
Tetrahedron Letters No.2, pp, 175-180, 1966, Pergamon Press Ltd. 
Printed in Great Britain, 

TEAL SYKT~SIS OF (*)-~~m-16-m-19-01c ACID* 

Kenjilbri andllrsanaolhtsui 

Department of A&caltural Chealstry 

TheUnIversity ofTo~,Tokyo, Japm 

(Received 15 November 1965) 

(-)-~anr-16-en-19-oio acid (I) is one of Um tetracyolio diterpenes 

isolated froDRlciaocuvls stplosusDIELS (1). Its gibberellin-like activity 

u well u that of (-)-kaur-16-m-19-01 (II)(l) has recently been discovered 

(2). We now wish to desarlbe the total synthesis of the racemates of these 
twooqnulds. This lo the first total synthesis of compounds with apmecia- 

ble gibberellin-like aotitity. 

Condensation of 1-methyl-5-methoxytetrahydronaphthalen-2-one vith methyl 

acroylaoetate in the presence of sodium aethoxide (3) afforded a keto ester 

(III),** r.p. 185-1860, "max. 

1055, 796, 177 om-l. This MS 

I 

. 

H 

;=jol) 1745, 1680, 1638, 1608, 1590, 1270, 

wthrlated with methyl iodide and potassium 

: 
: 

@ 

H 

'..,W 
CHeOH 
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Mterpenold Total Synthesis - Iv. This papsr is heartily dedicated to 
Professors T. Yabuta and Y. Wmlki who first isolated the gibberellins 
in 1938 in this Department. Psrt III, K. Mori and M. Mateui, 
mdrcn, in the press. 
Al- the fomlae depicted represent on4 one ensntiomer, they are 
taken to mesn a racemate in wery case unless otherwise specified. The 
mmberlng system used in this paper for kaurawids is that of the 
Australian workers (1). F'or podooarpanoids, Klyne's nomenclature (4) is. 
bmployed. 
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t-lmtoxide to giro an oily emtor (IVa), "max. (film) 1742, 1720, 1670, 1605, 

1590, 1055, 790, 720 on-l. Ramoval of the oarbonyl oxygen and natoration of 

the non-oonjngmkd double bond vore aooompliahed through tuo different routee. 

Piret, Woib enter (IS%) vu treated with ethanedithiol and boron trlfluo- 

rl~ethereate to yield a thioketal (IVb), m.p. 193-194°, %sx. (nujol) 1732, 

1672, 1604, 1582, 1234, 1055, 784, 720 a-1, vhioh in dionne WM refluxed 

vith Eaney niokel to give an enter (Vb),* r,p. 124-125O, "max. (nujol) 1730, 

1600, 1580,.1260, 1190, 1152, 1060, 785, 780 od. Secondly, the oily aster 

(IVa) in acetic aoid VUI &drogenated over &lsdium-ohacooal to afford a 

keto l eter (Va), m.p. 155-156O, bax. (nujol) 1736, 1718, 1602, 1585, 1260, 

1055, 785, 780, 720 od. The Clemwneen reduction of thin gave the enter 

(Vb), identioal in every reapeot with the above mentioned product. Deaethyla- 

tion of the l eter (Vb) by reflum bdriodic aoid in acetic acid afforded an 

aoid (PIa), r.p. 223-224', Max. (~~jol) 3530, 3200-2400, 1680, 1610, 1580, 

1272, 782, 725 om-l. Th.i~ vaa eaterified with diasometi to gva methyl 

(f)-8-motho~deeoxypodooarpate (VIb), m.p. 191-192°, Uau. (nujol) 3380, 1702, 

.1582, 787, 728 cm-l. 

Catalytic bydrogenatlon of the erter (VIb) over rhodium-platinum crtalyet 

(6) afforded an oily l pimeric (at C-8) mixture of maturated b&roly eeterrr 

(VII), "max. (film) 3440, 1732, 1155 08-l) l ocompanied with a hydrogenolyeie 

prodnot. Jonee oxidation (7) of the crude mixture gave crystalline methyl 

(f)-%ompodooarpan-16-oate (VIII), I.). 155-156O, "max. (nujol) 1728, 1708, 

l At We l tage, the mtereochemietry (Vb) aemigned to the eater van con- 
firmed by the comparison vith an authentic enter (Vb) vhioh vae e- 
pared by treabent of the acid (ii), m.p. 243-2440, "max. (nujol p" 1695, 
1600, 1590, 782, 725 cm-l, with diazomethane. The acid (II) MI obtained 
in a low yield by the acid-catalyzed cyclizrtion (5) of an unmatorated 
ester (I), b.p. 160-1700/0.4 mm, ni;6 1.5260, Max. (film) 1735, 1608, 
1592, 755 cm- . 
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o@ocH3 $gOCH3 . 
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IX0 R = CHOH Xa R - CHSC4H, 

b R - CHSC4H9 b R=H2 
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XlVa R = H 

b R = CH, 

1166 a-l. The 13/C a stereochemistry of this ketone (VIII) vaa proved by 

the fact that equilibration with methnuolic eodium methoxlde gave back the 

strrting uterial. 

The conetructian of the D ring wae carried out by the method developed by 

Ireland et al. (El) referring its application in the total synthseie of 

wryine (9). R?or to the introduction of a eubotituent at C-14, the C-7 
methylene vae blcoked by employing the n-butylthiomethylene protective @vup 

QO). Time formylation of the ketone (VIII) with ethyl formate in the presence 

of.eodium methoxide gave a formyl ketone (IXa), m.p. l22-l23', %a~. (nujol) 

1718, 1645, $590 or-l, which in benzene va8 refluxed with n-butyl meroaptan end 

p-tolueneeulfodic acid to yield an n-butylthiomethyl~ne ketone (IXb), m.p. 

06-870, “max. (znxjol) 1728, 1670, 1554 cm-l. This xaa treated vith a great 

exceee of ally1 bromide and potassium t-butoxide to afford an oily keto eater 

@a), "max. (film) 1730, 1674, 1642, 1550, 915 cm-l. Bemovol of the protective 

group wae effected by refluxing the ketone (X8) in aqueous ethanol with po- 

tassium hydroxide to give an oily ally1 ketone (Xb), "max. (film) 1730, 1712, 
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1648, 915 cm-'.* Osmium tctroride-eodium periodate oxidation (11) of the 

ally1 ketone (Xb) afforded a oryetalline IL&J aldehyde (XI),- r.p. llO-1110, 

"max. (WC13 film) 2740, 1730, 1708 cm-l, which VII treated with hot rethano- 

lit sodlum methoride to give an oily l pimeric mixture (at C-16) of the tetra 

cyolio hydro~ketones (XIIa), V=x. (film) 3420, 1745, 1732 cm-l. Thie in 

benzene wae treated vith dihydropyran and p-tolusnenulfonio acid to gire en 

epimeric mixture (at C-16) of the tetrahydromanyl ether6 (XIIb), one of 

which oryetallired, m.p. 165-166O, "max. (nujol) 1745, 1725, 1242, 1198, 1140, 

1026, 1015 CC1. The modified Wolff-Sishner reduction (13) of the cryrtalline 

ketone (XIIb) followed by acid-hydrolysis yielded a oryetalline hydro4 acid 

(XIII), a.p. (crude) 255-258', "max. (nujol) 3400, 3200-2400, 1708, 1270, 1260, 

1030, 1020 o*-1. Without further puification this wae oxidized with the 

Jones reagent (7) to give (*)-16-oxo-17-norkan-lp-oic aoid (XIVa), r.p. 

247-240O, “max. (nojol) 3200-2400, 1743, 1700 (CHCl3) 3200-2400, 1740, 1698 

l 

H 

As a minor product w.se obtained the 
oorreepo 
227O, "w~n+(:%';$; :;&, i 
164% 934, 915 om- . 

& 

0 

n CH2CH = CH2 

-.. H 
C02H- 

. . . 
III 

Agairi at this eta&e the stereochemistry (;tI) assigned to the keto aldehydo 
vae confirmed by proving the identity of the corresponding keto acid 
obtained by the Jonea oxidation (7) of the aldehyde (XI) with au authentio 
sample of the keto acid (v), m.p. 201-2020, Vma~. (nujol) 3200-2400, 1725, 
1705, lb95 (eh.) cm-l. This wae prepared from the previously deecribed 
acid (iv)(12) via iodolactonization, hydrogenolytio removal of the iodine, 
reduction with sodium borohydride to a diol and its Jones otidation. 
Details of this prooeas together with a lees successful conversion of the 
keto acid (V) into the tetraoyclic hydroxyketone (XIIa) will be deecribed 
in a full paper. 

@CH2C02 &i2C02H 

C02CH3 CO2CH3 

iv V 



or1. L The oorresponding methyl ester (XIVb) m.p. 127-1280, Vmar. (nujol) 

1745, 1728 ; (CHCl3) 1738, 1726 cm-' , was prepared by esterification dth 

diosomethane. The solution infrared qpactra (in CRC13) of the acid (XIVa) 

end the astar (XIW) ware completely identical with those of the natural 

products (1):14). Since the (-)-eater (XIVb) had been converted to (-)- 

kaur-16-en-19-01 (II)(l4) which in turn had been transformed into (-)-kaur- 

16-en-19-oic acid (I)(l), this completed the total synthesis of both the (*)- 

acid (I) and (*)-alcohol (II) vith gibberellin-like activity. 

Preparation of (*)-kaur-16-en-19-01 (II) is nov in progress to test its 

biological activity. 

Aoknovle~~t. We are indebted to Prof. P.R. Jefferies (University of 

Western Australia) and Dr. B&B. Calt (Imperial Chemical Industries) for 

their kind gifts of the authentic samples of (-)~16-om-17-norkauran-l9-olc 

acid (XIVa) and its ester (XIVb). 
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