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Abstract

R3B reacts with MeSO3H at elevated temperature in toluene to give liquid R2B(OSO2Me) [R=Et (1a), 61%; R=Bu (1b), 58%;
R=Pri (1c), 23%] and, in the case of Et3B and Bu3B, solid RB(OSO2Me)2 [R=Et (2a), 13%; R=Bu (2b), 11%]. As Pri

3B is less
reactive, pivalic acid must be added as catalyst, and no formation of the disulfonatoborane is observed. Complexes 1a–c and 2a–b
were characterised spectroscopically (IR, 1H-, 13C-, 11B-NMR), and crystal structure determinations were carried out on 1a, which
is monomeric even in the solid state, and 2a and 2b, which are dimeric in the solid state and have two differently bonded sulfonate
groups (terminal and bridging). © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

In our ongoing studies on potential boranyl (BR2)
and boranediyl (BR) precursors [1], we are interested in
the synthesis and solid-state structures of boron
reagents with reactive boron-substituent bonds, as these
are interesting starting materials for the preparation of
transition metal–boron complexes [2]. Since the in-
tramolecularly base-stabilised aryl–BCl2 derivatives
synthesised previously in our group [1b] did not react
with anionic transition metal complexes, we investi-
gated the use of alkyl(sulfonato)boranes for this pur-
pose. While the sulfonato group is well known in
organic chemistry, where it is used as a good leaving
group, it has rarely been used in inorganic chemistry.
As early as 1969, Trofimenko prepared the first dialkyl-
boron sulfonates from various sulfonic acids and tri-
alkylboranes and showed that these compounds are

useful starting materials for the preparation of alkyl-
(amino)boranes [3], especially pyrazaboles [3,4]. Since
then, several dialkylboron triflates and mesylates have
been designed and used for the stereoselective enolbora-
tion of ketones in the presence of amines [5–7]. Other
known sulfonatoboranes [8–12] include the structurally
characterised nido-6-CF3SO3–B10H13 [8] and
B2(NMe2)2(tosylate)2 [9], as well as the dichloro(sul-
fonato)boranes, Cl2B(OSO2R) (R=Me, Et, p-tol) [12],
which were, however, only characterised by elemental
analyses. The use of sulfonatoboranes in transition
metal chemistry has not yet been reported.

We now report the syntheses of R2B(OSO2Me) [R=
Et (1a) [3a], Bu (1b), Pri (1c)] and RB(OSO2Me)2 [R=
Et (2a), Bu (2b)] and the solid-state structures of 1a, 2a
and 2b.

There are approximately 100 structurally character-
ised compounds with sulfonato ligands listed in the
Cambridge Crystallographic Data Centre. Of these,
those with terminal (h1) sulfonato ligands (A) are by far
the most common, and basically all examples of boron
sulfonates [8,9,11,13] exhibit terminal sulfonato groups.

Only one example of a chelating bidentate coordina-
tion mode of a sulfonato group (h2) is known (B) [14].
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While no crystal structures of molecular com-
pounds with bridging sulfonato groups (m2, C) have
been reported, two-dimensional chains of metal atoms
linked by bridging sulfonato groups are mainly
known for Cu and Ag (12 compounds), Pb (two com-
pounds) and seven other transition metals [15,16].

Only five compounds are known in which a sul-
fonato group acts as a triply bridging ligand (m3, D)
and generates three-dimensional networks, four of
which contain Cu or Ag [17,18].

The small number of known disulfonato com-
pounds all have two terminal (h1) sulfonato ligands
(A), which exhibit weak intermolecular interactions
with other metal atoms [19,20]. As will be shown be-
low, 2a–b are the first compounds which exhibit two
different bonding modes of sulfonato groups: terminal
(A) and bridging (C).

2. Results and discussion

2.1. Synthesis and properties of 1a–c and 2a–b

Heating R3B (R=Et, Bu, Pri) with equimolar
amounts of MeSO3H in toluene for several hours
gave, after work-up, a yellowish liquid, which was
distilled in vacuo to give R2B(OSO2Me) [R=Et (1a)
[3a], Bu (1b), Pri (1c)] in 23–58% yield (Eq. (1)). In
the case of Et3B and Bu3B, recrystallisation of the
residual yellow or brown solid or oil from toluene
gave RB(OSO2Me)2 [R=Et (2a), Bu (2b)] in 11–13%
yield. The yield of 2a–b can be increased by using
two equivalents of methylsulfonic acid. As Pri

3B was
less reactive, pivalic acid had to be added as catalyst
[21], and no formation of the disulfonatoborane was
observed. Compounds 1a–c and 2a–b are very solu-
ble in toluene and even in pentane; they are extremely
air sensitive. Compounds 1a–c are pyrophoric, 2a–b
turn black on exposure to air almost instantaneously.

R3B+nMeSO3H�R3−nB(OSO2Me)n+nRH (1)

n=1; R=Et (1a), Bu (1b), Pri (1c)
n=2; R=Et (2a), Bu (2b)
Our attempts to prepare the corresponding But-substi-

tuted boron derivatives were thwarted by the fact that
But

3B is unstable above 100°C and rearranges to give
Bui

3B [22]. Compounds 1a and 1b were described previ-
ously by Trofimenko, but 1a was only characterised by
1H-NMR spectroscopy, and 1b was only prepared in situ
and not fully characterised [3].

The 11B-NMR signals of the trialkylboranes R3B
(R=Et, Bu, Pri) are observed in the range 83–86 ppm,
as expected [22]. The dialkyl(sulfonato)boranes 1a-c
exhibit singlets at 59.5 (1a), 59.2 (1b) and 58.4 ppm (1c),
typical of three-coordinate boron compounds with one
electron-withdrawing sulfonato group. Similar chemical
shifts were observed for the related compounds
Cy2B(OSO2Me) (58.5 ppm) [5], (9-BBN)B(OSO2Me) (9-
BBN=9-borabicyclo[3.3.1]nonan, 58.2 ppm) [5], (R,R)-
(MeCHCH2CH2CHMe)B

¸¹¹¹¹¹¹¹¹¹¹¹º
(OSO2Me) (62.2 ppm) [6] and

the sulfate Et2B–OS(=O)2O–BEt2 (61.0 ppm) [13]. For
the disulfonato derivatives 2a–b, the 11B-NMR signal is
observed at 27.7 (2a) and 26.0 ppm (2b), as expected for
three-coordinate boron compounds with two electron-
withdrawing sulfonato groups (cf. 33.0 ppm for (EtB)2(m-
O)(m-SO4) [13] and 30.4 ppm for B2(NMe2)2(tosylate)2

[9]). Accordingly, only one signal is observed for the
methyl protons of the equivalent methylsulfonato groups
at 2.22 (2a) and 2.33 ppm (2b). Apparently, at room
temperature the dimeric arrangement observed for 2a
and 2b in the solid state (vide infra) is not retained in
solution. However, both compounds are dynamic in
solution as this signal starts to coalesce at ca. 200 K
(temperature limit in toluene-d8).

In the 13C-NMR spectra, the B–C groups are observed
as a broad signal (due to the quadrupole moment of
boron) at 8–23 ppm for the dialkyl(sulfonato)boranes
[14.4 (1a), 22.7 (1b) and 18.0 ppm (1c)] and the alkyld-
i(sulfonato)boranes [8.7 (2a), 17.4 (2b)].

In the IR spectrum, the C–H stretching bands of 1a–c
and 2a–b are observed in the expected range of 3100–
2800 cm−1 (n CH) and 1470–1370 cm−1 (d CH) [23]. As
most of the bands of 1a–c and 2a–b overlap with each
other, unambiguous assignment is rarely possible. In
1a–c, 2a–b and related compounds, the B–O bands
appear at 1315–1350 cm−1 [cf. 1329 in MeB(OBut)2;
1346 in Me2B(OBut); 1347 cm−1 in B(OBut)3] [24]. These
absorptions overlap with those corresponding to nas

O�S�O (1350–1310 cm−1 [23]). The C–S vibrations of
methylsulfonates generally give rise to a strong absorp-
tion at 770–800 cm−1 (cf. 798 cm−1 in {Me2Al(m-
O3SMe)}3 [25], and 791, 788, and 778 cm−1 in
Na(SO3Me) [26]). Characteristic bands for the terminal
sulfonato groups B–O–S(�O)2Me of 1a–c and 2a–b
were tentatively assigned by comparison with
Na(SO3Me) [26] as follows: nas O�S�O: 1319 vs (1a), 1338
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vs (1b), 1318 vs (1c), 1323 vs (2a), 1319 vs (2b); ns

O�S�O: 1171 s (1a), 1183 s (1b), 1173 s (1c), 1182 vs
(2a), 1180 vs (2b). By comparison with
{Me2Al(mO3SMe)}3 [25], in which the terminal S�O
group is observed at 1308 cm−1 (vs) and the bridging
O2S group exhibits two bands at 1065 (ns SO2, vs)
and 1150 (nas SO2, vs), the corresponding vibrations
for the bridging sulfonato groups in 2a–b, B–O–
S(�O)Me–O–B, are tentatively assigned to the strong
bands at 1129 (2a) or 1130 cm−1 (2b) (nas SO2) and
970 (2a) or 987 cm−1 (2b) (ns SO2).

For monoalkyl boranes with two electron-with-
drawing groups, the B–C stretching vibration occurs
around 1070 cm−1 (MeBCl2 1078, MeBBr2 1060
cm−1), while for dialkyl derivatives, two bands are
observed at 1080 and 1130 cm−1 (Me2BCl 1080,
1120; Me2BSH 1085, 1136 cm−1) [27]. Again, these
vibrations can not be unambiguously assigned in 1a–
c and 2a–b, as they overlap with those of the methyl-
sulfonato group.

2.2. Molecular structures of 1a, 2a and 2b

Although 1a is liquid at ambient temperature, its
melting point is 5–7°C, and we were able to grow
crystals suitable for a crystal structure determination
from a concentrated pentane solution at −30°C. The
colourless crystals were isolated and kept below
−30°C at all times to prevent melting. Colourless
crystals of 2a and 2b were obtained from toluene at
−30°C.

Compound 1a crystallises in the monoclinic space
group P21/c (Fig. 1), 2a in the triclinic space group
P1 (Fig. 2), and 2b in the monoclinic space group
P21/n (Fig. 3). Selected bond lengths and angles are
given in Tables 1–3.

Fig. 2. Molecular structure of 2a (ORTEP, 50% probability, SHELXTL

PLUS; XP) [42]. Hydrogen atoms are omitted for clarity.

Interestingly, Et2B(OSO2Me) (1a) is monomeric
even in the solid state, whereas EtB(OSO2Me)2 (2a)
and BuB(OSO2Me)2 (2b) are dimeric in the solid state
with central B2O4S2 eight-membered rings in which
the centre of the eight-membered rings coincide with
a crystallographic centre of inversion.

The boron atom in 1a is coordinated in a distorted
trigonal planar fashion [bond angles at B(1): O(3)–
B(1)–C(4) 113.9(2), O(3)–B(1)–C(2) 120.8(2), C(4)–
B(1)–C(2) 125.2(2)°] by two ethyl groups and a
monodentate methylsulfonate ligand. The C–B–C
bond angle is widened due to steric interaction of the
ethyl groups.

In 2a and 2b, each boron atom is coordinated in a
distorted tetrahedral fashion by one alkyl group, one
monodentate sulfonato group and two oxygen atoms
of two bridging sulfonato ligands. The Ot–B–C bond
angles are widened to 121.2(2) (2a) and 118.2(2)° (2b),
Obr–B–C to 109.3(2), 109.6(1)° for 2a and to
107.6(2), 112.9(2)° for 2b. The greater steric demand
of the Bu group in 2b compared to the Et group in

Fig. 1. Molecular structure of 1a (ORTEP, 50% probability, SHELXTL

PLUS; XP) [42]. Hydrogen atoms are omitted for clarity.
Fig. 3. Molecular structure of 2b (ORTEP, 50% probability, SHELXTL

PLUS; XP) [42]. Hydrogen atoms are omitted for clarity.
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Table 1
Selected bond lengths (A, ) and angles (°) in 1a

Bond lengths (A, )
S(1)�O(2) 1.427(2) S(1)�O(1) 1.430(2)

S(1)�C(1)1.578(1) 1.745(2)S(1)�O(3)
1.412(3)O(3)�B(1) B(1)�C(4) 1.556(3)

B(1)�C(2) 1.563(4) C(2)�C(3) 1.515(5)
1.521(4)C(4)�C(5)

Bond angles (°)
O(2)�S(1)�O(3)O(2)�S(1)�O(1) 110.15(9)117.4(1)
O(2)�S(1)�C(1)108.43(9) 109.8(1)O(1)�S(1)�O(3)

110.2(1)O(1)�S(1)�C(1) O(3)�S(1)�C(1) 99.3(1)
O(3)�B(1)�C(4)B(1)�O(3)�S(1) 113.9(2)127.7(1)
C(4)�B(1)�C(2)120.8(2) 125.2(2)O(3)�B(1)�C(2)
C(5)�C(4)�B(1)C(3)�C(2)�B(1) 117.8(2)116.6(2)

Table 3
Selected bond lengths (A, ) and angles (°) in 2b

Bond lengths (A, )
1.427(2)S(1)�O(2) S(1)�O(1) 1.514(2)
1.515(2)S(1)�O(3) 1.557(2)S(2)�O(4)
1.437(2)S(2)�O(6) S(2)�O(5) 1.437(2)

1.759(3)S(2)�C(6)1.749(2)S(1)�C(5)
1.548(3)O(1)�B(1) O(3)�B(1a)1.559(3)

1.476(3) B(1)�O(3a)O(4)�B(1) 1.548(3)
C(1)�C(2) 1.540(3)1.581(3)B(1)�C(1)

C(2)�C(3) C(3)�C(4)1.534(3) 1.532(3)

Bond angles (°)
114.73(9)O(2)�S(1)�O(1) O(2)�S(1)�O(3) 114.44(9)

O(1)�S(1)�O(3) 113.0(1)O(2)�S(1)�C(5)105.97(9)
O(3)�S(1)�C(5) 103.1(1)104.4(1)O(1)�S(1)�C(5)

O(6)�S(2)�O(5) 117.2(1) O(6)�S(2)�O(4) 109.4(1)
110.1(1) 108.9(1)O(5)�S(2)�O(4) O(6)�S(2)�C(6)

O(5)�S(2)�C(6) 100.0(1)O(4)�S(2)�C(6)110.0(1)
S(1)�O(3)�B(1a) 125.9(1)133.6(1)S(1)�O(1)�B(1)

125.5(1) O(4)�B(1)�O(3a) 100.6(2)B(1)�O(4)�S(2)
O(3a)�B(1)�O(1) 106.5(2)O(4)�B(1)�O(1) 110.5(2)

118.2(2) O(3a)�B(1)�C(1)O(4)�B(1)�C(1) 112.9(2)
O(1)�B(1)�C(1) 114.7(2)107.6(2) C(2)�C(1)�B(1)

113.0(2)C(2)�C(3)�C(4)C(3)�C(2)�C(1) 113.4(2)

2a results in a more pronounced distortion of the
tetrahedral environment of B(1) in 2b. Thus, the Ot–B–
Obr bond angles in 2a are 106.1(1) and 106.6(1)°, while
for 2b these angles differ by about 10° [O(4)–B(1)–O(1)
110.5(2), O(4)–B(1)–O(3a) 100.6(2)°]. The Obr–B–Obr

bond angle is smaller in 2a [102.5(1)°] and 106.5(2)° in
2b.

The B–C bond lengths in 1a [B(1)–C(4) 1.556(3),
B(1)–C(2) 1.563(4) A, ], 2a [C(1)–B(1) 1.572(3) A, ] and
2b [B(1)–C(1) 1.581(3) A, ] are in the range observed for
alkylboranes (1.55–1.60 A, ) [1b,10,28]. The B–O bond
length of the monodentate sulfonato group in 1a [B(1)–
O(3) 1.412(3) A, ] lies in the range expected for three-co-
ordinate boron compounds (e.g. B–O 1.433(4) A, in
nido-6-CF3SO3–B10H13 [8], B–O 1.436(4) A, in
B2(NMe2)2(tosylate)2 [9], B–O(–S) 1.408(3), 1.426(3) A,
in (EtB)2(m-O)(m-SO4) [13]). As expected for four-coor-
dinate boron compounds (e.g. B–O 1.54(4) A, in Cy3P–
BH2(OSO2CF3) [11], B–O 1.500(6), 1.506(6) A, in

Cy3P–BH(OSO2CF3)2 [11]), the B–O bond lengths of
the monodentate sulfonato groups in 2a [O(4)–B(1)
1.466(2) A, ] and 2b [O(4)–B(1) 1.476(3) A, ] are about
0.05–0.06 A, longer than those of 1a, but about 0.07–
0.09 A, shorter than those of the bridging sulfonato
groups in 2a [O(1)–B(1) 1.545(2), O(3)–B(1a) 1.557(2)
A, ] and 2b [O(1)–B(1) 1.559(3), B(1)–O(3a) 1.548(3) A, ].
In 1a, 2a, 2b and related sulfonatoborane derivatives
[9,13], the B–O–S bond angle of the monodentate and
bidentate sulfonato groups are much larger than ex-
pected for sp3 hybridisation [1a: B(1)–O(3)–S(1)
127.7(1)°; 2a: B(1)–O(4)–S(2) 131.3(1), S(1)–O(1)–B(1)
130.6(1), S(1)–O(3)–B(1a) 128.9(1)°; 2b: B(1)–O(4)–
S(2) 125.5(1), S(1)–O(1)–B(1) 133.6(1), S(1)–O(3)–
B(1a) 125.9(1)°], and this suggests pp–pp (O–B) and
pp–dp (O–S) interactions.

The S–O(–B) bond lengths of the monodentate sul-
fonate groups in 1a [S(1)–O(3) 1.578(1) A, ], 2a [S(2)–
O(4) 1.557(1) A, ] and 2b [S(2)–O(4) 1.557(2) A, ] are
comparable to those of related B–OS(�O)2R derivatives
[8,9]. The terminal S–O bonds of the sulfonato ligands
in 1a [S(1)–O(2) 1.427(2), S(1)–O(1) 1.430(2) A, ], 2a
[S(2)–O(5) 1.424(2), S(2)–O(6) 1.429(2) A, ] and 2b
[S(2)–O(5) 1.437(2), S(2)–O(6) 1.437(2) A, ] and related
sulfonatoborane derivatives [8,9] are ca. 0.15 A, shorter
and resemble double bonds. The S–C bond lengths are
as expected [1a: S(1)–C(1) 1.745(2); 2a: S(1)–C(3)
1.742(2), S(2)–C(4) 1.750(2); 2b: S(1)–C(5) 1.749(2),
S(2)–C(6) 1.759(3) A, ]. The O�S�O bond angle of the
monodentate sulfonato group is large [1a: O(2)–S(1)–
O(1) 117.4(1); 2a: O(5)–S(2)–O(6) 117.5(1); 2b: O(5)–
S(2)–O(6) 117.2(1)°], and the (B–)O–S–C bond angle

Table 2
Selected bond lengths (A, ) and angles (°) in 2a

Bond lengths (A, )
S(1)�O(2) 1.424(1) S(1)�O(3) 1.504(1)

1.513(1)S(1)�O(1) S(1)�C(3) 1.742(2)
1.424(2) S(2)�O(6)S(2)�O(5) 1.429(2)
1.557(1)S(2)�O(4) S(2)�C(4) 1.750(2)

O(1)�B(1) 1.545(2) O(3)�B(1a) 1.557(2)
O(4)�B(1) 1.466(2) B(1)�O(3a) 1.557(2)

1.529(3)C(1)�C(2) C(1)�B(1) 1.572(3)

Bond angles (°)
114.76(8)O(2)�S(1)�O(3) O(2)�S(1)�O(1) 109.47(8)

O(3)�S(1)�O(1) 109.38(8) O(2)�S(1)�C(3) 111.2(1)
O(3)�S(1)�C(3) 103.70(9) O(1)�S(1)�C(3) 108.00(9)

117.5(1)O(5)�S(2)�O(6) O(5)�S(2)�O(4) 111.00(9)
O(6)�S(2)�O(4) 108.04(9) O(5)�S(2)�C(4) 110.0(1)

109.3(1)O(6)�S(2)�C(4) O(4)�S(2)�C(4) 99.4(1)
130.6(1)S(1)�O(1)�B(1) S(1)�O(3)�B(1a) 128.9(1)
131.3(1)B(1)�O(4)�S(2) C(2)�C(1)�B(1) 114.5(2)

106.6(1)O(4)�B(1)�O(1) 106.1(1) O(4)�B(1)�O(3a)
O(1)�B(1)�O(3a) O(4)�B(1)�C(1) 121.2(2)102.5(1)
O(1)�B(1)�C(1) O(3a)�B(1)�C(1) 109.6(1)109.3(2)
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small [1a: O(3)–S(1)–C(1) 99.3(1); 2a: O(4)–S(2)–C(4)
99.4(1); 2b: O(4)–S(2)–C(6) 100.0(1)°], while the other
bond angles lie in the range of 108–111° expected for a
tetrahedral environment.

The central B2O4S2 units of 2a and 2b have a chair
conformation (Fig. 4), which is uncommon for eight-
membered rings. Other examples of inorganic com-
pounds include S4N4 (cage structure) and (NPCl2)4

(boat conformation) [29]. Elemental sulfur and sele-
nium (S8, Se8) [29], as well as most 1,3,5,7-substituted
organic eight-membered rings [30], which include
2,4,6,8-substituted 1,3,5,7-tetraoxocanes (E) such as
metaldehyde [31], adopt a crown conformation. Excep-
tions are 1,3,5,7-tetrathiocane (boat-chair conforma-
tion) [31], metachloral (chair conformation) [31] and
1,2,5,6-tetrabromocyclooctane (twist-chair conforma-
tion) [32].

3. Conclusions

For the first time, alkylboron sulfonates have been
structurally characterised. While the monoalkyl(sul-
fonato)borane 1a is monomeric even in the solid state,
the dialkyl(sulfonato)boranes 2a and 2b are dimeric and
exhibit two different types of sulfonato substituents:
terminal and bridging. We are now investigating the
synthetic potential of these compounds in transition
metal chemistry.

4. Experimental

All experiments were carried out under purified dry
argon. Solvents were dried and freshly distilled under
argon. The NMR spectra were recorded at 25°C in
C6D6 with an AVANCE DRX 400 spectrometer
(Bruker), 1H-NMR: internal standard solvent (ben-
zene), external standard TMS; 13C-NMR: external stan-
dard TMS, internal standard solvent; 11B-NMR:
external standard BF3·Et2O. The IR spectra were
recorded on a FT-IR spectrometer Perkin–Elmer Sys-
tem 2000 in the range 350–4000 cm−1. X-ray structural
analyses: Siemens SMART CCD diffractometer. The
melting points were determined in sealed capillaries
under argon and are uncorrected. Complex 1a was
prepared as described earlier [3a]. Bu3B [33] and Pri

3B
[34] were prepared according to the literature procedure
from BF3·Et2O and the corresponding Grignard
reagent. Et3B and MeSO3H are commercially available
(Aldrich).

The NMR data of the trialkylboranes have been
published before. As each paper refers to the NMR
study of one nucleus only (BEt3: 11B [35], 1H [36]; Bu3B:
11B [37],1H [38]; and Pri

3B: 11B [39],13C [40]; 1H [41]), we
have repeated the NMR spectroscopic investigations,
and the chemical shifts and coupling constants are
given below.

Triethylborane, Et3B (NMR data for comparison):
1H-NMR (400.1 MHz): d=0.95 (t, 9H, CH2CH3, 3JH–

H: 7.2 Hz), 1.11 (q, 6H, B–CH2, 3JH–H: 7.2 Hz).
11B-NMR (128.4 MHz): d=86.0, s. 13C-NMR (100.6
MHz): d=8.93 (CH2CH3), 20.32 (br, B–C).

Tri-n-butylborane, Bu3B : b.p. 40°C at 5×10−2 torr.
NMR data for comparison: 1H-NMR (400.1 MHz):
d=0.95 (t, 3H, CH2CH3, 3JH–H: 7.2 Hz), 1.22 (t, 2H,
B–CH2), 1.33–1.43 (m, 4H, CH2–CH2). 11B-NMR
(128.4 MHz): d=85.8, s. 13C-NMR (100.6 MHz): d=
14.99 (CH2CH3), 27.06 (CH2), 27.84 (CH2), 29.01 (br,
B–C).

Tri-i-propylborane, Pri
3B : Pri

3B was prepared by a
modified procedure for Ph3B [33]. As Pri

3B (b.p. 45°C at
25 torr) is not easily separated from the solvent

Fig. 4. Central eight-membered B2O4S2 rings in 2a and 2b showing
the chair conformation (SHELXTL PLUS; XP) [42].
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(toluene), the synthesis was modified and carried out in
Et2O. NMR data for comparison : 1H-NMR (400.1
MHz): d=0.92 (d, 6H, CH(CH3)2, 3JH–H: 7.2 Hz), 1.65
(sept, 1H, CH(CH3)2, 3JH–H: 7.2 Hz). 11B-NMR (128.4
MHz): d=83.7.

General procedure for the preparation of
R2B(OSO2Me) [R=Et (1a) [3a], Bu (1b)] and
RB(OSO2Me)2 [R=Et (2a), Bu (2b)]: In a flask fitted
with a reflux condenser and a bubbler, freshly dried
methylsulfonic acid was dissolved in 200 ml toluene,
and trialkylboron was added. The mixture was refluxed
for several hours until gas evolution stopped. The
toluene was removed in vacuo, and the remaining
slightly yellow liquid distilled in vacuo to give 1a–b. A
yellow solid (R=Et) or brown oil (R=Bu) remained
in the flask. It was recrystallised from toluene to yield
2a–b.

1a, 2a: 22.2 g (15 ml, 0.23 mol) MeSO3H, 25.6 g (39
ml, 0.27 mol) Et3B, yield: 1a: 23.0 g (61%), colourless
liquid, b.p.: 56–58°C at 0.2 torr, m.p. 5–7°C; 2a: 6.6 g
(13%), colourless solid, m.p. (dec.) 78–80°C.

1b, 2b: 15.8 g (0.16 mol) MeSO3H, 30.0 g (0.16 mol)
Bu3B, yield: 1b: 30.0 g (58%), colourless liquid, b.p.:
60°C at 5×10−2 torr, does not solidify down to
−15°C; 2b: 4.3 g (11%), colourless solid, m.p. 56°C.

1a: 1H-NMR (400.1 MHz): d=0.79 (t, 6H, CH2CH3,
3JH–H: 7.6 Hz), 1.05 (q, 4H, B–CH2, 3JH–H: 7.6 Hz),
2.35 (s, 3H, S–CH3). 11B-NMR (128.4 MHz): d=59.5.
13C-NMR (100.6 MHz): d=7.89 (CH2CH3), 14.4 (br,
B–CH2), 39.71 (S–CH3). IR (KBr), n (cm−1)=3027
m, 2962 m–s, 2935 m, 2873 m, 1462 m, 1415 m, 1319
vs, 1171 vs, 1129 s, 971 s, 931 vs, 820 s, 757 s.

2a: 1H-NMR (400.1 MHz): d=0.82 (br, t, 3H,
CH2CH3), 1.13 (br, 2H, B–CH2), 2.22 (s, 6H, S–CH3).
11B-NMR (128.4 MHz): d=27.7. 13C-NMR (100.6
MHz): d=7.12 (CH2CH3), 8.7 (br, B–CH2), 39.44
(S–CH3). IR (KBr), n (cm−1)=3044 s, 3029 s, 2946 s,
2878 m, 1465 m, 1420 m, 1323 vs, 1182 vs, 1129 s, 970
s, 924 vs, 848 s, 805 s, 778 s.

1b: 1H-NMR (400.1 MHz): d=0.86 (t, 6H, CH2CH3,
3JH–H: 7.0 Hz), 1.14 (t, 4H, B–CH2), 1.26 (m, 8H,
CH2–CH2), 2.28 (s, 3H, S–CH3). 11B-NMR (128.4
MHz): d=59.2, s. 13C-NMR (100.6 MHz): d=14.77
(CH2CH3), 22.7 (br, B–CH2), 26.42 (CH2), 26.61
(CH2), 39.75 (S–CH3). IR (KBr), n (cm−1)=3026 w,
2958 s, 2931 s, 2874 s, 1460 m, 1415 sh, 1338 vs, 1183
s, 1075 s, 972 s, 908 s, 840 m, 783 m.

2b: 1H-NMR (400.1 MHz): d=0.84 (t, 3H, CH2CH3,
3JH–H: 7.2 Hz), 1.24 (m, 4H, CH2–CH2), 1.40 (m, 2H,
CH2), 2.33 (s, 6H, S–CH3). 11B-NMR (128.4 MHz):
d=26.0, s. 13C-NMR (100.6 MHz): d=14.62
(CH2CH3), 17.4 (br, B–CH2), 26.06 (2C, shown by
2D-experiment, CH2–CH2), 39.87 (S–CH3). IR (KBr),
n (cm−1)=3026 m, 2957 m, 2932 s, 2856 m, 1465 m,
1418 m, 1319 vs, 1180 vs, 1130 s, 987 vs, 920 vs, 830 s,
761 s.

Pri
2B(OSO2Me) (1c): In a flask fitted with a reflux

condenser and a bubbler, freshly dried methylsulfonic
acid (7.9 g, 0.08 mol) was dissolved in 200 ml toluene,
and 11.2 g (0.08 mol) Pri

3B was added. As Pri
3B is less

reactive as Et3B and Bu3B, pivalic acid [21] (0.05 g, 0.5
mmol) was added as a catalyst. The mixture was
refluxed for 15 h. The toluene was removed in vacuo,
and the remaining slightly yellow liquid distilled in
vacuo to give 1c. Yield: 3.5 g (23%), b.p. 42°C at 10−2

torr.
1H-NMR (400.1 MHz): d=0.90 (d, 12H, CH(CH3)2,

3JH–H: 7.2 Hz), 1.68 (m, 2H, CH(CH3)2), 2.35 (s, 3H,
S–CH3). 11B-NMR (128.4 MHz): d=58.4. 13C-NMR
(100.6 MHz): d=17.82 (CH(CH3)2), 18.0 (br,
CH(CH3)2), 39.74 (S–CH3). IR (KBr), n (cm−1)=3032
w, 2955 m, 2892 sh, 2871 m, 1469 m, 1414 m, 1318 vs,
1173 s, 1136 m, 968 s, 939 s, 836 m, 763 m.

X-ray crystal structure determination for 1a, 2a and
2b (see Section 5): data (Mo–Ka=0.71073 A, ) were
collected with a Siemens CCD (SMART). All observed
reflections were used for determination of the unit cell
parameters. The structure was solved by direct methods
(SHELXTL PLUS [42]) and subsequent difference Fourier
syntheses and refined by full-matrix least-squares on F2

(SHELXTL PLUS [42]). B, S, O, and C atoms anisotropic,
H atoms located and refined isotropically. Empirical
absorption correction with SADABS [43]. Crystals of 1a
were isolated and kept below −30°C at all times to
prevent melting, using a modified procedure described
by Bärnighausen et al. [44].

Crystal data for 1a: C5H13BO3S, M=164.02, white
crystals, 0.40×0.30×0.10 mm, monoclinic, space
group P21/c (no. 14), T=213(2) K, a=12.905(1), b=
8.111(1), c=8.938(1) A, , ß=104.63(1)°, V=905.30(2)
A, 3, Z=4, Dc=1.504 Mg m−3, F(000)=440, m(Mo–
Ka)=0.388 mm−1, 7068 reflections collected with
1.6°BuB27.7°; of these, 1987 were independent; 143
parameters, refinements converge to R1=0.0452,
wR2=0.1341 (for reflections with I\2s(I)), R1=
0.0550, wR2=0.1468 (all data). Crystal data for 2a:
C8H22B2O12S4, M=460.12, white crystals, 0.30×
0.20×0.20 mm, triclinic, space group P1 (no. 2), T=
213(2) K, a=7.820(2), b=8.124(2), c=8.644(2) A, ,
a=86.78(3), b=80.35(3), g=63.17(3)°, V=482.9(2)
A, 3, Z=1, Dc=1.582 Mg m−3, F(000)=240, m(Mo–
Ka)=0.546 mm−1, 2584 reflections collected with
2.4°BuB27.1°; of these, 1840 were independent; 162
parameters, refinements converge to R1=0.0372,
wR2=0.1046 (for reflections with I\2s(I)), R1=
0.0381, wR2=0.1063 (all data). Crystal data for 2b:
C12H30B2O12S4, M=516.22, white crystals, 0.50×
0.40×0.30 mm, monoclinic, space group P21/n (no.
14), T=205(2) K, a=10.273(1), b=8.629(1), c=
13.292(1) A, , ß=90.99(1), V=1178.02(5) A, 3, Z=2,
Dc=1.455 Mg m−3, F(000)=544, m(Mo–Ka)=0.456
mm−1, 6437 reflections collected with 2.5°BuB27.8°;
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of these, 2527 were independent; 196 parameters, refine-
ments converge to R1=0.0390, wR2=0.1048 (for
reflections with I\2s(I)), R1=0.0426, wR2=0.1087
(all data).

5. Supplementary material

Crystallographic data (excluding structure factors)
for the structures reported in this paper have been
deposited with the Cambridge Crystallographic Data
Centre (1a: CCDC 115524, 2a: CCDC 115523, 2b:
CCDC 115525). Copies of the data can be obtained free
of charge on application to The Director, CCDC, 12
Union Road, Cambridge, CB2 1EZ, UK (fax: +44-
1223-336-033, e-mail: teched@chemcrys.cam.ac.uk).
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