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INTRODUCTION

The diterpenoid acids, dehydroebietic scid (I), podooarpisc scid (II),
ebietic acid (III), and palustric scid (IV), have been eynthesized.l De-
hydrosbietic scid (I)2 was eynthesized by building up & };totralono (V)3
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the erometic ring wes the precursor of ring 0; the reduced ring was to
blecome ring B; ring A, with the methyl group (VI) of the gem methyloer-
b%xyl wes added by &n elkylation reeotion of the type developed by Robin-

son in the synthesis of steroids; a homocerboxyl group was put in using

@
en slkylation resction with bromoacetic ester; the eventual produst wes

homodehydroabletic scid whioh gave dehydrosbietio acid (I) on Barbier-

Wieland degradation.
Dehydroabietio scid (I) was also prepered by & highly stereoseleotive

synthesis. 6-Hydroxymethylene-2-methyl-2-(p-isopropylphenyl) cyclohex-
snone (VII) was condensed with methyl vinyl ketone to give s diketone
(VIII) which hes rings A end C present end hes the proper relative stereo-

chemietry at the two esymetric centers. Selective methylation of the



monoketal of VIII followed by base-catalyzed oyolizetion of the diketone
geve en octalone (IX). An seymmetric center was sterecselectively intro-

duced into the ooctalone by reduction of the double bond with lithium in

CN)@
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emmonia. The resulting B =decalone (X) wee converted to a hydroxy meth-

ylene derivative vhich was then ozonized to e discetic ecid (XI)s The
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discid, on trestment with polyphosphoric #cid, gave & tricycliec keto
) ,'4 H,COM i o

() (X) (x) (1)
acid (XII) which, on hydrogenolysis over palladium-on-carbon,geave homo-
dehydroabietic scid. TLegredation of the homoscid geve dehydroabietio
acid (I).

The first eynthesis of podocsrpiec ao1d? (II) was & non-stereocspecifio
ons in which sn sromatic ring (ring C) wes coupled through a chain of two
cerbon atoms to & oyclohexenone (XIII) (ring A); ring B was formed by
en ecid catalyzed cyoiization. vhich was nct stereospecific. Three race-
mates were found in the cyclization mixture, one of which (XIV) was cone

verted into podocarpic ecid (II).

Abletio ecid (III) end palustric ecid (IV) have been prepared> by
6

applying the Benkeser- lithium-in-ethylamine reduction procedure under



carefully defined conditions to dehydroabletic acid (I) end then isomeris-

ing the double bonds into conjugation.
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All of these syntheses and most of the others which have been reported,
heve the dissdventage in that they epply to one specifis compound and are
difficult to generslize. It is therefore desirsble to develop a general
synthetic scheme for diterpenoid scids. A mnew approach to diterpenocid
synthesis would be to ocnstruct rings B and A (1nclud1ng the gem methyl-

carboxyl) first. Ring O would then be 8ddeds This means thet the skel-

eton (XV), common to ell diterpenoid scids, would first be made end eo
the scheme would be appliceble not merely to compounds containing an
sromatic ring 0, but elso to those which have ring O non-sromatic and to

thoee which are based on & naphthalene rather thean e phensnthrene eskeleton.

The two major 1ntormodiaté- in this type of synthetio oéhomo would
be the 0.1 epimers (XVI) snd (XVII) or compounds closely related to them.
It should be possible to convert tho intermediate (xv1) by suitshle re-
actions into the various acids in the abietic scid stereochemical series,

e.ge abletic acid (III) and dehydroabietic scid (I)e The intermediste (XVII)



¢ould similarly esct 8e the precursor of the various compounds stereochem=

ically related to podocsrplc scid (II).
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The intermediate (XVII) of the podocarpio @cid series should also be

8 suiteble starting materisl for the synthesis of marrubiin (XIX) by the
way of intermediste (XVIII)s The compound (XVIII) has slreedy been ob-

tained as a degradation product of marrubiin.d
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The original plan for the synthesis of the intermediates (XVI) end

(XVII) invelved making the Diels-Alder edduct (XX)s From compound (XX)

1t should be possible to deviee & sequence of reactions which would ine

volve 8 selective epimerization of O.4e snd which would eventually lead

to the compound (XXI)e Compound (XXI) on elkylation would then give an

intermediate of the type (XVII). Similsrly, 4f (XX) is taken through e

sequence of reactions in vﬁich Cela 18 epimerigzed, compound (XXII¢ would
be obtaineds Compound (XXII) on alkylation would give a materisl corre-
sponding to (XVI)s Thie work wes sterted by Dr. Roy,10 who found 1t ime
possible to obtain the Diels-Alder sdduct (XX). Dr. Roy, therefore,

started with the addust (XXIII)15 and converted it to compound (XIIV)9.



In}
ater work, Roy, Mori, and Bieke have protected 0.6 in (Xx1V) {(xXIV)-
(XXIVb)) and have elkylated (XXIVd).
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R
omovel of the protecting group has given one dimethyl (XXIVd) end two
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U
nfortunately, the slkylstion geve cis fuszed compounds. ‘Jork s still
— ¢ s e in
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progress to get the compound (XVIII) which could be used es a sterting
materisl for the synthesis of marrubiin (XIX).
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Recently, other workor-12 have tried to prepare the intermediate

(XVIII) by cyolization of a highly substituted cyclohexens with polyphose

Phorio asid end have also failed.
Originally, the work for this thesis was aimed at obtaining the follow-

ing four decahydronaphthois acid lsctones (XXV - XXVIII)s These oompoundse

would be useful model substances (eegs for nemer. studies) in connection

with some of the synthetic worke.
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The lactons (XXV) hed been previocusly prepared by Mrs. Margaret
“heeler.8 However, shortly efter the thesie work sterted, i1t was decided

to attewpt to prepare the keto lectone (XXIX) from the adduot (xx111),
This lectone corresponds to the keto lsotons (XXII) of the originel *yne

thetic scheme.



progress to get the compound (XVIII) vhich could be used e&s & sterting

meterisl for the synthesis of marrubiin (XIX) o
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Recently, other workon12 have tried to prepare the i{ntermediate

(XVIII) by cyclization of & highly substituted cyclohexene with polyphos-

phoric acid end have slso failed.
Originally, the work for this thesis was aimed at obtaining the follow-
ing four desshydronaphtholc acid 1sstones (XXV - XXVIII)s Thees compounds

would be useful model substances (sege for MiRere studies) in connection

with some of the synthetic worke
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The lsctone (XXV) had been previously prepsred by Mre. Margeret

Yhesler.8 However, shortly sfter the thesis work started, it wes decided
to attempt to prepare the keto lectone (XXIX) from the adduct (XXIII).
This lectone corresponds to the keto lactone (XXII) of the originsl syne

thetic scheme.

b=



™is thesis records the successful completion of this task which
involves & selective epimerization cf C.8a. It is hoped thet (XXIX) on
allkylation will give an intermediste of the type (XV1) which is required

for the synthesis of the abletic scid series.



DISCUSSICN -

Criginally, it had been hopod to :ynthuizb e gem methylcerboxyl com-
pound euch es (xvx) or (XVII) from the Diels~Alder adduct of 2-methyl-2,

A-POntAGionoic eacid with f’-bonzoquinono. Ater several sttempts to prepere
the adduct had railod,lo 4t wes decided to mske the Diels-Alder adduct (xx111)

of vinyl ncryuo ““ and f-benzoquinond wvhich would directly lead to

compounds (XXVI)-(XXVIII)‘
The adduot (XXIII) (... mart I end II’ p".. 12 and 13 wes Pl‘opﬁr.d

by the method of Yoodward et _l with minor modificstions. The only known

form of vinyl sorylic scid ponouoc [ 3 trana double bond, end the combins-

tion of that isomer with f—bonzoquinono. proceeding through en 1ntermodiato

(XXX) of the geomotrioll type generslly accepted for the Diels-Alder resotion,

can only lesd to an adduct with the storoochemiltry defined by (XXIII).

4_1?
& L’ -~ ool
=< K

" (X%%)

mey selectively bde redused with sodium borohydride

ot el using modificatiocns suggested by ‘-%’hoelora

The adduct (XXIII)
by the method of Yoodward

to give the dihydrocompound (XXXI)e

The structure end the stersochemistry of both (XXI11) end (XXXI) ve¥e

readily established by Woodward through the formaetion of the { -transannular

l1actones (XXXII)-(XXXIII)e
lactone (XXXIII) possessed & normal ketonio carbonyl
iadtorhtio of the cerbonyl group of & six-membered

The infrered spectrum of the é/ ~transannular
bend st 5.83/“ and &

second band at 5.77/, che

lactone.



As VWoodward originally auggottod.15 the selective reducstion at 0.5
of the adduot (XXXIII) 4s due to the carboxylate ion exerting an eleotro-
statio ropullién on the borohydride 1cn.5 This shields one side of the
§nrboxy1 (0.8); the other side is shielded by the folded nature of tho'

0is.decelin system.
Starting with (XXXIII), 1t should de possible to meke the { -lactones

with verying stereochenistry as wes intended in the original resesrch

problem. However, it was then felt that it was more important to proceed

to intermediate (XXIX), which was directly involved in the genersl eyn-

thetic echeme.
The gd-llotono (XXXIII) was hydrolyzed) the cis produst (XXXV) wes
immediately epimerized under the basic ocon-

Compound (XXXIV) hes

not isolated becsuse it was

ditions to the trans hydroxy keto ssid (XXXIV).

8190 been obtained by s direct reduction of the dihydro compound (xxx1)

to give the hexehydro eompound (XXXV) followed by epimerization with o7

8loocholic potessium hydroxide. The latter route is the method of cholce.

The & -lactone (XXXIII) had been previously converted into (Xxx1v)l8,

Protiva 33,31}8 also obtained it by hydrolysing esters of the ois hydroxy

s0id (XXXV) or by epimeriging the scid itself. The properties of their

reported in this thesis.
od yield of (XXXV), but

compounds egree with those
it ves difficult to odbtsin & go
£inally obteined by using 5% rhodium on charcosl se the

Originally,

& high yield wss

catslyet and T -butenol as the solvent. Working up the resction mixture

geve an oil which wes orystelliged by dissolving in ethyl ether, intro-

ducing ® boiling stiok into the flask snd evaporating to dryness on the

steam beth. The present results suggest that the use of T -butanol ss

& solvent for catslytic hydrogenation

The yield of the hexehydro-compound (XXXV) was unsstisfactory when palladium

ought to be investigated more oloooly.'



and agetic eoid, rhodium and ethyl escetate, and palladium end ethyl ece-

tate were used 8s the catalyst end solvent, respectively. An sttempted -

reduction of (XXXI) wae done using diimide, cu*% and 21rl9 without eny

known materials being isolated.

" The trans-hydroxy keto scid (XXXIV) was easily transformed to &

diol (XXXVI) by reduction in equeous sodium bicerbonate with sodium

borohydride in the ocold. The structure of the diol is consistent with

its snalysis and infrered spectrume By enalogy with eerller vork.6 1¢

wss assumed that the hydroxyl group at C.8 was equatorisl.

The diol (XXXVI) does not Jactonize eesily. The conditions tried

included heating at 225° for up to 12 hours in e stresm of nitrogen,

trestment with strong minersl ecid, end treetment with f>-$oluene sule

fonto acid using ethyl ecetate, benzens, and dioxane as solvents. Only

starting material was recovered in eech case. Finally, the diol wes

diseolved in wethanol ond wes kept with N.N—dicyclohoxylcarbodiimid.15

for 14 hours st room temperature. The V/-hydroxy lactone (XXXVII) was

recovered in 71% yleld; 1ite structure was estoblished from its analysis

end infrared spectrum (dend st 2,804 for ~CH and 5o6zu for V/illctone).

8 4¢ had been shown that the ~lsctone (XXV) formed

either by heating or by

Previously,

e8sily from the corresponding hydroxy ecid

treeting it with acetic ephydride. The difficulty in obtaining (XXXVII)

suggested the possibility that reduction of (XXXIV) hed given a diol

(XXXVII) in which the C.8 hydroxyl group 1s axiale A possidle wey in

vhich this could heppen would be resction of the borohydride ion with

the 0.% hydroxyl group of (XXXIV) to give sn elkoxyborohydride (XXXIVa)

end subsequent {ntremolecular hydride trensfer from the top side of the

moleoule. The Y/;hydroxy lactone formed from th
of (XXXVIII). The assignment of

is type of diol would

have the interesting skew structure

«10=



structure (XXXVII) to the lactone is discussed below.

The Y,-hydroxy lactone (XXXVII) was oxidized by the Jones method16

to the Y/-koto lectone (XXIX) which hed bends in the infrered spectrum
8t 5.62 and 5.82, corresponding to e Y/;laotono end e saturated oyclo-

hexanone.

Originslly, the keto lactons (XXIX) was obteined with a melting
point of 65.5-67°. When the work was repeated, the mesterisl isolated
hed & m.pe of 114-115°. In later work, A. Ghosh hes prepsred the keto

lectone meps 114-115° severel times and hes never obtained the lower

melting materisl. The n.m.re spectrum of the higher melting materisl

has @ pesk corresponding to 0.8-H ot b =bb pepems The vidtp of this

pesk at half height is 22 oepese These widths sre in good eccord with

the structure (XXIX). If structure (XXXVIII) were correct, the peak

would be less brosd.l7 Very recently, A. Ghosh has confirmed this

assigrment of etructure by converting (XX1X) into (XXV)s The identity

of the 65.5-67° materiel is still not clesre As indiceted in the intro-

duotion, the keto lsctone (XXIX) will be used as & sterting material for

the dimethyl keto lsctons (XXXIX).
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EXPERIMENTA

Infrered spectrea were determined on Perkin Elmer models 21} 257
greating and 137 infrared spectrometers for chloroform solutions unless
otherwise indicated. Ultraviolet cbootra were determined on & Cary
model 12 recording spestrophotometer for solutions in moth;nolo The
melting points reported were determined in sn oll-bath end ere ﬁnoorrectod.

Anelyses were by Alfred Bernherdt.
gggrch.carboxy-5.8-dioxo-l,4,5.8,&&,Ga-hoxahydronnphthulono (XXIII) .

A solution of malonio scid (200 g.) in pyridine (450 ml.) was ecoled
to 10° and mcrolein (146 ml.) wes sdded at such & rate thet the temperature
d1d not exceed 12°. After the addition wee complete (1.5 hr.), hydro-

Quinone (1 g.) was introduced into the mixture. S3tirring wss contimed

for 3 hours st 0° and subsequently for 5 hours ot 35450,
At the end of the stirring period, conc. sulfurioc acid (420 ml.)

wes odded with stirring to 4 1. of orushed ioo. The reaotion mixture

wes poured over the resulting ioy slush with stirring end more ice wee

edded es necessary to keep the temperature love

The mixture wee divided into three portions, end esch portion was

extraoted three times with ether (200 mle)s The combined ether extracts

were washed with water end dried (Na2304)

The etheral solution of vinyl scrylic scid was concentrated to 200

mle end benzene (250 mle) wes edded; the solution wes sgzain conocentrated |

to 200 ml,

Tho vinyl acryliq scid aolut!on was
q“1“°“° (118 g.) end hydroquinone (1 go) 1n boiling benzene (500 ml.).
the mixture was filtorod st sbout 50°.

edded to & solution of gfbonzo-

After refluxing for 4 hours,

The filtrate was cooled to room temperature end filtered egain to give

85 g. (38%) of orude edducte

*For nomenclature see ref. 8.

-lh-



The filtrate was concentrated to 200 ml. 2nd orystals formed upon
standing. About 10 g. of crude sddust, rich in p-benzoquinone, wes re-
covered.

After removing the p-benzoquinone by sublimetion et 75%, the crude
sdduct vao'dioaolvo& under reflux in e methanocl-scetone (111) solution.
Chercosl was sdded and the solution was filtered hot through Celite.
n-Pentans was edded to the cooled filtrate end crystsls formed upon
stirring. The orystels were collected and weshed with scetons-n-pentane
(132) until the filter ocake did not darken on exposure to sir. The edduct
was washed vith n-pentene snd sir dried. The mep. of 21%5-22%° sgreed

with that of Woodwerd et s3l>.

77,,3’ 1700-1675(v), 1602, 142_0. 1385(m), 1361, 1313, 1267, 1230, 1183,

1125, 1095, 1084, 1020(b), 993, 958, 940, 885, 833, 825 Cusl
04810 ~Carboxy-~5 OL_hydroxy,g,o”J,l;,5,8,M,ea-hoxahydronaphthahm (XXx1).

A solution of sodium bloarbonste (6.2 ge) in weter (100 m1.) wes
added slovly to s slurry of the sdduct (xx111) (15 g+) in water cooled to

09, while mainteining a thin leyer of ethyl scetate on top of the reaction

mizture to prevent fosmings then nearly sil of the adduct was dissolved, &
solution of sodium borohydride (1.8 ge) in water was edded in portions end

the mixture wes stirred for 15 minutes. Ethyl scetste (50 ml:) vas added
and the solution was treated with 20% sulfuric acid until acid to Oongo

Red. fThe scidic solution was seeded with & semple of the dihydrp deriv-

ative and stirred st 0° for snother 50 pinutess It is essential thet the

reaction mixture be cooled throughout the reduction.
oduct (XXXI) (9+2 ge) (61%) was removed by filtrstion

) After recrystallization from ethyl
(11¢.1%179-180°).

The dinhydro pr

and wae wnlhodhwith water (100 ml. o
®cetate, the dihydro product had & m.p. of 182-184

-15-



— KB
MM. 3360, 2900, 2840, 1700-1660(d), 1418(=), 1385, 1358, 1313,

1252, 1210, 1120, 993, 1058(m), 1011, 7%, $30(s), £95, £38, 810 om~1,
§ —tastons of cis-1)-Csrboxy-5A ~hydroxy-8-oxe-1,4,3,8,48,8a-hexehydro-

.._n‘_EthﬂIene ‘XXXII ! °

A mixture of the dihydroderivative (XxxI) (10 ge)s scetio arhydride

" (10 ml.), nnhydroua sodium acetate (2 g+)s end benzene (200 ml.) wes

heated to roflux with iigorou- otirring.A Tho dihydro derivative dissolved

slovly and in about 1% minutes the reaction mixture was a clesr yellow
'Olution containing some undissolved sodium scetate. After tho mixture
vas rotluxod for 1 hour, it wes ocooled in en ice bdath, end ethyl ecetate

(100 ml.) end cold satursted nodium‘ohlorido (2% ml.) were added.
The resulting phases were sepersted snd the organio phase was dried

(thsog). The squeous phase was back-washed with ethyl acetate, which
was then washed with satureted sodium chloride, end dried (thsoh). The
two solutions were combined and air was blown through the resulting
solution to r?movo excess acetic anhydride. Evnforation of the solvent
gave an oil which ory;tallizod when kept with ethyl ether in the cold
for a fov hours. Tho‘cryniailino product (XIXII)'(6.8 g.) (75%) was
colloctod, wa-hed with ethylacotato-othor (10190), end subsequently with
othyl ether and hed & m.ps of 147-149° (11t.5149-151).

ooy 2940, 1740, 1677, 1380, 1258, 1523, 11%0, 1130, 1080(d), 1031(=),
9650 910, 887 om‘1 |

[ -Laotom of ois-1 JA=Carboxy-5 J-hydroxy-8-oxodecshydronapthalens (XXXIII).

A solution of the trensennuler six-membered lsetone (xxx1I) (0.95 g.)

. in ethyl ecetste (150 ml.) was hydrogensted in the presence of 5% rhodium

on charcoal (100 mge)s The uptske oorresponded to two molsr equivalents

°f hydrogen.
The mixture was filtered twice through Celite and then through e



17~

grevity filter. Eveporetion of the solvent geve &n oil vhich orystellized
from ether. The crude msteriel (xx111) (050 go) (52%) (mepe of 123-125°)
‘on further recrystallization from ethyl scetate had & m.ps of 1251260
I(ut.15126-127°) .

vyt 5500(b), 2940, 1732(b), 1714(n), 1468(s), 1448, 1384, 15‘&5. 1250,
1135, 1087, 962, 573, S43(n), 910, 886(s) cabe

¢is-1\~Carboxy-5 oL-hydroxy-&-oxodoouhydromlathaloﬁo (XxXXV).

«800 go) in werm g-butanol

A solution of the dihydro compound (xxx1) (1

(75 ml.) was filtered with suction iad hydrogenated at room tcmporaiuro

in the presence of %% rhodium on charcosl (200 mge)s The upteke corresponded

to txo molar oquivalontl of hydrogene

Mothanol (75 mle) ves added to tho resotion mixture and the solution

wes filtorod tvice through Celite end then through e gravity filter. After

"‘Porltion or the solvent en oil resulted, vhich was dissolved in ether;

the solution was filtered snd eveporated.to dryness on s steem bath with

® wooden spplicator in the flask. The crude ols-estursted bydroxy keto

~ soid (XXxV) (1.755 ge) (96%) (meps of 151153
(11£.13153-155).

1460, 1420, 1383, 1353,
1065(m). 1034,

©) on further recrystallization

from ethyl soetate had 8 m.pe of 152-154°
Apay 288my (£22)s Tonary 460(a)s. 25700 1703(b)s
1308, 1267, 1242, 1220, 1178, 1132(n), 1123, 1100, 1052,
1000(s), 975, 550, 925, §00(s)s 845 830 on1,

trens.l B =Carboxy=5 IB .hydroxy-8—oxodeoahydrorsepth
six-membered lactone (XXXIIX)

alens (XXXIV)e

(2) A solution of the transannuler

(428 mg.) in 5% alooholic potassium hydroxide (15 zl.) was refluxed for ‘e

3 hours. Water (125 ml,) vas edded snd th
acidified with hydrothorio aoid

) qolution was extracted with

ethyl acetate. The squeous layer was

to Oongo Red and then extracted seven times vith ethyl acetate. The com-

bined extracts were washed with vater and dried (Ns,SCx)e Eveporation

gave the crude trens hydroxy keto sotd (XXXIV) (351 mge) (75%) (mepe of



198-201°),
(v) A-loluiion of the ois satursted hydroxy keto esid (xxxv) -
(3315 go) in 5% alcoholic potassium hydroxide (80 ul.) was refluxed for
6 hoqri. The mixture vas £i1tered, water (150 ml.) wae sdded and the
solution was acidified with hydrochloric acid to Congo Redes: The eoidie-
solution wes continuously extracted with ethyl scetete for 24 hourse The
othyl acetate wes dried (Nazsoa). Eveporstion of the solvent gave the
orude trans hydroxy keto ecid (XXXIV) (24120 go) (61%) (meps of 200-202°) «
Sublimation in veouwn gave sn anslytical semple of m.ﬂ. 200352029
(11¢.18206-208),
The infrared spectra of the materisls

grom (s) and (b) were the same.

The mixed m;lting point of the two materisls showed no depression. ' -

A 282y (£ 31)s Tnage 3410, 3960, 3680, 1700(0), 2T (m), 1434 (n),

1418(m), 1310(b), 1527, 1314, 1267, 1265, 1247, 1233, 1157, 1145, 11%2,

1111, 1073, 1053, 1012(b), ST5» 949, 913 873 860(b), 845(m), 810(m)en-1,

Anal, Osleds for GyyFysOnt Cy624238 H,7.503 0,30:15¢ Founds 0,62.43;

B,7.405 0,%0.25%.

trans-1g-oarboxy-53 88 -dihydroxydecshydronspthalens (XXXVI)e
" 7 ’

A imixture of trens hydroxy keto seid (XXXIV) (392 mge) and eodium

bicarbonate (180 mg.) was dissolved in vater (15 ml.) A solution of

sodiun borohydride (250 mg.) in water (10 mle) vas sdded. The mixture

was kept in the cold for %6 hours end then acidiried with hydrochlorie

8cid to Congo Red. The scidle solution wes continuously extracted with

othyl acetate for 12 hours and dried (nnzsok).- Eveporation gave an oil:

¥hich orystellized in & fow minutes when kept with ethyl ethers The crude

o) (70%) (meps of 206-208°) on further recrystallire-

diol (XxxVI) (275 mg
sample of mepe of 20645-208%,

tions from ethyl acetste geve én analyticel
onay 3195, 2955, 2662, 1703(a)s 15T, 1439, 1418(s), 1359, 1388(a),
1326(s), 1308(n), 1287(s), 1258, 1215(doudblet), 1190, 1120, 1133, 1064,
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1078, 1060, 1035, 575, 955(b) om~l

Anal, ' Calod. for Onﬂmcgl 0.61.66) H.Bolﬂg 0.29.87. l"o\mds 0,6152;
H,8.64; 0,30400%,

Y/oLactong of trans-lp;-c.rboxy-)f}&);-d1hydroxydocahydronAptbalono (XXXVIX),

_ A solution of N.N-dicyclohoxylonrbodiimido (555 wge) in methanol (5 ml.)
‘was 8dded to & nolution of the diol (XXXVI) (510 wge) in methanol (1% ml.)

‘and the mixture was kept st room’ temporaturo for 14 hourss -

Eveporetion of tho zolvent gevo a aami-aolid residue whioh vas ox-

tracted 7 times vith 10 mls portion- of wator‘ Tho aqaeoun extracts were

oomblnod end continuously extraotod with mothyleno chlorido for 12 hourse

E"porauon of the mothylom chloride gave &n oil vhich orystellized whem

kept with petroleum ether in the celde The crudo hydroxy lastone (XXXVII)

(333 mgs) (71%) had & mips Of 93-95%4
chloride gave en snalytioal aamplo of meps 93-95%4
1}'4@5655' 2500(b) s 2940, 1780(b), 1650. 1440(b), 1395, 1365, 1350, 1310

1155, 1090, 1020(m), 987» 955(m). 958(-). 925(s), €90, &75 om=l,
0.67.52; u.a.zz, O» 24.!46. Founds Cy67 4253

Roeryttallizution from methylene

Anel, Calodt for 01151605'

]

H;8.105 0,24.46% : | XXX

_ﬁ-la&otone of tra"mol B8 -c,,b'g,gy.a Rehydr oxy-ﬁ-oxodocahydronapthalom (X¥I) »
A——“j

A solution of hydroxy leotone (xxxv1I) (162 mge
Reagont15. cooled to o° wee added

) in ecetone was cooled

to 0° end a standard solution of Jones
to it until e slight red color developeds Cold 1-opropy1 aloohol was -
added until & green color developed.

The reaction mixture was mixed with Celite, filtered, end the cake

wes thoroughly washed with acetones Florisil was added to the filtrate

‘end 4t was stirred for 5 minutess The solution wes filtered, the cake

was waghed thoroughly with acotono‘ and ovaporato'd to en oils The orude

keto leotons (XKVIV) (67 mge) (42%) (mpo of 68-70°) crystellized sfter



«20=

two deys in the cold vhen kept with petroleum ether.
‘ Sublimation gave en analytical -emplo of mepe 65.5-67%
/\w 289 (€ 24). 29&0. 1760, 1713, 1655(::). wﬁom. 1350,
. 1346(s), 1270(n), 1190, 1160. 1080, 1035, 1000, 570, 920 cu™L
| 'Amn. Caled. for 01131405 0,68.025 HyT+2T) 024:7T1¢  Pounds 0,68.21;

H,7.64) 0,24.13%, - S -
X XXX
v/;Laotono of tren--1£3-OMrboxy-ng«hydroxybs-oxodooahydronaphthalono (FEXVEY) o

A tolution of hydroxy laotono (XXXYII) (200 mge) in scetone was

coolod to 0° cnd Y atandard soiution of Jones R eagonx16, coolod to 0°

Vos Addod to 1t until e slight red color dovolopod. Cold 1sopropy1 alcohol

vas added until e green color dovoloped.

The rolction mixture vae nixod with c.lito, tiltorod, and the cake

vas thoroughly waahod with acetonse Florioil vas added to thc filtrnto

tnd it wes ctirrod for 5 minutos. Tho -olution vas fiitorod. ;ho ceke

wa- washed thoroughly vith ncotona, end ovaporatod to an oil. The crude

koto laotono (XXVIV) (120 nge ) (6159 (mop. of 110-112°) cgys#alllzod vhen

k'Pt with potroloum ether in the cold.’l.

Recryetallization trom mothylono chloride 8‘70 sn ‘“’1yf1°‘1 semple

_of meps 114-115° -
"w 291y £22), gy 2019, 2938, 1760, 1716; 14k2, 1418, 1362,1343,

1269, 1125, 1158, 1080. 1036, 1000, 968. 918 on™ "
.__1; calcd. for °11“1h°5' 0.68.021 8,7.27; 0,24;71. Founds 0,685,313

n7-47: 0,24.14%.
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SeiARY

The synthesis of the ols-hydroxy keto scid (XXXV) from Woodwards ad-
duct (XXIII) via (XXXI) wes improved: The limited solubility of the di-

hydrocompound (XXXI) in the sclvents commonly used in hydrogenation re-

ections was overcome by using T -butenol es the reaction solvent: It s

suggested that the use of * -butanol ss solvent in other catslytio hydro-

genations should be investigeted.

The trens-hydroxy keto scid (XXXIV) wss obtained by either hydrolysis

of the {H;t,an.annu1ar lactons (XXXIII) or (better) by epimerization with

base of the cis-hydroxy keto scid (XXXV)s The melting point of this com-

pound compared favorably to that reported by M. Protiva‘g;‘gl,la

The trans-hydroxy keto acid (XXXIV) was reduced by equeous sodiuw

borohydride to the new dicl (XXXVI). Some difficulty was experienced in

lectonizing the diol (XXXV) but use of N,N-dicyclohexylcsrbodiimide gave
the new V/;hydroxy lactons (XXXVII).

The Y/;hydroxy lactone (XXXVII) wes oxidized with chromic oxide to

give compounds on different cocesione with different melting points. The

enalyeis and infrared spectrum of esch sompound egrees with & structural
assigmment of & V/;koto jectone. However, the n.m.r. spectrum of the
higher melting materisl vas shown to be in good sgreement with the structure

(XXIX). This new compound will be used as @ starting material for the

acids of the sbletlo acid type.

The 1dentity of the lower melting materiel has mnot been established.

synthesis of diterpenoid
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Se
4,

5e
6

Te
8.
9
10,
11.
12,
13.
14,

15.
16,
17,
18,

19.
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