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Abstract: A series of highly funcfionalized angularly substituted bicyclic and tricyclic ketones were obtained regio-
and stereosehively by means of a Birch reductive alkylation.

The structural diversity and biological importance of natural triterpenoids like bruceantin 1 and fusidic acid 2 have

made them attractive synthetic targets.1 In most cases, the control of the angular suibstituent stereochemistry has

been a crucial step in their syntheses. For this reason, reactions providing a high stereoselectivity in the

establishment of 8a configuration axe of continuous interest.2
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The metal-liquid ammonia reduction (Birch reaction) of alkyl and alkoxy benzenes has found wide application in

organic syntheses over many years. More recently the reduction of aromatic ketones, traditionally regarded as

unsuitable substrates, has been shown to be also posalble.3-5 we envisaged 4a-Methyl Octahydrophenanthrenes

like 3 as logical substrates to carry on Birch reductive alkylations and study their stereochemical outcome.

As we were particularly interested in attaining the introduction of oxygenated angular substituents, the best reaction

conditions were initially set using acetophenone 4 as substrate. Following the techniques described3,4 the

alkylations proceeded satisfactorily except when using methoxy methyl chloride (C1MOM) as alkylating agent. In

this case, a 1:1 mixture of the C- and O- aIkylated products was obtained (compounds 5b and 6). It was necessary

to eliminate the ammonia and to replace the organic cosolvent used in the reduction step (E t20 or THF) by one

with a lower cation- solvating abilliy6 (benzene or toluene) to achieve only the dessired C alkylated product.
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5b R=OMe
5c R=OBn

MOM

4 6 5
These model studies proved that this reaction was worthy of an assault in bi and tricyclic systcms.
So we carried out a series of reactions on the substrates shown below.

O O R

R3 ~ R3

Rld",'R2 Rld" 'R2

8a R-R1-R2-R3-H
8b R-OMe, R1-R2-R3-H
8c R-OBn, R1-R2-R3-H

9 R-H, R1-R2=R3-Me
10aR R3-H, R1=CO2H, R2-Me
10b R-R3-H, R1-Me, R2-CO2H

7a RI=R2=R3=H
7b R1-R2-R3-Me
7c RI=CO2H, R2=Me, R3=H

R R

R R ~'~"-/'~-'~--/'~ O R
= H -~ H -" H
R2 R2 R2

11a R1-R2-H
11b RI=OCH2CH20, R2-H

12 R-R2=H, R-OMe
14a R1-OCH2CH20, R2-R=H

14bR1-43C,H2C,H20, Rz=H,R-Q'Vle
11¢ R1-OCH2CH20, R2-Me 16a RI=OCH2CH20, R2 Me, R-H

l&b R1-OCH2CHeO, R2=Me, R-~3Me

17 R-OCH2CF~20

19R-OMOM

A OMe

R W O

18aR-OCH2CH20

OMe

~ V ' O
2(;eR=OMOM

13 RI=R2-H, R-OMe
15a RrOCH2CH20, R2-R-H

~ . OMe

18b R-OCH2CH20

OMe

211~R-~Ik,IOM

All these compounds are available in appreciable quantities through str~dghtforward reactionsT,8 from low cost
starting materials. Table 1 summarizes the results obtained, showing isolated yields 9 which range from good to
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excellent (56 92%) and a high degree of stereoselection, which deserves a special comment. In the A/B trans fl*scd
c o m p o u n d s (I), the alkylatlons are shown to take place a lmost exclusively from the ~ face of the molecule.
Meanwhile, for the cis fused compound 17, which exists in a dynamic equilibrium between conRmners lI and
lIl , no stereoselectivity was f o u n d (18a /18b , 1:1).
However, one can regain the stereocontrol by forcing the conformational equilibrium of the cis enolatcs toward one

T a b l e 1: Birch reduction of benzylic ketoncs

Starting Alkylation Reaction Products (% yiel)b
Material Reagent Procedure

Mel A 5a (81)c
C1MOM A 5h (37) + 6 (35)

4 ClMOM B 5b (88)
CIBOM A 5c (92)

MeI A 8a (82)c
7a CIMOM B 8b (86)

C1BOM A 8c (81)

7 b MeI A 9a (86)

7 c Me] A 10a (32) + 10b (32)c

1 l a C1MOM B 12 (64) + 13 (7)d,e

l i b MeI A 1 4 a ( 8 3 ) + 15a (5)d
CIMOM B 14b (82)

11 c MeI A 16a (92)
C1MOM B 16b (8/))

1 7 CIMOM B lga (43) + 18h (42)

1 9 C1MOM B 20a (17) + 20b (68)d,e
2 0 a ( 1 7 ) + 2 0 h ( 5 1 )

a Method A: 1) 1 eq. ketone, 2.4 eq. K, 1.2 eq t-BuOH, Et20 or THF, NH3 (1), 780C, 20 min.; 2.4 eq. LiBr, 40 rain.; 3) 3 eq.

alkylating agent.
Method B: 1) 1 eq. Ketone, 2.4 eq, K, 1.2 eq t-BuOH. Et20 or TItF, NH3 (1), 780C, 20 min.; 2) 2.4 eq. LiBr, 40 min.; 3)

solvent removal under a N2 stream; 4) residue taken up in toluene; 5) -7g0c, 3 eq. alkylating agent,
b Pure compound isolated yield, except when indicated; c Taken from relerence 4; d Estimated by IH NMR in the reaction mixture ; c
Some of the 1 4 dienes with angular oxygenated substituens undergo partial decomposition upon colmnn chromalography, and their
stability seems to be related to the C ga stereochemistry.
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preferred conformationl0,11 through appropriate substitution, as shown by the 4:1 p/o: ratio obtained in the

alkylation of compound 19, which is fixed in conformation III.10,11 It is worthwhile to mention that in this case

the alkilafion proceeds mainly upon the [3 face of the molecule. Such manipulations allowed us to control the

stereochemistry of the angula r substituent. 12

In conclusion, herein we have described the opt imum conditions for the direct introduction of an angular -CH2OR

moie ty through a reductive alkylation in mono- , hi- and tricyclic benzylic ketones, in the later, for the 4a-MethyI

trans series, the reaction proceeds with high stereoselectivity produc ing an and disposition of the angula r

substituents, as in the fusidanes. In addition, in the cis series the stereoselection can be manipulated toward the

desired i s o m e r through appropriate substitution The d ienes ob ta ined through this procedure may be seen as

versatile intermediates in natural p roduc t synthesis, i.e., for the construction of polyfunctionalized decalins, tri-

and tertracyelic di- and triterpenoids with stereochemically defined angula r substituents. Additional work in this

direction is in progress.
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