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ABSTRACT

Lithiation of 5-bromonicotinic acid protected as secondary or tertiary amide as well as (4,4
"-dimethyl)oxazolinylpyridine using LTMP versus LDA was observed, providing

The unusual C-2 and C-4 regioselective lithiation of 3-bromo-5-(4,4

"-dimethyl)oxazoline with lithium amides is reported.

a new route to substituted nicotinic acid scaffolds. The methodology was applied to the synthesis of novel C-4 and C-6 arylated 5-bromonicotinic

acids.

Nicotinic acid (Niacin, Vitamin B) and nicotinamides are

building blocks for the preparation of complex azahetero-

important members of the B-vitamin group and represent cycles. The directed orthometalation (DoM) reaction has been

the active moiety of both coenzymes NAD/NADP involved
in many metabolic processésd\iacin is known also as a
very efficient lipid-regulating agent clinically used for the

treatment of severe dyslepidemia and the atherosclerotic

cardiovascular diseageMoreover, functionalized nicotinic

acid derivatives, including amide, ester, and oxazoline, have
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states such as obestycancer inflammatoryf and pairf,
as well as pesticidés.Such scaffolds are also versatile
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widely used as a powerful and efficient method for regio-
selective functionalization of aromatics and heteroaromatics.
Selective C-4 lithiation of nicotinamidés3-(4,4-dimethyl)-
oxazolinylpyridine? 3-cyanopyridiné? and unprotected nico-
tinic acid* has been successfully accomplished using lithium

dialkylamides and Hauser bases. With these achievements,

we recently sought to identify the simplest scaffold to prepare
highly functionalized niacin analogues. We selected the
5-bromonicotinic acidl due to the presence of two meta-
directed metalation groups (DMGSs), allowing three possible
ortho substitutions using DoM methodology. Further func-
tionalizations could be also achieved exploiting the B2
bond synthetic value.

The regiochemical lithiation of the 1,3-inter-related—
DMGs system specifically at the less favored ortho positions
not located between the two DMGs has been scarcely
studied’®!?2 The choice of suitable lithiating agents in the
case of the lithiation of bromopyridine models asis
restricted mainly to lithium amides which avoid competitive
side reactions such as—®r exchange and nucleophilic
addition to the pyridine nucleus. The lithiation of 5-bro-
monicotinic acid1 using 2,2',6,6'-tetramethylpiperidinyl-
lithium (LTMP) occurred selectively at the most hindered
C-4 position (Scheme 1J° We further reasoned that the

Scheme 1. C-4 Lithiation of 5-Bromonicotinic Acidl

o 1. LTMP (2 equiv), E 0
Br | Xy ~oH THF.-80°C, 30 min Br: | Xy~ “OH
N/ 2. Electrophile N/
1 3. H* E=D, |, COOH,
(58-80%)

addition of external (base) and/or internal (DMG) steric
effects might drive the challenging ortho lithiation at less
hindered sites.

As a preliminary assay, the unprotected nicotinic acid
was reacted with the most highly hindered lithiutert-
butyldimethylsilyl)-tert-butylamide (LIBSBAY in THF for
30 min at—50 °C followed by DO quenching to provide
exclusively the C-4 deuterated product in 82% yield. Herein
we report our results from a thorough screening of bulky
carboxylic acid derived DMGs which identified the (4,4
dimethyl)oxazoline as a suitable DMG to control the ortho
lithiation at both C—Br ortho positions.

(7) () Schlosser, MAngew. Chem., Int. EQ005,44, 376—393. (b)
Anctil, E. J. G.; Snieckus, V. IMetal-Catalyzed Cross-Coupling Reactipns
2nd ed.; Diederich, F., de Meijere, A., Eds.; Wiley-VCH: Weinheim,
Germany, 2004; p 761. (c) Snieckus, @hem Rev»1990,90, 879—933.

(8) Mongin, F.; Quéguiner, Gletrahedron2001,57, 4059—4090.

(9) Meyers, A. |.; Gabel, R. AJ. Org. Chem1982,47, 2633—2637.

(10) Cailly, T.; Fabis, F.; Lemaitre, S.; Bouillon, A.; Rault, S. Tetrahe-
dron Lett.2005,46, 135—137.

(11) (a) Lazaar, J.; Rebstock, Hoarau, C.; Mongin, F; Trécourt, F;
Godard, A.; Marsais, F.; Quéguiner, Tetrahedron Lett2005,46, 3811—
3813. (b) Lazaar, J.; Rebstock, A.-S.; Mongin, F.; Godard, A.; Trécourt,
F.; Marsais, F.; Quéguiner, Getrahedron2002,58, 6723—-6728.

(12) Nguyen, T.-N.; Chau, N. T. C.; Castanet, A.-S.; Nguyen, K. P. P.;
Mortier, J.Org. Lett.2005,7, 2445—2448.

(13) Cameron, W.; Guay, B.; Scheuermeyer,JFOrg. Chem.1997,

62, 758—760.

6072

The bulky secondary and tertiary amides5 (Scheme
2) were prepared from 5-bromonicotinic acidvia the

Scheme 2
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corresponding acid chlorides. Treatment of 3-bromo-5-
cyanopyridine2 with the appropriate amino alcohol in the
presence of catalytic amounts of zinc chloride cleanly
afforded multigram quantities of 3-bromo-5-(4dimethyl)-
oxazolinylpyridine6 in excellent 95% vyield?*

A first set of lithiation experiments was achieved using
LTMP at —78 °C in THF. Each lithio intermediate was
guenched with BO (Table 1, entries 14). All bulky
carboxamide8—5 showed exclusive deuterium incorporation
at the C-4 position (entries-13) providing deuterated
compound8a—5ain high isolated yields. On the other hand,
we found that the 3-bromo-5-(4,4'-dimethyl)oxazolinylpy-
ridine 6 was selectively deuterated at the C-2 position (entry
4).15 We then tried to modify the lithiation regioselectivity
of 6 from the C-2 to C-4 position. Thus, deprotonationéof
with LTMP at —78 °C, warming at different temperatures,
and trapping the lithio intermediates with® clearly showed
that the C-2 lithio species slowly isomerized to the thermo-
dynamically more stable C-4 lithio isomer-a0 °C (entry
5).

We also observed that the 4-lithiopyridine previously
formed at—50 °C underwent degradation at40 °C (entry
6). The lithiation of 3-bromo-5-(4;4dimethyl)oxazolinylpy-
ridine 6 was carried out with a less hindered amide base,
lithium diisopropylamine (LDA), at—78 °C in THF.
Surprisingly, quenching the lithio intermediate with@led
exclusively to isolation of the C-4 deuterated proddain
90% vyield (entry 7). Thus, steric hindrance appeared to be
the major factor controlling the regioselectivity of deproto-
nation of6. To gain further support for this assumption, we
examined the lithiation of the less hindered oxazolihe
prepared from 3-bromo-5-cyanopyridirzin 56% vyield
(Scheme 2).

As expected, treatment @fwith LTMP (entry 8) followed
by quenching with RO mainly provided the C-4 deuterated
compound7a (entry 8).
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(15)™H NMR spectra of @ deuterated productb showed two
characteristic doublets corresponding to the H-4 and H-6 protons, which
both correlate in the HMBC NMR spectra with the quaternary carbon C-5
of the oxazolinyl group.
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Table 1. Lithiation of 3-Bromo-5-carboxypyridine3—72 Scheme 3. C-2 and C-4 Substitution &®
D
Br. DMG 1.Base, THF 4 B DMG
= 78°C, 15 min BN Xy PMC BN N
L~ P ) W i Loa, THE, DY Y0
N 2.D,0 N D™ °N -78%C, 15 min 2 | N _17‘!;'%',\/[1'35; m\F'
37 3a-7a 3b-7b
B - 51
2. Electrophile 2. Electrophile Br
Br o T8 ont Zec ton IYLO
entry DMG Base a’(%)  bi(%) N 3.NH,CI BNHCI g\
1 CONHBu 3 LTMP 2 -78 88 (91) 0
product yield R yield product
2 CON(Pr), 4 LTMP 1 -78 97 (91) 0 9a 89%° Cl 72%° 8a
>< 9% 80%° | T7%° 8b
3 N 9 5 LTMP 2 .78 95 (90) 0
ﬁ 9% 70%° SiMes 72%* 8¢
9d 72%° COzEt 70%° 8d
4 LTMP 1 -78 0 85 (94)
—<’Nj< 9e 51%" CH(OH)Ph(OMe)3 45%' 8e
N 6
5% .
5 LTMP 1 50 95 (83) 0 of 62%° CH(NTs)Ph(OMe) 70%° 8f
6 LTMP 1 -40 degradation 9g 56%" Allyl 0%"(40%) 8g
7 LDA 1 78 90 (93) 0 #Base 1 equi\_/), eIectrophiI_es(—:B equiv). 'I_'he superscripbs-h
depict the following electrophiles®Cl, ¢l,, 4SiMesCl, ECNCO,EL,
_<,Nj . . f3,4,5-trimethoxybenza|dehydw-tosylbenzylimine',“allyl bromide.
8 5% 7 LTMP 1 78 76 24 ilsolated yield 0@g. Yields are isolated yields. See the Supporting

Information for details.

apercent of deuterium incorporation estimated'byNMR. ° Isolated
overyields.c Isolated overyield is 56%.

product8gin 70% yield. Interestingly, the same procedure
could be used to improve the yield of the C-4 allylation after
Application of the regiocontrolled lithiation o using Jithiation with LDA, leading to the C-4 allylated compound
LTMP or LDA followed by trapping the respective C-2 or  9gin 82% yield (Scheme 4).
C-4 lithio intermediates at 78 °C with various electrophiles
led to a large panel of C-2 and C-4 substituted 3-bromo-5-
oxazolylpyridines. Halogenation, carboxyethoxylation, amino
and hydroxyl alkylation, and trimethylsilylation & could

Scheme 4. C-2 and C-4 Allylation of6?2

be thus achieved either at C-2 or C-4 positions in moderate N{

to excellent yields using the appropriate electrophiles as 1. LDA, THE, Br\(ﬁ/io 1. LTMP, THF,
depicted in Scheme 3. However, the C-2 allylated compound | — ' N T “fji
8g could not be obtained by treating the C-2 lithio derivative g NJ§ zach g 2.2nCh, B | o
of 6 neither with allylbromide nor with allyliodide at78 | 3. Allyl bromide, 3. Allyl bromide, N?

°C whatever the reaction time. Allylation & was also N cuchiael cuenizet

successfully realized at the C-4 position, affordiag in 9g (82%) 8g (70%)

moderate 56% yield.

Warming the reaction to room temperature led to prior
isomerization of the C-2 lithio species to the C-4 lithio isomer
with subsequent allylation to givég in 40% yield (Scheme

3). The intermediate C-2 and C-4 pyridylzinc chlorides are
Regioselective C-2 lithiation o6 followed by Li/Zn stable at room temperature and are thus potential candidates
transmetalation and subsequent copper-catalyzed allylationfor palladium-catalyzed cross-coupling reactions. Thus, both
was envisaged for achieving C-2 allylation (Schemé®4). -2 and C-4 pyridylzinc chlorides were treated with various
Treatment of6 with LTMP at —78 OC, reaction with pheny"odides (1 equiv) in the presence of Pd(am mol
anhydrous ZnG| and warming immediately to room tem-  o4) a5 catalyst in refluxing THF for 20 h (Scheme 5). Further
perature for 1 h before addition of allylbromide in the treatment with EDTA allowed isolation of expected 2- and
presence of CuCfRLiCl afforded the eXpected C-2 a||y|ated 4_pheny| productg_()a_candlla_cin good to h|gh y|e|ds
o F - Sorh —— - as depicted in Scheme 5.
| 19)Far 2 e xaml o romoytine it and subsuert The sulness ofthis Stategy s lterlustrated by the
Karig, G.; Spencer, J. A.; Gallagher, Org. Lett.2001,3, 835—838. synthesis of 4- and 6-arylated 5-bromonicotinic acids as

aBase (1 equiv), ZnGl(1.1 equiv), CUCN2LICl (1.1 equiv),
allyl bromide (1.1 equiv). See the Supporting Information for details.
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Scheme 5. C-4 and C-6 Arylation 06?2 Scheme 6. Niacin Analogue Synthesis
0
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B r | 2. cat Pd(PPhs)s, 8 2. cat Pd(PPhj),, Br S IO R
r | X0 Ar-I, reflux Ar-l, reflux | 10a-b HGI 5N, 12a (77%) 12b (79%)
z Ar”N —
N R reflux, 24h ONe
product yield Ar-l yield product
NK o) 0
i
11a a0% ) 81% 10a B0 BN SoH BNy OH
N* N N*
11b 65% weod M1 65% 10b 11a-b 13a (62%) 13b (69%)
11c 70% NC-@-I 89% 10¢ NJ{ Br 2
° ° Br IO | " "OH
s P
. . . [
aBase (1 equiv), Arl (1 equiv), Pd(PP§)4 (5% mol). Yields N* N
. . . . . NC
are isolated yields. See the Supporting Information for details. NG
10¢ 1. NaOCI, AcOEt, 12¢ (59%)
BugNHSO,, 1, 24h
o o CN 2. NaOH, CH4OH,
niacin analogues. The 4-arylated 5-bromonicotinic acids may 2 i N
be also selected precursors to design new 5-bromo-4-aryl- hll‘{ o
N-benzylnicotinamide as neurokinin-1 (NKreceptor an- Br (Y O BN oH
tagonists.’ Hydrolysis of the oxazoline group was achieved N [N/
under either acidic or basic conditions after prior specific 11¢ 13c (68%)
chlorinatiort® of the oxazoline nitrogen atom. Expected
nicotinic acidsl2a— and13a—c were obtained in 5943% aYields are isolated yields. See the Supporting Information for
overall yields in four-step synthesis frotn(Scheme 6). details.
In summary, we have developed a regioselective lithiation
of 3-bromo-5-(4,4'-dimethyloxazolynyl)pyridiné which entry to novel 4- and 6-aryl-5-bromonicotinic acids as novel

provides a new versatile pathway to various substituted niacin analogues. Further substitutions of these unprotected
5-bromonicotinic acid derivatives by electrophilic quench, nicotinic acid analogues at the C-5 position may be consid-
Cu(ll)-catalyzed allylation, or Negishi cross-coupling after ered, taking advantage of the broad synthetic value of the
Li/Zn transmetalation. The method was used as an efficient C—Br bond!®
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