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Ab initio calculations, for gas-phase ions 733, 
741, 750, 751, 758, 760 

Abramov reaction 30, 177, 180, 208, 209, 
211, 291, 367, 369, 370, 395, 396, 
406 

Absolute configuration, assignment of 317 
Acanthamoeba castellani 370 

isolation of aminophosphonic acids from 
313 

Acetals, synthesis of 242 
Acetophenones — seea-Haloacetophenones 
Acetoxyvinylphosphonates, synthesis of 676, 

696, 698 
Acetylcholine, enzymatic hydrolysis of, 

termination of 822 
Acetylcholinesterase — see Cholinesterase 
Acetyl CoA-synthase 720, 721 
(l-Acetyloxyprop-2-enyl)phosphonates, 

isomerization of 185 
Acetylphosphonates — see also 

Adenosine-5'-acetylphosphonates, 
Chloroacetylphosphonates 

as enzyme inhibitors 721, 722 
Acetylphosphonothioates, synthesis of 

406 
Acidity, gas-phase 734-737, 760 
Acryloylphosphonates, synthesis of 662 
[(Acylamino)methyl]phosphonates, synthesis 

of 241 
JV-Acylaziridines, ring opening of 325 
Acyl halides, reactions with phosphites 158, 

241 
[(2-Acyloxy)alkyl]phosphonates, cleavage of 

P—C bonds in 522 
Acyl phosphates, synthesis of 691 
Acylphosphinates, synthesis of 242 
Acylphosphonamidates — see also 

Acylphosphondiamidates 
synthesis of 672 

Acylphosphonate ketals, synthesis of 682 

Acylphosphonates 
— see also Acetylphosphonates, 
Bisacylphosphonates, 
(Perfluoroacyl)phosphonates 

acidity of 660 
as intermediates 676, 677 
biological aspects of 719-723 
bis(trimethylsilyl) — see Bis(trimethylsilyl) 

acylphosphonates 
cleavage of Ρ—C bonds in 522, 523 
dealkylation of 661, 662 
decarbonylation of 691, 692 
enamines derived from 699-702 
enethiolates derived from 698, 699 
enols derived from 694-698 
fragmentation of 688, 689 
hydrolysis of 677-680 

complication in synthesis 664 
IR spectra of 658, 659 
NMR spectra of 659, 660 
oxidation of 691 
reactions of 174, 551-563 

photochemical 691 
with alcohols 681, 682 
with amines 682-684 
with carbanions 684, 685 
with diazomethane 693 
with hydrazoic acid 687 
with ylides 685-687 

reduction of 689-691 
synthesis of 241, 662-676 

by Arbuzov reaction 662-670 
by hydrolysis of enamines 670 
by oxidative methods 671, 672 

theoretical calculations for 657, 658 
transition metal complexes of 693 
X-ray studies of 656, 657 

Acylphosphonate thiosemicarbazones, antiviral 
activity of 720 

Acylphosphondiamidates, synthesis of 672 
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Acylphosphonic acids — see also 
Bisacylphosphonic acids, 
Haloacetylphosphonic acids 

synthesis of 660-662 
Acylphosphonimidates, synthesis of 672 
Acylphosphonites, oxidation of 671 
Acylphosphonochloridates, synthesis of 673 
Acylphosphonofluoridates, synthesis of 663 
Adamantanes — see also 1,3-

Dedihydroadamantane 
reactions of 291 

(l-Adamantyl)dihalophosphines, synthesis of 6, 
7 

Adamantylphosphinic chlorides, synthesis of 
143 

Adamamtylphosphonic dichlorides, synthesis 
of 143 

Addition-elimination mechanism 602, 616 
Addition reactions, regiochemistry of 578 
Adenosine-5'-acetylphosphonates, as enzyme 

inhibitors 720, 721 
AIDS, phosphonoformic acid in treatment of 

719, 772 
Aldazines, reactions of 334 
Aldol reactions 309, 310, 532, 652, 663 
Aldoses, chain extension of 208 
Aldoximes — see a-Ketoaldoximes 
Alendronate 771 
Aliesterases 825 
Alkadienes — see also Buta-l,3-dienes 

reactions with PCI5 92, 121 
Alkadienylphosphinic acids, synthesis of 89-97 
Alkadienylphosphonic acids — see also Buta-

1,3-dienylphosphonic acids 
reactions of 582 
synthesis of 70, 89-97 

Alkadienylphosphonic dichlorides 582 
Alkadienylphosphonic diesters — see also 

Buta-l,3-dienylphosphonic diesters 
reactions of 580 

α,ω-Alkanebisphosphonic acids, synthesis of 
56 

Alkanedioates — see 
Bis(dialkoxyphosphinoyl)alkanedioates, 
2-Phosphonobutanedioates 

Alkenes — see also 1-Bromo-l-nitroalkenes, 
Haloalkenes 

chlorophosphonation of 161-165 
hydrophosphonation of 80, 81 
reactions of, 

with PCI5 89-92, 252 
with tetrachlorophosphoranes 91, 92 

Alkenylphosphinic acids, synthesis of 89-97 
Alkenyl phosphites, isomerization of 128 
Alkenylphosphonates — see also 

Alkenylphosphonic diesters, (2-
Alkoxyethenyl)phosphonates, 

(2-Nitroalkenyl)phosphonates, 
Pentenylphosphonates, 
Propenylphosphonates 

hydroxylation of 292 
nitration of 310, 311 
reactions with amines 347-349 
synthesis of 555, 577 

Alkenylphosphonic acids — see also 
Fluoroalkenylphosphonic acids, 
[3 -(Formy lhy droxy amino)prop-1 -
enyljphosphonic acid 

epoxidation of 212-214 
reactions of 127 
synthesis of 89-97, 123-125 

Alkenylphosphonic derivatives, reactions with 
sulphur compounds 221 

Alkenylphosphonic diesters — see also 
(1 -Hydroxy alk-2-enyl)phosphonic 
diesters, Oxoalkenylphosphonic diesters, 
(Polyfluoroalkenyl)phosphonic diesters 

nitration of 311 
reactions with nitroalkanes 308 

Alkenylphosphonic dihalides — see also (2-
Alkoxyethenyl)phosphonic dihalides 

synthesis of 252 
(a-Alkoxybenzyl)phosphonates, synthesis of 

186 
2-Alkoxy-2,3-dihydrobenzoxaphosph(V)oles, 

synthesis of 64 
2-Alkoxy-l,3,2-dioxaphospholanes, in 

Michaelis-Arbuzov reaction 51 
(2-Alkoxyethenyl)phosphonates, synthesis of 

252 
(2-Alkoxyethenyl)phosphonic dihalides, 

synthesis of 252 
Alkoxyiminophosphonates, complexes of 719 
3-Alkoxy-l,2-oxaphosph(V)olanes, synthesis of 

197 
1-Alkoxyphospholane 1-oxides, 

alkylation of 114 
synthesis of 86 

l-Alkoxy-2-phospholene 1-oxides, synthesis of 
68 

l-Alkoxy-3-phospholene 1-oxides, alkylation 
of 114 

[(Alkylamino)alkyl]phosphonates, 
phosphonomethylation of 339 
synthesis of 325 

Alkyl fluorides, unreactivity in Michaelis-
Arbuzov reaction 54 

Alkyl halides — see Alkyl fluorides, 
Arylmethyl halides, Primary alkyl 
halides, Secondary alkyl halides 

Alkylidenebisphosphonates, synthesis of 545 
Alkylidenebisphosphonic acids — see also 

(1 -Aminoalkylidene)bisphosphonic acid, 
(1-Hydroxyalkylidene)bisphosphonic acid 
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Alkylphosphinates — see Dialkylphosphinates 
Alkylphosphines — 

see Bis(dimethylamino)ethylphosphines, 
Hexylphosphines, Methylphosphines 

Alkylphosphinic acids — see also 
Dialkylphosphinic acids 

reactions with silanes 19 
synthesis of 50-74, 80-89 

Alkylphosphonate carbanions, acylation of 
261-264 

Alkylphosphonates — see also 
Alkylphosphonic diesters, 
Cyclohexylphosphonates, 
Methylphosphonates 

ion-molecule reactions of 747 
MS analysis of 755-757 

Alkylphosphonic acids, 
cleavage of Ρ—C bonds in 511 
synthesis of, 

by alkylation of hydrogenphosphonates 
69-74 

by hydrophosphonation 80, 81 
from P(III) compounds and carbonyls 

81-86 
from tetracoordinate Ρ and 

organometallics 86-89 
using Michaelis-Arbuzov reaction 50-69 

Alkylphosphonic diesters — see also 
Cycloalkylphosphonic diesters 

bromination of 170 
Alkylphosphonic dihalides — see 

ί-Butylphosphonic dihalides, 
Methylphosphonic dihalides 

synthesis of 118 
Alkyl sulphonates, as alkylating agents, in 

Michaelis-Arbuzov reaction 62, 63 
(Alkylthiobenzyl)phosphonates, synthesis of 

64, 219 
(Alkylthiomethylene)bisphosphonates, 

synthesis of 219 
Alkynes, chlorophosphonation of 161, 163-165 
Alkynylaminophosphines, rearrangement of 31, 

32 
Alkynyl diarylphosphinites, rearrangement of 

31,32 
Alkynylphosphines 

— see Alkynylaminophosphines, 
Bis(dialkylamino)ethynylphosphines 

Alkynylphosphinic acids, synthesis of 97-99 
Alkynylphosphonates — see also 

Alkynylphosphonic diesters, [(35)-3-
Methyl-2-oxo-5-octynyl]phosphonates 

reactions of 265 
synthesis of 98 

Alkynylphosphonic acids, 
reactions of 127 
synthesis of 70, 97-99 

Alkynylphosphonic diesters, synthesis of 97, 98 
Alkynylphosphonic dihalides, synthesis of 97 
Allenylphosphonates, synthesis of 93, 94 
Allenylphosphonic dihalides, synthesis of 95 
Allylic groups, isomerization of, in Michaelis-

Arbuzov reaction 60, 61 
Allylic rearrangements 170 
Allylphosphonates, reactions of 566, 567 
Aluminium trichloride, as catalyst for 

Michaelis-Arbuzov reaction 98 
Amides, formation of 612 
Aminoacetaldehyde, phosphonomethylation of 

339 
Aminoacyl diphosphonates, as neoplasm 

inhibitore 774 
(l-Aminoalkylidene)bisphosphonic acids, 

cleavage of Ρ—C bonds in 516 
(l-Aminoalkyl)phosphinates, JV-protected, 

oxidation of 377 
Aminoalkylphosphinic acids — see also 

Aminoethylphosphinic acids, (3-
Aminopropyl)phosphinic acids, 
Bis(aminoalkyl)phosphinic acids 

oxidation of 396 
synthesis of 312-367, 374-379 

(u;-Aminoalkyl)phosphinic acids, 
aminomethylation of 378 

Aminoalkylphosphonates — see 
Aminoalkylphosphonic diesters, 
(2-Aminoethyl)phosphonates, 
Aminomethylphosphonates 

Aminoalkylphosphonic acids — see 
also Aminoethylphosphonic acids, 
Aminomethylphosphonic acids 

chiral — see Chiral aminoalkylphosphonic 
acids 

reactions of 541, 542 
synthesis of 312-374, 377 

(1-Aminoalkylphosphonic acids, 
cleavage of Ρ—C bonds in 516 
synthesis of 395, 396 

(u;-Aminoalkyl)phosphonic acids, synthesis of 
322 

Aminoalkylphosphonic diesters — see (2-
Aminoethyl)phosphonic diesters 

Aminoalkylphosphonous acids 313 
synthesis of 37Φ-379 

(a-Aminobenzyl)phosphonates, synthesis of 
334 

(Aminobromomethyl)phosphonates, reactions 
with organometallics 360 

Aminocarboxylic acids, aminoalkylphosphinic 
acid analogues of 376 

(l-Amino-2-chloroethyl)phosphonates 
— see also (l-Amino-2,2,2-
trichloroethyl)phosphonates 

synthesis of 323 
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Amino compounds, oxidation of 307 
(1 -Amino-1 -cycloalkyl)phosphonic diesters, 

synthesis of 363 
(1 -Amino-1 -cy clopropy l)phosphonates, 

synthesis of 367 
(1 -Amino-1 -cyclopropyl)phosphonic acids, 

synthesis of 367 
(l-Amino-2,2-dichloroethyl)phosphonic acids, 

synthesis of 323 
Aminoethylphosphinic acids, biochemical 

activity of 776 
(l-Aminoethyl)phosphinic acids, 

optical purity of 376 
synthesis of 313 

(2-Aminoethyl)phosphonates, synthesis of 322 
Aminoethylphosphonic acids 147, 148, 313 

natural occurrence of 768 
synthesis of 341, 356, 572 

(2-Aminoethyl)phosphonic diesters, synthesis 
of 329 

Aminohalophosphines, 
reactions with organometallics 11, 12 
synthesis of 10-14, 29 

(Aminohydroxyalkyl)phosphonic acids, 
dehydroxylation of 352 
natural occurrence of 313 
synthesis of 367-370 

[2-Amino-4-hydroxy-4-
(hydroxymethylphosphinoyl)]butanoic 
acid, synthesis of 369 

(1 - Amino-2-hy droxy-2-pheny lethyl)phosphonic 
acid, synthesis of 367 

(2S)-2-Amino-3-(4-hydroxy-3-
phosphonophenyl)propanoic acid, 
synthesis of 367 

2-Aminoindan-2-phosphonic acid, as enzyme 
inhibitor 770 

Aminolysis 432, 433 
Aminomethanebisphosphonates — see also 

(Dialkylaminomethane)bisphosphonates 
reactions of 699 

Aminomethylation 121 
Mannich-type 375 

Aminomethylenebisphosphonic acid, synthesis 
of 341 

Aminomethylphosphonates — see also 
(Dialkylaminomethyl)phosphonates 

diazotization of 298 
synthesis of 363 

Aminomethylphosphonic acids, N-acylated, 
synthesis of 341 

(+)-(1 -Amino-1 -methylpropyl)phosphonic acid, 
configuration of 317 

2-Amino-l,3,4,2-oxadiazaphosph(III)oles, 
reactions of 178 

3-Amino-2-oxetanones, TV-protected, ring 
opening of 325 

[l-(Aminooxy)alkyl]phosphonic acids, 
synthesis of 374 

(a-Aminophenylmethyl)phosphonic acid, 
synthesis of 326 

Aminophosphines 2 — see also 
Alkynylaminophosphines 

α-metallation of 39 
reactions of 36 

with alcohols 14-17 
synthesis of 10-14 

l-Amino-3-phospholene 1-oxides, synthesis of 
78 

Aminophosphonates — see also 
Hydroxyaminophosphonates 

reactions of 676 
synthesis of 711, 712 

α-Aminophosphonates, dehydrogenation of 
699 

Aminophosphonic acids, resolution of 315, 316 
α-Aminophosphonic acids, synthesis of 683 
Aminophosphonium salts, synthesis of 78 
2-Amino-u;-phosphonoalkanoic acids, 

resolution of 316 
synthesis of 353, 354, 361 

enantioselective 365, 366 
(1 -Amino-4-phosphono)butanoic triesters, 

synthesis of 321 
(3-Aminopropyl)phosphinic acids, 

physiological activity of 776 
Amino protection 319 
(l-Amino-2,2,2-trichloroethyl)phosphonates, 

synthesis of 323 
Amiton 784 

analogues of, toxicity of 830, 831 
Ammonolysis 432, 433 
Anhydride bond, cleavage of 430, 431 
Anhydrides, synthesis of 425-429 
Anhydroselenides, 

synthesis of 464, 465, 468, 469 
X-ray studies of 469 

Anhydrosulphides, 
reactions of 470-481 
synthesis of 463^-70 

Anhydrotellurides, synthesis of 464, 465 
Anschutz procedure 82 
Anthranilium perchlorates, reactions of 675 
Antibiotics, phosphorus-containing 314 
Antibodies, monoclonal, in pretreatment for 

chemical warfare agents 827 
Antifungal activity, of acylphosphonates 723 
Antimanic agents 769 
Apicophilicity 615, 618, 624 
Arbuzov reaction 27, 28 

in synthesis, 
of acylphosphon-amidates/-imidates 672 
of acylphosphonates 662-670 
ofa-alkyliminobenzylphosphonates 707 
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of enamidophosphonates 699, 700 
of methylphosphonic dichloride 788 

intermediates in, MS analysis of 758 
modified 186 

Aroyl chlorides, reactions with phosphites 
551 

Aroylphosphonates — see also 
Aroylphosphonic diesters, 
Benzoylphosphonates 

cleavage of Ρ—C bonds in 536 
Aroylphosphonic acids — see also 

Benzoylphosphonic acids 
reactions with nucleoside alcohols 670 

Aroylphosphonic diesters, cleavage of Ρ—C 
bond in 503, 504 

Aroylphosphonic dihalides — see 
Benzoylphosphonic dihalides 

Arsabenzene, sites of protonation of 736 
Arylbis(dialkylamino)phosphines, synthesis of 

12, 13 
Aryldiazonium salts, reactions with 

phosphorus(III) halides 111, 112 
Aryl(dihalo)phosphines, synthesis of 8-10 
(2-Arylethenyl)phosphonates, synthesis of 

144 
Arylmethyl halides, in Michaelis-Arbuzov 

reaction 55 
(l-Aryl-2-oxoalkyl)phosphonates, synthesis of 

303 
Aryl phosphates — see also Naphthalenyl 

phosphates, Pyridinyl phosphates 
rearrangement of 107-111 

Arylphosphinates — see Bis(2-
hydroxyaryl)phosphinates, 
Phenylphosphinates 

Arylphosphinic acids — see also 
Diarylphosphinic acids 

reactions with silanes 19 
synthesis of 99-112 

Arylphosphinic azides — see Diarylphosphinic 
azides 

Arylphosphinic halides — see 
Diarylphosphinic halides 

Arylphosphonates — see (2-
Hydroxyaryl)phosphonates 

Arylphosphonic acids, synthesis of, 
by rearrangement of aryl phosphates 107-

111 
from arenes and phosphorus(III) esters 102-

107 
from diazonium salts and P(III) halides 111, 

112 
from organometallic reagents 99-102 

Arylphosphonic dihalides — see also 
Benzylphosphonic dihalides 

synthesis of 118 
Aryltrichlorophosphonium salts 111 

ASP 792 
Aspergillus niger 291 
Asymmetric hydrogenation 356 
Asymmetric induction 325 
Asymmetric synthesis, 

of polyhydroxyphosphonic acids 207, 
208 

ATPase 721 
Atropine, as cholinergic antagonist 825 
Azacycloalkanebisphosphonates, use in 

osteoporosis 772 
1,2-Azaphosphetidines, synthesis of 62 
Azaphospholanes — see (a-

Hydroxyiminoaza)phospholanes 
1,2-Azaphospholidine 2-oxides — see also 

1,3,2-Thiazaphospholidine 2-oxides 
formation of 506 

1,2-Azaphospholidines — see also 
1,3,2-Diazaphospholidines, 1,3,2-
Oxazaphospholidines, 1,3,2-
Thiazaphospholidines 

as intermediates 354, 355 
deamidation of 316 
reactions with P4S10 411 

l,2-Azaphospholidin-5-ones, synthesis of 235, 
612 

1,2-Azaphospholines 178 
Azaphosphoridines, as intermediates 550 
Azides, as diazo-transfer reagents 295, 296 
(l-Azidoalkyl)phosphonates, synthesis of 358 
Azidoalkylphosphonic acids, 

as (aminoalkyl)phosphonic acid precursors 
352 

reactions of 548 
(a-Azidobenzyl)phosphonic diesters, synthesis 

of 545 
1-Azidophosphetane 1-oxides, cleavage of Ρ— 

C bonds in 506 
Aziridines — see N-Acylaziridines 
2-(2-Aziridiny 1)-1,3,2-diazaphospholidines, 

synthesis of 364 
Azolium ylides, reactions with 

acylphosphonates 686-688 
Azomethines, reactions with hypophosphorus 

acid 376 

Baclophen 771 
Baeyer-Villiger oxidation 504, 536 
Bamford-Stevens reaction 295-297 
Beckmann rearrangement 525 
l,3,2-Benzodioxaphosph(V)oles 617 
Benzodioxaphosphorins, formation of 64 
Benzofuranylphosphonic diesters, synthesis of 

560 
1,2-Benzoxaphosphole 2-oxides, synthesis of 

166 
Benzoxaphosph(III)oles, synthesis of 16-18 



922 

Benzoxaphosph(V)oles — see also 
Dihydrobenzoxaphosph(V)oles 

synthesis of 186 
2tf-l,2-Benzoxaphosphorin 2-oxides, synthesis 

of 117 
Benzoylimidophosphonates, addition to C = N 

bond 717 
Benzoylphosphonamidates, NMR spectra of 

659 
Benzoylphosphonates, 

hydrolysis of 678, 679 
reactions of 669 

with alcohols 681 
with amines 682, 683 
with hydrazoic acid 687 

synthesis of 675 
Benzoylphosphonic acids — see also 

Hydroxybenzoylphosphonic acids 
synthesis of 676 

Benzoylphosphonic dihalides, NMR spectra of 
659 

Benzylamines — see 2-Hydroxybenzylamines 
N-Benzylglycine, phosphonomethylation of 

339 
Benzyloxyiminomethylphosphonates, synthesis 

of 708 
(2-Benzyloxypropyl)phosphonates, synthesis of 

200 
Benzylphosphinic acids — see Bis(a-

aminobenzyl)phosphinic acid 
Benzylphosphonates — see (a-

Alkoxybenzy l)phosphonates, 
(Alkylthiobenzyl)phosphonates, (a-
Aminobenzyl)phosphonates, (a-
Hydroxybenzyl)phosphonates, [a-
(Hydroxyimino)benzyl]phosphonates 

Benzylphosphonic acids — see also (a-
Hydroxybenzyl)phosphonic acids 

cleavage of P—C bond in 502, 503 
Benzylphosphonic diesters — see (a-

Azidobenzyl)phosphonic diesters 
S-Benzyl phosphorus(III) thioesters, 

rearrangement of 407, 408 
Bimolecular displacement, catalysis of 608, 

609 
Bioassay, of chemical warfare agents 820 
Bisacylphosphonates, as calcium metabolism 

regulators 723 
Bisacylphosphonic acids, synthesis of 661 
Bis[(alkoxyalkylphosphinyl)methyl]phosphinates, 

synthesis of 56, 57 
Bis(aminoalkyl)phosphinic acids, synthesis of 

350, 375 
Bis(a-aminobenzyl)phosphinic acids, synthesis 

of 375 
Bis(chloroalkyl)phosphinates, hydrolysis of 

611 

index 

Bis(chloroalkyl)phosphinic acids, 
cleavage of Ρ—C bond in 515 
reactions with thiourea 220 

Bis(chloroalkyl)phosphinic amides, reactions of 
548 

Bis(chloroalkyl)phosphinic halides, 
reactions of 548 
synthesis of 170 

Bis(dialkoxyphosphinoyl)alkanedioates, 
synthesis of 235, 238 

Bis[(dialkoxyphosphinyl)methyl]phosphinates, 
synthesis of 56, 57 

Bis(dialkylamino)ethynylphosphines, synthesis 
of 12, 13 

^P-Bis(dialkylamino)phosphinoacetates, 
synthesis of 12, 13 

Bisdibromophosphines, synthesis of 6, 
7 

3,4-Bis(diethoxyphosphinoyl)pyrazoles, 
synthesis of 593 

Bis(dimethylamino)ethylphosphine, formula of 
2 

Bis(haloalkyl)phosphinates — see 
Bis(chloroalkyl)phosphinates 

Bis(o;-haloalkyi)phosphinates, 
hydrolysis of 611 
synthesis of 157 

Bis(hydroxyalkyl)phosphinic acids, 
reactions of 170, 542 
synthesis of 177 

Bis(2-hydroxyaryl)phosphinates, synthesis of 
107, 108 

Bishydroxyiminophosphonates, as calcium 
metabolism regulators 723 

Bis [(mercaptomethyl)alkyljphosphinic acids, 
synthesis of 220 

Bis(methylene)metaphosphite ion 758 
Bis(l-oxoalkyl)phosphinic acids, synthesis of 

249, 250 
Bis(perfluoropropyl)phosphinic acid, synthesis 

of 168 
Bisphosphinates — see 1,4-

Phenylenebis(methylene)bisphosphinates 
Bisphosphinothioyl disulphanes, 

desulphurization of 464 
Bisphosphonates — see also 

Alkylidenebisphosphonates, 
Aminomethanebisphosphonates, 
Azacycloalkanebisphosphonates, (2,2-
Dichloroethene-1 -diyl)bisphosphonates, 
Ethenylidenebisphosphonates, 
Methylenebisphosphonates, 2,2-
Oxiranediylbisphosphonates, 
Oxomethanebisphosphonates 

as anticancer agents 774 
synthesis of 668, 669 
use in osteoporosis 771, 772 
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Bisphosphonic acids — see also 
Alkylidenebisphosphonic acids, 
α,ω-Alkanebisphosphonic acids, 
Methylenebisphosphonic acids, 
Oxomethanebisphosphonic acids 

reactions of 673, 674 
Bis(trichloromethyl)phosphinic acid, synthesis 

of 168 
Bis(trimethylsilyl) acylphosphonates, synthesis 

of 663, 664 
Bis(trimethylsilyl) hypophosphite, reactions of 

72, 225, 230, 249 
Bis[l-(trimethylsilyloxy)]phosphinic acids, 

synthesis of 188, 189 
Blue Books 808 
Bond dissociation energies 737 
Af-(u;-Bromoalkyl)phosphoramidates, reactions 

of 322 
(cj-Bromoalkyl)phthalimides, as (ω-

aminoalkyl)phosphonic acid precursors 
320, 321 

(2-Bromocyclohexyl)dibromophosphine, 
synthesis of 6, 7 

Bromoethylphosphonates, synthesis of 150, 
151, 291 

1-Bromo-l-nitroalkenes, reactions with 
phosphites 306 

Bromopropylphosphonates, 
reactions of 361 
synthesis of 159 

Buta-l,3-dienes, chlorophosphonation of 162, 
163, 165 

(Buta-l,3-dienyl)phosphonic acids, reactions of 
575, 577 

(Buta-l,3-dienyl)phosphonic diesters, reactions 
of 213, 349 

Butenoylphosphonates, synthesis of 662 
(1 -Butylamino-1 -cyclohexyl)phosphonates 314 
ί-Butylphosphonic dihalides, synthesis of 165 

(—)-Camphanoyl chloride, in derivatization 
318 

Camphene, reactions with PCI5 89 
(+)-Camphor, 

carbamates of 327 
reactions of 363 
Schiff base from 365 

Capillary zone electrophoresis-MS 816 
Captopril 776 
Carbanions, 

acylation of 359 
alkylation of 112-116, 564-567 
formation of 499 
phosphorylation of 567 
reactions with nitriles 360 

Carbenes — see also Diarylcarbenes, 
Dihalocarbenes, Phosphorylcarbenes 

as intermediates 553, 666, 668-670, 676 
Carbocations, phosphoryl migration within 542 
Carbodiimides, reactions with silyl phosphites 

342, 343 
Carbonyl groups, thiation of 475, 478 
CGP 35348 775 
Chemical agent decontaminant (CAD) 804 
Chemical Agent Monitor (CAM) 822 
Chemical ionization methods 732 
Chemical warfare agents, 

chemical properties of 783, 798-803 
chromatographic analysis of 813-816 
control of 832-835 
criteria for unequivocal identification of 818 
decontamination of, 

current developments in 806, 807 
field procedures for 804-806 
future trends in 807, 808 
laboratory procedures for 803, 804 

detection of, 
battlefield 821, 822 
laboratory 818-821 

historical development of 783-785 
hydrolysis products of, analysis of 814-818 
mechanism of action 822-824 
physical properties of 783, 797, 798 
pretreatment for 827, 828 
resolution of 794-797 
spectroscopic analysis of 808-813 
structure-activity relationships of 828-832 
synthesis of 785-797 
therapy for 783, 825-827 
toxicology of 783, 824, 825 
trace analysis of 816, 818 

Chemical Weapons Convention 783, 785, 808, 
816, 828, 832-835 

schedules of chemicals controlled under 
834, 835 

Chiral alkenylphosphinates, synthesis of 97 
Chiral aminoalkylphosphinic acids, synthesis 

of 327, 331 
Chiral aminoalkylphosphonic acids, synthesis 

of 327, 361, 363 
Chiral (o;-hydroxyalkyl)phosphonic acids, 

resolution of 182, 183 
Chiral hydroxyphosphonic acids, synthesis of 

291 
Chiral 2-hydroxypinan-3-one, reactions of 363 
Chiral ketopinic acid, reactions of 363 
Chiral 1,3,2-oxazaphospholidines, reactions of 

188 
Chiral phosphines, synthesis of 35 
Chiral phosphinites, synthesis of 19 
Chiral phosphinodithioates, synthesis of 493 
Chiral phosphinothioic acids, S- alky 1 esters of 

455 
Chiral phosphinothricins 361, 365, 367 
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Chiral phosphonic diamides, carbanions of, 
alkylation of 112 

Chiral selenophosphinic acids 416-424 
Chiral selenophosphonic acids 416-424 
Chiral shift reagents 420 
Chiral solvents 420 
Chiral stationary phases 814 
Chiral sulphoxides, reactions of 424 
Chiral thiols, enantiomer composition in 457 
Chiral thiophosphinic acids 416-424 
Chiral thiophosphonic acids 416-424 
Chlodronate 771 
Chloroacetylphosphonates, synthesis of 665 
Chloroacetylphosphonic acid, as enzyme 

inhibitor 722 
(o;-Chloroalkyl)phosphonic acids, synthesis of 

82, 166 
(2-Chloroalkyl)phosphonic dihalides, synthesis 

of 252 
Chloroaluminate complexes 77 
5-Chloro-5i/-dibenzophospholes, reactions of 

119 
(2-Chloroethyl)alkylphosphinates, synthesis of 

153 
Chloromethylphosphonates — see also 

(Dichloromethyl)phosphonates 
reactions of 116, 173 
synthesis of 71, 159 

3-Chloroperoxybenzoic acid, reactions of 122 
Chlorophos 180 
Chlorophosphonation, of alkenes/alkynes 161-

165 
Chlorophosphonium salts 75, 77 — see also 

Aryltrichlorophosphonium salts 
as intermediates 252 
decomposition of 90, 91 

Choline esters, toxicity of 831, 832 
Cholinesterase, 

exogenous, in pretreatment for chemical 
warfare agents 827 

inhibition of 784, 819-824 
general requirements for 828, 829 
stereoselectivity for 832, 833 

reactivation of 826 
Chymotrypsin 316 
Ciliatine 313 
Claisen rearrangement 543 
Clay-Kinnear-Perren reaction 49, 74, 75, 160, 

408 
Collisional activation 732 
Collision-induced dissociation 732 
Complexation, differential 420 
Conant-Swan reaction 512 
Condensation reactions, of protonated species 

745 
Copper catalysts, in synthesis of aryl-

phosphonic/-phosphinic acids 104, 105 

(Coumarin-3-yl)phosphonates, synthesis of 568 
Curtius reaction 356, 509 
Cyanoalkylphosphonates, synthesis of 223, 306 
(a-Cyanobenzyl)phosphonates, synthesis of 

305 
Cyclic esters, displacements at Ρ in 615 
Cyclic phosphinates, hydrolysis of 617 
Cyclic phosphine oxides, pyrolysis of 21, 22 
Cyclic phosphinic amides, synthesis of 78 
Cyclic phosphiranyl cations 741 
Cyclic phosphonates, hydrolysis of 617 
Cyclic phosphonic diamides, synthesis of 78 
Cyclization, oxidative 586 
Cycloaddition reactions — see also 1,3-

Dipolar cycloadditions 
between Lawesson's reagent and ketones 

476 
Cycloalkanones, 2-phosphonylated, synthesis 

of 264 
Cycloalkylphosphonates — see also (1-

Amino-l-cyclopropyl)phosphonates, (1-
Butylamino-l-cyclohexyl)phosphonates 

synthesis of 144 
Cycloalkylphosphonic acids — see (1-Amino-

l-cyclopropyl)phosphonic acids 
Cycloalkylphosphonic diesters — see (1-

Amino-l-cycloalkyl)phosphonic diesters, 
(1 -Hydroxycycloalkylphosphonic diesters 

Cytosines, phosphorus-containing, antiviral 
activity of 772 

Darzens reaction 210, 214 
Deacetyloxylation 121 
Dechlorination 120 
Decontamination media 804-807 
Decontamination reagents 807 
1,3-Dedihydroadamantane, hydrophosphonation 

of 81 
De-esterification, at phosphorus 206, 598 
Dehalogenation 159 

in Michaelis-Arbuzov reaction 60 
of dihalo compounds 171 

Dehydration, of sodium 1-
hydroxyalkylbisphosphonates 121 

Dehydrochlorination 120, 121 
Dephosphonylation, pyridoxal-mediated 676 
a-Dephosphorylation 516 
Deprotection procedures 204 
Deprotonation reactions 746 
Deselenization, of selenophosphoryl 

compounds 618 
Deshielding effect, of fluorine 809, 810 
Desulphurization 601 

of thiophosphoryl compounds 618 
Dewar pyridazines 595 
DFP 784, 785 

chemical properties of 798-800 
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physical properties of 797, 798 
synthesis of 785-787 

Dialkoxyphosphines 2 
reactions of 19 

2-(Dialkoxyphosphinoyl)acetaldehydes 596 
nitration of 310 

2-(Dialkoxyphosphinoyl)cycloalkanones, 
synthesis of 248, 252 

Dialkoxyphosphinoylformyl halides, oximes of 
559 

Dialkoxyphosphinoyl group, in TV-protection 
322 

[(Dialkoxyphosphinoyl)methyl]isoxazolines, 
synthesis of 302, 303 

3-(Dialkoxyphosphinoyl)propanals, synthesis of 
258 

3-(Dialkoxyphosphinoyl)propenoic acids, 
hydrolysis of 610 

Dialkoxyphosphinylaldehydes, 
reactions with azides 296 
synthesis of 247 

A^-Dialkylaminomethanebisphosphonates, 
reactions of 670 

(Dialkylaminomethyl)phosphonates, synthesis 
of 336 

Dialkylphosphinates, 
MS analysis of 755, 757 
synthesis of 71 

Dialkylphosphinic acids, 
acidity of 496 
synthesis of 118 

Dialkylphosphinites, formulae of 2 
Dialkylphosphoramidochloridites, formulae of 

2 
Diarylcarbenes, reactions of 143 
Diarylphosphinic acids, synthesis of 100, 

112 
Diarylphosphinic azides, cleavage of Ρ—C 

bonds in 506-510 
Diarylphosphinic halides, synthesis of 101 
Diarylphosphinites, alkynyl — see Alkynyl 

diarylphosphinites 
1,3,2,4-Diazadiphosphetidine 2,4-disulphides, 

synthesis of 432 
1,3,2,4-Diazadiphosphetidines 414 

formation of 508 
Diazaphosphepine 6-sulphides, synthesis of 

401 
1,3,2-Diazaphospholidines 543, 578 — 

see also 2-(2-Aziridinyl)-l, 3, 2-
diazaphospholidines 

isomerization of 157 
reactions of 291, 364 

Diazepam, in therapy for chemical warfare 
agents 827 

Diazines, phosphorylated 595 
Diazoalkanes, 

in 1,3-dipolar cycloadditions 593 
reactions of 217, 218 

(1 -Diazoalkyl-2-oxoalkyl)phosphonic diesters, 
reactions of 539, 540 

Diazoalkylphosphinic acids, synthesis of 295-
300 

Diazoalkylphosphonates, 
reactions of 298, 299 
synthesis of 296 

Diazoalkylphosphonic acids 315 
reactions of 538-541 
synthesis of 295-300 

(a-Diazobenzyl)phosphonates, pyrolysis of 538 
Diazoles — see Thiadiazoles 
(Diazomethylene)bisphosphonates, synthesis of 

296 
Diazophosphonates, synthesis of 712 
Dibenzophospholes — see also 5-Chloro-5f/-

dibenzophospholes 
synthesis of 101 

(2,2-Dichloroethene-l-diyl)bisphosphonates, 
reactions of 569 

Dichloro(ethyl)phosphine, formula of 2 
(Dichloromethyl)phosphonates, synthesis of 

150 
Dichlorophosphenium cation 75 
Dichlorophosphonylation 75 
Di-Di reaction 789, 790 
Diels-Alder reaction 127, 501, 504, 587-593 

regio-/stereo-isomeric products in 590 
1,3-Dienes — see also Buta-l,3-dienes 

reactions of 457 
Dienophiles, phosphoryl 588, 589 

chirality in 590 
Digenea simplex 322 
gem-Dihalides, in Michaelis-Arbuzov reaction 

55 
Dihalocarbenes, reactions of 176 
Dihalo(2-cyanoethyl)phosphines, synthesis of 

7,8 
(Dihalomethylene)bisphosphonates, synthesis 

of 150, 170 
Dihalophosphines — see also (1-

Adamantyl)dihalophosphines, (2-
Bromocyclohexyl)dibromophosphine, 
Dichloro(ethyl)phosphine, 
Dihalo(2-cyanoethyl)phosphines, 
Dihalo(trifluoromethyl)phosphines 

reactions of 30, 38 
cK,o;-Dihalophosphonic acids, hydrolysis of 

662 
Dihalo(trifluoromethyl)phosphines, synthesis of 

6,7 
l,4-Dihydro-l,4-azaphosphorines, synthesis of 

570 
Dihydrobenzazaphosph(V)oles, synthesis of 

510 
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Dihydrobenzoxaphosph(V)oles — see also 2-
Alkoxy-2,3-dihydrobenzoxaphosph(V)oles 

hydrolysis of 180 
synthesis of 64 

Dihydro-l,2-oxaphosph(V)oles, synthesis of 
175, 178, 249, 258, 259 

Dihydro-l,2-oxaphosph(V)orins, formation of 
175, 576 

Dihydrophenophosphazines, synthesis of 8, 9 
Dihydrophospholes, synthesis of 37 
(Dinydroxyalkyl)phosphonates, synthesis of 

204, 205 
(3,4-Dihydroxy-2-oxobutyl)phosphonates, 

synthesis of 263 
(l,2-Dihydroxypropyl)phosphonic acid, 

synthesis of 204 
2,5-Dimercapto-l,4,2,5-dithiadiphosphorinane 

2,5-disulphides, formation of 465, 466 
(Dimethylaminomethylene)bisphosphonates, 

synthesis of 328 
Dimethylphosphine, proton affinity of 736 
Dimethylphosphinothioites, formulae of 2 
Dimethylphosphoramidites, formulae of 2 
1,3,2,6-Dioxadiphosphocanes 414 
l,4,2,5-Dioxadiphosph(V)orinanes, synthesis of 

179, 190-192, 542 
1,3,2-Dioxaphosphepane 2-oxides, synthesis of 

53 
1,3,2-Dioxaphosphepane phosphonite dimer 

414 
1,3,2-Dioxaphosphepanes, isomerization of 

157 
1,3,2,4-Dioxaphosphetane 2,4-disulphides, 

synthesis of 428 
1,3,2-Dioxaphospholanes — see 2-Alkoxy-

1,3,2-dioxaphospholanes 
1,3,2-Dioxaphosph(III)olanes, 

in Michaelis-Arbuzov reaction 68, 245 
isomerization of 156 

l,3,2-Dioxaphosph(V)olanes, 
cleavage of Ρ—C bonds in 533 
dimers of 414 
reactions of 584 
synthesis of 190, 217, 551, 668, 669 

l,4,2-Dioxaphosph(V)olanes, synthesis of 84 
Dioxaphosphorinane 2-oxides, synthesis of 53, 

162 
1,3,5-Dioxaphosphorinane 5-oxides — see 5-

Hydroxy-l,3,5-dioxaphosphorinane 5-
oxides 

1,3,2-Dioxaphosphorinane phosphonite dimer 
414 

l,3,2-Dioxaphosph(III)orinanes — 
see also 2-Phenylamino-1,3,2-
dioxaphosph(III)orinanes 

in Michaelis-Arbuzov reaction 52, 60, 63, 
68, 245 

l,3,2-Dioxaphosph(V)orinanes 439 
cleavage of Ρ—C bonds in 533 
reactions of 618, 619 
synthesis of 362, 618 

l,3,2-Dioxaphosph(III)orins, isomerization of 
128 

(2,4-Dioxoalkyl)phosphonic acids, synthesis of 
262 

Di-/3-oxophosphonates 292 
Diphenylphosphinoyl group, activation of 

carboxyl group by 612 
Diphosphine disulphides, 

cleavage of Ρ—Ρ bond in 410, 460 
synthesis of 402 

Diphosphines — see also 
Tetramethyldiphosphine 

cleavage of Ρ—Ρ bonds in 464 
Diphospholanes — see 1,2,4-

Oxadiphospholanes 
Diphosphonium salts 740, 742 
Diphosphorinane disulphides — see 

Tetrathiadiphosphorinane 3, 6-disulphides 
Diphosphoryl disulphides, thermolysis of 428 
1,3-Dipolar cycloadditions, 

of azidoalkylphosphonic diesters 548 
of (diazoalkyl)phosphonates 540 
of unsaturated phosphonates/phosphinates 

593-597, 652 
Dipterex 147, 180 
Diselenoxophosphoranes 469 

decomposition of 473 
Distonic ions 738, 739, 744, 745 
1,3,2,4-Dithiadiphosphetane 2,4-disulphides, 

reactions of 473-475 
synthesis of 461, 468, 469 

1,2,3,5-Dithiadiphospholane 3,5-disulphides, 
synthesis of 466 

1,3-Dithiaphospholanes — see also 2-Thioxo-
1,3,2-dithiaphospholanes 

reactions with 1, 3-dienes 457 
Dithiaphosph(III)orinanes, synthesis of 23, 24 
Dithioxophosphoranes, 

decomposition of 473 
synthesis of 468, 469 

Divinyl ether, chlorophosphonation of 162 

Electron affinities 737, 760 
Electron impact methods 732 
Electron transfer reactions 743 
Electrophilic substitution, intramolecular 117 
Electrospray ionization 732, 754, 755 
Elimination reactions, in mass spectrometry 

747 
Ellmann method 820 
Enamidophosphonates, 

reactions of 701 
synthesis of 699-701 
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Enamines, phosphorylated, synthesis of 263, 
563 

Enaminophosphonates, 
reactions of 701 
synthesis of 699, 701 

Enantiomeric purity, 
determination of 416 
estimation of 367 

Enantioselectivity, in 
(a-hydroxy aryl)phosphonates 183 

Ene reaction 574 
Enolates, C-benzoylation of 684 
Enol ethyl ethers, synthesis of 563 
Enolphosphate phosphonates 697 
Enol phosphates, synthesis of 244, 686 
Enolphosphonate phosphates, synthesis of 

664-666 
Enones, reactions of, 

with hydrogenphosphonates 254—257 
with phosphites 257-261 

Environmental degradation 768 
Enynes, 

chlorophosphonation of 163, 165 
cycloisomerization of 574 

Enzyme methods, for resolution of chemical 
warfare agents 795, 796 

Enzymic catalysis 316 
Episulphonium intermediates 584, 587 
Epoxidation, of alkenylphosphonic acids 

212-214 
Epoxide ring, opening of 205 
Epoxyalkylphosphonates — see also 

Epoxyalkylphosphonic diesters 
synthesis of 211, 212 

Epoxyalkylphosphonic acids, 
ring opening of 203, 204 
synthesis of 216 

Epoxyalkylphosphonic diesters, synthesis of 
172, 173 

Epoxyphosphinic acids, synthesis of 210-218 
Epoxyphosphonates — see also 

Epoxyalkylphosphonates 
rearrangement of 674, 675 

Epoxyphosphonic acids — see also 
Epoxyalkylphosphonic acids 

synthesis of 210-218 
EPR spectroscopy, of nickel(O) species 105 
Equipment, decontamination of 805, 806 
Esterification, of phosphonic/phosphinic acids 

600 
Ethenylidenebisphosphonates, reactions with 

amines 348, 349 
Ethylphosphonites, formulae of 2 
Ethylphosphonochloridites, formulae of 2 
Ethylphosphonothioates, NMR spectra of 

421 
Ethylphosphonothioites, formulae of 2 

Ethylphosphonous dichloride, as V-agent 
precursor 792, 793 

Etidronate 771 

Fast atom bombardment 732, 753, 754 
Field desorption methods 753 
Flame ionization detection 814 
Flame photometric detection 814, 817 
Flowing afterglow instruments 737, 747, 750 
Fluoride-transfer reactions 743 
Fluorinating agents, in phosphonofluoridate 

synthesis 789, 790 
Fluoroalkenylphosphonic acids 153 
(l-Fluoroalkyl)phosphonates, synthesis of 172 
Fluorocarbonyl compounds, reactions with 

phosphites 190 
Fluorophosphoranes, as intermediates 102, 103 
Fonofos 775 
7V-Formamidomethylenebisphosphonates, 

reactions of 699 
Formamidovinylphosphonates, synthesis of 699 
(Formylalkyl)phosphonates, synthesis of 266 
[3-(Formylhydroxyamino)prop-l-

enyl)]phosphonic acid, synthesis of 371 
[3-(Formylhydroxyamino)propyl]phosphonic 

acid, synthesis of 371 
Fosfomycin — see Phosphonomycin 
Fosfonochlorin 719 
Fosinopril 313, 776 
Fosmidomycin 314 

synthesis of 371 
Fotemustine, as anticancer agent 774 
Fourier transform ion cyclotron resonance 

mass spectrometry 732 
Fragmentation, charge-initiated/-remote 753 
Free-radical addition reactions 176 
Friedel-Crafts reaction 8, 49, 111, 119, 221, 

459, 471 
in synthesis of thio-phosphonic/-phosphinic 

acids 400-402 
FT-ICR mass spectrometry 753 

GA — see Tabun 
GABA receptor agonists 776 
GABA receptor antagonists 771 
Gabriel reaction 320, 323, 351 
G-agents 784 

decontamination of 803, 804 
resolution of 794, 795 
synthesis of 790 

D-Galactopyranose derivatives 618 
Gas chromatography, of chemical warfare 

agents 812-815, 817, 818 
MS detection methods for 812, 813 

GB — see Sarin 
GD — see Soman 
Geneva Protocol 833 
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German emulsion, in decontamination of 
chemical warfare agents 806 

GF785 
hydrolysis products of 814 
IR spectra of 808, 809 
mass spectra of 811, 812 
NMR spectra of 810 

D-Glucopyranose derivatives 618 
Glyceraldehyde-3-phosphate dehydrogenase 

722 
Glyphosate 511 
Grignard reagents, 

in cleavage, 
of Ρ—Ν bonds 452-454 
of P—S bonds 446-448 

in synthesis, 
of diphosphine disulphides 402, 460 
of dithio-phosphonic/-phosphinic acids 

458 
reactions of, 

with bisanhydrosulphides 471 
with 1,3,2-dioxaphosphorinanes 618, 

619 
with phosphorus(V) ester-halides 160, 

161 
with phosphoryl halides 99-101 

Guanines, anti-HIV activity of 772 
Guanylate kinase, inhibitors of 769 

Halide affinities 737, 743 
a-Haloacetophenones, reactions with 

phosphites 247 
Haloacetylphosphonic acids — see also 

Chloroacetylphosphonic acids 
hydrolysis of 677, 678 

a-Haloaldehydes, reactions with phosphites 
244 

Haloalkanes, as halo-phosphonic/-phosphinic 
acid precursors 149-160 

Haloalkenes, 
hydrophosphonation of 161 
reactions with phosphites 152 

Haloalkyl-l,3,2-oxazaphosph(V)olidines, 
alkylation of 351 

Haloalkylphosphinates — see 
Bis(chloroalkyl)phosphinates, Bis(a;-
haloalkyl)phosphinates 

Haloalkylphosphinic acids — see 
Bis(perfluoropropyl)phosphinic acid, 
Bis(trichloromethyl)phosphinic acid 

Haloalkylphosphinic amides — see 
Bis(chloroalkyl)phosphinic amides 

Haloalkylphosphinic halides — see 
Bis(haloalkyl)phosphinic halides 

Haloalkylphosphonates — see 
(Aminobromomethyl)phosphonates, 
(l-Amino-2-chloroethyl)phosphonates, 

Bromoethylphosphonates, 
Bromopropylphosphonates, 
Chloromethylphosphonates, 
(l-Fluoroalkyl)phosphonates, 
Haloalkylphosphonic diesters, 
(4-Iodobutyl)phosphonates, 
Iodomethylphosphonates 

Haloalkylphosphonic acids — see also (1-
Amino-2,2-dichloroethyl)phosphonic 
acids, (Perfluoroalkyl)phosphonic acids 

reactions with amines 349-351 
(1-Haloalkylphosphonic acids — see also (a-

Chloroalkyl)phosphonic acids 
synthesis of 170 

(2-Haloalkyl)phosphonic acids, cleavage of 
P—C bonds in 512 

Haloalkylphosphonic diamides, reactions of 
550 

Haloalkylphosphonic diesters, reactions of 57, 
358 

Haloalkylphosphonic dihalides — see also 
(2-Chloroalkyl)phosphonic dihalides, 
(Trihalomethyl)phosphonic dihalides 

reactions of 358 
synthesis of 160-163, 165, 166, 168, 

170 
Haloalkylphosphonothioic dihalides, synthesis 

of 406 
(l-Halo-2-hydroxypropyl)phosphonic acids, 

synthesis of 216, 217 
α-Haloketones, reactions with phosphites 244-

247 
2-Halo-l,2-oxaphospholene 2-oxides, synthesis 

of 82 
1-Halophosphetane 1-oxides, synthesis of 77, 

78 
Halophosphines 2 — see also 

Aminohalophosphines, 
Methylfluorophosphines 

reactions of, 
with alcohols 14, 15 
with amines 10, 11 

reduction of 35 
synthesis of 5-10 

Halophosphinic acids — see also 
Haloalkylphosphinic acids 

reactions of 548-550 
synthesis of 149-176 

Halophosphonic acids — see also 
a,o:-Dihalophosphonic acids, 
Haloalkylphosphonic acids 

reactions of 548-550 
synthesis of, 

from compounds with existing C—Ρ 
bonds 167-169 

through modifications to carbon ligands 
169-176 



Subject index 929 

through phosphorus-carbon bond 
formation 149-167 

Halophosphonium salts 66 — see 
also Chlorophosphonium salts, 
Trihalophosphonium salts 

Halophosphoranes 
— see also Fluorophosphoranes, 
Polychlorophosphoranes, 
Tetrahalophosphoranes, 
Trihalophosphoranes 

reactions of 409 
Halophosph(III)orinanes, synthesis of 6, 7 
Hemiketals, formation of 681, 705 
Hexamethylphosphorous triamide, formula of 2 
Hexoses — see Ketohexoses 
Hexose sugars 208 
Hexylphosphine, dissociative ionization of 738 
Hofmann reaction 356 
Horner-Emmons-Wadsworth reaction 747 
Horner-Emmons-Wittig reaction 670, 685 
Horner reaction 530 
Horner-Wittig reaction 699 
HPLC, in resolution of thiophosphonates 417 
HPMPA, antiviral activity of 772 
HPMPC, antiviral activity of 772 
Hydrazinophosphines, synthesis of 11, 12 
Hydrazones, reduction of 352 
Hydrazonophosphonates, 

Bamford-Stevens reaction of 718 
E-Z isomerism in 710 
oxidation of 713 
reduction of 712 
synthesis of 707, 708, 710 
X-ray studies of 702, 703 

Hydride affinities 737 
Hydride-transfer reactions 741, 752 
Hydrogen-deuterium exchange reactions, in 

determination of protonation sites 736 
Hydrogenphosphinates, 

alkyiation of 69, 71, 72 
reactions of, 

with imines 329-333 
with ketoximes 334 
with oximinium salts 373 

Hydrogenphosphinothioates, reactions of 406 
Hydrogenphosphonates — see also 

Hydrogenphosphonic diesters 
acylation of 226 
alkyiation of 69-74, 96, 226, 303, 304 
in Kabachnik-Medved'-Fields reaction 334— 

342, 395 
reactions of 216, 227-231 

with activated alkenes 206, 207 
with benzaldehydes 180 
with carbonyls 193, 194, 196, 197, 207 
with enamines 343-345 
with enol silyl ethers 256 

with enones 254-257 
with Grignard reagents 100 
with haloalkanes 159 
with halo-alkenes/-alkynes 161 
with halobenzenes 103 
with haloketones 180-182 
with imines 329-333 
with indan-diones/-triones 185 
with isocyanates/isothiocyanates 227 
with ketene 676 
with mesitylene 107 
with nitroalkenes 300-303 
with nitroepoxides 292 
with orthoformic esters 242 
with oximinium salts 373 
with (l-oxoalkyl)phosphonic acid 

derivatives 197-199, 370 
with perfluorocarboxylic acid anhydrides 

250 
with propenamides 234 
with 1, 4-quinonemethides 128 
with tetracyclone 257 
with trichloroacetaldehyde 180 
with unsaturated compounds 182, 184, 

185, 227, 396 
synthesis of 149, 232, 233, 664, 677 

Hydrogenphosphonic diamides, alkyiation of 72 
Hydrogenphosphonic diesters, reactions of, 

with diazoketones 249 
with enones 254 
with ethenyl-phosphonic/phosphinic 

derivatives 230 
Hyrogenphosphonoselenoates, reactions of 406 
Hydrogenphosphonothioates, reactions of 406, 

407, 416 
Hydrophosphonation 80, 81, 144 

of halo-alkenes/-alkynes 161 
(1 -Hydroxyalk-2-enyl)phosphonic diesters, 

synthesis of 250 
(1 -Hydroxyalkylidene)bisphosphonic acids, 

cleavage of Ρ—C bond in 519 
synthesis of 198, 199 

Hydroxy alky lphosphinic acids — see also 
Bis(hydroxyalkyl)phosphinic acids 

reactions of 542-548 
synthesis of 177-203 

Hydroxyalkylphosphonates — see 
(Dihydroxyalkyl)phosphonates, 
Hydroxyalkylphosphonic diesters, 
Hydroxymethylphosphonates 

(l-Hydroxyalkyl)phosphonates, 
cleavage of P—C bonds in 517, 518, 521 
reactions of 220 
synthesis of 247, 254, 336 

(2-Hydroxyalkyl)phosphonates, 
cleavage of Ρ—C bonds in 532 
dehydration of 651 
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(3-Hydroxyalkyl)phosphonates, synthesis of 
203, 298, 309 

Hydroxyalkylphosphonic acids 315 — see also 
(Aminohydroxyalkyl)phosphonic acids, 
(l,2-Dihydroxypropyl)phosphonic acids, 
(1 -Halo-2-hy droxy propy l)phosphonic 
acids, Hydroxymethylphosphonic acids 

reactions of 352, 542-548 
(a-Hydroxyalkylphosphonic acids 165 

chiral — see Chiral (a-
hydroxyalkyl)phosphonic acids 

cleavage of Ρ—C bonds in 512 
synthesis of 81, 166, 177-199 

(/3-Hydroxyalkyl)phosphonic acids, synthesis 
of 199-203 

(a-Hydroxyalkylphosphonic amides, synthesis 
of 186, 187 

Hydroxyalkylphosphonic diamides, cleavage of 
P—C bonds in 536 

Hydroxyalkylphosphonic diesters, 
reactions of 170, 374 
synthesis of 652 

(TV-Hydroxyamino)alkylphosphonic acids, 
synthesis of 371-374 

(l-Hydroxy-2-aminoalkyl)phosphonic acids, 
synthesis of 367, 370 

Hydroxyaminophosphonates, synthesis of 712 
(2-Hydroxyaryl)phosphonates, synthesis of 107 
2-Hydroxybenzaldehyde, Abramov reaction of 

180 
Hydroxybenzoylphosphonic acids, hydrolysis 

of 680 
2-Hydroxybenzylamines, reactions of 64 
(a-Hydroxybenzyl)phosphonates, formation of 

395 
(o;-Hydroxybenzyl)phosphonic acids, 

resolution of 315 
synthesis of 167 

(1 -Hydroxycycloalkyl)phosphonic diesters, 
dehydration of 169 

5-Hydroxy-1,3,5-dioxaphosphorinane 5-oxides, 
synthesis of 177 

(l-Hydroxyiminoalkyl)phosphonates, reactions 
of 555 

a-Hydroxyiminoazaphospholanes, tautomerism 
in 704, 705 

[a-(Hydroxyimino)benzyl]phosphonates, 
stability of 525 
synthesis of 524 

Hydroxyiminophosphonamidates, 
isomerism in 703 
rearrangement of 716 
synthesis of 706 

Hydroxyiminophosphonates — see also 
Bishydroxyiminophosphonates 

acidity of 704 
addition to C = N bond 716, 717 

complexes of 718, 719 
E-Z isomerism in 710 
fragmentation of 713-716 
MNDO/H calculations for 703 
NMR spectra of 703 
oxidation of 712, 713 
reactions of 699 
rearrangement of 716 
reduction of 711, 712 
synthesis of 705, 706, 708-710 
X-ray studies of 658, 702, 703 

Hydroxyiminophosphonic acids, synthesis of 
706 

Hydroxyl group, 
protection of 199 
removal of 547 

(l-Hydroxy-3-methylbutyl)phosphonic acid, 
resolution of 315 

(2-Hy droxy-1 -methy lenealky l)phosphonates, 
synthesis of 201 

Hydroxymethylenebisphosphonic acids, 
cleavage of Ρ—C bonds in 519, 521 

Hydroxymethylphosphonates, synthesis of 
179 

Hydroxymethylphosphonic acids, 
silylation of 542 
synthesis of 179 

(2-Hydroxy-3-nitroalkyl)phosphonates, 
synthesis of 310 

(Hydroxynitroalkyl)phosphonic acids, reduction 
of 359, 367 

(l-Hydroxy-2-nitroalkyl)phosphonic diesters, 
nitrate esters of 311 
synthesis of 310, 311 

[(1-Hydroxy-l-nitromethyl)alkyl]phosphonates, 
synthesis of 309, 310 

l-Hydroxy-2-nitrophosphonates, synthesis of 
684 

3-Hydroxy-l, 2-oxaphosph(V)olanes, formation 
of 196 

Hydroxyphosphinic acids — see 
Hydroxyalkylphosphinic acids, 
Polyhydroxyphosphinic acids 

3-Hydroxyphosphinothricin, synthesis of 369 
Hydroxyphosphonates — see also 

Hydroxyalkylphosphonates 
oxidation of 671 
synthesis of 689, 690 

Hydroxyphosphonic acids — see also 
Hydroxyalkylphosphonic acids, 
Polyhydroxyphosphonic acids 

chiral — see Chiral hydroxyphosphonic 
acids 

3-Hydroxy-
2-phosphonolmethoxypropylcytosine, 
antiviral activity of 772 

2-Hydroxypinan-3-one, reactions of 376 
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3-Hydroxy-l,3-thiaphosphetane-3-oxide, 
synthesis of 220 

(l-Hydroxy-2,2,2-trichloroethyl)phosphonic 
acid 180 

Hypophosphites, reactions of 249 
Hypophosphorous acid, reactions of 177 

ICR mass spectrometry 742, 743, 745, 752 
Imidophosphonates — see 

Benzoylimidophosphonates 
Imines, reactions with hydrogen-

phosphonates/-phosphinates 329-333 
Iminobenzylphosphonates, synthesis of 707, 

708 
Iminophosphines, 

reactions with 1, 3-dienes 37 
synthesis of 21-23 

Iminophosphonates 
— see Alkoxyiminophosphonates, 
Hydroxyiminophosphonates 

Iminophosphonic dihalides — see 
Oxyiminophosphonic dihalides 

Immunoassay, of chemical warfare agents 
821 

Indanphosphonic acids — see 2-Aminoindan-
2-phosphonic acid 

Indene, reactions with PCI5 89, 91 
[2-(l//-Indolemethyl)]phosphonates, synthesis 

of 524 
Indolinylphosphonates, synthesis of 579 
Indolylphosphonates, synthesis of 524 
Indolylphosphonic diesters, synthesis of 560 
Infrared spectroscopy, 

in phosphoryl tautomerism 500 
of acylphosphonates 658, 659 
of allenic phosphonic/phosphinic acids 

95 
of chemical warfare agents 808, 809 
of displacement reactions 618 

Inositolmethylphosphonic acids, synthesis of 
206 

Inositol phosphatase, inhibitors of 769 
Interstellar clouds, phosphorus in 740 
(4-Iodobutyl)phosphonates, synthesis of 159 
Iodomethylphosphonates, synthesis of 149 
Ionization potentials 733, 734 
Ion-molecule reactions, gas-phase 733, 737-

752 
Ionspray LC-MS, of chemical warfare agents 

813, 816 
Iron(III) chloride, as catalyst for Michaelis-

Arbuzov reaction 157 
Isobenzofurans, synthesis of 669, 670 
Isocyanoalkylphosphonates, reactions of 367, 

699 
Isotope exchange reactions 747 
Isoxazoles, phosphorylated 596 

Isoxazolines — see also [(Dialkoxyphos-
phinoy l)methy 1] isoxazolines 

phosphorylated 596 

Jupiter, phosphine in atmosphere of 740 

Kabachnik-Medved'-Fields reaction 334—342, 
395, 407, 518 

Kainic acid, phosphonic acid analogue of 322 
a-Ketoaldoximes, reactions with 

phosphonofluoridates 819 
α-Ketoglutarate dehydrogenase 722 
Ketohexoses 208 
<5-Ketophosphonates, synthesis of 698 
Ketoximes, reactions with 

hydrogenphosphonates 334 
Kinetic energy release, of metastable ions 

733 
Kinnear-Perren method 788, 792 
Knoevenagel reaction 568 

Lanthanide shift reagents 810 
Laser desorption 732 
Lasers, use in mass spectrometry 732 
Lawesson's reagent 411, 456, 474-476, 478 
LD mass spectrometry 754 
Leptophos 775 
Leuckart reaction 354, 355 
Ligand apical potentiality 625 
Ligand reorganization 624 
Liquid chromatography-mass spectrometry, of 

chemical warfare agents 813, 815, 816 
Lithioalkylphosphonates, 

in chain extension of aldoses 208 
reactions of 205, 220, 221, 292 
stability of 535 
synthesis of 206 

Lossen rearrangement 527, 603 

Mannich reaction 336, 339 
Mass spectrometry, 

as detection method for GC 814, 817, 818 
as detection method for LC 813, 815, 816 
of chemical warfare agents 811-813 

M258 Al system 805 
Matrix-assisted laser desorption/ionization 732 
McCormack reaction 37, 66, 77 
(—)-Menthol, carbamates of, reactions of 327 
(l-Menthyl)phosphinothioic chlorides, 

configuration of 422 
NMR spectra of 421 

(a-Mercaptoalkyl)phosphinates, synthesis of 
218 

(o;-Mercaptoalkyl)phosphonates, synthesis of 
218, 219 

Mercaptoalkylphosphonic diesters, synthesis of 
220 
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(2-Mercaptophenyl)phosphonates, synthesis of 
110 

Mercapto-phosphonic/-phosphinic acids, 
synthesis of 218-222 

Mercaptovinylphosphonates, synthesis of 698 
Mesintericopeptidase 381 
Mesomeric anions, phosphorylation of 253, 

254 
Metaphosphates, 

formation of 502, 505, 512, 524 
ions of 755, 757 

Metaphosphite ions 755 
Metaphosphonamidates, as intermediates 506-

508, 651 
Metaphosphonates, 

elimination of 591 
formation of 592 

Metaphosphonic monoanhydrides, formation of 
505 

Metaphosphonimidates, as intermediates 603,651 
Metathiophosphates, formation of 505 
Methyl cation affinities 737 
Methylenebis(dichlorophosphine), synthesis of 

6 
Methylenebisphosphonates — 

see also (Alkylthiomethy-
lene)bisphosphonates, (Diazomethy-
lene)bisphosphonates, (Dihalomethy-
lene)bisphosphonates, (Dimethy-
laminomethylene)bisphosphonates, (N-
Formamidomethylene)bisphosphonates 

alkylation of 115 
monohalogenation of 171 
oxidation of 671, 672 
reactions of 206, 239, 266, 568 

with azides 295 
synthesis of 71, 149, 159 

Methylenebisphosphonic acids — see also 
Aminomethylenebisphosphonic acids, 
Hydroxymethylenebisphosphonic acids 

synthesis of 56 
Methylenebisphosphonic tetraesters, reactions 

of 565 
Methylenebisphosphonic tetrahalides, reactions 

of 612 
Methylene insertion 345-347, 555 
Methylenephosphines — see also 

Methylenebis(dichlorophosphine) 
synthesis of 39 

Methylfluorophosphines, ion-molecule 
reactions of 742, 743 

ds-(3-Methyloxiranyl)phosphonic acid, 
antibacterial activity of 773 

(2R, 35')-(2-Methyl-3-oxiranyl)phosphonic acid, 
ammonolysis of 370 

[(3S)-3-Methyl-2-oxo-5-octynyl]phosphonates, 
synthesis of 263 

Methylphosphines — see also 
Dimethylphosphine 

ion-molecule reactions of 740-742, 746, 
747, 750 

Methylphosphonates, synthesis of 620 
Methylphosphonic acids — see also (a-

Aminophenylmethyl)phosphonic acid 
as hydrolysis products of chemical warfare 

agents 814-817, 825 
Methylphosphonic dihalides, as precursors of 

methylphosphonofluoridates 785, 787-
790 

Methylphosphonofluoridates 784, 785 — see 
also GF, Sarin, Soman 

analogues of, toxicity of 829, 830 
IR spectra of 808, 809 
mass spectra of 811 
precursors for 787, 788 
reactions with oximes 819 
synthesis of 785, 787-792 

Methylphosphonothioic acids, as intermediates 
in V-agent synthesis 794 

Methylphosphonous dichloride, 
as precursor of methylphosphonofluoridates 

785 
as V-agent precursor 792, 793 

Michael addition 30, 365, 378, 521 
Michaelis-Arbuzov isomerization, 

photostimulated 106 
Michaelis-Arbuzov-Kaehne reaction 49-69 — 

see also Michaelis-Arbuzov reaction 
mechanism of 58-60 
nature of the alkylating agent in 54—57 
nature of the phosphorus(III) reactant in 50-

54 
side-reactions in 60-62 
variations in 62-69 

Michaelis-Arbuzov reaction 125, 143, 163, 
206 

abnormal 244 
in synthesis, 

of alkenylphosphonates 96 
of alkynylphosphonates 98 
of allenylphosphonates 92 
of aminoalkyl-phosphonic/-phosphinic 

acids 320-329 
of epoxyalkyl-phosphonic/-phosphinic 

acids 210 
of halo-phosphonic/-phosphinic acids 

149-159, 166, 291 
of hydroxy-phosphonic/-phosphinic acids 

199, 200 
of mercapto-phosphonic/-phosphinic acids 

218 
of oxoalkyl-phosphonic/-phosphinic acids 

240-249, 251, 352 
of phosphinodithioates 457 
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of phosphonodithioates 457-459 
of phosphonoyl-/phosphinoyl-alkanoic 

acids 222-226 
of thio-phosphonic/-phosphinic acids 

403^05, 452 
metal-catalysed 157, 158 
non-classical 325, 326, 403, 404 
photoinitiated 157, 158 

Michaelis-Becker reaction 49, 70 
in synthesis, 

of alkenyl-phosphonic/-phosphinic acids 
97 

of alkynyl-phosphonic/-phosphinic acids 
98,99 

of aminoalkyl-phosphonic/-phosphinic 
acids 329 

of halo-phosphonic/-phosphinic acids 
149, 159, 160 

of hydroxy alky lphosphonates 199 
of oxoalkyl-phosphonic/-phosphinic acids 

249-251 
of phosphonoyl-/phosphinoyl-alkanoic 

acids 226 
of thiophosphonate diesters 402 

Michaelis chloride 82 
Michael reaction 239, 308, 309, 652 

asymmetric 651 
Microemulsion system MCBD, in 

decontamination of chemical warfare 
agents 806 

Mitsunobu reaction 352, 356-358, 370, 374, 
545, 600 

intermediates in, MS detection of 758 
M258 kit 805 
MNDO calculations, for benzoylphosphonates 

657-659 
MNDO/H calculations, for 

hydroxyiminophosphonates 703 
Monodechlorination, of trichloromethyl 

ketones 180 
Monoseleno-phosphonic/-phosphinic acids, 

O-acylation of 438 
alkylation of 433-^38 
resolution of 416-424 
synthesis of 406, 413 

Monothio-phosphonic/-phosphinic acids, 
O-acylation of 438 
alkylation of 433-438 
resolution of 416-424 
synthesis of 400-416 

Mosher esters 291 
Mosher reagent 317 
M280 system 805 

Naphthalenyl phosphates, rearrangement of 
108 

Natural products, synthesis of 263 

Nerve agent immobilized alarm and detector 
(NAIAD) 821 

Nerve agent poisoning, overt signs and 
symptoms of 824, 825 

Nerve agents — see Chemical warfare agents 
Neutralization-reionization mass spectrometry 

733, 748, 749 
Nickel(II) halides, as catalysts, 

in Michaelis-Arbuzov reaction 96 
in synthesis of aryl-phosphonic/-phosphinic 

acids 105 
in synthesis of halo-phosphonic/-phosphinic 

acids 152 
Nitrene intermediates 509, 510 
Nitrile oxides, in 1, 3-dipolar cycloadditions 

596 
Nitrilimines, in 1, 3-dipolar cycloadditions 

597, 652 
Nitroalkenes, reactions of, 

with hydrogenphosphonates 300-303 
with phosphites 304—306 

(2-Nitroalkenyl)phosphonates, synthesis of 306, 
310 

[(Nitroalkyl)phenyl]phosphinates, synthesis of 
305 

Nitroalkylphosphinic acids, synthesis of 300-
312 

Nitroalkylphosphonates — see also 
Nitroalkylphosphonic diesters 

reactions of 307-309 
Nitroalkylphosphonic acids, 

reactions of 352, 548 
synthesis of 300-312 

Nitroalkylphosphonic diesters, synthesis of 
303, 312, 556 

Nitro compounds, C-phosphorylation of 307 
Nitrogen-phosphorus detection 814, 817 
Nitrones, 

in 1, 3-dipolar cycloadditions 596 
phosphorylated 555 
reactions with phosphites 371 

NMDA antagonists 769 
Nuclear magnetic resonance spectroscopy, 

as technique for investigating 
stereoisomerism 810 

13C 421, 470, 566, 618, 659, 809-811 
19F 809, 810 
1 R 414, 417, 420, 421, 423, 424, 434, 470, 

566, 585, 618, 659, 703, 809, 810 
in configuration assignment 317-319, 332 
in detection of aminoalkylphosphonic acids 

337 
in determination of enantiomeric 

composition 417, 420-423 
in phosphoryl tautomerism 500 
in quantitative analysis 318 
1 7 0 538, 659, 660 
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Nuclear magnetic resonance spectroscopy 
(cont.) 

of acylphosphonates 659, 660 
of allenic phosphonic/phosphinic acids 

95 
of chemical warfare agents 809-811 
of dihydroxydiphosphonates 193 
of displacement reactions 618 
of hydroxyiminophosphonates 703, 704 
of intermediates in solution reactions 758, 

759 
of nickel(O) species 105 
of phosphorus(III) esters 414 
of quasi-phosphonium salts 585 
of thionophosphine disulphides 470 
31P 58, 64, 242, 291, 414, 420, 421, 423, 

424, 432, 434, 436, 441, 449, 450, 
456, 465, 470, 500, 505, 533, 566, 
585, 597, 618, 659, 703, 758, 759, 
809, 810 

77Se 414 
125Te 456 

Nucleophilic displacement 611, 612 
chemoselectivity in 613, 614 

Nucleophilic replacement reactions 102-104 

Oleksyszyn reaction 340 
Oligopeptides, synthesis of 380 
Oligophosphonates, synthesis of 155 
Organometallic compounds, 

reactions of, 
with aminohalophosphines 11, 12 
with phosphorochloridites 14, 15, 17, 18 
with tetracoordinate Ρ compounds 

86-89 
with thiophosphoryl chloride 402 

use of, in Ρ—C bond fission 516, 517 
Organophosphate-induced delayed 

polyneuropathy 776, 777 
Osteoporosis, use of bisphosphonates in 771, 

772 
l,3,4,2-Oxadiazaphosph(III)oles — see 2-

Amino-l,3,4,2-oxadiazaphosph(III)oles 
1,2,4-Oxadiphospholanes, synthesis of 179 
Oxalylphosphonates, NMR spectra of 659 
2,3-Oxaphosphabicyclo[2.2.2]octanes, synthesis 

of 536 
2,3-Oxaphosphabicyclo[2.2.2]octenes, cleavage 

of P—C bond in 504, 505 
Oxaphosphaprolines, synthesis of 718 
l,2-Oxaphosph(V)-4-enes, synthesis of 83 
l,2-Oxaphosph(V)epanes, synthesis of 61 
l,2-Oxaphosph(V)etanes, 

cleavage of P—C bonds in 532 
formation of 651 

1,2-Oxaphospholane 2-oxides, synthesis of 
156, 208, 209 

1,2-Oxaphospholanes — see also 3-Alkoxy-
l,2-oxaphosph(V)olanes, 3-Hydroxy-l, 
2-oxaphosph(V)olanes 

reactions with P4S10 411 
synthesis of 61, 154, 193, 236, 256, 507 

l,2-Oxaphospholan-3-ols, synthesis of 193, 
194, 197 

1,2-Oxaphospholanones, synthesis of 236 
1,2-Oxaphospholenes, 

formation of 82, 185, 547, 577, 582-586 
reactions of 664, 665 

with P4S10 411 
l,2-Oxa-4-phospholene 2-sulphides, synthesis 

of 405 
l,2-Oxaphosph(V)oles — see also Dihydro-

1,2-oxaphosph(V)oles 
formation of 576 

1,3,2-Oxaphospholidines, synthesis of 16, 
17 

1,2-Oxaphosphorinane 2-oxides, synthesis of 
156, 199, 210 

l,2-Oxaphosph(V)orinanes, 
formation of 61, 143, 573 

l,4-Oxaphosph(V)orins, synthesis of 563 
Oxaphosphorin 6-sulphides, synthesis of 401 
1,3,2,4-Oxathiadiphosphetane 2,4-disulphides, 

synthesis of 473 
1,3,2-Oxathiaphospholanes, isomerization of 

157 
1,3,2-Oxathiaphosphorinanes, 

configuration of 423 
ring opening of 624 
synthesis of 618 

1,3,2-Oxazaphospholidine 2-oxides, 
hydrolysis of 622 
reactions of 101, 590 
synthesis of 88 

1,3,2-Oxazaphospholidines — see also 
Haloalky 1-1,3,2-oxazaphospholidines 

chiral — see Chiral 1,3,2-
oxazaphospholidines 

configuration of 423 
isomerization of 156 
reactions of 291 
ring opening of 100, 101 

l,3,2-Oxazaphosph(III)olidines, reactions of 
95, 346 

l,3,2-Oxazaphosph(V)olidines, 
configuration of 422 
reactions of 574 
rearrangement of 110 
ring opening of 621-623 

1,4,2-Oxazaphospholidines, synthesis of 341, 
343, 344 

1,3,2-Oxazaphospholidine 2-sulphides, 
chirality in 444 
cleavage of Ρ—Ν bonds in 452, 454 
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l,3,2-Oxazaphosph(V)orinanes — see 
Perhy dro-l,3,2-oxazaphosph(V)orinanes 

l,4,2-Oxazaphosph(V)orinanes — see 
Perhy dro-1,4,2-oxazaphosph(V)orinanes 

1,3,2-Oxazaphosphorines — see Perhy dro-
1,3,2-oxazaphosphorines 

1,4,2-Oxazaphosphorines — see Perhy dro-
1,4,2-oxazaphosphorines 

1,3-Oxazolidines, reactions of 395 
Oxetanes, reactions with phosphorus(III) 

chlorides 155 
Oxetanones — see 3-Amino-2-oxetanones 
Oxime ethers, synthesis of 706 
Oxime-/V-hydroxyenamine tautomerism 704, 

705 
Oxime reaction 819, 821 
Oxime reactivators 826 
Oximes, 

reduction of 352 
synthesis of 311 

Oximinium salts, reactions with 
hydrogenphosphonates 373 

2,2-Oxiranediylbisphosphonates, synthesis of 
213 

Oxiranes, reactions of 155, 200 
Oxoalkenylphosphonic diesters, in Bamford-

Stevens reaction 296, 297 
(l-Oxoalkyl)phosphamidic esters, cleavage of 

P—C bonds in 537 
Oxoalkylphosphinic acids — see also Bis(l-

oxoalkyl)phosphinic acids 
synthesis of 240-267 

Oxoalkylphosphonates — see also (1-
Aryl-2-oxoalkyl)phosphonates, (3, 4-
Dihydroxy-2-oxobutyl)phosphonates, 
Oxoalkylphosphonic diesters 

acetals of 242 
reactions with diazoalkanes 217, 218 
synthesis of 242 

(l-Oxoalkyl)phosphonates, 
oximes of, oxidation of 308 
synthesis of 241 
tautomerism in 551 

(2-Oxoalkyl)phosphonates, 
cleavage of Ρ—C bonds in 535 
reactions of 292 
synthesis of 244, 251, 261, 265, 266, 304 
tautomerism in 556 

(3-Oxoalkyl)phosphonates, synthesis of 309 
(3-Oxoalkyl)phosphonic acid derivatives, 

synthesis of 226 
Oxoalkylphosphonic acids, 

reactions of 551-563 
synthesis of 240-267 

(l-Oxoalkyl)phosphonic acids, 
as acylating agents 182 
reactions of 178 

reductive amination of 352 
Oxoalkylphosphonic diamides, reduction of 

203 
Oxoalkylphosphonic diesters — see also 

(l-Diazoalkyl-2-oxoalkyl)phosphonic 
diesters 

dithioacetals of 243 
reactions with amines 352, 353 

(1-Oxoalkylphosphonic diesters, 
in Bamford-Stevens reaction 296 
ketals of 243 
reactions of 124, 125, 395, 652 

with hydrogenphosphonates 197 
with nitromethane 310 

(2-Oxoalkyl)phosphonic diesters, 
enol ethers of 563 
reactions of 310, 555 
synthesis of 245, 360 

(3-Oxoalkyl)phosphonic diesters, synthesis of 
243 

(a-Oxobenzyl)phosphonates, synthesis of 241 
Oxomethanebisphosphonates, hydrolysis of 677 
Oxomethanebisphosphonic acids, antiviral 

activity of 720 
Oxone, in decontamination of VX 803, 804 
2-Oxo-1,2-oxaphosphorinanols, synthesis of 209 
Oxophosphines, 

reactions of 37 
synthesis of 21, 22 

/3-Oxophosphonates — see Όϊ-β-
oxophosphonates 

hydrogenation of 292 
Oxophosphonoacetates, hydrolysis of 677 
Oxophosphonoacetic acid, antiviral activity of 

720 
4-Oxo-5-phosphononorvaline, synthesis of 396 
(l-Oxo-2-phthalimidoalkyl)phosphonic diesters, 

synthesis of 359 
Oxyiminophosphonic dihalides, synthesis of 706 
Oxyphosphoranes, 

as intermediates 232 
synthesis of 257 

Palladium catalysts, 
for vinylation/arylation 128 
in Michaelis-Becker reaction 97 
in synthesis of aryl-phosphonic/-phosphinic 

acids 106 
Pamidronate 771 
Papain 316 
Patterson reaction 125 
P—C bond, 

cleavage of 168-171, 449.541, 550, 551 
biochemical 510, 511 
chemical 512-538 
photochemical 502-510 

destabilization of, towards nucleophiles 310 



936 Subject index 

Ρ—C—O to Ρ—Ο—C rearrangement 198 
Penicillinacylase 316 
Pentenoylphosphonates, synthesis of 662 
Pentenylphosphonates, reactions of 572 
Pentose sugars 207 
Peptides — see also Oligopeptides, 

Phosphonopeptides 
formation of 612 
pyrrolidinylphosphonate-containing, antiviral 

activity of 773 
synthesis of 318 
thiation of 478 

Perfluoroacylphosphonates, formation of 250 
Perfluoroalkylphosphine oxides, cleavage of 

P—C bonds in 515 
Perfluoroalkylphosphonic acids, synthesis of 167 
Perhaloketones, reactions with silyl phosphites 

246 
Perhydro-l,2-azaphosphorinanes, synthesis of 

611 
Perhydro-l,3,2-oxazaphosph(V)orinanes, 

alkylation of 564 
Perhydro-l,4,2-oxazaphosph(V)orinanes, 

synthesis of 346, 347 
Perhydro-l,3,2-oxazaphosphorine 2-oxides, 

alkylation of 113 
Perhydro-l,3,2-oxazaphosphorines 578 

synthesis of 618 
Perhydro-l,4,2-oxazaphosphorines, synthesis of 

338 
Perkow reaction 27 

in competition with Michaelis-Arbuzov 
reaction 54, 62 

intermediates in, MS analysis of 758 
Phaclofen 771 

resolution of 315, 316 
Phenazaphosphine 10-sulphides, synthesis of 

401 
Phenazaphosphinic acids, formation of 120 
Phenothiaphosphinic acids, formation of 120 
Phenoxaphosphinic acids, formation of 120 
[ 1 -(Phenylacetylamino)ethyl]phosphonic acid, 

resolution of 316 
[a-(Phenylamino)benzyl]phosphonates, 

resolution of 316 
2-Phenylamino-l,3,2-dioxaphosph(III)orinanes, 

reactions of 346 
(Phenylaminomethyl)phosphonates, synthesis 

of 346 
l,4-Phenylenebis(methylene)bisphosphinates, 

synthesis of 51 
Phenylphosphinates — see also 

[(Nitroalkyl)phenyljphosphinates 
synthesis of 622 

Phenylphosphonodithioites, formulae of 2 
Phenylphosphonothioic acid, mono-0-esters of, 

alkylation of 493 

Phenylphosphonous esters, reactions with 
tetracyclone 257 

Phosgene method 790 
Phosphaacylium cations 603, 628 
Phosphaallyl cations 741 
Phosphaamino acids, synthesis of 717, 718 
Phosphabenzene, 

ion-molecule reactions of 745 
proton affinity of 736 

Phosphabicyclo[4.2.1]nonanes — see 2,8,9-
Trioxaphosphabicyclo[4.2.1]nonanes 

Phosphabicyclo[2.2.2]octanes — see 2,3-
Oxaphosphabicy clo[2.2.2] octanes 

Phosphabicyclo[3.2.1]octanes — see 2,7,8-
Trioxaphosphabicy clo [3.2.1] octanes 

Phosphabicyclo[2.2.2]octenes — see 2,3-
Oxaphosphabicy clo [2.2.2] octenes 

Phosphamidic esters — see (1-
Oxoalkyl)phosphamidic esters 

Phosphaprolines — see Oxaphosphaprolines 
Phosphatases 380 
Phosphate-phosphonate rearrangement 107-

111 
Phosphates — see also Phosphonophosphates 

acyl — see Acyl phosphates 
aryl — see Aryl phosphates 
ion-molecule reactions of 750 
molecular ions of 738 

Phosphazines — see 
Dihydrophenophosphazines 

Phosphenes — see l,2-Oxaphosph(V)-4-enes 
Phosphenium cations 34 — see also 

Dichlorophosphenium cations 
reactions of, 

with dienes 37, 38 
with hydrocarbons 78-80 

Phosphenous acid 689 
Phosphepane 2-oxides — see 1,3,2-

Dioxaphosphepane 2-oxides 
Phosphepanes — see 1,3,2-

Dioxaphosphepanes, 1,2-
Oxaphosph(V)epanes 

Phosphetane 1-oxides — see 1-
Azidophosphetane 1-oxides, 1-
Halophosphetane 1-oxides 

Phosphetanes — see 1,2-Oxaphosphetanes 
Phosphetane 2,4-disulphides — see 1,3,2,4-

Dioxaphosphetane 2,4-disulphides 
Phosphetanic acids 506 
Phosphetidines — see 1,2-Azaphosphetidines, 

1,3,2,4-Diazadiphosphetidines 
Phosphinamides, agrochemical uses of 777 
Phosphinates — see also under particular 

classes of phosphinates 
hydrolysis of 598, 606, 607 
reduction of 19 
synthesis of 27 
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Phosphine oxides — see also 
(Perfluoroalkyl)phosphine oxides 

oxidation of 100 
protonation of 736 
reactions with silanes 19 
rearrangement of 129 
synthesis of 27 

Phosphines — see also Alkylphosphines, 
Alkynylphosphines, Aminophosphines, 
Dialkoxyphosphines, Diphosphines, 
Halophosphines, Hydrazinophosphines, 
Iminophosphines, Methylenephosphines, 
Oxophosphines, Selenoxophosphines, 
Thioxophosphines 

chiral — see Chiral phosphines 
reactions of 168, 169 

Phosphine sulphides — see Phenazaphosphine 
10-sulphides, Thionophosphine 
disulphides, Triarylphosphine sulphides 

Phosphinic acids — see also under particular 
classes of phosphinic acids 

biochemical and physiological activity of 
775, 776 

pharmacological activity of 776, 777 
Phosphinic amides — see also 

Haloalkylphosphinic amides, 
Thiophosphinic amides 

cyclic — see Cyclic phosphinic amides 
cyclization of 72 
reduction of 13, 14 

Phosphinic azides — see Arylphosphinic 
azides 

Phosphinic halides — see also 
Adamantylphosphinic chlorides, 
Arylphosphinic halides, 
Haloalkylphosphinic halides, 
Thiophosphinic halides 

synthesis of 67, 68, 76 
Phosphinic-sulphonic anhydrides 438 
Phosphinites — see also Dialkylphosphinites, 

Diarylphosphinites 
reactions of 27, 28, 30, 31 
synthesis of 14—20 

Phosphinoacetates — see P,P-
Bis(dialkylamino)phosphinoacetates 

Phosphinodiselenoic acids, purification of 461 
Phosphinodithioates, 

chiral — see Chiral phosphinodithioates 
hydrolysis of 607 

Phosphinodithioic acids, 
purification of 461 
reactions of 462, 463 

with PC15 425 
Phosphinoselenoates, halogenolysis of 449, 452 
Phosphinoselenoic acids — see also 

Phosphinodiselenoic acids 
synthesis of 413 

Phosphinothioates — see also 
Hydrogenphosphinothioates, 
Phosphinodithioates 

cleavage of Ρ—S bonds in 446, 447, 449-
451 

deoxidative sulphurization of 456 
hydrolysis of 606, 607 

Phosphinothioic acids 25 — see also 
Phosphinodithioic acids 

chiral — see Chiral phosphinothioic acids 
reactions of 628, 629 

with PCI5 425 
Phosphinothioic amides — see also 

Thiophosphinic amides 
synthesis of 410 

Phosphinothioic halides — see also (1-
Menthyl)phosphinothioic chlorides, 
Thiophosphinic halides 

desulphurization of 440, 441 
reactions with amines 432 
synthesis of 401 

Phosphinothioic sulphonic anhydrides, 
reactions of 431, 432 

Phosphinothioites — see also 
Dimethylphosphinothioites 

synthesis of 23, 24 
Phosphinothricins 147, 313, 314 — see also 

3 -Hydroxy phosphinothricin 
chiral — see Chiral phosphinothricins 
peptides of 379 
synthesis of 351, 354-356, 367 

Phosphinous acids, 
formulae of 2 
synthesis of 20, 21 

Phosphinoylalkanals, 
reactions of 353-355, 557-559 
tautomerism in 556 

Phosphinoylalkanoates, synthesis of 344 
Phosphinoylalkanoic acids, 

acidity of 499 
synthesis of 222-240, 336, 351, 369 

Phosphinoyl azides, cleavage of Ρ—C bond in 
506-510 

Phosphinoyl disulphides, cleavage of 439 
Phosphinoylformic esters, synthesis of 223 
Phosphinoyl groups — see also 

Dialkoxyphosphinoyl group, 
Diphenylphosphinoyl group 

migratory aptitude of 525 
Af-Phosphinoylhydroxylamine O-sulphonic 

esters, 
cleavage of Ρ—C bonds in 527 
rearrangement of 603 

3-Phosphinoylpropanenitriles, synthesis of 237 
3-Phosphinoylpropenoyl halides, synthesis of 

237 
4-Phosphinoylpyrazoles, synthesis of 561, 562 
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Phosphinoylsulphenyl halides 439 
desulphurization of 441-443 

Phosphinoylthiocyanates 439 
Phosphirane, 

ion-molecule reactions of 745 
proton affinity of 736 

Phosphites, 
alkenyl — see Alkenyl phosphites 
formulae of 2 
in Michaelis-Arbuzov reaction 50, 51 
ion-molecule reactions of 750 
isomerization of 63, 261 
polycyclic — see Polycyclic phosphites 
reactions of 242, 243 

with acyl halides 240, 241 
with aroyl chlorides 551 
with carbonyls 81, 244-247 
with enones 257-261 
with haloalkanes 149-158 
with nitroalkenes 304-306 
with nitrones 371 
with organometallics 14, 15, 17, 18 

silyl — see Silyl phosphites 
tris(2-chloroethyl) — see Tris(2-chloroethyl) 

phosphites 
Phosphitylation 94 

of ketones 261 
Phosphocanes — see 1,3,2,6-

Dioxadiphosphocanes 
Phosphodiesterases 316, 380 
Phosphoenolpyruvate enzymes 722 
Phospholane 1-oxides — see 1-

Alkoxyphospholane 1-oxides 
Phospholane 2-oxides — see 1,2-

Oxaphospholane 2-oxides 
Phospholanes — see also Azaphospholanes, 

1,3-Dithiaphospholanes, Diphospholanes, 
1,2-Oxaphospholanes, 1,3,2-
Oxathiaphospholanes 

synthesis of 78 
Phosph(III)olanes — see 1,3,2-

Dioxaphosph(III)olanes 
Phosph(V)olanes — see 1,3,2-

Dioxaphosph(V)olanes, 1,2-
Oxaphosph(V)olanes 

Phospholanols — see 1,2-Oxaphospholanols 
Phospholene 1-oxides — see also 1-Alkoxy-

2-phospholene 1-oxides, 1-Alkoxy-
3-phospholene 1-oxides, l-Amino-3-
phospholene 1-oxides 

prototropic rearrangement of 126 
synthesis of 68 

Phospholene 2-oxides — see 2-Halo-l,2-
oxaphospholene 2-oxides 

Phospholenes — see also Oxaphospholenes 
nitration of 311 
reactions with P4S10 411 

synthesis of 66-68 
Phospholene 1-sulphides, synthesis of 404 
Phospholene 2-sulphides — see l,2-Oxa-4-

phospholene 2-sulphides 
Phosphole oxides — see 1,2-

Benzoxaphosphole oxides 
Phospholes 

— see l,3,2-Benzodioxaphosph(V)oles, 
Benzoxaphospholes, Dibenzophospholes, 
Dihydrobenzazaphosph(V)oles, 
Dihydrophospholes, 1, 2-
Oxaphosph(V)oles, Thiadiazaphospholes 

Phospholidine 2-oxides — see 1,2-
Azaphospholidine 2-oxides 

Phospholidines — see 1, 2-Azaphospholidines, 
1,3,2-Oxaphospholidines 

Phosph(III)olidines, in Michaelis-Arbuzov 
reaction 54 

Phospholidinones — see 1,2-
Azaphospholidinones 

Phospholines — see 1,2-Azaphospholidines 
Phosphonamidates 

— see Acylphosphonamidates, 
Benzoylphosphonamidates, 
Hydroxyiminophosphonamidates, 
Ureidophosphondiamidates 

Phosphonamidic-sulphonic anhydrides 651 
Phosphonamidites, 

formulae of 2 
reactions of 34 
synthesis of 14—20 

Phosphonate carbanions, reactions with nitriles 
263 

Phosphonate ketals — see Acylphosphonate 
ketals 

Phosphonate-phosphate rearrangement 185 
Phosphonates — see also under particular 

classes of phosphonates 
hydrolysis of 606 
reduction of 19 

Phosphonate trialkoxyphosphonium ions 666 
Phosphonation, 

catalysed 76-78 
oxidative 75, 76 

of haloalkanes 160 
photostimulated 106, 107 
transition metal-catalysed 107 

Phosphonic acid antibiotics 147 
Phosphonic acids — see also under particular 

classes of phosphonic acids 
acidity of 496 

compared with alkanoic acids 497 
agricultural applications of 768, 769 
biochemical activity of 769-771 
metabolism of 768 
natural occurrence of 768 
pharmacological activity of 771-775 
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physiological activity of 769-771 
Phosphonic amides 436 — see also (a-

Hydroxyalkyl)phosphonic amides, 
Phosphonic diamides 

Phosphonic-carboxylic anhydrides 628 
Phosphonic diamides — see also 

Haloalkylphosphonic diamides, 
Hydrogenphosphonic diamides, 
Hydroxyalkylphosphonic diamides, 
Oxoalkylphosphonic diamides, 
Thiophosphonic diamides 

chiral — see Chiral phosphonic diamides 
cyclic — see Cyclic phosphonic diamides 
synthesis of 89 

Phosphonic diesters — see under particular 
classes of phosphonic diesters 

Phosphonic dihalides — see also 
Adamantylphosphonic dichlorides, 
Alkadienylphosphonic dichlorides, 
Alkenylphosphonic dihalides, 
Alkylphosphonic dihalides, 
Alkynylphosphonic dihalides, 
Allenylphosphonic dihalides, 
Aroylphosphonic dihalides, 
Arylphosphonic dihalides, 
Haloalkylphosphonic dihalides, 
Iminophosphonic dihalides, 
Selenophosphonic dihalides, 
Thiophosphonic dihalides 

dehalogenation of 21, 22 
synthesis of 74—76 

Phosphonic-sulphonic anhydrides 528 
Phosphonimidates — see also 

Acylphosphonimidates 
formation of 527 

Phosphonites — see also Acylphosphonites, 
Ethylphosphonites 

in Michaelis-Arbuzov reaction 51 
reactions of 27, 28, 30, 31 
reduction of 35 
synthesis of 14-20 
transesterification of 19 

Phosphonium perfluorocarboxylate, reactions 
of 212 

Phosphonium phosphonate intermediates, 
formation of carbenes from 668-670 
reactions with electrophiles 666-668 

Phosphonium salts 758 — see also 
Aminophosphonium salts, 
Diphosphonium salts, Halophosphonium 
salts, Polyphosphonium salts, 
Pseudo-phosphonium salts, 
Triphenylphosphonium salts 

as intermediates 161, 248 
formation of 50 
MS analysis of 753-755 
NMR spectra of 451 

Phosphonoacetaldehydes, 
dilithium salt of 252 
nitrosation of 710 
synthesis of 247 

Phosphonoacetates — see also 
Oxophosphonoacetates 

reactions of 568 
synthesis of 224, 226 

Phosphonoacetic acids — see also 
Oxophosphonoacetic acid 

antiviral activity of 772 
cleavage of Ρ—C bonds in 511, 534 

2-Phosphonoacetylphosphonic acid, hydrolysis 
of 679 

Phosphonoalkanoic acids — see 2-
Amino-u;-phosphonoalkanoic acids, 
Phosphonoacetic acids 

Phosphonobaclofen, synthesis of 356 
2-Phosphonobenzoic acid, synthesis of 610 
2-Phosphonobutanedioates, synthesis of 228 
Phosphonochloridic acid esters, as acylating 

agents 116 
Phosphonochloridites — see also 

Ethylphosphonochloridites 
reactions of 31, 34 

Phosphonochloridothioates, 
hydrolysis of 430 
synthesis of 425 

Phosphonochlondothioites, synthesis of 23, 24 
4-Phosphonocrotonates, synthesis of 225 
Phosphonodiselenoites, synthesis of 24 
Phosphonodithioates, synthesis of 456, 457 
Phosphonofluoridates — see 

Methylphosphonofluoridates 
Phosphonoformic acid, 

antiviral activity of 719, 720, 772 
as inhibitor of transport processes 770 
prodrugs of 678, 719, 720 

Phosphonoformates, NMR spectra of 659 
Phosphonoglycine, Schiff base from 362, 363, 

365 
Phosphonohalidites — see also 

Phosphonochloridites 
synthesis of 14-20 

Phosphonohomoproline, synthesis of 363 
Phosphonohomoserine, synthesis of 363 
Phosphonomethylation 339, 375 
Phosphonomycin 147, 204 

synthesis of 213, 216, 292 
Phosphonopeptides, synthesis of 379-381 
Phosphonophosphates, synthesis of 686 
3-Phosphonopropanoates, synthesis of 224 
Phosphonopropanoylphosphonic acids, NMR 

spectra of 659 
Phosphonoselenoates — see also 

Hydrogenphosphonoselenoates 
synthesis of 413 
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Phosphonothioates — see also 
Acetylphosphonothioates, 
Ethylphosphonothioates, 
Hydrogenphosphonothioates, 
Phosphonotrithioates, Thiophosphonates 

cleavage of Ρ—C bonds in 536 
cleavage of Ρ—S bonds in 446-452 
configuration of 422 
desulphurization of 440, 444-446 
sodium salts of, alkylation of 433, 434 

Phosphonothioic acid 0-esters, 
alkylation of 493 
Cotton effect in 421, 422 

Phosphonothioic acids — see also 
Methylphosphonothioic acids, 
Phenylphosphonothioic acids, 
Phosphonotrithioic acids 

reactions with PCI5 425 
Phosphonothioic-carboxylic anhydrides 438 
Phosphonothioic diamides, synthesis of 432, 

433 
Phosphonothioic dihalides — see also 

Thiophosphonic dihalides 
reactions with amines 432 
synthesis of 409, 411 

Phosphonothioites — see also 
Ethylphosphonothioites, 
Phenylphosphonothioites 

reactions with S/Se 456 
Phosphonotrithioates, synthesis of 456, 457, 

471, 472 
Phosphonotrithioic acids 461 
3'-Phosphono-l-tyrosine, synthesis of 367 
Phosphonous acids, 

formulae of 2 
reactions of 178 
synthesis of 20, 21 

Phosphonous dihalides — see 
Ethylphosphonous dichloride, 
Methylphosphonous dichloride 

Phosphonous esters, synthesis of 50 
Phosphonoylalkanoic acids, synthesis of 222-

240, 262 
Phosphonoyl carbanions, acylation/alkylation 

of 238 
Phosphonylation — see also 

Dichlorophosphonylation 
additive 233 
oxidative 107 

Phosphonylfluorocholines, toxicity of 831 
Phosphoramidates — see Ν-(ω-

Bromoalkyl)phosphoramidates 
Phosphoramides, protonation of 736 
Phosphoramidites — see 

Dimethylphosphoramidites 
Phosphoramidochloridites, reactions with 

organometallics 14, 15, 17, 18 

Phosphoramidous diesters, 
in Michaelis-Arbuzov reaction 54 
reactions with unsaturated carboxylic acids 

233 
Phosphoranes 34 — see also 

Diselenoxophosphoranes, 
Halophosphoranes, Oxyphosphoranes, 
Thioxophosphoranes, 
Trichlorodiphenylphosphoranes, 
Trimethylphosphoranes, 
Triphenylphosphoranes 

as intermediates 91, 152, 194, 258-260 
formation of 304, 305 
reactions with SO2 168 

Phosphoranide anions 34 
Phosphorazidates, reactions of 356 
Phosphoridines — see Azaphosphoridines 
Phosphorinane 2-oxides — see 1,2-

Oxaphosphorinane 2-oxides 
Phosphorinane 5-oxides — see 1,3,5-

Dioxaphosphorinane 5-oxides 
Phosphorinanes — see also 1,3,2-

Oxathiaphosphorinanes, 
Perhy dro-1,2-azaphosphorinanes, 
1,3,2-Thiazaphosphorinanes, 
Trithiatriphosphorinanes 

synthesis of 195 
Phosph(III)orinanes — see 1,3,2-

Dioxaphosph(III)orinanes, 
Halophosph(III)orinanes 

Phosph(V)orinanes — see 1,4,2,5-
Dioxadiphosph(V)orinanes, 
l,3,2-Dioxaphosph(V)orinanes, 
l,2-Oxaphosph(V)orinanes, 
Oxazaphosph(V)orinanes 

Phosphorinanols — see 2-Oxo-l,2-
oxaphosphorinanols 

Phosphorines — see l,4-Dihydro-l,4-
azaphosphorines, Oxazaphosphorines 

Phosphorin oxides — see 2//-1,2-
Benzoxaphosphorin 2-oxides 

Phosphorins — see Benzodioxaphosphorins, 
Dihy dro-1,2-oxaphosph( V)orins, 
l,3,2-Dioxaphosph(III)orins, 1,4-
Oxaphosph(V)orins, 1,4-Thiaphosphorins 

Phosphorochloridites — see also 
Phosphorodichloridites 

formulae of 2 
reactions of, 

with dienes 405 
with organometallics 14, 15, 17, 18 

Phosphorodiamidites — see 
Tetramethylphosphorodiamidites 

Phosphorodiamidous esters, 
in Michaelis-Arbuzov reaction 54 
reactions with unsaturated carboxylic acids 

233 
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Phosphorodichloridites, reactions with 
organometallics 14, 15, 17, 18 

Phosphorodithioites, formulae of 2 
Phosphorotrithioites, formulae of 2 
Phosphorotrithioite triesters, reactions with 

alkyl halides 403 
Phosphorotropy 325 
Phosphorous acid, formula of 2 
Phosphorus(III) acids, cj-haloalkyl esters of, 

isomerization of 153 
Phosphorus(III) acid derivatives, 

chemical shifts for, 31P 26 
definition of 1 
electrocyclic reactions of 37 
electrophilic reactions of 34-37 
free-radical reactions of 39 
nucleophilic reactions of 26-37 

Phosphorus(III) compounds, oxidation of 118-
120, 167 

Phosphorus(III) esters — see also 
Phosphorus(III) triesters 

reactions with S/Se 456-458 
Phosphorus(III) halides — see also Phosphorus 

trihalides 
cycloaddition to 1,3-dienes 66, 67 
reactions with carbonyls 165-167 

Phosphorus(III) thioesters 414, 415 
rearrangement of 407, 408 

Phosphorus(III) triesters, rearrangement of 93 
Phosphorus trihalides, 

formulae of 2 
reactions with arylmetals 9 

Phosphorylating ability 513 
Phosphorylation 109 

of mesomeric anions 253, 254 
Phosphoryl carbanions, 

formation of 499 
reactions of 171-174 

Phosphorylcarbenes, formation of 538 
Phosphoryl disulphides, synthesis of 439 
Phosphoryl group, 

in cycloaddition reactions 501 
migration of, from C to Ν 538 
removal of, from phosphonic/phosphinic 

acids 498 
Phosphoryl halides, synthesis of 598, 599 
Phosphoryl migration 325 
Phosphoryl oxygen, replacement by sulphur 

411 
Phosphoryl substituents, ΛΓ-protection by 329 
Phosphoryl tautomerism 499, 500 
Photostimulation 106, 107 

metal-catalysed 151, 152 
Phthalimides — see 

(w-Bromoalkyl)phthalimides 
Phthalimidoalkylphosphonates, synthesis of 

352 

Phthalimidoalkylphosphonic 
diesters — see also (l-Oxo-2-
phthalimidoalkyl)phosphonic diesters 

synthesis of 320, 323 
Physostigmine, in pretreatment for chemical 

warfare agents 827 
Pinanones — see 2-Hydroxypinan-3-one 
Piperidinephosphonic acids, synthesis of 333, 

336, 363 
Pishschimuka reaction 436 
Plants, regulation of growth by 

aminophosphonic acids 314 
Plasma desorption 732 
PME, antiviral activity of 772 
Ρ—Ν bond, cleavage of 452-456, 621-624 
Ρ—Ο bond, cleavage of 620-624 
P = 0 bond, replacement by P = S 606, 608 
Polychloromethylphosphonic acids, synthesis 

of 168 
Polychlorophosphoranes, reactions of 252 
Polycyclic phosphites, in Michaelis-Arbuzov 

reaction 52, 53 
(Polyfluoroalkenyl)phosphonic diesters, 

cleavage of Ρ—C bonds in 515 
Polyhaloalkanes, reactions with phosphites 151 
Polyhydroxyphosphinic acids, synthesis of 203, 

207, 210 
Polyhydroxyphosphonic acids, synthesis of 

203-210 
Polyphosphonium salts, MS analysis of 754, 

755 
Polyselenophosphonic/-phosphinic acids, 

reactions of 462, 463 
synthesis of 456-461 

Polythiophosphonic/-phosphinic acids, 
reactions of 462, 463 
synthesis of 456-461 

Primary alkyl halides, in Michaelis-Arbuzov 
reaction 54 

Prolines — see Phosphaprolines 
Propenylphosphonates — see also (1-

Acetylprop-2-enyl)phosphonates 
anions of 532 

Proton affinities 733-736 
Proton-transfer reactions 733, 739-741, 743, 

745-747 
P—S bond, cleavage of 614, 620, 624 

by halogenolysis 449-452 
with alkoxides 448, 449 
with Grignard reagents 446-448 

Pseudomonas lipase 317 
Pseudo-phosphonium salts 58, 152, 232, 576, 

664, 665 — see also Quasi-phosphonium 
salts 

Pseudorotation 624 
Ρ—S—Ρ bonds, cleavage of 470 
Pudovik reaction 254, 260 
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Pulegone, reactions with P(III) halides 84 
Pummerer reaction 219, 221 
Purine nucleoside phosphorylase, inhibitors of 

770 
Pyrazoles — see 

3,4-Bis(diethoxyphosphinoyl)pyrazoles 
Pyrazolinylphosphonates, synthesis of 579 
(Pyrazol-3-yl)phosphonates, synthesis of 594 
Pyrenebutyrylphosphonate, as enzyme inhibitor 

722 
Pyridine, sites of protonation of 736 
(Pyridinylmethyl)phosphonic acids, cleavage of 

P—C bond in 503 
Pyridinyl phosphates, rearrangement of 108, 

144 
Pyridostigmine, in pretreatment for chemical 

warfare agents 827 
Pyrroles, phosphorylated 560, 561 
Pyrrolidine-2-phosphonic acids, synthesis of 

336 
Pyruvate dehydrogenases 721, 722 

Quantum-mechanical calculations, for 
acylphosphonates 657 

Quasi-phosphonium salts 26, 572, 573, 584, 
585 — see also Pseudo-phosphonium 
salts 

Quinoneimines, reactions with 
hydrogenphosphonates 330 

Quinone methides, reactions of 64 

Racemization, in displacement reactions 425 
Radical intermediates, in chlorophosphonation 

163 
Ramsden phase-transfer system, in 

decontamination of chemical warfare 
agents 806 

Razoxane 774 
Regioselectivity, in reactions of 

hydrogenphosphonates witha,/3-
unsaturated carbonyls 184 

Retro-Abramov reaction 517 
Rhizocticins 379 
Ring-chain tautomerism 500 
Ring opening 619-626 

followed by reclosure 626, 627 
in Michaelis-Arbuzov reaction 52, 53, 60 
with alkoxides 619, 620 

Ring retention, in Michaelis-Arbuzov reaction 
52, 60 

Rotational energy coordinates 657 

Sarin 509, 783-785 
binary weapons system for 785, 786, 790 
chemical properties of 798, 801, 802 
decontamination of 803 
detection of, 

battlefield 821 
laboratory 819, 820 

GC of 814 
hydrolysis products of 801, 814 
IR spectra of 808, 809 
LC of 815 
mass spectra of 811-813 
NMR spectra of 810 
physical properties of 797, 798 
pretreatment for 827 
resolution of 794, 796, 814, 832 
synthesis of 789, 790 
therapy for 826 
toxicology of 824, 825 
trace analysis of 817, 818 
UV spectra of 809 

Schiff bases, reactions of 361-363, 365 
Schmidt reaction 525, 526 
Schonemann reaction 818, 819, 821 
Secondary alkyl halides, in Michaelis-Arbuzov 

reaction 54 
Selected-ion flow tubes 737 
Selenophosphinates — see 

Phosphinoselenoates 
Selenophosphonates — see 

Phosphonoselenoates 
Seleno-phosphonic/-phosphinic acids — 

see also Monoseleno-phosphonic/-
phosphinic acids, Phosphinoselenoic 
acids, Polyseleno-phosphonic/-phosphinic 
acids 

chiral 416-^24 
Selenophosphonic dihalides, synthesis of 409 
Selenophosphoryl compounds, deselenization 

of 618 
Selenothiophosphinic acids, synthesis of 461 
Selenoxophosphines, synthesis of 25 
Self CI reactions 739 
Sequalene synthetase, inhibitors of 770 
Ship installed chemical system (SICS) 821 
SIFT apparatus 757 
1,5-Sigmatropic rearrangement 591 
Silyl esters, of phosphonic/phosphinic acids, 

reactions of 598 
Silyl phosphites —see also Trimethylsilyl 

phosphites 
nucleophilic reactivity of 150 
reactions of, 

with carbodiimides 342, 343 
with enones 260 

Skin, decontamination of 805, 806 
Soman 783-785 

chemical properties of 798, 801, 802 
decontamination of 803 
detection of, battlefield 821 
GC of 814 
hydrolysis products of 801, 814 
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immunoassay of 821 
IR spectra of 808, 809 
LC of 815 
mass spectra of 811, 812 
NMR spectra of 810, 811 
physical properties of 797, 798 
pretreatment for 827 
resolution of 794, 796, 814, 832 
therapy for 826 
toxicology of 824, 825 
trace analysis of 817 
UV spectra of 809 

Stfl (P) mechanism 602 
%2(P) mechanism 601-603, 605, 606, 628, 

651 
Sj^2 reactions, in mass spectrometry 746, 747, 

749, 750 
Staudinger reaction, intermediates in, MS 

detection of 758 
Stereoelectronic effect 625, 626 
Stobbe condensation 566 
Streptomyces fradia 370 
Streptomyces hygroscopicus 374, 379 
Streptomyces lavendulae 371 
Streptomyces plumbens, isolation of 

aminophosphonic acids from 313 
Streptomyces rubellomurinus indigo ferns 371 
Streptomyces species, isolation of antibiotics 

from 147 
Streptomyces viridochromogenes 379 
Styrene, reactions with PCI5 90, 91 
Succinylphosphonate, as enzyme inhibitor 722 
Sulphonates, alkyl — see Alkyl sulphonates 
Sulphonic-phosphinic anhydrides 628 
Sulphonic-phosphonic anhydrides 628 
Sulphoxides, 

chiral — see Chiral sulphoxides 
dehydration of 222 

Sulphur, alkylation at 403 
Swern oxidation 187 

Tabun 783-785 
analogues of, toxicity of 829 
chemical properties of 799-801 
decontamination of 803 
detection of, 

battlefield 821 
laboratory 819 

hydrolysis products of 800, 815 
IR spectra of 809 
LC of 815 
mass spectra of 812 
NMR spectra of 810 
physical properties of 797, 798 
pretreatment for 827 
resolution of 794^796, 814, 832 
synthesis of 785, 787 

toxicology of 824, 825 
trace analysis of 817 
UV spectra of 809 

Tandem mass spectrometry 732 
of chemical warfare agents 813 

Tetracyclone, reactions of 257 
Tetrahaloaluminate complexes 75, 78 
Tetrahalomethanes, reactions with phosphites 

149, 150 
Tetrahalophosphoranes, 

decomposition of 168 
reactions of 91, 92, 118, 169 

Tetramethyldiphosphine, ion-molecule 
reactions of 742, 743 

Tetramethylphosphorodiamidites, formulae of 2 
Tetrathiadiphosphorinane 3,6-disulphides, 

synthesis of 472 
Tetrose sugars 207 
Thermochemical measurements, gas-phase 733, 

734, 737 
Thermospray mass spectrometry 758, 813, 815 
Thiadiazaphospholes, synthesis of 480 
Thiadiazoles, phosphorylated 540 
1,2,4-Thiadiphosphetane 2,4-disulphides, 

synthesis of 466 
1,2,5-Thiadiphospholane 2,5-disulphides, 

synthesis of 466, 467 
Thiamin pyrophosphate 721 
Thiaphosphetane 3-oxides — see 3-Hydroxy-

1,3-thiaphosphetane 3-oxides 
1,4-Thiaphosphorins, synthesis of 549 
1,3,2-Thiazaphospholidine 2-oxides 447, 452 
1,3,2-Thiazaphospholidines, synthesis of 24 
1,3,2-Thiazaphosphorinanes, synthesis of 480 
1,3-Thiazoles, synthesis of 555, 562 
Thienylphosphonic diesters, synthesis of 580 
Thiirane, ion-molecule reactions of 745 
Thiiranephosphonates, synthesis of 574 
Thin-layer chromatography, of chemical 

warfare agents 813 
Thioanhydrides, synthesis of 428, 429 
Thiocholine esters, toxicity of 831, 832 
Thiols, chiral — see Chiral thiols 
Thione-thiol rearrangement 436, 497 
Thionobenzoylphosphonates, synthesis of 663 
Thionophosphine disulphides, X-ray study of 

469 
Thiophosphinates — see Phosphinothioates 
Thiophosphinic amides — see also 

Phosphinothioic amides 
mesomeric anions from, alkylation of 501 

Thiophosphinic halides — see also 
Phosphinothioic halides 

synthesis of 410 
Thiophosphonates — see also 

Phosphonothioates 
reactions with alkyl halides 402 
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Phosphonothioic diamides 

Thiophosphonic dihalides — see also 
Phosphonothioic dihalides 

synthesis of 408, 409 
Thio-phosphonic/-phosphinic acids — see also 

Monothio-phosphonic/-phosphinic acids, 
Phosphinothioic acids, Phosphonothioic 
acids, Polythio-phosphonic/-phosphinic 
acids 

chiral 416-424 
Thiophosphoryl chloride, 

as thiation reagent 413 
reactions of, 

with diphenylamine 401 
with organometallics 402, 410 

synthesis of 425 
Thiophosphoryl compounds, 

desulphurization of 618 
oxidation of 601 

2-Thioxo-l,3,2-dithiaphospholanes, alcoholysis 
of 493 

Thioxophosphines, synthesis of 25 
Thioxophosphoranes — see also 

Dithioxophosphoranes 
isomerism in 748 

Thymidine-S'-aroylphosphonates, hydrolysis of 
680 

Transamination 13 
Transdermal penetration of drugs, enhancers of 

770, 771 
Transesterification 547 

in V-agent synthesis 793, 794 
(Triarylmethyl)phosphonates, cleavage of Ρ—C 

bond in 503 
(Triarylmethyl)phosphonic acids, synthesis of 63 
Triarylphosphine sulphides, synthesis of 402 
l,3,5-Triaza-2,4,6-triphosphorinane 2,4,6-

trisulphides, synthesis of 433 
Triazoles, 

phosphinoylated 548 
phosphorylated 540, 559, 593-595 

synthesis of 295, 298 
Trichlorodiphenylphosphoranes, reactions of 

118 
(Trichloromethyl)phosphonates, 

cleavage of P—C bonds in 513, 514 
reactions of 651 
synthesis of 150 

Trichlorophon 180 
Tricycloheptanes, hydrophosphonation of 81 
N-Trifluoroacetyl group, as protecting group 

321 
Trifluoroacetylphosphonates, synthesis of 663 
Trigonal bipyramidal intermediates 615 
Trihaloaldehydes, reactions with silyl 

phosphites 246 

(Trihalomethyl)phosphonic dihalides, 
reactions of 175 
synthesis of 167, 169 

Trihalophosphonium salts 169, 584 
as intermediates 219, 408 

Trihalophosphoranes, synthesis of 410 
Trimethylphosphoranes, ion-molecule reactions 

of 743-745 
Trimethylsilyl ethers, of (a-

hydroxyalkyl)phosphonic acids 188 
(2-Trimethylsilylethyl)phosphonates, synthesis 

of 200 
Trimethylsilyloxyphosphinic acids — see 

Bis [ 1 -(trimethylsilyloxy)] phosphinic acids 
Trimethylsilylphosphinates, synthesis of 72 
Trimethylsilyl phosphites — see also 

Tris(trimethylsilyl) phosphites 
reactions of 152, 219, 304, 305, 334 

Triose sugars 207 
2,8,9-Trioxa-1 -phosphabicy clo [4.2.1] nonanes, 

in Michaelis-Arbuzov reaction 53 
2,7,8-Trioxa-l-phosphabicyclo[3.2.1]octanes, in 

Michaelis-Arbuzov reaction 52, 53 
l,3,2-Trioxa-2,3,6-triphosphorinane 2,4,6-

trisulphides, synthesis of 428 
Triphenylmethylphosphonates, synthesis of 

70 
Triphenyl phosphite, reactions of 326 
Triphenylphosphonium salts, MS analysis of 

753, 754 
Triphenylphosphoranes, reactions with 

acylphosphonates 685 
Tris(2-chloroethyl) phosphites, 

reactions of 304 
rearrangement of 153 

Tris(dimethylamino)phosphine, formula of 2 
Tris(methylene)metaphosphate ion 758 
Tris(trimethylsilyl) phosphites, reactions of 

241, 246, 323, 325, 373 
Trithiatriphosphorinanes, synthesis of 473 

Ultraviolet spectroscopy, of chemical warfare 
agents 809 

Undecenoylphosphonates, synthesis of 662 
α,/3-Unsaturated carboxamides, thiation of 478, 

479 
Unsaturated carboxylic acids, reactions of, 

with phosphites 231-235 
with phosphoramidous diesters 233 

α,/3-Unsaturated ketones, reactions with 
phosphorus(III) halides 82, 83 

Ureidoalkylphosphonic diesters, formation of 
326 

Ureidophosphondiamidates, synthesis of 700 

V-agents 784 
decontamination of 803-806 
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synthesis of 785, 792-794 

Vinylphosphonates — see also 
Acetoxyvinylphosphonates, 
Formamidovinylphosphonates, 
Mercaptovinylphosphonates 

addition reactions of 174 
VX 783-785 

analogues of, toxicity of 830, 831 
binary weapons system for 785, 786, 794 
chemical properties of 799, 802, 803 
decontamination of 803-806 
detection of, 

battlefield 821 
laboratory 819, 820 

GC of 814 
hydrolysis products of 802, 814, 815 
IR spectra of 809 
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mass spectra of 812, 813 
NMR spectra of 810 
physical properties of 797, 798 
pretreatment for 827 
resolution of 794, 814, 832 
therapy for 826 
TLC of 813 
toxicology of 824, 825 
trace analysis of 817 
UV spectra of 809 

Wadsworth-Emmons-Horner reaction 530-
536, 553, 555, 568, 572, 651 

Wadsworth-Emmons reagent 125 
Westheimer concepts 616, 624 
Wittig reaction 205, 206, 529, 543, 553, 744 

intermediates in, MS detection of 758, 759 
Wadsworth-Emmons modification of 51, 

172, 200, 225 
Wolff-Kishner reaction 518 
Wolff rearrangement 539 

X-ray studies, 
in configuration assignment 197, 291, 317, 

318, 345, 371, 422, 423, 427, 446, 
465 

in structure determination 63, 78, 86, 95, 
100, 166, 192, 257, 302, 364, 371, 
372, 414, 417, 433, 466, 469, 505, 
553, 588, 590 

of acylphosphonates 656, 657 
of anhydroselenides 469 
of cyclobutenylphosphonic dichlorides 588 
of hydrazonophosphonates 702, 703 
of hydroxyiminophosphonates 658, 702, 

703 
of thionophosphine disulphides 469 

Ylides, reactions with acylphosphonates 685-
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