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Summary

Ortho-lithiation of N, N-dimethylbenzylamine and reaction with trimethylborate
gave the corresponding boronic acid in good yields. The reaction was extended to
the synthesis of various aromatic boron compounds with nitrogen-containing sub-
stituents in the ortho-position, including a chiral boroxin prepared from (S)-N, N-di-
methyl-1-phenylethylamine. From N-methyl-benzylamine a stable boronium salt was
obtained under certain conditions. The spectra of the newly synthesized compounds
are discussed. Intramolecular B-N interaction is established by "B NMR spectros-

copy.

Introduction

The increasing importance of aromatic boronic acids in affinity chromatography,
especially for biological or pharmaceutical purposes [1], during the past years has
prompted renewed interest in convenient methods for introducing the boronic acid
group or its precursors into organic molecules. Transmetallation reactions of di-
borane with various organometallic compounds have been studied [2], but the more
usual approach is through Grignard derivatives [3). Lithium-halogen exchange can
be used, but yields tend to be lower in some cases [4]. All these methods, however,
suffer from the fact that the required halogen compounds are not always easily
available and have to be prepared in at least one additional step. This inconvenience
can be circumvented by using direct lithiation of the unfunctionalized aromatic
nucleus as described for polymeric compounds [5], where regiocontrol is of minor
importance. Selective functionalization via ortho-lithiation, widely used in organic
synthesis [6], has so far found limited application for the synthesis of aromatic
boronic acids [7].
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Because of our interest in fast and reversible interacting polymeric binding groups
[8] we decided to investigate the influence of a nitrogen donor atom close to the
boronic acid residue, as in 1. This compound was first prepared in a three-step
sequence starting from 2-bromotoluene [9] and its esters were reported to exhibit
remarkable hydrolytic stability properties [10]. The kinetics of B-N bond breaking
and formation are described in a recent article [8b]. A successful preparation of the
same compound via ortho-lithiation was published several years ago [7a] (eq. 1), but
the disappointingly low yield of 9.8% made the reported procedure unattractive from
a practical point of view.
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Results and discussion

Through suitable modifications of the experimental conditions we were able to
raise the yield of 1 made via ortho-lithiation to 60-65% (75-80% based on recovered
starting material), which compares favorably with a 30% overall yield of the reported
three-step procedure [7a,d]. The advantage of the regioselective boron introduction
via ortho-lithiation was further demonstrated in the synthesis of related compounds
{Table 1). To our knowledge, of the compounds in Table 1 only entry 1 has

TABLE 1

PREPARATION OF ARENE BORONIC ACIDS ¢

Entry Com- Starting material Lithiation conditions ¢ Isolation? Yield (%)

pound ® procedure

1 1 f(dimethylamino)methyl]- TMEDA, Et,0, 8 h, r.t. A 60-65
benzene (75-80)

2 2 4-methoxy-{(dimethylami-  Et,0, 18 h, r.t. B 40 (55)
no)methyl]benzene

3 3 4-dimethylamino[(dimethyl- Et,0, 18 h, r.t B 37 (74)
amino)methyl]benzene

4 4 2,6-bis[(dimethylamino)- TMEDA, Et,0, 8 h, r.t. B 5-10
methyl]benzene

5 5 [(methylamino)methyl]- 2 eq. n-butyllithium B 52
benzene TMEDA, Et,0 at reflux, 4 h

6 6 2-phenylpiperidine 2 eq. n-butyllithium C 27

TMEDA, Et,0, 8 h, r.t.

7 .17 1-{(dimethylamino)ethyl}- TMEDA, Et,0 at reflux,7h B 40-46
benzene

8 ] [-[(dimethylamino)methyl]- TMEDA, Et,0, 6 h, r.t. D 20
naphthalene-

9 9 dimethylaminobenzene TMEDA, Et,0 at reflux,2h E 45

% For melting point, 'H NMR and elemental analysis of the new compounds see Experimental. ® Several
compounds were isolated as the trimeric anhydrides (boroxines). ¢ 1 equivalent of n-butyllithium was
used unless otherwise noted. TMEDA stands for 1 equivalent of added tetramethylethylene diamine. ¢
See experimental. ¢ Isolated yield; yields based on recovered starting material are given in parenthesis.
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previousty been reported. Although isolated yields were only moderate, typically
around 40%, reaction 1 provides direct access to a variety of ortho-substituted,
nitrogen-containing areneboronic acids starting from readily available amines [11].
Lithiation ortho to the strongest directing group was confirmed by "B NMR
spectroscopy after conversion of the boroxines to the corresponding cyclic esters
with 2,2-dimethyl-1,3-propandiol [8c]. The more soluble 1,3,2-dioxabarinanes showed
absorptions between 5 and 14 ppm relative to boron trifluoride etherate, a region
specific for a sp*-coordinated boron atom with a strong B-N interaction [12]. Only
the N, N-dimethylaniline derivative (entry 9) was, as expected from examination of
CPK models, unable to exhibit intramolecular coordination and gave the anticipated
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B shift at 27.9 ppm. The introduction of the boron atom ortho to the dimethyl-
aminomethyl group (and not ortho to the weaker directing methoxy or dimethyl-
amino groups [13] in entry 2 and 3 is therefore clearly indicated by "B shifts of 11.6
and 12.5 ppm, respectively, in their cyclic esters [8c].

Entry 4 (Table 1) serves to illustrate the limitations of the direct lithiation. The
low yields in this case can be explained in terms of preferential attack of the
butyllithium reagent at one of the two peripheral positions and not at the sterically
congested position between the two aminomethyl substituents. The crude product,
isolated in about 50% yield, proved to be a mixture of both isomeric boronic acids as
shown by '"H NMR spectroscopy. The desired symmetrical compound could be
isolated, although in poor yield, by fractional crystallization from water, but a more
satisfactory synthesis would have to start from the corresponding aryl bromide to
avoid the regioselectivity problems [14]. Steric hindrance is probably also responsible
for the resistance of compound 4 towards dehydration to the corresponding boro-
xine, as postulated for similar compounds [7¢,9].

When boron derivatives derived from secondary amines were dehydrated in
toluene, the product could be either the monomeric S or the trimeric 5a [15].
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Since elemental analysis and '"H NMR spectroscopy are of little help in dis-
tinguishing between the two isomers, we assigned structure 5 on the basis of the
mass spectrum. This had the base peak at m/e 147, and a smaller peak at m/e 276
(corresponding to the dimeric anhydride structure) which probably arose from
dehydration in the ion source [16], but no trace of the trimer 5a could be detected.
Assignment of monomeric structure 5 was confirmed by molecular weight de-
terminations by vapour pressure osmometry in chloroform (Found 144; calcd. 147).
Unfortunately, the solubility of 6 was too low for similar osmometric studies, but the
mass spectrum again agreed with the monomeric structure 6 depicted in Table 1
(found: m/e 187 and 356, corresponding to monomer and dimer, respectively). In
any case B-N bond formation must be clearly reversible, since reaction of 5 or 6
with 2,2-dimethyl-1,3-propandiol gave the corresponding 1,3,2-dioxaborinanes
without difficulty [8c]. Similarly, acetylation of 5 with acetic anhydride proceeded
smoothly to give the boronic acid 10 in good yields (eq. 2).
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Compound § was purified by distillation of the corresponding methyl ester and
subsequent hydrolysis (procedure B). When we tried to take advantage of the poor
solubility in ethyl acetate to use the simpler work up procedure A, however, a white
solid precipitated gradually from ethyl acetate in yields up to 25% but this was not
the expected 1,3-dihydro-1-hydroxy-2-methyl-2,1-benzazaborol (5). It was soluble in
both water and chloroform without decomposition, and appeared to be very stable
at room temperature. The simplicity of its '"H NMR spectrum in deuterochloroform,
showing an AB pattern for the methylene protons, was intriguing in comparison
with the quite complicated spectra obtained in more polar solvents. We finally
assigned structure 12 on the basis of NMR data ('H (in CDCl,): § 2.47 ppm (s, 6H,
2 CH,), 3.92 (d, J 15 Hz, 2H, CH,), 5.25 (d, J 15 Hz, 2H, CH,), 7.1-7.4 {m, 8H,
aromatic), 8.76 (br. s, 2 H, NH, may be coupled with methyl and methylene protons,
and can be exchanged with D,0); *C (in CDCl,): 38.5, 59.6, 122.7, 127.3, 128.6,
131.5, 141.5 ppm; "B (in CHCl,, vs. BE,/Et,0): 10.1 ppm); mass spectra (base
peak at m/e 251 corresponding to the boronium moiety) and elemental analysis
(Calcd. (found) for C,(H,,BCIN (in %) C, 67.04 (67.37); H, 7.05 (7.04); B, 3.77
(3.55; C1, 12.37 (12.1); N, 9.78 (9.67)).

otsim
/

- CHa
J/N

(12)

Compound 12, made from reaction of two lithiated aryl groups with one molecule
of trimethyl borate, is formally a diaryl borane stabilized as a boronium ion through
intramolecular coordination with two nitrogen donors [17]. The presence of the
chloride anion can be accounted for in terms of reaction with the dichloromethane
used for extraction, as reported for similar systems [18]. The simplicity of the NMR
spectra in chloroform at room temperature and down to —60°C implies a symmetri-
cal structure, as depicted in 12, or a compound with two different nitrogen atoms
which are rapidly exchanging on the NMR time scale. Either the structure or the rate
of equilibration is highly solvent-dependent, because for a solution of 12 in dimethyl
sulfoxide a temperature above 160°C is required before the spectral features are
similar to those obtained in chloroform at room temperature.

When boroxine 7 was prepared starting from racemic N, N-dimethyl-1-phenyleth- -
ylamine, our initial efforts to eliminate a shoulder (2.35 vs. 2.33 ppm) at the
(CH;),N peak in the '"H NMR spectrum, assumed to be an impurity, by repeated
crystallization proved fruitless. No impurities could be detected by elemental analy-
sis, TLC, mass spectra or conversion to cyclic esters, so we postulated a mixture of
two diastereomeric boroxines arising from the chiral center at the tertiary carbon
atom. Assuming random cyclization statistics, the minor compcnent was likely to
correspond to a boroxine with all chiral centers of the same configuration (i.e. RRR
or §§5), and the major component to consist of all possible permutations of
“mixed” chirality (i.e. RSS, SRS, etc.). The hypothesis was confirmed through
synthesis of the optically pure boroxine from (S)-(—)-N, N-dimethyl-1-phenylethyl-
amine,



(13)

The direct lithiation method thus provides access to both antipodes of boroxin 7
from commercially available enantiomers. The optical purity was shown to be higher
than 95%, as verified by transformation of 7 into the ester 13 by reaction with
(S)-1,2-propandiol [19] and 'H NMR investigation in deuterobenzene. Under these
conditions the methyl signals of the a-CH; group and of the diol-CH,group of the
[(S), (S)] and the [(R),(S)] compound [20] were clearly distinguishable (6 1.32
(1.35) (d, J 6 Hz, «-CH,), 0.90 (0.92) (d, J 7 Hz), diol-CH,)).

Unfortunately, the initial objective of assigning the absolute stereochemistry of a
diol by reaction with (S)-7 and following NMR spectroscopy [21] could not be
achieved because of the relatively small differences in chemical shifts in the *C
spectrum (8 12.67 (12.81); 21.50 (21.69) ppm). The differences between [(R),(S)]-13
and [(S),(S)])-13 were also too small to give satisfactory GC separation on an achiral

tat : .
stationary phase [22]. The two diastercomers can be separated on a chiral phase [23].

Experimental

General procedure [24]

In a typical experiment 160 ml (0.26 M) of a 1.6 N n-butyllithium solution (in
hexane) were added to a solution of 33.8 g (0.25 M) N, N-dimethylbenzylamine and
29 g (0.25 M) tetramethylethylenediamine (TMEDA) in 300 ml ether and stirred for
8 h at room temperature. The resulting suspension was precooled and siphoned into
a vigorously stirred reaction vessel cooled in a methanol /dry ice bath with simulta-
neous addition of a solution of 40 ml (0.35 M) trimethylborate in 50 ml of ether.
The addition, which typically took less than half an hour, was carried out as rapidly
as possible consistent with keeping the temperature below —60°C. The resulting
mixture was allowed to warm up to room temperature during 24 h and worked up by
one of the methods A-E below.

(A) Evaporation to dryness and suspension of the remaining residue in dichloro-
methane separated the soluble dimethyl-ester from insoluble material. The combined
filtrates were subsequently treated with water and then evaporated to dryness.
Azeotropic water removal in refluxing toluene and recrystallization from toluene
gave the desired boroxin. The starting amine could be recovered from the mother
solution.

(B) The dichloromethane extract obtained according to procedure A was not
immediately hydrolyzed but distilled under reduced pressure. The crude boronic acid
dimethyl ester [25] thus separated from starting material was then hydrolyzed to give
the desired compound after azeotropic water removal and recrystallization from
toluene or dichloromethane /petrol ether.

(C) The crude reaction product was extracted several times with water. The
aqueous phase was neutralized with HCl and evaporated to dryness. Water removal
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and continuous extraction with hot toluene, followed by solvent evaporation and
treatment of the remaining oil with methanol yielded the pure, crystalline dimethyl
ester, which was hydrolyzed as usual.

(D) Unreacted starting material was removed from the dichloromethane extract in
vacuo and the residue purified by chromatography on alumina. The dimethyl-ester
was readily hydrolyzed to the boronic acid.

(E) After hydrolysis and removal of the organic layer at pH 11 the remaining
solution was adjusted to pH 8 and extracted repeatedly with chloroform. The
organic layer was dried and concentrated, and the product was recrystallized from
hexane.

2-(N-Acetyl-N-methyl-aminomethyl)-phenyl boronic acid (10)

This compound was obtained in 87% yield through reaction of equivalent
amounts of 5 and acetic anhydride in CH,Cl, for 16 h, recrystallized from water and
air-dried. ,

Analytical data for newly synthesized boronic acids (boroxins) were as follows:

m. p. (b. p. of the methylester/mmHg pressure); sum formula; C, H, N caled.
(found), '"H NMR (CDCl,): 8 in ppm, J in Hz.

2: 185°C (120-130°C /0.2 mmHg); C,,H,,B;N,0y; 62.87; 7.39, 7.33 (63.17, 7.35,
7.24); § 2.40 (s, 6H), 3.78 (s, 3 + 2H), 6.73-7.13 (m, 3H).

3: 181°C (142°C/1 mmHg); C,,H,,B,N,O,; 64.74, 8.40, 13.73, (64.97, 8.1,
13.49). 8 2.42 (s, 6H), 2.88 (s, 6H), 3.76 (s, 2H), 6.5-7.2 (m, 3H).

4: 131-133°C (105-110°C/0.05 mmHg); C,,H,,BN,0,; 61.04, 8.97, 11.86,
(60.82, 9.09, 12.08); 8 2.33 (s, 12H), 3.67 (s, 4H), 5.35 (broad, 2H), 6.9-7.3 (m, 3H).

5: 194-195°C (70-80°C /0.5 mmHg); C;H,,BNO; 65.38; 6.86, 9.53 (65.11, 6.81,
9.23); & 2.11 (s, 3H), 3.49 (br., 1H) 7.0-7.8 (m, 4H).

6: 204-205°C, ——; C,;H,,BNO; 70.62, 7.56, 7.49 (70.49, 7.80, 7.19); &
(MeOH-d,) 1.5-2.6 (m, 6H), 2.7-3.1 (m, 2H), 3.8-4.2 (m, 1H), 4.65 (br.,, 1H),
7.05-7.35 (m, 4H).

(R)(S)-T: 179-180°C (95-105°C/0.2 mmHg); C;,H,,B,N,0;; 68.62, 8.06, 8.00
(68.40, 8.00, 7.83); & 1.34 (d, J 7, 3H), 229+ 2.31 (2s [3/1]), 6H), 4.22(m, 1H),
7.1-7.8 (m, 4H).

(5)-7: 116-117°C (95-105° /0.2); C,,H,,B;N;0,; 68.62, 8.06, 8.00, (68.45, 8.09,
7.89); § 1.34 (d, J 7, 3H), 2.31 (s, 6H), 422 (q, J 7, 1H), 7.1-7.8 (m, 4H).

8: 159-160°C (m.p. 95-96°C); C,;H,(BNO,; 68.16, 7.04, 6.11, (67.41, 6.95,
5.84); 8§ 1.72 (s, 2H), 2.53 (s, 6H), 4.27 (s, 2H), 7.1-7.9 (m, 6H).

9: 79°C, ——; CgH,BNO,; 58.24, 7.33, 8.49, (57.84, 7.00, 8.03); 8 2.70 (s, 6H),
7.13-7.53 (m, 3H), 7.87-8.00 (m, 1H).

10: 132-135°C, ——; C,,H,,BNO;; 58.00, 6.83, 6.77 (58.11, 6.96, 6.73); &
(DMSO-d, at 75°C) 2.03 (s, 3H), 2.88 (s, 3H), 4.67 (s, 2H), 6.95-7.65 (m, 4H) 5-7
(br., 2H).
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