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In the course of our continuing research on the appli-
cations of phthalide-3-phosphonates in organic synthe-
sis, we investigated an annulation reaction of dimethyl
phthalide-3-phosphonates with electron-deficient olefins.
Annulation reactions using 3-functionalized phthalides
such as 3-cyano-,? 3-phenylthio-* and 3-phenylsulfonyl-
phthalides® had been developed for the construction of
naphthalene ring systems in natural products synthesis.
Phthalide-3-phosphonates have mainly been used for the
syntheses of 3-alkylidene- and 3-benzylidenephthalides by
Wittig-Horner reaction.!®® However, the utilization of
these compounds in annulation reactions has not been
reported. A common feature of the phthalide annulation is
that the metallated intermediates of 3-substituted phthal-
ides undergo Michael addition to electron-deficient olefins
followed by base-induced cyclization, accompanied by
elimination of 3-substituents to give naphthol derivatives.
We envisaged that dimethyl phthalide-3-phosphonates
could be used in annulation reactions because the phos-
phonyl group would stabilize the phthalide anions and
then leave as a stable phosphite anion after the cyclization
had been accomplished. In this paper, a regioselective
annulation to naphthalene ring systems using dimethyl
phthalide-3-phosphonates is described.

Dimethyl phthalide-3-phosphonate (1a) was treated with
tert-BuOLi®® in tetrahydrofuran (THF) at —78°C for
30 min under an argon atmosphere to generate the yellow
anion. A. THF solution of dimethyl fumarate (2a) was
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added to the anion at —78°C and then the mixture was
refluxed for 1h. Quenching with saturated NH,Cl solution
and acidic work-up gave 1,4-dihydroxy-2,3-dimethoxycar-
bonylnaphthalene (3a)® in 97% yield (Chart 1). Although
lithium diisopropylamide (LDA) and NaH could also be
used instead of tert-BuOLi in this reaction, 3a was
obtained in lower yields (LDA: 72%, NaH: 65%). There-
fore, we chose fert-BuOLi as a base for the following
annulation reactions. As shown in Chart 1, when dimethyl
rnaleate (2b), N,N-diethylacrylamide (2¢), and 3-buten-2-
one (2d) were used as olefins, the corresponding annulation
products (3a, 3b and 3¢®) were obtained in moderate to
good yields. When cyclic olefins such as 2-cyclopenten-1-
one (2e), 2(5H)-furanone (2f), and 2-cyclohexen-1-one (2g)
were used, the fused-naphthalene derivatives (3d, 3e*?
and 3f") were obtained in high yields. The annulation
reaction of methoxy-substituted phthalides (1b and 1c)
with 2a gave the same product (3g) in similar yields, while
on treating 1b or 1c with 2d, the annulation reaction
proceeded in a regioselective manner and the regioisomers
(3h%? and 3i) were obtained in 72% and 60% yields,
respectively. Some of the naphthalene-1,4-diols (3a and
3g) were easily oxidized by Ag,0 in ether to give 1,4-
naphthoquinones (4a” and 4b) in moderate yields (Chart
1). In the annulation reaction of benzylideneacetophenone
(2h) and ethyl crotonate (2i) with 1a, the corresponding
naphthols were directly converted into their naphthoqui-
nones (4¢ and 4d®) due to the difficulty in purification of
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Chart 1
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TaBLE I. Physical Properties and Spectral Data of Naphthalene-1,4-diols (3) and 1,4-Naphthoquinones 4)

969

Compd. mp (°C) Formula Analysis (%) IR (KBr) B
No.  (Recryst. solv.)  (MS, mjz; M*) Caled (Found) UV nm (loge) v CO (cm™1) 'H-NMR® § (CDCl,, /=H7)
3a 110—1119 C.H;,0  C: 6087 (60.72)  217.5 (4.45), 262 (4.33), 312(s) (3.47), 1670 3.91 (6H, s), 7.68 (2H, dd, J=6.4, 3.1),
(Pentane) (76)  H: 438 (440) 360 (3.88) 8.34.2H, dd, J=6.4, 3.1), 10.34 (2H, s)
3b 147148 CisH;NO, C: 69.48 (69.37) 218 (4.26), 243 (4.25), 267.5(s) (3.76), 1630 113 (6H, 1, J=7.0), 3.42 (4H, g, J=".0),
(Ether) (259)  H: 661 (656 344 (3.64) 6.58 (1H, s), 7.27—7.58 (2H, m), 7.98—
N: 540 ( 5.40) 8.32 (2H, m), 9.00—10.00 (2H, brs)
3¢ 2109 Ci,H g0, C: 7128 (71.02) 218 (4.12), 248(s) (3.91), 267(s) (4.00), 1640 2.61 (3H, s), 7.05 (1H, s), 7.41—7.70 (2H,
(Ether-benzenc) 202)  H: 499 (501) 273 (401), 325(s) (3.04), 395 (3.47) m), 8.07—8.41 (2H, m), 8.89 (1H, brs),
13.45 (1H, 5)
3d 219-220 CH 0, C: 7289 (72.59) 217 (4.36), 249 (4.39), 266 (4.40), 1630 2.65-2.81 (2H, m), 3.07—3.22 (2H, m),
(MeOH-CH,Cl,) Q14 H: 471 (490) 300(s) (3.47), 397 (3.63) 7.35—7.68 (2H, m), 8.08—8.24 (2H, m),
9.02 (1H, brs), 9.75 (1H, brsy?
3e 243 C,HsO, C: 6667 (6637) 214 (4.42), 232 (4.38), 255 (4.35), 315 1700 5.38 (2H, 5), 7.40—7.70 (2H, m), 8.11—
(MeOH) @216)  H: 373 (400) (3.50), 360 (3.68), 376(s) (3.63) 8.34 (2H, m), 9.43 (2H, brs)?
3 167—1729 CuH,0;, C: 7367 (73.58) 220 (4.45), 255(s) (4.26), 273 (4.36), 1640 2.02—2.26 (2H,.m), 2.60—2.82 (2H, m),
(CH,Cl,) (226) © H: 530 (535 330(s) (4.18), 402 (3.67) 3.00—3.18 (4H, m), 7.45—7.67 (2H, m),
8.15—8.37 (2H, m)
3g 188189 CisH,0;  C: 58.82 (58.53) 216 (4.49), 236 (4.47), 250(s) (4.41), 1740, 1660  3.95 (6H, s), 4.06 (3H, s), 7.04 (IH, dd,
(CH,Cl,hexane) (306)  H: 461 (457) 308(s) (3.70), 322 (3.72), 376 (4.30), J=19,0.9), 7.48 (IH, dd, J=8.4, 7.9), 8.05
393 (s) (4.25) (1H, dd, J=8.4, 1.1), 9.24 (1H, §), 11.69
(1H, s)
3h 144 C;H;,0, C: 6393 (6381) 218 (4.27), 257 (4.37), 295() 3.57), 1630 2.66 (3H, s), 2.40—3.00 (2H, brs), 4.05
(Ether) (232)  H: 550 (5550 310(s) (3.49), 325(s) (3.46), 400 (3.80) (3H, ), 6.85 (1H, d, J=7.2), 7.41 (IH, ),
7.57 (1H, t, J=7.2), 7.80 (1H, d, J=17.2)
3 132134 CsH,0, C: 6723 (6695) 217 (4.44), 255 (4.40), 314(s) 3.57), 1630 2.64 (3H, 5), 4.06 (3H, 5), 6.99 (1H, dd,
(Ether) (232)  H: 521 (524) 328(s) (3.60), 405 (3.84) J=19, 0.9), 6.99 (IH, 5), 7.40 (1H, ,
J=17),8.07 (IH, dd, J=8.3, 1.1), 8.78
: (1H, 5), 13.23 (1H, 5)
4a 94959 CiHy 05 C: 6132 (61.22) 203 (434), 220(s) (4.09), 248 (4.22), 1720, 1680  3.94 (6H, s), 7.72—7.90 (2H, m), 8.02—
(CH,Cl,ether) (Q14) H: 368 (372 265(s) (4.03), 342 (3.52) 8.22 (2H, m)
4b 125126 CisHy,0,  C: 5921 (59.16) 213 (4.42), 250 (4.13), 350(s) (3.36), 1740, 1660  3.92 (6H, s), 401 (3H, ), 7.26—7.44 (2H,
(CH,Cl,—ether) (304)  H: 398 (399) 415(3.54) m), 7.75 (1H, dd, J=438, 0.9)
4c 171172 CyH0,  C: 8164 (81.76) 203 (4.29), 248 (4.23), 252(5) (4.22), 1670, 1650  7.25 (SH, ), 7.32—7.50 (3H, m), 7.71—
(Ether—pentane) (38) H 417 (430) 295(s) (3.55) 7.87 (4H, m), 8.01—8.21 (2H, m)
4d 9899 ClH;0, C: 6884 (6855 200 (4.22), 249 (4.22), 250 (4.23), 1730, 1660 1.41 (3H, t, J=7.0), 2.19 (3H, ), 4.44 (2H,
(Ether—pentanc) (244) H: 495 (498) 268(s) (4.05), 335 (3.31) q, J=7.0), 7.69—7.84 (2H, m), 8.01—8.16

(2H, m)

a) Listed as chemical shifts (number of protons, multiplicity, coupling constant in Hz). b) Lit.,” mp 114—115°C. ¢)

Lit.,® mp 210—211°C. d) Lit.,® mp

167—168°C. ¢) Lit.,” mp 100—101°C. f) Caled for C,;H,,0, 2/3H,0. g) DMSO-d, as a solvent,

the naphthalene-1,4-diols. Various kinds of highly sub-
stituted 1,4-naphthoquinones are found in nature.®” The
above annulation to naphthalene-1,4-diols and their con-
version to the corresponding quinones could be used for
the regioselective synthesis of naphthoquinone natural
products.

In conclusion, we have developed a new phthalide-
annulation reaction using dimethyl phthalide-3-phospho-
nates. The yields of our reaction seem to be better than
those of the previously reported procedures.>* Therefore,
dimethyl phthalide-3-phosphonates are good alternatives
to other 3-substituted phthalides for use in annulation
reactions.?'%

Experimental

Melting points were determined with a Yanagimoto micromelting
point apparatus and are uncorrected. The IR spectra were measured
with a JASCO 810 spectrophotometer. The UV spectra were recorded in
95% ethanol on a Hitachj 323 spectrophotometer. The NMR spectra
were obtained on JEOL FX 90Q and JEOL GX-400 spectrometers using
CDClI; as a solvent and tetramethylsilane as an internal reference. The
MS were taken on a JEOL DX-303 mass spectrometer. Elemental
analyses were performed at the Microanalytical Laboratory of the
Center for Instrumental Analysis in Nagasaki University. Conventional
column chromatography was carried out on a column of Kieselgel 60
(230—400 mesh).

General Procedure for Annulation Reaction The following procedure
for the synthesis of 1,4-dihydroxy-2,3-dimethoxycarbonylnaphthalene
(3a) is representative: other 1,4-dihydroxynaphthalene derivatives (3b—i)
were obtained similarly.

1,4-Dihydroxy-2,3-dimethoxycarbonylnaphthalene (3a): A solution of

la (0.24 g, 1.0mmol) in THF (30 ml) was added to a stirred solution of
tert-BuOLi (2.0mmol), prepared from n-BuLi (1.0 M solution in hexane,
2.0ml, 2.0mmol) and terr-BuOH (0.19 ml, 2.0 mmol) at —78°C, under
an argon atmosphere. The mixture was stirred at —78°C for 0.5h and
then a solution of dimethyl fumarate (2a: 0.29g, 2.0mmol) in THF
(10 ml) was injected into the yellow solution at —78 °C. After 0.5h, the
mixture was refluxed for 1h and then THF was removed under reduced
pressure to give a residue. Water and 10% HCI solution were added to
neutralize the residue and the mixture was extracted with CH,Cl,. The
CH,Cl, layer was dried over Na,SO, and evaporated to give a residue,
which was purified by recrystallization from pentane to give 3a (0.27g,
98% yield), mp 110—111°C (pentane) (see Table I). Compound 3a was
also prepared in 74% yield by employing dimethyl maleate (2b) instead
of 2a in the above reaction. 1,4-Dihydroxy-2-(N,N-diethylcarbamoyl)-
naphthalene (3b), 2-acetyl-1,4-dihydroxynaphthalene (3¢), 4,9-dihydro-
xynaphtho[2,3-c]cyclopenten-1-one (3d), 4,9-dihydroxynaphtho[2,3-c]-
furan-1(3H)-one (3e), 4,9-dihydroxynaphtho[2,3-c]cyclohexen-1-one
(3f), 1,4-dihydroxy-5-methoxy-2,3-dimethoxycarbonylnaphthalene (3g),
2-acetyl-1,4-dihydroxy-8-methoxynaphthalene (3h), and 2-acetyl-1,4-di-
hydroxy-5-methoxynaphthalene (3i) were obtained similarly (see Table I).

General Procedure for Oxidation of 1,4-Dihydroxynaphthalenes The
following procedure for the synthesis of 2,3-dimethoxycarbonyl-1,4-
naphthoquinone (4a) is representative: other 1,4-naphthoquinones (4b—d)
were obtained similarly.

2,3-Dimethoxycarbonyl-1,4-naphthoquinone (4a): A solution of 3a
(0.21g, 0.7mmol) in ether (40ml) was stirred with Ag,0 (0.49g,
2.1 mmol) at room temperature for 6h. The suspension was filtered and
concentrated to give a residue, which was purified by recrystallization
from CH,Cl,-ether to give 4a (0.17g, 91% yield), mp 94—95°C
(CH,Cl,—ether) (see Table I). 5-Methoxy-2,3-dimethoxycarbonyl-1,4-
naphthoquinone (4b), 2-benzoyl-3-phenyl-1,4-naphthoquinone (4¢), and
2-ethoxycarbonyl-3-methyl-1,4-naphthoquinone (4d) were obtained simi-
larly (see Table I).

NII-Electronic Library

Service



970

References

b

2)

a) M. Watanabe and S. Furukawa, SYNLETT, 1991, 481; b) M.

Watanabe, S. Ijichi, and S. Furukawa, Synthesis, 1993, 94; c) M.

Watanabe, S. Ijichi, H. Morimoto, K. Nogami, and S. Furukawa,
Heterocycles, 36, 553 (1993).

a) G. A. Kraus and H. Sugimoto, Tetrahedron Lett., 1978, 2263; b)
T. Liand T. C. Walsgrove, ibid., 22, 3741 (1981); ¢) B. A. Keay and
R. Rodrigo, Can. J. Chem., 61, 637 (1983); d) G. A. Kraus, H. Cho,
S. Crowley, B. Roth, H. Sugimoto, and S. Prugh, J. Org. Chem., 48,
3439 (1983); €) B. L. Chenard, M. G. Dolson, A. D. Sercel, and J.
S. Swenton, ibid., 49, 318 (1984); f) J. N. Freskos and J. S.
Swenton, J. Chem. Soc., Chem. Commun., 1985, 658; g) R. A.
Russell, B. A. Pilley, and R. N. Warrener, Synthetic Commun., 16,
425 (1986); h) K. Nomura, K. Okazaki, K. Hori, and E. Yoshii,
Chem. Pharm. Bull., 34, 3175 (1986); i) K. Okazaki, K. Nomura,
and E. Yoshii, Synthetic Commun., 17, 1021 (1987); j) G. W.
Morrow and J. S. Swenton, J. Org. Chem., 52, 713 (1987); k) S. P.
Khanapure, R. T. Reddy, and E. R. Biehl, ibid., 52, 5685 (1987).

3)

Vol. 41, No. 5

a) F. M. Hauser and R. P. Rhee, J. Org. Chem., 43, 178 (1978); b)
F. M. Hauser and S. Prasanna, ibid., 47, 383 (1982); ¢) F. M.
Hauser and D. Mal, J. Am. Chem. Soc., 105, 5688 (1983); d) K.
Tatsuta, K. Akimoto, M. Annaka, Y. Ohno, and M. Kinoshita,
Bull. Chem. Soc. Jpn., 58, 1699 (1985); ¢) F. M. Hauser, P.
Hewawasam, and V. M. Baghdanov, J. Org. Chem., 53, 223 (1988).
a) A. Yamaguchi and A. Okazaki, Nippon Kagaku Kaishi, 1973;
110; b) E. Napolitano, G. Spinelli, R. Fiaschi, and A. Marsili,
Synthesis, 1985, 38.

T. Troll and K. Schmid, Tetrahedron Lett., 25, 2981 (1984).

G. Read and V. M. Ruiz, J. Chem. Soc., Perkin Trans. 1,1973, 235.
C-W. Chen and P. Beak, J. Org. Chem., 51, 3325 (1986).

L. S. Liebeskind, S. L. Baysdon, M. S. South, S. Iyer, and J. P.
Leeds, Tetrahedron, 41, 5839 (1985).

R. H. Thomson, “Naturally Occurring Quinones,” 2nd ed.,
Academic Press, New York, 1971; R. H. Thomson, ‘“Naturally
Occurring Quinones,” 3rd ed., Chapman and Hall, London, 1987,
p. 125.

NII-Electronic Library Service





