Y/~
&
\w

Porgamon Tetrahedron 54 (1998) 8985-8998

Stereoselective Synthesis of Alexine Stereoisomers from (S)-Pyroglutamic Acid
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Abstract: Four stereoisomers of alexine (l ,Ta- rlm-nmlpvmp (ln\

1.7 7a-trienialexine (1h) l.eni-
1,/,/2-Inepiaiexme (ad ), -ept

alexine (30a), and 1,7-diepialexine (30b)) 1he pulyhydroxy]ated pyrrolizidine alkaloid, were
synthesized from (8)-pyroglutamic acid derivative (6). © 1998 Elsevier Science Ltd. All rights reserved.

Alexinesl are polyhydroxylated pyrrolizidine alkaloid with a carbon substituent at C-3 and five adjacent
asymmetric carbons, and have been shown to posscss interesting biological activities such as inhibitory activity
toward glucosidase and antiviral activity. Alexinc and its stereoisomers have been synthesized to cvaluate the

structural basis of biological activity from sugars as thc starting materials.2 In a continuation of our synthetic

studies to utilize optically active pyroglutamic acid derivatives for natural product synthesis and asymmetric
rsacﬁﬂn 3 we have alreadv rernnrted a cterencantrallard (vnﬂm\uin4 nf 1 Ta_dienialavine Ta and 1 7 7a_tr
. YY W 1AV W ZLAVGNS l‘/t}\llluu U L VUG ULILL VLIV O Y dILLIWOED i i ) 7 AT VARIV a4 Aliu l’ l, rQaTu

of this work and further synthetic studies on alexine stereoisomers (30a and 30b) are presented here.
According to our retrosynthetic analysis as shown in Scheme 1, 1a could be obtained from 2, which
might be synthesized by alkylation of the aldehyde 3 derived from a protected 3,4-dihydroxy-2,5-dihydroxy-
methylpyrrolidine derivative 4. The polyhydroxylated pyrrolidine 4 could be in turn prepared from (5)-
pyroglutamic acid. Since optically active 3,4-dihydroxy-2,5-dihydroxymethylpyrrolidines have interesting
biological activities, the synthesis of (2R,3R,4S,5R)- and (2R,3R,4S,5S5)-3,4-dihydroxy-2,5-dihydroxy-
methylpyrrolidine derivatives (13b and 14b) from (§)-pyroglutamic acid has been first examined as shown in

Scheme 2 n ennne 7 wac aobtained hv the reaction of (3R. 4R SR)-1-(tert-butoxvcarhonvi-3 4-
Scneme 2. An ¢none / was oblammeg Dy i reaction ol RGN O R -2 -(fert-DuldxXycaroonyi)-2,4
............... o & dritelavemmathol D omorralidinmne £ 30 senmored  Froo tha 1imontireatad lontoms & | N
ls(’l}l”l)y]lucl]bul\}l\y == lll)’lUJ\ j il llly l‘é'lJyl LIUHIULIG U, lJlCPdlcu L1 Wi uibdatulaitcdd  ifadl 1 J Uy
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dihydroxylation with a catalytic amount of OsO4 in the presence of N-methylmorpholine N-oxide followed
by isopropylidenation, with vinylmagnesium bromide? in tetrahydrofuran (THF) at -40 - -50°C in 93% yield.
Reduction of 7 with NaBHy4 in the presence of CeCl3 in McOH® gave an allylic alcohol 10 as a mixture of
inseparable diastercomers in 91% yicld. Ozonolysis of the allylic alcohol 10 followed by workup with
NaBHy4 gave diols 11a and 12a, which were separated by column chromatography (11a: 12a = 2.4:1). The
both diols were converted to the corresponding ters-butyldimethylsilyl ethers 11b and 12b by tert-
silyl chloride (1.2 equiv.) and imidazolc in dimethylformamide (DMF) in 48% and 19% yiclds
Silyl ethers 11h and 12b were

N
<

converted to the mesylat
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Rcagents and conditions: (a) vinylmagnesium bromide, THF, -40 - -50°C; (b) ag LiOH, THF-MeOH,

then CH,No. ether; (c) NaBH,4, EiOH; (d) NaBH,, CeCi3 « TH,O, MeOH; (e) O3, CH,Ci,, -78°C,
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-20°C; (h) NaBH4, EtOH, -78°C; (i) MsCl, TEA, CHgClg, then tert~BuOK THF, () tetrabutyl-
ammonium fluoride, THF; (k) vinylmagnesium bromide, THF, -78°C
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and triethylamine (TEA) in methylene chloride followed by cyclization with potassium fers-butoxide

&

he fullv nrnterrf-dp rolidines 13a and 14a by intramolecular Sp2 displacement in 75% and 78% vi

LR L Y pPrueAnsti il ~ie i WUSPIGLUILIGI UL f 070 allg

respectively. Removal of the tert-butyldimethylsilyl group in 13a and 14a with tctrabutylammonium
uoride in THF gave the alcohols 13b and 14b in 78% and 82% yields, respectively. The structure of
13b and 14b and optical purity of 14b were confirmed by the conversion of 13b and 14b into
the hydrochlorides of thc corresponding meso- and (2R,3R,4S,5R)-2,5-dihydroxymethyl-3,4-
dihydroxypyrrolidines by acidic treatment.3€:4 The diols 13b and 14b were also prepared from the allylic
alcohol 10. Mesylation of 10 followed by cyclization with potassium ferz-butoxide in THF gave the pyrrolidine
15 as an inseparable diastercomeric mixture in 68% yield,” from which the diols 13b and 14b werc isolated
by treatment with ozone followed by NaBH4 reduction in EtOH in 60% and 25% yields, respectlvcly Since
R,3R 45 ﬁR\ S5-hvdroxvm fhvlny_rrghdmg 14b was the desired compound for the Syp[b

\ gl YSIVXY (303 ds UlC UCsiitl il 107 L1841 N
dienialevine calantive ~onuercion af 1T1h inta 127h woe asvamined hy amnlaving avidatinn_rardctine
UILvpPiaivAlLLIL, DVALLAIY Y LU YLIDIUL i AL MU L& Wdd VAGlLLILLLU U CINpIuy iy UAIUQUUITFICUULLIUIL
amen v Ao TL s PS4 A AL Lo alhn i mdlnid Af Criirnns R £ 1. A AT, . TITT R rr
Pl’ CCUUIC. lllub OXiaation 01 11D DYy c mcinod or swein »~ i

llowed by reduction with NaBHy4 in EtOH at
1

-78°C gave 12b with very high diastereoselectivity (12b:11b=18:1) in 73% yield, which was already

'~<

converted into the pyrrolidine 14b.

On the other hand, (2R,3R,45,55)-5-hydroxymethylpyrrolidine 13b was the intermediate for the
preparation of 1-epialexines (30). Although 10b was obtained predominantly by the reduction of enone 7, the
selective formation of 10b was cxamined by vinylation of the aldehyde derived from an alcohol 9. The lactam
ring opening of 6 (aqueous lithium hydroxide in THF-MeOH) followed by esterification with diazomethane and

subsequent reduction of the requlhm’ mcfhvl ester 8 with sodium borohydr ide gave the alcohol 9 in 79% yicld

in 72 % yield.

The construction of pyrrolizidine skeleton was shown in Scheme 3. The carbon unit required for the
pyrrolizidine ring was introduced using a diastercosclective allylation of the aldehyde? derived from the alcohols
13b and 14b. Swern oxidation of the alcohol 14b followed by treatment with either allylmagnesium
chloride in THF or allyllithium in ether-THF at -78°C afforded 16 predominantly (allylmagnesium
chloride: 16/19=2.5/1, yield 84%; allyllithium: 16/19=5.4/1, yield 81%; the ratio was determined by HPLC
dial pak cartridge silica (10 w), AcOEt:hexane=1:4 as eluants)).10 The reaction of the

resence of TiCla  in methvlene chloride at -78°C

n the presence of TiCl4 in methylene chl

for 5 min afforded 16 selectively. However, the yield was very low due to the instability of the aldehyde
toward strong acidic conditions. On the other hand, the aldehydc derived from 13b was very unstable and only
the trace of aldehyde was obtained after aqueous workup for Swern oxidation.  Therefore, allylmagnesium
chloride in THF was directly added to crude Swern oxidation mixture of 13b in THF at -78°Cl1 1o afford
allylic alcohols 23 and 26 in 52% and 25% yields after column chromatography, respectively.  The
stereochemistry of newly formed asymmetric carbon for thc major isomer 23 was established to be S by x-
ray crystallography of 23 after the conversion into its methoxymethyl ether 24 as shown in Figure 1.12
The hydroxy group in 16 wa protccted as the methoxymethyl ether (chloromethyl methyl ether, NN —dlethyl-
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bromidc in the presence of potassiu

2

carbonate in acetone to furnish 18 in 58% vyield. Ozonolysis of

rivative. After hydrogenation of

the protected pyrrolizidine with 1% palladium on carbon in EtOH under atmospheric hydrogen in the presence
of hydrogen chloride to remove N-benzyl group, acidic treatment with 10% HCI-MeOH (1:1) at 70°C to cleave
the acetonide and trityl groups afforded the 1,7a-diepialexine 1a ([a]p?9 +12.5° (c=0.6, H20), lit. [ot]p20
+12° (c=1.17, H20),1¢ [a]p?0 +8.5° (c=0.41, H70),1d [a];20 +13.3° (c=0.1, Hp0)2) in 52% yield
after purification by ion exchange chromatography (Dowex SOW-X8, H* form). Its spectral data (1H and

I3C NMR) were identical with those reported for 1a. By a parallel series of reactions, the liylic alcohols,

19 23 and 26 were converted to 1.7 7a-trienialevine Th (nil [01n20 24 7° (fc=NS HADY lit Ta1n20
17, 23, were converted to 1,/ /a-inepialexine 1b (o1, |Qp el (E=U2, Hp0), ot Oy
111 7% fol  TTaN 20V 1 _pminlawine 2a Mre1.20 134 Q% fa ) & LIV amd 1 7 Lioniolosine T0L Tl 20
TLL./ (VL 11U),TT ), LTUPIAICAIIR JVUd ([ TI2%.0  (L=VU.J0, I1)U), dliyd 1, /-UlCPIAICXIIIC JUD ([ DY
L T N0 . ra e d rr a3y e 4 mNAny L I ]

+37.0° (c=0.7, Hp0), in 13-21% yields

Sincc we have synthesized  various optically active 2,5-dihydroxymethyl-3,4-dihydroxypyrrolidine
derivatives,36{ this approach utilizing (S)-pyroglutamic acid derivative could be efficient synthetic method for

the preparation of the alexine stereoisomers.

Experimental

Melting points were determined on a hot stage apparatus and are uncorrected. Ir spectra were measured
with a JEOL JIR-110 FT-IR spectrophotometer. 1H and 13C nmr spectra were recorded on a JEOL JNM-
FX100 (100 Mz) spectrometer. Data are recorded in parts per million (ppm) downfield from internal tetra-
methylsilane. Mass spectra were taken on a JEOL JMS-D302 spectrometer. Optical rotations were measured
on a JASCO DIP-360 polarimeter. The organic solvents were dried over MgSQ4 before vacuum evaporation
and a column chromatography was carried out with silica gel (Wakogel C-200).

1,1-Dimethylethyl N-[(1R,2R,3R)-2,3-isopropylidenedioxy-I1-trityloxymethyi-5-hexen-

4-onyijcarbamate (7). Vinylmagnesium bromide (4.8 ml of 0.98 M solution in THF) was a‘dcd to a
~L A3 AN S\ AT ax Lot L. ___.1 7 4 PR .5 PSS | -of L LU RS s B ) S L L

bOlutl( n Of (J“ ,41(,31()-1v—en—0u Oxycaroonyli-s,4-1>0propyltiacncdi y - lyl )Xy neuyi-<Z-pynmoliamonc
/£ 1 TA 5 290 mrnal) in TLE 718§ oa0) ot _AN - 0% ond tha mivtire wag ctirrad ot _AN SN Fir 2 b Afiar
\“’ 1.7 E’ [ P 4 llllllul} i 1111 \1.} ]Ill} Al ==V = ~JWU L oaliyg uiv 111ALul wad diiiicu I AT RO LV W (V) Sre B § P e Y1 1w ]
additinn nf catarated amiennc ACT (10 mI the mivtiure wae dilited wit A t and wached with half.
AUUIILIUITL UL ALUIALWY QYUWUIUD LN 14 A \IU llll}, U LA LUIN VWV WILULWAS VY AWML 3wl A Qi GOV VY ILI: LigER
saturated agucous WNaCl. Drving followed by evaporation and purification of e residue hv column
urated aqucou vaLl. Drymg 1lollowe g by evaporalion and purifica of the residue DV columy
chromatography (AcOEt:hexane 1:3) gave the enonc 7 (1.69 g, 93%) as crystals, mp 104- 105°C (AcOEt-

h y xane=l: ¢ 2
hexane), [a]p20 -85.1° (c=0.4, CHCl3); IR Vv max (nujol) 1700, 1240, 1170, 698, 623 eml; 1H
NMR(CDCl3) &: 1.36(12H, s, CH3, -Bu), 1.60(3H, s, CH3), 3.16(1H, dd, J=9 and 3.4 Hz, CH), 3.30-
3.58(1H, m, CH), 4.10-4.36(2H, m, NH, CH), 4.46-4.62(2H, m, 2xCH), 5.13(1H,dd, J=2 and 10.5 Hz,
CH=CH2), 5.39(1H, dd, J=2 and 17 Hz, CH=CHDY), 6.16(1H, dd, J=10.5 and 17 Hz, CH=CH3), 6.70-
7.93(15H, m, aromatic protons) 13C NMR :25.29(q), 25.73(y), 28.22(q), 61.16(d), 62.92(t), 80.16(s),
80.80(s), 84.06(s), 87.08(s), 88.40(s), 112.56(s), 114.32(t), 127.04, 127.72, and 128.46(aromatic carbons),
141.07(d), 143.36(s), 153.65 (s). Anal. Calcd for C34 H3gNOg: C,73.22; H, 7.05; N, 2.35. Found: C,
72.98; H, 6 86; N. 2 31

4R)-4-Hlydroxy-2,3-isopropyli-
ijcarbamate(i0). A mixture of 7 (1.48 g, 2.7 mmoi)

)’
~ 1 rLIDIY Ve YaYa) F- ] AIN S RA MNTY /AN I oo a1 e N0 S 1

L,Cl_,l’;‘/H2U(1 ug, 2.7 mm()l), anda NabH4 (£uu mg, 0.5 mmol) In Meun (<4 i) Was SImea at v L 10r 1

PR ‘.-4_- ebiin £ 1 L Af . B ata th A AMNEE tha smiviiera oo wwrnohad wwith holf cotiiratad
rmn then at room i emperature 101 1 nr. AICT Giuuon wiin ACULL, Ui MIXIuIc wad wasiitl witll ndii-sdiuiaicd
A Ao N ad™l Mevineg fullaor 1 hy ayvyannratinn and nnrificatinn Af the racidues v ~olimn chraomatnoranhy
agueous Ivall, UIyiig 1010wl vy Lvdpuiauuil diid pulllivduull Ul div 1usiuue Uy vuluiill vinuvitidivgiapuy
[ A OBt -havana—1:2) gave an incenarahle diactereamerie mixture of 10 (1 .35 ¢. 91%) aq an oil l(!]nzo 3R 5°
ACUCLNCRANE=115) gavl an MsiparaciC GlasitiCUINLL HDUAWIL U a2V (1.020 g, 7170, as Qi U8, 3515 28,0
(c=1.2. CHClR): IR V may (film) 3450, 1704, 1496, 1375, 1220, 756, 704 cm-1; 1H NMR(CDCl2) & 1.39
AW ey MR ERd gy 2AR ffiax ] = = 3 3 ~5 b 5 3 X I/
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(15H, s, +-Bu, 2xCH3), 2.35-2.50 and 2.90-3.00(1H, br s, OH), 3.00-3.25(1H, m, CH), 3.30-3.50(1H, m,
CH), 3.90-4.60(4H, m, 4xCH), 4.70-5.10(1H, m, NH), 5.10-5.50(2H, m,CH=CH2 ), 5.77-6.16(1H, m,
CH=CH3), 7.10-7.58(15H, m , aromatic protons). 13C NMR &: 24.70(g) and 25.33(q), 26.65(q) and 27.19
(9), 28.11(q), 49.89(d), 63.20(t) and 63.34(t) , 69.82(d) and 69.92(d), 75.57(d) and 76.30(d), 79.52(d) and
80.20(d), 79. 91(s), 86.30(s), 107.98(s), 115.92(t) and 116.22(t), 126.79, 127.57, and 128.4(aromatic
carbons), 137.51(d) and 137.65(d), 143.70(s), 155.10(s) and 155.63(s). MS m/z 559 (M*).

1,1-Dimethylethyl N-[(1R,2R,3S,4R)- and (1R,2R,35,45)-4,5-Dihydroxy-2,3-iso-
propylidenedioxy-1-(trityloxymethyl)pentyllcarbamate (11a and 12a). A solution of 10
(1.2 g, 2.15mmol) in CH2CI2 (9 ml) was added at -78°C to 9ml of CH2Cl? saturated with ozone, and
ozone was bubbled further 5 min at -78°C. Then, this solution was added to a suspension of NaBH4 (570
mg, 15 mmol) in EtOH (9 ml) at 0°C. After being stirred at 0°C for 15 min, the mixture was diluted
with AcOEt-benzene (1:1, 100 ml), and washed with half-saturated aqueous NaCl. Drying followed by
evaporation gave a residue, which was purified by column chromatography (AcOEt:hexane=3:2) to give
11a (641 mg, 53%) and 12a (266 mg, 22% ). 11a (polar isomer): mp 135-137°C, [a]D20 -50.5° (c=1.1,
CHCl3); IR V max (nujol) 1670, 1249, 1087, 758, 704 cm™1; 1H NMR(CDCl3) & 1.39(15H, br s, 2xCH3,
t-Bu), 2.30(1H, brs, OH), 2.94(1H, br s, OH), 3.07-3.12(1H, m, CH), 3.40-3.44(1H, m, CH), 3.50-3.80
(3H, m, 3xCH), 4.13-4.40(3H, m, CH), 4.90(1H, d, J=10 Hz, NH), 7.15-7.40(15H, m, aromatic protons);
3¢ NMR(CDCl3) d: 24.85(q), 26.66(q), 28.17(q), 49.95(d), 63.20(t), 64.71(t), 68.81(d), 75.43(d), 77.24
(d), 79.87(s), 86.35(s), 108.18(s), 126.85, 127.62, and 128.45(aromatic carbons), 143.70(s).155.60(s).
Anal. Caled for C33H41NO7: C,70.31; H, 7.33; N 2.49 . Found: C, 70.12 ; H, 7.56 ; N.2.38. 12a (less
polar isomer): [a]p20 -28.9° (c=1.5, CHCI3); IR v max (film) 3429, 1699, 1450, 1375, 1220, 1057, 758,
704 cm~1; TH NMR(CDCl3) &: 1.38(15H, br s, 2xCH3, 1-Bu), 2.34-2.90(2H, br s, 2xOH), 2.90-3.20(1H,
m, CH), 3.26-3.51(1H, m, CH), 3.51-3.90(3H, m, 3xCH), 3.90-4.57(3H, m, CH), 5.00(1H, d, J=8 Hz,
NH), 7.05-7.56(15H, m, aromatic protons); 13C NMR(CDCl3) 8: 25.44(q), 27.53(q), 28.17(q), 50.00(d),
63.50(t), 64.32(t), 68.51(d), 76.36(d), 78.11(d), 80.31(s), 86.49(s), 108.03(s), 126.89, 127.67, and
128.50(aromatic carbons), 143.70(s), 156.23(s). MS m/z 563(M).

1,1-Dimethylethyl N-[(1R,2R,35,4R)- and (1R,2R,3S5,4S5)-4-hydroxy-2,3-isopropyli-
denedioxy-S-tert-butyldimetylsilyloxy-1-(trityloxymethyl)pentyljcarbamate (11b and 12b).
A mixture of 11a (1.25 g, 2.2mmol), tert-butyldimethylsilyl chloride (435 mg, 2.9 mmol), and imidazole (635
mg, 7.2 mmol) in DMF (15 ml) was stirred at 0°C for 1 h. After dilution with AcOEt ( 2:1, 100 ml), the
mixture was washed with half-saturated aqueous NaCl. Drying followed by evaporation gave a residuc,
which was purified by column chromatography (AcOEt:hcxane=1:5) to give 11b (1.37 g, 91%) as crystals.
The compound 12b was obtained from 12a in 86% yield as an oil in the same manner as described above for
the preparation of 11b. 11b: mp 54-56°C, [a]p20 -39.8° (c=0.3, CHCI3); IR Vv max (nujol) 3432, 1710,
1500, 1373, 1252, 1166, 1075, 773, 702 cm™! ; TH NMR(CDCl3) &: 0.05(6H,s, 2xCH3), 0.88(9H, s, t-Bu),
1.38(15H, s, 2xCH3, +-Bu), 2.60(1H, br s, OH), 3.02-3.20(1H, m, CH), 3.34-3.89(4H, m, 4xCH)), 4.05-
4.58(3H,m ,3xCH), 4.96(1H, d, J=7 Hz, NH), 7.07-7.59(15H, m, aromatic protons); 13¢ NMR(CDCl3) o:-
5.46(q), -3.65(q), 18.18(s), 24.95(q), 25.78(q), 26.51(q), 28.21(q), 50.24(d), 63.25(t), 64.47(t), 68.95(d),
75.29(d), 75.83(d), 79.48(s), 86.30(s), 108.03(s), 126.80, 127.58, and 128.50(aromatic carbons), 143.80
(s).155.35(s). Anal. Calcd for C39 H55NSi07: C,69.09; H, 8.18; N, 2.07. Found: C, 68.87; H, 8.39; N.
1.82. 12b: [a]p20 -28.1° (c=0.8, CHCl3); IR Vv max (film) 3434, 1710, 1500, 1373, 1252, 1075, 773, 702
em-1; 1H NMR(CDCl3) 8: 0.07(6H,s, 2xCH3), 0.90(9H, s, +-Bu), 1.18(3H, s, CH3), 1.27(3H, s, CH3),
1.43(9H, s, +-Bu), 2.82(1H, brs, OH), 3.22-3.33(2H, m, 2xCH), 3.52-3.90(3H, m, 3xCH), 4.00-4.45(3H,
m, 3xCH), 5.06(1H, d, J=7 Hz, NH), 7.10-7.62(15H, m, aromatic protons); 13c NMR(CDCl3) &: -5.55(q),
-3.65(q), 18.17(s), 25.49(g), 25.73(q), 27.34(q), 28.31(q), 50.29(d), 63.45(t), 64.47(1), 68.37(d), 76.78(d),
79.04(d), 86.20(s), 107.94(s), 126.65, 127.48, and 128.58(aromatic carbons), 143.85(s).155.25(s). HRMS
m/z (M%) caled for C39H55NSi07 677.3748, found 677.3737.

Conversion of 11b into 12b by Swern oxidation followed by reduction with NaBH4.
Dimethy1 sulfoxide (660 mg, 8.52 mmol) was added at -78°C to a solution of oxalyl chloride (492 mg, 3.9
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mmol)) in CH2C12 (12 ml). The mixturc was stirred at - 78°C for 2 min, and then a solution of 11b (1.2 g,
1.77 mmol) in CH2CI2 (6 ml) was added at - 20°C over a period of 5 min. The whole was strirred at - 20 °C for
15 min, then TEA (1.24 mi, 8.86 mmol) was added and the reaction mixture was stirred at - 20°C for 5 min,
then allowed to warm to room tempcrature. After addition of H20 (10 m1), the aqueous layer was extracted
with ether. The organic layers were washed with half-saturated aqueous NaCl. Drying followed by evaporation
gdve the crude ketone, which was dissoived in EtOH (4 mi) and treated with NaBH4 (640 m g, 16.8 mmol) at
-78°C for 20 min. After duuluuu of AcOEL UUU mi ), the mixture was washed with nau—sarurateu aqucous

NaCl. Drying followed by evaporation gave a residuc, which was purified by column chromatography
(‘ACnEf hexane=1: A.\ 10 gnjp 12b l’Q7f\ mg, 73 /) and 11h{48 mo. 4%\ as an oil. Phvsical and NMR data

A W bt RAWRIRAEIW T 2 WU AR S AV W R A iU Rars U 11!5, T/U) QA Gi1 Ull. 1 llj) wal auu AWIVIAN uawa
were identical with th@sg of Anthgmlg samnqu

(2R,3R,45,55)- and 2R, 3R, 4S s5R)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-2-

trityloxymethyl-5-(tert-butyldimethylsilyloxymethyl)pyrrolidine (13a and 14a ). A mixture

of 11b (1.34 g, 1.98 mmol), methanesulfonyl chloride ( 300 mg, 2.64 mmol), and TEA ( 264 mg, 2.64
mmol) in CH2Cl2 ( 16 ml) was stirred at 0° C for 1 h. After dilution with AcOEt, the mixture was washed
with H20, saturated aqueous NaHCO3, and H20. Drying followed by evaporation gave a 1csidue, which
was treated with potassium fert-butoxide (560 mg, 5 mmol) in THF (16 ml) at 0°C for 20 min. After dilution
with AcOEt, the mixture was washed with half-saturated aqueous NaCl. Drying followed by evaporation
gave a residuc, which was purified by column chromatography (AcOEt:hexane =1:4 ) to give 13a (978 mg,

75%) as an oil. The compound i4a was obtained from 12b in 78% yicid as an oil In thc same manner as
described above for the preparation of 13a. 13a: [¢]p20 -18.9°(c=0.7, CHCI3); IR Vv max (film) 1695, 1390,

178N 1TNALE T78Q 704 -1 ll_l NMDROCTYWYAY A N 1‘II£LIn ")v("Lla\ r\'“n:/nu ¢ +#£PuY 1 7Q719U0 o
L2y, 1ubU, /006, /usd CmM™ % INIVER (/L ‘;’ U. SULLO\UI1,D, ZAVT1S), U./O I, D, I-DUj, L.20(1411, 5,
CH2 Bu) 144(6H ¢ 2xCH2) 260-315(1H. m CHY 315-377(3H m. 2xCH)Y 377-425(2H m
CH3, r-Bu), 1.44(6H, s, 2xCH3), 2.69-3.15(1H, m CH), 3.15-3.77(3H, m, 2xCH), 3.77-4.25(2H, m,
2 CH)) 4.61(2H,br s, 2xCH), 7.11-7.55(15H, m, aromatic protons); 3c NMR(CDCl3) §: -5.51(q),
18.18(s), 25.44(q), 25.83(q), 27.29(q), 28.17(q), 62.18(t), 63.35(t), 64.37(d), 65.74(d), 79.57(s), 81.14(d),

82.40 (d), 86.49(s), 111.30(s), 126.84, 127.62, and 128.50(aromatic carbons), 143.468(s).153.89(s).
HRMS m/z (M%) caled for C39H53NSiOg 659.3642, found 659.3613. 14a: [a]p20 -37.9° (c=0.5,
CHCI3); IR Vv max (film) 1697, 1375, 1084, 758, 704 cm~1; TH NMR(CDCl3) &: 0.05(6H,s, 2xCH3),
0.88(9H, s, -Bu), 1.27 (12H, s, CH3, r-Bu), 1.42(3H, s, CH3), 2.82-3.17(1H, m CH), 3.17-3.45(1H, m,
CH), 3.60-4.22(4H, m, 4xCH)), 4.33-4.98(2H,m, 2xCH), 6.89-7.75(15H, m, aromatic protons); 13¢
NMR(CDCl3) &: -5.55(q), -5.31(q), 18.13(s), 24.81(q), 25.78(q), 26.31(q), 28.21(q), 59.89(t), 63.45(t),
63.55(d), 64.81(d), 79.33(s), 80.26(d), 86.94(s), 110. 52(5), 126.84, 127.67, and 128.35(aromatic carbons),

143.41(s).154.08(s). HRMS m/z (M™) calcd for 3 3Nmu6 659.3642, found 659. 30¢4
(2R 3R,4S, SS)- and (2R,3R,45,5R

aqueous NaCl. Drying followed by evaporatlon gave a rc51duc Wthh was purified by column chromatography
(AcOEt:hexane=1:1) to give 14b (630 mg, 82%) as crystals. The compound 13b was obtained from 13a in
78% yield as crystals after column chromatography (AcOEt : hexane=1:1) in the same manner as described
above for the preparation of 14b. 14b: mp 145°C (AcOEt-hexane), [a]p20 -49.1° (c=1.6, CHCI 3 IR v
max (nujol) 3376, 1674, 1060, 762, 706 cm-1; 1H NMR(CDCl3) 6:1.27(3H, s, CH3), 1.33(9H,s, +-Bu),
1.41(3H, s, CH3), 3.01-3.15(1H, m CH), 3.29-3.57(1H, m, CH), 3.75-4.23(4H, m, 4xCH)), 4.50(1H, d,
J=6 Hz, CH), 4.88(1H, m, CH), 5.40(1H, br s, OH), 7.15-7.44(15H, m, aromatic protons) ; 13¢ NMR
(CDCl3)  8:24.51(q), 25.88(q), 28.17(q), 62.72(t), 63.25(t), 63.54(d), 65.74(d), 80.31(d), 80.60(s),
80.70 ( d), 87.13(s), 110.86(s), 126.99, 127.77, and 128.26(aromatic carbons), 143.17(s).155.49(s). Anal.

]
Ve e YT~ o RTEY r\r-w\ Y. 7 AN | S P W e Trmsimde £33 717 AN ¥ T A1 wn M 21 12k nn )
Caicd for L,_jj H3g9NUg: 2.00; N,/7.2U, IN; 2.5/, rouna: |,/2.42 ,n, /.41 ;iN2.01, 100 Tp HuU-
0% A AT bagama rm“z() 12 1° (A1 1 CUCILN IR v (raal} 24722 1874 1DKS TAN T0A om-
AL llE)\culb} s |YSID mad L (LT E Ly LHINI ), NV mgx WUy OfTe0, 1UT, 1UUJ, JTUY, JUT U,
1 NMR(CDCI) & 1.29(12H. s. -Bu). 1.43(3H. s. CH3). 3.10-3.25(2H, m CH?), 3.50-3.70(3H, m
1k 1Y l \\/LJ\_/I_)I A l.&}\L‘_ll’ 2y ¥ u\-&}’ A TI ALy Ty NchiDjy oS Al 9 Rii SR X L)y TS U~ 3 Pl
CHp, OH), 3.90-4.10(2H, m, 2xCH)), 4.30-4.65(2H, m, 2xCH), 7.10-7.45(15H, m, aromatic protons)
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13C NMR(CDCl3) &: 25.54(q), 27.48(q), 28.28(q), 63.33(1), 64.50(d), 65.32(t), 67.19(d), 80.84(d),
81.63(d), 81.83(d), 87.31(s), 111.81(s), 127.22, 127.88, and 128.70(aromatic carbons), 143.32(s),
156.16(s). Anal. caled for C33 H3gNOg: C, 72.63; H, 7.20, N; 2.57. Found: C,72.53; H, 7.48; N.2.61.
(2R,3R,4S8,5R)- and (2R,3R,45,55)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-2-
trityloxymethyl-5-vinylpyrrolidine (15). A mixture of 10 (800 mg, 1.43 mmol), methanesulfonyl
chioride ( 229 mg, 1.99 mmol), and TEA ( 202 mg, 1.99 mmol) in CH2CI2 (15 ml) was stirred at 0°C for 30

min. After dilution with AcOEt, the mixture was washed with HpO, saturated aqueous NaHCO3, and H20.

™t O 0T

ui'ym IUHUWCG Uy evap()rdu(m gave a ICSIGUC WnlCﬂ was freated Wl[n potassmm tert- DU[()X](]C (4UU mg,
2 EQ s ad) S TLIR 1 QY b IV £ 18 enin tlan { TOOm temperatu Afe— A%t a2 __fal. A M\
5.30 M0y il 1 Or (1O at u L I0f 10 min, Wien ai room iemperatire for 30 min., After dilution with AcCULdL,
tha mivhirs wae wachad with half gunbhiratad amianiig Nafl Neving fallaac AL avvamaratine goue o smoiiliia
Wi HHALUIG Wdadd wadlivld Wil lalimddiulaivl a4qucuus iNad. Dl yillp 1Huwid Uy Cvapuldliull gdve d Idiuuc,
which wae nurified hv eolumn chromataoranhv ( AcOFt-hevane =14 tn oive an incenarahla Aiactaranmearis
¥V Riin TYLLS PULIRIVAGG U Y WASAMELML WwAIIlS utUbAuxJ‘AJ \J. AAS AL A ALY &oTT j wr 5! \ A% Qi unov*}muulv SIAI LWLV ITLIVT I
mixture 18 (526 me. 68%) as an oil 1-- NMR(CDCI2) & 1.30(3H. s. CH2). 1.40(9H. S. +-Ru). 1 AR(3H

< < R &9 7 a2 a N =3 SRR, S, AR5, AU, O, =2, 1.S0\25,
s, CH3), 2.90-3.25(2H, m, CH2), 4.20-4.65(4H, m, 4xCH), 4.65-5.30(2H, m, CH=CH>), 5.50-6.00(1H,

m, CH=CH?), 7.10-7.50(15H, m, aromatic protons). 13C NMR &: 24.6 66(q) and 25.34(q), 25.83(q) and
27.19(q), 28.26(q), 63.06(t) and 64.03(t), 65.54(d), 67.10(d), 79.82(s), 81.57(d) and 81.87(d), 84.46(d),
86.84(s), 111.25 and 111.59(s)., 114.86 and 115.88(t), 126.89, 127.67, and 128.54(aromatic carbons),
136.69(d), 142.53(s) and 143.51(s), 154.13(s). MS m/z 541 (M),

(2R,3R,45,55)- and (2R,3R,4S,5R)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-
5-hydroxymethyl-2-trityloxymethylpyrrolidine (13b and 14b) from 15. The compounds 13b
(351 mg, 60%) and 14b (146 mg, 25%) were obtained from 15 (580 mg, 1.1 mmol) as crystals after column
chromatography (AcOEt : hexane= 1 : 2) in the same manner as described above for the preparation of 11a and
i12a from 10. Physical and NMR data were identiCdl with those of authcntic sampics
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thc rcs:duc was mmﬁed by column chromatographv (AcOEt hcxane~l 2 5 ) to give 8 ( 954 mg, 90 %) as
crystals, mp 124°C (AcOEt-hexane) , [a]D20 -46.8° (c=0.9, CHCI3); IR Vv max (nujol) 1760, 1716, 1161,
1082, 758, 704 cm-1; 1H NMR(CDCl3) &: 1.37(12H, s, CH3, t-Bu), 1.46(3H, s, CH3), 3.06-3.44(2H, m,
CH?), 3.66(3H, s, COOCH3), 3.66-4.10(1H, m, CH), 4.45-4.83(3H, m, 2xCH, NH), 7.06-7.52(15H, m,
aromatic protons); 13C NMR(CDCl3) 8:25.49(q), 26.66(q),28.17(q), 50.48(d), 52.14(q), 62.72(t), 76.12(d),
76.41(d), 79.24(s), 86.25(s), 110.62(s), 126.80, 127.58, 128.40(aromatic carbons), 143.66(s)., 154.62(s),

169.48(s). Anal. Calcd for C33H39NO7: C, 70.57; H, 7.00; N, 2.49. Found: C, 70.42; H, 7.25; N, 2.30.
1,1-Dimethylethyl N-{(1R,2R,3S)-4-hydroxy-2,3-isopropylidenedioxy-1-(trityloxy-
methyl)butyijcarbamate (9). A mixture of NaBH4 ( 230 mg, 6.1 mmol) and 8 (850 mg, 1.52 mOl) in
tOH (10 ) was stirred at room tcmpcrature for 8 h, After addition of AcOEt (100 m
h _
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J=9 Hz, NH),7. 16-7. 5(){15 m, aromatic Drotons) 3¢ NMR(CDcm : 25. ss(q) 27. 99(q),28. 29(q),
49.56(d), 61.25(t), 63.37(t), 75.43(d), 78.22(d), 80.16(s), 86.56(s), 108.41(s), 127.03, 127.79, 128.61
(aromatic carbons), 143.84(s)., 155.69(s). Anal. Caled for C32H39NOg: C, 72.02; H, 7.37; N, 2.62. Found:
C, 71.82; H, 7.58; N, 2.43.

1,1-Dimethylethyl N-[(1R,2R,3S,4R)-4-Hydroxy-2,3-isopropylidenedioxy-1-trityloxy-
methyl-5-hexenyl]carbamate(10b) from 9. Swern oxidation of 9 (540 mg, 1.01 mmol) in
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CH2Cl2 was performed in the same manner as described above for the preparation of 12b from 11b. The
crude aldehyde was dissolved in THF (6ml). Then, vinylmagnesium bromide (2.1 ml of 1 M solution in
THF) was addcd at -78°C. After being stirred at -78°C for 30 min, the mixture was treated with saturated
aqucous NH4Cl and extracted with AcOEt. The organic layers were washed with half-saturated aqueous
NaCl. Drying followed by cvaporation gave a residue, which was puriﬁed by column chromatography

A Y,

(AcOEt:hcxanc=1:2 ) to give 10b (401 mg, 71%) as an oil. 10b: [(I]D“’ -39.8° (c=1.2, CHCi3); IR v max
77, 1161 cm'l; 1H NMR(CDCl3) &: 1.37(15H, s, -Bu, 2xCH3), 2.36(1H,

brs, OH), 3.11(1H, dd, J=3 and 8.5 Hz, CH), 3.42(1H, dd, J=2 and 8.5 Hz, CH), 3.90-4.45(4H, m, 4xCH),
1 5.65-7.05(1H, m, CH=CH?), 7.10-7.50(15H, m

~
i
.)
E
5)

SR ERy By ARER 5, U0 a,m, Ln=la2 ), VISR Ay ARSAR )y 1.AUT LI iEy BEL,
aromatic protons); 13C NMR(CDCl3) & 24.75(q), 26.70(q), 28.21(g), 49.95(d), 63.25(t),  69.98(d),
75.53(d), 79.58(d and s)), 86.35(s), 108.13(s), 116 03(t), 126.84, 127 62, and 128.50(aromatic carbons),

137.56(d), 143.75(s), 155.25(s). MS m/z 559 (M).
(2R,3R,45,5S5)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-2-trityloxymethyl-5-
vinylpyrrolidine (15b). This compound 15b (306 mg, 88%) was obtained from 10b (360 mg, 0.64
mmol) as an oil in the same manner as described above for the preparation of 13a, [a]p20 -51.0° (c=0.7,
CHCI3); IR Vv max (film) 1377, 1167, 1051, 758, 704 cm"l; 1H NMR(CDCl3) &: 1.30(3H, s, CH3),

40(9H, S, +-Bu), 1.47(3H, s, CH3), 2.90-3.25(2H, m, CH2), 4.20-4.65(4H, m, 4xCH), 4.65-5.30(2H, m,
C~ =CH?), 5.50-6.00(1H, m, CH=CH2), 7.11-7.55(15H, m, aromatic protons) ; 13C NMR(‘DC13) 3
25.39(q), 27.24(q), 28.31(q), 63.11(t), 64.03(d), 67.05(d), 79.82(s), 81.91(d), 84.55(d), 86.88(s), 111.64
£ 118 0721\ 177 N 11798 N4 sl 10 NOF s bt n Anabia o)) 124 ™A/ 1A 1AL N 187 T0/N RAC .
(d), L10.70(1), 14/.4U, 1£0.40, U 120.70(dalulllallC CalDUIS ), 120./70(U), 149.19(5), 12323.79(5) VIO mjiz
541(M).

PR.IR A4S S5S)-N-tert-Butoxvearbonvl-§-hvdroxvmethvl-3 4-isonronvlidenedigyv-2.-
(2R,3R,45,58)-N-tert-Butoxycarbonyl-5-hydroxymethyl-3,4-isopropylidenedioxy-2
(trityloxymethyl)pyrrolidine (13b). This compound 13b ( 207 mg, 82%) was obtained from
15b (250 mg, 0.46 mmol) as crystals after column chromatography (AcOEt : hcxane=1:1) in the same

manner as described above for the preparation of 11a and 12a from 10. Physical and NMR data were identical
with those of an authentic sample.
(2R,3R,4S,5R)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-2-trityloxymethyl-5-
[(1S)- and (1R)-1-hydroxy-3-butenyl]pyrrolidine(16 and 19). A) Allylation with Grignard
Rcagent: Swern oxidation of 14b (800 mg, 1.47 mmol) was performed in the same manner as described above
for the preparation of 12b from 11b. The crude aldehyde was dissolved in THF (14 ml) and trcated with allyl-

s — ~ S8

magnesium chloride (1.7 ml of a 2 M solution in THF) at - 78°C. After being stirred at - 78°C for 1 h, the

£ Iinos ATYY .

mixture was quenched with 5 mi of i0% aqueous NH4Cl and extractcd with AcOEt. The organic layers were
washed with half-saturated aqueous NaCl. Drying followed by evaporation and purification of the residuc by

Anliimn ~Ahen IAMNEL - hnvonp—- | /1\ gave I‘ (&1A mao AN and 1 l”)ﬂR me ’)AOZ.\ b ] ‘ {lpcc
VAL pxu\)xua\u&xayu_y \n\c\lhl - IvAGIHIV— L, , 5 Y AW \JLU 111 y Uy /U} (21BN I g \hU 15 =T l awvw \ (¥ s
polar isomer): mp 93-94°C (AcOFt-hexane) [a1n20 2209° (c=1. CHCla): IR V v (nuiol) 3342, 1672
PG 1ISOmMer i ~ F2N aad 19} v H % Vil ifaa \ JES ’ b
1417, 1207, 1171, 1130, 698, 623 cm-l 1H NMR(CDCl3) & 1.29(3H, s, CH3), 1.34(9H,s , t-Bu), 1.41

(3H, s, CH3), 2. 11 -2.89(2H,m, CH?), 2. 98 3.44(2H,m, 2xCH), 3.66-3.92(1H, m, CH), 3.92-4.36 (2H, m,
2xCH), 4.45-4.87(2H, m, 2xCH), 5.00-5.25(2H, m, CH=CH2), 5.76-6.34(1H,m, CH=CH3), 6.34-6.55
(1H, br s, OH), 6.90-7.61(15H, m, aromatic protons) ; 13¢ NMR(CDCI3) &: 22.05(q), 26.61(q), 28.17(q),
37.91(1), 63.11(1), 65.49(d), 67.95(d), 69.34(d), 79.57(d), 80.45(s), 80.70(d), 86.98(s), 110.06 (s), 116.32
), 126.99, 127.77, and 128.35(aromatic carbons), 135.37(d), 143.27(s).155.21(s). Anal. Caled for
C36H43NOg : C, 73.82; H, 7.40; N, 2.39. Found: C, 73.591; H,7.62; N, 2.23. 19 (polar isomer) : [a]p 20
-57.1° (c=1, CHCl3); IR Vv max (film) 3435, 1680, 1403, 1243, 1081, 758, 704 cm-1; 1H NMR (CDCl3) o:
3

1.25(3H, s, CH3), 1.33(9H, s, +-Bu), 1.47(3H, s, CH3), 1 .95-2.67(2H,m, CHY), 2.87-3.17 (iH,m, Cii),
~ oA rrfr‘--- A LosJAYTY Y MAYTY A 7T £ QASALY —— A LI g 0L 1971171 Py
3.43-3.65(1H, m, L.H) 3.91-4.56(4H, m, 3xCH, OH), 4.73-5.34(4H, , 4Xinr), 5.0¥-0.106(ln, m,
CH=CH2), 6.70-7.93(15H, m, aromatic protons); 'H NMR(CDCl3) &: 23.63(q), 25.24(q), 28.21(g),
37 86(1). 62.38(A). 632.59(1). §7.9:(d). 69 OQM\ 79. 0’)/&\ 80.70(5). 80.94(d) 87 18/(<) 110.96 (<)
D 0UL), UJ.IJ0 ), UJ.JZ(L), W/i.7i ), UZ.70(U U T U\ fy VUL (G, G 7203,y LIV.IY (T
115.64(t), 127.09, 127.87, and l28.35far0mdt!c m.rbons\ 136.64(d), 143.27(s).156.03(s). HRMS m/z
(M*) caled for C3gH43NOg 585.3090, found 585.3140.
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B) Allylation with Allyllithium: 1.85 ml of allyllithium14 (about 1 M in ether, prepared from tetraallyltin (1
equiv.) and phenyllithium (4 equv.) in ether) was added at -78°C to a solution of the crude aldchyde prepared
from 14b (500 mg, 0.92 mmol). The mixture was stirred at - 78°C for 1 h. After addition of 10% aqueous
NH4Cl (6ml), the reaction mixture was diluted with AcOEt, and washed with half-saturated aqueous NaCI.
Drying followed by evaporation and purification of the residue by column chromatography (AcOEt : hexane= 1

. Y A £ Sy r(\‘l]'\ 3 A v 4;‘-':74\

c4) gave 10 (505 mg, obY)and 1 (/2mg, 15%).

N AT et Tl ATI K b A o T A el dli L CrTteN L 7 40 n QA N s YT _ew oz
L) Auyiaion willh Auynnmeinyisianc and 1ici4. A Soiuilon or 1itig ( 10U mg, U.845 mmolj m CHRUID (1
NN rae adidad ta o gnlitine AF alluteinaatholoiloma 118 s o L Y 3 YRGS L SN S SR [N G TRN SREPR . [ IR I § W
Iy wadd aQucu w a uLon UL dilyuinowyisiane (110 g, 1.V [Iinot) aindg mnc aiacnyac preparcd irom i4p
MDAN ma NAD mmalyin CHAMA D S mN at - 7R nvar o noarind nf & min Aftor haing ctirrad ot _ 7Q% £ 1N
NS/ VU Hilfny VT4 ML M Ned A N 4o/ TLILJ GL FO L UVLL G pPviIVU UL O dHTH. Adlel VLR Stiditl al - /0 W 1UL 1V
min . the mixture wag bacified with 10% anueous NaQH and evtracted with AcOFt Tha A~ avtracts wera
AAAAAA 3 WAV RIAAAILIY YY G0 VIAGLLIMAL VR ALAL AUV UYUBVUUD LWL AV VAUGRVLVLE VAL MWl A1V AU A WALLALLS VTV
washed with half-saturated aqueous NaCl. Drying followed by evaporation and purification of the residuc by

column chromatography (AcOEt:hexanc=1:4) gave 16 (52 mg, 21%).
(2R,3R,45,55)-N-tert-Butoxycarbonyl-3,4-isopropylidenedioxy-2-trityloxymethyl-5-
[(15)- and (1R)-1-hydroxy-3-butenyl]pyrrolidine (23 and 26). Dimethyl sulfoxide (590mg, 7.5
mmol) was added at - 78°C to a solution of oxaly! chloide (440 mg, 3.4 mmol) in THF (8 ml). The mixture was
stirred at -40 - -50°C for 3 min. Then a solution of 13b (850 mg, 1.56 mmol) in THF (3 ml) was added at -10
°C. After being stirred at -10°C for 40 min, TEA (787 mg, 7.8 mmol) was added. Then the mixture was
recooled at -78°C, and vinylmagnesium bromide (7.3 ml of 1 M solution in THF) was added at -78°C. The
mixture was stirred at -78°C for 30 min, and then treated with EtOH (1 ml) and saturated aqueous NH4Cl (5
ml). After dilution with AcOEt, the mixture was washed with half-saturated aqueous NaCl. Drying followed by
evaporation gave a residue, which was purified by column chromatography (AcOEt :hexane=1:4) to give 23

(476 mg, 52%) and 26 (227 mg, 25% ) as an oil. 23(polar isomer): [a]p<¥ -23.2° (c=1, CHCl3); IR v
621N 2AQN 108 12770 1710 1167 1NLL TIEQ TINL n,-——-"l. . 11' ANAANDITYI N R 1 A0MILT o IR
max (IiM) 240U, 16Y5, 1575, 1215, 1106/, 1U66, /o6, /U6 O™ | ‘i Nvin{LULI3) 6 1.25(5n0, 8, LH3),
1 A7/0H ¢ £ Bn) 1 A ¢ OCHAY 1067 ANMIT m CHAY 2122 8N IH m CHA O 2802 0171H
L. I\JII’D ’ 14 uu}, l.'f‘.a\._lll, Dy \_411_),’ LerU bu'?\.‘\‘l.l’lll’ \lllé’, Sl IS JU\Jll,lll, A2 B XY \4‘..}, PO PRBAY § J»)L\Lll,
brs, OH). 3.91-4.33(2H, m, 2xCH), 4.33-4.82(2H, m, 2xCH), 4.82-5.25(2H. m, CH=CH»), 5.42-5.98
br s, OH), 3.91-4.33(2H, m, 2xCH), 4.33-4.82(2H, m, 2xCH), 4.82-5.25(2H, m, CH=CH»), 5.42-5.98
(1H, m, CH=CH?2),6.92-7.58(15H, m, aromatic protons); 13C NMR(CDCl3) &: 25.19(q), 27.14(g), 28.02
A 3 7 == ~)3 1 b 3 r \ o 7 \1/z A V24
(q), 38.16(1), 62.96(t), 64.57(d), 68.37(d), 70.32(d), 79.53(d), 79.72(s), 81.87(d), 86.88(s), 111.06(s),

117.49(1), 126.75, 127.48, and 128.35(aromatic carbons), 134.05(d), 143.12(s).154.38(s). HRMS m/z
(M*) caled for C36H43NOg 585.3090, found 585.3130. 26 (less polar isomer); [a]p20 -20.1° (c=0.7,
CHCI3); IR v max (film) 3496, 1693, 1379, 1221, 1167, 1068, 758, 704 cm-1; 1H NMR(CDCl3) §: 1.28
(3H, s, CH3), 1.37(9H, s, -Bu), 1.43(3H, s, CH3), 1.84-2.50(2H, m, CH3), 3.08-3.80(4H, m, CH2, CH,
OH), 3.92-4.30(2H, m, 2xCH), 4.34-4.68(2H, m, 2xCH), 4.83-5.19(2H, m, CH=CH2), 5.48-6.03(1H, m,
CH=CH?),7.00-7.57(15H, m, aromatic protons).BC NMR(CDCl3) &: 25.49(q), 27.39(q), 28.22(q),
38.84( 1), 63.21(1), 64.96(d), 68.81(d), 73.19(d), 80.74(s), 81.96(d), 82.40(d), 87.23(s), 111.54(s),
117.54(t), 127.04, 127.77, and 128.65(aromatic carbons), 134.40(d), 143.36(s), 156.76(s). HRMS m/z

(M%) caled for C36H43NOg 585.3090, found 585.3075

/M R A FR 4O & RN AT . s ER__a ] =1 3 4 ¢ e o DE B W o . N & Ta_ B _._._ 4L .01 &=

(ZR,3R,45,5R)-N-teri-Butoxycarbonyi-3,4-isopropylidenedioxy-2-iriiyloxymeihyi-5-
TR Kb TR DPC S TN S S TIPS | T 3 Sy L F . 2N A cdutiion of 1L A2 s [} K& i)
[(l.))-l-ml:ll]uxy Illflllyluxy-)-l}utcllylj rroiainceiiL/). AHNHAWIC UL 19 (20U llls, V.00 vt ),
AT A _Ainthulonilina (672 g A & smmall and chlaramethul mathy ather 72642 m o A& mmal}l in CHACIA (S
IV v -Uiculylaiiiiic \U /0 g, .0 HHHUL ), atiu CGIBVUIUVIHGLIL YL BVULY - VUL \JUD 1 g, 7D LHHULY BT ol Z0h /(@
MmN wae ctirred at ranm temmnerature for 40 After addition of AcOFt (100 m1). the mixture wae washed with
Jlll’ YWAOD DLl vl QL SRl Wi PALUiIV LUL TTU I AR LWL QNINBILELURL WA AL EA \LUU lel,, LIV RilAAlWiAw VY G VY dagasdwna LIS B
5% aqueous HCL. H»Q. saturated aaqueous NaHCO72, and H»>0. Drving followed bv evaporation gave a
270 aquUCOUs TiLL, IRV, Salilldible ayuiines S & Je J T &
residue; which was purified by column chromatography (AcOEt:hexane=1: 3) to give 17 (300 mg, 85%) as

crystals, 17: mp 126-127°C(AcOEt-hexane), [G]Dzo -68.5° (¢=0.9, CHCl3); IR Vv max (nujol) 1699, 1040,
762, 706 cm-1; 1TH NMR(CDCl3) 8: 1.28(3H, s, CH3), 1.32(9H,s , -Bu), 1.50(3H, s, CH3), 2.15-2.84(2H,
m, 2xCH), 2.99-3.24(1H, m, CH), 3.30-3.71(1H, m, CH), 3.31(3H, s, OCH3), 3.90-4.20(3H, m, CH),
4,23-5.23(6H, m, 4xCH, CH=CH2), 5.64-6.17(1H, m, CH=CH?2), 6.94-7.56(15H, m, aromatic protons) ;
13C NMR(CDCl3) &: 23.93(q), 25.83(q), 28.26(q), 36.21(t), 55.55(q), 63.50(d and t), 64.32(d), 80.41(s
and d), 81.19(d), 87.08(s), 97.80(t), 111.11(s), 115.98(t), 126.99, 127.77, and 128.45, (aromatic carbons),
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137.23 (d), 143.41(s), 154.18(s). Anal. Calced for C3gH47NO7: C, 72.47; H, 7.52, N 2.22. Found: C,
72.51 ; H,7.68 ; N.2.31.
(2R,3R,45,5R)-N-Benzyl-3,4-isopropylidenedioxy-2-trityloxymethyl-5-[(15)-1-
methoxymethyloxy-3-butenyl]pyrrolidine(18). rerr-Butyldimethylsilyl trifluoromethanesulfonate (370
mg, 1.4 mmol) was added at room temperature to a solution of 17 (180 mg, 0.29 mmol) and 2,6-lutidine (150
mg, 1.4 mmol) in CH2Ci2 (3 mi) .The mixture was stirred at room temperature for 3 h and quenched with
saturated dqucouq NH4Cl soiution. The product was exiracted with ether and thc combined ether iayers were

was with haif-saturated aqueous NaCi . urymg followed by cvaporation gave a residue, which was
Aiconluad fn TULE 7 s} and tatrobetolommmaaniiismy Flionet s 21 f1 ]l AF o ANE oaliieflo A TUTITY isoo Ao 1
UddULIVLU  HI 1 ir (& i) diid W UU|ylcu1uuuxuu1u uuuu C (1 i 01 a V1 SO1ULION l.ll 11r) wdd aaduacd.
After heino ctirred  at raanm tamnaratnire fnr 20 min tha mivhiirs urae Ailitacd xrith AN nmd srachad it
AL Uil alliiwu Gl DUURE WIAPUIGLUILC LUL DU T, WG HTHALIC wad GLUAL Wikl ACUIL dio WaddiiCu Wil
half-saturated aagueous NaCl. Drvine followed bv evanaration cave a residue. which wae henzvlated wit

miimsailaiaitll aRLOLs isate ACRyRlg AMVLIUWAAL LY OVApPRAUGUIVI gAVe 4 IUoiUUL, wWilllidl wads UCZYiaiwl Wil
benzyl bromide (180 mg, 1.1 mmol) in the presence of K2C03 (200 mg) in acetone (3 ml) at room
temperature for 2 h. Filtration followed by evaporation and purification with column chmmat ography

(AcOEt:hexanc=1: 6) gave 18 (103 mg, S8%) as an oil, Ia]n20 -60.9° (c=1.3, CHCI3); IR Vv may (film)
1448, 1211, 1151, 1037, 740, 704 cm'1; 1H NMR(CDCl3) &: 1.35(3H, s, CH3), 1.55(3H,s CH3), 2.54-
2.82(2H, m, 2xCH), 2.92-3.74(5H, m, 3xCH, CH20Tr), 3.30(3H, s, OCH3), 3.40-4.23(2H, m, 2xCH),
4.58-5.26(6H, m, 2xCH2, 2xCH), 5.68-6.14(1H, m, CH=CH?3), 6.86-7.763(20H, m, aromatic protons); 13¢
NMR(CDCl3) 8: 24.41(q), 24.98(q), 36.11(t), 51.31(t), 55.75(q), 60.82(t), 64.27(d), 66.71(d), 78.65(d),
81.38(d), 81.72(d), 87.23(s), 96.58(t), 110.91(s), 116.42(t), 126.31, 126.94, and 127.72, 128.00, 128.65
(aromatic carbons), 135.30(d), 139.42(s), 143.46(s). HRMS m/z (M1) caled for C40H45NOs5 619.3298,

found 619.3282.

(ZR,3R,4R,5R)-N-Benzyi-3,4-isopropyiidenedioxy-2-irityioxymethyl-5-[(1§)-1-

2 anth Avwr PUrS TS DRSS B SRR PRy | PG T 0 Ky de L PR Y g al V. PURRSRSESPRI, I 1o PN /11 4 CONT\ s nm
metnoxymeinyioxy-o-nyaroxypropanyijpy oHaIinci<c<ca). lnlb SAamplc 4<a (114 myg, 2670 ) Was
htnimad Fonema TR fMOE 2ias N1 A1 srnennaal) o an nil affar Anliisae Alenesataornnther FAAMNTE . havnrma. 1 o A) e #lan
wLaltici 11Ul 8 O \LYJ IIIB, v.o1 uuuut} dd dil Uil dlcl TUITHL ClHulllat sldpll \ﬂb\}!_fl NneXxXarnc— 1 ., "I’} 1 uic
same manner as described above for the preparation of 11a and 12a from 10, [u]p20 -26.9° (c=0.5,
CHCI2). IR Vmay (film) 3460, 1374.1247. 1047. 758, 704 em~1: 1H NMR(CDCl2) &: 1.32(3H. s. CH?)
CHCl3). IR v max (film) 3460, 1374,1247, 1047, 758, 704 em™; MR(CDCl3) &: 1.32(3H, s, CH3),
1 57(2qu CH3), 1.80-2.43 (3H, Cst QH) 2.89-3. 27(4H,3m, an 2xCH), 3. %4(%14 s, OCH3), 3.42-

6 24.46(q), 26.02(q), 33 97(t), 51.09(t), 55.65(q), 59 68(t)_ 60 52(t) 63. 69(d)v 66 76(d), 76.94(d),
81.33(d), 81.43(d), 87.08(s), 96.92(t), 110.76(s), 126.21, 126.80, and 127.43, 127.53, 127.87, and
128.46(aromatic carbons), 135.64(d), 143.17 (s). HRMS m/z (M%) calcd for C39H4sNOg 623.3247,
found 623.3288.

1,7a-Diepialexine(la). A mixture of 22a (80 mg, 0.13 mmol), methanesulfonyl chloride (22 mg,
0.19 mmol), and TEA (19 mg, 0.19 mmol) in CH2CI2(1.5 ml) was stirred at room temperature for 16 h. After
addition of 20 ml of CH2Clp, the mixture was washed with H20. Drying followed by evaporation gave a
residuc, which was hydrogenated using 10% paliadium on carbon (25 mg) in EtOH (2 mi) in the presence of
hydrogen chioride at room temperature for 1h under hydrogen at atmospheric pressure. The mixiure was filtered

1 Ial 1aNnnt P RS e Bre R LG Y I Yatl Ve | 1Y 4 MINOM
and CDﬂCCI’l[I'dle(J n vacuo, and the residue was treated with 10% aqueous ALl (1 mi) and Meur (L mij at /u ©
£ ¥V L ALl o 1 Af tlhin snntlicmnl e s e nws than lemnnlishhla coantarialo wwrnea Filtarad AfF ornd tha fGlérata wsrnc
10T | 0. ALCT TCMOV4dl 06 Ul mMauidnot 7t vacud, uiC HIBUIYUIC Hailllald wile HHIILU Ull, alny uie 1lidatc wdads
alonnd ar o Nagray AW _YQ (It farm) coliimn (15 mI wached with 2N ml of HAa and elited with 0 A
plawu Uil LIUWULA JUYY~"AO0 (11 VLI VULUILEL (10 L Jy, WAadsHLU  wWilll JU 1 UL 11 /0, Qiiu VIUWIVY vkl Vg
N NHsQOH. Freeze-drvine of the annronriate fractions gave 1, 7a-diepialexine (1a, 13 myg, 52%) as an oil

N IND4Un. rreeze-arymg Of uiC appropriaic ImaClions gave L, /a-gieplalexine (1d, 12 Mg, 270y as anll Ok,
[a]p20 +12.5° (c=0.6, H20); 1H NMR(D20) &: 2.01(2H, m), 3.00(1H, m), 3.09(1H, m), 3.20(1H, m),
3.53(1H, dd), 3.62(1H, dd), 3.80(1H, dd), 3.91(1H, dd), 4.38(1H, m), 4.55(1H, m); 13C NMR(D,0,

dioxane 8=67.40) 36.01(1), 52.92(t), 63.20(1), 67.00(d), 70.85(d), 72.80(d), 73.73(d), 75.09(d). HRMS
(FAB): m/z (M+H)* caled for CgH16NO4 190.1080, found 190.1088.

Physical and NMR data for 20, 21, 22b, 1b, 24, 25, and 27-30. 20: oil, [a]p20 -71.5°
(¢=0.7, CHCl); IR V max (film) 1695, 1373, 1043, 758, 704 cm-1; LH NMR(CDCl3) & 1.28(3H, s, CH3),
1.40 (9H, s, t-Bu), 1.51(3H, s, CH3), 2.43-2.74(2H, m, 2xCH), 2.86-3.20(1H, m, CH), 3.30-3.70(1H, m,
CH), 3.34(3H, s, OCH3), 3.94-4.43(3H, m, 3xCH), 4.43-5.31(6H, m, 4xCH, CH=CH?), 5.66-6.17(1H, m,
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CH=CH?2), 6.90-7.63(15H, m, aromatic protons); 13C NMR(CDCI3) 9: 24.41(q), 25.19(q), 28.21(q), 36.74
(t), 55.11(q), 62.62(d), 64.86(d), 76.31(d), 79.48(d), 81.33(d), 86.88(s), 97.22(t), 110.06(s), 116.17(t),
126.89, 127.67, and 128.31, (aromatic carbons), 135.81(d), 143.36(s), 154.18(s). HRMS m/z (M) calcd
for C3g8H47NO7 629.3353, found 629.3362. 21:0il, [a]p 20 .55 9° (c=1.3, CHCI3); IR v max (film) 1488,
1215 ]153 1038, 756 7040m i; 1H NMR(CDC13) b 1 31(3H s, CH3), 1.55(3H, s, CH3), 1.90-2.56(2H,
°F , OCH3), 3.60-4.20(2H, m, 2xCH), 4.50-5.20

. Z(ZGH aromatic protons); 13C NMR(CDCi3)
' (d) 81. 35(0), 82.30

V@ SRS P
di UllldllL deUUllb},

nd £10 ‘2"30{\
uilig Ui,

e

04 cm-1, 1.“.
: 1 .24(3H,m, CH?
cm 3, 32(3H S, ocrm '3.573. 86(3H m, 3xCH) 3.97-4.31(3H, m, 3xCH), 4. 50-4. 98(4H, m, 4xCH),
6.88-7.56(20H, m, aromatic protons); 13¢ NMR(CDCl3) &: 24.07(q), 25.92(q), 34.06(t), 51.80(t), 55.75
(q), 60.57(t), 61.16(1), 63.59(d), 67.93(d), 76.36(d), 81.48(d), 82.26(d), 87.28(s), 96.53(t), 110.96(s),
126.41, 126.99, and 127.22, 128.06, and 128.59(aromatic carbons), 138.88(d), 143.41(s). HRMS m/z
(M*) caled for C39H45NOg 623.3247, found 623.3268. 1b: oil, [a]p20 +4.7° (c=0.5, H20); 1H
NMR(D20) &: 1.83(1H,m), 2.18(1H,m), 2.81(2H, m), 3.21(1H, m), 3.34(1H,m), 3.61(1H,dd), 3.78
(1H, m), 3.88(1H, m), 4.16(1H, m), 4.53(1H, m); 13C NMR(D;0, dioxane $=67.40) &: 35.29(t), 53.81
(¥, 62.97(t), 69.30(d), 70.81(d), 70.91(d), 73.34(d), 74.90(d). HRMS (FAB): m/z (M+H)* caled for
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CgH16NO4 190.1080, found 190.1086. 24 mp 118-119°C ; [OL]DLU -43.5° (c=0.7, CHCI3); IR Vv max
N 1207 11£€ 107G T£0 TNe Tir NRAD /Ty P AYTAN 1 AefOlT SN
(nujol) 10Y/, 1105, LUZY, /70U, 708 Cl'l‘l_‘; ‘H NMK(L’ULI:}) 8:1 Sl{aen, s, Lh3), 1.30(¥H, s,i-Bu),
1 AALATT o o 8 PPN ANE Y AQINTEY - o v ol § 2N M Y DN YTY Y o 6 Y 7 NNIITTY o FaYen: & 7Y s B W~ BN -FAVE B & ¢
1.44(5n, §, Ln3j, 2.03-2.48{<n, m, Z2XLnj, £.05-2.9U(in, m, Chj, 3.U2(3n, s, UCH3), 3.15-3.5U(1H,
m LI 2 &0 T ONNDLY wn DV IIN 2 OGN A T s Dol LN A DN A LKFALT amn 2o LIN A QN & INNDHTT e
m, LIy, 5.0U-3.7u(<ln, O, XL rl), 3.7U-4.1 7 ar1,ill, X)), 4.2U-4.00(or1, M, J3XuLij, 4.7u-IJ..U(<n, i,
CH=CH»). 5.45-5.95(1H. m. CH=CH»). 7.14-7.53(15H. m. aromatic protons): 13C NMR(CDCl2)} &:
_l#}’ ot e TS J-/J\Lll, diky Nsi1- \/IIL” /LT I-JJ\LJ(I, lll’ AL111AGLEIW PlUlUllD}, - l‘LVLL\\\JU\/lj’ v
25.58(a), 27.39(a). 28.31(a). 36.69(1). 55.21(q), 63.06(1), 63.93(4d), 67.35(d). 76.41(d), 78.94(4). 79.91(s)
22.58(g), 27.39(q), 28.31(q), 306.06Y {5), 22.21(qg), 62.06{1), 63.93(d), 6/.35(4), 76.41(Q), 78.94(a}, /9.91(s),
82.40(d), 86.45(s), 96.19(t), 111.45(s), 117.68(t), 126.84, 127.72, and 128.50, (aromatic carbons), 133.72
(d), 143.95(s), 154.18(s). Anal. Calcd for C38H47NO7: C, 72.47 ; H, 7.52; N, 2.22 , Found: C,72.53

H,7.68 ; N, 2.01.27: oil, [a]p20 -30.1° (c=1.1, CHCI3); IR V max (mm) 1691, 1165, 1036, 758, 706 cm-1;
TH NMR(CDCI3) 8:1.29(3H, s, CH3), 1.41(9H,s CH3), 1.46(3H, s, CH3), 1.78-2.28(2H, m, 2xCH), 2.88-
3.13(1H, m, CH), 3.10(3H, s, OCH3), 3.18-3.85(2H, m, 2xCH), 4.00-4.65(6H,m, CH2, 4xCH), 4.85-
5.10(2H, m, CH=CH2), 5.49-6.05(1H, m, CH=CHj7), 7.14-7.53(15H, m, aromatic protons); 13C
NMR(CDCl3) 8: 25.49(q), 27.39(q), 28.21(q), 35.18(t), 55.65(q), 63.01(t), 66.03(d), 66.42(d), 77.681(d),
79.82(d), 82.30(s), 83.52(d), 86.20(s), 95.22(t), 111.11(s), 116.86(t), 126.70., 127.58, and 128.55,
(aromatic carbons), 134.59(d), ]43 90(s), 155.30(s). HRMS :m/z (M*) caled for C3gH47NO7, 629.3353,

found 629.3268. 25: oil, [(lh)-’-" -24.2° (c=0.5, (,H(,lg), IR vV max (hlm) 1446, 1377, 1215, 1036, 756, 704
em-1; i NMR(CDCiz) 6:1.39(3H, s, CH3), 1.56(3H, s, CH3), 2.28-2.56(2H, m, 2xCH), 2.90-3.67(5H,

Pal & PN Bl l Ay -~ M ASATY faYal § Y O A AN/AYY N MYTN A AN A £N/N1T P Tl S AY A LD A QN
m, CH2, 3Xin), 5.54(5H, §, ULN3), 2.6U-4.2U(Z,m, ZXLil), , 4.4U-4.00(<0, M, <Xli), 4.0U-3.0U
/ALY AL LT £ NN & ININLI ann Ver LI & &7 & AT o OLI_MITA) T 127 K10 e arnmatis
(20,10, LXLrl), J.UU-0.0U(Lin, 11, LAL1l), J.04-0.0J( 11, i, Lil=\uii/)p /.i0-/7.01(4Vll, 1, diviiidtiv
nratnng). 13(‘ NMRNIY & 28 SQ7AY 27 7200 27 12UY S5 A1(aY SR AR\ A5 WY AR 17AY 71 A3
PIULUIID}, A l‘LVll\\bUblj/ . LJ.JU\\!]’ A’—I-IU\ }, - l..l\l}, J.J-Tl\l.i), JU-'TU\I}, UJ-JU\I.}, V.4 I\U}, PER SEAY g
(d), 76.65(d). 80.66(d), 82.60(d), 86.50(s), 96.88(1), 111 50(s), 117.15(t), 126,75, 127.57, 128.55, 128.01
Gy, 78.02¢0 ), OU.OU (U, 8L.0U Uy, 8O0 5, FU.88% ), 3 IV, 2 .70, B .
128.54, and 129.33(aromatic carbons), 134.74(d), 138. 2D(s) 143.90(s). HRMS : m/z (M%) caled for
C4oH45NOs, 619.3298, found 619.3308. 28: oil, [a]p2V +12.8° (c=0.9, CHCI3); IR v mux (film) 1446,

11375, 1215, 1035, 758, 704 cm-1; IH NMR(CDCl3) 8:1.12(3H, s, CH3), 1.29(3H,s CH3), 1.70-2.52(2H,
m, 2xCH), 2.65-3.25(SH, m, CHz, 3xCH), 3.11(3H, s, OCH3), 3.60 and 3.82(2H, ABJ=13.5 Hz, CH2Ph),
4.05-4.50(4H, m, CHp, 2xCH), 4.50-5.00(2H,m, CH=CH2), 5.20-5.70(1H, m, CH=CH?2), 6.83-7.43(20H,
m, aromatic protons); 13C NMR(CDCl3) &: 25.54(q), 27.78(q), 34.45(t), 55.36(q), 59.16 (t), 64.66(t),
60.24(d), 70.71(d), 77.92(d), 81.87(d), 82.21(d), 86.49(s), 96.14(1), 111,50(s), 116.37(t), 126.70, 126.89,
127.53, 127.96, 128.54, and 129.13(aromatic carbons), 135.71(d), 138.68(s), 143.90(s). HRMS :m/z (M*)
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calcd for C4gH4s5NOs, 619.3298, found 619.3334. 29a: oil, [a]p20 -37.9° (c=1.1, CHCl3); IR V max
(film) 3380, 1446,1379, 1217, 1072, 1033, 756, 704 cm™1; TH NMR(CDCI3) &:1.36(3H, s, CH3), 1.42
(3H,s, CH3), 1.50-1.75(2H, m, CHp), 2.63(1H, br s, OH), 2.81-3.04(2H,m, 2xCH), 3.04-3.45(2H, m,
2xCH), 3.25(3H, s, OCH3), 3.45-3.78(2H, m, 2xCH), 3.80-3.96(2H, m, CH2), 4.22-4.70(5H, m, SxCH),
7.04-7.52(20H, m, aromatlc protons); 13C NMR(CDCl3) 8:25.53(q), 27.73(q), 34.89(t), 55.65(1), S8.18(t),

59.01(t), 65.01(t), 68.07 (d), 72.90(d), 79.77(d), 82.21(d), 86.55(s), 97.99(t), 116.69(s), 126.80, 127.09,
127.58, 128.55,and 129.33 (aromatic carbons), 137.81(d), 143.85(s). HRMS : m/z (M) calcd for
~_ 1T NI £ DINAT Lo 1 7£A AINALAD AL ~ r—.1 ﬂ 11 NO / N o4 el fo DRVt Pt ] ~y o~~~
L30rig5NuUG 025,324 7, I0UNA 0£3.5£0£. 4ID: 011, |G DY +11L.Y (c=U.4, CHUI3), IK V magx ( llm) 3373,
TARN 1277 1917 1070 1024 77 TNA cmm-1. 1L NIMD/CTIWIAY 8ot DALY o £002Y 1 AQ72TT o 01~
130U, o7 /7,lel iy, 1V/U, 1US%S, 70/, /us Ul 7, “00 INMIR(ULDULR) 0124900, §, LI13), 1.50(50, §, U )
1 AN hre OVHY 1 778521 /1 m CHY 2002121 H m e HY 2102 2N LT o 2o LIY 2 D2/2LY
LUV LRE, UL Oy L)y L. /UT R U LLEy diy AR ), JLUUTILL O TG, JAEL fy J.1O0TJ DU DI, i, JALEL), J3.20(51,
s, OCH?), 3.40-3.50(2H. m. 2xCH), 23.60-4 00(2H. m. CH»"). 4.26-4 42(4H. m. AxCH) 7. 11-7.41(20 m
) 37 &2 Ry iy iRy W wy 3 9y AR Jy Tedd S\ ThAy iily TFANLARSy T.LLTFTAILULL, Lidy
aromatic protons); 13C NMR(CDCI3) 8:25.66(q), 27.86(g), 32.91(t), 55.68(q), 60.36(t), 64.71(t), 69.25(d)

\*1/3 A V0 \*s2 \1/ \*7 AN 4] hd A

70.65(d), 76.97(d), 80.26(d), 81.65(d), 86.30(s), 96.41(t), 111.95(s), 126.95, 127.34, 127.74, 128.22,
128.30, 128.72, and 129.59 (aromatic carbons), 138.15(s), 143.98(s). HRMS : m/z (M%) caled for
C39H45NOg 623.3247, found 623.3257. 1-Epialexine (30a): oil, [a]p20 +34.8° (c=0.5, H20); IR v
max (film) 3332, 1674, 1631, 1597, 1342, 1099, 1042 cml; 1H NMR(D20) 8:1.67(1H, m), 2.06(1H,m),
2.75-3.03(2H,m), 3.09-3.40(2H,m), 3.55-3.90(3H,m), 3.90-4.20(2H, m); 13C NMR(D,0, dioxanc b=
67.40) & 34.11(t), 46.02(t), 59.35(t), 65.54(d), 71.49(d), 73.97(d), 74.56(d), 76.95(d), HRMS (FAB): m/z
(M+H)* caled for CgH16NO4 190.1080, found 190.1085. 1,7-diepialexine (30b): oil, [a]p20 +37.0°
(c=0.7, H20); IR v max (film) 3346, 1670, 1632, 1597, 1319, 1092, 1036 cm'l; TH NMR(CDCl3)
6:1.89(2H, m), 3.15(2H,m), 3.38(1H,m), 3.69(1H,m), 3. 7z 3. 94(5!-1 m), 4, 17(1H m), 4.41(1H,m); 13C

NMR{(D~O dioxane 0=067. 40) o 35. UD(I), 46. 36(1\), 70. 14((]), 72, l&(d),

OC)
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