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Abstract: Various bromopyridines were converted to the corresponding pyridylmagnesium chlorides at
room temperature by treatment with iPrMgCl. The resulting Grignard reagents were quenched by
various electrophiles to afford functionalized pyridines. The bromine-magnesium exchange of some
dibromopyridines was also studied. © 1999 Elsevier Science Ltd. All rights reserved.
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Lithiation is an important method for the preparation of polyfunctional pyridines since lithiated pyridines
display a high reactivity toward many electrophilic functions.! This methodology often requires low
temperatures which are not easy to realize on an industrial scale. Bromine-lithium exchange!-2 has to be
usually performed at low temperature (-100 °C in THF or around -40 °C in diethyl ether) because of side-
reactions such as deprotonation, addition to the substrate, elimination of lithium bromide (to give pyridynes),
bromine migration (“dance”) or even ring opening reactions.

Transmetallation from lithiated pyridines is also used to allow coupling reactions with various substrates; as
an example, caerulomycin C could be successfully synthesized via a pyridylzinc halide.

We have been interested in the development of pyridylmagnesium reagents that could be involved either of
electrophilic trapping and coupling reactions and thus allow the synthesis of various substituted pyridines. It is
well established that the direct access to pyridine Grignard reagents by action of magnesium fails; it can be
somewhat improved by the activation of magnesium with a more reactive bromide via a bromine-magnesium
exchange reaction.4

A survey of the literature revealed that some iodopyridines undergo smooth iodine-magnesium exchange
when treated with alkyl or phenylmagnesium halides.5 Few significant results were reported from chloro- and
bromopyridines, except those of Paradies® and Meunier.” Paradies describes bromine and chlorine-magnesium
exchange with phenylmagnesium halides but the results could not be repeated.52 Meunier obtained bromine-
magnesium exchange when isopropylmagnesium chloride was used in tetrahydrofuran at -25 °C but no

trapping of the resulting Grignard derivatives was attempted with electrophiles.
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Since iodopyridines are not easily accessible, a study of commercially available bromopyridines® was
undertaken. Various alkylmagnesium chlorides, reaction times, solvents and magnesium complexing agents
were tested in order to optimize the exchange conditions and the trapping of the pyridine Grignard reagents
with electrophiles; iPrMgCl was found to be the best exchange agent on bromo derivatives in THF. It was also
demonstrated that the halogen of the pyridine Grignard reagent was chlorine.

2- and 3-Bromopyridines (1-2) were found to react smoothly with {PrMgCl in THF at room temperature.
The intermediates were trapped with various electrophiles in moderate (in the case of disulfides and carbonyl
compounds containing an a-hydrogen) to high yields with aldehydes and iodine. Yields are similar to those
obtained through bromine-lithium exchange,? but the full process can be achieved at room temperature. Under
these conditions, the overall reaction proves to be highly chemoselective and no side reactions product could
be detected. It can be noted that the yield increases with the reactivity of the electrophile (Scheme 1, Table 1),
which has been previously observed in the case of pyridyllithiums.

1) iPrMgCl, THF, 1t, 2 h gr 1) PrMgCl, THF, it, 1 h E
= | 2) Electrophile 3) H,0 = | = | 2) Electrophile 3) H,0 = |
NS > NS NS > NS
NT TBr N E N N
1 3a-g 2 4a-g
Scheme 1
Table 1. Trapping of 2- and 3-Pyridylmagnesium Chlorides with Various Electrophiles.
Starting Product ||| Starting Product
. Electrophile E . Electrophile E
material Yield % [l material Yield %
1 PhCHO CH(OH)Ph 3a:102 ¢ 2 PhCHO CH(OH)Ph da:107 930
1 CH,CHO CH(OH)CH,4 3b:10a79 2 CH;CHO CH(OH)CH;,4 4b:108 745
1 CH;CH,CHO | CH(OH)CH,CH; | 3¢:10b 54 2 BuCHO CH(OH)Bu 4¢:10h 78
1 CH,COCH, C(OH)(CH3), 3d:10¢ 30 2 EtCOEt C(OH)Et, 4d:10i 58
1 CH,COC! COCH, 3e: 15 2 PhCOCI¢ COPh 4e: 35
1 PhSSPh SPh 3f:10d 450 2 CH;SSCH; SCH; 4f:10i 584
1 I 1 3g:10c 97 2 I I 4g:10k 78

1 eq. of triethylamine was added before quenching with the electrophile; 210 eq. of CH3CHO were used at -20 °C; caddition of
PhCOCI at -70 °C then the mixture was allowed to reach rt.

Concerning the exchange reaction on monobromopyridines, it could be observed that both 2- and 3-
pyridylmagnesium chlorides can be easily prepared, but the first revealed to be less reactive with electrophiles.
Due to its instability, 4-bromopyridine was not completely studied. Nevertheless, we could show that it
undergoes bromine-magnesium exchange in the same way, and gives the corresponding alcoholl! in 64%
yield, after quenching with benzaldehyde.
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This study was then extended to dibromopyridines with the purpose of studying the regioselectivity of the
exchange.

2,6-Dibromopyridine (5) reacts with iPrMgCl to give a single exchange reaction (even with an excess of
reagent), as demonstrated by the trapping with benzaldehyde or iodine (Scheme 2).

1) iPrMgCl, THF, rt, 2 h

~ | 2) Electrophile 3) H,0 Z | 6a: E= CH(OH)Ph, 42% when 2 eq. of iPrMgCl and
N v x> PhCHO were used.
E
Br '\; Br B s:-b 6b: E= 1, 90% when 4 eq. of iPrMgCl and I, were used.
Scheme 2

A single exchange was also established from 3,5-dibromopyridine 7 and afforded alcohol 812 in a satisfying
yield of 76% after treatment with benzaldehyde. Consecutive exchange of the second bromine atom in a one-
pot procedure allowed the synthesis of 3,5-disubstituted pyridine 913 (Scheme 3).

OH OH

0,
\(j/ (76%) \(j)\ \(j/ (49%) pn TN Ph
x> 1) PrMgCl, THF, rt, 1 h >y

1) PrMgCl, THF, it, 2 h N

7 2) PhCHO 3) H,0 2) PhCHO 9
3)iPrMgCl, THF, rt, 2 h

4) PhCHO 5) H,0

Scheme 3

Reacting 2,3-7 and 2,5-dibromopyridines (10-11) with /PrMgCl at room temperature followed by
quenching with benzaldehyde, afforded respectively 3- and 5-substituted 2-bromopyridines 129¢ and 1314 in
high yields. Exchange occurred at C3, as previously observed,!5 when treated with butyllithium in THF at
-100 °C (Scheme 4).

1) iPrMgC), THF, 1t, 1 h OH 1) PrMgCL THF, /t, 1h O
BT 2)PhCHO K0 ph BN, 2PRCHO3) M0 pp, %
SN l B Sy i B SN l B i SN 8
r o r T 0, r
10 (92%) 12 11 (86%) 13
Scheme 4

Exchange of the second bromine atom under various conditions remained unsuccessful.
3,4-Dibromopyridine (14) reacts in the same conditions to give exchange at C3 and C4 in an approximate
ratio 65:35 respectively (Scheme 5).

Ph OH
Br Br OH
~ Br (98%) = Ph = o
3 # X ¥ N
N 1) PrMgCl, THF, rt, 1 h N
14 2) PhCHO 3) H,0 15 65/35 16
Scheme 5

In conclusion, commercial iPrMgCl was suitable for a clean bromine-magnesium exchange on various
bromo and dibromopyridines at room temperature in THF, whereas corresponding bromine-lithium exchange
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has to be performed at very low temperature to prevent side reactions. The regioselectivity of the bromine-
magnesium exchange seems to be the same to that of the bromine-lithium one ie. C3 ~ C4 > C2. Some
reactions involving pyridylmagnesium halides, such as cross coupling, are currently underway.

Bromine-magnesium Exchange; Typical Procedure: 3-Bromopyridine (0.96 mL, 10 mmol) was added to
iPrMgCl (10 mmol) in THF (5 mL) at rt. After 1 h, benzaldehyde (10 mmol) was added. After 2 h at rt, water
(50 mL) was added. Extraction with dichloromethane (3 x 20 mL), drying over magnesium sulphate and
column chromatography using dichloromethane as an eluent afforded alcohol 4a (84% yield).
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