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Abs&nct-A virtually complete asymmetric control in the synthesis of 2,3disubstituted butan4olidc (10) 
was demonstrated by empioyiog the butenotidt (12) as the chiral aaxptor for the conjugate 1,4-addition, 
Highly &idcnt a8ymmetric total synthesis of natural (-)- and unnatural f +)-stegamtcin was 
accomplished. The absolute stereostructure of uaturai antitumor steganacin wa8 determined to be 1. 

In 1973 Kupchan reported the isolation and struc- 
tural elucidation of the new stcganin liguansf Stega- 
nacin (l), a representative of these novel di- 
benzocyclooctadiene lignan lactones, was found to 
show significant antitumor activity in viuo against KB 
cell. The structure of steganacin was originally pro- 
posed to be 7 with the absolute configuration indi- 
cated by the direct X-ray crystallographic analysis of 
episteganol (2).’ 

Since then considerable efforts have been devoted 
to the total syntheses of steganacin (1) and related 
lignans6” As a consequence of our studies directed 
toward the asymmetric total syntheses of steganacia 
and related lignans, we have exploited the asymmetric 
synthesis of both enantiomers of 2,3disubstituted 
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Z-butan4olide (9, lo), the promising intermediate 
for steganin lignans, with a predictable absolute 
configuration. As is shown in Chart 1, this synthesis 
was designed based on the novel applications of 
(S)4hydroxymethyl-butan4olide (11, R =H), 
readily available from L-glutamic acid, as a chiral 
source in the asymmetric induction and as a carbon 
framework of the target molecule.12 

in previous papers, we have reported the synthesis 
of highly optically pure (-)- and (+)-deoxy- 
podorhizon (9 and 10) employing the technique of 
1,3-asymmetric induction,’ as is shown in Chart 2. 

In the present paper we wish to report the highly 
efficient asymmetric synthesis of optically pure 
(+)deoxypodorhizon (10) by the method of 
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I ,Zasymmetric induction and the establishment of 
the total synthesis of optically pure natural (- )- and 
unnatural (+)-steganacin with a definite absolute 
configuration. 

Desiipr of the asymmetric synthesis by the method of 
1 &symmetric induction 

The l&addition reactions of a variety of nucleo- 
philes with crotonolactone, followed by the trapping 
of the resulting lactone enolate anion with electro- 
philes, have been reported by several authors to 
proceed in a satisfactory manner.‘j-Ia The method of 
C-C bond formation at the /?-position of lactone CO 
of 11 via 1,2-asymmetric induction is shown in Chart 
3. 

Thus, the reaction of the chiral butenolide deriva- 
tive It, available from 11, with a nucleophile can be 
expected to give the enolate anion of the 2-substituted 
butan4olide (33). The subsequent reaction of 13 
with an electrophile can also be expected to give the 
2,3disubstituted butan4otide (14). It is highly 
probable that the reaction of 12 with a nucleophile 
will take place from the less hindered /?-side opposite 
to the ROCHz group to give 13 predominantly, 
furthermore, the reaction of 13 with an electrophile 
will take place from the a-side opposite to the 
nucleophile first introduced giving 14. Therefore, 
after the lactone carbonyl transposition procedure 
involving the reduction of 14 to the triol, the ox- 
idative cleavage of the glycol function, resulting in the 
formation of the lactol, and then Collins oxidation to 
the lactone, 2,3disubstituted butan4olide (15) can 
be obtained in a highly optically pure form without 
any additional procedure for enantioenrichment.‘* 

Synthesis of the chirai butenolide (12) 
One of the critical steps in the present synthesis was 

the preparation of the optically pure butenolide (12) 

from 11. The results are summarized in Table 1. The 
phenylselenation of 11 was carried out to give 16 
(59% for 16 (X = Se, R= CH,Ph), 94% for 16 (X = Se, 
R = CPh,)).” Thiophenyl derivatives 16 (X = SPh) 
were also prepared by the standard procedure.** 

The thermal elimination procedure’* for 16 
(X = SO), prepared by the oxidation of 16 (X =S) 
with NaIO,, resulted in the formation of 12 with a 
low opt&l purity, as is shown in Table 1 (Entries 3, 
5), probably because of the racemization under the 
conditions used. The susceptibility of 12 to race- 
mization was also observed when a solution of crude 
12 (R=CH,Ph) was washed with 10% aq. NaOH on 
the occasion of an extractive work-up (Entry 2). 

Without washing with an alkaline solution, the 
optically pure butenolide 12 (R=CH,Ph) could be 
synthesized from 11 (R = CH,Ph) in 50% overall yield 
via 16 (X=Se) (Entry 1). Optically pure 12 
(R= CPhJ could also be synthesized in 82% overall 
yield by the reaction of 16 (X =Se, R = CPh,) with 
NaIO, in water-AcOEtm at 50” (Entry 4). 

The optical purity of 12 was determined by con- 
verting it into 11 (R=H), as described in the Experi- 
mental. 

Asymmetric 1,44&ion with the chid butenolide (12) 
The utility of 12 by the method of 1,Zasymmetric 

induction was proved by the synthesis of an optically 
and diastereomerically pure key intermediate (17), as 
is shown in Chart 4. The chiral butenolide (12 
(R= CH2Ph)) was reacted with the S-stabilized anion 
(18) at -78” in THF for 3 hr. Then the resulting 
enolate anion was reacted with piperonyl bromide to 
afford 19, containing a small amount of an impurity, 
in 96% yield. The reductive desulfurization of the 19 
obtained above with Raney nickel resulted in the 
concomitant removal of the benyl protecting group 
to afford, after careful separation by column chro- 
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Tabk 1. Synthesis of the cbiral butenolide (12) 

4 - phxf!oR- $_oR 
II -OR H 

2 F? Jz 

Entry R X Vield(%)a (c&'(EtOH) Optical Purity(%)d 

1 CH2Ph Se 50" -107* 100 

2 CH2Ph Se c -33.6" 31 

3 CH2Ph S 28 -79.4O 74 

4 CPh3 Se 82 -97.8O 100 

5 CPh3 S 31 -59.1" 60 

a) isolated overall yield from u. b) Yield was corrected for the consumed 

starting material. c) After the oxidatlve elimination the extracts were 
washed with 10% aq. NaOH. Vfeld was comparable with that obtained in Entry 1. 

d) Optical purity was detennfned by converting 12 Into g(R=H). 

matography, the products 17 and 20, which consisted 
predominantly of one diastereomer (19, ST"/,) with a 
preference of 98:2. The optical purity and structure 
of 17 were contirmed by converting it into the 
optically pure ( + )deoxypodorhizon (10).'3' The mi- 
nor isomer obtained in 1% yield from 12 (R = CHrPh) 
was determined to be 20 by the following spectral 
data and experimental result. Mass spectrum of 20 
showed the molecular ion at 430, consistent with that 
of 20. r3C NMR spectrum also supported the carbon 
framework of 20. The experimental result that #I 
retained its structure unchanged in the attempted 

isomerization by a base also supported the structural 
assignment of 20.= 

The experimental results clearly show that the 
l+addition of the nucleophile to the chiral buteno- 
hde 12 (R = CH2Ph) took place predominantly from 
the less hindered #I-side of 12 and that the subsequent 
alkyiation of the resulting enolate anion took place 
from the a-side opposite to the nucleophile intro- 
duced. The complete stereoselection in the 
l&addition reaction was achieved by employing 
trityl ether 12 (R =CPh,) as the acceptor for the 
1 &addition. 
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Table 2. Sterecsclective 1,~addition with 12 

Entry R Yield of p(X)' Stereoselectivity (J7:pIb 

1 Cl$Ph 56 9&:2 

2 CPh, 36 loo:0 

a) Isolated overall yield of u fran g. b) The ratio was 

determined by the isolation of x and g, 

The l+addition and subsequent alkylation were 
carried out using 12 (R=CPh9) bearing the bulky 
trityl group. The crude product was directly reduced 
with Raney Ni to afford, after column chro- 
matography, 17 (28%) and 22 (9%). 22 was detri- 
tylated to give 17 in 93% yield. Though the overall 
yield was somewhat lower, the absence of 20 means 
that a complete stereoselection was malized.23 An 
effort was made to improve the chemical yield and 
fInally the practical synthetic route shown in Chart 4 
was established. The chiral butenolide 12 (R = CPh,) 
was caused to react with 18. Deaulfurization of the 
crude 2324 and the subsequent detritylation gave, 
after short column chromatography on silica gel, 24 
as a crystalline compound in 65% overall yield from 
12 (R=CPh,). Piperonylation of the dianion of 24 
with two equivalents of piperonyl bromidp gave 17 
in 62% yield. 

synthesis of op?icu&=y pure (+jdeoxypodork?n (10) 
The lactone carhonyl transposition procedum 

worked very well, giving (+)deoxypcdorhizon (10) 
in 78’4 overall yield from 17. Thus the reduction of 
17 with LiAlH, gave 2!5 in 97% yield. The oxidative 
glywl cleavage of 2.5 with NaiO, gave the lactol 26 
in gSo/, yield. Collins oxidation of 26 afforded opti- 
cally pure (+)-deoxypodorhizon (10) in 95% yield.26 
The optical rotation and spectral data were com- 
pleteiy identical with those reported earlier.’ 

Synthesir of (+ f-steganacin (7) and correction of the 
absolute configuration of nafumf (-)-steganach to 1 

(+)-Deoxypodorhizon (10) prepared above was 
subjected to nonphenohc oxidative coupling, accord- 
ing to the Schlcssinger procedure for the racemic 
modification,‘3 to afford (-)-isostegane (27) in 61% 
yield. The attempted benzyhc oxidation of 27 using 
a variety of reagents under a variety of conditions 
failed unexpectedly to give the desired product ox- 
idized at the benzylic position. Then we turned 
our attention to the oxidation of stegane (8). the 
parent skeleton of steganacin. The thermal 
attopisomerization’2 of 27 at 200” gave (+)-stegane 
(8) selectively. DDQ oxidation of 8 in ACOH at 75” 
gave (+ )-steganacin (7) of [aloU + 135” (CHCIJ in 
I 1% yield. 

Spectral data (‘H NMR, IR, MS) and UC behavior 
were completely identical with those of natural 
(-)-steganacin (l)-’ kindly provided by Prof. A. T. 
Sneden and with those of the synthetic race&c 
modification provided by Kende,6 Raphael’ and 
Ziegler.B 

It is important to attract attention here that, to our 
surprise, the optically pure (+ )-steganacin Q, whose 
absolute configuration is unequivocal based on the 
asymmetric synthetic pathway’s” and consistent with 

that proposed by Kupchan,’ showed a sign of the 
optical rotation value opposite to that of natural 
f - )-steganacin aa]na - 1 14°(CHCl,)).ti It was con- 
cluded from this fact that the absolute configuration 
of natural steganacin should be corrected to 1, the 
opposite of that origimtlly proposed (7) by Kupchan. 

Eflcrt~ synrlresis of (-)-sregurtacm (1) mid related 
&nans 

The advantage of our asymmetric synthesis is that 
both enantiomers with the predictable absolute 
configuration can he obtained from the chiil lactone 
(li).‘*‘2 (->Steganacin (1) with a natural absolute 
configuration was synthesized as follows. 
(+>Isostegane (Zs) was prepared from 
(-)-deoxyprodorhixon (9)‘*12 according to the pro- 
codure described above. Bromination of (-)-stegane 
(6), prepared by the thermal atropisomerization of 
(+)-isostegane @IQ,” with NBS-BP0 in CC& 
afforded 4bromosteganei4) in a quantitative yield.% 
t;>lSteganol (3) t$elu - 190°(CHCl,), reported 

- 163”(CHClJ ) was obtained in 85% overall 
zerd simply by treating 4 with aqueous THF.” 
(-)-Steganacin (1) c[orfDU- 127”(CHCl,)) was ob- 
tained in 72% yield by the acetylation of 3. Optical 
rotation, spectral data (‘H NMR, IR, MS), and tic 
behavior of the present synthetic (--)-steganacin (1) 
were identical with those of natural (- jsteganacin. 

(- >Steganone (S) ([a]n” - 191°(CHCl,), reported 
[a]n2’ - 202”(CHCl,)3, [a]Du - MO”(CHCl,r”, 
[a]na - 197°(CHC13)7c) was synthesized in 81% yield 
by the oxidation of (-)-steganol (3). Reduction of 5 
with tAelectridek afforded (-)-episteganol (2) 
([aInS - 107” @y&fine), reported [a]02’ - 126” (pyri- 
diney) in 69% yield. 

It was, thus, concluded that (-)-steganacin (1) and 
related lignans prepared above were identical with 
natural steganin lignans. 

Conjrmation of the absolute conjguration 
X-ray crystallographic analysis with heavy atom 

was undertaken to make doubly sure of the absolute 
configuration. Since it is hard to imagine any possi- 
bility of isomerization at the &position of the lactone 
ring in (+)-isostegane (28) during the above wn- 
version to (-)-steganacin (1) and related lignans (2, 
3, S), the confirmation of the absolute configuration 
of naturally occurring (-)-steganacin was carried out 
using (+ )-isostegane (28). 

Bromination of (+)-2Il with PyHB$’ afforded 
(+kl2-bromoisostegane (29) (m.p. 157-158” (from 
MeOH), [a]nZ-’ + 122”(CHCl,)) as wlorless plates in 
94% yield. 

The crystal of (+ )-29 contains four mokcules in a 
monoclinic cell with a space group of P2, and with 
cell dimension of u = 12.218(6), 6 = 23.107(12), 
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27 
V 3 X=H 

2 X=Br 

c = 7.353(5) A and j? = 90&l(4)“. The structure was 
solved by the heavy atom method to an R value of 
0.056 without including hydrogen atoms, on the basis 
of 2530 observed reflections. 

The absolute configuration was determined by the 
use of the anomalous dispersion effect of Br atoms for 
CuKa radiation. Among the 67 pairs of reflections for 
which both the ratios, IFo(MZ)~/IFo(/&!)l and 
jFc(bkl)@GQ&!)l, differ more than 5% from unity, 
61 pairs clearly showed the absolute configuration 
given in Fig. 1. The R values for the correct and 
inverted structures were calculated to be 0.056 and 
0.063 respectively when the anomalous dispersion 
corrections were applied for the Br atoms. 

It is now confirmed that the absolute configuration 
of natural (- )-steganacin is 1. 

The highly efficient asymmetric total syntheses of 
optically pure steganin lignans (17% overall yield for 
(-)-steganacin (1) from the chiral synthon, 
(S)4trityloxymethyl-butan4olide (11, R = CPh,), 
readily available in quantity from the commercially 
available L-glutamic acid),l+‘* holds great promise for 
the asymmetric total syntheses of other pharma- 
collogically potent natural and unnatural lignans. 

Fig. 1. Computer drawing of (+ j-29 showing the absolute 
structure of A molecule, one of the two independent mole- 

cules contained in an asymmetric unit. 

EXPERlMENLU” 

(45) - (+) - 2 - Phenyisefeno - 4 - benzyfoxymethyf - butun4 
ofide (16, X = Se, R = CH$%) 

A soln of 11 (R=CHrPh)‘*r2 (l.l8g, 573mmol) in THF 
(1 ml) and HMPA (2.2 ml, 12.5 mmol) was added to a cooled 
( - 78”) soln of LDA (12.5 mmol) in THF (25 ml), prepared 
as usual, and the whole was stirred at -78” for 0.5 hr. 
Diphenyl diselenide (1.95 g, 6.25 mm01)~’ was added and the 
mixture was stirred at - 78” for 1 hr, at - 20” for 4 hr, and 
then at room temp for 19 hr. The mixture was treated by the 
addition of sat NH,Claq (10 ml) and extracted with AcOEt 
(100 ml x 2). The combined organic layers were washed 
successively with water, IV/, NaOHaq, water, and sat 
NaClaq, and then dried over MgSO,. Concentration in 
YUCUO, followed by purification using column chro- 
matography on silica gel (ether-n-hexane/l : 1), afforded lb 
(X = SC, R = CH,Ph) (680 mg, 39% based on 11 consumed) 
as a pale yellow oil of [a]Dp+ 23.9” (c = 0.970, EtOH), IR 
(CHCl,) cm-‘: 1767, ‘H NMR (CDCl,)G: 2.1-2.7 (2H, 
m,CH,CHSePh), 3.3-3.7 (2H, m, CHCH,O), 3.95 (1 H, dd of 
ABX, J, = 5 Hz, J, = 8 Hx, CH,CHSePh), 4.2-4.6 (1 H, m, 
CHO), 4.47 (2H, S, CH,Ph), 7-O-7.4 (8H, m, aromatic H), 
7.4-7.6 (2H, m, aroma& H); MS: 362 (M +), 360 (M+), and 
16h o(.=Se, R=CH$%) (36Omg. 20% based on 11 con- 
sumed) as a pale yellow oil of [a)Da + 49.3” (c = 1.10, 
EtOH), IR(CHC1,) cm - ‘: 1762; ‘H NMR (CDCl,)b : 2.0-2-Q 
(2H, m, CH,CHSePh), 3.2-3.7 (2H, m, CH CH,O), 3QO(lH, 
t of ABX, J- = J, = 10 Hz, CH,CHSePh), 4.4-4.6 (1 H, m, 
CHO), 4.43 (2H, s, OCki,Ph), 7.0-7.3 (8H, m, aromatic J-j), 
7.4-7.6 (2H, m, aromatic H), MS: 362 (M+), and 11 
(R =CH,Ph) (180 mg, 15% recovery). For the oxidative 
elimination a mixture of the two diastereomers (16s and 16b 
(X =Se, R=CH,Ph)) obtained above was used. 

(4s) - ( -I- 4 - Renzyluxymethyf - 2 - buten - 4 - ofide (12 
(R=CH,Ph)) 

A soln of NaIO, (6.06 g, 28.3 mmol) in MeOH-water (1: 1, 
100 ml} was added to the soln of 16 (X = Se, R=CH,Ph) 
(3.40 g, 9.42 mmol) obtained above.” The whole was stirred 
at room temp for 0.5 hr and extracted with AcOEt 
(200ml x 4). The combined organic layers were washed 
successively with loo/, NaHSO,aq, water, and sat NaClaq, 
and then dried over MgSO,. Concentration in wcuo gave a 
dark brown oil. Purification by silica gel column chro- 
matography (ether-n-hexane/l : 1) gave 12 (R = CH2Ph) 
(1.63 g, 85%) as a pale yellow oil of [a]D1” - 107” (c = 1.09, 
EtOH). IR (film) cm-‘: 1755. ‘H NMR (CDCl,)G: 3.70 (2H, 
d,J =6Hx,CH20CH2Ph),4.55(2H,s,CH2Ph),5.@-5.2(lH, 
m,OCH),6.ll(lH,dd,J=2and6Hz,CH=CH),7.24(SH, 
s, aromatic H), 7.40 (1 H, dd, J = 2 and 6 Hz, CH =C)_)). MS: 
204 (M +). 

(4s) - (+) - 2 - Phenykrefeno - 4 - trityfoxymethyf - butan -4- 
ofi& (16 (X = Se, R = CPh,)) 

A soln of 11 (R=CPh#r2 (1.00 g, 2.79 mmol) in THF 
(10 ml) was added to a soln of LDA (6.14 mmol) in THF 
(20 ml) at - 78”. After stirring for 35 min, a soln of phenyl- 
selenyl bromide, prepared from diphenyl diselenide (477 mg, 
1.53 mmol) and Brr (0.039 ml, 1.53 mmol), in THF (10 ml) 
was added and the whole was stirred at - 78” for 1.5 hr. The 
mixture was added by sat. NH,Claq (10 ml) and sat NaClaq 
( 10 ml) and extracted with AcOEt (100 ml x 2, 50 ml). The 
combined AcOEt layers were washed successively with loO/, 
HClaq, water, sat NaClaq, JoOf, NaHSO,aq, water, and sat 
NaClaq, and then dried over MgSU,. Concentration in vwuo 
afforded a faint yellow solid (1.53 g). Purification of the solid 
(4OOmg) by silica gel column chromatography 
(CHCl+cnzene/l:2) sfforded two separable di- 
astereoisomers, Ma (X = Se, R = CPh,) (188 mg, WA) as a 
colorless solid with a higher R, value and 16b (X= Se, 
R=CPh& as colorless solid with a lower R, value (163 mg, 
44%). Recrystallization from benzene-n-hexane gave the 
anaIy%cal sample of 16a as colorless needles of m.p. 90-Q 1”. 
(a]~~ + 29.6” (c = 0.162, CHCI,). IR (KBr) cm-‘: 1765. ‘H 
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NMR tCDCW : 2.0-2.6 (2H, m CH,CHSePh), 3.05 ( 1 H, dd 
ofABX,J~=llHz,JIW 
ABX, JAB = 11 Hz., JBx = 

= 4 Hz, C&O), 3.37 (lH, dd of 

A’B’X’ J 
3H2, C&O), 4.08 (IH, dd of 

, AX’ = 5 Hz, J,‘x’ = 9 Hz, C&W%), 4.3-4.5 (IH, m, 
CFjO), 7.1-7.5 (18H, m, aromatic H), 7.5-7.7 (2H, m, aro- 
matic Ij). MS: 514 (hi+), 512 (M+). Anal. (C&&O&k) C, 
H. 

Recrystallization from benzene gave an analytical sample 
of 16b as colorless needles of m.p. 182-183”. [abD + 43.1” 
(c = 0.320, CHCl,). IR O;CBr) cm-‘: 1768, 1757. ‘H NMR 
(cDCl,)s: 2.07 (lH, ddd of ABMX, J, = 14H2, 
J,,=9Hz,J,= 8 Hz, CHC&CHSePh), 2.62 (lH, ddd of 
ABMX, Jlia = 14 Hz, J,= IOHz, Jau=7Hz, 
CHCIi,CHSePh), 3.07 (lH, dd of A%%‘, JAW = 11 Hz, 
J xx=SHz, CHCIi,O), 3.18 (IH, dd of A’B’X‘, 
J ,,,,&= 11 Hz,J,,.= 6 Hz, CHC&O), 4.00 (1 H, dd of ABM, 
J,=9Hz, JW= 10 Hz, CH,CIjSePh), 4.3-4.7 (IH, m, 
Cl-JO), 7.1-7.5 (18H. m, aromatic II), 7.5-7.7 (2H, m, aro- 
matic I$. MS: 514 (M+), 512 (M+). Anal. (C&I,O,Se) C, 
H. 

(4s) - (-) - Trityloxyntethyf - 2 - buten - 4 - elide (12 
(R=CPh&) 

A soln of 16 (X=Se, R=CPh,)” (3.60 g, 7.02 mmol) in 
AcOEt (200 ml) was added to a soln of NaIO, (4.01 g, 
28.1 mmol) and 18-crown-6 (67 mg, 0.28 mmol) in water 
(60mQzo The mixture was heated at 50” for 14 hr and 
AcOEt layer was separated. The aqueous layer was extrac- 
ted with AcOEt (150 ml). The combined AcOEt layers were 
washed successively with IV/, NaHSO,aq, water, sat 
NaHCO,aq, water, sat NaClaq, and then dried over MgSO,. 
Concentration in uocuo afforded a yellow solid (2.89g). 
Purification by silica gel column chromatography 
(benzene-ether/lOO: 1) gave 12 (R=CPh3) (2.188, 87%) as 
colorless needles of 
benzene-n-hexane). [ulD20 - 97:: (c 

152.3-154” (from 
= 1.10, CHCl,). IR 

(KBr) cm-‘: 1765, 1600. ‘H NMR (CDCl,)b: 3.39 (2H, d, 
J=SHz, C?&), 4.e5.1 (IH, m, CIi), 6.16(1H, dd, J=2 
and 6 Hz, CH = CI-jCO), 7.1-7.5 (16H, m, aromatic @ and 
CIj =CHCO). MS: 356 (M+). Anal. (t&H,O,) C, H. 

(45) - (+) - 4 - Hydroxymethyr butmr - 4 - ofide (11 (R = H)) 
(i) Catalytic hydrogenation of 12 (R = CH#h) (1.00 g, 

4.90 mmol) of [a]DID - 107” (C = 1.09, EtOH) was carried 
out with 5% W-C (1OOmg) and PdCl, (1Omg) in EtOH 
(50ml) under an atmospheric pressure of HP The mixture 
was filtered, and the filtrate was concentrated in vacua to 
afford a pale yellow oil (576 mg). Purification by silica gel 
culumn chromatography (ether_CHCl/5 : 1) gave 11 
(R= H) as a pale yellow oil of [aIDa + 32.7” (c = 2.92, 
E1OH) (reported” [aID26 + 31.3” (c = 2.92, EtOH)). 

(ii) Catalytic hydrogenation of 12 (R = CPh,) (620 mg, 
1.74 mmol) of [a]Dzu - 97.8” (c = 1.10, CHCI,) was carried 
out with 5% Pd-C (50 mg) and PdClz (100 mg) in 
AcOEt-EtOH (5: 6, 22 ml) under an atmospheric pressure 
of H,. The mixture was filtered, and the filtrate was concen- 
trated in uac~ to give a pale yellow oil (619mg). 
Purification by silica gei column chromatography 
(ether-CHCl,/S: 1) gave 11 (R= H) (168 mg, 92%) as a 
colorless oil of [a JDx + 32.2” (c = 3.24, EtOH). 

2 - (3,4,5 - Trimethoxyphenyl) - 1,3 - aWane 
1,3-Propanedithiol (10 ml, lOOmmole) was added to a 

soln of 3,4,5_trimethoxybenldehyde (17.8 g, 89 mmole) in 
CHCl, (200 ml)_ After stirring for 2 hr at room temp cone 
HCI (3 ml) was added and the whole was stirred for 2 hr at 
room temp. The mixture was washed successively with water 
and sat NaClaq, and then dried over K&O,. Concentration 
in vucuo afforded a colorless solid, which was then re- 
crystallized from AcOEt to give the desired dithiane (22.0 g, 
86%) as colorless needles of m.p. 85-87.5”. IR (KBr) cm-‘: 
1590. ‘H NMR (CDCl,)G: 1.7-2.3 (2H, m, CH,C&CH& 
2.7-3.2 (4H, m, Cfi-I,CH,CH& 3.80 (3H, s, OCH,), 3.85 
(6H, s, OCH, x 2), 5.06 (lH, s, ArCU), 6.65 (2H, s, 

aromatic I$). MS: 286 (M+), 212. Analytical sample was 
prepared by recrystallizing the above needles from 
A&Et-n-hexane to give colorless needles of m.p. 
88.5-89.0”. Anal. (C,,H,,O&) C, H. 

(+) - (2S, 3S, 4s) - 2 - Piperonyf - 3 - (2 - (3,4,5 - 
trbnethoxylphenyl) - I,3 - &h&e - 2 - yi) - 4 - ben- 
zyloxymethyl - butan - 4 - elide (19) 

A soln of 2-(3,4,5-trimethoxy-phenyl)-1,3dithiane (2.89 g, 
10.1 mmole) in THF (20 ml) was added to a cooled (- 78”) 
soln of n-BuLi (10.1 mmole) in THF (30ml) under argon. 
After stirring for 0.5 hr. a so111 of (->12 (R=CH,Ph) 
(1.58 g, 7.75 mmole) of [afDm - 107” (EtOH) in THF (10 ml) 
was added over a period of 3min, and the mixture was 
stirred at -78” for 3 hr. A soln of piperonyl bromide 
(2.34 g, 10.9 mmol) in THF (15 ml) was added, after which 
the whole was stirred at -78” for 0.5 hr and then allowed 
to warm up to room temp for 15 hr. After the addition of 
sat NH,Claq (40 ml), the mixture was extracted with AcOEt 
(300, 200, 100 ml). The combined extracts were washed 
successively with 10% HClaq, water, sat. NaHCO,aq, water, 
and sat. NaClaq, and then dried over MgSO,. Concen- 
tration in vucuo afforded a dark brown viscous oil (1.89 g), 
which was purified by silica gel c&mn chromatography 
(CH&l,-ether = 40: 1 and then 20: 1) to give (+)-19 (5.03 g, 
96%) as a pale yellow glass of [alDm + 1.78“ (c = 2.14, 
CHCl$ IR (CHCQ cm-‘: 1767,1585. ‘H NMR (CDCl@: 
1.6-2.1 (2H, m, CIj&, 2.3-3.5 (IOH, m, CIj, x 4, Clj x 2), 
3.81 (6H, S, OCEi[, x 2), 3.84 (3H, s, OCIQ, 4.41 (2H, s, 
PhC&j, 4.9-5.1 (IH, m, OCI-I), 5.7-5.9 (2H, m, OCH,O), 
6.2-6.3 (2H, m, aromatic H), 6.4-6.6 (IH, m, aroma& H), 
7.07 (2H, s, aromatic I$). MS: 624 (M+), HRMS (Found: 
624.1895. Calc for C,,H,O,S,: 624,1849). 

(3S, 4s) - (+) - 3 - (2 - (3,4,5 - TrimethoxyphenyZ) - 1,3 - 
dithiun - 2 - yi) - 4 - trityloxymethyl - butan - 4 - o/k& (23) 

A soln of n-Buti (5.47 mmol) in n-hexane (3.1 ml) was 
added to a -led (-78’) soln of 2-(3,4,5-trimethoxy- 
phenyl)-1,3dithian (1.5 g, 5.47 mmol) in THF (20 ml) under 
argon. After stirring for 30 min, a soln of 12 (R =CPh,) 
(1.5 g, 4.21 mmol) in THF (25 ml) was added and the whole 
was stirred at -78” for 2 hr. The mixture was quenched by 
sat NH,Claq (10ml) and extracted with A&Et (15Om1, 
100 ml x 2). The combined extracts were washed succes- 
sively with loo/, HClaq, water, sat NaHCO,aq, water, and 
sat. NaClaq, and then dried over MgSO,. Concentration in 
vacua afforded a faint yellow solid (2.94 g). Recrystallization 
from AcOEt gave (+)-23 (1.60 g, 59%) as colorless prisms 
of m.p. 189.5-190.5”. [a]Dzo+ 15.2” (c = 2.01, CHC13. IR 
(KBr) cm-‘: 1780. NMR (CDCl,)s: 1.6-2.1 (2H, m, 
CH,CI$CH,), 2.5-3.5 (9H, m, CIi,CH,CFI,, COC@,CI%, 
OW3.3.77 (6H, s, OCIj, x 2), 3.79 (3H, s, OCIj,), 4.7-4.9 
(lH,m,OCH), 7.&7.4(17H,m,aromaticIi). MS: 642(M+). 
Anal. (C,,H,O&j C, H. 

(35, 45) - (+) - 3 - (3,4,5, - Trimethoxybenzyt) - 4 - 
hy&oxymethyl - butan - 4 - elide (24) 

(i) A mixture of (+)-23 (9.28 g, 14.5 mmol) and Raney Ni 
(W-4,72 g) in EtOH (I .4 1) was heated to reflux for 5 hr and 
then filtered. The filtrate was concentrated in vfzcuo to give 
a colorless solid. After the addition of AcOEt (350 ml), the 
mixture was washed successively with sat NaClaq, sat 
NaHCO,aq, water, and sat. NaClaq, and then dried over 
MgSO,. Concentration in vucuo gave a colorless solid 
(7.27 g). Purification of the above solid (7.00 g) by silica gel 
column chromatography (benzene-AcOEt/ 1: 3) gave ( + )-U 
(2.50 g, 65%) as colorless needles of m.p. 119-120” (from 
benzene). [alD2O + 26.7” (c = 0.998, CHCl,). IR (KBr) cm-‘: 
3460, 1780. ‘H NMR (CDCl,)s: 2.1-2.9 (6H, m, 
ArCH,CHCY,, OH), 3.4-3.7 (2H, m, C&OH), 3.80 (3H, s, 
OC)li[,), 3.82 (6H, s, 0CIi13 x 21, 4.2-4.4 (IH, m, CH), 6.34 
(2H, s, aromatic lj). MS: 2% (M+). Anal. (ClsH2aOJ C, H. 

(ii) ( -j-12 (R = CPh,) (790 mg, 2.22 mmol) was treated in 
the same way as has been described above to give a crude 
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procedure used for the racer& modiliattion reported by 
Ziegler.& 

A soln of L-Selectride (0.1 mtnol) in THF (0.1 ml) was 
added to a cooled (- 78”) soln of (- )-S (35 mg, 0.085 mmol) 
in ‘ITIF (3 ml), The whole was then stirred at -78” for 
40 min and quenched with acetone (0.4 ml). After dilution 
with AcGEt (100 ml), the mixture was washed with sat 
K,CO+q and dried over MgSG,. Concentration in vucuo 
afforded a colorless solid (57 mg). Recrystallization from 
CH,Cl,-n-hexane gave (- )-2 (24.5 mg, 69/J as colorless 
needles of m-p. 244.5-245.5’. [ab= - 107” (c = 0.67, pyri- 
dine) (reported [ah,23 - 126” (c = 0.68, pyridine)),3 IR 
(KBr) cm-‘: 3590, 1782. NMR (CDCl,)& 1.92 (lH, d, 
J = 4 Hz, OH), 2.1-3.4 (4H, m, ArC&CHC!@), 3.62 (3H, s, 
GC&) 3.87 (3H, s, GCHa, 4.08 (lH, dd of ABX, 
J ,=9Hx, Jax= 8 Hz, GCHCH), 4.99 (IH, dd of A’BX, 
J,, = 4Hz, J,., = 8 Hz, HOQICH), 6.02 (111, d, 
J = 1.5 Hz, GCIjHO), 6.07 (lH, d, J = 1.5 Hz, GCHHO), 
6.50 (IH, s, aromatic H), 6.70(lH, s, aromatic II), 7.08 (lH, 
s, aromatic II). MS: 414 (M +). Anal. (C!,H,Os f fH,O) C, 
H. 

(+ )-12-Bromoi.wsfegune (29) 
This compound was prepared according to the procedure 

for the racemic modification reported by S&less&err3 
A mixture of ( + )-28 (50 mg, 0.126 mmol) and pyridinium 

bromide pcrbromide (48 mg, 0.152 mmolj in CHCl, (10 ml) 
was stirred at rmm temp for 24hr. After dilution with 
AcGEt (90 ml), the whole was washed successively with l@A 
HClaq, water, loo/, Na&O,aq, water, sat NaHCO,aq, 
water, and sat. NaClaq, and then dried over MgSO,. 
Concentration in vucuo afforded a colorless solid (67 mg) of 
m.p. 156-158”. [a)D2’ + 122” (c = 1.04, CHCI,). IR (KBr) 
cm-‘: 1780. NMR (CDCl,)& 1.9-2.5 (4H, m), 2.5-2.7 (lH, 
m), 3.55 (3H, s, OCH,), 3.6-3.9 (ZH, m), 3.94 (3H, s, GCH,), 
3.95 (3H, s, GCI13), 4.2-4.4 (IH, m), 5.99 (lH, d, J = 1 Hz, 
OCHHO), 6.02 (lH, d, J= 1 Hz, GCHHO), 6.63 (lH, s, 
aromatic H), 6.72 (IH, s, aromatic II). MS: 478,476 (M+). 
Anal. (C,H,,O,Br) C, H. 
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