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Bromination of 0-ByHioCy(CHs)s in the presence of AlCls is shown to yield 8,9,10,12-tetrabromo-C,C’-dimethyl-o-carborane,
These four B atoms (8,9,10,12) are furthest removed from C atoms of the icosahedral cage and are the most negative B

atoms in nonempirical molecular orbital studies of both 0-ByyHiiCeH, and 0-BioHioCo(CHs)s.

These studies also confirm

the increased electron density of the latter, which can be tetrabrominated, as compared with the former, which can only be
tribrominated. Thus, the position of halogenation of this cage, in regions where steric and other effects are not selective,

appear to have their transition states dominated by the initial ground-state charge distribution.

There are four molecules

in a unit cell having parametersa = 13.18, 6 = 14.49,¢ = 820 A, and 8 = 96.3°. The space group is P2,/n.

Previous studies of halogenated carboranes have
shown the first proof of the icosahedral ByC, unit! in
0-B1pC1;,CsCl;, the substitution under photochemical
conditions of Cl on all B atoms except 3 and 6 in? o-
By ClsH,C:H,, and bromination catalyzed by AICl;
first at B atoms 9 and 12 in® 0-ByBr:HsC:H, and then
at B atom 8 (or 10) in* 0-B1Br;H;C.H,. Molecular
orbital predictions of ground-state charge distributions
had earlier indicated® that B atoms 3 and 6 nearest
carbon atoms were the most positive and that B atoms
8, 9, 10, and 12 not attached to C were most negative
in 0-ByCeHya. Qualifications of the relevance of
ground-state charge distributions to transition states
exist in our earlier papers.l'®5

Chemical proof has been given® for the identity of the
dibromo product, 0-ByHsBr:Co(CHs)e, with that ob-
tained from C,C’-methylation of the now established
9,12-0-B1HsBr;C;H, structure. The structure estab-
lished here” of 8,9,10,12-0-B1:BrH¢C2(CHjy): also clearly
infers the identity of positions 9, 12, and & (or 10) in
0-B1oBrsH;Co(CHj), with those known* in o0-ByBrs-
H,C;H,. Thus, the sequential order of bromination
is the same in 0-B1CoHie and 0-BieH1Co(CHj),, to the
extent that Br, can, so far, be substituted for H on the
polyhedron.

Zakharkin and Kalinen found that o-BioH1,C.;HCH;
gives two monobromo, one dibromo, one tribromo, and
one tetrabromo product under Friedel-Crafts condi-
tions. From these results and the assumptions that
atoms 3 and 6 are not involved®?® and that the sequen-
tial order of substitution is the same for 0-ByyC:Hyz, 0-
BmHmCzHCHa, and O-BmHmCz(CHs)z, they concluded
that B atoms 9 and 12 are substituted first, followed by
8 and 10. OQur results prove that their assumptions
and conclusions are correct.
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We also present results of a new nonempirical molec-
ular orbital theory®® which indicate that the C-
methyl groups cause a rather uniform increase in elec-
tron density on the B atoms, in qualitative agreement
with the observations that the sequence of substitution
is not changed by C-methylation and that 0-BiH;,Cs-
(CHa), can be tetrabrominated® but o-B1C;Hi, can only
be tribrominated.

Structure Determination

A single crystal 0.6 mm long and 0.05 mm in a nearly
square cross section was mounted on the needle axis
¢. A second crystal was cut to a cube about 0.05 mm
on edge and then mounted on the symmetry axis b.
Reciprocal lattice symmetry is Con, and unit cell param-
etersarea = 13.18 = 0.02, 5 = 14,49 = 0.02, ¢ = 8.20
£ 0.02 A, and 8 = 96.3 = 0.3°. Extinctions of %0/
when % + [ is odd and of 020 when k is odd lead to the
space group P2;/n.

Data from the needle crystal were collected for levels
0 £ ! £ 6 photographically with the use of Weissen-
berg geometry and Cu Kea radiation. A standard
scale prepared from timed exposures of a representa-
tive hk3 reflection was used for visual estimates of the
multiple films. These data were correlated within each
level by methods described elsewherel® but were
scaled by times of exposure between different levels.
Three of the four Br atoms were located unambiguously
in symmetry sections of the three-dimensional Patter-
son function computed from these 1378 independent
reflections. The fourth Br was found in an electron
density map phased by these three Br atoms. At
this stage the value of Ry = Z||F,| — |F.||/Z|F,| was
0.32 from Br contributions only. The electron density
map based upon phases from these four Br atoms
showed 24 peaks higher than about 409 of the height
expected for a B atom. Nevertheless, it was easy to
locate the 14 peaks for the expected icosahedral cage
structure in which two methyl carbons were already
known from chemical evidence to be attached to C

(8) F. P.Boer, M, D. Newton and W. N, Lipscomb, ibid., 88, 2353 (1966).

(9) F. P. Boer, ,J' Potenza, and W, N, Lipscomb, Inorg. Chem., 8§, 1301

(1966).
(10) P. Simpson and W, N. Lipscomb, J. Chem. Phys., 89, 2339 (1963).
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TABLE I
LisT or OBSERVED Fj; VALUES®:?
L=n (K)(HI[ 03¢ 091633114 59261153853969523569914549104s H9119s1%44%,111,28600274,

Shyl 11( 1915)504%3227529342N074258454,88,3B82,397,105,7T4%,y (1LMI=11y Q)11 4% %y %480
S94Fsl 2)0 N9131307,510511596005327+28499155019924%467 9%, 1149133, %9%,1364774(12)

65124, 72,128,101,172,77y%,1058,
HeXyTRRH165,%,120,112,119,
105 BYTTo¥, ¥y, #,00,%,%,155,160,%,

107s#9%359( 330 1914118654769 30892504327920041305123 124,142, %9 1002, %0 ¥ 37791301 ~Ty 21107,%,76476,735%,100,%,
12092180 *s1669%4360( 418 0538)7215,241410816484959168,5206y e 7B (1410 Ly 631235130, % 9%y 11849651150 —4y 011164%,704%,
3B44223,98 %%, TBs%s 775 ( 5)t 1415)126,160023449651804%, 71

71,289;301;12&;*3 Aly¥y¥y5250 611 D912)10054523,1744232, L=b (KYtHIE 0)(=14520)100992799320992049924899281951824y
2944565729169, 1719789110 %3874 7)1 141412624110 4137 4%, 4&5.:27L1;1«21527?;.157..272‘( 1) (=14, 10 624% %, %y1264913)
4nBy91y1Nn7483,8741184%,38430,82,( 8)( N,1211034128,%,317, Ry BBE 2554 %y X K 1661220101 94G49299289 g1 TB k¥ ¥y Hy112,
2T143249180517446691124%3%3735( 9)(  143211933%4271980 H 2)(—15g13)52g*,*,*gTZ;*|*9136,179,19“;275.*1303.3599235;
242974, 144,51269639615T7T921150100 1 1410189, 2584,3299255 1264519450527 36%91863234,305,804%41536,%4%4935( 3) (14410}

S7411191%59784629101s 7541111 491111615138 ,%,11037165,%, 117 9% 9% 9% 113,6G9G002143,0380,2644118451,447,57989,779180,%
38457401200 Oy 5)F0147 4182, 1069 11497%4¢(12)¢ 1y 511234%, 51‘101,214,¢,31,99,1ﬁ9,( 4)0=20y10)799108,170s% 4202435k,
9131932601400 Dy 91111482, %4% 72,138, %,%4%y51, 2869 185,%,37,431,1G5, 75;491;119.1?2»1”5;226'15A;91;103
(1500 7, TH60st16)1 0y 2)1849%,133 (050 0=13 6173972, # 4%y Uy#s011,202462,116,64,7694124,126,
L=l (KItHYE D) (=13913)013, %5 3148,3276y9458,,68840%,9260499 35ns 4283220, 155,%, 110,41 61(-11'11}95;*,141; 5»430 233485,
BOT7+59133191859,27199216452219( 1)(=14,12)103464,%184, 1=6,‘2€,°59.A49.A55;63-239y121uPF‘89;7“61* 1707792334664
1864% 141 3% 6B0,%4539,779,4509299,2734%,16292324629,113, 7 0-114120 101 ,% ¥y ¥311251 3928’-1°6469;75.280‘215;216;
6B 9% 3%y #1269 1335( 2)(~14s14)8197318143795T2s150s%41504%, 25695, 83,106 9%y 4% 9113,90,( B =7,10)05,68,1N0651674%s226
89434143114239445%3376,5741629208,2464256,64791118534247 GB L 14E 2024 %325691265 167418731353 % %4869 ( 91{~13y F)150,%4%,
19G 9% %, %3153, ( 3} {-13, B)1249%3240,1044139,%,71461,4211, B804 7T 9%y 880 % s 1R, 90y ¥y 184 127985 4%4202,69,%3183985%y%,
31291373+3534,56451674877 7922341569173,189,( 4)(~13,13) 8L, 1100 (=114 BI6To ¥ )BT 9%y B3,%,135,187,%,%,108,4105,74, 110,
1ﬁ5.86192,112.89‘ 25,75 ql’éy???,,ol,1=% Q44925319 1144693, 16137931044 %9T0,8F0 {115 (=11y )RR X X y¥y8]1,G1 % yky*,143,
4100142,99,89791239% 5132510351464 108,11841( 5)(=14412)784%y Thy 104 s ¥4 245390240% 978480 (1211 =09 )71 %4084 %959y ¥ y¥,yl0hy
*yHy16042234222,100, L37yl”5.L49|?0P¢1“< *41594410986,150, TLaHe ks TO K ¥ 68,723 % 372,595 (12)1 =5y 811094143, %77 4%,
'PI;"Z;*, 084 % %3 102,00,1125( 611=12,413)80 %% 4%#499,144, QU Dby Ry BUH g7y (1LY =8y A1TT9%, 116, TTy% ¥ y¥, %y,
249;192,152,360,153y276u319’162y3h&,355;2070116;*1119»1370 96453301801 =1y 5183265, % %4604 %4080
Z2E5% 3180, %, 115, ( 7)(-14; 6165505, % 3137 4% ,%3131,%94224193 L=8 (KI{HI( 2)(=15s 7V62,912503%393369,19%55190546394100,y
09312,202,55541263754,1864195420440 81 (=11 G)1244%, 4L..312.;12:.‘ﬂ5’.< 11(=15s 8142 y% % y%,121,145,929210492
13,%, 5,1n4.17n.,>. 34%49191921729216437143254157, 0% Theb0T+31542630104426550291201%949G42869%,133,98,
1402145 ¢ 931221y 7120481y 127 4% ,%,%,%4270,2954482,193,231, ( 21(=22s 9 72,*‘138n*,137-*.54.*-197.179,338-16!,516-]72-
32392465899 % 016425954805 (1001 =8411)115,%, 178 %,31129102,%,%, ,212,;62»494.6?9111;',“D;( 3)(=12y1118641665118,124,%,
*;200-328;72yﬁﬂ»la5,13?-1Lha*'~’*'870(1J)( =9y 6110551464 %, 97,108y %, 18394735183 9458486,182,3105,11791164129+%492624103,
11452085175, % %4 %2895287,1364,87,3%,514641N005(12)( =63 9)104, %963, 143, 4) (=134 91574 %, %, 58, 105,58, %,%,%,220,58146,
Hallby®e ¥y 120, 8,162,125, %,128%,%,%,117,1014(13}{ =64+ &) G00936T 3197449457 4157 4 %3 %4 176,%,85,( 531=10y B)11414%*4150,
T951600%,%5192,3196582,%,%,85,%, *.SZ,(lh)( =61 F)TS XX R Xy 130960 932213145107+.86,1749305,2474201,4189,357,184463,150,
HaR KN, H 126,133 ,%, % 39729:(19 =2y 2)118,130+854%,88, Bayl 61 (=13s 9)564463 %964y 130,68,80476,1486,118,122,144,
(15)( =Sy S)6hLygH N K N k35, K% *;52$(17)( Oy 2160459 15791045110, 268s11Te%s 17143 1929%,26%,( 7)(-12, 2165,65,%,%,
69 152,148,854 %#9899256952,17391124494160962,163,10341N08,4%,
L=2 (K)CHIL C)(=26912112%,9%992509,107y5506,5406598324, 125,( B (=105 61752108 %% o % o# ek, 132,%,323,%,211,17751674
1129978992141 0s6T10sl1T7lusi375s167 0 11(-15,10)83,%,%,834%,%, Gha 0086y ! TI(=10, 10196 ¥y® ok ¥,393,%,78,1044228,529118,%,
1234246923192649382924491939231%,37325258 4%, 7862749125+%, F R 5867989116575 5L, (100 ~8By 91853 #, ¥y %31249102,60
S459162s%9200,( 2)(=14411979953 487y %9%3383,151,4238915603%, TGB 92k % %y 1183550 T1sbb %60, (1101 =Ty 719748741189%,
25642309726449282,1T630632320419495 163 4% 3208 4%,7842229%4%6 57,43 7849351325 143,6Ca%,765107,514(12%( =2 6157 3%y ¥ 4% %y
( 3)0=129101974B79%41256461142114935241234418,80427547319y BT pFa® 8l 104, ¥y 1304 ¥ 75,713 (1211 =1, 2)724%5%,77,
13225351 4258454952019734232,5232284%92735( 4)(=14410)116s%, (1410 =2y 2)565976403T9%464947
Ky 12T 420297,y 2904501 51144105 4243,442,15842114322,168, L=6 (K)(HIL D) (=18, 8138, 456Ls s 3992229 3133439764973029
1825815 %, 769, 1285264, ( 5)(=12,10)B8y%y%,%4755392,78,382, GTy a¥a s 1h2es10%0 0 1I1=12,10056,52,85,%, va,ez.».lv?.;o&.
1469%32675156,218432057246324292,21 yiah.u79q_37;*o 55y 2044118 #yLb3351431094215,168,261410107743274%,86,
( 6)0~14512)849964114s%4165y939113,138,201435145121,358, U 230-12 9182 %,60, %, ¥ 4%, 203,%,126,42183A2471394275,%,4331,
43844015865130514651524%,%,101,%,1169119,89,%,170, 188452513698 1,115,%57427350 310=11,11166498,86,874P852029%,
¢ 7)(-1;,1“)95,*.257;116,131.164.291;215.229’112,2A4g4211 20997751909 Us120s%s 21874163527 140%5178)78,146,%41225458
102426145179 10141229%5213,1485%531139( 8)(=12910)1929884%, { 4){=11y S18Laks®a®9202,203553,129,54y%,%,3216521141610%,
17791855211 9%,%,136,70,194+06524641373454,865%,132 %%, B8, TTT s TT e %y %379, ([ 3) (=11, 8179460 *s¥%,72,559126414C12629
178,201,108t 91( =T510)1294%,%,3156,83,271,255,312,308, ﬂ1c,36.97,27;.«,_,2.*,153.126-*‘72,< 6)( =7y 9)1044825141y
2294376 ,% 31864135, %) %4328, 147,(10)(~12510)80 3% 4% yClyk,¥,y 1729819003190, 143,147,609 %915641023%,65,704( 7)1 =9 9)
327926484779 163422T7 915051055101 g* gyt yRysy%,105, 55,%,%,*,52.225.75,*,*,108,282,*,57,9@,157,50,*,85.65,
(1130 =By 91130,%,80, 161 4% s#y111457,179,20752069184,%,%, [ 81(=11y G155,75,%469,17565138,%,136458s118,%958,73,247,
88, {12)( =11y 2165271 a%,)%,39,%51635%,105,%,1894%,%,305, 100 +689%,57 9% ,67 56Tyl F9{ =By 916Take® ¥k ok 152,064 %, 71 %,
(13)(~10s 317658 9% s %%yl %%, 1046,%s%%,1014121y 1L s6Tets 1139, 754405 (101( =Ts 8163,105492,67aTly*yT1 ¥y %,
(164)( =8y B)T19103s%e%,105,80998,%9%9859128,% %% 9%467) F BB Ry To2yRg kg hBy (110 ( —ba SI5Z4%, 100, K, 115,07 k% #,76,%,
1039 (3511 =25 6192, %4 ¥, %95, %%, %,1024(16)( =&y C)131,66) 93, (1201 =%y 5110868 9% NBs* %y 81 %, %309, (121 ( =4y 1163,%,
E54%s 75, (171 1y 1165 X k4650785 (141 2y 2168
L=23 (KIGHYE O3{-15911)Thys®ys25645925967495899103T72992174 L7 (KY(HYC O)( =9y 91106y s126+,4%492084330254%3317555129
583531869 s%013260s%ss01yl 11(=12,213)98,%4%4198,%,239,87, 321 TeaThal L1(=10y 7)120,11890% % g%y #y147+,101491364,%,
1975021301 9408,25145754%5339912542%4,%,4384265419549759111y 1720 % %, 123,90, %, %,235,( 2)({=-10, 7)85,*.96*7*,151.&,209,*,
10241205510 2)(=11412)1204201,%41995%,275,17646311266 24142325021 %, %, 10T %3 179,%,119,200,( 2) (=10 7)224104,% %,
286512243565 0684859212,T424143,% 4133482 4% 4% ,4%,951 B Kat B, 1 1A+, My kg%, %y3236,%,%,%,233,( 4)( =8y T)9T91324% %,
{ 2A)10=12,13196,%,%,78,93,209,285,1914325,1854281,%4226, lOE-Z“’.E&v»lQ“+,*;’CA- 509 #01164154+1114489,( 5)( =1y 5)
0,60 51,83, %, 7,140,258, %,336,%,127,109,1864( 4)(~11412) 178,7232,%,%,172,%, 108, ( 6)( =6y 21304119 % 4Ls%9258)874 %,
148:70,809251,1004267,75,172,670,225,1894677,566,594199, 119
LT7420% kg Ky 103,y H H,02,( S)1-12y 911065108 % ¥y ¥4%,1055%, L8 [KH(H){ Ayl —fy 81177, 9%y s 11654, 4%4,258 4%y 4148,
#3365,31905217,5189255,55,136421942704394,486,71+203 (100 =Gy 3190, %, %4 %3115,395,% 121841 201 =5,y L1894 ¥%4248 %%,
[ 6)(m2ly BIL1eB 1669 %1%469593,252,240,529:4459333952+480 Tk 183, 12000 21(~10y O)BE ¥ F ¥k % gl)sT8,%,%,185,
1269%9%5117,% ,205,112,( TIl =9912373s1664%92514%42959%, (41 =by 41168, 1N4s% %k, 142,136+,%,26N0,( 511 =34=3)83
04,343 ,208,%,2364106517547251124168,%3%4%,11451199 L=0 (K)IHY( 0)0 =By 3175541 7T9s979s%9512940 110 ~64 21106,
€ 831-10s 71105,819113,9992005171+2354111+705904127+381, FgkgH Doty %%y 91yl 2)( ~L4y=4)L060( 30 =Ty 1I1Z1aT0sX N ¥,
175,288,2864313,131,0240( 91 (125 9189, %, #,%,142,%4132,%, 79, 112+,38, 147
237191254 %9%394,135997 4 #4#4B83,86,377,974184,5(10)( -8y 81146y

a Fyu is listed followed by a comma. TUnobserved reflections are indicated by an asterisk, experimentally unobserved reflections
by a U, space group extinctions by an extra comma, and reflections not used in the refinement by Fj; followed by a plus sign. All
reflections are on the same scale as Fyy, which is given as a reference point. The summation for Fo is over the entire unit cell.
b Scattering factors for all atoms were used as obtained from the ‘‘International Tables for X-ray Crystallography,”
The Kynoch Press, Birmingham, England, Vol. I1I, 1962, p 202 ff.

atoms of the cage. The inclusion of these 14 atoms  root of the counts in the scan and background. These
followed by one cycle of refinement of position and  new data were assigned standard deviations propor-
anisotropic temperature parameters of Br, one cycle of tional to the total number of scan plus background
position refinement of all atoms, one cycle of refine- counts and then correlated with the film data for which
ment of anisotropic temperature parameters for all standard deviations proportional to the observed Fy,?
atoms, and one cycle of all position and thermal param- were assumed, The small size of the b-axis crystal led
eters led, finally for these 1371 data, to Ry = 0.118. us to give the film data 1.5 times the average weight of

Data from the second crystal were measured, at the the counter data. Of the 1574 reflections, an overlap of
time of the above refinements, for levels 0 £ 2 < 6 620 between the two sets of data gave a correlation
on the Buerger automated diffractometer with the 2w]F(1)2 - F(2)2§/2w|F(1)2 -+ F(2)2’ value of 0.11.
use of Cu K« radiation and an Xe proportional counter. The lowest 97 of these, which were very low values
Check reflections were measured after each group of six from counter data only, were eliminated from the list,
reflections, and a set of six zero-level reflections was and the remaining 1477 reflections (Table I) reduced Ry
measured after completion of each level. Equivalent to its final value of 0.100 after three cycles of refinement
reflections all agreed to within 20, where o, is the square of distance and anisotropic temperature parameters.
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TasLe II Results and Discussion

FINaL VALUES FOR Ry FOR 1477 REFLECTIONS The molecular structure, shown in Figure 1, clearly
kel Rr hl Rr shows Br substitution at the 8, 9, 10, and 12 positions
225:;’173’; #0) 8}8; iiézsgn gggg of the near-icosahedral B3 C; cage, and methyl sub-
7 odd 0.100 &+ 1odd 0.103 stitution ‘'of the cage C atoms. Neglecting methyl H
k even 0.104 %+ Eeven 0.098 atoms, which were not found in the final difference
k odd 0.098 k4 kodd 0.104 Fourier, the point group symmetry of the molecule is
! even 0.100  h+k+leven  0.103 very nearly Csy; however, H atoms could distort this to
ioidl even 8 182 é;:faﬁ fodd 8(1)83 C; or even to a structure with no symmetry elements at
Range of No. of Range of No. of all. A projection of the molecular packing as seen
sin o reflections  Rp sin 9 reflections  Rr along d(001) is shown in Figure 2, where cones of elec-

0.00-0.40 209 0.106 0.70-0.75 145 0.081  tron demnsity are used to indicate methyl H atoms,
0.40-0.50 182 0.106 0.75-0.80 126 0.112 Final atomic parameters and anisotropic temperature
828:822 fi; 88% 822:823 lég 81;; factors are listed in Table III for all atoms except H,
0.65-0.70 153 0.075 0.90-1.00 52 0.103  which were not found in the difference maps. Bond

lengths and their standard deviations (Table IV) have

not been corrected for rigid-body motion in view of their
Values of Ry for various classes of reflections and angle low accuracy. However, the objective of the study,
ranges are shown in Table II, and we add that R = to find the positions of substitution of Br, has been un-
E[Fo2 - Fa"’[/EFO2 180.17, and Ryp? = [Zw(Fo? — F.2)/ ambiguously achieved. Of course, the Br---Br dis-
SwF,4]/*is 0.18. These criteria supplement the over- tances are fairly precisely determined (£0.015 A).
all Ry values in evaluating the essential correctness of Intramolecular values of 3.90 A in 0-ByBr:H;C,H,; and

the crystal structure. 3.87 A in 0-ByBr,HeCy(CHjs)s are perhaps significantly
TaBLE III
FinaL Atomic COORDINATES IN FRACTIONS OF CELL LENGTHS AND THERMAL PARAMETERS ( X 10%)eb
Atom No. x ag y ay z ag

C 1 0.175 0.002 0.293 0.002 0.539 0.002

C 2 0.134 0.002 0.211 0.001 0.655 0.002

B 3 0.068 0.002 0.226 0.002 0.460 0.003

B 4 0.164 0.002 0.251 0.003 0.338 0.003

B 5 0.285 0.002 0.255 0.002 0.462 0.003

B 6 0.260 0.002 0.231 0.002 0.673 0.003

B 7 0.095 0.002 0.118 0.003 0.558 0.004

B 8 0.116 0.002 0.133 0.002 0.342 0.003

B 9 0.246 0.002 0.155 0.002 0.345 0.004

B 10 0.307 0.002 0.144 0.002 0.559 0.003

B 11 0.213 0.002 0.119 0.002 0.682 0.003

B 12 0.202 0.002 0.072 0.002 0.481 0.003

C 13 0.158 0.003 0.393 0.002 0.570 0.004

C 14 0.077 0.002 0.239 0.002 0.802 0.003

Br 8’ 0.0314 0.0002 0.0820 0.0002 0.1652 0.0003

Br 9/ 0.3216 0.0003 0.1207 0.0003 0.1615 0.0003

Br 10/ 0.4454 0.0002 0.0952 0.0003 0.6133 0.0004

Br 12/ 0.2213 0.0003 —0.0626 0.0002 0.4491 0.0003

Atom No. B 98y Boa T8 Bss [ B2 LI Bi3 a8y Bes T Bg

C 1 73 19 34 13 55 38 5 12 -2 18 —-10 15
C 2 39 16 23 12 128 42 -1 11 —15 17 24 14
B 3 63 21 47 16 12 38 5 15 -3 19 7 17
B 4 40 21 43 23 195 65 —29 18 22 26 —27 26
B 5 63 19 39 15 43 39 —16 13 37 20 —17 17
B 6 42 17 29 13 96 49 -1 12 11 20 3 17
B 7 26 19 161 38 121 58 -8 20 7 23 112 38
B 8 38 19 51 18 96 47 6 14 -5 20 12 20
B 9 45 19 42 18 133 62 —14 15 29 25 —16 23
B 10 54 20 44 16 44 38 8 13 —2 18 -9 16
B 11 35 17 27 15 107 46 -1 13 —6 18 —4 18
B 12 44 20 32 16 164 55 —9 14 23 22 —33 20
C 13 97 28 25 18 243 66 17 18 —10 31 -9 24
C 14 76 20 74 19 83 39 12 16 54 21 ~4 20
Br 8’ 84 2 61 2 93 4 —25 2 —30 2 6 2
Br 9’ 88 2 91 3 113 5 —20 2 55 3 —44 2
Br 10/ 52 2 85 3 231 6 19 2 —13 3 —44 3
Br 127 103 3 35 1 156 5 9 2 -6 3 —-15 2

@ The thermal parameters are in the form exp[—(h28u + k%62 + 1285 + 2hkBi + 2kiB1; + 2FkIBy)]. ° Standard deviations (o) were
obtained from the full least-squares matrix after the final refinement of all position and temperature parameters.
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Figure 1.—The molecular structure and numbering scheme for
0-B1sBrsHeCo{ CH3 ).  Atoms are designated as follows: H(3’,4/,-
5,67,7/,117,13,13'",13'"",14",14'7,14"""); B(3,4,5,6,7,8,9,10,11,12);

©(1,2,13,14); Br(8',9",10,12").

TaBLE IV
BoND DISTANCES,? AVERAGES, AND STANDARD DEVIATIONS?
Length, Length
Bond A T Bond A T
Br-Br B-B
4-5 1.79 0.039
8/-9’ 3.87 0.007 4-8 1.82 0.049
8/-12’ 3.83 0.004 4-9 1.76 0.041
9'-10" 3.90 0.010 5-6 1.83 0.031
9/'-12/ 3.88 0.007 5-9 1.78 0.044
107-12/ 3.86 0.007 5-10 1.79 0.036
B-Br 6-10 1.73 0.036
8-8’ 1.88 0.027 6-11 1.75 0.037
9-9’ 1.96 0.027 7-8 1.84 0.036
10-10’ 1.97 0.026 7-11 1.77 0.037
12-12/ 1.99 0.031 7-12 1.73 0.044
c-C 8-9 1.74 0.041
1-2 1.65 0.028 8-12 1.76 0.038
1-13 1.48 0.038 9-10 1.85 0.037
2-14 1.54 0.031 9-12 1.78 0.041
C-B 10-11 1.72 0.038
1-3 1.77 0.037 10-12 1.79 0.041
1-4 1.75 0.038 11-12 1.77 0.038
1-5 1.73 0.036
1-6 1.73 0.032 Av, A Std dev
2-3 1.75 0.030 Br-Br 3.87 0.021
2-6 1.67 0.035 B-Br 1.95 0.048
2-7 1.65 0.052 C-B 1.72 0.042
2-11 1.70 0.035 B-B 1.77 0.040
B-B
3-4 1.73 0.039
3-7 1.81 0.046
3-8 1.81 0.039

Inorganic Chemistry
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Figure 2.—The molecular packing as seen along d(001).
Methyl hydrogens are indicated by circles of electron density;
cage hydrogen atoms are omitted where necessary for clarity.

Only centers of symmetry at !/, along ¢ are present; other sym-
metry elements are omitted for clarity.

longer than the 3.80 A Br- - - Br distance in 0-ByBryHsg-
CoH, and perhaps indicate some slight effect of Br- - - Br
repulsions. These distances are compatible with usual
van der Waals contacts of about 3.9 A and with the con-
tact of 3.8 A expected from a regular icosahedron. No
significant distortions of B-B-Br angles from the
regular icosahedral value of 121.7° occur (Table V). It
therefore seems possible that substitution of more than
three Br on BypCeHis or more than four Br on BygH1Ce-
(CHj); is primarily a question of electron availability,
although other effects, such as steric influences, may
play some role.

¢ Bond distances have not been corrected for thermal motion.
b Over-all standard deviations were computed by averaging
equivalent bond types and applying the equation

N 1/y

v = [Z(X,- - RPN - 1)]
i=1

- Individual standard deviations were computed from the full

variance—covariance matrix calculated for all positions and
temperature factors after the final refinement,

TABLE V
B-B-Br BoxD ANGLES® IN 0-ByBr HC:(CHj)s
Atoms Angle, deg P Av
4-8-8’ 122.4 1.6
7-8-8’ 123.3 2.0 -
5-10-10" 121.8 1.8 121.7
11-10-10’ 119.5 1.6
4-9-9° 122.6 1.8
5-9-9' 118.6 1.8 120.7
7-12-12° 122.0 2.1
11-12-127 119.7 1.6
8-9-9' 121.8 2.0
10-9-9/ 120.0 1.6 120.6
8-12-12’ 119.6 1.9
10-12-12/ 121.0 1.8
9-8-8' 125.6 1.7
12-8-8’ 125.7 2.0 124.0
9-10-10" 122.8 1.5
12-10-10’ 121.9 1.8
3-8-8' 119.7 1.7
6-10-10' 121.3 1.5 120.5
12-9-9/ 122.5 1.9
9-12-12/ 121.8 1.8 122.1
¢ The angle for a regular icosahedron is 121.7°. % Standard

deviations were obtained from the full variance-covariance
matrix after the last complete cycle of refinement of all position
and temperature factors,
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TABLE VI
Atomic CoorDINATES UsSED FOE MO CALCULATIONS (A)¢ (IN ORTHOGONAL COORDINATES)

Atom x y z Atom x kY z
C(1) 0.000 1.335 0.825 H(1) 0.000 2.262 1.398
C(2) 0.000 1.335 —0.825 H(2) 0.000 2.262 —1.398
B(3) 1.432 0.885 0.000 H(3) 2.461 1.521 0.000
B(4) 0.885 0.000 1.432 H(4) 1.521 0.000 2.461
B(5) —0.885 0.000 1.432 H(5) —1.521 0.000 2.461
B(6) —1.432 0.885 0.000 H(6) —2.461 1.521 0.000
B(7) 0.885 0.000 —~1.432 H(7) 1.521 0.000 —2.461
B(8) 1.432 —0.885 0.000 H(8) 2.461 —1.521 0.000
B(9) 0.000 —1.432 0.885 H(9) 0.000 —2.461 1.521
B(10) —1.432 —0.885 0.000 H(10) —2.461 —1.521 0.000
B(11) —0.885 0.000 —1.432 H(11) ~1.521 0.000 —2.461
B(12) 0.000 —1.432 —0.885 H(12) 0.000 —2.461 —1.521
Methyl C(1) 0.000 2.645 1.635 Methyl H(1) 0.000 2.414 2.700
Methyl C(2) 0.000 2.645 —1.635 Methyl H(2) 0.890 3.224 1.389

Methyl H(3) —0.890 3.224 1.389
Methyl H(4) 0.000 3.494 —0.952
Methyl H(5) 0.890 2.684 —2.263
Methyl H(6) —0.890 2.684 —2.263

]

¢ Assumed bond distances in 0-ByH;oCo(CH;): are B-B = 1.770, B-C = 1.713, C-C = 1.650, C-CH; = 1.540, B-H = 1.210, and

C-H =1.090 A.

TaABLE VII
NET MULLIKEN CHARGES FOR 0-B1oH;iC:Hy
AND METHYL DERIVATIVES®

1-Methyl
derivative o-

1,2-Dimethyl
derivative o-

Atom 0-B1oH10C2Hz B1oH10C2H (CHs) B1oH10C2(CHs)z
C(1) 0.303 0.625 0.598
C(2) 0.303 0.267 0.590
B(3) 0.483 0.480 0.461
B(4) 0.216 0.196 0.179
B(7) 0.216 0.200 0.188
B(8) —0.038 —0.057 —0.072
B(9) 0.007 —0.007 —0.026
B(12) 0.007 —0.011 —0.031
Methyl C(1) —0.539 —0.539
Methyl C(2) —0.549
H(1) 0.035
H(2) 0.035 0.032
H(3) —0.260 —0.265 —0.267
H4) —0.243 —0.246 —0.247
H(7) —0.243 —0.243 —0.247
H(8) —0.234 —0.235 —0.235
H(9) —0.243 —0.243 —0.244
H(12) —0.243 —0.244 —0.245
Methyl H(1) 0.158 0.158
Methyl H(2) 0.151 0.153
Methyl H(4) 0.154
Methyl H(5) 0.154

@ The point group symmetry of all the idealized methyl
derivatives treated here is C;, while that of 0-BjHicCoH; is
Cqv; therefore, this table contains only entries for atoms which
are not equivalent to C, symmetry. Equivalent atoms can be
determined from Table VI, which lists the atomic coordinates
used to calculate these charges.

These electronic effects were studied by the non-
empirical molecular orbital method? in which atomic
parameters were taken from self-consistent field results
on diborane and ethane. The ByCs cage was puck-
ered to the geometry found in X-ray studies, methyl
carbon atoms were placed radially outward, and
methyl hydrogens were tetrahedrally arranged about
C in molecular symmetry C, for both B;H:0C.HCH,
and BipHC:(CHas), (Table VI). Two different orienta-

TABLE VIII

BorON FRAMEWORK CHARGES FOR ¢-BoHC;Hy
AND METHYL DERIVATIVES®

1-Methyt 1,2-Dimethyl
Atom derivative o- derivative o-
pair 0-B1oH1oC2Hz BioH10C2H(CHs) B1oH10C2(CHjs)e
B(3)-H(3) 0.223 0.215 0.194
B(4)-H(4) -0.027 —0.050 —0.068
B(7)-H(7) -~0.027 —0.043 —0.059
B(8)-H(8) —0.272 —0.202 —0.307
B(9)-H(9) —0.236 —0.250 —0.270
B(12)-H(12) —0.236 -0.255 -0.276

4 Entries have been included for atoms nonequivalent to
C; symmetry, the lowest symmetry of all species.

tions of hydrogen atoms on the monomethyl derivative
produced no significant differences in the results. In
addition, the results (Table VII) show that, as CHj is
substituted for H on C, each B atom becomes more
negative (by about 0.04 electron in the dimethyl
derivative) largely at the expense of the cage C atom.
Most important is the result that the order of charges
on various types of B atoms is the same on the methyl
derivatives as on the parent carborane, and a secondary
result is that the charge distributions on B (Tables VII
and VIII) have very nearly the Co, symmetry of the
B;oCs unit even though the assumed molecular sym-
metry is only Cs. Thus, the factors governing elec-
tronic aspects of charge distribution in 0-ByCoHis
should also hold for the C-methyl and the C,C’-di-
methyl derivatives. Finally we note that the slight
increase in electron densities produced by C-methyla-
tion are in qualitative agreement with the experimental
result that one more Br can be substituted on the C,C’-
dimethyl derivative beyond the present limit of three
Br on the parent carborane. These results support one
of the assumptions which allowed Zakharkin and
Kalinen!! to reach correct conclusions on the order of

(11) L. 1. Zakharkin and U. N. Kalinen, Izv. Akad. Nauk SSSR, Ser.
Khim., 1311 (1985). ’
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TaBLE IX

OVERLAP POPULATIONS AND ENERGIES FOR 0-ByH;;CoHa
AND METHYL DERIVATIVES

1-Methy! 1,2-Dimethyl
derivative o- derivative o-
Bond 0-BioH10CeHa BioH1CoH(CHjy) BioH1C2(CHs)e

C(1)-C(2) 0.645 0.612 0.575
C(1)-B(@3) 0.419 0.405 0.435
C(1)-B(4) 0.559 0.534 0.523
C(2)-B(3) 0.419 0.449 0,438
C(2)-B(7) 0.559 0.554 0.520
B(3)-B(4) 0.299 0.338 0.299
B(3)-B(7) 0.299 0.263 0.292
B(3)-B(8) 0.400 0.366 0.328
B(4)-B(5) 0.338 0.375 0.372
B(4)-B(8) 0.482 0.450 0.475
B(4)-B(9) 0.410 0.371 0.362
B(7)-B(8) 0.482 0.509 0.480
B(7)-B(12) 0.410 0.404 0.362
B(8)-B(9) 0.435 0.454 0.444
B(8)-B(12) 0.435 0.427 0.446
B(9)-B(12) 0.383 0.369 0.346
C(1)-methylC(1) 0.912 0.916
C(2)-methylC(2) 0.918
Te; —114.502 —127.743 —140.984
KE« 326.607 365.396 404.182
HFMO® —0.382 —0.381 —0.378

e Kinetic energy in atomic units. ? Highest filled molecular

orbital in atomic units,

Inorganic Chemistry

electrophilic attack on 0-BpC:Hy and its C-methyl
derivatives.

Overlap populations (Table IX) are reasonable ex-
cept for the values for C-CH; bonds of 0.91 to 0.92,
which are to be compared with 0.71 for alkanes.!? Of
course, bond distances do not support partial double-
bond character in these C—CH; bonds, so we believe
that the problem is associated with the K value® for 2pz-
2pm overlap. Perhaps this same problem produces
the lowered C-C overlap as carborane is methylated.
Even so, the B-C overlap populations seem to be un-
affected by this symptem, which may be cured when
self-consistent fleld results are available on more appro-
priate model compounds. Values are also given in
Table IX for Ze; for the kinetic energy, and for the
eigenvalue of the highest filled molecular orbital as
an estimate of the vertical ionization potential.

Experimental and theoretical studies of these types
are being carried out for other carboranes.
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The crystal structure of NdTe; has been determined from 40/ and 0kl electron density projections and by a least-square re-

finement of these structure factors.

All other reported lanthanide tritellurides are isostructural with it.

The crystal is

orthorhombic, pseudo-tetragonal, with ao = b, = 4.35 A and ¢, = 25.80 A, space group Bmmb, with four molecules per unit
cell. All four crystallographically independent atoms are in position 4(c), 0, /4, z, of Bmmb. The z parameters are 0.8306

(Nd), 0.0705 (Te), 0.4294 (Te), and 0.7047 (Te).
in both structures have identical coordination.

The structure is closely related to that of LaTe,.
The NdTe; structure may be viewed as a stacking of NdTe, unit cells with

The lanthanide atoms

additional Te layers between cells and with alternate cells shifted by a/2.

Introduction

The rare earth lanthanides form a series of iso-
structural compounds of composition LnTe;. Pardo,
et al.? report that Chirazi first prepared CeTe; by
allowing CeCl; to react with H,; and Te. The product
consisted of CeTey and golden, easily cleavable flakes.
Carter® showed that these crystals had 1:3 stoichi-
ometry, and he prepared also the tritellurides of La and
Pr. He noted that their X-ray powder patterns were

(1) Research sponsored by Air Force Office of Scientific Research, Office
of Acrospace Research, U. S. Air Force, Grant No, 808-65, and by National
Institute of Health training grant in crystallography, 5T1DE 120-03.

(2) M. Pardo, O. Gorochev, J. Flahaut, and L. Domange, Compt. Rend.,

260, 1666 (19635).
(3) F. N. Carter, “Metallurgy of Semiconductor Materials,”” Interscience

Publishers, Inc., New York, N. Y., p 260.

identical except for small differences in their cell param-
eters and from a single-crystal pattern of a disordered
LaTe; crystal deduced that it was tetragonal, ¢ = 4.38
A, ¢ = 26.10 A, with 3 formula weights in the cell.
Ramsey, et al.,* prepared LaTe; from the elements and
obtained very good, ordered, single-crystal X-ray
patterns. The diffraction photographs could be indexed
on a tetragonal cell, with four formula weights in the
unit cell, but nonspace-group extinctions were observed:
i.e.,if b + k = 2n + 1, then reflections with all values
of I were present; if 2 and & were both even, then ! =
2n were present; andif 2 and k were both odd, / = 2n

(4) T. H. Ramsey, H. Steinfink, and E. J. Weiss, Inorg. Chem., 4, 1154
(1963).



