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Abstmct: Benzotriazole and alakhyaks react reversibly to give addition products: in the presence 
of amines and other NH-compounds water can be eliminated to form products of type 
Bt-CHR-NR’R”. The latter are versatile intermediates for the preparation of primary, secondary, 
and tertiary amines and in the alkylarion of hydroxylamines, hydrazines, amides, thioamides, and 
sulfonamides. Polyfuncrional amines and orher pol@nctional compounds can also be prepared, 
and they enable significant extending of Mannich reaction. 

Similar oxygen compounds Bt-CRR’-OR” enable new syntheses of ethers and esters. 
Reactions in which benzotriazole is eliminated rather than substituted open up new pathways to 
enamines, enol ethers, and nitrones. The methodology is capable of extension to a variery of 
vinylogous systems including benzenoid and heteroaromatic derivatives. In addition to acting as a 
versatile leaving group, benzotriazolyl residues activate neighboring CH bonds to proton loss and 
a variety of such applications is described. 
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INTRODUCTION 

The subject of this review is the use of benzouiazole as a synthetic auxiliary. Because the 
benzotriazolate anion is a good leaving group, it may be used in place of a halogen substituent in many 
reactions. The benzotriazolyl group has the advantage, however, that the derivatives are frequently much 
more stable than their chloro or bromo anologues. For example. a-benzotriazolylalkyl amines and 
a-benzotriazolylalkyl ethers are stable, easily prepared compounds, whereas the corresponding a-chloroalkyl 
analogues are highly reactive and, in some cases, physiologically dangerous. This review will show that 
compounds of this type are of considerable synthetic importance in aminoalkylation and alkoxyalkylation 
reactions @f Scheme 1). 

No previous review of the present work has appeared with the exception of a short account published in 
“Il Farmaco”.’ I-Hydroxybenzotrlazole has been used for many years as a synthetic auxiliary in the synthesis 
of peptide~,~ but this work lies outside the scope of the present review. 

Scheme 1. Benzouiazole -- A Tame Halogen Substitute 

OR2 

Stable, easily prepared, versatile 

Highly reactive, 
dangerous physiological activity 

Scheme 2 illustrates the alternative ways in which benzotriazole derivatives can ionize. When X ls an 
electron-donor group, in particular a nitrogen-linked substituent, ionization occurs to form the benzotriazolate 
anion. When X is itself a leaving group, for example, a halogen, then the benzotriazole nitrogen atom can 
assist the ionization of X as an anion, leaving the benzotrlazole as part of the cationic species. It has been 
amply demonstrated that ionizations of both types occur with many benzotriazole derivatives. 

Benzouiazole methodology has aheady come a long way, but it is clear that it has still further to go. 
We believe that in the years to come benzotrlazole will take its place as one of the most usefu1 synthetic 
auxiliary groups available to the preparative chemist. 

The benzotriazole ring is extremely stable and few examples are encountered of it being cleaved during 
a reaction. An exception to this was found in the reactions of I-imidoylbenzofriazoles with Grignard reagents 
which afford a variety of products in which the triazole ring has been opened or modified (Scheme 3).’ 
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Scheme 2. Ionization and Activation in Benzotriazole Derivatives 
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Scheme 3. Reaction of 1-Imidovlbenzotriazoles with Grignard Reagents. 
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At high temperatures, pyrolysis of benzohiazoles has been observed to cause ring opening. Thus, 

N-vinylbenz.otriazoles can affom indoles. 

REACTIONS WITH ALDEHYDES AND RELATED EQUILIBRIA 

It has long been known that benzotriazole reacts with formaldehyde to give 
1-hydroxymethylbenzotriazole in high yield, and that this compound can be converted into 
1-chloromethylbenzotazole. Some substitution reactions of this chlorine atom are reported in the literature 
and we have carried out many more (Scheme 4).5 For example, we have shown that 
benzotriazol-1-yhnethylammonium salts can be prepared in quantitative yields by the reaction of 
I-chloromethylbenzotriazole with tertiary amines. 
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Scheme 4. Pmnaration of l-Substituted Benxotriaxoles 

i-3 &OH 

X=OEt X = SOaPh 

=oPh = Benxotriaxolyl 

= SPh = Morpholmyl 

= SCH2Ph = Pyr+Cl- 

b-l&l i&X 

X = Pyrrolidinyl X = SP(O)(OEt)SPr 

=Ns X=DMAP+Cl- 

=CN x=CHs 

=Ph X = PPH3+ Cl- 

Excluding the reaction with formaldehyde discussed above, the reactions of benxotriazole with other 
aldehydes had not previously been studied. As shown in Scheme 5, benxotriaxole reacts with a whole range 
of aliphatic and aromatic aldehydes to yield the corresponding adducts usually as crystalline solids7 These 
reactions occur simply on mixing the components together at room temperature. Some of the products are 

described in Scheme 6. All of these adducts show a strong O-H stretching band in the it&red, and the 
characteristic aldehyde proton resonance at around 9 ppm in the proton NMR spectrum has gone, being 
replaced by a peak usually between 6 and 7 ppm. 

Scheme 5. Reactions of Benxotriaxole with Aldehvdes 

H H B_.- ..H 

crystalline solids 
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Scheme 6 Reaction Products of Benzotriazole and Aldehvdes ?\ 
N 

N’ 

J-- OH 
R 

R M.p. “OH 6 (CH-0) 

PC) (cm-‘) (p.p.m) 

H 135137 3182 6.12 (s) 
CH3 74-75 3140 6.55 (q) 
m2a3 63-65 3148 6.54 (t) 
(QHd2cH3 61-63 3162 6.61 (t) 
(J-m43)2 58-61 3187 6.25 (d) 
(cH2)3cH3 40-41 3184 6.61 (t) 
W%h 54-56 3189 6.48 (s) 
a-&~3 53-54 3183 6.62 (t) 
(cH2)7cH3 54-55 3182 6.67 (t) 
4-pyridyl 103-104 2589 7.5 (s) 

We have studied quantitatively the equilibrium between free aldehyde and benzotriazole. These 
compounds are in dynamic equilibrium with the two products that can be formed by addition at either the l- 
or 2-position (Scheme 7).* Ketones yield far less of the addition products. 

Scheme 7 Buuilibria in Solutions of Benzotriazole and an Aldehvde in Hexadeuteriobenzene at 23OC 

o- 

’ 1 ‘;N + RCHO 

\ 

at: [ 2;; ;&Hj~ a;N-<g, 

R 

Carbonyl 
compound 

cJ53cHo 

CH3CH$HO 

(CH3)2CHfJJC 

(CH3)3CCHC 

2-CJhNCHO 

4-CH,C,H,CHO 

Cyclohexanone 

CH3COC02Et 
Acetone 

K’ht KW-’ 
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18.6 1.40 

14.7 1.16 

1.28 0.114 

2.62 0.200 

< 0.001 < 0.001 

0.100 0.034 

0.110 0.018 
< 0.001 < 0.001 

AC,0 AG$ 

kcal/mol kcaUmo1 

-1.83 -0.368 
-1.72 -0.198 

-1.58 -0.087 

-0.145 1.28 

-0.567 0.947 

1.35 1.99 

1.30 2.36 
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It has been known for some time that primary amines react with 1-(hydmxymethyl)benxotriaxole. There 
are many examples of this type of addition reaction described in the literature in which one or both of the 
hydrogens of the primary amine are replaced (Scheme 8). 

Scheme g Reaction of Primarv Amines with 1-Hvdroxvmethvlbenxotriaxole 

We have found that this reaction is general for a wide range of aldehydes.g Thus, benzotriaxole, an 
aldehyde. and an aromatic primary amine react together to form product bases in high yield (Scheme 9). 

Scheme 9 Reaction of Primarv Amines, Aldehvdes, and Benxottiaxole 

OH 
R’ 

H 

R’CI-IO + R*NI-I, 

Scheme 10 lists a few of the compounds that have been prepared in this way.g The yields are very high. 
In one particular case, the yield was optimixed on the request of one of our sponsors to reach 99.8%. 
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Scheme 10 Reactions of Amines. Aldehvdes and Benzotriaxole: 

Comuounds Preuared 

R’ of R2 of 

R’CHO R2NH2 

Pr Cd-IsCls-35 
Me 2-Pyridyl 
Et 2Pyridyl 
But 2Pyridyl 
4-C&I4Cl 2Pyridyl 
Pr 2-Pyrimidinyl 

m.p. (“C) Yield (96) 

113-l 14 82 
126-128 98 
118-120 87 
189-190 85 
132-134 85 
73-14 86 

Reactions between lower aliphatic aldehydes, amines and benxouiaxole can often be advantageously 
carried out in aqueous solution. For details see Scheme 1 l.‘O 

Scheme 11 Preuaration of I-(a-Aminoalkvl)benxotriazole in Aqueous Solution. 
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In comparison with I-(a-hydmxyalkyl)benxotriazoles. for the products from the reaction of an 
aldehyde. benxotriaxole and an amine, the equilibrium lies very much farther to the condensation product. 
However, here also a dynamic equilibrium exists between the l-substituted and the 2-substituted derivative 
(Scheme 7). By the cross-over method, this has been shown to take place by an intermolecular mechanism 
(Scheme 12).r1 Further studies of this reaction have shown that the free energy of activation for the l- to 
2benzotriaxolyl marrangement is greatly dependent on the degree of stabilization provided to the cationic 
intermediate: the greater the stabilization the lower the energy barrier.r2 Compounds formed from other 
heterocycles, for example triazole and tetraxole. show similar equilibria (e.g. Scheme 13).13 
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Scheme 12 Cross-over Exueriment. 

Scheme 13 Euuilibrium in Solution of 1.5-di~moroholinomethvl)bishiazolol4.5-al~5.4-dlbenzene. 
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THE PREPARATION OF AMINES 

It is in the preparation of amines fkom the reaction of benxotriaxolylmethylamines with carbanions in 
which we have discovered a wide variety of new synthetic methods (Scheme 14). Versatile routes have been 
developed for the synthesis of primary. secondary, and tertiary amines and, in general, higher yields are 
obtained than from existing methods for the preparation of such compounds. 

Scheme 14 Pmuaration of Amines Usine Carbanions (RMgBr, RLi) or NaBI& 

Aliuhatic Amines: 

Primary R- + BtCHzNPPh, - RCH@-Iz 

Symmetrical Secondary 2R- + (BtCH& NH -b (RCH~)~NH 

Symmetrical Tertiary 3R- + (BtCH&N - (RO,N 

Partly SymmetricalTertiary 2R- + WXs)s NR’ - (RCH$$Rt 

UnsymmetricalTertiary R- + BtCH,NR’R2 .-b RC!H2NR1R2 

UnsymmetrictilSecondary R- + BtCH2NHRt - RCH2NHR’ 

Aromatic Amines 

Secondary R- + BtCHR’NHAr - ArNHCHRR’ 
Symmetrical Tertiary R- + (BtCHd2NAr 
UnsymmetricalTertiary 

___) ArN(CH2R)2 
R - + ArNR1CH2Bt -b A~NR~cH,R 

Primary amines have previously been prepared using [N,N-bis(trimethylsilyl)amino]methoxymethane. 
However, our method using the readily available benxomazolylphosphinamine BtCH2N:PPh, affords a 
general route to primary amines using more convenient starting materials (Scheme 15).r4 

Scheme 15. Pmuaration of Primary Amines 

R= PhCkC 

Yield (%) = 86 
Yield (%)* = 61 

*Previous work14 using: 

LN3 LN 
(not isolated) 

\I 
PPh, 

c-C& I Pll 2-Thienyl 2-Naphthyl 

77 82 84 93 

52 7s 67 52 

MeO-C&-Cl + HN(SiMe,), -b MeO-CH2-N(SiMe3)2 

l-(Benzotriaxol-l-yl)-N-triphenylphosphonilidenemethylamine has been shown to be a particularly 
versatile reagent and allows a wide variety of carbodiimides, imines, isothiocyanates. aziridines and 
secondary amines to be synthesized. The initial product from the reaction of the phosphonilidene with 
Grignard reagents need not be isolated prior to further manipulation*5 (Scheme 16). 
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Scheme 16. l-(Benz.otriazol-l-vlj-N-triphenvlohos~honilidenemethvlamine in Organic Synthesis 

I R’MgX 

Rt pNSC 
sN ’ R2 R2N=@O 

4 I 

The synthesis of symmetrical secondary amines is achieved in high yield fmm the reaction of 
(BtCH&$JH with Grignard reagents (Scheme 17). Bis(benzotriazolylmethyl)amine is readily obtained from 
the reaction of benzotriazole, formaldehyde and ammonia. The symmetrical secondary amines are obtained 
as the sole products from the reaction, and, therefore, the purification problems usually experienced with 
alkylation pmcedures are absent. For a wide range of compounds of this type, this is the preferred method of 
preparation. 

Scheme 17. PreDaration of Svmmetrical Secondarv Amines 

/---B’ f-R 
2BtH+2HCHO+NH3 __) H-N 

RMgBr , H_ N 

LBt LR 

R= Ph PhCH2 c4H, 

Yield (%) = 75 95 65 

The rapid synthetic construction of symmetrical secondary amines using (BtCH&NH is described in 
Scheme 17.16 Under more forcing conditions, benzotriazole, formaldehyde, and ammonia can be made to 
react to convert (BtCHd2NH into (EttCH&N. This compound reacts with Grignard reagents to give the 
symmetrical tertiary amine products in good yields (Scheme 18). As with the benzotriazole mediated 
synthesis of symmetrical secondary amines, no difficult isolation procedures are necessary to obtain the 
tertiary amine. 
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Scheme 18. Prenaration of Svmmetrical Tertiarv Amines 

NH:, 

/-Bt B 

BtCHaOH .-+ H-N 
LBt 

Compound Yield (%) Compound Yield (46) 

(PhCH&N 14 (BuhN 75 

(4-MeC&&Hi)3N 51 (Wd3N 40 

(I-Naphthyl-CH&N 55 (cycloC&CH&N 66 

Analogous methods for the conversion of primary and secondary ahphatic amines to unsymmetrical 
tertiary amines are given in Schemes 19 and 20. Once again excellent yields are obtained.16 

2BtH + 2CHz0 + RNHt e 
R’MgBr 

/--R’ 
- R-N 

R = Me, R’ = Ph: 91% R = R’ = CsHt,: 99% 

Scheme 20. Preuaration of Unsvmmetrical Tertiarv Amines 

L-R’ 

R: 
BtH + R’CHO + R2R3NH- 

NN 

N’ 

R4MgBL ;_R2R3 

R’ 

P+ 

P+ 

P+ 

Pr 

Ph 

Ph 

R*Rs 

-(cw4- 

-CHt),- 

PhCH2, PhCH2 

-(cH2)20(~2)2 

-(CW2WW2 

(c&)2 

R4 Yield (%) 

PhCH2 76 

Ph 64 

Me 76 

Ph 79 

Bu 82 

P+ 59 

Under suitable conditions, the reaction of primary amines. benxotriaxole and formal&h;de can be 
controlled to enable the conversion of primary aliphatic into secondary aliphatic amines.17 The intermediate 
benxotriazolylmethylamine need not be isolated prior to reaction with the Grignard magent (Scheme 21). We 
have also found that primary aliphatic amines can be converted into secondary amines via the reaction of the 
Strecker adducts formed by the reaction of the primary amine with formaldehyde and HCN. 
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Scheme 21. &IWatiOn of Hnsvmmetri& Secondary Ahnhatic Amines 

R' 

cyclohexyl 
cyclohexyl 

:=3hm2 

R2 

Ph 
PhCH2 

-2 

i-l 
Yield (%) R’ 

50 octyl 
64 (~3)3C 

62 V3)3C 

R2 Yield (%) 

Ph 49 
PhCHz 51 

Ph 49 

In addition to high-yielding reductions with sodium borohydride, the Mannich adducts from 
benxotriaxole, an aldehyde, and an aromatic amine react readily with Grignard reagents to give secondary 
amines in excellent yields (Scheme 22) .18*19*a Complex amines may be constructed from a combination of 
stile starting magents (i.e., the original primary amine, the aldehyde and the Grignard reagent). 

Scheme 22. Prenaration of Secondary Aromatic Amines 

RF 
H 

Construction of Amines: 

fiomArNH2 - 

1 

R1 from RIMgX 

R fromRCH0 

Examples of the application of these reactions to the N-alkylation of anilines are given in Scheme 23. 
These represent only a few examples of the many reactions we have carried out. This type of procedure is 
extremely useful for the N-metbylation of various anilines and full details have been published for the 
preparation from 2-toluidine of 2-methyl-N-methylaniline.19 
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Scheme 23. Selective Monoalkvlation of Aromatic Amines 

R’MgX R’ Ar ) 

,” 
t N 

N R ‘H 

R 
tr 

Cl 

Reagent X R’ Yield(%) Reagent R* R2 Yield(%) 

NaBI% Cl H 80 NaIlI& Pr H 68 

PhCH2MgCl Cl CI-I$‘h 85 MeMgI Pr Me 82 

NaBH4 WHH 91 

PrMgBr CQH Pr 85 

NaBI$ NO2 H 89 

These methods for the conversion of anilines into mono- and di-N-substituted anilines are superior to 
previousIy reported methods. Moreover, their application can be extended to their heterocyclic analogues. For 
example, N-alkylation at the amino group of 2-aminopyridine is very difficult to achieve due to preferential 
reaction at the pyridine nitrogen atom to give a quaternary salt. 2-(Alkylamino)pyridines also react with 
alkylating agents at the pyridine nitrogen atom Classically, alkylation of the amino group requires 
conversion of the aminopyridines to their anions prior to reaction with the alkylatlng agent. This procedure 
necessitates strongly basic conditions, and, furthermore, mixtures are often still obtained (Scheme 24). 

Scheme 24. Classical N-Alkvlation of Aminonvridines 
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By contrast, the application of our new method allows the alkylation of compounds, such as 
2_aminopyridine, specifically at the amino group (Scheme 25).18 

Scheme 25. Comtxunds Prepared from 2-Aminopvridine 

Reagent R’ 

NaBH4 H 

NaBH4 fi(332 

NaBH4 P+ 
MeMgI I+ 

NaBI& BU’ 
MeMgI ally1 

R2 Yield (%) 

H 95 
H 82 
H 81 
Me 80 
H 96 
Me 62 

,WR’ 
R3 

R1 = H, Me, or Benzyl 

R2=HorMe 

R3=HorMe 

Moreover, the methods can be generalized to heterocyclic amines of many different types. Thus in 
Scheme 26, examples a given of the preparation of alkylaminopyrimidines and alkylaminopmines.18 

Scheme 26. Preparation of Alkvlamino-uvrimidines and -purines 

H A 
‘N R 

;I 

A 
N’ N 

R = H, Pr, Ph, 4-MeC&I., 

U \’ 
H 

*NAR 

Under more forcing conditions, primary aryl amines will react with two moles of benzotriazole and two 
moles of formaldehyde to give the corresponding bis-derivative21 (Scheme 27). 
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Scheme 27. Bisbenzotriazolvhnethylation of Awlamines 

I\ /\ RR 
N 

I \ 

\N' 
N “I,’ ,N 

These bii-derivatives can also be converted into aromatic tertiary amines by reaction with Grignard 
reagents (Scheme 28).” 

x -u / \ NH2 - 
Examples: 

Scheme 28. Dialkylation of Aromatic Amines 

BtH/ U-i20 
) 

PhMe, nzflux 

X R Yield(%) X R Yield(%) 
H ti 87 OMe w’ 68 
Me PhCH2 85 H ally1 99 
Bu PhCH2 76 

Benzotriazolylmethylation of secondary aryl-alkyl amines and subsequent reduction or Grignatd 
reaction provides a general method for the preparation of unsymmetrical N,N-dialkyla+unines as illustrated 
in Scheme 29.= 
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Scheme 29. Dialkvlarvlamines Possessing Different Alkvl Grouts 

Al- Rl R2 Yield (%) 

Ph Me PhCH2 99 
Ph Et PhCH2 97 
Ph Me H 77 

The reaction of benzotriazole and amines with aldehydes cannot in general be extended to ketones, 
many of which give no product or poor yields. However, cyclohexanone has been condensed with a number 
of amines as shown in Scheme 30.23 

Scheme 30. Cvclohexvlamines from Benzotriazole-cvclohexanone Adducts 

0: 
: I >N 

R3 

R3MgX 

$ 

F2 - 
/R2 

N (or NaBH4) 
\ 
R’ 

d- 11 

R’, Rz R3 Yield (%) R’, R2 R3 Yield (%) 

-CH2CH20CH2CH2- H 82 -CHQ-p3i~CH2- 4-MeC,& 84 

-C&)4- Ph 73 -CH2CH20CH2CH2- 4-ClC&4 86 

-CH2CH20CH2CH2- Ph 74 -CH2CH20CH2CH2- PhCH2 65 

A novel method for the N-tertiary butylation of aromatic and, in particular, heteroaromatic amines has 
been described (Scheme 31).” Selenium dioxide oxidation of the intermediate iminium ion is believed to 
result in formation of an azaepoxide, rapid rearrangement of which furnishes the formamide. Hydrolysis of 
this formamide results in formation of the corresponding amine. 

Scheme 31. Mono-N-t-Butvlation of Aromatic Amines 

1. .r 

CHO 

--+I 
Bu’ ‘Ar 
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ALKYLATION OF HYDROXYLAMINR, HYDRAZINES AND AMIDES 

InadditiontotheNHgroupsofprimaryandseco&ryamines many other NH containing compounds 
can also be alkylated using this benxotriaxole methodology. Such reactions for hydroxylamines, hydraxines, 
amides, and thioamides am shown schematically in the overview in Scheme 32. 

Scheme 32. Alkvlation of Other NH Comuounds 

Hydroxylaminc NH*OH - 

R 
VN’OH 

Hydmxines 

AmideS 

Ar 
ArNHNHz - I!I 

Rv %I* 

R 

NzH4 - ‘I 
R 

VN’NHs 

R’ R2 

RK 

m2- r 
R N 

0 K 
‘H 

0 

ThiOtlUlidCS I 

R NH2- R 

K”y 

N R2 

K 
S S R’ 

Sulfonamides 
RSWH2 - RS02NHCHR1R2 

Hydroxamk acids ArtmNHOH - ArlCONHCH(OH)Arr 

Symmetrical N.Ndisubstituted hydroxylamines may be prepared in high yield from the reaction of 
bis(benxotriaz.olylmethyl)hydroxylamine with 2 equivalents of a Grignard reagent (Scheme 33). Once again, 
(BtCHd2NOH is readily available from the condensation reaction of benxotriaxole, hydroxylamine and 
formaldehyde.16 

Scheme 33. Rrenaration of Svmmetrical N,N-Disubstituted Hvdroxvlarnines 

2BtH + 2HCHO + NH20H - HO- N 
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The alkylation of hydraxines is described in Schemes 34 and 35. A monc+substituted hydra&e can be 
converted into a 1,ldisubstituted hydraxine by first protecting the free amino group (Scheme 34).25 
Subsequent reaction with hydroxymethylbenzouiaxole, followed by reaction with a Grignard reagent, and, 
finally. removal of the protecting group results in the formation of the mquired products. 

Scheme 34. Mono-Alkvlation of Hvdraxines 

Ph Ph Ph 
BtCH2OH \N RMgBr \N \ 

PhNHNHCO2Bu’ 
PhMe, 

k -NHCOaBul 

( ( 

-NHCOzBt+ --) N -NH2 

reflux 
( 

Bt R R 

Compounds P’=Pa=d R = Ph (92%). PhCH* (85%), PhGC (96%). 

The preparation of symmetrical l,ldialkylhydrazines is achieved from the reaction of an acyl 
hydraxide with two moles of hydroxymethylbenxotriaxole~ followed by replacement of both the benxouiaxolo 
groups with a Grignatd reagent (Scheme 35).= 

Scheme 35. Di-Alkvlation of Hvdraxines 

BtCHzOH TBt R”gBr, PhCONH- N PhcoNHNHa ____) PhCONH- N ‘“-, H N NTR 
PhMe, reflux LBt LR 2 - LR 

R = PhCH2 (808), PhC=C (92%) 

Classical methods for the alkylation of amides are described in Scheme 36. To avoid the formation of 
iminoethers resulting from alkylation at the oxygen atom, it is necessary to fust deprotonate the amide so that 
alkylation occurs on the corresponding anion. This procedure has the disadvantage that it requires the use of 
strongly basic conditions and often results in the formation of product mixtures. 

Scheme 36. Alkvlation of Amides: Classical Methods 

OR2 

R< C/ 
OR2 

R21 or 

\ - \\ 
-H+ ) KC’ 

NH2 RUTS 

I 

F 
\\ 
NH 

-H+ 

0- 
R1, C’ R<C//” 

(i) mixture obtained 

\\ R21 ) \ 
(ii) very strongly 

R%Ts 
NHR2 basic conditions 

By contrast, the alkylation of amides using the benxotriaxole method occurs specifically at the N-atom 
and in high yield.% The formation of the adducts is shown schematically in Scheme 37. Subsequent 
reduction with sodium borohydride or reaction with Grignard reagents results in the formation of N-alkylated 
secondary amides. Reduction with lithium aluminum hydride yields unsymmetrical secondary amines.” 
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Scheme 37. Alkvlation of Amidesz Reaction Schenx 

BtH 
+ 

R’CHO 

(2) R%ONHCi&R’ 

LiAlH‘+ ’ 
) (3) R%H~NHCH~R1 

+ 

R* R2 R3 

H Ph 
i-Pxvpyl Ph 

bPY1 Ph 

&tyl Ph 
Ph Ph 
Ph Me 

PhCH2 
Ph 

Butyl 

Yield of ~rn~d (%) 

(1) (2) (3) (4) 

78 96 76 - 
52 96 75 95 
59 96 58 92 
74 99 64 - 
60 94 65 85 
45 98 83 - 

.J 

Until recently, the N-alkylation of thioamides had not been possible due to the preferential reaction at 
the highly nucleophilic sulphur atom. Formation of the thioamide anion does not result in ailcylation at the 
nitmgen (Scheme 38). In the literatme, nitrogen akylation is only observed in the reaction of certain 
thioamides with trityl chloride. However, in this case, akylation also occurs preferentially at the sulfur, but 
because the reaction is reversible, the S-tritylated product is gradually converted into the N-tritylated 
derivative. 

Scheme 38. Alkvlation of Thioamides: Classical Methods 

Ph&Cl 
7 R’ 

Benzoaiazole-mediated alkylation reactions invariably give the thermodynamically more stable 
products. Thus, it is no surprise that thioamides can also be akylated at the nitrogen atom using this 
te&niquen*D (Scheme 39). Once again, the benzotriazolylmethylthioamide intermediate product need not be 
isolated prior to reaction with NsBb or Grignard reagents. 
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Scheme 39. N-Alkvlation of Thioamides via Benxotriaxolvlmethvlthioamide Intermediates 

S 

A- OH 
R’ R’ H 

NaBH4 

1: R’ 

H 

i-R 

C5H11 

C7Ht5 

i-Pr 

R2 Yield (%) 2: R’ R2 R3 Yield (%) 

Ph 98 
i-Pr Ph PhCH2 87 

Ph 99 Pr Ph Bu 89 

Ph 92 CSHrt Ph Ph 88 

Ph 95 ‘&HD Ph PhCH2 81 

NH2 60 H Ph PhCH2 84 

In a similar manner to thioamides, sulfonamides can be readily converted to N-alkyl sulfonamides 
(Scheme 40).29 The N-(benxotriarolylmethyl)sulfonamides are prepared in high yields by the condensation 
of benxotriaxole, an appropriate aldehyde and a primary sulfonamide. 

Scheme 40. N-Alkvlation of Sulfonamides 

R’CHO 

3 R2S02m2 ) 

R3 9,110 

R’ 
A *s 

N \Ra 

R’ R2 (l), Yield (%) 

H Ph 94 
i-Pr Ph 84 
2-pyridyl Ph 80 
H Ph 94 
i-Pr Ph 84 
Ph Ph 52 
Ph 4-MeC& 61 

R3 (2), Yield (%) 

H 97 
H 71 
H 96 
Ph 94 
Ph 96 
Ph 88 
H 75 

J 

Aryl hydroxamic acids react with hydroxymethylbenzotiaxole to give N-(benxotriaxol- 1-yl)methylated 
derivatives. On reaction with aryl Grignard reagents, however, these compounds undergo a rearrangement to 
furnish acyclic N-(a-hydroxybenzyl)benxamides (Scheme 41).30 Although a-hydroxylactams may be 
readily prepared, and are important synthetic intermediates, there are very few reports of the preparation of 
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their acyclic conterparu. Excluding those derived from formaldehyde, the equilibrium for formation of 
a-hydmxyamides generally lies well to the side of the amide and aldehyde. 

Scheme 41. Svnthesis of Acvclic N-(a-Hvdroxybenzvlbenzamides 

R=Me(%%) u 

R 

H 

Me 

Ar 

Ph 

4-MeOC& 

4-c&J-i4 

Ph 

4-clc&4 

1 -naphthyl 

Amide 
Yield (%) 

40 

35 

60 

32 

50 

52 
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THE SYNTHESIS OF POLYFUNCTIONAL AMINO COMPOUNDS 

The use of benzotriazole as a synthetic auxiliary allows the efficient synthesis of many other types of 
polyfunctional amines. A selection of such applications is outlined in Scheme 42. 

Scheme 42. Prenaration of Polvfimctional Amines 

1,2,6_Trisubstituted piperidines: 

CI-$(CH$I-I0)2 - ’ 

Vicinal diamines: 

R’R2NCH-CHNR1R2 - 

B 
I 

t Bt 

Imidazolines and Hexahydropyrimidines: 

k 

[R1R2NCHR312 

HzNK=2)3 or 4 NH2 

Propargylamines: 

R--i 

a-Aminoesters: 

b 
R/-NAN-m2R 

LbZ)n 
NRZz 

) R-CCC 
i 

R’ 

RZnBr 

g-Aminoesters: 

R4 

BrZn- C - C02Et 

6s 

NR1R2 
) 

R3 C02Et 

R4 
Rt ‘c,co’E’ 

) Y \ 
R5 

RfN-W 

The reaction of glyoxal with 2 equivalents of both benzotriazole and a primary or secondary amine 
results in both aldehyde functions undergoing the condensation reaction. Subsequent displacement of the 
benzotriazolo groups with sodium borohydride or Grignard reagents results in high yields of vicinal diamines 
(Scheme 43).3l 
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Scheme 43. Vicinal Diamines 

R’ R2 R3 Yield (96) 

-CH&- H 79 

-cHp@cH&H2- H 76 

PhCH2 PhCH2 H 87 

Ph H H 90 

4-MeC& H H 93 

-v332ki- Ph 78 

-(CH&- PhCH2 77 

-(CH&- Me 70 

-@J-Q- BU 62 

PhCH2 PhCH2 Ph 81 

PhCH2 PhCH2 Me 83 

Ph H PhCH* 69 

Symmetrical 2,6disubstituted piperidines can be prepared by the reaction of Grignard reagents with 
l-substituted 2,~dibenz.otriazolylpiperidine (Scheme 44). This latter compound is readily obtained from the 
reaction of two equivalents of benzotriazole with pentanedial and a primary amine.32 

Scheme 44. Synthesis of 1,2.6-Trisubstituted Piperidines 

R R’ Yield (%) 

Ph H 80 

PhCH2 H 78 

PhCH2 Bu 45 

PhCH2 Me 49 

PhC0NH Me 70 

PhcONH Et 72 

1 
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The reaction of diamines with benzoaiazole and fwmaldehyde frequently results in the formation of 
azapyrrolidines. Nucleophilic displacement of benzotriazolo groups from such compounds readily occurs 
(Scheme 45)?3 

Scheme 45. Reaction of Benzotiazole with Formaldehyde and Primarv Diamines 

cr 

1 ; ‘TN + H2N-(U-Ii),-NH2 + HzC+oN> 

N 

<; 0 

\ 
H 2,/\,/ 

Nu R n Yield(%) 

NaCN CN 2 85 \CH?_/ n n=2 (85%) 

NaCN CN 3 87 n=3 (90%) 

EtMgBr Et 2 72 1 
Nu 

EtMgBr Et 3 77 

BuMgBr Bu 2 68 
RnNANnR 

OctylMgBr &tyl 2 75 \ 
/ 

CH2)n 

The preparation of propargylamines by the reaction of benzotriazolylmethylamines with lithiated 
terminal alkynes (Scheme 46) 34 is far superior to all other reported methods. This benzotriazole mediated 
route is experimentally convenient, general, and high yielding. Propargylamines have been of interest 
recently because of their physiological properties. 

Scheme 46. Preuaration of Prouar&unines 

BtHHNR’,_ 
B 

R3CkC Li+ 

R-0 -BtLi 

-NR’* R* R3 Yield (96) 

-N(CH@)z H Ph 70 

-N 
3 

H Ph 76 

-*e? H Ph 71 

-N 
3 

-CHM% Ph 67 

-N(CHGWz -CHMq Ph 95 

-N 
UP 

Ph Ph 32.5 

-N(CH$‘h)2 -cHMe, c6H13 96 

-N 
3 

Ph Ph 73’ 

-N 
3 

-CHMe2 C6H13 71’ 

-N 
3 

-CHMe2 c4I-h 75’ 

*overall yield, intermediate N-( benzotriaz.olylmethyl)amine not isolated 



Benxotriazole 
2707 

Ethyl glyoxylate condenses with henzotriaxole and an amine in an analogous manner to other 
aldehydes. Substitution of benz.ouiaxolate anion from these adducts using alkylzinc halides furnishes a facile 
route to a-aminoesters (Scheme 47).= 

Replacing the glyoxylate ester in this condensation reaction with the diethoxymonoacetal of glyoxal, 
followed by Grignard reaction and hydrolysis, results in a simple route to u-aminoaldehydes?6 

Scheme 47. a-Amino Esters 

R1 
CHO R’ 

BtH 
I - 

B i 

‘y 
‘R2 R?ZnBr ) 

CozEt HNR’R2 C02Et 

R$,N.R2 

CD2Et 
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R’, R2 R3 

Et. Et Ph 

a-v4 Ph 

(cH2)5 Me 

Yield Rt, Ra 

7s (cH?h 
7s (a215 
55 

R3 Yield 

PhCH2 7s 

4-MeC&I., 69 

Scheme 48. a-Amino Aldehvdes 

CHO R” 

I 
BtH. B 

7’ 

HNR1R2 tr 

1. R3MgX 
N‘Rz - 

F 
N/” 

Q-I(OEt)z 2. H+ \ 
WOEt)a ’ OHC R2 

R1,R2 = - CH2CH20CH2CH2 - R3 = CH3CH2 Yield = 70% 

In a similar manner, @uninoesters have been prepared from benxotriaxolylmethylamines by their 
reaction with Reformatsky reagents (Scheme 49). 37 A wide range of jkmrino and S-alkoxycarbonylamino 
esters have been synthesized in this manner. 

Scheme 49. S-Amino Esters 

0: 
: 1 :N 

ZnBr 

R3 
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R4 

“r J“ 

Rt R4 

N 
C02Et 

b>t 
CQ2Et 

Rt ‘R2 R5N R3 

(not isolated) 

R’ NR2 2 R3 R4 Yield % 

((=3)&H Morpholinyl H Me 82 
Ph Piperidinyl Me Me 73 

cH3cH2cH2 Pyrmlidinyl H H 51 
H Dibenxylamino Me Me 76 

(CHa)&HCHs NHCQCH2Ph H H 57 
Ph NHC02CH2Ph H H 55 
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PREPARATION OF OTHER POLYFUNCTIONAL COMPOUNDS 

Benzouiaxole methodology can be used in the preparation of many other classes of polyfunctional 
compounds. Some of these methods are summan ‘xed in Scheme 50. 

Scheme 50. Pmuaration of Other Polvfunctional Compounds 

Unsymmetrical Formamidines: 

BtCHaNC b BtCH~N:CHNR’2 __) R’CH~N:CHNR’2 

Isoindoles: 

Isoimidazoles: 

Bt$(N:PPh& 

Formaminals: 

a-Aminoglycines: 

RCONH2 

monoaeyl aminals: 

/Br 
R- 

7 NHCOR’ 

Bt - assisted synthesis of peptides 

R2 
\ R%CLi 

CHBt - 
Cl-l-N’ 

2 \Rl 

/ 
NH2 

b R-CH 
\ 

NHCOR’ 

This method for the preparation of propargylamines already described has been extended to a synthesis 
of bridged iso-indoles (Scheme 51). 38 Treatment of an N-furfurylmethylpmpargylamine with potassium 
t-butoxide results in intramolecular Diels-Alder reaction of the intermediate allene. The diene that results 
undergoes further Diels-Alder reaction with dimethyl acetylenedicarboxylate to give the bridged isoindole 
product. 
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R3-CX-Li ) OC 

R3’ 
Cd 

R2 

A 
N 

dl 

I r-BuOK 

[ R@- .,eR3 + RI-N& ] 
1 

R2 R3 
- Hz0 

@?f=@Lk 
R’/ R2 

pi 
Ph 60 

The synthesis of fomxum ‘dines can be accomplished by treatment of the isonitriles formed by 
dehydration of N-()formamides with secondary amines. Subsequent reaction with 
Grignard reagents results in displacement of the benzotriazole residue (Scheme 52)?g 

Scheme 52. Unsvmmehical Formamidines 

H2NCH0 - H20 
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\ 

R3 
I R3MgX I 
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H 

H 

i-Pr 

R2 

-(OS- 

R3 Yield (%) 

Ph 80 
-CH2CH20CH2CH2- Ph 82 

-o-v4 Ph 79 

-cw5 4-MeW-b 62 

-v-332)5 cH2=cH 76 

-CHzh Ph 53 



2710 
A. R. I&-Y et al. 

a-Aminonitriles may be polyfunctionalized by using these compounds in place of amines in the 
condensation reaction with benxotriaxole and aldehydes. After displacement of benxotriaxolate anion with an 
organometallic reagent, demethylcyanation can be accomplished by treatment with CuSO4 (Scheme 53), thus 
affording a route to unsymmetrical secondary amines. 

Scheme 53. Polyfunctional a-Aminonitriles 

R’ R2 

octyl H 

octyl Pr 

octyl Ph 

(=tyl i-Pr 

octyl H 

cyclohexyl H 

R3 Acetonitrile (%) Amine (961 
H 66 90 
H 70 87 
H 77 95 

H 73 97 
PhCH2 65 99 
PhCH2 63 93 

Other geminal diamino derivatives may be synthesized using the diazide shown in Scheme 54. This 
compound is prepared by the reaction of tosyl axide with dibenzotriazolylmethane.40 

Scheme 54. D&ides and Derivatives of l,l-Diamines 

Me 

BuLi 
TsN3 

) 

Q- ,-/ $ 
N' 

N,-k-N, 
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4 PPh3 

-N2 

i) RMgBr Bt 

4 ph3p:N-&N=PPh3 ____) 

ii) (MeCO)2CH2 I;t 

Ph 

ph 

As already described, the reaction of a primary aromatic amine with benzotriaxole and an aldehyde is 
easy to stop at the mono-adduct stage. With primary aliphatic amines, the situation is more complex. The 
reactions of primary aliphatic amines with benzouiaxole and formaldehyde are outlined in Scheme 55. In 
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addition to the bis-product which is formed when R is unhindered,33 we have isolated several examples of the 
mono-substituted derivatives fmm more hindered primary amines. Furthm, by using an excess of 
formaldehyde and less benzoaiazole, products derived from two molecules of amine, three of formaldehyde 
and two of benzotrkole. have been isolated.33 

Scheme 55. Benzotriazolvlmethvlation of Primaxv Aliohatic Amines 

+ HCHO + R-NH2 

(2:3:2) Hz0 

We have also found that it is possible to replace the benzoaiazole residue in amide adducts 
using ammonia This has led to efficient syntheses of mono-acyl-a-amiuoglycines and of the corresponding 
kversed” peptides, as shown in Scheme 56.41 

Scheme 56. Benzotriazole-assisted Synthesis of Monoacvl a-Aminoalvcines 
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I; Me 
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Recently, this method has been extended to the preparation of a variety of other aminal@ (Scheme 57). 
Thus, treatment of benzot&zolylme&ylamides with ammonia results in formation of monoacyl aminals in 
high yield. 

Scheme 57. Monoacvl Aminak 

R’ R2 Adduct (%) Aminal (%) R1 R2 Adduct (96) Aminal(%) 

H PhCH20 80 77 Ph PhCH20 87 63 

Pr PhCH20 90 74 COOEt Me 72 91 

i-k PhCH@ 75 66 COOEt Ph 74 86 

i-Bu PhCH20 85 77 OBt PhCH20 70 37 

Substitution of the benzotriazole residue with CN- followed by mild hydrolysis of the nitrile, allows a 
novel method for the elongation of peptides (Scheme 58)p3 

Scheme 58. Benzotrkuole-Assisted Svnthesis of Amino Acids and PeDtides: The CN- Method 

(peptide cycle) R’CO = acyl, protected aminoacyl 

R’ R2 la 2 3 

(a) simple amides PhC!H20 H 80 80 - 
11 PT 90 85 - 

11 P+ 75 80 - 
II Bu’ 85 90 - 
II Ph 70 90 99 

Bu’O w’ 70 90 - 
(b) u$eccnino BzNHCH2 P+ 74 73 - 

ZNHCHWl) pr’ 73162 95 93 
ZNHCH(Bus) P+ 60 86 - 
ZNHCH(Ph) BU’ 88/20 87 95 
ZNHCH(P+)-L Bu’ 50155 85 - 
ZNHcH(P+) Bu’ 80 85 - 
ZPheNHC!H(pi) Bu’ 84 94 85 

a crude/diastereo homoeeneous Z = PhC!H$CO, Phe = Phenylamine 
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GENERALIZED MANNICH REACTION OF KETONES AND NITRO COMPOUND!3 

In general, the aminoalkylation of ketones (Msnnich reaction) has been limited to the synthesis of 
derivatives in which the nitrogen atom is lied by a CH, group. An exception to this has been the work of 
Seebach (Scheme 59).44 

R= 

Scheme 59. Previous Work 

TiQ 
ClsTiO 

+- 

Q,O 
- N 0 

u, m Yields: 17-73% 

a-Benzotriazolylalkylsmines possess considerable synthetic importance because they allow serious 
liitations of the Mannich reaction to be surmounted. The Mannich reaction involves the condensation 
reaction of an active hydrogen compound, formaldehyde, and a compound containing an NH or NH* group 
(Scheme 60). The two main limitations of this reaction are (i) that it is, with few exceptions, limited to 
formaklehyde (i.e. few Mannich reactions involving other aldehydes sre known), and (ii) that it is difficult to 
prevent multiple reactions. Eschenmoser introduced the so-called,“Eschenmoser Salts”, as Mannich 
components which has overcome the second limitation. 45A47 Because of the ability of the benzotriazolyl 
adducts to ionize, they may behave as Eschenmoser Salts, and thus the potential arises to extend the Mannich 
reaction to aldehydes in a general manner. 

Scheme 60. Limitation of Mannich Reaction 
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-C-H + CHzO + H-N - -(J- 

/ 
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/ 
CH,-N 

k 
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(i) limited to formaldehyde 

(ii) difficult to prevent multiple reactions 

Eschemnoser’s salts : e.g., 
+/Me 

CHz = N 

\Me 

as Mannich components 

Benzotriazole compounds as generalized Eschenmosers’s salts allow the extension of the 

Mannich Reaction to most aldehydes 

Bt R* H R* 
\ 

CH-N’ 1 
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’ ‘R2 R’ 
t=“\, + 
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We have shown that the benzoniazolylmethylamine derivatives react with lithium enolates to give good 
yields of aminoalkylated ketones. Secondary or primary amines, amides, or sulfonamides may be used to 
form the nitrogen adduct (Scheme 61)ps 

Scheme 61. Amino-ablation of Ketones 

Bt 
OLi + 

A 
R’ N 

,R” - 

lb 

R’ R2 R3 Yield (Q) AutiJSyn Previous work 

a3 (morpholino) 50 1:l none 

Ph @iperidino) 48 4:l 84HCA1593 (%) 

H Ph H 85 --- 8 CA(99)5287c ( %) 

H COPh H 85 --- none 

P+ (piperidino) 52 1:l none 

H (piperidino) 67 --- 27AP598 ( %) 

The aminoalkylation of aliphatic nitru compounds has also been limited in previous reports. The 
benxotriarcle methcdology may also be successfully applied to this class of compounds (Scheme 62)p9 

Scheme 62. Amino-alkvlation of Nitrc Comnounds &N Me 

Me Bt R2 - Me /R3 

)_ 
N 

NO2 + r 
R’ 

\ 
Me R2 

R’ R2 R3 

Me 2-qr H 

2-Py 2-4, H 

Ph Phco H 

Me Ph H 

H ~2cHzocHzCH2 

Yield (%) Previous Preparations 

64 none 

61 none 

90 none 

63 none 

68 46JA12 

SYNTHESIS OF ETHERS AND ESTERS 

So far we have discussed the use of benxoniazole in the synthesis of nitrogen containing compounds. 
However, this is only one of the fields of application. Recently we have extended the utility of benxotriazcle 
(as a synthetic auxiliary) to the preparation of oxygen compounds such as ethers and esters (Scheme 63). 
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Scheme 63. Synthesis of Oxygen Comuounds 

Ethers: 

8’ 
R3 

R-C-OR2 - R-6-0~2 
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R-C-O - R-C-O 

I 
R’ 
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Use of Unsaturated Ethers: 

R 
R Bt 

\ 
OR* 

C=C’ 
- 

R* 4 

R’ k 1 

Examples of some new ethers prepared by this method are shown in Scheme 64.50 These compounds 
would be extremely difficult to make, for example, by the classical Williamson ether synthesis due to the 
occurrence of facile elimination in such reactions. 

Scheme 64. Synthesis of Ethers: Grianard Reactions on a-Benxottiaxolvl-alkyl and 

Examples: 

-ar~l Ethers 
R4 

R4MgX 
- R’ 0 

A3 

The starting materials for this ether synthesis am c+(alkoxyalkyl)benxotriaxoles and these can be 
obtained by four d&rent routes (Scheme 65). Each of these methods provides a simple entry to these 
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compounds, however, that using I-(a-chloroalkyl)benzotriazoIes easily prepat~I,~~ is particularly suitable for 
the synthesis of aryl-alicy1 ethers. 

The reaction of Grignard reagents with the a-(alkoxyalkyl)benxouiazoles gives access to a wide range 
of ethersso 

Scheme 65. Prenaration of Ether Starting Materials 

R’ 

R 
+ 

R 

OR 

R3 

This type of reaction has been further extended to the preparation of carboxylic esters as shown in 
Scheme 66.s2 

Scheme 66. Preparation of Carboxvlic Acid Esters 

R1CH(OCOR2), 

R’ 

H 

H 
Pr 
Pr 

Pr 

Pr 
Ph 
Ph 

R2 

Ph 

Ph 
Me 
Me 

2-k 
Me 
Me 

R3 Yield (%) 

PhCH2 64 
BuCEC 85 
Ph 74 
PhCH2 94 
PhC:C 87 
PhCH2 95 
BU 96 
PhCH, 98 

This ether synthesis has also been extended to allow modification of a wide range of cyclic ethers. 
Vinyl ethers readily add benxotriaxole, and these adducts react with a wide variety of Grignard reagents to 
form the expected a-a&dated saturated ethers (Scheme 67).s3 
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Scheme 67. Preparation of a-Allcvlated Saturated Ethers from Unsaturated Ethers 

. 

R = hexyl(65%) R = hexyl(59%) 
= Ph (66%) 
= PhC=C (78%) 
= BuCkC! (90%) 

R = Ph (55%) 
= PhCkC (84%) 
= BuC& (78%) 

SYNTHETIC METHODS DEPENDING ON THE ELIMINATION OF BENZOTRIAZOLE 

Many of the reactions that have been discussed depend on the ionization of an 
N-(a-aminoalkyl)benzotriazole to an imonium cation and the benzotriazole anion or of an 

N-(a-alkoxyalkyl)benzotriazole to an oxonium cation, with subsequent reaction of the cation with a 
nucleophile. However, another fundamentally different route is available in which, instead of reacting with a 
nucleophile, the imonium or oxonium cation loses a proton (Scheme 68), allowing synthetic routes to 
enamines, enol ethers and nitrones. 

Scheme 68. Reaction Pathwavs of N-(a-Hetematom-alkvl)benzotriazoles 

Nu 

f-c * ’ + -H+,R-~ 
RWXR 

R XR 
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Enamines: 

Enol ethers: 

Bt 

/4 
) R -OR’ 

R OR’ 

Nitmnes: 0- 
/ 

) /-N{ (trapped) 
Bt 

In this way, a synthesis of enamines has been developed54 (Scheme 69). Many enamine syntheses are 
available but in all of them an excess of the amine component is used and the yield is calculated based on the 
carbonyl component. Using benzotriazole as a synthetic auxiliary in this new method gives good yields 
calculated on the amino component. 

R3R4NH 
) 

OH 

0: = 1 Yv 
N’_ 

R’ 

‘r 

+/R4 
‘N 

R* I!3 

R’ R2 

Me H 

Et H 

H H 

Me Me 

Pr H 

Bu H 

R3 R4 Yield (%) 

-cH?cH,ocH,cH,- 95 

-CH2CH20CH2CH2- 87 
-CH2CH20CH2CH2- 88 

-CH*CH*OCH*CH*- 95 
-CH2CH20CH2CH2- 81 

-CH2CH20CH2CH2- 93 

An analogous procedure to that for the synthesis of enamines can be used to make enol ethers (Scheme 

70).55 
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Scheme 70. Svnthesis of En01 Ethers 
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A4 ,R4 
0 NilH +0 

4 
A 

Bt- R’ 

Benxotriaxole derivatives have also been shown to be useful as components in cycloaddition reactions. 
Thus, bis@enzotriazolylmethyl)hydroxylamine acts as a nitmne synthon and undergoes 1.3~dipolar 
cycloaddition with a wide range of 1,3dipolamphiles (Scheme 71).56 This elimination reaction is clearly 
related to those just described. 

Scheme 7 1. Isoxaxolidines 

R’ R2 Yield (%) 

H COOMe 100 

H 2-pyridyl 83 

H bpyridyl 81 

H CN 88 

COOMe CQOMe 91 

WORK WITH VINYLOGOUS AND RELATED SYSTEMS 

Some of the products which can be derived from reactions of benxotriaxole and amines with 
a&unsaturated aldehydes are shown in the overview of Scheme 72. 
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Scheme 72. Benzotriazole - Mediated Reactions of ufWnsaturated Aldehvdes 
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Benzotriazole undergoes addition to a&unsaturated aldehydes and ketones to form the corresponding 
8-benzotriazolyl-aldehydes and -ketones (usually as mixtures of Bt-1 and Bt-2 isomers) in high yields 
(Scheme 73).57 

Scheme 73. Addition of Benzotriazole to a, B-Unsaturated Aldehvdes and Ketones 

R1R%--CHCOR3 + B 

Qa A p 
0 

RlbR N .- 0 
3 

R2 Rlb 3 

R’ R2 R3 Yield (%) 
(mixture ol isomers) 

H H H 85 
Me H H 54 
H H Me 80 
Ph H Me 80 
PhCO H Ph 80 
Me Me Me 76 

up-Unsaturated aldehydes will react with a further molar equivalent of benzotriazole to give 
1,3-bis(benzotriazolyl)alcohols. These adducts sre usually rather unstable, although careful recrystallization 
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can sometimes give analytically pure compounds. When an amine is added to the reaction mixture, 
1,3-bis(benzotriazolylalkyl)amines are formed as stable crystalline products (Scheme 74).57 

Scheme 74. Addition of Benzotriazole and an Amine to a, B-Unsaturated Aldehvdes 

H 
) 

Bt 

The benzotriazolyl substituent in the l-position of 1.3~di(benzotriazolyl)alkykuuines is labile (as are 
derivatives of this type derived from saturated aliphatic aldehydes). For example, it can be easily removed by 
reduction with sodium bomhydride to give 3-benzoaiazolyIalkykmines in high yields (Scheme 7Qs7 

Scheme 75. 3-(Benzotriazol-1-vlutbcvlamines 
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The benzotriazolyl substituent of position 1 can also be eliminated by treatment of 
1,3di(benzouiazolyl)alkylamines with sodium hydride in tefluxing THF. The 3-benzouiazolyl-enamines 
thus formed still possess the ability to ionize to the benzouiazolyl anion and eniminium cation: the amine 
electron donor influence being transmitted via the C=C bond. The eniminium cation can be trapped by an 
organometallic reagent providing a new synthesis of complex enamines (Scheme 76).s8 
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Scheme 76. 3_I&zmotriaxol-1-vl)enamines and Their Use in Svnthesis 

Alternatively, both benxotriaxolyl residues can be removed by excess NaH to afford dienamines 
(Scheme 77)>9 

0 

0 
N / I / 

In an exactly analogous manner, dienyl ethers cau be obtained as illustrated in Scheme 7fKs9 

R = Me, CHaPh 

Benzotriaxolylmethyl ketones sre readily obtained from the reactions of benxoniaxole with 

o-bromoketones. The, hydraxones of these ketones also tend to undergo ionization to the Zaxa-analogues of 
the cations discussed above. Reaction of these cations with Grignard reagents, and subsequent hydrolysis, 
provides a new synthetic route to ketones (Scheme 79).6o 
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Scheme 79. The Svnthesis of Ketones from Hvdraxones 
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Under acidic conditions, aromatic amines are benxoniaxolylmethylated exclusively at the para position. 
The 4-(benxotriazol-1-ylmethyl)anilines obtained can also ionize to the benxotriaxolyl anion and a quinonoid 
type cation. The electron donating influence of the amino group is transmitted via the aromatic ring to the 
methylene cabon atom in the m position. Treatment of the 4-(benxotriaxol-1-ylmethyl)arylamines with 
aniline and N-substituted anihnes leads to formation of methylenebiianilines in high yield. Asymmetrical 
substituted methylenebisanilines are conveniently produced in this way (Scheme 8O).61 

Scheme 80. Methvlenebisanilines 
Rk,,R4 
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R’ R* RJ R4 Yield (%) 
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Me Me Me Me 97 
Et Et Et Et 95 
Me Me Me Et 96 
Et Et Et Me 96 

The cation which is formed from 4-(benxotriaxol-1-ylmethyl)anilines can also attack other electron rich 
aromatic systems, giving substitution of the aromatic proton with a Caminobenxyl gro~p.~* Examples of 
such reactions are given in Scheme 81. 
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Scheme 81. Reaction of 4-(Benzoaiazol-1-vl-methvl)anilines with Other Reactive Atomatic Systems 

The methylene protons of 4-(benxotrlaxol-1-yhnethyl)anilines are sufficiently activated to be 
abstracted by butyllithium (see following section). The anion can then react with alkyl halides to give the 
corresponding 4-[a-(benxotriaxol-1-yl)alkyl]anilines. When aldehydes are used as electrophiles in this 
reaction, the corresponding a-(benxouiazol-1-yl)+hydmxy derivatives are formed, while esters give 
a-(benzotriaxol-1-yl)-4-aminophenylmethyl ketones (Scheme 82).62 

Scheme 82. 4-(Benxotriaxol-I-ylmethyl)anilines: Electronhilic Substitution of the Methvlene Protons 
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Derivatives bearing a substituent on the carbon atom binding the benzot&ole system with the amine 
aryl ring undergo similar electrophilic aromatic substitution with electron rich aromatic molecules as do the 
simple 4-(benzmiazol-1-ylmethyl)anilines discussed above. This allows the substitution at C-3 of indole ti,th 
complex substituents and the preparation of l,l-bis(4-aminophenyl) alkanes with asymmetrically substituted 
amino groups (Scheme 83).62 

Scheme 83. Reactions of C(a-Benzotriazol-1-vla.lkvl)-N,Ndimethylaniline with Electron Rich 
Aromatic svstems. Bt -+ 
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ACTIVATION OF CH TO PROTON LOSS BY BENZOTRIAZOLYL GROUPS 

An N-benzotriazolyl substituent stabilizes the formation of an a-carbanion to approximately the same 
degree as a phenyl group, and several useful synthons have been derived (Scheme 84). 

Scheme 84. Benzoaiazole Activation of C-H Bond To Proton Loss 
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l-~imthylsilyl can be deprotonated at the methylene group and the anion 
undergoes further reactions as shown in Scheme 85.@ 

Scheme 85. Reactions of the I-CTrimethvJsilvhnethvl)ben zotrkolate Anion 
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Similarly, many benrouiarolylmethyl-N-heterocycles undergo deprotonation and these anions also 
undergo reaction with a variety of electrophiles.64 

Scheme 86. Reaction of Benrotriazolvlmethvl-N-heterocvcles with Electrouhiles 
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As expected, Wittig reagents ate easily fozmed as shown in Scheme 87.65 

Scheme 87. Svnthesis of I-(l-Alkenvl)benzotriazoles 
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Another application of this same type is the use of tribenzotriazolylmethide as a carboxylate anion 
synthon. some applications of which are shown in Scheme 88. 66 The very mild hydrolytic conditions are 
noteworthy. 

Scheme 88. A Carboxylate Anion Svnthon 
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When two N-benzotriazolyl substituents and a phenyl group are attached to the same carbon atom, 
hydrolysis of the two benzotriazolyl groups is easy. Overall an efficient synthesis of arylketones is thus 
achieved. It has been extended to a-hydroxyketones and a-diketone#’ (Scheme 89). 
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Scheme 89. Pmnaration of Arvl Ketones 
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This reaction sequence cannot be extended to aldehydes or ketones in general because the hydrolysis is 
less easy. However, we have found that when one benxotriaxole group and one carbaxole group are attached 
to the same methylene, then the compound functions as an excellent fonnyl anion synthon (Scheme 90).68 

Scheme 90. A Formvl Anion Svnthon 

a) BuLi 

b) RK 

COMPARISON WlTH OTHER AZOLES 

H20 
+ RCHO 

Benxotriaxole cannot be considered unique in its ability to stabilize reaction intermediates, and then to 
behave as a good leaving group in a later step of the synthetic program. Other axoles such as 1.2,4-triaxole 
and tetraxole behave in a similar manner, and give stable condensation products with aldehydes and amines 
analogous to the benxotriaxole derivatives (Scheme 91).@ 
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Scheme 91. 1-(a-Aminoakvl) Derivatives of 1.2.4Triaxole and Tetraxole 

N-N 
\\ 
N+ CH20 + H-N 

N’ 

I!l 

l-(Aminomethyl)-1,2,4-triaxoles and 1-(aminomethyl)tets also undergo ionization and 
69 rearrangement to the N-2 isomers in solution (Scheme 92). This suggests 1,2,4-triazole and tetrazole may 

also be used as synthetic auxiliiuies in organic reactions. However, differences in behaviour may arise 
because of the small size of these molecules, their greater polarity, and high solubility in water. From an 
economic standpoint, tetrazole is much mote expensive than benzotriaxole, but 1,2,4&azole is cheaper in 
bulk, although more expensive as a laboratory chemical. 

Scheme 92. Rouilibria in Chloroform Solutions of Aminomethvl-(1.2.4-triaxoles) and -tetraxoles 
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CONCLUSIONSANDOUTLOOK 

The use of be.nzmtriamle as a synthetic auxiliary has a number of significant advantages (Scheme 93). 
It is readily available and quite cheap. It can be converted to a wide range of N-substituted derivatives from 
which the benzotriazole residue can be removed by a variety of procedures. It is acidic with a pK, of about 8, 
which enables easy separation and recovery. The benzotriazole ring can both donate and accept electrons, 
and it can help the loss of a proton attached to a l-position carbon atom by stabilizing the resultant cubanion. 

Scheme 93. Benrouiazole as a Svnthetic Auxiliary 
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