
450 J .  Org. Chem., Vol. 36, No. 3, 1971 

Synthesis of Substituted 1,5- and l,7-Naphthyridines and Related Lactamsl 

FRYDMAN, Los, AND RAPOPORT 

BENJAMIN FRYDMAN, MARIO Los, AND HENRY RAPOPORT” 

Facultad de Farmacia y Bioquimica, Universidad de Buenos Aires, J u n i n  964, Buenos Aires, and 

Received July 94, 1970 

Department of Chemistry, University of California at Berkeley, Berkeley, California 04720 

Reductive cyclization of ethyl 2-methoxy-5-nitro-4-pyridinepyruvate and of ethyl 6-met.hoxy-3-nitro-2-pyr- 
idinepyruvate afforded the corresponding 1,2,3,4-tetrahydro-3-oxy-6-methoxy-1,7-naphthyridin-2-one and 
1,2,3,4-tetrahydro-3-oxy-6-methoxy-l,~-naphthyridin-2-one. Treatment of the latter compounds with p-tol- 
uenesulfonyl chloride in pyridine afforded 6-methoxy-1,7-naphthyridin-2(1H)-one and 6-methoxy-1,5-naph- 
thyridin-2( 1H)-one, which by treatment with phosphorus oxychloride were transformed into 2-chloro-bmethoxy- 
1,7-naphthyridine, 2-chloro-6-methoxy-l,5-naphthyridine, and 2,6-dichloro-l,5-~iaphthyridi1ie. The 2-chloro- 
naphthyridines were transformed into 2-hydrazinonaphthyridineb and reduced with cupric ion to the parent 
naphthyridines. 2-Chloro-l,.i-naphthyridine afforded 2-methoxy-1,s-naphthyridine by mild treatment with 
sodium methoxide. Hydrogenation of 6-methoxy-1,7-naphthyridin-2( 1H)-one afforded 1,2,3,4-tetrahydro-6-me- 
thoxy-l,7-naphthyridin-2-one. Treatment of 6-methoxy-lJ7-naphthyridin-2(1H)-one and its 1,5 analog with 
hydrogen bromide afforded the 1,2,6,7-tetrahydro-l,7-naphthyridine-2,6-dione and 1 ,2,6,7-tetrahydro-l,5-naph- 
thyridine-2,6-dione, which were reduced to the cis-decahydro-1,7- and -1,5-napht hyridiiie-2,G-diones. The bi- 
cyclic lactams could not be hydrolyzed to the amino acids, which were prepared by acid hydrolysis of meso- and 
ra~-2,2’-bi(pyrrolidine)-5,5’-dioiie. When the diethyl meso- and rac-4,5-diaminoauberate dihydrochlorides were 
equilibrated at pH 7.5,  they cyclized to the six-membered bicyclic laclams, trans- and cis-decahydr0-1~5-naph- 
thyridine-2,6-dioneJ respectively. 

In  a previous paper2 we reported that the reductive 
cyclization of ethyl 2-methoxy-d-nitro-4-pyridiiiepyru- 
vate (1) proceeded in good yield to ethyl 5-methoxy-G- 
azaindole-2-carboxylate or, alternatively, yielded 1,2,3,- 
4-tetrahydro-3-oxy-G-methoxy-1,7-naphtli yridin-2-one 
(2). The determining factor mas the catalyst used in 
the respective procedurcs, palladium on carbon or 
platinum oxide. Since then we have described the 
synthesis of a considerable number of substituted 6- 
azaindolcs and 4 - a z a i n d o l e ~ , ~ ~ ~  obtained by reductive 
cyclization, using palladium on carbon, of substituted 
pyridinepyruvates of type 1 and 11. We now report 
the synthesis of the corresponding 1,s- and 1,7-naph- 
t hyridine derivatives obtained from the same precur- 
sors by the alternative pathway, reductive cyclization 
using platinum oxide. 

The existing synthetic methods for naphthyridines 
are quite limited in s c o p ~ . ~  The classical Skrnup-type 
reaction on 3-aminopyridine was improved and used for 
the synthesis of 1,3-naplithyridinc and its alkyl deriva- 
tives.6 1,7-Naphthyridine and its G-amino derivative 
were recently7 obt ained by an intramolecu1:w acid 
cyclization of 2-cyano-3-pyridylacetonitrile. Since the 
ethyl 0-nitropyridinepyruvates 1 and 11 can be easily 
prepared 011 a large scale,3, they provide excellent 

(1) This work was supported 11s tlie Consejo Nacional de Investigaciones 
and Secretaria.de Salud Publica (Argentina) and the National Institutes of 
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3762 (1968). 
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3,427 (1966) 1. 

(6) I f .  Rapoyort and A .  D. 13atch0, J .  Org. Chem.,  28, 1753 (1963). 
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starting materials for the synthesis of new 1,7- and 1,s- 
napht hyridine derivatives. The procedure described2 
for the synthesis of tlie ethyl pyridinepyruvate 1 was 
found to be useful for the synthesis of analogous ethyl 
o-nitro-4- and -2-pyridinepyru~ates~~~ therefore, the 
proposed napht hyridine synthesis undoubtedly can be 
extended t o  a large number of compounds. Moreover, 
ethyl 2-methoxy-3-nitro-4-pyridinepyruvate (1) and 
ethyl G-methoxy-3-1iitro-2-pyridinepyruvate (1 1) can 
be C-allcylated and C-acylated to a number of deriva- 
tives, thus greatly increasing the number and variation 
of substituted 1,7- and 1,s-naphthyridines obtainable. 

Discussion 

The reductive cyclization of the ethyl pyridinepyru- 
vates 1 and 11 can proceed in two directions: either a 
new five-membered ring can be formed giving an aza- 
indole, or a new six-membered ring can be formed and a 
tetraliydronaphtliyridine obtained. Formation of a 
five-membered ring can be expected to prevail as long 
a8 the carbonyl group is available. This is the case 
under mild hydrogenation conditions, in ethanol over 
10% palladium on c h a r ~ o a l . ~ ) ~  However, if the reac- 
tion is carried out over a relatively large amount of 
platilium oxide (20%), then the carbonyl group is re- 
duced and the 3-oxynaphthyridinones 2 and 12 are 
obtained in good yields as the only products of the 
reaction. It is crucial for the course of the reaction to 
have the pyridinepyruvates highly purified, otherwise 
partial inactivation of the catalyst leads to  a mixture of 
azaindole and naphthyridine. 

The tetrahydronaphthyridines 2 and 12 are readily 
dehydrated by treatment with p-toluenesulfonyl ~1110- 
ride in pyridine and the corresponding 1,7- and 1,*5- 
naphthyridinones 3 and 13 were obtained. A strong 
band at  1690 em- 1 in the ir indicated that compounds 
3 and 13 exist in the lactam form, as expected, and not 
as 2-hydroxynaphthyridines. The amide band in the 
tetrahydronaphthyridines 2 and 12 was also at 1690 

(8) L. N.  Yakhontov, V. .4. Animov, and E. I. Lapan, ib id . ,  1909 (1969). 
(9) hl. K. Fisher and A. R. Matzuk, J .  Heterocyc l .  Chem., 6, 775 (1969). 
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em-' and in the naphthyridinone 19 (prepared by an 
independent synthesis) lo it was at  1700 cm-l. 

%he transformation of the naphthyridinones, 3 and 
13, into naphthyridines was achieved by treatment 
with phosphorus oxychloride. I n  this step the prop- 
erties of the I17-naphthyridine and l15-naphthyridine 
series diverged. While the 6-methoxy-l17-naphthyri- 
din-2(1H)-one (3) was easily transformed into the 2- 
chloro-1,7-naphtliyridine (4), the analogous 6-methoxy- 
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(10) V. Petrov and B. Sturgeon, J .  Chem. Soe., 1157 (1949); modified 

according t o  ref 6. 

1,5-naphthyridinone (13) was demethylated and yielded 
the 2,6-dichloro-1,5-naphthyridine (15). However, 
when the reaction was carried out at room temperature 
for several days, demethylation was avoided, and 2- 
chloro-6-methoxy-1 ,bnaphthyridine (14) was obtained. 
Hydrogenolysis of the chloronaphthyridines was ac- 
companied by ring reduction; the 2-hydrazino deriva- 
tives were then prepared and reduced with cupric sul- 
fate to  the corresponding naphthyridines. The 2,6- 
dichloro-1,5-naphthyridine (15) yielded only a mono- 
hydrazino derivative 16 which was reduced to  2-chloro- 
1,s-naphthyridine (17). Treatment of 17 with sodium 
niethoxide in boiling methanol readily yielded 2-me- 
thoxy-l15-naphthyridine (18). 

It bas already been noted that the hydrogenation of 
the 1,7- and l15-naphthyridine derivatives is difficult to  
control, often resulting in ring reduction. Thus, a 
controlled hydrogenation of 3 yielded the tetrahydro- 
1,7-naphthyridine 7, but a similar hydrogenation of 13 
resulted in overall ring reduction." When the naph- 
thyridine-2,6-diones 8, 9, and 20, respectively, were 
prepared by treatment of 7 ,3 ,  and 13 with hydrobromic 
acid, they were smoothly reduced to  the bicyclic lac- 
tams 10 and 21. The na~hthyridine-2~6-diones 9 and 
20 existed predominantely in the a-pyridone form as 
shown by the strong amide band at  1690 cm-l and by 
nmr data. The reduction of both compounds could 
potentially yield two pairs of diastereoisomeric lactams : 
t,he meso cis-de~ahydronaphthyridine-2~6-diones and 
the racemic trans-decahydronaphthyridine-2,6-diones. 
It was expected that the catalytic hydrogenation in 
acidic media would yield only the cis derivatives, and 
this was confirmed by the isolation of 10 and 21. The 
bridge protons in 21 showed a sharp singlet at 6 4.4, and 
the bridge proton adjacent to  the nitrogen in 10 was 
also a narrow singlet at 6 4.4, as expected from cis com- 
pounds. The bicyclic lactam 21 was reduced with 
lithium aluminum hydride to cis-decahydro-l,8naph- 
thyridine (28), identical with a sample of 28 prepared 
by a stereospecific reduction of l15-naphthyridine, l 1  thus 
confirming the structure of 21. 

Surprisingly, the bicyclic lactams proved to be ex- 
tremely resistent to hydrolysis. Mild treatments with 
various alkalis resulted in lactam recovery, and, when 
drastic conditions and a large excess of alkali were em- 
ployed, no recognizable compounds could be isolated. 
When acidic hydrolysis conditions were invoked, lactam 
21 was recovered unchanged and lactam 10 was par- 
tially hydrolyzed to 27. The structure 27 was assigned 
on the basis of the nmr data. Attempted alkaline hy- 
drolysis of 27 resulted in recovery of starting materials.12 
Since we were interested in comparing the stability of 
six-membered lactams us. five-membered ones, we pre- 
pared the diaminosuberic esters 23 and 26. Our start- 
ing material was the meso- and rac-2,2'-bi(pyrrolidine)- 
5,5'-diones (22) and (25), obtained photochemically by 
dimerization of 2-pyrrolidinone. l 3  By an acid hydroly- 
sis followed by esterification they were transformed into 

(11) Catalytic hydrogenation of 1,5-naphthyridine has been reported to 
yield decahydro-1,5-naphthyridine, but  no decahydro-1,7-naphthyridine 
could be obtained b y  the  same procedure: W. L. F. Armarego, ibzd., C ,  
377 (1967). 

(12) It is noteworthy tha t  the hydrolysis of five-membered bicyclic lac- 
tams was reported t o  proceed without difficulties: L. Birkofer and H. 
Feldmann, Justus Lrehigs Ann. Chem., 677, 154 (1964). 

(13) M. Pesaro, I. Felner-Caboga, and A. Eschenmoser, Chimia, 19, 566 
(1965). 
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the hydrochlorides of diethyl meso-4,5-diaminosuberate 
(23) and diethyl ~ac-4,5-diaminosuberate (26). Equil- 
ibration of both hydrochlorides in neutral or slightly 
alkaline media could then lead to the starting five- 
membered lact ams or to  the bicyclic six-membered 
lactams 24 and 21. 

A prediction of the course of the reaction is difficult. 
In  formation from an open-chain intermediate, kinetic 
control should give preference to a five-membered ring 
and thermodynamic control to  a six-membered ring. 
However, in an equilibrium reaction between substi- 
tuted six-membered lactam A and five-membered lac- 
tam B, the five-membered ring was predominant (in 
alkaline medium). l4 

A B 

I n  our case we find that a t  pH 7 . 5 ,  the meso-4,S-di- 
aminosuberate 23 was quantitatively transformed into 
trans-decahydro-l,5-naphthyridine-2,6-dione (24) and 
the rac-diaminosuberate 26 into cis-decahydro-1,5- 
naphthyridine-2,B-dione (2 1). The transformation 
was unaffected by time or temperature. The identity 
of 24 was established by its nmr ( J  = 10 Hz for the 
bridge protons), and by its reduction with lithium 
aluminum hydride to 29. trans-JJecahydro-1,5-naph- 
thyridine (29) was prepared for comparison by the 
stereospecific reduction of l,5-naphthyridine in alkaline 
medium." The ir spectra did not reveal in the equili- 
bration products any trace of five-membered lactams 
22 or 25. These results indicate that, a t  least for un- 

O H  /G=$, - 
22 

H + v  
H 

25 H 
26 

L i  
28 29 

(14) E .  Bertele, H. Boos, J. D. Dunitz, F. Elsinger, A. Eschenmoser, I. 
Felner, H. P. Gribi, H.  Gschmend, E. F. Meyer, M. Pesaro, and R. Schef- 
fold, Angew. Chern.,Int. Ed. End . ,  8, 490 (1964). 

substituted bicyclic Iactams, the equilibrium is dis- 
placed toward the six-membered rings. 

Experimental Section16 
1,2,3,4-Tetrahydro-3-oxy-6-methoxy-l,7-naphthyridin-2-one 

(2).-Six grams of ethyl 2-methoxy-5-nitro-4-pyridinepyruvate 
(1) was dissolved in 100 ml of ethanol and reduced during 2 hr a t  
40 psi with hydrogen over 1.2 g of platinum oxide. The catalyst 
was filtered out and washed with ethanol, the combined filtrate 
and washings were concentrated in vacuo to 10 ml, and the sus- 
pension was cooled for several hours. The resulting precipitate 
was crystallized from ethanol: 3.3 g (75%); mp 215'; uv max 
248 nm (e 14,700); nmr 6 3.7 (m, C-4 Hz) ,  4.4 (OCHa), 5.0 (m, 
C-3 H ) ,  7.6 (9, C-5 H) ,  8.2 (s, C-8 H). 

Anal. Calcd for C9HI003N2: C, 55.6; H ,  5.2; N,  14.4. 
Found: C,55.3; H,5.1; N,  14.2. 

1,2,3,4-Tetrahydro-3-oxy-6-methoxy-1,5-naphthyridin-2-one 
(12)  was prepared following the same procedure used for the syn- 
thesis of the tetrahydro-1,7-naphthyridin-2-one 2 .  Ethyl 6- 
methoxy-3-nitro-2-pyridinepyruvate (1 1) had to be previously 
purified by sublimation (115O, 5 p )  and crystallization from eth- 
anol. From 6 g of ethyl pyridinepyruvate 11 (mp 122-123') was 
obtained 3 g (69%) of 12: mp 240"; uv max 255 nm (e 12,300); 
nmr 6 3.8 (m, C-4 Hz),  4.4 (OCH3), 5.1 (m, C-3 H) ,  7.5 (d, J = 
10 Ha, C-7 H) ,  8.3 (d, J = 10 Ha, C-8 H) .  

Anal. Calcd for CsHloO&: C, 55.6; H, 5.2; N, 14.4. 
Found: C, 55 .5 ;  H, 5.1; N,  14.ii. 

6-Methoxy- 1,7-naphthyridin-2 ( 1 H )- one (3 ) .-Tetrahydro-3- 
oxy-6-methoxy-l,5-naphthyridin-2-one (2 )  (2 g) was dissolved in 
10 ml of pyridine, 4 g of p-toluenesulfonyl chloride was added, 
and the mixture was heated at  150' for 4 hr. The mixture was 
poured over 250 g of crushed ice and filtered, and the precipitate 
was suspended in 10% sodium carbonate, centrifuged, washed 
with water, and filtered. Crystallization of the residue from eth- 
anol gave 1.7 g (79%) of 3: mp 2.50-254'; uv rnax 234 nm (E 
35,000); nmr 6 4.4 (Oc&), 7.5 (d, J = 10 Hz, C-3 H ) ,  7.9 (C-5 
H),  8.5 (d, J = lOHz, C-4 H) ,  9.0 (C-8 H). 

Anal. CalcdforCoHsOzN2: C,61.3; H,4.6; N,  16.1. Found 
C, 61.2; H ,  4.6; N ,  16.1. 

6-Methoxy-l,5-naphthyridin-2( 1H)-one (13) was prepared 
following the same procedure used for the synthesis of 5-methoxy- 
1,7-naphthyridin-2(1H)-one (3). From 2 g of tetrahydro-3-oxy- 
6-methoxy-1,5-naphthyridin-2-one (12) was obtained 1.8 g (83%) 
of 13 after sublimation at  210' (3 p )  and crystallization from 
ethanol: mp 244-246"; uv max 233 nm (e 70,000); nmr 6 4.4 
(OCH3), 7.6 (d, J = 10 Hz, C-7 H ) ,  7.9 (d, J = 10 Hz, C-3 H), 
8.5 (d, J = 10 Hz, C-8 H ) ,  8.8 (d, J = 10 Hz,  C-4 H). 

Anal. Calcd for C Q H ~ O ~ N ~ :  C, 61.3; H ,  4.6; N ,  15.9. 
Found: C,61.3; H,4.6; N,  16.0. 
2-Chloro-6-methoxy-l,7-naphthyridine (4) .-6-Methoxy-l,7- 

naphthyridin-:!(lH)-one (2) (4.2 g) and 40 ml of phosphorus oxy- 
chloride were heated a t  reflux overnight. Excess phosphorus 
oxychloride was distilled in vacuo, the residue was treated with 
100 g of ice water, the pH was adjusted to 6 with sodium hydrox- 
ide, and the aqueous phase was extracted continuously with 
chloroform for 48 hr. Evaporation of the chloroform and sub- 
limation of the residue at  120' (3 p )  gave 3 g (637,) of 4: mp 
185-190' (from benzene-methylcyclohexane); uv max 242 nm . .  

(e 17,000), 350 (1500). 
Anal. Calcd for CsH7N20C1: C ,  55.7; H ,  3.6; N,  14.4. 

Found: C,55.9; H,3.5; N, 14.4. . 
2-Chloro-6-methoxy-1,5-naphthyridine (14).-6-Methoxy-1,5- 

naphthyridin-2(1H)-one (13) (2 g), purified by sublimation, and 
50 ml of phosphorus oxychloride were stirred a t  70' until total 
dissolution of the solid, and then left a t  room temperature for 72 
hr. The same procedure used in the synthesis of 4 was then fol- 
lowed and 1.6 g (70%) of 14 was obtained after sublimation a t  
70" (2 p ) :  mp 130-134" (from cyclohexane); uv max 221 nm 
(e 60,200), 314 ( S O O O ) ,  326 (9500); nmr 6 4.6 (s, OCHa), 8.0 (d, 
J = 10 Ha, C-7 H) ,  8.5 (d, J = 10 Hz, C-3 H) ,  8.8 (d, J = 10 
Hz, C-8 H), 9.2 (d, J = 10 Hz, C-4 H) .  

(15) All melting points mere taken on the Kofler block: uv  absorptions 
were measured in ethanol; ir spectra were obtained on potassium bromide 
wafers; and nrnr spectra were taken in trifluoroacetic acid, unless otherwise 
noted. Microanalyses were performed by the Analytioal Laboratory, 
University of California, Berkeley. 
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Anal. Calcd for CsH7N20Cl: C, 55.7; H, 3.6; N, 14.4. 
Found: C,55.4;  H,3.5;  N,  14.3. 
2-Hydrazino-6-methoxy-l,7-naphthyridine (5).-A solution 

of 6 g (0.03 mol) of 2-chloro-6-methoxy-l,7-naphthyridine (4) in 
40 ml of ethanol and 33 ml (0.57 mol) of 837, hydrazine hydrate 
was heated at  100" for 1 hr. Evaporation of the solvent in vacuo 
left a crystalline residue which was crystallized from benzene 
giving 4.9 (847,) of 5, mp 170-172". 

Anal. Calcd for C8HloN40: C, 36.8; H, 5.3; N ,  29.4. 
Found: C,57.0; H ,  5.2; N,29.6. 
2,6-Dichloro-l.,5-naphthyridine (15).-6-Methoxy-l,.5-naph- 

thyridin-2(1H)-one (13) (2 g) aiid 40 ml of phosphorus oxychlo- 
ride were heated at  reflux for 15 hr. The same procedure used 
for the preparatioii of 4 was t,heii followed. The product obtained 
was sublimed at  134" (2 p )  and crystallized from benzene-cyclo- 
hexane, giving 5.1 g (57%) of 15: mp 190-194; uv max 214 nm 
(e 61,300), 256 (4230), 266 (2.500), 310 (8300), 324 (9600); nmr 
6 8.3 (d, J = 10 He, C-3 H,  C-7 H) ,  9.1 (d, J = 10 Hz, C-4 H and 
C-8 H ) .  

Anal. Calcd for CsH4X2Cl2: C, 48.6; H ,  2.0; N ,  14.1; C1, 
35.3. Found: C, 48.4; IT, 2.2; N,  14.2; C1, 35.2. 
2-Hydrazino-6-chloro-1,5-naphthyridine (16) was prepared 

following the same procediire used for the preparation of 5. From 
3 g of 2,6-dichloro-1,5-naphthyridiiie (15) wa,s obtained 2 g (707,) 
of 16: mp 178--180" (sublimed at 130", 2 p ) ;  uv max 230 nm 
(e 26,400), 284 (29,400), 364 (12,700). 

Anal. Calcd for C8H,K4C : C, 49.3; H ,  3.6; N ,  28.8; C1, 
18.0. Fouiid: C, 49.7; H, 3.8; N,  29.0; C1, 18.2. 

6-Methoxy-1 ,?-naphthyridine ( 6 )  .-2-Hydrazino-6-mel hoxy- 
1,7-riaphthyridiiie (5) (2.1 g)  was dissolved iri a mixture of 20 ml 
of water and 3 ml of acetic acid, and 45 ml of a 107, aqueous solu- 
tion of cupric sulphate was added dropwise. The resultiiig mix- 
ture was heated 0 1 1  the steam bath until gas evolution ceased (1 
hr) aiid then adjusted to pH 8 with 4 M ammonium hydroxide. 
Continuous extraction with chloroform and evaporation of the 
solveiit left a residue which was sublimed at 40" (2 p )  t o  give 0.8 
g (45%) of 6 :  mp 43-46" (from methylcyclohexane); uv max 
224 nm ( e  29,100), 239 (3500), 339 (3200); iimr (CDC13) 6 4.0 
(s, OCH,), 7.1 (s, C-5 H), 9.3 (s, C-8 H) ,  7.5 (m, J 3 , a  = 9 Hz, 
5 2 , 3  = 4 H z ,  C-3 H ) ,  8.1 (m, J 4 , 3  = ~ T T Z , J ~ , ~  = 9He,  C-4 H ) ,  
9.0 (m, J 2 , 3  = 4 Hz, J2,4 = 9 H z ,  C-2 IT). 

Anal. Calcd for CsT-T80N2: C, 67.5; H,  4.9; N ,  17.5. 
Fouiid: C,67.4; H , 4 . 9 ;  N ,  17.7. 
Z-Chloro-l,5-naphthyridine' (17) was prepared following the 

same procedure used for the synthesis of 6-methoxy-1,7-naph- 
thyridine (6). From 4 g of 2-hydrazino-6-chloro-1,5-naphthyri- 
dine (16) was obtained, after sublimation a t  45" (2 p )  and crystal- 
lization from cyclohexane, 1.6 g (30%) of 17: mp 110-112"; 
uv max 213 nm (e 29,600), 242 (4000), 248 (4100), 238 (3700), 
267 (2600), 302 (6400), 308 (6700), 316 (6600); nmr 6 8.3 (d, 
J7,8 = 10 Hz, C-7 I T ) ,  9.6 (d, J7,8 = 10 112, C-8 H) ,  8.6 (m, J3,( 
= 9 I l a ,  J2.3 = 6 ITz, C-3 IT), 8.9 (m, J4,3 = 9 He, J 2 , 4  = 1.5 Hz, 
C-4 H), 9.4 (m, J2.3 = 6 Hz, J 2 , 4  = 1.5 Hz, C-2 H ) .  

Anal. Calcd for CsHbN2Cl: C, 58.5; H ,  3.0; N ,  17.1; C1, 
21.3. Found: C,  58.8; H ,  3.3; N ,  17.1; C1, 21.1. 

The 2-chloro-l,5-naphthyridine was identical (melting point 
and ir)  with a sample prepared by the action of phosphorus oxy- 
chloride on 2-hydroxy-1,3-napht hyridine (19).l6 
Z-Methoxy-l,5-naphthyridine (18).-2-Chloro-l,.i naphthyri- 

dine (17) (1.3 g, 7.9 mmol) was added to a solution of 230 mg (10 
g-atoms) of sodium in 20 nil of anhydrous methanol, and the mix- 
ture was heated under reflux for 4 hr. The solvent was evaporated 
in VUCZLO, the residue dissolved in  20 ml of chloroform, the solution 
washed with 6 ml of water, the chloroform evaporated, and the 
residue sublimed at 30" (2 p )  giving 450mg (387,) of 18: mp 38"; 
uv max 221 iim ( E  l5,100), 311 (7500), 321 (7100). 

Anal. Calcd for CsHsON2: C, 67.5; H,  4.9; N,  17.5. 
Found: C,67.4; H ,4 .8 ;  N ,  17.4. 

1,2,3,4-Tetrahydro-6-methoxy-1,7-naphthyridin-2-one (7).- 
6-Methoxy-1,7-1~aphthyridin-2(1H)-one (3) (1.2 g)  was dissolved 
in 100 ml of ethanol aiid reduced during 2 hr at 40 psi with hydro- 
gen over 1 g of lOy0 palladium on charcoal. The catalyst was 
filtered off and thoroughly washed with ethanol and the combined 
filtrate and washings were concentrated in oacuo to 5 ml. Cool- 
ing gave a precipitate which was sublimed at  200" (1 p )  to give 
0.9 g (75%) of 7: mp 203-209: uv max 250 nm (e 13.500'1. 300 
(7500); nmr 6 3.05 (m, C-3 Hz), 3.45 (m, C-4 HI),  7.5 (s, Cln H), 
8.15 (s, C-8 H),  4.3 (s, OCH,). 

(16) E. V. Brown and A .  C. Plass, J. OPU. Chmz . ,  27, 241 (1967) 

Anal. Calcd for C,H&202: C, 60.7; H, 5.7; N, 15.7. 
Found: (3,603; H,5.7; N ,  15.6. 

1,2,3,4,6,7-Hexahydro-1,7-naphthyridine-2,6-dione @).-The 
tetrahydro-1,7-naphthyridin-2-one (7) (0.6 g) was dissolved in 12 
ml of 487, hydrobromic acid and heated at reflux for 2 hr. Ex- 
cess acid was distilled in vacuo, the residue dissolved in 5 ml of 
water, and the solution adjusted to pH 7 with 10% sodium car- 
bonate, concentrated to 1 ml, and cooled for several hours. The 
solid obt,airied was sublimed at  250' (2 p )  and crystallized from 
water, giving 0.21 g (387,) of 8: mp 350' dec; uv max 254 nm 
(e 6000), 320 (2000); nmr 6 3.1 (m, C-3 HI),  3.4 (m, C-4 H2), 
7.53 (s, C - j  H) ,  8.15 ( s ,  C-8 H).  

Anal. Calcd for C B H ~ N ~ O ~ :  C, 58.5; H, 4.9; N ,  17.1. 
Found: C, 58.7; II, 5.2; N, 17.0. 

112,6,7-Tetrahydro-l,7-naphthyridine-2 ,6-dione (9) was pre- 
pared following the same procedure used for the synthesis of the 
hexahydro derivative 8. From 3 g of 6-methoxy-l,7-naphthyri- 
din-2(1H)-one (3) was obtained 2.2 g (80%) of 9, sublimed a t  
240' (1 p )  and crystallized from glacial acetic acid: mp 350"; 
uv max 236 rim (e 27,600), 246 (26,700); nnir 6 7.5 (d, J = 10 
Hz,  C-3 H) ,  8.3 (d, J = 10 Hz, C-4 H), 7.8 ( s ,  C-5 H) ,  9.0 (5, 

Anal. Calcd for C B H & 2 0 2 :  C, 59.3; H ,  3.7; N,  17.3. 
Found: 

1,2,5,6-Tetrahydro-l$naphthyridine-2,6-dione (20) was 
prepared followiug the same procedure used for the synthesis of 
the hexahydro derivative 8. From 3 g of 6-methoxy-l,5-naph- 
thyridiii-2(lH)-oiie (13) was obtained 2.3 g (837,) of 20, sub- 
limed at 240" (1 p )  and crystallized from trifluoroacetic acid- 
water: mp dec above 350'; nmr 6 7.6 (d, J = 10 He, C-3 II and 
C-7 H) ,  8.4 (d, J = 10 IIz, C-4 H aiid C-8 H). 

cis-Decahydro- 1,7-naphthyridine-2,6-dione (10) .-1,2,6,7- 
Tetrahydro-1,7-naphthyridiiie-2,6-dione (9) (2 g) was dissolved 
in +>0 ml of glacial acetic acid and reduced during 72 hr a t  Ti0 psi 
with hydrogeii over a mixture of 0.5 g of platinum oxide and 0.5 
g of 10% palladium 011 charcoal. The catalyst was filtered and 
washed with glacial acetic acid, and the filtrates were evaporated 
to dryiiess in vacuo at ,50'. The crystalline residue was sublimed 
(230", 1 p )  mid crystallized fromethaiiol-water giving 2.1 g (807,) 
of 10: mp 285"; ir 3230 (NH), 1690 (CO), 1660 cm-l (CO); 
nmr 6 2.2 (b, 2, C-4 HZ), 3.0 (b, 5, C-3 HZ, C-5 H Z  aiid C-4a II),  
4.2 (b, C-8 H I ) ,  4.4 (s, 1, C-8a H).  

Anal. Calcd for CBH~IO~NP:  C, 57.1; H ,  7.1; N ,  16.6. 
Found: 

cis-Decahydro-l,5-naphthyridine-2,6-dione (2 1) was prepared 
following the same technique used for the synthesis of cis-deca- 
hydro-1,7-1iaphthyridine-2,6-dione (10). From 2 g of 1,2,5,6- 
tetrahydro-1,5-naphthyridiiie-2,6-dione (20) was obtained, after 
sublimation (280', 1 p )  aiid crystallization from ethaiiol-water, 
2.2 g (81%) of 21: mp dec above 350; ir 3220 (NI€) ,  1640-1660 
cm-l (CO); nmr 6 2.5 (b, 4, C-3 HP and C-7 ITz), 2.9 (b, 4, C-4 
T-Tz aiid C-S ITI), 4.4 (s, 2, > CH). 

Anal. Calcd for C8131202N2: C, 57.1; H, 7.1; N ,  16.6. 
Found: 

Diethyl meso-4,5-Diaminosuberate Dihydrochloride (23).- 
mes0-2,2'-Bi(pyrrolidiiie)-~5,3'-dione (22) (300 mg, sublimed at  
250°, 2 p )  was suspended iii 3 ml of 6 N hydrochloric acid and the 
solution heated wider reflrix for 12 hr. Evaporation in VUCUO left 
a residue which was dissolved in 5 ml of absolute ethanol saturated 
with hydrogeii chloride and left at 5" for 4S hr. Evaporation 
in vacuo at  30" left a residue which was crstallized from ethanol- 
ether giving 236 mg (40%) of 23: mp 160-162"; ir 1720 cm-1 
(CO ester); nmr 6 1.4 (t ,  6, CH2CH3), 2.5 (b, I I+CCH2),  3.0 
(b, -CHzCOzCzH,), 4.43 (9, 4, CHzCH3). 

Anal. Calcd for Cl21IzsOaT\TzClz: C,  43.4; 1.1, 7.8; N ,  8.4. 
Found: 

trans-Decahydro- 1,5-naphthyridine-2,6-dione (24) .-23 (150 
mg) was dissolved iii 5 ml of absolute ethanol, the p1-I was ad- 
justed t o  7.5 with potassium ethoxide, arid the suspeiision stirred 
at 5" for 12 hr. The solutioii was filtered, the filtrate was con- 
centrated to dryness, and the residue was sublimed at  300" and 
2 p,  giving 40 mg (937,) of 24: mp dec above 350'; ir 1655 cm-l 
(CO); rimr 6 2.3 (m, 4, C-3 HZ and C-7 HI), 3.0 (ni, 4, C-4 1 1 2  and 
C-8 H%),  3.S (m, 2, J = 10 Hz, -CH). 

Anal. Calcd for C B I ~ & N I :  C, 57.1; H,  7.2; K ,  16.6. 
Found: C, 67.1; H,7.2;  N ,  16.9. 

Diethyl rac-4,5-diaminosuberate dihydrochloride (26) was 
prepared following the technique described for the meso isomer 
23; From %500 mg of ra~-2,2'-bi(pyrrolidine)-5,5'-dione (25) was 
obtained 95 mg (200j0) of 26, mp 137-140'. 

C-9 H) .  

C, 59.4; IT, 3.8; N,  17.0. 

C, 56.9; H,7.2; N ,  16.6. 

C,  57.0; H, 7.3; N ,  16.6. 

C,43.S; H, 7.8; N,  8.4. 
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Anal. Calcd for C1~H2~0~N2C1~: C ,  43.4; H ,  7.8; N ,  8.4. 
Found: C,43.4; H ,  7.8; N ,  8.3.  

When equilibrated a t  pH 7.5 as described for 24, 26 afforded 
cis-decahydronaphthyridinedione 2 1 in 95% yield. 

Ethyl 3-Amino-6-oxohexahydropyridine-4-propionate Hydro- 
chloride (27).-Bislactam 10 (300 mg) was dissolved in 5 ml of 6 
N hydrochloric acid and the solution heated under reflux for 24 
hr. The same technique described previously for the synthesis 
of 23 was then followed and 223 mg (500?,) of 27 was obtained: 
mp 134-136'; ir 1690 (CO), 1740 cm-1 (CO ester); nmr 6 1.4 
(t, CHzCHs), 2.2 (b, C-3 He), 2.7 (m, CHZCH&02Et), 3.7 (b, 

Anal. Calcd for CloHlsN20&l: C, 47.9; H ,  7.6; N ,  11.2. 
Found: C,47.7; H,7.6; N ,  11.4. 

cis-Decahydro-1 $naphthyridine (28) .-cis-Decahydro- 1,5- 
naphthyridine-2,6-dione (2 1) (1.7 g) was slowly added with con- 
stant stirring to a suspension of 3 g of lithium aluminum hydride 
in 200 ml of tetrahydrofuran. The resulting mixture was heated 
at  reflux for 10 hr, and then 200 ml of water was added. The 
solution was adjusted to pH 12 with a concentrated sodium hy- 
droxide solution and extracted with five 50-ml portions of chloro- 

C-2 Hz), 4.4 (9, CHnCHa). 

form. The extract was dried (NaaSOd), concentrated, and dis- 
tilled giving 500 mg (50Oj,) of 28: bp 66' (0.25 mm) [lit.ll bp 55" 
(0.1 mm)] ; identical (ir, nmr, tlc) with a sample prepared by re- 
duction of 1,5-naphthyridine.11 

Anal. Calcd for C&Nz: C,  68.5; H I  11.5; N ,  20.0. 
Found: C, 68.6; H ,  11.5; N,  20.1. 
trans-Decahydro-l,5-naphthyridine (29) was obtained following 

the procedure described for the synthesis of 28. From 560 mg of 
24 was obtained 210 mg (45%) of 29: mp 176-177" (lit." mp 
177-178'); identical (ir, tlc, melting points, nmr) with a sample 
prepared by reduction of 1,5-naphthyridine.11 
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The rates of decarboxylation of 6-iiitro-2-pyridi1iecarboxylic, 6-chloro-2-pyridinecarboxylic, 6-bromo-2-pyr- 
idinecarboxylic, 2-pyridinecnrboxylic, 6-ncetamid0-2-pyridinecarboxylic, 6-methyl-2-pyridinecarboxylic, 6-me- 
thoxy-2-pyridiiiecarboxyli~, and 6-amino-2-pyridinecarboxylic acids in 3-nitrotoluene were determined. The 
AG* , AH*,  and AS* were then calculated. An examination of a linear free-energy plot of relative rates us. the u' 
constants suggested that the electron density on the ring nitrogen affects the AG+ of the reaction. The observa- 
tion that 6-methoxy and 6-acetamido groups decrease the rate of decarboxylatioii by a factor of 4 and 10, respec- 
tively, as compared to 6-amino and 6-methyl groups was indicative of a steric effect by the larger substituents. A 
mechanism is suggested which is consistent with the available data. 

Preliminary work has been done on the decarboxyla- 
tion of 2-pyridinecarboxylic acid in various solvents. 1-4 

All of these investigators have looked at the transition 
state and tried to deduce the structure of the interme- 
diate leading t o  the transition state. Different methods 
must be used to study the distribution of reactant other 
than those used to deduce the structure of the transition 
state. Thus, we have not tried to postulate that either 
I or I1 is the principal reactant but assumed that both 
are present and that a rapid equilibrium exists between 
the two reqctants (Scheme I). 

I I1 

Irrespective of which reactant leads to which transi- 
tion state, there are a total of three possible transition 
states, 111, IV, or V (Scheme 11). The electrical effects 

(1) I,. W. Clark, J .  Phvs. Chem.,  66, 125 (1962) .  
(2) L. W. Clark, i b i d . ,  69, 2277 ( lg65) .  
(3)  K. H. Cantvell and E. V .  Bronm, J. Amer.  Chem. Soc.,  74, 5967 

(1952). 
(4) K.  11. Cantwell and J3. V. I3rown, i b i d . ,  76, 4486 (1963). 

SCHEME I1 

tH 06- 

111 IV V 

in the three possible transition states are quite different. 
If transition states I11 or V lead predominantly to de- 
carboxylation, one would predict that  electron-with- 
drawing effects would stablize the transition state and 
lead to larger rate constants. 

If transition state IV were the one leading to prod- 
ucts, one would argue that there are opposing effects. 
In  one case electron withdrawal should increase the rate 
constants and in the other case decrease the rate con- 
stants. On close examination of IV, it can be seen tha t  
two events are occurring: (1) KH bond formation, and 
(2) CC bond cleavage. Wit>h these two events three 
possibilities exist: (a) CC bond cleavage is leading NH 
bond formation resulting in a developing negative 
charge on C-2 in the transition state, (b) CC bond cleav- 
age is lagging behind NH bond formation resulting in a 
developing positive charge on the ring nitrogen in the 
transition state, or (c) CC bond cleavage has progressed 
a t  an even rate with NH bond formation, resulting in 
no overall charge being developed on the ring in the 


