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ABSTRACT

Pd-catalyzed selective oxidation of ~ Boc-protected N-methylamines with IOAc as the oxidant is described. Evidence for the involvement of a

Boc-directed C —H activation process is provided.

Selective functionalization of €H bonds adjacent to a

genated compounds as precursors Neacyliminium ions

nitrogen atom in simple amines and amides is of great has been widely used in natural product synth&sisiovel
importance for the synthesis of nitrogen-containing com- method of generatinfyl-sulfonyliminium ions by a nitriene

pounds and understanding enzymatic oxidatiomdura-
hashi’s pioneering work on the oxidation df 8mines using

Pd and RU catalysts mimics amine oxidase type (eq 1) and

cytochrome P-450 type (eq 2) reactivitfiransition metal-
catalyzed oxidation of,N-dialkylanilines to iminium ior's

(eq 3) followed by nucleophilic capture has been utilized

by Murahashi and Li to form €C bonds with selected
substrate$.

R,R;N—CHRR, == R,R,N*=CRR, + PdH (1)

Rw=0

R,RN—CHR;R, R,RN"=CR,R, + RU"(OH) (2)

Cu(l), Ru(l

_—
peroxides

ArR,;N—CHR,R, ARRN'=CRR, (3)

Recently, Doyle described an efficient alkylation of 8
bonds adjacent to nitrogen atoms with a wide rangd,0{-
dialkylanilines using dirhodium caprolactamatéhe elec-
trochemical oxidation of cyclic amides to provideoxy-
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insertion into C—H bonds adjacent to an oxygen atom was
also reported.

In our effort to enhance the efficiency and practicality of
directed C—H activation reactions, we have strategically
selected to develop C—H functionalizations directed by
synthetically useful protecting groups. Herein, we describe
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a Pd-catalyzed highly selective acetoxylation @fmethyl I, + PhI(OAc), — Phl + IOAc (4)
groups in a wide range of aliphatic and aromaBoc

-protected 2°N-methylamines using IOAc as the stoichio- Thus, stirringl with 1 equiv of PhI(OAG) and b in the

metric oxidant. The exclusive selectivity toward methyl presence of 10 mol % of Pd(OAdN CH,Cl, at 50°C in a
groups is a characteristic feature of our catalytic system in go51ed tube for 40 h gives the acetoxylated prodizcin
contrast to the previously reported iminium ion pathway. 700 yield (Scheme 1).

The observed isotope effect, regioselectivity, and stereose-

lectivity are consistent with an unusuBloc-directed Pd _

insertion into sp C—H bonds. : ;
Scheme 1. Selective Acetoxylation oN-Methylcarbamates

Amide-directed palladation of SgC—H bonds has been with 10Ac as a Crucial Oxidant
extensively explored to develop~«C bond and C-hetero- 10 mol % Pd(OAC),
atom bond-forming reactions since the early examples Me CHzClo, 50°C, 40 h )OJ\ ~
reported by Horino and Tremont using'"PedY catalysis® BuO III/ TequiviOAc . BuO N Qhc
Remarkably, Buchwald achieved an amide-directedHC Bu ﬁ Bu
activation/C—N bond-forming sequence involving"mRtP 1 1a, 70%
catalysis in which practically useful oxidants (Zair) were (PricoAc), + 1) or: (AgOAC + 1)

employed® However,Boc-directed activation of SgC—H
bonds ajacent to the nitrogen atom has not been achieved
despite the potential synthetic utility due to the low coordina-  PhI(OAc) has been previously used as a stoichiomertic
tion ability of theBocgroup?® Inspired by Beak’s carbamate- ~ oxidant in Pd-catalyzed acetoxylation of—€l bonds®
directed lithiation reaction®, Crabtree’s carbonyl-directed ~However, control experiments showed that no reaction was
cycloiridation of aryl G-H bond$2 and the early efforts from  observed when PhI(OAgpr I, was used alone. This result
Murai, Chatani, and KakiuchP, we decided to identify =~ suggests that I0Ac is critical for tHgoc-directed oxidation
conditions that would oxidizBoc-protectedi-methylamines ~ Of the C—H bonds. It is worth noting that our previously
via aBoc-directed C—H activation catalyzed by Pd(OAc) r_eported Pd-me_diated iodination regction directed by oxazo-
Boc-protectedN-methylbutan-1-aminel was used to lines can occur in the presence of eithgalbne or IOAc}32P

. . . which made it difficult to determine whether the oxidation
screen for a catalytic oxidation system. We have previously

shown that Petalkyl or Pd—aryl complexes react with to of the Pd—C bonds involves br I0Ac.
give the iodinated products and R#2° Unfortunately,

stirring 1 with 1 equiv of Pd(OAcg)and L in CH,Cl, at room _

temperature or 50C led to a full recovery of the starting ~ Table 1. Pd-Catalyzed Acetoxylation d@oc-Protected
material. We further tested various inexpensive peroxide N-Methylamines

oxidants that were recently used in our B-bond oxidation entry substrate product yield%
reactions3° No significant reaction was observed under these Boc Boc
. . ) N P
reaction conditions. We were pleased to find that the use of ' Bu” “Me 1 By’ ~\OAc  1a 8
1 equiv of IOAc as the oxidant generated in situ by reacting Boc Boc
. . . N
AgOAc with I, gave the actoxylated produtain 90% vield 2 Me” Sy 2 Mg\ OAc 23 &
in the presence 1 equiv of Pd(OAckollowing a procedure Boc Boc
reported by LusztyR? IOAc is more efficiently produced 3 E‘\(N\Me 3 Ef\(“\/OAc 3a 74
by reacting } with PhI(OAc) (eq 4). Me Me
Boc Boc
4 EtYN\M 4 EfYN\/OAc 4a 92
(8) (a) Horino, H.; Inoue, NJ. Org. Chem1981,46, 4416. (b) Tremont, £t © Bt
S. J,; Rahman, H. UJ. Am. Chem. Sod.984,106, 5759. (c) Kametani,
Y.; Satoh, T.; Miura, M.; Nomura, MTetrahedron Lett2000,41, 2655. Boc Boc
(d) Boele, M. D. K.; van Strijdonck, G. P. F.; de Vries, A. H. M.; Kamer, 5 MeYN\Me 5 Me\l/N\/OAc 5a 85
P. C. J.; de Vries, J. G.; van Leeuwen, P. W. N. M Am. Chem. Soc. Bh Ph
2002,124, 1586. (e) Zaitsev, V. G.; Daugulis, @.Am. Chem. So2005,
127, 4156. Boc ﬁoo
206%) Ig?nghg\é'oc' P.; Zheng, N.; Buchwald, S.L.Am. Chem. Soc. 6 Cyclohexyl” e © Cyclohexyl” ~OAc 6a 91
(1(3) Cﬁatani, N Asaumi, T.; Yorimitsu, S.; Ikeda, T.; Kakiuchi, F.; Boc Boc
Murai, S.J. Am. Chem. So001, 123,10935. 7 PLN AN _0OAc Ta 86
(11) Whisler, M. C.; MacNeil, S.; Snieckus, V.; Beak,/Ahgew. Chem. PhCH.CH “Me PRCH,CH;
Int. Ed. 2004,43, 2206. Boc Boc
gl . . . 8
20(()152)2k|,4>é.1,0(:hen, P.; Faller, J. W.; Crabtree, R. Brganometallics 8 MeOCHQCHQ/N\Me 8 MeOCH,CHy A 8a 69
(13) (a) Giri, R.; Chen, X.; Yu, J. QAngew. ChemInt. Ed. 2005,44,
2112. (b) Giri, R.; Chen, X.; Hao, X. S.; Li, J. J; Fan, Z. P.; Yu, J. Q. ¢ Boc 9 NS on 9 %
Tetrahedron Asymmetn2005,16, 3502. (c) Giri, R.; Liang, J.; Lei, J. G.; MeO” “Me Me0” SNUAC Ja
Li, J. J.; Wang, D. H.; Chen, X.; Naggar, I. C.; Guo, C.; Foxman, B. M;
Yu, J. Q.Angew. ChemInt. Ed.2005,44, 7420. 210 mol % of Pd(OAc), 1.6 equiv of §, 1.6 equiv of PhI(OAg), DCE,
(14) Courtneidge, J. L.; Lusztyk, J.; Page, Tetrahedron Lett1994, 60 °C, 40 h.
35, 1003.
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Screening of the reaction conditions identified OHCH,- substratel 6 was prevented (Table 2, entry 7). However, the
CI (DCE) as a better solvent. The yield of the acetoxylation p-iodination of15 cannot be prevented completely at room
of 1 was increased to 83% at 6C (Table 1, entry 1). Pd  temperature. Intriguingly, ndN-methyl oxidation was ob-
loading was reduced to 5 mol % by extending the reaction served with substrates containing an electron-donating group
time to 72 h. The substrate scope was tested by using aon the para-position (Table 2, entry 8)Notably, we also
variety of N-methylamines. Th&l-methyl groups are oxi-  found that the pivaloyl group is as effective as Bmcgroup
dized highly selectively to give the acetoxylated products in for this reaction (Table 2, entry 9), although the less hindered
good vyields (Table 1). The successful acetoxylation of acetyl group displayed poor reactivity.
substrate9 also provides a potential means for functional-  On the basis of characterizations of a number ot Pd
ization of primary amines as both the Boc and OMe can be complexes obtained by oxidizing Pavith Mel (X-ray),*’
readily deprotected to release the primary amine. (PhCQ), (*HNMR),*® and PhI(QCPh) (X-ray}® and our

This oxidation protocol was successfully applied to a wide recently developed-€H bond iodination reaction using Bd
range ofBoc-protectedN-methylanilines (Table 2). Func- PdV catalysis}??we propose an unusuBbc-directed C—H

insertion pathway to account for the acetoxylation of the

N-methyl groups (Scheme 2). The I0OAc serves as a sto-
Table 2. Pd-Catalyzed Acetoxylation doc-Protected

N-Methylanilines

Scheme 2. Proposed Reaction Pathway

entry substrate product yield% OAc
Boc Ra 1
g N_0nc Pd(OAC), ( \ I0AC_ ( Bal” 7 oac
1 /©/ Me 10 10a 87 1 \O Y e N0 — 12
c Boc “ Boc HOAc 1bofBu BU:I cf Pd(OAC), , 4 O'Bu
N N.__OAc O'Bu
~
2 Q/ Me g 11a 89
MeQ,C MeO,C
Boc _ o .
ﬁ"fM N _OAc ichiometric oxidant to oxidize the unstable'"Rebmplex1b
3 OS/©/ ° 12 Meo.S 12a 84 to a P& complex1c.?® Our previous iodination reaction
. Boc Boc prompts us to assume a preferential reductive elimination
4 /@/N\Me N\ oA of the iodide other than the acetate. It is also possible that
Ox¢ 13 o 13a 84 the reductive elimination of the acetate occurs to give the
,&Me(,\,,eo) NMe(OMe) acetoxylated product directly.
Boo Boc oA A number of mechanistic observations support our hy-
5 oy /©/ " 14 oﬁ ~ 142 83 pothesis. First, the high selectivity for primary C—H bonds
e o and lack of reactivity of benzylic €H bonds in19 and20
Me Boc ¢ Boc and secondary C—H bonds i21 (Figure 1) cannot be
~ ~-OAc
6 ©/ Me 15 152 77
I
Eoc Eoc
~ ~_-OAc
! @i vote 162 s86° ©¢ Ph.__H Me.__H
Ph Ph
N__OBu
B N._O N .0
e NG - N e -
8 /©/ Me 47 T M 17a h O O'Bu O'Bu
MeO MeO 19 20 21
rF\’livl ﬁiv[ o
~ ~Ohe Figure 1. Unreactive substrates.
o _ /©/ s J©/ 182 9 J

210 mol % of Pd(OAg), 1 equiv of b, 1 equiv of PhI(OAc), DCE, 60

°C, 40 h.b24°C, 72 h.

explained by the reaction pathways proposed for amine
oxidations (eq 1—3) or a radical pathway.

Second, the acetoxylation of a mixture of diastereomers
22 in 1:1 ratio gave22ain 2:1 ratio at 40% conversion

tional groups such as amides, ketones, esters, and sulfonates
are tolerated and gOOd erIdS are ConS'Stently obtained. In (16) The formation of a mixture of bott- andm-iodinated products is
the absence of a para-substituent, electrophilic iodination bymost likely due to an electrophilic substitution. The lack of reactivity of

the N-methyl group inl7 could be explained by a bisdentate coordination
10Ac tOOk. place simultaneously to give tm}IOdmat(.ad from theBocand the electron-rich aryl ring, which positions tRemethyl
acetoxylation produci5a (Table 2, entry 6). By carrying  group away from the Pd(ll) center. The presence pimethyl group aiso
out the reaction at room temperature, rédination of

inhibits theN-methyl oxidation.
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Scheme 3. Diastereoselective Acetoxylation
(-)Menthyl-O.__O (—)Menthyl—OYO

Ph N H Ph.,, _N OAc
Meﬁ/ ~ Me")/ ~
H H

22 22a, 67:33dr

acetoxylation
—_—
40% conv

Scheme 5. Synthetic Applications
o A~ SiMes o

A (6 cquiv) SN
N

X" N° OAc Me3SIOTF (1 equiv) x N

p-Cl-Ph CH,Cly, -78°C, 15 min  P-CI-Ph

X = t-BuO, 10a 10b, 71%

X = t-Bu, 18a 18b, 95%

(Scheme 3). The diastereoselectivity obtained is consistent

with a cyclic transition state formed via the coordination of
the Boc group to the Pd center.

The isotope effects observed in both intermolecutas(
= 2.9) and intramoleculakf,p = 3.2) competition experi-
ments are consistent with the-El cleavage being the rate-
limiting step (Scheme 4).

Scheme 4. Isotope Effects

(o] (0]
- O)LN,CHs(CDa) - OJ\N,CHZ(CDZ)OAC

kH/D =29

_—

Cl Cl

Q kH/D =3.2 Q

CDs CH,(CD2)OAC
BUO rFJ/ — fBqu\N/
CHs

CD3(CHs)

Finally, the synthetic utility of botiBoc- and pivaloyl-
protected products is demonstrated by allylation with allyl-
trimethylsilane, using a literature procedure (Schemt 5).

3390

In summary, we have developed a Pd-catalyzed acetoxy-
lation of a wide range d-methylamines directed byBoc
or pivaloyl group. Mechanistic data obtained are consistent
with a o-chelation-assisted $C—H insertion. The acetoxy-
lated products are useful building blocks for further synthetic
transformations.
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