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An efficient and reusable GO/PPh/TBAB (n-BusNBr)

Ar—X + R—= Ar——

R
a8

Note

amine2d 2-aminopyrimidine-4,6-dio# and tertiary aming&gh

are effective catalysts in the Sonogashira reaction, whilgCu

is a less active. Miura and co-workéfsfor instance, have
reported the first catalytic Sonogashira-type cross-couplings
between aryl iodides or vinyl iodides with terminal alkynes using
Cul/PPh as the catalytic system and DMF as the solvent, but
the CyO/PPHR catalytic system provided a rather low yield of
the Sonogashira product after 20 h even in the reaction of
iodobenzene with phenylacetylene at 220 On the other hand,

the reported catalytic systems were not recovered and reused
because of the harmful organic solvents (often DMF) in all of
these copper-catalyzed transformations. Furthermore, alkynols
were found to be unsuitable substrates, and heteroaryl halides
as the substrates remain unexplotédRecently, the ligand-
free copper nanocluster-catalyzed Sonogashira reaction was
developed by Rothenberg and co-workers. However, no recy-
cling of the copper nanoclusters process was tested, and the
scope was still limited to the activated aromatic bromiisry
recently, we have also reported solventless Cu(@A&ajalyzed
couplings between aryl halides and terminal alkynes using
TBAF as a base and 4,6-dimethoxypyrimidin-2-amine as a

system for the cross-coupling reactions of aryl and heteroary! igand, and only aryl iodides and the activated aryl bromides
halides with terminal alkynes has been developed. Four types/Vere suitable substrates for the Sonogashira coupling re&ttion.

of Cw,0O, including bulky CygO, cubic CyO nanoparticles,
octahedral C¢0O nanoparticles, and spherical £Lunano-
particles, were examined, and the octahedralCCanano-
particles were found to be the most effective catalyst for the
reaction. In the presence of the octahedraj)@nanopar-
ticles, PP, and TBAB, a variety of aryl and heteroaryl
halides were reacted with alkynes including alkynols smoothly
in moderate to good yields. Noteworthy is that the,GQl

PPh/TBAB system can be recovered and reused several

times without loss of any activities.

From the point of economy and environment, the development
of some efficient and reusable copper catalytic systems for the
solventless Sonogashira reaction of a wide range of aryl halides
is still challenging. Here, we wish to report the combination of
the octahedral G nanoparticles with PRfand TBAB as an
efficient and reusable system for the Sonogashira-type cross-
coupling reaction under solventless conditions (eq 1). It is
noteworthy that the scope of the substrates is expanded to
heteroaryl halides and alkynols.

Cu,0, PPh;
TBAB, K,CO;
135-140 °C

Ar—X + R—=

Py

Recently, much attention has been attracted to the use of

copper complexes as the catalysts for the Sonogashira-type

cross-coupling of aryl halides with terminal alkyrniesThis is

because palladium complexes, the most commonly used cata-
lysts for the Sonogashira-type cross-coupling reaction, are

considerably expensive, which limits their application in
industry? Recent studies show that ligated copper halides by
PPh,221,10-phenanthrolin®;e N,N-dimethylglycineZ° ethylenedi-

Although many shapes of @D nanoparticles, such as
octahedraf, cube® wire, rod, and unformed amorphishwere
prepared, few papers have been reported on the use & Cu
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TABLE 1. Screening Conditiong

___ [CuyQ] _
O,N Br + Ph—=——2-1. o\ = pp

1a 2a 3
entry [CuO] ligand yield (%¥
1 cubic CyO nanoparticles Pftol)s (L1) 57
2 bulky CuO P(-tol)s (L1) 55
3 spherical CpO nanoparticles P¢tol)s (L1) 63
4 octahedral G40 nanoparticles R¢tol)s (L1) 78
5 octahedral C4#0 nanoparticles trace
6° octahedral C¢O nanopatrticles PRKL2) 90
7 octahedral G40 nanoparticles PGYL3) 54
8 octahedral C4#© nanoparticles P(2,6-diMeB.)s (L4) 55
9 octahedral C4#O nanoparticles P¢Bu)3 (L5) 48
10 octahedral GO nanoparticles PORIL6) 70
11 octahedral GO nanoparticles 1;dbipyridinyl (L7) 41
12 octahedral Gi© nanoparticles DABCOL®) 65
13 cubic CyO nanoparticles PRIL2) 76
14 bulky CyO PPh (L2) 73
15 spherical C¢O nanoparticles PRIL2) 81
164 octahedral C¢O nanoparticles PRIL2) 91
17 octahedral C¢O nanoparticles PRIL2) 81
18 octahedral C¢O nanoparticles PRIL2) 35

aReaction conditionsda (0.5 mmol),2a (0.7 mmol), [Cu] (10 mol %), ligand (20 mol %), 03 (1 mmol), and TBAB (1.5 g) at 135140°C for 24
h. b Isolated yield.c Average yield of three rung.At 120 °C for 48 h.e C5CO; (1 mmol) instead of KCOs. FEN instead of KkCOs.

nanoparticles in organic synthegighus, further application  achieved when the reaction can be conducted at°T@fter

of them as catalysts in organic synthesis should be intensively prolonging the reaction time (entry 16).

pursued. Very recently, we have developed the cubigOCu As listed in Table 2, a variety of aryl halides could undergo
nanoparticles combined with &ol); as an alternative Stille  the reaction with terminal alkynes smoothly under the standard
cross-coupling catalytic system in TBABWe then attempted  reaction conditions, demonstrating the versatility of the octa-
to apply the cubic GO nanoparticles/®{tol); (L1)/TBAB hedral CyO nanoparticles. Aryl iodideslb—1f, whether
system in the Sonogashira-type reaction of 1-bromo-4-nitroben- electron-deficient or electron-rich, all worked well with alkynes
zene (La) with phenylacetylene@). To our delight, a moderate ~ 2a—2ebearing aryl, heteroaryl, alkyl, or hydroxy groups in the
yield of the target produc® was isolated after 24 h (entry 1). presence of the octahedral £ nanoparticles, PRh(L2),

It was found that the yield o8 was reduced slightly using the =~ K2COs, and TBAB (entries +11). Moreover, the G©O/L2/
bulky CwO (entry 2). These results prompted us to further TBAB system in these couplings could be reused at least three
evaluate the copper catalyst. After a series of trials, we observedtimes without loss of any activity. 1-lodo-2-methylbenzebé)(

that the octahedral GO nanoparticles were highly active in ~ for instance, reacted with alkyra efficiently to give similar

the Sonogashira reaction (Table 1, entriegtl In the presence  results in five runs using the recovered system (entry 5).
of the octahedral GO nanoparticled,1, and TBAB, the yield p-lodoanisole {€), a deactivated substrate, was also coupled
of 3was enhanced to 78% (entry 4). Subsequently, a series ofwith alkynes2a—2e, respectively, to afford the target products
other ligands were evaluated, and PRI2) provided the highest ~ 8—12in moderate to good yields (entries £0). It is interesting
yield (entries 5-12). Without any ligands, substraie was to reveal that the reaction between 2-iodobenzanilirie gnd
treated with alkynea, the octahedral G® nanoparticles, & alkyne2a gave the corresponding 2-(2-phenylethynyl)benzen-
COs, and TBAB at 135140 °C for 24 h to afford a trace ~ @minel3, not the often reported 2-phenyHiindole?3in a 50%
amount of3, whereas the yield was increased sharply to 90% Yield (entry 11). It was found that the standard conditions were
when PPh (L2) was added (entries 5 and 6). Interestingly, the 2IS0 effective for the reaction of another activated aryl bromide
CwO/L2/TBAB system could be recovered and reused at least 19 (éntry 12). Although higher loadings of gD were required,
three times without any loss of activity. The results of three Moderate yields were still achieved in the couplings of the less
runs showed that they were almost consistent in yields and ratesctive bromidesh and1i (entries 13-15). While the reaction
(entry 6; run 1= 88%; run 2= 90%; and run 3= 93%). The of bromobenzengh with alkyne2a produced the corresponding

results showed that the cubic £unanoparticles, the spherical desired producé in a rather low yield at a loading of 10 mol
Cw,0 nanoparticles, and the bulky € were still inferior to % of Cw0, the yield of4 was increased to 55% in the presence

the octahedral G nanoparticles even in the presenca.af ~ ©Of 20 mol % of CyO (entries 13 and 14). Gratifyingly, the
(entries 6 and 1315). Finally, both the reaction temperature COUPIing of 1-chloro-4-nitrobenzendjf with alkyne 2a was
and base effects were investigated (entries 6 and18p. It conducted successfully in high yield in the presence of;u
turned out that KCO; at 135-140°C provided the best results ~ -2: K2COs, and TBAB (entry 16). Unfortunately, both chlorides

. . : 1k and 1l were not suitable substrates even in the presence of
(entry 6). Note that high yield of the target prodigts still 20 mol % of CyO (entries 17 and 18),
. _ To our delight, heteroaryl bromides and chlorides are suitable
Y_(?h';%s‘?\'ﬂe?éeg pg‘r)grséﬁg%2(8())!‘;_"71.4;28-'-861”(%)?/.\;I?l(i-t;eTTBOi bi'r':/'-,?w“_ang* substrates for the Sonogashira reaction under the standard
Hall, A.: s'erg'ey', D. L. Rahman, T.: Turro, N.: O'Brien, Sano Lett, conditions (Table 3). In the presence of the octahedralOCu

2006 6, 2095. nanoparticles, PRIfL2), K,CO;, and TBAB, 3-bromopyridine
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TABLE 2. Octahedral Cu,O Nanoparticles/PPh (L2)-Catalyzed Cross-Couplings of Aryl Halides (1) with Terminal Alkynes (2) in TBAB?2

/ \ R Cu20, PPh3 / \ _ ,
RQ_ Xt RT="1BAB K,C0, 136-140°C gK_ ) — R

1 2 312

entry aryl halide alkyne recycleno time (h) yield (%)b
20 88 (3)
1 20 91 (3)
OoN |
1 z <:> (1b) Ph—= (2a) 2 20 93 (3)
3 20 92 (3)
4 20 95 (3)

Q' (1¢) (2a) 24 96 (4)

(1¢) n-Csti™== (2p) 36 95 (5)

4 (1¢) =—(CH,0H (3¢, 36 93 (6)

24 83 (7)

Me 1 24 85 (7)

5 @ (2a) 2 24 85 (7)

NG L)) 3 24 84 (7)

4 24 88 (7)

20 95 (8)

6 Meo@' (1e) (2a) 1 20 93 (8)

2 20 96 (8)

7 (1e) (b) 36 98 (9)

8 (1e) Qc) 36 61(10)

9 (1e) ==CH0H (24 36 66 (11)

10 (1e) N~ 20) 36 71 (12)
NH,

11 ©i| (2a) 24 50(13)

0
12 >_©’Bf (g (2a) 26 90 (14)
13 @Br (1h) (2a) 30 23 (4)

14° (1h) (2a) 30 55(4)

15¢ MQOQ& (i) (2a) 36 40 (4)
16 OzNOC' aj) (2a) 30 83 (3)

O,
17° }—@—m - (2a) 30 26(14)
18° QCI (1) (2a) 36 10 (4)

a Reaction conditions1 (0.5 mmol),2 (0.7 mmol), octahedral GO nanoparticles (10 mol %),2 (20 mol %), K.COs (1 mmol), and TBAB (1.5 g) at
135-140°C. P Isolated yield £ Octahedral CtO (20 mol %) and ligand (40 mol %).

(2m) was reacted with alkyn@a, 2b, 2e or 2f smoothly to 1t worked well with alkyne2a to give the target products in
afford the corresponding produds, 16, 18, and12in moderate high yields (entries 1812). It is worth noting that the GO/
to good yields (entries 1, 2, 4, and 5). However, alkyRol L2/TBAB system in the couplings dfm and1swith 2acould
was an unsuitable substrate for the reaction with broriite also be recovered and reused (entries 1 and 11).

(entry 3). The other heteroaryl bromid&s—q also underwent In conclusion, we have developed a novel copper catalytic
the reaction successfully in moderate to good yields under thesystem for the Sonogashira cross-coupling reaction. In the
same conditions (entries®). Although 2-chloropyridinel(r) presence of the octahedral Qunanoparticled,2, K,COs, and
provided a low yield, the other two heteroaryl chloridessand TBAB, a variety of aryl and heteroaryl halides could perform

6296 J. Org. Chem.Vol. 72, No. 16, 2007



JOCNote

TABLE 3. The Cu,O/PPhs (L2)/TBAB System for the Reactions of Heteroaryl Halides (1) with Terminal Alkynes (2}

entry aryl halide alkyne recycleno time (h) yield (%)b
~ B 24 83 (15)
1 | Ph—=(2q) 1 24 84 (15)
N (1m) 2 24 88 (15)
2 (1m) n-CsHy—== (2b) 24 69 (16)
3 (1m) =(CH2:.0H () 24 trace (17)
\ =
4 (1m) \ 20) 24 82 (18)

5 (1m) Meo O - @2f) 24 74 (12)
=N
6 <_ _/)—B’ (2a) 26 48 (19)

N (1n)
N
7N _p
7 <N} r » (2a) 24 46 (20)
N Br
8 @(j a) 24 87 (21)
N (Ip)
| S>—>r
9 ES>_ 1a) 2a) 36 43 (22)
S
|
10 (Nj\m an (2a) 31 19 23)
24 90 (19)
1 Ny 1 24 91 (19)
[ /]\ (2a) 2 24 95 (19)
1
N" el g 3 24 91(19)
4 24 98 (19)
N
12 C\>—CI (2a) 24 76 (24)
N (1s)

aReaction conditions1 (0.5 mmol),2 (0.7 mmol), octahedral GO nanoparticles (10 mol %),2 (20 mol %), K.COs (1 mmol), and TBAB (1.5 g) at
135-140°C. P Isolated yield.

the coupling with terminal alkynes efficiently in moderate to After initial experimentation, the residue (the Qunanoparticles/
excellent yields. Furthermore, the £L2/TBAB system could PPh/TBAB system) was then solidified (evaporated in vacuo and
be reused several times without loss of activity. Noteworthy is cooled) and subjected to a second run of the Sonogashira reaction
that the couplings of alkynols are successful under the presentdy charging with the same substrates (aryl halide, alkyne, and
conditions. Efforts to apply the catalytic system in other cross- KoC
coupling transformations are underway in our laboratory.
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