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Synthesis and Characterization of Three Kinds of New Azaparacy-
clophane Sulfone N,N-di(p-toluenesulfonyl)-1,m-diaza[m.1]
paracyclophane-n-sulfone (m=8,10,12; n=15,17,19)
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Abstract N,N'-Di(p-toluenesulfonyl)-1,8-diaza[8.1]paracyclophane-15-sulfone (C), N,N'-di(p-toluenesul-
fonyl)-1,10-diaza[10.1]paracyclophane-17-sulfone (D) and N,N'-di(p-toluenesulfonyl)-1,12-diaza[12.1]-
paracyclophane-19-sulfone (E) were synthesized under a high dilution condition by the cyclization between
dibromide and N,N'’-di(p-tosylamino)diphenylsulfone (B), which was prepared using 4,4'-diamino diphenyl
sulfone and p-toluenesulfonyl chloride as raw materials. The structures were confirmed by IR, 'H NMR and

elemental analysis. The crystal structure of compound D was determind, which can provide the basis for

study of structures of cyclophane compounds.
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1.1 RF5EE

b e w4 XT-4 B8 S 1l
Bruker-55 £ZL 4N, KBr H A5 Varian INOVA-400 74
Kt PRI (HE 7] CDCl; 8 CD;COCD;, W Ar TMS);
Varrio ELIII CHNOS BJ6 25 4%, #1435 H 200~300
HEERS; ROV FE ] TLC .

T BB IAE 120 C T4 3 h Jefli. A
WA R AR AT Al R, Py DMF T 6 G K
MgSO, T4 6~8 h iy 8781851 .

12 NN-ZXEREEBE-44-—SE_XWB)IE
Ei[24]

7E 100 mL —FUfE A 4.87 g (0.019 mol) 4,4'-—
T IRIA), BEHE R IO 15 mLbsg, =i N2
1116 g (0.04 molyX} KAL) 15 mL MERE M. i
SEHEEFHE A 100 CAREHFE 30 min. K VIR P
NIRERIR S UK IR S, R, R . Hh
P&, M FEAA R K e A, TS FH DA R 2 TR

BWCE L, 13 0 A A E A B, mp. 250~
251 °C (Lit*" 251~252 C). '"H NMR (CD;COCD3) 4t
7.807~7.751 (m, 8H, aromatic), 7.391~7.327 (m, 8H,
aromatic), 2.356 (s, 6H, CHj3); IR (KBr) v: 3236, 2920~
2853, 1593, 1495, 1158 cm ™.
1.3 N,N-Z3t B R R E-1,8- R Z4[8.1] X FR E-15-
W(C)HIE MK

7 2 L =S I DMF 1700 mL, [A]10
N4 g TKKoCOs. ¥ 10.58 g NN- R} I 2l i k-4, 4'-
THIE T IEI(B) Y 4.64 g 1,6- I OB IEEAE 100
mL [¥] DMF H, 35000 8 TP AN s 2F . 7650 °C
IiAs BB T NN=- 00 ORI -4,4'- g R
IXURIT 1,4- 3 T %6l DMF 3593 7] i 22 1 b i n 28 — 3
TR, TR R, 29 20 mL R E N,
PR REAE 2 d o8, W50 fE RS, TLC IS Ohy.
SV SE R, e, ZEBRE R 2R RIREWIETRL R
70 mL, BnzK, g, sEDFHKYEZ 0 6aE I R R
T A AL, A ENTai[RER: 200~300 H; ¥t
fii5: V(CH;OH) : V(CHCly)=1 : 20]. 13 AR IR
fh C. m.p. 213~214 “C. "H NMR (CDCl;) 6: 0.411 (s, 4H,
2XCH,), 0.841 (s, 4H, 2XCH,), 2495 (s, 6H,
2XPh-CHy), 3.275 (t, J=7.2 Hz, 4H, 2XN-CH,), 7.081
(d, J=8.8 Hz, 4H, aromatic), 7.382 (d, J=8.4 Hz, 4H,
aromatic), 7.493 (d, /=8.4 Hz, 4H, aromatic), 7.76 (d, J=
8.8 Hz, 4H, aromatic); IR (KBr) v: 2910, 2801, 1705,
1596, 1489, 1158 cm™'; MALDI-TOP MS m/z: 6382 [M
+H]+. Anal. calcd for C3;,H34,N(2)OsS(3): C 59.91, H 5.23,
N 4.25; found C 60.16, H 5.36, N 4.39.
1.4  NN-Z % BB Bt & -1,10- Z | 2+ [10.1] X IR
E-17-W(D)HIE K

7 2 L =30 N T-421¥ DMF 1700 mL, [7]fJn
A4 g To/KKoCOs. #410.58 g NN 5% F A fth ik Hk-4,4'-
TRIETIRIUB) Y 5.17 g 1,8- IRVRE BIVRMARAE 100
mL [¥] DMF 1, #3500 8 TP AN s 2F . 7650 °C
Fods A RE R NN 0] FRORI I R -4,4'- 2 B K
IXURT 1,4- 3R T %211 DMF 3593 7] i 22 1 b i o 28 — 30
R, FEARTE I R R, WENZY 20 mL 2 )5 2% %
I, PR 2 d e, 50 R 4k RE, TLC %
B RSSERSG, TR, 2SRRI R RIS DR
29% 70 mL, JnsK, HhgE, SEUHHKPE SR OIE W R
SRR RS O O S R R A S AT Al [
200~300 H; ¥EMi#): V(CH;0H) : V(CHCl)=1 : 20].
B AGOK AR D, mp. 227~228 C. 'H NMR
(CDCly) 8: 0.476 (s, 4H, 2 X CH,), 0.771 (s, 4H, 2 X CH,),
1.028 (d, J=7.2 Hz, 4H, 2XCH,), 2.397 (s, 6H,
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2XPh-CH3), 3.382 (t, J=7.2 Hz, 4H, 2XN-CH,), 7.232
(d, J/=8.8 Hz, 4H, aromatic), 7.377 (d, /=8 Hz, 4H, aro-
matic), 7.451 (d, J=8.4 Hz, 4H, aromatic), 7.860 (d, J=
8.4 Hz, 4H, aromatic); IR (KBr) v: 2933, 2784, 1695,
1570, 1493, 1151 cm™'; MALDI-TOP MS m/z: 667.2 [M
—|—H]+. Anal. caled for C34H33N(2)O6S(3): C 61.15, H 5.52,
N 4.17; found C 61.24, H 5.74, N 4.20.
1.5 NN-Z BHFBEBE-1,12- Z R [12.1] 3 IR
E-19-W(E)RIA R

£ 2 L S0 INATHE DMF 1700 mL, W]
A4 g To/KKoCOs. #410.58 g NN 5% F R htl ik Jk-4,4'-
TRETIRMMB)E 570 g 1,10- IR ZE K DI AR
100 mL [¥] DMF H, $ 5050 BT AN o k. 78
50 C AT Mot No¥s NN 0 SR P k-4, 40— 5k
TN 1,4- 3R T REN DMF 3 [R] 2248 b i n £
=HO, AR I R, WNZT 20 mL 2 5 2%
&, AR 2 d W 5E. 58S ARk HE, TLC
MR, RN SERUE, HlE, ZE5RE 7] 2R R RSPk
FAKZ1 70 mL, JiuK, $ildE, JEUFHKPER L iEY]
(P RIR. A5 R LS F A 2 BT 2lib (R iR :
200~300 H; ¥EMEH): V(CH50H) : V(CHCl)=1 : 20).
AR AR M E. mp. 216~217 C. '"H NMR
(CDCL3) d: 0.569 (s, 4H, 2 X CH,), 0.764 (s, 4H, 2 X CH,),
0.947 (d, J=7.2 Hz, 4H, 2XCH,), 1.240 (d, J=7.2 Hz,
4H, 2X CH,), 2.486 (s, 6H, 2 X Ph-CH3), 3.498 (t, J=6.4
Hz, 4H, 2 XN-CH,), 7.331 (d, J=38.8 Hz, 4H, aromatic),
7.378 (d, J=8.4 Hz, 4H, aromatic), 7.417 (d, J=8.4 Hz,
4H, aromatic), 7.928 (d, J=8.4 Hz, 4H, aromatic); IR
(KBr) v: 2902, 2814, 1672, 1581, 1490, 1156 cm ';
MALDI-TOP MS m/z: 6952 [M+H]". Anal. calcd for
C36HiN(2)06S(3): C 61.71, H 5.83, N 3.87; found C
62.22, H 6.09, N 4.03.

2 AHAZER 'HNMR 8yitig

21 BHAE

W3 C,D,E N 1+1 34, Wil WE. RN
N IF) 45 7 THT (R0, R I PR v 2 A s W A0 A IR
RAMAFA BN TR =4, i JE AR 2 Al & Vo 122
1. RH SN RN 48 h, SEZ6HE BEE M 25, 50,
70, 80, 90 C, [N 48, 72, 96, 120 h, ¥#JEH
5X107°%, 10X 1073, 15X 107 moleL ", it S8 77V 1)
EFRAXS L, A5 AE 50 CAidy, F2EEEIR NN 5% H
IRREIE L -4,4'- B AL T AR(B) S RAE 23 il [7) I i

T, SRR [) Sy 72 h 28 R B AR,
2.2 "HNMR £#7

M 'HNMR 5 &8, M C, D ZIE, Bi% C JiTA
Mm%, IR LT 1Ak A B R L BT I 7
3. ZKIRAETAELL C—C BN & B X, B
H CIETME 2, LPFROSNIE R, BT DORER i1 1)
WA RS R. [FIFE, (&4 C, D 2 E AR5 N R
THUEM C JEF BT I 2E N R A i i i B
), IXAERON RIS oG BRI, 3B BRX,
VRSP THE 2 B e ss  S5, TR M A T S 2RI
TAH T B A7 B, I HBE A e BE G, 5 2R BRI P 2y
Gif. FETHFERKE, N JET o-C _EH b2 Bt
Bt I T BE I I K AR K, (LAY €, D, E Pk
3.275, 3.382, 3.498.

WA C — 21 CH, &5, N-CH, H1& =g, X
S5 HIAR CH, &35 BTl

3 NN-ZXERFRBEBE-1,10- & Z[10.1]x4
INE-17-W(D) R R IR S T

3.1 BRITHEIERNE

WA D SRERAE ZE T2, RS S S
BTN R — B, AIE O . RO
0.34 mmX0.26 mmX0.18 mm 58 &, & T Bruker
Smart APEXII 8 X T2 B g T i b, #0461 Mo
Ko 5£6(4=0.071073 nm) h J6i, Lh /20 F$577 X, 1E
F296(2) K, 3.22°<<260<50.20°3 [l W 4E T 188224
RIS s, b 6773 [R(int)=0.0855]1 M7 55, BT 55
tH SHELXL297 R/ aufith, JEEUR-1ARFR A% ) 51
MR NP2 A MRS —IRIEE T, BRSSP N
LRI IE. b R 548 A Fourier 4 B th,
A& WMZN T R =0.0623, wR,=0.1147, GOF=1.067.
FESHUN 439/, B4 25 AE Fourier I [T KR 4304
7 0.344 X 10° e/nm’, F/PERARIE A —0.352X10° e/nm’.
3.2 {£&4 D (CasHa7ClN(2)06S(3)) B R AR LEH 4 47

&Y D JETHRRS R, DB P2(1)e, dliiZ
¥ a=1.3597(5) nm, b=1.5610(6) nm, ¢=1.9101(7) nm,
a=90°, f=110.513(7)°, y=90°, ¥=3.797(2) nm’, Z=4,
F(000)=1632, M,=784.20, D;=1.372 g/em’, 1=0.452
mm ', R;=0.0623, wR,=0.1147.

FARAT I S0 P A I B AT A AR I R B A
PAJ TR EAR A 5 T3R8 1~3. 01450 2 e
HERUE A ] 1~4 FroR (G T K390 5 KA1 HY).
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Table 1 Crystal data and structure refinement for complex D

Empirical formula C;5H37,CI3N(2)06S(3) F (000) 1632

Formula weight 784.20 0 range for data collection/(°) 1.61 to 25.10
—16<h<16,

Crystal size/mm 0.29X0.21X0.15 Limiting indices —18<k=<18,
—22<<13

Temp/K 296(2) Reflections collected 18822

Wavelength/nm 0.071073 Reflections unique 6773

Crystal system monoclinic Rin 0.0855

Space group P2(1)/c Completeness to 6=25.10 99.8%

a/nm 1.3597(5) Max. and min. transmission 0.9345 and 0.8816

b/nm 1.5610(6) Refinement method full-matrix least-squares on F° 2

c/nm 1.9101(7) Data/restraints/parameters 6773/0/439

a/(®) 90 Goodness-of-fit on F* 1.067

£/(°) 110.513(7) Absorption correction none

7/(°) 90 Final R indices [I>20 (1)] R;=0.0623, wR,=0.1147

Volume/nm® 3.797(2) R indices (all data) R1=0.1964, wR,=0.1291

zZ 4 Extinction coefficient 0.0009(4)

Calculated density/(Mgem ) 1.372 Largest diff peak and hole/(esnm ) 0.344%X10% and —0.352X 10

Absorption coefficient/mm ™' 0.452

®2 WEY D KK (nm) FIEE A (%)
Table 2 Selected bond lengths (nm) and angles (°) for complex D

S(1)—0(1) 0.1432(3) S(3)—C(28) 0.1747(6)
S(1)—0(2) 0.1438(3) N(2)—C(16) 0.1428(5)
S(1)—N(2) 0.1640(4) N(@2)—C(8) 0.1491(5)
S(1)—C(5) 0.1757(5) N(1)—C(25) 0.1415(5)
S(2)—0(3) 0.1443(3) N(1)—C(15) 0.1482(5)
S(2)—0(4) 0.1442(3) 0(6)—S(3)—0(5) 119.9(2)
S(2)—C(19) 0.1772(5) 0(6)—S(3)—N(1) 106.8(2)
S(2)—C(22) 0.1780(5) 0(5)—S(3)—N(1) 107.1(2)
O(1)—S(1)—0(2) 119.7(2) 0(6)—S(3)—C(28) 108.0(3)
O(1)—S(1)—N(2) 106.9(2) 0(5)—S(3)—C(28) 108.6(3)
0(2)—S(1)—N(2) 107.1(2) N(1)—S(3)—C(28) 105.6(2)
O(1)—S(1)—C(5) 108.5(3) C(16)—N(@2)—S(1) 118.4(3)
0(2)—S(1)—C(5) 108.7(3) C(8)—N(@2)—S(1) 117.93)
N(2)—S(1)—C(5) 105.0(2) S(1)—N(1)—C(16) 119.1(3)
0(3)—S(2)—O0(4) 120.4(2) C(25)—N(1)—S(3) 115.7(3)
0(3)—S(2)—C(19) 108.3(2) C(9)—C(8)—N(2) 117.2(5)
0(4)—S(2)—C(22) 108.9(2) C(8)—C(9)—C(10) 121.5(8)
0(3)—S(2)—C(22) 108.3(2) C(11)—C(10)—C(9) 108.5(8)
0(4)—S(2)—C(19) 108.6(2) C(12)—C(11)—C(10) 115.7(10)
C(19)—S(2)—C(22) 100.6(2) C(11)—C(12)—C(13) 119.7(9)
S(3)—0(6) 0.1437(3) C(14)—C(13)—C(12) 107.0(5)
S(3)—0(5) 0.1436(3) C(13)—C(14)—C(15) 116.7(4)
S(3)—N(2) 0.1648(4) N(1)—C(15)—C(14) 114.0(4)
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Table 3 Selected dihedral angle (°) for complex D

Dihedral angle
Plane 1 Plane 2 between Plane 1
and Plane 2
C(2)—C(7)(bz1) C(22)—C(27)(bz3) 39.46
C(2)—C(7)(bz1) O(1)—N(1)—O(2)(hvl)  88.154(96)
C(2)—C(7)(bz1) O(5)—N(2)—O(6)(hv2)  80.386(103)
C(®)—C(13)(bz2)  C(14)—C(19)(bz3) 71.035(89)
C(®)—C(13)(bz2)  C(20)—C(25)(bz4) 18.404(109)
C(®)—C(13)(bz2)  O(3)—S(2)—0(4)(ht2) 54.680(112)
C(14)—C(19)(bz3) C(20)—C(25)(bz4) 81.565(101)
C(14)—C(19)(bz3) O(1)—S(1)—O0(2)(ht1) 89.122(98)
C(14)—C(19)(bz3) O(3)—S(2)—0(4)(ht2) 55.796(97)
C(20)—C(25)(bz4) O(5)—N(2)—O(6)(hv2) 89.485(118)

P \,\ D
00" A Jac

&

cE c(o) C1 2

B1 E%D o4k
Figure 1 The molecular structure of D showing the atom label-
ing scheme

Bl 2 Ab&9) D a dlah i HERL
Figure 2 The packing diagram along the a axis of D

&Y D FEK S(1)—C(B)A 0.1757(5) nm, 5
S3)—CQ8) I K 0.1747(6) nm AT, S(2)—C(19)F
SQ2)—C2)HIEEK A3 4 0.1772(5)F1 0.1780(5) nm. 7
Ah, BEK S(1)—N(Q2)F1 S(3)—N(1)h 0.1640(4)F0
0.1648(4) nm. LA XL 0T LA H: S(HAT S3)5
FHAR R 7 B AR T, I LG S(2) 5 AHAI0 I 7 11 5
KJid; dbAh, S(DAT S(3) AR 7 (M KA ARIT. M
AW D IR S5 R ] DU B J51 S(1)AN S(3)#R 5 AU

B3 AL D i b AR
Figure 3 The packing diagram along the b axis of D

B4 La? D i e iR HER
Figure 4 The packing diagram along the c axis of D

T FORHANE T HAL T EREAMI, 1 S(2) W5 w42
WM& B A T3P, T BAHEN: S()AT S(3)-5 AH AT sk )5t
FECEUR T B A B AR T & BT 57 S(DAT S3) 1k
SRR, S(DA S3) HARAN I I K L S(2)5
RIS Jit - 1 B R a2 b S0 5 0 i 1) L A7 P A
[ LA SR gk 5. G051 1R H A7 PR i i 1 9,
5 I 0T 7 IS BNy, IS T I 5]
o, HAB SRS AEAF 0 S i KA. S — AR D
BTN TR AT S(2)55 HAH AR AE LA~ A 3L 4,
i S(DAT SG3) 5 HARRE IR A LY g1, 1% SLHugsif
AMAE S(HAT S(3) S5 HIR b C FERRUEE, 4K 46 4.
MG D FIHR SRR ORI C(2)—C(7)
bz O(1)—N(1)—0(2) (hv1) EFF C(20)—C(25)
(bz)FIET O(5)—N(Q2)—0(6) (hv2)AH . H. [F] A
A AH L B AR (AT, T BN AT R A AT AR
TJEE, AP C2)—C(7) (bz1)F O(1)—N(1)—O(2)
(hvl), C(20)—C(25) (bz4)H1 O(5)—N(2)—0(6) (hv2)ff]
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