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Abstract An oxidative copper-catalyzed cross-coupling of arylboronic
acids with various ring-size lactams has been developed. The N-arylated
lactams were obtained in moderate to excellent yields without any ad-
ditional bases, ligands, or additives. This reaction shows complete se-
lectivity for N-arylation of lactams in the presence of a hydroxyl group.
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N-Arylated lactams are prevalent in various structurally
diverse natural and pharmaceutical products.! For instance,
the substituted N-aryl lactam unit is present in compounds
that are potential candidates as anticancer,? antimicrobial,?
antidiabetic,¥ CNS® and anticonvulsant® drugs. Moreover,
substituted N-aryl lactams have also been used as key in-
termediates in the synthesis of various structurally com-
plex heterocycles,” alkaloids,® and agrochemicals.® Given
the wide range of applications, the synthesis of substituted
N-arylated lactams has gained considerable attention in re-
cent years.

The traditional approach used to access substituted N-
aryl lactams involves transition-metal-catalyzed (Pd or Cu)
cross-coupling reaction between substituted aryl halides
with lactams, which facilitates variation of the aromatic
component.'%-12 However, due to the relatively low nucleo-
philicity of lactams compared with amines, these coupling
reactions often suffer from sluggish rates of reaction and
low yields. Hence, many of these methods employ harsh re-
action conditions such as high reaction temperatures or mi-
crowave heating. Recently, to improve the reaction condi-
tions, several kinds of ligands such as diamines,!3
diimines,'* amino acids,!® B-keto esters,'® and diols!” have
been used to promote this cross-coupling reaction. Howev-
er, in spite of the vast improvement in reaction perfor-
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mance, this cross-coupling reaction still suffers from cer-
tain drawbacks such as the requirement for large amounts
of catalyst, base, or ligand, or tedious workup procedures
(Scheme 1).1%-17 Moreover, these methods are almost com-
pletely unselective with regard to other heteroatom nucleo-
philes such as alcohols, amines, or thiols, which raises an
additional problem of chemoselectivity in this conversion.
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Scheme 1

Despite these synthetic limitations, the cross-coupling
of aryl halides with lactams remains the most viable meth-
od for accessing N-arylated lactams, and, consequently,
chemoselectivity has become the main area of concern as-
sociated with such C(aryl)-N coupling reactions. In 2013, in
an attempt to address this issue, Ranu et al. developed a
Cu/Al,0; catalyzed cross-coupling reaction of arylboronic
acids with lactams by using K;PO, as base at 110 °C. They
succeeded in the N-arylation of lactams and amines by us-
ing different solvent systems (DMF and H,0, respectively).!®
In a similar way, we have undertaken the challenge to per-
form N-arylation of lactams in the presence of a hydroxyl
group, as an approach to a potentially key pharmacoph-
ore."®
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At the beginning of this work we opted for aryl boronic
acid derivatives as an appropriate aryl source for this reac-
tion. The logic behind this selection was to keep the reac-
tion conditions mild, because it is well known that in C-N
cross-coupling reactions the use of boronic acid derivatives
instead of aryl halides leads to completion of the reaction at
much lower temperatures.?° For selective N-arylation opti-
mization studies, we chose 4-hydroxyphenylboronic acid
(1a) and pyrrolidin-2-one (2a) as our model substrates and,
after some experimentation, the reaction afforded 1-(4-hy-
droxyphenyl)pyrrolidin-2-one (3a) as the sole product in
40% yield using 10 mol% Cu(OAc), as catalyst in dimethyl
sulfoxide (DMSO) at 80 °C in an open reaction vessel after 1
hour; no O-arylation product was detected. With this result
in hand, we further examined the influence of parameters
such as copper source, solvent, temperature, and amount of
catalyst on this reaction. The results obtained from these
studies are presented in Table 1. Initially we performed sev-
eral comparative catalytic activity experiments by using
various copper sources and found that, with the exception
of Cu(OAc),, no other copper salts afforded 3a in the pres-
ence of air. Similarly, reaction with Cu(OAc), on rigorous ex-
clusion of air and water gave only a 5% yield of 3a (entry 2);
performing reaction under an O, atmosphere resulted in a
50% yield of 3a (entry 3).

Based on the above observations, it can be concluded
that O, is required to obtain the desired product in this re-
action. This is supported by the fact that, on addition of 1.1
equivalents of 70% aq TBHP, the yield of 3a improved sig-
nificantly to 80% (Table 1, entry 4). Hence, further compara-
tive studies for copper sources were conducted using TBHP
only. It was found that both Cu(OAc), and Cul catalyzed this
reaction efficiently with an overall yield of 3a of 80 and
84%, respectively (entries 4 and 9). However, on running the
reaction at lower catalyst loading (ca. 5 mol%), there was a
marginal decrease in the yield of 3a by 10% only in the case
of Cu(OAc), (entry 10); thus, further optimization was con-
tinued with 5 mol% Cul (entry 11). Moreover, a control ex-
periment showed that no product was formed when the re-
action was carried out in the absence of a copper catalyst
(entry 12).

We then focused on the choice of oxidant for this reac-
tion. It was observed that, among the various oxidants used,
peroxide-based oxidants such as TBHP and H,0, afforded
3ain 84 and 74% yield, respectively (Table 1, entries 11 and
13). Solvent screening further established that DMSO was
the preferred solvent for this reaction (entry 11). The ob-
tained yields of 3a with other solvents was as follows: THF
(32%), MeCN (19%), dioxane (12%), and DMF (10%) (entries
18-21). In contrast to these results, the reaction in water,
PEG-400, or ethanol did not afford 3a at all (entries 22-24).

We found that the optimum reaction temperature for
this transformation was 60 °C; use of this temperature re-
sulted in 84% yield of 3a (Table 1, entry 27). Higher or lower

Table 1 Optimization of Reaction Parameters?

o]
/©/ B(OH). ] catalyst b
+ e, N
o o e [
HO
1a 2a 3a
Entry  Catalyst Oxidant Solvent Temp (°C) Yield (%)°
1 Cu(OAc), air DMSO 80 40¢
2 Cu(OAc), - DMSO 80 5¢
3 Cu(OAC), 0, DMSO 80 50¢
4 Cu(OAc), TBHP DMSO 80 80¢
5 Cu(OTf), TBHP DMSO 80 70¢
6 Cudl, TBHP DMSO 80 78¢
7 Cu TBHP DMSO 80 63¢
8 CuBr TBHP DMSO 80 73¢
9 Cul TBHP DMSO 80 84¢
10 Cu(OAc), TBHP DMSO 80 70
11 Cul TBHP DMSO 80 84
12 - TBHP DMSO 80 0¢
13 Cul H,0, DMSO 80 74
14 Cul PhI(OAc), DMSO 80 52
15 Cul NaOdl DMSO 80 20
16 cul (NH,),S,05  DMSO 80 -
17 Cul 0, DMSO 80 49
18 Cul TBHP THF 80 32
19 Cul TBHP MeCN 80 19
20 Cul TBHP dioxane 80 12
21 Cul TBHP DMF 80 10
22 Cul TBHP H,0 80 0
23 Cul TBHP PEG-400 80 0
24 Cul TBHP EtOH 80 0
25 Cul TBHP DMSO 25 52
26 Cul TBHP DMSO 40 63
27 Cul TBHP DMSO 60 84
28 Cul TBHP DMSO 100 62
29 Cul TBHP DMSO 60 81¢
30 Cul TBHP DMSO 60 78f

3 Reaction conditions: pyrrolidin-2-one (3.0 mmol), (4-hydroxyphenyl)bo-
ronic acid (1.0 mmol), catalyst (5 mol%), oxidant (1.1 mmol), solvent (1.0
mL), 1 h.

b Isolated yield.

€10 mol% catalyst.

d Reaction without catalyst.

¢ Reaction with 4-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-yl)phenol.
fReaction with 4- hydroxyphenyltrifluoroborate.

temperatures had a notably negative impact on the yield of
3a (entries 25, 26, and 28). It was also observed that an in-
crease in reaction time had no positive influence on the
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reaction yield. Additionally, the use of boronic acid deriva-
tives such as 4-(4,4,5,5- tetramethyl-1,3,2-dioxaborolan-2-
yl)phenol or potassium 4-hydroxyphenyltrifluoroborate af-
forded 3a in 81 and 78% yields, respectively (entries 29 and
30). Notably, unlike other known methods, this protocol
does not require an additional base or ligand to proceed.
Critically, no O-arylation was observed during optimiza-
tion. Moreover, unlike the protocol developed by Ranu et al.,
the reaction rates here are generally fast and proceed to
completion in about one hour and at much lower tempera-
ture.!® Interestingly, quinone formation through oxidation
of (4-hydroxyphenyl)boronic acid was not observed.?! Fur-
thermore, a competition experiment with a 1:1 mixture of
pyrrolidin-2-one and phenol with phenylboronic acid re-
sulted in the formation of 1-phenylpyrrolidin-2-one (3b) as
the sole product (82% yield) without any diphenyl ether be-
ing observed. This N/O-selectivity for arylation found here
is far better than that obtained by Buchwald et al., in the
Cul-catalyzed arylation of B-amino alcohol, using NaOH as a
base and DMSO/H,0 as the solvent system.?? In their sys-
tem, N/O-selectivity was achieved with a ratio greater than
20:1 when a B-diketone was used as the ligand. This ob-
served selectivity is particularly important for substrates
having multiple N- and O-heteroatom sites that are capable
of undergoing N-arylation reaction, hence giving potential
for short, rapid, and protecting-group-free synthesis of
molecules of great complexity.

After establishing the optimized reaction conditions
[Table 1, entry 27; amide (3.0 equiv), arylboronic acid (1.0
equiv), Cul (5 mol%), aq TBHP (70%, 1.1 equiv), DMSO, 60 °C]
we further explored the generality and functional group
compatibility of this reaction on various structurally di-
verse boronic acids; the results are presented in Table 2.

The reaction proceeded smoothly with various aryl bo-
ronic acids 1 and ring size lactams 2 to afford N-arylated
lactams 3b-s in good to excellent yields. The nature of the
aromatic substituents on the arylboronic acids has a re-
markable influence on the outcome of the reaction, and it
was observed that the reaction favors arylboronic acids
having electron-withdrawing substituents.

For instance, the use of boronic acid 1f, having a strong
electron-donating substituent, and 10, with a strong elec-
tron-withdrawing substituent, afforded the desired N-ary-
lated lactams 3h and 3q in yields of 77 and 95%, respective-
ly (Table 2, entries 7 and 16). In this protocol, halide-substi-
tuted boronic acids Th-m were tolerated well, with no
competitive cross-coupling reaction (entries 9-14); hence,
providing the potential for further functionalization of the
aryl ring. Similarly, when 1,4-phenylenediboronic acid (1n)
was reacted with 2a, only mono-N-arylated product 3p was
obtained (86%; entry 15).

To our satisfaction, no competing side reaction leading
to the formation of p-cresol from p-tolylboronic acid 1d
was observed under these oxidizing conditions, and the re-

Table 2 Synthesis of Substituted N-Aryl Lactams?®

o

PH Cul, 30% aq TBHP R
Ar—B +
\OH HN\>\/\<’|) DMSO, 60 °C Ar—Né)
n n
1 2 3
Entry  Ar 1 n 2 3 Yield (%)°
1 Ph 1b 1 2a 3b 84
2 Ph 1b 3 2b 3c 90
3 2-naphthyl 1c 1 2a 3d 82
4 2-naphthyl 1c 2 2c 3e 85
5 4-MeCgH, 1d 1 2a F 82
6 4-t-BuCeH, 1e 2 2c 3 80
7 4-MeOCgH, 1f 1 2a 3h 77
8 3,4-(MeO),CeH; 1g 1 2a 3i 75
9 4-FCGH, 1h 1 2a 3j 97
10 4-F-3-MeCgH3 1i 1 2a 3k 98
1 4-CIC¢H, 1j 1 2a 3l 95
12 3,5-Cl,CeH5 1k 1 2a 3m 97
13 3-BrCgH, 1 1 2a 3n 92
14 4-1CH, 1m 1 2a 30 90
15 4-(HO),BCeH, n 1 2a 3p 86
16 3-0,NCgH, 10 1 2a 3 95
17 4-(MeOCO)CcH, 1P 1 2a 3r 83
18 3-Py 1q 1 2a 3s 78

2 Reaction conditions: amide (3.0 mmol), arylboronic acid (1.0 mmol), Cul (5
mol%), ag TBHP (70%, 1.1 mmol), DMSO (1.0 mL), 60 °C, 1 h.
b Isolated yield.

action led to the formation of 1-(p-tolyl)pyrrolidin-2-one
(3f) in 82% yield (Table 2, entry 5).2* Notably, this catalytic
system shows excellent catalytic activity with heterocyclic
boronic acids such as 3-pyridinylboronic acid (1q), and the
reaction gave the corresponding 1-(pyridin-3-yl)pyrrolidin-
2-one (3s) in 78% yield (entry 18). Further investigation is
required to reveal the precise nature of this catalytic system
and to explain the observed chemoselectivity; this will
form part of our future communications.

In conclusion, we have developed a facile and efficient
Cul-catalyzed method for the N-arylation of lactams with
arylboronic acids in DMSO at 60 °C. Reaction variables such
as copper salt, temperature, and solvent were systematical-
ly optimized. The N-arylation of various ring-size lactams
gave the corresponding N-arylated products in moderate to
excellent yields. Many limitations of pre-existing methods
such as elevated reaction temperatures, long reaction times,
high metal loadings, and narrow substrate scope have been
overcome by using this protocol. This catalytic system can
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be used to achieve selective N-arylation even in the pres-
ence of a hydroxyl group. Moreover, the catalytic system is
base- and ligand-free.
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