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Triarylated alkenes (TAA) constitute an important class of Scheme 1. Stereocontrolled Approach to 1,1,2-Triaryl-1-alkenes 4

nonsteroidal antiestrogens, as exemplified by tamoxifen, which is Based on Sequential Cross-Coupling Reaction of 1,1-Diborylated
. . Alkenes 2 (Bpin is pinacolatoboryl)
currently used clinically for breast cancer treatmeBince anti-

estrogenic activity of TAA depends on configuration of the double A'1>_<BP"‘ A2-| A'1>_<Bpi” AR A'1>_<Ar3

bond, stereocontrolled synthesis of TAA gains much interest for ] B,, Pdcat A AR Pd cat. R AR

exploration and improvement of TAA-based pharmaceutitals. 2 3 4
Stepwise and 2-fold cross-coupling reaction of 1,1-dimetalated- single diastereomer !

1-alkenes RRZC=CMMZ2 (1, R = R?)3 with electrophiles provides

a promising approach for stereoselective synthesis of such unsym-7able 1. Stereoselective Cross-Coupling Reaction of 2 with

metrical tetrasubstituted alkenes as TABoth diastereomers can ArIe

be prepared simply by reversing the order of employed electrophiles, ™Y 2 R A A 3 yield (%)°
and furthermore, the whole transformation could be effectedina 1 2a Et GCeHs CeHs 3a 83
one-pot procedure. Whennd M?in 1 are different, stereocontrol 2 2a Et  GHs p-F—CeHa 3b 86

R . - . 2a Et CsHs p-CR—CsHa 3c 75
of tetrasubstituted ethenes relies definitely on stereoselective 22 Et CeHs pEtO.C—CeHs  3d 74

3

4

preparation ofl. Accordingly, structural variation il is quite 5 2a Et CeHs p-HaN—CeHa 3e 61

limited > On the other hand, preparation biM! = M?) is much 6 2a Et CsHs p-MeO—CeHs  3f 60

more easily achieved to provide a broader scope of stagimg Z;’ 2a Bt GHs p-RO—CeHa 3g 55
9

dimetalated alkene$. The intrinsic issue in the use daf (M! = gg EE gz:z g:m::gz:i g.h %
M?) for the coupljng reaction is whether .th.e fjrst coupling takes 10 2p Et p-Me—CeHs  p-F—CeHa 3 67
place stereoselectively or not. Althougbmdizincio and -distannyl 11 2c Et p-CR—CgHs  p-F—CgHq 3k 66
reagentsl leading to stereodefined nonarylated and diarylated 12 2d Me  GCeHs CeHs 3l 69
alkenes, respectively, have a few precedetdsyur best knowledge, ﬁ gg mg 3:5 Eﬁ?&fg’h gnm gg
th_ere is no gxar_nple of the present e_tpproach applied _to TAA.IN 15 2e i-pr CGH: p—CF3—C6|§|44 . o
this communication, we report a solution for the synthetic problem. 16 2e i-Pr GHs p-MeO-Ce¢Hs  3p 71
Namely, palladium-catalyzed cross-coupling reaction of 1,1-diboryl- 17 2f t-Bu GeHs p-CR—CeH4 3q 54
1-alkenes2 with Ar2—| proceeds stereoselectively to give mono- 18  2f tBu  GeHs p-MeO-CeHa  3r 39

coupled producB with R and AP being cis as a single diastereomer 19 29 CR G Cefs 3s ”

(Scheme 1). Further coupling reaction ®fwith another iodide aReaction conditions:1 (0.1 mmol), AR—I (0.1 mmol), Pddba (5.0
Ar3—| allows us to establish a stereocontrolled approach to a diverseumol), P¢-Bu)s (0.02 mmol) 3 M KOH ag. (0.1 mmol), THF (1 mL), rt.
kind of TAA 4.7 The whole transformation is applicable to facile ~©Obtained as a single diastereonfeisolated yieldR: (CHz)2NMe;
synthesis of bothZ)- and E)-tamoxifen and can be carried out

sequentially in one pot, if desired. 3I-3s as a single diastereomer with the same stereochemical
Diboryl reagents2 were readily prepared bgemdiborylation out.comel,1 althouthf reacted slower than others and g&geand

of 1,1-dibromo-1-alkenes with bis(pinacolato)dibctam ketone 3r in lower yields. _

addition of tris(pinacolato)borylmethyllithiuhAt first, when 2a At present, the reason the two boryl group<iare completely

(Ar! = Ph; R= Et) was treated witp-F—CgH.—1 in the presence discriminated is unclear, although the step to be considered appears
of Pdidba (5 mol %)/P{-Bu)s (20 mol %) and 3 M KOH aqueous 0 be a transmetalation process of the reactfo@onsideringA
solution in THF at room temperature, coupling prod@tt was values of Me (1.74 kcal/mol), Et (1.79)Pr (2.21), Ck (2.4~
isolated in 86% yield as a sole diastereomer (Table 1, entry 2). 2.5), t-Bu (4.7; 4.9), and Ph (2.8) groupsthe stereochemical
The E-stereochemistry o8b was determined by X-ray analysis of ~outcome cannot be explained simply by steric effect. For example,
its single crystat® Thus, the coupling reaction was found to take 2f having at-Bu undergoes the carbemarbon bond formation at
place selectively with the boryl moiety cis to the ethyl group. The the cis position of the-Bu group that is bulkier than a Ph group.
scope of the stereoselective cross-coupling reaction is summarized With stereodefine® in hand, we carried out the second cross-
in Table 1. Perfect discrimination of two geminal boryl groups in  coupling reaction with another aryl iodide %fl. The reaction
2a—2c (R = Et) is general regardless of a substituent atghes- proceeded smoothly in the presence of PARR();]2 (5 mol %), 3
position of A* and A® (entries 1-11 except for 9). Thertho- M NaOH aqueous solution upon heating at€Dto afford4 as a
methyl group in A? also did not influence the stereoselectivity —single stereocisomer. The results are summarized in Table 2. Both
(entry 9). In addition t@a—2c, coupling reaction o2d—2gbearing diastereomers of can be prepared frodsimply by changing the

Me, i-Pr,t-Bu, or CR; as R also proceeded stereoselectively to give order of aryl iodides employed. Thus, stereochemically pdje (
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Table 2. Synthesis of 4 from 3 (Ar! = Ph, R = Et) with Ar3—|2

entry 3 Ar 40 yield (%)°
1 3a p-MeZN(CHz)zO*C5H4 4a 59
2 3b p-MeO—CgHa4 4b 75
3 3f p-CR—CsHa 4c 78
4 3f p-Me-CgHa 4d 89
5 39 CeHs 4e 75
6 3h CsHs Af 89

aReaction conditionsd (0.1 mmol), AP—I (0.1 mmol), Pd[P{Bu)s],
(5.0umol), 3 M NaOH aqg. (0.1 mmol), THF (1 mL), 6TC. ® Obtained as
a single diastereomeflsolated yield.

Scheme 2. One-Pot Synthesis of (2)-Tamoxifen?

Ph . Boin 1) a Ph B CeHg-p-O(CHp),NMe,
Et  Bpn 2) b Et Ph
2a 47% yield 4a : (Z)-tamoxifen

aReagents and conditions: (23 (1.0 equiv), Ph-I (1.0 equiv), Bdba
(5 mol %), P{-Bu)s (20 mol %), 3 M KOH aqueous solution, dioxane, rt,
2 h; (b) MeN(CH;)20—CeHa—1 (1.0 equiv), 100°C, 22 h.

Scheme 3. Cross-Coupling Reaction of 2a with Alkenyl Halides
Leading to Polysubstituted 1,3-Dienes and [3]Dendralene?

Hex
a  Ph B ¢ Ph =
Et>_<:\ B =

22 —| 5 Ph , Ph
b P B d _ph Ph
>:<_/Ph —

B = B =

6 g Ph

aReagents and conditions: (&)¢(PhHC=C(H)I, Pd(PPB)4 (5 mol %),
3 M KOH aq., THF, rt, 73% yield (B4E:2E4Z = 98:2); (b) @)-
PhHC=C(H)Br, Pd(PPK). (5 mol %), 3 M KOH aq., THF, 40C, 72%
yield (2Z4E:274Z = 96:4); (c) E)-HexHC=C(H)I, PdCk(dppf) (5 mol %),
3 M KOH agq., DME, 40°C, 81% yield; (d) Ph-I, PdG{dppf) (5 mol %),
3 M KOH agq., THF, 60°C, 81% vyield.

and E)-tamoxifen éa and4e) were synthesized, respectively, as
listed in entries 1 and 5.

Moreover, the whole transformation can be carried out sequen-
tially in one pot. A facile synthesis of (Z)-tamoxifedd) from 2a
is demonstrated in Scheme 2.

Furthermore, the present stereocontrol in the coupling reaction
of 2 was extended to the reactions with alkenyl iodides and
bromides, giving rise to 3-borylated 1,3-dien@sind 6 in good
yields with highE-selectivity (Scheme 3 Boronates and6 can

serve as versatile precursors of polysubstituted 1,3-dienes. For ©)

example, stereocontrolled [3]dendraléfi@and triphenylated 1,3-
diene 8 were easily obtained in good yields by successive
Pd-catalyzed coupling reactions with alkenyl and aryl iodides,
respectively.
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