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Abstract: Titanium tetrachloride mediated dialkylation of acetic anhydride, trifluoroacetic
anhydride or difluorochloroacetic anhydride by 1,8- bm(tnmcthy]sxly]) 2,6-octadiene (BISTRO)

P ma "y Mam b Pt 3 NI = B o RPN -
leads, respectively, to dI-1-methy!-2,5- -divinylcyclopentan-1-ol, dl-1-difluoromethyl-2,5-

divinylcyclopentan- 1-ol or dl-1-trifluoromethyl-2,5- divinylcyclopentan-1-ol. Esterification of these

compounds with 4- methoxybenzocyclobutene 1 carboxyhc acid and then pyrolysis led to 3-
methoxy-12-oxa-17-vinylestra-1,3,5(10)-trien-11-one and to coxrespondmg 18, ]8 difluoro or

2 ath 17
]R ‘R 18-trifluoro derivatives. Fu{ther transformations BIV\/ rise to 3- ulbulu"_'y' 12-oxa-17- \-

oxoethyl) 18,18-difluoroestra- l 3,5(10)-trien-11-one and to the corresponding 18,18, 18-trifluoro
derivative. © 1998 Elsevier Science Ltd. All rights reserved.
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Since the first synthesis of equilein and estrone in 193912 many steroids have been obtained, but curiously
only few oxasteroids have been elaboraied. To the best of our knowledge, no i2-oxasteroid has been described.

In connection with our interest in steroid synthesis according to the orthoquinodimethane approach,# we
have recently reported on a new strategy for the synthesis of 1,1-disubstituted-2,5-divinylcyclopentanes. These
latter arise from the addition of 1,8-bis(trimethylsilyl)-2,6-octadiene 1 (BISTRO) to various electrophilic
reagents.5 Especially, we have shown that anhydrides react with BISTRO leading to divinylcyclopentanols 2.5b
2b can be reduced to the corresponding difluoro-compound 2d by treatment with tributyltin hydride.
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On the other h nd. ;

alc teri
from nitrile 3 using the Kametam locedur 6

SniE- e G I T e
l
R Z E+OH p Ph P
MeQ [ R AN ] < N ki AN
3 MeO 4, 98% yield MeO 5

Fax: (33) (0)4 91 98 38 65; e-mail: m.santelli@lso.u-3mrs. [t

0040-4020/98/5 - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: 50040-4020(98)00599-7



10080 S. Wilmouth et al. / Tetrahedron 54 (1998) 10079-10088

Preparation of esters 6 performed by acylation of 2 with acyl chloride 5 is unfortunately incomplete.

Unchanged carboxylic acid 4 and alcohol 2 are partially recovered.

5 R —
{crude product) N A
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2a,¢,d + Buli ———— AN COgﬂ
THF Cl
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a, R = CHj MeO Il 6a, 67% yield (37% conversion) c LA
¢, R=CF, 6¢, 75% yield (48% conversion) '
d. R = CFyH 6d, 78% vield (43% conversion)
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7¢c, 82% yield
7d, 83% yield Trans-anti-cis

Thermolysis of 6a,c,d affords trans-anti-cis steroids 7a,c.,d, respectively, in excellent yields and high
stereoselectivity (>95%). We assume that only the vinyl group syn to the ester group is involved in the
cycloaddition process according to an exo transition state.

The relative stereochemistry of the steroids 7a,c.d is determined by a series of 1D NMR, COSY and NOESY
experiments (400 MHz). In particular, for 7a, phase mode NOESY experiments confirm the vicinal relationship
between H(®) and HI7) and also between H(20), Me(18), H(14) and H(®). In contrast. no

between H®) and H(I4). On the other hand, the frans relationship between H® and H®) is confirmed by the
vicinal coupling constant (/ = 12.5 Hz). In the case of 7¢, the proximal position of the trifluoromethyl group
and the proton H(2®) is established by the existence of a long-range coupling constant (Jyp = 2.5 Hz).
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8a,c,d; 98% yield 9¢, 84% vyield

9d, 85% yield

Treatment of ester 7¢ by methylithium affords diol 10 which is then cyclized into 11.1 I-dimethyl-12-oxa
steroid 11 by reaction with TsCl in presence of BuLi.
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Diol 13 is easily prepared from lactone 7d through a two step-sequence. Afterwards, 13 can be easily

converted into 11-phenyl-steroid as a mixture of epimers (14a : 14e = 2.33 : 1). The relationship between H
and HD js confirmed by “h.e vicinal coupling constant (for 14a, H1) § = 4,70 ppm, J = 10.0 Hz: for 1de,

HUD § =431 ppm, J = 7.0 Hz). Tt is well established that 11-phenyl-estrone derivatives possess antiestrogenic

or antiglucocorticoid properties.” Thus oxygenated compound 14 could be of great interest as an analog in
biological test.
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Me0™ 14a, 56% from 13 Me0” 14e, 24% from 13

In order to convert the carbonyl function into an enol ether through a Wittig reaction, steroids 7¢.d are treated
with (methoxycarbonylmethylene)triphenylphosphorane.8 Unfortunately, the only reaction observed is a partial
epimerisation of C-9 (15¢: 7¢ = 1.22 : 1). The stereochemistry at C(%) is revealed by the H®-H(® vicinal
coupling constant (for 7c or 7d, J = 12.7 Hz; for 15¢, J = 4.5 Hz, for 15d, J = 4.4 Hz)

a = g =~
OO PhaPron COaMe O O A
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MeO” NF " 7¢c,d MeO™ “F 15¢,d

The Wacker-type oxidation of the vinyl group of 7c¢,d leads to the corresponding aldehydes 16c.d.
respectively, resulting from an anti-Markovnikov hydroxypalladation. These results have been rationalized by an

intramolecular coordination of the palladium with oxygen of the lactonic or ether functions,?
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7c.d MeO . 16d, R = CHF», 85% yield
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Conclusion: We have described a short and efficient synthesis of 18-fluoro-3-methoxy-12-oxaestra-

1,3 5(10)-trien-11-ones from 1 3-hutadiene and 4-methoxvhenzo-cyclobutene-1-carhoxvlic acid, The nnc.cuhll ity
AF Aavidizing tha vingl ornn hu o Wanlkar_tuna nvidatinn anhancac tha cunthatic varcatility ~f I'h'c mathndnlnavy
Vi UMu-lwlé A 'lll]l 5L\Iuy J a vy uul\ul'l,_yyu UAIUALIVLL ViLIdALIVLCD LIv J]lluwm YWiOariiat Wi Lo N LAV TN _y‘

EXPERIMENTAL SECTION

General. All reactions were run under argon in oven-dried glassware. iH (400 MHz) and 13C NMR (100
MHz) spectra were recorded on a Bruker AC 400 spectrometer in CDCl3 (or CgDg) solutions. Chemical shift ()
are reported in ppm with tetramethylsilane as internal standard. IR spectra were recorded on a Perkin-Elmer
1600 spectrophotometer. Flash chromatography was performed on silica gel (Merk 60 GF;54 230-400 mesh)
and TLC on silica gel (Merck 60 Fy54).

Material. All solvents were distilled before used, CH2Cl, and CHCl3 from P;0s5, MeOH under

ol OMeYa THF gver sodinm/henzonhencone, 1 8-Ric/trimethvicilvl).2 f.nctadione (RISTRO) 1 wag
NMIglLNMIE)2, T OVEr sgaium/oenzopnencng.  L,0-DIS{irimeliny:snyi)-&,0-00a0iene (22021 X)) 2 was
st oAl b tlan smmmrrimiiole; Aanamilhiad coman drren 10
plcpmcu AL L UL ULl tQ LI lJI VlUubly ucHLilvcu PIU\-CUUIC -

]

Generai procedure for the preparation of Za,b,c.
Two-necked flask equipped with a2 magnetic stirring bar, a condenser and an argon outlet is charged with
anhydrous CH,Clz (20 mL), TiCls (2.3 mL, 20 mmol) and MeNO> (2.17 mL, 40 mmol). The solution is
cooled at -60°C and then anhydride (10 mmol) is added. The mixture is cooled to -90°C and BISTRO (3.04 g,
12 mmol) is added in 15 mn. After 2 h, the solution is warmed to -60°C for 12 h., then mixture is pourred into a
saturated solution of NH4Cl. After usual work-up, the crude product is purified by chromatography on silica gel
(petroleum ether - dicthylether 5 : 1). (dl)-1-Methyl-2,5-divinylcyclopentanol (2a).5?2

(d)-1-Chlorodifluoromethyl-2 5-divinylcyclopentanol (2b). IR (neat) 3530, 1640, 1120, 920 ¢cm~!:
I'H NMR (CDC ) 5.86 (m, 2H), 5

)

(dl)-1-Trlfluoromethyl~2,5-dlvmylcyclopentanol (2¢).5¢

(a)-1-Difluoromethyl-2,5-divinyl-cyclopentanol (2d). Two-necked flask equipped with a magnetic
stirring bar, a condenser and an argon outlet is charged with anhydrous benzene (2 mL). 82 mg (0.5 mmaol) of
AIBN and 250 mg (1 mmol) of alcohol 2b. The mixture is brought to reflux until complete dissolution. Then
0.3 mL (1.1 mmol) of BuzSnH is added. The solution is refluxed for 5 h and then poured into 15 mL of water

and extracted with ether. The organic laver is washed with water, dried over MgSQy, filtered and then
concentrated nnder vaciniim  The recidne ic chramatnoranhed an cilira oal (FtaD_natrnlanm athary Camnannd
MUl vt Alw s wiivawa A isaiia 4LV AVSALULY 15 VIR VHIGLVEL QPIIVAL UKL S1LUVA gl (TP u VIv UL VUl fo Lvnapruaiaia
A ic icnlatad im QRO vriald 711QA v T (noaat)l AN 1A27 1NAT 1NN QN A=l LT NIAMD (CNYC1.) K € T4
AR 1D LOVSEICGILAAAR LD U U AV I \VJU_Y llls). A% \HIWAL) JTTUN,, LU T, LUUL, L1VUVUL, J4V Vil - 11 1NlYLIIN \bubljl AU YAV ]
(m, 2H), 5.61 (dd, JHF= 56.4, 55.7 Hz, 1H), 5.13 (m, 4H), 2.80 (t, J = 9.3 Hz, 1H), 2.66 (q, J = 9.3 Hz

H), 2.00-1.40 (m, 4H); 13C NMR (C 36.2 (d), 136.0 (d), 1i8.5 (v), 117.2 (1), 116.9 (t, Jop = 245

Hz), 82.0 (t, Jcp = 20 Hz), 54.2 (d), 46.
found 188.1018.

1-Cyano-4-methoxybenzocyclobutene (3).50 IR (neat) 2246, 1243, 1164, 1021, 816 cm~!: |H NMR
(CDCl13) 3 7.09 (d, J = 8.2 Hz, 1H), 6.81 (dd, J = 8.2, 1.7 Hz, 1H), 6.68 (d, J = 1.7 Hz, 1H), 4.14 (dd, J =
5.3, 2.8 Hz, 1H), 3.76 (s, 3H), 3.60 (dd. J = 14.2, 5.3 Hz, 1H), 3.45 (dd, J = 14.2, 2.8 Hz. 1H): 13C NMR
(CDCl3) & 160.8 (s), 143.5 (s), 130.1 (s), 123.4 (d), 119.7 (s), 114.9 (d), 108.5 (d), 55.2 (q), 35.3 (d). 27.7 (0.

=)

(d), 29.4 (1), 28.9 (t). HRMS caled for CgpH14F20 188.10127,

Ad.Methavvhanzacve clohutona.l.carhaoyvlic asid (4) 6a TR (ICC1A) 2ENOA_NENAN 1T I A=, ] T
LTAVMIAVAY ULLIOGUL LIV UILAAL T AT YRl VA 11V aviu (T LAV (LA DIVUTLOUT, 11U Ll N 11 INIVIIN

(CTYI- YR TNEAE A T=21 sy 1Y ATT/(AA 7T - Q92 D2LT, 1IN ££0 /4 1 _ 272 LIz 110N A A2 /e T _ A

\NWrddNrdy) VT (s v T ULl LRy LAy M WU, I DL, LD LG, LML), VU7 (U, YV — LD T1L, 1T}, 4.LD (L, J = 4]
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6
General procedure for the preparau
argon outlet is charged with .66 g (10 mmol) of 4 and 35 mL of anhydrous benzene. Oxalyi chioride (i.71
mL, 20 mmol) is added and the mixture is stirred at 20 °C for 3 h. Then, the solution is concentrated under
vacuum. The residue is dissolved into 10 mL of anhydrous benzene and concentrated under vacuum again. This
last operation is repeated three more times. The crude acy! chloride 5 is used without any purification in the next
step. In a two-necked flask equipped with a magnetic stirring bar, an argon outlet, 10 mmol of alcohol 2 are

dissolved in 30 mL of anhvdrous THF. The solution is cooled at -50°C. n-BuLi is added (1.6M, 6.8 mL. 11

'mmol) and then af‘ylcblonde 5 (11 mmol), The mixtur
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MgSOy, filtered and then concentrated under vacuum. e residue is purified by chromatography on silica g

(dl)-1-Methyi-2,5-divinyicyclopentyl 4-Methoxybenzocyciobutene-1-carboxylate (6a). IR
(CClyg) 1752, 1609, 1275, 1167, 919 cm~i; TH NMR (CCly) § 7.03 (d, J = 8.1 Hz, 1H), 6.75 (dd, /= 8.1, 2.2
Hz, 1H), 6.67 (d, J = 2.1 Hz, 1H), 5.86 (m, 2H), 5.13 (m, 4H), 4.10 (t, J = 6.6 Hz, 1H), 3.75 (s, 3H). 3.37
(d, J = 6.5 Hz, 2H), 2.18 (m, 2H), 1.65 (m, 4H), 1.15 (s, 3H); 13C NMR (CDCl3) 8 172.5 (s), 160.1 (s),

144.8 (s), 137.6 (d). 137.5 (d), 134.4 (s). 123.5 (d). 116.7 (1), 114.0 (1), 108.6 (d). 108.4 (d). 81.6 (s), 64.6

(a), 553 (d), 54.3 (d), 44.9 (d), 33.2 (1), 30.6 (1), 27.3 (1), 19.0 (q).
L VLIRS ALETE R L LY 2] \ris = WHie & \*J5 27 \4/
(AN_1 _Triflnaramathvl_? S_divinviocvelanantvl A Mothavvhanrnosvslahutana_1 =nar'\nvv.ofﬁ
(s AT AL AMIAMUL VIV LU IS Moo T UL VI IV VAU VIR Y & FEUVAVMUVAJ ULKRLUL LIV ULV BLST ATV G rrAay gLy
(Lo TD O\ 17181 1TANRE 1772 11£7 Q1Q ~rve=l I NMD /(CTYVEN S TN /4 T =91 WUa 1L K 7A £AA
WLy EIN(WA4) 2701, LUVD, 1L70, 11U/, 17 Vil s AL INIVIIN (L LAV 13) U J.VL (WU, Vv = 0.1 114, 111), V.75 (UU,

{
J =82, 2.0 Hz, iH), 6.68 (d, J = 2.0 Hz, 1H), 5.82 (m, 2H), 5.08 (m, 4H), 4.21 (1, 4 = 4.1 Hz, iH), 3.75
(s, 3H), 3.36 (d, J = 4.1 Hz, 2H), 3.01 (m, 2H), 1.95 (m, 4H); 13C NMR (CDCl3) & 170.4 (s), 160.4 (s).
144.8 (s), 135.4 (d), 134.8 (d), 133.9 (s), 1249 (q, Jcr = 286 Hz), 123.7 (d), 117.9 (1), 117.2 (1), 114.2 (d),
108.6 (d), 91.3 (q, Jcr = 29.0 Hz), 55.3 (q), 48.9 (d), 45.6 (d), 33.0 (1), 30.1 (t), 29.1 (v).
(d)-1-Difluoromethyl-2,5-divinylecyclopentyl 4-Methoxybenzocyclobutene-1-carboxylate (6d).
IR (CCly) 1750, 1605, 1275, 1166, 919 cm~!; 'H NMR (CDCl3) 8 7.03 (d, J = 8.0 Hz, 1H). 6.77 (dd. J = 8.2.

21 Hz 1T 6680(d T =20Hz 1B 643 (t Jur =S4 A Hz 1HY SR80 /m 2HY S00/m_ 4\ 421 (t J =
dwvna Kadiy 2dagy 2T UG Y Lo KR4, axijy, NWSI \v evnr ST AL, 130y 0T \dddy dwdife 7 \dtiy Tiig, F.L1 (v

A9 7 THY 278 7¢c 2HY 227/4 T =41 Hz 2L 10 (m 2 1 Q5 (m AHY- 130 NNMBR /("DYC1Y 8 171 4
Tl LBy 1XRJy DT \Dy JELJy YTl \My V= T XMLy Lir], J.VUD ULy &dl), L.7J (1L, TTLL), O LWLIVEIN (AL U T

\]

(s), 160.4 (s), 144.9 (s), 136.3 (d), 135.9 (d), i34.0 (s), 123.5 (d), 118.7 (1, Jcp = 245 Hz), 117.6 (1), 116.5
(d), 114.2 (d), 108.9 (1), 90.1 (t, JcF = 20.2 Hz), 55.4 (q), 51.5 (d), 46.7 (d), 45.4 (d), 33.1 (1), 30.1(©.29.3 (0.
General procedure for the preparation of 7. A two-necked flask equipped with a magnetic stirring bar,
an argon outlet. and a condenser is charged with 6 (10 mmol), 100 mL of 1,2,4-trichlorobenzene and boiled
under argon for 12 hours. The mixture is then concentrated under vacuum. The residue is purified either by
cristallisation (7¢: EtpO-petroleum ether: 1-1, 7d: ethyl acetate-petroleum ether: 1-10) or by chromatography on
silica gel (EtyO-petroleum ether

(88, 90, 130, 14, 170\-3-1\/[ th

(dd. J = 8.6, 3.0 Hz, iH), 6.59 (d, J = 3.0 Hz, 1H), 5.92 (ddd, J = 17.2, 10.9, 6.4 Hz, 1H). 5.13
(m, 2H), 3.76 (s, 3H), 3.37 (d, J = 12.3 Hz, 1H), 2.74 (m, 3H), 2.17 (dm, J = 11.1 Hz, lH) 2. l6(m TH),
1.89 (m, 2H), 1.71 (td, J = 12.1, 2.8 Hz, 1H), 1.48 (m, 1H), 1.40 (m, 1H), 1.33 (s, 3H), 1.03 (m, 1H); 13C
NMR (CDCl3) 8 172.4 (s), 158.2 (s), 138.5 (s), 135.9 (d), 132.6 (s), 122.1 (d), 116.8 (1), 113.5 (d), 112.0
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774 Found : C 760721
5. COUNRG D, 7874,

N
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(8ﬂ, 9, 13, 14¢, 17a) 3- Methoxy-lZ -oxa-18,18,18-t 1fluor0 17-vinylestra-1,3,5(10)-trien-
ii-one {(7¢). 82% yieid; mp 181 °C; IR (CHCI3) 1758, 1611, 1263, 1185, 737 coi !5 'H NMR (CDCl3) &
7.82 (d. J = 8.7 Hz, 1H), 6.79 (dd, J = 8.6, 2.7 Hz, 1H), 6.69 (d, J = 2.6 Hz, 1H), 6.04 (ddd, J = 17.4, 10.6,
7.6 Hz, q, Jyr = 2.7 Hz, 1H), 5.10 (m, 2H), 3.39 (s, 3H), 3.29 (d, J = 12.7 Hz, 1H), 2.58 (td, J = 12.2, 5.5
Hz, 1H), 2.42 (m, 2H), 1.93 (td, J = 11.1, 7.9 Hz, 1H), 1.53 (m, 1H), 1.40 (m, 3H), 1.17 (q, / = 11.4 He.
1H), 0.75 (m, 2H); '3C NMR (CDCI3) 8 169.1 (s), 158.9 (s), 137.9 (s), 133.9 (d), 133.4 (s). 125.5(q. JcF =
284 Hz), 122.1 (d), 117.1 (1), 114.0 (d), 111.9 (d), 89.1 (q, Jcr = 27 Hz), 54.7 (d), 54.3 (q), 46.2 (d). 44.2

(d), 40.8 (d), 29.7 (1), 28.9 (1), 27.6 (1), 26.9 (t); Anal. caled. for CogH21F303 : C, 65.57: H, 5.78. Found : C.

Ul el aay U

8.7 Hz, 1H), 6.80 (dd, J = 8.6, 2.8 Hz, 1H), 6.59 (d, J = 2.6 Hz, 1H), 5.93 (m, IH), 5.81 (dd, Jyf =
55.6 Hz, 1H), 5.27 (m, 2H), 3.77 (s, 3H), 3.48 (d, J = 12.7 Hz, 1H), 2.90 (m, 1H), 2.79 (m, 2H),

= 9.2 Hz, |H), 2.28 (dt, J = 12.6, 7.5, IH), 2.11 (m, 1H), 1.73 (q, J = 11.7 Hz, 1H), 1.72 (m, 1H), 1.60 (m,
1H), 1.45 (m, 1H); 13C NMR (CDCl3) 8 171.2 (s), 158.1 (s), 138.0 (s), 132.9 (d), 132.3 (s). 121.7 (d). 118.9
(t), 114.9 (1, Jcp = 246 Hz), 113.1 (d), 111.8 (d), 88.6 (t, Jor = 24 Hz), 54.9 (d), 53.5 (q), 42.9 (d), 41.4 (d),
40.8 (d), 29.6 (1), 28.9 (1), 27.2 (1), 27.1 (1); Anal. caled. for CygH727F>03 : C, 68.95; H. 6.36. Found : C.
68.91: H, 6.29.

General procedur e for preparatlon of 8. In a two-necked flask equipped with a magnetic stirring bar

are dissolve AT ITTY 1 MM
HHIE

e dissolved in 100 mL of auu_yuxuba thu ALLINg (1 1) is

ol

added and the mixture is refiuxed for 6 hours. After cooling at room temperature, the solution 1s poured in 15 mL
of cold water and extracted with CH»Cl;. The organic layer is washed with water, dried over MgSO4, filtered
and then concentrated under vacuum. The residue is chromatographed on silica gel (EtpO-petroleum ether).

(88, 9,13, 1400, 17)-11,12-Seco-12-nor-11,13-dihydroxy-3-methoxy-17-vinylestra-
1,3,5(10)-triene (8a). 98% yield; IR (CCly) 3409, 1611, 1180, 917 cm~!; 'H NMR (CDCl3) § 7.06 (d. J =
8.2 Hz, 1H), 6.70 (dd, J = 8.2, 2.7 Hz, IH), 6.60 (d, J = 2.6 Hz, 1H), 5.74 (m, 1H), 5.03 (m. 2H), 3.74 (s,
3H). 3.65 (m. 2H), 2.97 (m, 2H), 2.62 (m, 2H), 2.22 (m, 2H), 1.91-1.24 (m, 6H). 1.05 (s, 3H):; 13C NMR
(CDCI3) 8 157.6 (s), 139.1 (s), 138.5 (d), 131.4 (s), 127.8 (d), 115.4 (1), 113.2 (d), 112.2 (d), 81.2 (s), 68.1

(1), 58.4 (q). 55.1 (d), 48.3 (d). 43.7 (d), 33.4 (d), 29.3 (1), 28.6 (), 28.2 (1), 25.8 (q), 21.5 (t). Anal. calcd.

Lo e N1, 11T O NN AL NN 1Y nnr
100 L20128VU3 . L, /071, I1, 0.74. l"'()UIlLl L 13.Y53, 11, 8.70.
(8P, %o, 13, 14, 17)-11,12-Seco-12-nor-ii,i3-dihydroxy-3-meihoxy-18,i8,i8-trifiuoro-

17-vinylestra-1,3,5(10)-triene (8c). 98% yield; mp 135 °C: IR (CCly) 3406, 1609, 1171, 920 cm-!; 'H
NMR (CDCl3) 8 7.05 (d, J = 8.5 Hz, 1H), 6.69 (dd, J = 8.4, 2.6 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 5.84 (m,
1H), 5.09 (m, 2H), 3.74 (s, 3H), 3.69 (d, J = 7.5 Hz, 2H), 3.12 (t, J = 6.9 Hz, 1H), 2.61 (m, 3H), 2.22 (m.
3H). 1.98 (m, 2H). 1.63 (m, 3H); 13C NMR (CDCl3) 8 157.7 (s), 138.9 (s), 135.4 (d), 131.3 (s), 127.4 (d).
123.1 (q, Jcr = 289 Hz), 117.1 (1), 113.2 (d), 112.4 (d), 83.5 (q, Jcp = 27 Hz), 67.8 (1), 58.0 (q). 55.2 (d).
43.3 (d). 43.2 (d), 33.5 (d), 29.3 (1), 29.0 (1), 26.2 (1), 21.8 (1). Anal. caled. for CagHp<F303 : C, 64.85; H
6.80. Found : C, 64.82: H, 6.82.
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1H), 5.23 (dd, Jgr = 57.1, 55.3 Hz, 1H), 5.09 (m, 2H), 3.75 (s, 3H), 3.71 (d, J = 5.5 Hz, 2ZH), 3.07 (t,

6.8 Hz, 1H). 2.58 (m, 3H), 2.17 (m, 3H), 1.78 (m, 2H), 1.62 (m, 3H); 13C NMR (CDCl3) & 157.7 (s), 139.

(s), 135.7 (d), 131.3 (s), 127.4 (d), 114.4 (t, Jcp= 247 Hz), 117.5 (t), 113.2 (d), 112.4 (d), 82.5 (t, Jcp = 25
Hz), 67.9 (1), 57.3 (q), 55.2 (d), 43.7 (d), 41.4 (d), 33.2 (d), 29.3 (1), 28.8 (t), 26.2 (1), 21.9 (t). Anal. calcd.
for CogH26F203 : C, 68.16; H, 7.44. Found : C, 68.21; H, 7.37.

General nrocedure for the preparation

hahaa s LAt = Fe 22 = vt 22O R 21

v

and an arann anmitlat 10 chargad with Aial 8 (0 12 mmal) and 2 mT af anhudrane T The caluti

allv ail @l gUll Yuubt 15 Cildigets winl GiUs O (Ui 4 BHGUL) alll 4 15w Ul Qi yGaivuws » rxx 1 aie SUiuuUin U a
LNOoM .. 1 .. M..T 1 £LRARA NAIA IV 2 Tl 33,3 Tl . e ~ A mbal FNOLT A b o

~OU LU dllld N-DULb.d (1.0 1vl, U.Z4 11O} 1S SI0OWEY auucd, 1 U UL =0V © alu UuIcit a

solution of tosyi chioride (0.12 mmoi) in 1 mi. of THF is added. When TLC shows the appearance of transient
compound 9, the reaction is quenched by addition of aqueous saturated NH4Cl and extracted with ether. The
extracts are dried over MgSOQy, filtered and then concentrated under vacuum. The residue is chromatographed on
silica gel (Et20-petroleum ether) leading to 9.

(88, 9,13, 14cx, 17 )-3-Methoxy-12-0xa-18,18,18-trifluoro-17-vinylestra-1,3,5(10)-triene
(9¢). 80% yield: IR (CCla) 1608, 1263, 1052, 911 cm~!; TH NMR (CgDg) 8 6.86 (d. J = 8.2 Hz, 1H), 6.75

oo
s
[~
N
—
T

H)
1H),
55.1 (s 37.1
(d), 130.8 (s), 129.5 (d), 1292 (q, JcF = 292 Hz), 116.5 (1), 114.2 (d), 113.1 (d), 84.3 (q, JcF = 27 Hz),
69.2 (1), 56.3 (q). 55.2 (d), 47.8 (d), 42.4 (d), 33.1 (d), 30.9 (1), 29.8 (1), 28.6 (1), 26.4 (1); Anal. calcd. for
C20H23F307 : C, 68.17; H, 6.58. Found : C, 68.04; H, 6.72.

(88, 9,13, 14, 17x)-3-Methoxy-12-0xa-18,18-difluoro-17-vinylestra-1,3,5(10)-triene

(9d). 80% yield; mp 138 °C; IR (CCly) 1608, 1264, 1056, 926 cm~!; 1TH NMR (CDCl3) 8 7.08 (d. J = 8.5

Hz 1H) 670 (dd, J=8627Hz 1H) 660(d, J=28Hz IH) 58 (m, IH), 556 (dd, Jyr= 572, 55.1,
1Y § 12 /e DY 2774 fc 2N 2770 e QLI 207 flr A T - A A e 1HN D A1 (f4aa 21T Y 2724 (= 1Y
LELjy ok \Mlhy &LR1lJy 07T \D, JLE)y J.70U ULl £Xl), JVU/ \Ul:, Uy v — L5 112, LI}, 401 (UL, JLL), & (1L, 118 ),
N 10 7 ) 4 1N N OO0 TY_ 1TTIY 1 NneE 7 . a8 Y 1T "1 rs YT TN 1 &0 1T N 1 41 £ 1YTN Iql“ TTR AT IZaainYall

Z.1¥ {ia, v = 1U.U, 0.0 Nz, i), 1.95 (i, 2n), 1./1 (M, 2n), 1.58 (m, i), 1.41 (m, 1n); *C NMR (CDCl3)
6 157.9 (s), 139.3 (s), 135.9 (d), 131.3 (s), i27.5 (d), 117.7 (v), 117.2 (t, Jop = 247 Hz), 113.4 (d). 1i2.6

(d), 82.4 (1, Jcp = 21 Hz), 68.0 (1), 57.5 (q), 55.3 (d), 43.8 (d), 41.8 (d), 33.5 (d), 29.3 (1), 29.0 (1), 26.5 (1),
22.3(t); Anal. calcd. for CogH24F207 : C, 71.83; H, 7.23. Found : C, 71.84; H, 7.18.

(88, 9a, 13, 14, 17x)-11,12-Seco-12-nor-11,13-dihydroxy-11,11-dimethyl-3-methoxy-
18,18,18-trifluoro-17-vinylestra-1,3,5(10)-triene (10). A two-necked flask equipped with a
magnetic stirring bar and an argon outlet is charged with 7¢ (74 mg. 0.2 mmol) and 5 ml. of anhydrous CH>Cl>.

d n methvllithinm (04 mmal) ic added The mivtiire ic ctirrad ntil ranm

8l u I 2ATIL LIS LA Y asitassnaaid AT AU 15 QGGLLG, 1 OU DA WuI L 15 510G Ui 1001

tamnaratiira and than nanead 1ata o IP\Y nnnnnnnnnnn Tootsmem AF LI Tho actenabiae o —oola A olele T Y L

WALIPLLAtUC AU LUICTE PUUITCU LU a LIV aucoud bUluuUl LI, 1HC CAUACUHULL IS pPelTuniucud Wil uriuel. 11ce
1 o~

organic layer is washed with water, filtered and dried over MgS04. After concentration under vacuum, the crude
product is purified by chromatography on silica gel (Et2O-petroleum ether) to give pure 10. 98% yield; IR
(CCly) 3406, 1609, 1262, 1168, 739 cm~1; IH NMR (C¢Dg) 8 7.08 (d, J = 9.0 Hz, 1H), 6.72 (d, J = 2.7 Hz.
IH), 6.70 (dd, J = 9.0, 2.7 Hz, 1H), 5.92 (m, 1H), 4.99 (m, 2H), 4.31 (s, 3H), 2.89 (t, / = 2.6 Hz, 1H), 2.63
(m, 2H), 2.45 (q. J = 5.6 Hz. 1H), 2.37 (m, 3H), 1.40 (m, SH), 1.21 (s, 3H), 1.14 (s, 3H); 13C NMR (CgDsg)
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3 158.0 (s), 141.3 (s), 135.9 (d), 132.8 (s), 127.9 (d), 126.8 (q, Jcr = 292 Hz), 116.9 (1), 113.2 (d), 111.1
(d), 83.5 (g, Jcp = 26 Hz), 74.7 (s), 57.3 (d), 55.1 (q), 46.9 (d), 34.1 (d), 28.7 (1), 28.7 (1), 28.5 (q), 28.2

28.0 (q), 26.6 (1), 24.0 (t); Anal. calcd. for C23H29F303 : C, 66.31; H, 7.34. Found : C, 66.34; H, 7.32.

Q 1Q tuiflevinman 17 _ winul
G,

Q2 O, 12, 1 1" ) LY, PN e Te 1 19 _~ vlaas
AU IMTUUI UL/ "V IRy ICD

(op, 7, 10X, 14u, H Iu]‘J"lVlcl.llU (Y- 11,11-duuct l_'y' ~14~OXa- 18 H
1,3,5(10)-triene (ii). A two-necked fiask equipped with a magnetic stirring bar and an argon outiet is
charged with 10 (40 mg, 0.1 mmol) and 2 mL of anhydrous THF. The solution is cooled at -60°C and then n-
BuLi (0.2 mmol) are slowly added. The mixture is vigorously stirred until -30°C, and then a solution of tosyl
chloride (0.1 mmol) in 1 mL of THF is added. After completion of the reaction (TLC), it is quenched by
addition of 2 mL of aqueous saturated NH4Cl and extracted with ether. The extracts are dried over MgSQOy,

filtered and then concentrated under vacuum. The residue is chromatographed on silica gel (EtoO-petroleum
ether) leading to 11. 95% yield; IR (CCls) 1634, 1232, 1141 cm~!; 'H NMR (CDCl3) 8 7.13 (d, J = 8.6 Hz,

1Y KSR /AdAA 1T —R7 28 H» THY 83 (4 T =748 z THY 10 (m THY §08 fm 2HY 346 (¢ 3IH)
iy, .28 (GG, J = 8./, 2.2 02, 10), 0.22 (G, J w2 1aZ, afiy, Qo1 (M, 2123, 2US (N, L5727, 2.490 (5, 2029,
MO s/ ¥ 1M1 18 1TIN N EN f~ T _ K £ 1T~ 1LI\ ")')'11 T — €72 LI LIV D 17 fen TIIV 1 O 1 DK (e
2.0/ (Q, J = 1U.1 NZ, 111}, 2.2 ({, J =0.011Z, 1), 2.3/ (\, J = 5.5 1L, &i1), .1/ \Qll, L11j, 1.7U~-1.2J {ii},
7H), 1.69 (m, 1H), 0.91 (s, 3H); 13C NMR (CDCl3) & 157.6 (s), 139.7 (s), 135.9 (d), 131.6 (s), 128.0 (d)

126.3 (q, JCF = 292 Hz), 115.6 (1), 113.9 (d), 112.1 (d), 84.6 (q, JcF = 27 Hz), 80.3 (s), 57.8 (d). 54.6 (q),
47.5 (d), 46.2 (d), 40.2 (d), 31.3 (v), 30.5 (t), 27.7 (1), 26.4 (1), 26.2 (q), 25.8 (q); Anal. calcd. for
C22H27F303 : C, 69.46; H, 7.15. Found : C, 69.44; H, 7.12.

(88, 9a,13a,140,17)-11,12-Seco-12-nor-13-hydroxy-3-methoxy-11-phenyl-18,18-
difluoro-17-vinylestra-1,3,5(10)-trien-11-one (12). A two-necked flask equipped with a magnetic
stirring bar and an argon outlet is charged with 7d (52 mg, 0.15 mmol) and 4 mL of anhydrous CH2Cl>. Then
phenyllithium (0.15 mmol) is slowly added and the solution is stirred for three hours. The reaction is quenched

adAditiann Af anianne IN LI onh ion

Y hs chad with uatar
U] AauuLiuivlil Ui u\luyuuo 14N 111 auxuuu 1
A

a nraoani~ lavar ¢ t
17. 10 OIgainic 1ayer is wasnea wiln waily,

llllCl’CU i’iﬂ(.l UI'ICU Over IVIgDU4. Alie Concenir dllU[l undaer vacuum, ine LIUUC plUUULl lS puuucu ]l)y
chromatography on silica gel (Et;O-petroleum ether) to give pure 12. 70% yield; IR (CCly) 3416. 1697, 1262,
923, 815 cm~!; IH NMR (CDCl3) & 7.92 (d, J = 8.5 Hz, 1H), 7.42 (m, 3H), 6.81 (d, J = 8.4 Hz. 1H), 6.67
(d, J = 2.6 Hz, 1H), 6.57 (dd, J = 8.4, 2.7 Hz, 1H), 5.79 (m, 1H), 5.40 (dd, Jyr = 55.9, 55.8 Hz, 1H), 5.11
(m, 2H), 4.67 (d, J = 7.0 Hz, 1H), 3.74 (s, 3H), 2.89 (dd, J = 8.7, 5.7 Hz, 1H), 2.80 (t, J = 5.6 Hz. 1H),
2.56 (m, 2H), 2.21-1.24 (m, 7H); !3C NMR (CDCl3) & 203.6 (s), 158.1 (s), 138.9 (s), 137.5 (s). 135.6 (d),
132.7 (d). 130.2 (d), 129.2 (d)(2C), 128.5 (d)(2C), 126.6 (s), 121.8 (q. Jcr = 247 Hz), 117.5 (1), 113.9 (d).
112.3 (d), 82.3 (q, Jcr = 20 Hz), 57.0 (d), 55.2 (q), 53.4 (d), 52.7 (d), 42.7 (d), 37.2 (1), 28.3 (1), 26.7 (1),

h P i

24.4 (t); Anal. caled. for CogHpgF203 : C, 73.22; H, 6.62. Found : C, 73.19; H, 6.62.
(ﬂR Qnr 11rv I’XN,IAN’I"IN\QMofl\ 2
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e AV val -‘vnu:y A= 1 gty -
triene (i4a). In a flask equipped wiih a magnetic stirring bar, a condenser and an argon outlet, crude diol i3
(arising from reduction of 12 (44 mg, 0.1 mmol) performed with LiAlHy4 in ether) is dissolved in 2 mL of

POCI3 and the mixture is refluxed until complete disappearance of 13 by TLC. The solution is concentrated
under vacuum and then purified by chromatography on silica gel (EtzO-petroleum ether) to provide a mixture of
epimers (14a : 14e = 2.33 : 1). 14a, 56% yield; IR (neat) 1608, 1260, 1059, 920, 803, 737, 703 cm—!; 'H
NMR (CDCl3) & 7.37 (m, 4H), 7.25 (t, J = 7.1 Hz, 1H), 6.59 (d, J = 2.8 Hz, 1H), 6.28 (dd. J = 8.8, 2.9 Hz,
IH). 6.12 (d, J = 8.8 Hz, 1H), 5.86 (m, IH), 5.57 (dd. Jur = 57.2, 54.6, 1H), 5.09 (m, 2H), 470 (d, J =
10.0 Hz. 1H). 3.67 (s, 3H), 3.19 (m, 1H), 2.92 (1, J = 10.3 Hz )

2t H), 2.
(m, 7H); 13C NMR (CDCl3) & 157.7 (s), 142.6 (s), 1403 (s). 136.0 (d),
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124 ’
triene (1de). 24% yield; IR (neat) 1608, 1260, 1059, 920, 803,
(m, 4H), 7.09 (t, J = 7.1 Hz, 1H), 6.71 (d, J = 2.8 Hz, 1H), 6.77 (d, J = 8.3 Hz, 1H), 6.65 (dd, J = 8.3, 2.8
Hz, 1H), 5.83 (m, 1H), 5.74 (dd, Jyg = 57.2. 54.6, 1H), 5.11 (m, 2H), 4.31 (d, / = 7.0 Hz, 1H), 4.19 (dd. J
= 9.9, 7.1 Hz, 1H), 3.77 (s. 3H), 2.76 (m, 1H), 2.62 (m, 2H), 2.2-1.2 (m, 8H); !3C NMR (CDCl3) § 158.5
(s), 144.0 (s), 141.0 (s), 135.8 (d), 132.7 (d), 130.0-128.0 (d)(6C), 117.0 (t), 116.9 (t, Jcp = 247 Hz), 115.8
(d), 111.3 (d), 89.2 (d), 85.3 (1, Jer = 21 Hz), 55.3 (q), 53.3 (d), 52.2 (d), 45.6 (d), 40.5 (d), 31.6 (1), 30.0

(@)

argon outiet, is charged with steroids 'ic,u (0.1 mmol), triphenyiphosphorane (0.2 mmoi) and 2 mi of CCiy.
The mixture is refluxed 48 hours, cooled until room temperature and then concentrated under vacuum. The
residue is taken up in CH,Cl; purified by chromatography on silica gel (EtpO-petroleumn cther) to provide a
mixture (7 : 15 =1:1.22).

(88, 98, 13, 14, 17 x)-3-Methoxy-12-0xa-18,18,18-trifluoro-17-vinylestra-1,3,5(10)-trien-
11-one (15¢). 55% yield; IR (neat) 1753, 1610, 1254, 1162, 733 cm~!; 1H NMR (CDCl3) 8 7.19 (d. J = 8.5
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4 Hz), 123.2 (d), 117.6 (1), 113.9 (d), 112.2 (d), 90.3 (q, JcF = 27 Hz)
(d). 37.6 (d), 29.7 (1), 28.2 (1), 27.7 (d), 26.1 (d).
(83, 98,13, 14, 17 x)-3-Methoxy-12-0xa-18,18-difluoro-17-vinylestra-1,3,5(10)-trien-11-
one (15d). 55% yield; IR (neat) 1753, 1611, 1258, 1115 cm~!; TH NMR (CDCl3) & 7.17 (d, J = 8.5
1H), 6.75 (dd, J = 8.6, 2.6 Hz, IH), 6.61 (d, J = 2.8 Hz, 1H). 5.87 (m, IH), 5.72 (t. Jur = 55.9 Hz. |H),

5.26 (m, 2H), 3.76 (s, 3H), 3.66 (d, J = 4.4 Hz, 1H), 2.82 (m, 3H), 2.58 (1, J = 7.2 Hz, 1H), 2.15 (m, 2H)
1.95-1.15 (m. 5H): 13C NMR ( Cl12) & 170.6 (<) RRSZ{O 136.7 (s), 1320 (d), 131.7 (<), 1237 (d). 1195
LS A A (Ad SA2), T ATAVERS A\RELRAS) Y LTV A Oy AT S,y N A3y 2oL 2 \Sy 44 W)y 2ade i Ny, 145
ey 11 A7 /s | S NATT TT Y T 1X.. N 12 Y b B SRR B
L), Li4. 0\, JCF = 24/ ] y . ) /.1 (4d)

36.9 (d), 30.2 (1), 29.7 (1), 28.5 (1), 27.5 (v).

General procedure for the preparation of 16. A two-necked flask equipped with a magnetic stirring bar
and an argon outlet is charged with Pd(OAc); (0.1M), benzoquinone (0.9 M) and CH3CN (12 mL / mmol of
starting material). Water (CH3CN / Hy0 = 7/ 1) and then HCIO4 (0.3 M) are successively added. The solution
is vigorously stirred for 1 hour at 20°C and then steroid 7 is added. When the reaction is over (TLC), the

mixture is poured into a 30% aqueous solution of NaOH. After decantation, the aqueous layer is diluted with

water and extracted with ether. The extracts are filtered and then concentrated under vacuum. The crude product

(e v [E1eY

QR 0O~ T2~ T A~ 17T A0 P S, > WP | Plow ncenn 1™ (A oo 4L XN . .4
VO 7Ly LIOWUy ALy L/ L J=I=IVACLHUVA Y1 4~0UXd"1]1 1TU0IV-1/=(&4=0xo0cdinyi)-esira-
i,3,5(i0)-irien-ii-one (i6¢c). 80% yieid; IR (CCig) 1763, 1723, 1612, 1259, 1169 cm—i; iH NMR

)
(C6D6)8 .21 (s, 1H), 7.86 (d, J = 8.7 Hz, 1H), 6.83 (dd, J = 8.5, 2.5 Hz, 1H), 6.71 (d, J = 2.5 Hz, 1H),
s, 3H), 3.26 (d, J = 12.4 Hz, 1H), 2.59 (1/2 AB, J = 18.0 Hz, 1H), 2.42 (m, 3H), 2.03 (dd, J = 11.1,

w
4;
=
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.81 (dd. J = 16.1, 8.1 Hz, 1H), 1.42 (m, 2H), 1.12 (g. J = 12.5 Hz, 1H), 0.93 (m, 4H): 13C
.8 (d), 170.0 (s), 158.4 (s), 138.1 (s), 132.4 (), 125.2 (q, Jcrp = 284 Hz), 121.1 (d).
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(88, %a, i3, ido, 17a)-3-Meihoxy-iZ-oxa-18,18-difiuoro-i7-(Z-oxoeihyi)-esira-i,3,5
trien-11-one (16d). 85% yield; IR (CCly) 1765, 1725, 1611, 1258, 1125 cm~ i, iH NMR (CDCI3) 8 9
(t, J = 1.5 Hz, 1H), 7.51 (d, J = 8.7 Hz, 1H), 6.80 (dd, J = 8.7, 2.7 Hz, 1H), 6.59 (d, J = 2.7 Hz, 1H), 5.82
(dd, Jgr = 56.9, 54.8, 1H), 3.76 (s, 3H), 3.47 (d, J = 12.4 Hz, 1H), 2.97 (1/2 AB, d, J = 16.8, 3.0 Hz, 1H),
2.78 (m, 2H). 2.53 (1/2 AB, d, J = 16.8, 11.1 Hz, 1H), 2.42 (dt, J = 8.8, 8.3 Hz, 1H), 2.24 (m, 1H), 2.09
(m. 2H), 1.76 (q. J = 11.9 Hz, 1H). 1.66 (m, 1H), 1.41 (m. 2H), 0.88 (m, 1H); 13C NMR (CDCl3) 8 199.5

(A 1711 () 18R 4 (e} 1387 (<} 1325 () 1250 (¢t J~r= 248 Hz) 1217 (d) 1135 (d). 1121 (d) 8K 3
A\MJy L7 2k \DFy WU (D), LIU L (D)) 14T \J), kU \Ly v LT ALiiJy Léuded \Mjy L LS \\WAJy R Xden LMy UG
fa I 1“1'\ ft“"/,_\ AA N /AN AT Y e AN N AN A1 3 AN AL O 7 AN ANO O Fe AN O FeY DO A FN YT Y Jen
(L,JCE=1 Z}), 33.5 (q), 4.2 (Q), 43.2 (1), 42.2 (T, 41.5 (4), 41.U (0J, 3.7 {1}, <7.0 (1}, co0.4 (1), £7.0 (1).
Anai. caicd. for CroHpoF204 : C, 65.92; H, 6.09. Found : C, 65.89; H, 6.1
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