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The advantages of phase-transfer catalyzed (PTC) reac-
tions have been widely discussed'2. We sought to replace
sodium hydride/dimethylformamide as base/solvent in the
preparation of the antihypertensive agent, di-S-2- {3-[(1,1-
dimethylethyl)-amino]-2-hydroxypropoxy} -3-pyridinecar-

bonitrile fumarate (5)°. 2-Chloro-3-cyanopyridine* (1) and
the alkoxide of S-3-t-butyl-5-hydroxymethyl—2-phenylox-
azolidine (2; containing 1% of the isomeric dioxolane)*
generate 3 which is converted by acid hydrolysis to free
base 4 and isolated as the fumarate salt, § (Scheme A). Ap-
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plication of PTC conditions allowed us to effect the hetero-
aromatic nucleophilic substitution rapidly at 20-25°C
with toluene/alkali metal hydroxide in excellent yield (Ta-
ble 1).
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Scheme A

Liquid-liquid catalysis using Aliquat 336 (tricaprylmethyl-
ammonium chloride) or 15-Crown-5 in equal volumes of
toluene and 50% aqueous sodium hydroxide afforded 5 in
84% yield. Solid-liquid catalysis in toluene/potassium hy-
droxide with 18-Crown-6 resulted in a comparable yield,
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but offered no advantage for large scale reactions. Aliquat
336 has no catalytic effect in solid-liquid catalysis since
similar yields and rates were observed with and without ca-
talyst®, and potassium carbonate’/toluene was ineffective
with 18-Crown 6 or Aliquat 336.

The raie of nucleophilic substitution is dependent on the
amount of phase-transfer catalyst. A molar ratio of 0.05
equivalents of Aliquat 336 to 1.0 of 2-chloro-3-cyanopyrid-
ine (1) completed the reaction in 1 h at 25°C. This was
comparable to reaction of the alkoxide of 2 with 1 in dime-
thylformamide. Competitive displacement by hydroxide
did not occur. Control experiments in the absence of 2 con-
firmed the stability of 1 to the reaction conditions, and 2-
chloro-3-cyanopyridine (1) was recovered quantitatively®.

Competative reactivity of primary to secondary alcohols to-
wards 2-chloro-3-cyanopyridine was evaluated using the
unprotected analogue of 2, (S)-3-t-butylamino-1,2-propa-
nediol, at 25 °C in toluene/50% aqueous sodium hydroxide
with Aliquat 336. After 3 h, a 4:1 mixture of 4a and the 2'-
isomer, 2-[3-(1,1-dimethylethylamino)-1-hydroxypropoxy]-
3-pyridinecarbonitrile (4b) was observed. Control experi-
ments in aqueous base at pH 11 indicate negligible
(~0.5%) 4a to 4b isomer equilibration. Thus, primary al-
koxide is at least four times more reactive than secondary
alkoxide in the PTC-mediated nucleophilic displacement
reaction for this case.

Application of this methodology to simple alcohols is indi-
cated in Table 2. Primary alkoxide displacement of 2-chlo-
ro-3-cyanopyridine (1) with 18-Crown-6 proceeds within 3
h at 25 °C, but less reactive 2-chloropyridine required heat-
ing®. As expected, a longer reaction time was necessary for
2-propanol and z-butyl alcohol was inert'. Although a sim-
ilar yield of 8¢ was obtained with liquid-liquid and solid-li-
quid catalysis, it is prudent to employ solid-liquid PTC for
alcohols which exhibit appreciable water solubility.

PTC catalysis has been demonstrated to be an economical
and efficient means of effecting displacement reactions. To
our knowledge this represents the first application in hetero-
aromatic nucleophilic substitution employing alkoxide an-
ions'!. Extension of this methodology to heterocycles other
than pyridine, i.e., thiadiazole, has been confirmed'?.

Di-S-2- {3-[(1,1-dimethylethyl)-amino]-2-hydroxypropoxy  -3-
pyridinecarbonitrile Fumarate (5):

Method A: Liquid-Liquid Catalysis: A solution of (S)-3-r-butyi-
5-hydroxymethyl-2-phenyloxazolidine' (2; 189 g, 0.804 mol) in to-
luene (190 mi} is added at 20-30°C over 0.5 h to a well-stirred mix-
ture of 2-chloro-3-cyanopyridine* (1; 100 g, 0.722 mol), Aliquat 336
(19 g, 0.0379 mol). toluene (1.5 1), and 50% aqueous sodium hy-
droxide (1.4 1). The reaction mixture is stirred for 1 h at 25°C; the
layers are allowed to settle, and then separated. The aqueous layer,
which contains the interface, is extracted with toluene (350 mi).
Combined toluene extracts and interface are washed with water
(2 x 400 ml) and then extracted with 1 normal agueous hydrochlor-
ic acid (2 x 725 ml). Combined acid extracts are adjusted to pH 3.5
with solid sodium acetate (91.3 g), heated at 50°C for 3.0 h'?, and
extracted at 25°C with cyclohexane (2x 300 ml). The aqueous
layer is stirred with ethyl acetate (800 ml), and adjusted to pH
~12.0 with 50% aqueous sodium hydroxide (79 ml). Layers are
separated, and the agueous portion extracted with ethyl acetate
(400 mi). Combined extracts are treated with Calgon-PWA 20
charcoal (25 g) and anhydrous sodium sulfate (125 g), and filtered
through Super-Cel. The filtrate is concentrated in vacuo to 160 ml
and flushed with absolute ethanol (2 x 250 ml) to afford 4 (final
volume 145 ml). Conversion to the fumarate salt is achieved by
heating a mixture of 4, absolute ethanol (1.25 1), and fumaric acid

SYNTHESIS

Table 1. Phase Transfer-Catalyzed Nucleophilic Heteroaromatic
Substitution of 2-Chloro-3-cyanopyridine (1) with $-3-1-
Butyl-5-hydroxymethyl-2-phenyloxazolidine (2)*

Catalyst” Solvent® Base! Yield¢

[%] of §

Method A: Liquid-Liquid

Aliquat 336 toluene 50% aqueous 85

NaOH
Aliquat 336 80% cyclohexane/ 50% aqueous 83
20% toluene NaOH
Aliquat 336 cyclohexane 50% aqueous  7C
NaOH
15-Crown-5  toluene 50% aqueous 84
NaOH
Method B: Solid- Liguid
Aliquat 336 toluene KOH 63
Aliquat 336 toluene NaOH 68
18-Crown-6  toluene KOH 85
— toluene KOH 63
Aliquat 336 toluene K,CO, 2
18-Crown-6 toluene K,CO; 30

* The yield of 5§ from NaH/DMF is 63%, Ref’.

* 0.05 Molar equivalent catalyst to 2.

¢ 2.Chloro-3-cyanopyridine (1) is moderately soluble in toluene.
Reactions in cyclohexane are triphasic and 1 dissolves as 3 is
generated.

4 KOH flakes or pellets; NaOH pellets.

¢ Completed within 3 h at 20-25°C.

Table 2. Solid-Liquid PTC Alkoxide Displacement Reactions

z R! z Rl
2_ KOH/toluene/18-crown-6
G, - oo - )

cl OR?
6 1 8

Prod- R’ R? Yield b.p.[°Cl/  Molecular

uct 1%} torr formula®

8a H C.HsCH, 80° 98-100°/ C,.H,NO
0.25 (185.2)

8b .CN  CyHs;CH, 854 128-129°/  C . HioN2O
025 (210.2)

8c ~CN  n-CgH,- 854 135-138°/  Cu4HaoN>O
0.5 2323)

8d —CN  i-C3H, 67° 68-70"/ CoHoNO
0.5 (162.2)

8e ~—CN  +-C4Hy e -

Distilled at reduced pressure through a short path apparatus.
Satisfactory NNML.R,, LR., M.S., microanalyses, or high resolu-
tion M. S. (8d), were obtained for each compound {maximum
deviations: C +=0.4, H +0.18, N +0.07).

Refluxed 0.5 h with concomitant removal of water.

Completed within 3 h at 20-25°C.

95% Completed within 18 h at 20-25°C.

No reaction was observed after 24 h at 20-25°C.

x

LN

(42 g, 0.362 mol) at 65-75 °C for 30 min'® and cooling at 0-5 °C for
2 h. Solids are filtered, washed with absolute ethanol (3 x 90 ml),
and dried at 35°C to afford 5: yield: 186.4 g (84%); m.p. 216-
218°C; [@)is: — 25.5° (0.1 normal hydrochloric acid).
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C3oH4NOg calc. C 5862 H6.89 N 13.67
614.7) found 58.29 6.91 13.62

LR. (Nyjol): »=2250; 1675 cm ",

U.V. (methanol): A, =211 (¢=25235); 287 nm (¢ = 13815).
'H-N.M.R. (100 MHz, DMSO-d;): $=8.46 (d of d, 1H, J=3 and
J=1Hz); 822 (d of d, 1H, J=4 and J=1 Hz); 7.19 (d of d, 1H,
J=5and J=3 Hz); 6.40 (5, 1H); 4.40 (d, 2H, J=3 Hz): 4.09 (brs,
1H); 2.86 (m, 3H); 1.18 ppm (s, 9H).

Method B: Solid-Liquid Catalysis: A solution of 2'* (14.6 g, 0.059
mol) in toluene (50 ml) is added at 20-25°C to a well-stirred mix-
ture of 1 (7.8 g, 0.056 mol), 18-crown-6 (0.7 g, 0.003 mol), potas-
sium hydroxide'® (8.0 g, 0.12 mol), and toluene (110 ml). Stirring is
continued for 2 h at 25°C, and the reaction mixture is quenched
with cold water (50 ml). Layers are separated, and the toluene layer
is washed with water (2x25 ml). The aqueous portion is back-
washed with toluene (25 ml); combined toluene extracts are washed
with water (25 ml), and extracted with 1 normal hydrochloric acid
(2 x 75 ml). Hydrolysis and work up, as indicated in Method A, af-
ford the free base which gives salt 5 after treatment with fumaric
acid (3.4 g, 0.0293 mol) in refluxing anhydrous ethanol (90 ml);
yield: 14.8 g (86%).

2-Benzyloxypyridine (8a):

A mixture of 2-chloropyridine'” (14 g, 0.124 mol), benzyl alcohol
(14.7 g, 0.137 mol), potassium hydroxide'® (16.3 g, 0.248 mol), 18-
Crown-6 (1.4 g, 0.005 mol), and toluene (150 ml) is stirred rapidly
and refluxed under nitrogen. Water is removed via a Dean Stark
apparatus. After 1 h the reaction mixture is cooled and quenched
with ice/water (100 ml). The aqueous layer is extracted with to-
luene (25 ml), the combined toluene extracts are washed with satu-
rated potassium chloride, dried with sodium sulfate, and concen-
trated. Distillation of the crude residue affords product 8a; yield: 18
g (80%); b.p. 99-100°C/0.25 torr.

C,H;;NO calc. C7781 H599 N756

(185.2) found 78.15 5.97 7.56

M.S.: m/e (relative intensity) =185 (M, 49); 108 (10); 91 (100); 79
(62); 65 (36).

LR. (film): »=1600, 1590 cm ~'.

"H-N.M.R. (60 MHz, CDCL,): 5=8.1 (d of d, 1H, J=3 and J=1
Hz): 7.5-7.1 (m, 6 H); 6.8-6.6 (m, 2H); 5.3 ppm (s, 2H).

2-Benzyloxy-3-cyanopyridine (8b):

A mixture of 2-chloro-3-cyanopyridine (1; 14 h, 0.101 mol), benzyl
alcohol (11.5 g, 0.106 mol), potassium hydroxide'® (13.8 g, 0.212
mol), 18-Crown-6 (1.3 g, 0.0053 mol), and toluene (140 ml) is stir-
red rapidly under nitrogen at 25 °C. After 2 h, the reaction mixture
is quenched with ice/water (100 ml). The aqueous layer is ex-
tracted with toluene (25 ml), and the combined toluene extracts are
washed with saturated potassium chloride, dried with sodium sul-
fate, and concentrated. Distillation of the crude residue affords
product 8b; yield: 17.8 g (85%); b.p. 125-129°C/0.25 torr).

Ci;H (0N, O calc. C7427 H4.79 N13.33

(210.23) found 74.39 470 1330

M.S.: m/e (relative intensity)=210 (M, 70); 181 (2); 91 (100y; 77
(67); 65 (90).

LR. (film): »=2250; 1590 cm~".

'H-N.M.R. (60 MHz, CDCL): =82 (dof d, 1H, J=3 and J=1
Hz); 7.7 (d of d, 1H, J=4 and J=1 Hz); 6.8 (d of d, 1H, /=3 and
J=1Hz); 7.4-7.1 (m, 5H); 5.4 ppm (s, 1H).

We are grateful to Dr. A. Douglas for 100 MHz 'H-N.M.R. spectra,
Ms. P. Cala-Tway for mass spectra, and Ms. J. Wu for the microana-
Iysis. We also thank Henley and Co., Inc., New York, N. Y. Sfor gene-
rous samples of crown ethers.
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