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Abbrc-3,3-Ethy~ory-~~drostme-l7_onc and utronc 3-methyl ether were subjected to 
cIJ&er~ coodauatio~~ with ethyl acetate and aifluoroacan~c. 7-h~ a101 aatatea of lCtri!?uoroaceyl 
duintiva undawnt hydrogxolysis with the formation of trithorocthyl CO~~~UII&. UV and 1R 
spaxrd data and other cvidcncz are cited in support of the proposed structure. 

ACYUTIONS of the steroid nucleus at position 16 by means of a Claiscn reaction arc 
described. In the course of this work, results were encountered which motivated 
further investigations by one of us (M.H.), the results of which have been incorporated 
in a number of patents.‘** 

In preliminary studies, the 3-ethylene glycol ketal (Ia) of 4-aodrostene-3,17diooe 
(Chart I) was treated with ethyl acetate and gave the lbacctyl derivative (Ib) which 
is soluble in dilute sodium hydroxide. The W mx at 279 rnp shifted to 3055 rnp 
upon addition of alkali, in accordance with the proposed @diketone structure. Auty- 
lation with acetic anhydride and pyridioe produced a mixture of the aatoxy compounds 
(Ic and VI), as evidenced by examination of the NMR spectrum, despite the established 
preference to locate double bonds in an exocyclic rather than eadocyclic position 
relative to a five membered ring. Similarly, atrone methyl ether reacted with ethyl 
aatate in the presence of sodium methoxide to give the &dikctone (IIIa). 

When the k&I Ia was trifluoroacetylatcd, a sparingly soluble sodium salt of the 
@-diketone (Id) was obtained. The UV absorption of the free trifluoroaatyl compound 
exhibited peaks at 238-5 and 306 rnp which indicate that it exists largely, if not com- 
pletely, in the en01 form (Id’) rather than the keto form (Id’). In the trifluoroacetyl 
derivative IIIb and others obtained later,’ a very high enol content has also been 
observed, which must be due to the electronegative character of the trifluoromethyl 
group. On the other hand, the ketonic quality of these compounds is not completely 
absent, since they react with hydraxine to form pyrazole derivatives.* 

Treatment of the sodium salt of Id with hot acetic anhydride gave an enol acetate 
formulated as Ie, in which (as in the other trifluoro enol acetate IIId described below) 
the double bond is cxocyclic. Similar treatment of the potassium salt of the 2-t+ 
fluoroaatyl derivative of testosterone gave the dienol acctatc (IV), while treatment of 

l Pkuc forward rupcsts for reprints to: M. Ham&. Ikaphun~ Rekych Dqrtmcnt, P.O. 
Box 31. Ramat-Gan. Israel. 

ti hf. Ham&, U.S. Patat 3.0111.732; Chm. Abrrr. 57, 16,701 (1962); ’ M. Harnik. U.S. Patent 
3,076.824; Chum. Absrr. 99, 6488 (1963); ‘M. HOT&, U.S. PPtcnt 3,0%,3S2; Ckm. A&w. 60, 
606(1%4); ‘ M. Hamik, U.S. Patent 3,0%,354: C&m. Abrw. 60, 605 (NW); * M. Hunik, U.S. 
P*tcnt 3.107.256; Chem. Absrr. 60, 18U (1964). 

* M. Harnik. U.S. Patent 3.096.327; Chcm. Abstr. 59, 14.063 (1963). 
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the free 2-trifluoroacetyl derivative of testosterone with isopropenyl acetate and 
ptoluenesulfonic acid afforded the monoenol acetate (V).id Mild acid hydrolysis of 
the ketal Ie gave the enol a&ate Ha. Catalytic reduction of Ie with Pd-C caused 
absorption of 2 moles of hydrogen with formation of a product exhibiting a carbonyl 
peak at 5.76 cc. Mild acid hydrolysis of the overall crude hydrogenation product If 
furnished material with a spectrum showing absorption at 576 and 5.86 ~1. The 
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carbonyl absorption at 5.76 p is due to a five-membered cyclic ketone, or much less 
probably, to the trifluoroacetyl group (usual value 564 cc). The hydrolysed product 
has been assigned the formula IIb derived via the hydrogenolysis pathway A and not 
B (Chart II). 

Since hydrogcnolyses of enol acetates normally take place with Pts and not Pd 
as catalyst, it was decided to reinvestigate the reaction in steroids without interference 
from the A4-3-ketone system. Isopropenyl acetate was hydrogenated overnight 
in the presence of Pd-C and also with Pt over a 5 hr period, the degree of hydrogenolysis 
being measured by titration of the acetic acid produced. In the former case there was 
practically no hydrogenolysis, while in the latter it was nearly complete, in accordance 
with the results of Inhoffen.s It follows, then, that the hydrogenolysis of the steroid 

’ H. H. InhotTcn. G. Smcsk and G. Kblling. Uebigr AM. 568.52 (1950). 
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enol acetate in alcohol in the presence of Pd was due to the presence of the adjacent 
fluorine atoms. Similarly, estrone methyl ether was converted into the trifluoroacety- 
lated derivative (Illb). isolated through the copper chelate (NC). As in the case of the 
ketal Id, its UV spectrum indicated a high degree of enolization. Treatment with hot 
acetic anhydride afforded the enol acetate (IIId). the IR spectrum of which exhibited 
maxima at 5.58 p (-C==C (CF&OAc). 5.75 ,u (conjugated carbonyl in a five-mem- 
bered ring) and 6*00 p’. Hydrogenolysis of this enol acetate in the presence of Pd, 

CHART II 
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afforded a mixture of the two possible isomers (IIIe) from which one, of unknown 
configuration of Cldr could be isolated. As in the case of compound If in the hydro- 
aromatic series, it absorbed at 5.76 ,L When the free /?diketone (IIIb) or its copper 
salt (111~) instead of the enol acetate was hydrogenated in the presence of Pd. only 
saturation of the double bond took place and one of the 4 possible isomers of IIIf 
could be isolated in fair yield. Heating of this ketol with acetic anhydride caused no 
dehydration to the unsaturated ketone; instead, conversion to the acetate IIIg took 
place. Further hydrogenation of the acetate IIIf had no effect. 

Similar reductions to 2,2,2-trifluoro-I-hydroxyethyl derivatives were later observed 
with other 16trifluoroacetylated 17-keto steroids”‘*i’ and with 21-trifluoroacety- 
lated pregnanesib. It is of interest that dehydration was possible when 2-(2,2,2- 
trifluoro-1-hydroxyethyl)-Sadihydrotestosterone was heated with anhydrous formic 
acid.‘O Later experience has also shown that only enol acetates of steroids trifluoro- 
acetylated in the Idposition undergo hydrogenolysis with Pd. while enol acetates of 
steroids trifluoroacetylated in the 2 or 21-positions are reduced, like the trifluoroacetyl 
‘ R. Filler and S. M. Naqvi. Tt/rah&on 19. 879 (1963). 
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derivatives themselves, to the corresponding 2,2,2-trifluoro-l-hydroxyethyl deriva- 
tiVCS.1~• 

In addition to the position of the IR bands of the en01 acetates and their hydro- 
genolyscd products, two additional facts support the formulation of the trifluoroacctyl 
derivatives as Id’ and IIlb respectively, (but not as the alternative enolic formulae), 
~IECqUtntiy also supporting the fOtmLdatiOn of reactions taking place according to 
route A (and not B). The trifluoroacetyl derivatives (Id and IIIb) can be transformed 
readily with diazomethane or methyl sulfate into the methoxy compounds (Ig and 
IIIh). This points to the presence of a fairly acidic hydroxyl group, as would be 
expected in Illb .( Furthermore, 3~-acetoxy-l6-(2,2,2-trifluoro-l-acetoxyethyl)-5a- 
androstane-17-one (VII), synthesized like III& was subsequently found6 to undergo 
facile methanolysis, even in the presence of potassium bicarbonate at room tempcra- 
ture, to the corresponding I-methoxyethyl compound. Such a displacement by the 
methoxy ion can occur only at a carbon atom which has a partial positive charge 
caused by the adjacent tritluoromethyl group. 

EXPERIMENTAL 

10% Pd< (Amaican Platinum Works) was used throughout this investigation. All optical 
rotations were measured in CM. All m.ps arc uncorratcd. IR spectra were taken in KBr pclkts. 

lbAcery/-3,3_rrhy/e~~x~~~~re~-l7~~ (lb). A soln of Ia (1.6 g) in dry benzene (SO ml) 
was treated under N with NaH (2 g) and then with AcOEt (1.5 ml). The mixture was refluxed for 3 hr 
after stirring for 30 min at room tunp, then cooled and treated with EtOH to destroy uast NaH. 
The ether layer was extracted several times with cold S% aqueous NaOH after addition of cold 
water and ether. The combined aqueous extracts were acidified with HCI, the pp1 collected and washed 
with water. The crude (lb), m.p. 128-131”. was recrystallized from EtOH 10 give a total of 649 mg, 
m.p. l-148”. The analytical sample melted at 146-147”. J<tf 279 m/l (e 6.390); ~~Oxla’Oa 
3OS.S rnp (c 24.S20). (Found: C. 74.12; H, 8.6s; Cak. for C,,H,O,: C. 74.16: H, 866x.) 

Acerylotion o/ flu /?-dikcrone (lb). A soln of Ib (239 mg) in Ac,O (20 ml) containing 1 ml of 
pyridinc. was kept ovanigh( at room tanp, then heated for 1 hr at 60”. Evaporation &I WJCW gave a 
solid which was washed with water. dried in desiccator (253 mg, m.p. 132-137’) and racrystallizd 
from aqueous EtOH to afford 18s mg, m.p. l&142. The analytical sample melted at 16147”. 
ez: 241 rnp (e 12,140); ct: 5.69 p (carbonyl of en01 acetate), 5.80 p and 6Q7 p (C=C). 
(Found: C, 72.68; H. 8.39. Cak. for C,,H,,O,: C. 72.43; H, 8.27x.) 

The methyl signals showed that the product must be a mixture of 16-(1_4ccroxyerhy&fene) 
3,3-ethyknedfox~5-androstene-17+se (Ic) and 1~eryl-17-4~e1ox~_3,kthylel~dbXY_S,l~sfo- 
&ne (VI). 

Sad&n salt of 3,3-cthyferudioxy-lbrripuorwtrryl-S~oste~l7-onr (Id). A soln of 3.3- 
ethykncdioxy-S-androswra17-one (2 g) in dry tine (100 ml) was trerted under N with NaH 
(2.5 g) and afta 10 min with 10 ml of ethyl trifluoroacefate. The stirred mixture was rdluxcd for 
3 hr and then cooled. Exceu NaH was decomposed with alcohol, followed by the addition of 200 ml 
S% Na,CO,aq. The precipitation of the Na-salt of tho /?diketonc was complete tier stirring for 
30 min. The solid was filtered off. washed with water and ether and reuystallizd from EtOH IO give 
a total of 2.22 g of the No salt of Id’. m.p. 22UZ6’. The purest sampk obtained melted at W-230”. 
czt 309 rnp (e 1S.000); Gz 609 and 6.21 p. (Found: C. S9.29; H. 6.80; F, 1@17; ash9.0. 
Cak. for C,,HUF,OINa: C. 61.60; H. 629; F, 12.72; Na. S.12%.) 

A suspension of 100 mg of the Na salt in 70 ml ether was shaken with S ml of 10% AcOH. The 
ayrtah dissolved rapidly, the ctha laya was washed with water and thaw with bicarbonate soln. 
Evaporation gave I&s of (Id). m.p. 93’ which were difficult IO raqstallizc. cz 238.S and 306 w 
(e 12,080 and 10.130). 

3.3-Erhylenedioxy-16-(2.2.2-triflwrel -aceroxyerh~lidene) S-an&ostene-17-one (Ic). A mixture 
of the above Na-salt (2.4 g) and Ac,O (SO ml) was boiled for 30 min. The solvent was removed 

L A. L. Hcnnc. and R. L. Pelky 1. Amer. Chem. Sot. 74, 1426 (19S2). 
l M. Hamik. U.S. Patent 3,189.621; Chem. Absfr. 63, 7089 (l%S). 
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ln uacuo and the r&due twice rcctystalhzad from EtOH to furnish 1.34 g, m.p. 171-174’. The analy- 
tkal aampk was obtained by subhmation and melted at 181-182”. (Found: C. 6394; H. 6.63; 
F, 12.21. Calc. for C,,H,,F,O,: C, 64@; H, 667; F, 12.17%) 

la(tzJ-7rljPYor~l~ceroxyellly/~~) S-um&o~fmr-3,17&ru (IIa). A soln of Ie (S3Omg) in 
hot MaOH (3OmI) was treated with comz HCI (1 ml) and wata (1 ml). The mixture was diluted with 
watd and chilkd after rtanding at room tanp for 2 hr. The solid was colkotal, wasbed with water 
(m.p. 135-144”). rucryttaUixed from EtOH (m.p. lS3-lS7”) and then from heptane (m.p. 157-lS8.S”). 
For analysi, the wbatance was sublimed (m.p. lS6-161”). z’ztt 236S m)r (e 26.800). (Found: 
C. 6539; H, 6.3s; F, 13.17. Calc. for C,,H,,F,O,: C. 6508; H, 644; F. 13,43x.) 

3,~Ethyf~~oxy_ld(~ftfr~~r~1-mrtlrox)u~hyf~~) S-androstene-I 70~ (Ig). A soln of 
t& Na-salt of Id (200 mg) in dry batmne (20 ml) wall treated with anbyd Na,CC, (1 gl dimethyl 
suMate (&6 g) and rctluxed overnight. The solvent was evaporated In cucw, AcONa and water were 
added, the mixture warmed sightly and t&n extracted with ether. Evaporation furnished asolid which 
after 2crystallizations from MeOH gave a sample m.p. 167-168.S”. G’E8 248 and 300 rnp (e 34,000 
and 12,600). (Found: C. 6608; H, 7.0s; F. 13.39. Calc. for C,,H,iF,O,; C. 6543; H, 7.10; 
F. 1294%) 

lCAcetyf+srronr-Emcrkyi ether (Ma). Estrone 3-methyl ether (105 g) was added to a sqakon 
of MeONa (from 6 g Na) in dry benrene (200 ml) folkwed by AcOEt (SO ml). The mixture wan 
retluxed for 4 hr, cooled and pourad into ice-water. Ten ntmctions with cold 5% NaOHaq (20 ml 
each) and acidification of the combined extracts with cold dil H,SO, gave the oily &d&tone which 
was taken up in ether. Evaporation of the water-washed ether layer and aystalhxation (&arcoal) 
from EtOH furnished 4.3 g, m.p. 112-l 18”. The anaIytical sample melted at 119120”. [ah, 142”; 
cL:a 278.5 and 286 rnp (c 8.370 and 7.820); &?foa’B*08 304 rnp (c 31,250). (Found: C. 7752; 
H, 7.98. Cak. for C,iHYOI: C. 77.27; H, 8.03x.) 

16Tripuorwce~yI~slror~~~hyf~rher (IIlb) and rhe copper su/t (WC). A. A soln of atrone 
3-metllylether(1~95g)indrybenzene(60 I) m wns added IO a ruspenaioo of MeONa (frahly prepared 
from 2 g Na) in benzene (40 ml) followed by ethyl trifluoroaatate (20 ml). The mixture was stirred at 
room temp for 1S hr and then at r&ix for 1S hr. The cookd mixture wa.~ poured into 200 ml ioc- 
cookd S% HCI and then extracted with 100 ml ether. The organic-phau was washed with water and 
evaporated to a gum which eventually crystaIhxed from EtOH giving 746 mg. m.p. 10&103”, and 1 g, 
lap. 106121’. The /Miketone (Mb) was recrystaIlized several times but exhibited a variable m.p. 
ranging from 119” to 124”. 

B. Estrone 3-methyl ether (I g) will condensed with ethyl triIluoroace~ te as deaaibed above. 
Tbe reaction mixture was poured into water and just acidified with HCl. A conantratedsohtof1g 
of cupric acetate in water was added and the mixturewas stirred with heating for 30 minutes. Benzene 
was removed in LWCW and the crystals (1.5 g), m.p. above 250”. were rrcrystallixed from aqueous 
aatone yielding 1.2s g of Ilk. (Found: C. 6102; H, 602; 01, 8.14. Cak. for (c,H,F,OJ, 
Cu: C, 61.32; H, 5.39; Cu. 7.73 ‘/..) 

AstrumofH,S was passed throughasoln oftheCusah (3g)in benzene (loOmI). CuSwasfihercd 
off and the soln was taken to dryness in wcw. The product was crystallizd from MeOH+tber and 
melted at 132-13s’. The analytical sampk of IIIb melted at 134-13s”. [ok 7s”; c’L” 312~ 
(~8.710); J~~~“alacon 312 rnlr (e 12.030); c.i 589 and 6.12 p. (Found: C. 63.89; H, 6.76; 
F, 13.82. Cak. for C,,HUF,OICH,OH: C. 64%; H. 660; F, 13.82%.) 

16(2.2.2-Tr@oro-I-uceroxyefhyliQru) estrone-3-methyl ether (IIId). Compound IIIb (I g) 
wu tefiuxed for 30 min with Ac,O (2s ml). Distillation of the solvent in wcw and crystallization 
from EtOH furnished 470 mg of a IIId. m.p. 108-l 1s’ Thmc additional recryrtallirations gave a 
sample mp. 118.S120”. [z)D 73’; <tz 22S. 277 and 286 rnCc (e 14.950, 2.4SO and 2&M). 
(Found: C. 65.14; H, 574; F. 1352. Cak. for GH,,F,O,: C. 65.39; H. 5.96; F, 13.49x.) 

16&(2.2,2-DlpYoruefhy!) estrone-3-merhyl erher 011~). A soln of IIld (400 mg) in EtOH (2.5 ml) 
wu hydrogenated for 4 hr in the prmence of Pd ataJyst (100 mg). The product was ruaystallizcd 
from EtOH or, better, aqueous acetone, to give 1SO mg. m.p. 161-169”. The pure sample melted at 
17&171”. [2&p 128’; a’,:“.” 286 rnp (e 4.035); c; 5.76 p. (Found: C. 6894; H, 694; F. 15.63. 
Cak. for C,,H,,F,O,: C. 68.89; F. I5.SS:/,.) 

&entially the same results wac obtained when NaHCQ or Et,N were present in the hydro- 
genation mixture. 

16,1-(22,2-Trf~wro-I-hy~oxyerhy~ estrone-3-methyl l fher (IIlf). A. A wln of IIIc (590 mg) 
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in bauene was treated with HIS m described above. The resulting crude IIlb was dissolved in EtOH 
(50 ml) and hydrogenated for 3 hr with PdK (300 mg). The filtered soln wa.~ evaporated and the 
crude solid (m.p. 208-212”) rarystallized from AcOEt-hcxane. The product m&cd at 210” (mixed 
m.p. with the compound obtained below was 213-215”). 

B. A soln of 111~ (610 mg) in EtOH (25 ml) was hydrogenated for 16 hr in the presence of Pd-C 
(200 mg). The filtered (alite pad) soln wlu taken to dryness, the residue dissolved in ether and again 
filtaed to ranove a small amount of a Cucontaining ma~crial. Recrystallization of the product 
from AcOEt-methykyclohe gave lllf (280 mg) m.p. 213-215”. The analytical sample m&cd at 
216217”. [& 127”; #‘zS’ 277 and 286 w (c 1.260 and 1.230); c:: 5.75 /J. (Found: C. 
65.84; H, 6.70; F. 1546. Cak. for C,,H,,F,O,: C. 65.95; H, 6.59; F, 14.93x.) 

1~~~22-7iiplcoro-l-oufoxycrl?yl) emone-3-mcfhyf-dur (I&). A soln of lllf (100 mg) in A60 
(25 ml) was rdluxcd for 30 min. The mixture was distilled in cucuo, the residue well dried and then 
raaystallized from EtOH to furnish the acetate (62 mg) m.p. 161-168”. The pure sample melted 
at 176177”. [z)D 60’; &,, ~0 225, 272 and 286 rnp (c 14,950, 2.450 and 2,400). (Found: C. 
65500; H, 6.61; F. 13.70. Cak. for C, H F 0 . C, 65.70; H. 6.47; F. 13.56X.) 8 ,t . L, 

16(~2.2-T~ipuoro-l-mrr~xycr~yl~~) cJfronc3-methyl crhcr (Illh). A soln of IlTb (200 mg) 
freshly obtained from the Cu salt. in 20 ml of ether was titrated with ethereal dkomcthane to a pcr- 
manent yellow color. Evaporation of solvent gave a solid which was recrystallized from McOH to 
yield a sampk (129 mg). m.p. 14S153”. Chromatography over alumina (clution with 20% benzene 
in pet. ether) gave a sample m.p. 1565-157.5”. <LB 248 and 286 m/r (c 7,560 and 2,000); >iE 
5.74 myc. (Found: C. 66.96; H. 6.69; Calc. for C,,H,,F,O,: C. 6699; H, 6.39x.) 


