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Abstract An efficient, one-pot procedure for the Hofmann rearrange-
ment of aromatic and aliphatic amides has been developed. Methyl and
benzyl carbamates are produced with N-bromoacetamide in the pres-
ence of lithium hydroxide or lithium methoxide, in high yields. β-Phe-
nylamino amides gave five-membered cyclic ureas stereospecifically.
Side products of aryl or benzyl bromination were minimized. This pro-
cedure offers an easy access to various protected amines or diamines,
which represent important synthetic precursors.

Key words Hofmann rearrangement, amides, stereoselectivity, cy-
clization, heterocycles

The Hofmann rearrangement presents a useful method
for the conversion of primary carboxamides into amines
with one carbon atom fewer than the reactant.1,2 The reac-
tion typically occurs via formation of an isocyanate inter-
mediate. Many different reagents have been used to pro-
mote the Hofmann rearrangement. While the classical pro-
tocol using alkaline hypohalites is still the method of choice
for simple substrates,3,4 it often suffers from low yields, in-
tolerance to many functional groups and side products,
particularly symmetrical acyclic ureas and N-acylureas.2
The scope of the reaction has been significantly expanded
by introducing a number of more selective and efficient re-
agents, particularly N-bromosuccinimide (NBS),5–7 1,3-di-
bromo-5,5-dimethylhydantoin,8 TsNBr2

9 and trichloroiso-
cyanuric acid.10 The reaction is usually performed in alco-
hols, producing carbamates rather than the free amines.
Several organohypervalent iodine species have been used
extensively, including [bis(trifluoroacetoxy)iodo]benzene
(PIFA),11 (tosylimino)phenyl-λ3-iodane (PhINTs),12 (diacet-
oxyiodo)benzene (PIDA)13,14 and others.15–17 Cyclic imides
are also useful substrates.18 A number of aromatic five-

membered cyclic ureas were prepared by intramolecular
Hofmann rearrangement,19–24 while five- and six-mem-
bered ureas resulted from protected asparagine and gluta-
mine respectively.25 Cyclic ureas are synthetically useful in-
termediates, particularly as precursors to pharmacological-
ly active imidazoles.20 In addition, cyclic ureas are
protective groups for 1,2-diamines, providing the free
amines after acid or base hydrolysis. Nevertheless, a range
of sensitive substrates, including amides possessing an acti-
vated aromatic ring, often provide low yields in the
Hofmann rearrangement due to side reactions. Thus, or-
ganohypervalent iodine reagents often result in oxidation,
while chlorine- and bromine-containing reagents tend to
halogenate the substrates.2 Hence, there is a need to explore
new, more selective reagents for the Hofmann rearrange-
ment.

During the course of our research on opioid anilido-
piperidines, we intended to introduce a primary amino
group at the piperidine ring of diastereomeric amides 1a
and 1b. Surprisingly, when the Hofmann rearrangement
was attempted using NBS/MeONa,5 the respective cyclic
ureas 2a and 2b were obtained in modest yields (50–60%)26

(Scheme 1; Table 1, entry 1). The diastereomeric ureas 2a

Scheme 1  Stereospecific formation of diastereomeric ureas 2a and 2b
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and 2b are structurally closely related to highly active opi-
oid agonists, including fentanyl,27 3-methylfentanyl28 and
3-carbomethoxyfentanyl.29

These new compounds originate from Hofmann rear-
rangement of the carboxamido group, followed by intramo-
lecular nucleophilic addition of the β-amino group to the
isocyanate, with complete retention of the configuration
(Scheme 1). While the reaction is stereospecific, brominat-
ed contaminants were always present (~30%), regardless of
the stoichiometric ratio of the reactants.

Several base/solvent combinations did not produce sig-
nificant yields of any product (Table 1, entries 2–5). An im-
provement was observed when LiOH·H2O in MeOH was
used as a base (Table 1, entry 6). LiOH·H2O reduced the
amount of aryl brominated side products to 10–20%, even
though a large excess of NBS was used. Apparently, lithium
hydroxide is more selective than MeONa. Interestingly, the
reaction was exceedingly slow in EtOH (Table 1, entry 7). It
is important to mention that aryl brominated side products
could not be completely removed chromatographically.

Organohypervalent iodine reagents (PIDA, PIFA and
PhINTs) invariably gave complex mixtures (Table 1, entries
8–10), likely due to oxidative decomposition of the arylami-

no group.2 In contrast, N-bromoacetamide (NBA) secured
good yields of 2a and 2b, with only 0–5% of side products
(Table 1, entry 11). Thus, the combination of NBA and LiOH·H2O
in MeOH emerged as the reagent of choice for this particu-
lar transformation. It is noteworthy that other products of
the Hofmann rearrangement (i.e., carbamates, free amines,
acyclic ureas or N-acylureas) were never detected, regard-
less of the reagents or conditions.

Having established the efficiency and selectivity of NBA,
we then tested the reagent on structurally diverse amides.
Comparative experiments were also performed with NBS
(Scheme 2,Table 2).

Amides possessing a β-phenylamino group gave the cor-
responding cyclic ureas 2c–e in good yields (Table 2, entries
1–3). NBA gave higher yields and only trace amounts of side
products, while NBS resulted in significant aromatic bromi-
nation (50% in the case of urea 2e; Table 2, entry 3). Howev-
er, β-alkylamino amides 1f, 1g and 1o had slow conversion
rates and gave complex mixtures (Table 2, entries 4, 5 and
16). Apparently, secondary alkylamines form stable bromi-
nated adducts with NBA, suggesting that the reagent is lim-
ited to β-arylamino precursors.

Table 1  Examination of the Stereospecific Formation of Ureas 2a and 2b

Entry Reagenta Base Solvent Time (h) Temp (°C) Yield (%)

 1 NBS (6.0 equiv) MeONa (6.0 equiv) MeOH  0.5–2  65  50–60b,c

 2 NBS (2.0 equiv) i-PrONa (2.5 equiv) i-PrOH  3–24  20–80 <10d

 3 NBS (3.5 equiv) DBU (2.8 equiv) MeOH  3–24  20–65 <10d

 4 NBS (2.0 equiv) Cs2CO3 (2.5 equiv) MeOH  3–24  20–65 <10d

 5 NBS (1.2 equiv) aq KOH (2.5 equiv) MeCN  3  80 <10d

 6 NBS (10.0 equiv) LiOH·H2O (15.0 equiv) MeOH  1–3  65  70–80b,c

 7 NBS (10.0 equiv) LiOH·H2O (10.0 equiv) EtOH  3–5  80 <10d

 8 PIDA (1.2 equiv) aq KOH (2.5 equiv) MeOH  5 –10 to 20 –

 9 PIFA (1.0 equiv) – MeCN–H2O  4  20 –

10 PhINTs (3.0 equiv) – CH2Cl2 24–48  20 –

11 NBA (3.0 equiv) LiOH·H2O (6.0 equiv) MeOH 48   0 to 20  75–85b

a Various molar ratios of reagents and bases were examined, with optimal values given.
b Both isomers were obtained in comparable yields from several runs; isolated by flash or dry-column flash chromatography.
c Contaminated with 5–10% of brominated side products after chromatography, as estimated by NMR and HPLC/HRMS analysis.
d Slow conversion rate, estimated from 1H NMR spectroscopy, HPLC/HRMS and TLC.

Scheme 2  Hofmann rearrangement mediated by NBA
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Table 2  Hofmann Rearrangement of Carboxamides with NBA and LiOH·H2Oa

Entry Carboxamide 1 Product 2b NBA/LiOH (equiv) Yieldc (%)

  1

1c 2c

3/15 80
(73)d

  2

1d 2d

2/14.6 85
(75)d

  3

1e 2e

2/6.1 85
(80)d

  4

1f

– – –

  5

1g

– – –

  6
1h 2f

2/5.9 81
(69)

  7
1i 2g

1/4.9 82e

(60)

  8 1i
2h

1/5 76

  9 1i

2i

1.5/1.5f 82

10
1j 2j

2.5/6 83

11
1k 2k

2.5/6 94
(87)

12
1l 2l

2/6 88

13

1m 2m

1.5/9.1 92

14 1m

2n

2/5.2 69
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Table 2 (continued)

Most of the examined amides produced good yields of
the respective methyl carbamates, with NBA consistently
affording higher yields than NBS. Benzyl carbamates were
smoothly prepared using NBA only, avoiding bromination
and/or oxidation of benzyl alcohol with the more reactive
NBS (Table 2, entries 8, 14 and 21). The synthetic signifi-
cance of benzyl carbamates has been widely recognized,

since they are readily cleaved by catalytic hydrogenolysis
under mild and neutral conditions. Thus, the benzyloxycar-
bonyl group is one of the most extensively used N-protect-
ing groups in organic synthesis.30 Cleavage of simple carba-
mates (e.g., methyl, ethyl) requires vigorous acid or base hy-
drolysis or special reagents such as trimethylsilyl iodide.30

15

1n 2o

8/10 77
(62)

16
1o

– – –

17

1p 2p

1.3/5.1 94
(82)

18

1q 2q

2.5/6 89
(95)d

19

1r 2r

2.5/6 93

20

1s 2s

2/5 90
(60)d

21 1s

2t

2/6 60

22

1t 2u

1/2 85

a Reaction conditions: MeOH or BnOH, 0 to 25 °C, 24 h.
b Unless stated otherwise, products were >95% pure after chromatography, as estimated from 1H NMR spectroscopy and/or HPLC/HRMS.
c Yields of isolated products prepared with NBS are given in parentheses.
d Isolated products were a mixture of ~30–55% of the desired product and ~30–50% of aryl brominated side products, according to 1H and 13C NMR spectrosco-
py and HPLC/HRMS.
e Identical yields were obtained with MeOLi as a base.
f Methanolic KOH was used as a base.

Entry Carboxamide 1 Product 2b NBA/LiOH (equiv) Yieldc (%)
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NBA was distinctly superior to NBS in the case of aro-
matic amides, both in terms of the yields and purity of the
obtained methyl carbamates (Table 2, entries 17–20 and
22). The results parallel those with cyclic ureas.

In this method, MeOLi was as efficient as LiOH·H2O,
without offering any advantage as a base. However, KOH in
MeOH furnished N-acetylurea 2i only, indicating that the
cation plays a critical role in the reaction chemoselectivity
(Table 2, entry 9).

Initially, the experiments were carried out by a gradual
addition of NBA or NBS and the base. Subsequently, it was
determined that addition of the reagents in one portion was
equally effective. In most cases we found that a moderate to
large excess of LiOH·H2O was needed for complete conver-
sion of reactants, probably due to its low solubility in MeOH
and BnOH.

The procedure is compatible with several functional
groups, including an isolated double bond, tertiary benzylic
amine, tert-butyloxycarbonyl, carboxybenzyl, and various
aryl groups. Experiments with other alcohols, including
2,2,2-trichloroethanol, allyl alcohol and tert-butyl alcohol,
were unsuccessful, resulting in slow conversion rates and
mixtures of products.

In summary, we have demonstrated that NBA/LiOH·H2O
efficiently promotes the Hofmann rearrangement, compar-
ing well to other reagents in terms of product yields, purity
and cost-effectiveness. The preparation of NBA is simple
and relatively inexpensive on a multigram scale. The proce-
dure often allows simple, chromatography-free isolation of
the products, while the byproducts are water-soluble.

Unless stated otherwise, all solvents and chemicals were used as sup-
plied. 1H and 13C NMR spectra were recorded on Varian Gemini 200
and Bruker Avance III spectrometers at 200 or 500 MHz for the proton
(1H) and at 50 or 126 MHz for the carbon (13C) acquisitions. Chemical
shifts are given in parts per million from TMS as internal standard in
CDCl3 or referenced to the residual solvent signal of DMSO for DMSO-
d6 and MeCN for CD3CN. 2D NMR spectra (HSQC, NOESY) were re-
corded at 500 MHz. Unless stated otherwise, all spectra were record-
ed at r.t. High-resolution mass spectra (HRMS) were obtained with an
Agilent Technologies 6210 LC/MS ESI-TOF spectrometer. All reactions
were monitored by TLC. Flash and dry-column flash chromatography
were carried out using silica gel (0.018–0.032 mm). Melting points
were obtained on a Rapido/Nagema PHMK 05 apparatus at a heating
rate of 4 °C/min, and are uncorrected. IR spectra are given for selected
compounds and were recorded using a Thermo Scientific Nicolet
6700 Fourier transform spectrometer operating in the ATR mode.
NBA was prepared according to a literature procedure, protected from
light and kept at –20 °C.31 It can also be prepared by an alternative
method.32 PIDA,33 PIFA11 and PhINTs12 were prepared according to the
published protocols. All three organohypervalent iodine reagents
were tested on hexanamide, dodecanamide and/or 1-benzylpiperi-
dine-4-carboxamide, affording the expected carbamates or free
amines, as reported in the literature.11–14

cis-1-Phenethyl-4-(phenylamino)piperidine-3-carboxamide (1a) 
and trans-1-Phenethyl-4-(phenylamino)piperidine-3-carbox-
amide (1b)
To a magnetically stirred solution of formamide (6.10 g, 130 mmol) in
THF (30 mL) was added MeONa (52 mmol, 12.8 mL of 4.05 M solution
in MeOH) at r.t. After 5 min, a solution of methyl cis/trans-1-pheneth-
yl-4-(phenylamino)piperidine-3-carboxylate29 (4.60 g, 13 mmol) in
THF (7 mL) was added in one portion and the stirring was continued
at r.t. The initially clear solution became turbid after 1–3 h, followed
by the gradual formation of a white precipitate. The reaction progress
was monitored by TLC (reactant consumption; CH2Cl2–MeOH, 9:1).
After 24 h, the mixture was concentrated (30 °C, 1 h, rotary evapora-
tor) and the syrupy residue was partitioned between brine (75 mL)
and CHCl3 (3 × 25 mL). The combined organic layers were concentrat-
ed by rotary evaporator, yielding the 1a/1b mixture (4.05 g, 96%) as
an off-white solid. The mixture was separated by flash column chro-
matography on silica gel (CH2Cl2–MeOH, 95:5).

1a
Yield: 1.6 g (38%); off-white solid; mp 141–142 °C.
1H NMR (500 MHz, DMSO-d6): δ = 7.57 (s, 1 H), 7.22 (qdd, J = 8.6, 5.1,
1.4 Hz, 5 H), 7.07 (dd, J = 8.4, 7.3 Hz, 2 H), 6.96 (s, 1 H), 6.60 (d, J =
7.8 Hz, 2 H), 6.53 (t, J = 7.3 Hz, 1 H), 5.20 (d, J = 7.9 Hz, 1 H), 3.65 (s, 1
H), 2.92 (br s, 1 H), 2.75 (t, J = 7.3 Hz, 2 H), 2.71–2.61 (m, 2 H), 2.60–
2.53 (m, 2 H), 2.48 (br s, 1 H, partially overlapped), 2.34 (br s, 1 H),
1.86–1.61 (m, 2 H).
13C NMR (126 MHz, DMSO-d6): δ = 174.2, 147.5, 140.4, 128.9, 128.6,
128.2, 125.8, 115.8, 112.7, 59.5, 52.4, 49.9, 49.4, 44.2, 32.7, 28.4.
HRMS (ESI): m/z [M + H]+ calcd for C20H26N3O: 324.20704; found:
324.20698. (Note: HRMS was measured on the 1a/1b mixture, prior
to separation.)

1b
Yield: 1.9 g (45%); off-white solid; mp 153–154 °C.
1H NMR (500 MHz, DMSO-d6): δ = 7.29 (s, 1 H, partially overlapped),
7.28–7.15 (m, 5 H), 7.04 (dd, J = 8.4, 7.4 Hz, 2 H), 6.84 (s, 1 H), 6.60 (d,
J = 7.7 Hz, 2 H), 6.49 (t, J = 7.2 Hz, 1 H), 5.19 (d, J = 8.9 Hz, 1 H), 3.47
(dd, J = 9.1, 3.3 Hz, 1 H), 2.99 (d, J = 10.0 Hz, 1 H), 2.90 (d, J = 11.0 Hz, 1
H), 2.79–2.68 (m, 2 H), 2.60–2.52 (m, 2 H), 2.44 (td, J = 10.1, 3.2 Hz, 1
H), 2.25 (t, J = 10.8 Hz, 1 H), 2.13 (t, J = 10.9 Hz, 1 H), 2.04–1.93 (m, 1
H), 1.31 (td, J = 14.2, 3.4 Hz, 1 H).
13C NMR (126 MHz, DMSO-d6): δ = 174.2, 147.9, 140.3, 128.8, 128.6,
128.2, 125.8, 115.5, 112.6, 59.4, 55.4, 51.6, 51.0, 48.6, 32.9, 30.8.
HRMS (ESI): m/z [M + H]+ calcd for C20H26N3O: 324.20704; found:
324.20698. (Note: HRMS was measured on the 1a/1b mixture, prior
to separation.)

cis-2-(Phenylamino)cyclohexanecarboxamide (1c) and trans-2-
(Phenylamino)cyclohexanecarboxamide (1d)
Prepared from methyl cis/trans-2-(phenylamino)cyclohexanecarbox-
ylate34 (7.60 g, 32 mmol), according to the procedure for 1a/1b. Yield
of the 1c/1d mixture: 6.05 g (87%); off-white solid. The mixture was
separated by dry-column flash chromatography on silica gel (CH2Cl2–
MeOH gradient, 100:0 to 90:10).

1c
Yield: 2.40 g (34%); white solid; mp 124 °C.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K
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1H NMR (500 MHz, DMSO-d6): δ = 7.20 (s, 1 H), 7.10–7.00 (m, 2 H),
6.75 (s, 1 H), 6.62 (dd, J = 8.5, 0.9 Hz, 2 H), 6.51 (t, J = 7.2 Hz, 1 H), 5.10
(d, J = 8.3 Hz, 1 H), 3.77 (d, J = 3.1 Hz, 1 H), 2.56–2.51 (m, 1 H), 1.96–
1.80 (m, 2 H), 1.65–1.48 (m, 3 H), 1.47–1.22 (m, 3 H).
13C NMR (126 MHz, DMSO-d6): δ = 175.6, 147.9, 128.8, 115.7, 112.8,
50.2, 44.8, 28.7, 24.4, 23.6, 21.1.
HRMS (ESI): m/z [M + H]+ calcd for C13H19N2O: 219.14919; found:
219.14983. (Note: HRMS was measured on the 1c/1d mixture, prior
to separation.)

1d
Yield: 2.75 g (39%); white solid; mp 175–176 °C.
1H NMR (500 MHz, DMSO-d6): δ = 7.09 (s, 1 H), 7.02 (dd, J = 8.4,
7.4 Hz, 2 H), 6.68 (s, 1 H), 6.55 (d, J = 7.7 Hz, 2 H), 6.46 (t, J = 7.2 Hz, 1
H), 5.02 (d, J = 9.3 Hz, 1 H), 3.40 (dd, J = 10.5, 3.7 Hz, 1 H), 2.13 (td, J =
11.7, 3.6 Hz, 1 H), 2.02 (dd, J = 12.8, 2.5 Hz, 1 H), 1.79 (d, J = 12.8 Hz, 1
H), 1.67 (d, J = 12.1 Hz, 2 H), 1.48 (qd, J = 13.0, 3.2 Hz, 1 H), 1.29 (qd,
J = 12.8, 3.1 Hz, 1 H), 1.17 (qd, J = 12.7, 3.3 Hz, 1 H), 1.05–0.93 (m, 1
H).
13C NMR (126 MHz, DMSO-d6): δ = 176.1, 148.0, 128.8, 115.3, 112.5,
52.3, 50.2, 32.1, 29.4, 24.8, 24.5.
HRMS (ESI): m/z [M + H]+ calcd for C13H19N2O: 219.14919; found:
219.14983. (Note: HRMS was measured on the 1c/1d mixture, prior
to separation.)

3-(Phenylamino)butanamide (1e)
Prepared from methyl 3-(phenylamino)butanoate (6.00 g, 31 mmol),
according to the procedure for 1a/1b.
Yield: 5.10 g (92%); yellow oil.
1H NMR (200 MHz, CDCl3): δ = 7.29–7.08 (m, 2 H), 6.82–6.56 (m, 3 H),
6.26 (br s, 1 H, partially overlapped), 6.17 (br s, 1 H, partially over-
lapped), 4.00–3.77 (m, 2 H), 2.46 (dd, J = 14.7, 6.2 Hz, 1 H, partially
overlapped), 2.32 (dd, J = 14.8, 5.6 Hz, 1 H, partially overlapped), 1.25
(d, J = 6.3 Hz, 3 H).
13C NMR (50 MHz, CDCl3): δ = 174.2, 146.7, 129.3, 117.9, 113.8, 46.3,
42.1, 20.5.
The spectra were in accordance with the previously reported data.35

tert-Butyl 4-Carbamoylpiperidine-1-carboxylate (1m)
Prepared from 1-tert-butyl 4-methyl piperidine-1,4-dicarboxylate
(1.22 g, 5 mmol), according to the procedure for 1a/1b.
Yield: 0.70 g (61%); off-white solid; mp 154 °C.
1H NMR (200 MHz, CDCl3): δ = 6.09 (br s, 1 H), 5.77 (br s, 1 H), 4.13 (d,
J = 13.1 Hz, 2 H), 2.91–2.62 (m, 2 H), 2.31 (tt, J = 11.5, 3.8 Hz, 1 H), 1.84
(dd, J = 12.9, 2.8 Hz, 2 H), 1.74–1.54 (m, 2 H), 1.45 (s, 9 H).
13C NMR (50 MHz, CDCl3): δ = 177.3, 154.6, 79.6, 43.2 (partially over-
lapped), 43.1 (partially overlapped), 42.5, 28.5.
The spectra were in accordance with the previously reported data.36

3,3′-(Benzylazanediyl)dipropanamide (1n)
A solution of dimethyl 3,3′-(benzylazanediyl)dipropanoate (2.0 g,
7.1 mmol) in 7 M methanolic ammonia (20 mL) was stirred magneti-
cally in a stoppered flask for 48 h at r.t. The solution was concentrated
on a rotary evaporator at 40 °C and the residue was stirred with hex-
ane–EtOAc (2:1, 20 mL) for 1 h. The precipitated solid was collected
by suction filtration and vacuum-dried.

Yield: 0.86 g (49%); white flakes; mp 102–103 °C. (Note: the filtrate
contained methyl 3-[(3-amino-3-oxopropyl)(benzyl)amino]propa-
noate, 0.55 g, 2.1 mmol.)
1H NMR (200 MHz, DMSO-d6): δ = 7.31 (s, 2 H, partially overlapped),
7.29–7.24 (m, 4 H), 7.24–7.17 (m, 1 H), 6.74 (s, 2 H), 3.52 (s, 2 H), 2.61
(t, J = 7.3 Hz, 4 H), 2.21 (t, J = 7.3 Hz, 4 H).
13C NMR (50 MHz, DMSO-d6): δ = 173.8, 139.6, 128.9, 128.3, 127.0,
57.4, 49.3, 33.0.
The spectra were in accordance with the previously reported data.37

Benzo[d][1,3]dioxole-5-carboxamide (1r)
Benzo[d][1,3]dioxole-5-carboxylic acid (8.00 g, 48.1 mmol), SOCl2
(10.4 mL, 144 mmol) and DMF (0.15 mL, 2 mmol) were mixed togeth-
er in a flask protected with CaCl2 trap and stirred magnetically at r.t.
After 24 h, the homogeneous mixture was diluted with toluene
(100 mL) and concentrated on a rotary evaporator at 40 °C; the resi-
due was diluted with CHCl3 (20 mL) at –10 °C and added dropwise to
stirred aqueous ammonia (25%, 30 mL) at –10 °C. The layers were sep-
arated, the aqueous layer was extracted with CHCl3 (2 × 25 mL) and
the combined organic extracts were concentrated on a rotary evapo-
rator at 20–80 °C. The residue was used without further purification.
Yield: 7.20 g (91%); off-white solid; mp 166 °C.
1H NMR (500 MHz, DMSO-d6): δ = 7.81 (br s, 1 H), 7.47 (dd, J = 8.1,
1.8 Hz, 1 H), 7.40 (d, J = 1.6 Hz, 1 H), 7.23 (br s, 1 H), 6.96 (d, J = 8.1 Hz,
1 H), 6.08 (s, 2 H).
13C NMR (126 MHz, DMSO-d6): δ = 167.0, 149.7, 147.3, 128.3, 122.5,
107.7, 107.6, 101.6.
The spectra were in accordance with the previously reported data.38

2-Ethoxybenzamide (1t)
Prepared from 2-ethoxybenzoic acid (5.00 g, 30.1 mmol), according to
the procedure for 1r.
Yield: 4.46 g (90%); off-white solid; mp 132 °C.
1H NMR (200 MHz, CDCl3): δ = 8.22 (dd, J = 7.8, 1.9 Hz, 1 H), 7.89 (br s,
1 H), 7.45 (ddd, J = 8.3, 7.3, 1.9 Hz, 1 H), 7.16–6.87 (m, 2 H), 6.58 (br s,
1 H), 4.19 (q, J = 7.0 Hz, 2 H), 1.51 (t, J = 7.0 Hz, 3 H).
13C NMR (50 MHz, CDCl3): δ = 167.4, 157.3, 133.2, 132.4, 121.0, 120.8,
112.2, 64.6, 14.8.
The spectra were in accordance with the previously reported data.39

Cyclic Ureas and Carbamates 2; General Procedure
To a solution of a carboxamide 1 (0.6–7 mmol) in MeOH (0.2–0.9 M)
was added LiOH·H2O (2–15 equiv), with the flask protected from light
and cooled to 0 °C with stirring. Solid NBA (1–8 equiv) was added in
one portion and the heterogeneous mixture was stirred, while the
temperature gradually attained r.t. The reaction progress was moni-
tored by TLC, requiring 24–48 h for completion. The reaction mixture
was added to 10% aqueous Na2S2O5 (2 volumes) and concentrated on
a rotary evaporator (30 °C, 30 min). The liquid residue was diluted
with 5% aqueous NaOH (15 volumes) and extracted with CH2Cl2 (3 × 8
volumes). The combined extracts were concentrated on a rotary
evaporator and vacuum-dried (0.2 mmHg, 40 °C, 1 h). Further purifi-
cation, when necessary, was achieved by dry-column flash chroma-
tography, using the solvent gradient as indicated. When BnOH was
used instead of MeOH, the procedure was modified as follows: After
reaction completion, the mixture was diluted with CH2Cl2
(25 volumes) and extracted successively with 10% aqueous Na2S2O5
(2 volumes) and 5% aqueous NaOH (15 volumes). The organic layer
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K
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was concentrated on a rotary evaporator and the excess BnOH was re-
moved under reduced pressure (0.2 mmHg, 80 °C, 45 min). When
necessary, the product was purified by dry-column flash chromatog-
raphy.
Comparative experiments in which NBA was replaced with NBS were
typically performed by adding NBS (1–4 equiv) and LiOH·H2O (6–15
equiv) to a solution of the carboxamide 1 (0.6–7 mmol) in MeOH
(0.2–1.2 M). The heterogeneous mixture, protected from light, was
stirred at r.t. or heated to reflux (65 °C). The reaction progress was
monitored by TLC, requiring 1–24 h for completion. Workup and pu-
rification were the same as for the NBA procedure.

cis-5-Phenethyl-1-phenylhexahydro-1H-imidazo[4,5-c]pyridin-
2(3H)-one (2a)
Prepared according to the general procedure for NBA from cis-1-
phenethyl-4-(phenylamino)piperidine-3-carboxamide (1a; 0.20 g,
0.6 mmol) in MeOH (3 mL), LiOH·H2O (0.39 g, 9.3 mmol) and NBA
(0.34 g, 2.4 mmol), over 48 h. The crude product was purified by dry-
column flash chromatography (CH2Cl2–MeOH gradient, 100:0 to
80:20).
Yield: 0.14 g (75%); pale yellow, amorphous solid; mp 99–100 °C.
IR (neat): 3281.1, 3027.0, 2947.0, 2812.2, 1705.9, 1599.6, 1499.0,
1403.8, 1309.9, 1253.8, 753.2, 698.2 cm–1.
1H NMR (500 MHz, CDCl3): δ = 7.39–7.12 (m, 10 H), 6.10 (s, 1 H), 4.21
(dt, J = 6.5, 4.6 Hz, 1 H), 3.82 (dd, J = 12.6, 7.1 Hz, 1 H), 2.87 (ddd, J =
11.7, 5.3, 1.0 Hz, 1 H), 2.81–2.71 (m, 2 H), 2.67–2.54 (m, 2 H), 2.45 (dd,
J = 11.8, 7.7 Hz, 2 H), 2.39–2.25 (m, 1 H), 2.05–1.88 (m, 2 H).
13C NMR (126 MHz, CDCl3): δ = 161.1, 139.9, 137.8, 128.8, 128.6,
128.3, 126.0, 124.7, 123.2, 60.0, 55.8, 54.0, 49.2, 48.6, 33.4, 25.3.
HRMS (ESI): m/z [M + H]+ calcd for C20H24N3O: 322.19139; found:
322.18990. (Note: HRMS was measured on a 2a/2b mixture, obtained
in an earlier experiment where the precursors 1a/1b were not sepa-
rated.)
Compound 2a was also prepared according to the general procedure
for NBS; yield: 70%, contaminated with ~10% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.

trans-5-Phenethyl-1-phenylhexahydro-1H-imidazo[4,5-c]pyridin-
2(3H)-one (2b)
Prepared according to the general procedure for NBA from trans-1-
phenethyl-4-(phenylamino)piperidine-3-carboxamide (1b; 0.20 g,
0.6 mmol) in MeOH (3 mL), LiOH·H2O (0.30 g, 7.1 mmol) and NBA
(0.24 g, 1.7 mmol), over 48 h. The crude product was purified by dry-
column flash chromatography (CH2Cl2–MeOH gradient, 100:0 to
80:20).
Yield: 0.16 g (85%); pale yellow, amorphous solid; mp 136–138 °C.
IR (neat): 3228.7, 3105.0, 3027.8, 2953.4, 2808.2, 1702.6, 1601.3,
1498.3, 1351.9, 1236.1, 1165.7, 1139.3, 753.9, 698.0 cm–1.
1H NMR (500 MHz, CDCl3): δ = 7.37 (t, J = 7.9 Hz, 2 H), 7.32–7.22 (m, 4
H), 7.22–7.14 (m, 4 H), 5.74 (s, 1 H), 3.52–3.46 (m, 1 H), 3.42 (td, J =
11.1, 3.1 Hz, 1 H), 3.30 (dd, J = 9.9, 2.8 Hz, 1 H), 3.08 (d, J = 11.9 Hz, 1
H), 2.84–2.67 (m, 4 H), 2.37–2.29 (m, 2 H), 2.08 (dd, J = 12.2, 2.6 Hz, 1
H), 1.73 (qd, J = 11.8, 4.0 Hz, 1 H).
13C NMR (126 MHz, CDCl3): δ = 162.6, 139.9, 138.3, 128.8, 128.6,
128.3, 126.0, 125.0, 123.2, 63.6, 59.6, 56.6, 55.5, 51.8, 33.6, 28.1.

HRMS (ESI): m/z [M + H]+ calcd for C20H24N3O: 322.19139; found:
322.18990. (Note: HRMS was measured on a 2a/2b mixture, obtained
in an earlier experiment where the precursors 1a/1b were not sepa-
rated.)
Compound 2b was also prepared according to the general procedure
for NBS; yield: 80%, contaminated with ~5% brominated side products
which were not isolated, as determined via 1H and 13C NMR spectros-
copy and HPLC/HRMS.

cis-1-Phenylhexahydro-1H-benzo[d]imidazol-2(3H)-one (2c)
Prepared according to the general procedure for NBA from cis-2-(phe-
nylamino)cyclohexanecarboxamide (1c; 0.20 g, 0.90 mmol) in MeOH
(3 mL), LiOH·H2O (0.58 g, 13.8 mmol) and NBA (0.38 g, 2.7 mmol),
over 24 h.
Yield: 0.16 g (80%); white powder; mp 114–115 °C.
IR (neat): 3220.9, 2941.8, 2860.4, 1694.4, 1494.4, 1405.2, 1318.0,
1273.9, 1238.2, 758.6, 690.9 cm–1.
1H NMR (500 MHz, CDCl3): δ = 7.46–7.39 (m, 2 H), 7.34 (ddd, J = 8.6,
5.8, 1.9 Hz, 2 H), 7.10 (tt, J = 7.6, 1.2 Hz, 1 H), 5.35 (s, 1 H), 4.15 (dd, J =
12.1, 6.8 Hz, 1 H), 3.79 (dd, J = 11.6, 5.7 Hz, 1 H), 1.86–1.65 (m, 4 H),
1.64–1.56 (m, 1 H), 1.55–1.46 (m, 1 H), 1.44–1.35 (m, 1 H), 1.33–1.23
(m, 1 H).
13C NMR (126 MHz, CDCl3): δ = 160.8, 138.4, 128.8, 123.9, 122.0, 56.1,
49.8, 28.3, 25.5, 20.5, 20.1.
HRMS (ESI): m/z [M + H]+ calcd for C13H17N2O: 217.13354; found:
217.13352. (Note: HRMS was measured on a 2c/2d mixture, obtained
in an earlier experiment where the precursors 1c/1d were not sepa-
rated.)
Compound 2c was also prepared according to the general procedure
for NBS; yield: 73%, contaminated with ~40% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.

trans-1-Phenylhexahydro-1H-benzo[d]imidazol-2(3H)-one (2d)
Prepared according to the general procedure for NBA from trans-2-
(phenylamino)cyclohexanecarboxamide (1d; 0.30 g, 1.4 mmol) in
MeOH (4 mL), LiOH·H2O (0.86 g, 20.5 mmol) and NBA (0.37 g,
2.8 mmol), over 24 h.
Yield: 0.26 g (85%); white powder; mp 140–141 °C.
IR (neat): 3198.0, 3092.8, 2934.6, 2861.9, 1699.0, 1597.5, 1496.8,
1372.4, 1233.1, 772.0, 693.1 cm–1.
1H NMR (500 MHz, CDCl3): δ = 7.39–7.31 (m, 2 H), 7.24 (dt, J = 6.4,
4.0 Hz, 2 H), 7.19–7.10 (m, 1 H), 5.59 (s, 1 H), 3.50–3.40 (m, 1 H), 3.24
(tdd, J = 11.3, 3.3, 1.6 Hz, 1 H), 2.19–2.00 (m, 2 H), 1.91–1.77 (m, 2 H),
1.59–1.28 (m, 4 H).
13C NMR (126 MHz, CDCl3): δ = 162.4, 138.4, 128.7, 124.9, 123.5, 64.3,
58.9, 29.5, 28.3, 24.1, 24.0.
HRMS (ESI): m/z [M + H]+ calcd for C13H17N2O: 217.13354; found:
217.13352. (Note: HRMS was measured on a 2c/2d mixture, obtained
in an earlier experiment where the precursors 1c/1d were not sepa-
rated.)
Compound 2d was also prepared according to the general procedure
for NBS; yield: 75%, contaminated with ~30% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K
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5-Methyl-1-phenylimidazolidin-2-one (2e)
Prepared according to the general procedure for NBA from 3-(phenyl-
amino)butanamide (1e; 0.70 g 3.9 mmol) in MeOH (7 mL), LiOH·H2O
(1.00 g, 23.8 mmol) and NBA (1.08 g, 7.88 mmol), over 24 h.
Yield: 0.59 g (85%); pale yellow oil.
IR (neat): 3289.7, 3063.8, 2974.3, 1685.3, 1497.6, 1441.1, 1258.4,
1154.2, 1007.9, 760.6 cm–1.
1H NMR (500 MHz, CDCl3): δ = 7.46–7.29 (m, 4 H), 7.10 (tt, J = 7.4,
1.3 Hz, 1 H), 6.34 (s, 1 H), 4.44–4.34 (m, 1 H), 3.67 (t, J = 8.7 Hz, 1 H),
3.11 (dd, J = 8.6, 6.3 Hz, 1 H), 1.26 (d, J = 6.2 Hz, 3 H).
13C NMR (126 MHz, CDCl3): δ = 160.5, 138.1, 128.8, 123.9, 121.9, 52.3,
45.5, 18.7.
HRMS (ESI): m/z [M + H]+ calcd for C10H13N2O: 177.10224; found:
177.10194.
Compound 2e was also prepared according to the general procedure
for NBS; yield: 80%, contaminated with ~50% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.

Methyl Pentylcarbamate (2f)
Prepared according to the general procedure for NBA from hexan-
amide (1h; 0.30 g, 2.6 mmol) in MeOH (3 mL), LiOH·H2O (0.65 g,
15.4 mmol) and NBA (0.72 g, 5.2 mmol), over 24 h.
Yield: 0.30 g (81%); pale yellow oil.
1H NMR (200 MHz, CDCl3): δ = 4.89 (br s, 1 H), 3.66 (s, 3 H), 3.16 (dd,
J = 13.2, 6.6 Hz, 2 H), 1.50 (dt, J = 13.4, 6.8 Hz, 2 H), 1.30 (dt, J = 7.5,
3.6 Hz, 4 H), 0.90 (t, J = 6.7 Hz, 3 H).
13C NMR (50 MHz, CDCl3): δ = 157.1, 51.8, 40.9, 29.6, 28.7, 22.2, 13.8.
The spectra were in accordance with the previously reported data.40

Compound 2f was also prepared according to the general procedure
for NBS; yield: 69%.

Methyl Benzylcarbamate (2g)9

Prepared according to the general procedure for NBA from 2-phenyl-
acetamide (1i; 0.30 g, 2.2 mmol) in MeOH (3 mL), LiOH·H2O (0.46 g,
10.9 mmol) and NBA (0.30 g, 2.2 mmol), over 24 h.
Yield: 0.30 g (82%); white amorphous solid; mp 65 °C.
1H NMR (200 MHz, CDCl3): δ = 7.46–7.10 (m, 5 H), 5.19 (br s, 1 H),
4.34 (d, J = 6.0 Hz, 2 H), 3.67 (s, 3 H).
13C NMR (50 MHz, CDCl3): δ = 157.1, 138.5, 128.5, 127.4, 52.0, 44.9.
The spectra were in accordance with the previously reported data.9

Compound 2g was also prepared according to the general procedure
for NBS; yield: 60%.

Benzyl Benzylcarbamate (2h)
Prepared according to the general procedure for NBA from 2-phenyl-
acetamide (1i; 0.20 g, 1.5 mmol) in BnOH (3 mL), LiOH·H2O (0.32 g,
7.5 mmol) and NBA (0.21 g, 1.5 mmol), over 24 h.
Yield: 0.27 g (76%); colorless oil. (Note: the product was contaminated
with 10% BnOH.)
1H NMR (200 MHz, CDCl3): δ = 7.45–7.30 (m, 10 H), 5.22 (br s, 1 H,
partially overlapped), 5.10 (s, 2 H), 4.33 (d, J = 5.9 Hz, 2 H).
13C NMR (50 MHz, CDCl3): δ = 156.4, 140.9, 138.3, 128.6, 128.4, 128.1,
127.5, 127.4, 126.9, 66.8, 45.0.
The spectra were in accordance with the previously reported data.41

N-(Benzylcarbamoyl)acetamide (2i)
To a stirred solution of 2-phenylacetamide (1i; 1.00 g, 7.3 mmol) in
MeOH (10 mL) at 0 °C, NBA (1.51 g, 10.9 mmol) was added in one por-
tion. The flask was protected from light; a solution of KOH (0.60 g,
10.6 mmol) in MeOH (5 mL) was added to the mixture over a 1 h peri-
od and the stirring was continued for 24 h at 0 °C to r.t. The mixture
was concentrated on a rotary evaporator, partitioned between brine
(20 mL) and CH2Cl2 (60 mL), and the organic layer was concentrated.
The solid residue was dissolved in CHCl3 (20 mL), triturated with pe-
troleum ether (5 mL) and the precipitated impurities removed. The
filtrate was concentrated to afford the product with 5–10% impurity.
Yield: 1.16 g (82%); white solid; mp 130 °C.
1H NMR (500 MHz, CDCl3): δ = 10.38 (s, 1 H), 8.91 (s, 1 H), 7.39–7.22
(m, 5 H), 4.48 (d, J = 6.0 Hz, 2 H), 2.09 (s, 3 H).
13C NMR (126 MHz, CDCl3): δ = 172.6, 155.0, 138.0, 128.6, 127.4,
127.3, 43.5, 23.8.
The spectra were in accordance with the previously reported data.42

Methyl Phenethylcarbamate (2j)
Prepared according to the general procedure for NBA from 3-phenyl-
propanamide (1j; 0.30 g, 2.0 mmol) in MeOH (4 mL), LiOH·H2O
(0.50 g, 12 mmol) and NBA (0.64 g, 5 mmol), over 24 h.
Yield: 0.29 g (83%); white amorphous solid; mp 30 °C.
1H NMR (200 MHz, CDCl3): δ = 7.41–7.08 (m, 5 H), 4.86 (br s, 1 H),
3.64 (s, 3 H), 3.42 (dd, J = 13.3, 6.7 Hz, 2 H), 2.79 (t, J = 7.0 Hz, 2 H).
13C NMR (50 MHz, CDCl3): δ = 156.9, 138.7, 128.7, 128.5, 126.4, 51.9,
42.1, 36.0.
The spectra were in accordance with the previously reported data.43

Methyl Dec-9-en-1-ylcarbamate (2k)
Prepared according to the general procedure for NBA from undec-10-
enamide (1k; 0.50 g, 2.7 mmol) in MeOH (4 mL), LiOH·H2O (0.68 g,
16.3 mmol) and NBA (0.94 g, 6.7 mmol), over 24 h.
Yield: 0.54 g (94%); pale yellow oil.
1H NMR (200 MHz, CDCl3): δ = 5.81 (ddt, J = 16.9, 10.1, 6.6 Hz, 1 H),
5.08–4.87 (m, 2 H), 4.80 (br s, 1 H), 3.66 (s, 3 H), 3.16 (dd, J = 13.1, 6.5
Hz, 2 H), 2.13–1.94 (m, 2 H), 1.61–1.17 (m, 12 H).
13C NMR (50 MHz, CDCl3): δ = 157.1, 139.1, 114.1, 51.9, 41.0, 33.7,
29.9, 29.2, 29.1, 28.9, 28.8, 26.6.
The spectra were in accordance with the previously reported data.44

Compound 2k was also prepared according to the general procedure
for NBS; yield: 87%.

Methyl 1-Benzylpiperidin-4-ylcarbamate (2l)
Prepared according to the general procedure for NBA from 1-ben-
zylpiperidine-4-carboxamide (1l; 0.15 g, 0.7 mmol) in MeOH (2 mL),
LiOH·H2O (0.17 g, 4.2 mmol) and NBA (0.19 g, 1.4 mmol), over 24 h.
Yield: 0.15 g (88%); off-white solid; mp 78–79 °C.
1H NMR (200 MHz, CDCl3): δ = 7.49–7.09 (m, 5 H), 4.78 (d, J = 6.9 Hz, 1
H), 3.64 (s, 3 H), 3.48 (s, 3 H), 2.87–2.69 (m, 2 H), 2.09 (td, J = 11.6,
2.3 Hz, 2 H), 1.90 (d, J = 11.0 Hz, 2 H), 1.59–1.30 (m, 2 H).
13C NMR (50 MHz, CDCl3): δ = 156.2, 138.1, 129.0, 128.1, 126.9, 62.9,
52.0, 51.8, 48.0, 32.3.
The spectra were in accordance with the previously reported data.45
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K
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tert-Butyl 4-[(Methoxycarbonyl)amino]piperidine-1-carboxylate 
(2m)
Prepared according to the general procedure for NBA from tert-butyl
4-carbamoylpiperidine-1-carboxylate (1m; 0.20 g, 0.9 mmol) in
MeOH (4 mL), LiOH·H2O (0.31 g, 7.3 mmol) and NBA (0.15 g,
1.2 mmol), over 24 h.
Yield: 0.21 g (92%); colorless oil.
1H NMR (200 MHz, CDCl3): δ = 4.91 (d, J = 7.0 Hz, 1 H), 4.02 (d, J =
13.4 Hz, 2 H), 3.66 (s, 4 H), 2.97–2.73 (m, 2 H), 1.91 (dd, J = 12.6,
3.0 Hz, 2 H), 1.45 (s, 9 H), 1.38–1.19 (m, 2 H).
13C NMR (50 MHz, CDCl3): δ = 156.2, 154.6, 79.5, 51.9, 48.2, 42.4, 32.2,
28.3, 28.2.
The spectra were in accordance with the previously reported data.46

tert-Butyl 4-{[(Benzyloxy)carbonyl]amino}piperidine-1-carboxyl-
ate (2n)
Prepared according to the general procedure for NBA from tert-butyl
4-carbamoylpiperidine-1-carboxylate (1m; 0.20 g, 0.9 mmol) in
BnOH (4 mL), LiOH·H2O (0.2 g, 4.7 mmol) and NBA (0.24 g, 1.8 mmol),
over 24 h.
Yield: 0.20 g (69%); white powder; mp 88 °C.
1H NMR (500 MHz, CDCl3): δ = 7.41–7.28 (m, 5 H), 5.08 (s, 2 H), 4.82
(d, J = 5.9 Hz, 1 H), 4.00 (br s, 2 H), 3.64 (br s, 1 H), 2.84 (br s, 2 H), 1.91
(d, J = 11.1 Hz, 2 H), 1.45 (s, 9 H), 1.36–1.22 (m, 2 H).
13C NMR (126 MHz, CDCl3): δ = 155.5, 154.6, 136.4, 128.5, 128.1, 79.6,
66.6, 48.3, 42.5, 32.2, 28.3.
The spectra were in accordance with the previously reported data.47

Methyl 2-{Benzyl[2-(methoxycarbonylamino)ethyl]amino}ethyl-
carbamate (2o)
Prepared according to the general procedure for NBA from 3,3′-(ben-
zylazanediyl)dipropanamide (1n; 0.30 g, 1.2 mmol) in MeOH (3 mL),
LiOH·H2O (0.50 g, 12.0 mmol) and NBA (1.32 g, 9.6 mmol), over 24 h.
Yield: 0.28 g (77%); pale yellow oil.
1H NMR (200 MHz, CDCl3): δ = 7.34–7.08 (m, 5 H), 5.16 (br s, 2 H),
3.58 (s, 6 H), 3.50 (s, 2 H), 3.15 (dd, J = 11.5, 5.7 Hz, 4 H), 2.49 (t, J =
5.9 Hz, 4 H).
13C NMR (50 MHz, CDCl3): δ = 156.4, 137.8, 127.9, 127.4, 126.2, 57.6,
52.4, 51.0, 37.7.
HRMS (ESI): m/z [M + H]+ calcd for C15H24N3O4: 310.17613; found:
310.17585.
Compound 2o was also prepared according to the general procedure
for NBS; yield: 62%.

Methyl Phenylcarbamate (2p)
Prepared according to the general procedure for NBA from benzamide
(1p; 0.31 g, 2.5 mmol) in MeOH (4 mL), LiOH·H2O (0.54 g, 12.8 mmol)
and NBA (0.46 g, 3.3 mmol), over 24 h.
Yield: 0.36 g (94%); white powder; mp 47 °C.
1H NMR (200 MHz, CDCl3): δ = 7.67 (br s, 1 H), 7.37 (ddd, J = 4.4, 3.3,
1.8 Hz, 2 H), 7.30–7.12 (m, 2 H), 7.03–6.90 (m, 1 H), 3.63 (s, 3 H).
13C NMR (50 MHz, CD3CN): δ = 155.6, 140.2, 130.2, 124.3, 119.9, 52.9.
The spectra were in accordance with the previously reported data.10

Compound 2p was also prepared according to the general procedure
for NBS; yield: 82%.

Methyl m-Tolylcarbamate (2q)
Prepared according to the general procedure for NBA from 3-methyl-
benzamide (1q; 0.30 g, 2.2 mmol) in MeOH (4 mL), LiOH·H2O (0.56 g,
13.3 mmol) and NBA (0.76 g, 5.5 mmol), over 24 h.
Yield: 0.33 g (89%); pale yellow solid; mp 57–58 °C.
1H NMR (500 MHz, CD3CN): δ = 7.60 (br s, 1 H), 7.22–7.14 (m, 2 H),
7.10 (t, J = 7.8 Hz, 1 H), 6.83–6.76 (m, 1 H), 3.62 (s, 3 H), 2.23 (s, 3 H).
13C NMR (126 MHz, CD3CN): δ = 155.6, 140.2, 140.1, 130.1, 125.0,
120.5, 117.1, 52.9, 21.9.
The spectra were in accordance with the previously reported data.48

Compound 2q was also prepared according to the general procedure
for NBS; yield: 95%, contaminated with ~40% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.

Methyl Benzo[d][1,3]dioxol-5-ylcarbamate (2r)
Prepared according to the general procedure for NBA from ben-
zo[d][1,3]dioxole-5-carboxamide (1r; 0.30 g, 1.8 mmol) in MeOH
(4 mL), LiOH·H2O (0.46 g, 10.9 mmol) and NBA (0.63 g, 4.5 mmol),
over 24 h.
Yield: 0.33 g (93%); off-white solid; mp 65 °C.
1H NMR (500 MHz, CD3CN): δ = 7.59 (br s, 1 H), 7.07 (d, J = 5.2 Hz, 1
H), 6.77 (dt, J = 15.3, 5.1 Hz, 2 H), 5.91 (s, 2 H), 3.67 (s, 3 H).
13C NMR (126 MHz, CD3CN): δ = 155.8, 149.1, 144.7, 134.5, 113.1,
112.8, 109.2, 102.7, 53.0.
The spectra were in accordance with the previously reported data.49

Methyl 3,4,5-Trimethoxyphenylcarbamate (2s)
Prepared according to the general procedure for NBA from 3,4,5-tri-
methoxybenzamide (1s; 0.30 g, 1.4 mmol) in MeOH (2 mL), LiOH·H2O
(0.30 g,  7.1 mmol) and NBA (0.36 g, 2.8 mmol), over 24 h.
Yield: 0.31 g (90%); white amorphous solid; mp 88 °C.
1H NMR (500 MHz, CD3CN): δ = 7.65 (br s, 1 H), 6.79 (s, 2 H), 3.77 (s, 6
H), 3.69 (s, 3 H), 3.66 (s, 3 H).
13C NMR (126 MHz, CD3CN): δ = 155.6, 154.8, 136.4, 135.0, 97.7, 61.3,
56.9, 53.0.
The spectra were in accordance with the previously reported data.49

Compound 2s was also prepared according to the general procedure
for NBS; yield: 60%, contaminated with ~30% brominated side prod-
ucts which were not isolated, as determined via 1H and 13C NMR spec-
troscopy and HPLC/HRMS.

Benzyl 3,4,5-Trimethoxyphenylcarbamate (2t)
Prepared according to the general procedure for NBA from 3,4,5-tri-
methoxybenzamide (1s; 0.50 g, 2.3 mmol) in BnOH (5 mL), LiOH·H2O
(0.58 g, 13.8 mmol) and NBA (0.65 g, 4.6 mmol), over 24 h. The crude
product was purified by dry-column flash chromatography (hexane–
EtOAc gradient, 100:0 to 80:20).
Yield: 0.44 g (60%); white powder; mp 110–111 °C.
1H NMR (200 MHz, CDCl3): δ = 7.43–7.26 (m, 5 H), 6.91 (br s, 1 H),
6.67 (s, 2 H), 5.18 (s, 2 H), 3.79 (s, 3 H, partially overlapped), 3.78 (s, 6
H, partially overlapped).
13C NMR (50 MHz, CDCl3): δ = 153.4, 153.3, 135.9, 134.0, 133.8, 128.5,
128.3, 128.1, 96.3, 66.8, 60.8, 55.9.
HRMS (ESI): m/z [M + H]+ calcd for C17H20NO5: 318.13360; found:
318.13374.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K
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Methyl 2-Ethoxyphenylcarbamate (2u)
Prepared according to the general procedure for NBA from 2-ethoxy-
benzamide (1t; 0.20 g, 1.2 mmol) in MeOH (3 mL), LiOH·H2O (0.10 g,
2.4 mmol) and NBA (0.16 g, 1.2 mmol), over 24 h. The crude product
was dissolved in hexane, the impurities were removed by filtration
and the filtrate was concentrated.
Yield: 0.20 g (85%); colorless oil.
1H NMR (200 MHz, CDCl3): δ = 8.08 (br s, 1 H), 7.26 (br s, 1 H), 7.07–
6.70 (m, 3 H), 4.06 (q, J = 7.0 Hz, 2 H), 3.78 (s, 3 H), 1.42 (t, J = 7.0 Hz, 3
H).
13C NMR (50 MHz, CDCl3): δ = 153.9, 146.9, 127.6, 122.6, 120.9, 118.0,
110.8, 64.0, 52.1, 14.7.
The spectra were in accordance with the previously reported data.50

Acknowledgment

This research was supported, in part, by the Ministry of Education
and Science, Republic of Serbia (Grant No. 172032). We thank Dr. Nina
Todorović and Dr. Dejan Godjevac for help with the NMR spectra and
Dr. Milka Jadranin for help with the HPLC/HRMS (Institute of Chemis-
try, Technology and Metallurgy, Department of Chemistry).

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0035-1561405. Supporting InformationSupporting Information

References

(1) Hofmann, A. W. Ber. Dtsch. Chem. Ges. 1881, 14, 2725.
(2) Aubé, J.; Fehl, C.; Liu, R.; McLeod, M. C.; Motiwala, H. F.

Hofmann, Curtius, Schmidt, Lossen, and Related Reactions, In
Comprehensive Organic Synthesis, 2nd ed., Vol. 6; Knochel, P.;
Molander, G. A., Eds.; Elsevier: Amsterdam, 2014, 598.

(3) Nojiri, M.; Yoshida, F.; Hirai, Y.; Nishiyama, A.; Yasohara, Y. Tet-
rahedron: Asymmetry 2015, 26, 1.

(4) Enders, D.; Fey, P.; Kipphardt, H. Org. Synth. 1987, 65, 173.
(5) Huang, X.; Keillor, J. W. Tetrahedron Lett. 1997, 38, 313.
(6) Keillor, J. W.; Huang, X. Org. Synth. 2002, 78, 234.
(7) Hakogi, T.; Monden, Y.; Iwama, S.; Katsumura, S. Org. Lett. 2000,

2, 2627.
(8) McDermott, T. S.; Bhagavatula, L.; Borchardt, T. B.; Engstrom, K.

M.; Gandarilla, J.; Kotecki, B. J.; Kruger, A. W.; Rozema, M. J.;
Sheikh, A. Y.; Wagaw, S. H.; Wittenberger, S. J. Org. Process Res.
Dev. 2009, 13, 1145.

(9) Borah, A. J.; Phukan, P. Tetrahedron Lett. 2012, 53, 3035.
(10) Crane, Z. D.; Nichols, P. J.; Sammakia, T.; Stengel, P. J. J. Org.

Chem. 2011, 76, 277.
(11) Almond, M. R.; Stimmel, J. B.; Thompson, E. A.; Loudon, G. M.

Org. Synth. 1988, 66, 132.
(12) Yoshimura, A.; Luedtke, M. W.; Zhdankin, V. V. J. Org. Chem.

2012, 77, 2087.
(13) Kimishima, A.; Umihara, H.; Mizoguchi, A.; Yokoshima, S.;

Fukuyama, T. Org. Lett. 2014, 16, 6244.
(14) Abrecht, S.; Adam, J.; Bromberger, U.; Diodone, R.; Fettes, A.;

Fischer, R.; Goeckel, V.; Hildbrand, S.; Moine, G.; Weber, M. Org.
Process Res. Dev. 2011, 15, 503.

(15) Zagulyaeva, A. A.; Banek, C. T.; Yusubov, M. S.; Zhdankin, V. V.
Org. Lett. 2010, 12, 4644.

(16) Miyamoto, K.; Sakai, Y.; Goda, S.; Ochiai, M. Chem. Commun.
2012, 48, 982.

(17) Yoshimura, A.; Middleton, K. R.; Luedtke, M. W.; Zhu, C.;
Zhdankin, V. V. J. Org. Chem. 2012, 77, 11399.

(18) Moriyama, K.; Ishida, K.; Togo, H. Org. Lett. 2012, 14, 946.
(19) Prakash, O.; Batra, H.; Kaur, H.; Sharma, P. K.; Sharma, V.; Singh,

S. P.; Moriarty, R. M. Synthesis 2001, 541.
(20) Casimiro-Garcia, A.; Filzen, G. F.; Flynn, D.; Bigge, C. F.; Chen, J.;

Davis, J. A.; Dudley, D. A.; Edmunds, J. J.; Esmaeil, N.; Geyer, A.;
Heemstra, R. J.; Jalaie, M.; Ohren, J. F.; Ostroski, R.; Ellis, T.;
Schaum, R. P.; Stoner, C. J.  Med. Chem. 2011, 54, 4219.

(21) Liu, P.; Wang, Z.; Hu, X. Eur. J. Org. Chem. 2012, 1994.
(22) Lee, H.; Kim, D.-G.; Banskota, S.; Lee, Y. K.; Nam, T.-G.; Kim, J.-

A.; Jeong, B.-S. Org. Biomol. Chem. 2014, 12, 8702.
(23) Mirguet, O.; Lamotte, Y.; Donche, F.; Toum, J.; Gellibert, F.;

Bouillot, A.; Gosmini, R.; Nguyen, V.-L.; Delannée, D.; Seal, J.;
Blandel, F.; Boullay, A.-B.; Boursier, E.; Martin, S.; Brusq, J.-M.;
Krysa, G.; Riou, A.; Tellier, R.; Costaz, A.; Huet, P.; Dudit, Y.;
Trottet, L.; Kirilovsky, J.; Nicodeme, E. Bioorg. Med. Chem. Lett.
2012, 22, 2963.

(24) Senanayake, C. H.; Fredenburgh, L. E.; Reamer, R. A.; Larsen, R.
D.; Verhoeven, T. R.; Reider, P. J. J. Am. Chem. Soc. 1994, 116,
7947.

(25) Angelici, G.; Contaldi, S.; Green, S. L.; Tomasini, C. Org. Biomol.
Chem. 2008, 6, 1849.

(26) The relative stereochemistry of the reactants and products was
reliably estimated from HSQC/NOESY experiments.

(27) https://www.rsc.org/Merck-Index/monograph/m5298/fen-
tanyl; accessed March 1, 2016.

(28) (a) Van Bever, W. F. M.; Niemegeers, C. J. E.; Janssen, P. A. J. Med.
Chem. 1974, 17, 1047. (b) Savić-Vujović, K. R.; Vučković, S.;
Srebro, D.; Ivanović, M. D.; Došen-Mićović, L.; Vučetić, Č.;
Džoljić, E.; Prostran, M. Arch. Pharm. Res. 2013, 36, 501.

(29) (a) Vučković, S.; Prostran, M.; Ivanović, M. D.; Došen-Mićović, L.;
Savić-Vujović, K. R.; Vučetić, Č.; Kadija, M.; Miković, Ž. Pharma-
ceuticals 2011, 4, 233. (b) Mićović, I. V.; Ivanović, M. D.;
Vučković, S.; Jovanović-Mićić, D.; Beleslin, D.; Došen-Mićović, L.;
Kiricojević, V. D. Heterocycl. Commun. 1998, 4, 171.

(30) Wuts, P. G. M.; Greene, T. W. Greene’s Protective Groups in
Organic Synthesis, 4th ed.; John Wiley & Sons, Inc: Hoboken,
2007, Chap. 7, 709.

(31) Oliveto, E. P.; Gerold, C. Org. Synth. 1951, 31, 17.
(32) Demko, Z. P.; Bartsch, M.; Sharpless, K. B. Org. Lett. 2000, 2,

2221.
(33) Sharefkin, J. G.; Saltzman, H. Org. Synth. 1963, 43, 62.
(34) Mićović, I. V.; Ivanović, M. D.; Piatak, D. M.; Bojić, V. D. Synthesis

1991, 1043.
(35) Keiichi, T.; Akitoshi, S.; Tadahiro, Y.; Shin-ichi, T.; Yoshihiro, N.

Chem. Pharm. Bull. 1965, 13, 211.
(36) Davies, J. R.; Kane, P. D.; Moody, C. J. Tetrahedron 2004, 60, 3967.
(37) Tweedle, M. F.; Gaughan, G. T.; Hagan, J. J. Eur. Pat. Appl

EP0292689, 1988.
(38) Sharma, S. K.; Bishopp, S. D.; Allen, L. C.; Lawrence, R.; Bamford,

M. J.; Lapkin, A. A.; Plucinski, P.; Watson, R. J.; Williams, J. M. J.
Tetrahedron Lett. 2011, 52, 4252.

(39) Schade, M. A.; Manolikakes, G.; Knochel, P. Org. Lett. 2010, 12,
3648.

(40) Hiegel, G. A.; Hogenauer, T. J. Synth. Commun. 2005, 35, 2091.
(41) Martinez, R.; Ramon, D. J.; Yus, M. Adv. Synth. Catal. 2008, 350,

1235.
(42) Deng, M. Z.; Caubere, P. Tetrahedron 1988, 44, 6079.
(43) Hanada, S.; Yuasa, A.; Kuroiwa, H.; Motoyama, Y.; Nagashima, H.

Eur. J. Org. Chem. 2010, 1021.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K



K

I. I. Jevtić et al. PaperSyn  thesis

H
er

un
te

rg
el

ad
en

 v
on

: M
ah

id
ol

 U
ni

ve
rs

ity
. U

rh
eb

er
re

ch
tli

ch
 g

es
ch

üt
zt

.

(44) Kreye, O.; Meier, M. DE Appl DE102012100127, 2013.
(45) Pascal, J. C.; Patmore, L.; Pfister, J.; Blondet, D.; Armstrong, J. M.

Eur. Pat. Appl EP0467325, 1992.
(46) Li, Y.-L.; Combs, A. P.; Yue, E. W.; Li, H.-Y. PCT Int. Appl

WO2011075630, 2011.
(47) Augustine, J. K.; Bombrun, A.; Mandal, A. B.; Alagarsamy, P.;

Atta, R. N.; Selvam, P. Synthesis 2011, 1477.

(48) Kianmehr, E.; Baghersad, M. H. Adv. Synth. Catal. 2011, 353,
2599.

(49) Teller, H.; Corbet, M.; Mantilli, L.; Gopakumar, G.; Goddard, R.;
Thiel, W.; Fuerstner, A. J. Am. Chem. Soc. 2012, 134, 15331.

(50) Palmieri, A.; Ley, S. V.; Hammond, K.; Polyzos, A.; Baxendale, I.
R. Tetrahedron Lett. 2009, 50, 3287.
© Georg Thieme Verlag  Stuttgart · New York — Synthesis 2016, 48, A–K


