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Summary: The structures of three new prenylphenyl propanoids, wutaiensol (L), wutaiensal (z), 
and methyl demethoxywutaiensate (4, were established by correlating with S-rutaretin methyl 
ether (19) or S-marmesin (24) by chemical means. The structure of wutaialdehyde (3), a related 
compound, was also established by total synthesis of the racemate and by correla&g with I. 
Preliminary piscicidal test on these compounds disclosed that 2 and 4 are weakly but distinctly 
positive. 

In the course of studies 1) on the chemical constituents of Rutaceous plants, we isolated 

three optically active phenyl propanoids and a related compound classified into a new category 

from the root wood of Xanthoxylum wutaiense Chen, 2) which was known as a piscicidal plant in 

Formosa. In this communication, we describe their structural establishment involving absolute 

configurations. 

Wutaiensol cl)-- Yellow oil ; MS m/z: 264 (M+, 3) 
C15H2004); 

IR (CHC13) cm 
-1 

4, (MeOH) [Ol (nm) 

: 3600; UV Ara; 

nm (log E): 213 (4.05), 277 (3.81); CD : + 3223 (273); PMR (CDC13) 6: 1.21 and 

1.35* (each 3H, s, CH3), 1.65 and 2.10 
l_:R1=OMe;R2= *CH~~H (each lH, br. s, OH), 3.15* (2H, d, J=lO.O 

L:R1=OMe;R2= *CHO Hz, CHCE22), 3.86 (3H, s, OMe), 4.27 (2H, d, 

3:R1=OMe;R2=CH0 
J=6.0 Hz, C=CHClX20-), 4.65* (lH, t, J=lO.O 

6.14 (1H. dt, J=16.0 and 6.0 
{:R1=H;R2= *C02Me 

Hz, CECH2), 

Hz, CH=CECH2), 6.31 (lH, d, J=16.0 Hz, 

10:Rl=R2=OMe Cg=CH), 6.75 and 6.81 (each lH, s, ArH). 

Wutaiensal (2)-- Yellow oil; MS m/z: 262 (M+, C H 0); 
MeOH 

15 l&4 
IR (CHC13) cm 

-1 
: 3595, 1670; W 

x max nm (log E): 229 (4.021, 247 (4.01), 342 (4.17); CD (MeOH) [@I (nm): + 4130 (350); PMR 

(CDCl,) 6: 1.24* and 1.38* (each 3H, s, CH3), 2.00 (lH, br. 5, OH), 3.21* (2H, d, J=lO.O Hz, 

CHCs22), 3.90 (3H, s, OMe), 4.72* (lH, t, J=lO.O Hz, CI$H2), 6.54 (lH, dd, J=16.0 and 8.0 Hz, 

CH=CgCHO), 6.91 and 7.02 (each lH, s, ArH), 7.34 (lH, d, J=16.0 Hz, Cz=CHCO), 9.56 (1H, dr J=8.0 

Hz, CHCEO). p-Nitrophenylhydrazone CS): red prisms; mp 164-167' (MeOH), C21H23N305.5) 

Wutaialdehyde (3)-- Yellow oil; MS m/z: 236 CM+, 
C13H1604)' IR (CHC13) cm -l: 3595, 1690; 
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uv 1:: nm (log El: 238.5 (4.351, 316 (4.36); CD 4) 

6: 1.24* and 1.38* (each 3H, s, CH3), 1.96 (lH, br. 

3.93 (3H, s, OMe), 4.71* (lH, t, J=lO.O Hz, CI-$H2), 

p-Nitrophenylhydrazone (5): yellow fine needles; mp 

(~e0~) IBJ (nm): + 4432 (300); PMR (cDc~~) 

s, OH), 3.25* (ZH, d, J=lO.O Hz, CHCg2), 

7.30 (2H, dif. s, ArH), 9.76 (lH, s, CHO). 

189-191' (MeOH), ClgH21N305. 5) 

Methyl Demethoxywutaiensate (4)-- Colorless prisms; mp 113-115'; C15H1804 5) 
MS m/z: 262 

(M+); IR (CHC13) cm-': 3595, 1715; W XMeoH ml (log E) : 215 (4.101, 230 (4.06): 298sh (4.08), 

320.5 (4.20); CD 4, (MeOH) [Ol (nm): + 5:: (320); PMR (CDC13) 6: 1.21* and 1.33* (each 3H, s, 

CH3), 1.99 (lH, br. s, OH), 3.14* (2H, d, J=lO.O Hz, CHCE2Z), 3.75 (3H, s, OMe), 4.62* (lH, t, 

~=lo.o HZ, CgCH2), 6.20 (lH, d, J=l6.0 Hz, CH=CgCO), 6.71 and 7.25 (each lH, d, J=8.5 HZ, ArH), 

7.30 (lH, s, ArH), 7.58 (lH, d, J=l6.0 Hz, Cz=CHCO). 

The existence of the common moiety, Me2C(-0-j CH (-0-)CH2Ar, (1) in these four compounds was 

demonstrated by the appearance of the astered signals in the PMR spectrum of each compound. 

Taking into consideration that these compounds have 

commonly a benzene ring, the above spectral deduction 

allowed us to extend the common structure to either 

2,3_dihydrobensofuran derivative (1 or 3,4-dihydro- 

&& "$& 

HO 7 8 

benzopyran (2). During our studies 
6) 

on structures of 8 9 - _ 

2,3_dihydrofurano- and 3,4_dihydropyranocoumarins in 

detail, we occasionally found that the former shows two strong peaks at m/z CM+-581 and at 

(M+-59) in the mass spectrum, while the latter at m/z (M+-70) and at m/z (M+-71). Since all of 

our new phenyl propanoids show two strong peaks at m/z (M+-58) and at m/z (M+-59) but not at m/s 

(M+-70) and at m/z (M+-71) , the 2,3_dihydrobenzofuran moiety (8) was preferred to the other (2) 

as a tentative formula. 

On the other hand, the first three compounds (1, 2, and 2) could be correlated by the chem- 

ical experiments that treatment of 1 with MnO - 2 in CHC13 gave 2, while 3 was obtained by oxida- 

tion of 1. with 0s04 followed by NaI04. These correlation works demonstrate that 1. is an oxida- 

tive product in which the -CH=CHCH20H group of 1 was transformed into a -CH=CHCHO and that an 

aldehyde group situates at the corresponding position in 3. Thus, in order to establish the 

substituent pattern of the aromatic ring, 2 was converted into the dimethoxy-product (10) [oil; 

MS m/z: 238 (M+, C13H1804), PMR (CDC13) 6: 1.22 and 1.36 (each 3H, s, CH3), 2.13 (lH, br. s, 

OHI, 3.14 (2H, dif. d, J=9.0 Hz, ArCE2CH), 3.75 and 3.86 (each 3H, s, OMe), 4.62 (lH, t, J=9.0 

Hz, CH2CEO-), 6.34 (2H, s, ArH). p-Nitrobenzoate (11): yellow prisms; mp 90-92' (Et20-hexane), - 

C20H21N075)l by Baeyer-Villiger oxidation followed by methylation. The comparative inspection 
7) 

of the signal pattern and the chemical shift of a 2H singlet due to two aromatic protons of 10 - 

with those of other reported trimethoxybenzene derivatives 8) led us to assume that 10 would have - 

their two methoxy groups at the C5- and the C7-positions. Therefore, a racemic 5,7-dimethoxy 

product (10) was prepared according to the synthetic sequence shown in Chart 1. Identity of the - 

synthetic material with the dimethoxy derivative (10) derived from 3 remained the two possibili- - - 

ties that the aldehyde group of 3 located at either C5- or C7-position. However, the spectral 

fact that, in the PMR spectrum, the aromatic protons of 2 appear as a diffused singlet having a 
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1) Pd/CaC03, H2 

R 
Cl 

R 2) A 
R 

- 
HO 

OMe OMe OMe 

lZ:R=OMe - 

15:R=C02Me - 1) mCPBA 
16:R=C02Me (22.0%) - 2) K2CC3 

/ 

bp95-105°/lmmHg 

17:R=C02Me (86.2%) - 

13:R=OMe(35.6%) 
b~110-120°/lnrmHg 

14:R=OMe (73.3%) 

mp 99-1Ol0 Et3N bp 130-14O"/lnraH8 

Racemate of 3 1) Vitride _ 

[p-nitrophenylhydrazone: < 

mp 180"(softened at 166")] 2) Mn02 

Chart 1 

R lO:R=OMe (80.9%) 
bp120-130°/hmnHg 

E:R=CO2Me(81.6%) 

bp 160-17O"/lmmHg 

relatively small half band width, denies the latter possibility. The formula (2) is also sup- 

ported by the biogenetical concept that coniferyl alcohol is the most general precursor for 

naturally occurring phenyl propanoids. Therefore, synthesis of the racemate of 3 from 15 was - - 

also achieved according to the synthetic pathway shown in Chart 1. Since the synthetic material 

itself and its p-nitrophenylhydrazone were identical with samples of the naturally occurring 

product (2) and its p-nitrophenylhydrazone (6) except optical activity, respectively, the struc- 

ture of the natural product was established as the formula (2). 

In the course of establishment 9) of the absolute configuration of S-rutaretin methyl ether 

(E), hexahydrorutaretin methyl ether (20) had been prepared. - Acetylation of 20 with Ac20 at - 
room temperature gave the monoacetate (21) which was converted to the deoxy-product (22) [oil, - 

MS m/z: 266 (M+, C15H2204); CD*) 
- 

(MeOH) [@I (run): - 355 (289). 3,5_Dinitrobenzoate (G), yellow 

prisms, mp 95.5-97' (Et20-hexane), C22H24N20g5)1 by treatment") with diethyl phosphoryl chlor- 

ide in CHCl 
3 

containing NEt3 followed by Birch reduction. On the other hand, catalytic hydrogen- 

ation of 1 over PtO - 2 
in EtOH yielded the dihydro derivative (22) which was identical with a - 

sample derived from S-rutaretin methyl ether (19) even on the negative Cotton effect in the CD - 

spectrum. These evidences described above are enough to establish the structures of these three 

new phenyl propanoids as formulae L(l), (21, and (111 having an S configuration, respectively. 

q&Q0 -J++JgyOR2 ~*.~OH 
HO 

R 
HO R1 ’ 3 

HO 
R 

19:R=OMe - z:R1=OMe;R2=H 22:R=OMe - 
24:R=H 

G:R1=OMe;R2=Ac 27:R=H - 

e:R1=R2=H 
f 

[HI 

Chart 2 E:R1=H;R2=Ac 1 and 4 - - 
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From these results, the structure of the fourth phenyl propanoid was arbitrarily speculated 

as the formula (4). Confirmation of the validity of our speculation was achieved by chemical 

means. Hexahydromarmesin 9) 
(25) was also converted to the deoxy-derivative (27) [oil, MS m/z: - - 

236 (M+, 
C14H2003); 

CD4) (MeOH) [01 (nm) : - 1711 (290). 3,5_Dinitrobenzoate (g), yellow need- 

les, mp 98-100" (Et20-hexane), C21H22N208 5) I through the same reaction sequence as hexahydro- 

rutaretin methyl ether (201. - 4 was also transformed into the deoxy-derivative (27) by catalytic - 

hydrogenation over Pt02 followed by treatment with Vitride [a 70 % benzene solution of 

NaA1H2(OCH2CH20CH3)2]. The both deoxy-derivatives (27) were also completely identical even on - 

the negative Cotton effect, indicating that the chiral center of 4 is also S. 

In 1967, Taylor et al 11) reported the natural occurrence of a biogenetically possible pre- 

cursor for 2 , parvifloral (291, in X. parviflorum Benth. This is a sole compound classified in 

our prenylphenyl propanoids among rep- 

CH ?\-/0%0fi orted ones as far as we know. Further- 

OMe 

29 

-A 
Rl ' 

more, in the previous papers, we report- 

30:R1=CH20H;RZ=(CHZ)30~ 
ed the natural occurrence of several 

prenyloxyphenyl propanoids, cuspidi- 

~:R1=CH20H;R2=&.&CH0 .112,13) 
(E), boninenal 13'14) (&), and 

- 
~:R1=C02Me;R2=~~CH0 methyl boninenalate (32) from several - 

Xanthoxylum species. It is of importance 

that our results suggest the natural occurrence of many varieties of phenyl propanoid other than 

coumarins distributed widely in Xanthoxylum plants. 

It should be added here that 1 and fi show a weak but distinct piscicidal activity on preli- 

minary test. The precise examinations on this problem are in progress in our laboratory. 

Acknowledgement: We thank Prof. Irie, Nagasaki University, for his valuable suggestion on 

deoxygenation of a phenol group. 
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