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ABSTRACT
1) TMP2Mg-2LiCI, CoEt
COEt 1) TMPMgCLLICI, COE THF, 0°C, 20h COtBY
THF, 10°C, 3 h [ cotBu 2ZnCh, 0°Ctort, 05 h >
e " )
g, 2 SuON2LCL g 3) ethyl p-iodobenzoate, N B
THF, -20°C,0.5h N Br Pddbay, P-(o-furyl)s
3) £BuCOC], : .
40°Ctort, 12h 81% THF, reflux, 4 h. O 71%
COE

A wide range of polyfunctionalized quinolines was prepared via chemo- and regioselective magnesiation reactions using appropriate Mg
reagents, such as i-PrMgCl -LiCI, MesMgBr -LiCl, Mes ;Mg-2LiBr, TMPMgCI -LiCl, and TMP ,Mg-2LiCl. An application to the total synthesis of the

biologically active compound talnetant was performed (six steps, 28%).

The preparation of polyfunctionalized quinolines is of great
interest since this structural unit (Figure 1) is found in various

talnetant 2 irinotecan 3

mefloquine 1

Figure 1. Drugs containing the quinoline skeleton.

drugs such as mefloguing)( an antimalarialtalnetant 2),2
a potential NK3 receptor antagonist developed by GSK, or
irinotecan B).2 an anticancer drug, marketed by Pfizer. The

(1) Wiesner, J.; Ortmann, R.; Jomaa, H.; Schlitzer,AMgew. Chem.,
Int. Ed.2003,42, 5274.

(2) Elliott, J. M.; Carling, R. W.; Chambers, M.; Chicchi, G. G.; Hutson,
P. H.; Jones, A. B.; MacLeod, A.; Marwood, R.; Meneses-Lorente, G.;
Mezzogori, E.; Murray, F.; Rigby, M.; Royo, I.; Russell, M. G. N.; Sohal,
B.; Tsao, K. L.; Williams, B.Bioorg. Med. Chem. LetR006, 16, 5748.

10.1021/01702494k CCC: $37.00
Published on Web 11/21/2007

© 2007 American Chemical Society

lithiation of quinolines via Br/Li exchange reactions or by
using a lithium base has been reportetilongin and
Quéguiner described also Br/Mg exchahge monobromi-
nated quinolines using BMgLi.® These approaches are often
complicated by a lack of regioselectivity and the propensity
of lithium or magnesium reagents to undergo nucleophilic
substitution at the C2 position. Recently, we have found that
Br/Mg exchange reactioh®r the use of TMPMgGLICI
(TMP = 2,2,6,6-tetramethylpiperidyi)allows an efficient
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direct magnesiation of various heterocycles. Herein, we wish ||| N N I

to report chemo- and regioselective magnesiation of quino- Table 1. Regioselective Magnesiation via Br/Mg Exchange of
Polybromoquinolines of Typ8 and Trapping with Electrophiles

lines using Mg reagents (Scheme 1) suclirBevigCI-LiCl

Scheme 1. Synthesis of the Magnesiation Reagebt$, 7,

and8
TMPH i
PrMgCI-LiC| T™MPMgCI-Licl 4P +vp,mg-2LiCH
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Et,0, 2 h THF, 3 h

(4),° MesMgBrLiCl (5, Mes= mesityl), MesMg-2LiBr (6),
TMPMgCI-LICI (7),2 and TMRMg-2LiCl (8),%° starting from
readily available polybrominated quinolines. The new Grig-
nard reagents MesMgHriCl and MesMg-2LiBr were
readily prepared as indicated in Scheme 1. They proved to
be highly selective for challenging Br/Mg exchanges.
Thus, the reaction of 2,3-dibromoquinolin®aj with
i-PrMgCI-LiCl (4, 1.1 equiv,—50 °C, 2 h, Scheme 2)

Scheme 2. Regioselective Br/Mg Exchange Reactions on
Polybrominated Quinolines of Typa
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provided quantitativel} and regioselectively the corre-
sponding 3-magnesiated 2-bromoquinolidi®d, Table 1).
Similarly, starting from 2,4-dibromoquinolinedf),*® the
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addition of4 (1.1 equiv,—78°C, 2 h) gave the corresponding
4-magnesiated 2-bromoquinolind0p). In contrast, the
reactions of 2,3,4-tribromoquinolin®¢) or 3,4-dibromo-
quinoline (9d¥* with iPrMgCI-LiCl (4) were not selective
and provided regioisomeric mixture of Grignard reagents.
Related selectivity problems have been observed with
dibromopyridines>¢ However, using the sterically more
demanding MesMgBr-LiCl (5, 1.1 equiv;10 °C, 3 h), a
complete regioselective magnesiation at the C3 position was
observed for the 2,3,4-tribromoquinolin@c), providing the
corresponding intermediatéOc (Table 1). The Grignard
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reagents was not reactive enough to perform an exchange (1.1 equiv,—50 °C, 12 h) and led after quenching with
in the case of the 3,4-dibromoquinolingd). However, by PhSQSMe to the 3,4-functionalized 2-bromoquinolid@
using the corresponding dimesitylmagnesi@hiBr (1.1 in 87% vyield.
equiv of6, 1.1 equiv of TMEDAY —10°C, 6 h), a smooth A third Br/Mg exchange was performed a@ using Mes-
regioselective magnesiation furnished the diaryl magnesiummg-2LiBr (6, 1.2 equiv, ®C, 12 h), and a copper-catalyzed
reagentlOd (Table 1). allylation with ethyl (2-bromomethyl)acrylateafforded the

The Grignard compoundd0a—d were trapped with  highly functionalized quinolinel3 in 70% yield. This last
various electrophiles as shown in Table 1. Thus, the C3- exchange reaction completed the sequence of successive
magnesiated 2-bromoquinolii®awas quenched with tosyl  functionalization at C4, C3, and C2 positions.
cyanide or propionaldehyde and gave 3-cyano-2-bromo-  The direct magnesiation of quinolines using TMPMgCI
quinoline (11a, 84%) or the corresponding alcohol (11b, | jc| (7) and TMRMg-2LiCl (8) further enhanced both the
76%) (entries 1 and 2). Similarly, the Grignard intermediate fiexipility for regioselective magnesiations as well as the
10b afforded after quenching with PhSEPH® or tosyl  tgjerance toward sensitive functional groups such as ketones
cyanide the corresponding phenylsulfanyl quinoliddg, or esters. Thus, successive magnesiations in positions C2,
91%) or 4-cyano-2-bromoquinoline (11d, 85%) (entries 3 c3 and C4 could be achieved. Commercially available
and 4). Interestingly, the transmetalation of the C4-magne- 3-bromoquinoline 14, Scheme 4) underwent a C2-deproto-

siated 2-bromoquinolin&0b using CuClI-2LiCl (1.2 equiv,
—50°C, 1 h) followed by the addition of LIHMDS (2 equiv,
—60 °C, 1 h) provided the corresponding amidocuptate
which was oxidized using chloranil (1.2 equiv,
—78°C, 12 h) and then deprotected with TBAF (2.0 equiv,
25 °C, 15 min) leading to the 4-amino-2-bromoquinoline
(11e, entry 5) in 75% vyield. The reaction with C4-magne-
siated 2,3-dibromoquinolind Q¢ and tosyl cyanide afforded
the corresponding quinolirELf (88%, entry 6). The Grignard
intermediatelOcwas also quenched with ethyl cyanoformate
giving the quinoline estedlg (90%, entry 7). The C3-
magnesiated 4-bromoquinolingdd) provided after trapping
with PhSQSMEe? the thioetherllh (entry 8, 79% yield).
Interestingly, the diarylmagnesium reagé&0d underwent,
after transmetalation with Zngla Pd-catalyzed Negishi
cross-coupling with 4-iodobenzonitrile and furnished the
coupling product11i) in 71% yield (entry 9). Remarkably,

Scheme 4. Successive Regioselective Magnesiations at the

C2, C3, and C4 Positions
mCOZEt
N/ Br
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_ e e
N 2)(CLBIC), N"““Br 2)NC-CO,ER,
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x L ~COEt

2) CUCN-2LICI, THF,
-40 °C, 10 min

3) +BuCOC],
“40°Ctort, 6h

P

N™ “Br

15: 84%

nation using TMPMgCLICI (7, 1.1 equiv,—20 °C, 2 h}
and was quenched with 1,2-dibromo-1,1,2,2-tetrachloro-

multiple selective exchanges can also be performed startingethane' giving the 2,3-dibromoquinolirga in 65% vyield.

with the tribromoquinolinéc. Thus, the reaction of MesMgBr
LiCl (5, 1.1 equiv,—10 °C, 3 h) with 9c provided, after
guenching with benzyl bromide, the corresponding benzy-

Scheme 3. Successive Regioselective Br/Mg Exchange
Reactions at the C3, C4, and C2 Positions

B B
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1y Mes,Mg-2LiBr (6),
0°C,12h

2) Ethyl bromomethylacrylate,
CuCN-2LiCl {cat.),
20°Ctort,12h

lated quinolinellj in 89% vyield (Scheme 3). This product
11j underwent a second Br/Mg exchange reaction uding

(17) (a) Without the addition of TMEDA, the C3/C4 regioselectivity was
found to be 19:1, whereas using TMEDA (1.1 equiv), it was 99:1. (b) For
the use of TMEDA, see also: Wang, X. J.; Xu, Y.; Zhang, L.; Krishna-
murthy, D.; Senanayake, D. Krg. Lett.2006,8, 3141.
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The treatment o8a with iPrMgCI-LiCl (4) provided, after
reaction with ethyl cyanoformate, the 2-bromoquinoline-3-
carboxylic acid ethyl estet1lk in 88% yield. Addition of
TMPMgCI-LICI (7) to 11k gave regioselectively the C4-
magnesiated intermediate under mild condition$G03 h).
Then, a smooth carboxylation in the presence of Ct&LICI

led to the quinolinel5in 84% yield. Thus, the sequence of
functionalization C2> C3 > C4 was accomplished. The
pertinent combination of Br/Mg exchanges and direct meta-
lations allowed a regioselective functionalization of up to
three new positions of the 2,4-dibromoquinoline (9b).
Performing a Br/Mg exchange @b usingi-PrMgCI-LiCl

(4, =78 °C, 2 h, Scheme 5) led, after reaction with ethyl
cyanoformate, to the quinolinkll in 92% yield. Then, the
regioselective deprotonation il at the C3 position using

7 (—10 °C, 3 h) followed by a copper-mediated acylation
using pivaloyl chloride gave the quinoline derivativ6é in
81% yield. Remarkably, a second regioselective deprotona-

(18) Fujiki, K.; Tanifuji, N.; Sasaki, Y.; Yokoyama, TSynthesi002,
343
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Scheme 5. Successive Regioselective Magnesiations at the
C4, C3, and C8 Positions

Br 1) i-PrMgCI-LICI (4), CO,Et 1) TMPMgCI-LICI (7), CO,Et
THF,-78°C,2h S THF, -10°C, 3h . 1
A x ke N COEBu
P 2) NC-CO,Et, P 2) CuCN-2LiCl, THF, P
N™ "Br "7g°Ctort, 12h N™ "Br "20°c, 30 min N "Br
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9b 111: 92% 40°Ctort, 12 h 16: 81%
CO,Et
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1) TMP,Mg-2LiCl (8),
THF, 0°C, 20 h

N
O P
Y. N
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Br
16

2)ZnCly, 0°Ctort, 0.5h

3) p-iodoethylbenzoate,
Pddbay, P-(o-furyl)s,
THF, reflux, 4 h.

17:71%

tion on the quinolinel6 was performed at the C8 position
(N-coordination), using the magnesium bisamide TM§-
2LiCI (8, Scheme ¥} under mild conditions (GC, 20 h).
After transmetalation with ZnG|l the corresponding dior-

cross-coupling of PhzZnCl witi8 gave the corresponding
functionalized boronic estel9 in 76% yield. A basic
oxidation using LiOH (6 equiv) and aq: B, (3 equiv) in
MeOH (rt, 15 h) afforded the quinoline salicylic aca) in
89% vyield. Treatment of 20 with NEt; in acetonitrile (rt,
30 min) using CDI (1.1 equiv, 50C, 5 h) and (S)-1-
phenylpropylamine (1.1 equiv, 50C to rt, 12 h) gave
talnetant (2) in 84% vyield.

By this method, we obtained a new sequence of functional-
ization, C4> C3 > C2, and have found an alternative
method to the Pfitzinger synthegfs.

In summary, we have described various versatile regiose-
lective functionalizations of quinolines using a combination
of Br/Mg exchange reactidh and direct magnesiations.
Several sensitive functionalities are tolerated such as an ester
and a ketone. This approach opens a new route for the direct
preparation of highly functionalized quinolines. Further
extensions of this work are currently underway in our
laboratories.
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(27) Typical procedure. Synthesis of 2-bromo-3-cyanoquinoline (11a).

A dry and argon flushed 10 mL flask, equipped with a magnetic stirrer and
a septum, was charged with a solution of 2,3-dibromoquinoag (1.23

g, 4.3 mmol) in dry THF (4 mL)i-PrMgCI-LiCl (4, 1.05 M in THF, 4.7
mmol, 1.1 equiv) was added slowly at50 °C, and the resulting mixture
was stirred fo 2 h tocomplete the brominemagnesium exchange (checked
by GC-MS analysis of reaction aliquots). Tosyl cyanide (1.02 g, 1.3 equiv)
was then added dropwise @460 °C. The reaction mixture was warmed to
rt for 12 h and was quenched with saturated aqueougONgblution. The
aqueous phase was extracted with ethyl acetate {8 mL). The organic
fractions were dried (N&Qy) and concentrated in vacuo. Purification by
flash chromatography{pentane/diethyl ether 7:3) yielded 837 mg (84%
yield) of 11aas a colorless solid (mp 176-877.4°C).
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