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Abstract—Lithium tributylmagnesate complex (n-Bu;MgLi), readily prepared from n-BuLi and n-BuMgCl (2:1), is a novel
metallation agent. It is quite efficient for the selective mono-bromine-magnesium exchange of 2,6-dibromopyridine (1) under
non-cryogenic conditions (at —10°C) to give a stable magnesate intermediate. Subsequent treatment with DMF gave 6-bromo-2-
formylpyridine (3) in excellent yield. This method is also applicable for selective monosubstitution of several other kinds of
dibromoarenes. © 2001 Elsevier Science Ltd. All rights reserved.

In the course of the process development for a novel
muscarinic M; antagonist,! we required selective mono-
formylation of 2,6-dibromopyridine (1) via a bromine—
metal exchange reaction (Scheme 1). Selective
mono-metallation of 1 appears to be a key transforma-
tion for the synthesis of biologically important
compounds’® and several procedures for the lithium—
bromine exchange of 1 giving 2 (M =Li) using n-BuLi
have been reported.®> However, these methods require
cryogenic conditions (—40 to —78°C) and are not practi-
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cal for industrial-scale operation. The development of a
practical and scalable process, which does not need
cryogenic conditions, has been quite desirable. In this
article, we describe a novel scalable bromine-magne-
sium exchange reaction of 1 utilizing the magnesium ate
complex n-Bu;MgLi. The application to several aryl
and heteroaryl dibromides is also described.

The magnesium-bromine exchange reaction of 1 with
i-PrMgCl at ambient temperature has been reported
recently by Quéguiner et al.* We applied their protocol
to the preparation of 3. However, even using our
optimized conditions (Scheme 2), the desired exchange
reaction was relatively sluggish (>5 h at 20°C) and a
slight excess of i-PrMgCl was necessary to complete the
reaction. In addition, the formation of an alkylated side
product 4 (>5%) was not prevented.®> On the other
hand, it should be noted that the organomagnesium
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intermediate (2: M =MgCl) was very stable at 20°C and
no significant decomposition was observed, even after
aging for 24 h. Knochel et al. have recently reported
that the analogous i-Pr,Mg-induced exchange reaction
shows a similar reactivity to i-PrMgCl.° These results
prompted us to investigate a magnesium ate complex
(R;MgLi), which should exhibit the reactivity between
n-BuLi and i-PrMgCl/i-Pr,Mg, giving a stable metal-
lated species under non-cryogenic conditions. The use
of magnesium ate complexes for the halogen—metal
exchange has not been known until a recent report by
Oshima et al.”

The ate complex n-Bu;MgLi can be prepared by mixing
equimolar amounts of n-Bu,Mg and n-BuLi according
to the literature.® Since n-Bu,Mg can be prepared from
n-BuMgCl and n-BuLi,’ we thus chose n-BuMgCl as a
more convenient and safer alternative to n-Bu,Mg. We
therefore prepared n-Bu;MgLi by mixing n-BuMgCl (in
THF) and n-BuLi (in hexane) in the ratio of 1:2;'° the
'H and '*C NMR observations showed the existence of
a single species distinctly different from either n-
BuMgCl or n-BuLi!! The bromine-magnesium
exchange reaction of 1 with the n-BuyMgLi (0.35 mol
equiv.; 1.05 equiv. of Bu) proceeded efficiently at —10°C
in toluene,'? giving an almost pure mono-metallated
intermediate (97% in peak area of HPLC).!* Subse-
quent treatment with DMF gave the desired aldehyde 3
in 95% yield (Scheme 3). Interestingly, several protocols
for the halogen—-metal exchange using metal ate com-
plexes have been published previously.”>!* In all
reports, however, only one or two alkyl groups are
functional at the expense of other alkyl groups. Thus,
these methods appear unsatisfactory with regard to
economy and product quality. Conversely, in our pro-
tocol, all three alkyl groups in the ate complex partici-
pate in the magnesium—bromine exchange.

It should be noted that the metallated intermediate was
very stable in toluene at —10°C, giving 3 in 90% yield,
even after aging for 10 h before the treatment with
DMF. The intermediate appears to be a magnesate
complex such as 6, different from a mixture of dipyridyl
magnesium and 2-bromo-6-lithiopyridine (2, M=Li)
since the lithiated intermediate was unstable under sim-
ilar conditions, as shown in Table 1.

Solvent effects on the selective metallation are shown in
Table 2. The selection of the reaction solvent was
important to control the reactivity. The exchange reac-
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and a maximum of 0.5% of diformyl product 5, via
dimetallation, was obtained. A slight excess of the
reagent (1.2 mol equiv.) did not affect the selectivity
(entry 2). Even with the use of 1.5 mol equiv. of
n-BusMgLi, only 2% of 5 was obtained (entry 3). In
THF, an accurate charge of the reagent was necessary
to obtain an acceptable yield of 3 (entry 4). An excess
of the reagent (1.5 mol equiv.) in THF caused a signifi-
cant formation of 5 (43%) (entry 5).

Effects of the ratio of n-BuMgCl to n-BuLi on the
reagent activity are also shown in Table 2. An under-
charge of n-BuLi to n-BuMgCl decreased the reactivity
due to formation of a mixture of n-Bu;MgLi and
n-Bu,Mg (entry 6). It is known that n-Bu,Mg is almost
inert to 1 under the reaction conditions. The overcharge
of n-BuLi did not reduce the yield of 3 (entry 7). In this
case, a higher-ordered magnesate (n-Bu,MgLi,) might
be partly generated. The reagent prepared from the
ratio of n-BuLi to n-BuMgCl (3:1) was probably n-
Bu,MgLi,® and showed a similar reactivity to n-
Bu;MglLi (entry 8).

We next examined the application of this protocol to
other dibromoarenes and dibromoheteroarenes. The
results are summarized in Table 3. To avoid the precip-
itation of the magnesate intermediate, THF was added
to toluene for some substrates. In all cases, <2% of
dimetallation was obtained. 1,4- and 1,3-Dibromoben-
zene gave the corresponding mono-formylated benzene
in good yields (entries 1 and 2). The exchange of
1,4-dibromo-2-fluorobenzene was selective at the 1-
position to afford 4-bromo-2-fluorobenzaldehyde in
92% assay yield (entry 3). 3,5-Dibromopyridine gave

Table 1. Stability of the ate complex 6 versus 2-bromo-6-
lithiopyridine (2: M=Li) at —10°C

Aging time (h)* Yield of 3 (%)

Via 6 Via 2 (M=Li)
0.5 97 90
1 95 70
3 93 53
10 90 b

* Aging time after the treatment of 1 and n-Bu;MgLi (0.35 equiv.) or
n-BuLi (1.0 equiv.).

tion of n-Bu;MgLi was quite selective for 1 in toluene *No data.
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Table 2. Solvent effects on the selective exchange (entries 1-5) and the effects of the ratio of n-BuMgCl and n-BuLi on the
reagent activity (entries 6-8)*

Entry Reagent Ratio Solvent Yield (%)
n-BuMgCl/n-BuLi (mol equiv. to 1) 3 5 1
1 0.35/0.7 (1.05) 1:2 Toluene 95 <0.5 0.2
2 0.4/0.8 (1.2) 1:2 Toluene 95 <0.5 0
3 0.5/1.0 (1.5) 1:2 Toluene 90 2 0
4 0.35/0.7 (1.05) 1:2 THF 90 5 0
5 0.5/1.0 (1.5) 1:2 THF 49 43 0
6 0.4/0.7 (1.1) 1:1.75 Toluene 63 27
7 0.4/0.9 (1.3) 1:2.25 Toluene 96 0
8 0.3/0.9 (1.2) 1:3 Toluene 95 0.2
4 Reactions were carried out in toluene at —10°C. DMF was added after 2 h of aging.
Table 3. n-Bu;MgLi-mediated mono-formylation of dibromoarenes and dibromoheteroarenes
1) n-BugMgLi (0.35 mol eq), conditions
Br—Ar—Br Br—Ar-CHO
2) DMF (1.3 eq), 0°C,0.5h
3) ag. citric acid or aq. AcOH
" o
entry  substrate solventa _conditions metallation product yield (%)
temp., time mono- / di-
Br CHO
1 Q A 0°C5hd 885/<0.1 Q 84
Br Br
L1 c15h¢ L
2 Br Br A 0°C,15h 92.0/n.d. Br CHO 99
Br ~CHO
3 Q B 0°C,1h 91.9/<2 L 92
Br F Br F
Br - Br Br X CHO
4 | C -10°C,1.5h 97.7/<0.1 | 78
N N
~Br . CHO
5 | c 0°C,1.25h 77.111.7 | 71
B N then 20 °C, 1 h @ Br- N
/ A\ —10° 7\ e
G 10°C,3h 90.7/1.6 oA cvo 73

aA: toluene; B: toluene-THF (5:1); C: toluene-THF (1:1). P Determined by HPLC (area%) after quenching with methanol.
¢ Assay yield by means of HPLC. 90.40 eq of n-BuMgLi was used. € Isolated yield.

the corresponding aldehyde in 78% isolated yield (entry
4) and 2,5-dibromopyridine afforded selectively 6-
bromo-3-pyridinecarboxaldehyde in 71% assay yield
(entry 5). 2,5-Dibromothiophene was also cleanly
metallated to give the corresponding aldehyde in 73%
isolated yield (entry 6).

In summary, lithium tributylmagnesate complex (n-
Bu;MgLi) is an efficient reagent for selective mono-
formylation of dibromoarenes and  dibromo-
heteroarenes via  bromine-magnesium  exchange
reaction. This novel reaction can be carried out under
non-cryogenic conditions (at —10°C) and therefore
offers a significant advantage for large-scale produc-
tion. This method was used for the preparation of 25 kg
of 3 (91% assay yield) in our laboratory.!> Further

studies on the reaction mechanism and the other appli-
cations are currently underway.

Acknowledgements

The authors are grateful to Professor K. Oshima,
Kyoto University, for his valuable comments to this
study. They would like to thank Messrs. Y. Kato, M.
Ishihara, N. Nakahori, and K. Ushida of our labora-
tory for their collaboration to the large-scale prepara-
tion of 3. A part of these experiments was performed at
Merck Research Laboratories. The authors are also
grateful to Drs. D. Tschaen and R. P. Volante, Merck
& Co., Inc., for their general support of this study.



4844

10.

11.

T. lida et al. / Tetrahedron Letters 42 (2001) 4841-4844

References

. Mitsuya, M.; Kobayashi, K.; Kawakami, K.; Satoh, A.;

Ogino, Y.; Kakikawa, T.; Ohtake, N.; Kimura, T.;
Hirose, H.; Sato, A.; Numazawa, T.; Hasegawa, T.;
Noguchi, K.; Mase, T. J. Med. Chem. 2000, 43, 5017-
5029.

. (a) Burgos, C. E.; Nidy, E. G.; Johnson, R. A. Tetra-

hedron Lett. 1989, 30, 5081-5084; (b) De Vos, E.;
Esmans, E. L.; Alderweireldt, F. C. J. Heterocyclic Chem.
1993, 30, 1245-1252.

. (a) Cai, D.; Hughes, D. L.; Verhoeven, T. R. Tetrahedron

Lett. 1996, 37, 2537-2540; (b) Paterson, M. A.; Mitchell,
J. R. J. Org. Chem. 1997, 62, 8237-8239 and references
cited therein.

. Trécourt, F.; Breton, G.; Bonnet, V.; Mongin, F.; Mar-

sais, F.; Quéguiner, G. Tetrahedron Lett. 1999, 40, 4339—
4342,

The use of EtMgBr, vinyl-MgBr, PhMgBr, and ¢-
BuMgCl, instead of i-PrMgCl, gave less satisfactory
results.

Abarbri, M.; Dehmel, F.; Knochel, P. Tetrahedron Lett.
1999, 40, 7449-7453.

Our work was initially applied for the following patent:
(a) Iida, T.; Wada, T.; Mase, T. Japan Application No.
JP 2000-024613 20000202. For contemporaneous work,
see: (b) Kitagawa, K.; Inoue, A.; Shinokubo, H.; Oshima,
K. Angew. Chem., Int. Ed. 2000, 39, 2481-2483. The date
(Feb. 2nd, 2000) of our patent application is consistent
with the date that their work was received by the journal.

. (a) Malpass, D. B.; Eastham, J. F. J. Org. Chem. 1973,

38, 3718-3723; (b) Ashby, E. C.; Chao, L.-C.; Laemmle,
J. J. Org. Chem. 1974, 39, 3258-3263.

Wakefield, B. J. Organomagnesium Methods in Organic
Synthesis; Academic Press: New York, 1995; pp. 61-71.
The reagent, prepared from n-Bu,Mg and n-BuLi (1:1),
showed similar reactivity to the reagent from n-BuMgCl.
'"H NMR (toluene-THF (2:1), 25°C) for the mixture of
n-BuLi and n-BuMgCl (2:1) showed one triplet peak
(metal-CH,-) at J -0.54, while both n-BuLi and n-
BuMgCl showed a doublet-of-triplets at —0.87 and —0.42,
respectively. '*C NMR also showed different resonance

12.

13.

14.

15.

(0 8.9) from n-BuLi (6 9.1) and n-BuMgCl (¢ 6.8).
Purchased n-Bu,Mg (Fluka) showed resonance at § —0.49
(H NMR) and 6 7.2 (*C NMR). D,O in a sealed
capillary was used for NMR locking. THF was used to
obtain a homogeneous solution.

11% of hexane and 6% of THF in toluene. The reaction
in absolute toluene, by the evaporation of THF (from
n-BuMgCl) and hexane (from n-BuLi), gave similar
results.

The mono-metallated intermediate was identified as 2-
bromopyridine (HPLC) after quenching a reaction mix-
ture aliquot with methanol.

(a) Harada, T.; Katsuhira, T.; Hattori, K.; Oku, A. J.
Org. Chem. 1993, 58, 2958-2965; (b) Harada, T.; Kat-
suhira, T.; Hara, D.; Kotani, Y.; Maejima, K.; Kaji, R.;
Oku, A. J. Org. Chem. 1993, 58, 4897-4907; (c) Kondo,
Y.; Matsudaira, T.; Sato, J.; Nurata, N.; Sakamoto, T.
Angew. Chem., Int. Ed. Engl. 1996, 35, 736-738; (d)
Uchiyama, M.; Koike, M.; Kameda, M.; Kondo, Y.;
Sakamoto, T. J. Am. Chem. Soc. 1996, 118, 8733-8734,;
(e) Inoue, R.; Shinokubo, H.; Oshima, K. Tetrahedron
Lett. 1996, 37, 5377-5380; (f) Hojo, M.; Harada, H.; Ito,
H.; Hosomi, A. J. Am. Chem. Soc. 1997, 119, 5459-5460;
(g) Hojo, M.; Harada, H.; Ito, H.; Hosomi, A. Chem.
Commun. 1997, 2077-2078; (h) Inoue, R.; Shinokubo, H.;
Oshima, K. J. Org. Chem. 1998, 63, 910-911.
Procedure for the formylation of 1 using n-Bu;MgLi: To
a solution of n-BuLi (1.63 M in hexane, 45.8 kg, 109 mol)
in toluene (52 L) was added n-BuMgCl (1.95 M in THF,
26.9 kg, 54.5 mol) at —10 to 0°C over 0.5 h, and the
mixture was stirred at —10°C for 0.5 h. A solution of 1
(34.9 kg, 145 mol) in toluene (262 L) was added dropwise
over 1 h while maintaining the temperature of the mix-
ture below —5°C. The resulting suspension was stirred at
—10°C for 2.5 h and then transferred into a cooled
(-10°C) solution of DMF (14.0 kg, 189 mol) in toluene
(50 L) over ca. 0.5 h. The mixture was aged at —10 to
—=5°C for 0.5 h and then quenched with aq. citric acid
(56.6 kg in 105 L of H,0). After stirring the mixture
below 20°C for 10 min, the organic layer was separated,
washed with H,O (105 L), and then assayed by mean of
HPLC: 25.0 assay kg of 3 (91% assay yield).



