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ABSTRACT

R2

l
Hji\‘/oz ji NaN 3 1 equiv, L-Proline 20% H‘jij\NH
+
R RZ A “H DMSO, rt 8-10 h A SN
up to 89% yield
A Lewis base-catalyzed three-component cascade reaction was developed for the synthesis of 4,5-disubstituted-1,2,3-( NH)-triazoles. More than

25 new (NH)-triazoles were prepared in good to excellent yields under mild conditions. The availability of the C-4 vinyl group allows easy
conversion into other triazole derivatives.

Since the recent discovery of the Cu-catalyzed azide-alkyne s Nt oo
1,3-dipolar cycloaddition (CUAAC, often referred to as ri=  +  NoR2 — 0 NNy
“click-chemistry”), the 1,2,3-triazole compounds have re- CllkcChemistry” R‘HH
ceived considerable attention from scientists in various

fields! Within the last 5 years, the importance of these Cu ) Nop o , No
compounds has been continuously demonstrated in researchR—= + Ne=P—— N\ desprowecton,. N>'=£“ ®
fields as diverse as material sciedahemical biology? and R" H R" H

medicinal chemistry.

Despite being a very efficient method for the synthesis of gych as Napl and HN.. Therefore, to prepare the N-

N-substituted triazole (reactioA), one limitation of the  ynsubstituted triazoles (NH-triazole) by CUAAC, the organic
CUuAAC is the lack of reaCtiVity toward unsubstituted azides, azides are usua”y apphed with removable N_protecting

OF - @R V.G G Fokn V.V groups (reactioB) followed by deprotectiof.Meanwhile,
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desirable. Herein, we report a L-proline catalyzed cascadeamount of NaN (2—4 equiv) at 80—90°C. With the
reaction as an efficient approach for the synthesis of 4,5- optimized condition, some NH-triazoles were prepared in
disubstituted-NH-triazoles. good to excellent yields (54%—96%). However, as pointed

Our interest in developing new synthetic methods by an out by the authors, the reaction yields highly depended on
organo catalyst promoted cascade reaction recently led tothe substrates, and the synthesis of the olefin precursor was
the discovery of the successful intermolecular double- challenging (unfavored equilibrium in the Henry reaction)
Michael addition between nitro and carbonyl activated and in some cases gave low yields. Therefore, as a general
olefing’ as shown in Scheme 1A. The key to this new problem, all the thermal cyclization approaches suffered from
limited substrate scope.

In our recently reported cascade double-Michael addition
between nitroalken&a and enone2, a formal allylic nitro

» lmermoleculardouble_Michaelf;:iTe ! nucleophile was generated under r_’nild conditions. Moreover,
o the attempt on [3+ 2]*! cycloaddition ofla and electron-
Ph 1 L-Proline 20% rich alkene3, forming isoxazole-N-oxidet, revealed the
H30>=\N02 : H\ NaN, T o formation of 1,3-diené\ as activated intermediate. We then
DMSO NO, wondered whether N could quench the diene intermediate
1a 2 90% yield to produce NH-triazol&, which would avoid the synthesis

of a-nitroalkene starting material (more complicated 1,2-

B} O tep fi i f i le-N-oxid . . . . . .
) One step fromation of {soxazole:N-oxtde disubstituted nitroalkenes) in the 1,3-dipolar cycloaddition

Os NO . g . .
Ph>=\ *Acol Lewis Base wﬁz -AcO" w and significantly increase the reaction substrate scope.
HC NOp o g 13+2 o Sa P 2 Our initial attempt was to tredta and3 with the addition
1a 3 ¢ A of NaN; to quench intermediaté. However, only isoxazole

o ° 4 was obtained with no formation of triazole, even in the
§_<e ? ;N*—O' O+, presence of excess NaNt suggested that the 1-alkyl diene
P H Pwph NO \)\__)J(ph A is a highly reactive intermediate, which was fully quenched
b CHR? by allylic nitro carbanion and not by thesN To avoid this
B 4 nitro carbanion addition, an alternate approach was designed
by treating nitroalkend. with aryl aldehyde5 to form the
1-aryl dieneA’ followed by N;~ 1,3-dipolar cycloaddition

methodology was the introduction offaalkyl group onthe  to give triazole6 (Scheme 2B). As expected, the reaction of
nitroalkene, which allowed thg-elimination to give the allyl-

ic nitro compounds as the stable product rather than the highl_

reactive nitroalkenes. Moreover, we recently discovered that Scheme 2

the treatment of nitroalkenkwith electron enriched olefins  a) Thermal condensation of a-nitroalkene and NaNs, (Zard method)

gave isoxazole-Mxide as shown in Scheme 28he poten- R. _NO, DMSO, 80 °C RN

tial applications of functional 1,2,3-triazole derivatives and ]/ +  NaNg ’ :[: NH 14 examples;
Ar excess AT N 55 - 96% yield

the recent discovery of organo catalyst mediated cascade reac
tions mentioned above initiated our interest in extending this
approach to the synthesis of NH-triazoles through cascades) Quenching the 2-nitro-1,3-diene by NaN,: one step formation of NH-triazole
reactions from simple, readily available starting materials. NO,
. O Henry reaction
Besides the CUAAC approach, another method for the = )=\ L' PMN
. . . . o Ha NC, A7 H
synthesis of 1,2,3-triazole is the 1,3-dipolar cycloaddition 1a 5 A
betweens-nitrostyrene and Nai\ which was first reported ©
by Zefirov in 19712 With DMSO as the solvent at room Ny &@372 ® o -NO, N,
temperature, the authors reported the formation of 4-phenyl- Ph N N=N=N Fn \N,NH
. . . r
1,2,3-triazole in 65% yield. However, a recent study by c Ar .
Quiclet-Sire and Zard indicated that this result was not
reproducibleé?? Instead, they developed an optimized ap-
proach using aro-substituted nitroalkene and an excess nitroalkene la, benzylaldehyde, and NaNproduced the
desired 1,2,3-NH-triazolea at room temperature. The
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R =H or Alkyl
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Table 1. Screening of the Reaction Conditiéns Table 2. Reaction Substrate Scdpe
r2_R®
NO, o) ; . N |
/E . )J\ NaN 3 1 equiv, cat. 20% Ph = ‘NH H [ NG i NaN 31 equiv, L-Proline 20% g1\ 2N,
vent, rt S > * te- ~ NH
Ph Ph” “H solven pr SN R‘%; A7 SH DMSO, 1t8-10h PN
1a 5a 6a 1 5  R8=H except1d where R3=CHj, 6
- - NO, NG, NG,
temp time convn yield /E <:>=\No )I/\ 2 ‘<:\NO -CI-Ph/E
solvent cat.b cCc) ()  (@r (D)7 L » Z T we F 1o
1 DMSO rt 12 40 28 Q o CHO oH O CHO
3 DMSO L-Pro rt 8 100 90 i N OO OO OO
4 DMSO pyrrolidine rt 8 15 12 sb se 5d se st 59 -
5 DMSO  pyrrolidine/AcOH rt 8 20 14 time yield
6 DMSO DMAP rt 8 35 trace entry 1 5 M) (%P
7 DMSO DIPEA (1.0) rt 8 30 trace
8 DMSO NaOt-Bu(1.0) rt 8 trace trace 1 la: R'=Ph;R?=H Ar=Ph 8 6a: 89
9 DMSO glycine rt 8 90 20 2 1la Ar = p-NO-Ph 8 6b: 88
10 DMSO P(OMe)s rt 20  trace trace 3 1a Ar = m-NOz-Ph 8 6¢: 85
11 DMSO imidazole rt 20 40 trace 4 1a Ar = 0-NO2-Ph 8 6d: 81
12 THF L-Pro rt 12 58 45 5 1la Ar = p-CN-Ph 8 6e: 78
13 MeCN L-Pro rt 12 58 55 6 la Ar = p-Cl-Ph 8 6f: 74
14 MeOH L-Pro Tt 12 65 64 7 la Ar=p-OMe-Ph 8 6g: 40°
15 Acetone L-Pro rt 12 48 40 8 1a Ar =2,6-di-CI-Ph 8 6h: 76
16 MeNO; L-Pro rt 20 60 56 9 1la 5b 8 6i: 76
_ _ 10 1a 5¢ 8 6j: 75
aReactions were carried out at room temperatiee5a= 1:2.920% .
; A ° . 11 1a 5d 8 6k: 81
catalyst loading® Conversion based on the consumption of the starting
materialla from NMR. ¢ NMR yield was determined by 1,3,5-trimethoxy- 12 1a 5e 8 6l: 83
benzene as internal standard. 13 1a 5g 8 6m: 56¢
14 1b: R%; R% = -(CHy)s- Ar =Ph 8 6n: 72
. . . . 15 1b Ar = p-NO2-Ph 8 60: 78
The treatmeqt of sod!um a2|d¢ era'and 5ain DMSQ 16 1b Ar = p-Cl-Ph 8 6p: 74
gave the NH-triazoléa in poor yield without the addition 17 1b Be 8 6q: 71
of a Lewis base (LB) catalyst (entry 1). As reported in our 18 1b 5d 10 6r: 73
previous paper, sodium azide not only is the reactant but 19 1b 5¢f 8 6s: 657
also serves as the Lewis base in the activationlaf 20 le: R'=CH3;R*=H  Ar=p-NOyPh 10 6t: 58
However, as a less effective Lewis base catalyst, the reaction 21 i:’l Rl L R B = 1 gc z g“’ 5565
H H = 5 = = e 9C Ve
proceeded slowly at room temperature. Increasing the le: Ri— p-CLPh: R? = H 5c 3 6w: 81

reaction temperature resulted in the significant polymerization
of the nitroalkenela (entry 2). Further addition of different 2 Compoundsl (1.0 equiv),5 (2.0 equiv), L-Pro (20%), and NaN1
. . equiv) were dissolved in DMSO (0.2 M df) and stirred at rt. Reactions

Lewis base catalysts revealed proline as the best catalystyere monitored by TLCP Isolated yields® 6t was characterized by X-ray
Screening of the solvents gave DMSO as the solvent of crystallography? Heating at 8C°C.
choice. Considering the low cost, good reaction performance,
and easy handling, L-proline was selected as the catalyst.
The optimal reaction condition is shown in entry 3. Different the decomposition of the reactant aldehyde. The electron
nitroalkene and aromatic aldehydes were then applied todensity on the aryl group of the aldehydes also influences
evaluate the reaction substrate scope, and the results aréghe reaction performance. Nonsubstituted aromatic aldehydes
shown in Table 2. and electron deficient aromatic aldehydes work well in this

As shown in Table 2, a large number of aryl aldehydes cascade approach. Electron-donating group substituted aryl
andp-alkyl nitroalkenes are suitable for this transformation. aldehydes (entries 7, 13, 19), on the other hand, gave poor
Various 4,5-disubstituted NH-triazoles can be efficiently Yields at room temperature (less than 20%). This is due to
synthesized from this cascade process. Based on the reactioglow kinetics in the Henry reaction and the competition of
mechanism shown in Scheme 2B, the major competing sidecompoundl polymerization. Raising the reaction temperature
reaction is the polymerization of the nitroalkehérherefore, ~ to 80 °C produced the desired triazoiein good yields.
less hindered nitroalkenes (1) gave moderate yields of Substituted azides (n-hexanyl azide and phenyl azide) have
6 due to the decomposition df. An excess amount of also been applied in this cascade process, and no triazole
aldehyde (2.0 equiv) was also found to be important for the product was observed. This is probably due to the slow 1,3-
best product yields. The application of a stoichiometric dipolar addition between substituted azide and diene inter-
amount of aldehyde (1.0 equiv) generally gave-20% mediate A’, which can be associated with either weaker
lower yields of6, varying by substrates. This may be due to nucleophilicity of the azide or slow elimination of NQ
the formation of oxidative N@ byproduct, which causes However, as a good nucleophile, the NH-triazoles can be
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further functionalized in a regio- and enantioselective manner ||| N

through readily available reactions, such as alkylatfon, Scheme 3

acetylationt® and Michael additiod? thereby allowing the CH,

formation of fully substituted 1,2,3-triazoles in simple steps. ga T, Ha MeOH ph N, 78, > 58% yield
Compared to the thermal-1,3-dipolar addition (Zard’s < N

method), this cascade approach generates the activated PN

intermediate in situ. This method successfully avoids the O MeOH Q

difficult synthesis of thex-nitroalkene reactants (i.e., 1 vinyl- 6a —> Ph)ij\NH 7b, 85% yield

2-aryl nitroalkene), therefore significantly extending the P N

reaction substrate scope. Moreover, the applicatighalkyl

nitroalkene 1 allows the formation of a more reactive OH

nitroalkene (1,3-diene) intermediate, which leads to mild 7 e THE Ph /N\NH 7c, >98%

reaction conditions and easy incorporation of other functional o N

groups on the C-4, C-5 side chain. Some examples of side-
chain modification are shown in Scheme 3.

In conclusion, based on the Lewis base-catalyzed cascadgyig reaction condition and high atom-efficiency, this method
nitroalkene-aldehyde-azide condensation, a new synthesis forprovides a complementary approach for the synthesis of

NH-1,2,3-triazole was developed. The overall yields of this substituted 1,2,3-NH-triazoles. Development of these com-

reaction are good, especially taking into consideration that L . . L.
. . ) o .» pounds as asymmetric ligands is currently under investigation
this cascade method combines two reactions in “one-step”. . .
and will be reported in due course.
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be prepared from the CUAAC reaction (lack of reactivity at
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