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Synthesis and Characterization of Boron-substituted o-Carborane Derivatives
Containing B-C, B-Cl or B-P Bond via B-H Activation

ZHU Lin JIANG Qi-Bai YAN Hong*
(State Key Laboratory of Coordination Chemistry, School of Chemistry and Chemical
Engineering Nanjing University, Nanjing 210093, China)

Abstract: The reaction of o-carborane with 4-cyanobenzyl bromide or triphenylphosphine refluxes in toluene in
the presence of Lewis acid,in the former reaction, leads to the closo-carborane derivative 1 through the carborane
boron substitution cross coupling with the methylene in the 4-cyanobenzyl, and the yield of the product 2
containing B-Cl bond was improved with the increase of the amount of the catalyst. The carborane directly
connects with the P atom in triphenylphosphine and loses one B atom, giving rise to nido-carborane derivative 3.
All these compounds have been characterized by NMR, MS, IR and X-ray diffraction analysis. Multiple hydrogen
bondings CH---N and CH:--7 interactions were observed in both compounds 1 and 2, where carborane CH acts
as the hydrogen bond donor. Compound 2 also forms CH---Cl interaction. In compound 3, the carborane CH is
involved in the formation of the novel CH---HC hydrogen bonding. These new-type carborane derivatives contain
the B-C, B-CI or B-P bond which are produced by the cross coupling reactions. CCDC: 998940, 1998941, 2;
998942, 2.
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1 SEIHES

1.1 RXFENE

AICL(J&K) , PACL(J&K) , = % JE JBf (| ¥ I Ak
), MEGERALTE (BRI, B2
(100~200 H ,IXFN K, F BT 2T), HiEH
eI /A G VA G D RR N 11/ R B B i PR L I S
ANITER ST IR,

JtZ% C,H & & W & 7€ Perkin-Elmer 240C 1§
elementar vario EL M JC &R A Li#47, EI-MS H
Micromass GC-TOF(70 eV)Bi I, 4% 2 AL ot
BEARALER A PR F ) X-6 0 G006 a5 00 A0 i 4%
fi 36 PR 3%t Bruker AM-500 %! % # 3 9% 1% (400
MHz) 7 , 5 AR 5 (CDCL) B, 'H NMR ;25 C,
TMS 1E 4 N 4% (CHCL; 6 'H=7.24);°C {'H} NMR:25
°C ,CHClyCDCL; fF 9 N F5 (6 BC =77.0);"B {'H}
NMR :25 °C,ELOBF; /£ 45156 'B=0),

1.2 HEWMHER

1 AR B B 5% (86.4 mg,0.6 mol) , X FILTR AL
(117.6 mg,0.6 mol) 1 I 7K = 54445 (80 mg,0.6 mol)
THEZEE R0 mL)# W B 5 h, K55 2
BRI AIK T, FFMA 5 mL 2 mol - L™ Fi £ R

VSR, AU A5 A HLAR FH JC 7K B R B T 48 | T
e 8 R R 2 VRN AS 11 8 T RORL ™ | P28 i AR A
RT3 B A AR AR A R AR AL S W) 1(96 mg, 77 F R
62 %)M 2(44 mg, ;= HN 25%), G H S5 A0
BER GE R LG 1/ 2, VR R k15
1A HUIR L

W R i B 46 (144 mg, 1.0 mol), — 7% 5L i (288
e, 1.0 mol) B\ K 0 — A4 T 1 5 I 1
(20 mL)E W IR 12 h, SR 5 R TR A LA
K IR R R B, A U BT A A HLAR
TCK B BRI 25 ¢ B 25 0 70045 1 60 T 1K
KL it FE 2 AR AL JZ M 20 B 1 1 A AR & 9
3(182 mg, " % 46%), W e 5 A iBERE 5 %
RIS 3, IV R R AR AT F O HOR L |

4% 1.'"H NMR(CDCly):7.452H,d,J=8 Hz,
Ph),7.09 (2H,d,J=8 Hz,Ph),3.52 (1H,br, carborane
CH),3.48(1H,br, carborane CH),2.25(2H,s,CH,),2.93
~1.42(10H, br, carborane BH), "B {'H} NMR(CDCl;,
ppm):6.5(1B,B-C),-2.0(2B),-9.2(4B),-10.5(3B),, *C
NMR (CDCly):28.5 (CH,),48.9 (carborane CH),53.1
(carborane CH),110.2(Ph), 118.8(Ph), 128.9(Ph),132.3
(Ph),137.6(CN), m.p.=142° ,EI-MS(70 eV):m/z 259
(M*,25%). IR (KBr):v/cm™ 2 443 (B-H), Elemental
Analysis Caled. (%) for C,BjyNH;:C:46.31,H:6.60,
N:5.40;Found(%):C:45.98 ,H:6.48 ,N:5.32.

£ &%) 2.'"H NMR(CDCly):7.52(2H,d, J=8 Hz,
Ph),7.29 (2H,d,J=8 Hz,Ph),3.51 (1H,br,carborane
CH),3.46(1H,br, carborane CH),2.39(2H,s,CH,),3.00
~1.22(9H,br, carborane BH), "B {'H} NMR (CDCl;,
ppm):7.1(1B,B-C),3.6(1B,B-Cl),-2.3(2B),-9.7(4B),
-11.2 (2B), "“C NMR (CDCl;,ppm):28.4(CH,),49.2
(carborane CH),53.5(carborane CH),110.5(Ph),118.3
(Ph),128.1(Ph), 132.9(Ph), 137.0(CN), m.p.=145°,EI-
MS(70 eV):m/z 294(M*,22%), IR(KBr):v/ecm™ 2 460
(B-H), Elemental Analysis Caled.(%) for C,oB;)NH,Cl:
C:40.88,H:5.49,N:4.77 ;Found(%):C:40.51,H.5.40,
N:4.56.

&Y 3.'"H NMR (CDCly):7.59~7.49(15H ,m,
Ph),2.95~0.98 (9H,br,carborane BH),2.10(carborane
CH), 1.89 (carborane CH), -2.34 (1H,br,B-H-B), "B
{'*H} NMR (CDCly):2.1(1B,B-P), -1.5(1B), -2.6(1B),
-6.9(4B),-8.32(2B), “C NMR(CDCl,):54.6(carborane
CH),63.9 (carborane CH),128.0(Ph),128.6 (Ph),133.7
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%530 &
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(Ph),138.1 (Ph), m.p.=159° EI-MS (70 eV):m/z 395
(M*,19%), IR (KBr):v/em™ 2 502 (B-H), Elemental
Analysis Caled. (%) for CyBoHxP:C:60.86,H:6.64;
Found(%):C:60.61 ,H:6.77,
1.3 HREHNERREFEHTE

b6 W0 ) PR 45 K A2 . 7F Bruker SMART
APEX CCD it S A3 b Wt 45 5t B 54 | R A 85 B (1
ALY Mo Ka 5126(A=0.071 073 nm), 556 i
FE R 296 K, R w-260 F4#i 77 3 4R 260 1E 3.54°~
51.98°(fL & 1) .20 7 4.64°~52.0°(fb 54 2) =X 20
£ 3.88°~52.0°(fk & ¥ 3)w [l N 1 407 S 5 dls . LAY
SR HT SAINT 72 /5 #4738 i Ab ] H] SADABS 2
JP AT BRI, SARRIIR S5 BRY | 7E Pentium
PC ML A SHELXS-97M4k #4) fif 7 F2 1 | 6 FH L

P25 A R B Patterson V5% th , FIH SHELXL-97 4%
P TR 7 | R A B de /N — 3 vk AT 45 M 1B 1E
02 A G AR AR PR 22 Fourier £ AU RS AN
AT P S AR A R A5 ] [ I A
TSR TR BAASIMEIE, &5 kR
CAREALFEX,
CCDC:998940,1;998941,2;998942,2

2 #R5WiE

21 HEW 1.2 3WEREEZE FRiEritie

B T Ao 26 P, - 25 Sl PV AR (o A5 L o L T
75 B B S AL A DR A o A S B it S R
PR B oK SEEE . H ETE T B-H ) B-XU39 A
Bl JR PR T B i | pd &R G T R LA S U 4 R 4

R1 KEWL2MINBEFHEMEHEESH

Table 1 Crystal data and structure refinement parameters for compounds 1, 2 and 3

Compound 1 2 3

Empirical formula CioHi7BioN CioH 6B 1oNCI CooHasBoP

Formula weight 259.35 293.79 394.67

Temperature / K 296(2) 296(2) 296(2)

Crystal size / mm 0.15%0.18x0.21 0.13x0.22x0.28 0.11x0.15%0.28

Crystal system Triclinic Monoclinic Orthorhombic

a/ nm 0.695 94(7) 0.712 59(12) 1.002 10(17)

b / nm 0.966 77(9) 2.376 5(4) 1.446 2(3)

¢/ nm 1.154 52(11) 0.963 46(15) 1.446 2(3)

al (%) 91.080(2) 90.00 90.00

B/ 94.551(2) 100.593(3) 90.00

v /(%) 96.171(2) 90.00 90.00

Space group Pl P2/n P22.2,

V/nm? 0.769 55(13) 1.603 8(4) 2.221 7(7)

A 2 4 4

D./ (g-ecm™) 1.119 1.217 1.180

Absorption coefficient / mm™ 0.055 0.222 0.129

F(000) 268 600 824

0 range / (°) 1.77 to 25.99 2.32 to 26 1.94 to 26

Limiting indices 8§ <h <8, 8 <h<S3§, -12 < h < 10,
1<k <11, -29 < k < 28, -17 <k < 16,
-4=<i< 14 -10=s1l<11 -8 =<1<18

Reflections collected 4737 9 655 13 332

Independent reflections
Refinement method
Goodness-of-fit on F*
Final R indices (I>207(I))
R indices (all data)

Larg. peak and hole / (e-nm™)

2 183 (R.=0.054 3)

Full-matrix least-squares on F

1.082

R=0.054 3, wR,=0.147 0
R=0.074 7, wR,=0.159 1
153 and -194

2767 (R,=0.047 8)

Full-matrix least-squares on F*

1.079

R=0.047 8, wR,=0.134 0
R=0.052 8, wR,=0.136 9
331 and -375.51

3959 (R,,=0.045 6)
Full-matrix least-squares on F?
0.98

R=0.045 6, wR,=0.125 7
R=0.050 4, wR,=0.129 1

254 and -258
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Scheme 1 Synthesis of compounds 1, 2 and 3

S5, BB N T A A BT A st 3R
1A TAE = 24 i e B & O 7 20 04 e B A 0 i
BAATED

TETCIK TSRS &R B B be 5 % U TR Ak
T AT, fELEw 1 07 FN
62%) 1 2(77 %K 25%), Hr, ZRwExT I, ATk
1R 2 &G AR E AL, 7.0~8.0 M XA PIAL d
Vg 3.5 ZEAA 1T ANRBBER) CH FE0 2.2 A4 ¥
B 1A CH, MBI 1.2~3.0 kB4 BH 155
AT — 230 3 s R AE X A =1, KA A Y
2B 21 E L BREERY] a1 R
A BI2 AP, Witk & 2 Br T B12 4, B9 fii s
WHEFTIAR, N T gz R, T3 i
AR = SRR ORI E Y 1 M2 1 L
i, SEBG R Y =S R S I et kA 2 1
PRI R i B 4%, A RS 2 Y
B9 SRR T RN i = SRR

FRAT 2 3] A A £ 700 6 I 2 1 e 8
RTRAE 7/ IO =11 i d e W A - W S A S S R 73
PR B12 AT LA 5 = 2R IR A AR 10K | A pi S =X i
BET AR . IAZRE 'TH NMR 3% B F-2.34 &b i 58
Ba LA NG 3 A 14 B-H-B 454 500 | [F]
BF T % R B AT U S T FRATT A RIS B
P A R, BB T B-P B LR R T Bl
Bt B o0 A, BRI g 1 BT
22 HEW 1.2 3 EHITE

G 1 SR 1 BT BB A 0 T s 5
IR EME, NE 2 LER FELEGY 1 P
5 Z BN CH-ar (FVE , N1 403154040
1) 2 AR BINGE I C2-H2 B AR 2 > &kE, Hoh c2-
H(2B)---N1 W8 K 0.249 2 nm, 8 iy 128.37°,
55 —4# C2-H(2C)---N1 1+ 0.260 3 nm, 5
A 130.76°, LA b 2 BB e SO A BREG

SR AR NS AR BRBIBERY 53 1 A CH(ED, Bl
JR I C(1A)-H(1A) 5K AH CH---m B 551
K} 0277 5 0m, HTFZHEMEAEM CH---7 (3L
FIVER LG9 1 HERRE AR B A 7

U7/ WeOR ot
Fig.1 Structure of the compound 1, ellipsoids show 50%
probability levels
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Fig.2 Hydrogen bonds and the CH---7r interaction of
the compound 1, ellipsoids show 50%
probability levels

G 2 5GW 1 AR, R 7E
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Fig.3  Structure of the compound 2, ellipsoids show 50%

probability levels
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Fig.4 Hydrogen bonds and the CH---7r interaction of
the compound 2, ellipsoids show 50%

probability levels
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Fig.5 (a) Structure of compound 3; (b) Hydrogen bond in the packed structure, ellipsoids show 50% probability levels
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