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CH); 3C NMR (D,0, dioxane = 66.5 MHz) § 22.67 (2), 26.51 (2),
26.90 (2), 27.13 (2), 30.35 (2), 47.46 (2, NCH,), 56.23 (1), 59.48
(1), 70.01 (2, OCHy), 134.72 (0, C-2), 143.21 (1, 3 C, C-3 and C=C),
166.22 (C(O)N), 171.43 (C(0)0O). Anal. Calcd for C;gHgN,Og:
C, 56.8; H, 6.6; N, 8.3. Found: C, 56.6; H, 6.6; N, 8.2,

The hydrogen fumarate of (1R)-anatoxinal O-methyloxime (9)
was prepared from crude 53: 72% yield; mp 197-199 °C; 'H NMR
(D,0/DMSO0-dg, 2.49 ppm) § 1.65-1.79 (m, 2 H), 1.84~2.13 (m,
3 H), 2.22-2.47 (m, 3 H), 3.72 (s, 3 H, OCHjy), 4.08-4.15 (m, 1L H,
H-6),475(d, 1 H,J =92, H-1),6.24 (dd, 1 H, J = 4.0, 8.1, H-3),
6.46 (s, 2 H, HC=CH), 7.64 (s, 1 H, H-10); 3C NMR (D,0/
DMSO-dg = 39.50 ppm) 5 24.32, 27.73, 28.70, 31.01, 53.97, 60.04,
62.92, 136.32, 137.12, 144.03, 152.27, 171.15. Anal. Calcd for
C14HoN,Os: C, 56.7; H, 6.8; N, 9.4. Found: C, 56.7; H, 6.9; N,
9.2

The hydrogen fumarate of (1R)-2-(Hydroxymethyl)-9-azabi-
cyclo[4.2.1]non-2-ene (10) was prepared from 52: mp 139141
°C; 'H NMR (D,0) $ 1.63-1.70 (m, 2 H), 1.86-2.07 (m, 4 H),
2.10-2.33 (m, 4 H), 3.85 (s, 2 H, H-10a,b), 4.03 (d,1 H, J = 9.2,
H-6), 4.07-4.13 (m, 1 H, H-1), 5.82 (dd, 1 H, J = 1.8, 8.4, H-3),
6.55 (s, 2 H, HC=CH); 13C NMR (D,0, dioxane = 66.5 ppm) §
21.91 (2), 26.31 (2), 27.89 (2), 30.30 (2), 56.91 (1), 59.33 (1), 65.82
(2, C-10), 131.82 (1, C-3), 134.43 (1, 2C, C=C), 140.58 (0, C-2),
170.45 (2 C, fumarate CO,). Anal. Caled for C;3H;gNOj: C, 58.0;
H, 7.1: N, 5.2. Found: C, 58.1; H, 7.2; N, 5.1.

The hydrogen fumarate of (LR)-2-(Hydroxyacetyl)-9-azabicy-
clo[4.2.1]non-2-ene (11) was prepared from hydroxy ketone 45:
58% yield; mp 193-195 °C; 'H NMR (D,0) 6 1.58-2.10 (m, 5 H),
2.21-2.32 (m, 1 H), 2.37-2.57 (m, 2 H), 4.07-4.15 (m, 1 H, H-6),
4.50 (s, 2 H, H-10a,b), 4.85 (d, 1 H, J = 9.3, H-1), 6.52 (s, 2 H,
HC=CH), 7.11 (d, 1 H, J = 8.5, H-3); *C NMR (D,0, dioxane
= 66.5 ppm) 4 23.23 (2), 26.56 (2), 27.05 (2), 29.58 (2), 52.76 (1),

59.13 (1), 63.51 (2), 134.54 (1, 2 C), 139.76 (0, C-2), 149.18 (1, C-3),
170.76 (COy). Anal. Calcd for C;,H;{NOg: C, 56.6; H, 6.4; N, 4.7.
Found: C, 57.0; H, 6.6; N, 5.2.
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Functionalization of 2-Methyl- and 2,7-Dimethyl-1,8-naphthyridine!?
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A new synthesis of 2,7-dimethyl-1,8-naphthyridine (dmnap) from 2-methyl-1,8-naphthyridine (mnap) upon
treatment with 3 equiv of methyllithium is described. Oxidation of dmnap with 8 equiv of N-chlorosuccinimide
gave (98%) 2,7-bis(trichloromethyl)-1,8-naphthyridine (2), while oxidation with 4 equiv gave (97%) 2,7-bis-
(dichloromethyl)-1,8-naphthyridine (1). Hydrolysis of 2 with phosphoric acid followed by esterification gave
the corresponding diester 3 in 80% overall yield. Reduction of 3 with NaBH(OMe); afforded (55%) diol 4. Similar
functionalization of mnap afforded 2-(trichloromethyl)-1,8-naphthyridine (6) in 85-94% yield along with 6-
chloro-2-(trichloromethyl)-1,8-naphthyridine (7). Methanolysis of 6 gave (78%) 2-(methoxycarbonyl)-1,8-
naphthyridine (8), which upon reduction with NaBH(OMe); afforded (59%) the alcohol 9. Treatment of 6 with
KOH caused a displacement of the trichloromethyl moiety, generating 1,8-naphthyridin-2-one (10) as the sole
product. Similarly, 2 gave 7-(trichloromethyl)-1,8-naphthyridin-2-one (11) under mild conditions or 7-(eth-

oxycarbonyl)-1,8-naphthyridin-2-one (12) when refluxed.

In 1967, Paudler and Kress first reported a feasible
one-step synthesis of 2,7-dimethyl-1,8-naphthyridine
[dmnap(s)],2 2-methyl-1,8-naphthyridine {mnap(s)},% and
1,8-naphthyridine [nap(s)]?® from commercially available
starting materials. Since then, a plethora of novel inor-
ganic complexes have been reported (Figure 1) using these
potentially bidentate ligands, ranging from dodecahedral

(1) (a) Chemistry of Heterocyclic Compounds. Part 143. (b) Based
in part on the Ph.D. Dissertation, Louisiana State University, 1982. (c)
Undergraduate researcher.

(2) Paudler, W. W.; Kress, T. J. J. Org. Chem. 1967, 32, 832.

(3) For reviews of naphthyridines, see: (a) Wibberley, D. G. MTP
International Review of Science, Organic Chemistry, Series Two, Het-
erocyclic Compounds; Schofield, K., Ed.; Butterworths: London, 1975;
Vol. 4, pp 181-208; Chem. Abstr. 1977, 86, B155630e. (b) van der Plas,
H. C.; Wozniak, M.; van den Haak, H. J. W. Adv. Heterocycl. Chem. 1983,
33, 95. (c) Lowe, P. A. Comprehensive Heterocyclic Chemistry; Boulton,
A. J., McKillop, A., Eds.; Pergamon Press: New York, 1984; pp 581-627.
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transition-metal complexes, to dinuclear complexes con-
taining bridging naps, to 12-coordinate icosahedral lan-
thanide complexes. Despite this profusion of complexes,
very few derivatives of 1,8-naphthyridine have been pre-
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Figure 1. Interesting examples of 1,8-naphthyridine complexes.

pared that exploit the unique complexation properties of
these ligands. For this reason, coupled with the decreased
complexing ability of macrocyclic naphthyridine ligands
possessing heteroatoms at the 2-position,!b# we devised a
method for the a-carbon functionalization of 2-methyl- and
2,7-dimethyl-1,8-naphthyridines.

Since the first reported synthesis of 1,8-naphthyridines,?
several modifications have been described® (Scheme I) that
make these ligands readily available. Although most
syntheses of dmnap have focused on a Skraup synthesis
in which 2-amino-6-picoline is combined with croton-
aldehyde,%” this procedure is difficult due to the extreme
ease and exothermicity of polymerization of croton-
aldehyde. Attempts to improve the synthesis of dmnap
were aided by three facts: (1) mnap can be prepared in
very good yields*%® by the reaction of 2-amino-6-picoline
with acrolein (generated in situ from glycerol); (2) nap
reacts®? with excess PhLi to give (after oxidation) initially
2-phenyl-1,8-naphthyridine and finally 2,7-diphenyl-1,8-
naphthyridine;® and (3) 2,2'-dipyridine reacts!® with MeLi
to give 6,6’-dimethyl-2,2’-dipyridine. Thus, we herein re-
port a new synthesis of dmnap by treatment of mnap with
3 equiv of MeLi followed by oxidation of the resultant
dihydronaphthyridine with KMnO ~acetone to give dmnap
in 43% overall yield from 2-amino-6-picoline.

To the best of our knowledge, the only reports of a-
carbon functionalization at the 2- and 7-positions of methyl
naps utilized SeQ,. Weissenfels and Ulrici described!! the
oxidation of one methyl group of mnap and dmnap to give
the monoaldehydes in 24% and 15% yields, respectively.
A later report!? used SeQ, to oxidize 2,4-dimethyl-7-
hydroxy-1,8-naphthyridine to the 2,4-dialdehyde in 49%

(4) Newkome, G. R.; Garbis, S. J.; Majestic, V. K.; Fronczek, F. R,;
Chiari, G. J. Org. Chem. 1981, 46, 833.

(5) (a) Hamada, Y.; Takeuchi, I.; Hirota, M. Chem. Pharm. Bull. 1971,
19, 1751. (b) Hamada, Y.; Takeuchi, I. Chem. Pharm. Bull. 1971, 19,
1857. (c) Hamada, Y.; Takeuchi, L; Sato, M. Yakugaku Zasshi 1974, 94,
1328; Chem. Abstr. 1974, 82, 43211e. (d) Carboni, S.; Da Settimo, A.;
Ferrarini, P. L.; Livi, O. Farmaco, Ed. Sci. 1978, 33, 315; Chem. Abstr.
1978, 89, 109166x. (e) Chandler, C. J.; Deady, L. W.; Reiss, J. A.; Tzimos,
V. J. Heterocycl. Chem. 1982, 19, 1017.

(6) Cavanaugh, M. A,; Cappo, V. M.; Alexander, C. J.; Good, M. L.
Inorg. Chem. 1976, 15, 2615.

(7) Paudler, W. W.; Kress, T. J. J. Heterocycl. Chem. 1967, 4, 284.

(8) Takeuchi, I.; Hamada, Y. Chem. Pharm. Bull. 1976, 24, 1813.

(9) Dietrich-Buchecker, C. O.; Marnot, P. A.; Sauvage, J. P. Tetrahe-
dron Lett. 1982, 23, 5291.

(10) Kauffmann, T.; Konig, J.; Woltermann, A. Chem. Ber. 1976, 109,
3864.

(11) Weissenfels, M.; Ulrici, B. Z. Chem. 1978, 18, 20; Chem. Abstr.
1978, 88, 121025n.

(12) Sargin, A. N. J. Heterocycl. Chem. 1983, 20, 1749.
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(i) 8 equiv of NCS, CCl,; (ii) H3PO,, 170 °C, then MeOH, re-
flux; (iii) NaBH(OMe),;, CH,Cl,-THF; (iv) PCl;, CHCl;.

yield. The most recent account of this oxidation was by
Chandler et al.’¢ where dmnap was oxidized to the 2,7-
dialdehyde, which was incorporated into macrocycles;?4:13
despite these reports, this oxidation was not easily repro-
duced.

We herein report the application of N-chlorosuccinimide
(NCS) oxidation!* toward methyl functionalization of 2-
methyl- and 2,7-dimethyl-1,8-naphthyridines.

Results

Functionalization of 2,7-Dimethyl-1,8-
naphthyridine. Attempts to bis-monofunctionalize
dmnap with 2 equiv of NCS'® gave a mixture of at least
seven products, which were isolated, with difficulty, by
column chromatography; none of these products were
formed in greater than 10% yield. On the basis of pre-
liminary product analysis, reaction of dmnap with 4 equiv
of NCS gave 2,7-bis(dichloromethyl)-1,8-naphthyridine (1)
in 97% yield. However, when 1 was treated with either
H,80, or BusSnH,® no reaction occurred. Thus, the se-
quence reported for 2,9-dimethyl-1,10-phenanthroline was
utilized on dmnap (Scheme II). The bis(trichloromethyl)
derivative 2 was readily obtained in 98% yield via reaction
of dmnap with 8 equiv of NCS. Methanolysis of 2 with
H,SO, at 110 °C gave 3 in 42% yield along with 2 and
2-(trichloromethyl)-7-(methoxycarbonyl)-1,8-
naphthyridine; higher temperatures (140 °C) gave no
discernible organic soluble products. Ring sulfonation
probably occurred under these conditions and was easily
circumvented by the use of HyPO,; thus, treatment of 2
with H;PO, at ca. 170 °C followed by MeOH gave diester
3 in 80% yield.

Although NaBH, is not generally used to reduce esters,
Brown and Rapoport reported!’ that in a large excess (10
molar equiv) it can be used to reduce aromatic esters in
high yields. But when 3 was treated with an excess of
NaBH,, diverse products were formed presumably due to
ring reduction. The 'H NMR spectrum of the mixture
showed peaks ranging from the aromatic to alkenyl to
aliphatic regions. Similar results were obtained with the
addition of only 1 equiv of NaBH,; lower temperatures
(40 and -25 °C) gave less ring reduction, but also less ester
reduction. Above 0 °C, borane reduces nap to 1,2,3,4-
tetrahydro-1,8-naphthyridine in 44% yield;!® thus, a mo-
nohydride source was selected that would not produce a

(13) (a) Chandler, C. J.; Deady, L. W.; Reiss, J. A. J. Heterocycl.
Chem. 1986, 23, 1327. (b) Chandler, C. J.; Deady, L. W.; Reiss, J. A. Aust.
J. Chem. 1988, 41, 1051,

(14) Newkome, G. R.; Kiefer, G. E.; Puckett, W. E.; Vreeland, T. J.
Org. Chem. 1983, 48, 5112,

(15) Newkome, G. R.; Puckett, W. E,; Kiefer, G. E.; Gupta, V. K.; Xia,
Y.; Coreil, M.; Hackney, M. A. J. Org. Chem. 1982, 47, 4116.

(16) (a) Seyferth, D.; Yamazaki, Y.; Alleston, D. L. J. Org. Chem. 1963,
28, 703. (b) Kuivila, H. G. Synthesis 1970, 3061.

(17) Brown, M. S.; Rapoport, H. J. Org. Chem. 1963, 28, 3261.

(18) Keller, P. C.; Marks, R. L.; Rund, J. V. Polyhedron 1983, 2, 595.
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Lewis acid hydride product. Brown et al. reported!® that
NaBH(OMe), reduces aldehydes and acyl chlorides ef-
fectively (66-79%) but is a poor reducing agent for ethyl
benzoate (33%). However, reaction of 3 with 6 equiv of
NaBH(OMe); in CH,Cl,—~THF gave diol 4 in 55% yield.

Although diol 4 has great potential for ligand modifi-
cation and is in itself a tetradentate ligand, the bis(chlo-
romethyl) derivative 5 was also a desired starting material.
Reaction of 4 with PCl, in CHCl,4 did give 5, but in only
7% yield with much decomposition. Even though pure 5
is relatively stable and can be stored for long periods, it
appears that the acidic reaction conditions cause decom-
position of the diol before the chlorination can occur;?
SOC1, and concentrated HC] both gave decomposition.
Several neutral chlorinating reagents were tried (PPh,-
CCl,, NCS-SEt,,? treatment of the unquenched reduc-
tion mixture with PCl; or phenylsulfonyl chloride), with
no success.

Functionalization of 2-Methyl-1,8-naphthyridine.
Since the reaction of mnap with 1 equiv of NCS gave a
mixture of products, treatment of mnap with 4 equiv of
NCS in refluxing CCl, gave (85%) the desired 2-(tri-
chloromethyl}-1,8-naphthyridine (6) along with 6-chloro-
2-(trichloromethyl)-1,8-naphthyridine (7) as determined
from 'H NMR specta. Using a more selective solvent
(CH,Cly) for the reaction increased the yield of 6 to 94%
with the formation of only a trace of 7.

Q0. &= Q.- QQ..,

6 7
col,  85% 14%
CH,Cl,  94%

Treatment of 6 with H;PO, at 140 °C followed by re-
fluxing in MeOH gave (78%) 2-(methoxycarbonyl)-1,8-
naphthyridine (8). Although attempts to reduce 8 with
NaBH;, again gave ring reduction, the use of NaBH(OMe),
afforded 2-(hydroxymethyl)-1,8-naphthyridine (9) in 59%
yield. Attempts to chlorinate 9 under acidic conditions,
as in the case of 4, also gave decomposition of the alcohol.

OH
6 8 9

(19) (a) Brown, H. C.; Schlesinger, H. I.; Sheft, I; Ritter, D. M. J. Am.
Chem. Soc. 1953, 75, 192. (b) Brown, H. C.; Mead, E. J. J. Am. Chem.
Soc. 1953, 75, 6263.

(20) Treatment of diol 4 in CHCl; with HCI gas gave immediate de-
composition.

(21) Appel, R. Angew. Chem., Int. Ed. Engl. 1975, 14, 801.

(22) Corey, E. J.; Kim, C. U,; Takeda, M. Tetrahedron Lett. 1972, 42,
4339.
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Before the hydrolysis of 2 and 6 with H;PO, was dis-
covered, basic hydrolysis with KOH-EtOH was attempted.
However, under these conditions, the first reaction that
takes place is the displacement of the entire trichloro-
methyl group via nucleophilic heteroaromatic substitution
to give a 2-hydroxy group (Scheme III). Thus, 1,8-
naphthyridin-2-one (10) was obtained as the sole product
from 6, and, depending on the reaction conditions, either
7-(trichloromethyl)-1,8-naphthyridin-2-one (11) (25 °C) or
its hydrolysis product 7-(ethoxycarbonyl)-1,8-
naphthyridin-2-one (12) (reflux) was formed from 2. The
remaining heteroaromatic rings in 11 and 12 are not as
electron deficient as in 2; thus the second CCl; group is
not displaced. This type of reaction has been reported for
1,3,5-triazines? and for quinazolines?* but this is the first
example in which a trichloromethyl group acts as a leaving
group in a heterocyclic ring possessing only one heteroatom
and no additional electron-withdrawing groups.?® This
reaction is not totally unexpected and is analogous to the
haloform reaction for a,a,a-trihalo ketones.

NMR Spectroscopy. Both 2 and 3 exhibited downfield
shifts of the aromatic resonances due to the electron-
withdrawing CCl; and CO,Me moieties, respectively. Diol
4 showed a resonance at 5.01 ppm due to the CH, group,
which shifted slightly upfield in 5 to 4.9 ppm. The mo-
nosubstituted derivatives displayed similar shifts. For the
naphthyridin-2-one derivatives 11 and 12, the 3-napH
shifts were both shifted upfield to 6.79 ppm, due to the
predominance of the lactam form, which causes a shift of
the 3-napH into the vinyl region.

Most of the 13C NMR spectral resonances were easily
assigned by comparison to the spectrum of 1,8-
naphthyridine;? however, for 11 and 12, the assignments
for C3 and C6 were not straightforward. Shift constants
for these carbons were calculated based on those deriva-
tives (both mono- and disubstituted) that could be une-
quivocally assigned. Important to note is that, in 2-
pyridone, the greatest shift difference in comparison to
pyridine is in the 5-pyrC (para), which is shifted upfield
by 16.9 ppm.?” On the basis of this fact, in the spectrum
of 1,8-naphthyridin-2-one (10), the signal at 118.6 ppm was
assigned to C6. This led to an assignment of the reso-
nances at 113.4 and 118.8 ppm in 11 and 12, respectively,
to C6.

IR Spectroscopy. The most important absorptions in
the IR spectra are those of the NH and C==0 stretches in
11 (3434 and 1663 cm™) and 12 (8425 and 1659 cm™) which
indicate their “lactam” character.

Experimental Section
General Comments. All melting points were taken in open
capillary tubes and are uncorrected. The 'H and *C nuclear
magnetic resonance spectra were recorded at 80.06 and 20.08 MHz,
respectively, in CDCl; solutions, except where noted. Deuterated
solvent residues were used as internal standards [CHCls: 7.27
(*H) and 77.0 (13C) ppm; Me,SO: 2.49 (*H) and 39.5 (1*C) ppm],

(23) (a) Kreutzberger, A. J. Am. Chem. Soc. 1957, 79, 2629. (b)
Schroeder, H. J. Am. Chem. Soc. 1959, 81, 5658. (c) Schaefer, F. C.; Ross,
J. H. J. Org. Chem. 1964, 29, 1527.

(24) (a) Siegle, J.; Christensen, B. E. J. Am. Chem. Soc. 1951, 73, 5777.
(b) Mencarelli, P.; Stegel, F. J. Org. Chem. 1985, 50, 5415. (c) Mattioli,
M.; Mencarelli, P.; Stegel, F. J. Org. Chem. 1988, 53, 1087.

(25) Examples are known for ring systems possessing two additional
electron-withdrawing groups: (a) Nishigaki, S.; Ichiba, M.; Fukazawa, S.;
Kanahori, M.; Shinomura, K.; Yoneda, F.; Senga, K. Chem. Pharm. Bull.
1975, 23, 3170. (b) Sanchez, J. P.; Rogowski, J. W. J. Heterocycl. Chem.
1987, 24, 215. (c) Habashi, A.; Ibraheim, N. S.; Mohareb, R. M.; Fahmy,
S. M. Liebigs Ann. Chem. 1986, 1632.

(26) Hirota, M.; Masuda, H.; Hamada, Y.; Takeuchi, I. Bull. Chem.
Soc. Jpn. 1974, 47, 2083,

(27) Breitmaier, E.; Voelter, W. Carbon-13 NMR Spectroscopy; We-
inheim: New York, 1987; p 323.
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and chemical shift values (8) are reported in parts per million
(ppm) downfield from tetramethylsilane (TMS). Infrared spectra
(IR) were recorded on an IBM IR /38 Fourier transform infrared
spectrophotometer. Elemental analyses were conducted by either
Galbraith Laboratories, Inc. (Knoxville, TN), or M-H-W Labo-
ratories (Phoenix, AZ). “Dry column” flash chromatography was
performed by the method of Harwood® using preparative grade
silica gel (Brinkman PF-254-366) in a quartz funnel with the
eluants specified.

Reagents. Unless otherwise noted, all reagents and solvents
utilized were of reagent grade and no further purification was
undertaken. 2-Methyl-1,8-naphthyridine was prepared by the
method of Hamada et al.5®

2,7-Dimethyl-1,8-naphthyridine. A solution of 2-methyl-
1,8-naphthyridine (7.87 g, 55.0 mmol) in anhydrous Et,0 was
cooled to -60 °C via a dry ice-acetone bath. Methyllithium (102
mL, 1.55 M, 158 mmol) was added dropwise at a rate such that
the temperature was maintained <-50 °C. After 2 h, the solution
was warmed to 25 °C for an additional 2 h and then carefully
quenched with water. The organic layer was dried over anhydrous
MgSO0,, filtered, and concentrated in vacuo.?® The resulting
orange solid was oxidized with a solution of KMnQ, in acetone.
The solution was filtered, dried over anhydrous MgSO,, and
concentrated in vacuo to afford (84%) 2,7-dimethyl-1,8-
naphthyridine as a pale yellow solid: 7.3 g; mp 193-195 °C (C¢H,o)
(lit.7 mp 194-195 °C).

2,7-Bis(dichloromethyl)-1,8-naphthyridine (1). A suspen-
sion of dmnap (500 mg, 3.16 mmol), N-chlorosuccinimide (NCS;
1.69 g, 13.0 mmol), and benzoyl peroxide (100 mg) in CCl, (75
mL) was refluxed for 2 h and then cooled, filtered, and concen-
trated in vacuo to give (97%) 1 as colorless crystals: 906 mg; mp
179-180 °C; 'H NMR 4 6.98 (s, CHCl,, 1 H), 8.15 (d, 3,6-napH,
.J34 = 8.0 Hz, 1 H), 8.28 (d, 4,5-napH, J3, = 8.0 Hz, 1 H); IR (KBr)
3000, 1590, 1490, 1245, 1020, 830, 770 cm'1 MS m/e 268 (2), 231
(100). Anal. Caled for C;gHgN,Cl,: C, 40.58; H, 2.04; N, 9.46.
Found: C, 40.26; H, 1.97; N, 9.28. -
2,7-Bis(trichloromethyl)-1,8-naphthyridine (2) was pre-
pared (89%) from dmnap (500 mg, 3.16 mmol) by oxidation with
NCS (3.38 g, 26.0 mmol) using the above procedure: 6.69 g; mp
234-236 °C (C¢H;y); 'H NMR 6 8.28 (d, 3-napH, J, 4 = 8.7 Hz,
1 H), 8.47 (d, 4-napH, J3, = 8.7 Hz, 1 H); ®*C NMR 6 95.3 (CCly),
118.8 (C3), 121.0 (C4a), 137.3 (C4), 149.9 (C8a), 160.4 (C2); MS
m/e 364 (6), 333 (21), 331 (67), 329 (100), 327 (64), 294 (33), 292
(21), 222 (11); IR (KBr) 1605, 1549, 1495, 876, 826, 772 cm™. Anal.
Calcd for C;(HN,Clg: C, 32.92; H, 1.10; N, 7.68; Cl, 58.30. Found:
C, 32.76; H, 1.16; N, 7.51; Cl, 57.97.
2,7-Bis(methoxycarbonyl)-1,8-naphthyridine (3). A solution
of 2 (7.00 g, 19.1 mmol) in 85% H,PO, (25 mL) was heated to
160-170 °C. After 3 h (all of 2 had dissolved) the solution was
cooled to 25 °C and MeOH (150 mL) was carefully added. After
12 h of refluxing, most of the MeOH was removed in vacuo, and
then CHCl; (150 mL) and saturated aqueous Na,CO; were
carefully added. The solution was stirred vigorously for 15 min,
the organic layer was separated, dried over anhydrous MgSO,,
and filtered, and the CHCl, was removed in vacuo to give (80%)
diester 3: 3.76 g; mp 215-217 °C dec; 'H NMR ¢ 4.08 (s, CHj,
3 H), 8.34 (d, 3-napH, J; 4 = 8.4 He, 1 H), 8.46 (d, 4-napH, J3,
= 8.4 Hz, 1 H); 13C NMR 6 52.9 (CHjy), 123.3 (C3), 125.3 (C4a),
138.4 (C4), 152.2 (C2), 154.3 (C8a), 165.4 (CO); MS m/e 246 (2),
216 (30), 215 (5), 188 (100), 187 (24), 157 (5), 156 (40), 128 (67);
IR (KBr) 1709, 1381, 1136, 872, 772 cm™t. Anal. Calcd for
CoH;oNoOy: C, 58.54; H, 4.09; N, 11.38. Found: C, 58.66; H, 4.25;
N, 11.09.

2,7-Bis(hydroxymethyl)-1,8-naphthyridine (4). Method
A. A solution of sodium trimethoxyborohydride (250 mg, 1.95
mmol) in THF (10 mL) was added to a stirred solution of diester
3 (78 mg, 317 umol) in CHyCl; (10 mL). The solution was
maintained at 25 °C for 1 h after which the solvents were removed
in vacuo. The remaining solid was dissolved in saturated aqueous
NaHCO; (10 mL), and the water was removed in vacuo. The
resulting solid was extracted with hot EtOH (3 X 20 mL), and
the EtOH was removed in vacuo; extraction of the resultant solid
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with CH,Cl, and removal of the solvent in vacuo gave (55%)%
diol 4: 33 mg; mp 143-145 °C (CH;CN); 'H NMR 4 1.61 (br s,
OH, 1 H), 5.01 (s, CH,, 2 H), 7.48 (d, 3-napH, J,4 = 8.3 Hz, 1 H),
8.21 (d, 4-napH, J,, = 8.3 Hz, 1 H); 3C NMR (CD;0D) § 66.2
(CH,), 120.9 (C3), 122.5 (C4a), 139.6 (C4), 167.2 (C2) (C8a was
not observed with a 20-s pulse delay); IR (KBr) 3322, 1609, 1433,
1071, 858, 804, 785 cm™; MS m/e 190 (51), 189 (100), 172 (58),
161 (49), 143 (73), 131 (20). Anal. Caled for C;oH;;N,Oy: C, 63.15;
H, 5.30; N, 14.73. Found: C, 63.20; H, 5.36; N, 14.72.

Method B. A solution of NaBH, (100 mg, 2.6 mmol) and
diester 3 (440 mg, 1.8 mmol) in EtOH (25 mL) was stirred for
1 h at 25 °C. The EtOH was then removed and H,O (25 mL)
was added. Continuous extraction with CHCl, for 12 h afforded
(12%) diol 4 after recrystallization from CsHg—CHCl3.

2,7-Bis(chloromethyl)-1,8-naphthyridine (5). PCl; (75 uL,
8.6 mmol) was added dropwise to a stirred solution of diol 4 (102
mg, 0.54 mmol) in CHCl,. After 30 min of refluxing, the CHCl,
was removed in vacuo, and the resulting oil was neutralized with
saturated aqueous Na,COj and then extracted with CH,Cl,. The
solution was dried over anhyrous MgSO, and filtered, and the
CH,Cl, was removed to give traces of a white solid, which proved
to be a mixture of 5 (85%) and diol 4 (15%) as determined by
'H NMR. However, only 8 mg of solid was recovered (7% yield
of 5). A considerable amount of decomposition was noted in the
reaction.

2-(Trichloromethyl)-1,8-naphthyridine (6). A stirred so-
lution of 2-methyl-1,8-naphthyridine (3.0 g, 20.8 mmol) and NCS
(11.10 g, 83.0 mmol) in CCl, (200 mL) was refluxed and benzoyl
peroxide (1-3 mg) was added every 30 min for the first 2 h; the
solution was refluxed for an additional 20 h. The solvent was
removed in vacuo, and the solid residue was dissolved in CHCl,
which was washed twice with saturated aqueous Nay,CO;. The
CHCI, solution was dried over anhydrous MgSO, and filtered,
and the solvent was removed in vacuo to give a light yellow solid,
which was purified by dry-flash chromatography (CHCl;), col-
lecting two fractions:

Fraction 1, 6-chloro-2-(trichloromethyl)-1,8-naphthyridine
(7): 800 mg; 14%; mp 128-130 °C dec; 'H NMR & 8.25 (d, 5-napH,
J57-26Hz,1H) 8.26 (d, 3-napH, J;4 = 8.7 Hz, 1 H), 8.35 (d,
4-napH, J34 = 8.7 Hz, 1 H), 9.11 (br s, 7-napH, 1 H); 3C NMR
697.0 (CClg) 119.8 (C3), 122.9 (C4a), 131.4 (C6), 134.5 (C4), 138.6
(C5), 151.8 (C8a), 154.3 (C7), 160.7 (C2); IR (KBr) 1595, 1549,
849, 829, 772 cm™; MS m/e 284 (7), 282 (14), 280 (10), 249 (32),
247 (100), 246 (96), 210 (15). Anal. Caled for CHN,Cl: C, 38.34;
H, 1.43; N, 9.94; Cl, 50.30. Found: C, 38.24; H, 1.48; N, 9.77; Cl,
50.13.

Fraction 2, 2-(trichloromethyl)-1,8-naphthyridine (6): 4.38
g; 85%; mp 174-176 °C dec; TH NMR 6 7.61 (dd, 6-napH, J5¢ =
8.2, Jg7 = 8.1 Hz, 1 H), 8.19 (d, 3-napH, Jy4 = 8.7 Hz, 1 H), 8.29
(dd, 5-napH, J5¢ = 8.2, J5, = 2.0 Hz, 1 H), 8.40 (d, 4-napH, J;,
= 8.7 Hz, 1 H), 923(dd 7napH Jg7=4.2,J57, = 2.0 Hz, 1H),
13C NMR 6 97.3 (CCly), 118.7 (C3), 122.7 (C4a) 123.7 (C6), 136.7
(C4), 139.4 (C5), 153.7 (C8a), 154.9 (C7), 160.4 (C2); MS m/e 248
(18), 246 (19), 213 (68), 211 (100), 176 (21), 129 (14); IR (KBr)
1599, 1555, 824, 785, 768, 762 cm™, Anal. Calcd for CoH;N,Cls:
C, 43.67; H, 2.04; N, 11.32; Cl, 42.97. Found: C, 43.75; H, 1.88;
N, 11.16; Cl, 42.84.

Ring chlorination was diminished when the following procedure
was used. A stirred solution of mnap (1.0 g, 6.9 mmol), NCS (8.7
g, 27.2 mmol), and a catalytic amount of 2,2’-dicyano-2,2’-azo-
propane (AIBN, ca. 5 mg) in CH,Cl, (100 mL) was refluxed;
additional AIBN (ca. 5 mg) was added every hour for 4 h. The
solution was refluxed for an additional 12 h, cooled, washed twice
with saturated aqueous Na,COj, dried over anhydrous MgSO,,
and filtered, and the solvent was removed in vacuo to give (94 %)
6 as a light yellow solid. Only traces of ring-chlorinated product
were detected (<5%).

2-(Methoxycarbonyl)-1,8-naphthyridine (8). A stirred
mixture of 6 (1.6 g, 6.5 mmol) and 85% H;PO, (10 mL) was heated
to 140 °C for 3 h. After the mixture cooled, anhydrous MeOH
(25 mL) was carefully added, and the mixture was refluxed for
12 h. Most of the MeOH was removed, and the remaining slurry

(28) Harwood, L. M. Aldrichim. Acta 1985, 18, 25.
(29) The product obtained at this point easily sublimes [25 °C (1 mm)]
and so cannot be dried thoroughly under vacuum.

(30) A 'H NMR (D;0) spectrum of the unquenched reaction mixture
showed only one naphthyridine derivative: é 5.07 (s, CH,OH, 2 H), 7.76
(d, 3-napH, J3, = 8.4 Hz, 1 H), 8.39 (d, 4-napH, J3, = 8.4 Hz, 1 H).
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was treated with saturated aqueous Na,CO;. Extraction of the
basified solution with CH,Cl, followed by drying over anhydrous
MgSO, and removal of the CH,Cl, gave (78%) 8 as a tan solid:
950 mg; mp 146-150 °C; 'H NMR ¢ 4.08 (s, CH,, 3 H), 7.59 (dd,
6-napH, J5,6 = 8.2, J6,7 =42 HZ, 1 H), 8.26 (d, 3-napH, J3'4 =98
HZ, 1 H) 8.27 (dd 5napH J5G—82 J57 = 20HZ 1 H) 8.40
(d, 4-napH, J3, = 9.8 Hz, 1 H), 9.24 (dd, 7-napH, Jg; = 4.2, J;,
= 2.0 Hz, 1 H); 3C NMR 4 52.6 (CHy), 121.6 (C6), 123. 4 (C3), 124.0
(C4a), 136.6 (C5), 138.5 (C4), 150.6 (C8a), 154.6 (C7), 155.0 (C2),
165.4 (CO); MS m/e 158 (22), 130 (100), 129 (40); IR (KBr) 1709,
1601, 1451, 1318, 1235, 1140, 870, 801, 774 cm™. Anal. Calcd for
CoHgN,Oy: C, 63.83; H, 4.28; N, 14.89. Found: C, 63.64; H, 4.41;
N, 14.69.

2-(Hydroxymethyl)-1,8-naphthyridine (9). A solution of
sodium trimethoxyborohydride (379 mg, 2.97 mmol) in THF (10
mL) was added to a stirred solution of ester 8 (184 mg, 979 umol)
in CH,Cl, (10 mL). The solution was maintained at 25 °C for
1 h, and the solvents were removed in vacuo. The remaining solid
was dissolved in saturated aqueous NaHCOj; (10 mL), and the
water was removed in vacuo. The resulting solid was then ex-
tracted with hot EtOH (3 X 20 mL), and the combined EtOH
extract was concentrated in vacuo to give a solid, which was
purified by dry-flash chromatography [EtOAc, then EtOAc-EtOH
(3:2)] to give (59%) alcohol 9: 93 mg; mp 99-100 °C (C¢Hg-CH-
Cly); 'H NMR 4 4.40 (br, OH, 1 H), 5.01 (s, CH,, 2 H), 7.46 (d
3-napH, J;4 = 8.4 Hz, 1 H), 7.51 (dd, 6-napH, J55 = 8.1, Jg;

4.3 Hz, 1 H), 8.20 (d, 4-napH, J34 = 8.4 Hz, 1 H), 8.22 (dd, 5- napH
Jse = 8.1, J57 = 2.0 Hz, 1 H), 9.10 (dd, 7-napH, Jg7 = 4.3, J5;
=20Hz1 H) 13C NMR 6 64.5 (CH,), 119.7 (C3), 122.2 (C6), 137. 2
137.9 (C4, C5), 153.7 (C7), 163.9 (C2) (C4a and C8a were not
observed with a 4-s delay); IR (KBr) 3412, 1607, 1499, 1080, 848,
808, 777 cm™. Anal. Calcd for CoHgN,0: C, 67.49; H, 5.03; N,
17.49. Found: C, 67.25; H, 5.16; N, 17.30.

Reaction of 2,7-Bis(trichloromethyl)-1,8-naphthyridine
(2) with KOH in EtOH. A stirred solution of 2 (254 mg, 696
pmol) and KOH (474 mg, 8.46 mmol) in EtOH (35 mL) was
refluxed for 3 h, The EtOH was then removed in vacuo, and
aqueous saturated NaHCO; (10 mL) was added. The aqueous
solution was extracted with CHCl; (3 X 15 mL), the combined
organic solution was dried over anhydrous MgSO, and filtered,
and the solvent was removed in vacuo to give a brown solid, which
was purified by dry-flash chromatography [CHCIl,, then
CHCl,-EtOAc (3:1)] to give two fractions:

Fraction 1, 7-(trichloromethyl)-1,8-naphthyridin-2-one
(11): 73 mg; 40%; mp 201202 °C dec; 'H NMR 4 6.79 (d, 3-napH,
J34 = 9.6 Hz, 1 H), 7.74 (d, 4-napH, J;, = 9.6 Hz, 1 H), 7.86 (d,
6- napH J56 = 8.2Hz, 1 H), 8.03 (4, 5- napH Jsg = 8.2 Hz, 1 H),
9.56 (br s, OH, 1 H); 3C NMR (Me,SO-dg) & 96.8 (CCly), 113.4
(C8), 115.8 (C4a), 125.3 (C3), 138.2 (C4), 138.9 (C5), 148.9 (C8a),
157.1 (C7), 163.0 (C2); MS m/e 264 (11), 262 (10), 229 (71), 227
(100); IR (KBr) 3434, 1663, 1597, 1547, 870, 824, 762 cm™. Anal.
Caled for CogH;N,Cl;0: C, 41.02; H, 1.91; N, 10.63; Cl, 40.36.
Found: C, 41.20; H, 1.87; N, 10.31; Cl, 40.41.

Fraction 2, 7-(ethoxycarbonyl)-1,8-naphthyridin-2-one
(12): 26 mg; 17%; mp 207-208 °C dec; 'H NMR 6 1.45 (t, CHj,
J = 1.1 He, 3 H), 4.50 (g, CH,, J = 7.1 Hz, 2 H), 6.79 (d, 3-napH,
Js4 = 9.6 Hz, 1 H), 7.74 (d, 4-napH, J;, = 9.6 Hz, 1 H), 7.99 (s,
5,6-napH, 2 H), 9.48 (br s, OH, 1 H); ®C NMR (Me,SO-dg) 5 14.0
(CHy), 61.4 (CH,), 117.1 (C4a), 118.8 (C6), 125.4 (C3), 137.8 (C5),
138.4 (C4), 147.4 (C8a), 149.8 (C7), 163.0 (C2), 164.4 (CO); MS
m/e 218 (30), 173 (7), 146 (100), 145 (30); IR (KBr) 3425, 1730,
1659, 1595, 1547, 1287, 1154, 764 c¢cm™.. Anal. Caled for
C;1H;pN,05: C, 60.55; H, 4.62; N, 12.84. Found: C, 60.53; H, 4.74;
N, 12.71.

When the reaction was conducted at 25 °C for 36 h, the for-
mation of 11 was increased (79%) and very little 12 was formed.

Reaction of 2-(Trichloromethyl)-1,8-naphthyridine (6)
with KOH in EtOH. A stirred solution of 6 (268 mg, 1.08 mmol)
and KOH (623 mg, 11.1 mmol) in absolute EtOH (20 mL) was
refluxed for 3 h and worked up as described above for 2 to give
(61%) 1,8-naphthyridin-2-one (10): 96 mg; mp 198-201.5 °C
(lit.3! mp 198-199 °C); %C NMR 4 115.0 (C4a), 118.6 (C6), 123.8
(C3), 136.4 (C5), 138.8 (C4), 150.0 (C8a), 150.6 (C7), 164.0 (C2).
Anal. Calcd for CgHgN,O: C, 65.75; H, 4.14; N, 19.17. Found:
C, 65.59; H, 4.23; N, 19.10.
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Diethyl vinyl phosphates derived from substituted cyclohexanones are known to rearrange to 8-keto phosphonates
upon treatment with excess LDA. To develop strategies for the regiocontrol of this rearrangement, the effect
of regiospecific preparation of the vinyl phosphate has been tested and the use of dienyl phosphates has been
studied. With 3-methylcyclohexanone both phosphonate regioisomers are formed in a ratio independent of the
regiochemistry of the vinyl phosphate. However, regiocontrol is observed in rearrangements of dienyl phosphates
derived from methyl-substituted cyclohexenones. In this series, formation of the kinetic enolate, reaction with
diethyl phosphorochloridate, and in situ treatment of the intermediate vinyl phosphate with LDA result in the
phosphono ketone, with C-P bond formation at the site corresponding to the original kinetic enolate. Catalytic
hydrogenation of the phosphono enone then can be used to obtain a phosphono ketone. In contrast to the course
of this rearrangement with cyclohexenones, the diethyl vinyl phosphate derivative of cycloheptenone undergoes
a 1,2-rearrangement yielding a hydroxy phosphonate.

We recently reported that dialkyl vinyl phosphate de-
rivatives of five- and six-membered-ring ketones undergo
rearrangement to §-keto phosphonates upon treatment

(1) Fellow of the Alfred P. Sloan Foundation, 1985-1989.
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with base.2® This reaction represents a convenient method
for the synthesis of some 8-keto phosphonates that cannot

(2) Hammond, G. B.; Calogeropoulou, T.; Wiemer, D. F. Tetrahedron
Lett. 1986, 27, 4265.
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