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In an effort to explore the stereochemistry of 6-ketoabieta-8,11,13-trienes, 18-nor-58-abieta-8,11,13-trien-6-one
(8), 19-nor-53-abieta-8,11,13-trien-6-one (14), 19-norabieta-8,11,13-trien-6-one (3), and abieta-8,11,13-trien-6-
one (1) have been prepared. 19-Norabieta-8,11,13-triene (7) was converted to ketone 8 by the sequence oxidation
to 18-norabieta-8,11,13-trien-7-one (5), reduction to the 73-ol (6), dehydration to 18-norabieta-6,8,11,13-tetraene
(4), oxidation to a mixture of glycols, and dehydration to 8. 19-Norabieta-8,11,13-trien-6-one (3) was prepared by
a similar route using 19-norabieta-8,11,13-trien-7-one (19) as starting material and also by isomerization of 19-
nor-583-abieta-8,11,13-trien-6-one (14). Ketone 14 was obtained by oxidation of 19-nor-53-abieta-8,11,13-trien-
64-0l (15), which was the principal alcoholic product from the hydroboration—-oxidation of 18-norabieta-4,8,11,13-
tetraene (9). Prolonged treatment of 9 with diborane, followed by oxidation, gave a mixture of 19-nor-53-abieta-
8,11,13-trien-7a- and -73-0l (17 and 18). Abieta-8,11,13-trien-6-one (1) was prepared from abieta-8,11,13-triene
(23) by the method used for the synthesis of ketones 3 and 8. The mechanism of the anomalous hydroboration of
9 and the conformations of the various 6-ketones are discussed.

Several naturally occurring compounds, among them
taxodione? and maytenoquinone,® have been isolated which
contain a keto group in the 6 position of an abietane ring
system. In addition to these compounds, and their deriva-
tives, the parent compound abieta-8,11,13-trien-6-one (1)
has been prepared,? as have a few other structurally related
ketones.® In the compounds of this type in which the stere-
ochemistry about the A-B ring fusion has been discussed,
it has been either shown or assumed that the stable ring
juncture is trans. However, ketones similar to 1 are essen-
tially 9-methyl-1-decalone systems, in which it is known
that there is very little energy difference between the cis
and trans isomers,® and in the trans isomer of 1 there is also
a severe axial-axial interaction between the S-methyl
group (C-19) at C-4 and the angular methyl. It would thus
appear that for ketones such as 1 the cis isomer should be
more stable. In order to explore this apparent stereochemi-
cal inconsistency, the synthesis of 1 has been reinvestigat-
ed, and the preparation of the 18- and 19-nor ketones (2
and 3) and their stereochemical preferences at C-5 studied.

The obvious precursor of the 18-nor ketone (2), 18-nora-
bieta-6,8,11,13-tetraene (4), was prepared from 18-nora-
bieta-8,11,13-trien-7-one (5)7 by hydride reduction to the
78-ol {6) which gave olefin 4 on dehydration with toluene-
sulfonic acid in benzene. In order to ensure that no isomer-
ization at C-5 had occurred under the conditions of the de-
hydration, olefin 4 was reduced tol8-norabieta-8,11,13-
triene (7).8 The attempted direct conversion of ketone 5 to
the olefin by reaction with toluenesulfonylhydrazine, fol-
lowed by methyllithium,® gave a complex mixture contain-
ing no hydrocarbon.

Although olefins similar to 4 have been converted to the
6-ketones by various procedures,52 in our hands these did
not prove efficient and an alternative route was chosen,
which entailed oxidation of 4 to a stereoisomeric mixture of
cis glycols using sodium chlorate—osmium tetroxide,0 fol-

lowed by treatment with hot formic acid to give the 6-ke-
tone.

The nmr spectrum of the product ketone shows a secon-
dary methyl signal at § 0.84 with a coupling constant of 5
Hz, indicating that this group is equatorial,’! consistent
only with a cis A-B ring fusion and a steroidal conforma-
tion of these rings.12 It is thus aparent that the product of
this sequence is 18-nor-58-abieta-8,11;13-trien-6-one (8),
and that during the reaction with formic acid, isomeriza- -
tion to the more stable cis isomer has occurred.

19-Norabietatrien-6-one (3) was initially obtained via a
fortuitous series of reactions resulting from the investiga-
tion of the hydroboration—oxidation of 18-norabieta-
4,8,11,13-tetraene (9). It has been reported that hydrohora-
tion—oxidation of the mixture of olefins obtained by lead
tetraacetate decarboxylation of abieta-8,11,13-trien-18-oic
acid (dehydroabietic acid) affords, in addition to other
products, 19-nor-58-abieta-8,11,13-trien-7-one (10).7 It was
suggested that this ketone was probably derived from ole-
fin 9 via 19-nor-58-abieta-8,11,13-triene (11); however, this
could not be confirmed. In subsequent work, attempts were
made to obtain a homogeneous sample of hydrocarbon 9;
however, a practical method for preparation of this com-
pound by acid-catalyzed isomerization of the mixture of
olefins obtained from dehydroabietic acid could not be ac-
complished.12b

Attempted separation of a mixture of 9 and 18-nor-58-
abieta-3,8,11,13-tetraene (12)!2 by reaction with bis(3-
methyl-2-butyl)borane, which has been utilized to separate
trisubstituted from tetrasubstituted olefins, gave residual
hydrocarbons with essentially the same composition as the
starting mixture.!® Both olefins apparently react with the
reagent at nearly the same rate, and 18-nor-58-abieta-
8,11,13-trien-3a-ol (13),12Y arising from olefin 12, was iso-
lated from the reaction. When the mixture of olefins from
the decarboxylation of dehydroabietic acid” was treated
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with bis(3-methyl-2-butyl)borane, there was obtained a
mixture of 9 (41%) and 18-norabieta-3,8,11,13-tetraene (12,
50 H, 58%), from which 9 could be obtained by selective
periodate—permanganate oxidation of the 3-olefin, 14

With a method available for the preparation of modest
quantities of olefin 9, uncontaminated by its isomers, the
hydroboration—oxidation was carried out under the condi-
tions reported previously.”.12b From this reaction there was
obtained by careful chromatography an oily secondary al-
cohol in 43% yield. Controlled oxidation of this alcohol
with Jones reagent afforded an unstable nonconjugated ke-
tone,!d the nmr spectrum of which permitted an unequivo-
cal assignment of structure and stereochemistry. The C-10
methyl appears at ¢ 1.20, indicating that this compound al-
most certainly has a cis A-B ring fusion, with a steroidal
conformation.'? The secondary methyl group at C-4 ap-
peared as a doublet (J = 7 Hz) at extremely high field (5
0.52), which can only be accounted for by a cis ring fusion
with the methyl group lying below the plane of the aromat-
ic ring. The C-7 benzyl protons appear as an AB quartet (J
= 20 Hz) at quite low field (¢ 3.22 and 8.65), indicating that
the carbonyl group is at C-6. The C-5 proton is a clear dou-
blet at § 2.38, with a coupling constant of 5 Hz consistent
with a dihedral angle of approximately 60° between H-4
and H-5.18 The only structure consistent with these data is
19-nor-58-abieta-8,11,13-trien-6-one (14), which must exist
in conformation 14a.

Acid-catalyzed isomerization of 14 afforded 19-nora-
bieta-8,11,13-trien-6-one (3), which has an equatorial sec-
ondary methyl group, as indicated by a coupling constant
of 5 Hz for these protons.*! The other spectral properties of
this compound are in agreement with the assigned struc-
ture (see Experimental Section).

Since oxidation of the alcohol isolated from the hydrobo-
ration-oxidation sequence gave ketone 14, this alcohol
must be 19-nor-58-abieta-8,11,13-trien-68-0l (15), derived
from olefin 9 by hydroboration, elimination to 19-nora-
bieta-5,8,11,13-tetraene (16), and readdition of diborane.
Although the thermal isomerization of alkylboranes is well
known,7# there exist only a few examples of this type of
reaction under mild conditions (i.e., room tempera-
ture).17>~¢ The stereochemistry of 15 is based on the estab-
lished stereochemistry of the derived ketone (14) and the
fact that hydroboration is a stereospecific cis process.!81°
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17.R=H;R’ = OH
18 R=0H;R'=H

The nmr spectrum of 15 shows a very low field (6 1.38) an-
gular methyl signal indicating a nonsteroidal conformation
about the A-B ring fusion,!2 which is confirmed by the ob-
servation that the secondary methyl signals show a normal
chemical shift (6 1.09) with a coupling constant of 5 Hz,
characteristic of an equatorial methyl group.!!

When the hydroboration of 9 was carried out for a pro-
longed period, alcohol 15 could not be detected, but an in-
separable mixture of two compounds was obtained as the
only isolable, alcoholic product. That these were the epim-
eric 19-nor-58-abieta-8,11,13-trien-7a- and -B-ols (17 and
18) was shown by the nmr spectrum of the mixture, which
shows two C-10 methyl signals at & 1.35 and 1.38, an equa-
torial secondary methyl signal at 6 0.96 (J = 6 Hz), and two
low-field carbinol protons, a quasi-equatorial 7« proton
(78-0l) as a triplet (Japp = 3 Hz) at § 4.48 and a quasi-axial
78 proton as a multiplet (W, = 19 Hz) at § 4.00. Integra-
tion of the relative intensities of these protons indicated
that the ratio of 18 to 17 was 3:2. Jones oxidation of the
mixture afforded 19-nor-58-abieta-8,11,13-trien-7-one
(10).7

Although addition-elimination readdition sequences
under mild hydroboration conditions have been reported
previously,17P-¢ two successive such sequences is unusual.
The stereochemical outcome of the first step of these reac-
tions appears anomalous in that it involves attack of dibo-
rane from the more hindered 3 face of the molecule in con-
trast to the usually accepted mode of addition of this re-
agent, The most plausible mechanism for the general reac-
tion of diborane with olefins is that suggested recently by
Jones?® which proposes the rapid, reversible formation of a
= complex, followed by a rate-determining concerted con-
version of this intermediate to the reaction products. Al-
though the initial = complex derived from 9 should be
formed more readily from the relatively unhindered o face
of the molecule, the energy of activation leading to a 5«
product, with an axial (48) methyl group, would be consid-
erably greater than that leading to a 58-substituted prod-
uct, in which there is no incipient axial-axial interaction
between the secondary and angular methyl groups in the
transition state. Also, the orientation of diborane in the ini-
tial = complex, assuming 8 attack, would almost certainly
favor addition of boron at C-5, owing to the axial-axial in-
teraction with the angular methyl group if boron were to
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add from the 3 face of the molecule at C-4. The explanation
for the 3 stereospecificity in the addition of diborane to 16 is
not as apparent, however; examination of models of this
olefin indicates that the « face of this molecule is concave
and that attack from the 8 side may be preferred for that
reason.

The structure of ketone 3, obtained from the hydrobora-
tion—oxidation sequence, was confirmed by its synthesis via
essentially the same route used for the preparation of 18-
norabieta-8,11,13-trien-6-one (2). Borohydride reduction
of 19-norabieta-8,11,13-trien-7-one (19) gave 19-norabieta-

8,11,13-trien-78-ol (20), which on dehydration afforded -

19-norabieta-6,8,11,13-tetraene (21). Osmium tetroxide ox-
idation of 21, followed by treatment of the mixed glycols
with hot formic acid, gave ketone 3, identical with that ob-
tained from olefin 9 by the method described above.

Although the preparation of abieta-8,11,13-trien-6-one
(1) from abieta-6,8,11,13-tetraene (22) by treatment with
perbenzoic acid has been described,* and although a similar
route has been used in the preparation of a related 6-ke-
tone,% experience in the preparation of ketone 2 indicated
that not only was this not a particularly effective route for
the preparation of 1, but that the reported synthesis of ole-
fin 224 was probably not suitable for the preparation of
quantities of this material.

Abieta-6,8,11,13-tetraene (22) was prepared most readily
by a modification of the route used for the synthesis of ole-
fins 4 and 21. Lead tetraacetate oxidation of abieta-
8,11,13-triene (23)2! gave 7wa-acetoxyabieta-8,11,13-triene
(24), which on hydrolysis or metal hydride reduction af-
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forded abieta-8,11,13-trien-7a-ol.4 Pyrolysis of acetate 24
gave olefin 22, although in poor yield, as did dehydration of
the corresponding alcohol (25) with either phosphoryl chlo-
ride-pyridine or dimethy! sulfoxide.?2 As in the case of the
preparation of olefins 4 and 21, dehydration with toluene-
sulfonic acid-benzene gave the desired product (22) in ac-
ceptable yield. In contrast to the failure of the tosylhydra-
zone of ketone 5 to give an olefinic product, this reaction
proceeded smoothly, although in mediocre yield when car-
ried out on abieta-8,11,13-trien-7-one (26). The conversion
of olefin 22 to abieta-8,11,13-trien-6-one (1) was carried
out in the manner described above for the preparation of
the 18-nor 58-ketone (2). The initial preparation of this
compound afforded a single ketone as expected from the
reports of the earlier workers.?-5 The nmr spectrum of this
compound shows three methyl signals at 6 1.11, 1.17, and
1.32 which is consistent only with a trans-fused ketone of
structure 1.12 The absence of a high-field methyl signal
clearly contraindicates a cis steroidal ring fusion, which was
expected if isomerization had occurred during dehydration.
Attempted repetition of the dehydration of the glycols de-
rived from olefin 22, however, gave a mixture of three prod-
ucts, two of which were an inseparable mixture of 1 and,
based on spectral data, the C-5 epimer of 1, 58-abieta-
8,11,13-trien-6-one (27). The nmr spectrum of this mixture
shows no high-field methyl signal, indicating that ketone
27 must exist preferentially in a nonsteroidal conformation,
which is confirmed by the presence of a methyl signal at §
1.56.12 The third component of the mixture was an unsta-
ble yellow solid which showed the characteristic infrared
absorptions of an «-diketone. The mass spectrum gave a
parent ion at m/e 298, and the nmr spectrum has a methyl
signal at ¢ 0.44. These data are consistent only with struc-
ture 28, 53-abieta-8,11,13-triene-6,7-dione, which must
exist in a steroidal conformation and which is probably de-
rived from ketone 27 by air oxidation. Acid-catalyzed isom-
erization of trans ketone 1 afforded the same mixture of cis
and trans ketones obtained from the formic acid dehydra-
tion.

Although the conformational preferences of the various
6-substituted abietatriene derivatives described above
seem secure based on their nmr spectra, several of these
conformations are unexpected based on first-order confor-
mational principles. As expected for the 6-ketone derived
from 18-norabieta-8,11,13-triene, the cis isomer (8) is more
stable than the trans (2). In the trans isomer (2a), there ex-
ists a severe axial-axial interaction between C-19 and the
angular methyl group, which is relieved in the steroidal
conformer of the cis isomer (8a).

It would be expected thatl9-nor-53-abieta-8,11,13-
trien-6-one (14) would exist as the nonsteroidal conformer
(14b), in which the secondary methyl group is equatorial.
However, the nmr spectrum of this compound clearly indi-
cates that it is in the steroidal conformation, with an axial
methyl group (14a). Examination of models shows that in
the nonsteroidal conformation (14b), there exists a rather
considerable steric interaction between C-18 and the car-
bonyl group. In contrast to the other 6-ketones in this se-
ries, the two benzylic protons at C-7 in ketone 14 are mag-
netically nonequivalent (5 3.22 and 3.65). This difference in
chemical shift can only be explained if the carbonyl group
is not equidistant from each proton. These data are only
consistent with a half-boat conformation for ring B, which
relieves the rather severe interaction between C-19 and C-7
which exists in the half-chair conformer.

In the case of 19-nor-53-abieta-8,11,13-trien-63-ol (15),
the precursor of ketone 14, the nmr spectrum indicates that
the compound is in the nonsteroidal conformation, and ex-
amination of models discloses that with an sp® hybrid car-
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xare and

wus taken up ir

chromatograpied on 30 g of Koelm neutrel slunine, Activisy T, Elution

Witk Lexens gave C.15% g of stevting clefin, whlle denzens-nsshylene

e {- %o 1) gave 0,125 g (355, Sessi on atarting maserial come

sured) ef 2 mure of 13-nor~3h-abieza-§,15,13-3rien-"x and THols

(7 ed 18} & 8 oolow

s oil, Although this meterisl vee horogensovs

ts t1s asetste, 330 1), e unn epecteun

ea gel-8, venzere-et;

© sloohiels: dry 2,93, €231 wnr 052

wei Sne prazence

{4, o6z, C=b meteyl), 1.35, 1.36 (s,

T8, 0.4 prosens!, 446 (t, Tz, 7al, 0.6 protons); wase spectrun

aps

ir 26 m of syridine was added 1.00 g of comiwn betroxide, Tae rescilon

30 pl ef 10% aqueoe

nitere ves silrred et rcom te

ing 2 hr,

and 15 mi of pyridine were added, 47ter s

sosiun tlsal

xurected witn twp portions

ke

sction wixtune ves poursd Into water an

chisvise, The ewivasTs vere comiined, weshed with water,

three porticns of 10 hydrechloric ecld and ageinv with waser. ALfter arying
snd vencving the solvent there was dataized 1.133 g of e mduzure of dlols

5 ¢ vae yellow gisss, whict vas used in $he sudsequent step without

Furificazion.

& sclution 0f 1,904 g of The mixed dicls in 5C nl of 38% forvle scts

eribss above in the

vas heated Bt reflux snd the Profuct ‘solased a5

2 of L3-nor-5R-sbieta-8,11, 3-trien-5-cne, &

r chropatograp:

preperal

there was sbtatned £,3€7 g = kwtome {3} =5 » gale yellow oli, Tile

meteriel was denticel te thul X

etand,i1,1

the nizbure of T and "gcle (17 and 10) descrived skeve in 5
wes added, #ith ¥iirring sz 0%, €153 a3 {1,995 equiv.l of lonee! resgant.
5° for 20

he reaction fixture was etivred & ercl was added end

the mixture iiiwed with water and extrarsed with tve portions of ether

< ethereel exzracts vere conbined, washed with brire, irled and the

salvens remeved o give D.0bL g [57F) of ketone 13 &s & coloriess oil

“hich oryateilized cn mtending, Tecryssalllzation from hexate peve Vaite

4 LYy RSN nn (4.041, 302 (230, Tae dn-

yetals ap $7-100°, mam 59~

wsly.?

of materisl rezortec rrewl

frared spestrum ves fdersical b th

T3-hcetonyabietand, )z ddvtriens {24}, - To & soluzton of -.16 g of avista

8,11, I3trtere (23} in 32 W of 232500

ectsl soetic meid vas ak

lest tetrsscetete snd ihe mixture hested on a stean bath. After 2 By

en asgitiornal Lo

2 of leed tecrancetate wes added and heating was eon:

sinved The rsacsion mixturs wee dilused With water and extracted

Huffman and Gibbs

end 5.8k, nor 10320131 ©.8% (&,7=9¥2, C-b methyl), 1.0B {s, S-20 re

3by mess spectrum

561 {br, gy

wfe (vel Lazensity) 270 {59}, 295 (102}, 2%

201 (29), 195 (17}, 185 (173,28

- A scluticn o7 10,11 g of the mx

ture of slefins chtaized from dewvércrdietic ackd xiz lead tetrancetase

mon wes sdded 5104

soertowyluslon’s?7 dn 13 al of tetveydr

on of bis 3emethyl-2-butyl} borene yreparad from T.28 g cf borea

nethyl-s-butene and 1,13 g of sedten

oride sthsrate, 7.10 § of 2-

borshydride in 35 ml of tesrshydroraren.?? The remszion mixture was

stirred st rocm lenperature £ ar, 2¢ ol of

ster wore sdded dropviie,
folleved by 15 mi cf 10§ aqueous scdiur kydroxife. To vhis nixdure was

then edded slawly 15w of 3% hyérogsn peroxide end “he reactlon mixe

vure silrred es roor serperature overright. Tae aqueous Layer ves

dram off, extzacied with ether, the eshereal extract vz comblres with

the originel crasalc pnase and tre corbined exzracte wasted ¥iwh b

irfed, ané the solvents removed at reduced pressure to give a yellow

il was saken up in hexere end filtered throush 200 g of

nexane gave L.71 g of & msure, Whi.

Hersk elupine tlen Wiz

ncnzalred by gle k19 etieve-i,8,11,l3~tetraene g‘, and 59% iBenor-
Tis hyerocarbon nixture was

T of t-butapdl snd added %o a solubion of 5,43 ¢ of

potassium sermenganate, 25 g of sodiu mevapericdate and 2L g of potas-

sium cervonste in 857 =2 of water, veecticn rixture was stirr

et mser temzerature &l hr, scdlun mesabisulfite was added wntil the

reastion vas colorless and tie nixsurs was poncet

“reted iy vagus oo 8

mfe (vel intensity} 272 {50), 252 (1}, 257 [51), 25k (17), 2k¢ (20,

.
i {18%, 261 (43), 97 (B2}, 86 (3R}, 182 (23),

239 (2001, 285 (361, 2

162 {i2], 199 131, 11 (61,

A, ptetand,it,t3rxien-foone {3k, - To a selution of 0.1

e sy 0

37 1g-nar-5e-erletan8 i1, Li-teten-E-01 (13) in Tl of acet

The reaction

se 047 £l (1,05 eguiv.) of Jones resgens

was added drops

mixture wes stivred at 0° for 5 min, retranol ves sdded to destrey the

e vas poured inso vater,

excess oxi&izing agent and tne react
The resuliing sugpenalen ves exsrastad with two Dortions of ether, “he

ereal extvazis were conbined, veshed wizn vaser ine, érfed sné

<he solvent removed a3 redused Tressure 3o give T 19:8) of xetone

b 2 ax wstadle pele yelloy oil, Valch vas horogeres

g2l G, benzenel; ir 3,67, €.22L; amr 0.52 (4, 7, Ceis wethyl), 1.20

{e, 0-20 re 3.65 (e,

33 dg3p * 9201 fage + 15UD,

2CHz, £-7)3 O
$317 422003 9390 0 3éang - 112CC; rass spessaam /e {rel Intensity)
270 (753, 255 (21}, 235 (100), 238 (12}, 237 (s8], 227 {21}, 201 (B,

260 {21), 199 (25}, 15 (21},

of 6.370 g of

e (1917 in 2C w2 of §5% evhanol wes

. The rixture wes hested at reflix

edled 1,0 g of sodium borehy

2.5 h, cosled, peurad inte weter and extracted with inree portions of

ether, The etier sxtracts were washed fires with vater, then vith brine,

aried snd the sgivent removel to give 0,307 g {¥ of rleotiol 2¢ a8 &

Sale yallsw gless whisn wes essentlelly homogersous = tlc (eilice-gel~

3, benzene-23hyl acetate 8 50 11, ir

methyll, 1,13 {s, £-15 mezhylly b.70

ed on

sanple of the compound vas dissolved in benzene and chromatogr

with ether. The r leyew vas washed with successive portions of

vaser end 5% sodium dirsrdonsts sclutlon witll the washings wers bes:
o 12tmus, drfed and the solvent removel tc give .27 g of datk yellow
51, e crude product was dfssolved in hexsne end chrcmetogrephed on

Merck acid vashed alumire. 3luzicn with hexsne geve 1,738 g (35%) of

scetate 2k as a solorless ofl whlch ervstallized on standing. Reorv-

~e7-128°

Ite resdles,

eter gave

stallization from methano.

{dec.}y in 3.46 and 3.06u; amx 0.88 (s, 0L meshyls), 1,15 (s, C-12

vezayl), 5.64 (t, J=5dz, B-7).
Apel. Celod for GgoMygSy' Cy 80.biy ¥, 9.82. Found: ¢, 60.22%;
Hy 9,86,

n subsequen’ experiments the crufe product was hyérolyzed divectly to

the Tenl
Zbieta~f1n,13-trien-7a-ol (50, A. - Te a solution of £.9CK g of acetate
Bk tn 25 r of 5K nathasollc Dotassiun hyéroxide Ves heated st riflux for

b by, Toe remesicn mixture vas poured into warsr snd extracted wish ethar.

end she solvent removed

The ether extracts weve wsshed with waser, dri
o glve €645 g (B2%) of alechol 35 e2 e colorless oll ir 2.98u, amr .91

10, 589 7).

20 (5, o-ba re

(¢, C-4F methyl), 1.10 {s, C-13 methyl),

Altrcugh iis compound vas previously reported se s solld, mp 78-80°, ir
cur hands it failed to crysteliize.

3, - To & selusion of 0.665 g of ncesate 25 in 15 xi of dry evher

vas added 1.5 nn of Fed-Al in benzene. The resctfon mimmure was silrred
under niiroger for b kr, the excess Fed-Al was deztroyad with ice snd the

reaction mixsure poured inzo weter. The aqueoud layer wes dreve off,

extracted with sthar, and the stheresl extraits corbined and vesped

with veser. After drying, the solvente were removed to glve C.527 ¢

(91%) of ateohel 23, dentical to %ast prepaved 1o pars A above,
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It 1 12
Aniete-6,8,11, 3 tezraene (22), A, - To a solutlen of 1.58 g of aleohol {40} of colorless oil identical to the materlal described in pert A. Elution with hexene-benzens (1il) gave 0.03% g of & mixwure cf
2 of & 5 . s Kstones 1 and 27 a8 a pale vellow oil which shoved wwo spots of slmest
2 faine v wise 2.0 nl of horyl . 2z
2. in 10 rh of dry pyrtdine vas edded dropilse 2.0 . of pRosIo B~ A solution of 8,10 & of slaskol 25 fn 40 nd of venzens wes adied ~ . . .
identical R, on tle {silica geleberzene); i 0 end 5,84 nmr 1,11
51 - n mixture vas heated cn @ siesm bath for 1 hr, &= o
¢ he reacticn mixture va3 heated en a siesn bath £o o & soiusicn of 0,237 g of p-toluerssulfonic acid in 10 Ml of venzene, . ) )
R (s, C=b mesnyl, Sa), Z.1k (s, 0-10 mewny
h ich wazer Sract b whree 1C ml porticns of ether. fThne 5 N B
duted with veser, end exbrac TATee A% WL povtiens The reaction was carrisd out wd the product leolsted ss deseribed sbove s ) .
- 5 4B {5, Cob metayl, 38), 1,56 (3, C-l
4) re combinad, wash [ rioric acid, dried ove sal, 1 {5y vl s 1
exbracts were comlasd, washed with £ hydrectioris & 83 over 2or ske prepevetion of li-norebiete6,B,11,15-tesraene (4), Ciromato- NP ) ., i o5 £
. - ores : —— ®-5), 3.51 (bx, s, H-7); maes spectrun, m/e (rel intensizy) 28h (&7,
2 fate, it . an% evaporated to glve 0,250 g (17%) of 51 3.8 (v s i .
regesiun awfte, flitered, and evepo > glve s (1) graghy on Mersk alunina geve 1,09 g (52%) of & very pale yellow il . . o oy
. . oo, zin (a7, 227 { s
colorless eilj fr 3.be, 6.05u; mar O, rethyl}, 1.CL {8, G-k 269 {ioc, ghr [a7), 227 {70, 199 [73).
olortess eliy ir 3.bt, 6.05u5 miw 0.3 wesyl ! igensieal vo she raterial desceibed in part A
hyis), 5.62 (g, Jo,5me, o795 K, BT, €13 o, » %7 Elusion vith venzene gave G.062 & of yellcy oil ¥nich orystel-
Gy 47 vz baer. orted s K Abieyg=B 11 13 vrten-6-cne [i}, - The preparation of Ketone ; was carried
§a, 8<7). Tiks matertsl has beer reported s ¢ soiit, 5 207 * “ize3 on standing, Ascrystaliization frem hexane gave brigny yellow
ceve - it 4 mot aryitaliize st 00 out in The same marmer as desarided for the prepardtion of 18-nor-36-
however, in our sanss 1t &4 not emEnaiiie <8 0 crystale of Sd-ablete-8,1i,13-trien$,7-done (28) mp. 89-91%; ir
ailesa-8,in, 3 brlanbucne (3). From 0,501 g of clefin 22, thers ves ) o
B. - & scluticn of 2,250 g of alschel 25 in 2 al of dimeshylsulfoxide . {coLy) 3.39, 5.81, 5.94u; nmr SC. a-nathylly 1.02 (s, C=kg-
~ btatned a5 & rude profuct 0,183 g of & greenish yelow gum, This B . A ,
was heated at 155° for 1% hr. After ccsling the reactfon mixsure was R i . metayll, 1.26 (s, 020 metayll, 2.71 L Be5), 801 (4, 7= 2H,
ratersal vas dissclved in hexane end caromstographed on Merck acid o, ’ N
poured into water mnd extrapted vith nexane, The exiracts were dried, $en4). Mass spectrum n/e (rel intensity) 238 [LE), 283 {7}, 2T (27,
waehed slunine, Elusion with hexans geve 0.130 g of pale yellow old R .
filtered and the solvect removed o give 0,0U2 g (188) of zolerless oil, 255 {691, 235 (100}, 21t {69). Tnis material deconpcsed on atterpted
Which was ot horogerecus to o, Rechromstogrephy of 0,385 g of Tals
identioal te the raterlal prepared adove. . B rpurdficetion for analymis.
materisl on Woelm ucidiz slunira, Acsivity IT, and elution vith hexanew
3. - A 0.28 g sample of as 24 vas pyrolyzed wdsr nisrogen at benzene (2:1) gave 0,033 g of kstone % a3 a1 wiausble pal Isomerizanion of gbiets-8,11 (23, - 7o & solusion of
155° for . s vere dissalves in wnich was homogenesus t¢ tlo {silice gel-bemzens; ir 5.8uu(rep 6,03 g of ketoe 34n 3wl of gighme vas added 5.2 ml of 2N hydro-
hexane and the solution vashed with successive porticas of veter and 5% 5.8 nme 1,10 (s, C-b methyl), 1.17 {s, C-10 methyl), 1.32 (s, C-4 chioris ani€, the mixsure vas heeted cn & stiesm 2ath for 18 hr, poured
agqueous soiiun e, Tt hegane excracts were dried and the solvent nsthyi), 2,42 (br, s, E-5}, 3.61 (or s, H7}, ORD: C=0.00225, $azg + into water and extracied Witk Twe portions of ether. e extracts
reroved %o g 8463, mase spectrun, mfe (rel intensity) 264 (3€}, 265 (2ce), 231 (11}, were combired, washed wit: water, drleé and eveporated to glve 0.028 g
o0 which ere ig 2ty (177, 227 (33), 213 {22}, 199 (39), 197 {22). Aithougs thls material of brown gwn, Tre crude product wea dlssolved in Fengene and chrona-
has besn reportsd ae s solld, mp 40°,% fn our hands it failed to ory- tographeé on Merck aeid vashed alunite. B with benzens gave
- etallize, 0,317 & of buwim o:l which shows o szate of neerly idestizal R,
value of tlc {silics gel-O-benzens). The spestral properties of tale
Wnen en attemps vas rade to repeat this experimens usizg 0.36h g
atertal vere iientizal tc thess of dne rimture ef ketones I ond 27
fer 13 Er shen cooled te 3°, To the 2011 of dcl mixture In 15 ml of $8% Tormic scld trere ves obtained 0.345 g -~
desoribed avove,
21 of metayLlithiva over & X mn period, of greenish ysilow gum. This materiel ¥as dissclved la hexene and
chramssograzhed on Yerck acid weshed alunina, 3iutlon vith hexano gave Aknogledgenents. - 4 nass spectrometer were
RE i1, ¥hile elution witk benzena gave 0,087 g of davk o . Reseerch Instrunents
crusned os and the ve yeilow o ser fraction was homogeneous to tle. The fractions Goant. We thanit T, ¥, Sanderacn of fercules, Tno., for & gemerous
extracss vere dried aad evporaze tc give 1.56 g of ¥ . Coromae were corbined, dlssolved in hexane and recirenatographed on Wosin silics gih of dehycrosbiescnltrile.

tography on Merck neuizal aZurins and elutlen with hexane gave C.750 g gel, hetivity Z.

bon at C-8, the equatorial methyl group at C-4 is gauche to
both C-6 substituents, in contrast to the situation which
prevails when C-6 is trigonal. As expected, ketone 14
proved unstable relative to the trans isomer (3) in which
the secondary methyl group is equatorial (3a).

It was expected that if 53-abieta-8,11,13-trien-6-one 27)
could be obtained from the trans ketone, it would exist in
the steroidal conformation (27a). However, the nmr data
for the mixture of ketones obtained by isomerization clear-
ly indicates that this is not the case, and that this com-
pound exists in the nonsteroidal conformation (27b) in
spite of the axial-axial methyl interaction. Although the
reasons for this are not immediately obvious, a study of the
models indicates that in 27b with a half-boat conformation
for ring B there exists a moderate interaction between the
carbonyl group and C-19, while in the half-chair conforma-
tion there is a severe interaction between C-7 and C-18.
Some confirmation for the latter conclusion is found in the
fact that dione 28, in which C-7 is trigonal, exists in the ste-
roidal conformation.

Although the earlier workers2-5 found no evidence for an
equilibrium between cis and trans 6-ketones similar to 27
and 1, it is quite apparent that such an equilibrium can be
established under vigorous conditions. It was noted by
Wenkert that xanthoperol, a 6,7-diketone similar to 28, was
resistant to enolization, owing to very unfavorable non-
bonded interactions between C-18 and the oxygen at C-6 in
the enol.23 Similar interactions would exist in the encl de-
rived from 1 or 27 in which the double bond is directed
toward C-5, and we suggest that this steric inhibition of
enolization which would cause isomerization is responsible
for the reported observations regarding the stereochemis-
try at C-5 in ketones similar to 1.2-5
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be obtained.

(27) J. W. Huffman and P. G. Arapakos, J. Org. Chem., 30, 1604 (1965).

(28) R. A. Benkeser and E. M. Kaiser, J. Org. Chem., 29, 955 (1964).
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Bis[trans-3-(2’-methoxy-2’-prop-2’-oxy}-1-octenyllcopper lithium (2) has been added to cyclopent-2-enone and
the resultant enolate ion converted to the silyl enol ether 8. This silyl enol ether was then alkylated with methyl
cis-7-bromooct-5-enoate to yield 11-deoxyprostaglandin E; methyl ester (10). By similar reactions (+)-5,6-dehy-
dro-11-deoxyprostaglandin E; and (%)-11,15-deoxyprostaglandin Eg methyl esters (15 and 20) were prepared.

Conjugate addition of an organocopper reagent followed
by alkylation of the resulting nonequilibrated enolate ion
is a convenient method for converting «,8-unsaturated ke-
tones to vicinally dialkylated ketones.2:3 The use of the
cuprate derived from 3-(S)-trans-1-iodo-l-octen-3-0l in
prostaglandin synthesis vie conjugate addition to 2-alk-
ylated cyclopentenones has been actively investigated in
these laboratories? and elsewhere.? With the goal of devel-
oping a short and converging synthesis of prostaglandins,
we were interested in employing this conjugate addition in
conjunction with an alkylation of the resultant enolate ion
(4) to a protected 4-hydroxycyclopent-2-enone, e.g., 3, in

I\/\I‘{/QHK — RCu—\/\I‘-I/CsH11

| i

]
OC(CH,),OCH, Li* OC(CH,),0CH,
1 2
0 oM*
2+ — CH,y
1 i / ‘
i 1
RO RO OC(CH,),0CH,
3 4

6

order to introduce both functionalized side chains charac-
teristic of these natural products. Based on steric consid-
erations, we expected that such an approach would give
prostaglandins, incorporating mainly the trans,trans

stereochemical relationship at carbons 8, 11, and 12, while
the use of the cuprate 2 obtained from 3-(S)-trans-1-iodo-
1-octen-3-ol methoxy isopropyl ether (1) would establish
the natural « configuration at C-15. Thus the prostaglan-
dins resulting from such a sequence of reactions would be
predominantly a mixture of PGEs (6) and 8,11,12-epi-
PGE,.%

We wish to describe here the application of this method
to the synthesis of several 11-deoxyprostaglandins.

11-Deoxyprostaglandin E; (10).7 Our initial attempts
to alkylate enolate ion 7 obtained from the addition of
achiral cuprate 2 (R = trans-CH=CHCH[OC-
(CH3)20CH;3]C5sH114), to cyclopent-2-enone were unsuc-
cessful under a variety of conditions. Consequently, we
turned to the expedient of trapping the enolate ion as the
trimethylsilyl ether (8). This intermediate was not suffi-

0~M* 0Si(CH,),

CsH,,

F 2 CSHH

1 t
OC(CH,),0CH, OC(CH,),0CH,
7 8

ciently stable for characterization or extensive purifica-
tion. However, extraction of the trimethyl phosphite-cop-
per iodide complex from a hexane solution of 8 with
DMSO gave silyl ether 8 of adequate purity for the alkyla-
tion step,

In the alkylation procedure employed here, the achiral
lithium enolate 7 (M = Li) was generated in liquid am-
monia by reaction of silyl ether 8 with lithium amide. An
excess of the alkylating agent, methyl cis-7-bromo-5-hep-
tenoate (9), was added and, after a suitable period at
—35°, the reaction was quenched with ammonium chlo-
ride. Aqueous acetic acid removed the methoxy isopropyl
ether group, resulting in a mixture of (£)-11-deoxy-PGEs
and (£)-11-deoxy-15-epi-PGE2 methyl esters (10 and 11).
By use of a fourfold ratio of allylic bromide to enolate ion



