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Triflic Acid-Catalyzed Tandem Reactions of Cyclopropy! Alcohols with
Sulfonamides for the Synthesis of Pyrrolidines
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Abstract Intermolecular tandem reactions of substituted cyclopropyl alcohols with sulfonamides for the synthesis of pyrroli-
dines can be catalyzed by triflic acid (TfOH). The desired pyrrolidines were provided in yields of 16%~83% with 10 mol%
catalyst loadings at 100 “C. A variety of cyclopropyl alcohols, such as the electron-withdrawing, electron-donating and bulkyl
groups on aromatics, and sulfonamide with electron-withdrawing, and electron-donating substituents, could be tolerated under
the optimized reaction conditions. An inexpensive and commercially available triflic acid reagent has been shown efficient for
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the synthesis of pyrrolidines, which is an alternative to metal-catalyzed reactions.
Keywords TfOH-catalyzed; cyclopropyl alcohols; sulfonamides; tandem reactions; pyrrolidines
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ATARRL IR0, (RSB {3 5 58 A B A0y
2 TOH A5 2 A FAT 1 A @ Ak 7)1, AT
NTE < R AL IR TR S I 55 B I e 5 ol DY S M Pt T 2E )
SRR A7 8 DA R N B T 1 (Eq. ).

o R )
<]+ NHpS0Ar THOH (1)

R’ RZ N
R? SOLAr
1 2 3

R R = H, alkyl, aryl up to 83% yield

1 ZER5VE
1.1 REFHRL
- FEZE L (1a) (0.3 mmol). X F 3 A ik e
(2a) (0.6 mmol). 5 mol% TfOH Al 1.5 mL F A7, i
FEYAIJEAE 100 °C M, TLC Wit%, &M 15 h J55ehk.
AR, WP ARER, FRMERENTVOE
Okt) © IR CER)=T © 1177 BSR4 2 Hbr =4 3a,
FEERA T1%(3E 1, Entry 1). F_ERFEIEL, DL 1a fil 2a
IR, AT IR LA AEAL, B B S S AE AN R 2% A
TR IE 1. WK 1 aTLLEH, AT HERS
210 mol% LA b5 s 87 ) 52 M 2 88 /NI (3R 1, Entries 4~
5). XTSI AR, BRAG R MR 2 80 C, AH
JS7 (1) VY SR gt = 4 7= 26 R B 42 56%(% 1, Entry 6). AN[A]
VRIS AR R B, R 1,2- & L BeE R, 72
FEET TR 74%, W5y CHNO, I, HAeisis 3|
17% ) DY S0k s 7= 47, T 2 0 R DY S0k PR 3 il A 5 57
W, 2 TLC MUK ARG 1T, IRBDRAE T 82 MR
B, SN L B2 R AR M Ik i A T o B 44k ok
kAR, &L 0.3 mmol 1a, 0.6
#1

mmol 2a, 10 mol% TfOH P % 1.5 mL H 2R I& 55 HEAT M4k
SONE A VU S s AT AE R s I I B 5
1.2 RMNERAMHR

TERARAGII IR S ZAE T, FRATX TIOH Ak xf A Ak
IR TR i 5 25 b AR B T 26 A 5 P 1 R 6 S R AT
THEI. BRI T g0y IR SR, B R'=H,
RP=aryl W, BFFCEIN, 7E553E00 4 AW T3 11
IR B A I N R NG U T 4 2 45 BT B A IR
W), {HERRENS IRTSAH L DU S S AT 2E ) 3a~3e, AHRY
AR 72 2 72%~83%(F 2, Entries 1~5). {E75
B EAWAEETRE, W 3,5- R IRE IR FEEE
[FIREREfE AR RS, AH R H AR =9 3g 728 79%(FR
2, Entry 7). 34 R*=MeO HJEWZ 15 h KNS, HIR 1
HARr=9 3f A3kA3 T 16%177 (3K 2, Entry 6). 24753
NEA N, nZEHEEaE 2,6- LA, B
SREVAEAT BN TR B 57~ 3h~3i, {E2 R V0 &t
WEARTEEDI = 5 0 A 68%11 56%(3E 2, Entries 8~
9). ¥4 R'=Me, R*=aryl i, R FEA — &2 FAZRH
(1 =R IR I BERERT, AR T LA 3] rb 4 = 22 f DU S e
TN 3j~3Kk, M= 23R 52%~61%. HiTIXA %
RIRATAT LASRAS N JE T RI20 A B A DY i iR 1 DU &
L& AT (3 2, Entries 10~11). 24 R'=R?*=Ph i, i
F = 5 R T B 5 RV 2 R BELARSE, AN RETS 3
FHRL PO S ML 7 A=, R AR 8] = Je IR R K 5 1
WA 4, AL G AL TE IR P2 77 2 s 90% (K
2, Entry 12). H4h, FATEWETE 7 IHE 1 56 5L B
TR R, B R'=H, R*=alkyl i}, &MNiEATEE
%, REE1F3] 28%~35% MK =2 M IU At 744

S LA ¢

Table 1 Optimization of reaction conditions

OH

£ ToNH, catalyst Ph /Q
Ph 2a solvent |
Ts
1a 3a
Entry Catalyst Solvent 7°C Catalyst loading/mol% Yield®/%

1 TfOH Toluene 100 5 71
2 p-TsOH*H,O Toluene 100 5 —
3 TFA Toluene 100 5 —
4 TfOH Toluene 100 10 81
5 TfOH Toluene 100 20 87
6 TfOH Toluene 80 20 56
7 TfOH DCE Reflux 10 74
8 TfOH CH;NO, 100 10 17
9 TfOH CH;CN Reflux 10 —
10 TfOH THF Reflux 10 —

“Unless stated otherwise, all reactions were performed in 1.5 mL of solvent with 1a : 2a=1 : 2. *Isolated yield. ¢ Complex was observed based on 'H NMR and

TLC analysis of crude mixture.
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Table 2 The reaction scope

o R1>O
10 mol% TfOH
R1/{_<] . NHQSZOQAr 2 motse T, N

Toluene, 100 °C  R?

R? SOAr
1 3
R', R? = H, alkyl, aryl
Entry Product 3 th  Yield/%| Entry Product 3  th Yield/%
Me
1 Ph/@ 3a 15 81 10 N 3 17 61

F Ts

el
3b 21 83 11 Ph '\\l 3K 19 52
Ts

[\
-
.
(2]
-z
(2]

Ph
3¢ 15 83 12 N TNHTs 4 16 90

Ph

W
@)
—H-z
w

3d 24 72 13 B”/O 31 23 28

tBu

<
[]
—

i

Z‘ H4-=
w

—-=Z
[72]

"
—
(2]

0
Il
6 N 3f 15 16 15 QNS 3n 19 75
MeO ‘ 0
Ts Ph
Me 9
N _
7 1 3g 15 79 16 QN i Br 30 24 25
Mo Ph
s ;
8 O . 3h 21 68 17 QN(S) NO; 3p 24 28%
Ts Fh
Me
9 N 3i 15 56
MeTS

“ Unless stated otherwise, all reactions were performed at 100 “C in 1.5 mL of toluene with catalyst : 1a : 2a=0.1 : 1 : 2. Isolated yield.

31~3m(3 2, Entries 13~14). F-ATIEM T A R HUCHE il FH TG B AR BEIBEHE NS, RERESRAT 75% )™ F AR Y
PRI e SF A% KR 5 A T R I (0 S . T A, 4 T DU SR AT A 3n(K 2, Entry 15). MfEAH S
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Wiz FEL 35 [ P 5K YR A R O e R0 %o i S R T I e b, e
AT 2, BARMAEIRIG AN Y B AR =4 30~3p, H
PR AT 25%~28%(F 2, Entries 16~17).

2 Zhig

BATRI A E B 25 5 SR AR 3RS s L)
TfOH JFR T — eI, MGt ar . & Rt i 5
SIERTAEM A BT %, AR K& #) TFOH HEALEL
ARIR TR 5 R P i (1) £ K S, 7 e & B 17 DY 001
WATAEY). IXFh G R A A BOT AR U RS
ANF A, LHTRARARY, #AT TIOH k& FHXHE &,
X T ISR DU S i AT AR O A B Ty B
2% m . KT EAES A AR 5 88 TIOH
(i 2% L2 DAL R IEAERF 7S rR, B5AE 2 5 e S
thikiE
3 X
3.1 U5

By AL 27 JEORFRI (A 500 - Sigma Aldrich. Alfa
Aesar PLJ¢ TCL 254w, FrA 25 A3 4 73 4k,

'HNMR 1 °C NMR(W#5A TMS, #7724 CDCly){#
Bruker Avance 400 MHz #Z R 345 v i A 72 .
3.2 BEMEHIMER

FiRFAT, FEREFHAKZIMA 0.3 mmol 1,
0.6 mmol 2, 10 mol% TfOH 1 1.5 mL HZK, fit#kti5] )5
7100 °C J v — BR8] J5 48 TLC W% [ B 5e i, [ BER
AHEER, WMEREREMHER, MRUWEFEEN
[(MIECKT) - LR LBR) =T © 115 B $E2ifg 2] B brr=
Y 3a~3p LI 4, FTAS (P=an e E i &t

2-ZR B - 156 2T gk 5 DO A v (3a): £ T A,
AR 81%. mp. 109~111 CCLmkE"™: 110 C); 'H
NMR (CDCls, 400 MHz) 6: 1.63~1.70 (m, 1H), 1.79~
1.89 (m, 2H), 1.94~2.01 (m, 1H), 2.42 (s, 3H), 3.39~
3.45 (m, 1H), 3.59~3.64 (m, 1H), 4.79 (dd, J=17.6, 3.3
Hz, 1H), 7.21~7.30 (m, 7H), 7.67 (d, J=8.2 Hz, 2H); "*C
NMR (CDCls, 100 MHz) : 21.5, 24.0, 35.8, 49.4, 63.3,
126.2, 127.0, 127.5, 128.3, 129.6, 135.2, 143.1, 143 3.

2-(4- AR J5k )- 156 P 2T 7 6 U &0tk 6 (3b):
B, 722 83%. m.p. 126~128 ‘CCCHEME!: 128 C);
'H NMR (CDCl;, 400 MHz) d: 1.63~1.69 (m, 1H),
1.73~1.88 (m, 2H), 1.93~2.04 (m, 1H), 2.42 (s, 3H),
3.37~3.43 (m, 1H), 3.58~3.63 (m, 1H), 4.74 (dd, J=7.6,
3.6 Hz, 1H), 6.97 (t, J=8.7 Hz, 2H), 7.26~7.29 (m, 4H),
7.66 (d, J=8.2 Hz, 2H); C NMR (CDCl;, 100 MHz) ¢:
21.5, 24.0, 35.9, 49.4, 62.7, 115.1(d, J=21.4 Hz), 127.5,
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127.8 (d, J=8.0 Hz), 129.7, 134.9, 138.9 (d, J=2.9 Hz),
143.5,162.6 (d, J =243.4 Hz).

2-(4- G IR HE)- 156 Rt I 2 DU &I 3e): B
B, 2% 83%. m.p. 120~121 ‘CCCHR{E!?: 121 C);
'H NMR (CDCls, 400 MHz) 6: 1.68~1.79 (m, 1H),
1.80~1.87 (m, 2H), 1.95~1.99 (m, 1H), 2.43 (s, 3H),
3.38~3.44 (m, 1H), 3.61 (dd, J=7.8, 3.7 Hz, 1H), 4.73
(dd, J=7.8, 3.7 Hz, 1H), 7.23~7.30 (m, 6H), 7.66 (d, J=
8.2 Hz, 2H); C NMR (CDCl;, 100 MHz) &: 21.5, 24.0,
35.8, 49.4, 62.7, 127.5, 127.6, 128.4, 129.7, 132.8, 134.8,
141.7, 143.5.

2-(4-RUT 5 2R HE )-1- 06 R 2R sk T ik Y S % (3a):
FE A, P23 72%. mop. 95~97 COCEkE!: 96 C);
'H NMR (CDCl;, 400 MHz) d: 1.30 (s, 9H), 1.63~1.70
(m, 1H), 1.79~1.99 (m, 3H), 2.41 (s, 3H), 3.41~3.47 (m,
1H), 3.58~3.63 (m, 1H), 4.77 (dd, J=7.6, 3.4 Hz, 1H),
7.19~7.30 (m, 6H), 7.64 (d, J=8.2 Hz, 2H); >*C NMR
(CDCls, 100 MHz) d: 21.5, 24.1, 31.4, 34.4, 35.7, 49.3,
63.0, 125.2, 125.9, 127.5, 129.5, 135.4, 139.8, 143.1,
149.8.

2-(4- F 2R 05 )- 1- 0 FE R 7 DU &0 1% (3e):
o [E A, P23 74%. mp. 117~ 119 °C (3T k(a2
118 ‘C); '"H NMR (CDCl;, 400 MHz) 6: 1.62~1.68 (m,
1H), 1.76~1.98 (m, 3H), 2.32 (s, 3H), 2.42 (s, 3H), 3.37~
3.43 (m, 1H), 3.58~3.63 (m, 1H), 4.73 (dd, J=7.5, 3.4
Hz, 1H), 7.10 (d, J=7.9 Hz, 2H), 7.20 (d, J=8.0 Hz, 2H),
7.27 (d, J=8.0 Hz, 2H), 7.67 (d, J=8.1 Hz, 2H); "*C
NMR (CDCl;, 100 MHz) d: 21.1, 21.5, 24.0, 35.8, 49.4,
63.1, 126.1, 127.5, 129.0, 129.6, 135.2, 136.6, 140.1,
143.2.

2-(4- F AR R L )- 1 -0 HR AR T 2 DY & s (36): 1
o [ A, P2 16%. mp. 120~ 122 °C (3T ik a2
122 “C); '"H NMR (CDCl;, 400 MHz) 6: 1.63~1.69 (m,
1H), 1.75~1.97 (m, 3H), 2.42 (s, 3H), 3.37~3.44 (m,
1H), 3.57~3.62 (m, 1H), 3.79 (s, 3H), 4.73 (dd, J=7.4,
3.6 Hz, 1H), 6.83 (d, J=8.6 Hz, 2H), 7.21~7.28 (m, 4H),
7.66 (d, J=8.2 Hz, 2H); *C NMR (CDCl;, 100 MHz) ¢:
21.5, 24.0, 35.8, 49.3, 553, 62.8, 113.7, 127.3, 127.5,
129.6, 135.15, 135.20, 143.2, 158.7.

2-(3,5- AR IR )- 10 A R st 7k 25k Y Stk s (3g):
FE A, 2% 79%. m.p. 76~78 COCEkE!: 77 C);
'H NMR (CDCls, 400 MHz) 0: 1.60~1.67 (m, 1H),
1.76~1.99 (m, 3H), 2.27 (s, 6H), 2.42 (s, 3H), 3.41~3.47
(m, 1H), 3.58~3.63 (m, 1H), 4.72 (dd, J=7.2, 3.2 Hz,
1H), 6.85 (s, 3H), 7.26 (d, J=7.8 Hz, 2H), 7.65 (d, J=8.0
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Hz, 2H); *C NMR (CDCls, 100 MHz) : 21.4, 21.5, 24.0,
35.9, 49.4, 63.3, 124.0, 127.5, 128.7, 129.5, 135.4, 137.7,
142.9, 143.1.

2-(1-Z Hk)-1-5%oF R sk 1 ik 10 S0k g% (3h): 1 £ [
&, P2 68%. m.p. 147~149 CCLHkE"?: 148 C); 'H
NMR (CDCls, 400 MHz) d: 1.71~1.90 (m, 3H), 2.06~
2.15 (m, 1H), 2.44 (s, 3H), 3.42~3.49 (m, 1H), 3.77~
3.82 (m, 1H), 5.57 (d, J=6.8 Hz, 1H), 7.32 (d, J=8.0 Hz,
2H), 7.43~7.54 (m, 3H), 7.66 (d, J=8.1 Hz, 1H), 7.75~
7.92 (m, 5H); *C NMR (CDCl;, 100 MHz) §: 21.6, 23.9,
347, 49.4, 60.7, 122.8, 123.8, 125.4, 126.0, 127.59,
127.65, 129.0, 130.0, 129.9, 133.9, 135.0, 138.3, 143.4.

2-(2,6- — H L IR ) 1- 6] HE SR 1 256 D Sk g% (3i):
F [ 4R, 75 56%. mup. 153~ 155 °C (SCHRE !
154 “C); '"H NMR (CDCl;, 400 MHz) 6: 1.53~1.61 (m,
1H), 1.89~1.99 (m, 2H), 2.16~2.22 (m, 1H), 2.35 (s,
6H), 2.40 (s, 3H), 3.50~3.57 (m, 1H), 3.82 (t, J=9.8 Hz,
1H), 5.01 (dd, J=9.4, 7.8 Hz, 1H), 6.92~7.03 (m, 3H),
7.20 (d, J=8.0 Hz, 2H), 7.54 (d, J=8.1 Hz, 2H); "*C
NMR (CDCl;, 100 MHz) J: 20.8, 21.5, 25.5, 32.7, 49.3,
60.4,126.9, 127.4,129.3, 135.6, 135.9, 136.9, 143.1.

2- FE L2 (4- 5 2R 5 )- 1- 0] FR 20Tk 1 22 U b v (3)):
B AR, 2% 61%. mp. 108~ 110 °C (3 k18 '
109 C); '"H NMR (CDCl;, 400 MHz) 6: 1.77~1.90 (m,
5H), 1.94~2.00 (m, 1H), 2.09~2.14 (m, 1H), 2.41 (s,
3H), 3.51~3.57 (m, 1H), 3.67~3.72 (m, 1H), 6.93~6.99
(m, 2H), 7.21~7.27 (m, 2H) 7.31~7.39 (m, 2H), 7.58 (d,
J=8.2 Hz, 2H); “C NMR (CDCl;, 100 MHz) J: 21.5,
22.4,26.5,45.9, 49.8, 69.3, 114.7 (d, J=21.1 Hz), 127.1,
127.5 (d, J=7.9 Hz), 129.3, 138.3, 142.5 (d, J=40.5 Hz),
161.6 (d, J=243.6 Hz).

2- AR R k- 150 R Rl gt ik DU S0k i (3k): TRt
MUIRWAE, 7% 52%. '"H NMR (CDCls, 400 MHz) o:
1.78~1.89 (m, 5H), 1.94~2.01 (m, 1H), 2.11~2.17 (m,
1H), 2.41 (s, 3H), 3.52~3.58 (m, 1H), 3.68~3.73 (m,
1H), 7.20~7.31 (m, 5H), 7.39 (d, J=7.4 Hz, 2H), 7.58 (d,
J=8.2 Hz, 2H); "C NMR (CDCl;, 100 MHz) J: 21.5,
22.5, 26.4, 45.8, 49.8, 69.9, 125.8, 126.6, 127.1, 128.1,
129.3, 138.5, 142.5, 146.5.

4,4- TR FL-4-TT AR ORI I (4): B R
1, 7P2& 90%. '"H NMR (CDCls, 400 MHz) d: 2.26 (q, J=
7.1 Hz, 2H), 2.40 (s, 3H), 3.03 (q, J=6.6 Hz, 2H), 4.59 (t,
J=6.0 Hz, 1H), 5.90 (t, J=7.4 Hz, 1H), 7.08~7.37 (m,
12H), 7.69 (d, J=8.2 Hz, 2H); *C NMR (CDCl;, 100
MHz) d: 21.6, 29.9, 43.1, 124.6, 127.1, 127.25, 127.27,
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127.33, 128.2, 128.4, 129.70, 129.72, 136.9, 139.5, 142.0,
143.4, 144.7.

27 - 156 B R T 2 U I s (3D): ¥R B L HPIR
Wik, 773 28%. '"H NMR (CDCls, 400 MHz) J: 1.37~
1.52 (m, 2H), 1.59~1.72 (m, 2H), 2.43 (s, 3H), 2.72-2.78
(m, 1H), 3.10~3.16 (m, 1H), 3.23~3.27 (m, 1H),
3.37-3.42 (m, 1H), 3.80~3.85 (m, 1H), 7.20~7.37 (m,
7H), 7.76 (d, J=8.2 Hz, 2H); *C NMR (CDCl;, 100 MHz)
5: 21.5, 23.8, 29.9, 42.7, 49.3, 61.6, 126.4, 127.5, 128.4,
129.6, 129.7, 134.7, 138.5, 143 3.

2- 1 3 J- 156 HR R T 2 DY & i (3m): A B PR
WA, 7% 35%. '"H NMR (CDCls, 400 MHz) §: 0.88 (t,
J=6.6 Hz, 3H), 1.18~1.28 (m, 12H), 1.42~1.58 (m, 4H),
1.73~1.83 (m, 2H), 2.42 (s, 3H), 3.17~3.21 (m, 1H),
3.34~3.38 (m, 1H), 3.56~3.60 (m, 1H), 7.29 (d, J=8.0
Hz, 2H), 7.71 (d, J=8.2 Hz, 2H); *C NMR (CDCl, 100
MHz) 6: 14.1, 21.5, 22.7, 24.1, 26.2, 29.3, 29.6, 30.7, 31.9,
36.5,48.9, 60.6, 127.5, 129.6, 135.1, 143.1.

2-FRFE- 1A R SE DU AU g 3n): (A, PR
75%. m.p. 111~113 ‘CCCHER{E"™: 112 C); 'H NMR
(CDCls, 400 MHz) 6: 1.63~1.70 (m, 1H), 1.80~1.88 (m,
2H), 1.96~2.02 (m, 1H), 3.43~3.49 (m, 1H), 3.61~3.66
(m, 1H), 4.82 (dd, J=7.7, 3.5 Hz, 1H), 7.21~7.30 (m,
5H), 7.46~7.58 (m, 3H), 7.77~7.79 (m, 2H); *C NMR
(CDCls, 100 MHz) d: 24.0, 35.8, 49.4, 63.4, 126.2, 127.1,
127.4,128.3, 129.0, 132.6, 138.1, 142.9.

2- 2 H - 0 YR T TR 2 U S % (30): VR B EATHPIR
WAk, 7&K 25%; '"H NMR (CDCls, 400 MHz) J: 1.70~
1.77 (m, 1H), 1.80~1.93 (m, 2H), 2.02~2.08 (m, 1H),
3.43~3.49 (m, 1H), 3.59~3.64 (m, 1H), 4.79 (dd, J=7.7,
3.6 Hz, 1H), 7.23~7.30 (m, 5H), 7.58 (s, 4H); *C NMR
(CDCls, 100 MHz) d: 24.1, 35.9, 49.4, 63.5, 126.2, 127.2,
127.4,128.4, 128.9, 132.2, 137.5, 142.5.

2- AL 156 R 2 2 I A DY AU s (3p): [ 44,
FEE 28%. mp. 129~131 CCLHk{E": 130 C); 'H
NMR (CDCl;, 400 MHz) d: 1.80~2.05 (m, 3H), 2.15~
222 (m, 1H), 3.43~3.49 (m, 1H), 3.59~3.66 (m, 1H),
4.87 (dd, J=7.8 Hz, 43 Hz, 1H), 7.16~7.26 (m, 5H),
7.79~7.81 (m, 2H), 8.22~8.24 (m, 2H); *C NMR
(CDCls, 100 MHz) d: 24.3, 36.0, 49.5, 63.7, 124.0, 126.4,
127.5,128.3, 128.4, 141.8, 144.7, 149 8.

4 Bh# %L (Supporting Information) L&) 3a~3p LA
J% 4 (¥ "H NMR 1 PC NMR i &, X £6h4RL AT LL 4 3 )
AF] WX 3k (http://sioc-journal.cn/) b F %,
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