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General.

Benzene was distilled from POs then from Na. Methanol was distilled from Mg.
Vinylidenecyclopropanes (2a-h, j) were prepared according to the literature,4 and were used
after purification by silica gel column chromatography and/or recrystallization.

Photoirradiation was performed by an Eikosha PIH-300 3OOW high-pressure mercury
lamp through Pyrex filter. Melting points were determined on a Yanagimoto Micro Melting
Point apparatus, Yanaco MP-500 .. and are uncorrected. 1H and 13¢ NMR spectra were
recorded on a JEOL JNM-GX270 (270 MHz and 68 MHz, respectively) or a Varian
MERCURY-300 (300 MHz and 75 MHz, respectively) .spéctrometer using Mey4Si as an
internal standard. IR spectra were determined on a Jasco FT/IR-230 or a Jasco FT/IR-5000
spectrometer. UV-vis spectra were recorded on Jasco UVIDEC-670 or Shimadzu UV-160A
spectrophotometer. ~Fluorescence spectra were taken on Jasco FP-770 spectrophotometer.
Mass spectra (EI) were taken on a SHIMADZU GCMS-QP5050 operating in the electron
impact mode (70 eV) equipped with DB-SMS: column (J&W Scientific Inc., Serial: 8696181).
HRMS spectra were obtained on a JEOL JMS-303H operating in the electron impact mode
(70 eV) in Qsaka Municipal Technical Research Institute. HPLC separations  were

performed on a recycling preparative HPLC equipped with Jasco PU-986 pump, Shodex RI-
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72 differential refractometer, Megapak GEL 201Cp and 201CP columns (GPC) using CHCl3
as an eluent. Column chromatography was conducted by using MERCK silica gel 60
(0.063-0.200 mm).

X-ray diffraction data of 3b were collected by using Rigaku AFCS5R diffractometer
with graphite monochromated Mo-Ka radiation (A = 0.71069 A)-and a 18 kW rotating anode
generator. Cell dimensions were obtained by least-square fitting from 20 high angle
reflections. All computations for the structure determination were carried out on work
station INDY (Silicon Graphics) using crystallographic program package TEXSAN. Details
for X-ray crystallographic data is mentioned in X-ray structure report located at the end of

this supporting information.

Photoreaction of 2a. .

A benzene solution (10 mL) of l—(2’,2’—diphenylvinylidene)—2,2,3,3-tetramethyl-
cyclopropane (2a, 82 mg, 0.30 mmol) was irradiated by a high-pressure mercury lamp
through Pyrex filter under argon atmosphere. The reaction can be monitored by IR, UV, and
NMR spectroscopy. After the all 2a was consumed, solvent was removed in vacuo.
'Purification by a silica gel colufnn chromatography (hexane) gave 1,1-diphenyl-4,5,5-
trimethyl-1,2,3-hexatriene (3a, 45 mg, 55%) as colorlekss oil. Data for 3a: oil; l1H NMR
(270 MHz, CDCl3) §7.25-7.52 (m, 10 H), 2.06 (s, 3 H), 1.21 (s, 9 H); 13C NMR (75 MHz,
CDCl3) 6 158.6, 150.8, 139.2, 139.1, 130.7, 128.8, 128.3, 127.2, 127.0, 116.7, 109.5, 104.3,
37.6, 29.3, 19.9; IR (neat) 2968, 2046, 1943, 1599, 1491, 1444, 768, 694 cml; UV
(cyclohexane) Apax = 253, 340 nm; MS (EI) m/z = 165, 202, 216, 231, 244, 259, 274 (M);
HRMS (EI) Caled for Cp1Hpp: 274.1721.  Found: 274.1787.

1,1-Bis(p-chlorophenyl)-4,5,5-trimethyl-1,2,3-hexatriene (3b)

Purified by silica gel column chromatography (hexane) then by recrystallization from
methanol (85% yield). Mp 129-130 °C; |H NMR (270 MHz, CDCl3) 6 7.26-7.40 (m, 8 H),
2.06 (s, 3 H), 1.20 (s, 9 H); 13C NMR (75 MHz, CDCl3) 6 158.9, 150.4, 137.4, 133.2, 132.7,

129.9, 129.5, 128.7, 128.6, 109.9, 109.3, 38.0, 29.5, 20.4; IR (neat) 2962, 2044, 1903, 1604,
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1485cml; UV (cyclohexane) Ay ax = 268, 345 nm; MS (EI) m/z = 343 (M™).

1,1-Bis(p-methoxyphenyl)-4,5,5-trimethyl-1,2,3-hexatriene (3c)

Purified by silica gel column chromatography (hexane / ethyl acetate = 19 / 1) then by
recycling preparative HPLC (45% yield). Oil; I NMR (270 MHz, CDCl3) 6 7.26-7.40 (1,
8 H), 2.06 (s, 3 H), 1.20 (s, 9 H).

1,1-Bis(p-methylphenyl)-4,5,5-trimethyl-1,2,3-hexatriene (3d)

Purified by silica gel column chromatography (hexane / ethyl acetate = 19 / 1) (62%
yield). Oil; |H NMR (270 MHz, CDCl3) §7.19-7.47 (m, 8 H), 2.42 (s, 6 H), 2.10 (s, 3 H),
1.26 (s, 9 H); 13¢ NMR (75 MHz, CDCI3) 8 152.6, 146.0, 132.4, 131.8, 131.7, 124.4, 124.3,
124.1, 123.6, 33.0, 24.9, 16.9, 15.5; IR (neat) 2964, 2040, 1904, 1608, 1508 cm1; UV
(cyclohexane) Apax = 262, 344 nm.

Measurements of quantum yields
Quantum yields were determined by using a potassium ferrioxalate actinometer. The
313 nm Hg line was isolated through an aqueous K7CrOy filter solution and Toshiba UV-29

glass filter. The intensity was calculated before actual photoreactions.

Trapping of diarylvinylidene carbene 5.

An ethyl vinyl ether solution (5 mL) of cis-1-(2°,2’-diphenylvinylidene)-2,3-
dimethylcyclopropane (2g, 39.0 mg, 0.16 mmol) was irradiated by a high-pressure mercury
lamp through Pyrex filter under argon atmosphere for 1 h. The reaction mixture was
evaporated and purified by silica gel column chromatography (hexane / benzene = 1/ 1) to
give 1-(2°,2’-diphenylvinylidene)-2-ethoxycyclopropane (4a, 10.4 mg, 25%). Sbectral data

of 4a-b was identical with the authentic samples prepared in the precedent literature.4
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| X-ray report of 1,1-bis(p-chlorophenyl)-4,5,5-trimethyl-1,2,3-hexatriene (3b)

Ezperimenial

Data Collection

A colorless prismatic crystal of Cy;HyqCly having approximate dimensions of 0.30 x 0.40 x 0.50 mm was
mounted on a glass fiber. All measurements were made on a Rigaku AFC5R 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 27.22 < 26 < 29.46° corresponded
to a primitive morioclinic cell with dimensions: :

a=7.6341(9) 4

b = 21.718(2) 4 8 = 97.61(1)°
c=11.394(2) A

V = 1872.6(4) 43

For 2 = 4 and F.'W. = 343.29, the calculated dens1ty is 1.22 g/cm®. The systematlc absences of:

hOol: 1 # 2n
0k0: k # 2n

uniquely determine the space group to be:

P2y /c (#14)

The data-were collected at a temperature of 23 4 1°C using the w-26 scan techunique to a maximum
20 value of 55.1°. Omega scans of several intense reflections, made prior to data collection, had an average
width at half-height of 0.33° with a take-off angle of 6.0°. Scans of (1.10 + 0.30 tan 8)° were made at a speed
of 8.0°/min (in omega). The weak reflections (I < 10.0¢(1)) were rescanned (maximum of 5 scans) and the
counts were accumnlated to ensure good counting statistics. Stationary background counts were recorded
on each side of thie 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 258 mm, and the
detector aperture was 9.0 x 13.0 mm (horizontal x vertical).

Data_Reduction

Of the 4651 reflections which were collected, 4339 were unique (R;,: = 0.018). The intensities of three
fepresentative reflection were measured after every 150 reflections. No decay correction was applied.

The linear absorption coefficient, y, for Mo-Ka radiation is 3.4 cm™!. An empirical absorption correction
based on azimuthal scans of several reflections was applied which resulted in transmission factors ranglng
from 0.97 to 1.00. The data were corrected for Lorentz and polarization effects.
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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 refined isotropically. The final cycle of full-matrix
least-squares refinement® was based on 2077 observed reflections (I > 3.000(1)) and 288 variable parameters

and converged (largest parameter shift was 0.06 times its esd) with unweighted and weighted agreement
factors of:

R =E||Fo| - |Fc|l/Z|Fo| = 0.043

Ry = /(Sw(|Fo| — |Fc|)2/SwFo?)] = 0.056

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 = 0.035) to downweight the intense reflections. Plots of
Yw([Fo|—|Fc|)? versus |Fol, reflection order in data collection, sin /A and various classes of indices showed

no unusual trends. The maximum and minimum peaks on the final difference Four1e1 map corresponded to
0.27 and -0.26 e~ /A3, respectlvely

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: Sw(|Fo| — |Fcl)?
where w = aZ(Fo) = [o2(Fo) + LFO 171 |
o.(Fo) = e.s.d. based on counting statistics

_p = p-factor

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

VEu([Fo] < [Fel}? (o — Nv)
where: No = number of observations

Nv = number of variables
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula
Formula Weight
Crystal Color, Habit ‘
Crystal Dimensions
Crystal System
Lattice Type

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

Omeéga Scan Peak Width
at Half-height

Lattice Parameters

Space Group
Z va.lu;
Deiate

Fooo

{(MoKa)

Diﬁ‘factometer

Radiation

C21H2Clo

343.29

colorless, prismatic
0.30 X 0.40 X 0.50 mm
monoclinic

Primitive
25 (27.2-295°)

0.33°

a= 7.6341(9)A
b= 21.718(2) A
c= 11.394(2) 4
B = 97.61(1)°

V = 1872.6(4) A®
P21/c (#14)

4

1.218 g/cm?

720.00

3.43 em™!

B. Intensity Measurements

Rigaku AFCSR

MoKa (A = 0.71069 4)

graphite monochromated



Attenuator
Take-off Angle

Detector Aperture

Crysta.l.to Detector Distance
Temperature

~ Scan Type

' S.c.:-m Rate

~ Scan Width
20 maz

No. of Reflections Measured

Corrections

Structﬁre Solution
Refinement

Function Minimized

Least Squares Weights
p-factor

Anomalous Dispersion

No. Observations (I>3.00¢(1))
No. Variables

Reflection /Parameter Ratio
Residuals: R; Rw
(Goodness of Fit Indicator

Max Shift /Error in Final Cycle

© 2001 American Chemical Society, Org. Lett., Mizuno 0l000379u Supporting Info Page 8

Zr foil (factors = 1.00, 3.55, 12.06, 42.89)

6.0°

. 9.0 mm horizontal

13.0 mm vertical

258 mm

23.0°C

w-20

8.0°/min (in w) (up to 5 scans)
(1.10 + 0.30 tan §)°

55.1°

Total: 4651

Unique: 4339 (Rin: = 0.018)

Lorentz-polarization

Absorption
(trans. factors: 0.9723 - 0.9990)

C. Structure Solution and Refinement

Direct Methods (SIR92)

Full-matrix least-squares
Tw(|Fo| - |Fel)?

W= oxy = od(Fo) + G

0.0350

All non-hydrogen atoms
2077

288

7.21

0.043 ; 0.056

1.88

0.06
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. a3
Maximum peak in Final Diff. Map 027 e /A

: . — /%3
Minimum peak in Final Diff. Map -0.26 e /A
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Table 1. Atomic coordinates and B,:so/Beq

atom : X y 2 Beg
cl1) 1.2143(1) 0.11344(5) 0.0467(1) 7.70(3)
Cl(2) 10.1971(1) -0.18930(5) 0.1942(1) 8.21(3)
c(1) ] 0'.575'9(4) ~0.0507(1) 0.2777(2) 4.03(7) .
C(2) 0.5104(4) 0.0930(1) 0.3457(3) 4.54(7) -
C(3) 0.4431(4) 0.1312(2) 0.4073(3) 5.08(8)
cla) 0.3757(5) 0.1737(2) 0.4732(3) 5.67(9)
C(5) 0:2059(5) 0.1613(2) 0.5246(3) 6.25(10)
C(6) £0.0627(7) 0.2046(3) 0.4641(5) 8.0(1)
C(7) 0.2334(8) 0.1746(4) 0.6570(4) O 9.7(2)
o) 0.1439(7) 0.0945(2) 0.5022(6) 8.1(1)
(o) | - 0.4681(9) 0.2337(2) 0.4951(6) 8.7(2)
C(10) 0.7347(4) 0.0660(1) 0.2215(2) 3.87(7)

(1) 0.7677(4) 0.1258(1) 0.1906(3) | 4.61(8)
C(12) 0.9152(5) 0.1408(2) 0.1385(3) 5.30(9)

C(13) 1.0310(4) 0.0953(2) 0.1159(3) 4.80(8)
C(14) 1.0039(4) 0.0357(2) 10.1471(3) 4.77(8)
C(15) 0.8565(4) 0.0215(2) 0.1989(3) 4.42(8)
C(16) 0.4846(3) -0.0088(1) 0.2565(2) 3.89(7)
C(17) 0.4858(4) | -0.0412(2) 0.1521(3) 4.43(8)
C(18) 0.3953(4) -0.0954(2) 0.1307(3) 5.04(9)
C(19) 0.3049(4) -0.1191(2) 0.2171(3) 5.15(8)
C(20) 0.3010(4) -0.0886(2) 0.3221(3) 5.10(9)
C(21) 0.3891(4) -0.0340(2) 0.3407(3) 4.44(8)
| H(1) 0.048(6) 0.199(2) ' 0.379(5) 11(1)

10
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Table 1. Atomic coordinates and Biso/Bey (continued)

atom b'q y 2 Beg
H(2) 0.114(6) 0.249(3) 0.466(4) 10(1)
H(3) -0.039(7) 0.201(2) 0.493(4) C10(1)
H(4) - - 0.273(5) 0.221(2) 0.665(4) 7(1)
H(5) 0.133(7) 0.166(2) 0.684(4) 11(1)
H(6) ‘ 0.329(7) 0.146(2) 0.696(4) 12(1)
H(7) 0.045(7)  0.086(2) 0.534(4) - 10(1),
H(8) .‘0.230(7). 0.068(2) 0.543(4) 11(1) |
1(9) O 0.136(8) 0.086(3)  0.415(5) C13(1)
H(10) 0.51(1) 0.243(4) 0.589(7) | 20(1)
H(11) 0.555(7) 0.238(2) 0.459(4) 10(1) .
H(12) 0.401(8) 0.264(3) 0.480(5) | 12(1) '
H(13) 0.684(4) 0.156(1) 0.204(2) 4.6(7)
HO) 0.925(4) 0.182(2) S 0.117(3) 6.4(8)
H(15) 1.085(4) 0.005(1) 0.133(2) 4.6(7)
H(16) 0.836(3) -0.015(1) 0.219(2) 3.6(6) .
CH(1T) 0.538(3) -0.025(1) 0.093(2) 4.1(6)
H(18) | 0.398(4) L0.117(1) ' 0.058(3) 5.5(8) |
H(19) 0.248(5) -0.105(2) 0.381(3) O 6.7(9)
H(20) 0.390(3) - -0.015(1) 0.409(2) 4.2(7)

8 L,
B, = §7r"({/11(aa )2+ Usa(bb*)? + Uss(ce*)? + 2U1zaa*bb* cosy + 2U zaa”ec” cos 3 + 2Ua3bb™cc* cos o)

11
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Table 2. Anisotropic Displacement Parameters

atom Uy, Usp Uss Uiy ~ Uis Usz
CI(1) 0.0741(6) 0.102.3(8) 0.1254(9) -0.0090(5) 0.0472(6) 0.0238(8)
Cl(2) 0.0896(7) 0.0982(8) . 0.1291(9) -0.0416(6) 0.0337(6) | -0.0288(7)
C(1) 0.049(2) 0.060(2) 0.045(2) 0.007(1) 0.009(1) 0.003(1)
C2) 0.054(2) 0.063(2) 0.056(2) 0.004(2) 0.014(1) 0.005(2)
c3) 0.066(2) 0.067(2) 0.064(2) 0.014(2) 0.022(2)' 0.008(2)
C(4) 0.079(2) 0.072(2) 0.068(2) 0.020(2) 0..020(2) 0.002(2)
C(5) 0.068(2) 0.102(3) 0.070(2) 0.033(2) 0.019(2) 0.000(2)
C(6) 0.087(3) 0.110(4) 0.103(4) 0.041(3) | 0:000(3) -0.003(3)
C(7) 0.088(4) 0.205(7) 0.081(3) 0.042(4) 0.029(3) -0.003(4)
C(8) 0.083(3) | 0.093(4) 0.142(5) 0.016(3) 0.055(3) 0.023(3)
| /() 0.124(4) 0.069(3) 0.148(5) 0.000(3) 0.052(4) -0.025(3)
C(10) 0.049("2’) 0.057(2) 0.041(2) 0.002(1) 0.007(1) 0.001(1)
C(11) 0.062(2) 0.051(2) 0.064(2) 0.005(2) 0.015(2) 0.001(2)
C(12) 0.074(2) 0.056(2) 0.074(2) -0.008(2) 0.020(2) 0.010(2)
C(13) 0.052(2) 0.070(2)  0.063(2) -0.006(2) 0.018(1) 0..008(2)
C(14) 0.052(2)  0.064(2) 0.068(2) 0.008(2) 0.017(2) 0.008(2)
C(15) 0.055(2)" 0.053(2) o 0.062(2) 0.000(2} 0.015(1) 0.013(2)
C(16) 0.040(1) 0.060(2) 0.049(2) 0.007(1) 0.009(1) 0.005(1)
c(17) 0.053(2) 0.071(2) | 0.047(2) .0.001(2) - 0.013(1) 0.003(2)
C(18) 0.058(2) 0.077(2) 0.056(2) -0:003(2) 0.006(2) -0.01‘1(2)
C(19)" ~ 0.047(2) 0.071(2) 0.078(2) . -0.009(2) 0.010(2) .-0.008(2:)
| C(20) 0.050(2) 0.080(3) - 0.068(2) -0.008(2) 0.020(2) | 0.003(2)
C(21) 0.049(2) 0.072(2) 0.050(2) 0.000(2) 0.012(1) -0.003(2)

The general temperature factor expression:

12




© 2001 American Chemical Sociéty, Org. Lett., Mizuno 0l000379u Supporting Info Page 13

- exp(=27%(a*?Up h? + 0*2Uq0k? + é;2U3312 + 2a*b*Uyghk + 2a*c*Uighl + 2b*c* Uaskl))

13
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Table 3. Bond Lengths(A)

" atom atom distance atom atom distance
Ci(1) C(13) - L740(3) | Cl(2) C(19) . 1.736(3)
(11(1_5 , C(2) 1.341(4) ca) C(10) 1.481(4)
o) C(16) 1.474(4) c@) C(3) 1.241(4)
(3) C(4) o1334(4) C(4) C(5) 1.515(5)
O ) 1.489(6) B C(5) c6)  1.535(5)
C(5) c(7) 1.523(6) C(5) C(8) 1 536(6)
C(6) H(1) 0.97(5) C(6) H(2) 1,64(5)
C(6) H(3) 0.89(5) c(7) H(4) 1.04(4)
() H(5) 0.88(5) () H(6) L)
o(8) H(T) 0.90(3) Cc(8) H(8) 0.95(5)
o) H(9) 1.00(6) C(9) H(10) 1.09(7)
C(9) H(11) 0.83(5). | Q) H(12) 0.83(6)
C(10) c(1) 1.377(4) C(10) C(15) 1.388(4)
C(i1) C(12) 1.381(4) | c(11) H(13) 0.95(3)
ciz) o c(3) 1.373(5) c(12) HO4)  0.92(3)
C(13) C(14) 1.365(4) c(14) C(15) 1.373(4)
C(14) H(15) ©  0.94(3) C(15) H(16) 0.85(3)
C(16) C(17) 1.384(4) : C(16) C(21) 1.391(4)
c(17) C(18) 1.370(4) - c(17) CH(IT) O 0.89(3)
c(18) C(19) 1.375(4) C(18) H(18) 0.95(3)
c(9) C(20) 1.371(4) C(20) c(21) 1.36%(4) |
C(20) H(19) 0.90(3) | C(21) H(20) 0.88(3)

14
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1

Table 4. Bond Angles(°)

atom atom atom angle atom atom atom angle
C(2) | C(1) C(10) 119.1(3) C(2) C(1) C(16) 119.4(3)
- C10) () C(16)  1215(2) cy Q) C(3) 177.5(3)
C(2) C(3) C(4) 177.9(4) C(3) C(4) cB) _120.6(3}
<::(‘3,)~ C(4) C(9) 119.3(4) ‘ C(5) C(4) C9)  120.1(3)
C(4) C(5) C(6) 108.2(4) c@)  C) ) 109.7(4)
C(4) C(5) C(8) 111.3(3) ' C(6) C(s) Ty 109.0(4)
C(6) C(5) C(8) 108.5(4) c(7) C(5) C(8) 110.0(5)
C(5) C(6) H(1) 110(2) C(5) C(6) H(2) 108(2)
C(5) C(6) H(S) 112(3) H(1) C(6) H(2) 97(3)
H(1) ce) H(3j 111(4) H(2) C(6) H(3) 115(4)
C(5) o(7) H(4) 105(2) C(5) o(7) H(5) 107(3)
C(5) C(7) | H(6) 108(2) H(4) C(7) H(5) 115(4)
H(4) o) H(6) 110(3) H(5) am) H(6)  109(4)
C(5) C(8) H(T) 112(3) C(5) C(8) H(3) 108(2)
CB) O HE) 108(3) H(T)  C8)  H(8)  104(4)
H(7) C8) . H(9) 114(4) H(8) C(8) H(9) 108(4)
- C(4) C(9) H(10) 113(4) C(4). C(9) H(11) 114(3)
C(4) C(9) H(12) 112(4) ﬂH(lO) C(9) H(11) 109(5)
H(10) C(9) H(12)  97(5) H(11) C(9) H(12) 108(5)
C('l‘_) C(10) C(11) 120.6(3) C(1) . C(10) C(15) 122.1(3)
G(11) C(10) C(15) 117.3(3) C(10) C(l‘l) C(12) 121.3(3)
< €(10) C(11) H(13) 117(1) C(12) ' C(11) H(13) 120(1)
C(1) . C(12) C(13) 119.5(3) | C(11) C(12) H(14) 116(2)
C(13) C(12) H(14) 124(2) - - Cl(1) C(13) C(12) 119.9(3)
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Table 4. Bond Angles(®) (continued) -

atom atom atom angle atom atom atom angle
Cl(1) C(13) C(14) 119.4(2) C(12) C(13) C(14) 120.7(3)
C(13) C(14) C(15) 119.1(3) C(13)  C(14) H(15) 120(1)
C(15) C(14) H(15) \ 120(1) C(10) c(15) C(14)  122.0(3)
C(10) C(15) H(is) 116(1) C(14) | C(15) H(16) 121(1)
o) cae)  camn  122.0(3) c(1)  C@e)  C@l)  1208(3)
C(17) C(16) C(21) 117.2(3) C(16) C(7) . C(18) 121.9(3)
C(16) C(17) H(17) 120(1) C(18) C(17) H(17) 117(1)
C(17) C(18) C(i9) 118.9(3) C(17) C(18) | H(18) 120(1)
C(19) C(18) H(18) 120(1) C1(2) C(19) C(18) B 119.6(3)
C1(2) C(19) C(20) 119.4(3) C(18) C(19) C(20) . 121.0(3)
C(19) C(20) C(21) 119.2(3) C(19) C(20) H(19) 121(2)
Q21 C(20) H(19) 119(2) C(16) C(21) C(20) 121.7(3)

C(16) C(21) H(20) 118(1) C(20) = C(21) H(20) 119(1)
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Table 5. Torsion Angles(®)

atom atom atom atom angle atom atom atom atom angle

Cl(1)  C@13) C(12) C(11)  178.3(3) Cl1) C(13) C(14) C(15) -178.3(2)
Cl(2) C(9) C@18) CQT)  -177.3(2) Cl(2) C(19j C(20)  C(21) 178.7(2)
C(1) C(2) C(3‘) C(4)  -153(7) C(1) C(10)  C(11)  C(12)  179.9(3)
C(1) C(10)  C(15) C(14)  -179.8(3) c(1) C(16) 0(17) C(18)  -177.5(3)
c(1)  C(16) C(21) C(20)  178.9(3) C(2) C(1)  Co) C(l  -30.1(4)
C(2) C(1)  C(0) C(15)  149.2(3) C(2)  Cc) C(lﬁ) C(17) 148.7(3)
C(2) C(1) 6 C(21)  -29.7(4) c) CB) C4)  CB)  -178(9)
C(2) C@B) . C@  CO) 2(10) c@3) C(2) C)y  C(o)  148(T)
ci3)  C@) o) Cae)  -29(7) C(3) C) C(B)  C6)  -112.8(4)
C(3) CH@  CkB  CM 128.4(5) C@3) Ci) cpB)  CW®) 6.4(5)
c(6  C(B) C@  C) 66.7(5) c(m  CG)  CE o) -52.1(6)
Cis)  C(B)  C@  CO)  -174.1(5) C(1o) c(1) .~ C(16) C(17T)  -28.8(4)
C(10)  C() c(16)  C(21) 152.8(3) c(10)  c@a1y  c(12)  C(13) 0.5(5)
C(10)  C(15)  C(14)  C(13) -0.6(5) C(11)  C(10) C(1)  C(18)  147.4(3)
C(11)  C(10)  C(15)  C(14) -0.4(4) c(1l) C(12) C(13) C(14) -1.6(5)
C(12) C(11)  C(10)  C(15) 0.5(5) C(12) C(13) C(14) C(15) 1.7(5)
C(15) C(10) C(1)  C(16)  -33.3(4) c(16) C(17) C(18)  C(19)  -1.9(5)
C(16) C(21) C(20)  C(19) -0.8(5) c(17)  C(16)  C(21)  C(20) 0.5(4)
C(17)  C(18)  C(19) 0(20) 1.5(5) cg) (1) C(e) C21) 0.9(4)

C(18)  C(19)  C(20)  C(21)  -0.2(5)
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Table 6. Non-bonded Contacts out to 3.60 A

atom atom distance  ADC atom atom distance  ADC -
Cl(1) H(12) 3.16(6) 65404 CI(1) H(2) 3.19(6) 65404
- CI(1) H(17) 3.25(3) 75503 ci1)  H(8) 3.34(3) 75503
Cl(2) H(5)  3.07(5) 55603 C1(2) H(2) 3.10(5) 54502
Cl(2) H(1) 3.11(5) 54502 Cl(2) H(11) 3.16(5) 64502
- Ql2) H(3) 3.32(5) 54502 Cl(2) H(10) 3.34(8) . 65603
Cl2)  C(6) ~ 3.398(5) 54502 Cl(2) H(14) 3.55(3) 65503
C(1) H(8) 3.49(5) 65603 C(2) H(20) 3.27(3) 65603
c(2) . HQ9) 3.42(3) 65603 ) H(19) 3.20(3) 65603
C(3) H(20) 3.41(3) . 65603 C(3) C(20) 3.548(5) 65603
C(4) H(19) 3.46(3) 65603 , C(6) H(14) 3.28(4) 45504
C(8) H(19) 3.44(4) 55603 C(8) H(16) 3.60(3) 65603
C(9) H(18) | 3.47(3) 65502 C(10) H(18) 3.40(3) 65503
C(10) | H(9) 3.56(6) 63501 , C(11) H(18) 2.96(3) 65503
c(11)  HO) 3.24(5) 65501 C(11) H(10) 3.58(8) 55404
C{12) H(1) 3.06(5) - 65.501 C(12) H(18) 3.10(3) 65503
C(12) H(2) 3.56(5) 65404 - C12) H(9) . 3.58(6) 65501
C(13) H(9) 3.41(6) 65501 | c(13)  H(15) 3.50(3) 75503
C(14) H(9) 3.28(6) 65501 C(14) H(15) 3.29(3) 75503
C(15) H(9) 3.35(6) 65501 C(186) H(15)  320(3) 45501
C(16) | H(8) 3.21(5) 65603 C(16) H(B)  3.32(6) 65603
C(17) H(6) 3.09(5) 65603 C(17) H(17) 3.13(3) 65503
C(T) H(15) 3.20(3) 45501 C(18) | H(6) 2.91(5) 65603
C(18) H(15) 3.22(3) 45501 C(19) H(6) 2.90(5) 65603
C(19) H(15) 3.25(3)' 45501 C(20) H(6) 3.12(6) 65603
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Table 6. Non-bonded Contacts out to 3.60 A (continued)

atom  atom  distance ADC atom  atom  distance ADC
C(20)  H(15)  324(3) 45501 c(0)  H(7) 3.29(5) . 55603
c1)  HE) 3.12(5) 65603 c(21)  H(15)  3.20(3) - 45501
c(21)  H(20)  3.29(3) 65603 c21)  H(6) 3.31(6) 65603
H(1) H(14)  3.03(6) 45501 u H(13)  3.33(6) 45501
H(2) H(14)  2.82(6) 45504 H(3) H(14)  2.95(6) 45504
CH(3) H(19)  3.00(6) 55603 H(3) H(11)  3.18(7) 45501
H{4) H(14)  3.39(5) 45504 H(5) H(19)  3.09(5) 55603
TH(5) H(16)  346(6) 63603 H(6) H(6)  3.31(6) 65603
~ H(6) H(18)  3.32(6) 65603 H(6) H19)  357(T) 65603
1) H(19)  2.58(6) 55603 H(T) H(16)  3.24(5) 65603
H(8) H(16)  3.04(5) 65603 H(8) H(20) - 3.10(6) 65603
H(10)  HQ3)  2.80(8) 4 | H(10)  H(19)  3.54(9) 65603
H(l)  H(4)  356(3) 4 H(10)  H(18)  3.58(9) 65502
fg(11)  H(18)  3.18(6) 63502 CBOL) H(4) 359(6) 4
H(12) ~ H(18)  3.07(6) 65502 H(12)  H(13)  357(6) 4
H(13)  H(18)  3.09(4) 65503 H(14)  H(18)  3.28(5) 65503
H(15)  H(15)  3.14(5) 75503 g(7)  H(17)  2.40(5) 65503

1(20) H(20) 2.57(6) 65603
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The ADC (atom designator code) s.peciﬁes the position of an atom in a crystal. The 5-digit nﬁmber
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 crystal latfice
translation digits along cell edges a, b and ¢. A translation digit of 5 indicates the origin unit ceil. If TA = 4,
tlﬁs indicates a translation of one unit cell length along the a-axis in the negative direction. Each translation
'digit can range in value from 1 to 9 and thus +4 lattice translatio.ns from the origin (TA=5, TB=3, TC=5)

can be Tepresented.

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=1). Thus, the 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 examplé, an ADC.of 47502 refers to the target atom moved through
symmetry operator two, then translated -1 cell translations along the a axis, +2 cell transla.tions along the

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

-

An ADC of 1 indicates an intermolecular contact between two fragments (eg. cation and anion) th?.t »

reside in the same asymmetric unit.

Symmetry Operators:
(1) X, Y, z (2) X, 1/24Y, 1/2-Z

(3) -X, -Y, -Z (4) X, 1/2Y, -~ 1/2+7
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