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ABSTRACT
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An efficient method for the copper-catalyzed ~ N-arylation of hydroxylamines with aryl iodides is described. A variety of N-and O-functionalized
hydroxylamines were transformed in good to excellent yield with a broad range of aryl coupling partners. Methods for the selective deprotection
of either the N- or O-substituents for further functionalization are also described.

Over the past decade the copper-catalyzed modified Ullmannacids’ and imidazole§,among others, showing the outstand-
condensation of aryl halides with amines has emerged as ang utility of these reactions. Despite the broad spectrum of
powerful and robust bond construction prock3#e toler- coupling partners that have been described, we are unaware
ance of a broad spectrum of functionality within both of any reports of the copper-catalyzéHarylation of hy-
coupling partners has greatly accelerated the up-take of thisdroxylamines even with the versatility of this functional
chemistry worldwide such that the methodology is now an
integral part of the organic chemist’s toolbox. (3) (a) Goodbrand, H. B.; Hu, N.-Xl. Org. Chem1999,64, 670—674.

With regards to the amine partner a number of methods () QU Verkatuanay, - Cruon, ) e Letzo)
have been reported for the coupling of primary and secondaryLett. 2001,3, 4315-4317. (d) Kelkar, A. A.; Patil, N. M.; Chaudhari, R.

amine< anilines? hydrazide<,amides’ carbamate&amino V. Tetrahedron Lett2002,43, 7143—7146.
y A (4) Wolter, M.; Klapars, A.; Buchwald, S. 1Org. Lett.2001,3, 3803—

3805.

T Cardiff University. (5) (a) Klapars, A.; Antila, J. C.; Huang, X.; Buchwald, S. 1L.Am.

* GlaxoSmithKline, Harlow. Chem. Soc2001 123 7727-7729. (b) Klapars, A.; Huang, X.; Buchwald,

§ GlaxoSmithKline, Stevenage. S. L. J. Am. Chem. So002, 124, 7421—7428. (c) Kang, S.-K.; Kim,

(1) For recent reviews of copper-mediatee i€ bond-forming processes D.-H.; Pak, J.-N.Synlett2002, 427—-430.
see: (a) Ley, S.V.; Thomas, A. ngew. Chemint. Ed.2003 42, 5400 (6) Mellesham, B.; Rajesh, B. M.; Rajmohan-Reddy, P.; Srinivas, D.;
5449. (b) Kunz, K.; Scholz, U.; Ganzer, Bynlett2003, 2428—2439. (c) Trehan, SOrg. Lett.2003,5, 963—965.
Beletskaya, I. P.; Cheprakov, A. \Coord. Chem. Re 2004,248, 2337— (7) Ma, D.; Zhang, Y.; Yao, J.; Wu, S.; Tao, &.Am. Chem. S04.998,
2364. 120, 12459—12467.

(2) (a) Kwong, F. Y.; Klapars, A.; Buchwald, S. Org. Lett.2002,4, (8) (a) Kiyomori, A.; Marcoux, J.-F.; Buchwald, S. Letrahedron Lett.
581—584. (b) Shafir, A.; Buchwald, S. lJ. Am. Chem. SoQ006,128, 1999,40, 2657—2660. (b) Altman, R. A.; Buchwald, S.Qrg. Lett.2006,
8742—8743. 8, 2779—2782.
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group in synthesi&:** N-Aryl hydroxylamines are valuable
in the preparation of nitroné$,aziridines!® electrophilic
amination reagents, and [3,3]-sigmatropic rearrangement
processed; as well as in the synthesis of indol¥sisox-
azolidines!’ oxadiazolidinone&? 5-amino acids? and-ami-
no alcohol? each of which have found use in the
preparation of pharmaceutical agents. As part of our ongoing
research program to develop novel hydroxylamine-based
reagentd we were interested in differentially protected
N-aryl hydroxylamines and sought to develop methods to
obtain this class of compound. Within this letter we describe
an efficient method for the copper-catalyzed coupliniyl@-
difunctionalized hydroxylamines with aryl iodides and
methods for deprotection of the products for further synthetic
manipulation.

Initial investigations examined the coupling fBoc-O-
methyl hydroxylamine with iodobenzene. After examining

a series of copper sources, ligands, bases, solvents, and

temperatures the most efficient protocol was exploited as
shown in Table 1. The coupling reaction proceeds smoothly
in the presence of 5 mol % copper(l) iodide and 1,10-
phenanthroline (50 mol %) as the ligand, using cesium
carbonate as the base in DMF at 8D. The reaction was
effective for a wide variety of aryl iodides with good to
excellent yields (6989%) and an outstanding functional
group tolerance in the substrate including aryl-nitro, -nitrile,

(9) For the copper-catalyzed-arylation ofN-hydroxyphthalimide see:
Petrassi, H. M.; Sharpless, K. B.; Kelly, J. \@rg. Lett.2001,3, 139—
142.

(10) For the copper-catalyzed-arylation of oximes see: Nonappa, D.
P.; Pandurangan, K.; Maitra, U.; Wailes, Srg. Lett. 2007, 9, 2767
2770.

(11) For the palladium-catalyzédtarylation of hydroxylamines see: (a)
Dongol, K. G.; Tay, B. Y Tetrahedron Lett2006,47, 927—930. (b) Peng,
J.; Lin, W.; Yuan, S.; Chen, YJ. Org. Chem2007,72, 3145—3148. (c)
Peng, J.; Jiang, D.; Lin, W.; Chen, ©rg. Biomol. Chem2007,5, 1391—
1396.

(12) (a) Evans, D. A.; Song, H.-J.; Fandrick, K. Grg. Lett.2006,8,
3351—-3354. (b) Chatterjee, A.; Bhattacharya, P.JKOrg. Chem2006,
71, 345-348. (c) Young, I. S.; Williams, J. L.; Kerr, M. AOrg. Lett.2005
7, 953—955.

(13) Murugan, E.; Siva, ASynthesi®005, 2022—2028.
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2005,127, 7278—7279.
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(17) Imran, M.; Khan, S. A.; Siddiqui, Nnd. J. Pharm. Sci2004,66,
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Table 1. Scope of the Aryl Halide Coupling Partier

Arl Cul (5 mol %)
+ 1,10-phenanthroline (50 mol %) goc. _OMe
N
Boc.-OMe Cs,C0; (1.4 equiv) Ar
H 80 °C, DMF
entry aryl iodide product % yield?
R 89
1
oo™
2 5o 72
oAt
F F
3 I?oc 77
O,N O,N
4 7o 69
MeO MeO'
7 86
5
o
NC NC
6 noe 73
\'(©/I Y©/N\OMe
(o] o]
7 7o 70
o
8 $0C 74
Br\©/l Br\@/N\OMe
7o 84
9
EtOZC\©/I EtOzC\©/N\OMe
Br
10 ©/ - 0
OTf
11 ©/ - 0
12 - 0

¢

aAll reactions performed in duplicate at 0.5 M concentration of
hydroxylamine P Isolated yield.

-keto, -ester, and -bromide functionalities (entries9). It

is also worth noting that under the conditions used within
this study aryl bromides, aryl triflates, and 2-iodotoluene
were ineffective as substrates for the coupling procedure
(entries 10—12).

After effective conditions for the coupling were developed

we examined the scope and limitations of the hydroxylamine
coupling partner with the aim of introduciniy- and
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Table 2. Scope of the Hydroxylamine Coupling Parther

Arl Cul (5 mol %)
+ 1,10-phenanthroline (50 mol %) RL _OR?
RL .OR? , N
N7 Cs,C0O;3 (1.4 equiv) Ar
H 80 °C, DMF
entry aryliodide R!' R2 product % yield® entry aryliodide R! R2 product % yield®
?oc : ?oc
1 /©/l Boc Bu /©/N\O‘Bu 68 10 /@/] Boc Bn /@/N\osn 70
O,N O,N Boc - E o
I f N. !
2 /@/ Boc  'Bu /@ oy 70 11 | Boc Bn [jN‘OBn 74
F F /E)
(|302Me ?oc
3 /@/I CO,Me Bn /@N\OB,‘ 75 12 ©/1 Boc Bn QN\OBn 69
MeO MeO
[ e Qone MeO MeO Boc
4 /©/' CO;Me Bn /@/N\osn 68 13 @/' Boc Bn @/N‘osn 65
?oc NC NC Boc
1
5 @/' Boc  Allyl Q“mu 57 14 @l Boc Bn ©/N‘osn 83
MeQ MeO

o2
Q
o
o
Q
o

|
6 /@/' Boc Allyl /©/N‘OA[I 81 15 /@/' Boc THP /©/N‘OTHP 70¢
?oc ?oc
7 /@/1 Boc  Allyl /©/NH 75 16 /@/ Boc THP ON\OTHP 52¢
O,N O,N MeO MeO
(l':bz Elioc
8 /@/' Cbz Bu QNUBU 74¢ 17 /@/ Boc THP /@N\OTHP 76¢
NC NC
(Ttbz
9 /@/ Cbz Bu /©/N\OIBU 63° 18 /@/‘ Ts  Bn - 0
MeO MeO

O,N

a All reactions performed in duplicate at 0.5 M concentration of hydroxylanfiteolated yield.c 10 mol % catalyst used.

O-substituents that could efficiently be removed to allow in no N-arylation product being isolated from the reaction

further functionalization of the hydroxylamine products mixture (entry 18). WittN-Cbz (entries 8 and 9) ar@-THP

(Table 2). hydroxylamines (entries 15—17) 10 mol % of catalyst was
The conditions developed proved effective for a range of necessary to bring about efficient coupling. Despite these

hydroxylamine coupling partners. With regard to the nitrogen |imitations, the broad range of couplings exemplified (Table
substituenttert-butyl-, benzyl-, and methyl-carbamates all

added efficiently in good to excellent yield (52—83%) with
the oxygen substituents examined includiag-butyl, ben- ] ] ]
2yl, tetrahydropyranyl, and allyl, suggesting the method When selecting our hydroxylamine coupling partners, we
should be effective for a variety of hydroxylamines. Limita- €/€ctéd to incorporate traditioniit andO-protecting groups
tions revealed with the process showed that care had to b allow subsequent unmasking of these useful functionalities
taken with the coupling of some electron-deficient hydroxy- for further synthetic manipulation. A series of examples for
lamines and/or aryl iodides. Coupling of 4-nitro iodobenzene deprotection of both the nitrogen and oxygen groups are
with N-Boc-O-allyl hydroxylamine resulted in the sole outlined in Table 3. Removal of the Boc protecting group
isolated product being that of concomitant-® bond by treatment of thé&l-arylhydroxylamine with trifluoroacetic
cleavage (75%, entry 7) and the reaction between 4-nitro acid provided the free hydroxylamines in excellent yield
iodobenzene anbl-tosyl-O-benzyl hydroxylamine resulted (65—98%, entries £3). It was also possible to efficiently

2) show this to be a robust and general coupling reaction of
hydroxylamines and aryl iodides.
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Table 3. Deprotection of Coupled Products
TFA, CI—(|)2CI2, 0°C
R

RL,}‘,ORz H'}‘,ORZ or RLN,OH
Ar EtOH, PPTS, 50 °C Ar Ar
entry hydroxylamine product % yield?
1P Eoc H 99
O/ “0Bu /@/ “O%Bu
O,N O,N
2° Boc H 76
/@’N‘OBn /©/N\OBn
NC NC
3P Boc H 65
EtOZC\©/N\OBn Et020\©/N\OBn
4¢ lEoc Eoc 81
/@/ ~OTHP /@/ “OH
5¢ Boc Boc 67
/@’N‘OTHP /©/N\OH
MeCO' MeO'
6° Boc Boc 84
/©/N‘OTHP /©/N‘OH
NC

2 |solated yield.? TFA, CHClp, 0 °C, 1 h.¢EtOH, PPTS, 50C, 2 h.

unmask the oxygen functionality while maintaining the

integrity of the sensitive hydroxylamine bond. For example,

800

the THP protecting group could easily be removed under
mild hydrolytic conditions to give the expected products
(67—84%, entries 4—6).

In summary, we have described a mild and efficient
copper-catalyzed coupling of hydroxylamine derivatives
with aryl iodides. The method is tolerant of a variety of
functional groups in both the aryl and hydroxylamine
coupling partners allowing for further synthetic manipulation.
In addition, the products can be selectivels or O-
deprotected allowing full advantage of the versatility of this
functional group to be realized. Exploitation of this work in
the preparation of arrays of drug-like molecules is currently
underway.
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