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E-Stereospecific 1,1-Carboboration of Terminal
Arylalkynes with [IB(CsFs)3]
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Wang, Junfeng”

Abstract The difunctionalization of alkenes and alkynes is a simple and powerful strategy for the synthesis of various or-
ganic compounds and has been used to synthesize various important natural products, drug molecules and fine chemical prod-
ucts. The different effects of halo anions, substrates, solvents, temperature and reaction time to the stereospecific and reactivi-
ties of 1,1-carboborations of alkynes and B(CsFs)s were studied, meanwhile the corresponding catalytic mechanisum has been
expoled. A convenient large-scale preparation method for the stereoselective (£)-1,1-carboboration products has been devel-
oped. The catalytic reactivities of ring-opening polymerization of cyclohexene oxide (CHO) have also been explored with
different stereo-carboboranes isolated from 1,1-carboboration reaction, and it is noted that the stereospecificity E- or Z- has
shown ambiguously different activities. To develop a stereo-specific approach in the synthesis of vinylboranes will not only be
very important for the difunctionalization of alkenes and alkynes, but also for the novel stereospecificity organoborons.
Keywords 1,1-carboboration; stereospecificity; alkynes; borane; reactivity
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SR, B4 m AT A B O 3555 1)

AP R R P 20 I T . T S O IR LR I B T
W) T7 1548 32 0. WRAL RS 2 iR Bl ke RB(CeFs):
SHUER 1 1-BrBA R U7 R E A o R 4 8
), HRBLAFIRAN, SR -2 5 AR e 1 5 SR Rt A%
il 2 W A A ) B R N —. AELSR TR BH
Gy W BRI Bt B(CoFs)s S RIET 1, 1-BRBI A ) S5 N 5 i
FEAESLARIE B ZE M Bk A, TR0 R IROb R 215 3
E,Z-fBIIR-EW, H FT SRR E R R 7 5 A SR T
SEARIERR LA R Z AR 11 =, Wi 1(b)
B (6 BB N 26 52 sl 9 2% A, T DR LA i 3 1
WA E SRR 1L 1B P I T AR IE 1R D,
i B E =) B AN 819,

(a) 1,2-Addition of LA and LB with alkynes

©]
B(CeFs)3 R LB

RC=CR B

S
(CeFs)3B R'

(b) 1,1-Carboboration and Z-Isomerization

F AR LR X 2R BRI 1 1-TRBIAL SN, M R 435 SR T
LA H, BRE R e B B e TR AT A 3L, W
1,3- - FE LBkt £ (1,3-DMIm-I, A) M PUIE T JEmif s
Eh(n-BugN-1, B)&R ] LA [ S £ 1 HuAS 21 J1°F- 56 42
1) E =4, AR IR A SR B R B AT Tk
P, X ATRE S HE R B—X MIHEAEH A K, £
Entries 5, 6 £(#i NTE n-BuN-1 (B)ZEY R &I T,
4 DL AT T F 545 TR Me 2K Lk
ikt BCF BB S B, R B4 3 B ik
Bk E R % Entries 7~9 $0dE 4 24K 2k (B) A
IR E] 20%0F, NI E SGRBEEE BT EK, H2
ISR OREE > 90% 13 ik #: 1% R Entries 10~13 %
P R VYRR ) 4-HUR IR RTE & 20% 115
T, BER(B) I R AE 20%0, SO =4 AT LS 2L
Foe i E UEFENE; (22 2K B BUREEATE 4 17
F1 EREEZ 5 1,1 R R

Table 1 1,1-Carboboration catalyzed by ammonium halides

(xy Gf R CeFs R

Erker: hv RC=CR' + B(CgFs)3 —_ +
|, InCDC | 1 (CoFs)oB R (CoFs)B R
B(CeF FsC R' FsC H
HC=CR B(CeFs)s _ 5)3 56 . 5Ce : 2 (ZIE)
CGF5 (CGF5)2B R' R=H; R =Ph (13), 4-FC6H4 (1b), 4-MeCeH4 (1C), 4-C|C6H4 (1d),
z (1‘g~ 1.2:1) E 3-CCgHy (1e), 2-CICgH, (16), 3-BrCgH, (1g), 3-MeCgH, (1h),
T in Tol-d | 4-CF4CgH, (1), +-Bu (1), CI(CHo), (1K)
: R = CHa; R' = Ph (11)
Stephan: LB [X7=1,3-DMIm* I' (A), n-BugN* I (B), n-BuyN* Br (C),
(c) This work: E-stereospecific 1,1-carboboration n-BuyN* CI" (D)
oo _BCeFos FsCe R FsCe M Entry  Alkynes  [X ](X : BCF) 2(Z: Ey
=CR ——— — +
B, “eeod S erad e T e
' = Ph. 4 . Z (pto199) E a -1 a(=1:99)
R' = Ph, 4-FCgH,, 4-MeCgH,, etc. 3 la ca: 211 1)
B 1 #5025 105 R i N 4 la D(:1) 2a(1: 1)
Figure 1 Reactions of Lewis pairs with alkynes 5 1b B(1:1 2b(>1:99)
‘ B 6 1c B(l:1) 2¢ (>1:99)
HEEOT, KA AZBR 4 2 W BR Bl 4 & (FLPs) 7 1a B(l:5) 2a (1 : 10)
iR st kA 1,2- A ak20-22, wiEl 1(a)Fr 8 1b B(1:5) 2b(1:17)
R, AR B(CeFs)s 5 AR WL bt 2R AT R K o b ﬁg ; 2 x §1>-12_2>99)
= Z - >, = S e e a . a .
igﬁ)}?im 201 RIAE— e MRAYIZEENZ 5T, & 1 1b? B(l:5) 2b (>1:99)
SARIE R R AT B(CeFs)s Shukei E 20 1,1-ilifk, 12 1ch B(l:5) 2¢ (>1:99)
W (). ARSI AT RS IAR Rt & E 13 1d’ B(1:5) 2d(>1:99)
SRR e TSR T w2 B G. 14 1ef B(1:-5) 2e(l-14)
15 1t B(:5) 2€(1: 1)
1 ZERE; 16 1g’ B(l:5) 2g(1:3)
ARSI 17 1n® B(l:5) 2h(1:6)
1.1 miEESs ‘?E’J 1,1 EHHHPC&F" 18 1P’ B(1:5) 2i(1:3)
. N 19 1j B(l:1) 2j(1:1)
B(CeFs)s (BCF)%%L?E‘JSNEJ@%%E‘J 1, 1-BR AL SR 17 21 1 B(l:1) 21(1 : 4)

SEARIEBEVE R SO HEAT T VRN 7, HBUE I 1 AT,
B Entries 1~4 NANF =8 L5 BCF 1R

areas of 'H NMR or '°F NMR. ? Excess of alkynes: 20 mol%.
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21 20%, 21 40% AR R, 20% 54 E 21, 1-
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Wi 3 fizs: BCF 15 %6 500 s B A AR E 16 o- e
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Figure 2 "B NMR of 1,1-carborations catalyzed by iodates
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Figure 3 Reaction process of 1,1-carboboration catalyzed by iodates
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Figure 4 Concentration curves of 1,1-carboboration catalyzed
by iodates
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IRTFIR A S S 3G AT T 05, FEdEdE R 2
Fis.

MR 2 REAE VT LUE H, B LRI (Z/E) TR
BRSNS H A& BCF ik, BA W FEL
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Table 2 Carboboranes inititated ring-opening polymerization of
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CHO
(o] 0 le)
Cat. [B]
® rt.,2h
n
Entry [B] [CHO] : 1 Conv./% M,/(kgemol™ ') PDI
1 BCF 50000 : 1 75.5 1.17 1.98
2 (ZIE)-2a 50000 : 1 66.0 1.06 2.01
3 (2)-2a 50000 1 81.8 1.42 2.00
4 (E)-2a 5000 : 1 71.4 491 2.63
5 (Z/E)-2b 50000 : 1 75.7 1.37 1.90
6 (2)-2b 50000 : 1 77.8 1.42 2.07
7 (E)-2b 5000 - 1 77.6 5.52 1.73
2 Zhig

X 2R BT A B SEAKR AT bR R BRI A s R
ITHEART T, AIE AU Z 5T, WA
BARAE B(CoFs)s SRR A SRR E 50 1,1-8%
WAL, [FIRFEXANFE 1, 1-B AL YIFE AL IR A C e A
PRI IR G S P RIS PEREAT 1T, R B 5 B
SR L1-il e fEteis e, Bz X 11
WS BARR E U5 . T R AR SR A SLAR AT 42 i A6
SLHTRIWETE, A0 R T IS
LR RERIEEAL S NI (RIS, e s L 2 A AL
AR TS5 B BAT 2

3 SCIGERSY
31 UBE5RHF

FI A S8 S AL RERE S ) & SR T2 A R kAT, &
HVEFIVE R CaHy My AR T, 1E C5e i FHANER & & T8,
B(CeFs)sn RO (4-FREL) LB (4-FEIRIE) bk
SRR NTAE, W E RBART A B K. R IRE P
{# F Bruker Avance 400 BYR% a3 R 2, Hrp, &
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WA A LR AR O 400 MHz, 548 F 1A RAR
SUIEER, BEWHrTFEMH Waters 1515 B ol
A, For JEE T 77 VU K .

3.2 ZLWAHE

3.2.1  1,1-8A0A = 4 2a~21 696 A%,

R EAENE U N k4T, HUB(CFs); 0.5 mmol, f
A 10 mL IE ke &2 [ R 58 20 i, TN 1a~11 0.5
mmol, i N H#E R TR E, BHMAEE A~D 05
mmol(E% 2.5 mmol) & R M, 5% iR &M T Hidtd
. MGG, B AN B R =4, Btk Okt
REIF=W) 2a~21 (ZIE), F=FA%HESEAR> 4T Z/E Hofil W3k
1.

(B)-1-(— H R )T -1- L5 A H -8 206 (2a-E):
HEE A, P2 76%. mp. 196.2~198.5 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 7.10~7.12 (m, 2H, 0-CH), 7.20~
7.22 (m, 2H, m-CH), 7.22~7.24 (m, 1H, p-CH), 7.92 (bs,
1H, =CH); 3C NMR §: 113.13 (bm, Ca;B), 117.08 (td,
Jer=17.1, 4.0 Hz, CaC), 128.31 (s, m-CH), 129.13 (s,
0-CH), 130.26 (s, p-CH), 138.59 (s, i-C¢Hs), 133.49 (bm,
=CB), 137.15 [dm, Jcr=251.7 Hz, m-B(C¢Fs)s], 137.80
[dm, Jo r=251.4 Hz, m-C(C4F5)], 143.9 [dm, Jcr=260.0
Hz, p-B(CeFs)3], 144.42 [dm, Jo—r=248.6 Hz, p-C(CFs)],
148.22 (dm, Je-r=251.2 Hz, 0-CF), 151.72 (bs, =CH);
F NMR d: —161.13~—161.17 (m, 6F, m-F), —154.26
[t, JEr=20.9 Hz, 1F, p-C(CsFs)], —145.59 [tt, Jer=20.7,
5.0 Hz, 2F, p-B(CeFs)s], —141.59 [dm,Jer=22.4 Hz, 2F,
0-C(CeFs)], —128.18 [dm, Jer=19.8 Hz, 4F, 0-B(CsFs)3];
"B NMR 6: 62 (Avy,=1340 Hz).

(2)-1-(— A F) - 1- LH R T H 25 (2a-2):
HEEER, 7F 40%. mp. 191.1~193.7 ‘C; 'H NMR
(CDCls, 400 MHz) 6: 7.16~7.20 (m, 2H, 0-CH), 7.31~
7.34 (m, 2H, m-CH), 7.42~7.45 (m, 1H, p-CH), 7.85 (bs,
1H, =CH); 3C NMR §: 113.21 (bm, CaB), 115.17 (td,
Jer=17.1, 4.0 Hz, CC), 129.05 (s, m-CH), 129.87 (s,
0-CH), 132.07 (s, p-CH), 135.12 (s, i-Cpy), 131.42 (bm, =
CB), 137.50 (dm, Jc £=248.0 Hz, m-CF), 143.58 (dm,
Je-§=260.0 Hz, p-CF), 146.70 (dm, Jc §=251.2 Hz,
0-CF), 163.27 (bs,=CH); ""F NMR §: —160.82~ —
160.86 [m, 2F, m-C(CgFs)], —160.12~—160.16 [m, 4F,
m-B(CeFs)s], —153.76 [t, Jee=20.9 Hz, 1F, p-C(C¢Fs)],
—147.09 [tt, JEp=20.1, 4.2 Hz, 2F, p-B(CeFs)s], —138.67
[dm, Jer=21.5 Hz, 2F, 0-C(CFs)], —129.19 [dm, Jer=
19.8 Hz, 4F, 0-B(CsFs)s]; "B NMR 4: 62 (Avy,=1340 Hz).

(E)-1-( = H A I -1- TR I -(4- 5K &
J#5)(2b-E): A, 725 78%. m.p. 204.3~207.2 C;
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'H NMR (CDCl; 400 MHz) d: 6.90~6.93 (m, 2H, m-CH),
7.09~7.12 (m, 2H, o-CH), 7.85 (bs, 1H, =CH); 13C
NMR §: 112.82 (bm, CaB), 115.50 (d, Je—r=22.0 Hz,
m-CH), 116.90 (td, Jc r=17.1, 4.0 Hz, CAC), 131.04 (d,
Je-r=8.6 Hz, 0-CH), 133.39 (bm, =CB), 134.70 (d,
Je-r=3.3 Hz, i-CC), 137.23 [dm, Jc-r=255.0 Hz,
m-B(CsFs)3], 137.86 [dm, Jor=252.0 Hz, m-C(CsFs)],
140.43 [dm, Jcr=250.0 Hz, p-C(CsFs)], 144.10 [dm,
Je-r=260.0 Hz, 0-C(C4Fs)], 144.31 [dm, Jo-r=245.2 Hz,
p-B(CeFs)s], 148.22 [dm, Jc=250.1 Hz, 0-B(CeFs)s],
150.31 (bs, =CH), 163.90 (d, Jc #=253.0 Hz, F-Cpy); "°F
NMR d: —160.91~—160.96 [m, 2F, m-C(CcFs)], —
160.63~—160.67 [m, 4F, m-B(CeFs)s], —153.88 [t, Jpr=
20.8 Hz, IF, p-C(CeFs)], —144.85 [tt, Jrr=20.3, 5.8 Hz,
2F, p-B(CeFs)3], —141.49 [dm, Jer=22.4 Hz, 2F, o-
C(CeFs)], —128.19 [dm, Jer=19.7 Hz, 4F, 0-B(C4Fs)s],
—108.93 (m, 1F, F-Cpp); "B NMR 8: 62 (Av,,=1070 Hz).

(2)-1-( — T 902K 25 ) B -1- 0 80 2K 22 -(4- 3 K &
#5)(2b-2): EGEE, 773 43%. m.p. 201.4~203.8 C;
'H NMR (CDCl; 400 MHz) J: 7.02~7.04 (m, 2H, m-CH),
7.19~721 (m, 2H, o-CH), 7.80 (bs, 1H, =CH); *C
NMR §: 113.15 (bm, CaB), 114.88 (td, Jo—=18.0, 3.0
Hz, CaC), 116.50 (d, Je—=21.9 Hz, m-CH), 131.38 (d,
Je-r=3.0 Hz, i-CC), 132.26 (d, Jo—r=8.8 Hz, 0-CH),
161.56 (bs, =CH), 164.61 (d, Jc—r=255.6 Hz, F-Cpy); '°F
NMR §: —160.41 [dt, Jer=20.8, 5.3 Hz, 2F, m-C(CsFs)],
—159.96 [dt, Jer=20.7, 7.2 Hz, 4F, m-B(CeFs)s], —
153.24 [t, Jer=20.7 Hz, 1F, p-C(CsFs)], —146.83 [t,
Jir=19.7 Hz, 2F, p-B(CeFs);], —138.51 [dm, Jpr=20.9
Hz, 2F, 0-C(CeFs)], —129.17 [dm, Jer=22.5 Hz, 4F,
0-B(CeFs)s], —105.09~ —105.14 (m, 1F, F-Cp); "B
NMR §: 64 (Av,,=1080 Hz).

(E)-1-( R EEMW-1- LR FERE-G-FREE D
1#5)(2¢-E): A, F=& 75%. m.p. 206.1~208.5 C;
'H NMR (CDCl; 400 MHz) 6: 2.27 (s, 3H, CH3), 7.00 (s, 4
H, 0-CH and m-CH), 7.89 (bs, 1H, =CH); '*C NMR §:
2128 (s, CH3), 113.13 (bm, CaB), 117.22 (td, Jcr=16.7,
4.1 Hz, CaC), 128.96, 129.29 (s, o-/m-CH), 132.56 (bm,
=CB), 136.04, 140.98 (s, i-CC/ CCH3), 137.16 [dm,
Je-#=253.3 Hz, m-B(CeFs):], 137.81 [dm, Jer=250.7
Hz, m-C(CeFs)], 140.34 [dm, Jcr=250.6 Hz, p-C(C¢Fs)],
143.85 [dm, Jcr=258.7 Hz, p-B(C¢Fs)s], 144.35 [dm,
Je-r=247.9 Hz, 0-C(C4Fs)], 148.20 [dm, Jo—r=250.6 Hz,
0-B(CeFs)3], 152.17 (bs, =CH); F NMR o: —161.394
[dt, 2F, Jir=21.6, 6.6 Hz, m-C(CsFs)], —161.32 [dt, 4F,
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Jir=21.6, 8.3 Hz, m-B(CeFs):], —154.66 [t, Jrr=18.9
Hz, 1F, p-C(CeFs)], —146.10 [t, Jir=16.8 Hz, 2F, p-
B(CsFs):], —141.70 [dm, Jer=19.6 Hz, 2F, 0-C(C¢Fs)],
—128.31 [dm, Jer=19.2 Hz, 4F, 0-B(CsFs)3]; "B NMR 4
62 (Av,=1060 Hz).

D)-1-(—HBEEFE-1- LR A RE-G-FHEE L
1) (2¢-2): ATEA, 725K 32%. mp. 202.2~204.3 C;
'H NMR (CDCl; 400 MHz) §: 2.37 (s, 3H, CH3), 7.08,
7.14 (J=8.5 Hz, o-/m-CH, 4H), 7.84 (bs, IH, =CH); '3C
NMR 6: 21.76 (s, CH3), 113.35 (bm, CaB), 115.45 (td,
Je—r=18.1, 4.7 Hz, Ca,C), 129.94, 130.41 (s, o-/m-CH),
13031 (bm, = CB), 132.36, 143.56 (s, i-CC/CCHa),
137.44 [dm, Je—s=255.5 Hz, m-B(CeFs);], 137.75 [dm,
Je-r=254.2 Hz, m-C(C4Fs)], 140.71 [dm, Jcr=252.9 Hz,
p-C(CeFs)], 14324 [dm, Jo—r=258.1 Hz, 0-C(CsFs)],
143.62 [dm, Jcr=247.7 Hz, p-B(CsFs)s], 146.52 [dm,
Je—r=246.4 Hz, 0-B(CsFs);], 163.98 (bs, =CH); "F
NMR §: —160.89 [dt, Jer=20.1, 7.0 Hz, 2F, m-C(C4Fs)],
—160.25 [m, 4F, m-B(CeFs)], —154.06 [t, Jrr=20.6 Hz,
1E, p-C(C¢Fs)], — 147.64 [tt, Jer =20.4, 3.4 Hz, 2F,
p-B(CeFs)3], —138.69 [dm, Jrx=20.4 Hz, 2F, 0-C(C4F5)],
—129.45 [dm, Jir=20.7 Hz, 4F, 0-B(CsFs)3]; "B NMR 4
63 (Av,,=1080 Hz).

4 Bh#1 Kl (Supporting Information) DFT 5 X118
W EL R i . LB 2 R R S . S 1
Z: 5 B4 G WIR BE AR S S A X A
m AT B BCHE S, X S R AT DL A 3R AR T
(http://sioc-journal.cn/) . N K.
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