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b. packing of the molecule

SFHN 1417.85,% 2 4 HBIW 4 & fg . fp BT MBI IR AR
Al AR AR R A I RE Sy Pea2 (1) Fu 250 FHI;:N Single crystal structure and packing of the molecule of
F 1 HBIW By K 55
Table 1  Selected bond lengths and bond angles of HBIW
bond length/nm bond length/nm bond angle/(°) bond angle/(°)
C(1)—C(2) 0.1367(5)  C(43)—N(3) 0.1496(3) C(2)—C(1)—C(6) 120.4(3) N(2)—C(43)—N(3) 111.08(17)
C(1)—C(6) 0.1393(4)  C(43)—N(2) 0.1454(3) C(3)—C(2)—C(1) 119.3(3) N(2)—C(43)—C(44) 110.64(16)
C(2)—C(3) 0.1367(5)  C(43)—C(44) 0.1569(3) C(2)—C(3)—C(4) 121.2(3) N(3)—C(43)—C(44) 106.68(16)
C(3)—C(4) 0.1389(5)  C(44)—N(6) 0.1456(3) C(3)—C(4)—C(5) 120.0(3) N(6)—C(44)—N(1) 119.86(17)
C(4)—C(5) 0.1399(4)  C(44)—N(1) 0.1464(3) C(6)—C(5)—C(4) 118.0(2) N(6)—C(44)—C(43) 100.80(16)
C(5)—C(6) 0.1378(4)  C(45)—N(6) 0.1461(3) C(6)—C(5)—C(38) 123.2(2) N(1)—C(44)—C(43) 109.10(16)
C(5)—C(38) 0.1519(3)  C(45)—N(3) 0.1468(3) C(4)—C(5)—C(38) 118.8(2) N(6)—C(45)—N(3)  101.99(16)
C(32)—C(33)  0.1394(4)  C(45)—C(48) 0.1588(3) C(5)—C(6)—C(1) 121.2(3) N(6)—C(45)—C(48) 115.14(17)
C(33)—C(34) 0.1381(3)  C(46)—N(1) 0.1451(3) C(34)—C(33)—C(32) 117.5(2) N(3)—C(45)—C(48) 110.71(17)
C(33)—C(40)  0.1513(3) = C(46)—N(4) 0.1486(3) C(34)—C(33)—C(40)  122.2(2) N(1)—C(46)—N(4) 111.97(17)
C(34)—C(35)  0.1390(4)  C(46)—C(47) 0.1564(3) C(32)—C(33)—C(40) 120.2(2) N(1)—C(46)—C(47) 110.18(17)
C(35)—C(36)  0.1369(5) C(47)—N(5) 0.1455(3) C(33)—C(34)—C(35)  120.7(3) N(4)—C(46)—C(47) 107.22(16)
C(36)—C(37) 0.1370(4)  C(47)—N(2) 0.1466(3) C(36)—C(35)—C(34) 120.5(3) N(5)—C(47)—N(2) 119.68(17)
C(38)—N(1) = 0.1450(3) C(48)—N(5) 0.1457(3) N(1)—C(38)—C(5) 112.22(19)  N(5)—C(47)—C(46) 100.63(16)
C(40)—N(6)  0.1453(3)  C(48)—N(4) 0.1467(3) N(6)—C(40)—C(33) 109.64(18)  N(2)—C(47)—C(46) 109.76(17)
N(5)—C(48)—N(4) 102.41(16)  N(5)—C(48)—C(45) 115.63(17)
N(4)—C(48)—C(45) 109.49(16)
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Table 2 Selected torsion angles for HBIW

bond torsion angles/(°) bond torsion angles/(°)
C(6)—C(1)—C(2)—C(3) ~1.1(5) N(3)—C(43)—N(2)—C(47) 61.4(2)
C(1)—C(2)—C(3)—C(4) 1.1(5) C(44)—C(43)—N(2)—C(47) -56.9(2)
C(2)—C(3)—C(4)—C(5) 0.3(5) C(9)—C(31)—N(2)—C(43) -75.0(2)
C(3)—C(4)—C(5)—C(b6) -1.6(4) C(9)—C(31)—N(2)—C(47) 155.20(18)
C(3)—C(4)—C(5)—C(38) 177.2(3) N(5)—C(47)—N(2)—C(43) ~59.6(2)
C(4)—C(5)—C(6)—C(1) 1.6(4) C(46)—C(47)—N(2)—C(43) 55.9(2)
C(38)—C(5)—C(6)—C(1) -177.1(2) N(5)—C(47)—N(2)—C(31) 70.7(2)
C(2)—C(1)—C(6)—C(5) -0.3(4) C(46)—C(47)—N(2)—C(31) -173.86(17)
C(18)—C(13)—C(14)—C(15) 0.2(5) N(6)—C(45)—N(3)—C(41) 78.8(2)
C(39)—C(13)—C(14)—C(15) -178.7(3) C(48)—C(45)—N(3)—C(41) -158.23(18)
C(13)—C(14)—C(15)—C(16) -1.2(6) N(6)—C(45)—N(3)—C(43) -41.33(18)
C(14)—C(15)—C(16)—C(17) 1.7(6) C(48)—C(45)—N(3)—C(43) 81.67(19)
C(15)—C(16)—C(17)—C(18) -1.3(6) C(28)—C(41)—N(3)—C(45) 78.3(2)
C(14)—C(13)—C(18)—C(17) 0.3(5) C(28)—C(41)—N(3)—C(43) -167.55(19)
C(39)—C(13)—C(18)—C(17) 179.1(3) N(2)—C(43)—N(3)—C(45) -98.90(18)
C(16)—C(17)—C(18)—C(13) 0.3(6) C(44)—C(43)—N(3)—C(45) 21.76(19)
C(6)—C(5)—C(38)—N(1) -14.0(3) N(2)—C(43)—N(3)—C(41) 141.93(18)
C(4)—C(5)—C(38)—N(1) 167.2(2) C(44)—C(43)—N(3)—C(41) -97.42(19)
C(18)—C(13)—C(39)—N(4) -104.9(3) N(5)—C(48)—N(4)—C(39) 81.6(2)
C(14)—C(13)—C(39)—N(4) 73.9(3) C(45)—C(48)—N(4)—C(39) ~155.20(18)
C(34)—C(33)—C(40)—N(6) -100.7(3) N(5)—C(48)—N(4)—C(46) -40.71(18)
N(2)—C(43)—C(44)—N(6) 126.91(17) C(45)—C(48)—N(4)—C(46) 82.50(19)
N(3)—C(43)—C(44)—N(6) 5.98(19) C(13)—C(39)—N(4)—C(48) 82.9(2)
N(2)—C(43)—C(44)—N(1) ~0.1(2) C(13)—C(39)—N(4)—C(46) ~161.45(19)
N(3)—C(43)—C(44)—N(1) ~121.06(17) N(1)—C(46)—N(4)—C(48) ~100.25(19)
N(1)—C(46)—C(47)—N(5) 128.96(17) C(47)—C(46)—N(4)—C(48) 20.72(19)
N(4)—C(46)—C(47)—N(5) 6.9(2) N(1)—C(46)—N(4)—C(39) 138.40(19)
N(1)—C(46)—C(47)—N(2) 1.9(2) C(47)—C(46)—N(4)—C(39) -100.6(2)
N(4)—C(46)—C(47)—N(2) -120.19(17) N(2)—C(47)—N(5)—C(48) 87.5(2)
N(6)—C(45)—C(48)—N(5) 112.3(2) C(46)—C(47)—N(5)—C(48) -32.7(2)
N(3)—C(45)—C(48)—N(5) ~2.7(2) N(2)—C(47)—N(5)—C(42) ~56.7(3)
N(6)—C(45)—C(48)—N(4) -2.7(3) C(46)—C(47)—N(5)—C(42) ~176.89(19)
N(3)—C(45)—C(48)—N(4) ~117.69(18) N(4)—C(48)—N(5)—C(47) 47.79(19)
C(5)—C(38)—N(1)—C(46) ~75.0(2) C(45)—C(48)—N(5)—C(47) ~71.2(2)
C(5)—C(38)—N(1)—C(44) 154.10(18) N(4)—C(48)—N(5)—C(42) ~167.73(18)
N(4)—C(46)—N(1)—C(38) ~73.0(2) C(45)—C(48)—N(5)—C(42) 73.3(2)
C(47)—C(46)—N(1)—C(38) 167.81(18) N(1)—C(44)—N(6)—C(40) -59.2(3)
N(4)—C(46)—N(1)—C(44) 59.9(2) C(43)—C(44)—N(6)—C(40) ~178.83(18)
C(47)—C(46)—N(1)—C(44) -59.4(2) N(1)—C(44)—N(6)—C(45) 87.3(2)
N(6)—C(44)—N(1)—C(38) 74.8(2) C(43)—C(44)—N(6)—C(45) -32.28(19)
C(43)—C(44)—N(1)—C(38) —-169.92(18) N(3)—C(45)—N(6)—C(40) ~164.81(17)
N(6)—C(44)—N(1)—C(46) ~57.1(2) C(48)—C(45)—N(6)—C(40) 75.3(2)
C(43)—C(44)—N(1)—C(46) 58.2(2) N(3)—C(45)—N(6)—C(44) 47.87(19)
N(3)—C(43)—N(2)—C(31) -69.7(2) C(48)—C(45)—N(6)—C(44) -72.1(2)
C(44)—C(43)—N(2)—C(31) 172.06(17)

MR ZEAG 53 B a1, HBIW 3 7 B AR S XEFR4E N(3) 55 N (6) JT 7 P A% 3 830 O I e A K 24 &
Hy, HOUREAR EERPE L C I AhR Al 4 IR F2E 86°, JLPFMERER .. B2 AHEET I 2 230 A
AR — i, Ak C IR B % 11 0. 065 nm, 55 /NEYJSA RN 12° 453 TP 47 ANIOCRE AN
N JBUT R B 4 SR R 35 45 1] 2R 41, A 48 A A B, e A e i Ol 53.67 ° 5 51.43°, B
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KT ¥EE C—C 81 (0. 154 nm) 453 F CL-20 ¢
T AN (0,159 nm) o 53 4h, LI R A I i 4
AIREE N—C BRI TG 2 A3 N—C
KOt i T ge A % .
3.2 HBIW g NMR R{E
3.2.1 ARETAFE RS HBIW By % B E

W E, HBIW 25 AR & 5 IR AU AR AR AR =
BENE R B 7 R [A)L 7R 0.6 mL Ay SRR P R AT
AR A A RE i 10 mg 72 A7 O FE i, i A Bk
TR o I TR A T S ARG 00 UL L S B A
0.6 mL AU D7 T A 20 100 mg AYRE by, 3 i
B, WY 5y AT 4 T AAZ R 23 BT o

o3 e = ARG H ok HBIW #E 4T T NMR
FE, s B P R 28O0 18 A P o Bk R A BT AR ]
FEAE (F 2a) H, Br L35 M IX A7 7E 67. 50 ~ 67. 00
(m,30H) £ W KR N Y 5% A0 5005 5 A, e ik IX
W S AR G, —FK O 63. 50 (s, 2H) B3 4 5, 75

C
A\ Im )
L
) "
S, gl
i} X
75 7.0 45 4.0 35 3.0
8y
a. 'H NMR spectra
i I |
A ] q A
; |
] | 1 | ||
A
" . L] O il
145 140 135 130 80 70 60 50

L
b. "C NMR spectra
B2 HBIW 7R LT (A) SR NER (B) AR 7
(O MW H NMR % (a) " C NMR j¥ (b)
Fig.2 'H NMR and ">C NMR spectra of HBIW in DMSO-d,
(A), Acetone-d,(B) and CDCI,(C)
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— VR 64.30 ~83.90(m,T6H) 2 Bk, 7EIR
AW Z 2 EIEL N 6 KL, mi AR5
SRAC W IR P oA 3 Atk Hid, Ay
Hh R S I e ) ARG 4 SR LR O LR B AB i 2L )
FRAE, B TGP AL b 09 R B e % 52 BHL 5 1R i 1% 17 &
ANEEAN TR T A b, o 0 5 v 0 Ak 6 B G
HORT 4338, NI R0 1 SRk (B .

TERTE (B 2b) dr AR AR ST 5 T A B o ) 3 5]
OFHEREAT, R & B TE MR BERY 12 Sk 2k (o
[T UEI 9 484, HIA R 1 & 1 %, % T 5
Th2Z e 0 v WG 28 e (R P9 5 0 Sk i) 15 5 P 2R 2
(HICHTE 4 D EREGRTOHITE 2 MR F5
17— R SR v 11 0 B0 0 5 B 5 B ™ L 5128
B I 1Y) = SR, N B8 25 /N T 60. 05, T B i 4 HE R
HIAL A A R A 50 8

25 b HBIW 7 G AR U 05 ¥ W b vl 3145 58 % H 4y
PRI G R, O, R R AR E TP R R T
HBIW () NMR fiff 5%

3.2.2 "H NMR #1"”C NMR 138

Sk, 83,58 (s) BUArTE A Dy 2, W IR v
AETEBAECR 48, 5 HE 45—, Hd, HFAHRKX
FEAE 67.50 ~67.00(m,30H, SCHk[11,12] 2k 87.20
~87.24) ZH Vg, IETE K B4y T8 B 1 4 A, kg B
R IR ARRAE , V)& Sy HBIW it 6 A~ R LA
I, ek X B R P R 04, 83. 58 (s, 2H, SCik
(11,12 ] 4 83.59) 0 8 48 v i Sk ik &, 59 — 41 0%
84.25 ~83.95(m ,16H) FAEI 1 6 4~ CH, 5 FfH
BRI 4 A CH, BORIZ XL, T WA 3] 6 4%
Lk PR 2 64.16(s,4H) 5 84.03 (s,4H) {55, [
84.13 ~54.04(m ,8H) Sy W 1% v ] &5 1 4 ki 2k,
J@ ML ALy AB B3 MK AR AL 2 B8 84,13, 84. 10,
84.07, 64. 04, it 515 H W A S Ak 2= 60 7% 40 5 A
5,4.11,5,4.05 {4 % 13.0 Hz, Jy #7111 [7]
A A B0, 5 A A — B0, X B T G 3 BT DY A4
R B, T SCHR (11 ] (s 5o 64,09
(s,8H) Tt 5 °C, #e SCHk 514 (30 °C) #4700,
45 L 5 7R 1 0 A7 UL B 52 I R AR 0N IR AT R AR hy B
W, ap UL SCHk 4 R T SR F S R4, 84,16 (s,
4H) 5 84.03 (s, 4H) ¥ 0y FLide Ak 27 7 B o B h 45
T BRI HEWT ] AR AT AR Y TR TR A A
DEPT ( Distortionless Enhancement by Polarization
Transfer , AN B B9 # b 5% B2 18 5% ) I gHSQC 1 AR AE
HE— L HIA

g HA
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Wi A 12 554, R 2 T EA X ARG A . E Lt
DEPT 43 H7 T X 43 1) 22 Ak 2 B0, 43 vp A5 190 0 PR ik
(856.89,856.22) J\Fp ik H 3 (8129. 18, §128. 33,
5128.14, §128.05, 8126.72, 8126. 62, 880. 66,
876.92) WiFP 715 (5140.75,8140.72) , 54 F 454
— B, MRS LR B 43 BT, 8140.75 — = 5 8140.72
— KPR R B 5 S o A0 JE S C—13/20/28/33 5
C—5/9, [AF,856.22 5 856.89 43 %4 J&E N L o3
JITEE DU A~ % 3 g T H S R R A A T S
876.92 5 680. 66 435l 9 J& Sy . IC A PN Ik AL B A% 3k
WH . ZKIFIX 6131.00 ~8125.00 =& ={% 6 4
CH 5%, /@ T HooH L friE 4 AR5 oo
b2 AR CH RS ARG T 451IA 126,72 5
126.62 433k C—16/23/25/36 5 C—2/12, HAh
B A T Ja 3 T B2 AR AL RE AT AT

"H-"C gHSQC WIS B 1 A 1 9 B 5 A 9 15 5 —
— XN, AR R R B AL TR E R IH R
83.58(s,4H) 5 880.66 (C—45/48) 4 # 15 5, ik
A A 5E 83.58 S H—45/48 AHN Y ,64.16(s,4H) 5
676.92(C—43/44/46/47 ) A M L 55 IESLH WV N
WK 3 H—43 /44 /46 /47 |ifij 84.03 (s,4H) 5 §56. 89
(C—31/38) [ AHKAF 5, UE S H R Ry i H 56 C—31/

%3 HBIW 'H.”C NMR ¥# (CDCl,, 25 °C)

38 Y4, Nielsen 2210 5416 (s, 4H) $8\ Hy
P B AL, B 84. 03 (s, 4H) H5 A IR P B R
A, ARG HIARRF, BR IR, B TR
SR ML) B BRI, T 3 AR A S (R S0
J& ) Fxt Rz i) gHSQC AH A5 5 ) #2 4K 45 o

"H-"C gHMBC Tl A I 2 B 5 19 I R A G 15
B (GE# R HE) N 856.22(C—39/40/41/42) |
856. 89 (C—31/38) 4> %l 5 63. 58 (H—45/48) .
84.16 (H—43/44/46 /47 ) Fi 5%, TRl I} 36 5 35 3K A A1
KAG T RS 6 NI RN e M i, i — 2B IR T
GERY . Y3 AN, FFER U JE 5128.33 ,6129. 18 43 il 5 4
FX B 3 H—31/38 \H—39/40/41 /42 45 %15
2O JE 6128.33.8129.18 435y C—4/6/8/10 5
C—14/18/19/21/27/29/32/34 , )\ 1fij 5128. 14 .8128. 05
RSl C—15/17/22/24/25/27/32/34 5 C—1/3/7/
11 DA &1 v 8 w7 OR300 380 55 B sk 5 i) 46 &0 1) 8 7 4 G
B9 AT M E =T Mg, 5
Hah#—3,

FEP,ET 1D NMR F1 2D NMR 132 A0 % &
fie 6k HBIW 5" H NMR " C NMR {55 2847 T 58 4
)&, 8f0E T 1245495 Scheme 1 4. A & NMR %
YA T )8 L2 3

Table 3 Data of '"H NMR and "”C NMR for HBIW (CDCl,, 25 °C)

No. DEPT  &¢ 8 gHSQC  gHMBC

1/3/7/11 CH 128.05 7.24 (m,4H)" + H—2/12% ; H—4/6/8/10

2/12 CH 126.62 7.21 (m,2H)" + H—4/6/8/10

4/6/ 8/10 CH 128.33 7.19 (m,4H)" + H—2/12; H—31/38

5/9 C 140.72 - - H—31/38; H—1/3/7/11

13/20/28/33 C 140.75 - - H—39/40/41/42; H—15/17/22/24/26/30/35/37
14/18/19/21/27/29/32/34  CH 129.18 7.23 (m,8H)" + H—16/23/25/36; H—39/40/41/42
15/17/22/24/26/30/35/37 CH 128.14 7.24 (m,8H)" + H—14/18/19/21/27/29/32/34% ; H—16/23/25/36%
16/23/25/36 CH 126.72 7.23 (m,4H)" + H—14/18/19/21/27/29/32/34

31/38 CH, 56.89 4.03 (s,4H) + H—43/44/46/47 ; H—4/6/8/10

oS L eyt ttansher s

43/44/46/47 CH 76.92 4.16(s,4H) H—39/40/41/42; H—31/38; H—A45/48

45/48 CH 80. 66 3.58(s,2H) H—43/44/46/47 ; H—39/40/41/42

Note: 1) from gHSQC; 2) weak signals.

3.2.3 "N NMR 738

N T A A H AN NMR B — 4 H-"7
N gHMBC Xt &9 HBIW 4T T 2544 73 B, 45 R W3k
4,°N NMR & 8L 2 AR M55, 59 6-317.0 5
8-297.1 ,7E —4t'H-"N gHMBC (& 3) }1,6-317.0 5
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FOUH A CH A A5G, [A] if ik 5 78 JURR W 37 Y B4
BRI A T, T E o N—1/2 540 e b Ui
HXAE S, 6-297. 1 WS HITH N CH 5 5AH K, [}
5 M 2Z Bk CH (55 H15¢, 20 M Ho o Hooe &34
E I N—3/4/5/6 {55, BiasIAK 4.
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Table 4 >N NMR data for HBIW (CDCIl,,25 °C)

No. N "H-""N gHMBC
H—43 /44 /46 /47

H—45/48; H—43/44/46 /47

N—1/2
N—3/4/5/6

-297.1
-317.0

K FH B S AT S B R 4 AT T AR Y A P 8 R Y
HBIW B i 8548 k15 T H R S5 S5, R — 4
Lo 4i"H P C PN NMR R 4 B SR & At
PR AR = S AR W, 6 HBIW 1 45 4 i 47
TRAE, Ve T E SR T NMR {5 S RR-E, 18 1E
TSCHER A RS2 T HBIW B RETE S 4T )8 .

(1) 83 B AT ST AR IA T HBIW B 1k 24 55 F K
REEK R TR R IRK I, RS Hot A — &
M, HOTA AT % 4 DR EE N—C KWK T34
)2 N3 N—C K

(2) HBIW TE G 05 %5 W b B A B A% S AR AE
37 "H NMR."”C NMR "N NMR —4E K — 7 NMR $;
AL 5E M HBIW % 4 V)&, Bl ' H (788 4. 16
(s,4H) Fi184.03 (s,4H) 25l k7503 | CH &St
WS L CH, PN iR 43 31 8-317.0 (7500
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Crystal Structure and Molecular Structure of Hexabenzylhexaazaisowurtzitane

WANG Min-chang, SU Peng-fei, HU Yin, XU Min, CHEN Zhi-qun, NING Yan-li, ZHANG Gao, PAN Qing, WANG Ming
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The single crystal structure of hexabenzylhexaazaisowurtzitane (HBIW) was determined by X-ray single crystal diffracto-
mater, the characteristics of NMR spectra of HBIW were studied in CDCl,, acetone-d, and DMSO-d,, respectively, and the
molecular structure of HBIW was identified by a combination of 1D ('H NMR, C NMR and "N NMR) and 2D (gHSQC and
gHMBC) NMR techniques. Results show that the crystal belongs to orthorhombic system with space group Pca2 (1) and the unit
cell parameters a=0.10724(2) nm, b=0.37001(7) nm, c=0.20476(4) nm, a=B=y=90°, V=8.125(3)x10° nm’, Z=4,
D.=1.159 g - cm™, F(000)=3024. The chemical shifts of H atoms from high field to low field are assigned to CH on the bridge
head, CH, bonded to six-membered ring, CH, bonded to five-membered ring, CH in six-membered ring and CH in benzene,
respectively, while the chemical shifts of C atoms from high field to low field are assigned to CH, bonded to five-membered ring,
CH, bonded to six-membered ring, CH in six-membered ring, CH on the bridge head, and C in benzene. The chemical shifts of
N atoms in five-membered ring and six-membered ring ware found at § =-317.0 and § =-297.1, respectively.

Key words: analytical chemistry; hexabenzylhexaazaisowurtzitane (HBIW) ; characterization; crystal structure; NMR
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