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Abstract— The synthetic studies directed toward an indole alkaloid
reserpine 1 is described in the form of 40 as optically active manner
starting from Diels-Alder cycloaddition te a carbohydrate derivative,

levoglucosenone 3.

INTRODECT ION Synthesis .of the optically active natural products has recently been of a
major interest in the preparation from such practical chiral pool as carbohydrates that can
potentially be introduced into the asymmetric frameworks in short steps. As one of our continous
studies on the natural product total syntheses starting from carbohydrates2, we would like to
contribute to a new construction of chiral pentacyclic skeletons of indole alkaloids such as
reserpine.3 We have already reported the synthesis of allo-yohimbane 2 along this line.4 Here is
described the principie of above strategy by demonstrating the synthesis of the chiral interme-
diate for reserpine.5 in which the key steps are (i) the initial Diels-Alder cycloaddition to
afford the E-ring, (ii) further functionalization invelving hydroxylation and one-carbon fragment
introduction and (iii} cleavage of the notorious 1,6-anhydro pyranoside bridge under eliminative

Wolff-Kishner reduction.

MeO

Reserpine 1 allo-Yohinbane 2
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Diels-Alder Strategy for the Construction of the Chiral Cyclohexanes The chiral dienophile,
levoglucosenone 3, was prepared by pyrolysis from cellulose micto-crystailst and the dienes 4a-d
were exalined to give the cycloadducts 5 and 6 and a dehydrated derivative 7. The simplest 1,3-
butadiene 4a afforded 5a with the best result in 98% yield. 1i-Acetoxy-1,3-butadiene 4b (X=0Ac)
gave the adduct 5b as the major product with the eliminated product 7 in the ratio of 3:1. Long
time heating gave only 7 in quantitative yield {entry 3). Reaction with I-trimethylsiloxy-1,3-
butadiene 4¢ yielded a mixture of endo-and exo-adducts, %S¢ and 6¢ (X=DSiMe3) in a ratio of 2:1 in
91% vield. Introduction of 2-methoxy-5-benzyloxy-1,3-pentadiene 4d pay be suitable for the direct
introduction of the carbon-backborn for reserpine, but the products obtained in 38% yield were a
mixture of sterecisomers. Shafizadeh et al. have reported the endo-addition in case of the
cyclopentadiene as the diene toward levoglucosenone.? The strereochemistry of the cyclo-adducts

with butadiene has been confirsed to be endo by converting into chiral allo-yohimbane.4

0 4 o o 7 0
3 1,
%hx X
5a X-H
5h X= 0OAc 6c X=0OTMS 7
5c X= OTMS 6d X= CH,OBn
5d X= CH,0Bn
Table 1 Diels-Alder Cyclo Addition to Levoglucosenane
l diene produzifratio .
entry yield(%)
4 X S 6 7
H L: 0: o0 a8
2 DA i 3 0 1 83
OAc 0 hl 1 100
4 OTMS Z . 1 u] 91
5 | cHL0Bni{ 1 1 38
Introduction of a One-carbon Fragment into the Diels-Alder Adduct The Diels-Alder adduct

5b was not necessarily purified by chromatography at this stage for reserpine synthesis because it
was convertible inte a crystalline & by treatment of the cycloaddition aixture with NaBHy in MeDH.
The oxvacetate B8 was recrystallized to afford colorless plates {(ap 122 ©C) in 92% yield. Methano-
lysis of the acetate in & with NaOMe/MeOK was followed by neutralization with Amberlite IR-122 to

give the diol 9 (mp 132 °C). Its allylic oxidation with Mn0; afforded the enone 10 (mp 179 °C),
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in which the remaining hydroxy group was not protected to prevent from its elimination during the
following step.

Introduction of a one-carbon fragment into the enone 10 was rendered with 2-1ithio-1,3-dithiane In
tetrahydrofuran (THF) at 0°C to afford 11 (mp 178°C) in 93% vield. The diol 11 was convertible
into the acetonide 12 indicating the stereochemistry of the hydroxy groups as shown. 0On the other
hand, the same nucleophile was added to the same enone 10 in a mixture of THF and hexamethyl-
phosphoric triamide (HNPA}8 (3:1) to afford largely the 1,4-adduct which crystallized frem the
reaction mixture to give 13 {(ap 196°C decomp).

Another one-carbon fragment was introduced in the form of benzensulfonyimethyilithium (PhSO;CHpLi)
into the enone 10 to give 14 and its epimer in the ratic of 10:1 in 96% yield.

The other one-carbon fragment, PhS0;(Me0)CHLi, was introduced into the enone to afford the 1,2-
adduct 15 in only 42% vield, which was not used for further synthesis. Addition of PhS{(Me3Si}CHLi
to the same enone under the same condition afforded largely the 1,4-adduct 16 in a ratio of 4:l

with the corresponding 1,2-adduct.

"ty

r,,,OH iay,
Me,Si o OH
“OH
$0,Pn
S0,Ph
16 13
OMe

Scheme 2  a) NaBHg/MeDH (92%);  NaDMe/MeOW (100%). b} MnOp/CHyClp (89%). )  LiCH-
[(SCHyCHy) 2CH) /THE  (93%). ) (CH3) 2C(OMe) p/acetone/CSA (99%). )  LiCH{(SCHyCH2) ;CHp) /THF-HHPA
(80%). ) R= H, LICIHSO,Ph/THF (88%); B= OMe, LiCH{(DMe)SOaPh/THF (42%). g) LiCH(THS)SPh/THF
{53%).
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Functionalization and Stereochemistry of E-ring for Reserpine Treatment of the diol 11
with ethyl chlorocarbonate and diazabicycloundecene (DBU} in benzene at 80°C for 2 h gave the
dithioketene acetal 17 ( 102.3, 125.2, 127.4 and 131.9 ppa} in quantitative yield, When this
reaction was carried out at room temperature, 11 was first converted into the carbonate 18 [ir
3430, 1738, 1720 ce 1) which was then heated to cyclize into a cyelic carbonate with loss of
water. Attempted lactonization to 19 occurred under no condition. Instead, this oil 17 was
converted into the lactone 20 [mp 135°C, ir 1772, 1740 ca~l) by treatment with mercury(I1} acetate
at 60°C for 4 h in 85% yield. The conformation of the cyclohexene ring in 20 was a twist boat
judging from the coupling constants [Jg 9= 9.0, 5.0Hz). This was supported by comparing with the
released conformation which showed the corresponding numbers of the methyl ester 21 (J= 5.(,
1.0Hz] to conclude the acetoxy group in 20 and 21 to be beta, equatorial. The stereochesistry at
C-9 was further established by the sequence shown in Scheme 5, which leads to the inversion of
configuration at this center by sodiue borohydride reduction. Each diasterecisomer due to the
asyametric center on THP, 22 and 26, was respectively separated but none of them was identical to
each other. In 25, the coupling constant between H-9 and H-10-alpha was 10 Hz which indicated

that the hydroxy group elaborated by the reduction should be equatorial.

0 (]
s, a “y, b Y, “na,
OR > OH —— “0 "0
’J,,fOH s AcO 'r.-,,’ (
Fo) (o)
S
17 20 19
11 R=H
18 R= COOEt

Scheme 3 a) ELOCOC)/DBU/PhH/B0°C {quant.). b} Hg(DAc}p/AcOH/60°C (85%).

Scheme 4
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A possible mechanism of the formation of the gamma-lactone 20 is iilustrated in Scheme 4. [Initiat
step may be the coordination of Hg*' with one of the sulfur atoms to block the beta-face of the
diene. Another mercury approaches to the endo-olefin from the opposite alpha-face so that the
acetoxy group should attack from the beta-face in diaxial manner. Mercurium group can be elimi-
nated by accepting the electron donated from the hemithioketene acetal group to form the olefin of
20.

The hydroxy group of 25 was protected as benzyl ether 27, and its ester carbonyl was reduced with
lithium aluminum hydride into 28, which was protected as 29. Hydroboration was designed on 29 so
that the reagent should attack the olefin from beta-face, and in fact diborane afforded the
alcohol 30 in 96% yield, which was methylated to 31. Acidic treatment with CSA produced the diol
32 in 71% overall yield in 5 steps. Pur analysis of its mono-acetate 33 at 500 MHz sliowed that
the protons H-7, K-8, H-9 and H-10 couple in 10.8, 10.8 and 8.4 Hz to each cther to conclude the

all axial protons. Thus, the stereochemistry of the E-ring for reserpine was established.

20 —j- f,," ——-—D- t1, iy, —d" s,
bTHP OTHP OTHP
AcO COOM RO\I‘

COOMe COOMe COOMe
21 22 R= Ac 25 R=H
23 R=H 26 R= Ac
27 R=Bn

0 0
e f g
—_— R by, W~
OTHP OTHP
Bn0" 80" N /w0 Y Jose

OR OR os. OMe OR

28 R=H 30 R=H 32 R=H

29 R= SiMe, Bu 31 R=Me 33 R= Ac

37 R= MOM
Scheme 5 a) EtgN/MeOH (82%). b} 0
DHP/CHoC15/PPTS (B6X}; NaOMe/MeOH (89%). «)
PBC/CHaCln  (96%).  d) NaBHg/MeDH  (B6X);
Aco0/Py; BnBr/NaH/DMF /KT (60%) . e) COOMe
LiAlH4/THF; TMDBSC1/imidazol/THF. f} BH3/THF; RO “H (l)THP H
Hx0o/NaOH;  Mel/LiN(TMS)/DMF  (71% overall
vield in 5 steps). g)  Aca0/Py/CHpCla; H 5 H2
MeOCH2C1/(i-Pr)EtN/THF (95%). 22a 26a
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Cleavage of the 1,6-Anhydrobridge Carbonyls of C-2 position would be utilized according

to our eliminative Wolff-Kishner strategy established in the allo-yohimbane synthesis.4  So the
major isomer 14 (pp 150°C) was converted into the hydrazonés 35 and 36 via the ketone 34 (ap
1750C, decomp), but a base treatment of the hydrazones 35 and 36 decomposed into a mixture of
enones with concomitant €-C bond cleavage indicating no production of the «corresponding vinyl-
ether.

Oxidation of the diol 32 with Jones reagent ended up with the formation of five-membered lactone
and hemiketal. The primary hydroxy group in 32 was protected as MOM-ether 37 (mp 98°C, 95% yield)
and then converted into the ketone 38 in 73X vield. It was first converted into the hydrazone 39
and then treated with dimsyl anion [NaCHp5(0)CH3]) at room temperature to produce 40 in 67X overall
yield. It was characterized as its acetate 41 {mp 92°C). The final steps for coupling with
tryplamine residue have already been established in the allo-yohimbane synthesis, which would

applicable to the reserpine intermediate 40.

b
a
" —— o > NNHR
mr"OH mJ,OH
S0,Ph S0O,Pn
35 R=H
34 36 R=Ts
OR
0
. b c |
37— e NNH, .
‘8n0" | BnO’ | BnO |
OMe OMOM OMe omom OMe omom
38 39 49 R=H

41 R= Ac

Scheme 6 a) Jones/acetone (73%). b) NHoNHp/Et3N/700C. c¢) NaCH,S(D)CH3/DMSD {67% overall yield in 2
steps)

The Diels—Alder c¢ycloaddition strategy to levoglucosenone 3 was demonstrated to be practically

useful for production of chiral cyclohexanes.
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EXPERIMENT AL

Diels-Alder cycloaddition with levoglucosenone 3: A mixture of levoglucosenone [(crude partly
purified mass of the pyrolysis® (15.0 g)) and 1,3-butadiene (35 ml} was heated in a sealed glass
cylinder for 10 h at 140°C.  After cooling, the reaction mixture was dissolved in CHyCly (200 mi)
and the solution was passed through a glass column containing 5i0p and brine, The product was
eiuted with ether, and the eluate was evaporated to dryness affording solid, which was crystal-
lized and re-crystallized from a mixture of CH3Cl; and hexane. 5a (mp 66.09C colorless rods)
amounted in 20.9 g (98% yield); 13C nar 20.4, 24.1, 38.1, 40.5, 67.2, 77.2, 101.5, 123.8, 124.4,
201.7 ppm; ir 1740, 1660 cu~l; [@)p -55.29 (c= 1.00, €HCL3).

Apal.

Calcd. for CygHy03: C, 66.65; K, 6.71. Found: C, 66.66; H, 6.75,

Levoglucosenone [10.0 g] was heated with l-acetoxy-1,3-butadiene [52.5 g as a mixture of E/Z= 2:1)
at B80°C for 7 h, and the reaction mixture was evaporated to give residue of crude 5b [17.3 g).
Part of this residue (1.38 g)] was dissolved in MeOH(46 nl] and stirred with NaBH4 (330 mg) for 6
min at 09C. The product 8 was taken with CHpClp and crystallized from a mixture of CHpCly and
hexane to give crystals 8 (mp 122.0°C, 13C nar 20.9. 26.0, 31.1, 34.7, 66.6, 67.7, 69.5, 75.8,
102.5, 125.7, 130.3, 170.1 ppr; ir 3600, 1755, 1735 en~l: (o lp +14.39 (e= 1.00, CHCI3)

Anal. Caled. for CypHigl5: C, 60.00; H, 6.71. Found: C, 59.92: H, 6.67.

Hydrolysis of the acetate 8 A solution of 8 [19.6 g in ¥eOH 400 ml} was stirred with MeONa

=]

[2.16N, 10 =1]) for 1 h at room temperature. Neutralization with Amberlite [R-122 was foilowed by
filtration and crystallization from a wixture of CHpCl; and hexane to give 9 (mp 132.0°C, 13¢ nor
26.0, 33.0, 34.9, 66.5, 67.7, 75.9, 102.7, 127.8, 130.5 ppa; ir 3450, 1660 ca 1; {a )p +4.20 (e=
1.01, CHCl3);

dnal. Caled. for CypHy404: C, 60.59; H, 7.12. Found: C, 60.40: H, 7.08.

Dxidation of the allyl alcohol §  The diol 9 (12.3 g) was dissolved in CHzCly (400 mt) and the
solution was stirred with MnOy (54.0 g} at roos temperature for 18 h.  The mixture was filtered
through a Celite cake, and the filtrate was concentrated to give crystals, which were re-crystal-
lized from a mixture of CHpClp and hexane to produce the enone 10 [mp 179.0G°C, 11.0 g in B89%
vield): i nar 2.21(1H, 4. J= 6.0), 2.42(2H, br; 1H D90 exchangeable, 1H, dt, J= 18.5, 6.0},
2.79(14, dd, J= 6.5, 4.5, 2.96(1H, ddt, J= 18.5, 1.8, 2.5), 3.88(2H, ABq), 3.96(iH, br},
4.41(10, br}, 5.43(1H, s), 6.14{1H, dd, J= 10.2, 2.0), 7.11{14, ddd, J= 10.2, 8.2, 2.0}; 13C nor
{in CBCl3:CD30D 1:1) 27.7, 37.0, 42.9, 67.1, 68.7, 79.3, 102.4, 129.9, 152.3, 200.3 ppm: ir 3400,
1665 cn™l; (e Jp +223.8° (e= 1.00, CHCl3).

dpal. Caled. for CigHyp04: C, 61.22: H, 6.17. Found: C, 681.07; H, 6.12.
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1.2-Addition of lithio m-dithiape te the epone 10  n-BuLi (1.55¥ in hex. 49 nl] was added to a
solution of 1,3-dithiane [9.48 g in THF 100 ml) at 0°C and stirred for 30 min. The enone 18 (5.00
g in THF 50 ml) was added te this anionic solution at QOC. After half an hour, to the reaction
mixture was added sat. NH4Cl and the product was extracted with EtQAc. The crude product was
purified with silica gel chromatography (ether:hexane 1:1} and the eluate was crystallized and re-
crystallized from a mixture of CHyCls and hexane to give 11 in 93% yield as colorless rods (mp
178C): I8 nmr 3.14(1H, s}, 3.84(1H, br), 3.84(1H, dd, J= 7.2, 5.0}, 3.97{(1H, d, I= 7.2), 4.20(1H,
s), 4.34(1H, 4, J=5.0), 5.44(1H, d, J= 2.%}. 5.76(1H, d, J= 10}, 6.04(1H, ddd. J= 10.0, 4.8,
2.5): 13C nor (in CDCl3:CD30D 1:1) 25.5, 29.6, 30.2, 34.6, 35.3, 59.6, 66.0, 67.9, 73.0, 75.3,
101.9, 129.5, 129.7 ppm: ir 3440 en™l: [a)p + 75.39 (e= 1.00, CHCly)

Anal. Caled. for CygHpg045;: C, 53.14:; H, 6.37. Found: C, 53.21; H, 6.40.

1.4-Addition of lithio m-dithiane to the epone 10 To a solution of lithiated m-dithiane [3.67 g
in THF (100 ml} generated with n-Buli (17.2 ml}] was added HMPA {60 ml) and the enone 10 (2.0 &£
(10.2 mmol)) at -789C and the mixture was stirred at this temperature for 1.75 h and then at
ambient temperatures by removing the cooling bath. The product was worked-up with CHpClp and
crystallized from a mixture of CHyCl; and hexane to produce the 1st crystals (1.845 g in 67%
yield) of 13 (mp 196°C decomp.}: IH nar 3.85(2H, wm), 3.95(10, d, J= 8), 4.42(1H, =), 5.40(1H, d,
= 2.5 ir 1700 c”l,

—

Anal. Caled. for CygHppD4Sy: C, 53.14; H, 6.37. Found: €, 53.12; H, 6.46.

Preparation of the acetonide 12 The adduct 11 (27 eg) was dissolved in acetone [0.5 mi) and
mixed with 2,2-dimethoxyprapane [0.3 1] in the presence of a few miligram of CSA (camphor
sulfonic acid) at room temperature for 50 min. The reaction mixture was poured into sat. NaHCO3
and extracted with ether. The product was purified on tlc (ether:hexane 2:1) to produce the
acetonide 12 (30 mg quantitative yield). 1H Nar 1.36(3H, s}, 1.48(3H, s), 1.7-2.3(4H, u), 2.6~
3.0¢6H, m), 3.62(1R, dd, J= 5.0, 2.0), 3.76-4.04(2H, ABX, centered at 3.90, Jpy= 5.0}, 4.32(IH,

s), 4.38(14, 4, J= 5.0), 5.45(1H, 4, J= 2.0), 5.57-6.26(2H, ABX, centered at 5.92, J=6, 3, 2)

Preparation of the dithio-ketene acetal 17 The adduct 11 [1.00 g) was dissolved in benzeme (23
nl] and the solution was stirred with ethyl chlorocarbonate {1 al] and DBU (5 ml] at 80°C for 2 h.
The reaction mixture, after cooling, was diluted with ether and it was washed with IN HCE, water,
ag. NaliC03 and sat. NaCl. The ethereal solution was passed through a glass column containing
NayS04 and SiDz and the eluate was evaporated to give 17 [940 mg): 13C nar 24.6, 27.3, 29.4, 34.4,
35.4, 66.9, 69.0, 76.0. 102,3, 125.2, 127.4, 131.9 ppm; ir 3500 ca~l; [a]p + 342.79 (¢= 0.07,
CHC13).
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Upsaturated lactone 20 from the dithicketeneacetsl 1T A solution of 17 [486 mg in 1% Ho0 in AcOH
(16.5 wl)} was stirred with Hg(OAc)y (4.95 g) at 60°C for 4 h.  The reactlion mixture was evapo-
rated to dryness and the residue was suspended in CHpCly and filtered. The filtrate was concen-
trated and crystallized by addition of hexane te the residual solution. The product 20 was
obtained in 85% yield (370 mg): mp 1359C: 1H nar 1.98(1H, ddd, J= 13.5, 9.0, 4.5}, 2.08(3H, s),
2.20(1H, dt, J=13.5, 5.0), 2.38(1H, br}, 3.13(1H, br), 3.70(2A, ABa}, 4.34(1H, d, J= 4.0},
4.42(10, ¢, J= 8.5), 5.36(1H, s), 5.60(1H, br), 6.74(1H, t, J= 4.0): 13C ner 20.8, 31.7, 31.9,
34.8, €7.0. 71.1, 74.5, 100.6, 131.7, 133.1, 168.0. 170.1 ppm: ir 1772, 1740 cal: (o ] -149.00
(e= 1.03, CHCi3).

Anal. Calcd. for Cy3H140g: C, 58.65; H, 5.30. Found: C 58.73; H, 5.35.

Opening of the lactone to 21  The unsaturated lactone 20 [235 mg] was dissolved in MeOH (7.5 ml)
and stirred with Et3N [0.2 ml]) at room temperature for 1 h. The product was concentrated to
dryness and the residue was separated with Silz tlc to afford 21 in 82% vield: mp 167°C: W nor
1.7T1{1H, d, J= 11, D0 exchangeable}, 1.88(2H, br). 2.04(3H, s), 2.34(lH, td, J= 15.2, 4.5)
3.04(1H, t. J= 4.7}, 3.76(3H, s), 3.90(IH, dd, J= 7.2, 5.0), 3.94(1H, br), 3.97(1H, d. J= 7.2),
440010, d, J=5.0), 5.43(1H, ¢, J= 2.0), 5.51(1H, td, d= 5.0, 1.0}, 7.1401H, d, J= 5.0}: 13C nor
21.6, 29.3. 31.9, 32.6, 51.9, 66.0, 67.4, 67.5, 76.1, 101.7, 133.8, 136.5, 166.1, 169.8 ppa: ir
3500, 1735. 1720, 1650 cn™l: (o Jp -188° {(c= 1.00, CHCl3).

Anal. Caled. for Cy4Hyg0y: C, 56.37: H, 6.08. Found: C, 56.34: H, 6.07.

Protection of the hydroxy groue in 21 to 22 The methyl ester 21 [187 mg] was dissclved in CHaCl,
[9 ml] and mixed with dihydropyran (0.5 ml) in the presence of PPTS [30 mg) at room temperature
for 2.5 h. The product, after usuval work-up, was separated into two isomers respective to the
diastereoisomer caused by the protective group THP.

The polar 22 18 nor 2.04(3H, s), 2.54(1H, td, J= 15.0, 5.0), 3.16(1H, t, J= 4.5), 3.34(1H, br),
3.52{tH, br), 3.74(3H, s}, 3.83-3.99(2H, ABX, centered at 3.93; Jay=5.2, Jpx= 0.7}, 3.92(1H, br),
4.38(14, d, J=5.2), 4.61(1H, brs), 5.42(1H, d, J= 2.2}, 5.52(iH, brt, J= 4.5), 7.08{(1H, d, J= 5).
The less polar 22 1M nor 2.04(3K, s), 2.56(I1H, td, J= 15.0, 5.9), 3.11{1H, t, J= 5.0). 3.46(1H,
br), 3.76(3H, s), 3.78(1H, br}, 3.82(1H, br), 3.83-3.98(2H, ABX, centered at 3.94, Jpy= 5.0, Jgx=
0.5), 4.30(1H, br s}, 4.38(1H, d, J=5.0), 5.49(1H, t, J= 5.0), 5.57(1H, 4, J= 2.2), 7.06{1H, 4.
J=5.0).

Inversion of the configuration of the hydroxy group in 23 to 2% A solution of 22 (206 mg in MeOH
(6.9 mt)) was stirred with MeONa [2.16N in MeDH, 0.2 ml]) at room termperature for a quarter hour
to the alcohol 23 (B9% yield). The hydroxy group in 23 [236 mg)] was oxidized in CHpCly (8 ml)

with PDC (1.5 g] at room teaperature for T h. The reaction mixture was diluted with ether (40 ml)
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and then passed through a glass column containing silica gel. Evaporation of the aluate afforded
the enone 24 in 96% vield. The ketone 24 (96.3 mg in MeOH (4 ml)] was reduced with NaBH4 until
the starting carbonyl disappeared. The regular work-up afforded 25 (83 mg) in 86% yield. Acety-
lation of 25 with Acy0 in pyridine gave the corresponding acetate 26: 14 nar 2.04(1H, br),
2.10(30, ), 2.37(1H, m), 3.03(1H, brt, J= 4.3), 3.46(1H, br}, 3.75(3H, s), 3.81(iH, t, J= 2.2),
3.81-3.93(2H, ABX, centered at 3.87, Jax= 5.0, Jdgy= 1.0), 3.90(1H, br), 4.33(2H, br), 5.50(I1H,
ddd, J= 10.0, 7.0, 2.0}, 5.60(1H, d, J= 2.2}, 6.90(1H, br).

Preparation of the diaol 32 The alcokol 25 (80 mg dissolved in DMF (2 ml)) was introduced into
the suspension of Nal (60 mg in DMF (2 =l)]. This solution was stirred with benzyl bromide {0.1
ml] 'with ca. 100 mg of KI at room temperature for 1 h. The reaction mixture was damped into an
ice with NH4Cl and the preduct was extracted with ether, purified with silica gel (ether:hexane
3:1) to afford 27 in 60% yield (61 mg}.

The benzyl ether 27 (499 mg in THF (20 1)) was stirred with LiAlHg (200 mg) at reom teamperature
for 10 min. To the reaction mixture was added EtOAc, after 5 min the organic layer was washed
with sat. potassium sodium tartrate and sat. NaCl, dried over NapS0, and silica gel column. The
product 28 was used for the following reaction without purification. The product was dissolved in
THF (20 wi) and stirred with t-butyldimethylchlorosilane [300 mg, imidazole 1.09 g] at room
temperature for 20 min. The silyl ether 29 was taken into ether [60 ml] and the crude product 29
was used without purification for the next step.

To a solution of 29 in THF (20 ml) was added diborane (1M THF, 6 ml) at 0°C and stirred for 40
min. The treaction mixture was further stirred for 4h at room temperature by mixing with 1N NaOH
[6 ml) and hydrogen peroxide [(30%, 6 ml]. A solution of sodium sulfite was added to this
reaction mixture, while K1 starch test paper became negative. The alcohol 30 was taken by
ethereal work-up and used without perification for the next step. 30 was dissolved in a mixture
of THF (5 ml) and DMF (5 ml) and stirred with Mel (1 ml] and lithium bis-trimethylsilylamide [1.2M
hexane solution 2 ml)] at rcom temperature for 30 min. The product 31 was dissolved in MeQH [30
m}) and stirred with CSA (100 mg] at 50°C for 50 min. The reaction mixture was concentrated to 15
ml in vacuo, neutralized with NaHCO3 and then extracted with EtOAc. The product was purified with
silica gel tlc (EtDAc:ether 1:1) to afford 32 (290 mg} in 71% overall yield for 5 steps: crystal-
lized wp 139.0°C: IH nmr 1.52(1H, m), 1.72(1H, m), 1.94-2.20(2H, w), 2.78(1H, s, Dp0 exchange-
able}, 3.06{(1H, d. J= 8.0, D30 exchangeable), 3.41(1H, w}, 3.73(3H, s), 3.6-4.0(6H, m), 5.30(1H,
brs), 4.59-4.72(2H, ABq, centered at 4.66). 6.36(1H, 4, J= 2.2), 7.34(5H, m): ir 3450 co~l: (e)p
-21.9% (c= 0.96, CHCIg).

Apal. Calcd. for Cy4Hpe0g: €, 65.13; H, 7.48. Found: C, 65.14; ¥, 7.71
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Mope-acetate 33  The diol 32 (157 mg) was dissclved with CHpClp (2.5 ml), stirred with pyridine
(2.2 ml) and acetic anhydride {1.1 ml) at room temperature for 16 h. The reaction mixture was
evaporated to dryness and crystallized freom a mixture of CHyClp and hexane to produce 33 (150 mg)
in 85% yield: colorless needles, mp 125°C: Y nar (500 MHz) 1.56(td, J= 12.0, 4.8, Hy), 1.84(d, J=
7.8, Dy0 exchangeable), 1.98-2.06(3H, m, Ky, 2xHygp), 2.06(3H, s), 2.19(q, J= 4.8, H3), 3.40(ddd,
J=10.8, 8.4, 5.4, Hg), 3.58(3H, s}, 3.64(dd, J= 10.8, 8.4, Hg). 3.64(1H, br), 3.82-3.88(ABX,
centered at 3.85, Jay= 4.8, 2xHg), 4.32(t, J= 10.8, Hyy), 4.33(brd, J= 4.8, Hg). 4.44(dd, J= 10.8,
3.6, Hy(), 4.65-4.70(ABq, centered at 4.68}, 5.34(d, J= 2.2, H))}, 7.2-7.4(5H): ir 3450, 1730 cn L.

Anal. Calcd. for CoylpgO7: C, 64.27; H, 7.19. Found: C, 64.23; H, 7.14.

Protection of the primary bydroxy group in 32 A mixture of the diol 32 [398 wg], ethyl-diiso-
propylamine (2 @l)], methyl chloromethyl ether {0.2 ml) and KI [1.0 g) in THF (iZ ml] was stirred
at room temperature for 20 h, and then this mixture was further stirred with additional chloro-
nethyl methyl ether (0.2 =ml) for additional 3 h at 509C. The crude material (480 mg) was purified
with a silica gel column (ether) to give the alcobol 37 (425 mg in 95% yield}: white needles, mp
98.00C: 14 nmr 1.3-2.4(5H, br), 3.02(1H, 4, OH),3.3B(3H, s), 3.38(1H, »), 3.58(3H, s), 3.63-
3.84(5H, m), 3.92(1H, dd, J= 9.6, 6.3), 4.32(1H, br), 4,58-4.72{4H, w}, 5.40{1H, 4, J= 2.2}, 7.23-
7.39(5H): ir 3400 cm l: (a)p -39.5° (c= 1.04, CHCl3).

Apal. Caled. for CyHyg07: €, 63.94; H, 7.67. Found: C, 64.04; H, 7.64,

Eliminative Wolff-Kisbner reduction to 40 The alcohol 37 [83.6 mg in acetone (9 ml)}]) was stirred
with Jones reagent (2.63M 0.1 ml] at 09€ for 10 min. To this reaction mixture was added a few
drops of i-PrOH and then ice. The ketone 38 was isolated in 73% (60.9 mg) vield.

The ketone 38 [14 mg in EtOH (0.5 ml)}] was heated with hydrazine hydrate {10 micro litter] and
Etz3N [6 micro litter) at 50°C for 3 h and then additional 1.5 h at 70°C. The hydrazone was
dissolved in DMSO [0.5 ml] and then treated with sodium salt of DMSO prepared separately at room
tenperature fo; 13 min.  The reaction mixture was poured into ice cold NH4C1 and then extracted
with EtOAc for 3 times and the combined extracts were washed with sat. NaCl and then dried to give
39 (9 mg) in 67% yield: !H nor 1.4-2.2(5H, br), 2.60(1H, br}, 3.34(3H, s), 3.51(3H, =), 2.9-
4.0(7H, =}, 4.62(5H, m), 6.19(1H, 4d, J= 6.5, 2.5}, 7.1-7.4(5H).

The alcohol 39 (9 mg) was dissolved in pyridine (0.4 ml] and acetic anhydride [0.2 ml) and heated
at 60°C for 15 min. The reaction mixture was evaporated to dryness and worked up to give 40 (10
og): wp 92.09C: ir 1740 cal: (e )p +117.5° {c= 1.08, CHCI3): IH nar, 2.08(3H, s), 2.62(1H, br),
3.36(3H, s), 3.51(3H, s), 4.62(5H, m), 6.17(1H, dd, I= 6.5, 2.5).

Anal. Caled. for Co3H3n0¢: C, 65.70; H, 7.67. Found: C, 65.54; H, 7.65.
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