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Bismuth nitrate pentahydrate: a new and environmentally benign
reagent for guanidylation of N-benzoylthioureas†
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Abstract—The bismuth nitrate-mediated guanidylation of N-benzoylthioureas was studied. This salt proved to be an effective
guanylating reagent and allowed the obtention of N-benzoyl-guanidines in good yields. The methodology described is a promising
alternative to the use of toxic HgCl2 in the synthesis of polysubstituted guanidines. © 2001 Elsevier Science Ltd. All rights
reserved.

The broad spectrum of biological proprieties,1 mainly
medicinal activity,2 of natural and synthetic guanidine
compounds3–5 has motivated the development of new
methods for guanidine synthesis.6–12 In solution phase
synthesis of this class of compounds, N,N �-bis-Boc-pro-
tected thioureas and S-alkyl isothioureas are starting
materials extensively used when polysubstituted
guanidine is the synthetic goal (Scheme 1).11,13–20

In a recent work, one of us described N-benzoyl-
thioureas as being conveniently converted into guanidi-
nes with reasonable yields using the HgCl2 protocol.21

In fact, HgCl2 has been extensively employed in
guanidine synthesis.11,13–20 However, the use of stoichio-
metric amounts of this toxic salt is a serious drawback
if medicinal compounds need be synthesized because
even backgrounds levels of toxic metals are not
desirable.

In a search for safer reagents for guanidylation reaction
of thioureas, the chemistry of bismuth caught our
attention.22–24 Many recent papers describing the use of
bismuth compounds in organic transformation pointed

out its use as being ecologically friendly.25–35 In addi-
tion, bismuth derivatives have been widely used in
medicine.36 Most bismuth salts are commercially avail-
able, inexpensive and easy to handle. Among them,
bismuth nitrate pentahydrate has the extra advantage
of being a crystalline solid insensitive to water and air.37

Moreover, to the best of our knowledge, this is the
unique bismuth salt used to date in transformations
involving sulfur-containing compounds as reagents.38

This communication presents the first successful synthe-
sis of guanidines using Bi(NO3)3·5H2O as a guanylating
reagent for N-benzoylthioureas. Our strategy to test
this salt as a guanylating reagent utilizes the previously
reported acylguanidines 3a–e as model compounds,
Scheme 2. In this way, we can compare the efficiency of
this method with the HgCl2 methodology.

When a solution of thioureas 1a–e was treated with
equimolar quantities of amines 2a–e in the presence of
Bi(NO3)3·5H2O a slow reaction took place and guanidi-
nes 3a–e were observed by TLC and IR, but the
starting thioureas were also present even at prolonged

Scheme 1.
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Scheme 2.

times. To increase the reaction rate, we used 2 equiv. of
amines in relation to thioureas. With this modification,
the thioureas were consumed and guanidines 3a–e were
isolated in almost the same yields as when HgCl2 was the
guanylating reagent. In addition, the use of triethylamine
proved to be crucial to reaction success, as observed in
the HgCl2 methodology. In its absence the thioureas were
quantitatively recovered. Also, the best yield was
obtained with thiourea 1e containing an electron with-
drawing substituent and amine 2e containing an electron
releasing one. The results are summarized in Table 1. The
yields were improved and/or reaction times diminished
when the reaction was carried out at 70–90°C (see Table
1). We also attempted the reaction with lower amounts
of bismuth nitrate. Thus, when N-benzoylthiourea 1a
was treated with amine 2a in the presence of 10 mol%
of Bi(NO3)3·5H2O guanidine 3a was not formed, but with
50 mol% it was isolated in 54% yield. In this way, the
best yields are obtained with stoichiometric amounts of
bismuth nitrate.

In conclusion, we have demonstrated that
Bi(NO3)3·5H2O is a novel guanylating reagent of N-ben-
zoylthioureas. Additionally, the yields and spectrum of
guanidines synthesized are comparable with those of the
HgCl2 protocol. Efforts are underway to elucidate the

mechanistic details of this reaction and define the scope,
limitations and synthetic applications of this new guany-
lating reagent.

The general experimental procedure is as follows: to a
solution of 0.5 mmol of thiourea in 3 mL of DMF was
added 1 mmol of amine and 2 mmol of Et3N and then
0.5 mmol of Bi(NO3)3·5H2O was added to the solution
with vigorous magnetic stirring and ice-bath cooling. The
suspension became black after a few minutes and was left
stirring at the indicated temperature (see Table 1), while
the progress of the reaction was monitored by TLC.
When thiourea was consumed, 10 mL of CH2Cl2 was
added and the suspension was filtered through a pad of
Celite. The filtrate was concentrated and the residue (�3
mL) was dissolved in 15 mL of CH2Cl2 and extracted
with water (4×15 mL) and dried over anhydrous MgSO4.
After filtration the solvent was evaporated and the crude
residue was treated as indicated in each case.39
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Table 1. Isolated guanidine yields produced via Scheme 2a
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2-Cyclohexylamino(phenylcarbonylimino)methylamino-pyr-
idine (3c): recrystallization from ethyl ether/petroleum
ether. �max (KBr) 1622, 1592, 1564 cm−1. � 1H (CDCl3)
1.33–1.56 (4H, m); 1.65 (2H, m); 1.76–1.82 (2H, m); 2.11
(2H, m); 4.31 (1H, m); 6.90 (1H, d, J=8.2 Hz); 6.97 (1H,
dd, J=7.3 Hz, 5.2 Hz); 7.37–7.50 (3H, m); 7.66 (1H, dt,
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(1H, s). � 13C (CDCl3) 24.5 (CH2); 25.7 (CH2); 32.8
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methylamino]benzene (3d): recrystallization from CH2Cl2/
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� 1H (CDCl3) 3.82 (6H, s); 6.94 (4H, d, J=8.8 Hz); 7.33
(4H, d, J=8.8 Hz); 7.53–7.46 (3H, m); 8.18 (2H, d, J=7.0
Hz). � 13C (CDCl3) 55.7 (CH3); 115.1 (CH); 126.8 (C0 and
CH); 128.4 (CH); 129.8 (CH); 131.8 (CH); 139.0 (C0); 158.3
(C0); 158.4 (C0); 178.8 (C0). MS m/z (%): 376 (13) [M++1],
375 (50) [M+], 123 (100), 105 (75), 77 (38). Anal. calcd for
C22H21N3O3: C, 70.40%; H, 5.60%; N, 11.20%. Found: C,
70.49%; H, 5.58%; N, 11.21%.
2-[tert-Butylamino(phenylcarbonylimino)methylamino]-pyr-
idine (3e): recrystallization from ethyl acetate/petroleum
ether. �max (KBr) 1618, 1594, 1568 cm−1. � 1H (CD3OD)

1.63 (9H, s); 6.95 (1H, d, J=8.4 Hz); 7.07 (1H, ddd, J=8.4
Hz, 7.4 Hz, 1.9 Hz); 7.41–7.46 (2H, m); 7.48–7.52 (1H, m);
7.78 (1H, ddd, J=7.4 Hz, 5.0 Hz, 1.0 Hz); 8.21 (2H, m);
8.27 (1H, ddd, J=5.0 Hz, 1.9 Hz, 1.0 Hz); 10.74 (1H, s);
13.09 (1H, s). � 13C (CD3OD) 29.7 (CH3); 53.4 (C0); 114.7
(CH); 119.6 (CH); 129.0 (CH); 130.0 (CH); 132.5 (CH);
139.7 (C0); 140.3 (CH); 147.2 (CH); 154.1 (C0); 158.0 (C0);
177.9 (C0). MS m/z (%): 297 (13) [M++1], 296 (64) [M+],
239 (62), 212 (27), 120 (31), 105 (100), 77 (66). Anal. calcd
for C17H20N4O: C, 68.92%; H, 6.76%; N, 18.92%. Found:
C, 68.17%; H, 6.96%; N, 18.60%.
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