
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
Ju

ly
 2

02
4.

 D
ow

nl
oa

de
d 

on
 1

1/
25

/2
02

4 
9:

29
:4

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Direct synthesis
aDepartment of Chemistry, Xihua University,

126.com; zhouyuwang@mail.xhu.edu.cn; zh
bAsymmetric Synthesis and Chiral Technolo

Yibin 644000, China

† Electronic supplementary information (
characterization data for
https://doi.org/10.1039/d4ra03683b

‡ Authors contributed equally.

Cite this: RSC Adv., 2024, 14, 20656

Received 19th May 2024
Accepted 13th June 2024

DOI: 10.1039/d4ra03683b

rsc.li/rsc-advances

20656 | RSC Adv., 2024, 14, 20656–
of carbamates, thiocarbamates,
and ureas from Boc-protected amines:
a sustainable and efficient approach†

Wanyong Li,‡a Mengting Lv,‡a Xiaolin Luo,a Zhouyu Wang,*ab Qiao Song*ab

and Xiaoqi Yu ab

In the quest for sustainable and efficient synthetic methodologies within medicinal chemistry, the synthesis

of carbamates and their derivatives holds a pivotal role due to their widespread application in bioactive

compounds. This investigation unveils a novel methodology for the straightforward transformation of

Boc-protected amines into carbamates, thiocarbamates, and ureas, utilizing tert-butoxide lithium as the

sole base. This approach effectively obviates the necessity for hazardous reagents and metal catalysts,

presenting marked enhancements compared to traditional synthetic pathways. Notably, the method

demonstrates facile scalability to gram-level production. This study contributes to the advancement of

sustainable synthetic methodologies, offering a more benign and efficient alternative for the synthesis of

key chemical intermediates with implications for broad pharmaceutical and agrochemical applications.
Carbamates, along with their derivatives, are omnipresent in an
extensive array of bioactive compounds, including herbicides,1–3

insecticides,4,5 bactericides,6–10 and antiviral agents.11 These
compounds are particularly noted for their chemical stability
and potential to enhance cellular membrane permeability.12,13

Examples include drugs like rivastigmine for Parkinson's
disease14 (Fig. 1, 1), cambendazole for worm infections15 (Fig. 1,
2), solifenacin for overactive bladders16 (Fig. 1, 3), gabapentin
enacarbil for restless legs syndrome17 (Fig. 1, 4), and moricizine
for cardiac arrhythmia18 (Fig. 1, 5), all of which incorporate this
structural motif. This underscores their indispensable role in
the realm of drug design and medicinal discovery, highlighting
an escalating importance within the eld of medicinal
chemistry.

Acknowledging the paramount bioactivity of these
compounds,19 the development of novel and efficient synthetic
methodologies is deemed crucial. Conventional synthesis
pathways that rely on phosgene,20 its derivatives,21,22 and tran-
sition metal catalysts (including palladium,23 nickel,24,25 and
rhodium26,27) are fraught with challenges, notably the use of
toxic reagents and the consequential contamination with
residual heavy metals. The widespread use of tert-
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butoxycarbonyl (Boc) in amine protection renders Boc-protected
amines readily accessible reagents, facilitating innovations in
synthetic methodologies. Based on this, in 2016, Hee-Kwon Kim
and Anna Lee reported a method for the direct synthesis of
substituted carbamates from Boc-protected amines, involving
the activation with Tf2O to generate isocyanate intermediates,
which then react with alcohols to yield the desired carba-
mates.28 In 2019, Baomin Fan's group achieved the direct
conversion of Boc-protected amines with formates or alcohols
to carbamates, catalyzed by Co and Zn.29 As part of our program
to develop efficient methods for synthesizing pharmaceutical
products,30–34 here we introduce a cost-effective and environ-
mentally benign methodology for the direct synthesis of
carbamates and their analogs from Boc-protected amines. This
novel strategy employs tert-butoxide lithium (t-BuOLi) as the
Fig. 1 Examples of drugs containing carbamate structures.
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Scheme 1 Comparison of previous works and this work.
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sole base, obviating the need for metal catalysts and eliminating
the use of hazardous substances (Scheme 1).

The reaction conditions were optimized using N-Boc aniline
(6a) and n-butanol (7a) as the substrates (Table 1). Initially, n-
butanol was used as the solvent and t-BuOLi as the base to
explore the reaction temperature (Table 1, entries 1–4). The
yield of the product increased gradually with the rise in reaction
temperature, achieving a 95% yield at 110 °C (Table 1, entry 3).
The reaction was virtually unfeasible when the base was
switched to Na2CO3, DBU, TEA, or pyridine (Table 1, entries 5–
8). With NaOH, t-BuONa, and t-BuOK as the base, the reaction
proceeded but with a signicantly reduced yield (Table 1,
entries 9–11). The direct use of the alcoholic substrate as the
solvent presented considerable limitations. Consequently, we
Table 1 Optimization of reaction conditionsa

Entry T (°C) Base Solvent Yieldb (%)

1 80 t-BuOLi n-Butanol 12
2 100 t-BuOLi n-Butanol 70
3 110 t-BuOLi n-Butanol 95
4 120 t-BuOLi n-Butanol 94
5 110 Na2CO3 n-Butanol NDc

6 110 DBU n-Butanol ND
7 110 TEA n-Butanol ND
8 110 Pyridine n-Butanol ND
9 110 NaOH n-Butanol 56
10 110 t-BuONa n-Butanol 58
11 110 t-BuOK n-Butanol 42
12 110 t-BuOLi DMSO 22
13 110 t-BuOLi Toluene 95
14 110 t-BuOLi DMF 20
15 110 t-BuOLi Dioxane ND

a Reaction conditions: 6a (0.5 mmol), 7a (2.5 mmol), base (0.6 mmol),
heating 2 h. b Obtained yield. c ND means “not detected”.

© 2024 The Author(s). Published by the Royal Society of Chemistry
experimented with other common solvents (Table 1, entries 12–
15). The reaction exhibited low conversion rates in DMSO and
DMF (Table 1, entry 12 and 14) and was almost unfeasible in
dioxane (Table 1, entry 15). However, satisfactory yields were
obtained when the solvent was switched to toluene (Table 1,
entry 13).

With the optimal conditions established, we delved into the
reaction's scope, initially examining various alcohol substrates
(Scheme 2). A comprehensive investigation revealed that
a broad spectrum of aliphatic primary alcohols, both linear and
branched, as well as those adorned with aromatic groups,
consistently yielded products with high efficiency (Scheme 2,
8a–8j). Benzyl alcohols, under these conditions, achieved
moderate to high yields (Scheme 2, 8f). Cyclic or acyclic
secondary alcohols can achieve high yields of products (Scheme
2, 8k–8m), while benzylic secondary alcohol tend to yield lower
(Scheme 2, 8n). Ethylene glycol and its derivatives can be
smoothly converted into products with moderate to high yields
(Scheme 2, 8o). The presence of olenic bonds in the molecule
does not hinder the reaction, although alcohols with terminal
olenic bonds yield lower (Scheme 2, 8q–8s). Interestingly, the
N-Boc secondary amine groups within the molecule can be
retained intact, with only the N-Boc primary amine groups
undergoing reaction (Scheme 2, 8t). Subsequently, various Boc-
protected amine substrates were investigated. Aromatic amines
containing halogens or amino groups could produce the cor-
responding carbamates with high yields (Scheme 2, 8u–8x),
whereas an aliphatic amine resulted in only moderate yield
(Scheme 2, 8y). Substrates with strong electron-withdrawing
groups on the aromatic ring, such as 4-nitro-N-Boc aniline,
were also investigated. The reaction products were quite
complicated, and the target carbamate product was not ob-
tained. The reactivity of various thiol substrates was then
explored. Thiols, both cyclic and acyclic, primary or secondary,
could be converted into the corresponding thiocarbamates with
high yields (Scheme 2, 8z–8ae). The feasibility of various amine
substrates reacting with Boc-protected amines under these
conditions was also studied. Pleasingly, aromatic and benzyl
amines could yield various substituted urea derivatives with
high efficiency (Scheme 2, 8af–8ak). The Lamothe group also
reported the synthesis of ureas using N-Boc protected primary
amines along with amines or anilines in 1996.35 They also
attempted to use sodium tert-butoxide as a base, but alkyl
lithium and sodium hydride seemed to be more effective in
their reaction system.

The reaction was also successfully scaled up to a gram level
(Scheme 3). At this scale, the synthesis of the specied
compound yielded a signicant quantity of product, maintain-
ing a high yield even when scaled up nearly 50 times.

To elucidate the reaction mechanism, control experiments
were conducted. Heating compound 6a and t-BuOLi in toluene
for 30 minutes and monitoring the reaction via LCMS revealed
the formation of isocyanate esters, suggesting that the reaction
likely proceeds through an isocyanate intermediate. This is
consistent with the observation that the N-Boc secondary amine
group in compound 8t is retained because such groups are
difficult to form isocyanates. Based on the experimental results
RSC Adv., 2024, 14, 20656–20659 | 20657
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Scheme 2 The substrate expansion of alcohol reagents, thiol reagents, and amine reagents.
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and previously reported literature,35,36 we propose the following
reaction mechanism. Boc-protected amines (6), under the
inuence of t-BuOLi, form isocyanates (10), which are then
Scheme 3 Gram-scale synthesis.

20658 | RSC Adv., 2024, 14, 20656–20659
attacked by the corresponding nucleophiles (7) alcohols, thiols,
or amines, to produce the respective carbamates, thio-
carbamates, and ureas (8, Scheme 4).

In summary, our research presents a method for producing
carbamates directly from Boc-protected amines, utilizing t-
BuOLi as the sole base. This novel approach eliminates the need
for toxic reagents and metal catalysts, aligning with the prin-
ciples of sustainable chemistry. We successfully optimized the
reaction conditions to achieve high yields across a wide range of
substrates. Our method also facilitates the synthesis of thio-
carbamates and ureas, broadening its applicability.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 4 The proposed mechanism.
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Mechanistic studies indicate the formation of isocyanate esters
as intermediates, providing valuable insights into the reaction
pathway. This research contributes a signicant advance in the
sustainable synthesis of carbamates, offering promising impli-
cations for drug discovery and agrochemical production.
Data availability

Experimental details and characterization data for the products
have been included as part of the ESI† and are available at RSC
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