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Table 2. Anisofropic Displacement Parameters (continued)

atom

C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
C(20)
C(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c@7)
C(28)

U4

0.020(5) |

0.033(6)
0.041(7)
0.041(7)

0.041(7)

0.050(7)

0.044(7)

0.020(7)

0.018(7)

0.020(7)
0.033(9)
0.031(7)

0.018(6)

0.037(9)

0.0243

U2z
0.021(6)
0.024(6)
0.036(7)

0.043(7)

0.042(7)
0.033(7)
0.024(7)
0.027(6)
0.021(6)
0.036(7)
0.069(10)
0.079(10)
0.070(9)
0.29(3)

0.0196

Uss
0.023(7)
0.023(6)
0.019(6)

0.026(7)

10.009(6)

10.026(6)

0.033(7)
0.036(8)

0.063(8)

10.080(10)

0.056(10)

0.055(8)

0.044(8)

0.10(1)
0.0432

The general temperature factor expression:
exp(-2n2(a*2U11h2 + b*2Ugok?2 + c*2U3312 + 2a*b*U12hk +2a* c*U13h! + 2b*c*Us3kl))

-0.003(6)

Uiz

~ 0.005(5)

0.003(5)
-0.020(6)
-0.015(6)

7

-0.006(6)

-0.008(6)
£ 0.009(5)

0.001(5)

0.000(6)

-0.004(7)

0.010(7)

-0.006(6)

0.014(13) -

0.0132

Uq3
0.013(6)

-0.001(5)

-0.001(5)

0.000(5)

6.011(5)'

- 0.020(6)

0.015(6) -

0.009(6)
0.019(6)
0.025(7)
0.015(7)
0.002(7)
0.002(6)
-0.022(10)

-0.0079

Uzs

0.001(6)

| O_.oo4(6)

-0.001(6)
-0.011(7)
—0.009(5)»
-0.004(6)
-0.001(6)
0.005(6)
-0.005(6)
0.007(8)

0.031(8)

10.016(8)

0.013(8)

10.09(2)

-~ -0.0120




© 1999 American Chemical Society, J. Org..Chem., Engle'r j0982164s Supporting Info Page 82

Table 3. Bond Lengfhs(A) |

atom
Br(1)
o(1)
0(3)
0(4)
0(5)
N(1)
C(1)
c(1)
c(2)
c@3)
C(3)
C(4)
C(5)
c(5)
C(6)
c(7)
c(7)
Cc(8)
=6}
C(10)

atom
C(18)
C(14)

C(24)

(1)

C(28)
C(15)

@)

H(17)
C(10)

C(4)

c(21) |

H(18)
C(6)
H(21)
H(5)
Cc(8)
H(23)
H(24)
C(10)

c(11)

distance

1.888(10).

1.358(12)

1.37(2)
1.230(13)

1.437(12)

-1.423(13)

1.51(1)
0.95
1.54(2)
1.57(1)
1.57(2)
0.95
1.50(2)
0.95
0.95

1.50(2)

- 0.95

-~ .0.95

1.56(1)

1.50(2)

atom

o1y

O@2)

O(3)

| O(5)

distance
1.417(12)
1.209(12)
1 42(2)
1.348(12)
1.364(13)
0.95
1.52(1) -
1.57(1)
0.95
1.50(1)
1.52(2)
0.95

0.95
1.56(2)
0.95

0.95
1.54(2)

0.95

0.95

- 0.95
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Table 3. Bond Lengths(A) (continued)

atom atom distance‘- : ~ atom atom diétance.v
c(1)  C(12) 1.48(2) ci2) c(13) 1.34(1)
C(12)  H@EO) 095 | )  c(16) 137(2)
c(15)  C@0) 1382 cie) - c(n) 1.37(2)
c(16)  HE@) 0.95 cuny o) 1.36(2)
c(17) H@7) 095 cusy c(e) 1.41(2)
c(19)  C(20) 137(2) | C(19)  H@8) 095
C@20)  H(29) 0.95 | cel)  c(22) 1.42(2)
c21)  C@6)  1352)  C@2)  C@3) 1.36(2)
C(22) H@0) 095 e ced)  1.3202)
C(23)  H(©) 0.95 c(24) C(25) 1.40@2)
C25)  C@B)  145Q) ey CHE) 095 o
cEs)  H) 0.95 | c(27) H(14) 0.95
ceny  H(1s) 095 c@n) H(e) 0.95
C(28) HE1) 095 c(28)  H(12) 0.95
C28) - H(13) ooss |
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Table 4. Bond Angles(°)

atom atom  atom angle  atom  atom ~ atom iéngle
c(1) O()  C(14) ’114.6(7) C4) O@3) C(27) 119.6(11). -
c(13) O(B) C(8) 11758)  C(14) N({1) . C(15) ‘126.8(9)’- o
C(14) N(1)  H(1) 1166 c(5)  N()  H() ‘116.6
o1) c()y c@  1114® oM 9(1) C(13)  109.8(8)
o) C()  H(17y 1077 c2) C()  Cc(13)  112.2(8)
ce) C() H(17) 1077 c{3) Cc()  HAT) 1077
cty C@) c@  12638)  C() CR ~ c10) 1162()
c(1) | C(2) H@EB) 1080 C@3) C(  C(10)  89.4(8)
S c@) C@@  HE) 108.0 C(10) C(2) H(3) 1080
c) C@B) C@  1166(8) cR) C@B  CO = 90.2(8)
C@2) C@) C(1)  109.8(8) c4) €@  CO 115509
C@4) C@) C@1)  107.008) c@ C@B)  C@1) 11749
c(3) C@)  C() 114.2(9) c@) C@4)  H(1s) 1083
c(3) C@) H(19) 1083 C(5) C@)  H(18) 1083
C(5)  C{4) H(19) 1083 H(18) C@)  H(19) 1095

C4) C() C®E)  1170(10)  C@4)  C(B)  H@0)  107.6
C@4) C(B) HE1) 1076 c®e) C(B)  HE@0) 1076
c6) C() H@1) 1076 HEO) C(B)  HER1) 1095
c5) C6) C)  116810)  C() CE)  HE) 1078

) c(5) C(6) H(6) 107.6 C(m  C(6) H(5) — 107.6
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Table 4. Bond Angles(©) (continued)

atom atom  atom | _anéle ’ atom atom atom angle
cny ce)  HE) 1076 He)  C6)  HE) 1005
ce) C7)  C@E  1126(10)  CE) C7)  H@2) 1087
c6) C7) H@3) 1087 L@ om  H@2) 1087
c® C@) HE@3) 1087 H@2) C7)  HE@3) 1095

| » i | |
c7) €@ <9 115.2(10) C(7) C@®)  HE4) 1080

c(7) C@®) HE5) 1080 ce)- C@ HR4) 1080
CO C@8) H@5) 1080 H@4) C®)  H@5) 1095
c@3) C@O C@B)  1206(9) c@ O  CH0)  909()
c(3) C@ H@ 1090 ¢ CO  C(10)  116.9(9)
c@8) CO) H@4) 1090 C(0) C@  H@) 1090
c2) C(10) C(O)  83.0(7) c2) C(o)  C(11) . 117.3(9)
c2) ©C{0) HEe) 1115 CO  C10)  C(11)  1143(9)
CO C(10) H(26) 1115 C(11) C(10)  H(26) 1115
o@4) C(11)  C(10) 1216(9) o@) C(1) C(12)  119.4(9)
CH0) C(1) C(12)  118.9(9) o) cH2)  c(13)  120.4(10)
C(1) C(12) H@0) 1198 C(3) C(12)  HEO) 1198
o5) C(13) C(1)  111.6(8) o) C{3) C(12)  124.8(9)
C)  C(13) C(12) 12339  O() C(14) 0@  1246()
o) C(4) N(1)  1004@)  O@  C(14) N 126009)
N(1) C(5) C(16)  117.4(9) N(1) C(15) C(20)  124.0(9)
54
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Table 4. Bond Angles(©) (continued)x

atom atom atom  angle ~ atom atofn atom - angle
c(16) C(15) C(20)  1188(10)  C(15) C(16) c(17)  120.6(10)
c(15) C(6) H@) 1197 ©cdr) c(e)  H@) . 1197
C(16) C(17) C(18)  120.4(11) c(16) ©(7)  H@7) 1198
c(18) C(17)  H(27) 1198 Br(1)‘_ ‘C.(18) C(17)  120.6(8)
Br(1) . C(18) C(19)  118.9(8) c(17) 23(18) C(19)  120.2(10)
C(18) C(19) C(0)  118.1(10)  C(18) c(9) HE8) 1210
C(20) C(‘Ié) H28)  121.0 c(15) C(20)  C(19) 121.8(10)
- C(15) C(20) H(@9)  119.1 C(19) C(0) H(@29)  119.1
c@)  C@1) C(2) 1224(10)  C(@3) c@1) c@s  118.3(9)
C(22) C@1) C@26) 1192(10)  C@1) C@22) C@3)  1182(11)
C(21) C(22) H(10) 120.9 40(23)‘ C(22)  H(10) 1209
C(22) C(23) C(24) 124.7(12) C(22) C(@3) HE) - 1177
C24) C(23) H(©) 77 0@ C@4) C(23) 119;0(i2)
0@) C(4) C@s) 1217(13)  C@3) C24) CR5)  1193(12)

. C(24) C(@5) cC(26)  117.5(12) C(24) C(25) H(@®) 121.2

C(26) C(25) H(8) 121.2 C(21). . C(26) C(25) | 121.0(11)
C(21) C(26) H(@) 1195 C(25) C(26) H(7) 119.5
0@3) C(27) H(14) 109.5 O(3) - C(27) H(15)  109.5
0@3) CQ7) H(16) 1095 H(14) C(27) H(15)  109.5
 H(14) C(7) H(i6) 1095 H(15) C27)  H(E) 1095 |
g&g"_ .

G
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Table 4. Bond Angles(®)  (continued)

atom atom 'atom angle atom atom atom angle

0(5) C(28) H(11) - 109.5 | 0(5) C(28) H(12) 1}09.5

O(5) C(28) | “H(13) 109.5 H(11) C(28) H(12) 109.5

H(11) C(28) H(13) 109.5 “H(12) C(28) H(13) 109.5
y
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Table 5. Tofsion Angles(®)

atom atom atom atom angle atom atom atom atom angle
Br(1) C(18) C(17) C(16) 177.6(9) Br(1) C(18) C(19) C(20) -178.9(9)
o(1) C() C@) C(s) 51.3(12) o() C(1) C(2) C(10) 160.9(8)
o(1) C(1) C(13) O(B) 28.3(11) 0(1) C(1) C€(13) C(12) -158.1(9)
O(1) C{4) N(1) C(15) -179.1(9)  O(2) C(14) O(f) C(1) -8.5(13)

0(2) C(14) N(1) C(15) 3.7(16) O(3) C(24) C(23) C(22) -178.0(12)
0@3) C(24) C(25) C(26) 179.4(13) O(4) C(11) C(10) C(2) 173.8(9)
O@) C(11) C(10) C(9) -840(12)  O@) C(11) C(12) C(13) -167.5(10)
o) C(13) C(1) C@) 152.8(8) o(5) C(13) C(12) C(11) 180.00)
N(1) C(14) O(1) C(1) 176.2(8) N(1) C(15) C(16) C(17) A77.9(10)
N(1) C(156) C(20) C(19) '176.5(10) C(1) C@) C@ C@  9.2(14)
Cc() C@ C@3) CO 12800100 C(1) C@) CE) C21) -1126(10)

c(1) C@) C(10) C(@) -135.3(9) c(t) C@) C(10) C(11) -18.2(13)

C(1) C(13) O(5) C(28) 170.0(8) ~c(l) Cc(13) C(12) C(11) 7.3(15)
C(2) C(1) O(1) C(14) 141.2(8) C(2) C(1) C(13) C(12) -33.6(13)
C2) C@) C@é) C@B) 17399 - C() CE@) C(O) C(@8) -128.0(10)
c(2) c@) C(Q) c(10) -56(7) ~ C(@) C@) C@1) C(22) -127.610)

C(2) C(3) C(21) C(26) 52.8(13) C(2) C(10) C(9) C@) 5.7(8)
C(2) C(10) C(9) C(8) 131.1(9) C(2) C(10) C(11) C(12) -8‘.5'(14) |
C3) C@2) C(1) C(13) -72.3(12)  C(@B) C(2) C(10) CO) -5.5(7)
C(3) | c'(2) c(10) C(11) 111509  C@B) C@4) 0(5) Cc(6) -80.1(12)




Table 5. Torsion Angles(%) (continued)

atom
C@3)
cE)
C(4)
C(4)
C(4)
C(5)
C(5)
c(7)
Cc(8)
Cc(9)
c(9)
C(10)
C(10)
C(13)
C(14)
C(15)
C(16)
c(17)

c@1)

C(22)

atom
C(9)
c(21)
C(3)
C(3)
c(3)

C(4)

- C(6)

C(8)
C(9)
C(3)
C(10)
c(2)
c(11)
c(1)
N(1)
C(20)
c(17)
C(18)

C(26)

C(23)

atom
C(8)
C(22)
C(2)
C(9)
C(21)
C(3)

C(@)

C(9)
c(10)
Cc(21)
c(11)
c(@3)

C(12)
o(1)

C(15)
Cc(19)
Cc(18)

C(19)

C(25)

C(24)

atom
c(7)

C(23)
C(10)
C(10)

C(26)

co)

Cc(8)
C(10)
Cc(11)
C(22)
c(12)
c(21)
c(13)
C(14)
C(20)
c(18)
c(19)
C(20)

C(24)

C(25)

angle
-62.7(13)
179.1(10)
-113.1(9)
114.1(9)
-74.5(13)
69.9(12)
-61.5(15)
171.4(9)
11.5(13)
-26.6(14)
93.7(11)

125.1(8)

14.8(15)

-93.8(9)
-3.8(17)
3.8(17)
2.6(17)

-3.8(17)

-2.5(21)

0.8(21)

atom
c@3)
c(3)
C(4)
C@4)
C(4)

| C(5)

C(6)
Cc(8)
C(9)
C(9)
C(10)
C(10)

C(12)

C(14)
C(15)
C(16)
c(17)

C(21)

- C(22)

C(23)

atom
C(9)
Cc(21)
c@3)
k)
/
C(5)
C(4)
C(7)
c(9)
c(3)
c(3)
c(2)
c(9)
C(13)
N(1)
C(16)
C(15)
C(16)
C(22)

c(21)

C(22)

atom
C(10)
C(26)
C(9)-

C(21)

C(6)
C(3)

c(8)

C(3)

c(2)
c1)
c(1)

c@)
0(5)

c(15)
ci7)
C(20)
c(15)
C(23)
C(26)

c(21)

vatom '
“C(11)
C(25) -

c@®)
C(22)
¢(7)
c(21)
)
c21)
C(10)
C(26)
C(13)
c21)
C(28)
C(16)
c(18)
Cc(19)
C(20)
C(24)
C(25)

C(26)
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angle
-113.9(9) |
-177.6(11)
-8.2(14)
105.0(11)

58.7(14)

-62.8(11)

83.3(13)
119.5(11)
5.7(8)
1 53;8(11)
37.3(11)
-118.2(9)
-3.4(14)
175.3(10)
1.3017)
-2.6(17)
1.3(16)
-0.5(18)
2.8(19)

-1.4(16)
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Table 5. Torsion Angles(©) (continued)
atom atom atom atom angle ~ atom atom atom atom angle
C(23) C(24) O(3) C(27) -177.3(17) C(23) C(24) C(25) C(26) 0.6(21)

C(25) C(24) O(3) C(27) 3.9(23)

59
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INTRODUCTION

- The absolute configuration of the molecule was determined using the anomalous
dispersion of the Br-atom. The results are shown below:

Reported Structure Enantiomorph

No. Reflections 815 815
No. Parameters 288 - - 288
R-factor ' 0.061 0.063
- wR-factor 0.080 0.082
Goodness fit - 1.45 1.48

According to the Hamilton R-factor test (Hamilton, W. C., Acta Cryst., 18 502 (1965)), the

model stands at more than 99.5% confidence level.
;

N

NEY
3

4

|




© 1999 American Chemical Society, J. Ofg. Chem., Engler jo98216'zl§"§uﬁpbrting Info Page 96

EXPERIMENTAL

DATA COLLECTION
A colorless prism crystal - of BrC26H2 O. - having
approximate dimensions of 0.300 X 0.300 X 8. 00 mm was

mounted on a glass fiber. All measurements were made on a
Rigaku AFC5SR diffractometer with graphite monochromated Cu
Ka radiation and a 12KW rotating anode generator.

Cell constants and an orientation matrix for data
collection, obtained f£from a least-squares refinement using
the setting angles of 25 carefully centered reflections in
the range 35.00 < 26 < 50.00° corresponded to a monoclinic
cell with dimensions:

19.492 (3)A ,

10.053 (2)A g = 98.92 (3)°
12.145 gz)A

= 2351 (L)A

il

<aowe
I

For = 4 and F.W. = 495.37, the calculated density is 1.399
g/cm”. Based on the systematic absences of:

hkl: h+k # 2n

packing considerations, a statistical analysis of intensity
distribution, and the successful solution and refinement of
the structure, the space group was determined to be:

C2 (#5)

using the ww-26 scan technique to a maximum 26 value of
112.7°. Omega scans of several intense reflections, made
prior to data collection, had an average width at
half-height of 0.80° with a take—off angle of 6.0°. Scans of
(1.78 + 0.30 tan 0)° were made at a speed of 16.0°/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.

The data were collected at a temperature of 23 & 1°C
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DATA REDUCTION

Of the 1717 reflections which were collected, 1658 were
unique (R.nt T = L111). 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 Ko 1is 26.6
em™l. _an empirical absorption correction, using the program
DIFABS>, was applied which resulted in transmission factors
ranging from 0.72 to 1.18. The data were corrected for
Lorentz and polarization effects. :

STRUCTURE SOLUTIONIAND REFINEMENT

The structure was solved by direct methods4. The
non-hydrogen atoms were refined anisotropicglly. The final
cycle of full-matrix least-squares refinement” was based on
815 observed reflections (I > 3.00¢(I)) and 288 variable
parameters and converged (largest parameter shift was 0.08
times its esd) with unweighted and weighted agreement
factors of:

R ==L ||Fo| - |Fc|| / L |Fo| = 0.061

R, = [( Iw(|Fo| - 1Fc|)2 / £ w Fo? )11/% = 0.080

The standard deviation of an observation of wunit
weight’ was 1.45. The weighting scheme was based on counting
statistics and included a factor (p = 0.10) to dgwnweight
the intense reflections. Plots of £ 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 0.48 and -0.30 e /A”, respectively.

'Neutral atom scattering factors were taken from Cromer
and aber’. Anomalous dispersion effects were includeg in
Fcalc®; the values for Af’ and 4f" were those of Cromer”.
All calculations were performed using the TEXSAN10
crystallographic software package of ‘Molecular Structure
Corporation. :

V4

ay




© 1999 American Chemical Society, J. Org. Chem., Engler jo982164s Supporting Info Page 98

References

(1) PLUTO: . : '
Motherwell,S. & Clegg,W.; PLUTO. Program for plotting
molecular and crystal structures. Univ. of Cambridge,
England (1978). - '

-(2) ORTEP: '
Johnson,C.K.; ORTEPII. Report ORNL-5138. Oak Ridge
National Laboratory, Oak Ridge, TenneSsee (1976).

(3) DIFABS: ' : '

' Wwalker & Stuart, Acta Cryst. A39, 158-166, (1983).

(4) Structure Solution Methods:

PHASE - o
Calbrese,J.C.; PHASE - Patterson Heavy Atom Solution
Extractor. Univ. of Wisconsin-Madison, Ph.D. Thesis
(1972).

DIRDIF .

Beurskens,P.T.; DIRDIF: Direct Methods for
pifference Structures - an automatic procedure
for phase extension and refinement of difference
structure factors. Technical Report 1984/1
Crystallography Laboratory, Toernooiveld, 6525 Ed
Nijmegen, Netherlands.

(5) Least-Squares:

Function minimized: ¢ w (|F8| 3 |F<2-|)2

wheie: 2w = 4FQ /o %Fo ) 2.2 2
c?(Fo“) = [Ss“(C+R“B) + (pFo”)"]/Lp
S = Scan rate
¢ = Total Integrated Peak Count
R = Ratio of Scan Time to

background counting time.

B = Total Background Count

Lp = Lorentz—polatization factor
p = p-factor
(6) Standard deviation of an observation of unit weight:

(£ w(iFo| - [Fc|)2/(No - nv)1P/?

I

~where: No number of observations
Nv = number of variables

(7) . Cromer,D.T. & Waber,J.T.; "Tnternational Tables
for X-ray Crystallography", vol. 1V, The Kynoch
Press, Birmingham, England, Table 2.2 A (1974).

(8) 1Ibers,J.A. & Hamilton,W.C.; Acta Crystallogr.,
17, 781 (1964).

(9) D.T. Cromer, "International Tables for X-ray




© 1999 American Chemical Society, J. Org. Chem., Engler jo982164s Supporting Info Page 99

Crystallography”, Vol/ IV, The Kynoch Press,
Birmingham, England, Table 2.3.1 (1974).

(10) TEXSAN - TEXRAY Structure Analysis Package,
Molecular Structure Corporation (1985).




© 1999 American Chemical Society, J. Org. Chem., Engler j0982164§~§ﬁp50rting Info Page 100

EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula
Formula Weight

Crystal Color, Habit

Crystal Dimensions (mm)

495{37

: colorless, prism

0. 300 X 0. 300 X 0.200

Crystal System monocllnlc
No. Reflections Used for Unit / :
Cell Determination (26 range) 25 ( 35.0 - ©50.0°)
Omega Scan Peak Width ' ,
at Half-height 0.80
Lattice Parameters: _
a = 19.492 (3)A
b = 10.053 (2)A
c = 12.145 (2)A
<] 98.92 (3)°
v = 2351 (1)A3
Space Group C2 (#5)
Z value 4
D 1.399 g/cm’
calc .
Fyo0 1016
26.62 cm L
#(Ccuke) 0L em o
B. Intensity Measurements
Diffractometer ngaku AFCSR
Radiation CuKo (X = 1.54178 A)
Temperature 23°C
Attenuators zr foil

Take-off. Angle

W 107

(factors: 4.1, 14.5,

6.0°

54.

4)




Detector Aperture

Crystal to Detector Distance
Scan Type

Scan Rate

Scan Width
‘zemax

No. of Reflections Measured

Corrections

C. Structure Solution and

Structure Solution
Refinemeht
Function Minimized

Least-squares Weights

... p-factor

Anomalous Dispersion

No. Observations (I>3.000(I))
No. Variables
Reflection/Parameter Ratio

Residuals: " R; Rw'
Goodness of Fit Indicator

Max Shift/Error in Fina1‘Cycle

Maximum Peak in Final Diff. Map
Minimum Peak in Final Diff. Map
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6;0 mm horizontal
6.0 mm vertical

40 cm
w—-280

16.0°/min (in omega)
(2 rescans)

(1.78 + 0.30 tane)®
112.7°

Total: 1717

vUnique: 1658'(Rint = .111)

Lorentz-polarizatio
Absorption -
(trans. factors: 0.72 - 1.18)
Refinement

Patterson Method
Full-matrix least-squares
L w (|Fol| - |E‘c|)2
4702 /0 (Fo?)

0.10

All non-hydrogen atoms
815

288

2.83

0.061; 0.080

1.45

0.08

0.48 e-/Kg
~0.30 e /A

o= 2]
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Positional parameters for crystal-168

.atom X . Y 2z
Br(l) 0.4147(2) 0.9643 0.9141(2)
c(1) 0.222(1) -  0.792(4) ~0.069(2)
c(2) 0.155(2)  0.725(3) ~0.101(2)
c(3) 0.111(1) 0.821(2)  -0.169(2)
c(3a)  0.129(1) 0.948(3) ~0.104(1)
0(4)} 0.0819(5) 0.965(2)  —0.0200(9)
c(4a) 0.123(1) 0.961(3) 0.082(1)
c(5) 0.092(1) 0.996(2) 0.178(2)
c(6) 0.140(1) © 0.982(3) 0.277(2)
c(7) 0.207(1)  0.963(3) 0.278(1)
c(8) . 0.233(1) 0.946(3) 0.186(2)
c(8A) 0.190(1) °0.946(2) 0.080(1)
c(8B) 0.205(1) 0.930(2)  -0.037(1)
" 0(9) 0.2506(6) 0.948(2) 0.382(1)
0(9A) 0.283(1) 1.163(2) 10.384(1)
c(10) 0.281(1). 1.062(3) 0.431(2)
c(11) 0.314(1) 1.039(3) 0.547(2)
c(12) 0.343(1) 1.141(3) 0.613(2)
c(13) 0.375(2) 1.121(3) 0.720(3)
c(14) 0.371(1) 1.005(4) 0.763(2)
c(15) 0.346(2) 0.889(3) 0.705(2)
c(16) 0.313(1) 0.914(3) 0.596(2)
0(17) 0.1207(8) 1.016(2) 0.381(1)
0.382(2)

c(18) 0.056(2)

o

.047(4)

Aot (07




© 1999 American Chemical Society, J. Org. Chem., Engler jo982164s Supporting Info Page 103

Positional parameters for crystal-168

atom | X Y , : z
c(19) 0.122(1) 1.076(3) ~ -0.175(2)
¢(20) 0.080(1) 1.182(3) ~0.147(1)
c(21)  0.070(1) 1.294(2) -0.216(2)
c(22) 0.098(1) 1.303(2) ~0.310(2)
c(23) 0.137(1) 1.204(3)  -0.339(2)
c(24) 0.148(1) 1.094(2) -0.271(2)
0(25) 0.091(1) 1.411(2) ~9.385(2)
c(26) 0.051(1) 1.50843) _0.360(29
H(1) 0.2482 0.7456  -0.0065
H(2) -0.2480 0.7913 ~0.1285
H(3) 0.1605 0.6474 -0.1440
H(4) 0.1353 0.7011 -0.0374
H(5) 0.1223 0.8295 ~0.2424
H(6) 0.0630 0.8027 -0.1735
H(7) 0.0444 1.0173 0.1766
H(8) 0.2821 0.9325 0.1897
H(9) ~0.2358 0.9940 -0.0556
H(10) 0.3399 1.2294 0.5817
H(11) 0.3991 1.1924 0.7637
H(12) 0.3488 0.8025 . 0.7371
H(13) 0.2900 0.8430 0.5526
H(14) 0.0505 1.0748 0.4555
H(15) 0.0440 1.1221 0.3327
H(16) 0.0272 0.9757 0.3590
H(17) 0.0588  1.1810 -0.0821

(oK

P—
-
.t
. v
oG
e
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Positional parameters for crystal-168

atom X - Yy z
H(18) 0.0426 1.3662 ~0.1962
H(19) 0.1563 1.2088 ~0.4064
H(20) 0.1766 1.0239 ~0.2921
H(21) 0.0687  1.5436  -0.2888
H(22) 0.0511 1.5788 ~0.4144
H(23) 0 1.4789 ~0.3616

.0050
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Intramolecular Distances

atom atom diétance atom atom distance
BR1 c14 1.94(2) ' C8B H9 0.932
c1 c2 1.47(4) 09 c10  1.38(3)
c1 c8B 1.49(4) 09A élq 1.17(3)
c1 H1 0.970 | c10 ci1 1.47(3)
c1 H2 0.945 -' a1l c12 ©1.37(3)
c2 c3 1.46(4) - c11 clé 1.39(3)
c2 H3 0.956 c12 C13 1.37(3)
c2 H4 0.940 cfz ' H10 0.964
3 ca "1.51(3) c13  cl4 1.29(4)
c3  HS 10.952 | c13  Hl1 0.963
c3 H6 0.950 . c14 c15 1.41(4)
C3A 04 1.48(2) c15 ci6 - 1.40(3)
C3A c8s 1.59(3) | c15 H12 0.954
c3A  cl9  1.54(3) c16  H13 0.957
04 . C4A 1.37(2) ' 017 c1s 1.29(3)
C4A c5 1.44(3) cl18  H14 0.958
c4n  c8A 1.31(2)  cis  HIS  0.971
c5 o 1.42(3) c18 H1G 0.933
c5 H7 0.943 c19 €20 1.41(3)
cé c7 -~ 1.32(3) c19 c24 1.36(3)
o 017 1.41(3) c20 c21 1.40(3)
c7 cs 1.31(2) c20 H17 0.945
c7 09 1.42(2) - c21 . c22 1.34(3)
c8 csa  1.43(2) c21  H18 0.954
of:  HS 0.955 S c22 ‘c23_ 1.35(3)
C8A C8B 1.50(2) | c22 025 1.42(2)

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

\£>%?‘ .

[ TR
A
Fio
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Intramolecular Distances : (cont)
atom atom distance‘ | atom atom diétance

c23 c24 1.38(3) |

c23  H19 0.947

c24  H20 0.956

025  C26 1.32(3)

c26  H21 0.954

c26 - H22 0.965

c26  H23 0.938 )

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

Toow

79¢
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Intramolecular Bond Angles

atom atom atom” ' angle atom atom atom angle
c2 c1 ceB 106(2) o4 cdan  c8A 116(2)
c2 c1 HL  108.99 cs5 can  csa  126(1)
c2 c1T H2 . 111.08 C4a c5 cé 111(2)
c8s  Cl gl 110.91 c4r  C5 H7 125.57
88 Ccl  H2 111.94 6 s m1 123.67
H1 c1 H2 108.20 c5 cé c7 123(2)
c1 c2 c3 105(2) cs  c6 017 120(2)
c1 c2 H3 110.13 c1 c6 017 116(2)
c1 c2 4 . 111.04 6 C7 c8 122(2)
c3 c2  H3 109.57 cé c7 09 118(2)
c3 c2 H4 111.15 c8 - c7 09 119(2)
H3 c2 H4 109.81  c7 cs cea 121(2)
c2 c3 c3a 101(2) €7 c8  H8 120.03
c2 c3  HS '113.18 cea  c8  HS8 ©118.95
C2 c3 H6 112.62 C4Aa c8A c8 115(2)
C3A c3 HS ©110.46 - c4a C8A - CB8B 111(1)
¢33 c3 H6 109.58 c8 c8A  C8B 133(2)
H5 c3 - H6 109.31 c1 c8B  C3a - 102(2)
c3 c3a o4 110(2) c1 ceB  c8a 115(2)
c3 c3a  c8B 107(2)  cl c8B  H9  113.65
c3 ¢33 c19  115(1) C3A C8B  C8A  100(1)
04 C3A  C8B 107(1) c3a  c88  H9  112.99
04  c3  cl9 106(2) ceA  C8B  HY 112.28
c8B  c3a  cl9 112(2) c7 09 c10 117(2)
c3a o4  can  106(1) 09 ci0  o09a  124(2)
04 caa  C5 117(2) 09  clo0  cil 112(2)

Angles are in degrees. Estimated standard deviations in the least
- significant figure are given in parentheses.

Jives
A
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Intramqlecular Bond Angles , (cont)
atom atom atom .angle. | atom atom atom angle
o9a  clo  Cl1 124(3) o3 cl9 C20 120(2)
c10 ci1 c12 121(3) c3a  cl19 c24 125(2).
ci0 ¢l cle  121(2) c20  cle c24 - 114(2)
ciz2  c1l  cls  117(2) c19  c20 c21 120(2)
ci1 c12 - c13 122(3) 19 c20 H17 122.11
ci1 c12  wmlo  117.75 21 - €20  HL7 117.99
c13 cl2 HIO  119.75 cz0  c2l c22  122(2)
ci2  c13  cl4  118(3)  c20  c21  HIB 119.72
c12 ci3  HIl 121.66 Cc22 c21  Hl8  118.41
cl4 €13  HI1L  120.66 21 c22  c23 120(2)
BRI  Cl4  Cl13 122(3) c21  c22 025 127(2)
BR1 c14 C15 112(2) €23 c22 025 113(2)
c13 c14 c15  126(2) .- €22 c23 c24 118(2)
c14 c15 c16 114(3) - c22 ' C23 H19 120.41
cl4 c15 H12 123.63 c24 c23 H19 121.25
c16 c15 H12 122.64 c19 c24 c23 126(2)
ci1 . c16 c15 122(25' c19 c24 H20 116.24
c11 c16 H13 118.36 c23 c24 H20 118.05
c15 c16 H13 119.50 c22 025 c26 115(2)
cé 017 c18 117(2) - 025 c26 H21  109.45
017 c18 H14 109.75 025 c26  H22 108.70
017 c18 H15  109.63 . 025 c26 H23 111.23
017 c18 H16 110.89  m21 c26 H22 107.95
H14 .C18  HL5 107.09 H21 = C26 H23 110.18
H14  C18  HL6 110.24  ®22  C26  H23  109.25
H15  C18 H16 109.15

Angles are in degrees. Estimated standard deviations in the least
significant figure are given in parentheses.

.y" H’

a4
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Torsion or Conformation Angles

(1) (2)
BR1 C14
BR1 C14
c1  c2
Cl C8B
cl c8B
Cc1l C8B
cl C8B
Cl1 C8B
c2 ci
c2 c1
c2 C3
c2 C3
c2 C3°
c3  c2
c3 C3a
c3 c3a
c3 C3a
C3 C3a
C3a 04
c3a 04
c3a c8B
C3A C8B
c3a C19
c3a c19
04 C3A
04 C3a
The sign

(3)
c13

c15

C3
c3A
c3a
c3a
csa
C8A
ces
C8B
c3a
C3a
C3a
ci
04
c8B
C19
C19
C4A
c4a

csa

- C8A

c20
C24
C8B

Cl9

(4)
c12
c16
c3a

"C3

04
Cc19
c4A

c8

C3Aa

csa

04

'C8B

Cl9
c8B
c4a
c8a

c20

c24

Cc5
c8a
C4A
c8

c21

c23

csa
c20

angle-

179(2)

180(2)

-43(3)
- =2(2)
116(2)

-105(3)
74(3)

-24(2)

83(2)

-89(2)

27(3)
151(2)
44(3)
117(2)
-120(2)

- 126(2)

-48(3)
171(2)
1(3)

3(3)

-178(3)
-175(2)
175(2)
-2(2)
4(2)

_128(2)

(1)
04

04

04

04

C4A

c4a

c4a

caa

c4a
c5
Cc5

C5

C5

C5

cé

- C6

cé
c7

Cc7

c7
c7
cs8
c8
csa

c8a

88

(2)

c3a

c4a

c4A

c4a

04

- 04

C5
Cc5

“C8A
‘C4A

cda

c6
c6
c6
cs
c7
c7
c6
ca
09
09
c7
c7
cs.
ceB

C3Aa

(3)
c19
c5

C8A

C8A -

. c3a

c3a

cé

C6
c8

.C8A

c8Aa

c7

c7

017

C4A
c8
09

ol7

c8a

c10

c10
c6

09

c7

c3a

C19

(4)
c24
cé
c8
c8B

C8B

'Cc19

c7

ol7

c7

c8

C8B
Cc8
09
cls8

c8a

c8a

Cl0

Ccl8

C8B

09A
c11
017
c10
09

c19
c20

- T

‘angle
~170(2)
178(2)
178(2)
-3(3)
103)
-119(2)
11(4)
177(2)
-2(4)
9 (8)
-171(2)
-6(5)
~179(3)
6(4)
-14(4)
0(5)
-92(3)
173(3)
179(3)
-15(3)
170(2)
-172(3)
95(3)
173(2)
113(2)
-112(2)

: _is positive if when looking from atom 2 to atom 3 a clock-
wise motion of atom 1 would superimpose it on atom 4.

;bF%;f
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Torsion or Conformation Angles

. - 53%
(1) (2) (3) (4) angle (1) "(2) (3) (4) . angle
c8B C3A C19 cC24 74(3)

09 <Cc7 c6 O17. 14(4)

.09 clo cll c12 - -176(2)

09 clo cl1 ¢l . -1(3)
09A €10 Cl1l (12 9(4)
09a €10 cCll Cl6 -176(2)
ci10 cil c12 c13  -179(3) '2
cl0 Ccl1 cié6 c15 . 179(2)
c11 ci2 c13 c14 » -8(5)
c11 cl6 c15 cl4  8(4)
€12 Ccl1 cl6 C15 -6(4)
ci2 c13 c14 ci15 - 11(6)
c13 ci2 cl1 cC1é 6(4)
c13 cl4 cCl15 C16 -11(5)
c19 €20 c21 c22 1(3)
cl9 c24 c23 c22 -1(4)

€20 C19 c24 23 0(3)
c20 C21 €22 (€23 -1(3)
c20 €21 C22 025 -179(2)
c21 C20 Cl9 <cCc24 0(3)
€21 c22 €23 c24 1(3)
c21 C22 025 C26 -4(3)

C23 €22 025 (26 178(2)
c24 €23 cC22 025 179(2)

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




