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Abstract*The syntheses and structures of the 1\1?!bipyridyl and 0\09!phenanthroline adducts of the dibor!
ane"3# compound B1"0\1!S1C5H3#1 are described[ In both cases\ the bidentate nitrogen donor ligands bridge
the BÐB bond\ one nitrogen being bonded to each boron[ Þ 0887 Elsevier Science Ltd[ All rights reserved
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INTRODUCTION

Diborane"3# compounds\ B1R3 " for a recent overview
containing key references\ see Ref[ ð0Ł#\ have been the
focus of renewed interest in recent years\ not least
because of their importance as reagents in transition
metal catalysed diboration reactions ð1Ł\ and as part of
our own interest in such compounds\ we have recently
reported results relating to the Lewis acidity of the
boron centres ð2\ 3Ł[ Speci_cally\ we noted that the com!
pounds B1"cat#1 "0# "cat�0\1!O1C5H3# and B1"thiocat#1
"1# "thiocat�0\1!S1C5H3# ð4\ 5Ł formed both mono and
bis!adducts with 3!picoline ð2\ 3Ł\ whilst 1 also formed
mono and bis!adducts with tertiary phosphines con!
sistent with a greater degree of Lewis acidity for the
sulphur substituted boron centres ð3Ł[ Herein\ we
describe the adducts formed between 1 and 1\1?!bipy!
ridyl and 0\09!phenanthroline[
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RESULTS AND DISCUSSION

Reactions between 1 and one equivalent of either
1\1?!bipyridyl "bipy# or 0\09!phenanthroline "phen# in
CH1Cl1 solution led to the immediate formation of a
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coloured "pale red in the case of 2 and red in the
case of 3# solution[ After addition of an overlayer of
toluene and subsequent solvent di}usion over a period
of days at −29>C\ dark red "almost black in the case
of 3# crystals were obtained\ analytical data for which
were in accord with the formulae ðB1"thiocat#1"bipy#Ł
"2# and ðB1"thiocat#1"phen#Ł "3# "in both cases\ with
some solvent of crystallisation] see Experimental sec!
tion#[

Single crystals of both 2 and 3\ although of rela!
tively poor quality\ were suitable for X!ray crys!
tallography\ the results of which are shown in Figs 0
and 1 with selected bond lengths and angles given in
Table 0[ Compound 2 "Fig[ 0# crystallises as a CH1Cl1
solvate with two molecules of 2 and two of CH1Cl1 in
the asymmetric unit[ The independent molecules of 2

are essentially identical "they are related by a pseudo!
inversion centre^ see Experimental section# and consist
of units of 1 with the bipy ligand bridging the BÐB
bond\ one nitrogen centre being bonded to each
boron[ The two BÐB distances ðB"0#ÐB"1# 0[54"4# and
B"2#ÐB"3# 0[50"3# A� Ł are the same within experimental
error and similar both to the BÐB distance in 1 itself
ð0[562 A� average for two independent moleculesŁ ð5Ł
and to the corresponding bond lengths in the related
bis!adduct compounds of 1 ðB1"thiocat#1"3!picoline#1Ł
ðBÐB 0[604"09# A� Ł and ðB1"thiocat#1"PMe1Ph#1Ł ðBÐB
0[649"3# A� Ł ð3Ł[ The BÐS distances in 2 "average
0[805 A� # are similar to those found in ðB1"thiocat#1"3!
picoline#1Ł and ðB1"thiocat#1"PMe1Ph#1Ł and the BÐN
bond lengths "average 0[54 A� # are also similar to those
found in both the mono and bis!3!picoline adducts of
0 and 1 described in Refs[ ð2\ 3Ł[ All boron atoms in 2

Fig[ 0[ A view of the molecular structure of one of the two crystallographically independent molecules of 2 showing the atom
numbering scheme[ Hydrogen atoms are omitted for clarity[

are tetrahedrally coordinated with angles which do
not deviate markedly from ideal values^ any deviations
which are present are likely to arise from constraints
imposed by the _ve and six!membered rings[ The coor!
dination of the bipy ligands does\ however\ result in a
signi_cant twisting about the BÐB bond leading to an
ethane!like conformation for the "BS1N#1 unit[ Thus
the torsion angles de_ned by taking the coordinates
of the mid!point of the SÐS vectors in each thiocat
group and the two boron atoms are 53[8 and 40[3>[
The B1N1C1 six!membered rings are markedly non!
planar ðt"NBBN#�49[1 and 49[3>^ t"NCCN#�03[1
and 18[1>\ maximum deviation from B1N1C1 plane is
9[21 A� for B"1# and 9[24 A� for B"3#Ł[

Compound 3 crystallises as a CH1Cl1 and toluene
solvate with molecules of 3 lying on a crystallographic
C1 axis[ The molecular structure of 3 "Fig[ 1# is similar
to that of 2 in that the phen ligand bridges the BÐB
bond of the B1"thiocat#1 unit[ The BÐB ð0[696"02# A� Ł\
BÐS ðB"0#ÐS"0# 0[892"6# and B"0#ÐS"1# 0[829"6# A� Ł and
BÐN ðB"0#ÐN"0# 0[519"7# A� Ł distances are all in
expected ranges when compared with those of 2 and
the compounds described in Ref[ ð3Ł and the twisting
about the BÐB bond seen in 2 is also present here
ðequivalent torsion angles and interplanar angles
de_ned as above are] 27[0> for {{S||BB{{S||^
t"NBBN#�24[1>^ t"NCCN#�6[0>\ maximum devi!
ation from B1N1C1 plane is 9[11 A� for B"0# and B"0a#Ł[

Perhaps the most unusual feature about 2 and 3 is
the observation that the bipy and phen ligands bridge
an elementÐelement bond[ This type of bridging coor!
dination is extremely rare for these ligands\ the only
previously known examples being the double quat!
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Fig[ 1[ A view of the molecular structure of 3 showing the atom numbering scheme[ Hydrogen atoms are omitted for clarity[

Table 0
Selected bond lengths and angles for compounds 2 and 3

2a 2a 3

Bond lengths
B"0#ÐB"1# 0[54"4# B"2#ÐB"3# 0[50"3# B"0#ÐB"0a# 0[696"02#
B"0#ÐS"0# 0[84"3# B"2#ÐS"4# 0[82"2# B"0#ÐS"0# 0[892"6#
B"0#ÐS"1# 0[72"3# B"2#ÐS"5# 0[89"2# B"0#ÐS"1# 0[829"6#
B"0#ÐN"0# 0[54"3# B"2#ÐN"2# 0[57"3# B"0#ÐN"0# 0[519"7#
B"1#ÐS"2# 0[84"2# B"3#ÐS"6# 0[83"2#
B"1#ÐS"3# 0[84"2# B"3#ÐS"7# 0[83"2#
B"1#ÐN"1# 0[57"2# B"3#ÐN"3# 0[50"2#

Bond angles
B"1#ÐB"0#ÐS"0# 002"1# B"3#ÐB"2#ÐS"4# 006"1# B"0a#ÐB"0#ÐS"0# 009[5"3#
B"1#ÐB"0#ÐS"1# 004"1# B"3#ÐB"2#ÐS"5# 004"1# B"0a#ÐB"0#ÐS"1# 003[4"4#
B"1#ÐB"0#ÐN"0# 094"1# B"3#ÐB"2#ÐN"2# 095"1# B"0a#ÐB"0#ÐN"0# 009[1"2#
N"0#ÐB"0#ÐS"0# 093"1# N"2#ÐB"2#ÐS"4# 095"1# N"0#ÐB"0#ÐS"0# 000[0"3#
N"0#ÐB"0#ÐS"1# 003"1# N"2#ÐB"2#ÐS"5# 097"1# N"0#ÐB"0#ÐS"1# 094[4"3#
S"0#ÐB"0#ÐS"1# 095"1# S"4#ÐB"2#ÐS"5# 092[5"03# S"0#ÐB"0#ÐS"1# 093[7"2#
B"0#ÐB"1#ÐS"2# 002"1# B"2#ÐB"3#ÐS"6# 005"1#
B"0#ÐB"1#ÐS"3# 007"1# B"2#ÐB"3#ÐS"7# 004"1#
B"0#ÐB"1#ÐN"1# 000"1# B"2#ÐB"3#ÐN"3# 098"1#
N"1#ÐB"1#ÐS"2# 096"1# N"3#ÐB"3#ÐS"6# 095"1#
N"1#ÐB"1#ÐS"3# 095"1# N"3#ÐB"3#ÐS"7# 097"1#
S"2#ÐB"1#ÐS"3# 099[4"02# S"6#ÐB"3#ÐS"7# 090[7"01#

a Two crystallographically independent molecules[
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ernary\ N\N?!dialkyl species formed by reaction
between either bipy or phen and 0\1!dibromoethane
ð6Ł[

Also interesting is the colour of these two
complexes[ All of the mono and bis!picoline adducts
of 0 and 1 described in Refs[ ð2\ 3Ł are colourless or
very pale yellow in contrast to the red colours seen
here[ These are presumably charge!transfer tran!
sitions from _lled orbitals in the B1"thiocat#1 unit to
empty p�!orbitals of the bipy or phen ligands[ That the
colours persist in solution indicates that association
between 1 and either bipy or phen is present in solution
as well as in the solid state although we were not able
to con_rm this by 0H or 00B NMR studies owing to
the very poor solubility of both 2 and 3[

As a _nal point\ we note that 0 also forms a red
solution in CHCl2 when one equivalent of 0\09!phen!
anthroline is added\ with red crystals being isolated
after work!up[ On the basis of the colour of the solu!
tion and solid\ a similar structure to 3 is likely but since
the crystals were not of X!ray quality\ any structural
formulation must remain tentative although ana!
lytical data were consistent with the formation of a
0]0 adduct albeit as a CHCl2 solvate[

EXPERIMENTAL

General procedures

All reactions were performed using standard Sch!
lenk techniques under an atmosphere of dry\ oxygen!
free dinitrogen[ All solvents were distilled from appro!
priate drying agents immediately prior to use "sodium
for toluene and hexanes and CaH1 for CH1Cl1#[
Microanalytical data were obtained at the University
of Bristol and UV!visible spectra were obtained on a
Perkin!Elmer Lambda 1 spectrophotometer[

Compounds 0 and 1 were prepared by the literature
methods ð4Ł[ 1\1?!bipyridyl and 0\09!phenanthroline
were procured commercially but were dried by azeo!
tropic distillation of toluene in a Dean and Stark
apparatus before use[

Preparations

ðB1"thiocat#1"phen#Ł "3# A solution of dried 0\09!
phenanthroline "9[918 g\ 9[05 mmol# in CH1Cl1 "1 cm2#
was added to a stirred solution of 1 "9[949 g\
9[05 mmol# in CH1Cl1 "1 cm2# resulting in the immedi!
ate formation of a red solution[ Addition of an over!
layer of toluene "2 cm2#\ cooling to −29>C and
subsequent solvent di}usion over a period of two days
a}orded 3 as dark red "almost black# crystals which
were then washed with hexane "1×1 cm2# "9[978 g\
73)#[ One of these crystals was used for X!ray crys!
tallography which revealed the presence of one mol!
ecule of CH1Cl1 and one molecule of toluene per
molecule of 3[ C13H05N1B1S3=CH1Cl1=C5H4CH2

requires C\ 47[29^ H\ 3[99^ N\ 3[19)[ Found] C\ 45[09^

H\ 2[69^ N\ 3[79[ Some loss of solvent of crystallisation
occurred accounting for the poor quality analytical
data[ UV!VIS "CH1Cl1#\ 498[7 nm\ o9�15[

Compound 2 was prepared in an analogous manner
and in similar yield using 1\1?!bipyridyl in place of
0\09!phenanthroline[ X!ray crystallography revealed
the presence of CH1Cl1 of crystallisation[
C11H05N1B1S3=CH1Cl1 requires C\ 49[89^ H\ 2[24^ N\
4[04)[ Found] C\ 49[54^ H\ 2[04^ N\ 4[94[ The pale
red colour of solutions of 2 in CH1Cl1 were not of a
su.cient intensity to obtain satisfactory solution UV!
VIS data[

Compound 4 was also prepared similarly but using
CHCl2 rather than CH1Cl1[ Analytical data were con!
sistent with a 0]0 adduct of 0 and 0\09!phenanthroline
with one molecule of CHCl2 of crystallisation present[
C13H05N1B1O3=CHCl2 requires C\ 44[89^ H 2[19^ N\
4[19)[ Found] C\ 44[94^ H\ 2[99^ N\ 3[34[ UV!VIS
"CH1Cl1#\ l�314[9 nm\ o9�439[

It is important that the 1\1?!bipyridyl and 0\09!
phenanthroline used in these reactions is dry and that
none of the hydrates are present[ Any traces of water
lead to extensive decomposition products\ one of
which\ in the reaction which a}orded 4\ was identi_ed
by X!ray crystallography as the salt
ðphenHŁ¦ðB"cat#1Ł− ð7Ł[

X!ray crystallo`raphy

Crystal data for 2 = CH1Cl1 C12H07B1Cl1N1S3\
M�432[04\ orthorhombic\ a�05[717"2#\
b�03[442"2#\ c�19[958"3# A� \ U�3803[8"06# A� 2\
T�119"0# K\ space group Pna10 "No[ 22#\ Z�7\
m�9[51 mm−0\ 2951 re~ections measured\ 1364
unique "Rint�9[9869#[ Final R0�9[9729 for 0738
re~ections I×1s"I#[

X!ray di}raction measurements were made on a
single crystal mounted on a glass _bre with graphite!
monochromated Mo!Ka X!radiation "l¹�9[60962 A� #
using a Rigaku AFC6S di}ractometer[ Unit cell con!
stants and an orientation matrix were obtained from
a least!squares re_nement using the setting angles of
07 carefully centred re~ections in the range
6[20>³u³00[38>[ Intensity data were collected using
the vÐ1u scan technique[ Azimuthal scans of several
re~ections indicated no need for an absorption cor!
rection[ Data were integrated using teXsan ð8Ł and
were corrected for Lorentz and polarisation e}ects[
Intensities were weak and collected to only u�19[15>[
The structure was solved by direct methods and
re_ned by full!matrix least squares against F1 for all
data with I×−2s"I#[ The structure was solved and
re_ned in the acentric space group Pna10 with two
molecules of 2 and two dichloromethane solvent mol!
ecules per asymmetric unit[ There appears to be a local
pseudo inversion centre between the molecules of 2

although this does not hold for the solvent molecules
and is not a true inversion centre[ Chlorine\ sulphur
and nitrogen atoms were re_ned anisotropically and
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hydrogens were assigned _xed isotropic displacement
parameters and were constrained to idealised
geometries[ The aromatic rings of the BS1C5H3 groups
were restrained to D5h symmetry[ The absolute struc!
ture parameter ð09Ł was determined by re_nement to
be −9[09"39#[

Crystal data for 3 = 0[9CH1Cl10[9C5H4Me
C05H02BClNS1\ M�218[54\ monoclinic\
a�01[221"2#\ b�09[0441"02#\ c�01[148"1# A� \
b�89[097"09#> U�0424[0"3# A� 2\ T�062"1# K\ space
group P1:c "No[ 02#\ Z�3\ m�9[40 mm−0\ 8129
re~ections measured\ 2387 unique "Rint�9[9297#[
Final R0�9[9787 for 1863 re~ections I×1s"I#[

Many of the details of the structure analyses are the
same as those for 2=CH1Cl1[ X!ray di}raction
measurements on a single crystal coated in a hydro!
carbon oil mounted on a glass!_bre under argon were
made using a Siemens SMART di}ractometer[ Inten!
sity data were collected by 9[2> width v steps accumu!
lating area detector frames spanning a hemisphere
of reciprocal space[ Data were integrated using the
SAINT ð00Ł program and corrected for Lorentz\
polarisation and long!term intensity ~uctuations[ The
asymmetric unit contained half a molecule of 3\
CH1Cl1 and C5H4Me\ with molecules of 3 lying over
a crystallographic C1 axis[ The toluene and dichlo!
romethane solvates were disordered over an inversion
centre[ Since the b angle was 89[097> the structure was
re_ned to test the possibility that it may be twinned
with a pseudo!orthorhombic cell\ using the twin law
"0 9 9\ 9 −0 9\ 9 9 −0#[ However\ the twin component
parameter re_ned to 9[901"1# indicating a marginal
amount of twinning and resulted in no signi_cant
improvement in the R!factor[ An extinction
parameter\ x\ of the form Fc?�Fc:ð0¦9[990xFc

1l2:
sin"1u#Ł−9[14 was re_ned to 9[903"1#[ All calculations
were made with programs of the SHELXTL system
ð01Ł[ Complex neutral!scattering factors were taken
from Ref[ ð02Ł[
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