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Polyethereal macrocycles were prepared from both 2,6-dichloro-1,5-naphthyridine (2) and 2,7-dichloro-1,8- 
naphthyridine (6). The "cross-the-face" structures of 1:l macrocycles 7, derived from 2, were confirmed by NMR. 
The 2,7-(l,&naphthyridmo) macrocyclic structures 9 and 10 were also supported by NMR data which were indicative 
of diminished N-electron density, when compared to the parent 1,8-naphthyridine. Template reactions did not 
appreciably enhance product yields. The X-ray crystal structure of 1:l macrocycle 9b was conducted and showed 
that the imidate moieties possess a nearly 0' dihedral angle and that the naphthyridine subunit exhibits marginal 
deviation from planarity. 

During our recent studies in the synthesis of hetero- 
macrocycles,2 we have evaluated macroligands containing 
2,6-~yridino,~ 2,4-~yrimidino,~ 2,6-~yrazino,~ and 3,6-di- 
azino6 groups in order to ascertain a better molecular 
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picture of multifunctional cyclic ligands. The successful 
inclusion of a site-localized complexing region within a 
macroligand has recently been r e p ~ r t e d ; ~ ~ '  however, these 
subunits have been limited generally to a bis(Schiff base) 
moiety, best represented by 1. In view of the limited 

(7) Newkome, G. R.; Kohli, D. K.; Fronczek, F. J. Chem. SOC., Chem. 
Commun. 1980,9. Drew, M. G. B.; McFall, S. G.; Nelson, S. M.; Waters, 
C. P. J. Chem. Res. Synop. 1979,16; J. Chem. Res., Miniprint 1979,0360. 
Cook, D. H.; Fenton, D. E.; Drew, M. G. B.; Rodgers, A.; McCann, M, 
Nelson, S. M. J. Chem. SOC., Dalton Trans. 1979,414. Drew, M. G. B.; 
Rodgers, A.; McCann, M.; Nelson, S. M. J. Chem. SOC., Chem. Commun. 
1978. 415. 

0 1981 American Chemical Societv 



834 J .  Org. Chem., Vol. 46, No. 5, 1981 

Scheme I11 

Newkome et al. 

5 

a Isolated yields. 

examples of naphthyridine complexes,8 the nonexistence 
of macrocycles containing a naphthyridino subunit,2 and 
the practical application as medicinals! we herein report 
syntheses, spectral studies, and X-ray data of macrocycles 
possessing either a 1,8- or 1,5-naphthyridino moiety. 

Synthesis of Naphthyridine Starting Materials. A. 
2,6-Dichloro-1,5-naphthyridine (2). Hartlo initially 
prepared 2 from 1,5-naphthyridine di-N-oxide (3) upon 
treatment with phosphorus oxychloride, whereas equally 
attractive routes have been employed such as the treat- 
ment of 1,5-dimethyl-1,5-naphthyridine-2,6(1H,5H-dione 
with a mixture of phosphorus pentachloride and phos- 
phorus oxychloride" and the reaction of 2-hydroxy-1,5- 
naphthyridine 5-oxide12 under Hart's conditions.1° In view 
of the differing physical properties reported for 2,11-13 the 
authenticity of 2 was recently e~tab1ished.l~ Repetition 
of Hart's procedure (Scheme I) has afforded (36%) 2, 
which conforms to the desired physical and spectral data. 

B. 2,7-Dichloro- 1,8-naphthyridine. Treatment of 
2,6-diaminopyridine with malic acid in concentrated sul- 
furic acid gave (97%) 2-amino-7-hydroxy-l,8- 
naphthyridine (4),15 which was diazotized with sodium 
nitrite in concentrated sulfuric acid to give (87%) 2,7- 
dihydroxy-1,8-naphthyridine (5).16 Upon treatment of 5 
with refluxing phosphorus oxychloride and phosphorus 
pentachloride for 2 h, the desired 6 was isolated in 81% 
yield (Scheme 11). The NMR spectrum of 6 showed an 
anticipated AB pattern with doublets a t  6 7.5 and 8.1 for 
the H-3,6 and H-4,5 protons, respectively. 

2,6-( 1,5-Naphthyridino) Macrocycles. Reaction of 
2,6-dichloro-1,5-naphthyridine (2) with the dianion, gen- 
erated from anhydrous hexaethylene glycol and 2 equiv 
of sodium hydride, afforded the desired 1:l macrocycle 7a 
as well as the 2:2 compound 8a. Scheme I11 indicates 
isolated percentages. Numerous open-chain compounds 
were detected but not characterized further since they were 
deemed similar to those previously isolated.3c Reactions 
of 2 with hexa- to diethylene glycols were conducted, in 
which 1:l macrocycles 7a,b were isolated only from hexa- 
and pentaethylene glycols, respectively, whereas 2:2 
macrocycles 8a-e were isolated from the respective reac- 

(8) Staniewicz, R. J.; Hendricker, D. G. J .  Am. Chem. SOC. 1977, 99, 
6581. Cavanaugh, M. A.; Cappo, V. M.; Alexander, C. J.; Good, M. L. 
Znorg. Chem. 1976, 15, 2615, and references cited therein. Mealli, C.; 
Sacconi, L. Acta Crystallogr., Sect. B 1977, B33, 710. 

(9) Paudler, W. W.; Kress, T. J. Adu. Heterocycl. Chem. 1970,Il, 123. 
(IO) Hart, E. P. J.  Chem. SOC. 1954, 1879. 
(11) Brown, E. V.; Plasz, A. C. J.  Org. Chem. 1971, 36, 1331. 
(12) Titkova, R. M.; Elina, A. S.; Kostyuchenko, N. P. Khim. Geter- 

(13) Frydman, B.; Los, M.; Rapoport, H. J .  Org. Chem. 1971,36,450. 
(14) Newkome, G. R.; Garbis, S. J. J.  Heterocycl. Chem. 1978,15,685. 
(15) Carboni, S.; DaSettino, A.; Pirisino, G. Ann. Chim. (Rome) 1964, 

(16) Carboni, S.; DaSettino, A.; Ferrarini, L. G a t t .  Chim. Ital. 1965, 

otsrkl. Soedin. 1972, 1237. 

54, 883. 

95, 1492. 

'3.7 

s 

Y 

P 

Figure 1. 200-MHz 'H NMR spectrum of 7a in CDzClz at 40 
"C. 

tions. Inspection of the space-filling CPK models of 7c 
supports the fact that the 13-membered bridge is too short 
to span the 2,6-poaitions of the naphthyridine nucleus only 
when the restrictive, near-zero, dihedral angle caused by 
the imidate moietyI7 is imposed. Therefore the bridging 
distance is not to be considered between the two a-posi- 
tions (fmt atoms from the subheterocyclic unit) but rather 
between the two @-bridge positions.18 Without this con- 
straint, dictated by the presence of the two imidate groups, 
the tetraethylene glycol (13-membered) bridge may be 
constructable, for example, in the 2,6-bridging of the re- 
lated naphthalene nucleus. 

The structures of these C,O-macrocycles were confirmed 
by molecular weight determinations (mass spectrometry 
and/or osmometry) and 'H NMR spectroscopy. The 3- 
(7),4(8)-naphthyridine hydrogens appear as doublets (J = 
9 Hz) a t  6 7.0-7.1 and 7.6-8.6, respectively. The bridging 
methylenes in 7 possess varying degrees of ring anisotropy 
as the bridge spans the face of the naphthyridine subunit. 
Figure 1 shows the separation of the different methylenes 
by ring-current proximity. The corresponding 2:2 mac- 
rocycles 8 show considerably less discrimination between 
the various methylenes, since they are not subjected to the 
effects of the ring currents. Further evidence for the ex- 
istence of the bridged conformation in 7 was derived from 
variable-temperature NMR. At -80 "C, the 2-methylene 
proton signal coalesced, indicative of a specific confor- 
mation imposed by the rigidity of the nonmobile bridging 
glycol moiety, very similar to that recently demonstrated 
in the 2,2'-dipyridyl s e r i e ~ . ~ ~ J ~  The imidate moiety also 
imposes an additional spanning di~tance.~' The E -  and 
&CHz protons exhibit a shielding of 1.4 ppm caused by 
their direct juxtaposition to the naphthyridine ring current. 
Recently similar bridging discrimination of the methylene 
groups caused by the magnetically anisotropic benzenelg 
and naphthalene20 groups has been reported. The P,r- 
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Figure 2. 200-MHz ‘H NMR spectrum of 9b in CDzClz at 40 
“C with 0-3% added Eu(fod)3. 

methylene protons showed a deshielding of 0.7 ppm at  -80 
“C, which further indicates that these protons are more 
nearly coplanar with the aromatic nucleus. 

2,7-( l,&Naphthyridino) Macrocycles. The reaction 
of 6 with various dianions of polyethylene glycols was 
conducted in a similar fashion to that described above. 
Three new 1:l macrocycles, 9a-c, were isolated and 
characterized. (Scheme IV indicates the isolated per- 
centages.) The supportive NMR data of 9a-c for the 
macrocyclic structure are the doublets (J  = 9 Hz) at 6 
6.7-7.0 and 7.7-7.8 for the H-3,6 and H-4,5 protons, re- 
spectively (see Figure 2). The bridging methylenes are 
less clearly separated [S 4.7 (a), 3.8-3.2 (0-5)] due to the 
lack of proximal ring current. The orthogonal N-electron 
density is lessened in magnitude due to their inclusion in 
the imidate moiety. In order to ascertain the site of ion 
complexation, E ~ ( f o d ) ~  shift reagent was added to 9b. 
From the downfield shift of the spike for the t-methylene 
protons, the shift reagent is predominantly associated with 
the central region of the polyethereal bridge and not with 
the naphthyridine nucleus. 

Attempts to increase the yields of macrocyclic products 
were made by templation about a transition-metal cation. 
Slight increases (ca. 5 % )  were realized, but these minor 
increases could not be attributed exclusively to the usage 
of the metal ion. 

Open-chain compounds 11 were also isolated from these 
reactions. Since the IR spectrum of 6 contained an ab- 
sorption band at 748 cm-’ for the C-C1 vibrational mode, 
which was not present in the parent 1,gnaphthyridine or 
macrocyclic derivatives, the presence of the absorption at 
750 f 10 cm-’ in these 2:l compounds supports the pres- 
ence of the C-C1 bond. Further spectral support was 
provided by mass and NMR spectroscopic data. The 
NMR spectrum of 11 shows two close doublet of doublets 
a t  6 6.55 and 6.59-6.65 for the H-3 and H-6 protons, re- 
spectively; the unsymmetrical nature of the ring and the 
complexity of the NMR spectrum further substantiate 
monooxygen substitution. 

There were no 2:2 macrocyclic products, e.g., 10, isolated 
when our xylene procedure3 was used; however, when 
N,N-dimethylformamide (DMF) was utilized, not only the 
1:l macrocycles were isolated but also the desired 2:2 

Figure 3. Perspective drawing of macrocycle 9b. Nonhydrogen 
atoms are represented by thermal ellipsoids drawn at the 30% 
probability level, and hydrogen atoms are drawn as spheres of 
arbitrary radius. 

macrocycles were realized. The NMR data for lOd,e show 
an anticipated symmetrical pattern for the naphthyridine 
subunits. Furthermore, the trimer 12 was isolated and 
characterized from the reaction of 6 with sodium di- 
ethylene glycolate. 

In order to ascertain the dimensions of these cavities and 
the actual hindrance to the naphthyridine N electrons, we 

Figure 4. Average interatomic distances and numbering scheme. 
Standard deviations in individual distances are about 0.008 8, 
within the naphthyridyl subunit and from 0.008 to 0.012 8, within 
the polyethereal bridge. Where distances differ by more than 
20 between the two independent molecules, both are given. 

Figure 5. Average bond angles. Standard deviations are about 
0.44.6’. Both angles are given if they differ by more than 2a. 

determined the X-ray crystal structure of 9b. Two inde- 
pendent molecules exist in the asymmetric unit of the 
crystal. One is illustrated in Figure 3; average interatomic 
distances and average angles are given in Figures 4 and 
5, respectively. Two distinct molecules lie in almost 
identical orientations with respect to the crystal axes and 
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(Figure 2)  indicated a reduced electron density for the 
N lone pairs due to their inclusion in the imidate moiety. 
Such reduced N-electron density has also been observed 
in polyethereal, substituted pyridine and bipyridylsa3 The 
twisting of naphthyridine also cam the central bond (e.g., 
C9-C10) to  be lenghthened relative to the two bonds 
parallel to it.21 Compound 9b showed no such lenghth- 
ening. In  general, the  naphthyridyl subunit of 9b more 
closely exhibits the pattern of lengths expected from a 
hybrid of the three naphthalene-like  structure^^ than does 
naphthyridine. 

Experimental Section 
General Comments. All melting pointa were taken in capillary 

tubes with a Thomas-Hoover Uni-Melt apparatus and are un- 
corrected. IR spectra were measured on a Perkin-Elmer 621 
grating spectrophotometer, and the UV spectra were recorded 
on a Cary 14 spectrophotometer. Unless otherwise noted, NMR 
spectra were obtained in CDC1, solutions with Me,Si as the in- 
ternai standard (6 0) and recorded on either a Varian Associates 
A-60A or Bruker WP 200. Low-temperature (+40 to -80 "C) 
NMR studies were conducted in CD2C12, whereas with the 
high-temperature range (40-100 "C), perchlorobutadiene was used. 
Mass spectral data were measured on a Hitachi Perkin-Elmer 
RMS-4 mass spectrometer by Mr. J. Murphy or on a Hewlett- 
Packard Model 5985 GC/MS spectrometer by Mr. D. Patterson. 
Elemental analyses were performed by Mr. R. L. Seab in these 
laboratories. 

The recorded R, values were determined by a standardized 
thin-layer chromatography (TLC) procedure: 0.25-mm Brink- 
mann silica gel HF-254+366 plates eluting with the stipulated 
solvents. For preparative thick layer chromatography (ThLC), 
2-mm Brinkmann silica gel P/UV-254-366 or aluminum oxide 
(Type T) HF-254366 plates were used. Xylene was distilled from 
sodium wire under a nitrogen atmosphere, while DMF was purified 
by specific conditioning to retard cyanide formation.% Sodium 
hydride (57% oil dispersion) was washed with anhydrous pe- 
troleum ether (bp 30-60 "C) and then dried in vacuo prior to the 
reaction. Ethylene glycol and di-, tri-, and tetraethylene glycols 
were purchased from Aldrich Chemical Co., whereas penta- and 
hexaethylene glycolsB were purchased from Columbia Organic 
Chemicals, Inc. 

1 3-Naphthyridine Series. 2,6-Dichloro- l$napht hyridine 
(2) was prepared from 1,5-naphthyridine in 35% yield by a 
previously described pro~edure;'~ mp 250-251 "C. 

Reaction of 2,6-Dichloro-1,5-naphthyridine (2) with 
Hexaethylene Glycol. General Macrocyclic Preparation. 
Under a nitrogen atmosphere an oil suspension of sodium hydride 
(120 mg) was washed with anhydrous hexane (75 mL) and then 
dried in vacuo. Sodium-dried xylene (100 mL) was added, the 
mixture was stirred 10 min, and then hexaethylene glycol (370 
mg, 1.3 "01) was added carefully. The suspension was stirred 
for 1 h, and then 2 (250 mg, 1.3 "01) was added with additional 
xylene (100 mL). The mixture was refluxed for 24 h under a 
nitrogen atmosphere. After the mixture cooled, the e x m  sodium 
hydride was carefully hydrolyzed with water (75 mL). The water 
layer was extracted with dichloromethane (3 X 50 mL). The 
combined organic layers were dried over anhydrous magnesium 
sulfate and concentrated in vacuo to afford a yellow paste, which 
was chromatographed (ThLC) by eluting with cyclohexane-ethyl 
acetate (1:l) to give two major fractions. 

Fraction A was recrystallized from absolute ethanol to give 
7a: white needlelike crystals; mp 125-125.5 "C; yield 320 mg; 

4 H), 3.46 (m, 6-CH2, 4 H), 3.65 (m, 4 H 2 ,  4 H), 3.91 (m, @-CH2, 
4 H), 4.78 (m, a-CH2, 4 H), 7.09 (d, 3,7-Naph H, J = 9Hz, 2 H), 

NMR 6 2.98 (t, &CHz, J = 4 Hz, 4 H), 3.15 (t, t-CH2, J = 4 Hz, 

Scheme IV 

CI mcl- 9 mo + 

0 0 

Isolated yields. 

have very similar conformations. The  only substantial 
differences in conformation exist in the portion of the 
polyethereal bridge between 0 4  and 06 ,  which is also the 
only portion of the molecule in which statistically signif- 
icant differences in distances and angles exist between the 
primed and unprimed molecules. The  16-atom bridge is 
apparently quite flexible and subject to  quite subtle 
packing effects. 

Subst i tut ion of t h e  polyethereal bridge t o  the  
naphthyridyl moiety (the imidate group) is in all cases 
essentially cis to  the nitrogen atom. Torsion angle N1- 
C2-014211 is 3.8' and N8-C7-064220 is 0.2O. The  cor- 
responding values for t he  primed molecule are 6.7O and 
-1.8', respectively. This conformation is universally found 
in N-heterocycles, e.g., pyridine, pyrimidine, substituted 
by an a-oxygen atom ortho to  the N a tom.3~~m~oJ '~4  

The  1,8-naphthyridyl fragment exhibits marked struc- 
tural differences from the parent l,&naphthyridine,2l 
many of which can be understood as consequences of the 
polyethereal disubstitution. 1,8-Naphthyridine has a 
clearly nonplanar, twisted structure, in which the two 
nitrogen atoms lie on opposite sides of the best plane of 
t he  molecule. The  N-C-N angle in l,&naphthyridine is 
115.3 (2)', which is significantly larger than the corre- 
sponding angle found in complexed n a p h t h y r i d i n e ~ . ~ ~ ~ ~ ~  
These facts have been rationalized in terms of repulsion 
between the nitrogen lone-pair electrons. The  naphthy- 
ridyl fragment of 9b does not have the twisted structure 
of the parent molecule bu t  exhibits only marginally sig- 
nificant deviations from planarity. The  Nl-C9-N8 angle 
has an average value of 113.0 (5)'. Both of these geome- 
trical features coupled with the lanthanide shift studies 

(21) Clearfield, A,; Simms, J. J.; Singh, P. Acta Crystallogr., Sect. E 

(22) Singh, P.; Clearfield, A.; Bemal, I. J. ACS Monogr. 1971, No. 168, 
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1972, B28, 350. 

167. 
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University Press: Ithaca, NY, 1960, pp 200-201. 

(25) Trisler, J. C.; Freaeier, B. F.; Wu, S.-M. Tetrahedron Lett. 1974, 
687. Newkome, G. R.; Robinson, J. M. Ibid. 1974,691. 
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7.98 (d, 4,8-Naph H, J = 9 Hz, 2 H); IR (KBr) 1620,1340,1260, 
1170 cm-'; UV (EtOH) A,, 344 nm (t 2.0 X lo'), 336 (1.7 X lo4), 
329 (2.0 X lo4), 316 (1.3 X lo4), 241 (1.8 X lo4); mass spectrum, 
m/e (assignment, relative intensity) 408 (M+, 53), 300 (C1BHpN204, 
301,256 (Ci4Hi&?03,32), 208 (Ci&izNzOs,90), 194 (CidizNzOz, 

Anal. Calcd for C&&1207: C, 58.58, H, 6.86; N, 6.86. Found 
C, 58.72; H, 6.88; N, 6.68. 

Fraction B was recrystallized from absolute ethanol to afford 
8a: white microcrystals; mp 87-88.5 "C; yield 21 mg; NMR 6 3.68 
(m, [-, y-CH2, 32 H), 3.96 (m, j3-CHz, 8 H), 4.59 (m, a-CH2,8 H), 
7.03 (d, 3,7-Naph H, J = 9 Hz, 4 H), 7.94 (d, 4,8-Naph H, J = 
9 Hz, 4 H); mass spectrum, m / e  (relative intensity) 816 (M+, 14), 
704 (ll), 680 (20), 560 (37), 404 (M+/2,64), 300 (C&a2O4,18), 
194 (CioHizNzOz, 231,160 (CBHINZOZ, 100). 
Anal. Calcd for c&&&o14: C, 58.58; H, 6.86, N, 6.86. Found 

C, 58.75; H, 6.88; N, 6.70. 
Reaction of 2,6-Dichloro-l,li-naphthyridine with Penta- 

ethylene Glycol. The above general procedure was used except 
for the substitution of pentaethylene glycol (600 mg, 2.5 mmol), 
and the following two major macrocyclic fractions were isolated. 

Fraction A was recrystallized from absolute ethanol to afford 
7b: colorless needlelike crystals; mp 94-95 "C; yield 100 mg; R, 
0.5; NMR 6 2.65 (8,  t-CH2, 4 H), 3.44 (m, y-, 6-CHz, 8 H), 3.83 
(m, P-CHz, 4 H), 4.95 (m, a-CH2, 4 H), 7.11 (d, 3,7-Naph H, J = 
9 Hz, 2 H), 8.03 (d, 4,8-Naph H, J = 9 Hz, 2 H); IR (KBr) 1610, 
1520,1250,1140 cm-'; UV (EtOH) A, 345 nm (e 2.3 X lo4), 337 
(2.0 X lo4), 330 (2.4 X lo4), 317 (1.4 X lo'), 242 (2.2 X lo4); mass 
spectrum, m/e (relative intensity) 364 (M+, 6.2), 216 (5.2), 180 
(ci&8Nzo3,57), 160 (C84NzOz,20), 128 (c&& 41944 (CzH@, 
100). 

Anal. Calcd for C1&24Nz0,j: C, 59.37; H, 6.59; N, 7.69. Found 
C, 59.10; H, 6.88; N, 7.52. 

Fraction B was recrystallized from absolute ethanol to give 
8b: white microcrystals; mp 101-103 "C; yield 250 mg; R, 0.13; 
NMR 6 3.5-4.1 (m, j3-, e-CHz, 32 H), 4.6 (t, a-CH2, J = 8 Hz, 8 
H), 7.0 (d, 3,7-Naph H, J = 9 Hz, 4 H), 7.9 (d, 4,&Naph H, J = 
9 Hz, 2 H); IR (KBr) 1630,1510,1280,1130 cm-'; UV (EtOH) 
A,, 340 (c 6.5 X lo4), 332 (5.2 X lo4), 325 (6.7 X lo4), 319 (4.7 
X le), 312 (3.9 X lo4), 300 (2 X 104); mass spectrum, m/e (relative 
intensity) 728 (M+, 32), 568 (24), 408 (27), 364 (M+/2, 100), 336 
(36), 320 (86), 276 (73), 248 (96), 232 (95), 160 (14). 

Anal. Calcd for C36H48N4012: C, 59.39; H, 6.59; N, 7.69. Found 
C, 59.67; H, 6.64; N, 7.39. 

Reaction of 2,6-Dichloro-l,I-napht hyridine with Tetra- 
ethylene Glycol. The general procedure was followed except 
for the substitution of tetraethylene glycol (490 mg, 2.5 mmol). 
After the workup, the xylene layer gave one major macrocycle 
fraction which was recrystallized from absolute ethanol to afford 
8c: white microcrystals; mp 153-153.5 "C; yield 390 mg; R, 0.18; 
NMR 8 3.73 (s, y-, 6-CHz, 16 H), 3.92 (m,j3-CHz,8 H), 4.54 (m, 
a-CHz, 8 H), 6.97 (d, 3,7-Naph H, J = 9 Hz, 4 H), 7.80 (d, 4,&Naph 
H, J = 9 Hz, 4 H); IR (KBr) 1620,1550,1340,1280,1150 cm-'; 
UV (EtOH) A,, 340 (c 4 X lo4), 325 (4 X lo4), 317 (2.9 X lo4), 
311 (2.9 X lo4), 266 (3.5 X lo4); mass spectrum, m/e (relative 
intensity) 640 (M+, 86), 596 (19), 320 (M+/2,43), 232 (C12H12N203, 

Anal. Calcd for c32H&o1,$ C, 60.00; H, 6.24; N, 8.75. Found: 
C, 59.88; H, 6.47; N, 8.61. 

Reaction of 2,6-Dichloro-1,5-naphthyridine with Tri- 
ethylene Glycols. The general procedure was followed except 
for the substitution of triethylene glycol (200 mg, 1.5 "01). After 
the workup, the organic layer gave one major macrocyclic fraction, 
which was recrystallized from absolute ethanol to afford 8d as 
a white microcrystal: mp 215-216 "C; 140 mg; R, 0.16; NMR 6 
3.74 (s, y-CH,, 8 H), 3.88 (m, j3-CH2, 8 H), 4.58 (m, a-CH2, 8 H), 
7.01 (d, 3,7-Naph H, J = 9 Hz, 4 H), 7.91 (d, 4,8-Naph H, J = 
9 Hz, 4 H); IR (KBr) 1630,1560,1290,1150 cm-l; mass spectrum, 
m / e  (relative intensity) 276 (M+/2,43), 232 (3), 204 (CJ&&O3, 
78), 160 (C8H4N2OZ, loo), 128 (C8H4N2, 30). Anal. Calcd for 

N, 9.99. 
Reaction of 2,6-Dichloro-l,5-naphthyridine with Di- 

ethylene Glycol. The general procedure was followed except 
for the substitution of diethylene glycol (140 mg, 1.3 "01). After 
the workup, the organic layer gave one major cyclic fraction, which 

80), 160 (CBH4N202,100). 

15), 204 (C10H~N203, loo), 160 (C&4Nz02,93), 128 (C&Nz, 24). 

Ca32N408: C, 60.50; H, 5.80; N, 10.20. Found C, 60.20; H, 5.64; 
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was recrystaked from a h l u t e  ethanol to give 8e as microcrystak 
mp 133-134 "C; 20 mg; R 0.14; NMR 6 3.88 (m, j3-CHz, 8 H), 4.60 
(m, a-CH2, 8 H), 7.01 (d, 3,7-Naph H, J = 9 Hz, 4 H), 7.91 (d, 
4,8-Naph H, J = 9 Hz, 4 H); IR (CHC13) 1610,1430,1230,1150 
cm-'; mass spectrum, m / e  (relative intensity) 232 (M+/2,64), 188 

Anal. Calcd for C&I&08: C, 62.10; H, 5.17; N, 12.10. Found 
C, 61.98; H, 5.27; N, 11.93. 

1,8-Naphthyridine Series. 2,7-Dichloro-l,&naphthyridine 
(6). A. 2-Amino-7-hydroxy-l&naphthyridine (4). Malic acid 
(3.0 g, 22 mmol) and 2,6-diaminopyridine (2.2 g, 20 "01) were 
ground to an intimate powder and cooled in an ice bath, and then 
concentrated sulfuric acid (10 mL) was added dropwise. The 
solution was heated to 110 "C for 2-3 h, poured over ice, and made 
alkaline with concentrated ammonium hydroxide (pH 8). 2- 
Amino-7-hydroxy-l,&naphthyridine was isolated mp >350 O C  

(lit.16 mp >360 "C); yield 3.52 g (97%); NMR (MeaO-dd 6 6.12 
(d, 3-Naph H, J = 9 Hz, 1 H), 6.35 (d, 6-Naph H, J = 9 Hz, 1 
H), 6.94 (8, NH2, 2 H), 7.65 (d, 4,5-Naph H, J = 9 Hz, 2 H). 
B. 2,7-Dihydroxy-1,8-naphthyridine (5). 2-Amino-7- 

hydroxy-l,&naphthyridine (4.7 g, 29 mmol) was ground to a fine 
powder and added to concentrated sulfuric acid (40 mL), and then 
sodium nitrite (2.4 g) was added. The mixture was allowed to 
stand for 5 min, poured over crushed ice, and allowed to stand 
for 10 min. Excess sodium nitrite was neutralized with sodium 
carbonate, and then the solution was acidified with glacial acetic 
acid (pH 3), giving 5 as a pale green powder: mp 321-323 "C 
mp 320-330 "C); yield 4.1 g (87%); NMR (Me$O-ds) 6 3.15 (m, 
OH, 2 H), 6.25 (d, 3,6-Naph H, J = 9 Hz, 2 H), 7.75 (d, 4,5-Naph 
H, J = 9 Hz, 2 H). 
C. 2,7-Dichloro-1,8-naphthyridine (6). A mixture of 2,7- 

dihydroxy-l,&naphthyridine (500 mg, 3.1 mmol), phosphorus 
pentachloride (1.25 g, 6 mmol), and phosphorus oxychloride (1.12 
g, 7 mmol) was refluxed for 2 h, ice was carefully added, and the 
solution was made alkaline with sodium carbonate. A brown 
precipitate was collected and recrystallized from acetone to give 
6: a white powder; sublimation point 258 "C (litale sublimation 
point 259 "C); yield 500 mg (81%); NMR 6 7.5 (d, 3,5-Naph H, 
J = 9 Hz, 2 H), 8.1 (d, 4,5-Naph H, J = 9 Hz, 2 H). 

Reaction of 2,7-Dichloro-l,8-naphthyridine (6) with 
Hexaethylene Glycol. General l,&Macrocyclic Procedure. 
Sodium-dried xylene (600 mL) was added to the oil-free sodium 
hydride, the mixture was stirred for 10 min, and then hexaethylene 
glycol (1.5 g, 5.2 mmol) was added. After 30 min, 6 (1.0 g, 5.2 
mmol) was added in additional xylene (150 mL). The resultant 
mixture was refluxed for 24 h and cooled to 25 "C, and the excess 
sodium hydride was hydrolyzed with water (150 7L). The aqueous 
layer was extracted with dichloromethane (3 X 50 mL). The 
combined halocarbon extract was dried over anhydrous magne- 
sium sulfate and concentrated in vacuo to afford a yellow oil, which 
was chromatographed (ThLC) by eluting twice with an ethyl 
acetate-cyclohexane (4:l) mixture to afford lla: white micro- 
crystals; mp 98-100 "C [benzene-cyclohexane (1:1)]; yield 35 mg; 
R, 0.19; NMR 6 3.6-4.0 (m, j3-, [-CHz, 18 H), 4.5 (t, a-CHz, J = 
5 Hz, 4 H), 6.55 (d, 3-Naph H, J = 10 Hz, 2 H), 6.6 (d, 6-Naph 
H, J = 8 Hz, 2 H), 7.6 (d, 4-Naph H, J = 10 Hz, 2 H), 7.7 (d, 
5-Naph H, J = 8 Hz, 2 H); IR (KBr) 3500,1540,1350,1120 cm-'. 

Anal. Calcd for C28H32N407C12: C, 55.35; H, 5.27; N, 9.23. 
Found C, 55.04; H, 5.35; N, 9.50. 

After the workup, the water layer gave a brown oil, which was 
chromatographed (ThLC) by eluting twice with ethyl acetate- 
cyclohexane (4:l) to give 9a: colorless crystals; mp 73.5-75 "C; 
yield 306 mg; R, 0.35; NMR 6 3.49 (s, [-, y-CH2, 8 H), 3.79 (m, 

J = 5 Hz, 4 H), 6.84 (d, 3,6-Naph H, J = 9 Hz, 2 H), 7.91 (d, 
4,5-Naph H, J = 9 Hz, 2 H); IR (CHClJ 1640,1530,1220,1050 
cm-'; UV (EtOH) A,, 326 nm (e 2.5 X lo4), 318 (1.8 X lo4), 313 
(1.8 X lo4), 299 (1.3 X lo4), 251 (5 X lo4); mass spectrum, m / e  

96), 160 (C84N2O2, 100). Anal. Calcd for C&azO7: C, 58.62; 
H, 6.86; N, 6.86. Found: C, 58.73; H, 6.99; N, 6.73. 

Reaction of 2,7-Dichloro-l,&naphthyridine with Penta- 
ethylene Glycol. The general 1,8-naphthyridine procedure was 
followed except for the substitution of pentaethylene glycol (1.2 
g, 5.2 mmol). After the workup, the xylene layer gave a yellow 
oil, which was chromatographed (ThLC) by eluting once with ethyl 

(CioHeNz02,W, 160 (CBHINZOZ, 1001, 128 (CsH& 36). 

7-, 6-CH2, 8 H), 3.95 (t, P-CHZ, J = 5 Hz, 4 H), 4.84 (t, (Y-CHZ, 

404 (M', 39), 364 (31), 320 (26), 276 (21), 232 (35), 204 (Cl&a203, 
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acetate-cyclohexane (5:l) to give 9b: white microcrystals; mp 
77-78 "C [diethyl ether-hexane (3:1)]; yield 360 mg; Rf 0.45; NMR 
6 3.39 (s, t-CH2, 4 H), 3.52 (m, 6-CHz,4 H), 3.79 (m,y-CH,, 4 H), 

6.86 (d, 3,6-Naph H, J = 9 Hz, 2 H), 7.89 (d, 4,5-Naph H, J = 
9 Hz, 2 H); IR (CHC13) 1630, 1520, 1350, 1250, 1050 cm-'; UV 
(EtOH) A,, 325 ( t  1.5 x lo4), 319 (1.1 X lo4), 311 (7.3 X lo3), 
294 (7.3 X lo3), 254 (7.3 X lo3); mass spectrum, m / e  (relative 
intensity) 364 (M', 28), 320 (38), 276 (17), 232 (33), 188 (96), 160 
(CsH~Nzoz, 200). 

Anal. Calcd for C1&24N206: C, 59.37; H, 6.59; H, 7.69. Found 
C, 59.62; H, 6.81; N, 7.64. 

The water layer gave a yellow oil, which was chromatographed 
(ThLC) by eluting twice with ethyl acetate to give l lb:  white 
needles; mp 101-103 "C [benzenwyclohexane (1:1)]; yield 22 mg; 
R, 0.16; NMR 6 3.5-4.0 (m, p-, c-CHz, 16 H), 4.6 (t, a-CH2, J = 
4 Hz,4 H), 6.57 (d, 3-Naph H , J  = 9.5 Hz, 2 H),6.62 (d,6-Naph 
H, J = 8 Hz, 2 H), 7.60 (d, 4-Naph H, J = 9.5 Hz, 2 H), 7.69 (d, 
5-Naph H, J = 8 Hz, 2 H); IR (KBr) 1640,1340,1230,1110 cm-'; 
UV (EtOH) A,, 341 nm ( t  1.1 X lo4), 328 (1.5 X lo4), 315 (9.8 
X lo3), 307 (6.2 X lo3), 299 (4.1 X lo3). 

Anal. Calcd for C2BH28N406C12: C, 55.42; H, 4.97; N, 9.95. 
Found: C, 55.22; H, 4.88; N, 9.83. 

Reaction of 2,7-Dichloro- 1,8-naphthyridine with Tetra- 
ethylene Glycol. The general l&naphthyridine procedure was 
followed except for the substitution of tetraethylene glycol (1.0 
g, 5.1 mmol). The xylene layer afforded an oil, which was 
chromatographed (ThLC) by eluting twice with ethyl acetate to 
give 1Oc: mp 65-67 "C [diethyl ether-hexane (3:1)]; yield 37 mg; 

3.94 (t, p-CHZ, J = 5 Hz, 4 H), 4.87 (t, a-CH2, J = 5 Hz, 4 H), 

R, 0.51; NMR (MezSO-ds) 6 3.46 (t, 6-CH2, J = 5 Hz, 4 H), 3.84 
(t, r-CH2, J = 5 Hz, 4 H), 4.03 (t, P-CHZ, J = 5 Hz, 4 H), 4.98 
(t, a-CH2, J = 5 Hz, 4 H), 7.10 (d, 3,6-Naph H, J = 9 Hz, 2 H), 
7.89 (d, 4,5-Naph H, J = 9 Hz, 2 H); IR (CHClJ 1620,1490,1240, 
1060 cm-'; UV (EtOH) A, 325 nm (t 1.3 X lo4), 319 (1.1 X lo4), 
312 (1.0 X lo4), 297 (6.6 X lo4), 250 (6.6 X lo3); mass spectrum, 
m / e  (relative intensity) 320 (M', 49), 276 (32), 232 (40), 204 
(CioHsNz03, 95), 160 (CsH4Nz0z1 200). 

The water layer gave a yellow oil which was chromatographed 
(ThLC) by eluting twice with ethyl acetate to give llc: mp 34-35 
"C [benzene-cyclohexane (l:l)]; yield 40 mg; R, 0.19; NMR 6 
3.6-4.1 (m, p-, 6-CHz, 12 H), 4.5 (t, a-CH2, J = 4 Hz, 4 H), 6.55 
(d, 3-Naph H, J = 9.5 Hz, 2 H), 6.63 (d, 6-Naph H, J = 8 Hz, 2 
H), 7.62 (d, 4-Naph H, J = 9.5 Hz, 2 H), 7.74 (d, 5-Naph H, J 
= 8 Hz, 2 H); IR (KBr) 1640,1350,1220 1110 cm-'; UV (EtOH) 
A,, 345 ( t  1.7 X lo4), 330 (2.3 X lo4), 315 (1.5 X lo4), 307 (8 X 

Anal. Calcd for C,6Hz4N405C12: C, 57.46; H, 4.42; N, 10.31. 
Found: C, 57.18; H, 4.41; N, 10.39. 

Reaction of 2,7-Dichloro-1,8-naphthyridine with Tri- 
ethylene Glycol. Method A. The general 1,8-procedure was 
followed except for the substitution of triethylene glycol (1.0 g, 
6.2 mmol). The xylene layer gave no macrocyclic products. The 
aqueous layer gave a yellow oil which was chromatographed 
(ThLC) by eluting twice with ethyl acetate to give lld: mp 93-94 
"C [benzene-cyclohexane (Ll)]; yield 71 mg; R, 0.17; NMR 6 
3.6-4.0 (m, 8-, y-CH,, 8 H), 4.6 (t, a-CH2, J = 4 Hz, 4 H), 6.55 
(d, 3-Naph H, J = 10 Hz, 2 H), 6.59 (d, 6-Naph H, J = 8 Hz, 2 
H), 7.65 (d, 4-Naph H, J = 10 Hz, 2 H), 7.70 (d, 5-Naph H, J = 
8 Hz, 2 H); IR (KJ3r) 1630,1450,1220,1120,1040 cm-'; UV (EtOH) 
X, 342 nm (t 1.5 X lo4), 329 (1.9 X lo4), 316 (1 X lo4), 306 (6 
X lo3), 299 (2.6 X lo3); mass spectrum, m / e  (relative intensity) 

1031, 300 (4 x 103). 

479 (M+ + 4,5), 477 (M+ + 2,30), 475 (M', 46), 312 (C14H&IzO*Cl, 
57), 268 (CiSH13N203C1, 301, 224 (CloH8N202C1, 36), 180 
(CaH4NzOC1, 200). 

Anal. Calcd for C22H20N404C12: C, 55.60; H, 4.23; N, 11.80. 
Found; C, 55.49; H, 4.55; N, 11.70. 

Method B. To a stirred suspension of NaH (960 mg, 20 "01) 
in dry DMF (10 mL) was slowly added triethylene glycol (1.5 g, 
10 mmol) in DMF (25 mL). The mixture was stirred at room 
temperature for 1 h, and 6 (2 g, 10 mmol) in DMF (100 mL) was 
slowly added. The reaction was heated at 80 "C for 72 h and was 
cooled, and water (50 mL) was cautiously added. The solvent 
was removed in vacuo, and the resulting solid was washed with 
methylene chloride (3 X 100 mL) and filtered. The filtrate was 
dried over magnesium sulfate, filtered, and concentrated in vacuo 
to give an oil, which was chromatographed (ThLC) on alumina 

by eluting once with chloroform to give 10d: white solid; mp 
219-220 "C (ethanol); yield 67 mg; Rf0.36; NMR 6 3.74 (s, -y-CH2, 
8 H), 3.89 (m, &CHB 8 H), 4.70 (m, (Y-CHZ,~ H), 6.77 (d, 3,6-Naph 
H, J = 9 Hz, 4 H), 7.78 (d, 4,5-Naph H, J = 9 Hz, 4 H); IR (neat), 
1600,1495,1430,1320,1250,1105,1050,940,845,800 cm-'; mass 
spectrum, m / e  (relative intensity) 552 (M', 1.4), 275 (30), 231 

Anal. Calcd for C28H32N408-H20: C, 58.94; H, 5.61; N, 9.82. 
Found: C, 59.12; H, 5.81; N, 9.89. 

Reaction of 2,7-Dichloro- 1,8-naphthyridine with Di- 
ethylene Glycol. Method A. The general 1,8-naphthyridine 
procedure was followed except for the substitution of diethylene 
glycol (270 mg, 2.5 mmol). The water layer gave an oil, which 
was chromatographed (ThLC) by eluting three times with ethyl 
acetate to afford l le:  white microcrystals; mp 87-88 "C; yield 
54 mg; R, = 0.16; NMR 6 3.8-4.1 (m, @-CH2, 4 H), 4.5 (m, a-CH2, 
4 H), 6.55 (d, 3-Naph H, J = 10 Hz, 2 H), 6.60 (d, 6-Naph H, J 
= 8 Hz, 2 H), 7.63 (d, 4-Naph H, J = 10 Hz, 2 H), 7.71 (d, BNaph 
H, J = 8 Hz, 2 H); IR (KBr) 1630,1325,1220,1130 cm-'; UV 
(EtOH) A, 344 (c 1.4 X lo4), 328 (2 X lo4), 314 (1.2 X lo4), 305 
(6.5 X 1@), 298 (3 X lo3); mass spectrum, m / e  (relative intensity) 
435 (M+ + 4,65), 433 (M' + 2, 40), 431 (M', 62), 268 (29), 224, 

Anal. Calcd for C&16N403C12: c, 55.68; H, 3.71; N, 12.99. 
Found: C, 55.45; H, 3.91; N, 12.69. 

Method B. The general l,&naphthyridine procedure as above 
was followed except for the substitution of diethylene glycol (1.06 
g, 10 mmol). The resulting oil was chromatographed (ThLC 
alumina) by eluting twice with chloroform to give two macrocyclea. 

Fraction A afforded 10e: colorless needles; mp 254-255 "C 
[chloroform-2-propano1]; yield 78 mg; R, 0.46 (chloroform, alu- 
mina); NMR 6 4.04 (m, P-CH2, 8 H), 4.82 (m, a-CH2, 8 H), 6.58 
(d, 3,6-Naph H, J = 8.5 Hz, 4 H), 7.67 (d, 4,5-Naph H, J = 8.5 
Hz, 4 H); IR (neat) 1630,1510,1330,1270,1130,800 cm-'; mass 
spectrum, m / e  (relative intensity) 464 (M', 4.5), 259 (22), 231 (51), 

Anal. Calcd for CurHz4N406.Hz0: c ,  59.75; H, 4.97; N, 11.62. 
Found C, 59.85; H, 4.99; N, 11.56. Fraction B afford 1 2  colorleas 
microcrystals, mp 230-230.5 "C; yield 36 mg; R, 0.37 (chloroform, 
alumina); NMR 6 3.97 (m, P-CHz, 12 H), 4.69 (m, a-CH2, 12 H), 
6.78 (d, 3,6-Naph H, J = 9 Hz, 6 H), 7.79 (d, 2,5-Naph H, J = 
9 Hz, 6 H); IR (neat) 1610,1510,1340,1270,1135,1025,850,805 
cm-'. 
Anal. Calcd for C&&T6O6 C, 62.07; H, 5.17; N, 12.07. Found 

C, 61.77; H, 5.40; N, 11.99. 
X-ray Experiment. Prismatic, colorless crystals of 9b were 

grown from a mixture of diethyl ether-petroleum ether (bp 30-45 
"C). A crystal of dimensions 0.33 X 0.45 X 0.52 mm was used 
for data collection on an Enraf-Nonius CAD 4 diffractometer 
equipped with a graphite-monochromatized Mo X-ray tube (A 
= 0.71069 A for Mo Ka). 

Crystal Data: C18HurN2O6 (9b); mol wt 364.4; triclinic space 

g ~ m - ~ ,  I( (Mo Ka) = 0.93 cm-'. Intensity data were collected by 
the w 2 0  scan technique. Scan speeds varied from 0.60 deg min-' 
to 20.0 deg min-' in order to measure all reflections with ap- 
proximately equal precision. A maximum of 120 s was spent on 
the measurement of any reflection, and reflections judged to be 
insignificantly intense in a rapid prescan were flagged as 
"unobserved" and were not scanned slowly. No significant de- 
crease in the intensities of periodically measured reflections was 
noted. All reflections within one hemisphere having 1" 5 20 5 
20" were measured, yielding 3732 data. Averaging equivalent 
reflections led to 2374 "observed" data, which were used in further 
calculations. Background, Lorentz, and polarization corrections 
were applied to these data, but absorption corrections were 
deemed insignificant. 

Structure Solution and Refinement. The structure of 9b 
was solved routinely by use of MULTAN7827 and completed by 
Fourier methods using the program S H E L X . ~ ~  The model was 

(18.9), 189 ( C ~ H ~ N ~ O Z ,  .ZOO), 162 (97.6), 145 (36.9). 

180 (CBH4NzOC1,85), 164 (C~H~N2C1,IOO). 

189 (CsH8N202, .ZOO), 162 (50), 145 (36.5). 

group Pi, Q = 8.969 (3) A, b = 10.325 (3) A, c = 20.107 (5) A, 
= 86.02 (2)", (3 = 89.01 (2)", = 79.15 (2)", Z = 4, ddcd = 1.327 

(27) Main, P.; Hull, S. E.; Lessinger, L.; Germain, G.; Declercq, J-P.; 
Woolfson, M. M. "MULTAN. A System of Computer Programs for the 
Automatic Solution of Crystal Structure from X-Ray Diffraction Data"; 
Universities of York, England, and Louvain, Belgium, 1978. 
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refined by least-square techniques by treating C, N, and 0 atoms 
anisotropically and fixing H atoms in calculated positions. 
Aromatic hydrogen atoms were refiied with a common isotropic 
temperature factor, and methylene hydrogen atoms were treated 
similarly. Convergence was achieved with R = 0.055. Coordinates 
of nonhydrogen atoms, anisotropic thermal parameters, and 
hydrogen atoms parameters are given in the supplementary 
material. 
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(28) Sheldrick, G. M. “SHELX76. Program for crystal structure 
determination”; University of Cambridge: Cambridge, England, 1976. 
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N-Alkyl-2-acylpyrroles are converted by strong anhydrous acid to l-aky1-3-acylpyrroles. An equilibrium mixture 
of 2- and 3-acylpyrrole is produced by treatment of a 2- or 3-acyl NH pyrrole with acid. Pyrrolecarboxaldehydes 
similarly afford isomeric mixtures. A cross-ring migration, 7 - 8, is observed when ths adjacent position is blocked. 
The mechanism of acid-mediated rearrangement of acylpyrroles is discussed. 

Reversibility of Friedel-Crafts acylation and acid-me- 
diated rearrangement of aromatic ketones have been topics 
of recent attention.2 While reversal of aromatic acylation 
is not common, examples have been found in which it is 
clearly i n ~ o l v e d . ~ - ~  

Several factors promote reversible acylation. For ex- 
ample, systems in which the carbonyl group is tilted out 
of the plane of the aromatic ring by a bulky neighboring 
substituent are prone to reversal of acy la t i~n .~?~  Acyl de- 
rivatives of aromatic systems which are highly reactive 
toward electrophilic substitution are also susceptible to 
reversibility. Acyl derivatives of polycyclic aromatics un- 
dergo rearrangement under acidic  condition^.^ Acyl de- 
rivatives of a excessive nitrogen heterocycles have also been 
observed to undergo acid-mediated rearrangement. Palmer 
and co-workers studied the polyphosphoric acid (PPA) 
mediated cyclization of some 3-(2-pyrrolyl)propionic acids: 
and they found products arising from both acyl and alkyl 
migration. Chastrette observed that 2-acetylindoles, on 
treatment with PPA, were converted to 3-a~etylindoles.~ 
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We report our findings on the acid-mediated rearrange- 
ment of acylpyrroles. 

Results and Discussion 
Synthetic Methods. Treatment of 2-acyl-l-alkyl- 

pyrroles (1) with excess anhydrous strong acids a t  70-120 
O C  afforded the corresponding 3-acyl-l-alkylpyrroles (2) 
as the sole monomeric neutral products. Reagents which 
have been successfully employed include PPA, trifluoro- 
acetic acid (TFA), methanesulfonic acid (MsOH), tolu- 
enesulfonic acid (TsOH), trifluoromethanesulfonic acid 
(TfOH) and “metaphosphoric ac id  [ (HPO,),]. Polymeric 
materials are the principal byproduct of the reaction. 
Highest yields are obtained by using TFA (Table I). 

Ketones of type 1 where R is an electron-withdrawing 
group, e.g., trifluoromethyl or carboethoxy, did not rear- 
range under ordinary conditions and suffer decomposition 
under forcing conditions. 5-(4-Chlorobenzoyl)furan-2- 
acetonitrile did not undergo acyl rearrangement in PPAa8 
Reagents which have not proven effective include acetic 
acid, concentrated sulfuric acid (presumably because of 
oxidation of the substrate), and hydrogen chloride in or- 
ganic solvents. Lewis acids including AlCl, and BF3 did 
not bring about the rearrangement. 

Structural assignments of the P-acylpyrroles (2) are 
based on the lack of a 3.8-4.0-Hz coupling constant in the 
lH NMR spectra which is characteristic of 3,4-proton 
substitutions and a 30-70-nm hypsochromic shift relative 
to the CY isomer (1) in the UV.l” 
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