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W-The rotal synthesis of the title compounds. chemtcally and bologxally interesting terracyclic 

dlterpmcs. is described in detad. 

(-)-KAUR-~~-EN-~~-OIC acid (I)+ is one of the tetracyclic diterpenes isolated from 
an Australian shrub, Ricinccorpus srylosus Diels.’ Recently its isolation from the 
mould Gihberellofujikwoi2 as well as its detection in barley’ has been reported. The 
discovery of the gibberellin-like biological activity of the acid and (-)-kaur-16-en- 
19-01 (II),’ which is also found in barley,’ aroused much interest among chemists and 
biochemists. SuGsequent biochemical works indicated that the acid (1) and the alcohol 
(II) are intermediates in the biosynthesis of the gibberellinss*6 and a partial synthesis 
of the acid (I) from 78-hydroxykaurenolide (111) was accomplished.’ 

In view of recent successful achievements in the total synthesis of polycyclic 
ditcrpenes,8-‘3 we decided to attempt the total synthesis of the acid (1). This paper 
describes the successful results of our efforts in this and related objectives which have 
been briefly reported in the preliminary communications.“* I’ 

Our experience’ 6 with compounds derived from methyl (&)-13-methoxypodo- 
carpa-8.11,13-trien-19-oate (IV)” suggested that a more promising starting point 
for the acid (I) was methyl (f )-14-methoxypodocarpa-8,11,13-trien-19-oate (V), 
although the ester (IV) is a promising intermediate for the synthesis of stcviol (VI). 
Consequently, the first phase of this work was the synthesis of the ester (V). 

Since the most popular approach to the aromatic resin acids is based on the 
A-C+B building principle, as exemplified in the synthesis of ( + )-dczoxypodocarpic 
acid (VII),“*‘* an attempt was made to cyclize an unsaturated ester (X). This, in 
turn, was prepared from ethyl 1,3dimethylcyclohexan-2-one-I-carboxylate (VIII)” 
and 8-(o-methoxyphenyl) ethyl bromide (IX)‘9’*$ by the Grignard reaction followed 
by dehydration. Treatment of the ester(X) with sulphuric acid in acetic acid afforded a 
crystalline acid. The structure XI was assigned to this acid, for the steric course of 
the ring-closure is known to give acids with podocarpic acid-type stereochemistry.” 

l Part VII, K. Mon, M. Matsul. N. Ikekaw ad Y. Sumtkl. Terrahedmu trrrers 3395 (1966). 

* The numbcnng system employed m rhn paper IS that of R. McCrindle and K. H. Ovmon (Adv. 

0~. (‘hem. 5.47 (1965)). Although the formulas depxtcd reprcscnt only one enantlomcr. rhey arc taken 

to mean a faccmaw. 

: This bromide was obtamcd by the bromination of the corrcspondmg alcohol. whwh was prepared 

from anisolc.‘pb 
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The yield, however, was disappointing (1.2% from VIII) and we decided to abandon 
this approach. 

The next and successful attempt was based on the B, C --, A building principle 
recently reported by Wenkert et 01.” who condensed methyl acroylacetate (XIII)” 
with 8-tetralones to give tricyclic esters. The starting materials for this route were 
methyl &ethoxypropionyl acetate (X11)20*21 and I-methyl-5-methoxy-1.2,3,4-tetra- 
hydronaphthalen-2-one (XIV)“, prepared by the enamine alkylation of 5-methoxy+- 
tetralone. Condensation of the ketone (XIV) with methyl acroylacetate in the presence 
of sodium methoxide in methanol gave a crystalline keto ester (XV) in 327; yield. 
This was methylated with methyl iodide and potassium t-butoxide in benzene-tetra- 
hydrofuran to give an oily ester (XVI). The assigned stereochemistry was supported by 
Wenkert’s work2’ and was definitely proved by the conversion of the ester (XVI) to 
the ester (V) by the removal of the carbonyl oxygen and saturation of the non- 
conjugated double bond. For this purpose two different routes were explored. Firstly, 
the oily unsaturated ester (XVI) in acetic acid was hydrogenated by means of Pd-C 
to give a crystalline keto ester (XVII) in 44% yield. The observed low yield is analogous 
to that reported by Ireland and Schiess22 in case of reduction of a tricyclic ketone 
(XVII; Me instead of CO,Me). This may be ascribed to the lack of stereoselectivity 
during the hydrogenation due to the presence of the C-3 CO group which obscured 
the steric effect of the bulky, quasi-axial carbomethoxyl group and resulted in the 
formation of a stereoisomer (XVIII). The keto ester (XVII), upon Clemmensen 
reduction, gave a crystalline desoxo product. The identity of this with methyl (+ )-14- 
methoxypodocarpa-8,11,13-trien-l9-oate (V), prepared from the acid (XI) by treat- 
ment with diazomethane. was shown by mixture m.p. and comparison of IR spectra. 
Hydrolysis of the desoxo ester (V) by potassium t-butoxide in dimethyl sulfoxide23 
to the acid (XI) also confirmed the assigned structure. The second method was the 
desulphurization of a thioketal (XIX). This was prepared by mixing the oily keto ester 
(XVI) in chloroform with ethanedithiol and boron trifluoride etherate. Desulphuri- 
zation of this thioketal in dioxan with W-7 Raney nickel” afforded an olefin (XX) 
which was hydrogenated over Pd-C to give the tricyclic ester(V) in 39% over-all yield 
from the ketone (XV). When a large excess of W-7 Raney nickel was employed for the 
desulfurization, concomitant saturation of the 5(6) double bond took place to give 
the ester (V) in one step. 

Having obtained the desired tricyclic ester (V) in quantity, we started the second 
phase of the work, the elaboration of the D-ring, which was carried out without 
much difficulty according to the method developed by Ireland ef ~1.~ successfully 
applied in the total synthesis of garryine.” The first objective was the reduction of 
the aromatic C ring. In our hands Birch reduction of the ester (V) by the Dryden 
modification2’ or by the Johnson modification 26 failed completely and the only 
isolable crystalline product was the acid (XI). It is to be noted that the Dryden 
modification was successfully applied to the ester (IV).” We, therefore, turned our 
attention to the catalytic method for the reduction of the C ring. The methoxy ester 
(V) wasconverted to thecorresponding hydroxy acid (XXI) by treatment with refluxing 
hydriodic acid in acetic acid. The methyl ester (XXII), obtained by esterification with 
diazomethenc, was hydrogenated in the presence of T-l Raney nickel” or rhodium- 
platinum oxides2’ to give an oily stereoisomeric mixture of saturated hydroxy esters 
(XXIII). Of the two catalysts employed, the former was found to be better, giving a 
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smaller amount of hydrogenolysis (14-OH) products. The oily hydroxy esters were 
later separated into two crystalline isomers either by fractional crystallization or by 
chromatography on alumina. The isomer more easily eluted from alumina was 
assumed to be one with an axial hydroxyl group. By analogy with Turner’s result,** 
the structure XXIlla was assigned to the axial epimer. Jones oxidationz9 of the crude 
mixture of hydroxy esters gave crystalline methyl ( f )-l4-oxopodocarpan-19-oatc 
(XXIV). The B/C-rrans stereochemistry of this ketone was proved by the fact that 
equilibration with methanolic sodium methoxide gave back the unchanged starting 
material. 

Prior to the introduction of an ally1 group at C-8 of the ketone (XXIV), the C-13 
methylene had to be blocked by the n-butylthiomethylenc protective group.” Thus 
the keto ester (XXIV) was converted to a formyl ketone (XXV) which in benzene was 
heated with n-butyl mercaptan and p-toluencsulfonic acid to yield a crystalline 
n-butylthiomethylene ketone (XXVI). This was alkylated with a large excess of ally1 
bromide in the presence of potassium t-butoxide to afford an oily keto ester (XXVII). 
The alkylation was expected to give B/C cis ketone because of the stcric hindrance 
caused by the angular Me group.“*.” The protective group was removed by heating 
with potassium hydroxide in aqueous ethanol to give an oily keto ester (XXVIII). 
The corresponding crystalline acid (XXIX) was obtained as a minor product. The 
oily kcto ester (XXVIII), upon Johnson -Lemieux oxidation,” was converted to a 
crystalline keto aldehydc (XXX). The stereochemistry depicted for the aldehyde (XXX) 
was confirmed by comparing its Jones oxidation product with an authentic sample of 
methyl (f)-8@arboxymethyl-l4-oxopodocarpan-l9-oate (XXXV). This was pre- 
pared from the previously reported acid (XXXI)16 with established stereochemistry 
in the following way. The acid (XxX1) in aqueous sodium bicarbonate was treated 
with iodine and potassium iodide to give a crystalline iodolactone (XXXII).“~” 
The hydrogenolytic removal of the iodine at C-l 3 gave an oily y-lactone. Compound 
XXX111 was reduced by excess sodium borohydride in ethanol to a crystalline diol 
(XXXIV). Jones oxidation of thediol gave the crystalline acid (XXXV). accompanied by 
a small amount of the y-lactone (XxX111). The keto acid (XXXV) obtained in this 
manner was identical (mixture m.p. and IR) with the acid derived from the aldehyde 
(XXX). 

The aldol-type ring closure of the aldchyde (XXX) to the tetracyclic kaurane skeleton 
was effected by treatment with hot methanolic sodium methoxide. The resulting 
oily ketol (XXXVI), presumably an epimeric mixture at C-16, later solidified. No 
further attempt was made to separate the epimers at this stage. A benzene solution of 
this ketol was treated with dihydropyran and ptoluenesulfonic acid to give an epimeric 
mixture (at C-16) of the tetrahydropyranyl ethers (XXXVII), one of which crystallized. 
The Wolf-Kishner reduction of this crystalline isomer (XXXVII) under the forcing 
conditions developed by Barton, et al. ‘* followed by acid-hydrolysis, yielded a 
crystalline hydroxy acid (XXXVIII). This, on oxidation with Jones reagent, gave a 
crystalline keto acid (XxX1X). The IR spectrum of its solution was identical in every 
detail with that of (-)_I6oxo-17-norkauran-19-oic acid (XxX1X) prepared from 
(- )-16,17,19-kauranetriol (L)’ by oxidation. The corresponding racemic methyl 
ester (XL) also exhibited an IR spectrum identical with that of the (-Fester (XL). 
Since the (- )-ester (XL) had been converted to ( - )-kaur-16-en-19-01 (II),’ which in 
turn had been transformed into (-)-kaur-16-en-19-oic acid (I),’ this completed the 
formal total synthesis of both the racemic acid (I) and the alcohol (II). 
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In order to test their biological activities, however, we felt it necessary to prepare 
the racemic acid (I) and the alcohol (II). The racemic alcohol (II) was obtained in a 
conventional manner from the ester (XL) as follows. The ester (XL) in boiling dichloro- 
ethane was treated with ethylene glycol and ptoluenesulfonic acid to give the corre- 
sponding crystalline ketal (XLI). Reduction of this in tetrahydrofuran with LAH 
in ether followed by acid-hydrolysis afforded crystalline ( k )- l&oxo- l7-norkauran- 
19-01 (XLII). Condensation of this ketone (XLII) with methylenetriphenylphosphor- 
ane3’ generated (+)-kaur-l6-en-19-01 (II). 

The starting point for the acid (I) was the*ketol (XXXVI). This was oxidized with 
Jones reagent to give a crystalline diketone (XLIII). Treatment of this diketone with 
an excess of methylenetriphenylphosphorane yielded a monocondensation product 
(XLIV)“.9. Upon modified Wolff-Kishner reduction,” this methylene ketone gave 
( f )-kaur-l6cn-19-oic acid (I), the NMR spectrum of which was identical with that of 
the (- )-acid. 

The racemic acid (I), alcohol (II), methylene ketone (XLIV) and acetate (Lll were 
tested for biological activity employing d-5 dwarf mutants of Zea naays L. as the assay 
plants. With the exception of the methylene ketone (XLIV), they were found to be 
active. 

After the completion of this major objective of synthesizing compounds with 
gibberellin-like activity, we next turned our attention to the conversion of ( f )-kaur- 
l6-en-19-01 (II) to other oxygenated kauranes isolated from Ricinocorpus stylosus.’ 
Hydroborationoxidation3’ of the alcohol (II) yielded a diol (XLV) as a crude oil 
which was oxidized with Jones reagent to give a crystalline diacid (XLVI). The IR 
spectrum of the corresponding dimethyl ester (XLVII) solution (CS,) was different 
from that of methyl ( - )-16x-kaurane-17,19dioate(XLVIII) in the fingerprint regions 
This suggested that the hydroboration proceeded stereoselectively on the less hindered 
z-side of the D-ring affording the 16&alcohol (XLV) as the sole product which gave 
the 16f3-acid (XLVI) after oxidation.* Inspection of a molecular model clearly indi- 
cated that the 16pester (XLVII) is less stable than the 16!xester(XLVIII). Accordingly, 
the dimethyl ester (XLVII) was equilibrated with sodium methoxide in methanol 
to give a small amount of crystalline diester (XLVIII), the IR spectrum of a solution 
(CS,) was identical with that of the optically active diester (XLVIII). Gas chromato- 
graphic analysis of the diester gave further evidence supporting the identity of the 
epimerized racemate (XLVIII)and the natural diester. The retention time of the former 
coincided with that of the latter, while that of the l6g-ester (XLVII) differed slightly. 
The parent diacid (( -)-l6cr-kaurane-l7,19dioic acid) of the diester (XLVIII) is one 
of the diterpenes isolated from Ricinocarpus srylosus.’ Since both the conversion of 
thediester(XLVIII)into( -)-l6u-kaurane-17,19diol(XLIX)and that of( -)-kaur-l6- 
en-194 (II) into (- )-16~-kaurane-16a,l7.19-triol (L) has been reported by Henrick 
and Jefferies,’ the present work constitutes the total synthesis of the two diterpenes 
from the Australian shrub. 

The tinal work to be described in this paper is a transformation of ( f)-kaur-16- 
en-19-01 (11) into (f)-monogynol (LllI) by a skeletal rearrangement. Monogynol” 

’ The s~enc course of rhc hydroboration reactIon had also been sludird by Professor Jdlerics (Private 
communication IO K.M. dated I I March I%@. We thank him for kmdly infonnmg us of his rcsuh pnor 
IO publication. 
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or erythroxylol A’* (LIII) is an alcohol isolated from Erythroxylon monoyynum 
Roxb. by two groups of workers and belongs to the hibaene group of tetracyclic 
diterpenes. Recently its partial synthesis from steviol (VI) has been reported by 
Hanson.” According to Wenkert’s scheme of diterpene biogenesis*’ which is now 
widely accepted, kaurene (LIV). hibacne (LV), atisirene (LVII) and trachylobane 
(LVI) all can be derived from a common intermediate such as a carbonium ion 
(LVIII). Several reports have appeared which describe the interconversion of diter- 
penes based on this scheme under laboratory conditions.*’ *’ Our starting material 
was the acetate (LI) of( f )-kaur-16-e~19-01 (II). The acetate (LI) in xylene containing 
a small amount of iodine was heated under reflux for 9 hr.*’ After alkaline hydrolysis, 
the resulting mixture of alcohols was resolved by chromatography on silica gel 
impregnated with silver nitrate.** The alcohols obtained were, in the order ofelution : 
an unidentified saturated alcohol, (f)-kaur-16en-19-01 (II), (+)-kaur-15cn-19-01 
(LII) (isokaurenol) and (f)-monogynol (LIII). The IR spectrum of the purified 
racemic monogynol solution (in CS2) was superimposable on that of the natural 
product. The identity was further proved by gas chromatographic comparison. 
The ratio of kaurenol :isokaurenol :monogynol was 1 : 2 : I. 

Mps and bps arc uncorrec~cd. 

EXPERIMENTAL 

Erhyl 1.3dimtrhy/-2-~o-nurhoxypluny~rhy/cyclo)ux-2-en- I -carboxy&fe (X) 

To tbc Grignard reagent prepared from Mg (3 0) and IX (25 g) in erher (150 ml). compound VIII (21.5 g) 

in ether (50 ml) was added wilh stirring PI 0 5”. The mixture was I&I IO smad overnight aI room kmp 

and when treated wiIh ice and sag NH,Claq. The aher layer was separated. dried over Na,SG, and con- 

centrarcd The residue dissolved in ~olucnc (50 ml) was heakd under reflux for 2 hr in the prcscncx of 

KHSO, (5 g). Afta removal of KHSG, by tilIraIion the ~oluenc soln was conanIraIed in Iyuuo. DrsIIllaIIon 

of rhc r&dual oil gave rbc product (8 a) in 24% yield; b.p. lb0 17O”,W mm c 15260; v_ (lilm) 1735. 

1608. 1592,755 cm-‘. (Found: C. 76.33: H, 902 CI,H,,O, requires C, 7591; H, 8.92%). 

( 2 ~14-Merhoxp5~.1~-~~~~8,11.13-rrirn-19-oic acid (XI) 

‘rhc eskr X (4 g) dissolved in Ad)H (20 ml) conIainmp cone lt,S<), I I 5 ml) was healed under rcnur 
for 5 hr Afrer diluoon with waler the mixlure was exIracIcd wtth ether The ether soln was washed with 

water followed by bruu. dnal over Na,SO,. and conccnrralcd IO give crystalline XI (50 mg. l,SO& yield) 

and an oil (2.5 g) TIC oil exhibited an absorption a1 1780 cm - ’ due IO a lactonic CO group. The crystalline 

acid was rccrysIallited from EtOAc as clongamd prisms. m.p 243 244’; v, (NuJo~) 1695. 1600. 1590. 

782 725 cm i. (Found: C. 74.84; H. 8.16. C,aHI,O, requires: C, 74.97; H. 8.39%). 

Methyl j3-erhoxypopionylocerafe (XII) 
Merhyl accIoaccIaIe (210 a) was added dropwir IO a suspension of powdered Na (44 g) in dry cIher 

(1.41) with coohng and stirring during 2-3 hr. To the solidilial sodIoaceIoaceIaIe was added g-cthoxy- 

propionyl chloride (219 g) in dry ether (240 ml) wiIh stirring aI 5 10‘. After the exorhermic rcactlon had 

ceased. the mixture was stirred for an additional hr and then MI IO stand overnight aI room kmp. Dry 

ammonia gas was passed into ~hc well-cooled mixture for I hr aI 5 IO” until cbe ether soln was saaturakd 

with ammonia. Then rk mixrure was poured inIo ice waler and the cthcr layer separa~cd. The aqueous 

layer was extraned wiIh erhcr. Tbc combined eIkr soln was succcss~vcly washed with waler. ~cc-co&d 

50; HCI. tiaHCO,aq and brine. The dried (MgSO,) exIracI was conomIrrIcd and the residue was 

distilled in WUW, b.p. 86O.02 mm. IO give 81 8 (299:) of the product; vlys (film) 1745, 1715. 112Q cm ‘. 

Methyl acroylucerafe (XIII) 

The csIer XII (-W g) was pyrolyscd at 120 1.30 (barb temp) under reduced press (15-20 mm) in the 
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pmcna of hydroquinonc (05 g) and ptolucncsulfonic acid (5 8). The distillate was rulistilkd to give 

100 8 (680,:) b.p. 60.70” 15 mm ; Y_ (film) 17SOo. 173O(sh), l?oO(sh), 1670.1620.1590.1250. Ii50.83Ocm“. 

S-Methory-1.2.3.4tetrahydronaphtbalen-2-one (400 g) and pyrrolidinc (250 g) wm mixed with bcnzmc 

(2.S I.) and hcatcd under rcflux for 2 hr with removal of water (36 ml). Subraqucn~ removal d bcnzu~ and 

pyrrolldinc gave an only crude enammc; v_ (film) 1615. lS95. 1560. 1470. 1400. 1365. 1265. 120s. 1100. 

790 cm- ‘. This was dusolvcd in dry dioxan and rruxcd with Mel (1.2 kg). Wbcn the initial cxothcmuc 

reaction czasal. the mixture was heated under rdlux on an oil bath and kc@ rdluxing for 20 hr. Then 

cone HCl (8 ml) and water (105 I.) were addal and the tmxture was again rdluxcd for 2 hr. About 3 of 

tbc solvent was rcmovcd in LUU and the rcsiduc was diluted with water. The separated oily ketone was 

taken in cthcr. The ether soln was washed with NaHSO,aq and dried (Na,SO,). ‘Ihe product (XIV. 361 g, 

84?* from the tctralone) distilled at I SO 160’ 5 mm ; Y_ (lilm) 1722 1590. 1270. 1100. IOSS. 780 cm ‘. 

Merhyl( f ~3-0~~1CmcrhOxyl8-nor-103-podocorpo-4,8,11.13-terron-19+zre (XV) 

The tctralonc XIV (361 8) dtssolval in dry bcnzenc (600 ml) was added to NaOMe (from 46 g of Na) 

in MeOH (I.2 I.) at S-10” with stirring; XIII (317 e) in dry benzene (550 ml) was then ad&d dropwisc to 

the stlrrcd and wellcookd (- 3-3”) soln of the cnolizcd ketone. The mixtun was kft to stand overnight 

at room tcmp and then heated under rclux for 40 min with stirring After cooling cone HCl(2Ul ml) and 

ice-water (2 I.) wen added and ~hc bcnznc layer spcaratcd. The aqueous layer wax extractal with EtOAc. 

The combid extract was washed with water. NaHCO,aq and brine. The dried (MgSO,) extract was 

concentrated in racuo. Trlturation of the residue with ether gave crystalline XV (I 38 gb T~K motbcr liquor 

was concentraterl in cucw to remove low-bolling Impuritm up to b.p. ISO”/ mm. Trituration of the 

residue with cthcr gave a second crop of XV (45 g) giving a total d 183 8 (32% y&j). It was rccrystallizcd 

from EtOAc- petrol as clongatcd prisms. m.p. 185.186’; v_ (Nujol) 1745, 1680, 1638. 1608. 1590. 1270. 

1055. 7%. 777 cm-‘. (Found. C. 71.63; H, 661. C,,H#. requires: C. 71.98; H. 67lf;). 

The atcr XV (183 8) suspended in dry THF (I I.) was added IO a soln of t-BuOK (from 265 g K) in 

I-BuOH (I 2 I.) with stirrmg. The tmxturc was stlrrcd and heatal IO remove the solvents in 2 hr. To the 

mlduc was added dry bcnncnc (800 ml) which was also distilled off with stirrmg Dry bcn;rmc (I.2 I.) 

and MCI (400 g) wcrc added to the solid potassium cnolatc. Tbc mixture was hcatcd under rcflux for 6 hr. 

The operations were all car&d out under N, atm. Alter cooling. the benzene solo wac washed with water, 

dried over MgSO, and concentrated to give an oil (ca. 190 8). This rcsistal crystalltition and was 

employed for the next step without further purdication; v,, (lilm) 1742 1720. 1670. 1605. 1590. 1055. 

790. 7mcm-1. 

The oily XVI obtained from 45 g of XV was dissolved in AcOH (200 ml) and hydrogcnatai over 10% 

Pd. C (20 g) under atm pre+c at 70” for 30 hr Tbc catalysr was filteral off and the liltra~c conantratal 

in tzuo to gtvc crystalline XVII (20 g, 447; yield). The r&dual oil probably containing the stcrcoisomcr 

XVIII crystallized after standing for Ii years This was not studied further. The desired XVII crystallized 

from EtOAc-petrol as rods. m.p. IS5 1%“; Y_, (Nujol) 1736. 1718. 1602 1585, 1260. 1055. 785. 780. 

72Ocm-‘. (Found: C. 72.41; 11.758 C,,H,,O, requires. C. 72.12. H. 765”/,). 

(a) The cstcr XVII (19 g) suspended m 20”/. HCl (4C0 ml) wax heated under rcllux for 48 hr in the 

prcscncc of amalgmatcd mouy Zn [390 g shaken for IS min with HgCI, soln (300 ml contaming 25 g 

H&l, and 20 ml cone HCl)]. During the hcatm& xvcn 30 ml portions d CODE HCl wcrc added in 6 hr 

intervals After cooling the mixture was cxtractcd with cthcr. The extract was washed with brine, dried 

(MgSO.) and concentrated in uncw to give V (I6 g, ss”/. yield) which was rccryrtallizzd from EtOAc 
petrol as rods. m.p. 124 125; vu (Nujol) 1730,160O. lS8O.l26O.Il9O.lISZ 1060.785.724 cm ‘. (Found: 
C. 7490; H. 8.28. C,eH,,O, requires: C. 7546; H, 86%). 

(b) The unsaturated XX (I 3.5 g) m AcOH (150 ml) wax hydrogenated over IO?, W-C (3.5 g) at 80#)’ 

under atm press for 5 hr Tbc catalyst was lilteral olT and the filtrate concentrated in coca IO give 13.5 8 

(99O/,) of the crystalline saturated cstcr which showal the same IR spectrum as V prepa& above, 

K 
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(c) The acid XI was mcthylarcd wirh an CXC~SS of ethereal dmzomcthanc IO give V. rhe 1den111y of whch 

was proved by m.m.p. and IR comparison 

~il&Jerhy/0sekrru/ ojmtrhyl ( f ~3-oxo-I4-mcrho.~y-Ioo-podocarpo-s.8.I I.1 3-rcrrucn-19-0urP (XIX) 

The oily XVI (ca. I90 g) dissolved in CHCI, (I I.) was mixed with crhancd11hiol(YO ml) and BF,-El,0 

(90 ml). The mixlure was kfr to stand at room rcmp for 3 days and then poured inro waler. The CHCl, 

layer was washed with brine. dried (MgSO,) and conccntrarcd. Trituration of the residue with ether perrol 

allordcd a crys1alhnc mass of the thioke1al. This was collcc~cd on a Buchner funnel and washal wi1h 

ether pcrrol 10 give 98 g (w; from XV) of prisms. Rccrys1allizntion from THF-ErOAc gaye prisms, 

m.p. 193 194’; Y_ (NuJ~I) 1732, 1672, l6@% 1582. 1234, 1055. 784. 720 cm ‘. (Found. C. 64.36; II. 6%; 

S. 16.33. CI,Hz,O,Sz requires: C. 6460; II. 6 71 ; S. 16.40”;). 

6ferhy/( + )-ldm~rhoxy-I~-pod~arpo-S.8,II.l3-rctrucn-l9-oure (XX) 

The rhiokeral XIX (6.5 g) dissolved in dloxan (250 ml) was srirrcd wtfh Rancy NI W-7 (35 g) for 3 hr 

on a boiling water barb. The caralyst was removed by lillration and the liltrare was concentrated in twcuo 

10 give 40 g (Xl’,;) of XX, which crys1alhzzd from E1OAc..petrol as prisms. m.p. IS3 IS4 ‘; Y_ (NuJ~I) 

1735. 1680. 1600. 1588. 1255. 1150. 1135. 1060, 784cm ‘; 62 (Cm,) I.lS (3H. s). 1.3s (3H. s). 3.32 

(2H. I). 360(3H, s). 3-78 (3H. s). 594 (IH. I. J - 7 c’s). 6.5 7.2 (3H). (Found: C. 75.91 ; H. 8.15. C,,H,,O, 

rqutrcs: C. 7597; H. W,OSyJ. 

Lsc of a larger amount of Raney h’i resulted 1n ~hc satura1lon of 1he 5(6)-doubk bond. The rhiokelal 

XIX (SO g) in dioxan (2 1.) was srirrcd with Raney NI W-7 (500 8) under rcflux for 4 hr. Subscquenr work-up 

gave 38 g (9X”,) of XVIII 

(f ~14-llydror~-5~.IO-~~~~-8.1I.l3-1rirn-19-oic arid (XXI) 

‘Ihe Ester V (24 g) dlssolvcd m A&H (320 ml) was mlxcd with 48”; IlBr (280 ml) and 60”. HI (66 gl 

The mlx1urc was hearcd under rellux for 8 hr. d1lu1cd with water and cx1ractcd with erhcr. The crhcr 

extrac1 was washed wlrh waler. h’allSO,aq. water and brmc The dried (MgSO,) and dccolorvcd (char- 

coal) soln was concen1ra1cd in LWUO IO glvc I6 g (74”:) of XXI which rccrys1alhzcd from IlrOAc-pc1rol 

as nocdles. m.p. 223 224 ; vpll (Nujol) 3530. 1680. 1610. 1580. 1272. 7x2 725 cm-‘. (Found: C. 7445; 

H. 806. C,~HIzO, requires. C. 74.42; H. X~)8”,l. 

7’hr urid Xl frnm fhp ester V by wpontficurion 

SoId r-BuOH oh1amcd by cvapora11on in IXJCUO of rhc solvcnl from a .soln of K (3 9 pl in I-HuOH 1200 ml1 

was dl.ssolvcd In rcd1s1llkd DMSO (I(x) ml) by gcnrlc healing. To 1hc soln XVIII (20 g) was added al 

65’. Afrer hearing a1 60 65’ for 2 hr. the mlx1urc was poured m1o waler. ac1dlIicd with HCI and ex1rac1cd 

wi1h crhcr ‘lI1OAc. The cx1rac1 was washed with waler and brmc. drlcd (MgSO,) and conccnrratcd in curuo 

IO give l-6 g (84”“) of XI. m.p 240-243 The ldcn111y was probed hy IR and m.m p 

Methyl (5 ~14-h~drox~SB.l0a-~~u~~~-8.1 1.13-rrttn-l9-oufe (XXII) 

The acid XXI suspended in EIOAC was 1rca1cd wi1h an excess of ethereal diazomc1hane Removal al 

rhc solvcnr gave 1hc cs1cr Rccrys1alhza1ton from MeOIl aflordcd needles. m p 191 192 : vU, (Nu~ol) 

3380. 1702. 1 S82. 787.728 cm ’ (Found: C. 74%; It. 8.28. ClnH1,O1 requires: <‘. 74.Y7; II. 8,3Y”.). 

Mrrhyl ( f )-14&h~dro.~~-5~.8.~9~.l~-~doccupun-19-our~ (XXllla) und irs I4+hydroxy epimo (XXlllb) 

(a) With rhodium plarmum oudt corulysr ‘bc ester XXII (4 g) dlrzolvcd in E1OAc (60 ml) and AcOIl 

(40 ml) was hydrogenated over Rh .P10, (prepared from 035 g RhCI, and DOS g H,PtCI,) a1 70 1 IO‘ 

and an ini1ial press d I(w) kg,cmJ for 2.5 hr. Removal of the caralyst and the solvenrs gave 3.8 g of an only 

mixture of XXllla. XXlllb and the hydrogcnolysls product: Y,, (film) 2440. 1732. I I55 cm’ ‘. Thus was 

employed for rhe nex1 step withou1 further purllication. 

(b) With Runey nickrl T-I. The cs1cr XXII (I2 g) suspended In 99’6 EIOH (I SO ml) was hydrogenalcd 

over Raney Ni T-l (IS g) a1 I80 and an millal press of I IO kg.cm* for 3 hr. The calalyst was lil1crcd ofl 

and the filtra1e conccntra1cd In wcuo. The residual oil was 1rl1urarcd with ether-petrol IO give 5.4 g (459-l 

of XXllla which was more caslly elutcd when chroma1ographcd on alumina. Rccrysralluarlon from 

ErOAc pclrol gave prisms. m p. I53 154 ; Y,, (Nujol)3585. 1712. 1240. 1-w). 1158. 1062.1010.973cm~‘. 

(CHCI,) ca. 3640. -3440. 1714. 1153. 1090. 1052, 1005. 970. 842 cm-‘. (Found C. 73.43; H. I(H#l. 

C,,lI,,O, requms. C. 73.43; H. IDZPd) The mother hquor deposllcd 1he needles (I.5 g. 12”~) of XXlllb. 
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Rccrystalli?allon from EtOAc-petrol gave nccdlcr m.p. 139-140’: v_ (Nujol) z 3250, 1734. 1238. 1228. 

1214. 1185, 1162, 1152, 1094. 1050. 1044. 1035. 1031,934cm ‘;(CHCi,)ca. 3640. -3440, 1716. 1149. 

1025. 1015.936 cm-‘. (Found: C. 73.77. H. 1@20. C,@H,,,O, rcquircs: C. 73.43; H. 1027%). In the same 

manner IO g OIXXII was hydrogcnatcd IO give 4.3 8 of XXIlla and I.2 g of XXIllb. The combined mother 

liquors Ot the IWO expcrimcnrs dcposltcd I.2 g XXIlla The total yield of ~hc crystalline alcohols was 136 g 

(629;). Sma the Jones oxidation of the mother hquor gave I.5 g of XXIV, ~hc altaind yield of the alcohols 

was 15.1 g (689,). 

.CI&pl ( + ~l~xo-5~,8~9~.l~-~odocarpcn-lY-oore (XXIV) 

An only mlxturc of XXllla and XXlllb (I2 g) In acctonc (I50 ml) was treated wlrh the Joncs reagent 

(I 2 ml). The mlxturc was cooled in an Ice-bath at 0 5 durmg the addition of the reagent (5 mm) and kept 

at 5. for 30 mm. The cxccss reagent was decomposed by McOH and the mtxturc was concentrated in 

cucu. To the r&due, water and EIOAC was added The EtOAc layer was scparatcd. washed with water. 

NaHCO,aq and brine. dried (MgSO,) and concentrated in racuo IO give 4.3 g (36”/. from XXII) of the 

ketone The mother liquor was chromatographcd on alumina IO glvc @3 g of the ketone. The total ylcld 

was thus 4.6 g (38”, from XXII). When the crystalline alcohols were employed. the yield was almost 

quantitative. For the purpose of purGicarion. 8.6 g of crude ketone dissolved in EtOAc (200 ml) was 

chromatographcd on alumina (I4 x 5 cm) In n-hcxanc EIOAC (3 : 2). Elution with n-hcxane_EtOAc (3 : 2. 

I.2 I.) gave 7.6 g of pure crystals. Thus showed the identical IR spectrum with that of rhc crude marcrlal 

eliminating the possibihty of isomcrizatlon on alumina Rccrystalli;ration from EtOAc petrol gave plates. 

m.p. I5S 156’ ; Y_ (Nujol) 1728. 1708. 1166 cm ’ (Found: C. 7440; H. 9.72 ClsHz.O, requires: <:. 

73.93; H. 9.65’1~). 

Arrempred equilihrotmn o/the kero esrer XXIV 

The cstcr XXIV (50 mg) was healed under rcllux with mcthanoltc NaOMc (100 mg of Na and IO ml 

MeOIl) for I hr. The mlxturc was concentrated In ccuuo. diluted with water and extracted with ether 

ErOAc. The extract was washcd with water and brine and concentrated IO give back the starting kcto 

cslcr (Jo mg). idcnrifial by IR and m m p. 

Methyl ( 2 )-I 3-hydroxyncerhglenr-14-ox~r5~.8~9~.10a-~nlocorpon- 19-oore (XXV) 

The cstcr XXIV (Id g) in dry THF (40 ml) was added lo a stirred suspcnslon of powdered NaOMc 

(I.5 g) in dry benzene (25 ml). To the icc-cookd mixture rcdlstillcd ethyl formate (4 ml) was added with 

sttrrmg. Wlrhm 5 min rhc mlxturc solidilicd and was IC~I IO stand ovcmlght at room temp. It was poured 

mlo ICY water (25 ml) and the aqueous layer was scparatcd. The organic layer was dilurcd with cthcr 

and cx~ractai with 5”, NaOHaq (I5 ml x 3). The combmcd aqueous soln was acldiftcd with HCI at 

0 5 and rapidly extracted with EtOAc. The extract was washcd with water. dried (MgSO,) and con- 

ccntratcd IO give I.7 g (96%) of the crystalline product Rccrystallizatlon from McOH afforded prisms.. 

mp. 122-123 ; Y,, (Nujol) 1718. 1645. 1590 cm-‘. (Found: C. 71.35, II. 8.76 CIPH1sO. rcqutrcs: C. 

71.22; H. 8 Xl:,). 

The ester XXV (I.5 g) dtssolvcd in dry bcnzznc (50 ml) was mixai with n-bury1 mcrcapran (@5 ml) and 

p-toluenesulfomc acid (20 mg). 7he mixture was hcarcd under rcflux for 4 hr and poured Inlo water. nhe 

hcnzcnc layer was scpararcd and the aqueous layer was cx~ractcd with ether. The combined extract was 

u-ashcd wllh water and brmc. drlcd (MgSO,) and conunrratcd tn ~‘ocuo IO glvc I X p (W”,) which rccryslrl- 

II& from McOll as nccdlcs. m p g6 X7 ; Y_ (Nujol) 1728. 1670. 1554 cm ‘. (Found. C. 7065; Il. 8 79; 

S. 8.17 ClrHrbO,S rcquircs. C. 7037; H, 9.24; S. 8 IS”,). 

To a srlrrcd and ~c-coolcd soln of I-BuOK (from 4.5 g K) in t-BuOH (I SO ml). XXVI (9.5 g) dlssolvcd 

In dry benzene (130 ml) was added under N, aim. After 6 mm silting r&stilled ally1 bromldc (25 ml) 

was addcd at once with stIrring Icc-cooling was conrmucd for IO mm afta rhc addition. Then the mixture 

was hcatcd under rcflux lor 2 hr. During this period an additional amount of ally1 hromldc (10 ml) was 

added After cooling the mixture was pourcd into water and cx~ractcd with ether The extract was washed 

with waler. dried (MgSO,) and concentrated m tocuo IO give an oil (IO & 95”:); Y__ (lilm) 1730. 1674. 

1642. 1550.915 cm- ‘. Tbts was employed for the next rcactton wtthout further punlicarion. 
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The oily XXVII (2-l g) dissolved m 95”; EtOH (20 ml) was mixed with KOH (2 g) in water (10 ml). The 

mixture was heated under reflux for 32 hr under N1 atm. FtOH was removed in rucuo and the residue was 
extracted with ether. The extract was washed with water followed by brine, dried (MgSO,) and concen- 
trated to give I.5 g (929,) of an oil; v_, (film) 1730. 1712. 164% 915 cm-i. This was employed for the 
next step without further purification. The alkaline aqueous layer was acidified with HCI and extracted 
with ether. The extract was washai with brine. drrcd (MgSO.) and concentrated to give SO mg of XXIX. 
Recrystallization from EtOAc gave prisms, m.p. 226 227 ; Y_ (Nujol) 3200, -2400. 1704. 1648, 934, 
91s cm I. (Found: C, 7527: H. 9.25. CtoH,,O, rquira: C, 7543: H, 9,50“,). This aRorded XXVJJI 
upon treatment with ethereal dtazomcthanc. 

Mcrhyl( t )-I4-oxo-8&/ormylm~rhpl-5~.9~.lO~-~duca~pcln-l9-oate (XXX) 
OsO, (31 mg) was added to a stirred soln of XXX (I.5 g) in TIIF (30 ml) and water (10 ml) under N, 

atm. Thecolor of the soln turned dark brown after stirring for 5 min. Then powdered sodium metapriodatc 
(30 g) was added and the stirrtng was conttnucd for 4 hr. The mixture was left to stand overnight at room 
temp and then diluted with ether. The ether soln was dried (MgSO,) and evaporated to give I4 g (93”,) 
of XXX. It crystallized from petrol as rosettes of needles m p I I@ I I I’ : v- (lilm) 2740. 1730.1708 cm I, 
(Found: C.7091 ; H, 8.49. <T,pi#,,O, rqutres: C, 71.22; H, Xttl9.,). 

Compound XXX1 (HO0 mg) was dissolved m OS!% NaHCO, (.30 ml) by hcatmg. A soln of I, (l-7 g) in K I 
(3 3 g in 10 ml) was added portionwise Withm IO mm the tododlactonc prccipitatcd The reaction mtxture 
was left to stand overnight at room tcmp and then extracted with EtOAc. Tbe Extract was washed with 
NalSIO,aq. ~aliCO,aq and brine. successively. Conantration of the soln after drymg (Na,SO,) gave 
I.05 g (9Y.j of the lactone. Rcerystallirstion from EtOAc petrol gave prisms, m.p. 200 201’ fdee); v_, 
(Nujol) l788(1772 sh). 1720. 1156. IOtXtcm-‘. (Found: C. 52.81; Il. 659. CloflreO,l rquira: C:. 52.18; 
If. 6359,). 

Compound XXX11 (20 g) in dtoxan (80 ml) was hydrogenolyzcd over Raney Ni W-7 (I4 g) in the presence 
of NaHCO, (I g) at room tcmp for 3 hr under atm press. After filtration, the solvent was removal in L~MAO 
to give an oil (I.1 g. 769,); vIy, (lilm) 1770, 171X cm ‘. This was employed for the next step without 
further puritication. 

Mcrhyl( $ ~X&P_hydroxycrhyl-I4&hydroxy-5~.P~.I(h-padocurpan-l9~oote (XXXIV) 
NaRH, (4 g) was added to an ice-cookd soln of the oily XXXIII (10 g) in 999, EtOH (40 ml). After 

standing overnight at room temp the excess borohydride was destroyed by dit HCI. and the product was 
taken into EtOAc. The extract was washed with dil KOHaq, dned (K&O,) and concentrated to give 
XXXIV (800 mg. Wso~). It crystallized from EtOAc as rods. mp. 190 191 : Y_. (h’ujol) 3250 (broad), 
1725 cm ‘, (Found: C. 7109; Il. I@IS. CioH,,O, rquircs: C, 70.97; H. lOl3”,) 

hfcrhyl (~~X~-carhorymrrh~1-14~~~~5~.9~,I(h-pod~~urpun-I9-uur~(XXXV) 
(a) Compound XXX (21 mp) in acetone (3 ml) was treated with the Jones reagent (DOS ml) for IO min 

at room tcmp The mixture was dtluted with water and extracted with ether The ether extract was washed 
with water. dried (MgSO,) and eonezntrated to give IS mg of XXXV. Recrystallization from EtOAc- 
petrol gave leaflets. m.p. 201 202 ; Y,, (Nujolj -27C% 1725. 1705. I695 (sh) cm*‘. (Found: (3. (i8.63: 
Il. X.59. C,,H ,OOs rquires: C, 68.54; Ii. R62”,1. 

(b) The dial XXXIV (MKI mg) in acetone (150 ml) was treated with the Jones reagent (2 ml) at 0 5 
After 40 mm M&H was added to the reaction mixture which was concentrated in r~lo. The residue was 
diluted with water and extracted with ether The ether soln was extracted with dil NaOHaq. The aqueous 
layer was acid&d with HCI and extracted with ether. The ether extract was wasbcd with hnne. dried 
(tGa,SO,) and evaporated to give 7%) mg (9o”b) of XXXV. The identity was proved by IR comparison 
and mmp As the neutral part. SO mg of XXXIII was recovered. 

(c) A soln of XXXIV (250 mg) in pyrldmc (3 ml) was added to the Sarett reagent prepared from CrO, 
(SO0 mgf and pyridirte (6 ml) at 0 5 The mtxture was left to stand at room temp for 20 hr Then II was 
diluted with ice-water and ether and filtcrcd through a small column of Celitc. The ether layer was 
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scpara~ai. washed wtth water and lo”,. Na,CO,aq. dried (Na,SO,) and conccntratal IO give XXX111 

(I 50 mg). Acidiftcation of the sodium carbonate soln gave XXXV (70 mg). 

Mrrhyl ( f ~l4-oxo-l~-kydrox~l7-norkmrron-l9-wrr (XXXVI) 

Compound XXX (I.3 g) dissolved III THF (30 ml) was added to a soln of NaOMe (from IO g Na) in 

McOH (40 ml). The mixture was rclluxal for 2 hr under N,. Atter conantration in wcuo. the residue was 

diluted wtth water and extracted with ether. The ether extract was washed with water and brine. drtcd 

(MgSO,) and concentrated in tucuo to give I 25 g (WY:) of an oil; Y_ (film) 3420. 1745. 1732 cm ’ On 
one ocmion. this crystallized after a long permd of storage. Rccrystalhration from EtOAc-petrol gave 

roscttcs ol ncaiks. m.p. I88 190’. (Found. C. 71.80; H. 8.W6 Czo~l,OO. requires: C. 7l,g2; H. 9049,). 

‘I’emhydropyrmyl aher ojmerhy/( + ~14-0ro-16S_hydrox~-17-norkclurun-l9_orur (XXXVII) 

A soln of XXXVI (I.229 g) m dry benzene (50 ml) was mlxed with dihydropyran (4 ml) and ptoluene- 

sulfonic acid (50 mg) and stirred overnight at room temp. Then the soln was washed with K,CO,aq. 

dried (K,CO,) and concentrated in WNO. Trituration of the residue with petrol afforded 452 mg (30%) 

of crystals. Rccrystallizntion from MeOH gave rods. m.p. 16>166 ; Y_ (Nujol) 1745, 1725. 1242. 1198. 

1140. 1026. IO15 cm’ ‘. (Found: C. 7168: H. 9.12. <:I,H,IIO, requires. C. 71.74; H. 9.159;). 

(= )-I~-HydroxyI’l-notk~un-l9-oic acid (XXXVIII) 

To a soln of Na (I.1 g) in anhyd dtcthyknc glycol(90 ml), anhyd hydrazmc (25 ml) and XXXVII (I.318 g) 

was added and the mixture heated under rcflux for IX hr at IgO (bath tcmp). Then the bath tcmp was 

ratscd to 210-220 to distill olT the excess of hydrazinc. The mlxturc was kept at this temp for 24 hr. After 

coohng, water and cone iIt (20 ml) was added and the mlxturc was heated on a bodmg water bath 

for 5 mm. The crystalline acid thus formed was extracted with a large volume of 1:tOAc. TIC extract was 

concmtratal in ~YJCIKJ to give 699 mg (74Ob) of XXVIII. Rccrystallirntion from EtOAc gave prisms. m.p 

281 282 ; Y_, (Nujol) 3390. -3200 -2400,170X. 1270.126O. IOW. lO2Ocm ’ (Found:C.74~42;li.958. 

C,,lI,,O, requires. C. 74-47, 11.9~87Y0). 

( + )-16-0xo-I7-~~orkouron-l9-o~c acid (XXXIX) 

Jones chromic acid reagent (I.2 ml) was added to an ~cc-cookd soln of XXXVII (620 mg) in aatonc 

WOO ml) and the mixture left IO stand at room temp for IO min. McOH was added to destroy the excess 

of the oxidant After the removal of the solvents in WUW. the residue was ddutcd with water and the pp~ 

was collected (603 mg; 979;). Recrystallization from THF- petrol gave line rosettes of needles. m p. 247 

24X : Y_ (Nu~ol) -3200 ~2400. 1743. 1700; (CHCI,) -3200 ~2400. 1740. 1698 cm-’ The authentic 

( - kacld exhibited an cnttrely idcntlcal IR spectrum (tn CHCI,) (Found: C. 74 60; H. 9.22. C,,H#, 

rcqulrcs. C. 74.W; H. 9.27?,). 

Methyl ( f )- 16-oxo-l7-norkouran-l9-oore (XL) 

The acid XXXIX (143 mg) suspended in EtOAc was treated with ethereal dtazomethanc and the mixture 

kR for 30 min at room temp. A small amount of AcOH was added to destroy the remaining duuomcthane 

Then the soln was washed with water, NaHCO,aq and brine. drlcd (MgSO,) and concentrated in vucw 

to give XL (I 50 mg. 99”,,) which recrystallized from MeOH as needles. m.p. I27 128. . Y_ (NuJoI) 1745. 

172R; (CHCl,) 173X. 1726 cm- ‘. The IR spectrum (m CHCI,) was superimposable on that d the authcnttc 

(- )-ester. (Found: C. 75,X1; ti. 9.59. C,,H,,O, requires: C. 75.43; H, 9.50”,). 

Mcrhyl ( f b I6-erhylewdlory- I7-norkowun- l9-wte (XLI) 

To a soln of XI. (617 mg) in anhyd dichlorocthanc (IO0 ml) ethykne glycol(5 ml) and p-tolumcsulphontc 

acid (50 mg) was added and the mixture stirred and hcatal under rcflux for 2 hr Durmg that period anhyd 

dlchloroethane (about 300 ml) was gradually added whllc an equal amount of the watersontaining solvent 

was dlstllled ofl from II After coohng. the soln was washed with K*CO>aq. drlcd over K,C‘O, and 

concentrated In twzuo to give XLI (610 mg. Sue,) whtch rccrystallucd from EtOAc petrol as elongated 

prisms. m.p. I33 134’ , Y_ (Nujol) 1736. 1153. 1110. IO25 cm ‘. (Found: C. 72.78; H.930. CllH,,O, 

requires : C. 72.89; H. 9.45%). 

I ~~)-16-0ru17-norkcnrran-l9-~1 (XLII) 

A soln of XI.1 (600 mg) In dry THF (30 ml) was added IO a soln d LAH (300 mg) in dry ether (50 ml). 
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The mixture was stlrrcd and heated under rellux for I.5 hr. After cooling. the excess hydride was destroyed 

by the addition of ErOAc Dilute HCl (3 ml cone HCI in 30 ml H1O) added while heating at 100. for 

10 mm with concommitant removal of ether THF resulted m the removal of the ethylene kctal protccrlve 

group. After coohng. the product was taken mto ErOAc. The extract was washed with brine. dried over 

K,CO, and concentrated in t- to give 470 mg (YIP;) which recrystallized from benznc petrol as 

needles. m.p. 155-I 56’ ; VW, (NUJOI) 3460. 1735. 1038. 1008. (CS,) CB. .3650, 1747. 1028. 1007 Cm ‘. 

(Found: C. 78.82; H. 1010 C,,H,,,O> requires: C. 78.57; H. lQ419,). 

(+ t-Kuur-16.en-19-o/(11) 

To a stirred suspcnslon of ~riphcnylmc~hylphosphonium bromldc (5.8 g) in dry THF (120 ml) an ethereal 

soln of n-BuLi (prepared from 042 g 1.1 and 3.4 g n-BuBr In 15 ml ether) was added and the stirring 

conunucd for 1 hr The kctol XL11 (450 mg) rn dry THF (30 ml) wa added IO the stirred soln of rhc orangc- 

colored phosphorane at room temp The mlxturc was stirred and heated under rcflux for g hr. Subvqucnrly 

acetone was added IO datory the excess phosphoranc and the hcaimg and srirrmg was continued for a 

further D5 hr. All the operations were carried OUI under N, atm. The solvents were removed from the 

mIxlure in ~CCYO Ether and water wcrc added IO the reslduc. The ether layer was washed with water 

followed hy brme. drlcd over K,CO, and concentrated in rucyo IO give a scml-solid mars This was 

chromatographcd on alumina (2.5 x 18 cm) m benzene IO give the following fractions (200 ml each) 

No. I 3 (bcnzcnc). trlphenylphosphinc oxide (2.3 g). No. 4 7 (bcn;zcne): a mixture of triphcnylphosphine 

oxide and the kaurenol. No. 8-10 (bcn;rrne~clher 3:l)’ a mixture of rrlphenylphosphme oxide and the 

kaurcnol. No. II (bcnzene:ethcr 3.1): gum The semi-solid mixture ohramcd from No. 4 10 was re- 

crystalhzcd from MeOH water IO grve 219 mg (4P.,) of the prduct Rccrystalli~atlon from McOH water 

alTordcd needks. m.p. 144-145 ; Y_ (Nujol) ca. 3320 broad. 3060. 1662. 1023. 1014. 1005. 870; (CS,) ca 

3650. 3060. 1658. 1026. 1014. I(fi. X74 cm-‘. (Found: C. X3.51; H. 1093. CzoH,,O requires: C. 83.27; 

H. 11.18”,) 

34erhyl(+ )-14.16-dio~o-I7-nor~ouru~1-lY-oc~re (X1.111) 

To a .soln of oily XXXVI (2 g) in acetone (200 ml) Jona chromic acid reagent (5 ml) was added dropwlw 

a! 3 -5 The mixture wm kept al this remp for 10 min after rhc addltlon Then McOH was added to destroy 

the remammg oxidant and ~hc mixture was concentrated in L’QCUO. Water was added IO rhc rcsiduc and 

the product w&q extracted with ErOAc.cther. The extract was washed wtth wafer. NaHCO,aq and F~I 

brine. The dried (MgSO,) soln was conccnlratcd tn I’(ICYO. Trituratlon of the rcsldw with ether gave 

I.4 g (70”/,) of the product. Rccrystallizatlon from EtOAc gave needles, m.p. 218-219 , Y_, (NuJo~) 1758. 

1730. 1722 (sh). 1240. 1190. 1152 cm ‘. (Found: <‘. 72.15; fl. 8.20 C,,H,,O, requires: C. 72.26; H. X.49’,). 

.+~erh~/ ( f )-ICo.\okaur-16-en-lY-~(lfr (XLIV) 

Triphenylmcthylphosphonlum bromide (I@5 g) was added IO a soln of I-BuOK (from I g of K) m 

I-BuOlt (40 ml) and dry ‘THF (40 ml). ‘The mixture was stirred and heated under reflux for I hr and then 

cooled IO room remp A soln of the XL111 (14 g) m dry THF (40 ml) was added IO the rttrrcd phosphoranc 

.soln. The stirring was contmucd for 2 hr ar 60 80 All the operations wcrc carncd OUI under %;I aim. 

After cooling, ~hc reactlon mixture was diluted with water (50 ml) and concentrated in rucuu To the 

rcsldue wcrc added n-hexane (150 ml) and X0’?,, M&H (32 ml McOH and X ml water). The n-hcxanc 

layer was separated and washed wlrh m/, McOH (30 ml). water and sag brtnc The dried (MgSO,) extract 

was concentrated In cctcyn ‘Tnturation of the rcsrduc with McOH gave 224 mg (22”“) ol the dcsircd olclin 

which rccrysralh7rd from McOH as needles. m.p. I38 140 .v_,(NUJol) 17.w. 1660.1145.1130.894cm ‘. 

J (CDCI,). TMS as mtcmal standard a~ 100 MC) 070 (3H. 5). I.19 (3H. sl. 364 (311. s). 490 (Ztl. broad) 

ppm. (Found: C, 7594. II. 9.00 C,,II,,O, rcqulra. C. 76.32: H. Y 15’:) 

( I)-Kaut-16.en-IY-oic &d(I) 

To a wln of Na (200 mg) tn freshly dlsrllkd dlclhylcnc glycol(I5 ml) anhyd hjdranne (5 ml) and XI.IV 

(183 mg) was added. The bath temp was mamramcd at 160 for IX hr. and then raised IO 210 IO remove 

the excti hydra/me. The mixturc was healed at 210 for 24 hr. After coolmg the mixrurc was scidilicd 

with dll A&H and cxtrac?cd wtrh F.rOAc ‘The extract was washed with waler and sal brine. drmd (Ic(gS0,) 

and concentrated in ro(‘uo The restdue was trlturatcd with MeOIl IO gl\c 5X mg (33”,) which rccr)s!allitcd 

from McOH as prisms. m p. 232 2-u (dcc) with prcvtous cofrenmg; v_, IKuJoI) 16YO. 1660. 871 cm ’ , 
6 (<‘D<“I,. TMS as mlcrnal standard al 100 MC) 0% (311. s). I.24 (311. s). 2.04 (2H. 3 C-15 CII,). 260 (111. 
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broad, (‘-13 t‘H). 4.71 (ZH. broad, CH,) ppm. The NMR spectrum was tdcntical with that of the 
natural producr. (Found: C. 79.24: II. 946. C20H&~ rcqurres: C. 7942; H, lW31P~0). 

To a soln of II (35 mg) in dry THF (IS ml) NaBH, (SO mg) and BF,-Et,0 (02 ml) was added. The 
mlxrurc was left at room tcmp for 2 hr and then heated at So 60 for 1 hr after the addmon of IO”, 

NaOHaq (I ml) and 30% H,O, (DS ml). Ether and brine were added to the mixture and tk ether layer 
was separated. The ether extract was washed with water, dried (bIgSO.) and concentrated in r.+ar~ to 
gtvcan oil (35 mg); *-(film) - 3300.1035,1010cm ‘ No absorption was obsmed at 875 cm ’ (=CH& 

This was employed for the next reaction wit&out further purification. 

(+ )-16@-Kuu~1~-17.19-&& ocid(XLVI) 
To a soln of oily XLV (34 mg) in acetone (I 50 ml) Jones chromic acid reagent (03 ml) was added and 

the mixture left to stand at room tcmp for 18 hr. The solvent was removed in wcw and the residue was 
diluted with water and EtQAc. The EtOAc layer was separated. wasbal with sat brine, drkd (MgSO,) 
and conuzntratcd in wcuo to give 20 mg which rccrystallizaI from MeOH as tine prisms, m.p. 279 280”; 
v_ (Nujol) -3200 -2500. 1705, -.94Ocm ‘I. (Found: C 7191; H, 8.75. C,oH,oO, requires: C. 71.82; 
H.9043;). 

Merhyl( r)_l~lunvM+-17,l~d~fe(XLVII) 
The dmcid XLVl(10 ma) suspended in EtOAc (3 ml) was treated with ethereal dia7~wthanc. The solvent 

wBs removed in c~cyo and the residue wa3 rccrystallii from petrol as ncedks. m.p. 165 166’; v_ 
(Nujot) 1790,1722.1190,1160, 1154;(CS,) 1734,1235,1214.1190,1175.1160, IlQan-‘. 

The dicstcr XLVII (6 mg) disaolvcd in McOH (2 ml) containing NaOMc (from ca 30 mg Na) was 
heated under rcllux for 15 min and McOH removed in WCW. Dil HCI wax ad&d to the residue and the 
mixture was extracted with ether. The extract was dried (M&O,), treated with ethereal diazomthanc 
and evaporated. The residue was rarystallkd from petrol to give crude XLVIII (4 mgl. m.p. 79 83”; 
v_, (CS,) 1734. 12.36. 1 IQ?. 117h trht. 116X fsh!, I IS?. 106 cm ’ Thrs rpcctrvm uaf. \upcrtmposahlc on 
that of the ( - f-drater. 

To a soln of II (I 10 ma) in dry pyridine (IO ml) Ac,O (10 ml) was oddcd. The mixtun: was lefi to stand 
overnight at room temp. The solvents were removed in WCW. The r&due was recrystallized from MeOH 
to give 112 mg (92%) which recrystalltzcd from MeOH as rosettes of ncedlcs, mp. 89 -90’ ; v_ (Nujol) 
1742, 1662. 1252 1035.870 an ‘. (Found: C, 79.74; H, 1044. C,,H,,OI, requires: C, 7995; H, 1@3%). 

l+ )-KouPI S-en-19-ot (LII) and (2 1_monogynol (LIII) 
The qcetatc LI (150 mg) and I, (CL 30 mg) were dissolved in xylenc (30 ml) and the soln was heated 

under nllux for 9 hr. After the removal of the solvent, the residue was dissolved m MeOH (IO ml) con- 
taining KOH (I g). The soln was heated under rcflux for 4 hr. Then H&H was removed in (wcuo and 
the residue was mixed with water and ether. The ether layer was dried over MgSO, and evaporated to 
give a crystalline mass. This was chromatognphed on silica gel impregnated with AgNO,” (15 x 27 cm) 
in petrol. The cluant was saturated with Ag ion by shaking with AgNO,aq in a scparatocy funncl prtor 
to use. All fractions wetr 100 ml. Fractions No. I 4: btnz.ene:pctrol - 1:2. Fraction 3 contained an 
unidcntdied substancc (33 mg) which crystallized from McOH as needles, m.p. 153 156‘; v_ (Nu~oll 
3300. 1022. 1015; (CS,) ca. 3640. 1028. 1015 cm-‘. (Found: C, 8348; H, 1168. CI,H,,O requires: C. 
82-69: H. 1l.W;). Fractions No 5. 6: benzene: petrol - 5 :3. Fraction 6 contained II (24 mg) whtch 
crystalltzcd from ?&OH u needler m.p. 142-144’. This was i&ntifii by IR and m.m.p. Frnarons No. 
7. R : bcnzcnc. Frar?~ons No. 9 11: bcnzne:ethcr - 9:l. Fractions 9 and 10 crystallized from M&H as 
necdla of LII (49 mg). m.p. 162 163”; v_ (Nujol) -3300. ca 3020.1655.1022, W37.815; (C’S,) ca. 3640, 
ea. .3020,1653,1025.100?. 816 cm-‘. (Found: C, 83.22; H, 1092 C,,H,,O requira: C, 83.27; H, 11,18’/,). 
Fraction 1 I gave LIII (23 mg)as nccdla from M&H, m.p. 123-124”; m.p. 12>124’; v_ (Nujol) 5 3280. 
ca. 3035.1580.1025.749; (C&l ca. - 3640. ca 3020.1580.1022.750 cm ‘. This IR spectrum was identical 
with that of the natural product. (Found: C, 83QS: H, 1087. C,,H,,O requires: C, 83.27; H. 1 I~IS”~;). 
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Gas chror~~ographic analysis 

Retention times (mitt) 

Compound I q SE-M. 159; XE-60. 1% XE-61+ 15s: SE-301 

XL 
1 

synlbctic I @4’ 

natural l@4’ 

XLVll synthetic 236’ 3@35’ 48.3’ 

synrhcuc 

xLv’*’ natural 

23.4’ 29.7 47@ 

23.4’ 29.7 47.r 

LII 

t 

synthetic 24.8’ 16.25’ 

natural 24.F 16.25’ 

All retention tima were determined on Shimadzu Se~dakusho model GCIC hydrogen llama dctcctors. 

stainless SICCI columns, l I80 cm x 4 mm i.d.. + 400 cm x 3 mm i.d. .:3oocm x 3mmi.d.ColumnIcmp: 

’ 192’; ’ 180”;’ 190’;’ 197”;’ 160’; ’ 170”. Carrier gas: N,. Flow rate of NI (ml/min): ’ 70;’ 35; ‘ 20; 

‘17~5;‘40;‘25.P~(kg/~~):‘O9;‘2~75;’045;’@8;’2~8. 

Bioawy 

Assay plants: dwarf matzo (Zeo moys L.) ds mutants. 

Treatment : as a IO pl drop d w/; etbanolic soln applied IO the lint leaf blade 

Measurcmcn~: IO days afrcr application. Lengths of the Arsc and the second leaf sheath (average of 

9 plants). 

(- )-Kaurcnol (*)-Kaurenol ( f )_Kaurcnol acetate Gtbbcrellin C 

Conlrol 50 &plan1 IOOpg lW)rg lCQl# l~l&l 
45.9 mm 706 84.1 694 84.R II56 

( - )-Kaurenolc aad ( : )-Kaurcnoic acid Compound XLIV G,bbcrdlic acid 

Control IO0 @plan1 lOOl43 lOO)rg I Ia 
29.2 mm 38.5 39.2 280 689 
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