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Dibromoboryl-1,2,3,4-tetrahydro-l,lO-phennn- 
throline, (Cl2 HI 1 N,)BBr, crystallizes with mono- 
clinic symmetry in P2,/n with a = 7.190(J), b = 
16.274(4), c = 10.931(l) A, fl = 93.39(J)“, V = 
1276.9 A3, Z = 4. The structure was refined to a 
final R&F) = 0.053 from 2202 independent rejlec- 
tions The central atom is coordinated by two nitro- 
gen and two bromine atoms in a distorted tetrahedral 
arrangement. The chelated complex shows a five- 
membered NBNCC heterocycle with two B-N bonds 
of different nature, The coordinative bond (1.58(2) 
A) formed by intramolecular Lewis acid-base inter- 
action is 5.9% longer than the B-N ‘single’ bond 
(1.49(2) .k) introduced by chemical substitution. 
The two B-Br bonds are 1.99(l) and 2.07(l) A 
respectively. The chemical shifts of the “B-nuclei 
in (C12Hll N2)BF2, -BBr,, -B/2 were registered 
and correlated with the crystal structure and the 
properties of diaminodihalogenoboranes /l/. 

Introduction 

The trivalent compounds of boron react easily 
with donor molecules, such as aromatic amines to 
form tetravalent Lewis acid-base complexes. The 
crystal structure determination [2] of difluoroboryl- 
1,2,3,4-tetrahydro-1 ,I O-phenanthroline (la) revealed 
tetracoordinated boron arising from an intramolec- 
ular coordinative bond. The two chemically dif- 
ferent B-N bonds display pronounced differences 
in length. 
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Several thermodynamic [3], spectroscopic [4], and 
single crystal diffraction studies [5] established 
an increase in acceptor power for the trihalides in 
the series BF3 < BC13 < BBr3 < B13. The detailed 
structure determination of the BBrz complex (lb) 
should reveal the influence of the increasing acceptor 
power of the boryl group on the two different B-N 
bonds. To correlate structural data in the crystal 
with those in solution “B NMR resonances of (la)- 
(lc) were registered. Chemical shifts of boron have 
frequently been used to obtain information about 
the coordination of boron in its compounds in solu- 
tion [6] . 

Experimental 

The complex (C,lH12NZ)BBrZ was prepared from 
1,2,3,4-tetrahydrophenanthroline [7, 81 and BBr3 
in benzene as described by Schmidt-Hansberg [9]. 
These compounds react initially to form the inter- 
mediate addition product I-dibromoboryl-1,2,- 
3,4-tetrahydro-1 ,lO-phenanthroline-tribromoborane, 
which subsequently loses BBr3 when heated in ben- 
zene to 75 “C. Suitable crystals for X-ray diffraction 
were obtained from sublimation in vacua (0.01 torr) 
through a temperature gradient of 3” to 145 “C. Due 
to the pronounced sensitivity to moisture the crystals 
were sealed in glass capillaries. The space group was 
determined by film-methods to be P21/n. On a 
Nonius-CAD4-diffractometer the lattice constants 
were refined from the angular setting of 25 reflec- 
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TABLE I. Final fractional coordinates and the arithmetic 
mean of the thermal ellipsoids projected on the principal 
axis, e.s.d. in parentheses. 

Atom x/a Y/b z/c U eq 

Brl 
Br2 
B 
Nl 

NlO 
Cl1 
Cl3 
c9 

C8 
Cl 
C6 
c5 
c4 

c3 
c2 
Cl4 

Cl2 
H9 
H8 
HI 
H6 
H5 
H41 
H42 
H31 
H32 
H21 
H22 

0.1161(2) 
0.5563(2) 
0.295(2) 
0.243(l) 
0.306(l) 
0.264(2) 
0.211(2) 
0.353(2) 
0.343(2) 
0.301(2) 
0.198(2) 
0.153(2) 

0.139(2) 
0.226(3) 
0.208(2) 

0.114(2) 
0.251(2) 
0.31(l) 
0.39(2) 
0.31(l) 

0.20(l) 
0.13(l) 
0.00(l) 
0.20(l) 
0.11(l) 
0.36(2) 
0.08(l) 
0.30(l) 

0.28566(8) 
0.24122(9) 
0.1956(8) 
0.1390(6) 
0.1303(6) 
0.0560(l) 
0.0616(8) 
0.1383(8) 
0.061(l) 

-0.0100(9) 
-0.0881(8) 
-0.0820(8) 
0.0046(g) 
0.081(l) 

0.1576(g) 
-0.0072(9) 
-0.0168(8) 

0.200(6) 
0.065(7) 

-0.059(6) 
-0.143(6) 
-0.137(6) 

0.006(7) 
-0.043(6) 

0.094(6) 
O.Oll(8) 
0.181(6) 
0.199(6) 

0.5607(l) 
0.6387(l) 
0.606(l) 
0.1052(9) 
0.4988(g) 
0.541(l) 
0.661(l) 
0.385(l) 

0.315(l) 
0.356(l) 
0.539(l) 
0.662(l) 
0.857(2) 
0.904(2) 
0.830(l) 
0.723(l) 
0.476(l) 
0.371(8) 
0.250(9) 
0.301(9) 
0.502(9) 
0.700(8) 
0.867(10) 
0.904(9) 
0.983(g) 
0.920(10) 
0.833(g) 
0.862(g) 

0.066(l) 
0.053(l) 
0.040(9) 
0.036(7) 
0.034(l) 

0.029(8) 
0.030(8) 
0.043(9) 
0.049(10) 
0.041(9) 
0.041(9) 
0.039(9) 
0.058(11) 

0.102(17) 
0.057(11) 
0.034(8) 
0.029(8) 

tions: a = 7.190(5), b = 16.274(4), c = 10.931(l) 8, 
p = 93.39(S)“, V= 1276.9(1.4) A3, Z = 4. 

Intensities were collected in 6 quadrants of reci- 
procal space with graphite-monochromated MO-Ka 
radiation up to sine/h = 0.698 8-r in an w-scan 
mode. The 8816 reflections were corrected for back- 
ground [lo] and scaled. After averaging over sym- 
metry equivalent observations, 2202 unique reflec- 
tions were used in the structure determination. 
A rough model of the structure was found using 
direct methods (MULTAN) [l l] . The refinement 
of positional parameters of all atoms and the 
anisotropic temperature factors of all non-hydrogen 
atoms led to a final Rw(F) = 0.053. The fluoro- and 
iododerivatives (la, lc), studied by NMR, were 
synthesized as described in the literature [2, 91. The 
samples for the ‘lB NMR investigations were prep- 
ared in dried CDC13 (molecular sieve 4 A) in a glove 
box under an argon atmosphere. The solutions were 
sealed in NMR test tubes. Spectra were registered 
at room temperature on a Varian XL 100 with B03- 
as the external standard. Chemical shifts were re- 
calibrated on Et,O*BF, as standard reference. 

TABLE II. Bond lengths in (lb) in A. 

Atom l-Atom 2 Distances (A) 

B-Brl 1.981(14) 

B-B12 2.072(14) 

B-N1 1.490(11) 

B-N10 1.584(17) 

Nl-Cl3 1.336(16) 

Nl-C2 1.432(18) 

NlO-Cl1 1.333(15) 

NlO-C9 1.313(18) 

Cll-Cl3 1.447(17) 

Cll-Cl2 1.381(17) 

c13-Cl4 1.324(19) 

C8-C9 1.395(22) 

C7 -C8 1.370(23) 

C7-Cl2 1.387(17) 

C6-Cl2 1.411(18) 

C5 -C6 1.406(21) 

c5-Cl4 1.395(19) 

c4-Cl4 1.506(21) 

c3-C4 1.476(26) 

C2-C3 1.483(26) 

TABLE III. Bond angles in (lb) in degree. 

Atom l-Atom 2-Atom 3 Angle 
(degree) 

Brl -B-B12 
Brl-B-N10 
Br2-B-N10 
Brl-B- Nl 
Br2-B-N1 
Nl-B-N10 

B-Nl-Cl3 
B-Nl-C2 
C13-Nl-C2 
Cll-NlO-C9 
NlO-Cll-Cl3 
NlO-Cll-Cl2 
C13-Cll-Cl2 
Nl-C13-Cl1 
Nl-Cl3 X14 
Cll-c13-Cl4 
NlO-C9-C8 
C9-C8-C7 
C8-C7-Cl2 
C5 -C6-Cl2 
C6-C5-Cl4 
C4-C3-C2 
Nl-C2-C3 
c13-c14-c5 
Cll-C12-C7 
Cll-C12-C6 
C7-C12-C6 

108.0(6) 
111.9(8) 
108.4(8) 
116.8(8) 
113.0(8) 

98.6(9) 
113.0(10) 
129.0(10) 
118.0(10) 
119.0(10) 
1 lO.O(lO) 
128.0(10) 
122.0(10) 
109.0(10) 
133.0(10) 
118.0(10) 
116.0(10) 
126.0(10) 
117.0(10) 
120.0(10) 
120.0(10) 
120.0(20) 
109.0(10) 
122.0(10) 
114.0(10) 
118.0(10) 
128.0(10) 
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Fig. 1. ORTEP drawing of the molecule (lb), thermal ellip- 
soids are drawn at the 50% probability level, H atoms, shown 
as spheres, are at arbitrary radii. 

Discussion of the Crystal Structure 

The fractional coordinates of the atoms, the inter- 
atomic distances (in A) and bond angles are given 
in Tables I, II and III, with the numbering scheme 
of Fig. 1. 

Boron is located at the center of a distorted tetra- 
hedron bonded to two bromine and two nitrogen 
atoms. The topological arrangement around boron 
is closely related to the isostructural fluoro com- 
pound. Both B-Br bonds are extended as compared 
with the uncomplexed trivalent BBrs (1.893(5) A) 
[12] . This extension is more pronounced for 
bromine, a heavier and more polarisable substituent, 
than for fluorine [2]. The B-Br distances are in the 
same range as in other tetravalent boranes (1.99- 
2.05 a) [5b, 13]. The difference in length of the two 
B-Br bonds is more pronounced in the present case 
than in the comparable fluoroderivative (B-Br 
1.99(l), 2.07(l), B-F 1.369(7), 1.381(5) [2]). 

The ‘coordinative’ B-N10 bond is only 5.9% 
longer than the other B-N1 ‘single’ bond. It is 
comparable with distances of coordinative B-N 
bonds, at the lower limit of the range found for 
these connections in crystal structures (1.56-l .65 a 
[ 141). The B-N1 ‘single’ bond is slightly extended 
as compared with B-N distances in trivalent amino- 
boranes (1.38-l .47 [ 151). In comparison with the 
fluoro derivative (8.6%) the minor extension of 
coordinative bonding (5.9%), referred to as the B-N1 
bond, results from the shorter B-N10 bond, for in 
both compounds the ‘single’ bond (B-Nl) has the 
same value (within experimental error). This might 
be explained by a stronger Lewis acidity of the 
BBr2 group as compared to the BF, group leading 
to a shorter distance between the center of the 
Lewis acid and the base. It is in agreement with 
other structural and thermodynamic studies [3,5]. 
The B-N1 bond rests unaffected by the change of 
acceptor power of the boryl group. 

Fig. 2. Molecular packing within a unit cell. 

The deviation from tetrahedral arrangement 
around boron is due to the angle of 98’ at the vertex 
of the five-membered NBNCC heterocycle. The other 
angles are rather close to those in an ideal tetra- 
hedron. 

The atoms of the aromatic system (NlO, C9, C8, 
C7, C12, Cll, C13, C14, C5, C6) form a planar 
arrangement. Brl is situated 1.62 a above, Br2 1.67 
,& below this plane. Boron and Nl are found, within 
experimental error, in the molecular plane. The 
atoms C2 and C4 of the methylene bridge are very 
close to this plane, whereas C3 is more than half an 
A apart. The conformation of the higher hydrated 

ring is similar to that of the SiFs and the SiC13 com- 
pound with the same ligand [2, 161. In the closely 
related difluoroboryl complex, the deviation of 
C2 from the least squares plane through the major 
part of the ring atoms is more pronounced than 
in the bromo derivative. The situation in the BF2 
complex is similar to the arrangement in the SiMe*Cl 
and SiMeCl, derivatives, where two conformations 
of the higher hydrated ring (C2, C3) in the crystal 
were derived from structure refinement [17]. Presu- 
mably, the various conformations of the higher 
hydrated ring are energetically very similar, and 
the special conformation found in the crystal for 
each different complex is governed by the crystal 
packing forces and the substituent at Nl and NlO. 
The molecular arrangement in the unit cell is 
shown in Fig. 2. The intermolecular distances are 
found in the range attributed to van der Waals inter- 
actions. 

l1 B NMR Spectroscopy 

To correlate the structural data in the crystalline 
state with the properties in solution ‘rB NMR reso- 
nance spectra of (la), (lb) and (lc) were recorded 
(Table IV). The investigation of chemical shifts of 
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TABLE IV. Chemical Shifts of “B nuclei in (la), (lb), and (lc) and differently substituted halogenoboranes. 

Structural fragment N-BXzb N\BX b 
/ 2 

BX b 3 N-BXab 

N 

X=F 6.0 17.2~**18.0 0.6**.1.0 9.4.~. 11.6 -2.o*** 0.5 

X= Br 8.5 25.0***28.0 6.0...7.0 38.5 .* - 44.0 -3.o*** -5.0 

x=1 -25.6 o.o*** 5.0 -5.5..*-8.0 -54.0.. v-59.8 

aResonance at room temperature in CDCla with BOs- as external standard. bChemical shifts taken from ref. 6. 

the ‘H and 13C nuclei in a series of differently substi- 
tuted silyl- and boryltetrahydrophenanthrolines 
demonstrated coordinative interactions in solution 
[18] . The chelate complexes of silicon showed in 
solution DNMR phenomena which indicate the labi- 
lity of coordinative bonding [ 191. 

The empirical correlation of chemical shifts of 
“B nuclei to the structural environment is rather 
similar to that of carbon [6]. The chemical shifts 
of boron in (la), (lb) and (lc) are closer to the range 
attributed to tetravalent diaminodihalogenoboranes 
than that attributed to aminodihalogenoboranes [6]. 
Nevertheless a low-field shift separates the present 
complexes from (R2N),BX2 derivatives. This low- 
field shift, in a direction towards that of trivalent 
species, indicates that the ‘coordinative’-bond is 
remarkably weaker than a ‘normal’ B-N ‘single’ 
bond. It might result either from a smaller shielding 
influence of the electron density in the extended 
coordinative bond or from the kinetic lability of this 
connection (cf: analogous silicon complexes [ 191). 
The displacement from the range of chemical shifts 
in tetravalent diaminodihalogenoboranes is more 
pronounced in the fluorocomplex than in the bromo- 
derivative. This result is in agreement with the 
decrease in length of the coordinative bond from (la) 
to (lb) in the solid state. 
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