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Tt was recently found (1) that a,B3~ethylene ketones under~o coniurate addition of the
Reformatsky rea<ent derived from ethyl-o-bromo-isobutyrate, contrary to widespread nrevious
opinion (2 a,b).

The reaction produces a mixture of S-ketoesters and enolic-8-lactones, from which by

hydrolysis substituted d-ketoacids are obtained, as shown in the seocuence herewith:
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0f the larcze number of alinhatic,alicyclic and aromatic ketones tested, onlv the 0,3-
ethyvlene methyl-ketones fail to underco conjusate addition: thus !-acetvl-cvclohex-1-ene,
methylstyrvlketone and nent-2-en~d-one (1).

e have ourselves investisated the behaviour of 16-dehydroprecnenolone acetate (T), which
may be regarded as an 0,B-ethylene methvlketone system, against the Reformatsky reagents
obtained from the ethvl-a-bromo-esters of isobutvric, malonic and butvric acids; and we have
found that conjusate additions are easily achieved with this compound, althoush the results
denend larsely upon the tvne of o-bromo-ester used.The same peculiarity had previously been
pointed out by Kohler (2 a-c, A4),who investirated the 1,4-conjurate addition of the same
Reformatskv reagents to benzalacetonhenone.

All our reactions were effected in anhydrous tetrahydrofuran,in which organo-metallic
complexes are easily soluble; and our rearents were prepared with Zn or Mg (the latter ~ivine
less reproducible results).The hirhest reaction vields were obtained with a 1:6 rolar ratio

of steroid to RcformatsKv reasent,
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(a) Reaction of I with Zn or Mg and ethyl-o-bromo-isobutyrate:
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From the reaction mixture we isolated a single product with a 75% yield: this was the y,06~=
enol-lactone IIa,with m.p. 155-157 C,[bjD=-118° (5),1R & 17(20) 1665 cm—1,0=0 1730 cm_l._

Acetylation of this compound gave 16a—dimethyl-pregna-5,17(20)-dien~33,20-diol-16a~acetic
acid (16b—e20)8-lactone (IIb),with m.p. 191-192 c,/ajD=-119°,[q]365°= -4820 (¢370°~—1706,
¢280°= -8960, ¢265°— -15785, ¢258°= -17917,¢252°= -1.5367,¢245°= ~1706) ;NMR at & 0.96 (s,3H,18-Me)
0.98 (s,3H,gem~-Me), 1.04 (s,3H,19-Me), 1,23 (s,3H,gem-Me), 1.89 (d,3H,]J=1.8 cps homoallylic

coupling with 163-H), 2.00 (s,3H, CH300 -).

By Oppenauer reaction, IIa afforded the A4—3—keto—derivative (I11),with m.p. 216-218 C,
[a] = -13°,A_, 242 mp (€= 16,800) ;MR at 5 0,94 (s,6H,18-Me and gem-Me), 1,18 (s,3H,19-Me)
1.85 (d,3H, J=1.8cps homoallylic coupling with 168~H),2.75 (m,1H,163-H), 5.66 (broad s,1H,4-H).

The cycloaddition reaction creates a new center of asymmetry; we anticipated addition to
take place on the rear side at C~16 in accordance with typical steroid reactions (6), and
therefore attributed the 160~configuration to the new substituent.Confirmation of this assign-
ment was obtained from further transformation of the adduct (7) and on the basis of 18-Me
frequencies of ITb and III in the NMR spectrum (8).

Structural confirmation of IIa was provided by the fact that saponification with potassium
hydroxide in ethanol produced the S-ketoacid IVa, with m.p. 265-268 C,[Ex]n= +180; this was
first treated with diazomethane to give the d-ketoester IVb with m.pn. 162-163 C, [a]n =220,

IR CO (keto) 1695 cm-l, €0 (ester) 1710 ¢ m_l,and then converted to 16a-dimethyl-pregn-5-en—
3B~01-20-one-16a-acetic acid methyl ester acetate (IVc),with m.p. 149-150° C,/a _/ +10° (;531 50
4711,¢S3110 =8140,¢3000—4586,¢265°= -13070, ¢250°= —11465, a =#212,1);NMR at 8 0.64 (s, 3H,18-
Me), 1.01 (s;3H,19-Me), 1.06 and 1,07 (s,6H,16a gem-dimethyl),2.11 (s,3H,21-Me), 2.01 (s,3H,
CHBCOZ-), 2.69 (d,170~H,J=8.4 cps).

16a-configuration of IVc is well supported by the C-~18 chemical shift in the NMR spectrum (9)

Hydrolysis of both ITa and IIb with 0.9% potassium liydrogen carbonate in aqueous methanol
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readily gave IVb ; this, by Oppenauer oxidation, gave 16a-dimethyl-pregn-4-en-3,20-dione-160~
acetic acid methyl ester (V),with m.p, 120-122 C, /@7D =-70°% 4 . 242 mp (€=16,200), The
product obtained with this reaction sequence was in every respect identical to that obtained by
transesterification of IIT with 0.9% potassium hydrogen carbonate in methanol.

(b) Reaction of I with Zn or Mg and ethyl-o-bromo-malonate:
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This reaction yielded a mixture of 3-ol and 3P-acetoxy compounds;acetylation of the mixtu-
re with acetic anhydride in pyridine solution gave a 60 to 65% vield of 16aB-carboethoxy-pregna
5,17(20)~dien-3B,20-diol-16a~acetic acid-(16b—s20)8-lactone (VI),with m.p. 204,5-206 C,/o. =
-172° (¢300°= _7060,¢265°= -20236,¢257o= -17883,8, 45" = -9412); IR(C(‘l ) & 7(20)1665 -,
€0 (ester) 1725 em , CO (lactone) 1760 cm ; NMR at & 0.97 (s,3H,18-Me), 1.04 (s,3H,19—Me),
1.31 (t,3H,J = 6.8 cps,-cozcnz-CH3),z.ox (s,3n,c_n3-co-o-), 1.93 (d4,3H,J = 1.9 cps homoallylic
coupling,21-Me), 3.19 (B part of an AB quartet,] = 14.5 cps,16a0-H).

The cycloaddition reaction now introduces two new asymmetric carbons, namely C-16 and C-16a
In the case of C-16 we attributed the o-configuration by analogy with IIa,b (6).In the case of
C-16a,instead,confirmation of the configuration is wanting; however, certain indications emerge
from the study of molecular models and NMR spectra. Molecular models showed less hindrance and
higher desree of symmetry in the 16aB-carboethoxy isomer; and as NMR spectra indicated a trans
diaxial orientation of the two hydrogen atoms at C-<16 and C-16a, this was the configuration
attributed to VI.

(c) Reaction of I with Zn or M¢ and ethyl-o-bromo-butyrate:
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Even by operating in the presence of cupreous chloride, we obtained only products correspon-
ding to 1,2-addition to o,B-ethylene ketones. Acetylation of the crude reaction mixture, follo-
wed by silica gel chromatography, afforded separation of two compounds, namely 24-nor-22{~-ethyl
cola~5,16-dien-3B,20{~diol-23-0ic acid ethyl ester (VIIa),with m.p, 140-141 C, IR(CCl ) OH 3515
cm = ,CO (3-ester) 1728 cm = co Et 1706 cm ;NMR at & 0.857 (t,3H, J = 1.0 cps, 22~ CHZ—CH ),
0.97 (s,3H,18-Me), 1,049 (s,3H, ]9—Me) 1.301 (s,6H,21-Me overlapped with CH;—CHZ-O—CO—) 2,015
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(s,3H,CH,~C09~), and VITh with m.p. 106-10R C, TR(CC]A\ OF 25072 cm_1,00 (7 ester) 1730 cm",
cozEt 1706 ¢ m-1; NMR at & 0.92 (t,3H,7 = 7,08 cos,zé ("Hz'w‘x)’ 0.97 (s,3H,18-Me), 1,05 (5,
3H,10-Me), 1.24 (t,7 = 7.0% cps,CHy-CHy~0-CO-), 1.28 (s,3H,21-Me}, 2.01 (s,3H,CH3-C0y-).
Infrared and NMR spectra studies sugrested an ervthro confiruration for VITa and a threo
configuration for VITb (10). Stereochemical attribution of 20-0l sroups is uncertain; however,

reduction of A]6—20-ketosteroids with LiA1H4 (11 a,b) appears to sursrest a 200-configuration.

ACKNOWLEDGMENTS~ We are rrateful to Dr. I.Moretti of the Institute of Oreanic Chemistry,Univer-

sity of Modena for doing the ord.spectrum work and helnins in the elaboration of results.

REFERENCES

1) I.C.Dubois,I.P.Cuette and H,B.Kasan,Bull,Soc.Chim.,France, 3008 (1966).

2) a M.Mousseron,M.Mousseron,].Neyrelles and Y,Beziat,Bull.Soc.Chim,,France, 1483 (1963).
b W.R.Vaughan,S.C.Bernstein and M.E.lorber,.0rgs.Chem.,30, 1790 (1965).

3) a E.P.Kohler and G.L.Heritage,Am.Chem,].,43,475 (1910).

E.P.Kohler,G,L.Heritage and A.L.Macleod,Am.Chem.].,46,217 (1911).

¢ E,P.Kohler and H.Gilman,],Am,Chem,Soc.,41, 683 (1919),

4) R.L.Shriner "The Reformatsky Reaction" in Orranic Reactions,R, Adams El.,T.7iley & Sons In

o

N.York,vol.I, 23 (1942).

5)  Unless otherwise stated, specific rotations were measured in CHClq solution at 1% conc.
at 20 C; UV snectra were taken in methanol and TR spectra in CHClq. MM spectra were
recorded on a Varian HA-100 Spectrometer in CDClj.Frequencies are reoorted in npm (8)
from TMS as internal standard.

6) L.F.Fieser and M.Fieser,Erverientia,4, 285 (1948),

7) C.0andolfi,G.Noria M, Amendola and E.Nradi, in oress,

§)  J.E.Pike,M.A.Rebenstorf,G.Slomn and F,A.Mackellar,7,0rs.Chem,,28, 2409 (10A2),

9) A.D.Cross and C.Beard,l.am.Chem.Soc.,86, 5317 (1064),

10) M, Mousseron-Canet and Y,Beziat,Bull.Soc.Chim,,France, 2572 (196%).

11) a E.L.Shapiro,D.Gould and E.B.Hershberw,T.Am,.Chem.Soc.,77.2012 1055},

b S.Rakhit and Ch.R.Evrel,Can,T.Chem.,40,2167 (1062),




