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Abstract—Upon treatment of ethyl 2-(4-chloro-2-pyridyl)benzoic acid, 2-(4-chloro-2-pyridyl)benzoate, and N,N-diisopropyl-2-(4-chloro-2-
pyridyl)benzamide with LTMP at —75 °C in THF, the lithio derivatives at C5' are generated regiospecifically, as demonstrated by subsequent
quenching with electrophiles. The lithio derivative at C3' is only evidenced from the benzamide at higher temperature (—50 °C), when
treated with LTMP in THF; it instantly cyclizes to 1-chloro-4-azafluorenone. The latter is converted to onychine, an alkaloid endowed with

anticandidal activity.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Directed ortho-metallation (DoM) plays an important role
in the modern organic synthesis.!> Despite the maturity
long since gained by the method, the way a substituent acts
in its vicinity remains incompletely understood.

From all the directing groups, the carboxylic acid and
derived functions stand out as particularly useful for
subsequent elaborations. In the mw-deficient aza-aromatic
series, lithium pyridinecarboxylates, pyridineoxazolines
and pyridinecarboxamides have been deprotonated at ring
positions adjacent to the DMG.? Moreover, studies concern
the deprotonation of a pyridine ring followed by in situ
condensation with remote N,N-dialkylcarboxamide,® ester*
or lithium carboxylate groups.*®

We here describe the unprecedented behavior of 2-(4-
chloro-2-pyridyl)benzoic acid, its corresponding ethyl ester
and N,N-diisopropyl amide, when compared to their non-
chlorinated analogues (Scheme 1).

2. Results and discussion

The starting biaryl substrates were synthesized by cross-
coupling reactions. The substituted ethyl 2-(2-pyridyl)-
benzoates 1 and 2 were prepared by reactions between ethyl
2-(5,5-dimethy1—1,3,2-di0xab0rinan-2-y1)benzoate5 and
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4-chloro-2-iodopyridine® or 2-bromo-4-methylpyridine,
respectively, using previously reported conditions.’
Hydrolyses of the esters allowed the acids 3 and 4 to be
obtained (Scheme 2).

The N,N-diisopropyl-2-(2-pyridyl)benzamides 5 and 6 were
synthesized from 2-(diisopropylaminocarbonyl)phenyl-
boronic acid’ and 4-chloro-2-iodopyridine® or 2-chloro-4-
methylpyridine, respectively, under Suzuki’s conditions®
(Scheme 3).

Deprotonation of the substrates 1, 3 and 5 was then
considered.

A survey of the literature revealed that LTMP was capable
of deprotonate ethyl benzoate at the ortho position while
LDA was found to react with the function.’ We thus decided
to examine the behavior of ethyl 2-(4-chloro-2-pyridyl)-
benzoate (1), carrying out the reaction with LTMP.

The ester 1 could be easily deprotonated at C5' using
2 equiv. of LTMP in THF at —75°C, and the lithio
intermediate trapped with D,O, ortho-tolualdehyde or
chlorotrimethylsilane to give the compounds 7a—c in
good yields (Scheme 4). Note that the lithio derivative
thus obtained does not react intermolecularly with the ester
function under the conditions used.

Interestingly, the position 5’ is regioselectively deproto-
nated.” The deprotonation is directed by the chloro group,
which acidifies the hydrogens at C3' and C5', and exerts a
stabilizing effect on the lithio derivative. Studies have
shown that coordination of a lithium dialkylamide by an
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ester function was unlikely.'® Moreover, one can hardly
expect the ester function to stabilize a lithio derivative at C3'
through chelation. A more acidic hydrogen at C5’
(determined by molecular simulations) or/and the steric
hindrance encountered by the base to deprotonate at C3'
could be invoked to justify this result.

We recently described pyridine rings metallation examples
and subsequent cyclization using a remote lithium carboxyl-
ate unit.** 2-(4-Chloro-2-pyridyl)benzoic acid (3) was
involved in the reaction with LTMP, under the conditions
used for the deprotonation of the ester 1. The reaction also
occurred at C5', as demonstrated by deuteriolysis (Scheme
5). Conducting the reaction at higher temperatures only led
to degradation compounds.

A complex-induced proximity effect (CIPE)'! is rarely cited
to rationalize the regioselectivities of deprotonation reac-
tions using LTMP;!? a thermodynamic control leading to

o)
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Scheme 4.

the most stable (less basic) carbanion (chelation to the
carboxylate)'? could be put forward to explain the results
observed in the reported examples. Attempts to detect
complexation between the lithium carboxylate of 3 and
LTMP in THF using the in situ infrared spectroscopy'# only
suggested that equilibria'® between different aggregation
states (monomers, dimers, tetramers...) were not affected by
the addition of the base.

Since various examples!! demonstrate dominance of a CIPE
process in the lithiation reactions with alkyllithiums, the
deprotonation of 3 was attempted using BuLi in THF at low
temperature (—75 °C): under these metallation non-revers-
ible conditions, butylated products formed were
accompanied by a significant amount of 8, showing the
CIPE is not strong enough to counterbalance steric and/or
hydrogens acidity-based effects.

We then turned to the metallation of the benzamide 5.
Studies concern the deprotonation of phenylpyridines on the
nitrogenous ring, followed by in situ intramolecular
condensation with N,N-dialkylcarboxamide functions
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borne by the phenyl group.> We wondered whether N,N-
diisopropyl-2-(4-chloro-2-pyridyl)benzamide (5) could be
submitted to such a reaction.

Attempts to detect complexation between the amide
function of free N,N-diisopropylbenzamide and LTMP in
THF using the in situ infrared spectroscopy' only
evidenced a quick deprotonation of the substrate at
—75 °C.' When the amide 5 was submitted to 4 equiv.!”
of LTMP in THF at —75 °C, deprotonation occurred once
again at C5', as demonstrated by deuteriolysis. Attempts to
trap lithio derivatives in other positions, e.g. using in situ
quenching with chlorotrimethylsilane,'® failed: the first
lithio derivative formed seems to be at C5' (Scheme 6).

1) LTMP, THF, -75°C

2)D,0
5
LTMP, TMSCI
THF, -75°C
Scheme 6.

On the other hand, when the amide 5 was added to a solution
of LTMP (2 equiv.) in THF at higher temperature (—50 °C),
the ketone 10 was obtained in 66% yield, the rest being
deuterated compound 9a.

Cross-coupling'® of the chloride 10 with methylboronic acid
under palladium catalysis further allowed a new synthesis of
onychine (11), an alkaloid endowed with anticandidal
activity?® (Scheme 7).

o
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Scheme 7.

Thus, at a higher temperature, the remote N,N-diisopropyl-
carboxamide group behaves like an in situ trap for the
3-lithiopyridine formed?! through the following equilibrium
(Scheme 8):

The ester 1 and the acid 3 either remained unchanged or
underwent degradation reactions on exposure to LTMP at
higher temperatures. Attempts to shorten the synthesis of
onychine (11) using the methylated substrates 2, 4 and 6 in
the reaction with LTMP only evidenced deprotonation of
the methyl group.??

3. Conclusion

At low temperature (—75 °C), LTMP in THF promotes an
exclusive regioselective metallation of 2-(4-chloro-2-pyr-
idyl)benzoic acid (3), ethyl 2-(4-chloro-2-pyridyl)benzoate
(1), and N,N-diisopropyl-2-(4-chloro-2-pyridyl)benzamide
(5) at C5', a position close to the chloro group but far from
the carbonyl function. This demonstrates that the CIPE, if
exists in this case, is not strong enough to counterbalance
steric and/or hydrogens acidity-based effects. At higher
temperatures, in the case of the amide 5 but also in the
previously reported syntheses of azafluorenones,? the N,N-
dialkylcarboxamide functions behave like an in situ trap for
the remote lithio derivative. The methodology here led to
onychine in three steps and 30% overall yield from 4-
chloro-2-iodopyridine.® Several approaches have been
previously developed.?> As in the Parham cyclization
strategy through bromine-lithium exchange,?* the lithio
derivative formed reacts with a remote carbonyl group.
Nevertheless, even if the yields are comparable, the lithio
derivative results in our case from deprotonation, avoiding
the presence of a bromine atom. This short and regioselec-
tive method is attractive, when compared with the
previously reported syntheses.?

4. Experimental
4.1. General
The '"H NMR and '*C NMR spectra were recorded with a

300 MHz spectrometer. THF and dioxane were distilled
from benzophenone/Na. The water content of the solvents

MeB(OH), 2
Pd(PPh,), 10mol.% Me
7\
K,CO,, dioxane N=
reflux

11, onychine: 96%

was estimated to be lower than 45 ppm by the modified Karl
Fischer method.?> Metallation and cross-coupling reactions
were carried out under dry argon. Deuterium incorporation
was determined from the 'H NMR integration values. After
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the reaction, hydrolysis, and neutralization, the aqueous
solution was extracted several times with CH,Cl,. The
organic layer was dried over Na,SO,, the solvents were
evaporated under reduced pressure, and unless otherwise
noted, the crude compound was chromatographed on a
silica gel column (the eluent is given in the product
description).

Starting materials. Pd(PPh3), was synthesized by a
literature method.?® 4-Chloro-2-iodopyridine,® 2-(diisopro-
pylaminocarbonyl)phenylboronic acid’ and ethyl 2-(5,5-
dimethyl-1,3,2-dioxaborinan-2-yl)benzoate> were prepared
according to literature procedures.

4.2. Ethyl 2-(4-chloro-2-pyridyl)benzoate (1)

A degassed mixture of 4-chloro-2-iodopyridine (0.29 g,
1.2 mmol), Pd(PPh3)4 (35 mg, 30 wmol), dioxane (10 mL),
ethyl 2-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)benzoate
(0.26 g, 1.0 mmol), and K3PO43H,O (0.53 g, 2.0 mmol)
was heated at 100 °C for 18 h. The solvents were removed
under reduced pressure and water (10 mL) was added to
afford 76% of 1 (eluent: petrol/AcOEt 80:20): pale yellow
oil; '"HNMR (CDCls) 6 1.03 (t, 3H, J=7.2 Hz), 4.09 (q, 2H,
J=7.2 Hz), 7.20 (dd, 1H, J=4.9, 1.6 Hz), 7.5 (m, 4H), 7.79
(d, 1H, J=7.5Hz), 8.46 (d, 1H, J=5.6 Hz); '3C NMR
(CDCl3) 6 14.3, 61.5, 122.7, 123.6, 129.2, 130.1, 130.4,
131.6, 132.0, 140.2, 144.5, 150.2, 160.8, 168.7; IR (KBr) v
3059, 2981, 2936, 1721, 1571, 1549. Anal. calcd for
C14H2,CINO, (261.71): C, 64.25; H, 4.62; N, 5.35. Found:
C, 63.95; H, 4.49; N, 5.07%.

4.3. Ethyl 2-(4-methyl-2-pyridyl)benzoate (2)

The procedure described above, using 2-bromo-4-methyl-
pyridine (0.31 g, 1.2 mmol) instead of 4-chloro-2-iodo-
pyridine, gave 66% of 2 (eluent: CH,Cl,/Et,0O 90:10):
colorless oil; 'TH NMR (CDCls) 8 0.97 (t, 3H, J=7.2 Hz),
2.30 (s, 3H), 4.05 (q, 2H, J=7.2Hz), 698 (d,
1H, J=49Hz), 7.20 (s, 1H), 7.4 (m, 3H), 7.72 (d,
1H, J=7.5Hz), 8.39 (d, 1H, J=5.2Hz); '3C NMR
(CDCly) 6 14.2, 21.5, 61.3, 123.4, 124.0, 128.5, 130.0,
130.1, 131.3, 132.3, 141.4, 147.6, 149.2, 159.0, 169.3;
IR (KBr) v 3054, 2981, 2927, 1722, 1604, 1286, 1250,
775, 747, 450. Anal. calced for C;sH;sNO, (241.29): C,
74.67; H, 6.27; N, 5.80. Found: C, 74.37; H, 6.33; N,
6.08%.

4.4. 2-(4-Chloro-2-pyridyl)benzoic acid (3)

A mixture of the ester 1 (0.26 g, 1.0 mmol) and NaOH
(0.10 g, 2.5 mmol) in water (1.0 mL) was heated under
reflux for 2 h. A 20% aqueous hydrochloric acid solution
was added until complete precipitation. The precipitate thus
obtained was recovered by filtration and dried under
vacuum to give 77% of 3: mp 134—135°C (dec.); 'H
NMR (DMSO-dg) 6 7.5 (m, 4H), 7.7 (m, 2H), 8.55 (d, 1H,
J=5.3 Hz); 3C NMR (DMSO-ds) & 124.2, 124.7, 130.5,
130.7, 131.0, 131.8, 132.7, 139.5, 140.8, 141.0, 143.8,
152.0; IR (KBr) v 3071, 2777, 2455, 1699, 1581, 1552,
1386, 1275, 1142, 1010, 788, 770, 712. Anal. calcd for
C,HsCINO; (233.66): C, 61.69; H, 3.45; N, 5.99. Found: C,
61.38; H, 3.23; N, 5.69%.

4.5. 2-(4-Methyl-2-pyridyl)benzoic acid (4)

The procedure described above, using the ester 2 (0.24 g,
1.0 mmol) instead of the ester 1, gave 48% of 4: mp 170—
171 °C (dec.); '"H NMR (DMSO-de) 6 2.58 (s, 3H), 7.61 (d,
1H, J=7.5Hz),7.71 (d, 1H, J=7.5 Hz), 7.8 (m, 2H), 7.87 (s,
1H), 8.06 (d, 1H, J=7.1 Hz), 8.71 (d, 1H, J=5.6 Hz); '3C
NMR (DMSO-dg) 621.8, 125.9, 127.3, 130.8, 131.1, 131.2,
131.5, 132.6, 134.4, 134.5, 142.0, 153.8, 167.4; IR (KBr) v
3386, 3061, 2449, 1954, 1702, 1612, 1315, 1278, 1142,
1048, 1017, 773, 747, 545. Anal. caled for C;3H;;NO,
(213.24): C, 73.23; H, 5.20; N, 6.57. Found: C, 72.92; H,
4.90; N, 6.29%.

4.6. N,N-Diisopropyl-2-(4-chloro-2-pyridyl)benzamide
%)

A degassed mixture of 4-chloro-2-iodopyridine (0.48 g,
2.0 mmol), K,CO5; (0.56 g, 4.0 mmol), water (2.0 mL),
EtOH (1.0 mL), toluene (20 mL), 2-(diisopropylamino-
carbonyl)phenylboronic acid (0.50 g, 2.0 mmol) and
Pd(PPh3), (70 mg, 60 pmol) was heated at reflux for 18 h
to afford 50% of 5 (eluent: CH,CIL,/Et,O 95:5): mp 100-
101 °C; '"H NMR (CDCl3) §0.53 (d, 3H, J=6.8 Hz), 0.88 (d,
3H, J=6.8 Hz), 1.38 (d, 3H, J=6.8 Hz), 1.46 (d, 3H,
J=6.8 Hz), 3.26 (sept, 1H, /=6.8 Hz), 3.51 (sept, 1H,
J=6.8 Hz), 7.16 (dd, 1H, J=5.3, 1.5Hz), 7.22 (dd, 1H,
J=4.9, 3.8 Hz), 7.3 (m, 2H), 7.63 (dd, 1H, J=5.8, 2.8 Hz),
7.70 (d, 1H, J=1.5 Hz), 8.45 (d, 1H, J=5.3 Hz); 13C NMR
(CDCl3) 6 19.9, 20.0, 20.9, 21.1, 46.0, 51.2, 122.5, 1244,
126.7, 129.0, 129.6, 129.7, 135.9, 138.5, 144.7, 150.5,
159.0, 170.5; IR (KBr) v 2965, 2931, 1619, 1571, 1547,
1452, 1435, 1371, 1340, 783, 710. Anal. calcd for
CsH,CIN,O (316.83): C, 68.24; H, 6.68; N, 8.84.
Found: C, 67.93; H, 6.79; N, 8.78%.

4.7. N,N-Diisopropyl-2-(4-methyl-2-pyridyl)benzamide
(6)

The procedure described above, using 2-chloro-4-methyl-
pyridine (0.17 mL, 2.0 mmol) instead of 4-chloro-2-iodo-
pyridine, gave 42% of 6 (eluent: CH,Cl,/Et,O 85:15): mp
98-99 °C; 'H NMR (CDCls) 6 0.40 (d, 3H, J/=6.8 Hz), 0.84
(d, 3H, J=6.8 Hz), 1.27 (d, 3H, J=6.8 Hz), 1.46 (d, 3H,
J=6.8 Hz), 2.27 (s, 3H), 3.22 (sept, 1H, J=6.8 Hz), 3.50
(sept, 1H, J=6.8 Hz), 6.98 (d, 1H, J=4.5 Hz), 7.22 (d, 1H,
J=6.8 Hz), 7.4 (m, 2H), 7.51 (s, 1H), 7.64 (d, 1H,
J=17.5Hz), 8.44 (d, 1H, J=5.3 Hz); '3C NMR (CDCl3) §
19.3,19.5, 20.5, 20.7, 45.3, 50.6, 123.3, 124.6, 126.2, 128.4,
128.6, 129.3, 136.9, 138.0, 147.1, 149.1, 156.9, 170.4; IR
(KBr) v 2968, 2931, 1628, 1604, 1436, 1370, 1339, 1212,
1033, 774, 742. Anal. calcd for C;oHp4N,O (296.42): C,
76.99; H, 8.16; N, 9.45. Found: C, 76.70; H, 8.24; N, 9.31%.

4.8. Ethyl 2-(4-chloro-2-(5-p)pyridyl)benzoate (7a)

A solution of the ester 1 (0.10 g, 0.38 mmol) in THF (3 mL)
was added to a solution of LTMP (obtained by adding BuLi
(0.76 mmol) to a solution of 2,2,6,6-tetramethylpiperidine
(0.14 mL, 0.84 mmol) in THF (5 mL) at 0 °C( at —78 °C.
The mixture was stirred at —78 °C for 1h before
deuteriolysis with D,O (0.5 mL) to afford 95% (100% d)
of 7a (eluent: petrol/AcOEt 80:20). The 'H and '*C NMR
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data of this product showed the replacements of 5'-H by 5'-D,
and 5'-CH by 5'-CD, respectively.

4.9. Ethyl 2-(4-chloro-5-(hydroxy(2-methylphenyl)-
methyl)-2-pyridyl)benzoate (7b)

A solution of the ester 1 (0.30 g, 1.1 mmol) in THF (15 mL)
was added to a solution of LTMP (obtained by adding BuLi
(2.3 mmol) to a solution of 2,2,6,6-tetramethylpiperidine
(0.43 mL, 2.4 mmol) in THF (20 mL) at 0 °C (at —78 °C.
The mixture was stirred at —78 °C for 1 h before trapping
with 2-tolualdehyde (0.28 mL, 2.4 mmol), and hydrolysis
18 h later with H,O (5 mL) to afford 73% of 7b (eluent:
CH,Cl,/Et,0 90:10): yellow oil; '"H NMR (CDCl3) 8 0.86
(t, 3H, J/=7.2 Hz), 2.11 (s, 3H), 3.54 (broad s, 1H), 1.94 (q,
2H, J=7.2 Hz), 6.04 (s, 1H), 7.0 (m, 4H), 7.3 (m, 4H), 7.62
(d, 1H, J=7.1 Hz), 8.42 (s, 1H); '3C NMR (CDCls) § 14.2,
19.5, 61.5, 68.7, 123.8, 126.6, 127.0, 128.4, 129.2, 130.2,
130.4, 131.0, 131.7, 131.9, 135.2, 136.3, 139.6, 139.6,
143.2, 149.5, 159.1, 168.8; IR (KBr) v 3377, 2981, 1720,
1584, 1286, 1261, 756. Anal. calcd for CyH,CINO;
(381.86): C, 69.20; H, 5.28; N, 3.67. Found: C, 68.89; H,
5.27; N, 3.58%.

4.10. Ethyl 2-(4-chloro-5-trimethylsilyl-2-pyridyl)-
benzoate (7¢)

A solution of the ester 1 (0.10 g, 0.38 mmol) in THF (3 mL)
was added to a solution of LTMP (obtained by adding BuLi
(0.76 mmol) to a solution of 2,2,6,6-tetramethylpiperidine
(0.14 mL, 0.80 mmol) in THF (5 mL) at 0 °C( at —78 °C.
The mixture was stirred at —78 °C for 1 h before quenching
with CISiMe; (96 nL, 0.76 mmol) and, 1.5h later,
hydrolysis with water (5 mL) to afford 78% of 7¢ (eluent:
petrol/AcOEt 90:10): yellow oil; 'H NMR (CDCls) 6 0.37
(s,9H), 1.07 (t, 3H, J=7.2 Hz), 4.12 (q, 2H, J=7.2 Hz), 7.38
(s, 1H), 7.5 (m, 3H), 7.79 (d, 1H, J=7.5 Hz), 8.51 (s, 1H);
13C NMR (CDCl3) 8 0.0, 14.8, 62.1, 124.5, 129.8, 130.7,
131.0, 132.3, 132.6, 140.8, 151.8, 155.6, 161.7, 169.4; IR
(KBr) v 2957, 2900, 1725, 1568, 1284, 1252, 1129, 1097,
1056, 844, 763. Anal. calcd for C;7H,oCINO,Si (333.89): C,
61.15; H, 6.04; N, 4.19. Found: C, 61.16; H, 6.11; N, 4.21%.

4.11. 2-(4-Chloro-2-(5-p)pyridyl)benzoic acid (8)

A solution of the acid 3 (0.10 g, 0.43 mmol) in THF
(2 mL) was added to a solution of LTMP (obtained by
adding BuLi (1.1 mmol) to a solution of 2,2,6,6-
tetramethylpiperidine (0.20 mL, 1.2 mmol) in THF
(5mL) at 0°C (at —78 °C. The mixture was stirred at
—78 °C for 1h before deuteriolysis with D,O (0.5 mL).
After evaporation, a 20% aq. hydrochloric acid solution
was added until complete precipitation. The precipitate
thus obtained was recovered by filtration and dried under
vacuum to afford 95% (100% d) of 8. The 'H and '3C
NMR data of this product showed the replacements of
5'-H by 5'-D, and 5'-CH by 5'-CD, respectively.

4.12. N,N-Diisopropyl-2-(4-chloro-2-(5-p)pyridyl)-
benzamide (9a)

A solution of the amide 5 (0.10 g, 0.28 mmol) in THF
(3mL) was added to a solution of LTMP (obtained by

adding BuLi (1.1 mmol) to a solution of 2,2,6,6-tetra-
methylpiperidine (0.20 mL, 1.2 mmol) in THF (5 mL) at
0 °C(at —78 °C. The mixture was stirred at —78 °C for 1.5 h
before deuteriolysis with D,O (0.5 mL) to afford 95%
(100% d) of 9a (eluent: CH,Cl,/Et,O 95:5). The 'H and '3C
NMR data of this product showed the replacements of 5'-H
by 5'-D, and 5'-CH by 5'-CD, respectively.

4.13. N,N-Diisopropyl-2-(4-chloro-5-trimethylsilyl-2-
pyridyl)benzamide (9b)

To a mixture of the amide 5 (0.10 g, 0.28 mmol) and
CISiMes (70 pL, 0.56 mmol) in THF (3 mL) at —78 °C was
added a solution of LTMP (obtained by adding BuLi
(0.56 mmol) to a solution of 2,2,6,6-tetramethylpiperidine
(98 pL, 0.59 mmol) in THF (5 mL) at 0 °C(. The mixture
was stirred at —78 °C for 1.5 h before hydrolysis with water
(5 mL) to afford 50% of 9b (eluent: CH,Cl,/Et,O 95:5): mp
105-106 °C; '"H NMR (CDCls) 6 0.34 (s, 9H), 0.58 (d, 3H,
J=6.4 Hz), 0.91 (d, 3H, J=6.4 Hz), 1.35 (d, 3H, J/=6.4 Hz),
1.47 (d, 3H, J=6.4 Hz), 3.29 (sept, 1H, J/=6.4 Hz), 3.54
(sept, 1H, J=6.4 Hz), 7.23 (m, 1H), 7.38 (m, 2H), 7.66 (m,
2H), 8.51 (s, 1H); '3C NMR (CDCl53) 8 0.0, 20.5, 20.8, 21.7,
21.8, 46.7, 51.9, 125.1, 127.5, 129.7, 130.3, 130.4, 132.9,
136.6, 139.2, 152.3, 155.8, 160.0, 171.3; IR (KBr) v 2968,
2927, 1620, 1571, 1341, 1248, 861, 844, 758. Anal. calcd
for C,1H,oCIN,OSi (389.02): C, 64.84; H, 7.51; N, 7.20.
Found: C, 64.56; H, 7.57; N, 7.24%.

4.14. 1-Chloro-4-azafluorenone (10)

A solution of the amide 5 (0.10 g, 0.28 mmol) in THF
(3mL) was added to a solution of LTMP (obtained by
adding BuLi (0.56 mmol) to a solution of 2,2,6,6-tetra-
methylpiperidine (99 pL, 0.59 mmol) in THF (S5mL) at
0 °C(at —50 °C. The mixture was stirred at —50 °C for 1.5 h
before hydrolysis with water (5 mL) to afford 66% of 10
(eluent: CH,Cl,): mp 167—-168 °C; 'H NMR (CDCl5) §7.10
(d, 1H, J=5.6 Hz), 7.42 (t, 1H, J=7.3 Hz), 7.56 (t, 1H,
J=7.5Hz),7.70 (d, 1H, J=7.1 Hz), 7.80 (d, 1H, J=7.5 Hz),
8.40 (d, 1H, J=5.6 Hz); 13C NMR (CDCl3) & 106.6, 121.7,
124.8, 125.4, 132.0, 135.8, 139.2, 142.2, 154.4, 155.0,
159.5, 200.2; IR (KBr) v 2924, 1722, 1606, 1573, 1558,
1449, 1172, 919, 819, 746. Anal. calcd for C;,HcCINO
(215.64): C, 66.84; H, 2.80; N, 6.50. Found: C, 66.52; H,
2.94; N, 6.22%.

4.15. 1-Methyl-4-azafluorenone (11)

A suspension of methylboronic acid (30 mg, 0.50 mmol),
K,CO;5 (0.21 g, 1.5 mmol), Pd(PPh3), (58 mg, 50 pwmol),
and the azafluorenone 10 (0.12 g, 0.55 mmol) in dioxane
(5 mL) was stirred at reflux temperature for 18 h to afford
96% of 11 (eluent: petrol/CH,Cl, 80:20): mp 128-129 °C
(1it.2% mp 127-129 °C). The spectral data of compound 11
are in agreement with those already described.?*

References and notes

1. The concept emerged from the systematic studies of Gilman,
Wittig and Hauser, and found numerous disciples, notably



2186

10.

11.

12.

13.

14.

15.

16.

Gschwend, Beak and Snieckus: (a) Gilman, H.; Bebb, R. L.
J. Am. Chem. Soc. 1939, 61, 109-112. (b) Wittig, G.;
Fuhrmann, G. Chem. Ber. 1940, 73B, 1197-1218. (c) Hauser,
C. R.; Puterbaugh, W. H. J. Org. Chem. 1964, 29, 853—-856.
(d) Gschwend, H. W.; Rodriguez, H. R. Org. React. 1979, 26,
1-360. (e) Snieckus, V. Chem. Rev. 1990, 90, 879-933.
(f) Anderson, D. R.; Faibish, N. C.; Beak, P. J. Am. Chem. Soc.
1999, 121, 7553-7558.

. In the w-deficient azaaromatics series, see: (a) Quéguiner, G.;

Marsais, F.; Snieckus, V.; Epsztajn, J. Adv. Heterocycl. Chem.
1991, 52, 187-304. (b) Mongin, F.; Quéguiner, G.
Tetrahedron 2001, 57, 4059—-4090.

. (a) Fu, J.-M.; Zhao, B.-P.; Sharp, M. J.; Snieckus, V. J. Org.

Chem. 1991, 56, 1683—-1685. (b) Familoni, O. B.; Ionica, 1.;
Bower, J. F.; Snieckus, V. Synletr 1997, 1081-1083.

. (a) Epsztajn, J.; Jozwiak, A.; Krysiak, J. K.; Lucka, D.

Tetrahedron 1996, 52, 11025-11036. (b) Rebstock, A.-S.;
Mongin, F.; Trécourt, F.; Quéguiner, G. Tetrahedron 2003, 59,
4973-4977. (c) Rebstock, A.-S.; Mongin, F.; Trécourt, F.;
Quéguiner, G. Org. Biomol. Chem. 2004, 291-295.

. Kristensen, J.; Lysen, M.; Vedso, P.; Begtrup, M. Org. Lett.

2001, 3, 1435-1437.

. Choppin, S.; Gros, P.; Fort, Y. Eur. J. Org. Chem. 2001,

603-606.

. Alo, B. I; Kandil, A.; Patil, P. A.; Sharp, M. J.; Siddiqui,

M. A; Snieckus, V. J. Org. Chem. 1991, 56, 3763-3768.

. Miyaura, N.; Yanagi, T.; Suzuki, A. Synth. Commun. 1981, 11,

513-519.

. Note that functionalization at both C6 and C5' was observed

using a large excess of LTMP, and chlorotrimethylsilane as an
in situ trap.

Studies have shown that ester-LDA complexes are highly
unlikely: (a) Sun, X.; Kenkre, S. L.; Remenar, J. F.; Gilchrist,
J. H.; Collum, D. B. J. Am. Chem. Soc. 1997, 119, 4765-4766.
(b) Sun, X.; Collum, D. B. J. Am. Chem. Soc. 2000, 122,
2452-2458.

(a) Beak, P.; Meyers, A. 1. Acc. Chem. Res. 1986, 19,
356-363. (b) Klump, G. W. Rec. Trav. Chim. Pays-Bas 1986,
105, 1-21. (c) Beak, P.; Basu, A.; Gallagher, D. J.; Park, Y. S.;
Thayumanavan, S. Acc. Chem. Res. 1996, 29, 552—560.

See for example: (a) MacDonald, T. L.; Narayanan, B. A.
J. Org. Chem. 1983, 48, 1129-1131. (b) Taylor, S. L.; Lee,
D. Y.; Martin, J. C. J. Org. Chem. 1983, 48, 4156—4158.
See: Gohier, F.; Castanet, A.-S.; Mortier, J. Org. Lett. 2003, 5,
1919-1922.

The spectra were recorded with a ReactIR™ 4000 fitted with
an immersible DiComp ATR probe (ASI Applied Systems,
Mettler Toledo).

Arnett, E. M.; Moe, K. D. J. Am. Chem. Soc. 1991, 113,
7288-7293.

Deprotonation of N,N-diisopropylbenzamide was often
achieved using alkyllithiums: see Ref. le. The reaction was
suggested to proceed by a two-step mechanism of largely

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

A.-S. Rebstock et al. / Tetrahedron 60 (2004) 2181-2186

reversible initial complexation between the substrate and the
organolithium reagent, which is followed by hydrogen transfer
to the organolithium reagent.

In situ infrared spectroscopy showed incomplete deprotona-
tion when fewer equivalents of LTMP were used. Note that
lithiation of 4-chloropyridine was achieved using 1 equiv of
LDA in THF at —75°C: Gribble, G. W.; Saulnier, M. G.
Tetrahedron Lett. 1980, 21, 4137-4140.

See for example: Imahori, T.; Uchiyama, M.; Sakamoto, T.;
Kondo, Y. Chem. Commun. 2001, 23, 2450-2451, the
deprotonation is sufficiently rapid to make this process
competitive in rate with the reaction of the hindered base
with the in situ electrophile.

Concerning cross-couplings of primary alkylboronic acids
with aryl halides, see: Molander, G. A.; Yun, C.-S.
Tetrahedron 2002, 58, 1465—-1470.

Onychine was first isolated from the Brazilian Annonaceae
species (Onychopetalum amazonicum, Guatteria dielsiana) in
1976 and was shown to have anticandidal activity: (a) De
Almeida, M. E. L.; Braz Filho, R.; von Biilow, V.; Gottlieb,
O. R.; Maia, J. G. S. Phytochemistry 1976, 15, 1186—1187.
(b) Hufford, C. D.; Liu, S.; Clark, A. M.; Oguntimein, B. O.
J. Nat. Prod. 1987, 50, 961-964.

In the step from S to 10, the recovered amide 5 was indeed
deuterated at C5'.

Concerning the deprotonation of methylpyridines, see:
(a) Kaiser, E. W. Tetrahedron 1983, 39, 2055-2064.
(b) Fraser, R. R.; Mansour, T. S.; Savard, S. J. Org. Chem.
1985, 50, 3232-3234. (c) Anders, E.; Opitz, A.; Bauer, W.
Synthesis 1991, 1221-1227.

(a) Koyama, J.; Sugita, T.; Suzuka, Y.; Irie, H. Heterocycles
1979, 12,1017-1019. (b) Okatani, T.; Koyama, J.; Suzuta, Y.;
Tagahara, K. Heterocycles 1988, 27, 2213-2217. (c) Alves,
T.; de Oliveira, A. B.; Snieckus, V. Tetrahedron Lett. 1988,
29, 2135-2136. (d) Bracher, F. Arch. Pharm. 1989, 322,
293-294. (e) Koyama, J.; Tagahara, K.; Konoshima, T.;
Kozuka, M.; Yano, Y.; Taniguchi, M. Chem. Exp. 1990, 5,
557-560. (f) Nitta, M.; Ohnuma, M.; lino, Y. J. Chem. Soc.,
Perkin Trans. 1 1991, 1115-1118. (g) Tong, T. H.; Wong,
H. N. C. Synth. Commun. 1992, 22, 1773—-1782. (h) Koyama,
J.; Ogura, T.; Tagahara, K.; Miyashita, M.; Irie, H. Chem.
Pharm. Bull. 1993, 41, 1297-1298. (i) Rentzea, C.; Meyer, N.;
Kast, J.; Plath, P.; Koenig, H.; Harreus, A.; Kardorff, U.;
Gerber, M.; Walter, H. Ger. Offen. 1994 Appl. DE 93-4301426
19930120; Chem. Abstr., 1994, 121, 133986.. (j) Padwa, A.;
Heidelbaugh, T. M.; Kuethe, J. T. J. Org. Chem. 2000, 65,
2368-2378.

(a) Parham, W. E.; Bradsher, C. K. Acc. Chem. Res. 1982, 15,
300-305. For an azafluorenone synthesis using the Parham
cyclization strategy, see: (b) Bracher, F. Synlett 1991, 95-96.
Bizot, J. Bull. Soc. Chim. Fr. 1967, 151.

Coulson, D. R. Inorg. Synth. 1972, 13, 121.



	Regioselectivities in deprotonation of 2-(4-chloro-2-pyridyl)benzoic acid and corresponding ester and amide
	Introduction
	Results and discussion
	Conclusion
	Experimental
	General


	Ethyl 2-(4-chloro-2-pyridyl)benzoate (&extlink link=
	Ethyl 2-(4-methyl-2-pyridyl)benzoate (&extlink link=
	2-(4-Chloro-2-pyridyl)benzoic acid (&extlink link=
	2-(4-Methyl-2-pyridyl)benzoic acid (&extlink link=
	Outline placeholder
	tlink;)
	tlink;)


	Ethyl 2-(4-chloro-2-(5-d)pyridyl)benzoate (&extlink link=
	Ethyl 2-(4-chloro-5-(hydroxy(2-methylphenyl)&?show [hyphen];methyl)&hyphen;2&hyphen;pyridyl)benzoate (&extlink link=
	Ethyl 2-(4-chloro-5-trimethylsilyl-2-pyridyl)&?show [hyphen];benzoate (&extlink link=
	2-(4-Chloro-2-(5-d)pyridyl)benzoic acid (&extlink link=
	N,N-Diisopropyl-2-(4-chloro-2-(5-d)pyridyl)&?show [hyphen];benzamide (&extlink link=
	N,N-Diisopropyl-2-(4-chloro-5-trimethylsilyl-2-pyridyl)benzamide (&extlink link=
	1-Chloro-4-azafluorenone (&extlink link=
	1-Methyl-4-azafluorenone (&extlink link=
	References


