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Experimental

" Data Collection.
A colorless plate crystal of C14H16Bra having approximate dimensions of 0.40 x 0.40 x 0.30 ram Wwas

mounted on a glass fiber. All measurements were made on a Rigaku AFCTR diffractometer with graphite
monochromated Mo-Ka radiation and a 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 20.97 < 26 < 26.52° corresponded
to a primitive orthorhombic cell with dimensions: ' .

o= 14.183(4) A
b = 16.477(4) A
c = 6.387(4) A

vV = 1492(1) A3

ForZ = 4 and F.W. = 503.90,. the calculatéd density is 2.24 g/ cm3. Based on the systematic absences of:

Okl: k+1 # 2n
hkO0: h # 2n

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

Pnma (#62)

The data were collected at a temperature of 18 + 1°C using the w-20 scan technique to a maximum
20 value of 60.0°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.31° with a take-off angle of 6.0°. Scans of (1.10 + 0.30 tan §)° were made at a speed
of 16.0° /min (in omega). The weak ceflections (I < 10.00(1)) were rescanned (maximum of 2 scans) and the
counts were accumulated to ensure 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 1.0 mm, the crystal to detector distance was 285 mm, and the
detector aperture was 6.0 x 6.0 mm (horizontal X vertical). '

yaba Wl leose—s

Data Reduction

A total of 2310 reflections was collected. The intensities of three representative reflection were measured
‘ after every 150 reflections. No decay correction was applied. ’ ‘ :

The linear absorption coefficient, p, for Mo-Ke radiation is 106.6 cm™!. 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. A correction for
secondary extinction was applied (coefficient = 9.14582e-07).

$3 U
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Structure Solution and Refinement

The structure was solved by direct methods' and expanded using Fourier techniques®. The non-hydrogen
atoms were refined anisotropically. Some hydrogen atoms were refined isotropically, the rest were included in
fixed positions. The final cycle of full-matrix least-squares refinement?® was based on 799 observed reflections
(I> 3.000(1)) and 116 variable parameters and converged (largest parameter shift was 0.13 times its esd)
with unweighted and weighted agreement factors of: ,

R = S||Fo| — |Fell/Z|Fo| = 0.045

R, = /Sa((Fo| — [Fe))?[TwFo? = 0.034

The standard deviation of an observation of unit weight* was 1.88. The weighting scheme was based
on counting statistics and included a factor (p = 0.011) to downweight the intense reflections. Plots of
Sw(|Fo|—|F ¢|)? versus |Fol, reflection order in data collection, sin 9/ and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.77 and -0.88 e~ / A®, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af’ and AP ‘were those of Creagh and McAuley”. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation.
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R. and Smits, J.M.M. (1994). The DIRDIF-94 program system, Technical Report of the Crystallography
Laboratory, University of Nijmegen, The Netherlands. :

(3) Least-Squares: ‘

Function minimized: Tw(|Fo| — |Fel)?
where w = F’-’(_lFES = [o2(Fo) + 1’41F02]'1
oo(Fo) = es.d. based on counting statistics

p = p-factor

(4) Standard deviation of an observation of unit weight:

N
JEa((Fol = JFe?/(No — Nv)
where: No = number of observations

Nv = number of variables
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Empirical Forﬁlula
Formula Weight
Crystal Color, Habit
erstal Dimensions
Crystal System
Lattice Type

No. of Reflections Used for Unit
Cell Determination (26 range)

Omega Scan Peak Width
at Half-height

Lattice- Parameters

Space Group
Z value

Dcalc

F000

p(MoKa)

Diffractometer

Radiation

Attenuator,

EXPERIMENTAL DETAILS

A, Crystal Data

C1aH16Br4

503.90

colorless, plate

0.40 X 0.40 X 0.30 mm
orthorhombic

Primitive
25 ((21.0 - 26.5° )

0.31°

a = 14.183(4)A
b= 16.477(4) A
c= 6.387(4) A
V = 1492(1) A3
Pnma (#62)

.

2.242 g/cm®
960.00

106.64 cm™?!

B. Intensity Measurements

Rigaku AFCTR

MoKa (X = 0.71069 A)

graphite monochromated

Zr foil (factor = 8.66)

S6 %



Take-off Angle

Detector Aperture

Crystal to Detector Distance
Teinperature

Scan Type:

Scan 'Rate

Scan Width

20maxr

No. of Reflections Measured

Corrections

Structure Solution
Refinement

* Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>3.000(1))
No. Variables

Reflection/ Paramefer Ratio
Residuals: R; Rw
Residuals: R1

No. of Reflections to calc R1
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6.0°

6.0 mm horizontal
6.0 mm vertical

285 mm

18.0°C

w-20

16.0° /min (in w). (up to 2 scans)‘
(1.10 + 0.30 tan 8)°

60.0°

Total: 2310

Lorentz-polarization

Absorption

(trans. factors: 0.7155 - 1.0000)
Secondary Extinction

(coefficient: 9.14582e-07)

C. Structure Solution and Refinement

Direct Methods (SHELXS-86)
Full-matrix least-squares

Sw(|Fo| — |Fel)®

. ’ v 2
0= ey = [o2(Fo) + P

1 0.0110

All non-hydrogen atoms

729

. 116

6.28
0.045 ; 0.034

0.000
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ty

Goodness of Fit Indicator 1.88
Max Shift/Error in Final Cycle - 0.13
Maximum peak in Final Diff. Map 0.77 e~/ A3
‘Minimum peak in Final Diff. Map - 1 0.88 e~ /A3

S8
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Table 1.- Atomic coordinates, Bjso/Beg and occupancy

atom x oy z Be,  oce
Br(1) 0.11469(8) 0.46828(6) 0.1987(2) ;1.47(3) 1.0000
Br(2) 0.34977(9) 0.37322(8) 0.1749(2) 6.35(4) 1.0000
c(1) 0.1747(7) "0.3247(6) -0.325(2) : 2 9(3) | 1.0000
c(2) 0.2540(6) 0.2065(6) 0.176(2) - 2.9(3) 1.0000
c(3) 0.2354(8) 0.3428(7) 0.026(2) 2.9(3) 1.0000
c@) 04TT6(T)  04144(6) 0.037(2) 2.9(3) 1.0000
C(5) " 0.1082(7) 0.3812(5) 01972)  36(2) 1.0000 -
C(6) 10.0310(9) : 03256(9)  -0.116(3) 6.2(5) 1.0000
o) 0.027(1) 0.2500 0.249(2). 2.8(4) 0.5000
®) 0.1170(10) 0.2500 0.390(2) 3.1(4) 0.5000
H(1) 01995)  0.33(5) L0.45(1) (1) ©1.0000
H(2) 0.304(4) 0.310(4) -0.22(1) o) . 1.0000
H3) 02006)  0.316(5) 0.13(1) 2(1) '1.0000
H(4) | 0.219(5) 0.461(4)  -0.09(1) 1(1) o000
H(s) 0.0832 0.4241 028 4.1742 1.0000
Heb)  0.00() 0321(8) © 002(2) 1136) 10000
H(6a) 0022(6)  0350(5) -0.12(1) 1(1) -~ 1.0000
H(7) 0.023(9)  0.2500 -0.33(2) | 43(9) 05000
H(8) 0.07(1) 0.2500 052(3) 110.7(6) 0.5000

Bey = %wz(Un(aa*)z + U22(bb*)2 + U33(CC*)2 + 9U2aa™bb* cosy + 2Urzaa™cc” cos f + QW azbb* cc™ cos @)

$95
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Table 2. Anisotropic Displacement Parameters

atom Un Uz Uss Uz Uis Uss
Br(1) 0.0631(8)  0.0492(7)  0.0574(8) 0.0143(7) -0 0039(8) .0.0133(7)
ﬁr(z) © 007009)  0.0885(10)  0.083(1). 0.0284(8)  -0.0451(9)  -0.0367(9)
o) 0.040(6) = 0.043(7) 0.028(7) 0.012(5)  -0.004(6) 0.021(6)
o(2) 0.025(6) 0.045(7) 0.039(7) -0.006(5) 0.002(6) 0.000(6)
c@3) . 0.04K(7) . 0.037(7) 0.032(8) 0.005(6) -0.008(6) -0.002(6)
C(4) 0.035(6) - 0.030(6) 0.044(8) 0.068(5) 0.005(6) 0.002(6)
c5) . 0.052(6)  0.037(6) 0.046(7) 0.009(6) -0.011(7) -0.004(7)
C(6) - 0.030(8) 0.07(1) | 0.14(2) 0.012(7) 0.033(9)  -0.04(1)
(1) 0.034(9)  0.05(1) 0.03(1) 0.0000 -0.012(7) 0.0000
C(8) 0.033(9) 0.041(9) 0.04(1) - 0.0000 -0.010(9) 0.0000

The general temperature factor expression:

exp(—272(a*2U11h? + b2 Unsk? + *2Usal® + 2070 Us2hk +_2q*¢* Uyshl + 2b%c* Uaskl))

S0
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‘Table 3. Bond Lengths(4)

atom atom | distance atom  atom - - distance
Br(1) cl4) 1.961(10) B2 o(3) 1.95(1)
c(1) | C(2) 1.56(1) o) C(5) 157(2)
c(1) c(8) 1:53(1) ' | c(1) H(1) ©0.95(7)
c(2) C(2) 1.53(2) | C(2) c(3) 1.52(1)
C(2) HZ) © 080(6) c(3) c@) 1.49(1)
C(3) H(3) 0878) c4y - CO) 1.52(1)
c(4) H(4) | 1.01(6) | C(5) (6) 1.52(1)
C(5) H(5) 0.96 - C(6) C(7) 1.51(2)
ce6) H(6b) 1.0(1) , C(6) H(6a) 0.85(7)
(1) C(8) 1.56(2) c(7) H(T) 09(1)

C(8) H(8) 1.1(2)

ST
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Table 4. Bond Angles(®)

atom atom atom angle  atom atom . atom a,ngie

c(2) c(1) C(5) 105.9(9) C(2) c(1) C(8) 107.8(9)
c(2) '6(1) H(1) 112(4) o(5) o(1) C(8) 107.0(8)
C(5) c(1) H(1) .110(5) - C(8) C(lj H(1) - 112(5)
c(y  C@ C(2) 107.3(5) ey C(2) C(3) 104.8(9)
c(1) C(2) H(2) 108(5) c2) - C@) c(3) 120.2(6)
C(2) C(2) H(2) 105(4) _ C(3) C(2) H(Z2) 109(5)
Br(2) C(3). C(2) 113.5(%5 ' Br(2) C(3) C(4) 112.7(7)
Br(2) o) HG) 96(5) ) c(3) C(4) 105.5(8)
C(2) C(3) H(3)  117(5) C(4) C(3) H(3) 111(5)
Br(l)  C(4) C(3) 113.8(7) © Br(1) C(4) o) 112.7(7)
Br(l)  C(4)  H@) 99(4) c(3) C(4) C(5) - 104.6(8)
c3) C4)  H(4) 111(3) C(5) Cla) - H(4)  115(4)
c(1) C(5) C(4) 100..7(8) ‘ | C(1) cE) - C(6) 105.0(8)
c(1) C(5) H(5) 110.8 o C(5) C(6) 116(1)
C(4) C(5) H(5) 110.9 C(6) | c(5) H(5) 111.8

c()  C(6) C(7) 109(1) , C(5) C(6) H(6b)  131(8)
0 C(6) H(6a)  110(6) cm Q) H(6b)  115(7)
C(7) C(6) H(6a) 110(6) ' | H(6b) C(6) H(6a) 71(9)

C(6) ) C(6) 111(1) C(6) cm C@) 107.3(8)
C(6) o(7) HT)  111(4) " o) C(7) C(8) 107.3(8)
ce)  C) . H(7) 111(4) - C(8) C(7) H(7) 108(9)
cy - @ < 107(1) () C(8) c(m) 106.8(8)
C(1) C(8) H(8) 122(2) C(1) c@®)  CMm 106.8(8)
c(1) C(8) HE)  122(2) ‘ ) c@®)  H(®) 84(9)

s12()
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Table 4. Bond Angles(®) (continued)

tom atom atom angle _atom atom atom angle
a

I35
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“Table 5. Torsion Angles(°®)

atom atom atom - a£om angle atom atom atom atom angle
Br(1) ) CB)  Bx2)  TL5®) Br(l) C(4) C@) C@  1641(6)
Br(l) C@) . C() C(1)  -166.4(6) Br(l) C(@) CG)  C6  -53(1)
Br(2) C(3) C(2) C(1)  -145.2(6) Br(2) C(3) C@) C@ . 9415
Br(2) C(3) C(4) . C(G)  165.2(7) o) ©@  cE c 0.0
c)  C@ VIC(Q) c(3)  -119.5(10) cy  C@ B C@w -2
ca)y () C@)  CEB)  -423(10) ca) C(B) Ce Cm 200
c)) ©®  CQ) c‘(z) 15(1) . o)  C® oW <) O 120.1(9)
cy  C@E)  C@  C6) 2(1) cy c® Cm  CE) 117(1)
c@ c1)  CB)y  CM 28.4(9) C(zj | c(ty C(G)  C6)  -93(Y)
c) cu)  CE  CM) 1) @ C®  CO  CE) 1290
(@) 0(2)4 cy  C@E)  -9.6(10) c@ C@  CE  Ce  142006)
ce)  o® Cw B 40 e o om  CE )
c3)  C@ C@1) C@E)  -1193(10) CcE C@®  C@  C® 0.0
@)  Cc@  CB)  C6) 70(1) c(4)  CB)  Cl) G 143209
cw  cE o c@ sy o OB o) c®  cm  n
cs) OB o C6) - 128() c) - CE6) om  CE®) 1)

o) CB) o) CB) 211

Si4E
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Table 6. Non-bonded Contacts out to 3.60 A

atom atom distance ADC atom atom distance  ADC
© Br(1) H(4)  297(7) 56504 ' Br.(l) H(1) 3.19(7) 55601
 Br(1) H(6a) 3.31(8) 56505 | Br(1) H()  3.36 56505
~ Br(1) H(5)  3.42 55601 o - Br(2) H(.6b) 3.0(1) 8
Br(2) H(1)  3.25(8) 55601 _ Br(2) H(4) 3.28(7) 56504
Br(2) H(6a) 3.39(10) 8 Br(2) H(5) 3.48 56504
Br(2) Iv1(7)} 3.5(1) 55402 | C(1) H(3) 3.50(8) 55401
c(2) H(7) 3.3(1) 55402 C(2) H(6a)  3.56(8) 55408
C(3) | H(1), 3J41(8j 55601 C(6) H(2) = 3.39(6) 45408
C(7) H(2) 3.32(6) 45402 C(7) H(2) 3.32(6) © 45408
C(8) H(3) = 3.52(8) 55401 C(8) | H(3) 3.52(8) 55407
H(1) ~ HE) 2.8(1) 55401 H(1) H(4) 3.4(1) 56404
H(2) H(T) 2.7(1) 55402 H(2) H(6a) 2.75(10) 55408
CH(2) H(6b) 3.4(2) 55408 ' H(3) H(8) 3.2(2) 55601
H(4) | H(4) 3.56(6) 56504 - H(4) H(4) 3.56(6) 56404

H(6b) H(8) 3.3(2) 55601
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The ADC (atom designator code) specifies the position of an atom in a crystal. The 5-digit _number
shown in the table is a composite of three one-digit numbers and one two-digit number: TA (first digit)
+ TB (second digit) + TC (third digit) + SN (last two digits). TA, TB and TC are the érystal lattice
translation digits along cell edges a, b and c. A translation digit of 5 indicates the origin unit cell. If TA = 4,
this indicates a translation of one unit cell length aloﬁg the a-axis in the negative direction. Fach translation

‘ digit can range in value.from.bl to 9 and thus +4 lattice translations from the origin (TA=5, TB=>5, TC=5)

can be represented.

The SN, or symmetry operator number, refers to the number of the symmetry operator used to generate

the coordinates of the target atom. A list of symmetry operators relevant to this structure are given below.

For a given intermolecular contact, the first atom (origin atom) is located in the origin unit cell and its
position can be generated using the identity operator (SN?.I)‘ Thus? tﬁe ADC for an origin atom is always
55501. The position of the second atom (target atom) can be generated using the ADC and the coordinates
of the atom in the parameter table. For example, an ADC of 47502 refers to the target atom moved through
symmetry ope-rat,or two, then translated -1 cell translations a]ong the a axis, +2 cell translaticns along the

b axis, and 0 cell translations along the ¢ axis.

An ADC of 1 indicates an intermolecular contact béetween two fragments {eg. cation and anion) that

reside in the same asymmetric unit.

Symmetry Operators:

(1) X, Y, Z (2) 124X,  1/2Y,  1/2Z
(3) X, 1/2+Y, -Z ' (4) | 1/2-X,  -Y, 1/2+47
(5) X, Y, z ‘ (6) 1/é-x, 1/24Y,  1/247 |
%) X, ey, 7 ® XY, 122

Si6)




© 1999 American Chemical Society, J. Am. Chem. Soc., Mitsudo ja9835741 Supporting Info Page 17

W) .

AN

SI17



© 1999 American Chemical Society, J. Am. Chem. Soc., Mitsudo ja9835741 Supporting Info Page 18

X-ray Structure Report

Crystallogfaphic data fof 6'

Tue Oct 6 1998

SI8H




© 1999 American Chemical Society, J. Am. Chem. Soc., Mitsudo ja9835741 Supporting Info Page 19

Ezperimental

Data Collection

A colorless needle crystal of C;5H16F303SAg having approximate dimensions of 0.10 x 0.10 x 0.40 mm
was mounted on a glass fiber. All measurements were made on a Rigaku AFCTR diffractometer with graphite
monochromated Mo-Ka radiation and a 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 28.24 < 20 < 29.80° corresponded -
to a primitive orthorhombic cell with dimensions: '

a = 19.708(4) A
b = 7.742(4) A

¢ = 9.858(4) A

V = 1504.2(9) A3

For Z = 4 and F.W. = 441.21, the calculated density is 1.95 g/cm3. Based on the systematic absences of:

0kl: 1 # 2n
hOl: h # 2n

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

Pca2; (#29)

The data were collected at a temperature of 23 4 1°C using the w-20 scan technique to a maximurn
26 value of 55.0°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.22° with a take-off angle of 6.0°. Scans of (0.79 + 0.30 tan 6)° were made at a
speed of 8.0°/min (in omega). The weak reflections (I < 10.00(I)) were rescanned (maximum of 3 scans)
and the counts were accumulated to ensure 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 1.0 mm and the crystal to detector distance was 235
mm, The computer-controlled slits were set to 3.0 mm (horizontal) and 3.0 mm (vertical).

Data Reduction .

A total of 2015 reflections was collected. The intensities of three representative reflection were measured -
after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, y, for Mo-Ka radiation is 15.2 cm~!. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization
effects. A correction for secondary extinction was applied (coefficient = 6.78120e-07).

S19%3
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Structure Solution and Refinement

The structure was solved by direct methods! and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included, but their positions were not refined;
isotropic B values were refined The final cycle of full-matrix least-squares refinement® was based on 1499
observed reflections (I > 2.000(I)) and 225 variable parameters and converged (largest parameter shift' was
0.00 times its esd) with unweighted and weighted agreement factors of:

R = ||Fo| — |Fe||/S|Fol = 0.029

Ry = \/Sw([Fo] = JFe)2/SwFo? = 0.030

The standard deviation of an observation of unit weight* was 1.28. The weighting scheme was based

on counting statistics and included a factor (p = 0.020) to downweight.the intense reflections. Plots of

Zw(|Fo|—|Fc|)? versus |Fol, 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 -0.31 ¢~ /A3, respectively. ’

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af” and Af” were those of Creagh and McAuley”. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan? crystallographic software package of Molecular Structure Corporation. )
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Empirical Formula
Formula Weight
,.Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

No. of Reflections Used for Unit
Cell Determination (26 range)

Omega Scan Peak Width
at Half-height

Lattice Parameters

Space Group
7 value
Dcalc

F000

#(MoKa)

Diffractometer

Radiation

Attenuator

EXPERIMENTAL DETAILS

A. Crystal Data

Ci5H16F303SAg
441.21

colorless, needle

0.10 X 0.10 X 0.40 mm

orthorhombic

Primitive
25 (28.2-29.8°)

0.22°

"~ a=19.708(4)A

b= 7.742(4) A
c= 9.858(4) A

V = 1504.2(9) A3

'Pca21 (#29)

4
1.948 g/cm?

880.00

' 15.19 em-?

B. Intensity Measurements

Rigaku AFC7R

MoKe (A = 0.71069 A)

graphite monochromated

Zr foil (factor = 8.60)

5223
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i

" Take-off Angle

Detector Aperture

Crystal to Detector Distance
Voltage, Curreﬁt
Temperature

Scan Type

Scan Rate

Scan Width

200z

No. of Reflections Measured

Corrections

Structure Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>2.000(T))
No. Variables
Reflection/Parameter Ratio
Residuais: R; Rw
Residuals: R1

No. of Reflections to éalc R1

Lw(|Fo| — |Fe])?

6.0°

3.0 mm horizontal
3.0 mm vertical

235 mm

50kV, 220mA

23.0°C

w-26

8.0° /min (in w) (up to 3 scans)
(0.79 + 0.30 tan §)°

55.0°

Total: 2015

Lorentz-polarization

Secondary Extinction

. (coefficient: 6.78120e-07)

C. Structure Solution and Refinement

Direct Methods (SHELXS-86)
Full-matrix least—squafes

w= #Fo) = [c2(Fo) + %:’Foz]‘1
0.0200 |
All non-hydrogen atoms.

1499

225

6.66 '

0.029 ; 0.030

0.029

1499
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Goodness of Fit Indicator _ ' "1.28
Max Shift/Error in Final Cycle O.QO
Maximum peak in Final Diff. Map | | 0.34 e~ /A3
Minimum peak in Final Diff. Map 0.31 e~ /43

- S2UL
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Table 1. Atomic coordinates and Biso/Beg

y

atom x y . oz B.,
Ag(l) 031515(2) 0.05808(5) 0.926(2) 3.174(9)
S(1) | 0.16412(8) 0.1000(2) © 1.069(2) | 2.88(3)
F(1) 0.0516(2) -0.0241(6) | 1.169(2) 5.2(1)
F(2) 00550(2)  -0.0224(6) 0.953(2) 6.1(2)
F(3) 0.1114(2) -0.2097(5) 1064(2)  6.0()
o(1) 0.2961(2) 0.0372(6) 0.681(2) 3.8(1)
o2 0.1965(2) C 0.0730(7) 0.941(2) 45()
0(3) 0.1336(3) 0.2642(7) 1.090(2) 5.1(1)
(1) . 0.3522(3) 0.5700(8) 12612) - 2.9(1)
c(2) 0.3208(3) 04053(7)  1.193(2) 27(1)
c3) 0.2958(3) 0.4596(7) 1.050(2) ; 2.7(1)
SO 0.3455(3) 0.3704(7) 0.956(2) 2.17(1)
C(5) o 030108) 0.2733(8) 1.023(2) 2.8(1)
c(6) 0.3807(3) 1 0.2767(8) 1.175(2) 3.0(1)
on 0.4402(4) - 0.3471(8) 1.257(2) 3.6(2)
c(s) 0.4302(3) 0.5430(7) 1.263(2) 3.1(1)
C(9) 0.4560(3) 064188) . 1.138(2) 311
G(10) . 04056(3) . 07876(T) 1112 Y
Ccan 0.3913(3) 081138)  0.964(2) 3.3(2)
\ C(12) 0.3314(3) 0Tal2ny  09312) - 3.3(1)
C(13) 0.2958(3)' | 0.6621(7) 1.047(2) 2.8(1)
C(14) 0-?;369(3) 0.7244(7) 1.170(2) 2.5(1)
C(15) 0.0924(3) -0.0466(9)  Loe) 36(2)

H(1) 0.3343 0.5889 - 1.3493 6.3(7)
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Table 1. Atomic coordinates and Biso/Beg (continued)

atom X y a Z B,

H(2) 0.2844 - 0.3566 © 1.2457 » 2.2(9)
H(3) 0.2502 0.4168 1.0318 1.6(9)
H(4)l | | 0.3613 0.4348 0.8762 5.3(7)
H(5) : 0.4363 0.2728 ' 0.9877 : 10.1(5)
H(6) 0.3693 0.1631 1.2067 3.0(9)
H(7A) 0.4435 0.2970 1.3424 S 5.2(T)
H(7B) 0.4832 0.3203 . 1.2079 3.5(9)
H(8) 0.4503 0.5909 13427 O 11(9)
H(9A) | 0.5018 0.6872 1.1510 7.7(6)
H(9B) 0.4594 0.5661 1.0586 6.0(7)
H(10) 0.4198 0.8935. 1.1528 1.5(9)
H(11) 04218 0.8702 0.8982 3.4(9)
H(12) | 0.3125 0.7414 0.8395 5.9(7)
H(13) 0.2499 0.7069 1.0499 2.3(9)
H(14) 0.3142 0.8142 1.2172 4.0(9)

Bey = gifrz(Uu(aa*)2 + Uz (bb*)? + Usz(cc*)? + 2U19aa*bb* cosy + 2U13aafcc* cos B + 2U23bb*cc” cos @)

5269
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Table 2. Anisotropic Displacement Parameters

atom Un ’ Uaa Uss Ui Uis Uas

Ag(1) 0.0451(2)  0.0277(2)  0.0478(2) 0.0014(2) ~ -0.0045(3)  -0.0005(4)
S(1) 00313(7)  00374(8)  00407(8)  -0.0024(6)  0.0021(7)  0.0039(8)
F(1) | 0.048(2) 0.070(3) 70.081(3.) -0.011(2) 0.023(2) 0.012(3)
F(2) 0.067(3) 0.085(3) 0.080(6) ~ -0.028(2) -0.037(3) | 0.022(3)
F(3) | 0.072(3) 0.033(2) 0.125(5) . -0.006(2) 0.000(3) -0.015(3)
o(1) | 0.044(2) © 0.061(3) 0.040(2) -0.002(2)  0.006(2) -0.001(3)
0(2) ‘ 0.045(2) 0.090(3) | 1 0.036(4) -0.007(2) 0.001(3) | 0.009(4)
0@3) 0.049(3) 0.037(3) . 0.'110(5) 0.002(2) 0.000(4) 0.002(3)
C(1) | 0.041(4) 0.035(3) 0.036(3) 0.002(3) -0.001(3) -0.005(3)
C(2) 0.040(3) 0.022(3) 0.042(3) 0.002(2) | 0.009(3) 0.007(3)
c@3) 0.031(3) . 0.019(3) 0.053(4) -0.004(2) -0.012(3) 0.004(3)
C(4) 0.042(3) 0.019(3) 0.043(5)  -0.007(2) -0.001(3) -0.004(3)
C(5) 0.043(4) 0.021(3) 0.043(4) -0.004(3) 0.004(3) -0.004(3)
C(6) 0.044(4)  0.018(3) - 0.051(4) 0.002(2) -0.001(3) 0.005(3)
C(7) 0.058(4) .  0.035(4) 0.042(4) 0.010(3) -0.013(3) 0.007(3)
C(8) 0.042(4) 0.030(3) 0.045(4) 0.006(3)  -0.011(3) -0.005(3)
C(9) 0.031(3) 0.028(3) 0.060(4) 0.000(2) -0.005(3) -0.003(3)
C(10) . 0.0353) - 0.018(3) 0.051(4) -0.002(2) -0.062(3) 0.000(3)
C(11) 0.043(3) 0.023(3) 0.058(5) 0.008(3) 0.006(3) 0.007(3)
Cc(12) . 0.061(4) 0.022(3) 0043(3)  0.003(2) -0.016(5) 0.010(5).
C(13) 0.031(3) 0.024(3) 0.051(4) 0.002(2)  -0.004(3) 0.001(3)
C(14) 0.030(3) 0.023(3) 0.043(4)  0.005(2) 0.004(3) -0.005(3)
C(15) 0;042(4) 0.044(4) 0.051(4) = -0.006(3) 0.000(3) 0.012(4)

The general temperature factor expression:

S271
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exp(—27%(a*2U11 B2 + b*2Uszk? + c*2Ussl? 4 2a*b*Uyohk + 2a™c*Urzhl + 2b*c* Uazkl)) -
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Table 3. Bond Lengths(/A)

atom atom distance atom ‘atom distance
Ag() o) 2.448(5) Ag(1) 0(2) . 2.346(4)
© Ag(1) C(4) | 2.509(5) Ag(1) o) 2.435(6)
Ag(1) C(11) 2.459(6) : Ag(l) . C(12) 2.474(5)
S(1) o) - 1436(5) S(1) 0(2) 1.433(9)
S(1) o(3) . 1421(5) s(1) | C(15) 1.814(7)
F(1) C(15) 1337(9) F(2) C(15) 1.322(9)
F3) C(15) 1.318(8) C(i) C(2)  1.564(8)
(1) - C(8) 1.552(9) - c(1) C(14) 1.519(9)
c(1) H) 085 c2 - @) 1.556(9)
C(2) C(8) 1.554(8) , , c(2) H(2) 0..96(1)
cE) C(4) 1.513(9) ' Cc(3) c@13) 1.568(8)
C(3) H(3) 0.975(6) C(4) | C(5) 1.341(9)
C(4) H(4) . 0.98(2) | ‘ C(5) - C(6) 1.52(1)
c(5) H(5) 0.958(9) - C(6) o) 1527(9)
C(6) H(6) 0,960(5) : o(7) C(8) 1.530(9)
», C(7) H(7A) 0.93(2) : '(5(7) ‘ H(7B) 1'.00(1)
C(8) c(9) 1.534(9) C(8) H(8) 0.96(2)
o) C10)  1.538(8) C(9) H(9A)  0.961(6)
C(9) H(9B) . 0.98(2) ' C(10) c(ly | 1.494(9)
Co)  cay 1.551(8) S co) H(10) 0.956(9)
C(11) C(12) 1.339(8) | ’ C(11) H(11) | 1.00(1)
) c13) 1.47(1) S c1z) H(12) _0.98(2)v
ca3) C(14) 1.539(9) » C(13) H(13) 0.969(6)
C(14) H(14) 0.95(1) | |

529
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Table 4. Bond Angles(°®)

atom atom -atom angle ‘atom atom . atom angle

- o Ag(l) 02 85.02)  O()  Agl) O 102.7(2)
- O(1) Ag(1) C(5) 121.9(2) o(1) Ag(1) C(11) 101.3(2)
0(1) Ag(1) C(12) 88.7(3) 0(2) | Ag(1) C(4) 100.5(2)
0(2) Ag(l)  C(5) 123.6(2) 0(2)  Ag) . cqi) 129.5(2)
0(2) Ag(l)  C(12)  100.1(2) 0(4) Ag(l) C(5) 31.4(2)
C(4)  Ag(d) G(11) 125.8(2) . C(4) | Ag(1) C(12) 157.2(2)
c(5) Ag(l)  C(11)  95.5(2) C(5) Ag()  c(12) 126.1(2)
C(11)  Ag()  c2) 31.5(2) o S(1) 0(2) 112.6(3)
o(1) S(1) - 0@ 114.9(4) - o1 S(i) - C(15) 104.0(3)
0(2) | S(1) 0(3) 116.6(4) 0(2) S(1) C(15) 102.9(3)
0(3) S(1) C(15)  103.6(3) Ag() o) s 130.5(3)
As()  O(2) S(1) 1205(4) C(2) C(1) C(8) 106.7(5)
@) () (19 1084(5) @) c) H(1) 111.5(6)
C(8) c(1) C(14) 108.1(5)’ c®) (1) H(1) 112.1(7)
C(14)  ca)  HQ) 110.0(6) o C(2) C(3) 1106.8(4)
(1) C(2) C(6) 105.7(5) c(1) C(2) H(2) 112.9(9)
C(3) C(2) C(6) 108.0(5) C(3) C(2) H(2) 110(1)
C(6) c@) H)  112.2(5) o c(3) ca) 103.1(4)
C(2) C(3) C(13) 106.7(5) | C(2) C(3) H(3) 111(1)
G4 CB)  Ca3)  1164(s) C(4) C(3) H(3) 109.2(9)
C(13), @) H(3) 109.7(5) Ag(l)  C() c(3) 111.1(4)
Agl)  C4) C(5) 71.2(3) Agl)  C4) @4y 117.8(7)
C(3) C(4) C(5) 113.0(6) C(3) C(4) H(,zi) 117.6(6)
C(5) Cc(4) H(4) 117.7(6) Ag(l)  O(5) C4)  77.3(4)

$307
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Table 4. Bond Angles(®) (continued)

atom atom atom. angle ~ atom atom  atom angle
CAg)  CE) C(6) 108.6(4) Ag(l)  C(5) H(5) 115.3(8)
C(4) C(5) C(6) 112.6(6) cy  cE) H(5) 116(1)
C(6) C(5) H(5) 118(1) C(2) C(6) C(5) 103.2(6)
C2) C(6) C(7) 107.0(6) . C(2) C(6) H(6) 111.3(6)
(5) G O 1154(5) C(5) C(6) H)  109(1)
) C(6) H(6) - 109.5(10) - C(6) c(7) c(8) 105.8(5)
C(6) c(7) H(TA)  1126(7) C(6) o  H(7B) 108.5(9)
C(8) C(1) . H(7A) 113.3(8) C(8) C(7) H(7B) 109.3(6)
H(7A)  C(7) H(7B)  107.3(8) c(1) C(8) c(7) 105.1(5)
(1) C(8) C(9) 105.2(5) . - C(1) C(8) H(8) 111.5(7)
C(7) C(8) C(9) ‘115.1(6) c(7) C(8) H(8) 110.9(6)
C(9) C(8) H(8) | 108.8(8) c(8) C(9) C(10) 166.1(5)
c®)  Co) H(9A)  113(1) C(8) €O - HOB) - 111.0(s)
C(10)  C(9) H(9A)  111.0(6) - C(10) C(9) H(9B) 109.6(7)
H(9A) - C(9) “H(9B)  105(1) C(9) c(10)  c(11) 112.4(5)
oo C(10) C(14) 106.2(5) C(9) C(10) | H(10)  111.4(7)
C(11) C(10)  C(14) 103:7(5) oy cao)  H(1o) 111(1)
C(14) C(10) H(10) . 111.8(8)  Ag1) | C(11) C(10)  111.2(4)
Ag()  cn  c2)  749() Agl)  C(l)  HOD)  84.9(4)
C(10)  ca1  c(2) 110.7(7) C(10)  ca1)  HQ11) 125.3(‘10)
C(12) C(11) H(11) 124(1) | Ag(1) C(12) C(li) 73.6(3)
Ag(l) C(12) C(13) . 111.7(5) Ag(1) C(12) H(12) 85.9(3)
C(11) c(12)  C(13) 113.7(8) ca o) H(12) 124.0(9)
C(13) 0(12) H(12) 122.3(7) C(3) C(13) C(12)  115.5(6)

$3|17%
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Table 4. Bond Angles(°) (continued)

atom atom atom angle | atom atom = atom angle
@) c3)  c(4)- ) 107.4(5) S C®)  c(13)  H(13)  110.9(5)
cuy 13 oy 103.3(5) - C(12)  C(13)  H®13)  108(1)
C(14)  C©(13)  H(13)  110() o) G4y C0)  107.0()
(1) C(14)  C(13)  108.7(5) (L) c(14)  H(14)  112(1)
Cuo)  Ca)  CU3)  103(5) ' C10) o4y A4 1112(6)
C(13)  C(14)  H(4) - 1114(9) S(1) c(15)  F(1) 111.0(5) |
S(1) Cc(15) F(2) 112.1(5) S(1)y  C(15)  F(3) 112.2(5)
F(1) s FE) 106.8(6) R c(15)  F®)  106.7(6)

F(2) C(15)  F@B)  1076(6)
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Table 5. Torsion Angles(®)

atom  atom  atom  atom  angle atom  atom  atom  atom  angle
Ag(l) O(1)  S1) 0@  -175.0(3) Ag(1) O(1) - S(1)  O(3) -38.2(%)
Ag(1) O(1)  S(1)  C»15)  74.4(4) Ag(l)  O(2) | S(1) o) -27.3(4)
Ag(l) 02 S1) OB  108.7(4) Ag) 0@  S()  C(15)  -138.7(3)
Agl)  C(4) OB 0@ 801(4) Ag(vl) C4)  C(3) C13) -163.5(4)
Ag(1)  C(4)  C(B)  C6)  -105.1(5) Ag(l) C(B) CA) CB)  105.6(4)
Ag(l) C()  C6) C@)  -86.6(5) Af)  C()  C6) o) 157004)
S1)  0@2) Agl) O(1)  -176.0(4) S(1)  0@2) Ag(l) CH)  -74.0(4)
S() 02  Agl) CGB)  -50.7(5) S(1)  0(2) Ag(l) C(11)  835(4)
S(1) 02  Ag(l) CA2)  96.3(4) F(1) C(15) S(1) O(1)  69.5(5)
F()  CU5) S(1) 0@  -172.9(5) F(1)  C(5) S(1)  O@3)  -51.0(8)
P cUs)  s()  O(1)  -17L1(3) F2)  C15) S(1) 0@  -535(6)
F(2)  C@15) S(1) - O(@3) 68.4(7) F(3) C(15) S(1) - O()  -49.8(6)
F(3)  C(15) S(1) O 67.8(6) F3) €5 s@) 0O(3)  -170.3(6)
O(1)  Ag()) C@) C@)  1199(4)  O(1) Agl) C@)  C(B)  -132.0(4)
o)  Ag(l) o) CM) 58-.6(4) o(1) Ag(l) C(B) C6)  168.5(4)
0 A1) C(W)  CE) 327(5) 0(2) Ag(1) CH)  C() 140.8(4)
0@2) Agl) C(B) CH)  -48.3(5) 0(2) Ag(l) C(B) C®6)  6L7(5)
| c(l) C@ @ CB) C4) 109.3(5) C() C@  CE  C1y)  -13806)
c() C@ C6) C()  -10996) (1) | C@)  C6) T 124(7)
c(l) ©@) CT 6 3L o C®)  CO)  c10)  21206) |
CL)  Cay  Cuy €O M) c()  c4) c(1o) ¢ 133.1(5)
C) 4 Cuy)  CE) 906 Cc1)  C(14) C(U3) C12) -131.6(5)
Cc2) C(1) OB’ ) -23.9(7) c@  c1) B ) | 98.0(6)
C2)  C()  C(14) . CU0)  -112.9(5) C2)  C)  C4)  CO3) 04

833%
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Table 5. Torsion Angles(°) (continued)

atom ' atom - atom  atom  angle atom  atom  atom  atom angle
C(2) CB3)  C@  c») 2.3(6) C(2) ©@B) cas) (2 128.-8(6)
C2) CB) ¢ 0(14)‘ 14.1(6) C@ C6 ) o ~2.9(7)
C@2) C6) ¢ C(8)/ -27.5(7) CB3) @ oW e ’-107.7(5)
C® @ oy cu 8.4(6) CB) @ o)  Cp) | 4.2(6)
et C(2) C(6) C(7) 126.4(6) C(3) C(4) Ag(l)  C(5) »'108.1(6)-
C3)  CME)  Ag)) C(11) -125.9(4) C3)  CM)  Ag() CU12) -121.7(8)
C(3) C(4) C(5)  C(6) 0.4(7) C(3) C(13)  C(12) c(11) -106.0(6)
C@) -~ C13) c4) C(w0) 1054(5) Cl4)  Ag(l) C(B)  C6)  109.9(6)
o) C@) () -4.0(6) C#)  CE) 13 ©12)  144(s)
C4)  C(B) C(I3) ©@14)  -100.2(6) | CM)  C(B) . Ag(l) C(11) - 165.6(4)
C(4)  C(B)  Agl) C12)  173.5(5) | C4)  CB)  CE) Ccr  -119.36)
C6)  C  Agl) cC(11)  -17.8(5) C(5j C(d)  Ag(l) C(12) ’ -13.6(10)
CB) G CE)  cus)  usr6) . cB) oE) '0(7) o®) 86.7(7)
c6)  C@ o) cE) 717 C) €@  C1) -ca4  123.3()
C6) C@ cE cus) 121105 C(6) . C(B)  Agl) C11)  -84.6(4)
C(6) - C5)  Ag(l) C(12)  -76.6(6) S CB) o) . Ccr) ) -83.5(7)
oM C®)  C1)  cud)  -14025) oM - C(8) )  C10)  1424(6)
CB) C(1) Ca4) c(o) 2.3(7) - C(8) ~ C(1) C4) €3 115.6(5)
C(8) "0(9) C.(IO) oy 138.7(5) C(sj C(9)  C10) C14)  -26.0(6)
Co  CE  cu | C(14)  -183(7) C(9  C(0) C(11)  C(12)  102:6(6)
C(9)  C(10) C(14) CO8)  -101.0(5) C(10)  c©(11) Ag(l)- C(12)  -106.7(7)
C(l0) ¢l  ca) C(13) 0.5(7) C(10) C(14) C€(13) C12)  -17.2(6)
cai) Ag(l). C(12)  C(13)  109.5(8) c1)  ¢(10) '0(14) C3)  17.5(6)

C) - C(12)  C(13) cy 1097 o) C(11)  C(10) C(14)  -11.6(7)
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Table 5. Torsion Angles(®) (continued)

atom atom atom atom-  angle atom atom atom atom angle
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X-ray Structure Report

\ Crystallographic data'fo;r 7 . |

Tue Oct 6 1998
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Ezperimental

Data Collection

A yellow prismatic crystal of CooH260gRu having approximate dimensions of 0.10 x 0.10 x 0.05 mm was
mounted on a glass fiber. All measurements were made on a Rigaku AFCTR diffractometer with graphite
monochromated Mo-Ka radiation and a 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 29.42 < 26 < 29.95° corresponded
to a primitive monoclinic cell with dimensions:

a=T7.816(5) 4
b = 25.190(5) A B = 109.01(4)°
c= 11».050(6) A
V = 2056(1) A3

For Z = 4 and F.W. = 495.49, the calculated density is 1.60 g/cm3. The systematic absences of:

hOl: 1 # 2n
0kO: k # 2n

uniquely determine the space group to be:

P2;/c (#14)

The data were collected at a temperature of 23 + 1°C using the w scan technique to a maximum 29
value of 55.0°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.22° with a take-off angle of 6.0°. Scans of (0.52 + 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 1 scans)
and the counts were accumulated to ensure 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 235
mm, The computer-controlled slits were set to 3.0 mm (horizontal) and 3.0 mm (vertical).

Data Reduction

Of the 5088 reflections which were collected, 4852 were unique (R;,; = 0.026). The intensities of three
representative reflection were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, u, for Mo-Ka radiation is 8.1 cm™!. Azimuthal scans of several reflec-
tions indicated no need for an absorption correction. The data were corrected for Lorentz and polarization
effects.

839¢
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Structure Solution and Refinement

The structure was solved by direct methods® and expanded using Fourier techniques?. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included, but their positions were not refined;
isotropic B values were refined The final cycle of full-matrix least-squares refinement® was based on 2892
observed reflections (I > 3.000(I)) and 288 variable parameters and converged (largest parameter shift was
0.00 times its esd) with unweighted and weighted agreement factors of: '

R = X||Fo| — |Fe|l/Z|Fol = 0.040

Ry = /Tw([Fo| — [Fc])?/TwFo® =0.041

The standard deviation of an observation of unit weight? was 0.66. The weighting scheme was based
on counting statistics and included a factor (p = 0.002) to downweight the intense reflections. Plots of
Yw(|Fo|—|Fc|)? versus |Fol, reflection order in data collection, sin 6/ and various classes of indices showed
no unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.40 and -0.40 e~ /A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber® . Anomalous dispersion effects
were included in Fcalc®; the values for Af” and Af” were those of Creagh and McAuley?. The values for the
mass attenuation coefficients are those of Creagh and Hubbel®. All calculations were performed using the
teXsan® crystallographic software package of Molecular Structure Corporation. '
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(3) Least-Squares:

Function minimized: w(|Fo| — |Fel)®
where w = F(_lfo_)': [0?(Fo) + ’;F'o2]'1

o.(Fo) = es.d. based on counting statistics

p = p-factor

(4) Standard deviation of an observation of unit weight:

/SulIFo]— [Fe?/(No — Nu)

where: No = number of observations

Nv = number of variables
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