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Communications to the Editor

Preparation of Tertiary Benzylic Nitriles from Aryl Table 1. Nucleophilic Aromatic Substitution ofa with 2a

Fluorides
@\ )\crq (4 equiv)
OM:
Stegphane Caron,* Enrique Vazquez, and Jill M. Wojcik condltlons o °
Process Research and Beopment, Central Research sa
Division, Pfizer Inc., 8156-084 Eastern Point Road entry base (1.5 equiv) solventT (°C) time (h) yield (%)
Groton, Connecticut 06340 1 CsCOs THE 75 24 no reaction
: 2 LDA THF RT <1 decomp
Receied September 20, 1999 3 tBuOK THE 70 24 decomp
Nucleophilic aromatic substitution (&r) of aryl halides has g II:IIHIEAI\/I:I)DSS TI'T—I'T: %% 2233 3;19
been used extensively for the elaboration of complex molecules 6 KaMDS THE 60 23 95
from simple starting materials? Fluoride ion has received much 7 KHMDS/18-C-6 THF 70 45 82
attention as a leaving group and is generally accepted as the best g kumDS toluene 60 18 95
halide in the KAr reaction34While sulfur, nitrogen, and oxygen 9 KHMDS DMSO 75 24 no reaction
nucleophiles have been studied in great detail, there are fewer 10 KHMDS i-Pr,O 75 24 3
reports on the use of carbon nucleophiles, such as nitrile anions, 11 ~ KHMDS NMP 75 24 1

in this reaction. For instance, it has been reported that the anion

of diphenylacetonitrile reacts with 4-fluoronitrobenzene under
phase transfer cataly$ishat the anion of phenylacetonitrile reacts
with 2-fluorocyanobenzerfeand that the enolate of ethyl cyano-
acetate adds to either 4-fluoronitrobenzéher hexafluoroben-
zene? However, the addition of a nitrile anion to a fluoroarene
not containing another electron withdrawing group has been
achieved only when it was first activated as a tricarbonylchromium
complexi©

Tertiary benzylic nitriles have proven to be not only biologically
active compounds, e.g., verapamil and related compounds as slo
calcium channel antagonists}'® but also very important synthetic

intermediates. For example, they have been used as precursors

to bicyclic amidines?® lactones; primary amines81°pyridines?°
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2Yields < 5% indicate the conversion observed by HPLC analysis
after the time shown. The yields of entries 1, 2, 7, and 8 are isolated
yields.

aldehydeg}-?? carboxylic acid$? and esterd*?5In general, this
class of compounds has been prepared by displacement of an
activated benzylic alcohol or halide with cyanide, followed by
two successive alkylations. While studying the synthesis of a drug
candidate, which featured a tertiary benzylic nitrile, we discovered
that the addition of a secondary nitrile anion onto a fluroarene

Yeould be achieved under mild conditions.

To study the scope and limitation of this reaction, 2-fluoro-
anisole (&) and isobutyronitrile Za) were chosen as a model
system. It was determined that the optimal stoichiometry required
4 equiv of nitrile ) and 1.5 equiv of the base. While the reaction
was very slow and would not reach completion at room temper-
ature, it proceeded at an acceptable rate when heated above 60
°C in THF. As shown in Table 1, potassium was the best
counterion when a hexamethyldisilazane (HMDS) base was used
for the reaction (entries46). The use of CSCQLDA, or t-BuOK
did not provide the desired adduct (entries3), and the addition
of 1.5 equiv of 18-crown-6 to KHMDS proved to slow the
reaction which never went to completion and provided a lower
yield (from 95 to 82%) (entry 7). Toluene proved to be similar
to THF (entry 8), while DMSOi-Pr,O, or NMP turned out to be
ineffective for this transformation (entries-21).

To establish the scope of the reaction, the nucleophilic aromatic
substitution of several fluoroarene$) (with a few secondary
nitriles (2) was carried out. As indicated in Table 2, the reaction
proceeds on electron-rich substrates containing ethers (entries
1-5). Chemoselectivity was achieved as a fluoride reacts
preferentially over a chloride, and no product resulting from the
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Table 2. SJAr of Aryl Fluorides with Secondary Nitriles and
KHMDS

R2
A N
£ KHMDS (1.5 equiv) R2 H:;CN
! 8 Figure 1. Chem3D representation &n and 3o obtained from X-ray
nitrile T yield crystal structure.
entry fluoride (equiv) solvent (°C) time (%)

1 13 2-OMe 2a(4.0) toluene 60 18h 3395 ;«=C=N\ N o

2 1b,3-OMe 2a(4.1) toluene 100 3h 3b, 69 K w A NG

3 1c, 4-OMe 2a(4.0) THF 60 50h 3c, 66 F _ Y . \—< >

4 1d,3,5-OMe 2a(4.0) toluene 70 48h  3d, 85 @ F W

5 1e3,4-OMe 2a(4.0) THF 80 4h 3e28 _ _ N o

6 1f, 2-Cl 2a(4.0) toluene 60 45min 3f, 77 Figure 2. Proposed mechanism for the addition of secondary nitriles to

7  1g 4-Cl 2a(4.0) THF 75 2h 3972 fluoroarenes.

8 1h, H 2a(4.0) THF 75 14h 3h, 69

9  1i3-Me 2a(4.0) THF 75 14h 371 isovaleronitrile with 2-fluoroanisole all led to decomposition.
10 1j,4-CN 2a(4.0) toluene 60 40min 3j,83 Furthermore, it appears as though the starting material must be a
E 1'; 4-Ch ga(g'g) :o:uene gg ‘118 min 33k|' 3‘21 nitrile since the addition of eithed,N-2-trimethylpropionamide,
13 1a 2-OMe 23%4'03 tglﬂgﬂg 75 18 ?'n 3m. 47 methyl isobutyrate, or 2,4-dimethyl-3-pentanone did not proceed.
14 13, 2-OMe 2c (4:0) THE 75 24h  3n 67 The chemistry described is operationally straightforward. To
15 1a2-OMe 2d(4.0) THF 75 15h 30, 707 a solution of the aryl fluoridel in THF or toluene (0.30.8 M

- - - final concentration) were added nitri (3.3—4.1 equiv) and

# Provided exclusively theZisomer (exo aryl). KHMDS (1.5 equiv). For the reactions in THF solid KHMDS
was used, while a 0.5 M toluene solution of base was employed
for the reactions in toluene. The reaction mixture was stirred under
the conditions indicated in Table 2, after which it was cooled to
room temperature, poured inl N HCL,, and extracted witkert-

N Me
i
O e A A
F CN CN
1 2a 2b 2c 2d
butyl methyl ether or toluene. The organic extracts were washed

displacement of the chloride was observed (entries 6 and 7). TheWith HzO, dried over MgSQ filtered, and concentrated. The crude
reaction can also be carried on fluorobenzene (entry 8) or Product was purified either by chromatography on silica gel or
3-fluorotoluene (entry 9). In the case of 4-fluorobenzonitrile, Y recrystallization to afford the desired prod@ctn the case of
displacement of the fluoride was observed exclusively, and 3€(entry 5), preparative HPLC was necessary in order to obtain
addition to the benzonitrile did not occur (entry 10). In the Mmaterial of analytically pure quality, which is partially reflected
presence of an arene containing an electron-withdrawing groupn the low yield reported (28%).

(entries 10 and 11) or a 2-fluoropyridine (entry 12), the reaction A potential mechanism for the reaction is presented in Figure
was very rapid, as one would normally expect. Furthermore, the 2. It is possible that as the addition to the arene proceeds,
anions of cyclopropyl cyanide2b) (entry 13), 5-norbornene-2-  coordination of the potassium with the developing negative charge
carbonitrile @¢) (entry 14), and 2-norbornanecarbonitrit2dy occurs. Electron-rich arenes could also facilitate the coordination

(entry 15) all proceeded efficiently in the transformation with
2-fluoroanisole {a). The addition of cyclopropylcyanid&l) is
of interest since the produc8ifn) belongs to a class of nitrile

of the metal prior to addition of the anion. As the product nitrile
is generated, cleavage of the nitroggiotassium bond allows
for the generation of a potassiurarene complex, which subse-

which has been used in the generation of imines for cyclopropyl quently eliminates to provide the desired product.

imine rearrangement.Interestingly, the addition of nitrile&c

and 2d resulted in theexo adduct exclusively’ The structures
and stereochemistry of produ@s and3owere secured by single-
crystal X-ray crystallographs (Figure 1) However, there were

In summary, an efficient method for the addition of secondary
nitriles to fluoroarenes has been demonstrated. The reaction is
specific to KHMDS but proceeds on a variety of substrates,
allowing for a quick entry to a useful class of compounds.
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