JYNTHETIC
RE HGE nTI J.S.PIZEY

) - E




SYNTHETIC REAGENTS

Volume 4

Mercuric Acetate; Periodic Acid and Periodates;
Sulfuryl Chloride

ol
Q - — g-).. r“ ':':..‘ﬁ
‘ J ’, ot ::N, e

Sy MR AR



ELLIS HORWOOD SERIES IN ANALYTICAL CHEMISTRY
EDITORS: Dr. R. A. Chalmers and Dr. Mary Masson, University of Aberdeen

“I recommend that this Series be used as reference material. Its Authors are among the
most respected in Europe”. J. Chemical Ed., New York.

Application of lon-selective Membrane Electrodes in Organic Analysis
F. BAIULESCU and V. V. COSOFRET, Polytechnic Institute, Bucharest
Industrial Methods of Microanalysis
S. BANCE, May and Baker Research Laboratories, Dagenham
lon-selective Electrodes in Life Sciences
J. COMER, MSE Scientific Instruments, Crawley, and D. B. KELL, University College
of Wales, Aberystwyth
Inorganic Reaction Chemistry
Volume 1: The Reactions of the Elements and their Compounds
Volume 2: Systematic Chemical Separation
D. T. BURNS, Queen’s University, Belfast, A. G. CATCHPOLE, Kingston Polytechnic,
A. TOWNSHEND, University of Birmingham
Quantitative Inorganic Analysis
R. BELCHER, M. CRESSER, R. A. CHALMERS
Handbook of Process Stream Analysis
K.J. CLEVETT, Crest Engineering (U.K.) Inc.
Automatic Methods in Chemical Analysis
J.K.FOREMAN and P.B.STOCKWELL, Laboratory of the Government Chemist, London
Fundamentals of Electrochemical Analysis
Z. GALUS, Warsaw University
Laboratory Handbook of Thin Layer and Paper Chromatography
J. GASPARIC, Charles University, Hradec Kralove
J. CHURACEK, University of Chemical Technology, Pardubice
Handbook of Analytical Control of Iron and Steel Production
T. S. HARRISON, Group Chemical Laboratories, British Steel Corporation
Handbook of Organic Reagents in Inorganic Analysis
Z. HOLZBECHER et al., Institute of Chemical Technology, Prague
Analytical Applications of Complex Equilibria
J. INCZEDY, University of Chemical Engineering, Veszprem
Particle Size Analysis
Z. K. JELINEK, Organic Synthesis Research Institute, Pardubice
Operational Amplifiers in Chemical Instrumentation
R. KALVODA, J. Heyrovsky Institute of Physical Chemistry and Electrochemistry, Prague
Atlas of Metal-ligand Equilibria in Aqueous Solution
J. KRAGTEN, University of Amsterdam
Gradient Liquid Chromatography
C. LITEANU and S. GOCAN, University of Cluj
Titrimetric Analysis
C. LITEANU and E. HOPIRTEAN, Umvefslty OfCIUJ
Statistical Methods in Trace Analysis .
C. LITEANU and I. RICA, Umversxtyaofﬂuj .
Spectrophotometric Determmatlon of Eleme’nts N
Z. MARCZENKO, Warsaw Techmical M N W %
Separation and Enrichment Methods of T A T S
J. MINCZEWSK I et al., Instituté of Nuclear
Handbook of Analysis of Orgamc lv@n b
%gl

V. SEDIVEC and J. FLEK, Inst 1ute
Methods of Catalytic Analysns « M
G. SVEHLA, Queen’s Umversxty,ofﬁeltls@ "[HOE!PS&N, University of New York
Handbook of Analysns of Synthetic Polymers and Plastics |
J. URBANSKI et al., Warsaw Techmcal Umvemty
Analysis with lon-selectlve Electrodes
J. VESELY and D. WEISS, Geological Survey, Prague
K. STULIK, Charles University, Prague
Electrochemical Stripping Analysis
F. VYDRA, J. Heyrovsky Institute of Physical Chemistry and Electrochemistry, Prague
K. STULIK, Charles University, Prague
B. JULAKOVA The State Institute for Control of Drugs, Prague
Iso-electric Focusing Methods
K. W. WILLIAMS, L. SODERBERG, T. LAAS, Pharmacia Fine Chemicals, Uppsala

and Epn?mmlogy, Prague



SYNTHETIC REAGENTS
Volume 4

Mercuric Acetate; Periodic Acid and Periodates; Sulfuryl Chloride

Edited by:

1.8. PIZEY
Department of Chemistry
University of Aston in Birmingham

P N

Qr

A

&y

t m
i

&

R e o

v

:

v et A D
i e AR
LA N
: u"- g ‘
114 ‘

ELLIS HORWOOD LIMITED
R R 119! ! Publishers - Chichester
| Halsted Press: a division of

y078211 JOHN WILEY & SONS

New York - Chichester - Brisbane - Toronto



First published in 1981 by

ELLIS HORWOOD LIMITED
Market Cross House, Cooper Street, Chichester, West Sussex, PO19 1EB, England

The publisher’s colophon is reproduced from James Gillison’s drawing of the
ancient Market Cross, Chichester.,

Distributors:

Australia, New Zealand, South-east Asia:
Jacaranda-Wiley Ltd., Jacaranda Press,

JOHN WILEY & SONS INC.,

G.P.O. Box 859, Brisbane, Queensland 40001, Australia

Canada:
JOHN WILEY & SONS CANADA LIMITED
22 Worcester Road, Rexdale, Ontario, Canada.

Europe, Africa:
JOHN WILEY & SONS LIMITED
Baffins Lane, Chichester, West Sussex, England.

North and South America and the rest of the world:
Halsted Press: a division of

JOHN WILEY & SONS

605 Third Avenue, New York, N.Y. 10016, U.S.A.

British Library Cataloguing in Publication Data
Synthetic reagents.
Vol. 4: Mercuric acetate, periodic acid and periodates, sulfuryl chloride
1. Chemistry, Organic — Synthesis
2. Chemical tests and reagents
L. Pizey, James S
547°.2 QD262 80-41742
ISBN 0-85312-309-8 (Ellis Horwood Limited, Publishers)
ISBN 0-470-27133-7 (Halsted Press)

Typeset in Press Roman by Ellis Horwood Limited.
Printed in Great Britain by R. J. Acford , Chichester, West Sussex.

COPYRIGHT NOTICE: ©]J. S. Pizey/Ellis Horwood, Publishers 1981

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the permission of Ellis Horwood Limited, Market Cross
House, Cooper Street, Chichester, West Sussex, England.



Table of Contents

AUIhOrS Preface e o st e s e el e e vy o s (e 13

Chapter 1 MERCURIC ACETATE
R. N. Butler, Department of Chemistry, University College,
Galway, Ireland

IAVINTOdUCHOM Tt i s - s & il 6 o erta bs Bge St oo ahs ot o il 15
1. ‘General characteristicsiof ithe-reagent || w s us = ik wufimilin b (4 15
2. PrevioUSTeVIEWSs' .k . . . . L% 2 L oelbiien b i lootmBmihin s i aiep i 1 17
B Reactions with AromaticCompounds . . . .. .................... 17
1. Mercuration of aromatic compounds: mercury-carbon bonds. . ... .. 17/
() S HYATACATOONSS .\ . o » cisieniie o Ssieen gl SASGERCNL -~ iicae b o (5 17
(b iMetdllocenes. i ... . s Baebalonl 1y S oo RS L K L L S 20
(c) Aromatic cyclomercuration and general. . .. .............. 22
2. Mercuration of aromatic heterocycles: mercury-carbon and
mercuryEnitragen bonadsi ... ... st I8 s BRIt R 0 L I 23
C IReactions WithiOIEfins . . . . oo 05 3 are b wsie b e s 308 vimes a3 8 60 s o 28
1. Solvomercuration and demercuration — Mechanism and general
featuresiofithe reaction % i s s s le s s ats st oot e s g 28
2. Oxymercuration of acyclic mono-olefins . . .. ................ 35
(a) Intermolecular: synthesis of alcohols, ethers and carbonyl
COMPOUASE, . Lot SR I R L Fd 2 o 5 s e 35
(b) Intramolecular: synthesis of oxygen heterocycles . .......... 43
3nPeroxymercarationiof allkenest byl iy S SN 2 T e 47
(a) Intermolecular: synthesis of acyclic peroxides. . .. .......... 47
(b) Intramolecular: synthesis of cyclic peroxides .. ............ 51
4. Aminemercuration of alkenes «ibiii b o als o Sl o iha ol 53
(a) Intermolecular: synthesisof amines . ................... 53

(b) Intramolecular: synthesis of nitrogen heterocycles. . . .. ...... 56



6 Table of Contents

5. .Aromatic (Friedel-Craft type)alicylations.>. . i« o < o5 & veuie o 35 58

6 & iRedctions withipolyenesiand Allenes. - . . e 0o oo v it o o 61

(ayRGEGaterciiration - Rk 0o S Re L e SRR L LA e L 61

(b)S@xehisation to carboeyeles. - T L cnill s iy L e B 64

7. Reactions with cyclic alkenes and terpenes. . . .. .............. 66

{a)iMoRocyche systems, —-. 0% ol SR L D d el S 66

(B)"Polycyelic systems . ol e n s ts o af-ws . R 2 71

D Reaction with Alkynes and Vinyltransfer reactions .. .............. 78

oo AL e R o e LT a R SRR e ) 78

2NV EMOTOUTIANS. . . et et N e R i, e 82

3Vinyl feancicrreactiony s oo L L SRS DUl G e st 83

E Reactions with Saturated and Acyclic and Cyclic Systems. . . . ........ 85

IS Cyclaalleamesio) . . o el st Joe SO e o Lt 85

(yECuclaprapanes! .ok o ol dde o R s L b R 85

(o e 2 e L el PR o v TP S sl ai S LS S 89

2. Saturated CH bonds with a-carbonyl or activating groups . .. ...... 92

F Dehydrogenation and Transannular Coupling Reactions . . . . ... ... ... 94

1. Catbonmad oxygen compounds . ' So e o SRR ET L 94

2. ‘Nitrogen compounds: Tertiapy amiines ... . . Lo tc s o« cifs o v vaom as 97

G Reactions with Nitrogen Compounds . .. ..................... 101

S RTRidEs PR - LN s R e R R T 101

2 ISOEVARIBREEE i L o e e e e e L L 102

3. Hydrazones; enamines and toiazenes . 1 S L A L ot 103

H Reactions with Organo-Sulphur and Phosphorus Compounds. . . . ... .. 107

1 Acycle sHIphur compolmds. ., . - e b bme e oD o 107

2. Cyclic sulphur compounds and penicillins . ................. 108

Sef PhiospHossicompoundse il Ak S T SRR . Ll e o s 109

I Reactions with Organo-Boron and -Silicon Compounds. . . . ......... 110

I iotanitcaed derivatives e . S o s« o e e 110

2 ARV A dInVID OTANES: & b teacie o= b bt Beh Wb ol e 255§ LT o o i |

3. Siliconieomponnds .- ; =l il e rsmd MBS - PR s st B 113

J Miscellaneous Reactions of Mercuric Acetate . . .. ............... 115
1. Decarboxylation to organomercuric acetates: photolysis and

reactions with.peroXides.i s o ks o REinti S as Ariil LR, 115

2 A CATDONYEATALONIY, . oo alt wBiehat s T o ol i e vaadhna ) 1Y L 118



Table of Contents

37 'Catalvitic Yedetions st . o '3 S Era il e o T Ll A
(a)! Esterification;of alkyl halides.. . ... & s gl asiial L
(b) Carbonylation with carbon'monoxide . . .. ... .5 ... 0. .
(C)"Generatea . L | L B R S e L s

T e o R R R i T S e TP SR

Chapter 2 PERIODIC ACID AND PERIODATES

Alexander J. Fatiadi, National Measurement Laboratory,
Center for Analytical Chemistry, National Bureau of Standards,
Washington, D.C. 20234, U.S.A.

IARInIEodUCHONUN S B oy .o o 1 RIS RS W es i SRRE R L el

1 Genetal diselsgion 2« .. ... . . 5. o s e BRI BEOR. e s 28
2. Solvents, and isolation of theproduct . . . ... ...c... ... ... ..

B Properties of Periodates, and Periodate Oxidation Mechanisms. . . .. . ..

1. Preparation and some properties of periodic acid and periodates. . . .
(@), GencralldiSCUSSION . . .. ol o hratieds, - wn v e BlaR o S et Eolh o
2. Mechanismsiof periodate oxidation. . .. ..« c o o os b coaiee o o6
(a) Oxidation of 1,2-diols vig ionic mechanisms . . . . ..........
(b) Ionic mechanism for periodate oxidation of a-keto y-lactams. . .
(¢) -Additienalionic.:mechanisms: » - cLiu cnl L sl s S
(d) Preeradicalimechanism. . . et & o oGSO Rl Tr 0, )
(e) Electron-spin resonance probe of periodate oxidation of
phenols, benzenedoils, and polyhydroxy aromatic com-

€ Condensed Aromatic Compounds: =515 03 AR TR ST L Ol o

1. Periodic acid, a novel oxidant of polycyclic aromatic hydro-
GaEBONSIE Y dor . . 1 iy ool g e s Y S & ERIIOA T
(a) Scopeandilimitations.. . - .l o i SR IEEE L JRET T
(b)) ‘Reactionconditions. s . i ol Al AL Ml SRS e s B like .
Oxidativeidimerization of pyrenec . - st s ol b smee o
Oxidation of polycyclic aromatic hydrocarbons to quinones . . . . . .
Oxidative hydrolysis':. . 0 M85 Rl b0 .| DTEgRE 3 sasfing, o
Novel oxidation of sterically hindered alcohols . . . . ...........
Oxidation of jpigments of aphids: e il 1601 e e i, Lnik

DR

D Nonbenzenoid Aromatic Compounds and Cyclopolyenes . . .........

1: YOxidataniangatiene’. . a0l ROl UK e salcon Chmmling LI AER 4%
2. Oxidation of pyrogallol to the tropolone derivative . . . ... ......
3. Oxidation of a dianion to a neutral compound . ..............



Table of Contents

4. Oxidation of 1,3,5-cycloheptatriene (tropilidene) .. ...........
S Oxidationof ferrocene il mo s o hmsiaes T O e L Tni o, Fal L

| B ESETET00 |- o e S S S ATE R e ] R U e S

AT S

1. Conversion of a-hydroxy-bile acids into aldehydes; degradation
wikhilossof one carbonAtoM o iy, e ela s o pios: 5 atres o 8 el Tere

Hydroxy-lactones from cyclic af-dihydroxy ketones .. .........

Keto-aoidsifrom dihydroxyketones = ol r il o o oie i o eiois s ais

Hydrolysis ofian epoxtdelring'in steriods o e ity o 200t o 0l

Bxitdlontof:iéhiolasterol- oo it LRATL T S ICEIREIDIL L LRl T L L

Oxidation of unsaturated steroids with periodic acid in pyridine-

water solution

7. Steric and conformational effects in oxidation of steroid vic-

dislsiwithtiperipdatels St S tis e s sl Ssiiet LK

8. Periodates as the biological hydroxylating agent for steroids . . . . . .

F Periodic Acid as a new Oxidant for the Degradation of Bile Pigment.

B

iliverdine type of reaction intermediate on oxidation of Bilirubin

wWith PeBntC ACId . . . " clin s o tnt s ds e R e lon e 205t e 18 % o o1 576 & &

G Heterocyclic:Compounds . ...« g gils i bl ale b cisa il s e o s

Sl e

HT

1 Sldoletderivatives (. . ARG sl 8k w0 it a b bl Lol
(a) Synthesis of (1H)-indeno [1, 2-b] quinolines from benzo|[a]
CADAZONER. o, 1. aawes sl VIS < VRERGl R v e et SLE 1
ey tiophate detivativess ot L sl b i ol B b i oL e o ke
Oxidative rearrangement of a-keto-esters and amides; -lactams . . . .
SynihesiSiof benzoylqunolines. o . o 'y s sl v omlaiate s o5 s 4 3
Isoauinoline derivatives <. -0 o al L len e SRR s Sl o s s e
Oxidation of pyrroles and pyrroline-1-oxides . .. .............

erpenesaREsIad . . - i i B PR e e LT
12 nCarnforthiketone cleavage: (hisi i L R SERTE Lo ce) Serillort! afp b fovs

2. Other oxidations used in the synthesis of terpenes. . .. .........

I Aromatic lOaImation. . i uibe s DL B b o L s s s e ke

1

Iodine-periodic acid iodination (the Suzuki reagent). . . .........
(a) Iodination of polyalkylbenzenes. ... ... .. ..o innn.
(b) Iodination of halopseudocumenes. . .. .................
(c) Iodination of polyalkylbenzoicacids. . . ................
(d) Iodination of alkyl arylketones . .....................
(e) Iodination of polycyclic and heterocyclic aromatic compounds . .
(f) Synthesis of perfluorinated alkyl iodides . . ... ...........
(g) Iodination of dimethylaniline .......................



Table of Contents 9

(h) Iodination of the a-methylene group in f-diketones . . . ... ... 187
(i) Oxidation and hydroxylation of deoxybenzoin. .. ......... 188
(G) Acetoxyiodination of olefin steroids . ................. 188
¥ Cleavige oREDORIAES:. ", .. #3830l o o8 WL IGlhes, DS 189
1. Cleavage of epoxides with ethereal periodicacid . ............. 189
2. Cleavage of epoxides with aqueous periodicacid . . . .. ......... 190
K= Organic Saltsiof Petiodic Acids: 5, s s 0t Al Betliln oy e -4 190
1. Reactions of a-nitroarylidene phenylhydrazine diperiodate salt . . . . 191
2. Surfaceractiveiperiadic saltsss i v B, LVl Sy, Lo ol 192
3. Dicarbonyl compounds from phosphinoalkylenes . ............ 192
4. Alkenes from phosphonium periodates . . .................. 192
5. Polycyclic compounds from bis(phosphinoalkylene) periodates . . . . 194
L Synthesis of Heterocyclic Compounds. . . .......... ... 195
1; '‘Dioxaneand hemialdal derivatives, s Feu2. 0 S S LIRIEG § (Gdlxil o5 195
(a) 1,4-Dioxane-2,6-diol from anhydroalditols; effects of solvent
on its formation and conformation . . . ............... 196
2. Bicyclic:hieiiavetals s . . . cOd 0 ULAIRR TSR] SRS L Gl e s s e 197
(a) Tricyclic product from periodic acid oxidation of methyl
-L-arabinopyranoside in dimethyl sulfoxide. . .......... 197
3. Cyclization of dialdehydes with nitromethane. .. ... .......... 198
4. SOCOUMAINIGEHVAIIVES . . o o oo ois ok Kie o o alisfrg o s pe, orbits 540 w75 % 199
5. IRbENZO NESHETIVALIVES. 1 L Lt . Tilule'd b ey iaubiamelss v bt S ober i, et 199
6 BYHONDCIABIIVAIIVES .« v .« 5% n o si's b hs s v e BNy i e s T 8 200
7 “MOTDBONHEBETINAtIVES ..o < feans =il BT ks T T et ¢ ol Sha et s 5 201
8: TropinonedEIVAtIVOS. . . . - +» <o P reneaardbesgt (0 Simo i, L 203
9. Pynidazinie deiystives., . .oocn.d o s dete S e SR LR s L S T 203
10 Inidazele denvatives . . . okiasmdl . Sl S0 A e R e T i 204
111 4-Okathiane'denvatives. . ool 0 - 5, SIS Bl s podis vk, R 204
M Stereospecific Asymmetric Synthesis of Carbohydrates. . . . ......... 205
1. Stereospecific synthesis of monosaccharides. . . . ............. 205
2. Regiospecific periodate oxidation of carbohydrates . . . .. ....... 207
3. Action:ef peripdatesion functional groups . . - L. 0o Gl e ok 209
INEADEBIOHCS Lt T S . A R AR s eSO 212
L. "Amino:glyeoside antibiotics b . L5 08, & G s S0l Ve v o s 212
(a) Structure of the antibioticezomycin Ay.. ... ............ 212
(b) Syntheses of streptamine and aristeromycin derivates. . . . . . .. 213
(c) Selective oxidative degradation of the antibiotic adriamycin . . . 214

2. Macrolides and other classes of antibiotics . . . ............... 214



10 Table of Contents

OrSiilfnr Compomtdsis .. - i bsl g sugelie iR S st S0 S 215
1. Oxidation of organic sulfides to sulfoxides. . . ............... 2115
2. Preparation of sulfoxides from sulfides by oxidation with alumina-

supported sodium metaperiodate . .= .l . Ll e s 216
3. Alkenes from sulfides and thioethers via thermal, alkylative
elimination of sulfoxides ainile sarfnlbies s, o il ol 217
4. Oxidation of vinyl sulfides to vinyl sulfoxides. . . ............. 217
5. Stereoselective oxidation of cyclic sulfides. . . ... ............ 218
6. Stereoselective oxidation of acyclic sulfides . .. .............. 221
7. Stereoselective oxidation of 1,3-dithianes. . .. ............... 222
8. Selective diol-cleavage in cyclic sulfides and disulfides . ......... 224
9iOxidationoficyclic: dISULAARS, ) ols £t 2 b Ll oiatbit o o St s s i wifa 225
10. Oxidative rearrangement of C-sulfonylthioformamides.......... 226
11. Degradation of glycol side-chain in amino-sugar sulfides (Wolfrom
AESERAATIONTY. .t yete o 110 b F LA EIIERE L ol e i o e 226
12 Qxidatye S-ring opetings & - 1.« ifeisinanse LAl L ool o 1t 227
13. Periodate oxidation of organometallic sulfides ............... 228
14. Conversion of organic selenides into selenoxides . . . ........... 229
15. Alkenes and «f-unsaturated carbonyl compounds via oxidative
elimination of the selenoxidegroup . .................. 229

P PeriodatesasCo-oxidants . . . ... ... ... ... it iiuvinieinns 230

1. Periodate-permanganate oxidation (Lemieux-von Rudolff Re-
EARERE). A, | 10 ol RS S RS S AR A O 230

2. Periodate-osmium tetroxide oxidation (Lemieux-Johnson Re-
AT Mo SRR O S o B R . SR L SO 233

3. Periodate-ruthenium tetroxide oxidation (Djerassi-Engle and
BappeiBecker Reagen i) i s e s L L 235
(a) Oxidation of alkenes, hydroxy-lactones, and ethers . . . ... ... 236
(b) Oxidation of aromatic compounds . . .. ................ 237
(c)) \Oxidation of steroids :. . o100 oo Ll oL 238
4. Oxidation of morpholine derivatives . . . .. ................. 240

5. Periodate-osmium tetroxide or ruthenium tetroxide-catalyzed
oxidation of pyrene (new RnO,-NalO),~-HCONME, System) . 241
6. Periodate-pervanadic acid oxidation of pyrene [I07-VO,(OH);

Syatemlliat -, o e A T R ey L Ay o 242

7. Petiodicacid-chromiciacid. . 1. oo v aiboh s atnons s s 4 5 mis e ers o e s 242

Q Amines and Hydrazine Derivatives . . . .. ..................... 243
1. Conversion of phenylhydrazine into a phenylazo-compound . . . . .. 244

2. Oxidation of 1,3-bis(phenylhydrazino) derivatives to phenylazo-
phenylhydrazino-cation radiealS .come i il o i3 s ste o 245



Table of Contents i

3. Conversion of dehydro-L-ascorbic acid bis(phenylhydrazone) into

phenylazo-phenylhydrazino derivatives . . . . . ............ 245

4. Tris(hydrazones) from mesoxalaldehyde bis(hydrazones) . . ... ... 245

5. Generation of di-imide from hydrazine . .. ................. 247

R Hydroxylamine Derivatives . . . . .. ............ et iieenn. 247
1. Oxidation of hydroxylamines and oximes . ................. 247
2.-Oxidation/ofhydroxamic acids: . . o el d il Lo IR U 248

S Oxidation of Phenols, Benzenediols, Benzenehexols, and Hydroxy-
AToMatic COMPOBAASTS . - . "5 o Moy it s i sl SUEESEIN e 249
1. Oxidation of benzenediols and their monoethers (Adler oxidation). . 249

2. Oxidation of benzenehexol and related hydroxy-aromatic com-

DOUTIASINIEL W, © T kit S et e B PSR R e Y 254
(a) oxidation of benzenehexol . . . .......% . oeieia o 254
(b) oxidation of hydroxy-aromatic compounds and alcohols. . . . . . 254
(c) Oxidation of sterically hindered phenols . .. ............. 254
3. (Cyclization ofia pyrogallol derivative. . - ol o doiais o aii w5t o 258
Rl avanols:: R L . v e et e Ll S s 258
UiNEatty AcidS bt amecs: Ok o - b ot et Lo M S S b e ek 260
1. Direct cleavage of epoxides to aldehydes . . ................. 260
2. Hydrolysis of 1,3-dioxolanes (ethylene acetals). . .. ........... 261
V The Structure of AdditionPolymers. . .. ..................... 261
I e strucITe QL DOIVINGTS . . wpol o b i Shstats s o oo e 5 6, 5 36 oes 5 5 262
2. Synthesis of polymers containing Schiff-base rings. . .. ......... 262
W Bio-organic Applications of Periodates. . . . ... ................. 262
1. Nucleotidessequence analysis.. . . ci sox oo i Sl e e i o8 263
2. Stoichiometry of the oxidation of ribonucleosides by periodate
and pEiivalaes); . - | . RTINS e 264
3. Related bio-organic applications. . lc i il fa i Uil Ll 264
4. The Smith degradation of glycoproteins. . . .. ............... 265
X Other Periodate Applications. . . .. ......................... 267
12 helperiadate-Schiff reagentin i Lith s e i SUel ol it 0% 267
2. Physical and analytical studies using periodates (inorganic) . . . . . . . 269
3. Bio-organic applications of periodates . . . . ................. 270

4. Organic (analytical) applications of periodates . .............. 27



12 Table of Contents

Y vAddendalt BNt e S e R Al e e TR L o A T 271
Section O My s L o, o FRRt R A ARl D e el s el 271
SectioniB s SRR 1 i R R e B L s S e L 272
SeotioNIBNLIEENL N T, | o 1 g e el U RN ™. e e it 272
ST o150 D [l L ST SR LS R UG 8 B U |1 SR P BTy 273
TR LT T o O e S et (8 e SR S ey ot R T TUr N W 275
e Ty 118 b et e R o g 1= SRS S TR g I 207
LD 0] e ol AP R o B B35S 1 5120 1 S L Y S AL T L LA 280
RIS (Ut o G R SN 1 R I o A s (0805 S e 285
SCCTIONIRPRRIINT S5 . o s i S R A o e e 285

A A T R T s o e B e e AR S 289
Addendato Addenda. . ... ... .. .. ... 293
Referencesand Notes . . ... .. .. .. ..ot it imiimnnennnnnnnn 294

Chapter 3 SULFURYL CHLORIDE
Iwao Tabushi, Hiroshi Kitaguchi, Department of Synthetic
Chemistry, Kyoto University

AMNOGHCTIHIT . s, . .« oo i bl et B che = o e e 5 e aincis o oo o 336
General properties and Reaction Mechanisms . . . . ............... 336
BURAMICABREBOMONS 1. . .. 2% nsi s o fs e 5 Slal'e fomlsalons s srst o b aire o & e 339
1. Chlorination and Chlorosulfonation of Hydrocarbons. . . ... ... .. 339

2. Reactianswith olefing ... - 2. F ST MBS 2 L SEln et e 347
ERanicIReACHONS . . § . 4 o a sy D e e S L S i L 8 353
1..Chlorination of carbonyl CoMPOUNAS . .« o2 o es o v o aneeis s sus 353

2. Chlorination of sulfoxides and sulfones. . ... e oo vewonvaes 360

3 Chlofmation of SUlfides < i oie o ab R e L s bl b, o/ 8 367

4. Reactionwithsulfur compounds s s+ oe s slillan e ealaimming el .5 372

5. Reaction with nitrogen compounds. . . .. ... ............... 378

6. Chlorination of hetero-aromatic compounds. . . . ............. 384
Referencesand Notes. . . . ... ..... ..ot ieeenoenencnnnenn 391



Author’s Preface

A similar plan used for the organisation of the three earlier volumes is repeated
here: three reagents are reviewed in sufficient depth to provide a full under-
standing of their synthetic utility. The three reagents have been chosen for their
current importance, their versatility, and their ability to cause major types of
reactions.

The important properties of each reagent, together with its preparation,
where necessary, are given at the beginning of the respective chapters. The
synthetic uses of each reagent are then discussed in extensive surveys which
occupy the larger part of each review. Mechanistic ideas have been introduced
when it is felt that they will afford a better understanding of the synthetic
possibilities or limitations of the reagent.

MERCURIC ACETATE (C. F. Lane) is used for the mercuration of a
number of classes of compounds, for amino- and oxy-mercuration, in the pre-
paration of vinylmercurials and in vinyl transfer reactions, as an important
oxidant, in certain reactions of organosulphur compounds, and in a number of
miscellaneous reactions. PERIODIC ACID (A. J. Fatiadi) effects a large number
of very important oxidations, may be used to iodinate numerous classes of com-
pounds, is used in the cleavage of epoxides, as a co-oxidant, and has a number of
bio-organic applications. SULPHURYL CHLORIDE (I. Tabushi) is an important
ionic and radical chlorinating agent used in a large number of systems.

It is hoped that this book will help chemists to determine the types of
reaction the reagent will effect and resolve its selectivity: and that it will also
indicate the optimum reaction conditions. This will also enable the chemist to
find a method for the synthesis of a large number of specific compounds. The
original reference for that method or compound will then (generally) give him
the necessary precise synthetic details. Rapid retrieval of information is assisted
by a very complete index covering all the types of reactions and all compounds
discussed.
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CHAPTER 1

Mercuric Acetate

R. N. Butler, Department of Chemistry, University College, Galway, Ireland

A INTRODUCTION

1. General characteristics of the reagent

Mercuric acetate (Hg2A) has been used as a synthetic reagent for over one
hundred years. With thallium(IIT) acetate and lead tetra-acetate [1] it forms a
group of isoelectronic oxidising agents which has been increasingly explored in
organic synthesis in recent times and particularly over the past twenty years.
Mercuric acetate (Hg2* + 2¢” - Hg®, E° 0.85) [2] is a weaker oxidising agent
than lead tetra-acetate (Pb*4 + 2¢” — Pb2*, E° 1.6—1.75) [3] and this is
reflected in its reactions where the metal often remains in the Hg(II) state
giving substitutions which afford stable mercurated products. The reagent also
exhibits a wide range of interesting oxidations in which the mercury(Il) is
reduced to mercury(I) or to the metallic mercury(O) state.

Mercuric acetate has been available commercially for many years. It is easily
prepared by heating metallic mercury with peracetic acid in acetic acid solution
[4]. The peracetic acid may also be generated in situ thereby simplifying the
overall process [5]. Thus the reagent can be obtained in high yields by careful
addition of hydrogen peroxide (50%) (60g.) to a stirring mixture of mercury
(150g.), glacial acetic acid (450g.) and nitric acid (7g.) at 40° [5]. A white
suspension of HgOAc forms during the stirring (30 min.) at 40°. The mixture
is then heated to 80° and stirred (ca. 30 min.) to give a clear solution. Cooling
and fractional evaporation gives a high or quantitative yield of Hg2A [5]. Mercuric
acetate is soluble in hydroxylic solvents such as water (25g. per 100g. solvent at
10°) and ethylene glycol (17.8g. per 100g. at 25°) [6] but it is only sparingly
soluble in amines [6,7] (e.g., 0.186g. per 100g. at 25° in ethylene diamine) and
hydrocarbon solvents [8]. A solubility product of 107215 has been reported
for Hg2A in acetic anhydride-acetic acid mixtures [9]. Mercuric acetate is
undissociated in acetic acid and the K value for the ionization, Hg(OAc), =
Hg2" + 20Ac™ is 3.75 x 1079 [10]. Raman spectra of aqueous solutions have
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been interpreted in terms of the covalent type structure (1) [11a]. In a recent
study of the hydrolysis of acetonitrile catalysed by Hg2" ions, Hg2A gave no
reaction and IR spectra of the system Hg2A/H,O/MeCN suggested no dissoci-
ation of the Hg2A [11b]. The unit cell of crystalline Hg2A has dimensions of

0. )
A5 R JAEY N
Me-C: JHEL }C—He

o =g
)

a, 4.620, b, 20.142, ¢, 7.158A and $ 107.95° [12]. The z value is 4 (no. of gram
formula weights per unit cell) and the space group is Pa;/ [13]. The structure
consists of isolated Hg2 A molecules with Hg-O bond distance 2.07A and O-Hg-O
angle 176° [13]. Chains are formed in the a direction by two weak Hg-O bonds
of 2.73A and packing of these chains results in a fifth O neighbour for the Hg
atom giving a tetragonal pyramid as the co-ordination polyhedron for Hg [13].

Aqueous solutions of Hg2A can be estimated by a standard thiocyanate
titration after treatment with nitric acid. In acetic acid solutions Hg2 A can be
titrated against CI- or Br~ salts using indicators such as sodium nitroprusside
[14], diphenylcarbazone [14] or dithizone [15]. The reagent can also be
titrated to a thymol blue end-point with 0.1M hydrochloric acid in chloroform-
propylene glycol (1 : 1 v/v) [16] or in other glycolic solvents [17]. Mercuric
acetate is highly toxic. When applied to the rabbit hypothalamus, it evoked
brain seizure by blocking sodium transport [18]. Ingestion of Hg2A by rats
caused severe kidney damage with as little as 0.5ppm. mercury and the mercury
was distributed also to the brain and testes. Storage of mercury in the liver and
kidney was ten to twenty times higher for Hg2 A ingestion than for other organo-
mercury compounds [19-21]. The major route for subsequent excretion of
mercury after Hg2A ingestion was in the urine whereas mercury excretion from
phenylmercuric acetate was via bile and intestinal tract [22]. Mercuric acetate
is also embryopathic and caused delayed growth rate of animal foetuses as well
as weight loss, kidney lesions, diarrhoea, tremor and somnolence in the maternal
system [23]. A general discussion and literature on the environmental mercury
problem is available [24].

Throughout this review the term ‘mercuration’ means a substitution of the
group HgOAc for a proton in a molecule. This is distinct and different from
terms such as ‘oxymercuration’, ‘aminomercuration’ or ‘solvomercuration’ which
imply addition of HgOAc together with another functional group, the bonding
atom of which is described by the prefix, oxy-, amino-, peroxy-, etc. The term
‘acetoxylation’ implies the introduction of the elements of an acetoxyl group
(C,H30,) to a molecule in any form, not necessarily a compact acetoxyl group.
While comparisons of Hg2A with other mercury salts are made throughout this
review, for reasons of length it has not been possible to include comparisons with



