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ABSTRACT

A modular approach to N1-vinyl benzotriazoles by azide�aryne cycloadditions and Julia�Kocienski reactions is described. Reactions of
azidomethyl phenyl-1H-tetrazol-5-yl (PT) sulfide with arynes gave methyl(PT-sulfanyl)-substituted benzotriazoles in 68�89% yields. Oxidation of
the sulfides to the sulfones gave the benzotriazole-substituted Julia�Kocienski reagents. Olefination reactions of aldehydes and a ketone with
reagents derived from benzyne, 2,3-naphthyne, and 4,5-dimethoxybenzyne precursors proceeded to give various N1-vinyl benzotriazole
derivatives. Olefination stereoselectivities are tunable for electron-rich aldehydes, but not for electron-deficient aldehydes and alkanals,
where they proceed with good to excellent Z-stereoselectivity.

Benzotriazole derivatives are versatile synthetic inter-
mediates that can undergo multiple transformations.1

Several benzotriazole derivativeswere also found topossess
biological activity, such as Vorozole that was in clinical
testing as an antineoplastic agent.2aOther examples include
tubulin inhibitors2b and compounds with antitubercular,2c

antimicrobial,2d antiproliferative,2e andanti-inflammatory2f

activities (Figure 1).
In light of the high pharmacological importance as well

as synthetic utilities of benzotriazoles, we became inter-
ested in delineating a highly modular approach toN-vinyl
benzotriazoles.

Current approaches toN-vinyl benzotriazoles are based
on reactions of benzotriazole or benzotriazole derivatives,
for example, addition of 1-chlorobenzotriazole to alkenes,
followed by elimination,3a,b or N-alkylation of benzotria-
zole with chloroethanol, followed by bromination and
elimination.4 However, alkylation reactions of benzotria-
zoles tend to form N1 and N2 regioisomers.

Figure 1. Biologically active benzotriazole derivatives.
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More recent examples involve synthesis of Wittig
reagents from 1-(1-chloroalkyl)benzotriazoles followed
by olefination,5a the Horner�Wadsworth�Emmons ap-
proach via diethyl-(1-benzotriazolmethyl)phosphonate,5b

and a Peterson reaction via desilylative-olefination of
1-[1,1-bis(trimethylsilyl)alkyl]benzotriazoles.5a,c Among
these various methods, only a single example involving
the olefination of an enolizable alkanal has been reported
in a low 30% yield.5a

Alternatively, N1-(1-substituted-ethenyl) benzotriazoles
were synthesized from N1-ethenyl benzotriazole via metala-
tion, followed by reaction with an electrophile.6 An example
of Cu-catalyzed reaction of (E)-β-bromostyrene with benzo-
triazole has been reported as well, giving an E-olefin, but a
mixture of N1 (major) and N2 regioisomers was formed.7

To date, there is no approach toN-vinyl benzotriazoles,
wherein both the benzotriazole unit aswell as the vinyl sub-
stituents can be varied in a facile manner. An uncatalyzed
azide�aryne [3 þ 2] cycloaddition8 offers efficient access
to benzotriazoles, with variable aryl and N-substituents.
Herein, we report a new and highly modular approach to
N-vinyl benzotriazoles.Notably, this involves development of
a novel bifunctionalizable building block, containing both a
Julia�Kocienski9,10 olefinationhandle andanazidemoiety.

Synthesis of the requisite azido derivative with a handle
for the Julia�Kocienski olefination is shown in Scheme 1.
Our initial substrate, azidomethyl benzothiazolyl sulfide,
gave complex reaction mixtures in the reactions with
benzyne. This prompted us to focus on the more stable11

phenyltetrazolyl derivative. Reaction of 1-phenyl-1H-tetra-
zole-5-thiol (PT-thiol) with bromochloromethane gave
chloromethyl derivative 1, which was converted to the
more reactive iodo derivative 2. Reaction of 2 with NaN3

in DMF gave the desired 5-(azidomethylthio)-1-phenyl-
1H-tetrazole (3, Scheme1).Notably, only 1needed chroma-
tographic purification, whereas crude 2 and 3were used in
the subsequent steps.
Next, the azide�aryne cycloaddition was utilized to as-

semble the benzotriazole core. Initially, as a cost-economical
approach, the reaction of 3 with benzyne derived from
anthranilic acid was evaluated. However, only a complex
reaction mixture was obtained. We therefore evaluated
the use of o-(trimethylsilyl)phenyl triflate.8 Generation
of benzyne from this precursor and reaction with 3 led to
the desired benzotriazole derivative 4 in 85% yield after
purification (Scheme 2). Oxidation of 4, using H5IO6/CrO3

or Mo7O24(NH4)6 3 4H2O/H2O2, gave the Julia�Kocienski
reagent 5 (Scheme 2).

Olefination conditions were screened in the reactions of
p-methoxybenzaldehyde with 5 (Table 1). First, the effect
of the base counterionwas assessed, andLHMDSgave the
highest yield and E-selectivity (entries 1�3). Lowering of
the reaction temperature reversed the selectivity (entry 4),

Scheme 1. Synthesis of the Azidomethyl PT-Sulfide

Scheme 2. Cycloaddition/Oxidation to the Benzotriazole
Julia�Kocienski Reagent

Table 1. Screening of Olefination Conditionsa

entry

base

(molar equiv) solvent

t

(�C)

rxn

time

(h) yieldb
E/Z

ratioc

1 NaHMDS (2.4) THF 0 0.5 45% 60/40

2 KHMDS (2.4) THF 0 0.5 66% 60/40

3 LHMDS (2.4) THF 0 4 76% 79/21

4 LHMDS (4.0) THF �78 32 �d 28/72

5 LHMDS (2.4) THF 66e 2 81% 70/30

6 LHMDS (3.0) THFf rt 5 30% 77/23

7 LHMDS (2.4) DMF/

DMPUg

�50 20 �d 57/43

8 DBU (2.0) THF 66e 2 47% 26/74

aConditions: sulfone 5 (1molar equiv), pMeO-C6H4-CHO(1.5molar
equiv). bYields are of isolated and purified products. c E/Z ratio was
determined by 1H NMR. dReaction was incomplete; 6 was not isolated.
eAt reflux. fMgBr2 3OEt2 additive.
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but the reaction was incomplete after 32 h. A higher yield
was obtained with LHMDS at reflux, with a somewhat
lower E-selectivity (entry 5). Neither MgBr2 3OEt2 nor
DMPU additives improved the E-selectivity (entries 6, 7).
Condensation also proceeded under mild, DBU mediated
conditions,withZ-selectivityand inamoderateyield (entry8).
The effect of substrate structure on the yields and stereo-

selectivities was evaluated in reactions of 5 with a series
of aldehydes and a ketone (Table 2). All reactions were
performed using Method A (LHMDS, THF, 0 �C). The
mild, but lower yielding, Z-selective Method B (DBU,
THF, reflux) was evaluated against five representative
aldehydes. Using Method A, vinyl benzotriazoles were
formed in moderate to good yields with a wide range of
aldehydes. The E-isomer predominated with electron-rich
aromatic aldehydes (Table 1, entry 3 and Table 2 entries 1,
5, 6). The exceptions are five-membered heterocycles with
the carboxaldehyde in an ortho position to the heteroatom
(entries 4, 7). Condensations with electron-deficient alde-
hydes (entries 2, 3) and alkanals (entries 8�11) proceeded
with Z-stereoselectivity. Selectivity was highest with
n-octanal (entry 8), and branching at the R- (entries 9, 10)
or β-position (entry 11) slightly decreased the selectivity.

A ketone, N-benzyl-4-piperidone, reacted as well and gave
product 18 in a good 77% yield (entry 12). The bulkier and
conjugated acetophenone, on the other hand, did not give
good results under these conditions. No further attempts
were made to improve the condensation of acetophenone.
DBU-mediated reactions were Z-selective in all cases
tested. As compared to Method A, this is a reversal of
selectivity with electron-rich aldehydes (Table 1, entry 8,
and Table 2 entries 1, 5) and a substantial improvement in
Z-selectivity for the electron-deficient aldehyde, thiophene-
2-carboxaldehyde, and alkanal (entries 2, 4, 9).
Azidomethyl (phenyl)tetrazolyl sulfide 3 was also re-

acted with substituted benzynes and 2,3-naphthyne, gen-
erated in situ from the corresponding o-(trimethylsilyl)aryl
triflates. Cycloaddition reactions proceeded in yields of
76�89%(entries 1, 2, 4�6 inTable 3), except for 3-methoxy
benzyne, where the yield was lower (68%, entry 3), but here
formation of only a single regioisomer was observed. For-
mation of a single regioisomer in the reaction of 3-methoxy
benzyne with benzyl azide has previously been reported.8

Sulfides 19�21 were oxidized to the Julia�Kocienski
reagents. Oxidation of naphthotriazole derivative 19 with
H5IO6/CrO3 led to the quinone 25,

12 but not to the sulfone
26 (Scheme 3). On the other hand, use of Mo7O24(NH4)6 3
4H2O/H2O2 gave the desired sulfone 26.

Table 2. Synthesis of Vinyl Benzotriazolesa

aConditions: Method A: sulfone 5 (1 molar equiv), carbonyl com-
pound (1.2�1.5 molar equiv), LHMDS (2.4 molar equiv), THF, 0 �C.
Method B: sulfone 5 (1 molar equiv), carbonyl compound (1.5 molar
equiv), DBU (2.0 molar equiv), THF, reflux. bYields are of isolated and
purified products. c E/Z ratio was determined by 1H NMR.

Table 3. Reactions of 3 with Various Aryne Precursors

aYields are of isolated and purified products. bDetermined by 1H
NMR. c Structures of regioisomeric products were determined by
NOESY. dCombined yield of the two regioisomers.
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Similarly, 4-methoxy-substituted benzotriazole deriva-
tive 21 gave the corresponding sulfone 27 upon oxida-
tion with Mo7O24(NH4)6 3 4H2O/H2O2. 5,6-Dimethoxy-
substituted benzotriazole derivative 20 was converted
to sulfone 28 via mCPBA oxidation (see the Supporting
Information (SI) for details).
Condensations of sulfones 26 and 28 with aldehydes

proceeded smoothly under LHMDS-mediated condi-
tions (Method A) to give N-vinyl naphthotriazoles and
5,6-dimethoxybenzotriazoles (Table 4). Since sulfone 26

exhibited poor solubility in THF at 0 �C, it was used as a
crudematerial (entries 3, 6, and 8) orDMFwas used as the
solvent (entries 4, 7, 9). Product yieldswere higher inDMF
than in THF (entries 4, 7, and 9). The E/Z selectivity was
comparable in THF and DMF for p-trifluoromethylben-
zaldehyde andwas lower inDMF for 2-ethylbutanal.With
3,4,5-trimethoxybenzaldehyde, opposite stereoselectivities
were observed in the two solvents. ThehighestZ-selectivity
was observed with the use of DBU-mediated conditions
(Method B, entry 5); however, the yield was the lowest
(compare entries 3, 4, 5).
Possible isomerization of the alkene mixtures was

then considered. Exposure of E/Z-6 to I2 in CHCl3,
13a to

(CH3CN)2PdCl2 in CH2Cl2,
13b and to LHMDS in THF

at reflux did not cause isomerization. An isomerization
attempt using a 450 W medium-pressure Hg lamp in PhH
caused decomposition (see the SI).

In summary, a modular and facile approach toN1-vinyl
benzo-, substituted benzo-, and naphthotriazoles has been
reported. The method is highly flexibile for introduction
of substituents, at both the vinyl and the benzotriazolyl
moieties, and circumvents theN1/N2 regioisomer problem
encountered in alkylation reactions. The stereoselectivity
of olefinations is tunable for electron-rich aldehydes,
whereas reactions with electron-deficient aldehydes and
alkanals proceedwithgood to excellentZ-stereoselectivity.
Other reactions of bifunctional building block 3 are cur-
rently being pursued and will be published in due course.
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Scheme 3. Oxidation of Naphthotriazole Derivative 19 Table 4. Synthesis of N-Vinyl 5,6-Dimethoxy Benzotriazoles
and N-Vinyl Naphthotriazoles

aConditions: Method A: sulfone (1 molar equiv), carbonyl com-
pound (1.2�2.2 molar equiv, see the SI), LHMDS (2.4 molar equiv),
THF or DMF, 0 �C. Method B: sulfone (1 molar equiv), carbonyl
compound (1.5molar equiv),DBU (2.0molar equiv), THF, reflux. bYields
are of isolated and purified products. cE/Z ratio was determined by 1H
NMR. dDue to poor solubility, crude sulfone 26 was used (see the SI).
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