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Bisperfluorobutylsulfonate Bisbutyltin Catalyzed Allylation and
Mukaiyama-aldol Reaction of Aldehyde
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Abstract  Bisperfluorobutylsulfonate bisbutyltin complex was successfully synthesized by treating C,FySO;Ag with
Bu,SnCl, in acetone at room temperature. When the complex was exposed to air two days, 'H NMR spectra showed that its
structure had no change. TG-DSC showed that the complex was stable below 220 ‘C. The complex had a good solubility in
polar solvents, such as ethyl acetate, acetone, acetonitrile, THF, ethyl ether. But it was poor soluble in hexane, CH,Cl,, toluene
at room temperature. In the presence of 1.0 and 5.0 mol% of bisperfluorobutylsulfonate bisbutyltin respectively, allylation of
aldehyde and Mukaiyama aldol reaction could efficiently occur in CH;CN at room temperature and give high yield of the cor-

responding products.
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B FRAE N F T A 1 (1) A A S B RT Mukaiyama-
aldol J ).

1 &R5E

TUT RS A TR T R R AR R A I
RNV BIEC S T R AT SRR P (Eq. 1).
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ClenBUZ + ZC4F9803A9
(C4FgSO3)2SnBu;  +  2agCl )

FE LT E A, TR R A R ACIR [ 44,
i "H NMR, "F NMR K&t/ il Ho g5 8. "°F NMR
(B 1)is b R LS 4 Bl sUR 7 AL # A 8. T
WIHE AP 5% 2 d, 'TH NMR £ WIS W45 f kA2 AR
1k.

-80 -90 2100 -110  -120
5

B T AT BRI A1 F NMR ]

2.0

L Tz:,o

1.53 2

= F1.0% =
o . lost &
) S—loo 2
’ A

200 400 600 800
Temperature/°C

B2 A ] IR I ZE A T
Figure 2 TG-DSC bisperfluorobutylsulfonate bisbutyltin com-
plex
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Figure 1 '""F NMR of bisperfluorobutylsulfonate bisbutyltin
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Table 1 Solubility of bisperfluorobutylsulfonate bisbutyltin complex (r.t.)
Acetone AcOEt MeOH Hexane CH,Cl, CH;CN THF Et,0 Toluene
O O O X X O O O X

ORI X TR AT

K2 BupSn(OSO,CyFo), fEALHEE I A HEAL 52 M AT Mukaiyama Jse W)™ 3
Table 2 Product yield for the reactions of allylation of aldehydes and Mukaiyama reaction catalyzed by Bu,Sn(OSO,C,Fs),

Entry RCHO la~1j Yield/% of 1 2a~2j Yield/% of 2
1 PhCHO la 86 2a 81
2 p-MeC¢H,CHO 1b 84 2b 81
3 p-MeOC¢H,CHO lc 82 2¢ 79
4 p-CICcH,CHO 1d 83 2d 75
5 p-F;CCsH,CHO le 82 2e 76
6 p-O,NC¢H,CHO 1f 81 2f 81
7 p-NCC¢H,CHO 1g 81 2g 83
8 PhCH=CHCHO 1h 76 2h 78
9 PhCH,CH,CHO 1i 72 2i 82
10 C,H,sCHO 1j 78 2j 74
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* 2 4R, DUEAFI(C4FoSO5),SnBu, 1EME
i, ANV J7 A [ 1 A 7 1 35 e e A 0 A A s B A
Mukaiyama = JV; A3 EIRACIEPE T, BIANE 45 T
FEEIR T3, R N IA K.

16 FIRAH A R LA, DAZR FHY R PR s A A e 1,
H1 Mukaiyama aldol [N A%, % %¢(C4FsSO5),SnBu,
HEEAMHBR, 455 IEE 3.

R 3 (C4Fe803),SnBuy, HEEAFHXRE G- MHKFR

Table 3 Yields of 1a and 2a catalyzed by recovered catalyst
(C4FQSO3)28HBUZ

Yield/%
Compd. Run Run Run Run Run Run Run Run Run Run
1 2 3 4 5 6 7 8 8§ 10
la 86 8 8 83 82 82 81 8 80 80
2a 81 81 81 80 79 78 78 77 76 76

FHE 3 40, HEAGRIE AL 10 Ik, HEALRCR A W]
R R

[ LA 2R PR PR 445 A 54 S A Mukaiyama aldol
RN AR, 82T T R A G TR
(CsF17S05),SnBu, #EALECR, 7556 AR RN &4 T,
la, 2a (MR > 94 42% Al 38%. iX 45 % W
(CsF17S05),SnBu, AL VG P LK(C4F9$O3)2SnBuz N IX
AT U2 T A G R IR B B 6 T S AR R B e
T RO HAT ORI FEAG AR .

il % (C4F9S03),SnBu, 15Uk — T 3 &AL XK
TR, AR PR TR A S B A 4RI, (8 7
B IGKZAE,  HT BT IR R I SR kR,
A RO

2 Zig

Hie 5 P (CaF9S05),SnBu, 11 2 U & GE A RO G 1)
W TN FEAE I S FT Mukaiyama [ N, 5 KZ #0048 Lewis
acids HEALFAHLL, & HAX A KEEE, RVEFA
T B TR R R
3 ZBES
31 HBHIRF

'H NMR, C NMR(LA CDCl; /E# 7], TMS A N 4x)
F BRUKER AC-P400 U llzE, JCE 0 #TH Yanaco
CHN CORDER MT-3 # [ Zhyn g Hr e, wEfeh
T L) G B CHSCN R IEATRR /K AR 2.
3.2 ZWHE
32,1 &R T ARG SR

1 100 mL BB A 15 mL K, 9K%& FIIA
A5 T HEEER 3000 mg, BIACEECHEREIS AT, FNA
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1392 mg AR, 4keliis, 71 85 C FHiHk 20 h, fFkk
NoEA)a, FOEUE. RERE T, P 4~5 mL ORFE
ghih, K TLRNVKFER HI5 5 24 h, T8 R (0
14, WCE 62%. F NMR (282 MHz, acetone-d) 0: —81.54~
—81.699 (m, 3F), —114.53~—114.62 (m, 2F), —121.66~
—122.02 (m, 2F), —126.39~—126.68 (m, 2F).

3.2.2  HEALF[(C4FoSO5),SnBu, 49 4K

¥ Bu,SnCl, (303 mg, 1.0 mmol) % fi#AE 10 mL A
i, AgOS0,C4F, (895 mg, 2.2 mmol ) fi#7E 10 mL A
W, AR EH IR RE IR A, AR N 4
h, 8. KEIERE T 5 TR DA (2 mL)
AMEEG0 mL)RAEAT, ANVKFEAH 240, 15AE
ik, R 75%. mp 150~153 ‘C; '"H NMR (300 MHz,
acetone-dg) J: 2.07~2.04 (m, 2H), 1.87~1.80 (m, 2H),
1.44~1.34 (m, 2H), 0.93~0.88 (m, 3H); "F NMR (282
MHz, acetone-dg) : —81.54~—81.65 (m, 3F), —114.54
(s, 2F), —121.78~—121.90 (m, 2F), —126.40~—126.56
(m, 2F). Anal. calcd for C;gH;sF50¢S,Sn: C 23.10, H 2.17;
found C 23.02, H 2.15.

323 4bA4 BuSn(OSO,CsF ), 44 4] &

B gy vkl a4 Bu,Sn(0S0,CsFry)s, % 83%. [
oAk, mp 165~168 C; '"H NMR (300 MHz, ace-
tone-dg) : 1.95~1.82 (m, 8H), 1.38~1.42 (m, 4H), 0.91
(t, J=7.2 Hz, 6H); ’F NMR (282 MHz, acetone-ds) o:
—79.20 (t, J=9.6 Hz, 6F), —112.23 (t, J=13.7 Hz, 4F),
—118.58 (bs, 4F), —119.95 (bs, 12F), —120.81 (bs, 4F),
—124.22~124.36 (m, 4F). Anal. calecd for CyH;gF;4-
06S,Sn: C 23.41, H 1.46; found C 23.37, H 1.45.

3.2.3  BEME R EAL R

W] ¥ A7 8 AL i b F [(C4F9S03),SnBu,] (0.01
mmol) ) ZJE(3 mL)# B AN (1.0 mmol), VUM
(0.3 mmol), ZiR FHEFE 6 h, A 2.0 mL K, =
B 30 min, F 408 OWEREI(S.0 mL X 3), fif fREk
T, ik vk, WCERDEVR, T TR 25 R LR LT,
TS EF VA ) @ (LR LER) =5 1]a13
F=H).

1- R HE-3- T -1-E (1a)™: LW 14, '"H NMR
(400 MHz, CDCl3) &: 2.03 (br, 1H, OH), 2.47~2.56 (m,
2H, CH,), 4.74 (t, J=5.42 Hz, 1H, CH), 5.12~5.18 (m,
2H, 2 vinyls), 5.82~5.87 (m, 1H, vinyl), 7.23~7.41 (m,
5H, ArH); "*C NMR (100 MHz, CDCl;) 6: 144.3, 134.6,
128.5, 127.4,126.3, 117.9, 73.5, 43.6.

156 L 2R HE-3- T - 1-IE (b)) R B (i ih; 'H
NMR (400 MHz, CDCl5) 6: 2.02 (br, 1H, OH), 2.34 (s, 3H,
CHs), 2.49~2.52 (m, 2H, CH,), 4.70 (t, J=6.6 Hz, 1H,

Chin. J. Org. Chem. 2012, 32, 2328~2333
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CH), 5.12~5.18 (m, 2H, 2 vinyls), 5.75~5.81 (m, 1H,
vinyl), 7.13 (d, J=7.8 Hz, 2H, ArH), 7.25 (d, J=7.8 Hz,
2H, ArH); C NMR (100 MHz, CDCLy) 6: 154.4, 134.3,
131.4,127.6, 118.4, 113.7, 73.5, 43.7, 21 4.

-0 AR L 2R L3 T - 1-BE (10)™): o ik, 'H
NMR (400 MHz, CDCl;) §: 1.96 (br, 1H, OH), 2.51 (d,
J=6.6 Hz, CH,, 2H,), 3.82 (s, 3H, CH3), 4.68 (t, J=6.3
Hz, 1H, CH), 5.12~5.19 (m, 2H, 2 vinyls), 5.80~5.86
(m, 1H, vinyl), 6.90 (d, /=8.8 Hz, 2H, ArH), 7.26 (d, J=
8.8 Hz, 2H, ArH); °C NMR (100 MHz, CDCl;) &: 159.2,
136.3, 134.7, 127.2, 118.3, 113.4, 73.1, 55.3, 43.7.

1A EURHE-3- T - 1-B2(1d)™: B taifk; "H NMR
(400 MHz, CDCl;) §: 2.15 (s, 1H, OH), 2.42~2.61 (m,
2H, CH,), 4.71 (d, J=6.8 Hz, 1H, CH), 5.12~5.17 (m,
2H, 2 vinyls), 5.74~5.80 (m, 1H, vinyl), 7.25~7.31 (m,
4H, ArH); ®C NMR (100 MHz, CDCl;) d: 142.1, 135.5,
133.8, 133.2, 128.5, 128.0, 118.7, 72.4, 43.6.

16 = G P 2R3 T 075 - 1- 1 (1) R B (A 3
f£; '"H NMR (400 MHz, CDCl;) d: 2.20 (s, 1H, OH),
2.56~2.62 (m, 2H, CH,), 4.81 (d, J=6.4 Hz, 1H, CH),
5.18~5.24 (m, 2H, 2 vinyls), 5.74~5.80 (m, 1H, vinyls),
7.45 (d, J=8.2 Hz, 2H, ArH), 7.61 (d, J=8.2 Hz, 2H,
ArH); *C NMR (100 MHz, CDCly) d: 147.7, 133.6, 129.6,
126.3, 125.2, 123.0, 119.1, 72.5, 43.8; "F NMR (376
MHz, CDCl3) §: —59.56 (s, 3F).

1A -3 T - 1-BE (n™: R ik, 'H
NMR (CDCls, 400 MHz) 6: 2.12 (br, 1H), 2.41~2.61 (m,
2H), 4.85 (d, J=6.6 Hz, 1H, CH), 5.16~5.21 (m, 2H),
5.75~5.83 (m, 1H), 7.53 (d, J=8.8 Hz, 2H), 8.20 (d, J=
8.8 Hz, 2H); '°C NMR (100 MHz, CDCl;) d: 151.4, 147.2,
133.5, 126.6, 123.4, 118.7, 72.1, 43 .4.

4-(1-F2HE-3- T ) K IE )™ KEwiik; 'H
NMR (400 MHz) &: 2.13 (br, 1H, OH), 2.39~2.50 (m,
2H), 4.74 (t, J=6.1 Hz, 1H), 5.08~5.13 (m, 2H), 5.70~
5.77 (m, 1H), 7.42 (d, J=17.5 Hz, 2H), 7.55 (d, J=8.0 Hz,
2H); '*C NMR (100 MHz; CDCl;) §: 149.7, 133.6, 132.3,
126.5, 118.7, 110.6, 72.4, 43.5.

- 2R3, 5-00 s -3-I ()™ ek ik, 'H
NMR (400 MHz, CDCl;) d: 1.79 (br, 1H, OH), 2.34~2.46
(m, 2H, CH,), 4.37 (dd, J=13.2, 6.8 Hz, 1H, CH), 5.16~
5.22 (m, 2H, 2 vinyls), 5.82~5.91 (m, 1H, vinyl), 6.26
(dd, J=15.6, 6.4 Hz, 1H, vinyl), 6.64 (d, J=15.6 Hz, 1H,
vinyl), 7.23~7.27 (m, 1H, ArH), 7.31~7.35 (m, 2H,
ArH), 7.37~7.41 (m, 2H, ArH); *C NMR (100 MHz,
CDCly) d: 145.2, 137.3, 131.1, 129.6, 128.3, 127.6, 123.5,
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118.9,72.6, 43.2.

1- 435 CU-3-IE ()M AR, "TH NMR (400
MHz, CDCl;) d: 1.61 (br, 1H, OH), 1.80~1.91 (m, 2H,
CH,), 2.15~2.36 (m, 2H, CH,), 2.63~2.82 (m, 2H, CH,),
3.66~3,73 (m, 1H, CH), 5.24 (d, J=11.8 Hz, 2H, 2 vi-
nyl), 5.74~5.85 (m, 1H, vinyl), 7.15~7.31 (m, 5H, ArH);
C NMR (100 MHz, CDCl;) J: 142.2, 134.5, 128.4 128.3,
125.7, 118.4, 69.7, 42.3, 38.4, 32.1.

1 = -4-WE (1) ¥ 4k, "H NMR (400
MHz, CDCl;) d: 0.89 (t, J=7.0 Hz, 3H, CHj), 1.26 [bs,
12H, (CH,)s], 1.43~1.48 (m, 2H, CH,), 1.85 (s, 1H, OH),
2.12~2.18 (m, 1H, CH,), 2.26~2.31 (m, 1H, CH,),
3.63~3.67 (m, 1H, CH), 5.12~5.16 (m, 2H, 2 vinyls),
5.78~5.86 (m, 1H, vinyl); >*C NMR (100 MHz, CDCl;) ¢:
134.8, 117.6, 70.7, 41.8, 36.7, 31.7, 29.5, 29.1, 25.7, 22.5,
13.8.

3.2.4 B &9 Mukaiyama-aldol K &

) ¥ A7 M AL 7] AL 1) [(C4FsSO5),SnBu,]  (0.05
mmol) ] Z i (3.0 mL)F M H KU (1.0 mmol),
fi AR (1.2 mmol), ZIELE 6 h, MAZK(2.0 mL), FiiH:
30 min, [T 418 OEEAHL(5.0 mL X 3), fMifReET1, i
B, WCHEIEM, s R 2RI R IR LW, FIARYIEE
JANTIVCR MR © (IR SR =5 © 1543314

3-FRHE-2,2- T HUL- 3 REL N IR R (2a): 1 EA AT 44,
mp. 59~61 CCCEREPY 58~60 C); 'H NMR (400
MHz, CDCl;) 6: 1.10 (s, 3H, CH3), 1.13 (s, 3H, CH3), 3.07
(d, J=4.2 Hz, 1H, OH), 3.71 (s, 3H, OCH,), 4.88 (d, J=
4.2 Hz, 1H, CH), 7.29~7.36 (m, 5H, ArH); *C NMR (100
MHz, CDCly) d: 178.3, 139.8, 127.7, 127.6, 78.6, 52.2,
47.6,23.0, 19.0.

3-FR 62,2 HURE -3 FR LRI TA 1R FH T (2b):
F0 AR, mp. 71~73 COCCERERY 70~73 °C); 'H
NMR (400 MHz, CDCls) d: 1.11 (s, 3H, CH3), 1.14 (s, 3H,
CH3), 2.33 (s, 3H, CH3), 2.98 (d, J=4.3 Hz, 1H, OH), 3.73
(s, 3H, OCH3), 4.87 (d, J=4.2 Hz, 1H, CH), 7.13 (d, J=
8.0 Hz, 2H, Ar), 7.19 (d, J=8.1 Hz, 2H, ArH); °C NMR
(100 MHz, CDCLy) 6: 178.4, 137.3, 137.1, 128.4, 127.6,
78.4,52.2,47.8,23.0,21.2,19.0

3-FhE-2,2- T HIRE-3- (b FHAR R IR IV IR R (2¢):
A, mp. 80~82 COCHR{EP" 81~83 C); 'H
NMR (400 MHz, CDCl;) d: 1.08 (s, 3H, CH3), 1.12 (s, 3H,
CH3), 3.02 (d, J=4.1 Hz, 1H, OH), 3.71 (s, 3H, OCHj,),
3.81 (s, 3H, OCH3), 4.86 (d, J=4.1 Hz, 1H, CH), 6.86 (d,
J=8.6 Hz, 2H, ArH), 7.20 (d, J=8.6 Hz, 2H, ArH); "*C
NMR (100 MHz, CDCly) o: 178.2, 159.3, 132.1, 128.6,

http://sioc-journal.cn/ 2331
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113.1, 78.4, 55.1, 52.0, 47.6, 23.1, 19.0.

3220 P RE 3O AU IR I ) TN 1R P G (2d)8:
FIaE A, mp. 64~65 COCRREY 63~65 C); 'H
NMR (400 MHz, CDCl5) d: 1.09 (s, 3H, CH;), 1.12 (s, 3H,
CH3), 3.36 (d, J=4.1 Hz, 1H, OH), 3.71 (s, 3H, OCH3),
4.84 (d, J=3.5 Hz, 1H, CH), 7.23 (d, J=8.4 Hz, 2H,
ArH), 7.28 (d, J=8.4 Hz, 2H, ArH); C NMR (100 MHz,
CDCly) 6: 178.2, 138.6, 133.4, 129.1, 127.8, 77.8, 52.3,
47.7,22.7, 19.0.

3-FRHE-2,2- T A L3O = G DR ) TN 1R Y I
(2¢): AL, mp. 74~76 CCCHMEPY 73~75 C);
'H NMR (400 MHz, CDCl3) 8: 1.11 (s, 3H, CH;), 1.13 (s,
3H, CH;), 3.72 (s, 1H, OH), 3.75 (s, 3H, OCH,), 4.97 (s,
1H, CH), 7.44 (d, J=7.2 Hz, 2H, ArH), 7.57 (d, J=7.2
Hz, 2H, ArH); C NMR (100 MHz, CDCl;) J: 178.5,
147.5, 138.2, 128.6, 123.2, 77.8, 52.6, 47.8, 22.8, 19.0.

3-CHF A HL IR -3 FR -2 02— — F L P 1§ AR (21)127:
A mp. 113~115 COCHRER? 114~116 C);
'H NMR (400 MHz, CDCl3) 6: 1.12 (s, 3H, CH;), 1.14 (s,
3H, CHj), 3.41 (d, J=4.1 Hz, 1H, OH), 3.76 (s, 3H,
OCH,), 5.01 (d, J=4.3 Hz, 1H, CH), 7.51 (d, 2H, J=8.8
Hz, ArH), 8.20 (d, J=8.8 Hz, 2H, ArH); '*C NMR (100
MHz, CDCl;) d: 177.6, 147.4, 135.3, 128.8, 123.2, 77.6,
52.3,47.6,22.8, 19.0.

3O L IR R )-3-F 22— — HI L AT R R (2g):
A, mp. 97~99 CCCHrEP! 96~98 C); 'H
NMR (400 MHz, CDCl5) d: 1.12 (s, 3H, CHy), 1.14 (s, 3H,
CHs), 3.39 (d, J=4.3 Hz, 1H, OH), 3.74 (s, 3H, OCHs),
496 (d, J=4.3 Hz, 1H, CH), 7.44 (d, J=8.2 Hz, 2H,
ArH), 7.63 (d, J=8.4 Hz, 2H, ArH); >*C NMR (100 MHz,
CDCly) d: 177.6, 145.4, 131.8, 128.6, 118.8, 111.7, 77.8,
52.6,47.8,22.8,19.2.

3-FRFE 2,2 IS5 IR I 405 LR IS (2h)PY:
I K, "H NMR (400 MHz, CDCls) d: 1.27 (s, 3H,
CH3), 1.28 (s, 3H, CH3), 2.91 (d, J=5.6 Hz, 1H, OH), 3.76
(s, 3H, OCHs3), 4.39 (t, J=5.9 Hz, 1H, CH), 6.25 (dd, J=
7.1, 15.8 Hz, 1H, CH=), 6.67 (d, J=15.9 Hz, 1H, CH=),
7.26~7.43 (m, 5H, ArH); °C NMR (100 MHz, CDCl;) 6:
177.8, 136.5, 132.8, 128.8, 127.6, 127.4, 126.4, 77.6, 52.2,
47.4,22.8,20.0.

3-8 HE-2,0- T HIHE-S- IR EE R R 2D Lt
#£; "TH NMR (400 MHz, CDCl;) d: 1.15 (s, 3H, CH3), 1.17
(s, 3H, CH;), 1.66~1.71 (m, 1H, CH,), 1.78~1.84 (m,
1H, CH,), 2.37~2.42 (m, 2H, CH,), 2.96 (d, J=4.6 Hz,
1H, OH), 3.63 (dd, J=10.7, 2.2 Hz, 1H, CH), 3.69 (s, 3H,
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OCH3), 7.17~7.30 (m, 5H, ArH); *C NMR (100 MHz,
CDCly) o: 177.8, 144.3, 128.8, 127.6, 126.8, 77.6, 52.2,
47.4,36.2,31.6,28.7,22.8, 20.0.

32,0 LIS TR (2): ik, 'H
NMR (400 MHz, CDCl5) §: 0.85~0.96 (m, 3H, CH3), 1.17
(s, 3H, CH;), 1.19 (s, 3H, CHs), 1.26~1.58 (m, 12H,
CH,), 2.61 (d, J=4.3, 1H, OH), 3.62 (d, J=9.6 Hz, 1H,
CH), 3.68 (s, 3H, OCH3); *C NMR (100 MHz, CDCl5) ¢:
175.8, 77.6, 52.2, 47.3, 32.4, 31.8, 29.8, 29.4, 25.6, 22.8,
22.6, 14.2.
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