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The apex-basal dimethylpentaborane, 1,2-(CH3),B;H, is shown by X-ray diffraction methods to rearrange to the cis basal-
basal product, 2,3-(CH;):B:;H7, in which the methyl groups are on adjacent basal B atoms of the square-pyramidal Bs unit.
Absence of the 2,4 isomer is attributed to H(methyl): - - H(bridge) repulsions in a proposed trigonal bipyramidal interme-

diate.

The space group is Pmen, and there are four molecules in the unit cell having parameters ¢ = 12.55, 5 = 6.39, and

¢ =910 A. The value of R = Z|'F| — |F.[||/Z|F,| is 0.11 for the 343 observed reflections.

Base-catalyzed rearrangements of pentaborane(9)
derivatives proceed at lower temperatures than do
uncatalyzed thermal rearrangements. At room tem-
perature 2,6-dimethylpyridine catalyzes the complete
conversion! of 1-CH;3;B;Hs to 2-CH;3;BsHs. The conver-
sion of BioHys, which is a B;Hg dimer, to a ByjH,, deriva-
tive also occurs?in the presence of 2,6-dimethylpyridine.
Plausible internal rearrangement mechanisms!—* facili-
tated by H tautomerism were proposed; but the pos-
sibility of a mechanism in which the base cleaved® a
BH; unit which later recombined was not eliminated at
these low temperatures until the isolation® of the (CHj,);-
NH*:-B:H,CyH;~ intermediate and the study” of the
1-DB;H; rearrangement in which a B;Hy complex with
Lewis base was suggested. Later studies have included
rearrangements of monohalogenated derivatives of
B;H, catalyzed by AICl® and hexamethylenetetramine.®

Thermal rearrangements of 1-RB:;H; to 2-RB;Hj,
where R is CH; or C;Hj, occur®® at 200°. About 809,
rearrangement of 1-DB;H; to 2-DB;H;s is found” in 20
hr at 145°, but there is little evidence that this intra-
molecular rearrangement takes place at a lower tem-
perature than intermolecular H atom exchange,
which complicates the question of the nature of the
intermediate steps. Nevertheless, the preference of a
substituent which is more electron donating than H
for the basal position is consistent with the predictions
of molecular orbital studies®!? which indicate that the
apex B atom is more negative than the basal B atoms.

The base-catalyzed and thermal rearrangements of
1,2-(CH;),BsH, might then be expected to yield a mix-
ture of 2,3-(CHaj):BsHy (cis) and 2,4-(CH;)BsH7 (trans)
isomers. Surprisingly, however, in the 2,6-dimethyl-
pyridine-catalyzed reaction only a single product was
obtained. We show here by single crystal X-ray dif-
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fraction methods that it is the ¢is product,??® 2,3-(CHj),-
B;H;. Examination of bond distances and unpub-
lished molecular orbital results indicates no significant
thermodynamic difference between these two possible
products, and we therefore have searched for a mech-
anistic interpretation, which may have wider applica-
tion in the study of rearrangement paths in other poly-
hedral or near-polyhedral molecular species.

Structure Determination

The liquid sample of (CHj3);B;Hy was distilled!4 and
then fractionated into Pyrex capillaries 0.5 mm in
diameter. After sealing, these capillaries were mounted
on a Weissenberg or precession goniometer and were
cooled® to —50° by means of a cold stream of N, which
was obtained by evaporation of liquid Ny. After careful
growth of a single crystal, a sample was maintained on a
Weissenberg goniometer for some 2 months, during the
recording of photographic X-ray (Cu Kea) diffraction
data of levels zkL for 0 < L £ 8 A second crystal
mounted on a precession goniometer and photographed
with the use of Cu Kea radiation yielded levels 40/ and
0kl, before the “Great Blackout” (New York Times,
Nov 10-15, 1965) terminated the experiment. Al-
though the films covered 749, of the Cu K« sphere of
reflection, only 343 diffraction maxima were observed
while 301 reflections were classified as below the observa-
tional limit.

Reciprocal lattice symmetry of Dy, and systematic
absences of #£0 for 2 + & odd and of 20! for / odd suggest
that the orthorhombic space group is either C,.*-
P2icn or Dgp!%-Pmen. Later work proved that the
space group Pmen, in which the molecule lies on a mirror
plane, is the correct choice. Unit cell dimensions of @ =
12.55 = 0.04, b = 6.39 £ 0.01, and ¢ = 9.10 = 0.04 A
were obtained from photographs which had been cali-
brated with a diffraction pattern of powdered Al.
Assumption of four molecules in the unit cell yields a
calculated density of 0.830 g cin—3, which is in reasonable
agreement with that expected from a related com-
pound, B;H,, for which the density is' 0.761 g cm 3.
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Intensities were estimated vistally with the aid of an
intensity scale prepared from the crystal on the Weis-
senberg goniometer. The usual Lorentz and polariza-
tion corrections were applied, and a preliminary single
scale factor was established from exposure times for
the various levels. Corrections for oblique incidence
of X-rays into the films were not made for the higher
levels, but the associated error is absorbed into the
empirical scaling and thermal parameters for the dif-
ferent levels. A three-dimensional Patterson func-
tion, having sharpened coefficients and an origin peak
reduced to a single B-B interaction, was computed
and then searched for mutually consistent peaks in the
regions /g, 2y, 22; 2x, /s, Vs 4 28; 2% 4 /5, 2y + /s,
Ve Ve Vo 228 + Ve 204+ 1/2,0,0; 0,2y + 1y Vs
and the centrosymmetric interaction, 2x, 2y, 2z. Our
initial assumption of the space group, Pmecn, proved to
be satisfactory: we found eight mutually consistent
peaks, which were then carefully examined, taking into
actount all equivalent positions and symmetry am-
biguities, for possible square-pyramidal B; arrange-
ments. After a few false starts, an arrangement with
apex B on the crystallographic mirror plane was found
and was then shown to be consistent with those peaks
sufficiently near the origin that they must necessarily be
intramolecular vectors. Further examination then led
to all B and C positions. The value of Ry = EHFoi —
F, | / EiFo] == ().44 for this unrefined structure decreased
to 0.27 after three cycles in which isotropic thermal
parameters and distances were refined. Anisotropic
thermal parameters then led to R = 0.22, including all
reflections, observed and also absent, at one-half of
each limit of observation. For observed reflections
orily the value of R was 0.18 at this stage.

Hydrogen atoms were located from difference elec-
tron density maps from which B and C were subtracted.
The first map contained five largest peaks, from 673
down to 471 in arbitrary units, at the five H positions
of the B;H; half-molecular unit, of which three were
on the crystallographic mirror plane and two were not.
Of the remaining seven peaks in the asymmetric unit
of this map, three were residuals at B or C, three at
400, 386, and 268 were at about tetrahedral angles
around the C atom, and one at 274 was half-way be-
tween two bonded B atoms (less than 1 A from each)
and thus deemed to be false. When the eight H atoms
of the asymmetric unit were included as fixed atom
contributions we obtained a value of R = 0.133 which
led finally to a value of R = 0.109 for the 343 observed
reflections after refinements of all position parameters
for three cycles, of anisotropic thermal parameters of
B and C for three cycles, of isotropic thermal param-
eters for H atoms for three cycles, and of scale factors
for individual levels of the Weissenberg data for three
cycles. Although the isotropic thermal parameters
for H were converted to anisotropic equivalents, they
were not further refined. Observed structure factors
and refined scale factors are listed in Table I. It has,
of course, been uniformly?’ realized for some time that
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TaABLE 1

List oF OBSERVED F VALUES®

F{0sDsn) (SCALFN) = 1872.4

Len (KY(HItO) (1915)9344/1759197/109937/5+9121/699865/29
156/85395/590 (1) (0915)15244/1254392/2045227/1199170/85y
46/2s9% 0 9% 9 955/30(2) (0915)%99122/699166/85934/49936/bs,
GG /29 9% ys%ys(3) (0s18)aHhes182/T74956/34982/b99T6/bgsRgokyy
(4) (0913155/399156/899%99192/109975/bys%s9%,35{5) (0s12)
1317700t so®ys®9950/39931/499(6) (09 S)%, g0y, %y,

(7Y (09 bL)a¥y e,

L=1 (KY(HY(OY (0315)rsensnnrrsnnnssnsll) (0,153240/12,267/
134149/74166/8489/69%43%5/4457/34%497/5y%y#,66/3466/3439/
29%5(2) (05143208/10:%,156/89152/84979/4420/44166/89%,38/
5954/3986/39%446/29%9%4(3) (0914)108/5,4N0/24126/69171/94%
1017598074913/ 7 981 /2 %o Ry kR %,33/4,(4) (0121847441117
6140/2981 /3% )% %, %,48/2,%,81/2438/5436/5438/5)

US) (0s10) MM, 8,42/2,%943/2 4 Ha%yRoRyRy(6) (09 5)163/3y%, % %,
Ky ke {T) (Os TY37/5930/29RsRekoR o, h R

L=2 (K)(HYIO0) 10+153UsU9206/109134/7+174/95133/749R/5+140/
Ts44/24128/6970/396T7/29%3101/5936/5535/4,511) (041435273,
233/7125177/99123/6930/49 %) 184/9 %966/ 3,84/ 4% s%,%,62/3,
35/4402) (0016)69/30%359/3947/2931/69%,152/8450/29116/64%,
Hokoky Ry Ry (3) (N9133166/39#9%540/2437/5,103/5,%,109/54%,

LT /20%gRoR Ry (8) (0913)74/84,81/64,38/5469/34,43/2+,99/5+43/
20116/6944/29%462/29%336/4930/64(5) (0,12)1108/5,%4%,75/
Lolilo /2%y R o Rs52/3042/2%3%336/54(6) (0 L)Y64/Dsl4l/2 %R y¥,
(73 (0p 2bRgH 0,5

L=2 (K)GHYEO) (Me15)swrsnnnannassnssl(l) (04141190/104963/
3441729477202 T4/79961/35116/6062/39134/T7,%,80/49%,45/24%,
27/3902) (0913148/2+60/2+962/3+61/3,51/3,140/7+76/44116/

69 %¥o®y35/4435/44%929/6413) (0s13)37/5976/46480/4447/2434/
6930/69129/69%954/3452/3 9% 4 %% 432/4y(4) (0912)42/24%+38/
5v49/29%943/72954/3+63/2938/75+5F/39%,%4%,(5) (051016373,
2573966/ 39 g K 4B/ 29 Rs kg hoks(6) (Os 9)137/5,48/29%434/G 4%,
327498931749 %,41/251T) (0y 3135/4, k%0

Lag (KI(HILIO) (09143Us53/3,%9138/7931/49%,118/64973/4484/
Golh/2y oM oRongny (1) (09143146/T317/8425/3427/3962/39%y%,%,
63/39%945/29 %8N /29%928/3,(2) (0,12186/2,3111/64%956/3450/
397 T/8s74/89126/6068/3,55/3,%,%,%,46/2,(3) (0513139724,
T0/8937/5s%982/2995/5450/3052/3543/72,%,%,%,8,(4) {0411)
53/3039/20%008/248 3B 08 R, 41/24 %%, (5) (O Q) ReMy# 8,8, "
43/2048/2980/20%4%9(6) (09 T139/2041/2,% %oy Hon,

(7 (09 3)30/b ok nen

L=S (K)(H)(O0) (Ov15)0sonnnnnannsanasll) (0,13)77/44,71/4,
31/4920/100%97)/74968/3485/44%455/3,%,%#,50/3,29/2,

(27 (0913)27/34%433/745110/5,%3%452/3:,%,33/4,65/3 3% 3%,%,%,
(3) (N912)40/2927/3930/64%435/4939/5048/2:35/by%yRg% 28/
GaRylh) (0910)%,37 /5% 9%, %,37/5,%,48/2,%,%#,%,(5) (0, 9} %,
52/39ky %o R002/2439/5048/2,%426/3416) (0y B145/2433/4,430/
GoRogRoRy2/49%92B8/34(7) (Ds 2)Ry%en

L=6 (KYIHYLO) (0s13)U943/2519/9941/24%,%,336/6925/39%443/
20%3%537/5422/100 (1) (0012)104/7423/711440/2426/34%422711,
T0/6937/5029/6943/20%s%9#y(2) (0412)189/4463/3,69/3 4% 4%,
51/3970/3+58/3958/3938/54%s%443/24(3) (0911)166/3964/3+29/
4949/2925/39%426/3928/3042/2+%9%420/10,5(4) (0p10)%4#,%,
38/59 %9 #328/3425/39 %9 Ry #y(5) (0 5)129/6y26/3 sk R ¥y,

(6) (09 4)22/11,%,%#,21/10,% '

L=7 (KICHILO) (0150 nnannnsnvrnnsnnsll) (0,12)462/2433/4,
56/39%330/4s%y38/5 9% %#,28/4427/3,%,19/9,(2) (0510)26/3,
B1/39R o %326/ 9% 329 /bRy Ry RoRy(3) (041N)42/292T/3s%438/064%,
FoRp39/2R e Ry Ry (4) (Ds B)29/beRy RNy Ryny(8) (04 4132/
LoRohygtyn

L8 ((KY(HIIN) (001100 13/64%016/8032/4421/710025/3427/3,
3%%5& FRoM (1) (0010)13/60%9%518/9,%,30/4,%,33/4y% %%,

(2) (09 9139/2027/3929/69%9%421/10921/710422/11 %%,

(3) (09 6121710041729 Ry Rokohy(4) [0y T)Re24/12421/7109%4%,
H922/119%9(8) (N 3y yRen,n

StALE  FACTORS

L=0 048205

L=1 048820

L2 0,9089

L=3 049715

Ls4 049145

L=5 1.0152

L=6 140543

Le? 1.0573

L=8 048007
¢ The value of & and the range of /4 are given in parentheses.
Absent reflections are indicated by an asterisk, experimentally
unobserved reflections by U, and systematic extinctions by an
extra comma. For observed reflections the value of 10|F0‘ and
the standard error of [Fol are listed separated by a slant line.
The standard error of ]FD] is obtained from the standard error

of |F,|? by
[U'(Fo2)/F02]
V4 + [o(F2/2F2

F(0,0,0) is given as a reference point and is summed over the
entire unit cell.

°'|F0[ =

o

one cannot simultaneously refine scale factors about a
single axis and those thermal parameters which inter-
act with these scale factors.
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Figure 1.—Variation of the weighted sum of squares of resid-
uals, Ew(\FJ - chl)Z, denoted by Z, and agreement factors

Rr and wRp:, for different choices of <\Foi>. The minimum
value in the sum of squares of residuals curve occurs at <\Fo> =
3.75, which is 479, of the lowest readable value before the
application of Lorentz and polarization factors.

Absent reflections are frequently omitted in refine-
ments or are assigned one-half of the maximum observ-
able in the appropriate region of the film. Neither of
these procedures seems as satisfactory as either assign-
ing an average value based upon the corresponding
calculated structure factor or assigning an average value
by minimizing the weighted sum of squares of residuals,
Ew([Fol ~ IFO/)z, for different choices of (]FOD for these
absent reflections (or similarly for [F |2 in place of |F '
if w is suitably modified). A test of this last procedure
vielded a value of {F,) = 3.75, which is 479, of the
lowest readable value before the application of Lorentz
and polarization factors. When the 301 reflections
were included according to this prescription the final
value of Rz was 0.195 for all observed and absent re-
flections. Figure 1 shows the weighted sum of squares
of residuals and both weighted and unweighted agree-
ment factors, all for absent reflections only, as func-
tions of {F,).

Discussion

Final parameters, based upon the 343 observed re-
flections, are given in Table II, disagreement factors
are listed in Table III, and bond distances with their
standard deviations computed from the full variance—
covariance matrix are presented in Table IV. Correc-
tions (Table IV) for thermal motion based upon the
assumption that the second atom rides on the first are
probably larger than those which would be obtained
from motion of a rigid molecule, but our data do not
justify such an exacting treatment. Bond angle stand-
ard deviations were calculated using the full variance—

Inorganic Chemistry

TaABLE II

FixaL AToMIC PARAMETERS
Atomic Positions in Fractions of the Unit Cell Edge

Atom x Ay z
B(1) 0.2500 0.5689 0.0047
B(2) 0.1775 0.5228 0.1538
B(5) 0.1784 0.7729 0.0627
C(2) 0.0881 0.3611 0.1960
H(1") 0.2500 0.0062 0.4108
H(5") 0.1185 0.6419 0.4993
H(7) 0.2500 0.9109 0.1355
H(8) 0.1456 0.7341 0.1944
H(9) 0.2500 0.5318 0.2638
H(10) 0.1093 0.1956 0.1370
H(11) 0.0363 0.3694 0.1111
H(12) 0.0714 0.3745 0.3080
Terperature Factors (Anisotropic® X 10¢)

Atom B B22 B33 812 B1s B35 7

B(1) 42 209 202 0 0 =35

B(2) 30 194 216 14 3 —17

B(5) 45 223 216 10 -8 0

C(2) 40 274 271 -39 -5 5

H(1") 62 239 118 3.89

H(5%) 50 193 95 3.15

H(7) 54 207 102 3.38

H(8) 0 0 0 0

H(9) 13 50 25 0.81

H(10) 120 462 228 7.54

H(11) 66 256 126 4.18

H(12) 104 400 197 6.54

Maximum Value of ¢ for Atomic Positions in Fractions of the
TUnit Cell Edge

Atom type x » z
B 0.0005 0.0015 0.0012
C 0.0004 0.0009 0.0010
H(terminal) 0.0088 0.0171 0.0102
H(bridge) 0.0034 0.0142 0.0085
Maximum Value of ¢ for Temperature Factors
Atom
type Bu Ba B2 B3 Bes
B 5 27 8 7 15
C 3 17 7 7 13

¢ The thermal parameters are in the form exp —(k%y +
k2522 + l2B33 -+ Qhkﬁm + 2]1[513 =+ 2klﬁ23) b For atom H(S) the
determinant of the matrix of temperature factor components be-
came negative, and hence all values of the temperature factors
were reset to zero. ¢ The isotropic temperature factor coef-
ficients for the H atoms (7") were converted to anisotropic equiva-
lents but were not further refined. The x parameters of B(1),
H(1%), H(7), and H(9) and the 8, and 815 of B(1) are all re-
strained by symmetry and their standard deviations are zero.
Equivalent positions for space group Pmen are: x, y, 3, %, ¥, 2;
Yy —x, Yy — 3y, Yotz Yotow Mo+ oy Ve — 2 Y+,

P8 Yo — x5 & YVet oy Ye—2 6~y 5

covariance matrix, but those listed in Table V are the
maximum values for each type of bond angle in the
expectation that the errors are not truly random. The
molecule is shown in Figure 2, and the crystal struc-
ture in Figure 3.

In the molecule (Figure 2) the methyl groups are
attached to adjacent basal B atoms which are 1.82 A
apart, as compared with the three other B(basal)-
B(basal) distances of 1.80 A. Thus there is no indi-
cation that the CH;B—BCH; bond is abnormally strong
compared with the HB-BH bonds of the molecule, or
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TasLE III TaBLE V
DISAGREEMENT FACTORS® BASED ON F BoND ANGELES
Sin 8 R Atoms Degrees T
0.00-0.40 0.11 B(4)-B(5)-B(2) 90.4 0.5
0.40-0.50 0.10 B(3)-B(2)-B(5) 89.6 0.5
0.50-0.60 0.08 B(2)-B(1)-B(5) 64.5 1.0
0.60-0.65 0.08 B(2)-B(1)-B(3) 66.5 1.0
0.65-0.70 0.12 B(5)-B(1)-B(4) 65.2 1.0
0.70-0.75 0.14 B(1)-B(5)-H(5) 126.3 3.0
0.75-0.80 0.12 B(1)-B(2)-C(2") 135.0 1.0
0.80-0.85 0.15 B(2)-C(2")-H(10) 107.9 5.0
0.85-0.90 0.17 B(2)-C(2")-H(11) 103.8 5.0
0.90-1.00 0.15 B(2)-C(2")-H(12) 109.2 5.0
Class HKL OKL HOL HEKO HO0 0KO H(10)-C(2")-H(12) 123.1 7.0
H(10)-C(2’)-H(11) 81.3 7.0
All 0.11 0.14 0.10 0.10 0.08 0.20 H(11)-C(2")-H(12) 1277 70
H = 2N 0.11 0.10 0.11 0.08 ZB(1)B(2)B(5)-B(5)B(2)H(8)" 203 3.0
H=2N+1 0.11 0.09 0.10 £B(1)B(2)B(3)-B(2)B(3)H(9)* 196 3.0
Izg = g% . 8}(2) 81; 8% 0.20 ZB(1)B(4)B(5)-B(4)B(5)H(7)* 104 3.0
I ; oN + 0: 11 0: 14 0.10 ' o External dihedral angle.
L=2N+1 0.11 0.15 ,
K+ L =2N 0.10 0.14 1
K+L=2N+1 0.12 0.14
L+ H =23N 0.11 0.10
L+H=2N+1 011 0.09 -
H+ K =2N 0.12 0.10
H+K=2N-+1 0.10 \4(‘{_ /
H+ K+ L =2N 0.10 1
H+K-+L =
2N +1 0.11
Rp = EHFO! - Fcl /E{FO‘ = 0.109 d/_ ‘,\b 2
Rp = Z|F? — F2|/SF}? = 0.198

Rup = [Zw|F? — F22/ZuFo' = 0.241
e Based on all observed reflections.

TaABLE IV
BoND DISTANCES? AND STANDARD D EVIATIONS IN A
Uncorrected Corrected? ¢
B(4)-B(5) 1.80 1.80 0.01
B(2)-B(5) 1.80 1.80 0.01
B(2)-B(3) 1.82 1.82 0.01
B(1)-B(5) 1.67 1.67 0.01
B(1)-B(2) 1.66 1.66 0.01
B(2)-C(2") 1.57 1.55 0.01
B(1)-H(1") 0.98 0.98 0.09
B(5)-H(5") 1.09 1.11 0.06
B(5)-H(7) 1.42 1.44 0.07
B(2)-H(9) 1.35 1.38 0.05
B(5)-H(8) 1.29 1.32 0.04
B(2)-H(8) 1.46 1.50 0.04
C(2')~-H(10) 1.22 1.19 0.09
C(2/)-H(11) 1.01 1.02 0.08
C(2")-H(12) 1.04 1.01 0.09
e Shortest intermolecular distances: B-B, 3.94; B-C, 4.04;
C-C, 4.01; B-H, 3.13; C-H, 3.21; H-H, 2.87. ? The first

atom is assumed to be riding on the second. ¢ The errors listed
were obtained from the full variance-covariance matrix calcu-
lated during the final least-squares refinement of all position
parameters and B and C temperature factors.

compared with a similar distance® ! of 1.80 A in B;H,.
Moreover, the B(basal)-B(apex) distances and the
B(basal)-CH; distances are normal. The B(apex)-
B(basal)-CH; angle of 135° in 2,3-(CHjs),Bs;H; is in
excellent agreement with the microwave wvalue® of
136.2° in B;H, and in reasonable agreement, within the

{18) H. J. Hrostowski and R. J. Myers, J. Chem. Phys., 22, 262 (1954).

®-c O=B ST

Figure 2.—The molecular structure and numbering scheme for
B;H:(CHs)s.

large errors listed, with X-ray!® and electron diffrac-
tion!® studies. Although the B(basal)-C-H angles are
close to tetrahedral values, the deviations of HCH
angles from 109.5° are perhaps consistent with apparent
errors associated with some torsional motion of the
CH; group about the B-C axis. Nevertheless, the
H(methyl) atoms are staggered with respect to the
H(bridge) atoms. The external dihedral angles of
194, 196, and 203° in (CHs).Bs;H7 are to be compared
with the microwave value!® of 196 =+ 2° in B;H,.
Perhaps the somewhat larger value of 203° is associ-
ated with the steric interactions which also prevent free
rotation of the methyl group. As usual? all bonded
distances to H are too short by about 0.1 A, but there
is some uncertainty in the exact location of the H atoms
as indicated by their large standard deviations. We
first discuss these steric interactions on the assumption
that all H atoms remain in the molecule during rear-
rangement.

These steric interactions may play a determinative
role in the rearrangement of 1,2-(CHs).B;H7 to 2,3-
(CHy):B;H;. If no such special features are present,
the previous proposals'™ would predict a ratio of two
parts of the 2,3 isomer (cis) to one part of the 2,4 iso-

(19) K. Hedberg, M. E. Jones and V. Schomaker, Proc. Natl. Acad. Sci.
U. S., 88, 679 (1952).



1756 LAWRENCE B. FRIEDMAN AND WILLIAM N. LipscoMn

a

Inorganic Chemistry

.

JY‘!

Figure 3.—The molecular packing as seen in the 20! projection.

mer (rans). Here, we comment on the details of
probable H-H repulsions in a possible trigonal bi-
pyramidal B; intermediate? (Figure 4). There are
two ways in which the square base can change. If in
Figure 4a 5-3 is contracted while 24 is expanded, the
probable intermediate I in Figure 4b can then open as
shown in Figure 4c to produce the 2,3 isomer. Models
of this intermediate in which H atoms are placed nearly
half-way between their starting and final positions
indicate relievable steric problems for this pathway.
On the other hand, if 2—4 is contracted while 5-3 ex-
pands intermediate II shown in Figure 4d is produced,
which could then yield the 2,4 isomer; but if one as-
sumes that H atoms are between starting and final
values, one finds serious steric interactions. Idealized
models were constructed for both intermediates assum-
ing a distance of 1.9 A for the equatorial B-B distance.
Even in the intermediate shown in Figure 4b the
H(methyl)---H(bridge,face) contacts were almost as
short as 2.0 A, but it is possible to relieve this interac-
tion by moving the H(bridge,face) atoms back toward
their original positions. In the intermediate of Figure
4d short contacts of 2.0 A also occur, but no reorienta-
tion of the methyl hydrogens and no reasonable move-
ment of the bridge hydrogens removes the difficulty.
Let us now consider the possibility that one H+ is lost
in the formation of the intermediate so that the re-

(20) R, Hoffmann and W. N. Lipscomb, Inorg. Chem., 2, 231 (1963).

J’/w

One unit cell is pictured.

arranging species is (CHj);BsHg™. Loss of H* from
intermediate I could only improve this favorable steric
situation, so this intermediate need not be considered
further. However, the possibility of loss of H* from
intermediate II requires more detailed examination.
Any loss or rearrangement involving a terminal H
atom from IT is not likely because such a change would
leave a lone pair near an electron-deficient framework,
but, of course, this loss does not reduce the steric inter-
ference. Loss of a bridge H atom from II is more
likely because then a BHB bond is merely converted
to a BB bond. However, this change reduces inter-
ference only if one of the two bridge H atoms between
apical B and equatorial B(CHj) of the intermediate is
the H atom which is removed, and, even then, half of
the original steric interaction remains. Suppose,
however, that in addition to loss of one of these two
bridge H atoms, the other bridge H atom is rearranged
to a new location. The rearranged bridge H atom could
become a terminal H atom, either on the equatorial
B or on the apical B, or could occupy a new bridging
position around the equator of the trigonal bypyramid.
The first two cases result in BH, [or BH(CHjs) ] groups,
and although steric interference is probably relievable
the concept of a BH, [or BH(CH;)] group is without
precedent among known closed polyhedral boron frag-
ments. In the third case, there are two unique loca-
tions for a rearranged bridge H; although models show
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Figure 4.—The proposed rearrangement scheme., The path
a — b — c results in the observed cis-substituted product. The
path a — d — e is required for the unobserved #rans product.
Note that these intermediates retain the full complement of H
atoms in the molecule, but that base catalysis may involve loss
of Ht, and thermal rearrangement may involve intermolecular
exchange.

little steric interference for either of these, the sub-
stantial H migration which is necessary for formation
of such a model is perhaps possible, but is not in ac-
cord with the pathway which requires least motion of
all atoms in the transformation.

It appears then that the steric interactions described
for intermediate II can be completely relieved only if
both of the bridge H atoms which bridge the equatorial
B atom, also bonded to CHj;, and an apical B atom are
eliminated, either by removal as H* or by relocation

CRYSTAL AND MOLECULAR STRUCTURE OF (CH,)sBsH7 1757

in the intermediate. If we require a minimum of atomic
motion in the over-all rearrangement, elimination of
these bridge H atoms seems unlikely. It seems quite
plausible, then, that an intermediate somewhat like
that in Figure 4b could form, leading only to the 2,3
isomer, but that the intermediate of Figure 4d cannot
occur.

There remains the possibility that a base adduct of
(CHs),B:;H7 is formed during the rearrangement, but
the steric problems for an intermediate in this case are
even greater than those discussed for (CH,),B;H; or
(CH3>2B5HG_.

The structural, and, to some extent, the mechanistic
implications in the present work may also apply to the
dibasal isomer obtained from the thermal rearrange-
ment of 1,2-dimethylpentaborane. The base-catalyzed
and thermally rearranged products have identical
infrared spectra as well as identical "B and 'H nmr
spectra;'® however, further studies are necessary before
more conclusions can be drawn.

It may be of interest to search for such steric inter-
actions in other boron hydrides which contain bridge H
atoms and terminal H atoms substituted by alkyl or
more bulky groups. A possible indication that steric
interactions might occur even when no bridge H atoms
are present might be deduced from the isolation?' of
C,3-dimethyl-1,2-dicarbaclovopentaborane(s), which
has a trigonal-bipyramidal structure with one apex and
one equatorial C atom and in which one CHj; is on an
equatorial B and the other is on one or the other of the
C atoms. If the failure of this compound to rearrange
to the presumably more stable 1,5 isomer (both C
atoms at apices) is due to H--H interactions, then the
molecule must be quite compact and probably some-
what flattened along the threefold axis of the idealized
trigonal bipyramid. Indeed, a geometry of this kind is
consistent with the bond orders computed?? for B;C.H;,
but a detailed structural study is needed.
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