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Studies on Photoinduced Carbon-Silicon Bond Cleavage and
Subsequent Bromination Reaction

Peng, Xinhua™*“ Guo, Hao**
(“School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094)
(® Department of Chemistry, Fudan University, Shanghai 200433)

Sun, Jing”

Abstract A novel photoinduced bromination of benzylsilanes is reported. This reaction undergoes smoothly under UV irra-
diation at room temperature via two key steps: C—Si bond cleavage and subsequent bromination, which presents a new proto-

col to the synthesis of benzyl bromides. In addition, a possible mechanism of this reaction is proposed.

Keywords photochemistry; bromination; mechanism; radical reactions; organicsilanes

RPN G EZ . R Gkl FRIE
ZEF RN 2 R I, B R A R PO A
A 27 AL PEA A i R R AR TS, R R Rk
BRI B ITE TSR R AE A LG B IR R AE T
ol A e R e SR — I (A T R,

B H AT, AAHUEERGR A, 2 iR M
e, T e A FSORH L YRR A 1) 7 9 A IE B
DRI VR B A AN A B B (A AL H R
B R BT BRI I EA B SR G BT 125 10
FHREDE, A F i R A LR 7R B RA RS B R ] 5 T
RN s AN TE. WIS NI TE, A7 Bh T HEsh AT
ULz R . BATINHAE Z FT ORI T AR A e 17—
B RS TR A PR R e R D IR 2 1R T R B B R
PR FERR IR R, R 2 5 1 B TR R (T
BE AT -RE SR T R — R IR, N T RIS RN,
FAVNHIGRAT T H BT, AR BRATRKHRIE: AHL
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BRI AE B IR A% 1 T e 28R A 9 A B R B R A A P 1)
Tk
1 ZFHR5ME
1.1 REEHMRL

T, ATER 4-F AR R =R (1a)EA
FRUE S B ERYD, N-IRART B (NBS)TE A RIE, %
21 I A RON ATHUR 6 RE B X 12 B 52, S0 5 R
MR 1. NSEIREE HEBA T LRI, 7F 185&254 nm FHE
AT, DLUERRIAE SRR, 2R NASREEAT (3R 1,
Entry 1). 4L 4R CEREA BHAE R FIE, 53052 7
14%F1 28%HT HA5xr=#)(3 1, Entries 2, 3). 24 PLHFEEEL
TRF IR, BEELL 31%M0 R AR H AR A
(3 1, Entries 4, 5). 2FATEMMZ, LLLZHEEHR
B, 1R BT ALL 74% 1993 B P2 2 AR i B AR (R 1,
Entry 6). Al @t QMR %R B FRE 7). 7EIE
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Bt b, BATDGE—BHR T BROCRER X 1Z R M5
M. 2AE B REOR R R, RISER BB KN
254 nm B, MV EIFEEFER]T 64%((3R 1, Entry 7). 24
KAWEKNA 313 nm B, RFIFF=HER] T 59%K 1,
Entry 8). #f—PHmiBUR A R 365 nm I, NV
FERAA R ETHN 70%(3 1, Entry 9), {HHSRK T
BN 185&254 nm I (U #E(FK 1, Entry 9). T-72, iEHL
185&254 nm 1ENZR NG HRAAE. Ik, AW
TP B R N2 N IR LI NI, 1E
185&254 nm ALK N AT
R PR

Table 1 Optimization of the reaction conditions

TMS  hv, NBS (1 equiv.) Br
MeO — > MeO
solvent, r.t.

1a 2a

Entry  Solvent Wavelength/nm Time/h  Yield®/% of 2a

1 THF 185&254 8 NR
2 EtOAc 185&254 2.5 14
3 Acetone 185&254 2 28
4 Methanol  185&254 2.5 31
5 CH,Cl, 185&254 1.5 31
6 MeCN 185&254 1.5 80 (74)°
7 MeCN 254 2 64
8 MeCN 313 2 59
9 MeCN 365 2 70

“ A solution of 1a (0.2 mmol) and NBS (0.2 mmol) in deaerated solvent (10
mL) in a quartz reaction tube was irradiated by a Matrix-10 reactor with six-
teen ultraviolet lamps (10 W per lamp) at r.t. under argon atmosphere. ®Yield
based on 'H NMR analysis of the crude reaction mixture using CH,Br, as the
internal standard. ¢ Isolated yield.

1.2 EZEMHR

TERAE RN SRAE T, FRATX 1% B A4 5 1) R A i
PERET 7552, WK 2 Fon. SEIRES IR 28 b
ARG RPN, AT, OEEE. R
REEE, LR PEEINASEAT, DL R R B
AW HE Y 2, Entries 1~4). M 4KF LIEFT
Sy RTINS, Lhan RS, R R ] DAL R A R
RN P RRUAEPIGER 2, Entry 5). 22838 LIER S
fr e FEHRT, SR T, fERMEY SR R G,
TeiES B BUEAT H bR 4, I Re S 3]0 80k S E M
B~ AE (R 2, Entry 6). S2RFR AT SR LAk
B, eansR s, Be, 2 RS 2R 2 R0
S FEY)(F 2, Entries 7, 8). #E— B W RIEERN: %
SNAAA 3E TR IR B )Y, T H ey &
AL A, LLunZERIR, % MR AE AT DUBCR)3E47, B
FRr=W) )= 26 0] LIk 3] B 47 8 145 (3R 2, Entries 9~11).

FERR, AT H e R PR R 2RI =
AT T B ER(EK 3). SLIREE R R S HEREE, =
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ARER
2 la~1k KGR

Table 2 The photoreaction of 1a~1k

TMS hv (4 = 1858254 nm), NBS (1 equiv.) Br
Ar Ar—/
1 MeCN, r.t. 2
Entry 1 Ar Time/h 2 Yield/% of 2
1 la 4-MeOC4¢H, 1.5 2a 74
2 1b 4-EtOCeH, 1.5 2b 82
3 1c 4-PhCH,0CgH, 1.5  2¢ 63
4 1d 4-PhOC¢H,4 2 2d 63
5 le 2,3,4,5,6-MeCg 1.5 2e 83
6 1f 4-CIC¢H, 3 2f Trace®
7 1g 4-HOOCC4H, 4 2g Complicated
8 1h 4-[(i-Pr),N(O)C]C¢Hy 2 2h Complicated
9 1i 1-Naphthyl 8 2i 72
10 1j 2-Naphthyl 4 2j 63

11 1k 9-Anthracenyl 4 2k 86

“ A solution of 1 (0.2 mmol) and NBS (0.2 mmol) in deaerated MeCN (10 mL)
in a quartz reaction tube was irradiated by a Matrix185-10 reactor with sixteen
185&254 nm ultraviolet lamps (10 W per lamp) at r.t. under argon atmosphere.
?Isolated yield. ¢ Some unidentified products were formed.

SIE- VAL Y2 NEEVAE 32 NP5 S e RIS
SERE GRS T AR BEAT B BNz, L R 53745 H
bR

F£3  1a M 1~1n B4R
Table 3 The photoreaction of 1a and 11~1n

R Br

hv (1= 185&254 nm)
NBS (1 equiv.)

MeCN, r.t.
1 2a
Entry 1 R Time/h Yield”/% of 2a
1 la SiMes 1.5 74
2 11 SiEtMe, 1.5 71
3 1m SiEy 1.5 80
4 In SiPhMe, 1.5 70

© 2015 Chinese Chemical Society & SIOC, CAS

“ A solution of 1 (0.2 mmol) and NBS (0.2 mmol) in deaerated MeCN (10 mL)
in a quartz reaction tube was irradiated by a Matrix185-10 reactor with sixteen
185&254 nm ultraviolet lamps (10 W per lamp) at r.t. under argon atmosphere.
?Isolated yield.

FAN, AER VR 7E_ LR RS E
TR, A I BT IR =P A i
1.3 HEMR

PR 3R S 6 48 B K A 56 SRR B Y, AR
H T 1% B AT REFIHLFE (Scheme 1), B 46, fELANGIR
AT, N-IRART W& 1) - e R AR I AR R T
REHREIT mE RS EREFREEREOEET
FH TR (SET)IE AR AE B 1 Hh 44 31, i e vl 44 3 7
CIEHEFIRINE R Pt e AR R S B2, AT AE s 2k
H 3 4 IR, TR R T SRR I T4
G T IRAERTE 5. FERAMDEIBRAE TS, IREET 5 IR
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R AR AR R A . Br v A4 5
TR B AR ARIR RN, ATTAE B T &™) 2. fEIX
B, RIETER THAMER. Bk, e
IR THBSED RSN, X, EREmRE™
PRI, A RE T, SEREE AT T & - I
TeE— IR B A A B RN T4 B35 S 2 o B B PR i b
%

o)

hv
N-Br —

(0]
N* + Br-
(0] (0]

) SET — -
ATCH23|R3 + Br+ ——> ArCH23|R3 + Br
1 3
.. MeCN .
ArCH,SIR3 —> ArCHy + SiR;
3 4

SiR; + Br- —= R,SiBr
5

hv
R3SiBr — Br+ + -SiR;

5

ArCHy + Br- —>  ArCH.Br
4 2

B 1 ATRERI BB

Scheme 1 The possible reaction mechanism
2 Zhig

K& T — B0 TR A HURE BT I T R
PR B Je A AR IRARSNE, AT e R R RS S Y
Jiid. IR S AR FERATRE TSR] RE
PLEE. fEBEA RN, SRR TR 1RSSR .
F— KRN TR A, e Ao Tk — ek B 1) e 2K
Wigd; 5 UGRAE IR, AT 5 25 58 BRI R it
Fed. Jol 2 LR IR B MRS 3R, T A IR
JR T H AR, AW T RARUR L A LA T
5, NNIRRL SR SR it T — SR IiR AR

3 SIS
31 E5RH

FIF A 64k 2 [ N 4T 7E Matrix-10 5% 528 2% AT
'H NMR (400 MHz)A! C NMR (100 MHz)#; %/
AVANCE 111 400 #% R 4£ 4% 4 ; 210 4h A I R H
AVATAR360 B(FT-IR)ZL A1 ; HRMS (ESDHAS IR
F APEX III™ ESI-FTICRMS Jfi 4% ; HRMS (ED)f&: %
F Water GCT CA176 JRiH4%; ##& sl A WRS-2 1
RAX. FEKIEF s = 2T (A 12,
ld[ZI], 16[22], 11-[23]’ lg[24], 1h[25]’ 1i[26]’ 1j[27]’ lk[28], *E}Ejﬂ
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RICHR E il e R 4 AT I B 3K
32 ZLWHE
321 JRAHEs Ak

PL1b AB, KA, SRR, e
W1 50 mL FERGEHHRIOMABE S (250 mg, 10.4
mmol). JE/KPUZEMENE(5 mL). = &2 mL, 16.0
mmol)Fl—Fifl. Zid FHHE 15 min J5, EMIAET
6 mL JE/K PYSHRRR ) 4- 258 257 F 50990 mg, 5.8 mmol),
FEI B 12 he RNER)E, I 10 mL A0 #
TR, LR CERAEEL(10 mL X 3), To/KAi iR B
T FEE AN AR, S PuditZ 8 515
F] 752 mg (LAY 1b, 77% 62%. WA 1e F&MUT71%
AR

4- AR S R GE(b): WAk, R
62%. '"H NMR (400 MHz, CDCl;) 8: 6.96 (d, J=8.4 Hz,
2H), 6.83 (d, J=8.4 Hz, 2H), 4.04 (q, J=7.2 Hz, 2H), 2.07
(s, 2H), 1.45 (t, J=7.2 Hz, 3H), 0.05 (s, 9H); °C NMR o:
155.8, 132.1, 128.7, 114.2, 63.2, 25.6, 14.9, —2.0; IR
(neat) v: 1613, 1577, 1510, 1479 cm™'; HRMS (ESI) calced
for C,H,,08i (M+H") 209.1356, found 209.1352.

4- RN = RS (le): Ak, FEX
83%. m.p. 67.1~67.6 ‘C; '"H NMR (400 MHz, CDCls) ¢:
7.46~7.31 (m, 5H), 6.93 (d, J=8.4 Hz, 2H), 6.86 (d, J=
8.4 Hz, 2H) 5.03 (s, 2H), 2.02 (s, 2H), —0.01 (s, 9H); "*C
NMR §: 155.8, 137.4, 132.7, 128.8, 128.5, 127.8, 127.5,
114.6, 70.1, 25.7, —2.0; IR (KBr) v: 1605, 1576, 1514,
1448, 1407 cm”'; HRMS (ESI) caled for C,7H,;08i (M+
H")271.1513, found 271.1516.

A-FAEFEACHE 2 35 TR BE(): KR, &
SR, AT 50 mL BB H Ak i
ANEE4(150 mg, 6.3 mmol). TE/KPUEMKIE(10 mL). 4
Fe TSRS (1.4 mL, 10.0 mmol)fl—Fififl, =& T
FEFE 15 min 5, BRIINET 10 mL Jo/K P SRR 1)
4-FEIENRE(678 pL, 5.0 mmol), =i FHFE 12 h. |
MEEHJE, I 10 mL B BRI KN, 88
CFEAIL(10 mLX3), Jo/KEEREE 1. T8 5 AL
AHME HA R, ZPudEAEENT B3 3] 697 mg (LAY 1,
TR, 7% 67%. '"H NMR (400 MHz, CDCl;) 6: 6.92
(d, J=8.4 Hz, 2H), 6.78 (d, J=8.4 Hz, 2H), 3.78 (s, 3H),
2.01 (s, 2H), 0.93 (t, J=8.0 Hz, 3H), 0.48 (q, J=8.0 Hz,
2H), —0.05 (s, 6H); °C NMR §: 156.5, 132.3, 128.8,
113.4,55.2,23.6, 7.2, 6.4, —4.4; IR (neat) v: 1614, 1585,
1508, 1469 cm™'; HRMS (ESI) caled for C,H, 0Si (M+
H") 209.1356, found 209.1356.

4-HEFTH = 2 HE R Am): ETLKEER, &R

http://sioc-journal.cn/ 1377
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IR, EE TR 50 mL [BE B R A
BE2%(152 mg, 6.3 mmol). T/KPUEFLIH(20 mL). —Z
FEERE(1.7 mL, 10.0 mmol)Fl—kifift, =i Tk 15
min &, ZHINATET 5 mL JE/K P SR ) 4- FF A
F(678 pL, 5.0 mmol), Z FHFE 19 h. KMNAH)E,
N 10 mL WA KRN, LR LA
(10 mLX3), JorKBRBREE 1. TS5 1A MUAH B Hh v
), ZPGEREEH >R 710 mg (AW 1m, AR
%, 72 60%. '"H NMR (400 MHz, CDCLy) d: 6.93 (d, J=
8.4 Hz, 2H), 6.76 (d, J=8.4 Hz, 2H), 3.76 (s, 3H), 2.02 (s,
2H), 0.91 (t, J=8.0 Hz, 9H), 0.49 (q, J=8.0 Hz, 6H); "*C
NMR 6: 156.4, 132.4, 128.8, 113.6, 55.2,20.2, 7.3, 2.9; IR
(neat) v: 1617, 1582, 1511, 1466 cm™'; HRMS (ESI) calcd
for C14H,50Si (M+H ") 237.1669, found 237.1663.

4-FR R R R B R SR (In): 7E B KR,
AR R, M2EH LT 50 mL R AR IR
IINEES6(155 mg, 6.5 mmol). JE/K PUEMLIHE(20 mL)-.
RF T RS RERE(1.7 mL, 10.0 mmol)fl—Hifl. iR
TR 15 min J5, BRFIAGT 5 mL JE/K PR 1)
4-FRARFENES(678 pL, 5.0 mmol), =i TPk 12 h. &
AR R, IO 20 mL WA AR K B, 28R
CPEAHL(20 mL X 3), JoKBiBREET 1. TS AL
FRBLH R, S PO E T4 55153 953 mg LAY 1n,
TEWAK, F2Z 74%. '"H NMR (400 MHz, CDCls) o:
7.47~7.43 (m, 2H), 7.37~7.32 (m, 3H), 6.84 (d, J=8.4
Hz, 2H), 6.74 (d, J=8.4 Hz, 2H), 3.76 (s, 3H), 2.23 (s,
2H), 0.23 (s, 6 H); >C NMR ¢: 156.6, 138.6, 133.7, 131.5,
129.1, 129.0, 127.7, 113.6, 55.2, 24.8, —3.5; IR (neat) v:
1614, 1582, 1508, 1463, 1439, 1425 cm '; HRMS (EI)
caled for CgH0OSi 256.1283, found 256.1282.
322 KRR BARET K

FETKTGE, @R KMET, W 10 mL A5 &8
BRI N-SART BRI %(0.2 mmol), 3k = FJE
fERE 1 (0.2 mmol). oK ZME(10 mL), 2 J5&@HSHEH
fii S, 10 min. 7E Matrix185-10 Y64k 2 5 v g8 5= 3 441
NIRFLZE TLC Ml S S5 BRI i DR 43 711
J&, FBABRER BN IA TRk, CBEREEL, oK ER BN
A S A MU S P 2 A 213 2074 2.

4-FA R R Qa7 Ak, 2R 74%. 'H
NMR (CDCls, 400 MHz) : 7.30 (d, J=8.8 Hz, 2H), 6.85
(d, J=8.8 Hz, 2H), 4.48 (s, 2H), 3.78 (s, 3H).

4-LHFETTHRRD): EEWAE, 72K 82%. '"H NMR
(CDCls, 400 MHz) 8: 7.35~7.30 (m, 2H), 6.89~6.85 (m,
2H), 4.52 (s, 2H), 4.03 (q, J=7.2 Hz, 2H), 1.44 (t, J=7.2
Hz, 3H); *C NMR (CDCl;, 100 MHz) &: 159.0, 130.3,

1378 http://sioc-journal.cn/
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129.6, 114.6, 63.3, 34.0, 14.7; IR (neat) v: 1712, 1611,
1511, 1472 c¢cm ™ '; HRMS (EI) calecd for CoH,;;BrO
213.9993, found 213.9992.

4R IE T )P AR, PR 63%. 'H
NMR (CDCls, 400 MHz) d: 7.46~7.31 (m, 7H), 6.96~
6.92 (m, 2H), 5.07 (s, 2H), 4.51 (s, 2H).

4-FAIEFRQDPY: HH AR, PR 66%. 'H
NMR (CDCls, 400 MHz) J: 7.38~7.32 (m, 4H), 7.16~
7.10 (m, 1H), 7.05~6.98 (m, 2H), 6.98~6.93 (m, 2H),
4.51 (s, 2H).

FAF AR [k, 725 83%. 'H NMR
(CDCls, 400 MHz) &: 4.66 (s, 2H), 2.34 (s, 6H), 2.24~
2.22 (m, 9H).

- FEZEQDP AEERE, 73R 72%. '"H NMR
(CDCls, 400 MHz) 6: 8.16 (d, J=8.8 Hz, 1H), 7.90~7.80
(m, 2H), 7.66~7.58 (m, 1H), 7.57~7.46 (m, 2H), 7.45~
7.36 (m, 1H), 4.97 (s, 2H).

2- R R ZE ()P AR E A, AR 63%. 'H
NMR (CDCl;, 400 MHz) d: 7.89~7.79 (m, 4H), 7.57~
7.47 (m, 3H), 4.69 (s, 2H).

9-JR F R B (2K B A, 72K 86%. 'H NMR
(CDCls, 400 MHz) &: 8.49 (s, 1H), 8.30 (d, J=8.8 Hz,
2H), 8.04 (d, J=8.4 Hz, 2H), 7.64 (t, J=7.6 Hz, 2H), 7.50
(t, J=7.6 Hz, 2H), 5.54 (s, 2H).

HBh A4 &l (Supporting Information) FT & ik H fnfb &
VIR NMR B3 X 2k BEA] B A 2 A T 19
(http://sioc-journal.cn/) I N #k.
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