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SUPPORTING INFORMATION

IR and mass spectral data: o ’
(+)-12: IR (CH,Cl,) 3438, 1775, 1681; EIMS: m/z (relative intensity) 336 (M+2)*, 3), 334 (M,
3), 132 (100), 117 (61), 115 (34), 91 (21). _ ' :
allyl ether of 6a: IR (CHCl,) 2045, 2920, 2860, 1615, 1605, 1590, 1485, 1460, 1440, 1410,

1370, 1325, 1250, 1160, 1110, 1020, 980, 930, 890, 850; UV A (emax) 231 (11837), 287 (5178), 297

(5167); EIMS m/z (relative intensity) 357 (M+, 15), 356 (60), 316 (10), 315 (30),'284 (15), 283 (50),
268 (10), 255 (15), 252 (20), 151 (10), 69 (20). ) :
(+)-16: IR (CHC,) 3535, 3030, 2945, 2920, 2830, 1620, 1600, 1455, 1430, 1325, 1245,

1150, 1135, 1105, 1020, 1000, 930, 850, 820; UV A (emax) 241 (8383), 288 (5819), 304 (6340); EIMS

m/z (relative intensity) 357 (M+, 20), 356 (85), 341 (15), 205 (25), 203 (30), 192 (75), 187 (25), 173
(75), 165 (25), 151 (60), 115 (20), 91 (20), 84 (50), 69 (25). .

(-)-24: IR (CH,Cl,) 2944, 2855, 1694, 1655, 1604, 1513, 1463, 1365, 1192, 1118, 1068,
1035, 1006, 857, 833; EIMS: m/z (relative intensity) 312 (M*,2), 174 (100), 173 (33), 143 (24), 69
24). _ ' ' _
(-)-26: IR (CH,Cl,) 2946, 2848, 1693, 1654, 1603, 1513, 1462, 1366, 1224, 1184, 1118,
1068, 1035, 1007, 858, 834; EIMS: m/z (relative intensity) 326 (M*, 2), 188 (100), 160 (30), 159 (24),
69 (23), 49 (28). o ' ‘

(-)-29: IR (CH,Cl,) 2930, 1694, 1660, 1601, 1513, 1459, 1358, 1252, 1162, 799; EIMS: m/z
(relative intensity) 340 (M+, 2), 202 (71), 174 (33), 86 (28), 84 (47), 51 (26), 49 (100).

(3aR,3bR,75,7aR,7bS )-7-hydroxy-6-methoxy-7b-(4—methoxyphenyl)- 1,2,3, 3a,3b,7,7a,7b-
0ctahydro-cyclopenta[3,4]cyclobuta—[1,2]benzen~4~one: IR (CHCI,) 3432, 2989, 2901, 1621, 1510,
1459, 1367, 1297, 1111, 1002, 948, 871; EIMS m/z (relative intensity) 314 (M*, 0.2), 198 (3), 174
(100), 159 (13), 143 (18), 84 (19), 49 (31).

. (4S5,4aR,4bR,9aS ,9bR)-4-hydroxy—3—methoxy-4b-[4—methoxyphenyl]-4,4a, 4b,5,6,7,8,9,92,9b-
decahydro—benzo[3,4]cyclobuta[1,2]cyclohe.ptcn-l-one: IR (CHCL,) 3541, 2929, 2854, 1646, 1611,
1510, 1457, 1401, 1372, 1302, 1170, 997, 832. ' '

(-)-32: IR (CHCI,) 3428, 2931, 2856, 1737, 1638, 1606, 1513, 1459, 1397, 1304, 1247, 1180,

111!3, 833: FAB m/z (relative intensity) 540 (M*, 100), 542 (M*+2, 100).
(+)-33: IR (CH,Cl,) 2938, 1738, 1604, 1502, 1336, 1194, 1169, 1137, 1098, 1069, 1033,

1011, 944, 837; EIMS: m/z (relative intensity) 496 (M'+2, 53), 494 (M*, 56), 311 (29), 185 (100), 183
(93), 157 (48), 155 (48), 115 (32), 91 (33), 76 (61), 75 (43), 69 (33), 50 (34), 49 (35).
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EXPERIMENTAL

DATA COLLECTION

A colorless 'needle crystal of C ¢HygBIrO ‘having
approximate dimensions of 0.150 X 0.2&8 X 0.500 mm was

" mounted on a glass fiber. All measurements were made on a
Rigaku. AFCSR diffractometer with graphite monochromated Cu
Ko radiation and a 12KW rotating anode generator.

Cell constants and an orientation matrix for data
collection, obtained from a least-squares refinement using
the setting angles of 25 carefully centered reflections in
the range 58,96 < 28 < 68.55° /corresponded to an
orthorhombic cell with dimensions: '

= 16.251 (1)A
22.854 (2)A
7.7685 (4)A

2885.4 (3)A

<o

For =~ 8 and F.W. = 335.20, the calculated density is 1.543
g/cm”. Based on the systematic absences of:

‘h00: h # 2n
0k0: k # 2n
001: 1 # 2n

and the successful solution and refihemént of the structure,
the space group was determined to be: ‘

P2,2,2; (#19)

The data were collected at a temperature of 23 % 1°C
using the w-20 scan technique to a maximum 28 value of
112.6°. Omega scans of several intense’ reflections, made
prior to data collection, had an average width at
half-height of 0.36° with a take-off angle of 6.0°. Scans of
(1.73 + 0.30 tan 8)° were made at a speed of 32.0°/min (in
omega). The weak reflections (I < 10.00(I)) were rescanned
(maximum of 2 rescans) and the counts were accumulated to
assure good counting statistics. Stationary background
counts were recorded on each side of the reflection. The
ratio of peak counting time to background counting time was
2:1. The diameter of the incident beam collimator was 0.5 mm
and the crystal to detector distance was 285.0 mm.
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DATA REDUCTION

A total of 2225 reflections was collected. The
intensities of three representative reflections which were
measured after every 150 reflections remained constant
throughout data collection indicating crystal and electronic’
stability (no decay correction was applied). '

The linear absorption coefficient for Cu Ke is 39.4
cm_l. An empirical absorption correction, based on azimuthal
scans of several reflections, was applied which resulted in
transmission factors ranging £from 0.72 to 1.00. The data
were corrected for Lorentz and polarization effects.

;

/

STRUCTURE SOLUTION AND REFINEMENT

The structure was solved by direct methods3. "The

non-hydrogen atoms were refined anisotropic lly. The final
cycle of full-matrix least-squares refinement was based on
1981 observed reflections (I > 3.000(I)) and 361 variable
parameters and converged (largest parameter shift was 0.02
times its esd) with unweighted and weighted agreement
factors of:

R =12 [|[Fo| - [Fc|| / I |Fo| = 0.044

2,172

R = [( Zw (|Fo|] - |Fc|)% / I w Fo - 0.066

W

Tge standard deviation of an observation of wunit
weight” was 1.22. The weighting scheme was based on counting
statistics and included a factor (p = 0.10) to dgwnweight
the intense reflections. Plots of I w (|Fo| - |Fc|)” versus
|Fo|, reflection order in data collection, sin /X , and
various classes of indices showed no unusual trends. The.
maximum and minimum peaks on the final_difference Fourier
map corresponded to 0.34 and -0.76 e’/A3, respectively. '

Neutrgl atom scattering factors were taken from Cromer
and aber°. Anomalous dispersion effects were included in
Fcalc’'; the values for 48f’ and Af" were those of Cromer .
All calculations were performed using the ‘TEXSANQ
crystallographic software package of Molecular Structure
Corporation. o
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula
Formula Weight

Crystal Color, ﬁabit
Crystal Dimensions.(mm)
Crystal System

No. Reflections Used for Unit

Cell Determination (26 range)

Omega Scan Peak Width
at Half-height

Lattice Parameters:

Space Group
Z value

Dcalc
Fooo

¥ (CukKa)

C16H15B1 03

©335.20

colorless, needle

1 0.150 X'0.200 X 0.500

 orthorhombic

/ o
25 ( 59.0 - 68.6°)

0.36
a = 16.251 (1)A
b= = 22.854 (2)A

c = 7.7685 (4)A
v = 2885.4 (3)A3
P2,2,2; (#19)
8

: 3
1.543 g/cm
1360

39.41 em t

B. Intensity Measurements

Diffractometer
Radiation"
Temperature

Attenuators

Take-off Angle

Rigaku AFCSR
CuKea (X = 1.54178 A)

23°¢

2r foil

(factors: 4.1, 14.5, 54.4)

6.0°
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Detector Aperture

Crystal to Detector Distance
Scan Type

Scan Rate

Scan Width

max

No. of Reflections Measured

Corrections

C. Structure Solution and

Structure Solution
Refinement

Function Minimized
Least—squareé Weighté
p—-factor

Anomalous Dispersion

No. Observations (I>3.00a(I))
No. Variables ‘
Reflection/Pa;ameter Ratio
Residuals: R; Rw |

Goodness of Fit Indicator

Max Shift/Error in Final Cycle

Maximum Peak in Final Diff. Map

Minimum Peak in Final Diff. Map

T
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6.0 mm horizontal
6.0 mm vertical

40 cn
w-26

32.0°/min (in omega):
(2 rescans)

(1.73 + 0.30 tane)°®

112.6°

Total: 2225

’a TR
Lorentz-polarization
Absorption " ,
_(trans;’factors:_ 0.72 - 1.00)
Refinement

Direct Methods -

Full-matrix least-squares

L w (|Fo| - |Fc|)2

4Fo0l/a% (Fo?)

0.10
All non-hydrogen atoms
1981
361
5.49

0.044; 0.066

1.22

0.02

0.§l<e-/A§
-0.76 e /A
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Positional parameters for crystal-136

atom x Yy ' z
Br(l) 0.69060(6)  0.10001(4)  0.2224(1)
0(1) 0.4157(3) 0.0610(3) 0.522(1)
0(2) 0.5072(4)  0.0760(3) = 0.2360(8)
0(3) 0.6385(4) 10.0220(3) 0i7857(9).._
c(1)  0.5252(5) 0.0889(4) 0.712(1)
c(2) 0.4845(5) - 0.0773(4) 0.539(1)
c(3) 0.5412(5) 0.0835(3)  0.391(1)
c(4) 0.6214(5) 0.0940(3) 0.415(1)
c(5) 0.6557(5) 0.1033(4) = 0.587(1)
c(6) 0.6322(5) 0.1665(3) 0.657(1)
c(7) 0.5469(5) 0.1553(3) 0.745(1)
c(8) 0.6110(5) 0.0632(3) 0.703(1)
c(9) 0.6939(7) 0.1891(5) 0.778(1)
C(10)  0.4814(5) 0.1991(4)  0.704(1)
c(11) 0.4338(5) 0.2253(4) 0.833(1)
c(12) 0.3772(6) 0.2689(4) 0.786(1)
c(13) 0.3660(6) 0.2867(4) 0.624(2)
c(14) 0.4150(7) 10.2625(4) 0.491(2)
C(15) 0.4705(7) 0.2192(4) 0.538(1)
C(16) 0.4375(6) 0.2047(6) 1.013(1)
H(1) 0.4942 0.0720 0.8054
H(2) = 0.7133 0.0965 0.5893
H(3) 0.6255 0.1929 0.5641
H(4) 0.5573 0.1588 0.8653
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Positional parameters for crystal-136

~atom O x o Y o 2
H(5) 0.7029' ©0.1616 0.8663
H(6) | 0.7444' 0.1951 0.7159
H(7) 0.6760 0.2251 0.8236
n(8) 0.3461 0.2876 1 0.8750
H(9) 0.3259 0.3167 0.5970
H(10) 0.4121 0.2763 0.3749
H(11) ~ 0.5028 0.2017 0.4513
H(12)  0.4020 0.2268 1.0807
H(13) 0.4221 0.1642 '1.0158
H(14)  0.4928 0.2080 1.0531
H(O) 0.4602 0.0585 0.2199
Br(l%) 0.25372(6)  0.14325(4)  0.2561(1)
O(1*) 0.1289(3)  -0.0167(2) 0.6318(9)
0(2+*) 0.1748(4) 0.0240(2) 0.3247(8)
0(3%) 0.3166(3) 0.1017(2) 0.8415(7)
C(1%) 0.1756(4)  0.0673(3) 0.793(1)
C(2%) 0.1599(4)  0.0316(3) 0.636(1)
c(3%) 0.1862(4) 0.0571(3) 0.466(1)
C(4*) 0.2194(4) . 0.1105(3) 0.463(1)
C(5%) 0.2280(5) 0.1468(3) 0.625(1)
C(6%) 0.1418(4) 0.1689(3) 0.694(1)
C(7*)  0.1138(4)  0.1187(3) 0.817(1)
c(8*) 0.2524(4)  0.1032(3) 0.764(1)
C(9*) 0.1481(6) . 0.2264(4) 0.779(1)
C(10%) 0.0232(4) 0.0995(3) 0.812(1)

fawy
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Positional parameters'for_érysta1—136‘

‘atom ) x Y oz
C(11%) -6,0232(5) 0.0926(4)  0.958(1)
C(12%) -0.1034(6) 0.0741(4) 0.945(2)
C(13%) -0.1396(5)  0.0608(4) 0.797(2)
Cc(14%)  -0.0964(6) .9.0671(5) - 0.646(2)
C(15%) -0.0144(5) 0.0888(4) 0.651(1) -
C(16%)  0.0156(7) 0.1052(6)  1.139(1)
H(15) 1 0.1798 | 0.0433 0.8943
H(16) 0.2665 ~ 0.1783 0.6132
H(17)  0.1044 0.1719 0.5999
H(18) 0.1233 - 0.1333 0.9290
H(19)  0.1849 o.zzzb © 0.8757
£(20) 0.1685 0.2539  0.7027
H(21)  0.0955 0.2369 - 0.8211
H(22)  -0.1334  0.0703  1.0492
H(23) - -0.1948 0.0473 - 0.7968
H(24)  -0.1209  0.0569 0.5392
H(25) 0.0142 0.0960 . 0.5461
H(26)  0.0610 ~  0.0784 1.1555
H(27) 0.0345  0.1436 1.1449
H(28)  -0.0243 0.0976. 1.2255
H(O*) 0.1534 ~0.0174 0.3735
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Intramolecular Distances

atom atom distance atom atom _distance
BRI  c4  1.874(8) Cc11 c16 . 1.48(2)
01 c2 S o1.19(1) c12  c13 - 1.34(2)
02 C3 1.33(1) . c12  H8 - 0.959
02 HO 0.873 S c13 cl4 1.42(2)
03 of: 1.22(1) . c13 9 © 0.968
c1 c2 1.52(1) | S c14 15 1.39(1)
ct ¢ 1.58(1) © c14  HIO  0.958
c1 cs 1.51(1) cls  ELL  0.945
c1 H1 ©0.961 cl6 - H12 . 0.928
c2 c3 Co1.48(1) c16  H13 0.959
- c3 c4 1.34(1) ci6  Hl4 0.952
c4 ¢5 1.47(1) . BRl*  Cdx 1.858(8)
c5 c6 1.59(1) o1*  C2* 1.213(9)
cs c8 1.48(1) o2+ c3x 1.344(9)
cs H2 0.949 02%*  HO* 1.077
cé c7 - 1.57(1) » 03+ cax 1.205(8)
cé co 1.47(1$ | Ccix c2x 1.49(1)
c6 =3 0.947 Ccix T 1.56(1)
c7 c10 1.49(1) - cix  c8* 1.51(1)
c7 H4 0.955 B ci*  HIS = 0.959
c9 HS 0.942 c2x o c3+ 1.51(1)
- C9  H6 © 0.961 ) _ C3* c4*  1.34(1)
c9 H7  © 0.943 c4*  C5% 1.51(1)
clo ci1 1.40(1) 5% c6x . 1.58(1)
ci0  c15 1.38(1) c5% c8*  1.52(1)
c11  c12 C1.40(1) .~ ¢5%  H16 © 0.957

Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.:
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Intramolecular Distances ‘ - (cont)
atom atom distance | atom atom distance
C6* c7* . 1.56(1)

C6* C9* 1.47(1)

cé*  H17  0.952

c7*  Cclo* 1.54(1)

c7*  H18  -0.945 )

c9*  H19 0.964

Co* H20 0.927 B

cox - m21 0.946 ’

Cl0*  Cll* 1.37(1)

Cl0*  Cl5* 1.42(1)

Cli*  Cl2* 1.37(1)

Cll*  Cl6* 1.57(2)

Cl2*  C13* 1.32(2)

Cl2*  H22 0.950

Cl3*  Cl4* 1.38(2)

C13*  H23 0.949

Cl4*  C15% 1.42(1)

Cl4*  H24 0.948

C15%  H25 © 0.951

Cl6* H26  0.966

cié* ®27 0.9 | .
Cl6*  H28 0.948 |

Distances are in angstroms. Estimated standard deviations in
the least significant figure are given in parentheses.

I
/3%51'(:
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" Intramolecular Bond Angles

atom atom | étom angle | _ atom atoﬁ> atom; ahgle
c3 02 HO 123.38 c7 c6 H3 109.44
c2 c1 c7 113.8(7) c9 c6  H3 ©110.03
c2 c1 c8 106.9(7)  c1  CT 6 o ‘106.6(6)
c2 c1 Hl 111.60  ci ¢1 clo  116.8(6)
c7 ~c1 - c8 £100.0(6) 1 c1 . m © 105.90
7 cl HL 112.54 6 1 cl0  115.5(6)
c8 c1 Hl  111.28 c6 c1 - Hd 104.93
o1 c2 ¢l 124(1) 10 ¢ He - 105.96
o1 c2 .c3  122(1) 03 c8 cL 127.6(8)
ct - c2 c3 113.6(7) 03 c8 s 128.1(8)
02 c3 c2 . 11s.6(1). ¢l 8¢5 104.1(7)
02 c3 c4 123.3(8)  C6 c9 HS 109.73
c2 c3 ca  121.1(8) C6 c9 H6  108.29
BR1 c4 " c3 119.2(7) cé co  H7 109.68
BRL - C4 cs 119.2(5)  HS c9 H6 109.20
c3 ca  c5 121.5(8) H5 €9 7 110.77
c4 5  C6 110.6(7) H6 co  ®7  109.12
c4 cs  cs8  106.2(T)  cT cio  ci1 122.1(9)
c4 5 H2 ~ 111.51 c7 c10 . cis 120.6(8)
cé c5 c8 103.7(7) €l cl0 - C15 117.2(8)
c6 cs H2 ©112.44 c10  cll  cl2 118.4(9)
8 c5  H2  111.92 clo cll cls  121(1)
c5 c6 = C7 ©102.3(6) ci2  cll  clé 120.2(9)
cs 6 co  111.9(8) c11 ciz  c13 123.6(9)
cs c6 H3 . 110.34 c11 ciz ®s  118.18
7 c6 9 112.6(8) €13 cl2  H8 118.19

Angles are in degrees.’ Estimated standard deviations in the least
significant figure are given in parentheses.
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Intramolecular Bond Ahgles | . ﬁ (éont)
- atom atom atom angle atém_’ atom atom  angle
c12  c13  cl4  119.4(9) 02¢  c3*  c4x  123.9(T)
ciz  ci3  HY 120.71  c2+  cix cdw 118.9(7)
ci4 €13 aé 119.89 ~ BRL*  C4* €3+ 120.2(6)
c13  cla c15  117(1) BRI+ C4x  C5+  118.1(5)
c13 cl4 H10 121.96 "C3*" cax cS5*  121.7(7)
C15 cl4  HLO 121.10 car  cs%  c6* 112.1(6)
cio  c15  cld4 124.5(9) . C4*  C5%  CB* ' 104.8(6)
ci0  c15  Hll 117.23 car  c5+  H16 113.23
c14 ci5  Hll 118.27 c6% 5% CB* 101.4(6)
c11  cl6  H12 109.50 c6x €5« Hi6 | 111.73
c11  c16  H13 108.32 cex  C5%  H16 112.83
c11  cls  H1d 108.74 C5% _ C6%  CTx 103.4(6)
wi2  clé  ®13  110.53  C5%  C6%  C9* 112.1(6)
H12  Cl6  Hl4 111.18  C5%  C6%  HLT  109.09
H13  Cl6  H14 108.52 S ¢7%+ Cce*  c9%  113.5(7)
c3*x  02%  HO* Jo4.64 7% cé%  HLT 109.60
c2x  Cl* . CT* 113.5(6) cox  c6*  HIT  109.01
c2*  Cclx  Cc8* 108.3(6)  Clx  CT+  C6%  107.1(6)
c2+  cix  HIS ~ 111.72 c1+ c7+  clox  113.6(6)
c7%*  Cclx 8% 98.1(6)  clx  C7»  H18 105.69
c7*  cix  H1S 112.42 c6* 7%  clox  118.4(6)
c8x  clx  HI5S  111.94 ce+  CTx  HI8 . 104.72
ol*  C2%  Cl* '126.1(7)  Clo* C7«  HI8  106.24
ol* c2* c3* - 116.6(8) 03% cax clx* . 128.6(7)
cix  c2%  c3*  117.3(6) O3%  C8x c5x  126.8(6)
02%  C3%x  C2% 117.2(6)  Cl*x  c8%  C5* 104.3(5)

Angles are in degrees. Estimated standard dev1at10ns in the least
slgnlflcant figure are glven in parentheses.
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Intramolecular Bond Angles ' ' _ (cont)
-\atom atom" aiﬁm | angle atom atom 4atom 'angle

cé* c9*  H19 107.51 -l c16« H28  109.14
cex  c9x  m20  109.92 26  cléx H27  109.75

cex  cox  m2l  108.56  H26  Clé 28 108.27

H19  C9* | H20 110.21 ‘H27  Cl6* H28 111.29
‘ml9  c9%  H21  108.66 o

H20  C9%  H2l ~ 111.86

c7%  ClO* ci1x  122.9(8) iy

c7*  cl0*  C15* - 118.9(7)
c11*+  clo*  ci5%  118.2(7)
clo%  clls clax . 120(1)
Cl0% Cll*  CL6* 119.9(8)
c12% Cll* Cl6*  120.0(9)
Ccl1* C€l2% C13*  124(1)
cli* - Cci2* H22  117.05
c13x cl2%  H22  119.33
cl2%  C13% Cl4*  119.4(8)
Cl2+ c13%  H23 119.83
cl4+  cl3* - H23  120.81
Cl13*  clax  cl5x  119.4(9)
Ccl13%* cla* H24  120.49
ci5+  cld4+ H24 . 120.14
cl0%  C15%  Cl4*  119.2(9)

cl0%* C€15% H25  121.03
c14+  clsx - H25 - 119.77
cllx Cl6* H26  107.94
cll* Cl16+ = H27 . - 110.37

Angles are in degrees.. Estimated standard deviations in the least

significant figure are given in parentheses. E

30
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Torsion -or Conformation Angles-

(1)
BR1
BR1
 BR1
‘BR1
01
o1
0ol
o1
02
02
>O3
03
03
03
Cl
Cc1
Cl
o |
c1
Cc1l
Ccl
c2
c2
Cc2
c2

C3

- C2

(2) (3)
c4a C3
c4 c3
ca c5
c4 1:c5
c1
c2  c1
2 c3
c2 3
'3 c2
c3 c4
cs c1
c8 ci
c8 €5
ca' c5
c2 c3
c7  cé6
c7 C6
c7  c10
c1 clo
c8 C5
c8 ¢C5
c1 c7
cL c71
cTL  cs
c3 c4.
c2

Cl

(4) angle

02 1(1)
c2.  178.9(6)
c6 102.5(7)
8 -145.5(5)
c7 ~114(1)
c8  136.8(9)

02 o 8(1) -
c4  -170.5(9)
1 -177.4(8)
cs -178.5(7)
cz -114(1)

c7 127.0(9)
c4 116.1(9)
6  -127.2(9)
c4 5(1)

e _2.8(8)
co - -123.1(8).

c11  102.3(9)

c1s  -83(1)
ca -70.0(8)
cé 46.6(8)
c6  -84.3(8)
cio  47(1)
cs 71.9(8)
5 —4(1)
c7 - 71.3(9)

(2)

(1)
3 c2
3 c4

c3  c4

¢4 C5
c4 c5
s c6
cs  C8 -
' 7

c6 - C7
6 CcT1

c6 7

c7 6

c7 clo0

c7 clo
¢7  clo
cs ci1
8 C5
c9 cé6
clo cil
10 ci15
c11 c1o0
c11 c12
c12 cli1
c12 c13
c13 ci2
c15 clo

BR1* C4~*

(3)

cl

C5

s

cé
cé
c7

cl

"C1
C10
c10

C5.

Cli -

Cll
Cl5
c7

Cc6

c7
c12

C14

Cl5

Cl3.
cio
Cl4

Cll1

c11

C3*

(4)
cs8

c6
cs -
c7

c9

' C10

c7
ce.
Cll
C15

.C8

Cl2

Clé

c14
c10

c9
Clo0
C1l3

Cl13

c14
c14
c15
c15
c16
C16

02+

- angle
-38.1(9)
~75(1)
37(1)
87.6(7)

~151.6(8)
-134.4(7)

-46.9(8)
29.3(9)
-131.1(8)
43(1)
~25.9(8)
175.8(7)
-9(1)
-175.6(8)
160.3(8)
94.9(8)
105.3(8)
o 0(1)
-1(2)
~1(1)
~2(2)
1(1)

2(2)
~175(1)
177(1)
0(1)

The sign is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.
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Torsibn or Conformation Angles : ‘ (cont)
(1) (2) (3) (4  angle (1) (2) (3) (4)  angle
BRL* Cdx 3%+ €2+  179.3(5)  C3* CA* C5¢ C6%  -70.0(9)
BR1* Cd* C5% C6*  108.1(6) C3% C4* C5+ CB* 39.1(9)
BRL* C4* C5% C8% -142.8(5)  Cd* C5% C6% CT% 89.5(7)
Ol%* 2% Cl* C7+ -104.5(8) C4* C5% - C6* cox -147.9(7)
Ol* C2¢ Clx C8%  147.7(7) ~  C5% C6% CT* ClO* -138.3(7)
olx C2¢ C3x o02¢  -1.5(9)  C5% C8% .Cl* CT*+  -50.3(7)
Ol* (C2% C3* C4x  178.9(6) C6* CT* c1 c8*x  35.1(8)
02+ C3% c2% Cclx  177.6(6) | céx CT* Clo* clix -131.9(8)
02¢ C3% c4% c5+  177.8(7)  C6% CT* ClO* Cl5+ 48(1)
03%* C8% Cl* C2* -117.6(8) C7% C6%* C5% 8%  -21.8(7)
03% 8% Clx CT+  124.2(8) c7+  clo+ Cllx cl2% -178.7(8)
03* éa* C5% C4* -~ 114.8(8) B C7* C1l0* Cll* Cl6* 1(1)
03* 8% C5% C6* -128.5(7) 7+ ClO* Cl5% Cld*  175.7(8)
Cl* C2% C3* Cd4%  -2.0(9) 8% Cl* C7+ Cl0% 167.8(6)
c1¥ C7* C6% C5% -8.3(8) C8% C5% C6% C9* 100.8(8)
Cl* C7* c6%x 9% =-129.9(7) C9* C6% C7* ClO*  100.0(8)
Cl* 7% Cl0% Cll*  101.1(9)  CLO% Cll* cl2* C13*  2(1)
Cl* 7% clo% Cl5%  -79.3(9)  Cl0% Cl5% Cl4* cl3* - 5(2)
Cl* 8% 5% c4* - -70.5(7) clix c10* c15* cl4* . -5(1)
Cl* C8% C5% C6*  46.2(7) | Cll* Cl2% C13% Cl4» —2(2)
C2% Cl*x C7* c6%x  =79.0(7) C12% Cll* Cl0% C15% 2(1)
c2* Cl* c7+¢ Clo*  53.6(9) Cl2% C13% Cld* C15%  -1(2)
C2% Cl* cB* CS5¢  67.8(7) C13% Cl2* Cll% Cl6%  -178(1)
C2% C3* C4* C5%+ . =3(1)  C15% Cl0% Cll* Cl6*  -179(1)
€3% Cc2%# cl* CT*  76.6(8) -

C3* C2* Cl* C8*%  -31.3(8)

The sign is positivebif when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.

374¢




