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Abstract -Theabsolute configuration of rutaretin methyl ether (1) has been established by transformation of
itinto methyl hexahvdrorutaretin methyl cther {Sywhich was independently derived from S-marmesin (2) via

photo-Fries reaction as a key step.

In the course of studics on the chemical constituents of
Rutaccous plants, we? occasionally isolated a new
dihydrofurocoumarin (1} from Xaathoxylum arnot-
tianum Maxim. (Rutaccae) together with other
fourteen coumarins involving S-marmesin® (2) and R-
columbianetin® (3). In 1967. Schncider et al.* isolated a
phenolic coumarin, rutaretin (4), from Ruta graveolens
L. (Rutaceae) and proposed a plain structure for it.
Since our new coumarin  was identified with
Schneider’s Me derivative of rutaretin (4) including
the sign of the Cotton cffect in the ORD curve, it
should be rutarctin methyl cther (1) having the same
absolutc configuration. However, the absolute
configuration of rutaretin (4) had not been cstablished.
In this paper, we report the absolute configuration of
rutaretin methyl cther (1) by transformation of S-
marmesin (2) having a known chiral center™ into a
common derivative of rutaretin methyl ether, methyl
hexahydrorutaretin methy! ether (5).

Initially. we found that S-marmesin (2) and R-
columbianetin (3) show more levorotatory values of
specific rotation in the protic solvent than in an aprotic
solvent but the sume negative Cotton eftect. although
the reported absolute configurations of these
coumarins**® are not the samc. This observation
forced us to re-examine the absolute configurations of
these coumarnins. Ozonolysis of 2 and 3 resulted in
hydroxylactoncs (6a and b) antipodal to each other
(Scheme 1).

The absolute configuration of the (- )-hydroxy-
lactonc® (6a) which was obtained from S-
columbianctin (7) had been cstablished and accepted
as an $." © leaving the determination of the absolute
configuration of rutarctin methyl cther (1) which
shows a necgative Cotton cffect in the CD curve.

Catalytic hydrogenation of S-marmesin (2) gave a
mixture of a triol (hexahydromarmesin: 8) and
dihydromarmesin (9) in 36.1", and 382" yield.

Tablc ! [x and (#] of some dihydrofuranocoumarins and their dihydrocoumarin derinvatives

a
solvent
MeOH CHC13 (MeOH—CHCl3]
coumarin
R-columbianetin [ﬂlD -262.0° -188.3° -73.7°
(3) [8|335 -15994 -9180 -6814
lu]D -16.0° +28.8° -44.8°
S-marmesin (2)
181,55 | -5405 -918 -4487
S-rutaretin me- (GlD -41.0° +10.8° -51.8°
thyl ether (1) lel335 -5226 -865 -4361
R-dihydrocolum- lc}D -85.9° -63.9° -22.0°
bianetin (22) {61283 +907 +225 +682
S-dihydromarme- talg, +37.5° |  +39.8° -2.48°
sin (9) [3]288 -2442 -1224 -1218
*
S-dihydrorutare- KO}D +16.5° +15.1° +1.4°
tin methyl ether
(23) [9}287 -1471 -869 -609

* this value is at 589 nm in the ORD curve
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respectively. Trcatment of 9 with LAH provided the
triol 8 in 98", vicld.

This (8) was treated with acetic anhydride-pyridine
to give diacetyl triol (10) as an oily product. In the IR
spectrum, 10 shows OH bands at 3670 and 3575¢m ',
and phenolic and alcoholic acetate bands at 1750sh
and 1730cm ' In thc NMR spectrum. it shows sharp
3H singlets due to two acetyl Me groups at 2.03 and
2.270.and a methylene signal at 4.04 o which 1s shifted
to the down field by 47 c:s when compared with the
corresponding signals of the starting triol (8).
indicating that acetylation took place at a primary
alcohol of 8. These data supported the structure of the
diacctate (10).

Irradiation of an ethanolic 0.04 M solution of 10
with @ medium pressure mercury lamp (200 W)
afforded a mixture of five products (Table 2) with
recovery of a small amount of the starting material
(10). Each component was scparated by column
chromatography.

The first product (11) was obtained as a colourless
oil. In the mass spectrum, the parent peak appeared at
m e 292 corresponding to the molecular formula
C,-H,,0,. The NMR spectrum disclosed the presence
of an arylmethyl group in place of an acetoxy group of
the starting diacctate (10) by the appearance of a 3H
sharp singlet at 2.23 8. In 1968, Bradshaw” reported
that the photo-reaction of creosol (15) gave 2

«

Table 2 Photo-rcaction products of diacetylhexahydromarmesin (10)

Product No Yield (%) Product No Yield(%)
| | CH,OAC 11 4.3 tﬁ\cu oac | 13 12.7
> o CHy 2 > No on 2
OH OH
CH,0AC 12 30.6 CH ,OH 14 3.7
>g' o) OH “So OH
H CoCH 4 OH COCH
3
X o OH
OH
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Scheme 2

mcthoxy-p-xylene (16) and proposed a mechanism
shown in Scheme 2. Bascd on this, the arylmethyl
product was depicted by the formula 11.

The major product (12) was obtained as a yellow oil.
In the high resolution mass spectrum of 12, the
observed value of the parent peak (mje 336.159)
coincides with the calculated value (m/e 336.157) for
the molecular formula C 4H,;0¢. In the NMR
spectrum, it shows an aromatic proton and an H-
bonded OH proton at 7.07 and 12.86 9, respectively.
Hydrolysis of 12 with 10", KOH aq gave an alcohol
(14) which shows a CO band at 1625cm ™! in the IR
spectrum. These data strongly indicated that 12 is a
desired photo-Frics rearrangement product.

Other three products (13, 14 and 8) were confirmed
as de-acetylated products of the starting diacetate (10)
or of the desired photo-Fries rearrangement product
(12). Norrish type | reaction of 10 and 12 explained the
formation of them.

Methylation of the photo-Fries rearrangement
product (12) followed by Baeyer-Villiger oxidation
provided an oily acctate (18). In the IR spectrum, this
acctate (18) shows a newly born phenol-acetate band
at 1765cm ' together with an aliphatic acetate band
at 1730cm "' in a CO region. In the NMR spectrum,
18 shows a 3H singlet attributable to a phenol acetate
group at 2.32 4. demonstrating thc Baeyer Villiger
reaction proceeded in the desired direction.

Hydrolysis of 18 followed by methylation gave a
dimethoxy-diol (5) as an oily product which was
characterized as a benzoate (20), m.p. 67.5 69 .

On the other hand. hexahydrorutaretin methyl
cther (21) was prepared by the similar treatment of
rutarctin methyl ether (1)in the case of S-marmesin (2).
Methylation of the hexahydro-derivative (21) afforded
methyl hexahydrorutarctin methyl ether (5) which was
identical with a sample of the dimethoxy-diol (5)
prepared from S-marmcsin (2).

Since both the derivatives have the same negative
Cotton eflect in the CD curve, we may safely deduce
that the absolute configuration of rutarctin methyl
ether (1) should be depicted as S.

It should be noted here that R-dihydro-
columbianetin (22) and S-dihydromarmesin (9) [and
S-dihydrorutaretin methyl cther (23)] has an opposite
sign of Cotton effect in the CD although the parent
coumarins of these derivatives have the same positive
Cotton effect. These facts imply that the sign of the
Cotton effect of a coumarin derivative does not reflect
the absolute configuration but that of a dihydro-
coumarin derivative would provide good diagnostic
information about a chiral center (Table 1),

EXPERIMENTAL

All m.ps were measured on a micro-melting hot-stage
(Yanagimoto) and are uncorrected. IR, NMR with TMS as
internal reference, and mass spectra (MS) were obtained with
Hitachh EPI-G3, JEOL JNM-MH-100, and Hitachi RMU-
6E spectrometers, respectively. Optical rotations were taken
with JASCO DIP-SL polarimeter. ORD and CD measure-
ments were carried out on JASCO J-20 spectropolarimeter.
Irradiation was performed with medium pressure Hg lamp
(Nitsuko Sekiei). For column chromatography, silicic acid
(100 mesh, Mallinkrodt) and Kieselgel H nach Stahl (Merck )
were used. For tlc, Kieselgel GF, ., nach Stahl (Merck) was
used.

Isolation of S-rutaretin methyl ether (1). S-marmesin (2). and
R-columbianetin (3). As reported,® 1. 2 and 3 were isolated in
0.010°,,0.059" and 0.007 ", yield from the root wood?“ of X .
arnotttanum, and 0.105, 0.197 and 0.081 " yield from the
xylem?” of the same plant. respectively. together with a lot of
miscellaneous compounds.

(a) Rutaretin methyl ether (1). Colourless prisms, m.p.
147-148 " (lit.® m.p. 133 ), [2]5* +10.8° (¢ 0.895, CHCl,);
(x)h¥ —41.0° (¢ 1.00, MeOH). CD (¢ 1.3 x 107%, MeOH)
[0]y3« —5226, " 345 —2576; CD (¢ 1.2 x 10™*. CHCl,)
0454 —865, [];4 +865. The ORD curve of the coumarin
gifted by Prof. Schneider was measured in our laboratory and
identified with that of our sample.

(b) S-Marmesin (2). Colourless pillars, m.p. 192-193 (lit.>*
m.p. 189.5°) [2]i® +288 (¢ 1.24, CHCl,) ilit> [a]3®
+26.8° (CHCI,)]; [2]2" =160 (c 1.00, MeOH). CD (¢ 4.1
x 107% McOH) [0];,5 — 5405, [0},¢, —3003; CD (¢ 4.3
x 1073, CHCy) [0]335 =918, [01300 +1263.

(¢)  R-Culumbianetin  (3). Colourless needles. m.p.
166-166.5 (m.p. 164.5 165 reported for S-columbianetin).

CH,Ohc _— H,OR, — ; CH,OH
>f [ o) @ OR > o OCH, >f :o:@ OB
OH COCH OH OR OH OCH
3 2 3
(12) :R=H (18) :R,=R_=Ac
(17) :R=CH (19) (Ro=Ro<H (21)
: 3 PRLTRRT
(5) :R)=H,R,=CH,
(20) : R, =COC H ,R,=CH,

Scheme 3.
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v =188 10 0973 dionane). (2], - 1883 (¢ 1.04,
CHCL L T2\0 Y 26020 10101 McOHY CD (e d2 x 1008,
MeOHT 075, = 13994 CD 1 43 % 10 4 CHCl,) [0,
SQIRO, [0, 1 114K

Ozonaliss of R-columbianenn 13) [R-dibvdro-3-hvdrove-
S dmethel- 2031 furanone (6by ;O was bubbled through i
soln of 31300 mg)im anhyd CHCL (1S mb for 1.3 hrata flow
rate ol 600 1 hr The munture was evaporated 1o dryness
tacna, The residue was dissolved inta H.O (12 mlyand heated
At 80 100 for 30 mun. After addimion of 2N KOH (4ml) and
35, HLO, ag. (300 myg), the misture was kept at room temp
for | hr. heated at SO for 30 min. and diluted with water
tomll Facess of H,0, was decomposed by bubbling SO,
gas until the soln became acudic to Congo Red After removal
of a soluble fracuonin CHCL . the ninture wis extriacted with
b1,0 for 10 days The cthereal soln was dried over K,CO und
evaporated to gine a colourless oil 125mgy IR M em ™!
3610, 3310 (OH). 1773 (CO) NMR(CDCly) 6 139, 148
feach 3H. ~. C CHL,L 200 (1H br s, OH) 252 (1H. dd. )
IR0 XSHz = CH CULHLCO), 296 (1H. dd. J = 180,
63/ »CHCHH,COL 420 (1H, dd. J - 6.5 3.5He

Il
-(‘( HCH,) ORD (¢ 949 x 10 *. CHClL (¢ +41 .

D e F 1[0 ) #2003 5-Dinntrobenzoute: A minture
of 6b (57 6 mp). pyridine (1 3 ml). 3.5-dimtrobensoyl chlonde
(230 mgiin abs benzene (1ml) was heated at 65 for 2 mun,
coaled., and diluted with benzene (12mly The nuxture was
wished with IN HCland then a soln of NaHCO, (300 mg)in
half-sat NaClag (12 ml. Fhe mixture was dried over K ,CO,
and evaporated to dryness. Preparative tle of the residuc on
S0, [CHO, ACOE = 571 (vv), R, =050] gave pale
sellow fine needles (23 Smg). mp. 150 (ht* mop 150 1515 4,
which  were  recryswallized  from Li.O-bencene. IR
SPPem Y 17800 1740 1CO) NMR(CDCy) 0. 155 (6H. s,

nav

CCHyx 20 277 0l 9d. 1 =200 25H2
SCH CHH,COL 326 (IH, dd. T=65 200Hz
SCHCHLLO) 853 qIH, dd. J-65  2S5H.

I
—CCHCH,).9 08 920 1 2H. m_arom H). 920 930 1H. m,
|

arom Hy.

Ozenohiss of S-marmesin (2)|S-dibvdro-d-hydroay-8.5-
dimethyl-203H) firanone (6a)]. Treatment of 2 (300 myg) with
O according to the above method gave a colourless o1l
(150 myg) which shows the same physical data us 6b except
ORD 1t 10 x 10 % CHCl) @leun 18 il =33
[0 e = 123 | AS-Dimvohenzoute: A minture of 62
(77 Sing). pyndine (1.5ml) and 3.S-dinitrobenzoyl chlonde
250 me) 1 ubs benzene (Imll was  treated  as  the
corresponding hyvdroyvlactone obtatned from 3 to give pale
sellow prisms 221 mg) mp 153 © which shows the same
physical data with the benzoate prepared from 6b

Catalyvtic reduction of S-marmesm (2). A soln of 2(200¢)1n
L1OH (100 mb was hydrogented over P1O, 10 71 g) under 30
atm pressure and room temp for 46 hr The catalyst was
tiltered olWand the filtrate was evaporated to dryness i racno
Ihe residue was dissolved in CHCH, and chromatographed
on S10).

L) S-Dehvdromarmesm 91 Flunon with CHCl, gave a
colourless solid 10.77g). which was recrystalhized trom
benzene hevane (o give cotourless prisms. mp. 131-131 5
e mp 138 ) IR em 135701OH L 1740(COLCD e
X4 10 MeOHy 0 -242. CD e k¥ x 10 0?
CHCL [0 0 - 1224

('S Hexalwdromarmesm triol) (8) Flution with [tOAc
gave ashghtly sellow o1 (0 74 gy, which was disulled o give o
colourless il bp 160 (16 « 10 *mmHg) IR " em !
38R0, 3340 (OH) NMR(CDCE )y o0 120, 1 30 (cach 3H. s,
CCH P72 Al L) = 6512 CHL,CH,CHG L 261,357
tcach 2H. t. ) = 6 SHz, ArCH.CH;CH,0) 299 (2H. d. ]
= 100Hs  ~CHCH.Ar). 45Y (IH, . J=100Hz

OCUCIE L 631 677 (cach TH. s arom. H). MS m e; 252
(M 647 1L RIA00, ) CD(¢d43 x 10 ' McOH) #1,,,
- 2435

IxN

When the mixture formed by catalvtic reduction of 2 was
directly treated with LAH, this matenal (8)could be obtained
Y76 vicld from starting marmesin (2)

Reduction of S-dilndronmarmesin (9y with LAH. A soln of 9
10.249¢) 1n abs THI (3ml) was added to a suspension of
LAH (0.189S5gy1in dry Et,O (6 ml) with surning under ice-
coolmg. The mixture was surred at room temp for 1 hr and.
then, refluned for 2 hr Afier decomposition of excess LAH
by addition of F1OAcand wet 1,0 followed by 107 H.SO,
ay. the mixture was extracted with B, The cthereal soln
wds dried over MpSO,. and evaporated 10 give a colourless
o1l (0248 ) which was identical with 8

S-Diacerythexahydromarmesm (10). To a soln of 8(5947g)
indry Ft,0(59 4mhwas added Ac.O (18063 ghand pyndine
(18869 g1 The misture was allowed to stand at room temp
for 3 hr. poured intoice-water. and then, eatracted with Et,O.
The cthercal cxtract wis washed with sut CuSO, aq dned
over K,CO,. and evaporated to dryness 1o give colourless oil
(6.550 ) IR M ' em ™' 3670, 3575 (OH) 1730+h, 1730
(CO) NMR(CDC1,)0:1.19.1.31 (each 3H. 5. C-CH,,), 1.80
(2H. m, CH,CH.,CH 1. 203. 227 tcach IH. <. COCH ). 247
404 (cach 2H. 1. J = 70H7. ArCH,.CH .CH,0). 308 (2H. d.

|
J = ®5Hz, > CHCH,Arn. 439 (1H.1.) = 8SH2OCHCH,)
6.42, 6.96 teach 1H. s. arom. H). MS m ¢: 336 (M7, 236 ).
176 (100”) This material was used for the next reaction
without further punficanon

Photo-Fries rearvangement of the ducerate (100, A soln of 10
16.257ghin 95 EtOH 1465 ml} was arradiated for 107 hr
under N with ice-cooling Fvaporation of the solvent under
reduced pressure gave a4 brown oil (6 485g) which was
dissotved 1n a mixed solvent. CHCI, benzene |11 (v v1]and
chromatographed on S10,

() S-3[2.3-Dunvdro-2-1 -hydroxy - L-methvlethyl)-6-
methd-S-benzofueam -1 -propancl acetate (11, The
first elunon with CHCl, benzene [1:1 (v v)] gave &
colourless ol 10.285¢) which was punfied by repeating
column chromatography on S1OQ,. IR " "em ~ ' 3575, 3450
(OHY 1725 (CO). NMR(CDClyy 0: 120, 1.31 (each 3. s,
C-CH . 1 R32H. m . CH,CH,CH,). 204 (3H.~,OCOCH,).
223 (3H. s, Ar CH,)L 2.58, 409 (cach 2H. 1. J = 70 H>,
ArCH,CH.CH.0). 307 (2H. d. J = 90Hz >CHCH,Ar).

4558 (TH. 1 T = 90H OCHCH ) 656, 690 (cach TH.
arom. Hi. MS i ¢, 292(M 7, 2267 ), 147 (1007 ).

by S22 Dihnvdio-6-lyvdroae-2-( L-hvdroxyv-1-methy -
ethvh)-T-methnlcarbonyl-S-benzofuranyd |- 1-propanol — acetae
(12). The sccond elution with CHCl,-benzene "1:1 (v v).
gave a yellow oil (1915g) which was puntied by repeating
column chromatography on Si0).. High resolution MS:
136,159 (M " 14C, H,,0, requires. 336 157) IR v em ™ '
3690, 3600 (OH), 1735, 1635 (CO) NMR(CDC,y o: 1.26.
1.37 (each 3H.s. C CH,). 1.82 (1H. s. OH. vxchangeablc).
190 (2H, m, CH,CH,CH ). 205, 2.65 (cach 3H.s. COCH ).
261307 (cach 2H. 1. ) = 70 Hz, ArCH,CHCH,0). 309
12H. d. J =90H,, >CHCH:Ar,. 472 (IH. 1. J =90H/

|
OCHCH,I. 707 (1H. ~ arom H) 126 (1H. s. OH,
cxchangeable). MS m ¢ 336 (M 7,961 " ). 190 (1007 ).

Hydrolysis of 12 (00470 g) with 107 KOH aq (I ml) n
ETOH 11 mljatorded 14, as a4 yellow ol (0.0295g) which was
idennical with the other photo-Fries reaction product (14)
rde mltra

(¢) Recovery of the starting dwaetate (10). Subsequent
elution with the same mixed solvent afforded the starting 10
(0.142 ).

Yy S-3-[2.2-Dihvdro-6-hvdroy - 2-¢1-hvdrovy-1-methvl-
cethv)-S-benzofuram i )-1-propanol acetate (13). Elution with
CHCQD, gave a colourless ol (0674 g). Purification of the oily
product due to column chromatography on 510, vielded fine
needles 10.390 ). m p. 97 9% . which were recrystallized from
benzene Ft,O heaane. IR «!"''cm ': 3670, 3585, 3370
(OH)L 1728 (COL NMR(CDCT b o0 119, 1.29 (cach 3H, s,
C CH) 184 (2H. m. CH,CU,CH, 1. 203 (3H. s, COCH ).
2436 87 (each TH. ~. O cxchangeable). 2.57.4 07 {cach 2H.
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L. J =7.5Hz ArCH,CH,CH,0). 30! (2H, d. J = 8.5 Hz.

\
>CHCH,Ar). 455 (1H. . ) = 85Hz, OCHCH,), 6.25, 6.8]
{each 1H.s.arom H). MShrLe:294(M ', 3747 ). 176 (100" ).
(Found: C. 65.24: H. 7.63. C, H,,0 requires- C, 6529: H,
7.53).

(e) S§-3-(2.3-Dihyvdro-6-hydroxy-2-(1-hydroxy-1-methyi-
cthyl)-T-methyicarbonyl-S-benzofuranyl - 1-propanal (14).
Elution with CHCl, EtOQAc [1:1 (v/v)_ gave a yellow oil
(0.219 g). which was puritied by repeating column chromat-
ography. IR ™' cm ': 3680. 3600 (OH). 1625 (CO).
NMR (CDCl;16:1.24,1.36 (each 3H.s, C-CH,). 1.77 (2H. m,
CH,CH,CH,). 217 (2H, br.s, OH x 2).2.63, 3 56 (each 2H,
L) = 7.0H7. ArCH,CH,CH,0), 2.65 (3H. s. COCH ). 3.09
(2H. d. 1 =9.0Hz. >CHCH,Ar). 471 (1H, . J = 9.0Hz,

(J(l‘lj(‘H_‘). 709 (1H, s, arom H), 1301 (1H. s, OH).

(/y The wiol (8). The subsequent elution with
CHCl, FtOAc [1:1(v.v)] gave a colourless oil (66 mg) which
was identical with an authentic sample of 8 with respect to IR
spectrum

S-3-723-Dilndro-2-(1-hivdrox-1-methylethyly-6-metho vy -
T-methylearbonyl-S-benzofuranvl -1-propanol acetate (17). To
asoln of 12(292 mg) in dry acetone (30 ml) was added anhydr
K.,CO, (480 mg) and Mcl (0.54 ml) and then the mixture was
refluxed for 11 hr and then for a further 10hr. Inorganic
substance was filtered off and the solvent was evaporated
under reduced pressure. The residue was dissolved in water
and extracted with Et,O. The ethereal soln was washed
with H,0. dried over K,CO,, and evaporaled to dryness
10 give a pale yellow o1l (335 mg). IR v¢"¢rem 2 3650, 3590,
3450 (OH). 1725, 1680 (CO). NMR (CDCl,) o: 1.2t 1.31
tcach 3H. s, C CH ) 187 (2H. m. CH,CH,CH,). 2.04. 2.56
(cach 3H.s. COCH ). 243 (1. s. OH. exchangeable). 2.59,
408 (each2H. 1.1 = 70H/ ArCH,CH,CH,0). 3.08 (2H, dif.
d.J =90H7. >CHCH,Ar), 371 (3H.5, OCH,). 463 (1H. 1,

1 =900, OCHCH,). 700 (1H. . arom. H} MS m,¢ 350
(M 1007:).

S-3-123-Dibvdro-7-hvdroxy-2-(1-hydroxy -1- methyi-
cthyly-6-methoxy-S-benzofuranyl '-1-propanol  dia-
cetate (18). To an icc-cooled HCOOH (10 g) was added 35",
H,0, aq (1 g) and then the mixture was allowed to stand at
room temp for | hr. The performic acid soln prepared above
was added to a soln of 17 (30 mg) in HCOOMH (1 g) under icc-
cooling. The mixture was allowed to stand at room temp for
& hr. After decomposition of excess of the peracid by additon
of Na,SO, (100 mg). the mixturc was poured into H,0 and
extracted with F1,0. The cthereal soln was dried over K ,CO,
and evaporated to dryness to give a yellow oil (35mg). High
resolution MS: 336170 (M ") (C, 4 H,,O- requires: 336.168)
IR M em '. 3600 (OH) 1765sh. 1730 (CO).
NMR(CDCl,)8:1.17.1.29 (each 3H.5.C CH,), 1.85(2H. m,
CH,CH,CH,), 2.03. 2.32 (cach 3H. s, COCH ), 2.59, 4.08
cach 2H. (. J = 70z, ArCH,CH,CH,0). 3.14 (2H. d. )
=90H/,. >CHCH,Ar). 3.76 (3H. s. OCH,). 4.63 (1H, 1, )

I

=9.0H/. OCHCH,). 6.80 (1H. s, arom H) MS m.e: 366
(M. 282 7). 266 (100°/)

S-3-12.3-Dihydro-T-hydroxy-2-(1-hydroxy-1-
methvlethyly-6-methoxy-S-henzofuranvl -1-pro-
panol (19). A soln of 18 (268 mg) in FIOH (13 ml) involving
107, NaOH aq (1 ml) was allowed to stand at room temp for
10 hr. The mixture was made slightly acidic with 10", HCl aq
and repeatedly extracted with EtOAc. The organic layer was
dried over MgSQ, and cvaporated to dryncss to give
a vellowish brown oil (215mg). IR v{M*¢'*em ': 3700. 3550
(OH). NMR (CDCl;) 2:1.20.1.33 (each 3H. 5. C -CH,), 1.80
(2t m, CH,CH,CH,). 2.63, 3.58 (euch 2H. 1. J = T0H/,

“In the cases of 1 and 3. catalytic hydrogenation under the
same condition used by us afforded a dihydro derivative as a
sole product

2¥9

ArCH,CH,CH,0). 307 (2H. d. J = 9.0Hz. >CHCH,Ar),

|
380 (3H.s, OCH, ), 464 (1H. t. ) =9.0H2OCHCH,), 6.48
(IH,s,arom. H). MSm,e: 282 (M ", 100" ) This material was
used for the following step without purification.

S-3-{2.3-Dihydro-6.7-dimethoxy-2-(1-hvdroy-
L-methvlethvly-S-benzofuranyl -l-propanol
(dimethoxy-diof) (5). A mixture of 19 (50 mg). anhydr K ,CO,
{100 mg), and Mel (0.1 ml)in dry acetone (4 ml) was refluxed
for 4 hr, poured into H,0, and extracted with F1OAc. The
EtOAc soln was dried over K,CO, and evaporated to
dryness in vacuo. Preparative tle of the residue on Si0,
[CHCI;:EtOAc = 1:1 (viv). R, = 0.45] gave a colourless oil
(38 mg). High resolution MS: 296.165 (M) (C,,H,,0«
requires; 296.162). IR vi1" ecm™': 3675, 3580. 3470 (OH).
NMR (CDCly)6:1.23,1.35(each 3H.s,C CH,). 1.79(2H. m.
CH,CH,CH,). 262, 358 (each 2H. ¢, 1=70Hz
ArCH,CH,CH,0). 3.09 (2H. d. J = 9.0H7, > CHCH.,Ar).
384, 3.96 (cach IH. s. OCH.). 4.64 (1H, . ) =90H,.

\

OCHCH,). 6.64 (1H. s, arom. H). MSm¢: 296 (M " 100 ).
CD (¢ 7.1 x 107*. MeOH) [t],,, --2064.

Dimethoxy-diol benzoute (20). A mixed soln of § (69 mg)
and benzoyl chloride (0.5 ml) in pyridine (0.7 ml) was kept at
room temp for 3.5 hr, pourcd onto ice-water. and extracted
with Et,0. The cthercal soln was washed with sat CuSO, aq
and dried over K,CO; and evaporated to dryness.
Preparative tle [CHCl EtOAc = S:1 (viv) R, = 0217 of
the residue gave colourless necdles (69 mg) m.p. 67.5-69 |
which were recrystallized from Et,O hexane IR ™ hem ™!
3580 (OH), 1705 (CO). NMR (CDCl5)é- 1.20, 1 33 (cach 3H,
s.C CH;), 200 (2H, m. CH,CH,CH,). 2 68,4.32 (cach 2H. 1,
J =6SH7. ArCH,CH,CH,0). 308 (2H. d. J =9.0H=.
>(‘HC};{1A’rL 381, 393 (cach 3H, s, OCH,). 4.60 (1H. . J
= 90HZOCHCH,). 6.64 (1H.s.arom. H). 7.30-7 60 (311. m,
arom. H). 796 808 (2H. m, arom. H). CD (¢ 5.0 x 10 *,
McOH) 07346 =199, [0 4y — 1572 (Found: C. 6895 H.
7.15. C31H 1O, requires: C, 68.98: H, 705" ).

This material was identical with an authentic sample of the
benzoate which was preparcd from the Me derivative of 21

Dilnydrorutarenin methyl ether” (23). A soln of 1 (2.00g) 1n
EtOH (100 ml) was hydrogenated over PtQ, (1.00 g) under
30aim pressure and at room temp for 12 hr. After removal of
the catalyst by filtration, the filtrate was evaporated to
dryness in tacno. Purification of the residuc by column
chromatography on $iO, gave colourless oily product
(L7971 g) IR (! em  ': 3670, 3580. 3510 (OH). 1770 (CO).
NMR(CDCl6: 123, 1.35 tcach 3H,s. C CH, ). 182 (1H.s.
OH. exchangeable), 2 60-3.00 (4H, m, ArCH,CH,CO). 3.14
(2H.d. 1 =90Hz, >CHCH,Ar), 3.97 (3H. s. OCH,). .66

(TH. t.1 =90 Hz.(l)(‘l_{('H: L665(1H.s;arom HLCD (¢ &2
x 107* McOH) 1,4~ — 1471.

Hexahyvdrorutaretnmethyl ether (21). A soln of 23 (910 mg)
in dry THF (18 ml) was graduully added 1o an ice-cooled
suspension of LAH (500 mg) in F1,0 (20 mly with stirring
The mixture was stirred at room temp for 1 hr and then
refluxed for 1 hr. After decomposition of the excess LAH
with EtOAc the mixture was acidified with 10", H,SO, ag
and extracted with Et,O and then EtOAc. The organic solns
were combined. dried over MgSO,. and cvaporated to
dryness. The residuc was chromatographed on Si0, to give
volourless prisms (71dmg). mp. 96.5-97 5. which was
recrystallized from benzene TR ! " cm ™ ': 3640 sh, 3550 sh,
3490, 3390 (OH). NMR (CDCl,) o: 123, 1.34 (each 3H. s,
C-CH,). 1.80(2H. m, CH,CH,CH,). 265, 360 (cach 2H.1,J
=T0Hz, ArCH,CH,CH;0). 307 (2H. d. ) = 90 Hz~.

>CHCH,Ar). 3.32 (3H. br.s. OH. exchangcablc), 3.99 (3H. s.
|

OCH;),4.64 (1H.1,) = 90 Hz.OCHCH,). 6.60 (1 H. 5. arom.

H).

Methvlation of  hexahydrorutarentn methvl  ether (21)
‘methyl hexahydrorutaretin methyl ether (5)]. A mixture of 21
(250 mg). anhydr K,CO, (497 mg). and Mel (0 S5ml) i1n dry
acctone (20 mi) was refluxed for Shr, poured into H,0, and
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extracted with EtOAc. The EtOAc soln was dried over
K,;COj; and cvaporated to dryness in vacuo. The residual oily
product (235 mg) was identified with a sample of 5 prepared
from 2 CD (c 64 x 10°%, MeOH) [0];xe — 1873. The
henzoute (20). The above 8§ (50 mg) was treated with benzoy!
chlonde (0.06 ml) as the corresponding product prepared
from 2 to give colourless needics, m.p. 69 70 (42.7mg)
identical with a sample of 20. CD (¢ 5.2 x 107¢, McOH)
[0)300 +154, ()45« —1574.

R-Dihydrocolumbianetin® (22). A soln of 3 (200mg) in
EtOH (50ml) was hydrogenated over PtO, (100 mg) under
30 atm pressure and at room temp for 14 hr. After removal of
catalyst by filtration, the tiltrate was evaporated to dryness in
tacue. Purification of the residue by column chromatography
on SiO, gavc colourless cottony needles (129 myg). m.p
115.5-117 (it. mp. 112-113 Y mp. 1115-1125 *" m.p.
1137 1145%)  which  were  recrystallized  from
Et,0-hexane-benzene. IR vye'em ™ ': 3505 (OH) 1740
(CO). NMR (CDCly) 4: 1.20, 1.32 (each 3H,s. C CH;). 1.86
(I1H. 5. OH, ecxchangeable). 264-3.00 (4H, m,

|
ArCH,CH,CO). 316 (2H. d. J = 90Hz.OCHCH Ar). 4.6

(IH. t. J = 90Hz O('?l;lCHzl. 649, 690 (each 1H. d. J
=80Hz. arom. H).CD (¢ 8.3 x 1073, MeOH) [0],,, + 907,
CD (¢ 80 x107% CHCly) [0]),0; =75 [f)y8y +225.
(Found: C, 67.71; H. 6.58. C,,H, O, requires: C. 67.73: H.
6.50" ).
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