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Abstract

(CH3BH3)4U[(CH3)2PCH2CH2P(CH3)2] and (CH3BH3)3U[(CHB)ZPCHZCHZP(CHB)Z]Z
have been synthesized and their molecular structures determined by single-
crystal x-ray diffraction. The space groups, unit cell parameters and R
factors are as follows: (CH3BH3)4U[(CH3)2PCH2CH2P(CH3)2], monoclinic, P2,/c,
a=9.439(3)A, b = 14.023(4)R, c = 16.596(2), s = 97.48(4)A, Z = 4,
d, = 1.536 g/cm®, R = 0.024 (F% > 30(F%)); (CH3BH3) 3UL(CH3) pPCHACH,P (CH3) 1,
tetragonal, P4;2,2, a = 11.297(4), ¢ = 23.03(2), Z = 4, d, = 1.412 glcm’,
R = 0.024 (F2 >'30(F2)). Both complexes are unimolecular in the
crystalline state. The uraniuﬁkIV) atom is coordinated to four BH3CH3
groups through tridentate hydrogen bridges, ahd‘to two P atoms of the
(CH3)2PCH2CH2P(CH3)2 ligand. The uranium (III) complex is coordinated to
three BH3CH3 groups through ;ridentatevhydrogen bridges, and to four
P atoms from the (CH3)2PCH2CH2P(CH3)2 ligands. The U-B distance for
the U(IV) and U(III) complexes average 2;57 + 0.013 and-2:63-+ 0.02A,
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respectively; the U-P distances for the U(IV) and U(III) complexes
average 3.02 * 0.01% and 3.13 + 0.06R, respectively. -

Introduction L o B ‘
Four Lewis base etherate adducts of U(BH,), have been
structurally characterized and display a variety of structural

types.1

U(BH4)4 also forms adducts with other Lewis baﬁes, but

these compounds have not been isolated.’ A number of U(III)
tetrahydroborate complexes have recently been reported. Marquet-Ellis
et al. have thermally decomposed U(BH4)4 in toluene solutioh,'and
reacted the U(BH4)3 formed by this process with crown ethérs to

form soluble compounds.3 Wasserman et al. have isolated and

L}

sfructura]]y characterized U(BH4)3(DMPE)2 (DMPE
1,2-dimethylphosphinoethane) and U(BH4)3(Ph2Ppy)2 (thPpy =
2—(dipheny]phosphino)pyridine) from the reactions of U(BH4)3THFx

4

(THF = tetrahydrofuran) with the appropriate ligands.” An unusual.

~ feature of the U(BH4)3(DMPE) complex is that two of the

2

BHZ ligands are bohded'to the U atom by tridentate hydrogen

bridges while the third BH, group is linked to the U atom by a
bidentate hydrogen bridge.

We recently reported the syntheses and crystal structures of

M(BHyCH),, M = Zr, Th, U, and Np.° Following the first S -

structural characterization of an actinide phosphine compound by .

6

Andersen,” we have been exploring the coordination chemistry of the

M(BHCH3), compounds, M = Th, U, with phosphine ligands. We
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report in this. paper the synthesis and strucfure of
U(BH,CH,),DMPE, and its thermal decomposition product (in
toluene with excess DMPE), U(BH3CH3)3(DMPE)2.
Experimental Section
A1l preparations were carried out under an argon atmosphere.
Hexane was dried over CaH2 and distilled under argon. Pentane was
distilled from sodium benzophenone ketyl. Toluene was dried over Na
and distilled under argon before use; 1,2-dimethyiphosphinoethane was
prepared as reported.7 U(BH3CH3)4 was prepared as described
previously.s
Infrared spectra were recorded on a Perkin-Elmer IR-283
spectrophotometer and calibrated with polystyrene film. Nujol and
fluorolube mulls were prepared in an argon-filled dry box with dry,
degassed Nujol and fluorolube. Nuclear magnetic spectra were recorded
on a JEOL FX 90Q 90 MHz FT spectrometer and referenced to
tetramethylsilane. Samples were prepared in toluene—d8 in an
argon-filled dry box and sealed under vacuum or capped with serum
stoppers. Melting points were determined in sealed, argon-filled
capillaries. IR data are given in Table I and pmr data in Table II.
Elemental analyses were conducted by the analytical laboratories of
the University of California, Berkeley.

Preparation of U(BH3CH DMPE. To 0.24g (0.68 mmole)

304
U(BH3CH3)4 dissolved in 20 ml pentane, 0.11 ml (0.66 mmoles) of
DMPE was added with stirring, giving a green ppt. The solution was

stirred for 5 minutes and then pumped to dryness. The green residue
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~was dissolved in 10 ml toluene, filtered, concentrated to 3 ml, and
the solution was cooled at -20°C. After 3 hours green crystals had
formed. The supernate was removed and the green crystals washed with
2 ml ether and pumped to dryness. A yield of 0.16 g (48 percent
yield) U(BH3CH3),DMPE was recovered. Mp = 131-2°C (dec).

Calculated for C10H4OB4P2U: C, 23.85; H, 8.01. Found: C,

23.42; H, 8.25.

Preparation of U(BH3CH3)3(DMPE)2. To 0.12 g (0.24 mmole)
U(BH3CH3)4DMPE dissolved in 10 ml. toluene, 0.40 ml (2.4 mmoles)
of DMPE was added with stirring. The solution was heated to ~80°C for
several hours, during which it turned deep brown. After cooling to
room temperature, the toluene was pumped off and a solution of the
dark brown residue in 15 ml. hexane was filtered and cooled slowly to
-20°C overnight. Fine brown-black needles were isolated and washed
twice with cold (-78°C) hexane; A yield of 0.06 g (10 percent yield)
of U(BH3CH;)5(DMPE), was recovered. M.p. = 130-2°C.

Calculated for C15H5033P4U: C, 28.83; H,'8.07. Fou?d: cC,
29.01; H, 8.25.

X-Ray Crystallography. Because of their extreme sensitivity to
air, the crystals were sealed inside 0.3 mm quartz capillaries; and " -
then mounted on a modified Picker automatic FACS-I diffractometer
equipped with a Mo x-ray tube (AKal = 0.70930 &) and a graphite
monochromator. The theta-two theta scan data were collected and
corrected for crystal decay, absorption (analytical method)8 and

Lorentz and polarization effects. Details of the data collection and



results are shown in Table III.

The U atoms were located with the use of 3-dimensfonal Patterson
maps, and subsequent least-squares and electron density maps revealed
the locations of all of the non-hydrogen atoms. The structures were
refined by full-matrix least-squares using anisotropic thermal
parameters on all of the non-hydrogen atoms. The positions of the
hydfogen atdms on the DMPE ligand were estimated from its known -
geometry. Some of the hydrogen atom positions of the
methyltrihydroborate groups were located in the difference electron
density maps, and with these positions the remaining hydrogen atom
positions could be estimated. A1l of the hydrogen atoms were included
in the least-squares refinements with isotropic thermal parameters.
Because the hydrogen atoms are not well resolved in the electron
density maps, their positional parameters do not refine well in the
least-squares procedure; therefore, restraints on the distances
involving the hydrogen atoms were introduced into the least-squares

9 and described

refinements using a procedure suggested by Waser
elsewhere. 10 A sufficient number of distances to the hydrogen atoms
were included to enforce tetrahedral geometry about the boron and
carbon atoms. Neutral scattering factors for U, P, B, Cl1 and H12
were used in these calculations with the corrections for anomalous
scattering applied.

In the tetragonal U(BH3CH3)3(DMPE)2 structure, the
Friedel pairs were not averaged but were treated as individual

reflections. At an earlier stage of the least-squares refinement with



—6-

all atoms anisotropic, and no hydrogen atoms included, the structure
refined to an R factor of 0.050 in space\group P41212, and 0.034

in space group P43212. This result established the absolute
configuration of the data crystal in the latter space group.

Results of the least-squares refinements are given in Table III.
Positional parameters are given in Table IV, and distances and angles
are given in Tables V and VI. Tables of thermal parameters, hydrogen
positions, least-squares plane, and observed structure factors are

given as supplementary material,



Discussion

In U(BH3CH3)4DMPE the uranium (IV) atom is at the center of
a distorted octahedron of B and P atoms; see fig. 1; P(1), P(2), B(1)
and B(2) are on the equatorial plane and B(3) and B(4) are above and
below Ehe plane. The methy]trihydroborate groups coordinate to
uranium through tridentate hydrogen bridges. This type of tridentate
bridging is found in the M(CH3CH;), complexes,® M = zr, Th, U,
Np, and is characterized by M-B-C angles close to 180° and short M-B
distances; ca. 2.58 for U(IV). Additional evidence for this kind of
bridging is the absence of terminal B-H stretching in the IR
spectrum. The uranium atom is coordinated to 12 hydrogen and 2
phosphorous atoms for a total of 14 atoms. The average U-B distance,
2.57(1)R, is longer than the average of 2.48% found in the
12-coordinate (four tridentate methyltrihydroborates)
U(BH3CH3)4;5 the larger U-B distance is attributed to the
larger coordination number.' The U-P distance average of 3.02(1)R is
comparable to the U-P distances of 3.10R and 3.02R found in

6b respectively.

U(OCgHs ) 4 (DMPE),52 and U(CH,Ph)3Me(DMPE),
In U(BH3CH3)3(DMPE)2, the U(III) atom is at the center of

a distorted pentagonal bipyramid of B and P atoms, see fig. 2. In the

equatorial plane, consisting of 2P(1), 2P(2), B(1l), and U, no atom is

more than 0.003R from the least-squares plane, and the B(2) atoms are

2.58R above and below the pentagonal plane. The borons are connected

to the uranium atoms through tridentate hydrogen bridges (with U-B-C
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angles of ~180°); the coordination about the U(III) atom is 9 hydrogen
and 4 phosphorous atoms for a total of 13. _

The M-B bond length can be correlated with the bonding mode of
the hydrogen bridges, i.e., to distinguish between bidentate and
tridentate hydrogen bridges.!3 The average U-B distance of 2.64(2)A
in U(BH3CH3)3(DMPE)2 is comparable to the average value of
2.68(4)A for the axial tridentate U-B bond distance in
U(BH4)3(DMPE)2; however in the latter compound the equatorial
U-B distance is 2.84(3)R and has been assigned to a bidentate hydrogen
bridge bond.*2 It is rather surprising that these two similar
compounds exhibit different bonding modes for one of the BH3R
(R=H,CH3) ligands. 1In U(BH3CH3)3(DMPE)2 the axial U-B(1)
distance‘(2.66(1)A) is marginally longer than the equatorial U-B(2)
distance (2.62(1)R).

In U(BH3CH3)3(DMPE),, the U-P(2) distance of 3.085(3)A is
0.09% shorter than the U-P(1) distance of 3.174(3)A, and can be
explained as a steric effect by comparing inter-ligand contact
distances. At the P(2) site, methyl carbons C(7) and C(8) are more
than 4R away from B(1), B(2), and C(1); at the P(1) site, the
inter-ligand C(3)-C(4') distance is 3.80R. Given a van der Waals
radius for the methyl group of 2.0A,14 it seems reasonable that
methyl-methyl repulsive forces are the reason for the longer U-P(1)
bond. The individual U-P bond lengths in U(BH3CH3)3(DMPE)2
are each 0.03R longer than the comparable bond lengths in

U(BH,) 5 (DMPE) 42,



-9-

The U-B distance is greater by ~0.07& for U(BH3CH3)3(DMPE)2
than for U(BH3CH3)4DMPE, due to the larger ionic radius of
U(ITII). The average U-H distances in U(BH3CH3)4DMPE and
- U(BH3CH) 5 (DMPE), are 2.39 + 0.1 and 2.50 * 0.1R, respectively,
and the average U-P distances are 3.02 + 0.01 and 3.13 # 0.06R,
respectively.

Considering U(BH3CH3)4DMPE.and U(BH3CH4) 5 (DMPE), to
be pseudo-six and seven coordinate, respectively, their solution
behavior then parallels that of the d block metals. Octahedral d
transition metal complexes ‘are usually rigid on the NMR time scale,

while seven coordinate complexes are usually f]uxiona].15

The same
type of behavior is observed with these uranium complexes. Table I
shows the observed chemical shifts for the BH3CH; groups. At low
temperatures two resonances can be observed due to the BH3CH3

groups cis and trans to the P atoms of DMPE for the U(IV) compound.

As the temperature of the sample is raised, the inequiValent

BH3CH3 groups exchange rapidly, leading to an observed coalescence

at +10 C. The chemical shift difference between the cis and trans

BH3 protons is ~ 400 ppm at -20 C. By comparison, the seven
coordinate U(III) compound is fluxional on the NMR time scale, and no
inequivalent sites could be observed for either the
methyltrihydroborate or phosphine 1igands down to -95 C. The U(IV)
BH3CH3 exchange mechanism will be discussed in detail in a

subsequent paper.
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Table I

Infrared Spectroscopic Data (cm-1)

Compound

" U(BH3CH3)4DMPE

U(BH3CH3)3(DMPE)2

2950m
1285m
925s
795m

2950m
1290m
1075w
825w
690m

2100s
1220s
890m
735m

2310w
1260w
940m
730m
640m

1415w 1300m
1075s 940s
865m 830m
705m 645m
2165m 1420w
1215m(br) 1140w
930m 890m
720m 700m
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Proton Magnetic Resonances

Table II

Datad,b

Compound T(°C)

~BH,-

~ ~CH3-

DMPE

U(BH3CH3) ;DMPE -66
-20
+25¢
+74¢
U(BH4CH )5 (DMPE),

-22

+25

+70

-32.97(6H,s)
+450.14(6H,s)
-25.16(6H,s)
+373.80(6H,s)

+144 .61(9H,s)

+125.95(9H, s)

+115.24(9H,s)

+112.99(9H,s)

~16.20(6H,s)
+60.27(6H,s)
_13.29(6H, s)
+49.85(6H,s)
+13.67(12H,s)
+12.44(9H,s)
+10.23(9H, s)

+8.92(9H,s)

+8.39(9H,s)

-15.64(4H,s)
-8.14(12H,s)
-12.59(4H,s)
—6.71(12H,s)
-10.30(4H,s)
-5.56(12H,s)
-8.67(4H,s)
-4.69(12H,s)
-0.57(24H,s)
-5.31(8H,s)
-0.08(24H,s)
-2.94(8H,s)
-0.07(24H,s)
-1.09(8H,s)
+0.13(24H,s)
-0.24(8H,s)

a8 A1l samples prepared in toluene -d8,

b Shifts in ppm from MegSi.
shift.

C Methyltrihydroborate protons broadened into the baseline due to

rapid exchange of BH3CH3 sites.
d Single averaged methyl peak found.

No averaged BH3 peak found.

Positive sign indicates a downfield
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Table III.

Crystallographic Summary and Data Processing

U(BHCHy) ,MPE(®) (i CHy) 5 (OMPE) (@)

a, R 9.439(3) 11.297(4)
b, & 14.023(4) 11.297(4)
c, R 16.596(2) 23.030(20)
B, deg 97.48(4)
v, &3 2178.0 2939.1
d(calcd),g/cm3 1.536 1.412
Z | 4 4
mol. formula , C10H4OB4P2U C15H50B3P4U
fw 503.65 624.92
cryst. syst monoclinic tetragonal
systematic absences h0l, 1=2n 001, 1=4n
' 0k0, k=2n h00, h=2n
space group : P21/c 'P43212
data crystal dimens., mm 0.15X0.17X0.29 0.12X0.14X0.66
abs coeff, cm-1 71.9 " 54,5
abs correction range 1.46-4.88 1.81-2.11
crystal decay corr 1.00-1.02 1.00-1.08
26 range, deg. 4-50 4-45
hk1 range O<h<1l -12<h<12
0<k<16 O<k<12
-19<1<19 0<1<24
26 scan width (deg) 1.10+.693 tane 1.50+.693 tane
no. of standards 3 3
no. reflections between stds 100 250
no. scan data 8091 4296
no. unique reflections 3976 1960

no. non-zero weighted data 2220 (F2>3o) 1395 (F2>3o)
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Table III continued

U(BH,CH,) ,0MPE()  y(BH (a)

3CH3)4 CH

3)3(0MPE)

3 2
pb . - 0.030 0.035
extinction k€ 1.08x10~7 - 1.32x1077
R (non-zero wtd data)d 0.024 0.024
Rw€ o 0.025 0.026
o{ 1.03 \ 1.00
a

Unit cell parameters were derived by a least-squares fit to the setting
ang]es of the unresolved MoKe components of 47 reflections (20<2e<35) and
31 reflections (20<26<30), respectively.

In the least-squares, the assigned weights to the data are wLo(F)]f2
were derived from o(F2) = [52+pF2]1/2, where S2 is the variance

due to counting statistics and p is assigned a value that adjusts the |
weights of the stronger reflections to be more in line with the rest of

the data.

Simple extinction correction has the form (Fo)corr=(1+KI)Foa where I
is the uncorrected intensity and F0 is the observed scattering
amplitude.

R = ZNF|-[FJi/z|F,]

Rw = 5Lw(|Fo| | F | )2/mw] F o 2212
o1 = error in observation of unit weight = [Zw(|F0|-|FC|)2/(n0-nv)]1/2,
where "o is the number of observations and ny is the number. of

variables.
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Table IV.
Positional Parameters

U(BH3CH3 ) 4DMPE

ATOM X Y z
U .23288(3) .1214722) .23278§2)
P(1) .33030(21) -.04850(14) .33826(13)
P%Z) .145898(21) -.06610(14) ©.15196(13)
B(1) .1279(9) .2399(6) .1220(5)
B(2) .3571(10) .2125(7) .3560(6)
B(3) .4504(9) .0885(6) .1593(5)
B(4) -.0082(8) .0925(6) .286126
(1) .0678(9) .3103(6) .0499(5
c(2) .4330(10) .2663(6) .4356(5)
(3 .5883(8) .0650(7) .1156(5)
C(4 -.1511(8) .0664(6) .3237(5)
C(5) .2904(9) -.0438(7) .4435(5)
cés) 5195(8) -.0790(6) .3495§5
c(7) .2426(9) -.1585(5) .2968(5)
c(8) .2430(9) -.1647(5) .2068(5)
C(9) .1819(9) -.0842(6) .0482(5)
célo) ~.0399(8) -.1036(6) .1477(5)

U(BH3CH3)3(DMPE)2
ATOM X Y z
U 05158(3) .0516 0.0
P(1) -.22217(25) .00515(26) .02115(15)
P(2) -.09975(26) .26816(25) .03391(13)
B(1) 2180(7) .2180 0.0
B(2) -.0217(9) .0720(9) -.1073(3)
(1) 3205(7) .3205 0.0
c(2) -.0772(9) .0803(11) ~.1728(3)
C(3) -.2717(12) -.0611(13) .0876(5)
C(4) -.3085(9) -.0717(13) -.0313(5)
C(5) -.3062(10) .1428(13) .0218(7)
c(6) -.2539(13) .2382(12) .0536(6)
c27) -.0539(13) .3608(10) .0930(5)
c(8) 1193(12) .3717(9) -.0241(4)
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Table V.
‘Distances (R)

U(BHyCH3) 5 (DMPE),

U(BH3CH3)4DMPE
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Figure Captions :
Figure 1. ORTEP drawing of U(BH3CH3)4DMPE
Figure 2. ORTEP drawing of U(BH3CH3)3(DMPE)?
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H(1)
H{ 2)
H{3)
H(4)
H(5)
H{6)
H(7)
H(8)
H(9)
H(10)
H(11)
H(12)
H(13)
H(14)
HOLE)
H{1E)
H(17)
H{16)
H(19)
H(20)
H21)
H(22)
H(23)
H(24)
H(2E)
H(2€)
H(27)
H(28)
H(29)
H( 30)
CH(21)
H( 32)
H(33)
H(34)
H( 35)
H(3E€)
H{37)
H(38)
H(39)
H(40)
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Table of Hydrogen Positions

U(BH3CH3)4 DMPE
«11 0(4) «1617(7)
e 07 (%) «2515(25)
26 72(16) « 2491 (25)
«11 3(5) «300(3)
«034(85) «3782(7)
-e0363(17) ¢« 303(3)
e317(4) 22643(15)
«262(3Y «1687(27)
«4341(286) e1616(26)
47 8(6) 0220701 W)
«3647(25) «30 L)
«508(5) «310(4)
437(3) «0 2351 (22)
e37(3) «1621 (16}
«3678(13) «08E(3)
«6780(12) «084(4)
59 (&) «032(3)
53 6(4) -40037¢11)
«034(3) «1661(15)
-.0240(25) «031(3)
2:0816(19) «0397(21)
-.182 (%) -.0002(1L7)
«,1386(29) e072(4)
362 (4) «00939(23)
32 3(5) ~e1636(138)
d891(14) -, 036(4)
«5283(18) -.1339(23)
537201 ) “.0241(183)
«5600(19) “e031(4)
«1480(15) =a1535(14)
02967(24) -e2781(7)
«3378(14) -e1501(15)
«19438(24) ~.2208(5)
152(5) ~e1L78(15)
025325(16) -y 875(4)
«126(4) -.0368(2%)
-.0539(21) ~e115(4)
-o0%72(21) -+1598(22)
-=«03465(12) -.0514(18)

21043(15)
e1787(11)
01610(21)
»0003(14)
«0650(18)

. «0338(27) -

+3056(12)
«3700(14)
«3306(1€¢)
«4769(17)
4662312
242300 14)
2209420
«1882( 2%
e1163(1L D
«14939(1 )
«0636( 18)
0104(3)

2 3053C24)
«2170(7)
+30R8( 23
«303(3)

«311(3)

«3836(8)
26BG(12)

W4632(12)
o 4382( 9)

«3838(27)
«3739(29)
02957(10)
»3133010)
«3273( 8)
«1900(9)
«1823(9)

«03L7(1 3
+0496(11)
+0168(38)
»202€( 9)
01147(27)
21231(29)
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Table of Hydrogen Positions (continued)

U(BH3CH3)3 DMPE2

H(1) «129(5) «259(8) «014(15)
H{2) 24 54(15) 144(15) e032(1L3)
H(3) 0209(23) 0173(24) -2 0460(27)
H(4) =«075(4) «005(4) -.0801(10)
H(5) «0755(19) «342(06) =+1097(9)
H(6) =026(5) «1633(18) -+0852(12)
H(?7) «381(17) . «3008(17) «029(13)
H(3) «28L(53) «337(7) «010(16)
H(S) 2356(24) «325(24) -9039(4)

H(1Q) =11 8(4) «15€11(24) ~e17€9(1 1)
H(11) =«133(+) «015(3) -e1783(11)
H(12) -,0123(1¢) 2+075(5) =¢2010(5)
H(12) -e241(5) -.16419(23) +0833(1%)
H(14) =«3581(13) =.052(5) «0876(14)
H(1%) =+241(5) =01 4(H) «1199(4)
H{1e€) =280 (&) =.352(5) =« 07021 4)
A(17) =e331a(14) ~«U48(5) -2 0272(22)
H(1E) =.301(5) =+1568(12) -s0246(20)
H(1¢) - 3#86(12) «1202(17) 2 014(4)

H(2a) =.276(32) «190(s) =+0109(2¢€)
H(21) -.,2898(23) «31LEL{1W) 0 060(3)

H(22) - 2% 36{16) «195(6) «09066(1 )
H(22) «316(¢) 435(5) «0803(1 2
H{24) -.036(6) «3102(17) «12€3(11)
H(2¢) -.1183(286) 41 S(4) «1022(21)
H(2E) =.0417(1€) Q0 2(L) ~e03L8(19)
H(27) “y171(4) «BW3E(I) -«0106(12)
H(28&) =.155(3) «3305(20) -+0569(11)

2 These positions are the result of distance-restrained'1eas§-squares
refinements, and the quoted estimated standard deviations in parentheses
are not significant.



ATOM

F(1)
P(2)
g(1)
8(2)
B(3)
B(y)
cty
c2y
c(3)
c(w)
Ci{5)
C(s)
cw”
ca)
c()
ct10)

ATOM

P(1)
P(2)
3{1)
B(2)
cL)
c(2)
C(3)

ctu) -

c(5)
C(s)
c(”
ct3)
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Tables of Anisotropic Thermal Parameters g
U(BH3CH3)4 DMPE
311 g22 333 . 8L2
3.145011)  3.0095(18) 3.9353(12) =.195(414)
3. 230 9) 4e571(11) 4,30(11) =.05(8)
L4e 33(9) 3¢39(9) Le 45(11) -oe30(8)
4.3(%) 4o 0 () S.4(E) o S(L)
Ss:(5) Led (5) 6.1(6) “1.4(4L)
Le 7(u) 445 (&) S.01{5) « 0(4)
4o () o2 () E.2(8) «1(3)
Tel(5) 5¢3(5) 6+1¢(5) 1,2(4)
8.2(3) 77 (H) 6.31(6) -2,0(5)
4o6(5) Be7 (B) 62 (6) e 3(4&)
Le 2(4W) 6e 0 (5) 8.0 (6} o 0(4)
6.1(5, 303‘6’ “09(5‘ °o7(u’
e 7(4) 7e51(5) 6.21(B) o7(G)
7.2(3) 3+5(3) 5¢3(5) *eB(&)
648(3) 701(5) 6+.3(E) «0(W)
5.6(w) 5.7 1(5) he2(5) ~1,5(4)
Q(BH3CH3)3 DMPE2
311 €22 B33 812
4e 30 (13 4e 3002 3.4 86(1E) =-.495(22)
S.07(13) 7T«1€(15) 10. 5 4(25) «1.0301%)
7e51(17) Se15(1L %) be 3% (15) oh2(11)
8.6(7) 8.56404 5.5(8) =2+ 8(9)
6e1(2) Te7 (7) Lo,7(4) ~-s4(5)
13,5(10) 13,3274 9,3 (10) =5 e4(12)
e 3(5) 12.3 (11 S.H(4) -s1(6)
1062(3) 11.2 (3} 15.,5(12) =1+3(8)
5¢2(6) 1745(14) 15,3(12) »3,2(8)
Le7(B) 3.3(%) 22.0€19) «e6(6)
8.3(3) 6e7 (8) 16.3(11) 1.2(5)
1441(3) 7«3(6) 93,2(7) 1.€(8)
14.8(11) 5S¢4 (6) 10.2 (G) 2.3(7)

2-Anisotropic temperature factor has
2By hka*b* + ...)].

the form exp[-0.25(B]]h

B13

«984(8)
«66(8)
e92(9)

1.1(W)
1.2(8)
1.404)
1.3(4)
11 (4)
+1(5)
2.1 (4)
29 1{4)
1e0( W)
1.2(4)

o3 (4)
- 7(5)
167 (4)
o7 {4)

513

~«045(16)
1.71(1 4)
“e2((13)

o7 (8Y
«0(4)

=2,9{(11)

-1.84(5)
6.3(9)
«51(7)
2.01(8)
3.0(8)
'200(8)
'.8(8)

2

B23 ¢
-2 037(1 %)
«75(8)
-o b8 ( &)
«0(4)
=1e1(4)

«8(4)
‘o“(“’
16 0( &)
-1.6(%)
«2(5)

« (&%)
1. 3(4)
2010 4)
22(3)
- 8(2)
’1.1(“)
‘09(“,

B23
« 08¢
=1.65(14)
-981(13)
-+ 7399
«6(5)
28824
«5(€)
-.5(10) -
-he9(11)
-103(11’
-3.0(8) ~
=2e3(€)
«5(€)

+
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Tables of Isotropic Thermal Parameters®

U(BH3CH3)4 DMPE

H (1) 5¢5(5) 4 (21) 55162
H(2) £¢5162 H (22) 33,9572
H () be5162 H(23) 93,9572
Hiw) 10,0(8) H (26) 33,9572
H(5) 3,9572 H(25) 7e6(7)
H (&) 99,9572 H{26) 7.5887
H(?) He5162 OH(2N) 7.5887
H (8) £.5162 H(28) 745887
H(9) fe5162 H(29) 7.5387
H(10) 343572 H(30) 7 «5387
H{11) 949572 H(21) Be7(11)
H(12) 93,3572 H(32) beb782
H(13) he5162 H(23) feb782
H(14) 5e5162 H{34) he6782
H(15) 55162 H (35) 75887
H(16) 13,9572 H(38) 7.5387
H(17) 93,9572 H(27) 745887
H(18) 349572 H (38) 7.5887
H(13) he5162 4 (29) 7 45887
H(20) he5162 R (40) 7 45387

U(BH.,CH )3 DMPE

373 2
H(1) 13,000 - H (15) 10.000
H(2) 10,000 H (16) 13,000
H(3) 10.000 H(17) 10,090
H(4) 10,000 H(18) 10.000
H (5) 10,000 H (19) 13,000
H(6) 10.000 H (20) 10,000
H(7) 10,000 4 (21) 10.000
H (8) 10,000 H (22) 10,000
H{9) 10.000 H(23) 10,000
H (10) 10,000 H(24) 10.000
H(11) 10,000 H (25) 10,000
H (12) 10.000 H(26) 10,000
H(13) 10,000 H(27) 10.000
H(16) 18,008 H (28) 10,080

| " . 2,2
2 The form of the isotropic temperature factor is exp(-Bsin"8/)x").
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Distance Restraints

DMPE ' - U(BH3CH3) DMPE

U(BH,CH,) 2
B - Hy T1.14(1) B - Hy  1.150(5)
C -H, 0.98(1) C - H, 0.980(5)
Hg - Hy  1.83(1) Hg - Hp  1.88(1)
He = B 1.89(1) Ho - Ho  1.60(1)
He - B 2.18(1) He -8 2.16(1)
Hg - € 2.28(1) Hy - C  2.30(1)
Ho - P 2.26(1) He - P 2.29(1)
Hg - Ho  2.35(1)



(&)

CcC CccoccCc ccc accccocc

U - H Distances (R)

U(BH,CHS), DNPE
H(1) 2.36
H(2) 2.46
H(3) 2.37
H(7) 2.42
H(8) 2.35
H(9) 2.40

- H(13) 2.35
H(14) 2.40
H(15) 2.41
H(19) 2,44
H(20) 2.44
H(21) 2.31
Average = 2.39 0.04
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U(BH3CH DMPE

3 2
2 H(1) 2.52
2 H(2) 2.52
2 H(3) 2.52
2 H(4) 2.39
2 H(5) 2.54
2 H(6) 2.49
+
Average = 2.50 - 0.05
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Least Squares Plane in U(BH3CH3) DMPE2

Equation of Plane

2.056 a - 2.056 b + 22.254 ¢c = 0

Distances to the Plane (R)

Atoms in the plane

u 0.000
P(1) 0.003
P(1)’ -0.003
P(2) -0.002
P(2)' 0.002
B(1) 0.000
Atoms not in the plane
B(2) -2.580

c(1) 0.000
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