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Crystal Structure of Pisothiocyanato phenyl4-pentylbicyclo[2,2,2] 
octane-1-carboxylate 

Sridhar M.A, Lokanath N.K, Krishnegowda D, Revanasiddaiah D, and Shashidhara Prasad J 

Department of Studies in Physics, University of Mysore, Manasagangotri, Mysore 570 006, 
INDIA. 

Abstract Cisothiocyanato phenyl Cpentylbicyclo[2,2,2]octaneI-carboxylate, Czl H2702NS 
is a nematogen containing an unusual eight membered ring in the rigid core. The com- 
pound crystallizes into the triclinic system Pi with a = 9.8969(1) A, b = 42.911(8) A, 

The data were collected using MoK, radiation (A = 0.71073 A) at T = 300K. The s t rue 
ture was solved by direct methods using SHELXS86 and refined to a final R and wR 
of 0.0688 and 0.1814 respectively using 2452 observed reflections with I > 2m(I). The 
structure shows a layered packing down *axis and imbrication along the other two axes. 
The crystal structure throws light on the liquid crystalline behaviour of the compound. 

c = 9.877(2) A, Q = 92.86(2)", p = 103.79(1)", 7 = 94.43(1)", V = 4051.3(1) A', Z = 2. 

Introduction 

The study of molecular and crystal structure of mesogens gives insight into the liquid crystalline 
phase. It has been established that the bulk properties of liquid crystals depend on the type of 
rigid core. So it is interesting to study structures of mesogens with different rigid cores. In view 
of this, we have under taken the crystal and molecular structure study of 4-isothiocyanato phenyl 
4pentylbicycIo[2,2,2] octane-1-carboxylate, which has an unusual eight membered ring. The title 
compound waa obtained from Aldrich Chemicals and waz recrystallized before mounting it on a 
diffractometer. The compound forms a nematic phase at 74.5"C and goes into the isotropic liquid 
phaw at 113.5"C. The structural formula is given in Figure 1 .  

Figure 1: Structure of the molecule. 
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510 M . A .  SRIDHAR et ul. 

Figure 2: Projection of the nioleciile on the brst plane 

Figurr 3: Parking of thc  n ~ o l r r n l e ~  (Ic)wn u .  

Experimental 
'I'he coloiirles crystals wc'w obtained frorii a solution i n  a(:et.on~. .A crystal of  tlirnerrnions 0.:1 x 0.25 x 
0.2 mm was iised for data collection. The accuratr cell dinlensions and orientation rriatris wim: 
obtained by a least-sqimres fit t o  the settiiig angles of 25 refections on Kigaku AFC7S diffractonletw 
with the use of graphite-nroriochroniated MoK, radiation. A total of 10884 uniqiic reflec:ticrns were 
measured in the rarrgr.-l 5 28 5 25, -10 5 h 5 10. 0 5 k 5 50, - 1 1  5 1 5 11, of wliich 2452 
were with I > % ( I ) .  'I'hrec standard retlections monitored for every 150 reflections did rmt s h o w  
an) significant variation in inten3ity arid indicating no detwioration of shr crystal. Intensities wcw 
c:ollected by G-20 scan. Imentz. polarization arid absorption correction3 were applied The striirtuw 
was solved by SHELXS-8fi' m d  wm refined by full rnatris least-sqimm using SHELXL-93'. All 
the noti- hydrogen atoms \wrc located in  the initial electron drrisity map. The intramolecular borid 
distaricts nnd nnglc-s iirt' within the expected rarrgc. H,vdrogen atoms were placed i n  calculated 
positions (C-I1  0.!)5 .\) i n  the structure. Thr hydrogrri ittonis were ronstraincd t,n ride on the parent 
atom. 962 paritriieters were refined to K1 = 0.06811. u:K2 = 0.1814, where I I I  = k. / ( rr ( t . ' ' )  + J' * b'2) 
with k = 1.000. P = 0.04. In the final differerrre niap r~sidiial r l r r t rm dcnsities were (Ap),,,,,, = 
-n. iw aIld (cp),, = 0.235 e~P. 

Discussion 
The projection of the tlierrnal ellipsoids(OK1EP)" on the best plane for one of the I I I ~ I ~ c ~ I ~ s  of 
the asynirrietric unit and packing down u-ahis are given i r l  figiircs 2 and 3 respec:tively. The l i r i i t l  

positional paranietrrs of the riori-hydrogen atoms with thrir estirnat.ed standard deviations are given 
i n  Table 1. 'I'lir l m d  distances arid angles are given i n  tables 2 and 3. 'l'he valiies of the bond lengths 
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CRYSTAL STRUCTURE 51 1 

an11 xngles are in good agreement with those of similar compounds. The bond distance C14-015 

iilclii.fi.tes strong double bond character while that of C23-N23 indicates triple bond character. The 
asyrnnietric unit has four molecules which is quite rare among rnesogens. The structure shows a 
layered packing when viewed alonga-axis and imbrication is seen along the other two axes. Disorder 
is observed in few terminal atoms, which can be expected for any flexible end chain attached to a 
rigid core. The phenyl rings of all the molecules are planar whereas the bicyclo octane rings are not 
p h i f i r .  The bicyclo rings of all the molecules when considered as two cyclohexane rings exhibit the 
boat conformation. The crystalline cohesion is mainly due to dispersion forces. The detailed tables 
of ;inisotropic thermal paramcters, torsion angles and structure factor tables can be obtained from 
the authors. 

Acknowledgements 
Authors would like to thank the Department of Science: arid Tcchnologq., New Delhi for finarlcial 
assistance urider the project SP/12/F00/93. 
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512 M.A. SRIDHAR el a / .  

Table 1 : Atomic coordinates and equivalent isotropic displacement parameters (A"') 

Atom 
CIA 
CZA 
C3A 
C4A 
C5A 
C6A 
C7A 
C8A 
C9A 
ClOA 
Cl lA 
C12A 
C13A 
C14A 
015A 
016A 
C17A 
C18A 
C19A 
C20A 
C21 A 
C22A 
C23A 
N24A 
S25A 
CIB 
C2B 
C3B 
C4B 
CSB 
C6B 
C7B 
C8B 
C9B 
ClOB 
<'11B 
C12B 
C13B 
Cl4B 
0 1  SB 
O16B 
C17R 
C18R 
C19B 
C20B 
C21R 
C22B 
CZSB 
K24B 
S25B 

X 

0.8193(13) 
0.7917(12) 
0.7719(11) 
0.7220(10) 
0.6925( 10) 
0.6486(10) 

0.5126(9) 
0.4562(8) 
0.5649(9) 
0.5715(9) 

0.7544(9) 
0.7022( 10) 
0.5195(14) 
0.5941(7) 
0.3896(7) 
0.3386(8) 
0.3401 (8) 
0.2858(8) 

0.2227 (1 0) 
0.2244(9) 
0.2802(9) 

0.1 2 1 0( 7) 

0.0333(11) 

0.2047(8) 
0.2588(8) 
0.3804(7) 
0.4381(8) 
0.4852(8) 
0.5570(8) 

0.4 000 (8) 
0.3347(7) 
0.56 1 3( 8) 
0.6277(7) 
0.6132(8) 
0.6520(7) 
0.6241 (5) 

0.6878(12) 
O.8323( 13) 
0.90:36(9) 

0.84 19( 12) 
0.7091 (13) 

0.6 1 03 (9) 

0.1 672( 10) 

0.046 1 (3) 

0.0939( 9) 

0.549"(8) 

0.6399(9) 
0.91 20( 10) 
0.9888(10) 

1.1050(3) 

21 
0.5648( 2) 
0.5320(3) 
0.5088(2) 
0.4750(2) 
0.4525(2) 
0.4 1 88( 2) 
0.4 149( 2) 
0.:3801(2) 
0.3599(2) 
0.3662(2) 
0.40 11 (2) 
0.4020( 2) 
0.3685(2) 
0.3253(2) 

0.3071 1 (15) 
0.31 70C( 14) 

0.2855(2) 
0.2679(2) 

0.2227 (3) 
0.24 19( 3) 
0.2721 (2) 
0.1948(2) 
0.1 706(2) 

-0.0525(2) 
-0 .O205(2) 

0.2380(2) 

0.1 3497(6) 

-0.0061(2) 
0.0264 (2) 
0.0391 (2) 

0.1 11 l(2) 
0.1303(2) 

0.0730( 2) 
0.0783(2) 

0.13031 (14) 
0.0963(2) 
0.081 l (2)  

0.1 1480( 15) 

0.17473( 13) 
0.18011(13) 

0.1630(2) 

0.2091 (2) 
0.2 1 1 9( 2) 

0.2672( 2) 

0.2!3,54 (2) 
0.31 39( 2) 

0.24 14 (2) 

0.2642(2) 
0.2351 (3) 

0.34276( 5) 

1 

0.9869(12) 
1.0208( 11) 
0.9123(11) 
0.9328( 10) 
0.8164(10) 
0.8314 (9) 
0.8820(9) 

0.84 22( 8) 
0.6920(9) 

0.9318(10) 
0.9440( 10) 

0.841 5(9) 
0.8994(7) 
0.7697(5) 

0.7533(10) 

l).8465( 10) 
0.7122( 12) 

0.8773( 8) 

0.6896(9) 

0.8661(9) 

0.6008( 11) 
0.61 90(9) 

0.6826 (3) 
0.3301( 11) 

0.6877(3 1) 
0.6871 (7) 

0.3286( 9) 
0.4470(8) 
0.4436(8) 
0.5601 (7) 

0.4208(7) 
0.4233(7) 

0.5657(7) 
0.5675(8) 
0.6760 ( 8 )  
0.6854 (7) 
0.5580(9) 
0.4655(7) 
0.6763(6) 
0.6962(9) 
0.7811 (9) 
0.8 1 35 (7) 
0.7615(9) 

0.6 765( 1 0) 
0.6489(8) 

0.7953( 10) 
0.8627 (8) 
0.9528(3) 

0 5563 (7) 

0.5577(7) 

(1- 

0.169(5) 
0.194( 5) 
0.177( 4) 
0.162(3) 
0.148(8) 
0.1 04(2) 
0.133( 3) 
0.116(3) 

0.1 :q9) 

0.093 (2) 
0 .I :37(3) 

0.158(4) 
0.148(3) 
0.1 14(3) 
0.164 (3) 

0.096 (2) 
0.1 18( 3 )  

0.1 lO(2) 

0.1 13 (3) 
0.1 20(3) 
0.120(3) 

0.1 :33( 2) 

0.106( 3) 
0.132(4) 

0.1433(10) 
0.1 36 (4) 
0.1 27 (3) 
0.106(2) 
O.lll(2) 

0.112(2) 
0.112(3) 

O.O98( 2) 
0.086 (2) 

0.085(2) 
0.104(2) 
0.105( 2) 
0.1 I 5( 2) 
0.104( 2) 

0 .I 74( 3) 
0.1 02(2) 

0.113(2) 
0.096( 2) 
0.1 1 O(3) 
0.1 08(3) 
0.088(2) 
0.1 If;(:%) 
0.107(3) 
0.122(4) 
0.153(3) 

0.1 526( 1 0) 
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i\tom X 

C1C 1.4069(15) 
C2C 1 .3355(20) 
C3C 1.2635(15) 
C4C 1.1 860(22) 
C5C 1.1625(20) 
C6C 1.0827(11) 
C7C 0.9835(13) 
C8C 0.9116(11) 
C9C 0.9595(9) 
C l l C  0.9988(14) 
ClOC 0.9266(11) 
C12C 1.1136(10) 
C13C 1.1828(12) 
C14C 0.8835(11) 
015C 0.7764(8) 
016C 0.9370(5) 
C17C 0.8612(9) 
C18C 0.8615(9) 
C19C 0.7899(11) 
C20C 0.7145(12) 
C21C 0.7142(10) 
C22C 0.7872( 10) 
C23C 0.6455(10) 
N24C 0.5607(9) 
S25C 0.4438(3) 
C1D -0.3680(11) 
C2D -0.2996(9) 
C3D -0.2714(7) 
C4D -0.1971(7) 
C5D -0.1721(7) 
C6D -0.0978(7) 
C7D -0.0821(9) 

C9D 0.0230(8) 
ClOD -0.1 106(7) 

C12D 0.0489(7) 
C13D 0.1214(7) 
C14D 0.1017(9) 
015D 0.0859(6) 
016D 0.1849(6) 
C17D 0.2382(11) 
C18D 0.3795(11) 
Cl9D 0.4433(9) 
CZOD 0.3592(12) 
C21D 0.2175(12) 
C22D 0.1590(9) 
C23D 0.4220(9) 
N24D 0.4334(8) 
S25D 0.4690(:3) 

C8D -0.0089(8) 

C l l D  -0.1800(8) 

Y 
0.5461 ( 3 )  
0.5135(3) 
0.4983(3) 
0.4649(4) 

0.4139(3) 
0.4 1 00( 2) 
0.3769( 2) 
0.3571 (2) 
0.4056 ( 3 )  
0.3726( 2) 
0.3574 (2) 
0.3914(2) 
0.3251 (2) 

0.31706(13) 
0.30576(15) 

0.2778(2) 
0.2528(3) 
0.2248(3) 
0.22 1 3( 2) 
0.2466 (3) 
0.274 5 (2) 
0.1951(2) 
0.1765(2) 

0.14662(7) 
-0.0537(2) 
-0.0228(2) 
0.001 7(2) 

0.05804 (1 5) 
0.08928( 15) 

0.1 107( 2) 
0.1429(2) 

0.14419(15) 
0.1373(2) 
0.1 O43(2) 
0.0863(2) 
0.1 187(2) 
0.1754 (2) 

0.18764(11) 
0.18914(15) 

0.2194(2) 
0.2254(2) 
0.2554(2) 
O.2799(2) 
0.2746(2) 
0.2430(2) 
0.3089(2) 
0.3359(2) 

0.37382(6) 

0.4468(4) 

0.0328(2) 

- 
x 

0.6554( 14) 
0.6548(15) 
0.5380( 15) 
0.5450( 19) 
0.4824(19) 
0.4727(14) 
0.561 7(12) 
0.5471(10) 
0.4386(9) 

0.3281 (1 3)  
0.3033( 10) 
0.4800(11) 
0.4976(15) 
0.4152(11) 
0.4444(8) 
0.3337(6) 

0.2792(11) 
0.3579(9) 

0.3050(1:3) 
0.1677( 18) 
0.0842(10) 
0.1429(12) 
0.1085( 12) 
0.0645 (9) 

-0.0020 (3) 
1 .0004( 10) 
0.9688(8) 
1.0860(7) 
1.0615(8) 
1.182 1 (7) 
1 ,161 3 (7) 
1.2916(8) 
1.2793(7) 
1.1353(7) 
1.0243(7) 
1.0397(8) 
1 .I 399( 8) 
1.1250(7) 

1.0125(6) 
1.2107(5) 
1.2315(7) 
1.2781 (7) 
1.2893(7) 
1.2615(8) 
1.2148(8) 
I .2036(7) 
1.2733(9) 
1.2724( 7) 
1.2833(3) 

1.1222( 10) 

‘.Ieq 

0.203(6) 
0.255(7) 
0.24 5( 7) 

0.3 15 (1 0)  
0.270(9) 
0.14 O( 3) 

0.1 85( 4) 
0.099( 2) 
0.237(7) 
0.184( 4) 
0.173( 4) 
0.237( 7) 
0.1 24( 3) 
0.1 67(3) 

0.089(2) 
0.1 05( 2) 
0.124( 4) 
0.123(4) 

0.200( 5) 

0.1 22( 2) 

0.1 19(3) 
0.112(3) 
0.140(4) 
0.1 53( 3 )  

0.1692(12) 
0.1 26( 3) 

0.108(2) 
0.1 05( 2) 

0.077(2) 

0.130( 3) 

0.092(2) 

0.1 36( 3) 
0.1 1 O(  2) 
0.078( 2) 
0.108(2) 
0.1 1 6( 3 )  
0.112(2) 
0.093(2) 
0.094(2) 
0.118(2) 

0.0983(15) 
0.084(2) 
0.096( 2) 

0.091 (2) 
0.104( 3) 

0.090(2) 
0.092(2) 
0.1 00( 3) 

0.1572( 1 D) 
0.1 49( 3)  
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Tablr 2: Bond It~ngths of noil-hydrogens. 

C2.4- C3.4 
C3A-C4.A 
C4-2-C5.4 
C5A-C6.A 
CG.4-CllA 
C6.4-C12.A 
C6A-C7;\ 
C7A- <:8A 
C8A-C9A 
c 9 rl- c 1 3.4 
c 9.4- c 1 4 '4 
c9.4-c1 0.A 
C1OA-('llA 
C12A-Cl3A 
C 1 4 A- 0 1 5A 
C 14 A - 0  16.4 
Olfi.4-Cl i A  
('1 7i\-C'l X A  
C17A-C22A 
C18A-ClSA 
C19A-C20A 
CZOA-C23A 
C20A-C21.4 
C2 1 A- C22A 
C23;2-N24.r\ 
N24A-S25A 

1.536( 10) 

1.502(9) 

1.543(9) 

1.493(9) 

1.537(9) 
1.519(9) 

1 -1 X8( 9) 
1 .:m( 10) 

1.395(8) 
1.375(9) 
1 .:389(9) 

1.424(9) 

1.509(9) 
1.514(10) 

1.546(8) 
1.526(9) 

1.51 7( 10) 

1.508 (9) 

1.340(8) 
1.126(10) 
1.2G4( 10) 
1.41 2(11) 
1.555( 10) 
1 -1 01 (8) 
1.610(9) 

CZB-C3B 
C3B-C.ZB 
C4B-C5B 
C5B-C6B 
C6R-C.3 2B 
C%B-CllR 
C6B-C7B 
C7B-CUB 
C8B-C9B 
C9R-Cl4B 
C9R-Cl OB 
C9B-Cl3R 
C,lOB-C11 R 
C12H-(ll3B 

C: 1 4 B - 0  1 6B 
016B-Cl7B 
C17B-C22B 
C17B-CI8B 
C18B-Cl9B 

C20B-C23B 
C20B-C21B 
C21B-C22R 
C23B-S24B 
S24B-S25B 

C 1 4 B- 0 1 5B 

Cl9B-C20B 

1.4 70( 9) 
1.463(8) 
1.498(8) 
1.527(8) 
1.487(8) 
1 .5m(a) 
1.539( 8 )  

1.548(8) 
l .Y~ l (7 )  

1.494(9) 
1.498(8) 
1.527( 8) 
1.552(8) 
1.529 (7) 
1 . 1 !Y2( 8) 
1 .32G(8) 

1.:347(9) 
1.386( 10) 
1.385(9) 
1 .:<68(9) 
1.331(9) 

1.372( 10) 
1.361( 11) 

1.682( 10) 

1.372(8) 

1.125(9) 

c2c-c:3c 
c3c-c4c 
C4C-C5C 
C5C-C6C 
C6C-Cl3C 
CW- C11 c 
C6C-C7C 
C.!7C-C8C 
CUC-C9C 
C9C-Cl2C 
CS<:-CIIC 
C9C-C10C> 
CllC-C10C 
C12C.'-C13C 
Cl.IC-015C 
C14C-016C 
0 1 6CP c 1 7c 
CliC-C22C 
C17C-C 18C 
c 1 8C-Cl9C 
c:19c-c20c 
c20c:-c23c 
c2oc-c21 c 
C21C-C22C 
C2:3C-h24C 
N24C-S25C 

1.315(14) 
1.58(2) 

1.55(2) 
0.947(11) 

1.426 (1 2) 
1.481 (1 3 )  
1.472(12) 

1.521 (10) 
1.481 (9) 

1.4 93 (1 0) 
1.499( 10) 

1.545(10) 

1.521 (1 0) 

1.520(11) 

1 .193( 9) 
1 .M9(9) 
1.378(8) 

1.357(9) 
1 .359( 10) 

1.:300(11) 

1.104(10) 

1.365( 1 0) 

1.378 ( 1 2) 

1.395(13) 
1.375( 1 2) 

1.655(10) 

C2D-C3D 
C3D-C4D 
C4D-CSD 
CSD-CGD 
CGD-Cl1D 
CGD-C)7D 
C 'GD-Cl2D 
C7D-C8D 
C8D-CYD 
CSD-ClOD 
C9D- C14D 
CDD-C1RD 
CIOD-Cl I D  
c 12D-c 1.K) 
C14D-015D 
C'14D-016D 
01 6D-C 17D 
('17D-C22D 
Cl7D-Cl8D 
C18D-Cl9L) 
('19D-C20D 
C20D-CZ3D 
C20D-C21 D 
('21 D-C22D 

N24D-S25D 
C23D-NZ4L) 

1 :1X:i(Xj 
1.531 (8) 
1.531(&) 

1.48X(8) 
1.513(8) 
1.53(8)  
1 .5XI(R) 
1.531 ( 8 )  
1 .5ozj8) 

1.534 ( 8 )  
1.556(8) 

1.209(7) 
1.3:3H(X) 
1.372(8) 
1 .:3:3:3 (9) 
1 . 9 f 2 ( 9 )  
1.378(9) 
1.385(9j 

1.52i(8j 

1.523( 9) 

1547( i )  

1.334(1 U )  
1.365(!)) 

1.41 9( 10) 

I ,fill()( 10)  
1 .15S( 9) 
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Table 3: Bond angles of non-hydrogens. 

Atoms Angle(") Atoms Angle(") Atorris Angle(") 
(':ri\-C2.4-C1,4 116.8(10) C14B-CSB-ClJB 109.7(6) C22C-Cl7C-Cl8C 118.6(8) 
(.'2;2-C:IA-C4A 
C5A- C4A- C3A 
(24.4- C5A- C6 A 
C5A-CGA-CllA 
C5A-CGA-ClZA 
C'llA-(lfiA-C12A 
C5.4-C6A-C7A 
C:l lA-C:6A-C7A 
CI2A-C6A-C7A 
C'fiA-C7A-C8.4 
C11A-C8A-C7A 
C 13A-CXIA-C 14A 
(21 :3A-CYlA-C8A 
C14A-CSA-C8A 
CIYA-C9A-ClOA 
C13rl-C9L4-C10A 
CF/\-C9/\-Cl OA 
( ' I  Ir\-ClOA-C9A 
Cfi.&CllA-ClOA 

CSA-C1:3A-C12A 
0 15A-C14A-0 16A 

(-'1:{.4-C12A-C6.4 

0 15A-C 1 4A- C9A 
016A-CI4A-CS)A 
C14A-016A-CI7A 
C1 8/\-{;17A-C22i\ 
(.' 18h-  C 1 7.4-0 16A 
C22/42-C17A-O16A 
Cl9.4-C18A-C 17A 
C'1 8.4-C',1 9A-C20A 
(_'23A- C20A-C2 1 A 
C:2:L4-C20A-C19A 
(.:21A-CSOA-CI !)A 
C:2'2A-C21 A-C20A 
C'21/~-<',22A-C17.4 
N 2.1 A- C23.4- C20A 
( '2':I;\-N24A-S25A 
C:l13-C2B-C9R 
C:-IB-C9R-CSB 
C.3B-C4B-C5B 
(XR-CSB-CGB 
Cl2B-C:fjB-CllB 
C1 2R-C6B-C5B 
Cl lB-CtiB-C5B 
C:l 2B-C6B-C7B 
Cl 1 R-C6B-C7I3 

CXR-C7B-CGB 
C7B-CXB-CSB 

C5B-CXB-C'iB 

120.3(9) 

121.0(8) 
118.7(9) 

109.5(8) 
115.2(8) 
109.7(7) 
1 12.4 (7) 
103.5(7) 
105.8(7) 
112.3(6) 

1 1 1 .I (8) 
1 0 9.3 (7) 
11 1.4(7) 
11 1.8(7) 
106.9(7) 
106.2( 6) 
107.5(6) 
114.5(7) 

110.7(7) 

lOX.2(6) 

112.3(6) 

1 23 .O( 9) 
123.1 (1 1 ) 
113.9(9) 

119.7(8) 
121.8(8) 

119.4(7) 

1 18.5 (9) 
120.1(8) 
12:3.6(9) 

126.3( 10) 

123.4(9) 

120.1 (1 1)  

1 lXG(9) 

119.G(8) 
169.6(12) 

177.7(9) 
120.9(8) 
119.1(7) 
117.1(6) 

1 O6.7( 6) 
117.3(6j 

109.8(6) 
113.3(6) 
107.9(6) 
107.4(6) 
11 1.6(G) 
11 1.8(5) 
109.3(5) 

CIOB-CSB-Cl3B 
C14B-C9B-C8B 
ClOB-CSB-C8B 
Cl3B-C9B-C8B 
C9B-CIOB-C~llB 
C6B-CllB-CIOB 
C6B-CI2B-Cl3B 
CSB-CI3B-Cl2B 
0 1 5B- C14B- 0 1 6B 

0 1  6B-Cl4B-CSB 
015B-Cl4B-CSB 

C14B-0 16B-Cl7B 
C22B-Cl7B-016B 
C22B-Cl7B-Cl8B 
016B-Cl7B-Cl813 
C19R-Cl8B-Cl7B 
C20B-Cl9B-Cl8B 

C23B-C20B-C21 B 
C1 SB-CZOB-CZlB 

C17B-C22B-C21 B 
N24B-C23B-C20B 
C23B-N24B-S25B 
CXGC2CClC 
c2cC:3<:-C3C 
C5CC4C-C3C 
C4CC5C-C6C 
c 1  3c-CGC- c 1 1 C 
C13C-C6C-C7C 
C1 lC-CGC-C7C 
C13C-C6C-C5C 
c1 lc-cGc-Csc: 
C7CC6C-CK 
C6clrC7C-C:8C 
C9CC8C-C7C 
C12C-C9C-Cl-IC 
C12C-CSC-Cl oc 
Cl4C-C9C-<llOC 
C12C-CSC-C8C 
C14(:-C9(:-C8c 
C1oc-c9C-c8C 
C6C-C:ll C-CIOC 
c9CI-cloC-CllC 
C9c-c12(:-C13C 
c6c-C1:3C-C12C 
0 1 5C-Cl4C-016C 
0 15C-CI4C-CI3C 
01 6C-C14(:-CSC 

C'2:3B-C20B-C19B 

C22B-C21B-C20B 

107.6(6) 
109.q 6) 
109.6(6) 
109.4(6) 
110.4(6) 
110.9(6) 
115.0(6) 
107.1 (6) 
11 8.8(8) 
1 27.5( 8) 
113.7(8) 
ll9.0(6) 

122.q 11) 
1 19.1 (8) 

120.2(8) 

1 18.0( 10) 
118.9(8) 

119.0(11) 
120.4( 1 I)  

120.6(8) 
11 8.1 (9) 

156.5(12) 
175.9(9) 

1 18.9( 1 5 )  

138.4 (26) 
1 04.9( 10) 

105.3 (9) 
108.2(11) 

116.5( 10) 

123.0(9) 

121 .3( 14) 

133.1(25) 

11 1.2(12) 

110.2(12) 

112.9(8) 
109.8(7) 

1 08.1 (8) 

111.0(8) 

108.3(8) 

114.1(8) 
105.9(8) 

109.0(8) 

1 08.2 (8) 
114.7(9) 

1 1 0.6 (8) 
1 12.4 (9) 
119.9(9) 

1 2 7 4  10) 
112.0(9) 

C22C-Cl7C-016C 
C18C:-C17C-O16C 
C 17C-Cl8C-C:lSC 
C20C-C19C-C18C 
C 23 C- C 20C- C 1 9C 
C23(:-C2oc-C21 C 
C 19C- C20C-C21 C 
C22C-C21C-C20C 
C17C-C22C-C21 C 
N24C-C23C-C20C 
C23C-N24C-S25C 
CBD-C2D-C1 D 
C2D-C3D-C4D 
C3D-C4L)-C5L) 

C1 1D-CGD-C7D 
C1 lD-CAD-C5II 
C7D-C6D-C50 
C11 D-CGD-C1 2D 
C7D-CGD-C 12D 
C5D-CGD-C 14D 
CGD-C7T>-CXD 
C9D-C8D-C7D 
ClOD-CSD-Cl4D 
ClOD-C9D-CXD 
C14D-CgD-CSD 
ClOD-C9D-C1:3D 
C14D-CSD-Cl3D 
C8D-CSD-CIYD 
CSD-ClOD-Cl1D 
C6D-C11D-ClOD 
CGD-C 1 2D- C 1 3D 
CYD-C13L)-Cl 2D 
01 5D-C14D-0 16D 
015L)-C11D-C3D 
016D-C14D-C9D 
C14D-016D-CI7D 
<>22D-C17D-C18D 
C22D-CI7D-016D 
C18D-Cl7D-016D 
C17D-Cl8D-ClYD 
C1 XD-C19D-C2OD 
C23D-C20D-C21 D 
C23D-C20D-C19D 
C21 D-C2OL)-Cl9D 
C20D-C21 D-C22U 
C17D-C22D-C21 D 
N24D-C23D-C20D 
C23D-N24D-S25D 

CGD-C5D-C4D 

(:14B-C!)B-CIOB 110.7(6) C14C-Ol6C-Cl7C 118.5(6) 

120.3(9) 
I 21 .0( 10) 

11 9.9(11) 
123.q 14) 

119.:3(10) 

121.7(9) 
I G2.9( 10) 

121.8(9) 

1 17.1 (1 5) 

118.7(9) 

175.2(9) 
1 13.8 (7) 
11 5.8(6) 

1 16.3(5) 
108.7(G) 
11 1.1 (fj)  

115.0(6) 

108.1 (fi) 
1 08.4 (6) 
107.3(6) 
113.2(6) 
1 11.6(6) 

I13.0(7) 
109.9(5) 

109.1(6) 
1 1 1.1(6) 
109.8(5) 
106.9(6) 
1 06.7( 5) 
109.9(6) 
1 1 1.5( 6) 
110.9(6) 
1 09.7(6j 
121.9(7) 
122.1(8) 
11 6.0(7) 
1 l(;.:qfi) 
11 9.5(8) 
1 29.6 (9) 

1 16.5( 10) 
12 1.5(8) 
118.2(8) 

120.4(11) 
I17.7(11) 
121.7(8) 

122.0(9) 
158.7(12) 
1 72.9( 9) 

1 l6.9(8) 
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