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Synthesis of
11-Methoxycarbonyl-13-phenyl-17-vinylgona-1,3,5(10)-trienes

Abstract: Titanium tetrachloride mediated dia]kylation of methyl 4-oxo-4-(p-

bt o ey Lratal

bromophenyljbutanoate ethylene ketal by 1,8-bis(trimethylsilyl)-2,6-octadiene (BISTRO) leads to a
mixture of methyl d/ and meso-(3-p-bromophenyl-2,5-divinylcyclopentan-1-yl)-propanoates.

Methoxycarbonylanon alkylatlon by 1odo-benzocyclobutcnc and then pyrolyms led to the title
compounds. © 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

Since the first synthesis of equilein and estrone in 1939,1.2 many steroids have been prepared using several
different strategies. Curiously only few 13-arylsteroids have been synthetised.3 The main step of the syntheses
of these 13-arylsteroids is the addition of 2-phenyl-1,3-cyclopentanedione to 1-vinyl-5-methoxytetralol according
to the Torgov reaction.4

In connection with our interest in steroid synthesis,3 we reported on a novel strategy for the synthesis of
1,1-disubstituted-2,5-divinylcyclopentanes which involves the addition of 1,8-bis(trimethylsilyl)-2,6-octadiene 1

S

b
(BIST RO) to various Plertrnnhlh(‘ reagents.® Mare recentl

.......................... gents.® More recently we have shown with carbonyl compounds that the
titanium tetrachloride mediated dialkylation of acetophenones and acetophenone ethylene ketals by BISTRO gives
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intermediates in the synthesis of 13-arylgonatrienes A .
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Resuits and discussion

Initially we studied the diaikylation of alkanophenone derivatives 2. The best resuit was obtained with the
p-bromoalkanophenone ethyleneketal 2e (Table 1, entry 6) which is in accordance with the previous report
concerning the high reactivity of the p-bromoacetophenone ethyleneketal.” In each case, an inseparable mixture
of di-meso 3-4 was obtained in 2.33:1 ratio. We observed that in contrast to the dialkylation of acetophenone
ethyleneketal, the presence of nitromethane co-solvent is not necessary. An analogous result has been already

observed in the course of the dialkylation of 4-nitro-2-butanone ethylene ketal.>2
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e _ ; ;
CHxClz  MeQ” "4~ MeO” "
x ( )9 )0
:g': '5\ Z 8’ g : gr \\|SiMe '!(\:1/ ” meso
2c: X = (OMe)s, R = H 3 .
2d: X = -OCH,-CHo-O-, R = H 3a:R=H 4a:R=H
2e: X = -OCH,-CH»-O-, R = Br 3b:R=Br 4b: R = Br

R R
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i ~— |
(10 equiv.) dl 5a:R=H meso @a:R=H (1.5equiv) dl 7a:R=H
5b: R = Br 6b: R =Br 7b: R = Br
Table 1. Reaction of BISTRO (1) with Acetophenone Derivatives 2
Entry | Reag. Reaction conditions Yield |dl:meso
3+4(%)] 3:4
I Za 1, 1.2 eq.; TiCly, 1.2 eq.; CH3NO37, 4 eq.; 20 °C, 24 h 30 203:1
2 2b8 1, 5eq.; TiClg, 3 eq.; CH3NOj,4 eq.; 20°C, 19h 18 2.33:1
3 2¢9 1. 2.5 eq.; TiCly, 2.2 eq.; CH3NO;, 4 eq.; =90 °C, 1h; -55°C, 1 h 46 233:1
4 2d10 1, 2.5 eq.; TiCly, 2.2 eq.; CH3aNO;, 4 eq.; 90 °C, 1h; -55°C, 2 h 44 2.33:1
5 2e 1,25 eq.; TiClg, 3 eq.; CH3NOj,4 eq.; -55°C, 14 h 49 233:1
6 2e | 1,2.5eq.; TiCly, 3 eq.; -90°C, 1 h; -55°C, 10 h 85 233:1

The following step of our strategy is the alkylation of the enolate of 3 by iodobenzocyclobutene.!! The
first attempts required the use of 10 mol equivalents of benzocyclobutenyl iodide for an effective alkylation of 3

which made the preparation of the steroid precursor extremely inefficient. With the aim of enhancing the

nucleophilic character of the enolate, the ester 3 was previously acylated with dimethyl carbonate to provide the
________ Wi, J1 PR S PR R L USRI T BTG [P SR B el 7 ¥, SN I AN B B o} TR
inseparable di-meso mixture of dimethyl malonates 5 and 6 (72% yield).!4 Thus the alkylation of the diesters 5,

6 was carried out at reflux in acetone in the presence of anhydrous cesium carbonate and only 1.5 mol equivalent
of iodobenzocyclobutene using the very simple Claisen’s procedure.!3  Interestingly, the alkylation of the di-
1somer 5§ occurs with a higher rate than that of the meso-isomer 6 which allowed a kinetic separation.
Consequently, the alkylation of the diesters 5, 6 afforded exclusively the dl-isomer 7, the meso-isomer 6 was
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mainly recovered (67% yield in 7, 96% yield from § and 28 % yield in pure 6). This result confirms our recent
wark rancaming tha diactaranfanial ealantivity nf the alkvlatinn of acter annlatec 14
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Thermolysis of the benzocyclobutenic intermediate 7a (or 7b) affords the steroids 8a (or 8b) and 9a (or

40 % and 42% vield respectively.

11 u 11U 10O

the ortho protons of the phenyl group and the vinylic proton H(20), the axial protons H(14) and H{12) of the
tetracycle 8. In contrast, no cross peak has been observed between H(®) and H(14). On the other hand, the cis
relationship between H®) and H(®) was confirmed by the vicinal coupling constant (J = 6.3 Hz). In the case of
9, the proximal position of the ortho protons of the phenyl group and the protons H(17) and H®) was indicated
by the existence of cross peaks. A similar interaction proved the syn relationship H(14) and H(20). In contrast,
no cross peaks have been observed between the ortho protons of the phenyl group and the protons H14), H(20),
Finally, the doublet signal of H®) corresponds to a cis relationship with H®) (J = 5.7 Hz).

The steroid 8 which exhibits cis-anti-cis ring fusion stereochemistry comes from a cycloaddition process

inuvalving the vinyl aorann cun N tha hanzarusrinhiitans maiaty Ar\{\nr{hnq tn manlarnlar mnadal etindiae 8 ~anld
lllVUlVlllE i viilysl blUulJ S Y WU ouw U\,llL\lb_y\/lUUu\,\zll\a 1HIViIvL n\«\«ULUlllb U IHIvILL ULAL LTV SLUlLivy, U vuuaug
SISO VI S [, TR Py I BN [ DRSNS LORPUR IS SUNPRPURRPI SN » SRR ST 0 I S I

FCSUIL ITOM dil endo 4approdcCil 01 ine £ O-Xy1yICHC ICrmedidic. *~ 1 COontrdst, inc 10rmduon or ine cis-anii-rrans

tetracycle 9 which results also from an endo approach of the £ o-xylylene involves the vinyl group anti to the
chain bearing the benzocyclobutenc. The cycloadducts 8 and 9 are kinetic products since molecular mechanic
caleulations order the stability of the eight theorically possible isomers resulting from the cyclization of di-isomer
7a as follows:

trans-syn-cis trans-anti-trans Cis-syn-cis 9a, cis-anti-trans
C _ 20 20 Lanlfemansl = A4 40 Lemnllimn il - AA AN Dol ] — AA O Voo 1 ]
C = O93.00 RLaiiiu E=&I1. 1< Rediifivl L= &4, [V Realtnol C = 44.0U RCAlITIO!
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cis-syn-trans trans-syn-trans 8a, cis-anti-cis trans-anti-cis

E = 47.46 kcal/mol E = 47.65 kecal/mol E = 51.00 kcal/mol E = 52.58 kcal/mol

The major strain dictated the transition state results from the 1,3-diaxial interaction between the

methoxycarbonyl gro oups and the phenyl group. With the aim to reduce this inte

paeilyl pi2%) 1 1

eraction, we first performed a

decarbomethoxylation according to the Krapcho procedure.!6 Heating the new benzocyclobutene intermediate
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toa nydroxymemyl afforded the three i1somers 1
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chromatography. Interestingly, the main product
the natural products.

~ N ®
MeO,C Z =  NaCN MBOQCA\_/X\ 1902000(: MeOQC_LrAl\l:}(
ae o~ o~ N AL L - I|A|H,
VOLT T owsd P
O gulind L O ,1 I

7a 10 (84% yield) 11 (85% yield)

l, HJ H trans-anti-trans l J\HJ H trans-anti-cis [ \/I\H J H cis-syn-cis

~ 12 (34% vyield) NS 13 (18% yield) NS 14 (28% yieid)

As for the steroids 8 and 9, the relative stereochemistry of alcohols 12-14 was determined by a series of

and NOESY experiments.

1

hermolysis of the reduced benzocyclobutene intermediate 15 gave similar resuits.

T

— 190-200 °C
10 7_"}:'"[:’ Az "\-l/'\f/\ o 12 (32% yield) + 13 (18% yield) + 14 (26% yield)
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butadiene and benzocyciobutenoi The possibility to change the nature of the substituent of the phenyl group as
well as the opportunity to transfom the vinyl group by a Wacker-type oxidation enhances the synthetic versatility
of our methodology.

Experimental section

General. All reactions were run under argon in oven-dried glassware. 'H (200 MHz) and 13C NMR (50
MHz) spectra were recorded on a Bruker AC 200 spectrometer in CDCl3 solutions. Chemical shift (d) 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 GF54 230-400 mesh) and
TLC on silica gel (Merck 60 Fas4). The dl-meso ratio was determined by 1H NMR for compounds 3 and 4.

The structures of the steroids were more precisely established by a series of 1D, NOESY, NOE and decoupling
avnarimantce Tha 1” NMD ~oannling cangtante wara dAatarminad an ITNOCOCYVY enaptra with cemicalapctive
bAlJ\/l LI EEILD., 11w 11 LNIVLIIN \/UUlJlllls LULIDLALILD WLl L ULV IV UL T A7/ L DlJ\«L«Lla YWILIL SUIILIdVIVL LI VL

excitation unit on a 400 MHz spectrometer.

Material. All soivents were distilied before used, CH,Ci, and CHCI3 from P05, MeOH under
Mg(OMe),, THF over sodium/benzophenone. 1,8-bis(trimethylsilyl)-2,6-octadiene (BISTRO) 1 was
prepared according to the previously described procedure.!? Ethylene Ketal 2d was prepared in 75 % overall
yield from the commercially available 3-benzoylpropionic acid by esterification and acetalization. Ethylene
Ketal 2e was obtained in 60% overall yield from bromobenzene and succinic anhydride by acylation followed

by esterification, then ketalization. Iodebenzocyclobutene is generated through a six-step sequence.

According to literature procedure,!! anthranilic acid is easily converted into benzocyclobutenone which was
onantitativelv reduced hv T1AIH,. in THF  The aleohol ig then trancformed into the corresnondine megvlate
quantitatively reduced by LiAlH4 in THF. The alcohol is then transformed into the corresponding mesylate
ONCN A NEs- LIy Tha amida smivtiaeas to Airantly frantad ho N aT /1o cafliawad amatoma N\ bm siva mviantad
VAOUDIVIC, INLILS, UI1C 1)) 1110 C1UUC HILIALUIC 1D uuc;buy ucdaicu Uy iNdl Q1 Tiuxea d\.ClUllC} WU EIVC CApPCLICU
iodobenzocyclobutene.!® The overall yield of the sequence is 29% from anthranilic acid

Methyl (di, meso)-3-(1-phenyl-2,5-divinylcyclopentan-1-yl)-propanoates (3a, 4a). To a
stirred solution of 3.5 ml of TiCls (2.2 eq., 31.6 mmol) and 3.1 ml of CH3NO7 (4 eq., 57.4 mmol) in 45 ml of
anhydrous CH>Cly under argon was added slowly, at -60 °C, 3.4 g of ethylene ketal 2d (14.4 mmol) in 14 ml of
anhydrous CHCl;. The resulting solution was cooled at - 90 °C and 9.2 g of BISTRO 1 (2.5 eq., 36 mmol) in
36 ml of anhydrous CH,Clp were added. After stirring 1 hour at -90 °C, the resulting solution was allowed to

warm to -50 °C. After stirring 2 hours at -50 °C, the reaction was quenched by adding an excess of a saturated

NH4Cl aqueous solution. The mixture was decanted and the aqueous layer was extracted twice with CH,Cl».
Tha ramhinad Arcani~ layarge wwara wag had rith o catnieatad NIaTITN, nAtianiie cnliitinm anmd ntar Adeiad o
LU LuUlivliicu lsalllb laycid wiiv wasned witil a saturated ivarncvyu ayucuus SLUIULVLL allu walll, ulltu uvel

o o

MgS04 and evaporated under reduced pressure. The residue was purified by flash chromatography on silica gel
(gradient of petroleum ether/ether) to give 1.80 g (44%) of an inseparable mixture of 3a and 4a in 2.33 : 1 ratio.

IR (neat) 1738, 1634, 1171, 913, 703 cm~1; 1H NMR (200 MHz, CDCl3) 8 3a: 7.38-7.12 (5H, m), 6.05-5.84
(1H, m), 5.32 (1H, ddd J = 18.0, 9.5, 8.1 Hz), 5.08-4.88 (4H, m), 3.56 (3H, s), 3.08 (1H, dt, J = 9.0, 4.7
Hz), 2.58 (1H, br q, J = 8.1 Hz), 2.36-1.56 (8H, m); 4a (in part): 3.57 (3H, s), 2.98-2.79 (m, 2H); 13C NMR
(50 MHz, CDCl3) & 3a: 174.4 (s), 142.2 (s), 140.9 (d), 139.7 (d), 128.2 (d), 127.8 (d), 127.5 (d), 115.4 (1),
114.5 (t), 54.8 (s), 54.6 (d), 51.4 (q), 49.9 (d), 30.7 (1), 29.6 (1), 27.4 (1), 24.8 (1); 4a (in part): 174.6 (s),
144.5 (s), 138.9 (d), 126.9 (d), 126.0 (d), 115.8 (1), 53.6 (d), 30.1 (1), 28.9 (1)

120 \L&) 140U &5 Ay &7 ().

Methyl (dl, meso)-3-(1-p-bromophenyl-2,5- dlvmylcyclopentan -1-yl)-propanoates (3b,

methyl 3-(2-p-bromophenyl-1.3-dioxolan-2-yl)- propanoate 2e foli owing the previous
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ketal 2e (37.8 mmoi) in 38 mi of CH,Cli», 24.1 g of BISTRO 1 (2.5 eq., 94.5 mmol) in 95 mi of CH,Clp, I
hour at -90 °C then -90 °C to -50 °C) gave 11.7 g (85%) of an inseparable mixture of 3b and 4b in 2.33 : | ratio.
IR (neat) 1736, 1636, 1171, 1006, 915, 737 cm~!; IH NMR (200 MHz, CDCl3) & 3b: 7.45-7.36 (2H, m),
7.22-7.08 (2H, m), 6.01-5.79 (1H, m), 5.29 (1H, ddd, J = 18.4, 9.9, 8.1 Hz), 5.08-4.90 (4H, m), 3.56 (3H,
s), 2.99 (1H, dt, J = 9.0, 4.8 Hz), 2.56 (1H, br q, J = 7.8 Hz), 2.31-1.58 (8H, m); 4b (in part): 3.57 (3H, s),
2.92-2.71 (2H, m); 13C NMR (50 MHz, CDCl3) & 3b: 173.9 (s), 141.3 (s), 140.3 (d), 139.1 (d), 130.7 (d),

129.9 (d), 119.9 (s), 115.7 (1), 114.7 (1), 54.5 (s), 54.1 (d), 51.3 (q), 49.8 (d), 30.4 (1), 29.9 (1), 29.3 (1) 28.7
ity Ah ( nart)l 174 1 /¢y 1422 (¢) 122 (A 121 1 (A 19R S (AN 11A2 (Y SRA (AY 204 (¢ 27 1 (1)
\I.}q wuir 13 Pull’ 177F.1 \"I‘V 1 r.7..7 \ﬁ,’ [ AN Py 5] \\J), 171 1 \u/, | QP10 PYey \u;, | O B O ) \l}’ [P \u}, T \I.'Iq die {0 1 \l'l
24.2

Methyl (di, meso)-2-methoxycarbonyi-3-(i-phenyi-2,5-divinylcyciopentan-i-yi)-
propanoates (5a, 6a). To a stirred solution of 28 ml (2.2 eq., 27.9 mmol) of a 1M solution of LiIHMDS in
THF under argon was added slowly at -65 °C, 3.6 g (12.7 mmol) of the mixture 3a, 4a in 14 ml of anhydrous
THF. After stirring at -65 °C for 30 minutes, 16 ml (15 eq., 190.0 mmol) of dimethylcarbonate in 20 ml of
anhydrous THF were added. After stirring 1 hour at -65 °C, the resulting solution was allowed to warm to 20
°C. After stirring 1 hour at room temperature, the reaction was quenched by adding an excess of a saturated

NH4ClI aqueous solution. The mixture was decanted and the aqueous layer was extracted twice with ether. The

Y
5 g (66%) of an inseparable mixture of Sa and 6a. IR (1
H NMR (200 MHz, CDCI3) 8 5a: 7.38-7.12 (5H, m), 6.09-5.94 (iH, m), 5.41 (iH, ddd, /= 17.2, 10.0, 8.2
Hz), 5.21-4.88 (4H, m), 3.59 (3H, s), 3.24 (3H, s), 3.25-3.07 (1H, m), 2.72-2.30 (4H, m), 2.24-1.49 (4H,
m); 6a vide infra; 13C NMR (50 MHz, CDCl3) § 5a: 170.3 (s), 170.2 (s), 141.3 (s), 140.6 (d), 139.7 (d),
128.7 (d), 127.4 (d), 126.0 (d), 115.2 (t), 115.1 (1), 54.9 (s), 53.7 (d), 52.4 (q), 52.3 (q), 49.3 (d), 48.9 (d),
34.9 (1), 29.6 (t), 27.7 (t); 6a vide infra.
Methyl (dI, meso)-2-methoxycarbonyl-3-(1-p-bromophenyl-2,5-divinylcyclopentan-1-

\
l
>
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vil.nranannatoacg Awing tha nrovinng nraradnra ( a (7D an 1 mm mall Af T THAMNC galt in § ml
yl kll\ltl‘lll\l“LbB ’ 1w LIvY lllé |§ 8L PIUVILIUD lJlU\«\dUUlU \ & \& o dow Ll\.l-, el BUILIIVL S UL RARRIVELZDD DAL 1) O il
~L TII N N - /1 A 1) A~ el o L AL 2 oy | ~L£ TIIT o BN ¢ TP IRV aS [V -~ AL Q ome 1N O
Opf 1nr, v.ou g (1.4 Imnot) o1 e mixituic oo, 4D 11 H o1 1nr, 5.7 1M1 (19 Eq., “43.0 1mol) ol
dimethyicarbonate in 8 mi of THF, 1 hour at -65 °C, 2.5 hours at room temperature) gave 0.30 g (72%) of an

inseparable mixture of 5b and 6b. 0.11 g (21%) of starting material was recovered. IR (neat) 1752, 1736,
1637, 1210, 1151, 704 cm~1; TH NMR (200 MHz, CDCl3) & 5b: 7.41-7.12 (4H, m), 6.05-5.86 (1H, m), 5.38
(1H, ddd, J = 17.3, 10.0, 8.2 Hz), 5.16-4.89 (4H, m), 3.59 (3H, s), 3.28 (3H, s), 3.25-3.05 (1H, m), 2.85-
2.29 (4H, m), 2.17-1.43 (4H, m); 6b vide infra; 13C NMR (50 MHz, CDCIl3) & 5b: 170.1 (s), 169.6 (s), 140.6
(s), 140.1 (d), 139.3 (d), 130.7 (d), 130.6 (d), 130.4 (d), 130.3 (d), 120.1 (s), 115.7 (1), 115.5 (1), 54.6 (s),
54.2 (a), 53.8 (@), 52.2 (d), 52.1 (d), 48.7 (d), 34.9 (1), 29.5 (1), 28.2 (1); 6b vide infra.

Methyl (dl)-2-benzocyclobutenyl-2-methoxycarbonyl-3-(1-phenyl-2,5-divinyl-cyclo-

nantan 1 vyll neananaatag (Ta) Ta a ctirrad caliitinn oF 1 NE& 5 721 Al AfF tha mnivinies Ea Lo in I8 o]
poiitaiimi~yijrpgliopanvailcd (/daj. 1U a Stiitl JUIULVLL Ul 1.UU g (J.1 ulUl} I uie )U. 1T Jd, va 111 L0 11l
P i X | 1 11 s -~ FraY ™ Ind 1 - ~

/tical acetone under argon was added successively 1.31 g (1.3 eq., 4.0 mmol) of CspCO3 and 1.07 g (1.5

\\<>

eq., 4.6 mmoi) of iodobenzocyciobutene. The mixture was stirred 39 hours at reflux then cooled to room
temperature, filtered under celite and concentrated under vacuo. The residue was purified by flash

chromatography on silica gel (gradient of petroleum ether/ether) to give 0.85 g (62%, 88% from 5a) of diester
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7a as a mixture of two diastereoisomers. 0.29 g (27%) of pure meso diastereoisomer 6a was recovered. 7a: IR
(neat) 1729, 1635, 1246, 1200, 913, 762, 706 cm~!; 'H NMR (200 MHz, CDCl3) 6 7.4 7 (SH, m), 6.30-

6.06 (1H, m), 5.68-5.44 (1H, m), 5.14-4.94 (4H, m), 4.18-4.14 and 3.89-3.85 (X1H, m) 3.56, 3.14, 3.13,
3.09 (X6H, s), 3.21-2.42 (4H, m), 2.22-1.15 (6H, m); 13C NMR (50 MHz, CDCl3) § 171.7, 170.8, 170.7,
145.9, 145.7, 143.3, 143.1, 142.8, 142.2, 141.4, 141.2, 141.1, 140.8, 129.3, 129.1, 127.5, 127.4, 127.1,
126.4, 126.3, 125.9, 123.8, 123.7, 122.2, 122.1, 115.6, 115.4, 115.3, 115.1, 58.5, 58.4, 55.2, 54.9, 53.3,
52.2, 51.8, 51.7, 51.5, 51.4, 51.3, 50.9, 48.2, 47.8, 38.6, 38.4, 32.8, 32.7, 30.0, 29.8, 29.2, 28.9.

0.0
3-(1-phenyl-2,5-divinylcyclopentan-1-y
00

Methyl (meso)-2-methoxycarbonyl-3-(1-phe itan-1-yl)-propanoate
(6a). IR (neat) 1755, 1738, 1253, 1200, 1151, 914, 704 cm~1; 'H NMR (200 MHz, CDCl3) 8 7.37-7.16
(5H, m), 5.98 (2H, ddd, J = 16.8, 10.5, 7.9 Hz), 5.08-4.95 (4H, m), 3.45 (6H, s), 3.25-3.15 (1H, m), 3.02-
2.81 (2H, m), 2.45 (H, d, J = 5.2 Hz), 1.98-1.70 (4H, m); !3C NMR (50 MHz, CDCl3) 6 170 0

u
(s), 138.4 (d), 127.6 (d), 127.1 (d), 125.8 (d), 116.1 (), 54.5 (s), 53.5 (d), 52.1 (q), 49.1 (d), 29.
(t). Anal. calcd. for C21H2604: C, 73.66; H, 7.65. Found: C, 73.57; H, 7.71.

Methyl (dl)-2-benzocyclobutenyl-2-methoxycarbonyl-3-(1-p-bromophenyl-2,5-divinyl-
cyclopentan-1-yl)-propanocate (7b). Reaction of methyl (d/, meso)-2-methoxycarbonyl-3-(1-p-
clopentan—l—yl)—propanoates 5b, 6b following the previous procedure (0.55 g of the

, 1.7 mmol) of Cs7CO3z, 0.46 g (1.5 eq, 2.0 mmol) of iodobenzocyclobutene, 15

I3 O T EEy e SEAAEIMA, M SRy E AT

bromophenyl-2,5-divinyl

=
=
—~
L]
n
=2
=)
=2
=
o)}
aQ
o~~~
—
‘.»J (:-

5]
— :— .
(@]
oy
I‘

.g
o
3
n
o
S 1
o
-y \
o

[N
2

L @
=
B
o

b =~ L
h o =
B
o

12-4.94 (4H, m), 4.20-4.12 and 3.90-3.
2.23-1.41 (6H, m).

Methyl (meso)-2-methoxycarbonyl-3-(1-p-bromophenyl-2,5-divinylcyclopentan-1-yl)-
propanoate (6b). IR (neat) 1752, 1736, 1637, 1210, 1151, 704 cm~!; lH NMR (200 MHz, CDCl3) 8 7.37
(2H, d, J = 8.8 Hz), 7.23 (2H, d, J = 8.8 Hz), 598 (2H, ddd, J = 10.4, 8.0, 7.0 Hz), 5.09-4.95 (4H. m),
3.48 (6H, s), 3.15 (1H, dd, J = 10.3, 5.2 Hz), 2.98-2.79 (2H, m), 2.42 (2H, d, J = 5.2 Hz), 1.98-1.76 (4H,
m); 13C NMR (50 MHz, CDCl3) 8 170.3 (s), 143.5 (s), 138.3 (d), 130.8 (d), 129.3 (d), 120.1 (s), 116.8 (1),

KA A (¢ £2 Q
ST D), JIT

s) (@), §

General procedure for ine ithermolysis of sieroid precursors.
intermediate was dissolved in 1,2,4-trichiorobenzene (1 mi/0.1 mmol). The resuiting solution was stirred at 180-
190 °C under argon for an indicated time, then concentrated under vacuo. The residue was purified by flash
chromatography on silica gel (gradient of petroleum ether/ether).

(8, 9, 1453)-11,11-dimethoxycarbonyl-133-phenyl-17§-vinylgona-1,3,5(10)-triene
(8a) and (8, 98, 14¢)-11,11-dimethoxycarbonyl-133-phenyl-17 ¢-vinylgona-1,3,5(10)-triene
(9a). Reaction of 334 mg of methyl (dl) 2-benzocyclobutenyl-2-methoxycarbonyl-3-(1-phenyl-2,5-divinyl-
rs at 180-190 °C, 132 mg

= =D
7
Q
O.

°C). 8a: IR (CCly)
o~

Py 7 18 .7 N&
llL iy, 7.19-7.9J

cyclopentan- 1-yl)-propanoate 7a following the general procedure gave, after 17 hour

_______________ u
(40%) of steroid 8a (mp : 175-176 C) d 2 mg (42%) of steroid 9a (mp : 178-
1 14

s J = 6

J = 6.3 Hz, H9), 3.40 (3H, s) 3.16-3.03 (lH m, HS) 2.99 (]H d,
.66 (1H, d, J = 14.7 Hz, H12), 2.74-2.60 (3H, m, 2H6, H17), 2.38-2.28
(1H, m, H7) 1.83-1.73 (1H, m, H16), 1.60-1.39 (3H, m, H7, H14, H15), 1.30-1.23 (1H, m, H16), 0.99-
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127.6 (Ar), 127.5 (4C, Arn), 126.0, 125.8, 125.7, 113.6 (C21), 57.9 (Ci7), 56.1 (CiD), 52.7, 52.1, 51.7
(C13), 42.3 (C14), 39.1 (C8, C9), 35.4 (C12), 29.8 (C6), 29.2, 27.7, 24.8 (C15). Anal. calcd. for Co9H3704:
C, 78.34; H, 7.23. Found: C, 78.26; H, 7.33. 9a: IR (CCly) 1733, 1637, 1246, 1074, 911 cm~!; 'H NMR
(400 MHz, CDCl3) 6§ 7.54 (2H, dd, J = 8.6, 1.2 Hz, Ph), 7.23 (1H, t, J = 7.8 Hz, Ph), 7.14-7.08 (6H, m, H1-
H4, Ph), 5.64-5.55 (1H, m, H20), 5.01-4.97 (2H, m, H21), 3.68 (1H, d, J = 5.7 Hz, H9), 3.57 (1H, ddt, J =
13.0, 9.7, 5.8 Hz, H8), 3.49 (3H, s), 3.07 (1H, dd, J = 14.4, 1.0 Hz, H12), 2.82 (3H, s), 2.74-2.60 (3H, m,
2H6, H17), 2.54 (1H, d, J = 14.4 Hz, H12), 2.38 (1H, dddd, J = 13.1, 9.8, 5.2, 3.0 Hz, H7), 1.81 (1H, dq,
J = 12.3, 4.5 Hz, H15), 1.70-1.61 (1H, m, H15), 1.51-1.37 (2H, m, H14, H16), 1.24 (1H, tt, J = 9.4, 48

L 2 N Ariy 2R A.\Ji Y ix2, 12x, 411 1.1 Zia)y 1. 111, T

Hz, H16), 1.12 (1H, tt, J = 12.9, 5.7 Hz, H7); 13C NMR (50 MHz, CDCl3) § 173.0, 171.0, 145.3, 141.9

(Ar), 139.7 (C20), 137.8, Ar), 1 (2C, An), 127.0 (An), 126.0, 125.6, 125.5, 1246, 1158
(C21), 59.1 (CI17), 56.5 (C11), 52.9, 52.4, 52. CA.i) 46.9 (Cl14), 41.9 (C9), 37.2 (C 6
(C6), 27.0, 26.9, 24.2 (C15). Anal. calcd. for Co9H3704: C, 78.34; H, 7.23. Found: C, 78.42; H, 7.25.

(8a, 9, 143)-11,11-dimethoxycarbonyl-133-p-bromophenyl-173-vinylgona-1,3,5(10)-

triene (8b) and (83, 983, 14a)-11,11-dimethoxycarbonyl-133-p-bromophenyl-17x-vinylgona-

,_

1/'\!'\ -4 //'\I"
129.5 (2C
D). 52

P

1,3,5(10)-triene (9b). Reaction of 533 mg of methyl (d/)-2-benzocyclobutenyl-2-methoxycarbonyl-3-(1-p-
bromophenyl-2,5-divinyl-cyclopentan-1-yl)-propanoate 7b following the general procedure gave, after 15 hours
t 180-190 °C, 213 mg (40%) of steroid 8b an

&2 133k v

t
89 cm~!; |H NMR (300 MHz, CD

131 g v A

2 (1H, m, H20), 4.64 (IH,d, J=1 ;
Hz H9), 3.40 (3H, s), 3.15-2.87 (2ZH, m, HS8, H12), 2. 0 (4H, m, 2ZH6, HiZ, Hi7), 2.4i-
2.19 (1H, m, H7), 1.81-1.63 (1H, m, H16), 1.50-1.34 (3H, m, H7, HI14, H15), 1.30-1.17 (1H, m, H16),
1.17-0.95 (1H, m, H15); 13C NMR (75 MHz, CDCl3) § 172.7, 170.8, 144.3, 141.7 (Ar), 139.2 (C20),
137.4, 130.6 (2C, Ar), 130.2 (2C, Ar), 127.5, 1259, 125.6, 119.4 (Ar), 114.0 (C21), 57.8 (C17), 56.4
(C11), 52.8, 52.0, 51.4 (C13), 42.3 (C14), 38.9 (C8, (C9), 36.8 (Cl12), 27.6 (C6), 26.9, 26.7, 24.0 (C15).
Anal. caled. for Co9H3104Br: C, 66.53; H, 5.98. Found: C, 66.54; H, 6.01. 9b: IR (CCly) 1736, 1635,
1246, 789 cm~!; IH NMR (300 MHz, CDCl3) § 7.41-7.32 (2H, m, Ph), 7.37 (1H, d. J = 7.7 Hz, H1), 7.16-
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7.03 (5H, m, H2-H4, Ph), 5.61-5.49 (1H, m, H20), 5.04-4.90 (2H, m, H21), 3.66 (lH, 4, J = 5.5 Hz, H9),
3.48 (3H, s), 3.46-3.41 (1H, m, H8), 2.99 (1H, d, J = 14.4 Hz, H12), 2.90 (3H, s), 2.73-2.58 (3H, m, 2HH,
H17), 2.52 (i1H, d, J = 14.4 Hz, H12), 2.43-2.25 (iH, m, H7), 1.78-1.58 (2H, m, 2H15), 1.48-1.33 (2H, m,
H14, H16), 1.30-1.18 (1H, m, H16), 1.08 (1H, tt, J = 12.9, 5.7 Hz, H7); !3C NMR (75 MHz, CDCl3) 8§

172.7, 170.8, 144.3, 141.8 (Ar), 1399 (C20), 137.4, 131.2 (2C, Ar), 1304 (2C, Ar), 1259, 125.7, 124.5,
119.6 (Ar), 116.0 (C21), 57.8 (C17), 56.4 (Cl11), 52.6, 52.2, 52.0 (C13), 46.6 (C14), 41.7 (C9), 37.0 (C12),
30.9 (C8), 28.5 (C6), 26.9, 26.7, 24.0 (C14). Anal. calcd. for C39H3;04Br: C, 66.53; H, 5.98. Found: C,
66.63; H, 6.05.

Methyl (dl)-2-benzocyclobutenyl-3-(1-phenyl-2,5-divinylcyclopentan-1-yl)-propanoate

(10). To a stirred solution of 480 mg (1.08 mmol) of diester 7a in 4 ml of wet dimethylsulfoxide was added
158 mg (3 eq., 3.23 mmcl) of sodium cyanide (NaCN). The resulting solution was stirred 22 hours at 90 °C
thiam ~AmAlad 4 smn e b ie [ . (- o mvmace ~8 PRV 't‘ & 1T a RV Vel

il CO0IET 10 1001 HIPCTdtuicT and poOurcd in 4 1argeé €XCess 01 waler he mixiure was exiracied with LW ] W5 iy N

he combined organic layers were washed with water, dried over MgSO4 and evaporated under reduced

pressure. The residue was purified by flash chromatography on silica gel (gradient of petroleum ether/ether) to
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11-dimethoxycarbonyl-138-phenyl-17-vinylgona-1,3,5(10)-trienes (11). Reaction of 380
mg of 10 following the general procedure gave, after 17 hours at 180-190 °C, 321 mg (85%) of 11 as an
inseparable mixture of three steroids. I'H NMR (200 MHz, CDCl3) 8 7.43-6.73 (9H, m, H1-H4, Ph), 5.95

1 d, J =16.3, 8.7, 10.9 Hz) and 5.32-5.15 (1H, m, H21), 5.11-4.93, 4.71-4.55 (2H, m, H22), 3.75,
6

Rﬂ(}H’S) 337 (1H,dd, J =107 54 Hz HI1) 2.96-135 (14H, m, H6-H9 HI2 HI4-HI17),

s e Xk, U, 1if, 1211 o FUT1.20 L20V-I37, dX1d, 2R:i597x21

(Sﬁ, 9¢, 14¢x)-11x-hydroxymethyl-133-phenyl-17a-vinylgona-1,3,5(10)-trienes (12),
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B, 148)-iia-hydroxymethyl-13§3-phenyl-173-vinyigona-1,3,5(10)-triene (14). To a stirred
suspension of 61 mg of LiAlH4 (1.16 mmol) in anhydrous THF (3 ml) under argon was added at 0 °C, 321 mg
(0.83 mmol) of steroids 11 in 2 ml of anhydrous THF. After stirring 4 hours at 20 °C, 5 ml of wet ether and
celite were added. Then, the mixture was stirred for 30 mn before filtration. After evaporation under reduced
pressure, the residue was purified by flash chromatography on silica gel (gradient of petroleum ether/ether) to

give 109 mg (34%) of 12, 58 mg (18%) of 13 and 90 mg (28%) of 14. 12: IR (CCly) 3628, 3422,
, 1035, 1008, 910 cm~!; 'H NMR (400 MHz, C¢Dg) & 7.33 (2H, br dd, J = 8.6, 1.2 Hz, Ph), 7.07-
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H), 3.27 (1H, dd, J = 105 6‘Hz,C‘H H), 2.79 (iH, dd, J = i3.2, 3.1 Hz, Hl.f:),.ib&(lH t, J =
7.4 Hz Hl7), 2.64-2.55 (2H, m, 2H6), 1.96 (1H, br q, J = 9.1 Hz, H8), 1.90-1.65 (7H, m, H9, H11, H14,
H15, 2H16), 1.62-1.50 (2H, m, H12, H15), 1.42-1.34 (1H, m, H7); 13C NMR (100 MHz, CDCl3) § 142.7
(Ar), 140.3 (C20), 147.3, 139.5, 128.1 (2C, Ar), 128.0 (2C, Ar), 127.5 (Ar), 125.6, 125.5, 125.2, 122.9,
114.8 (C21), 67.0, 56.2 (C17), 52.8 (C13), 52.3 (C11), 42.5 (Cl14), 40.4 (C12), 38.1, 36.6, 27.3, 27.1,
26.9, 26.0. Anal. calcd. for Co6H300: C, 87.09; H, 8.45. Found: C, 87.13; H, 8.50. 13: IR (CCly) 3628,
3422, 1634,1262, 1035, 1008, 910 cm~!; IH NMR (400 MHz, CDCl3) § 7.39-7.29 (4H, m, Ph), 7.33-7.07

(5H, m, H1-H4, Ph), 5.20 (1H, br ddd, J = 18.2, 8.7, 7.4 Hz, H20), 4.96 (1H, br dd, J = 17.2, 2.2 Hz,
H21), 491 (1H, br dd, J = 10.0, 2.2 Hz, H21), 3.52 (1H, dd, /= 1 1.1, 5.0 Hz, CH,OH), 3.03 (IH, br ¢, / =
10.2 Hz, CHOH), 2.88 (2H, dd, J = 7.9, 7.7 Hz, 2H6), 2.55 (1H, dd, J = 15.0, 4.2 Hz, H12), 2.45-2.38
(2H, m, HI11, H17), 2.27 (1H, td, J = 10.0, 4.5 Hz, H14), 2.25-2.12 (2H, m, H7, H14, H15), 2.01-1.95

(1H, m, H9), 1.96 (1H, dd. J = 15.0, 5.3 Hz, H12), 1.68-1.51 (3H, m, H8, H15, H16), 1.44-1.23 (2H, m,
H7, H16); !3C NMR (100 MHz, CDCl3) & 141.3 (Ar), 139.6 (C20), 145.6, 137.8, 128.7 (Ar), 127.8 (2C,
Ar), 127.6 (2C, Ar), 126.1, 126.0, 125.9, 125.7, 115.0 (C21), 66.8, 51.6 (C13), 56.5, 49.4, 43.4 (Cl14),
41.6, 40.9, 34.0 (C12), 30.1, 29.6, 29.4, 28.3. Anal. caled. for Ca6H30O: C, 87.09; H, 8.45. Found: C,
87.01; H, 8.54. 14: IR (CCly) 3628, 3422, 1634,1262, 1035, 1008, 910 cm~1; TH NMR (400 MHz, CDCl3) &

6-6.99 (SH, m, H1-H4, Ph), 5.27 (1H, ddd, J = 17.1, 10.1, 8.5 Hz, H20), 4.67 (1H, dd, J = 17.1, 1.8

AGO(IH Jdd T =107 1R H7 HI21Y 274 (1 AAd T - 1Na 20T AN 2 40 (10T 33 T
iil, i1 s UV L1111, U, v LULL, 1.0 Koy Rl&d ), Jo05 (L1, UU, v = 1U.U, J.V X1L, Liljduinl), 2.0V (i, 4d, v =
INL &N U MLII_NLIIN Y A2 /11T 11 T . CEN 0O A IT- 1IN\ N QN N A1 /117 TY1 & A g o~ A Ty
1V.0, J.V I1Z, Lnzvil), 45 (1n, aa, v = J.u, 7.4 nZ, ny), £.oU-2./3 (I, m, 1), 2.6/-2.65 (LH, m,
NAYT N -~ o~ 71YY 1 ¥ 41 = T — - - - -~ -
2H06), 2.57 (1H, d, J = 11.7 Hz, H12), 2.43 (1H, q, J = 7.5 Hz, H17), 2.19-2.14 (1H, m, H8), 2.12-1.93

(2H, m, H15, H16), 1.81-1.75 (2H, m, HI11, H12), 1.69-1.54 (3H, m, H7, H14, H16), 1.47-1.38 (1H, m,
H7); 13C NMR (100 MHz, CDCl3) § 141.6 (C20), 138.6 (Ar), 144.3, 137.4, 127.9 (2C, Ar), 127.5 (2C, Ar),

urtin et al. / Tetrahedron 54 (1998) 49134922 4921
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(dl)-2-benzocyclobutenyl-3-(1-phenyl-2,5-divinylcyclopentan-1-yl)-propan-1-ol (15).

To a stirred solution of 0.12 mg (3.26 mmol) of AILiH4 in 8 ml of anhydrous THF under argon was added
slowly in an ice bath, 0.9 mg (2.33 mmol) of the esters 10 in 8 ml of anhydrous THF. After stirring at room
temperature for 4.5 hours, the reaction was quenched by adding successively 3.9 g of celite, 3.9 g of
NapS04.10H20 and 0.8 ml of water. After stirring an additional 30 minutes, the mixture was filtered and
concentrated under reduced pressure to give 0.79 g (95%) of the alcohols 15 as an inseparable mixture of four
diastereoisomers. IR (neat) 3445, 1640, 1265, 896 cm~!; H NMR (200 MHz, CDCI3) § 7.58-7.02 (9H, m),

6.38-6.08, 6.02-5.82, 5.78-5.42 (2H, m), 5.28-4.95 (4H, m), 3.50-3.10 (3H, m), 2.90-2.60 (2H, m), 2.40-

1 §Q /QLT  +n)
1.0 \O1, 1i1).
) 5 Y L 1D F= 3 AN ) I “ /1 1T A ! 1 N R PP T T [ 1 ~1 1=
Keacuon 01 145 Iné ()l (di)-4~- [)LﬂLULyLlUUULClly -a-(i-puenyl-<, UlVlI yl(. Cl Clldll-1-yl1)-propdri-1-ot 19
foliowing the general procedure gave, after 8 hours at 180-190 °C, 40 mg (32%) of steroid 12, 23 mg (18%) of

steroid 13 and 33 mg (26%) of steroid 14.
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