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ABSTRACT

i = R3 7 =
R1®\(N\ /OI_RZ + 302 nm R‘l_ \ N\ /C’I_RZ
= 7NN :<R4 solvent = Z NN
N=N R3
R4

R', R?= OMe, Cl, Br, CO,H, NMe,
R3, R*=CO,Me, CN, CHO, CONHR, alkyl, Ph

A mild, photoactivated 1,3-dipolar cycloaddition procedure was successfully developed for the synthesis of polysubstituted pyrazolines. This
procedure involved the in situ generation of the reactive nitrile imine dipoles using a hand-held UV lamp at 302 nm, followed by spontaneous
cycloaddition with a broad range of 1,3-dipolarophiles with excellent solvent compatibility, functional group tolerance, regioselectivity, and
yield.

Pyrazolines are an important class of heterocycles with alkene dipolarophiles is particularly attractive because of the
myriad biological activities, including anticancer activity by high regioselectivity and broad functional group tolerafce.
inhibiting kinesin spindle proteins, antibacterial activity The nitrile imine dipole can be generated either by treating
againsHelicobacter pylorj antiviral activity against the West  a-halohydrazones with baseor by subjecting tetrazole
Nile virus, anti-obesity agents by antagonizing CB1 recep- precursors to heatifigor photolysi§ (Scheme 1). We are
tors, and therapeutic candidates for Parkinson’s diskase.
Among various synthetic methods to prepare pyrazolines,_
1,3-dipolar cycloaddition between nitrile imine dipoles and Scheme 1. Synthesis of Functionalized Pyrazolines via
1,3-Dipolar Cycloaddition
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The photoactivated 1,3-dipolar cycloaddition reaction was ||| [ lGTGTNGNGEEEE

first reported by Huisgen and co-workers between 2,5- Table 1. Photoactivated 1,3-Dipolar Cycloaddition b& and

diphenyltetrazole and methyl crotonate in benz&rehe 2ain Various Solven®s
presence of the short-lived nitrile imine intermediate was
established by thé®N-labeled fragmentation studyA " Q Me  sozom 2k . Q
remarkable rate acceleration was observed when the reactiormo@—( E + 22T Meo 0\ e
was performed in aqueous medidntonsistent with a N Cogte solvent COMe
concerted reaction mechanism. However, in all the photo- 1a 2a 3aa
activation approaches, an intense 450-W Hanovia immersion Ney Q
lamp with broad emission spectrum was used, severely MeO {
limiting the range of applications suitable for the reaction. 3aa Me” LoMe
As a result, there were only a few reports in the literature in
the past 40 years that utilized this photoactivation approach yield (%)
for the synthesis of pyrazoline compourfd8Herein, we entry solvent Saa__ Saa’
report an extremely mild photoactivation procedure that
allows for rapid synthesis of highly functionalized pyrazo- ; g};lgH gg'g
lines from easily accessible diaryl-tetrazole building blotks. 3 EtOH 977

Because of high quantum yield of the photolysis (0.5— 4 MeOH 85.0
0.9) in generating the reactive nitrile imine intermedig&te, 5 EtOAc 100
we found that a hand-held benchtop UV lamp (UVP, 302 6 CH.Clp 100
nm, 0.16 AMPS, typically used in the lab for TLC monitor- 7 THF 100
ing) was sufficiently robust to initiate the reactions. In our 8 hexane 100
initial study, a reaction mixture containing 1 equiv of ?0 11\)4&%1\1 133'1
tetrazole (1a) and 20 equiv of methyl methacryla2a)(in 11 7:3 EtOH/H,0 100

common organic solvents, as well as an EtO§tsolvent
mixture, was irradiated fc2 h atroom temperature. In almost > Reactions were conducted by irradiating 5.5 md.atnd 20 equiv of

! . . 2ain 2 mL of solvent in quartz test tubesCrude yields after evaporation
all cases, pure producBga) was obtained in quantative of solvent and exce<za.
yields after evaporation of solvents and excess reagents

(Table 1), based on tHeél NMR and mass spectrometry data.

The cycloaddition was found to be insensitive to solvent activation procedure, and the results are summarized in Table
polarity (entries +10) and tolerant of protic solvents 2. The regiochemistry was determined by NMR signals of
including HO (entries 2-4, 11). The reaction was highly  the pyrazoline ring protons. All electron-deficient alkenes
regioselective as the opposite regioison3@@’ was not  gave excellent yields and exclusive regioselectivity with the
observed in all conditions we tested. Further experiments electron-withdrawing group residing at thé-gosition, for
indicated that the amount of dipolarophlacan be reduced  example, monosubstituted ethylenes (entries 2, 3)gzmo-
to 1 equiv without detectable decrease in yield and regio- disubstituted ethylenes (entries 7—9). It is noteworthy that
selectivity. the in situ generated reactive nitrile imine reacted selectively
Next, we examined the reactivity of a range of 1,3- with alkenes over the nitrile and aldehyde groups (entries 2,
dipolarophiles toward tetrazolga using this mild photo-  9). Simple alkenes such as 1-decene afforded the pyrazoline
product with a moderate yield after 2 h irradiation (entry

(3) (a) Wang, Y. G.; Zhang, J.; Lin, X. F5yn. Lett.2003,10, 1467~ 10). Conjugate alkenes such as styrene derivatives were also
1468. (b) Sibi, M. P.; Stanley, L. M.; Jasperse, CJPAm. Chem. Soc.

2005, 127, 8276-8277. (c) Manyem. S.. Sibi, M. P.; Lushington, G. H.; €fficient dipolarophiles (entries +119). Yields were gener-
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28. -
(4) () Huisgen, R.: Seidel, M.: Sauer, J.: McFarland, J. W.: Wallbilich, 9"OUPS such as halogens and the cyano group (entries 14
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Mallouk, S.; Bougrin, K.; Soufiaoui, MSynth. Commur2006,36, 111— P p. P . . y . ' 9 9
120. fused ring product with 87% isolated yield (entry 19). A
19é57) g%)ocggi% J-(;-;A Ecktecjl!, A Htéi:SQSen,GR.; SustmagnghenéhBer- small amount of oxidized pyrazole products was isolated for

, ’ . ngadiyavar, C. 5.; George, M. V. Org. em. . . . i
1971.36, 1589—1594. (c) Padwa, A Nahm. S.: SatoJEOrg. Chem. methyl acrylate and styrene dlpolarophlles (entries 1, 11);
1978,43, 1664—1671. however, it appears the occurrence is structure-dependent
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Chem.2002,26, 1340—1345. the nitrile imine dipole and the electron-rich dipolarophiles.
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Table 2. Photoactivated 1,3-Dipolar Cycloaddition b& with Diverse Dipolarophiles

o,
N\N R R

9

N~
N~ R* R® solvent 3 s R R
R%%* R RR8
1a 2 3 3
cniry 2 product yield (%) cntry 2 product yield (%)
Meo N @ = MeO Q /N\N/© ,
1 = 2N 67 (27) 1 68 (27)
COMe
COoMe O
B MeO N‘N/©
- wo oy I, O~ |
2 T en % 97" 12 b 80°
CN Me O
Me
- e
- MeO N. /@ MeO Q N
3 cont, % 88 13 h 70 9
CONHy OMe O
OMe
- e
COy,Me MeO- N. /© MeO O v "N
4 ~ \Q\B/JN 100¢ 14 b 100
Me0,C
MeO,C  COMe cl O
ol
_ MeO N. /© = MeO O N\N/©
5 MeO,&  CO,Me ©\<///N 100° 15 b/CI $ 94
Meo,d  COMe O ¢
? e
MeO
RORTES O
6 | NH - 100¢ 16 o 100°
Y 0= =0 D
N cl
e oo . /@ _ MeO Q /N~N/©
7 = @\(;Z 100° 17 h 92
CO,Me Me
COMe - O
Br
MeO N /© — MeO Q /N\NQ
N
g Me %Me 100¢ 18 b 93
CONHPh
CONHPh CN O
CN
O ony O
Me MeO N. O <
N 100 19 g 7
? :<CHO _Me ‘ P 8
CHO \©
==\ MeO /E::]
10 n-CeHir ° ©\</sz 62
n-CgHy7

aReactions were conducted by irradiating 5.5 mdatind 2.0 equiv oR in 2 mL of benzene in quartz test tubes for 2 h using a hand-held 302 nm UV
lamp unless otherwise specified. Yields were isolated yiélde yield of the oxidized side product was given in the parenthegieactions were conducted
by irradiating 13.0 mg ofila and 2.0 equiv oR in 2 mL of benzene for 2 I EtOH was used as the solveAEtOAc was used as the solvent.

We further examined the reactivity of various 2,5-

N2- or C>-phenyl ring, the photolysis of tetrazoles slowed

disubstituted tetrazoles, and the results are summarized indown significantly such that an estimated-8% of starting

Table 3. Both electron-rich and electron-neutral diaryl-
tetrazoles reacted witka regioselectively and afforded the
pyrazoline products in excellent yields (entries@l, 8, 9).

materials remained after 2 h photoirradiation (entries 7, 13).
It is noteworthy that carboxylic acid can be tolerated during
the reaction (entry 10). In addition, a tetrazole directly

However, when a nitro group was introduced into either the substituted with a carboxylate group at thesition gave
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Table 3. Photoactivated 1,3-Dipolar Cycloaddition 2& with
Various Tetrazoles

RT\(NN,RZ Me  302nm,2h RN\ -R? R N -R?
B + - . +
N=N CO,Me solvent Me Me

COMe  MeO,C

Scheme 2. Synthesis of Nutlin-3 Analog via Photoactivated
1,3-Dipolar Cycloaddition
1) M

cl
o - OMe /@(
—
HO OMe N o N-y
KoCO3, DMF, 50°C o )
B =
H o 2 kN Q_@ (\N 4N N
HN-S
3 , EtOH O\)

1 2a
tetrazole . b © 1) BBry, DCM, -78°C
y191d (%) 3) C@NEGI?IAO—CI l 2) 2-ledopropane, K,CO3,
entry  no. R! R2 (recovered 1 (%)) byrdine, 070 t0 15 DMF, 50°C
1 1la p-MeOPh Ph 100 —~( o
2 1b  p-MeOPh p-MePh 100 o O
3 1lc p-MeOPh p-CIPh 100 O@\%\LN
4 1d p-MeOPh p-BrPh 100 N n=N
5 le  p-MePh Ph 89 O( \) 5
6 1f p-MePh p-MePh 99 _
7 1g p-MePh p-0.NPh 20 (80)° e b
8 1h 24-(MeO)Ph p-BrPh 95 — o on o
9 1i  24-MeO)Ph p-CIPh 100 o O
10 1j p<HOOC)Ph Ph 93¢ /O\Q\(N —~ N
11 1k p-EtOOCPh  p-NMesPh 82 N 0 /@(
12 11 2-Pyridyl Ph 88 Ny D P Q NN
13  1m p-O,NPh p-MePh 10 (90) N ol =
14 1n  EtOOC p-CIPh 98 ©  Nutlin-3 ) 6 O
Cl

@ Reactions were conducted by irradiating6 of 2a and 1 equiv ofl
in 2 mL of benzene, unless otherwise indicated, in quartz test tubes for 2
h. b Crude vyields after solvent romovalYields were determined byH
NMR. 4 Reaction was performed in EtOH.

the methyl group followed by alkylation with 2 equiv of
2-iodopropane at 58C under the basic condition. Irradiating
5 with a 302 nm hand-held UV lamp in the presence of 1.25

an excellent yield during the cycloaddition (entry 14), equiv of 4-chlorostyrene for 4.5 h afforded the pyrazoline

suggesting that the tetrazole structure can be significantly @1alogé with an isolated yield of 54%.

expanded beyond the diaryl system. In summary, we have shown a mild, photoactivated 1,3-
To illustrate the utility of this mild photoactivation dipolar cycloaddition procedure for the synthesis of polysub-

procedure in synthesizing highly functionalized pyrazolines, Stituted pyrazolines. The employment of this procedure for

we prepared a water-soluble pyrazoline anaggwhich protein target-guided in situ synthesis of pyrazoline analogs

contains an isomeric core while retaining three key hydro- IS currently underway.
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