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Abstract-Three new 7-hydroxycoumarin derivatives have been isolated from the juice oil of whole fruits of Citrus 
hassaku, and their structures determined to be 7-(6R-hydroxy-3,7-dimethyl-2E,7-octadienyloxy)coumarin, ( f )-7- 
hydroxy-6-linalylcoumarin and (R)-6-0-(4-geranyloxy-2-hydroxy)cinnamoylmarmin by spectral data and chemical 
evidence. 

INTRODUCTION 

Citrus fruits are cultivated widely as foods. They are also 
used widely in traditional medicine in east Asia. We are 
interested in the bioactive constituents in the new Citrus 
species, Citrus hassaku, and one of the authors (N. N.) has 
already reported on the presence, in juice oil of the fruits of 
this species, of three known 7-geranyloxycoumarin deriv- 
atives (aurapten, epoxyaurapten and marmin) [l] having 
spasmolytic activity [2]. We now report on the isolation 
and structure determination of three new 7-hydroxy- 
coumarin derivatives (l-3) from juice oil. 

RESULTS AND DISCUSSION 

The juice oil of Citrus hassaku obtained from fruits 
cultivated in Wakayama Prefecture of Japan was steam 
distilled to give a non-volatile fraction. The fraction was 
crystallized repeatedly from methanol to remove a main 
substance, aurapten (7-geranyloxycoumarin, 4). The 
mother liquor was purified by combinations of silica gel 
CC and Sephadex LH-20 CC (see Experimental) to give 
three new 7-hydroxycoumarin derivatives (l-3). 

Compound 1 has the molecular formula C19Hza0, 
(EIMS 20eV, ‘H and ‘%NMR). An absorption at 
320 nm in its UV spectrum suggested the presence of a 
coumarin moiety, and an absorption at 3403 cm- ’ in its 
IR spectrum, the presence of a hydroxyl group. In its 
‘H NMR spectrum, five aromatic signals C66.24 (lH, d, J 
=9.5 Hz), 6.81 (lH, d, J=2.4 Hz), 6.84 (lH, dd, J=8.6 
and 2.4Hz), 7.36 (lH, d, J=8.6 Hz), 7.63 (lH, d, J 
= 9.5 Hz)] were observed, indicating a 6- or 7-substituted 
coumarin. From the ‘H NMR signals due to the substitu- 
ted group at position-6 or -7, the presence of two olefins, 
one of which was at a terminal position, [S 5.50 (lH, br t, J 
=6.4 Hz), 4.85 (lH, br s), 4.94 (lH, br s)], an allyl- 
alcoholic methylene C64.60 (2H, d, J = 6.7 Hz)], an allyl- 
alcoholic methine C4.06 (lH, br t, J = 6.4 Hz)], two methyl 
groups attached to olefinic carbons Cdl.73 (3H, s), 1.78 
(3H, s)] and two methylenes, one of which was attached 

*Author to whom correspondence should be addressed. 

to an olefinic carbon [S 1.60-1.78 (2H, m), 2.05-2.23 (2H, 
m)] were indicated. The substituent was determined to be 
a 4- or 6-hydroxy-3,7dimethyI-2,7+ctadienyloxyl group 
by examination of the ‘H NMR data (Table 1) and mass 
spectral fragment ions (m/z 162 and 151). Further con- 
firmation of the positions of the substituents in com- 
pound 1 was provided by a derivation of 1 from aurapten 
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Table 1. ‘H NMR spectral data (400 MHz) of compounds 1,6 and 7 (CDCl,-TMS) 

H 1 6 7 

3 
4 
5 
6 
8 
1’ 
2’ 
4 
5’ 
6 
8’ 

9 
10 
Me0 
Ph 
E-H 

6.24 d (9.5) 
7.63 d (9.5) 
7.36 d (8.6) 
6.84 dd (8.6, 2.4) 
6.81 d (2.4) 
4.60 d (6.7) 
5.50 br t (6.7) 
2.05-2.23 m 
1.60-1.78 m 
4.06 br t (6.4) 
4.85 br s 
4.94 br s 
1.73 s 
1.78 s 

6.25 d (9.8) 6.25 d (9.8) 
7.64 d (9.8) 7.64 d (9.8) 
7.30-7.50 m 7.30-7.50 m 
6.84 dd (8.6, 2.4) 6.83 dd (8.5, 2.4) 
6.80 d (2.4) 6.78 d (2.4) 
4.58 d (6.7) 4.50 d (6.7) 
5.40 t (6.7) 5.15 m 
2.01 br t (7.5) 1.60 
1.7&1.90 m 1.80 m 
5.18 t (7.0) 5.15 m 
4.68 br s 4.89 br s 
4.73 br s 4.93 br s 
1.48 s 1.69 s 
1.61 s 1.59 s 
3.42 s 3.41 s 
7.3c7.50 m 7.3c7.50 m 

4.77 s 4.77 s 

Coupling constants (J in Hz) are given in parentheses. 

(7-geranyloxycoumarin, 4). The stereochemistry of the 
hydroxyl group at position 6 was determined by Trost’s 
method [3]. Thus the shielding effects in the ‘HNMR 
caused by the phenyl group of (R)- and (S)-O- 
methylmandelic acids substituents in the (R)- and (S)-O- 
methylmandelic esters of 1 (6, 7, respectively) (Table 1) 
confirmed that the configuration of the hydroxyl group at 
position 6 is R (Fig. 1). Thus, compound 1 was determined 
to be 7-(6R-hydroxy-3,7-dimethyl-2E,7-octadienyloxy) 
coumarin. 

Compound 2 has the molecular formula C19HZ203 
(EIMS, 20eV; ‘H and 13C NMR). In the ‘H NMR of 2 
(Table 2), four aromatic signals due to a 6,7_disubstitued 
coumarin cS6.2.5 (lH, dd, J=9..5 Hz), 6.87 (lH, s), 7.30 
(lH, s), 7.65 (lH, d, J =9.5 Hz)] were observed. The 
presence of a phenolic proton signal cS6.90 (lH, s)] 
showed that one of the substituents was a hydroxyl 
group. The other was shown to be a linalyl group by the 
‘H NMR data and the coupling networks observed in the 
HH-COSY spectrum of 2 [S 1.46 (3H, s), 1.51 (3H, s), 1.65 
(3H,s),1.69(1H,m),1.78(1H,dt,J=11.9and3.1 Hz),1.90 
(lH,m), 1.99(1H,dt,J=11.9and4.3 Hz),5.07(1H,brt,J 
=6.6 Hz), 5.31 (lH, d, J= 17.7Hz), 5.37 (lH, d, J 
= 10.4 Hz), 6.20 (lH, dd, 5=17.7 and 10.4 Hz)]. The 
positions of the linalyl and hydroxyl groups were deter- 
mined to be 6 and 7, respectively, based on the 13C 
chemical shifts of the coumarin ring and the calculated 
chemical shifts of 6-t-butyl-7-hydroxycoumarin [S 161.0 
(C-2), 111.6 (C-3), 144.5 (C-4), 126.4 (C-5), 135.5 (C-6), 
157.0 (C-7), 102.1 (C-8), 152.7 (C-9), 111.2 (C-10); 7-t- 
butyl-6-hydroxycoumarin C6160.1 (C-2), 116.1 (C-3), 
143.8 (C-4), 112.0 (C-5), 150.3 (C-6), 141.8 (C-7), 113.5 (C- 
8), 146.3 (C-9), 116.0 (C-lo)] [4]. Although 2 has an 
asymmetric centre in the linalyl group, it was considered 
to be a racemic mixture because (S)-O-methyl- 
mandelylation of 2 gave two diastereomers as shown by 
TLC and ‘H NMR. Thus, 2 was determined to be (+)-6- 
linalyl-7-hydroxycoumarin. 

Compound 3, showed a pseudo-molecular ion at 
m/z 653 [M + Na] + in the SI mass spectrum and was thus 
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Fig. 1. Newman projections of (R)-0-methylmandelate of 1 (6) 
and (S)-0-methylmandelate of 1 (7), showing shielding effects 

caused by the phenyl group. R = 7-coumaryl group. 

assigned the molecular formula C,,H,,O,. In the 
13CNMR spectrum, the signals of one ester carbonyl 
carbon, one lactone carbonyl carbon, 22 olefinic carbons, 
eight carbons of which and the lactone carbon were 
assignable to a 7-hydroxycoumarin moiety, four oxy- 
genated carbons and 10 aliphatic carbons were observed 
(see Experimental). Alkaline hydrolysis of 3 gave marmin 
(S), indicating that 3 is an ester derivative of 5. The 
downfield shifted signal of the position 6’ of the marmin 
moiety C64.92 (lH, dd, J= 8.6 and 4.3 Hz)] showed that 
the ester group was at the position 6’ of marmin. In the 
‘H NMR spectral, region for aromatic part of 3, signals 
for two sets of 1,2,4_trisubstituted benzene rings conjuga- 
ted to olefins cS6.47 (2H, m), 6.80 (2H, m), 7.33 (lH, d, J 
=8.5 Hz), 7.36(1H,d,J=7.9 Hz), 6.24(1H,d,J=9.5 Hz), 
6.49(1H,d,J=15.9Hz),7.63(1H,d,J=9.5 Hz),7.93(1H, 
d, J= 15.9 Hz)] were observed. These indicated that 5 is 
ester&d with a 2’,4’-disubstituted trans-cinnamoyl group. 
Of the non-aromatic signals of 3, the signals of a geranyl 
group Cdl.60 (3H, s), 1.67 (3H, s). 1.73 or 1.75 (3H, s), 
2.09-2.20 (4H, m), 4.53 (2H, d, J = 6.7 Hz)] were observed 
along with the signals due to marmin, suggesting the 
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Table 2. ‘H (400 MHz) and 13C (100 MHz) NMR spec- Table 3. ‘H NMR (400 MHz) spectra1 data of 
tral data of compound 2 (CDCl,-TMS) compound 3 (CDCl,--TMS) 

Position C H H 3 

2 161*6 
3 113.1 
4 143.9 
5 126.9 
6 132.1 
7 158.7 
8 105.3 
9 154.6 
10 112.4 
1’ 43.4 
2 38.2 

3’ 23.1 
4” 123.9 
5 129,l 
6 2S*7 
7 17& 
8 246.1 
9 115*2 

1cY 24.6 

6.25 d (9‘5) 
7.65 d ($5) 
7*30 s 

fi.87 s 

1.78 dt (11.9, 3;i) 
1.99 & Qn I$* 4.3) 
1.69 m, 1.9Om 
5.07 trr f (6.6) 

I.65 s 
tsf. s 
6.20 dd f17.71 18.4) 
5.31 d (17.7) 
5.37 d (10.4) 
1.46 s 

CoIzpling constants &.i in Hz) are gi;iven in parentheses, 
Au assignments were confirmed by CH-CUSY. 

3 6.24 d (3.5) 
4 7.63 d (9.5) 
5 7,33 d (8.5) 
6 6JKl m 
8 6.80 pn 
1’ 4*53 d (fS.7.7) 
2’ S+q(i br t {as) 
4 2.09-2.20 M 
5 1.7s 1.85 m 
6 4.92 dd (8.6, 4.3) 
8 l-25 s 
9 l-25 s 
tt? I.73 s” 
r 5.49 d {15.9) 
3 u 7.93 d W-9) 
3 ,,r 6.47 m 
5 181 7.36 d p.9) 
6 $8, 6.47 m 
1 tl II 4.53 d (6.7) 
2 t, II 5.46 m 
4 ,111 2.09-2.20 m 
5 ,fl# 2.09-2.20 m 
6 ?1,, 5.03 br l (6.6) 
8 )I ,s 2.60 sb 
9 w fl 1.67 P 
IW” 1.75 9 

geranyf soup w= aEla&ed at the position 2’ ar 4’ of the 
cinnamoyl group (Table 3). Tu determine the pusitian, we 
phutudegraded 3. We presumed a cis-cinnamoyl group 
produced by photoirradiatian of 3 would be unstable and 
would form a coumarin ring easily. In fact the phato- 
reaction gave equal amounts of 4 and 5 which established 
that the substituted position is at 4’ (Fig. 2) As for the 
stereochemistr;y of 3, the orientation af the c~n~~~l~xy 
group was shown to be R by comparison of [E&, of the 
pruduced marmin from 3 with authentic (-+)-marmin (5) 
[1]. Thus, compound 3 is ~R)-6-O-~4-geranyltoxy-2- 
hydroxy) cin~am~~lrna~n* 

Coupling constants (J in Hz) are given in pax- 
entheses. 

‘*“Assignments may be interchangable. 

EXPERIMENTAL 

NMR: ’ 3C at 100 Ml&z, ‘H at 400 MHz; EIMS: 2Q eV, SIMS: 
glycerin matrix; IR: film. 

Isolation. The juice oil of Citrus hassaku was supplied by the 
Nankaikako Company. The preparation procedure was as pre- 
viously reported [I]# The juice oil (148 g) was steam distilled tu 
g&e a non-volatile fraction which was crystallized repeatedly 
with MeOH to give aurapten (4) (106 g), The mother liquor j7 g) 
was subjected to silica gel CC &ted with 20-&I% Me&B in 
hexane. Nine fractiuns were c&lected. From fr. 2,1(69 mg) was 
isulated after silica gel[ CC (25% Me&O in hexane) and silica gel 
TLC (30% Et,Q in CH,C1,). From ft. $2 (870 m) was isolated 
after silica gel CC (2% Me,CO in CM,CI& From fr. 7,s (2UO mg) 
was isolated after Sephadex LH-20 CC (Me&Q). 

Compound 1. Mp 75”; [a] i6 + 10” (EtOH; c 1.0); UV Ai:” nm: 
320; IR vmax cm - I: 3403, 2922, 1431, 1708, 1613; EIMS m/z (rel, 
iat.): 314 [I&]+ (&I), X62 (IW), 151 (15), 135 (70); fHNMR: see 
Table 1; =CNMR (+XXX,) s: 16.7, 17.5, 32.8, 35-4, 65.4, 75.4, 
101.6, 111.2, 112.5, 113,0> 113*& 118*7, 128.5, 142.0, 143*4, 147.3, 
155.7, 161.2, 162.1. 

Co~pund 2. Mp 65”; [a] 6’ ;?rO” (EtOH; c 1.0); UV Ji::l;‘” nm: 
332; XR Y,, cm-‘: 3274, 1696, 2616, 1568. EIMS m/z frel, in+ 
298 EM]’ (XXI), 215 @Sk lsC and ‘MNMR see Table 2. 

Cammnd 3. Viscous oil; [aJg6 ~72” (EtOH; E 1-U); KR 
%?UXcfn -I: 3420, 1734, 1717, 1701, 1611; SIMS m/z: 653 [M 
+ Na] +; ‘H NMR: see Table 3; “C %JMR (ClXl,) $: 16.5,16,7, 
17.7, 25.2, 25.6? 26.q 26.7, 27.5, 36.2, 39.5, 65.1, 65.5, 72.9, 79.3, 
101.7, 102.8, 187,7, lf2,5, 112.7, 113.4, 114.8, 115.1, 12941, lE9t2, 
123.8, 128.6 130.5, 131.8, 141.3, 141-4, 141.5, 143.6, 155.5$ 157,4> 
l&8, 262.4 162.3, 268.6. 

Chemical deriuath ojlfiom aurapen (4) To a soln of 4 (1 g) in 
CH,Cl, (50 ml), wt-CPEJA (OS5 g) was added at 0”. After stirring 
for 5 min at 0”, the mixture was poured into aq. Na,S$& and 
NaHCU,, extracted ( x 4) with CH,CI,, dried over Na,SG, and 
coned. The residue was treated with Et,0 to give @,7’- 
epoxyaurapten [O-o.4 9) as a powder. To a sofn d s”,r- 
epoxyaurapten (50 mg) in M&N and f-I,0 (44: 1, 2.5 ml) was 
ad&d pTsOH (5 mg) at 23”. Aftir standing for 30 min, the. 
mixture was poured into aq, NaHCC?,, extracted (x 4) with 
CH2C11, dried over Na,SIQ, and coned, The residue was crystal- 
lized from Et,0 ta remove (f )-marmin (6F~~-~hydrax~ 
aurapten) (29 mg). The mother liquor was purified by silica gel 
TLC (40% EtOAc in hexane) to give racemic 1 (2 mg)_ 

(R)- and (S)-Q-Mc?tkyZmu&el~tes of 1 (6 and 7, respectiue1y), 
To a saln of 1 (5 m& ~~~U~rn~~~~~~d~~~~ acid (8 mg) and 
djcyc~~hexy~~rb~~~d~ (8 mg) in 1,2-dichhioro&ham3e fO.2 ml), 
dimethylaminopyridin@ (0.1 rng) was ad&d at 0”. ARET skirting 
for 12 hr, the mixture was filtered. The filtrate was purifid by 
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Fig. 2. Mechanism of photodegradation of 3 to 4 and 5. 

silica gel TLC (CH,Cl,) to give 6 (14 mg). By the same method, 7 
was synthesized from 1 and (S)-0-methylmandelic acid. 
‘H NMR of 6 and 7: see Table 1. 

(S)-0-Methybnandelylation of 2. To a soln of 2 (0.3 mg), 
(S)-0-methylmandelic acid (1.8 mg) and dicyclohexylcarbo- 
diimide (3.3 mg) in 1,2-dichloroethane (0.2 ml) was ad&d di- 
methylaminopyridine (0.3 mg) at 0“. The mixture was filtered 
after stirring for 1.5 hr at 0”. The filtrate was purified by silica gel 
TLC (CH,Cl,) to give the diastereomers of the (S’)-O- 
methylmandelate of 2, which were detected as two spots on silica 
gel TLC developed with Et,O. 

Alkaline hydrolysis of compound 3. To a soln of 3 (20 mg) in 
MeOH (1 ml) was added 6 M NaOH (1 ml) at 23”. After stirring 
for 3 hr, the mixture was poured into 1M HCl, extracted ( x 4) 
with CH,CI,, dried over Na,SO, and coned. The residue was 
purified by silica gel TLC (40% EtOAc in hexane) to give 
(+)-marmin (5) (8.6 mg), [a]k6 +22” (EtOH; c 1.0). 

Photodegradation of compound 3. A CH,Cl, soln (2 ml) of 3 
(5 mg) was irradiated with sunlight at 0” for 7 hr. After concn, the 

residue was purified by silica gel TLC (40% EtOAc in hexane) to 
give aurapten (4, 1.0 mg) and marmin (5, 1.2 mg). 
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