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In an effort to explore the stereochemistry of 6-ketoabieta-8,11,13-trienes, 18-nor-5P-abieta-8,11,13-trien-6-0ne 
(8), 19-nor-5/3-abieta-8,11,13-trien-6-0ne (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 7/3-01 (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-5P-abieta-8,11,13-trien-6-one (14). Ketone 14 was obtained by oxidation of 19-nor-5P-abieta-8,11,13-trien- 
6/3-01 (E), 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-5P-abieta- 
8,11,13-trien-7a- and -70-01 (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 
taxodione2 and mayten~quinone ,~  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 ~ r e p a r e d , ~  as have a few other structurally related 
ket0nes.j 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,6 and in the trans isomer of 1 there is also 
a severe axial-axial interaction between the &methyl 
group (C-19) a t  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 expllore 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 (517 by hydride reduction to the 
7p-01 (6) which gave olefin 4 on dehydration with toluene- 
sulfonic acid in benzene. In order to ensure that no isomer- 
ization a t  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 me thy l l i t h i~m,~  gave a complex mixture contain- 
ing no hydrocarbon. 

Although olefins similar to 4 have been converted to the 
6-ketones by various proced~res,~aja 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,lO 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 a t  6 0.84 with a coupling constant of 5 
Hz, indicating that this group is equatoria1,ll 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-5P-abieta-8,11,13-trien-6-0ne (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 uia 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 hydrobora- 
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-5P-abieta-8,11,13-trien-7-0ne (lO).7 It  was 
suggested that this ketone was probably derived from ole- 
fin 9 uia 19-nor-5P-abieta-8,11,13-triene (1 1); 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-5P- 
abieta-3,8,11,13-tetraene ( 12)12 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.13 Both olefins apparently react with the 
reagent a t  nearly the same rate, and 18-nor-5P-abieta- 
8,11,13-trien-3or-ol (13),12b arising from olefin 12, was iso- 
lated from the reaction. When the mixture of olefins from 
the decarboxylation of dehydroabietic acid7 was treated 
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l.R= R = CH3 

3.R = H;R’ = CH, 

4,R= CH,; R = H 
2,R’= CHj;R = H 21.R= H R = CHI 

22,R = R’ = CHI 

R 

8,R= CH,; R’ = H; R” = R”’= 0 
14,R=H,R’=CH,;R’’=R”’=O 
15,R = R”’ = H R’ = CH,; R” = OH 
2 7 , ~ ~  R! = CH,;R” R = 0 

with bis(3-methyl-2-butyl)borane, there was obtained a 
mixture of 9 (41%) and 18-norabieta-3,8,11,13-tetraene (12, 
5a H, 58%), from which 9 could be obtained by selective 
periodate-permanganate oxidation of the 3-olefi1-1.~~ 

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 p r e v i ~ u s l y . ~ J * ~  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,16 the nmr spectrum of which permitted an unequivo- 
cal assignment of structure and stereochemistry. The C-10 
methyl appears a t  6 1.20, indicating that this compound al- 
most certainly has a cis A-B ring fusion, with a steroidal 
conformation.l2 The secondary methyl group at C-4 ap- 
peared as a doublet ( J  = 7 Hz) at  extremely high field (6 
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) a t  quite low field (6 3.22 and 3.65), indicating that 
the carbonyl group is a t  C-6. The C-5 proton is a clear dou- 
blet a t  6 2.38, with a coupling constant of 5 Hz consistent 
with a dihedral angle of approximately 60’ between H-4 
and H-5.I6 The only structure consistent with these data is 
19-nor-50-abieta-8,11,13-trien-6-0ne (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.ll 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-50-abieta-8,11,13-trien-6~-01 (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,17a there exist only a few examples of this type of 
reaction under mild conditions (Le., room tempera- 
ture).lTb-e 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 p r o c e s ~ . ~ ~ , ~ ~  

9 10,R= R’ = 0 
11, R = R’ = H 
17,R = H; R’ = OH 
18,R= OH; 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,12 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.ll 

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-50-abieta-8,11,13-trien-7a- and -0-01s (17 and 
18) was shown by the nmr spectrum of the mixture, which 
shows two C-10 methyl signals at  6 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 7a  proton 
(70-01) as a triplet (Japp = 3 Hz) a t  6 4.48 and a quasi-axial 
70 proton as a multiplet (Wl/z = 19 Hz) at  6 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-50-abieta-8,11,13-trien-7-one 

Although addition-elimination readdition sequences 
under mild hydroboration conditions have been reported 
p r e v i ~ u s l y , l ~ ~ - ~  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- 
lane 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 
Jonesz0 which proposes the rapid, reversible formation of a 
R complex, followed by a rate-determining concerted con- 
version of this intermediate to the reaction products. Al- 
though the initial R complex derived from 9 should be 
formed more readily from the relatively unhindered 01 face 
of the molecule, the energy of activation leading to a 501 

product, with an axial (40) methyl group, would be consid- 
erably greater than that leading to a 50-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 R complex, assuming 0 attack, would almost certainly 
favor addition of boron a t  C-5, owing to the axial-axial in- 
teraction with the angular methyl group if boron were to 

(io)? 
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12 

16 

i“-4 

l%R=R’=CH,  
2a, R = CHJ; R’ = H 
3a.R = H R’ =CH, 

13 

28 

8a,R = CHJ;R = H 
14a, R = H; R’ = CH3 
27% R = R’ = CH, 

14b,R = H R’ = CH? 
2 7 b , R = V  =CH3 

add from the face of the molecule at  C-4. The explanation 
for the 8 stereospecificity in the addition of diborane to 16 is 
not as apparent, however; examination of models of this 
olefin indicates that the a face of this molecule is concave 
and that attack from the P 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-7P-o1 (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 d e ~ c r i b e d , ~  and although a similar 
route has been used in the preparation of a related 6-ke- 
tone,5a 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 (23Iz1 gave 7a-acetoxyabieta-8,11,13-triene 
(24), which on hydrolysis or metal hydride reduction af- 

forded abieta-8,11,13-trien-7a-01.~ 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 dimethyl sulfoxide.22 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 5P-ketone (2). The initial preparation of this 
compound afforded a single ketone as expected from the 
reports of the earlier  worker^.^-^ 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  6 
1.56.12 The third component of the mixture was an unsta- 
ble yellow solid which showed the characteristic infrared 
absorptions of an a-diketone. The mass spectrum gave a 
parent ion at  mle 298, and the nmr spectrum has a methyl 
signal a t  6 0.44. These data are consistent only with struc- 
ture 28, 5P-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 (Sa). 

It would be expected thatl9-nor-5P-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 (6 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-5P-abieta-8,11,13-trien-6~-0l (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 sp3 hybrid car- 
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bon a t  C-6, 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 5/3-abieta-8,11,13-trien-6-one (27) 
could be obtained from the trans ketone, i t  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 a t  C-6 in 
the enol.23 Similar interactions would exist in the enol 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 a t  C-5 in ketones similar to 1.2-5 
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2506 J. Org. Chem., Vol. 39, No. 17, 1974 Patterson and Fried 
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the region of 6 2.80. 

(26) This compound was unstable, and satisfactory analyicai data could not 
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). 

Synthesis of Prostaglandins by Conjugate Addition and Alkylation of a 
Directed Enola te Ion. 1 1 -D eoxypr os taglandins 1 

John W. Patterson, Jr.,* and John H. Fried 

Institute of Organic Chemistry, Syntex Research, Palo Alto, California 94304 

Received February 7, 1974 

Bis[trans-3-(2’-methoxy-2’-prop-2’-oxy)-l-octenyl]copper 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 E2 methyl ester (10). By similar reactions (&)-5,6-dehy- 
dro-11-deoxyprostaglandin E2 and (i=)-11,15-deoxyprostaglandin E2 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 a$-unsaturated ke- 
tones to vicinally dialkylated  ketone^.^,^ The use of the 
cuprate derived from 3-(S)-trans-l-iodo-l-octen-3-ol in 
prostaglandin synthesis via conjugate addition to 2-alk- 
ylated cyclopentenones has been actively investigated in 
these laboratories4 and e l~ewhere .~  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 

OC(CHj),OCHj Lit OC(CHJ20CH, 
1 2 

0 0-M t 

R’O R’O I 
OC(CH,),OCH, 

stereochemical relationship at carbons 8, 11, and 12, while 
the use of the cuprate 2 obtained from 3-(S)-trans-l-iodo- 
1-octen-3-01 methoxy isopropyl ether ( 1)4 would establish 
the natural (Y configuration a t  C-15. Thus the prostaglan- 
dins resulting from such a sequence of reactions would be 
predominantly a mixture of PGE2 (6) and 8,11,12-epi- 

We wish to describe here the application of this method 
to the synthesis of several 11-deoxyprostaglandins. 
11-Deoxyprostaglandin E2 (10) .7 Our initial attempts 

to alkylate enolate ion 7 obtained from the addition of 
achiral cuprate 2 (R = trans-CH=CHCH[OC- 
( C H ~ ) ~ O C H ~ ] C ~ H ~ I ~ ) ,  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- 
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‘OZCH3 lithium enolate 7 (G = Li) was generated in liquid am- 
monia by reaction of silyl ether 8 with lithium amide. An 

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 

i 
Hd HO 

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- 

order to introduce both functionalized side chains charac- ride. Aqueous acetic acid removed the methoxy isopropyl 
teristic of these natural products. Based on steric consid- ether group, resulting in a mixture of (I)-11-deoxy-PGEz 
erations, we expected that such an approach would give and (f)-ll-deoxy-15-epi-PGE2 methyl esters (10 and 11). 
prostaglandins, incorporating mainly the trans,trans By use of a fourfold ratio of allylic bromide to enolate ion 
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