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Indazoles are regioselectively protected\B? by a 2-(tri-
methylsilyl)ethoxymethyl (SEM) group using novel condi-
tions. The SEM group can efficiently direct regioselective
C-3 lithiation, and the resulting nucleophile can react with a
wide range of electrophiles to generate novel indazole

derivatives. The SEM group can be removed by treatment

with TBAF in THF or aqueous HCI in EtOH.

Indazoles represent a widely used medicinal chemistry
pharmacophore that is found on a number of marketed dréigs.
Most of their syntheses involve construction of either pyrazole
or benzene ring systemDuring our studies with indazoles,
we became interested in derivatizing th@# positions directly
from available simpler indazoles. Unlike their indole counter-
parts, theC-3 position of indazoles is not very nucleophilic.
Direct electrophilic substitution reactions 6f3 have required
harsh conditions resulting in low yieldsThe synthesis of
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lithiation-directing/stabilizing group to be introduced at &
position because 3-anionized indazoles generated fietn
substituted indazoles immediately convert irdg@minoben-
zonitriles via a ring-opening proce3s.

The 2-(trimethylsilyl)ethoxymethyl (SEM) group is a widely
used heterocyclic NH protecting grdughat is also an excellent
directing group for lithiation at a neighboring position. For
examples, indoles and pyrrolésmidazoles® and pyrazoles
have been protected by SEM with subsequent lithiation and
electrophilic quenching taking place at the alpha position. Most
protection conditions have employed NaH in THF to deprotonate
acidic NHs, followed by reactions with SEM-CI, resulting in
generally good yield$.Indazoles, however, contain two non-
equivalent nitrogens. Selective protection of either has not been
reported. In one report using the conditions described above to
protect indazoles, the authors did not specify either yield or
regioselectivity:0

Using these standard conditions (NaH/THF/SEM-CI) with
indazolela, we found that both regioisomega and 3a were
formed in good combined yield (66%; Scheme 1). The isomers
were separated and characterized, and the regiochemistry was
unequivocally assigned through NOE studies. In this case,
substitution at thé&-1 position is favored with @a/3aratio of
7.5:1. Under the same conditions, indazbite!* which contains
a 7-methyl group, gave a substantially increased ratio of the

3-substituted indazoles has also been reported with indirectly N-2-protected produc®f/3b ratio of 1.4/1), presumably because

generatedC-3 nucleophiles reacting with different electrophifes.
An alternative pathway would involve selective lithiationGas,
followed by reactions with electrophiles, which requires a

* Corresponding author. Tel.:+12036776640. Fax+12036777702.
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SCHEME 2 TABLE 2. Regioselective Protection of Various Indazolés
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TABLE 1. Protection Conditions for Indazole 1b 19
conversioA ratio® NO, NO,
entry conditions (%) (2b/3b) 7 o _N 56"
1 DMF, K,CO3 28 2.2/1 N AR
2 DMF, CsCO;3 82 3/1 h ah (20 h)
3 CHCly, EN 11 0/1
4 DMF, Ag,0O 30 0/1 H N 61 (20 h)
5 CH.Clp, EGN. 60°C, 1.0h 56 0.5/1 8 @N ©/\(N SEM
6 THF, EgN 35 0/1 /
7 THF, DBU 45 o1 \ » 81 (72 h)
8 THF,i-PrNEt 7 0/1 1i 3i
13 %:'ZFC I(Z:’y?g;ﬁ)ﬁ;\le'we igg Eg% 851 a8 Reaction time is indicated in parentheses. All compounds were purified

by silica gel column chromatography and characterizedtbjNMR, 13C
NMR, and HRMS. All yields are isolated yield29% starting material
recovered, and 14%-1 isomer isolated.

aThe base (entries-15, excess; entries-610, 1.2 equiv) was added to
the solution oflb, followed by SEM-CI (entries 45, 2.2 equiv; entries
6—10, 1.1 equiv) at rt (entry 5, 6€C) for a period of time (entries-14,
3.5 h; entries 610, 2 h).? Estimated by area integration of LCMS. The
yield in parentheses is the isolated yield3tf ¢ Greater than 90% after 18
h.

facilitating the nucleophilic reaction &-2 in a concerted fash-
ion, with the cation evenly distributed over the aromatic system.
Based on these mechanistic considerations, we screened selected
bases and solvents for SEM protectiorlbf as shown in Table 1.

by NaH, the resulting anion prefers to remain localized\eh Entries -4 represent our initial attempts. Both entry 3 and
but can apparently transfer -2 without much of an energy  entry 4 gave only the desired regioselectivity. However, yields
barrier. Therefore, both positions can react with SEM-CI to were low, even with longer reaction times. Somewhat better
afford the respective isomers (Scheme 2). When a nondeprotonatresults were obtained when Ag was used to activate the
ing base is used, it should be the electron paiN& that is chloride (entry 4), but workups were tedious. Therefore, we
most nucleophilic and, thus, able to react with electrophiles such focused our efforts on tertiary amine bases. Heating at reflux
as SEM-CI, because the electron pairNyi is part of the aro- in CH,Cl, with EtsN improved conversion but with substantial
matic system. Following cation formation, the-IMl becomes formation of2b (entry 5). The replacement of GalI, with THF
acidic enough to be deprotonated by the weaker base. It is alsoresulted in a cleaner conversion (entry 6) whose yield could be
possible that the soft, nondeprotonating base participates inimproved only by further addition of excess amounts of SEM-

From a mechanistic point of view, after deprotonatioribf
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Cl and EgN. Apparently, SEM-CI was being consumed byNEt
at a rate competitive with the protection reaction. DBU in THF
gave similar results (entry 7). A recent publication has shown
that alkoxymethyl chlorides can efficiently form a quaternary
ammonium salt in CkCl,.12 Therefore, a more hindered tertiary
amine should be more inert to a direct reaction with SEM-CI,
avoiding excessive reagent consumption. Indeed, usdof
NEt resulted in good conversion and regioselectivity after 2 h
(entry 8). However, when dicyclohexylmethylamine (Cyhex
NMe), a bulky tertiary amine successfully used in Pd-catalyzed
Heck coupling reactions was employed in either G}l or
THF, regioselective protection took place with excellent conver-
sions (90%) within 2 h (entries 9 and 10). The reaction in
CH,CI, was not as clean as that in THF, resulting in lower
isolated yields.

The mechanism shown in Scheme 2 for indaZdi@ssumed

that, in the presence of nondeprotonating bases, there should

be little generation of the Bt tautomer. The fact that only one
regioisomer3b was formed strongly supports this assumption.

However, one might also argue that the presence of the 7-methyl 7

group might significantly slow protection afl-1 by steric
hindrance. However, when the same conditions were applied
to indazolela, excellent regioselectivity was also achieved and
only isomer3a was detected and isolated (Schemé*3yor
indazolela, the calculated energy difference between the 1-
tautomer and the 2 tautomer in the ground state is 2.3 kcal/
mol, indicating that the H tautomer is significantly more stable
than the 2H tautomer® This is in full agreement with our
proposed mechanism and experimental results.

To further verify the mechanism, we applied the same protec-
tion conditions to 3-methylpyrazole, in which the theoretical

(12) Pernak, J.; Mirska, I.; Kmiecik, FEur. J. Med. Chenml999 34, 765.

(13) (a) Guirtler, C.; Buchwald, S. IChem—Eur. J.1999 5, 3107. (b)
Littke, A. F.; Fu, G. C.J. Am. Chem. So@001, 123 6989.

(14) Whenlawas treated with SEM-CI (1.1 equiv) in THF without any
base, 88% conversion was achieved witeiBaratio of 2:3 in 3 h. Further
reaction for 24 h did not improve conversion, but #i@3aratio was greatly
increased to 9.4:1, indicatinga is the thermodynamically more stable
product. When pyridine (1.2 equiv) was used as a base, 85% conversion
was achieved with @a/3aratio of 1:30 in 3 h. Further reaction for 24 h
gave>90% conversion with 2a/3a ratio of 1:18. These results indicate

TABLE 3. Selective Lithiation of 1a at C-3 and Subsequent
Electrophilic Reactions®

entry electrophile product isolated
yield (%)
CHO N
T O" (o= v
e
12a
) [::]/COCI 94
N=C=0 N
3 ©/ : "N—SEM 98
NH
"D
12¢
N
4 @ ©i<\N—SEM 85
So =
s
ol Y,
12d
5 7 - 72 (98)
N—Br =
Br
o 120
6 i =N 77 (91)
N—SEM
NC)J\OEt ©;(
CO,Et
12f
HaC—1 ©iN(\N_SEM 90
CHs
129
HaC CHs =N
si—cl N—SEM 80
HJ{ S
Si(CHz)s

12h

a All compounds were purified by silica gel column chromatography and
characterized byH NMR, 13C NMR, and HRMS. All yields are isolated
yields (yield in parentheses are relative to recovetrad

energy difference between the two tautondeand5 is compar-
atively small such that both tautomers should coexist in solu-
tion.16 Not surprisingly, a 1:1 mixture of inseparable regioiso-
mers6 and7 were produced in good combined yield (Scheme 3).
These protection conditions work well with other indazole
derivatives, as documented in Table 2. Various substituents have
some effect on reaction rates, but all gave good yields (entries
1-8). For strong electron-withdrawing nitro substituents (entries

that the base is not simply an acid scavenger, and the base strength als&—7), a longer reaction time was needed for better conversions.

affects the selectivity of the SEM protection.

(15) Catalan, J.; del Valle, J. C.; Claramunt, R. M.; Boyer, G.; Laynez,
J.; Gomez, J.; Jimenez, P.; Tomas, F.; Elguerd, Bhys. Chenil994 98,
10606.
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Only with 7-nitroindazole (entry 7) was a substantial amount
of the N-1 isomer also detected and isolated, presumably as a
result of a reduction in the energy difference between the
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SCHEME 6 filtered, and concentrated in vacuo. The residue was purified using

H silica gel column chromatography (step gradient:50% hexane/
=N, TBAF’?;;’ reflux N\N ethyl acetate) to afford 236 mg (94% yield) 8 as a colorless
o SEM > 7 oil: 'H NMR (400 MHz, CDC}) ¢ 8.08 (1H, s), 7.73 (1H, d] =
\H or NH 8.8 Hz), 7.66 (1H, dJ = 8.8 Hz), 7.28 (1H, tJ = 8.4 Hz), 7.08
d HC'/Et&t'; reflux o (1H, t,J = 8.4 Hz), 5.71 (2H, s), 3.62 (2H, §, = 8.0 Hz), 0.93
@ ¢ @ (2H. t,J = 8.0 Hz),—0.04 (9H, 5)33C NMR (100.6 MHz, CDC})
12¢ 13 0148.9,126.4, 122.6,122.3, 122.1, 120.5, 118.0, 81.8, 67.5, 17.9,
—1.2; HRMSm/e calcd, 249.1423; found, 249.1423 (M H)™*.
tautomers. Similarly, chlorine substitution @3 also slowed General Procedure of Selective Lithiation and Subsequent

the reaction rate (entry 8), and the longer reaction time afforded gjectrophilic Reactions of 3a. Preparation ofN-Phenyl-2-((2-
better yields. In all cases, starting indazoles could be recovered.(trimethylsilyl)ethoxy)methyl)-2 H-indazole-3-carboxamide

The mechanism using nondeprotonating base should also(12c): To a solution of3a (80 mg, 0.32 mmol) in THF (2 mL) at
apply to the acylation of indazoles as well as protection with —70°C under nitrogen was addeeBulLi (2.5 M in hexanes, 0.14
benzyloxymethyl chloride (BOM-CI) (Scheme 4). While acy- mL, 0.35 mmol, 1.1 equiv) dropwise via syringe. After the resulting
lation did occur exclusively alN-2, protection with BOM-CI bright yellow solution was stirred at the same temperature for 10
showed somewhat diminished selectivity witl9/d0 ratio of min, it was briefly warmed to room temperature for 5 min and
2.9:1. A recent publicatiol, in which regioselective methylation  re-cooled to—70 °C. Phenyl isocyanate (0.039 mL, 0.35 mmol,
and ethylation of indazoles ai-2 was achieved at room 1.1 equiv) was added via syringe. The cooling bath was removed,
temperature by using strong methyl- and ethyl-donating reagents,and after 30 min, the reaction was quenched by,Gl-olution.
further indicates that the energy difference between indazole THF was stripped off, and the residue was partitioned between water
tautomers along with carefully chosen electrophiles can be and ethyl acetate. The organic layer was separated, washed with
utilized for synthetic purposes. brine, dried over sodium sulfate, filtered, and concentrated in vacuo.

Following SEM protection afN-2, we were now able to The residue was purified using silica gel column chromatography
selectively lithiateC-3 (Scheme 5), a well-documented process (linear gradient up to 1:4 hexane_/ethyl acetate) to afford 117 mg
using other SEM-protected nitrogen heterocy@es Thus, (98% yield) of12cas a colorless 0iR; = 0.40 (20% ethyl acetate/
treatment ofl with 1.1 equiv ofn-BuLi in THF at —70 °C hexanes);H NMR (400 MHz, CDC}) 6 9.49 (1H, s), 8.10 (1H,
resulted in a yellow solution, presumably the oxygen-directed d,J=12.0Hz), 7.75 (1H, d) = 8.4 Hz), 7.71 (1H, 5), 7.69 (1H,
lithiation product1l The addition of various carbon, sulfur, ) 7-42-7.30 (3H, m), 7.23 (1H, ) = 8.0 Hz), 7.16 (1H, 1) =

halogen, and silicon electrophiles resulted in a diverse set of ZSLOH;)’ 5_'%90fH9’|_S|)' 31;9: E\IZI\TRﬂ TO%OéOMHI-lz)’ (1:82 (26H,1;J72
3-subsituted indazole derivatives (Table 3). -0 Hz),~0.04 (9H, s); (100.6 MHz, CDC)) 0 157.4,

The SEM group is stable to a wide variety of reaction condi- 147.6,137.9,129.5,129.2, 127.2, 124.9, 124.7, 124.0, 121.1, 1201,

tions, but it could be removed using either basic (TBAF, THF, éég'iégé'?ﬁﬁ?ﬁ)’f&&l's’ HRMSnve calcd, 366.1638; found,
reflux) or acidic (H") conditions, as reported for other SEM- ' ' )
protected heterocyclés-or example, wheti2cwas treated with General Procedures of the SEM Group Deprotection. Prepa-
TBAF in THF at reflux or HCI in EtOH at reflux13!® was ~ ation of N- Phenyl-1H-indazole-3-carboxamide (13): To a
obtained in 98 and 94% yields, respectively (Scheme 6). solution of12c (23 mg, 0.062 mmol) in THF (1 mL) was added

In conclusion, the work described here presents a usefuITBAF (1 M in THF, 0.3 mL, 0.3 mm_ol), and the mixture was
regioselective protection of indazoles\s® by the SEM group. refluxed _a_t 80°C for 5 h. THF was stripped off, and the residue
SEM-directed regioselective lithiation &3 and subsequent was partitioned between water and ethyl acetate. The layers were

- . . h . separated, and the organic layer was washed with brine, dried over
substitution with a variety of electrophiles was also achieved. ; ' . .
L . sodium sulfate, filtered, and concentrated in vacuo. The residue
In addition, the SEM group could easily be removed by

. was purified using silica gel column chromatography (linear gradient
treatment with TBAF or aqueous HCI. up to 1:1 hexane/ethyl acetate) to afford 14 mg (98% yield)f
Experimental Section as a colquess oil. Alternative_ly12c (15 mg, 0.041 mmol) was
treated wih 3 N HCI (0.5 mL) in EtOH (2 mL) at 90C for 1 h.
Workup and purification following the above procedures afforded

(3a): To the solution of indazole (119 mg, 1.0 mmol) in THF (10 9.2 mg (94% yield) ofl.3 as a colorless oI = 0.74 (50% ethyl
mL) in an oven-dried flask was added dicyclohexylmethylamine acetate/hexanesjti NMR (400 MHz, CDC) 6 10.35 (1H, br),
(0.26 mL, 1.2 mmol, 1.2 equiv), followed by SEM-CI (0.21 mL, 889 (H. s), 8.46 (1H, dJ = 8.3 Hz), 7.74 (2H, dJ = 7.6 Hz),

1.2 mmol, 1.2 equiv) via syringe. The mixture was stirred at room 7-26-7.28 (SH, m), 7.13 (1H, tJ = 7.5 Hz); **C NMR (100.6
temperature for 3 h. The mixture was diluted with ethyl acetate MHz, CDCE) 6 160.5, 141.5, 139.7, 137.9, 129.1, 127.7, 124.2,
and quenched with 0.5 N NaOH. The layers were separated, and123.2, 122.7, 122.1, 119.8, 109.9; M%e 238 (M + H)*.

the organic layer was washed with brine, dried over sodium sulfate,

General Procedure of Regioselective Protection of Indazoles.
Preparation of 2-((2-(Trimethylsilyl)ethoxy)methyl)-1H-indazole
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