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A Lewis acid mediated method to induce the carbon ~ —oxygen bond of amide-substituted ethers to undergo addition to palladium is described.
The product of this reaction has been crystallographically characterized. This reaction suggests the potential use of such ethers as an alternative

to organic halides in palladium catalyzed carbon ~ —carbon bond formation. As an illustration of this potential, this reaction has been used to
design a mild, catalytic route to  o-amino acid derivatives from  a-phenoxyamides and carbon monoxide.

The transition-metal-based cleavage of covalent bonds (e.g.catalysisi*® examples of ethers in such reactions usually
by oxidative addition) is a central transformation in orga- involve compounds with strain (e.g., epoxides) require
nometallic chemistry and metal catalysis. In palladium the in situ conversion of the ether to a more reactive unit
catalysis alone, this reaction is involved in Heck couplings, (e.g., protonation with strong acids to an organic halfde).
allylations, cross-coupling chemistry (e.g., Stille, Suzuki, Indeed, ethers are often useful as alcohol protecting groups
Hiyama, Sonogashira couplings), reductions, and many otherin many palladium-catalyzed reactions.

important reactiond? In general, the substrates employed

i i ; ; ; ; ; it _ (4) For reviews of C-O oxidative addition: (a) Yamamoto, Advances
In t_:atalytlc re_actl_ons m\_IOIVmg OXI_datlve addition to pal in Organometallic Chemistry; Academic Press: San Diego, 1992; Vol. 34.
ladium contain either highly polarized-® bonds (e.g., (b) Lin, Y. S; Yamamoto, ATopics in Organometallic Chemstriurai,

organic halides, triflates, iodonium salts, esters) or relatively S- Ed.; Springer-Verlag: Berlin, 1999; Vol. 3.~ ,
. (5) (a) van der Boom, M. E.; Liou, S. Y.; Ben-David, Y.; Shimon, L. J.
weak or accessible bonégConversely, the use of the less . wilstein, D. J.J. Am. Chem. S0d.998,120, 6531. (b) Yamamoto, T..

polarized and stable carbewxygen bonds of ethers in such  Akimoto, M.; Saito, O.; Yamamoto, AOrganometallics1986,5, 1559.

ot : o ; : (6) Allylic ethers: (a) Acemoglu, L.; Williams, J. M. Handbook of
bond aCt'Vatlo_n processes Is more “m'féOVVh'l_e allylic . Organopalladium Chemistry for Organic SynthesNegishi, E., Ed;
and propargylic ethers have been employed in palladium wiley: Weinhiem, 2002; pp 1689. (b) Kayaki, Y.; Koda, T.; Ikariyg,
Eur. J. Org. Chem2004, 4989. For propargyl ethers: (c) Cacchi, S.; Fabrizi,
(1) (@) De Meijere, A., Diederich, F., Eddetal-Catalyzed Cross- G.; Moro, L. Tetrahedron Lett1998,39, 5101. (d) Pal, M.; Parasuraman,

Coupling ReactiondViley-VCH: Weinheim, 2004. (b) Tsuiji, J., Edopics K.; Yeleswarapu, ROrg. Lett. 2003 5, 349. Others: (e) Kakiuchi, F.;
in Organometallic Chemistry; Springer-Verlag: Berlin 2005; Vol. 14, Usui, M.; Uedo, S.; Chatani, N.; Murai, 3. Am. Chem. SoQ004,126,

(2) (a) Hartwig, J. FAngew. Chemlnt. Ed.1998,37, 2046 (b) Wolfe, 2706.
J. P; Wagaw, S.; Marcoux, J.; Buchwald, S.Acc. Chem. Re4.998,31, (7) (a) Sajiki, H.; Hattori, K.; Hirota, KChem. Eur. J2000,6, 2200.
805. (c) Beller, M.; Eckert, MAngew. Chem., Int. E®000, 39, 1010. (b) Khumtaveeporn, K.; Alper, HAcc. Chem. Red.995,28, 414.

(3) The latter include KHand other elementelement bonds: Makabe, (8) Including amidocarbonylation (ref 2c) and the Monsanto acid
H.; Negishi, EHandb. Organopalladium Chem. Org. Syn#002 2, 2789. process: Yang, J.; Haynes, A.; Maitlis, P. @hem. Commurl999, 179.
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Considering the availability of ethers, as well as their
stability toward most chemical transformations, a method
to employ new versions of these substrates in palladium

Lewis acid additives to this reaction simply leads to
recovered starting materials. However, the use of iBBults
in a rapid reaction over the course of 5 min at ambient

catalysis could prove useful. We describe below our efforts temperature, and formation of the-© activation product:

toward the development of a mild, Lewis acid-based method
to induce amide-substituted ethers of the fdrto undergo

palladacycle?ain 42% vyield.
Complex2ais generated as a BFsalt, presumably via

addition to palladium. This has been exploited to design a the disproportionation of an in situ generate@®©Ph with

catalytic route to construat-amino acid derivatives from
o-phenoxyamides and carbon monoxide.

BF; to form the more stable BEPh and BE .1? As shown
in entry 8, the addition of 2 equiv of BFone to occupy the

Our initial efforts toward this chemistry probed the phenoxy anion as BPh, results in the almost quantitative
stoichiometric reaction of the-phenoxy substituted amide formation of 2a. The structure of compleRa has been
lawith Pddba. The use of amide-substituted ethers stems confirmed X-ray crystallography. As shown in Figure 1, the
from the our recent observation that in situ generated
o-chloroamides can undergo an unusually rapid oxidative_
addition to palladium(0), as well as catalytic carbonylation
to synthesize a range of 1,3-oxazolium 5-oxide (i.e., Miinch-
none) derived products (e.g., amino acids, pyrroles, imida-
zoles,-lactams)’ The activation ofo-haloamides, formed
by protonation of in situ generated hydroxyamides, is also
postulated by Beller and others in the well-established
palladium-catalyzed amidocarbonylation reactiei Ethers
such asla are much less hydrolytically and thermally
sensitive tham-chloroamides, and can be generated with a
diverse range of substituents, suggesting they could prove
attractive building blocks. However, as shown in Table 1

Table 1. Reaction ofa-Phenoxyamidéa with Palladiunt

Figure 1. X-ray structure oRa. Selected bond lengths (A): Pd()
C(5) 2.000(3), Pd(1y0O(1) 2.003(2), O(L)yC(20) 1.272(4), N(3y
C(20) 1.311(4) Selected bond angles (deg) N@J(1)-C(5) 93.64-
(13), C(5)—Pd(1)-O(1) 83.22(12) O(1)—Pd(1)-N(1) 96.06(11),
N(1)—Pd(1)-N(2) 87.03(13).

O Tol Tol H
MeCN, + X\ -Bn
ol gn OFh . Pegldba)s CH4CN MeCN'Pd\ 2N X lack of anion coordination i2a leaves two empty coordina-
1a (Tol = p-tolyl) 2;? Tol tion sites on palladium, which are occupied by acetonitrile
solvent. The C=0 bond length iRa (1.272 A) is longer
entry ligand additive T (°C) yield® (%) than a normal amide carbonyl (1.23 A), while the-8 bond
1 80 (1.311 A) is shortened, suggesting resonance stabilization
9 P(o-Tol); 80 of the amide coordination to palladium. This chelation, along
3 P'Bus 80 with the formation of BEOPh, likely provides the driving
4 DPPF 80 force for the rapid cleavage of the C—O bondlia.
5 AlF3 80 With the stoichiometric reaction df with palladium in
6 Sc(OT3 80 hand, we became interested in the potential use of this trans-
7 BF; 25 42¢ formation in catalysis. In particular, the carbonylationlof
8 BFy¢ 25 894

could provide a one step method to acoesamino acid de-

20.20 mmol ofla, 0.10 mmol of Pgiba, 0.30 mmol of ligand, or 0.20 rivatives, via a mechanism similar to that in Scheme 1. As
mmol of additive in 2 mL of CHCN. ? Isolated yield° 2 equiv of BF.

4X = BFy.

. ] Scheme 1. Mechanism of Catalytic Amino Acid Synthesis
(entry 1), the G-O bond ofla is completely unreactive

) o Ph R?

toward cleavage by Bdba,CHCl, even upon warming to R R ey RXHN,RZ
100 °C. The addition of various electron-rich phosphine rR3NoPh s db/J\ CO, Br
ligands also has no influence on the reaction. Pdo) 8 RNKLA opht

It is well-established that Lewis acid additives can weaken LA o
the C—O bond of substrates suchlaand make these more R%ﬁ 0 0c R&H R
susceptible to nucleophilic attack, presumably via interaction N,O — NJ\R + PhOH ) d, /T’R
with the ether oxygei: The addition of many common REg R T B 0T

| PhOH o, Hr,

(9) (a) Dhawan, R.; Dghaym, R. D.; Arndtsen, B.. A.Am. Chem. Soc. O RS H or P4
2003 125 1474. (b) Dhawan, R.; Arndtsen, B. A.Am. Chem. So2004 R1JJ\N><[fOPh ~—— LA~0" 3_ N—R,
126, 468. (c) Siamaki, A. R; Arndtsen, B. 8. Am. Chem. So2006,128, R2, O Ph
6050. (d) Dhawan, R.; Dghaym, R. D.; St. Cyr, D. J.; Arndtsen, BOAg. 4 5

Lett. 2006,8, 3927.
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Table 2. Palladium Catalyzed-Amido Ester Synthesis

0 Ry O Rs
10 mol % 2
Ri ’T')\OPh * €O A TBuNeEr Rﬂ/lk’?')YOPh
Rz 4 GH,CN 4R O
1 2 3 yield
entry L.A. R R R (yield)®
1 - Ph Et p-tolyl 10% (3a)
2 BF:®  Ph Et p-tolyl  25% (3a)
3 A, Ph Et olyl 537
3 p-toly (75%)d
4 AlF;*  Ph Et ptolyl  43%
5 AlF;  Ph weols prtolyl  72%
6 AlF;  p-tolyl Bn el > 55%
7 AlF; Y H,CO p-tolyl — 72%
8 AlF;  Ph he 94%
9 AIF; Y™ Bn ptolyl  77%
0,
10 AIF; Ph Et 64y A%
1 AlF; {3~ Bn p-tolyl  62%
12 AR, RIR?= O/:/ H 56%

o}

20.20 mmol ofl, 0.020 mmol of2, 0.10 mmol of BYNBr, 0.40 mmol
of Lewis acid, 4 atm of CO in 2 mL of C¥CN, 65°C for 14 h.” 30 mol
%. ¢25 °C, 24 h.9Yield in parentheses for 30 mol % of AJF

shown in Table 2, initial attempts at this reaction lead to
carbonylation of the catalysta to form Minchnone 3a,
entry 1, 10%) but leavda unreacted. The addition of 25
mol % of BF; can enhance this yield &a (25%), while
further BF; leads instead to the decomposition of the
a-phenoxyamidela. The latter results from a slow back-
ground reaction betweefia and BF;, as established by
control experiments. Notably, under no conditions is the
expectedr-amino ested formed. These data imply Biay
be too Lewis acidic for catalysis and irreversibly complexes
the phenoxide as BPPh, allowing the buildup oBa in
solution.

In contrast to the results with BFthe use of the slightly
less potent Lewis acid AlHn this reaction (entry 3) allows

(Table 1). In addition, control experiments show no appre-
ciable interaction between Adfand1al® While the role of
AlF3 in allowing carbonylation to occur has not been fully
elucidated, one postulate is that its interaction with phenoxide
stabilizes a reversible oxidative addition of the-O bond

in 1a (e.g., complexs).

This palladium-catalyzed carbonylation afphenoxy-
amides occurs with a range of substituents on each of the
three positions ol. This includes aryl, heteroaryl, or alkyl
units on R or R?, as well as aromatic or functional aromatic
substitutents at R Alkyl units at R were found to be
incompatible with carbonylation. The use of bulky or
electron-withdrawing nitrogen substituents (entries 8, 12) and
hydrogen at R (entry 12) are notable, since none of these
units can be used in the previously reported carbonylation
of imines and acid chloridesin addition, the conditions
needed for the carbonylation of the ether bond ifroom
temperature, 4 atm CO, entry 4) are milder than those we
have previously reported, as well as that of the related
amidocarbonylation reaction (ca. 180G, 60 atm CO), and
do not require the concomitant use of strong protic acids
(e.g., sulfuric acidy>* Together, these provide both a mild
and relatively general approach to highly substituteaimino
acid derivatives.

In conclusion the carbon oxygen bond efphenoxy-
amides has been found to undergo rapid activation by
palladium(0) and Lewis acids to form a crystallographically
characterized palladacycle. This provides a new class of
stable, ether base substrates that can be incorporated into
palladium-catalyzed chemistry. By coupling this step with
catalysis, this can provide a mild approach to construct non-
naturala-amino acid derivatives or, with potent Lewis acids,
Munchnones. Experiments directed toward the use of this
rapid C—O activation in other catalytic processes to access
o-substituted amide products are in progress.
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a high yield catalytic carbonylation and also releases the Supporting Information Available: Synthesis and char-

phenoxy anion to generate-amino acid derivativeda.
Mechanistically, it is interesting that Affloes not induce a
stoichiometric reaction ota to form a stable palladacycle

acterization of2a and4. This material is available free of
charge via the Internet at http://pubs.acs.org.
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(10) Izawa, K.Yuki Gosei Kagaku Kyokaishio98,46, 218.

(11) Speckamp, W. N.; Moolenaar, M. Tetrahedron2000,56, 3817

(12) This ionization sugges®a is better considered as an intermediate
in an ionic oxidative addition, rather than a formal oxidative addition
product.
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(13) H NMR spectra oflain CD3CN show no changes in the presence
of A|F3.

(14) The use of phenoxyamiddsalso obviates the need for a second
step of addition of alcohols to the in situ generated miinchnone (ref 9a),
making this an operationally more straightforward amino acid synthesis.
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