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Summary: bis(Triphenylphosphine)cyclopentadienylruthenium chloride catalyzes the addition of steroidal 
acetylenes with ally1 alcohols to introduce functionalized side chains illustrated by the construction of the side 
chain of ganodek acid, a novel angiotensin converting enzyme inhibitor. 

Construction of steroid side chains constitutes an important continuing challenge.* Such structural 

featmes ikequently play critical roles in determining the biological activity of a soeroid Most mcently, attempts to 

impact discrimination among the myriad of roles played by vitamin D metabolites focussed on side chain 

modifications.2 As part of our program to define the scope and limitations of new reactions being developed in 

OUrldWWXeS * we have examined their applicability in the chemoselectivc construction of stemid side chains.3 

Our invention of a ruthenium catalyzed reconstitutive condensation of ally1 alcohols and terminal acetylenes 

acumiing to eq. l4 led us to explore the utility of this process for the construction of stemid chains. This study 

culminated in a very simple construction of the steroid side chain of a novel class of angiotensin converting 

enzyme inhibitors, the ganoderk acids 1.5 
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We initially focussed on enyne 2 because of its accessibility from commercially available ethisterone. 

Heating a neat mixture of enyne 2 and ally1 alcohol with 10% of ruthenium complex 16 and 20% of ammonium 
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haz&‘mort$~@a?e arlWS-f~2bhgauc aSbs$tU of ‘Int~,~-unsaImaIe&ke Q a&nixe&titi some u,$- 

unsaturated ketone 4 (eq. 2). To facilitate c-on, the mixture was equilibrated to the thermodynamically 

mom state a&unsaturated cnone 4.7 

u-Substituted ally1 alcohols 5 condense with equal facility to give the P,y-enones Sa (62%).7 Sb 
(41%),7 and SC (47%)’ without the complication of double bond isomerization (eq. 3). Thus. fairly bulky 
substituents like isopropyl and cyclohexyl at the position a to the OH are accommodated. The example of Sd 
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a) R-CY b) R=Wb C) RI +o d) R=CH,-CHCH, 

was particularly interesting because of the question of chemoselectivity with respect to the additional 

monosubstituted double bond Neverthekss, the reconstitutive addition product showed no evidence that the ally1 

unit was effected.* The somewhat lower yield (33%) led us to explore some m-don of maction conditions. 

Significantly, switching the catalyst to 10 mol% Cp (COD) RuCL9 20 mol% triphe~yl phosphine, and 20 mol 8 

ammonium hexafluorophosphate &teased the yield to 50%. 

An acetylene attached to a steroid nucleus bearing an ally1 alcohol as in 6 condenses smoothly with 3- 

buten-2-ol to give the &T-unsatumted ketoae 7 (eq. 4), mp l Zl-112oC,7 in 74% yield. It appears that most 

common oxygen functionality will be tolerated in the stemid nucleus. 

(4) 

The succe.ss of introduction of a side chain onto a functional&d steroid nucleus induced us to consider 

the retrosynrhetic analysis outlined in eq. 5 for creation of the side chain of the ganoderic acids which suggests the 

readily availabk his-norcholenaldehyde system as the starting material. 
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and a&unsaturated ketones 11 and 12 in which the latter dominated in 63% yield (eq. 7). The mixture was 

isomerized to the pure E-a$-unsaturated ketone 12 with RhC13*3H20 in aqueous THF at reflux in 71% yield 

Because of the fact that isomerization was occurring during the ruthenium catalyzed reaction, we 

_o& 
12 

explored the reconstitutive condensation directly to the a&unsaturated ketone by performing the reaction for a 

longer time whereby enone 12 was isolated directly from 10 and ally1 alcohol in 68% yield. This one step 

protocol is recommended for formation of the thermodynamically more stable a&unsaturated enone in the 

unsubstiuned series. 

Completion of the sequence requires only chemoselective conjugate addition of a carboxylic acid 

function. Chemoselective conjugate addition of cyanide ptoved difiicult under standard conditions - mainly due to 

lack of teactivity.t 1 Even use of ammonium chloride in the presence of KCN proved fruitless.12 On the other 

hand, LiCN in DMF-THFt3 added smoothly at mom temperature to give the nitrile 137 as a crystalline solid, mp 

118-90. Hydrolysis (cont. HCI, 1ooO) to give ketoacid 147 completed the construction of the side chain in 69%. 

Thus, a simple five step protocol provided the ganoderic acid side chain without the use of any protecting groups. 

The excellent chemoselectivity and atom economy of the ruthenium catalyzed mconstitutive candensation 

coupled with the versatility of the functionality created should make this strategy a useful one for elaborating 

steroid side chains even in cases of highly functional&d steroid nuclei with minimal need for protecting groups. 
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22-yne-3-one (10, 246 mg, 0.758 mmol), Cp(PhsP)zRuCl (55.1 mg, 75.8 umol). and ammonium 

hexafhmrophosphate (24.7 mg, 152 pmol). The solution was heated at loo0 for a total of 48h during which time 

O-2-D.3 mL riljgnots of 2_propen-I-01 were added after 5h, 23 h and 31 h. The m&on mixtnre was din&y 

cChramiilQ!r@hx?h >ti\ bntant-C%Q$ act’la’lt) majvt \% 5 l’Qp >@B% 3&h> C8 CYlDIX B,-& =%.m. k)-J: 

1694, 1673, 1629, 1616, 1445. 1376, 1353, 1331 cm.-1 *H mnr (CDC13.400 MHz): 6 6.83 (lH, dq, J = 15.7, 

6.9 Ha), 6.13 (HI, dq, J = 15.7, 1.6 I-Ix), 5.73 (lH, s), 2.54 (1H. dd, J = 17.5, 1.6 Hz), 2.45-2.20 (5H, m), 

32.1’7-0.6~ <ifi: mj, i.zR? CTR, dt2 3 = 6.9, 1.6 i%rj, I’. 18 <TH, sj, &%? <3H, d, I = 6.4 i%&j, d 76 <ajw, sj2X 

nmr @X&. 1W MHzjr: B 2X&.%. 13&Q. 131S3.. 142.31, 132.43.. 123.X.. 36.24, 55.%% 33X1?.. fl.?&.. 

42.50, 39.46, 38.54, 35.63, 35.53, 33.93, 32.98, 32.86, 31.93, 28.36, 24.09, 20.93, 19.61, 18.20, 17.32, 

11.97. Cak’d for C#3& 380.2717. Found 380.2719. 
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