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Index

a
π-acceptor 55, 58, 87–90, 93, 96, 104,

370, 666
ligands 58, 89, 90, 93, 96, 104, 105

acetaldehyde 7, 8, 27, 28, 215–217,
443–446, 567

acetalisation 508
acetic acid, formation of 572
acetyl salicylic acid 590
acid/base catalysts 18
Acres, G. J. K. 246
acrylate 346, 350, 362, 364, 378, 510,

511, 535, 582, 583, 637
acrylics 344

acid 346
compounds 364

acrylonitrile 21, 316, 321, 359
dimerisation 359

activated carbon (AC) 50, 245, 258,
259, 525, 529, 555, 634

activation 577
alkane 567–578
by electrophilic attack 569
energy 159
nitrogen 605–615

activity, of catalyst 41
acyclic diene metathesis (ADMET)

366, 378
acyclic secondary alcohols 403
added co-solvents 254, 255
addition

oxidative 569
reductive elimination 60–61, 65
of solvent 219–220

1,2-addition 391, 468, 479, 570, 577
adipic acid 80, 222, 321, 335, 350,

359, 452, 454, 460, 513, 570,
587, 621, 655, 677, 679

adipic diester 345
adipodinitrile 29, 300, 321, 324, 359,

429, 491, 514
synthesis 491, 514

adsorbents 222, 223, 670, 671
adsorption 119, 206, 215, 222–223,

231, 248, 371, 526, 527, 670, 671
advanced reaction media 131

fluorous solvents 129–130
gas-expanded liquids (GXLs)

128–129
ionic liquids (ILs) 122–124
polyethers 130–131
supercritical fluids 126–128

advanced solvents 118, 123, 128
advantages of optimisations 295
Aggarwal, V. K. 285
agglomeration 522, 523, 525, 681
aggregation 107, 113, 155, 523, 524
Akutagawa, Susumu 493
alcohol 350, 406, 571

allenylic 498
allylic 495–496
amination 471, 526
hydroxylation to diol 571

aldehyde 572
amination 473
hydrosilylation 479–480

Alderson, T. 28
aldol reaction 74, 257, 326, 559, 560,

562, 683
and condensation 326

Aldox process 508, 509
Alekseeva, K. A. 327
aliphatic polycarbonate 601

carbon dioxide 600–604
aliphatic polyketones 392
aliphatics 316, 317

conversion of unsaturated
aliphatics 351

Aliskiren 38, 39, 665
alkane 319, 568, 580, 605

activation 567–578
amidations of 576
borylation 576
carbonylation 572

halogenations 576–577
hydrogenolysis 577
metathesis 374–375, 378, 575
non-activated 581
oxidation 570–572, 655
sulfonation 576

alkane dehydrogenation 574–575,
581

to alkenes 574–575
alkene hydrogenation

catalytic cycle 64
Wilkinson’s complex 64

alkene hydrosilylation 478
mechanism 478

alkene isomerisation 489
alkyl mechanism 490
allylic mechanism 490–491
hydrogen atom transfer (HAT)

mechanism 491
alkene metathesis 366, 378
alkenes 319, 350, 415, 478

alkoxycarbonylation 582
carbon dioxide 581–585
carboxylation 581
co-terpolymers 389
hydroamination 464–467, 474
hydroformylation to aldehydes

218–219
oligomerisation 351–359
osmium-catalysed

cis-dihydroxylation 451
oxidation 540
substituted 446
trisubstituted 492

(E)-alkenes 375
(Z)-alkenes 375
alkoxycarbonylation 108, 117, 343,

346, 348, 496, 573, 582
alkenes 582

alkylations 73, 291, 545, 557
sonocatalysis 545

alkyl boronates 576
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alkyl dihalides 602
CO2-containing polyester 602

alkylethylenoxide-substituted
phenylphosphines 262

alkyl mechanism 490
alkyne 319, 321, 336, 361, 378, 433,

483, 485, 487, 497, 499, 588
cooligomerisation 363
cyclo-oligomerisation 553
hydroamination 469–471, 475
Markovnikov hydration 550
metathesis 373
reaction with carbon dioxide 588

alkyne cross metathesis (ACM) 373
allenamides 469
allenes 469, 480, 483, 487, 499

1,3-dienes 497
hydrocarboxylation 587

allenylic alcohols 498
alloyed nanoparticles 528
allylic alcohol 67, 163, 403, 449, 450,

459, 493, 495, 499
vanadium catalysed isomerisation

495
allylic amine 493–495, 499
allylic mechanism 490–492, 499
alphabutol process 356, 364
alpha process 344
Amatore, C. 590
Amidation 514, 576

alkanes 576
Amide–Hiyama cross-coupling

reaction 424
amides 100, 349, 378, 394, 435, 446,

461, 484, 487, 570, 573, 577,
631

amidotelomerisation 406
amination 461, 482

alcohols 471, 475
aldehydes 475
of aryl halides 461–464, 475
functional group 471–474
ketone 475
reductive 526
vinyl halides 464

amine 406, 469, 605
carbon dioxide 601
methylation 601–602

aminoalkenes 465–466
cyclisation 475

aminoalkyne, intramolecular
cyclisation 470–471

aminocarbonylation 296, 349, 509,
510

amino Heck reaction 416
aminohydroxylation 461, 474–475,

680
aminolysis 470, 586, 619, 622, 626
ammonia 405, 410, 606

catalyst 19
synthesis 554

ammonolysis 619, 622, 626
Amoco process 454, 455, 460, 680
amphiphilic metal-ligand activation

(AMLA) 569
analysis methods 153, 175, 188, 190,

291, 295
analytic procedure 287, 290
Ananikov, V. P. 464, 480, 522
Anastas, Paul 1, 10, 663
Andreetta, A. 274
aniline, hydroamination of

norbornene 465
animal catalysis 15, 16
anionic, cationic, or neutral polar

groups 259
anode 522, 532, 533, 535, 613, 682
ansa metallocenes 387
AquaCat® 220
Arbusov reaction 104
Arduengo, Anthony 88, 102
Aresta, M. 580, 583, 599
Arlman, E. J. 383
aromatic polymers 421, 423, 523
aromatics 319, 320, 433, 605, 647,

655
carbon dioxide 590–603
cross coupling reactions 541
hydroxy compounds 403

Arrhenius plot 159, 160
artificial intelligence (AI) 660, 661
artificial neural networks (ANN)

301, 660
artificial photosynthesis 541, 659
arylalkene 348, 478
aryl boronic acids 208, 591
aryl chloride 413, 421–423, 463,

540
aryl compound 413, 427, 679
aryl halide 413

amination 461–464, 474
coupling reactions with 413–414
heats of dissociation 414

aryl iodide 413, 461, 463, 475, 590
aspartame 439, 442
Aspirin® 590, 677
association/dissociation 59–60, 65
associative mechanism 60, 607, 610

ASPEN Plus 149–151, 156
asymmetric catalysis 30, 45, 104,

133, 136–139, 141, 143–145,
504, 524, 640, 667

asymmetric catalytic hydrogenation
139–142

asymmetric co-oligomerisation 363
asymmetric dihydroxylation

451–452
asymmetric epoxidations 136, 144,

449, 459
asymmetric Heck reaction 417
asymmetric hydroformylation 144,

337–338, 340, 526
asymmetric hydrogenation 430, 431,

442, 524
ethyl pyruvate 524
ligands 430–433

asymmetric hydrosilylation 479
of acetophenone 479

asymmetric reaction 133, 142, 143,
656

asymmetric ring-closing metathesis
(ARCM) 377

asymmetric synthesis 45, 133,
136–139, 143, 145, 323, 324,
655

atactic polypropylene (aPP) 385
atom economy/economic 2, 10,

33, 35–39, 42, 341, 399, 413,
461, 475, 480, 489, 499, 528,
549, 553, 574, 591, 657, 658,
663

atom efficiency 2, 35
atropisomerism 464
attenuated total reflectance (ATR)

172, 309
Au(I)-catalysed hydroamination of

1,2-dimethylallene 469
automated design 280
automated HTS in microfluidic

droplets 296
automated HTS systems 302
auto tandem catalysis 506, 507, 509,

516, 681
auto-tandem reaction 270, 406,

506–508, 510–512, 515
auxiliary substances 5, 10
avoids unnecessary derivatisation 10
axial/radial flow 196
axial stirrers 195
aza-Wacker reaction 446, 459
azide-alkyne cycloaddition 362
aziridines 599
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b
back-bonding 88
π-acceptor 57–58

Baeyer–Villiger (BV) oxidation 457,
460

Ba0/Fe0 catalysts 441
baffles 165, 167, 195, 200, 210
Baiker, A. 592, 656, 684
Bailey, G. C. 371, 373
ball mill 551–557, 683
band target entropy minimisation

(BTEM) 309, 310, 332
Banks, R. L. 371
BASF process 329, 330, 340, 347, 632
basicity 79, 86–88, 92, 264, 405

of ligands 105
Basset, J.-M. 30, 574, 575
batch mode 198, 292
batch stirred-tank reactor (BSTR)

198
Behr, A. 267, 270, 297, 508, 524, 585,

586, 594
Bell, A. T. 572, 576
Beller, M. 97, 327, 336, 342, 394, 415,

416, 418, 421, 427, 466, 471,
492, 508, 582, 584, 586, 594, 598

Benchtop NMR Spectrometers 175
bench-top system 199
benzene 648

hydrogenation 440, 441
hydroquinone from 443, 444

benzodioxazole 425
benzoic acid 406, 456, 463, 514, 591,

679, 680
Bergbreiter, D. E. 266
Bergman, R. G. 469
Bertozzi, Carolyn 362
Berzelius, Jöns Jakob 16, 17, 25, 26,

664
Bezerra, M. A. 285
biaryls 426
bicyclic α-pyrones 588
bidentate chelating ligand 431
bidentate ligand 84, 282, 327, 328,

392, 395, 480, 666
in hydroformylation 328

Biginelli reaction 549, 683
bimetallic nanoparticle 522, 637
BINAP (2,2′-bis (diphenylphos-

phino)-1,1′-binaphthyl) 463
BINAP-related ligand 264
BINAS 251, 259, 328, 331, 439
biocatalysis 18, 22, 25, 31, 47, 416,

637, 645

biomass-derived solvents 421
bio-propanediol 657
biorefineries 642, 652
biotin 437, 440, 442
Biopol® 657
biopolymers 243
biorefinery 633, 634, 642, 653
biphasic systems with soluble

polymers 275
biphephos 6, 100, 236, 269, 328
bipyrimidyl-platinum(II)

complex 571
BISBIS 251, 259, 328, 331
bis(cyclic carbonate) 599
bis(diphenylphosphino)ethane (dppe)

84, 92, 185, 242, 243, 406, 416,
612, 684

bis(diphenylphosphino) ferrocene
463

1,2-bis(di-tert-butylphosphino)-o-
xylene (dtbpx) 344

bite angle, defined 84, 105
Blaser, H.-U. 137, 247, 430, 431, 437,

438
bleeding 248
blue hydrogen 429
Blum, J. 245
Bogdanović, B. 136, 363
Bolm, C. 451, 555
bombardier beetle 15, 16
bonding, σ-donor-π-acceptor 57
σ bond metathesis 62
σ-bond metathesis reactions 577
bonds 65
π 58
σ 57, 58, 79
transition metal/carbon

monoxide 58
transition metal/ethene 58

Börner, A. 339, 432, 433, 474, 640
boron 420, 421, 426, 481, 569, 570,

576, 612, 613, 654
boron reagents 421, 576
borrowing hydrogen mechanism

441, 471
borylation 570, 576

alkane 576
borylenes 612, 613
Bosch, Carl 19, 26, 605
bottom-up strategy 243, 521
boundary conditions 37
branched primary alcohols 403
Breil, Heinz 383
Brintzinger, Hans-Herbert 387

Brookhart, M. 394, 598, 620
Brown, H. C. 419, 480, 481
Bruneau, C. 589
Brunner, H. 102, 136, 416, 593
bubble column reactor (BCR) 200,

204, 216
Buchwald, S. L. 86, 99, 296, 421, 461,

462
Buchwald–Hartwig reaction (BHR)

461–464, 475
Buchwald-type ligands 99
bulk chemical 34, 36, 324, 596
bulky diphosphites 100
bulky substituents 4, 86, 416, 561
butadiene 359, 362

and carbon nucleophiles 405–406
and nitrogen nucleophiles 405
and oxygen nucleophiles 399–404

1,3-butadiene 224, 335, 359, 585,
605

cyclic oligomer 21
stereoselective polymerisation 391

butadiene cyclooligomerisation 21
butadiene/methanol telomerisation

402, 403
butadiene rubbers (BRs) 391

structure distribution 391
butadiene telomerisation 255, 397,

399–407
1,4-butanediol 123, 253, 350, 353
2-butenal 216
butenes 82, 316, 331, 335, 351, 358,

359, 383, 515, 655
n-butenes 359, 364
butenolysis 378, 633, 634
butenyl diacetate 336

c
Cahn–Ingold–Prelog rules 135
Cahn, R. S. 136
calorimetry 167
capillary electrophoresis 291
capillary system 293
capparatriene 420
caprolactam 335, 454, 459, 613, 622
caprolactone 457
carbapenem 437, 439–440, 442
carbenes 319

insertion 573–574
mechanism 367–371

carbohydrates 6, 136, 409, 630,
638–640, 649–651, 657

carbon capture and storage (CCS)
429, 646
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carbon capture and utilisation (CCU)
646

carbon–carbon bond forming
reactions 413, 580

carbon–carbon coupling reaction
comparison 427
Hiyama coupling 423–425
Kumada coupling 426–427
Mizoroki–Heck reaction 414–417
Negishi couplings 425
Sonogashira–Hagihara reaction

417–419
Stille coupling 422–423
Suzuki–Miyaura reaction 419–421

carbon-containing building blocks
324

carbon dioxide 6, 319, 580, 645
aliphatic polycarbonate 600–601
alkyne 588–590
amines 600
aromatic polycarbonate 603
aromatics 590–591
epoxides 598–600
hydroformylation 583
hydrogen 592–598
hydrogenation 593
industrial reaction 579
polyester 602–603
polymer 600–603
polypyrone 601
reaction 320–321, 579–605
reduction 534, 541
supercritical 659–660
transition metal-catalysed reaction

580
carbon-free products 657
carbon monoxide, in synthesis gas

319
carbon sources 338, 629, 645, 646
carbon support 525
carbonylalkene metathesis 374
carbonylalkenes 348, 378
carbonylations 319

of alcohols 347–348
alkane 572–573
of aromatics 348
ethane 540
of methanol 347–348
new trends 348–350
oxidative 572, 577
reaction between CO and hydrogen

341–343
reactions of alcohols with CO

347–348

reactions of CO with alkenes and
vinyl arenes 343–345

reactions of CO with alkynes
346–347

reactions of CO with dienes
345–346

carbonylative Sonogashira reaction
418

carbonylative Stille couplings 422,
427

carbonylative telomerisation 406
carbonyl groups 135, 137, 163, 378,

436, 481, 560, 630, 631
carbonylierung 511–512
carboxylate groups 251
carboxylic acids, defined 404, 406,

435
carboxyl starch 639
carboxylated, water-soluble ligands

253
carboxylation 324, 567, 581–584,

588, 590–591
styrene 582

carboxytelomerisation 346, 406, 410
Cardyon 601
3-carene 637
carvone 134
cascade reaction 503, 505, 589, 596,

597, 657
cataCXium® ligand 416
catalysis

animal 16
auto tandem 506–507
bifunctional 504
definition 15–18
different varieties 18–20
dual 504, 658
example 15
heterogeneous 31
homogeneous transition

metal 19
metal nanoparticle 525–526
multifunctional 504, 516
sources of information 21–22
workgroups 33

catalyst 124, 222, 322, 487, 585
activity 45
ammonia 19
bio-inspired 659
biomimetic 659
constrained geometry 658
Crabtree’s 430
cycles 17, 65
deactivation processes 49, 50, 105

directing effect 20–21
for hydroboration 487
inhibition 167
isomerisation 489–490
Karstedt 478
leaching 48
lifetime 47, 53
losses 48–49
magnetic 658
metals 327, 340, 378
nanostructured 658
nickel–Ziegler–Lapporte 440
poison 19
precursor 64
preformation 167
producing companies 33
reaction 553–554
reaction effects 131
recycling 594
recycling tests 49
removal 371
resting state 64, 160
single-site 574
Speier 478
stability 49
switchable 658
synthesis 8
Ti(IV)/SiO2 448
Wilkinson’s 19, 63, 433
Wilkinson-type 430
Ziegler–Lapporte 433
Ziegler-type 430

catalyst cycle 47, 64, 65, 508, 516
alkene hydrogenation with

Wilkinson’s 64
catalyst recycling

via Switchable Hydrophilicity
Solvents (SHS) 273–274

via switchable water (SW)
271–273

catalyst recycling run 52
catalyst separation techniques

adsorption 222–223
by heterogenisation on a solid

support 223
crystallisation 221–222
distillation 215–219
extraction 223–225
membranes 223
precipitation 219–221
second liquid phase 225
separation principles 213–215

catalytically 10
active on their own 118
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asymmetric hydroboration/
amination, of p-methoxy-
styrene 482

catalytic conversion
fatty acids 649
glycerol 650

catalytic cycles 22, 59, 61, 63–65,
187, 332, 375

catalytic dehydrogenations 575
catalytic oxidation 26, 35, 531, 535,

638, 642
catalytic reaction, metallic

nanoparticles 529
catecholborane 480–482, 514
cathode 522, 532, 533, 535, 613
cationic/even non-ionic groups 251
Cativa process 2, 30, 72, 217, 218,

348, 350
Cavell, K. 408
C1-building block in industrial

chemistry 605
C–C bond formation 29
C–C bonding reaction 526

aromatics 320
carbon dioxide reactions 320–321
carbonylations 319
cyclo-oligomerisations 319
cyclopropanation 322, 323
hydrocyanation 321, 322
hydroformylation 319
metathesis 320
oligomerisations 319
Pauson–Khand reaction (PKR)

323
polymerisations 320
telomerisation 320

C–C-coupling reaction 20, 426
CC linkage reactions 512, 535,

553–554, 557
C–C-linking reactions 572–574
C1 compounds 319, 534, 629, 646,

652
C–C single bonds 617
C–C-splitting 574
cellulose 6, 243, 248, 421, 555, 557,

599, 630, 638, 639, 642, 650,
651, 654, 677

ceramic membranes 230, 232, 236
C–H acidic compounds 580
chain walking 484
Chalk, A. J. 478
Chalk-Harrod mechanism 478, 487
Chauvin, Y. 30, 358, 367, 368, 370
C–H bond formation 429

chelate complexes 51, 79, 177, 350,
430

chelating ligands 84, 431
and ligand bite angle 90–95
large bite angle βn 105
with small bite angle βn 105

CHEM21 Solvent Selection Guide
115

chemical industry, membranes in
238

chemical precipitation 219, 330
chemical recycling 626
chemical synthesis potential 629
chemolysis 617, 618, 626
chemoselective functionalisation 7,

8
chemoselectivity 44, 45, 53, 155, 163,

409, 434, 481
The Chemspeed Swing Platform 280
chip-based reactors 295
chiral chelating ligands 142, 145,

436, 442, 467
chiral compounds 133, 137, 145
chiral diphosphines 264, 430, 431,

466, 481, 487
chiral ligands 104, 105, 118, 133, 136,

138, 142–143, 145, 245, 282,
323, 338, 363, 421, 426, 431,
435, 442, 451, 467, 469, 479,
486, 524, 658

chirality 133, 134, 143, 145, 431, 440,
466, 493

chiral monodentate ligand 337, 433,
434

chiral monodentate phosphorous
ligand 433

chiral pool 136, 561
chiral resolution 136
chitin 16, 555, 557, 650
chitosan 243, 248, 523, 650
chromatography techniques 291
chromium 68

for 1-alkene hydrosilylation
478–479

carbonyl 76
catalyst 356
complexes 357, 612

Ciamician, Giacomo 538
cilastatin 322
Ciluprevir 372
cinchonidine 524
cinchonidine-modified Pd

nanoparticles 524
cinnarizine 470

circular dichroism 291
circular economy 38, 646
cis-alkene 334, 489, 492
cis-2-alkenes 492, 499
cis-1,4-polybutadiene 391, 395
cis-polyisoprene 395
cis-1,4-polyisoprene (isoprene rubber

IR) 392
cis-tetrahydrofuran 451
cis/trans-isomerisation 496
cis–trans (Z/E) isomerisation 489
citral 35, 317, 434, 496
citronellal 34, 144, 420, 434, 474,

493–495, 499
(R)-citronellal 495
(R)-citronellol 495
civetone 373, 374
Clarke, M. L. 337, 623
classical UV/vis spectrometers 170
classic multistep synthesis 503
click chemistry 138, 361
closed loop recycling 617, 626
closed miscibility gap 269
closure systems 199
cloud point 262, 277
C–N bond formation 461
C–N-bonds 618
C–N single bonds 618
cobalt 68, 327, 340, 457

complexes 323, 612
NMR 180

cobalt-phosphine catalysts 441
C–O-bonds 316, 317, 570, 618
cocculidine 374
C–O formation 570
coil-reactor 294
Cole-Hamilton, D. 274, 633
colloid 519, 522, 523, 658

solvent-stabilised colloids (SSC)
524–525

colorimetry 291
combination of batch and flow

components 296
combinatorial chemistry 279–283,

286, 298, 302
combinatorics 279, 302
combined reaction separation

processes 311–313
combined separation processes 307
complete E factor (cEF) 37
complex formation 59, 60, 63
complex ligand 21, 48, 104, 179, 184,

251, 442, 570, 641
composite membranes 232–234, 238
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computational chemistry 121, 280,
302

concentration factor 235, 236
concentration polarisation 231, 236
concerted metallation deprotonation

(CMD) 569
cone angle θ 80, 81, 84, 87, 88, 105,

179
conjugated dienes 395, 420, 479, 489,

584, 605
conjugated linoleic acid (CLA) esters

634
constitutional descriptors 299
constrained-geometry catalysts (CGC)

394, 395, 658
contact process 26
containers 108, 118, 280, 293
continuous (C) processes 48, 235
continuous (scalar) parameters 288
continuous sequential reactor systems

287
continuously operated stirred-tank

reactor (CSTR) 198, 199, 202,
208, 209, 236, 254, 307–309

continuously or discontinuously used
membranes 238

continuously, product preparation
43

controller 165, 200, 293, 298
conventional laboratory glassware

537
conversion 53

of fatty acids 649
of glycerol 650

cooligomerisation 6, 21, 28, 71, 89,
90, 130, 180, 190, 342, 351–363,
515, 538, 541, 588, 634, 635,
642

alkyne 361
coordinate with the metal centre

117, 533
coordination geometry 55, 58, 93,

141, 180
changing 58

coordination number (CN) 55, 58,
59, 65, 569

and geometry 65
coordinatively highly unsaturated

species 85
copolymers 243, 388–390, 394, 395,

421
copper catalyst 20, 119, 471
copper nanoparticle 526
copper salts 464, 602

copper/zinc catalyst 20
core-shell nanoparticles 528
Corey, Robert 80
Cornils, B. 330, 331, 394,

492
C–O single bonds 617
Cossee–Arlman mechanism of ethene

polymerisation 383
Cossee, P. 383
costs, catalyst 226
CO2 switchable systems 270–275
Couette, M. F. A. 203
counter electrode 182, 532
covalently bound triphenylphosphine

(PPh3) 243
CPK model 80
Crabtree’s catalyst 430
create value 39
critical micelle concentration (cmc)

256
critical Reynolds number 196
cross-coupling 95, 123, 295, 413, 416,

419, 421, 424–426, 461, 462,
509, 510, 539

cross-coupling reactions 92, 123,
413, 424, 425

cross-flow 230, 231, 236
cross metathesis (CM) 365, 378

mechanism of internal alkene with
ethene 367, 368

crystallisation 137, 215, 221–222,
226, 229, 385, 455, 670

C1-source 579
cubane 497, 499, 607
Cu-catalysed “Umpolung-

hydroamination” 467
cumulated dienes 584, 587, 605
Cup-horn-sonicator 544, 557
current, defined 532
Curtin–Hammett principle 133, 141,

145
cuvette-free UV/vis spectrometers

170
cycle gas 219, 384
cyclic alkanes 646
cyclic alkyl amino carbenes (CAAC)

370
cyclic alkylidene carbonates 589
cyclic α-alkylidene carbamates 589
cyclic carbamates 600
cyclic carbonates 579, 581, 583, 585,

589, 598–600, 605, 647
cyclic polyethyne 394, 395
cyclic secondary alcohols 403

cyclisation 74, 101, 102, 322, 323,
342, 368, 451, 470, 498, 512,
513, 516, 550, 618

aminoalkenes 475
intramolecular 470

cyclise linear 498
cycloadditions 62, 69, 184, 362, 368,

470, 539–541, 553, 557, 588
cycloalkenes 388

co-terpolymers 389
polymerisation 395

cyclodecane 336, 375
cyclodextrins 255, 256, 258, 259, 630
1,5,9-cyclododecatriene (CDT) 359
cycloeicosane 375
cyclohexane 80, 186, 187, 268, 316,

335, 405, 409, 434, 437, 440,
451, 454, 459, 474, 482, 513,
570, 572–574, 577, 586, 646

cyclohexanol 454, 459, 572, 577
cyclohexanone 85, 454, 457, 459,

513, 572, 577, 580
cyclohexene epoxide 535, 601
cyclometalated iridium(III) complex

436
cyclooctatetraene (COT) 7, 38, 342,

361, 364, 393, 497, 499
cycloolefin copolymers (COCs) 389
cyclooligomerisation 21, 89, 90, 319,

342, 351–363, 553
alkynes 553

cyclopropanations 62, 73, 74,
321–324, 498, 554, 557

cyclopropanes 322
cyclotrimerisation 359, 360

d
Damköhler, Gerhard 196
Damköhler number 196
data processing 287, 291
deactivation 49, 50, 85, 86, 93,

103–105, 123, 165–167, 187,
190, 246, 247, 332, 378, 438,
631

dead-end 230
n-decane 269
decarbonylative Heck olefination

417
decarbonylative Sonogashira coupling

418
decarboxylative Hiyama reaction

424
1-decene 126, 256, 270, 307–311,

335, 633
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decomposition reactions 96, 102,
104, 105

deep eutectic solvent (DES) 122,
124–126, 131, 421

degradable products 10
degradable synthetic polymers

555–556
degradation 8–9, 50, 79, 103, 105,

115, 167, 231, 333, 453, 515,
541, 555, 619, 623, 640, 650,
657, 659

reaction 79, 105, 623, 640, 650
degree of nitrogen activation 614
Degussa/Uhde process 448
deinsertion 62
dendrimer 93, 266, 523, 529
Denitrogenative Hiyama reaction

424
dense membranes 232–234, 238
density functional theory (DFT) 64,

151–152, 155, 162, 309, 467,
610, 612, 658

7-deoxy pancratistatin 423, 424
deprotection 7
descriptors 84, 88, 133, 135, 156,

299–302
design of experiments (DoE) 279,

283–286, 302
design space 285
Desulphidative Hiyama reaction 424
detour via phosphorus amides 100
deuterations 398, 554, 557
de Vries, J. G. 241, 288, 432, 526, 624
DFT calculations 155, 309, 467, 610,

612
dialdehyde starch 639
dialkylphosphinobiaryl 463
dialysis 230
1,2-diamines 466
diastereomeric intermediates or

transition states 145
diastereomers 45, 53, 134, 137, 138,

431
diastereoselectivity 45, 53, 137, 554
diazo compounds 554, 573, 574, 577
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enantioselective 426
Kumada reaction 426
Kunckel, Johann 108, 521
Kuntz, E. 5, 253
Kuraray process 224, 250, 400, 401,

410

l
laboratory experiments 200, 328
laboratory robots 280, 302
laboratory scale 49, 193, 195, 200,

209, 265, 287, 305, 313, 341,
494, 503, 537, 538, 548

lactic acid 133–135, 556, 657
lactone 373, 435, 586, 587
δ-lactone 320, 510, 586–587, 602, 647
lactose 630
lanthanide (Ln)-catalysed

hydroamination 465
lanthanides 55, 67, 76, 569, 600, 658
Lapidus, A. L. 581
late transition metal catalysts 394,

611–612
late transition metals 57, 95, 96, 101,

394, 395, 475, 483, 569, 611–612
Lavastre, O. 282
l-DOPA (3,4-dihydroxyphenyl aniline)

29, 133, 136, 138, 139, 143, 145,
430, 438, 439, 442

leaching 48, 49, 130, 243, 245, 248,
249, 254, 255, 257, 258, 269,
274, 276, 310–312, 468

leaching L for batch 48

le Bel, J. A. l 136
Leibniz Institute for Catalysis (LIKAT)

33, 170, 416, 521, 625, 640
Leitner, W. 127, 435, 467, 534, 582,

592, 593, 597
lemon battery 533
less hazardous syntheses 10
Levav, Jonatan 640
levels of regiocontrol 82
libraries 51, 280, 282, 298, 301, 302
Liebig, Justus von 57, 605, 606
Liebig’s meat extract 606
Life Cycle Assessment (LCA) 37
ligand control 79, 81, 89, 90, 97
ligand families 431, 432
ligand field 22, 61, 65, 180
ligand precursor 124
ligand reserve 400
ligands 105, 328, 329, 399, 487, 524

asymmetric hydrogenation
430–432

chelating ligands and ligand bite
angle 90, 95

chiral monodentate 432
costs and accessibility of 104–105
electronic ligand effects 86–90
hemilabile 95
monodentate chiral 442
N-heterocyclic carbene ligands

101–102
nitrogen-based ligands 95–96
phosphorus 98–101
pincer ligands 96–97
planar tetradentate 658
stability and decomposition

102–105
steric effect 80–86
tailoring 658
Tolman’s ligand cone angle 80–86

ligand steric hindrance 105
light-controlled metathesis 377, 378
light sources 541
lignin 272, 406, 409, 453, 555, 557,

599, 640–643, 645, 647, 649,
651, 652, 654

limonene 599, 637
linear aliphatic compounds 498
linear alkylbenzene sulfonates (LABS)

351
linear low-density polyethylene

(LLDPE) 351, 354, 385, 394,
395, 402, 506, 509, 510

linear primary alcohols 403
linear regression 301, 660

Lineweaver-Burk diagram 160, 161
lipoxin family 418
liquid-assisted grinding (LAG) 553
liquid chromatography 119, 189, 291
liquid–gas systems 203
liquid-liquid biphasic systems 127,

129, 130, 226
liquid–liquid–gas systems 203
liquid-liquid multiphase catalysis

259
liquid-liquid multiphase systems

alteration of the solubility of the
ligands by selective
modifications 249–251, 253

variants of multiphase catalysis
251–259

liquid–liquid systems 116, 203, 259,
274

liquid-recycle process 330
liquid recycling process 218, 219, 677
liquid-solid biphasic technique 266
List, B. 30, 560, 562
lithium acrylate 582, 583
long chain internal alkenes 335
loop reactors (LR) 205–206, 210
Losartan 420
low back-mixing 210
low-density polyethylene (LDPE) 9,

351, 354, 381, 383–385, 395, 506
low energy electron beam 467
Low Pressure Oxo (LPO) 5, 9, 29,

327, 330
low volatility 115, 123, 125
lubricants 477, 599, 632, 634, 642
Lucite Alpha Process 344

m
MacDiarmid, A. 393
machine learning (ML) methods

155, 156, 280, 660
MacMillan, D. W. C. 30, 559
Macrolon® 603
macromolecules 230, 232, 366, 381,

523
magnetic flux density B 186
magnetic nanoparticles 421, 528
magnetron 546–548, 557
malonic acid esters 405
maltose 630
manganese catalysts 441, 452, 454
manganese-pincer complex 625
manganese-PNP-pincer complex 342
Marckwald, W. 136
Markó, I. E. 456
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Markovnikov hydration 550
alkynes 550

Marks, T. J. 465, 466, 470
Marquardt, W. 402
mass spectroscopy (MS) 169,

181–184, 190, 291
mass transfer is sluggish 116
mass transfer occurs rapidly 116
mass transport 116, 165–167, 196,

200, 204, 254, 259, 261, 551
material, reactor 200
MAX-DEWAX® process 237
mechanical recycling 617
mechanocatalysis 543, 551–557
mechanochemical BHR 464
mechanochemistry 552, 556
mechanosynthesis 552
Mecking, S. 392–394, 471, 619, 620
medical diagnostics, AuNPs 521
Meldal, Morten 362
membrane-assisted processes 659
membranes 223, 226, 232, 234

fouling 231
reactors 206–207, 236
selectivity 234

membrane separation processes
industrial applications 237–238
key figures 234–236
membranes 232–234
size-exclusion processes 229
streams 230
technical implementation

236–237
menthol 35, 136, 144, 145, 317, 493,

494
(–)-menthol 136, 144, 493, 499
mercury-catalyzed functionalisation

of methane 571
mesoporous support materials 244
metadynamics 147, 152–153, 156
metal

carbene catalysts 369
catalysis 525–526
colloid 519
vaporisation 521

metal complex, immobilisation 658
metal-ligand bonds 55–58, 79, 658
metal-ligand cooperativity 594
metallocene-LLDPEs 389
metallocenes 76, 386

catalysis 389
catalysts 29

metallocene/MAO catalyst systems
387, 388

metal nanoparticles, catalysis 525
metal NMR spectroscopy 179–181
methanol synthesis 341, 401
methoxycarbonylation 6, 8, 177, 178,

222, 226, 269, 343, 346, 349,
350, 514, 515, 526, 632, 637, 642

methyl acrylate 346, 362, 364, 378,
510, 511, 535, 637

methylalumoxane 29, 182, 186, 357,
386, 387, 395

methyl oleate 222, 255, 258, 336, 345,
349, 370, 448, 450, 453, 454,
496, 513–515, 599, 631, 632, 642

methylphenidate 134, 135
methylrhenium trioxide 68
α-methylstyrene 451, 479
metal salt reduction 521
Meta-4-process 371
metatheses 63, 184, 373–375, 377,

378, 550
metathesis 20, 127, 320, 354, 365,

378, 577, 642
alkanes 374–375, 378
alkene 366, 378
carbonylalkene 374
enyne 374
industrial applications 371–373
industrial reactions 378
mechanisms and catalysts

367–371
methyl oleate 632–634
pharmaceuticals and speciality

chemical field applications
372

ruthenium-catalysed 505
sigma bond 569–570
tandem reaction 377

Metathesis alkyne 373–374
methane 598, 646

functionalisation 571
oxidation 577

methane hydrate 567
methane sulfonic acid 344, 346, 576,

646
methanol 571, 579, 597

carbonylation to acetic acid
217–218

synthesis 526
methanolysis, nylon-6 622
methoxycarbonylation 6, 8, 177, 178,

222, 226, 269, 343, 346, 349,
350, 514–515, 526, 632, 637, 642

methylalumoxane (MAO) 29, 182,
186, 357, 386, 387, 395

methylamines 471, 598–599, 646
methylamphetamine 473
methyl formate 592, 596
methyl linoleate 220, 362, 515, 527,

632, 634–636, 642
methyl methacrylate (MMA) 341,

343–346, 350, 555
methyl oleate 222, 226, 258, 336, 345,

349, 370, 448, 450, 453, 496,
513–515, 599, 631–634, 642

methyl propionate 90, 177, 343, 344,
350

methyl sulfate 571, 684
methyltrioxorhenium (MTO) 452,

458
metolachlor 4, 143, 145

(S)-metolachlor 4, 5, 72, 144, 247,
431, 438–439, 442

synthesis 39
micellar catalysis 256, 257, 417
micelle-like polymer particles 257,

258
micelles 244, 256–258, 263, 277
Michaelis–Menten kinetics 160
microemulsions 257, 263, 277
microemulsion systems (MES) 257,

369
microencapsulated 248
microfiltration 229
microreactors (MICR) 195, 207–208,

210, 258, 295, 659
microwaves (MW) catalysis 169, 185,

186, 546–551, 557
microwave reactors 208, 548
mid-polar solvents 268, 277
migration, double-bond 489
migratory insertion 58, 61–63, 65,

90, 93, 105, 116, 140, 332, 343,
347, 383, 388, 415, 416, 430,
445, 465, 478, 481, 490

Milstein, D. 97, 465, 594, 597, 624,
625

mineral fertilisation 606
miniplants 208, 305

benefits 305
combination of TMSs with other

reactor types 307–311
combined reaction separation

processes 311–313
improved online analytics

308–310
TMSs for complex reactions in

continuous operation
310–311
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minor complex 140, 145
miscibility and non-miscibility 114
miscibility gap 254, 261, 267–269,

277
mixed trimerisation of alkyne 363
mixers 200, 201, 209, 294, 543, 551,

557
Mizoroki–Heck reaction 320, 426

aryl electrophile 415
bases 415
general equation 414
mechanism 415
palladium catalyst precursors 415

Mizoroki, T. 414, 415
Mo-catalysed asymmetric ring-closing

metathesis 377
Mo-catalysed cross-metathesis

375–376
Mo-catalysed propene epoxidation

mechanism 448
modified methylalumoxane (MMAO)

187, 357, 387
modified triacylglycerides (mTAG)

633
molecular descriptors 299–302
molecular hydrogen 60, 429, 436,

472, 521, 532, 592, 623
molecular mechanics calculations

(MM) 84
molecular nitrogen (N2) 605, 607,

608, 613, 614
molecular weight cut-off (MWCO)

231, 232
molecular weight enlargement

(MWE) 206, 231, 371
molybdenum 68, 614

carbonyl 76
metathesis catalysts 378

Monflier, E. 126, 256, 258
monodentate chiral ligand 442
monodentate ligands 79, 80, 84, 90,

95, 143, 300, 328, 337, 430, 432,
434, 463, 480, 596, 658

in hydroformylation 328–329
mononuclear molybdenum catalysts

609–610
monosaccharides 630, 639
monotelomers 642
Monsanto process 247, 347, 348, 572
Morimoto, T. 338
Mortreux, A. 373, 490
Mr. Bite Angle 93
multilamination-type micromixers

294

multicomponent reactions (MCRs)
503, 504

multidimensional HTS 291
multifunctional reactors 195, 206,

210
multimode units 546
multi-oxidation tandem reactions

513
multiphase assisted by additives 259
multiphase catalysis 113

assisted by additives 255–258
with co-solvents 254–256, 259
with intensified mixing 254, 259
with self-separating product(s)

249, 252–254, 259
multipurpose plants 305
multi-site catalyst 386
multi-stage pulse counter-current

stirrer 197
multi-Tandem hydrogenation 512
Musco, A. 585
myrcene 206, 345, 346, 392, 397, 408,

409, 468, 493, 510, 630, 637
polymerisation and

copolymerisation 392
β-myrcene 362, 364, 378, 408,

468, 510, 511, 630, 637,
638

n
naked nickel 359, 364
n-and iso-octenes 335
nanocatalysis 22, 519–529
nanocatalyst 19, 521

properties 521–522
synthesis 521–522

nanocluster 519, 520
nanofiltration 230–232, 237, 238,

270, 311, 520
nanomole-scale ultra-HTS 296
nanoparticles 519

bimetallic 522
heterogenisation 525
photocatalysis 528
propylene carbonate-stabilised Pd

525
stabilisation 522–525
synthesis 529

NaOH base activator 424
naphthalene-1,4-dicarboxylic acid

456
naproxen 136, 337, 345, 415, 439
Natta, G. 28, 370, 385, 386
natural bite angle 𝛽n 91, 92, 105

natural gas 338, 429, 567, 568, 577,
581, 629, 645, 646

natural occurrence 179, 180
natural rubber 389, 391, 392, 644
N-containing organic compounds

612, 613
near-edge X-ray absorption fine

structure (NEXAFS) 184
Negishi coupling 419, 425, 550
Negishi, E. 425, 426
Negishi, E.-I. 30, 419, 426
Negishi reaction 425, 427
new polyester-19,19 8
Neymeyr, K. 332
NHC/photoredox dual catalysis 421
N-heterocyclic carbenes (NHCs) 84,

88, 101, 102, 399, 480, 588
ligands 84, 101–102, 408, 572, 588,

591
Ni-catalysed hydroamination of

1,3-cyclohexadiene 468
nickel 68

catalyst 20–21, 464
effect 382, 383
naked 359
NMR 180

nickel-catalysed enantioselective Heck
reaction 417

nickel-Fe3O4 magnetic nanoparticles
421

nickel–Ziegler–Lapporte catalyst 440
Nishibayashi, Y. 610, 612, 613
nitriles 6, 61, 96, 291, 321, 363, 364,

370, 378, 406, 436, 437, 461,
482–484, 487, 512, 538, 541,
585, 605, 613

hydrogenation 436–437
nitroalkanes 406
nitrogen 654

activation 605–614
homogeneous catalytic reaction

614
nitrogenase enzymes 606, 610, 614
nitrogen-based ligands 95–96
nitrogen fuel cycle 614
N-methylglucamine (NMG) 405,

406, 408, 639
N-methylpyrrolidone (NMP) 225
NMR diffusion spectroscopy 181
NMR spectroscopy 174, 175, 190

Electron Paramagnetic Resonance
(EPR) Spectroscopy 185–187

EXAFS 184–185
1H NMR spectroscopy 176–177



�

� �

�

706 Index

NMR spectroscopy (contd.)
ICP-OES 188
in situ, operando and combined

spectroscopy 189–190
metal NMR spectroscopy 179–181
31P NMR spectroscopy 177–179
X-ray absorption spectroscopy

(XAS) 184–185
Nobel Prizes in chemistry 25, 31
noble gas rule 56, 57
Nolan, S. 84, 370, 584
Nollet, A. 234
non-activated alkane 581
non-conjugated dienes 76, 290, 389,

479, 489
into dialdehydes 290

non-innocent ligands 97, 593
non-isocyanate polyurethanes 599
non-phosgene polycarbonate 603,

604
nonpolar C7–C15 aldehydes 225
nonpolar solvents 109, 110, 258,

259, 265, 267–269, 274,
484

non-precious metal complexes 597
non-precious metals 327, 458, 487,

597
norbornadiene 6, 72, 76, 170, 171,

363, 497, 499, 587
norbornene 348, 367, 372, 377, 388,

389, 465, 466, 483, 491, 499,
539, 541, 550

hydroamination 465
Nord, F. F. 519
Norsorex 372
novel starting material 116
Noyori, R. 30, 136–138, 143, 272,

439, 592
Noyori-type hydrogenation catalyst

430
Nozaki, K. 392, 586, 587, 593
nuclear magnetic resonance (NMR)

spectroscopy 522
nuclear quadrupole moment 179
nucleophiles 410

type C=X 410
type HY 397

nucleophilic attack 104, 185, 346,
445, 466, 475, 498

o
octadienol 224, 320, 400–401, 404,

405, 410
octahedral (oct) 58, 116, 572

1-octene 6, 48, 149–150, 166,
186–187, 209, 232, 253–254,
256, 258, 270, 297–298, 301,
349, 354, 357, 401–402,
452–453, 485, 489, 514, 549

octylpolyglycol phenylene phosphite
(OPGPP) 262

n-octylzirconocene 484, 485
Oehme, Günther 359
offline analysis 309
oil-in-water (O/W) system 263
Olefins Conversion Technology (OCT)

58, 371, 378
oleic acid 6, 8, 255, 496, 630, 632, 649
oleic acid methyl ester 6, 8
oleochemicals 364, 378, 448, 453,

489, 491, 493, 496, 515, 599,
623, 629, 631–638, 642

oligomerisation 319, 351, 359, 362,
509, 515, 526

alkene 351–357
ethene 243, 351, 353, 382

oligomer mixtures 351, 352, 354
one factor at a time (OFAT) 283–285,

302
one-pot reaction 482, 492, 505, 516
one variable at a time (OVAT) 283
online analytics 164, 307–310, 313
online measurements 309
open miscibility gap 269, 277
operando spectroscopy 176, 189
operando technique 170, 191, 660
optical activity 134, 136
optimisation design 285
optimisation strategies

combinatorial chemistry 280–283
design of experiments (DoE)

283–286
high throughput screening 286
sequential reactor systems

292–298
virtual screening 299–301

organic carrier materials 244–245,
248

organic solvent nanofiltration (OSN)
230–238, 270, 311, 312

membrane 270
organic supports 242–245, 247, 248,

409
organocatalysis 18, 22, 30, 275, 498,

504, 559–562
advantage 561

organometallic chemistry 28, 55–65,
102, 170, 182, 371, 386, 417, 462

basics 55–65
organometallic compounds 62, 98,

169, 182–185, 323, 331, 394,
415, 418, 427, 452, 454, 492,
521, 527, 529, 613

organometallic intermediates 22
organosilicon compounds 477, 487
organotrichlorstannanes 422
orthogonal tandem hydrogenation

512–513
orthogonal tandem reaction 505,

508–511, 513, 515, 516
osmium 71, 457

catalysed aminohydroxylation 475
catalysed cis-dihydroxylation 451
complexes 612

Ostwald ripening 527, 529
Ostwald, Wilhelm 26, 27
oxazolidinones 599
oxidant 130, 443, 447, 452, 454,

456–458, 573, 576, 632, 641
oxidative addition 60–65, 79, 85,

89, 92, 104, 116, 140, 415,
420–424, 434, 437, 465, 478,
481, 569

oxidative carbonylation 572, 577
of alkynes 346–347

oxidative cleavage 452–453, 459, 639,
643

oxidative coupling 62–63, 65, 89,
100, 567

oxidative cyclisation 451
oxidation 632

of alcohols 456–457
alkane 570–572
alkenes 540
of alkyl aromatic 456, 460
Baeyer–Villiger (BV) 460
of cyclohexane 454, 459
of ketones 457–458
of phosphine ligands 103
of primary alcohols 460
selective 655–656
tandem reaction 377
Wacker 443–447

oxidation agent 459, 474, 475
oxidation number (ON) 58
oxidation state (OS), change of 58
oxidative cleavage 452–453, 459, 639,

643
of C=C double bonds 452
of cyclohexene to adipic acid 454

oxidative coupling/reductive cleavage
62, 65
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oxidative dehydrogenation (ODH)
155, 581

oxidative quenching 541
oxidic support 525
oxidising agents 103, 221, 510, 555,

581, 645
oxime ether hydrogenation 436
oxirane process 448, 459
oxo-synthesis 27, 325
oxygen 119, 645

containing heterocycles 446
1,3-oxygen migration 495, 499

oxyhydrogen mixture 17
ozonolysis 452, 623

p
Packard, Martin 175
palladium (Pd) 72, 73, 76, 400

black 421
catalyst 327–331, 457, 512
complex 477
NMR 181

palladium/alkylphosphine catalysts
408

palladium/alkylphosphite catalysts
408

palladium/arylphosphine catalysts
407

palladium-catalysed hydroamination
466

palladium-catalysed telomerisation
255, 320, 511, 636, 639

palladium(II)chlorido complex 443
palladium/copper-catalysed Wacker

oxidation 452
palladium nanoparticles

asymmetric hydrogenation 524
with chinchonidine-modified 524
propylene carbonate stabilized

525
Paracelsus 108
parallel high-throughput screening

292, 302
parallel reactor systems 280, 287–291
parameter

defined 283
optimisation 287

Partial Least Squares (PLS) 301
Pasteur, L. 80, 136
Pauson–Khand reaction (PKR) 29,

257, 321, 323, 324, 506, 512,
513, 550, 657

Pd-catalysed 1,2-diamination 469
Pd-catalysed Heck couplings 301

Pd-catalysed telomerisation 587,
637, 639, 642

Pd/Cu-catalysed ethene oxidation
28, 446

1,3-pentadiene 335, 397, 408, 468,
479, 515

pentenoic ester 345, 350
peptide angiotensin II 425
Perera, D. 296
perfluorinated compounds 129
perfluorinated solvents 129, 130, 264
perfluorooctane 264
Periana, R. A. 571
permeate 206, 229–235, 238
Perturbed Chain Statistical

Associating Fluid Theory
(PC-SAFT) 121, 268

Peters, J. C. 611, 614
petrochemical industrial product

27–29
petrochemistry 26, 27, 31, 353, 631,

637
petroleum refinery 642
PGC1 190, 218, 222, 271, 295, 296,

387, 443, 456
and 5 421
and 9 213

PGC2 338, 341, 456, 461, 507, 553,
591, 599, 657, 658

PGC3 128, 207, 270, 306, 321, 322,
344, 394, 441, 480, 485, 555,
561, 583, 599, 603

PGC4 222, 338, 362, 393, 451
PGC5 229, 327, 362, 393, 456–457,

508, 525, 553
PGC6 18, 19, 41, 218, 229, 327, 341,

362, 423, 448, 456, 485, 486,
508, 528, 553, 555, 629, 655

PGC7 206, 298, 338, 345, 362, 392,
395, 403, 405, 406, 408, 433,
448, 453, 457, 474, 492, 508,
555, 561, 596, 599, 603, 629

PGC8 21, 342, 433, 507, 553, 638
PGC9 21, 190, 341, 443, 457, 507,

553, 655
PGC10 29, 265, 349, 393, 441, 655
PGC11 19, 190, 309
PGC12 295, 306, 395, 485
Ph3SiH 597
pharmaceutical industry 134, 144,

280, 469, 549, 561, 562, 588, 656
phase separation 214, 257, 262, 263,

268, 272, 277, 311, 312, 594
1,10-phenanthroline 480, 528, 573

phenol derivatives 409, 417
phenylpropenoids 491, 492
phenyl-propionic acid 345
2-phenylpyridines 541, 591
pheromones 373, 406
Phillips neo-hexene process 372, 378
Phillips–Triolefin Process 29, 371,

378
phosphine ligand 64, 81, 82, 85, 86,

99, 231, 243, 244, 248, 251, 370,
406, 481, 533, 583

phosphines decomposition 103–104
phosphite 432

decomposition 104
ligands 99

phosphodiesterase inhibitor PDE472
425

phosphonites 99, 143, 328
phosphonium salts, formation of 104
phosphoramidite 288, 328, 432, 442
phosphorus 654

amides 100
ligand 98–101

photo-assisted reactions 537, 541
photocatalysis 19, 22, 96, 208, 492,

499, 528, 537–541, 555, 646, 659
photocatalytic isomerisations 498
photocatalytic reactions 6, 537–539,

541, 659
photochemical activation 540, 614
photochemical methods 467, 521
photodimerisation 539, 541
photoelectrocatalysis 541, 659
photoelectrochemical cells (PEC)

534, 624
photo-induced catalysis 537, 541
photoreactors 208, 538, 539
photoredox catalysis 537, 540, 541
photoreduction 598, 613
pilot plants 144, 195, 209, 237, 238,

305–307, 343, 402, 431, 437,
445, 537–539

pilot plants vs. miniplants 306, 307
pincer ligands 96–97, 174, 264, 480,

569, 575, 596, 610, 613, 625,
626, 658

α-pinene 540, 630, 637, 642
pink (or purple) hydrogen 429
piperylene 335, 345, 346, 397, 408,

468, 515, 587
Piranha-solution 108
22 plan 284
23-plan 284
planet 38
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planetary mill 551
plant yield 44, 53
plasmonic nanoparticles 528
plasticisers 5, 335, 353, 359, 453, 509,

599, 619
plastics 3, 8, 29, 335, 361, 381, 387,

388, 395, 453, 601, 617, 622,
626, 653

platform chemicals 485, 629, 646,
650–653

platinum 73
aryl phosphine catalysts 408
based hydroformylation 327
catalysed hydrosilylation, of

1-alkenes 478
complex 478, 487
lighter 17
NMR 181–182

plug-flow membrane reactors 302
plug flow reactor (PFR) 201–203
plugs 293, 297, 298, 302
31P NMR Spectroscopy 177–179, 540
P–O-chelates 353
pocket angle 84
Poison catalyst 19
POKETONE 393
1,4-polybutadiene production 391
1,2-polyisoprenes 392
3,4-polyisoprenes 392
ponytails 129, 264, 523
porous membranes 233
POSS-cages 231
possible side reactions 326
post-modification 242, 243
Power-to-X (PtX) 659
polarity, of solvent 108, 131
polar solvents 109, 118, 127, 221,

249, 250, 253, 259, 268, 277, 526
polyacrylamide membrane (PA) 208
polyalkeneamer 366
polyalkynes 381, 393–395
polyamides 248, 321, 336, 349, 360,

390, 393, 395, 454, 472, 617,
618, 621–622, 624–626, 632,
642

polyaninlines 464
poly(bisphenol A carbonate) 621
polycaprolactone 457
polycarbonate 395, 602–603, 617,

618, 620, 621, 624, 626, 647
aromatic 603

polycarbonate PC-18 620, 621
poly(cyclohexene carbonate) (PCHC)

601

polycyclopentenes, iso-or syndiotactic
388

polydicyclopentadiene 372
polyester 9, 619, 620, 626, 657

CO2-containing 602–603
polyester PE-18,18 619, 620
polyether-ether-ketone (PEEK)

membrane 206, 468
polyethers 122, 130
polyethoxylated triphenylphosphine

PETPP 259, 262
polyethylene (PE) 381

high-density polyethylene (HDPE)
383

linear low-density polyethylene
(LLDPE) 385, 509

low-density polyethylene (LDPE)
381

types 382
polyethylene oxide-substituted

diphenylphosphine benzene
sulfonamide PEO-DPPSA 262

polyethylene oxide-substituted
diphenylphosphinopheny-
lamine (PEO-DPPPA)
262

polyethylene terephthalate (PET)
454, 556, 557, 617, 619, 623,
624, 626

polyfluoroalkyl substances (PFAS)
129, 265

polyhydric alcohols 403
poly-3-hydroxybutyric acid (PHB)

657
polyisoprene 392, 395
polyketones 341, 392–393, 395
polylactic acid (PLA) 556, 557, 623,

657
polymer 238, 351, 395, 523, 586

carbon dioxide-containing
600–603

catalytic degradation 657
insoluble 525
syntheses 604

polymeric support 245, 525
polymerisation 320, 381, 509, 657

aliphatic polyketones 392
polypropylene and metallocene

catalysis 385–388
catalysis in water 394
polyalkynes 393–394
polydienes 390–392
polyethylene and Ziegler catalysts

381–385

research 395
using water 395

polymer pyrolysis plant 390
polymer-supported

aminophosphine-phosphinite
ligands 281

polymer syntheses 556, 604, 605
polymethyl methacrylate (PMMA)

344
poly-(N-isopropylacryl amide)

(PNIPAM) derivatives 266
polynorbornenes 388
polyoctenamer 372
polyoxymethylene (POM) 618, 621,

626
polypropylene (PP) 8, 28, 130, 381,

385–391, 395, 617, 623, 624,
657

poly(propylene carbonate) (PPC)
601, 624

polypyrone 601, 605
polysaccharides 630, 639–640, 642,

650
polystyrene 8, 241–243, 247, 248,

258, 281, 282, 388, 390, 555,
601, 617

polyunsaturated fatty acids 499
polyurethanes (PU) 3, 4, 454, 557,

599, 601, 618, 622–623, 625,
626, 632, 647

polyvinylpyrrolidone (PVP) 248,
523, 526, 527, 545

ponytails 129, 264, 523
post-metallocenes 394
potential difference (or voltage) 532
potential energy 152–155, 523, 524
potentiostat 532
Power-to-Liquid (PtL) 647
Power-to-X (PtX) 646
Pracejus, Horst 359
Prakash, G. K. S. 342
pre-catalysts 67, 293, 422
precipitate the catalyst 219, 226
precipitation 70, 114, 128, 129, 215,

219–221, 226, 229, 266, 330,
332, 400, 499, 522, 526

precipitation/crystallisation 215
precursor, defined 65
Prelog, V. 136, 414
pressure reactors 199–201, 210, 305,

535, 594
pressurised sample infusion (PSI)

182, 183
prevent waste 2, 10
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prices for transition metals 75, 76
Prilezhaev reaction 447
primary amines 117, 405, 409, 435,

441, 465, 471, 472, 573, 594,
598, 600, 619, 632

Principal Component Analysis (PCA)
300

Principles of Green Chemistry (PGC)
1, 10, 18, 362, 507, 553, 557,
561, 562, 639, 645, 655

process
control systems 200
environment-friendly 657
intensification 206

prochiral hydrazones 436
prochiral material 45
product elimination 59, 63
product formation 59, 63, 160
product inhibition 117, 160
productivity 41, 47, 49, 51, 53, 213,

270, 357, 387
product purity 49–50, 222
profens 143, 337, 656
1,3-propanediol 571, 577, 595, 621,

657
propargyl alcohol 496
propene 335, 364

dimerisation 357
hydroformylation 5

propiolic acid esters 589
propiolic acids 588, 589
propranolol 35, 134, 135
propylene carbonate 112, 268, 297,

335, 524, 525, 598, 601, 624, 635
stabilized Pd nanoparticles 524

propylene oxide 130, 448, 601, 632,
655

propyne 180, 346, 350
prosulfurone 415
protect a kinetic product 116
protection 1, 5, 7, 38, 39, 234, 429,

438, 657
protective layer 523, 524
proteins 153–155, 642, 660
proton shuttle 118
pseudo-first-order conditions. 164
p-toluic acid 455
pulsed gradient spin echo (PGSE)

NMR 169, 181–182, 190
pulsed laser ablation 522
pumps 205, 293, 294, 305, 306
Purcell, Edward Mills 175
purification, organic solvents 119
purity, product 53, 226

pyrethroids 35, 322, 324
pyridone 418
pyrolysis 4, 6, 387, 390, 408, 429, 493,

567, 618, 626, 637
of PP and real plastic waste 390

q
quadrant representation 141
quadrant rule 142
quadricyclane 6, 497, 499
quantitatively significant processes

39
quantitative poisoning 528
quantitative structure activity

relationship (QSAR) modelling
299, 301, 302

quantum-chemical descriptors 299
quantum mechanics (QM) 64, 84,

299
quartz apparatus 537, 541
quinine 451

r
racemate 4, 133, 473
racemic resolution 137
racemisation 134
radial stirrers 195
Radleys Green House parallel

synthesizer 280
raffinate 224, 226
Raman spectroscopy 169, 173–174,

190, 522
randomly methylated cyclodextrins

256
Raney-nickel catalyst 440
rare earth metals 67, 76, 392
rate constant k 159
rate-determining step 60, 65, 118,

140, 145, 148, 156, 159–163
rate-limiting step 65, 85, 89, 95, 166,

539
rate of gas consumption 164
ratio of the reaction rate to the critical

mass transfer rate 210
Rayleigh scattering 173
reaction

of alcohols with CO 347–348
between CO and hydrogen

341–343
carbon dioxide 579
of CO with alkenes and vinyl arenes

343–345
of CO with alkynes 346–347
of CO with dienes 345–346

reaction calorimeter 165
reaction classes 561
reaction-injection-moulding (RIM)

method 372
reaction profile 41, 42, 46, 47, 51, 82,

154, 527
reaction types 35, 120, 143, 145,

315–317, 503, 504, 508, 533,
544, 557, 562, 570, 572, 630

reactivity of alkenes in
hydroformylation 334

reactors for mechanocatalysis 208
reactors for sonocatalysis 208
reactor types 307

“agony of choice,” 208–210
membrane reactors 206–207
for gas/liquid reactions 203–205
jet loop reactor 205–206
microreactors 207–208
special reactors 208
stirred-tank reactor 195–201
transition variants between STR

and PFR 202–203
tubular reactor 201–202

reactor volume 47, 52, 53, 164, 196,
198, 202, 219, 342

real-time automated feedback
optimisation 296

real-time online analysis 10, 190
rearrangement 35, 316, 443, 454,

459, 489–499, 586, 637
carbon backbone 497, 499

recyclable heterogeneous metal
catalysts 480

recycling plastic waste 617, 626, 654
redox reactions 70, 531, 533, 535,

541, 554–555, 557
reductive amination (RA) 121, 472,

473
of decanal 309
n-pentanal with diethylamine 473

reductive cleavage
(retrocycloaddition) 62

reductive quenching 540, 541
Reetz, M. T. 85, 143, 432, 522
reference electrode 532
refinery processes 27, 31, 34, 36, 315,

317, 324
reflectance cell 172
regioselectivity 44–45, 51, 53, 79, 81,

99, 105, 167, 180, 185, 209, 246,
269, 321, 328, 332, 337, 346,
357, 359, 360, 408

reliability 51, 53, 152
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removal of a solvent 220
renewable alcohols 403
renewable degradation 555
renewable feedstocks 6, 10, 642
renewable raw materials (PGC7) 6,

8, 10, 345, 406, 416, 468, 471,
478, 513, 555, 557, 599, 603,
619, 621, 629, 642, 643, 645,
657

renewable resources 649
repeatedly operated semi-batch

reactor (RSBR) 308
Replica Exchange Molecular

Dynamics (REMD) 147, 152,
154–156

Reppe chemistry 342, 361
Reppe, R. 342
Reppe, W. 7, 31, 69, 327, 342, 346,

361
Reppe, W. J. 27, 31, 341, 508
repulsion, particles 523
resources, new 645–655
retentate 206, 229–232, 235, 237,

238, 312
retention 49, 206, 231, 232, 234–238,

270, 468
reticulated vitreous carbon (RVC)

535
retinol 420
retrocycloaddition 62
reversal of polarity (Umpolung) 471
reversed-polarity amines 467
reversed water gas shift reaction

(rWGSR) 592
reversed water gas shift (RWGS) 339,

596
reverse osmosis 229–231, 237
Reynolds, Osborne 196
Rh-catalysed hydroformylation of

1-octene 301
Rh-catalysed isomerisation 494, 514,

515, 634
rhodium 71, 72, 76, 327, 340

complex 478
NMR 181–182
trichloride trihydrate 465

rhodium/biphephos-catalysed
hydroformylation 269

rhodium/Tol-BINAP catalyst 494
rhodium-TPPTS-catalysed

hydroformylation of propene
253

Rh/sulfoXantphos catalyst system
257

ring closing alkyne metathesis
(RCAM) 373, 374

ring closing enyne metathesis
(RCEYM) 374

ring-closing metathesis (RCM) 295,
365, 366, 369, 377, 378, 509, 550

𝛼,𝜔-diene 368, 369
ring opening metathesis (ROM).

365, 366, 378, 388
ring-opening metathesis

polymerisation (ROMP) 366,
378, 388

ring-opening polymerisation
metathesis industrial 378

Roelen, O. 27, 31, 325, 416, 620
Rovis, T. 377, 582
Ru(acac)3/picolinic acid 453
Ru complex [Ru(Triphos)(TMM)]

435
Ruhrchemie/Rhône-Poulenc

(RCH/RP) process 5, 250,
253, 254, 259, 330, 340

rule of thumb 46, 47, 56, 87, 532
rules, optimisation 285
Ru-Macho complex 97
RuO4-catalysed oxidative cleavage

452
ruthenium 70, 71, 327

catalysts 20, 370, 486
complexes 612
tetroxide 452

ruthenium-based metathesis complex
245

ruthenium-catalysed epoxidation of
methyl oleate 448, 450

ruthenium-catalysed metathesis 505
ruthenium-catalysed oxidative

cleavage, of methyl oleate 453
ruthenium-PNN-pincer complex 625
Ru-Triphos 596, 597

s
Sabacky, M. J. 136
Sabo-Etienne, S. 596
Sach, N. W. 296
Sadowski, G. 121, 269
safe chemicals 10
safe use of pressure reactors 200
salicylic acid 579, 590, 605
same homogeneous phase 19, 226
sampling methods 151–153, 156
SAP (supported aqueous phase)

catalysis 246
Sasaki, Y. 339, 592, 596

scale-up 237, 238, 289, 290, 298, 305,
306, 544

scanning electron microscopy (SEM)
522

scanning tunnelling microscopy
(STM) 522

Schaub, T. 596, 625
Schmidt, Helmut 494
Schmitt, R. 590
Schomäcker, R. 257, 263
Schrock catalyst 369, 374, 375, 610
Schrock, R. R. 30, 367, 368, 370, 373,

375, 377, 609
Schulz–Flory distribution 353, 354,

364
Schwartz’s reagent 484, 485, 487
Science of Synthesis 97
screening design 285
Schwarz, H. 467
Schwartz, J. 484, 487
secondary amines 4, 117, 270, 274,

405, 408, 435, 436, 441, 465,
466, 468, 469, 471, 515, 589,
594, 598, 600, 637

second-generation catalysts 330,
370

second generation of industrial cobalt
catalysts 330

second liquid phase 214, 215,
225–226, 259, 277, 353, 594

second phase generation 214, 224,
225, 249, 263

segmented-flow 292
Seidensticker, T. 255
selection valves 293
selective hydrogenation 434, 526,

527, 635, 642
selectivity, defined 35, 41, 44, 117
self-assembly 282
self-metathesis 365, 378, 633
self-separating of the kinetic product

116
semi-batch mode (SBSTR) 198
separation 193

method 659
principles 213–215
and recycling 213

sequential HTS 292–294, 298, 302
sequential reaction 503, 504
sequential reactor systems 287,

292–298
set of descriptors 300
shaker mill 551
Sharpless, Barry 362, 416, 439
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Sharpless epoxidation 67, 144, 449,
450, 459

disadvantage 449
Sharpless, K. B. 30, 136–138, 449,

451
Sheldon, R. A. 36, 457
Shell Higher Olefin process (SHOP)

29, 98, 251, 259, 351–354, 363,
371, 491

Shell process 330, 340, 507, 508
shifting the equilibrium 101, 117,

365
Shirakawa, H. 393
Shirakawa technique 393
SiC high-throughput microreactor

207
side-on bonded 58
side reaction 6, 104, 149, 151, 221,

326, 340, 356, 426, 479, 486,
498, 526, 623

sigma bond metathesis (SBM) 569,
570, 577

sildenafil 37
silica-bound trialkylphosphines

244
silicon 172, 207, 245, 295, 316, 324,

423, 477, 481, 487, 525, 529,
654, 658

1-silylpropane 478
simple E factor (sEF) 37
simplex method 279, 285, 302
single-atom catalysts (SAC) 528, 614
single-mode version 546
single-site catalyst 386, 390, 574,

575, 577
single-stage process 216, 217
Sinn, H. 29, 386, 387
Simeprevir 372
six-membered heterocycles 406, 410
Skrydstrup, T. 625
SLP (supported-liquid phase) catalysis

242, 246–248
slugs 292, 293, 296, 302
slurry polymerisation 384

HDPE production 384
small angle X-ray scattering (SAXS)

522
(S)-metolachlor 4, 5, 72, 144, 247,

431, 438, 442
enantioselective Novartis synthesis

438
Smid, J. 28
Smidt, J. 215, 444–446
Smutny, E. J. 397

sodium triphenylphosphine
trisulfonate (Na-TPPTS) 5,
209, 250–252, 330

software 149–151, 165, 284, 522, 660
Solar Concentrator with a Rectangular

Flat Focus (SoCRatus) 538,
539

solar-energy storage 497
sol-gel process 248
sol-gels 245
solid angle (ω) 84
solid-phase immobilisation 242, 248

inorganic carrier materials
244–245

organic supports 242–244
solubility parameter, δ 109–114
solubility properties of the ligands

259
solubility-switching tags 220–221
solvent purification systems (SPS)

119, 120, 131, 271, 275
solvent-stabilised colloids (SSC) 524,

525
solvents 131, 328, 524, 531

influence 131
purity 131
recycling 119
waste 37

solvents in homogeneous catalysis
advanced reaction media 121–131
deep eutectic solvents (DESs)

124–126
dipole moment 109
dielectric constant (permittivity)

108–109
ET-value 109–110
general aspects of 107–108
Green Chemistry criteria 115
Hansen’s parameter 110–114
solubility parameter, δ 110–114
solvent availability and costs

118–119
solvent effects on mass transfer

116
solvent effects on solubility 116
solvent effects on the catalyst

117–118
solvent purity 119–120
solvents activating substrates,

stabilising intermediates or
capturing products 116–117

solvent selection guides 120–121
solvents stabilising transition states

118

solvolysis 617–624, 626
sonocatalysis 208, 498, 543–546, 557

alkylations 545
sonochemical methods 521
Sonogashira coupling 418, 422, 512,

527, 553
Sonogashira–Hagihara reaction 427

general overview 418
mechanism 417

Sonogashira, K. 417
Sonogashira reaction 417–418, 512,

546
sonotrodes 544
Sorcerer’s Apprentice 289
Sorona® 657
space-filling of ligands 105
space–time yield (STY) 41, 47–48,

53, 285, 342
sparged stirred-tank reactor (SSTR)

200, 204, 210
speciality chemical 34–35, 372
speciality products 29–31
special variants 22, 540
specific precipitants 220
spectroscopic analysis methods 190
spectroscopic methods

electrospray ionisation mass
spectroscopy (ESI-MS)
182–184

IR spectroscopy 171–173
NMR spectroscopy 174–176
pulsed gradient spin echo (PGSE)

NMR 181–182
Raman Spectroscopy 173–174
UV/visible spectroscopy 170–171

Speier catalyst 74, 478
Speier, J. L. 478
Spencer, Percy 547
sphere technique 113
spin-echo effect 181
spiral wound modules 237
“split and pool” synthesis (S&P

synthesis) 280–281
split ponytails 264
squalane 623
square planar (sqpl) 58–60, 63, 90,

93, 141, 180, 416
stabilisation

electrostatic 523–524
electrosteric 524
of intermediates 116
steric 523

stability 238
stable cis-alkene 492
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stable trans-alkene 492
stages of catalyst development

298–299
Stahl, S. S. 457
stand-alone system 199
standard free reaction enthalpies 147
Stanley, G. G. 327
starch 6, 403, 409, 630, 639, 641, 642,

650
Statistical Design of Experiments

283
Staudinger, H. 381, 386
steady-state approximation 160
Stejskal, E. O. 181
step economy 38
stereoblock polypropylene (stPP)

385, 388
stereo-electronic-maps 88
stereogenic carbon atom 134–136,

385, 391, 438
steric effects 80–86, 91–93, 95, 524
steric factors 79, 486
steric hindrance 83, 86, 92–93, 141,

387, 405, 609
StickyCat® 245
Stille coupling 29, 422, 427, 512, 540

aromatic polymers 423
carbonylative 422
general overview 423
mechanism 422
water solvent 422
with tin reagent recycling 423

Stille, J. K. 29, 422
stirred-tank pressure reactors

199–201
stirred-tank reactor (STR) 210

different operation modes
198–199

general description 195–198
stirred-tank pressure reactors

199–201
stirred-tank reactor cascade (CAS)

202, 392
stirrer power 196
stirrers 195–197, 199
stirring rate 165–166, 200, 210
stoichiometrically 7, 443, 457, 584
stoichiometric dehydrogenation 575
stoichiometric N–C bonds 612
stoichiometric N–P bonds 612
stoichiometric N–Si bonds 612
stoichiometric reactions 8, 137, 443,

484, 609, 614, 655, 657, 663
Stolz, B. M. 447

store energy 6, 497
strained ring compounds 497, 498
strained rings with heteroatoms 498
Strecker, Adolph 504, 516
Strecker synthesis 504
structure–selectivity relationships

184
Strutt, John William 173
styrene 362, 363, 388

carboxylation 582
hydrosilylation 479
polymerisation 395

subsequent post-extraction 225
subsequent reactions, defined 340
α-substituted acrylic acids 589
substrates, defined 340
sucrose 409, 630, 639
sugar 6, 403, 439, 629, 639, 642, 650
sugar molecules 642
sulfonated, water-soluble ligands

252
sulfonate groups in ligands 250
sulfonation, alkane 576
sulfoXantphos 251, 328
sulfuric acid 250, 571–572, 576
sulphur 19, 654
Sundmacher, K. 308
supercritical carbon dioxide 127,

128, 220, 328, 457, 540, 660
supercritical fluids 122, 126–128, 131
supersonic reactor 544
support 525

carbon 525
heterogenisation of nanoparticles

525
oxidic 525
polymeric 525

supported catalyst 241, 248
supported ionic liquid-phase (SILP)

catalysis 124, 246–248
supported-liquid phase (SLP) 242,

248
catalysis 659
immobilisation 246

supporting material 525, 529
Surface Organometallic Chemistry

371
Surfactants, defined 256, 524
surrogates 349
Suzuki, A. 29, 30, 419, 426
Suzuki catalyst transfer

polymerisation (SCTP) 421
Suzuki coupling 288, 291, 295–296,

419–423, 426, 512–513, 539

Suzuki cross-coupling 295
Suzuki–Miyaura reaction 419, 427,

553
alternative reaction media 421
general overview 421
mechanism 420

Suzuki reaction 29, 207–208, 288,
296–297, 420–421, 425, 545, 553

swelling behaviour 238
Swiderek, P. 467
switchable hydrophilicity solvents

(SHS) 271–273
switchable ligands and transition

metal-organocatalysts
274–275

switchable multiphase catalysis 251,
259

switchable multiphase systems
CO2 switchable systems 270–275
temperature as a switch 262–270

switchable polarity solvents (SPS)
271

switchable systems 215, 251, 259,
270–271, 277

switchable water (SW) 271
π-symmetry 55, 57–58, 79, 87–88,

568, 607
syndiotactic 1,2-polybutadiene 391
syndiotactic polypropylene (sPP)

385, 386
syndiotactic polystyrene (sPS) 388
syngas reactions 20
syngas surrogates 338–339
synthesis

gas 27, 526
gas conversions 31
of isocyanates 3
of ligands 282
methods 123
multiple steps in one pot 503
of TPPTS 250

synthesise enantiomers 561
synthetic routes starting from PH3

98–99

t
Taber, D. F. 414
tacticity 385, 387, 395

types 385
tags 220, 231
tailor solvent properties 123
Takacs, J. M. 407
Takahashi, S. 397
Takasago 440, 493–495, 499
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‘take-make-use-dispose’ economy 38
tandem catalysis

assisted 506–508
orthogonal 506

tandem metathesis
hydrogenation 509–510
oxidation 510

tandem reaction 27, 474, 503, 656
auto tandem catalysis 506
oxidation 377

Tanner, J. E. 181
target value 44, 51, 279, 283–286,

290, 300, 301
tartronic acid 637
taxogens 397, 409
Taylor-Couette flow 203
Taylor-Couette reactor (TCR)

202–203
Taylor, G. I. 203
telogens 409
telomerisation 320, 397, 410, 511

butadiene 399–407
of butadiene with ammonia 259
of 1,3-butadiene with ammonia

255
of butadiene with glycerol 404
of butadiene with

N-methylglucamine 406
with C5-and C6-dienes 407–408
cyclic telomeres with 1,3-butadiene

406–407
enantioselective 408–409
higher alochols 403
mechanism 397–399
with mononuclear metal species

398
of β-myrcene 408
nucleophiles for 398
reactions 641–642
three butadiene molecules 586

temperature as a switch 262–270
temperature-dependent miscibility

gaps 259, 261, 267
terbinafine 417
terephthalic acid (TPA) 454, 456,

460, 641, 657
terminal allenes 469
ternary diagrams 261, 267, 268
ternary liquid-liquid equilibrium

(LLE) 114, 267
terpenes, defined 630, 642
terpenoic 1,3-dienes 408
terpenoids 630
terpenols 407, 408

terpene compounds 407, 448
terpenes 6, 136, 298, 317, 345, 364,

378, 407–409, 449, 489, 508,
513, 630, 631, 637, 638, 642, 646

tert-butanol 272, 447, 448, 456, 463
tetramerisation 7, 39, 186, 187, 189,

357, 361, 557
N,N,N′,N′-tetramethyl-1,4-diamino-

butane 272
thalidomide 134, 135
thermal deposition of a metal catalyst

220
thermal method 521
thermodynamics 15, 116, 147–156,

162, 464, 491, 522, 579
analysis 156

thermodynamics of homogeneous
catalysis

complex reaction systems 149–151
free reaction enthalpy 149
Gibbs energy and energy Plot

147–149
Gibbs energy using sampling

methods 152–155
hybrid functionals 151–152
machine learning (ML) methods

155–156
metadynamics 152–153
REMD 154–155
Umbrella Sampling 153–154

thermomorphic multicomponent
solvent (TMS) systems 277

thermomorphic multiphase systems
(TMSs) 259, 261, 267–270,
306

thermomorphic systems 130, 261,
270

thermoregulated fluorous solvent
systems 264–265

thermoregulated microemulsions
263, 277

thermoregulated phase-transfer
catalysis (TRPTC) 262–263,
277

thermoregulated polymer-bound
catalysts 265–266

thin-layer chromatography (TLC)
291

third-generation catalysts 330
three-membered rings 323, 498, 499,

554, 599
Ti-catalysed intermolecular alkyne

hydroamination 470
Tietze, L. F. 416

Ti(IV)/SiO2 catalyst 448
titanium silicalite (TS-1) 448
titanocenes 67
Tkatchenko, Igor 359
TMSs for complex reactions in

continuous operation
310–311

Tol-BINAP ligand 494
Tolman, Chadwick A. 80

ligand cone angle 80–86
Tominaga, K.-i 339
Tominaga, K.-I. 583
topological descriptors 299
total catalyst productivity 47
total interaction energy 522–523
total turnover number (TTN) 47, 53,

232
toxicity 3, 4, 36, 88, 115, 120, 124,

125, 129–131, 422, 599
toxic metals 441
trans-alkene 334, 489, 491, 492, 499
transesterification 100, 104, 107, 630,

633, 636, 642
transfer hydrocyanations 321
transfer hydrogenation 436

mechanism 437
of itaconic acid with formic acid

437
trans-1,4-hexadiene 100, 361
trans-isomers 361, 489, 492
transition metal/carbon monoxide

bond 58
transition metal catalysis 22

carbon dioxide 580–581
homogeneous 22

transition metal catalysts, for
hydroalumination 486

transition metal compounds
availability of 76
catalyst metals, costs of 74–76
gold 74
group 3 and lanthanides 67
iron metals of groups 8 to 10 68–69
metals of group 4 67
metals of groups 5 to 7 67–68
noble metals of group 8 to 10 70,

74
transition metal-nitrogen complexes

607–609, 614
transition metals 55, 65, 399

catalysts 436, 471
chelate complex 430
complex catalysis 18
hydride complex 430
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transition metals (contd.)
lower-cost 417
salts 18

transition states 15, 92, 116, 118, 121,
123, 131, 138, 139, 145, 148,
154, 156, 560, 561, 569, 570,
574, 658

transmetalation 62, 420, 422–424,
427

transmission cell 172
trans-1,4-polyisoprene 392
Trapp, O. 596
triad process 220
triarylphosphine (TAP) 87, 208
tricyclohexylphosphine 21
tridentate systems 97
trienes 433
triglycerides 378, 406, 429, 632–635,

642, 649
trigonal bipyramidal (tbp) geometry

58
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ethene 356
nickel-catalysed 360
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triphenylphosphine 5, 19, 63, 69, 70,

116, 209, 220, 224, 232, 242,
250, 259, 262, 264, 327, 328,
330, 400, 474, 535, 603, 635

triphenylphosphine trisulfonate
(TPPTS) 209, 220, 225, 250,
474

sodium salt 328
triphenylphosphite 21
Triphos 435, 596, 597, 623
tri-POSS-substituted

triphenylphosphine 232
tris(o-tert-butylphenyl)phosphite 99
trisubstituted alkenes 451, 492
Tropsch, H. 27
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TTPMS 250
tube reactor 202, 207, 209, 295, 298
tubular reactor 195, 201–202, 205,

209–210, 292, 293, 295–297,
308, 357, 358, 402, 544, 557, 659

tungsten 68, 75, 76, 170, 369, 371,
374, 375, 378, 393, 551, 575,
577, 608, 609, 612

tungsten carbonyl 76
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196, 200, 254, 283, 357, 438,
467, 592, 611

turnover number (TON) 39, 41,
46–47, 53, 86, 213, 232, 258,
283, 438, 467, 575, 581

turquoise hydrogen 429
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two immiscible phases 215, 226, 259
two-phase technique 266, 370, 403
two-stage process 216, 443
typical ligands, size of 81
typical product cleavages 60

u
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ultrafiltration 229, 231, 263, 274
ultra-high-throughput mapping 291
Umbrella Sampling 147, 152–154,
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Umpolung 467, 471
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UNIFAC (Universal Quasichemical

Functional Group Activity
Coefficients) 149

Union Carbide Process 224, 225
unit operations 214, 224, 255, 305,

306, 656
unsaturated alcohols 44, 403, 540
unsaturated carboxylic acids 39, 478,

582–583
α,β-unsaturated carboxylic acids

441, 588
unsaturated fatty chain 499
unsaturated fatty compounds 631,

642
unsaturated oleo compounds 336,

496
unsaturated renewables 222, 453,

513, 599
unsegmented-flow 292
upper critical solution temperature

(UCST) 264, 277
UV-visible (UV-Vis) spectroscopy

170, 171, 190, 522

v
18 valence electron (VE) rule 56
χi-value 87
vanadium 26, 67, 75, 76, 383,

448, 454, 457, 495, 496,
499, 607

compounds 76

vanadium catalysed isomerization
495

allyl alcohol 495–496
van der Waals interactions 109
Vaniprevir 372
van Leeuwen, P. 49, 85, 93, 328
van Leeuwen, Piet W. N. M. 93
van’t Hoff, J. H. 27, 136
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