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BY ROBERT S. VAGG AND EDWARD C. WATTON

School of Chemistry, Macquarie University, North Ryde, NSW 2113, Australia

(Received 8 February 1978; accepted 21 March 1978)

C,4H,sB,F N;NiO, is monoclinic, space group P2,/c, with a = 20-21 (4), 5 =9-94 (2),c = 19-41 (4) A pg=
95-9(2)°, Z = 8. The structure was refined to R = 0-073 for 3443 photographic refiexions. The complex is
dimeric [Ni—Ni 3-654 (2) Al with the two formula units non-equivalent. The Ni atoms are each surrounded
by four N atoms of the closely planar macrocycle [average, Ni—N 1-871 (7) A, N—Ni—N 81.9 (3) and
97-6 (3)°] and one aniline N [Ni—N 2-724 (9) and 2-602 (10) Al to form an irregular square pyramid. The
Ni atoms are displaced 0-118 and 0-138 A out of the N equatorial planes towards the aniline N atoms, the
coordination of the latter being sterically hindered by BF, groups. The N, planes of the two macrocycles are
parallel and are rotated 98-5° and translated 0-56 A relative to each other. There are several C---O inter-

molecular contacts in the dimer below 3.25 A.

Introduction

Bis(difluoroborondimethyiglyoximato)nickel(II),  Ni-
(dmgBF,),, has been shown to be dimeric both in
solution (Charlson, Stephens, Vagg & Watton, 1977)
and in the solid state (Stephens & Vagg, 1977a).
Graddon & Siddigi (1976) provided evidence for the
formation only of 1:1 adducts of this and like species
with monodentate bases in solution, although several
2:1 complexes have been isolated in solid form
(Schrauzer, 1962; Stephens, Vagg & Watton, 1978).
Reaction with aniline or substituted anilines yields
brightly coloured diamagnetic 1:1 adducts. An analysis
of the crystal structure of the aniline adduct of Ni(dmg-
BF,), is described below. A preliminary report has
appeared (Charlson, Stephens, Vagg & Watton, 1977).

Experimental

The complex forms as deep-scarlet needles from the
reaction of Ni(dmgBF,), with aniline in warm dichloro-
methane.

Crystal data

C,,H,sB,F,N;NiO,, M, = 477-7, monoclinic, a =
2021 (4), b = 994(2), ¢ = 19414 A, g =
95.9 (2)°, U = 3878-6 A3, D,, = 1-62 (by flotation),
Z=8,D.=1-634 g cm™3, F(000) = 1952, #(Cu Ka) =
20-6 cm™!. Systematic absences: #0/ when [ # 2n, 0k0
when k # 2n, space group P2,/c.

Cell parameters were determined from oscillation
photographs with Cu Ka radiation. 4793 non-zero

reflexions were recorded from layers 0—4kl, h0—5/ and
hk0-3 with the equi-inclination Weissenberg technique
and packs of four films. Their intensities were read
visually and corrected for Lorentz and polarization
effects but not for absorption or extinction. Internal
correlation yielded a final data set of 3443 unique
reflexions.

Scattering factors were taken from International
Tables for X-ray Crystallography (1974). All cal-
culations were carried out on a Univac 1106 computer
with programs written by F. S. Stephens.

Structure determination

The structure was solved by the heavy-atom method.
Isotropic refinement was by full-matrix least-squares
calculations in which the function minimized was
> wA% Weights w = (1.00 + 0-021F, +
0-000161F, 1%~ were used throughout. Reflexions for
which |F,l < 0-3331F,| were omitted from the refine-
ment.

Positions for all H atoms on the phenyl rings were
calculated with C—H = 1-0 A and those on the N and
methyl C atoms were located from a difference
synthesis. H atoms were placed in these positions with
B =4.0A2

Due to the large number of variable parameters
(656) block matrices were used during anisotropic
refinement. Initially the twelve matrices contained (1)
the overall scale and thermal factors and the
parameters for (2) the two Ni and ten N atoms, (3)-(6)
the four O,BF, groups, (7), (8) the two phenyl rings,
(9)-(12) the four C, chains. In the latter stages of
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Table 1. Final atomic coordinates (fractional: x10*
for non-hydrogen atoms, x 103 for H atoms) withe.s.d.’s

in parentheses
x y z

Ni(1) 1599-6 (7) 710-7 (14) 2751-9 (6)
Ni(2) 3381.9 (7) 563-1(13) 25820 (6)
N(11) 1526 (4) 2574 (7) 2635 (3)
N(12) 1485 (3) 765 (7) 1787 (3)
N(13) 1777 (3) —1138 (7) 2858 (3)
N(14) 1838 (3) 704 (6) 3705 (3)
N(15) 358 (5) 39 (10) 3062 (5)
N(21) 3153 (3) 595 (6) 1618 (3)
N(22) 3370 (4) —1298 (7) 2429 (3)
N(23) 3497 (3) 508 (6) 3551(3)
N(24) 3237 4 2386 (6) 2742 (3)
N(25) 4645 (5) 1128 (9) 2684 (4)
B(11) 1485 (6) 3020 (11) 3869 (5)
B(12) 1309 (6) —1656 (11) 1664 (5)
B21) 3271 (6) 3032 (11) 1539 (5)
B(22) 3879 (7) —1841 (10) 3576 (6)
F(111) 1650 (3) 4046 (5) 4310(2)
F(112) 820 (3) 2623 (6) 3842 (3)
F(121) 1439 (3) —2610(5) 1188 (2)
F(122) 658 (3) —1575 (6) 1787 (3)
F(211) 2995 (3) 4008 (5) 1107 (2)
F(212) 3960 (3) 2994 (6) 1584 (3)
F(221) 3852 (3) —2900 (6) 4032 (3)
F(222) 4509 (2) —1595 (6) 3396 (3)
Oo(11) 1626 (3) 3492 (6) 3169 (3)
0(12) 1528 (3) —365 (6) 1371 (3)
0(13) 1738 3).  —2045 (6) 2314 (3)
0(14) 1906 (3) 1841 (6) 4115 (3)
o(21) 3002 (3) 1732 (6) 1244 (3)
0(22) 3430 (3) —2247 (6) 2449 (3)
0(23) 3619 (3) —653 (6) 3934 (3)
0(24) 3059 (3) 3326 (5) 2238 (3)
caun 1470 (4) 3054 (8) 2013 4)
C(12) 1439 (4) 1952 (9) 1501 (4)
c(13) 1935 (4) —1587 (8) 3469 (4)
C(14) 1989 (4) —443 (8) 3986 (4)
C(21) 3079 (5) —574 (8) 1316 (4)
C(22) 3204 (4) —1727 (8) 1806 (4)
Cc(23) 3464 (4) 1651 (8) 3872 (4)
C(24) 3308 (4) 2791 (8) 3379 4)
C(M11) 1465 (6) 4489 (10) 1834 (6)
C(M12) 1378 (6) 2182 (13) 731 (4)
C(M13) 2071 (7) —3008 (10) 3671 (6)
C(M14) 2196 (7) —691(12) 4743 (5)
C(M21) 2868 (7) —766 (12) 555 (5)
Cc(M22) 3138 (6) —3150 (12) 1609 (6)
C(M23) 3613 (6) 1829 (13) 4646 (5)
C(M24) 3224 (7) 4193 (12) 3618 (6)
C(151) 340 (5) —1024 (12) 3549 (5)
C(152) 449 (6) —746 (15) 4257 (6)
C(153) 468 (7) —1801 (21) 4728 (7)
C(154) 410(7) —3120 (20) 4521 (8)
C(155) 321(7) —3398 (15) 3848 (9)
C(156) 270 (6) —2334 (15) 3353(7)
C(251) 4893 (5) 1922 (10) 3263 (5)
C(252) 4827 (5) 3281 (11) 3259 (5)
C(253) 5037 (6) 4082 (14) 3828 (6)
C(254) 5332 (6) 3446 (15) 4427 (6)
C(255) 5406 (6) 2050 (16) 4444 (6)
C(256) 5195 (6) 1274 (13) 3872 (7)
H(11) 41 (6) 2(12) 259 (6)
H(12) 24 (7) 74 (12) 326 (6)
H(21) 468 (7) 161 (13) 241 (6)
H(22) 473 (7) 38 (12) 270 (7)

THE STRUCTURE OF C,H,,B,F,N,NiO,

Table 1 (cont.)

x y z

H(111) 117 (6) 506 (12) 210 (6)
H(112) 171 (7) 485 (14) 196 (7)
H(113) 129 (6) 458 (12) 143 (6)
H(121) 130 (6) 146 (12) 43 (6)
H(122) 101 (6) 301 (12) 58 (6)
H(123) 163 (7) 265 (14) 73 (7)
H(131) 204 (7) —351(13) 339 (6)
H(132) 180 (6) —351(12) 403 (6)
H(133) 248 (6) —316 (13) 384 (6)
H(141) 222 (7) —12(13) 495 (6)
H(142) 259 (6) —79 (14) 479 (7)
H(143) 179 (6) —134 (12) 484 (6)
H(211) 321(6) —154 (12) 39 (6)
H(212) 250 (6) —45(14) 50 (7)
H(213) 293 (6) 5(13) 39 (6)
H(221) 325 (6) —342(13) 125 (6)
H(222) 320 (6) —369 (12) 203 (6)
H(223) 280 (6) —315(14) 145 (7)
H(231) 330(6) 187 (15) 479 (7)
H(232) 391 (6) 263 (12) 464 (6)
H(233) 368 (6) 100 (12) 482 (6)
H(241) 321 (6) 480 (12) 334 (6)
H(242) 292 (6) 444 (13) 380 (6)
H(243) 355(6) 443 (13) 388 (6)
H(152) 45 (6) 14 (12) 447 (6)
H(153) 49 (6) —139 (13) 510 (6)
H(154) 37 (6) —386 (13) 476 (6)
H(155) 29 (6) —426 (12) 363 (6)
H(156) 35 (7) —261(13) 301 (6)
H(252) 466 (6) 356 (12) 281 (6)
H(253) 506 (6) 511(12) 388 (6)
H(254) 554 (5) 430 (11) 477 (6)
H(255) 552 (6) 147 (12) 484 (6)
H(256) 529 (6) 39(12) 383 (6)

anisotropic refinement the positions of the H atoms
were allowed to vary, their parameters being included
in the same matrices as the atoms to which they were
bonded.

Refinement was terminated when the maximum shift
in any parameter was <0-250. A final difference
synthesis showed maximum positive electron densities
of 0-4 ¢ A3 R based on 3443 reflexions was 0-073
and R' = (O wd¥X wiF )Y was 0-093. 3418 .
reflexions were included in the final cycle. Atomic
coordinates are given in Table 1.*

Discussion

Bond lengths and angles are given in Table 2. A
perspective drawing of the complex is given in Fig. 1
with the atomic labelling. Fig. 2 shows the packing
viewed down b.

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 33527 (20 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, S Abbey Square, Chester CH1 2HU, England.



2717
ROBERT S. VAGG AND EDWARD C. WATTON

b esd Table 2 (cont.)
les (°) with e.s.d.’s .
Table 2. Bond lengths (A) and angles (°) 1 1596) N(24)—0(24)—B(22]1]J) I! 522((3;
in parentheses OB Rh  loaa oI Bty et
o “785:3_& 12)  109-1(8) 0(21)73837521 1; 106-4 (8)
O h-B(1h- 1(8) 024)-B21)- 109-2 (7)

. . 3-654 (2) ) 1-881(6) o —B(11)~F(111) 107 0(24)-B(21)~F(212)

NN 1-870 (7) N2 NOoD) 3 e R F(112) A ouI-BaN-0CY  1130()
Ni(_N(12) 1-865 (6) NIy NG s oun-B(UI-O(4 11 30 FalI-BOD-FRL) 1153
Ni()-N(13) 1880 NN G4 yeor iy FUID-B(IT-F(112) 1047 8) Qua-Bay Fa2) 143
Ni(_N(19 18636 NDNGS) Do) oU B2 F(12) 110.2 () Soapan-Tam  mel
:;E:;_N(IS) 2724 (g; zl((z ,>)_ o@21) 1-362 Eg; o(lz)—B(12>~F('§f; 1047 (8) 0(23)—3(22)-Fg§;; 1 ®)

. 1-381 ( - 1.378 O(13)-B(12)-F(l : 0(23)-B(22)-F )

N(2-0(12 10E  Ne-oe 1352© otui-s<lzm'g§> e ouBER oGy | 11230)

. 1-382 ( 1-374 12)—B(12)-0(1 ) F(221)-B(22)-

N(13)-0(13) 1-381 (8) N(24)-0(24) 1:303(10) 9 B(12)-F(122)  114-5(9) 21)-C(21)-C(22) 113-2(7)
N(14)-0(14) 1:292 (10) NQ@1D-C(21) 1294 10)  F(121)- i C(12) 110-4 (7) N( ”_c(znfc(MZl) 1242 (8)
N(il) cat) 1303 (10) N(22)-C(22) 1-301 (10) N(”)_C(“)_C(Mn) 1253 (7) N(zl)ic(ZI),C(MZI) 1226 (8)
N(129)-C(12) 1-277(10) N(23)-C(23) 1294100 NUD-CU 1243 (7) c22-Cah— 1106 (7)

) . —C(11)-C(M11) N(22)-C(22)-C(21)
N(13)-C(13) 1287 (10) N(24)-C(24) 1506 (12)  C(D-COI 112:9 (6) —C(M2)  12478)
. . —C(12)=C(11) N(22)-C(22)-C(M

canean 1468 (13)  c@n-C(2)) LT Gl CMID 1238 CQ2-C(M22) 1247 (8)
C(11)-C(M11) 1.503 (11) C(22)-C(M22) 1-512 (13) N(IZ)_C(IZ;—C(MIZ) 123-2(8) C(ZI)_C(23)—C(24) 111-8 (7)
cuz=Cm12) 1484 (13) C23)-C(M23) 1-484 (14)  CO1D-C 13-C(14) 1104 (7) N(m#can—cwzz) 1243 (8)
cUp-Cimi3) 1506 (1) CQ4)-C(M24) 1494 (1) NUH-CL 3 1268(9) Ciaa-Car-Cima 12380

. —C(13)-C(M13) C(24)—C(23)-C(M

C(14)-C(M14) 1276 (11) CQ1)—-C(22) 1495 (12)  N(3) 13)-C(M13) 1228 (7) C(24)-C(23) 111-7(7)

C(1n-Ci2) ISI3() CR3)-C4) 1494 (1) O s s NGA)_Ca-COm) 1259 3)
: : —C(14)— 4)—C(24)—C(

C(13)-C(14) 1491 (11) 0@D-B(21) 1497(12)  N(14) E(M)_C(MM) 126-1 (8) N COH-C(M€M)  122.4(a)

O(11)-B(11) 1-490 (13) 0@2)-B22) 1493 13)  NOH-CC 14) 121207 NGS_COsCors 1
: _ : 13)-C(14)-C(M14) N(25)—C(251)—C(

00138012 Loe()  oonhan AT gﬁls;—C“S”’CE'iéf 12240 NG9 Cash-cose)  11940)
_ 1498 (1 ) 1-364 (15)-C(151) €1 : C(256)-C(25 1)~ '
O(14)-B(1 1) 1-352 (1) B@n-Fe1l TS somCUSh-CUIs 1137 (o) )-C(252)-C(253) 1229 (10)
B(IN-E(111) 1.395 (13) B(21)-F(Q212) 1.380(11)  CU36)— 152)—C(153)  119-3(13) €25 )_C(253)7C(254) 1180 (11)
B(11)-F(112) 1369 (12) B(22)-F(221) 1375 (15)  CUSH)—=C( 4) 1222313 C(252)~ _C(255) 1203 (11)

: : —C(153)-C(154) C(253)—C(254)—C(

B(12)—F(121) 1363 (14) B(22)—F(222) 1423(13)  C(152) 154)-C(155) 119.0(12) C(255)-C(256) 1207 (12)

B(12)-F(122) 1420 (14) N@5)—C(251) 1357013 CO-C05Y C(156) 1201 (1) cish-Clzss)c2se 119:0(11)
. . _ — —C(256)—C(251)

Nas-c(s)) 1:396 (14) casn-cs2) 1391 (1) e C(255) 105 (10)
. . _ )-C(151) Ni(2)-N(25)—H(21)

C(151)-C(152) 11388 (19) C(252)-C(253) 1401 (16)  CUS5)-CU hco A j e oS
C(152)-C(153) 1372 21) C@s3)-CQsd) 1396 (18) O a2 jon) e 99 (10)

. . e — _ )—-H(21)

C(153)-C(154) 1329 (20) C(254)-C(255) 1384 (16)  Ni()-N(15) 131 8) Csh-N( 116 (10)

. . ~N(15)—H(11) C(251)-N(25)~H(22)

cusn-cass) 1-425(19)  C(255)-C(256) 1426 (1) CUSD-N(IS 107 (9) 130 (14)

. . — )—-H(12) H(21)-N(25)—H(22)

C(155)-C(156) 1-360 (16) c@s6-Cc@sh 073012 GUSH-N( 122 (12) ~HQ11) 105 (6)

- - - )-H(12) C(21)-C(M21)—H(

C(156)-C(151) 003(12) NQ5)-H(21) 076 (1) B o g CIM2)-H(212) 104 (9)
N(15)-H(11) 0:84(]2) N(25)-H(22) 111 (12) C(u)—C(%”)_H“m 118 (13) C(Zl)_c(le)—HOm 102 (8)
N(15)=H(12) 100 (12) Cm2h-H21D) 0-80 (12) C“”_C(Mu)—H(ns) 108 (9) C(ZI)]_ C(M21)-H(212) 146 (11)
C(M11)=H(111) 065 (13) C(M21)~H(212) 0-88 (12) C(ll)fC((Mm_H(]m 88 (13) H@2l ]_c(le)—H(213/‘ 115 (1)
C(M11)-H(112) 084 (12) C(M21) -H(213) 079 (12  H(UID-C “H(113) 102 (10) HQ@i - “H(213) 75011)

) ' —C(M11)-H( H(212)-C(M21)—H(
C(M11)-H(113) 092 (12) C(M22)-H(221) 09812  HOID (M11)=H(113) 123(15) C(M22)-H(221) 121 (9)
ci12)-tizl) 113 (12) C(M22)~H(222) 021 A il 113 O Cma s 108 0)
: : - —C(M22)—H(
C(M12)-H(122) 0-69 (13) C(M22)~H(223) 0-72(12) C(12)-C( 12-H(22) 111(6) C(22) C(M22)-H(223) 100 (7)
C(M12)—H(123) 074 (12) C(M23)~H(231) 100 (12) cuzyd%lz 98 (11) C(2)- “H(222) 122(11)
. . _ )-H(123) H(221)-C(M22)~H(

C(M13)-H(131) 105 (12) C(M23)-H(232) 090(12)  CU12)-C( M12)-H(122) 109 (9) C(M22)-H(223) 88 (12)

C(M13)-H(132) 0-88 (12) C(M23)~H(233) 081 (12 H O o) 1oeiih H@21)- —H(223) 114 (10)
: : - 2)-C(M22)

CM13)-H(133) 069 (12) Cuza-Haal) 09 (1) e Ha2 —H(231) 107 (11)
E . —C (M 12)—H( C(23)-C(M23)—H(

C(M14)-H(141) 079 (12) C(M24)—-H(242) 082 (12) H(122) M13)-H(131) 116 (10) 23)-C(M23)-H(232) 98 (6)

CM1a)-H(142) 107 (12) Caraa)-H243) 084 (L) O haD 12ty C23)-CMIHi(233) 106 ()

C(M14)~H(143) 097 (12) C(252)-H(252) 103 (12) CU3-Car13)- 133) 114 (8) C(23)- —H(232) 121 (14)
: : —C(M13)—H( H(231)-C(M23)

C(152)-H(152) 0-83 (12) C(253)-H(253) 11332 CU3) C(M13)-H(132) 99 (11) 231)-C(M23)-H(233) 90 (13)

cusy-nuss) 088 (12) C2sa-HQ@sY) 098 (1h) O 3 90015 Hon —H(233) 132(10)
. . —C (M 13)—H( H(232)-C(M23)

C(154)-H(154) 0-95 (12) C(255)—-H(255) 0-90 (12) nosp C(M13) -H(133) 103 (10) 24)-C(M24)-H(241) 119 (9)

C(155)—H(155) 0-75(12) C(256)—H(256) H(132) (M14)2H(141) 115311 C( )7C(M24)—H(242) 124 (10)

C(156)—H(156) ’ Ni(2)—N(22 82:0(3) Ca-C(Mid)- 2) 108 (10) CQ4)- —H(243) 111 (10)

()-N(12) 813 (3) NQ@1) E*E%Lﬁfza; 823 (3) C(14)-C(M14) 32133; 97 (6) C(24)—C(M2‘Z)f’lg(24)2) 95 (12)
NI NID-N1D 8200 NGhNO NG 5700) RSO L (14 0344 o Cori ot ot

N 97-7(3) - Ni(2)-N(23) 9743 HU4- 3) 114(13) - 243) 104 (11)

N(11)—Ni(1)~N(14) 98.1 (3) N(22)-Ni(2)—N( 172-9 3) H(141)-C(M14)-H(143) 5 H(242)—C(M24)—H(

i . A . o)
N(12)-Ni(1)-N(13) 1735 (3) NQ1)-Ni(2)-N(23) 170-2(3)  H(142)-C(M14)-H(143) 132 12 C(251)-C(252)-H(252) 109

i : ‘ : 28(0)
N(1D-Ni(1)-N(13) 1720 (3) N(22)-Ni(2)-N(24) 1022 (2) C(151)=C(152)=H(152) 126 (7J C(256)—C(252)—H(252) |

(— B 1(2)— - ) —H(253) 131(7)
N(12)—Ni(1)—N(14) 1019 (3) N(25)-Ni(2)-N(21) 102-8 (3) C(156)—C(152)—H(152) 114 C(252)—C(253)=H(

i(1)— ’ —Ni(2)— - (9) —H(253) 110 (7)
N(15)=Ni(1)-N(11) 1020 (3) N(25)-Ni(2)-N(22) 84.9 (3) C(152)—C(153)~H(153) 101 9 C(254)-C(253) 104 &)
N(15)—Ni(1)-N(12) N(25)-Ni(2)-N(23) . C(154)-C(153)-H(153) 136 ( C(253)-C(254)-H(254)

i(1)=N(13 84.6 (3) _Ni(2)_N(24 87-0(3) 4) 131(8) —H(254) 134 (6)
N EVHEN T - d GG me i o

i(2)—Ni(1)-N(12) 86 i(1)=Ni(2)-N(23) : --C(155)—H(155) 111 (8 —C(256)-H(256) 11
NN NG 780 (2) NN 76:9 (2) G S a e R B
Ni(2)-Ni 86-1(2) Ni(1)— 25 162-4 (2) C(155) 109 (11) C(251)

NIG-Ni(D-N(12) 161-72) Ni(1)}-Ni(2)-N(25) 35 COSD-CU361-H(156)
Ni(2)-Ni(1)— . N@Q21)—-0(21) 124.

) 1240 (5) Ni@)-N@1)- 116-0 (5)

;“8;—:2 i ;:(c)((ll b 1185 (6) gl((zzl))_m((zzll))—%%ll)) 119-4 “’;

- 1167 (6) N 22) 124-2(5 i(dme-
NI S Pt Ni(2)-N(22)-0( 118-2 (6) . lanar parent Ni(dmg
N(ND-CU2) 1185 0) O(-N - e (1) The dimeric nature gn;h;ign of the BF, groups

- 119-3 (6) eI Sl 23) 124-3(5 ith a cis con i
0(12)-N(12)-C(12) 124.0 (5) Ni(2)-N(23)-0( 116-6 () BF,),, wi is retained upon reaction
M E S AN g (Stephens & Vagg, 1977a), is re each Ni in an axial
O(13-N(i3-Ci) 1247 &) RiOI N0 172 () with the base, which coordinates to i e

> 124. . —C(24) . . . 1 square py .
Ni(1)-N(14)-0(14) 116-8 (5) Ni(2)-N(24)-C( 17-7(7) ition £ an irregular sq :

! . —C(24 orming ; ight
N1(1)~N(14)—C(ll44)) 118-4 (6 O~(24)—N(24)—CC((2251)) 116-2 (6) position its in the dimer are non-equivalent. The eig
0(14)_;14((115)7&(15” 114-7.(6) Nl(221))_ I\c')((zzsl)) B(21) li43iq  formula units in the
Ni(1)— - 76 N@h-0@e)- 4:2(6
Nrsdy  lme  Neweawway i
N(12)— -

N — — 7 7 N(23)-0(23)-B(22 7 —_ 1'8 ( ) A] are
17-0 ( T (¥
(13)-0(13)-B(12) 1 4 n 7[ 7
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Fig. 1. Perspective drawing of the dimer (Johnson, 1965) and the
labelling of the atoms. H atoms have been excluded for clarity.
Thermal ellipsoids are scaled to include 35% probability.

Fig. 2. The packing of the molecules in the crystal.

similar to those found in the parent and other low-spin
Ni!' glyoximates (Stephens & Vagg, 1977a), and are
0-2 A shorter than those of a comparable high-spin
complex (Stephens & Vagg, 1977b). The two aniline
Ni—N lengths [2-724 (9) and 2-602 (10) A] differ sig-
nificantly. The Ni atoms are displaced 0-118 and 0-138
A out of the equatorial coordination planes (Table 3,

THE STRUCTURE OF C,H,,B,F,N,NiO,

Fig. 3. Relative orientations of the macrocycles in the dimeric
compounds projected perpendicular to the equatorial N atom
planes. (@) Ni(dmgBF,),; taken from Stephens & Vagg (1977a).
(b) This work; for clarity the phenyl rings of the aniline molecules
are not included.

planes 1 and 2 respectively) towards the aniline N
atoms. This results in a slight angular distortion of the
macrocyclic rings from the planarity found in the parent
structure, although the bond lengths are unchanged.

The four five-membered coordination rings are
planar (Table 3, planes 3-6) and the N atoms are
trigonally planar (Table 3, planes 7-14). The two
equatorial coordination planes are parallel (Table 3,
planes 1 and 2 intersect at 0-7°) although their relative
orientation is different from that of Ni(dmgBF,),. This
change involves both a rotation of 6-7° and a trans-
lation of 0-56 A perpendicular to the Ni—Ni direction.
The Ni—Ni separation in the adduct is thus increased
0-44 A to 3-654 (2) A. A comparison of these two
orientations is shown in Fig. 3. As a result the
molecular structure changes from the M—M to the
M—L—M stacking arrangement (Endres, Keller, Leh-
mann, Poveda, Rupp & van de Sand, 1977). This effect
might be expected with the increase in electron density
on the Ni atoms, and consequent increase in repulsive
forces, that results from the base coordination (Endres
etal., 1977).

Although the vertical separation between the Ni
atoms is 3-60 A the close packing of the two macro-
cycles in the dimer is retained. Intermolecular contact
distances are comparable with those found in the parent
structure (Stephens & Vagg, 1977a). In particular the
shorter C - - -O contacts (Table 4) are similar to those in
the parent, which average 3-16 (2) A. It has been
suggested (Endres et al., 1977) that close packing of the
organic ligands in these types of complexes occurs at a
spacing of about 3-2 A,

To some extent steric interactions may account for
the unusual nature of the long Ni—N, ;.. bonds.
Ni(1)—N(15) and Ni(2)—N(25) are each inclined at
78-9° to the equatorial coordination planes. The axial
F atoms would hinder approach of the base, resulting in
this unusual directional character. The N-...F
separations (Table 4), average 3-06 (1) A, would corre-
spond to closest approach distances for these atoms.
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Table 3. Least-squares planes and their equations
givenby X' + mY' +nZ'—p=0

X', Y' and Z' are orthogonal coordinates related to the atomic

coordinates X, Y and Z by X' = Xsinf8, Y = Yand Z' = Z +

X cos . Deviations (A) of relevant atoms from the planes are

given in square brackets.

l m n p
Plane (1): N(11)—N(14)
0-9755 0-1144 —0-1878
[N(11),N(13) —0-011; N(12), N(14) 0-011; Ni(1) —0-118;
O(11)0-10; 0(12)0-12; O(13) 0-01; O(14) 0-13; C(11),
C(12)0-16;C(13)0-03;C(14) 0-08; C(M11) 0-38; C(M12)0-34;
C(M13)0-07; C(M14)0-19]

Plane (2): N(21)—-N(24)

2-3948

0-9780 0-1032 —0-1815
[N(21), N(23) 0-022; N(22), N(24) —0-022; Ni(2) 0-138;
0(21) —0-03; 0O(22), C(22) —0-18; O(23) 0-01; O(24) —0-10;
C(21) —0-14; C(23) —0-04; C(24) —0-06; C(M21) —0-31;
C(M22)—0-39; C(M23) 0-004; C(M24) ~0-17]

Plane (3): Ni(1), N(11), N(12), C(11), C(12)

5-7866

0-9934  0-0467 —0-1046  2-6864
[Ni(1) 0-017; N(11) —0-022; N(12) —0-016; C(11) 0-015;
C(12) 0-0051
Plane (4): Ni(1), N(13), N(14), C(13), C(14)

0-9588  0-1450 —0-2445  1.9736

[Ni(1) —0-013; N(13) 0-022; N(14), C(14) 0-006; C(13) —0-021]
Plane (5): Ni(2), N(21), N(22), C(21), C(22)

0.9666 0-0132 —0-2561  5-4874
[Ni(2), C(22) —0-012; N(21) 0-010; N(22) 0-016; C(21) —0-002]
Plane (6): Ni(2), N(23), N(24), C(23), C(24)

0-9773  0-1602 —0-1388
[Ni(2) 0-020; N(23) —0-020; N(24) —0-022; C(23) 0-010;
C(24) 0-013]
Plane (7): N(11), O(11), C(11), Ni(1)

0-9892  0-0251 —0-1445
[N(11) —0-055; O(11), C(11) 0-020; Ni(1) 0-015]
Plane (8): N(12), 0(12), C(12), Ni(1)

0-9921  0-0876 —0-0903
[N(12) —0-045; O(12), C(12) 0-016; Ni(1) 0-012]
Plane (9): N(13), 0(13), C(13), Ni(1)

0-9643  0-1649 —0-2074
[N(13) 0-005; O(13), C(13) —0-002; Ni(1) —0-001]
Plane (10): N(14), O(14), C(14), Ni(1)

0-9569  0-1021 —0-2720
[N(14) —0-025; O(14), C(14) 0-009; Ni(1) 0-007]
Plane (11): N(21), 0(21), C(21), Ni(2)

0-9623  0-0507 —0-2671
[N(21) 0-036; O(21) —0-014; C(21) —0-013; Ni(2) —0-010]
Plane (12): N(22), 0(22), C(22), Ni(2)

6-1159

2-4598

2-7878

2-1795

1-7801

5-4296

0.9777 —0-0165 —0-2093  5-7510
[N(22) 0-055; 0(22), C(22) —0-020; Ni(2) —0-015]
Plane (13): N(23), 0(23), C(23), Ni(2)

0-9842  0-1288 —0.1215  6-2386

[N(23) —0-004; O(23), C(23), Ni(2) 0-001]
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Table 3 (cont.)
Plane (14): N(24), O(24), C(24), Ni(2)

0-9657 0-1896 —0-1774 5-9072
[N(24) 0-001; O(24), C(24) —0-004; Ni(2) 0-0003]
Plane (15): C(151)—C(156)

—0-9887 0-0566 0-1387 0-2133
[C(151) 0-0002; C(152) —0-014; C(153), C(156) 0-014;
C(154) 0-001; C(155) —0-015; N(15) —0-108]
Plane (16): C(251)—C(256)

0-8984 0-0927 —0-4293 6-7331

[C(251) —0-003; C(252) 0-002; C(253) —0-0006; C(254) 0-0003;
C(255) —0-001; C(256) 0-003; N(25) —0-062]
Plane (17): N(13), N(14), O(13), O(14), C(13),C(14), C(M 13),
C(M14)

0-9661 0-1182 —0-2293
[N(13) —0-013; N(14) —0-053; O(13) 0-045; O(14) 0-034;
C(13) —0-024;C(14) —0-012; C(M13) —0-011; C(M 14) 0-033;
Ni(1) —0-102]
Plane (18): N(23), N(24), 0(23), O(24), C(23), C(24), C(M23)
C(M24)

2-1438

0-9734 0-1394 —0-1819
[N(23), C(24) 0-012; N(24) 0-038; O(23) —0-041; O(24),
C(23) —0-008; C(M23) 0-040; C(M24) —0-045; Ni(2) 0-132]

5-7798

Table 4. Intermolecular contact distances below

3.30A
N(15)---F(112) 3-077(12)A OQ1)---C(12) 3-254 (10)A
N(15)---F(122) 3-062(12)  0O(22)---C(M13) 3-299 (15)
N(25)---F(212) 3.050(11) O(24)---C(11)  3-206 (10)
N(25)---F(222) 3-065(11)  C(151)---C(13) 3-292(13)
0(12)---C(21)  3-154(11)  C(152)---C(14) 3.223 (14)
0(12).--C(M21) 3-299(15)  C(251)---N(23) 3-250 (11)
0(13)--.C(22)  3.232(11)  C(251)---C(23) 3-240(13)
O(14)---C(23) 3-237(11)  C(252)---C(24) 3-140 (14)

An alternative bonding description, involving only
N—H.--F bonding with no Ni—N_ ;.. interaction can
be discounted after a consideration of both the distor-
tions in the coordination geometry of the Ni atoms, and
the refined positions of the H atoms. There is no H-
bonding apparent in the structure.

The O—B—F angles [average, 107-5 (8)°] are sig-
nificantly less than those of O—B—O [average,
112-4 (8)°] and F—B—F [average, 114-0 (9)°]. The
average N—O—B angle of 116-3 (6)° compares with
114 (2)° in the parent.

The phenyl groups are planar (Table 3, planes 15
and 16), with the N atoms slightly out of these planes,
and their orientation relative to the glyoxime moieties is
similar to that found in two substituted-aniline adducts
of cobaloxime (Palenik, Sullivan & Naik, 1975) where
a m-type interaction between the aniline and dmg rings
has been suggested. The planes concerned are much
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closer to parallel than in the Co structures (Table 3,
planes 15 and 17 intersect at 11-4°, 16 and 18 at
15-1°) and the closest approach of each pair is 3-00
and 2-90 A at C(151) and C(251) respectively. Close
contacts are given in Table 4.
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[N(CH,),l*[n-(CH,)FeCBgH (- is orthorhombic, space group P2,2,2,, with a = 10-092(5), b =
11-116 (6), ¢ = 15-377 (5) A and Z = 4. The structure was solved by the heavy-atom method and refined to
R, = 0-053 for 1760 counter reflections. The new ferracarbaborate anion was found to be the eleven-vertex
polyhedron, where the metal atom occupies the vertex of highest coordination number and is also coordinated
to the cyclopentadienyl ring. The carbon atom occupies the vertex of lowest coordination.

Introduction

The present study reports the results of an X-ray
investigation of a tetramethylammonium salt of a new
ferracarbaborate complex with eleven non-hydrogen
atoms in the metallocarbaborate skeleton. Crystals were
prepared at the Institute of Inorganic Chemistry of the
Czechoslovak Academy of Sciences, at ReZ near
Prague.

Experimental

Preliminary data were obtained from oscillation and
Weissenberg photographs (Co Ka radiation, A = 1-790
A). Systematic absences correspond to the space group
P2,2,2,. Refined cell parameters were determined by
the least-squares method from twenty reflections
centred on the diffractometer. Crystal data are sum-
marized in Table 1.

The intensities were collected at room temperature
with a fragile crystal (0-1 x 0-2 x O-1 mm) mounted
on a four-circle Syntex P2, automatic diffractometer
(Mo Ka radiation, graphite monochromator). 1760
independent reflections were measured in the w/26 scan
mode to 28 = 50°. The scan speed varied from 0-95 to
29-3° min~! and was determined from a rapid prescan.
The scanning interval was from 1° below Ka, to 1°
above Ka, of the Mo Ka doublet. 363 reflections were
considered to be unobserved according to the criterion
I < 1.960(I) where I = [TC — (B, + B,)IR and o(1) =

Table 1. Crystal data

[N(CH,),]* [(C;H,)FeCB,H 4]~ Orthorhombic, P2,2,2,

a =10-092(5) A Z=4

b =11-116 (6) M,=314-6

¢ =15-377(5) D,=1-210gcm™?
V=1724.8 A} D.=1.207



