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The concept of the essentiality of sp? hybridization
in the A ring of androstanes and estranes for favorable
anabolic-androgenic activity ratios as enunciated by
the Syntex group? is supported by many sets of ex-
amples.? In line with these concepts and in continua-
tion of our studies of the reaction of 2-chloro-1,1,2-
trifluoroethyldiethylamine with la-hydroxy steroids,!®
we have examined the action of this reagent on 178-
acetoxy-da-androst-2-en-1a-0l (ITb).*# As observed in
our earlier work,!® reaction at room temperature was
rapid, with complete utilization of starting material
within 30 min. Thin layer chromatographic analysis
indicated the presence of a major mobile product (III)
and of several more polar components, one of which
(IV) predominated.

The produet III, formulated as 1-fluoro-5a-androst-
2-en-178-ol acetate, was isolated by direct crystalliza-
tion in 729 yield. However, on attempted column
chromatography of the reaction mixture from one
experiment on silica gel, only the nonfluorinated IV,
shown later to be 178-acetoxy-Sa-androst-1-en-3a-ol,
could be recovered.

Proton nmr spectra of III showed three key features
which support the assigned 1-fluoro-A? structure: (a) a
C-19 methyl proton doublet (J = 1.5 cps),’ character-

(1) (a) Paper I of this series: L. L. Smith, T. J, Foell, and D. M. Teller,
J. Org. Chem., 80, 3781 (1965). Leading references to other reported reac-
tions between hydroxy steroids and 2-chloro-1,1,2-triflucroethyldiethylamine
are given therein. (b) To whom inquiries should be addressed at the
Department of Biochemistry, University of Texas Medical Branch, Galves-
ton, Texas 77550,

(2) A. Bowers, A, D. Cross, J. A. Edwards, H. Carpio, M. C. Calzada,
and E. Denot, J. Med. Chem., 6, 156 (1963).

(3) A.D. Cross, J. A. Edwards, J. C. Orr, B. Berkéz, L. Cervantes, M. C.
Calzada, and A. Bowers, 1bid., 6, 162 (1963); (b) J. C. Orr, O. Halpern,
P. G. Holton, F. Alvarez, I. Delfin, A. dela Roz, A, M. Ruiz, and A. Bowers,
ibid., 6, 166 (1963); (¢) J. A. Edwards, P. G. Holton, J. C. Orr, L. C. Ibafiez,
E. Necoechea, A. de la Roz, E. Segovia, R. Urquiza, and A. Bowers, tbid.,
6, 174 (1963); (d) J. A. Edwards, M. C. Calzada, and A. Bowers, tbid., 6,
178 (1963); (e) M. E. Wolff, W, Ho, and R. Kwok, tbid., T, 577 (1964).

(4) C. Djerassi, D. H. Williams, and B. Berkéz, J. Org. Chem., 27, 2205
(1962).

(5) The C-19 proton signal is at higher field than is the C-18 proton
signal in IIT or ITb., The assignment of the higher field signal in III to the
C-19 protons cannot be reversed, for the signal is split 1.5 cps by the ad-
jacent fluorine atom (in both deuteriochloroform, where some instability of
spectra was noted, and carbon tetrachloride). A reversal of assignments in
111 would require not only long-distance coupling of the fluorine and C-18
protons through a minimum of eight bonds,? but also shielding effects of the
fluorine on the C-18 protons (—0.02 ppm) and deshielding effects on the
C-19 protons (+40.04 ppm) relative to the position of the angular methyl
protons of 5a-androst-2-en-178-0l acetate where both C-18 and C-19 protons
resonate at the same frequency.” The high-field assignment of the C-19
methyl protons in IIb follows from the known shielding influence (—0.01
to —0.05 ppm,8 —0.12 ppm?9) of the la-hydroxyl group on the C-19 protons.

(6) Long-distance coupling between 108-fluorine and C-18 protons
(through seven bonds) has not been observed: see A. D. Cross and P. W,
Landis, J. Am. Chem. Soc., 84, 3784 (1962).

(7) L. H. Knozx, E. Velarde, 8. Berger, D, Cuadriello, P. W. Landis, and
A. D, Cross, 1bid., 85, 1851 (1963).
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istic of coupling between fluorine and angular methyl
protons;#%19 (b) two half-proton doublets (J = 5
cps) separated by 50 cps centered at 4.50 ppm, indic-
ative of an HCF system, the proton of which is further
coupled to an adjacent proton; and (c¢) two poorly
resolved, overlapping proton signals, one a doublet at
5.85 ppm (J = 5 eps) showing fine splitting and the
other a broad singlet at 5.90 ppm.

From the over-all similarity of the olefinic proton
signals of III to those of IIa and IIb as well as to other
Sa-A%-steroids, ! a A? double bond is indicated for III.

OCOCH, OR
0 ;
H
I IIa, R=H
T / b, R=COCH,
‘ OCOCH; F OCOCH,
v I

Since the produet IV of an allylic rearrangement was
also obtained in the synthesis, it was necessary to
exclude a 3-fluoro-A! structure for III. The vinyl
proton signals of III clearly serve to eliminate A!
structures.!! A 3-fluoro structure is also ruled out
on the basis of the C-19 proton splitting, since neither
3a- nor 36-fluoro steroids are known to exhibit such
coupling.t10

The indicated fine splitting of the olefinic proton
signals (ca. 1 cps) may be a consequence of coupling
between the vinyl protons and the 1-fluorine atom.
The resonance signal of the 1-proton of III is also split
by about 5 cps. The C-1, C-2, and C-3 protons prob-
ably constitute an ABX system. With the added

(8) L. L. Smith, Steroids, 4, 395 (1964).

(9) A. I Cohen and 8. Rock, ibid., 8, 243 (1964).

(10) (a) A. D. Cross and P. W, Landis, J. Am. Chem. Soc., 84, 1736
(1962); (b) L. H. Knox, E. Velarde, S. Berger, D. Cuadriello, and A.D.
Cross, J. Org, Chem., 29, 2187 (1964).

(11) The C-2 and C-3 vinyl protons of the 5a-A2-derivatives I1a and IIb
do not appear to couple significantly with one another or with adjacent
protons. The olefinic proton signals of IIb appear as two sharp singlets
at 5.79 and 5.85 ppm whereas those of 11a appear as a broad singlet at 5.86
ppm. Additional examples of A2-vinyl proton spectra have been published.!?
The A2-vinyl protons are thus readily distinguished from the vinyl protons
of Sa-Al-androstenes, which show the general pattern: I, 7.10 (doublet,
J = 10 cps), 5.82 ppm (doublet, J = 10 ¢ps): 5a-androst-l-ene-3,17-dione,
7.21 (doublet, J == 10 c¢ps), 5.93 ppm (doublet, J = 10 cps): 178-acetoxy-
Sa-estr-1-en-3-one, 7.10 (doublet, J = 11 cps), 5.98 ppm (quariet, J ==
2 and 11 eps); and IV, 6.08 (doublet, J == 10 cps), 5.60 ppm (quartet, J =
4 and 10 cps).

(12) (a) P. D. Klimstra and R. E. Counsell, J. Med. Chem., 8, 48 (1965):
(b) K. D. Michael and G. A. Selter, J. Org. Chem., 30, 2549 (1965): (c) J.
Fishman and M. Torigoe, Steroids, 8, 599 (1965); (d) R. F. R. Church,
A. 8. Kende, and M. J. Weiss, J. Am. Chem. Soc., 87, 2665 (1965); (e)
S. M. Kupchan, R. W. Doskotch, P. Bollinger, A. T. McPhail, G. A. Sim,
and J. A. Saenz Renauld, ibid., 87, 5805 (1965); (f) D. Lavie, E. Glotter,
and Y. Shvo, J. Chem, Soc., 7517 (1965).
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complieation of coupling with fluorine, no further analy-
xis of the spectrum was attempted.  Aeccordingly., we
arce unable to assign, at this time, @ configuration
the 1-fluoro substituent in IT1.13

The secondary product IV from the fluorination
reaction contained no fluorine, and elemental analysis
and spectra suggested a 3-hydroxy-Al structure.  Chro-
mic acid oxidation of IV gave the Al-3-ketone I.  Since
IV differs in physical properties from the known 173-
acetoxy-Ha-androst-1-en-38-ol,>'*  the  3a-epimeric
structure is assigned.  Olefinic proton spectra already
mentioned!' and the triplet signal at 4.08 ppm (J =
14 ¢px) of the C-3 proton support i detail the 3e-
hydroxy-Al structure of IV. P

In bioassay by a modified Hershberger, et al., pro-
cedure, ¥ the fluore olefin III exhibited approximately
264 of the androgenic and 189% of the anabolic activity
of testosterone propionate. This separation of activi-
ties for I compares favorably with data published for
the nonfluorinated analog Sa-androst-2-en-178-ol2 and
thus constitutes further support of the concepts of A-
ring sp* hybridization 1necessary for high anaboliv
sefivity.,

Experimental Section'*

5a-Androst-2-ene-1a,17 3-diol (Ila),~-A solution of 29 g of 173-
acetoxy-da-androst-l1-en-3-one (1) in 500 ml of methanol was
cooled to 15-18° and stirred while 108 ml of 4 ¥ NaOH solution
and 108 ml of 307; 11.0. were added dropwise over 30 miu. The
mixture was stirred for 10 miu, 100 ml of water was added, the mix-
ture was filtered, and the proluct was washed successively with
water and methanol and dried. The le,2a-epoxide (11.5 g) was
dissolved in 240 ml of 2-propanol, and 60 ml of hydrazine hydrate
and 3 ml of acetic acid were addell. The solution was heated
on a stenm bath for 30 min, then held at room temperature
for 1 hr. Ice and water were added, and the product was ex-
tracted with ethyl acetate, Xvaporation of the extract gave an

(13) By assuming 1hat no changes in conformaiion are involved in the
At-steroids 1Ib and III, and by disregarding the 50-cps coupling between
Lhie 1-proton and the 1-fluoro group, then the doublet pattern of the 1-proton
in II1 may be taken as an indication of a different. configuration of the 1-
proton from that in 11b. Thuas a la-proion is suggested for IIT with a
13-fluorine atoin.  This efs configuration between the 1-fluorine atom and
the (*-19 methyl group could account fnr the 1.5-cps splitting of the C-19
proton signal in II1.  The generalizalions of Cross and Landist leave open
the quesrion of coupling between la- and 13-finorine atoms and the C-14
protons. ‘The Sa- and Ja-fluorine substituents do not split C-19 proton
signals, but 12a- and 17ae-fluorines do split C-18 proton signals.s

(14) R. ¥, Counsell, P. D). Klimstra, and . I3, Colton, J. Org. Chem., 27,
248 (1962). The specific rotation of the Syutex sample (—43.5°)* appears
to be in error at least in sign and does not agree with Counsell, et al. (roru-
tion +33.4°%), or with a calculated [alv value based on rotation data of
other 38-aleoliols.

(13> The (-3 proion is coupled by 4 c¢ps to the adiacent -2 vinyl proton
{whose signal also shows a 4-cps coupling rogether with a 10-cps coupling
with rhe C-1 vinyl proton) and to the axial C-4 proton. The chemical shift
»f the (-3 proton is within the range recognized for saturated A-ring, axial
3a-aleohols in the 5a series (3.85-4.14 ppm s, 3.08-3.70 ppm for epimeric
equatarial 38-aleoholss), und fromn rbis position and from the coupling pua-
1ern is equatorial. Thus, the 3a-hydroxyl group is axial. In contrast, other
A-ring, epimeric, unsaturated 3-alcohiols have C-3 proton spectra: a As-
“4ea-aleohol at 4.03 ppm, a A+-38-alcohol at 4.20 ppm,& a A3(10-3a-alcohol at
3.77 ppin, and 4 ASI-38-alcohol at 4.00 ppmn.16

(16) 8. G. Levine, N. 1. Eudy, and B. C. Farthing, Tetrahedron Letters,
No. 23, 1517 (1963).

(17) (a) L. G. Hershberger, . G. Shipley, and R. K. Meyer, Proc. Soc.
Ixptl. Biol. Med., 88, 175 (1053); (b) R. A. Edgren, Acta Endocrinol., 44,
Suppl. 87, 1 (1963).

118) All melting points were taken on a Kofler block under microscopic
magnificution. Optical rotations were obtained on 1%, solutions in chloro-
form. All reactions and purifications were monitored by thin layer chro-
mutography using silica gel-rice starch chromatoplates!® irrigated with
hexane-ethyl acetate (4:1) and visualized with an acidified 109 alecoholic
pbosphomolybdic acid solution. Nmr spectra were obtained on 109, deu.
reriochloroform solutions using a Vurian Associates Model A-60 spectrssiu-
eter.  (llemical sbhifts {§) were weasured slownfield from an internal refer-
cnee of tetramethylsilane.,

c1y Tl bl Suinh wwsl T Voell, Jo Chromatag., 9, 339 (1952).

Vol o

vil which was chronatographed v 450 g of alinuina ativiry
1D, Ehttion with henzene-CHCL <1 1) gavie 3.04 g of 11,
wp 1515557 afier verrvatallization from methanol hexaon
i P FSS-160%0 5 = 0070 (C=-19 prafons , 77 1C-1S protons
202 (178-eetoxyt protons), 3.70 :broml, half-width 7 eps, 1a-
protons, 4.0 ctriplet, J o= S epx, [Ta-proton), 5,70 ¢C-2 vinyl
protoi), 587 ppm (C-3 vinyl proton. Continned hntion or
the colunut with the saue solvent pair gave 656 g of the T, 173+
v, which was rerrystallized fram acetone-hexane, vichling
Shbmg of Il wp FE144° fojo #1400 AR 000 1 e
6 = 074 1C-IS aml C-19 protons;, 3.4-3.5 imnltiplers, 1a-
il 17a-protons3, 285 ppur (hroad, 2H, -2 aml C25 v
pratnns.

cnal. Caled for CoHp O O
R H, 10055,

1¢-Fluoro-5«-androst-2-en-173-0l 1738-Acetate (III}, -A sohi-
tinn of 3.6 g of TIb in 30 ml of CH.Cl under uitmgen wa-
trented with 35 ml of 2-chloro-1,1,2-trifluoroethyhliethylawine.
The solution was stirved at room temperature fior 30w, at which
time no starting mauterial was deterted on thin layer vhvon-
tograms.  Solid NalTCO; was added, the mixture wis washed
with witer mntil neutral, and the CH.Cl: wis evaporated wnher
varuunt.  The redidue wag crystallized front methanol, yiehling
1.9 g of produet, wp 150-136°.  Reerveudhization from weth-
anol gave 1,46 g of puve I1L: mp 136-130°; la]p +102°; 35"
D76 NOR g, el 8= 073 tdoublet, J = 5 eps, C-19 protons;,
0.80 1C-18 protons 1, 205 { 178-acetnxyl protous), .50 (lonblet of
doublets, S0 = 5 eps, Jur = 50 epx, I-proton), 4.60 (tripler, J =
7 pg, 1Ta-protoul, 5.85 (doublet, J = 5 1:ps, C-2 vinyl protony,
5.00 ppm (C-3 vinyl pmton); in carbon terraehloride, 5 = (.72
tdoublet, ./ = 1.5 eps, C-19 protons}, 0.78 (C-18 pratons:,
2,000 (178-retoxyl protons), 4.50 {dvublet of donblets, Ji 2 =
Sops, Jur = A0 eps, proton), .65 riviplet, J o= 8 eps, 17o-
protot), 5.94 ppm (hroad, 2 H, C-2 and C-3 viuyl protons).

Clual. Caled i CoHgFOar ) 7H40 H. 9540 F, 5.08,
Fawmd: C, 75.64; H,9.05; I, 5.72.

173-Acetoxy-5a-androst-1-en-3a-ol (IV).~-Repetition of the
flunriuation reactivn with 1,12 g of TIb in 40 ml of CH.CL, and
2.8 ml of 2-rhloro-1,1,2-teiflunroethyhliethyvlamine gave a rrude
reystalline proirg, 801 mg, whiech vonsisted maiuly of the ile-
sived proluct, TIT, together with =ome 1V. Chromatography
pf the material on 130 g of silien gel and successive elution with
hexane, hexane-ethyl acctate, and pure ethyl acetate failed
give any [TI, but the vonfluorinated polar compounent 1V,
241 myg, wis cluted by ethyl aceute.  Reerystallizativne from
ethyl acetate gave 10 mg of TV:® mp 187-190°; [ajp ~(i4.97;
AT 204, 585, T.RT. S goete; 6 o= 080 (C-18 and G-l
protons), 2.03 (173-uresoxyl protous), 4.08 (triplet, J = 4 ¢px,
Hg-protun, .60 1riplet, J = 8 eps, 17a-proton), 5.60 {quarte,
Jua = depy, Jie = 100ps, C-2 viuyl proton), 6.08 ppin (doublet,
J o= 10 eps, C-1 vinyl proton’,

dnal, Galed Tor CoHaOy: O 7586
75.5%; H,9.54.

173-Acetoxy-5u-androst-1-en-3-one (I).— A svlution of H) g
of IV e 4 b of avetone was oxidized with the Jintes reagent
(chropuum trioxide) in the usual manner yielding 22.5 myg of
rrude 1, mp 106-100°.  Recrystallization from hexane gave purr
I, mp 125-127°, AUETOR 930939 mu (e 10,200), ideutrieal by
tfrared spectra and chromatographic behavior with an anthentic
sample.

TNOT Fonnd:

H, 10.41.

H, 0.70. TFomul: €

s20) The 3a-uleohnl 1V s weminned without physisel ponsins: AL L
Crveas avsl AL Bosvers, U 8. Paient 2.127,42% Meaveh 31, 10505,

Derivatives of 1- and 2-Tetralones
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The preparation of intermediates related to 1- and
2-tetralones for use in the total synthesis of steroids ix
well documented.”  Our interest in these intermediates

vy L. Fieser arst M. Ieser, “Sterspls,” Reinhobl  Pabbsbing  Chrpe,
Now Yok, NOYL T8 g 1812548,



