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Since the first reports in the late 198ake asymmetric Heck o}
reaction (AHR) has received considerable atterdidnHigh AHR
selectivities have been reached by using bidentate ligands, usually Si/_\ N
phosphines (predominantly BINAP) or phosphine-oxazolines. A —0 o

Re
number of intermolecular AHR’s with ee’s96% have been !
1 Cj

reportec?® For the intramolecular AHR, however, the ee values
are typically around 80% with notable exceptions leading 9%
ee?® The intramolecular AHR has featured a prominent role in the Figure 1. General asymmetric Heck reaction.
synthesis of complex natural produéfs®

We have shown that phosphoramidites are versatile ligands for Py Ph Ph_ Ph o M Ph
a variety of catalytic asymmetric transformatidri3espite the fact >< O‘P—N/_\N—P:O “‘O>< >< O
that the classic Heck reaction was shown to occur in the presence o oy 0 o oV 0 \
of phosphoramidite3the use of phosphoramidites as chiral ligands Ph” Ph Ph™ Ph Ph' Ph
in an AHR resulted in very low enantioselectivity. L*1 L*-2

We designed prochiral cyclohexadienchas a new substrate ~ Figure 2. Chiral ligands used for the AHR.

for the intramolecular AHR (see Figure 41)Upon AHR, the Scheme 1. Synthesis of Dienone 1

stereogenic center is not created at the site-e€®ond formation, al OH

but insf[ead the cyclohexadiengne is desymm.et.rized. We expected | HO—@—OH PIDA, MeOH

the chiral catalyst to show high face-selectivity (based on the - - - - 1
excellent face-selectivity already observed in asymmetric 1,4- acetone, K,CO3 83%
additions to cyclohexadienori€s leading to 4a-methoxy-4& N A, 9% 40

benzof]chromen-2(61)-one, which could act as a model compound
for, e.g., the synthesis of the anticandenaryllidaceaealkaloid
pancratistatiri!

Herein we report cyclohexadienones as new substrates for the
intramolecular AHR and the remarkable finding that monodentate best results were obtained witRLEtN and especially GeN
phosphoramidites are effective ligands for this highly enantiose- (based on recent reports of the effectiveness of this bulky tertiairy
lective AHR with ee’s up to 96%. aminé®), both with full conversion and high enantioselectivities

Cyclohexadienong is efficiently synthesized in two steps from  of 89% and 90%, respectively. Additives suchnisi;NX (X =1,
commercially available 2-iodobenzyl chlori@ Formation of the OTf) oriPLEtN-HCI did not result in improvement of the reaction,

monoether of hydroquinone in 91%, using benzyl chlor&les whereas with silver salts no conversion was obtained. This AHR
followed by phenolic oxidation with phenyliododiacetate (PIDA) turned out not to be very sensitive to air and water and it could
in MeOH? to providel in 83% vyield. (Scheme 1) even be performed with nondistilled solvents.

Since, to the best of our knowledge, all successful ligands used Recent developments in asymmetric catalysis show that high
so far for the AHR were bidentate, we focused our initial studies enantioselectivities can be induced by monodentate chiral ligahis,
on the use of bidentate TADDOL-based phosphoramidité as and that monodentate BINOL based phosphoramidites are excellent
chiral ligand!® Employing an in situ prepared catalyst from ligands for rhodium-catalyzed asymmetric hydrogenatiénal-
Pd(OAc), andL*-1 (1:2 ratio) in the presence of,KO; as a base though monodentate ligands were never very successful in inter-
in THF we indeed obtained with full conversion of the starting as well as intramolecular AHR’s, we examined the monodentate
material produc® in 68% eé* (Table 1). Changing the solventto  analoguel.*-21° of bidentate ligand-*-1 in the Heck coupling of
CHCl; resulted in full conversion and 86% ee. For NMP and DMA, 1.
commonly used solvents in Heck couplings, the stereoselectivities Much to our delight the use of monodentate ligarie? resulted
were much lower (ee<60%), whereas for acetonitrile and DMSO in a more selective conversion @fto 2 compared to the Heck
racemic product was obtained due to a very fast background reactioncoupling of 1 employing bidentate ligandl*-2 (entries 15,16).

(not involving L*). Again CyMeN is the base of choice. With use of Pd(OAi) the
As is commonly seen in AHR'’s, the nature of the base has a presence ofL*-2 and CyMeN, full conversion was reached,
dramatic effect on the reaction (entries B). The use of BN providing2 in 71% isolated yield with an excellent ee of 96%}

resulted in a slower reaction but with enhanced selectivity. The without the use of expensive silver or toxic thallium salts.
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Table 1. AHR of 1 to 2, Using Phosphoramidites as Ligand?

ligands and not requiring any additives, has been developed.

entry L* solvent base additive conv. (%)° ee (%)° Excellent enantioselectivities up to 96% ee are reached for the first
1 L*1  THE K,COs 100 68 time in a Heck r'eactlon'wnh monode_ntate Ilgand_s. _Extens_lon of
2 L=1 CH.Cl, KyCOs 100 84 the scope of this reaction and detailed mechanistic studies are
3 L*1 CHClz KOs 100 86 currently in progress.
4 L*1 Toluene KCO; 100 80
5 L*1 CHClk Pg <10 Acknowledgment. We thank Mr. M. B. van Gelder for carrying
g t:i (c::(c:F gﬁff“ %% %f; out the HPLC measurements. Financial support from the Dutch
8 L1 OCHCh EtN 35 92 Foundation for Scientific Research (NWO-CW) is gratefully
9 L1 CHCL iPREN 100 89 acknowledged.

10 L*1 CHCI Cy.MeN 100 90 . . . .

11 L*1 CHCIz iP)gEtN iPLEtN-HCI 80 83 Supporting Information Available: Experimental and chromato-

12 L*1 CHChL iPLEIN e 95 75 graphic details (PDF). This material is available free of charge via the
13 L*1 CHCls iPREIN  f 90 78 Internet at http://pubs.acs.org.

14 L*1 CHCl3 iPREtN AgsPOy <2

15 L*2 CHCl iPRLEtN 100 93

16 L*2 CHCl  Cy:MeN 100 96 References

aReaction conditions: 0.3 mmol of dienode6 mol % of Pd(OAc),
12 mol % of ligand, 4 equiv of base, 3 mL of solvent, 1 equiv of additive,
reflux, 2 days? Determined byH NMR, isolated yields at 100% conversion
70—75%.°¢ Determined by HPLC analysis using a DAICEL OD or AS
column. 9 Proton Sponges nBusNI. f nBusNOTH.

Scheme 2. Proposed Catalytic Cycle
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For comparison, BINAP was also examined as a chiral ligand,
using our optimized conditions or the Shibagakir Overmaf®
conditions, and produ@ was obtained after 48 h inb0% yield
and 0-5% ee.

On the basis of extensive mechanistic studies of Heck couplings,

the formation of2 can be rationalized as shown in Scheme 2.
Initially, a chiral Pd(0) compleXA is formed. Oxidative addition
of dienonel results in Pd(Il) complexB. Subsequent €C bond
formation (association and insertion into-Pd) leads to complex
C, which does not have a sylhydride. To reach the final product
2 epimerization of the C-2 center leading Ebfollowed by syn
pB-hydride elimination to compleE needs to take place. The net
trans elimination can be explained via a mechanism involving oxo-
m-allylpalladium intermediates, similar to enolization in normal
ketonesi! which have found precedence in the Pd-catalyzed
dehydrosilylation of silyl enolethef8.It should be noted that several
examples of apparent tragishydride elimination have appeared
in the literature®® Finally, reductive elimination of HI with base
leads to the starting compleX. Preliminary mechanistic studies
indicate a possible neutral pathw2y2’

In conclusion, an efficient enantioselective intramolecular Heck
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