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Synthesis of Difluoromethyl Pyrazoles by [ 3+2 ] Cycloaddition Reaction
of Difluoroacetohydrazonoyl Bromides with Vinyl Sulfonefones

LIU Xiaokang, ZHOU Yuxiu, LI Xiaoyong, LUO Wenjing, WANG Kehu,
WANG Junjiao, HUANG Danfeng, HU Yulai®
(College of Chemistry and Chemical Engineering , Northwest Normal University , Lanzhou 730070, China)

Abstract A series of 3-difluoromethyl pyrazole compounds was synthesized via a [3+2] cycloaddition reaction of
difluoroacetohydrazonoyl bromides with vinyl sulfones. The method has the advantages of high regioselectivity, mild
reaction conditions and simple operation, providing a new method for the synthesis of 3-difluoromethyl pyrazole
compounds. Meanwhile, it further extends the application of difluoroacetohydrazonoyl bromides as difluoromethyl
building blocks in synthesis of difluoromethyl N-heterocycle compounds.
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Scheme 1 Bioactive molecules containing 3-difluoromethylpyrazole skeleton

Previous work:

o o R1 CF5H
= . R_(\\(
Hcm R1 HF2C \N’N\R2 N/N\R2
R’NHNH,
(A)
R3 CFQH
\\ + R\
N._, N o
R1
N L EWG
(B) o+ R EWG =
XF>C HF,C—N\ _NH
X =H, SO,Ph N
GWE
- . =
R'" EWG HFQC’g\\/N\/
Cl H N—=/ N™ "SAr
S R?
©  HF,CTTON AT T
R' EWG R
= - EWG
HF2C/2\\/I\G
N~ "SAr
This work: 2 R!

+

Br K,CO R?
H 1 O 23
(D) /I\\ N - R WZ\S// f{
HF,C™ "N™ Ar 7 >Ph MeCN/DCM HF . N
H O 25°C N~

~

Scheme 2 Synthetic methods of difluoromethylpyrazoles
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1 SEIGERS

1.1 RFI SR

IRIREH (K,CO,) , REALZI0 =T 5 kEREM (Na,CO,) , REKLAL2ZARAF) 5 Bkl 4 (Cs,CO,) F
ZOHE(EGN) , 22N ILAIRH R PRI S A BRA Al =4 (DABCO) | 1,8- A ZAIR[5. 4. 0] F—
e-7-% (DBU) . N,N-— N E Lz (DIPEA) . )i (MeCN) il =5 1 5e (CHCL,) , BUARRHRE 27 it A PR
2y )y PSRRI (THF) . &5 (DCM) | A ik (PE) FI TR O (EA) , [ 2548 B Ak~ a0 A PR
w] s K (Toluene) , db 52 T 75 1,4- 48 /N (1, 4-Dioxane) , b B850 A IR A 6] ;5 L
(EtOH) , AR CRE) B2 b2 R R . IR A arbral . — 5 H R AR (2a~2k ) S ]
SCHRLS IR A B, L3R (1a~1g) 2 BESCHR132, 33 LA AL, a9 1h 5 IS5 Sk 34 17

Vnmr Mercury-plus 400 MHz BUAZ 0 HAR 35 (NMR ), 52 [# Varian 28 /] 5 Agilent DD2-600 MHz 7Y
KGRI (NMR) , 25 Agilent 27 ; 6520B Q-TOF B =43 MY (HRMS) , 25 [E Agilent 231 .
1.2 LR
12,1 A 3ath b AR M 20 mL WA H A V-0 Z 30 R IRACE 2a(0. 24 mmol) | KL
FEHEN 1a(0. 2 mmol) . BRERHH (0. 24 mmol ) F12. 5 mL 5 H bt/ IEIR-SVEF (KRR L 4:1). BHIRESYAE
25 CHHEHE, FHE)Z A5 (TLC) Mol 2= N-REE S AR R ok . 25, MRS YR InA
A EAAN KR (10 mL) , R ZBRABU(S mLx3) , SFEA MU T JC/K MR EE T8, Dl 2513 5
KR, FREAMZEA)ZN [ V(PE) : V(EA)=40:1~10:1 14ifk., 1558 454 3a.

41 (3b~3h Fll da~4h) i 55 572 540G 3a HTH] .
122 AR FrEBAEE PR3 MR s e 5 T3R8 1, iR 1% R4
P T2 2, ARG A5 43 HE i B WA S BLE.

Table 1 Appearance, yields and HRMS data of compounds 3 and 4

HRMS(caled. ), m/z HRMS(caled.), m/z
Compd.  Appearance  m. p./C Yield(%) Compd.  Appearance  m. p./'C  Yield(%)
[M+H]* [M+H*

3a Yellow oil — 75 195.0732(195.0728) 3j Yellow crystal  69—71 73 245.0885(245.0885)
3b Yellow oil — 72 209.0885(209.0885) 4a Yellow oil — 50 271.1043(271.1041)
3¢ Yellow crystal  50—52 80 209.0888(209.0885) 4b Yellow oil — 52 285.1199(285.1198)
3d Yellow crystal  49—51 88 225.0833(225.0834) 4c Yellow oil — 46 305.0652(305.0652)
3e Yellow oil — 53 213.0632(213.0634) 4d Yellow oil — 54 305.0652(305.0652)
3f Yellow oil — 60 272.9831(272.9833) 4e Yellow crystal ~ 52—54 57 305.0652(305.0652)
3z Yellow oil — 57 262.9939(262.9949) 4f Yellow oil — 62 349.0148(349.0146)
3h Yellow oil — 48 263.0602(263.0602) 4g’ Yellow oil — 53 208.0811(208.0807)
3i Yellow crystal ~ 80—82 54 253.0783(253.0783) 4h Yellow oil — 59 271.1040(271.1041)

a. Tsolated yields; b. HRMS(EI+) data of compound 4g were measured by M*.

Table 2 'HNMR, “C NMR and “F NMR data of compounds 3 and 4"

F NMR (376
MHz, €DCl,), 8
32 7.89(d, J=2.4 Hz, 1H), 7.66(d, J=8.0 Hz, 2H),  148.1 (1, J. ,=29.9 Hz) , 139.5, 1295, 1282, -111.85(d, J. =

7.44 (1, J=8.0 Hz, 2H) , 7.31(t, J=8.0 Hz, 1H), 1272, 119.5, 111.1(x, J. ,=232.4 Hz), 1049(t, 54.9 Hz)

Compd. 'H NMR (400 MHz, CDCL,), & C NMR(150 MHz, CDCL,), 8

6.77(t, J=54.8 Hz, TH), 6.66(s, 1H) Jo =17 Hz)
3b  7.62(d, J=24 Hz, 1H), 7.35—7.29(m, 4H), 6.77  147.6 (1, J.,=29.7 Hz) , 1393, 1338, 132.1, -111.27(d, J_,=
(1, J=55.2 Hz, 1H), 6.67(s, 1H), 2.23 (s, 3H) 131.4, 129.0, 126.7, 126.1, 111.3 (1, J. ,=232.4 54.9 Hz)

Hz), 103.7(t, J, =14 Hz), 17.9
3¢  7.89(d, J=2.8 Hz, 1H), 7.55(d, J=8.0 Hz, 2H), 1479 (1, J. ;=29.6 Hz) , 1374, 137.2, 130.0, -11156(d, J, ,=
7.26(d, J=8.0 Hz, 2H), 6.79(t, J=55.2 Hz, 1H),  128.2, 119.6, 111.2(t, J. ,=232.5 Hz), 104.7(t, 55.3 Hz)
6.67(s, 1H), 2.39 (s, 3H) Jo =12Hz), 209
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F NMR(376
Compd. 'H NMR (400 MHz, CDCl,), & C NMR(150 MHz, CDCL,), &
’ ’ MHz, CDCL,), &
3d 7.83(d, J=2.4 Hz, 1H), 7.57(d, J=9.2 Hz, 2H), 158.8, 147.8(t, J._,=29.7Hz), 133.3, 128.4, -111.49(d, J=

6.98(d, J=8.8 Hz, 2H), 6.78(t, J=56.0 Hz, 1H),
6.66(s, 1H), 3.85(s, 3H)

121.3, 114.6, 111.2(1, J, ,=232.4 Hz), 104.6
(t,J, =15Hz), 55.6

54.9 Hz)

3¢ 7.87(d, J=24 Hz, 1H), 7.66—7.63 (m, 2H), 7.17  161.6(d, J._,=245.9 Hz), 148.3(t, J._,=29.9 -111.83(d, J._,=
(t, J=8.0 Hz, 2H), 6.78(t, J=56.0 Hz, 1H), 6.69 Hz), 136.0(d, J. ,=2.4 Hz), 128.4, 121.5(d, 549 Hz),
(s, 1H) Jo=8.3Hz), 1164(d, J. ,=23.0Hz), 111.0(t,  -114.56(m)
Jo =232.8 Hz), 105.1(t, J,_,=1.5Hz)
3 791(d, J=24 Hz, 1H), 7.61—7.55(m, 4H), 6.77  148.5(1, J, ,=29.9 Hz), 138.6, 132.6, 128.2, -111.98(d, J, =
(t, J=54.8 Hz, 1H), 6.70(s, 1H) 120.9, 120.7, 111.0(t, J. ,=233.0 Hz), 105.4 54.9 Hz)
3z 7.93(d, J=2.8 Hz, 1H), 7.64(d, J=1.6 Hz, 2H), 149.1(t, J, ,=30.0 Hz), 140.9, 136.1, 128.3, -112.39 (d, J._,
7.32(t, J=1.6 Hz, 1H), 6.76(t, J=54.8 Hz, 1H), 127.1, 117.8, 110.7(1, J, ,=233.1 Hz), 106.0 =54.9 Hz)
6.73(s, 1H)
3h 8.01(d, J=2.4 Hz, 1H), 7.83(d, J=8.0 Hz, 2H), 149.1(t, J, ,=29.7Hz), 141.9, 129.2(q, J. = -62.4(s),
7.74(d, J=8.0 Hz, 2H), 6.79(t, J=54.8 Hz, 1H), 329 Hz), 1283, 126.9(q, J. =3.75Hz), 1269  -112.27(d, J._,=
6.74(s, 1H) (q, J._=270.6 Hz), 119.2, 110.9(t, J. ,=233.0  54.9 Hz)
Hz), 105.8(t, J._,=1.2 Hz)
3i  8.15(d, J=8.0 Hz, 2H), 8.02(d, J=2.4 Hz, 1H), 166.1, 149.0(t, J, =30.0 Hz), 142.6, 131.2, -112.18d, J,_ =
7.78(d, J=8.8 Hz, 2H), 6.79(t, J=54.8 Hz, 1H), 128.7, 128.3, 118.7, 110.9(t, J, ,=233.0 Hz), 54.9 Hz)
6.73(s, 1H), 3.95(s, 3H) 105.8(1, J, =1.8Hz), 52.3
3j  8.09(d, J=1.6 Hz, 1H), 8.05(d, J=2.4 Hz, 1H), 148.4(t, J. =29.7Hz), 137.0, 133.4, 132.2, -111.72(d, J._,=
7.94(d, J=8.0 Hz, 1H), 7.89—7.83(m, 3H), 129.7, 128.5, 128.0, 127.8, 127.2, 1263, 118.5,  54.9 Hz)
7.56—7.48(m, 2H), 6.84(t, J=55.2 Hz, 1H), 117.0, 111.2(¢, J, ,=232.4 Hz), 105.2(1, J. =
6.73(s, 1H) 1.8 Hz)
4a  8.05(s, 1H), 7.74(d, J=8.0 Hz, 2H), 7.57(d, J= 144.2(t, J, ,=27.8 Hz), 139.4, 130.7, 129.6, -111.35(d, J, =
8.0 Hz, 2H), 7.50(t, J=8.0 Hz, 2H), 7.43(t, J= 128.7, 128.4(1, J, =15Hz), 127.6, 1274, 53.8 Hz)
8.0 Hz, 2H), 7.36(t, J=8.0 Hz, 2H), 6.86(t, J= 126.8, 123.8, 119.5, 111.8(t, J._,=233.1 Hz)
54.0 Hz, 1H)
b §8.02(s, 1H), 7.73(d, J=8.0 Hz, 2H), 7.51—7.45  144.1(t, J, ,=27.6 Hz), 139.4, 137.5, 129.6, -110.40(d, J. =
(m, 4H), 7.36(t, J=8.0 Hz, 1H), 7.25(d, J=8.0 129.4, 128.3(t, J._,=1.7 Hz), 127.8, 127.3, 126.6, 54.1 Hz)
Hz, 2H), 6.85(t, J=54.0 Hz, 1H), 2.40(s, 3H) 1237, 1195, 111.9(1, J, =233.1 Hz), 21.2
4c  8.09(s, 1H), 7.75(d, J=8.0 Hz, 2H), 7.52—7.48 145.2(1, J,_,=26.7Hz), 139.4, 1335, 1322, -111.54(d, J._ =
(m, 4H), 7.39—7.32(m, 3H), 6.79(t, J=54.0 129.8, 129.65, 129.58, 129.3, 128.5, 127.5, 54.1 Hz).
Hz, 1H) 126.7, 119.65, 119.59, 111.3(t, J. ,=234.2 Hz)
4d  8.06(s, 1H), 7.73(d, J=8.0 Hz, 2H), 7.56—7.48 144.1(t, J,_,=28.5Hz), 139.2, 1345, 132.6, -11L11(d, J =
(m, 4H), 7.40—7.32(m, 3H), 6.86(t, J=54.0 129.9, 129.6, 128.3(1, J, ,=1.5Hz), 127.7, 53.8 Hz
Hz, 1H) 1276, 127.1, 126.6(1, J, =2.0 Hz), 122.3,
119.5, 111.8(t, J, =233.1 Hz)
de  8.04(s, 1H), 7.72(d, J=8.0 Hz, 2H), 7.52—7.48 144.1(t, J._,=28.4 Hz), 139.3, 133.6, 129.7(t, -110.05(d, J,_,=
(m, 4H), 7.41—7.35(m, 3H), 6.85(t, J=53.6 Jo=1.8 Hz), 129.6, 129.2, 128.9, 127.5, 126.9,  53.8 Hz)
Hz, 1H) 1225, 119.5, 111.9(t, J, ,=232.8 Hz)
4 8.04(s, 1H), 7.72(d, J=8.0 Hz, 2H), 7.56(d, J= 144.1(t, J,_ =279 Hz), 139.3, 131.8, 130.0(t, -110.04(d, J. =
8.0 Hz, 2H), 7.50(t, J=8.0 Hz, 2H), 7.45(d, J=8.0 J,_,=1.8 Hz), 129.7, 129.6, 127.6, 1269, 122.5,  53.8 Hz)
Hz, 2H), 7.37(t, J=8.0 Hz, 1H), 6.85(t, J=54.0 121.8, 119.5, 111.9(t, J. ,=233.1 Hz)
Hz, 1H)
4g  7.50—7.41(m, SH), 6.69(1, J=55.2 Hz, 1H), 6.42  146.9(1, J, =29.8 Hz), 140.6, 139.2, 129.3, -111.45(d, J, =
(s, 1H), 2.33(s, 3H) 128.4, 125.1, 111.5(t, J, =234.3 Hz), 103.9, 55.3 Hz)
124
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s "“F NMR(376
Compd. '"H NMR (400 MHz, CDCl,), & BC NMR(150 MHz, CDCL,), &
’ ’ MHz, CDCL,), &
4h 7.36—7.28 (m, 8H), 7.24—7.21(m, 2H), 6.78 147.4(t, Jo +=29.9 Hz), 144.6, 139.5, 129.7, -111.70(d, Jo v
(t, J=55.2 Hz, 1H), 6.73(s, 1H) 129.0, 128.8, 128.7, 128.6, 128.1, 125.3, 111.3 54.9 Hz)

(1, J. ,=232.5 Hz), 104.7

* Characterization using deuterated chloroform as a solvent for "H NMR, "*C NMR and "’F NMR.
AJ \A
2 Z#HR5IHE

21 REFEHMRK

PLBRTEHF (0. 2 mmol ) VE B, A83E 245 EEN 1a (0. 2 mmol ) AT N-78 3L — G5 A 33401 2a(0. 2 mmol)
KRN, ZHE (2.5 mL) RER], F25 CROV 12 hm, FTLC Wi 25 N-2E 3 — 55 F RLRACE 20 5440 58
4, AL 529% BT R A5 5 1-(N-2K3% ) -3- —Jil FH LN e 3a (3 3 Entry 1), M4EE HART 4 3a 74K,
X SN AR EE | S RIS AP T T ERSY . B, X RN B EE R Fe AT T AR (3R 3 P Entries
2~5). Z5REH, Mn(1a):n(2a)n (BREEE )=1.0:1. 2:1. 25, fb-& W) 3a 7~ RAL 5 5 68% (F 3 th
Entry 2). $RJ5, 58 T VAN SN Y520 (6 3 1 Entries 6~11), KIS L s RN, 1659 3a
(7= 2RIk F] 65% (3 3 Entry 7). % FERZ 0 L 288 S e s FInt, 1bE9 3a 19728350

Table 3 Optimization of reaction conditions’

Entry n(1a):n(2a):n(Base) Base Solvent Time/h t/C Yield of 3a(%)
1 1.0:1.0:1.0 K,CO, MeCN 12 25 52
2 1.0:1.2:1.2 K,CO, MeCN 12 25 68
3 1.0:1.2:1.5 K,CO, MeCN 5 25 54
4 1.0:1.5:1.5 K,CO, MeCN 12 25 59
5 1.0:1.5:2.0 K,CO, MeCN 12 25 64
6 1.0:1.2:1.2 K,CO, THF 12 25 34
7 1.0:1.2:1.2 K,CO, DCM 24 25 65
8 1.0:1.2:1.2 K,CO, Toluene 24 25 59
9 1.0:1.2:1.2 K,CO, 1,4-Dioxane 24 25 57
10 1.0:1.2:1.2 K,CO, CHCI, 24 25 52
11 1.0:1.2:1.2 K,CO, FtOH 6 25 62
12¢ 1.0:1.2:1.2 K,CO, MeCN/DCM 9 25 75
13 1.0:1.2:1.2 K,CO, MeCN/DCM 24 25 67
14 1.0:1.2:1.2 K,CO, MeCN/DCM 24 25 70
15 1.0:1.2:1.2 K,CO, MeCN/DCM 24 25 75
16° 1.0:1.2:1.2 K,CO, MeCN/DCM 24 25 73
17 1.0:1.2:1.2 Na,CO, MeCN/DCM 24 25 46
18 1.0:1.2:1.2 Cs,CO, MeCN/DCM 10 25 49
19 1.0:1.2:1.2 EtN MeCN/DCM 10 25 Trace
20° 1.0:1.2:1.2 DABCO MeCN/DCM 24 25 NR
21¢ 1.0:1.2:1.2 DBU MeCN/DCM 5 25 Trace
22¢ 1.0:1.2:1.2 DIPEA MeCN/DCM 5 25 39
23¢ 1.0:1.2:1.2 K,CO, MeCN/DCM 24 0 59
24¢ 1.0:1.2:1.2 K,CO, MeCN/DCM 3 40 62

o)

Pty Br Base ﬁ
RS A ey |
* HF,C N Ph  Solvent, temp. N Ph ; reactions conditions: compound 1a(0.2 mmol),

la 2a 3a

(0.2—0. 3 mmol) , base (0. 2—0.4 mmol) , solvent (2.5 mL) ; a. MeCN/DCM (2.0 mL/0.5 mL) ; b. MeCN/DCM (1.7 mL/0. 8 mL) ;
¢. MeCN/DCM (1.3 mL/1.3mL); d. MeCN/DCM(0. 8 mL/1.7 mL); e. MeCN/DCM(0. 5 mL/2. 0 mL).
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68% 5 65%, INILLL NG/ — AR BEIR AW MR T 1% %8 (3 3 1 Entries 12~16). 4255 —4AH
BERIATREE A 4:1 0, ALA ) 3a 17 KA1 8 2 75%. 2 )7, A”W%T&%MW WRIRA . = 20
HIN, N-" 5N HE 2 ZE0800 2 B B 5200 (2 3 0 Entries 17~22). 45920, WRlg 80 23R S A B
Ei): O3 SIBRARAN T i SN I A T8 58, RIS 3a 7= 3R T T B (38 3 H Entries 23 F124) .

S5t DL B, B8 T R AR A n(1a) i (2a) m (BEERAN ) =1. 0:1. 2:1. 2, W H AR L 4:1 9
MeCN/DCM, Wi R 25 °C, SOWBFE R 9 h.
22 RYIMERE

FEARTF IR ROV A5 ), 5588 T N-J5 2k 5 B LA 2 1 IS 38 FHYE ] (Scheme 3) . 4553

B, JCie R H BRI CRR (2) 43T i 5 55 a5 i O S R e 05 R, ROWLAR BRI AT, 7
77 RAE 48%~88% 2 18] (Scheme 3 A& 3b~3i). {HAE, F5 30 b A7 I oL 7 38 59 5 7= ) 1) 7 %
(Scheme 2 4L 9 3b~3d) Fb 747 W HL T~ FE 19 KB =019 7 2R (Scheme 2 HRAL A4 3e~3i) i =y — 28, AT

REJEPRUE R IR b 58 T/ P =%, ARF R T, teAh, M R LR E (2) 1)
Ar o 2-ZEIEI, e WA REIRA R T, LA 73% M7= A5 2 AL ™4 3j. SR, 24 5 SR BACAE (2)
() Ar Sk 2-MERESERT , FEARAGF RN HAR =9 3k, AT AEE 2-Hme L i Bl v 13500y 80U b e & A

/9 B
- * R K0, HF C/@
7 —_—
O HF,C N / \Ar MeCN/DCM z N’N\Ar
25°C
la 2 3

ooy ey el el "o

3a
75% yield, 9 h 72% y1eld 9h 80% yleld 8h 88% yleld 10h

HFZC’(\\ HFQCf<\‘ HFZCﬂ al Hcmﬂ

T, e, T g,

3

3g Cl 3h
53% yleld 9h 60% yleld 12h 57% yield, 12 h 48% yield, 12 h
HFZC‘<\\ 4\\ ’<\\
HF,C HF,C
N
“ O
3k
54% yleld 12h 73% yleld 12 h N.D., 48 h

Scheme 3 Scope of difluoroacetohydrazonoyl bromides 2
Reactions conditions : compound 1a(0. 2 mmol), compounds 2(0. 24 mmol) , K,CO,(0. 24 mmol), 25 “C in 2. 5 mL solvent
[MeCN/DCM(2. 0 m1/0. 5 mL) |5 N. D. : not detected.

XF IR A BERN 1 38 VS LA T 5 R B, & MR BRI (1) 7E [ 3+2 ]I LS g Hh R B R 47
(38 FH I (Scheme 4). S50, 24 20 3E80 (1) Wiy R' LA A G5 3L, R2 R H R sz o7 AR RE A 2
17, T HICIe 5 56 R LB RS b A it I B A 2 W L -3 CLURT Br s, s 107 AR RE IR 14
17, LL46%~62% 1177 2643 3 HFR ™ %) (Scheme 4 L5 4a, 4b, de F14F) , FF HEUCIELER I F907
BN VA K (Scheme 4 F{L G W) de~de). 4 RUFH I, R H IR0 L EEIE & UEAT, LA 53%
F 7 R AR BB W) dg. M RN HET, RPAZRIEET, JIEY 1h tAE 5 U SR AR 2a kA= [3+2]
IS, LA 59% 11 7= R AT 20540 ah. HBR 7= 10 4 (14 25 F4 0T DU H A% w34 S0 2E A T A
WAL A9 3-( U 5L ) -1, 4- IR FE-1H-NEE (da) H, IEIRIR 5437 b R AL RS 02 8. 055 TFEfL &9
3-( 5L ) -1, 5- R BE-1H-MEme (4h) v, e BA 4-57 = fb2e i f8 2 6. 73.
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0 Br K,CO R?
R% 4 + )\ /H — ,H
A~ph HF ,C “Ph MeCN/DCM, 25°C  HF,C—X N
H O N"">pn
4
Cl
< i < \>>:CI
HF,C—N N — HF,C—N\ N =
N"Spp HRCTR N N-N~p, HF L N
N™">pnh N™">ph
4a 4b 4c
50% yield, 10 h 52% yield, 10 h 46% yield, 10 h 54% yield, 10 h
Cl Br
é HF,C—\
S — 2 N/N\Ph HF2C4(\NQ
~N
HF,C— N. HF.C—X N Ph
N™">ph N™">ph
de 4f 4g 4h
57%yield, 10h  62% yield, 10 h 53% yield, 9 h 59% yield, 10 h

Scheme 4 Scope of vinyl sulfones 1
Reactions conditions: compounds 1(0. 2 mmol), compound 2a(0. 24 mmol), K,CO,(0. 24 mmol), 25 “C in 2. 5 mL solvent
(MeCN/DCM volume ratio 4:1).

2.3 RNHLEEHEN
FEFSCHRLS, 35 1B MK 25 AL T S W ALEE, 4 Scheme 5 F7x . B5G, N-J5 RS (2) 7
K,CO,IIVERF 2k 2 —43F HBr, JEATE R 1, 3-(RA% 1 56 L5 W i [RMAT, Hp B)RTS 2@ 5680 (1)
HEFT[3+2 SRR, TR T H [RIA e b fb A 1L, B IO 25— 43 R R R A B R 40 HAR )
(3a%4).

Ar Ar . Ar
I KaCOy " - PhSO, |
N~ - 1 N/N SO,Ph N,N R2
PR AT» HF,C—-C=N=N-Ph — \ /3R? . \
HF.C™ “Br 1
KHCO, I HF2C RTH -y HF.C R
2 11 KHCO, ord

R2
wy%f
H o/ Ph S Ph
1 )
R
_) +

HF ,C—C=N=N—Ar

Scheme 5 Possible mechanism of [3+2] cycloaddition reaction
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5 CARFE [ 342 PRI BB BRI BR S, A5 1 3- 3 P Bk AL S i . N5k 15
SEAFIRLAN | AR TR EL DI P g, O 3- 9 F G e Ah 5 T 5 LR I 1 — 2R TR T R AR i
WSS — R g P R — Rl BN 2R — 90 P S Bk, B — 24 R T 3
PUFRTE S S5 R BT
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