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ABSTRACT
22" OTBS
[¢]
OCOCFs O‘ Me
Q/I MeO Me@ 4 steps ‘
- -
< CuCN-2LiCl, THF O‘
TBSO  Me 25°C,48h  MeO MeQ HO
99% ee 66% 97% ee Torgov diene (+)-Estrone

30%; 99% ee 12 steps; 4% overall yield

A formal total synthesis of ( +)-estrone (4% overall yield; ca. 12 steps) could be achieved via the Torgov diene. An asymmetric allylic substitution
is the key step for the construction of the chiral quaternary carbon center of a synthetic intermediate which was converted in four steps to
the Torgov diene.

(+)-Estrone 1) together with estradiol and progesterone are intermediate3 (Scheme 1). We expected that the alkenyl
the most important female sex hormonels)-Estrone is only iodide 3 could be converted into the Torgov diene by using
found as trace in plants and has been isolated from the urineHeck methodology-2 The chiral cycloalkenyl iodid& should
of pregnant womet.Several elegant total syntheseslof  be prepared using a copper(l)-mediatendti-Sy2'-allylic
have been reportédOur synthetic approach has focused on substitutiod of the dialkylzinc4 with the chiral cyclopentene
the presence of a chiral quaternary center at position 13diol derivative5. The zinc organometallié will be readily
(Scheme 1) because we have recently reported a generahvailable from Dane’s dien&)® using a hydroboration, B/Zn
exchange sequenég.

We focused first our attention on the preparation of the

Scheme 1 cyclopentene diol derivative, starting from 4-hydroxy-3-
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methyl-2-cyclopent-2-en-1-one (7) which was conveniently cis-5andtrans-5were established by performing a copper-

prepared in two steps from 2,5-dimethylfurdrilreatment
of the allylic alcohol7 with TBSCI (1.2 equiv, imidazole
(1.5 equiv), DMF, 25 C) followed by an oxidative iodolysis
(I2 (2.5 equiv), PDC (0.3 equiv), Ci€l,) gives the 2-io-
doenoneB in 73—77% yield. The CBS reductiéhof rac-8
with BH3*PhNE® using the (S)-MeO CBS catalyst (28,

()-mediated allylic substitution with Peszin (THF, 25°C,

12 h). As expected, the only substitution products are the
anti-Sy2'-cyclopentenyl iodide40 (54%; 81% ee) and1
(68%; 99% ee). A complete transfer of the chiral information
was observed for the two substrates as shown by the
enantiomeric excess of the produt®and11. The relative

1.5 hf2 affords the two readily separable diastereoisomers, configuration of 10 and 11 was established by NOE

Cis-9 (46%; 84% ee) anttans9 (49%; 99% ee). The relative
configuration ofcis-9 andtrans-9as well as an evaluation

experiments$? Because the configuration of the carbon
attached to the TBSO substituentdis- andtrans-5is not

of the reactivity of the corresponding pentafluorobenzoates important for the synthesis outcome, we decided to use for
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further steps thérans-pentafluorobenzoate (trans-5) which
was available through the CBS reduction in 99%“ee
(Scheme 2).

Scheme 2
1) TBSCI (1.2 equiv}
fo) imidazole (1.5 equiv) le]
DMF, 25 °C, 12 h
2) I (2.5 equiv), PDC (0.3 equiv}
CH.Clp, 48 h

HO Me : TBSO Me
rac-7 17% rac-8
OR OR
(85)-MeO-CBS-catalyst (5 mol %)
| |
BH3-PhNEY, (1 equiv) *
o S
THF,257°C,1.5h T8sd’ Me TBSO  Me
FsCeCOCI (1.3 equiv)— Cis-9: R=H trans-9: R=H FsCsCOCI (1.3 equiv)

pyridine (1.3 equiv) 46%; 84% ee 49%; 99% ee
DMAP (0.1 equiv)
Et,0,25°C, 2 h

91%

OCOC4F5
1 Pent,Zn (2.4 equiv)
CuCN-2LiCI (1.5 equiv)

pyridine (1.3 equiv)
DMAP (0.1 equiv)
Et,0,25°C, 2h

¢is-5: R=COC4F5 frans-5: R=COC4Fg 91%

81% ee 99% ee

1
TBSOﬁMe

h i
TBSO Me THF, 25°C, 12 h NOE W
9
cis-5: 81% ee 54% 10: 81% ee
OCOCFs ]
Pent,Zn (2.4 equiv)
1 CUCN-2LICI (1.5 equiv)  TBSOwp—{-mt
R o, H Me\—\i
185G e THF, 25°C, 12h ¥

NOE
11: 98% ee

88%
trans-5: 99% ee

We have prepared the required zinc readestarting from
Dane’s diene &) which was obtained in two steps from
6-methoxytetraloné® Thus, the treatment of the dieBeavith
Et,BH® (1 equiv) fa 3 h at 0°C followed by the reaction
with neat EtZn (2 equiv) at 25°C for 16 h affords the
dialkylzinc 4. The reaction was monitored by GC analysis
of hydrolyzed reaction aliquof$.As the key step, we have

(13) See Supporting Information.

(14) The performance of the CBS reduction on the racemic mixture of
8 affords a mixture of two productsjs-9 andtrans-9, of which only the
trans-isomer (trans-9) is obtained with 99% ee. To avoid the formation of
cis-9 (which is obtained only with 84% ee), we performed an enzymatic
kinetic resolution ofac-7 using porcine pancreatic lipase (PPL) and vinyl
acetate at 25C. We have obtained both enantiomeRy-{ and (S)-7in
91% ee and in excellent yields. See Supporting Information.

(15) 6-Methoxytetralone was treated with vinylmagnesium chloride (1.2
equiv) in THF at reflux for 1 h, and then the resulting allylic alcohol was
subjected to a dehydration reaction (quinoling(cht.), benzene, reflux, 2
h) to give Dane’s dieneg) in 83% vyield.

(16) Whereas the intermediate borane is not protodeborylated under the
quenching conditions of the reaction aliquots, the zinc reaggmbduces
cleanly 4-ethyl-7-methoxy-1,2-dihydronaphthalene which allows us con-
veniently to monitor the progress of the reaction.
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now reacted the zinc organometali¢2.4 equiv}’ with the and oxidation with sodium perborate (NaB@H,O, 10
allylic pentafluorobenzoatgans’5 in the presence of CUCN equiv, 25°C, 24 h) affording the keton#&5 in 45% yield.
2LiCl (2.4 equiv) in THF (25°C, 48 h) leading to thenti- An acid-mediated ring closute(p-TsOH, benzene, 25C,
Sy2'-substitution product2 in 66% yield. Removal of the 12 h) followed by the removal of the TBS group by using
TBS group provides the alcoh@Bwhich has allowed usto  TBAF (2 equiv, THF, 25°C, 12 h) and subsequent oxidation
determine its enantiopurity by HPLC analysis as well as to with CrO; on Celité® furnished Torgov diene (2) in 61%
confirm the relative stereochemistry of the adjacent methyl overall yield and 99% ee, mg 141—144°C (lit. mp =
and hydroxyl groups by NMR analysis (NOE experiments; 144—145°C) 2" [a]p?° = —95.6 (0.5, CHC}) (lit. [a]p®®

Scheme 3). = —102.6 £0.904, CHCJ)?" (Scheme 55! The conversion
Scheme 5
Scheme 3
oTBS . oTBS
= >Zn #-BuLi (2 equiv), -78 °C, 0.5 h 3
Et,BH (1 equiv), 0 °C, 3 h, then O‘ Me/Q then B(OMe)s (2.5 equiv) Me)Q
Et,Zn (2 equiv), 25 °C, 16 h O‘ I -78 °C to 25 °C, 24 h then d
MeO 20 >98)% MeO 4 MeO NaBOs-4H,0 (10 equiv)
6 12 97% o0 25°C,24n MO 15
OCOCqFs o
OR 45% Me

Q/] y X 1) p-TsOH, benzene, 25 °C, 12 h "
< g i o,

1880 Me Me@ 2) TBAF (2 equiv), THF, 25 °C, 12 h

trans-5: 99% ee O‘ I 3) G103, Colte, CHC,ELO, 25°C, 120

CuCN-2LICl (2.4 equiv) MeO 66% Me O Torgov diene (2)
THF, 25°C, 48 h 12: R=TBS: 97% 6~ TRAF (2 equiv), THF, 25°C, 12 h 99% ee
66% 13: R=H:97% ee 95% b
ref.[2h, 2i]

(+)-Estrone {1)

We had planned to complete the synthesis of the Torgov
diene (2) by performing a Heck ring-closure reaction.
However, the reaction of the unsaturated iodi@avith Pd- of the diene2 into (+)-estrone (1) has been previously
(OAC), (15 mol %), PPk (30 mol %), and AgCO; (1.1 reported by Quinkert and Ogasawara in three steps and 32
equiv) in THF at 65°C for 12 H® leads only to the  37% yield?"!

unexpected pentacyclic produtt in 57% vyield (Scheme Thus, we have performed, using a Cu(l)-mediadexi-
471 Sv2'-substitution, an enantioselective synthesis of the Torgov

diene (2) in nine steps and 12% yield starting from
4-hydroxy-3-methylcyclopent-2-en-1-on@.(This represents

a formal total synthesis of (+)-estrone (1) in 12 steps and
4% overall yield. It demonstrates the utility of the Cu-

catalyzed {2'-substitution for constructing quaternary cen-

ters with high enantioselectivity.

Scheme 4
OTBS 1. Pd(QAc), (15 mol %)
f Ph,P (30 mol %)
Me@ Ag»CO5(1.1 equiv)
THF, 65 °C, 12 h

‘ I
0,
MeO 2. TBAF, THF, 25 °C, 12 h
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