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Abstract -Thcahsoluteconfiguration ofrutaretin methylcthcr (I) has beenestablished by transfnrmatmnof 
it IntO methyl h~x~ih~dr~rut~retin methyl ether (5)uhich was ln~cpcndently dented from S-marmesrn (2)lia 
pho1o-E’rws rcactmn as a key step. 

In the course of studies on the chemical constituents of 
Rutaccous plants. we2 occasionally isolated a new 
dihydrofurocoumarin (1 ) from ~~~~~~Io~~~~~??? trrtm- 
~intlunl Maxim. (Rutaccae) together with other 
fourteen coumarins involving S-marmesinj (2) and R- 
columbianetir? (3). In 1967. Schnclder of (11.’ isolated a 
phenolic coumarin. rutaretin (4), irom Rrrttr ~wt~:v~lm~ 
L. (Rutaceaef 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 cffcct in the ORD curve. it 
should be rutarctin methyl ether (I) having the same 
absolute configuration. However, the absolute 
~on~guration of rutaretin (4) had not been established. 
In this paper. WC report the absolute configuration of 
rutarctin methyl ether (1) by transformation of S- 
marmcsin (2) havmg a known chiral centc? into a 
common derivative of rutaretin methyl ether, methyl 
hcxahydrorutaretin methyl ether (St. 

Initially. we found that S-marmcsin (2) and R- 
~otumbianetin (3) show more icvorotatorp values of 
specific rotation in the protic solvent than in an aprotic 
solvent but the same negative Cotton eflect. although 
t hu reported absolute configurations of these 
voumarlns7’.” are not the same. This observation 
forced us to re-examine the absolute configurations of 
these coumarins. OLonolysis of 2 and 3 resulted in 
hydroxylactoncs (6a and b) antipndal to each other 

(Scheme 1). 
The absolute conliguratlon of the ( - )-hydroxy- 

IactonP (64) which was obtained from S- 
columbianctin (7) had been established and accepted 
a5 an S-J” (1 leaving the deterrn~n~~ti(~n of the absolute 
c~)nfigur~ition of rutarctin methyl ether (1) which 
shows a negative Cotton cffcct in the CD curve. 

Catalytic hydrogenation of S-murmesin (2) gave a 
mixture of a trio1 (hesahydromarmesin: 8) and 
dihydromarmcsin (9) in 26.1 ‘I,, ;tnd 3X.2 “,, yield. 

Tahlc I [x : and L!)] of some dlhydrofur3nlxoum;rrins and Ihew dlhydrocoumarm dcrl\;tti\cs 

NeOH 
.a 

CHC13 (MeOH-CHC13) 

R-columbianetin [al, -262.0' -188.3O -73.70 

(3) I*'335 -15994 -9180 -6814 

S-marmesin (2) 
ial, -16.0° +28.8== -44.6" 

. 
ie*33s -5405 -918 -4A87 

S-rutaretin me- IalD -41.00 +lO.E" -51.B" 

thy1 ether (1) [*I 335 -5226 -865 -4361 

R-dihydrocolum- -95.90 -63.9O -22.00 

blanetin 122) 151 283 +907 +225 i682 

S-dihydromarme- I 101; +37.50 I +39.a* I -2.P” I 
I L I 

sin (9) 
["',,a 

-2442 -1224 1 -1218 I 

S-dihydrorutare- +16_5O +15.1* +1.4* 
tin methyl ether 

(23) I?1 287 -1471 -869 -609 

l this value is at 589 nm in the ORU curve 
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Schcmc I 

OH 
(22) 
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(9): R=H 

(23): R=OCH3 LiAlH4 

(8) : R1=R2=R3=H 

(10): Rl=H,.92=R3=Ac 

(21): R1=OCH3,R2=R3-H 

respectively. Trcatmcnt of 9 with LAH provided the 

trio1 8 in N”,, yield. 
Thus (81 was treated wrth acetic anhydride-pyrrdtne 

to give dracetyl trio1 (IO) as an only product In the IR 
spectrum. IO shows OH bands at 3670 and 3575cm ‘. 

and phenohc and alcoholtc acetate bands at 175&h 

and 173Ocm ‘. In the YMR spectrum. it shows sharp 

?H singlets due to two acetyl Me groups at 2.03 and 
2.27 3. and a methylene signal at 4.04 6 whrch IS shtfted 

to the down field by 47 c’s when compared with the 
corresponding signals of the starting trio1 (8). 

mdtcatmp that acetylatmn took plucc at a primary 
alcohol of 8. Thcsc data supported the structure of the 

diacctatc (IO). 

Irradiation of an ethanolic 0.04 M solution of IO 
with a medium pressure mercury lamp (200 W) 

aft‘ordcd a mixture of five products (Table 2) with 

recovery of a small amount of the starttng material 

(IO). Each component was scparatcd by column 

chromatography. 
The first product (I I ) was obtained as a colourless 

oil. In the mass spectrum. the parent peak appeared at 

111 ta 292 corresponding to the molecular formula 

C, -H,,O,.Thc NMR spectrumdtsclosed the presence 
of ,m arylmethyl group in place of an acetoxy group of 
the starting dmcctate (IO) by the appearance of a 3H 
sharp srnglct at 2.23 A. In 1968. Bradshaw- reported 
that the photo-reaction of crcosol (IS) gave 2- 

Product 

,.m,,,, 
OH 

No 

11 

12 

8 

Yield($) 

4.3 

30.6 

1.4 

Product 

,.-n”,OAc 
OH 

OH COCH3 

NO 

13 

14 

Yield(O) 

12.7 

3.7 
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(15) 

Scheme 2 

(16) 

mcthoxy-p-xylene (16) and proposed a mechanism 
shown in Scheme 2. Based on this. the arylmethyl 

product was depicted by the formula Il. 
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 (m/u 336.159) 

coincides with the calculated value (m/c 336.157) for 

the molecular formula ClnH,,O,. In the NMR 
spectrum. it shows an aromatic proton and an H- 

bonded OH proton at 7.07 and 12.86 6, respectively. 
Hydrolysis of 12 with IO”,, KOH aq gave an alcohol 

(14) which shows a CO band at 1625cm-’ in the IR 
spectrum. These data strongly indicated that I2 is a 

desired photo-Fries rearrangement product. 
Other three products (13, 14 and 8) were confirmed 

as de-acetylated products of the starting diacetate (10) 

or of the dcsircd photo-Fries rearrangement product 
(12). Norrish type I 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 acctatc (18). In the IR spectrum. this 

acetate (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 ci. demonstrating the Baeyer Villiger 
reaction proceeded in the desired direction. 

Hydrolysis of 18 followed by methylation gave a 
dimcthoxy-dial (5) as an oily product which was 

characterized as a benzoate (20). m.p. 67.5 69 
On the other hand. hexahydrorutaretin methyl 

ether (21) was prepared by the similar treatment of 
rutarctin methyl ether (I )in thecaseofS-marmesin (2). 
Methylation of the hexahydro-derivative (21) afforded 
methyl hcxahydrorutarctin methyl ether (5) which was 

identical with a sample of the dimethoxy-dial (5) 
prepared from S-marmcsin (2). 

Since both the derivatives have the same negative 
Cotton elTect in the CD curve. we may safely deduce 

that the absolute configuration of rutarctin methyl 
ether (I ) should bc depicted as S. 

It should be noted here that R-dihydro- 
columbianetin (22) and S-dihydromarmesin (9) [and 
S-dihydrorutaretin methyl ether (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 I ). 

EXPERl,ME’lTAL 

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 
Hitachi EPIG3. 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 JAW0 J-20 spectropolarimeter. 
Irradiation was performed with medrum pressure Hg lamp 
(Nltsuko Sekiei). For column chromatography. silicic acid 
(IOU mesh. Mallinkrodt) and Kieselgel H nach Stahl (Merck) 
were used. For tic. Kieselgel GF,,, nach Stahl (Merck) was 
used. 

lsolafion @ S-rufururin mfhyl erher (1). S-murtnesin (2). und 
R-columhiunerin (3). As reported,’ 1. 2 and 3 were isolated in 
0.010”~,.0.059”,, and 0.007”,, yield from the root wood’“of X. 
ctrnotrranurn, 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) Rurorerin methyl rfher (1). Colourless prisms, m.p. 
147-148’ (lit.’ m.p. 133 ), [z]r + 10.8’ (c 0.895. CHCI,); 

[z],!,” -41.0’ (c 1.00. MeOH). CD (c 1.3 x IO-&. MeOH) 

[(’ 1 33’ - 5226. :o:L)) -2576; CD (L. I.2 x IO-J. CHCIj) 

:I’:,,, - 865. [UlzuO + 865. The ORD curve of the coumarin 

gifted by Prof. Schneider was measured in our laboratory and 

Identified with that of our sample. 
(h) S-Mannesln (2). Colourless pillars. m.p. 192 -193 (lit.‘” 

m.p. 189.5 I. [z],‘,” +28.8 (c 1.24, CHCI,) [lit.” [a]? 
+26.8’(CHCI,)]: [s]:’ - 16.0 (c- 1.00. MeOH). CD (c4.1 
x IW4, McOH) [II],,, -5405, [0]2,, -3003; CD ((’ 4.3 
x 10-J. CHCl,) [(II,,, -918. [Olz9,j + 1363. 

(c) R-Colunlhiunerin (3). Colourless needles. m.p. 
166-166.5 (m.p. 164.5 165’5” reported for S-columbianetm). 

&lp2- - a.~;2o5 - h.QQH20H 
OH COCH3 OH 

OR2 
OH 

OCH3 

(12):R=H 

(17):R-CH3 

W):Rl-R2-AC 

(19) :R1=R2=H 

(5):Rl=H,R2=CH3 

(20):Rl=COC6H5,R2=CH3 

Scheme 3. 

(21) 



\Vhcn Ihc mi\Iurc formed by c.~~ulyt~c‘ rcducrron of 2 ua, 
JlrmIly Irrdtrd \rlth LAH. thl4 mnlcrlnl 181coulJ beohtatncd 
in Y7 0’ y~cld from sI;trrrng marmcbin 121 

&/I,, 11,~tl ()I S-t/r/fldr,,r~rlrrrl~~,.\ir~ 19) ~rrlr l.._( H. A boln 0C 9 
(0.24Yg) In ahs THI t5 ml) us added 10 .I zuq?ension of 
L.4H (0 IXO~gi III dry F.r,O 16ml) w)Ih \Ilrrmg under ice- 
CCWIIIQ!. The mlxIurc \\.I> \lIrred .I[ room rcmp ft)r I hr ,tnd. 

then. refluxcd for ? hr Afler dcl-nmposltl~~n of c”tce,s LAH 
by addlrlon of FIO,1c and WI LI,O followed h\ IO’ H,SO, 
.q. Ihc mixture U’I~ c\rractcd \\lIh t.r,O The crhcrcal soln 
W.I\ dried over M$W,. and c\aporaIcd lo fi\c ;I colourlczb 
OII (024~g1 HJIICII WA idcntlcnl wlIh 8 

S-lh (‘I! //I~~\~I~I L.I~~/)~)~III.J)I,.\III 1 IO). To ;I \oln of 8 (5 9-17 g) 
Indr? EI!O (59 4 ml~~a~addcd Ac,O I IX003p)and pvrldine 
I IX X6Y g) The ml.\Iure wab ullo\sed to stand a~ room Iump 
for 3 hr. poured Inlo Ice-Hater. and then. crtractcd HlIh Et?0 
The cthcrcal cxtracl W;IS Hashed rrlth GUI CuSO, aq drlcd 
ober K :( 0 ,. and ciaporaled In dryncsb IO gre colourIcs4 oil 
(6.550 g). IR b:,,‘l: ’ cm ’ : 3670. 3575 (OHl. I7FO\h. 1730 

ICO) NMR ((‘DC.1 ,) 0: 1.19. 1 31 (each 3Ii. 3. C-CH ,). I.80 
(_‘I~. m. CH,Cfjl(‘H,~. ZO3. 2 27 Ic.kch 3!i. c. (‘OC’H ,I. 247 
1.04 lc;lch 2H. I. J = 7 0H7. Ar<“H:CHIC’lj,O). 308 l_‘H. d. 

I 
J = X.5 ti7. ;C‘HCtj,Ar).4.5Ylltt.i.J = X.CHL.OC‘~~C’H~I. 
6.42, 6.36 teach I H. 2. arom. H) MS w V: 336 (M _. 23 h .J. 
176 ~I(lo”..l This maIerlal wa\ used for Ihc next re;lcIlon 
HIIhouI further purllicdIlon 

I’lrcUo-I.rii’\ /‘~‘~~~‘~~o~fi~‘iil~‘~ff rt/ rlr~dlicr~~crtr~c (101. A soln of 10 
16,257~) in 95’. EIOli 1465 ml I \cas Irradlaled lor IO.7 hr 
under NT \rlth Ice-coollnp FvqoraIlon nf the sol\enI under 
rcduccd prcs\urr ga\e a hroun 011 16 485g). u hlch wah 
dissolved In J mixed Avent. C‘HCI, hcnzcnc [I I (k \ 11 and 
ChromaIopraphcd on SIO. 

itr) S-!-l~.!-D~lr~r/ro-l-il-I~Idtr~~~-l-~~~,,rh~./c,rh~I)-h- 
lWl11, /-.c-h,~~l~r,lltr,/lll ,]- I -pr~~/““l”/ ,I, C’fC~l~’ (II) I’he 
fir\1 clut~on \rlIh C’HC’I, bcnzcnc 1 I :I (\ \)I gave a 

culourlcsi WI 10.255g1 which ~3s purllied by rcpcatmg 
column chromatogrdphy on SIO:. IH t:,!,!: ‘( cm I : 3575.7450 
1Ot~l. 1725 I(‘()). NMR (CDCI,) d: 1.X. 1.31 (each 3lf. s. 
C-CH,). I X!(!H.m.(‘ti,(‘H,(‘H,).‘O4lZH.~.OCOCH,). 
2 23 (!H. 3. Ar C‘II ,l. 2.58, 4.W (each 2H. 1. J = 7.0 H?. 
.Ar( tj,C‘I(.C‘lj:C)t. 307 (?ti. d. J = 9OHr. >C’HC’tj,Ar). 

455 (Iii. I. I =Y.I)HL.OCI~C’I~~~. 656. 6YO lc;ich IH. LI. 

arom. 111. MS ltt (*. 291 1x1 -. Z26 .,I. 117 Ilo(I” I. 
{/,I S.!-r’.!./~rlrl,/~0.~1-/11LI~0\\-~-~1-h1,11~0\~-1-~~1~~11111- 

1,1/i\ I)-7-,Wfl!\ I< ~l~l~r~n\-I-s-h~~fl~~~/l~~~~~l~ I]- I -pnqwmd tlc’rfcllc8 

1121. The bccond elutlon \vlth (.Hcl,-benlent! :I:1 (b v): 
gJ\e LI mellow OII II 91 Fg) uhlch ~3s puriticd by repeating 
column chromatography on SIC), High rcqolutlon MS. 

\26.1.(9 1.M’ ~lC’,,ti,,O,, rcqulres. 336 1571. IK r(,II:‘.cm- ‘. 
3690. 3600 IOH,. 1735. 1635 ((‘0) hMRlC’D(‘I,,) I): 1.26. 
I.37 leach 3ti. s. (‘ (‘H ,I. I.82 (III. s. OH. cxchangeablct. 
I 90 l?H. m. CH ,CH,CH .). 2 05. 2.65 (each 1li. S. (‘OC’H ,I. 
?hl -107 (c,lch >H. I. J i 70 Hz. ArCtj,(‘H:C’lj:OI. 305, 

l_‘H. 11. J = Yntl,. ,( HC‘tj_.Arl. 472 IIH. I. J = 9OH/_ 

OlHC.H,). 707 IIH. h. ;Irctm Ht. I2 Xh (I H. s. OH. 
cxchangcublc). .%I5 m c ?26 IM . 96 I .). IYO ~lo()“..). 

Hydrnlysls of 12 (0037Og) with IO’ ,, KOti aq (I mlt In 
ErOH I I ml I aHorded Id. JS d ycllou nil (0.03Sg~ u hluh wab 
Idrnlrcal with lhc other photo-t’rrcs rcxllon product (14~ 
I IA I~rlr,r 

(, ) R,,, OI ,‘r\ ,,I rh,* \I,~,‘IIIIL’ drtrt h’/,t~t’ (101. Suh~quenI 
elutmn with the bamr rnlxcd zolvcnt &c~rdrd lhe \rartlng IO 
fn. I 42 g I. 

I‘/, S-J- [2.3-D/11\ tlrrbb-/,I dJYJ\\ -,- ( I -Ill t/r I!\ \‘- I -Wlll\~l- 
(~rlr\I1-5-~,,rr.~1/1rrrctr~I]-I-/)11~p~~~r1~/ J( ~ltrl~ (131. Elutlon alth 
C’HC’I I gate ;I coIourIc>> nil (0 673 gt. Purlficd\lon of the a11y 
product due w column chromatography on StO, yielded line 
nccdleb tO.?YOp). m p Y7 YX . H hlch wrc recryrtnlllzcd from 
benanc Er,O hexme. IR rLy,:I:“crn ‘: 3h70. 35X5. 3370 
(OHI. 17,x IC‘OI. I\;\lR~~‘fX’I,t 3. I IY. l.:Y (cxh 3H. s. 
C CH,). I X-l IZH. m.CH,Ct_l,(‘tI,l. 203 I?H.x.C’OCH,I. 
2 43. h 57 (cdch I H. \. Olt.c\~h;lngcahlc). 2 57.4 07 (CiIch 2H. 
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I. J = 7.SHz. Ar(‘li2CH,CH,0). 3.01 (2H. d, J = 8.5Hz. 

>CHCH,Ar). 4.55 (III. t. J = X.SHr.O&CH ) 6.25 681 
(each lH.s.orom H). MS/I1.(~.194(M ‘.37.j”,,).*l;6(1;0”,,). 
(Found: C. 65.24: tl. 7.63. ClhHJJ05 rcquircs. C. 65 29: H. 
7.53). 

(c,) S-3- [ ,.3- ~il1\~r/~o-6-lr~.dr,,\ \,-2-( I -Ir!~t/ro.~~- I -wc,rl~~.l- 

c’//ll~/)-7-f,i~‘l/l~‘/~ cl~hofl~‘~-.(-h(,/l~O/UrUn!‘/]-) -,?,YJ,XUI~J/ (14). 
Elutmn aIth C’HC’I, EtOAc [I :I (v:‘v): pave a yellow oil 
(0.2lYg). hhlch was purilicd by repeating column chromat- 
ography. I R I,:,,!: ” cm ’ : 3680. 3600 (OH ). 1625 (CO). 
h’MR (CDCI,)~i: 1.24. 1.36(each 3H.s.CCH,). 1.77(2H.m. 
CH,C‘H,C‘II,). 2 17 (?H. br.s.OH x 2). 2.63. 3 56 (each !H. 
1. J 2 7.0 Hy. .ArCH,CH,Cli:O). 2.65 (3H. s. C’OCH,). 3.09 
(2H. d. J = 9.OHz. >CH(‘H,Ar). 4.71 (IH. I. J = 9.0H1 

&jCH,). 7.W (IH. s, arom II). 1301 (IH. s. OH). 

(, I ‘I II<, Irio/ (8). The subsequent elution with 
<.l1(‘1, FtOAc [I :I (v,v) ] gave a colourlessoil (66 mg) which 
was Idcnttcal with ,rn a?Ithenticsampleoffl with respect IO IR 
spectrum 

S-3- :‘.%~Jhld,o-?-( I-/,jt/,o\ ,-)-W/h~ /~1/1~~/)-6-111~~~~1f~~~~- 

7-~tl~~rll~~/~~trrhon~~/-.S-~~~~~~~~~lrrrtrrt~~/ _-I-propcltlvl ~ICCI~II~ (17). To 

a soln or I2 I 292 mg) in dry acetone (30 ml) was added anhydr 
K ,CO, (GO mg) and Mel (0.54 ml) and then the mixture was 
relluxed for 1 I hr and then for a further IOhr. InorganIc 

substance was liltcrcd off and the solvent was evaporated 
under rcduccd pressure. The residue was dissolved in water 
and extracted with Et,<>. The ethcredl soln was washed 
HIth H,O. dried over K:CO,. and evaporated to dryness 

to ~IW a pale yellow OII (335 mg). IR ~f!!,‘,‘,“~ cm ‘: 3650.3590. 
3450 (011). 1715. 16X0 ((‘0). NMR(CDCI,) 5: 1.21. I.31 
(each 3H. s. C’ CH ,I. I.87 (2H. m. (‘H,Ctj,CH,). 2.04. 2.56 
(each 31 I. s. C‘OC’H.,). 2 43 (I Il. s. OH. erchangeablcl. 2.5Y. 
-1 OX (each ?H. I. J = 7.0 I I/. ArClj,CH2C’H,0 ).3.0X (?H. dlf. 
d.J = Y.OH7. BCHCH!ArI. 3.71 (3H.s.OC’H,).4.63 (IH. I. 

J - 9.01i/.O~HC.H,). 7cK1 (III. s. arom. H) MS WC’ 350 
(M . 100,:,). - 

S-3- 12.3-Dl/irt/ro-7-hl.tl~o\l -2-( I-I~l.tlro\,t -I - Jti~vlr,~~/- 

c~f~l~~/)-h-lllc~~/l~J~~ -.F-hc,n-c!lrr,‘oJ~~/I-l-prcJprlnol d i (I- 

W(~IP I IS). To an ice-cooled IICOOH (lop) was added 35”,, 

Ii,O, aq (I g) and then the mixture was allowed to stand at 
room tcmp for I hr. The pcrformic acid soln prcparcd above 
war added to a soln of I7 (50 mg) In H(‘OOH (I g) under ICC- 

coolin)z. The mlxturc was allowed to stand a~ room tcmp for 
X hr. Aficr &composition ofcxccss of the peracId by addillon 
of Na,SO,, (IO0 mg). the Inixturc was poured into H,O and 

e\trac[ed with Et,O. The cthcreal soln was dried ober K,CO, 

and c\aporarcd IO dryness to g~vc a yellow 011 (35mg). High 
rcsolutlon MS: 330.170 IM ) (C,uH?,,O. requires: 336.16X) 
lR r’,,I(: ’ ’ cm ’ 3600 (OH). 1765sh. 1730 (CO). 
NMR(CDCl,)ci:l.17.I.29(each3H.s.~‘ <‘H,).l.85(2H.m. 
CH~C‘l&(‘H~~. 2.03. 2.32 (each 3H. s. CO<‘H ,), 2.59. 4.08 
(each 2H. 1. J = 7.011~. ArCH,CH,(‘l_l,O). 3.1-l (2H. d. J 
= Y.Oli/. >C’H<‘U,Ar). 3.76 (3H. s. OCH,,). 4.63 (IH. t. J 

= 9.0 Ii/. O?‘y(.H !). 6.80 II H. s. arom H) MS IJ~.‘c. 366 
(M 2X 2 I,). ~66 ( ~(M)‘,;J 

s-3- I2.2-Dlhj rlrrl-7-/l!~d,o~~~-2-( I -/r\.t/roY)~- I - 
111 c I II I’ I c’ I II \’ I I- 6 - HI c I II o Y \ - 5 - /I (’ )I : o/ II r (1 II I’ I - I - p r o - 

PCIJICJ~ (19). i soln of I8 (268mp) In EtOH (13ml)~involvmg 
IO”,, NaOH aq (I ml) was allowed IO stand at room tcmp for 
IO hr. The mixture uac made slightly acidic wtth IO”,, HCI aq 

and repeatcdl~ extracted with EtOAc. The organic layer wab 
dried o\cr MgSO, and cvaporatcd to dryness to give 
a yelloulsh brobcn oil (2l5mg) IR v,‘iy:“cIn I: 3700. 3550 
(OH ). hMR (CDCI,) 0: 1.20. 1.33 (each 3H. 5. C -C‘H,,). I.80 
(XI. m. CH,Ctj,(‘fl,). 2.63. 3.58 (each ZH. I. J = 7.0H/. 

“In the USC\ of I and 3. catalytic hydrogenation under the 
same condition uhed hy us afforded a dIhydro derlvativc as a 
mle product 

ArClj,CH,Clj,O), 3.07 (2H. d. J = 9.0 HI > (‘HCli2Ar). 

3.80 (3H. s. OCH ,). 4.64 I I H. t. J = 9.0 HzWljCH, ). 6.48 

( I H, s. arom. H J. MS rn,r: 282 (M _. IW”,,) This material &as 

used for the following step wIthout purification. 
S-3- i2.3-D1l1!.dro-6.7-dinIc~rho.~!.-2-( I-lI~dro\>.- 

I-Inrr/1~~/urI1~/~-5-hrn~o/urtr~t~ I‘- I -pr0p~~If~I 
(r~irnc~rhos!.-tliol) (5). A mixture 0119 (50 mg). anhydr K,CO, 
(100 mg). and MCI (0.1 ml) in dry acetone (4 ml) was retluxcd 

for 4 hr. poured into H,O. and extracted with FtOAc. Thu 
EtOAc soln was dried over KzCOJ and evaporated to 
dryness rn ~~~JCIW. Prcparatlve tic of rhe residue on SIO~ 
[CHCl,,:EtOAc = I : I (vi\). Rj = 0.451 gave a colourless oil 

(38mg). High resolution MS: 396.165 (M-I (C,,,H,,O, 

requIresi 296.162). IR \,kl,(” cm- ’ : 3675. 35X0. 3470 (OH). 
kMR (CDCl,)li: 1.23. 1.35(cach3H.s.C CH,). 1.79(2H.m. 
CH~Clj2CH~), 2.62. 3.58 (each 2H. 1, J = 7.OHz. 

ArClj,CHLCH20). 3.09 (2H. d. J = Y.OH7. >CtIClj2Ar). 
3 X4. 3.96 (each 3H. s. OC’Hl). 4.64 (IH. t. J = 9.OH/. 

O~~~CH,I. 6.64 (IH. s. arom. H). MS ~11.t’: 206 (M ‘. IOO”,,). 

c-r) k 7.1 x 10-a. MCOH) [III:,, --2064. 
I~irrtc~I/r~~\\~-clir~/ h~~:otrrc, (20). 9 mixed soln of 5 (6Y mgl 

;md benToy chloride (0.5 ml) In pyridlne (0.7 ml) was kept at 
room temp for 3.5 hr. poured onto ice-water. and extracted 

with Et,O. The cthcrcal soln was washed with sat CuSO, aq 
and dried over K2C0, and evaporated to dryness. 
I’reparatibe tic [<‘HCt,. EtOAc = 5:l (v:c). K, = 0.21 : of 
the residue gave colourless necdlcs (69 mgl m.p. 67.5- 6Y 1 
which were recrystalhzed from El,0 hcxane IR I’,‘: “cm ’ 
3580(OH), 1705 (CO). NMR (CDCl,)ii- 1.20. I 33 (each 311. 
s. C CH.,).200 (2H.m.CH,Clj,CHL). 2 68.4.32 (each ?H. t. 
J = 6 5 HI. Ar(‘lj~CH,Clj:O). 3.08 (2H. d. J = 9.0H7. 
>C‘HClj,Ar). 3.81. 2.93 (each 3il. s. 0(X1,,). 4.60 (IH. t. J 

= 9.O~I~.O~~HC)~~).6.64(IH.s.arom.H).7.3~7M)(71l.m. 

arom. HI. 7 9i X.08 (I!H. m. arom H) CD (c 5.0 x IO ‘. 
McOH) -I)-,,,, - 199. [I)_:,, - 1572. (Found: C. 68.95; Il. 
7.15. Cz ,fii,O, requires: (‘. 6X.YX: H. 7 05”,,). 

Thrs material was Idcntic;d Hith an authentic sample of the 
benzoate which was prepared from the Me deribatlvc of21 

01111d,or~trtrrr/lt1 mr~h~-/ CIII~T” (23). A sol11 of I (?uOp) In 
EtOH (lOOmI) was hydropenatcd over PtO, (I .(KI g) under 
3Oatm pressure and at room tcmp for 12 hr. After removal of 
the catalyst by filtration. the filtrate was eiaporatcd IO 

drynebs I~I l WIDER. Purification of the rcslduc by column 

chromatography on Si02 gave cnlourless 011y product 
(I.791 g). IR &‘,‘z”crn ‘: 3670. 35X0. 3510 (WI). 1770 (CO). 
NMR(CDC‘I,)ii: 1.23. I35 (each 31i.s.C‘ C‘H,I. I X2 (1H.s. 

OH. cxohangcablc). 2 60-3.00 (4H. m. ArCli(2CH2<‘O). 3.14 
IZH. d. 1 = 9.0Hz. >CHClj2Arl. 3.97 (3H. s. O(‘H,I. 4.66 

i1H.t.J =Y.OHz.OC’ljC‘H~~.665(IH.s.arom H).CD((,X_’ 
x IO-“. McOH) :OllnT - 1471. 

ffvu~rlr drol~I~IuwIft1 rtrrr/I~ I c,IlIcjr (21 ). A soln of 23 (Y IO mg) 
in dry THF (IX ml) was gradually added to an &cooled 
suspension of LAH (5OOmgl in Et,0 (2Oml) with btlrring 
The mixture was stlrrcd at room temp for I hr and then 
relluxed for I hr. After decomposition of the CICCSS LAH 
with EtOAc the mIxlure &as acidified with IO”,, H:SO, aq 
and cxtractcd with Et,0 and then EtOAc. The orgamc solns 

were combined. dried okcr MgSO,. and cvaporatrd to 
dryness. The reslduc was chromatopraphcd on ~$0~ to gi\c 
colourlcss prisms (714”‘~). m p 96.5-97 5’. which WHS 
rccrystallizcd from benzcnc IR I,‘,!: “cm _ ’ : 3640sh. ?FSOsl~. 
3490. 3390 (OH). NMR (CDCI,I ~$1 1.23. 1.34 (each 3H. s. 

C-CH,). I .8O (2H. m. CH,C‘ljzC}l,). 2 65. 3 60 (each 214. I. J 
= 7.0H1 ArClj,CH,C‘tj~O). 3.07 (ZH. d. J = 9.0 tir. 

>CHC‘lj,Ar). 3.37(3H. br.s.OH.e~changcablc),3.99(3H.s. 

OCH A ). 4.64 ( I H. I. J = 9.0 Hz.OCUCH j ). 6.60 ( I I-l. s. arcjm. 

H). 
Mrrli\Lrrf~~ o/ Ilz~~rll~~drf~rlr~rrrrr,rl m~~fIi~~/ c~fhr {2l I 

Imethyl hcxahydrorutarctin methyl ether (5)]. A mixture 0121 
(250mg). anhydr K,CO,, (4Y7mg). and Mel (0 55ml) In dry 
acctnnc (Xml) w;is rctluxed for 5 hr. poured into H:O. and 
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extracted with EtOAc The EtOAc soln was dried over 
K2C0, and evaporated to dryness in I’OCUO. The residual only 
product (235 mg) was ldcntified with a sample of 5 prepared 
from 2 CD (r 6.4 x IO -J. MeOH) [tI]ll. - 1873. Thr 

hen-_ourr (201. The above 5 t5Omg) was treated with benzoyl 
chlorrde (0.06ml1 as the corre\pondlng product prepJrcd 
from 2 lo give colourless needles. m.p. 69 70’ 142.7mg) 
ldcntlcal with 4 sample of 20. CD (c. 5.2 x lo-“. MeOH) 

I’) 130” + 153, [I)],,, , - 1574. 
R-L)W)-drocolurnhiu~erf~” (22). A soln of 3 (200 mg) In 

EtOH (50ml) was hydrogenated over PtO, (IOOmg) under 
30 atm prccsure and at room temp for I4 hr. After removal of 
catalyst by filtration. the tiltrate was evaporated todryness IPI 
I UC IIO. Puriticntlon of the residue by column chromatography 

on SiOl gave colourless cottoriy needles (129mg). m.p 
llS.5-117. (ht. m.p. 112-113 .’ m.p. 111.5-1125 .4h m.p. 
1137 l13.5’4’) which were recrystallized from 

Et,O-hexane-benzene. IR ~::!“‘crn- ‘: 3505 (OH). 1740 

(CO) NMR (CDCl,j cj: 1.20. 1.32 (each 3H. s. C CHJ). 1 X6 
(I H. 2. OH, cxchangcable). 2 64-3.00 (4H, m. 

ArC&(‘lj,CO). 3 16 (2H. d. J = 9OHz.O&HC&Ar). 4.64 

(IH. t. J = Y.OHz.O(&HCH,). 6.49. 690 (each IH. d. J 
=XOHz.arom.H).CD(;8.3 x IO-‘.MeOH)[Ij),,, +907. 

CD ((’ 8.0 x IO-‘. CHC‘I,] [(I],,> - 75. [n],,, + 225. 
(Found: C. 67.71; H. 6.58. C,,H,,O, requires: C. 67.73: H. 
6.50”,,). 
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