Chapter 2
Experimental

Melting points were determined in capillary tubes and are uncorrected : on a

Fihser-Johns melting point apparatus, Optical rotation : on a Perkin Elmer digital

polarimeter. UV spectra : on a | A 152A. IR spectra : on a Perkin Elmer

1760X FT-IR Spectrophota 0 eV, on a Fisons Instruments

Trio 2000 mass spectros t were recorded on a Bruker

200 MHz, JEOL

Y
.

AN \\*4: -GSX500A (500 MHz)

spectrometer . Microana

Imer PE 2400 Series I1.
Column chr® ' p , forined on silica gel (Merck,
Kieselgel 60, 0.063-072 o id, 0404 /-008 \ er pressure. THF was distilled

from sodium-benzopheiion: e ad se, toleric were distilled from sodium.

Dichloromethane was distilled Mride (CaH»).

2.1 Materials .'r ho

N i

The stem bark of C. obIongifolius was collect

ed from Ampu-j;_ Pranburi,

Prachuab g vﬂ mm mcal identification
was achieve roug comparison Ilt a voucher specnmen o. BKF 084729 in the

2.2 Eitractlon and Isolations

The powdered, sun-dried stem bark (2.5 kg) of C. oblongifolius was extracted
with hexane (5 x 5 L). The hexane extract was filtered, and evaporated under vacuum to

obtain a yellowish green oil (90 g). The hexane extract (50 g) was fractionated by silica
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gel column chromatography and eluted with hexane, 5% ethyl acetate in hexane and 10
% ethyl acetate in hexane to give compounds 11 (4.25 g), 12 (1.6 g), 13 (4.29 g) and 14
(23.64 g) after purification by flash column chromatography.

Labda-7,12(E),14-triene (11)

Compound 13- issiseon=gansparcab ik« o™ +3.8 (c 1.76, CHCls) Anal

caled. for CyHs; : G > 1 0 .‘ ,,;” 88, , 11.6%. ; IR vmax (neat)

2924, 2867, 1672, 1645, 18 ul 355 By MR (BDCls, 500 MHz) 5 (pprm) -
6.35 (1H, dd, J= 10, / Ir H-12), 5.42 (1H, ddd, J =
15, 1.5, 4.0 Hz, H-705 off ( : :_,'f 4.89 (IH, d, J = 10.7 Hz,
H-15b), 2.29 (1H, ddd = f8, 4 92 8a -1 1.0 1 (1H, ddd, /=76, 7.6, 16.5

| T
Hz, H-11b), 1.97 (1H, m, -6z '-':1"555- 7), 1.87 (1H, m, H-6a), 1.85 (1H, m,

_LTH)A L

H-1a), 1.74 (3H, s3Me | L

la), 1.74 (3H a5 _,!
‘H-2b), 1.41 (1H, i }’ :

m, H-2a), 1.45 (1H, m,
“‘JT . 1.16 (1H, ddd, J= 3.7,

L

3.7, 13.1), 1.00 (1H, dic J=38. 30 2, H-1b), 0.88/(3H, s, Me-19);0.86 3H, s,
Me-18), 0.7 Hz) & (ppm) : 141.7
(C-14), 135@%&%&“%1%%% 8 (C-15), 55.2 (C-9),

ﬂ % %63 (C-11),
AN NS .

(rel int.) : 272[M"](4), 191(99), 135(19), 121(31), 109(100), 95(58), 81(29), 69(30),

55(35) and 41(43).
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Labda-7,12(E),14-triene-17-al (12)

Compound 12 is a white SOl W4 437.5 (CHCL, ¢ 1.51), mp 7274 °C,
Anal calcd. for CyH3z0O- & 027 H 105 und C 83.86, H 10.66%. ; FT-IR

spectrum (KBr) viax (e 590, 1639, 1607, 1460, 1443,

1389, 1368. ; 'H-NM :9.37 (1H, s, H-17), 6.83
(1H, ddd, J=2.1, 21 4 Hz, H-14), 5.44 (1H, 1,

J=6.7Hz, H-12). 5 ,d. J=10.9 Hz. H-15b),

2.62 (1H. ddd, J = 740 74 § m o) OAS WHNAd, J = 2.1, 6.4, 168 Hz,
H-11b), 2.34 (1H, m, . m, H-6b), 1.90 (1H, ddd, J =
3.0,5.2, 13.1 Hz, H-1a), 170 (& ) (1H, m, H-2a), 1.43 (1H, m, H-3a),

1.40 (1H, m, H-2a -12.5 Hz, H-5), 1.00 (1H,

) 16 —4

’ =
- = i

ddd, /=3.7,3.7, 1.0 8, s, Me-18), 0.79 (3H, 5,

Me-20). ; "*C-NMR gectrum (CDCls, 50 Mtlz) 6 (ppmiid 1943 (C-17), 151.8'(C-7),

143.4(C-8), 141. ﬁ , 1 ) 15), 49.4 (C-5), 49.4
(C-5), 41.9@ﬂ (ﬁ?ﬁﬂﬁmﬁmﬁ) 24.9 (C-6), 24.8
(C-1), 221 ﬂ a m (rel int.) :

55(22) and 41(25).
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Labda-7,12(E),14-triene-17-ol (13)

Compound 13 is a white solid, [o o) +12.0 (CHCls, ¢ 1.63), mp 90-92 °C, ;

Anal caled. for CxoH:20 3 C 83380 ML FFof Bound C 83.19. H 11.28%.  FT-IR

spectrum (KBr) vinai (cm" . 1640, 1607, 1459, 1441, 1388, 1365,

1073, 1057. ; '"H-NMR. ‘ 1 pom) : 6.34 (1H, dd, J =10.7,

17.4 Hz, H-14), 5.75% 7). 8155 (1H, 1,/ = 6.7 Hz, H-12),

5.06 (1H, d, J=17.2 7' H-15b), 4.05 (1H, ddd, J =

0.9, 1.8, 12.8 Hz, 2.33 (1H, d, J=16.55 Hz,

H-11a), 2.15 (1H, ddd¢ \ 2.0 (1H, m, H-9), 2.05 (1H. m,
H-6a), 1.90 (1H, m, H-68). #89 (Lp0ai 4 TJTBH s, Me-16), 1.45 (1H, m, H-2a),

e
1.01 (1H, ddd, 3.7, 3.7, 13.1 HE&GE=00 00 , S, Me-19), 0.85 (3H, s, Me-18), 0.77

(3H, s, Me-20). ; *g-NI

(C-8), 134.7 (C- 182

e e

49.9 (C-5), 42.2 (C-3)! 39.6 (C-1), 36

5 (ppm) : 141.3 (C-14), 138.6

L), 66.0 (C-17), 52.2 (C-9),

TRC10), 33.2 (ClI8), 33.0 (C-4), 25.9 (C-11),
23.6 (C-6), ﬂﬁﬁ Wﬂ { 6@%@ m/z (rel int:):288
M] (3). @ﬂ (15), ﬂ),l I m (16), 147(25), 131(52),
Kt b T TRE Y]

q |
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Labda-7,12(E),14-iriene—l 7-oic-acid (14).

"
"

S
&
=

Compound 14 is colourless crystals, [a]p’’ -15.9 (CHCls, ¢ 1.67), mp 118-120

°C, Anal calcd. for CoH300, G o : Found C 79.49, H 9.66%. FT-IR

spectrum Vyax (cm") 13420 , 1604, 1459, 1430, 1383, 1345,
1208. ; 'H-NMR spe »- DeE 000 % (PPELE6.90 (1H, ddd, J=2.1,2.1, 6.1
Hz, H-7), 6.31 (1H, ¢ | Wit J= 6.4 Hz, H-12), 5.0 (1H,
d, J=17.4 Hz, H- .58 (1H, ddd, J = 7.3, 7.3,
16.8 Hz, H-11a), 2,391 6.8 Hz, H-11b), 2.19 (1H,
dddd, J=2.1,4.3, 6. 3.7, 5.2, 12.5 Hz, H-1a), 1.67
(3H. s, Me-16), 1.50 (14 ‘ “2.5%iz, H-2b), 1.18 (1H, dd, J = 4.3,

| o T =
12.2 Hz, H-5), 0.89 3H! s, B0 (RGN, s Me-18), 0.82 (3H, s, Me-20). ;

PC-NMR spectrury ( DCIE S Wil izy 3 B4 1 (G-17), 141.8 (C-14), 140.5

(C-7), 133.6 (C-81.7 _" 3), 50.0 (C-9), 49.3 (C-5),

4I9(C3)401(C 36 -10 . 4), 26.0 (C-11); 240(C6)
22.2(C-19), 18.6 (C- int.) : 302 [M*] (50),
284(14), Z@ﬁéﬁna%%mﬁﬁ) 109(95), 81(94),
BRI IneEy
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2.3 Synthesizes

For this part, the labda-7,12(E),14-triene-17-oic acid (14) was the starting
material for synthesis the modified labdanes. Compound 14 was modified by chemical
reaction. The modi'ﬁed- labdanes was confirmed the structure by the information from

spectral data ('H and '°C NMR, MS, IR).

Preparation of Labda-7,12(E),

Compound OF'n 33 T nethylated with diazomethane in ether
under the conditions 9- off Q : apd gave cOmpound 47 as a viscous oil
(100.45 mg, 96%), o] spectrum (neat) Vg (cm™) :

2945, 2923, 1713, I63 164 , 1372, 1247, 1077. ; 'H-NMR

spectrum (CDCl,200 MBS (phn) ¢ Ht) 5.01 (1H, d), 4.85

e =

(1H, d), 359(3H !"’ 4), 2. 10 (1H, dt), 1.87 (1H,

el

(1H, m), 138 (I M) 1.27 (1H A&

" 1.68 3H, 5), 1.14 (1H. d),
1.03 (1H, dd),0.88 ﬁ 5.( ) R spectrum (CDCls,
50 MHz) 5 ﬁ)ﬁ gﬁ ) ' ﬁﬁl«: -8), 133.6 (C-12),
IANTAEEN

,40.0 (C-1),
14.5 (C-20) and 11.7 (C-16). ; EIMS m/z (rel int.) : 316 [M*] (46), 284(50), 235(42),

dd), 1.47 (1H, m), 14

, 18.6 (C-2),

203(70), 175(96), 165(56), 153(80), 139(82), 133(55), 119(67), 190(100), 105(71),

93(53), 91(75), 81(79), 79(68), 69(59), 55(68) and 41(59).
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Preparation of 17-Acetoxylabda-7,12(E),14-triene (48)

Acetyl chloride (47.1 mg, 0.6 mmol ) was added to the solution of 13 (144 mg,

0.5 mmol) and triethylamine ( 6€ 3 1ok in CH,Cl, ( 10 ml ). The reaction

mixture was stirred for 3.1 water was added to stop the

reaction. The product was ith 5% NaHCOj3, water and

then dried over anhydieti ted under reduced pressure

to give the produ 'y gde; pr et was “purified by silica-gel column
chromatography with#60 £ i fexa aih 48 ( 122 mg ) giving a
71 %yield. f J

off (c ARG R Anal RICK. for CoHa0; : C, 79.95 ; H,
L,

Compound 48 ; [a]p>

10.37%. Found : C, 79.90 , H, ¥ 2452 - 1 (neat) 2924, 2868, 1736, 1460,1245,
LW\ S
1388, 1024 and 758,cm gl MR (Ol 3 0.90-2.30 (13H, m, H-1~H-6

-

and H-9~H-11), 6,397 0CLA, m, H-7), 5.41(1H, £,/ =

7.4 Hz, H-12), 5.04(01, d, “15a), 4.84(1H, d, J = 10.7 Hz, H-15b),

4.48(1H, d, J=12. ﬁ 7a , =12 H-17b), 1.99(3H, s, Me-22),
1.72(3H, s, ﬂﬂ 5%ﬁiﬁ%i3n s, Me-20). ; °C

ﬂ-l I (% I %j&s (C-13),
AN ANV N8 .

39.5 (C-1), 36.6 (C-10), 33.1 (C-4), 33.1 (C-18), 25.8 (C-11), 23.7 (C-6), 21.9 (C-19),

21.0 (C-22), 18.8 (C-2), 13.9 (C-20) and 11.9 (C-16) ; EIMS m/z (rel. int.) : 271(10),
270(35), 255(20), 202(17), 189(44), 176(30), 161(18), 147(37), 133(61), 131(64),

119(75). 109(92), 105(100), 95(60), 93(60), 91(78), 81(65), 69(38) and 43(41).
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Preparation of N-[(S)-1-Phenylethyl]-labda-7,12(E),14-triene-17-amide (49).

Methylbenzylamine ( 60.5 mg, 0.5 mmol ) was added to a solution of 14

(302.45 mg, | mmol) in CH e action mixture was stirred in ice-bath,

then DCC solution ( 2063 ly drop wise and the reaction

mixture was stirred o he presence of DMAP as a

catalyst. The reaction i vas removed by evaporation

under reduce pressi product was purified by

i 1

etate in hexane to yield 49

?, @ )t PRI46-148 °C ; Anal calcd. for

silica-gel column chséma@do

(318 mg, in 79 %yicld).: |

L'
r B . z )
- o,
e A

CasHzoON : C, 82.96 ; MO 5 .:,’..;.. 4 qund €, 82.91 ; H, 9.69 ; N, 3.45 % : IR

vmax (KBr) 3267, 2924, 58 ’r—__ <3, aind 1541 cm™ ; "TH NMR (CDCls, 200
LTH)h
MHz) 57.3 (SH, s 4roms i3 HzoH-14), 6.09 (1H, m, C-7),

5.75 (1H, d, J = 8. ?;r X .06 (1H, m, H-21), 5.01

f. ), 1.70 (3H, s, Me 16). 1.40
(3H,d, J=6 Tﬁgmgﬁ 18,19) and 0.90-2.60
(13H, m, H ﬁ%woow 17), 143.6
mﬁ?ﬁé&i k)

(C-3), 39.8 (C-1), 36.6 (C-10), 33.2 (C-18), 33.2 (C-4), 25.9 (C-11), 23.1 (C-6), 22.1

(IH,d,J=173 Hz, ¥ Sa) 0.7Hz, H-

C-7), 128.9

37(C-21), 41.9

(C-19),21.5 (C-28), 18.6 (C-2), 14.7 (C-20) and 11.8 (C-16). ; EIMS m/z (rel. int.) : 405
[M*] (100), 390(20), 336(40), 301(87), 300(62), 286(50), 281(35), 176(52), 160(57)
and 105(95).
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Preparation of 4-Bromobenzyl labda-7,12(E),14-triene-17-oate (50)

14 1S

__O

4-Bromobenzyl alcohol ( 187 mg, 1 mmol ) was added to a solution of 14 ( 302

mg, 1 mmol ) in CHyClp (20 m! )¢ | ' as stirred in an ice-bath and a solution

of DCC (206.3, 1 mmol » Wise in the presence of DMAP as a

catalyst. The reaction ini emperature and the reaction

product was ed by silica-gel column

chromatography elut give 50 ( 504 mg ) with a

86 %yield. [a]p™ | i 7H350,Br : C, 68.78 : H,
7.48 ; Br, 16.95%. Foufld - % o0: IR vmax (neat) 2924, 2863,
2847, 1716, 1644, 149013 A TAHNMR (CDCls, 200 MHz)5 7.45
(2H,d,J=8.4 Hz, H-24,2’ 4 "—:—r____ 1z, -23_,27), 6.70 (1H, m, H-7), 6.25

(IH, dd, J=11.1, g4 K 7, HBs12), 5.02(2H, d, J=11.6

Hz, H-21), 5.01 (1l ;.r - '”

| ‘x,“

el

__ =51 .1 Hz, H-15b), 1.65 (3H,
5. Me-16), 0.88 (3H, 4

/e- ,08 sMe-20)and090260

z:::r.g@ﬂﬁm O
et a0 7MY

(C-19), 18.6 (C-2),.I4.7 (C-20) and 11.8 (C16). ; EIMS m/z (rel. int.) : 471 [M'] (7),

(C-5),41.9

(C-6), 22.2

470(12), 315(10), 301(92), 283(43). 255(24). 219(24), 203(37), 177(89), 169(100) and

159(46).
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Preparation of  13-Hydroxylabda-7,14-diene-17,12-olide (51) and

15-Hydroxylabda-7,l3(E)-diene-17,1240lide (52).

To a reaction mixture of* CO;3 (84.01 mg, 1.0 mmol ) in

CH2Cl, (10 ml) was ad amol ) in CH,Cl, ( 10 ml ) was

stirred for 3.5 hr at 0 andthy residue was extracted with
diethyl ether, washed ater, brine and dried over
anhydrous MgSOy. T! ‘ e crude product. The crude
product was separt d by Jsific? ‘?D; - oiatography eluted with ethyl
acetate-hexane gradient i ‘ n 51 and 52 with a 60 % ( 191.0

mg ) and 29 %ylelds (92.4 5

. —107 °C : Anal calcd. for
Caotlas : C, 75.43 1 ,9.50 %. 9,64 %. ; IR vmax (KBr); 3346

(br.), 2929, 2868, 284 1639 1460, ¥862, 1255, 1122 and 1075 cm™ 'H NMR

(CDCl, 20 ﬂﬂﬂ mﬂﬂﬂ%“z s
e el

Me-20) and 1.00-2.45 (13H, m, H-1~H-6 and H-9~H-11). ; *C NMR (CDCls, 50
MHz)3 165.6 (C-17), 143.2 (C-7), 139.9 (C-14), 125.8 (C-8), 114.6 (C-15). 84.6 (C-12),
73.9 (C-13), 48.4 (C-9, 5), 41.8 (C-3), 38.5 (C-1), 34.7 (C-10), 32.8 (C-18). 32.7 (C-4),

25.0 (C-11), 24.0 (C-6), 22.5 (C-16), 21.3 (C-19), 18.4 (C-2) and 13.3 (C-20). ; EIMS
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m/z (rel. int.) : 318 [M'] (7), 300(50), 285(44), 261(32), 247(100), 217(58), 187(50),
177(40), 145(41) and 109(74).

Compound 52 : [0.][)20 -3.4 (¢ 1.31, CHCl3) m.p.128-130 °C ; Anal calcd. for
Cx0H300;3: C, 75.43'; H, 9.50 9%. Found : C, 75.42 ; H, 9.54 %. ; IR vmax (KBr) : 3450
(br), 2929, 2858, 1716, 1634, 1465, 1424, 1367, 1255, 1127, 1086 and 1014 cm™". ; 'H

NMR (CDCl3, 200 MHz)$ 7.31(1H,

, H-7),5.70 (1H, t, J= 6.5 Hz, H-14), 4.60 (1H, d,
J - 9.8 Hz, H-12), 4.20 (2H, dss ‘ | , 1.70 (3H, s, Me-16), 0.88 (3H, s,

Me-19), 0.85 (3H, s, Me=18 00-2.65 (13H, m, H-1~H-6 and

H-9~H-11). ; °C NMRLEDOE50 Miiz)3 1659@ati): 143.3 (C-7), 136.1 (C-13),
127.3 (C-14), 125.7(@08) g ' 1049.16€-9), 48.9 (C-5), 41.9 (C-3),

38.6 (C-1). 34.7 (C=440). 300 g€ ) T 3 1), 252 (€46), 21.5 (C-19), 18.5 (C-2),

13.5 (C-20) and 12. -’r 189M] (8), 300(12), 287(87),

247(22), 217(45), 193652), @ anid 109(100).

.4‘57’

f?"-f

@uﬂﬁ nuwihens
AR T e )

reaction had taken placed the reaction product was examined following the usual
procedure. The product was then purified by silica-gel column chromatography and
eluted with 10% EtOAc in hexane to obtain 53 (297 mg ) with a 98% yield. [a]p*" -9.8

(¢ 1.2, CHCl3) m.p. 104-106 °C ; Anal calcd. for CyH300; : C, 79.42 ; H, 10.00 %.
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Found : C, 79.40 ; H, 9.90 %. ; IR vmax (KBr) : 2924, 2863, 1716, 1644, 1460, 1367,
1255 and 1076 cm™. ; "H NMR (CDCl3, 200 MHz)8 7.33 (1H, m, H-7), 5.59 (1H,d,J=
6.4 Hz , H-14), 4.60 (1H, d, J = 11.3 Hz, H-12), 1.60 (6H, s, Me-15,16), 0.92 (3H, s,
Me-19), 0.90 (3H, s, Me-18), 0.76 (3H, s, Me-20) and 0.90-2.40 (13H, m, H-1~H-6 and
H-9~H-11). ; ®C NMR (CDCls, 50 MHz)$ 166.0 (C-17), 142.7 (C-7), 134.0 (C-13),
126.0 (C-8), 123.2 (C-14), 84.7 (C-12 ,49.2 (C-9), 48.9 (C-5), 41.9 (C-3), 38.6 (C-1),

34.7 (C-10), 32.9 (C-18), 32.8 (€ 5.1 (C-6), 21.5 (C-19), 18.6 (C-2),

13.4(C-20), 13.1 (C-15) ane elint.) : 302 [M'] (70), 287(25),

217(50), 203(50), 179505 i 109(100).

Preparation 2,17-epoxide (55),

12,17-Dihydroxyla roxylabda-7,13(E)-diene

(54).

1
dF

| 56 ' s —

"‘ -
L4 1AL Rk M
in MeOH. Thefreaction was stirred at room terriper ture for 1 hr, quenched with water,
A IRAHAD A e

q o . . : :
removed by evaporation to give a mixture of reaction product. The mixture was

Na

separated by silica-gel column chromatography and eluted with EtOAc — hexane
gradient in a stepwise fashion to give 55,56 and 54 with 20% (18.4 mg) . 36% (33.3

mg) and 26% ( 27.6 mg ), respectively.
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Compound 55 as a solid ; [a]DZO -8.5 (¢ 1.08, CHCl3) m.p. 150-152 °C ; Anal
calcd. for CyH340; : C, 78.38 ; H, 11.18 %. Found : C, 78.39 ; H, 11.21 %. ; IR vmax
(KBr) : 3385 (br), 2924, 2863, 2842, 1449, 1388, 1132 and 1029 cm™. "H NMR (CDCls,
200 MHz)8 5.5 (1H, q, J= 6.1, 12.7 Hz, H-14),4.33 (1H, d, J=7.4 Hz, H-17), 3.75 (1H,
d,J=10.0 Hz, H-12), 1.63 (3H, s, Me-16), 1.62 (3H, s, Me-15), 1.50-1.55 (IH, m, H-8),

1.10-1.30 (2H, m, H-7), 0.83 (3H, s, Me-19), 0.82 (3H, s, Me-18), 0.80 (3H, s, Me-20)

and 0.90-2.10 (15H, m, H-1~H-¢ : ®C NMR (CDCls, 50 MHZz)3 136.0

(C-13), 120.6 (C-14), 100.% 55,0 (C-9), 51.9 (C-5), 42.1 (C-3),

41.7 (C-8), 38.8 (C-1) .0 (C-4), 28.7 (C-6), 28.5 (C-7),

21.7 (C-19), 20.7 (C=4i™ 415) and 12.4 (C-16). : EIMS
m/z (rel.int.) : 3064 163(47), 149(68), 135(100),
123(70), 109(78) ang

Compound 56 as a s¢ .p-161-163 °C ; Anal calcd.

for CyoH3¢0, : C, 77.8748H., 76 . 3298 H, 11.79 %. ; IR vmax (KBr) :

3252(br), 2924, 2868, 1460, 1454 f"~

83°4 .;'"HNMR (CDCls, 200 MHz) &

345(1H, q,S =658 12 9 Hz, H-17a),3.95 (1H, d, J =

-

5.9 Hz, H-12), 3. ;r i N Me-15,16), 1.40-1.43 (1H,

-

m, H-8), 1.10-1.13 (24, m, H-7), 9), 019 (3H, s, Me-18):0.75 G, ,
H-20) and 0.90-1.5 1~H-6 an@H-9~H-11). ; *C NMR (CDCl;, 50‘ MHz)
5 138.9 (C@uﬂ anﬂ iﬂ(ﬂ %9) 47.8 (C-5), 42.2
(C- _ - m i (C-18), 30.3

ﬁz@zﬁ% Hwﬁ n@ﬁ%I 3(C-16). ;

EIMS m/z (relint.) : 308 [M'] (6), 290(100), 275(77), 261(18), 224(22), 191(21),

(C-

123)36), 109(41) and 105(45).
Compound 54 as a solid ; [a]p™ =7.6 (¢ 1.06, CHCI3) ; m.p. 109-111 °C ; Anal calcd.

for CyoH340, : C, 78.38 ; H, 11.18 %. Found : C, 78.56 ; H, 11.21%. ; IR vmax (KBr) :
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3262(br), 2929, 2863, 1460, 1383, 1050 and 999 cm™. ; '"H NMR (CDCls;, 200 MHz) &
5.68 (1H, t,J = 2.6 Hz, H-7), 5.45 (1H, q, J= 5.7, 13.0 Hz, H-14), 4.21 (1H, d, J= 12.1
Hz, H-17a), 3.95 (m,dd, J=4.8, 8.7 Hz, H-12), 3.75 (1H, d, J= 12.1 Hz, H-17b), 1.59
(6H, s, Me-15,16), 0.85 (3H, s, Me-19), 0.83 (3H, s, Me-18), 0.71 (3H, s, Me-20) and
1.90-2.70 (13H, m, H-1~H-6 and H-9~H-11). ; >C NMR (CDCls;, 50 MHz) & 138.7

(C-13), 126.4 (C-7,8), 119.9 (C-14), 80.1 (C-12), 66.3 (C-17), 49.9 (C-9), 48.6 (C-5),

42.2(C-3),39.2(C-1), 37.0 (C- 1) 30! | 1 §).30.8 (C-4), 23.8 (C-6, 11), 21.7 (C-19),
18.7 (C-2), 13.6 (C-20), 124 ... EIMS m/z (rel.int.) : 306 [M']
(98), 288(72), 270(40 40}, 164(55), 133(68), 119(79),

109(100) and 105(71

Preparation of 15-4 toa¥iabgh-7,13¢ e e (60)

iz (15 ml) was added with
BF3.2AcOH (0.78 ml 3€'m01) in ice % and stirred for 3.5 h. The solution was

uﬂ VIELY) wmm
“qumazﬁﬁﬁmmm“ﬁ::::::::

(20%, 50% EtOAc in hexane) to give 60 in 60% yield as colorless oil. [o]p?° +4.6 (c

To a solutio [
;

0.54, CHCls), IR vmax (neat) : 2926, 2850, 1739, 1718, 1639, 1368, 1235, 1124 cm™".
'"H NMR (CDCls, 400 MHz) & 7.35 (1H, ddd, J= 2.8, 2.8, 7.6 Hz, H-7), 5.69 (1H, t, /=

6.8 Hz, 14-H), 4.65 (2H, dd, J = 2.8, 6.8 Hz, 15-H), 4.62 (1H, d, J = 11.2 Hz, 12-H),
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2.07 (3H, s, -COCHj3), 1.76 (3H, s, CH3), 0.93 (3H, s, CH3), 0.90 (3H, s, CH3), 0.77 (3H,

s, CHs).

Preparation of 15-Aldehydelabda-7,13(E)-diene-17,12-olide (64) and 15-Methyl

ester labda—7,13(E)-diene—l7,12—olide (65)

To a solution g e ’ nzene (5.3 ml) was added by
MnO, (586.32 mg, 6.7 4 4 ey | d for 1.5 h after the solution

. -~ ‘
was cooled to rt. The migtirgh 0 ml) and filtrated with celite.

et

The crude product was de chyde crude product (64) which

was dissolved in MeOH (3.3 ‘,’} ';" { ith NaCN (82.63 mg, 1.69 mmol),

AcOH (0.03 ml, & ;‘,..........-....._.....“.-.._._,.,==,:==:=‘* &mixture was added with
; y )
. The mixture was diluted with

ed with celite. Th anic layer was washed with water (10
wg%ﬂmﬁuct was purified by
column chro tography (IS% EtOAc in hexane) roduce comp ﬁsl (58.16 mg)

RITANTT TRelT

Compound 64 : '"H NMR (CDCls, 400 MHz) & 10.08 (1H, s, -CHO), 7.36 (1H, s, H-7),

MnO; (586.32 mg, f‘"

EtOAc (10 ml) and ﬁltr

mL x 2), b

6.13 (1H, d, J = 4.8 Hz, H-14), 4.74 (1H, d, J = 7.2 Hz, H-12), 2.22 (3H, s, CH3),

0.93(3H, s, CH3), 0.91 (3H, s, CH3), 0.77 (3H, s, CH3)

Compound 65 : 'H NMR (CDCl3, 400 MHz) & 7.38 (1H, ddd, /=2.8, 2.8, 5.2 Hz, H-7),
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6.03 (1H, t,J= 0.8 Hz, H-14), 4.66 (1H, d, J = 10.8 Hz, H-12), 3.72 (3H, s, -COOMe),

2.18 (3H, s, CH3), 0.93 (3H, s, CH3), 0.91 (3H, s, CH3), 0.76 (3H, s, CH3).

Preparation of 15-t-Butyldimethy dimethyloxylabda-7,13(E)-diene-17,12-olide

(62)

To a soluti DMF (0.5 ml) was added by
immidazole (26.75"% _ \ 8.43 mg, 0.19 mmol) and
stirred at rt for 15 miff. UL OTRT 5y, g \ K .0 Ac (10 mL), washed with sat.

NaHCO; (10 mL x 2), wa vashed with brine (10 mL) and

dried with MgSO4. Crude pro Dy column chromatography (7% EtOAc
in hexane) to obtaify, ¢ V d'as colorless solid. IR vmax

o

(neat) : 2927, 285541 @' 'H NMR (CDCl, 400

MHz) 8 7.29 (1H, s7%r, H-7), 5.60 (1H, t, J = 6.0 Hz, H*14), 4.58 (1H, d,..L— U 2 Hz,

g N
sl wﬁmw‘n‘w
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Preparation of .15,16-Diacetoxylabda-7,13(Z)-diene-17,12-olide (66b) and

15,16-Diacetoxylabda-7,13(E)-diene-17,12-olide (66a)

16 14
OAc Y
0 NN Z
A ¥ o A

To a solution of & 9O (1.7 ml) was added with SeO,

(27.69 mg, 0.25 mmo} 20.5 h. The reaction was cooled

to room temperature' @ -{: i ' %""ﬂ ¢ organic layer was washed

with 5% NaHCO; (10 , washed with brine (10 mL)

and dried with Mg o : column chromatography

(20% EtOAc in hexanC) t 81 g TrINGER Ol € d 66b in 28% yield (19.3 mg) as
X

colorless oil. "H NMR {CI |, ddd, J=2.4, 2.4, 5.2 Hz, H-7),

5.97 (0.7H/1H, t, J= 6.4 Hz, " ‘ T1H. t, J= 6.8 Hz, H-14), 5.20 (1H, dd,

J =238, 11.6 Hz}

-
.

HE's, -COCHy), 2.08 (3H, s,
<1
".COCHs), 0.93 (3Hd8 € S Hs).

g -
APIUN AN

2 2

67b 67a
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To a solution of mixture of 66a and 66b (19.8 mg, 0.05 mmol) in EtOH (0.5
ml) were added with 5% NaOH (0.16 ml, 0.20 mmol) in ice-bath. The reaction mixture
was stirred for 30 min and added 5% HCI (2 mL). The suspension was diluted with
EtOAc (10 ml). Organic layer was washed with water (10 mL x 2), washed with brine
(10 mL) and dried with MgSOy. The crude product was purified by PTLC (6% EtOH in

CHCI3) to result the mixture of 67a and 67b in 66% yield as colorless. '"H NMR

(3H, s, CH3).

Preparation of 15-A€ ne-17,12-olide (68b) and

15-Acetoxy-16-ben (68a) -

68a

@;u ﬁ%ﬂ ?"1 é‘fwmmw (1.0, 4.4
mmol) was heated at 50 °C for 10 enerate solutlon Th ture was added
by ﬂﬂnﬁ) a cooling to

roomtemperature the mixture was diluted with EtOAc (20 ml). Organic layer was
washed with 5% NaHCO; (20 ml x 2), water (20 ml), brine (20 ml) and dried with
MgSOs. The crude product was purified by column chromatography (20% EtOAc in

hexane) to give the mixture of 68a and 68b (34.9mg) in 42% yield. 'H NMR (CDCls,
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400 MHz) & 8.02 (2H, dd, J=17.6, 9.2 Hz, Aromatic), 7.50 (1H, t, J= 7.6 Hz, Aromatic),
7.44 (2H, t, J = 7.6 Hz, Aromatic), 7.37 (1H, s, H-7), 6.03 (0.7/1H, t, J = 6.4 Hz, H-14
of 55), 5.25 (1H, d, J = 10.4 Hz, H-12), 5.04-4.70 (4H, m, H-15, 16), 2.05 (3H, s,

-COCHjs), 0.92 (3H, s, CHs), 0.90 (3H, s, CHs), 0.74 (3H, s, CHs),

Preparation of 15-Hydroxy-16-benzoate labda-7,13(Z)-diene-17,12-olide (69b)

and 15-Hydroxy-16-benzoate { itne-17,12-olide (69a)

To a solution ofmlxture Ci5GA ATl 4.7 mg, 0.03 mmol) in EtOH (0.4 ml)

was added 5% Na; h ). pEnsion was stirred at rt for 1

. - ”,pff
d and 5% HCI (2 f 100 with EtOAc (10 ml) and

washed with water (10 O'ml x 2) brine (10 ml) and dried with 2S04. The c-mde product

was purifie ﬂ rﬂﬁ € Wgﬁmﬂ%o afford the mixture
of 69a and 69b'in 50% yield (6.7 m

NMR (CDCI3, 200 MHz) § 8.02 (2H, dd, J =
RN IR
(1H, § H -7), 6.42 (0.8/2H, t, J = 4.8 Hz, H-15 of 69a), 6.10 (0.39/1H, t, J = 6.4 Hz,
H-14 of 69a), 6.00 (1H, t,J= 6.8 Hz, H-14), 5.22 (1H, dd, /= 2.0, 11.6 Hz, H-12), 4.93
(2H, m, H-16), 4.30 (2H, t, J = 6.8 Hz, H-15), 0.92 (3H, s, CH3), 0.89 (3H, s, CHj3),

0.73 (3H, s, CH3).
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Preparation of 13-Oxo-14,15-dinor-7-labda-17,12-olide (72)

16

To a solution mixture of 53 (2000 mg, 6.61 mmol) which dissolved in DCM

(70 mL) was added m-CPBA (198 “‘ )4 ‘mmol) and the solution was stirred at

room temperature for 4 h-The feactior e itk diluted with Et;0 (50 mL), washed

with 10% NaHSOs (50 mb) 0 mL x 2), water (50 mL x 2)

and brine (50 mL Q\ Na,SO4. The solvent was

evaporated in vaculfil to #iva gdkide e \ he epoxide crude product
(71) was dissolved i TL# @ SL) T ? ;\' )863.2 mg, 12.56 mmol). The
reaction mixture was #firrgfl o foonTiCf e for 4,

washed with water (5(

d diluted with Et,0O (50 mL),
% N ! 1S0; (50 mL), washed with water

¥ i |
again (50 mL x 2) and -r. g ). The organic solvent was dried with

Nast4. The CI’Ur g

.
-

“hexane) to obtaini/2

romatography (16 % EtOAc in
B blid ; [a]p2 -37.5 (c 0.2,

CHCly) ; m.p. = 97-09 °C ; Anal calcd. Tor C1sthsOs : CU94.45 ; H, 9.02 %. Found : C,

7441 :H. 8 °.-5 : (ﬂ 1461, 1376, 1258, 1197,
1127 and 1 ﬁ mlycﬁ ﬁﬁﬁ H-7), 4.54 (1H, dd, J
:3@ ﬁi |

A TN

125.1 (C-8), 82.8 (C-12), 48.7 (C-9), 41.8 (C-3), 38.6 (C-1), 34.8 (C-10), 32.8 (C-4),

Hs) and 0.72

-17), 144.7 (C-7),

32.8 (C-18), 25.9 (C-16), 25.3 (C-6), 25.0 (C-11), 21.4 (C-19), 18.5 (C-2) and 13.3
(C-20) : EIMS m/z (rel.int.) : 290[M*](14), 247(100), 187(10), 167(20), 109(65),

95(29), 91(33), 83(35), 69(34) and 55(26)
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Preparation of 16-Acetoxy-13-oxo0-14,15-dinor-7-labda-17,12-olide (73)

16
AcO

(53 mL) was added by PbOA finol) and added drop wise at room

temperature of BF3:E 0423 stion mixture was heated at 50

OC for 8 h and cooledd®' W ELO (50 mL), washed with

water (50 mL x ried with Na,SO4. After

evaporation of solve n chromatography (20%

EtOAc in hexane) to gBta \2° -38.9 (¢ 0.193, CHCl3) ;

m.p.=106-108 °C; A H, 8.10 %. Found : C, 68.91 ;

H, 8.14 %. ; IR vmax (KB 730, 1644, 1460, 1372, 1260, 1091,

1019 and 804 cm o ' {f WA 239 (4, s, H-7), 5.13 and 4.99

-

(2H, d,J = 12.8 H2 5 B1). 2.17 (3H, 5, OAc), 0.92

o

(3H, s, Me), 0.89 (3 Js, Me)a d0.76 e MR (CDCl3, 50 MHZ)8

T;ﬁisfii@ﬁﬁﬁm‘iﬂ?ﬁﬁ*ﬁﬂ%”
Sasnaslunainendt ...

16-acetoxy labda-17,12-olide-7,13(Z)-diene (75)
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74 75

To a solution of 73 (341.7 mg 04° nol) which was dissolved in benzene (14

mL) was added by Ph;PC @ mol). The reaction mixture was

heated to reflux for2 h, cg ed with Et;O (15 mL), washed
with water (20 mL x 2). e "‘ ed with Na;SO4. The crude

product was purified bys€0 Hiora (4 ok OAc in hexane) to give 74

and 75 in 54 and 43

Compound 74 : [a] 248 ). for CosH4O6 : C, 68.87 ; H,

8.19 %. Found : C, 68.84 2960, 2919, 2863, 1721, 1639,
1460, 1372, 1260, 1081, 1| (CDCls, 400 MHz) & 7.38 (1H,
s, H-7), 6.25 (1H, s, H-14 14.0 Hz, CH,0Ac), 4.87 (1H, d, J
= 8.6 Hz, H-12), :~-----—=-----_-~—--—-====_:i f@H, s, OAc), 1.28 (3H, s,
5 r’ o ‘

, s, Me) ; °C NMR (CDCl;,

50 MHz)$ ; EIMS m/ %mt) 418 [ gz) 358(9), 331(10) 312(20), 295(30),

z@w A RN
AT LR

1644, 1470, 1372, 1265, 1229, 1152, 1075, 1034 and 804 cm™". ; '"H NMR (CDCls, 400

OCH,CH3), 0.92 (3

MHz)6 7.37 (1H, s, H-7), 6.06 (1H, d, J = 11.3 Hz, H-12), 5.87 (1H, s, H-14), 4.92 and
4.82 (2H, d, J = 16.2 Hz, CH,0Ac), 4.17 (2H, d, J = 7 Hz, OCH,CH3), 2.13 (3H, s,

OAc), 1.28 (3H, s, OCH,CH3), 0.91 (3H, s, Me), 0.89 (3H, s, Me) and 0.76 (3H, s, Me) ;
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3C NMR (CDCls, 50 MHz) ; EIMS m/z (rel.int.) : 418 [M'] (3), 372(7), 358(29),
331(14), 312(70), 295(42), 235(19), 207(20), 188(32), 184(29), 160(18), 124(34),
109(100), 105(13), 91(18), 81(17) and 69(22).

Preparation of (+)-Limonidilactone (33) .

To a solution ¢ f ‘, AL which was dissolved in MeOH (3
mL) was added TsOH (2§ “ 4 ction mixture was stirred at 50
°C for 1.5 h and cooled to g " el ilut ith Et;O (10 mL), washed with
5 % NaHCOs; (10 mL), Waﬁf & mL), brine (10 mL) and dried with

Na;SO4. After remiy i ﬁ nd 33 as white solid in

-~
- 1

92 % yield. [a]p ‘f : Bt 129 °C ; Anal caled. for

CaoH2604 : C, 72.70 '-- 793% Found : C, 72.72 ; H, 7.90%. ; IR vmax (KBr) 2960,
2924, 2847 ? -1 1 ‘ 804 cm™. ; '"H NMR
(CDC|3,20m8740 IHsH7)607( l7HzHl4 521 (1H,d,J=

mmﬁéwﬁ%mﬁw o
Me)ll C NMR (CDCls, 200 MHz) & ; EIMS m/z (relint.) : 330 [M'] (4). 312(9),

253(5), 239(4), 207(32), 124(100), 109(95). 105(8), 95(9), 91(12), 81(14), 75(19),
69(13) and 55(9).
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2.4 The cytotoxicity test

The bioassay of cytotoxicity against human cell cultures in vitro was
performed by the MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
colorimetric method [41]. Doxorubicin hydrochloride was used as a positive control

substance.

2.5 The Na', K'-ATpase test

All procedures of /i p ‘ _ carried out in an ice bath. Rat

were stunned by means ol blow etic with CO2, decapitated,

and exsanguinated. - oved and the gray matter

was minced with a-pdir ofs 44 liginat 2Mh Smatter and capillaries. The
homogenizing mediw 5 mM Tris-HCI (pH 7.5),
and 2 mM ethylenediaffi ) Ided at a ratio of | g of tissue

to 9 mL of HM, and the ' S '; ‘,-'..' strokes of a Potter-Elverhjem

homogenizer, using a Teflon L[’i—{—..h; 1 natC was centrifuged at 7,700 x g for
g ; LW A ,
10 min in a refrigerated g rge =an: asrecentrifuged at 25,000 x g

o - o

for 40 min. The % u";i“? 7.5) containing | mM

_—
—
mm

e fitAnunnens
ARSI R

homogenizer. The homogenate was centrifuged at 2,450 x g for 15 min in a refrigerated

Ji
centrifuge and the supernatant was decanted off and saved. The pellet was suspended

in one-half of the original volume of HM and washed. The resulting supernatant was

combined with the previous one and the pooled fraction was centrifuged at 32,800 x g

12103944
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for 35 min. The p(;,llct was suspended in 5 mM Tris-HCI (pH 7.5) containing | mM

EDTA. The washing procedure was repeated twice with the same buffer.

2.7 Assay of Na',K'-ATPase activity

The standard assay mixture containing, in a final volume of 100 pl, 3 mM

ATP-Tris, 5 mM MgCI2, 0.5 mM EDTA, 140 mM NaCl, 14 mM KCI and 50 mM

Imidazole (pH 7.2). 5 pg of the B8 F €k nzyme was added and incubation was

carried out for 15 to 30 n was stopped by using 50 %
trichloroacetic acid (TCA).  Liberated op aie (Pi) was determined by the

method of Fiske and Subbia

of I pmol of inorgan ./.. (

is defined as the liberation

augAnEn e
SIRNTAUNI IS
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