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Synthesis of Both Enantiomers of Hiburipyranone

o

Ueparrmem oj Appuea umlogual Lnemnln Graduate School uj /\x;ru ultural and Life Sciences,

H

The University of Tokvo, 1-1-1 Yavoi, Bunkvo-ku, Tokyo 113-8657, Jupen

Received 27 April 1998; accepted 29 May 1998

Abgstract: BRoth enentiomersof hiburinvranone, acytotoxic metabolite of marine sponge, was Q\mthoqud

20Ut FONDIPYT ,alyl SpL 51200

cmploying Sharpless’ asymmetric dihydroxylation as a key step and absolute configuration of the natural
compound at C-3 position was determined to be R. © 1998 Elsevier Science Lid. All rights reserved.
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Hihurinyranone (1 Fio 1) was iealated! in 1001 hy Fusetani ¢f o] fram a marine snonoe Myueale hacrenc
SIDUnpyranone (1, rig. i) was isgiated 1n 17>1 By rusetant ef ¢i. Irom a manne sponge Mycaie adnaerens
It has a 3,4-dihydroisocoumarin skeleton and is cytotoxic against P388 murine leukemia cells (IC ;, = 0.19

pg/ml).  Although racemic hiburipyranone was synthesized” by us in 1997, absolute coufxguranon at C-3
position has not been clarified. Herein, we report an enantioselective synthesis of (R)-1 and (S)-1 and
determination of the absolute configuration of natural hiburipyranone as a part of our synthetic studies on
isocoumarins, which have rather simple structures with many remarkable bioactivities.

Hiburipyranone

Fig. 1

RESULTS AND DISCUSSION

In our initial synthetic study, we adopted the same stralegy with our acctophthalidin synthesis’ as shown in
Scheme 1. Dihydroxylation of an olefin 3 gave a phthalide 4 directly under the usual AD reaction conditions.”
Deoxygenation at the benzylic position of the phthalide 4 was examined in detail: ~ (a) hydrogenolysis using Pd
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H n re 01/ N Pl oLt 21 . 1 P
10% Pd-C, Pd(OH},-C, Pd black], in acidic, neutral or basic media, under 1-50 atm, at n—‘vU”L (b)
ili i ing i imethylsilane,™® alkyl or aryl mercapian,”” and benzeneselenol.’ (c)
dlssolvmg metal reduction in liquid ammonia or ethylamine. Most of these reactions, however, resulted in

recovery of phthalide skeleton or decomposition of the structure. Only in the case of the dissolving metal
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reduction, desired material 5 was obtained in very poor yield (<12%). It turned out that the phthalide group in 4

bt
was extremely resistant to reductive elimination of the benzylic C-O bond, and then we concluded that
methoxycarbonyl group had to be introduced after the Sharpless’ asymmetric dihydroxylation in order to prevent
the formation of phthalide.

HO

reductive cleavage OH O
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Scheme 1
We then selected commercially available 3,5-dimethoxybenzaldehyde (6) as a starting material (Scheme 2).

This aldehyde was treated with n-butyllithium in tetrahydrofuran at —78°C to give racemic benzyl alcohol (7).
The crude 7 was boiled with 20% sulfuric acid to give trans-8 as a major product (77% in 2 steps, E/Z = ~30:1).
We selected Sharpless’ dihydroxylation® as an asymmetric introduction step.'® Thus, olefin 8 was
dihydroxylated to give (R, R)-diol 9 using AD-mix-} in 99% yield. Because the enantio- and diastereomeric
purity could not be determined at this stage, we proceeded to some more steps.  Unfortunately, direct reductive
elimination of the benzylic alcohol of the diol (R, R)-9 (e.g. Pd-catalyzed hydrogenolysis under various
conditions) resulted in failure again. Wec then tried radical reduction of thionocarbonate. The diol (R, R)-9

was trealed with thiocarbonyidiimidazoie to give thionocarbonate (R, R)-10 in 97% yieid, which was then heated
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with a small amount of overreduced compound (see experimental section). The direction of the reductiv
(‘If'avmre was reasonable since it was considered that the hen/vlm radical was more stable than hnmnhmwvlm one.
Now problem about the deoxygenation was solved and (R)—ll was in hand, this alcohol was regioselectively
brominated to give (R)-12 as a colorless solid. The enantiomeric purity was determined at this stage to be
97.3% e.e. by HPLC employing a column with chiral stationary phase (see experimental). By recrystallization,
(R)-12 with ~100%e.e. was obtained as colorless fine needles (78% yield, mp 101.5-102.0°C).  After the
hydroxyl group of (R)-12 was protected as TBS ether (quant.), the resulting (R)-13 was lithiated by »n-
butyllithium and reacted with methyl chloroformate to give (R)-14. Desilylation by tctra-n-butylammonium
fluoride gave a 3,4-dihydroisocoumarin skeleton (R)-15 as colorless prisms (76% from (R)-13, mp 83.0-
83.5°C).

The next task was regioseiective bromination at C-7 position (Scheme 3). In our synthesis of the
racemate Drommauon OI 0 umyuroxy J propyl 3 Glnyarolsou)umarm Un which boih the pnenouc Dy(_lI'OXyl
groups are free) gave only 16% of the desired hiburipyranone, in addition to 16% of isomeric monobromide and
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Scheme 2; 1) n-BuLi, THF, -78°C, 2.5h; b) 20% H,SO,, reflux, 15h, 77% in 2 steps; c) AD-mix-
B, CH,SO,NH,, -BuOH, H,0, 4°C, overnight, 99%: d) thiocarbonyldiimidazole, benzene, reflux,
2.5h, 97%; €) n-Bu,SnH, benzene, reflux, 80 min, 94%; f) Pyr*HBr*Br,, Pyr., CH,Cl,, —20°C, 30
min; recrystn, 78%; g) TBSCI, imid., DMF, rt, overnight, quant.; h) n-BuLi, CICO,Me, THF,
—78°C, 1h; 0°C, 30 min; i) TBAF, THF, 76% in 2 steps.

SuA 1 1 1 7. 1 r1al That o Ihn st vxrac b ot 1
26% of dibromide with a recovery of 26% of recovered starting material.  That is, the reaction was too activated
by two phenolic groups.  On the other hand, complete regioselectivity at C-5 position was observed in the case

of bromination of (R)-15. We then tried bromination of (R)-16, which has one methoxy group and one
hydroxyl group on the benzene ring.  Selective demethylation of (R)-15 with boron tribromide afforded (R)-16
in 94% yield (mp 55.0-55.3°C). Bromination of (R)-16 using pyridinium hydrobromide perbromide gave the
desired (R)-17 in 40% yield (mp 158.5-159.0°C) together with a mixture of regioisomer (R)-18, dibromide (R)-
19 and the starting material (R)-16 (75:8:17 determined by 'H-NMR, in totally 59% yield). There was no
selectivity in this step, and it could not be improved under the known ortho- (to phenolic hydroxyl group)
bromination conditions.'™'" It was likely that the C-5 position was more activated and the regioselective
bromination at the C-7 position was difficult."*'®  Thercfore, this undesired mixture of by-products was reduced
with zinc powder in acetic acid to regenerate the original substrate for bromination ((R)-15) which could be
recycled. The final deprotection of phenol proceeded in excellent yleld (98%) to glve (R)] (mp 186.0-

T
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L
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(S )-Hiburipyranone was also synthesized successfully in the same procedure by using AD—mu x-a instead of
AD-mix-B. The 'H-NMR, ""C-NMR, and IR spectral data of synthetic (5)-1 were also identical with those of
natural 1' and synthetic (+)-1.*> Its mp was 186.0-187.0°C. Specific rotation was [ot],> +30.2 (¢ 0.615,
CHCI,), which had almost the same absolute value as that of the synthetic (R)-1 and had different sign from that
of the natural 1.

Though we proposed the absolute configuration of natural hiburipyranone to be R, there was no sufficient
evidence because the absolute value of the specific rotation of the natural 1 was too small than those of our
synthetic (R)-1 and ($)-1."" We examined it by HPLC using a column with chiral stationary phase.  (R)-1
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Scheme 3; j) BBr,, CH,Cl,, 4°C, overnight, 94%; k) Pyr-HBr*Br,, pyridine, CH,Cl,, 0°C, 50
min, 40%; 1) Zn powder, AcOH, reflux, 7d, S0% in 2 steps; m) BBr,, CH,Cl,, 1t, overnight, 98%.

and (S)-1 were barely separable because the difference in retention time was only ca. 2 min. However, natural
1 was unambiguously proved to be R by co-injection with each samples (see experimental).

In conclusion, both enantiomers of hiburipyranone (1), the cytotoxic metabolite of marine sponge Mycale
wihaerens were synthesized by empioying Sharpiess’ asymmetric dihydroxylation as a key step. The overall
1 and (5)-1 were 3 30% in i3 qteps The absolute configuration of I was determined to be R by

T [ iy
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EXPERIMENTAL

IR spectra: Jasco FT /IR 230 spectrometer. 'H-NMR spectra: a Jeol INM EX-90 spectrometer (90 MHz)
or a Jeol JNM GSX-500 spectrometer (500 MHz). '""C-NMR spectra: Jeol INM GSX-500 (125 MHz).
Specific rotations: Jasco DIP-371 polarimeter. Refractive indexes: Atago IT refractometer. HPLC: Shodex
DS-4 and SSC UYV detector 3000B (254 nm). High resolution mass spectra: Jeol JMS-SX102 / SX102.

Column chromatography: Merck Kieselgel 60 (Art. Nr. 7734). Preparative silicagel TLC: Merck Kieselgel F-
254.  Melting points: Yanako micro-melting point apparatus.  Boiling point and melting points are uncorrected.
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1-(3,5-Dimethoxyphenyi)-1 -pentanol (7).
A ane (1.61 M, 100 ml, 161 mmol) was added to a solution of 3, 5-

ol

i bUlUllUn Uf Fi- Uulymuuuiu lll lle\n
dimethoxybenzaldehyde 6 (22.0 g, 132 mmol) in dry tetrahydrofuran (200 ml) below —50°C under argon.
vart

After chrrmo' the mixture at —78°C for 2.5h. it was w rmpd to 0°C, qnpnrhpr‘l with saturated ammonium chloride

3l Suid Fe CQUIIRAITEEL Vi iue

tavicid LG dyvl jaiwie )

magnesium sulfate and concentrated in vacuo to give crude 7 (30.2 g); IR (film): v = 3440 (br), 2960, 2940,
1600, 1460, 1430, 1350, 1320, 1300, 1200, 1160, 840, 700 cm™'; 'H-NMR (90 MHz in CDC], ): § = 0.99 (3H,
t, J=5.7 Hz, 5-H), 1.14-1.45(4H, m, 3- and 4-H), 1.74 (2H, m, 2-H), 1.90 (1H. br, -OH), 3.80 (6H, s,

solution and extracted with ether, The organic layer was washed with water and brine, dried with anhydrous
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-OCH;), 4.59 (1H, t, J= 6.6 Hz, 1-H), 6.37 (1H, t, J= 2.6 Hz, Ar-H), 6.51 (2H, d, J= 2.6 Hz, Ar-H).
This was used in the next step without further purification.

1-(3,5-Dimethoxyphenyl)-1-pentene (8).
A suspension of the crude alcohol 7 (30.2 g) in 20% sulfuric acid solution (250 ml) was refluxed for 15h.
It was then cooled and extracted with ether. The organic layer was washed successively with water, saturated

s0dium bicarbonate \UlUllUﬂ and Dﬂnﬁ dried wiih ‘mnyurous magnesxum suifate and concentraied in vacuo. The

g o)
CSIGUC was \.uuuualublapucu over silica SCI \.)UU g] allu Llumnl Wuu uc)hllltf / Clu_yl acetate (JU l) gave crude o

(22.7 g) as a slightly yellow oil. It was then distilled to give pure 8 (E /Z = ~30:1, 20.8 g, 77% from 6) as a
colorless oil; bp 122-123°C (1.6 mmHg); n, M= 15168 IR (film): v = 2060, 2040, 1590, 1460, 1420

s = AN\, [ AV N

IQ<n
1340, 1290, 1200, 1160, 960, 840, 830 690 em ' "H-NMR (500 MHz in CDC, ) for (F)-isomer: § = 0.95 (31{
’%

"! 7]

t,.J=7.4 Hz, 5-H), 1.50(2H, tq, J= 7.4 Hz, 7.4 Hz. 4-H), 2.18 (2H, br dt, J 6.8 Hz, 7.4 Hz. 3-H).

(6H, s, -OCH,), 6.22 (1H, dt, J = 15.8 Hz, 6.8 Hz, 2-H), 6.32 (1H, brd, J=15.8 Hz, 1-H), 6.33 (1H, . J—
2.0 Hz, Ar-H), 6.51 (2H, d, J = 2.0 Hz, Ar-H); for (Z)-isomer (partial): & = 2.32 (2H, ddt, /= 1.8 Hz, 7.4 Hz,
7.4 Hz, 3-H), 5.66 (1H, dt, J = 12.0 Hz, 7.4 Hz, 2-H); Andl. Caled. for C,;H,,0,: C, 75.69; H, 8.80. Found:
C, 75.90; H, 8.83.

1-(3,5-Dimethoxyphenyl)- 1,2-pentanediol (9).
(a) (IR, 3R)-isomer. Methanesuifonamide (i.15 g) was added to a two-phase stirred mixture of AD-mix-§

— = P A — S Py . R R e
{16.5 g), water {60 uu) and i-butyl alcohol (60 mi) at 11, and the reaction mixiure was then ice-cooled. The olefin
€ (A0 5 121 Adad to the e o e PR
U \&.775 K, 1408 uuu\u; wun aGaGeaG lu ul\. l\,‘suluus Ul(llléb au')l)\,ubl\}u auu lu\, lba\,llUll llllAlulL, waa VlcUlUu)lJI

stirred at 4°C overnight.  After excess sodium sulfite was added, the mixture was warmed to rt and stirred for 1h.
It was diluted with water and extracted with ethyl acetate.  The organic layer was washed with water and brine,
dried with anhydrous magnesium sulfate and concentrated in vacwo. The residue was chromatographed over
silica gel (100 g) and elution with hexane / ethyl acetate (5:1-0:1) gave (R, R)-9 (2.87 g, 99%) as a slightly
yellow oil; [a],”* —4.78 (¢ 1.32, CHCL); n,'” = 1.5168; IR (film): v = 3400 (br), 2960, 2940, 1600, 1460,
1430, 1340, 1320, 1295, 1205, 1160, 1060, 1030, 840, 700 cm™'; 'H-NMR (90 MHz in CDCl,): § = 0.87 (3H,
t, J= 6.2 Hz, 5-H), 1.35 (4H, m, 3- and 4-H), 2.43 (2H, br, -OH), 3.69 (1H, m, 2-H), 3.79 (6H, s, -OCH,),
4.34 (1H, d, J= 6.5 Hz, 1-H), 6.39 (1H, t, J = 2.3 Hz, Ar-H), 6.48 (2H, d, J = 2.3 Hz, Ar-H); HRFABMS
m/z = 240.1358 [M]" (Calcd. for C,H,,0,: 240.1361).

(b) (1S, 35)-isomer: In the same manner as described above, the olefin 8 (10.0 g, 48.5 mmol) was

1

Ph 3 T By ‘A £1 .\ L l ATY ol o (L7 Y o\ i et IAN PR IV MU IRy D Py |
umyuwxymu:u usxug meihanesulfonamide (#4.01 g) ana AD-mix-ot {67.9 5; in water {240 mil) and #-bu y1 aConon
(YAD 1aI\ #4 aiva (€ CV O (11 QAOLN Lichtly vallaw Ails Tevl 20 04 £AQ 7~ 1 £ CHOI Y- n 19 - 1 S1AQ- Teg
\L"f\} llll} wr 51‘\.« \b}, L.)) 7 \l O 5, A /U) ady a \IIbllLl) ]bllUW Ul l\le[) B W \L 1. ULy \.'11\/13}. IIU = d.S LU, AW
IR spectrum was identical with that of (R, R)-9; "H-NMR (90 MHz in CDC1,): § = 0.87 (3H, t, J= 6.1 Hz, 5-H),
1.36 (4H, m, 3 and 4-H), 2.38 (2H, br, -OH), 3.69 (1H, m, 2-H), 3.79 (6H, s, -OCH,), 4.34(IH, d, /=6

1 .
Hz, 1-H), 6.39 (1H, t, J= 2.2 Hz, Ar-H), 6.48 (2H, d, J= 2.2 Hz. Ar-H); HRFABMS ni/z = 240.1365 [M]*
(Calcd. for C,,H,,0,: 240.1361).

4-(3,5-Dimethoxyphenyl)-5-propyi-1,3-dioxolane-2-thione (10).

(a) (4R, 5R)-isomer: A mixture of the diol (R, R)-9 (6.43 g, 26.8 mmol), thiocarbonyldiimidazole (6.45 ¢
36.2 mmol) and dry benzene (150 ml) was refluxed for 2.5h under argon. It was then cooled and evaporated.
The residue was chromatographed over silica gel (100 g) and elution with hexane / ethyl acetate (10:1-1:1) gave
(R, R)-10 (7.30 g, 97%) as a colorless oil; [o],* —9.71 (c 1.75, CHCI,); nD20 = 1.5168; IR (film): v = 2960,
2940, 1600, 1460, 1430, 1320, 1280, 1205, 1160, 1060, 990, 950, 940, 840, 690 cm™'; '"H-NMR (90 MHz in

1Y . eV B SN

PalaVall N, N NS ATT r £ 0 TY ‘el A Vel 1A N Nng (AT o ral Mr el 1 AN (c

CLAL )10 = U790 (51, 1, 4 = 0.0 N/, LJ‘[ELI‘I,), L. 14-2.U0 \qn m, -CJi1,i1,r1,), 3.0V (Ur1, 5, -UR.I1,),
A £77 /11 . & EIN & NL /TIT A T 70 U, A LTV £ A4 (21T 1 Ave IYe Al Mulnd fare M I N Q.
4.0/ (101, 1y, J0-11), J.249 UHil, U, J — /(.7 114, F7h1), U. 9% \(J11, ULd, NIT11), T, S divUL TUL g e/, L,
SO0 RS- I A A2 Fannd- M SQ A - H A A7

JT.IAT, By, ULTTU. 1 VULIUL Wy VSV 1 V.T 7

(b) (4S, 58 )-isomer. In the same manner as described above, (S, $)-9 (10.7 g, 44.4 mmol) was treated
with thiocarbonyldiimidazole (10.7 g. 59.9 mmol) in dry benzene (200 ml) to afford (S, §)-10 (12.4 g. 99%) as

t=
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a colorless oil; [a],”' +9.49 (¢ 1.43, CHCL); n,”" = 1.5167: Its IR and '"H-NMR spectra were identical with
those of (R, R)-9; Anal. Calcd. for C, H,;0,S: C, 59.55; H, 6.43. Found: C, 59.61; H, 6.43.

1-(3,5-Dimethoxyphenyl)-2-pentanol (11).

(@) (R)-isomer. A mixture of the thionocarbonate (R, R)-10 (6.95 g, 24.6 mmol), tri-n-butyltin hydride
(10.0 ml, 37.2 mmol), 2,2-azobis(isobutyronitrile) (50.0 mg, 0.304 mmol) and dry benzene (130 ml) was
refluxed for 80 min under argon. It was then cooled and evaporated. The residuc was chromatographed over
silica gei (200 g) and elution with hexane / ethyl acetate (1:0-3:1) gave (R)-11 (5.18 g, 94%) as a coloriess oil.
An overreduced compound, 1,3- dunethoxy S-pentylbenzene, was also obtained together with a decomposed

an ac 1111 21 19 7 /0 20 CUIM . - 19 1 g1g0. T
annan 1\.415\.4“ uu “'5 as a uuluux\.// \l\ }‘l Kk, W] —rL.7 \C =20, Lliviy), 1), - 1.2

i . Vv
0, 1060, 830, 700 cm™'; 'H-NMR ¢

s I\WUNS, U7, I Mkl 4 X

7 in 1) & (3H, 5-H), 1.3 - and 4-H), 2.57 (1 d,
13. 6Hz lH) 276(IH dd, J 45HL, 136H7 ] H) 78(6H s, -OCH,), 3.80 (1H, m, 2-H),
brs, Ar-H); Anal. Calcd. for C,,H,,0,: C, 69.61; H, 8.99. Found: C, 69.30; H, 8.97.

(b) (S )-isomer: In the same manner as described above, (S, §)-10 (11.8 g, 41.7 mmol) was reduced using
tri-n-butyltin hydride (16.8 ml, 62.5 mmol) and 2,2-azobis(isobutyronitrile) (82.0 mg, 0.499 mmol) in dry
benzene (100 ml) to give (§)-11 (8.78 g, 94%) and 1,3-dimethoxy-5-pentylbenzene (1.80 g as a mixture). (§5)-
11; [oe],”* +12.3 (¢ 1.34, CHCL,); n,'" = 1.5167; Its IR and 'H-NMR spectra werc identical with those of (R)-
11; Anal. Calcd. for C,,H,,0,: C, 69.61; H, 8.99. Found: C, 69.50; H, 9.12.
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i-{2-Bromo-3,5-dimeihoxyphenylj-2-penianol (i 2).
(a) (R)-isomer. A solution of pyridinium hydrobromide perbromide (7.07 g, 22.1 mmol) in pyridine (15

m]\ wag Qﬂdpﬂ toa innﬁnn nf the qlr-nhr\l (D\ I 1 /495 g, 22. 1 Knrnnl\ ln r|r\r rhr h]nrnmpthnﬂ (m m|\ at ')n°r‘

The mixture was stirred at this temp. for ’m min. It was then poured into lﬁ% sodium thiosulfate solution and
extracted with ether. The organic layer was successively washed with water, 1IN hydrochloric acid solution,
saturated sodium bicarbonate solution and brine, followed by drying with magnesium sulfate and it was
concentrated in vacuo to give crude (R)-12 as a colorless solid (6.49 g). This was recrystallized twice from
hexane / ethy! acetate (3:1, 5:1) to give chemically and enantiomerically pure (R)-12 (5.21 g, 78%) as colorless
fine needles; [a],?' —24.4 (¢ 1.10, CHCL); mp 101.5-102.0°C; IR (KBr): v = 3340, 3260, 2960, 2930, 1600,
1580, 1460, 1430, 1350, 1330, 1240, 1210, 1160, 1095, 1075, 1020, 950, 840, 810 cm '; "H-NMR (90 MHz

inCDCl, ): 8=0.94 (3H, t, J=6.1 Hz, 5-H), 1.54 (4H, m, 3 and 4-H), 2.73 (1H, dd, J=8.8 Hz, 13.6 Hz, 1-

H), 3.05 (iH, dd, /= 3.8 Hz, 3.6 Hz, i-H), 3.80 (3H, s, -OCH,), 3.85 (iH, m, 2-H), 3.88 (3i, s, -OCH,),
L AN 1YY 1 ' 4 ~ &YYo A . TTN ©£ AL LYY 1 1 4 AN LSOTT A .. TTN. ol Ty 1 . '\'
0.0¥(in, 4, J = £.0 14, Al-11), 0,40 (111, 4, J = L.D 117z, Al- l1), ﬂll{ll \_.dJLU lUI L,;l‘l]‘)DTUQ L, 21.0U,
£ 2 ¢, A M K1 KL LT £ 272
0.0, rOUNa ©, J1.50, 11, U.5J.

(b) (S )-isomer: In the same manner as described above, the alcohol (5)-11 (8.41 g, 37.5 mmol) was treated
with nvridinium hvdrobromide nerbromide (I’) 1 g, 37.7 mmol) in dichloromethane (100 ml) and nvrldme (75

ARSAIIALAIIL 2 eiOUN omide Py

mb) to afford crude (§)-12 (11.2 g) as acolorless solid. This was recrystallized twice from hexane /ethvl acetate
(5:1, 3:1) to give pure (S)-12 (8.97 g, 79%) as colorless fine needles; [a],, " 424.3 (¢ 1.22, CHCL,); mp 101.5-
102.0°C; Its IR and 'H-NMR spectra were identical with those of (R)-12; Anal. Caled. for C H ,BrO;: C,

51.50; H, 6.32. Found: C, 51.64; H, 6.30.

Determination of the enantiomeric purities of (R)- and (S)-12.

These were determined by HPLC (Chiralcel® OD, 4.6 mm ¢ x 250 mm; eluent, hexane / 2-propanol = 30:1;
flow rate, 0.8 ml/min). (R)-12: (before recrystallization) ¢, = 14.2 min (1.8%), 16.3 min (98.2%); (after
recrystailization) f, = 16.6 min (singie peak). These figures proved the enantiomeric purity of crude (R)-12 to be
96.4% e.e. and that of purified (K)-12 to be about i00% e.e. (5)-1Z: (before rccrysmuuduun) i, = 14.0 min

..... —

I e TN o Yo- R NE IV s QUSRS SSeny L, I V) 4 gl ~on oy Thaca
(¥0.770), 10.D 11Ul \3.170, Wllu a 51udu Suuuluc:l}, \aucx lt:uy\uuuLauu l} IR - 1‘1‘0 llull \hlllélb pCdrj. 11CsC
figures proved the enantiomeric purity of crude (§)-12 to be >93.8% c.c. and that of purified (5)-12 to be about
1009 o o
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NS/ (Y JT000/FIB0T . FTASULY MEKRIRULY ALY 1 CINVIIUL (7. 11U Z, LU0 NUHUL] Wdd adUucu W dali ICC-COUICU dUiuuon Ol
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was warmed to rt and stirred overnight. It was then poured into icc-water and extracted with ether. The
organic layer was successively washed with water, saturated sodium bicarbonate solution and brine, dried with
magnesium sulfate and concentrated in vacuo. The residue was chromatographed over silica gel (200 g) and
elution with hexane / ethyl acetate (30:1) gave (R)-13 (5.80 g, quant.) as a slightly yellow oil; [a],2° —22.7 (¢
1.40, CHCL,); n,”® = 1.5102; IR (film): v = 2960, 2930, 2860, 1590, 1460, 1420, 1330, 1255, 1205, 1160,
1090, 1070, 1040, 1025, 840, 810, 780 cm™'; '"H-NMR (90 MHz in CDCI, ): § = -0.27 (3H, s, -SiCH,), —0.08
(3H, s, -SiCH,), 0.83 (9H, s, -SiBu’), 0.91 (3H, m, 5-H), 1.45 (4H, m, 3- and 4-H), 2.72 (1H, dd, J= 7.9 Hz,
13.0 Hz, 1-H), 2.97 (1H, dd, J= 4.8 Hz, 13.0 Hz, 1-H), 3.79 (3H, s, -OCH,), 3.86 (3H, s, -OCH,), 4.03 (1H,
m, 2-ii), 6.36 (iH, d, J = 2.6 Hz, Ar-H), 6.43 (IH, d, /= 2.6 Hz, Ar-H); Anal. Calcd. for C,,H,,BrO,Si: C,
54.67; H, 7.97. Found: C, 54.94; H, 8.05.

b) (S )-isonier. Ini the s (] s L3 1"1‘Oi) Was ued
hntrvidimaethvulcilyl chlaride (4 10 o 7 D mmal) and imidaznala (2 78 & 8§88 1 mmal) in Ainatholfarmamida (AN
ULII.J FANS RS LN Y JlDllJl CAMUVLIVS Y. LV 5’ o ] v i llullvl} AL ML IN 7. ) E’ PR llullUJ} ur ullll\.l,ll-yllullllwlllu \UU
ml) to eive crude (S§)-13 (7.75 ¢. guant.) as a slichtlv vellow oil: Ter1 ' 422 9 (1 .29 CHCL):n 1%~ 1 5102
220 BAYR RILOC AR UTESD A AD By Rl &8 @ Snpnuy FRROW O a%p Lo TR R LA I 1.0V,
Its IR and 'H-NMR spectra were identical with those of (R)-13; Anal. Calcd. for C,,H,;BrO,Si: C, 54.67; H,

7.97. Found: C, 54.60; H, 7.96.

Methyl 2-[2-(t-butyldimethylsilyloxy )pentyl]-4,6-dimethoxybenzoate (14).

(a) (R)-isomer. A solution of n-butyllithium in hexane (1.53, 11.1 ml, 17.0 mmol) was added dropwise to a
solution of (R)-13 (5.43 g, 13.0 mmol) in dry tetrahydrofuran (70 ml) at —78°C under argon, and the mixture
was stirred at this temp. for 1h. Methyl chloroformate (1.31 ml, 17.0 mmol) was then added dropwise to the
solution, and it was stirred at —78°C for further ih. After the reaction mixture was warmed to 0°C and stirred
for 30 min, it was poured inio waier and exiracied with eiher. The organic layer was washed wiih brine, dricd
with magnesium sulfate and concentrated in vacuo to give crude (R)-14 (5 88 0) as a slightly yellow oil.  This

wag ncpd in the next cton withont fnﬂhnr nnnﬁnth\n ]:r\r analugi
in Ui nNEx <p waGu dulnll  purinlaudi. alaysis

cma" nortion r\‘F thic o1l wae

e (’30.- 2001 )l gave pure (R)-14 as a
colorless oil; [(x]ﬂ“’ -23.6 (¢ O 87, CHCL,); n,'" = 1.4933:; IR (film): v = 29 0. 2940, 2860, 1730, 1605, 1590,
1460, 1430, 1330, 1270, 12085, 1160, 1100, 1070, 1050, 840, 780 cm™'; 'H-NMR (90 MHz in CDCL, ): & =
—0.23 (3H, s, -SiCH,), —0.07 (3H, s, -SiCH,), 0.84 (9H, s, -SiBu’), 0.87 (3H, m, 5-H), 1.38 (4H, m, 3- and
4-H), 2.59 (IH,dd, J=7.6Hz, 13.3 Hz, 1-H), 2.78 (1H, dd, J=5.1Hz, 13.3 Hz, 1-H), 3.79 (6H, s,
-CO,CH, and -OCH,), 3.80 (1H, m, 2-H), 3.87 (3H, s, -OCH,), 6.34 (1H, d, J=2.3 Hz, Ar-H), 6.37 (1H, d,
J=2.3 Hz, Ar-H); Anal. Calcd. for C,,H,,0,Si: C, 63.60; H, 9.15. Found: C, 63.78; H, 9.12.

(b) (S )-isomer: In the same manner as described above, (5)-13 (7.05 g, 16.9 mmol) was treated with n-
butylilithium in hexane (1.53 M, 4.3 mi, 2i.9 mmol) and methyi chioroformate (.70 mi, 22.0 mmol) in dry

- 4 M s

tetranydrofuran (100 mi) to afford crude (5)-14 (7.56 g) as a ﬂlgnuy yeuow oil. This was used in the nexi sicp

rhrnmatnorqnhed over silica oal and elution with hexane / thl acetate

VLY rizra smrrea

I 1A
WllHULll. lLlrU]Cr lellllLdLlUll FUI d.lldlyﬁlb, a Sina p 1UOLL Ul llll\ Ul.l was puuuLu to glve puic {o)"l‘-l as a

colorless oil; [a],>* +23.1 (¢ 0.76, CHCL,); ny'? = 1.4934; Tts IR and 'H-NMR spectra were identical with those
F - !Cd orC. H (\ \1 C. A3 .60 H’ 915 Found: C F %! gﬁ H 9 22.

i 218136 ey PN 0 S v v V2OV, 1a,

6,8-Dimethoxy-3-propvl-3,4-dihvdroisocoumarin (15).

(a) (R)-isomer. Tetra-n-butylammonium fluoride (hydrate, Tokyo Chem. Ind., Ltd., T1037, 8.50 g) was
added to a solution of crude (R)-14 (5.30 g) in dry tetrahydrofuran (25 mi) at rt. ~ After the mixture was stirred at
rt overnight, it was evaporated and the residue was chromatographed over silica gel (150 g) and elution with
hexane / ethyl acetate (3:1-1:1) gave (R)-15 (2.44 g) as a slightly yellow solid. This was recrystallized from
hexane / ethyl acetate (1:1) to give pure (R)-15 as colorless prisms (2.23 g, 76% from (R)-13); [at],”” —151 (¢
1.10, CHCI,); mp 83.0-83.5°C; IR ('KBr) v =2960, 1720, 1700, 1600, 1580, 1460, 1430, 1360, 1340, 1240,
1220, 1160, 1085, 1040, 840 cm™'; '"H-NMR (90 MHz in CDCI, ): 8 = 0.90 (3H. 1. J = 6.8 Hz, -CH,CH ),
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1, 7.25. Found C, 67. 3!,H, 7.24

butyldmmomum ﬂuonde (hydra‘e Tokyo Chem. Ind., Ltd., T1037, 11.6 g) in dry tetmhydmfumn ( 3_5 ml_) 1))
give crude (5)-18 (3.40 g) as aslightly yellow solid. This was recrystallized from hexane / ethyl acetate (1:2) to
give pure (5)-15 (2.92 g, 73% from (5)-13); [a],”* +150 (¢ 1.46, CHCI,); mp 83.0-83.5°C; Its IR and 'H-
NMR spcctra were identical with those of (R)-15; Andl. Caled. for C,,H,,0O,: C, 67.18: H, 7.25. Found: C,
67.18; H, 7.29.

8-Hydroxy-6-methoxy-3-propyl-3,4-dihydroisocoumarin (16).
(a) (R)-isomer. The dimethoxy lactonc (R)-15 (1.00 g, 4.00 mmol) was diluted with dry dichloromethane
i5 mi) and then cooled 0o —78°C. Boron iribromide (380 pi, 4.02 mmol) was added (o this solution, and the

1~

Py S PR |

cietionen e brren szioo wwsascasncd Ao Vo ioione —oncaon et loidl o ase s is
Cmtluu mixture was warmed to 4°C and stired overnight. It was poured inio ice-water, exiracted with

s

chlaramathana and athar Tha Aaraanis lavar choad with wwatar and hre Ariad wwith mvacgmaciiim onlfata
IChioromenane ang euer. 10¢ Ofganid 1ayCr wWas wasnleG wWiln Waill ana oring, aread wiln xuasuvaxuun Stnd

and concentrated in vacuo to give crude (R)-16 as acolorless solid. Recrystallization from hexane / ethyl acetate
(10:1) gave pure (R)-16 as colorless leaflets (886 mg, 94%); [a],** —35.3 (¢ 1.36, CHCI,): mp 55.0-55.3°C; IR
(KBr): v = 3450 (w, br), 2960, 1650, 1630, 1580, 1510, 1430, 1375, 1315, 1260, 1205, 1160 cm™"; '"H-NMR
(500 MHz in CDCL, ): 6= 0.97 (3H, t, J= 7.3 Hz, -CH,CH,), 1.43-1.64 (2H, m, -CH,CH,CH,), 1.67 (1H,
dddd, J = 5.0 Hz, 5.0 Hz, 10.0 Hz, 13.5 Hz, -CH,CH,CH,), 1.85 (1H, dddd, J = 5.0 Hz, 7.4 Hz, 10.0 Hz,
13.5 Hz, -CH,CH,CH,), 2.84 (1H, brdd, /= 4.0 Hz, 16.2 Hz, 4-H), 2.88 (1H, br dd, J= 4.0 Hz. 16.2 Hz, 4-
H), 3.82 (3H, s, -OCH,), 4.53 (1H, dddd, J =4.0 Hz, 5.0 Hz, 7.4 Hz, 10.5 Hz, 3-H), 6.24 (1H, m, Ar-H),
6.36 (1H, d J= 2 2 Hz, Ar-H), 11.25 (1H, s, 8-OH); Andl. Calced. for C;H,,O,: C, 66.09; H, 6.83. Found: C,
65.89; H, 6.81.

C)..

(b) (S )-isomer: In the same manner as that already described, (S)-15 (O 80 g 3.2 mmol) was treated with
) S L..ZL.-,\... A A e Aemr Aiallawssan L1 canl) ada O L TET e\«
ULV U1DIVIHIUC \JU) '.Ll, ) L\I lll.lllUl} 111 Ul_y UlblllUlUlllCUlﬂ.llC \1£ 111y Ll) dlll)lu ciuae \0} i1 llUI 1115} day a
~rnlarlace enlid Dmnrcta“-—tahnn fram havane /ntl'nrl aratate (10 1) oave ruirs (CY_T& oc rnlarlace loaflate (714
ASAV AV L Vi Th e LW S LN ) Jolu.uxbuu\.ul AERNWIERE ARV AL 7 WAL J Uit 1\} ll 6“7\' yul\« \AI} AW A WUV IWDD Al Ivuy \ LA e IIJE,
94%); [a], ' 4+36.2 (¢ 1.35, CHCL); my .5-55.8°C; Its IR and 'H-NMR spectra were identical with those of

(R)-16; Anal. Calcd. for C, H, 0,: C, 66.09, H, 6.83. Found: C, 66.41; H, 6.91.

7-Bromo-8-hydroxy-6-methoxy-3-propyl-3,4-dihydroisocoumarin (17).

(a) (R)-isomer. A solution of pyridinium hydrobromide perbromide (684 mg, 2.14 mmol) in pyridine (10
ml) was added dropwise to a solution of (R)-16 (501 mg, 2.12 mmol) in dry dichloromethane (15 ml) at 0°C.
The reaction mixture was stirred at 0°C for 50 min, poured into IN hydrochloric acid and extracted with ethyl
acetate and ether. The organic layer was successively washed with IN hydrochloric acid, water and brine, dried
with magnesium sulfate and concentrated in vacuo to give crude soiid mixture with siightly orange color. It was
chromatographed over silica gel (50 g) and elution with hexane / ethyl acetate / acetic acid (800:100:9-300:100:4)

crsan DN A IO Ar\mx PROTENR PP [ PP . ~l’ /DY 10 /DN 16 .1 /DY 1

- £ 204 o~
gave (-1 /7 (200 INg, 4U70) a5 COI0TIESS SUHU lUgClllCl Wllll a llll)\LUlC OI (nN)-10, (nN)-17F aild (nj-1v (JOJ Ty,
SO0 T7C.0.177 ., LI _NIAAD\ Alibharroch Ah ~Aareananto Af thic mivhira wara canarahla hy mranarativa TT
J7MW, 19.0.17 UY IITIVIVHN). AduIvuEll cacn \,Ulllljullhnl\ Of tnis mixture were Dle(u(lUlb Uy pPirpaiauye iiao
ncin ane / ethyl acatate / acetic acid I’lm 100 A\ the mixture was Aer(‘fl\f ncr—\rl in the next recoverino sten

An analytical sample of (R)-17 was prepared by recrystdlludllon from hcxanc / cthyl acetate (2:1) to give pure
colorless small plates; T(ILU —42.1 (¢ 1.08, CHCIL,); mp 158.5-159.0°C: IR (KBr): v = 3450 (w, br), 2960.
1645, 1570, 1520, 1420, 1380, 1330, 1270, 1210, 1150, 1120, 800 cm™ ;‘H NMR (500 MHz in CDC], ): 6 =
0.98 (3H, t, J= 7.4 Hz, -CH,CH,), 1.44-1.66 (2H, m, -CH,CH,CH,), 1.70 (1H, dddd, J = 5.0 Hz, 5.5 Hz,
10.0 Hz, 13.8 Hz, -CH,CH,CH,), 1.88 (IH, dddd, /= 5.0 Hz, 7.5 Hz, 10.0 Hz, 13.8 Hz. -CH,CH,CH,),
2.88 (lH. dd, J=5.0Hz, 16.0 Hz, 4-H), 2.91 (1H, ddd, J=0.9 Hz, 10.0 Hz, 16.0 Hz, 4-H), 3.96 (3H, s,
-OCH,), 4.56 (1H, dddd, J = 5.0 Hz, 5.0 Hz, 7.5 Hz. 10.0 Hz, 3-H), 6.31 (IH, brs, 5-H), 11.86 (1H, s. 8-
OH); Anal. Calcd. for C,H,,BrO,: C, 49.54; H, 4.80. Found: C, 49.59; H, 4.81.

(R)-18; IR (KBr): v = 2960, 2930, 2880, 2860, 1650, 1615, 1570, 1470, 1435, 1390, 1370, 1335, 1300, 1285,

'Jl
u.)
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174K 1INK 110N 11Ny 1NON 106N 1YWY 020 0NN "MLn 18N 1, 1Y WIRATY oMM R ALY AT Ve 1 RO NN
Lemd, 12U0, 116U, 1IWU, 100U, 1UDU, 1WRR), 00U, S, 70U, /oucm , H-NMK (DU MHAZ In ULA L, ): 0= UYY
(I t T -7 4 7 ACH OCIIY 1 AA 1A MDY »v OCUHOCITOLIT Y 17201010 3331 T ENLI, & & LI 11 0O
\Jiky &y = 7.7 H14, TR dd ), 1.79971.U0 (&1, i “Udis oI, ry ), L0 Uiy, aaad, J = DOV rnisd, 0.0 1, 1.y
Hz, 13.8 Hz, -CH,CH,CH,), 1.88 (1H, dddd, J = 5.0 Hz, 7.5 Hz, 10.0 Hz. 13.8 Hz, -CH,CH,CH,), 2.80
(1H, dd, J = 11.8 Hz, 17.0 Hz, 4-H), 3.22 (1H, dd, J = 3.3 Hz, 17.0 Hz, 4-H), 3.93 (3H, 5. -OCH,), 4.52

117z, R | VN AP IRL, AL, D2 D IR, 0, (oA SS Y

(1H, dddd, J=3.3 Hz, 5.0 Hz, 7.5 Hz, 11.8 Hz, 3-H), 6.45 (1H, s, 7-H). 11.49 (1H, s, 8-OH).
(R)-19: IR (KBr): v = 3080 (sh), 2960, 2870, 1670, 1600, 1580, 1550, 1430, 1400, 1385, 1330, 1280, 1270,
1235, 1120, 945, 820 cm™'; '"H-NMR (500 MHz in CDCL, ): 6=1.00 (3H, t. J=7.3 Hz, -CH,CH,). 1.45-1.69
(2H, m, -CH,CH,CH,), 1.75 (1H, dddd, J = 5.0 Hz, 5.2 Hz, 10.0 Hz, 14.8 Hz, -CH,CH,CH,), 1.90 (1H,
dddd, J=5.0 Hz, 7.5 Hz, 10.0 Hz, 14.8 Hz, -CH,CH,CH,), 2.80 (1H, dd, J = 11.8 Hz, 17.2 Hz, 4-H), 3.22
(IH, dd, J = 3.2 Hz, 17.2 Hz, 4-H), 3.93 (3H, s, -OCH,), 4.56 (1H, dddd, J = 3.2 Hz, 5.0 Hz, 7.5 Hz, 11.8
Hz, 3-H), 12.05 (1H, s, 8-OH).

(b) (§)-isomer: In the same manner as described above, (5)-16 (502 mg, 2.13 mmol) was treated with
pynomlurn hydrobromide perbromide (688 mg, 2.15 mmol) in pyridine (10 ml) and dry dichloromethane (15 mi)

1 £ /LQ ANL . TET ATRAD

s FCY 1 A 0 . . _— ~AF/CN 1Q /CN 1 ~ £ ON
to gl IC\W)-117 1z lllg, &417/0) and a MiXwr€ 01 (B )-10, (D )-1 ¥ anda (v )-1 o (.)UO mg, .)O'/O IJ "’ LU DY II-INIVIN)
Thic miviura wae nead in the navt recravaring cten withant fiirthar ~ne e An al camnla ~fF (CY_ 17
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was prepared by recrystallization from hexane/ethyl acetate (2:1) to give pure colorless small plates; [o],'® +42.5
(c 1.31, CHCI ); mp 158.5-159.0°C; Its IR and '"H-NMR spectra were identical with those of (R)-17; Anal.

Caled. for C, H, BrO,: C, 49.54; H, 4.80. Found: C, 49.76; H, 4.84.

Regeneration of 16.

(a) (R)-isomer. Zinc powder (5.2 g) was added to a solution of the mixture of (R)-18, (R)-19 and (R)-16
(385 mg) in acetic acid (10 ml). The suspension was stirred and refluxed vigorously for 7d.  After cooling, it
was filtered through Celite® and the filter cake was washed with ethyl acetate. The combined filtrate and washings
were concentrated in vacuo to give a brown oil, which was chromatographed over silica gel (10 g) and elution

with hexane / ethyl acetate (6:1) gave recovered (R)-16 (249 mg, 50% in 2 steps).
Y £€C) S ncarnee T thn nnizvin sanmar oo Aacneihad alhas thha smivhzens ~F DY 1€ /DY T nend /DY 1L (24Q
\Uj [L))'ls)U”lC’- 1 UIC SdimC Manner as acsarinca anove y UIC THX T UL {i)-10, \N}-Rk 7 dllu {1\ )10 {(JLVO
mn\ wacg treated with 7ine nowder (5§ 8§ o) in acetic acid (10 m to cive (S 14 (247 mo AQ0, in ) ctanc)
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7-Bromo-6,8-dihydroxy-3-propyl-3,4-dihydroisocoumarin (Hiburipyranone, 1).

(a) (R)-isomer. A solution of (R)-17 (101 mg, 0.322 mmol) in dry dichloromethane (1.5 ml) was cooled to
—78°C to give precipitate. Boron tribromide (60.0 [t]) was added to this suspension and the mixture was warmed
to rt. The precipitate gradually dissolved, and then the reaction mixture was stirred at room temp. overnight.
After addition of ice-water, the mixture was extracted with dichloromethane and ether. The combined organic
layer was washed with water and brine, dried with magnesium sulfate and concentrated in vacuo to give crude
(R)-1 as aslightly yellow solid. 1t was chromatographed over silica gel (5 g) and elution with hexane / ethyl
acetate (3:1) gave (R)-1 (95.4 mg, 98%) as a slightly yellow solid. An analylicu] sample was prepared by
recrystallization from hexane / ethyl acetate (i:1) to give pure coloriess needies; {a]D =30.0 (¢ 0.600, CHCL):
mp 186.0-187.0°C; IR (KBr): v = 3080 (br), 2960, 2930, 1610, 1500, 1430, 1390, 1320, 1260, 1240, 1190,

1180 1120 1070 1040 |nnn 920. 830. 800. 770 cm LI NNMR (SONOME S in CTY1 v 8~ N0 ¢ T —
119, llJU, 1U/v, 11Uy, 1vUUuyJ Z&aJ, OOV, OUVY, 11V 189 > L1T1LNIVAN \J\IUI ALK L 111 \.zL/\.J; Jo VU — V.70 11, L J
7.4 Hz, -CHCH), | 44;!.\,5 (2H, m, -CH,CH,CH,), 1.69 (1H, dddd, J = 5.0 Hz, 5.5 Hz, 10.0 Hz,
13.6 Hz, -CH,CH,CH,), 1.87 (1H, dddd, J =5.0 Hz, 7.5 Hz, 10.0 Hz, 13.6 Hz, -CH,CH,CH,), 2.85 (1H
brdd, J=6.5 Hz, 16.5 Hz, 4-H), 2.87 (1H, ddd, J = 1.0 Hz, 8.8 Hz, 16.5 Hz, 4-H), 4.55 (1H, dddd J=15.0

Hz, 6.5 Hz, 7.5 Hz, 8.8 Hz, 3-H), 6.16 (1H, s, 6()H), 6.45 (1H, brs, 5-H), 11.99 (1H, s, 8-OH); "C-NMR
(125 MHz in CDCL, ): 6= 13.8, 18.1, 32.8, 36.7, 79.1, 97.0, 102.5, 106.0, 140.2, 158.5, 160.3, 169.5; Andl.
Caled. for C,,H, ,BrO,: C, 47.86; H, 4.35. Found: C, 47.77; H, 4.30; HRFABMS m/z = 299.9990 [M]" (Calcd.
for C,,H,,”’BrO,: 299.9997).

(b) (S )-isomer: In the same manner as described above, (5)-17 (99.9 mg, 0.317 mmol) was treated with
boron tribromide (60.0 pl) and dichloromethane (1.5 ml) to give (§)-1 (93.6 mg, 98%) as a slightly yellow solid.
An analytical sample was prepared by recrystallization from hexane / ethyl acetate (1:1) to give pure coioriess
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Z 10l 7 J- O = U W, L, J =174 Z, -LI1, L.94%-1.00 (£, In, -Ln,urr,ur,), 1.0

(1H, dddd, J= 5.0 Hz, 5.5 Hz, 10.0 Hz, 13.6 Hz, -CH,CH,CH,), 1.87 (1H, dddd, J= 5.0 Hz, 7.5 Hz, 10.0

Hz, 13.6 Hz, CH:,C--ZC-_.‘) 2.85 (1H, ddd, J = 0.9 Hz, 6.5 Hz, 16.5Hz, 4-H), 2.87 (1H, ddd, J= 1.0 Hz,

8.8 Hz, 16.5 Hz, 4-H), 4.55 (IH, dddd, J= 5.0 Hz, 6.5 Hz, 7.5 Hz, 8.8 Hz, 3-H). 6.16 (1H, s, 6-OH), 6.45
8

z, 3
(1H, brs, 5-H), 11.99 (IH s, 8-OH); "*C-NMR (125 MHz in CDCl, ): 6 = 13.8, 18
102.5, 106.0, 140.2, 158.5, 160.3, 169.5; Anal. Caled. for L,,HHBrO C, 47.86;
H, 4.33; HRFABMS m/z = 300.0023 [M]* (Calcd. for C, ,H,°BrO,: 299.9997).

o)
If_.
IN
")

Determination of the absolute configuration of natwral 1.
This was determined by HPLC (Chiralcel® OB, 4.6 mm ¢ x 250 mm; eluent, hexane / 2-propanol / acetic
acid = 12:1:0.13; flow rate, 1.0 ml/min). (R)—l' lp = 25.9 min (single peak). (5)-1: 7, = 29.0 min (single peak).

Naturai 1: = 26.4 mun (singie peak). (R)-1 and (S)-1 (co- injection): t, = 26.8 min and 28.9 min. (R)-1 and
natural 1 (co-injection): #, = 26.1 min (single peak). (§)-1 and natural 1 (co-injection): ¢, = 26.5 min and 28.6
nin Thaca figiirag menvvad tha alonliita ~nnfianientinm ~F cantirenal 1T 6 Lo D
11111 1 HCOC usux 3 PIU\"CU HIC auUdULIuUiC L Illéul Aliuvil Ul 1iatuil 1 v n
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