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Abstract: The stereochemistry of clementein (1) (the
first oxetane-containing sesquiterpene lactone) is deter-
mined to be 16(S) on the basis of chemical and spectros-
copic data. Clementeins B (2) and C (3), isolated from
the same source (Centaurea clementei D.C.) were shown to
be closely related guaianolides, with an 11,13-oxetane
ring. A number of chemical transformations on the oxetane
in 2 and 3 have been accomplished.

Previously, we have described the isolation and structural determina-
tion from the aerial parts of Centaurea clementei D.C., of clementein (1) 2. The

first described sesquiterpene lactone with a methyloxetane group, and four fla-
vonoids: negletein, 7,4 -scutellarein dimethyl ether, isokaempferide and hispi-
dulin 3. In the present paper we confirm the given structure and stereochemistry
of clementein (1), determine its configuration at C-16, and describe other two
new lactones with the same type of functionalization: clementein B (2) and cle-
mentein C (3). In addition, several chemical transformations are carried out,

to establish the chemical behaviour of these oxetanelactones.

RESULTS AND DISCUSSION

Clementein (1)

The structure of clementein (1), C21H2607 (mp 193-195° ACOEt:petrol) ,
has been described 2 , although the configuration of C-16 could not be determined
solely on the basis of its TH NMR. Fortunately, one of the other two guaianoli-
des that are here described, clementein B (2) proved to be an epimer at C-16 of
clementein (1). Both compounds being available, the absolute configuration of
the aforementioned carbon atom have been determined from the study of their
spectroscopic data (IR, MS, TH NMR). The proposed configurations were confirmed
by the study of the resulting derivatives.

Clementein B (2)

Clementein B (2), a crystalline compound, mp 189-131° (AcOEt:MeOH),
C21H26O7, obtained by MS m/z 390 (M*, 0.3%) and by combustion analysis. Its IR
spectrum revealed the presence of hydroxyl groups at 3440 and 3260 cm‘1, ¥-lac~
tone at 1767 cm-1, d,/B-unsaturated ester at 1690 cm~'and double bonds at 1635
cm~'. The presence of ions at m/z 208 (M-102)*, 306 (M-84)* and 85 (C4H502)* in
MS and the signals at$6.25 d(br), at 5.96 m, and two doublets ats 4.34 and 4.29
in the H NMR spectrum (Table I) is characteristic of an & -hydroxymethacrylic

ester.
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Only small differences are observed when 1H NMR (Table I) and MS data
of clementein B (2) are compared to those of clementein (1). The conformation
of the seven-membered ring must be the same in both compounds, as is deduced
from the coupling constants J8,9= 4.9 Hz, J8,9‘= 5.6 Hz, J?,B = 9.7 Hz - These
values agreeing with a “twisted boat" preferential conformation . The only
differences in the 1H NMR data correspond to the protons found in the area of
the molecule close to the methyloxetane (H-7,H-16,H-13 and H-13").

Spin-decoupling experiments allowed to the location of the H-16 (d4.34)
as a signal overlapped to H-6: Irradiating the methyl at the C-16, the multiplet
signal at §4.34 is simplified to two doublets with coupling constants J16,13 =
= 11 Hz and J16,13'= 2.7 Hz; irradiation of the signal atd4.34, transformed the

signal at d2.10 (dd) and the signal atJ1.65 {dd), to two singlets, and the sig-
nal atcf1.18 (d), to a singlet, corresponding to the protons H-13, H-13" and H-
-17 respectively.

The paramagnetic shift of the proton H-7 (0.28 ppm) 1n clementein (1)
with respect to 2 could be explained by the shorter distance between the this
proton and the methyl group at C-16 in 1; according to this, the configuration
that should correspond to C-16 in clementein (1) is "“S".

There are several references in the Literature ' o+ 7 which de~
scribe the paramagnetic shift effect of an « 8-acyl group on the Ha of a C-6
closed o -methylene-¥-lactone (usually 0.5 ppm). When the chemical shift of H-
~-16 in clementein B (2) is compared with that of its deacylderivative (2c), a
similar effect, although of lesser extent (0.14 ppm), is observed. This could
be attributed to the fact that H-16 in (2) has a similar orientation tc Ha 1n
the al,p-unsaturated-x-lactones (Fig. 1). Consequently, the configuration of

.C-16 in clementein B (2) must be "R". The same relationship 1s observed when the
chemical shift of H-13 and H-13"is compared in compounds (2 and 2¢), the paramag-
netic shift being 0.25 ppm in this case. In the H-13"proton of clementein (1),
this effect is not observed probably by the fact that the methyl group at C-16,
impedes the proximity of the oxetane ring and the C-8 acyl group.

FIGURE 1

These above spectroscopic criteria, which have permitted the stereo-
chemistry of the methyl group at the oxetane ring to be established, are applica
ble to other lactones having the same functionalization, e.g. the subexpinnatins
B and C should have configuration C-16 "“R".

The data from the 136 NMR spectrum of clementein B {(Table Il) clearly
show a modification in carbons C-11 and C-13 with regards to the spectrum from
cynaropicrin  (4) 9 , a lactone from which they may formally be considered deri~
vatives; thus, while in 4, C-11 and C-13 appear at §137.3 (s) and & 121.6 (tJ,
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revealing their olefinic nature, in clementein B (2) they appear at J 75.5 (s)
and 43.1 (t), and two new signals at 64.3 (d), assigned to C-16, and at 24.1 (q)
to C-17.

TABLE II

'} NMR spectral data of 2, 3 and 5 (& ,MeOD-d,:CDC1, 1:1, 75 MHz).

—2 R —_3
c-12 178.1 s 178.2 s 170.5 s
c-1" 165.5 s 165.5 s 165.5 s
Cc-4 153.5 s 47.1 d 46.7 d
c-10 143.0 s 142.8 s 142.2 s
c-2° 140.9 s 140.9 s 140.2 s
c-4° 125.0 t 125.0 t 126.0 t
c-14 117.1 t 115.9 t 116.9 t
c-15 112.5 t 18.6 q 18.4 q
C-6 79.0 d 81.4 d 81.9d
c-11 75.5 s 75.9 d 137.8 s
c-3 73.3 d 78.2 d 78.1 d
c-8 70.3 d 71.9d 75.2 d
c-16 64.3 d 64.4d =00 —eee——
c-3° 61.1 t 61.1 t 61.1 t
C-5 51.7 d 54.6 d 51.7 d
c-7 51.0 d 51.2 d 50.4 d
c-1 44.9 d 42.9 d 43.4 d
c-13 43.1 t 43.2 t 123.0 t
c-2 39.1 t 41.3 t 40.7 t
Cc-9 30.0 t 38.5 t eee——eee
C-17 24.1 q 24.2 q = —emeee—-

A comparison of the IR spectra determined in solid state of clementein
(1) and clementein B (2) reveals a surprising difference. While in 1 the carbo-
nyl ester absorbs at 1720 cm'1, in 2 it absorbs at 1690 cm'1; when the spectra
were determined in CHClazneOH {(1:1), the same solvent used for their NMR spectra,
this difference disappears and the absorption of both carbonyl esters are obser-
ved at 1720 cm™ .

These data suggest that in the solid state clementein B acquires such
a conformation which permits intramolecular interaction between the oxygen atom
of the oxetane and the carbonyl carbon of the ester, lowering the frequency
(9c=0) 19,

Clementein C (3)

Clementein C (3) is a crystalline compound, mp 211-213° (AcOEt:petrol)
C21H2607, obtained by MS m/z (M¥,9.3%) and confirmed by combustion analysis.

In the IR spectrum, absortion of hydroxyl groups is observed at 3350

and 3200 cm'1, of §-lactone at 1775 cm'1, [+ 4 ,/% -unsaturated ester at 1720 cm™ |

and double bonds at 1635 cm ™.
ce of a hydroxymethacrylic ester is revealed by ions at m/z 210 (M-102)%, 308
(M-84)% and 85 (C4H502)+ in the MS, and the signals at 5 6.22 d(br), 5 5.96 m,
and a wide doublet (2H) at 4.26 in the 1H NMR spectrum (Table I).

As in the above discussed compounds, the presen-
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The molecular ion at m/z 392 is two units greater than that of clemen-
tein (1) and of clementein B (2). This difference is mantained in the most sig-
nificant fragments.

In its h NMR spectrum, the signal corresponding to the C-4 exocyclic
methylene does not appear, though a doublet is observed atd1.18 (J4.15= 6 Hz)
vhich may be attributed to a methyl group over the aforementioned carbon. The
o(-orientation of the methyl group is inferred from the coupling constant
(J4’5= 11 Hz); a /5—orientation would give a smaller coupling constant.

The signals at S 4.39 (m) corresponding to H-16, two doublets at
§ 2.14 and 1.68 of the protons H-13 and H-13 respectively, and a doublet (3H)
due to H-17 show that clementein C (3) have also a methyloxetane ring at C-11,
C-13. These values, also confirmed by double resonance, are practically the
same as for 2 (Table I), indicating the stereochemistry of C-16 must be the
same in both compounds.

On the other hand, the comparative study of the TH NMR spectra of re-
lated lactones: muricatin (5) 11, clementein (1), clementein B (2), clemen-
tein C (3) and cynaropicrin (4) reveals differences which provide information
about the preferential conformation of the cycloheptane ring in these products.

In Table III, diferences are observed between the chemical shifts of
protons H-9 and H-9; these being much greater in the pair 5, 3 than in the lac-
tones 1, 2 and 4; both groups also present different values of coupling cons-
tants for H-8, H-9 and H-9. Taking into account these J values, the study of
the Dreiding models shows a preferential conformation for the cycloheptane of
"twisted chair" for clementein C (3) ( Fig. 2 ), instead of a "twisted boat"
as we proposed for clementein (1) and clementein B (2). Therefore we may con-
clude that clementein C (3) is a 4,15-dihydro derivative of clementein B (2)
with configuration "R" in C-16.

TABLE III
Adi-9,u-97) | 97,8 | J8,9 | Js,9°
clementein (1) 0.25 9.5 4.5 5.0
clementein B (2) 0.28 9.7] 4.9 ] 5.6
clementein C (3) 0.68 9.71 9.7 | 4.4
muricatin (s) 0.63 9.9 8.0 4.6
3!

FIGURE 2

Finally,the 'T NMR chemical shifts of C-11, C-13,C-16 and C-17 in cle-
mentein C (3) are practically the same as the corresponding of clementein B (2)
(Table II), supporting the previous configurational assignation of C-16 ("R")
in both lactones.
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Chemical transformations

In order to ascertain the reactivity of the oxetane ring and to ob-
tain further information concerning its proposed structure, clementeins were
subjected to the chemical transformations shown in the Scheme 1.

Reaction with acetic_anhydride-pyridine.- To our surprise, when clementeins
vere allowed to react with acetic anhydride-pyridine, ring opening of the four
membered heterocyclic ring proceeded smoothly togive the corresponding 1,3-dia-
cetylated derivatives. Generally, the oxetane ring undergoes this ring opening
under more drastic conditions12

Reaction of 1 with Ac20/py at room temperature resulted in the almost
exclusive formation of 1a along with small amounts of 1b. 1a is a tetraacetyla-
ted derivative as revealed by its 'y NMR spectrum (Table V), with four (3H)
singlets at 2.14 (C-3°0Ac), 2.11 (C-11 OAc), 2.10 and 2.05 (C-3 OAc and C-16
OAc). The signal of H-16 (54.98) undergoes a paramagnetic shift (d 3.92 in 1)
due to the presence of a geminal acyl group. Compound 1b is a triacetylated de-
rivative, its 1H NMR spectrum showing three (3H) singlets at §2.03 (c-11 0Ac),
2.04 and 1.99 (C-3 OAc and C-16 OAc).

Treatment of 2 in the same conditions gave tetraacetate 2a {major
compound) and triacetate 2b. The H-16 paramagnetic shift with respect to the
same signal in 2 is in this case of 0.64 ppm, this difference being attributed
to the different configuration of C-16 in both compounds. It can be deduced,
from the conformations that the system (C-11)-(C-13)-(C-16) can adopt, that the
paramagnetic shift of H-16 in 1a may be due to an 1,3-diaxial interaction with
C-11-0Ac. (fig. 3).

The position of the acetyl
groups in triacetates 1b and 2b was in-
ferred by the examination of their H
NMR spectra (Table I).

Finally, when clementein C
(3) was subjected to the same acetyla-
tion conditions described for 1 and 2
afforded almost exclusively tetraaceta-
te 3a.

Treatment of the oxetanelactones 2 and 3 with aqueous solution of
K€, (5X%) at room temperature for 24h, gives compounds 2c and 3b. Their spec-
troscopic study reveals the disappearance of the «-hydroxymethacrylic ester,
while the methyloxetane ring remains unaltered. .Lactone 2¢ gives mass spectrum
peaks at m/z 306 (M'), 288 (M-H,0)¥, 278 (M-CO)", 270 (M- 2xH,0)" and 266 (M-
-C3H4)*. The latter is also present in 1, 2 and 3 and seems to be a characte-
ristic fragmentation of the methyloxetane ring of this particular class of oxe-
tane lactones.

Saponification of 2 is evident from the absence in the "W NMR spec-
trum (Table IV) of the signals corresponding to the ester moeity. Furthermore,
2b displays its H-13, H-13"and H~16 at an almost identical chemical sh:ifts as
that of 2, indicating that the methyloxetane grouping is still present after
the basic treatment.

Similar results are obtained in the basic treatment of clementein C
(3). Thus, when 3 was treated under the same basic conditions lactone 3b was
obtained. Its 1l-i NMR spectrum (Table IV) reveals that it is a dihydro deriva-
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tive of 2c, in which the cycloheptane ring must adopt a "twisted chair" prefe-

rential configuration, while in 2¢ it should be
the coupling constant values of H-8, H-9, H-9"and H-7 for each compound.

"twisted boat",

according to

TABLE IV
TH NMR spectral data of 2c,2d,2e,2f,3b,3c and 3d ( s, MeOD—%:CDCl3 HE 360 MHz).
2 » | 2e Xk of ad
B~ 2.89 &dd(br) 2.00 &d(br) 2.91ddd(br) 2,96 ddd(br) 2.82 ddd(br) 2.98 ddd(br) 2.85 ddd(hr)
W2 1.69 &a 1,87 ddd 1.72 ddd 1.79 4 1.96 ddd 1.70 ddad 1.90 ddd
He2! 2.3 dt 1.70 dt 2.29 dt 2.42 dt 1.71 dt 2.26 dt 1.71 dt
H-3 4.48 a&idd 3.79 &dd(br) 4.51 dddd 5.52 dddd 3.67 ddd(br) 4.49 ddad 3.67 ddd
K4 —_ 2.20-2.00* _ —_— 2.20-2.00* _— 2.03m
H-5 2.77 &d(br)  2.20-2.00% 2,82 dd(br)  2.93 dd(br)  2.20-2.00% 2.78 dd(br)  2.08 ddd
H-6 4.19 &d 4.4 ad 4.11 dd 4.08 dd 4.17 &d 4.25 ad 4.27 dd
W=7 2.23 &d(br) 2.2 &d(dr) 2.10m 2.58 &i(br)  2.20-2.00% 2.24 &4 2.5 &
K-8 4.15 odd 4.02 4dd 4N 4.89 ddd 4.05 ddd 4.20 d&d 5.29 ddd
W9 2.61 &d .76 & 2.70 ad 2.76 dd 2.74 dd 2.62 dd 2.82 dd
K-9' 218 & 2.20-2.00* 2.10 &d 2.17 dd 2.20-2.00* 2.20 4d 2.18 &d
H-11 — — 2.70m 2.2 m —_— —_— —
W13 221 d4d 2.20-2.00* N m 4.90 dd .29 &d 2,10 &d 2,03 &
K13 1.90 a4 1.724d N m 4,27 & 1.9 &d 1.91 dd 1.68 dd
H-14 5.05 s(tx) 5.00 s(tw) 5.07 s(br) 5.07 s(br) 5.00 s(br) 5.05 s(br) 5.09 s(br)
H-14' 4.98 s(br) 5.00 s(bx) 5.01 s(br) 5.05 s(br) 5.00 s(br) 4.98 s(br) 5.08 s{tr)
B-15 5.38 s{br) 1.214 5.35 s{br})  5.49 s(br) 1.194d 5.39 s(br) 1.19d
H-15¢ 5.31 s(te) —— 5.30 s(br) 5.29 s(br) —_— 5.32 s(br) —_—
K16 4.48m 4.54 ddq —_ —_ 4,17 ddq 4.20m 3.91 ddgq
W17 1.2d 1.24 _— —_— 1.21d 1.23d 1.20 d
H-3; —_ —_ o —_ — — 4.35 d{or)
-3, —_ —_ —_ —_ —_— —_ 4.30 d(br)
B4, — — — — —_ - 6.23 d(br)
H-4) —_ —_ — —_ —_ _ 5.97 d(br)
~000CH, [ — —_— 2.08 s —_— —_— —_
2x-000CH, — _ _— 2.07 s —_— —_ _

*Overlaped signals

J(H2): 20 1,257; 1,5=10; 2,3=8.5; 3,15=15; 8,946; 9,9%14 13,16a2.5; 16,17=6, 2e: 11,13<3; 11,133; 13,1311, 2¢,2e: 23«7,
2d,2%e: 2,327; 3,153, 2e,2f: 7,8=10. 2f,3c: 1,257.5; 2;3=8. 2f,3d: 16,17=6. 3b,3c: 16,17%6.5. 3b,3d: 1,2211.5; 4,15=6.5.
2c,2d,2e: 1,229, 2¢,2d,3b: 7,8+9.5; 8,9m4.5. 2d,2e.2f: 1,59, 2d,3b,3d: 2/3+7.5. 2f,3b,3c: 5,6=6,7=10. 3b,3c.3d: 1,5=2,2=
=6; 2,248,911, 2¢,2d,2e,2f: 2,2413. 2c,2d,2e,3d: 5,6=6,79.5. ,2f,3c,3d: 13,13414. 2d,2%e,3b,3¢: 9,9%13. 2d,2e,3b.3d: 1,
228. 2e,2f,3c,3d: 8,9=5.

Prolonged treatment of 3 under the same basic conditions resulted
the saponification of the ester and opening of the oxetane ring, to give the
1,3-diol 3¢, a crystalline solid mp 213-215° (AcOEt:MeOH). In the TH NMR spec-
trum the H-16 appears atd 4.17 characteristic of proton geminal to an hydroxyl
group, while H-13 and H-13°‘resonate at closer J values ( 2.29 and 1.91 respec-
tively). The rest of the spectrum of 3c is similar in appearance and chemical
shifts to that of 3b, from which can be obtained under the same basic condi-
tions described above.

Treatment of clementein B (2) with aqueous solution of K2 CO3 (5%)
for 3 days at 50° gives the triol 2d. The mass spectrum shows peaksat m/z 280
(MY, 262 (M-Hzo)*, 244 (M-2xH20)+, 226 (M—3xl>120)+ suggesting the presence of,
at least, three hydroxyl groups. Degradation of the oxetane function 1s evi-
denced from the following facts: the signals correspending to the secondary
methyl at C-16 are absent and the H-13 and H-13 appear completely superimposed

atd 3.71.
Ty

the

Acetylation of 2d with acetic anhydride-pyridine yields 2e. Its

NMR "spectrum shows the incorporation of three acetyl groups, as well as
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characteristic shifts of the protons at C-3 (5 5.52), C-8 ( A 4.89) and C-13
(§ 4.27).

On the basis of the above MS and 'H NMR data the structure of 2e is
determined as 13-hydroxi-11,13-dihydrodeacylcynaropicrin.

The formation of 2e could be explained through the previous fragmenta-
tion of the oxetane ring followed by a conjugated addition of the hydroxyl
group (Schemes 2 and 3). We have proved that this reaction takes place when o,
/5-unsaturated~{—1actones, such as dehydrocostuslactone (6) are submitted to
treatment with an aqueocus solution of !(2003 (5%), at 50° for 5 days, thereby
obtaining compound 6a (Scheme 4). However, we have been unable to detect pro-
duct 7 in the aforementioned reaction conditions.

" i
. - LN
W OH wo— HO
o z .
2¢

SCHEME 2

n
. LM WOH oM
i Yoramall LI LY OH” oW~ e
‘\\R ————— 4 4

—_ -
o -l
Son- k
2 1 2d
SCHEME 3
K00 5%
5d, 80°C
SCHEME 4
Reaction with sulfuric_acid.- The reaction of the oxetanclactones 2 and 3 with

HyS0,4 (5%) at room temperature during 6h affords 2f and 3d. Lactone 3d 1s ob-
tained as a crystalline product mp 205-207° (MeOH). Whose spectroscopic data
show that the oxetane undergoes ring opening while the rest of the molecule
remains unchanged. Thus, the 1I-{ NMR spectrum (Table IV) shows the signals cor-
respondind to an 1,3-diol in positions C-11 and C-16 (H-16 at § 3.91, H-13 and
H-13"atd 2.03 and 1.68 respectively). While the rest of the spectrum 1s similar
to that of clementein C (3) (Table I). H-6 does not undergo any shift indi-
cating the o orientation of the hydroxyl group at C-11.

The corresponding product of the acid treatment of 2 isa crystalline
solid 2f mp 204-206° (MeOH). Its mass spectrum shows peaks at m/z 324 (M"), 306
(M-H,0)", 288 (M-—ZtzO)*. 270 {M-Sxﬂzo)*. As in 3d, the "4 NMR spectrum (Table
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1V) shows that the oxetane ring has been opened (the proton H-16 resonates at
54.20, and H-13 and H-13"appear at é 2.10 and 1.91 respectively) whereas the
absence of the characteristic signals of the hydroxymethacrylic ester indicates
that the ester is hydrolyzed.

EXPERIMENTAL

Melting points were measured on a Kofler hot stage apparatus and are
uncorrected. Infrared spectra were recorded on either a Pye-Unicam SP 3.}00 or
a Digii%ab FTS-IMX spectrometers in KBr, nujol or solution using CHC1_. H NMR
and NMR spectra were made on either a Bruker WB-360 or a Varfan FT-300
spectrometers using Me3Si as an internal standard. Mass spectra were recorded
on a VG-Micromass ZAB-2F spectrometer. Chromatographic separations were made
on silica gel (Merck) and microanalyses were performed by the Departamento de
Técnicas Instrumentales del Instituto de Quimica Orgdnica _General del C.S.I.C.

For general experimental details see reference . The more polar
fractions were chromatographed on a column ofzsih‘ca gel and after repeated
preparatives TLC (silica gel) afforded: 1 » 2 (200 mg) and 3 (100 mg)

(CHCY 3:n-BuOH, 75:15).

Tetraacetate la. Acetylation of ) with 12 ml Ac,0:pyridine (3:1) for 24hr,
room temp., after pur}:m':(iation by prep TLC (Be:AcOEt, 3:1) afforded la as a
colourtess gum. IR ¥V gax-3cm-1: 1790,1740,1720,1640. MS m/z (rel. int.): 516
EM-ACOH]’ (0.5), 372 ?M-AcOH-144 * (1), 252 [M-3xAcOH-144]+ (29), 144 [C H 0,]°
11}, 85 [C,Hg0,)* (base peak). 1H NMR: see Table I.

Triacetate 1b. Colourless gum, IRV $HS!3 cm™! : 3450,1780,1740,1720,1640. MS
m7z Trelint.): 354 (M-3xAcOH)* (1), 252 (M-3xAcOH-102)* (0.8), 85 (C,Hg0,]*
(50). *H NMR: see Table 1.

Clementein B (2). Mp 189-191°, IR V &H%Y3 cm~1 : 3440,3260,1765,1690,1635. IR

3cm-T: 3436,1764,1685,1632,1599,1570. MS m/z (rel. int.): 390 [M]*(0.3)
(Co1Hpg07), 362 (M-COJ* (0.3), 350 (M-CgH,]* (§), 306 (M-84)* (1), 288 _(M-102]"
(3), 270 [M-102-H,0) " (2}, 85 (CaHg02]* (39). *H NMR: see Table I. 13C NMR:

e
see Table II. (Found: C, 61.63; H, 7.10; Calc. for C_H_0O_.H O0: C, 61.81; H,
6.91%). el 26 7 2

Tetraacetate 2a. Acetylation of 2 with 12 ml Ac_O:pyridine (3:1) for 24hr,
room temp., affer pusasicatign by prep. TLC (Be:ASOEt, 3:1) afforded 2a as a
colourless gum, IR ax3cm ~: 1790,1740,1650,1610. MS m/z_ (rel. int.): 516
(M-AcOK)* (0.7), 372 M Acon-144)* (1.5), 252 (M-3xAcOH-144)*  (27). 1H NMR:
see Table I. :

Triacetate 2b. Colourless gum. IR oﬁﬁil%m-l: 3440,1777,1740, 1720,1600. MS
m7z (rel. int.): 516 M-Hzof’ (1), 354 [M-3xAcOH)* (6), 210 [M-3xAcOH-144]*
(6), 144 [CgHg0,)* (15). 1H NMR: see Table I.

Deacylclementein B (2c). Clementein B (2) (12 mg) was mixed with ag. 5% K, CO
(& mTT and stirred for 24hr. After acidification with dil. HCl the mixture was
extracted with AcOEt. The organic soln was washed with H, 0, dried and evapo-
rated to dryness. After purification by repeated prep TLC in CHCI, :n-BuOH (75;
:25), afforded 2c as a colourless gum (8 mg). MS m/z (rel. 'in:t.) 306 [M]*
(0.8), 288 [M-HZU)* (1.5), 278 (M-COJ* (3), 270 [M-2xH,0}* (1), 266 (M-CyH,j*

(12). 1H NMR: see’Table IV.

13-Hydroxydinydrodeacylcynaropicrin {(2d). Clementein B (2) (15 mg) was mixed
with aq. 5% K, 00, 13,5 mIT and stirred for 5 days at 50°. After neutralization
with dil. HC1 the mixture was extracted with AcOEt. The organic soln was wash-
ed with H,0, dried and evaporated to dryness. After purification by prep TLC
twice in ﬁe:AcOEt (1:1) afforded 2d as a colourless gum (7 mg). MS m/z (rel.
int.): 280 EM]* {2) (C1gHa005), 282 [M-H, 00" (1.5), 244 (M-2xH20]" (8), 266
(M-3xH,0)* (9). “H NMR: see Table IV.

Triacetate 2e. Acetylation of 2d (7 mg) as described for 1 and 2, after puri-
Fication Sy_grep TLC (twice in Be:AcOEt, 3:1) afforded 2e as a colourless gum
(3 mg). IRVCHClacm™1; 1765,1740,1650,1640. MS m/z (rel7 int.): 406 (M)* (0.6)
346 (M-AcOK)*"11.5), 286 [M-2xAcOH)* (6), 226 ([M-3xAcOH]* (6.5). 1M NMR: see
Table 1IV.

11 X -Hydroxy-13-(1"-hydroxyetnyl)-dihydrodeacylcynaropicrin (2f). 2f was pre-
pared by mixing 10 mg 2 with aq. 5% HA,50, (3ml] and stirring for bBhr. After
neutralization with aq. 5% K,C0; the mixture was extracted with AcOEt., The or-
ganic soln was dried and evaporated to dryness. After purification by TLC
(twice in CHC1_ :n-BuOH, 75:25) afforded 2f as a crystalline compound mp 204-
206° (7 mg). IR‘)Cﬁgiacm'lz §445.3270,1766,7653. MS m/z (rel. int.): 324 [M]’
(1) (C17H24)6), 306 (M-Hy0)" (0.8), 288 [M-2xH,0)* (6), 270 [M-3xH 0)* (12).
14 NMR: see Table IV,
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Clenentein C (3). Mp 211-213°. IR D&H%!3cm ~': 3350,3200,1775,1720,1635. MS m/z

nt.J: 392 (M]* (9.3) (C21Hz807), 364 (M- coj* (0,6), 352 n C3Ha)]™ (48.4
3os (m-84)° (16), 290 (M-102)" (17, L), 272 (M-102-K 50" (10.3), JLC4H502)
{base peak). lH NMR: see Table I[. 13¢ NMR: see Table 1L, (Found C, 61.23; H,
7.50; Calc. for CoyHag07.H20: C, 61.45; H, 7.37%).

Tetraacetate 3a. Acetylat1on of 3 (12 mg) as described for 1 and 2, after pu-
-ﬁ pr TLC (Be:AcOEt, 3:1) afforded 3a as a colourless gum (9 mg).

IR Oﬁgglacm : 1790 1740,1720, 1610 MS m/z (re\l int.): 518 [M ACOH] (1), 374

(M-AcOH-144] " (2.8), 254 (M- 3xAcOH-144]* (20). ' NMR: see Table I.

Deacylclementein C (3b). Clementein C (12mg) was mixed with aq. 5% KpC03 (4ml)
and stirred for 23hrT After acidification with dil, HC] the mixture was extrac
ted with AcOEt. The organic soln was washed with Hy0, dried and evaporated to
dryness. After purification by repeated prep TLC in CHClj3 :n-BuOH (75:25) af-

forded 3c as a colourless gum (2 mg). MS m/z (rel. int.): 308 [M%l (0.6), 300
(M-H 011‘(1.3). 280 (M-CO]* (3), 272 [M-2xH20] " (1), 268 [M-C3Ha) ™ (11). H NMR
see Table 1V,

11o(-Hydroxy-13-(1"-nydroxyethyl)-dihydrodeacylmuricatin (3c). Isolated as

an oiT n the saponification of 3 (6 mgT'*IRo 3cm-1: 3356'1775 1640, MS m/z
(rel. int.): 326 (M]* (1) (cwuzf.,o 308 (M- szl (1.5), 290 {M- 2xH20] (4),
272 {(M-3xH 0] (9). M NMR: see Table IV,

11  -Hydroxy-13-(1"-hydroxyethyl)-dihydromuricatin (3d). Prepared as reported
For Z2F. After neutralization with aq. 5% K,CU; the mixture was extracted with
AcOET. The organic soln was dried and evaporated to dryness. After purifica-
tion by TLC (twice in CHCl3:n-BuOH, 75:25) afforded 3d as a crystalline solid
mp 205-207°. IR Oﬁﬁﬁlscm L 3350, 3210 1770,1720,1635. "MS m/z (rel. int.): 410
(M) * (1), 392 (M-H0 o] * (0,5), 382 (M- CO)* (2), 374, (M-2xH 0] (10), 338 [M-

-4xH,0]" (4), 308 [M-102])" (11), 254 (M=3xH20-102}" (7).1H NMR: see Table IV.

{3-Hydroxycostuslactone { 63 ). Dehidrocostustactone (6) (35 mg) was

mixed with aq, 5% KyC03 (5 ml) and stirred for 5 days at 50°. After neutraliza
tion with dil, HC1 the mixture was extracted with AcQOEt. The organic soln was
washed with H,0, dried and evaporated to dryness. After purification by chroma
tography on s1l1ca gel ind the fractions (25 m1) eluted with benceneyialded 63
a colourless gum. IRFHS%3em *1: 3450,1760,1660,1640. MS m/z (rel. int.): 248,

{M]* gs) (C1sH 200 3) , 230 (M- Hzo]’ (5), 202 [M-HQO zs] (3), 159 [M-Cy Hg 03"

23). m-m (200 MHz, CoCl ) :"5.11 (d(br),H-15), 4.99 (d(br), H-157), 4.82

(s(br), H-14), 4.72 (s(br), H-14"), 3.94 (dd, H-6), 3.92 (d(br), H-13), 3.68

(¢(br), H-137), 2.81 (m, H-1), 2.77 (dd{br), H-5), 2.52-2.29 (4H, m, H-3, H-

-3°, H-9, H-97), 2.27 (ddd, H-11), 2.14 -1.90 (4H, m, H-2, H-2°, H-8, H-8"),

1.33 (m, H-7); J (Hz): 5,6=6,7=9; 11,13=11,13"=12; 11,7=3; 3,15=2; 5,157 =2.
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