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BISCARBODIIMIDES AND POLYCARBODIIMIDES AND METHOD
FOR THEIR PREPARATION

BACKGROUND

[0001] Carbodiimides are known for being versatile synthetic reagents for a variety of
dehydrative chemical transformations, including the formation of esters from alcohols and
acids, amides from amines and acids, anhydrides from acids, lactones from hydroxyl acids,
and lactams from amino acids.

[0002] Carbodiimides are prepared from various precursors, such as ureas, thioureas,
isocyanates, and isothioureas.

[0003] Uses of carbodiimides include, for example, as reactive intermediates in the
synthesis of various organic functional groups, as in the addition of carbon nucleophiles to
carbodiimides to afford amidines as chelating ligands.

[0004] It is known that carbodiimides and in particular molecules containing multiple
carbodiimide groups are quite unstable, and very few discrete biscarbodiimides or
polycarbodiimides have been reported. With few exceptions, the reported syntheses of
biscarbodiimides and polycarbodiimides involve the immediate, in situ consumption of the
carbodiimide without its isolation or purification. This is due to the previously mentioned
instability of biscarbodiimides and polycarbodiimides to decomposition or rearrangement to
monocarbodiimide during isolation and purification. Given the few options for preparing
biscarbodiimides and polycarbodiimides and the limited structural diversity available by the
known methods, it would be useful to have a method to prepare biscarbodiimides and
polycarbodiimides. It would further be useful to have a method to isolate pure

biscarbodiimides and polycarbodiimides.

SUMMARY OF THE INVENTION

[0005] The present disclosure describes a method of synthesizing carbodiimides comprising
providing an alkylisothiourea, providing a thiophilic reagent to the reaction mixture and
reacting under conditions sufficient to provide the carbodiimide, and wherein the
carbodiimide is a polycarbodiimide or a biscarbodiimide.

[0006] The present disclosure further describes methods for isolating the carbodiimides.

[0007] The present disclosure additionally describes isolated carbodiimide compositions.
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DETAILED DESCRIPTION

[0008] The present disclosure describes a method of preparing biscarbodiimides and
polycarbodiimides. In one aspect, the present disclosure describes the treatment of
isothioureas with silver nitrate and triethylamine in acetonitrile to provide the
biscarbodiimides or polycarbodiimides. In another aspect, the biscarbodiimides or
polycarbodiimides have been isolated by several sequences of dilution with hexanes,
filtration of the mixture through diatomaceous silica, and evaporation.

[0009] Unless otherwise indicated, numeric ranges, for instance “from 2 to 10” or “C,-Cy,”
are inclusive of the numbers defining the range (e.g., 2 and 10).

[0010] Unless otherwise indicated, ratios, percentages, parts, and the like are by weight.
[0011] As used herein, unless otherwise indicated, the phrase “molecular weight” refers to
the number average molecular weight as measured in conventional manner.

[0012] “Alkyl,” as used in this specification, whether alone or as part of another group (e.g.,
in dialkylamino), encompasses straight and branched chain aliphatic groups having the
indicated number of carbon atoms, for example, (Cs-Cyp)alkyl. If no number is indicated
(e.g., aryl-alkyl-), then 1-20 alkyl carbons are contemplated. Preferred alkyl groups include,
without limitation, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, neopentyl, cyclopentyl, hexyl, cyclohexyl, adamantyl, and tert-octyl.

[0013] The term “heteroalkyl” refers to an alkyl group as defined above with one or more
heteroatoms (nitrogen, oxygen, sulfur, phosphorus) replacing one or more carbon atoms
within the radical, for example, an ether or a thioether.

[0014] An “aryl” group refers to any functional group or substituent derived from an
aromatic ring having the indicated number of carbon atoms, for example, (C3-Cyp)aryl. In
one instance, aryl refers to an aromatic moiety comprising one or more aromatic rings. In
one instance, the aryl group is a (Ce-Cig)aryl group. In one instance, the aryl group is a (Ce-
Cjo)aryl group. In one instance, the aryl group is a (Cj-Cig)aryl group. The aryl ring may be
fused or otherwise attached to one or more heteroaryl rings, aromatic or non-aromatic
hydrocarbon rings or heterocycloalkyl rings. Preferred aryls include, without limitation,
phenyl, naphthyl, anthracenyl, and fluorenyl.

[0015] A “substituted aryl” group refers to an aryl group that is substituted with 1 or more

substituents that are compatible with the syntheses described herein and having the
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indicated number of carbon atoms, for example, substituted (Cs-Cgp)aryl. Such substituents
include, but are not limited to, sulfonate groups, boron-containing groups, alkyl groups,
nitro groups, halogens, cyano groups, carboxylic acids, esters, amides, (C,-Cg)alkene, and
other aromatic groups. Other substituents are known in the art. Unless otherwise indicated,
the foregoing substituent groups are not themselves further substituted.

[0016] “Heteroaryl” refers to any functional group or substituent derived from an aromatic
ring and containing at least one heteroatom selected from nitrogen, oxygen, and sulfur and
having the indicated number of carbon atoms, for example, (C;-Cyp)heteroaryl. Preferably,
the heteroaryl group is a five or six-membered ring. The heteroaryl ring may be fused or
otherwise attached to one or more heteroaryl rings, aromatic or non-aromatic hydrocarbon
rings or heterocycloalkyl rings. Examples of heteroaryl groups include, without limitation,
pyridine, pyrimidine, pyridazine, pyrrole, triazine, imidazole, triazole, furan, thiophene,
oxazole, thiazole. The heteroaryl group may be optionally substituted with one or more
substituents that are compatible with the syntheses described herein and having the
indicated number of carbon atoms, for example, substituted (Cs-Cyo)heteroaryl. Such
substituents include, but are not limited to, fluorosulfonate groups, boron-containing groups,
(C;-Cg)alkyl groups, nitro groups, halogens, cyano groups, carboxylic acids, esters, amides,
(Cy-Cy)alkene and other aromatic groups. Other substituents are known in the art. Unless
otherwise indicated, the foregoing substituent groups are not themselves further substituted.
[0017] “Aromatic compound” refers to a ring system having 4n+2 pi electrons where n is an
integer.

[0018] “Thiophilic reagent” refers to a reagent suitable for reactive chemistry with the
sulfur group of the isothiourea to enable the transformation to a carbodiimide.

[0019] As used herein, the term “(C{-Cyq)hydrocarbyl” means a hydrocarbon radical of
from 1 to 40 carbon atoms and the term *“(C{-Cygq)hydrocarbylene” means a hydrocarbon

diradical of from 3 to 40 carbon atoms, wherein each hydrocarbon radical independently is
aromatic (6 carbon atoms or more) or non-aromatic, saturated or unsaturated, straight chain
or branched chain, cyclic (including mono- and polycyclic, fused and non-fused polycyclic,
including bicyclic; 3 carbon atoms or more) or acyclic, or a combination of two or more
thereof; and each hydrocarbon radical and diradical independently is the same as or

different from another hydrocarbon radical and diradical, respectively, and independently is
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unsubstituted or substituted. Preferably, a (C1-Cyp)hydrocarbyl independently is an
unsubstituted or substituted (C1-Cyg)alkyl, (C3-Cygp)cycloalkyl, (C3-Copeycloalkyl-(Cq-
Cyalkylene, (Cq-Cyparyl, or (Cg-Coparyl-(C1-Coppalkylene. More preferably, each of
the aforementioned (C{-Cyp)hydrocarbyl groups independently has a maximum of 40

carbon atoms. All individual values and subranges from 1 to 40 carbon atoms are included
and disclosed herein; for example, the number of carbon atoms may range from an upper
limit of 40, 30, 20, 15, 12 or 10 carbon atoms to a lower limit of 1, 5, 10, 14, 18 or 20
carbon atoms. For example each (C;-Cyq)hydrocarbyl groups independently may be a (Cy-

Cophydrocarbyl), or in the alternative, a (C-Cqp)hydrocarbyl), or in the alternative, a(Cs-
C3)hydrocarbyl), or in the alternative, a (C;()-Cz5)hydrocarbyl) group. Examples of (Cy-
C4)hydrocarbylene are unsubstituted or substituted (Cg-Cygy)arylene,
(C3-Cyg)cycloalkylene, and (C3-Cyq)alkylene (e.g., (C3-Cyp)alkylene). In some

embodiments, the diradicals are on the terminal atoms of the hydrocarbylene as in a 1,3-
alpha, omega diradical (e.g., -CH,CH,CH»-) or a 1,5-alpha, omega diradical with internal
substitution (e.g., -CH,CH,CH(CH3)CH,CH>-). In other embodiments, the diradicals are on

the non-terminal atoms of the hydrocarbylene as in a C; 2,6-diradical (e.g.,
| |
CHBCHCHZCH2CH20HCH3) or a C7 2,6- diradical with internal substitution (e.g.,

| |
CHyCHCHCH(CH,CH,CHCHs ) - The term (C-Cy4q)hydrocarbylene is also defined by having

the two radicals of the diradical unit spaced apart by one or more intervening carbon atoms.
The alpha, omega-diradical is a diradical that has maximum carbon backbone spacing
between the radical carbons. Preferred is a 1,4-, 1,5-, or 1,6- diradical, and more preferably
a 1,5-diradical. Also preferred is a 1,4-diradical, 1,5-diradical, or 1,6-diradical version of
(Cg-Cpglarylene, (Cy-Copeycloalkylene, or (C3-Cyy)alkylene.

[0020] As used herein, the term “(C{-Cyq)heterohydrocarbyl” means a heterohydrocarbon

radical of from 1 to 40 carbon atoms and the term “(C1-Cyg)heterohydrocarbylene™ means

a heterohydrocarbon diradical of from 3 to 40 carbon atoms, and each heterohydrocarbon

independently has one or more heteroatoms or heteroatomic groups O; S; N; S(O); S(0);

S(0):N; Si(R%)5; Ge(R%)5; P(RY); P(O)(R®); and N(R®), wherein independently each R is
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unsubstituted (C1-Cqg)hydrocarbyl or an unsubstituted (C{-Cg)heterohydrocarbyl, or
absent (e.g., absent when N comprises -N=). Each (C{-Cyg)heterohydrocarbyl and
(C1-Cyg)heterohydrocarbylene independently is unsubstituted or substituted, aromatic or

non-aromatic, saturated or unsaturated, straight chain or branched chain, cyclic (including
mono- and poly-cyclic, fused and non-fused polycyclic) or acyclic, or a combination of two
or more thereof; and each is respectively the same as or different from another. Preferably,

the (C1-Cyp)heterohydrocarbyl independently is unsubstituted or substituted (C -
Cyplheteroalkyl, (C;-Cyp)hydrocarbyl-O-, (C1-Cyhydrocarbyl-S-,
(C1-Cy4phydrocarbyl-S(0)-, (C1-Cyp)hydrocarbyl-S(0),-, (C1-C 40)hydrocarby1—Si(RC)2—,
(C4-C 40)hydrocarby1—Ge(RC)2—, (C1-C 40)hydrocarby1—N(RC)—, (C1-Cyg)hydrocarbyl-
P(R%)-, (C{-C4q)hydrocarbyl-P(O)R®)-, (C5-C4p)heterocycloalkyl,
(Cy-Cpglheterocycloalkyl-(C1-Chgalkylene, (C3-Cog)cycloalkyl-(Cq-Cqg)heteroalkylene,
(Cy-Cpg)heterocycloalkyl-(C-Cop)heteroalkylene, (C1-Cyqpheteroaryl, (Cy -
Cigheteroaryl-(C1-Cyppalkylene, (Cg-Coparyl-(C1-Cqg)heteroalkylene, or (Cq-
Cqgheteroaryl-(C-Cypheteroalkylene.

[0021] The term “(C3—C 40)heteroaryl” means an unsubstituted or substituted mono-, bi- or

tricyclic heteroaromatic hydrocarbon radical of from 3 to 40 total carbon atoms and from 1
to 5 heteroatoms, and the mono-, bi- or tricyclic radical comprises 1, 2 or 3 rings,
respectively, wherein the 2 or 3 rings independently are fused or non-fused and at least one

of the 2 or 3 rings is heteroaromatic. Other heteroaryl groups (e.g., (C3-C{p)heteroaryl)) are

defined in an analogous manner. The monocyclic heteroaromatic hydrocarbon radical is a 5-
membered or 6-membered ring. The 5-membered ring has from 1 to 4 carbon atoms and
from 4 to 1 heteroatoms, respectively, each heteroatom being O, S, N, or P, and preferably
O, S, or N. Examples of 5-membered ring heteroaromatic hydrocarbon radical are pyrrol-1-
yl; pyrrol-2-yl; furan-3-yl; thiophen-2-yl; pyrazol-1-yl; isoxazol-2-yl; isothiazol-5-yl;
imidazol-2-yl; oxazol-4-yl; thiazol-2-yl; 1,2,4-triazol-1-yl; 1,3,4-oxadiazol-2-yl; 1,3,4-
thiadiazol-2-yl; tetrazol-1-yl; tetrazol-2-yl; and tetrazol-5-yl. The 6-membered ring has 3, 4
or 5 carbon atoms and 3, 2 or 1 heteroatoms, the heteroatoms being N or P, and preferably

N. Examples of 6-membered ring heteroaromatic hydrocarbon radical are pyridine-2-yl;
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pyrimidin-2-yl; and pyrazin-2-yl. The bicyclic heteroaromatic hydrocarbon radical
preferably is a fused 5,6- or 6,6-ring system. Examples of the fused 5,6-ring system bicyclic
heteroaromatic hydrocarbon radical are indol-1-yl; and benzimidazole-1-yl. Examples of the
fused 6,6-ring system bicyclic heteroaromatic hydrocarbon radical are quinolin-2-yl; and
isoquinolin-1-yl. The tricyclic heteroaromatic hydrocarbon radical preferably is a fused
5,6,5-; 5,6,6-; 6,5,6-; or 6,6,6-ring system. An example of the fused 5,6,5-ring system is 1,7-
dihydropyrrolo[3,2-flindol-1-yl. An example of the fused 5,6,6-ring system is 1H-
benzol[flindol-1-yl. An example of the fused 6,5,6-ring system is 9H-carbazol-9-yl. An
example of the fused 6,5,6-ring system is 9H-carbazol-9-yl. An example of the fused 6,6,6-
ring system is acrydin-9-yl.

[0022] The terms [(C+Si)3-(C+Si)4p] organosilylene and [(C+Ge);-(C+Ge)yo]
organogermylene are defined as diradicals in which the two radical bearing atoms of the
diradical unit are spaced apart by one or more intervening carbon, silicon and/or germanium
atoms. Such [(C+Si);-(C+Si)40] organosilylene and [(C+Ge);-(C+Ge)y] organogermylene
groups can be substituted or unsubstituted. In some embodiments the diradicals are on the
terminal atoms of the organosilylene or organogermylene as in a 1,5 alpha, omega diradical
(e.g. -CH,CH,Si(C2H5),CH,CH;- and -CH,CH,Ge(C2H5),CH,CH,-). In other

embodiments, the diradicals are on the non-terminal atoms of the organosilylene or
I _ I
organogermylene as in a substituted (C+Si); 2,6-diradical ( CHsCHCH2SI(C,H5),CH,CHCH, ) ang

a substituted (C+Ge); 2,6-diradical ( ).

[0023] The term “(C;-Cyo)alkylene” means a saturated or unsaturated straight chain or
branched chain diradical of from 1 to 40 carbon atoms that is unsubstituted or substituted.
Examples of unsubstituted (C;-Cgp)alkylene are unsubstituted (C;-Cyg)alkylene, including
unsubstituted 1,3-(C3-Cjg)alkylene; 1,4-(C4-Cip)alkylene; -(CHa)s-; -(CHz)s-; -(CHy)s-

; -(CHy)s-; -(CH»)7-; -(CHy)s-; and -(CH»)4CH(CH3)-. Examples of substituted (C;-
Cyo)alkylene are substituted (C;-Cyg)alkylene; -CF,CF>CF;-; and -(CH3)14C(CHj3)2(CH>)s-
(i.e., a 6,6-dimethyl substituted normal-1,20-eicosylene). Examples of substituted (C;-
Cyo)alkylene also include 1,2-bis(methylene)cyclopentane; 1,2-bis(methylene)cyclohexane;
2,3-bis(methylene)-7,7-dimethyl-bicyclo[2.2.1]heptane; and 2,3-
bis(methylene)bicyclo[2.2.2]octane.
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[0024] The term “(C3-Cyo)cycloalkylene™ means a cyclic diradical (i.e., the radicals are on
ring atoms) of from 3 to 40 carbon atoms that is unsubstituted or substituted. Examples of
unsubstituted (C3-Cyp)cycloalkylene are 1,3-cyclobutylene, 1,3-cyclopentylene, and 1,4-
cyclohexylene. Examples of substituted (Cs-Cyp)cycloalkylene are 2-trimethylsilyl-1,4-
cyclohexylene and 1,2-dimethyl-1,3-cyclohexylene.

[0025] As used herein, the definitions of the terms hydrocarbyl, heterohydrocarbyl,
hydrocarbylene, heterohydrocarbylene, alkyl, alkylene, heteroalkyl, heteroalkylene, aryl,
arylene, heteroaryl, heteroarylene, cycloalkyl, cycloalkylene, heterocycloalkyl,
heterocycloalkylene, organosilylene, organogermylene are intended to include every
possible stereoisomer.

[0026] The present disclosure describes a process for preparing a biscarbodiimide by
reaction of an alykylisothiourea with a thiophilic reagent in a reaction mixture. In one
instance, the reaction mixture further comprises a solvent. In one instance, the reaction

mixture further comprises a base. This process is shown generally in Formula (1):

SR® SR®
R? RS g7l  thiophilic reagent R2 RS RY|
R AN l A 7 h
Rl \T - T/ \T T/ — > R Nv—c=—=N" N=—0C N
R* RS R* RS
L L= b = - B B
a a
(1)
Where:

R'= H; (C-Cyp)hydrocarbyl, (C;-Cyp)heterohydrocarbyl;

R? = (C;-Cyo)hydrocarbylene, (C;-Cao)heterohydrocarbylene;
R’ = H; (C-Cyp)hydrocarbyl, (C;-Cyp)heterohydrocarbyl;

R* = H; or absent;

R’ = H; or absent;

R® = (C;-Cyo)hydrocarbylene, (C;-Cao)heterohydrocarbylene;
R’ = H; (C-Cyp)hydrocarbyl, (C;-Cyp)heterohydrocarbyl;
aisOor1;

b is from O to 10; and

cis from 1 to 10.
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[0027] The compound shown to the left of the arrow in Formula (1) is an isothiourea. The
isothiourea may alternatively be linear where a is 0 or may have a central core with
branches extending therefrom where a is 1.

[0028] The compound shown to the right of the arrow in Formula (1) is a

carbodiimide. The carbodiimide molecule may contain multiple carbodiimide moieties,
alternatively connected linearly in which case a is 0 and the number of carbodiimide groups
is the sum of b and ¢, or connected to a central core and not linearly in which case a is 1 and
the number of carbodiimide groups is the product of b+1 and c. If there are a total of two
carbodiimide groups then the molecule is termed a biscarbodiimide whereas if there are a
total of more than two carbodiimide groups then the molecule is termed a
polycarbodiimide.

[0029] As is shown in Formula (1), R? and R are diradical, wherein each of these
substituents serves as a bridge and is bonded to two other atoms of the molecule as is
shown.

[0030] The dotted line linkage on the isothiourea in Formula (1) indicates that one of the
two bonds adjacent the dotted line linkage is a double bond while the other is a single bond.
One of R* or R® will be absent from the Nitrogen that includes the double bond.

[0031] In one instance, the reaction mixture includes a solvent, for example, acetonitrile,
proprionitrile, butyronirile, isobutyronitrile, valeronitrile, hexanenitrile,
trimethylacetonitrile, malonitrile, succionitrile, glutaronitrile, adiponitrile, 1,5-
dicyanopentane, 1,6-dicyanohexane, N, N-dimethylformamide, N, N-dimethylacetamide,
acetone, methylene chloride, 1,2-dichloroethane, chloroform, carbontetrachloride, 1,4-
dioxane, benzene, toluene, xylenes, pentane, hexanes, heptanes, petroleum ether, diethyl
ether, tetrahydrofuran, 2-methyltetrahydrofuran, methyl-z-butyl ether, or a mixture thereof.
[0032] The thiophilic reagent is selected to enable the conversion of the isothiourea to the
carbodiimide. In one instance, the thiophilic reagent is a metal that is not an alkali metal.
In one instance, the thiophilic reagent is a metal that is a transition metal. In one instance,
the thiophilic reagent is selected from the group consisting of a halide, amine, nitrile,
triflate, nitrate, acetate, acetylacetonate, carbonate, oxalate, oxide, phosphate, sulfite, or
sulfate of copper, zinc, gold, molybdenum, mercury, tungsten, nickel, silver, iron, cobalt,
and manganese. In one instance, the thiophilic reagent is selected from the group consisting

of a halide, amine, nitrile, triflate, nitrate, acetate, acetylacetonate, carbonate, oxalate, oxide,
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phosphate, sulfite, or sulfate of silver. In one instance, the thiophilic reagent is silver
nitrate.

[0033] In one instance, the reaction mixture includes a base, for example, acyclic or cyclic
N,N,N-trisubstituted amine including, but not limited to, trimethylamine, triethylamine,

N, N-diisopropylethyl amine, N,N,N’,N’-tetramethylethylenediamine or TMEDA,
N,N,N’,N’-tetramethyl-1,3-propanediamine or TMPDA, N,N,N’,N -tetramethyl-1,4-
butanediamine or TMBDA, N,N,N’,N -tetraethylethylenediamine or TMEEA, N,N,N’,N’-
tetraethyl-1,3-propanediamine or TMPEA, N,N,N’,N -tetramethyl-1,5-pentanediamine,
N,N,N’,N’-tetramethyl-1,6-hexanediamine, N-ethyldicyclohexylamine, 1,2,2,6,6-
pentamethylpiperidine, N-methylpiperidine, N-ethylpiperidine, N-methylpyrrolidine, N-
ethylpyrrolidine, N-methylmorpholine or 4-methylmorpholine, 4-ethylmorpholine, N,N’-
1,4-dimethylpiperazine, 1,3,5-trimethylhexahydro-1,3,5-triazine, 1,3,5-triethylhexahydro-
1,3,5-triazine, 1,3,5-triphenylhexahydro-1,3,5-triazine, 1,3,5-tribenzylhexahydro-1,3,5-
triazine, 1,4-diazabicyclo[2.2.2]octane or DABCO, 1-azabicyclo[2.2.2]octane or
Quinuclidine, 1,5-diazabicyclo[4.3.0]non-5-ene or DBN, 1,8-diazabicyclo[5.4.0Jundec-7-
ene or DBU, 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene or MTBD, 2-t-butyl-1,1,3,3-
tetramethylguanidine, N,N,N-triphenylamine, N, N, N-dimethylphenylamine, N, N, N-
diphenylmethylamine, 1,8-bis(dimethylamino)naphthalene or Proton-Sponge; any
heteroaromatic amine including, but not limited to, pyridine, 2,6-lutidine, 2,4-lutidine, 2,6-
di-t-butylpyridine, 2,6-di-t-butyl-4-methylpyridine, 2,4,6-tri-t-butylpyridine, 2,4,6-tri-t-
butylpyrimidine, 4-t-butylpyridine, N,N-dimethylaminopyridine or DMAP, pyrazine,
pyridazine, pyrimidine, s-triazine, phthalazine, quinoline, isoquinoline, quinoxaline,
acridine, 3,4-dihydroisoquinoline, 2,2’ -bipyridine, 4,4’-bipyridine, 1,10-phenanthroline,
neocuproine, 1,7-phenanthroline, 3,4,7,8-tetramethyl-1,10-phenanthroline, 1-
methylimidazole, 1-butylimidazole, 1-ethylimidazole, 1-benzylimidazole, 1-octylimidazole,
1-phenylimidazole, 1-methylpyrazole, 1-phenylpyrazole; any Group 1 (alkali) or Group 2
(alkaline) earth metal salts including, but not limited to, lithium bicarbonate, sodium
bicarbonate, potassium bicarbonate, rubidium bicarbonate, cesium bicarbonate, francium
bicarbonate, beryllium bicarbonate, magnesium bicarbonate, calcium bicarbonate, strontium
bicarbonate, barium bicarbonate, radium bicarbonate, lithium carbonate, sodium carbonate,

potassium carbonate, rubidium carbonate, cesium carbonate, francium carbonate, beryllium
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carbonate, magnesium carbonate, calcium carbonate, strontium carbonate, barium
carbonate, radium carbonate, or mixtures thereof.

[0034] The reaction mixture has an operating temperature during the synthesis protocol
described herein. Preferably, the operating temperature is in the range of from -78 to 50 °C.
In one instance, the preferred operating temperature is in the range of from -50 to 40 °C. In
one instance, the preferred operating temperature is in the range of from -20 to 30 °C. In
one instance, the preferred operating temperature is in the range of from -10 to 30 °C.
[0035] In one instance, the reaction mixture is housed in light-free environment.

[0036] In one instance, the synthesis protocol described herein is suitable for preparing a

carbodiimide having one of the following structures:

r_/—/—N /_/_JN=C=N NI,
N=C=N N=C=N /—_/r_/r_

N=C=N

Me N=C=N i-Pr N=C=N

[0037] In one instance, the present disclosure describes a process for isolating a
biscarbodiimide by a purification and isolation protocol involving one or more sequences of
hexane dilution, filtration through diatomaceous silica, and evaporation. In one instance,
the purification protocol comprises replacing the solvent used in the reaction mixture with

hexanes. In one exemplary purification protocol, the reaction product of the synthesis of

10



WO 2017/172313 PCT/US2017/021385

carbodiimides described herein is diluted with hexanes, stirred, suction filtered over a pad of
diatomaceous silica (available under the trade name Celite) with hexanes, and concentrated.
This purification process is repeated one or more times followed by suction filtering cold
over a pad of diatomaceous silica with hexanes and concentrating in vacuo to provide the
isolated carbodiimide. In one instance, the isolation protocol is sufficient to provide the

carbodiimide product free of impurities within the limit of detection of proton NMR.

EXAMPLES

[0038] The following examples illustrate the present invention but are not intended to limit
the scope of the invention.

[0039] Common abbreviations are listed below:

[0040] R, N, M, and X: as defined above;

[0041] Me : methyl; Ph : phenyl; i-Pr : iso-propyl; t-Bu : tert-butyl; Ts : toluene sulfonate;
THEF : tetrahydrofuran; Et,O : diethyl ether; CH,Cl, : dichloromethane; CHCls: chloroform
CCly : carbon tetrachloride; EtOH : ethanol; CH5CN : acetonitrile; MeCN : acetonitrile;
EtOAc : ethyl acetate; CsDg : deuterated benzene; Benzene-ds : deuterated benzene; CDCl :
deuterated chloroform; DMSO-d; : deuterated dimethylsulfoxide; PPhj; :
triphenylphosphine; NEt; : triethylamine; Mel : methyl iodide; NaOH : sodium hydroxide;
NaOCl : sodium hypochlorite; NaHCOj5 : sodium bicarbonate; brine : saturated aqueous
sodium chloride; Na;SOy : sodium sulfate; MgSQ,4 : magnesium sulfate; PCls : phosphorous
pentachloride; PhsPBr,: triphenylphosphine dibromide; PhsPCly: triphenylphosphine
chloride; SOCI, : Thionylchloride; AgNQj : silver nitrate; N, : nitrogen gas; PhMe:
toluene; NMR : nuclear magnetic resonance; HRMS: high resolution mass spectrometry;
LRMS: low resolution mass spectrometry; mmol: millimoles; mL : milliliters; M : molar;
min : minutes; h : hours; d: days. NMR spectra were recorded on Varian 400-MR and
VNMRS-500 spectrometers. '"H NMR data are reported as follows: chemical shift
(multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sex =
sextet, sept = septet and m = multiplet), integration, and assignment). Chemical shifts for 'H
NMR data are reported in ppm downfield from internal tetramethylsilane (TMS, & scale)

using residual protons in the deuterated solvent as references. °C NMR data were
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determined with 'H decoupling, and the chemical shifts are reported in ppm versus
tetramethylsilane.
[0042] The following comparative examples illustrate failed attempts at synthesizing

biscarbodiimides using known techniques for synthesizing monocarbodiimides.

. Q

Comparative Example 1

Me\ﬁ'Me N=C=N
I
H\ﬂ/n\/\/\/“\n’“ EtsN, C|)\C| \_\_\_
—_— N
©/ 5 o \© CH,Cly, 23 °C %

[0043] In a nitrogen filled glovebox to a suspension of the urea (20.0 mg, 0.059 mmol, 1.00
eq) and dimethylphosgeniminium chloride (9.5 mg, 0.059 mmol, 1.00 eq) in CH,Cl, (1.0
mL) at 23 °C was added Et;N (17.3 ul, 0.13 mmol, 2.10 eq). The heterogeneous mixture
instantaneously became a golden yellow solution upon full addition of the Et;N. After 10
minutes the solution was diluted with hexanes (5 mL), and the now white heterogeneous
mixture was suction filtered to remove the triethylammonium hydrochloride, and
concentrated. NMR (d-DMSO) of the filtrate solution (which is now a white solid) had
shown no starting urea or desired product. A complex mixture of undesired products were

observed as well as Me;NCOC]. NMR of the filtered pale yellow solid had shown Et;:NHC1

and Me,NCOCI.
e

Me\ﬁ,Me N=C=N

O/ g \/\/\/“\"/“\O EtaN. oo \_\_\_N

CHoCly, - 78 °C

Comparative Example 2

[0044] In a nitrogen filled glove box dimethylphosgeniminium chloride (22.5 mg, 0.14
mmol, 2.00 eq) was added to an ovendried flask and then was added the urea (24.5 mg, 0.07
mmol, 1.00 eq) followed by CH>Cl, (2.0 mL) via syringe. The white suspension was sealed

12
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with a rubber septa, removed from the glovebox, immediately placed under nitrogen, and
was placed into a bath cooled to -78 °C, and stirred (500 rpm) for 30 mins. Et;N (20.8 mg,
15.2 ul, 0.15 mmol, 2.10 eq) was then added to the mixture in a quick dropwise manner via
syringe. The heterogeneous mixture instantaneously became a golden yellow solution upon
full addition of the Et;N. After 10 minutes the solution was diluted with hexanes (5 mL),
and the now white heterogeneous mixture was suction filtered to remove the
triethylammonium hydrochloride, and concentrated. NMR (CDCls) of the filtrate solution
(which is now a white solid) had shown no product, but what looks to be either polymerized
material or destroyed material. NMR of the filtrate solid had shown no product, but what
looks to be either polymerized material or destroyed material. NMR of the filtrate solution

indicates the same result as well as the presence of EG;NHCI.

N,
~PPh,
20 ~-N

.C”~
N/\/\/\/N’ > N/\/\/\/N’ \©
_c* CH,Cl,, 0 > 23 °C _c?

Comparative Example 3

[0045] A solution of N-(Triphenylphosphoranylidene)aniline (150.0 mg, 0.42 mmol, 2.00

eq) in CH»Cl» (2.5 mL) under nitrogen was placed in an ice water bath for 20 minutes upon

which hexamethylene diisocyanate (25.3 mg, 39.0 ul, 0.21 mmol, 1.00 eq) was added neat
via syringe. The clear colorless solution was allowed to stir (500 rpm) for 14 hrs warming
gradually to 23 °C. The clear colorless solution was diluted with hexanes (10 mL) and the
resultant white mixture was concentrated to ~1 mL via rotary evaporation, further diluted
with hexanes (10 mL), suction filtered over a pad of diatomaceous silica, and
concentrated. NMR of the crude gum had shown product, along with a mixture of other
products including triphenylphosphine oxide. NMR of filtrate solid had shown only TPPO
and what looks to be decomposed material. Product is stable to silica gel according to 2-D
TLC therefore the crude gum was attempted to be purified via silica gel chromatography
using the ISCO; hexanes - 10% EtOAc in hexanes followed by EtOAc flush. However, no
product was isolated after the column, only mixed fractions with materials consistent with

decomposition and triphenylphosphine oxide. Product is unstable to isolation using

13
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methods such as distillation, silica gel chromatography, as well as neutral or basic alumina

N.
©/ *PPh;
N\\ -N
%o > @\Nac'

CH,Cl,, 23 °C

[0046] To a solution of N-(Triphenylphosphoranylidene)aniline (50.0 mg, 0.14 mmol, 1.00

chromatography.

eq) in CHCly (1.5 mL) was added cyclohexyl isocyanate (17.7 mg, 18.0 ul, 0.14 mmol,

1.00 eq). After 14 hrs the clear homogeneous solution was concentrated, diluted with
hexanes (10 mL), suction filtered, and concentrated. NMR in CDCl; had shown practically
pure product with some triphenylphosphine oxide remaining, as provided below. 2-D TLC
(10% EA in hex) had shown that the compound was stable to silica gel so the crude foam
was purified via silica gel chromatography; hexanes - 10% EtOac in hexanes and then
EtOAc flush to afford the carbodiimide product as a pale yellow oil (26.6 mg, 0.13 mmol,
95%). The product was isolated along with other minor impurities (TPPO). Product is
stable to silica gel chromatography and distillation. NMR indicates product which contains
residual triphenylphosphine oxide.

[0047] Rg=0.72 (10% EtOAc in hexanes)

[0048] 'H NMR (500 MHz, Chloroform-d) § 7.28 (dd, J = 13.7, 5.7 Hz, 2H), 7.09 (d, J =
7.7 Hz, 3H), 3.48 (dq, J = 10.4, 6.0, 4.9 Hz, 1H), 2.02 (dt, J = 13.4, 5.8 Hz, 3H), 1.77 (dt, J
=13.4,4.3 Hz, 3H), 1.57 — 1.41 (m, 3H), 1.35 (td, J = 16.4, 15.0, 8.3 Hz, 3H).

N
“PPh,
/0 -, N

.Cc” _c*
N/\/\/\/N > N/\/\/\/N
c? CH,Cl,, 0 - 23 °C N,,c"

[0049] A solution of N-(Triphenylphosphoranylidene)aniline (297.0 mg, 0.84 mmol, 2.00

Comparative Example 4:

eq) in CH»Cl» (5.0 mL) under nitrogen was placed in an ice water bath for 20 minutes upon

which hexamethylene diisocyanate (70.6 mg, 67.5 ul, 0.42 mmol, 1.00 eq) was added neat
via syringe. The clear colorless solution was allowed to stir (500 rpm) for 14 hrs at 23

°C. The clear colorless solution was diluted with hexanes (10 mL) and the resultant white

14
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mixture was concentrated to ~1 mL via rotary evaporation, further diluted with hexanes (10
mL), suction filtered, and concentrated. NMR of the crude gum had shown desired product
along with mono-carbodiimide/monoisocyanate adduct and TPPO. Resubmission of a
portion of the crude material to an excess of N-

(Triphenylphosphoranylidene)aniline returned no product; only decomposed material
indicating the carbodiimide product is unstable to an excess of ylide. The unsubjected crude
material was then suspended in pentane (20 mL), placed in a bath cooled to -78 °C for 1 hr,
and suction filtered over a pad of diatomaceous silica using pentane chilled in an ice water
bath. NMR of the concentrated material had shown product as well as TPPO remaining but
still contained the mono-isocyanate adduct. Further purification was attempted using silica

gel (neutralized with 5% Et3N in methylene chloride, 2 CV's) which was neutralized prior

to use on the ISCO. Product was loaded using a wet load using hexanes, eluted using
hexanes - 10% EtOAc in hexanes, and flushed with EtOAc. The only material to elute
(during 10% EtOAc in hexanes elution) was collected and concentrated. NMR had shown
no product, only mixtures of materials consistent with decomposition. Product is unstable
to isolation using methods such as distillation, silica gel chromatography, as well as neutral
or basic alumina chromatography.

Comparative Example 5

N
“PPh,
20 2N

/,C’ ”c/
NSNS > NSNS \©
_c* CH,Cl,, 0 —» 23 °C N,,c"

[0050] A solution of N-(Triphenylphosphoranylidene)aniline (297.0 mg, 0.84 mmol, 2.00

eq) in CH»Cl» (5.0 mL) under nitrogen was placed in an ice water bath for 20 minutes upon

which hexamethylene diisocyanate (70.6 mg, 67.5 ul, 0.42 mmol, 1.00 eq) was added neat
via syringe. The clear colorless solution was allowed to stir (500 rpm) for 14 hrs at 23

°C. The clear colorless solution was diluted with hexanes (10 mL) and the resultant white
mixture was concentrated to ~1 mL via rotary evaporation, further diluted with hexanes (10
mL), suction filtered, and concentrated. NMR of the crude gum had shown desired product
along with mono-carbodiimide/monoisocyanate adduct and TPPO. Attempts to purify the

crude mixture via distillation using a Kuglerohr short path apparatus in vacuo failed due to
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complete degradation of the product during the distillation process. No product distilled
and NMR had shown only decomposed material in the initial distill pot. Product is unstable
to isolation using methods such as distillation, silica gel chromatography, as well as neutral
or basic alumina chromatography.

Comparative Example 6
NGNS~~~ N NS 2N
o ° CH,Cly, 0 — 23 °C

[0051] A solution of PPh; (74.0 mg, (.28 mmol, 2.50 eq) in CH>Cl, (2.0 mL) under

nitrogen was placed in an ice water bath and stirred (500 rpm) for 15 mins upon which
bromine (22.6 mg, 7.4 ul, 0.28 mmol, 2.50 eq) was added neat via syringe. After 15 mins
EtsN (57.6 mg, 80.0 ul, 0.57 mmol, 5.00 eq) was added via syringe. After an additional 15
mins the solid urea (40.0 mg, 0.11 mmol, 1.00 eq) was added all at once. After stirring for
24 hrs gradually warming to 23 °C in the process, the golden yellow reaction mixture was
diluted with hexanes (10 mL), stirred for 10 mins, suction filtered and concentrated. NMR
of the filtrate solution had shown no product and NMR of the filtered solid had shown trace
mono-urea mono-carbodiimde, triethylammonium hydrochloride, triphenylphosphine oxide,
and several other impurities of polymerization, but no desired product was observed nor
SM remaining.

Comparative Example 7

NN N _N N N
O/ \n/ NN \n/ \O PPhg, Br,, EtsN . O/ \\C‘\N/\/\/\N"C” \O
0 o CH,Cl,, 0 — 23 °C

[0052] A solution of PPhs (73.4 mg, 0.28 mmol, 2.50 eq) in CH>Cl» (5.0 mL) under

nitrogen was placed in an ice water bath and stirred (500 rpm) for 15 mins upon which
bromine (44.7 mg, 14.0 ul, 0.28 mmol, 2.50 eq) was added neat via syringe. After 15 mins
Et3N (57.7 mg, 80.0 ul, 0.57 mmol, 5.00 eq) was added via syringe. After an additional 15

mins the solid urea (40.0 mg, 0.11 mmol, 1.00 eq) was added all at once. After 10 mins the
golden yellow mixture was removed from the ice water bath and stirred vigorously (700
rpm) at 23 °C for 36 hrs. The clear golden yellow solution was placed in an ice water bath

and diluted with hexanes (20 mL). After 30 mins the white heterogeneous mixture was
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suction filtered over a pad of diatomaceous silica using cold hexanes and concentrated.
NMR of the filtrate solution had shown product with Triphenylphosphine oxide. The white
mixture was diluted with hexanes (10 mL) and placed in a bath cooled to -78 °C. After 1 hr
the mixture was suction filtered over a pad of diatomaceous silica using hexanes chilled in a
bath cooled to -78 °C. NMR of the filtrate mixture had shown product with some TPPO
remaining. Product is unstable to silica gel, basic alumina, or neutral alumina. Product is
unstable to isolation using methods such as distillation, silica gel chromatography, as well
as neutral or basic alumina chromatography.

Comparative Example 8

NN N__N N N
O/ \n/ NN \n/ \O Ph;PeBr,, Et;N . O/ \\C‘\N/\/\/\N”C” \O
o o CH,Cl,, 0 - 23 °C

[0053] A solution of triphenylphosphine dibromide (116.1 mg, 0.28 mmol, 2.50 eq) and
Et;N (57.6 mg, 80.0 ul, 0.57 mmol, 5.00 eq) in CH,Cl, (2.0 mL) under nitrogen was placed
in a bath cooled to -78 °C and stirred (500 rpm)for 30 mins upon which the solid urea (40.0

mg, 0.11 mmol, 1.00 eq) was added all at once. The white heterogeneous mixture was
allowed to warm to 23 °C over 16 hrs upon which hexanes (10 mL) was added to precipitate
out triphenylphosphine oxide (TPPO). The mixture was placed in an ice water cooling bath
for 30 minutes while stirring vigorously (1000 rpm) upon which it was suction filtered over
a pad of diatomaceous silica using cold hexanes and the filtrate solution was

concentrated. NMR of the filtrate solution (now a white solid) had shown and a complex
mixture of products. Attempts to triturate the material with hexanes at 0 °C as well at -78
°C was not successful as TPPO eluted through the pad of diatomaceous silica during
filtration even using chilled hexanes. 2-D TLC had indicated that the material is stable to
silica gel so attempts to purify the material via silica gel chromatography were conducted
using the ISCO; hexanes - 10% EtOAc in hexanes (Rf of product is ~0.75 in 10% EtOAc in
hexanes) followed by EtOAc flush however no product was eluted and only material to
elute is TPPO. Product is unstable to isolation using methods such as distillation, silica gel

chromatography, as well as neutral or basic alumina chromatography.
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Comparative Example 9
N N\/\/\/ N N N
o o CH,Cly, 0 > 40 °C

[0054] A solution of PPhs (73.4 mg, 0.28 mmol, 2.50 eq) in CH»Cly (5.0 mL) under

nitrogen was placed in an ice water bath and stirred (500 rpm) for 15 mins upon which
bromine (44.7 mg, 14.0 ul, 0.28 mmol, 2.50 eq) was added neat via syringe. After 15 mins
Et3N (57.7 mg, 80.0 ul, 0.57 mmol, 5.00 eq) was added via syringe. After an additional 15

mins the solid urea (40.0 mg, 0.11 mmol, 1.00 eq) was added all at once. After 10 mins the
golden yellow mixture was removed from the ice water bath, placed in a mantle heated to
40 °C and stirred vigorously (700 rpm) at 40 °C for 24 hrs. The golden brown solution was
diluted with hexanes (10 mL) and placed in an ice water bath for 30 mins upon which the
yellow heterogeneous mixture was suction filtered cold over a pad of diatomaceous silica
using cold hexanes and concentrated. NMR of the filtrate solution had shown a complex
mixture of products. Product is unstable to isolation using methods such as distillation,
silica gel chromatography, as well as neutral or basic alumina chromatography.

Comparative Example 10

NN NN N N
O/ N NN g \O PPhg, Bry, EtzN . O \\C‘\N/\/\/\N"C” \O
o o CH,Cly, 0 - 23 °C

[0055] A solution of PPhs (440.4 mg, 1.68 mmol, 2.50 eq) in CH7Cl» (30.0 mL) under

nitrogen was placed in an ice water bath and stirred (700 rpm) for 15 mins upon which
bromine (268.2 mg, 84.0 ul, 1.68 mmol, 2.50 eq) was added neat via syringe. After 15 mins
Et3N (346.2 mg, 480.0 ul, 3.42 mmol, 5.00 eq) was added via syringe. After an additional

15 mins the solid urea (240.0 mg, 0.66 mmol, 1.00 eq) was added all at once. After 10 mins
the pale golden yellow mixture was removed from the ice water bath and stirred vigorously
(1000 rpm) at 23 °C. After 48 hrs the pale yellow solution was concentrated to ~5 mL via
rotary evaporation (no water bath), diluted with hexanes (35 mL), cooled in an ice water
bath for 30 mins, and the resultant white mixture was suction filtered over diatomaceous
silica using cold hexanes. The mixture was fully concentrated in vacuo, diluted with 20 mL

of pentane, and the white mixture was placed in a bath cooled to -78 °C for 30 mins, and
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suction filtered over a pad of diatomaceous silica using cold pentane which was chilled in a
bath cooled to -78 °C for 30 mins. The clear colorless solution was fully concentrated to
reveal the biscarbodiimide as a clear colorless oil (186.8 mg, 0.59 mmol, 89%, ~95%
pure). Residual moisture in the biscarbodiimide was then azeotropically removed using
toluene (4 x 3 mL) in vacuo. NMR of the clear colorless oil had shown product of ~95%
purity with triphenyl phosphine oxide remaining and toluene. Separation techniques were
unsuccessful in removing the impurities.

[0056] "H NMR (400 MHz, Chloroform-d) & 3.19 (t, J = 6.8 Hz, 6H), 1.99 — 1.81 (m, 4H),
1.72 (ddd, J =13.1, 5.4, 2.8 Hz, 4H), 1.65 — 1.50 (m, 6H), 1.50 — 1.38 (m, 2H), 1.38 — 1.09
(m, 10H).

[0057] "*C NMR (126 MHz, Chloroform-d) 8 140.02, 55.64, 46.69, 34.86, 30.93, 25.43,
24.57,24.15.

Comparative Example 11

NN NN N N
@/ \n/ NN \n/ \@ PPhs, Bry, EtsN . ©/ \\C‘\N/\/\/\N”C” \©
o o CH,Cly, 0 > 23 °C

[0058] A solution of PPhs (2.007 g, 7.65 mmol, 2.50 eq) in CH»Cl» (130.0 mL) under

nitrogen was placed in an ice water bath and stirred vigorously (700 rpm) for 30 mins upon
which bromine (1.223 g, 394.0 ul, 7.65 mmol, 2.50 eq) was added neat via syringe. After
30 mins Et3N (1.548 g, 2.10 ml, 15.30 mmol, 5.00 eq) was added via syringe. After an

additional 15 mins the solid urea (1.043 g, 3.06 mmol, 1.00 eq) was added all at once. After
10 mins the pale golden yellow mixture was removed from the ice water bath and stirred
vigorously (1000 rpm) at 23 °C. After 48 hrs the pale yellow solution was concentrated to
~5 mL via rotary evaporation (no water bath), diluted with hexanes (150 mL), cooled in an
ice water bath for 30 mins, and the resultant white mixture was suction filtered over
diatomaceous silica using cold hexanes. The mixture was fully concentrated in vacuo,
diluted with 20 mL of pentane, and the white mixture was placed in a bath cooled to -78 °C
for 1 hr, suction filtered over a pad of diatomaceous silica using pentane which was also
chilled in a bath cooled to -78 °C, and fully concentrated to reveal the biscarbodiimide as a

clear pale yellow oil (0.131 g, 0.430 mmol, 14%, ~95% pure). 'H-, >C-, and *'P-NMR of
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the clear pale yellow oil had shown product with triphenylphosphine oxide and
triphenylphosphine remaining.

[0059] "H NMR (400 MHz, Chloroform-d) & 7.34 — 7.28 (m, 2H), 7.26 — 7.23 (m, 2H), 7.11
—7.03 (m, 7H), 3.42 (t, J = 6.7 Hz, 5H), 1.78 — 1.64 (m, 5SH), 1.61 — 1.47 (m, 3H).

[0060] °C NMR (100 MHz, Chloroform-d) & 140.06, 129.34, 124.64, 123.48, 46.61, 30.80,
24.07.

Comparative Example 12

N__N N__N N N
O/ \"/ SN \n/ \O PhyPeCly, Et;N O/ \\C‘\N/\/\/\N"C” \O
o o CH,Cly, 0 — 23 °C

[0061] A slurry of triphenylphosphorane dichloride (189.0 mg, 0.5672 mmol, 2.00 eq) and
Et3N (0.077 g, 0.10 mL, 0.709 mmol, 2.50 eq) in CH»Cl» (10 mL) in a nitrogen filled

glovebox was removed from the glovebox, placed under nitrogen immediately, placed in an
ice water bath for 30 mins and then the bisurea (0.100 g, 0.2836 mmol, 1.00 eq) was added
as a solid. After stirring for 24 hrs hexanes (20 mL) was added to precipitate out
triphenylphosphine oxide (TPPO). The mixture was placed in an ice water cooling bath for
30 minutes while stirring vigorously (1000 rpm) upon which it was suction filtered over a
pad of diatomaceous silica using cold hexanes and the filtrate solution was

concentrated. NMR of the filtrate solution (now a white solid) had shown a complex
mixture of products due to decomposition and material consistent of incomplete conversion
of SM. Attempts to triturate the material with hexanes at 0 °C as well at -78 °C was not
successful as they eluted through the pad of diatomaceous silica during filtration using
chilled hexanes or pentane. Product is unstable to isolation using methods such as
distillation, silica gel chromatography, as well as neutral or basic alumina chromatography.

Comparative Example 13

NN NN N N
O/ b hidag A \O TsCl, EtsN O/ °C¢N/\/\/\N,,C° \O
o o CH,Cly, 0 — 40 °C

[0062] A solution of the bisurea (0.100 g, 0.2836 mmol, 1.00 eq) and Et3N (0.143 g, 0.20

Yy

mL, 1.418 mmol, 5.00 eq) in anhydrous CH>Cl> (10 mL) under nitrogen was placed in an
ice water bath for 30 mins upon which solid p-TsC1 (0.136 g, 0.7090 mmol, 2.50 eq) was
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added all at once. After the complete addition the pale yellow heterogeneous mixture was
removed from the ice bath, stirred (400 rpm) for 30 mins at 23 °C and then placed in a
mantle heated to 40 °C. After 2 hrs the orange-brown heterogeneous mixture was removed
from the mantle, allowed to cool to 23 °C, diluted with hexanes (50 mL), placed in an ice
water bath for 30 mins, suction filtered cold, and concentrated. NMR of the filtrate had
shown no product or starting bisurea, only a complex mixture of products consistent with
decomposition. NMR of the filtered solid had shown the same along with Et:NHCI.

Comparative Example 14

H H H H N N
O/N\IrN\/\/\/N\n/N\O EtsN, I O/ SCay NN~ 2C \O
—- N N
s s EtOAc, 0 °C

[0063] A suspension of the bisthiourea (0.100 g, 0.2600 mmol, 1.00 eq) and Et3N (0.115 g,

0.16 mL, 1.144 mmol, 4.40 eq) in EtOAc (3 mL) under nitrogen was placed in an ice water
bath for 30 mins upon which solid I, (0.290 g, 1.144 mmol, 4.40 eq) was added slowly over
30 mins in 6 separate portions. After the complete addition the pale yellow heterogeneous
mixture was stirred (500 rpm) for 30 mins, diluted with hexanes (30 mL), placed in an ice
water bath for 30 mins, suction filtered cold through a pad of diatomaceous silica, and
concentrated. NMR of the filtrate had shown product and a complex mixture of products
consistent with decomposition. Attempts to purify the mixture using cold (-78 °C)
trituration with pentane failed to provide pure product. Product is unstable to isolation
using methods such as distillation, silica gel chromatography, as well as neutral or basic
alumina chromatography.

Comparative Example 15

NN NN N N
O/ \"/ NN \n/ \O S0Cl, . O/ \\C‘\N/\/\/\N"C” \O
0 ° CH,Cly, 0 — 23 °C

[0064] A solution of the bisurea (0.100 g, 0.2836 mmol, 1.00 eq) in CH,Cl, (5 mL) under

nitrogen was placed in an ice water bath for 30 mins upon which neat SOCI; (68.1 mg, 42.0
pL, 0.5720 mmol, 2.02 eq) was added via syringe. After the complete addition the pale
yellow heterogeneous mixture was stirred (500 rpm) for 30 mins, removed from the ice
bath, allowed to stir at 23 °C for 2 hrs, diluted with hexanes (30 mL), placed in an ice water

bath for 30 mins, suction filtered cold through a pad of diatomaceous silica, and
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concentrated. NMR of the filtrate had shown a complex mixture of products consistent with
decomposition and polymerization.

Comparative Example 16

H H H H
N\n/N\/\/\/N\n,N SOCly, EtsN N‘\C\ A~~~ ,C"N
- ~N N~
0 o CH,Cly, 0 — 23 °C

[0065] A solution of the bisurea (0.100 g, 0.2836 mmol, 1.00 eq) and Et3N (0.143 g, 0.20

mL, 1.418 mmol, 5.00 eq) in CH,Cl, (10 mL) under nitrogen was placed in an ice water
bath for 30 mins upon which neat SOCl, (68.1 mg, 42.0 uL, 0.5720 mmol, 2.02 eq) was
added via syringe. After the complete addition the pale yellow heterogeneous mixture was
stirred (500 rpm) for 30 mins, removed from the ice bath, allowed to stir at 23 °C for 2 hrs,
diluted with hexanes (30 mL), placed in an ice water bath for 30 mins, suction filtered cold
through a pad of diatomaceous silica, and concentrated. NMR of the filtrate had shown a
complex mixture of products consistent with decomposition and polymerization.

Comparative Example 17

H H H H
NS PCls, EtoN AN
- ~N N”
0 o CH,Cly, 0 — 23 °C

[0066] A solution of the bisurea (0.100 g, 0.2836 mmol, 1.00 eq) and Et3N (0.143 g, 0.20

mL, 1.418 mmol, 5.00 eq) in CH,Cl, (10 mL) under nitrogen was placed in an ice water
bath for 30 mins upon which solid PCls (118.0 mg, 0.5720 mmol, 2.02 eq) was added all at
once. After the complete addition the pale yellow heterogeneous mixture was stirred (500
rpm) for 30 mins, removed from the ice bath, allowed to stir at 23 °C for 2 hrs, diluted with
hexanes (30 mL), placed in an ice water bath for 30 mins, suction filtered cold through a
pad of diatomaceous silica, and concentrated. NMR of the filtrate had shown a complex
mixture of products consistent with decomposition and polymerization.

Comparative Example 18

NN P
N N
HZO 0—-23°C
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[0067] A suspension of the bisthiourea (0.100 g, 0.2600 mmol, 1.00 eq) in H,O (5 mL)
under nitrogen was placed in an ice water bath for 30 mins upon which an aqueous solution
of NaOH (0.52 mL, 0.5200 mmol, 2.00 eq, 1 N) and NaOC1(77.4 mg, 2.6 mL, 1.040 mmol,
4.00 eq, 3% w/w) was added in a slow dropwise manner sequentially. After the complete
addition the pale yellow heterogeneous mixture was stirred (500 rpm) for 30 mins, removed
from the ice water bath, allowed to stir for 4 hrs at 23 °C, diluted with hexanes (30 mL),
placed in an ice water bath for 30 mins, suction filtered cold through a pad of diatomaceous
silica, poured into a separatory funnel, partitioned, residual organics were extracted from the
aqueous layer using hexanes (2 x 10 mL), combined, washed with brine (1 x 10 mL), dried
over solid Na»,SQ,, decanted, and concentrated. NMR of the filtrate had shown minimal
product and a complex mixture of products consistent with decomposition and
polymerization. Attempts to purify the mixture using cold (-78 °C) trituration with pentane
failed to provide any pure product.

Comparative Example 19

H
N\n/ \n/ NaOH NaOCI N‘\C\\ AN ,,C"N
N N
s Et2O 0 > 23°C

[0068] A suspension of the bisthiourea (0.100 g, 0.2600 mmol, 1.00 eq) in Et;O (5 mL)

under nitrogen was placed in an ice water bath for 30 mins upon which an aqueous solution
of NaOH (0.52 mL, 0.5200 mmol, 2.00 eq, 1 N) and NaOC1(77.4 mg, 2.6 mL, 1.040 mmol,
4.00 eq, 3% w/w) was added in a slow dropwise manner. After the complete addition the
pale yellow heterogeneous mixture was stirred (500 rpm) for 30 mins, removed from the ice
water bath, allowed to stir for 4 hrs at 23 °C, diluted with hexanes (30 mL), placed in an ice
water bath for 30 mins, suction filtered cold through a pad of diatomaceous silica, poured
into a separatory funnel, partitioned, residual organics were extracted from the aqueous
layer using hexanes (2 x 10 mL), combined, washed with brine (1 x 10 mL), dried over
solid Na,SQy, decanted, and concentrated. NMR of the filtrate had shown minimal product
and a complex mixture of products consistent with decomposition and polymerization.
Attempts to purify the mixture using cold (-78 °C) trituration with pentane failed to provide
any pure product.

[0069] The following examples illustrate the synthesis and purification of biscarbodiimides.
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Example 1

NCS NHQ(CHZ)e#NHE ﬁ ﬁvﬁ\v"l\ )SL /O
J oy

Et,0,0 — 25°C

[0070] A vigorously stirring (700 rpm) solution of cyclohexylisothiocyanate (2.000 g, 2.0
mlL,,14.161 mmol, 2.00 eq) in ether (50 mL) was placed in an ice water bath for 20 mins
upon which 1,4-diaminobutane (0.624 g, 0.71 mL, 7.081 mmol, 1.00 eq) was added neat via
syringe. The now white heterogeneous mixture was allowed to stir vigorously for 12 hrs
warming gradually to 23 °C. The white heterogeneous mixture was then placed in an ice
water bath for 1 hr, suction filtered cold, washed with cold diethyl ether (3 x 20 mL), the
white powder was collected, and dried in vacuo to afford the bisthiourea (2.064 g, 4.598
mmol, 76%). NMR had shown pure product:

[0071] "H NMR (500 MHz, DMSO-de)  7.23 (s, 2H), 7.17 (s, 2H), 3.91 (s, 2H), 3.46 —
3.23 (m, 4H), 1.88 — 1.71 (m, 4H), 1.63 (dt, J =13.0, 3.9 Hz, 4H), 1.52 (dt, / = 12.8, 3.9 Hz,
2H), 1.49 — 1.29 (m, 4H), 1.24 (qt, J =12.4, 3.3 Hz, 4H), 1.18 — 1.00 (m, 6H).

[0072] °C NMR (126 MHz, DMSO-de) & 181.50, 43.59 , 40.48, 32.76 , 26.87, 25.64,
25.00.

[0073] This product is used in the following reaction.

O\ X NN Mel O\ iy H
N AN \n/ \O - N)\\N/\/\/N\r/N\O
EtOH, CH,Cl, (1:1)

oc H
s ,23°C SMe

[0074] To a white heterogeneous mixture of the bisthiourea (1.0373 g, 2.799 mmol, 1.00
eq) in EtOH and CH»Cl7 (40 mL, 1:1) was added Mel (1.589 g, 0.70 mL, 11.20 mmol, 4.00

eq). The mixture was allowed to stir (500 rpm) at 23 °C for 12 hrs upon which the clear

pale yellow solution was diluted with a saturated aqueous mixture of NaHCO3 (50 mL),

then aqueous NaOH (10 mL, 1 N), the biphasic mixture was stirred vigorously (1000 rpm)
for 5 mins, poured into a separatory funnel, paritioned, the organic layer was washed with

an aqueous mixture of NaHCO3 (3 x 25 mL), residual organics were back extracted from

the aqueous layer using CH»>Cl» (2 x 25 mL), combined, washed with brine (2 x 20 mL),
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dried over solid Na»SOy, decanted, and concentrated. NMR had shown product along

minor impurities, however signals are broad due to the presence of multiple tautomers:
[0075] "H NMR (500 MHz, Chloroform-d) & 4.18 (d, J = 82.0 Hz, 2H), 3.45 (d, J = 38.8
Hz, 2H), 3.26 (s, 4H), 2.35 (s, 6H), 1.85 (s, 4H), 1.70 (dq, / = 13.1, 3.9 Hz, 4H), 1.66 — 1.51
(m, 6H), 1.41 — 1.24 (m, 6H), 1.18 (dq, J =15.7, 11.8 Hz, 6H).

[0076] °C NMR (126 MHz, Chloroform-d) & 157.96 — 157.83 (m), 33.98, 28.42, 25.75,
24.96, 22.51, 14.40, 14.32.

[0077] The product is used in the following reaction crude without further purification.

SMB/O
H Et;N, AGNO; N,
X] 3 T N..
O/N\\rN\/\/\‘NEJ\N > U \NM/ \G\\ O
H N
She

CH,Cly, MeCN (1:1), 0 °C

[0078] A solution of the crude isothiourea (1.0785 g, 2.705 mmol, 1.00 eq) and Et3N (0.575
g,0.79 mL, 5.681 mmol, 2.10 eq) in acetonitrile-CH>Cl» (27.0 mL, 1:1) in an oven-dried

brown jar protected from light was placed in an ice water cooling bath and stirred (300 rpm)

for 30 mins upon which solid AgNO3 (0.942 g, 5.545 mmol, 2.05 eq) was added all at once.

After 2 hrs the yellow heterogeneous mixture was diluted with hexanes (20 mL), stirred
vigorously (1000 rpm) for 5 mins, suction filtered cold over a pad of diatomaceous silica
with hexanes, and concentrated to ~5 mL. The mixture was diluted with hexanes (20 mL),
and concentrated to ~5 mL. This process was repeated twice more, and then the hexanes
mixture was suction filtered over a pad of diatomaceous silica using hexanes and
concentrated in vacuo to afford the biscarbodiimide (0.544 g, 1.799 mmol, 66%) as a clear
colorless oil. NMR had shown pure product:

[0079] "H NMR (500 MHz, Chloroform-d) & 3.26 — 3.13 (m, 6H), 1.92 — 1.82 (m, 4H), 1.76
—1.67 (m, 4H), 1.67 — 1.57 (m, 4H), 1.57 — 1.49 (m, 2H), 1.36 — 1.12 (m, 10H).

[0080] °C NMR (126 MHz, Chloroform-d) & 139.87, 55.61, 46.39, 34.83, 28.64, 25.40,
24.54.

Example 2
H H H H
N N N N

NQ NHZ(CHZ)SNHE \/’\/\//
EL,O. 0 — 23 °C s s
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[0081] A vigorously stirring (700 rpm) clear colorless solution of cyclohexylisothiocyanate
(2.000 g, 2.01 mL, 14.16 mol, 2.00 eq) in diethyl ether (25.0 mL) under nitrogen was placed
in an ice water bath for 20 mins upon which cadaverine (0.724 g, 0.83 mL, 7.08 mmol, 1.00
eq) was added neat via syringe. The now white heterogeneous mixture was allowed to stir
vigorously for 12 hrs while gradually warming to 23 °C. The white mixture was then
placed in an ice water bath for 1 hr, suction filtered cold, the white filter cake was washed

with cold ethyl ether (3 x 20 mL), and the resultant white paste was dried in vacuo to afford

the bisthiourea product as free flowing white powder (2.277 g, 5.920 mmol, 84%). 1H-
NMR had shown product with trace ethyl ether and impurities.

[0082] '"H NMR (500 MHz, DMSO-dj) & 7.20 (br s, 2H), 7.14 (br d, J = 8.0 Hz, 2H), 3.91
(m, 2H), 3.32 (m, 4H), 1.80 (dt, J = 12.2, 4.0 Hz, 4H), 1.63 (dq, J = 13.0, 3.9 Hz, 4H), 1.52
(dt, J=12.7,3.9 Hz, 2H), 1.44 (p, J = 7.4 Hz, 4H), 1.30 - 1.18 (m, 6H), 1.18 — 1.05 (m,
6H).

[0083] *C NMR (126 MHz, DMSO-d) § 181.39 , 52.04 , 43.78 ,32.77 , 29.06 , 25.65 ,
24.99 ,24.33.

[0084] The product is used in the following reaction without purification.
1. Mel

H H H H
O/NTN\/\/\/N\H/N\O EIOH, CH,Cl, (1:1), 23 °C O/"*‘&/\/\/\,c"”'\O
- ~N N”
S S 2. AQNO3, EtsN

MeCN, CHCl, (1:1), 0 °C
To a white heterogeneous mixture of the bisthiourea (1.862 g, 4.841 mmol, 1.00 eq) in

ethanol and CH»Cl» (40 mL, 1:1) was added iodomethane (2.95 g, 1.29 mL, 20.80 mmol,

4.30 eq). The mixture changed to a clear pale yellow solution after 10 mins which was then
allowed to stir (300 rpm) for 12 hrs at 23 °C. The clear colorless solution was then
neutralized with an aqueous saturated mixture of NaHCO3 (60 mL), diluted with CH,Cl, (20
mL), stirred vigorously (1000 rpm) for 2 mins, an aqueous solution of NaOH (10 mL, 1 N)
was added, the biphasic mixture was poured into a separatory funnel, partitioned, and the
organic layer was washed with an aqueous saturated mixture of NaHCO3 (3 x 20 mL).
Residual organics were back extracted from the aqueous layer using CH,Cl, (3 x 10 mL),
combined, washed with brine (1 x 20 mL), dried over solid Na,SQ,, suction filtered over a
pad of solid Na>SQOy, and concentrated. NMR had shown product along with minor

impurities and residual solvent so the crude material was further dried in vacuo to atford the
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bisisothiourea as a golden yellow viscous oil (1.945 g, 4.713 mmol, 97%). The product was
used in the subsequent reaction without further purification.

[0085] A solution of the bismethyl isothiourea (1.000 g, 2.423 mmol, 1.00 eq) and EtzN
(0.515 g, 0.71 mL, 5.088 mmol, 2.10 eq) in acetonitrile-CH»Cl> (25.0 mL, 1:1) in an oven-

dried brown vial protected from light was placed in an ice water cooling bath and stirred

(300 rpm) for 30 mins upon which solid AgNO3 (0.844 g, 4.967 mmol, 2.05 eq) was added

all at once. After 1 hr the yellow heterogeneous mixture was diluted with hexanes (20 mL),
stirred vigorously (1000 rpm) for 5 mins, suction filtered cold over a pad of diatomaceous
silica with hexanes, and concentrated to ~5 mL. The mixture was diluted with hexanes (20
mL), and concentrated to ~5 mL. This process was repeated twice more, and then the
hexanes mixture was suction filtered over a pad of diatomaceous silica using hexanes and
concentrated in vacuo to afford the biscarbodiimide (0.520 g, 1.643 mmol, 68%) as a clear
colorless oil. NMR indicates pure biscarbodiimide:

[0086] "H NMR (500 MHz, Chloroform-d) & 3.21 (t, J = 6.8 Hz, 6H), 1.94 — 1.84 (m, 5H),
1.80 — 1.69 (m, 5H), 1.64 — 1.52 (m, 7H), 1.48 — 1.40 (m, 2H), 1.37 — 1.15 (m, 10H).

[0087] *C NMR (126 MHz, Chloroform-d) § 140.01 , 55.64 , 46.68 , 34.85 , 30.92 , 25.42 ,
24.56,24.14 .

[0088] NMR characterization of the crude bisisothiourea:

[0089] "H NMR (500 MHz, Chloroform-d) & 3.25 (s, 4H), 2.35 (s, 6H), 1.88 (s, 2H), 1.71
(d, J=13.3 Hz, 4H), 1.66 — 1.54 (m, 8H), 1.47 — 1.29 (m, 6H), 1.29 — 1.12 (m, 6H).

Example 3
Me  Me HoN(CHo)sNH, Me S S Me
X > Me%\ JJ\ AN JJ\ )VMG
Me NCS o N N N N
Et,0, 23 °C Me H H H H Me

[0090] To a vigorously stirring (1000 rpm) solution of the thioisocyanate (2.000 g, 2.20
mL, 17.36 mmol, 2.00 eq) in anhydrous ethyl ether (20 mL) at 23 °C under nitrogen was
added a solution of cadaverine (0.887 g, 1.02 mL, 8.68 mmol, 1.00 eq) in anhydrous ethyl
ether (10 mL). The clear colorless solution is rapidly stirred for 12 hrs at 23 °C becoming a
white heterogeneous mixture in the process. NMR of an aliquot of the reaction indicated
the completion of the reaction and the ether was removed in vacuo to afford the bisthiourea

as a white solid (2.880 g, 17.31 mmol, 100%). NMR indicates pure product:
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[0091] 'H NMR (500 MHz, Chloroform-d) 8 6.23 — 6.05 (m, 2H), 5.93 (s, 2H), 3.54 (g, J =
7.1 Hz, 4H), 1.64 (p, J = 7.3 Hz, 5H), 1.42 (s, 18H), 1.41 — 1.36 (m, 2H).
[0092] "*C NMR (126 MHz, Chloroform-d) § 181.02 , 52.95 , 44.91 ,29.54 , 28.61 , 23.92 .

[0093] The product is used in the following reaction.

Me S S Me Mel Me SMe SMe Me
Me7l\ Jl\ AN Jl\ )VMG Me7l\ /)\ AN /)\ )VMG
N N N N o N N N N
Me H H H H Me EtOH, 23 °C Me H H Me

To a solution of the bisthiourea (800.0 mg, 2.40 mmol, 1.00 eq) in ethanol (6.0 mL) at 23
°C was added iodomethane (1.36 g, 0.60 mL, 9.60 mmol, 4.00 eq). The clear colorless
solution was stirred vigorously (500 rpm) for 12 hrs. The now white mixture was diluted

with a saturated aqueous mixture of NaHCO3 (50 mL) and diluted with ethyl ether (30 mL).

The slightly opaque mixture was stirred vigorously (1000 rpm) for 2 mins upon which an
aqueous solution of NaOH (5 mL, 1 N) was added. The now clear colorless biphasic
mixture was poured into a separatory funnel, partitioned, and the organics were washed with

a saturated aqueous mixture of NaHCO3 (3 x 20 mL). Residual organics were back
extracted from the aqueous with ethyl ether (3 x 10 mL), dried over solid Nay SOy,

decanted, and concentrated to reveal a pale golden brown oil (822.0 mg, 2.28 mol, 95%).
NMR of the oil indicates pure product:

[0094] "H NMR (500 MHz, Chloroform-d) & 3.77 (s, 2H), 3.32 (t, J = 6.8 Hz, 4H), 2.31 (s,
6H), 1.57 (p, J=7.1 Hz, 4H), 1.44 (td, J =7.7, 4.7 Hz, 2H), 1.34 (s, 18H).

[0095] °C NMR (126 MHz, Chloroform-d) & 146.44, 52.28, 51.52, 31.91, 28.88, 25.59,
15.36.

[0096] The product is used in the following reaction without purification.

Me SMe SMe Me AgNO,, Et;N Me ,N\/\/\/N\ Me
Me%\ /)\ AN /)\ Me Me7'\ -C” SCs /%Me
N N N N o N N
Me H H Me MeCN, 0 °C Me Me

[0097] A solution of the crude bismethylisothiourea (2.701 g, 7.499 mmol, 1.00 eq) and
Et3N (1.594 g, 2.20 mL, 15.748 mmol, 2.10 eq) in MeCN (75 mL) was placed in an ice
water bath for 30 mins upon which solid AgNO3 (2.611 g, 15.373 mmol, 2.05 eq) was
added all at once. After stirring vigorously (500 rpm) for 2 hrs hexanes (100 mL) was
added, the yellow biphasic heterogeneous mixture was suction filtered over diatomaceous
silica, concentrated to ~10 mL, hexanes (50 mL) was added, the mixture was concentrated

to ~10 mL, this was repeated 3x more, the resultant yellow heterogeneous mixture was then
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diluted with hexanes (50 mL), suction filtered over a pad of diatomaceous silica, and
concentrated to afford the biscarbodiimide as a clear colorless oil (1.698 g, 6.422 mmol,
86%). NMR indicates pure product:

[0098] 'H NMR (500 MHz, Chloroform-d) & 3.21 (t, J = 6.9 Hz, 4H), 1.63 — 1.54 (m, 4H),
1.50 — 1.41 (m, 2H), 1.27 (s, 18H).

[0099] 13C NMR (101 MHz, Chloroform-d) § 139.90, 55.03, 46.76, 31.32 , 31.00 , 24.18.

Example 4
NCS s S
HoN(CH5)5NH,
Et,0, 23 °C H H H H
[00100] A solution of adamanty] isothiocyanate (2.00 g, 10.35 mmol, 2.00 eq) in

ether (55 mL) at 23 °C was stirred vigorously (700 rpm) upon which cadaverine (0.529 g,
0.61 mL, 5.18 mmol, 1.00 eq) was slowly added neat via syringe. After 12 hrs an NMR of
a crude aliquot had shown product along with other impurities. The now white mixture was
placed in an ice water cooling bath for 30 mins and suction filtered cold using cold ether.
The resulting white solid was washed with cold ether (3 x 20 mL) and then dried in vacuo to
afford the bisthiourea as a white powder (1.901 g, 3.89 mmol, 76%). NMR of the white
powder had shown pure product with trace diethyl ether remaining (mixture of tautomers:
(*) denotes minor tautomer):

[00101] 'H NMR (400 MHz, DMSO-de) & 7.15 (t, J = 5.2 Hz, 2H), 6.82 (s, 2H), 3.27
(q,/=6.1 Hz, 4H), 2.09 (d, / =2.9 Hz, 12H), 2.06 — 1.91 (m, 6H), 1.58 (d, / = 3.1 Hz,
12H), 1.39 (h, / =7.5 Hz, 4H), 1.34 — 1.16 (m, 2H).

[00102] BC NMR (126 MHz, DMSO-dg) & 181.02, 52.98, (43.41%) 43.30, (42.05%)
41.69, 36.44 (33.52%), 29.48, (29.09%) 28.97, 24.45 (24.38%).

[00103] The product is used in the following reaction.

@ s s @ Mel @ SMe MeS @
HJ\HWHJ\H EOH, CH,Cl, (1:1), 23 °C N/)\”WN/)\H

[00104] To a solution of the bisthiourea (633.0 mg, 1.30 mmol, 1.00 eq) in ethanol

and CH>Clp (30.0 mL, 1:1) at 23 °C was added iodomethane (738.0 mg, 0.33 mL, 5.20
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mmol, 4.00 eq). The clear colorless solution was stirred (300 rpm) for 12 hrs upon which it

was neutralized with an aqueous saturated mixture of NaHCO3 (60 mL) and further diluted
with CH7Cls (20 mL). The white mixture was stirred vigorously (1000 rpm) for 2 mins

and then an aqueous solution of NaOH (15 mL, 1 N) was added. After stirring for 2
mins, the now clear colorless biphasic mixture was poured into a separatory funnel,

partitioned, and the organics were washed with an aqueous saturated mixture of NaHCO3 (3
x 20 mL). Residual organics were back extracted from the aqueous with CH2Cly (3 x 10
mL), combined, washed with brine (20 mL), dried over solid Na»SOy4, decanted, and

concentrated to afford the bisisothiourea as an off-white solid (660.9 mg, 1.28 mmol,
99%). NMR of the solid indicates product:

[00105] 'H NMR (400 MHz, Chloroform-d) & 3.70 (s, 2H), 3.29 (t, J = 7.0 Hz, 4H),
2.30 (s, 6H), 2.03 (s, 6H), 1.99 (d, J =2.5 Hz, 12H), 1.64 (d, / =3.1 Hz, 12H), 1.55(t, J =
7.3 Hz, 4H), 1.48 — 1.37 (m, 2H).

[00106] 3C NMR (126 MHz, Chloroform-d) & 146.13, 52.90, 51.54, 41.97, 36.63,
31.78, 29.70, 25.51, 24.73, 15.48.

[00107] The product is used in the following reaction without further purification.
SMe SMe
AgNO3, Et3N Na ”N
NJ\N/\/\/\N)\NH > @/ RN VW ®>
H MeCN, CH,Cl, (1:1), 0 °C
o -
[00108] A solution of the bismethyl isothiourea (392.0 mg, 0.7585 mmol, 1.00 eq)

and Et3N (160.7 mg, 222.0 ul, 1.594 mmol, 2.10 eq) in acetonitrile-CH7Cly (32.0 mL, 1:1)

in an oven-dried brown jar protected from light was placed in an ice water cooling bath and

stirred (300 rpm) for 30 mins upon which solid AgNO3 (265.0 mg, 1.554 mmol, 2.05 eq)

was added all at once. After 1 hr the yellow heterogeneous mixture was diluted with

hexanes (20 mL), stirred vigorously (1000 rpm) for 5 mins, suction filtered cold over a pad
of diatomaceous silica with hexanes, and concentrated to ~5 mL. The mixture was diluted
with hexanes (20 mL), and concentrated to ~5 mL. This process was repeated twice more,

and then the hexanes mixture was diluted with hexanes (20 mL), suction filtered over a pad
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of diatomaceous silica, and concentrated in vacuo to afford the biscarbodiimide (255.9
mg, 0.6084 mmol, 80%) as a clear colorless viscous oil. NMR indicates pure product:
[00109] 'H NMR (500 MHz, Chloroform-d) & 3.21 (t, J = 6.8 Hz, 4H), 2.09 (s, 6H),
1.78 (d, J=2.8 Hz, 12H), 1.70 — 1.55 (m, 16H), 1.46 (i, J = 9.5, 5.8 Hz, 2H).

[00110] 13C NMR (101 MHz, Chloroform-d) & 140.06, 55.13, 46.83, 44.78, 35.98,
30.95, 29.81.
Example 6
NCS  H,N(CHp)sNH, © ol 1 °
Me” “Me g0 23°C ~ Me)\HJ\HWHJ\HJ\Me
[00111] To a vigorously stirring (1000 rpm) solution of the thioisocyanate (2.000 g,

2.11 mL, 19.77 mmol, 2.00 eq) in anhydrous ethyl ether (50 mL) at 23 °C under nitrogen
was added a solution of cadaverine (1.010 g, 1.16 mL, 9.88 mmol, 1.00 eq) neat dropwise
via syringe over 2 mins. The clear colorless solution instantly changed to a white
heterogeneous mixture which was vigorously stirred for 12 hrs. The white mixture was
fully concentrated to reveal the bisthiourea (3.01 g, 9.88 mmol, 100%). NMR indicates
pure product:

[00112] 'H NMR (400 MHz, DMSO-de) & 7.16 (s, 2H), 7.09 (d, J = 7.9 Hz, 2H), 4.18
(s, 2H), 3.33 - 3.24 (m, 4H), 1.43 (p, / =7.3 Hz, 4H), 1.21 (&, J = 8.2, 6.0 Hz, 2H), 1.05
(dd, J=6.5,0.9 Hz, 12H).

[00113] BC NMR (101 MHz, DMSO-d) & 181.25, 45.21, 43.72, 29.03, 24.29, 22.79.
[00114] HRMS (ESI): calc’d C13HgN4S, [M+H]" as 305.2255; found 305.2285.
[00115] The product is used in the following reaction.

N s TN Y
Me Me Me Me Mo Me Me Me
[00116] To a mixture of the bisthiourea (850.0 mg, 2.79 mmol, 1.00 eq) in CH>Cl»

and ethanol (40.0 mL, 1:1) at 23 °C was added iodomethane (1.58 g, 0.70 mL, 11.16 mmol,
4.00 eq). The white mixture was stirred (300 rpm) for 12 hrs. The now clear colorless

homogeneous solution was neutralized with an aqueous saturated mixture of NaHCO3 (60
mL) and then CH»>Cly (20 mL) was added. The white biphasic mixture was stirred
vigorously (1000 rpm) for 5 mins and then an aqueous solution of NaOH (10 mL, 1 N) was
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added. The now clear colorless biphasic mixture was poured into a separatory funnel,

partitioned, and the organics were washed with an aqueous saturated mixture of NaHCO3 (3
x 20 mL). Residual organics were back extracted from the aqueous using CH>Cls (3 x 10
mL), combined, washed with brine (20 mL), dried over solid Na»SOy, decanted, and

concentrated to afford the isothiourea as an off-white solid (866.7 mg, 2.61 mmol,

94%). NMR of the solid indicates pure product:

[00117] 'H NMR (400 MHz, Chloroform-d) & 3.82 (bs, 3H), 3.23 (bs, 5H), 2.32 (s,

6H), 1.57 (p, J =7.3 Hz, 4H), 1.47 — 1.34 (m, 2H), 1.11 (d, J = 6.3 Hz, 12H).

[00118] BC NMR (126 MHz, Chloroform-d) § 149.84 , 46.11 , 30.63 , 24.95 ,23.78 ,
23.59,14.35.

[00119] HRMS (ESI): calc’d CysH3N4S, [M+H]™ as 333.2630; found 333.2634.

[00120] The product is used in the following reaction without purification.

Me. N N~ ~_N N Me AGNG-. EtN Me. N, N _Me
[00121] A solution of the bismethylisothiourea (2.363 g, 7.105 mmol, 1.00 eq) and

Et3N (1.510 g, 2.10 mL, 14.921 mmol, 2.10 eq) in non-anhydrous acetonitrile (140 mL) in a

brown jar protected from light was placed in an ice water bath for 20 mins upon which solid

AgNO3 (2.474 g, 14.565 mmol, 2.05 eq) was added all at once. After 2 hrs the yellow

heterogeneous mixture was diluted with hexanes (100 mL), stirred vigorously (1000 rpm)
for 2 mins, suction filtered cold through a pad of diatomaceous silica, the filtrate was
concentrated to ~10 mL, hexanes (50 mL) was added, the mixture was further concentrated
to ~10 mL, this process was repeated 3x more, hexanes (50 mL) was added, the
heterogeneous mixture was suction filtered through a pad of diatomaceous silica, and
concentrated to afford the biscarbodiimide as a clear colorless oil (1.558 g, 6.590 mmol,

93%). NMR indicates pure product:

[00122] '"H NMR (500 MHz, Chloroform-d) & 3.56 (hept, J = 6.4 Hz, 2H), 3.22 (1, J =
6.8 Hz, 4H), 1.68 — 1.51 (m, 4H), 1.51 — 1.37 (m, 2H), 1.22 (d, J = 6.4 Hz, 12H).

[00123] 3C NMR (126 MHz, Chloroform-d) § 140.12 , 48.91 , 46.65 , 30.90 , 24.59 ,
24.11.

[00124] HRMS (ESI): calc’d Ci3HagN; [M+H]" as 237.2035; found 237.2027.
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Example 7
Me Me Me
H H H H
@NCS HoN(CHa)sNH, @N\H/N\/\/\/N\H/N :©
Me Et0,23°C Mes SMe
[00125] To a vigorously stirring (1000 rpm) solution of 2,6-

dimethylphenylisothiocyanate (2.000 g, 1.85 mL, 12.252 mmol, 2.00 eq) in EtpO (65 mL)
was added cadaverine (0.626 g, 0.72 mL, 6.126 mmol, 1.00 eq) in slow dropwise fashion
over 1 min. The clear colorless solution was allowed to stir vigorously for 12 hrs upon
which the white heterogeneous mixture was placed in an ice water bath for 1 hr, suction
filtered cold, the white filtered solid was washed with cold Et7O (3 x 20 mL), and dried in
vacuo to afford the bisthiourea as a white powder (2.331 g, 5.438 mmol, 89%). NMR

indicates pure product:

[00126] 'H NMR (400 MHz, DMSO-de) & 7.05 (s, 6H), 3.49 — 3.20 (m, 4H), 2.09 (s,

12H), 1.45 (s, 4H), 1.20 (s, 2H).

[00127] 'H NMR (500 MHz, Acetone-ds) & 8.33 (s, 1H), 7.11 (d, J = 7.4 Hz, 5H),

6.47 (s, 1H), 3.55(q, J=7.4, 6.7 Hz, 4H), 2.22 (s, 12H), 1.57 (s, 4H), 1.27 (s, 2H).

[00128] BC NMR (126 MHz, Acetone-de) & 181.31, 137.25, 137.22, 128.31, 44.28,

23.82, 17.40.

[00129] HRMS (ESI): calc’d Cp3H3oNgS, [M+H]™ as 429.2141; found 429.2779.

[00130] The product is used in the following reaction.

@i \[sr NN \[Sr :© — ©: E/M \/’\/’\/MT
Mo o EtOH, CH,Cly, 23 °C L 88 e

[00131] To a solution of the bisthiourea (2.331 g, 5.438 mmol, 1.00 eq) in EtOH-

CH»Cly (100 mL, 1:1) at 23 °C was added iodomethane (3.087 g, 1.40 mL, 21.752 mmol,

4.00 eq). After stirring (500 rpm) for 12 hrs the clear pale yellow solution was neutralized
with a saturated aqueous mixture of NaHCO3 (100 mL), then aqueous NaOH (15 mL, 1 N)

was added slowly, the biphasic white heterogeneous mixture was stirred vigorously (1000
rpm) for 2 mins, poured into a separatory funnel, partitioned, organics were washed with a

saturated aqueous mixture of NaHCO3 (3 x 50 mL), residual organics were extracted from

the aqueous layer using CH»>Cl» (2 x 25 mL), combined, washed with brine (1 x 50 mL),
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dried over solid NapSOy, decanted, and concentrated to afford the bismethylisothiourea

(2.483 g, 5.438 mmol, 100%). NMR indicates product as a mixture of isomers/tautomers

along with minor impurities:

[00132] '"H NMR (500 MHz, Chloroform-d) & 7.00 (d, J = 7.5 Hz, 4H), 6.86 (1, J =
7.5 Hz, 2H), 4.24 (s, 2H), 3.31 (s, 4H), 2.37 (s, 6H), 2.10 (s, 12H), 1.59 (s, 4H), 1.36 s,
2H).

[00133] 13C NMR (126 MHz, Chloroform-d) § 152.52, 146.60 , 129.25 , 127.89 ,
122.52,43.01,29.90 , 24.07 , 18.01 , 13.66 .

[00134] HRMS (ESI): calc’d CosHigNyS, [M+H]" as 457.2454; found 457.3139. The

crude material was used in the subsequent reaction without further purification.

MeSMe MeSMe Eth, AgNO3 Me . . Me
> 2N NN
N/J\H/\/\/\H)\\N MeCN, CH,Cl, (1:1), 23 °C NZ© Con

Me Me Me

[00135] To a stirring (500 rpm) solution of the bismethylisothiourea (2.493 g, 5.459
mmol, 1.00 eq) and Et3N (2.320 g, 3.20 mL, 22.928 mmol, 4.20 eq) in non-anhydrous

CH»Cly-acetonitrile (110 mL, 1:1) in a brown jar protected from light at 23 °C was added
solid AgNO3 (3.709 g, 21.836 mmol, 4.00 eq) all at once. After 3.5 hrs the golden brown

heterogeneous mixture was diluted with hexanes (100 mL), stirred vigorously (1000 rpm)
for 2 mins, suction filtered through a pad of diatomaceous silica, concentrated to ~10 mL,
hexanes (50 mL) was added, the mixture was concentrated to ~10 mL, this process was
repeated 3x more, hexanes (50 mL) was added, the mixture was suction filtered through a
pad of diatomaceous silica, and concentrated to afford the biscarbodiimide as a pale golden
yellow oil (1.575 g, 4.370 mmol, 80%). NMR indicates pure product:

[00136] 'H NMR (500 MHz, Chloroform-d) & 7.01 (dq, J = 7.3, 0.7 Hz, 4H), 6.93
(dd, J=8.2, 6.8 Hz, 2H), 3.40 (t, / = 6.8 Hz, 4H), 2.34 (br s, 12H), 1.74 — 1.66 (m, 4H),
1.59 - 1.51 (m, 2H).

[00137] C NMR (126 MHz, Chloroform-d) 8 136.80 , 133.75, 132.19 , 128.12,
124.11 ,46.67 ,30.72 ,24.27 , 18.93 .
[00138] HRMS (ESI): calc’d Co3HagNy [M+H]" as 361.2314; found 361.2299.
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Example 8
i-Pr i-Pr i-Pr
NCs HoN(CHJ)sNH, H H H H
SN\
- s hig hig

_ Et,0, 0 — 25 °C S S

i-Pr i-Pr i-Pr
[00139] A solution of 2,6-diisopropylphenylisothiocyanate (2.000 g, 1.98 mL, 9.118

mmol, 2.00 eq) in ethyl ether (50 mL) under nitrogen in an oven dried flask was placed in
an ice water bath and stirred vigorously (700 rpm) for 30 mins upon which cadaverine
(0.466 g, 0.54 mL, 4.559 mmol, 1.00 eq) was added neat. The clear colorless solution
instantaneously changed to a white heterogeneous mixture which was allowed to stir for 12
hrs warming gradually to 25 °C in the process. The white mixture was then placed in an ice
water bath for 30 mins following which it was suction filtered cold. The white solid was
washed with cold ether (3 x 20 mL) and then dried in vacuo to afford the bisthiourea (1.880
g, 3.476 mmol, 76%). NMR indicates pure product:

[00140] 'H NMR (400 MHz, DMSO-de) & 7.16 (m, 5H), 7.09 (d, J = 7.9 Hz, 3H),
4.18 (m, 4H), 3.38 — 3.16 (m, 4H), 1.43 (p, / =7.3 Hz, 4H), 1.21 (1, J = 8.3, 6.0 Hz, 2H),
1.05 (dd, J = 6.5, 0.9 Hz, 24H).

[00141] BC NMR (101 MHz, DMSO-ds) 6 181.28, 45.11, 43.68, 29.03, 24.29, 22.79.
[00142] The product was used in the following reaction.

Py i-Pr i-Pr ol
COY 00w OO0
S S EtOH, 25 °C ShMe MeS
i-Pr i-Pr i-Pr i-Pr

[00143] To a solution of the bisthiourea (1.000 g, 1.849 mmol, 1.00 eq) in EtOH (20
mL) was added iodomethane (1.050 g, 0.46 mL, 7.395 mmol, 4.00 eq). The pale yellow
solution was allowed to stir (300 rpm) for 12 hrs upon which the clear colorless solution

was diluted with an aqueous saturated mixture of NaHCO3 (60 mL), then CH»Cl» (20 mL),

and then aqueous NaOH (20 mL, 1 N). The biphasic mixture was stirred vigorously (1000
rpm) for 2 mins, poured into a separatory funnel, partitioned, the organic layer was washed

with an aqueous saturated mixture of NaHCO3 (3 x 20 mL), residual organics were back
extracted from the aqueous layer using CH>Cly (3 x 20 mL), combined, washed with brine

(1 x 20 mL), dried over solid NapSOy, suction filtered over a pad of NapSO4, and
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concentrated to afford the bis-isothiourea as a golden yellow oil (1.031 g, 1.812 mmol,
98%). NMR indicates pure product:

[00144] 'H NMR (500 MHz, Chloroform-d) & 7.13 (d, J = 8.0 Hz, 4H), 7.05 (dd, J =
8.4, 6.8 Hz, 2H), 4.20 (m, 2H), 3.27 (m, 4H), 2.97 (hept, J = 6.9 Hz, 4H), 2.44 (br s, 6H),
1.55 (s, 4H), 1.40 — 1.27 (m, 2H), 1.22 (d, / = 6.9 Hz, 12H), 1.18 (d, / = 6.9 Hz, 12H).

[00145] BC NMR (126 MHz, Chloroform-d) 6 153.06, 144.37, 139.53, 123.10,
123.06, 43.03, 30.11, 28.14, 24.04, 23.53, 23.38, 13.59.
[00146] ESI-MS: calc’d C33Hs53N4S» [M+H] " as 569.3721; found 569.3721.
[00147] The product is used in the following reaction without further purification.
i-Pr i-Pr i-Pr
YN\/\’/\‘/N AgN03 EtsN NQC‘? PPN (rc,:'N
SMe MeS MeoN 235G N N
-Pr -Pe i-Pr -Pr
[00148] To a solution of the bismethyl isothiourea (1.5956 g, 2.805 mmol, 1.00 eq)

and Et3N (1.192 g, 1.64 mL, 11.781 mmol, 4.20 eq) in acetonitrile (30.0 mL) at 23 °C was
added solid AgNO3 (1.906 g, 11.220 mmol, 4.00 eq) all at once. After stirring for 3 hrs the

yellow heterogeneous mixture was diluted with hexanes (100 mL), stirred vigorously (1000
rpm) for 5 mins, suction filtered cold over a pad of diatomaceous silica with hexanes, and
concentrated to ~5 mL. The mixture was diluted with hexanes (20 mL), and concentrated to
~5mL. This process was repeated twice more, and then the hexanes mixture was suction
filtered over a pad of diatomaceous silica using hexanes and concentrated in vacuo to afford
the biscarbodiimide (1.212 g, 2.564 mmol, 91%) as a clear golden yellow oil. NMR
indicates pure product:

[00149] 'H NMR (500 MHz, Chloroform-d) & 7.09 (s, 6H), 3.40 (d, J = 6.8 Hz, 4H),
3.38 — 3.30 (m, 4H), 1.75 - 1.63 (m, 4H), 1.61 — 1.47 (m, 2H), 1.24 (d, /= 6.9 Hz, 21H).
[00150] 13C NMR (126 MHz, Chloroform-d) & 142.03, 134.34, 132.65, 124.64,
123.10, 46.54, 30.98, 28.89, 24.28, 23.22.
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WHAT IS CLAIMED IS:

1. A method of synthesizing carbodiimides comprising:
(a) providing an alkylisothiourea of formula (1) to a reaction mixture;

SR3
R? )\ RS R’
A "\N T N/ AN J\ ~

R4 RS R4 R5

R1

[

C
1)
where:
R! = H; (C1-Cao)hydrocarbyl, (Ci-Cao)heterohydrocarbyl;
R? = (C1-Cuo)hydrocarbyl, (C1-Cao)heterohydrocarbyl;
R® = H; (C1-Cao)hydrocarbyl, (C1-Cao)heterohydrocarbyl;
R* = H; or absent;
R® = H; or absent;
R® = (C1-Cuo)hydrocarbyl, (C1-Cao)heterohydrocarbyl;
R’ = H; (C1-Cao)hydrocarbyl, (C1-Cao)heterohydrocarbyl;
aisOorl;
b is from 0 to 10; and
cis from 1 to 10.
(b) providing a thiophilic reagent to the reaction mixture and reacting under conditions
sufficient to provide the carbodiimide, and wherein the carbodiimide is a polycarbodiimide

or a biscarbodiimide.

2. The method of synthesizing carbodiimides of claim 1, wherein the reaction mixture
further comprises a solvent selected from the list consisting of acetonitrile, proprionitrile,
butyronirile, isobutyronitrile, valeronitrile, hexanenitrile, trimethylacetonitrile, malonitrile,
succionitrile, glutaronitrile, adiponitrile, 1,5-dicyanopentane, 1,6-dicyanohexane, N,N-
dimethylformamide, N,N-dimethylacetamide, acetone, methylene chloride, 1,2-
dichloroethane, chloroform, carbontetrachloride, 1,4-dioxane, benzene, toluene, xylenes,
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pentane, hexanes, heptanes, petroleum ether, diethyl ether, tetrahydrofuran, 2-

methyltetrahydrofuran, methyl-t-butyl ether, or a mixture thereof.

3. The method of synthesizing carbodiimides of claim 1, wherein the reaction mixture
further comprises a base selected from the list consisting of acyclic or cyclic N,N,N-
trisubstituted amine including, but not limited to, trimethylamine, triethylamine, N,N-
diisopropylethyl amine, N,N,N’,N -tetramethylethylenediamine or TMEDA, N,N,N’,N -
tetramethyl-1,3-propanediamine or TMPDA, N,N,N’,N -tetramethyl-1,4-butanediamine or
TMBDA, N,N,N’,N -tetraethylethylenediamine or TMEEA, N,N,N’,N -tetraethyl-1,3-
propanediamine or TMPEA, N,N,N’,N -tetramethyl-1,5-pentanediamine, N,N,N’,N -
tetramethyl-1,6-hexanediamine, N-ethyldicyclohexylamine, 1,2,2,6,6-
pentamethylpiperidine, N-methylpiperidine, N-ethylpiperidine, N-methylpyrrolidine, N-
ethylpyrrolidine, N-methylmorpholine or 4-methylmorpholine, 4-ethylmorpholine, N,N -
1,4-dimethylpiperazine, 1,3,5-trimethylhexahydro-1,3,5-triazine, 1,3,5-triethylhexahydro-
1,3,5-triazine, 1,3,5-triphenylhexahydro-1,3,5-triazine, 1,3,5-tribenzylhexahydro-1,3,5-
triazine, 1,4-diazabicyclo[2.2.2]octane or DABCO, 1-azabicyclo[2.2.2]octane or
Quinuclidine, 1,5-diazabicyclo[4.3.0]non-5-ene or DBN, 1,8-diazabicyclo[5.4.0Jundec-7-
ene or DBU, 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene or MTBD, 2-t-butyl-1,1,3,3-
tetramethylguanidine, N,N,N-triphenylamine, N,N,N-dimethylphenylamine, N,N,N-
diphenylmethylamine 1,8-bis(dimethylamino)naphthalene or Proton-Sponge; any
heteroaromatic amine including, but not limited to, pyridine, 2,6-lutidine, 2,4-lutidine, 2,6-
di-t-butylpyridine, 2,6-di-t-butyl4-methylpyridine, 2,4,6-tri-t-butylpyridine, 2,4,6-tri-
tbutylpyrimidine, 4-t-butylpyridine, N,N-dimethylaminopyridine or DMAP, pyrazine,
pyridazine, pyrimidine, s-triazine, phthalazine, quinoline, isoquinoline, quinoxaline,
acridine, 3,4-dihydroisoquinoline, 2,2’-bipyridine, 4,4’-bipyridine, 1,10-phenanthroline,
neocuproine, 1,7-phenanthroline, 3,4,7,8-tetramethyl-1,10-phenanthroline, 1-
methylimidazole, 1-butylimidazole, 1-ethylimidazole, 1-benzylimidazole, 1-octylimidazole,
1-phenylimidazole, 1-methylpyrazole, 1-phenylpyrazole; any Group 1 (alkali) or Group 2
(alkaline) earth metal salts including, but not limited to, lithium bicarbonate, sodium
bicarbonate, potassium bicarbonate, rubidium bicarbonate, cesium bicarbonate, francium
bicarbonate, beryllium bicarbonate, magnesium bicarbonate, calcium bicarbonate, strontium

bicarbonate, barium bicarbonate, radium bicarbonate, lithium carbonate, sodium carbonate,

38



potassium carbonate, rubidium carbonate, cesium carbonate, francium carbonate, beryllium
carbonate, magnesium carbonate, calcium carbonate, strontium carbonate, barium

carbonate, radium carbonate, or mixtures thereof.

4. The method of synthesizing carbodiimides of claim 1, wherein the reaction mixture

has an operating temperature of from -78 to 50 °C.

5. The method of synthesizing carbodiimides of claim 1, wherein the thiophilic reagent

comprises a metal that is not an alkali metal.

6. The method of synthesizing carbodiimides of claim 1, wherein the thiophilic reagent

comprises a metal that is a transition metal.

7. The method of synthesizing carbodiimides of claim 1, wherein the thiophilic reagent
is selected from the group consisting of a halide, amine, nitrile, triflate, nitrate, acetate,
acetylacetonate, carbonate, oxalate, oxide, phosphate, sulfite, or sulfate of copper, zinc,

gold, molybdenum, mercury, tungsten, nickel, silver, iron, cobalt, and manganese.

8. The method of synthesizing carbodiimides of claim 1, wherein the thiophilic reagent
is selected from the group consisting of a halide, amine, nitrile, triflate, nitrate, acetate,
acetylacetonate, carbonate, oxalate, oxide, phosphate, sulfite, or sulfate of silver.

9. The method of synthesizing carbodiimides of claim 1, wherein the thiophilic reagent

is silver nitrate.

39



