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Five novel bisabolane sesquiterpenes possessing a tetrahydrofuran ring or a hydroperoxy 
group were isolated from Rosa rugosa leaves and their structures elucidated by chemical and 
spectroscopic methods. These highly oxidized sesquiterpenes were structurally related to 
bisaborosaol A which is the major bisabolanoid o f the plant.

Introduction

Sesquiterpenes have rarely been found as con­
stituents o f Rosaceae plants [1]. However, Rosa ru­
gosa Thunb. uniquely contains bisabolanoids and 
carotanoids in the leaves as its m ajor com ponents 
[2-4], Bisaborosaol A (6), the predom inant bis­
abolanoid o f R. rugosa [4], has an unm odified iso- 
prene unit on the side chain which is possibly oxi­
dized to yield various m etabolites as Flaskam p 
e t al. (1981) have reported referring to a-bisabolol 
whose derivatives possessed an oxygenated side 
chain [5, 6], A further survey o f m ore polar sesqui­
terpenes revealed the presence o f two tetrahydro- 
furano (1 and 2) and three exoperoxy (3—5) deriv­
atives of bisaborosaol A (6) (Fig. 1). In this paper, 
we describe the isolation and structural elucidation 
of these new and highly oxygenated bisabolanoids 
from R. rugosa. The biological im plication o f these 
com pounds in the tissues is briefly discussed.

Results and Discussion

In a further survey o f the constituents o f leaf ex­
tractives, our interest was a t first focused upon 
two substances 1 and 2 which gave a yellow pig­
m ent on thin layer plates with v a n illin -H 2S 0 4 test 
(R { 0.38 and 0.30 in h ex an e-E tO A c 3:1, respec­
tively). By colum n chrom atography over S i0 2 gel
[4], 1 and 2 were eluted with 25%  EtO Ac/hexane. 
W ith the guidance o f the coloration with v a n illin - 
H 2S 0 4 reagent, each com pound was isolated and 
further purified by PTLC successively in hexane-  
EtO Ac 3:1 and C H C l3-M e O H  50:2 to give a col-
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orless syrup (1 ; 160 mg, and 2 ; 120 mg from  6 kg of 
R. rugosa leaves). Both showed M + 282 in FI-M S 
and similar 'H  N M R  spectra to that o f 6, suggest­
ing that the isolates are diastereoisom ers closely 
related to 6. Two 3H  singlets in 1 at 8H 1.221 and
1.074 were assignable to C - l3 and C - l4 methyl 
groups, not on an olefinic but on an oxygenated 
aliphatic carbon. Furtherm ore, the detection of 
methine protons (öH 3.415 in 1 and 3.553 in 2) a t­
tributable to the oxygenated C - l2 suggested the 
structural m odification from  6 into a cyclic ether 
on the side chain.

W hen 6 was treated with m-CPBA, two p rod ­
ucts identical with 1 and 2 were afforded in alm ost 
equivalent am ount. The l3C N M R  spectra dis­
counted the corresponding epoxy structures be­
cause o f the chemical shift values o f the oxygenat­
ed carbon at 8C 86.4 (CH-12), 84.6 (C -8) and 70.1 
(C - l3), for example in 1, whose values were too 
low to be assigned to epoxy carbons. Since a cycli- 
zation between epoxy and y-hydroxyl groups to 
give a tetrahydrofuran ring is known to occur im­
mediately on epoxidation o f a-bisabolol [5], it was 
considered that a similar cyclization occurred on 6 
in the reaction.

It is possible for 6 to undergo an oxidative con­
version into two kinds o f cyclic ethers as shown in 
Scheme 1, 1 and 2 may have two possible struc­
tures either as tetrahydrofuran  or dihydropyran 
derivatives. On the basis o f FI-M S fragm ents m/z 
59 and m/z 223 (M +-5 9 )  (1, 100 and 50%; 2, 69 
and 59% , respectively) due to a 1-hydroxy-
1-methylethyl side chain, a te trahydrofuran  part 
structure for 1 and 2 was suggested. To prove the 
proposed structure, 1 was dehydrated with PO Cl3 
to yield 1 a [7], whose exomethylene group was de­
tected by the 'H  N M R  [8], Consequently, 1 and 2
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Fig. 1. Highly oxygenated bisabolanoids o f R. rugosa possibly derived from bisaborosaol A (6).
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CHCU

Scheme 1. O xidation o f bisaborosaol A (6) with w-CPBA.
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were elucidated to be diastereoisom ers having a 
te trahydrofuran  part structure.

N O E between the C-10 methyl p ro tons and the 
C-12 methine p ro ton  was observed only in 2, while
1 exhibited an N O E between C-10 methyl and 
C -1 3 -O H  protons. This result gave a conclusion 
tha t 1 and 2 were trans and cis isom ers regarding 
the substitution on the tetrahydrofu ran  ring, re­
spectively (Fig. 1). As the te trahydrofu ran  deriva­
tives obtained from  6 (4/?:85) were agreeable with 
those o f the natu ra l com pounds in their optical ro­
tation, stereostructures o f 1 and 2 were solved as 
(4 R:& SA 2  R) and (4 /?:8 S: 12 S), respectively.

Jaensch et al. have reported a bisabolane deriva­
tive from  Podolepis rugata (C om positae) having 
the same p lanar structure of 1 and 2. Since their 
com pound exhibited laevorotatory, its stereo­
chemistry at the C-4 is probably inverse (4 S'), like 
o ther bisabolanoids o f C om positae origin [9]. Be­
cause o f the same origin, the b isabolanoid unm od­
ified at the side chain probably possesses the S  
configuration at C-4 [4, 9].

The novel bisabolanoids thus established were 
nam ed bisaborosaol B1 and B2, respectively. In 
fresh leaves o f R. rugosa, 1 was found as a m inor 
constituent together with a trace am ount o f 2. It 
seemed likely tha t both  com pounds increase dras­
tically when the leaves were dam aged (wounding 
or C uC l2 treatm ent).

On the o ther hand, with a guidance o f the per­
oxide test [10], m ore com pounds were pursued. By 
successive PTLC in h ex an e-E tO A c 1:1 and 
C H C lj-M eO H  50:4, and m ultiple developm ent 
PTLC in benzene—EtO  Ac 25:10, three com pounds 
in the S i0 2 gel colum n fractions were isolated (3, 4 
and 5 with R{ 0.25, 0.23 and 0.17 in benzene- 
EtO A c 25:10, respectively). All isolates showed the 
same m olecular weight (M + 298 in FI-M S), sug­
gesting tha t these are isomers.

C om pound 3 (2.1 mg) showed in FI-M S an in ­
tense fragm ent at m /z  265 (M + -O O H , 81% ) to ­
gether with the paren t ion (45% ). Its 'H  N M R  
spectrum  showed some signals sim ilar to those o f 6 
[e.g. SH 7.012 (1H , br. s-like m) and 2.587 (1 H, 
br. d), corresponding to C-2 and C -6 p ro tons o f 6, 
respectively]. The characteristic p ro ton  signals o f 
3, which include a pair o f exom ethylene protons 
(5h 4.967 and 4.892), an oxygenated m ethine p ro ­
ton (8h 4.219, t, J  = 6.6 Hz), an exchangeable hy- 
droperoxy p ro ton  (SH 7.550, s) [11, 12] and an

allylic methyl proton (8H 1.646, br. s) were detect­
ed. The H H-COSY spectrum  clearly revealed the 
presence o f the 1,4-disubstituted cyclohexene part 
structure com m on to that o f 6 and the side chain 
(■ -C (O O H )H -C H 2- C H 2- B ) .

13C N M R  analyses o f the com pound eventually 
confirmed the structure o f 3. Two oxygenated sp3 
carbons at 8C 89.5 (CH) and 73.1 (C) were assigna­
ble to the hydroperoxidated C-12 and the hydrox- 
ylated C-8, respectively. The com paratively lower 
chemical shift (8C 89.5) was reasonable for the hy­
droperoxidated C-12 carbon. In addition, carbons 
o f the side chain were approxim ately agreeable in 
their chemical shift values with those o f isoam ino- 
bisabolenol found in a sponge, Theonella sp. by 
K itagawa et al. [13].

The second peroxide 4 (0.9 mg) showed alm ost 
the same mass fragm entation pattern  as tha t o f 3 
in FI- and EI-M S. However, the p ro ton  chem i­
cal shifts assignable to C -9 -H 2, C -11-H -, and 
C -12-O O H  were slightly but clearly different 
from those o f 3. As the 13C N M R  spectrum  was al­
most indistinguishable from that o f 3, 4 was easily 
characterized to be an epimer o f 3 a t C -12.

These novel bisabolane peroxides were nam ed 
bisaborosaol C 1 and bisaborosaol C 2, respective­
ly. A lthough the stereostructures o f 3 and 4 re­
mained unsolved, their absolute configurations at 
C-12 will be determ ined by the benzoate chirality 
m ethod applicable to the com pounds after reduc­
tion [14].

The third com pound 5 (4.1 mg) showed a weak 
parent ion at m /z 298 in FI-M S together w ith the 
base peak at m /z  183. This com pound indicated 
some signals characteristic o f 6-related b isabola­
noids in the 'H  N M R  and H H -CO SY  spectra. As 
the protons for the side chain, two olefinic pro tons 
were detected [8H 5.690 (1 H, ddd, J  = 14.8, 7.5 and 
7.2 Hz, C - l l )  and 5.516 (1H , br. d, J  = 14.8 Hz, 
C-12)] showing a clear trans coupling. Since the 
form er proton was further coupled vicinally with 
C -9 -H 2 by /  = 7.5 and 7.7 Hz, partial structure 
■  - C H 2- C H  = C H - B  became feasible. Two sin­
glets methyl protons a t 8H 1.261 and 1.250 were 
reasonably assigned to C-14 and C-15 on the oxy­
genated C-13, respectively, and a hydroperoxy 
pro ton  at 8H 7.505 confirm ed the side chain struc­
ture [ ■ - C H 2- C H  = C H -C (C H -,)2-O O H ] o f the 
com pound.
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In the 13C N M R  spectrum , the carbon chemical 
shifts for the side chain o f 5 showed a good corre­
spondence w ith those o f a bisabolane alkaloid, 
am inobisabolenol from  the sponge [13]. The de­
shielded C - l3 carbon o f 5 (5C 81.5) reasonably in­
dicated hydroperoxidation  at that position. This 
novel bisabolane exoperoxide was nam ed bisabo- 
ro sao lD .

B isaborosaol D (5) having a trans double bond 
is probably derived from  6, as well as 3 and 4. It 
has been proved that photoperoxidation  o f a
3,3-dimethylallyl com pound gives three isomers, a 
trans olefinic and two exomethylene derivatives 
[15]. F orm ation  o f the bisabolane peroxides seems 
to be similar to  the photoperoxidation reaction 
due to the fact tha t only trans form  (5) was ob ­
tained. However, they are possibly not artifacts 
but m etabolites o f R. rugosa because the peroxides 
are found in the fresh leaves. These com pounds 
may reflect a highly oxidative condition o f some 
part o f the leaf tissues.

A ntifungal activities o f 1, 2 and 6 were exam ­
ined by T L C -bioautography using Cladosporium 
herbarum  as a test fungus. A lthough those com ­
pounds showed a relatively weak antifungal activi­
ty (complete inhibition o f the fungal growth at an 
adm inistered ratio  o f 50 jxg/78 m m 2 SiO, gel thin- 
layer TLC plate and slight re tardation  at 12.5 jag), 
it is hard to regard those as significant defense 
com pounds o f R. rugosa leaves since total antifun­
gal activity o f the bisabolanoids is ca. 10 times 
lower than th a t o f rugosal A found as the m ajor 
sesquiterpene o f the p lant [2], C om pounds 2 and 3, 
exhibiting some increase in their concentration in 
the w ounded tissues, are probably meaningless as 
far as the defensive m echanism  concerned; how­
ever, it should be noted tha t the w ounded tissues 
are under m ore oxidative conditions than the 
intact ones.

Experimental

General

'H  and i3C N M R  were recorded by JEO L 
JX-270 and a Bruker AM -500, and coupling con­
stants were given in Hz. UV spectra and optical ro ­
tations were m easured by Hitachi M odel ESP-3 T 
and JASCO M odel 285, respectively, for M eOH 
solutions. M erck silica gel 60 F 254nm precoated on

glass or alum inum  sheet was used for analytical or 
preparative TLC (PTLC). R f values referred to 
spots quenching under U V 254 light or giving color­
ation with v a n illin -H 2S 0 4 spray reagent. N ,N -D i- 
methyl-/?-phenylenediamine sulfate reagent was 
used for peroxide detection [9],

M aterials and isolation o f  the constituents

The leaf extracts were prepared and  colum n- 
chrom atographed as previously described [4], 
C om pounds 1 and 2 contained in the fractions 
FFr-3 and FFr-4  were isolated by PTLC . On 
the o ther hand, fresh leaves (uninjured, 6.0 kg col­
lected in early July) were directly extracted with 
95% M eO H  (ca. 50 1). The m ethanol extract was 
once defatted with n-hexane and then the solvent 
was removed to ob tain  ca. 1 1 o f a w ater suspen­
sion. The suspension saturated  w ith N aC l was 
mixed with 1.5 1 o f acetone, and kept stirring over­
night. The partitioned acetone layer was concen­
trated and the resulting extracts were diluted into 
1.5 1 o f EtOAc. The E tO A c solution was once 
washed with an equivalent volume o f saturated  
NaCl solution, and then the solvent rem oved. The 
residue was again dissolved in 800 ml o f benzene. 
The solution successively washed w ith 5% 
N aH C O , (700 ml) was dried over N a 2S 0 4 and 
concentrated. The concentrate (ca. 48 g o f dark  
oil) was applied to silica gel colum n ch rom atogra­
phy (W ako-gel C-200, 750 ml vol.) and eluted with
2 1 o f 20% EtO A c/hexane. The eluates (12.8 g) 
were re-chrom atographed on 250 ml o f silica gel 
colum n to wash with 30%  E t20 /h ex an e  (900 ml), 
and finally eluted w ith 50%  E t20 /h ex an e  to obtain 
Fr2-1, F r2-2  and F r2-3  (50% EtO  Ac/hexane). 
Fr2-2 and F r2-3 were subjected to PTLC  to  iso­
late 3 ,4  and 5.

Physicochemical properties o f  isolated compounds

'H  and 13C N M R  d a ta  for isolated com pounds 
(1 -5 )  are shown in Tables I and II, respectively.

Bisaborosaol B l  (1 ). A colorless syrup. Vanil­
l in -  H 2S 0 4 color: yellow. [a]D +63 (c = 0.19, 
M eOH). UV Xmax(M eO H ): 218 nm  (e 14,300). 
FI-M S (rel. int.): m /z  283 (M ++ l ,  81% ), 282 (M +, 
42), 265 (21), 223 (50), 143 (82), 139 (34), 133 (22), 
112 (18), 59 (100). E I-M S (rel. int.): m /z  267 (1.2% ),
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Compound 1 2 3 4 5
Proton

2-H 7.057 br. m 7.010 br. m 7.012 br. s 7.019 br. s 7.135 br. s
3-Ha 2.075 br. d 2.106 br. d 1.965 br. d 1.949 br. d 2.082 br. d

(19.3) (19.8) (18.9) (19.0) (19.4)
3-Hb 1.682 m 1.753 m 1.711 m 1.717 m 1.800 m
4-H ca. 1.43 m ca. 1.40 m 1.221 m 1.222 m 1.396 m
5-Ha 1.559 m 1.553 m ca. 1.54 m 1.907 m 1.639 br. d
5-Hb 0.930 dddd 0.945 dddd 0.900 dddd 0.906 dddd 0.958 dddd

/12.5, 12.4 \ /12.4, 12.4 \ /12.6, 12.4 \ /12.5, 12.5 \ /12.4, 12.4 \
V12.4, 5.1 ) \ 12.3, 5.1 ) V 12.4, 5.2 ! \ 12.4, 5.2 ) \ 12.4. 5.1 )

6-Ha 2.655 br. d 2.588 br. d 2.587 br. d 2.590 br. d 2.630 br. d
(15.0) (17.8) (18.0) (17.7) (15.3)

6-Hb 2.192 m 2.138 m 2.112 m 2.123 m 2.182 m
9-Ha 1.403 dd 1.408 ddd 1.390 ddd 1.421 m 2.019 dd

(9.8, 8.6) (12.2,9.7, 5.4) (13.8, 10.8,6.4) (13.7, 7.5)
9-Hb 1.249 dd 1.237 ddd 1.278 ddd 1.225 dd 1.937 dd

(9.8, 9.0) (12 .2 ,8 .6 ,7 .2) (13.8, 10.8,5.0) (12.5, 5.0) (13.7, 7.2)
10-Hj 0.834 s 0.863 s 0.752 s 0.752 s 0.860 s
11-Ha 1.719 m 1.620 m

ca. 1.55 (2 H) m
ca. 1.65 m 5.690 (1 H) ddd 

(14.8, 7.5, 7.2)
11-Hb ca. 1.39 m 1.488 dddd

/17.7, 8.7 \ 
\6.8, 5.4 )

ca. 1.46 m

12-H 3.405 dd 3.552 dd 4.219 t 4.183 dd 5.516 dd
(10.3, 5.2) (8.0, 6.0) (6.6) (6.9, 5.6) (14.8,0.8)

14-HX 1.221 (3 H) s 1.216 (3 H) s 4.967 (1 H )d  
(0.9)
4.892 (1 H)dd  
(1.0, 0.9)

4.958 (1 H) br. s

4.894 (1 H )dd  
(1.5, 1.5)

1.261 (3 H) s

I5-H3 1.074 s 1.070 s 1.646 s 1.648 s 1.250 s
7'-OCH, 3.481 s 3.479 s 3.473 s 3.473 s 3.472 s

13-OH 1.975 br. s 1.788 s - - -

12-OOH - - 7.550 s 7.432 s ■

13-OOH - - - - 7.505 s

* 'H NM R spectra (N O N  and COSY) were determined at 500 MHz in C6D 6 (TMS reference). J are in Hz.

Table II. I3C NM R* assignments o f  the isolated com ­
pounds.

Compound 1 
Carbon

2 3 4 5

C-l 130.4 130.4 130.4 130.4 130.4
C-2 139.5 139.5 139.5 139.4 139.6
C-3 26.4 26.2 26.8 26.8 26.9
C-4 43.3 43.5 42.9 42.7 42.9
C-5 24.1 24.5 23.4 23.5 23.5
C-6 25.7 25.5 25.7 25.7 25.7
C-7 167.3 167.3 167.3 167.3 167.4
C-8 84.6 84.5 73.1 73.1 73.3
C-9 35.8 35.8 35.3 35.4 42.8
C-10 27.9 27.5 23.6 23.6 23.8
C-l 1 27.7 27.7 25.2 25.1 126.2
C-12 86.4 84.7 89.5 89.5 138.4
C-13 70.1 70.9 144.3 144.4 81.5
C-l 4 24.8 25.1 113.8 113.8 24.7
C-l 5 23.4 21.7 17.6 17.6 24.4
C-7' 51.1 51.1 51.1 51.1 51.1

264 (M + -HX>, 1.5), 251 (0.9), 235 (5.4), 224 (3.7), 
223 (M +-C O O C H 3, 4.5), 205 (M + -H X > - 
COOCH3, 14), 192 (14), 191 (61), 181 (11), 173
(7.2), 163(10), 145(19), 143(89), 137(13), 125(50), 
119(12), 107 (23), 105 (20), 93 (15), 91 (16), 85(43), 
83 (15), 81 (21), 79 (25), 77 (11), 71 (43), 69 (18), 67
(18), 59 (48), 57 (11), 55 (25), 53 (18), 43 (100), 41 
(37).

Bisaborosaol B2 (2 ). A colorless syrup. Vanil- 
l in -H 2S 0 4 color: yellow. [a]D +68 (c = 0.2, 
MeOH). UV ?tmax(MeOH): 218 nm (e 12,200). 
FI-MS (rel. int.): m /z 283 (M f + 1, 66%), 282 (M + , 
23), 265 (11), 223 (59), 143 (100), 139(56), 59 (69). 
EI-MS (rel. int.): m /z 267 (1.8%), 264 (M + - H 20 ,
2.1), 251 (1.4), 235 (9.4), 233 (3.9), 224 (8.0), 223

* 13C N M R  spectra (COM and DEPT) were determined 
at 125 M Hz in C6D 6 (TMS reference).
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(M + -C O O C H 3, 8.9), 205 (M + - H 20 - C 0 0 C H 3, 
23), 192 (28), 191 (95), 181 (21), 147~(20), 145 (24), 
143 (100), 125 (39), 107 (19), 105 (20), 93 (16), 91
(15),85(42),81 (18),79(23),71 (28), 59 (45), 55 (18), 
53 (16), 43 (58), 41 (27).

Bisaborosaol C I  (3 ). A colorless syrup. Vanil­
l in -  H 2S 0 4 color: pinkish red. FD-MS (rel. int.): 
m /z 299 (M + + 1, 57%), 298 (M + , 45), 281 (29), 265 
(81), 183 (40), 159 (100), 141 (41), 139 (76). EI-MS 
(rel. int.): m /z 262 (4.2%), 246 (3.1), 230 (6.4), 202
(5.7), 192 (12), 178 (20), 177 (21), 176 (13), 145
(19), 139 (20), 137 (45), 125 (28), 119 (23), 107 (32), 
105 (34), 93 (27), 91 (43), 79 (63), 77 (40), 70 (35), 
69 (39), 55 (23), 43 (100), 41 (85).

Bisaborosaol C 2 (4 ). A colorless syrup. Vanil­
lin -  H2S 0 4 color: pinkish red. FD-MS (rel. int.): 
m /z 299 (M + + 1, 86%), 298 (M + , 43), 281 (36), 265 
(100), 183 (34), 159 (92), 141 (57), 139 (73). EI-MS 
(rel. int.): m /z 262 (6.1%), 260 (3.6), 246 (3.1), 230 
(8.5), 202 (7.1), 192 (8.0), 178 (26), 177 (31), 176 
(21), 163 (11), 148 (21), 145 (29), 137 (47), 125 (29), 
119 (32), 107 (32), 105 (42), 93 (31), 91 (51), 79 
(56), 77 (38), 70 (36), 69 (47), 55 (27), 43 (100), 41
(99).

Bisaborosaol D (5 ). A colorless syrup. Vanil­
lin -  H 2S 0 4 color: pinkish red. FD-MS (rel. int.): 
m /z 299 (M + + 1, 57%), 298 (M + , 45), 281 (29), 265 
(81), 183 (40), 159 (100), 141 (41), 139 (76). EI-MS 
(rel. int.): m /z 262 (4.2%), 246 (3.1), 230 (6.4), 202
(5.7), 192 (12), 178 (20), 177 (21), 176 (13), 145
(19), 139 (20), 137 (45), 125 (28), 119 (23), 107 (32), 
105 (34), 93 (27), 91 (43), 79 (63), 77 (40), 70 (35), 
69 (39), 55 (23), 43 (100), 41 (85).

Chemical conversion o f  isolated compounds 

Oxidation o f  6 with m-CPBA

Compound 6 (11.5 mg) [4] and m-CPBA 
(10.0 mg) were dissolved in ice-cold CHC13 (2 ml), 
and the mixture was stirred for 1 h. At which 
point, EtOAc (25 ml) was added to the reaction 
mixture, and then the mixture washed with 5% 
N a2C 0 3 solution (25 ml x 2). From the organic 
layer, two major products agreeable with 1 and 2 
on TLC (Rf values and response to vanillin- 
H2S 0 4 reagent) were isolated by PTLC. The spec­
troscopic properties (EI-MS, 'H  and 13C NM R 
and [a]D) of oxidation products 1 (5.2 mg, 43% 
yield, [a]D +69 ) and 2 (4.5 mg, 37% yield, [a]D

+ 65 ) were completely identical with those isolat­
ed from R. rugosa leaves.

Dehydration o f  1

To prove the 1 -hydroxy-1 -methylethyl-substi- 
tuted part structure in 1 and 2, compound 1 was 
dehydrated [7]. In pyridine (1 ml), 1 (12.7 mg) was 
dissolved, and then POCl3 (60 jil) was added to the 
solution at 0 °C. The mixture was kept at -2 0  °C 
for 24 h and left at room temperature for 1 h. The 
mixture was then poured an ice water (5 ml) and 
extracted with Et20  (3 ml). The product less polar 
than the starting material was isolated by PTLC in 
hexane-EtO A c 10:1 to give a colorless syrup 
(3.2 mg, 26%).

The dehydration product l a .  R{. 0.56 (hexane— 
EtOAc 10:1). EI-MS (rel. int.): m /z 264 (M +,
1.2%), 249 (0.2), 233 (M +-O C H 3, 2.2), 217 (0.2), 
207 (0.6), 205 (0.7), 204 (0.7), 178 (3.1), 161 (2.8), 
137 (7.7), 126 (10), 125 (100), 107 (28), 91 (11), 81
(11), 79 (23), 77 (13), 67 (15), 55 (10), 53 (13), 43 
(90), 41 (22). 'H NM R 5(C6D6, 500 MHz): 7.061 
(1 H, br. s-like m, C -2 -H ), 2.190 (1 H, multiple-di- 
vided d, J = 19.8 Hz, C -3-H a), 1.749 (1 H, t-like 
m, C -3-H b), 1.499 (1H, m, C -4 -H ), 1.614 (1H, 
m, C -5-H a), 0.976 (1 H, dddd, J  = 12.3, 12.2, 12.1 
and 5.3 Hz, C -5-H b), 2.660 (1 H, br. d, J  = 17.0 
Hz, C -6-H a), 2.218 (1H, t-like m, C -6-H b),
1.422 (1 H, m, C -9-H a), 1.294 (1 H, ddd, J = 12.0,
7.8 and 2.6 Hz, C -9-H b), 0.964 (3 H, s, C -1 0 -H 3), 
ca. 1.64 (1H, m, C - l l -H a ) ,  1.538 (1 H, m, 
C - l l-H b ) , 4.130 (1H, dd, J  =  9.6 and 5.9 Hz, 
C -12-H ), 5.169 (1 H, br. s, C -14-H a), 4.836 (1 H, 
br. s, C -14-H b), 1.668 (3H, s, C -1 5 -H 3), 3.471 
(3H, s, C -7 '-H 3). 13C NM R 5(C6D 6, 125 MHz):
130.4 (C, C-l), 139.7 (CH, C-2), 27.9 (CH2, C-3),
43.4 (CH, C-4), 24.2 (CH „ C-5), 25.7 (CH2, C-6),
167.4 (C, C-7), 84.8 (C, C-8), 35.8 (CH2, C-9), 23.7 
(CH3, C-10), 31.6 (CH2, C -ll) , 82.8 (CH, C-12),
146.6 (C, C-13), 109.9 (CH2, C-14), 18.2 (CH 3, 
C-15), 51.5 (CH3, C-7').

TLC bioautography

On TLC plates Kieselgel 60 F254, 0.25 mm thick­
ness), 15 |il of bisaborosaol A (6) dissolved in ace­
tone in several concentrations was charged to a test 
zone (78 mm2). The plate dried in a dessicator in 
vacuo was sprayed with a spore suspension of Cla-
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dosporium herbarum, and left under a moist condi­
tion at 25 °C for 3 days. As a reference, rugosal A 
was also tested, and this antifungal sesquiterpene 
showed a clear inhibition at 2 |ig/78 mm2. Bisabo- 
rosaols B 1 and B 2 also showed about the same ac­
tivity as 6.
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