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Synthesis and Crystal Structure of Novel Benzimidazole
Cyclophanes
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Abstract The novel sulfur-containing benzimidazole cyclophanes were synthesized from bis(bromomethyl)benzene (o, m, p)
and 2-benzimidazolinthion, respectively. The reaction showed that bromomethyl positions effected the aim compounds very
much. It was easy for o-substituted to generate the [1:1] type cyclization product. p-Substituted obtained chain product, and
m-substituted benzene pruduced the [2:2] type cyclization compound as main product. The lead compounds were characterized

by "H NMR, IR, HRMS, and the structure of 1-3a was determined by X-ray diffraction method.
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S I I s SR P T A G VR A0, A TG s R AR 1)
SETT WAHRIE. A SORB AL 5 O AR T K MR 36 1) &
Jl S I i AR R AT TR

1 RS
1.1 RFI RS

RO &S] X4 B AL, T RIRIE;
Varian INOVA-400 MHz i SAZ BRI, TMS g P Fx;
Brucker EQUIOX-55 £[4Mti{%, KBr J&)v; Brucker
micrOTOF-QII JFi#4%; Bruker Smart-APEXII CCD ./
X SEATHA BT RIS A 2y b 4l
1.2 HEMHEK
1.2.1 A& 1-1 496,

££ 100 mL —#0EH A 28 mL 7K, 10.81 g (0.1 mol)
AROK %, 0.17 g+ ik = LR R 1 24.5 mL BIR
BAEBL(30%), BiEFEE2T. N 7.0 mL (0.12 mol) —#ifk
B, 0.5 higog, PB4 33~35C, KMV 2h; ZJGfE
2 h WBHiTHEE 95~98 C, ELMASICH. TIESR
VR pH R ik, HhOE, JKYE, T, HDKEE— P E L,
3 13.40 g FIEaE A 1-1, 7% 89.3%. m.p. 301~305 C
(CCHRER"301~303 C).
1.2.2 4o 1-2 946K,

7£ 250 mL [FJEREHH A 7.5 mL (0.06 mol)4B—
FI2K, 21.36 g (0.12 mol) NBS, 0.40 g i 4844 % F P LA K.
60 mL CCl,, [Pl 8 h. &1, il WR4mEmiss i, 4
JE, HIECHEES dh, TRE212.10 ¢ BEEAE 1-2a,
FEE 77.1%, m.p. 92~94 C(Cik{E2'88~90 C).

A AL A 1-2b AT 1-2¢: 5 9.50 g 11 (A 14
1-2b, 7% 60.5%, m.p. 74~76 ‘C(CCHRE176 C); 13
8.70 g FO[EH A 1-2¢, % 55.4%, m.p. 142~144 ‘C(L
BRE 24 142~143 C).
1.2.3 4o 1-3 89465,

7t 500 mL =#UFH A 0.96 g (0.0064 mol) 2-57i %k
FEIEBRME . 0.48 g (0.02 mol) NaH 1300 mL THF, Jin#
M 1 h JEAEIE %06, 78 100 mL THF H#%f# 1.70 g
(0.0064 mol)&F —yRFFILIK, Hl N HWHIR-F/E 0.5 h
P I BB, IRl 24 h AHIR =R, IAVKK
bR 2:5E 431 NaH, ZZ18[RD THE. 5% 5 [ H 50 mL &
DR, Hhuk, JEWH 25 mL WA EKuES:, P2
FTC KRR T8, IR 78RR L, T4 R 2
*ﬁ*fiﬁﬁfﬁj\%(f/mhm Vwwm=2 1), 4 0.52 gﬁf@,%
1-3a, 7% 32.5%. m.p. 157~159 ‘C; '"H NMR (CDCls,
400 MHz) 6: 4.39 (s, 2H), 5.35 (s, 2H), 7.31~7.18 (m,
3H), 7.43~7.35 (m, 4H), 7.88 (d, J=7.21 Hz, H); IR
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(KBr) v: 3055, 2939, 1600, 1417, 1241, 741 cm™'; HRMS
caled for CisH,N,S [M+H]" 253.0794, found 253.0790.

[V B 1-3b,  Ja) 4% [ 44 2 B A 2R AT 4 28
Vaw V=300 1), 135]0.37 g ¥R s (A1 [ 44 1-3b. 'H
NMR (CDCl;, 400 MHz) d: 4.51 (s, 2H), 4.95 (s, 2H),
7.42~7.27 (m, 4H), 7.56 (s, 1H), 7.67~7.64 (m, 3H); IR
(KBr) v: 2993, 2919, 2802, 1622, 1515, 1363, 742, 712
cm '; HRMS caled for C;sH,N,S [M+H]" [1:1]%!
253.0794, found 253.0797; caled for C3oH,4N4S, [M+H]"
[2:2]%! 505.1515, found 505.1536; calcd for C4sH3¢NgSs
[M-+H]" [3:3]% 757.2236, found 757.2224; calcd for
CeoHusNgS, [M + H] © [4:4] Y 1009.2958, found
1009.2986.
1.2.4 A& 2-1 8946

7 250 mL BJELEH A 3.76 g (0.025 mol) 2-3%
FERIERME, 3.33 g (0.0126 mol)iF] IR 1.57 g
KOH (0.028 mol), LA} 50 mL DMF 120 mL H,0, =il
EFE 6 h, TR 70 mL H,O, 4k&E4i: 1 h, 38, Ha
R AR 1ECbe(V - V=1 D)E45M, 15 2.70 g A [H
241, 7% 54%. mp. 265~267 C; 'H NMR
(DMSO-ds, 400 MHz) 6: 4.74 (s, 4H), 7.46~7.23 (m, 8H),
7.56 (s, 1H), 7.67~7.65 (m, 3H); IR (KBr) v: 2991, 2899,
2830, 1620, 1512, 1189, 738, 710 cm™'; HRMS calcd for
CooH sN4S, [M+H]" 403.1046, found 403.1028.
1.2.5 A& 2-2 496

7£ 500 mL [FELEEH A 0.81 g (0.002 mol)ft. 5
¥) 2-4b, 0.66 g (0.0025 mol)[i] & HFZH1 200 mL LI,
[l 12 h, WEIGIEIE, 154 045 ¢ AEMk 2-2, =%
45%. m.p.>300 ‘C; '"H NMR (DMSO-ds, 400 MHz) §:
4.53~4.45 (m, 4H), 5.08~4.93 (m, 4H), 7.70~6.71 (m,
16H); IR (KBr) v: 2954, 2924, 2853, 1599, 1461, 1364,
1154, 775, 701 cm '; HRMS caled for C30HouN,S, [M+
H]" 505.1515, found 505.1536.
1.3 L&Y 1-3a B RIKEFFINENIK

7525 mL FIFR S, B4 S 1-3a e S0
T R 1 A o, P ORI S 1, s A
TSR AE R AT PTG AL TR ICE IS ) B A R L R T
Bruker Smart-APEXII CCD H.4% X S ATH I, H&
A BB AL B8 AL 4K ) Mo Ko $28(21=0.071073 nm) 4
TR, P oo TSR, WORATIT AR, AR
P2t Lp K IE AR IE. 4504 th Bk SHELXTL
AR ATRAEER AR & ) S PR R DR R
S AR B 45 o R P TR A B e/ 3R F
BB IE RS BT AT 384 ] SHELXL-97 F#
FASER. VBAEER T4 Fourier & Z{H HL T2
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Scheme 1 i/~ fEL &) 1-3 A B2k, LA —
AN AR ALBE N JEURE A i 2-3R R Ik -1, LA
TUHIZRRT NBS J5URHS B R 1 R R 122, AR JEAE
NaH {EH FIR L 2IZE Ik A3 H bt &4 1-3011,
S R T PR R SRR N S B 4 SR AR KR, o-
REIARAR 5 K 2 [ S AR R 1B P24, %7 b
JENTAME RO IR G, IER D 4, S FRMAE T
p-EEUAC I B B ERR IR A, X5 RIS AL A
WL, IR — AR K. m-Ar BRI =R
&, RNHLFEHIZ MALDI-TOF MS E 2B/ T [1:1]
(M=253.0797) . [2:2]8(M=505.1536). [3:3]/ (M=
757.2224) L J [4:415 (M= 1009.2986)3 4k 7= 4, 43 5 [l
M, HEPAR2:2]8 0 E.

N T EHIER, AR T 2 2E s, i
U S NI L S s NIRRT S N AP, i 2-3R BT
K I AT ) R PR RS SRAE KOH VR R e AR T & A
IR FEIR PR () i [R) P24, FEARTSS — 4 IR) IR 2R R
I, AE SRR G AR BT [2:2] 2R I IR e R 3 2-2
(Scheme 2).

25 2R I DK WA E A R R i X A AR
Fadk, LRI I R A S5k AP Eq. 1), STk

2
21

NH H
2 CH3(CH,)11N(CHj)3Br N

+ Cs, =S
NH, H
1-1

(27~ 3014 1) 2-FRFEIR IR M R EA S K 22 B
RS EIE, 0TIk b N7 R IR S N i
Pk, XA 2% 5T AR I EEA A M, AT DL AR
MY, TR A AN LS TERE M AR, AFIRAN I FRE
Mgk, RN TR, SCHLME L) RERU

A1
H
N
s
N

Cry
:

WEWRKIE S
MALEY) 1-3a (1) 'TH NMR 7] LLE T 6 7.31~7.18
(m, 3H), 7.43~7.35 (m, 4H), 7.88 (d, J=7.21 Hz, H)} &
LR 8 ANE, 6 5.35 (s, 2H) A 15 N IR AHAR 1 31 F 3L |
IPIANEL, 6 4.39 (s, 2H) A5 S JsUFARAR 17 FF 5 E vy
AR, BTN RS JFEF 1 7 175 5 5w Al 45 T H
B BT R i 2 % R GS, BERE P ukss, BT
SERWOSR %Y, AR EsE R, M H N R
HL RN T S BT, BT LA N AT I 30 AR 3 L 11
IR B KT 2. e AR e T DL H, 7
3055 em ' Ab S IRIR LTI 4 4R S, 1600
em” ' AR DT IR BRSO, 741 em ! b B JRER
JEAR R, TRAT SIS TR 253.0790, L
%*’zy*ﬁz.
&Y 1-3b BARGIREY), (H T 854 e A,
M TH NMR S LS M A, F s/ Ee il vl L 6

22

s
N
CH3 CH,Br
| A (PhCO),0,, NBS SN
CH, CH,Br 1-3
o (a), m(b), p (c)
1-2 n=0,1,23
o (a), m(b), p (c)
Scheme 1
CHzBI'
CHzBr
N
CHzBr S
@[ )—SH — — =~ N=( Sy=N 7 cHar
N KOH, NH HN
1-1 DMF+H,0 CH4CN

Scheme 2
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7.42~7.27 (m, 4H), 7.56 (s, 1H), 7.67~7.64 (m, 3H) 4
I L 8 NAL, 5 4.95 (s, 2H) 5 N JECFAHAR I F R |
PIPIANE, 0 4.51 (s, 2H) 8 5 S B AH QI E T EE (1) iy
AN A AMNERE T LLE H, 1622 cm ' Ak KA R
C=N MR, 712 cm " AL IAZRIA L 7] —
WAR, FeHCA2:2)BU A =10 . ISR 4 28 6k
PRI T A BUIRERHE 2-2 (B 1-3b, n=1), JEilid 'H
NMR, IR, HRMS 75 DAiE K.

2.3 mikgEH

P SCHRIROE, B AR A B I, T
TG TP, ARITIREREY) 77 a4, Wik
D5 IR, B T A (R oy 1 B, AR R
e M FIRBPERERY. (LB 1-3a IR AZ IR
AT o — 4% 2R JE 1~ S FI— NS 2] ol DA B 2 —
ANV IR R, AR S ] LUE S
IRIR IR I DK B 43 A AL T PN AN RIS A, 25 &
W) v F 8 AN A 113.20. B, e
YHA—EREN A, R ERAR7 S, Nt 5
JE A 531 TR B ] LUK JECH) 43 1 (1) 22 BRI RN 22 358 4y
f, 4502,

WA 1-3a [FEAAE T N CuHs7Cl3NGSs, 70T
HON 876.35. SR —AMZE Y TR NE R
P55+ Hudh X SHEATHINRER BZ a4 s Rt ih &,
P21/c 7R 1AIRE. AW ARE R DL 1, b M AR ] AL
2, W EEAEE M A Y TR 1. S(1H)—C(1)H
S(H—CS) KA1 0.1732(6)F1 0.1824(6) nm, LA
R ZENIE A C(D)2 AR TTIKME 2 A7 B IR, 5
P N R EAEANE, 1 C1S)EMFIE T H L ik 5 T,
HERHEEZAE, BT N R atEmsgm, 443
S(H—C() 8K b 4. N(1)—C(8)—C(9A C(1)—
S(H—CAS) MBS 737 K 112.6(4)°F1 104.9(3)°. {Efb &

YN SRS AL R A AR TR 1 2 DK AR B Sl R AH
BRI — AN TR ) C(10y—H(10) LA 2 55 — A48 5 T
W) C15)—H5)FEAE Co--Hen M EAE. RN, &b
HH TR AL B TR 431 110 2 10K e R AR 408 1) — AN 2 1 1 2K
HOKMEIRAEAE oo HERUE, 1o FLICZRIA AN ) — A
FAZE 3 R IAAAE meeon MEBUEHL. %A AATE ST &
AR CCDC 54k 908143,

g ) \‘Ci(s) c(©) c(12)
C;l\ v N(1) /‘\CUS)
CE)S \\ C(14)
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N(2)

B 1 At 1-3a (AL i 1]
Figure 1 Crystal structure of 1-3a
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Figure 2 The accumulation of compound 1-3a

R KA C)

Table 1  Selected bond lengths (A) and bond angles (°)

S(1)—C(1) 1.732(6) N(1)—C(7) 1.385(6) NQ2)—C(Q) 1.388(6)
S(H—C(15) 1.824(6) N(1)—C(8) 1.467(6) C(8)—C(9) 1.497(7)
N(1)—C(1) 1.382(6) NQ)—C(1) 1.326(7) C(14)—C(15) 1.495(8)
C(1)—S(1)—C(15) 104.9(3) N(1)—C(1)—S(1) 128.6(4) C(2)—C(7)—C(6) 123.0(5)
C(H—N(1)—C(7) 105.9(4) NQ)—C(2)—C(7) 110.8(5) C(9)—C(14)—C(15) 119.7(5)
C(H—N(1)—C(8) 128.2(4) NQ2)—C(2)—C(3) 129.7(5) C(13)—C(14)—C(15) 120.2(5)
C(7)—N(1)—C(8) 125.6(4) N(1)—C(7)—C(2) 105.9(4) C(14)—C(9)—C(8) 118.9(5)
C(H—N(Q2)—C(Q2) 104.2(4) N(1)—C(7)—C(6) 131.1(5) C(14)—C(9)—C(10) 119.9(5)
N(Q2)—C(1)—N(1) 113.3(5) N(1)—C(8)—C(9) 112.6(4) C(14)—C(15)—S(1) 113.7(4)
NQ)—C(1)—S(1) 118.2(4)
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