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Synthesis of Tetrasubstituted Ethylenes on Solid
Support via Resin Capture
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Combinatorial chemistry has sparked a great deal of interest
due to its potential to accelerate the drug discovery protess.
The majority of libraries described to date have used a solid
support matrix for multiple-step syntheses-ewer libraries
have been generated in solution due to the difficulty in isolating
pure products, although elegant strategies to address this issue
have been recently reportédDescribed herein is a method for
initiating the synthesis of a library in solution and subsequently
transferring the material to solid support for further transforma- ~ Following Miyaura and Suzuki’'s procedure, we have dibo-
tion. This strategy, which we refer to as resin capfuoéfers rated a variety of alkynes to giv&in good to excellent yield.
some advantages over a single-phase synthesis. Using resihsolation of 2 is unnecessary because the starting alkyne is
capture, we have synthesized a number of tetrasubstitutedunreactive in the following Suzuki reaction as required by our
ethylenes in which all four substituents can be modified. This resin capture strategy. Crudgis reacted with 1.5 equiv of
synthesis provides a route to antiestrogenic triphenylethylene organohalide to give the monoaddition prod@€t along with

derivative$ like tamoxifen® which is used to treat breast canéer.
Recently, Miyaura and Suzuki described the platinum-

catalyzed diboration of alkynes to give bis(boryl)alkeri&syith

very high cis selectivity (Scheme 1). We felt tha2 was an

the diaddition produc# (Scheme 2). The first coupling is fast
in comparison to the second coupling which produgethus,
most of2 is consumed in the reactiorThe mixture of3 and4
is combined with Rink resin-bound aryl iodideto initiate a

attractive starting material because the bis-boronate esters coul@econd Suzuki reactiomithoutany further addition of palladium

be differentiated to introduce two additional substituen®s.

catalyst. Only3 is captured on solid support to prodube

could be monoalkylated in a solution Suzuki reaction with alkyl becausé and other impurities cannot react wih Of a number
or aryl halides. A second Suzuki reaction with a resin-bound of bases (NaOH, KOH, ¥CO;, Ba(OH), and KPOs) and
aryl halide would result in the synthesis of substituted ethylenes solvents (THF, DME, DMA, DMF, dioxane, and toluene), a
involving three distinct components in a single-pot transforma- combination of aqueous KOH in DME gives the best results in
tion. Several groups have reported success in coupling arylthese reactions. We have found that although both PdjPPh

boronic acids to polymer-bound aryl halideddowever, resin
capture allows us to exploit the full range of Suzuki substrates
in solution: methyl, benzyl, allyl, vinyl, and aryl halidésThe
large number of commercially available alkynes also provides
access to a variety of bis(boryl)alkenes through diboration.

(1) (a) Gallop, M. A.; Barrett, R. W.; Dower, W. J.; Fodor, S. P. A;
Gordon, E. M.J. Med. Chem1994 37, 1233-1251. (b) Gordon, E. M.;
Barrett, R. W.; Dower, W. J.; Fodor, S. P. A,; Gallop, M. AMed. Chem.
1994 37, 1385-1401.

(2) (a) Bunin, B. A; Ellman, J. AJ. Am. Chem. S0d992 114, 10997.

(b) Zuckermann, R. N.; Martin, E. J.; Spellmeyer, D. C.; Stauber, G. B.;
Shoemaker, K. R.; Kerr, J. M.; Figliozzi, G. M.; Goff, D. A.; Siani, M. A;;
Simon, R. J.; Banville, S. C.; Brown, E. G.; Wang, L.; Richter, L. S.; Moos,
W. H. J. Med. Chem1994 37, 2678. (c) Murphy, M. M.; Schullek, J. R.;
Gordon, E. M.; Gallop, M. AJ. Am. Chem. Sod995 117, 7029. (d)
Tempest, P. A.; Brown, S. D.; Armstrong, R. \Wingew. Chem., Int. Ed.
Engl. 1996 35, 640. (e) Armstrong, R. W.; Combs, A. P.; Tempest, P. A.;
Brown, S. D.; Keating, T. AAcc. Chem. Red996 29, 123.

(3) Cheng, S.; Comer, D. D.; Williams, J. P.; Myers, P. L.; Boger, D. L.
J. Am. Chem. S0d.996 118 2567.

(4) Keating, T. A.; Armstrong, R. WJ. Am. Chem. S04996 118 2574.

(5) For a review, see: van den Koedijk, C. D.; Blankenstein, M. A.;
Thijssen, J. HBiochem. Pharmacoll994 47, 1927.

(6) Harper, M. J. K.; Walpole, A. LNature (London)1966 212, 87.

(7) For the latest research, see: (a) Callaghan, R.; Higgins, BritFJ.
Cancer1995 71, 294. (b) Kirk, J.; Syed, S. K.; Harris, A. L.; Jarman, M.;
Roufogalis, B. D.; Stratford, I. J.; CarmichaelBlochem. Pharmacol 994
48, 277. (c) Nephew, K. P.; Polek, T. C.; Khan, S.Bndocrinology1996
137, 219.

(8) (a) Ishiyama, T.; Matsuda, N.; Miyaura, N.; Suzuki,JAAmM. Chem.
So0c.1993 115 11018. (b) Ishiyama, T.; Matsuda, N.; Murata, M.; Ozawa,
F.; Suzuki, A.; Miyaura, NOrganometallics1996 15, 713.

(9) (a) Backes, B. J.; Ellman, J. &. Am Chem. S04.994 116, 11171.

(b) Frenette, R.; Friesen, R. Wretrahedron Lett1994 35, 9177. (c)
Boojamra, C. G.; Burow, K. M.; Ellman, J. Al. Org. Chem1995 60,
5742. (d) Goff, D. A.; Zuckermann, R. N.. Org Chem1995 60, 5744.

(10) Johnson, S. G. Presented at the 211th National Meeting of the
American Chemical Society, New Orleans, LA, March 1996; paper ORGN
126.

and PdCGJ(PPh), work equally well, PACAPPh), is easier to
work with when setting up a number of reactions in a library
synthesig2.13

We have synthesized a number of tetrasubstituted ethylenes,
including several triphenylethylenes as described in Table 1.
Using the symmetrical arylaryl and alkyt-alkyl boronatess®
and9 (Figure 1), we obtained products in high yield and purity
after TFA cleavage. We note that this methodology also
provides sterically hindered tetraphenylethylenes in high yield
(See Table 1).

When using unsymmetrical bis(boryl)alkenes, regioisomers
are produced. WhetO is reacted withs, a 2.3 to 1 ratio of
1lato 11bis obtained in>95% yield. We have also found
that the reaction oflO with 4-iodo-(2-(N,N-dimethylamino)-
ethoxy)benzene gives the tamoxifen benzaniiglein a 2.5 to
1 ratio with its regioisomefi2ain a >95% vyield (Figure 2).

(11) Regioisomers are produced when=RR,.

(12) Our general procedure is as follows: A small test tube is charged
with 2 (10 equiv), organohalide (15 equiv), PdEIPh), (0.3 equiv), 3 M
KOH (20 equiv), and enough DME to bring the concentratior2 & 0.5
M. The test tube is covered with a septum and flushed wijthTRe reaction
mixture is heated overnight in a sand bath under Ahother test tube is
charged with 100 equiv of KOH and 1 equiv®and flushed with M The
DME/KOH solution is syringed into the tube containing the polymer and
heated overnight. The polymer is filtered out of the solution and washed
successively with kD, MeOH, ethyl acetate, and GEl,. The products
are cleaved from the polymer with 30% TFA in QEl,.

(13) The opposite order of addition of halides produced resin-bound
boronate7 very efficiently. However, subsequent condensation with solution
aryl halides occurred in unacceptable yields.
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Figure 1. be coupled toN-benzyl-4-iodobenzamide ir»95% yield
(Scheme 43° Thus, in contrast to resin-bound vinyl boronates,
O O O the resin-bound aryl boronates readily react with aryl halides
_ _ in solution13
X8 X ) O We have r_eported an effici_ent synthesis of tetrasubstitut_ed
HoN o N N O ethylenes using a solution/solid support strategy. The solution
O 12a N 16 0 / tamoxifen step allows us to use a broad range of Suzuki substrates and
Figure 2. prevents side products from building up on the polyAtevhile

resin capture purifies the solution product after a multistep
) . . synthesis. The tandem Suzuki reactions are carried out without
After resin capture, further synthetic transformations may be recharging the reaction mixture with catalyst, which simplifies
carried out. For instance, the use of 2-(4-bromophenoxy)ethanolhe reaction procedure. We are currently working on a library
in the condensation witB andS affords tetraphenylethylene ot yriphenylethylenes based on tamoxifen, and our results will
13 with an additional reactive functional group. Condensation o reported in due course.
of 13 with 3,5-dimethylphenol using Mitsunobu conditidhs
leads to the formation of4 after resin C_I_eavage (Schemg 3)- Acknowledgment. This work was supported by the National
Reagentl has also been reported to facilitate the conversion of | it tes of Health (GM-51095).
aryl halides to aryl boronic este¥s. Thus, Pt-catalyzed reaction
of 5 with reagentl afforded aryl boronic estex5 which could Supporting Information Available: Experimental procedures and
(14)11bis the result of hydrolytic deboration af during the Suzuki copies of'H NMR and**C NMR spectra for new compounds as well

reaction (see ref 13). Resin capture minimizes the amount of deboratedas lists of IR absorbances and results of mass spectrometric analysis
material that collects on the polymer since it avoids resin-bound vinyl (41 pages). See any current masthead page for ordering and Internet
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