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In this note we describe a convenient, cost-effective
synthesis of guanidines® from thioureas and amines. The
key transformation involves activation of the sulfur in the
thiourea through S-oxidation, followed by displacement
of the activated sulfur group by amine nucleophiles, as
depicted in eq 1.

i FOH NHR
R'NH
RHN—C—NH, —222_ o N=C—NH, —2 o pN=C—NH, (1)
X=2or3
1 2 3

a. R = phenyi; b. R = propyl

The most widely employed commercial method for
preparing guanidines is the reaction of ammonia or amines
with S-alkylisothiouronium salts.*#® Further, most com-
mercial processes utilize S-methylisothiouronium salts.
The byproduct of this reaction is the noxious gas, methyl
mercaptan; this foul smelling gas has a threshold of de-
tection by humans of about 1 ppb. For safety reasons,
plant processes utilizing this method must include a step
to transform the mercaptan into an environmentally ac-
ceptable byproduct. The synthesis described herein elim-
inates this problem.

Other commercial alternatives for the production of
guanidines are the reaction of ammonia or ammonia de-
rivatives with cyanamides,® carbodiimides,” chloroform-
amidines,® or dichloroisocyanides.® Generally, these
starting materials are corrosive, toxic, and/or moisture-
sensitive,
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Table 1. Sulfonic Acids

SO3H
/
RN=C
NH,
70
IR (KBr), NMR,;*
product R yield, % mp, °C cmt ppm
2a Ph 85 157-158" 1266, 1232, 164.9
1066°
2b n-Pr 56 179-182¢ 1272, 1238,
1060°
2c 2-MePh 83 160-165 1276, 1231, 182.5
1050
2d 4-FPh 76 150-151 1266, 1209, 177.3¢
1063

¢Samples run at 48.8 MHz in Me,SO/CH,CN relative to water.
Lit.1 mp 171-172 °C. °CHNS analyses satisfactory. ¢Lit.)3 mp
186-188 °C. ¢In Me,SO.

At the initiation of our work, literature precedent in-
cluded the reaction of the amino acid glycine under basic
conditions with formamidinesulfinic acid to yield 36% of
N-(aminoiminomethyl)glycine.? 'The same paper® reported
that the reaction of glycine with cyanamide under basic
conditions yielded the same product. Also, Danish authors
reported that the reaction of N-benzyl-N’-methylform-
amidinesulfonic acid with ammonia and primary amines
yielded guanidines.!® Walter had reported extensively on
the oxidation of thioamides and thioureas.!! Oxidation
of cyclic thioureas such as mercaptopteridines to the
corresponding sulfonic acid using potassium permanganate
has been reported.!?

The guanidine N-phenyl-4-morpholinecarboximidamide,
(3a, R’ = morpholine), was our initial target. We expected
that oxidation of N-phenylthiourea to N-phenylamino-
iminomethanesulfonic acid (2a, X = 8), followed by a
displacement reaction with morpholine would furnish the
desired guanidine (eq 1). Attempts to repeat the published
oxidation procedures using freshly prepared peracetic acid
in methanol'® or hydrogen peroxide!®!* failed to give the
sulfonic acid.’® Based on the identification of bypro-
ducts,' we presumed that the oxidation to the sulfonic acid
derivative was slow in comparison to the decomposition
of intermediates. Therefore, we concentrated our efforts
on increasing the rate of the oxidation reaction relative to
decomposition.

Metal peroxo d° complexes are well-known as catalysts
for hydrogen peroxide oxidations.!” Molybdenum cata-
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and Biology of Pteridines”; Blair, J. A., Ed.; DeGruyter: Berlin 1983; p93.
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(14) Walter, W.; Randau, G. Liebigs Ann. Chem. 1969, 722, 80.
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Table II. Guanidine Products from the Reaction of Sulfonic Acids with Amines

SOzH NR'R"
RN= + RR'NH —= RN=
NH, NH,
no. R R time, h temp,® °C yield,? % mp, °C
a. Reactions with Primary Amines (R” = H)

4 Ph t-C,Hy 72 rt 99¢ 90-93%¢

5 Ph i-C,H, 0.25 50/ 564« 88.5-89.5

6 Ph sec-C,H, 0.25 30/ 508+ 117-118*

7 Ph Ph 0.25 35/ 99¢ 146-147%€

8 Ph 4-OMePh 0.50 32/ 778 116-120°

9 n-Pr sec-C,H, 0.50 A 62 72-77
10 Ph ¢-CeHy, 24 42)/ rt 72 132-134¢
11 Ph 4-CIPh 0.75 A 508 129-134™"
12 Ph 2-Me,4-OMePh 1.0 @n,/rt 514 187-189¢
13 Ph 4-NO,Ph 6.0 A 84 144-147¢
14 n-Pr i-CHy 120 rt 23 118.5-120.0¢
15 n-Pr n-C H, 0.50 (35)/ A 60/ 70-75¢

b. Reactions with Cyclic Secondary Amines (R’ = R”)

16 Ph ~(CHy)~ 0.25 45/ 73¢ 93.0-95.5°
17 Ph —-(CH,);0(CHy)o~ 0.25 (50), A 79¢ 128-133¢

¢ Conditions are not optimized, rt =

room temperature, A = reflux.

bCrude isolated yield. ¢Displacement reaction used 5.6 equiv of

amine. ?Lit.’® mp 93-94 °C. ¢Recrystallized from hexane. Exotherm to reported temperature was observed. #Yield corrected for purity.

hLit.® mp 89.5-90.0 °C.

{Displacement run in the absence of solvent.

JLit.2 mp 116-117 °C. *Lit.2! mp 148~150 °C. ‘Oxalate salt

recrystallized from IPA. ™Lit.?° mp 149-150 °C (EtOH). "Recrystallized from petroleum ether/EtOH. °Recrystallized from ether.

lysts have often been employed in the oxidation of sul-
fur-containing groups'™ and we found that use of sodium
molybdate catalyzed the oxidation of N-phenylthiourea.
A high yield of pure sulfonic acid was obtained in a short
reaction time when the reaction was run as a slurry in
water. The rate of reaction was dependent on the con-
centration of catalyst employed. Use of 2 equiv of hy-
drogen peroxide led to the sulfinic acid derivative (2, X
= 2), while use of 3 equiv led to the sulfonic acid derivative
(2, X = 3). In general, the sulfonic acid derivatives are
thermally stable at room temperature and are the preferred
intermediate. The oxidation products were isolated by
filtration and air-dried for use in the displacement reaction.
The oxidation state of sulfur was unambiguously deter-
mined by 170 NMR chemical shifts at 48.8 MHz: the
N-phenylaminoiminomethanesulfonic acid resonates at
164.9 ppm and the N-phenylaminoiminomethanesulfinic
acid resonates at 439.0 ppm (in acetonitrile/dimethyl
sulfoxide with chemical shifts relative to water), in good
agreement with literature values for similar functional
groups.'’® Table I lists typical isolated yields for oxidation
of several monosubstituted thioureas by 30% hydrogen
peroxide in water using sodium molybdate as a catalyst.

The second step of the sequence, displacement of the
oxidized sulfur with amine nucleophiles, was carried out
under mild conditions. The sulfonic acid derivative was
added to an acetonitrile solution of the amine and the
reaction was stirred at ambient temperature until complete

(17) See, for example: (a) Difuria, F.; Modena, G. Rev. Chem. In. 1985,
6, 51. (b) Sheldon, R. A.; Kochi, J. K. “Metal Catalyzed Oxidations of
Organic Compounds”; Academic Press: New York, 1981. (¢) Mimoun,
H. “The Chemistry of Functional Groups, Peroxides”; Patai, S., Ed.; John
Wiley and Sons: New York, 1982; p 463. (d) Yarovenko, E. Y.; Lastovskii,
R. P.J. Org. Chem. USSR (Engl. Transl.) 1970, 6, 952. (e) De Filippo,
D.; Ponticelli, G.; Trogu, E. F. J. Chem. Soc., Perkin Trans. 2 1972, 1500.

(18) According to R. K. Harris and B. E. Mann, in “NMR and the
Periodic Table”; Academic Press: New York, 1978, a typical chemical
shift value (relative to water) for the S-dioxide group is 513 ppm and for
the S-trioxide group is 188 ppm.

(19) Kiselev, L. A,; Shvetsova-Shilovskaya, K. D.; Khanina, L. N,;
Mel'nikov, N. N. J. Org. Chem. USSR (Engl. Transl.) 1967, 4, 459.

(20) Kiselev, L. A.; Ruchkin, V. E,; Osipova, N. M.; Mel'nikov, N. N;
Shvetsova-Shilovskaya, K. D. Ibid. 1966, 2, 2144,

(21) Weast, R. C. Ed. “Handbook of Chemistry and Physics”, 51st ed.;
CRC Publishing Co.: Cleveland, 1971; C-317.

(typical reaction time was less than 1 h). The reaction
mixture was basified and extracted with an organic solvent.
Concentration of the organic phase led to isolated of the
guanidines as free bases. Yields of displacement reactions
are reported in Table II. In general, the isolation yields
were good to excellent. A limitation of the reaction was
realized by the reaction of tert-butylamine with N-n-
propyl-aminoiminomethanesulfonic acid. The only iso-
lated product was the symmetrical triazine N2,N* NS-tri-
propylmelamine (which was identified by MS, 3C and ‘H
NMR, C, H, N analyses, and molecular weight by osmo-
metry in chloroform). A straightforward trimerization of
the sulfonic acid derivative catalyzed by the hindered
amine is proposed as a likely mechanism of formation.

During the course of the reaction of morpholine with
N-phenylaminoiminomethanesulfonic acid at room tem-
perature, a transient intermediate was detected by TLC,
but it was not characterizable by proton or carbon NMR.
Two likely intermediates are a carbodiimide (resulting
from elimination of the oxidized sulfur) which can undergo
addition of morpholine or isomerize to a cyanamide (as
suggested by W. Walter®) or a tetracoordinate adduct
(resulting from addition of morpholine, as depicted in eq
2) which can undergo elimination of the oxidized sulfur
function. When the reaction was studied by IR spec-
troscopy, monitoring the region between 1900 and 2300
cmt, no carbodiimide or cyanamide absorption was ob-
served. Therefore, we favor an addition/elimination
mechanism involving addition of the amine nucleophile
to an aminoiminomethanesulfonic acid to form a tetra-
hedral intermediate that collapses to product (see eq 2).

?OgH R'NH, NHR’
RN=C—NH,

RN=C—NH,
SOM
R—N= c NH,

(2)

\sos
R— N C NH;

The relative reactivity of N-phenylaminoimino-
methanesulfonic acid and the corresponding S-methyl-
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isothiouronium iodide toward morpholine at 35 °C was
studied (see eq 3). It was determined that the S-trioxide
group was replaced about 15 times faster than the S-
methyl group by morpholine.

SOSH
PhN=C"‘NH2 [Oj
Cé NH fr
or > H,N—C=NPh 3)
$—Me
| o Hl
PAN=C—NH,

This synthetic route is particularly useful for the direct
conversion of N-monosubstituted thioureas to di- and
trisubstituted guanidines in good overall yield. The key
transformation is sulfur activation through oxidation
followed by displacement of the oxidized sulfur group by
an amine nucleophile (oxidation/displacement). The ex-
perimental procedure is facile, no noxious odors are gen-
erated, and the isolated intermediate is stable at ambient
temperature. The overall reaction time is short and the
yields are good.

Currently, we are determining the scope of the reactions
of other nucleophiles with oxidized thioureas.

Experimental Section

Melting points are corrected. Reactions were typically mon-
itored by TLC (silica gel, 90:10 CHCl3/MeOH, oxidation; 95:5:5
MeOH/AcOH/CHCI,, displacement). All reagents and solvents
were used without additional purification. Elemental analyses
were obtained from Schwarzkopf or Atlantic Laboratories. 'H
NMR spectra were obtained on a Varian EM 390 (90 MHz) or
a Bruker AM 360 (360.13 MHz) spectrometer with chemical shifts
relative to Me,Si. All 70 NMR work was done on the Bruker
AM 360 (48.8 MHz) with chemical shifts relative to water. In-
frared spectra were obtained on a Perkin-Elmer 283 infrared
spectrophotometer. All guanidines gave the correct molecular
ion peak by chemical ionization mass spectrometry. Mass spectra
were obtained on a Finnigan 3300 or a VG 7035 mass spectrometer.

Synthesis of Sulfonic Acid Derivatives from Thioureas.
General Procedure. A reaction vessel is charged with thiourea
(0.013 mol), water (6 mL), sodium chloride (0.005 mol), and sodium
molybdate dihydrate (0.0002 mol) and cooled to 0 °C with efficient
stirring. Hydrogen peroxide (30%, 0.041 mol) is added dropwise
to the cooled suspension at a rate to minimize decomposition
(follow the reaction by TLC). In most cases, a temperature of
less than 20 °C was maintained during the addition of the first
2 equiv, while the third equivalent was added to maintain the
reaction temperature <40 °C. Once the addition is complete (total
addition time about 1 h) and the temperature begins falling, the
oxidation reaction is over. The product is isolated by cooling the
reaction to 10 °C and collecting the solid sulfonic acid by filtration.
The sulfonic acid is then washed with a small portion of cold brine.

Synthesis of Guanidines from Sulfonic Acids. General
Procedure. The sulfonic acid (0.01 mol) prepared above is added
to the amine (0.013 mol) in 5 mL of acetonitrile at room tem-
perature. In some cases an exotherm is observed. The reaction
is monitored by TLC for disappearance of starting material. In
some cases it may be necessary to warm the reaction mixture to
reflux to ensure complete reaction. The reaction is worked up
by adjusting the pH to the range of 12-14 with 3 N NaOH. In
some cases, the desired guanidine may form as a solid precipitate
and may then be isolated by filtration. Otherwise, the reaction
mixture is extracted rapidly with CH,Cly, dried over Na,SO,, and
concentrated. The desired guanidine is obtained in a purity
ranging from 80-95%. The guanidine may be further purified
by recrystallization from hexane by or formation of an appropriate
salt.
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Allylsilanes are species with substantial synthetic utility,’
and attempts to model the transition-state stereochemical
preferences for allylsilane condensation reactions have
appeared.” Molecular mechanics methods can greatly aid
modeling processes when appropriate parameters are
available. Frierson and Allinger® have recently reported
a silane force field for MM2-82; however, there was no
explicit parameter development for dealing with the al-
lylsilane group. We report a set of parameters for MM2-
774 derived from experimental and ab initio data which
permits satisfactory modeling of the structure and con-
formational energies of allylsilane.

Several experimental investigations examining the
structure and conformational preferences of allylsilane
have been reported.>” These studies were aimed at de-
riving a better structural model for allylsilane that would
explain observed physical properties, particularly UV and
IR spectra.” Additionally, there has been a general interest
in evaluating the conformational preferences of both
XCC=Y and C=CXC systems (X =C, N, 0,8,8i; Y =
C, 0).? Our interest in allylsilane was derived from MM2
force-field investigations of hyperconjugative effects in
fixed rings such as silanorbornenes.’® Numerous articles
have examined the “o—7” conjugation and hyperconjuga-
tive effects in silanes, and these have been synopsized in
a recent review.!

Both electron diffraction (ED)? and microwave (MW)é
studies present results which are consistent with our MM2
and 3-21G(*)!213 calculated values for the dihedral angle
of the single energy minimum at 103 % 1°. We also find
that the cis conformation (w = 0°) is now a maximum and
should not be populated (barrier height of ~2 kcal/mol
above the 103° form). The theoretical and experimental
results generally have agreed well (Table I).

*Current address: Allergan, 2525 Dupont Dr., Irvine, CA 92715.
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