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Abstract: Diene 1 and dienophilc 4a in a Diels/Alder reaction mediated by a chiral ligand- 
modrfied Lewis acid enantioseleetively furnish adduct 5a (them. yield: 64%; e.e.: ‘73%), 

which after particrl deozygenation and final enantioselection by recrystallization afords 5b. 
The latter compound can eastly be converted via Torgov’s pentaenone 6a into estrogens or 
progestogens. 

In this paper we wish to anounce an improvement achieved in the intermolecular Dlels/Alder 
reaction affording a steroid skeleton according to the pattern AB+DdABCD’. W.S. Johnson and 
colleagues after reaction of diene 1 and the constitutionally symmetric dienophile 2a isolated the 
adduct mixture rat-3a in 75% yield2: methylation, ring contraction, epimerization, and functional 
group manipulations, they all were needed to arrive at the projected target molecule. 2. Valenta 
and coworkers on Lewis acid mediated reaction of diene 1 with the constitutionally asymmetric 
dienophile 2b obtained the adduct mixture rat-3b in 69% yield3: ring contraction, epimerization, 
and functional group manipulations had to follow. Diets/Alder reaction of diene 1 and dienophile 4a, 
once envisaged but later disapproved by E. Dane’, could be accomplished recently5 in the presence 
of TiClz(OrPr)z as a Lewis acid providing the partially isomerized adduct mixture rat-5a in 80% 
yield’s: further isomerization and functional group manipulations only are necessary to reach Torgov’s 
estra-pentaenone rat-6a’, the conversion of which into steroids lacking the methyl group at C(lO), 
has amply been studied . ‘I* Scheme 1 reveals that similarly rat-Bb was accessible, when dienophile 
4b had been used. 

The Diels/Alder reactions of diene 1 and the diverse dienophiles mentioned so far are chirogenicg 
and ought to be exploited enantioselectively. As Table 1 shows enantioselection can be accom- 
plished for the product of the reaction of 1 and 4a in the presence of a Lewis acid, modified by 
a chiral nonracemic ligand of structural type 7, and completed by recrystallization of the partially 
deoxygenated steroid 5b”. The a&unsaturated ketone 5b is smoothly isomerized furnishing the 
conjugated pentaene 6a, hereby getting rid of the wrong configuration at C(14). 
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2a:R=H 
b:R=Me 

3a: R = H 
b:R=Me 

4a:R=Me MeO 

&x & 
b:R=Et 

Me0 

5a:R=Me;X=OH 6a: R = Me 
b:R=Me;X=H 
c: R = Et; X = OH 
d: R = Et; X = H 

b: R = Et 

0 

7 ForspcifkationofR’,~andR3 &Table1 6 

1+4a L b racda - rat-bb 2 racBa 
Bo% 63% 8096 

I 1+4b a b racBc - rat-5d c rac-6b 
60% 75% 64% I 

a: 1 TiClz(oiPr)~, CH&, -3o’C, 2h, 2 HClp , Cl+&, 30 mn. b i.2,6- 

lutidina, (CF~S&O, CH&~, 0-4’C, 1 h; 2 n~u$nH, Pd(PPhs)4, LICI, THF, 
40-45oC, 1.5h C: 1. HMDS, n*uLi. THFIHMPT 1 1, @C, lh; 2. A&H, &e. 

& 1. TEl2(OiPh 7 (R’=B, $=R3=Et), toluene, distillation; 2 CH$&+ &‘C, 6h; 

3. H&q,sx,. CH&. e: crystallization f&OH, 67%. 

d 
1 + 4a - 5a + ent-5a = 86.5 : 13.5 I2 * 5b c 6a 

64% 01% 
I I 
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Table 1, Enantioselective Realization of the Chirogenic DielsLWer Reaction of 1 and 4a 

Case Ti(OiPr)& Chiral Ligand 7 Config. Yield 

IeqW [equiv] Rl R2 R3 Absol. I”/1 ;i; 

1 2.0 2.2 Ph Me Me SS 64 45 
2 2.0 2.2 Ph Me Ph RR 71 49 
3 2.0 2.2 A Me Me RR 78 
4 2.0 2.2 B Me Me SS Fl 70 

fl, 
2.0 2.2 Et Et 

:: Et Et :ii 
79 

2.0 2.2 2 73 

A I Naphthafen-l-yl- ; B = 3,5-Dimethyf-phenyl- ; 1) Preparative version of case 5 

Fig. 1 reveals that the ketone is attached directly to the central metal atom only through the 
0 atom of the carbonyl group. In order to get a less mobile arrangement a bidentate ligand of 
type 4 was preferred to the monodentate dienophile 8 previously5 used with great success for the 
preparation of rat-lo. 

= Ti 

0 =H 

Fig. 1. SCHAKAL representation r6 of the single crystal X-ray dimeric structure of the l:l- 
complex r6 of TiCI4 and 8 in which a ketone is bonded to each Ti atom and two Cl atoms form the 
bridge between the two edge-sharing octahedral coordination groups. 
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The structure of the complex CraHrsClsOsTir was determined by X-ray structure analysis. A 
temperature of about 1lOK was maintained during the measurement using an Enraf-Nonius 
CAD4 diffractometer, Cu-Ka radiation. The position of the Ti and Cl atoms were determined 
by direct methods using program SHELXS-90. A subsequent difference Fourier synthesis showed 
the positions of the 0 and C atoms. The crystals of the complex are monoclinic, P2r/n (No. 
14), a = 8.769(3), b = 10.386(15), c = 11.763(7) A, p = 101.30(5)“; V = lOSO(3) As; 2 = 2; 
pcrrle = 1.807g/cm3; quadrant through 28 = 100 ‘; 1329 reflections measured, 1236 with I>o(I); 
R(F) = 0.097, R,(F) = 0.107. Complete results have been deposited and are available on 
request from Fachinformationszentrum Karlsruhe, Gesellschaft fiir wissenschaftlich-technische 
Information mbH, D-7514 Eggenstein-Leopoldshafen 2, on quoting the depository number CSD- 
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