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Abstract—Using a new Ullmann-Finkelstein tandem reaction, N-(iodophenyl)-amides were synthesized from the corresponding
amides and iodo-bromobenzenes. The catalyst/ligand couple Cul/N,N'-dimethyl-cyclohexane-1,2-diamine was used for this reaction

in dioxane with K3;POy, as base.
© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Our aim was to discover an original methodology suit-
able for the preparation of a wide diversity of N-(iodo-
phenyl)-amides. Iodine was selected among halogens
due to its higher reactivity in Pd'®? and Cu? catalyzed
couplings. These iodophenylamides offer thus the possi-
bility of being further diversified through palladium-
catalyzed cross-coupling reactions like Stille,® Heck* or
Suzuki-Miyaura® reactions, or with the copper-catalyzed
N-arylation of amide® and amine’ developed by Buch-
wald (Scheme 1). Such diverse N-(iodophenyl)-amides
intermediates allow the preparation of original chemical
libraries used in pharmaceutical investigation to the dis-
covery of new leads.’®® Although a straightforward
method to access these compounds seemed to be the acyl-
ation of the corresponding anilines, their low reactivity
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Scheme 1. Interest and synthesis of N-(iodophenyl)-amides.

often precludes the use of a broad diversity of acylation
agents. We have thus attempted to prepare these com-
pounds through N-arylation of amides according to the
Ullmann®*® reaction, which is not subjected to the same
limitations, and allows tapping into the pool of complex
primary amides for the diversified introduction.

In this study, we present the synthesis of N-(iodophenyl)-
amides through the development of a tandem Ullmann—
Finkelstein reaction between iodobromobenzenes 1p, 1m
and 1o and diverse amides.

2. Results and discussion

We first checked the possibility of using 1,4-diiodobenz-
ene as electrophile for the copper assisted monoarylation

Heck, Stille, Suzuki
Ullmann/Buchwald
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of amides. We engaged acetamide 3 with 1,4-diiodobenz-
ene according to Buchwald’s conditions. Though the
expected monosubstituted compound was obtained,
but the rapid and significant formation of the symmetric
diamide 7 (30% after 22 h) represents the main limitation
of this methodology (Table 1).

To decrease the formation of the disubstituted product,
we replaced diiodobenzene with the less reactive di-
brominated derivative with the expectation that a
significant drop in reactivity after the first amidation
would prevent the formation of 7 (the brominated

Table 1. Reaction of 3 with 1,4-diiodobenzene

o

compound would then have been converted in a second
step into its iodinated analogue by the Finkelstein
copper-catalyzed reaction described by Klapars and
Buchwald!®). The Ullmann reaction was thus carried
out with 1,4-dibromobenzene and two different amides
(Table 2).

According to our expectations, thanks to the lesser reac-
tivity of the C-Br bond, no diamide was formed. How-
ever, amide 4'! could not be completely arylated in
these conditions. Backing on the previous results, we
decided to carry out the reaction with the corresponding

0 -

3 isamiens

8p 7
Time (h) 8p (%)* 7 (%o)* Rate of conversion (%o)*"
2 80 20 50
22 70 30 90

Reagents and conditions: (i) amide (1 equiv), 1,4-diiodobenzene (1.2 equiv), Cul (0.1 equiv), K3POy4 (2 equiv), N,N’-dimethyl-cyclohexane-1,2-

diamine (0.2 equiv), Dioxane (0.5 M), 110 °C, 22 h.
UV detection at 215 nm.
® Conversion of 3 in 8p and 7.

Table 2. Copper catalyzed Ullmann reaction between amides 4 or 5 and 1,4-dibromobenzene 2
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No. o) H Product Rate of conversion®® (%) Yield® (%)
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N/N
4 Y 12 75 58
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5 HN/ ( 13 100 62
NH
/

Reagents and conditions: (i) amide (1 equiv), 1,4-dibromobenzene (1.2 equiv), Cul (0.1 equiv), K3PO, (2 equiv), N,N’-dimethyl-cyclohexane-1,2-

diamine (0.2 equiv), Dioxane (0.5 M), 110 °C, 22 h.
UV detection at 215 nm.

® Conversion of the amide to corresponding arylbrominated compounds.

“Isolated yield.
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Scheme 2. Copper catalyzed tandem Ullmann-Finkelstein reaction between amides 4 and 1-bromo-4-iodobenzene 1p. Reagents and conditions: (i)
amide 4 (1 equiv), 1-bromo-4-iodobenzene (1.2 equiv), Cul (0.1 equiv), K3PO4 (2 equiv), N,N’-dimethyl-cyclohexane-1,2-diamine (0.2 equiv),
Dioxane (0.5 M), 110 °C, 22 h. (a) UV detection at 215 nm, (b) conversion of 4 to corresponding N-arylated compounds.

1-bromo-4-iodobenzene. Our expectation was that
iodine would yield a fast substitution while the lower
reactivity of the C-Br bond would prevent disubstitu-
tion. The reaction was carried out under the same condi-
tions with 1-bromo-4-iodobenzene 1p and amides 4 and
5. Unexpectedly,” this reaction led directly to the one
step formation of N-(iodophenyl)-amide 9p with good
yield (Scheme 2). Only trace amounts (<5%) of the
N-(bromophenyl)-amide would be detected.

In order to study the scope and limitations of this reac-
tion, we first examined the reactivity of the ortho, meta

and para isomers of bromoiodobenzene, with three
amides (3, 4 and 5) and carbamate 6 (Table 3).

Both para and meta iodobenzene (1p, 1m) gave a very
good rate of conversion with the three amides and with
the carbamate. On the contrary, the more hindered
orthosubstituted bromoiodobenzene lo was less con-
verted in the same reaction time.

The concomitance of the conditions for the Ullmann
and the Finkelstein reactions led us to postulate a mech-
anism involving the liberation of iodide during the initial

Table 3. Copper catalyzed tandem Ullmann-Finkelstein reactions between diverse amides 3-6 and dihalobenzenes 1o, 1m and 1p

[o]
3 | : Q 8 o,m,p
4, i )J\ ' 9omp
R lilH 5 Br R 10 o,m,p
6

N
i 1o F|§, 1p
No. (0] H | Product® Rate of conversion®® (%) Yield? (%)
x O
R R’
| / (1p) 8p 100 80
N I (1m) 8m 100 78
3 o:< (10) 80 20 —
NH,
N
N
) o\ / (1p) 9% 100 70
y o (1m) 9m 100 67
H AN (10) 9 24 —
o
(0]
s /_/< (1p) 10p 100 60
HN NH (1m) 10m 100 57
N/ (10) 100 28 _
H
N
6 K %0 (1p) 11p 100 95
(0]

Reagents and conditions: (i) amide (1 equiv), bromoiodobenzene (1.2 equiv), Cul (0.1 equiv), K3PO, (2 equiv), N,N’-dimethyl-cyclohexane-1,2-

diamine (0.2 equiv), dioxane (0.5 M), 110 °C, 22 h.
4 p: para, m: meta, o: ortho.

® UV detection at 215 nm.

¢ Conversion of amide in N-arylated compounds.
dsolated yield.
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Figure 1. Disappearance of 3 (%) and relative ratio of 14/8p. Reagents
and conditions (i): amide 3 (Il equiv), l-bromo-4-iodobenzene 1p
(1.2 equiv), Cul (0.1 equiv), K3POy4 (2 equiv), N,N’-dimethyl-cyclohex-
ane-1,2-diamine (0.2 equiv), Dioxane (0.5 M), 110 °C. Sampling real-
ized under an argon overpressure. Relative ratios of 14/8p were
calculated from HPLC-MS (identification by mass and quantification
by UV detection at 215 nm).

Ullmann reaction. In order to confirm this hypothesis,
we have carried out the reaction between acetamide 3
and 1-bromo-4-iodobenzene 1p and monitored the for-
mation of the brominated and the iodinated products.

Ulimann

Finkelstein

Scheme 3. Supposed mechanism of the tandem Ullmann/Finkelstein
reaction.
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Figure 2. Disappearance of 3 (%) and relative ratio of 14/8p. Reagents
and conditions: (i) amide 3 (I equiv), l-bromo-4-iodobenzene 1p
(1.2 equiv), Cul (0.1 equiv), K3POy4 (2 equiv), N,N’'-dimethyl-cyclohex-
ane-1,2-diamine (0.2 equiv), DMF (0.5 M), 110 °C. Sampling realized
under an argon overpressure. Relative ratios of 14/8p were calculated
from HPLC-MS (identification by mass and quantification by UV
detection at 215 nm).

During the first 15 min the main product is 14 in agree-
ment with the higher reactivity of the C-I bond, in cop-
per catalyzed N-arylations? (Fig. 1). Then after 1 h, the
copper catalyzed iodine-bromine exchange leads to the
inversion of the initial proportion. The conversion curve
puts forward that iodine substitution is the fastest pro-
cess during the reaction (80% of disappearance after
2 h). The almost sequential course of the two steps of
the tandem reaction is explained by the interdependence
of the two implied catalytic cycles as represented in
Scheme 3. Indeed the Ullmann catalytic cycle produces
iodide required for the Finkelstein I-Br exchange in
our conditions. Due to the large difference between the
high solubility of the KI and the low solubility of KBr
in dioxane, the reaction is eventually driven towards
the formation of the iodinated compound by the precipi-
tation of KBr.

This assumption was confirmed by carrying out the
reaction in DMF. Indeed the higher solubility of KBr
in this solvent precludes the displacement of the equilib-
rium by precipitation.!? In these conditions both 14 and
8p are formed and their ratio remains stable during all
the reaction (Fig. 2).

3. Conclusion

In our attempt to synthesize N-iodophenylamides, as
intermediates for further diversification, we have put
forward an unprecedented tandem Ullmann—-Finkelstein
reaction based on classical Buchwald conditions. This
condition works successfully with diverse functional-
ized aliphatic and aromatic amides and a carbamate.
The limitation of this reaction depends on the steric
hindrance of the bromoiodobenzene reactants. We also
proposed a mechanism based on known catalytic cycles
that has been verified through kinetic studies carried out
in appropriate solvents.
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4. Experimental

4.1. 3-Acetylamino-1-methyl-1H-pyrazole-4-carboxylic
acid ethyl ester (4)

Compound (4) was synthesized from the corresponding
amino-pyrazole (Schmidt et al.'!) by acylation. Proce-
dure: A 25mL flask charged with the 3-aminopyr-
azole-4-carboxylic acid ethyl ester (170 mg, 1 mmol),
Ac,O (379 uL, 4 mmol) and acetic acid (10 mL) was
heated under reflux for 1 h. The acetic acid was removed
under reduced pressure, the residue was triturated in
NaHCO; (10%, 20 mL). The aqueous layer was extr-
acted with AcOEt (3 x20 mL). The combined organic
layer was then dried on MgSQ,, filtered and evaporated
under reduced pressure to give 4. Yield: 97%, white
solid; mp 98-101°C, 'H NMR (300 MHz, CDCls):
0=29.14 (s, 1H, O=C-NH); 7.67 (s, 1H, CHpyrazolc);
4.26 (q, 2H, Jyg =7Hz, CH,-0); 3.85 (s, 3H, N-
CH3); 2.21 (s, 3H, O=C-CHs;); 1.31 (t, 3H, J=7Hz,
CH;-CH,-0); '3C NMR (75 MHz, CDCl;): § = 166.9
(N-C=0); 164.1 (O-C=0); 148,6 (Cqpyrazole); 132.6
(CHPyrazole); 11091 (Cqurazole); 60.5 (CH27O)5 39.9 (Nf
CHs3); 24.6 (CH3-C=0); 14.5 (CH3-CH,-0), LCMS
(EX): m/z =212 (base peak).

4.2. Ullmann and Ullmann/Finkelstein reaction general
procedure

A dried Schlenk evacuated and backfilled with argon
(2x) was charged with Cul (10 mg, 0.05 mmol), K;PO,
(213 mg, 1mmol), the appropriated dihalobenz-
ene (0.6 mmol), amide (0.5 mmol) under argon over-
pressure. Then the solvent DMF or dioxane (1 mL)
and N,N’-dimethyl-cyclohexane-1,2-diamine (16 pL,
0.1 mmol) were injected into the tube. The sealed tube
was stirred at 110 °C for 22 h. A solution of ammonia
(28%, 1 mL) and water (15 mL) was sequentially added
at rt to the reaction mixture. The resulting aqueous layer
was extracted with AcOEt (3 x 15 mL). The combined
organic layers were dried on MgSO,, filtered and
evaporated under reduced pressure. The residue was
triturated in cyclohexane or purified on silica gel.

4.3. N-(3-Amino-4-methoxy-phenyl)-/NV-(4-iodo-phenyl)-
acetamide (8p)

Yield: 80%, brown solid, mp: 125-127 °C, 'H NMR
(300 MHz, CDCl3): 6=17.61 (d, 2H, Juyg =9 Hz,
CHpyy); 7.03 (d, 2H, Juug =9 Hz, CHpyy); 6.75 (m, 3H,
CHrom); 4.23 (s, 2H, NH,); 3.86 (s, 3H, O-CH;); 2.05
(s, 3H, CH;-C=0); '*C NMR (75MHz, CDCl):
0=170.8 (N-C=0); 146.6 (Cq); 142.7 (Cq); 137.6
(CHppy); 137.3 (Cq); 135.9 (Cq); 127.1 (CHpyy); 117.2
(CHarom); 113.5 (CHyrom); 110.2 (CHypom); 55.3 (CH3—
0); 23.5 (CH5-C=0), LCMS (EI): m/z =383 (base
peak).

4.4. N-(3-Amino-4-methoxy-phenyl)-/V-(3-iodo-phenyl)-
acetamide (8m)

Yield: 78%, brown oil, '"H NMR (300 MHz, CDCl5):
0=17.6 (t, 1H, Jyg=2Hz, CHuom); 7.5 (s, 1H,

CHarom); 7.24 (m, 1H, CHaom); 7.02 (t, 1H, Jyu=
7.5 Hz, Harom); 6.75 (d, 1H, Jyg =9 Hz, CH, om);
6.62 (dd, 2H, Jyy=24Hz Juu=9Hz, CH,om);
4.0 (s, 2H, NH,); 3.84 (s, 3H, O-CHs): 2.03 (s,
3H, CH;C=0); '3C NMR (75MHz, CDCls):
0=135.1 (CHarom); 135.0 (CHarom); 130.4 (CHarom);
125.2 (CHarom); 118.8 (CHarom); 115.1 (CHarom); 110.9
(CHgrom); 55.9 (CH;-O); 23.9 (CH;C=0), LCMS
(EI): m/z = 383 (base peak).

4.5. 3-|Acetyl-(4-iodo-phenyl)-amino]-1-methyl-1 H-pyr-
azole-4-carboxylic acid ethyl ester (9p)

Yield: 70%, colourless oil; "H NMR (300 MHz, CDCl3):
0="17.90 (s, 1H, CHpyrasore); 7.60 (d, 2H, J =9 Hz,
CHopyy); 7.21 (d, 2H, J=9 Hz, CHpyy); 4.25 (q, 2H,
Juu =7 Hz, CH»-0); 3.90 (s, 3H, N-CH3); 2.03 (s,
3H, O=C-CH;); 1.28 (t, 3H, J =7 Hz, CH;-CH,-0);
13C NMR (75 MHz, CDCly): 6 =170.5 (N-C=0);
1613 (O-C=0); 149.8 (Cqpyrazote); 140.8 (Cqpn);
137.9 (CHppy); 132.9 (CHpyrazole); 128.6 (CHpypy); 110.2
(CGpyrazole); 91.3 (Cgppy); 60.7 (CH,-0); 40.1 (N-CH3);
23.0 (CH3-C=0); 14.5 (CH3-CH»-0O), LCMS (EI):
m/z = 414 (base peak).

4.6. 3-|Acetyl-(3-iodo-phenyl)-amino]-1-methyl-1 H-pyr-
azole-4-carboxylic acid ethyl ester (9m)

Yield: 67%, white solid, mp: 117-121 °C; 'H NMR
(300 MHz, CDCls): 6 =791 (s, 1H, CHpyrazole); 7.72
(S, 1H, CthI); 7.53 (S, lH, CthI); 7.38 (S, IH, CthI);
7.05 (s, 1H, CHpyy); 4.27 (q, 2H, Jyg = 7 Hz, CH,-0O);
3.94 (s, 3H, N-CHs;); 2.03 (s, 3H, O=C-CH3); 1.30 (t,
3H, J=7Hz, CH;CH,-0); >C NMR (75 MHz,
CDCl): 6 =1359 (CHpyrazole); 135.8 (2x CHppy);
130.3 (CHpyy); 126.3 (CHpyy); 60.8 (CH,-0); 40.2 (N-
CH3); 23.0 (CH5-C=0); 14.5 (CH3-CH,-0), LCMS
(EI): m/z =414 (base peak).

4.7. 1-(4-Iodo-phenyl)-piperazin-2-one (10p)

Yield: 60%, pale yellow solid, mp: 136-138 °C; '"H NMR
(300 MHz, DMSOdg): 6 =7.71 (d, 2H, Jyy =9 Hz,
CHpyy); 7.15 (d, 2H, Jyg =9 Hz, CHpyy); 3.57 (t, 2H,
Juu =5Hz, CH,-CH,-N); 3.36 (s, 2H, N-CH>-
C=0); 3.08 (t, 2H, Jyu =5 Hz, CH,-N-C=0); *C
NMR (75 MHz, DMSOd,): 6 =170.0 (C=0); 142.9
(quh]); 138.1 (2 X Cth]); 128.56 (2 X CthI); 91.7
(quh]); 51.2 (CHQ*CHQ*N + N*CHQ*C:O), 434
(CH,~N-C=0), LCMS (EI): m/z = 303 (base peak).

4.8. 1-(3-Iodo-phenyl)-piperazin-2-one (10m)

Yield: 57%, yellow oil; "H NMR (300 MHz, DMSOd):
0="771 (t, 1H, Jgug = 1.5 Hz, CHpyy); 7.61 (dt, 1H,
Jun=75Hz Jyg=15Hz, CHpy); 7.35 (m, 1H,
Cth]); 7.19 (t, 1H, J]_]H =175 HZ, Cth]); 3.57 (t, 2H,
JHH =5 HZ, CHz*CHz*N); 3.37 (S, ZH, N*CHzf
C=0); 3.00 (t, 2H, Jyu = 5 Hz, CH,-N-C=0); "*C
NMR (75 MHz, DMSOd,): 6 = 135.4 (CHpyy); 135.1
(CHppp); 131.4 (CHpypy); 125.7 (CHppy); 51.4 (CHp-
CH,—N); 51.1 (N-CH,-C=0); 43.3 (CH,-N-C=0),
LCMS (EI): m/z = 303 (base peak).
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4.9. 3-(4-Iodo-phenyl)-oxazolidin-2-one (11p)

Yield: 95%, brown solid, mp: 138-140 °C; 'H NMR
(300 MHz, CDCl3): 6=17.65 (d, 2H, Jyg =9 Hz,
CthI); 7.31 (d, ZH, JHH =9 HZ, CHPhI); 4.48 (t, ZH,
Jun = 7.8 Hz, CH,-O-C=0); 4.02 (t, 2H, Jyp=
7.8 Hz, CH,-N-C=0); '*C NMR (75 MHz, CDCls):
0 =155.0 (C=0); 138.1 (2 x CHpyy); 120.1 (2 x CHppy);
87.5 (Cgppy); 61.4 (CH,-O-C=0); 45.1 (CH,~N-C=0),
LCMS (EI): m/z =290 (base peak).

4.10. 3-[Acetyl-(4-bromo-phenyl)-amino]-1-methyl-1H-
pyrazole-4-carboxylic acid ethyl ester (12)

Yield: 58%, colourless oil; "H NMR (300 MHz, CDCly):
0="791 (s, 1H, CH,rom); 7.35 (m, 4H, CH;om); 4.27 (q,
2H, Jyg = 7 Hz, CH,-0); 3.91 (s, 3H, N-CHj3); 2.04 (s,
3H, O=C-CHs); 1.29 (t, 3H, J =7 Hz, CH;-CH,-O);
BC NMR (75MHz, CDCly): 6= 135.8 (CHpyrazo);
131.9 (CHpyg,); 128.4 (CHppgp,); 60.8 (CH,-0); 40.1
(N-CHs3); 22.9 (CH;-C=0); 14.5 (CH3;-CH,-0O),
LCMS (EI): m/z = 366, 368 (base peak).

4.11. 1-(4-Bromo-phenyl)-piperazin-2-one (13)

Yield: 62%, yellowish solid, mp: 99-102 °C; '"H NMR
(300 MHz, DMSOd): 6 =17.58 (d, 2H, Jyy =9 Hz,
CHPhBr); 7.31 (d, ZH, JHH:9HZ, CHPhBr); 3.58 (t,
2H, Jyu = 5 Hz, CH,-CH,—N); 3.37 (s, 2H, N-CH,—
C=0); 3.0 (t, 2H, Juy =5 Hz, CH,-N-C=0); "*C
NMR (75 MHz, DMSOds): 6 =132.2 (2 x CHppg,);
128.4 (2 x CHppp,); 51.2 (CH,—CH»-N); 51.1 (N-CH»—
C=0); 43.4 (CH,-N-C=0), LCMS (EI): m/z =255,
257 (base peak).
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