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Addition of acetonitrile to BygH;s yields crystals of ByHie- 3CHyCN in which there is one CH;CN of crystallization per BayoHis-

(NCCHa),.

The By unit has rearranged to yield a Bj; unit which shares a triangular face with a B;; icosahedral fragment.

A mechanism similar to that for the 0-B;(CoHiy, to m-B;0CoHis transformation is proposed for this rearrangement., The
space group is P2;/c, and there are four ByHis(NCCHj;); and four CH3;CN of crystallization in a unit cell having parameters

a = 12,55, b = 10.70, ¢ = 16.12 A, and B = 99° 40'.

The structure was solved by direct methods and refined by least

squares to R = Z||F.| — |F.||/Z|Fs| = 0.07 for the 1495 observed reflections.

The boron hydride ByHis!'? is known to react with
ligands without loss of hydrogen':? and usually yields
adducts containing two molecules of electron-pair
donor. It has been presumed? that the By arrange-
ment of the parent BsHis is retained in these adducts
and that the ligands are probably frans.

Both B20H16'2(CH3)2S and B20H16'3CH3CN were
prepared here, and we chose ByHis 3CH3CN for this
study, primarily because location of hydrogen atoms is
easier when only first-row elements are present; but
the results to be described were delayed owing to the
difficulty of solution of the crystal structure. We shall
show that ByHie:3CH3CN has a covalently bonded
unit of ByH;s(NCCHs), and a molecule of CH;CN
of crystallization. The By unit of the parent BggHye is
not retained, nor are the ligands frams. Instead, a
most interesting rearrangement has occurred? which is
closely related to a general theory*of rearrangementsin
polyhedral molecules and fragments.

Experimental Section

Preparation and Characterization.—Icosaborane-16, which
had been prepared by both electric discharge!® and pyrolysis?
methods, was sublimed before use. Eastman Spectro Grade
acetonitrile was used without further purification. Infrared
spectra were recorded with a Perkin-Elmer Model 21 spectrom-
eter, and B nuclear magnetic resonance spectra were obtained
with a modified Varian instrument operating at 15.1 Mc sec™L.
All manipulations of ByH;s were carried out on a vacuum line or
in a water-free air-filled glove box.

The ByoHis dissolved in CH3;CN without evolution of H;, and
yvielded a pale yellow solution after 24 hr. Evaporation of
excess CH3CN vyielded a yellow solid material, which became
white upon washing with small amounts of CH;CN. This
derivative is stable to atmospheric oxygen and water vapor.
It does not melt at 250° but discolors around 200°. The infrared
spectrum in a KBr pellet shows maxima at 2900 (w), 2500 (s),
2330 (w), 1390 (m), 1100 (m), 980 (s), 950 (w), 920 (m), 825
(m), 800 (w), and 740 (m) cm~!. An acetonitrile solution shows
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an Y“B nmr spectrum, grossly similar to that of ByyHjis, consisting
of three poorly resolved peaks.

Single crystals, obtained by slow evaporation of acetonitrile
solutions, were found by flotation in mixed solvents to have a
density of 1.11 g ecm ™3, Weissenberg and precession photographs
of single crystals showed reciprocal lattice symmetry Ca, and
absences of 40/ for / odd and of 0kQO for k2 odd are consistent
with the space group P2;/c. Calibration with Al powder diffrac-
tion lines then yielded unit cell parameters ¢ = 12.55, b = 10.70,
¢ = 1612 A, all =0.02 A, and 8 = 99° 40’ == 10’. The only
reasonable number of molecules per unit cell is four, and hence
the X-ray molecular weight is 357 == 3 g mole™!, which is con-
sistent with the formula ByHye: 3CH3CN (mol wt caled = 356).

Data Collection.—A crystal 0.2 X 0.4 X 1.0 mm was placed
along the long axis (¢) in a thin-walled glass capillary, which
was sealed and then mounted on a Buerger automated X-.ray
diffractometer., Weissenberg geometry, an w scan, and Ni-
filtered Cu K« radiation were employed. The proportional
counter terminals were set at 1640 v throughout data collection.
The base line of the pulse height analyzer and the window voltage
were also held constant. In the measurement of each reflection
the counter was positioned to the proper vertical Weissenberg
coordinate T, the crystal was rotated about the horizontal co-
ordinate angle ¢ to ¢: — 8§, where ¢: refers to the reflection and
§ is proportional to the Lorentz factor L, the backgroind was
read for a time ¢ which is proportional to L, the angle ¢ was
increased for a time 6¢ at 2° /min until it became ¢. + 8§, the back-
ground was counted again for a time ¢, and finally LPF,? was
computed as the scan minus three times the sum of background
counts (P is the polarization factor). As the levels hkL for
0 £ L £ 14 were collected, the intensities of seven 220 monitor
reflections were measured after each level. After correction for
one of the reflections which exceeded the 10 counts capacity of
the instrument, all check reflections showed standard deviations
less than 59,. In addition to these %£0 reflections, a check re-
flection was measured periodically during data collection of
each level.

Because of the difficulty of finding suitable crystals for mount-
ing on another axis, we chose to take correlation data on the
same needlelike crystal mounted on a precession goniometer and
photographed with Cu K« radiation. Levels 0k, 1k, 2ki, hOI,
k1, and k2l were taken on timed films, and visual estimates of
intensities served to place levels hkL for L € 10 on a common
scale. This same scale was at first assumed for levels Akll
through %k14, but later five separate scale factors were refined
by least-squares procedures which yielded final scale factors
within 5% of one another. Because of this procedure, scale
factors and temperature factors were never refined simulta-
neously. The final list of structure factors is shown in Table I.

No corrections for extinction or absorption (u = 3.64 cm™!
for Cu K« radiation) were made. Standard errors for the meas-
urements of individual reflections were initially chosen as ¢ =
0.06F,%, but after preliminary refinement an examination of
R = 3||F,| — |F.||/Z|FJ| as a function of F.? led to the choice
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TaBLE 1
LisT oF 10} F,| FOR ByHis(NCCH;), CH;CNe

Le0 (KJ{H){0)(0s15)87389170s134598419557+34694419288+328»
172957+927+992922+928+9s%#9{1)(1515)8939219923+93]149213,
42+927+931+92159%982929+939+329+936+9(2)(0914)6754794838
211910693049237943+354+98BLl9562+21T1984sbb+s%s(3)(1914)344,
3619422923151864859799759138+46+945+964+9108s87
(6){0914)497+2439224924691209170916331609285»959%965+
44+957+9829(5)11513)2375403516191419196982+254423+9901
50+ 79 %932+ (63 (0»13)55+1152952691379197971+9845181152
52+926+926+35104»30+s(71(1912)84568+9108+69+936+963++65+
6T+954+942+964+9T729(8)(0911)3259344139+9136522996T+946+
136999919+3%5509(9)(1910)169935+929+998437+152+359+9%975
1049(101(099)102s51+s123938+s85940+967+918+s62+s105
(11)0198)173956+95T+904T+923+538+941+9%3(12)(096}1170044+s
32+954+928+533+564+s(13)(191)36+
Lel (KY(H){1)(=15914)%330+96+956+397123+1%*959+929++11%»
37+9564+17999287+63192589997+76899049%49391029294949+32960
314942+ 98y% 9%y (2)(=15914)23+9%423+917+»%9739315434+4319>»
242921+3332966+4758145829911+6869230921+92219%93229114+210
11097691045 77523+93249(3)(=14s14)%)20+491T+916+9769%9122s
11992519%92839109970+93739722966+163694839173923+470+984
1449%428+070+9 T2 Lba+a®s(4){~14514)59+91%9%331+938+9125495,
61+91679202+72928+3516918552039182957++86166+911109% %9135
B4slB+929+910+9%#325+9(5)(=14913)434922+944+2T704916+923+)
T1le3i+sTT7927+965+91525414926+9151926091849130928394839242
131966+331+923+519+1982961+5(6) (~13513)35+928+9*467+439+4
55+985s%915+944+95T+923091049252+2049232979988949+s% %,
138911494249 %921 +36+9{7)(~12s12)%972s%#+31+4+905s70+9278s124
3949349911594 124922+920491409%921351569108+110s%222+9
1239739(8) (=129 11) 1T+ s*s* s %354+488915+9267910141959239>
116978s64+9173957+5177928+91025114954+549+9214s41+s
{9)(=11510}%927+950+96+244+260+320+940+924+15549125971
1119%924+960+933+s%*572919+933+953+9 (10} (=9+9)116++30+927+y
29+959+1126965+s43+9%*162+»37+931+934+9%333+518+931+s%,y
21+9(11) (~897)24+959+452+523+912+s%975,88945+9152998921+s
112918+245+9%9(12)(=555)87932+430+9%s%924+993936+376917+
26+3(13)(=1490)64+974

Le2 (K)(H)(O0)}(=15914)}15+s11+s*s*s141945+91784118443B93794
67495889428561+5Us11479137821864955+919595081919593459259
5479195959+964+380583+(1){=15+14)38+938+928+s32+917+362+
137+45+932+925995809337113295469114+2209796413195165381s
62+915358551739187986140+518+395916+9(2)(=15914)%940+y
53+98+937+31773130+2069%#5400523+9849109+114975899941207
1939596942791135118976946+32134%328+923+915+917+,
(B)(=14916)%331+329+969+953+345+92099211947+922892019447
36+1$139931951099632+318+17951904255011591419509%93349%,
39+ 948+ (4) (=14913)142+550+9107929+9%128+426+91635174485
36231339334+93759112993+223+242531051419%93059%9107948+
17+9B0s64Ll49(5) (=14+13)130+98T 9% %353 +s%9374922+4%#599,2159
120458+2115+3554315967+5115+288+111972+150957++119559+,

84 334+sbbts{6)(=13412)41+165+928+320+939+917+410791484215,
56+3515532059% %4 1609208+119+s21+9115435644254914+s74938+)
4T+95T+9(T)1(=12+12)62+959+934+F9%943+3T73345+940+93625117
44+9T+92T+913797691099119912499+9118938+9%934+965+9%
(8)(~22911)2T++%»88+36+985s%,10+9168+5144»71922592889%9557
*91129%s1109%9 75931 +e%y¥353+5(9)(=11»10)43+9%970+974938+s%,
69+93349%928+915391629769175935+928496T+s%939+9%937+290+

{10) (=999 ) %938+338+924+94B8+9146926+986952+938++1229122»
79992999933+972150+938+»(11) (=897 153+937+429+s829%#455+)
97939+9142928+9152927+939+330+951+916+5(12)1{~595)11+r%y
GT+9859137 9%y 94y * 9224931497+

L=3 (K)(H}(L1)(=15s14)%s®s16+9%*937+926+930+968+9%34599143,
4T+917692435165+433419092395300919693089300927+964+s31+>
234949+ 1719%937+9{2)(=15014)%949+s%526+97691009182+60+
251939+346+9247220393929295912595143529093019505+821988»
46+954+9T5913%)84983940+912+9(3}(=14914)14T+9%y%928+573 9%y
286954+9112947+92459213549+91549105995+48C928492189468
3195184965+ 344+9137968+989946+5(4)(~14313)27+318+916+
444930+91189%913491329881271588+93039230+270110991635411
62+988914558919+146+9%3T76+35+95045(5)(=14313)14+991+97+
6+9%337+9112919+956913792119184s%99594264379998949+4292
1719262981 9125944+994952+922+967+9(6)(=13912)16+926+947+»
25+944+3106926+5129914019635108+99+2054869199s56+9132477»
162943+ s% ke 13+ kg% g%y (T)(=12512)36+934+976221+9%s38+9%
19649229959 +519++129+2129179413292999125936+38277+60+9%493
434912193349 {8)(=12s11 )%y s%s379311+»16+954+»1675134+248
1759129534 +542+9172562++68+9120330+s%351+922+971+9%

{91 (=11510)%413+s51+223+934+,57+936+s94444+1936+5103+123
16+97206+3139 1%, %330+992s%319+5(10)(=998)31+s42+431+121+s
269141 +242+s K g H 9 26+955+9 %239+ 942+139+92149% 99+,
(11){=857)56+913+950+919+s%,52+3%y4+935+9883%480+,89+35+»
48+ 946+3(12){=5+4)107934+925+936+938+936+3570+9182+79+9107

L=4 (K)(H}(O0){~15914)4149%326+y28+91629105+79+362+9172
1592438943 +924892309891982973894429103791369287+4049354
11343010%547+9146926791025 (1) (=15914)20+918+927+9*s49+)
120955+92699127+36092729323517219+966+9490+46++6189972
103316394135 55+9185939+948+946+327+913+435+9(2)(=15913)
SLl+a%s%332+9%926+9130912602539145560+919592779%93299173
487958+93609275+7691799250997945+936+429+9145976
(3)(=143513)31+958+s*341+116+s1%9%#9202925+91599305+14442969
3063749555 945+93249301917+91535116962+994984523+9165910+
(4)(=14913)112+959++44+9719215554++105,%910798B8+128+161>
6434167915194669105934+9157938+912092069130957+4%972964+
63+3(5)(=14s12)9+94B+422+962+s41+»11+955+9949293+91284318»
28+11035128+220+1949363425+914391254121921+969+s%s%930+9%
(6)(=13312)%s48+s*%y4B+9%332+9276918392785160539+918595869%y
1325135912+3s114+366333+5180999941+983912+939+s(7)(~129~5)
25+926+224+51059849%9#4182

L=5 (K)tHY(L1){~15913)%»8+313+s15+939+4,83+69+312414200
15+31169361+102+277511636371208967+9253+989829299+276188»
879153933+5169962+9(2) (~14313)%349+9903969562++4024934270
19+39815474403+5009127519993039404138799693469366928+
44+345+9T49129916+957+5(3)(~14913)164+5102+82921+915+4+1089
224425351599949825188+1481119+53793009795162250+s61+9133
1054193953++45+926+96T+9799(4) (=14913)%25+9%91134133
52+92089170524693459180918+s%51629302915991169427+162+105
58+41503112920++30+922+334+543+0(5)(~13412)44+921+933+,
T1+9105993492379125992950+952+92649209965+168++2643212+138
1299125940+320+353+9%325+98Ls(6)(~13412)%958+9T+s%#986593)
41+92259195942+9509654958+920+9284914+91T714%9%4337++975145
Ho Mg bS5+ By (T (—12s11)28+968+520+9%9120024+11079909%367+9

1009168920493139112+10591601106982913141139142913+461+
(8)(=11910345+079044+9B89469+9152+94B3+9%41444%9250+1434170
133936+1122980926+966+994s%9822(9){(~10s9)%479429+5123+127»
¥919+939+9T74r¥%968+961+9125917+951+928+965+978+30+264+
(10)(=938)4+958+943+972927+925+938+950++18+142+982938+9%,
ST+s11+526+s15+524+»(11)(=T96)133417++40+938+926+91%491s%s
97930+930+s%sT0+s11+9(12)(=453)112»109»41++170+957+9116»
166915+

Lo (K)I(H){O)(=15+13)%#+40++168+198298999093324+55+»3274+77»
1519219972959++45832979203+80994493379249+2039299941909163»
Tl+91459168s199 (1) (=14913)63+96+920+926+922+338+9939142
67+958++3849383516593089243976925491979%955992100909286
63+9%933+960+934+9{2)(~14913)22+956+945+9122164+954+9283
B6919+948+91819225938593539126»185+55+9371121993894457
48+930804T+9%921+91309%9(3)(~14913)23+9%428+9%921+916B8s%y
65+19217s17+932+4929+9358915492379103927+930091839969%9249
65+966+935+99+519+511+9(4)(=14912)1%930+915+37691059%458+
12892109199955+959+4914892889358+69+925+93609104981924+s
B6988sB8Ta%sT5,%y(5)(=13512)21+926+159+986912099+51599377,
50+9154922498599091839193923439093381149956+>1125130948+1%)
50+437+9(6)(=13911)%920+941+923+939+384911491154258941 4%
3339B82953+9316959+5316935+936+990933+9%493992474
{7)(=12+10) %% 964+923+944+9%359+99+1192+1829203420+562+
434932+957+91639184950+434+962+s90854+3(8) (=11s10)% 46+
3144110910863+ 957+995+74396917695T+961+1101036+91116s% 2%,
46+956+953+9909(9) (=1098)44+9T73933+998+23++13++28+918+
BOsTT9*#937+9799143555+5164969+314191085(10)(=947)%s1524%,
109911791129122932+9%562+4931+942+395563+464+9172+25+

L1 (=T95)%94T+264+9%961+933+»70+9153924+)66+381925+150+
(12) (=4 92) %9 ¥y 19+924+y %y T4y 16+

C=7 (KI(HY(1){~14s13)20+940+912+978»45+976891733150961+»
183918792593 77953191854360945+922791075155943+992+40+
4249999304960+ 923+5(27(=14912)24+9T70+959+921+9177+80+%9103)
12292579285912+9609916002529+172932+9%9849191932+52119133)
84990978919 +9(3)(=149p12)124942+926+917+971969++24+4180
26596+9280925+9138+22+958+9247940+9350969+31519336458+
35+99+ 9 144+929+946+9(4) (=1b4s12) %9 13+9%9919%930+9234562+
186319++2289357991s436937+9563+548+12829%41663164989930+
891%976952+9(5)(=1391L1)32+941+541+950+467+1789%9101473
22+1958+9253110691679193516891849196946+43T+936+9%349+,
26+943+9(6)(=13511)%931+943+586911+510551059201933+s11+
134950+9136939+914397694299199944+937+542+9191438+s%3%y
(7)(=12910)20+9%928+912+»41+954+5125+%,8791984353411685131
150939+ 9344954+954+940+921+252+929+917+4(8){~11499)27+s
24+97C+917+938+933+3%926+31849%91809135,10511129%937++93
24+49939154928+9(9)(~1048)25++53+320+51314130933+:21+9%,
47+ %1 4l+919+952+9 18+ 9%954+91235120943+5(10) (=897 )46+s
31+926+315+9T0+345+930+954+526+1988988936+166Ta%ks%y%y
(11)(=694)37+924+940+930+982921+e*s116148+9%497
(12){=251)54+930++869141

L=8 (K)(HY(0)(=14512)33+9%+35+4100985+30615171+201»125»
3169150425493 70s%92319224961+930494T7+33269209943+354+9126
%971388s (1)1 {=1b4sl2)%s%s®s51+s118s34+944+966+940639157922+
11691039237510391689268s%98958011669953519+a%9ThyM ¥,
(23(=164912)4249 11+ 9% 9364929++87962+91T4s%922+91924%y12+
2839112351 +9136913791224236949+92851045+064+9146+ 0% 4%,
13)(=14912)41+926++4D+931+939+940+933+336491169%9248932+
133941+92319256324991059169915097+188598949+s14+359+4%,
(4)(=13911)%935+933+9T769%»7792249211928551069102+365+272
719101920992799188368+9104957+ %% 948+959+y(5)(=13,y11)%y
16+ 9% 9% 941 +912+3514591869133523091539106959+990992+187»
52+92599133555+923+346+953+ 9%y %3(6)(=12910133+922+»30+9%y
43+9127940+91129%518591179463937+3509131533+51104157149+9%,
F93449 1345 (T)(=1239)1 %9 1B+s%22T+930+ 1%y ¥%362+9%91499161986)
16648819138529+964+931+488166+929+916+9(8)(=1148)%428+>
59+918+961+914+9 11T 9% s%91189799979162933+933+49173,431+981»
G1es*s(9)(=F97)%s56+924+9504+952+y%91b+y52+9541929+s44+y
31+9%950+937+981933+9(10)(=895)62+5102947+150+934+s44+ %y
GO+ s %924+ 96 T+245+954+997956+5(11)(=543)27+1%216T+940+919+1
8B89%*950+934+

L=9 (KIEHI(L)(~14912)%927+s%936+4889%315092534235950+s
12192319232322+91179%5123931+92749103952+9198958+s%927+y
SO+918+9{2)(=14s11)21+s8+s sk s®y14629128979138751459303
43+44156910792261964223+18535111+20998791829%252+9% 17+
{3)1(=13911)34+930+s#s4T+s110932+9224932+9236961+153+472
21535105»#92529919%#9298+131+%2134592943+929+s(4)(~-13511)
39+ 17+232++86334+99691925237514091632273917492204829294
113517451649 1525141350+s%s16+9%913+5(5)(=13910)%335+331+,
38+98+2%51259%91849112+12252453%51685973253»985190927+>
58+923+927+s%sB1ls(6)(=12910)37+s%944+320+s101+s%336++214
127910796+3515804T7+9154925+9193»G+ R s® 9% 946+9%319+)
(7)(L11s9)®ak s T+558+925+962+s La4+s42+912+92199%9141»%* 454+
63+924+353+9119964+9T2919+9{8)(=1098)1%323+93T+s%s%y26+)
23+931+924+54749%334+331++10198697+151+469+127+,

(9} (=996)12+934+ 9 14+9b4+91%925+3%94T7+9s%951+3634933+993
54+949796+9{10) (=T95)%ynyll+sb41+946+93T+96T+9143+960+962+
23+924+ 9%y (111 (—492)58+s%563+359+920+939+,4%

L=10 {K)(HI(0)(=14911)26+9%y*923+987924+9723899189948+)
2581919375915+9102937+593915391479s11T98+2%¥183994997 9%,

(1) (=14911) 14+ s#s51+»40+9122977924892015154919+250+9215
254917+ 91639 %9427 9157943+ 950+ s ® %% p45+ 941+ (2)(=13911)% 9%y
6+9%3 71 9%y 156915599791459264523891551339911092039%9%463+
1999749829 %s44+943+9(3)(=13s10)%s39+s%940+915++28+s41+
357»14+918631629275937+3350s31+9448931+91559%922+9%51110
44+9{4)(=13910)10+s*sT+9%34343%911649326977936+92459935402
*37833459% 9169955+ 19+929+940+912+91415(5){~12+10)%918+
294362+ %343+9%220299691969250910591749112543+5242443+4
10894T7+317+523+936+1921+9(6)(~1299)%923+939+111+942+434+y
53+44105+%4136956+911599261121+982442+976929+143+912++28+
(7Y (=1198)%95+ 9% s35+y%y412+9%,113566T948+sRy®943+,%,31+,
93949+946+950+930+9(8) (=1097)15+425+922+9%924+927+1%980
21+9102924+963+9%956+110+9953%*3(9)(=896)7+930+934+970+
T2s%94+91648369+920+ 9% 9% 45+357+933+9(10) (=614)24+953+,%
122963+540++108+66+155930+948+9(11)(=29=1)19+,48+

L=ll (KY(H)(1}(=13910}12+»*528+s%929+935++130+2209%445+y
255366+93293510654+9122411199951429% 910+ %926+ %y
(2)(=13»101%,20+927+912++38++11751009285+109+51+s32+9110+
119458+ 1461138916591253172v85545+238+9%936+1(3)(~134101%,
31484 T+9s%973950+349+91239135+327960+430++30712245219421+9
22391333121 918+336+920+916+936+0(4}(=12+9)15+939+334+

Inorganic Chemistry
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MOLECULAR AND CRYSTAL STRUCTURE OF BogHis(NCCHjy),- CH,CN - 2167

TABLE I (Continued)

S56+9939624361+9256116191869895175514791249109999911414%,
132934+93149%y(5) (12991204 9% 92T+ 9% 314+924+9T49%y1649116)
1268845102963 +942+91169%928+9100928+9%930+3(61(=1198)23+s%,
18+923+962+952+514494349203+102918+9123443+956+5%,5108»
25+91489% 93249 (T)(=109T)H 323+ 4% #,338+9132,61+932+)952+
3449334984932+ 9%9969% ) Thyl5+y (8} (=996)31+937+922+920+s%y
14+9106936+9%5163921+9%924+931+9B0s%s(9)(=Ts5)14+92149%,y
93440+921+3128926+ 9% 9%325+9875929(10)(=592)52+946+9854%y
43+942+982467+

L=12 (KI(H)(0)(=13910)20+s%s15+s17+933+5198+40+»%#990+185
829Us3+319721249115956+913346F+152+9%362+525+ 9%,

(1) (=13210)%p17+sMHs5+920+s%517051539122+1619293427++171»
L4+962+955+91185869254433+430+356+930+3%3(2)(=1299}%s19+s
B1es16+9%s51+983519+»18791 749394317991 74993945+994,28+)
T29%#92T+57893245(3) (=124 ) %%y 4249%9124423+941+1879%4152»
11298591369 %345+961+35T7+337+594951+189535+3(41{129916+%,
85442+960+91049107+s31+9504+934+511092375209937+97898+9%,
68+9139975962+925+3(5) (=1198)34+9%#46T+982+352+931+453+
T1989974966+3112956+9112975968+949+335+932+,33
(6)(=1097)49+s15+9%939+994943+31359%930+9721%957+978 4%,
8691308 15+933+4{T7)( =926 s24+s%y%332+4%338+933+,176250+9%)
TO+9*#s7896+939+5{8)(~895)9+98+922+244+14B+964+987931+484)
15+93549 7459992343 { 9} (=543 )24+9%#,69+11011994+66+9142+195,
88947+ (10)(~34-1)123+1114109

@ The value of 2 and the range of % are given in parentheses.

tensities and is summed over the entire unit cell.
12; 1.1388 for L = 13; and 1.1791 for L = 14,

of ¢ = 0.05F,2 for F,2 > 100, with ¢ increasing linearly to o =
0.10F,2 for F,2 = 50. Reflections for which Fo? < 50 were not
included in the refinements.

Solution of the Structure

Two unsuccessful attempts were made to solve the
structure from the ¢ axis diffractometer data only.
In the first attempt, the symmetry minimum function®
was computed from the sharpened (average coefficients
independent of sin #) three-dimensional Patterson
function. Several peaks separated by a B-B distance
were found, but superposition on these trial atoms did
not yield the structure after extensive investigation.
In the second attempt the rotation—translation search-
ing method®” was used, but it was based upon the in-
correct assumption from chemical studies? that the
By arrangement was like that in ByoHjs. Intramolecular
vectors computed from this By unit were used in a
rotational search of the Patterson function, and the
““best’’ rotational configurations were moved through
the unit cell to find ‘“best” translational positions.
Two trial structures resulted, but electron density
maps based on phases from these atoms failed to indicate
the CH;3CN groups, and refinements were unsuccessful.

The correlation of these c¢-axis diffractometer data
with the precession data then showed that there were
three reflections which were in error because they had
exceeded the counting capacity. No additional
erroneous reflections were found after photographically
recording all Weissenberg levels kL for 0 < L < 12.
Probably the three overflow reflections played little
or no role in the failure of the methods described above,
because the new Patterson function computed from
corrected and rescaled data was virtually identical
with the earlier function.

The structure was solved by Sayre’s direct method?
for centrosymmetric space groups. The data were

(5) P, G, Simpson, R. D. Dobrott, and W. N. Lipscomb, Acta Cryst., 18,
169 (1965).

(6) C. E. Nordman and K, Nakatsu, J. Am. Chem. Soc., 85, 353 (1963).

(7) R. Lewin, Ph.D. Thesis, Harvard University, 1064.

(8) (a) D. Sayre, Acta Cryst., 5, 60 (1952); (b) M. M. Woolfson, *Direct
Methods in Crystallography,’”’ Oxford University Press, London, 1961,

Lol3 (K)(HI (L) {=1299)21+924+ 9% 9% 353+492934+952+4282928+9
6T+914091289B69110+994915+944+310+968+94T+y%y(2)(=1219)%y
22+936+914+9624927+945492T+9134952+92169115956+s% 9%,y 11+
2B49T76956+940+9%919+9(3)(=1258)21+927+939+956+9106+911+s
TEr19+9 743204 9%#35T+5111590926+932+9%512451F+914+940+y
(4)(=1198)%s17+911+3%y126528+958+9%9115488984)1329%,4373,
66+91399879164996923+9(5)(=119T7)%929+ 4% 4%9T70+930+140+
84925+937+930+938+985399946+96T+449+9130913+9(6)(=1016)
164921 +9%923+9869129980985+%5049+9%927+994,544+11069%,109
{T7)(=995)134 9% 327+545+ 4% 9% ,%,%987,106989+9+931441109 10+
{B)(=Tsb)1T+s*s*s63+925+31264923+986951+925+9%y%,
{9)(=551133+929++69+9102919+1 74425+

L=El4 (K)I(H)(O){(=11s8)%s%y254351+942+398522+9161+57+sUsUsUy
SE+931+946+9#525+951+948+932+9(1)(=1198136+9%s30+921+s
61+924+95T+5138928+97549138549+9434912+966+949+960+453+
2149%9(2)(~1198)8+s%917+918+»21+413+9187+50++136,1589122,
354964+ 156+935+968+953+949+9 %517+ (3){=1197)14+942+9%

T1l+9 78957+ 140997 96T+ 39+939+946+99+349+940+970+515+3127 9%,y

(43 (=109T7)31+962+98+168+15F+s® % 94T+ 9% y28+478949+91189
58+99792129344966+9(5) (=1096)1*s*9p52+s%918+936+947+966+%y
1299119967+91049115333+4519+94445(6) (=995 19+ T+ 1% 324+4,%,y
B+39998+984s %9132 96T +162+929+9(T){=Ts4)32+,5T+4%,%348+,
13+962+s%, 124972989 9% (8)(=522)45+9%#3132924+5159530+9 77944+

Unobserved reflections are indicated by an asterisk, reflections experi-
mentally unobservable by a U, and reflections not used in refinement by a plus sign.
The scale factors are: 1.2003 for 0 < L < 10; 1.1850 for L. = 11; 1.1399 for L =

Foyo is on the arbitrary scale of the observed in-

prepared by computation of normalized® structure
factors

N
EH2 = FH2/<€J§1fjH2)

for all reflections for which p = sin? §/x2 < 0.30,
where Fy? has been corrected for thermal motion, IV
is the number of atoms per unit cell, ¢ = 2 for 40/ and
0&0 reflections, and ¢ = 1 for all other reflections. The
distribution of E’s is shown in Table II.

TaBLE II
DISTRIBUTION OF E’s%b
Obsd Theory
{ED 0.777 0.798
(E2> 1.000 1.000
{E? — 1]} 0.998 0.968
lE| 2 3.0 0.399, 0.3%,
Bl 2 2.0 4.7% 5.0%
|E| > 1.0 30.39, 32.09%
AY
@ Byt = Fytle ij;ﬂ, where Fg? has been corrected for ther-
j=1
mal motion, N i; the number of atoms in the unit cell, e = 2

for 0RO and A0l reflections, and ¢ = 1 for all other reflections.
» {E%) normalized to 1.000 by adjustment of the scale factor.

Sayre’s equation was implemented by the multiple
solution computer program of Long.® The signs of
three reflections are chosen to fix the origin,®» and »
additional signs are assumed in order to initiate phas-
ing. Each of the 2” solutions is iterated to self-con-
sistency; 4.e., the phasing is continued until no new
signs are determined and no signs change after a pass
through the data. Long defines the consistency index

<7EH§EKEH_KJ>
B <IEHI§!EK1 |Er—s!)

C

where the average is taken over all H. The correct
solution is usually the one which has the largest C and

(9) I. L. Karle, K. Britts, and S. Brenner, Acia Cryst., 1T, 1506 (1964).
(10) R. E. Long, Ph.D. Thesis, part 111, UCLA, 1963.



2168

requires the smallest number of cycles to reach self-
consistency.

For the ByH;e-3CH3;CN data three origin-determin-
ing reflections and four assumed reflections were chosen
internally by the program on the basis of large values
of |Ey|>|Ex||Ex-x|. Then the 16 independent solu-

K

tions were calculated from those 364 reflections for
which JE{ > 1.5. The highest consistency index,
C = 0.61, was also a solution which required the
smallest number (9) of cycles for phasing of all 364
reflections. All other solutions had C values less than
0.50, and only one of these required as few as nine
cycles.

The £ map computed from these 364 signs showed
29 peaks, ranging from 401 to 906 in arbitrary units,
and showed all other regions in the range from 340
down to —432. A model of this structure showed that
one CHiCN of crystallization was present per molecule
of BaHp(NCCH;)s. Careful examination of the £
map suggested that one side of the By cage had a
vacancy and that there were distortions from the By
unit of ByHye itself. An electron density map based
upon 26 of the 29 atoms, omitting three questionable
B atoms directly opposite this vacancy region, yielded
all 29 peaks again, but somewhat more clearly because
all 1081 reflections having F,? > 100 were included.
Further study of the model then showed clearly that
a closed By, icosahedron was sharing a triangular face
with a By icosahedral fragment and that one CH;CN
ligand was covalently attached to each half of this
fused-cage system.

All atoms of the CH;3;CN of crystallization were given
scattering factors of C, and a structure factor calcula-
tion based on 29 B, C, and N atoms gave R = 0.196
for the 1081 largest reflections. Two cycles of least-
squares refinement of the atomic positions and one
cycle of refinement of scale factors yielded R = 0.153.
The bond distances of 1.26 and 0.99 A for the unbound
CH;CN indicated that the peak closest to the screw
axis was the N atom. This atom also had the largest
positive residual of the three in the difference electron
density map caleulated after the above refinement.
This difference map contained 32 peaks ranging from
0.33 to 0.54 e A3 all of which were assigned to H
atoms or heavy-atom residuals. Of the 15 terminal
H atoms, 14 were found. In addition, a peak of 0.30
e A~% occurred above the open pentagonal face of the
By icosahedral fragment. Two cycles of isotropic
refinement of all 29 B, C, and N atoms, with the
parameters of the 14 H atoms fixed, gave R = 0.102.
Another difference map from which all 43 B, C, N, and
H atoms were subtracted yielded six peaks in the
range 0.26-0.52 e A=3. One peak was the remaining
terminal hydrogen and a peak of 0.30 e A~? again
appeared above the open pentagonal face. All other
peaks were residuals of atoms already assigned, so that
we concluded that the peak over the open face was in-
deed an H atom, perhaps partially bridging, thus com-
pleting the molecule.

J. H. ENEMARK, L. B. FRIEDMAN, AND W, N, LipscoMB
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TFurther refinement was made anisotropically on C
and N for two cycles of least squares after fixing the
20 B and 16 H atoms. Then all data with F,2 > 50
were included, and anisotropic refinement of all B, C,
and N atoms was carried out in two sections, because
of limitations of the program. First the closed icosa-
hedron Bj, unit and Cj;, Ci Cs, Cs, Ny, and Nj; were
refined anisotropically, and then the open icosahedral
fragment and C;, C,;, C;, Cq, N1, and N; were refined
anisotropically; in each case all other atoms were
fixed. Then after one cycle of scale factor refinement
the above sequence was repeated for a total of four
anisotropic cycles, in which By, Bs, By, Cs, G, and Nj
were refined in all cycles. Next, H atoms were refined
isotropically for two cycles. Finally, atomic coordinates
of all atoms and the five scale factors were refined in
one cycle, and the variance—covariance matrix for
these parameters was obtained. The final value of R
1s 0.070 for the 1495 observed reflections (Table III).
A final difference electron density map from which
all B, C, N, and the 16 H atoms were subtracted showed
no peak greater than 0.17 e A3, and only very diffuse
regions around the CH; groups and the methyl H
atoms could not be located. The value of R is 0.145
for all 3587 reflections of Table I, including those below
the standard deviations of observation. No significant
discrepancies occur, and these final results confirm that
all 364 E values were indeed phased correctly.

TaBLE 111
VARIATION OF R WITH SIN §¢
Range of
sin 4 R
0.00-0.40 0.082
0.40-0.50 0.055
0.50-0.60 0.056
0.60-0.65 0.060
0.65-0.70 0.070
0.70-0.75 0.082
0.80-0.85 0.083
0.85-0.90 0.110
0.90-1.00 0.087

«R = 3| P! — |Fl|/Z|F, .

Results and Discussion

The numbering scheme is shown in Figure 1. Also
shown for comparison are BgyHis (Figure 2) and a
proposed intermediate (Figure 3). The full mole-
cule is shown in Figure 4, and the crystal structure
is projected along b in Figure 5. Atomic coordinates
in Tables IV and V yield the bond distances of Table
VI and bond angles of Tables VII and VIIL. Unfor-
tunately, the individual deviations could not be com-
puted from the full variance-covariance matrix, be-
cause of a limitation in total parameters, so that these
individual deviations include only effects of coordinates
and scale factors. For this reason, we call attention
to the somewhat larger standard deviations for average
bond distances and urge that they be used in any dis-
cussions of distances and angles.

The possible atypical nature of ByHys - 3CH;CN as a
triligand derivative of ByHjys has been clearly resolved
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Figure 1.—The structure of ByHio( NCCH;).. L is CH;CN.
Molecular symmetry is very nearly Cs with the C and N atoms
of the CH;CN groups lying in the mirror plane. See Figure 6
regarding the position of Hj.

Figure 2. —Structure of BgoHis.

into the diligand derivative ByHi;s(NCCH;): and an
acetonitrile of crystallization. However, much more
interesting is the rearrangement of the By cage of
ByH;s (Figure 2) into a By icosahedron sharing a
triangular face with a By, icosahedral fragment (Figures
1, 4). This is the first example in boron hydride
chemistry of two icosahedra (or fragments) sharing a
face.

No molecular symmetry is required by the space
group, but the isolated molecule shows distances
(Table VI) very nearly indicating C. symmetry, with
the two CHsCN units lying in the mirror plane. More-
over, if B; is removed, the remaining Bjy unit has
nearly C,, symmetry. Nevertheless, both cages show
significant distortions from regular icosahedral sym-
metry. In particular, B/~Bs, Bi—Bg:, Bi—Byy, and BBy

MOLECULAR AND CRYSTAL STRUCTURE OF BogHy(NCCHj),- CH;CN

2169

Figure 3.—Proposed cuboctahedron intermediate for the rear
rangement of ByHjs. Solid terminal line is CH;CN.

O
Figure 4.—The structure of ByHi;s( NCCH;): showing the
CH;CN groups. See Figure 6 regarding the position of Hj.

Figure 5.—Projection of the crystal structure along 5. Solid

circles are C; open circles are N.
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TaABLE IV
FivaL Atomic PARAMETERS FOR B, C, axp N Aroms®?
Atom % y z 104811 104822 104833 104812 1048313 104823
By 0.1969 (5) 0.2534 (5) 0.3073 (3) 79 (5) 64 (7) 33(3) —1(5) 0(4) —2(4)
B, 0.1867 (4) 0.4040 (5) 0.2628 (3) 39 (5) 89 (5) 32 (3) 5(4) 1(3) —4 (3)
B; 0.3083 (5) 0.3538 (5) 0.3388 (3) 68 (5) 65 (5) 31 (3) —-3(5) 0(3) -1(3)
B, 0.4265 (5) 0.3554 (5) 0.2908 (3) 70 (5) 72 (6) 33 (3) 4 (5) 0(3) 1(3)
By 0.2594 (5) 0.2585 (5) 0.4143 (4) 77(6) 81 (8) 29 (4) 4(5) —-1@4) 5(4)
B; 0.3750 (5) 0.3958 (6) 0.1838 (4) 76 (5) 94 (6) 27 (3) 0(5) 11 (3) —-2(3)
B,/ 0.1157 (6) 0.2472 (6) 0.3875 (4) 90 (6) 76 (8) 42 (4) -8 (6) 5 (4) 7 (4)
Bg 0.2294 (5) 0.4335 (5) 0.1625 (4) 57 (5) 77 (6) 41 (3) —4(4) 1(3) 12 (4)
By 0.0712 (5) 0.3381 (5) 0.2958 (4) 65 (5) 75(8) 46 (3) —2(5) 7(3) 6 (4)
B, 0.2520 (5) 0.5093 (5) 0.3422 (3) 64 (5) 72 (6) 35(3) 6 (5) 1(3) 0(3)
Bs 0.4096 (5) 0.4859 (3) 0.3508 (4) 70 (5) 64 (6) 44 (3) —5(4) 3(3) -3 (3)
By’ 0.2898 (5) 0.4144 (5) 0.4423 (4) 77 (5) 76 (7) 33 (3) 13 (3) 7(3) 2 (4)
By 0.4438 (5) 0.5082 (5) 0.2529 (4) 86 (6) 70 (6) 35(3) 4 (3) 2(3) —2(3)
By 0.1715 (6) 0.3498 (6) 0.4698 (4) 94 (6) 97 (8) 40 (4) 8(6) 11 (4) 9 (5)
Bio 0.3303 (5) 0.5534 (6) 0.1780 (4) 74 (5) 87 (6) 34 (3) —2(5) 7(3) 0(4)
Bigr 0.0599 (8) 0.3963 (6) 0.3980 (4) 87 (6) 97 (8) 43 (4) -4 (6) 4 (4) 3(5)
By 0.2136 (5) 0.5628 (6) 0.2261 (4) 77 (5) 81 (6) 38 (3) —5(5) 5(3) 15 (4)
By’ 0.0988 (5) 0.4962 (6) 0.3212 (4) 69 (6) 89 (8) 39 (4) 4(6) 10 (4) 5(4)
Bi2 0.3394 (5) 0.6061 (5) 0.2868 (4) 81 (6) 55 (5) 42 (3) 0(5) 0(3) 2(3)
Bl 0.1699 (5) 0.5052 (6) 0.4269 (4) 88 (6) 84 (8) 42 (4) 16 (6) 8 (4) 3(5)
Ci 0.4845 (5) 0.3118 (5) 0.0654 (3) 84 (5) 99 (6) 43 (3) —14 (5) —10 (4) 2(4)
C, 0.5482 (5) 0.2674 (6) 0.0030 (3) 105 (6) 154 (8) 38 (3) —1(6) 26 (4) —21 (4)
Csy 0.2278 (4) 0.0522 (3) 0.2216 (3) 86 (6) 81 (6) 41 (3) —11(3) —3(3) 6 (4)
Cy 0.2508 (5) —0.0622 (5) 0.1761 (3) 122 (7) 82 (7) 54 (4) 12 (6) —4(4) —24 (4)
Cib 0.8338 (7) 0.3806 (6) 0.0830 (4) 143 (9) 106 (8) 67 (5) —39(7) —5(5) 2(5)
Ce? 0.9288 (7) 0.3547 (8) 0.0445 (5) 129 (8) 194 (11) 96 (5) —11(8) 52 (6) —5(8)
Ny 0.4345 (4) 0.3494 (4) 0.1149 (3) 76 (4) 98 (5) 34 (2) —4 (4) —1(2) —1(3)
Na 0.2116 (3) 0.1422 (4) 0.2552 (2) 78 (3) 65 (5) 43 (3) —13 (4) —3(3) 5(3)
Nj? 0.7580 (6) 0.4026 (6) 0.1143 (4) 165 (9) 167 (9) 87 (5) —52 (8) 24 (5) —26 (5)

@ x, v, and 2 are in fractional monoclinic coordinates.
Standard deviation of the last significant figure is given in parentheses.

hlﬂ]s + klﬁza)]

tion.
TABLE V
FinanL Atomic PARAMETERS FOR H ATOoMS

Atom % kY x B8, A?
H, 0.294 (5) 0.316 (6) 0.198 (3) 5.0=+1.6
H, 0.492 (3) 0.285 (4) 0.309 (3) 1.2+0.8
Hy 0.313 (4) 0.168 (4) 0.435 (3) 2.4=+10
H, 0.078 (5) 0.137 (5) 0.395 (3) 4.6 +1.5
H, 0.171 (6) 0.418 (5) 0.096 (3) 3.9x1.3
Hy —0.001 (5) 0.312 (5) 0.247 (3) 3.9+1.4
Hs 0.472 (4) 0.498 (4) 0.413 (3) 3.1=%=1.1
Hg’ 0.361 (4) 0.436 (4) 0.486 (3) 2.6 1.0
H, 0.531 (5) 0.551 (6) 0.240 (4) 5.8 +=1.7
Hy 0.156 (4) 0.328 (5) 0.540 (3) 3.6x1.4
Hio 0.343 4) 0.628 (5) 0.123 (3) 3.9x1.4
Hig —0.022 (4) 0.419 (5) 0.419 (4) 3.4+1.2
Hi 0.142 (4) 0.626 (5) 0.206 (3) 3.4+1.2
Hyyr 0.050 (4) 0.580 (5) 0.291 (3) 3.1=x1.1
Hi» 0.356 (4) 0.700 (5) 0.304 (3) 3.4 1.3
Hiy 0.170 (5) 0.595 (5) 0.461 (4) 4.9=x1.7

at 1.93 = 0.04 A are considerably longer, and B;—Bi
and B;—Bie at 1.84 = 0.01 A are somewhat longer than
the 1.77 A found in BjpHpp?~ ion.’t In association with
these distortions we find the interestingly short H---H
distances of 2.04 = 0.06 A for the interactions Hy - - -
Hy andHs: - -Hg. These distances are considerably less
than the 2.4 A expected for van der Waals contacts!?
but are not completely unknown among boron hy-
drides.’® These H-:-H contacts would be only 1.6 A

(11) J. Wunderlich and W. N. Lipscomb, J. Am. Chem. Soc., 82, 4427
(1960).

(12) L. Pauling,
University Press, Ithaca, N. Y.,

“The Nature of the Chemical Bond,”
1960, p 260.

3rd ed, Cornell

Thermal parameters are in the form exp[ — (A28 + k%82 + 1263 + hkBi +

b Atom is part of the CH;CN of crystalliza-

if we assumed two regular icosahedra with B-B = 1.77
Aand B-H = 1.2 A; also in such an idealized molecule
the Bg: - - Bgr and Bys - - - By contactswould also beshort,
about 2.0 A, which is comparable with the “long bond”
of 2.01 A in Bm]:‘IM.l4 In the actual B20H15<NCCH3)2
molecule the Bg- - -Bg and By« - - Byyr distances are 2.40
A, so that both the B---B and H- - -H distances are in-
creased by about 0.4 A from the values for an idealized
By polyhedron. The H-B-B angles are reasonably
normal, and no systematic variations seem to be
present,

Other distances and bond angles are close to ex-
pected values. The average B—-N distance of 1.50 =
0.02 A compares well with the 1.523 A distance in ByHjis-
(NCCHjs)s.2#  All of the CH3;CN units are nearly linear,
with an average CN distance of 1.16 = 0.02 A and an
average C~C distance of 1.47 = (.01 A in accord with
1.15 and 1.46 A, respectively, in the free molecule.!

The position of the H atom which is over the open
pentagonal face of the molecule is not completely
certain. No H, is evolved in the reaction. Moreover,
there is no other reasonable place for the last H, and
this atom appeared at a reasonable density in two
successive difference electron density maps. The final
individual bond distances of Bo~H; = 2.07, By-H, =

(13) J. van der M. Reddy and W. N. Lipscomb, J. Chem. Phys., 31, 610
(1959).

(14) J. 8. Kasper, C. M. Lucht, and D. Harker, Acta Cryst.,
(1950).

(15) M. D. Danford and R. L. Livingston, J. Am. Chem. Soc., T7, 2044
(1955).
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TABLE VI TABLE VII
BonD DIsTANCES (A)®? B-B-B BoND ANGLES (DEG)®
Av Av Atoms Angle Av Atoms Angle Av
Bond Dist dist Bond Dist dist 2..1/-3 64.0 (3) 273 62.4 (3)
B-B
1’6" e R
17-5 1.78 (1) 4-5 1.79 -1 59.7 59.9 (8) 387 55.9
] 3-1/-4 60.1 3-8'-7 58.0
45 1.79 . 56.9 (9)
1iear 1.77 I A 185 1.80(3) » 2—;1777 gsg
1_g’ 1.80 . s 5-1'—6 59.6 —11'~ .
56 1.78 st 605 60.0 (6)
1/ 1.76 1.76 (1) 5-9 1.76 7-8-12 58.5
1-3 1.77 ' Iy 7-2-3 59.2 . 7-8/-12 60.2 .
- r 1.77.() 7-3-2 58.4 5880 71119 59.8 59.68)
2-6 1.81 5107 1.76 7-11/-12° 59.9
2-6’ .77 1.79 (2) 7-2-11 64.1
3-4 1.79 7-8 1.98 7-2-11" 62.8 63.5 10 812 62.9
34! 1.77 7-8’ 1.90 193 (4) 7-3-8 64.5 B0 g g yp 61.2 62.010)
o3 1.87 1 7-11 1.94 : 7-3-8" 62.6 10-11-12 62.9 :
8 ' ) 7-11’ 1.90 10’-11/-12*  61.1
2-11 1.86 6-2-11 56.9
7-12 1.84 . /
11’ 84 6'~2-11 58.1 ) 4-8-9 61.7
: zlal igg 1.86 (2) 712/ 1.84 L8 438 56.1 57.8110)  4rgr g 62.3 61.6 (5)
— . Ok .\ . 0
3-8’ 1.84 8 12 1.79 4738/ 58.0 6-11-10 61.6
/12" L 6/~11'~10’ 60.9
2-7 1.80 ~ 1.77 (2) 1/-2-3 . 58.2 )
3-7 1.81 180 -1z = 175 1'-3-2 57.8 58.0() 384 58.9
1112 1.79 e
3874 59.1 5.3 (7
4-8 1.73 2-11-6 60.4 9.3(7)
478’ 1.75 97100, L 1.75 (3) 2-11/-6’ 58.8
. ' - 7 . —11/— .
611 1 7s 1.75 (1) 9/—1 1.73
6’-11" 1.76 9-12 1.83 3-4-8 64.9 4-9-8 59.4
9/ 12 1.80 3-4/-8’ 2.9 4/-9/-8’ 58.7 .
_ 63.4 (10 :
o L 10-12 1.83 1.812) 2-6-11 62.7 49 101 59.2 5.2
- . Ty 81 2-6/-11" 63.1 _10’-11" 59.4
6-10 7o 1.79 (2) 1012 1.8 6
6/—10" 1.79 8-4-9 58.8 §-9-12 60.3
8/—4"-9’ 59.0 8/-9’-12/ 59.7
— - 2 (4
B-N B-H 10-6-11 59.2 2® 0z ss7 9.7
1'-2 1.49 4-4 1.12 10/-67-11/ 59.7 11/-10’-127 60.1
5-1 1.52 1.50(2) Py 1.19
c 55’ 1.28 5-4-9 59.3 10-9-12 60.9
-N 6-6 1.21 5imd’—9’ 59.0 107-9/-12’ 61.5
i .
-1 117 Ry 1.13 5-6-10 58.4 WO0Mm o 61.1 61.1(3)
3-2 1.14 1.16 (2) 8-8 1.18 5'-6"-10" 59.2 9/-10'—127 61.0
5-3 117 9-9 1.23 1.16 (6)
9-9’ 1.21 4-5-9 59.8 5-9-10 60.2
c-C 10-10 1.22 4-5"-9" 61.4 5-9/'—107 60.3 )
1-2 1.46 10’-10’ 1.16 6--5-10 50.2 60.3 (9) 5010 9.6 60.3 (4)
N —_ R/ ’ -
3-4 1.48 1.47 (1) ST 6/-5~10 60.7 5-107-9 61.0
5-6 1.46 12-12 1.06 9-5-10 60.1 59 4 (1 4-9-5 60.8
. 12/-12’ 1.11 9/-5'-10" 58.7 594000 0 50 7
B-H 9'-5 59
5-10-6 62.4 60.8 12
4-1 1.56 1.82 BT 2-1 2.07 2.18 (14) 8-7-12 55.6 57-10'—6" 60.1
6-1 2.08 3-1 2,28 8719 6.5
11-7-12 55.2 5.1(8) 7-12-8 65.9
5-1 1.38(6) . ,
o o 11-7-12 57.0 7-12/-8" 63.3
@ Standard deviations for individual bonds computed from 7-12-11 65 1 64.4 (14)
the variance—covariance matrix associated with the final atomic 7-12/-11’ 63.0
coordinates are: op_p = 0.008-0.010; op_x = 0.008; oc_n = )
0.006-0.011; oc_c = 0.008; op_z = 0.04-0.068 A. ® Average  8-12-9 56.8 e 2 57.8 (4)b
. . . . 1_197..g’ —12'— .
distances are for chemically equivalent bonds, assuming C;. ?0_]122 191 ggg 58.2 (10)
symmetry for two fused Bi icosahedral fragments. Standard 10-12-11'  58.8 2-6-5 103.2 103.2 (1)
deviations for the average bond distances are given in paren- 3-4-5 108.2
i i 3—2~ 107.
theses and were computed by applying the equation 3_3_2 1?Z g 109.4(18)  4-5-6 114.7 (4)

N 1/z

Oav = Z(xi — &)*

=1

N -1

o.v 15 never allowed to be less than the maximum standard
deviation of individual bonds within the group.

2.28, B~H; = 2.08, B;~H; = 1.38, and B¢~H; = 1.56 A
suggest that H; is most strongly associated with B;,
and somewhat strongly with B, with lesser association
with the other atoms of the pentagonal face. If, on
the other hand the isolated molecule really does have
C, symmetry, then the distances are B;~H; = 1.38 =
0.06, B/H; = BgH; = 1.82 =+ 0.37, and, finally,
Bs-H; = By-H; = 2.18 = 0.14 A. Hence, we conclude

@ Standard deviations for individual bond angles are sp_5_p =
0.3-0.4°. ? Standard deviation set equal to the maximum
standard deviation of individual bond angles in the group.

TasLE VIII
AVERAGE BOND ANGLES (DEG)
No. of
measure- Std
ments Atoms Largest Av Smallest dev
9 B-B-N 122.3 119.7 115.8 2.0
2 B-N-C 176.4 175.2 173.9 1.8
3 C-C-N 179.3 178.7 178.1 0.6
73 B-B-H 131.5 121.6 111.5 4.4

that H; is associated primarily with the B,, B;, Bs end
of the face, and probably most strongly with B;, but
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its position in relation to B, and Bs is quite uncertain.
These conclusions from the distances are confirmed
by a three-dimensional electron density difference map
in which all B, C, and N and 15 terminal H atoms
have been subtracted. The section of electron density
through the maximum of H; in a plane parallel to that
of the open pentagonal face (Figure 6) shows that H;
is definitely nearer the B; end of the face, but, with its
coordinate in the B, --Bs direction somewhat un-
certain, possibly even disordered. Movement of H; to
a point midway between By and Bs, but still at a dis-
tance of 1.38 A from B;, followed by two cycles of
least-squares refinement resulted in the movement of
H,; to the final position found earlier. However,
refinement of such a small percentage of the scattering
matter of a structure can be misleading.!

No unusual intermolecular contacts occur in the
crystal. The ByH;s{(NCCHj), molecules lie primarily
in the (202) plane, while the CH;CN of crystallization
fit into holes of the crystal structure (Figure 5).

We turn now to the relation of this structure to other
parts of boron chemistry. The conceptual replacement
of a ligand, such as acetonitrile, by H™ has many
analogies'® among known derivatives and boron hy-
dride ions. Such an analogy in ByHis(NCCHs). would
predict two isomers of BaHi:(NCCHs)~ and would
suggest a new boron hydride ion, BeoHis?™, with a
structure different from the known ion of this formula.'?
Another structural analogy, in which the presumed!®
bridging H™ of BeCoHio™ is conceptually replaced by
BH to give the icosahedral carborane Bi;C.Hi, can
be applied to ByxHis?~ to predict the completed poly-
hedron of the formula B.;His~. Use of CH™T in place
of BH in this analogy predicts the neutral carborane
ByCHis. A third extrapolation continues the tri-
angular B joining: consider that ByHie™ is formed
conceptually from BpHp?~ -+ ByHg™ and then con-
tinue the procedure with ByHi:~ + BeHs" to give
BsH.:, a neutral boron hydride composed of three
icosahedra which share two trianglular faces. Three
isomers are possible, but there are severe H- -H
interactions in joining polyhedra, as discussed above.
ByHis(NCCH;), has two short H:--H interactions,
but By His~ would have three, and ByHiy would have
six. Of course, it is not easily predictable where these
interactions would limit stability.

As there is no official nomenclature for boron hydrides
composed of icosahedra sharing a triangular face, we
have proposed? that such compounds be generally
called polyicosahedral boranes and that the compound
ByoHis(NCCH;): be named as an ollyl'®s derivative of
the unknown diicosahedral ion, BuHis~, described
above. We therefore suggest the name (1)-1',5-

(18) J. A. Ibers and W. C. Hamilton, J. Chem. Phys., 44, 1748 (1966).

(17) A. Kaczmarczyk, R. D. Dobrott, and W. N. Lipscomb, Proc. Natl.
Acad. Sci. U. S., 48, 729 (1962).

(18) (a) M. F. Hawthorne and R. L, Pilling, J. Am. Chem. Soc., 87, 3987
(1963); (b) A. Zalkin, D. H. Templeton, and T. E. Hopkins, ibid., 87, 3988
(1965); (¢) M. F. Hawthorne, D. C. Young, and P. A, Wegner, 1bid., 87,
1818 (1965); (d) R. A. Wiesboeck and M. F. Hawthorne, ibid., 86, 1642
(1964); (e) I, P. Olsen and M. F. Hawthorne, Inorg. Chem., 4, 1839 (1965).
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Figure 6.—Projection of the section of maximum electron
density through H; onto the open pentagonal face, indicating
that H; is nearer the Bs end of the face and that H; may be dis-
ordered between By and Be. Contours start at 0.125 e A3 and
are at intervals of 0.042 e A™3 X is the position of Hy after
final refinement.

bisacetonitrileollyldiicosahedralborane for BzHis(INC-
CHs)s.

Although not necessarily unique, a mechanism
combining least motion with the cuboctahedron mecha-
nism'® yields a very simple account of the rearrange-
ment of ByHis: (a) let the first CH;CN add at By
(see Figure 2), (b) form a B;=B;’ bond, {(c) apply the
dsd mechanism!*+* to the faces 5’ 4 2’ 3/, 5"" 3/ 17 4/,
5324 and 12" 1" 2, (d) break B.—B;"’, By-B;, and
B;-B., (e) move H; into the open bridging position, and
(f) add the second CH;CN to B;. The proposed cub-
octahedron intermediate is shown in Figure 3. Of
course, we cannot be sure at which stage the second
CH;CN is added, but the other steps are built around
the probable mechanism!® for the rearrangement of
0-B1oCoHy, to m-BygCyHys.,  In addition, a mechanism
initiated by nucleophilic attack at a belt B is favored
by molecular orbital calculations, %' which indicate
that the belt B atoms are considerably more positive
than the other B atoms.

The question of the generality of the framework
rearrangement observed in the reaction of BgHis with
CH,CN requires further study. In ByHi chemistry
only (CH;),S is a weaker nucleophile than CH;CN.??
Assuming the same basic strength is exhibited toward
other boranes, it appears that a milder reaction, which
may not cause framework rearrangement, is the
reaction between ByHjs and (CHj),S. We have carried
out this reaction, which has been independently re-
ported,?® and preliminary crystallographic studies?
indicate the formulation ByHis[S(CHj)sle for the re-
action product. The "B nmr spectrum of DByHise-
[S(CH;)s s is virtually identical with that of BgHjs-
(NCCHj;),- CH3CN, which suggests that framework re-
arrangement does occur in this system as well and thus
is probably a general feature of ByoHis chemistry. How-
ever, any definite generalization must await the com-

(19) Neglecting zero overlap,? B; = B: = —0.11, By = By =
—0.05, By = +0.36.2! Using slightly different molecular orbital parameters,?
B; = B: = —0.13, Bs = Bs = —0.09, Bs = +0.42. If zero overlap??
is included and the molecular orbital parameters of ref 21 are used, Bi =
B: = +~0.02, B3 = By = —0.04, Bs = +0.93.

(20) F. P. Boer, M, D, Newton, and W. N, Lipscomb, J. Am. Chem. Soc.,
88, 2361 (1966).

(21) F. P, Boer, Ph.D). Thesis, Harvard University, 1963.

(22) M. F. Hawthotne, Advan. Inorg. Chem. Radiochem., 8, 307 (1963).

(23) The X-ray molecular weight is 338 = 4.



