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acids, esterification using carbodiimides
113–115

N -acyl-S,S-dimethylsulfilimines 77
α-acylamino-β-thiopropionic acids 98
acylcarbodiimides 173–181

reactions of 180
synthesis of 174–180

from carbonimidoyl dichlorides or
chloroformamidines 178

from cyanamides 179
from isocyanates 177
from other carbodiimides 179
from thioureas 174–176
from ureas 176–177

N -acylchloroformamidines 126
N -acylketene imines 72
acyloxyketenes 72
N -acyltetrazoles 104
N -acylureas 88, 93
adenosine 5-phosphate (A5P) 95
adenosine-5-phosphoric acid amide 95
adenosinetriphosphate (ATP), synthesis of 94
5-adenylic acid 95
alcohols, reactions with alkyl- and

arylcarbodiimides 83–89
aldehydes, aromatic 61
aldoximes 88
aliphatic carbodiimides

homopolymerization of 45
infrared spectra 4
reactions with arenesulfonyl isocyanates

48
water soluble 2

aliphatic imidoylcarbodiimides, carbodiimide
infrared band 173, 174

α-alkoxycarbonylcarbodiimides 90, 129
alkyl halides, reactions with trimethylsilyl

carbodiimide 35
N -alkyl-N ′-[4-(5-phenyloxazol-2-yl)-

benzyl]carbodiimides 11
N -alkyl-N ′-trimethylsilylcarbodiimides, [2 + 2]

cycloaddition reaction of haloketenes
with 188

S-alkyl-N ,N ,N ′-trialkylisothioureas 207
alkylarylcarbodiimides 9
alkylbis(trimethylsilyl)phosphanes 80
alkylcarbodiimides

reactions of 41–130
condensation 113–125
cycloaddition 46–76
heterocycles from 104–113
insertion 78–83
nucleophilic 83–104
oligomerization and polymerization 41–46
with ylides 76–78

synthesis of 10–36
by dehydration of ureas 16–17
by nitrene rearrangements 25–28
by thermolysis reactions 29–33
from cyanamides 25
from haloformamidines or carbonimidoyl

dihalides 28–29
from isocyanates or isothiocyanates 17–25
from thioureas, isothioureas and

selenoureas 10–15
O-alkylisoureas 84, 85
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O-alkylmonoisoureas 84
1-(alkyoxycarbonyl)-3-(arylmethyl)thioureas

175
N -allyl-N ′-4-methoxyphenylcarbodiimide 162
aluminum amidinate complexes 79
amidines 82
amidoximes, Tiemann rearrangement of 25
aminals, N ,N ′-substituted α,α-dioxoketene 82
amines, reactions with carbodiimides 99
amino acyl adenylates 95
5-amino-1H-1,2,3-triazoles 66
3-amino-2-arylaminoquinazolin-4(3H)-ones

107
1-amino-isoquinolines 158
aminoalcohols, reactions with carbodiimides

100
aminoquinazolines 173
o-aminothiophenols 110
ammonia, reactions with carbodiimides 99
anhydrides 89, 113

carboxylic acid anhydrides 170
cyclic anhydrides 93, 94

anthranilic acid 106
N -(1-anthranyl)-N ′-octadecylcarbodiimide 249
antibiotics, synthesis of 261
antidiabetic drugs 268
arenesulfonyl isocyanates, reactions with

aliphatic carbodiimides 48
N -arenesulfonyl-N ′-alkylcarbodiimides 3,

205
N -arenesulfonyl-N ′-phenylcarbodiimides,

reaction with HN3 210
arenesulfonylcarbodiimides 31

reactions with oxalyl chloride 210
arenesulfonylthioureas 99
aromatic carbodiimides 2

infrared spectra 4
stability of 3

3-aroyl-2-(2-aryl-4,5-dioxo-4,5-dihydro-
3-furyl)quinoxalins 72

aryl isocyanates 42
1-aryl-2-arylamino-2-imidazolines 100
3-aryl-2-arylamino-4-arylimino-quinazolines

43
3-aryl-2-quinoxalinyl(aroyl)ketenes 72
6-aryl-4-arylimino-1-phenyl-6-trifluoromethyl-

1,4,5,6-tetrahydropyrazolo-[4,3-e][1,3]-
oxazines 170–171

N -aryl-N ′-[4-(5-phenyloxazol-2-yl)-
benzyl]carbodiimides 11

N -aryl-N ′-trifluoromethylcarbodiimides,
dimers and trimers 43

2-arylamino-1,3-thiazolines 100
2-arylamino-3-ferrocenecarbonyl quinolines

157

2-arylamino-6H-pyrano[2,3-f]benzimidazole-
6-ones 14

2-arylaminobenzothiazoles 110
arylcarbodiimides 75

N -2-chloroethyl-N ′-arylcarbodiimides 171
o-carboxyethyldiarylcarbodiimides 107
reactions of 41–130

cycloaddition 46–76
oligomerization and polymerization 41–46
with ylides 76–78

synthesis of 10–36
by dehydration of ureas 16–17
by nitrene rearrangements 25–28
by thermolysis reactions 29–33
from cyanamides 25
from haloformamidines or carbonimidoyl

dihalides 28–29
from isocyanates or isothiocyanates 17–25
from thioureas, isothioureas and

selenoureas 10–15
see also diarylcarbodiimides; unsaturated

arylcarbodiimides
aza-Wittig reaction 2, 20–25, 251, 260
azides 34
2-azido-4,6-dichlorotriazine 231
azidoformat, photolysis of 179
aziridincarboximidoyl chlorides 167
aziridines 65
N -aziridinyliminoureas 176
azoniaallene salts 63, 64

barbiturates 92
5-diaminomethylenebarbiturates 81

batzelladin alkaloids 156
benzo[b]carbazoles 75
benzotriazoles 112
benzoyl-sulfene, reaction with DCC 60
biguanides 102
biological applications, of carbodiimides

261–268
bis-1,1-difluoro-2,2,2-

trichloroethylcarbodiimide 166
bis-1,2,2,2-tetrachloroethylcarbodiimide 166
N ,N ′-bis-(2-vinyloxy)ethylcarbodiimide 148
1,3-bis-(2-vinyloxyethyl)thiourea 148
bis-alkylideneureas 170

reactions with
phosphorus pentachloride 167
triphenylphosphine dibromide 167

bis-α-chlorocarbodiimides 169, 170
bis-boc-carbodiimide 11
bis-carbodiimides 252
bis-N -acylureas 93
bis-sugar carbodiimides 21–22
bis-t-butylcarbodiimide 35
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bis-trichlorocarbonylcarbodiimide 177
bis-trimethylsilyl mercury 81
bis-trimethylsilylcarbodiimide 79, 183
N ,N ′-bis[1-(4-methylphenyl)-

2-phenylvinyl]carbodiimide 149
bis[[4-(2,2-dimethyl-1,3-dioxoyl)]methyl]-

carbodiimide (BDDC) 2
bis(4-dimethylaminophenyl)carbodiimide 90
bis(α-bromo)carbodiimides 167
bis(α-chloro)carbodiimides 167
bisaryliminophosphoranes, synthesis of cyclic

carbodiimides from 231–236
2,5-bis(cyanimino)-2,5-dihydrothieno[3,2-b]-

thiophenes 189
N ,N -bis(glycopyranosyl)cyanamides 191
bis(perchloroethyl)carbodiimide 165
N ,N ′-bis(t-butoxycarbonyl)-protected

guanidines 251
N ,N -bis(trialkyl) ureas 184
bis(trifluoromethyl)carbodiimide 35, 167
bis(trifluoromethyl)thioketene, reaction with

carbodiimides 58
bis(trimethylsilyl)carbodiimide

cyanoimines from 188
phosphorus substituted carbodiimides from

202, 203
reactions of 189, 190, 191

bis(trimethylstannyl)carbodiimide 202
bis(triphenylmethyl)carbodiimide 36
bis(triphenylsilyl)carbodiimide 186
bis(triphenylstannyl)carbodiimide 36, 186
bis(trityl)carbodiimide 25
blowing agents 269–270
boron carbodiimide oligomers 248
bovin trypsin 264
bromophenylacetylene 59
Burgess reagent 17
t-butyl isothiocyanate 32
1-t-butyl-2-carbomethoxyazetidine 65
N -t-butyl-N ′-dimethylaminocarbodiimide 198
N -t-butyl-N ′-phenylcarbodiimide 31
N -t-butyl-N ′-trimethylmetalcarbodiimide 81
t-butylimido zirconocene complexes, exchange

reaction with methyl isothiocyanate 35

carbamic acid salts 100
carbamoylcarbodiimides 175
carbamoylthiocarbodiimides 175
carbodiimide foams 3
carbodiimide terminated dithiolane self

assembly monolayers (SAMs) 263
carbodiimides

13C-NMR spectra 4
15N-NMR spectra 4
applications of 259–281

bond angles 3–4
cycloadducts derived from 52, 56

[2 + 2] 49
[2 + 4] 74

effect of substituents on stability of 4
halogenation of 166
with heterocyclic substituents 147
imidozirconcene complexes [2 + 2]

cycloaddition reactions with 54
industrial applications 3
in pharmaceuticals, herbicides and pesticides

267–268
in polymer synthesis 269
protein and DNA synthesis 261–263
Raman spectra 4
reactions with

ammonia, amines, amine derivatives and
azides 99–104

dimethyl sulfate 42
isocyanate salts 50
phenylcarbonyl isocyanate 50

reactivity of 10
review articles on 3
structure of 1
synthesis of 1

acyl-, thioacyl- and imidoylcarbodiimides
from 179

phosphorus substituted carbodiimides from
202–203

silicon substituted carbodiimides from 186
starting materials for 9
sulfur substituted carbodiimides from 208

toxicity of 5
uses of

in attachment of biomarkers to
polypeptides 1

in organic synthesis 1–2
as stabilizers for polyester based polymers

246
carbonimidoyl dichlorides 29

synthesis of
acyl-, thioacyl- and imidoylcarbodiimides

from 178
halogenated carbodiimides from 166–167
phosphorus substituted carbodiimides from

200–201
sulfur subsituted carbodiimides from

206–207
carbonimidoyl dihalides, synthesis of alkyl- and

arylcarbodiimides from 28–29
o-carboxyethyldiarylcarbodiimides 107
carboxylic acid amides 116
carboxylic acids

reaction of carbodiimides with inorganic and
89–97



JWBK177-IND JWBK177/Ulrich July 19, 2007 16:50

286 Index

carboxylic acids (Continued)
reactions with hydrogen peroxide 93
reactions with N ,O-dimethyl-hydroxylamine

101
N -o-carboxylphenyl-N ′-phenyl thiourea 17
castanospermin 118
catalysts, for methathesis reactions 29–30
α-chloro isocyanate, reaction with N -

trimethylsilyl-N ′-phenylcarbodiimide
35

2-chloro-1-methylpyridinium iodide
(Mukaiyama reagent) 13

N -chloroamidines 28
3-chlorobenzothiazole-S-dioxide 34
α-chlorocarbodiimide 170
p-chlorodiphenylcarbodiimide 65
N -2-chloroethyl-N ′-arylcarbodiimides 171
chloroethyl-parabanic acids 171
chloroformamidine hydrochlorides 17, 28, 126
chloroformamidines 126

synthesis of acyl-, thioacyl- and
imidoylcarbodiimides from 178

chloroformamidinium salts 127
α-chloroheterocumulenes 190
α-chloroisocyanates 165
N -4-chlorophenylcarbonyl-N ′-

t-butylcarbodiimide 178
α-chlorosulfilimines 35
chondroitin sulfate 268
α-chymotripsin 267
collagen

coupling to acrylic acid polymers 265
crosslinking of 124, 267

condensation reactions, use of carbodiimides in
113–125

copolyamides 125
copolymers, crosslinked 252–253
creatin kinase, grafting to collagen film 253
crosslinking agents 2
cyanamides 1, 129

fluorination of 165
N ,N -bis(glycopyranosyl)cyanamides 191
synthesis of

acyl-, thioacyl- and imidoylcarbodiimides
from 179

alkyl- and arylcarbodiimides from 25
phosphorus substituted carbodiimides from

201–202
silicon substituted carbodiimides from

183–184
1-cyano-N ,N ′-disubstituted formamidines 103
2-cyanoarylcarbodiimides 106
cyanoformamidines 70
1,2-disubstituted 3-cyanoguanidines 102
cyanoimines 188

cyclic carbodiimides 227–242
oligomeric 247
reactions of 236–241

cycloaddition 238–240
with methyloxalyl chloride 241
nucleophilic 236–237
oligomerization 237
with oxalyl chloride 240
with phosgene 240

synthesis of 229–236
by nitrene rearrangement 230–231
from bisaryliminophosphoranes and

isocyanates or isothiocyanates 231–236
from cyclic thioureas 229

cyclic diketones, [2+4] cycloadducts derived
from carbodiimides and 74

cyclic nitrones, reaction with
di-t-butylcarbodiimide 125

cycloaddition reactions 46–76, 260
[2 + 2] 60–63
[2 + 2] across C N bonds 46–55
[2 + 2] across C C multiple bonds 55–60
[2 + 3] 63–67
[2 + 4] 68–76
of acyl-, thioacyl-, and imidoylcarbodiimides

180
of cyclic carbodiimides 238–240
of halogenated carbodiimides 168–169
of silicon substituted carbodiimides 188–190

cycloadducts 47
[2 + 2] 50
[2 + 2] derived from carbodiimides and

isocyanates 49
[2 + 4] 50, 51
[2 + 4] derived from carbodiimides and

cyclic diketones 74
derived from isothiocyanates and

carbodiimides 52
derived from ketenes and carbodiimides 56

cyclobutane aluminum complex, reaction with
carbodiimides 58

N -(1,3,5-cycloheptatrienyl)-
N ′-phenylcarbodiimide 149

N -cyclohexyl-N ′-(1-pyrenyl)carbodiimide
(PCD) 272

N -cyclohexyl-N ′-(2,2,6,6-tetramethylpiperi-
dineoxy)carbodiimide 259–260

N -cyclohexyl-N ′-[4-(dimethylamino)-
α-naphthyl]carbodiimide (NCD-4) 272

N -cyclohexyl-N ′-(4-methylmorpholine-beta-
yl) carbodiimide p-toluenesulfonate 90

N -cyclohexyl-N ′-isopropyl-carbodiimide 10
N -cyclohexyl-N ′-(N -methylmorpholino)-

carbodiimide 273
cyclopentadienyl iron dicarbonyl 62
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cyclopentadienyl-bis(ethylene)cobalt 63
cycloreversion reactions 60

DCC (dicyclohexylcarbodiimide) 5, 9, 10, 29,
33, 259, 260, 261

1H-NMR study 4
rate of reaction with aliphatic acids in THF 90
reactions with

3,4-methylenedioxyphenylpropiolic acid
91

3,6,9-trioxaundecanoic dicarboxylic acid
93

chlorosulfonyl isocyanate 49
dithiocarboxylic acids 98
formic acid 91
monothiocarboxylic acids 98
phenylpropiolic acid 91
N -p-toluenesulfonyl-N ′-

cyclohexylcarbodiimide 47
in synthesis of polypeptides 2

7-deazaxanthine-9-propionic acid 122
dehydration reactions 260
di-2-pyridylcarbodiimide 43
di-α-naphthylcarbodiimide 30
di-t-butylcarbodiimide 2
N ,N ′-di-t-butylcarbodiimide 10
diafenthiuron 267
N ,N -dialkyl-1,3-diazocine-2,4,8-triones 82
1,3-dialkyl-2,4-bisalkylimino-1,3-diazetidines

41
5-(dialkylamino)-1,2,4-triazoles 129
2-dialkylamino-5,6,7,8-tetrahydrobenzothieno-

[2,3-d]pyrimidin-4(3H)-ones 108
ω-dialkylaminoalkylcarbodiimides 24
ω-dialkylaminoalkylphosphoramidates 24
dialkylaminothiocarbamoyl isothiocyanates 53
dialkylcarbodiimides, stability of substituted 3
diallylcarbodiimides 147
N ,N ′-diaminoguanidine 102
5-diaminomethylenebarbiturates 81
4,5-diaryl-1,2,3,5-thiaoxadiazole-1-oxide 26
diarylcarbodiimides 25, 61, 79, 100

insertion reactions 79
reaction with acidic phenols 85
see also arylcarbodiimides; unsaturated

arylcarbodiimides
diarylthioureas 13
1,3-diaza-2-azoniaallene salts 64
1,3-diazacyclodeca-1,2-diene 240
1,3-diazahepta-1,2-diene 237
diazaphosphetidinones 32
1,3-diazaphospholidine oxides 18
diazetidines 42
dicarboxylic acids, reactions with

carbodiimides 92

2,2-dichloro-1,3,5-triazinium salts 64
dichlorodehydrotetrazepine 228
dichloromethylene ammonium chloride 127
dichloromethylsilane 187
1,3-dicyclohexyl-2,4-bis(cyclohexylimino)-

1,3-diazetidine 42
N ,N ′-dicyclohexyl-N,N ′-dipropionylurea 82
N ,N ′-dicyclohexylcarbodiimide see DCC
dicyclohexylcarbodiimide see DCC
α, β-didehydro amino acid esters 123
α, β-didehydroamino acids 122
diethyl 2,4-bis(diethylamino)-cyclobutadiene-

1,3-dicarboxylate 68
diethyl N -dimethylaminophosphoramidate 196
diethylcarbodiimide 26
2,6-diethylphenyl isocyanate 19
N ,N ′-diferrocenylcarbodiimide 4
α-difluoro isocyanates 166
difluorocyanamide 165
N ,N ′-dihalocarbodiimides 165
2,3-dihydro-2-imino-4-oxo-1,3-oxazines

69
4,5-dihydro-5-imino-1H-1,2,4-triazolium salts

64
5,6-dihydro-7H-imidazo[1,2-b][1,2,4]triazoles

176
diisocyanatocarbodiimides 46
diisopropylcarbodiimide 2, 4, 5, 9, 61, 73, 83,

126, 260, 261
reaction with 1,2-bistrifluoromethylacetylene

58
dimesitylgermaniumdicarbodiimide oligomers

248
N -(5,5-dimethyl-3-oxo-1-cyclohexenyl)-

N ′-arylcarbodiimides 155
S,S-dimethyl-N -sulfilimines 77
S,S-dimethyl-N -sulfonylsulfilimines 77
4,4’-dimethyl-oxyimidazolidine-2,5-dithione

127
N -(4-dimethylaminophenyl)-N ′-

2,6-dimethylphenylcarbodiimide 48
N -(4-dimethylaminophenyl)-N ′-

methylcarbodiimide 47
reaction with methyl isothiocyanate 51

N -(4-dimethylaminophenyl)-N ′-
phenylcarbodiimide 48

dimethylcarbodiimide 3, 4, 44
1,3-dimethylphospholine-1-oxide 18
2,2’-dinitrodiphenylcarbodiimide 112
1,1-dioxo-2-(N -isopropylimino)-3-isopropyl-

5,5-diphenylthiazolidine 4-one 55
DIPCD see diisopropylcarbodiimide
1,3-diphenyl-2,4-diphenylimino-1,3-diazetidine

43
1,3-diphenyl-2-azaallyl lithium 67
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2,6-diphenyl-4-benzoylimino-1,3,5-oxadiazine
177

diphenyl-methane diamine 128
diphenylcarbodiimide 31, 33, 102, 128

[2 + 4] cycloaddition reactions 68
cycloaddition reaction with disubstituted

acetylenes 58
effect of subsitutuents on rate of hydration 83
heating with N -methylhexamethyldisilazane

44
reaction with phenylacetylene 59
reaction with trimethylsilyl azide 104

4,4’-diphenylmethane diisocyanate (MDI) 3, 44
diphenylnitryl imine 63
dipivaloylketene 70, 71
dipyridyl-(2) carbodiimide 147
disilylcarbodiimide oligomers 187, 248
disilylcarbodiimides 183
α-disubstituted malonic acids 92
2,3-disubstituted pteridin-4(3H)-one derivatives

109
dithiocarbamic acids 99
dithiocarboxylic acids, reaction with DCC 98
di(triphenylmethyl)carbodiimide 5
divinylcarbodiimides 149
DNA, synthesis of 261–263
DNA functionalized single walled carbon

nanotubes (SWNT) 1, 263
dyes, carbodiimides and 272–273

EDAC see EDCCl
EDC 2, 4, 5, 96, 253

applications of 259, 260, 264, 273
rate constants for hydrolysis of 83

EDCCl 2, 5, 122, 123, 259, 260
applications of 259, 260
polymeric 250

enyne carbodiimides 75, 147
heterocyclic compounds derived from 160,

161
ethanol–water mixtures, separation of 273
ethyl 2-methylmalonate 69
2-ethyl-1,3-dimethyl-1,3,2-diazaphospholine-

2-oxide 245
1-ethyl-3-(3-dimethylamino)-

propylcarbodiimide see EDC
1-ethyl-3-methylphospholine-1-oxide 18
N -ethyl-N ′-(3-dimethylamino)-

propylcarbodiimide see EDC
ethylene-1,1-bis(triphenylphosphonium)-

2,2-bis(phenyl amide) 78

ferrocene-1,1′-dicarboxylic acid 90, 114
O-ferrocenoylisourea 90
ferrocenyl carbodiimides 157

ferrocenylcarbodiimide (FCDI) 2
fixing agents 253
foams 3, 46, 252
formamidines 128

1-cyano-N ,N ′-disubstituted formamidines
103

Fuzeon 261

Geiger-Koenig method 117, 119
gem dicarbodiimides 252
germaniumdicarbodiimide 248
glycolipids 118
glycopeptides 118
glycosyl carbodiimides 11
1-(β-glycosyl)-5-amino-1H-tetrazole 103
guanidines

N ,N ′-bis(t-butoxycarbonyl)-protected
guanidines 251

reaction with carbodiimides 102
tri-alkylguanidines 128
tricyclohexyl guanidine 33
see also polyguanidines

α-haloalkylcarbodiimides 165
haloformamidines, synthesis of alkyl- and

arylcarbodiimides from 28–29
halogenated carbodiimides 165–172

reactions of 168–171
cycloaddition 168–169
nucleophilic 169–170

synthesis of 165–168
by halogenation of carbodiimides 166
from α-haloisocyanates 165–166
from carboimidoyl dichlorides or imidoyl

chlorides 166–167
α-haloisocyanates

reaction with N -trimethylsilyl-
N ′-carboxyethylcarbodiimide 177

synthesis of halogenated carbodiimides from
165–166

haloketenes
reaction with N -trimethylsilyl-

N ′-alkylcarbodiimides 55
reactions with

N -alkyl-N ′-trimethylsilylcarbodiimides
188

herbicides 268
heterobetaines 66
heterocumulenes

cycloaddition reactions 46–47
insertion reactions 33, 78

heterocycles 260
enyne carbodiimides 160
from carbodiimides 104–113
six-membered ring 127
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heteroquinoides 188
hexamethylene diisocyanate 17

reaction with a phospholene oxide catalyst
45

hexaphenylcarbodiphosphorane 78
homocyclic carbodiimides, synthesis of 227
homopolymerization, of carbodiimides

243
homopolymers, crosslinked 252–253
hyaluronic acid 266
hydantoins 87
hydrazine 102
α-hydro-perfluoro-isopropyl isocyanate 166
hydrogen selenide 97
hydrogen sulfide 97
hydrosilanes 79
hydroxamic acids 88
hydroxy acids, macrolactonization of 93
4-hydroxy-6-nitroquinoline-3-carboxylic acid

106
hydroxycarboxylic acids 93, 107
4-hydroxycyclohexanone 86

imidazo[1,5-c][1,3]benzodiazepines 151
imidazo[4,5-d][1,2,3]triazoles 110
imidazolidine imides 65
imidazolidine-2-ones 65
imido tantalium complexes, exchange reactions

with N − t-butyl-N ′-2,6-
dimethylphenylcarbodiimide 35

imido zwitterionic titanium complexes 35
imidoyl chlorides, synthesis of halogenated

carbodiimides from 166–167
imidoyl dichlorides, synthesis of sulfur

subsituted carbodiimides from 206–207
imidoylcarbodiimides 173–181

(2,4,6-trimethylaniline)
imidoylcarbodiimides 169

reactions of 180
synthesis of 174–180

from carbonimidoyl dichlorides or
chloroformamidines 178

from cyanamides 179
from isocyanates 177
from other carbodiimides 179
from thioureas 174–176
from ureas 176–177

imidoylthioureas, desulfurization of 176
imidozirconocene complexes, [2 + 2]

cycloaddition reactions with
carbodiimides 54

imines, N -acylketene 72
4-imino-2-azetidinones 55
iminophosphoranes 9, 20–21, 22, 61

bisaryliminophosphoranes 231–236

synthesis of
phosphorus substituted carbodiimides from

200
unsaturated carbodiimides from 148–153

indoloquinolines 160
insertion reactions 33, 78–83
isocyanates

[2 + 2] cycloadducts derived from 49
aryl 42
aza-Wittig reaction 20–25
catalytic conversion of 17–20
synthesis of

acyl-, thioacyl- and imidoylcarbodiimides
from 177

alkyl- and arylcarbodiimides from 17–25
cyclic carbodiimides from 231–236
silicon substituted carbodiimides from

184–185
unsaturated carbodiimides from 148

α-isocyanatocarbodiimides 30, 35
isocyanides 34
isonitriles 34
isonitroso Meldrum’s acid, reaction with

carbodiimides 70
N -isopropyl-N ′-phenylcarbodiimide 29
isoselenocyanates, cycloaddition reactions

across C Se bond 53
isoserin 123
isothiocyanates 9

[2 + 2] cycloaddition reactions 51
aza-Wittig reaction 20–25
catalytic conversion of 17–20
cycloadducts derived from 52
dialkylaminothiocarbamoyl 53
synthesis of

alkyl- and arylcarbodiimides from 17–25
cyclic carbodiimides from 231–236
silicon substituted carbodiimides from

184–185
unsaturated carbodiimides from 148–153

t-butyl isothiocyanate 32
isothioureas 97, 207

synthesis of, alkyl- and arylcarbodiimides
from 10–15

isoureas
O-alkylisoureas 84, 85
O-alkylmonoisoureas 84
O-ferrocenoylisourea 90
poly(O-alkylisoureas) 251

ketenes
3-aryl-2-quinoxalinyl(aroyl)ketenes 72
acyloxyketenes 72
cycloadducts derived from 56

ketoximes 88
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lactams 101
beta-lactams 55, 57

formation of 115–124
linear homopolymers, via addition across the

C N bonds 248–250
linear polymers 251–252

crosslinking of 253–254
modification of 254

lysozyme 267

macrocyclic carbodiimides 232–235
racemization of 4

MDI (4,4’-diisocyanatodiphenylmethane) 259,
269

melibionic acid, coupling to serum albumin 266
(–)-menthylcarbodiimide 5
mercaptoethylamines 100
Merrifield polypeptide synthesis 120
metal imides, [2 + 2] cycloaddition reaction

with N ,N ′-ditoylcarbodiimide 54
metathesis reactions 261
2-metcaptoethanol, reaction of carbodiimides

with 97
methacrylic acid 114
methanol 273
methyl acetylenedicarboxylate 156
2-methyl-5-phenyl-1,3,4-oxadizol-2-(3H)-one

26
2-methyl-5-phenyltetrazole 26
N -methyl-N ′-t-butylcarbodiimide 32, 35
N -methyl-N ′-trifluoromethylcarbodiimide 32
N -methyl-N ′-vinylcarbodiimide 147
N -methylhydroxylamine 102
methyloxalyl chloride 127

reaction with cyclic carbodiimides 241
N -(4-methylphenyl)diphenylimine 54
Moffat oxidation 2, 46, 76
monosilylcarbodiimides 183
monosubstituted carbodiimides 1
monothiocarboxylic acids, reaction with DCC

98
monotritylcyanamide 25
1-(1′-morpholidino)cyclohexene 155
Mukaiyama reagent 13

N -α-naphthyl-N ′-cyclohexylcarbodiimide
30

neoglycoproteins 268
nitrene rearrangements

synthesis of
alkyl- and arylcarbodiimides by 25–28
cyclic carbodiimides by 230–231

nitrile oxides 63
nitriles 88, 101
1-nitro-2,2-bisaminoethylenes 130

nitrogen substituted carbodiimides 195–198
reactions of 198
synthesis of 195–197

nitromethane 130
nitrones 63
N -(4-nitrophenyl)-N ′-isopropylcarbodiimide

47
2-(o-nitrophenyl)benzotriazole 112
NMR studies 4
nonapeptide linear amides 123
nonapeptides 118
nucleophilic reactions

of alkyl- and arylcarbodiimides 83–104
with ammonia, amines, amine derivatives

and azides 99–104
with carboxylic and inorganic acids 89–97
with H2S, H2Se, thioalcohols and

thiophenols 97–99
with water, alcohols, phenols and other

hydroxy compounds 83–89
of cyclic carbodiimides 236–237
of halogenated carbodiimides 169–170

nylon-1 imides 45, 248

oligomeric carbodiimide stabilizers 272
oligomeric carbodiimides 245, 247–248

applications of 259
used as stabilizers for polyester based

polymers 246
oligomeric dialkylsilylcarbodiimides 247
oligomeric methylsilanes 247
oligomerization reactions

of alkyl- and arylcarbodiimides 41–46
of cyclic carbodiimides 237
of silicon substituted carbodiimides

187–188
oligonucleotides, formation of 2, 96
oligothiopeptides, synthesis of 120
oral drug delivery systems 268
organic synthesis, application of carbodiimides

in 260–261
ovalbumin, coupling to mouse spleen cells

266
1,3,4-oxadiazoles, polymer bound 112
oxazetidine imines 50
oxazines

6-aryl-4-arylimino-1-phenyl-6-
trifluoromethyl-1,4,5,6-
tetrahydropyrazolo-[4,3-e][1,3]-
oxazines 170–171

2,3-dihydro-2-imino-4-oxo-1,3-oxazines 69
1,3-oxazoles 100
oxazolidinediones 87
5-oxazolidinones 126
oxazoline-5-ones 108
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oxazolines 66, 84
2-oxazolines 87
oximes 115
(2-oxo-1,2-dihydropyridin-3-yl)-1,3,5-triazine

derivatives 153
N -(3-oxo-1-cyclohexenyl)-N ′-

phenylcarbodiimide 155

parabanic acid derivatives 127
PCD (N -cyclohexyl-N ′-

(1-pyrenyl)carbodiimide) 259
penicillin 2, 261
pentacarbonyl(diphenylcarbene)tungsten 62
pentacarbonyl(hydroxymethylcarbene)-

chromium 130
N -pentafluorophenyl-N ′-phenylcarbodiimide

167
pentafluorophenylcarbonimidoyl dichloride 167
pepsin 264
pepsinogen 264
peptides

cyclic 120
synthesis of 1, 2, 115–124

N -perchloroethyl-N ′-alkylcarbodiimides 165
perfluoro-2,4-diaza-1,4-pentadiene 35
N -perfluoro-alkyl-N ′-pentafluorosulfanyl-

carbodiimides 168
perfluoro-bis-carbonimidoyl difluoride 167
perfluoroalkyl(N -pentafluorosulfanyl)azido-

azomethines 168
pesticides 267
phenolic esters 114
phenyl isocyanate 60, 150
phenyl isothiocyanate 150
N -phenyl-2,6-dichlorophenylcarbodiimide 33
5-phenyl-2-(tritylamino)oxazole 62
1-phenyl-3-methylphospholene-1-oxide 45
1-phenyl-3-methylphospholine-1-oxide 18
3-phenyl-4-toluenesulfonylimino-1,3-

thiazetidine-2-one 206
phenyl-dichlorobromomethyl mercury 81
N -phenyl-N ′-2,6-diethylphenylcarbodiimide 33
N -phenyl-N ′-2,6-dimethylphenylcarbodiimide

33
N -phenyl-N ′-cyclohexylcarbodiimide 25, 51
N -phenyl-N ′-dimethylaminocarbodiimide 195
N -phenyl-N ′-methylcarbodiimide 27
N -phenyl-N ′-pyridylcarbodiimide 73, 157
phenyl-thiocarbonyl isocyanate 51
phenylacetylene, reaction with

diphenylcarbodiimide 59
phenylcarbonyl isothiocyanate 52
phenylcarbonyl isothiocyanates, substituted,

reaction with carbodiimides 52
p-phenylene diisocyanate 162

phenylhydrazine 102
phenylimidoylcarbodiimides 173
1-phenylphospholane-1-oxide 18
phenylurea 34
phosgene (carbonyl chloride) 12–13, 28
phosphanes, alkylbis(trimethylsilyl)phosphanes

80
phosphate thymidyl-3′,5′-thimidine 123–124
phosphetane-4-oxides 18
phosphinic acids 94
phosphoramidates 24–25
phosphoric acids 94
phosphorus amidinates, hexacoordinate 81
phosphorus pentachloride 28
phosphorus substituted carbodiimides 199–204

reactions of 203–204
synthesis of 199–203

from carbonimidoyl dichlorides 200–201
from cyanamides 201–202
from iminophosphoranes 200
from other carbodiimides 202–203
from thioureas 199–200

phosphorusfluoroimides 191
photocyclization 160
polyamides, formation of 3, 124–125
polyamine carbodiimides 2
poly(carbodiimide) foams 46, 252
poly(carbodiimide isocyanurate) foams 252
polycarbodiimide methacrylates 251
polycarbodiimides

from aromatic diisocyanates 46
from optically active monomers 45
isocyanate terminated 243–247

poly(carbodiimidogermylene) 270
poly(γ -glutamic acid) hydrogels 253
polyguanidines 243, 244, 250

liquid crystalline 249
optically active 249
see also guanidines

polyhexamethylenecarbodiimide 45
polymeric carbodiimides 243–257
polymeric EDC hydrochloride 250
polymerization, of alkyl- and arylcarbodiimides

41–46
polymerization reactions, of unsaturated

carbodiimides 154
polymers

carbodiimides and 269–270
containing carbodiimide groups 3
crosslinking of 253–254
derived from unsaturated carbodiimides

250–251
modification of crosslinked 254
modification of 271
synthesis of 268–269



JWBK177-IND JWBK177/Ulrich July 19, 2007 16:50

292 Index

poly(N -carbamoylamides) 252
poly(N -docecyl-N ′-1-naphthylcarbodiimide)

249
poly(N -ethyl-N ′-α-phenylethylcarbodiimide)

250
poly[N -methyl-N ′-(2-methyl-6-

isopropylphenyl)carbodiimide] 249
polynucleotides, synthesis of 123
poly(O-alkylisoureas) 251
polyorganosilyl carbodiimides 270
polyoxymethylene 271
polypeptides, synthesis of 2
poly(S-alkylisothioureas) 252
polystyrene 45
poly(titanium carbodiimides) 187
polyurethanes 46
poly(vinyl alcohol) 115
β-propiothiolactones 98
proteins

crosslinking of 124, 266–267
determining number of carboxyl groups in

262
modification of 264–266
synthesis of 261–263

pyrazolo[3,4-d]pyrimidines 152
pyridine imidoyl-N -imines, pyrolysis of 28
pyrido[2,1-b]-1,3,4-thiadiazolium-2-amenates

113
pyridothionopyridazine derivatives 111
N -pyridyl-(2)-triphenylphosphine

imine 73
pyrimidines 152
pyrimido[4,5-d]pyrimidines 151
pyrophosphates 94
1-(1′-pyrrolidino)cyclohexene 155

ribonucleases 264

salicylic acid 106
1,3-selenazetidine-2,4-diimines 53
selenoureas 15, 97

synthesis of, alkyl- and arylcarbodiimides
from 10–15

semicarbazide 102
silicon substituted carbodiimides 183–193

reactions of 187–191
cycloaddition 188–190
oligomerization 187–188

synthesis of 183–187
from cyanamides 183–184
from isocyanates and isothiocyanates

184–185
from other carbodiimides 186
from silylamines 185
from ureas 184

silicondicarbodiimide oligomers 248
silylamines, synthesis of, silicon substituted

carbodiimides from 185
N -silylformamidines 79
spiroadducts 71
Stabaxol 272
stabilizers, carbodiimides as 271–272
N -styrylcarbodiimide 160
sugar carbodiimides 22
sugar isocyanates 22
sugaramines 118
sugarcarboxylic acids 118
sulfilimine, photolysis of 33
sulfinic acid amides 94
sulfinic acids 94
sulfonic acids 94
N -sulfonylcarbodiimide 267
N -sulfonylcarbodiimides 60, 205, 207

reactions with cyclic amidines 210
sulfonylureas 3
sulfur substituted carbodiimides 205–211

reactions of 209–210
synthesis of 205–209

by fragmentation reactions 207–208
from carbonimidoyl dichlorides or imidoyl

chlorides 206–207
from other carbodiimides 208
from thioureas or ureas 205–206

symmetrical carbodiimides 9
syndiotactic poly(methacrylic acid) 254

1,2,3,3-tetraaryl-1,2-diazetidin-4-imines 32
tetrabenzylpyrophosphate 94
tetrabutylammonium fluoride 108
tetrachloro-1,2-dimethyldisilane 187
3,3′,5,5′-tetraethyldiphenylmethane-

4,4′-diisocyanate 245
4,5,6,7-tetrahydrobenzo-1,3-diazonine

230, 239
tetramethyl-1,3-diazahepta-1,2-diene 237
2,3,7,8-tetramethylthianthrene-1,4,6,9-tetrone

188
tetrazolethiones 27
tetrazolophenanthridene 228
thermolysis reactions, synthesis of, alkyl- and

arylcarbodiimides by 29–33
thermoplastic polyamides 259
thermoset polymers 243–244
thermotropic liquid crystals 263
1-thia-3-azoniabutatriene salts 52
1,3,4-thiadiazoles 126
thiadiazolidines 67
thiazole ylides 77
thiazolidinones 98
thioacylcarbodiimides 173–181
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reactions of 180
synthesis of 174–180

from carbonimidoyl dichlorides or
chloroformamidines 178

from cyanamides 179
from isocyanates 177
from other carbodiimides 179
from thioureas 174–176
from ureas 176–177

thioalcohols 97
thioamides 101
o-thiobenzoquinone methide 75
thioboronites 79
thiocarbonyl chloride 13
thiocarboxylic acid amides 101
thioglycolic acid 98
thiophene-2,5-bis-iminophosphoranes 252
thiophenols 98
thiosalicyclic acid 107
thioureas

1-(alkyoxycarbonyl)-3-(arylmethyl)thioureas
175

arenesulfonylthioureas 99
1,3-bis-(2-vinyloxyethyl)thiourea 148
N -o-carboxyphenyl-N -phenyl thiourea 17
oxidation of 14
reaction with chlorine compounds 12–13
synthesis of

acyl-, thioacyl- and imidoylcarbodiimides
from 174–176

alkyl- and arylcarbodiimides from 10–15
cyclic carbodiimides from cyclic 229
phosphorus substituted carbodiimides from

199–200
sulfur substituted carbodiimides from

205–206
unsaturated carbodiimides from 148

Tiemann rearrangement, of amidoximes 25
tin-bis(trimethylsilyl)amido derivatives 185
titanium amides 80
titanium imido complexes 36
N -p-toluenesulfonyl-N ′-

cyclohexylcarbodiimide 47, 206
N ,N ′-p-tolyformamidinato derivatives 81
tosyl isocyanate 156
N -tosylamides 101
N -tosyllactams 116
toxicity, of carbodiimides 5
tri-alkylguanidines 128
N ,N ,N ′-triarylureas 85
triazaacenphthalene-5,6,8(4H,7H)-trione 122
1,2,4-triazineiminophosphorane 42
1,2,4-triazoles 101
1,2,4-triazolo[5,1-b]quinazolin-9-(3H)-ones

108

tributyltinmethoxide 80
tricarboxylic acids 101
trichloroborazene 188
N -trichloromethylcarbonyl-N ′-alkyl-

carbodiimides 178
tricyclohexyl guanidine 33
tricycloundecatrienones 91
N -trifluoromethyl-N ′-(2-pyridyl)carbodiimide

44
N -trifluoromethyl-N ′-arylcarbodiimides 168
N -trifluoromethyl-N,N ′-dicyclohexylurea 128
trifluoromethylcarbonimidoyl difluoride 29
(2,4,6-trimethylaniline) imidoylcarbodiimides

169
2,4,6-trimethylbenzoic acid 114
trimethylcyanosilane 79
trimethylsilyl carbodiimide, reactions with alkyl

halides 35
N -trimethylsilyl-N ′-alkylcarbodiimides,

reaction with haloketenes 55
N -trimethylsilyl-N ′-

dimethylaminocarbodiimide 197
N -trimethylsilyl-N ′-phenylcarbodiimide 30,

35, 62, 186
N -trimethylsilylmethyl-N ′-arylcarbodiimides,

reaction with ethylene glycol 84
N -trimethylsilyltetrazole 186
N -trimethylstannyl-N ′-

triisopropylsilylcarbodiimide 202
triphenylleadmethoxide 80
triphenylphosphine sulfide 18
1-(triphenylphosphoroylideneaminomethyl)-

benzotriazole 23
2,4,6-tris-dimethylamino-1,3,5-triazine 44
trityl penicillin 261
(tropon-2-ylimino)arsorane 55
trypsin 264

unsaturated aminoacid esters 126
unsaturated arylcarbodiimides

intramolecular cyclization reactions 159
see also arylcarbodiimides;

diarylcarbodiimides
unsaturated carbodiimides 147–164

polymers derived from 250–251
reactions of 154–162

cycloaddition 54–162
polymerization 154

synthesis of 148–154
from thioureas 148
from unsaturated iminophosphoranes and

isocyanates or isothiocyanates 148–153
from unsaturated isocyanates 148

α, β-unsaturated esters 86
unsymmetrical carbodiimides 9
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ureas
N -aziridinyliminoureas 176
dehydration of 16–17
synthesis of

acyl-, thioacyl- and imidoylcarbodiimides
from 176–177

silicon substituted carbodiimides
from 184

sulfur substituted carbodiimides from
205–206

variolin B 113
vinyl polymers 250
N -vinyl-N ′-methylcarbodiimide 154

2-vinylaziridines 65
vinylcarbodiimides 105, 147

reaction with activated olefins 155
2-vinyloxirans 65

water, reaction of carbodiimides with 83
Wuensch-Weygand method 117

xylanase A 264

ylides, reactions with carbodiimides 76–78

zirconaaziridines 66


