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Abstract A highly efficient and facile procedure for the rearrangement various epoxides to carbonyl aldehydes by the cata-
lytic system (C4H;,N,),[BiCl4]Cl*H,0/Si0O, at room temperature is developed. The methodology is applicable to a wide range
of substrates. The catalyst is air-stable and environmentally friendly and can be recycled multiple times without noticeably

NOTE

losing its catalytic activity.
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Scheme 1 The rearrangement of epoxides to aldehydes
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SnCly~ BiCl; #1 SiO) (C4H oN,),[BiClg]CleH,0 FIAN[E]
AR R [(CyH 12N2)2[BiClg]Cl1sH,0/Si0; (1)~ (C4H)oNy),-
[FeCl4]CleH,0/Si0, (II)~ (C4H{,N,),[MnCl,]Cl*H,0/S10,
(II)~ (C4H3N,),[SbCI4]CI*H,0/Si0, (V) (C4H2N»),-
[NiClg]CIsH,O/Si0, (V)IEM 25 F (3 mol%, i, 2
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Table 1 Optimization of catalysts

@ACHO

o}

*

(C4H12N2),[BiCIEICI - H,0/Si0,

solvent, r.t.
1a 2a
Entry Catalyst Time/h Yield®/%
1 AICL 6 15
2 FeCl* 6 18
3 SnCL 6 29
4  BIiCl" 6 40
5 Sioy 6 63
6  (C4H;5N,),[BiClg]ClsH,0 6 56
7 (C4H;5N,),[BiClg]ClsH,0/SiO, (1) 2 90
8  (C4H5N,),[FeClg]ClsH,0O/Si0, (I1)° 2 80
9  (C4H|,N,),[MnCl4]CIsH,0/SiO, (IIT)* 2 62
10 (C4H/,N,),[SbCl]CIeH,0/Si0, (IV)© 2 67
11 (C4H5N,),[NiClg]ClsH,0/Si0, (V)© 2 55
2 r 2 85
13 I 2 91

“ Reaction conditions: 1a (1 mmol), catalyst (0. 03 mmol), ethyl acetate
(EA) (1.0 mL), 25 C, 2~6 h; * Yield of isolated product.; ° 0.3 mol%
complex, 3 mol% SiO,; 40.1 mol% (C4H12N,)1[BiClg]Cl*H,0, 3 mol%
SIOZ, ¢ 0.1 mol% (C4H12N2)2[BiC16]C1'HZO, 2 mol% SlOz

MR 1 AR X TER O E AR OB, X L%
Zy R AT YE LUK, H AR ICRAE 15%2] 60%
Zl‘m (%Eé 1, Entries 1’\’5) (C4H]2N2)2[Bicl6]C1'H20 $Z$
AR R MBS, BARRIEACA 56% (Entry
6), AT A 0.3 mol%HAREL &I 3 mol%IT)
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Si0, ZH R A AR R (1), #HIE] 25 1 T X% s oL 47 1
b, WL E] 90% (Entry 7). B G ¥ 4@ & Y3 %,
(C4H5N,),[FeClg]ClsH,0 (II) (C4H;,N5),[MnCl,]CleH,O
(HI)~ (C4H3N2),[SbCIG]CIsH,0 (IV)+ (C4H 2N,),[NiClg]-
CI'H,O (V), HFR PR T 90%. 1XLLsas 25
F W4 14 28 (C4H 1oN,),[BiClg]ClsH,0/Si0, (1)3F ¥ i
& PR E KT AE W) B HE U (Entries 7~ 11). #E—B 10T
R, FEARHEAL 77 FH (0.1 mol% (C4H oN,),[BiCle]Cle
H,0 F12 mol% SiO,) Xt B A= % (11500 A K (Entries
12~13).

1.2 REEHHIHL

DLAM IR 20 1a REEL, AR T (0.1 mol%
(C4sH15N,),[BiCL]CIsH,O A1 2 mol% SiO,) NHEAL 7T
20 CFRML 2 h, 53325 S8 (CArimBE . IE ke FOR,
TR LR VUSRI . R0 ) A RON
T FE(0~60 C)XF H bR =PIz i) sm, SEie &b 5 ]
1 FIEE 2.
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Figure 1 Optimization of solvents
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FU(ZEFI ) H PSR A LA, AELTE AR S A P (1) 5 711
(& FbE. DUEPRIE . F R /R ) R R 3
HAMZEARK, TSR NERE R EESIA N, H
o TR BRI R IR, A TAEER 48R LB EN
1%L R 7).

[FIBS, SN i T s B (R s ek, B 2wl A,
YRNIREH 0 CHES 20 CHE, R 15%4 5 3
90%, 1H 435 Bt — SR mEn, R LA, Bt
TAFER 20 CHE NN IRFE.

BT FIRSIGEE B, FRA T e R M AR 0.1
mol% (C4H,N,),[BiClg]ClsH,O 1 2 mol% SiO, I {k 14
R, LIRS, 20 °C R N i
1.3 FHEERAEITEINELER

CLOS B RIS BTV R ERL, LR CBE N,
AR Z T (0.1 mol% C4H ,N,),[BiClg]ClsH,O Al 2 mol%
SiOy) AT T 20 CF &AL 2 h, 53— R%1 HAstk
9. i 'H NMR RIGER 9H 5 36 S4TSR AE.

W 2 Frw, BARFEIUERIITE 75%0h F. 2,2- 08
RN (b)) EHERL 2R 2B (2b), N 82%; a-
A B O (le) EHE 2K T (20), ILEH
88%; a-F ML ZIEE AR 2-2-FF) KA Lk E
HEAMRIG 2-28 8 TREQA)AT 2-2-Z33)- 2 (2e), N

H AL E] 79%F 86%. 7L 1,2- A I 455
ADMEHES R T, RIETBMGEA BT AN BB,
R A BRI A oK B 1/ (2b), P2 N 83%. ILAh, 4
I I R, OB AR s, Wk
XA AT A R B 1g~1hy 1m~1n HEHERK
2f~1g. 21~1m, YR 88%~91%; I 4l HL T
S TR BRI (1i~11), HFR™4) 2h~2k
FU R 51 (85% ~ 88%). 4 3k I 1y 4R AT A 58
MBS, [RIFE 2B B I (2n, 78%; 20, 81%).
AT R 2 55 A TR A A 0 408 A7 49 5 R P 35 ] (i 25 ) B
RIS, AN BEAS 20 AH B .
1.4 BERIRMELMTEDRELEH
BATEHETE T AR 2R TR B R A AT AR &
Her AR, DU T RN ST A ER, 2R L
I, AR R T (0.1 mol%AREC &1 2 mol% Si0,)
AT 20 TR 2~4 h, B3 — K25 Hisb &
Y. Ji "H NMR R 3 Wb BH G G A7 R AE.
MK 3 7751, S ERENWMLL, XS A0
SNE RO, KM R S, R B A A
brde, WIREARLF () A At =4 2q WA 75%, 2r
FICR N 74%. AR CKE 1Ta BT S EBE RS

®2 IEACEHTFREALY

Table 2 Rearrangements of aromatic epoxides catalyzed by I

. . 2
R2 O (C4H12Na),[BiClg]Cl - H,0/Si0, R O
R'lyA\ R3 1 3
EA,rt,2~3h R R
1a~1q 2a~2p
H Ph
@CHO O)\CHO ©)\ CHO CHO
2a, 91% 2b, 82% 2c, 88% 2d, 79%
H H H
OO CHO @CHO /©)\CHO /©)\CHO
HsCO F
2e, 86% 2f, 91% 2g, 90% 2h, 88%
/©/LCHO /@J\CHO /©/LCHO /©/LCHO
F cl Br
2i, 88% 2j, 86% 2k, 85% 21, 88%
B H,CO
/©/LCHO r\Ej)\cHo 3 \©)\CHO /©/LCHO
H,CO O5N
2m, 88% 2n, 78% 20, 81% 2p, trace

¢ All reactions were carried out using 1 (1 mmol), (C4H;2N3),[BiClg]ClsH,0 (0. 001 mmol) and SiO, (0.02 mmol) in EA (1.0 mL) at 20 ‘C for 2~3 h under aerobic

condition.
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Table 3 Rearrangement of aliphatic epoxides of catalyzed by I

(C4H12N2)2[B|C|5]C| " H20/S|02 R2 O

R?2 ioj N7
R! EA, rt,2~3h R'
1r~ 1t 2q~2s

MeO

v

[i:j/l\CHo [::j/A\/J\CHo e [::j7o

2q, 75% 2r, 74% 28, 84%
q. 1o r 5% 2t, 80%
0 o)
o)
Ph
CHO
2u, 71% 2v, 69%

2w, 77%

“ All reactions were carried out using 1 (1 mmol), (C4H2N,),[BiCls]Cl*H,O
(0. 001 mmol) and SiO, (0.02 mmol) in EA (1.0 mL) at 20 'C for 2~4 h
under aerobic condition.

1.5 EUeFIBE YL

ST R, 0 P A AR S R, LA
GUHE 2% 1a EHENIE 2 20 W), HEE THALER
(C4H 2N, ) [BiClg]CleH,0/Si0, ()P 8 & {f FH % Js Joz )
W 3). BUURNERR, KRNk R e, W
LIRZMG LEEPPVEIE TR, FEEAN RIS FEE
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Figure 3 Recycling of catalyst (C4H,N,),[BiCls]Cl*H,0/Si0O,
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B 3 mrs, {4 4E &R (C4H1aN,),[BiCls]CleH,0/
Si0, 75 ] LAE A5 FH - VT A4 5 R 80 A ) 2 1 PRI
Ut AR R IR E MR, 7870 3R W (C4H oN,),[BiCly]-
ClsH,0/Si0, 1 1% [ B H I 14 RE.

2 g

A3 (C4H 1N, ), [BiClg]CleH,O/Si0, F:Ai Ak 4 F 1
IR EAT AR EHE R, 53— R85 B9, Fra it
EH%E "TH NMR R R /i e Heah 1), It s
FSLIGHE T I AR A PE: 1 mmol AEATAY, 1 mL
1 . 4T, 0.1 mol% (C4H,N,),[BiClg]CleH,O Al 2
mol% SiO,, 20 C M. % NAK R EA A EA,
SRR, BT HED, Bistb &l s, #

3 SCIEES

31 X5

Bruker Avance II (400 MHz)#1 Bruker DRX500 (500
MHz) B A% g e PRAN, 52563 72 A B F 1) 3 771 Al 7 441
R HTALR I, AEJENTRA 200~300 B FIFE ZEHTRER.
32 ZLWHE
3.2.1 AEALFHI(C4H ,N,),[BiClg]CleH,0 &9 4- A%,

H#EFRIRIER(10 mol, 0.86 g), BiCl; (6.8 mmol, 2.15 g)
1 35%MIERR(3 mL)IEA, L 30 mL FIZKAEV A, Ik
% 80 C, HEIEEMMAK. RKNIREWERANEE
I, 15 d J515 2] A R i di k.
322 HARMLA M6 SR

B AT (1.0 mmol). (C4H,,N,),[BiClg]Cls H,O
(0.003 mmol). SiO, (0.03 mmol) LA & EA (1 mL)f& A
FIF KBS, 20 C FHiHE, TLC PRER N 2 5k &5
AVH%%. H EA (10 mL)EfHRE S, 3, 2Bt
FE LA, A PRI R NaHCO, ¥ 1B dh
KBV, TR ORI T4, BRI 4E 2 T34 i,
TERAEAE Z 7 B2 HL &Y, Bistb EMsiis
"H NMR 2 ik

2-FK 5k W (20): LR AR, IE 91%. 'H
NMR (300 MHz, CDCLy) &: 9.75 (t, J=2.4 Hz, 1H),
7.41~7.21 (m, 5H), 3.69 (d, J=2.4 Hz, 2H). Anal. calcd
for CgHgO: C 79.97, H 6.71; found C 79.71, H 6.88.

2,2-IRFE L E(2b): ORI, I 82%. 'H
NMR (400 MHz, CDCly) 6: 9.94 (d, J=2.4 Hz, 1H),
7.40~7.34 (m, 4H), 7.33~7.27 (m, 2H), 7.24~7.19 (m,
4H), 4.89 (d, J=2.3 Hz, 1H). Anal. calcd for C4H;,0: C
85.68, H 6.16; found C 85.89, H 6.01.
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2-ZRIE T (20): LB IR AR, IR 88%. 'H
NMR (300 MHz, CDCl;) 6: 9.69 (s, 1H), 7.42~7.21 (m,
5H), 3.64 (q, J=7.2 Hz, 1H), 1.45 (d, J=7.2 Hz, 3H).
Anal. calcd for CoH;(O: C 80.56, H 7.51; found C 80.80, H
7.22.

2-ZRHE T (2d): KRB, IE 79%. 'H
NMR (500 MHz, CDCl;) o0: 9.68 (d, J=2.1 Hz, 1H),
7.35~7.40 (m, 2H), 7.28~7.33 (m, 1H), 7.18~7.22 (m,
2H), 3.38~3.44 (m, 1H), 2.06~2.18 (m, 1H), 1.71~1.82
(m, 1H), 0.91 (t, J=7.4 Hz, 3H). Anal. calcd for C,oH,,0O:
C 81.04, H 8.16; found C 80.69, H 8.38.

2-(6-F 5L Ak (2e): A EA, U 86%. 'H NMR
(400 MHz, CDCl;) ¢: 9.77 (d, 1H), 8.02 (d, J/=8.4 Hz,
1H), 7.90 (d, J=8.1 Hz, 1H), 7.85 (d, J=38.1 Hz, 1H), 7.53
(m, 3H), 7.28 (d, J=7.4 Hz, 1H), 4.38 (q, J/=7.0 Hz, 1H),
1.59 (d, J=7.0 Hz, 3H). Anal. calcd for C{3H;,0: C 84.75,
H 6.57; found C 84.96, H 6.38.

2-(4- FARU R R IR ) O (2f): To (IR AR, Ui
91%. 'H NMR (300 MHz, CDCL3) 6: 9.72 (t, J=2.4 Hz,
1H), 7.13 (d, J=8.7 Hz, 2H), 6.90 (d, /=8.7 Hz, 2H), 3.80
(s, 3H), 3.63 (d, J=2.1 Hz, 2H). Anal. calcd for CoH;(O,:
C71.98,H6.71; found C 71.74, H 6.92.

2-(4-WHEIREL) W (2g): To PRI, 1% 90%.
'"H NMR (300 MHz, CDCly) 0: 9.73 (t, J=2.1 Hz, 1H),
7.18 (d, J=7.8 Hz, 2H), 7.11 (d, J=7.8 Hz, 2H), 3.65 (d,
J=2.1 Hz, 2H), 2.35 (s, 3H). Anal. caled for CoH;,O: C
80.56, H 7.51; found C 80.87, H 7.30.

2-(4-FAHE) LT (2h): TG EHRAE, R 88%.
'H NMR (300 MHz, CDCl;) d: 9.75 (t, J=1.5 Hz, 1H),
7.21~7.16 (m, 2H), 7.09~7.04 (m, 2H), 3.69 (d, J=1.5
Hz, 2H). Anal. caled for CgH,FO: C 69.56, H 5.11; found
C 69.80, H 4.82.

2-(4-FRFL) S (21): PR, K 88%. 'H
NMR (500 MHz, CDCl3) ¢: 9.68 (d, J=1.3 Hz, 1H),
7.21~7.15 (m, 2H), 7.09 (t, J=8.7 Hz, 2H), 3.68~3.60
(m, 1H), 1.45 (d, J/=7.1 Hz, 3H). Anal. calcd for CoHoFO:
C 71.04, H 5.96; found C 71.35,H 5.77.

2-(A- SR FE) I E (2)): MR, 1% 86%.
'H NMR (400 MHz, CDCl;) 6: 9.66 (s, 1H), 7.36 (d, J=
8.2 Hz, 2H), 7.17~7.11 (m, 2H), 3.67~3.58 (m, 1H),
1.52~1.35 (m, 3H). Anal. calcd for CoHyClO: C 64.11, H
5.38; found C 64.33, H 5.13.

2-(4-1RFRFE) N E (2K): To B MPIRIBAR, Wok 85%.
'"H NMR (400 MHz, CDCLy) 0: 9.65 (d, J=1.3 Hz, 1H),
7.50 (d, J=8.4 Hz, 2H), 7.09 (d, J/=8.4 Hz, 2H), 3.69~
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3.54 (m, 1H), 1.43 (d, J=7.1 Hz, 3H). Anal. calcd for
CyoHyBrO: C 50.73, H 4.26; found C 50.99, H 4.03.

2-(4-HHEZREL T E(21): o IRIE, 1% 88%.
'"H NMR (500 MHz, CDCly) ¢: 9.68 (d, J=0.7 Hz, 1H),
7.21 (d, J=7.9 Hz, 2H), 7.12 (d, J=28.0 Hz, 2H), 3.62 (q,
J=7.0 Hz, 1H), 2.37 (s, 3H), 1.44 (d, J=7.1 Hz, 3H).
Anal. caled for CoH;,0: C 81.04, H 8.16; found C 79.71,
H 8.28.

2-(4- FHAE LR ) T 2m): TS BRI, UK
88%. 'H NMR (400 MHz, CDCl;) ¢: 9.65 (d, J=1.5 Hz,
1H), 7.15~7.10 (m, 2H), 6.95~6.89 (m, 2H), 3.81 (s,
3H), 3.59 (qd, J=7.1, 1.5 Hz, 2H), 1.41 (d, J=7.1 Hz,
3H). Anal. calcd for C,oH;,0,: C 73.15, H 7.37; found C
73.45,H7.17.

2-(3-IR I N EE(2n): T OMPIRBER, i 78%.
'"H NMR (400 MHz, CDCl;) §: 9.68 (s, 1H), 7.51~7.35
(m, 2H), 7.31~7.23 (m, 1H), 7.16 (d, J=7.6 Hz, 1H),
3.71~3.54 (m, 1H), 1.46 (d, J=7.1 Hz, 3H). Anal. calcd
for CoHyBrO: C 50.73, H 4.26; found C 51.02, H 4.05.

2-(3- FAR 2R ) TN % (20): T (LR AR, W%
81%. 'H NMR (400 MHz, CDCl;) §: 9.69 (s, 1H), 7.32 (t,
J=17.9 Hz, 1H), 6.89~6.80 (m, 2H), 6.77 (d, J=1.6 Hz,
1H), 3.83 (s, 3H), 3.62 (m, J=6.9 Hz, 1H), 1.45 (d, J/=7.0
Hz, 3H). Anal. calcd for C;H;,0,: C 73.15, H 7.37; found
C72.90,H 7.67.

2-FN U RE(2q): AR, B 75%. 'H
NMR (500 MHz, CDCl;) o: 9.65 (d, J=2.2 Hz, 1H),
2.16~2.34 (m, 1H), 1.58~1.78 (m, 6H), 1.21~1.33 (m,
2H), 1.05~1.20 (m, 3H), 1.03 (d, /=6.9 Hz, 3H). Anal.
caled for CoH,cO: C 77.09, H 11.50; found C 76.88, H
11.71.

2-FPIE-4- ORI T RE(2r): o EMPIRIUE, R 74%.
'H NMR (500 MHz, CDCl;) §: 9.63 (d, J=1.8 Hz, 1H),
7.27~7.32 (m, 2H), 7.17~7.23 (m, 3H), 2.62~2.72 (m,
2H), 2.34~2.42 (m, 1H), 2.07 (ddt, J=13.5, 9.3, 6.6 Hz,
1H), 1.64~1.72 (m, 1H), 1.16 (d, J=7.0 Hz, 3H). Anal.
caled for C;H;;O: C 81.44, H 8.70; found C 81.10, H
8.99.

2-FHEE TR (2s): MRTE CUMDIR M, WK 84%. 'H
NMR (400 MHz, CDCls) o: 9.59 (s, 1H), 2.20~2.29 (m,
1H), 1.66~177 (m, 1H), 1.35~1.46 (m, 1H), 1.06 (d, J=
6.8 Hz, 3H), 0.92 (t, J=7.3 Hz, 3H). Anal. calcd for
CsH,(0: C 69.72, H 11.70; found C 69.43, H 11.95.

O 2): OB, i 80%. 'H NMR (400
MHz, CDCly) o: 2.22 (t, J=6.4 Hz, 4H), 1.75 (q, J=6.4

http://sioc-journal.cn/ 2397
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Hz, 4H), 1.60~1.64 (m, 2H). Anal. calcd for C¢H;(O: C
73.43, H 10.27; found C 73.20, H 10.43.

2-KIEIACEI(2u): [, KR 71%. 'H NMR
(400 MHz, CDCl3) d: 1.94~1.76 (m, 2H), 2.36~1.95 (m,
4H), 2.64~2.40 (m, 2H), 3.63 (dd, J=12.2, 5.4 Hz, 1H),
7.18~7.12 (m, 2H), 7.31~7.24 (m, 1H), 7.40~7.31 (m,
2H). Anal. calcd for C,H,4,0: C 82.72, H 8.10; found C
82.98, H 7.89.

5-Z Tk -2- IR AUl (2v): TE iR A, Yok
69%. "H NMR (500 MHz, CDCl;) 6: 2.78~2.84 (m, 1H),
2.49 (s, 1H), 2.48 (dd, J=3.0, 1.3 Hz, 1H), 2.39 (dp, J=
12.7, 6.3 Hz, 1H), 2.19 (s, 3H), 2.15~2.19 (m, 1H),
2.09~2.15 (m, 1H), 1.68~1.77 (m, 1H), 1.42 (qd, J=
13.1, 3.5 Hz, 1H), 1.04 (d, J=6.5 Hz, 3H). Anal. calcd for
CoH40,: C 70.10, H 9.15; found C 69.90, H 9.32.

2-(2,2,3- = W3- IR FE) 2 BE2w): Tt il iRl
%, W& 77%. '"H NMR (400 MHz, CDCLy) &: 9.85 (t, J=
2 Hz, 1H), 5.25~5.15 (m, 1H), 2.55~2.45 (m, 1H),
2.40~2.30 (m, 2H), 2.25~2.15 (m, 1H), 1.90~1.75 (m,
1H) 1.65 (d, /=2 Hz, 3H), 1.00 (s, 3H), 0.85 (s, 3H). Anal.
calcd for C;(H;cO: C 78.90, H 10.59; found C 79.15, H
10.39.

HHBh# &L (Supporting Information) At & 4)(C4H ,N,)o-
[BiCls]CIsH,O fhALE M EE A H AR =411 "H NMR )
WL LR AT R G 2 A AS T 9 3k (http://sioc-journal.
cn/) bR ER.
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