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6 1.46 (dd, 1 H, J = 1.5 Hz, 8.9 Hz), 1.62 (d, 1 H, J = 8.9 Hz), 
2.69 (dd, 1 H, J = 1.3, 4.1 Hz), 3.13 (br s, 1 H), 3.27 (br s, 1 H), 
3.38 (t, 1 H, J = 4.0 Hz), 3.65 (8,  3 H), 3.72 (s, 3 H), 6.07 (dd, 1 
H , J  = 2.7, 5.5 Hz),6.29 (dd, 1 H , J  = 3.2,5.3 Hz); 13C NMR (90 

47.5, 47.5, 47.2, 47.0,46.9, 45.5,45.5. Anal. Calcd for CllH1404: 
C, 62.84; H, 6.71. Found: C, 62.93; H, 6.75. 

Methyl (4R)- 1-met hylcyclohexene-4-carboxylate: IR (neat) 
1741 cm-'; 'H NMR (360 MHz, CDClJ S 1.5S1.76 (m, 1 H), 1.65 
(s, 3 H), 1.98-2.02 (m, 3 H), 2.21-2.23 (m, 2 H), 2.45-2.53 (m, 1 
H), 3.68 (8,  3 H), 5.38 (br 8, 1 H); 13C NMR (90 MHz, CDC13) 6 
176.5, 133.7, 119.2,51.6, 39.1, 29.3, 27.7, 25.5, 23.5. Anal. Calcd 
for C9H1402: C, 70.10; H, 9.15. Found: C, 70.00, H, 9.17. 
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The antitumor and antibiotic activities of gilvocarcins,2 
chrysomycin,3 and ravidomycins4 have prompted several 
syntheses of defucogilvocarcins5 and the related C- 
glycosides.6 We have recently described the synthesis of 
the 12-demethoxydefucogilvocarcin ring system' via the 
Pechmann condensation8 and subsequent regioselective 
oxidation with selenium dioxide. The use of the Pechmann 
condensation in the preparation of benzo[d]naphtho[l,2- 
blpyran-6-ones from dihydroxynaphtbalenes and 2-carb- 
ethoxycyclohexanones was first reported by Chebaanesa 
and subsequently by DavesGb and McGee.5f We now report 
a concise synthesis, utilizing an improved Pechmann 
condensation procedure, of trimethoxy-8-ethyl-6H-benzo- 
[d]naphtho[l,2-b]pyran-6-ones such as 1 and 2, structurally 
related to the aglycon of gilvocarcins, and describe the 
related unexpected products formed in the condensation 
reaction. 

Initially, we attempted to prepare the required 4,5-di- 
methoxy-1-naphthol (3) from the monodemethylation of 
1,4,S-trimethoxynaphthalene (4),9 obtained from the de- 
bromination of 2-bromo-l,4,5-trimethoxynaphthalene (5)5a 
with 10% Pd/C in formic acid and DMF (86% yield) 
(Scheme I). However, monodemethylation of 4 with 
trimethylsilyl iodidelo gave only the undesired isomers 6 
and 7 (94% yield) in a ratio of 3:l. Spectrai data and 
melting points of 611 and 712a are identical with those re- 
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"(a) 10% Pd/C, HC02H, DMF, 150 O C ;  (b) Me,SiI, CHC13, 25 
OC, 48 h. 
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ported. Presumably, the C-4 and C-5 oxygens chelated via 
a trimethylsilyl group as depicted in structure 8 led to 

(1) Ono Pharmaceutical Co., Osaka, Japan. 
(2) Isolation, structure, and biological activities: (a) Tomita, F.; 

Matauda, Y.; Shirahata, K.; Takahashi, K.; Nakano, H.; Sato, T.; Ohkubo, 
S.; Nakamura, N. Japan Kokaikoho 1980,80, 57586. (b) Nakano, H.; 
Matauda, Y.; Ito, K.; Ohkubo, S.; Morimoto, M.; Tomita, F. J .  Antibiot. 
1981,34,266. (c) Takahashi, K.; Yoshida, M.; Tomita, F.; Shirahata, K. 
J .  Antibiot. 1981,34,271. (d) Hirayama, N.; Takahashi, K.; Shirahata, 
K.; Ohashi, Y.; Sasada, Y. Bull. Chem. Soc. Jpn. 1981, 54, 1338. (e) 
Takahashi, K.; Tomita, F. J .  Antibiot. 1983, 36, 1531. (f) Misra, R.; 
Tritch, H. R. III; Pandey, R. C. J .  Antibiot. 1985,38, 1280. (g) Wei, T. 
T.; Byme, K. M.; Warnick-Pickle, D.; Greenstein, M. J. Antibiot. 1982, 
35, 545. 

(3) Isolation and biological activities: (a) Strelitz, F.; Flon, H.; Ash- 
eshov, I. N. J .  Bacteriol. 1955, 29, 280. (b) Weiss, U.; Yoshihira, K.; 
Highet, R. J.; White, R. J.; Wei, T. T. J .  Antibiot. 1982, 35, 1194. 

(4) Isolation, structure, and biological activities: (a) Sehgal, S. N.; 
Vezina, C. Current Chemotherapy and Infectious Disease. Proceedings 
of the 11th I.C.C. and the 19th I.C.A.C.; Nelson, J. D., Grassi, C., Eds.; 
American Society of Microbiology: Washington, D.C., 1980; p 1553. (b) 
Sehgal, S. N.; Vezina, C. US. Patent No. 4230692,1980. (c) Findlay, J. 
A.; Liu, J.-S.; Radics, L.; Rakhit, S. Can. J .  Chem. 1981,59, 3018. (d) 
Findlay, J. A,; Liu, J.-S.; Rakhit, S. Can. J .  Chem. 1983, 61, 323. 
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Table I. Pechmann Condensation of NaDhthols (3.6. and 7) and &Keto Ester 10 
~ 

products, % yield 

8 20 40 1 3 H2S04, 0 - 25 OC, 4 h 

3 3 5 equiv of CH3C02NH4, 185 OC, 2 h 25 18 

5 6 H2S04, 0 - 25 "C, 4 h 5 40 17 
6 
7 

entry naphthol reaction conditions 11 12 13 14 15 

2 3 p-TsOH, 120 OC, 12 h 30 20 

4 3 2 equiv of CF3C02H, 2 equiv of HzSO4,O - 22 OC, 5 h 81 10 

6 
7 

2 equiv of CF3C02H, 2 equiv of H2S04, 0 - 22 OC, 5 h 93 
2 equiv of CF3C02H, 2 equiv of HzS04, 0 - 22 "C, 5 h 86 

attack of iodide on the O-methyl of either C-4 or (2-5. 
Other hydrolytic agents, such as 48% HBr in refluxing 
acetic acid, gave mixtures of the corresponding dihydroxy- 
and trihydroxynaphthalenes. We then prepared naphthol 
313 by the deacetylation of l-acetoxy-4,5-dimethoxy- 
naphthalene (9)" with Dibal-H in THF (95% yield) 
(Scheme 11). 

We have first tempted to prepare tetracyclic lactone 11 
under usual Pechmann conditions. Surprisingly, when 
naphthol 3 and ethyl 5-ethyl-2-oxocyclohexanecarboxylate 

were treated with concentrated HzSO4 at  0 "C and 
then at  25 "C,' the C-4-OH condensation products, 13 and 
14, were formed as the major products while C-12-O-de- 
methyl lactone 12 was obtained in only 8% yield (Table 
I, entry 1). Possibly, in the presence of H2S04, 3 under- 
went rapid demethylation of the C-4 methoxy group fol- 
lowed by electrophilic aromatic addition at  C-3 (predom- 
inantly) with keto ester 10. Results similar to those pro- 
vided by 3 were obtained when the isomeric naphthol, 

(5) Synthesis of defucogilvocarcins: (a) Findlay, J. A.; Daljeet, A,; 
Murray, P. J.; Rej, R. N. Can. J. Chem. 1987,65,427. (b) McKenzie, T. 
C.; Hassen, W. Tetrahedron Lett. 1987, 2563. (c) McKenzie, T. C.; 
Hassen, W.; McDonald, S. J. F. Tetrahedron Lett. 1987, 5453. (d) 
MacDonald, S. J. F.; McKenzie, T. C.; Hassen, W. D. J. Chem. Soc., 
Chem. Commun. 1987,1528. (e) Patten, A. D.; Nguyen, N. H.; Danish- 
efsky, S. J. J. Org. Chem. 1988,53, 1003. (f) McGee, L. R.; Confalone, 
P. N. J. Org. Chem. 1988,53,3695. (h) Jung, M. E.; Jung, Y. H. Tetra- 
hedron Lett. 1988,2517. (i) Hart, D. J.; Merriman, G. H. Tetrahedron 
Lett. 1989,5093. (g) Deshpande, P. P.; Martin, 0. R. Tetrahedron Lett. 
1990,6313. 6) Parker, K. A.; Coburn, C. A. J. Org. Chem. 1991,56,1666. 
(6) Synthesis of the related C-glycoside: (a) Outten, R. A.; Daves, G. 

D., Jr. J. Org. Chem. 1987,52,5064. (b) Kwok, D. I.; Outten, R. A.; Huhn, 
R.; Daves, G. D. J. Org. Chem. 1988,53,5359. (c) Outten, R. A,; Daves, 
G. D., Jr. J. Org. Chem. 1989,54, 29. 

(7) Hua, D. H.; Saha, S.; Maeng, J. C.; Bensoussan, D. Synlett 1990, 
233. 

(8) (a) Chebaane, K.; Guyot, M.; Molho, D. Bull. SOC. Chim. Fr. 1975, 
2521. Other Pechmann reactions: (b) Pechmann, H. v.; Duisberg, C. Ber. 
1883, 16,2119. (c) Sethna, S. Chem. Reu. 1945,36,10. (d) Sethna, S.; 
Phadka, R. Org. React. 1953, 7,l. (e) Kappe, T.; Ziegler, E. Org. Prep. 
Proced. 1969,1,61. (f) Kappe, T.; Mayer, C. Synthesis 1981,524. (g) 
Osborne, A. G. Tetrahedron 1981,37, 2021. 
(9) 1,4,5-Trimethoxynaphthalene (4) has also been synthesized by 

anodic oxidation of 1,5-dimethoxynaphthalene: Jackson, D. K.; Swenton, 
J. S. Synth. Commun. 1977, 7,  333. 

(10) Jung, M. E.; Lyster, M. A. J. Org. Chem. 1977,42,3761. 
(11) We thank the reviewers for providing us with refs 11 and 12 

Chorn, T. A.; Giles, R. G. F.; Green, I. R.; Hugo, V. I.; Mitchell, P. R. K.; 
Yorke, S. C. J. Chem. Soc., Perkin Trans. 1 1984, 1339. Spectral data 
were not fully reported, however. 

(12) (a) Laatsch, H. Liebigs Ann. Chem. 1985, 1847. A recent syn- 
thesis of 7 (b) Sibi, M. P.; Dankwardt, J. W.; Snieckus, V. J. Org. Chem. 
1986,51, 273. Spectral data were not fully reported, however. 
(13) An alternative preparation of naphthol 3 has been reported re- 

cently from 5-hydroxynaphthalene-1,4-dione in 13% yield: Malesani, G.; 
Ferlin, M. G. J.  Heterocycl. Chem. 1987,24,513. However, spectral data 
of 3 and 4 were not fully reported. Since the r ep~r t ed '~  melting point for 
naphthol 3 is significantly lower than that of our material, full charac- 
terization of 3 is described here. 

(14) Ester 10 was prepared from ethoxycarbonylation of I-ethyl- 
cyclohexanone with LDA in THF at -78 O C  followed by ethyl cyano- 
formate (64% yield). For the preparation of &keto esters (from ketones, 
diethyl carbonate, and sodium hydride) and use of ethyl cyanoformate, 
see: (a) Rhoads, S. J.; Gilbert, J. C.; Decora, A. W.; Garland, T. R.; 
Spangler, R. J.; Urbigkit, M. J. Tetrahedron 1963,19,1625. (b) Mander, 
L. N.; Sethi, S. P. Tetrahedron Lett. 1983, 5425. Ester 10 has been 
prepared by Dave& utilizing the method reported by Rhoads."" 
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O(a) Se02, AcOH, 120 "C; (b) PCC, CH,ClZ; (c) (MeO)&H, 
MeOH, p-TeOH; (d) DDQ; (e) SeOz, diglyme, 185 "C, 30 min. 

1,5-dimethoxy-4-naphthol (6), was treated with 10 in 
concentrated HzSO4 (entry 5).  Milder acidic media were 
investigated. Treatment of a mixture of 3 and 10 with 5 
equiv of p-toluenesulfonic acid at  120 "C (entry 2) or 5 
equiv of ammonium acetatesf at 185 "C (entry 3) similarly 
led to hydroxy compounds 12 (25-3070 yields) and 14 
(18-20% yields). Other systems for the condensation of 
3 with 10, such as p-toluenesulfonic acid in refluxing 
toluene, P206, and POCl, in refluxing toluene, produced 
11 in only 510% yields. An 81% yield of 11, the expected 
product, was eventually obtained from a mixture of 3 and 
10 treated with 2 equiv of CF3COzH and 2 equiv of H2S04 
at  0 "C and then at  22 "C (entry 4). A small amount of 
14 (10%) was also formed. On the other hand, while 
isomeric naphthols 6 and 7, when treated with 10 in 
CF3COZH-H&3O4 also gave the expected coupling products 
13 and 15 in 93% and 86% yields, respectively, no de- 
methylation products were obtained (entries 6 and 7). 

The regiochemistry of 13 was determined by converting 
it into benzonaphthopyrone 2 (vide infra), which was an- 
alyzed by X-ray diffraction.I6 Alcohols 12 and 14, re- 
spectively, were methylated with sodium hydride and 
methyl iodide in DMF to provide 11 (95% yield) and 13 
(92% yield). 

Various methods have been investigated for (2-10 hy- 
droxylation of 11 and 13. Regioselective oxidation of 13 
with selenium dioxide16 in refluxing acetic acid' provided 
a 31% yield of alcohol 16,9% yield of acetate 17, and 6% 

logr., Sect. C. In press. 
(16) For a review: Reich, H. J. Oxidation in Organic Chemistry, Part 

C; Trahanovsky, W. S., Ed.; Academic Press: New York, 1978; p 1. 
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g (86% yield) of 4, mp 116-117 "c (lit.13 mp 119 "C). 
1,5-Dimethoxy-4-naphthol (6) and 1,4-Dimethoxy-S- 

naphthol (7). To a solution of 0.7 g (3.2 mmol) of 1,4,5-tri- 
methoxynaphthalene (4) in 20 mL of CHC13 under argon was 
added 0.7 g (3.52 mmol) of Me3SiI. The solution was stirred at 
25 OC for 48 h, diluted with 5 mL of H20 and 10 mL of saturated 
aqueous NH4C1 solution, and extracted twice with CHzCl2. The 
combined extracts were washed with brine, dried (MgS04), con- 
centrated, and column chromatographed on silica gel using a 
mixture of hexane and CHzClz as eluant to give 0.458 g (70.5% 
yield) of 6 (more polar) and 0.153 g (23.5% yield) of 7 (leas polar). 
6 mp 150-151 OC (lit.'' mp 155.5-156.5 OC). 7: mp 102-103 OC 
(lit.12 mp 105 "C). 
8-Et hyl- 12-hydroxy- 1-met hoxy-7,8,9,lO-tet rahydro-6H- 

benzo[d]naphtho[ 12-bIpyran-6-one (12), 4J2-Dimethoxy- 
8-ethyl-7,8,9,10-tetrahydro-6lY-benzo[d]naphtho[ 1,2-b 1- 
pyran-6-one (13), and 8-Ethyl-12-hydroxy-4-methoxy- 
7,8,9,10-tetrahydro-6H-benzo[ dlnaphtho[ 12- blpyran-6-one 
(14) (entry 5 of Table I). A mixture of 1.86 g (9.12 mmol) of 
1,5-dimethoxy-4-naphthol (6) and 2.71 g (13.69 mmol) of ethyl 
5-ethyl-2-oxocyclohexanecarboxylate (10) was stirred vigorously 
at 25 "C for 15 min and then cooled to 0 "C. To it was added 
slowly 4.65 mL of concentrated H$04, and the mixture waa stirred 
vigorously for 3 h at 0 OC. The mixture was diluted with 30 mL 
of ice-HzO and 50 mL of CHzCl2, neutralized with saturated 
aqueous NaHC03 to pH 7, and extracted five times with CHZCl2. 
The combined extracta were washed with brine, dried (MgS04), 
concentrated, and column chromatographed on silica gel using 
mixtures of hexane, CHZCl2, and ethyl acetate as eluant to give 
1.233 g (40% yield) of 13, 0.502 g (17% yield) of 14, and 0.148 
g (5% yield) of 12. 
13: mp 194-200 "C; 'H NMR (CDClJ 6 7.87 (d, J = 8 Hz, 1 

C3-H), 6.83 (8, 1 H, C11-H), 4.08 (s,3 H, OMe), 4.03 (s,3 H, OMe), 
2.98-2.7 (m, 2 H, C7-Hs), 2.1-2.04 (m, 2 H, C10-Hs), 1.6-1.4 (m, 
5 H), 1.02 (t, J = 7 Hz, 3 H, Me); 13C NMR (CDC13) 6 161.82 (8, 
CO), 157.8 (s), 151.8 (s), 147.15 (s), 144.2 (8, C=), 129.1 (s), 127.85 
(d), 122.41 (s), 118 (8, C=), 115.5 (s), 114.15 (d), 108.39 (d), 97.42 
(d), 56.43 (q, OMe), 55.79 (q, OMe), 34.53 (d), 30.23 (t), 28.72 (t), 
27.51 (t), 26.24 (t), 11.42 (9); CI MS m / e  339 (M + 1,80); E1 MS 
m / e  339 (M + l),  338 (M+, 100), 323,306,279,254,218,167,149. 
Anal. Calcd for C21H22O4: C, 74.54; H, 6.55. Found: C, 74.47; 
H, 6.78. 
14 mp 188-189 OC; 'H NMR (DMSO-$) 6 10.23 (8, 1 H, OH), 

C12-OMe), 2.9-2.6 (m, 3 H), 1.93 (m, 2 H), 1.6-1.3 (m, 4 H), 0.95 

156.70 (s), 148.96 (s), 147.14 (s), 142.23 (8,  C=), 127.86 (s), 127.5 
(d), 121.33 (s), 115.39 (s), 114.84 (8,  C=), 114.29 (d), 108.34 (d), 
101.15 (d), 56.14 (q, OMe), 33.72 (d), 29.84 (t), 28.19 (t), 26.89 (t), 
25.43 (t), 11.21 (9); FAB MS m/e 325 (M + l), 277,185,137,93, 
75. Anal. Calcd for C&Izo04: C, 74.06; H, 6.22. Found C, 73.89; 
H, 6.47. 

12  mp 244-245 "C; 'H NMR (CDC13) 6 9.18 (8,  1 H, OH), 8.14 

J = 8 Hz, C2-H), 6.89 (8,  1 H, C11-H), 4.1 (8, 3 H, OMe), 2.9 (m, 
2 H), 2.7 (m, 1 H), 2.1 (m, 2 H), 1.45 (m, 4 H), 1.02 (t, J = 7 Hz, 
3 H, Me); 13C NMR (CDC13) 6 159 (8 ,  CO), 155.79 (s), 150.47 (s), 
147.41 (s), 141.5 (8,  C=), 129 (s), 126.98 (d), 123.83 (s), 117 (s), 
116.1 (d), 110 (s), 106.5 (d), 102.34 (d); FAB MS m/e 325 (M + 
l) ,  277, 246, 229,212, 185 (loo), 154, 137,93,75. Anal. Calcd 
for CzoHzoO4: C, 74.06; H, 6.22. Found: C, 73.97; H, 6.31. 
4,12-Dimethoxy-8-ethyl-10-hydroxy-7,8,9,1O-tetrahydro- 

6R-benzo[d]naphtho[ 1,2-b Ipyran-6-one (161, 10-Acetoxy- 
4,12-dimethoxy-8-ethyl-7,8,9,lO-tetrahydro-6~-benzo[ a ] -  
naphtho[ 1,2-b]pyran-6-one (17), and 4,12-Dimethoxy-8- 
ethyl-6H-benzo[d]naphtho[ 1,2-b]pyran-Cone (18). A solution 
of 1.0 g (2.96 mmol) of 13 and 1.313 g (11.8 mmol) of selenium 
dioxide in 100 mL of acetic acid was stirred under reflux for 12 
h under argon. The solution was then cooled to 25 "C, diluted 
with 100 mL of CHzC12, neutralized with 70 g (1.748 mol) of NaOH 
in 320 mL of HzO, and extracted with CHzC12 three times. The 
combined extracts were washed with H20 and brine, dried 
(MgSO,), concentrated, and column chromatographed on silica 
gel using mixtures of hexane, CH2Cl2, and ethyl acetate as eluant 

H, C1-H), 7.51 (t, J = 8 Hz, 1 H, C2-H), 7.04 (d, J = 8 Hz, 1 H, 

7.77 (d, J = 8 Hz, 1 H, C1-H), 7.51 (t, J = 8 Hz, 1 H, C2-H), 7.13 
(d, J = 8 Hz, 1 H, C3-H), 7.0 (8, 1 H, C11-H), 3.95 (8, 3 H, 

(t, J = 7 Hz, 3 H, CH,); 13C NMR (DMSO-dG) 6 160.69 (8,  CO), 

(d, J = 8 Hz, 1 H, C4-H), 7.47 (t, J = 8 Hz, 1 H, C3-H), 6.94 (d, 

yield of pyrone 18, with 30% of 13 being recovered 
(Scheme 111). Oxidation of 11, however, afforded only a 
7% yield of desired alcohol 20 and 4% yield of the cor- 
responding C-10,ll-diol; 51 % of starting material 11 was 
recovered. Acetate 17 was converted into 16 by treatment 
with K2C03 in MeOH (92% yield). Pyrone 18 was formed 
from the dehydration of 16 or elimination of acetic acid 
from 17 followed by aromatization through elimination of 
H2. These pathways were supported by treating 16 or 17 
with selenium dioxide in refluxing acetic acid; 18 was 
formed slowly. Allylic deprotonation of 13 with 2 equiv 
of LDAnHMPA complex" in THF followed by 4.6 equiv 
of oxodiperoxymolybdenum(pyridine)hexamethyl- 
phosphoramide (MoOPH)18 provided a 30% yield of al- 
cohol 16 and 70% recovery of 13. However, when 11 was 
treated under the same conditions, only 5% of desired 
alcohol 20 along with 88% of starting 2 were obtained. 
Finally, oxidation of 11 under McGee and Confalone's 
conditions5f with 3 equiv of selenium dioxide in diglyme 
at  200 "C for 30 min generated a 60% yield of alcohol 20, 
and 25% of 11 was recovered. Compounds 16,17, and 20 
are mixtures of cis and trans isomers. The regiochemistry 
is evidence from the X-ray analysis of 2?5 and the 'H NMR 
spectra of 1 and 2 in which C-7 and C-9 hydrogens appear 
as doublets with J,,9 = 1 Hz (l,&coupling). Oxidation of 
alcohol 16 with pyridinium chlorochromate (PCC) in 
methylene chloridelg gave ketone 19. The aromatization 
of 19 was performed by the method of McGee.6f Ketali- 
zation of ketone 19 with methyl orthoformate and then 
aromatization with 2,3-dichloro-5,6-dicyanobenzoquinone 
(DDQ) afforded a 56% overall yield of 2 (Scheme 111). 
Similar treatment of 20 furnished dibenzo[b,d]pyran 1 in 
51% overall yield (from 20). 

A convenient regioselective construction of 8-ethyltri- 
methoxy-6i-benzo[d]naphtho[ lI2-b]pyran-6-ones is now 
provided by an improved Pechmann condensation of na- 
phthols with ethyl 5-ethyl-2-oxocyclohexanecarboxylate 
carried out under mild conditions followed by oxidation 
of the resulting 6-0~0-7,8,9,10-tetrahydro-6H-dibenzo[ b,- 
dlpyrans with selenium dioxide. Compounds 1, 2, and 
11-21 have not previously been reported. 

Experimental Section 
General Methods. Nuclear magnetic resonance spectra were 

obtained in deuteriochloroform on a Bruker WM-400 (400 MHz 
in 'H and 100 MHz in 13C) spectrometer and ore reported in ppm 
(6 units) downfield of internal tetramethylsilane. Infrared spectra 
were recorded on a Perkin-Elmer 1330 spectrophotometer and 
are reported in wavenumbers (cm-' units). Mass spectra were 
determined on a Finnigan 4000 automated gas chromato- 
graph/EI-CI mass spectrometer and a JEOL JMS-DX303HF 
mass spectrometer. E1 MS were taken under the conditions of 
75 eV, 300 PA, and 3 kV, and FAB MS were taken in Xe gas, 2 
kV, using glycerol and m-nitrobenzyl alcohol as matrixes. Davisil 
silica gel, grade 643 (200-425 mesh), was used for the flash 
chromatographic separation. 
1,4,5-Trimethoxynaphthalene (4). A mixture of 2.0 g (6.73 

"01) of 3-bromo-1,4,8-trimethoxynaphthalene (S)% and 0.35 g 
(0.33 mmol) of 10% Pd/C in 3.5 mL of 85% HCOzH and 17.5 
mL of DMF was stirred at 150 "C for 5 h, cooled to 25 "C, diluted 
with 150 mL of ether, and filtered through Celite. The filtrate 
was washed with H20 (30 mL), saturated aqueous NaHC03 so- 
lution, and brine, dried (MgSO,), and concentrated to give 1.26 

(17) (a) Herrmann, T. L.; Kieczykowski, G. R.; Schlessinger, R. H. 
Tetrahedron Lett. 1973,2433. (b) Smith, A. B. III; Branca, S. J.; Toder, 
B. H. Tetrahedron Lett .  1975, 4225. 

(18) (a) Vedejs, E.; Engler, D. A.; Telschow, J. E. J. Org. Chem. 1978, 
43,188. (b) Evans, D. A.; Vogel, E.; Nelson, J. V. J. Am. Chem. SOC. 1979, 
101, 6120. 

(19) Corey, E. J.; Suggs, J. W. Tetrahedron Lett .  1975, 2647. 
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to give 59 mg (6% yield) of 18,0.105 g (9% yield) of acetate 17, 
0.30 g (30% recovery) of 13, and 0.325 g (31% yield) of alcohol 
16. 

16 [a mixture of cis and trans isomers (1:2.5)]: lH NMR (CDCld 
6 7.78 (d, J = 8 Hz, 1 H, C1-H, trans), 7.54 (d, J = 8 Hz, 1 H, C1-H, 
cis), 7.45 (t, J = 8 Hz, 1 H, C2-H, trans), 7.42 (t, J = 8 Hz, 1 H, 
C2-H, cis), 7.41 (s, 1 H, C11-H, cis), 7.11 (8 ,  1 H, C11-H, trans), 
6.96 (d, J = 8 Hz, 1 H, C3-H, trans), 6.92 (d, J = 8 Hz, 1 H, C3-H, 
cis), 5.06 (br s, 1 H, CHO, cis and trans), 4.03 (s,3 H, OMe, trans), 
4.01 (s,3 H, OMe, trans), 4.0 (s,3 H, OMe, cis), 3.98 (s,3 H, OMe, 
cis), 2.94 (dd, J = 18, 4 Hz, 1 H, C7-H, trans), 2.73 (dd, J = 17, 
4 Hz, 1 H, C7-H, cis), 2.5 (m, 1 H, cis), 2.44 (d, J = 10 Hz, 1 H, 
cis), 2.39 (d, J = 7 Hz, 1 H, trans), 2.20 (d, J = 14 Hz, 1 H, trans), 
2.1-1.85 (m, 2 H), 1.5 (m, 3 H), 1.06 (t, J = 7 Hz, 3 H, Me, trans), 
1.0 (t, J = 7 Hz, 3 H, Me, cis); 13C NMR (CDCl,) 6 162.02 (8, CO), 
157.22 (s, trans), 157.14 (8,  cis), 151.53 (8,  trans), 150.78 (8,  cis), 
148.01 (s, cis), 145.87 (8,  trans), 145.02 (8,  =C), 128.92 (8, trans), 
128.74 (s, cis), 128.02 (d, trans), 127.9 (d, cis), 123.7 (8, trans), 123.64 
(8, cis), 115.6 (s, trans), 115.5 (s, cis), 114.56 (s, cis), 114.4 (8, trans), 
114.14 (d, trans), 114.04 (d, cis), 108.26 (d, trans), 108.0 (d, cis), 
100.56 (d, cis), 98.2 (d, trans), 67.54 (d, CHO, cis), 64.16 (d, CHO, 
trans), 56.29 (q, OMe, trans), 56.21 (q, OMe, cis), 55.84 (q, OMe, 
trans), 55.74 (q, OMe, cis), 39.49 (d, CH, cis), 37.13 (d, trans), 33.73 
(t, cis), 30.53 (t, trans), 29.69 (t, trans), 29.07 (t, cis), 28.94 (t, trans), 
28.64 (t, cis), 15.25 (9, cis), 11.22 (q, trans); FAB MS m / e  355 (M + 1, 20), 354 (M'), 277, 246, 229, 212, 185 (loo), 167, 154, 137. 
Anal. Calcd for CZ1Hz205: C, 71.17; H, 6.26. Found: C, 71.23; 
H, 6.05. 

17 [a mixture of cis and trans isomers (1:4)]: mp 199-200 "C; 
'H NMR (CDClJ 6 7.89 (d, J = 8 Hz, 1 H, C1-H), 7.53 (t, J = 
8 Hz, 1 H, C2-H), 7.05 (d, J = 8 Hz, 1 H, C3-H), 6.77 (8,  1 H, 
C11-H, trans), 6.52 (s, 1 H, C11-H, cis), 6.32 (br s, 1 H, CHO, 
trans), 6.30 (br s, 1 H, CHO, cis), 4.06 (8 ,  3 H, OMe), 3.86 (8 ,  3 
H, OMe), 2.98 (dd, J .- 13, 3 Hz, 1 H, trans), 2.8 (dd, J = 13, 3 
Hz, 1 H, cis), 2.4 (m, 1 H, cis), 2.07 (e, 3 H, CH,CO), 2.0-1.4 (m, 
6 H), 1.01 (t, J = 7 Hz, 3 H, Me, trans), 0.97 (t, J = 7 Hz, 3 H, 
Me, cis); 13C NMR (CDC13) 6 170.37 (8, CO of OAc), 161.56 (8 ,  
CO), 157.35 (s), 151.5 (8,  cis), 151.22 (8 ,  trans), 144.83 (8,  =c), 
143.47 (8, cis), 142.52 (8, trans), 128.83 (s), 128.11 (d), 127.99 (s), 
125.76 (s), 115.6 (s), 114.09 (d), 108.38 (d), 97.8 (d, cis), 97.05 (d, 
trans), 67.44 (d, CHO, cis), 65.23 (d, CHO, trans), 56.35 (q, OMe), 
55.65 (q, OMe, trans), 55.56 (q, OMe, cis), 34.42 (d, trans), 34.03 
(d, cis), 32.8 (t, cis), 30.2 (t, trans), 29.96 (t, cis), 29.56 (t, trans), 
28.81 (t, trans), 27.93 (t, cis), 21.15 (q, OAc), 11.48 (q, cis), 11.13 
(q, trans); CI MS m / e  397 (M + l) ,  353,339 (loo), 147,129; E1 

for C23Hz406: C, 69.68; H, 6.10. Found: C, 69.41; H, 6.35. 
396 (M+), 352 (M - Ac), 338,269,129 (loo), 112. Anal. Calcd 

18: 'H NMR (CDC13) 6 8.26 (s, 1 H, C7-H), 8.0 (d, J = 8 Hz, 
1 H, C1-H), 7.86 (dd, J = 8, 1 Hz, Cg-H), 7.64 (dd, J = 8, 2 Hz, 
1 H, C10-H), 7.47 (t, J = 8 Hz, C2-H), 7.27 (9, 1 H, C11-H), 7.03 
(d, J = 8 Hz, 1 H, C3-H), 4.1 (8, 3 H, OMe), 4.09 (8 ,  3 H, OMe), 
2.8 (q, J = 7 Hz, 2 H, CH2), 1.33 (t, J = 7 Hz, 3 H, Me); E1 MS 
m/e 335,334 (M+, lo), 319 (M - Me), 275 (loo), 185. Anal. Calcd 
for C21H1804: C, 75.43; H, 5.43. Found: C, 75.37; H, 5.28. 
4,12-Dimethoxy-8-ethyl-lO-oxo-7,8,9,10-tetrahydro-6R- 

benzo[d]naphtho[ l,%b]pyran-6-one (19). To a mixture of 90 
mg (0.254 mmol) of alcohol 16 and 0.4 g of 3-A molecular sieves 
in 20 mL of CH2CIz under argon was added 0.110 g (0.508 mmol) 
of pyridinium chlorochromate. The mixture was stirred at 25 "C 
for 4 h and fiitered through a Florisil column using a 1:l mixture 
of ethyl acetate and ether as eluant, and the filtrate was con- 
centrated to give 95 mg of the crude product. Column chroma- 
tographic purification of this crude material on silica gel using 
3% ethyl acetate in CHzClz as eluant gave 72 mg (80% yield) of 
ketone 19 as orange solids: mp 154-155 "C; IR (CHZClz) v 3080, 
2920,2850,1690 (strong, C=O), 1600,1370,1070 cm-', 'H NMR 
(CDClJ 6 8.08 (s, l  H, C11-H), 7.77 (d, J = 8 Hz, 1 H, C1-H), 7.45 
(t, J = 8 Hz, 1 H, C2-H), 6.95 (d, J = 8 Hz, 1 H, C3-H), 4.0 (8, 

CHZCO), 2.74 (dd, J = 20 Hz, 3 Hz, 1 H, CHZCO), 2.42 (d, J = 
3 H, OMe), 3.94 (8, 3 H, OMe), 3.10 (dd, J = 20 Hz, 5 Hz, 1 H, 

11 Hz, 1 H, CH,C=), 2.37 (dd, J = 11,3 Hz, 1 H, CH,C=), 2.08 
(m, 1 H, CHI, 1.5 (m, 2 H, CH2CH3), 0.96 (t, J = 7 Hz, 3 H, Me); 
13C NMR (CDC13) 6 201 (s, CO), 161.9 (s, CO), 158 (s), 152 (s), 
145.8 (s), 137.6 (s), 134 (sj, 129.3 (s), 128.76 (d), 115.8 (s), 114.31 
(d), 112 (s), 108.53 (d), 100.34 (d), 56.62 (q, OMe), 56.02 (q, OMe), 
46.58 (t, CHzCO), 35.91 (d, CH), 31.06 (t), 28.83 (t), 11.21 (q, Me); 

Notes 

CI MS m / e  353 (M + 1,90), 325,135 (loo), 119,107; E1 MS m / e  
353,352 (M+, 100), 337,324,309,225,197,179,149,133,105. Anal. 
Calcd for CZ1Hz0O5: C, 71.58; H, 5.72. Found C, 71.29; H, 5.81. 
8-Ethyl-4,10,12-trimethoxy-6H-benzo[ d]naphtho[ 13- b 1- 

pyran-6-one (2). The procedure described by McGee and 
Confalone was followed;5f a 56% yield of 2 (red crystals) was 
obtained from ketone 19: mp 159-160 "C; IR (CH2C1,) v 3060, 
2930,2840,1700 (strong, c=O), 1598,1450,1360,1160,1130,1080, 
1050 cm-'; 'H NMR (CDClJ 6 8.38 (8, 1 H, C11-H), 7.92 (d, J = 

8, 1 Hz, 1 H, C3-H), 4.09 (8, 3 H, OMe), 4.02 (8,  3 H, OMe), 4.0 
(8, 3 H, OMe), 2.75 (q, J = 7 Hz, 2 H, CHz), 1.32 (t, J = 7 HZ, 
3 H, CH3); 13C NMR (CDC13) 6 161.8 (8,  CO), 157.29 (s), 157.05 
(s), 150.7 (s), 150 (s), 145.53 (s), 128.08 (s), 127.21 (d), 122.79 (s), 
121.23 (d), 116.93 (d), 116.03 (s), 115 (s), 114.01 (d), 113.4 (s), 108.29 
(d),102.86 (d),56.6 (q,OMe),56.2 (q,OMe),55.53 (q,OMe),28.87 
(t), 15.09 (9); FAB MS m/e 365 (M + l), 364,338,277 (loo), 246, 
212,196,185, 154, 137,93. Anal. Calcd for C22H2005: C, 72.51; 
H, 5.53. Found: C, 72.27; H, 5.67. 
4,5-Dimethoxy-l-naphthol(3). To a cold (-78 "C) solution 

of 1.67 g (6.8 "01) of 911 in 60 mL of THF under argon was added 
20.3 mL (20.3 mmol) of diisobutylaluminum hydride in THF (1.0 
M). The solution was stirred at -78 "C for 40 min, 0 "C for 2 h, 
and then 25 OC for 10 h, diluted with 200 mL of CH2Cl2 and 1.84 
g of acetic acid in 200 mL of HzO, and stirred well. The organic 
layer was washed with brine, dried (MgS04), and concentrated 
to give 1.311 g (95% yield) of white solids: mp 163-165 "C 
(recrystallized from ethyl acetate) (lit.13 mp 109 "C); 'H NMR 

1 Hz, 1 H, C7-H), 7.83 (dd, J = 8, 1 Hz, 1 H, C1-H), 7.45 (t, J 
= 8 Hz, 1 H, C2-H), 7.08 (d, J 1 Hz, 1 H, C9-H), 7.0 (dd, J = 

7.76 (d, J = 8 Hz, 1 H, C-8 H), 7.40 (t, J = 8 Hz, 1 H, C-7 H), 
6.9 (d, J = 8 HZ, 1 H, C-6 H), 6.75 (d, J 8 Hz, 1 H, C-3 H), 6.71 
( d , J  = 8 Hz, 1 H,C-2 H), 3.98 (s,3 H, OMe),3.91 (8, 3 H,OMe); 
13C NMR 156.87 (E), 151.2 (s), 145.36 (81, 127.7 (s), 125.97 (d), 
118.56 (E), 114.37 (d), 108.94 (d), 107.26 (d), 107.0 (d), 57.53 (q), 
56.44 (9); E1 MS m / e  205 (M + l), 204 (M+, loo), 189. Anal. 
Calcd for C12H12O3: C, 70.58; H, 5.92. Found: C, 70.30; H, 6.23. 

The following experiment serves as the general procedure for 
the reaction of naphthols 3,6, and 7with &keto ester 10under 
CF3CO&-H2S04 conditions (entries 4 ,  6, and 7 of Table I ) .  

lJ2-Dimet hoxy-8-ethyl-7,8,9,1O-tetrahydro-6H-~nm[ a]- 
naphtho[ 1,2-b]pyran-6-one (11). To a well-stirred mixture of 
0.5248 g (2.57 mmol) of naphthol 3 and 1.018 g (5.14 mmol) of 
ester 10 at 0 "C was added a solution of 0.59 g (5.14 mmol) of 
CF3C02H and 0.50 g (5.14 mmol) of HzS04. The solution was 
gradually warmed to 22 "C over 30 min, stirred at  22 "C for 4.5 
h, diluted with CHZClz, and neutralized with NaHC03. The 
methylene chloride layer was separated, washed with brine, dried 
( MgS04), concentrated, and column chromatographed on silica 
gel using mixtures of hexane, CH2C12, and ethyl acetate as eluant 
to give 0.704 g (81% yield) of 11 and 83 mg (10% yield) of 14. 

11: orange solid, mp 172-174 "C; IR (CH2C12) 2910,1690 (s, 
C=O), 1590,1570,1390,1370,1125,1075; 'H NMR 8.17 (dd, J 

J = 8 , l  Hz, 1 H, C-2 H), 6.82 (s, 1 H, C-11 H), 4.0 (s, 3 H, OMe), 
3.99 (s,3 H, OMe), 2.99 (br d, J = 18 Hz, 1 H), 2.89 (dd, J = 18, 
4 Hz, 1 H), 2.77 (m, 1 H), 2.16 (m, 1 H), 2.1 (m, 1 H), 1.6 (m, 1 
H), 1.49 (m, 3 H), 1.03 (t, J = 7 Hz, 3 H, Me); 13C NMR 161.96 
(s, CO), 156.94 (s), 153.63 (s), 147.29 (s), 142.97 (s), 132.5 (s), 127.72 
(d), 126.63 (s), 123.57 (s, C=), 118.15 (s, C=), 114.83 (d), 108.68 
(d), 98.94 (d), 57.01 (q, OMe), 56.5 (q, OMe), 34.56 (t), 30.28 (d), 
28.73 (t), 27.31 (t), 25.84 (t), 11.39 (4); MS E1 m / e  338 (M+, 100), 
306, 279. Anal. Calcd for Cz1HzzO4: C, 74.54; H, 6.55. Found 
C, 74.32; H, 6.87. 

1,4-Dimet hoxy-8-et hyl-7,8,9,10-tetrahydro-6H-benzo[ d 1- 
naphtho[l,2-b]pyran-6-one (15): mp 162-164 "C; 'H Nh4R 8.09 

= 8, 1 Hz, 1 H, C-4 H), 7.52 (t, J = 8 Hz, 1 H, C-3 H), 7.01 (dd, 

(d, J = 9 Hz, 1 H, C-12 H), 7.58 (d, J = 9 Hz, 1 H, C-11 H), 6.91 
(d, AB, J = 8 Hz, 1 H, C-2 H), 6.86 (d, AB, J = 8 Hz, 1 H, C-3 
H), 4.03 (s, 3 H, OMe), 3.97 (s, 3 H, OMe), 3.01 (br d, J = 19 Hz, 
1 H), 2.88 (dd, J = 19, 5 Hz, 1 H), 2.8 (m, 1 H), 2.15 (m, 1 H), 
2.1 (m, 1 H), 1.62 (m, 1 H), 1.48 (m, 3 H), 1.02 (t, J = 7 Hz, 3 H, 
Me); 13C NMR 161.69 (s, CO), 151.28 (s), 149.02 (s), 147.3 (s), 
127.72 (s), 125.84 (s), 122.6 (s), 121.48 (s), 119.8 (d), 117.97 (d), 
116.8 (s), 108.09 (d), 106.27 (d), 57.18 (q, OMe), 55.92 (q, OMe), 
34.52 (t), 30.17 (d), 28.74 (t), 20.45 (t), 26.05 (t), 11.39 (q, Me); 
E1 MS m / e  338 (M+). Anal. Calcd for C21H2204: C, 74.54; H, 
6.55. Found C, 74.79; H, 6.23. 
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1,12-Dimethoxy-8-ethyl-lO-hydroxy-7,8,9,lO-tetrahydro- 
6H-benzo[d]naphtho[ 1,2-b]pyran-6-one (20). A procedure 
similar to those described by McGee and Confalonesf start ing from 
11 and using Se02 in diglyme at 200 OC for 30 min was followed. 
However, a 60% yield of alcohol 20 (and 25% recovery of 11) was 
obtained instead of the corresponding selenic ester.5f Mp and 
'H and 13C NMR spectra of alcohol 20 are identical with those 
of that derived from Se02-AcOH oxidation or LDA-HMPA- 
MoOPH hydroxylation: mp 212-214 OC; IR (CHzClz) 3400,1710; 

H), 5.09 (br s, 1 H,CHO), 3.99 (s,3 H, OMe),3.97 (s,3 H,OMe), 
2.96 (dd, J = 18,3 Hz, 1 H), 2.2 (br d, J = 13 Hz, 1 H), 2.06 (m, 
1 H), 1.9 (m, 1 H), 1.2 (m, 3 H), 1.06 (t, J = 7 Hz, 3 H, Me); 13C 
NMR 162 (s, CO), 156.78 (s), 153.7 (s), 145.76 (s), 139.8 (s), 137.7 
(s), 127.67 (d), 125.1 (s), 121.9 (s), 118.14 (s), 114.67 (d), 109.01 
(d),99.49(d),63.84 (d,CO), 56.96 (q,OMe), 56.58(q, OMe), 36.99 
(t), 30.62 (d), 29.17 (t), 28.91 (t), 11.23 (4); FAB MS m/e 355,354 
(M+), 353, 246, 185, 154, 137,93. Anal. Calcd for C21H2205: C, 
71.17; H, 6.26. Found: C, 71.37; H, 6.01. 

1,12-Dimet hoxy-&et hyl- 10-oxo-7,8,9,10-tetrahydro-6H- 
benzo[d]naphtho[ l&b]pyranJ-one (21). A procedure similar 
to those described for the oxidation of alcohol 16 with PCC was 
followed. Starting from 0.235 g (0.66 mmol) of alcohol 16,0.187 
g (80% yield) of 21 was isolated as red orange solids: mp 161-163 

'H NMR 8.03 (dd, J = 8, 1 Hz, 1 H, C-4 H), 7.48 (t, J = 8 Hz, 
1 H, C-3 H), 7.1 (9, 1 H, C-11 H), 6.98 (dd, J =  8, 1 Hz, 1 H, C-2 

OC; IR (CHZCIZ) 2950,2920,2850,1698 (8, CO), 1680,1585,1555, 
1383,1080; 'H NMR 8.19 ( ~ , l  H, C-11 H), 8.12 (d, J = 8 Hz, 1 
H, C-4 H), 7.52 (t, J = 8 Hz, 1 H, C-3 H), 7.03 (d, J = 8 Hz, 1 
H, C-2 H), 4.02 (s, 3 H, OMe), 3.99 (s, 3 H, OMe), 3.2 (dd, J = 
19, 4 Hz, 1 H), 2.84 (dd, J = 16,4 Hz, 1 H), 2.47 (m, 2 H), 2.19 
(m, 1 H, C-8 H), 1.58 (quintet, J = 7 Hz, 2 H, CHz), 1.03 (t, J 
= 7 Hz, 3 H, Me); 13C NMR 200.29 (8, C-lo), 161.82 (8, C-6), 156.57 
(s), 153.88 (s), 144.01 (s), 136.79 (s), 135.27 (s), 127.69 (d), 126.06 
(s), 118.25 (s), 114.63 (d), 112.0 (s), 109.26 (d), 100.98 (d), 56.54 
(q, OMe), 46.09 (q, OMe), 35.57 (2 C, t, C-7,9), 30.86 (d), 28.48 
(t), 10.9 (9); FAB MS m/e 353,352 (M'), 338,246,185,154,137, 
93. Anal. Calcd for CZ1HmO5: C, 71.58; H, 5.72. Found C, 71.61; 
H, 6.03. 
8-Ethyl-1,10,12-trimethoxy-6H-benzo[d]naphtho[ 1,241- 

pyran-&one (1). A procedure similar to that described by McGee 
and Confalone5' using trimethyl orthoformatep-TsOH and then 
DDQ was followed; an 89% yield of 1 (yellow crystals) was ob- 
tained from ketone 21: mp 241-243 OC; IR (CH2C12) 3040,2960, 
2950,2840,1706 (9, CO), 1605,1580,1380,1125,1120; 'H NMR 

1 H, C-9 H), 6.99 (d, J = 8 Hz, 1 H, C-2 H), 4.09 (s, 3 H, OMe), 
4.04 (s, 3 H, OMe), 4.01 (s, 3 H, OMe), 2.79 (9, J = 7 Hz, 2 H, 
CHJ, 1.34 (t, J = 7 Hz, 3 H, Me); 13C NMR 161.55 (8, CO), 157.31 
(s), 156.66 (s), 152.81 (s), 146.02 (s), 140.55 (s), 127.15 (d), 126.5 
(s), 123.3 (s), 122.21 (s), 121.56 (d), 117.52 (s), 117.08 (d), 114.86 
(d), 113.73 (s), 107.98 (d), 104.43 (d), 56.75 (q, OMe), 56.52 (q, 
OMe), 56.23 (4, OMe), 28.93 (t), 15.1 (q, Me); E1 MS m/e 364 
(M+), 277,197,196. Anal. Calcd for C22H2005: C, 72.51; H, 5.53. 
Found C, '12.39; H, 5.87. 
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In the last years the synthesis of carbocycles from car- 
bohydrates has attracted considerable interest.' The 
free-radical route is an extremely efficient strategy for the 
cyclization of carbohydrate derivatives.2 Some authors 
have recently advanced and demonstrated the merits of 
performing the free-radical cyclization without disturbing 
the anomeric   enter.^ Following this idea, Fraser-Reid 
and co-workers have developed the concept and synthetic 
applications of annulated furanoses: The publication of 
two recent reports5q6 on the synthesis of new annulated 
furanoses prompts us to disclose our recent results on this 
subject.' 

We describe here the synthesis and free radical cycli- 
zation of the chiral radical precursors 2-7 (Scheme I). 
These compounds can be obtained from readily available 
diacetone glucose 1. They are conveniently functionalized 
to yield, after 6-exo8 free-radical cycli~ation,~ annulated 
furanoses. In these compounds, the carbocycle is trans 
fused at  carbons C3 and C4 of the sugar moiety and the 
substitution in the ring can be modified by changing the 
type of acceptor in the intramolecular free-radical cycli- 
zation. In this process a new stereocenter can be formed 
and the sugar provides an ideal chiral template for 
achieving a good diastereoselection.'O In addition, annu- 
lated furanoses are useful chiral polyfunctional building 
blocks for further development." 

With this scenario in mind we have synthesized and 
cyclized the radical precursors 2-7 (Scheme I). 

The aldehyde 2 has been designed in view of the ability 
of aldehydes to function as acceptors.'2 We have syn- 
thesized it from 3-C-(carbomethoxymethyl)-3-deoxy-1,2- 
O-isopropylidene-a-~-allofuranose'~ by first bromination 
and then reduction (DIBAH, toluene, -78 "C) of the re- 
sulting compound. The cyclization of compound 2 under 
typical conditions (see Experimental Section) did not yield 
the expected products; we obtained in turn the uncyclized 
compounds 8 and 9 (Scheme 11). Compound 8 showed 
in the 'H NMR spectrum signals at S 1.21 (d, J = 6.7 Hz) 
and 1.14 (d, J = 6.7 Hz) for the methyls attached to C3/C5; 
H5 appears a t  6 4.01 (dq, J5,4 = 3.1 Hz, J5 ,6  = 6.7 Hz). 
Compound 9 showed in the 'H NMR spectrum signals a t  
6 9.79 (HCOR) and 5.40 (OCH(OH)R), 1.29 (d, J = 6.2 Hz) 
and 1.23 (d, J = 6.5 Hz) corresponding to the methyl (C6), 
in the open or hemiacetalic form. Product 8 probably 
arises by intramolecular 1,7-hydrogen t ran~fer , '~  decar- 
bonylation, and hydrogen trapping. The absence of cy- 
clized products in this case is surprising in view of some 
recent re~u1ts.l~ This also proves that the success of the 
aldehyde as acceptor in free-radical cyclizations is very 
dependent on the structure. 

Oxime ethers are known as more reliable acceptors.16 
So, the radical precursor 3 has been obtained from com- 
pound 2 (Scheme I) by the routine method (O-benzyl- 
hydroxylamine hydrochloride, pyridine, methylene chlo- 
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