and 
it is one of the simplest of such structures yet isolated. It is 
presumably formed by electrocyclic closure of the imidoyl 
carbene onto the naphthalene 2-position, followed by a 
(thermal) [ 1,5]-shift of the methyl group (Scheme 5) .  This 

hY (6cl - 

scheme 5. 

sigmatropic shift converts the cross-conjugated 3a-methyl- 
pyrrole (27) into the more stable linearly conjugated 2a- 
methylpyrrole (28); this shift must be quite rapid since none of 
the products to be expected from further photochemical 
rearrangement ' of intermediate (27) were observed. 

Photolysis of the closely related 5-methyltriazole-4-carbo- 
nitrile (&I) gave no trace of the methyl-substituted derivative 
of product (28) or of its demethylated product. Instead a very 
low yield of a single, orange compound was obtained, which 
slowly decomposed. This is tentatively assigned the 2,9- 
dimethyl- 1 H-benzocde Jquinoline-3-carbonitrile structure (29) 
by comparison of its spectral data with those for compounds 
(25a,b). 

In view of the unpredictable nature of these results and of the 
expectation of further rearrangement of the carbene via a 1 H- 
azirine, the photolysis of 1-(2-methyl-l-naphthyl)triazoles (9) 
with an electron-withdrawing group at the 5-position only was 
not extensively studied. Irradiation of the ester (9a) gave an 

(29) 

intractable mixture, and the nitrile (9c) gave only minor 
products identified as the 9b-methylbenzkJindole (28) ( 5 7 9 ,  its 
demethylation product (l lc) (ca. l%), and the unidentified 
product also obtained in the photolysis of triazole (8c) (ca. 2%), 
all presumably formed by carbene rearrangement via the 1 H- 
azirine. 

The photolysis of 1-(2-methyl-l-naphthyl)triazoles thus 
proved to be much more complex than that of the related 
unmethylated compounds, some of the reactions giving no 
identifiable products at all. Where products were isolated, only 
those from the triazolecarbonitrile (&) arose from electrocyclic 
closure of the carbene to the naphthalene 2-position. When this 
process was apparently suppressed, substitution by the carbene 
at the 8-position of the naphthalene ring, rather than 
electrocyclisation to the 8a-position, was observed. 

1,2-Shfts.-In none of the photolyses described so far in this 
paper were products observed which arose from a Wolff-type 
1,2-shift in the carbene (Scheme 2). However, photolysis of the 
bis(trimethylsily1)triazoles (2d) and (6f) gave such products, the 
ketenimines (30) and (31) respectively, in high yield (> 80% by 
'H n.m.r. analysis of the product mixtures). Acidic hydrolysis of 
the ketenimines gave the corresponding acetamides (32) and 
(33). This result parallels the very rapid 1,2-migration of 
trimethylsilyl groups to other carbenic centres. '' 
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Si M e3 
I 

( 3 0 )  R = H  (32) R = H 

(31) R = M e  (33)  R = M e  

Finally, it is interesting to note that in the photolyses of this 
extensive series of monocyclic 1,2,3-triazoles no evidence was 
obtained for electrocyclisation of the intermediate carbenes to 
the naphthalene ring junction (Scheme l), in striking contrast 
with the photolyses of the corresponding benzotriazoles.' 

Experimental 
For general points see ref. 16. 

4,5-Dibenzoyl-1-( l-naphthyZ)-1,2,3-triuzole (3a).-A solution 
of 1-azidonaphthalene (170 mg, 1.0 mmol) and DBA (240 mg, 
1.0 mmol) in benzene (3 ml) was heated under reflux for 48 h. 
The mixture was then cooled and evaporated under reduced 
pressure to leave a red, oily solid. Trituration with ether-hexane 
(2: 1, 5 ml) followed by recrystallisation from ethanol-water 
gave the triuzole (3a) as crystals (286 mg, 70%), m.p. 143- 
145 "C (Found: C, 77.2; H, 4.1; N, 10.2. C,,H 7N302  requires C, 
77.4; H, 4.25; N, 10.4%); m/z 403 (M'),  374,347,270,105 (base), 
and 77. 

Similarly prepared was 4,5-dibenzoyl- 1 -(2-methylnuphthyo- 
1,2,3-triuzole (7a) (7593, m.p. 173-175 "C (Found: C, 77.45; H, 
4.6; N, 10.0. C27Hl,N,02 requires C, 77.7; H, 4.6; N, 10.1%); 
vmax.(Nujol) 1669, 1 643, 1599, 1 580, 950, 898, 812, and 699 
cm-'; 6 [250 MHz; (CD,),CO] 2.30 (3 H, s), 7.26-7.78 (10 H, 
m), 7.84-7.98 (3 H, m), 8.06 (1 H, d, J9 Hz), and 8.45-8.51 (2 
H, m); m/z 417 (M') ,  361,284,256,139, 115,105 (base), and 77. 

Dimethyl 1 -( 1 - Naphthyo- 1,2,3-triuzole-4,5-dicurboxylate 
(3b).-A solution of 1-azidonaphthalene (210 mg, 1.2 mmol) 
and DMAD (170 mg, 1.2 mmol) in benzene (2 ml) was heated 
under reflux in the dark for 5 h, then cooled and evaporated to 
leave a solid. Trituration with ether-hexane (1 : 1,5 ml) gave the 
triuzole (3b) (366 mg, 9573, m.p. 128-129 "C (Found: C, 61.6; 
H, 4.15; N, 13.4. C,,H,,N,O, requires C, 61.7; H, 4.2; N, 
13.5%); v,,,.(Nujol) 1 735, 1 599, 1 548, 1 511, 1475, 1 465, 
1397, 1351, 1 318, 1072, 970, 810, 780, and 768 cm-'; 6 (90 
MHz; CDCl,) 3.65 (3 H, s), 4.03 (3 H, s), 7.24 (1 H, m), 7.45- 
7.63 (4 H, m), and 7.83-8.09 (2 H, m); m/z 311 (M') ,  283, 252, 
251, 193, 180, 165, 127 (base), and 59. 

Similarly prepared was dimethyl 1-(2-methyl-l -naphthyl)- 
1,2,3-triazole-4,5-dicurboxylute (7b) (9473, m.p. 130.5-132 "C 
(Found: C, 62.9; H,4.5; N, 12.8. C1,Hl5N30, requires C, 62.8; 
H,4.65; N, 12.9%); vmax.(Nujol) 1 740, 1 560, 1 378, 1 300, 1 258, 
1 208,l 121,1076,968,941,840,820,800, and 748 cm-'; 6 (250 
MHz; CDCI,) 2.22 (3 H, s), 3.68 (3 H, s), 4.06 (3 H, s), 6.91 (1 H, 
m), 7.42-7.54 (3 H, m), 7.89 (1 H, m), and 7.97 (1 H, d, J 8 Hz); 
m/z 325 (M') ,  297,266,265,238,207,206,194,179,141,115,75 
(base), and 59. 

Cycloaddition of 1 -Azidonaphthulene to Ethyl Propio lute 
(EP).-A mixture of 1-azidonaphthalene (1.69 g, 10 mmol) and 
EP (1.5 ml, 15 mmol) was heated to 100 "C (bath temp.) for 8 h, 
then cooled to room temperature. Excess of EP was removed 
under reduced pressure to leave a red gum. Chromatography 
afforded (i) ethyl 1 -( 1-naphthyo- 1,2,3-triuzole-5-carboxylute 
(5a) (0.32 g, 12%) as a yellow gum (Found: M + ,  267.1007. 

Cl,H13N302 requires M, 267.1008); v,,,,(neat) 1 732, 1 600, 
1 202, 1 079,805, and 772 cm-'; 6 (250 MHz; CDCI,) 0.98 (3 H, 
t, J8 Hz), 4.08 (2 H, q, J8 Hz), 7.08 (1 H, d, J8 Hz), 7.40-7.61 (4 
H, m), 7.93 (1 H,d, J8 Hz), 8.03 (1 H, d, J8 Hz), and 8.38 (1 H, s); 
m/z 267 (M' ) ,  193,167, 166 (base), 154, and 127; and (ii) ethyl 1- 
(1 -naphthyl)-1,2,3-triazole-4-carboxylute (4a) (1.90 g, 71%) as a 
red gum (Found: M + ,  267.1007); v,,,,(neat) 1 730, 1 598, 1 375, 
1 270, 1 035,802, and 772 cm-'; 6 (250 MHz; CDCl,) 1.39 (3 H, 
t, J7 Hz), 4.43 (2 H, q, J7 Hz), 7.44-7.58 ( 5  H, m), 7.89 (1 H, m), 
7.98 (1 H, m), and 8.40 (1 H, s); m/z 267 ( M + )  194, 180, 167, 166 
(base), 154, 143, and 127. 

Similarly, cycloaddition of 1 -azidonaphthalene to MT gave 
(i) methyl 4-methyl- 1 -( 1 -nuphthjd)- 1,2,3-triazole-5-curboxylate 
(5b) as a red gum (9%) (Found: M + ,  267.1008. C,,H1,N30, 
requires M ,  267.1008); vmax.(Nujol) 1 730, 1 597, 1 278, 1 206, 
809,798, and 769 cm-'; 6 (250 MHz; CDCl,) 2.72 (3 H, s), 3.62 (3 
H,s),7.13(1H,dd,J8,1Hz),7.43-7.63(4H,m),7.96(1 H,dd, 
J 7, 1 Hz), and 8.04 (1 H, d, J 7 Hz); m/z 267 (M') ,  239,224,207, 
196,180 (base), and 127; and (ii) methyl 5-methyl- 1 -( 1 -nuphthyT)- 
1,2,3-triuzole-4-curboxylate (4b) (72%), m.p. 178-179.5 "C 
(Found: C, 67.3; H, 4.8; N, 15.6. C,,H,,N,O, requires C, 67.4; 
H, 4.9; N, 15.7%); vmax.(Nujol) 1 729, 1 222, 805, 789, and 775 
cm-'; 6 (250 MHz; CDCl,) 2.38 (3 H, s), 4.01 (3 H, s), 7.1 1 (1 H, 
dd, J 7, 1 Hz), 7.46-7.64 (4 H, m), 7.96 (1 H, dd, J 8, 1 Hz), and 
8.07, (1 H, d, J 8 Hz); m/z 267 ( M + ) ,  224, 207, 194, 180 (base), 
and 127. 

Similarly, cycloaddition of 1 -azido-2-methylnaphthalene with 
MP gave (i) methyl 1-(2-methyl-l-naphthy~-1,2,3-triuzole-5- 
carboxylate (9a) (11x1, m.p. 102.5-103.5 "C (Found: C, 67.1; 
H, 4.8; N, 15.7%); vmax.(Nujol) 1 742, 1600, 1 524, 1 510, 1310, 
1280, 1 262, 1218, 1 192, 1 173, 1 130, 1 115, 1079, 980, 962, 
942, 938, 910, 870, 861, 820, 803, 780, 770, 750, 703, and 668 
cm-'; 6 (250 MHz; CDCl,) 2.15 (3 H, s), 3.71 (3 H, s), 6.81 
(1H,dd,J8,1Hz),7.36-7.52(3H,m),7.90(1H,dd,J8,1Hz), 
7.96 (1 H, d, J 8 Hz), and 8.44 (1 H, s); m/z 267 (Mf), 239, 238, 
224, 207, 180 (base), and 115; and (ii) methyl 1-(2-methyl-l- 
nuphthyf)- 1,2,3-triuzole-4-curboxylate (8a) (6673, m.p. 123.5- 
124.5 "C (Found: C, 67.5; H, 4.9; N, 15.7%); v,,,,(Nujol) 3 120, 
1 735, 1 601, 1 210, 1 157, 1 048,819,780, and 749 cm-'; 6 (250 
MHz;CDC13)2.22(3H,s),4.04(3H,s),7.00(1 H,dd,J8,  1 Hz), 
7.43-7.55 (3 H, m), 7.91 (1 H, dd, J8, 2 Hz), 7.96 (1 H, d, J9 
Hz), and 8.33 (1 H, s); m/z 267 ( M + ) ,  239,237,224,207, and 180 
(base). 

Similarly, cycloaddition of 1-azido-2-methylnaphthalene with 
MT gave (i) methyl 4-methyl- 1 -(2-methyl- 1 -naphthyl)- 1,2,3- 
~riuzole-5-curboxylute (9b) as a gum which very slowly solidified 
(10%) (Found: M', 281.1164. C,,H1,N3O2 requires M ,  
281.1 164); v,,,.(Nujol) 1 728, 1 280, 1 200, 1 101, 81 1, 780, and 
750 cm-'; 6 (250 MHz; CDCl,) 2.12 (3 H, s), 2.71 (3 H, s), 3.62 (3 
H, s), 6.83 (1 H,dd, J8, 1 Hz), 7.35-7.49 (3 H, m), 7.87 (1 H,dd, 
J7,1Hz),and7.92(1 H,d,J9Hz);m/z281(Mf),238,221,194 
(base), 14 1, and 1 15; and (ii) methyl 5-methyl- 1 -( 2-methyl- 1 - 
naphthyo- 1,2,3-triuzole-4-curboxylute (8b) as a red gum (54%) 
(Found: M + ,  281.1173); v,,,.(neat) 1730 cm-'; 6 (250 MHz; 
CDCl,) 2.17 (3 H, s), 2.31 (3 H, s), 4.05 (3 H, s), 6.88 (1 H, dd, J 
11, 1 Hz), 7.42-7.56 (3 H,m), 7.92 (1 H, dd, J 10,2 Hz), and 7.97 
(1 H, d, J 11 Hz); m/z 281 ( M + ) ,  238, 194 (base), 141, and 115. 

Methyl 1 -( 1 -Naphthyl)- 1,2,3-triuzole-4-curboxylute (&).-A 
solution of ethyl 1-( 1-naphthy1)- 1,2,3-triazole-4-carboxylate 
(4a) (60 mg, 0.22 mmol) and sodium hydroxide (80 mg, 2.0 
mmol) in methanol (5 ml) was heated under reflux for 1 h, then 
cooled, and quenched with water (30 ml). The mixture was 
acidified to pH 1 (2hl-hydrochloric acid) and extracted with 
dichloromethane (3 x 10 ml). The combined extracts were 
dried (MgSO,) and evaporated under reduced pressure to leave 
a solid. This was treated with thionyl chloride (0.5 ml) at room 
temperature for 30 min, then excess of reagent was evaporated 
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off under reduced pressure, and the residue was treated with 
methanol (2 ml). Evaporation under reduced pressure left a 
white foam, which on trituration with ether-pentane (1 : 2,2 ml) 
gave the methyl ester (4e) (41.3 mg, 7473, m.p. 57-58 "C 
(Found: C, 66.6; H, 4.4; H, 16.4. C14H1 'N,O, requires C, 66.4; 
H, 4.35; N, 16.6%); vmax.(Nujol) 3 125, 1 731, 1 599, 1 233, 1 045, 
800, 781, and 770 cm-'; 6 [250 MHz; (CD,),CO] 3.93 (3 H, s), 
7.52-7.81 ( 5  H, m), 8.12 (1 H, dd, J 7, 2 Hz), 8.21 (1 H, d, J 8 
Hz), and 8.97 (1 H, s). 

1 -( 1 - Naphthyl)-4,5-bis( trimethylsilyl)- 1,2,3-triazole (2d).-A 
solution of 1-azidonaphthalene (500 mg, 2.96 mmol) and 
BTMSA (500 mg, 2.94 mmol) in chloroform (3 ml) was heated 
under reflux for 96 h; cooling and evaporation under reduced 
pressure left a black gum, which was chromatographed to give 
the title triazole (2d) (370 mg, 37%), m.p. 133-134.5 "C (Found: 
C, 63.7; H, 7.4; N, 12.3. C,,H,,N,Si, requires C, 63.7; H, 7.4; N, 
12.4%); vmax,(Nujol) 1 598, 1 253,845, 809, and 782 cm-'; 6 (250 
MHz; CDCI,) -0.1 1 (9 H, s), 0.48 (9 H, s), 7.03 (1 H, m), 7.41- 
7.58 (4 H, m), 7.91 (1 H, d, J8 Hz), and 8.01 (1 H,d, J8 Hz);m/z 
31 1 ( M +  -28), 296 (base), and 73. 

Similarly, cycloaddition of 1-azido-2-methylnaphthalene with 
BTMSA gave 1 -(2-methyl- 1 -naphthyl)-4,5-bis(trimethylsilyl)- 1 ,- 
2,3-triazole (6f) (7579, m.p. 140-144 "C (Found: C, 64.4; H, 7.8; 
N, 11.8. C,,H,,N,Si, requires C, 64.5; H, 7.7; N, 11.9%); 
v,,,.(Nujol) 1411, 1 375, 1255, 1 249, 1243, 858, 850,840, 780, 
760, and 750 cm-'; 6 (250 MHz; CDCI,) -0.17 (9 H, s), 0.50 (9 
H, s), 2.09 (3 H, s), 6.75 (1 H, d, J8 Hz), 7.34-7.48 (3 H, m), and 
7.81-7.93 (2 H, m); m/z 353 (M') ,  325, 310 (base), and 73. 

1 -( 1 - Naphthyo- 1,2,3-triazole-4,5-dicarboxumide (%).--A solu- 
tion of dimethyl 1 -( 1 -naphthyl)- 1,2,3-triazole-4,5-dicarboxylate 
(3b) (250 mg, 0.81 mmol) in methanol (8 ml) was treated with 
saturated aqueous ammonia (6 ml), and the mixture was 
stirred at room temperature for 24 h, then treated with water 
(40 ml), and the diamide (3c) was filtered off and dried (210 
mg, 9373, m.p. 245-246 "C (Found: C, 59.6; H, 3.9; N, 24.85. 
C14H1 'N5O2 requires C, 59.8; H, 3.9; N, 24.8%). 

Similarly, diester (7b) gave 1 -(2-methyl- 1-naphthyo- 1,2,3-tri- 
azole-4,5-dicarboxamide (7c) (90%), m.p. 233-234 "C (Found: 
C ,  61.1; H, 4.3; N, 23.7%. C,,H,,N,O, requires C, 61.0; H, 4.4; 
N, 23.7%); vmax.(Nujol) 3 440, 3 230, 3 060, 1 681, 1 670, 1 630, 
1597, 1535, 1508, 818, 720, and 671 cm-'; 6 [250 MHz; 
(CD,),CO] 2.12 (3 H, s), 6.91 (1 H,dd, J8,2 Hz), 7.08 (1 H, br), 
7.40-7.62 (4 H, m), 7.98 (1 H, dd, J8, 2 Hz), 8.03 (1 H, d, J 10 
Hz), 8.24 (1 H, br), and 10.53 (1 H, br); m/z 295 (M'),  250,224, 
207, 194, 179 (base), and 11 5. 

Ester (4a) gave 1-( 1 -naphthyl)-1,2,3-triazole-4-carboxamide 
(87%), m.p. 234.5-236 "C (Found: C, 65.25; H, 4.2; N, 23.4. 
C13HloN40 requires C, 65.5; H, 4.2; N, 23.5%). 

Ester (4b) gave 5-methyl- 1 -( 1 -nuphthyl)l,2,3-triazole-4-carb- 
oxamide (93%) m.p. 177--179°C (Found: 66.95; H, 4.55. 
C14Hi2N4O requires C, 66.65; H, 4.8%). 

Ester (5a) gave 1-( l-naphthyl)-l,2,3-triazole-5-carboxamide 
(96%), 177-178 "C (Found: C. 65.6; H, 4.15; N, 23.5. 
C13HloN40 requires C, 65.5; H, 4.2; N, 23.5%). 

Ester (5b) gave 4-methyl- 1-( l-naphthyl)-l,2,3-triazole-5-carb- 
oxamide (9573, m.p. 185-187 "C (Found: C, 66.9; H, 4.8; N, 
22.1. C14H '2N4O requires C, 66.65; H, 4.8; N, 22.2%). 

Ester (8a) gave 1 -(2-methyl- 1 -naphthyl)- 1,2,3-triazole-4-carb- 
oxamide (89%), m.p. 269-270 "C (Found: C, 66.8; H, 4.6; N, 
22.1%); v,,,.(Nujol) 3 380, 3 200, 1 702, 1 620, 1 042, 820, and 
781 cm-'; 6 [250 MHz; (CD,),CO] 2.22 (3 H, s), 6.92 (1 H, br), 
7.02 (1 H, m), 7.41-7.55 (4 H, m), 8.05 (1 H, m), 8.12 (1 H, d, J 
9 Hz), and 8.71 (1 H, s); m/z 252 (M') ,  207, 185, 180 (base), and 
115. 

Ester (8b) gave 5-methyl-l-(2-methyl- l-naphthyl)-1,2,3-tri- 
u,-ole-4-carboxamide (92%), m.p. 156158 "C (Found: C, 67.3; 

H, 5.2. C,,H14N40 requires C, 67.65; H, 5.304); v,,,~(Nujol) 
3 380, 3 200, 1 681, and 1 600 cm-'; 6 [250 MHz; (CD,),CO] 
2.17(3H,s),2.29(3H,s),6.78(1 H,br),6.92(1 H,dd,J7,2Hz),  
7.50 (1 H, br), 7.52-7.62 (2 H, m), 7.64 (1 H, d, J 9  Hz), 8.07 
(1 H, dd, J 7,2 Hz) and 8.1 3 (1 H, d, J 9 Hz); m/z 266 ( M + ) ,  221, 
194 (base), 180, 168, and 11 5.  

Ester (9a) gave 1 -(2-methyl- 1 -naphthyl)- 1,2,3-triazole-5-carb- 
oxamide (96%), m.p. 196-198 "C (Found: C, 66.5; H, 4.7; N, 
22.0 C,,HIzN4O requires C, 66.65; H, 4.8; N, 22.2%); 
v,,,~(Nujol) 3 280, 1 700, 1 231, 988, 855, 815, and 780 cm-'; 6 
[250 MHz; (CD,),CO] 2.12 (3 H, s), 6.82 (1 H, dd, J 8, 1 Hz), 
6.90 (1 H, br s), 7.38-7.49 (3 H, m), 7.62 (1 H, br s), 7.98 (1 H, 
dd, J 7, 1 Hz), 8.03 (1 H, d, J 8 Hz), and 8.45 (1 H, s); m/z 252 
(M' ) ,  207, 179 (base), 152, and 115. 

1 -( l-Naphthyl)-1,2,3-triazole-4,5-dicarbonitrile (3d).-A solu- 
tion of 1-( l-naphthyl)-1,2,3-triazole-4,5-dicarboxamide (3c) (65 
mg, 0.23 mmol) and toluene-p-sulphonyl chloride (200 mg, 
1.05 mmol) in pyridine (3 ml) was heated under reflux for 18 h, 
then cooled and diluted with ether (30 ml). This solution was 
extracted with hydrochloric acid ( 6 ~ ;  6 x 20 ml), water (10 ml), 
and brine (10 ml), then dried (Na,SO,). Evaporation under 
reduced pressure, and chromatography of the residue, gave the 
title dinitrile (3d) (80%), m.p. 147-148 "C (Found: C, 68.4; H, 
2.7; N, 28.4. C,,H,N, requires C, 68.6; H, 2.9; N, 28.6%); 
vmaX.(NuJol) 2 224, 1 599, 1 060,799, and 772 cm-'; 6 (250 MHz; 
CDCI,) 7.31 (1 H, m), 7.63-7.74 (4 H, m), 8.07 (1 H, m), and 
8.22 (1 H, d, J8 Hz); m/z 245 (M') ,  217 (base), 190,165,140, and 
127. 

Similarly, diamide (7c) afforded 1 -(2-methyl- 1 -nuphthyl)- 1,2,3- 
triazole-4,5-dicarbonitrile (7d) (87%), m.p. 132-133 "C (Found: 
C, 69.4; H, 3.4; N, 27.2%. C,,H,N, requires C, 69.5; H, 3.5; N, 
27.0%); v,,,,(Nujol) 2 254, 1 602, 1 5 10, 969, 91 1, 867, 820, 780, 
and 751 cm-'; 6 (250 MHz; CDCI,) 2.27 (3 H, s), 6.86 (1 H, dd, J 
7,2Hz),  7.51-7.65 (3 H,m),7.99 (1 H, m),and 8.10(1 H,d, J8 
Hz); m/z 259 (M') ,  231,230,216 (base), 204, 190, 154, 139, 127, 
115, and 63. 
1-( 1 -Naphthyl)- 1,2,3-triazole-4-carboxamide afforded 1 -( 1 - 

naphthyl)-1,2,3-triazole-4-carbonitrile (4c) (8 l%), m.p. 134- 
135 "C (Found: C, 70.9; H, 3.6; N, 25.4. C,,H,N, requires C, 
70.9; H, 3.7; N, 25.4%); vmax.(Nujol) 3 420, 2 224, 1 598, 1 043,, 
801, and 767 cm-'; 6 (250 MHz; CDCI,) 7.46 (1 H, m), 7.54- 
7.67(4H,m),7.99(1H,m),8.08(1 H,dd,J7,2Hz),and8.38(1 
H, s); m/z 220 (M'),  192 (base), 165, and 127. 

5-Methyl-1-( l-naphthyl)-l,2,3-triazole-4-carboxamide gave 
5-methyl- 1-( l-naphthyl)-1,2,3-triazole-4-carbonitrile (4d) (7773, 
m.p. 91-92 "C (Found: C, 71.8; H, 4.2; N, 24.1. C14HloN4 
requires C, 71.8; H, 4.3; N, 23.9%); v,,,.(Nujol) 2 221, 
1 600, 1 379,811, and 774 cm-'; 6 (250 MHz; CDCI,) 2.30 (3 H, 
s), 7.10 (1 H, m), 7.47-7.58 (4 H, m), 8.00 (1 H, dd, J 8, 2 Hz), 
and 8.1 1 (1 H, d, J 8 Hz); m/z 234 ( M +  ), 206,205 (base), 179,165, 
and 127. 
1-( 1 -Naphthyl)- 1,2,3-triazole-5-carboxamide gave 1 -( 1 -naph- 

thyl)-1,2,3-triazole-5-carbonitrile (5) (89%), m.p. 95-96 "C 
(Found: C, 70.7; H, 3.6; N, 25.3. C13H8N4 requires C, 70.9; H, 
3.7; N, 25.4%); v,,,.(Nujol) 3 250, 2 226, 1 599, 1 520, 1 510, 
1 132, 963, 872, 856, 802, and 781 cm-'; 6 (250 MHz; CDCI,) 
7.34 (1  H, m), 7.567.70 (4 H, m), 8.02 (1 H, m), 8.14 (1 H, dd, J 
8,2 Hz), and 8.41 (1 H, s); m/z 220 ( M - ) ,  192 (base), 165, and 127. 

4-Methyl-1-( l-naphthyl)-l,2,3-triazole-5-carboxamide gave 
4-methyl- 1-( 1 -naphthyl)-1,2,3-triazole-5-carbonitrile (5d) (67%), 
m.p. 101-102 "C (Found: C, 71.6; H, 4.3; N, 23.7. CI4HloN4 
requires C, 71.8; H, 4.3; N, 23.9%); 6 (250 MHz; CDCI,) 2.68 (3 
H, s), 7.41 (1 H, m), 7.567.68 (4 H, m), 8.01 (1 H, dd, J7,2 Hz), 
and 8.12 (1 H, dd, J 8, 1 Hz); m/z 234 (M' ) ,  205 (base), 180, 165, 
154, and 127. 

1 -(2-Methyl- 1 -naphthyl)- 1,2,3-triazole-4-carboxarnide gave 
1 -(2-methyl- 1 -naphthyl)- 1,2,3-triazole-4-carbonitrile (8c) (92%), 
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m.p. 131-132 "C (Found: C, 71.7; H, 4.2; N, 23.8%); 
v,,,.(Nujol) 3 140, 2 226, 1 600, 1 045, 819,780, and 750 cm-'; 6 
(250 MHz; CDCl,) 2.20 (3 H, s), 6.92 (1 H, m), 7.44-7.57 (3 H, 
m), 7.92 (1 H,dd, J 7 , 2  Hz), 7.98 (1 H, d, J 9  Hz), and 8.23 (1 H, 
s); m/z 234 ( M ' ) ,  205 (base), 191, and 115. 

5-Methyl- 1 -(2-methyl-l-naphthyl)- 1,2,3-triazole-4-carbox- 
amide gave 5-methyl- 1 -(2-methyl- 1 -naphthyl)- 1,2,3-triazole-4- 
carbonitrile (8d) (92%). m.p. 119-120 "C (Found: C, 72.4; H, 
4.8; N, 22.6. CI5Hl2N, requires C, 72.6; H, 4.9; N, 22.6%); 
vmax,(Nujol) 2 245, 1 386, 815, 785, and 749 cm-'; 6 (250 MHz; 
CDCl,) 2.17 (3 H, s), 2.21 (3 H, s), 6.85 (1 H, m), 7.47-7.60 (3 H, 
m), 7.95 (1 H, dd, J 6 ,2  Hz), and 8.02 (1 H, d, J 7 Hz); m/z 248 
( M + ) ,  219 (base), 205, 179, and 115. 

1-(2-Methyl- l-naphthyl)-1,2,3-triazole-5-carboxamide af- 
forded 1 -(2-methyl- 1 -naphthyl)- 1,2,3-triazole-5-carbonitrile (9c) 
(89%) as a gum (Found: M + ,  234.0905. C,,H,,N, requires M, 
234.0905); vmax,(Nujol) 3 130,2 221,l 598,l 1 12,l 099,964,866, 
816, 780, and 750 cm-'; 6 (250 MHz; CDCI,) 2.21 (3 H, s), 6.87 
(1 H,m),7.45-7.57(3H,m),7.92(1H,dd,J7,2Hz),8.01(1H, 
d, J 9 Hz), and 8.43 (1 H, s); m/z 234 ( M + ) ,  205 (base), 191, and 
115. 

4-Isopropenyl- 1 -( 1 -naphthyl)- 1,2,3-triazole (&).-A solution 
of ethyl 1-( l-naphthyl)-l,2,3-triazole-4-carboxylate (4a) (488 
mg) in ether (2 ml) was added dropwise to a solution of 
methylmagnesium iodide in ether ( 1 ~ ;  10 ml), and the mixture 
was heated under reflux for 2 h. The cooled reaction mixture 
was quenched with water (10 ml) and acidified to pH 1 ( 2 ~ -  
hydrochloric acid), the ethereal layer was separated, and the 
aqueous phase was washed with ether (5 ml). The combined 
ether extracts were dried (MgSO,) and evaporated to leave a 
pale yellow solid. Recrystallisation from dichloromethane- 
hexane gave 4-( 1 -hydroxy- 1 -methylethyl)- 1 -( 1 -naphthyl)- 1,2,3- 
triazole (410 mg), m.p. 156-157 "C (Found: C, 71.35; H, 6.0; N, 
16.7. C,,H,,N,O requires C, 71.1; H, 6.0; N, 16.6%); 6 (60 MHz; 
CDCl,) 1.80 (6 H, s), 2.79 (1 H, s), 7.52-7.75 (5 H, m), and 
7.90-8.21 (3 H, m). 

A solution of this alcohol (282 mg) in toluene (20 ml) 
containing iodine (3 mg) was heated under reflux for 17 h in a 
Dean-Stark apparatus. The cooled solution was diluted with 
ether (20 ml) and extracted with 10% aqueous sodium 
thiosulphate (2 x 20 ml), washed with water (10 ml), and dried 
(MgSO,). Evaporation of the solvent and chromatography 
gave the alkene (2c) as a gum (181 mg, 69%) (Found: M + ,  
235.1113. C15H13N3 requires M ,  235.1109); v,,,.(neat) 3 140, 
3 060,1690,l 640,l 598,1575,l 512,1470,1430,l 374,1270, 
1232, 1039, 950, 900, 800, 773, and 670 cm-'; 6 (90 MHz; 
CDCl,) 2.25 (3 H, br s), 5.26 (1 H, m), 5.91 (1 H, m), 7.40-7.70 
(5 H, m), and 7.8 1-8.00 (3 H, m); m/z 235 (M'),  207,206 (base), 
192, 167, 127, 101, and 77. 

Similarly, treatment of methyl l-(Zmethyl- l-naphthyl)-1,2,3- 
triazole-4-carboxylate (8a) with an excess of methylmagnesium 
iodide gave 4-( 1 -hydroxy- 1 -methylethyl)- 1 -( 2-methyl- 1 -naph- 
thyl)-l,2,3-triazole (91%) as a gum (Found: M + ,  267.1378. 
C16Hl,N30 requires M, 267.1372); v,,,.(neat) 3 400, 1 601, 
1 51 1, 1 038,819,780,745, and 731 cm-'; 6 (250 MHz; CDCI,) 
1.78 (6 H, s) 2.20 (3 H, s), 2.60 (1 H, br s), 7.02 (1 H, m), 7.39- 
7.51 (3 H, m), 7.66 (1 H, s), 7.87 (1 H, dd, J 7 ,  2 Hz), and 7.91 (1 
H, d, J 9 Hz). 

Dehydration gave 4-isopropenyl- 1 -(2-methyl- 1 -naphthyl)- 1 ,- 
2,3-triazole (6d) (80%) as a gum (Found: M', 249.1273. 
C16HlsN, requires M ,  249.1267); v,,,.(Nujol) 1 681, 1 601, 
1 510,1040,815,780, and 744 cm-'; 6 (250 MHz; CDCl,) 2.20 (3 
H, s), 2.22 (3 H, s), 5.20 (1 H, m), 5.89 (1 H, m), 7.06 (1 H, m), 
7.37-7.51 (3 H, m), 7.71 (1 H, s), and 8.82-8.93 (2 H, m); m/z 
249 (M') ,  221, 220 (base), 180, and 141. 

Similar treatment of methyl 5-methyl-l-(2-methyl-l-naph- 
thyl)-1,2,3-triazole-4-carboxylate (8b) with an excess of methyl- 

magnesium iodide gave 4-( 1 -hydroxy- 1 -methylethyl)-5-methyl- 
1 -(2-rnethyl- 1 -naphthyl)- 1,2,3-triazole (9473, m.p. 1 50-1 52 "C 
(Found: C, 72.45; H, 6.6; N, 14.9. C, ,N,O requires 72.6; H, 
6.8; N, 14.9%); v,,,.(Nujol) 3 390, 1 600, 1569, 1255, 1 239, 
1 149,860,830, and 795 cm-'; 6 [250 MHz; (CD,),CO] 1.68 (3 
H,s), 1.71 (3 H,s),2.12(3 H,s),2.16(3 H,s),2.85(1 H,s),6.90(1 
H, m), 7.46-7.63 (3 H, m), 8.03 (1 H, dd, J 7, 2 Hz), 8.08 (1  H, 
d, J 9  Hz); m/z 281 ( M + ) ,  238,223,210, 195 (base), 182, 141, 115, 
and 98. 

Dehydration gave 4-isopropenyl-5-methyl- 1 -(2-methyl- 1 - 
naphthyl)-1,2,3-triazole (6e) (85%), m.p. 102-104 "C (Found: 
M', 263.1415. Cl,Hl,N3 requires M ,  263.1422); vmax.(Nujo1) 
1 635, 1 261, 884, 816, 785, 740, and 71 1 cm-'; 6 (250 MHz; 
CDCI,) 2.11 (3 H, s), 2.16 (3 H, s), 2.37 (3 H, s), 5.27 (1 H, m), 
5.37 (1 H, m), 6.93 (1 H, m), 7.39-7.52 (3 H, m), 7.89 (1 H, dd, 
J 7, 2 Hz), and 7.93 (1 H, d, J 9 Hz); m/z 263 ( M + ) ,  219 (base), 
and 115. 

1 -( 1 -Naphthyl)- 1,2,3-triazole (2a).-A solution of dimethyl 1 - 
(l-naphthyl)-1,2,3-triazole-4,5-dicarboxylate (3b) (620 mg) and 
potassium hydroxide (1.0 g) in methanol (15 ml) was heated 
under reflux for 2 h. The cooled mixture was treated with 
hydrochloric acid ( 2 ~ ;  20 ml) and extracted with ether (3 x 15 
ml). The combined extracts were dried (MgSO,) and evapor- 
ated. The resulting solid was suspended in toluene (15 ml) and 
the mixture was heated under reflux for 24 h. Evaporation of the 
cooled solution and chromatography gave 1 -( 1 -naphthyl)- 1,2,3- 
triazole (2a) as a gum (350 mg, 90%) which solidified after some 
time, m.p. 57-58 "C (Found: C, 73.6; H, 4.5; N, 21.4. C,,H,N, 
requires C, 73.8; H, 4.65; N, 21.5%); v,,,,(Nujol) 3 155, 3 138, 
1 600,l 51 1,1 231,l 219,l 020,800, and 774 cm-'; 6 (250 MHz; 
CDCl,) 7.48-7.62 (5 H, m) and 7.92-8.07 (4 H, m); m/z 195 
(M' ) ,  167, 139, 127 (base), and 101. 

Similarly, hydrolysis and decarboxylation of methyl 5-meth- 
yl- 1-( 1-naphthy1)- 1,2,3-triazole-4-carboxylate (4b) afforded 5- 
methyl- 1 -( 1 -naphthyl)- 1,2,3-triazole (2b) (9573, m.p. 125- 
127 "C (Found: C, 74.8; H, 5.3; N, 20.3. C13H11N3 requires C, 
74.6; H, 5.3; N, 20.1%); v,,,.(Nujol) 1598, 1 550, 1 510, 1368, 
1 350,l 325,840,800, and 772 cm-'; 6 (250 MHz; CDCl,) 2.10 (3 
H,d,J1Hz),7.15(1H,m),7.43-7.61(4H,m),7.68(1 H , d , J l  
Hz), 7.93 (1 H, dd, J 8, 1 Hz), and 8.02 (1 H, d, J 8 Hz); m/z 209 
(M' ) ,  180 (base), 153, 127, and 101. 

Hydrolysis and decarboxylation of dimethyl 1 -(2-methyl- 1 - 
naphthyl)-1,2,3-triazole-4,5-dicarboxylate (7b) gave 1-(2-meth- 
yl- 1 -naphthyl)- 1,2,3-triazole (6a) (93%), m.p. 1 12-1 13 "C 
(Found: C, 74.8; H, 5.3; N, 20.2%); vmax.(Nujol) 3 158, 3 128, 
1 599, 1226, 825, 812, 800, 780, and 750 cm-'; 6 (250 MHz; 
CDCI,) 2.20 (3 H, s), 7.00 (1 H, dd, J 8 ,  1 Hz), 7.40-7.53 (3 H, 
m), 7.81 (1 H, d, J 1 Hz), 7.89 (1 H, dd, 8 ,2  Hz), 7.94 (1 H, d, J 9  
Hz), and 8.01 (1 H, d, J 1 Hz); m/z 209 ( M +  ), 18 1, 180 (base), 
166, and 115. 

Hydrolysis and decarboxylation of methyl 5-methyl- 1-(2- 
methyl- 1 -naphthyl)- 1,2,3-triazole-4-carboxylate (8b) gave 5- 
methyl- 1-(2-methyl-l-naphthyl)-1,2,3-triazole (6b) (76%), m.p. 
130.5-131.5 "C (Found: C, 75.0 H, 5.95; N, 18.85. C,,H,,N, 
requires C, 75.3; H, 5.9; N, 18.8%); vmax.(Nujol) 3 135, 1 600, 
1 550,l 510,l 231,819,789, and 750 cm-'; 6 (250 MHz; CDCl,) 

7.43 (3 H, m), 7.62 (1 H, d, J 1 Hz), 7.78 (1 H, dd, J 7 ,  1 Hz) and 
7.83 (1 H, d, J 9  Hz); m/z 223 (M'), 194 (base), 180,141, and 115. 

Hydrolysis and decarboxylation of methyl 4-methyl- 1 -(2- 
methyl- 1-naphthy1)- 1,2,3-triazole-5-carboxylate (9b) gave 4- 
rnethyl-l-(2-rnethyl- l-naphthyl)-1,2,3-triazole (6c) (91%), m.p. 
87-88 "C (Found: C, 75.0; H, 5.8; N, 18.9%); v,,,,(Nujol) 3 145, 
1 597, 1 551, 1 510, 1 225, 830, 820, 785, 759, and 750 cm-'); 6 
(250 MHz; CDCl,) 2.21 (3 H, s), 2.55 (3 H, s), 7.07 (1 H, m), 
7.40-7.53 (4 H, m), and 7.85-7.95 (2 H, m); m/z 223 (M+) 195, 
194, 180 (base), 141, and 115. 

2.04(3H,d,JlH~),2.13(3H,~),6.88(1H,dd,J8,1H~),7.38- 
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1 -(2- Methyl- 1-naphthyo- 1,2,3-triuzole-4-carbuldehyde (&).- 
A solution of methyl 1-(2-methyl-l-naphthyI)-1,2,3-triazole-4- 
carboxylate (8a) (1 50 mg) in ether (2 ml) was added dropwise to 
a slurry of lithium aluminium hydride (150 mg) in ether (4 ml), 
and the mixture was heated under reflux for 2 h. The cooled 
mixture was quenched carefully with water (10 ml) and acidified 
to pH 1 (2~-hydrochloric acid). The ether layer was separated, 
and the aqueous phase was extracted with ether (3 x 10 ml). 
The combined ether phases were washed successively with water 
(2 ml), saturated aqueous sodium hydrogen carbonate (2 x 10 
ml), water (10 ml), and brine (10 ml), and dried (MgSO,). 
Evaporation of the solvent gave 4-(hydroxymethyZ)- 1-(2-methyl- 
l-nuphrhyl)-1,2,3-triuzole (127 mg, 9573, m.p. 143-144 "C 
(from CH2C1,-hexane) (Found: C, 70.1; H, 5.6; N, 17.6. 
Cl,Hl,N30 requires C, 70.3; H, 5.5; N, 17.6%); v,,,.(Nujol) 
3 320, 1 228, 1045, 821, 785, 760, and 750 cm-'; 6 (250 MHz; 
CDCl,) 2.20, (3 H, s), 2.52 (1 H, br) 4.49, (2 H, s), 7.03 (1 H, m), 
7.39-7.52 (3 H, m), 7.76 (1 H, m), 7.88 (1 H, dd, J 8, 2 Hz), 
and 7.93 (1 H, d, J 9  Hz); m/z 239 (M'), 194 (base), 180,167,141, 
and 115. 

A solution of this alcohol (108 mg) in dichloromethane (10 
ml) was treated with manganese dioxide (700 mg) for 7.5 h. The 
mixture was then filtered through Celite and evaporated to 
leave an oil. Chromatography gave the title aldehyde (8e) (59 
mg, 5473, m.p. 134-136 "C (Found: C, 70.8; H, 4.9; N, 17.6. 
C,4Hl1N3O requires C, 70.9; H, 4.7; N, 17.7%); v,,,~(Nujol) 
3 120, 1 698, 1 531, 1 189, 1 OOO, 818,782,770, and 755 cm-'; 6 
(250 MHz; CDCI,) 2.21 (3 H, s), 7.00 (1 H, m), 7.45-7.58 (3 H, 
m),7.92(1 H , d d 7 J 8 , 2 H z ) , 7 . 9 9 ( l H , d , J 8 H z ) , 8 . 3 4 ( 1 H , s ) ,  
and 10.35 (1 H, s); m/z 237 (M' ) ,  208, 180 (base), and 115. 

Photolysis of the 7'riuzoles.-Dilute solutions of the triazoles 
in acetonitrile were irradiated at 254 nm under a stream of dry 
nitrogen in quartz vessels (Rayonet photochemical reactor) 
for the times shown, unless stated otherwise. The solvent 
was evaporated off and the photolysate was separated by 
chromatography. 

1 -( 1 -Naphthyl)- 1,2,3-triazole (2a) (180 mg) in acetonitrile 
(180 ml) (15 h) gave (i) lH-benzk]indole (4 mg, 2%) and (ii) 
starting triazole (94 mg, 52%). 

5-Methyl-1-( l-naphthyl)-1,2,3-triazole (2b) (24 mg) in aceto- 
nitrile (30 ml) (15 h) gave starting triazole (15 mg, 63%) only. 

4-Isopropenyl-1-( l-naphthyl)-l,2,3-triazole (2c) (1 18 mg) in 
acetonitrile (100 ml) (15 h) gave starting triazole (25 mg, 21%) 
only. 

4,5-Dibenzoyl-l-( 1 -naphthyl)-l,2,3-triazole (3a) (100 mg) in 
acetonitrile (100 ml) (36 h), then at 300 nm for 24 h, gave (i) 
starting triazole (1 1 mg, 11%) and (ii) 2,3-dibenzoyl-lH- 
benz[g]indole (1Oa) (15 mg, 14%; 16% based on consumed 
starting triazole), m.p. 265-267 "C (Found: C, 83.2; H, 4.6; N, 
3.8. CZ6H1 ,NO2 requires C, 83.1; H, 4.6; N, 3.7%) vmax.(Nujol) 
3 395, 1 648, 1 610, 1 595, 1 501, 1250,962, 899, 811, 750, 736, 
720,708,693. and 687 cm-'; 6 (250 MHz; CDCl,) 7.22-7.70 (14 
H, m), 8.00 (1 H, d, J 9  Hz), 8.87 (1 H, d, J 8  Hz), and 13.45 (1 H, s). 

Dimethyl 1 -( 1-naphthy1)- 1,2,3-triazole-4,5-dicarboxylate (3b) 
(233 mg) in acetonitrile (170 ml) (10 h) gave dimethyl 1H- 
benz[g]indole-2,3-dicarboxyfute (lob), m.p. 19 1-192 "C (from 
CH,CI,-hexane) (Found: C, 67.7; H, 4.5; N, 4.9. C1,H13N04 
requires C, 67.8; H, 4.6; N, 4.9%); v,,,.(Nujol) 3 317, 1 720, and 

m),7.94(1 H,dd,J8,2Hz),8.02(1H,d,J9Hz),8.15(1H,dd,J 
7,2 Hz), and 10.10 (1 H, br); m/z 283 (M'), 251 (base), 220, 193, 
164, 96,95, and 82. 

1-( 1 -Naphthyl)- 1,2,3-triazole-4,5-dicarboxarnide (3c) (120 
mg) in acetonitrile (100 ml) (15 h), followed by filtration of the 
precipitated product, gave 1 H-benz[g]indole -2,3-dicarbox- 
arnide (1Oc) (88 mg, 8 1 %) as a pale brown solid, m.p. > 300 "C 

1 690 ~ m - ' ;  6 (250 MHz; CDCl,) 4.02 (6 H, s), 7.52-7.76 (3 H, 

(Found: C, 66.4; H, 4.4; N, 16.6. C,,H, 'N,02  requires C, 66.4; 
H, 4.4; N, 16.6%); 6 [250 MHz; (CD,),SO] 7.45-7.64 (3 H, m), 
7.81 (2 H, s), 7.89-8.00 (2 H, m), 8.33 (1 H, s), 8.63 (1 H, d, J 7 
Hz), 9.46 (1 H, s), and 12.80 (1 H, s); m/z 253 (M +), 236 (base), 
218, 193, and 164. 

1-( l-Naphthyl)-1,2,3-triazole-4,5-dicarbonitrile (3d) (55 mg) 
in acetonitrile (50 ml) (12 h) gave lH-benz[g]indole-2,3- 
dicarbonitrile (1Od) (30 mg, 64"/,), m.p. 288--289 "C (Found: C, 
77.1; H, 3.2; N, 19.1. C,,H,N, requires C, 77.4; H, 3.25; N, 
19.3%); v,,,.(Nujol) 3 120, 2 218, 1221, 809, and 741 cm-'; 6 
[250 MHz; (CD,),CO] 7.64-7.79 (3 H, m), 7.88 { 1 H, d, J 9 
Hz), 8.09 (1 H, m), and 8.43 ( 1  H, m), NH not observed; m/z  21 7 
( M + ,  base), 190, and 164. 

Ethyl l-(l-naphthyl)-1,2,3-triazole-4-carboxylate (4a) (250 
mg) in acetonitrile (180 ml) (15 h) gave starting triazole (124 
mg, 50%) only. 

Methyl 5-methyl- 1-( l-naphthyl)-1,2,3-triazole-4-carboxylate 
(4b) (250 mg) in acetonitrile (180 ml) (15 h) gave methyl 2-meth- 
yl-1H-benz[g]indole-3-curboxylute (llb) (73 mg, 33%; 4776 
based on consumed starting triazole), m.p. 223--225 "C 
(Found: C, 75.2; H, 5.4; N, 5.75. C15H1,N02 requires C, 75.3; H. 
5.5; N, 5.85%); v,,,,(Nujol) 3 280, 1 665, 1 599, 1 548, 1 199. 
1 112,820,750, and 690 cm-'; 6 [250 MHz: (CD,),SO] 2.75 (3 
H, s), 3.82 (3 H, s), 7.42 (1 H, m), 7.52-7.61 (2 H, m), 7.93 (1 H, 
d, J 8  Hz), 8.07 (1 H,d, J 9  Hz), 8.33 (1 H, d, J 8  Hz), and 12.52 (1 
H, s); m/z 239 ( M + )  200, 180, 127, 115, and 91 (base). 

1-( l-Naphthyl)-1,2,3-triazole-4-carbonitrile (4c) (1 50 mg) in 
acetonitrile (1 50 ml) (15 h) gave (i) unchanged starting triazole 
(5  mg, 3%) amd (ii) lH-benz[g]indole-3-carbonitrile (1 lc) (96 
mg, 74%; 76% based on consumed starting material) as a pale 
yellow solid, m.p. 169-170.5 "C (from CH,CI,-hexane) 
(Found: C, 81.1; H, 4.2; N, 14.7. C,,H,N, requires C, 81.2; H, 
4.2; N, 14.6%); vmax,(Nujol) 3 300, 2 220, 1290. 1 218, 799, and 
740 cm-'; 6 [250 MHz; (CD,),CO] 7.48-7.79 (4 H, m), 8.03 ( I  
H, m), 8.13 (1 H, s), 8.38 (1 H, dd, J 8, 1 Hz), and 12.12 (1 H, br); 
m/z 192 (M',  base), 164, 138, and 96. 

5-Methyl-l-( 1 -naphthyl)-l,2,3-triazole-4-carbonitrile (4d) (59 
mg) in acetonitrile (50 ml) (15 h) gave 2-methyl-lH-benz[g]in- 
dole-3-carbonitrile (1 Id) (25 mg, 48%), m.p. 25 1-25 1.5 "C 
(Found: C, 81.5; H, 4.85; N, 13.6. C1,H,,N, requires C, 81.5; H, 
4.9; N, 13.6%); v,,,.(Nujol) 3 240, 2 212, 1221, 801, 739, 690, 
and 650 cm-'; 6 [250 MHz; (CD,),CO] 2.65 (3 H, s), 7.41-7.70 
(4H, m), 7.98 (1 H,m),8.27 (1 H,dd, J 7 ,  1 Hz),and 11.80(1 H, 
br); m/z 206 (M',  base). 

Methyl 1-( l-naphthyl)-1,2,3-triazole-4-carboxylate (4e) (55  
mg) in acetonitrile (60 ml) (15 h) gave an orange gum (27 mg), 
shown by n.m.r. spectroscopy to consist of starting triazole 
(1 3 mg, 24%) and methyl 1 H-benzCg]indole-3-carboxylate 
(l le) (14 mg, 29%; 38% based on consumed starting triazole). 

Ethyl l-(l-naphthyl)-1,2,3-triazole-5-carboxylate (5a) (235 
mg) in acetonitrile (180 ml) (15 h) gave (i) ethyl 1H- 
benzCg]indole-2-carboxylate (12a) (15 mg, 7%; 11% based on 
consumed starting triazole), m.p. 169-170 "C (lit.," 170 'C), 
(ii) starting triazole (89 mg, 38%), and (iii) ethyl 1H- 
benz[g]indole-3-carboxylute ( l la )  (24 mg, 13%; 19% based on 
consumed starting triazole) as a pale yellow solid, m.p. 14%- 
149 "C (Found: C, 75.5; H, 5.2; N, 5.9. C15H,,N02 requires C, 
75.6; H, 5.1; N, 5.9%); 6 [250 MHz; (CD,),CO] 1.39 (3 H, t, J 9  
Hz), 4.32 (2 H, q, J 9  Hz), 7.42-7.68 (3 H, m), 7.93 (1 H, dd, J 8, 
1 Hz), 8.03 (1 H,d,  J 3  Hz), 8.25 (1 H,d,  J 8  Hz), 8.37 (1 H,dd, J 
8, 1 Hz), and 11.99 (1 H, br); m/z 239 (M' + l), 193 (base), 165, 
and 139. 

Methyl 4-methyl- 1-( l-naphthyl)-1,2,3-triazole-5-carboxylate 
(5b) (150 mg) in acetonitrile (150 ml) (15 h) gave (i) methyl 3- 
methyl-lH-benz~]indole-2-carboxylate (12b) (20 mg, 15%) as 
an off-white solid, 6 [250 MHz; (CD,),CO] 2.63 (3 H, s), 3.89 (3 
H,s),7.41-7.60(3H,m),7.70(1 H,d,J9Hz),7.94(1 H , d , J 8  
Hz), 8.61 (1 H, d, J 8 Hz), and 11.3 1 (1 H, br); m/z 239 (M' ) ,  207 
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(base), 179, and 151; transesterification (sodium ethoxide in 
ethanol) afforded the known ethyl ester, m.p. 174-175 "C 
(lit.,'* 176 "C); and (ii) methyl 2-methyl-lH-benzCg]indole-3- 
carboxylate (l lb) (49 mg, 36%). 

1 -( 1 -Naphthyl)- 1,2,3-triazole-5-carbonitrile (5) (68 mg) in 
acetonitrile (80 ml) (15 h) gave (i) lH-benz[g]indole-2- 
carbonitrile (12c) (8 mg, 13%; 14% based on consumed starting 
triazole), m.p. 164-166 "C (Found: C, 81.4; H, 4.1; N, 14.6. 
C,,H,N, requires C, 81.2; H, 4.2; N, 14.6%); v,,,.(Nujol) 3 320, 
2 218,823,820, and 724 cm-'; 6 [250 MHz; (CD,),CO] 7.41 (1 
H, s), 7.5-7.71 (4 H, m), 7.94 (1 H, dd, J 8 ,  1 Hz), 8.40 (1 H, m), 
and 12.21 (1 H, br); m/z 192 (M',  base), 165, 140, and 127; (ii) 
starting triazole (2 mg, 3%); and (iii) lH-benzCglindole-3- 
carbonitrile (1 lc) (22 mg, 38%; 39% based on consumed starting 
triazole). 

4-Methyl-1 -( 1-naphthy1)- 1,2,3-triazole-5-carbonitrile (5d) (70 
mg) in acetonitrile (80 ml) (15 h) gave (i) 3-methyl-1H- 
benz[g]indole-2-carbonitrile (12d) (16 mg, 26%; 27% based on 
consumed starting triazole) as a pale yellow solid, m.p. 208- 
209 "C (Found: C, 81.8; H, 4.9; N, 13.6. C,,HloN2 requires C, 
81.5; H, 4.9; N, 13.6%); v,,,.(Nujol) 3 335, 2 211, 1 398, 1 351, 
1 321,l 235,811, and 750cm-'; 6 [250 MHz; (CD,),CO] 2.50 (3 
H,s),7.50-7.70(4H,m),7.95(lH,dd,J7,2Hz),8.34(1 H,dd, 
J 7 , l  Hz), and 10.89 (1 H, br); m/z 206 (M',  base), 178, and 152; 
(ii) starting triazole (2 mg, 3%); and (iii) 2-methyl-1H- 
benzCg]indole-3-carbonitrile (1 Id) (22 mg, 36%; 37% based on 
consumed starting triazole). 

Methyl 1 -phenyl- 1,2,3-triazole-4-carboxylate (21a) l 9  (200 
mg) in acetonitrile (1 50 ml) (1 5 h) gave a pale yellow solid (72 
mg), which n.m.r. spectroscopy indicated to consist of starting 
triazole (46 mg, 23%) and methyl indole-3-carboxylate (23a) (26 
mg, 20%; 26% based on consumed triazole). 

Methyl 5-methyl- 1 -phenyl- 1,2,3-triazole-4-carboxylate 
(21b)" (200 mg) in acetonitrile (180 ml) (15 h) gave methyl 2- 
methylindole-3-carboxylate (23b) (96 mg, 5579, m.p. 164- 
166 "C (lit.,,' 165 "C). 

Methyl 1 -phenyl- 1,2,3-triazole-5-carboxylate (22a) ' (250 
mg) in acetonitrile (180 ml) (15 h) gave (i) methyl indole-2- 
carboxylate (24a) (41 mg, 19%; 25% based on consumed 
triazole), m.p. 15CL152 "C (lit.,22 151 "C), (ii) starting triazole 
(61 mg, 24%), and (iii) methyl indole-3-carboxylate (23a) (8 mg, 
4?<; 5% based on consumed triazole), m.p. 142-144 "C (lit.,23 
145 "C). 

Methyl 4-methyl-1 -phenyl- 1,2,3-triazole-5-carboxylate 
(22b)" (200 mg) in acetonitrile (1 10 ml) (15 h) gave (i) methyl 3- 
methylindole-2-carboxylate (24b) (37 mg, 2 l%), m.p. 1 4 6  
147 "C (lit.,,, 148 "C), and (ii) methyl 2-methylindole-3- 
carboxylate (23b) (74 mg, 42%), m.p. 162-164 "C (lit.,21 165 "C). 

Dime t hy 1 1 -( 2-me t h yl- 1 -naph t hy1)- 1,2,3 - triazole-4,5-dicar b- 
oxylate (7b) (200 mg) in acetonitrile (170 ml) (10 h) gave 
dimethyl 9-methyl- 1 H-benzo[de]quinoline-2,3-dicarboxylate 
(25a) (64 mg, 35%; 63% based on consumed starting triazole) as 
a deep red solid, m.p. 139-142 "C (from ether-hexane) (Found: 
C, 68.4; H, 5.0 N, 4.65. C1,Hl5NO4 requires C, 68.7; H, 5.1; N, 
4.7%); v,,,,(CHCI,) 3 450, 3 419, 1 733, 1 719, 1 635, and 1 575 
cm-'; vmax.(Nujol) 3 440, 3 420, 1 735, 1 722, 1632, and 1 582 
cm-'; 6 (250 MHz; CDCI,) 2.06 (3 H, s), 3.89 (3 H, s), 3.90 (3 H, 
s), 6.47 (1 H, dd, J 7 ,  1 Hz), 6.74 (1 H, br), 6.88 (1 H, d, J 8  Hz), 
7.00 (1  H, d, J 8  Hz), 7.03 (1 H, dd, J 9 , 7  Hz), and 7.17 (1 H, dd, J 
9, 1 Hz); m/z 297 (M' ) ,  266, 265, 237, and 179 (base). 

1 -(2-Methyl- 1 -naphthyl)- 1,2,3-triazole-4,5-dicarbonitrile (7d) 
(70 mg) in acetonitrile (80 ml) (12 h) gave (i) an unidentified 
pale yellow gum (3 mg) and (ii) 9-methyl-1 H-benzo[de]quinoline- 
2,3-dicarbonitrile (25b) (47 mg, 74%) as a purple solid, m.p. 
259-262 "C (decornp.) (Found: C, 77.9; H, 3.9; N, 17.9. 
C,,H,N, requires C, 77.9; H, 3.9; N, 18.2%); v,,,.(Nujol) 3 300, 
2 220,2 210,1635,1607,l 577,1490,1401,l 346,825,688,and 
657 cm-'; 6 [250 MHz; (CD,),CO] 2.10 (3 H, s), 6.69 (1 H, d, J 

7 Hz), 7.05-7.20 (3 H, m), 7.28 (1 H, d, J 8  Hz), and 9.22 (1 H, 
br); m/z  231 ( M + ,  base), 216, 203, and 176. 

(8c) 
(160 mg) in acetonitrile (180 ml) (15 h) gave (i) unchanged 
triazole (1 5 mg, 9%); (ii) 9b-methyl-9bH-benzCg1indole-3- 
carbonitrile (28) (35 mg, 25%; 27% based on consumed triazole) 
as a pale yellow solid, m.p. 148-149.5 "C (from ether-hexane) 
(Found: C, 81.5; H, 5.1; N, 13.5. Cl,HloN2 requires C, 81.5; H, 
4.9; Y, 13.6%); v,,,,(Nujol) 2 212, 1 61 1, 1 600, 1 580, 1 547, 
1511, 1330,1319, 1015,995,950,930,911,896,840,815,753, 
and 637 cm-'; 6 [250 MHz; (CD,),CO] 1.48 (3 H, s), 6.96 ( 1  H, 
d, J 10 Hz), 7.14 (1 H, d, J 10 Hz), 7.27-7.40 (2 H, m), 7.46 (1 H, 
dd, J 7, 2 Hz), 7.78 (1 H, m), and 8.22 (1 H, s); m/z 206 (M', 
base), 191, 179, 164, and 151; and (iii) lH-benzCg]indole-3- 
carbonitrile (llc) (20 mg, 15%); 17% based on consumed 
triazole). 

In a separate experiment, photolysis of the triazole (8c) (75 
mg) in acetonitrile (80 ml) (12 h) gave (i) starting triazole (10 
mg, 13%); (ii) 9b-methyl-9bH-benzCg]indole-3-carbonitrile (28) 
(14 mg, 21%; 24% based on consumed triazole); (iii) 1H- 
benz[g]indole-3-carbonitrile (llc) (1 mg, 2% based on 
consumed triazole); and (iv) an unidentified yellow solid (17 
mg); vmax,(Nujol) 3 300, 2 210, 1 640, 1 618, 1 582, 1 488, 1 403, 
1 330,l 282,820, and 784 cm-'; 6 [250 MHz; (CD,),CO] 2.10 ( 3  
H,s),6.61 (1 H,m),6.96-7.06(2H,m),7.07-7.15(2H,m),and 
7.28 (1 H, m); m/z 385, 281, 280, 276, 261 (base), 206, 205, 192, 
185, 177, 163, 149, 139, and 123. 
9b-Methyl-9bH-benzCg]indole-3-carbonitrile (28) ( 18 mg) in 

acetonitrile (20 ml) (1 5 h) gave (i) starting material (5 mg, 28%) 
and (ii) a mixture (1 mg) shown by n.m.r. spectroscopy to 
consist predominantly of lH-benz[g]indole-3-carbonitrile 

5-Methyl-1 -(2-methyl- 1-naphthy1)- 1,2,3-triazole-4-carboni- 
trile (8d) (145 mg) in acetonitrile (1 50 ml) (1 5 h) gave (i) starting 
triazole (44 mg, 30%); (ii) a green gum (6 mg), which n.m.r. 
spectroscopy indicated to be a complex mixture; and (iii) a pale 
green gum which solidified on storage at - 18 "C (8 mg, 12%; 
17% based on consumed triazole), tentatively identified as 2,9- 
dimethyl- 1 H-benzo[de]quinoline-3-carbonitrile (29), 6 (250 
MHz; CDCI,) 2.06 (3 H, s), 2.26 (3 H, s), 6.35 (1 H, br s), 6.77 (1 
H, t, J 4  Hz), 6.98 (2 H, br s), and 7.13 (2 H, d, J 4  Hz). 

1 -( 2-Methyl- 1 -naphthyl)- 1,2,3-triazole-5-carbonitriIe (9c) (65 
mg) in acetonitrile (70 ml) (12 h) gave (i) a mixture (4 mg) which 
n.m.r. spectroscopy indicated to consist of starting triazole (1 
mg) and 9 b-met h y l-9 bH- benzh] indole- 3 -carboni t rile (28) ( 3  
mg), and (ii) a mixture (3 mg) which n.m.r. spectroscopy 
indicated to consist of 1 H-benz[g]indole-3-carbonitrile (1 lc) (1 
mg) and an unidentified component (2 mg) identical with that 
produced on photolysis of triazole (8c) described above. 

1-( l-Naphthyl)-4,5-bis(trimethylsilyl)-1,2,3-triazole (2d) (1  75 
mg) in acetonitrile (180 ml) (10 h), followed by evaporation, left 
a brown solid; v,,,.(Nujol) 1 995 and 1 963 cm-'. A solution of 
this solid in methanol (3 ml) was treated with dil. hydrochloric 
acid (0 .5~ ;  3 ml) at room temperature for 16 h. The mixture was 
then diluted with water (100 ml) and extracted with 
dichloromethane (6 x 10 ml). The combined extracts were 
dried (MgSO,) and evaporated to leave a gum, trituration of 
which with chloroform-ther gave N-( 1-naphthy1)acetamide 
(32) (52 mg, 5473, m.p. 157.5-159 "C, undepressed on 
admixture with an authentic sample. 

1 -(2-Methyl- 1 -naphthyl)+-bis(trimethylsily1)- 1,2,3-triazole 
(60 (200 mg) in acetonitrile (180 ml) (10 h), followed by 
evaporation, left a brown solid; v,,,~(Nujol) 1990 cm-'. 
Hydrolysis as described above for the product from the triazole 
(2d) gave N-(2-methyl- 1 -naphthyl)acetamide (33) (54 mg, 48%), 
m.p. 185-187 "C, undepressed on admixture with an authentic 
sample. 

Similar irradiation of the following triazoles led only to the 

1 -(2-Methyl- 1 -naphthyl)- 1,2,3-triazole-4-carbonitrile 

(llc). 
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recovery of starting material in the yields shown (6a) 75%, (6b) 
8 1 %, (6c) 72%, (64  16%, ( 7 4  60% (7c) 76%, (8a) 43%, (8b) 49%, 
(8e) 53%, and (9a) 38%. Triazole (6d) gave an intractable brown 
foam. 
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