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In 1970 Grubbs' showed that cis-3,4-carbonyldioxycyclobutenes (1) were convenient pre- 

cursors of substituted tricarbonylcyclobutadieneiron complexes (2,. In a later paper Grubbs an 

Grey' reported that tricarbonylcyclobutadieneiron complexes containing non-identical substitu- 

ents in adjacent positions on the cyclobutadiene ring were chiral. In this paper we report a 

stereospecific synthesis of tricarbonyl (A-di-nor-178-acetoxy-1,5(10)-estradiene)iron (2). 
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The synthetic route used to prepare 3 is outlined in Chart 1. - Treatment of 3-(l'-0x0-88- 

methyl-5B-carboxy-trans-perhydroindanyl-4a)propionic acid (A)3 with refluxing methanolic hydro- 

gen chloride followed by reduction with sodium borohydride in methanol at 0' gave dimethyl 

3-(1'-hydroxy-SB-methyl-SB-carbomethoxy-trans-perhydroindanyl-4a)propionate (>).4 Cyclization 

of 5 via the acyloin reaction gave an 82% yield of a mixture of 6a and 6b. 5 -- -- 

We found that acetylation of the acyloin products 6a and 6b with pyridine acetic anhydride -- 

gave a mixture of diacetates4 which were selectively mono-deacetylated to 7a and 7b with potas- -- 
sium fluoride in aqueous methanol at 100°C. 6 The structure of the mono-acetates 7a and 7b were -- 

confirmed by the IR spectrum which showed hydroxyl absorption at 3490 -' (hyd cm roxyl a to the 

ketone) and the NMR spectrum which exhibited the expected downfield shift of the Cl7-H resonance 

consistent with acetylation at C 
17' 

In addition, the assignment of the structures of the C 
17 

mono acetates was corroborated by their conversion to the vinylene carbonate acetate expected of 

a-ketols and described on the next page. 

4237 



4238 

Chart 1 

4 5 _ 

0 
,* 

1. Ac20/Py 

2. KF, CHjOH aq 

1 CoC12, DMA 

0 

I* o-k3 
I 

/ 
Na2Fe(C0)4 

0 

O&i3 

Fe(C0)3-. . 

@I & 
il 

Fe (CO) 3 

a 3 !! 



No. 47 4239 

Treatment of mixture 7a and 7b with phosgene and N,N-dimethylaniline gave vinylene car- 

bonate acetate 8 (75%) as a crystalline product, - The vinylene carbonate 8 exhibited 1R absorl 

-' tion at 1817 (cyclic carbonate carbonyl) and 1730 cm (acetate carbonyl), and the nmr spectra 

showed no resonance for a C 
5 

or Cl0 proton, thus indicating a double bond at C5-Clo. 

Photolysis (Rayonet photoreactor, 2.54 nm low pressure lamp, phenol sensitizer, 0")7 of a~ 

ethyl acetate solution of 8 in the presence of acetylene yielded the adducts 9a and 9b in an - -- 

approximately 1:l ratio (28% yield based on recovered 8) which were separated by chromatograpl 

on silica gel. The isomers 9a and 9b eluted had glc retention times of 8.7 and 10.3 min respt -- 

tively. 
8 

The two isomers were distinguished by comparing the 
13 

C-NMR chemical shift of the 

olefinic carbons C-l' and C-2' (see structure 2) to those of the model compound 10. One of t1 - 

isomers of 9 showed resonances at 143.8 and 146.0 ppm for the olefinic carbons, the other ison _ 

showed resonances at 140.8 and 148.4 ppm for the same carbons, and the model compound 10 show6 

a resonance at 145 ppm for the cyclobutene olefin carbons. Since C-l' and C-2' of both 9a anC - 

9b are subject to the same number of CI- and B-effects, 
9,lO 

any difference in chemical shifts - 

would be due to long range interactions. Examination of molecular models of 2, 9b and JJ - 

showed that the olefinic carbons of 9a and 10 are subject to similar substituent effects and - - 

would be expected to show similar chemical shifts. In addition, C-l' of 9b is subject to the - 

most y interactions and would be expected to show the most upfield resonance for the carbon in 

question. Based on the foregoing analysis, we have assigned structure 9b to the isomer posses - 

ing the 140.8 and 148.4 ppm resonance and structure Ya to the other isomer. - 

When 9a or 9b was treated separately with disodium tetracarbonylferrate under conditions -- 

similar to those used by Grubbs 
11 

to prepare simple cyclobutadieneiron tricarbonyls, different 

isomers of tricarbonyl(A-di-nor-l7S-acetoxy-l,5(lO)-estradiene)iron complexes (3) were ob- 

tained.1' The mass spectrum of both isomers showed a parent ion at m/e 412 and fragment ions 

for successive losses of CO at 384, 356 and 328 m/e expected for cyclobutadiene iron tricarbon 

complexes. 
13 

The nmr spectra of vicinally substituted, unsymmetrical cyclobutadiene iron 

tricarbonyl complexes show two singlets for the olefinic protons with no observable spin-spin 

coupling. 
14 

Therefore, both 3a and 3b would be expected to exhibit two singlets for the cycle -- 

butadienyl protons. The 'H-NMR spectrum of the steroid cyclobutadiene product from 9a exhibit - 

singlets at 6 3.90 and 3.76 ppm, and the product obtained from isomer 9b showed singlets at 6 - 

4.10 and 3.74 ppm for the cyclobutadienyl protons. 

Although the 1H and 
13 

C-NMR spectra of 3a and 3b are different, we have been unable to - - 

confidently establish the correct stereochemistry of the two products. However, the fact that 

Ya and 9b gave different steroid tricarbonylcyclobutadieneiron isomers showed for the first ti -- 
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that this reaction was stereospecific, and the isolation of only one isomer from each reaction 

supported the observations of Grubbs and co-workers 
2 

that optically active tricarbonylcyclo- 

butadiene iron complexes are relatively resistant to racemization. 
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