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Abstract Optrcal& active and racemk aza~opicrostegane (3), az4apwostegane (4), and ail offour stereo- 
isomers of racemu: azakopicrosteganok and azapicrosteganok (5,6,8,9) were successful& synthesized 
by oxuianve coupluag of diben.@rethanes (12,18, 19) 

In our program armed at the creation of new compounds with antitumor actlvuy based on natural 

lignans, podophyllotorur&8 and steganacin (-)-14S.6, we have shown that isopxxostegane (-I-2,7 one of 

the four stereoisomers, shows a potent cytotoxlcuy higher than natural steganacin N-1.8 The 
mechanism of actron of 2 was shown to be baaed on the inhibition of microtuble assembly. Rzpecting to 

develop a new leading structure for anucancer drugs we started a next stage study We describe herein 

design, synthesis, and absolute confquration-antitumor activity relationships of new artificial aza- 

analogues based on (-)-2 9 Furthermore, a boat-than conformatron of drbenzocyclooctadiene IS 

proposed to be a biologuxlly active form 

C-)-l 

Design of Azaisopicrostegane 

M-2 (-1-j R’.R’-H t-)4 R’, ti.H 
5 R’-H, $-OH 8 R’-H, R=OH 
6 R’-OH, R2-H a R’-Ctl,R2-H 
7 R’,R*-O 10 R’,R*A 

The guidelmes we set for the creation of the candidate are categorized as follows. (1) the stereo- 

chemical structure has the most simllanty to M-2. (2) carbonyl oxygen should have enough electron 

density to form a hydrogen-bond, (3) the compounds have mimmum stereolsomers, (4) the synthetic 

route IS as short as possible; (5) optically pure compounds are readrly available 

On the basis of the guldelmes we designed 3 as an aza-analogue of Q-2 8 Atroplsomerism and the 

carbon center at the @-posmon of the carbonyl group of 3 have tire same relative configuration wnh (-)- 

2 and the center a to the carbonyl IS an sfl nitrogen. reducmg one asymmetrrc center and rendering 

enough electron density on the carbonyl oxygen in formmg a hydrogen bond The tsomeric compound 4 

IS, however, an analogue of plaostegane which showed weak cytotozicny 8 

3081 
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Synthesis of Amisopicrostegane 
The racemate and both enantlomers of 11 were prepared by the same way used 111 the synthesis of 

podophyllotozin aza-analogues 3 Alkylatron of (+bll wth trimethoxybenzyl bromide furnished (+)-12 

Nonphenohc oxldative mtramolecular coupling of (+I-12 by the action of VOF3 m methylene chloride- 

mfluoroacetlc acids gave nse to a mixture of separable two Qastereorsomers U-3 and (+I-4 111 a rauo 

of 60 1 (determined by HPLC of the crude products) in 98% combmed yield The major product was 

assigned to 3 on the basis of NMR specmxop ic analysis Thus, coupling constants between the methme 

proton 01 to nitrogen and benzylic methylene protons are 0 and 9 9 Hz. indicating the structum 3 On the 

other hand, those of the minor product are 2 0 and 6 6 Hz, indicating the structure 4. 

Heating of 3 over the meltmg point established a constant eqtuhbrium to afford a mixture of 3 and 

4 in a ratto of 40.1 In turn, heating of 4 also provided a mixture in the same ratto These thermo- 

dynamic behaviors of the two isomers come from the lsomerization of a pivotal bond of biphenyl 

skeleton 7 The preferred stability of 3 to 4 is attributed to the boat-chair conformation of dibenzo- 

cyclooctadiene of 3 rather than the boat-boat conformation of 4 

Molecular mechamcs calculatnms using Allinger’s MM2 force fieldlo reproduce the stability of 3 

rather than 4 by 3 kcal/mol, consisting with the established equilibrium ratio Dihedral angles of the 

calculated structure also support the assignment of the structure on the basis of NMR. Dihedral angles 

for the corresponding bond arrangements desctlbed above, -72 and +172 deg for 3 and -90 and +24 deg 

for 4 obtained by calculation are m good agreement with the couphng constants observed Furthermore, 

X-ray structural analysis confirmed the structure of 3, almost identical to that obtained by calculation 11 

Ol 0 

boat nntetnmbate 14 

Preferred formation of 3 rather than 4 1s attributed to stability difference between the two con- 

formers of the intermediate of the reactton The favorable uttermediate 13. in whtch seven-membered 

nng mamtams chau conformatton, leads to 3 through spuodtenone-phenol-type rearrangement On the 
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other hand, unfavorable intermediate 14, in which seven-membered nng mamtams boat conformatlon, 

leads to 4 

The compounds (+)-, W-3 and t-j-, W-4 were prepared stsrtmg from the corresponclmg amino 

acids.11 respectively, wthout any event 

It IS noteworthy that 3 was readily prepared in quantity from the known amino acid. 3,4- 

methylenedloxyphenylalanine.12 in four steps m high overall yield 

Synthesis of Azaisopicrosteganoi 

Smce mtroductlon of glucose moiety onto the benzyllc posltlon of 3 would be important for 

exerting better pharmacological behaviors as shown in podophyllotoxm-based antitumor pharma- 

ceutlcals? it 1s highly desirable to introduce oxygen functtonahty onto the benzyhc poWon of 3 

15 R’.ti-H,OH 

16 k-H, $-OBnBr4 1 z-n. R2-OBnBr-4 

17 R’IOBnBr-ll, ti-H 19 R’.OBnBr-4, R%H 

Although oxldatlve introduction of oxygen functionahty onto 3 seems to be a straightforward 

method to afford 5-10, attempted benzyhc oxldatlon of 3 with NBS5 and other reagents gave nse to a 

mixture of intractable products Inadequate orientation of the benzylic C-H bonds, havmg no possibility 

to take enough conJugation with aromatlc z-orbital, seems to be the reason for this failure 13 The 

stereostructure of 3 obtained by MM2 calculations and by X-ray crystallography demonstrated the non- 

parallel onentatlon of the corresponding C-H bonds with aromatic z-orbital 14 

Then we exammed oxldahve couphng of 18 and 19, possessmg oxygen functlonahty protected by 4 

bromobenzyl group Inert toward oxldative couphng conditions, to 20 and 21 Protection of the benzyhc 

OH of 153 with 4-bromobenzyl group under the conchtlons of TfzO-Cbromobenzyl alcohol m &oxane 

at rt for 1 h provided the corresponding 16 and 17 m 99% combmed yield Dlbenzylurethanes 18 

(63%) and 19 (36%) were obtained by treatmg a mixture of 16 and 17 with 3,4.5-tnmethoxybenzyl 

bromide-NaH m DMF 

Intramolecular couplmg of 18 and 19 mth VOF3 m TFA-CH2C12 at -40 “C for 2 5 h provided 20 

and 21 m 66 and 22% yields. respectively 15 Stereochemlstnes of 20 and 21 were determmed by NMR 

analysis (couplmg constants) as shown The unfavorable mteractlons between the benzyhc OCHzPhBr 

and aromatic group in the intermediate (22 from 19) explam higher (20) and lower (21) yields of the 

oxidatlve coupling 

MBt, Me6 Moo- ” 

2 0 R -CHzPhBr-4 2 1 R -CH2PhBr-l 22 



Y KUBOTA ef al 

As we expected. hydrogenanon of 20 and 21 with Hz-10% Pd/C in AcOEt-EtOH at rt smoothly 

provtded 5 and 6 both in 94% yields, respecttvely The selectwe benzylic C-O bond fission of 20 and 

21 to 5 and 6. not to 3, is ascribed to the unfavorable orientation of the benzylic C-O bond on the 

skeleton wtth respect to the methylenedtoxyphenyl x-orbital as described above.16 

The alcohols 5 and 6 were oxtdtzed wtth PCC m CH2Cl2 to grve the same ketone 7 in 79 and 75% 

ytelds, respecttvely IR spectrum of 7 (1722 cm-t) mdtcates no conIugatlon of C-O double bond with 

aromattc group Reduction of 7 with NaBH4 in methanol stereoselecttvely gave 5 m 85% yield. 

;&o-;~o-;~oa~~~~~ 

Meo 7 Mo 10 
Me0 

On the other hand, treatment of 7 with DBU in CH2C12 at rt for 5 min smoothly provtded an 

lsomenzed ketone 10 m 89% Isolated yield IR spectrum (1676 cm-l) of 10 in turn mdtcates the 

presence of conjugation between C-O double bond and aromatic group 

Reduction of 10 wtth NaBH4 m methanol gave a 3 to 7 mtxture of tsomenc alcohols 8 and 9 m 

94% combined tsolated yield, which were separated through theu- acetates Selecttve reductton of 10 

with L-Selectnde afforded 9 in 73% yield as a single isomer 

In conclusion we have succeeded in the preparation of all of four stereoisomers 5.6, 8. and 9 

through oxrdative couplmg and subsequent regroselectrve hydrogenatlve cleavage of the benzyl protectmg 

group and further isomertzatton as a key sequence of reacttons 

Antitumor Activity 

We are very pleased to find that (*I)-3 showed pronusmg in vrfro cytotoxtc activtty (ED50 <O 3 

ug/ml agamst KB cell) as well as 111 vlvo activity (T/C 137) against expertmental tumor m P388 mouse 

The activity is superior to those of natural hgnan (-)-steganacm 1 as the leading compound 8 On the 

other hand, marginal cytotoxtaty was observed in the assay of 4 (47 @ml) It 1s also important to note 

that t-I-3 shows stronger cytotoxtctty than (+)-3, clearly mdtcatmg the necesstty of R ptvotal absolute 

configuration Cytotoxrclttes of azatsopicrosteganol serves (5,6.7 CO 3 ug/ml) are htgher than those of 

azaplcrosteganol serves (8 14 1, 9 40 7, 10 0 57 ug/mll, indicating that the parent skeleton 3 is 

essential for activity 

Lithtum alummium hydride reduction of 3 and 4 provtded the corresponding ammo alcohols 23 

and 25 iV-Formyl alcohol 26 was obtamed as a stde-product by the reductton of 4 The ammo alcohol 

23 was acetylated to 24 The ammo alcohols 23,25, and acetyl amme 24 showed the stmtlar potency of 

activtty (ED50 1 l-l 65 ug/ml) It is quote mterestmg that N-formyl alcohol 26 showed an activity 

(ED50 CO 3 @ml) htgher than the parent compound 4 

These vanatrons in btological acuvtty suggest that the boat-chair conformation is an essenttal 

structure for btologtcal activity The boat-boat conformanon of macuve 4 1s converted to the boat-chau 

conformatton by releasing rtgrdlty through reductive opening of the five-membered ring, and then 25 

and 26 recovered activny Furthermore, the presence of the carbonyl group tn a specific orlentauon IS 

advantageous to show acuvtty, and then 3 and 26 are of the potent compounds 
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H-3 co.3 &wlll (+I4 1.3 Mrnl o-3 boal chair calfonnation 
cQ.3 rohnl 

W-23 R-H 1.6&n1 

TC 137 (P333 mouse) 
M-24 R=Ac lB&d 

PO 

v+l ~~oi!L&L :&I&: 
Me0 

W-4 boat oonfonnaUon 
w-25 R-ME 11 @nl 

47.0 pgml W-26 R = cl-lo 8.3 pJknl 

We beheve that conformation-activity relatronshtps revealed by thus work are useful in the 

development of the future anticancer pharmaceuticals 

Further studies along this line are now in progress m our laboratories 17 

Acknowledgement* The authors are grateful to Drs Shigeru Tsukagosht, Takasm Tsuruo, and 

Tazuko Tashiro. Cancer Institute, Japan for evaluation of antrtumor activity 

Experimental18 

(+)-(R)-4-(3,4-Methylenedioxybenzyl)-3-(3,4,5-trimethoxybenzy~~-l,3-oxazolidin-2- 
one (+I-12 A mtxture of (+I-1 1 (2 56 g. 11 6 mmol)2 and NaH (0 42 g. 17 4 mmol) m THF (25 ml) 
was sttrred under reflux for 0 5 h After additton of a soluuon of 3.45~tnmethor@enzyl bromrde (3 63 
g. 13 9 mmol) m THF (20 ml) at rt, the whole was stured under teflux for 4 5 h. After addrtion of satd 
aq NH&l (15 ml), the mixture was extracted with ethyl acetate (50 ml x 3). The extracts were washed 
wtth 10% aq HCl (50 ml). satd aq NaHC03 (50 ml), and brine (50 ml), and then drred over NagSO4 
Concentrauon and followmg purification by column chromatography (benzene-acetone (4 1)) provided 
(+)-12 (4.59 g, 99%) as a colorless caramel. [a]$ +12 4 “(c=l 10. CHC13) IR (neat) 1750 cm-l. 1H- 
NMR(CDCl3) 6 2.60 (lH, dd, J=8 6, 13 7 Hz), 3 02 (1H. dd, J=4 9, 13 7 Hz), 3.81 (1H. dddd. J=4 9. 
6 2, 8.6, 8.8 Hz), 8.85 (9H, s), 4 01 (1H. dd, J=6 2. 8 8 Hz), 4 01 (lH, d. J=15 0 Hz). 4 17 (lH, dd. 
J=8 8, 8 8 Hz), 4.78 (lH, d. J=15 0 Hz), 5 94 (2H, s), 6 47 (2H, s), 6 53-6 75 (3H. m) MS m/z 401. 
Anal (C.zH23NO7) 

(-)-12. [a]$‘-11.9 o(c=1.09. CHC13) 
W-12: Colorless plates of mp 94 5-96 5 ‘C (ethyl acetate-hexane) 
WAzaisopicrostegane t-j-3 and (+)-Azapicrostegane (+)-4 A solutron of (+)-12 (2 40 g, 

5 98 mmol) m CHzCl2 (60 ml) was added to a suspension of VOF3 (6 0 g. 48 4 mmol) m CF3CO2I-I (14 
ml) and CHzClz (80 ml) at -42 “C The whole was stured at -42 “C for 1 h and then at -30 “C for 3 h 
After addrtton of satd aq NaHC03 (70 ml). the mixture was extracted wtth CHzClz (100 ml x 2) The 
extracts were washed with 10% HCl (160 ml). satd NaHC03 (160 ml). and bnne (200 ml), and then 
drted over MgS04 Concentratton and purtftcatton by column chromatography (hexane-benzene-acetone 
(5 5 2)) provrded (-)-3 (2 30 g. 96%) and (+)-4 (48 mg, 2%) 

(-)-3. Colorless caramel [aI: -174 6 Yc=lO94, CHC13) IR (neat) 1740 cm-l. tH-NMR (CDC13) 
6 2 48 (lH, dd. J=9 9. 13 7 Hz), 2 63 (1H. d. J=13.7 Hz), 3 36 (lH, d, J=14 3 Hz), 3 63, 3 90. and 
3 9l(each 3H, s). 3 72-3 88 (2H. m), 4.50-4 56 (1H. m), 4 64 (1H. d, J=14 3 Hz). 6 01 and 6 04 (each 
1H. d, J=l 5 Hz), 6 72, 6 76, and 6 99 (each 1H. s) 13C-NMR (CDCl3) 6 39 6 (t). 44 9 (t). 55 9 (q). 
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57 4 (d), 60.8 (q), 60.8 (q), 67 4 (0. 101.1 (t). 108 5 (d). 109.1 (d), 110.8 (d), 125.9 (s), 128.9 (s). 
129 8 (s). 131.9 (s). 141.8 (s), 145.8 (s), 147 6 (s). 150 8 (s), 152.9 (s), 156.9 (s) Anal. (C~H21N07) 

(+)-4: White powder of mp 154-156 “C (benzene-ether) [aIt +125 6 “(c=l 17, CHCl3). IR (KBr) 
1737 cm-l 1H-NMR (CDC13) 6 2.43 (lH, dd. J=2.0, 14.3 Hz), 2 89 (1H. dd, J=6.6, 14.3 Hz), 3.54, 
3 89, and 3 90 (each 3H, s), 4 0 (1H. m), 4 09 (lH, dd, J=5.7.8.9 Hz), 4.40 (1H. dd, J=8 6, 8.9 Hz), 4.78 
(lH, d, J=14.7 Hz), 5.98 and 6 02 (each lH, d, J=1.5 Hz). 6 59,6.71, and 6 77 (each lH, s). 13C-NW 
(CDC13) 6 38 2 (t), 48.8 (t), 54 4 (q), 56.0 (d), 60.6 Cq), 61 0 (q). 68.3 (0. 101.2 0). 108 3 (d), 109.2 
(d), 111.0 (d), 127.4 (s), 127.6 (s), 129 1 (s), 129 6 (s). 142 2 (s), 146 6 (s). 147 3 (s), 151 5 (s), 152 7 
(s). 157 5 (s). Anal QlH2IN07) 

(+)-3 Colorless caramel [a]$ +174 7 ‘(c=1.578. CHC13) 
l-)-4* Whne powder of mp 153 5-155 “C (benzene-ether) [al; -124 6 “(c=l.OO, CHC13). 
(*)-3 Colorless prisms of mp 185-186 “C (benzene-ether) 
(f)-4 Colorless needles of mp 167-168 “C (ethyl acetate) 
Thermal equilibration of 3 and 4 
From (f)-3 Under argon atmosphere t&)-3 (2.10 g. 5 3 mmol) was heated at 205 “C for 3 h 

HPLC analysis (Waters radial PAR 5 p. AcOEt-hexane (3.1). 3 0 ml/mm, 264 nm) indicates the presence 
of (f&3 (Rt 2 9 mm) and t&)-4 (Rt 7 3 min) m a ratio of 40.1. Purification by column chromatography 
(benzene-hexane-acetone (5:5:2)) provided (f)-3 (2.02 g, 96%) and Q-4 (74 mg, 3 5%) 

From Q-4 Heatmg of (3-4 at 180 ‘C for 3 h provrded a rmxture m a ratio of 40-l 
(f)-4-[Hydroxy-(3,4-methylenedioxyphenyl)methyl~-l,3-oxazolidin-2-one W-15. A 

suspension of (k)-113 (1 26 g. 5 7 mmol), 2,3-dichloro-5.6-dicyano-1.4benzoqumone (2.73 g, 11 6 
mmol) m AcOH (12 ml) was stirred at 60 “C for 50 h. After concentration and following drlutmn with 
CH2Cl2 (300 ml), the whole was washed with 10% NaOH (200 ml x 2) and brine (100 ml), and then 
drmd over MgS04 Concentration provided a rmxture of Q-11 and acetate (129 g). The mixture and 
NaHC03 (480 mg, 5 7 mmol) m MeOH (20 ml) was stirred at rt for 3 days After filtration, the whole 
was concentrated. Purification by column chromatography (MeOHCHC13 (1:lO)) provrded (&J-l 1 
(314 mg, 25% recovery) and (i)-15 (570 mg, 4%) as a 1-l mixture of dutstereomers of mp 124-125 5 
OC (colorless prisms) IR (KBr) 3310, 1743 cm- I. IH-NMR (CDC13) 6 2 1 (1H. brs), 3 98 (1H. ddd. 
J=5 5, 8 1, 9.0 Hz), 4.07 (1H. dd, J=5 5, 9 0 Hz), 4.21 (1H. dd, J=9.0. 9 0 Hz), 4 52 (lH, d. J=8.1 Hz), 
5 85 (1H. brs), 5.99 (2H, s), 6 78-6 87 (3H. m) lH-NMR (CDC13) 6 2 0 (1H. brs). 3.92-4 00 (lH, m), 
4 43 (lH, dd, J=7 7, 9 2 Hz), 4 45 (lH, dd, J=5 9,9 2 Hz), 4 60 (1H. d, J=6 6 Hz), 5 23 (1H. brs), 5.99 
(2H, s), 6 77-6.87 (3H. m) MS m/z 237 Anal (CllHllN05) 

(f)-4-[4-Bromobenzyloxy-(3,4-methylened~oxyphenyl)methyl]-l,3-oxazolidin-2-one 
W-16 and W-17. A mixture of W-15 (22 4 mg. 0 094 mmol), 4-bromobenzyl alcohol (177 mg, 
0 94 mmol). and triflic anhydride (26 6 mg, 0.094 mmol) in 1,4-dioxane (0.5 ml) was stirred at rt for 
50 min After addition of satd aq NaHC03 (4 ml), the mixture was extracted with CHC13 (25 ml x 3) 
The extracts were washed wtth brme (50 ml) and dried over Na2S04 Concentration and purification by 
column chromatography (benzene-acetone (9 1)) gave (f&16 (23 9 mg, 62%) and (~$17 (14 1 mg, 
37%) 

0-16 Colorless needles of mp 122-123 5 “C (AcOEt-hexane) IR (CHC13) 3450, 1761 cm-l lH- 
NMR (CDC13) 6 3.94-4 00 and 4 10-4 16 (each 2H, m), 4 19 and 4 39 (each 1H. d, J=ll 7 Hz), 5 93 
(lH, brs). 6 00 and 6.01 (each lH, d, J=l 5 Hz) 6 76 UH, dd, J=1,8, 7 7 Hz), 6 80 UH, d. J=1.8 Hz), 
6 83 (1H. d, J=7 7 Hz), 7 14 and 7 46 (each 2H, d-like, J=8 4 Hz) MS m/z 405. Anal (CtsH1&I05Br) 

($17. Colorless 011 IR (CHC13). 3450, 1763 cm- 1 lH-NMR (CDC13) 6: 3 91 (1H. ddd, J=4.8. 
8 1.8 1 Hz), 4 13 (lH, d. J=8 1 Hz), 4 20 and 4 44 (each lH, d, J=ll7 Hz), 4 34 (1H. dd. J=4.8.9 2 Hz), 
4 51 (lH, dd. J-8.1, 9 2 Hz), 4 65 (lH, brs), 6 016 and 6 022 (each lH, d, J=15 Hz), 6 77 (lH, dd. 
J=15,8 1 Hz), 6 83 (lH, d, J=15 Hz), 6 85 (lH, d. J=8 1 Hz), 7 12 and 7 48 (each 2H. d-like, J=8 4 Hz) 
MS m/z 405.407. Anal (C@Il6NOgBr) 

(f)-4-[4-Bromobenzyloxy-~3,4-methylenedioxyphenyl~methyll-3-~3,4,5-tr~methoxy- 
benzyl)-1,3-oxazolidin-2-one W-18 and (f)-19 A mixture of M-16 and (f)-17 (780 mg. 192 
mmol) and NaH (69 1 mg, 2 88 mmol) in DMF (5 ml) was stirred at rt for 30 mm After addmon of 
3,4,5-trimethoxybenzyl bromide (600 mg, 2 30 mmol) in DMF (5 ml), the mixture was stured at rt for 
25 min The mixture was diluted with satd aq NI-L&l (20 ml) and then extracted with benzene ( 50 ml 
x 3) The extracts were washed with water (100 ml x 3) and brute (100 ml), and then dried over 
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Na2S04 Concentration and punfication by column chromatography (benzene-AcOEt (41)) provided 
($18 (685 mg. 61%) and W-19 (425 mg, 38%) 

(SC)-18: Colorless prisms of mp 128 5-130 ‘C (AcOEt-hexane) IR (KBr): 1749 cm-l IH-NMR 
(C~c13. TMS) 6. 3 69 (6H. 8). 3.83 (3H. s). 3.77-3.91 (3H. m). 4 13 and 4.29 (each 1H. d. J=ll.O Hz). 
4 36 (lH, d, J=7 7 Hz), 4.44 and 4.80 (each 1H. d, J=14 5 Hz). 5 99 and 6.01 (each 1H. d. J=1.5 Hz), 
6.44 (2H, s), 6.74-6 76 (2H. m), 6.82 (1H. d, J=8 4 Hz), 7.13 and 7 48 (each 2H, d-like, J=8 4 Hz). W- 
NMR (CDC13) 8: 48.22 (t), 55 92 (q). 58.14 (d), 60.80 (q,. 63 95 (t). 69 59 (t). 84.94 (d), 10146 (t). 
105.52 (d), 107.04 (d), 108 56 (d), 121 72 (d), 122 01 (s). 129.89 (d). 129 98 (s), 131 67 (d). 132 14 (s), 
136.32 (s), 137.34 (s), 148 43 (s), 148 60 (s), 153 26 (s). 158 79 (s). MS m/z 585, 587 Anal 
(c28Hti@@r) 

(It)-19 Colorless oil. IR K!HC13)* 1744 cm- 1 1H-NMR (CDC13) 6: 3 47 (lH, d, J=14 8 Hz), 3 73 
(lH, ddd, J=4 8, 4 8, 8.8 Hz), 3 78 (6H. s), 3 82 (3H. s), 4 09 (1H. d. J=ll2 Hz), 4 11 (1H. dd, J=8 8, 
8.8 Hz), 4.32 (lH, d, J=4.8 Hz), 4.37 (lH, dd, J=4.8, 8.8 Hz). 447 (lH, d, J=ll 2 Hz), 4 64 (1H. d, 
J=14 8 Hz), 5.99 and 6.00 (each lH, d, J=l 5 Hz), 6.27 (2H. s). 6 68 (lH, dd, J=1.5.8 1 Hz), 6 72 (lH, d. 
J=15 Hz), 6 83 (1H. d. J=8 1 Hz), 7 14 and 7 49 (each 2H. d-hke, J=8 4 Hz) 13C-NMR (CDC13) 6 
47.08 (t), 56.07 (q), 58 67 (d). 60.80 (q), 63 98 (t). 69 50 (0, 78 87 (d), 101 40 (t), 105 08 (d). 106 92 
(d), 108 70 (d), 120.93 (d). 122 01 (s), 129 69 (d), 130.42 (s). 131 50 (s), 131 65 (d), 136.17 (s), 137 57 
(s), 148 11 (s), 148 49 (s), 153 39 (s). 158 76 (s) MS m/z 585, 587 Anal (C28H28NO8Br) 

Starting from W-16, (f)-18 was obtamed quantitatively. 
WAzaepiisopicrosteganol 4-bromobenzyl ether (&J-20 A solution of W-18 (1 50 g, 

2 56 mmol) m CHzCl2 (85 ml) was added over a penod of 20 mm to a suspension of VOF3 (3 17 g. 25 6 
mmol), CF3C02H (5.9 ml) m CH2Cl2 (32 ml) at -42 “C The whole was stmed at -23 “C for 2 h After 
ad&ion of satd aq NaHC03 (100 ml), the mixture was extracted wtth CH2C12 (100 ml x 3) The ex- 
tracts were washed with 10% HCl (100 ml x 2), satd NaHC03 (100 ml), and bnne (100 ml), and then 
tied over MgS04. Concentration and punhcatlon by column chromatography (hexane-AcOEt (45)) 
gave (f)-20 (1 13 g, 76%) as colorless prisms of mp 137-138 “C (benzene-EtOH) 
cm-l 

IR (CHC13) 1743 
1H-NMR (CDC13) 6 3 42 (lH, d, J=14 5 Hz). 3 47, 3 82 and 3 92 (each 3H. s), 3 81 (lH, ddd. 

J=O, 5 9, 8 8 Hz), 4 01 (1H. dd, J=5 9, 8 8 Hz), 4 03 (lH, d, J=12 6 Hz). 4 22 (1H. s), 4 26 (1H. d. 
J=12 6 Hz), 4.38, (1H. dd, J=8 8,8 8 Hz), 4 65 (lH, d, J=14 5 Hz), 6 03 and 6 06 (each lH, s), 6 59,6 68 
and 7 05 (each 1H. s). 6 75 and 7 12 (each 2H. d-hke, J=8 4 Hz) 13C-NMR (CDCl3) 6.45 74 (t), 56 07 
(q), 59.69 (d), 59 87 (q), 61 24 (q), 65 65 (t). 68 86 (t), 82 11 (d), 101 58 (t), 108 15 (d), 109 37 (d), 
112 15 (d). 121 14 (s). 126 42 (s), 128 40 (d), 128 70 (s), 129 19 (s), 130 24 (s). 131 24 (d), 136 32 (s), 
141 19 (s), 146 91 (s), 147 64 (s). 149 86 (s) 152 81 (s), 157 86 (s) MS m/z 583, 585 Anal 
(C28H26No8Br) 

WAzaisopicrosteganol 4-bromobenzyl ether (f)-21: By the same way for ($20, (&)- 
19 was converted to W-21 in 22% yield Colorless prisms of mp 135-136 “C (AcOEt-hexane) IR 
(CHC13) 1743 cm-l IH-NMR (CDC13) 6 3 20 (1H. d, J=14 5 Hz), 3 76, 3 89 and 3 92 (each 3H, s). 
3 82 (lH, ddd, J=8 1,8 8.8 8 Hz), 3 99 (lH, d, J=8 8 Hz), 4 01 (lH, d, J=ll2 Hz), 4 17 (1H. dd, J=8 1, 
9 3 Hz), 4 38 (lH, d. J=ll2 Hz), 4 46 (lH, dd, J=8 8.9 3 Hz), 4 60 (lH, d, J=14 5 Hz), 6 04 and 6 09 
(each lH, d, J=l 5 Hz), 6 76,6 94 and 7 08 (each 1H. s). 7 06 and 7 42 (each 2H. d-like, J=8 4 Hz) 13C- 
NMR (CDC13) 6 44 60 (t). 56 07 (q), 60 25 (d), 61 00 (q), 61 09 (q), 65 94 (t), 69 67 (t). 79 51 (d), 
101 52 (t), 10461 (d), 10908 (d), 11074 (d), 122 10 (s), 12455 (s), 12928 (s), 129 78 (d). 131 62 (s), 
131 67 (d), 132 70 (s). 135 73 (s), 142 04 (s), 146 91(s), 148 60 (s), 150 62 (s), 153 63 (s). 157 57 (s) 
MS m/z 583,585 Anal (C28H2fl@Br) 

WAzaepiisopicrosteganol (f)-5 A mixture of ($20 (10 mg. 0 017 mmol) and 10% Pd./C 
(5 mg) tn AcOEt-EtOH (l-l, 0 5 ml) was stlrred for 3 h under hydrogen atmosphere Filtration and 
concentration gave a brown 011 (10 mg) Purlflcatlon by column chromatography (CH$12-acetone 
(5 1)) gave (*I-5 (6 7 mg, 94%) as colorless prisms of mp 222-223 “C (benzene) 
1743 cm-l 

IR (CHC13) 3535, 
1H-NMR (CDC13) 6 157 (lH, d, J=ll7 Hz), 3 38 (1H. d. J=14 3 Hz), 3 66,3 91 and 3 93 

(each 3H. s), 3 91 (lH, ddd, J=O, 7 3.9 5 Hz), 4 23 (lH, dd. J=7 3.8 4 Hz). 4 49 (1H. dd, J=8 4,9 5 Hz), 
4 57 (lH, d, J=ll7 Hz), 4 69 (lH, d. J=14 3 Hz), 6 02 and 6 06 (each 1H. d. J=15 Hz), 6 62.6 70 and 
7 04 (each 1H. s) 13C-NMR (CDC13) 6 45 62 (t). 56 10 (q,, 60 65 (d), 60 77 (4). 61 06 (4). 65 38 (t), 
76 33 (d), 101 61 (t), 107 53 (d), 109 55 (d), 112 38 (d) 125 31 (s), 126 48 (s), 130 36 (s). 132 37 (s). 
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3 52 (3H. s), 3.91 (7H. s, 0CH3 x 2, OH), 5 95 and 5 98 (each lH, d. J=l Hz). 6.60.6.63, and 6 70 (each 
lH, s) MS m/z 387 High MS (C2IHzNGe) 
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