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Synthesis of 2-Oxo-1,2-dihydropyridines by the Reac-
tion of Cobaltacylopentadiene Complexes with Iso-
cyanates

Pangbu HoNG, Hiroshi Yamazaki*

The Institute of Physical and Chemical Rescarch, Wako-shi, Sai-
tama 351, Japan

Metallocyclopentadiene complexes are useful as starting
materials for preparing cyclic organic compounds'?3. As
part of studies on the synthetic use of cobaltacyclopentadiene
complexes (I)!, which are easily obtained by the reaction
of n*-cyclopentadienylbis[triphenylphosphine]cobalt with
two molecules of acetylenes, we wish to describe the reaction
of 1 with isocyanates 2 to provide a facile synthetic route
to 2-0xo-1,2-dihydropyridines 3.

When a mixture of complex la (R'=R*=C(Hs,
R?=R*=COOCH,), phenyl isocyanate (2a), and benzene
in a sealed tube was heated at 130° for 2h, a colorless
crystalline product (3a, C»7H2;NOs) was obtained in a
66% yield. The N.M.R. spectrum shows the presence of
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two kinds of methoxycarbonyl groups at 6=3.36 and
3.55ppm, and the LR. spectrum indicates a strong band
at 1665cm ', suggestive of the conjugated six-membered
ring lactam®, along with carbonyl streching bands for meth-
oxvcarbonyl groups. From these spectral data and the ele-
mental analysis, we assigned to 3a the structure dimethy!
1.3.6-triphenyl-2-oxo-1,2-dihydropyridine-4,5-dicarboxylate.

Under similar conditions methyl isocyanate (2b) also reacted
with Ia to give dimethyl 1-methyl-3,6-diphenyl-2-oxo-1,2-
dihydropyridine-4,5-dicarboxylate (3b). Similarly, several
cobaltacyclopentadiene complexes (1b--d) and isocyanates
have been successfully employed for preparing 2-oxo-1,2-
dihydropyridines 3. The results are shown in the Table.
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Scheme A

In the reaction of an unsymmetrical cobaltacyclopentadiene
complex 1b (R!'=R*=COOCH;, R?=R*=CHjs), the for-
mation of two types of 2-oxo-1,2-dihydropyridines, 3d and
3d’, are possible, according to the direction of addition
of isocyanates (see Scheme B). However, the reaction pro-
ceeds regioselectively to afford only one product of the type
3d (similar results are obtained with phenyl and n-butyl
isocyanates). The structure was assigned on the basis of
the following evidence. The N.M.R. spectrum of 3d shows
three peaks at 6=3.06, 3.30, and 3.59 ppm due to methyl
groups. The peak at 3.30 is assignable to N—CH3, according
o comparison with those of methoxycarbonyl in 3¢ (3.10
and 3.61) and 3e (3.13 and 3.59). This peak exists at a
similar position to N—CHj in 3b (3.28), 3g (3.38), and
3j(3.22), having a phenyl group at the 6-position. To further
ascertain the structure here under consideration, 3d was hy-
drolyzed to the acid 4d which was decarboxylated under
heating above 275° to f-methyl-4,6-diphenyl-2-oxo-1,2-
dihydropyridine (5d)°.
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Scheme B

The reaction at lower temperature is insufficient for this
preparation. The complex la did not react with phenyl
isocyanate at 80°. In the case of the reaction of lc¢ with
phenyl isocyanate at 80°, a red crystalline complex [6, m.p.
160 162° (dec.)] with the formula, 4°-CsHsCo(C3sH,sNO),
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Table. 2-Oxo-1,2-dihydropyridines (3} from Cobaltacyclopentadiene Complexes (1a—d) and Isocyanates (2a—c)

R! R2 R? R* R® Yield m.p. Molecular LR. TH-N.M.R. (CDCl3)
[%] (Lit.mp.) formula® (KBr) 6 [ppm]
Ve=0
[em ']
3a C.H; COOCH; COOCH; CoHs CqHs 66 224-225° Cy-H> NOs 1745, 3.36 (s, 3H), 3.55 (s. 3H),
(21922190 (439.5) 1725, 6.90--7.50 (m, 15H)
1665
3b C(,Hs COO(H1 COOCH; Cﬁl‘is CH; 70 112 113° (‘zznqu()g I73§ 3.28 (S, }H), 3.37 (S, ]H),
(377.4) 1725, 3.52¢(s, 3H), 7.2 7.6
1651 (m, 10H)
3¢ COOCH; CyHs COOCH; CoHs Cy,Hs 53 240--241° C,y9H NOs 1735, 3.10 (s, 3H), 3.61 (s, 3H),
(439.5) 1655 7.0-7.45 (m, 15SH)
3d COOCH; CgHs COOCH; C¢Hs CH; 37 133-134° Ci:H oNOs 1740, 3.06 (s, 3H), 3.30 (s. 3H).
(3774 1640 359 (s, 3HY, 7273
(m, 10H)
3e COOCH; CyH; COOCH; Ce¢Hs n-C4Hy 45 134 136° CysH,sNOs 1740, 0.73 (t, 3H), 1.13 (sext,
(419.5) 1720 2H), 1.60 (quint, 2H),

3.03 (s, 3H), 539 (s, 3H),
379 (t,2H), 7.2 75

(m, 10H)
3t CiHs CeHs CoHs CeHs CHs 72 231 .232° CasHasNO - 1645
(475.6)
3g C(,Hs C(,H5 C1)H5 C()}I_s CH] 75 232 234° C30H23NO 1635 338 (s, 3H), 6.6 74
(413.5) (m, 20H)
3h C,H; CeHs CqHs CoHs n-C4Ho 87 206 207° C33HNO 1631 0.71 (t, 3H), 1.15 (sext,
(455.6) 2H), 1.70 (quint. 2H),
3.89 (t, 2H), 6.60 7.20
{m, 20H)
3i C.Hs CH; CH; CesHs C,Hs: 81 249--252° CasH: NO 1645 1.87 (s, 3H), 2.13 (s. 3H).
(351.4) 70 7.4 (m, 15H)
3j C.Hs CH; CH;3 CsHs CH; 58 200--201° Cy0H 1 oNO 1635 1.79 (s, 3H), 2.03 (s. 3H),
(203- 203.5%)7 (289.4) 322(s,3H). 7.2 7.6

(m, 10H)
* Satisfactory mass spectra and elemental analysis (C +0.40%,, H £0.304,. N +0.15%,) were obtained for all compounds.

was obtained in a 49% yield. The oxidation with ceric and evaporated to give colorless crystals: yield: 197mg (87%);

ammonium nitrate and the thermolysis of 6 gave penta- recrystallization from benzene/hexane: m.p. 206- 207°.
phenyl-2-0xo0-1,2-dihydropyridine (3f). Therefore, the struc- C33H26NO cale.  C87.00 H642 N307
ture of 6 may be assigned as a pyridine-cobalt complex  (455.6) found 8694 647 303

in which the diene part in the 2-oxo-1,2-dihydropyridine 1-Methyl-4,6-diphenyl-2-0x0-1,2-dihydropyridine-3,5-dicarboxylic
is coordinated to a cobalt atom, and is thought to be an acid (4d) and 1-Methyl-4,6-diphenyl-2-0xo-1,2-dihydropyridine

intermediate for the formation of pyridones in the reaction (5d):

(Scheme A). To a solution of potassium hydroxide (3 g) in methanol (10ml),
3d (280 mg, 0.74 mmol) was added, and the solution was refluxed

We have also found that 2-oxo-1,2-dihydropyridines could for 7h on the steam bath. The reaction mixture was then cooled,

be prepared by the co-trimerization of acetylenes and iso- an.d thg methanol was c\{aporgted. When the r.csiduc was z‘w{dificd

cyanates in the presence of the complex 1. Further study with dilute hydrochloric acid, colorless solid was precipitated.

The solid was washed with water and was dried under vacuo:

this catalytic reaction is i SS. . o o
on catalytic reaction is in progress yield: 210 mg (827%); recrystallization from methanol/water; m.p.

. . . N ' 275° (dec).

3::5:2::]) :l,3,6—-Tr|phenyl-2-oxo-1,2-d|hydropyndlne~4,5-d1carbox- CaoH, sNO; cale.  C6876 H433 N 401

The mixture of 1a {353 mg, 0.5mmol), pheny! isocyanate {1 mi), (349.3) found 68.70 AT AL

and benzene (10ml) in an ampoule was heated at 130° for 2 h. The acid 4 (100mg) was placed in a small test tube which was
After removal of the solvent in vacuo, the residue was chromato- immersed in a sand bath and then slowly heated under a stream
graphed on alumina. Elution with benzene/ethyl acetate (10:1) of nitrogen. By the time 300° was reached, the material was
gave a crystalline product 3a; yield: 145mg (66 %): recrystalliza- yellow and bubbling. Upon cooling a pale yellow solid was
tion from benzene/hexane: m.p. 224-225° (Lit.® 219- 221°). obtained, and this was chromatographed on alumina. Elution
Cy-H NOs cale. C73.79 H48 N3.19 with benzene/ethyl acetate (3:2) gave 5; yield : 46 mg (63 %): recrys-
(439.5) found 73.74 4.76 324 tallization from benzene/hexane; m.p. 91-92° (Lit.5 92°).
l-n-Bu?yl-3,4,5,6-tetraphenyl-2-0xo-1,2-dihydropyridine (3h): Received: September 6, 1976
The mixture of 1c (371 mg, 0.5 mmol). n-butyl isocyanate (0.5 ml),

and benzene (10ml) in an ampoule was heated at 135° for 2h. e

After removal of the solvent, the greenish brown residue was 'Y, Wakatsuki, T. Kuramitsu, H. Yamazaki, Tetrahedron Lett.
submitted to chromatography on alumina, benzene/ethyl acetate 1974, 4549,

(10:1) being used as eluent. A light yellow fraction was collected, * E. H. Braye, W. Hidbel, Chem. Ind. (London) 1959, 1250.
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