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The synthesis of 2- and 3-(3-pyridyl)azetidines (3 and 5) and their N-methyl derivatives is reported. The key
steps involve the preparation of 3-amino-2-(3-pyridyl)-1-propanol (17b) and the reductive detosylation of the

N-(4-toluenesulfonyl) derivatives of 3 and 5.

Despite the large body of work on the physiological and
insecticidal properties of nicotine (1)%% and nicotine-like
agents, %325 3 clear and complete understanding of their
mode of action has remained elusive.?>#8 Ag part of our
studies’ on the alkaloids of Nicotiana tabacum L., we are
interested in determining the pharmacological conse-
quences of changing the size of nicotine’s saturated ring.
Studies involving this variation have previously been
confined to the Nicotiana alkaloids, anabasine (2a) and
N-methylanabasine (2b).* This article reports our syn-
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thesis of 2-(3-pyridyl)azetidine (3), 3-(3-pyridyl)azetidine
(5), and their N-methyl derivatives (4 and 6). These
pyridylazetidines might be expected to have nicotinic
activity as recent studies on azetidine-2-carboxylic acid
have shown that certain biological systems are unable to
distinguish it from proline.'°

Results and Discussion

Several methods have been developed for the synthesis
of 4-substituted 2-azetidinones'! which can be reduced to
2-substituted azetidines.!'® These procedures, as well as
ones developed for the preparation of pencillin and
cephalosporin 3-lactams,!? were examined as routes to 3.
All, however, proved inapplicable.!?
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Synthesis of Pyridylazetidines

The successful synthesis of 3 (Scheme I) was based on
the conversion of 3-amino-3-(3-pyridyl)propionic acid (7)
to 2-(3-pyridyl)-N-(4-toluenesulfonyl)azetidine (13). A
modified Fischer esterification of 7 gave ethyl 3-amino-
3-(3-pyridyl)propionate (8), which was tosylated to afford
ethyl 3-(3-pyridyl)-3-(4-toluenesulfonamido)propionate
(10). Reduction of 10 followed by tosylation of the re-
sulting alcohol 11 gave the ditosylate 12. The shorter
approach to 12 (8 — 9 — 12) could not be used as 8 was
not reduced to 9 by LiAlH,. The ditosylate was cyclized
with potassium tert-butoxide to the prerequisite 2-(3-
pyridyl)-N-(4-toluenesulfonyl)azetidine (13).

Because of the acid lability!® of the azetidine ring, re-
ductive rather than hydrolytic methods were examined for
the detosylation of 13 to 3. Sodium in alcohol, using mild
conditions to avoid reduction of the pyridine ring,'® gave
only unreacted 13. More rigorous conditions (Na/NHj at
-33 °C) cleaved both the 4-toluenesulfonyl group and the
azetidine ring, yielding 3-(3-pyridyl)-1-propylamine.t’
Sodium naphthalenide was then tried as a detosylating
agent for this sensitive system. Our initial attempts to
detosylate 13 with this reagent at 20 °C'® gave complex
mixtures in which no 3 was detected.’® Further experi-
ments showed that the pyridine ring is reduced under these
conditions. Using milder conditions (60 °C),'®® 3 was
obtained in low yield? (~5% by GLC). The structural
assignment was made on the basis of elemental and
spectral analyses and confirmed by reaction of the product
with 4-toluenesulfonyl chloride to give 13.

The low yield of 3 could be due to the decomposition
of its amide anion, initially formed in the reaction, or to
the destruction of 13 by this anion.??> These pathways
should be minimized by carrying out the reactions in the
presence of a proton source such as tert-butyl alcohol,
which would quench the amide anion. Neither the tert-
butyl alcohol nor 3 should interfere with the detosylation
of 13, since the rate of deprotonation of alcohols?® and
amines'® by sodium naphthalenide at —60 °C is consid-
erably slower than that of tosylate cleavage.

The detosylation reaction was run in the presence of
varying amounts of tert-butyl alcohol. In all cases, sub-
stantial improvements in the yield and purity of the
isolated 3 were realized with the optimum result obtained
using 1 equiv of tert-butyl alcohol. The methylation of
3 under Eschweiler-Clark conditions gave 4.

The synthesis of 3-(3-pyridyl)azetidine (5) along similar

(13) Attempted cyclization of 3-amino-3-(3-pyridyl)propionic acid (7)
via acid-catalyzed or carbodiimide-promoted dehydration gave unreacted
7. Reaction of 7 or its dihydrochloride with thionyl chloride, phosphorus
tri- and pentachloride, or oxalyl chloride to give the acid chloride either
returned 7 or gave intractable tars on treatment with base. Attempted
ring closure of ethy! 3-amino-3-(3-pyridyl)propionate (8), with base or methyl
magnesium iodide, gave complex mixtures in which the desired azetidinone
could not be detected. Treatment of 5-methyl-3-vinylpyridine or 3-
pyridinecarboxaldehyde with excess chlorosulfonyl isocyanate yielded only
a 1:1 complex!* which did not give an azetidinone.
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lines as those used for the preparation of 3 would require
the cyclization of 2-(3-pyridyl)-3-(4-toluenesulfon-
amido)propyl 4-toluenesulfonate (Scheme II, 20b). It
seemed likely that this ditosylaminopropanol might, on
reaction with base, undergo an E2 elimination rather than
cyclization. To establish this point, the synthesis of a
model compound, 3-phenylazetidine (Scheme II, 22a), was
undertaken.

The ditosylaminopropanol (20a) was prepared in 71%
overall yield from ethyl 2-(3-phenyl)cyanoacetate (15a) in
four steps (Scheme II, 15a — 16a — 18a — 19a — 20a).
The alternate route (15a — 16a — 17a — 20a) was
abandoned when it was found that reduction of 16a gave
a low yield of 17a. The cyclization of 20a with base was
then attempted and afforded 3-phenyl-N-(4-toluene-
sulfonyl)azetidine (21a) in high yield. No S-elimination
product was observed. The detosylation of 21a with so-
dium naphthalenide was carried out as previously de-
scribed and gave 22a in similar yield.

The utility of our synthetic strategy as a route to 3-
arylazetidines having been established, its applicability for
the preparation of 5 was investigated. The prerequisite
ethyl 2-(3-pyridyl)cyanoacetate (15b) was obtained by
reaction of 3-pyridylacetonitrile with diethyl carbonate,
but attempts to reduce 15b to either ethyl 3-amino-2-
(3-pyridyl)propionate (16b) or 3-amino-2-(3-pyridyl)-1-
propanol (17b) were unsuccessful.* Consequently, an

(24) Both catalytic (Pd/C, PtO,, Raney Ni, and Rh/Al,03) and metal
hydride (LiAlH, and LiAlH,/AICl;) reductions were tried under a wide
variety of conditions.
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alternate approach to 17b was developed (Scheme III).
Ethyl a-formyl-3-pyridylacetate was converted with O-
methylhydroxylamine to the alkoximino ester 23.12 Re-
duction of 23 proceeded smoothly to the desired 17b, which
could not be purified and was therefore reacted in situ with
4-toluenesulfonyl chloride to afford 20b. Cyclization of
20b to 3-(3-pyridyl)-1-(4-toluenesulfonyl)azetidine (21b)
and its subsequent detosylation with sodium naphthal-
enide went as expected and gave the 3-(3-pyridyl)azetidine
(5). Methylation of 5 gave the N-methyl derivative 6.

Preliminary pharmacological evaluations of 3 and 4 for
nicotine activity were carried out on isolated guinea pig
ileum strips.”®> The data indicated that 4 is similar to
[-nicotine (1) in potency and yields pharmacologically
similar contractile responses which are blocked by large
doses of morphine sulfate and atropine sulfate. However,
3 is approximately 20% as potent as 1 and yields con-
tractile responses similar to methacholine, which are
blocked by atropine sulfate but not by morphine sulfate.
These results show that 4 probably acts as a ganglionic
stimulatory agent to induce post-ganglionic cholinergic
release of acetylcholine, whereas 3 may act as a post-
ganglionic muscarinic type of stimulant similar to me-
thacholine.

Experimental Section

Melting points {Thomas-Hoover apparatus) and boiling points
are uncorrected. The 'H NMR spectra were determined on either
a Varian AB0A or XL-100 spectrometer equipped with a Digilab
data system using Me,Si or sodium 2,2-dimethyl-2-silapen-
tane-5-sulfonate (D;0 solutions) as internal standards. The IR
spectra were obtained on either a Perkin-Elmer 621 or a Digilab
FTS-14 spectrophotometer. Low-resolution mass spectra were
obtained on a CEC 21-104 spectrometer at 70 eV, 10 uA, 2000
V ion accelerating voltage and a source temperature of 250 °C.
GLC analyses and preparative GLC (PGLC) were carried out
using a Bendix Model 2300 chromatograph with 5 ft X 0.25 in.
copper columns packed with 5% SE-30 on Chromosorb G-HP
(80-100 mesh) with He carrier gas at 60 mL/min flow rate. TLC
was performed on 250-um thick SiO, GF plates. Microanalyses
were performed by Galbraith Laboratories, Knoxville, Tenn.

3-Amino-3-(3-pyridyl)propionic Acid (7). A stirred mixture
of 172.0 g (1.61 mol) of 3-pyridinecarboxaldehyde, 248.0 g (3.22
mol) of NH,OAc, and 168.0 g (1.61 mol) of malonic acid in 1.35
L of EtOH was heated under reflux for 1 h. After cooling (10 °C),
the precipitated solid was collected by filtration, washed with
EtOH, and dried to give 172.8 g (47%) of a byproduct identified
as 3-(2,2-dicarboxyvinyl)pyridine diammonium salt: mp 170-175
°C dec; IR (Nujol) 1550 cm™; NMR (Me,SO-dg) 6 7.35 (m, 1, 5-Py
H, 7.77 (s, 1, CH), 7.9 (s, 8, 2 NH,), 8.2 (m, 1, 4-Py H), 8.49 (m,
1, 6-Py H), 8.78 (m, 1, 2-Py H) Anal. CgH13N304: C, H, N.

The filtrate was heated under reflux for 20 min and con-
centrated [100 °C (1 mm)] to yield 218.0 g of a syrup which was
dissolved in H,0. The solution was allowed to stand for 12 h.
The solid was collected by filtration and dried to give 14.7 g of
3-(3-pyridyl)acrylic acid, mp 230-232 °C, identical in all respects
with an authentic sample.® The filtrate was concentrated to leave
a gummy solid which was triturated with hot EtOH and the
mixture was allowed to cool. The solid was collected by filtration
and air dried to afford 65.4 g (24.5%) of 7 (mp 213-214 °C).
Recrystallization from EtOH/H,0 gave an analytical sample: mp
216-218 °C (lit.Z 205-206 °C); IR (Nujol) 1635 (C==0), 1585 cm™%;
NMR (D,0) 6 2.91 (d, 2, J = 7 Hz, CH,), 4.78 (t, 1, J = 7 Hz, CH),
7.57 (m, 1, 5-Py H), 8.02 (m, 1, 4-Py H), 8.57 (m, 2, 2- and 6-Py
H).
Additional 7 was obtained by the following method. A mixture
of 150.0 g (0.66 mol) of 3-(2,2-dicarboxyvinyl)pyridine di-
ammonium salt and 150.0 g (1.95 mol) of NH,OAc in 1 L of AcOH
was heated on a steam bath until gas evolution ceased (~3.5 h),

(25) Carried out by Woodard Research Corporation, Herndon, Va.
(26) Obtained from Aldrich Chemical Co.
(27) R. N. Castle and A. Burger, J. Am. Pharm. Assoc., 43, 163 (1954).
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at which point TLC indicated only 7 and 3-(3-pyridyl)acrylic acid.
The reaction solution was concentrated and the residue was
dissolved in 500 mL of H,0 and allowed to stand overnight. The
precipitated 3-(3-pyridyl)acrylic acid was removed by filtration
and 7 was isolated as previously described, giving 48.0 g (43.7%),
mp 200-201 °C. The overall yield of 7 based on starting 3-
pyridinecarboxaldehyde was 45%.

Ethyl 3-Amino-3-(3-pyridyl)propionate (8). To a stirred,
cooled (10 °C) suspension of 127 g (0.765 mol) of 7 in 2.8 L of
EtOH was added 465 g (4.6 mol) of concentrated Hy,SOy in 200
mL of EtOH. Stirring was continued until all material dissolved.
The solution was allowed to stand at room temperature for 5 days
and was concentrated to ~1 L [<50 °C (1 mm)]. This solution
was added as rapidly as possible to a stirred, cooled (5 °C) mixture
of 800 g (9.55 mol) of NaHCO; in 1.5 L of H;0. The mixture was
stirred for 15 min, treated with 750 mL of CH,Cl,, and stirred
for 15 min. The insoluble salts were removed by filtration and
washed with CH,Cl,. The aqueous layer was extracted with
CH,Cl, and the combined CH,Cl, phases were dried (Na,SO,)
in the cold. The CH,Cl, was removed to leave 115 g (77.5%) of
8 which should be stored in the cold and used as soon as possible.
Distillation on a small scale (~5 g) gave analytically pure 8: bp
100-102 °C (0.1 mm); IR (neat) 3380 (NH,), 3310 (NH,), 1725
(C=0), 1187, 1018, 702 cm™'; NMR (CDCl;) 6 1.25 (t, 3, J = 7
Hz, CH,CH3), 2.06 (s, 2, NH,), 2.69 (d, 2, J = 7 Hz, CHCH,), 4.18
(g, 2, J = 7Hz, CH,CH,), 4.5 (t, 1, J = 7 Hz, CHCH,)), 7.28 (m,
1, 5-Py H), 7.78 (m, 1, 4-Py H), 8.55 (m, 2, 2- and 6-Py H). Anal.
CloH14N202: C, H, N.

Ethyl 3-(3-Pyridyl)-3-(4-toluenesulfonamido) propionate
(10). To astirred, cooled (5 °C) solution of 104 g (0.535 mol) of
8 in 950 mL of dry pyridine was added in portions 127 g (0.67
mol) of purified 4-toluenesulfonyl chloride.?® After stirring for
2 h at 5 °C and standing overnight at room temperature, the
solution was poured onto crushed ice and diluted with 3 L of H;0.
The solid product was collected, washed with water, and dried
over KOH in vacuo to yield 180.3 g (81.7%) of 10 (mp 136-138
°C). Recrystallization from AcOEt gave analytically pure 10: mp
137-138 °C; IR (CHCIl;) 3380 (NH), 1730 (C==0), 1349, 1162 cm™;
NMR (CDCl;) 6 1.11 (t, 3, J = 7 Hz, CH,CH3), 2.38 (s, 3, CHy),
2.83 (d, 2,J =7 Hz, CHCH,), 4.05 (q, 2, J = 7 Hz, CH,CHj), 4.83
(q,1,J =7Hz,CH), 6.33 (d, 1,J = 7 Hz, NH), 7.43 (m, 6, 4- and
5-Py and Ph H), 8.50 (m, 2, 2- and 6-Py H). Anal. C;;HyxN,0,S:
C,H,N,S.

N-(3-Hydroxy-3-(3-pyridyl)propyl)-4-toluenesolfonamide
(11). To a cooled (5 °C), stirred suspension of 12.7 g (0.34 mol)
of LiAlH, in 1.25 L of dry glyme was added 89.7 g (0.26 mol) of
10. The stirred mixture was heated under reflux for 1.5 h, cooled
(5 °C), slowly treated with 120 mL of saturated NaCl, heated
under reflux for 30 min, and allowed to stand overnight. The
insoluble solids were removed by filtration and washed with hot
glyme, followed by hot EtOH. The pH of the combined filtrates
was adjusted to pH 7.5-8.0 with 10% HCI and saturated NaHCO,.
The solution was concentrated and the solid was collected by
filtration, washed with H,0, and dried over KOH in vacuo to give
75.6 g (95%) of 11 (mp 152-153 °C). An analytically pure sample
was obtained by recrystallization from H,0: mp 153-154 °C; IR
(Nujol) 3240, 1167, 1080, 715, 685 cm™; NMR (Me,SO-dg) 6 1.33
(m, 2, CHCH,), 1.83 (s, 3, CHj), 2.8 (m, 2, CH,0), 3.97 (m, 1, CH),
7.42 (m, 6, 4- and 5-Py and Ph H), 8.42 (m, 2, 2- and 6-Py H),
NH and OH resonances were not assignable. Anal. C;sH;sN,05S:
C,H, N, S.

3-(3-Pyridyl)-3-(4-toluenesulfonamido)propyl 4-Tolu-
enesulfonate (12). To a stirred solution of 70.5 g (0.23 mol) of
11 in 750 mL of dry pyridine at 5 °C was added slowly 55.0 g (0.29
mol) of purified 4-toluenesulfony! chloride.?® The solution was
refrigerated for 24 h and was then treated with 4 L of ice and H,0
containing 24.4 g (0.29 mol) of NaHCO,. The solid which sep-
arated was collected by filtration, washed with H,O followed by
a small amount of cold EtOH, and dried over KOH in vacuo to
vield 90.5 g (86%) of 12 (mp 156-158 °C). Recrystallization from
CH,CN afforded analytically pure 12: mp 166-167 °C; IR (Nujol)
1361, 1190, 1180, 1160, 940 cm™!; NMR (Me,SO-dg) 6 1.91 (m, 2,
CHCH,), 2.28 (s, 3, CHy), 2.4 (s, 3, CHj), 3.81 (m. 2, CH,0), 4.3

(28) S. W. Pelletier, Chem. Ind. (London) 1034 (1953)
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(q, 1, J = 7 Hz, CH), 7.41 (m, 10, 4- and 5-Py and Ph H), 8.31
(m, 2, 2- and 6-Py H), superimposed on the 8.31 multiplet at 8.31
(d, 1, J = 7 Hz, NH) which is removed by D,O exchange. Anal.
022H24N20582: C, H, N, S.

2-(3-Pyridyl)-1-(4-toluenesulfonyl)azetidine (13). To 2.7
L of stirred, dry tert-butyl alcohol under N, was added 2.8 g (0.071
mol) of K, followed by heating under reflux until all of the metal
reacted (~1.5 h). The solution was cooled (30 °C), treated with
30.0 g (0.065 mol) of 12, heated under reflux for 10 h, decolorized
with activated charcoal, and filtered hot through Celite which was
then washed with hot CH,Cl,, The combined filtrates were
concentrated and the residue was taken up in CH,Cl,. After
filtration, the CH,Cl, was removed to afford a solid which on
recrystallization from AcOEt gave 17.2 g (92%) of analytically
pure 13: mp 141-142 °C; IR (Nujol) 1346, 1162, 812, 714 cm™};
NMR (CDCly) § 2.28 (m, 2, 3-azetidinyl H), 2.43 (s, 3, CH3), 3.78
(m, 2, 4-azetidinyl H), 4.92 (m, 1, 2-azetidinyl H), 7.55 (m, 6, 4-
and 5-Py and Ph H), 8.57 (m, 2, 2- and 6-Py H); mass spectrum
m/e (rel intensity) 288 (44, M*), 91 (100). Anal. C,5HN,0,S:
C,H, N, S.

2-(3-Pyridyl)azetidine (3). A ~0.12 M solution of sodium
naphthalenide was prepared under Ar in 2.0 L of dry glyme from
38.4 g (0.3 mol) of naphthalene and 5.75 g (0.25 mol) of Na.18b
This solution was slowly added (~2 h) to a stirred solution of
15.0 g (0.052 mol) of 13 and 3.8 g (0.052 mol) of tert-butyl alcohol
in 900 mL in dry glyme under Ar at 60 °C, in an all glass ap-
paratus, until the persistence of a faint green color was noted.
After adding 60 mL of MeOH, the mixture was allowed to warm
to room temperature and stand overnight. The insoluble material
was removed by filtration and washed with MeOH. The combined
filtrates were concentrated to leave a gum which was treated with
CgHg and the insoluble material was removed by filtration. The
solution was concentrated and the residue was taken up in pe-
troleum ether (3060 °C). After removal of the insoluble material
by filtration, the solution was washed twice with H;O. The H,0
washings were concentrated [30-50 °C (20 mm)] to leave an oil
from which the remainder of the H,O was removed by azeotropic
distillation with CgHg/EtOH to give 3.2 g of an oil which was
distilled to yield 2.4 g (35%)% of 3; bp 70~74 °C (0.04 mm); GC
and NMR showed >99% purity.?® An analytically pure sample
was obtained by PGLC: IR (neat) 3226 (NH), 1577, 1477, 800,
712 em™; NMR (CDCly) ¢ 2.08 (s, 1, NH), 2.51 (m, 2, 3-CH,), 3.41
(m, 1, 4-CH), 3.82 (m, 1, 4-CH), 5.0 (apparent t, 1, 2-CH), 7.18
(m, 1, 5-Py H), 7.72 (m, 1, 4-Py H), 8.44 (m, 2, 2- and 6-Py H);
mass spectrum m /e (rel intensity) 134 (23, M*), 133 (31), 105 (100),
79 (33), 78 (26), 52 (29), 51 (33).

Analysis was obtained on the dipicrate salt which was formed
in EtOH and recrystallized from H,0, mp 196-198 °C. Anal
C20H16N8014Z C, H, N.

1-Methyl-2-(3-pyridyl)azetidine (4). To a stirred, cooled (5
°C) solution of 920 mg (6.88 mmol) of 3 in 9 mL of H,O was added
660 mg (8.83 mmol) of 40% H,CO in 9 mL of H,0 followed by
755 mg (14.4 mmol) of 88% HCO,H. The resulting solution was
heated on a steam bath for 2 h, cooled (5 °C), treated with 1.21
g (14.4 mmol) of NaHCQj,, and concentrated [<80 °C (20 mm)]
to ~7 mL. The turbid mixture was taken up in 125 mL of
C¢Hs/EtOH (4:1). This solution was distilled at atmospheric
pressure until the head temperature reached 80 °C. The remaining
mixture was filtered and concentrated [<40 °C (20 mm)] to leave
an oil which gave on distillation 400 mg (40%) of 4: bp 49-50
°C (0.025 mm); GLC purity, >95%. An analytically pure sample
was obtained by PGLC: IR (neat) 1575, 1479, 1425, 1027, 770,
713 em™; NMR (CDCly) & 2.08 (m, 2, 3-CH,), 2.3 (s, 3, CHj), 2.91
(m, 1,4-HCH), 3.45 (m, 1, 4-HCH), 3.88 (t, 1, 2-CH), 7.05 (m, 1,
5-Py H), 7.73 (m, 1, 4-Py H), 8.44 (m, 2, 2- and 6-Py H); mass
spectrum m/e (rel intensity) 148 (25, M*), 147 (28), 119 (100).
Anal. CgH,,Ny: C, H, N.

N-(3-(3-Pyridyl)propyl)-4-toluenesulfonamide (14).
Hydrogenation of 1.0 g (3.5 mmol) of 13 was carried out at room

(29) The yield of 3 was variable (~30-50%). In some reactions traces
of 13 and 14 were also isolated from the C¢Hg insoluble material. At other
times, the distilled product (3) was found by NMR to contain up to ~10%
of an unidentified impurity which was not detected by GLC or TLC. The
amounts of impurity and byproducts appeared to be due to difficulties
in determining the end point for the reaction.
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temperature over 16 h in 100 mL of EtOH with 200 mg of 10%
Pd/C catalyst using a Parr apparatus. The resulting mixture was
filtered and the solvent was removed. The solid residue was
recrystallized from CgHg after decolorizing with charcoal and
afforded 0.83 g (83%) of 14, mp 106-107 °C. A second decol-
orization and recrystallization from C¢Hg gave analytically pure
14: mp 107-108 °C; IR 3370 (NH), 3290 (NH), 1330, 1161, 1095,
662 cm™; NMR (CDCly) § 1.73 (pentet, 2, J = 7 Hz, CH,CH,CH,-),
2.50 (s, 3, CHj), 2.73 (t, 2J = 7 Hz, Py-CH,), 2.91 (q, 2, J = 7
Hz, -CH,NH, which coalesces to a triplet on deuterium exchange
of the NH), 5.60 (br s, 1, NH), 7.27 (m, 6, 4- and 5-Py and Ph
H), 8.7 (m, 2, 2- and G-Py H). Anal. ClsngNQOZSZ Cy H, N, S.

Ethyl 2-Phenyl-3-(4-toluenesulfonamido)propionate (18a).
To a stirred, cooled (5 °C) solution of 10.0 g (44 mmol) of ethyl
3-amino-2-phenylpropionate hydrochloride (16a)® in 150 mL of
dry pyridine was added 9.1 g (48 mmol) of purified 4-toluene-
sulfonyl chloride.?® After stirring for 1 h at 5 °C and standing
overnight in the cold, the solution was poured onto crushed ice
and diluted with 1 L of H,O. The crude, oily 18a was extracted
into CH,Cl,; and the solution was washed successively with cold
(5 °C) 5% HC], H,0, and saturated NaCl. The solution was dried
(NayS0y), decolorized with charcoal, and concentrated to afford
13.0 g (86%) of 18a as a viscous, colorless oil from which an
analytically pure sample could not be obtained: TLC showed a
single spot; IR (neat) 3270 (NH), 1720 (C==0), 1323, 1153, 810,
695 cm™'; NMR (CCl,) 6 1.13 (t, 3, J = 7 Hz, CH,CHj), 2.37 (s,
3, CHj), 3.44 (m, 3, CHCH,), 4.04 (q, 2, J = 7 Hz, CH,CH,), 5.45
(t, 1, J = 7 Hz, NH), 7.44 (m, 9, Ph H).

N-(3-Hydroxy-3-phenylpropyl)-4-toluenesulfonamide
(19a). To a cooled (5 °C), stirred suspension of 1.5 g (40 mmol)
of LiAlH, in 300 mL of dry glyme was added over 10 min 12.7
g (36 mmol) of 18a. The stirred mixture was heated under reflux
for 30 min, cooled (10 °C), slowly treated with 20 mL of saturated
NaCl, and heated under reflux for 1.5 h. The insoluble solids were
removed by filtration and washed with hot glyme. The combined
filtrates were concentrated, acidified (pH 2) with 10% HCI, and
extracted with CH,Cl,. The CH,Cl, extracts were washed with
H,0 and saturated NaCl, dried (Na,SO,)}, and concentrated to
yield 10.5 g (94%) of 19a (mp 103-104 °C). Analytically pure
19a was obtained by recrystallization from toluene: mp 104-105
°C; IR (Nuyjol) 3510 (OH), 3120 (NH), 1317, 1150, 1078, 660 cm™;
NMR (CDCl;) 6 2.18 (br s, 1, OH), 2.42 (s. 3, CHj), 3.5 (m, 3,
CHCH,N), 3.82 (d, 2, J = 7 Hz, CH,0), 5.05 (br s, 1, NH), 7.33
(m, 9, Ph H). Anal. C;;H,(NO,S: C, H, N, S.

2-Phenyl-3-(4-toluenesulfonamido)propyl 4-Toluene-
sulfonate (20a). To a stirred, cooled (5 °C) solution of 4.5 g (14.8
mmol) of 19a in 80 mL of dry pyridine was added 3.5 g (18.4 mmol)
of purified 4-toluenesulfonyl chloride.”® After stirring for 1 h, the
solution was refrigerated for 48 h and then concentrated [25 °C
(1 mm)]. The oily residue was taken up in CH,Cl; and the solution
was washed with 5% NaHCO; and saturated NaCl. The solution
was dried (CaSO,) and decolorized with charcoal. The CH,Cl,
was removed and the resulting oil was triturated with Et,O to
afford 6.75 g (100%) of 20a (mp 90-95 °C). Trituration of the
pulverized product with H,O followed by drying [80 °C (0.1 mm)]
gave analytically pure 20a: mp 101-103 °C; IR (KBr) 3280 (NH),
1350, 1170, 1088, 661 cm™; NMR (CDCl,) 6 2.33 (s, 6, methyl H),
3.08 (m, 3, CHCH;N), 4.08 (d, 2, J = 5 Hz, CH,0), 4.88 (br s, 1,
NH), 7.11 (m, 13, Ph H). Anal. C,H,,NO,S,: C, H, N, S.

1-(4-Toluenesulfonyl)-3-phenylazetidine (21a) was prepared
in 91% yield from 20a by the method used to synthesize 13;: mp
183-134 °C (1it.*° 133-136 °C). The product was identical in all
respects with an authentic sample.

3-Phenylazetidine (22a) was prepared from 21a using the
method described for the synthesis of 3. Yield was determined
by GLC to be 48% and the product was confirmed as 22a by
comparison of its GLC and TLC with those of an authentic
sample.®®

3-Amino-2-(3-pyridyl)propanol (17b). To a stirred, cooled
(5 °C) slurry of 24.5 g (0.65 mol) of LiAlH, in 1.2 L of dry glyme
was added over 1.5 h a solution of 71.7 g (0.32 mol) of 23 in 500
mL of dry glyme. The mixture was stirred at room temperature

(30) E. Testa, L. Fontanella, L. Mariani, and G. F. Cristiani, Justus
Liebigs Ann. Chem., 639, 157 (1961).
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for 5 days, cooled (5 °C), and treated cautiously with 65 mL of
saturated NaCl. After stirring overnight, the insoluble material
was removed by filtration. The filter cake was stirred with a
solution of 25 mL of saturated NaCl and 600 mL of glyme. This
mixture was heated under reflux for 1 h and filtered hot. The
combined filtrates were concentrated to give an oil which was
dissolved in CH,Cl,. The CH,Cl, was dried (Na,SO,) and removed
to afford 37.4 g (76%) of crude 17b as an oil. The IR and NMR
of the crude product showed the absence of starting oxime and
supported the proposed structure. TLC showed principally one
component.

2-(3-Pyridyl)-3-(4-toluenesulfonamido)propyl 4-Tolu-
enesulfonate (20b). To a stirred, cooled (0 °C) solution of 35.2
g (0.23 mol) of crude 17b in 335 mL of dry pyridine was added
in portions 96.9 g (0.51 mol) of purified 4-toluenesulfonyl
chloride.?® After stirring for 2 h, the solution was allowed to stand
in the cold (5 °C) overnight and was then diluted to 3 L with H,O
and ice. After vigorous scratching, the precipitated gum solidified.
It was collected, washed with H,0, and dried over NaOH in vacuo
to yield 66.5 g (48%, based on 23) of 20b which was of sufficient
purity for subsequent reaction: mp 150-153 °C.

Analytically pure 20b was obtained by column chromatography
of the crude solid on SiQ, (CH,Cl, — 10% acetone/CH,Cl,),
followed by two recrystallizations from CH;CN: mp 167.5-168
°C; IR (Nujol) 3080 (NH), 1362, 1172, 1152, 1095, 985, 817, 660
em™; NMR (Me;SO-dg) 6 2.43 (s, 3, CHy), 2.48 (s, 3, CH3), 3.13
(m, 3, CHCH,N), 4.31 (d, 2, J = 5 Hz, CH,0), 7.53 (m, 10, 4- and
5-Py and Ph H), 8.45 {m, 2, 2- and 6-Py H), NH resonance was
not assignable. Anal. CypH,N,058,: C, H, N, S.

3-(3-Pyridyl)-1-(4-toluenesulfonyl)azetidine (20b) was
obtained as a semisolid (77%) from crude 20b by the method
described for the preparation of 13. The crude product was
chromatographed on SiO, (30:1, CgHg — 10% acetone/CgHg) to
yield a solid which was decolorized in boiling tert-butyl alcohol
with charcoal. The tert-butyl alcohol was removed and the
resulting solid was triturated with Et,O to give analytically pure
20b (38%): mp 95-96.5 °C; IR (Nujol) 1429, 1340, 1155, 1097,
709, 672 cm™!; NMR (CDCl,) § 2.48 (s, 3, CHy), 3.93 (m, 5, az-
etidinyl H), 7.47 (m, 6, 4- and 5-Py and Ph H), 8.21 (m, 2, 2- and
8-Py H); mass spectrum m/e (rel intensity) 288 (0.5, M*), 105
(100), 91 (299) Anal. CwHwNQOQS: C, H, N, S.

Kos, van der Plas, and van Veldhuizen

3-(3-Pyridyl)azetidine (5) was prepared from 20b in 27%
yield using the method described for the synthesis of 3: bp 93-97
°C (0.15 mm); GLC and NMR indicated >95% purity; IR (neat)
3295 (NH), 1577, 1482, 803, 713 cm™; NMR (CDCly) 6 2.04 (s,
1, NH), 3.91 (m, 5, azetidinyl H), 7.26 (1, m, 5-Py H), 7.72 (m,
1, 4-Py H), 8.50 (m, 2, 3- and 5-Py H); mass spectrum m/e (rel
intensity) 134 (3.7, M*), 105 (100), 104 (33.3), 78 (18).

Analysis was obtained on the dipicrate salt which was formed
in EtOH and recrystallized from H,O: mp 200-201 °C. Anal.
C20H16N80142 C, H, N.

1-Methyl-3-(3-pyridyl)azetidine (6) was prepared from 5 in
59% yield using the method described for the preparation of 4:
bp 63-65 °C (0.15 mm); IR (neat) 1577, 1483, 1429, 1025, 802, 711
cm™l; NMR (CDCl,) 6 2.37 (s, 3, CHy), 3.17 (m, 2, azetidinyl H),
3.70 (m, 3, azetidinyl H), 7.22 (m, 1, 5-Py H), 7.66 (m, 1, 4-Py H),
8.48 (m, 2, 2- and 6-Py H); mass spectrum m/e (rel intensity) 148
(13.0, M), 106 (73.0), 105 (100), 104 (34.9).

Analysis was obtained on the dipicrate salt, which was formed
in EtOH and recrystallized from H,0, mp 191-192 °C. Anal.
CyH1gN3O1¢ C, H, N.
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Reaction of purine and 2-methyl- and 8-methylpurine with potassium amide in liquid ammonia leads to the
formation of adenine and 2-methyl- and 8-methyladenine, respectively. 6-Methyl- and 6,8-di-tert-butylpurine
do not react. It was proven by applying ®N-labeled potassium amide that the amination reactions do not involve
opening of the pyrimidine ring. Low temperature NMR spectroscopy showed that in solutions of purine and
2-methylpurine in potassium amide-liquid ammonia an anionic ¢ complex at position 6 is formed. 8-Methylpurine
on the contrary only showed the presence of a monoanion and a dianion.

It is well known that purines are in general more sus-
ceptible to nucleophilic than to electrophilic attack.? In
basic medium, however, the reactivity toward nucleophiles
is often strongly decreased due to deprotonation of the NH
of the imidazole ring.? Deprotonation has as a further

(1) Part 77 on pyrimidines from this laboratory. For part 76 see: D.
A. de Bie, A. Nagel, H. C. van der Plas, G. Geurtsen, and A. Koudijs,
Tetrahedron Lett., 649 (1979).

(2) For a review: J. H. Lister in “The Chemistry of Heterocyclic
Compounds, Fused Pyrimidines”, Part II, D. J. Brown, Ed., Wiley, New
York, 1971,
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consequence that the pattern of addition of nucleophiles
changes. Whereas in neutral purines both positions 6 and
8 are reactive in nucleophilic additions, in the anions of
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