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Abstract Aryl amines reacted with enaminones like (2-chloro-3-~ridinyl)[2-(I-pyrrolidinyl)-l-cyclopMrm-l- 

yllmethanone, and the transambtated products cyclized to aryl-substituted pyridones like 6.7.8,9-tet~~ro-9-phcnyl- 

~H-cuctOpeta[bl/l,8]~ht~~~-S~. lhe starting enamino& rearranged themwlly, also fomting pyriabnfs, for 
example P(4-chloroburvl)d.7.8,9-retmhydro-5H~~ta[b~[l,8]~~~~~-5~. 

INTRODUCTION 

Some years ago, we sought to make fused polycyclic, N-aryl pyridones like the tricyclic, phenyl-substi- 
tuted pyridone 4~1.1 Such compounds, we originally hoped, might have had desirable biological activities. We 
finally discovered that these N-aql pyridones inhibited the 54poxygenation of arachidonic acid and the release 
or biosynthesis of leukotrienes, and also exerted anti-allergy, anti-inflammatory, or immunomodulatory 
activities2 

When we began, the synthesis already adopted was the Claisen condensation, xequir- 
ing 2-(arylamino)-3-pyridinecarboxylate esters to acylate the enolates of cyclic ketones. 
This method, although it enjoyed some successes, too often furnished mixtures of the 
starting esters with the final pyridones, giving only meager yields of the latter. In particular, 
the condensation of cyclopentanone and methyl 2-(phenylamino)-3-pyridinccarboxylate 
afforded only a 3% yield of pyridone 4a. In this difficult case-and in easier ones as 
well-we could neither raise the unsatisfactory yields nor avoid tedious chmmatographies. 
Varying the base, the base-to-ketone ratio, the solvent, the order of additions, and the time 
and temperature brought scant rewards. 

We reasoned that our trouble sprang from the relative acidities of the abstractable 
protons in the ketones and esters. The bases used would have removed the arylamino 

0 

cpo I I 
N 

4a bh 

hydrogens from the starting esters if these hydrogens were mom acidic than the a-protons of the ketones. Then 
the resonance stabilized anion [A] would have formed and presented a formidable, elcctmn-rich carbonyl group 
to (any) attacking enolates. Thus, the formation of anion [A] would have explained the presence of the starting 
esters in the product mixtures. 
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To circumvent our diffi- 
culty, we needed to boost the 
teactivity of the. carbonyl car- 
bon of the acylating agent. 
This suggested the obvious 
combination of an acid chlo- 
ride and an enamine in a C- 
acylation reaction.3 Inter- 
molecular transaminations of 
the products (3) were then to 
produce enaminones incor- 
porating arylamines in place of 
the enamine-derived amines, 
which would be expelled 
(Scheme 1).4 Cyclixations of 
the transaminated enamlnones 
to the aromatic pyridones 4 
would drive the synthesis to 
completion. 

Now we report that 2- 
chloro-3-pyridinecarbonyl aud 
2chloro-3-pyraxinecatbonyl 

Scheme 1. Pyriabnesfrom Intetmolecdar Tranraminations of Enaminones 

0 

chlorides (la and lb, respectively) acylated the P-carbon atoms of cyclopentanone and cyclohexanone enamines 
(2) derived from pyrmlidine or morpholine. As expected, arylamines transaminated the resulting enaminones 3, 
aud the transaminated products cyclixed to the desired pyridones 4 (Scheme 1, Table 1). In addition, we present 
the scale and scope of the synthesis, and offer evidence that it proceeds through transaminated enaminones. We 
also disclose a novel enaminone-to-pyridone rearrangement as well as other enaminone reactions that limit the 
present synthesis. These other reactions, which were 0-acylation and hydrolysis of enaminones 3, became 
apparent during efforts to improve the preparation of the biologically active pyridone 4k by an intermolecular 
transamination.~ 

RESULTS AND DISCUSSION Table 1. Tricyclic, N-At-y1 Pyridones 4 from Intermolecular 

Scale 
Enaminone Trausaminations 

In the first successful enamine C- No. Substituents Yield (%) a 
acylation of this work, we exposed a cold - 
chloroform solution of l-( l-pyrrolidinyl)- w Y z Ar 

- - 
cyclopentene 2a (0.06 mole) and triethylamine 4a z CH2 
to the acid chloride la, After one hour, work- 
up and chromatography gave 84% of the 

1: CH, CH2 EZ ?hMeO-C$14 :: 
CH CH2 CH2 3-Cl-CgHg 49 

crystalline enaminone 3a. Treatment of 3a with 1: 
CH CH2 CH2 4Meo-C~ 38 

1.25 equivalents of neat aniline at 110 “C z! EF 
CH2 4-MeC&j 

4f CH2 3,4-C12-CeH3 :: 
converted it to pyridone 4a in a yield of 80%. 

:I! 
CH CH; 3-pyridyl 

The two steps yielded more than 20 times as CH2 %’ 

much of pyridone 4a as the Claisen con- :; z CH2 CH; 
Ph !; 
3-C2N-CeH4 

densation did. 
CH (CH& CH2 Ph 9: 

4: 
CH @X2)2 CH2 3-Cl-C,5H4 

We also made pyridone 4a on a scale 100 CH (CH2)2 Cl-Me Ph 45 

times greater than the initial one, no 
development having been necessary to employ a Yields refer 10 isolated products and are based on amounts of acid cblo- rides tp an,, th, 
the larger quantitiesof chemicals. Thus, 2.3 kg 
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of acid chloride la furnished 2.5 kg of em&none 3% which was 
isolated by cry.stallixation. A 2&g sample of this enaminone 
reacted with aniline to give 1.1 kg of the final product 4a. 

Pyridone 4k could also be made by this mute on a relatively large 
scale. 

Chfltt 

Scope 
Enaminone transaminations followed by cyclixations of the 

products to pyridones 4 were compatible with several structural 
variations in the starting materials. The heterocycle within the acid 
chloride was changed from pyridine (la) to pyraxine (lb), afford- 

ing products 4h and 41 (Table 1). The size of the carbocyclic ring 
in the enamine could be varied, and a change from a S- to a 6- 
membered ring ‘yielded pyridones Sj, 4k. and 41. The structure of 
the product 41 exemplified another simple variation in which a 
substituted keton+namely 4-methykyclohexanone+was used to 
form tbe enamine starting material. Differently substituted anihnes 
could be employed for the transaminations. ultimately forming 
pyridones 4b-4f, for examples. Not surprisingly, a pyridylamine 

0 
4RR=C 3 CO@ 
4o,R=Ca ,, 
4 p, R = 4-FC,H,CH2 

A 
4q,R=H2N 

H 

as well as aliphatic amines could replace aniline derivatives in the transaminations. These other amines led to 
pyridones 4g (Table 1) and 4nAq (Chart). The yields of products 4n4q were respectively 48, 69,51, and 
40% from enaminone 3a. Beginning with the pyrrolidine enamine of fl-tetralone, we could also prepare the 
tetracyclic pyridone 4m via the enaminone 3j (Scheme 4). 

Mechuni& 
This pyridone synthesis proceeded by way of the expected. transaminated enaminones. It was possible to 

isolate and characterize five of them, which were intermediates 3e-3i (Chart). All of them possessed the amino 
groups corresponding to the amines added to bring about the transaminations; and all lacked the pyrrolidine and 
morpholine groups of the starting enamines 2. Intermediates 3e-3g cyclized to the desired pyridones, respec- 
tively 4k, 4n, and 40. 

Limitations 
Although our synthesis was effective in nearly all cases 

tried, it suffered from three fundamental limitations. One of 
them was a novel thermal rearrangement of pyrrolidine or 
morpholine-substituted enaminones. This rearrangement 
changed enaminone 3a to pyridone 5, for example (Scheme 
2). 

Sc~ge 2. Thermal Rearrangement of Enamin- 

Another limitation was the precedented enaminone O- 
acylation6 that competes with enamine C-acylation. In the 
present work, 0-acylation of enaminone [3c] and 1,3-trans- 
fer of the acyl group formed the enol ester 12 (Scheme 3). 

The third limitation was an enaminone hydrolysis 
followed by an unsought cyclization. This sequence of 
reactions gave fused polycyclic pyranones instead of 
pyrldones. For example, it converted enaminone 3j to 
pyranone 15 (Scheme 4). 

Them1 Rearrangements. Our morpholine and pyrro- 
lidine-bearing enaminones 3a, [3c], and 3j were somewhat unstable. For example, enaminone 3a rearranged 

slowly (> 18 months (TLC)) at 25 “C and rapidly (1.5 h (lH NMR), 90%) at 150 ‘C (Scheme 2). The unex- 
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petted product (5) had the structure of an alkylating agent, while another by-product, pyridone 6. which came 
from a sepatate experiment, had the stmctme of an alkylation product. Chromatography isolated 6 (5% from 3a) 
following an otherwise high-yielding (80%) tmnsammation of I to 4a with aniline. 

Rearrangement of enaminone 3a to 5 ptt~umably takea place via the quaternary ammonium chloride [7]. 
Attack of chloride anion on either activated methylene group of [71 would convert this intermediate to pyridone 
5 (Scheme 2, path a). Alkylation of aniline by 5 would then explain formation of by-product 6. Alternatively, 
ring cleavage of the quaternary ammonium salt [7] by aniline might have given 6 (path b). 

Evidently the enaminone [3cl (Scheme 3) was also subject to thermal rearrangement. Indeed, the expected 
product (10) of such a rearrangement was among the by-products isolated after each of several successful at- 
tempts to convert compound [3el to pyridone 4k. Enaminone 3j also rearranged to pyridone 14. despite the 
presence of aniline to form the desired pyridone 4m and tolueneaulfonic acid to act as a catalyst (Scheme 4). 

In one instance, the presence of acid seemed to suppress the enaminone rearrange- 
ment in favor of the desired pyridone. Treatment of enaminone 3a with 3.4dichloroaniline HO 7 + 
and one equivalent of anhydrous toluenesulfonlc acid raised the yield of pyridone 41 to 
56%. Only 29% of this compound was obtained in the absence of the acid. Toluenesulfonic x+5 

\ 

acid was added to protonate the oxygen atom of enaminone 3a, and to form the 
corresponding iminium tosylate [B] (right). The iminium ion in [B] would have played TsO- 
dual roles if it acted to raise the yield of 4f. It would have accelerated transamination by PI 
increasing the electrophilicity of the enamlnone parbon atom. Also, the ion would have 
retarded rearrangement by decreasing the nucleophiicity of the enaminone nitrogen atom. 

Enamin0n.r O-Acylation We soon learned that pyridone 4k was an interesting member of our biologically 
active series of compounds.5 The overall, optimized yield of this final product, however, never exceeded 45%. 
partly because the yield of its precursor [3cl was low. Thus, we sought to isolate and characterize the by- 
products accompanying the enaminone [3c]. hoping to improve our synthesis (Scheme 3). Instead we realized 
the second limitation of this synthesis, namely the tendency of acid chlorides to acylate the oxygen atoms of 
enaminones. 

Treatment of 2- 
chloro-3-pytidinecarbo- 
nyl chloride la with one 
molar equivalent of 1-(4- 
morpholinyl)-cyclohex- 
ene gave a mixture of C- 
and 0-acylation products 
(TLC). It was evident 
that the mixture con- 
tained an en01 ester, be- 
cause it absorbed at 
1760 cm-t. Chromatog- 
raphy afforded a pure 
sample of this ester, 
isolated in a yield of 
11% and ultimately as- 
signed structure 12 
(Scheme 3). Using two 
molar equivalents of acid 
chloride la in the acyla- 
tion raised the yield of 
enol ester 12 to 83%. 

Scheme 3. Reactions of Enaminone [3c] 

CpJ-& 

8 9 

1131 

r3c1 

12 

0 
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The initial basis for the assignment of stmctum 12 was a sINEpT experiment.7 In this experiment, a ppyri- 
dine proton (8 7.88 ppm) of enol ester 12 coupled to the ketone carbonylt3C atom (6 192 ppm) over a thme- 
bond path (boldface). This flnding excluded the isomer [ll]. because SINF!Fr experhnents detect only three- or 
two-bond couplings of hydrogen to t&bon atoms. At least five bonds (boklface) in [ll] sepiu%te the 1Lpyri- 
dine protons from the carbon atom of the ketone catbonyl. A single-crystal X-ray analysis confirmed our as- 
signment of structure 12 (Figure). 

The structure of 12 suggested that it was the product of a 1.3 acyl migration. Thus, we postulate that O- 
acylation of enaminone [3c] formed the enolester [13], which hydrolysed on work-up to give the enol ester 
[ll] (Scheme 3). Acyl transfer within [ll] would then have produced the isolated by-product 12. indicating 
that 12 was the more stable of the two en01 ester isomers. 

E~&one HydroWr and Figure. Stereoview of the Sructure and Solid-State Conformation of Enol 
Cyclization. The third limitation Ester 12. 
arose from a combination of 
enaminone hydrolysis and cy- 
clization of the product These 
reactions changed certain enam- 
inones to pyranones instead of 
pyridones, or to mixtures of 
both. For example, enaminone 
3j furnished the tetracyclic pyranone 15 (3 1%) in addition to the desired pyridone (4m. 16%) (Scheme 4). Both 
products formed on treatment of 3j with one equivalent of toluenesulfonic acid in hot benzene containing aniline. 
Cyclixation of the 13diketone (not shown) resulting from hydrolysis of the enaminone group of 3j would ex- 
plain formation of pyranone 15. 

In another case, we isolated 9% of such a 1,3- Scheme 4. Competing Pyridone and Pyranone 
diketone in the form of enol8, after chromatography of Formutiotas 
crude enaminone [3c] (Scheme 3). En01 8, tentatively 
identified by 1H NMR spectroscopy, spontaneously 
cyclized in CDC13 to pyranone 9. The chromatography 
furnished none of [3c] itself, suggesting that this 
enaminone hydrolyzed on silica gel. Pyranone 9 could 
also be isolated by chromatography of a crude sample 
of enaminone [3c]. 

Optimization 
In the first attempt to acylate an enamine during 

A c&t6 t 

this work, we heated a chloroform solution of acid 
chloride la, 1 -( 1 -pyrrolidinyl)-cyclohexene, and tri- 
ethylamine. This produced not the desired enaminone, 
which would have led to pyridone 4k, but a tar- 
perhaps an unsurprising result in light of the thermal T&HJ-)~O 
rearrangement that the analogous enaminone [3c] 
suffered. Indeed, lowering the acylation temperature 
was crucial to success. Acylation of the morpholine 
enamine of cyclohexanone at - 78’, work-up with ice 
water, and treatment of CNde enaminone [3c] with 3- 
chloroaniline in hot benzene containing anhydrous 
toluenesulfonic acid raised the overall yield of 4k to t g 
45%. 

4m Ph 
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We examined related statting materials for further yield increases. but with little success. Thus, treatments 
of pyranone 9 (Scheme 3) with 3chloroaniline caused no change (TLC), despite high temperatures (2 1000), 
long times (12-18 h) and, in one experiment, the presence of toluemsulfonic acid. This acid was to catalyze the 
desired conversion of pyranone 9 and 3-chlomaniline to pyridone 4k. 

Making pyridone 4k from enol ester 12 and 3-chlorosniline was feasible. Tbis route, however, was no 
higher yielding than that in which [3cl and the aniline gave the same product. Thus, tmatment of 12 with excess 
3chloroauiline sfforded 42% of pyridone 4k at most. 

CONCLUSION 

In summary, a variety of amines transaminated enaminones 3a-d and 3j, which were made by enamine C- 
acylations with acid chlorides 1. The transaminations formed certain intermediate enamlnones, for examples 3e+ 
i, and the intermediates cyclixed to fused, polycyclic pyridones 4a-I. Enaminones 3a, [3c] and 3j rearranged 
thermally to the structurally related pyridones 5.10, snd 14. Efforts to increase the yield of pyridone 4k by the 
present route were unavailing. However, a high-yielding synthesis of 4k resulted when the ambident 2-(3- 
chlomphenylamino)-3-pyridinecarbonyl chlorkle replaced chloride la in an enamine acylation.8 

EXPERIMENTAL9sto 

(2-Chloro-3-pyridinyl)[2-(I-pyrmlidinyl)-1 -cyclopenten-I-yl]methanone (3a) 
2-Chloro-3-pyridinecarbonyl chloride (la) (16.5 g, 93.7 mm00 in CHC13 (90 mL, EtOH-free) was added 

over 20 min to au ice-cooled solution of distilled l-(l-pyrrolidinyl)cyclopentene 2a (13.8 ml.+ 93.4 mmol) and 
NEt3 (13.9 mL, 100 mmol) in CHC13 (90 mL). When addition was complete, the maction mixtum was allowed 
to stir 1 h at ice-bath temperature and 20 h at 25 OC. The dark solution was washed with HzO, 1 M NaHCO3, 
and HzO, and the solution was dried, filtered, and concentrated. The solid residue (23.95 g) crystallixed from 
EtOAc to give 3a (21.05 g in three crops, 81%), mp 102.5-104.0 OC; IR 1600. 1570; UV 269 (3.70), 356 
(3.28); 1H NMR 8.32 (dd, J (6-4) = 1.7, J (6-5) = 5.0, H (a)), 7.66 (dd, J (4-6) = 1.7, J (4-S) = 8, H (4)). 
7.21 (dd, J (5-6) = 5.0, J (5-4) = 8, H (5)), 3.54 (br m, 2 -CHzN). 2.67 (t, J = 7.5, -CH$=C!-), 2.44 (t, J = 
7.5, -CH$=C-), 2.20-l .56 (m, -C&C!& and -C&); MS 278 (5, M+ for 37Cl). 276 (13, M+ for 35Cl). 241 
(100, [M - Cl]+), 213 (33), 142 (5, [C,H337ClNO]+, 140 (12, [CeH335ClNO]+, 114 (4, [C5H337C1]+). 112 
(10, [CgH335C1]+. 

On a larger scale, 2-chloro3-pyridinecarbonyl chloride (2.26 kg) acylated 2a to give 2.53 kg (69%) of 
3a. 

(3-Chloro-2-~razinyl)[2-(l-pyrrolidinyl)-l-cyclopenten-l-yl]methanone (3b) 
2-Chloro-3-pyraxinecarbonyl chloride (lb) (5.OOg, 28.4 mmol) in CH2Cl2 (25 mL) was added over 45 

mitt to a dry ice-cooled solution of NEt3 (3.96 mL, 28.4 mmol) and distilled 2a (3.89 g, 28.4 mmol) in CH2C12 
(25 mL), under N2. The internal temperature rose to - 40 “C and the solution became dark. It was allowed to stir 
1 h at -30 OC after completion of the addition. The solution was then washed with H20, and the dried, filtered 
solution was concentrated. Chromatography (silica gel, CHCls-EtOAc (3: 1) ) followed by crystallization from 
Et20 then gave 3b (4.95 g, 63%), mp 109-112 ‘C; IR 1610, 1500; 1H NMR 8.48 (d, J (6-5) = 3, H (6)). 8.32 
(d, J (5-6) = 3, H (5)), 3.58 (m, 2 -CHzN), 2.68 (t, J = 7.5, -CH&=C-), 2.43 (t, .I = 7.5, -CH$=C-), 2.10- 
1.63 (br m, -CH2CH2- and -CH2-); MS 279 (11, iU+ for 37Cl), 277 (32, M+ for 35Cl). 242 (100, [M - Cl]+), 
164 (71, K,,$H,,NOI+X 136 (50, [C$-G4Nl+). 

(2-Chloro-3-py~~~l)[2-(4-morpholirryl-l-cyclohRxen-l-yl]methanone (3~) 
A solution of 2-chloro-3-pyridinecarbonyl chloride (la) (114.6 g, 0.65 1 mol) in CH& (600 mL) was 

added over 30 mitt to a mechanically stirred, cooled (dry ice-acetone) solution of ,l-(4morpholinyl)-cyclohexene 
(2b) (101.0 g, 0.604 mol), NEt3 (83 mL, 0.595 mol), and CHzCl2 (600 mL) in an atmosphere of Ar. The 
reaction mixture was stirred in the dry ice-acetone bath for 1.25 h, and was then stirred in a bath of ice and ace- 
tone for an additional 1 h. The resulting solution was washed with ice water, 1M NaHCO3, and ice water. The 
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solution was dried, filtered, and concentrated; the temperature during concentration was kept at -15 “C. CNde, 

oily enaminone 3c (225 g; IR 1760 (CO of impurity), 1700 (CO of impurity), 1640 (enaminone CO), 1580) 
was not purltled or further characterlxed, but was used directly in the next step. 

Silica gel chromatography of CN& 3c hydrolyzed it to (2-chloro3-pyridinyl)(2-hydroxy-l-cyclohexene- 
1-yl)methanone (8). which cyclized upon standing to 6.7,8,9-tetrahydro-5H-l-benxopyrano[2,3-blpyridin-5- 
one (9). The chromatography also separated 2-[(2-chloro-3-pyridinyl)carbonyll-1cyclohexen-l-yl2chloro-3- 
pyridinecarboxylate (12). 

(2-Chloro-3-pyridiny1)[5-methyl-2-(l-pyrrn-l-yl]-methanone (3d) 
2-Chloro-3-pyridinecarbonyl chloride (la) (15.9 g. 90 mmol) in CH$!lz (70 mL) was added over 45 min 

to a dry-ice cooled soIution of 4-methyl-l-( I-pyrrolidinyl)cyclohexene (2c) (14.9 g. 90 mmol) and NEt3 in 
CH2C12 (70 mL) under N2. The internal temperature was - 40 “C when addition was complete. The reaction 
mixture was stirred 1 h at - 30 “C, and was then washed with H20. The dried, filtered organic solution was 
concentrated at - 5 “C to give 3d (27.5 g). Crude, oily 3d was not characterized or purified, but was used 
directly in the next step. 

(2-Chloro-3-pyridinyl)[2-~(3-chlorophenyl)a~~~]-l-cyclohexen-I-yl]methanone (3e) 
A solution of crude enamlnone 3c (prepared from 28.4 mmol of 2-chloro-3-pyridinecarbonyl chloride (la) 

as the limiting reagent) in 3-Cl-CeH4NH2 (5 mL, 47.3 mmol, 1.7 eq) under N2 was heated 24 h in a 65” oil 
bath. The cooled mixture was diluted with CHC13, and the resulting solution was washed with 1N HCl and with 
H20. The dried organic solution was filtered and concentrated to give crude 3e (8.45 g) as a light brown oil. 
Chromatography over silica gel (60-200 mesh) and elution with CHC13 then gave 3e (4.19 g, 42% from the acid 
chloride, pure according to TLC) as a viscous yellow oil; IR 1640 (CO), 1585; tH NMR 13.3 (br s, IH. ex., 
NH), 8.36 (dd, H (6)), 7.56 (dd, H (4)) and 7.44-6.94 (Ar, H (5)) (total of 5H). 2.48 (br m, -cH,-), 2.12 (br 
m, -CH2-). 1.63 (br m, 2 -CH2-); MS 350 (7, h4+ for 37Cl2). 349 (lo), 348 (41, M+ for 37C135Cl), 347 (28). 
346 (64, M+ for 35Cl2). 345 (24), 314 (22), 313 (92, [C18H1637C1N201+), 312 (76. [C1aH1537ClN20]+), 311 
(100, 1CtsH1e35ClN2C]+r 310 (14, K&H15 35C1N20]+), 309 (28), 142 (10, [CsH337C1NO]+, 140 (26, 
[CeH335ClNO]+, 114 (6. [C5H337ClN]+), 112 (17, [C5H335ClN]+). 

Enaminone 3e was not further purified or characterized, but was used directly in the next step. 

(2-Chloro-3-py~inyl)[2-[(2-et~~-2-o~ethoxy-2-oxe (3f, 
Et02CCH2NHrHCI (3.08 g, 22 nunol), enaminone 3a (6.10 g, 22 mmol), NEt3 (2.26 g, 22 mmol), and 

dry t-BuOH (170 mL) were refluxed under N2 for 34 h. The solvent was evaporated and the residue shaken 
with CHC13 and H20. Combined extracts were separated, washed with Hz0 and brine, dried, filtered, and con- 
centrated. The resulting brown oil crystallized from 2-P& and was recrystallized from 2-PrCH providing 3f 
(2.75 g, 41%) as a tan solid, mp 114.5-117.5 “C; IR (KBr) 3260 (NH), 1750 (ester), 1625 (GO); 1H NMR 
(79.5 MHz) 10.01 (br t, NH), 8.37 (dd, J (6-5’) = 5, J (6-4’) = 2, H (6’)), 7.59 (dd, J (4-5’) = 7, J (4-6’) = 
2, H (4')), 7.25 (dd, J (5’4’) =7, .J (5’6’) = 5, H (S)), 4.25 and 4.08 (overlapping q and d, respectively, J (- 
OCH2-CH$= 7,J(CH2-NH) = 7. total of4 H, -OCH2- and NCH2CO-)s, 2.67 and 2.46 (overlappingt,J(3- 
4) = 7, J (5-4) = 7, total of 4H, H (3) and H (5)), 1.92 (m, J (4-3) = 7, J (4-5) = 7, 2H. H (4)), 1.39 (t, J 
(CH3-CH2-) = 7, CH3); 13C NMR (200 MHz) 186 (C=O), 170 (O-GO), 169 (C (2’)*), 149 (C (6’)), 146 (C 
(l’)), 138 (C (3X 136 (C (4’)). 122 (C (5')), 106 (C (2)). 62 (CH2)X 46 (NCH2CO), 32 (C (3)**). 30 (C 
(5)**), 20 (C (4)), 14 (CH3); MS 310 (8, M+ for 37Cl). 308 (24. M+ for 35Cl), 274 (14), 273 (80, [M - Cl]+), 
272 (7, [M - HCl]+), 199 (100, [Cl2Hl lN2]+). 142 (4, [CeH337ClNO]+, 140 (11, [C6H335ClNC]+, 114 (3, 
[C5H337ClN]+), 112 (8, [C5H335ClN]+). 

(2-Chloro-3-pyridiny1)[2-(cyclohexylamine (3g) 
A mixture of 3a (13.8 g, 50.0 mmol) and cyclohexyl amine (4.96 g, 50.0 nunol) was heated 24 b at 125 

‘C, cooled, and chromatographed over silica gel. Elution (MeOH-CHC13.2.5 : 97.5) and crystallization (EtOAc) 
gave 3g (1.90 g, 12%). mp 142-143.5 “C; IR 1610; 1H NMR 10.4-9.97 (br d, J (NH-CH) = 6, NH), 8.38 
(dd, J (6-5) = 5, J (6-4) = 2, H (6)), 7.61 (dd, J (4-5) = 7, J (4-6) = 2, H (4)). 7.25 (dd, J (4-5) = 7, J (6-5) = 



7186 R. J. FRIARY et al. 

5. H (5)), 3.57-3.00 (br m, lH, CH), 2.67 (t, J = 7, 2H, -CH,C=C-), 2.37 (t, J = 7, 2H, -CH2C=C-), 2.17- 
0.83 (br m, 12H, -Cif2- and -(CH&-); MS 306 (25, M+ for 37Cl). 304 (73, M+ for 35Cl), 269 (100. [M - 
Cl]+), 225 (15), 224 (7), 223 (36). 222 (15). 221 (59), 187 (53, [CttHttN20]+). 142 (14, [CeH337ClNO]+, 
140 (41. [CeH335ClNO]+, 114 (5, [C5H337C1]+ ), and 112 (13, [C5H335ClN]+). 

(3-Chloro-2-pyraziny1112-[(3-Ritrophenyl~~]-l-cyclopenten-l-yl]methanone (3h) 
Chromatography (silica gel, CHCl3) of the residue from crystallization of 41 (read on) separated 3h (0.82 

g, 15% from 3b), mp 129-130 “C after crystallization from CHClrpet. eth.; IR 3480,3380,1620,1520,1360; 
lH NMR 12.1 (br s, ex., NH), 8.58 (d. J (6-5) = 2.1, H (a)), 8.44 (d, J (5-6) = 2.1, Zi (5)). 8.17-7.19 (br m, 
2H, Ar), 7.6-7.47 (br m, 2H, Ar), 3.01 (t, J = 7.5, -CH+C-), 2.57 (t, J = 7.5, -CH&=C-), 2.04 (br q, 
-CH2-); MS 346 (11. M+ for 37Cl). 344 (31, M+ for 35Cl), 309 (49, [M - Cl]+), 308 (100, [M - HCl]+), 307 
(66), 231 (12, [Cl2HllN203]+), 203 (12 [CllHllN202]+), 202 (39). 186 (11). 185 (41), 184 (Jl), 143 
(11, [C5H237ClN20]+, 141 (35, [c5H235clN2D]+. 115 (26, [C4H237ClN2]+), 113 (39,.[CqH235ClN2]+). 

(3-C~oro-2-pyrazinyl)[2-(phenylamino)-l-~c~pe~en-l-yi]~t~~ (3i) 
In addition to 4h, chromatography (read on) also separated 31(2.38 g. 53% from 3b). mp 100-101 ‘X! 

after crystallization from CHC13-pet. eth; IR 3020,2950,2850,1610,1540, *H NMR 8.52 (d, J (6 - 5) = 2, H 
(6)), 8.29 (d, J (5-6) = 2. H (5)), 7.78-7.00 (m, 5H, Ar), 2.88 (t, J = 7.5, -CH+C-), 2.51 (t, J = 7.5, 
-CH+C-1, 1.91 (m, -CH2-); MS 301 (21, M+ for 3’Cl), 299 (62. M+ for Wl), 265 (17), 264 (100. [M - 
Cl]+), 263 (95, [M - HCl]+), 262 (88), 187 (ll), 186 (78, [Ct2H12NO]+), 184 (23). 158 (20, [CttHt2N]+), 
157 (40), 156 (19X 143 (8, [C5H237C!lN201+, 141 (4, [C~H235ClN2Ol+, 115 (6, [C4H237ClN,]+), 113 (8, 
[C4H235ClN2]+). 

(2-Chloro-3-pr~l~[3,4di~~o-2-(l-~r~l~l)-l-~phrhalenyl]methanone (3j) 
2-Chloro-3-pyridinecsrbonyl chloride (17.6 g, 100 mmol) in CH.$!12 (120 mL) was added over 80 min to 

an ice-cooled solution of 1-(3,4dihydro-2-naphthyl)-pyrrolidine (2d) (19.9 g, 100 mmol). NEt3 (14.0 m/100 
mmol) and CH$& (100 mL). The internal temperature of the reaction mixture was kept between 0 and 4 OC 
during addition and for 2 h thereafter. Solvent was evaporated from the washed (H20). dried, and filtered solu- 
tion that resulted; the residual oil crystallized from Et20 to give 3j (21.2 g. 636, pure by TLC). Two crystallixa- 
tions from EtOAc gave an analytical sample, mp 168-172 ‘C; IR (RBr) 1590,157O; 1H NMR (79.5 MHz) 8.23 
(dd, J (6-4) = 2, J (6-5) = 5, H (6)), 7.27 (dd, J (4-6 ) = 2, J (4-5) = 7. H (4)). 7.19-6.39 (complex m, 5H. Ar 
and H (5)), 3.61 (br m, -CH2NCH2-), 2.80 (s, -CH&H2-), 2.06 (br m, -(CH&CH2N-); MS 340 (22, M+ for 
3’Cl). 338 (66, M+ for 35Cl), 323 (36, [M - OH]+), 321 (100, [M - OH]+), 303 (15, [M - Cl]+), 198 (59, [M - 
CnHKlNO]+). 142 (3, [CsH33’ClNO]+. 140 (7, [CsH3=ClNO]+, 114 (3, [C5H33’C1N]+), 112 (7, 

1 _ 

[C5H335ClN]+). 

Pyn&nes 4 
Method A. In the 

absence of solvent, 
heating enaminone 3a 
under N2 with 1.25 eq 
of the corresponding 
amines gave 4a-4c, 4f- 
4g, and 4p. A larger 
excess of hydraxine hy- 
drate converted 3a to 
4q. The specific amines 
as well as reaction times and temperatures used to make individual pyridones am stated separately. Cooled teac- 
tion mixtures were partitioned between CHC13 and H20, and organic extracts were washed with dilute aqueous 
NaHC03 (or Na2C03) and with H20. Dried extracts were filtered and concentrated; crystallization, or chm- 

Table 2. Microanalytical Data for Enaminones 3a-3b. and 3f-3j 

C&d. Found 

No. Formula C HQ NC H Cl N 

& Cl~Hl’ClN20 
-----___ 
65.09 6.19 12.81 10.12 65.04 6.03 12.85 10.06 

3b c14&6c~30 60.54 5.81 12.76 15.13 60.48 5.83 12.82 14.92 
3 f C15Hl’C~203 58.34 5.55 11.48 9.07 58.37 5.69 11.32 9.06 
3 g Cl’HZlClN20 66.98 6.94 11.63 9.19 67.16 6.97 11.58 9.32 
3h CleHl&lN403 55.74 3.80 10.28 16.25 55.75 3.48 10.63 16.34 
3i C16H&h$o 64.10 4.70 11.83 14.02 63.91 4.75 12.02 13.82 
3j c243H19Cm20 70.89 5.64 10.46 8.27 70.48 5.73 10.51 8.06 
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matography followed by crystallization as noted, purified the products. Unless otherwise specified, the solvent 
for crystallization was MeCN. 

Method B: from Enominones 3a-3~. Water was azeotropically distilled from a suspension of p- 
TsOH.H20 in C$la, and the resulting solution was cooled. ti equimolar amount of the enaminone and a lO- 
25% molar excess of the aniline (where appropriate) were added, and the msuIting mixture was &hued under a 
Dean-Stark trap in an atmosphere of Nz. The cooled mixture was concentrated, and the residue was diluted with 
CHC13 (or CH&) and washed with HzO, 1 M NaHCOs (or Na2C03), and with H20. (Washing with aque- 
ous base removed the p-TsOH salts of the anilinea, which otherwise crystallized from the reaction mixtures.) 
The dried organic layer was filtered and concentrated; crystallization, or chromatography followed by crystal- 
lization as noted below, then gave pyridones 4e. 4h, and 41u. Unless otherwise specified. the solvent for crys- 
tallization was again MeCN. Specific amines, solvent volumes, aud &on times are stated separately. 

Infrared and IH NMR Spectromerry. The common carbonyl groups of pyridones 4 absorbed at 1610- 
1640 cm-l irrespective of medium (CH2Cl2 solution or KBr disc). In CDCl, solution. the yproton resonances 
of pyridine-fused pyridones 4 were deshiekled from that of pyridine by A8 = +1.13 f 0.04 for 35 examples. 
These deshieldings, due to carbonyl anisotropy. established that the desired cyclizations had occur&. 

6,7,8,9-Terrahydro-9-pheny&SH-cyclopenta[b][l,8]naphthyridin-S-one (4a) 
Heating enaminone 3a (58.5 mmol) and aniline (73 mmol) for 51 h at 110 “c and 24 h at 125 Oc, followed 

by working-up and crystallizing gave 4a, mp 235-237 “C; UV 250 (4.48). 336 (4.11) ; tH NMR (79.5 MHz) 
8.76 (dd, J (3-4) = 7, J (2-4) = 2, H (4)). 8.54 (dd, J (2-3) = 5, J (2-4) = 2, H (2)), 7.74-7.43 (m, 3H, Ar), 
7.43-7.12 (m, 3H, Ar and H (3)), 3.00 (t, J (6-7) = 7,2 H (6)), 2.68 (t, J (7-8) = 7,2 H (8)), 2.08 (m, J (6-7) 
= J (7-8) = 7,2 H (7)); l3C NMR (100 MHz. Me2SO-de) 174 (C (5)). 156 (C (9a)). 151 (C (2) and C (8a)). 
139 (C cl’)), 135 (C (4)), 130 (Ar),129 (Ar), 128 (At% 121 (C (5a)), 120 (C (4a)), 119 (C (3)), 34 (C (a)*), 
28 (C (8)*), 21 (C (7)); MS 262 (98, M+), 261 (100. [M-l]+). 

On a larger scale, enaminone 3a (2.00 kg) and aniline yielded 1.16 kg (63%) of 4a after two crystalliza- 
tions. 

6,7,8,9-Tetrahydro-9-(3-merhoxyphenyl)-5H-cycl,8]~phthyridin-S~ne (4b) 
Heating 3a (18.1 mmol) and 3-MeOCsH4NH2 (22.6 mmol) for 48 h at 130 “C, followed by working-up 

and crystallizing gave 4b, mp 259.5-261 .O ‘C, tH NMR (79.5 MHz) 3.85 (s, -0CH3); MS 292 (96. M+), 291 
(100, [M - l]+). 

9-(3-Chlorophenyl)-6, 7,8,9-~etrohydro-5H-cyclopenta[b]/l,8]naphthyridin-S-one (4e) 
Heating 3a (18.1 mmol) and 3-ClCeH4NH2 (22.6 mmol) for 66 h at 1300, followed by working-up and 

crystallizing gave 4c, mp 261-264 “C; MS 296 (97, M+), 295 (100, [M - l]+). 

6,7,8,9-Tetrahydro-9-(4-mhe~l)-5H-cycl,8]~phthyridin-S-one (4d) 
Enaminone 3a (50 mmol), 6MeOCgH4NH2 (55 mmol). anhydrous p-TsOH (50 mmol), and CeH, (265 

mL) were refluxed 28 h. Work-up and crystallization gave 4d, mp 212-215 “C,tH NMR (79.5 MHz) 3.90 (s, 
-OCH$; MS 292 (99, &f+), 291 (100, [M - l]+). 

6, 7,8,9-Terrahydro-9-(4-merlphenyl)-5H-cyclopenta[b]fl,8]~phthyridin-5-one (4e) 
Enaminone 3a (75 mmol), 4-MeCsH4NH2 (82.5 mmol), anhydrous p-TsOH (75 mmol), and Cf16 (380 

mL) were refluxed 29h. Work-up and crystallization gave 4e, mp 242-242.5 “C; tH NMR (79.5 MHz) 2.49 (s, 
-CH3); MS 276 (99, M+). 275 (100, [M - l]+). 

9-(3,4-Dichlorophe~l)-6,7,89-tetrahydro-SH-cyclopentn[b][l,8lnape (4f 
Heating 3a (18.0 mmol) and 3,4-Cl&H3NH2 (22.6 mmol) for 24 h at 135 “C, followed by working-up 

and crystallizing, gave 4f. mp 294-296 ‘C; MS 334 (9, M+ for 37C12), 332 (56, M+ for 37Cl%Zl), 330 (87. M+ 
for 35Cl,), 329 (100, [M - I]+). 
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Heating 3a (18.1 mmol) and 3-HzN-C!$I@ (22.6 mmol) for 110 h at 130 ‘C, followed by working-up, 
chromatographing (silica gel, CHCls-MeOH-conc. aq. NH3 (99 : 0.9 : 0.1 by vol.), and crystallixhtg from 
EtOAc gave 4g, mp 241.0-243.5 “C; tH NMR 8.8-8.35 (complex m, H (2). Zf (4). Zf (2’). and H (6’)). 7.8- 
7.1 (complex m, H (3), H (4’) and H (5’)); MS 263 (99. M+), 262 (100, [M - l]+). 

5,Q 7.8-Tetrahydro-5-phenyl-9H-cyclopmta[S,6]~~[2,3-b]~mzin-9-o~ (4h) 
Enaminone 3b (15 mmol), PhNHz (18.7 mmol), anhydrous p-TsOH (15 mmol), and CeHe (60 mL) were 

tefluxed 23 h. Work-up, chromatography under N2 pressure (silica gel, CHCl$, and crysmllixation from 
CHCl3 -pet. eth. then gave 4b, mp - (d. from 300 “c) ;tH NMR 8.74 (d, J (2-3) = 3, H (2)). 8.48 (d, J (3-2) 
= 3, H (3)). 7.63-7.52 (m, 2H. At). 7.35-7.22 (m, 3H. Ar), 3.04 (t. J (8-7) = 7.2 H (8)), 2.73 (t, J (6-7) = 7, 
2 H (6)), 1.91-1.24 (m, J (7-6) = J (7-8) = 7.2 H (7)); MS 297 (100, M+). 

5,6,7,8-Terehydro-5-(3-n~nyl~9H-cyclope~[5,6]~~[2,3-b]~~~-9~~ (41) 
Enaminone 3b (15 mmol), 3-02NC6HqNH2 (18.7 mmol), auhydrous p-TsOH (15 mmol), and C!&Je (60 

mL) were tefluxed 22 h. Work-up and crysmlbxation from CHC!l3-pet. eth. gave 41 mp - (d. tiom 300 “c); JR 
(mineral oil) 1525 and 1340 (-NO& MS 297 (75, iIf+), 2% (100, [M - l]+). 

6,8,9,IQTet~~-l~p~~l-~~o[b][l,8]Mphthyridin-5(7H)_one (41) 
Enaminone 3c (100 mmol), PhNH2 (125 mmol), anhydrous p-TsOH (100 mmol), and CeHe (150 mL) 

were refluxed 36 h. Work-up and crystaUixation gave 4j. mp 256.5-260.0 OC; tH NMR 8.40 (dd, .I (2-3) = 4. .I 
(2-4) = 1, H (2)), 8.28 (dd, J (2-4) = 1, J (3-4) = 2.2, H (4)), 7.7-7.4 (m, 3H, Ar), 7.35-7.1 (m, 3H. Ar plus 
H (3)), 2.75 (br m, -CH2-), 2.55 (br m, -C!H2-), 1.8-l .55 (br m, -(CH&-); MS 276 (100, M+). 

10(3-Chlomphcnyl)a,~9,1~tetm~~~o~b][l,8]~~~~n-5(7H)-one (4k) 
From Etuzminone 3c. 3-Chloroaniline (68.8 mL, 0.650 mol; Aldrich, as supplied) was added to a solution 

of anhydrous p-TsOH (ptepamd by axeotropic distillation of water from 114 g (0.599 mol) of the monohydrate) 
in CsHe (700 mL), giving a precipitate. To the resulting suspension, a solution of CN& enaminone 3c (225 g) 
in C,& (400 mL) was added. The mixture was then tefluxed overnight under a Dean-Stark trap in an atmo- 
sphere of N2. Solvent was distilled at atmospheric pressure, and a solution of the residue in CHC13 (1 L) was 
washed with 1-L portions of H20, 2N HCl, H20,lM NaHC03, and H20. The organic solution was dried, fil- 
tered, and concentrated, and the oily residue was dissolved in Et20 (700 mL) for crystallization. The coJlected, 
washed (7OOmL of Et20) solid was then rectystallixed from MeCN (1.2 L) with the aid of a Soxhlet extractor. 
The hot suspension was cooled, and the solid was collected, washed with MeCN (80 mL), and dried to give 
analytically pure 4k (84.6 g. 45.4% from the acid chloride la) in two crops of 74.8 and 9.8 g), mp 199-201 OC, 
identified by comparison of mp, and 1H NMR and mass spectra with those of an authentic sample; tH NMR 
(79.5 MHz) 8.68 (dd, .I (2-4) = 2, J (3-4) = 8, H (4)). 8.46 (dd, J (2-4) = 2, J (2-3) = 5, H (2)), 7.55-7.35 (m, 
2H, Ar), 7.30-7.02 (m, 3H, Ar), 2.85-2.51 (br m, Ww2 = 12 Hz, 2H (6)), 2.42-2.04 (br m. Ww2 = 12, 2H 
(9)X 1.89-1.53 (br m, Wm = 9,W (7) and 2 H (8)); 13 C NMR (400 MHz) 177 (br m (collapsed to a t on ir- 
radiation of H (4). C (5)), 152 (C (2)). 151 (C (lOa)*), 149 (C (9a)*), 140 (C (1’)). 135.3 (C (4)). 135.1 (C 
(3’)), 131 (C (2’)=). 130 (C (4’)=), 129 (C (5’)=), 128 (C (6’)=), 120 (C (4a)t ), 119 (C (3)). 118 (C (5a)t), 
30 (C (6)tt), 22 (C (7) and C (8)). 21 (C (9)tt); MS 312 (36. iIf+ for 37Cl), 310 (100, M+ for 3wl). 

From Enuminone 3s. p-TsOHeH20 (56 mg, 0.294 mmol) and enaminone 3e (530 mg. 1.53 mmol) in 
toluene (25 mL) were refluxed 9 h, and solvent was evaporated from the cooled reaction mixture. A sohrtion of 
the residue in CHC13 was washed (1 M NaHC03, HzO), dried, filtered, and concentrated. The solid residue 
(450 mg) was crystallixed (MeCN) to give 4k (244 mg, 51%), mp 199.5- 202.5 Oc. identified by side-by-side 
and co-spotted TLC with an authentic sample, and by an undepressed mmp with an authentic sample. 

From Enol Ester (12). 3-Chloroaniline (663 mg, 5.20 mmol; Aldrich, as supplied) was added to a solu- 
tion of anhydrousp-TsOH [prepared by areotropic distillation of water from 1.17 g (6.14 mmol) of the mono- 
hydrate] in toluene (20 mL), giving a precipitate. To this was added enol ester 12 (1.91 g, 5.07 mmol) in 
toluene (10 mL), after which the reaction mixture was refluxed for 23 h. CH2C12 was added and the organic 
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layer was washed successively with saturated NaHCO3 and saturated salt solutions, and was dried and concen- 
centrated. Gradient chromatography over silica gel under N2 pressure with an eluent of 50-755 EtOAc in hex- 
anes afforded 4k (431 mg, 27%) and 9 (538 mg, 53%). 

A series of experiments was carded out using acidic @-TsOH) or basic (NEt3, Km or n-BuLi) condi- 
tions. We varied the ratio of 3-chloroaniline to substrate from one to three equivalenta, and used tohrene, 
CH3CN, THF, or DMF as a solvent. The reaction temperatures ranged from 0 OC to reflux. In general, the mac- 
tions were monitored by a combination of TU: and capillary GC (Supelco SPB-5 column, 30 meters x 0.25 mm 
dr; flow rate = 2 mL per mlnute, helium; split ratio 50: 1; injector and detector temperature = 250 “C; method: 
isothermal, 250 OC, 15 minutes. Under these conditions the retention times were the following: pyranone 9, 
2.47 min; enol ester 12,12.06 min; pyridone 4k, 13.60 min; and rearranged pyridone 10, 11.72 min. The 
maximum amount of 4k observed was 42%, with pyranone 9 as the major by-product (in some reactions only 9 
was observed). 

From Enamine [Z3]. In several reactions intermediate enamine [13], prepared by treating I-(6mor- 
pholinyl)cyclohexene with 2 equivalents of 2-chloro-3-pyridinecarbonyl chloride (CH2Cl2, RT, 2-4 days), but 
not isolated, was used as formed. It was treated with 3chloroaniline to yield pyridone 4k (24-365); pyranone 
9 and the pyridone 10 were also observed. 

6,8,9,I0-Tetrahydro-7-methyl-lO-phenyCbe~o[b][l,8]~phthyridin-S(IOH)-one (41) 
Enaminone 3d (30 mmol). PhNH2 (38 mmol), anhydrous p-TsOH (30 mmol), and C,& (180 mL) were 

refluxed 25 h. Work-up and crystallization from CHC~J-M~QCO gave 41, mp 221-223 OC; tH NMR 1.09 (d, .Z = 
7, -CH$; MS 290 (83, M+), 275 (100). 

5,6-Dihydro-7-phenyl-naphtho[2,l-b][l,8]Mphthyridin-l2(7H)-one (4m) 
Enaminone 3j (10 mmol), PhNH2 (12.5 mmol), anhydrous p-TsOH (10 mmol), and C&j (55 mL) were 

refluxed 24 h. Work-up, chromatography (silica gel, CHCls-EtOH (99.6 : 0.4 by vol.)), and crystallization 
from dioxane gave 4m (7%), mp 265-267 “C; tH NMR (79.5 MHz) 8.93 (dd, .Z (l-2) = 7, J (l-3) = 2, H(l)), 
3.06-2.31 (m, 2 H (5) and 2 H (6)); MS 324 (100, M+). 

Ethyl 6,7,8,9- Table 3. Microanalytical Data for Pyridones 4a-4q 
Tetrahydro-5- 
oxo-5H-cy- 
clopenta[b][l,8] 
naphthyridine-P 
acetate (41s) 

Enaminone 
3f (3.09 g, 10.0 
mmol), p-TsOH 
monohydrate 
(1.90 g, 10.0 
mmol), and 
C6H6 (55 mL) 
were refluxed 3 
h under a Dean- 
Stark trap. The 

Found 

No. Formula C 

4a 
4b 
4c 
4d 

1; 
4g 
4h 
4i 
4j 

f : 
4m 

77.84 
73.95 
68.80 
73.95 
78.24 
61.65 
72.99 
72.99 
62.33 
78.24 
69.56 
78.59 
81.46 

H Cl 
-- 
5.38 - 
5.52 
4.42 1;95 
5.52 - 
5.84 - 
3.65 21.41 
4.98 - 
4.98 - 
3.92 - 
5.84 - 
4.86 11.40 
6.25 - 
4.97 - 

N C 

10.68 78.01 
9.58 73.91 
9.44 68.60 
9.58 74.05 

10.14 78.38 
8.45 61.95 

15.96 72.76 
15.96 73.21 
18.17 62.35 
10.14 78.66 

8.64 

69.54 
78.36 

orated and the 

H Cl N 
- -- 
5.50 - 10.80 
5.67 - 9.60 
4.31 11.88 9.21 
5.45 - 9.63 
5.76 - 10.24 
3.54 21.18 8.57 
4.93 - 15.87 
5.39 - 16.12 
3.75 - 18.18 
5.90 - 10.16 
4.80 11.20 9.00 
6.24 - 9.65 
4.94 - 8.51 
5.85 - 10.18 
7.58 - 10.48 
5.24 - 9.62 
5.50 - 21.10 

81.28 
65.97 
76.20 
73.76 
65.42 65.66 5.51 - 20.88 

CHC13 solution a Calcd for F: 6.46; found: 6.62. 

was washed with H20, 1 M Na2C03, and with brine; it was dried, filtered, and concentrated to give crude 4n 
(2.32 g) which crystallized yielding pure 4n (1.31 g, 48%), mp 151-153.5 “C; IR (KBr) 1740 (ester CO); rH 
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NMR (79.5 MHz) 5.13 (s, NCH2-), 4.22 (q, J = 7, -OCH$H$. 1.28 (t. J = 7, -OCH2CH3); MS 272 (93, 
lW+j, 199 (100). 

9-Cyclohexyld, 7,8,9-tetrahydro-5H-cycloo-penta[b][i,8]napht-@idin-5-one (40) 
Enaminone 3g (1.96 g, 6.50 mmol), p-TsOH *Hz0 (1.22 g. 6.40 mmol) and C,& (50mL) were mfluxed 

24 h under a Dean-Stark trap. The CeH, was evaporated and the residue dissolved in CH&. The solution was 
washed with H20, dried, fdtered, and concentrated to give crude 40 as a solid (1.66 g). Crystallization provided 
the analytical sample (1.18 g, 699b), mp 219-220 “C! ;tH NMR (200 MHz) 4.20-3.95 (br m, H (1’)). 2.05-1.55 
(br m, 2 H (2’), 2 H (3’), 2 H (5’), 2 H (6’)). 1.50-I .20 (br m, 2 H (4’)); MS 268 (M+). 185 (100). 

9-[(4-Fluorophenyr)methyll-6, 7,8,9-tetrahydro-5H-cyclopenta[b][l,8]nophthyridin-S-one (4p) 
Heating 3a (18.0 mmol) and 4-F-C6H4CH2NH2 (22.6 mmol) for 48 h at 125 OC, followed by working-up 

and crystallizing gave 4p (51%), mp 177-178.5 Oc, tH NMR (79.5 MHz) 5.65 (s, NCH2-); MS 294 (96. M+), 
109 (100, [C7HaF]+). 

9-Amino-6,7,8,9-tetrnhydro-5H-cyclopenrane (4q) 
Refluxing 3a (18.1 mmol) and HzNNH2 monohydrate (103 mmol) for 3.5 h, followed by working-up 

and crystallizing gave 4q (1.45 g, 40%), mp 206-210 (d) “C; IR (KBr) 37&3000 br (-NH& tH NMR 5.26 
(s, ex, -NH& MS 201 (100, W), 200 (78, [M - l]+). 

9-(4-Chlorobutyl)-6,7,B9-tetrahydro-5H-cyclopenta[b][l,8)lqphthyridn-5-one (5) 
Heating enaminone 3a (2.00 g. 7.23 mmol) under N2 in a 150 “C oil bath for 4 h gave 5; conversion was 

complete after 1.5 h (1 H NMR), and the melt solidified on cooling. The crude product was chromatogmphed 
over silica gel (50 g), and 5 (1.916 g, contaminated with 22 mole-% 2-PrOH, 90% yield) was eluted with 2- 
PrOH-CH2Cl2 (5 : 95, by vol.). Crystallization (EtOAc) of the collected, washed, and dried p&duct gave pure 
5, mp 89.0-92.0 “C; IR (KBr) 1620 (CO); 1H NMR 8.73 (dd, J (2-4) = 2, J (3-4) = 8, H (4)), 8.66 (dd, J (2-4) 
= 2, J (2-3) = 5, H (2)). 7.29 (dd, J (3-4) = 8, J (2-3) = 5, H (3)). 4.4 (br t. -CH&l), 3.59 (br t, -CH2N), 
3.06 (br m, 4% -C(6)H2- and -C(8)H2_), 2.3-1.7 (overlapping m, 6H. -(CH&- and -C(7)Hz-); MS 278 (6, 
M+ for37Cl), 276 (18, M+ for 35Cl), 241 (31, [M - Cl]+), 213 (11, [M - C2H&l]+), 199 (41, [iV - C3H&l]+), 
185 (28, [M - C4HsC1]+), 41 (100). 

Anal. Calcd for Ct5Ht7ClN@ C, 65.09; H, 6.19; Cl, 12.18; N, 10.12. Found: C, 65.40; H, 6.05; Cl, 
12.50; N, 10.15. 

9-[4-(Phenylami~)buryB-6,7,8,9-te~rahydro-SH-cyclopenta[b][l,8]naphthyridhlione (6) 
Chromatography (silica gel, 1% MeOH-CHClj) of residues from crystallization of 4a tiorded crude pyri- 

done 6; recrystallization (MeOH) then gave a pure (TLC) sample (906 mg, 5% from 3a (58.5 mmol)), mp 
185.0-186.0 ‘C; IR (KBr) 1620 (CO); 1H NMR (Me2SO-de) 8.88 (dd, J (2-4)= 2, H (2)), 8.74 (dd, J (4-3) = 
8, J (4-2) = 2, H (4)), 7.71 (dd, J (3-2) = 5, J (3-4) = 8, H (3)), 7.29-7.18 (2H, Ar), 6.75-6.63 (3H, Ar), 5.7 
(br t, NH, ex), 4.9 (t, -CH2N (9)), 3.27 (t, -C(6)H2- or -C(8)H2-), 3.08 (q, collapsed to a t on ex, 
-CHzNHPh). 2.8 (t, -C(8)H2- or -C(6)H2-), 2.10 (m, -CH,-), 1.85 (-CHz-), 1.64 (m, -cH,-); MS 333 (63, 
M+), 227 (21, [M - NHPh]+), 214 (51), 213 (21. [M - CH2NHPh]+), 199 (52, [C12Ht1N20]+), 187 (88, 
[C~~H~&.Ol+), 146 (72), 106 (100). 

Anal. Calcd for C21H23N30: C. 75.65; H, 6.95; N, 12.60. Found: C, 75.54; H, 6.92; N, 12.68. 

(2-Chloro-3-pyridinyl)(2-hydroxy-l-cyclohexene-l-yl)methanone (8) 
This compound, not fully characterized due to its instability, showed 1H NMR (300 MHz) 15.80 (s, lH), 

8.47 (dd, J = 1.9, 4.8, lH), 7.62 (dd, J = 1.9. 7.6, IH), 7.35 (dd. J = 4.8, 7.6, lH), 2.50 (t, J = 6.5, 2H), 
2.11 (t. J= 6.1, 2H), 1.76 (m, 2H). 1.65 (m, 2H); l3C NMR (75.4 MHz) 190, 189, 150, 147, 137, 134, 122, 
108, 32, 24, 22, 21; FAB-MS (ThioGly) 238 (100, [hf +l]+ for 35Cl), 240 (30, [M +l]+ for 37Cl), 202 (59, 
[Cn.H12Wzl+). 

Compound (8) was eluted before the following compound (12). 
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6,7,8,PTetrahydro-5H-l-benropyratw[2,3-b]pyridin-5-one (9) 
Chromatography of crude 3e over silica gel and elution with CH& afforded (2chloro-3-pyrIdinyl)(2- 

hydroxy-1-cyclohexene-l-yl)methanone (8) which cyclixed overnight upon standing to 9. Crystalllxation (2- 
PrOAc) then gave 9 (10.6% from 0.1 mole of 2-chloro-3-pyridinecarbonyl chloride), mp 138.5 -141 OC; IR 
1640 (CO), 1605; UV 220 (4.18). 266 (3.96), 297 (3.96). 305 (3.96): lH NMR (200 MHz) 8.65 (dd, J (2-3) = 
5, J (2-4) = 1.9, H (2)), 8.58 (dd, J (4-3) = 8, J (4-2) = 1.9. If (4)), 7.40 (dd, J (3-4) = 8, J (3-2) = 5, H (3)), 
2.76 (t, J (6-7) = 5.9, H (6)*), 2.58 (t, J (9-8) = 5.9 H (9)*), 1.99-1.70 (m, 4H, H (7) and H(8)); l%! NMR 
(50.3 MHz) 178 (C (5)), 165 (C (loa)), 160 (C (4a)). 153 (C (2)), 136 (C (4)). 122 (C (3)), 119 (C (9a)‘). 118 
(C (5a)*), 28 (C (6)=), 21.9 (C (9)=), 21.1 (C (7F). 21.0 (C (8)=); MS 201 (100, M+), 200 (98, [M - l]+), 122 
(68, [(M + 1) - CuHs]+. 

Anal. Calcd for Ct2HtlN02: C, 71.62; H, 5.51; N, 6.96. Found: C, 71.49; H, 5.40, N, 6.66. 

IO-[2-(2-Chloroethoxy)ethyl]-6, 7,8,9-tetrahydrobenzo[b][1,8]naphthyridin-5(10H)-one (10) 
Obtained from preparation of 4k. this compound (10) showed mp 74-75.5 T; tH NMR (300 MHz) 8.72 

(dd, lH, J = 1.9, 7.9). 8.66 (m, 1H). 7.29 (dd, 1H. J = 4.9,7.8), 4.74 (t 2H, I = 5.6). 3.87 (t, 2H, J = 5.6). 
3.65 (t, 2H, J = 5.6), 3.55 (t. 2H, J = 5.1), 3.00 (t, 2H, J = 6.3), 2.69 (t, 2H, J = 6.3). 1.90 (m, 2I-Q 1.74 
(m, 2H); t3C NMR (75.4 MHz) 178, 152, 150.5, 149.9,136, 120, 119.3. 119.0, 71, 70, 44, 43. 28, 23, 22, 
21; MS 306 (60, M+ for 35Cl), 308 (21, M+ for%l), 213 (100, [Ct3Ht3N20]+). 199 (46. [Ct2HltN20]+). 

Anal. Calcd for CteHt9ClN202.f H20: C, 60.85; H, 6.38; Cl, 11.23; N. 8.87. Found: C, 61.30; H, 
6.12; Cl, 11.35; N, 8.74. No acceptable value for C was obtained. 

2-[(2-Chloro-3-~~dinyl)car~nyl]-l-cycl(12) 
A. From enamine 2b. A solution of I-(4-morpholinyl)cyclohexene (2b) (43.9 g, 262 mmol) and NEt3 

(59.53 g, 588.3 mmol) in CH2C12 (350 mL) was added over 60 mitt to a dry, ice-cooled solution of recrystal- 
lized 2-chloro-3-pyridinecarbonyl chloride (100.14 g, 569.0 mmol) in CH2Cl2 (750 mL) under N2. A precipi- 
tate formed and the reaction mixtute. was stirred at 25 ‘C for 118 h. CH3CN (500 mL), Hz0 (300 mL) and acetic 
acid (50 mL) were then added and the resulting solution was stirred vigorously for 1 h. Satumted NaCl and satu- 
rated NaHC03 were then added, the layers separated, the aqueous layer extracted with CH2C12, the combined 
organic layers washed with saturated NaHC03 and saturated NaCl, dried, filtered aud concentrated. The solid 
residue (105.6 g) was chromatographed (5060% EtOAc-hexanes) under medium pressure and crystallimd from 
2-PrOAc to afford 12 as white crystals (82.63 g, 83%). mp 114.5-115.5 “C; CI-MS (CHq) 381 (2, [M + l]+ 
for %12), 379 (9, [M + l]+ for 37C135Cl). 377 (2, [M + l]+ for 35C12). 343 (3, [ClsHt437ClN203]+), 341 (8, 
[C1sH1435ClN2031+), 142 (33, [CeH337ClNOl+), 140 (100, [CeH335C!lNOl+); IR 1755 (en01 ester), 1640 
(CO); lH NMR (2OOMHz) 8.51 (dd, J (a$) = 5.2, J (a$ = 2, pyridine H(a)), 8.02 (dd, J (a-p) = 5.2, J (a- 
7) = 2, pyridine H (a)), 7.88 (dd, J (y-a) = 2, J (y-b) = 7.8, pyridine H (r)), 7.56 (dd, J (y-a) = 2, J (y-p) = 
7.8, pyridine H ($), 7.25 (dd, J (fi-$ = 7.8, J (P-a) = 5.2, pyridine H @>>, 7.04 (dd, J @y) = 7.8, J @-a) = 
5.2, pyridine H (fl)), 2.65-2.35 (m, 4H, H (3) and H (6)), 2.00-1.70 (m, 4H, H (4) and H (5)); 13C NMR 
(75.4 MHz) 192, 161, 157, 153, 151, 150, 147, 141, 138, 136, 126, 124, 122.2, 122.0, 29, 25, 22,21. 

Anal. Calcd for CtsHt4Cl2N203: C, 57.31; H, 3.74: N, 7.43; Cl, 18.80. Found: C, 57.49; H, 3.53; N. 
7.32; Cl, 18.82. 

This compound (12) was eluted after compound 9. A combination of NMR experiments-principally 
SINEP’T (1H-I%), COSY (tH-lH), and t%-1% correlation-and X-ray crystallography elucidated and con- 
firmed structure 12. Lists of refined coordinate and estimated standard deviations have been supplied to the 
Editor for deposition at the Cambridge Crystallographic Data Centm. 

B. From Enaminone 3c. Chromatography of crude 3c over silica gel, elution with CH2Cl2, and crystal- 
lization (ZPrOAc) furnished 12 (9.2% from 0.1 mol of 2chloro-3-pyridinecarbonyl chloride). 

7-(4-Chlorobu~l)-5,6-dihydro~ht~[2,I-b]~l.BMphthyridin-l2(7H)-one (14) 
This compound (14), prepared like 6, was obtained in a yield of 32% from 31. CH& eluted the title 

compound from silica gel and the product crystallized from EtOAc containing a little MeOH; mcrystallixation 
(MeOH) gave au analytical sample, mp 148.5-150.5 “C; IR 1610; tH NMR 8.81 (dd, J (9-l 1) = 2, / (10-l 1) = 




