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Tris(methylcyclopentadienyl)uranium(III)(p-dimethylaminopyridine)
- By Allan Zalkin & John G. Brennan

Materials and Molecular Research Division, Lawrence Berkeley Laboratory

University of California, Befkeley CA 94720

Abstract. (CH3C H,) U2(NC5HM)N(CH M = 597.57, triclinie, P1, a =

5473
15.541(6), b = 17.155(7), ¢

2374.7 A3, Z =4, Dx = 1.671 g cm-3; A(MoKa)=0.71073 &, u =

3020
10.303(4) £, 9 = 106.83(4)", 8 = 106.52(4)°, Y

= 67.04(4)°, Vv

64.9 cm ', F(000) = 1148, T

#

296 K, R = 0.033 for 3258 unique reflections
with F2>3o(f2). Two independent but chemically similar molecules are found
in the unit cell. The U is at the center of a distorted tetrahedron
consisting of a N atom and the centers of 3 cyclopentadienyl rings.
Distances are: U-N 2.662(13) and 2.627(12) p ave U-C 2.82 + 0.04 A; ave

U-Cp 2.56 + 0.02 A.
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Introduction. The coordination chemistry of (RC HM) U cannot be adequately

57473
described using a purely ionic bonding model; this was dramatically
illustrated by the recent observation that, at room temperature,
(Me3SiCSH4)3U readily forms a carbon monoxide complex with a reduced CO -
stretching frequency (Brennan, Andersen & Robbins, 1986). As part of a )
study on how steric and electronic factors influence the coordinative

affinity of a given Lewis base toward trivalent uranium, we have undertakeh

the structural characterization of (MeCSHM)3U coordination complexes and

describe here the structure of (CH3CSHM)3U-(NCSHM)N(CH3)2.

o __%___-N::> {f 3

CHy

H3
Experimental. Red air-sensitive crYstals of the complex, prepared by adding

54772

1986a) and crystallizing from ether, were sealed inside quartz capillaries

NC_H,NMe. to a solution of (MeCSHu)3U'OcuH8 (Brennan, Andersen & Zalkin,

under argon. Crystal 0.16 x 0.18 x 0.24 mm with 6 faces; modified Picker
automatic diffractometer, graphite monochromator; cell dimensions from 21
reflections, 21° < 28 < 33°; analytical absorption correction, range 1.99 to

1, h -16 to 16, k =18 to 18, & ~11 to 11; three

3.69; max. (sin@)/A = 0.54 A
standard reflections, 1.1%, 1.6%, 1.4% variation in standards intensities
from average, intensities adjusted isotropically; 12468 data, 6240 unique

(including 3258, F2< 3a), Ri = 0.043; structure solved by Patterson and

nt

Fourier methods; refined on F, 475 parameters; 32 hydrogen atoms in

calculated positions. and fixed isotropic thermal parameters; anisotropic
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thermal parameters for non-hydrogen atoms with the exception of c(13)~Cc(18);
R = 0.099 for 6240 data, R = 0.033 for 6052 reflections .for which F2>30, wR
= 0.038, S =1.26; w = [c(F)]-Z, derived from 02(F2) = {[o(Fz),counting
statistics only]+(0.0MF2)2}; max (shift/c¢) = 0.05; empirical extinction
correction, Fcorr= (1 + 1.8x10—81); max. and minf of AF synthesis 1.6 and -
1.2 e A~3; atomic f for neutral U, N and C, and spherical bonded H from
International Tables (1974); 1local unpublished programs and ORTEP (Johnson,
1965) .

Very large thermal parameters in cyclopendtadienyl ring C(13)~C(18),
indicated severe thermal motion or disogder. To obtain convergence in the
least-squares refinements, distance restraints (Waser, 1963) [ C-
.C(cyclopentadiene) 1.39(1), C-C(single bond) 1.54(.01), C(methyl)-
C(cyclopentadiene) nearest neighbor 2.52(.03) A | and isotropic thermal
parameters were assigned to these atoms.

Atomic parameters are listed in Table 1,* and distances and angles are
listed in Table 2. Figures 1 and 2 show the molecules and numbering scheme.

*Lists of structure factors, anisotropic thermal parameters, calculated
hydrogen positions, distances and angles, and least-squares planes have
been deposited with the British Library Lending Division as Supplementary
Publication No. ( 35pp.). Copies may be obtained through The Executive

Secretary, International Union of Crystallography, 5 Abbey Square, Chester

CH1 2HU, England.

3C5Hu)3 U-(NCSHH)N(CH?,)2 is monomeric in the

solid state. Three cyclopentadienyl centroids and a pyridine nitrogen

Discussion. The complex (CH
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form a distorted tetrahedron about the metal atom. There are two chemically
similar but crystallographically independent molecules in the unit cell, and
the comparable bond distances and angles of the two molecules are within 3
standard deviations of each other. Coordination of the pyridine nitrogen
rather than dimethylamino nitrogen to the uranium atom is consistent with
solution measurements which indicate pyridine quantitatively displaces
3CsHu)3U.

Mo . . - o s
The average Cp-M-Cp ang;e in (CH3CSHu)3U L, L NCSHMN(CH?’)2 of 117° is

comparable to 118° for L = SCMHB ,{(Zalkin and Brennan, 1985); 118° for L =

tertiary amines from (CH

OP(C6H5 (Brennan, Andersen & Zalkin, 1986b); and in (C_H_) U-OCMH 118°

)3 5753 8’
(Wasserman, Zozulin, Moody, Ryan & Salazar, 1983). These are distinctly
different from the pattern of Cp-M-Cp angles (106°, 109° & 119°) found in
(CH3CSHM)3U-P(CH3)3, (Brennan & Zalkin, 1985), where the phosphine complex
is more sterically crowded. There-are-no exceptionally close contacts-
between the pyridine ligand and the cyclopentadienyl groups.

The U-N distance of 2.6U4(2) A in the title compound can be compared to
those in the following three uranium-pyridine complexes: 2.659(4) & in
U(III)(BHu)3[NC5HuP(C6H5)2)2] (Wasserman, Moody, Paine, Ryan & Salazar,
1984); 2.61(1) A& in U02(tropolonate)2(NC5Hu), (Degetto, Marangoni,
Bombieri, Forsellini, Baracco & Graziani, 1974); and 2.47(1) in
bis(pentane-2,U4,-dionate)pyridinedioxouranium, (Alcock, Flander & Brown,
1984). The U-N distance in the title compound is similar to all but the
bis(pentane-2, 4,~dionate )~pyridinedioxouranium value, indicating an
insensitivity of this distance to metal oxidation state or coordination
number. The bis(pentane-2,4,~dionate) pyridinedioxouranium complex is

curious as the relative short U-N distance is achieved at the expense of a

non-linear uranyl geometry (173.5(8)°).

3]
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The methyl carbon atoms of the CH Hu ligands are out of the plane of

3%
the cyclopentadienyl rings by 0.04 ot 0.19 A&, and are on the opposite side
from the uranium atom. The nitrogen and methyl carbon atoms of the amino
groups are in the plane of the pyridine ring.

As thére are no close non-binding contacts, distorted Cp-M-Cp angles or
unusual U-L distances in the final structure, it is reasonable to suggest
that the relative coordinative affinity of the pyridine ligand in this
system is dominated by electronic factors. The planarity of the N(CH3)2
group indicates a substantive interaction of the nitrogen w electrons with
the aromatic ring. The insensitivity of U-N distance to metal oxidation
state is in accord with the primarily non-bonding nature of the metal
valence electrons.

Helpful discussions with Professor R. A. Andersen are appreciated.

This work was supported by the Director, Office of Energy Researach,

Chemical Sciences Division of the Department of Energy under Contract Number

DE*AC03;768F00098.
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u()
N(1)
N(2)
c(n
c(2)
c(3)
c(4)
c(5)
c(6)
c(7)
c(8)
c(9)
c(10)
c(11)
c(12)
c(13)
c(1y)
c(15)
C(16)
c(1m)
c(18)
c(19)
C(20)
c(21)
c(22)
c(23)
c(2u)
c(25)

O O O O O O O O O 0o O o o

Table 1 Atomic Parameters
B =1/32.Z.B..afafa.-a.
eq i37ij i1 73
X y z
.01034(4)  0.28930(4)  0.14804(5)
.0786(9) 0.1576(9) ~0.0500(13)
.1538(10) =-0.0232(9) -0.4101(16)
.0288(15)  0.2064(16)  0.3641(20)
.0138(15)  0.1474(11)  0.2375(23)
.0803(14)  0.1836(14)  0.1725(17)
.1204(14)  0.2632(15)  0.2605(26)
.0539(16)  0.2777(15)  0.3806(24)
.0670(19)  0.3547(16)  0.5095(23)
.0856(18) 0.4332(16) 0.028(4)
.0603(18)  0.3695(26) -0.075(3)
L1143(21)  0.3177(17) -0.104(3)
.1739(15)  0.3503(20) -=0.011(3)
.1527(18)  0.4234(18)  0.0795(24)
.2038(29)  0.4907(27)  0.194(4)
J1847(12)  0.3156(11)  0.1690(18)
.1248(14)  0.3963(12)  0.2218(20)
.1065(15)  0.3992(13)  0.3460(21)
.1563(12)  0.3182(11)  0.3750(17)
L2047(12)  0.2662(11)  0.2671(17)
.2688(21)  0.1740(13)  0.274(3)
.0555(12) 0.0848(12) -0.0953(19)
.0776(13)  0.0249(10) -0.2140(18)
.1294(10)  0.0358(11) -0.2931(18)
.1533(11) 0.1108(12) ~0.2443(18)
.1301(12)  0.1673(11) -0.1274(19)
.1279(15) -0.1044(11) ~0.4526(19)
.2073(13) -0.0082(11) =0.4960(17)

— — n ° — — —
@ N O @ & W W = = YW W o 0O O 3 1 1 o &=
. . . . . .

. - . . . m
N W N -2 O = U O W w o
- O O N OO~ = 00 = N a

.
w
[e)3

.37
.13
.38
.5(5)
.2(6)
.0(7)
.5(5)
8.

2(5)

19.9(12)

o W N O N~

.05
.15
.84
.79
.48
.33
.29



u(2)

N(3)

N(W)

c(26)
c(2m)
C(28)
c(29)
C(30)
c(31)
c(32)
C(33)
c(3)
c(35)
C(36)
c(37)
C(38)
c(39)
C(40)
c(u1)
c(u2)
C(43)
C(4l)
c(45)
C(46)
ceuT)
C(48)
C(49)
C(50)

O O o O o O O O O O O O O O O O O O O O O O o 0o o o o o

X

.50706(4)
.5736(9)

.6630(9)

.5247(16)
.5203(13)
. 4265(13)
.3803(12)
.4398(16)
.4187(18)
.6384(17)
.6923(14)
.6961(12)
.6U438(16)
.6061(15)
.5533(20)
.3245(17)
.3921(21)
. 4356(15)
.4010(17)
.3295(18)
.2716(18)
.6187(11)
.6488(10)
.6326(10)
.5862(11)
.5614(11)
.6502(13)
.7082(12)

=8~

y
0.76605(3)
0.6405(8)

0.4571(9)

0.6826(15)
0.6214(10)
0.6486(11)
0.7243(13)
0.7490(13)
0.8222(13)
0.8095(22)
0.7394(15)
0.7589(16)
0.8466(18)
0.8802(16)
0.9766(15)
0.8221(19)
0.8041(15)
0.8659(19)
0.9212(12)
0.8975(19)
0.9509(17)
0.6548(9)

0.5969(10)
0.5159(10)
0.5022(9)

0.5630(10)
0.3702(11)
0.4763(11)

VA

.17079(5)

0.3081(13)

O O O O O 00 O O O O o O O o .o OO o o o

.5664(16)
.1078(18)
.0409(15)
.0208(15)
.0722(17)
.1207(18)
.1908(20)
.0925(21)
.148(3)

.2821(29)
.3241(19)
.204(3)

.1918(29)
L2u1(W)

.356(3)

.4068(23)
.321(3)

.2142(25)
.1003(26)
- 4425(16)
.5315(15)
.4808(17)
.3404(16)
.2648(14)
.5023(19)
LT118(17)

~N 0 O O U1 VT U Ul w0 WO O Ul o 00 0o 0 0 - 3 30Oy 00UV

B /B
eq

.50
.9l
.39
.00
.19
.10
A7
.32
.96
.87
.86
.01
.12
.81
.26
.75
.40
.08
.40
.73
.43
. 42
.38
.51
.14
.02
.65
.94
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Table 2.

Uu(1)-N(1) 2.662(13)
u(1)-c(1) 2.866(15)
u(1)-c(2) 2.819(15)
U(1)-Cc(3) 2.792(15)
U(1)-Cc(4) 2.832(17)
u(1n-c(s) 2.927(17)
u(1)-c(7) 2.775(20)
u(1)-c(8) 2.759(22)
u(1)-c(9) 2.807(23)
u(1)-c(10) 2.821(18)
u()-c(11) 2.753(18)
U(1)-c(13) 2.856(18)
U(1)-C(14) 2.843(21)
u(1)-c(15) 2.860(23)
u(1)-c(16) 2.837(18)
u(1)-c(17) 2.833(17)
u(1)-Ccp(1) 2.584
U(1)-Cp(2)  2.528
u(1)-Ccp(3) 2.590

N(1) - u(1) - cp(1) 101,
N(1) - u(1) - cp(2) 94,
N(1) - u(1) - cp(3) 103.
Cp(1)- u(1) - cp(2) 117,
Cp(1)- u(1) - Ccp(3) 116.
Cp(2)- u(1) - cp(3) 117,
u(1) - N(1) - C(21) 170.

2(6)

..9-.

U(2)-N(3) -
u(2)-c(26)
u(2)-c(27)
u(2)-c(28)
U(2)-C(29)
u(2)-c(30)
u(2)-c(32¢(
U(2)-c(33)
U(2)-c(34)
u(2)-c(35)
u(2)-C)36)
U(2)-c(38)
u(2)-Cc(39)
u(2)-c(40)
Uu(2)-c(41)
u(2)-c(42)
U(2)-Cp(4)
u(2)-Cp(5)
U(2)-Cp(6)
N(3) -~ U(2)
N(3) - U(2)
N(3) - U(2)
Cp(4)- U(2)
Cp(4)- u(2)
cp(5)- U(2)

U(2) - N(3)

2.

2.

2

2.

2.

2.

2

cp(l) 100.
cp(5) 101,
cp(6)  95.
cp(5) 115,

Cp(6) 118.

c(u6) 173.

Selected distances(A) and angles(°)

627(12)
850(16)

LT71(15)

791(13)
81u(14)

.853(17)
.801(17)
.800(18)
.801(17)
.835(15)
.826(18)
.850(19)
L751(19)
779(19)
.800(18)
.857(18)

.551

555

.549

- Cp(6) 119,

4(5)
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Fig 1. ORTEP drawing of (CH305HM)3U-(NCSHM)N(CH3)2, molecule 1, showing the

numbering scheme. 50% probability ellipsoids.,

L~ @‘@)\
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Fig. 2. ORTEP drawing of (CH3C5HH)3U - (NC H IN(CH )2, molecule 2, showing

the numbering scheme. 50% probability ellipsoids.
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Supplementary Material
Tris(methylecylcopentadienyl)uranium(III)(p~dimethylaminopyridine)
By Allan Zalkin & John G. Brennan

Materials and Molecular Research Division, Lawrence Berkeley Laboratory

University of California; Berkeley CA 94720

Abstractf (CH3C5Hu)3U-(NCSHM)N(CH3)2, Mr= 597.57, trieliniec, P1, a =

17.155(7), ¢

= 67.04(4)°, V = 2374.7 &3, Z = 4, D, = 1.671 g em

1

10.303(4) A, o = 106.83(4)°, B = 106.52(4)°, ¥
3

15.541(6), b

s A(MoKa)=0.71073 &, p =

64.9 em ', F(000) = 1148, T = 296 K, R = 0.033 for 3258 unique reflections

with F2>30(F2). Two independent but chemically similar molecules areAfound
in the unit cell. The U is at the center of a distorted tetrahedron
consisting of a N atom and the centers of 3 cyclopentadienyl rings.
Distances are: U-N 2.662(13) and 2.627(12) A; ave U-C 2.82 + 0.04 A; ave

U-Cp 2.56 + 0.02 &.
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u(1)
N(1)
N(2)
c(1)
c(2)
c(3)
c(w)
c(5)
c(6)
c(m
c(8)

c(9)

c(10)
c(11)
c(12)
c(13)
cCy)
c(15)
c(16)
c)
c(18)
c(19)
c(20)
c(21)
c(22)
c(23)
c(2y)
c(25)
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Supplemental Table 1. Thermal Parameters (Az) with Estimated

O O NN W W 00 Oy I

20.

G Ul O 00

Standard Deviations for (CH.C.H

B11
L79(H)
.3(7)
.3(9)
.0(13)
L018)
.0(11)
L4(12)
L7(12)
4(24)
.5(15)
.3(16)
L2018)
LU
L0(1W)
.7(36)
.5(5)
.2(6)
L0(7)
.5(5)
.2(5)
.9(12)
.0(11)
.8(12)
.1(8)
.9(10)
L6(11)
.9(16)
L1(13)

o O 0 O O O O

B22
LU5(H)
.3(8)
.1(8)
NAGED]
.6(11)
.2(12)
9(14)
L4(15)
L6(17)
.6(15)
.8(26)
.6(18)
.6(18)
.8(15)
.8(34)

.9(10)
.2(10)
.5(10)
.0(11)
6(11)
.1(10)
L1(11)

W oy 0 W O WM o v 1 O T

13.

25.

~N 0 49 3 O O @

B33
L72(4)
.6(8)
.5(10)
L0(11)
.8(13)
L4(10)
(1Y)
.3(15)
6(18)
.0(24)
.0(18)
928
0(19)
2(14)
0(40)

.5(12)
.6(10)
.7(10)
.0010)
9011)
-3(13)
.9(11)

37574

)3U-(Nc5HL")N(CH3)2
B12 B13
.232(29) 0.396(27)
LUT) 1.0(6)
8(T) 2.8(8)
.5(12) 0.4(10)
L4(10) 3.4(11)
.2(9) 0.6(9)
Lu(11) 1.9(11)
.3(12) 2.6(12)
L4(16) 8.9(16)
L7(13) 0.9(14)
.4(18) 1.6(13)
81 =2.7(1W)
8(12) -2.8(11)
.0(12) 0.6(11)
.7(28) 3.5(30)

.6(9) 3.1(9)
.4(9) 3.0(9)
.6(8) 0.5(7)
.8(9) 3.3(8)
.7(10) 4.0(9)
.6(11) 3.5(11)
.0(10) 5.5(10)

B23
1.46(3)
1.9(7)
0.9(8)
3.6(11)
3.2(11)
1.5(9)
2.5(12)
4.7(13)
-2.9(13)
6.1(15)
7.0(18)
8.6(18)
6.9(16)
4.5(13)
8.4(32)

1.1(9)
~0.9(8)
2.0(9)
0.1(9)
-0.7(9)
-2.1(9)
-0.5(9)
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Standard Deviations for (CH.C_H,).U<(NC_H

B11
LTUCY)
.1(8)

. 4(8)

.7(15)
5011)
.3(10)
.5(10)
.9(13)
.2(22)
2(14)
LTC11)
.6(10)
.5(13)
901
.3(25)
.9(12)
.3(16)
.2(14)
5014)
.8(13)
.0(20)
.3(9)
.7(8)

.4(8)

L1(11)
.5(10)
RIGEY!
.2(11)

o 3 U U O O = =
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O = = O - U, O

W U U = = U o FE WO U WO W
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4.7(9)
5.4(9)
T.4(12)
6.2(12)
9.7(16)

10.2(15)
5.4(11)
9.4(15)

19.6(25)

16.0(23)

12.7(20)
8.7(14)

10.8(16)
8.9(15)

12.3(18)
5.3(9)
5.0(8)
7.2(10)
4.7(8)
3.7(8)
9.4(13)
5.2(9)
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223(27)
1(6)
1(8)
.1(9)
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.8(8)
.1(9)
.0(11)
.7(15)

3.5(15)
5.1(14)

5011)
.0(15)

2.8(16)

L7(16)
8(14)
.1(13)
.1(12)
.2(14)

4.8(17)

J4(T)
.8(T)
.1(8)
L0(7)
.6(6)
.7(9)
.3(9)



_15-.

Supplemental Table 2. Positional Parameters and Assigned Thermal

Parameters for Hydrogen Atoms in (CH.C_H,) U-(NCSHM)N(CH?})2

3Csfly)3

Atom X y z B,A2
H(1) 0.0894 0.1980 0.4309 10.0
H(2) 0.0603 0.0923 0.2027 10.0
H(3) =-0.1128 0.1591 0.0832° 10.0
H(4)  ~0.1857 0.3028 0.2404 10.0
H(5) -0.0607 0.4813 0.0637 10.0
H(6) ~0.0102 0.3606 -0.1240 10.0
H(7) =0.1110 0.2666 -0.1786 10.0
H(8) -0.2217 0.3275 -0.0069 10.0
H(9) 0.2075 0.2976 0.0820 10.0
H(10)  0.0987 0.4458 0.1764 10.0
H(11)  0.0661 0. 4486 0.4029 10.0
H(12) 0.1580 0.2993 0.4571 10.0
H(13)  0.0209 0.0738 ~0.040k 10.0
H(14)  0.0566 -0.0255 -0.2425 10.0
H(15) 0.1883 0.1230 -0.2970 10.0
H(16) 0.1513 0.2176 -0.0969 10.0
H(17) 0.5810 0.6773 -0.1395 10.0
H(18) 0.5728 0.5704 -0.0145 10.0
H(19)  0.3995 0.6206 0.0199 10.0
H(20) 0.3124 0.7573 -0.0746 10.0
H(21) 0.6238 0.8119 -0.0055 10.0
H(22) 0.7239 0.6820 0.0962 10.0
H(23) 0.7307 0.7180 0.3445 10.0
H(24) ~ 0.6353 0.8778 0.4185 10.0
H(25) 0.2819 0.7895 0.1878 10.0
H(26)  0.4081 0.7543 0.3981 10.0
H(27)  0.4842 0.8695 0.4917 10.0
] H(28) 0.4215 0.9701 0.3302 10.0
H(29) 0.6310 0.7097 0.4802 10.0
H(30) 0.6807 0.6116 0.6274 10.0
H(31)  0.5723 0.448Y4 0.2978 10.0

H(32) 0.5311 0.5490 0.1678 10.0



Supplemental Table 3.

Atoms

N(1)
N(1)
N(2)
N(2)
N(2)
c(1)
c(2)
c(3)
c(y)
c(5)
c(6)
c(7)
c(8)
C(9)

c(10)-
c(11)~
c(12)-
c(13)-
c(1u)-
c(15)-
c(16)-
c(17)-
c(18)-
c(19)-
c(20)-
c(21)-
c(22)-

c(19)
c(23)
c(21)
c(au)
c(25)
c(2)
c(3)
c(H)
c(s)
c(1)
c(s)
c(8)
c(9)
c(10)
c(in)
c(n
c(11)
c(iw)
c(15)
C(16)
cam)
c(13)
ctm)
c(20)
c(a1)
c(22)
c(23)

-16-

Additional Distances in (CH.C.H,) U-(NCSHH)N(CH3)2

d,A
.350(18)
.358(17)
.369(19)
.511(20)
.502(18)
. 424(23)
.397(22)
.419(23)
.399(24)
.399(24)
.573(27)
.306(30)
.367(34)
.375(33)
.419(29)
.381(28)
.545(39)
.387(11)
.371(11)
.375(11)
.505(11)
.394(11)
.516(11)
.380(20)
.388(19)
.392(20)
.348(20)

3757473

Atoms

N(3)
N(3)
N(4)
N(Y4)
N(4)
c(26)~
c(27)-
c(28)-
c(29)-
c(30)~
c(31)-
c(32)-
c(33)-
c(3W)-
C(35)-
C(36)-
c(37)-
C(38)-
€(39)-
c(u0)-
c(a1)-
c(u2)-
c(u3)-
c(uk)-
C(45)-
C(46)-
c(um)-

i

c(uy)
C(48)
Cc(u6)
c(49)
c(50)
c(27)
c(28)
c(29)
c(30)
C(26)
c(30)
c(33)
c(3y)
c(35)
C(36)
c(32)
c(36)
c(39)
C(40)
c(u1)
c(u2)
c(38)
c(42)
c(45)
c(u6)
c(u7)
c(u48)

d,A

.361(17)
.345017)
.387(17)
.511(20)
L464(19)
Laun(22)
.4ok4(20)
.393(20)
.405(23)
.368(24)
.509(24)
.347(26)
.312(25)
.4o7(24)
.394(24)
L4u6(27)
.558(28)
.364(31)
.376(28)
.336(25)
727
.432(29)
.551(28)
.403(18)
.430(19)
.418(19)
.352(18)



Supplemental

c(2) -c(1) -c(5)

c(1) -c(2) -¢c(3)

c(2) -C(3) -C(¥)

C(3) -c(u) -c(5).
C(1) -C(5) -C(4)

c(1) -c(5) ~-C(6)

c(4) -c(5) -c(6)

c(8) -c(7) -c(11)
C(7) -c(8) -C(9)

C(8) -c(9) -c(10)
c(9) -c(10)~-Cc(11)
c(7) -C(11)-Cc(10)
c(7) -c(11)-c(12)
c(10)-Cc(11)=Cc(12)
c(14)-c(13)-c(17)
c(13)~-c(14)-c(15)
c(14)~-c(15)-c(16)
c(15)-Cc(16)-C(17)
c(13)-c(17)-Cc(16)
c(13)-Cc(17)-C(18)
C(16)-C(17)-C(18)
U(1) =N(1) -C(19)
u(1) -N(1) -C(23)
C(19)-N(1) ~-C(23)
N(1) =C(19)-C(20)
C(19)-c(20)~C(21)
N(2) -C(21)-C(20)
N(2) ~C(21)-C(22)
C(20)-C(21)-C(22)
C(21)-c(22)~-C(23)
N(1) -C(23)-C(22)
C(21)-N(2) -C(24)
C(21)-N(2) -C(25)
c(24)~-N(2) -Cc(25)

Table 4.

Additional angles in (CH

111,

106.
107.
110.
104
126
129
110.
109.
108
106.
105.
124,
129
104
112
105.
108.
108.
131
120.
125.
118.
115.
124,
120
i21
123.
114
122
123.
119
120.
119.

1(18)
3(16)
1(16)
8(18)

.7(20)
.3(23)
.0(22)

5(24)
3(26)

.0(29)

8(21)
2(21)
1(36)

.7(35)
-7(15)
.2(18)

9(18)
8(16)
5(14)

L1017)

3(16)
3(11)
9(11)
0(14)
2(14)

.3(15)
.8(16)

6(16)

.7(16)
.7(15)

1(15)

9018)

5(15)
6(15)
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375473

C(27)-C(26)-C(30)
C(26)-Cc(27)-C(28)
c(27)-C(28)-C(29)
C(28)-C(29)-C(30)
C(26)-C(30)-C(31)
€(29)-C(30)~C(31)
C(26)-C(30)~C(29)
€(33)-C(32)-C(36)
€(32)~-C(33)-C(34)
C(33)-C(34)-C(35)
C(34)-c(35)-C(36)
C(32)-c(36)-C(35)
C(32)-C(36)-C(3T)
€(35)-C(36)-C(37)
C(39)-C(38)-C(42)
C(38)-Cc(39)-Cc(40)
C(39)-C(40)-C(41)

C(40)-C(U1)~C(42)

C(38)-Cc(42)-Cc(41)
C(38)-C(42)-Cc(43)
C(41)-C(42)-C(43)
U(2) -N(3) -C(u44)
U(2) -N(3) -Cc(u8)
C(44)-N(3) -C(48)
N(3) -C(4l)-C(u5)
C(44)-C(45)-C(L6)
N(4) -C(46)-C(45)
N(U) ~C(ug)-C(u7)
C(45)-C(46)-C(4T)
C(46)~C(UT)-C(48)
N(3) -C(u48)-C(47)
C(u6)-N(4) -C(49)
C(46)-N(4) -C(50)
C(49)-N(4) -C(50)

C.H,),U-(NC_H

5

LN

110.
107.
104
113.
124
131
103
107.
110.
110.
105.
106.
125.
127.
105.
110
108.
108.
106.
131
122.
119,
127.
113.
125.
119.
120.
125.
114,
120.
127

117,

122.
120.

CH3)2

7(16)
2(14)

.5(16)

8(18)

.5(22)
L4(22)
.6(18)

3(19)
2(23)
5(19)
9(18)
1(20)
4(25)
8(29)

9(21) -
<U4(24)

6(24)
8(22)
2(20)

.7(35)

1(32)
1(10)
1(10)
5(13)
0(13)
301
3(16)
0(15)
7T(14)
4(13)

L2014)

2(15)
1(14)
7(14)
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Supplemental Table 5. Least-squares Planes
Plane No. 1

Equation of plane: 10.46529 a + 13.69559 b - 7.54835 ¢ = 0.37321

Distance to the plane from atoms

in the plane not in the plane
atom d(R) a(d) atom d(8)
c(1) | 0.0068(344) u(1) 2.580(11)
c(2) -0.0024(306) c(6) ~0.06(5)
c(3) -0.0012(300)
C(4) 0.0054(331)
c(5) ~0.0066(326

Plane No. 2

Equation of plane: -5.HU357 a + 8.85522 b - 6.31165 ¢ = U4.09762

Distance to the plane from atoms

in the plane ’ not in the plane
atom d(a)  a(d) atom d(R)
c(7) 0.0299(475) u(t) -2.526(16)
c(8) ~0.0225(547) c(12) 0.13(7)
c(9) -0.0038(424)
c(10) 0.0019(439)

c(11) -0.0197(302)
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Supplemental Table 5. Least-squares Planes (continued)
Plane No. 3

Equation of plane: 13.30970 a + 8.78887 b +'1.73386 ¢ = 5.52662

Distance to the plane from atoms

in the plane not in the plane
atom d(R) o(d) atom d(4)
c(13) -0.0016(244) u() -2.590(9)
c(1y) 0.0023(277) c(18) 0.05(4)
c(15) -0.0017(290)
c(16) 0.0001(247)
cQ7) 0.0009(240)

Plane No. 4

Equation of plane: 8.78155 a ~ 6.05300 b + 4.82588 ¢ = -0.49705

Distance to the plane from atoms

in the plane not in the plane
atom d(&) o(d) atom d(4)
N(1) ~-0.0080(190) N(2) 0.01(3)
c(19) 0.0114(241) c(au) 0.07(4)
c(20) -0.0049(242) C(25? -0.03(4)
c(21) 0.0023(237)
c(22) -0.0067(248)

c(23) 0.0118(234)



Supplemental Table 5.

Equation of plane:

=-20-

Least-squares Planes (continued)

Plane No. 5

3.74166 a + 7.10333 b +7.36550 ¢ = 6.04921

Distance to the plane from atoms

in the plane

atom

c(26)
c(2m
c(28)
c(29)
€(30)

d(R) o(d)
~0.0311(323)
0.0107(254)
~-0.0000(253)
-0.0132(278)

0.0279(314)

not in the plane
atom d(a)
u(2) 2.547(10)

c(31) . =-0.05(4)

Plane No. 6

Equation of plane: 15.00855 a + 9.91864 b - 1.91639 ¢ = 17.43655

Distance to the plane from atoms

in the plane

atom

c(32)
C(33)
C(34)
c(35)
c(36)

d(a) o(d)
-0.0028(465)
0.0033(394)
-0.0030(377)
0.0019(387)

-0.0000(395)

not in the plane
atom d(a)
u(2) -2.555(14)

- C(37) 0.19(6)



Supplemental Table 5.
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Least~squares Planes (continued)

Plane No. 7

Equation of plane: 10.69187 a - 2.80601 b =~ 6.43455 ¢ = -0.37284

Distance to the plane from atoms

in the plane

not in the plane

atom d(R) o(d) atom d(&)
C(38)  -0.0126(464) u(2) 2.546(15)
C(39) 0.0177(429) : c(43) -0.04(6)
C(40) -0.0176(419)

c(u1) 0.0097(398)

c(42) ~0.0005(413)

< Equation of p

in the
atom
N(3)
C(hy)
c(45)
C(46)
C(u7)
C(u8)

lane: 13.79884 a + 0.16961 b

Distance to the plane from atoms

plane
d(R) a(d)
-0.0061(175)
0.0036(204)
0.0024(208)
-0.0035(219)
-0.0029(216)

0.0102(212)

Plane No. 8

- 4.57432 ¢ = 6.62023

not in the plane

atom
N(4)
c(49)

c(50)

d(a)
0.015(26)

0.12(3)

-0.02(3)
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