Chapter 3

Results and Discussion

Chemical Conversion of Labdane Diterpenes

3.1 The Corrected Stereochemistry of Labda-7,12(E),14-triene-17-oic Acid

Previously, we reported th e labda-7,12(E),14-triene-17-oic acid

(14) which was isolated fros ' he structure was elucidated based

on spectral data and by coin nown labda-7,12(Z),14-triene

[28]. In that repo ene 14 was proposed to be

C5(S), CI(R), C10(5 structure of compound 14
was reconfirmed ¥ armeiysiy' “gevised the structure to be

ent-labda-7,12(E),14-gfc the absolute stereochemistry

of 14 would assigned t¢ surations as depicted in Figure

3.1,

!
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Figure 3.1
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Figure 3.2 The structure of compound 14 from X-ray analysis.
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3.2 Isolation and a preliminary biological activity test of labda-7,12(E),14-triene-
17-oic acid (14)

As abovementioned, labda-7,12(E),14-triene-17-oic acid (14) along with three

related derivatives were isolated from the stem bark of C. oblongifolius (collected from

Prachaub Kirikhan province) as follows: the dried stem bark of C. oblongifolius (2.5

kg) was extracted with MeOH and the methanolic extract was concentrated under

vacuum to obtain a dark-red gum 1igh was further partitioned with hexane

to give a hexane extrac er ; 'lvent, the residue (40 g) was

chromatographed over a silica-get(Si(},) columin by stepwise gradient elution using

hexane-EtOAc as soly i aficki ; ) \xﬁ:ﬁf ne 14 (23.64 g, 0.94%) along
: ‘.“'. E‘*-‘,
with hydrocarbon 114 S UMD, ald (1260 8:8.06%) and alcohol 13 (4.29.

0.17%) derivatives, i@

Although the Aol fes oil €4 ol labdanes were established by
spectroscopic method | stermination, their biological

activities have yet not be order to investigate the biological
activities of this labdane.sefies pait ic activity, the cultured murine

=

leukemia P-388 ,.« % Moreover, their activities

on anti-platelet aggr tlon %

As shown inTable ene 12 an derately active against P-388
cell line, w@ diﬁ hﬁgﬂ ﬂnﬁﬁ\%‘t was very slightly
acti ase, of. ﬂ W %ounds were
fouﬁ@m ﬁ&iﬁ i m‘ip th ‘Eﬁ showed

weak activity.
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. ‘/\/\ 11, R = CH,

: R 12, R = CHO
13, R = CH,0OH
: '.“’ H 14, R= COzH

Table 3.1 Biological activities of diterpenes 11-14.

Diterpene ICso (ng/ml)

”7 ;’ anti-platelet aggregation

11 33.00
12 712
13 19.36
14 N.A?
“Not active.
Since labdangi » moderate activities against
P-388 cell line, we antigipa atilets fabdo il their modified substances should

exhibit cytotoxic activitiCs & umor cell lines. Therefore, the

chemical transformationstidies of thist > diterpene were undertaken by

using labda-7,12(, »f * faterial because it could be

|

easily obtained in sufficient quantitic e stem Hrk of C. oblonghfolzus In

i Iﬁﬂﬁ"ﬁﬁ ﬂﬁmﬁﬁﬁﬁdm e
RN I UM TN
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3.3 Chemical Transformation of ent-Labda-7,12(E),14-triene-17-oic Acid (14)

In order to synthesize new derivatives of labda-7,12(E),14-triene-l7;oic acid
(14), 2 pathway were planned ; a) the chemical modification of carboxy!| group at C(17)
position to its related compounds and, b) the conversion of labdane 14 into a naturally

occurring labdane, (+)-limonidilactone (33).

3.3.1 Modification of carboxyl iy

In the case of our study, & on of carboxyl group of labdane

14 was classified into thr

(1) conversion into its coge ohol derivatives.

(2) conversion into its ing coupling reaction.
(3) the closure of 6-mgff ith functionalized C(11)
Thus, the methylat i, N o ied out. Diazomethane (CH:N>)
was chosen as the ' ester function. Diazomethane
was generated from diaz 3) by treatment with aqueous
sodium hydrox1de The diazggcdsie ;n:.f ied to thereaction vessel directly by
means of a stream’ B nitrogen according o e mmntt ‘i _'r ribed by Lambardi [30],
which allowed th’ f' e_ intly and safely without the

need of complex apparit and the handli gf unstable dlazomethane The reaction

with comp ic owglﬂ (Wﬂ%ﬂ%e the corresponding

methyl ester 47 as-an oil in nearl quantltatlve ield (Scheme 3 The '"H NMR

spe@Wﬁ TLTRT VY
q"l
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0 CO,H CH2N2 3 CO,Me LlAlH4 (5 equiv)
’ CH,Cly, rt Et,O,rt,5h
“H quant. “H 92%

To produce ter 47 was reduced with an

excess amount of LiAl hol 13 which was proved to be

identical to that of a natus® and '>C NMR data. Subsequent

acetylation of compound acetyl chloride in the presence of

Y

tricthylamine as 4 f=""""'""""""""“‘“ﬁ“‘;j ‘ield as shown in Scheme
3.1. 'HNMR (CDCE} shoy

Bict sig 1l of an acetyl group at 31.99

ppm and a marked down field of the H(1 7)€onance combared to the starting i;\aterial

o nffi e n%ﬂc‘iﬂ{ Lit e o
AORST AR e

yield upon exposure of carboxylic acid 14 to methylbenzylamine in the presence of
DCC as a coupling-agent and with a catalytic amount of DMAP (Scheme 3.2, eq. 1)
[31]. Also, when compound 14 was allowed to react with 4-bromobenzyl alcohol under

the same condition, the corresponding benzyl ester S0 was obtained in 86% yield (eq.2).
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Their structures were confirmed by 'H and >C NMR data.

A COM DCC (1.0 equiv), DMAP
2
* CH,Cl, 11,12 h

79%

- CO,H
+

e

14
Since it is kno ; aigof labdan@-type diterpenes may be closed

7

and opened with an oxygen & oxide and its derivatives [32], the
construction of 6-memb i rinlg ion between the C(17) carboxyl

= -

.group and the fun {7 8l éred to perform to produce

i |

the new type deriva S, 7 en, d tha

actoni 51 and 52, whcih structures

containing allyli ﬂ\ ipal ﬁi ined in.63% and 28% yields,
respectivelﬂﬂ ﬁmﬁﬁ 19 wit ﬁﬁhﬁpmsmw of NaHCOs
at( i ﬁ isg s% %oximne—ring
opmﬁgﬁi QMSI om:js ng-epoxide after

epoxidation. In addition, the lactone 53 was obtained in excellent yield (98%) by
exposure of labdane 14 with TsOH in refluxing toluene for 7 h [23-24]. Their structures

were confirmed by 'H and '*C NMR data, IR and mass spectroscopy.
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m-CPBA (1.2 equiv)
COH  NaHCO; (1.0 equiv)

CH,Cl,,0°C,3.5h

The relative stere@enalitads. <1 Si of these lactones was proposed
itk prop

based on the the NOE expeidisattil (i n lactone 52 and the results were

o in Table 3.2 and Figure

3.3.

A inund:
ARINTOlE

Figure 3.3 Diagram showing numbering systems on the lactone 52 and the NOE

enhancement for selected pairs of protons.
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Table 3.2 NOE experiments showing signal enhancement by irradiation at various

protons of lactone 52.

Irradiation at Observed NOE (%)
H-9 H-11a H-12 H-14 H-15a H-16
H-12 92 3.7 0 1k B - 1.7
H-14 - - 8.4 0 5.0 -
H-15 - - - 19.6 0 6.0
H-16 - - 23 0

Irradiation at

(9.2%) on the HO) i

positive NOE enhancement
his result confirmed the close
proximity of these : when the compound has a
syn configuration. ThgfNC i -.:; - ctWee the pairs of protons H(12)-H(11a),
H(12)-H(14), H(12)-Hgo) 4 ¢ 16) were also consistent with

the proposed structure.

54

= —
29% 20%

AudInuninenas

AIRINTAIUNA

36%

Scheme 3.4
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Having the lactone 53 in hands, we decided to synthesize another derivative by
opening the lactone ring to a diol compound with some reducing agents. Unexpectedly,
when lactone 53 was subjected to NaBH4 reduction in MeOH at room temperature [34],
it gave rise to the desired diol 54 only 29% yield in along with tricyclic products 55 and
diol 56, in 20% and 36% yields, respectively (see Scheme 3.4). The formation of 55
and 56 could reasonably be explained by the following mechanism (Scheme 3.5). The

hydride ion (H) from NaB “ _as a Michael donor and attacked at

o, f~unsaturated ketone i Then, further reduction of 57

occurred to furnish diol 56 ompound 55 resulted from the

proton abstraction f ent (MeOH) which occurred

competitively wit

Scheme 3.5
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3.3.2 Synthesie of limonidilactone (33)

We expected that limonidilactone (33) should exhibit anticancer activity owing
to its unique structure bearing y-butenolide and 8-lactone system. Thus, we decided to
synthesize 33 by employing labda-7,12(£),14-triene-17-oic acid (14) as a starting
material since stereochemistries at C(9) and C(10) of 14 were identical to those of the

target product 33 as shown in Figure 3.4. To be accessible to limonidilactone (33), the

ent-labda:
triene-

7,12(E),
oic acid (14)

Audineninens
ABINTIIN TN

Lirgonidilactone (33)
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Limonidilactone

>
,14-triene-17-oic acid
Scheme 3.6 Re®s Y teadie &) i ¢ s of (+)-limonidilactone
Thus, allylic aleelidEa2=vay sized by treating diene 14 with
m-CPBA in the ) ; ‘;',} . However, this reaction
gave the tertiary allylic alcohol™s or product (63% yield) and the” dCSII'Cd

allylic alcohol 52 as 4 r product (2 bsequently thought to
transform @\ ﬁ ﬂ?ﬁﬂm h Lewis acid such as
ﬂaﬂ ﬁ mjfeated with

ARTASh IR e

intermediate, in 69% yield. Furthermore, an exposure of alcohol 52 with acetic
anhydride (Ac;0) in the presence of pyridine led to the same product in an excellent
yield (100%). Consequently, the desired acetate 50 was obtained in 97% when

combined the yields from allylic alcohols 51 and 52.
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It is known that SeO, is an effective oxidizing agent for the oxidation at allylic
position [34]. So, t.he oxidation of the methyl group at C(16) position of acetate 60
with SeO, in the presence of TBHP in dichloromethane [35] was examined.
Unfortunately, the reaction did not proceed as proposed ; only allylic alcohol 52 was
obtained due to the removal of acetyl group when the reaction was carried out in EtOH

136].

OH

<«

O

2%

g
52 (28%)

Ac,0. pyridine
100%

ANl Wanes

Scheme 3.7

 CH,Cly, rt, 3 days
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Then, we decided to change the protecting group of C(15)-OH group. The
silyl ether such as TBS was chosen since TBS ether could be stable for SeO, oxidation
condition. A TBS group was thus installed on the C(15)-OH group of allylic alcohol 52
in 92% yield by treatment with TBSCI and imidazole [37]. However, the exposure of
the TBS-protected derivative 62 to SeO, oxidation in EtOH at 50 °C gave only a

disappointing result. The lost of TBS group also underwent under this condition

leading to allylic alcohol 52 and » oduct 63 was not detected as shown in

Scheme 3.8.

Se0,, EtOH

52
50°C,3h

AU Inunin
AIRINTA NN

Scheme 3.8
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In order to avoid the problem resulted from the cleavage of protecting group at
C(15)-OH during SeO, oxidation, alternative lactonization between alcohol and ester
functions was considered. In addition, it was anticipated that the ester group might be
more versatile in terms of stability for SeO, oxidation in a harsher condition than the
originally proposed acetoxy group. This prompted us to synthesize the methyl ester 65,
a precursor for lactonization. Fortunately, the cyanide-catalyzed MnO, oxidation of an

o,3-unsaturated aldehyde to esier | ¢ ‘ Was well documented [38]. In the presence

of HCN and CN' a conjug:
further oxidized wit sading to a final in an alcoholic
medium to give esteras€h. mpdits ntly, this reaction proceeds

in high yield without®7s-g¢ 50 Zakioh j nic linkage.

\o/ \_/
- A
/" tho / ceN
acyl cyanide
ROH

-
-

AugAnyiTTiens
Hasnaal n0gy. ...

alcohol 52 to a conjugated aldehyde 64. Without purification, the resulting aldehyde

— S

was then oxidized with MnO; in the presence of NaCN and AcOH to give the desired
methyl ester 65 in 50% yield in 2 steps as shown in Scheme 3.10. It was thought that

lactonization should be undertaken successively by following the introduction of a
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hydroxyl group at C(16) position via SeO, oxidation. The construction of lactone ring
system was then attempted by treatment of methyl ester 65 with SeO, in acetic
anhydride. However, the oxidation could not be achieved even in a prolonged period of

reaction time, which only the starting material was recovered.

MnO,, NaCN, AcOH

MeOH, rt, 1 h

dilactone

(50% for 2 steps) & =

T e

Ne \ﬂdﬁﬂgtm gmﬂmﬁ of allylic acetoxy
compou Wi a iﬂ is vn  that, presence of
antﬁ ﬁiﬁ 51 ﬂoﬁﬁ%mmym alcohol
[39].therefore, the oxidation of the acetate 60 with SeO, in acetic anhydride was
carried out and it was found that the reaction proceeded to furnish diacetate 66 as a

mixture of cis- and trans-isomers, albeit in poor yield (28% yield) as shown in Scheme

3.11. However, the mixture of diacetates gave a complicated '"H NMR spectrum. In
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order to investigate the ratio of cis- and trans-isomers, the hydrolysis of a mixture of

diacetates 66 was then carried out by treatment with 5% NaOH in EtOH, which resulted |
in a 66% yield of diols 67 with a clean 'H NMR spectrum. Consequently, the ratio of
cis- and trans-isomers was determined to be 0.12 to 1.0 by integration of the signal in

the 'H NMR spectrum of diols 67.

% NaOH, EtOH
C, 30 min
66%

AF

67a 67b

auingndwns -
N TalimInendy
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We were able to determined the ratio of compound 66a and 66b in the mixture
from the NOE experiment. From the experimental result, we discovered that 66b

existed in a higher ratio than 66a. The NOE experimental result of 66b is shown in

Figure 3.5.

Since diol 67 was @0ngidized 101 cdlas a precursor for the further step

would be trouble. This due tgsifiens 0 $H4d oups of diol 67 which existed in the

primary positio \ ?- -------------- :—-----------x------'--==a—===v_.‘*_"‘;Ijla that would provide a

selective protection 9f ei

wellecided to change the solvent

] ik

from SeO, oxidationo?gtate 60 to producing the benzoyl acetate protected diol 68 as

shown in ﬂ\ﬂg s%ﬂm, “ﬂaﬂeﬁa low yield (17%) of
the desired product 68 with a 0.17#.0 mixture ofgis- and rrans-isgmers. The ratio of

alcohols 69a and 69b which was obtained from the partial hydrolysis of a mixture of

68a and 68b to remove acetyl group by treating with 5% Na,COs in EtOH at room

temperature.



25

Se0,, benzoic anhydride

140 °C, 1 day
17%

5% Na,COs3, EtOH
rt, 1 day
50%

OH

69b

1.0)
From the ; ve-tes "—“"""”"'—““*;‘ his route because of the
inability to improve the yield et Moy mportantly, only cis-isomer

was required for the fi | lactonization,gbut it was obtained only a minor duantity
e WA RBUINIANS

ver, a gli ﬂ fi & te attempting to
mt@ﬁﬁiﬁyiﬁ% matﬁlﬁﬁﬁml (60, 62, and
65) by using SeO; oxidation led us to consider its mechanism. It is known that the SeO,
oxidation of olefin proceeds via 2,3-sigmatropic rearrangement of allylselenic acid

generated from the reaction between SeO; and olefin as illustrated in Scheme 3.13 and

gives allylic alcohol existing in E-configuration. In addition, this selective SeO, attack
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to olefin was to be proven by Buchi and Wuest [40].

. [2,3] shift
Ee=—— HO~ e ————

- Se

0=Se vj g (

\b’\
H N HOSeO

allylselenic acid

work up

abdane did not proceed as

Hence, it was
of double bond, which

proposed because
allylselenic acid co rearrangement could not

occur as shown in Sclu

starting material

Scheme 3.14
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Next, with an @, Funsaturated methyl ester 65 in hands, we thus proposed to
investigate the lactonization by utilizing the cyclization reaction of halo acid. Based on
this concept, allylic bromination of methyl ester 65 must first be performed to produce
bromo methyl ester 70 which would subsequently be converted to bromo acid 71, a
precursor for lactonization. Nevertheless, attempted bromination of methyl ester 65

with NBS in the presence of benzoyl peroxide as an initiator [41] was unsuccessful and

led to many unidentified by-produ indicated by TLC analysis, even when
various solvent systems. st

Scheme 3.15.

any products

including | hc bromination led , so it ayas decnded to up for futher
kol iﬂl ti Wﬁ%ﬂ%ﬁfﬂ
q

As aforementioned, Marcos et al [23-24] reported the synthesis of limonidilactone
(34) from a natural labdane diterpene, zarmoranic acid. Furthermore, we found that an
cnantiomer (53) of the first intermediate (35) in the synthetic pathway could be

obtained in nearly quantitative yield upon exposure of labdane diterpene 14 to TsOH in
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refluxing hexane as illustrated in Figure 3.6 [23-24]. Therefore, it was considered that
the synthesis of (+)-limonidilactone from diterpene 14 should be accomplished

according to this approach.

>
z

5%

Zaramonic acid

Labda-7,12(E),14-
triene-17-oic acid

AugAneninens
IRNTANNAINEAGY
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m-CPBA H;104

CH,Cly, rt, 4 h THF, rt, 10 h

53 71

Pb(OAc),, BF;.0Et,

benzene, rt, 5 h
69%

TsOH, MeOH
50°C, 92%

e

4;-.
" l!.i;_ e
gli‘

i

L

(+)-Limonidilactone

guiInEnineini
RN NS

To be accessible to (+)-limonidilactone, the epoxidation of olefin 53 with
m-CPBA in dichloromethane was thus carried out which afforded a diastereomeric
mixture of epoxide 71. Without purification, the resulting epoxide was oxidized with

HslOg to furnish methyl ketone 72 in 65% yield in 2 steps. Subsequent oxidation of
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ketone 72 with Pb(OAc), in the presence of BF3.OEt, led to acetoxy ketone 73 as a
single isomer in a moderate yield (69%). Then, the introduction of C(14) and C(15) to
ketone 73 was performed through the Wittig reaction by treatment with Ph3sPCHCO,Et
and the desired E-isomer 74 was obtained in 54% yield accompanied by Z-isomer in
43% yield. Finally, the synthesis of (+)-limonidilactone 33 could be achieved in 92%

yield by acid hydrolysis of compound 74 with TSOH in MeOH as shown in Scheme

3.16. ol

Based on spectrost ‘ WELiiBoraphy experiments, the absolutes
configuration of (+)-Timoulaeome(33) (vas Ssmblishedias C(S), C10(R) and C12(R)
showed in Figure 3.7_A - ‘ RN VIR Spectroscopy of compound 33

with limonidilactone.d€ Caos, 1suggested that the structure

- e ]
F i
od |
7(' _ .

- ; & "
it 9 ] I. The '"HNMR spectrum
@ \ owed a single signal of H-16 at

494 and 4.95 ppm, Bsodtive! WAl . ignal of (-)-limonidilactone

of compound 33 show

of compound 33 and

(Aphaijitt’s) was split into™2 péd=ses ppm as shown in Table 3.3.
In addition, it wassiBsEGiEhily ¢ at both.were the same compound

-
.3

by measuring thelr7 f}" (Marcas’) and +14.0

o

(compound 33). Cons quent Y, €O as ' idilactone whose absolute

configuration asesg as C9( lﬂlﬁﬁﬁ,cm(&,cum as
Marcos rep@ﬂ | laidhum g 1of tufe (-)-limonidilactone
sy
Figu J o

q
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'640; 14

(12
0 i/n&o

(+)-Limonidilactone (-)-Limonidilactone

The optical rotation as plus (+)  The optical rotation as minus (-)
reported by Aphaijitt et al

Table 3.3 Comparisgae . Opticalietation of limonidilactone

tone

33
7.40
521
6.07
4.94
0.76
+14.0

Audinenineans
AAINTAINTNENEY
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3.4 Biological Activities of Modified Labdanes
We would like to discuss the cytotoxicity and inhibitory effect of Na',

P*-ATpase of natural labdanes and their derivatives.

3.4.1 Cytotoxic activity of modified labdanes

The bioassay of cytotoxicity against human cell cultures in vitro was

performed by the MTT[3-(4,5-dix I‘ll ¥ al-2-y1)-2,5-diphenyltetrazolium bromide]
colorimetric method [4 -' | de was used as a positive control

substance.

Fourteens con tested for their cytotoxicity

against human tumas pounds 12, 13, 48, 53 and

54 showed non-spegi uman breast ductol carcinoma

(BT474), human . wfdif] \ (CHAGO), human liver

hepatoblastoma (HEP-@2) fastrie di/éiima (KATOR), and colon adenocarcinoma

-
(SW620). Compounds 11, 1444755

) ;
lines (> 10 pg/ml) f43]. € Gund 52 ivifyagainst gastric carcinoma

5 and 56 were inactive against all cell
‘, F —— : i
(7.6 pg/ml) } Wida (> 10 pg/ml) while

compound 54 show trong stric car¢ 7. oma (0.6 ug/ml) and breast
ductol carci g is more selective than
compound@ﬁ ﬂ)ﬁHﬁWﬁiﬁ lS likely due to the

%‘m % mnucleophlhc
groupdi m:jﬁ@ﬁ Mﬁﬁz nﬁm resent some

examples with the a,f-unsaturated carbonyl moiety which showed cytotoxic activity
against human cancer cell lines. The other active compounds (such as compounds 13,
48, 52, 54 and 56) possess primary allylic alcohol moiety which presumably is the

essential for its cytotoxic activity. This information is agreed to those of cytotoxic
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labdane diterpenoids reported by Demetzos et al. [16-17]. The possible explanation is
that the allylic alcohol could be oxidized in vivo to a,B-unsaturated aldehyde which
then acts as a Michael acceptor as compound 12. For compound 53, there is no clear

explanation for its cytotoxic activity.

Table 3.4. Cytotoxicity data for compounds 11-14 and 47-56°

Compounds  BT474

KATO3 SW620

11 >10 >10 >10
12 50 4.2 5.5
13 5.4 5.8 5.7

14 >16
47 >10
48 4.7

>10 >10
>10 >10
3.3 5.6

49 >10 | >10 >10
50 : >10 >10
51 FAr >10 >10
52 6.0
53 5.0
54 6.1
55 >10 >10°
56 >10 >10 >10 >10
i nindhons
hydrochlori

@mmﬂﬁﬁi I INEAEH

s are expressed as 1Cs values (pg/ml)
® BT-474. human breast ductol carcinoma ATCC No. HTB 20:
CHAGO, human undifferentiated lung carcinoma;

HEP-G2, human liver hepatoblastoma ATCC No. HB 8065;



KATO-3, human gastric carcinoma ATCC No. HTB 103;

SW620, human colon adenocarcinoma ATCC No. CCL 227

12_13 . 11 R=CH;, .
g - 12 R=CHO
13 R=CH,0H
414, R=CO,H
' V5 i '=C02MC

,,,,,,

Figure 3.9 The structure of labdane compounds for test the biological activity

65
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3.4.2 The inhibitory effect of Modified Labdanes on Na'-K'-ATPase.

Selected natural labdanes which were isolated from C. oblongifolius and their
derivatives were tested biological activity on Na“, K'-ATPase assay to look for
anti-Alzheimer and diuretic drugs. Compounds 13, 14, 47, 48, 49, 50, 51, 52, 53. 55
and 56 were dissolved in DMSO and added to the reaction tube each 2 plL. The

structure showed in Figure 3.9.

From 3 rats, weighted al i | 't were separated brain 2.14 g and kidney

6.71 g. From rat brain, it w £ Na', K'-ATpase 16.72 mg protein

(specific activity 2.6pumel eir ). Froinrai, idney, it was isolated as crude
Na*, K*-ATPase 668 git o it wol Pi/mg protein/min). The
optimum concentra | A\A
The optimum incubg#fon g 6 J¢ Y a \ ‘ n was 15-30 min. and from
rat kidney was 15 mi 'y l |

Rat brain and | pletely by 1072 M of ouabain. A

T
50 % inhibition with the Tat b A Tal enzyme were reached at an ouabain

concentration 2.0.x.107” e regpectively.
5 !
au

From th v

>

u'* “INa*, K*-ATPase from rat

Jin rat brain showed higher

brain for testing ples because

specific actiyity th idney #ifider condition.as llowing_:.[enéyme] 5
11g/100 pL@ﬂﬂﬁwﬁﬂﬂaﬁﬁM NaCl and 14 mM
B alunninengy
AN ANNgY.. ..
3.5.



67

Table 3.5. Inhibition of Modified labdanes on crude enzyme Na*, K*-ATPase from rat

brain
Compounds ICso values
13 9.0x 107
14 - 5.0x107°
47 58x10™*
48 3.0x10*

9. 0000 1.0x10*
S0 ' 2.5x 107
25x107*
22x10*

%‘fsk 2.5x 107

1.0x10°

%\\h- 1.0x 1073

 aclivity, whereas compounds

Compounds 13 angd 48ho

47-53 showed moderatC i aod compounds 55 and 56 showed no

o 29
&% )

—— -

AuAnuminens
WININTANNINENGY
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