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18. lH NMR: 6 3.93 (br s, 1 H) and 3.90 (br s, 1 H) (isoxa- 
zolidine CH,), 2.68 (8, 3 H), 2.07-1.40 (m, 8 H), 1.15-0.90 (m, 1 
H), 0.88-0.70 (m, 1 H), 0.68-0.52 (m, 1 H), 0.50-0.35 (m, 1 H). 
13C NMR (only detected signals): 6 77.44 t, 31.31 t, 27.43 t, 25.66 
t, 25.05 t. MS: m / z  (relative intensity) 167 (M', 18), 138 (loo), 
121 (17), 108 (22), 93 (51), 79 (55),  68 (71), 67 (50), 55 (76). 
Cycloaddition of N-Methylcyclohexylideneamine N-Oxide 

(16) to 1: S-Methyl-4-oxa-5-azadispiro[2.2.5.l]dodecane (19) 
and 6-Methyl-5-oxa-6-azadispiro[2.3.5.0]dodecane (20). A 
solution of nitrone 1614 (470 mg, 3.07 mmol) and methylene- 
cyclopropane (1) in excess in dry benzene (0.5 mL) was heated 
in a sealed tube at  80 OC for 1 day. The oil obtained after 
concentration contained the two regioisomers 19 and 20 in 6:l 
ratio (from the lH NMR). The crude mixture was chromato- 
graphed on silica gel (eluant, ethyl acetate/petroleum ether (1:3)) 
to give fractions only enriched in either regioisomers 19 and 20 
(362 mg, 64% yield, R, = 0.46) as oils. Mixture of regioisomers. 
Anal. Calcd for CllHl$JO: C, 72.88; H, 10.56; N, 7.72. Found: 
C, 73.16; H, 10.88; N, 7.58. 
19. lH NMR: 6 2.66 (8, 3 H), 2.18 (8 ,  2 H), 1.68-1.27 (m, 10 

H), 0.90 (8, 2 H), 0.57 (8, 2 H). 13C NMR 6 68.52 s, 61.42 s, 43.53 
t, 38.60 q, 36.34 t (br), 31.47 t (br), 25.64 t, 23.39 t (2 C), 11.83 
s (br), 9.22 s (br). IR (CDC13): 2938,2861, 1447, 1346, 1093 cm-'. 
MS: m / z  (relative intensity) 181 (Mt, 6), 155 (25), 138 (45), 125 
(12), 92 (37), 91 (loo), 67 (221, 65 (52). 
20. lH NMR 6 3.96 (d, J = 6.5 Hz, 1 H) and 3.87 (d, J = 6.5 

Hz, 1 H) (AB system), 1.97-0.35 (m, 14 H). MS: m/z (relative 
intensity) 181 (M'+, 12), 138 (loo), 125 (15), 91 (14), 79 (31), 68 

1356, 1156, 1063 cm-'. 
Thermal Rearrangement of 17: 6-Methyl-6-azaspiro- 

[4.5]decan-9-one (21). The spiroisoxazolidine 17 (142 mg, 0.85 
mmol) was subjected to FVT (400 "C mmHg)) by vapori- 
zation at room temperature. The crude reaction product (80 mg) 

(30), 67 (28), 55 (49). IR (CDC13): 3075, 2998,2936, 2859, 1441, 

was chromatographed on a short pad of silica gel (eluant, ethyl 
acetate/petroleum ether (1:2) first, and then ethyl acetate/ 
methanol (1:4)) to give 21 (60 mg, 42%) as a volatile oil. 
21. Rr = 0.40 (EtOAc-MeOH (1:4)). 'H NMR: 6 2.96 (t, J = 

6.1 Hz, 2 H), 2.43 (s, 3 H), 2.39 (t, J = 6.2 Hz, 2 H), 2.35 (s,2 H), 
1.74-1.40 (m, 8 H). 13C NMR: 6 209.58 s, 69.77 s, 51.70 t, 49.78 
t, 38.95 t, 37.23 q, 35.21 t, 24.59 t. IR (CDC13): 1707 cm-l. MS: 
m/z (relative intensity) 167 (M'+, 16), 138 (42), 125 (83), 110 (29), 
97 (66), 96 (58),82 (35), 69 (49), 68 (82), 55 (100). Anal. Calcd 
for C10H17NO: C, 71.81; H, 10.24; N, 8.37. Found: C, 72.02; H, 
10.41; N, 8.86. 
Thermal Rearrangement of 19: 1-Methyl-1-azaspiro- 

[5.5]undecan-4one (22). The spiroisoxazolidine 19 (233 mg, 1.28 
mmol) was subjected to FVT (400 OC (lo9 mmHg)) by vapori- 
zation at 50 OC. The collected crude mixture (204 mg) was 
chromatographed on a short pad of silica gel (eluant ethyl ace- 
tate/petroleum ether (1:4) first, and then ethyl acetate) to give 
22 (92 mg, 40%) as a volatile oil. 
22. R, = 0.37 (MeOH/EtOAc/petroleum ether (1:1:2)) lH 

NMR 6 3.09 (t, J = 6.2 Hz, 2 H), 2.45 (8, 3 H), 2.34 (t, J = 6.1 
Hz, 2 H), 2.30 (8, 2 H), 1.61-1.35 (m, 10 H). 13C NMR 6 209.82 
s, 60.34 s, 49.49 t, 47.38 t, 38.11 t, 35.59 q, 33.71 t, 25.62 t, 21.38 
t. IR 1703 cm-l. MS: m/z (relative intensity) 181 (M+, 12), 139 
(ll), 138 (loo), 125 (52), 97 (24), 96 (52), 69 (31), 68 (46), 55 (75). 
Anal. Calcd for Cl1Hl9NO: C, 72.88; H, 10.56; N, 7.72. Found: 
C, 72.56; H, 10.77; N, 7.46. 
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An approach to the synthesis of C-aryl glycosides is described. Treatment of @-lactam 9 with N-bromosuccinimide 
(NBS) or N-iodosuccinimide (NIS) afforded trans-2,6-disubstituted pyrans lla and 1 lb. Treatment of 9 with 
phenylselenenyl chloride (PhSeC1) or N-(phenylseleneny1)phthaliiide (N-PSP) gave 1 IC and cis-2,6-disubstituted 
pyran 12c in different ratios depending on the reaction conditions. Treatment of &lactam 10 with NBS, NIS, 
PhSeC1, or N-PSP gave mixtures of pyrans 16 and 17. Treatment of unsaturated alcohol 24a with PhSeCl gave 
pyran 23a. Conversion of 23a to virenose analog 22, a C-aryl glycoside related to the chrysomycins, was accomplished 
using a selenoxide elimination-osmium tetraoxide oxidation sequence. 

Introduction 
C-Aryl glycosides are a family of natural products of 

interest because of their structural complexity and bio- 
logical properties.' A number of methods for the prepa- 
ration of C-aryl glycosides have been reported. These can 
be placed in either of two broad categories: (1) grafting 
of an aryl group onto an available carbohydrate and (2) 
de novo synthesis of the aryl-containing carbohydrates. 
Methods belonging to the first category involve reactions 
between carbohydrate C-1 carbocation equivalents and 

(1) Hacksell, U.; Daves, G. D. Prog. Med. Chem. 1985, 38, 1280. 

0022-3263/92/ 1957-5670$03.00/0 

aromatic nucleophiles,2 addition of carbohydrate C-1 
carbanions to aryl cation equivalent.a,3 palladium-mediated 
coupling of glycals with aryl halides and stannanes,4 and 

(2) Stewart, A. 0.; Williams, R. M. J. Am. Chem. SOC. 1985,107,4289. 
Bellosta, V.; Czernecki, S. Carbohydr. Res. 1987,171,279. Schmidt, R. 
R.; Effenberger, G. Carbohydr. Res. 1987,171,59. Suzuki, K.; Kabuki, 
M.; Mataumoto, T. Tetrahedron Lett. 1988,6935. Casiraghi, G.; Comia, 
M.; Rassu, G.; Zetta, L.; Fava, G .  G.; Bellichi, M. S. Tetrahedron Lett. 
1988, 3323. Bihovsky, R.; Selick, C.; Giusti, I. J. Org. Chem. 1988, 53, 
4026. Czernecki, S.; Bellosta, V. J. Chem. Soc., Chem. Commun. 1989, 
199. Brown, D. S.; Bruno, M.; Davenport, R. J.; Ley, S .  V. Tetrahedron 
1989,45,4293. Cai, M A ;  Qiu, D.-X. Synth. Common. 1989,19,851. Cai, 
M.-S.; Qiu, D.-X. Carbohydr. Res. 1989,191, 125. 

(3) Kraus, G. A.; Molina, M. T. J. Org. Chem. 1988,53,752. Parker, 
K. A.; Coburn, C. A. J. Am. Chem. SOC. 1991,113, 8516. 
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elaboration of C-alkyl glycosides? Cycloaddition reactions 
between aromatic aldehydes and a,p-unsaturated carbonyl 
compounds and applications of the Achmatowicz reaction 
constitute two starting points for general de novo syntheses 
of C-aryl glycosides." 

Our interest in C-aryl glycoside synthesis was derived 
from our previously reported use of @-lactams as inter- 
mediates in aminosaccharide synthesis and the appearance 
of ravidomycin (1) as one member of a small family of 

P 

1 (Ravidomycin) 2 R = CH=CH? (Chrysomycin A) 
3 R = Me (Chrysomycin BI 

Gary1 glycoside antitumor agents.'+ This article describes 
an approach to the de novo synthesis of C-aryl glycosides 
within the context of model studies directed toward ra- 
vidomycin and the related C-aryl glycosides chrysomycin 
A (2) and chrysomycin B (3).lG12 

Our approach to C-aryl glycosides is outlined in eq 1. 
We imagined that treatment of substituted 6-aryl-5-hex- 
en-2-01s 4 with electrophiles (E-X) would afford tetra- 
hydropyrans (5  and 6) which might be converted to the 

t E 

4 5 6 

(R, = substituents at C-3 and C 4  and E-X = PhSe-Br. Br-Br. 1-1) 

(4) Czernecki, S.; Dechavanne, V. Can. J. Chem. 1983, 61, 533. 
Dunkerton, L. V.; Eusbe, J. M.; Serino, A. J. Carbohydr. Res. 1987,171, 
89. Outten, R. A.; Daves, G. D., Jr. J. Org. Chem. 1987,52,5064. Kwok, 
D. I.; Outten, R. A.; Huhn, R.; Daves, G. D., Jr. J. Org. Chem. 1980.53, 
5359. Outten, R. A.; Daves, G. D., Jr. J. Org. Chem. 1989, 54, 4496. 
Daves, G. D., Jr. Acc. Chem. Res. 1990,23,201. Friesen, R. LV.; Sturino, 
C. F. J. Org. Chem. 1990,55,2572. Tius, M. A.; Gu, X.; Gomez-Galeno, 
J. J. Am. Chem. SOC. 1990,112,8188. 

( 5 )  Hoffmann, M. G.; Schmidt, R. R. Liebigs Ann. Chem. 198.5,2403. 
Kozikowski, A. P.; Cheng, X. M. J. Chem. Soc., Chem. Commun. 1987, 
680. Kraus, G. A.; Shi, J. M. J. Org. Chem. 1990,55, 4922. 

(6) Danishefsky, S. J.; Uang, €3. J.; Quallich, G. J. Am. Chem. SOC. 
1985,107,1285. Danishefsky, S. J.; Phillips, G.; Ciufolini, M. Carbohydr. 
Res. 1987,171,317. Rates, M. A.; Sammes, P. G. J. Chem. SOC., Chem. 
Commun. 1983,896. 

(7) Ha, D.-C.; Hart, D. J. Tetrahedron 1989, 45, 1283. 
(8) For the structure of ravidomycin see: Findlay, J. A.; Liu, J.-S.; 

Radics, L.; Rakhit, S. Can. J. Chem. 1981,59,3018. Findlay, J. A.; Liu, 
J.-S.; Radics, L. Can. J. Chem. 1983, 61, 323. 

(9) For a synthesis of the carbohydrate portion of ravidomycin see: 
Knapp, S.; Lal, G. S.; Sahai, D. J. Org. Chem. 1986,51, 380. 

(10) For the structure of the chrysomycins see: Weiss, U.; Yoshihara, 
K.; Highet, R. J.; White, R. J.; Wei, T. T. J. Antibiot. 1982, 3.5, 1194. 
Matson, J.; Myllymaki, R.; Doyle, T.; Bush, J. U.S. Patent 4,461,831. 

(11) For synthetic work on the aglycona of ravidomycin and the 
chrysomycins see: Findlay, J. A.; Daljeet, A.; Murray, P.; Rej, R. N. Can. 
J .  Chem. 1987,65,427. McKenzie, T. C.; Hassen, W. Tetrahedron k t t .  
1987, 2563. McKenzie, T. C.; Hassen, W.; MacDonald, S. J. F. Tetra- 
hedron Lett. 1987,5453. MacDonald, s. J. F.; McKenzie, T. C.; Hassen, 
W. 0. J. Chem. SOC., Chem. Commun. 1987, 1528. McGee, L. R.; Con- 
falone, P. N. J. Org. Chem. 1988.53.3695. Patten, A. D.; Hguyen, N. H.; 
Danishefsky, S. J. J. Org. Chem. 1988, fj3, 1003. Jung, M. E.; Jung, Y. 
H. Tetrahedron Lett. 1988, 2517. Hart, D. J.; Merriman, G. H. Tetra- 
hedron Lett. 1989,5093. Hua, D. H.; Saha, s.; Maeng, <J. C.; &nsou.ssan, 
D. Synlett 1990,233. Deshpande, P. P.; Martin, 0. R. Tetrahedron k t t .  
1990,6313. Parker, K. A.; Coburn, C. A. J. Org. Chem. 1991,1666. For 
an elegant total synthesis of a related C-aryl glycoside, gilvocarcin M, see: 
Matsumoto, T.; Hosoya, T.; Suzuki, K. J. Am. Chem. SOC. 1992.114.3.568. 

(12) This work is abstracted in part from the Ph.D. Thesis of G. 
Merriman (1990) and the MS Thesis of D. G. J. Young (1991), The Ohio 
State University. 

desired C-aryl glycosides.lM Substituent patterns a t  C-3 
and C-4 of 4, olefin geometry, and perhaps the choice of 
electrophile were variables expected to influence the ste- 
reochemical course of cyclizations (4 - 5 + 6). It  was 
hoped that adjustment of these variables would afford 
pyrans with either 2,6-trans (1) or 2,6-cis (2 and 3) sub- 
s t i tut ion. ' x1 

Ravidomycin Model Studies. We imagined applica- 
tion of this strategy to ravidomycin (1) as shown in eq 2. 

7 8 

P ravidomycin aglycone 

We hoped that an electrophile-initiated cyclization of a 
compound of type 7 would afford pyran 8 which might be 
converted to 1 using, in part, a @-lactam to vicinal amino 
alcohol transformation.7 As a point of departure, elec- 
trophile-initiated cyclizations of 9 and 10 were investigated. 
Thus, p-lactam 9 was prepared by a known method and 
converted to 10 in 82% yield using a Mitsunobu reaction 
(Figure 1).lSJ6 

The results of cyclization reactions performed with un- 
saturated alcohol 9 are summarized in Table I. Thus, 
treatment of 9 with NBS in dichloromethane a t  room 
temperature (entry 1) gave pyran 1 la in 92% yield. Only 
trace amounts of material that might be 12a were detected. 
The stereochemistry of 1 la was initially assigned on the 
basis of 'H NMR spectroscopy. It was possible to identify 
all of the pyran protons through a series of decoupling and 
COSY experiments. A large coupling constant of 11 Hz 
established the trans relationship between H-5 and H-6, 
and a 7% NOE was observed a t  H-5 upon irradiation of 
H-2. Assuming no change in relative stereochemistry at  
(2-2, C-3, and C-4 during the reaction, these experiments 
are consistent with structure lla provided i t  adopts a 
pseudo-boat conformation to establish the proximal rela- 
tionship between H-2 and H-5.'; The structure 1 la was 

(13) For a discussion of electrophile-initiated etherifications see: (a) 
Bartlett, P. A. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic 
Press: New York, 1984; Vol. 3, pp 411-454. (b) Most electrophile-ini- 
tiated cyclizations of hex-5-en-1-01s afford tetrahydrofurans. For one 
detailed study see: Reitz, A. B.; Nortey, S. 0.; Maryanoff, R. E.; Liotta, 
D.; Monahan, R., 111. J. Org. Chem. 1987, .52,4191. (c) For cyclizations 
of hex-5-en-1-01s to afford tetrahydropyrans see: Rresson, A.; Dauphin, 
G.; Genete, J.-M.; Kergourard, A.; Lacount, A. Bull. SOC. Chim. Fr. 1971, 
1080. Kato, T.; Ichinose, I.; Hosogai, T.; Kitahara, Y. Chem. Lett. 1976, 
1187. Gonzalez, A. R.; Martin, J. D.; Perez, C.; Ramierez, M. A.; Kardo, 
F. Tetrahedron Lett. 1981,5071. (d) For a bromine-initiated cyclization 
of a l-substituted Darabino-hex-l-enitol 3.4.6-triacetate that gives a 
hexose-containing C-glycoside see: Arai, I.; Lee, T. D.; Hanna, R.; Daves, 
G. D., Jr. Organometallics 1982, I, 742. We thank a reviewer for bringing 
this article to our attention. (e) For examples involving O-glyco- 
pyranoside synthesis see: Suzuki, R.; Mukaiyama, T. Chem. Lett. 1982, 
683. Gonzalez, A. G.; Retancor, C.; Francisco, C. G.; Hernandez, K.; 
Salazar, tJ .  A.; Suarez, E. Tetrahedron Lett. 1977,2959. (0 For alkoxy- 
selenations of 3,4-dihydropyrans, see: Kozikowski, A. P.; Sorgi, K. L.; 
Schmiesing, R. J. J. Chem. SOC., Chem. Commun. 1980,477. 

( 14) One example of an electrophile-initiated cyclization of a substi- 
tuted &aryl-6-hepten-2-01 has been reported (RajanRabu, T. V.; Reddy, 
G. S. J. Org. Chem. 1986,51, ,5458). The regiochemical and stereochem- 
ical aspects of this reaction differ from the examples reported herein. 

(15) Ha, D.-C.; Hart, D. J.; Yang,T.-K. J. Am. Chem. SOC. 1984,106, 
4819. Compounds described in Tables I and I1 and eqs 3,5,7, and 8 have 
the indicated absolute configurations. Compounds described in Schemes 
I and I1 were prepared as racemic mixtures. 

(16) Mitsunobu, 0.; Kato, K.; Kimura, J. J. Am. Chem. SOC. 1969, I, 
6510. Bose, A. K.; Lal, €3.; Hoffman, W. A.; Manhas, Tetrahedron Lett. 
1973, 1619. 

(17) Other NOE's for 1 la (proton irradiated - NOE observed): H2 
-CHR (5%), H, (8%), HS (7%); HR- H2 (7%), H, (8%); H, 4 HR (8%). 
H~ (8%). 
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5 Ar' 
H Ra 

9 &,=Me Rp=H 13 R,=H R Ph 18 R,=Ph Rp=H 
10 R, = H Rp = Me 15 R, = Ph H 19 R,=HRp=Ph 

14 

Figure 1. 

Table I. Electrophile-Initiated Cyclizations of Compound 9 

11 12 
aX=Br  b X = l  c X=SePh 

entry condns x % 11 % 12 
1 NBS, 0 - 25 "C, 24 h Br 92 
2 NIS, 0 - 25 "C, 72 h I 60 
3 PhSeCl, -78 - 25 OC, 24 h SePh 72 
4 PhSeCl, -78 O C ,  2.5 h SePh 87 
5 PhSeCl, EGN, 25 O C ,  24 h SePh 59 6 
6 N-PSP, p-TsOH, 0 - 25 "C, 15 h SePh 51 46 

ultimately established by X-ray crystallography.18 It is 
notable that (1) the stereochemical course of this cycliza- 
tion (9 - lla) is consistent with a related bromo- 
etherification' and (2) compound lla crystallizes in the 
boatlike conformation suggested by the aforementioned 
NMR studies.18 

Treatment of 9 with NIS at room temperature gave 
similar results as pyran llb was obtained in 60% yield. 
The structure of llb was established by chemical corre- 
lation with lla. Thus, pyrans lla and llb both gave . 
reduction product 13 upon treatment with tri-n-butyltin 
hydride (Figure l).lg It is notable that radical fragmen- 
tation product 14 was also obtained from lla when the 
reduction was conducted under high dilution conditions. 

The stereochemical course of PhSeCl-initiated cycliza- 
tions of 9 depended on reaction conditions.20 Thus, 
treatment of 9 with PhSeCl at room temperature gave 12c 
(72%) and only a trace of llc (entry 3). The stereo- 
chemistry of 12c was assigned on the basis of 'H NMR 
experiments. As with lla, it  was possible to identify all 
of the pyran protons of 12c using a series of decoupling 
and COSY experiments. A large coupling constant of 8 
Hz indicated a trans relationship between H-5 and H-6 and 
a 13% NOE was observed at H-2 upon irradiation of H-6, 
establishing the cis relationship between these stereogenic 
centers.21 These experiments are consistent with structure 

(18) We thank Dr. Judith Gallucci (The Ohio State University) for 
performing the X-ray crystallographic analyses of lla and 33a. Crys- 
tallographic detaile are given in the supplementary material. For lla in 
the crptalline state, the H(2)4(2)4(6)-H(6)  dihedral angle is 2.4", the 
C(4)4(3)-O-C(6) dihedral angle is &So, and the H(3)4(3)4(4) -H(4)  
dihedral angle is 0.3". These values indicate that (a) the boat is only 
slightly twisted, (b) the ' b a d  of the boat deviates little from planarity, 
and (c) eclipsing is severe, an expected, along the C(3)4(4)  bond. Sub- 
stituents on the C(2)4(3), C(4)4(5), and C(5)4(6) bonds are staggered. 

(19) For review of tin hydride chemistry aee: Neumann, W. P. Syn- 
thesis 1987,665. Kuivila, H. F. Synthesis 1970,499. Kuivila, H. G. Acc. 
Chem. Res. 1968, I, 299. 

(20) For a review of organoselenium-baaed ring closure reactions sea: 
Nicolaou, K. C.; Petasis, N. A.; Claremon, D. A. In Organoselenium 
Chemistry; Liotta, D., Ed.; John Wiley: New York, 1987; pp 127-162. 

Table  11. Electrophile-Initiated Cycl izat ions of Compound 
10 

Electrophile 

ArN 
10 

i Ph 
CHzCIz ".. 

X 
16 17 
a X=Br  b X = l  c X=SePh 

entry condns X % 16 % 17 
1 NBS, 0 "C, 2.5 h Br 80 17 
2 NIS, 0 - 25 "C, 24 h I 53 23 
3 PhSeCl, -78 - 25 "C, 4 h SePh 68 21 
4 PhSeCl, -78 "C, 2.5 h SePh 64 18 
5 PhSeCl, EGN, -78 - 25 "C, 24 h SePh 70 18 
6 N-PSP, p-TsOH, 0 - 25 OC, 15 h SePh 47 33 

12c provided it adopts a half-chair conformation. The 
stereochemistry of llc was proven by conversion to 13 
upon treatment with tri-n-butyltin hydride, while reduc- 
tion of 12c gave isomeric pyran 15 (Figure 1). 

It was surprising that the stereochemical course of the 
selenoetherification (9 - 124 differed from the halo- 
etherifications. Thus, an important observation was the 
appearance and disappearance of llc during the course 
of the selenoetherification. In fact, when the seleno- 
etherification was conducted at low temperature (entry 4) 
or at  room temperature in the presence of triethylamine 
(entry 5), pyran llc was once again the major product. 
This suggeated that trans-2,6-disubstituted pyrans 11 were 
products of kinetic control while cis-2,6-disubstituted py- 
rans 12 were products of thermodynamic control.22 In 
addition, treatment of a 1:l mixture of 9 and llc with 
PhSeCl using the conditions described in entry 3 gave only 
12c. We suspect that hydrochloric acid, at least in part, 
is responsible for the isomerization of llc to 12c.23 

To provide a selenium electrophile under conditions that 
better mimic the NBS and NIS cyclizations, 9 was also 
treated with N4phenylselenenyl)phthalimide (N-PSP) and 
a catalytic amount of p-toluenesulfonic acid.24 These 
conditions gave a 97% yield of a nearly equal mixture of 
llc and 12c (entry 6). The reason for the reduced selec- 
tivity of this reaction relative to entries 1 and 2 remains 
unclear. 

The results of cyclizations performed with alcohol 10 are 
8- * in Table II. Thus, treatment of 10 with NBS 
(entry l), NIS (entry 2), PhSeCl (entries 3-51, and N- 
(phenylseleneny1)phthalimide (entry 6) gave trans-2,6- 
disubstituted pyrans 16a-16c as the major products. All 

(21) Other NOES for 120 (proton irradiated - NOE observed): CH3 
+ H2 (8%), HS (4%); H2 + CHB (4%), HS (4%), & (13%); H3 + CHS 
(2%) Hz (9%), H4 (10%); H4 -Hs (lo%), H, (5%); H6 --c H, (5%), & 
(3%); He +.H2 (13%), H6.(3%). 
(22) The issue of reversibility in phenyhelenenyl halide addition re- 

actions haa been addressed by several studies: Raucher, s. J. Org. Chem. 
1977,42,2961. Garratt, E. G.; Kabo, A. Can. J. Chem. 1980,58,1030. 
For a recent publication describing examples of "reagent-based 
stereocontrol" in electrophile-initiated cyclizations of 4-hexen-2-oh see: 
Lipshutz, B. H.; Barton, J. C. J. Am. Chem. Soc. 1992,114,1084. Further 
examples of electrophile-initiated cyclizations w h w  stereocyhemistry is 
electrophile-dependent have been reported by the Liotta g r 0 ~ p . l ~ ~  

(23) On several occasions we experienced difticulty repeating the result 
described in entry 3. We eventually traced this problem to the low 
solubility of HCl in dichloromethane. When these reactions were per- 
formed in tightly stoppered flasks under a static atmosphere of argon, 
reproducible reaults were obtained. On one occasion, llc was treated with 
HCl in dichloromethane for 24 h at room temperature to provide a 6238 
mixture of llc and 12c, respectively, along with small amounts of alcohol 
9 and phenyhelenenyl chloride. This establishes that hydrochloric acid 
is, a t  least in part, responsible for isomerization of 110 to 12c. The 
incomplete conversion of 1 IC to 12c in this experiment may have been 
due to the aforementioned solubility problem. 

(24) Nicolaou, K. C.; Claremon, D. A.; Bamette, W. E.; Seitz, S. P. J. 
Am. Chem. SOC. 1979,101, 3704. 
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MofJAr 

SePh HO bH 
22 23a 24a 

Ar = pmethoxyphenyl 

Figure 3. 
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reactions gave 17a-17c as minor products. The stereo- 
chemical assignment for 16a was based in part on a large 
coupling constant (10 Hz) between H-5 and H-6 and a 10% 
NOE observed at the C-2 methyl group upon irradiation 
of H-6. These experiments are consistent with structure 
16a and suggest that it prefers a half-chair conformation. 
Treatment of 16a-16c with tri-n-butyltin hydride gave 
pyran 18, establishing the common trans-2,6-substitution 
pattern in the major cyclization products (Figure 1). The 
stereochemical assignment for 17a was based on a large 
coupling constant (9 Hz) between H-5 and H-6 and a 3% 
NOE observed at H-6 upon irradiation of H-2. Treatment 
of 17a-17c with tri-n-butyltin hydride gave the same re- 
duction product (19), establishing the common cis-2,6- 
disubstitution pattern for these compounds (Figure 1). 

One explanation for the stereochemical results presented 
in Tables I and I1 is shown in Figure 2. If one assumes 
that (1) the cyclizations of 9 and 10 involve antiperiplanar 
addition of oxygen and electrophile across the double bond 
and (2) cyclizations take place through transition states 
in which the resulting pyran (11/12 or 16/17) is born in 
a boatlike conformation (perhaps due to conformational 
constraints imposed by the 0-lactam), it appears that 
transannular Me-H interactions might make transition 
states 9 (cis) and 10 (cis) higher in energy than transition 
states 9 (trans) and 10 (trans), respectively.25 This would 
explain the kinetic preference for trans-2,6-disubstituted 
pyrans (11 and 16) in the cyclizations of both 9 and 10. 
IJnder conditions of thermodynamic control, the most 
stable pyrans would predominate. Although the results 
in entries 3-5 of Table I indicate that 11 is thermody- 
namically less stable than 12, we have no evidence that 
indicates the relative thermodynamic stability of 16 and 
17. 

To provide one test of the explanation offered in Figure 
2, we examined the NBS-initiated cyclization of 0-lactam 
20.26 This substrate lacks the C(2)-methyl group of either 

(25) The structures shown in Figure 2 represent an extreme. We 
realize that intermediate bridged ions are likely to be involved. We thank 
a reviewer for pointing out a related bromoetherification that does not 
proceed with strict anti addition of electrophile and nucleophile.lM 

(26) Lactam 20 was prepared in low yield by treating the dianion of 
ethyl 8-hydroxypropanoate with N-(pmethoxypheny1)cinnamylidene- 
aniline. This gave a 4:l mixture of the trans isomer of 20 (J34 = 2 Hz) 
and 20 (Ja = 6 Hz) in 39% yield. A sample of 20 that was about 80% 
pure (20% trans isomer and other trace contaminants) was obtained after 
repeated chromatography. Cyclizations were conducted using this ma- 
terial. Treatment of the trans isomer of 20 with NBS returned the 
starting b-lactam. 

Me 

25 26 27 R=CH,I 

28 R = M e  

83% do e 1 
24a - 9 MOMO)$( +L/;$ 

Me 3 2 '/o 
OH 0 

30 29 

"Key: (a) LDA, MeI, HMPA; (b) KOH, EtOH; (c) 12, NaHCO,; 
(d) n-Bu3SnH, AIBN, PhH, A; (e) CH30CH2Cl, EtN (i-Pr)2, CH2- 
C1,; (f) i-Bu2A1H, PhMe, -78 "C; (g) p-MeOC6H,CH2P(0)(OEt)2, 
n-BuLi, DME; NaH, PhH, A. 

9 or 10 and the corresponding boatlike transition states; 
for example, 9 (trans) and 9 (cis), where M-H, both lack 
the aforementioned transannular Me-H interaction. Thus, 
one would expect 20 to show less selectivity than 9 or 10 
in kinetically controlled electrophile-initiated cyclizations. 
Treatment of 20 with NBS in dichloromethane using the 
conditions described for entry 1 of Table I gave 21a (64%) 
and 21b (19%) (eq 3).27 The structures of 21a and 21b 

Br 
21b 

were assigned on the basis of spectroscopic data and NOE 
experiments. For example, large coupling constants (10 
Hz) established the trans relationship between H-5 and 
H-6 in each isomer. In 21a, NOE's between H5 and H,, 
(3%) and H6 and Hh (2%) helped establish stereochem- 
istry a t  C-6 and suggest that boatlike and half-chair con- 
formations are close in energy. In 2 1 b, an NOE between 
H, and H,, (8-12%) helped establish stereochemistry at 
C-6 and suggest that it adopts a half-chair conformation. 
The result of this experiment is consistent with the model 
proposed in Figure 2. 

Although the conversions of 10 to 16a-16c (Table 11) 
suggested that this procedure might be used to establish 
stereochemistry in the carbohydrate portion of ravido- 
mycin (l), this approach was abandoned due to our failure 
to improve the aforementioned method for converting 
@-lactams into vicinal amino alcohols. Application of the 
approach delineated in eq 1 to the synthesis of C-aryl 
glycosides related to the chrysomycins (2 and 3) is de- 
scribed in the following section. 

(27) Reduction of 21a with tri-n-butyltin hydride gave a product (21a 
where Br - H) with coupling patterns consistent with a tetrahydropyran 
and inconsistent with a tetrahydrofuran. 
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droxylation conditions completed the synthesis of 33b 
(93%). 
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Chrysomycin Model Studies. One total synthesis of 
methyl D-virenopyranoside, a glycoside derived from the 
6-deoxyhexose substructure of the chrysomycins, has been 
described.2e The initial target of our model studies was 
C-aryl glycoside 22 (Figure 3). We planned to prepare 22 
from pyran 23a, which was to be prepared using an elec- 
trophile-initiated cyclization of 6-aryl-5-hexen-2-01 24a. 

Cyclization substrate 24a was prepared as outlined in 
Scheme I. The known iodolactone 27 was obtained in 
three steps (46% overall) from racemic @-hydroxy ester 25 
using a procedure reported by Chambedin.= Reduction 
of the iodide with tri-n-butyltin hydride gave lactone 28 
(88%), and protection of the hydroxy group afforded 
MOM ether 29 (94%). Treatment of 29 with diisobutyl- 
aluminum hydride gave lactol30 (87%), and a Horner- 
Wadsworth-Emmons reaction completed the synthesis of 
24a (32%h30 

Treatment of 24a with PhSeCl in dichloromethane at  
low temperature gave cis-2,6-disubstituted pyran 23a as 
the only detected stereoisomer in 74% yield (Scheme 11). 
The observed stereochemistry was anticipated based on 
the expectation that the lowest energy cyclization tran- 
sition state would lead directly to a chair conformation of 
the pyran in which steric interactions were minimized 
(31a). 

The synthesis of 22a was completed as follows. Oxida- 
tion of selenide 23a was accompanied by elimination to 
afford olefin 32a in 80% yield.31 Treatment of 32a with 
catalytic osmium tetraoxide in the presence of N- 
methylmorpholine N-oxide gave diol 33a (88%).32 The 
structure of 33a was confi ied by X-ray crystallography.18 
Removal of the MOM-protecting group using hydrochloric 
acid in aqueous tetrahydrofuran completed the synthesis 
of 22a (69%). 

This reaction sequence was also applied to the synthesis 
of aryl iodide 33b, a substrate that might serve as an in- 
termediate in a chromium carbene-aryne annulation route 
to chrysomycin B.33 Thus, a Horner-Wadsworth-Em- 
mons reaction between lactol 30 and diethyl (3-iodo-4- 
methoxybenzy1)phosphonate (34) gave 24b in 27 % yield. 
Selenoetherification of 24b gave 23b in 75% yield, and 
oxidation-elimination gave olefin 32b in 69% yield. 
Treatment of 32b with the aforementioned vicinal hy- 

(28) Yoshimura, J.; Hong, N.; Sato, K. I. Chem. Lett. 1980, 1131. 
(29) Chamberlin, R. A.; Dezube, M.; Dussault, P.; McMills, M. C. J. 

Am. Chem. SOC. 1983,105,5819. It is notable that we observed only one 
diastereomer in the conversion of 26 to 27 (79%; mp 85-86 "C). 

(30) Wadsworth, W. S.; Emmons, W. D. J. Am. Chem. SOC. 1961,83, 
1733. 

(31) Sharpless, K. B.; Lauer, R. F. J. Am. Chem. SOC. 1973,95,2697. 
(32) Van Rheenen, V.; Kelly, R. C.; Cha, D. Y. Tetrahedron Lett. 1976, 

(33) Parker, K. A.; Coburn, C. J. Org. Chem. 1991,56,1666. McKin- 
1973. 

ney, J. A. Ph.D. Thesis, The Ohio State University, 1989. 

Conclusions 
A procedure for preparing C-aryl glycopyranosides re- 

lated to ravidomycin (1) and the chrysomycins (2 and 3) 
has been evaluated. Both studies indicate that the aryl 
group directs the regiochemical course of electrophile-in- 
itiated cyclizations of substituted 6-aryl-5hexen-2-ols, The 
studies directed toward ravidomycin (Tables I and II) show 
that reaction conditions and choice of electrophile can 
influence the stereochemical course of such cyclizations. 
In addition, an example of acid-catalyzed reversal of a 
selenoetherification has been documented. A model that 
explains the stereochemistry observed in these studies has 
also been proposed. The chrysomycin model studies 
suggest that the stereochemical course of cyclizations of 
the type shown in eq 1, where C-3 and C-4 substituents 
do not represent a small ring, might be predicted by con- 
formational arguments frequently used to explain the 
stereochemical course of other reactions involving 6-mem- 
bered ring transition states. Improved methods for pre- 
paring olefins of type 24 will have to be developed before 
application of this strategy to the chrysomycins will be 
possible. 

Experimental Section 
All melting points are uncorrected. 13C NMR multiplicities 

were determined using DEPT or INEPT spectra. Mass spectra 
were obtained at an ionization energy of 70ev. Compounds for 
which exact masses are reported exhibited no significant peaks 
at mle greater than that of the parent. Reactions were conducted 
under a blanket of Ar or N2, and solvents were dried when deemed 
necessary. Specific rotations [a] were recorded at the sodium 
D-he  at room temperature. 

[3S ,4S (E)]-3-[ 1 (R )-Hydroxyethyll- l-(a-methoxy- 
phenyl)-4-(2-phenylethenyl)-2-azetidinone (10). To a solution 
of 500 mg (1.55 mmol) of B-lactam 9,818 mg (3.12 "01) of Ph3P, 
and 120 rL (3.12 mmol) of formic acid (95%) in 17 mL of THF 
at 0 "C was added a solution of 515 rL (3.12 mmol) of diethyl 
azodicarboxylate as a solution in 6.5 mL of THF over a l-h period. 
The cold bath was removed, and the mixture was stirred at rt 
for 1 h. The solution was concentrated in vacuo and chromato- 
graphed over 100 g of silica gel (eluted with EtOAc-hexane (1:5)) 
to afford 500 mg of a formate ester. 

To a solution of 500 mg (1.42 mmol) of the formate ester in 
14 mL of ethanol was added 2.0 mL of 1.0 N aqueous NaOH. The 
mixture was stirred for 2 h during which time the starting material 
slowly dissolved. A solution of 2.0 mL of 1 N aqueous HC1 in 
20 mL of ethanol was added. The mixture was concentrated in 
vacuo, dissolved in CH2Cl,, and washed with 20 mL of water. The 
aqueous phase was extracted with two 15-mL portions of CH2C1,. 
The organic phases were combined, dried (MgSO,), and con- 
centrated in vacuo. The residue was chromatographed over 100 
g of silica gel (eluted with EtOAc-hexane (1:2)) to afford 412 mg 
(82%) of &lactam 10 as a white solid mp 124-127 OC; [a] = 168O 
( c ,  0.16); IR (CH2Cl2) 1740 cm-'; 'H NMR (CDCI3, 250 MHz) 6 
1.42 (d, J = 6.3 Hz, 3 H, CH,), 1.95 (br s, 1 H, OH), 3.46 (dd, J 
= 9.1, 5.6 Hz, 1 H, CHCO), 3.76 (8, 3 H, OCH,), 4.25 (m, 1 H, 
CHOH), 4.8 (dd , J  = 7.4, 5.8 Hz, 1 H, CHN), 6.5 (dd , J  = 16, 7.8 
Hz, 1 H, CH=CHPh), 6.85 (m, 3 H, CH=CHPh, ArH), 7.2-7.5 
(m, 7 H, ArH); 13C NMR (CDCl,) 6 21.66 (q), 55.43 (q), 56.82 (d), 
61.63 (d), 64.41 (d), 114.31 (d), 118.27 (d), 124.55 (d), 126.67 (d), 
128.41 (d), 128.73 (d), 131.56 (s), 135.26 (d), 135.56 (a), 156.06 (s), 
164.10 (a); exact mass calcd for C&,,03N mle 323.1521, found 
m l e  323.1514. 

[ 1s-( lal2P,4a,5@,6a)]-5-Bromo-7-(p -methoxyphenyl)-2- 
methyl-4-phenyl-3-oxa-7-azabicyclo[ 4.2.0]octan-8-one (1 la). 
To a solution of 100 mg (0.31 mmol) of p-lactam 9 in 2.5 mL of 
CH2C12 cooled to 0 OC in an ice bath was added 58 mg (0.33 "01) 
of NBS in one portion. The mixture was stirred at  0 "C for 30 
min and then allowed to warm to rt and stir for 24 h. The mixture 
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several times with hexane (to remove excess n-Bu3SnH) to afford 
8.5 mg (26%) of pyran 13 as a white solid (mp 104-106 "C). 

From llc. To 50 mg (0.10 mmol) of selenide l lc was added 
0.5 mL of neat n-Bu3SnH and 4 mg of AIBN. The mixture was 
stirred for 2.5 h at 70 "C. The mixture was diluted with 20 mL 
of diethyl ether and washed with 10 mL of saturated aqueous NaF. 
The organic phase was dried (MgSO,) and concentrated in vacuo. 
The residue was washed with copious amounts of hexane to afford 
23.4 mg (70%) of pyran 13, identical to material prepared from 
lla (mp 105-106 "C). 

[ IS-(  la,2@,4@,5a,6a)]-7-(p-Methoxyphenyl)-2-methy1-3- 
oxa-4-phenyl-5-(pheny lselenenyl)-7-azabicyclo[4~.0]~~n- 
8-one (12c) and  [ IS - (  la,2@,4a,5@,6a)]-7-(p-Methoxy- 
phenyl)-2-met hyl-3-oxa-4-phenyl-5-( phenylselenenyl)-7- 
azabicyclo[4.2.0]octan-8-one (llc). Method A. To a solution 
of 100 mg (0.31 mmol) of @-lactam 9 in 2.5 mL of CHzClz cooled 
to -78 OC in a dry iceacetone bath was added 65 mg (0.34 mmol) 
of PhSeCl in one portion. The mixture was stirred at -78 "C for 
4 h and allowed to warm to rt and stir an additional 20 h. Solvent 
was removed in vacuo, and the residue was chroma+aphed over 
20 g of silica gel (eluted with EtOAc-hexane (1:4)) to afford 107 
mg (72%) of selenide 12c as a white solid: mp 164-165 OC; [CY] 

= -86.7" (CHC13, c, 0.84); IR (CHC13) 3000,1750 cm-'; 'H NMR 

5.7,3.8 Hz, 1 H, C(l)H), 3.56 (dd, J = 7.7,1.9 Hz, 1 HI C(5)H), 
3.74 (a, 3 H, OCH3), 4.0 (qd, J = 6.5, 3.9 Hz, 1 H, C(2)H), 4.63 
(dd, J = 5.7,l.g Hz, 1 H, C(6)H), 4.67 (d, J = 7.7 Hz, 1 HI C(4)H), 
6.7 (d, J = 10 Hz, 2 H, ArH), 7.0-8.0 (m, 12 H, ArH); 13C NMR 

(d), 83.61 (d), 114.40 (d), 118.66 (d), 126.81 (d), 127.76 (a), 127.93 
(d), 128.37 (d), 128.76 (d), 129.38 (d), 129.90 (a), 135.83 (d), 141.30 
(s), 156.06 (s), 163.20 (a); exact mass calcd for CSHBSeNO3 m / e  
479.0999, found m / e  479.0967. Method B. To a solution of 100 
mg (0.31 mmol) of B-lactam 9 in 2.0 mL of CHzClz cooled to -78 
"C in a dry ice-acetone bath was added 200 mg (1.04 mmol) of 
PhSeCl in one portion. The mixture was allowed to stir for 2.5 
h at -78 OC. The mixture was concentrated in vacuo, and the 
residue was chromatographed over 20 g of silica gel (eluted with 
EtOAc-hexane (1:4)) to afford 130 mg (87%) of selenide llc as 
a white solid mp 123-125 "C; [a] = -22.9" (CHCl,, c, 0.99); IR 
(CHCl,) 3000,1750 cm-'; 'H NMR (CDC13, 250 MHz) 6 1.5 (d, 

(dd, J = 12.5,2.5 Hz, 1 H, C(5)H), 3.85 (s,3 H, OCH3), 4.55 (qd, 
J = 6.3,2.5 Hz, 1 H, C(2)H), 4.95 (dd, J = 6.3,2.5 Hz, 1 H, C(6)H), 
5.10 (d, J = 12.5 Hz, 1 H, C(4)H), 6.59-7.4 (m, 12 H, ArH), 7.51 

55.29 (d), 55.40 (q), 56.34 (d), 65.95 (d), 78.10 (d), 114.06 (d), 122.36 
(d), 127.42 (d), 127.67 (d), 128.02 (d), 128.11 (d), 128.83 (d), 129.86 
(s), 130.01 (a), 134.02 (d), 141.29 (a), 157.17 (s), 165.25 (e); exact 
mass calcd for CSHSSeNO3 m / e  479.1000, found m/e  479.0986. 
Method C. To a solution of 100 mg (0.31 mmol) of &lactam 9 
and 61 mg (0.6 mmol) of triethylamine in 2.5 mL of CHzClz at 
-78 "C was added 65 mg (0.34 mmol) of PhSeCl. The cold bath 
was removed, and the mixture was allowed to stir for 16 h. The 
mixture was diluted with 30 mL of CHzClz and washed with 20 
mL of water. The aqueous layer was extracted with two 13-mL 
portions of CHZClp The organic layers were combined, dried 
(MgSO,), and concentrated in vacuo. The residue was chroma- 
tographed over a Lobar size A silica gel column (EtOAc-hexane 
(1:7)) to give 10 mg (6%) of selenide 12c (mp 164-165 "C) and 
79 mg (54%) of selenide l lc (mp 123-124 "C). Method D. To 
a solution of 101 mg (0.31 mmol) of @-lactam 9 in 2 mL of CHzClz 
cooled to 0 "C in an ice bath was added 122 mg (0.40 mmol) of 
N-PSP and 7 mg of p-TsOH in one portion. The mixture was 
stirred at 0 "C for 1.5 h and allowed to warm to rt and stir an 
additional 18 h. The solution was filtered through alumina 
(activity 11), solvent was removed in vacuo, and the residue was 
chromatographed over 20 g of silica gel (eluted with EtOAehexane 
(1:3)) to afford 68 mg (46%) of selenide l lc  and 76 mg (51%) 
of selenide 12c. 

[ I S  -( la,2@,4@,6a)]-7-(p -Methoxyphenyl)-2-methyl-4- 
phenyl-3-oxa-7-azabicyclo[4.2.0]octan-8-one (15). To 75 mg 
(0.16 mmol) of selenide 12c was added 0.5 mL of neat n-Bu3SnH 
and 4 mg of AIBN. The mixture was heated to 80 OC for 2 h. 
The mixture was diluted with 1 mL of benzene and heated for 
an additional hour at 80 "C. The mixture was cooled, and 4 mL 

(CDCl3, 200 MHz) 6 1.6 (d, J = 6.5 Hz, 3 H, CH3), 3.4 (dd, J = 

(CDC13) 6 18.57 (q), 43.06 (d), 51.38 (d), 55.07 (d), 55.41 (q), 71.20 

J = 6.2 Hz, 3 HI CH3), 3.5 (dd, J = 6.3, 2.5 Hz, 1 HI C(l)H), 3.8 

(d, J = 8 Hz, 2 HI ArH); 13C NMR (CDCl3) 6 18.91 (q), 46.64 (d), 

was concentrated in vacuo and chromatographed over 20 g of silica 
gel (eluted with EtOAc-hexane (1:4)) to afford 113 mg (91%) of 
bromide l la as a white solid (mp 202-204 "C). A portion of this 
material was recrystallized from CHzClz-hexane to afford material 
for X-ray crystallographic analysis: mp 202-204 "C; [a] = 29.6" 
(CHC13, c,  1.06); IR (CHC13) 3000,1750 cm-'; 'H NMR (CDC13, 

Hz, 1 H, C(l)H), 3.80 (s, 3 H, OCH3), 4.50 (dq, J = 6.3, 2.3 Hz, 
1 H, C(2)H), 4.60 (dd, J = 11, 2.4 Hz, 1 H, C(5)H), 4.88 (dd, J 
= 5.9,2.4 Hz, 1 H, C(6)H), 5.17 (d, J = 11 Hz, 1 H, C(4)H), 6.9 
(d, J = 10.5 Hz, 2 H, ArH), 7.4 (m, 5 H, ArH), 7.6 (d, J = 10 Hz, 
2 H, ArH); '3c NMR (CDClJ 6 18.84 (q), 48.73 (d), 54.77 (d), 55.41 
(q), 56.62 (d), 66.29 (d), 77.46 (d), 113.93 (d), 122.07 (d), 127.04 
(d), 128.41 (a), 130.07 (a), 140.40 (s), 156.98 (4, 165.00 (8) (one 
doublet not located); exact mass calcd for C2&,,BrN03 m / e  
401.627, found m / e  401.0611. Anal. Calcd for C&I$rNO3: C, 
59.71; H, 5.01; Found: C, 59.33; H, 4.95. 

[ 1 S - (1 a,2@,4a,5@,6a)]-5-Iod0-7- (p -met hoxyphen yU-2- 
methyl-3-oxa-4-pheny1-7-awrbicyclo[4.2.O]octan-8-one (1 lb). 
To a solution of 100 mg (0.31 mmol) of 8-lactam 9 in 2.0 mL of 
CHzCl2 cooled to 0 OC in an ice bath was added 250 mg (1.11 
"01) of MS in one portion. The mixture was stirred in the dark 
for 1 h at 0 "C, allowed to warm to rt, and stirred for an additional 
72 h. The solution was diluted with 20 mL of CHzCl2 and washed 
with 15 mL of saturated sodium thiosulfate. The organic phase 
was dried (MgSO,) and concentrated in vacuo to afford 139 mg 
of crude residue. The residue was chromatographed over 20 g 
of silica gel (eluted with EtOAc-hexane (1:3)) to afford 84 mg 
(60%) of iodide l l b  as a white solid mp 190-193 "C dec; [a] = 
33.0" (CHC13, c, 1.01); IR (CHC13) 3000, 1750 cm-'; lH NMR 

6.0, 2.3 Hz, 1 H, C(l)H), 3.8 (a, 3 H, OCH3), 4.5 (qd, J = 6.3,2.2 
Hz, 1 H, C(2)H), 4.7 (dd, J = 11.4,2.2 Hz, 1 H, C(5)H), 4.9 (dd, 
J = 5.9, 2.2 Hz, 1 H, C(6)H), 5.3 (d, J = 11.4 Hz, 1 H, C(4)H), 
6.9 (d, J = 9.0 Hz, 2 H, ArH), 7.3 (8, 5 H, ArH), 7.5 (d, J = 8.9 
Hz, 2 HI ArH); '3c NMR (CDClJ 6 18.96,24.35,55.46,56.18,56.87, 
65.82,78.83,113.99, 123.47, 127.18,128.48, 128.59, 129.05,140.88, 
157.43, 165.34; exact mass calcd for CzoHzoIN03 m / e  449.0445, 
found m / e  449.0466. 

[ 1 S -( la,28,4a,6a)]-7-(p -Methoxyphenyl)-2-methyl-4- 
phenyl-3-oxa-7-azabicyclo[4.2.0]octan-8-one (13) and [2S- 
(2a,3a,6@)]-3,6-Dihydro-3-( 4-methoxyacetanilido)-2-met hyl- 
6-phenyl-2H-pyran (14). From lla. To a solution of 100 mg 
(0.25 mmol) of bromide lla in 2 mL of benzene was added 0.05 
mL (0.26 mmol) of n-Bu3SnH in one portion, followed by a 
catalytic amount (4 mg) of AIBN. The mixture was warmed under 
reflux with stirring for 1.5 h, concentrated in vacuo, diluted with 
50 mL of diethyl ether, and washed with 50 mL of saturated 
aqueous potassium fluoride. The organic phase was dried (MgSO,) 
and concentrated in vacuo. The residue was chromatographed 
over 20 g of silica gel (eluted with EtOAc-hexane (1:6)) to afford 
17.2 mg (21%) dihydropyran 14 as a white solid mp 161-165 
"C; [a] = 284" (c, 0.29); IR (CHC13) 3350,2950,1720,1680 cm-'; 

(t, J = 3.5 Hz, 1 HI C(5)H), 3.79 (a, 3 H, OCH3), 3.88 (qd, J = 
6.4, 3.0 Hz, 1 H, C(6)H), 5.48 (8, 1 H, C(2)H), 6.32 (d, J = 2.5 Hz, 
2 H, CH==CH), 6.85 (d, J = 9.0 Hz, 2 H, ArH), 7.2-7.5 (m, 7 H, 
ArH), 8.13 (8, 1 H, NH); exact mass calcd for CzoHzlN03 m / e  
323.1521, found m / e  323.1539. Further elution afforded 30 mg 
(37%) of &lactam 13 as a white solid mp 104-106 "C; [a] = 50.64' 

200 MHz) 6 1.50 (d, J = 6.3 Hz, 3 H, CH3), 3.55 (dd, J = 6, 2.3 

(CDCl3,300 MHz) 6 1.5 (d, J 6.3 Hz, 3 H, CH3), 3.48 (dd, J = 

'H NMR (CDC13,250 MHz) 6 1.28 (d, J = 6.6 Hz, 3 H, CHd, 2.93 

(CHCl3, C, 0.31); 'H NMR (CDC13,250 MHz) 6 1.5 (d, J = 6.4 Hz, 
3 H, CH3), 2.13 (ddd, J = 15,12.2,2.5 Hz, 1 H, C(5)H), 2.6 (ddd, 
J = 15, 5.1, 2.7 Hz, 1 H, C(5)H), 3.35 (dd, J = 6.0, 2.4 Hz, 1 HI 
C(l)H), 3.8 (s, 3 H, OCH3), 4.3-4.5 (m, 2 HI C(2)H, C(6)H), 5.0 
(dd, J = 12.1,5.0 Hz, 1 H, C(4)H), 6.9 (d, J = 9.0 Hz, 2 H, ArH), 
7.2-7.4 (m, 5 H, ArH), 7.45 (d, J = 9 Hz, 2 H, ArH); 13C NMR 

(d), 70.92 (d), 114.65 (d), 118.13 (d), 125.10 (d), 127.27 (s), 128.46 
(d), 131.38 (a), 143.77 (s), 156.15 (a), 164.44 (a); exact mass calcd 
for CmHZ1NO3 m / e  323.1522, found m / e  323.1530. 

From 1 lb. To a slurry of 42 mg (0.1 mmol) of iodide 11 b in 
0.5 mL of neat n-Bu3SnH was added 2 mg of AIBN. The mixture 
was warmed to 60 'C for 2.5 h, allowed to cool to rt, diluted with 
20 mL of diethyl ether, and washed with two 10-mL portions of 
aqueous saturated aqueous NaF. The organic phase was dried 
(MgSO$ and concentrated in vacuo, and the residue was washed 

(CDCl3) 6 19.13 (q), 29.86 (t), 48.93 (d), 53.22 (d), 55.50 (q), 65.88 
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mp 162-164 "C; [a] = 100.4" (CHCl,, c, 0.235); IR (CHCI,) 3000, 
1750 cm-'; 'H NMR (CDCl,, 250 MHz) 6 1.5 (d, J = 6.2 Hz, 3 H, 

4.4 (dd, J = 9.5, 5.3 Hz, 1 H, C(5)H), 4.5 (qu, J = 6.3 Hz, 1 H, 
C(2)H), 4.65 (t, J = 5.6 Hz, 1 H, C(6)H), 4.85 (d, J = 9.4 Hz, 1 
H, C(4)H), 6.9 (d, J = 9.0,2 H, ArH), 7.3 (d, J = 9.0 Hz, 2 H, ArH), 
7.34 (s,5 H, ArH); exact mass calcd for C&i&JO, m / e  449.0488, 
found m l e  449.0522. 

[ 1s -( lafa,4@,5a,6a)]-7-(p -Methoxyphenyl)-%-methy1-3- 
oxa-4-phenyl-5-( phenylselenenyl)-7-azabicyclo[4.2.O]octan- 
8-one (16c) and [ 1s-( la,2a,4a,5/3,6a)]-7-(p-Methoxy- 
phenyl)-2-met hyl-3-oxa-4-phenyl-5-( phenylselenenyl)-7- 
azabicyclo[4.2.0]octan-&one (174. Method A. To a solution 
of 107 mg (0.33 "01) of &lactam 10 in 2.6 mL of CHzClz cooled 
to -78 'C in a dry ice-actone bath was added 70 mg (0.37 mmol) 
of PhSeCl in one portion. The mixture stirred for 3 h at -78 OC 
and allowed to warm to rt and stir an additional 21 h. The mixture 
was concentrated in vacuo, and the residue was chromatographed 
over 50 g of silica gel (eluted with ethyl acetatepetroleum ether 
( 2 5 ) )  to afford 142 mg (89%) of a 77:23 mixture of selenides 16c 
and 17c, respectively. Recrystallization from CHzClz-hexane (1:3) 
gave 86 mg of pure 16c as a white solid mp 138-140 "C; [a] = 

Hz, 1 H, C(l)H), 3.2 (8,  3 H, OCH,), 3.6 (dd, J = 9.4, 4.0 Hz, 1 
H, C(5)H), 4.2 (dd, J = 5.9,3.9 Hz, 1 H, C(6)H), 4.55 (qd, J = 
6.7,3.5 Hz, 1 H, C(2)H), 4.6 (d, J = 9.4 Hz, 1 H, C(4)H), 6.6-7.6 
(m, 14 H, ArH); 13C NMR (CDCl,) 6 19.71 (q), 43.92 (d), 51.54 
(d), 54.56 (d), 55.45 (q), 66.80 (d), 74.58 (d), 114.40 (d), 119.56 
(d), 127.31 (d), 127.68 (a), 128.08 (a), 128.34 (d), 128.67 (d), 129.22 
(d), 129.63 (s), 135.92 (d), 140.77 (s), 156.37 (s), 164.54 (e); exact 
mass calcd for CzsHzsSeN03 m / e  477.1008, found m l e  477.0998. 
A pure sample of 17c was not obtained. Ita presence in the 
mixture was inferred from signals in the 'H-NMR spectrum of 
the mixture (CDClJ: 6 1.50 (d, J = 7 Hz, CHJ, 3.30 (dd, C(l)H), 
3.80 (a, OCH,). The structure assignment of 19c was supported 
by conversion of a mixture of 16c + 17c to 18 + 19 (vide infra). 
Method B. To a solution of 100 mg (0.31 mmol) of 8-lactam 10 
in 2.0 mL of CHzClz cooled to -78 "C in a dry ice-actone bath 
was added 200 mg (1.04 mmol) of PhSeCl in one portion. The 
mixture stirred for 2.5 h at -78 "C, solvent was removed in vacuo, 
and the residue was chromatographed over 20 g of silica gel (eluted 
with EtOAc-hexane (1:4)) to afford 120 mg (81%) of an W20 
mixture of selenides 16c and 17c, respectively (by NMR). Re- 
crystallization from CHzClz-hexane (1:3) gave 73 mg of pure 16c 
as a white solid. Method C. To a solution of 96 mg (0.30 "01) 
of @-lactam 10 and 40 mg (0.39 "01) of triethylamine in 2.6 mL 
of CHzClz cooled to -78 "C in a dry ice-actone bath was added 
63 mg (0.33 "01) of PhSeCl in one portion. The mixture stirred 
for 3 h at -78 "C and allowed to warm to rt and stir an additional 
2 h. Thin-layer chromatography indicated that the reaction was 
incomplete, and thus an additional 53 mg of PhSeCl was added. 
Stirring was continued for 19 h, and an additional 52 mg of PhSeCl 
was added. The mixture was stirred for 5 h and diluted with 30 
mL of CHZCl2. The mixture was washed with 20 mL of water, 
and the aqueous layer was extracted with two 30-mL portions of 
CH2Cl2 The combined organic phases were dried (MgSO,) and 
concentrated in vacuo. The residue was chromatographed over 
20 g of silica gel (eluted with EtOAc-hexanes (1:4)) to afford 126 
mg (88%) of an a 2 0  mixture of selenides 16c and 17c, respec- 
tively (by NMR). Method D. To a solution of 101 mg (0.31 "01) 
of @-lactam 10 in 2 mL of CH2ClZ cooled to 0 'C in an ice bath 
was added 123 mg (0.41 mmol) of N-PSP and 7 mg of p-TsOH 
in one portion. The mixture was stirred at 0 "C for 1.5 h and 
allowed to warm to rt and stir an additional 15 h. The mixture 
was chromatographed over 20 g of silica gel (eluted with Et- 
OAc-hexane (15)) to afford material contaminated with 
phthalimide. This material was filtered through alumina (activity 
11) to give 128 mg (86%) of a 58:42 mixture of selenides 16c and 
17c, respectively (by NMR). 

[ 19 -( la,2a,4j3,6a)]-7- ( p  -Methoxyphenyl)-2-methyl-4- 
phenyl-3-oxa-7-azabicyclo[4.2.O]octan-&one (18). From Ma. 
To a slurry of 48 mg (0.2 mmol) of bromide 16a in 0.5 mL of 
n-Bu3SnH was added 1 mg of AIBN. The mixture was warmed 
to 80 "C with stirring for 1 h. The mixture was diluted with 10 
mL of diethyl ether and washed with 10 mL of aqueous saturated 

CH3), 3.3 (dd, J = 7.4,5.7 Hz, 1 H, C(l)H), 3.80 (8,3 H, OCHJ, 

65.7' (CHClB C, 0.23); IR (CHClJ 3000,1750 UU-'; 'H NMR (C&, 
250 MHz) 6 1.0 (d, J = 6.7 Hz, 3 H, CH3), 2.7 (dd, J = 5.9, 3.5 

of saturated aqueous NaF was added in one portion. The mixture 
stirred for 12 h, diluted with 30 mL of diethyl ether, and washed 
with 20 mL of water. The organic phase was dried (MgSO,) and 
concentrated in vacuo. The white residue was washed with copious 
amounts of hexane and chromatographed over 20 g of silica gel 
(eluted with EtOAc-hexane (1:5)) to afford 30 mg (59%) of pyran 
15 as a white solid: mp 168 'C; [a] = 11.9' (CHCl,, c, 0.42); IR 
(CHCl,), 3000,1750 cm-'; 'H NMR (CDCl,, 250 MHz) 6 1.6 (d, 
J = 6.5 Hz, 3 H, CHJ, 2.05 (ddd, J = 14.2, 10.0, 4.1 Hz, 1 H, 
C(5)H), 2.45 (ddd, J = 14.6, 7.6, 4.8 Hz, 1 H, C(5)H), 3.3 (m, 1 
H, C(l)H), 3.7 (a, 3 H, OCH,), 4.1 (qu, J = 6.5 Hz, 1 H, C(2)H), 
4.4 (m, 1 H, C(6)H), 4.5 (dd, J = 10.0,4.8 Hz, 1 H, C(4)H), 6.8 
(d, J = 9.0 Hz, 2 H, ArH), 7.1-7.4 (m, 7 H, ArH); '3c NMR (CDClJ 
6 18.85 (q), 33.31 (t), 48.00 (d), 50.12 (d), 55.46 (q), 72.01 (d), 76.57 
(d), 114.39 (d), 117.97 (d), 125.58 (d), 127.38 (s), 128.32 (d), 130.80 
(s), 142.42 (e.), 155.88 (s), 163.66 (8); exact mass d c d  for C.&IZ~NO~ 
m / e  323.1522, found m l e  323.1509. Anal. Calcd for C&zlNOs: 
C, 74.27; H, 6.55. Found: C, 74.22; H, 6.64. 

[ 1 S - ( 1 a,2a,48,5a,6a)]-5-Brom0-7- ( p  -met hoxyphenyl)-2- 
methyl-3-oxa-4-phenyl-7-azabicyclo[4~.O]~tan-8-one (16a) 
and [ 15-( la,2a,4a,5~,6a)]-5-Bromo-7-(p-methoxyphenyl)-2- 
methyl-3-oxa-4-pheny1-7-azabicyclo[4.2.O]octan-8~ne ( 17a). 
To a solution of 100 mg (0.31 mmol) of 8-lactam 10 in 2.5 mL of 
CHZCl2 cooled to 0 OC in an ice bath was added 66 mg (0.372 
mmol) of NBS in one portion. The mixture was stirred for 2.5 
h and concentrated in vacuo. The residue was chromatographed 
over 50 g of silica gel (eluted with EtOAc-hexane (1:6)) to afford 
103 mg (83%) of a-bromo ether 16a as a white solid: mp 107-108 
'C; [a] = -79.1' (CHC13, c, 0.23); IR (CHC13) 3000, 1750 cm-'; 

(dd, J = 5.9, 2.9 Hz, 1 H, C(l)H), 3.8 (8 ,  3 H, OCH,), 4.25 (dd, 
J = 10.0,3.9 Hz, 1 H, C(5)H), 4.7-4.9 (m, 3 H, C(4)H), C(2)H and 
C(6)H), 6.9 (d, J = 9 Hz, 2 H, ArH), 7.45 (8, 5 H, ArH), 7.5 (d, 
J = 9 Hz, 2 H, ArH); l% NMR (CDCld 6 19.89 (q), 49.78 (d), 52.72 
(d), 55.48 (q), 57.51 (d), 67.57 (d), 75.06 (d), 114.60 (d), 119.17 
(d), 127.26 (d), 128.46 (d), 128.66 (d), 129.84 (s), 139.13 (s), 156.57 
(s), 163.80 (8 ) ;  exact mass calcd for C2&&rN03 mle 401.0626, 
found m / e  401.0654. Further elution afforded 22 mg (17%) of 
&bromo ether 17a as a white solid: mp 138-139 "C; [a] = 78.6' 
(CHCl,, c, 5.35); IR (CHCl,) 3000, 1750 cm-'; 'H NMR (CDCl,, 

Hz, 1 H, C(l)H), 3.78 (s, 3 H, OCH3), 4.4 (dd, J = 8.9, 5.3 Hz, 
1 H, C(5)H), 4.55 (qu, J = 6.3 Hz, 1 H, C(2)H), 4.7 (t, J = 5.6 
Hz, 1 H, C(6)H), 4.8 (d, J = 8.9 Hz, 1 H, C(4)H), 6.8 (d, J = 9.0 
Hz, 2 H, ArH), 7.35 (m, 7 H, ArH); '% NMR (CDClJ 6 23.12 (q), 
50.26 (d), 52.20 (d), 54.03 (d), 55.44 (q), 70.54 (d), 79.57 (d), 113.97 
(d), 121.79 (d), 127.12 (d), 128.45 (d), 128.66 (d), 130.48 (81, 138.94 
(s), 157.03 (s), 166.49 (8 ) ;  exact mass calcd for C&@rN03 m l e  
401.0627, found mle 401.0638. 

[ 1s -( la,2a,4@,5a,6a)]-S-Iodo-7-(p -methoxyphenyl)-2- 
met hyl-3-oxa-4-phenyl-7-azabicyclo[ 4.2.0]octand-one (16b) 
and [ 1s-( la,2a,4a,Sj3,6a)]-5-10d0-7-(p -methoxyphenyl)-& 
methyl-3-oxa-4-pheny1-7-azabicyclo[4.2.O]octan-&one (17b). 
To a solution of 100 mg (0.31 mmol) of &lactam 10 in 2.5 mL of 
dry CHzClz cooled to 0 'C in an ice bath was added 90.3 mg (0.40 
"01) of NIS in one portion. The mixture was s k e d  in the dark 
for 2 h at 0 'C and was allowed to warm to rt and stir for an 
additional 24 h. An additional 70 mg (0.31 mmol) of NIS was 
added, and the solution was allowed to stir for another 24-h period. 
The mixture was diluted with 20 mL of CHzClz and washed with 
15 mL of saturated sodium thiosulfate. The organic phase was 
dried (MgSO,) and concentrated in vacuo. The residue was 
chromatcgraphed over 50 g of silica gel (eluted with EtOAehexane 
(1:6)) to afford 74 mg (53%) of the 8-iodo ether 16b as a white 
solid mp 115-117 "C; [a] = -105.7' (CHCl,, c, 0.26); IR (CHC13) 
3000,1750 cm-'; 'H NMR (CDCl,, 250 MHz) 6 1.5 (d, J = 6.8 Hz, 
3 H, CHd, 3.3 (dd, J = 5.8,2.7 Hz, 1 H, C(l)H), 3.8 (s,3 H, OCHJ, 
4.35 (dd, J = 10.1,3.8 Hz, 1 H, C(5)H), 4.8 (qd, J = 6.8, 2.7 Hz, 
1 H, C(2)H), 4.9 (d, J = 10.1 Hz, 1 H, C(4)H), 5.0 (dd, J = 5.8, 
3.8 Hz, 1 H, C(6)H), 6.9 (d, J = 9 Hz, 2 H, ArH), 7.3 (s,5 H, ArH), 
7.5 (d, J = 9 Hz, 2 H, ArH); 13C NMR (CDClJ 6 19.80 (q), 28.53 
(d), 52.36 (d), 55.47 (q), 58.73 (d), 67.61 (d), 76.48 (d), 114.59 (d), 
119.16 (a), 119.68 (d), 127.31 (d), 128.48 (d), 128.67 (d), 129.54 
(s), 139.62 (s), 156.60 (a), 163.95 ( 8 ) ;  exact mass calcd for C2-,- 
Hz01N03 m f e 449.0488, found m f e 449.0453. Further elution 
afforded 32.3 mg (23%) of the j3-iodo ether 17b as a white solid: 

'H NMR (CDC13, 250 MHz) 6 1.5 (d, J = 6.8 Hz, 3 H, CH3), 3.35 

250 MHz) 6 1.5 (d, J = 6.3 Hz, 3 H, CH3), 3.35 (dd, J = 7.3,5.7 
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NaF. The organic phase was dried (MgS04) and concentrated 
in vacuo. The crude residue was chromatographed over 20 g of 
silica gel (eluted with EtOAc-hexane (1:4)) to afford 22 mg (57%) 
of pyran 18 aa a white solid mp 118-121 "C; [a] = 49.4' (CHC13, 
c,  0.75); IR 1750 cm-'; 'H NMR (CDC13, 250 MHz) 6 1.5 (d, J = 

2.55 (ddd, J = 14,6.7,4.1 Hz, 1 H, C(5)H), 3.25 (dd, J = 9.5,5.7 
Hz, 1 H, C(l)H), 3.76 (s,3 H, OCH3), 4.35 (m, 1 H, C(2)H), 4.45 
(m, 1 H, C(6)H), 4.8 (dd, J = 12.5,4.1 Hz, 1 H, C(4)H), 6.8 (d, 
J = 8 Hz, 2 H, ArH), 7.2-7.4 (m, 7 H, ArH); 13C (CDC13) 6 20.96 
(q), 34.03 (t), 48.33 (d), 53.78 (d), 55.50 (q), 66.66 (d), 72.24 (d), 
114.52 (d), 117.93 (d), 125.27 (d), 127.64 (d), 128.60 (d), 131.18 
(s), 143.24 (e), 156.13 (e), 164.04 (8); exact mass calcd for C&&3N 
m/e 323.1521; found mle 323.1487. 

From 16b. To a slurry of 46 mg (0.10 mmol) of iodide 16b in 
0.3 mL of n-Bu3SnH was added 0.5 mg of AIBN. The mixture 
was warmed to 70 "C for 20 min, allowed to cool to rt, diluted 
with 2 mL of CHZClz, and directly chromatographed over 20 g 
of silica gel (eluted with EtOAc-hexane (1:3)) to give 13 mg (40%) 
of pyran 18 as a white solid (mp 115-118 "C). 

From 16c. To a slurry of 20 mg (0.04 mmol) selenide 16c in 
0.5 mL of n-Bu3SnH was added 0.5 mg of AIBN. The mixture 
was warmed to 70 "C and stirred for 2 h. The mixture was diluted 
with 10 mL of diethyl ether and washed with 10 mL of saturated 
aqueous NaF. The aqueous phase waa extracted with two 10-mL 
portions of diethyl ether. The organic phases were combined, 
dried (MgS04), and concentrated in vacuo. The residue was 
washed with copious amounts of hexane to afford 8 mg (59%) 
of pyran 18 as a white solid (mp 115-118 OC). 
[IS -( la,2a,4a,6a)]-7-(p -Methoxyphenyl)-2-methyl-4- 

phenyl-3-oxa-7-azabicyclo[4.2.O]octan-8-one (19). From 17a. 
To a slurry of 20 mg (0.05 mmol) of bromide 17a in 0.3 mL of 
neat n-Bu3SnH was added 0.5 mg of AIBN. The mixture was 
warmed to 100 OC for 2 h, allowed to cool to rt, and directly 
chromakgraphed over 20 g of silica gel (eluted with EtOAc-hexane 
(1:3)) to afford 7 mg (48%) of pyran 19 as a white solid: mp 
134-136 OC; [a] = 80.6O (CHC13, c, 0.33); IR (CC14), 1750 cm-'; 

(ddd, J = 14.8,10.8,5.8 Hz, 1 H, C(5)H), 2.4 (ddd, J = 14.8,3.2, 
2 Hz, 1 H, C(5)H), 3.14 (t, J = 5.7 Hz, 1 H, C(l)H), 3.80 (e, 3 H, 
OCH3), 4.3 (qu ,J  = 6.4 Hz, 1 H, C(2)H), 4.4 (td, J = 5.7, 2 Hz, 
1 H, C(6)H), 4.58 (dd, J = 10.8, 3.1 Hz, 1 H, C(4)H), 6.9 (d, J = 
8 Hz, 2 H, ArH), 7.2-7.45 (m, 7 H, ArH); 13C (CDCl,) 6 23.57 (q), 
32.25 (t), 48.59 (d), 50.93 (d), 55.53 (q), 71.22 (d), 73.74 (d), 114.64 
(d), 118.45 (d), 125.74 (d), 127.68 (d), 128.48 (d), 130.57 (s), 141.86 
(s), 156.28 (s), 165.73 (8 ) ;  exact mass calcd for Cz&z1O3N mle 
323.1522, found mle 323.1537. 

From 17b. To a slurry of 27 mg (0.06 mmol) of iodide 17b in 
0.5 mL of n-Bu3SnH was added 0.5 mg of AIBN. The mixture 
was warmed to 70 "C and stirred for 20 min. The solution was 
allowed to cool to rt and directly chromatographed over 20 g of 
silica gel (eluted with EtOAc-hexane (1:4)) to afford 10.5 mg (54%) 
of pyran 19 as a white solid (mp 134-136 "C). 

From 16c + 17c. To a slurry of 53 mg (0.11 mmol) of a 3:l 
mixture of 16c and 17c, respectively, was added 0.5 mL of n- 
Bu3SnH and 0.5 mg of AIBN. The mixture was warmed to 80 
OC for 2.8 h. The solution was allowed to cool to rt, diluted with 
20 mL of ether, and washed with 10 mL of saturated aqueous NaF. 
The aqueous phase was extracted with two 10-mL portions of 
ether, and the combined ether layers were dried (MgS04). Solvent 
was removed in vacuo, and the residue was chromatographed over 
10 g of silica gel (eluted with EtOAchexane (1:3)) to afford 12 
mg (33%) of a 3 1  mixture of 18 and 19, respectively (by NMR). 

re1 -[ 35,45 (E)]-3-( Hydroxymet hy1)- 1- (4-met hoxy- 
phenyl)-4-(2-phenylethenyl)-2-azetidinone (20) and rel- 
[3R,4S(E)]-3-(Hydroxymethyl)-l-(4-methoxyphenyl)-4-(2- 
phenylethenyl)-2-azetidinone (3-epi-20). To a solution of 2.70 
g (26.7 mmol) of diisopropylamine in 45 mL of dry THF cooled 
to -78 "C was added 17.3 mL (26.0 mmol) of 1.5 M n-BuLi in 
hexanes. The mixture was stirred 1 h, and 1.5 g (12.7 mmol) of 
ethyl 3-hydroxypropanoate in 25 mL of THF was added dropwise 
over a period of 1 h. The solution was stirred for 1 h, and 3.31 
g (14.0 "01) of N-@-methoxyphenyl)ci"aldimine was added 
in one portion. The solution was stirred at -78 "C for 1 h and 
at rt for 18 h. The black mixture was diluted with 170 mL of 
CHZClz and washed with two 150-mL portions of 1 M aqueous 

6.2 Hz, 3 H, CH3), 2.0 (ddd, J = 14, 12.5, 9.5 Hz, 1 H, C(5)H), 

'H NMR (CDC13, 250 MHz) 6 1.5 (d, J = 6.3 Hz, 3 H, CH3), 2.0 
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HCl. The aqueous washes were extracted with two 150-mL 
portions of CHzClz. The organic phases were dried (%SOI) and 
concentrated in vacuo, and the residue was chromatographed over 
250 g of silica gel (EtOAchexane (1:l)) to give 1.54 g (39%) of 
a 4:l mixture (NMR) of trans and cis 8-lactams, respectively. 
Extensive chromatography of this material, followed by recrys- 
tallization of appropriate fractions from ether, gave 3-epi-20 as 
a white solid: mp 121.5-122.5 "C; IR (CHCl,) 1736 cm-'; 'H NMR 
(CDC13, 300 MHz) 6 2.4 (broad 8, 1 H, OH), 3.3 (m, 1 H, CHCO), 
3.75 (s, 3 H, OCH,), 3.95 (dd, J = 12,4 Hz, 1 H, CHOH), 4.1 (dd, 
J = 12,4.6 Hz, 1 H, CHOH), 4.7 (dd ,J  = 8.4, 2 Hz, 1 H, NCH), 
6.3 (dd, J = 16,8 Hz, 1 H, CH=), 6.7-6.9 (m, 3 H, =CHPh and 
ArH), 7.2-7.4 (m, 7 H, ArH); 13C NMR (CDCl,) 6 55.4 (q), 56.7 
(d), 58.6 (t), 59.5 (d), 114.3 (d), 118.4 (d), 126.6 (d), 126.7 (d), 128.3 
(d), 128.7 (d), 131.5 (s), 134.3 (d), 135.7 (s), 156.1 (s), 164.9 (8). 
Extensive chromatography also gave 58 mg of impure 20 (20% 
3-epi-20 by NMR) that was used in subsequent reactions. Re- 
crystallization of a small portion of this material from ether gave 
pure 20 as a white solid: mp 125-126 OC; IR (CHC13, mixture) 
1736 cm-'; 'H NMR (CHCl3, pure) 6 1.75 (broad 8, 1 H, OH), 3.7 
(m, 1 H, CHCO), 3.8 (8,  3 H, OCH3), 4.05 (m, 2 H, CHzO), 4.8 
(dd, J = 8 ,6  Hz, 1 H, NCH), 6.5 (dd, J = 16,8 Hz, 1 H, CH-), 
6.8 (m, 3 H, 4 H P h  and ArH), 7.2-7.5 (m, 7 H, ArH); '% (CDC13, 
62.9 MHz, signals due to 20 in mixture) 6 55.4 (q), 56.6 (d), 57.0 
(d), 57.8 (t), 114.3 (d), 118.3 (d), 124.3 (d), 126.6 (d), 128.3 (d), 
128.7 (d), 131.6 (s), 135.6 (d), 135.8 (s), 156.1 (s), 164.8 (8 ) .  

re1 -( la,4~,5a,6a)-5-Bromo-7-(p -methoxyphenyl)-4- 
phenyl-3-oxa-7-azabicyclo[4.2.0]octan-8-one (21b) and rei- 
( la,4~,5/3,6a)-5-Brom0-7-(p -methoxyphenyl)-4-phenyl-3- 
oxa-7-azabicyclo[ 4.2.0]octand-one (21a). To a solution bf 20 
mg (0.065 mmol) of &lactam 20 (20% 3-epi-20 by NMR) in 0.7 
mL of CHzClz at 0 OC was added 12 mg (0.068 mmol) of N- 
bromosuccinimide in one portion. The solution was stirred for 
30 min, warmed to rt, and stirred an additional 17 h. Solvent 
was removed in vacuo and the residue was chromatographed over 
20 g of silica gel (EtOAchexane (1:3 followed by 1:2)) to afford 
4.8 mg (19%) of slightly impure 21b as a yellow oil: IR (CHC13) 

C(l)H), 3.8 (s,3 H, OCH3), 4.05 (dd, J = 13,5 Hz, 1 H, C(2)uH), 
4.2 (dd, J = 9.5, 2.3 Hz, 1 H, C(5)H), 4.5 (d, J = 9.5 Hz, 1 H, 
C(4)H), 4.7 (d, J = 13 Hz, 1 H, C(2),H), 4.8 (dd, J = 5.8,2.3 Hz, 
1 H, C(6)H), 6.9 (bd, J = 9 Hz, 2 H, ArH), 7.3 (s,5 H, ArH), 7.5 

(d), 55.5 (q), 57.3 (d), 65.2 (t), 83.8 (d), 114.7 (d), 118.6 (d), 127.0 
(d), 128.4 (d), 128.7 (d), 130.0 (s), 138.8 (s), 156.5 (s), 163.5 (e); 
relevant NOE data for 21b (proton irradiated - NOE observed): 

H, - Hh (28%), H1 (a%), H4 (12%); H4 -. 8, (7%), H5 (2%), 

(1%). Further elution afforded 16.2 mg (64%) of slightly impure 
21a as a white solid. A small portion was recrystallized from 
diethyl ether to provide a pure sample: mp 154 "C; IR (CHC13) 
1754 cm-l; 'H NMR (CDC13, 250 MHz) 6 3.7 (m, 1 H, C(l)H), 3.8 
(8, 3 H, OCH,), 4.3 (dd, J = 13, 5 Hz, 1 H, C(2),H), 4.35 (dd, J 
= 13,3.4 Hz, 1 H, C(2),Ji), 4.6 (dd, J = 10.6,3.2 Hz), 1 H, C(5)H), 
4.9 (dd, J = 6,3.2 Hz, 1 H, C(6)H), 5.0 (d, J = 10.5 Hz, 1 H, C(4)H), 
6.9 ( d , J  = 9 Hz, 2 H, ArH), 7.35 (8, 5 H, ArH), 7.5 ( d , J  = 9 Hz, 
2 H, ArH); 13C NMR (CDC13, 62.9 MHz) 6 49.0 (d), 50.8 (d), 53.8 
(d), 55.4 (q), 60.8 (t), 77.5 (d), 114.0 (d), 122.0 (d), 127.1 (d), 128.5 
(d), 128.7 (a), 130.2 (81,139.5 (s), 157.1 (81,166.1 (8); relevant NOE 
data for 21a (proton irradiated -. NOE observed): H1 - Hk + 

1750 m-'; 'H NMR (CDC13, 300 MHz) 6 3.6 (t, J = 5.5 Hz, 1 H, 

(d, J = 9 Hz, ArH); 13C NMR (CDC13, 125 MHz) 6 47.8 (d), 49.4 

Hi + H, (6%), H h  (2%), & (9%); H b  - H (24%), Hi (3%); 

(8%), Hb (3%), H4 (2%); Hg-H4 (2%), & (3%); 

HzU (7%), H5 (2%), He (4%); Hzo, + H, - HI (8%), H4 (29'0)s 
H5 (3%); H4 - Hzm (2%), H5 (1%); H5 - H, (2%), H5 (3%), 
Hs (5%); HB + Hi (lo%), H5 (12%). 

re1 -(3S,4R ,5S )-Dihydro-4-hydroxy-3,S-dimethyl-2- 
(3H)-furanone (28). To a solution of 1.00 g (3.92 mmol) of 
iodolactone 27 in 10 mL of benzene was added 1.11 mL (6.24 
"01) of n-Bu3SnH and 5 mg of AIBN. The solution was warmed 
under reflux for 6 h followed by addition of 10 mL of CC14 v d  
additional stirring for 12 h. The solution was concentrated in 
vacuo, and the residue was chromatographed over 100 g of silica 
gel (eluted with EtOAc-petroleum ether (1:2)) to afford 450 mg 
(88%) of furanone 28 as a white solid mp 54-55 OC; IR (CHzClz) 
3600-3500 (br), 2920,1770 cm-'; 'H NMR (CDC13, 250 MHz) 6 

(m, 2 H, C(3)H and OH), 4.25 (m, 1 H, C(4)H), 4.5 (m, 1 H, C(5)H); 
1.2 (d, J = 7.4 Hz, 3 H, CH3), 1.45 (d, J = 7.4 Hz, 3 H, CH3), 2.7 
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13C NMR (CDCI,) 6 7.95 (q), 13.58 (q), 42.24 (d), 72.10 (d), 79.33 
(d), 179.07 (8); exact mass calcd for C6H1003 mle 130.0630, found 
mle 130.0671. Anal. Calcd for C6H1003: C, 55.37; H, 7.74. Found: 
C, 55.29; H, 7.78. 

re1 -( 3S,4R ,5S )-Dihydro-4- (met hoxymet hoxy)-3,5-di- 
methyL2-(3H)-furanone (29). To a solution of 474 mg (3.65 
mmol) of furanone 28 in 6 mL of CHzCl2 at 0 OC was added 0.58 
mL (7.3 "01) of chloromethyl methyl ether followed by 1.35 mL 
(7.3 mmol) of diisopropylethylamine. The solution was allowed 
to warm to rt and stir for 72 h. The mixture was diluted with 
100 mL of CHzClz and washed with 50 mL of water. The aqueous 
phase was extracted with three 50-mL portions of CHzClz. The 
organic phases were combined, dried (MgSO,), and concentrated 
in vacuo. The residue was chromatographed over 50 g of silica 
gel (eluted with EtOAc-hexane (1:2)) to afford 600 mg (94%) of 
29 as a clear colorless liquid IR (CHZClz) 2950, 1760 cm-'; 'H 
NMR (CDC13, 250 MHz) 6 1.26 (d, J = 7.2 Hz, 3 H, CH3), 1.42 
(d, J = 6.5 Hz, 3 H, CH3), 2.75 (dq, J = 7.2,5.3 Hz, 1 H, C(3)H), 
3.42 (9, 3 H, OCHJ, 4.22 (dd, J = 5.3, 3.4 Hz, 1 H, C(4)H), 4.5 

(CDClJ 6 8.47 (q), 14.09 (q), 41.29 (d), 55.98 (q), 77.70 (d), 78.21 
(dq,J  = 6.5, 3.4 Hz, 1 H, C(5)H), 4.65 (8, 2 H, OCH20);13C NMR 

(d), 96.82 (t); exact mass calcd for C&1404 mle 174.0892, found 
mle 174.0880. 

rel-( 3S,4R,5R)-Tetrahydro-4-( methoxymethoxy)-3,5-di- 
methyl-$-furan01 (30). To a solution of 511 mg (2.94 mmol) of 
lactone 29 in 10 mL of toluene at -78 "C was added 2.35 mL (3.5 
mmol) of DIBAH (1.5 M in toluene) over a 5-min period via 
syringe. The mixture was stirred for 10 min at -78 OC and 
quenched with 1 mL of 3 N aqueous NaOH. The solution was 
filteM through a cake of Celite, dried (MgSO,), and concentrated 
in vacuo. The residue was chromatographed over 50 g of silica 
gel (eluted with EtOAc-petroleum ether (1:l)) to afford 420 mg 
(81%) of a roughly 21 ('H NMR) mixture of anomers 30 as a clear 
colorless oil: IR (CHZClz) 3585,3400 cm-'; lH NMR (CsDs, 250 
MHz) peaks due to major diastereomer: 6 1.05 (d, J = 7.1 Hz, 
3 H, CH,), 1.20 (d, J = 6.4 Hz, 3 H, CHJ, 2.19 (m, 1 H, C(3)H), 
3.10 (s,3 H, OCH,), 3.68 (m, 1 H, C(4)H), 4.25 (dq, J = 6.4, 3.4 

J = 3.9 Hz, 1 H, OH), 5.29 (dd, J = 5.2,3.9 Hz, 1 H, C(2)H); peaks 
due to minor diastereomer: 6 0.95 (d, J = 7.1 Hz, 3 H, CH3), (d, 
J = 6.4 Hz, 3 H, CH,), 1.65 (m, 1 H, C(3)H), 3.03 (s,3 H, OCH,), 
3.3 (d, J = 11.8 Hz, 1 H, OH), 3.38 (t, J = 3.8 Hz, 1 H, C(4)H), 
3.68 (m, 1 H, C(5)H), 4.18 (q AB, J = 3 Hz, 2 H, OCHzO), 5.1 
(dd, J = 11.7, 4.9 Hz, 1 H, C(2)H); 13C NMR (C&) peaks due 
to major diastereomer: 6 11.15 (q), 15.48 (q), 46.90 (d), 55.58 (q), 
77.32 (d), 81.55 (d), 97.09 (t), 103.91 (d); peaks due to minor 
diastereomer: 6 8.95 (q), 16.66 (q), 43.52 (d), 55.72 (q), 78.59 (d), 
80.86 (d), 96.92 (t), 100.41 (d). 
rel-(2R,3R,4R)-trans-5-(p-Methoxyphenyl)-3-(methoxy- 

methoxy)-4-methyl-l-hex-5-en-l-ol(24a). To a solution of 1.5 
g (6.4 mmol) of diethyl (4methoxybenzyl)phosphonate in 15 mL 
of DME at -78 OC was added 4.1 mL (6.4 mmol) of n-BuLi (1.55 
M in hexanes) slowly via syringe. The solution was stirred for 
1 h, and a solution of 377 mg (2.14 mmol) of lactol 30 in 5 mL 
of DME was added. The mixture was warmed to rt, stirred for 
30 min, diluted with 100 mL of EtOAc, and washed with 50 mL 
of water. The aqueous layer was extracted with five 50-mL 
portions of EtOAc. The organic phases were combined, dried 
(MgSO,), and concentrated in vacuo. The residue was chroma- 
tographed over 50 g of silica gel (eluted with EtOAc-petroleum 
ether (2:1), followed by EtOAc) to afford 630 mg (68%) of a 
@-hydroxy phosphonate ester as a yellowish oil. 

To a solution of 630 mg (1.45 mmol) of the @-hydroxy phos- 
phonate in 5 mL of benzene at 5 "C was added 108 mg (4.5 mmol) 
of NaH in one portion. The mixture was heated to reflux for 30 
min, cooled to rt, diluted with 100 mL of CHzClz, and washed 
with 75 mL of water. The aqueous phase was extracted with three 
50-mL portions of CHZCl2. The organic phases were combined, 
dried (MgSO,), and concentrated in vacuo. The residue was 
chromatographed over 50 g of silica gel (eluted with EtOAc-pe- 
troleum ether (1:2)) to afford 193 mg (32% from 30) of olefin 24a 
as an oil: IR (CHzC1,) 3680, 3600, 3460, 2950 cm-'; 'H NMR 

6.8 Hz, 3 H, CH,), 2.55 (m, 1 H, =CCH), 3.17 (dd, J = 7.0, 3.3 
Hz, 1 H, C(3)H), 3.44 (s, 3 H, OCH3), 3.7 (qu ,J  = 6.5 Hz, 1 H, 
C(2)H), 3.79 (8, 3 H,ArOCH3),4.67 (d , J  = 6.6 Hz, 1 H,OCH,O), 

Hz, 1 H, C(5)H), 4.33 (9 AB, J = 6.8 Hz, 2 H, OCHZO), 4.43 (d, 

(CDC13,250 MHz) 6 1.15 (d, J = 6.2 Hz, 3 H, CH3), 1.17 (d, J = 
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C(5)H), 6.28 (d, J = 16 Hz, 1 H, C(6)H), 6.8 (d, J = 9 Hz, 2 H, 
ArH), 7.26 (d, J = 9 Hz, 2 H, ArH); 13C NMR (CDCl,) 6 18.37 
(q), 18.90 (q), 39.50 (d), 55.23 (q), 55.92 (q), 68.38 (d), 90.91 (d), 
99.00 (t), 113.87 (d), 127.15 (d), 128.76 (d), 129.69 (d), 130.28 (s), 
158.83 (e); exact maas calcd for CI&,04 mle 280.1674, found m / e  
280.1692. 

re1 -(2R ,3R ,4S ,5R ,6S )-Tetrahydro-3-(methoxymeth- 
oxy)-6-(p -methoxyphenyl)-2,4-dimethyl-5-(phenyl- 
selenenyl)-tH-pyran (23a). To a solution of 193 mg (0.69 "01) 
of enol 24a in 6 mL of CHzClz at -78 "C was added 263 mg (1.38 
mmol) of PhSeCl in one portion. The mixture was stirred for 30 
min, diluted with 100 mL of CHZCl,, and washed with 50 mL of 
saturated NaHC0,. The aqueous phase was extracted with two 
50-mL portions of CHZCl2. The organic phases were combined, 
dried (MgSO,), and concentrated in vacuo. The residue was 
chromatographed over 20 g of silica gel (eluted with EtOAc-pe- 
troleum ether (15)) to afford 221 mg (74%) of selenide 23a as 
a yellow oil: IR (CHzC12) 3000 cm-'; 'H NMR (CDCl,, 250 MHz) 

1.88 (m, 1 H, C(4)H), 3.16 (t, J = 11.8 Hz, 1 H, C(5)H), 3.43 (dd, 
J = 11.2, 8.5 Hz, 1 H, C(3)H), 3.47 (8, 3 H, OCH,), 3.63 (q, J = 
6.5 Hz, 1 H, C(2)H), 3.77 (8, 3 H, OCH,), 4.74 (d, J = 10.8 Hz, 

= 8.6 Hz, 2 H, ArH), 7.15 (m, 5 H, ArH), 7.3 (d, J = 8.6 Hz, 2 

(d), 55.23 (q), 56.39 (q), 76.06 (d), 80.58 (d), 84.68 (d), 98.79 (t), 
113.35 (d), 127.37 (d), 128.40 (s), 128.47 (d), 129.38 (d), 133.17 
(s), 135.48 (d), 159.21 ( 8 ) ;  exact mass calcd for CzzHBO4 m / 3  
436.1152, found m l e  436.1127. 
rel-(tR,3R,6R)-3,6-Dihydro-3-(methoxymethoxy)-6-(p- 

met hoxyphenyl)-2,4-dimethyl-2H-pyran (32a). To a solution 
of 90 mg (0.21 mmol) of selenide 23a in 2 mL of THF at 0 OC 
was added 0.20 mL (2.0 mmol) of 30% of Hz02, followed by 33 
pL (0.41 mmol) of pyridine. The solution was stirred for 30 min 
at 0 "C and allowed to warm to rt with 8 h of additional stirring. 
The solution was diluted with 40 mL of CHzClz and washed with 
20 mL of water. The aqueous phase was extracted with two 3omL 
portions of CHZClz. The organic phases were combined, dried 
(MgSO,), and concentrated in vacuo. The residue was chroma- 
tographed over 10 g of silica gel (eluted with EtOAc-petroleum 
ether (15)) to afford 45 mg (79%) of olefin 32a as a clear colorleas 
oil: IR (CH2Clz) 2940, 1615, 1520 cm-'; 'H NMR (CDCl,, 250 

3.46 (s,3 H, OCH,), 3.61 (t, J = 1.9 Hz, 1 H, C(3)H), 3.8 (s,3 H, 
ArOCH,), 3.80 (m, 1 H, C(2)H), 4.75 (d, J = 6.7 Hz, 1 H, OCH,O), 

5.65 (t, J = 1.5 Hz, 1 H, C(6)H), 6.88 (d, J = 8.7 Hz, 2 H, ArH), 

(q), 54.73 (q), 55.63 (q), 73.94 (d), 75.61 (d), 77.85 (d), 97.06 (t), 
114.03 (d), 128.94 (d), 129.63 (d), 132.11 (s), 134.38 (s), 159.78 (8); 
exact mass calcd for Cl6HnO4 mle 278.1491, found mle 278.1521. 

re1 -( 2S,3S ,4S ,5S,6R )-Tetrahydro-5-(methoxymeth- 
oxy )-2-(p -methoxyphenyl)-4,6-dimethyl-2H-pyran-3,4-diol 
(33a). To a solution of 30 mg (0.11 "01) of olefin 32a in 4 mL 
of acetone was added 14 mg (0.12 "01) of N-methylmorpholine 
N-oxide, followed by 0.28 mL (0.01 "01) of 1% w t  OsOl in water. 
The mixture was stirred for 48 h, and 250 mg of solid sodium 
thiosulfate was added followed by 5 mL of water and 500 mg of 
Celite. The slurry was allowed to stir for 3 h and filtered, and 
the filter cake was rinsed with 150 mL of EtOAc. The filtrate 
was dried (MgSO,) and concentrated in vacuo. The residue was 
chromatographed over 10 g of silica gel (eluted with EtOAc-pe- 
troleum ether (2:l)) to afford 30 mg (88%) of C-aryl glycoside 
33a as a clear colorless oil. A portion of the oil was crystallized 
from CHZCl2-hexane to afford a white solid suitable for X-ray 
crystallographic analysis: mp 110-111 "C; IR (CH2C12) 3580,2900 
cm-'; 'H NMR (CDCl,, 250 MHz)  6 1.23 (d, J = 6.6 Hz, 3 H, CHd, 
1.40 (s, 3 H, CH,), 1.7 (br s, 1 H, OH), 2.4 (br s, 1 H, OH), 3.31 
( 8 ,  1 H, C(5)H), 3.46 (8 ,  3 H, OCh,), 3.58 (d, J = 9.5 Hz, 1 H, 
C(3)H), 3.7 (8,  3 H, ArOCH3), 4.21 (9, J = 6.5 Hz, 1 H, C(6)H), 

4.81 (d, J = 6.6 Hz, 1 H, OCHZO), 6.07 (dd, J 16,8.6 Hz, 1 H, 

6 1.22 (d, J = 6.5 Hz, 3 H, CH3), 1.39 (d, J 6.7 Hz, 3 H, CH3), 

1 H, C(6)H), 4.75 (dd, J = 9.5, 6.8 Hz, 2 H, OCHZO), 6.75 (d, J 

H, ArH); 13C NMR (CDCl,) 6 18.08 (91, 18.18 (q), 41.11 (d), 52.48 

MHz) 6 1.35 (d, J = 6.5 Hz, 3 H, CHB), 1.88 (t, J 2 Hz, CH3), 

4.89 (d, J = 6.7 Hz, 1 H, OCHZO), 4.97 (d, J = 2.0 Hz, 1 H, C(5)H), 

7.28 (d, J = 8.7 Hz, 2 H, ArH); 13C NMR (C&) 6 17.44 (q), 21.04 

4.33 (d, J = 9.5 Hz, 1 H, C(2)H), 4.7 (d, J=  6.8 Hz, 1 H, OCHZO), 
4.75 (d, J 6.8 Hz, 1 H, OCHZO), 6.87 (d, J = 8.7 Hz, 2 H, ArH), 
7.35 (d, J = 8.7 Hz, 2 H, ArH); '3C NMR (CDCl3) 6 17.12 (q), 23.70 
(q), 55.27 (q), 56.67 (q), 71.22 (d), 72.77 (s), 73.46 (d), 78.75 (d), 
83.23 (d), 99.03 (t), 113.98 (d), 128.99 (d), 131.45 (s), 159.60 (8); 
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exact mass calcd for C16H2406 m / e  312.1519, found mle 312.1579. 
Anal. Calcd for Cl6HZ4o6: c ,  61.51; H, 7.75. Found: c, 61.27; 
H, 7.69. 

re1 - ( 2 S  ,3S ,4S ,5S  ,6R ) - T e t r a h y d r o - 2 - ( ~  -methoxy- 
phenyl)-4,6-dimethyl-2H-pyran-3,4,5-triol(22). To a solution 
of 6 mg (0.02 mmol) of ether 33a in 1 mL of THF was added 10 
drops of aqueous 2 N HC1. The mixture was warmed under reflux 
for 2 h, allowed to cool to rt, diluted with 30 mL of CHZClz, and 
washed with 10 mL of saturated NaHCO,. The aqueous phase 
was extracted with two 20-mL portions of CHZCl2. The organic 
phases were combined, dried (MgSO,), and concentrated in vacuo. 
The crude residue was chromatographed over 1 g of silica gel 
(eluted with EtOAchexane (1:l)) to give 3.5 mg (69%) of C-aryl 
glycoside 22a as a white oily solid IR (CHzClz) 3700,3000 cm-'; 

(8,  3 H, CH,), 1.55 (br 8, 1 H, OH), 1.92 (br d, J = 8.3 Hz, 1 H, 
OH), 2.25 (br 8, 1 H, OH), 3.36 (br d, J = 7 Hz, 1 H, C(5)H), 3.6 
(br d, J = 9.5 Hz, 1 H, C(3)H), 3.8 (s,3 H, OCH,), 4.29-4.40 (m, 
2 H, C(2)H and C(6)H), 6.9 (d, J = 8.8 Hz, 2 H, ArH), 7.3 (d, J 

(q), 71.46 (d), 72.68 (s), 73.16 (d), 76.12 (d), 79.46 (d), 114.17 (d), 
128.74 (d), 131.16 (s), 159.80 (8); exact mass calcd for C14Hz,-,O5 
m / e  268.1311, found m / e  268.1289. 

Diethyl (3-Iodo-4-methoxybenzy1)phosphonate (34). A 
solution of 28.2 g (100 mmol) of 3-iodo-4-methoxybemyl chloride 
in 100 mL of triethylphosphite was heated at 160 "C for an 8-h 
period. The resulting solution was cooled to rt, and the lower 
boiling materials were removed via Kugelrohr distillation at 120 
OC (1.5 mmHg) to afford 37.2 g (97%) of 34 as a residual yel- 
low-green oil. The resulting material was used in subsequent 
reactions without further purification. Crystallization from 
THF-pentane, however, afforded pure 34 as a colorless solid mp 
42-44 OC; IR (CHCl,) 2981,1494,1392, cm-'; 'H NMR (CDCI,, 

H, PCHJ, 3.85 (s, 3 H, OCH,), 4.01 (m, 4 H, OCHz), 6.75 ( d , J  
= 9.5 Hz, 1 H, Ar(5)-H), 7.25 (dt, J = 6.4, 2.3 Hz, 1 H, Ar(6)-H), 
7.68 (t, J = 1.1 Hz, 1 H, Ar(2)-H); 13C NMR (CDCl,, 62.9 MHz) 

'H NMR (CDC13, 250 MHz) 6 1.25 (d, J = 6.6 Hz, 3 H, CH,), 1.45 

= 8.8 Hz, 2 H, ArH); '3C NMR (CDCl,) 6 16.61 (q), 23.76 (q), 55.33 

250 MHz) 6 1.12 (t, J = 7 Hz, 6 H, CH3), 3.04 (d, J = 22 Hz, 2 

6 15.99 (dq, J c , p  = 6.0 Hz), 31.71 (dt, J c , p  = 139 Hz), 55.96 (q), 
61.70 (dt, Jcp = 6.9 Hz), 85.36 (ds, Jcp = 3.5 Hz), 110.45 (d), 125.29 
(ds, J c , p  = 8.8 Hz), 130.39 (dd, J c , p  = 6.3 Hz), 140.96 (dd, J c , p  
= 6.3 Hz), 156.71 (8); exact mass calcd for C12H16104 m / e  383.9990, 
found m l e  383.9977. Anal. Calcd for ClZHl6IO4: C, 37.52; H, 
4.71. Found: C, 37.61; H, 4.72. 

re1 -( 2R ,3R ,4S)-trans -64 m -1odo-p -met hoxyphenyl)-3- 
(methoxymet hoxy ) -4-met hyl-5-hexen-2-01(24b). To a solution 
of 0.38 mL (273 mg, 2.7 mmol) of diisopropylamine in 12 mL of 
THF at -78 OC was added 1.69 mL (2.5 mmol) of n-BuLi (1.48 
M solution in hexanes) in two portions via syringe. The resulting 
solution was stirred for 20 min at -78 "C, warmed to -20 OC over 
a 1-h period, and held at  that temperature for 1 h before being 
recooled to -78 OC. To the resulting solution of lithium diiso- 
propylamide was added a solution of phosphonate 34 in 10 mL 
of THF such that the temperature of the resulting solution did 
not exceed -75 "C. This solution was stirred at -75 "C or below 
for 45 min and then cooled to -85 OC, and a solution of 176 mg 
(1.0 mmol) of lacto130 in 4 mL of THF was added dropwise over 
10 min. The resulting solution was stirred at  -80 "C or below 
for 30 min and then warmed to rt and stirred overnight. The 
reaction mixture was diluted with 200 mL of EtOAc and washed 
with 30 mL of water. The aqueous layer was extracted with three 
200-mL portions of EtOAc, and the combined organics were dried 
(MgS04) and concentrated in vacuo. The residue was chroma- 
tographed over 10 g of silica gel (eluted with petroleum ether- 
EtOAc (7:l)) to afford 106 mg (27%) of enol 24b as a yellow oil 
which crystallized on standing to give a white solid: mp 67-68 
"C; IR (CHCl,) 3458 (broad), 3010,2964,2934,1594,1490,1257 
cm-'; 'H NMR (CDCl,, 250 MHz) 6 1.15 (m, 6 H, CH,), 2.57 (m, 

1 H, OH), 3.45 (8, 3 H, OCH,), 3.69 (qu,J = 6.6 Hz, 1 H, C(2)-H), 
3.87 (s, 3 H, ArOCH,), 4.69 (d, J = 6.6 Hz, 1 H, OCHzO), 4.83 

7.26 (dd, J = 8.5, 2.1 Hz, 1 H, Ar(6)-H), 7.80 (d, J = 2.1 Hz, 1 

39.51 (d), 56.02 (q), 56.42 (q), 68.40 (d), 86.25 (s), 90.91 (d), 99.10 
(t), 110.73 (d), 127.37 (d), 128.33 (d), 130.19 (d), 132.37 (a), 136.80 

1 H, C(4)-H), 3.18 (dd, J = 7.1, 3.3 Hz, 1 H, C(3)-H), 3.29 (bs, 

(d, J = 6.6 Hz, 1 H, OCHZO), 6.08 (dd, J = 16,8.5 Hz, 1 H, C(5)-H), 
6.23 (d, J = 16 Hz, 1 H, C(6)-H), 6.74 (d, J = 8.5 Hz, 1 H, Ar(5)-H), 

H, Ar(2)-H); 13C NMR (CDCl,,62.9 MHz) 6 18.38 (q), 18.93 (q), 
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(d), 157.27 (9); exact mass calcd for C1d-IH,IO, mle 406.0641, found 
m / e  406.0641. Anal. Calcd for C16H23104: C, 47.30; H, 5.71. 
Found: C, 47.26; H, 5.71. 

re1 -( 2R ,3R ,4S ,5R ,6S )-Tetrahydro-6-(m -iodo-p -meth- 
oxy phenyl 1-3- (met hoxymet hoxy)d,a-dimet hyl-5- (phenyl- 
selenenyl)-iH-pyran (23b). To a solution of 30 mg (74 pmol) 
of enol 24b, in 0.80 mL of CHzClz at  -78 "C, was added 27 mg 
(0.14 mmol) of PhSeCl in a single portion. The resulting solution 
was stirred 1.5 h at -78 OC, diluted with 3 mL of CHzClz, and 
washed with 1.5 mL of saturated aqueous NaHC03. The aqueous 
phase was extracted with three 7-mL portions of CHZClz, and the 
combined organic phases were dried (MgS04) and concentrated 
in vacuo. The residue was chromatographed over 5 g of silica gel 
(eluted with petroleum ether-EtOAc (51)) to afford 29.6 mg (75%) 
of selenide 23b as a colorless oil. Upon exposure to methanol the 
oil solidified giving selenide 83 as a white solid mp 116-122 OC. 
Although this material was used without further purification, an 
analytically pure sample was prepared by recrystallization from 
methanol: mp 126-127 "C; IR (CHCI,) 3006,2959 cm-'; lH NMR 

= 6.7 Hz, 3 H, CH,), 1.82-1.90 (m, 1 H, C(4)-H), 3.14 (dd, J = 
11.9, 10.8 Hz, 1 H, C(5)-H), 3.43 (m, 1 H, C(3)-H), 3.48 (s, 3 H, 
OCH,), 3.64 (dq, J = 6.5, 0.9 Hz, 1 H, OCH2), 4.76 (d, J = 6.9 
Hz, 1 H, CHz), 6.60 (d, J = 8.5 Hz, 1 H, Ar(5)-H), 7.05-7.20 (m, 
5 H, SeAr-H), 7.24 (dd, J = 8.5, 2.1 Hz, 1 H, Ar(6)-H), 7.68 (d, 
J = 2.1 Hz, 1 H, Ar(2)-H); 13C NMR (CDCI,, 62.9 MHz) 6 17.98 
(q), 18.17 (q), 40.85 (d), 52.22 (d), 56.32 (q), 56.41 (q), 76.21 (d), 
80.38 (d), 84.39 (d), 85.59 (s), 98.79 (t), 110.11 (d), 127.35 (d), 128.45 
(d), 129.61 (s), 134.98 (d), 135.07 (d), 138.99 (d), 157.59 (s), one 
aromatic singlet was not observed; exact mass calcd for Cz2H2,- 
I04Y% m / e  562.0087, found mle 562.0103. Anal. Calcd for 
CzzHZ7IO4Se: C, 47.08; H, 4.85. Found: C, 46.96; H, 4.90. 

re1 -(2R ,3R ,6R )-3,6-Dihydro-6-(m -iodo-p -methoxy- 
phenyl)-3-(methoxymethoxy)-2,4-dimethyl-2H-pyran (32b). 
To a solution of 70 mg (0.13 mmol) of selenide 23b in 2.0 mL of 
THF at 0 "C was added 123 pL (1.25 "01) of 30% aqueous H202 
followed by 19.6 pL (0.25 mmol) of pyridine. The resulting so- 
lution was stirred at 0 "C for 30 min and then warmed to rt and 
stirred for 8 h. The reaction mixture was diluted with 45 mL of 
CH2Clz and washed with 25 mL of saturated aqueous NaHC03. 
The aqueous layer was extracted with three 50-mL portions of 
CHzClz, and the combined organic phases were dried (MgS04) 
and concentrated in vacuo. The residue was chromatographed 
over 10 g of silica gel (eluted with petroleum ether-EtOAc (5:l)) 
to afford 35 mg (69%) of olefin 32b as a light brown oil that 
foamed under vacuum: IR (neat) 3010, 2953 cm-'; 'H NMR 
(CDCl,, 250 MHz) 6 1.33 (d, J = 6.5 Hz, 3 H, CH,), 1.80 (m, 3 

3.70-3.82 (m, 1 H, C(2)-H), 3.85 (s, 3 H, ArOCH,), 4.75 (d, J = 

= 1.8 Hz, 1 H, C(6)-H), 5.60 (m, 1 H, =CH), 6.80 (d, J = 2.1 Hz, 
1 H, Ar(5)-H), 7.32 (dd, J = 8.5, 2.1 Hz, 1 H, Ar(6)-H), 7.78 (d, 
J = 2.1 Hz, 1 H, Ar(2)-H); 13C NMR (62.9 MHz, CDCl,) 6 17.19 
(q), 20.98 (q), 56.06 (q), 56.46 (q), 73.87 (d), 75.33 (d), 76.73 (d), 
85.99 (e), 97.12 (t), 110.85 (d), 128.09 (d), 128.79 (d), 132.98 (s), 
135.53 (s), 138.54 (d), 157.84 (9); exact mass calcd for C16H,,041 
m / e  404.0485, found mle 404.0487. 

re1 -( 2S,3S,4S ,55,6R)-Tetrahydro-2-(m -iodo-p -met hoxy- 
phenyl)-5-(methoxymethoxy)-4,6-dimethyl-2H-py~n-3,4-~01 
(33b). To a solution of 8.0 mg (20 pmol) of olefin 32b in 0.91 mL 
of acetone was added 29 mg (70 pmol) of N-methylmorpholine 
N-oxide and 67 pL of a 1% weight solution of 0sOk The resulting 
solution was stirred 80 h, and 50 mg of sodium bisulfite was added 
followed by 100 mg of Celite and 0.5 mL of water. The resulting 
slurry was stirred for 6 h and filtered, and the fdter cake was rinsed 
with three 15-mL portions of EtOAc. The organic phases were 
combined, dried (MgSO,), and concentrated in vacuo. The residue 
was chromatographed over 1 g of silica gel (eluted with EtOAc- 
petroleum ether (1:lO); followed by the same solvents (15); fol- 
lowed by EtOAc) to afford 8.2 mg (93%) of diol 33b as a colorless 
oil: IR (neat) 3500,2900 cm-'; 'H NMR (CDCl,, 250 MHz) 8 1.25 
(m, 4 H, CH,, OH), 1.42 (8, 3 H, CH3), 2.10 (bs, 1 H, OH), 3.34 
( d , J  = 1 Hz, 1 H,C(5)-H), 3.48 (s,3 H, OCH,), 3.58 (dd,J = 9.6, 
4.1 Hz, 1 H, C(3)-H), 3.87 (8, 3 H, ArOCH,), 4.24 (dq, J = 6.5, 

(CDCl,, 300 MHz), 6 1.22 (d, J = 6.5 Hz, 3 H, CH3), 1.41 (d, J 

H, +CHJ, 3.46 ( ~ , 3  H, OCHJ, 3.59 (d, J = 1.6 Hz, 1 H, C(3)-H), 

6.7 Hz, 1 H, OCHZ), 4.85 (d, J = 6.7 Hz, 1 H, OCHZ), 4.93 (d, J 

1.3 Hz, 1 H, C(6)-H), 4.34 (d, J = 9.6 Hz, 1 H, C(2)-H), 4.73 (d, 
J = 6.8 Hz, 1 H, OCHZ), 4.80 (d, J = 6.8 Hz, 1 H, OCHZ), 6.80 
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(d, J = 8.4 Hz, 1 H, Ar(5)-H), 7.38 (dd, J 8.4, 2.1 Hz, 1 H, 
Ar(6)-H), 7.87 (d, J = 2.1 Hz, 1 H, Ar(2)-H); l3C NMR (CDC13, 
62.9 MHz), 6 17.10 (q), 23.75 (q), 56.46 (q), 56.75 (q), 71.37 (d), 
72.88 (a), 73.43 (d), 78.12 (d), 83.22 (d), 86.34 (e), 99.12 (t), 110.71 
(d), 129.21 (d), 133.81 (e), 138.57 (d), 158.13 (8); exact mass calcd 
for C16H2310s m / e  438.0539, found m / e  438.0555. 
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Addition of monosubstituted alkylhydrazines to acetylenic esters with either electron-withdrawing or s t e r i d y  
bulky @-substituents afforded l-alkyl-3-hydroxy-5-substituted-pyrazoles 1 as the major regioisomeric product. 
By comparison, the classical cyclocondensation of alkylhydrazines with &keto esters gives the regioisomeric 
pyrazold-ones 2. The reaction solvent employed in these cyclocondensations can have a profound effect on 
regioisomeric product ratios. Addition of methylhydrazine to 5g in methylene chloride gave regiospecific formation 
of pyrwlinone 20, whereas addition in watepmethanol mixtures afforded hydroxypyrwle lo  as the major product. 
Structural assignment of regioisomers 1 and 2 are based on 13C NMR chemical shifts, long-range heteronuclear 
coupling constants, and comparisons with regiochemidy known hydroxypyrwles and/or pyrwlinonea. Additions 
of acetylene 5b to 1,l-dimethylhydrazine afforded either acyclic enehydramne 12 or pyrazolium betaine 13 depending 
on the reaction conditions. 

Introduction 
Reactions of acetylenes and substituted hydrazines have 

been extensively studied as a means to prepare ene- 
hydrazines, hydrazones, and various cyclocondensation 
products.2 Typically, cyclocondensations of either 8-al- 
kylacetylenic esters3 or 8- keto esters with alkyl hydrazine^^ 
afford l-substituted-pyrazolin-5-ones, 2, as the major re- 
gioisomeric product. Surprisingly few reporta have ap- 
peared describing the regioselective preparation of 3- 
hydroxypyrazoles, l-"OH", or the tautomeric 3- 
pyrazolinones, l-"NH", from acetylenic esters and alkyl- 
 hydrazine^.^^^ Such reports have been limited to phe- 
nylhydrazine additions in the presence of base7 and ad- 
dition of alkylhydrazines to acetylene dicarboxylates.8 A 
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regiospecific synthesis of 3-hydroxy-5-arylpyrazoles from 
addition of methylhydrazine to arylglycidates followed by 
dehydration of the intermediate hydroxypyrazolinone has 
been r e p ~ r t e d . ~  

1 -"OH" l-"NH" 

2-"NH" 2-"CH" 2-"OH" 

In view of the biological activity associated with a variety 
of pyrazole derivatives, the ability to prepare l-alkyl-3- 
hydroxypyrazoles 1 seemed particularly attractive. De- 
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