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Abstract

Amination of S-methyl-N,N 0-bis-Boc-isothiourea with either primary or sterically hindered secondary amines promoted by copper(I)
chloride and K2CO3 gave N,N 0-bis-Boc protected guanidines in good to excellent yields under mild reaction conditions.
� 2006 Elsevier B.V. All rights reserved.

Keywords: Copper(I); Guanidine; Thiourea; Isothiourea; Amination
1. Introduction

Guanidine is a ubiquitous element in natural products
and plays a key role in many biological activities. In pep-
tides, guanidine, a residue of arginine, exists in the proton-
ated form as guanidinium ion, which functions as an
efficient recognition moiety of anionic substrates such as
carboxylate, phosphate, and nitronate functionalities [1].
The guanidinium ion also participates in numerous enzy-
matic transformations, as it is able to adopt a transition
state assembly with the substrates to reduce the activation
energy or to stabilize anionic intermediates, and is able to
orient specific substrates based on their electronic proper-
ties [2]. These characteristics of the guanidinium ion origi-
nate from electrostatic attraction and the formation of two
parallel hydrogen bonds. In addition to their biological
role, guanidine derivatives are widely utilized in synthetic
organic chemistry as strong bases—a property that results
from the resonance stability of their conjugated acids [3]. It
is anticipated that the strong basic character of guanidine
derivatives coupled with their ability to act as recognition
elements will lend them to application as asymmetric base
catalysts. In fact, we recently demonstrated enantioselec-
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tive 1,4-addition reactions catalyzed by a novel chiral gua-
nidine base catalyst (1) bearing axial chirality [4] (Fig. 1).
During the course of the preparation of 1, we established
an efficient synthetic protocol for guanidine derivatives
via the copper(I)-mediated intermolecular amination of
isothiourea derivatives [5]. The method is operationally
simple, allows the reaction to proceed under mild condi-
tions, and dose not require use of highly toxic mercury(II)
salts that are commonly used for the transformation of
thiourea derivatives to guanidine moieties via carbodiimide
intermediates [6]. Herein we disclose the generality of the
intermolecular amination of (iso)thiourea derivatives medi-
ated by copper(I) salts to offer an efficient and promising
protocol for the preparation of guanidine derivatives.
2. Results and discussion

2.1. Amination of isothiourea leading to axially chiral

guanidine

In our continuous effort directed toward the develop-
ment of efficient chiral guanidine base catalysts, we initially
examined the direct amination of axially chiral thiourea
derivative (2) with a binaphthyl backbone. However, the
instability of thiourea (2) made the desired transformation
difficult under currently available dehydrosulfurization
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Table 1
Amination of thiourea mediated by copper(I) chloride
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Entry Amine Guanidine Yield (%)

1 Diisopropylamine (5a) 6a 98
2 n-Butylamine (5b) 6b 95
3 Cyclohexylamine (5c) 6c 87
4 t-Butylamine (5d) 6d 98
5 2,2,6,6-Tetramethylpiperidine (5e) 6e 95
6 o-Anisidine (5f) 6f 77
7 4-Nitroaniline (5g) 6g 64
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Fig. 1. Novel axially chiral guanidine base catalyst (1).
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conditions [7]. Therefore, we turned our attention to the
utilization of more stable isothiourea derivatives (3), which
are readily obtained by the methylation of 2 with methyl
iodide, as the precursor of guanidine (1). At the outset,
we searched for a thiophilic metal salt that is not highly
toxic and efficiently promotes the intermolecular amination
of isothiourea derivatives (3) (Scheme 1). We employed
NiBr2 salt as a promoter of the reaction of isothiourea
(3) with methylamine hydrochloride in the presence of an
organic or inorganic base [8]. However, the desired guani-
dine product (1) was obtained in low to moderate yield,
even though the reaction mixtures were exposed to pro-
longed periods (80 �C, 40 h). In the synthesis of monosub-
stituted guanidine by reacting methylisothiourea
intermediate with a primary amine, Keszler and co-workers
employed copper(II) carbonate to promote the displace-
ment reaction of the thiomethyl moiety, leading to guani-
dine derivatives in moderate yields [5]. Stimulated by
their report, we employed a highly thiophilic copper(I) salt
as the promoter of the amination of isothiourea (3) in the
presence of K2CO3, because the advantages of using cop-
per(I) salt for the amination of thiourea derivatives were
reported by Senanayake and co-workers [9]. The reaction
of isothiourea (3) with methylamine hydrochloride pro-
ceeded well within 6 h even at 60 �C and the corresponding
guanidine (1) was isolated in moderate yield. The result
obviously indicates that copper(I) salts function as an effi-
cient promoter of the amination of S-methylisothiourea to
produce guanidine derivatives.

2.2. Amination of isothiourea and thiourea

Next, we demonstrated the generality of the present cop-
per(I)-salt-mediated amination of isothiourea with variety
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of amines (5) including sterically hindered secondary ones
and less nucleophilic anilines. The initial experiment was
performed with S-methyl-N,N 0-bis-Boc-isothiourea (4)
and diisopropyl amine (5a) under the influence of 2 equiv-
alent of CuI and K2CO3 in THF at 40 �C for 9 h. As
expected, copper(I) iodide worked well to yield guanidine
derivative (6a) in excellent conversion (>90%) even when
sterically hindered secondary amine (5a) was used. Unfor-
tunately, however, guanidine (6a) thus obtained was con-
taminated by inseparable impurities that might have
arisen from the counter anion of copper(I) salts, iodide.
We therefore changed the counter anion from iodide to
chloride. To our delight, in the presence of CuCl, guanidine
(6a) was obtained in nearly quantitative yield and isolated
in pure form by column chromatography (Table 1, entry 1).

The present copper(I) chloride method is applicable to a
broad range of amines including sterically hindered ones.
As shown in Table 1, primary amines, either a-mono- or
di-substituted amines (5b–d), were efficiently transformed
into the corresponding guanidines (6b–d) (entries 2–4). It
is noteworthy that the sterically hindered tert-butylamine
(5d) also gave product (6d) in excellent yield (entry 4). As
highlighted in entry 5, excellent yield was obtained irrespec-
tive of the steric demand of the amines used. Thus, the
present method was applicable to the sterically congested
secondary amine, 2,2,6,6-tetramethylpiperidine (5e). Less
nucleophilic anilines (5f,g) were also useful reactants in this
copper(I)-salt-mediated amination and aromatic substi-
tuted guanidines were obtained in acceptable yields. It
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should be noted that desired guanidine (6g) was obtained in
moderate yield even by using electron-withdrawing nitro
group substituted aniline (5g). Although the precise reac-
tion mechanism has not been clarified yet, the reaction pre-
sumably proceeded through the copper–amide complex
derived from copper(I) salts and bis-Boc-isothiourea (4),
because, in the absence of amines (5), neither the dehydro-
sulfurization product, and thus the carbodiimide interme-
diate, nor other unknown products were detected by
TLC analysis during the course of this experiment.

The present method is also applicable to the reaction of
N,N 0-bis-Boc-thiourea (7) with either primary or secondary
amine (5a,b) (Scheme 2). In either case, the corresponding
guanidines (6a,b) were obtained in excellent yields.

3. Conclusion

In summary, we have demonstrated an efficient synthetic
protocol for substituted guanidines using the Copper(I)-
mediated intermolecular amination of S-methyl-N,N 0-bis-
Boc-isothiourea (4) and N,N 0-bis-Boc-thiourea (7). The
elimination of highly toxic metal salts as well as the mild
reaction conditions to obtain bis-Boc protected guanidines
from a variety of primary/secondary amines and anilines
would benefit the preparation of related compounds.

4. Experimental

Infrared spectra were recorded on a Shimazu FTIR-
8200PC spectrometer. 1H NMR spectra were recorded on
a JEOL GSX-270 (270 MHz) spectrometer. Chemical shifts
are reported in ppm from the solvent resonance as the
internal standard. Data are reported as follows: chemical
shift, integration, multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, sept. = septet, br = broad,
m = multiplet) and coupling constants (Hz). 13C NMR
spectra were recorded on a JEOL GSX-270 (67.8 MHz)
spectrometer with complete proton decoupling. Chemical
shifts are reported in ppm from the solvent resonance as
the internal standard. Mass spectra analysis was performed
at the Instrumental Analysis Center for Chemistry, Gradu-
ate School of Science, Tohoku University. Analytical thin-
layer chromatography (TLC) was performed on Merck
precoated TLC plates (silica gel 60 GF254, 0.25 mm). Flash
column chromatography was performed on silica gel 60N
(spherical, neutral, 100–210 lm; Kanto Chemical Co.,
Inc.). All reactions were carried out under a nitrogen
(N2) atmosphere in dried glassware. All substrates were
purified by column chromatography or distillation prior
to use. THF was supplied from Kanto Chemical Co.,
Inc. as ‘‘Dehydrated solvent system’’. Other solvents and
other simple chemicals were purchased and used as such.
S-methyl-N,N 0-bis(tert-butoxycarbonyl)isothiourea (4)
and N,N 0-bis(tert-butoxycarbonyl)thiourea (7) were pre-
pared according to the literature procedure [10,11],
respectively.

4.1. Synthesis of axially chiral guanidie (1)

To a solution of thiourea (2) (126 mg, 0.10 mmol) in ace-
tone (1 mL) was added MeI (12.5 lL, 0.3 mmol) and the
solution was stirred for 1 h at room temperature. The reac-
tion was quenched by saturated Na2CO3 aq., and the
organic phase was separated. The solvents were washed
with brine, and dried over anhydrous Na2SO4. After
removal of solvents, crude isothiourea (3) was obtained,
that was used for subsequent reaction without further puri-
fication. To a mixture of crude isothiourea (3), CuI
(40.0 mg, 0.21 mmol), K2CO3 (207 mg, 1.5 mmol) in
THF, (4 mL), MeNH3Cl (67.5 mg, 1.0 mmol) was added
and stirred for 6 h at 60 �C. After cooling to room temper-
ature, the reaction was quenched by 1 N NaHSO4 aqueous
solution and extracted with ethyl acetate. The organic
phase was washed with water and brine, and dried over
anhydrous Na2SO4. After being concentrated, the guani-
dine salt was purified by column chromatography (hex-
ane/AcOEt = 4/1 to 1/1 as eluent). The guanidinium salt
was neutralized by Amberite IRA-400 (OH� form, EtOH
as eluent) to give guanidine (1) (73 mg, 0.058 mmol, 58%
(2 steps)) as white solid; ½a�34

D +42.9 (c 0.29, CHCl3); 1H
NMR (270 MHz, methanol-d4) d 1.36 (72H, s), 2.18 (3H,
s), 4.26 (2H, d, J = 15.3 Hz), 4.56 (2H, d, J = 15.3 Hz),
7.21 (2H, d, J = 8.1 Hz), 7.34 (2H, ddd, J = 8.1, 6.8,
1.4 Hz), 7.49 (4H, t, J = 1.9 Hz), 7.52 (8H, d,
J = 1.9 Hz), 7.55 (2H, ddd, J = 8.4, 6.8, 1.1 Hz), 7.70
(4H, d, J = 1.6 Hz), 7.83 (2H, t, J = 1.6 Hz), 8.06 (2H, d,
J = 8.4 Hz), 8.12 (2H, s); 13C NMR (67.8 MHz, metha-
nol-d4/CDCl3 = 2/1) d 31.9, 35.6, 45.2, 122.5, 122.7,
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126.7, 127.4, 128.0, 128.4, 129.0, 131.0, 133.5, 133.8, 135.6,
135.8, 141.1, 141.3, 143.0, 144.4, 152.3, 161.5; IR (KBr):
3449, 3057, 2963, 2903, 2866, 1655, 1649, 1585, 1475,
1362, 1248, 1202, 1026, 866, 748, 714 cm�1; HRMS (ESI)
calcd for C92H110N3 ([M+H]+) 1256.8694. Found:
1256.8700.

4.2. General procedure for amination of S-methyl-N,N 0-bis-

Boc-isothiourea

To a suspension of K2CO3 (55.3 mg, 0.4 mmol), CuCl
(20.8 mg, 0.21 mmol), and S-methyl-N,N 0-bis-Boc-
isothiourea (4) (29.0 mg, 0.1 mmol) in THF (0.5 mL), was
added n-butylamine (5a) (19.8 lL, 0.2 mmol). The resulting
mixture was stirred for 12 h at 40 �C. After cooling to room
temperature, solids were removed through a pad of Celite,
and washed with ethyl acetate. The solution was washed
with saturated NH4Cl aq., saturated NaHCO3 aq., and
brine. The organic phase was dried over anhydrous
Na2SO4 and filtered. After removal of solvents, residue
was purified by column chromatography to afford 6b

(30.0 mg, 95%).

4.3. General procedure for amination of N,N 0-bis-Boc-

thiourea

To a dried glassware were weighted K2CO3 (55.3 mg,
0.4 mmol), CuCl (20.8 mg, 0.21 mmol), and N,N 0-bis(tert-
butoxycarbonyl)thiourea (7) (27.6 mg, 0.1 mmol), and the
resulting mixture was dissolved in THF (0.5 mL). After
turning the suspension into yellow, diisopropylamine
(28 lL, 0.2 mmol) was added to the mixture, and the solu-
tion was heated to 40 �C for 20 h. After cooling to room
temperature, the reaction was quenched by saturated
NH4Cl aq., and extracted with ethyl acetate. The organic
phase was washed with brine, dried over anhydrous
MgSO4, and filtered through a pad of Celite. After removal
of solvents, the residue was purified by column chromatog-
raphy (hexane/AcOEt = 20:1) to afford guanidine (6a)
(30.8 mg, 90% yield).

4.4. Spectra data for N,N 0-bis-Boc-guanidines

4.4.1. N,N 0-Bis-Boc-N00,N00-diisopropylguanidine (6a)
1H NMR (270 MHz, CDCl3): d 1.32 (12H, d,

J = 6.8 Hz), 1.47 (18H, m), 3.92 (2H, sept., J = 7.8,
3.8 Hz), 8.31 (1H, br d, J = 7.8 Hz); 13C NMR
(67.8 MHz, CDCl3): d 20.8, 28.2, 48.5, 78.8 (br), 81.2
(br), 151.6, 161.8 (br); IR (KBr): 3366, 2980, 2932, 1744,
1655, 1603, 1132 cm�1; HRMS (ESI) calcd for
C17H34N3O4 ([M+H]+) 344.2544. Found: 344.2545.

4.4.2. N,N 0-Bis-Boc-N00-n-butylguanidine (6b)
1H NMR (270 MHz, CDCl3): d 0.92 (3H, t, J = 7.2 Hz),

1.30–1.60 (22H, m), 3.40 (2H, br q, J = 6.4 Hz), 8.28 (1H,
br s) 11.50 (1H, br s); 13C NMR (67.8 MHz, CDCl3): d
13.8, 20.1, 28.0, 28.3, 31.0, 40.7, 79.2, 82.9, 153.3, 155.3,
156.1, 163.7; IR (KBr): 3348, 2981, 2934, 2876, 1717,
1638, 1616, 1570, 1128, 1053, 812, 772 cm�1; HRMS
(ESI) calcd for C15H30N3O4 ([M+H]+) 316.2231. Found:
316.2233.

4.4.3. N,N 0-Bis-Boc-N00-cyclohexylguanidine (6c)
1H NMR (270 MHz, CDCl3): d 1.17–1.80 (27H, m),

1.90–1.95 (2H, m), 4.03 (1H, dq, J = 7.8, 3.8 Hz), 8.31
(1H, br d, J = 7.8 Hz); 13C NMR (67.8 MHz, CDCl3): d
24.4, 25.5, 28.1, 28.3, 32.8, 48.5, 79.0, 82.8, 153.3, 155.3,
163.9; IR (KBr): 3323, 2982, 2934, 2856, 1732, 1653,
1616, 1140, 758 cm�1; HRMS (ESI) calcd for
C17H32N3O4 ([M+H]+) 342.2387. Found: 342.2386.

4.4.4. N,N 0-Bis-Boc-N00-t-butylguanidine (6d)
1H NMR (270 MHz, CDCl3): d 1.43 (9H, s), 1.47 (18H,

s), 8.26 (1H, br s), 11.4 (1H, br s); 13C NMR (67.8 MHz,
CDCl3): d 28.1, 28.4, 28.9, 52.0, 78.4, 82.6, 153.4, 154.4,
163.5; IR (KBr): 3323, 2986, 2932, 1722, 1647, 1618,
1163, 768 cm�1; HRMS (ESI) calcd for C15H30N3O4

([M+H]+) 316.2231. Found: 316.2232.

4.4.5. 1-(N,N 0-Bis(t-butoxycarbonyl)carboxamidino)-

2,2,6,6-tetramethylpiperidine (6e)
1H NMR (270 MHz, CDCl3): d 1.39 (12H, m), 1.45 (9H,

s), 1.49 (1H, s), 1.60–1.72 (6H, m), 6.83 (1H, br s); 13C
NMR (67.8 MHz, CDCl3): d 15.6, 28.0, 28.16, 28.22, 29.5,
37.7, 56.8, 79.3, 81.4, 150.3, 150.8, 160.1; IR (KBr): 3256,
2982, 2934, 1744, 1701, 1610, 1499, 1151, 1047 cm�1;
HRMS (ESI) calcd for C20H38N3O4 ([M+H]+) 384.2857.
Found: 384.2859.

4.4.6. N,N 0-Bis-Boc-N00-(2-methoxyphenyl)guanidine (6f)
1H NMR (270 MHz, CDCl3): d 1.54 (18H, br s), 7.85

(2H, d, J = 9.0 Hz), 4.03 (1H, d, J = 9.0 Hz), 10.77 (1H,
br s); 13C NMR (67.8 MHz, CDCl3): d 28.0, 80.4, 84.5,
121.2, 124.8, 142.9, 143.6, 153.1, 163.0; IR (KBr): 3265,
3001, 270, 2934, 1736, 1643, 1618, 1599, 1580, 1406,
1128, 1059, 735 cm�1; HRMS (ESI) calcd for
C18H28N3O5 ([M+H]+) 366.2023. Found: 366.2021.

4.4.7. N,N 0-Bis-Boc-N00-(4-nitrophenyl)guanidine (6g)
1H NMR (270 MHz, CDCl3): d 1.54 (18H, br s), 7.85

(2H, d, J = 9.0 Hz), 4.03 (1H, d, J = 9.0 Hz), 10.77 (1H,
br s); 13C NMR (67.8 MHz, CDCl3): d 28.0, 80.4, 84.5,
121.2, 124.8, 142.9, 143.6, 153.1, 163.0; IR (KBr): 3134,
2978, 2932, 1719, 1653, 1578, 1406, 1246, 1151, 852 cm�1;
HRMS (ESI) calcd for C17H25N4O6 ([M+H]+) 381.1769.
Found: 381.1768.
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