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Abstract A highly efficient one-pot synthesis of carbamoyl azides
from haloarenes and sodium azide has been developed. The protocol
involves palladium-catalysed azidocarbonylation of haloarenes utilizing
N-formylsaccharin as a CO source to form acyl azides, which undergo
in situ Curtius rearrangement to afford the desired carbamoyl azides.
N-Formylsaccharin is an easy-to-handle solid alternative to CO gas.
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Metal-catalysed carbonylation reactions have undoubt-
edly changed the landscape of organic synthesis both in ac-
ademia and in industry,! owing to their great flexibility for
the design of innovative, yet practical tactics for multistep
bond formation and bond cleavage in a minimum number
of synthetic steps. Notably, they have been employed for
the synthesis of various pharmaceuticals, agrochemicals
and their intermediates.! In 1974, Heck and Schoenberg re-
ported? their seminal work on palladium-catalysed carbon-
ylation of haloarenes with carbon monoxide, which
demonstrated its great synthetic potential and impact in
the field of palladium catalysis. Recently, this reaction has
emerged as one of the most powerful tools for the synthesis
of various carbonyl-containing aromatic compounds of aca-
demic and industrial importance such as carboxylic acids,
esters, amides, aldehydes, and azides (Scheme 1).1dhi.2c3

In general, carbonylation reactions employ CO gas as
one of the reagents, which is highly toxic, odourless, in-
flammable, difficult to transport in bulk, and must be han-
dled with special care. In order to overcome the disadvan-
tages of using gaseous carbon monoxide, CO-free carbon-
ylation reactions have been the target of extensive research
over the last three decades.'“#"3<4 Consequently, several CO
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Scheme 1 Palladium-catalysed carbonylative synthesis of aromatic
compounds

surrogates have been developed,>-® which include alcohols,
formic acid,® formates,” formaldehyde,® biomass,* and car-
bon dioxide.’ Recently, Manabe and co-workers reported
N-formylsaccharin as an efficient and advantageous CO
source for palladium-catalysed reductive carbonylation of
aryl halides'® and fluorocarbonylation of aryl and alkenyl
halides.!" It has also been very recently used by Fleischer et
al. as a CO surrogate in alkoxycarbonylation of alkenes.!?
N-Formylsaccharin is a superior alternative to other avail-
able CO surrogates for palladium-catalysed carbonylation
reactions, due to its low cost, ready availability, stability to
storage, ease of handling, and high reactivity.

Carbamoyl azides are important synthetic intermedi-
ates in organic and biological chemistry.'® This is mainly
because they undergo various fundamental functional
group transformations, such as conversion into amines,
urea derivatives, and urethanes.!' The synthesis of biotin
carried out by Deroose and De Clercq is an important illus-
tration of the synthetic applications of carbamoyl azides.!?
Most commonly, carbamoyl azides are synthesized from
acyl azides, via a Curtius rearrangement.'2b13 The general
strategies for the synthesis of acyl azides involve reaction of
activated acid derivatives such as carboxylic acids, acyl
chlorides, anhydrides and acylbenzotriazoles.'* They have
also been prepared by azidation of aldehydes'> with stoi-
chiometric oxidants. Grushin and co-workers have pre-
pared acyl azides by palladium-catalysed azidocarbonyla-
tion, a novel Heck-type carbonylation reaction, employing

© Georg Thieme Verlag Stuttgart - New York — Synlett 2016, 27, A-E

Downloaded by: Cornell. Copyrighted material.



Synlett V. K. Yadav et al.

haloarenes, NaN;, and CO gas.'d Recently, TBAI-catalysed
C-H azidation of aldehydes with TBA-N; has been reported
by Saito et al.'® We have also developed a visible light in-
duced azidation of the aldehydic C-H with carbon tetrabro-
mide and NaN; for the synthesis of acyl azides.!” However,
most of these methods are associated with one or more
limitations such as use of sensitive substrates, toxic and ex-
plosive reagents, forcing reaction conditions or stoichio-
metric amounts of oxidants and may result in low yields.

There are several reports on the one-pot synthesis of
carbamoyl azides starting from functionalized substrates
such as ketones,'® primary alcohols,'®" aldehydes,'> and
amines.'® To the best of our knowledge, carbamoyl azides
have never been prepared directly from haloarenes in a
one-pot procedure. However, acyl azides have been pre-
pared from haloarenes (vide supra) but the method em-
ploys CO gas.'di In view of the above points and in the
course of our continued research on the development of ef-
ficient metal-catalysed organic syntheses,’® we have de-
vised a convenient one-pot palladium-catalysed synthesis
of carbamoyl azides via azidocarbonylation of halorenes
employing N-formylsaccharin as a solid alternative to the
CO gas (Scheme 2).

To test our strategy and optimize the reaction condi-
tions, a series of control experiments was performed using
bromobenzene (1a) as a substrate, NaN; as an azidating
agent, and N-formylsaccharin (2) as the CO surrogate to af-
ford the desired product 3a, and the results are summarised
in Table 1.
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Scheme 2 Synthesis of carbamoyl azides from haloarenes

Initially, the desired product 3a was not obtained, when
the reaction was conducted at room temperature for 18
hours (Table 1, entry 1). However, when the reaction was
performed at 70 °C, the desired product 3a was obtained in
64% yield (Table 1, entry 2) and the optimum yield was ob-
tained at 80 °C (Table 1, entries 3 and 4). Then, we opti-
mised the reaction conditions with respect to various li-
gands such as xantphos, DPEphos, PPh;, DPPM, DPPP, and
DPPE. Xantphos was the best ligand in terms of time and
yield (Table 1, entry 3 vs. entries 6-10). A decrease in the
loading of xantphos ligand from 5 to 3 mol% resulted in
lower yield of the product (Table 1, entry 3 vs. entry 11),
and, on increasing the amount of xantphos ligand from 5 to
10 mol%, there was no effect on the yield of the product (Ta-
ble 1, entry 1 vs. entry 12). Next, we tested several palladi-
um catalysts such as Pd(OAc),, PdCl,, Pd(acac),, and
Pd(TFA),. Pd(OAc), was the best catalyst in terms of time
and yield (Table 1, entry 3 vs. entries 13-15). The optimum

amount of Pd(OAc), was 2 mol%, the yield decreasing with
less catalyst but remaining unchanged on using 3 mol% (Ta-
ble 1, entry 3 vs. entries 16 and 17).

With these optimized conditions, we screened several
bases, viz. Na,CO;, K,CO;, Cs,CO5, DABCO, and Et;N. Na,CO;
worked most efficiently in terms of yield (Table 1, entry 3
vs. entries 18-21). The best yield (88%) of 3a was obtained
with 2.5 equivalents of N-formylsaccharin (2) as the CO sur-
rogate (Table 1, entry 3). Then, we examined solvents and
found that among DMF, MeCN, CH,Cl,, THF, and toluene,
DMF was the best (Table 1, entry 3 vs. entries 22-25). Con-
sequently, the synthesis of 3a was conducted under the op-
timized reaction conditions with 1a (1 mmol), NaN;
(3 mmol), Na,CO; (2.5 mmol), Pd(OAc), (2 mol%), xantphos
(5 mol%) and N-formylsaccharin (2, 2.5 mmol) in DMF at
80 °C under stirring to afford 88% yield of the desired prod-
uct (Table 1, entry 3).

Encouraged by the above studies, we investigated the
substrate scope under the optimized reaction conditions
and results are summarised in Scheme 3. The reaction of
aromatic halides 1 bearing either an electron-donating or
-withdrawing substituent generally afforded carbamoyl
azides in good to excellent yields (74-93%). However, aro-
matic halides with an electron-donating group afforded
slightly higher yields (Scheme 3, compounds 3b and 3d-3g)
as compared to those bearing an electron-withdrawing
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Scheme 3 Substrate scope for the synthesis of carbamoyl azides from
aldehydes. ® For experimental procedure; see ref. 21. > All compounds
are known and were characterized by comparison of their spectroscopic
data with those reported in the literature.'"18222¢ Yield of isolated
pure compounds 3.
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group (Scheme 3, compounds 3¢, 3h, 3i, and 3l). Various
functionalities, such as Me, OMe, OEt, CN, CF;, Br, and Cl
were well tolerated, giving carbamoyl azides 3 in good to
excellent yields and high purity. The azidation protocol is
also compatible with heterocyclic and bicyclic haloarenes
(Scheme 3, compounds 3j and 3Kk).

On the basis of the above observations and literature
precedents,'d&mi20 3 plausible mechanism for the formation
of carbamoyl azides 3 is depicted in Scheme 4. According to

Table 1 Optimization of Reaction Conditions?

the previously reported mechanism, palladium acetate is
reduced to PdO catalyst,?® which undergoes oxidative addi-
tion with the aromatic halide to generate aromatic palladi-
um halide 4. N-Formylsaccharin (2) is decomposed to CO
with Na,CO;, which reacts with aromatic palladium halide
4 and forms acylpalladium species 5. The reaction of 5 with
sodium azide gives acyl azide 7, which undergoes in situ
Curtius rearrangement to afford the desired carbamoyl
azide 3.

| L . O>_N3\j© Pd(OAc),, ligand @\ )Ol\
= H \s NaNs, base, N» N N3
O, solvent, 80 °C H
time (h)
1a 2 3a
Entry Ligand (mol%) Catalyst (mol%) Solvent Base Time (h) Temp. (°C) Yield (%)

1 Xantphos Pd(OAc), DMF Na,CO, 18 r.t. n.d.

2 Xantphos Pd(OAc), DMF Na,CO, 12 70 64

3 Xantphos Pd(OAc), DMF Na,CO, 12 80 88

4 Xantphos Pd(OAc), DMF Na,CO, 12 90 88

5 - - DMF - 18 80 n.d.

6 DPEphos Pd(OAc), DMF Na,CO, 18 80 74

7 PPh, Pd(OAc), DMF Na,CO; 18 80 49

8 DPPM Pd(OAc), DMF Na,CO; 18 80 51

9 DPPP Pd(OAC), DMF Na,CO; 18 80 56
10 DPPE Pd(OAc), DMF Na,CO; 18 80 43
11 Xantphos Pd(OAc), DMF Na,CO, 12 80 58¢
12 Xantphos Pd(OAc), DMF Na,CO; 12 80 88¢
13 Xantphos Pdcl, DMF Na,CO; 18 80 52
14 Xantphos Pd(acac), DMF Na,CO, 18 80 57
15 Xantphos Pd(TFA), DMFF Na,CO; 18 80 47
16 Xantphos Pd(OAc), DMF Na,CO; 18 80 53e
17 Xantphos Pd(OAC), DMF Na,CO; 18 80 88f
18 Xantphos Pd(OAc), DMF K,CO5 12 80 81
19 Xantphos Pd(OAc), DMF Cs,C0, 12 80 75
20 Xantphos Pd(OAc), DMF Et;N 12 80 60
21 Xantphos Pd(OAc), DMF DABCO 12 80 52
22 Xantphos Pd(OAc), MeCN Na,CO; 12 80 70
23 Xantphos Pd(OAc), CH,Cl, Na,CO, 12 80 67
24 Xantphos Pd(OAc), THF Na,CO, 12 80 61
25 Xantphos Pd(OAc), toluene Na,CO, 12 80 58

aReaction conditions: bromobenzene (1a, T mmol), N-formylsaccharin (2, 2.5 mmol), sodium azide (3 mmol), ligand (5 mol%), palladium catalyst (2 mol%), base

(2.5 mmol), solvent (3 mL), N, atmosphere, at 70-90 °C for 12-18 h.
b Isolated yield of 3a; n.d. = not detected.

¢ The amount of xantphos used was 3 mol%.

4 The amount of xantphos used was 10 mol%.

€ The amount of Pd(OAc), used was 1 mol%.

fThe amount of Pd(OAc), used was 3 mol%.
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Scheme 4 A plausible mechanism for the formation of carbamoyl
azides 3

In conclusion, we have developed a novel and highly
efficient one-pot palladium-catalysed synthesis of carbam-
oyl azides using a range of aromatic halides as substrates,
N-formylsaccharin as the CO surrogate, and NaN; as an azi-
dating agent. Importantly, the protocol offers a superior al-
ternative to access carbamoyl azides, mainly because it uti-
lizes a solid, easily accessible, and easy to handle N-formyl-
saccharin as the CO source in the present Heck-type
carbamoylation reaction.
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hyde into the corresponding carbamoyl azide (TLC), H,0 (5 mL)
was added and the mixture was extracted with EtOAc (3 x 5
mL). The combined organic phase was dried over anhyd Na,SO,,
filtered and evaporated under reduced pressure. The resulting
crude product was purified by silica gel chromatography using
a mixture of hexane-EtOAc (4:1) as eluent to afford an analyti-
cally pure sample of product 3. All the compounds 3 are known
and were characterized by comparison of their spectroscopic
data with those reported in the literature (see refs. 15a, 18a and
21). Characterization data of selected compounds 3 are given
below:
Compound 3a (refs 18a and 15b): white solid; mp 84-86 °C
(ref. 15b: 86-87 °C). 'H NMR (400 MHz, CDCly): & = 7.47 (d, J =
7.9 Hz, 2 H), 7.32-7.36 (m, 2 H), 7.10 (t, ] = 7.3 Hz, 1 H). 3*C NMR
(100 MHz, CDCl5): 6 = 154.08, 136.76, 129.25, 124.54, 119.38.
HRMS (EI): m/z calcd for C;HgN,4O: 162.0542; found: 162.0544.
Compound 3c (refs 18a and 22): colourless solid; mp 103-104
°C (ref. 6: 103-105 °C). 'H NMR (400 MHz, CDCl,): & = 7.42 (d,
J=8.7Hz,2 H),7.32(d,] = 8.7 Hz, 2 H), 6.89 (br's, 1 H). 3C NMR
(100 MHz, CDCl5): § = 154.16, 135.34, 129.86, 129.29, 120.47.
HRMS (EI): mjz caled for C;HsCIN,O: 196.0152; found:
196.0156.
Compound 3e (ref 15b): white solid; mp 96-97 °C (ref. 15b:
95-96 °C). 'H NMR (400 MHz, CDCl;): § = 7.20-7.22 (m, 2 H),
6.87-6.88 (m, 1 H), 6.85 (br's, 1 H), 6.68-6.78 (m, 1 H), 3.82 (s, 3
H). 3C NMR (100 MHz, CDCl;): § = 160.27, 154.13, 138.13,
129.78, 111.58, 110.31, 105.33, 55.29. HRMS (EI): m/z calcd for
CgHgN,0,: 192.0647; found: 192.0644.

(22) Brandt, ]. C.; Wirth, T. Beilstein J. Org. Chem. 2009, 5, No. 30.
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