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In 2002, we disclosed a set of complementary procedures for Table 1. Effect of Spacer Length of N- and O-Arylation

the copper-catalyzed N- and O-arylationfséminoalcohol$.While Reactions®”

no added ligand was required for these Ullmann-type couplings, 5% Cul, 20% L1 H
attempts to expand the scope to other types of aminoalcohols Me—®—| + HalNy OH 2.0 equiv Cs;C0O; ME/@/NMSH
resulted in low levels of chemoselectivity. We reasoned that since i " DMF, room temp

a 1,2-aminoalcohol itself can assist in the reaction by acting as a a n= 3 n 5 6
supportlng ligand an additional Ilga_nd mlght_be required for CN Yield, % | 45° (020 96 9 97 99
nonchelating substrates. Therefore, ligand-assisted Ullmann cou- oN-co 31(401) 451 >50:1  >50:1 >50:1

pling of aminoalcohols was investigated; the preliminary findings
of this study are disclosed in this report. 5% Cul, 10% L2

i NH

Recently, a number of ligands were shown to expedite Ullmann v )1 + FaN R w—w/@ﬁwn )
- . : . 4 L n toluene, 90 °C

arylation of aliphatic amine%* We began by examining the

coupling of 5-amino-1-pentanol with 3-iodobromobenzene using b, n= 4 5 6
5% Cul and 20% of diketonkl (Scheme 1}.After only 7 h at CO Yield, % 16°  28°(64) 91 90 89
room temperature, the desired N-arylated prodizcivas isolated CO:(CN+double)]  1:6 1:4(2:1) 181 20:1 24:1

in 97% vyield, with none of the O-arylated regioisomer detectable.
Our previous work on copper-catalyzed-O coupling using
phenanthroline or the more soluble tetramethylphenanthrdl@y ( 2Using 1.5-2.0 equiv of aminoalcohoP Isolated yields, average of two
prompted us to see if a switch to this type of ligand might alter the runs.© GC yield. 9¢Ligand-free conditions; see Supporting Information.
observed chemoselect.ivity. Indeed, the coupling of 3-iodobro- ¢.pome 1. N-Arylation of 5-Amino-1-pentanol
mobenzene with 5-amino-1-pentanol in the presence of 5% Cul o 59% Cul, 20% L1
and 10%L2 at 90 °C was complete after 16 h, affording the 2.0 equiv Cs,CO5 \©/ or
O-arylated productb in 86% yield (Scheme 2. U DMF, mom temp ?
Together, the protocols shown in Schemes 1 and 2 represent a 1a, 97%

complementary set of conditions for copper-catalyzed axd
O-arylation of 5-amino-1-pentanol. To test the generality of these Scheme 2. O-Arylation of 5-Amino-1-pentanol

processes, arylation of a sgries of lineap{Cs) aminoalcohols . 5% Cul, 10% L2 Me v
was performed. As shown in Table 1, the catalyst based.lon \@/ 2.0 equiv Cs,CO;5 Bf\@
was highly effective for substrates with > 3, affording the toluene, 3A MS
N-arylated product8a—6ain excellent yields and chemoselectivity. 90°C, 16 h 1b, 86% PN
Only the reaction of ethanolamine led to a sluggish reaction and a L2 the Me
sizable fraction of the @rylated product. It is likely that the
formation by ethanolamine of stabfiee-memberedhelate rings Scheme 3. N- and O-Arylation of 4- and 3-Piperidinols
might interfere with the normal functioning of the catalyst. O on HO
Interestingly, in the absence of added ligand, the N-arylated Ho~(_Jvptol _cul, L1 fltl Cul, no lig Cn—p-tol
ethanolamine Za) was obtained selectively in 92% vyield (40:1)  7a,80% (30:1) OMF v
after only 14 h at room temperature. (A) By
i i i o.

In a related series of_ experiments, an ©lNH, separation of at P10l Cul L2 Me—@—l
least four methylene units was found to be necessary to ensure selec- HN toluene THF. 100 °C
. } : - % (16: : 8b, 52%
tive (>15:1) Oarylation using ligand.2. Although only traces of 7b, 81% (16:1) :

(2:1)

the N-arylated isomer were detected for these substrates, seme (2
4%) of the N, O-diarylated byproduct was observed, along with some case. This hypothesis was put to the test in the arylation of 3- and
reduced ArH. The reasons for N,O-diarylation in the presence of 4-piperidinols. Despite being structurally related, the two differ
excess aminoalcohol are currently under investigation. The coupling significantly in their metal-chelating abilities. As expected, the
of aminoalcohols with fewer methylene groups= 2, 3) gave coupling of the nonchelating 4-piperidinol employing ligarids
rise to a mixture of N-, O-, and double-arylation products. Although and L2 led to the selective formation of both the N-arylatéa
some success with O-arylation was achieved under ligand-free condi-(80%, 30:1) and the O-arylaté&d (81%, 16:1) (Scheme 3A). Under
tions, an efficient Gselective method for these is yet to be realized. the same reaction conditions, the potentially chelating 3-piperidinol
The data presented in Table 1 suggest that the selectivity in gave rise to a mixture of products. On the other hand, submitting
ligand-assisted reactions is only achieved for nonchelating ami- a mixture of 3-piperidinol and 4-iodotoluene to the “ligand-free”
noalcohols and that 1-amino-3-propanol represents a “borderline” protocol developed for N-arylation of ethanolamine afforded the
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Table 2. Copper-Catalyzed N- and O-Arylation of Aminoalcohols?

entry aminoalcohol Arl C-N product C-N, %P< (N:0) C-O product C-0, %%% T (N:0)
H
T N ~—~"0H “@/ HzNONMOH 9a, 84 (>50:1) qu@omqu 9b, 79 (16:1)
H
2 ~OH @ gNWOH 10a, 85 (>50:1) @{/ O, 10b, 80 (20:1)
| H WNHz
3 NN c:/Q/ Cl,QMH 11a, 84 (25:1) m/@ 11b, 78 (16:1)
: ) :ﬁ)\o/\/\/\/
4 PN~~~ OH Fjg’ FD\N/\/\/\»DH 12a, 93 (>50:1) NH 12b, 79 (18:1)
F H
| N
5 HN ~OH @ 13a, 83 (20:1) . NH, 13b, 80 (15:1)
LAY H . .
6 ““\_,MO\—\jH o1 C}NW 14a, 83 (18:1) QHICNH 14b, 81 (15:1)
Cl
7 N on ,@/ \@WH 15a, 80 (20:1) \Q\r@ﬂ“z 15b, 80 (18:1)
H MeMe e
8 N M{@’ Of\,ﬁ 16a, 85 (20:1) p AN~ ni,  16b, 81 (16:1)
0 H
=

a|solated yields, average of two rurfsWith L1. ¢ Selectivity: %CN:%CO4
Arl) and Ar,0.

LCulX] HNu LCLE;!L‘LH
Nu"
Ar-Nu X 3 % Cs,C05
ArX LCu-Nu CsHCO3, CsX

Figure 1. A working hypothesis of the mechanistic cycle.

Scheme 4. N- and O-Arylation of 4-Aminophenethyl Alcohol (Ar

p-tolyl)@
H Ar
whﬁqr szdbﬁa \©\ Cul L2 /QNO
Phos 1 HeN
2 \@\.)0 X=1,17a, 88%

“XPhos 1,
X=Cl, 17a,91%
aSee Supporting Information for details.

N-arylated produc8a smoothly in 83% yield (25:1, Scheme 3B).
It was also possible to achieve a moderately selective ligand-free
O-arylation of 3-piperidinol.

With this set of two orthogonal catalysts, the targeting of either
the N- or the Oterminus in several molecules was investigated.
As shown in Table 2, electron-rich and electron-deficient as well
as heteroaryl iodides underwent bothahd Garylation with good
to excellent chemoselectivities.

Our current hypothesis is that the two initial steps, coordination
(1) and deprotonation (2) (Figure 1), are responsible for the observed
selectivities. These events are interdependent sincekthefpCu-
bound nucleophiles is significantly lower than that of the free
species. For anionitl, the lowered electrophilicity of the Cu(l)
center might disfavor the binding of alcohol and allow the high
affinity of amine to Cu(l) to dictate the outconid.he more Lewis
acidic (L2)Cu(l) species may lead to non-negligible concentration
of the copper-bound alcohol; facile deprotonation of such species
would favor O-selectivity. Alternatively, the.)Cu(l) catalyst may
require a pre-deprotonated nucleophile (3), favoring once again the
more acidic alcohol.

Unlike the efficient coupling of aliphatic amines;&tylation of
the less acidic aromatic amines proved to be more challenging.
Thus, while copper-catalyzed O-arylation of 4-aminophenethyl

With L2. € Selectivity: %CO:(%CN+ % double).f Balance: ArH (from

alcohol usind-2 afforded the expecteti7bin 88% yield (Scheme
4), attempts to perform N-arylation usiihgd were not successful.
In this case, switching to a palladium catalyst afforded the
N-arylated17ain 91% yield?

In summary, we have disclosed two complementary copper-based
methods for the selective-Nand Garylation of aminoalcohols.
Work is currently underway to understand the exact role of ligands
and to expand the scope of these methods.
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