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This report describes a concise enantioselective synthesis of the A-ring synthon for the synthesis of lo-hydroxyvitamin D3 compounds. The
synthesis involves two notable transformations: (i) stereoselective construction of the enol triflate from the vinyl ketone by Michael addition
of Ph,P(O)Li followed by in situ triflation of the resulting enolate and (ii) palladium-catalyzed Heck type cyclization of the enol triflate.
transcription. In view of its intriguing biological function

"
and growing potential therapeutic applications, current

)Phy
research has focuse_d_ on_the §ynthes_is_ pf analogues hz_iving How oH RSO oTBS R mod,f,ed )
separated and specific biological activities for developing 1 side chain
drugs for osteoporosis, cancer, psoriasis, and Sdram.the
synthesis of analogues bearing a modified C/D-ring part, one
of the most useful approaches is the Hoffmann La Roche A-ring synthon2 based on a new strategy, which centers
route? via coupling of A-ring synthor2 and the correspond- ~ around an unprecedented palladium-catalyzed intramolecular
ing C/D-ring ketone3, based on Lythgoe’s methodologly.  Heck reactioh® of triflate 7.
We now wish to report a short and efficient synthésif We envisaged that Michael addition of metalated diphen-
ylphosphine oxidé& to vinyl ketone4, followed by triflation,
(1) () Vitamin D; Feldman, D., Glorieux, F. H., Pike, J. W., Eds.; would allow stereoselective formation of enol triflatesia
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1a,25-Dihydroxyvitamin B (1), the hormonally active form

of vitamin Ds, plays an important role in the modulation of
cell proliferation and cell differentiation as well as in the
maintenance of calcium homeostasis via regulation of gene
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catalyzed Heck type cyclization @fwould produce A-ring
synthon2 stereoselectively (Scheme 1).
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The required vinyl keton& was prepared from known
S-dioxinone9 (97% ee), easily available’ from 2,2,6-
trimethyl-4H-1,3-dioxi-4-one (8), as depicted in Scheme 2.
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Reaction ofd with CLAI[N(OMe)Me],®*° followed by reduc-
tion of the resultinglO with Me;NB(OAc)s,'° gaveanti-diol
11in 94:6 diasteroselectivity. Didl1 was then subjected to
silylation and Grignard reactiénusing vinylmagnesium
bromide to afford vinyl ketond in 75% overall yield.
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Bioorg. Med. Chem. Letl997,7, 2871. (d) Yokoyama, H.; Takahashi, T.
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Takahashi, T.; Nakazawa, MBynlett1993, 37. (g) Mascarefias, J. L.; Garcl
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The Michael addition—triflation process was surveyed
using PRP(O)Li,** PrhP(O)Na, and P#P(O)K as a metalated
diphenylphosphine oxide and BHN-bis(trifluoromethylsul-
fonyl)amino]-5-chloropyridin& as a triflating agent. The
results are summarized in Table 1. To our delight, we found

Table 1. Preparation of Enol Triflatg from Vinyl Ketone 42

Ph,P(O)M or PhoPLi PO)Phy
(1.2 equiv)
THF, -78°C 0
a T /
e
| -
then Q NTY, TBSO' oTBS
(1.6 equiv) 13

isolated yield (%)

entry phosphorus reagent® 7 (E:Z2)° 13
1 Ph,P(O)Li 89 (0:100) 7
2 Ph,P(O)Li (HMPA)d 71 (0:100) 12
3 Ph,P(O)Na 7 (0:100) 13
4 PhoP(O)K 3(8:92) 13
5 PhoPLi 64 (0:100) 28

aAfter reaction of4 and PAP(O)M or PhPLi (1.2 equiv) in THF at
—78 °C for 30 min, the reaction mixture was treated with the triflating
reagent (1.6 equiv) and stirred at78 °C for 20 h.b Prepared from
PhP(O)H or PBPH (1.2 equiv) using-BuLi, NaH, or KH (1.2 equiv) as
a base in THF at ©C for 1 h. ¢ Determined byH NMR analysis.2 HMPA
(1.2 equiv) was added with the triflating reagent.

that this process was realized very effectively usingPPh
(O)Li under the conditions listed in entry 1. Thus, upon
successive treatment with f{O)Li and the triflating agent

in THF at—78°C, vinyl ketone4 underwent stereoselective
Michael addition—triflation reaction to give enol triflaté

in 89% yield together with untriflated ketord& (7% vyield).
The corresponding-isomer of7 was not produced in this
case. This result strongly suggests the participation of
chelated intermediaté (M = Li) in this process as we
expected. Addition of HMPA appeared to interfere with
triflation of the resulting lithium enolate to decrease the yield
of 7 although the combined yield af and 13 was almost
same as that of entry 1 (entry 2). Both,P{O)Na and PfP-
(O)K are ineffective in this transformation, produciignd

13 in poor combined yield in each case (entries 3 and 4).
Furthermore, it was also found that Michel addition ofPh
PLi'® to 4, followed by in situ triflation of the resulting
enolate, gav& in 64% yield along withl3 (28% yield) after
oxidative workup with aqueousJ9, (entry 5). This process
again proceeded with completé-selectivity, suggesting
participation of enolatel4 stabilized by chelation. It is
important to note that ketonk3 could be converted t@ in
60% vyield by deprotonation witm-BulLi, followed by
triflation at —78 °C in THF. The perfect regio- and
stereoselectivity of this process can be explained by assuming
preferential deprotonation of Ha rather than Hb via chelation

(11) Edwards, M. L.; Stemerick, D. M.; Jarvi, E. Tetrahedron Lett.
1990,31, 5571.

(12) Comins, D. L.; Dehghani, ATetrahedron Lett1992,33, 6299.
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generating (M = Li) as depicted irll5. Interestingly, LDA
was not an effective base in this particular case.

With enol triflate7 in hand, we then examined palladium-
catalyzed cyclization of under various conditions (Table
2). As a result, Pd(OAg)}-PhP was eventually found to be
the catalyst of choice although son®E-isomerization
always occurred! Thus, upon treatment @fwith a catalytic
amount of Pd(OAg)-PhP (10 mol %) and BN in THF at
room temperature, cyclization took place very cleanly to give
an inseparable 86:14 mixture fand itsE-isomer in 94%

Table 2. Palladium Catalyzed Cyclization of Enol Triflai#@

entry catalyst (10 mol %) solvent time (h) vyield (%)° (E:Z)°

1 Pd(OAC),—PhsP  THF 20 94 (14:86)
2 Pd(OAC),—PhsP  MeCN 16 79 (17:83)
3 Pd(OAc),—PhsP  DMSO 21 20 (43:57)
4 (PhsP)4Pd THF 13 34 (29:71)
5 Pdy(dba)CHCl;  THF 8 55 (13:87)
6 PACI,(CN), THF 17 0°

7 PdCI,(PhCN), THF 20 od

aReactions were carried out usings®t(1.2 equiv) as a base at room
temperature? 7 could not be recovered unless otherwise not&etermined
by *H NMR analysisd 7 was recovered in 83% yield.7 was recovered
in 87% vyield.

Org. Lett., Vol. 3, No. 3, 2001

yield. Finally, we also found that photochemical isomeriza-
tion®® of the cyclization product in the presence of 9-fluo-
renone using a medium-pressure mercury arc lamp resulted
in exclusive formation of theZ-isomer to furnish A-ring
synthon2 in 95% yield (Scheme 3).

Scheme 3
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In conclusion, A-ring fragmerR for the synthesis ofd-
hydroxyvitamin @ analogues was successfully synthesized
in nine steps from commercially availal8an 23% overall
yield. The present work illustrates a hew methodology of
potential value for the stereoselective preparation of various
functionalized allylphosphine oxides.

Supporting Information Available:  Experimental
procedures and spectral data for all new compounds.
This material is available free of charge via Internet at
http://pubs.acs.org.
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(14) Compound2 did not isomerize to thé-isomer at all under the
cyclization conditions.
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