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FOREWORD 

ln accordance with guideline number 7 of "Guidelines Conceming T'\\esis Preparation" 

(Faculty of Graduate Studies and Research, McGill University), the following text is cited: 

"The candidate has the option, subject ta the approval of the Departmel1.t" of including 

as part of the thesis the text, or dup/icated pub/ished text (see be/ow), of an orig Ù'uz/ paper, or 

papers. In this case the thesis must still conform ta ail other requirements t'J'cp/ained in 

Guidelines Concerning Thesis Preparation. Additional materia/ (procedural and de'~ign data as 

weJ/ as descriptions of equipment) must be provided in sufficient detail (e.g. in apP',Jndices) to 

allow a clear and precise judgement to be made of the importance and origina\'ity of the 

research repOrled. The l!lesis should be more lhan a mere collection of manuscripts J1\wlished 

or ta be published. It must include a generaI abstract, afull introduction and literatuN review 

and a final overal/ conclusion. Connecting texts which pro vide [ogical bridges bt!tween 

different manuscnpts are usua/ly desirab/e in the interests of cohesion. 

Il is acceptable for thesis to ine/ude as cOOpters authentic copies of papers already 

published, provided these are duplicated clearly on regulation thesis stationery and bound as 

an in tegra 1 part of the thesis. Plwiographs or olher materials which do flOt duplicate we// must 

be inc/uded in their original form. In such instances, connecting texls are mandatory and 

supplementllry explanatory material always necessary. 

The inclusion of lIuJnuscripts co-awhored by the candidate and others is acceptable but 

the candidate is required to make an expUca sratement on who contributed ta such work and to 

what extetll, and supervisors must attest ta the accuracy of the c/aims, e.g. before the Oral 

Committee. Sinee the task of the Examinas is made more difficult in these cases, it is in Ihe 

cllndidllte',\' interest to make the responsibilities of authors perfectly clear. Candidates 

fo//owillg tills option must inform the Department before it submits the thesisfor review." 

This the sis is written in the forrn of six papers: four communications and two full 

papers. Five papers have already been accepted and published. A specifie statement is written 

in the beginning of each chapter ciring where the original journal reference can be found. The 

re.\der should be aware that sorne papers rnight contain sorne minor modifications compared to 

the actual papers published due to the editor's revision. However, the manuscripts herein 

reflect the original versions when they have been accepted for publication. 
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For a better reading, tables, graphs and structures have been insened wilhin the text 

where it has been possible. At the beginning of chapters 2 to 5, sorne links between the 

different chapters have been included for a better cohesion. In the saIlle sections, Illy personal 

contributions to this the sis have been weIl explained. The reader shouid aiso be aware that 1 

sornetimes used a style where the personai pronoun is utilized, espeeially in these sections. 1 

wanted to make it clear what was my specifie contribution in this thesis. In faet. ail of the 

work has been done by the author of this thesis, excepting the nonnal supervision glven by Dr 

David N. Harpp and Dr. T. H. Chan. However, the section 2.0 in chapter 2 has been a 

collaborative effort of Dr Aida and l, a'\ specifically stated in this chapter. 

For permitting the Exarniners to have a clear idea of the experimental work, some 

appendices were included at the end of this manuscript. 
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REACTIONS DE FLUORODEMET ALATION 

DES COMPOSES ORGANOMETALLIQUES DU GERMANIUM, 

DE L'ET AIN ET DU PLOMB 

Résumé 

Les ions fluorures attaquent de façon douce les oxides, sulfures et sélénures 

d'organoétains pour libérer des espèces extrêmement nucléophiles ("S2-", RS-, RO-, RSc-, 

etc.). Egalement, les premiers ageli:s de transfert nucléophiles des ions "02-" ct "Se2-" sont 

présentés. L'atome d'étain agis ainsi comme un "agent de transfert du groupe 16 (VIB)". 

Avec la présence d'éther-couronnes ou de sels d'ammonium, ce procédé constitue une 

nouvelle voie pour générer des anions "nus". De nouveaux systêmes anhydres de fluoruration 

(CsF et éther-couronnes) faisant appel à la catalyse de transfert de phase solide-liquide ont été 

conçus et étudiés. En plus, des réactions de tluorodéstannylation pour former des liens C-C 

ont été tentées. Pour complémenter ces résultats, des réactions de fluorodégennanylation ct de 

fluorodéplumbylation sont présentées. En résumé, l'ion fluorure peut réagir avec tous les 

atomes du goupe 14 pour libérer des espèces nucléophiles. Des Intem1édiaircs pen tac oord i nés 

ont été observés par la RMN des Ol>yaux 19F et 119Sn pour la fluorodéstannylation, 

confmnant ainsi le modèle de substitution nucléophile sur l'étain et le silicium. Des aspects 

mécanistiques ont été wscutés ainsi qu'un effet possible d'accroissement de la nucléophilicité 

d'un anion causé par l'effet de proximité d'un atome métallique. finalement, avec la présence 

de sels d'argent, l'oxide de tributylétain agis comme un agent de transfert d'oxygène doux 

dans la transformation d'iodures ou de bromures organiques primaires en alcools. 
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FLUORODEMETALATION REACTIONS OF 

ORGANOGERMANIUM, -TIN AND -LEAD COMPOUNDS 

Abstract 

Fluoride ions smoothly destannylate organotin oxides, sulfides and selenides to liberate 

highly nucleophilic species ("S2.", RS·, RD·, RSe·, etc.). Also, the first nucleophilic oxide 

"02-11 and selenide "Se2·11 transfer agents are reported. The tin atom thus serves as a general 

"group 16 (VIB) transfer agent". In the presence of crown ethers or ammonium salts, this 

process results in a new way to generate "naked" nucleophiles. Novel anhydrous fluorinating 

systems «('sF and crown ethers) involving solid·liquid phase transfer catalysis have been 

designed and studied. In addition, C-C bond fonning reactions have been investigated by 

fluorodestannylation. As an extension of the se resuIts, fluorodegermanylation and 

fluorooeplumbylation reactlons are reported. As a generalization, fluoride ion demetalates the 

whole group 14 for releasing nucleophilic species. Sorne pentacoordinated intennediates have 

becn observed by 19F and 119Sn NMR spectroscopy in fluorodestannylation, thus confmning 

the model of nuclcophilic substitution at tin and silicon. Mechanistie aspects are discussed 

along with a possible metal proximity effeet in the enhaneement of the nucleophilicity of an 

anion. Finally, in the presence of silver salts, bis(tributyltin) oxide aets as a mild oxygen 

tnUlsfer agent in eonverting primary organic iodides and bromides to aleohols. 
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CHAPTER 1: INTRQDUCTION 

1.0 The First Organometallics of Germanium, . Tin and Lead. 

The binh of several classes of organometallic compounds dates from the nineteenth 

century. Among these groups were the first preparations and tentative characterization of 

sorne organogermanium, organotin, and organolead compounds. 

Diethyltin diiodide was the first organotin to be syntheSlZtd by Lowig and recognized 

as such in 1852.1 However, most of the other references mention that diethyltin diodide was 

prepared in 1849 by Sir Edward Frankland.2 

Mendeleev predkted the existence of gennanium (named "ekasilicium") in 1871,3 

before its discovery by Winkler in 1886.4 This latter chemist synthesized the first 

organogennane, namely tetraethylgermane, in 1887.5 

ln 1853, the first organolead compound, hexaethyldilead, was reported.6 Organolead 

research contin lied in 1915-1925 in several important investigations by Krause and Grosse.7 

However, the most important landmark came from Midgley and Boyd in 1922, wuh the 

discovery of tetraethyllead as an excellent antiknocking agent.s It definitively put 

organolead chemistry on the map and contribllted to the development of the automobile 

industry after the first World War. 

1.1 A Brier History of the Development of the Organogermanium, ·Tin and· 
Lead Chemistry. 

One of the most useful approach for defining and observing the d~v~lopment of a 

field is certainly through the careful analysis of the various published works from the past to 

the present. This section will thus emphasize the major developments in fundarncntal 

research through the compilation and the citation of numerous publicatIOns in 

organogennanillm, -tin and -lead chemistry. Industrial contnbutions will be bricfly 

indicated when necessary. 

After these prelimary findings within group 14 from 1849 to 1887, publications on 

their chemistry appeared sporadically until about 1920. A slow but regular lncrease of 

publications followed that period till 1940. At this lime, an exponential im;rea~e of this 

organometallic chemistry required a comprehen~ive compilation. Il led to the publication of 

1 



numerous dlctionaries and revie\v's presenting lists of compounds, their physical properties 

and references for their preparation and/or characterization. 1 am tempted to qualify the 

period between 1920 and 1960 as being merely descriptive and compilative, but il was a 

nece~sary step in the modem development of organometallic chemisrry of this group. 

Desplte their early recognition, it was not until 1940 when a renaissance period of tin 

chemistry appeared in from the United States by the first commercial use of diorganotins to 

inhibit the thermal and photolytic de gradation of polyvinyl chloride (PVC).9 Before that, 

must uf the attention was focussed on organolead (because of tetraethyllead) and on 

organoar~enic chemlstry. Later on, the arrivaI of organosilicon chemistry and the famous 

organomagnesium chemistry, propelled by the early work of Grignard, attracted many 

<..hermsts. It was not until 1960, that organonns were first compiled in an extensive review 

by some of the pioneers in organotin chemistry: Ingham, Rosenberg and Gilman. lO 

Afterwarùs, in the nineteen seventIes, severa! complete volumes on tin were published at 

almost the saille lime by PoIler II, Neumann 12 and Sawyer. 13 Several specialized reference 

books and series of volumes were also published under the name: "Gmelin Handbuch der 

Anorgalllschcn Chemie" .14 Slowly, the general trend in the chemical reactivities of si\nilar 

functional groups provided a more rationalized classification. However, the works focussed 

mainly on the preparation of organotins and their elementary reactivities during this 

period. 15 Sorne general treatises also appeared at the end of the 1970s.16 Recently, an 

excellent encyclopedia gave a gcneral overview about organoüns; 17 a modern dictionary can 

also be found.18 

From 1960 to 1970, the use of organotins in organic chemistry was sporadic. In the 

ninetcen seventies the references accumulated rapidly. The tirst review of tin chemistry 

dedlcated tu organic synthesis appeared in 1971 in a J apanese journaI.l9 Other reviews 

wcre abo published in 197220 and in 197621. In the 1980s, several other surveys were 

addcd.22 Some specialized repons dealt with Sn-H, Sn-D, Sn-N, Sn-C, Sn-S, Sn-alkali 

metal anù Sn-X (X=halide) bonds)3 However, it was not until1987 when an excellent book 

gathered the possible applications of tin 10 organic synthesis.24 Annual surveys of the 

litcraturc ln organotlll chemistry can be found in the Journal of Organometallic Chemistry 

tOrganometallic Chemistry Reviews) published by Elsevier Science Publishers and in the 

Spcdalist Periodical Repons from the Royal Society of Chemistry (London). 

With gcnnanium, essentially the same historical development occurred. These 

compounds were finally compilcd in an imponant book by Lesbre, Mazerolles and Satge.25 
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Again, the emphasis was put on the preparation and the fund.unental reactivities of 

organogennanium compounds without a direct link with organic synthesis. An excellent 

general overview can also be found in an encyclopedia of organot11etallic chemistry;26 II 

modern dictionary is currently available. 18 

The references on organolead chemistry are more limited. Neverthdess, an cntire 

chapter in the encyclopedia Comprehensive Organomerallic Chemisrry is devoted to 

organolead compounds and their reactivities.27 A recent dictÎonary oi organolead 

compounds was published in 1985.18 Other interesting sources of infonnation are 

comprised in the annual survey on lead of the Journal of Organomctalhc Chcmistry. 2X 

These two latter classes of organometallics are less weIl developed th an organotin 

chemistry in their applications in organic synthe sis. Practical rcasons may contribule 10 

limit the use of these organometallics; the cost of the organogcrmamum startlOg matcrials 

are prohibitive and organoleads are hlghly tOXIC. The natural abondance of tin, the low I.:osi 

of the starting materials and its rclatively low toxicity, comparcd to kad, !las ccrtainly 

encouraged the development of this field in academic rcscarch as wcll as in indllstry 

(especially the PYC industry). 

The expansion of the se three fields in organometallic chenllstry is such that a 

periodical named "Review of Silicon, Germanium, Tin and Lead Compounds" has been 

created. The "International Conference on the Organometallic and Coordination Chemistry 

of Germanium, Tin and Lead" lIsually held in European cOllntries can also account for 

increasing developments involving those elements. 

1.2 Industrial Uses of Organogermanium, wTin and Lead. 

1.2.1 Applications of Organotins. 

The most versatile and widely used class of organornetallics in the series is without 

doubt the organotins. The world annual chemical production of organotins was estimated to 

be 40,000 tons around 1985. Globally, there are two general us~s: as biocides and as PVC 

stabilizers. The biocides are charactenzed by a chemical structure having three organic 

substituents on tin whereas the PVC stabilizers usually involve one or two organic ligands. 

Sorne of the uses of orgarlOtin compounds will be described here but the read~r is referrcd to 

other works for further details.29 From the Internationational TIn Re~carch Institute30 
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1 
several publications are a1so available,9 including the journal "Tin and its Uses", published 

monthly. 

In the biological field, organotins have found broad applications as agrochemicals 

because of their highly selective fungicidal, insecticidal, herbicidal and bactericidal 

propcnies (see Table 1),31 An annual production of 5,000 tons is estimated. During the 

cour!le of this thesis research, 1 directl. or indirecùy used several well-known triorganoùns 

produœd in bulk quantities in indu, II y. For instance, bb(tributyltin)oxide (1) is widely 

employed as a wood preservativl' ,/ However, because uf its low solubility in water 

(0.001% w/v at 250C), quaternary'l 'lTIonium chlorides are usually added in order to render 

it water-dispersible.32 A new amJ rromising method described tributyltm methane- or 

ethanesulphonate (2) and (3) (Bu3Sn::,03Me ~r BU3SnS03Et) as water-soluble biocides for 

wood preservation.9 The so called "pretreated wood", sold in usual woodshops, probably 

contains some or a combination of these preservatives cited above against fungi. Tributyltin 

and triphenyltin fluoride (4) and (5), were originally employed as antifouling agents in 

manne paints 10 prevent the agglomeration of algae and other marine organisms on 

strm tures immersed in seawater. 17 Active research is presenùy being carried out on marine 

paints because of the potential economic value. For instance, it has been estimated that a 

ship ean consume 40% more fuel after six months at sea when the fouling processes 

occurred.33 r.is(trineophyltin)oxide (6) investigated in my research projects as new "02-" 

transfcr agent (unpublished results) is a known acaricide sold by E. I. Dupont de Nemours & 

Co. 

Why did agrochemists develop and use organotins? The reasons are: their highly 

selective mode of action in living organisms (see Table 2); their low phytotoxicity and 

especially their facile biodegradability by microorganisms and UV light to non-toxie 

monoorganotins anè. metallie tin. l7 As a global view of the, r range of toxicity, it is amazing 

to know that ~ome organotins are currently used in the prodll~·ion of plastic drinking botdes 

whercas others l'an directly klll mammals.l7 BiologlC,1 tests have indicated that 

triorganotins arc generally more toxie than diorganotins and Illonoorganotins.34 Apparently, 

the toxicity pattcm can be roughly displayed as follows: the decrease of the chain length of 

the organic ligand on tin provokes a more aeute toxicity. The biologie al selectivity mainly 

arises from these organic ligands. For instance, methyl groups are highly toxic to mammals 

and insects but but yi and propyl groups are more toxie to bacteria.l7 For tributyltins, a 

\.:areful evaluation of their toxicity on mammals was undenaken and one imponant point 

found is that the effect of the "anionie pan" of tin was almost negligible compared to the 
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Bls(TrlneophyIUn)oxlde 

Table 1: List of Common Triorganotins and Their Uses 

Structure Commercial Name Main Uses 

BU3SnOSnBu3 Fungicide in 
wood and stone 
preservation 

BU3SnS03Me, Fungicide in 
BU3SnS03Et wood preservation 

BU3SnF Antifouling agent 

Ph3SnF Antifouling agent 

Ph3SnCl Tinmate Fungicide, 
antifouling agent 

Ph3SnOH Du-Ter Fungicide, 
antifouling agent 



Table 2: Dependenee of the Biologieal Activity White 
Varying the Substituents on Triorganotins. 

Toxjcity 

Insects and mammals 

Mammals 

Gram-negative bacteria 

Gram-positive bacteria 

Fish, fungi and molluscs 

Mites 

Taken from reference 17, p. 608. 

Substituent op RJ,SnX Comgoupds 

Me 

Et 

Pr 

Bu 

Ph 

Cyclohexyl, Trineophyl 

Table 3: List of Common Agrochemicals 

Structure Commercial Name 

[(Ph(MehCCH2hSnhO Vendex or Torque Miticide, 
acaricide 

(~3sn-OH Plictran Miticide, 
acaricide 

(~ ~N 3Sn- N. ) 
N 

Peropal Miticide 

Ph3Sn-OAc Brestan Fungicide 

Ph3Sn-Cl Tinmate Fungicide 

6 



l 
kind of organic ligands,35 No mutagenic, carcinogenic or neurotoxic effects were detected 

in studies on rats; although an aeute dcnnaJ toxicity and a loss of weight were shown,36 

However, the lower alkyl ligands, like melhyl or ethyl, are known to attack the central 

nervous system in mammals.36 

Table 3 reports sorne common agrochemicals along with chemical structure and thcir 

use. 1be triphenylùn rnoiety has been preferred in agrochemicals because of its low 

phytotoxicity. Triphenyltin acetate (7) (Ph3SnOAc) has been the first agrochemicul 

produced in industry by Hoechst AG in the e:xrly 1960s. The tradernark name is "Brestan". 

Tt is mainly used as fungicide against fungal organisms infesting potato, bean, calTot, celery, 

cacao, coffee, onion and rice plants.9 Other compounds include triphenyltin chloride (8) 

(Ph3SnCl) with the trademark naill': "Tinroate" and triphcnyltin hydroxide (9) (Ph3SnOIl) 

under the name "Du-Ter".9 A l.uge, bulky, non-aromatic group on tin seems to be a 

common structural feature of active miticides and acaricides. Tricyc10hexyltin hydroxide 

(10) «c-hexyl))SnOH), from Dow Chemical Co., i!) commonly referrcd to as "Plictran" on 

the market.9 Il pre vents mites and insects from destroying crops of apples, pears, peaches, 

hazelnuts, tea, tomatoes, peppers, cotton and soybeans.9 Other chernicals used for the sarnc 

purpose are bis(trineophyltin)oxide (6), already mentioned, and I-tricyclohexylstannyl-

1.2,4-triazole (11) «c-hexyl)3SnN3C2H2) named as "Peropal".9 The mammalian toxieity of 

the cyclohexyl groups have becn shown to be tolerable,36 

Another imponant biological application of diorganotins came from reœnt studies 

establishing the potential use of diorganotins as chemotherapeutic agents in cancer.37 The 

imponance of tin-based anti-tumour drugs in medicinal chemlstry is such that ~pecial 

international conferences have been held in Europe on that specifie topic, i.e. the 

"International Symposium on the Effeet of Tm Upon Mahgnant CelI Growth". It IS 

generally thought that the structural resemblance of sorne hexavalent dlorganotllls 

complexes (13) to the platinum complex "cisplatin" (cis-Pt(NH3)2C12) (12), with respect to 

the presence of a cis dihalometal moiety, accounts for their physlOlogieal activities.37 

"Cisplatin" 

11 

R 

L'I. 1 .. x 
'Sn' 

L"""I 'x 
R x = F, CI, Br, l, NeS 

L = Pyndine, monodentate ligand 
or bidentalt' ligand. 

R = alkyl or Phenyl 
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Many tin compounds inhibited cancer in animaIs from their antiproliferative 

properties (especially against P388 leukemia) and presented less hannfui side effects on the 

kidney.9 Further studies showed that they had limited activity against many experimental 

tumor systems.37 For these reasons, no organotin has yet reached human clinical studies.9 

Organotins have also been used as general disinfectants. For instance, a formulation named 

Incidin* (trademark name) containing a mixture of tributyltin benzoate and fonnaldehyde 

are employed in sorne panicular locations, like hospitals.38 

ft was mentioned at the beginning that dialkyl and rnonoalkyltins are used as 

stabilizers for the PYC industry. ft is the largest single application for the organotins. Over 

20,000 tons of material per year is used in major industrialized countries. What is a 

stabilizer and how does it work? The stabilizer is an additive (1-1.5%) in the polymerization 

process that prevents 10ss of HCI through dehydrohalogenation of the polyrner during 

proccssing at high ternperature (180-20Q0C). The corrosion of sorne equipment is aiso 

minimized. Additionally, it prevents the degradation of Pye caused by sunlight. The most 

effective diorganotins are those called "thiotins" or diorganotin dithiolates (R2Sn(SR)2). The 

Sn-S bond appears 10 he crucial for a better thennal stabilization of the polymer. Another 

class includes the bis(carboxylates) when long exposure of Pye ta light is required. A 

synergetic effcct is usually obtained when mixing mono and diorganotins as stabilizers. 

Several procedures presented in this thesis show the use of tin sulfur reagents like 

bis(triaraIkyltin)sulfides (R3Sn-S .snR3) and dibutyltin sulfidL' lBu2SnS). It is no surprise 

that several organotin sulfides discussed here are currently sold by various American 

companies. However, what is surprising is that the y were never really used as general and 

mild sulfur tramfer agents despite their early recognition (often before or in the 1940s). 

Bis(trimcthyltm)sulfide was prepared as early as 1920 but remamed unexploited as a reagent 

for orgamc synthesis.39 It has thus been the purpose of part of this academic work to 

develop these organotin sulfides as reagents. 

1.2.2 Applications of Organogermaniums 

An excellcnt and brief overview on the uses of organogermaniums was written in 

1985.40 This scction will Ilot be exhaustive; only the important applications of the titled 

organometallics Will be described here. As with tin, several organogermaniurns present 

biocidal properties; but unlike diorganotins, diorganogermaniums are active against fungi.41 

However, in contrast to triorganogem1aniums, they exhibit limited antibacterial activity.42 

An order of relauve funglcidal power established that the "anionic part" of the 

diorganogennaniums is important.40 
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Sorne biological applications were found. One of the most interesting is surely a 

patent on 3-(trihydroxygermyl)propionic acid (14) and its salts as blood-pressure depressunts 

in hypertension.43 Sorne diorganogermaniurns have also found some ust:s as antiturnor 

drugs in lymphocytic leukemia44 and cancer,45 in a similar way as with diorganotins. 

Again, a structural resemblance of an active organogemlanium compound (15) with the 

platinum complex (16) is obvious in the spiro system. Organogermamums were the tirst 

anti-cancer drugs used in the group 14,37 They were active against numerous experimt:nlal 

tumors but their limited value in clinical studies did not pemlit them to be used in routine 

medical treatment. At present, they are studied as biological response modifiers in the 

activation of interferon.37 

Finally, in material and surface chernistry, volatile hydrogemmnes have becn used in 

high-temperature superconductor systems46 and gennanium complexes of phtalocyanine 

have been investigated as semiconductors.47 Despite some attempts to find SOrl1t: industrial 

uses, the cost of the starting mate rials prohibited any major application in industry. 

1.2.3 Applications of Organoleads 

As stated previously, the main use for an organolead compound has becn as an 

antiknocking additive in motor gasoline. In 1979, the tota! worldwide production of 

tetraethyllead (excluding the Eastern bloc countries) was 650,000 tons despitc the enonnous 

environ mental problems caused by 11s use.27 In 1989, sorne gasoline still wntains this 

harmful additive! Their propenies as biocides have been found to be powerful, much more 

than tin, but due to the environmental halards, they are not likely to be exploited 

commercially.27 Lead poisoning in birds and ducks is a convincing case. Overexposure to 

organoleads by inhalation, ingestion or direct contact with skin caused vanous symptoms in 

humans. The primary effects concern the central nervous sy~tem (C.N.S.). It may cause 

mental aberrations, spasmodic muscular c"ntractions and nausea.48 In addition, sorne 
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organoleads cause binh defects or other reproductive clisorders.49 Their decomposition in 

nature seems to involve degradation by U.V. radiation by a radical pathway. 

Other limited applications include the use of organoleads as polymerization catalysts 

and as stabilizers for polymers.27 For more information, the reader is referred to a general 

review. 27 

ln the next sections, a literature survey of fluorodesilylation techniques is reported. 

In addition, sorne tluoride-induced reactions of organogermanium. -tin and -lead compounds 

will also be shown (especially on fluorodestannylation). 

1.3 Organosilicon Chemistry in Organic Synthesis. 

Organosilicon chemistry is now weIl anchored in organic synthesis. Several books 

have emerged during the last ten years.49 The usefulness of organosilicon compounds in 

synthesis can be ascribed to several [eatures: the ~-effect for the stabilization of a positive 

charge;50 the reluctance to fonn stable double bonds, in contrast to carbon;51 the ability of 

silicon to stabilize a negative charge in the alpha position of this atom52 and the ability ta 

increase its coordination number from four ta five or six.53 This last property permits the 

existence of well-defined pentacoordinated or hexacoordinated complexes which were 

characterized by Frye and co-workers from the reaction of silica gel with catecholate anions.54 

Later, Muller,55 Muettertie3,56 Corriu.53 Martin57 and Holmes58 contributed their 

studies in this areu. At this point, it is interesting to observe a parallel development in organic 

synthesis initiated by the use of the triaralkylsilyl ether as protective group.59 In this 

instance, fluonde anions were utilized to deprotect a silyl ether functionality. Hypervalent 

silicon species are thought to be involved as intermediates. Silyl ethers have been found in 

various publications and a volume reserved a whole section on that tapie in 1981.60 Chan 

and Lalonde wrote a complete review of silyl ethers as protective groups in 1985.61 Organic 

chemists soon recognized the mildness for introducing those protecting groups and their easy 

rcmoval, under nearly neutral condinons. The binh of the fluorodesilylation methodology 

really began with the use of fluoride ions (such as tetrabutylammonium fluoride) in the 

de protection of silyl ethers, as first shown by Corey and Vankateswarlu in 1972 in the 

synthesis of prostaglandin synthons (Eq. 1).59 
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The affinity of fluoride for silicon is me major driving force in this type of reaction (SI­

F bond energy is about 140 kcal/mol in SiF4 ).62 Considerable research is still going un in 

various reactions such as fluorodesilylation-protonation, fluorodcsllylution-alkylution. 

fluorodesilylation-eliminauon, generation of reactive species (such as ylides) and fluoride­

induced rearrangements or fragmentations. 

1.3.1 Fluorodesilylation -P rotonat ion 

Since the work of Corey,59 the fluorodesilylation-protonation reactions are weil 

established for the cleavage of the oxygen-silicon bond. It is also possible to proto-desilylate 

benzyltrialkylsilanes,63 allylsilanes,64 alkynylsilanes65 but unactivated vinyl 

trialkylsilanes are more problematic. However, Chan and Mychaijlowskij demonstrated thal 

vinylsilanes having a ~-hydroxy functionality, relative to the silicon group, can be desilylated 

by fluoride ion (the ~-hydroxy effect).66 In 1983 and 1985, the flurodesilylation of vinyl 

silanes was reinvestigated and it was found that sorne ligands on silicon (such as phenyl, allyl 

and alkoxy) favor the Si-C bond cleavage.67 The desilylation of oxiranylsilanes was firsl 

reported by Chan and co-workers in 197468 followed later by nurncrous other 

investigations.69 It has been demonstrated that retention of configuration at the epoxide 15 

due to a slow carbanion inversion relative ta a proton abstraction.68 Many other 

fluorodesilylation-protonation reactions of the trialkylsilyl groups have been grouped in a 

section of an extensive review wntten by several Russian chemists in 1988.10 

Instead of trapping the carbanion or carbanion-like intermediate derived [rom 

fluorodesilylation with a proton, it might also be interesting to use other kind of electrophiles 

such as ketones, aldehydes or organic halides. Therefore, the next section will report sorne 

fluorodesilylation-alkylation reactions. 
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1.3.2 Fluorodesilyla lion-Alkylation 

The formatlon of CC bonds in organie ehemistry has been part of this challenge in 

1975, wlth the fir<;t quaternary ammonium enolate prepared from the reaction of an enol 

silylether wlth benzyltrimethylammorllum fluonde (BTAF).71 However, the 

benzyltrimethylammonium enolates reaetcd pex)rly with aldehydes or ketones and in moderate 

yields with orgamc halides. Nevenhele~<;, the use of quaternary ammonium cnolates was 

deemed ta be advanlageolJs, because before that ume, problems of polyalkylation, 

rcgiŒpcClfity of alkylauon and competmg of O-alkylauon were oflen observed in reactions of 

metal enolates (e~pecially wah orgamc halides).72 The use of fluoride ions wlth silIcon was 

remforced when TBAFn or TASF (tns(dicthylarTIlnohulfur djfluorotrimethylsihcate)74 

were utilizcd to gentTate c!1olate anion), whlCh have a non-meral counterion and are able to 

reaet WIth carbonyl compounds as weil as wlth alkyl halide~. LJrer, an extensive work 

descnbed the mtlUl'llce of the catIon In the aldol-type rt'actIons of enol silylethers catalysed by 

tluoride IOn~ 75 By the end of the 1970'~ :1Od the beg1l1111ng of the ) 980'~, benzyl,76 

ethynyl,77 allyl,78 oXlranyl,79 ArCOCH2-,80 propargyl,81 aey182 and vinyl anions 

stabilil'ed by an ekctron-withdrawlllg or stablhzing groups (CN, C02R, F, SPh)83 were 

produccd l'rom fborodesliylation and trapped with eleetrophiles (very often ketones or 

aldchydes). It led to a new way of fomling C-C bonds under mild and almost neutral 

condiuons. There are stIll controversies on the exact nature of the nucleophilic species; they 

can be considered as free carbanions in sorne cases due to the non-dependanee of aralkyl 

ligands on slllcon III the rate detern1imng step and/or in the produet formation. In other cases, 

a hypervalent sllicate complex as the nucleophihc source was more probable. A complete 

revlew of the pubhcations on fluorodesllylation-alkylation up to 1986 is avaîlable.84 Recent 

publicauons III 1987-1989 will thus be presented in the following sections. 

Many useful synthetie equivalents of halogenated earbanions appeared in 1988-1989; 

Scheme 1 outll.les the se procedures. It is now possible to c1eanly generate !lynthetic 

eqUivalents of CllCH-, CI3C- and CC122- wlth the help of the fluorodesilylation reaction (Eq. 2 

to 4).X5 Unfortunately, the results with chloromethyltrimethylsilane (Me3SiCH2Cl), as a 

synthettc equivalent of CICH2-' were poor. For comparison, the formation of earbanions 

deriveù from the reaction of an organolithium with diehloromethane or chloroform at low 

temperature (usually -900C) was sluggish. Carbenes were also formed as side-products. No 

report of the CCI2~- anion equîvalent eXlsted before. In addition, Olah and eo-workers just 

publishcd a slIl1ple procedure for generating a CFf anion equivalent, a matter of some interest 

in fluorine chemistry (Eq. 5).86 
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( CI2CH· CI3C· CCI, 2.) 
OH 

cl,cw.-lR 
- 70-80% (2) 

Me3S1CHCl2 OH 
Me3S1CCl3 ClJC~R 80-90% (3) 

Me3SiCCl2SiMe3 

OH OH 

R~CCI~R 82% (4) 

@ 
OH 

l)TBAF Cal. 

R"+R' CF3SiMe3 + R'COR" .. (5) 
THF 0° C 
60 min. CF3 
2) HCI 1 hr 20°C 60·92% 

Other synthetic equivalents of the activated cyclopropyl anion,87 ~-keto anion88 or 

fluorinated oxiranyl anion89 were reported in 1988, as shown in Scheme 2. Paquette and co­

workers demonstrated that it is possible to generate the corresponding anion from the 1-

trimethylsilyl derivatives of methyl cyclopropanecarboxylate, cyanocyclopropane and 

acetylcyclopropane, and to trap them with aldehydes or ketones (Eq. 6).87 The use of strong 

bases instead of TBAF produced undesired products. The coupling of an allyl chloride with 

trimethylsilyloxycyclopropane derivatives in the presence of sil ver fluoride pf(xiuced 8,c­

unsaturated ketones (Eq. 7).88 The ring opening of the cyclopropane followed by the attack 

of the electrophile give rise to a product derived from a synthe tic equivalent of a ~-

metalloketone. Finally, an oxiranyl anion equivalent was generated from sorne 

fluorosilyloxiranes in the presence of a catalytic amount of TBAF and then reacted with 

various ketonc5 or aldehydes (Eq. 8).89 

Other articles focussed on the fluorodesilylation-alkylation reactions at carbon alpha to 

a nitrogen atom. Equations 9 and 10 demonstrate typical rcactions where the fluoride ion 

serves to generate a carbanion-like species that will eventually react with an electrophile such 

as aldehydes or ketones. The term "carbanion-like" species IS appropriate here. As shown in 

equation 9, N-(trimethylsilyl)methyl pyridone reacts with ketones when a catalytic amount of 

fluoride is used.90 Equation 10 shows that vinyltriazoles can be easily obtained with this 

method.91 
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Me3SL~ ) TBAF caL 

R:.XY 20° C 1-2 hrs 
(9) 

R"COR' R OH 0 0 
70-87 % 

MeJSi ~N Peterson ~N 
TBAF cal. Olefination R.~N'NJ Me3S>"-N'N.J • • (10) 
THF _20°C 
R'COR" 2-5 hrs R" 82-89 % 

In a similar way, it is possible to alkylate at carbon alpha ta a sulfur atom white using 

the fluorodesilylation technique (Eq. Il). For instance, phenylthiomethyltrimethylsilane 

reacted with fluoride ion to generate a nucleophilic species able to react with aldehydes or 

ketones.92 The yields were moderate with sorne ketones and 1,2 addition look place with 

enones. 

( Ph.S.CH 2 .) 

TBAF cal. 

THF 5° C 30 min. 

then 1.5 he 20° C 

R'COR 

.. PhS"---(~H 

RI 

R = H. R' = Ph 96 % 
R = Me. R' = Ph 49 % 
R = Ph. R' = Ph 96 % 

(11) 



Sorne intere~ung applications of the fluorodesilylation reaction were encountered in 

sorne intramolecular cyclization reactions. Majetich and his group exploited the use of 

allylsilanes in a clever way from 1986-1989. An example is given below in Scheme l, where 

an eight-membered ring compound is produced in excellent yield.93 The fonnation of such a 

ring is usually considered to be difficult and the yields are often moderate. Dther bicyclic 

compounds mvolving 5-5,5-6, 5-7, and 6-7 membered rings were also demonstrated.94 

Several other publicatIons involvmg intramolecular cyclizations were known, albeit for making 

the usual 5-, 6-ring systems.95 A three-carbon ring expansion led to the synthe sis of 

muscone with the help of al' J :silanes.96 These reactions induced by fluoride ions well 

complement slmilar reactions with strong Lewis acids (SnC14, TiCI4, EtAICI2, etc_). 

In 1987, allyltrifluorosilanes appeared as novel reagents for allylation.97 The 

regiospeclfic and highly stereoselective reactions with aldehydes are worth Y of mention. To 

account for such results, the authors proposed a cyclic chair-like transition state where the 

silicon atom is hexavalent, as shown in Scheme 2. The regiospecificity of these reactions 

contrast with the allyltrimethylsilane/CsF system where the regioselectivity usually varies from 

good to low. InterestingIy, the results with crotylsilanes (See scheme 2) showed high threo 

and erythroselectivity, from E and Z isomer respectively. 

The reader should be aware that the possible use organotin analogs have not been 

de"wn.\'tratedfor moS! of the cases shown above in this section. The overall effects (kinetic, 

thermodyanmic, etc.) upon changing silicon co tin in the fluorodestannylation-alky/ation 

melllOd%gv ilre still unknown . 

Many other nucleophiles from the group 16 have been released from fluorodesilylation. 

Sulfur , oxygen and selenium anions have been delivered in the presence of fluoride anions.70 

In 1987, il was shown possible to desilylate and alkylate protected silyl ethers of phenols in 

one step under mild and almost neutral conditions (Eq. 12).98 To attain the same targe t, it 

usuully requires two steps: deprotection and then alkylation with a mild base and an organic 

halicte. Ilowever, in this example, it has not been possible to use this sequence of reactions. 

During the synthesis of subunits of ionomicin, an intramolecular reaction pennitted to 

directly fonn an epoxide from a protected silyl ether having a mesylate group ~ to it, as shown 

111 equatlon 13.99 The main feature of this manipulation was to invert the configuration al a 

stereogclllc center. In 1977, several anions of sulfur were produced from thiosilanes and 

t1uoride ions. The reaction with aldehydes gave a mixed acetal of the general form R'­

CH(OSlMe3)SR ( R, R' = aralkyl).lOO No reaction was found with ketones but a 1,4-
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additon resulted with enals. In 1978, Liotta and coworkers presented similar reactions, 

induced by fluonde anions, with phenyl trimethylsilyl selenide and enals or epoxides. lOl 

(Alkoxide Anions) 

F F 

THDMS·O CHO Bn·O CHO 
KF DMF 

• 
25° C 2 hrs (12) 

PhCH2Br 

TBDMS·O 92% Bn·O 

Me Me Me Me . . 
OBn 

TBDMS·Q 

OMs OBn 

1 
TBAF/THF 
>70% 

Me Me Me Me . . 
OBn 

(13) 

OBn 

1.3.3 Generation of Reactive Species by Fluorodesilylation 

Several methods are known for making ylides of nitrogen, sulfur and phosphorus. 

Among the m, fluorodesilylation represents one of the mildest way to generate ylides under 

almost neutral conditions, without the need of bases. Vedejs and Martinez were the pioneers 

in this area. 102 Padwa and his group also developed and used extensively this methodology 

for sulfur and nitrogen ylide fonnation. 103 These reactive intennediates are weIl known for 

undergoing [2,3] sigmatropic rearrangements. The Sommelet-Hauser rearrangement is a 

good example. Equations 14 and 15 in Scheme 3 present sorne typical work on nitrogen ylide 
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chemistry by Sato and Shirai (Eq. 14)104 and by Padwa and Dent (Eq. 15).105 In 1988. a 

method for making an unusual rnacrocyclic amine was reported using a stable intemlediate in 

the Sommelet-Hauser rearrangernent (eq. 16).lOb Sorne sulfur ylides were also reporte.d in 

1987-88, as shown in equations 17 107 and 18107 (Scheme 4). 

( Hydrlde Equivalent 1 

0 Z 

}---{-H PbMe1SI·H 

TBAF cal 
Ph Me HMPA 

TBAF cal 

HMPA 20°C 

-1 br (R' = H) 
- 12 brs (ketone) 

OH 

OH 

R·+R' H 

R' = n-CIOH21 , Rn = H, 91 % 
R' = n-C6H13 • Rn = Me 81% 

OH 

. Z 

Ph~ + PhJyz 
OoC 4-20 hrs Me Me 

Z = NM~, OH. OR. 85-99 Ife 
OAc,aniP Threo: 85-95 Erythro : 5-15 

(19) 

(W) 

Another interesting class of nucleophilic species are the hydrides. The silanes (very 

often trialkylsilanes) have been used extensively in the reduction of ketones and aldehydes in 

the presence of fluoride ions in HMPA. Fujita and Hiyama presented complete kinetic studies 

on these reductions. IOS It appears that a solvent dependence (HM.1A) was first order and 

the nucleophilic species involved were ionic hexavalcnt silIcon complexes of the form 

[R3SiH(F).HMPA]- Bll4N+. In 1988, Fujita and Hiyama demonstrated that the rcduct!o/l 

proceeded with high threoselectivity in a non-cychc transition state.109 This threoselectivity 

is in sharp contrast to most of the reductions known, which usually proceed in an 

erythroselective way (Eq. 19 and 20),109 

For more details about reactions involvmg anions or anion-like species imphcd ln the 

fluorodesilylation technique, the reader should consult a general review.10 

1.3.4 Fluorodesilylation-Eliminations. 

A number of publications have appeared on fluorodesilylation-elimination. A brief 

summary will only be given here since a general review is available.70 The use of such 

reactions has been weIl documented in the synthesis of strained cyclic (cyclopropene 11O and 

21 



l 
allene oxide 111 ) or bicyclic molecules112 possessing highly reactive double-bonds. In 1988, 

interest in thlS area continued. as described below in equations 21 113 and 22114 . 

Fluoride-Induced Eliminations 

z'C( 

n = 1,2 

n = 1 (_20oe. 2 hrs then 
oOe.l br 

n = 2 (ooe. 2 hrs then 
1 hr 'lO°e) 

Oiene for Diels-Alder Reaction 

• [ CHz=SOn] 

o 
n = 1 
n=2 

90% 
64% 

1.3.5 Fluoride-Induced Rearrangements or Fragmentations. 

(21) 

(72) 

22 

Triorganosilyl groups have also been involved in many reactions of fragmentation or 

reaIT'ùngement induced by fluoride ions. 1 collected here the most import.ant publications since 

1987 10 order to give a brief overview about the recent research. For a more complete 

literature survey, the reader is referred to the books on silicon49 and 10 sorne reviews.70 ln 

many cases, the se reaclions can be schematized by an elimination leading to a transient 

nuc1eophile followed by a fast intramolecular SN2 reaction. Equations 23115 , 24116 and 

25 116 represent well these processes. Most of the lime, the rearrangements are conducted 

under mild and almost neutral conditions. especially with epoxides. They offer an interesting 
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method to inven the configuration at a stereogenic center while complementing the well-known 
Payne rearrangement of chiral a-epoxy alcohols, easily obtained from the Sharpless 

epoxidation. 

Rearrangements With Epoxides 

Me R 
" / C02Me 

S' < 1 ...... 0···' >t Pb 
Bu$ P' 

o 

~O" • 
(23) 

0 Bu$P' 0 

Me3Si~ • ~R nIF oOe (24) 
60 min. 

OMs 

OH 
0 Bu$F' 

~R Me3Si~ • 
THF oOe (25) 

30 min. . 
OH OH 

Another type of interesting rearrangement came from the treaunent of acyl silanes with 

fluoride ions. An alkylligand on silicon is able to migrate to the carbonyl group when the 

silicon atom is hypervalent (Eq. 26).117 Finally, an example of fragmentation was 

demonstrated in 1987, as shown in equation 27.118 
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l Fluoride·lnduced Rearrangement 
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1.4 Organogermanium Chemistry in Organic Synthesis. 
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(26) 

(27) 

Only a few reactions are known where organogennanium reagents are used in organic 

synthesis even though considerable work has been published on organogennaniums and with 

heterocycles containing a gennanium atom in the ring. 119 In the past, triphenylgennane 

(Ph3GeH) has been briefly used in radical cyclizations. 120 In 1988, sorne publications 

involving gennanium enolates can be found. The acyclic stereoselection in aldol-type 

reactions of germanium enolates with benzaldehyde was recently studied. 121 Another 

publication showed a masked fonn of gennanium dienolate where alkylation predominates at 

the ô-position of the carboalkoxy group in the presence of various ketals or allyl halides and 

titanium tetrachloride (see Eq. 28).122 These reactions complement those of the 

corresponding silyl ketene acetals where the alkylation proceeds (l to the carboalkoxy group. 



J 
MeO 

Pb~OMe 
+ 

1.4.1 Fluorodegermanylation 

MeC 1 ~ 

Ph~~OMe (28) 

89 % Trans:Cls 
12.1 

In this thesis, the frrst fluorodegermanylation reactions applied to organogermanium 

sulfides will be described. Equation 29 demonstrates a new "S2-" lr.tnfer agent developed in 

our laboratory. Without fluoride ions, bis(triphenylgennaniurn)sulfide did not react at a useful 

rate and only sorne traces of the corresponding thioether were observed. More dctuils will be 

given in chapter 4. 

2~Br 
CsF 18C6 cal. 
THF/DMF (41) 
55°C 10 hrs 

• 

80% 

(Wllhout CsF: 0-5%) 

1.5 Organolead Chemistry in Organic Synthesis. 

(29) 

Due to their toxicity, their heat and light sensitivity, only a few cornpounds containing 

lead have appeared as practical reagents in organic synthesis. Lead thiocyanate (Pb(SCNh) 

was used in sorne reacùons with organic halides for making urganic thiocyanates. 123 The 

most popular l'eagent is certainly lead tetraacetate (Pb(OAc)4).124 In the past, allyllead 

reagents, 125 «triphenylplumbyl)methyl) lithium and (bis(triphenylplurnbyl)methyl)lithium 126 

have also been used in organic synthesis. In 1987, Yamamoto and Yamada reported sorne 
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useful diastereoselective alkylation reactions involving aldehydes where excellent 1.2- and 

1.3-asyrnmetric inductions were observed, as shown in equations 30 and 31.127 

[ 1,1-Asymmetric Induction) 

PhyCHO Et.Pb 

TIC4 CHP2 
Me -78 ID _60°C 

64% 

@-ASymmetric Induction) 

Y'CHO 
OOn 

TIC!.. CHP2 
-7810 _60°C 

• 

OH OH PyEI + Ph . 'Y"Et 
Me Me 

93 7 

'("(BU + yyBU 
OBn OH OBn OH 

91 9 

1.5.1 Fluorodeplumbylation 

(30) 

(31) 

ln this thesis, will be presented the flfSt fluorodeplumbylation reaction applied to the 

release of sulfur anions. Equation 32 shows a brief overview of a new "S2-" transfer agent. 

We demonstrated the strong fluoride effects on the reaction rate with bis(triphenyllead)sulfide 

and alkyl halides. More details will be given in chapter 4 . 

CsF 18C6 Cal 

THF/DMF (4:1) 
65°C 5 lus 

• 

81 % 

(Without CsF: 0-5%) 

(32) 
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1.6 Organotin Chemistry in Organic Synthesis. 

Overall, several different fields or divisions in organotin ehcmistry can be delineated. 

The transinon-metal catalysed reactions for C-C bonds or carbon-heteroatom bonds formation 

is one of the most t10urishing in the 1980's. Pallathum-catalysed couphng reactlons of vinyl, 

allyl, benzyl or aryl halides with organotins arc certainly one of the most popular duC' to the 

mild conditions required and access to somc lInlisual couplings. not easlly obtulIlcd from 

classical organic chemistry. Clark Still and J. K. StIllc and thnr re~pectivc re~earch groups 

should be comldered as the pioneers in thls flt"lcl. Another area IS the lise 01 LeWIS add~ III 

order to effeet chemical transfonllatlOns of organutins. S()me of the~t' n:actIolls .tH' slmilar to 

those found ln organm.i1icon chemlstry.l2H hnally. the lecelit explOSIOn of radical 

chemistry, especially 1I1 intramolccular cyc111iuions. has malflly Jenved flOI1l the use of 

triaIkyltin hydnde (usually triphenyl or tributyltm hydride). An excellcnt vicw on that topic is 

presented in a book wntten by Glese, a pioneer 111 that area. I29 

1.6.1 Fluorodestannylation. 

An obvious question when one compares organotin to organosilicon chemistry is: is it 

possible to develop fluorodestannylation reactions? For over twenty years, organotins have 

been used in organic synthesis but no one had reported fluorodestannylation reaetions. 1 was 

tempted to investigate these reactions in order to clarify the scope, the kinetic aspects and the 

mechanisms implied. It is the purpose of this thesis to examine ail these questions and to 

investigate new reactions where the parallel and differenœs with the silicon chemistry will be 

compared. In 1987, the first complete volume dealing with "Tin in Organic Synthesis"25 

appeared; but only one referenee was made ta the proeess we now cali 

fluorodestannylation. 130a Here, Andersen and co-workers briefly reported the eoupling of 

(l,3-dithian-2-yl) trimethylallylstannane with piperonal induced by fluoride amons. This 

example as shown below in equation 33 is the only synthetically useful rcaction pre~entcd. 

Results were often poor and no generaliz.ation of these couplings was demonstrated. 

-
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SS~SDMeJ TBAF nif 

H#~) 
• (33) 

o 
-20oe lSmm. a/y'" 3.5/1.0 R = p~ 

OH 

It was not until 1985 when Pearlman, Putt and Fleming from the Upjohn Company 

published the first promising article on fluorodestannylation. 130b They clearly demonstrated 

an advantage in using the fluorodestannylation-elimination reaction for achieving the 

methylenation of moderately hindered sulfones, sometimes unavailable from a 

fluorodesilylation-ehmination reaction (eq. 35). The most interesting results came from the 

observation of a sigmficant inerease of the reaction rate in the elimination process compared to 

the sIlicon analogs (Eq. 34).130 They briefly tried to explain their kinetic data by either a 

greater kinetic affinity of the fluoride ion for tin rather than silicon or to the faet that the Sn-C 

bond is weaker th an the Si-C bond. However, no experiment was made for elucidating the 

exact rnechanism. 

Il 

TBAF.3HzO (3.0 eq) THF 
• 

MR3 ::; BU3Sn 5 min. DoC >97% 
MR3 = M~Sl 30 mm. 65°C > 60% 

····~C) 

TBAF.3H20 (3.0 eq) THF 

.' () 

.r' + o 
• 

MR3 = BU3Sn _30°10 oOc - 2hrs 
MR3 = Me3Si lffipossible 

(34) 

····'~Cl 

>78% (35,) 
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In 1986, the tirst fluorodestannylation-alkylation appea.red in a communication from 

Danishefsky and Hungate. 131 A regioselective intramolecular O-alkylation wus produced 

when the fluoride ion attacked the tin atom of a cyclie stannylene acetal for activating the 

oxygen atorn, followed by an SN2 reaction with a rnesylate group (Eq. 36). The faet that there 

was no need to proteet the non-parucipating oxygen atorn was an advuntage here. This key 

step led to the total synthesis of octosyl acid. In 1988. they puhlished the full paper of thUI 

work; 132 they reported that the reaction proceeded under almost neutral conditions. ln our 

work, as described in Chapter 3, we found sorne rcactions of elinunation in sinular 

alkylations, proving sorne basicity of the reaction conditions. One should be uware that this 

intramolecular reaction rnight proceed under different conditions th an for bimolecular 

reactions. 

o 
Me01C~ 

l .. ,NH 

BoO N--\O 

4~ 
MeO C ~ H.O, .... 0 

2 \"J Sn " , Bu Bu 

($IF DMF 

o 
Me02c0 

l .. , Nil 

BoO N~() 
~ 

Me01C 0 OH 

(36) 
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In 1987, a Japanese group reported the first study of fluoride sources along with the 

various electrophiles such as alkyl bromides or iodides that can be used in the regioselective 0-

rnonoalkylation of optically active O-stannylene acetai of dirnethyl L-tartrate (Eq. 37 ),133 A 

pentacoordinate complex of tin is thought to be responsible for the enhancement of the oxygen 

nucleophilicity. However, they also stated that the cesium cation might activate the alkyl 

halides through the interaction of this ion with the halogen atom of the electrophile. ft seerns 

highly questionable as the cesium cation is considered ta be a poor Lewis acid. 



'1' 

Me02C C02Me 

'r-'( 1) PhCH,B' CoF 
0, 10 DMF 2O

D
C2hrs 

Sn .. 
/ \ 2) H20 

HO 

(37) 

Bu Bu 
85 % 

In a very similar way, a French group used cyclic stannylene acetals for regioselective 

monotosylation of sorne nucleosides (uridine and adenosine) .1 34 They obtained good to high 

regioselectivity when using TBAF in acetonitrile or CH2C12. compared to tetrabuty lammonium 

bromide or chloride (Eq. 38). 

0 0 

::XI BuzSnO 1 Tos-CI ::XI CH3CN TBAF 

HO~ R.T. 24 hrs 

HO~ () .. (38) 
68% 

HO OH HO OTs 

The rate enhancement of the O-alkylation with organotin oxides in the presence of the 

fluoride ions is significant. Without the use of fluoride, Ogawa and his group showed that 

regioselellive benzylation and methylation of carbohydrates required strong heating for many 

hours in DMF or in the organic halide itself as the solvent. 135 In contrast, reactions with 

fluoride ion proceed smoothly at room temperature. We demonstrated similar fluoride effects 

in our own work, as shown in Chapter 3. 

1.7 Fluorodemetalation Reactions Within Group 14. 

ln 1985, when 1 began this research, the original purpose was to develop a new sulfur 

transfer agent using bis(tributyltin)sulfide (or bis(tributylstannyl)sulfide). At about the same 

time, Steliou and Corriveau published one trial with this reagent in a paper focussing mainly 
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on the reaction of bis(trimethylsilyl)sulfide with alkyllithiums in order to release "U2S" salts in 

THF.136 ln 1987, we reported a communication dealing with the chemistry of 

bis(tributyltin)sulfide describing the strong importance of a donor solvent (DMF or CH3CN) 

in its reactions. 137 This is presented in Chapter 2 of this Ûlesis. 

Due to the limited success with bis(tnbutyltin)sultïde and becausc of the stnmg and 

prolonged heating required to achieve thioether fonnation (- 120-1400c for 121024 hrs), \371 

had the idea to utilize some external nuc1eophiles in order to help the reaction, after havlllg 

obsetved sorne strong solvent donor effects. 1 thought that if a nucleophile could complc,," 

on tin, the increase of the electronic density on this atom would help to rcleasc the sulfur 

anions. In November 1985,1 thus decided to use fluoride or cyanide anions in VICW of thcir 

low nucleophilicity in SN2 type reacrions. When mixing bis(tributyltin)sulfide and phcnacyl 

bromide in DMP/EtOAc (6.5:1.0 v!v), without heating (at 200C), only a rclatlvely slow 

reaction was previously observed (after 24 hours, the isolated yield was 71 eyv). When 

cesium fluoride was added, a strong yellow-orange color immediately appearcd al the surface 

of the undissolved cesium fluoride aystals. The reaction was entirely complclcd wilhin 60 

minutes with an isolated yield of 98% (see equation 39). At that lime, no repon of fluoro or 

cyanodestannylation had been published. The same day, 1 confimled that TBAF was cvcn 

more effective: the reaction was almost instantaneous and a strong yel1ow-orange color 

persisted. Later, 1 also demonstrated that tetrabutylamn, 'liu"l cyanide (TBACN) was aisu 

useful in this reaction. 

o 

2~Br 
BUlSn.S.SnBul 

DMF 1 EtOAc 20°C 

• 
no F 24 rus 71% 
Cst<' 60 mm 98% 
THAl<' <20 mm 9Q% 

(39) 

During 1987, we published these findings where we introdured the term 

fluorodestannylation. 138 As described in equation 39 above, several new sulfur lIan~fer 

agents based on this idea were presented. Due to the problem of fmding highly nucleophillc 

anhydrous fluorinating agents, we developed and studled the combinallon of crown-clhcrs 

with cesium fluoride. 139 A relative rate study in fluorodestannylation a!) well as in 

fluorination of organic halides led to the conclusion that edge or sandwich complexes of 

cesium cations with 18-crown-6 is almost as effective as in the usual 1: 1 complex where the 

cation fits inside the cavity of Ûle crown-eÛler. This is presented in detall in Chapter 2. 
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Lallt year, we reponed the work where triorganotins act as general "group 16 transfer 

agents". The anions of oxygen, sulfur. selenium and carbon were released in the presence of 

fluoride ions from the corresponding organotins. 140 A careful choice of the cations (like 

cesium or tetraalkylammonium) in the medium can favor highly nucleophilic species due to 

weak ion-pairing processes between the nucleophile and the counterion. In addition, the 

mildness and neutrality of the reaetions led to promising use in synthesis. Synthetic 

equivalents of "02-" and "Se2-" were also discussed, aIong with a working hypothesis about 

the mechamsms lnvolved in the fluorodestannylation reactions. Chapter 3 will present more 

details. 

In Chapter 4 of this thesis. the general concept of fluorodemetalation within group 14 

is presented (see Scheme 5). As with the idea of fluorodesilylation and fluorodestannylation. 

it appears interesting to observe the effect of the variation of the metaI (or the metalloid) 

within the whole group 14. 141 The fluorodegermanylation and fluorodeplumbylation 

reactions have been demonstrated for the first time and compared to the two other known 

methods. In addition. the kinetic and mechanistic aspects of fluorodemetalation (especially the 

fluorodestannylation reactions) will be discussed with the help of multinuclear NMR 

experiments (1 19Sn, 19F, 13C. IH NMR spectroscopy).141 

Scheme 5 

(The Fluorodemetalation concept) 

F-

~~ 
'M"."Nu ....... 

R-- Z / 
R 

M = Si, Ge, Sn, Pb 
Nu = 0, S, Se, C, N, P nucleophiles 
Z = Si, Ge, Sn, Pb, aralkyl etc. 

In Chapter 5, other interesting uses of bis(tributyltin)oxide, as a mlld oxygen tranfer 

agent in the presence of sil ver salts for the conversion of primary organic halides into 

alcohols, will be presented. 142 Claims to original work can be found immediately after this 

ch~lpter. 
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CHAPTER 2 

rOWARD THE FLUORODESTANNYLATION METHODOLOGY 

The section 2.0 will present the synthesis of organic suifides from 

bis(tributyltin)sulfide and organic halides. The text has been published as a 

communication (Harpp, D. N.; Gingras, M.; Aida, T.; Chan, T. H. Synthesis 1987, 1122). 

The original Idea of using organotin sulfides as sulfur transfer agents belonged to professor 

Harpp and his post-doctoral fellow (named Aida) who investigated sorne reaetions with this 

reagent. My contrIbutIOn to this article has been to repeat sorne reaetions and to bring 

sorne generaliues while trying other possible halogenated substrates. 1 investigated half of 

the reaetions shown in the Table in section 2.0 and 1 dernonstrated a large solvent effeet in 

these reactions. At this point, the prolonged heatine; of several hOUTS (often at Il ()O-14QoC 

for 12 to 24 hours) required for the reaetions did not permit wide use of this method in 

organic synthesis, especmlly with sensitive substrates. Sorne improvements were necessary 

in order to bring about a mild and powerful sulfur transfer agent, as the nucleophilicity of 

bis(tributyltin)sulfide itself is very poor. In 1985, 1 thought about using fluoride and 

cyanide ions in order to help the reactions, as previously explained. 

The section 2.1 of this chapter will introduce the concept of fluoro and cyano­

destannylation applied to the release of powerful sulfur anions having cesium and 

tetrabutylammonium as counterion. This section has appeared as a published work (Harpp, 

D. N.; Gingms, M. Tetrahedron Let!. 1987,28, 4373). This new methodology now permit 

the use of organotin suifides as sulfur transfer agents under mild, neutral and anhydrous 

conditions. For furthe!' experimental details, Chapter 4 presents complete procedures on 

fluorodcstannylation reaetions involving organotin suifides. 

To overcome origInal problems with the formation of thiols as side-products in the 

fluorodcstannylanon reactions of organotin sulfides, 1 developed an anhydrous source of 

nucleophilic fluoride ions. 1 investigated the use of cTOwn-ethers with cesium fluoride in 

order to improve the nucleophihcity of these ions. These results described in a 

communication pubhshed on this topic (Gingras, M.; Harpp, D. N. Tetrahedron Lert. 1987, 

29, 4669) constitutes section 2.2. Further experimental details are available in the 

Appendix 1. 
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The literature search for references and the original wriùng of all of the publicaùons 

described in chapter 2 were all my own work. The revision of the se manuscripts wcre donc 
with the excellent help of professor Harpp. 
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2.0 BISrrRIBUTYLTIN)SULFIDE: AN EFFECTIVE AND GENERAL SULFUR 
TRANSFER REAGENTI. 

Abstract: Bis(mbutyllin) sulfide 1 acts efficiemly 10 transler the sulfur atom as S2- to a 

variety of halide jUbllrares 10 afford the corresponding thioether derivatives in very good 

overall yield. 

Many synthctic reagents, including sodium sulfide nonahydrate (Na2S.9H20), are 

known to transfer S2. for making organic sulfides2. Only a few of them however, deliver 

the suifur atorn in a precise arnount under anhydrous, neutral and hornogeneous 

condi tions3. 

We wish to repon that bis (tributyltin) suifide (1) possesses ail these characteristics 

and is commcrcially availabIe4 or easily madeS. A general reaction scherne for making 

sulfides is presented in equation 1. 

2 R·X + BU3Sn-S.SnBu3 ••••••• > R·S.R + 2 BuJSn.X 

1 

Eq.l 

The scope of this chernical process was investigated with numerous substrates and 

round to be quite general (see Table 1). Sorne success with (1) has been previously 

reponed using sodium iodide in refluxing 2-butanone, however only with reactive 

halidesÀ:. With our methooology, for many halides, the reuction usually takes place near 

roorn tt'mperature within 24 hours, gi ving modest to excellent yields. For less reactive 

substrates, such as l·iodopropane, a sealed tube containing chlorofonn is heated at 1400C 

for 12 to 24 hours, provlding almost quantItative yield of product. 

A solvent effect is noted for reactive substrates. Indeed, the rate of the re!iction 

inaeases as the polarity and the ability to coordinate with tin increases6, suggesting an 

ionic 111t.'chanism7. 

The water sensitivity8 and the thermal decomposition9 of thioanhydrides (2) rnake 

them a difficult class of compounds to prepare. We report here that yields obtained are 

among the best in the li te rature to date 10 (entries 1-3, Table 1). Substrates halogenated in 

the et-position of a carbonyl group fonn sulfides that were used in the preparation of sorne 
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heterocycles (thiophene, thiolene)l1a, or as dienophilic thioaldehydes in the Diels-Alder 

reaction11b or in carbohydrate derivatives11c. Thus, our method produces lhese useful 

sulfide intermediates under neutral and mild conditions. 

2 

Among the most interesting sulfides obtained are the carbonic add derivatives 

(entries 4 to 6). Although bis(alkoxycarbonyl)sulfide has received attention recently 12, 

only one method giving high yield of products (>90%) is known 13. Surprisingly, \iule 

infonnation IS available ln the literature on bis(alkylthio)carbonyl)- or 

bis(dialkylaminocarbonyl)sulfides. No general method appears to be known for making 

these classes of compound in one step~ thus, we present the first praetical way to obt.lÏn 

them14. ln addition to these sulfur derivatives, trisultides (entry 7), sulfur transfer rcagents 

(entry 8) and other thioethers (entries 9-22) are readily prepared. 

The major limitation of this methrxi consists of the purification of sulfides unslable 

on SiliCd gel. Despite this drawback, this methodology remains quite generdl as discussed 

ahove. The preparation of reagent (1) according to slight modification of a published 

procedureS is described below. A typical experimental procedure for making sulfides with 

(1) is also summarized. 

Bis(tributyltin) Sultide (1): Sodium sulfide nonahydrate «Na2S.9H20); 72.05 g., 

0.200 mol) is dissolved 10 distilled H20 (60 ml) at 350C and this solution is added to a 

stirred solution of mbutyltin chlonde (97.64 g.; 0.300 mol) in THF (300 mL) in a 1000 mL 

flask. [The use of thlS solvent mixture appears to aid significantly tu obtalO good ylclds 1. 
Extra H20 (30 mL) is used ta aid in the complete transfer of the Na2S. The mixture is 

heated at reflux (65oC) for 4 hrs with vigorous stIrring. After coohng, the phal)c~ arc 

separated and the organic phase is evaporated. The residue (the erude rcagcnt (1» 1\ 

extracted with dry Et20 (4 x 50 mL) and the extract is dricd (MgS04) with ~tirring (30 

min.). After filtratIon and the solvent evaporatlon, the crude product il) placed undcr 

vacuum ta remove traces of solvent; yield: 88.18 g. (96%); pale yellow, viscous liquid 

Further purification is achieved by distIllation in vacuum; yield of pure (1): 85.15 g. (t)3%); 

b.p. 225oC/0.4 Torr, purity (GLC):-99%. 
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i Table 1: Formation of Sulfides Using Reagent 1 and Organic "alides 

EJUr..y HJlfuk 1 S2!Ytn1 IfmRfrlturf Timf SulrKlesd ïkId 
Mut (mol-flI) (oC) (Hr) (~) 

1 CH)COCI 1.00 CHCIl 20 5 (CIIJCOllS 998 

l CHlCOCI 1.05 CHlCll 20 Z4 (CH3COllS 86b 
J PhCOCI 1.00 CHCll 20 5 (PbCOllS 988 
4 EtOCOCI 1.00 CHCll 110 Il (RtOCOllS 948 

5 EISCOCI 1.00 CHCI) 110 12 (EtSCOhS 978 
6 MelNCOCI 1.00 CHCIl 110 12 (Me2NCO)2S 928 
7 PhCH2SCI 1.00 CHCI) 0 0.2 (PbCH2ShS 100b 
8 NCSC 1.00 CIICI) 0 0.5 (SuchS 100b 
9 PhCH2Hr 1.00 CHCI) 110 12 (PbCH211S 998 
10 PhClhBr 1.00 CHlCIl 40 28 (PbCH:zhS 25b 
11 PhCH:zHr 1.00 CH CI) 61 120 (PbCHÛ:ZS 9Jb 
Il n-Prl 1.00 CHCI) 140 24 (o·PrhS 97a 
13 Allyl-8r 1.00 CHCll 110 12 (AUylhS 988 
14 PhCOCII:zBr 1.00 CHCb 110 12 (PbCOCH:zhS 9S8 
15 PhCOCII2Br 1.20 CH2CI2 20 43 (PbCOCHÛ2S trace 

16 PhCOClhBr 1.05 DIEf 20 24 (PbCOCHÛ:zS 7lb 

17 PhCOCII2Hr 1.20 D/Ef 45 3 (PbCOCH:zhS 94b 
18 EtCOCH20r 1.10 DIE! 20 22 (EtCOCHlhS 56b 
19 EtCOCH20r 1.10 D/Ef 20 60 (EtCOCH:zhS 69b 
20 EtCOCHzOr 1.10 D/Ef 55 2 (EtCOCH:z):zS 29b 
21 ClbCOCII2CI 1.10 DIE! 45 3 (CHlCOCHÛ2S trace 

22 CII)COCHCHJ 1.05 CHCI) 61 78 (CHlCOCHhS nU 
Br CHl 

a) ylclds wcrc dClcnntncd by gas chromalogmphy using an imernal standard; b) isolaled product; c) scaled 
tube method; d) ldcnuficd by nmr. ir. ge/ms and compared LO authentic material; e) NeS is the abbreviation 
of N-chlorosuççmtnudc; Suc for succimmide; f) DIE= DMF/EtOAc (5: 1). 
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When the above procedure is carried out on a smaller seale (5 g. of tributyltm 

chloride and 2 equiv. of Na2S.9H20) reagent (1) is produeed in 97% yield and 99% purity. 

This product could he used directly without purification by distIllation. IH NMR 

(CDC13lfMSmt. 200 MHz):d= 0.91 (t, 18H,6 CH j ); 1.08 (t, 12H, 6 CH2Sn)~ 1.34 (sext, 

12H, 6 CH3CHlCH2CH2); 1.56 (m, 12H, 6 CH3CH2CH2CH2). llqSn NMR 

{CDCI3!Me4Sllexl, 200 MHz):J = 82.69. 

Preparation of Diphenacyl Sulfide; Typical Procedure. A solution of.l(­

bromoacetophenone (1.00 g., 5.02 mmol) and bis{tributyltin) sulfide (1; 1.85 g.,3.02 mmol) 

in DMFlEtOAc (5:1 v/v, 25 ml) is placed in a 50 ml flask. The mixture is kepl under 

nitrogen and heated with an oil bath at 450C while stirring vlgorousl y. The reaction is 

monitored by TLC (silica gel, 5% acetone/95% hexane, UV vlsualizauon). Atkr 6 h, the 

solve nt is removed under high vacuum; purification is carried out on silica gel using 

hexane as tirst eluent (ta remove non-polar organotin) followed by gradually Ulcrease the 

EtOAc content to 30% of the solvent mixture. The eluate is evaporated and the resuJue is 

recrystallized from hexane to give diphenacyl sulfide as a colorless solid; yield: 0.637 g. 

(94%); mp 750C (sharp) (lit. 15 67-68oC); IH NMR: &= 3.98 (s, 411); 7.22-7.62 (M, 611); 

7.86-8.05 (m, 4H); MS: M+ (270); 77; 105. 

For non-mOlsture sensitive products, EtOAc is added and a solution of Zn(OAch in 

H20 can be employed to destroy any excess tin sulfide 16. A solution of KF in IhO with a 

catalytic amount of tetrabutylammonium fluonde tnhydrate suffices to rer110ve most 

organotin by-products 17. Filtration of the whole mixture followed by a second filtration on 

silica gel for the orgamc phase only affords a pure product. For volatIle sulfidcs, a 

Kugeirohr distillation is carried out. 
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2.1 CYANO AND FLUORODESTANNYLATION: A NEW 
METHODOLOGY USING SOME POWERFUL SULFUR TRANSFER 
REAGENTS, THE ORGANOTIN SULFIDESI 

Abstract: F/uoride and cyan ide ions destannylate bis(aralky/)cin sulfides {RJSn-S-SnRJ/ 

and tria/ky/tin sulfides /R3Sn-S·R' (R = alkyl)J giving, in che presence of a variety of alkyl 

and activated ha/ides. the corresponding thioether derivarives in excellent yield. The 

conditions are mi/do neutra/ and anhydrous; a slrong so/vem effect is llotl'd. SpeCIal 

comments are made concerning work-up procedures. 

Fluorodesilylation techniques have been recognized to be very important as applied 

to the cleavage of silyl ethers2, in aldol condensations3 as weil as a variety of elimination 

reactions.4 We felt mat a parallel procedure could he developed using nuoride or cyanide 

ions to destannylate various tin-protected functionalities such as alcohols, uITImt's and thiols. 

Fluoride ion and many tin compounds are found to associate strongly 10 fonn 

"polymers".5a 1 ndeed , while carrying out this work, the first examples of 

fluorodestannylation (elimination, alkylation) were published.6 

We wish to report that sulfur transfer reagent bis(tributylun) sulfide 11,7 combines 

with a "naked" fluoride ion to release a powerful sulfur nucltophile; the countcrion is a 

quaternary ammonium, or a cesium complexed with a crown-ether. ln the presence of alkyl 

halides, sulfides are fonned in excellent yield.8 Cyanide ion was also succe~sful as a 

destannylating agent although it is less reactive than fluoride, it represents the first exarnple 

of this type of reaction. 

R)8n-S-SnR3 

1 

The process was found to be general (Eq. 1. Table 1) wuh a variety of organotin 

sulfides (readily available).9 
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1 
2 R·X + R'3Sn.S.SnR'3 + 2 Z- ••••• > R·S-R + 2 R'3Sn.Z ~ 2 X· (Eq.l) 

R = alkyl; R' = Me, Ph, Bu, or [BU2Sn-S]3; X = Cl, Br, 1; Z = eN-, F-

AIso, unsymmetrical sulfides have been prepared starting from trialkyltin mercaptides 

(R"3SnSR') and an organic hallde. The yields are good and the conditions anhydrous, mild 

and neutral (Eq. 2, Table 2). 

R·X + Rn 3Sn.SR' + Z- •• n •• > R·S·R' + R"3Sn-Z + X- (Eq.2) 

R :::: alkyl; R' ;;;; R" = alkyl; X = Cl, Br, 1; Z = eN-, F-

Several common sources of fluoride ion (usually commel1la11y available) were 

evaluated including tetrabutylammonium fluoride trihydrate (TBAF.31120), the "anhydrous" 

version 10, cesium fluoride (cornplexed with 18-crown-6 or not)l1 and potassium fluoride 

(complexed wllh 18-crown-6 or not).12 Only reactions with TBAF and cesium fluoride were 

effective. 
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Fluoride Ion was ernployed in a catalytic amount as with sorne desilylations for 

highly reactive halides.4 The choice of fluoride source varies with the organic halide used. 

For activated halides or where a 6-membered ring is fonned (entries 9-19) either 

TBAF.31120 or CsF can be used. Where the reactions are slow (as with I-bromohexane) the 

use of TBAF.31f20 produces significant amounts of thiol. For these as weIl as the other 

sub~lrates CsF wnh 18-crown-6 would appear to be the reagents of choice. 

The d'fccl of the tin substituent was found to be negligible compared to that of the 

source of the nuoride ion. Thus, various organotin sulfides, easily made or commercially 

available, werc u.\ed in this study with little difference except for the toxicity13 and 

puritïcation. 1·U5 

The follo'Wing is a typical procedure for the preparation of thioethers such as di-n­

hexyl sulfidc In a 50 ml flask I-bromohexane (409 mg; 2.48 mmol) bili(trimethyltin)sulfide 

(445 mg; 1.24 mmol) and a catalytic amount of 18-crown-6 (132 mg; 0.50 mmol). Ten mL 

of acetomtrile (dned over Calh and P205) is added. Cesium fluoride (800 mg; 5.27 rnmol, 

dried at Il ()OC for 2 days at 5mm Hg) is added in one portion. The mixture is stirred 

vigorously under nitrogen and heated at 750C for 75 min. After cooling. the solvent is 
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removed and 50 ml of ethyl aeetate is added. After stirring for 5 min, the mixture is filtered 

over celite and then silica gel using ethyl aeetate as eluent. Ethyl aeetate is the preferred 

solvent to use to insure maximum removal of "polymerie" fluoride5 espeeially when using 

siliea gel purification. Di-n-hexyl sulfide is obtained as a colorless Iiquid (250 mg, quant.; 

IH NMR (CDCi), TMSinlt 200 MHz): 2.50 (tAH); 1.58 (m,4H); 1.30 (m,12H); 0.89 (t,6H); 

MS (El): 202(M+, 40), 117(100),84(86), 69(45), 61(77), 56(63),55(65),43(72),42(67), 

41(69),28(66). 

A strong solvent effeet suggests an ionic meehanism. Polar aprotie solvents such as 

acetonitnle (CH3CN) or dimethylformamide (DMF) are the best to effect an efficient 

rcaction, but aœtonitrile IS preferred in that purification is easier. ln sol vents like 

methylcne chloride or chlorofonn, the rcaction is very slow and mostly ineomplete even 

using higher temperatures. 

Volatile R'S units such as CH3SH, can be handled easily if they are converted to the 

triorganoun mercaptide (R3SnSR'; R' = R = alkyl); sueh tin derivatives have high boiling 

points16, thus, the unpleasant odor of the thiol is greatly attenuated. Many synthetic 

pathways are available 10 make these tin mercaptides; 17 thus, using the fluorodestannylation 

reaction for sulfur-deprotection combined with an appropriate electrophile (halides used here 

or those rcported elsewhere)1 give aceess to symmetrical (Table 1) or unsymmetrical 

sulfides (Table 2). ln sum, this method provides a new and simple procedure for cleaving 

the sulfur-tin bond and in this case a means of preparing sulfides in high yield under mild, 

neutral and anhydrous condltions. 
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2.2 NEW ANHYDROUS FLUORINATING SYSTEMS: THE 
COMBINATION OF CROWN·ETHERS AND CESIUM FLUORIDE. A 
RELATIVE RATE STUDY. 

Abstracl: New anhydrous fluorinating syslems are presenred. 18-Crown-6 or dibenzo-24-

crown-8 ael as solid-/iquid phase Irans/er eatalysls with eesium fluoride. A cata/ylie 

amount of lhese crown ethers with CsF increased the rate of fluorodeslannylalion of 

trialky/tin mereaptides (used as a goodjluoride probe) by afa,ctor of 5-7. In addition, alkyl 

bromides, sueh as benzyl bromide, reacled in a simi/ar way. Kinetie evidence for 

"sandwich" or "edge" complexes with the cesium cation and 18-crown-6 is presenled. 

Although numerous fluorinating agents have been developed since 19701, only a few 

of them are effective enough to be used in a totally anhydrous medium2. This lack of a 

simple, practical and anhydrous SN2 type fluorinating agent appears to be mainly caused by 

strong hydrogen bonding of the fluoride ion with water.3 

Recent work by Chrk4a and Ichihara4b has focussed on calcium fluoride-supponed 

al kali metal fluoride (including cesium fluoride) in order to enhance fluorinations. While 

developing our fluorodestannylation procedureS we have made a systematic study of several 

tluoride sources. We found that cesium tluoride is not very efficient as a destannylating 

agent. In a similar fashion, we found thut addItion of a catalytic amount of 18-crown-6 (0.20 

eq.) or dibenLo-24-crown-8 (0.20 eq.) resulted in a significant increase in reaction rate at 

room temperature for the generation of sulfide from bis(tributyltin) sulfide (1). Although 

these are not well known reagents, we demonstrated in a previous publication that organoùn 

sulfides (mdudmg 1), act as excellent probes to asslgn the relaùve nucleophilicity of the 

tluorinating agent.4 While Ùle idea of using 18-crown-6 wiÙl metal fluorides (NaF, KF) is 

not new6, this simple cl'own-ether with cesium fluoride7 appears not to have been 

investigated. 

Bu)5n-S-SnBu3 

1 
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Indeed, it is expected that the large diameter of cesium (3.34 A, revised version!!) 

makes it impossible to fit perfectly in the cavity of 18-crown-6 (2.6-3.2 A. revised version!!) 

to fonn a flat 1: 1 complex as described by Pedersen in 19679. Later, he found that some 2: 1 

or 3:2 complexes are possible with ceslUm8. Recently, Kellogg7a demonstralcd by usmg 

133Cs NMR that some 1: 1 and higher complexes wnh 18-crown-6 were indeed possible 

(although not shown with CsF). In our case, it IS aiso possible that cesium t1uoride and IM­

crown-6 complex together to make a "sandwich" or a "club-sandwich" complex as proposcd 

by Pedersen8 or al: l "edge" complex. Thus, this fluorodestannylation constllutes evidence 

of the existence of these sandwich or edge complexes 10. 

In Figure 1, the rate of fluorodestannylation of benzyl(tributyltin) sultïde (2) with 

cesium fluonde with or without 18-crown-6 is dlsplayed. Using the initial rate melhod ll , 

the reaction rate increased by a factor of five at room temperature when using 18-crown-6 

(Eq. 1). 

CsF 
BU3Sn-S-CH2Ph + CH3(CH21sBr _ •• _> PhCH2·S(CHz)sCH3 + BU3Sn-F (1) 

In addition, we investigated the same reaction with dlbenzo-24-crown-8 as catalyst 

(0.20 eq.). We obtained a rate increase of seven, roughly equivalellt as with 18-crown-6 

(factor of 5). From this, we conclude that "sandWich Il or "edge" complexes have a similar 

efficiency as with a "usual" and flat 1: 1 guestlhost ratio complex (FIg. 2). Furthermore, the 

low solubility of ceslUm fluoride in acetonitrile 12 suggests that 18-crown-6 and dlbenLO-24-

crown-8 act as solid-liquid phase transfer catalysts (PTC)13. An evaluauon of the 

nucleophiliclty of these fluorinaung systems thus give this qualitative order: TBAF 

"anhydrous"2 > CsF.24-erown-8 - CsF.(l8-crown-6)n> KF.18-crown-6. 

53 

These fluorinating systems demonstrate a use fui approach towards an anhydrous 

fluorinating source. Indeed, 18-crown-6 ean be dned in acetonttrile accordIng to Gokel and 

Cram14 and dibenzo-24-crown-B is much less hygroscopie than the former. J 5 Also, il 

should be pointed out that these catalysts are u~ed In catalyuc amounts, hence the water 

associated with their presence should he neghgible when dried. To confirm this, we never 

observed a signjficant amount of thiol in these fluorodestannylauon reactions.5 



f 

As previously mentioned. the recent repons4 on the fluorination of henzyl bromide 

and other organic substrates indicated a rate enhancernent by the use of CsF or KF supponed 

on CaF2. We carried out experiments to see if fluorinations would he increased by the use 

of CsF with 18C6. The result is displayed in Figure 3. There is an approxirnate rate 

enhancernent of a factor of five for the production of benzyl fluoride frorn benzyl bromide. 

Thus, this system of CsF with crown ethers has applicabllity for the 

destannylation/alkylation reaction as weIl as a classic fluorination procedure. 

Finally, these kinetic enhancements with the complexation of CsF and crown-ethers 

cou Id certainly modify to sorne extent, pioneering works with this reagent in macrocyclic 

lactone ring closure reactions16 and macrocyclic suifide formation (inc1uding cyclophanes 

and related compounds),17 
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1 Fiaure 1: Rate EtTed of Crown Ethers on Equation 1. 
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Cht'frl., 44, 1016 (1979), 1. Bcbky, J C 5 Chem Commun, 237 (1977); G. W. Gokel and H. D. 
DUN, S~nlht?Sl f, 168 (1976); C. L L10lta and H. P. Hams, J. Am Chem. Soc 96,2250 (1974). 

A hot ~olutlon of 18-crown-6 (5.00 g ) ln 10.5 ml of dncd acel.Omtnle (reflux over CaH2) followed by 
çoohng resullcd 10 an acetoOltnle complex. Afler coolmg al -78OC, lhe saUd was collected ln a 
Schienk lube und"r Argon. The complcxcd acel.Onitnle was removed while heaùng sllghtly (55OC) 
undcr hlgh vacuum; no slgnllïcanl hydroxyl absorption were recorded by infrared: G. W. Gokel and 
D. J. Cram, J Org Chem, 39,2445 (1974). 

57 



CHAPTERJ 

FLUORODEST ANNYLATION 

In chapter 2. the reader has been introduced to the first fluorodestannylation 

reactions. The fluorodestannylation methodology was successful when applied to organotin 

sulfides~ new, prdctical and powerful sulfur transfer agents were genemted and found to be 

useful for the synthe sis of sulfides. ll1e term fluorodestannylation was reported for the tirst 

rime. Furthermore, 1 developed a new and effective tluorinating system of use in thls 

methodology. 

At this point, it was loglcal to extend the tluorodestannylation methodology and 

especially determine the scope and generality of this technique. In the followlIlg chapter. 

complete details about this new methodology will thus be reponed where organotlll oXldes 

and organotin selenides aet as new oxygen and selenium transfer agents. We Will 

demonstrate that organotins can be seen as a general "group 16 transfer agent". The main 

features of this chapter are cenainly the tirst presentations of practical "02-" and "Se2-" 

transfer agents. Bis(tributyltin)oxide, a commercially available compound produccd in bulk 

quantities, can thus be utihzed as a syntiletic equivalent of "02-" an the presence of fluonde 

ions. ln a similar manner, bis(triphenyltin)selenide was found to be a very stable wmpound 

that should be considered as a practical synthetic equlvah:nt of "Se2-" In the presence of 

fluoride ions. 

A new concept for generating naked anions will also be discussed. Synthctk 

equivalents of many unusual salts like cesium oxide (CS20), cesium sulfide (CS2S) and 

cesium selenide (Cs2Se) along with the corresponding tetraalkylammonium salts: (BU4N )20, 

(Bll4NhS and (Bll4NhSe Will he demomtrated 

Funhermore, discussions about the pos~ible mechanism~ are indudcd wilh the hdp of 

119Sn NMR spectroscopy. It is the fint Ume that pmsible mechanbtic considerations are 

pres~nted based on working hypothesis. 

The analogies and differences with the tluorodesilylation methodology are 

encompassed in this chapter. From our expenence thus far, it seems that 

fluorodestannylation complements weil the fluorodesilylation techniques. On many 
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occasiom, we dernonstated the strong adyantage of using tin instead of silicon due to low 
reactiyity and/or instability of the silicon reagents. 

Finally, we yenfied that Sn-C bond can be cleaved to release a carbanion-like species 

that could be trapped with carbonyl compounds, in a similar way as with silicon (see 
Chapter 1). 

The next chapter was mainly taken from a published article (Harpp, D. N.; Gingras, 

M. J. Am. Chem. Soc. 1988, 1 JO, 7737). The writing of the original manuscript, the entire 

research work in the laboratory plus the' literature search for references directly are solely 

my own contnbution. Professor Harpp, as supervisor, assisted in the complete revision of 
this rnanuscnpt. 

59 



3.0 FLUORODEST ANNYLATION. A POWERFUL TECHNIQUE TO 
LWERATE ANIONS OF OXYGEN, SULFUR, SELENIUM AND 
CARBON.l 

Abstract: Fluoride ions smoolhly deslannylale organolln chalcogemdes 10 Il be rate 

nucleophilic chalcogenide ions; hence thefirst nucleophilic oxide (02-) and st'lenide (St']-) 

transfer agents are reported where the tin alOm serves as a "group 16(VIB) Iran.\fer agent". 

ln the presence of crown ethers or ammonium salrs, this process rl'sulls lfI a fIt'W wav ta 

generare "naked" nucleophiJes. Ethers, and se/enides are formed ln good-e.\Ct'llefll )wld ln 

addition, a useful C-C bond forming reaction has been developed IL')lfIg a/kyIllnS wllh 

aldehydes and add ch/orides in the presence of j7UlJride ion ASpfcts concerrllnj.! reactivity 

and mechanism are presented. Finai/y, the genera/ity of the j7uorodesllJnnylatiofl procedure 

and the differences with parallel silicon chemistry are detai/ed. 

3.1 Introduction 

Considerable effort has been focused on desilylation reactions over the pust decade2; 

far less attention has been accorded paralIel work on organotin compounds. In 19H5, 

Pearlman reponed that fluoride ion could induce the formation of exocychc double bonds 

from stannylated and hindered sec-alkyl sulfones3. The next year Damshefsky and Hungate 

published a fluorodestannylative procedure apphed 10 a cyclIc stannylenc of Il'iC lfl an 

intramolecular O-alkylation4. Later In 1987, Ohno descnbed ')elecllve O-monoalky)auons 

of an O-stannylene acetal denved [rom a tartrate ester, usmg fluonde Ion 10 promote the 

reactions. None of the abave procedures were extended beyond thelr ~pCClflC synLhctlC 

context. 

Our own work dunng thIS period lflvo)ved the dlscovery of a fluorode\tannylauon 

reaction of organotin sulfides (1) permitung the preparation of a host of arganmulfides in 

high yield under mild and neutral condluons 1 (Eq. 1). In addltlOn, we found that cyamde ion 

perfonned comparably (cyanodestannylation). 
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F-

RJSn·S·SnR3 + 2 R'·Br ••••••• > R'·S·R' + 2 R3Sn·F (Eq.l) 
1 (or eN-) 

We wish to report that fluoride ion combines with organotin oxides. -suifides. -

selenides and organotins in general to liberate the corresponding anion (Scheme 1, Table 1). 

[n the presence of appropriate electrophiles, ethers, thioethers, organic selenides and carbon­

carbon bonds are produced. Most of these reacùons take place in neutral media in contrast 

with many known procedures using strong bases6. The generality of these fluoride and 

cyanide effects demonstrates a significant new dimemlOn in organotin chemistry. 

SCHEME1 

~(\ 
F· R3Sn.Nu.SnR3 

Nu = 0, S, Se 

Nu = OR, SR, SeR, C nucleophiles 

Tin is a larger atom than silicon and while being considere<! hard, should be softer 

than silicon 7. Bence, like silicon, it has a tendency to associate with the hardest atom, 

namely fluorlde. Whlle the analogy with fluorodesilylation is very close, experimentally, 

different re~ults and reactivities from organotln to silicon analogs encouraged us to develop 

this general concept. For example, we found that hexamethyldisilthiane (2) when treated 

with tluonde ion in the presence of I-bromohexane fonned a 2.3:1 mixture of monosulfide 

and disultide (Eq. 2), whereas the tin .malog gave a near-quantitative yield of pure 

monosulfide (Eq 3). 
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Table 1. Tin Subst,.t •• Und., Investigation. 

Oxld.s 

R3Sn~O·SnR3 

R3Sn-OR' 

Sulfldes 

R3Sn-S-SnR3 

A3Sn-SR' 

R2SnS 

Selenldes Qrganoltln.1llntl 

R3Sn-Se-SnA3 R"4Sn 

R3Sn-SeR' BU3Sn-R" 

BU3Sn-C=CH 

R = aryl, alkyl; A' = alkyl; R" = allyl 

F· 
1 CH3(CH1)sBr + Me3Si-S.SiMe3 ••••••• > ·s- + ·S·S· (Eq.l) 

2 (2.3:1 ) 

F' 
1 CH3(CHûsBr + Me3Sn.S.SnMeJ •••••• _> -s· (Eq.3) 

1 (99%) 

In addition. hexamethyldisiloxane (3) does not genemte a significant amoum of ether in 
the presence of fluoride ion and simple organic halides, whereas the tin ana!og dues (Eq. 
4,5). 

F' 
l CH3(CHÛsI + Me)5i·0.SiMe3 •• __ ... > -o· (Eq.4) 

3 (trace) 

F· 
l CH3(CHÛSI + BU3Sn·O·SnBu3 ••••••• > ·0- (Eq.S) 

4 
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Wc will pre~ent a new, general concept for generating in situ synthe tic equivalents of 

cesium and quatemary ammOnium salts containing oxygen, sulfur and selenium ions as 

"naked" nucleophiles; their effective nucleophilicities will he discussed. Fina11y, a possible 

mechamsm for the fluorode~tannylation reacuon will be proposed as a working hypothesis. 

3.2 Results and Discussion 

3.2.1 Comparison or Fluorodestannylation with Fluorodesilylation 

As indlcated above, tluorodestannylation can he applied to a host of organotin 

derivatives (Table 1). Thus, tin can carry chalcogens as the synthetic equivalent of 0 2-, S2-, 

Se2-, RO-, RS- and RSe-. These organotins act as general "Group 16 (VIB) transfer agents" 

when comblOcd wllh fluoride Ion. The physical propertles of most of these chalcogen­

containing organoLns are suitable for the synthetic chemist; they are usually high-boiling 

liqUlds, or ~olids wllh definlte melung points. Their stability penmts them ta be 

manipulated without spedal precaution (e.g bis(triphenyltin)selenide (S) is stable to the 

ambient atmusphere for seveml days without turning red)8. Their solubility in many organic 

solve ms make~ them excellent substitutes for their chalcogens salt analogs (e.g. N a2S, 

NU2Se, etc.). 

The gcneral reactlvlty of organotins dlffers significantly from that of organosilicons 

due tn the different bond energies of tin and the various chalcogens compared with silicon. 

Although the Sn-F bond energy is not known for triaralkyltin fluondes, a comparison can be 

made betwl'en !\Ume values obtamed for the tm tetrahalide senes (mc1udmg SnF4)9.1O. The 

pour overlap of orbitaIs betwecn large chalcogens like selenium and sulfur with silicon 

makes these compounds extremely unstable; un however. accommodates these chalcogens 

much beucr. AIso, oxygen stTongly prefers to be bound witl! silicon rather than tin 

(although the latter type of compound is sufficiently stable). A qualitative explanation is 

provided by appltcation of the concept of HSAB theory 7a or the recent density functional 

theory7b. 

Several exch.mge reaCllons with a variety of SIlicon, germanium and tin derivatives 

lead tu the qualila!lve evaluation of their bond energies and affinities toward sorne ligands 

conlaming oxygcn and sulfur mOlcnes ll . These reactions help to rationalize the relative 

stability of Sn-O, Sn-S, Sn-Se bonds as compared tu the Si-O, Si-S and Si-Se bonds. From 

these results. lt has been demonstrated that tin is softer than silicon in trialkylùn mercapùdes 
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or oxides even though the tin compounds used here should still he considered as haro Lewis 

acids. 

3.2.1.1 Sulfur 

We have already demonstrated the efficacy of the fluoru and cyanodestannylalion 

procedure as applied to organotin sulfides Il. At moderate temperatures (20-800C) under 

essentially neulral solvent condinons, using combinations of CsF, CsF \Vith 18-crown-6 

(18C6) and tetrabutylammonium fluoride (TBAF) and cyanide (TBACN) with l, a vanely of 

aliphatic halides can be convened in excellent overall yields (avemgmg over 90%) to the 

corresponding acyclic and cyclic sulfides. In sharp rontrast, Ùlt: slhcon analog 

hexamethyldisilthiane (2) gives disulfide as a significant proouct, showing the hlgher lablhty 

of the silicon-sulfur bond12 . 

3.2.1.2 Oxygen 

Although the methodology is still evolving, our results indicate that 

bis(tributyltin)oxide (4) combined with fluoride ion can deliver\3 the equivalent of 02-,thus 

providing a useful alternative ta the well-known Williamson ether synthcsis. 14 ln addition, 

using this fluorodestannylation procedure, we are able to genemte in sHu a synthctic 

equivalent of cesium oxide (CS20) complexed Wlth a crown-ethcr. Wllh 

hexamethyldisiloxane (3), the reaction failed; presumably the cnergy of silicon-oxygen bond 

is too strong to displace the oXlde ion. To our knowledge, only tnmethylsllanolatc salt ... of 

lithium, sodium and potassIUm (see compound 13) have been described as bemg ~ynthetJc 

equivalents of "02-" 111 the literature. This was howcver ln a dlfferent context mvolvlllg the 

conversion of carboxylic acid derivatives into the Ir correspondmg anhydrolls aCld salts l ,) 

Thus, we present the first "02- transfer agent" (4) mvolved In sub~t1tuuon reactlon"i. 

This commercIal reagent possesses slglllficant nllcleophihcity to counter-balance many 

elimination processes usually ob~erved in the William~on reactlon. Tu test the baslclty of 

the medium, we employed several iodo-compounds (well-known for glVlng a ~lIgh dcgrcc of 

elimination under basic conditions 14.:) as shown in Tables 2 and 3. In contrast to the report 

of Danishefsky and Hungate3 ~howlng the neutrahty of the proce:,s In an Intramo!ccular 0-

alkylation using an organostannylene, we found that tnbutylstannyl oXlde provoked ... orne 

elimination as indicated by the alcoholic and alkene ~ide products lsolated or ob~erved by 

gas chromatography. This basicity increases when the solvent was changed to DMSO or 

CH3CN. A slow addition of the organotin oxide or variation in the number of equivalent~ of 
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Table 2. formation of Symmetrical Ethers. 

'iublltratr.l Orpnolln Solvrntb TOC Timflllr) Fluorldec ICN- Product \1ehhi.Ji;) 
l'hCH

2
Br (Ru)Sn )~() A -.ll Il TBAF 1H,O (PhCH:)P ·ug 

Phnl2Br 1 BU3\n)~O A :"0 2 TBAF3H
1
O (PhCH:)!O 5~ 

l'hCH,Br (I1u,'>nl/) .\ ~5 7 C:.F 18C6 (PhCH:)P :1 
n Hex 1 (8u,\nI1o A <JO 36 üF.l8C6 (n-Hcxlp ::5& 
n Hex 1 ( Bu, \n)20 B 5~ 5 C:.F 18C6 (n-Hex),O 50C 

n Hex-I (Bu
3
'>nJ

2
() B 2D 96 C!oF (n-Hex)20 53& 

n·He' 1 (Bu,\nJi) C S2 5 CsF 18C6 (n-Hex)p 5"& 
n Hel-I (8u,\n)10 C 20 16 CsF18Ch (n-Hell)20 soi 
n Ilex 1 (Bu,\nJ z() E 2D () CsF 18C6 (n·Hex),O SC 
n IIclI·1 (Bu

3
,> nJi) C ;;0 1+& TBACN f 

(n-Hex)1() nll 
n Hex 1 (Me,\1)20 B 50 :s CsF.18C6 (n·Hcx),O nll 
n DccvII (Bu) ~n)20 A 80 : .. CsF I1le6 CHl (CH1),CH = CH

1 
C)ü 

.1) The ffil'I.U r.IIIO nr ,ub~lr.lIc tll org.lnottn" 200 1 05. p) A " JcclOnJlnlc. B " DMF. C = I.N-mClh\I-;! plrrohdlOoll_. 
[) = OMSO. [ = DMF/TMEDA. cCl>Ium fluondc W4S USCl: UI 13-15 rold cxcc!>s unless olhcr'W\se nOled. TEAF = 
lclraelhvl.lmmonlum fluondc. d) ISl,ldlcd )'Iclds unless othelWlse oOled. e) Ge. \lcld. f) lclrabutvlammontum C\dfild.: 
hcnl\l .llwh,,1 or 1 hCXdnol as ~Idc product was oh~crvcd bv NMR and GC !!I 

Table 3. Formation of Unsymmetrical Ethers_ 

$ubltr.t.a 
Organotln Solventb roc Tlme(Hr) Fluoride Product Vieldc(O",) Allyl-Br PhCH2OSnBu

3 A 100 2 CsF18C6 PhCH2O-Allyi 90 Il Hax·l PhCH
2
OSnBu

3 A 75 2 AgF 24CSd 
PhCH2O-n-Hex 17 Il 8u 1 PhCH

2
OSn8U

3 A 80 24 CsF 18CS PhCHp-n-Bu 20 f1 Hex-I PhCHzOSnBu
3 NMP 20 24 CsF 24Ca PhCH20 n-Hex 69 

al The molar ratio of subslrale 10 organotln IS 1 00 1 05. b) A " acetonllrlle. NMP '" N methyl-2-pyrrohdmone Cl 
150lalOO ylelds. nol optlm1zed. d) 24C8 = dlbenzo-24-crown-8 
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cesium fluoride did not change the results; in the same way, the addiüon of crown-ethers 

increased the rate of the reaction but gave the same yield of ether. 

Synthetlc Equivalent of " 02· " 

F· 
l PhCH2Br + BU3Sn-O.SnBu3 ••••• > PhCH2·0·CH2Ph + 2 BU3Sn-F (Eq. 7) 

4 71% 

F-
2 n.Hex·I + BU3Sn.Q·SnBu3 ••••• > [n·hexhO + 2 BU3Sn·F (Eq.8) 

4 54% 

In addition to symmetrical aliphatic ethers which were fonned in modest yield (ca. 

SO%, Table 2), unsymmetrical ethers have becn prepared in beuer yield using this method 

(Table 3). In gcneral, ethers can be prepared under mild conditions al room temperature. 

Furthennore, we have demonstnlted a new strategy for directly introducing a benlyl ether 

group starting from an organic halide. In conclusion, the fluorodestannylation-alkylation 

procedure makes it possible to employ substrales having B-hydrog~ns without causing too 

much elimination; in contrast, the Williamson conditions arc usually reserved for phenols or 

compounds having no B-hydrogens 14c due to the strong basicity of the medium. 

Considering the pioneering work of Ogawa and Veyneres 16 ln their regiosclcctive 

stannylation-alkylation process on carbohydrate substrates, wc thought it appropnatc to give 

a clear representation of the reaction condition!': found here compared to the usual or 

classical procedures 16. As shown in Scheme 2, the reaction lime is dimmished to 2-3 hours 

when an 0rganotin oxide is treated wuh fluonde Ion 10 DMF or NMP (N-mcthyl-2-

pyrrolidinone) in the presence of benzyl bromide. This IS in sharp wntra~l to the few 

examples of parallel alkylations on simple mono')uccharides I6. Thesc conditIOn') rcqUlre 

heating (800C) for 2-3 days with reaclive halldes ~uch as benzyl bromide. ThiS "luggcSb that 

our conditions can successfl.Jlly be apphed wlth mono~acchandes; we are pre"lcntly 

investigating this aspect in our laboratorics .17 
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OH 

NPhth 

SCHEME 2 

( Classlc:al Conditions tor AlkYlation] 

BU4NBr (1.0 eq.) 

PhCH2Br (6.0 eq.) 
80°C toluene 
48 hrs 

1) (Bu3Sn}zO (3.0 eq.) 
PhH reflux 3 hrs 

2) PhCH2Br (as solvent) 

96 hrs 75·80oC 

OOn 

86% 

OOn 

NPhth 

Conditions for Fluorodestannylatlon.Alkylatlon 

CsF.14C8 
NMP lOoe 
14 hrs 

67 

69% 
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3.2.1.3 Selenium 

For the preparation of organoselenides. up to now, the most prominent methods in the 

literature are cenainly those developed by Gladysz18 using lithium triethylborohydride with 

metallic selenium or the procedure of Klayman 19 using sodium borohydnde wlth selenium 

pellets. However, in both cases the supersatumted selenide salt fonned must be used 

immediately, as it tends to precipitate in time, losing its reactivity. Yields of 

organoselenides are ca. 50-60% us10g non-acuvated halides such as I-bromohexane IN•19. 

The silkon carrier of Se2-, hex.amethyldisilselenane20 (8), is a highly reactive and difficult 

substance to work with; H2Se is immediatcly liberated Lpon contact in air. 

In contras t, organotin selenides are relatively stable; bls(triphenyltin)selenide (5) is 

not significamly odorous, can easily be prepared in substantial quantitics (40g, 83% yield) 

and stored 10 a refngemtor for up to 1 year without any appreclable decomposltion (ventied 

by 119Sn NMR). In the presence of alkyl halides this material is smoothly destannylated 

under neutral solve nt conditions and mild reaction temperatures (ca. 400C) ('fable 4) to 

deliver organoselenides in excellent isolated yield. 

Our method takes place in totally neutral, anhydrous conditions, whereas the two 

cited procedures have tendency to be basic by the slight excess of hydride reagenl used or 

the difficulty as~ociated with the titration or the weighing of such hydrides. This lutter 

problem of standardization of hydride can also give rise to sorne undesired orgumc 

diselenides as by-products. As shown 10 Scheme 3, the neutrality of the medium appcars 

responsible for the high yield preparation of di-l and 2-phenethyl selemde (entnc~ 1,2 U1 

Table 4) without the fonnation of styrene. In the case 1-phenethyl bromide, Il is a clcar 

demonstration that hindered secondary organic selenides are readily obtainable (in this case 

as a dl/mesa mixture). 
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Scheme 3. Demonstration of Reaction Neutrality for the Preparation of Bis l­
and 2- Phenethyl Selenides 

3.2.1.4 Carbon 

c.F.1ece 
CH3CNITHF(8:3) 
400C/1 h 

[CaHs':H 2CH2]2-Se 

(89%) 

[CaHsCH( C H3) ]2-Se 

(67%) 

Our preliminary results indicate that the reactivity of organotins in the presence of 

nuoriùe Ion 18 slightly less than with the corresponding silicon analogs with aldehydes21 . 

Since the strength of the Sn-F bond is unclear in the literature (ca. 99 kcaVrnol)lO it is 

pre~ently ùlffH:ult to quantify and to compare accurately the thennooynamic effects in these 

systems)::! However, the importance of carbon-carbon bond fonnation in organic synthesis 

leù us to explore the use of fluorooestannylauon in this field. Tetraallyltin, without fluoride 

assistance, ha ... been a successful reagenr for that purpose as demonstrated in 1980 by Daude 

illld Pereyre23 , However, long reaction times were œ.quired and only poor ta g<XXi yields 

WCrt' obtalllcd wllh ketones and sorne aldehydes (often less than 60% yield). Using all)'l 

tnbutylun. poor yields and strong heating were l'cquired ta reaet with aldehydes. 

As shown ln Table 5, we are able to transfer allylic groups ta aldehydes and an acid 

chloride using tluoride ion to promote coupling (entries 1,4). For example. using 

tetraallyltm (9) with fluoride ion, the reaction time decreased to 3 h at RT (85% yield) 

compared to 18 h at RT (82% yield) using the method of Daude and Pereyre23. In the 

b __________ ~ __ · ______________________________________________________ ___ 
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Table 4. Formation of Organic Sefenides. 

Substratea Organotin So'ventb ,-oc Time(Hr) Fluoridé Proclud vietcfi(%~ 

PhCH2CH2Br (Ph3Sn)2Se A 40 10 CsF 18C6 (PhCH2CH2)2Se 89 

PhCH(CH
3
)Br (Ph3Sn)2Se A 40 40 CsF 24C8 «PhCH(CH3))2Se 67 

CH3COO(CH2)3Br (Ph3Sn)2Sa A 36 2.0 CsF 24C8 (CH3COO(CH2)3)2Sa 97 

CH3(CH2)sBr (Ph3Sn)2Se A 48 1 5 CsF 18C6 (CH3(CH2)5)2Se 96 

CH3(CH2)sOTs (Ph3Sn)2Se A 20 30 CsF 18C6 (CH3 (CH2)s)2Se 70e 

CH3 (CH2)s8r (Ph3Sn)2Se A 55 48 TBACNf 
(CH3(CH2)s)2Se 011 

a) The molar ratjO of substrate to organotin is 2 00 105. b) A = acetonltnle THF (83), cl a 5 fold ex cess was used, d) 
Isolated yialds. not optlmlzed. a) 30% of dlselenide was formed. f) tetrabutyfammon1um cyantda 

Table 5. C-C Bond Formation. 

Substratea Organotin Solventb rOc Time(Hr) Fluoride Produd Yieldc(%~ 

PhCH(Me)CHO (A1lyf)4Sn DMF 20 3 CsF(51) PhCH (OH) Allyf 85 

PhCH(Me)CHO Bu
3
Sn-Allyl DMF 85 72 CsF(46) PhCH(OH)-Allyt 7 

PhCH(Me)CHO '3u
3
SnC:;:Crl W,,1P 44 90 CsF(37) PhCH(OH)C~CH ntl 

f 
PhCHFOCI (AII'}o1) 4Sn NMP 20 20 CsF(23) PhC~CCH2CH=CH2 76 

PhCH
2
COCH

3 
(Allyt)4Sn A 55 200 CsF(45) PhCH

2
C(CH:;lOH-Allyt 16 

Cyclo-(CH2112CO (AlIyl)4Sn DMF 55 24 CsF(49) cyclo(01
2

) 12C(OH) (Ali yi) 2 

al The molar rat'Q of organotln to carbonyt compounds IS 1 05' 00, b) A = acetonltnie DMF (5 1) NMP = N-meth:(!-
2-pyrrol'dlnone c) Isolated ylelds not optlmlzed 

-
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i Table 6. List of Synthetic Equivalents of Varhus Salts of Cesium and Quaternary 
Ammonium IOI .... 'ia. 

Cesium 

CS20 

CS2S 

CszSe 

CsOR 

CsSR 

TBA20 

TBA2S 

TBA2Se 

Quaternary Ammonium 

TBAOR TEA20 

TBASR TEA2S 

a) TBA ::: tetrabulyl ammonium; TEA = letraethyl ammonium 

TEAOR 

TEASR 

This constitutes a real improvement over the usual salts of sodium or potassium 

complexed with cTOwn-ethers. It should be nOled that cesium salts like CS2S and CS2Se are 

found in the literature however with no clear application to organic synthesis28. CS20 has 

been used extensivdy in ceramics, glass addiuves, conductivity materials and as a co­

cutalystlll aromauzutlun29. We present the first real application of it a~ a reagent in organic 

synthe~is as weil a .. fur CS2Se and CS2S. 

Although the magnitude of the nucleophilicity of se veral anions is enhanced. it is 

pos~ible that the se amons coordinate somewhat with the organotin fluoride formed in the 

medium (organotin halides usually tend to mcrease their coordination sphere ta 5 ligands30). 

For this reason, we feel that compan~on of the expected nucleophilicity for a pure "naked" 

anion to the cxpcnmental one obtamed differs somewhat. Fortunately, to alleviate this 

negatlw cffect, an excess of tluoride ions compete with the anion formed for the fifth 

coordmatlOn SIte on tm. Knowing that organotm fluoride prefers to form "polymers" with 

penta~ .. oordinated tin31 , lt ~upports that thiS competition for the fifth ligand favors fluoride 

ion rather than the "naked" anion. 
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Another imponant factor to consider here should he the "alpha effect" of the Un. For 

instance, lf we assume that the reaCUon pathway proceeds wlth intem1edlates as shown 

below (10, Il, 12); the metal effect on the displacement rea~tion is not entirdy dear. A 

silicon analog 13 of the tIn oXlde has been used re~ently as a syntheuc equlvalent of 

hydroxide or "02-" 15. ThiS salt demonstrated good solubilny ln orgalllc sol vents 1t seems 

that trimethybilanolates prefer to attack directly a carbomethoxy or an acyl ('hlonde ralher 

than abstracting a-prolons. This suppons the idea lhat the "alpha effect" on tin should 

enhance the nucleophllicity of the charged oxygen alom thus favonng SN2 reaCllon. 

RJSn-S­

Il 

3.2.3 Fluoride Ion Study 

12 13 

As a general ruie wnh transfer reagents 1 (R = Bu, phenyl), 4 and S. we round thal 

tetrabutylammonium fluoride trihydmle (TBAF.3H20) is the most rea~tive source of 

fluoride ion but ilS water content limits its use only wlth activated electmphiles such a~ il­

bromoketones. Benzyl bromide appears to be the liuuting case where the TBAF.3Hi) 

fluoride source can be used without 100 much formation of thio\32 with reagcnt 1 (or alcohoJ 

with 4); as side products. With non-acuvated alkyl halides ~uch as 1 bromohcxane, the 

preferred method for S2- transfer ernploys our anhydrous fluorinatlllg ~y~tcm' cesIUm 

fluoride complexed wnh a catalytic amount of 18-crown-6.1 

ThIS overall system appean to be generdl and very effective wlth aClivated alkyl 

halides. A qualitative !lcheme of reactivaies associated wllh fluonde can be summaril..ed as 

TBAF.3H20 > CsF.18C6 > CsF. This trend was determined wlth organotin oXlde~, 

organotin sulfides and organotin selell1de~; we are studying thlS cHecl wnh organmtannancli 

containing labile C-Sn bonds. 

3.2.4 Cyanide Study 

Tetrabutylammomum cyanide (TBACN) was mvestigated mostly Wllh activatcd 

organic halioes !luch as benzyl bron-llde; we found that it!l rcactlvity did not permit U!I to U\C 

it with non-activated electrophlle~ without involving !)ome forCing condltion~ a~ compared to 

the fluoride ca!le. For example, treatment of benzyl bromide and bls(tributyltin)\ulfide (4) 

in the presence of TBACN gives only a 42% yleld of dibenlyl ~ulfide. The ~ame reat.lJon 

with TBAF.3l-i20 gave sulfide in 85% yleld I . Fmally, TBACN dld not imtlate alkylation in 
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either the reactlon of bis(tnbutyltin)oxlde (4) with l-iodohexane or in the reaction of 

bis(triphenyltm)~elenide (S) with I-bromohexane. 

3.2.5 Solvent EfTt~cls and Complexation on Tin 

Whlle ~tudylng the organotin ~ulfidesl, we observed that these kinds of reactions 

were hlghly ~en~Itlve ta the !'olvent u!:led. We established an arder of reactivity associated 

Wllh the dOlce of the !lolvents mvolved33 . From lhls study, we found that non-polar and 

non-complexmg sol vents work poorl)', whereas tho~e having high dielectric constants 

(associated wllh a high level of complexmg abllity on un) were the best to use 1. These 

findings paralle! our work wlth the organoun oxides and selenides; however, organotin 

oXldes are more !:lensltive ta the !'olvent u~ed than the other systems studied. For example, 

bUlh acetonitnle and DMF work very weil wllh organotm sulfides (1) but the yleld is halved 

(usmg more forCing condulOns) In alkylating wnh organotin oxide (4) when DMF (Eo = 
3H.X)34 wa, replaccd by acetonnnie tEo = 36.7)34 (compare entries 4 and 5 in Table 2). 

Even If bath sol vents have about the same dielectnc constant, it seems that the 

complexatlOn of DMF on organotln oxides is strongly required. It has been reported that 

this system I~ ~cnSlllVl' to the solvent used and DMF was found in many instances as the best 

solvent with organotin oxides3S (especially in alkylaticns). In genernl, we found that the 

efficicncy of the ~olvents in thc~e !'ystems (organotln oxide~, sulfides and selenides as weIl 

a:-. organo,tannant'~) follow~ roughly the followmg trend: NMP > DMF » CH3CN » 
EtOAc - CH2C12 

We have shown by a 119Sn NMR ~tudy36 with organotin sulfides that fluoride ion 

compkxed to a modest degree on tin at room temperature. However, at lower temperatures 

(-50 to -600 C), we were able ta detect seventl new 119Sn signaIs from TBAF and 

bis(trlbutyltm) :,ultide (14) and can c.onclude that a complexation on tin had taken place. A 

labile I:ornplex I~ pmpmcd at mom temperature based on the broad signaI ob~erved35. 

J.2.6 EfTeet of Substituents on Tin 

ln gel1eral, tnorgal10tins contammg group 16 as a hgand do not show a significant 

variation in reul:tlOn rates wnh dlfferent substituents on tin. Wt" already demonstrated this 

feature in a pn:v lOu~ article on organotin sulfides 11. However, it appears that organotin 

oxides are more sensitive to the substituents. Qualitatively, we found significant differences 

in real:tlVlty from phenyl to but yI groups on tin; the but yI group being more reactive. 
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Selenides should follow the same tendency as sulfides. Genemlly, for common alkyl hahdes 

involved in a SN2 reacuon, the substuuent effcets on Un are negliglble compared to the 

fluoride and cyamde effects. Finally, the solvent effeet usually takes pnonty over the 

substituent effects. 

Substituent effects can be important where solubihty problems slow the reactlon rate; 

c.g. using bis(triphenyltin)selemde Sin acetoniuile as solvent37 . Stene hinùnmce combined 

with electronic effects can be an Imponant considemtion as demonstrated Ul the case of 

tetraa11yltin (9) This IS an unstJble mokcule and decompose~ lO a whlle solid al amblent 

atmosphere, whereas allyltributyltin i~ 3uffiClently stable to be mampulated wllhollt speCial 

precautions. As mentioned earher, bis(mphenyltin)selemdt> (5) does not dccomposc easily 

to elemental selenmm when exposed to the atmosphere for several hours or day3 but when 

the subsntuents offer les3 stene bulk, selerHum fonnation 15 more rapld. hnally, the general 

mechanism of these reactions doe!:l not !:Iccm to be influenced by the ~ubsutucnts on tin. 

3.2.7 Mechanistic Consideration~ 

lt is clear mat t1uorodestannylauon IS dlfferent from fluorodesilylauon and wc are 

investigating the characterbtlcs of the fomlcr and trying to undcrstand the gcncrul 

mechanism. From our resulb on sulfide fomlatÎon 1 we proposed that the organotlfl !lulfide 

is ionized lU ~ome extent prior 10 attack by t1UOfll.le and that thi3 iorllntllOn falilitalc!I the ratc 

and extent of reactlon. ThIs ~pcculation dcnvc~ from a solvent and a IllJSn NMR study of 

complexation on tin at room temperature, and that a trace of water cataly.,c,> the reacùon 1. 

Funher support for lOnizuuon of organouns has already been dè\Cnbcd 31( 

In organo~llicon cheml~try, a hypcrvalcnt sllicon ~pcc.C\ ha!l been implIcatcd whcrc 

fluoride attacks the silicon fir~t, pnor to the IOnlzauon of the SI-X bond39. Thu'i, from a 

mechamstic point of VH!W, fluorodc!:Itannylauon could proceed by a dlfferent pathway. It 

seems that the 10mzatÎon proce~~ for tIn could be generalizcd for organotlll wode!l and 

organoun selenides since the bond energy ot the~e latter lumpound'J are comldered to be 

equal or lower for selenium and defimtcly lowcr for oxygcn, compared to tht.: lIn·~ulfur 

bond. This ionizauon could abo provoke an lncrea~e 111 hardne\~ for tm LOmp()Llnd~ and 

favor a better attack of tluonde or cyamde IOn. 

Based on the complelÇ,allon ::,tudy of fluoride ion on bi'i(tnbutyltinhulfide (14) at 

room temperature using 119Sn NMR36, it could be suggested that t1uom1e ion dues not 

directly attack the tm atom prior to liberaung the chalcogemde ion. Instead, we propo~e a 
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~olvent ionization proce~s where an intermediate catiomc triorganoùn is fomled and is 

ternporarily ~tablhzed by the solvent. Subsequently. fluoride ion could attack this positively 

charged mtermedlate; thlS pathway qualitatively explains the strong coordinative solvent 

effeet ob~erved. The countenon effeet observed (from cesium to tetrabutylammonium) is 

aho eon'mtent wnh thlS mechamsm. 1 

On the othcr hand. we recently found sorne spectroscopie evidence for a complex 

formation between TBAF and bi!l(tnbutylun)sulfide (14) at low te mpe ra ture 36. Thus, we 

cannot exclude the existence of sorne negaùvely charged organoun fluoride complexes, in 

low concentration, acting as initlJtors of the reaction mstead of the proposed ionization 

mechanism. The exact structure of these organotm fluonde complexes are unknown. 

Bis(tnbutylun)oxlde (4) and bis(tnbutyltm)sulfide (14) reacted with benzyl bromide 

ln the prc\cnl.:c of TBAF.31120 to produce tnbutyltlll benzyl ether (15) and tributylun benzyl 

sulfide (16), rc~pectlvely. Thelr presence 10 the reactIon mixture was confirmed (IH NMR 

and 119Sn N MR) by cornparison with authentIc samples independenùy prepared.40 

BU3Sn·O-ClhPh 
15 

Assuming that bls(trlphenyIun)selenide (5) will follow the same reaction pathway. 

wc then propose a\ a working hypothe~is that the chalcogen atom is released in a stepwise 

mannef l'wu ComeClltlve dlsplacement steps shouid constItute the most probable 

mechaJll~1ll .md olle of them !lhouid ulVolve the nucleophiie corresponding to a tributyItin 

chakogclude :m-j (Scheme 5). This stepwise meehanism is also consistent with the 

predominant formation of thiois from bis(tributyltin)su!tïde (14), I-bromohexane and 

TBAFJH20 Hl thc presence of water; the intermediate tributyltin hexyl sulfide (17) being 

trapped or hydn11Yled. 
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Scheme 5. Suggested Mechanlsm 

Bu,lSn.Nu·SnBu3 •••••• > BU3Sn.Nu· + [Bu)Sn.Solvent)+ 

[Bu3Sn.Solvent)+ + F· •••••• > BUJSn.F 

BUJSn.Nu· + PhCII2Br ••.••• > PhCII2·Nu·SnBuJ 

PhCH2·Nu·SnBu3 ...... > PhCH2·Nu· + [Uu]Sn.solvent]+ 

[BuJSn.solvent]+ + F· •••••• > BU3Sn·F 

Nu = 0, S, Sei solvent = D1\1I-', CHJCNj BU3SnF = "polymer" 

The non-dependence of the subsutuents on tin on the reaction rate can he mterpreted 

if the second alkylatlOn step is the rate detenmmng step. Thls step proceeds in the absence 

of tin substituent!!! and without the help of an "al:üvatmg cffeet" from the adjacent Iln atolll 

It is consistent with the predominant fonnation of thiols under aqueous condlllon~. As the 

concentration of the tnaralkyltm thlOlate mtennedlates Inacases, bceause of the slower rate 

of the second alkylatIon, the mtennediates are readliy hydroIYl.ed. Howcver. the sllght 

dependance of the substituent on organotin oXldes !!!eems to ju~tify a more complexe 

mechanism with oxygen as nucleophlle. 

A concerted mechanism appears unhkely becau~e of the solvent polarity cffeet 

observed on the nUe of the reaçtion (Scheme 6) and the tluondc effcel. Furtherrnorc, this 

mechanism, without the use of fluonde. has been ruled out by Kozuka and Ohya4 J. 

Scheme 6. Concerted Mechani~m 

A mechanism involving a doubly charged anion (Scheme 7) analogous ta the findings 

in a recent paper by Steliou, Comveau and Salama42 (MeLi + Me3SiSSiMc3 ----> LI2S) is 

less likely in this case because of the fonnation of products IS and 16 in the presence of 

excess fluorid.e ion. In addition, the Sn-F bond (99 kcaVrnol) is not as strong as the Si-F 
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bond (139 kcaVrnol). Thus, a ~econd attack of fluoride ion on the organotin BU3Sn-Nu" 

should be more difficult. The mcrease of the softness of tin with a negative charge in the 

alpha pmltion and the natur.l.l repulsion of two negative eharged species such as F" and 

BU3Sn-Nu" ~hould also diseourage thiS rnechanisrn. A solvent assisted iomzation process for 

making a doubly charged nucleophlle (Nu2-) seems to us less likely than the proposed 

mechanism. 

Scheme 7. Doubly Charged Anion (direct attack of F·) 

BU3Sn.Nu.SnBu3 + F· •••• :> BU3Sn.Nu· + BU3Sn-F 

BU3Sn·Nu· + F· ._--:> N u2- + BU3Sn·F 

3.2.8 Comments About the Purification 

The difficulty as~ocialed wlth the purification of prodUC1S in sorne reactions irvolving 

organotin compounds has been accorded special attention31 ,43 (especially with uibutyltin 

hydride as rcagcnt) The u~ual punficatlon C'onsi!!ts of treatmg the organotin fonned as by­

product wlth tluondc lOn to generate the "polymerie" organoun fluoride, insoluble in man y 

solvents J lowcver, in our hands thlS rnethod falled to r~move completely the organotin by­

prooucls. Ben:, we detenlllned wuh the aid of 119Sn NMR that the usual treatrnent of a 

rcaction l1uxture wlth tluonde ion conta1l1ing organotin brorrude quantitatlvc1y forrns 

polyrncnc organotln tluonde but the problem remamed as these "polymenc" organotin 

nllonde~ are partlally ~olllble 111 orgamc solvents Wc found that a simple filtration through 

a short eolumn of sillea gd u~ing only ethyl aectate as eluent gave satisfactory results to 

n:move "polymerie" organotin nuoride. A ~tIong advantage of this methodology is a kind of 

"auto-punticatllm" of the mixture wlth fluoride ion. As the rea~tion proceeds, fluoride ion 

removes the tin 1ll00ety a'i a pre~ipitate, dlrectly ehmll1ating this extra step as is often done in 

the puntie at 1011 of organotlfls31 

We hJVC demonstrated that fluoride ion can attack organotin chalcogenides to li~rate 

powerfully nudeoplulic chalcogenide iOIl~ This process provides a new way to fonn 

"naked" nucleophiles; using this concept, ethers, sulfides and selenides can be generated 

smoothly under essentially neutral conditions. This method appears to be arnong the best in 
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the literature considenng factors such as yield, temperature and short reLlctlon time. The 

most important parameters found in these reactions were the fluonde or .:yamde effe~ts 

followed by a strong solvent effect. An order of reactivity has been estabhshed for the 

various fluonde sources used. A general mechamsm has bcen postulated based on II~Sn 

NMR and IH NMR. Organotlns can act as general "Group 16 UV) transfer agents", further, 

a new way for making carbon-~arbon bonds has been demonstrated hcrc by use of 

fluorodestannylation. 

J.4 Experimentalhrt 

ChemÎcals: AlI of the organotin compounds, organk hahdes, aldehydes, ketones, 

TBAF.3lhO, CsF, selenium and crown-elhers were purchased from Aldrich Chcmical Co 

and used as such, unless noted otherwise. Reagent grade acetonitrile, DMF and N-nlt~thyl-2· 

pyrrolidinone (NMP) were distilled over calcIum hydnde. l'HF was dned over Illctalltc 

sodium wire using the benzophenone ketyl raGieal as an indlcator. Whcn ~mne water was 

involved in the medlUm, spectroscoplc grade DMF and acetomtrlle were used wltta}IJt 

purification. Diethyl ether, hexane and ethyl aœtate illvolved in the purification sleps were 

reagent grade sol vents. AIl of lhe reactlons were carned out under a nitrogen atmosphere 

except when using TBAF.3H20. Cesium fluoride was dned under vacuum (2-5 mm IIg) al 

Il ()oC (pistol dryer) for 1 to 2 days. 

Instrumentation: 119Sn, 13C and IH NMR spectra were recorded on a Yarian XL-

200 or XL-300 and the chemical ShlflS (in ppm) reported in reference 10 tctrumethylun, 

chloroform and tetramethylsllane respectively. Ali of the 'iurnp\es were dl~'iolvcd 1f1 

deuterated chloroform. For 119Sn and l1C NMR, a 10 mm B.B. or :, mm B B. probe wu .. 

used and the spectra recorded usmg a decoupler [n the description of N MR ~pcctra, the 

abbreviations St d, t, q, and m ~lgll1fy smglet. doublet, tnplel quartel and muluplet 

respectively. The uncorrected melung point~ were recorded ln eapillary tubes on a 

Gallenkamp apparatus Infrared ~peclra were recorded on an Analee! At)S-20 FIlR 

spectrorneler using neat hquid between two blank ~odium ehlondc c.:cll'i or 111 ,>olullon wlth 

0.1 mm mdium chlonLie cells with chlorofoITn a~ 'iolvent. Low fC"iolution c1eltron Impact 

mass speclra were taken on a DuPont 21-492B ma)~ ~pectrollleter wlth a dITed 1000efllOn 

probe 70 ev at 2S00C. Chemically lnduccd (C.I.) mu~~ '>peltra were rcc.:orded wnh a ~oun,;e 

of 70 ev at 2100C with isobutane on a llewlctt Packard 59g0A mass ~pectrometer 

Gas chromatography was perfonned on a Hewlcn Packard Model 5H9{) combined 

with a Hewlett Packard integrator mode 1 3390A or a Yarian Ge mode 1 3700. A FlD 
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detector was employed on both instruments. A capillary column with methyl silIcone as 

adsorbent on the Hewlett Packard GC was used to monitor sorne reactions, to check purity 

and speclfically to evaluate the yield of sorne reactions involving organoùn oxide. The 

progress of the reactions and the punty of final products were monitored by nc on 

alurmnum sheet precoated wnh 0.2 mm silica gel 60 F254 (E. Merck 5554). Most of the 

thin-layer chromatograms were vlsualized usmg iodine absorbed on sHica gel or with a 

molybdic acid solution or usmg a U.V.lamp. Flash chromatography was carried out using 

silica gel from E. Merck: Kieselgel 60 no. 9385, parucle size: 0.040 - 0.Ob3 mm. 

Fluorode~ilylation with lIexamethyldisilthiane (2). 1-8romohexane (409 mg., 

2.4H mmol), dried cesium tluoride (l.H8 g., 12.4 mmol), a catalytic amount of 18-crown-6 

(65 mg., 0.25 mmol) and dried acetonitrile (10 mL) were combined in a 25 mL flask. 

Commercial hexamethyldlsilthiane from Petrarch Systems Lld. (232 mg., 1.30 mmol., 0.27 

mL) was IOjected over 10 mm u~mg a ~yringe (fumehood, odor). Upon addition at r.t., a 

blue COlOT pefS1~ted and when the rate of addition increased, a green color appeared. After 2 

h, the solve nt was evaporated and 20 mL of n-hexane plus 10 mL of water were added. The 

organic layer was evaporated to give 266 mg. of a mixture of di-n-hexyl sulfide and di-n­

hexyl disllifide in a ratio of 2.3'1.0 as determined by lH NMR: sulfide; 2.52 ppm (t, 

ClhSCH2) and disllifide; 2.70 ppm (t, Cl-hSSCH2). 

Fluorodcsilylation with Hexameth~ldisiioxane (3). In a 50 mL flame-dried flask 

was placeù \-lodohexane (1.00 g., 4.72 n, 101), 18-crown-6 (150 mg., 0.58 mmol), cesium 

nuoride (2.00 g., 13.2 11111101) and DMF (15 mL). Hexamethyldisiloxane (3, 0.766 g., 4.72 

mmol 1.00 mL) wa~ added slowly over 15 min at 500C and the rmxture was stirred 

vigorously. The fonnauon of dl-n-hexyl ether was followed by a.c. Only traces of the 

desired ether were detected (2-3% yield) after 28 h. The retention time of the product was 

idclHlcal to authenuc di-II-hexyl ether under several conditions. 

Formation of Symmetrical Ethers. 

Dibl'lll)'1 Ether with TBAF.31120 (general procedure). Freshly distilled benzyl 

bromide, (504 mg., 2.95 010101), blS(tributyltin)oxide (4, 1.04 g., 1.74 mmol), 

tetrapropylammonillIl1 10\iIde (230 mg. 0.73 I1U1101; this reagent can be omitted without 

drastically changmg the results) and ace~omtrile (12 mL) were placed in a flask closed with a 

stopper. After the mixture had been stirred for 5 min, tetrabutylammonium fluoride 

tnhydrate (1.11 g., 3.50 mmol) was added in one portion. The reaction was stirred for 6 h at 

R.T.; the mixture became cloudy, indicating the presence of tributyltin fluoride. 
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Evaporation of the solve nt and addnion of ethyl acetate may result in the fonnation of a 

precipitate that can be filtered on celite. Filtration of the residue through a shon column of 

silica gel (using pure ethyl acetate) followed by a solve nt gradient of 100% hcxanes to lO9{, 

EtOAc/hexanes gave 120 mg. of dibenzyl ether lO.61 nunùl: 41% Ylcld). lB NMR (60 

MHz,) 7.27 (s, 10 H); 4.52 (s, 4 H). M.S. ( m/z rel. intensities) 107 (17),105 lU), 9] tIO), 

92 (l()(}), 91 (62),90 (7),89 (9),79 (18), 77 (10), 65 (14),51 (lI), 39 l(5); I.R. (CHC'13) 

3000,2860, 1495, 1450, 1355, 1085, 1065,690. 

Dibenzyl Ether with Cesium Fluoride. In a 100 mL tlask was added freshly 

distilled benzyl bromide (1.00 g., 5.84 mmol), bis(tributyltin) oXlde (4, 1.74 g., 2.n mmol), 

a catalytic amount of 18-crown-6 (80 mg., 0.30 nmml) and aœtomrnle (24 ml.) An exœss 

of cesium fluonde (2.0 g., 13.2 mmol) was added in one portion. The n:aCllon Illlxture was 

stirred vigorously at 550C for 7 to 9 h; IH NMR showed >95% wnversion. After cooling al 

R.T., the solvent was evaporateè Ethyl acetate (50 mL) and a s4lturated ~olutlon of 

potassium fluoride (25 mL) were added and stirred for 45 min at R.T. Finally, the orgunic 

layer washed wlth water (-25 mL) and dned over Na2S04. A simple filtration on silka gel 

(short column) using pure ethyl acetate afforded pure dibcnzyl ether (408 mg . 206 mmol, 

71 % yield). The spectral data were the ~ame as above. 

Di-n-hexyl Ether (General Procedure). A flask was charged wllh l-iodohcxane 

(1.00 g., 4.72 mmol), bis(tributyltin) oxide (4, l.4g g., 2.48 mmol), 18-crown6 (150 mg., 

0.57 mmol) and N-methyl-2-pyrrohdone (15 mL). An excess of cesium tluondc (3.0 g., 

19.7 mmol) was added ln one portIOn whlk ~urring vigorously at 520C for 5h The reaction 

progress was monitored by a.c. After coohng, diethyl etha (40 mL) and water (40 ml..) 

were added; the aqueous layer was di~carded and the ethereal pha"ie wa~hed wllh watcr (4 x 

20 mL) and dried over Na2S04/MgS04. The precipltate of tnbutyltlll tluondc was fïltcred 

on eelite. The ether was (:vaporated and the re~ldue dls .. olved in pure ethyl aœtate. A 

simple filtration on a short column u~ing the latter ~olvent removcd the remalrltng tnbutylun 

fluoride. Fla~h chromatography u~ing 5% ethyl acetate/hexanc en .. ures the removal of hexyl 

alcohol fonned as "'lde-pnxiuct. Di-n-hexyl ether was obtaincd as a wl()rlc~ .. hquld (236 

mg., 1.27 mmol54% yleld). IH NMR, 3.40 (t, 4 H), 1.58 (m, 4 II), 1.30 (m, 12 Il), O.~O Ct, 

6 H). The sample was found to be identical to authenttc matenal by G.c. under several 

conditions of operations (high and low temperature of the capillary column). 

The procedure was extended to I-tosylhexane, I-bromohexane and l-iodohexane 

while using acetomtrile or DMF lIlstead of I-methyl-2-pyrrohdinone with the conditions 
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specified ln Table 2. ln sorne instances, cesium fluoride was used in an equivalent amount 

compared to organotin oxide or the crown-ether was ornitted. 

Formation of Unsymmetrical Ethers 

Allylbtnlyl Ether with Cesium Fluoride. In a high pressure metal cylinder was 

placed tnbutyltm bcnzyl ether (14, I.VO g., 2.50 mmol)44 , allyl bromide (393 mg., 3.25 

mmol), 18-crown-6 (200 mg., 0.76 mmol), an excess of cesium fluoride and acetonitrile (15 

ml). It wa~ ~tlrred whlle heating at lOOOC ln me cylinder for 2 h. After cooling at R.T. the 

mixture wa~ lran~ferred to a tlask and the solvent evaporated. Ethyl acetate (25 mL) was 

added and !ltirnng <.:ontinued for 5 min. A ~imple filtration through silica gel afforded 401 

mg of an lI11pUre hqUld product (a second more polar spot was detected by TLC). Flash 

chromatography affordt:d 330 mg of pure matenal (PhCH20CH2CH=CH2, 90%); IH nmf 

gave: 7.35 (m, 5H, Ph), 5.9S (m, =CH), 5.32 (d, =CH2), 5.22 (d, =CH2), 4.55, 4.05 (d, 

(112)· 

n-llexylbenl.yl Ether with Silver(I) Fluoride. A flask was charged with 1-

iodohexane (348 mg., 1.65 mmol), tributyltin benzyl ether (15, 590 mg., 1.48 mmo!), 

silver(l) fluomle (dned at 500C ovemight under vacuum, 0.5 mm Hg), dibenzo-24-crown-8 

(95 mg., 021 mmo\) and acetonitrile (15 mL). The flask was heated at 750C for 2 days. 

The !loi vent wali removed and the mixture filtered on a short column nf silica gel using pure 

cthyl acctate as eluent. An lmpure product (366 mg.) was flash chromatographed wah 10% 

EtOAl:/90lJf hnane Fmally, 47 mg of slightly impure n-hexyl benzyl ether (as determined 

by lH NMR) was obtained. lH NMR revealed tht> major signais of n-hexylbenzyl ether 7.36 

(01), 4.5 (~), 147 (t), 1.6 (m), 1.3 (m), 0.90 (t). 

n-lIcxylbenlyl Ether with Cesium Fluoride. Cesium fluoride (856 mg., 5.64 

mmol) was tlame-dned under hlgh vacuum iIl a tlask and cooled at r.t. under a stream of 

argon. DlbenLO 24-crown-8 WaS added in a latalytic amount (19 mg., 0.042 mmol) followed 

by I-methyl 2-pyrohdmone (15 mL) and tributyltin benzyl ether (15, 1.00 g., 2.52 mmol); 1-

iodohexane \SgS m~., 2.77 nmlOl, OA1 mL) was injected in the flask using a syringe. After 

stirring at R.T., a yellow color appeared within 10 to 15 min. Stirring continued for 24 h. 

Fina.lly, ctha (100 mL) and water \ 100 mL) wer\.'" :ldded; the ethereal phase was washed 

furtht>r wah .3 '( 30 mL of water. If needed, a filtration on ceHte could be canied out to 

remove msoluble organoun tluoride. The organic phase was dried l!sing Na2So.v'MgS04. 

A filtratlOn through a short column of silica gel using EtOAc as eluent was carried out 

followed by a flash chromatography using a gradient of hexane (100%) increasing to 10% 
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EtOAc. The product can be visualized on TLC while heatmg using a spray mixture 

developed in our lab: 30% H2S0V5% HN03 in water; tH NMR 7 34 (m, 5 H); 4.51 (s. 2 H); 

3.48 (t, 2 H); 1,62 (quintuplet, 2 H); 1.31 (m, 6 H); 0.89 (t, 3 H). 

Formation of Symmetrical Selenides 

Preparation nf bis(Triphenyltin)selenide (5). A 250 mL tlask. tlamed amI cooled 

under a nitrogen stream, was charged with a commercial solution of lithium bOfllhydride 1.0 

M in TIlF (105 mL., 0.105 mol). The flask was placed in an ice-bath and fmdy cmshed 

selenium pellet'i (3.95 g., 0.050 mol) were added in small portions. A tJrown-red colm 

appeared upc)O addition and hydrogen was libeI"dted ta finally give a white milky Ilu"ture 

The reaction mixture was surred for 5 min and then wanncd up to R.T. StlITlIlg W.IS 

continued for 2.5 h. Up ta this point, this procedure is essentially that reponed by Gladys/. 

18. Triphenyltin chloride (36.62 g., 0.095 mol) was added in one ponion followcd by 

anhydrous THF (90 mL). The reaction was stirred vigorously ovcrl1lght wrapped wlth an 

alluminum foil to prevent !ight-induced reactIons. Thls sequence is ûmtlar to lllat repont'd 

by Detty with sorne ')ilicon analogs45. n-Hexane (100 mL) was added in order to prcclpitatc 

lithium Îhloride; the mixture was filtered on a pad of celile (under a vigorous flow of 

nitrùgen from a funnel). Caution! highly toxie fhSe is immediately libcratcd in ('(tntact wlth 

air. The soivent evaporaiion was carried out in a fumehood. The crude 

bis(triphenyltin)selenide (5) was dissolved in TIlF (60 mL) and ubsolute ethanol (200 mL) 

was added slowly to crystallize the white product. A filtration under atmosphcne conditions 

afforded white crystalline (not highly odorous) bls(tripheny'tlO)sclelllde (S, 2x.33 g., 0.036 

mol)m.p. 147.0-147.5 oC (lit. 148oC45); It9Sn NMR 79.13 (s); l3e NMR 136.54; 129.29; 

128.52. The mother liquors were evaporated to dryness and triturated with absolute cthanol 

to give 2.32 g. of additional bis(triphenyltm)selenide (5); combmed yield: H3% 

Di.(2·phenethyl) Selenide46. A 50 mL flask was chargcd wlth (2-

bromoethyl)benzene (153 mg., 0.83 mmol), bis(triphenylttrJ)selenide (S, 345 mg., 0.44 

mmol), 18-crown-6 (50 mg., 0.19 mmol) , tetrahydrofuran (3.0 mL) and acctonitnlc (X.O 

ml). The mixture was stirred for 5-10 min.; ce~lUm fluoridc was added in one portIon (1.0 

g., 6.6 mmol) and the foil-\Happed reacuon !\tîrred vlgorously for 1 h at 40<>C. The ... olvent 

was evaporated and the mixture taken up in pure cthyl acetate. The in~oluble IInpuritlc"i 

were filtercd on celite. A flash chromatography using 5% EtOAc in hexa:lc gave a colorlc\s 

liquid corresponding to di(2-phenethyl) selenide (107 mg., 0.37 Olmol; X9% 

yield)homogeneous on ne (5% EtOAc!hexalle); IH NMR 7.23 (m, 10 Il), 2.88 (A2B2 
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system, 8 H); M.S, (C.1. based on 80Se) 291 (M+l); nc NMR 128.57, 128,46,37.30, 

25.10; TLC showed one major spot (Rt"= 0.70 in 10% acetone!90% hexane). 

Di~n-hcx)'1 Selenide from I-Hromohcune. 1-8romohexanc lJ47 mg, 1.10 I11mo\), 

18-crown-6 (30 mg., 0.11 mmol), cesIUm flllonde (1.26 g, 829 mmol) and acelollltnic (10 

mL) were placet! 111 a ":0 mL f1a~k A solution containing bl~(tnphenyltl!l)sekl1lde (5, 779 

mg., 1.00 mmoi) and tctr.lhydrofuran (6.0 mL) W.lS lIlJceted 'Ilowly over 45-50 11H11 uSlIlg Il 

glass syringe. The reaction mIxture wa.., heated at 480C dllnng thL- addition 1'0 cll"un' 

maximum eonver~ion, the reaC(lOil mixture was slIrred for an .\ddlllllllal 45 I11m. 

EvaporatIon of the ~olvent followed by a filtraunn through a ..,hoIt column of "Ihe:! gr! \I\mg 

pure cthyl acetate as eluent affOIded 239 Illg of a coloIlc:>" hqulli \·OIll· ... pundlllg 10 thn­

hexyl selel1lde (960;, yicld) III Ni\IR 2,~3 ~t, cl Il); 1,6S (quinturlcl, 4 Il); 1. ,0 (m, 12 Il), 

0.87 (f, 6 fi), MS \111/l n-j illtèl\"'lti,:~) 250 emSc, M"!', 15), 2·lX t'HSe, Mt, 4) lt'(l (\9),165 

(24),164 (7), 163 (~), ~5 (31), H·t c25), H3 (22), 6Y (14), 57 (\4),56 (34),55 (31),44 (7),43 

(100),4207),41 (43),:N (16), 32 (24),29 (47), 28 (61), 27 (45). TLe showeù olle major 

spot (Rr= 0.85 ln 59t EtOAc/95(,)v hexane). 

Di-(4-aœhr\ybutyl) Sclcnide from 4-Bromobutyl Al·ctate. This is csscntially the 

same procedure a) tle"cnbed for di-n-hcxyl sclcnide from I-bromohe xanc hut uSlIlg the 

following cbemÎ\;als: 4-bIOlllobutyl acctate (400 mg., 2.05 lll111(1), Im(triphL'lIyltmheklllùc 

(5,779 mg., LOO mmol), l,<:~illm ill/onde (1 04 g., 6 X5 mmol) ilnù aCelOflltrlle (15 mL). 

Dibenzo-24-crown-8 (90 mg, 0.20 11111101) WiI'i lI~ed as pha~(~ trall,,!er cataly..,l The slow 

addition of the oq;anotll1 ~eknide n.:agcnt dl"''''O!vcd III TIll, (6 () mL) look 70 Illlll al 360C 

and the reaction mIxture wa~ further :-.tmcd for 50 Illl/l to cmure Illil XIll1t1ll1 COll Vt:1 ~IOII of the 

starting material. DH4-aceloxybutyl) )ckf1Jde Wd.., ohtal!lcd ,t~ a colorie..,,; IIqllld aftcr 

filtration through a ~hort (Olllllln of ~Illl:,1 gel UOO mg , ln (Ii, Yldd). 111 NMR 4 07 (t, 4 

H); 2.58 (1,4 Il); 205 (Il, 6 Il); 1.73 (m, H 1 I) MS. (miL rel. lIltt:n~1l1cs) U(> (1 ~), 1 c~') (10), 

115 (17),85 (4),73 (8),71 (\5), ül (5),57 (5),5<> (17), SS 0'),54 (10),41 (I!lO), 41 (15), 

39 (11), 29 (17), 28 (24), 27 (10); Ile NMR 170.9H, 637t), 2H.7H, 27 14, 2129,2091, 

TLC on silica gel ~Slf1g 10% ac('tom;j9()(I~' Ill.~xane :-.howed one major "'pot (Rf - 0 2'1). 

Di-n-hexyl Sclcnidc from l-(p-Tolul'nl'~ulfon'yI)-n-hl'xanc. A dned 50 mL f1usk 

was charged with bis(tnphenyltin) ~ek!11dc (S, ()2? mg., 1 1 f{ 1l1l1lO!), I-(p-tolul'ne,>ulfonyl)-n­

hexane (607 mg., 2.37 mmol) IJrepaœd In the :Jtandard way47, IX-crown·6 130 mg., 0.11 

mmol), acewI1ltnle (16 mL) and THF (6.5 mL). CC~lUm fluonde wa,> addcd In one portion 

(546 mg., 3.59 mmol) giving a bnght yellow color. After bcmg ~lllfed for 3 h at R.T., the 
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solvenl was evaporated and ethyl acetate (30 mL) was poured into the flask. Stirring was 

continued for a few more rrun at R.T .• then filteied through eelite. then on a short column of 

silica gel usmg cthyl acetate as eluent. A flash chromatography on sllica gel using 3% 

EtOAc/97% hcxanc affon.led 90 mg. (027 mrnol) of dI-n-hexyl dl~elenlde; 1 H NMR 2.92 (t, 

4 H); 1.73 (qUintuplet, 4 H); 1 32 (m, 12 H); 0,90 (t. 6 H); MS. (m/z rel llltensnies) 166 

(17), lM (4), S5 (30),84 (20), u9 (20),57 (53),56 (49). 55 (37),43 (100),42 (44), 41 (67), 

39 (35), 32 (22), 29 (63), 28 (85), 27 (56) and di-n-hexylselemde "1 70 % yield based on the 

IH NMR ~lgnal at 2 52 ppm compared to the lhselemde signal at 2.92 ppm. 

Di-(I-phcncthyl) Sclenide from (l-Hromoethyl)bcnzcnc. Cesium fluoride (582 

mg; 3.83 mmol) wa<; added to a i1.lsk and the latter was flame-dned and cooled under a 

stream of argon Olbcnzo 24-crown-~ wJ.s added in a catalytle amount (39 mg., 0.087 

mmol), follownl by aœtollItnle (lb mL) and the 1I1]eellOn of (l-bromoethyl)benzene (379 

mg., 2.05 mmol, 02X mL). Wnh the use of a ~ynnge pump, a solution of 

bl~(tnphellyltInhe1en;de (779 mg., 1 00 mmol) Hl 'Il IF (6.0 mL) was added over 1 h. The 

mIxture wa~ healt:'d to 40'>C dunng till'> aJdmon and then for 40 h; 70 mm after the addition 

of the t-IoJ111tk, a sample taken frtlm the mixture inùicated a 42% convc_ ... ion of starting 

matenal by 11 [NMR. After 40 h, the solvent wa'i evaporated and pure ethyl acetate was 

aÙlbl. The I~s!due was pa::,~cù thlOugh a short column of slhca gel u:-,ing only eÙlyl acetate 

as eluent III NMR mdlcated 67% ù\J1ver::,ion into di-(1-phenethyl)selemde as a pair of 

I.hastcœOI\OIllt:f<;· III NMR 7.26 (Ill, phenyl); 3.89 (q, Se-CH); 3.84 (q, Se-Cl!); 1.72 (d, 

CH3), 1.60 td, CH]) 

c-c Bond Formntion 

D,L 2-phcn) Ipropionaldehyde with Tetraallyltin (9). d,1-2-Phenylpropionaldehyde 

(53& mg., 4.01 ml11ol), DMF (10 ml) and ceSIUm fluoride (3.38 g., 22.3 mmoI) were placed 

in a 50 ml. f1a\k. TClraaIlyltin t (), l.25 g., 4 35 mmol, 1.04 mL) was injected using a syringe 

wlthin 5 111111. Alter h.'mg stlrred for 3 h al R.T., T.L.c. (20% EtOAc:80%, hexane) showed 

almost complete ctlllVCrSlOn. Attcr 1.7 h, d!cthyl ether (60 mL) and bnne (45 mL) were 

addcd and the pll'nplt:ltc fOnJlt.:d wa~ tïltereù thmugh eelite, and the ethcrcal pha~e wa~hed 

ful1her Wllh watcr (3 x 20 mL) and dncd wlth Na!.SO.i,. rla~h chrornatography on ~1I1ca gel 

(uslI1g 20',;;, EtOAc/ SO% hexane) afforded pure 4-phenyl- I-pcl1tcn-3-ol t602 mg .• 3.42 

mmol) 111 85(Yc, yldd based on the aldehyde as a paIr of dlastcreOl~omer:-. tdetermmed by Hl 

NMR); hOl11ogcneous on TLe; III NMR 7.27 (m. 5 H), 5.83 (m, 1 H), 5.15 (m, 2 H), 3.75 

(m, 1 H), 2.S0 ,q. 1 H), 2.13 (m, 2 H), 1.38 and 1.32 (2 pairs of doublets (2.4: 1 0»,3 H) MS 

(m/z rd. lI1tensity) 176 (Mt, 1),135 (24),117 (21),107 (24),106 (100),105 (66).104 



(9), 103 (9), 92 (10), 91 (60), 79 (35), 78 (27), 77 (36), 71 (23), 65 (6), 57 (29), 51 

(32), 43 (89), 41 (27), 39 (41), 29 (24), 28 (72), 27 (23). 

I-Phenyl 1-methyl 4-pentenc 2-01 from Phenylucctone und Tetruullyltin4S• A 

flask was chargcJ wah ct'slUm nuoride (1.20 g, 7.90 I11mol) ,\Où then tlamt'-dned under l11gh 

vacuum. Artef cooling with a ~tream of argon, aCl'lol11tnle (95 ml.) and DMf (0.5 mL) 

were added. T11en fre~hly dlstIlled pheny lacctone (21 () mg, 1 61 mmol, 0 22 mL) was 

injected followed by tetraallyltm (500 mg, 1.77 1ll11lOI, 0.42 mU. The reaCllon \lU xture was 

heated at 55-60oC for 8 da~s under argun. AcclOIlltnle was evap.mlted ,tnd DMF removed 

using high vacuum. Ethyl aeet,He \\las addrd to the fl'Slduc winch \\i,IS then lïltclcd through 

a short column of slltca gel. f1a~h chmmatography u-.lIlg 10% aœtonc! 90c!t) hC~\.llI1c 

provided d,I I-phenyl 2-ll1èthyl-4-pentcne 2-01 (45 mg; l(l(;{, yield b.l~cd Ol! phcnylacl'tonc), 

I.R. (neat) 3600-3250,3060,3030,2975, 2l)lO, ~9(){), 1640, J·19'), J,l'iO, 1010, 1000,910, 

760,700. IH NMR 7."'..7 (m, 5 Il), 5.95 (m. 1 H); 5.20-5.10 (Ill, 2 Il),2.77 (d, 211), 2.25 (d, 

2 H); 1,15 (<;, 3 II); M.S. (mil rel. lIItensllies) 176 (Mt ,0.2), 158 (03), 135 (40), 117 (26), 

115 (16), 107 (20), 106 (100), 105 (59), 104 (37), 103 (26),92 (29),91 (H7), 79 (24), 7X 

(36),77 (44),71 (20),65 (17),57 (41),51 (24),43 (76), 41 (43),39 (3D), 29 (25), 2X (20), 

27 (28). TLC gave a single spot using acetone/hexane or ethyl acctate/hexane systems as 

eluents. 

I-Phenyl 4-pentync-3-ol from d,1 Phenylpropionaldchydc and Elhynyltributyltin. 

Cesium fluoride (885 mg., 5.83 mmol), and NMP (8.0 mL) were placed 111 a 25 mL tlask. 

EthynyItributylun (500 mg., 1.59 mmol) and d,l phcnylproplOnaldl'hydt' (200 Illg, 1.49 

mmoI, 0.20 ml) wcre added by synnge lf1 one portlon The IlllXTllIl:' wa" '.tllll'd ;It 440(' for 

90 h. A bnght yellow color appe,tred Ilr<.,( and turnt:d to orange over lIIne '·.thL'1 (50 mL) 

and water (50 ml) were finally added The t:lhereai phase was wa..,hL'd wlth 3 x 15 ml. of 

water and dried on Na2S0.1 l'lalih chromatography U'>llig 2(YJt) cthyl ,tCCWL' III hexane gave 

no significant amount of the deslreù a1cohol a~ oetenmneù by lH NMR Several tractIons 

revealed the presence of the tnbutyltm tl10lcty as weil as the con~umptIon of the aldehyde; 

however, no attempt was made to hyùrolyze the possible IfItermeùJate tin oXlde. 

I-Phenyl-4-penten-2-one from Phcn) lacet yi Chloride and Tctraullyltin. Cesium 

fluoride (613 mg., 4.04 mmoi) was placed ln a 25 mL fla-.k and flamc-dned and cooled 

under vacuum, Then I-methyl pyr.ohdmone (8.0 mL) was added, followed by phenyi acetyl 

chloride (0.21 ml; 249 mg., 1.61 mmol) and tetraallyItin (0.42 mL, 500 mg., 1.77 mmol). 

The reaction was stirred vigorously at R.T. for 20 h. A milky appearance denoted the 
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fonnation of organotin fluoride after a few hours. Ether (100 ml) was acided followed by 

brine (75 mL). The ethereal phase was washed further with brine (3 x 25 mL) and dried on 

Na2S04/MgS04. Flash chromatagraphy on silica gel using 15% acetone in hexane as eluent 

gave pure I-phenyl-4-penten-2-one (196 mg.; 76% yield) existing mainly as the enol fonn 1\S 

indicated by I.R. (neat) 3560-3400, 3075,3030, 2920, 1640, 1495, 1455, 1365, 1080, 1030, 

1000,914, 700, lH NMR 7 29 (m, 5 H); 5.87 (m, 1 H); 5.2-5.1 (m,2 H); 2,80 (s, 2 H); 2.24 

(d, 2 Il), M.S. (m/z rel. intensity) 160 (Mt,8), 129 (1), 105 (15),92 (28), 91 (100),77 (12), 

69 (23), 41 (41). 13C NMR 137.18, 133.79,130.73,128.23, 126.54,118,86,73,49,45.41, 

43.50. Single spat on TLe using acetane/hexane or ethyl acetate/hexane systems as eluent. 
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CHAPTER4 

FLUORODEMET ALA TION REACTIONS 

The scope and mechanistic considerations of the tluorodestannylation methodology 

have been reported in chapter 3 for organoun oxides and selcmdes. ln ~hupler 2, wc brict1y 

introduced the fluorodestannylati/)n reactions applied to organotin sultïdes lt i!. now the 

purpose of this chapter to extend this reactlon to other group 14 melals and tn repon the full 

sc ope and limits of thiS method with organotl/l sulfides. 

As an extension of the fluorode~tannylation technique, n is appropnate to lI1vestigate 

sirnilar reactions wah fluoride ions whlle chang1l1g lin to gem1anlllm or lcad. This chapter 

will thus introduce the tluorodemetalation concept wlIhll1 the group 14 (SI, Ge, Sn and Pb). 

Organogermanillm, -tin and -lead ~mlfidcs Will be used as probe 10 ll1VeSlI~ate thl' general 

approach of using fluonde ions for n:leasing amons (sulfur aillons hcre). This section Will 

show the first tluorodegennanylation and tluorodeplumbylation reactions 

Several questions still remain unanswered about the mechamsm of the 

tluorodestannylation reaction. This chapter will thus bring new insights about the 

mechanistic aspects WIth the aid of variable-temperature 119Sn and 19F NMR spcctroscopy. 

Although pentacoordinated intermediates have been thought 10 be involvcd in 

substitution at Un, the results presented in this chapter are an10ng the first spectrosCOplC 

proofs of their existence. 

The chapter 4 was mainly taken from a manuscript sent for publication (Gmgras, M.; 

Chan, T. H.; Harpp, D. N. submitted for publicatIon). Again, the whole literature search of 

references, the writing of this article plus the laboratory work are the results of my personal 

effons in this thesis. Professors Chan and Harpp aSSISted 10 the revislOn of the manuscript. 
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4.0 NEW METHODOLOGIES: FLUORODEMETALATION OF 
ORGANOGERMANIUM, -TIN AND -LEAD. APPLICATIONS WITH 
ORGANOMETALLIC SlJLFIDES TO PRODUCE HIGHL y ACTIVE 
ANIONS AND SPECTROSCOPIC EVIDENCE FOR PENTA VALENT 
INTERMEDIATES IN SUBSTITUTION AT TIN. 

Ab~tract: The Rl'neral ('ont't!{Jt of j7uorùdcmetalatlOn IS tllustrated wuh three novel 

methodo 1o}! ie,l l' luonde IOn ;-,moorhly demera/ale;-, orgwwgermanium, (ln and lead su/fides 

under m4/d und nt!wraJ conduwn;., to ltberare SOflU' ('4 the most active nucleophillc su/fur 

speC/e;-, knowl/ 10 dale. More lfIlereslmgly, (heu' h/sll reUel/Vlly seems to he ù dnving force 

for prl'parlfll-: .len.lll/ve macroC)'c/IC ,;uJjiJc;-, whcre usual method.~ fad Scven different sulfur 

Iflln.\fl'T a}!l'n[.~ dt'rl\!ed from group 14 lire w.ed to demi nsrrmc j7uorodemt'wlarion. The 

rea('lwn.~ oj j7uorOl:l'plllmhylarlOn and fluoroi/l'gemwnylatwn are presenlf>d for the first 

lime alon}! Wllh a dI.ICu.\.llon of thelr po(enlw! U.\t'S Irl Chi'tlllSzry. The .\fully of fluoride 

.\Ource.\ (H dmll'w!allng agent.\, soIVelll,\, ,\Ub.\tIlUl'fllS and !)UhitratC!) variatlOll is reparted 

Ml'chllfll,IW' and klfll'tlC ll,\pt'ct~ (>.1 j7uorodemetalatwn art' a/so dtuu;.,sed. In addition, we 

pre;-,enl a .1{JeClr(}.\('(){Jlc eVldence for a pcnlllc()ordulllCCd inrermedwte lnvùlved in the 

medUlIll,lnl of .luh,\tltUlWIl al lin hy Ihe use of lmi' temperalUre 19F and lJ9Sn NMR 

specrros('opy. Th 1.\ rl'wjorces the wlde/y propose(/ mode/ for reactlOn of subHitutian in 

group /4 Furrhcrmorl', we propose that the meral proximity efiect on a charged anton will 

increase the nucleoplll/icity of the Jarrer in Ihe absence of severe stene hindrance by 

.mhsriruellls on rhe meral. 

4.1 Introduction 

Organotins are widely used for industrial applications l . While there have been sorne 

investigations on organotin sulfides, thelr detailed chemistry has not been significanùy 

cxplorcd. Early in this century, bis(trimethyltin)sulfide (1) was discovered2 but remained 

unexplOited. In 1992, Stehou and Mral11 were the first to use bis(tributyltin)sulfide (2) as a 

potenual rt~agènt for making thlOketones.3 LateT in 1985, the y reponed preliminary results 

for making thiocthers.4 In the saIlle year, Kosugi discovered a palladium-catalyzed reaction 

with this rcagent.5 

Rccently, w~ reported thut (2) is useful as a general sulfur transfer agent for the high­

yleld synthesis of thioethers and related derivatives, albeit under forcing conditions.6 

Finally, we briefly communicated that fluoride and cyanide ions attack organotin sulfides 

and smoothly liberate the corresponding sulfur ligand as one of the most powerful 
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nuc1eophilic sulfur species known to date:' This reaction was achievcd in mi/cl and "L'mml 

condirions, without the need of any kind of base. Despite the fnet that severnl methoJs are 

known for making sulfides, fluorodestannylauon represents a real Hnprovemcm 111 thls Itrea 

because of the neutrahty of the medium, the mlldncss of the conditIons and tntcre'\tlngly, thr 

high reacuvlty of the sulfide 1011 relcascd. 11w, IIltngU1I1g n:actlVIty has bcen exploited hy 

two different groups US1l1g Ihls meth(xinlogy Sll1ce cldS~IC procedllrt"~ had faded H The fa"l 

rate of the se rl'actlons favo13 the formation of IlldcfCx.,yrlIc ~ulrldes and the l1uld and neutral 

conditions could open new synthetlc routes 10 thtacrown-ethcrs9, cydophanes \0 and 

sensitive orgamc slIlfurared products ~uch as pcmcilhns. thlenal11ylln~ and other 

carbapenems. This new sulfllf tran~ter agent Imght also find some uses in the syntheMs of 

the sensitive esperaI111cin A 1 and neoçarllnostatlI1 chromophore-A. 111cse antllumor and 

DNA cleav1I1g agents are CUITent, popular synthetic targets Il 

We were among the first groups to report the feactlOn of 

fluorodestannylation 12,13,14,lS. ThIS article will focus mall1ly on the techmque of three 

novel methodologies of fluorodemetalatlon and on the speCial reaCtlVily of the sulfuf ions 

released. The sulfur chemb~y and the products of the rCdcllons will mamly serve 10 

evaluate the llsefulness and the potenual of the fluonx1emetalatlO/1 concept A complete 

study of fluoride ~ources, solvcnt~ and substltucnt effects (e:-,pcclally wllh organolins) arc 

reponed. We already demon~trated the general and wlde aspect of thls new techl1lquc fOf 

liberating naked anions from organotm oXldes, organotlfl ~elcflldcs and tctraorganoul1s. 15 

Scheme 1: Fluorodcrnctalatiun 

M= Si, Ge, Sn, Pb 

Due to the importance of organotins acting as a "group 16 (VIB) transfer agents" in 

the presence of fluoride ions, 1 5 we want to generalize the methodology of 

fluorodemetalation by reportmg the flfSt use of fluorodegennanylation and 

fluorodeplumbylation. In organic synthesis, organogennanium reagents are practically 
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nonexlstent. 16 Only triphenylgermane IS a weil known reagent in radical reactions l7; their 

use is relauvely rare in lOdustry as well. 18 In organolead ehemistry there are a few 

important rcagents 19; lead te traace tate ,20 allyl trialkyllead,21 sorne lead salts,22 

triphenylplumbyl melhyllilhlum or bl~(tnphenylplumbyl)methane.23 They constitute the 

limited number of organolead toob available in organic synthesis. 

For pracl1cal purposes, the handlmg of hlghly hygroscopie, smelly and much less 

reactive Na2S.9H20 is avoided since most of these organometallic sulfides used in our study 

(Figure 1) are not odorous, the y are often sohd or hquid with high boiling point and are 

easily made or commercially avallable (vide jrifra))4 A further advantage is that they are 

soluble lI1 many organic sol vents, in contrast to the insoluble and less reactive Na2S.9H20. 

Figure 1: List of Sulfur Transfer Agents 

Ph3Ge-S-GePh3 

4 

B u3Sn-S-SnBu3 

2 

Ph3Pb-S-PbPh3 

5 

Me3Si-S-SiMe3 

3 

Mechanistic aspects of fluorodemetalation and partial rate studies (especially with 

tin) aided by a low tempe rature multinuclear NMR studies using 119Sn, 13C, 19F and IH 

NMR are included, since not much is known about these reaetions. Several kinetic studies 

have led 10 the assumption that pentacoordlI1ated species are involved as intermediates in 

mli.tY organotin reactions.25 We wIll then present spectroscopie evidence for a 

pentacoordlllated intennediate involved in the substitution at tin as deduced by low 

temperature 19F and 119Sn NMR spectroscopy thus confirming the proposed model of 

substituuon al un.25 Conclusions drawn on fluorodemetalation will have general 

implications on other chemistry involving group IV metals. 
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~esults and Dis.russion 

4.2.1 Synthesis of Organotin, Organogermanium and Organole~d Sulfides. 

There are numcfùUS, wcll-estabhshed procedures for the preparanon of organot1n 

sulfides.26 From a practical point of Vlew. wc st'lect~d only thosc that an: tht.' most 

convenient to carry our. Bis(tnbulyltmhulfldc (2) wa~ ~ylltheslled accOIdlllg to li 

modification of the procedure of Midgal. 27 Other organotlI1 sultidcs arc prcpared in the 

same way Jsing the appropnatc organl)tm chlondc: (aH commercmlly availablc). The simple 

and practical procedure shown in equation 5 WolS also rcasonably sw:ccssful wlth 

organogennanium chloride (53% yicld) and organolead acetatc (~O-90% ylcld). 

Tributyltin benzyl sulfide (9) was prepilred lISlI1g WIlkmson's catalyst in the presence 

of tributyltin hydnde and bcnzyl mercaptan wlth excellent yleld and punty,::'H 

(Eq.S) 

M= Ge, Sn, Pb x= Cl (or OAc with M= Pb) 

4.2.2 Fluoride EtTects. 

As can be seen in Table l, the fluoride effect in fluorodcstannylation provides a 

general decrease in reaction time and an increase 111 yields compared to the same reaction 

without fluoride ion. The magnitude of the difference 111 the rate is significant and becomcs 

the most imponant reaction panuneter to bc comldered Hl this work. WIthout Ill/onde, we 

previously demonstrated that hlgh temperaturcs and long rcaCllon limes (IO()OC, 24 h) are 

requifP.d to achieve a good conversion of sulfide wh Ile using poorly or non-acllvatcd halJdcs 

with bis(tributyltin)sulfide (2).6 The addltion of fluonde reduced the reaclion tune to 1 hour 

or less for most of the substrates. The low nucleophlhcity of the fluonde ion makes il 

excellent to use in SN2 type reactions, aVOld1l1g any competition WIth the nuclcophilic ligand 

liberated from tin. 

This strong fluoride effect was also observed for organolead sulfides where 111 the 

absence of fluoride ion, the reaction rates are usually too slow ta be useful for synthetic 

purposes. As an example, bis(triphenyllead) sulfidc (5) is relatively inert toward ben~yl 

bromide after 4 days at 200C in DMF (see Table 1). However, a drastic change resulted 

when cesium fluoride was added: after only 5 h, it was possible to isolate the corrcsponding 

sulfide in 67% yield. Bis(triphenylgennanium) sulfide (4) showed a simllar tluoride effect. 

.L-____________________________________________ ___ 

96 



1 

.. 

Table 1: Fluorlde Effect ln FluorodemetalatloD 

Substrates 

(BUSSU)2S& 

PhCOCH2Br 

PhCOCH2Br 

PhCH2Brc 

CH3COCH(Br)CH3 

(PhsPb12S 

(PhSGe)2S 

CH3(CH2)"CH2Br 

Wlthout fluorlde 

Ilmelhl Yieldl%)b 

24 71 

Il " 

22 17 

78 Oc 

96 5 

24 >1 

Wlth Ouorlde 

T1me.(h) Yleld(%)b Fluor1de 

<0.3 100 TBAF.3H20 

1.0 98 CsF 

0.8 85 TBAF.3H20 

24 75 TBAF.3H20 

9.5 67d CsF 

10.0 6()e CsF 

al Reaction conditions. 20OC. DMF IEtOAc (5: II, hallde (2.00 nunoll, b1s(trtbutyltlnlsulflde (2, LlO mmoll. 
nUOIide. CsF (excess) or TBAF.3H20 (2.10 mmol), same concentration of eaeh reagent for aIl cUfferent 
reaetions: bl lsolated ytelds: cl not usual reaeUOns conditions: CHCl:3 reflux (61OCI. d) reactlon conditions: 
200c, DMF. haUde (2 00 mmol), blsltrtphenylleadlsulflde (1.05 mmol), cesium fluorlde (480 mmol) and IBC6 
(catalytlcl. e) reaetlon conditions. f..5°C, DMF/TIiF (1.41 b1s(trtphenylgennanluml suUlde (4. 100 mmoll, 1-
bromohexane (2 00 mmol. l8C6 IL",t 1. CsF (58 rnrnol) . 
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In the case of l·bromohexane and fluoride ion, the symmetrical sulfide was isoll\ted in 80% 

yield in 10 h. 

In the organosilicon case, it has already been shown by Abel and co-workers29 that 

strong heating at 1600C for 100 h was reqUlred to react I-bromooctllne with 

bis(trimethylsilyl)sulfide (3) for the fonnation of di-n-octyl sulfide (72% ykld). ln our 

methodology, the reaction took place at 200C wiùlÎn a few minutes with cesium nuoride. 

For example, we found that hexamethyldisllthianc ~3) fomled a 2.3: 1 mixture of 

monosulfide and disulfide when treated with fluoride in the presence of halide whereas the 

tin analog gave a quantitative yield of monosulfide under the same conditions. 

F-
2 CH3(CHûsBr + Me3Si·S·SiMeJ ••••••• > ·S· + ·S·S· 

3 (2.3:1) 

F-
2 CH3(CHûsBr + BU3Sn·S·SnPb3 ••••••• > ·S· (·Àl·l) 

2 (99%) 

Fluorodegermanylation gives exclusively monosulfide when the reaction 

parameters are controlled properly (Eq. 3). Fluorodeplumbylation gave an Isolable 

intermediate triphenyllead hexyl sulfide (6) that is slowly transformed into dl-n-hexyl 

sulfide (Eq. 4). 

1<'-
2 CH3(CH:z)sBr + Ph3Ge·S·GePb3·······> ·S· 

4 (80%) 

F-
2 CH3(CHûsBr + Ph3Pb·S·PbPb3 ••••••• > Pb3Pb·S·(CHûsCH3 + ·s· 

5 6 

ratio: 5.7:1 

98 



From these resulls with sulfur, il appears to us thal the fluorodemeralation reactions 

of germanium and lead could open wide fields of tota/ly new synrhetic procedures involving 

Ge-O, Ge-Se, Ge-Te, Ge-C, Pb-O, Pb-Se, Pb-Te and Pb-C bond c/eavage reactions under 

mild and neutral conditions, ln the presence of fluoride ions. New ways for generating 

nucleophlle~ could be envisaged because oflhe high affintty offluorinefor these metals.30 

Cyamde Ion also decreases the reaction lime for the formation of sulfides from 

organotin sulfide~. Although the magnitude of this effeet is less pronounced than for 

fluorlde, li is useful where fluoride cannot be used in a synthesis, e.g. if a silyl ether is 

pre~ent as a prolecuve group Hl a specifie ~tep. Thus, WIth cyanide, slightly higher 

temperaturet. are rc4uIred ta attam a good yield of sulfide. For aC!lvated substrates, it 

appears 10 be as u~cful a.., tluonde (~ee entry 4 in Table 6 and entry 3 in Table 3). Because 

the best ret.uIts werc obta:ned with tluoride in the tin case, we did not study 

cyanodernetalation wtth gennaHlum and lead. 

4.2.3 Solvent Effects. 

In general, the second most important parameter with fluorodestannylation appears to 

be the solvent WIed. The rate of formation of sulfide using bis(tributyltin)sulfide (2) without 

fluoride lInder vanou:-. ~olvent conditions follows the following qualitative order: 

DMF/EtOAc (5: 1) > ClljCN > CH2Ci2 (cat. DMF) > EtOAc = CH2Ch = CHeI3. 

Essentially the ~amc ordcr is fullowed when nuoride is employed. 

Wlthout tluonde ion, a qualItatIve rate effeet has been deduced from the reaction time 

for Identical substrates under Identical conditions (referenee synthe sis). We concluded 

previously that the rcaction IS sensItive to the ionic strength of the medium.6 Although DMF 

and acctunitrile have roughly the same dielectnc constant (DMF: 37D CH3CN: 390 at 

250C)31, wc ob:-.erved dlffercnt rates wllh vanous organotins. ThIS can be rationalized if we 

assume that "iolvent coordinatIon on tin IS important; this was demonstrated by a 119S n 

NMR study. When bIs(tnbutyltin)sulfIde (2) (CHCl3. 200C) is used as a standard reference 

wlth the concentration mcntloned, we obtained a shghtly dlffcrent shift of the 119Sn signal 

in DMF and 111 CIl3CN for an identical number of mmol added to the reference system; 

DMF complexes or solvates bis(tributyltin)sulfide (2) more strongly than CH3CN at the 

same concentration. A broad 119Sn NMR signal or signal enlargement resulted when adding 

DMF to the reference sample demonstrating a labile DMF-Sn complex fonnation. 
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The complexation effect with sol vents is eonsistnt wah the observed reaction rates 

using fluoride of cyanide ions in acetonitnle or DMF. lt should he noted that the trend of the 

solvent effeet on the rate of sulfide formation with and without fluoride favors DMF over 

CH3CN. The solvent is still very lmponant even in the presence of a potential complcxing 

agent sueh as fluoride ion. 

For organogem1anium and organolead sulfides, we briefly investlgated the role of 

solve nt and found that DMF still has a strong effeet on the reaetion rate even if used us a 

minor eo-solvent with THF. Because of the insolublhty of the triphenyllead or 

triphenylgermamum groups in many solvents (sllch as acetonitrile, hexane, acetone) cou pied 

with the more difficwl work-up usually assocIated WIth DMF, we u~ed tetrahyùrofuran as 

the main solvent with success. This latter solvent was chosen by Glady~z in the rcactlon of 

triethylborohydride with elemental slllfur for generating Li2S.32 

4.2.4 Substihlent EfTects. 

Several organotm sulfides of the fonn R3SnSSnR3 were mvestigated whcre R 

represents a phenyl, but yI or methyl substituent. Table 2 demonstrates that for Identieal 

reaction conditions, the substItuent l'ffeets ean be considcred to be ncgligible comparcd 10 

the solvent and the fluoride effcets. The ob~ervat1on of a slighl "uh~li!lIent cfree! IS 

described quahtauvely as: (BU2SnS») .> -:. (Ml' ~SnhS -: (Bll,Sn)2S ;> (PlqSIl)2S. It should 

be noted !hat thlS cffect can be call~ed by a plnhklll of \Olllhility for "OllU' orgallOtIrl sulfidcs 

such as bls(tnphenyltll1)sulflde (7) when uscd 1Il DMl~ Mmt 1)1 the othl:f'> all: soluble {() 

sorne extent ln acetomtrile and DMF; clhyl aœlatr: was addcd for bette.r homogcrwlly. For 

organolead sulfides or organogennanium ~lIlfldes sueh a~ R3M-S-MR 3 (whclc M= Pb, Gc), 

only R = phenyl was stuilled; the phenyl substituents give thcrmally stable, crystallinc solids. 

4.2.5 Fluoride and Cyanide Study 

Severa! sources of fluonde Ion are known, however, only a few of them are stnctly 

anhydrous because of the strong hydrogen bondmg of fluoride with water·33 This problern 

has been descnbed by Kuwajima and Nakamura in the cnol silylether chemhtry)4 In somc 

of our reactions with non-actlvated hahdes such as I-bromohexane, we had to u:;e an 

anhydrous source of fluoride ion to avoid cornpeting thiol formation.3 5 None of the well­

known fluoride sources were espeeially effective with th~s type of substrate. As a 

consequence, we developed a new fluorinating system involvmg crown-ether~ (1 H-erown-6) 

with dried cesium fluoride. 36 The crown-ethers are usually very hygroscopie but onl}' a 
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Table 2: Substituent Effect on Tin VI Reaction Rate 

F-

Br(CH2hsBr + (RsSn)2S -----> thlane + 2 RsSnF 

ft Yield(o&lb n0.c.l TlmeCm!n) Solvent 

Bu 100 42 1200 DMF /EtOAc(5: 1) 

Ph 100 42 720 DMF /EtOAc(5: 1) 

Bu 96 60 30 DMF /EtOAc(5: 1) 

Ph 88 60 30 DMF /EtOAc(5: 1) 

Bu 97 60 60 DMF /EtOAc(5: 1) 

Ph 94 60 60 DMF /EtOAc(5: 1) 
Me 75 20 <20 CHaCN 

Bu 100 20 45 CH3CN 

Me 90 50 45 CH3CN 

BU2SnS 100 50 45 CH3CN 

a) BnCH2)sBr: (1.00 mol), (R:3SnhS (1.00 mol), fluortde: TBAF.3H20 (1.00 mol); b) G.C. yield. 
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catalytic amount is nee<kd and they can be dried by a published procedure.37 Wc have 

already shown that 18-crown-6 cao complex a large ion like cesium.36 

Table 3 lists the fluoride and cyanide sources that were cxamined. Among the 

ammon.Jm fluoride salts used were: tetrabutylammonium fluonde (trihydrate or anhydrous 

version38), this same compound adsorbed (In silica ge139, benzyltrimethylammonium 

fluoride dried using the method of Kuwajïma and Nak,unura40, benzyltrimethylammonium 

fluoride combined with tetrabutylammonium iodide, tetraethylammolllum tluoride trihydratc 

combined with molecular sieves 3 A and finally 2,4,6-trimethylpyridilllum hydrogen 

fluoride.41 Among the metal tluonde salts cxamlOcd startmg wnh the most acuve ones are' 

cesium tluonde compkxed with 18-crown-6,36 cesium fluoride alone, ceSlUIll tluondc 

combined with tetrabutylammonium iodide and finally, potassium fluonde complexed with 

18-crown-6.42 The latter is usually not very effective In our conditions. 

Other fluoride Ion sources used were: diethylaminosulfur tritluoride(DAST)41 and 

tris(dimethylamino)sulfur- (trimethylsilyl) dlfluoride (T ASF)44~ TASF gave modcrale 

success. Wc investigated more fluorides than cyanides for the rcasons alrcady explained. 

Nevenheless, we found that tetrabutylammonium cyanide was also very efficient, howcvel' 

the salt appears to be highly hygroscopIe. 

The qualitative effectiveness of the fluoride and cyan ide sources in the 

fluorodestannylation procedure of organotin sulfide follows the trend: TBAF.31hO > 

CsF.18C6> CsF > BTAF > TEAF.3H20/sieves > TASF > TBAF anh. > KF.IXC6. This 

order of reacùvity has been detennined by comparing the quahtauve reactIon rates and 

yields of different fluorides or cyanides under simllar conditions as nOled ln Table 3. 

As a general mIe, we found thal tetrabutylammonium tluoride trihydrate is the most 

reactive fluoride but its water content limits its use only with an activated electrophile such 

as a-bromoketones. Benzyl bromide appears to be the limiting case where thlS fluoride can 

he used without too much formation of thiol as a side product35. Furthennorc, the rcagent is 

decomposed to H2S, hence the yield of sulfide is diminished. With non aetivated alkyl 

halides such as I-bromohexane, the anhydrous fluorinating ~ystcm cesium fluoride 

complexed wah a catalytic amount of 18-crown-636 is employed. The latter system was 

found to be general and also very effectIve with acuvated alkyl halides. 

Tetrabutylammonium cyanide (TBACN) was investigated mmtly with activated organic 

halides such as benzyl bromide but ilS reactivity did not permit us to use it with non-
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Table J : Fluoride Study in F1uorodestannylation 

fdltr:Y .!.fJillüa OmnoUn Solvrnti ~ç Time(hrl E" or CN-<mollh Surnde Yield'7) 

PbCOCH2Br (Bu,Sn}2~c B 20 10 CsF 18C6(xs) (PhCOCH~)~S 98 

2 rbCOCH 2Br (BuJSn)2~c B 20 <03 TBAF 3HP(2 2) (PhCOCH1)2S 100 

"' PbCH2Br (Bu)~n)2~c A 20 08 TBACN(21) (PhCH1)2S 41 

4 l'bCH2Br (Bu)~n}2,>L A 20 10 TBAF 3Hp('~ 1) (PhCH1)zS 86 

'i Br(CH2)sBr (Bu1~n)2~ 
d A 40 05 lBAF(anh:: 2) lhlane 26& 

f> Br(CH2)~Br (Bu,Sn)1~ 
d A 40 <05 TBAF 3HP(2 0) lhlane 100& 

7 Br(CH2)sBr (Bu)'>n)2~ 
d A 20 05 TBAF(anh 20) lhl,me 25& 

H Br(CH2)sBr (Bu,~n)2~ 
LI A 20 08 TBAF 3HP(2 0) lhlane 100& 

9 CH1(CH2)sBr (Me3~n)2Sc A 20 10 KF 18C6(xs) (CHlCH2)S)2S ()!l 

10 nt3(CH2)sBr (Me)~n)~~ 
b A 7S 10 CsF 18C6(xs) (CH)(CH;)s ):!S 99 

11 CH3(CH2}sBr (Me3Sn)2~ 
b A 50 55 TBAF 3HP(2 0) 

onSI02 

(CHlCH2)S)~S 2-Sg 

12 CH, (CH2)sBr (Ph, Sn)2S d A 50 21 Me)PyrHF IN~CO J (CH,(CH:)S)1S (~ 

" 1 ~ CH,(CH2)sllr (Ph3~n)2~ 
c A 50 50 TBAI/CsF(30) 

14 CH)(CH2)sBr (Mc)Sn}2SL A 20 55 TEAF 3H,0(2 0) (CH3(CH~)s)~~ 56 
slcves 3Â -

15 L'1I,(CH2)sBr ( BU3~n)2~c A 20 25 TBAF(Jnh 2 0) (CH)(CH:)S)lS Ug 

111,(CIIZ)sBr b A 20 10 DAST(20) (CH3(CH:: )5)2~ Ug Ih ('vfe,Sn )2~ 

17 LI 1,«('1I1)sBr (Me,~nI2~c A 20 24 BTAF(anh20) (CH3(CH1 )5)2S ï()!l 

TB AI 

li! CII3(CII
2
),Br (Me,Sn)2SC A 20 12 TASF(21) (CH,(CH:)s):S 4()!l 

,1) 100 moi, h) 1 (X) mol, cl 105 mol, d) 200 mol, el 400 mol; f) lSolated ytelds excepl If noted GC Y1cld, Identtfie.j bv !'.\tR 
,ln.! comp,ued ln JUlhcnllC rnJlenJI, g) GC ytcld, hl TBAF lClrabutylamrnoOJum fluondc, BTAF bcnzvllnbutvlammonlum 
rBACN lClr.lbulVlamrnomum cvarude, TBAI lClrabulvlammoruum lodlde, TEAF lctraelhvldmmODlurn Iluondc, 
dlClhvlJmtno,ultur lnfluonde, TASF ln~(dunelhlllamlDohulfonlUm lnmelhlllsllvl dlfluonde, 1) A = dcctOnllnle, B = D\t 
('1) 
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activated electrophiles, for making symmetrical sulfides (see entry 3 in Table 3). However, 

TBACN is usefui in the reaction of tributyltin benzyl sulfide with I-bromohexane for 

making an unsymmerrical suifide (see entry 4 in Table 6). 

Surprisingly, tetrabutylammonium fluoride dried accordingly to Cox, Terpinski and 

Lawrynowicz38 was not very reactive in the fluorodestannylation procedure. This is 

contrary to the reaction of fluorodesilylation where this "naked" f1uoride ion pluys a major 

role and has a high nucleophilicity.34 ExperimentalIy, we found that the hydratl"u compound 

was more effective (see Tal}le 3: entries 5 and 6 or 7 and 8) than the "anhydrous" version (n 

is not possible to remove aH the water content38). It should also be noterl thm a "slightly 

wet" fluoride ion has been àemonstrated to have a higher nucleophilicity in sorne special 

cases.45 However, we feel that a different mechanism is taking place in our 

fluorodestannylation procedure (vide infra). 

4.2.6 Applications of Fluorodemetalation. 

4.2.6,J Organotin Sultides. For organotin sulfides, each differently substitutcd 

reagent reacted with most of the L'suaI electrophiles (alkyl halides used here) likely by an 

SN2 mechanism to give the appropriate thioether in the presence of "naked" fluoride or 

cyanide ions. We have previously described6 that for highly activated substrates such as an 

acyl chloride or their related analogs, the reaction proceeds rapldly. No rcal assistance was 

needed for such compounds, however, while working with non-acuvated substratcs such as 

l-iodopropane, we used more forcing conditions to liberate the sulfur ligand on tin (1400C, 

24 h). Thus, the concept of fluoro and cyanodestannylation provides a new an useful 

method for these reactions under mild and Heutral conditions. 

While applying this concept to organotin sulfides, where the appropriate counterion 

of the sulfide anion formed in situ is carefully chosen, we are able to generate powerful 

"naked" nucleophiles as have been demonstrated. 15 Thus, we generate syntheuc equivalents 

of cesium sulfide CS2S complexed with 18 crown-6 or tetrabutylammonium sulfide 

(Bll4N)2S. 
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Table 4 : Formation of Symmetrical Sultides From Fluorodestannylation 

Entn Balide Ol"2linotin Solventi ~ç Time(hr} .E" or CN:(mol) Sultide "ieldarD 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

CH3COCH2Cl (BU3sn)2sf A 20 0.8 TBAF.3H2O(1.0) (CH3COCH2)2S ~ne 

PhCOCH2Br 
f B 20 1.0 CsF(xs) (PhCOCH 2)2S (Bu3Sn)2S 98 

PhCOCH1Br (B~Sn)2Sf B 20 0.3 TBAF.3H2O(2.1) (PhCOCH2)2S 99 

PhCH2Br (B~Sn)2Sf B 20 0.8 TBAF.3H20( 4.6) (PhCH2)2S 85c 

PhCH2Br (Bu3Sn)2Sg A 20 0.3 TBAFJH20( 4.0) (PhCH2)2S 99h 

PhCH2Br 
h A 20 1.0 TBAF.3H2O(2.1) (PhCH2)2S 86c 

(Bu3So)2S 

McCOCH(Me)Br (BU:3Sn)2Sh B 20 24 TBAF.3H2O(1.O) (McCOCH(Me»2S 75c 

McCOCH(Me)Br (Bu3Sn)2Sh B 20 7 TBAF.3H')O(2.0) (McCOCH(Me»2S 57c 
... 

EtCH(Mc)CH2Br (Mc3Sn)2Sh A 80 2.5 CsF.18C6(xs) ~EtCH(Mc)CH2)2S 63c 

CH3(CH2)SBr 
h A 75 1.0 CsF.18C6(xs) (CH3(CH2)S)2S 99 

(Mc3<\n)2 

BrlCH2)SBr (Bu3Sn)2S A 20 0.8 TBAF.3H20(2.1 ) thiane 99c 

Br(CH2)SBr (B~Sn)2S A 20 0.5 
f thianc c)c)c TBAF.3H2O(2.1) 

(CICH2)2CO (Bu3Sn)2S A 20 0.5 TBAF.3H2O(2.2) cyclo (SCH2COCH1)1 16 

a) isolated yields except if noted NMR or GC yield; identilied by NMR, IR, MS and compared to authentic matcrial b) lH NMR 
yield; c) GC yield \\11hou1 internaI standard; d) cyclic trimer; e) not optimizcd; f) 1.1 mol; g) 2.0 mol; h) 1.05 mol; i) A = 
acetonitrile; B = DMF /EtOAc (5:1); j) 2.0 mol of tetrapropyIammonium iodide added. 

-o 
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(Eq.6) 

R3Sn-S-SnR3 + 2 n-Bu"NF ---_.> "(n-Bu4NhS" + 2 R3SnF (Eq.7) 

The methodology can be considered as a gene,.!l on~ as no disulfide is fom1ed (sec 

Table 4). The yield is usually higher than 90% when the reacuon panuneters arc opumizcd. 

The temperature required lS relatively low and the reaction time is about 1 hour for non­

activated halides such as I-bromohexane. 

A rough comparison of the methods available for achieving symmetncal sulflde 

fonnation can be divided in two general groups: one thut operates under anhydrous 

conditions and the other in non-anhydrous conditIons (Tuble 5). Our method bclongs tu the 

first category; a comparison in thls group shows that, our rnethod is the fa~lc~t way tn obtain 

sulfides under anhydrous condnions bccause of the hlgh reaclIvi\)' of the :-.ulfur rde:lscd. A 

general overview of both groups lI1dlcates that ol1ly the method IIlVO!Vlllg hexadl'Lyltnhutyl 

phosphonium bromide as phase transfer catalyst. competes effecuvcly 46 ln tenns of yleld 

and general punty ln an anhydrous medium, only the mcthod II1volvl11g 

hexamethyldisilthiane (3)!MeLl competes but under more fon:ll1g conditions than ollJ's.47 

The method using the phosphonium cataly~t can be comparable [0 O\lfS (although In aljllcous 

medium). No other method can generate synthetlc equlvalent of CS2S under ail hydrou.\' llnd 

neutral conditions; the dosest proced'.lre uses Insoluble Na2S.91120 along wlth 

CS2C03/C6H6-EtOH under basic conditions and relies on catIOn exchanges in the VIC1I11ly of 

sulfide ion.48 

The commercial availability of several organotin sulfides24 plus the special reactivlly 

of the nucleophilic sulfur ions released make this fluorodestannylation as one of the most 

powerful methodologies available.49 A recent paper by GleHer and Rlltwger confirrncd 

this.8a They succeeded in the thlacyclization of a ten-membered cycloc.hyne (lI) from the 

dichlorodiyne (10) while using our procedure (see Scheme 2). The me of ammonium 

sulfide (NI-f4hS did not g!ve satisfactory results.50 

Recently, our method has also been found successful for closing a 13-membered 

ring8b whereas the classic procedures such as sodium sultlde (Na2S.9H20) or s(xhum 

hydrosulfide (NaSH.xI-120) with a base in ethanol at reflux or hydrogen sulfide trapped ln 

triethylamine failed. As shown in Scheme 4, the diacetylemc diioào compound (12) reacted 

with bis(tributyltin)sulfide (2) in the presence of cesium fluoride with 18-crown-6 at 6()oC 
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Table 5; Generation of Sulfur Anions and Their Reactivities 

AOUEOUS MEDIUM 

ReDients S2l.Rn1 :roC Time(h) Blli Yield(%)O HîL 

Na2S.9Hp EtOH 20 20 neutral 89 47a 

N~S.t)llph HP 70 0.3 neutral 91 ·na 

R-SH H20/org. solv. 20 20 NaOH >70 47b 

CU,C = SR(NH2) +c CHCI) 20 7·10 KOH(s) <70 47c 

ANHYDROUS MEDIUM 

Reuaents fu!J.w:!l rc Time(h) Hm Yield(%)O Rit 

s~ THF 20 S LiEt3BH 71 47d 

(~1C,SI ):S THF 65 8 MeLl >95 ,ne 

R-Oll/R-SIII DMF 20 >8 NaH 52-90 47f 
Ph,I'N(CII,)Ph' l' 

R,Sn-S-SnR,/r- CH,CN/DMF 20-65 < 1.0 neutral >95 478 

Ph pe-S-GePh,/I;'" THF/DMF S5 10 neutral 80 

l'h ,Ph-S-l'hPh ,/1-- THF/DMF 65 5 neutral 81d 

.Il AvcrJ~l' \lr1lh. hl CJ[J.I,,'Ic addillon of hexadcC\-1 tnbutyl phosphomum bromlde, c) catalyuc amount of tribenzylmethvl ammonium 
,hlllrllk. dl \lch.! fmm hcnlVl bromlde 
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for achlevmg the ring closure ta (13) in 86% yield. In summary, these examples 

demonstrate unambiguously the special reactivity of the sulfur ion released by this 

methodology. 

One of the reasons for the fallure of the classical procedures is that solutions 

containing NU2S or HS- cannat be made easily wlth organic sol vents due 10 their low 

solubility, hence the ~lmultaneow. slow addition of both Na2S (or SB-) and the diiodo 

substmte (12), us reqUlred for lIltramoleclllar reactlon under pseudo hlgh dilution is more 

difficult. Secondly, even If sochum sulfide is used under high dilunon techniques, its low 

reactivlty a~)oc!ated wlth a lack of ~Olllbihty in orgamc solvent, favors d build up of the 

concentratlOIl of both unreacted sulfide IOn Î\l\d the s\.lb~trate directly encouraging 

polymen.latlon. The cycllzauons are helped by th~ "cesium effect" (a kllletic effect from 

"loose" lOm palflng of the aninI1lc nucleophile with the catIon) reported by Kellogg in 

macrocyclmttloI1.51 Aho, the mIldness of this reaction aVOlds most secondary products with 

thcse acetykIllc compounds Although a similar cydization, but wHh much less degree of 

freedom lI1 the ~ulrting material, was successful with Na2S for the synthesis of the bicyclic 

core of neocar/inmtatIn chromophore A, Wendcr and co-workers clearly mentioned the 

instabihty of sllch acetylenlc denvatives. 11 As shawn in Scheme 2a, we feel that our 

metlHx101ogy ShOllld find a major use in the key ring closure reaction leading to the strained 

dlaœtykmc nng core of esperamicin A and neocarzinostatin chromophore A after the 

appropriate sulfur extrusion reaction. 

E!>peramldn Al 

OH , 

Neocarzlnostatln Cbromopbore A 
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Nicolaou Il and co-workers have already demonstrated the feasibility of the route 

involving (14) but no detruls were given for its preparauon. In a similar way, Wender and 

co-workers ll essentially showed the possibility of using an tntermediate similar to (15). 

A substrate study with sImple organic halides indicates that fluorodestannylation of 

organotin sulfides can be considered to be sufficiently generai by an examination of the 

number of dlfferent substrates reported In Table 5. The procedure is compatible with 

hydroxy152, nitrIle, amide and C(-ketone groups. From highly activated a-haloketones to 

benzylic and alkyl hahdc:-" the methods developed work very weil, rapidly giving high yields 

of thioethers and rclated denvatlves under neutral and anhydrous conditions. 

Unsymmctflcal sultidc formatIon can also be grouped into two divisions: the 

anhydrou~ and the aqueous. Our method gives ylekts comparable to the classic way of 

deprotonatlOn and alkylation of lhlOls ln a ba~ic aqueous mixture or the modern method 

involving cesium carbonate in a polar aprotlc solve nt with DMF.51 The thioiminium 53, and 

aminopho\phol1lUl11 salts54 as weil as the amide acetal procedures55 are less versatile and the 

yield u~ually vanes WIth the substrate u~ed (see Table 5). 

Most of the usual methods involve a base in sorne stage III the preparation of 

unsymmctrical sulfides. A strong feature of our tluorodestannylation procedure fayOTS the 

neutra/uy of the l'O fl(Jw 0 flS , both 111 the couphng step and in the preparatIon of the 

triorganotlll mcrcaptlùc (-;ee Table 6), only a few reagents have been developed for 

transfernllg mcrcaptides 11\ a neullai medium. One of them makes the use of fluoride ion 

with a reccntly ùcvcloped SIlicon reagent. 56 Another showed a SNAr reacnon on a 

fluonna!ed phenyl nng. 57 A disadvantlge involve~ the numerous steps required to attain 

the se slhcon-~ulfuI rl'agellts comparcd to the method presented here. 

We can conclude th.tt the fluoro/cyanodestannylation procedure rl'presents a mi/d, 

neutral, anhydrous and hlgh/y reactive way to obtain unsymmetrical sulfides without the 

need of malllpulatmg odorous matenal28 . Funherrnore, the tin substituent on sulfur can be 

vicwcd as a pm!ccl1Ye group. Usmg fluoridl' ion in wet solvent for the deprotection affords 

thiols after 24 h at room tcmperatuœ.35 
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Table 6 : Formation of Unsymmetrical Sulfides from Destannylation 

Halide Organotine Solventd ~ç Time(hr) r or CN-(mol) Sutnde Yield%a 

CH3(CH2)SBr PhCH2SSnBu3 A 24 2 CsF.18C6(xs) PhCH2S(CH2)SCH3 82b 

CH3(CH2)SBr PhCH2SSnBu3 A 24 2 CsF .18Cn( xs ) PhCH2S(CH2)SCH3 76 

CH3(CH2)SBr PhCH2SSnBu3 A 24 12 CsF(xs) PhCH2S(CH1)SCH3 S5 

CH3(CH2)SBr PhCH2SSnB~ A 20 2.3 TBACN(22) PhCH2S(CH1)5CH3 84c 

a) isolated yields except if notcd as f\i'MR or GC yield. Identified by NMR, IR, MS and comparcd to authentlc matcrial; b) 
1H NMR yield, c) GC yield without internal standard; d) A = acetonitrile; e) 1.05 mol. 

Table 7 : Formation of Sulfides From Fluorodegermanylation and Fluorodeplumbylation 

lIalide Onmnometal Solventa :roç Time(hr) Fluoride(mol) Sulfide Yield%b 

PhCH.,Br (Ph3Pb)2SC D 20 9.5 CsF(4.6) (PhCH2)2S 67 

PhCH.,Br (Ph"Pb).,S 0 6S 50 CsF(5 :) (PhCH2)2S 81 
- -

PhCOCH .. Br (Ph3Pb):S 0 20 3.0 CsF(6.5) (PhCOCH2)2S 95 

CH3(CH:)sBr (Ph3Pb)2S D 65 8.0 CsF(7.5) (CH3(CH2)5)2S 11 

CH3lCH:)sBr (Ph1Ge).,S 
-' - D 60 10.0 CsF(58) (CH3(CH2)5)2S 80 

a) 0 = D~fF 'THF 1'4 v/v; b) Isolated ~idd; c) 1.05 mol-eq used. 
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4.2.6.2 Organogermanium and Organolead Sulfides. 

As shown in Table 7, an investigation with bis(triphenyllead)sulfide (5) in the 

presence of cesIUm fluoride and activated organic halides gave ex.cellent yields of thioethers. 

For instance, benzyl bromide or a-bromo acetophenone (entries 2,3) afforded 81 and 95% 

yield respectÎvely. However, unactivated organic halides such as I-bromohexane produced 

low yield of thioethers and gave mainly tnphenyllead alkyl sulfides (entry 4). No organic 

disulfides were detected In any cases. Bis(triphenyllead) sulfide (5) represents a use fui and 

soluble synthetic equivalent of suinde ion (S2-) and one of the rare organolead reagents. 

Thus, this is the first reaction of fluorodeplumbylation reported. Bis(triphenylgennanium) 

sulfide (4) was a~ suC!' .,ful as the tin derivative for making thioethers (Table 7). Both 

bis(triphenyllcad)sulfide (5) and bls(triphenylgennanium)sulfide (4) are odorless and non­

hygroscopie crystalhne sohds. ThIS IS in sharp contrast to the odorous and highly 

hygroscopie NU2S.91hO. 

4.2.7 Comparison of the Reactivities of Organic Silicon, Germanium, Tin and 
Lcad Sulfidcs in Fluorodemetalation. 

Hcxameùlyldisllthiane or bis(trimethylsilyl)sulfide (3) is the only sulfur transfer 

reagent that glves dlsulfide as a side-product. Gennanium and tin analogs react similarly 

wlth orgamc halldes to aftord thlOethers in exee!lent yleld. The reactivity of the Ge-S bond 

is sllnilar to S n-S bond in tluorodemetalation. Germanium resembles tin rather than silicon 

in ilS bchavior. Organoleaù (5) gives mainly an intermediate of lead alkyl sulfide with 

unactlvateù hahùe~ but generates thioethers with the activated ones. The Pb-S bond is less 

rcaetive in the fluoroocmetalatlon. 

Based on product fonnation. it appears that the Si-S bond is very labile under these 

conditions. For achieving the formation of organic disulfides. stable transient species such 

as (16) appear to be generated in sorne way. The question of the existence of free sulfide ion 

S2- derived from (3) in the mixture, being responsible for this reaction, has not been ruled 

out. AIso, SN2 displacement with sulfide ion S2- on the sulfur atom of the starting material 

coulù be possIble. 
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1 

(Eq.8) 

3 

(Eq.9) 

The other sulfur metaI bonds do not show this lability. lt appears that the Si-S bond 

is more reactive than other metal suifur bonds in the group 14. In ternIS of stability, 

disilthiane (3) decomposes rapidly in air, liberating H2S. Other organornctallics did not 

show this tendency. However, we noted that the pale yellow lead reagent (6) changes its 

color slowly to a dark orange Wlth ume. The mûst important thennooynalOlc drivillg force 

of these fluorodemetalations is certainly the metai fluoride bond energy formed, a factor in 

designing this general concept of fluronxlemetalation.l6 

The high reactivity of the sulfur species liberated came from the "cesium effcet" first 

described by Kellogg. 51 In generating the synthe tic equivalent of cesium sulfide (CS2S), the 

"loose ion pairing" of sulfur anions combmed with the help of a complexarion of the cesium 

cations with crown-ethers provides one of the most powerful nucleophilic sulfur anions 

known. However, the metai (or metallOld) effect is another parame 1er 10 collSlder. The 

different complexing ability of the metal centers with the free sulfur anion released is 

probably responsible for the different activity while varying the metai. 

R3M-S-MR3 + CsF •••••• > "Cs25" .R3MF (M = Si,Ge,Sn,Pb) (Eq. 10) 

4.2.8 Spectroscopie Evidence for Penta valent Intermediates in Reactions of 
Substitution at Tin. 

For aIl bis(triorganotin)sulfides listed in Figure 1, we observed that a labile 

pentacoordinated complex was formed at 200C with TBAF.3H20 or TBAF "anhydrous" in 

CD2C12. A rapid fluorine nucleus exchange, relative to the NMR time scale, provoked a 
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large broüdening of the original signals and an upfield shift of a few ppm in the 119Sn NMR 

spectra. Tetrabutylammonium eyanide produced the same effect on (2) but the 

complexation ~eemed to be weaker based on the signal broadening and the change in the 

chemical shift. A strong evolution of H2S took place in rnost cases when using 

TBAF.3H20. The organotin sulfides were decornposed in the presence of this fluOIide for 

giving sorne pentaeoordinated anionie lin complexes CEq. Il). Using low temperature 119Sn 

NMR and 19F, we observed trans and ds tetrabutylammonium difluorotrialkylstannate [n­

BlJ4N]+ [R3SnF2]- (R: alkyl).58 However, (7) produced only trans complexes. Low 

temperature l3e NMR with (1) also showed an extra signal for the anionic complex. We 

ne ver observed hexacoordination at higher field in the 119Sn NMR spectra. 

(Eq.ll) 

Obviously, the water content in our reactions destroys the reagent itself and explain 

our poor ylelds with unactivated halides when employing TBAF.3H20. However, the most 

interesting results came frorn a scanning of the 119Sn spectral window from 400 ppm to -550 

ppm. It dernonstrated a clear triplet at -339 ppm (IJ lI19Sn-19F]= 1958 Hz) and a doublet at 

-288 ppm (see Fig. 2) when using a ratio of 4: l "dried" TBAF38 /organotin (mol/mol) at 

200C in CD2CI2. The first triplet signal corresponds to difluorotriphenylstannate anion (17). 

This was also confirn1ed independently with the synthesis of the same anion (17) from 

triphenyltin fluoride with TBAF.3H20 in al: 1 ratio. 58 

The second doublet signal has the chernical shift in the range of pentavalent tin 

species from the 119Sn NMR. Wc assigned these data to complexes (ISa) and (18b). We 

ruled out doubly charged complexes because they should have their 119Sn resonance 

frequencies at much higher field due to a large increase and spread of electron density 

through the whole molecule and especially on the 119Sn nucleus. Furthermore, we are 

unaware of reports of doubly charged pentuvalent triorganotin complexes. The coupling 

constant IJ [119Sn- 19F] is 1730 Hz. This value is in the range of our observed IJ [1l9Sn- 19F] 

couplings (1958 Hz) for the difluorotriaryhtannate anion58 (17); the lower value is clearly 

indicative of a different species. From an initial observation (119Sn NMR alone) structure 

(19) appears valid however, it is inconsistent with the 19F NMR of Figure 3 (vide infra). 
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A 19F NMR study at -800C in CD2Ch aiso confinned the presence of 

difluorotriphenylstannate anion (17) plus the presence of complexes (lSa or 18b). As shown 

in Figure 3, the signal at -100.7 ppm corresponds to difluorotriphenylstannate anion (17) 

with its 119Sn and 117Sn satellites at -97.2 ppm and -104.1 ppm. The broad signal at-79.9 

ppm indicated an organotin-fluoride complex as judged from the broad 1195n and 117Sn 

satellites centered at -77.01 and -83.00 ppm. We did not clearly observe other pentavalent 

intennediates from (1) and (2) with "dried" TBAF due to the lower stability of such anionic 

complexes having alkyl groups. 

Assurning a doublet signal coming from (18a or 18b) and centered at -79.9 ppm from 

both tin satellites, a rough evaluation of IJ [l19Sn- 19FJ and lJ [l17Sn- 19F) gives a value of 

1680 Hz (from the peak center of both signaIs). A previous evaluation of lj [l19Sn- 19FI 

established a slightly higher coupling constant than IJ [l17Sn- 19F) (- 87 Hz).SH Adding a 

correction of - 44 Hz (87 H7J2) to the centered IJ [Sn-FJ found, glves IJ Il 19Sn- 19F) = 1722 

Hz. This value is close to 1730 Hz found with 119Sn NMR. We can conc1ude that we 

observed the same species as with 119Sn NMR (See Fig. 2). A symmetrically bridged 

structure (19), would be expected 10 give a triplet signal and a 1J [Sn-FI coupling constant 

muchdifferent thana normal value of~1958 Hzfor 1J [119Sn- 19F] but no data areavailable 

for such exotic coupling constants· Finally, as the signal is broad even at -8QoC, we 

concluded that a slow exchange between (18a) and (18b) took place. 
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Figure 2 

Fig.2: 119Sn NMR spectra (200 MHz) of (Ph3Sn)2S + TBAF Manhydrous~ in a 1:4 ratio at lOoC ln C02CI2 
showing the triphenyltin difluoride anion alon9 with the proposed complexes (19) or (20) having a 

sulfur ligand. --
~ 
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FIGURE 3 
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Fig.3: 19F NMR spectra (300 MHz) of (Ph3Sn}2S + TBAF -anhydrous- in 1.3f1.0 ratio at -10°C ln CD2CI2 
showing the traphenyltlO difluonde anion (right arrow) and the proposed complexes «19) or (20) 
with its tin satellites (Ieft arrow). Other signaIs not mentioned in the text are impurities. --0-
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In summary, the combined results of tin and fluorine NMR sludies indicate thal there 

is a species in addition to Ph3SnF2-. This species shows coupling between one fluorine and 

one tin atom with a couphng constant of about 1730 Hz. An equilibrium between structures 

(188) and (18b) wou Id appear to besl satisfy the above data. From the publication of 

Holmes, Sau and Carpi no, il Is weIl descnbed that the triphenyltin moiety gives stable and 

isolable cry~talline pentacoordinated tin complexes at 200C.S8 We took advantage of this 

higher complex slability in our study. We thus present spectroscopie evidence that 

substitution at tln proceeds through penrGcoordinated lin species. This substitution is best 

represented in Scheme 3. A sulfur ligand on tin is replaced by a fluorine ligand through a 

pentacoordinuled mtermediate. This latter slrongly activates the release of the highly 

nuc1eophihc sulfur anion in our fluorodestannylation. These results confrrmed the rnodelof 

substitution at tin.25 To date. this model was fully described in sorne racerruzation processes 

at tin where kmelle evidence stated or assumed the existence of a pentavaient species as 

intermedialc; howevcr, ro the best of our knowledge. only one spectroscopie evidence was 

reponed.25 Sorne intramolecular cornplexatlons on tin with a bidentate ligand were also 

used to mode1 substitution derived from an external nucleophile.S9 As an extension of our 

work, it might also reinforee the model for the substitution at silicon where the racemization 

process has been weil studied.60 

4.2.9 Toward the Mechanism of Fluorodemetalation. 

Wc tirst used organotin suifides in order to have sorne working hypothesis about the 

possible mechanisms invoived. Only a fcw mechanistic studies have been described with 

lriaralkyltm mcrcapudes and orgame halides. The work of Ohya and Kozuka in 1978,61 

plOposed a sulfonium salt intemlediate to explain the formation of several suifides in non­

polar and non-coordinaung solvent. We determined that the most important parameter in 

this kind of reaction in the absence of fluoride or cyanide ion is the solve nt effect6; this 

seems to be in agreement with the sulfonium salt mechanism proposed. 

Howcver, the fluoride and cyanide effects became crucial when these ions were 

incorporatcd in the mixture. followed by the usual solve nt effect. We determined by 119Sn 

NMR that bis(triphenyltin) suIflde ('1) reacted with TBAF (anh.) to form a pentacoordinated 

tin complex corresponding to difluorotriphenylstannate anion [Ph3SnFZ-] (17) in CD2Ci2 

plus some nucleophilic sulfur species (18a or 18b). In an anhydrous medium, the liberation 

of hydrogcn sultïde should be minimized and we feel that a slightly different cornplexation 

should take place in polar coordinating solvents. To explain the strong soivent effects in 
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the se reactions (with DMF, CH3CN), we propose the formation of hexacoordinated 

complexes in low concentration having as ligands a solvent molecule (DMF, CH3CN), a 

fluanne and a sulfur atam. We thmk that omer substituents on ùn (like but yi and methyl) 

should aet m a slmllar way. 

A fint pos~lble mechanism derived from our complexation study (CD2CI2) with 

fluoride Ion is shawn in Scheme 4. We describe most of the pentavalent triorganotin 

complexes havmg trans ligands. Although sorne cis complexes could be present in solution, 

it is weIl known that tfans triorganoun complexes are more stable and this stereochemistry 

usually predomInate~ for tnaralkyltin comptexes.62 For hexacoordinauon, th\! major 

stereocheml'itry IS dlffIcult to preJKt. Such pema or hexacoordination with tluoride in order 

to enhance the nuckophiltcity of a lIgand ha~ precedents in the silicon literature: for an 

example arnong Ill:.tny othel s, a klI1etic study wllh trlmethylsliane and TBAF supported the 

existence of a hcxacoorum,tled SIlIcon atom in il reaction where a hydride was transfeüed ta 

a carbonylatcd compound.63 

Our prchminary observations focussed on a possible stepwise release of the sulfur 

atom from tin 10 halides. We observed the fonnation of an intermediate triorganotin alkyl 

sulfide on TLC using I-bromohexane and bis(tributyltin) sulfide (2). With the same organic 

halide, we wcre able to trap this internlediate by adding a small amount of water to me 

mixture. Wc thus obtaincd the corresponding I-hexanethiol in 59% yield along with sorne 

thioether,35 Initially, it appeared that the fluorodestannylation reaction proceeded in a 

stepwise mechamsm involving one fast SN2 type reaction giving the intennediate tributyltin 

hcxyl sulfidc (20) followcd by a slow step involving a second nucleophilic substitution with 

the free hexylthiolatc anion (see Scheme 4). 

Using benzyl bromide as halide, we obtained different results. We followed the 

reaction of bis(tributyltin)sulfide (2) (1.1 mol-eq) with benzyl bromide (2.0 mol-eq) and 

TBAF.3H20 (l.4 mol-cq) at -200C by lH NMR wim slow increase of the temperature to 

200C (CD3CN as solvent). The CH2 signal of benzyl bromide at 4.63 ppm decreased 

gradually as a ne\\' signal increased at 3.63 ppm corresponding to me CH2 of dibenzyl 

sulfide. Wc noted Il small peak at 3.75 ppm remaining during the whole reaction. This peak 

corresponded exactly to tributyltin benzyl sulfide (9) prepared independently.28 Similarly, a 

119Sn NMR study also confirmed the fonnation of mis product (see Fig. 4);9 it should be an 

intennedlate existing at low concentration during the reaction. It should be noted mat this 

reaction was carried out under such conditions to favor a high concentration of the possible 
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intennediate; i.e. TBAF.3H20 was used in 1.4 mol-eq instead of 2.0 mol-eq. With bcnzyl 

bromide, the second nucleophilic substitution seemed to be the slowest slep because of thls 

observed tin intennediate. 

Considering these intennediates, il is ObVlOUS that the sulfur aWIll is not liberated in 

the fonn of a sulfide "S2-" ion This foml of sulfur anion releasc IS charactenstlc uf the 

methods developed by Steliou (hexarnethyldi~llthianc (3) "nd methylhthium)4 and 

Gladysz32 (LiBHEt3 and elemental sulfur) in anhydrous media. Thus, tlllorodcstannylation 

appears to be a new rnethod for releasing nwrcaptides Thne l'CmalllS a tin sllbstllllcm 

bound to the sulfur atom llntil the !ast step of the reactlon, thu,> the transformatlon IS 

stepwise. Whatever the exact ~ult ur l1ucleophile, wtth urgamc hahdcs such as 1-

bromohexane, wc propo~e the followmg general rncchanism in an anhydrous medium, 

Scheme 4. 

To explain the relative rates of the two nucleophilic substitutions, wc thought that the 

rate of the first alkylation with the sllifur anion should be favored by the proxmlÎty of the tin 

atom. It should increasc the elcctron density on sulfur, hence faCllitatc the SN2 reaction 

(while lowering the energy of the transition state wlth a polarmlbillty and ddocah/.atÎolI of 

the electromc cloud through the tm atoBl). 1'0 our knowledge, the Illetal proXlllllty cffcet of 

anions in SN2 reactions has not been cleady delincatcd Hl the Itteraturc. The second step, is 

likely slower because of the lack of thls metal pro x 1I11l t y effect. 

The cholee of the (ounter-ion was criucal in our work for achleving a powerful and 

fast SN2 reaction. The explanations for the diffcrent reactivtties observed wnh the different 

fluoride sources come from the cations assoclated wah the t1uondes. These catIons becomc 

the counter-ions of sulfur anions In some step 111 the mechamsm. It is well known that these 

ion pairs directly affect the alkylation rate. For example, tetrabutylammonlum callon rnakcs 

the sulfur anion more "loo~e" or free than the cesium catIon. As proof of thls hypotbcsis, the 

effect of the complexation of 18-crown-6 with cesium nuoride provoked an initial rate 

enhancement of five for the fonnation of benzyl-n-hexyl ~ulfidt whde reacting tnbutyltin 

benzyl sulfide (9), I-bromohexane. cesium fluoride and 18-crown-6 In CD3CN.36 

A second but less ofobable mechanism from that dcpicted ln Scheme 4 would be a 

solvent-assisted ionizauon of the organotin sulfide prior to attack by fluoride or cyanide ion. 

This ionizaùon wou Id generate nucleophilic species like R3Sn-S- where R = triaralkyl group, 

although we do not have any rigorous experimental proof of il. The strong solvent effects 
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reported In our previous work (especially with polar coordinating solvents) is suggestive of 

this process.6 Among the strongest points ln favor of this ionization is the observation that 

anhydrous TBAF was not as effective as the hydrated fonn for synthesizing thiane (cf Table 

3, entnes 5 to 8). From the litcrature, il has been suggested that triaralkyltin halides can 

produce catiomc diaquo-uiorganotin ion in water.64 One of the se studies involved 

tnmethyltin chlonde ln water and its corresponding dlaquo triorganotin cation. AIso, sorne 

ionization occurred wlth the but yI group as a substiruem.65 The wealcness in the ionization 

approach is the absence of active pentacoordinated tin incorporating a sulfur ligand as 

observed with (7) usmg 119Sn and 19F NMR. Wc thus prefer the rnechanisrn involving 

anionic fluorothlmtannate complexes (lSa and 18b) as shown in Scheme 4. 

As an extensIOn of the proposaIs above, bls(tnphenylgermanium)sulfide (4) reacted in 

a stepwIse manner as with organotin ~ulfides. While reacting I-bromohexane with this 

reagent and ce~lum fluonde, we followed the reaction by TLC using 5% EtOAc/95% n­

hexane as eluent. Bis(tnphenylgermamum)sulfide (4) (RF 0.40) disappeared slowly in 

favor of a new spot slightly less polar (Rf= 0.65). This spot also disappeared and a new, 

even less polar spot (Rf= 0.80) was formed corresponding to di-n-hexyl suifide. We believe 

that the intermedIatc spot corresponds to triphenylgermanium-n-hexyl sulfide but we did not 

characterize il. 

Wllh his(triphenyllead)sulfide (5), wt:: essentially obtained the same chromatographie 

results as wlth bls(triphenylgermanium)suifide (4). The intermediate spot corresponding to 

triphenyllead-n-hexyl sulfide (6) has been i~olated and characterized by IH NMR; il 

decornposcd slowly at room temperature. The fluorodepiumbylation also proceeded in a 

stepwise IlUtOner by appropriate TLC-detected spots. 

The rate of the first SN2 attack as proposed in the mechanism seems to be fast for 

silicon and tin but slightly slower with germanium and lead (as observed by TLC). 

However, the second alkylation offered several dlfferences between the rates: for silieon and 

tin, it is fast; slower for gerrnamum and \ l'ry slow for lead. "Che tendency of lead to easily 

complex the t'ree thiolate ligands pre vent them from fllrther alkylation. As 

triorganogennanlum tlllorides do not generally form polymerie pentacoordinated chains like 

triorganotm tluondes, lt IS a better LeWIS acid for the thiolate anions released; this might 

explain the slower rattS of alkylatIOn in the last step m the fluorodegermanylation. From our 

results, w~ can make a generalization: we always observed a fast nucleophilic substitution in 

the fir':it slep of th~ tluorodemetalation reactions but a slower substitution in the second one. 
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We propose chat a mewl or a meralloid atom of group 14 direct/y altached to an 
anion R3M-Nu- willlncrease the nucleophliicity of the laller If the organic groups R on thl' 

metal do not sterically interfere for inhibiting the reactivity of this anion (M= Si.Ge,Sn.Pb 

and R= ara/ky/ group). Work on the tnmethylsilanolate amon Me3Si-Q- is also in full 

agreement with this statement.66 

4.3 Conclusion 

We reported three nove} general methodologies: tluorodestannylation, 

fluorodegennanylation and fluorodeplumbylation. Wc presented the first reactions of 

fluorodemetalation of gern1aniurn and lead. Following the se successful preliminary results 

with sulfur it could be envisaged that (otally new fields of reaetions illvolvmg 

fluorodeplumbylation cou Id be opened wher~ tluonde could induce the cleavagc of Pb-O, 

Pb-Se, Pb-Te, Pb-C, Pb-N bonds for releasing the corresponding ligands. Leud could thus 

aet as a p-ew "group 16 transfer agent" in a snnilar way as we showed with organotins.l 5 A 

new field of reaetions ean also be pictured with fluOlodegennanylation. For the l'ma ume, a 

thorough study of fluorodestannylatIon was presentcd along with dIrect comparÎsons wlth 

three other fluorodemetalations We reported the study of cight diffcrcm new sulfur transfcl 

agents that reacted in mild, nr ut! ill and anh ydrous condinons. Sorne of them rclcased one of 

the most active sulfur anion known to date. Thes\.: particular real:tivities have bccn well­

defined in interesting thiamacmcydization reactions. 

As a second contribution to the undeThtandmg of the tluorodernetalauon mechanlsm 

implied here, we have shown a spectroscopie evidence for a pentacoordinatcd intcrmcdiate 

involved in the substitution at tin frorn low temperature 19F and 119Sn NMR spectroscopy. 

It directly confmn!~ the substitution model at tin and lead to a remforcemcnt of the same 

model on silicon. A mechanistic proposaI has been demonstrated for such 

fluorodemetalations based on sorne results from organotm chcmistry. 

We proposed that the metal proximity effeet on a charged alllon will increase the 

nuc1eophilicity of the latter in the absence of major steric hindrance coming [rom the orgamc 

ligands on the metaI. 

Finally, the global concept of t1urorooemetalation, relying on the particular energetic 

metal-tluorine bond energies and the poof nucleophllicity of fluoride ion, might encourage 

other kinds of nucleophilic reaetions with metals not presented here. 
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4.4 Experimental Part 

Chemicals: Bis(tributyltin)sulfide (2) was purchased from Pfaltz and Bauer or 

prepared as previously described.27 Ali organotin chlorides, triphenylgermanium chloride, 

trimethylgermanium bromide, tribut yI tin hydride, tetrabutylammonium cyanide, 

tetrabutylammomum fluonde trihydrate, 18-crown-6, DAST, TASF and sodium sulfide 

nonahydrate were purchased from Aldrich Chemical Co. and used without further 

purification. Triphenyllead acetate, dibutyltin sulfide (7) and tetramethylgermanium were 

bought from Morton Thiokol (Alfa Products). Bis(trimethylsilyl)sulfide (3) was purchased 

from Petrarch Systems. Most organic halides or thiois were used as received from Aldrich 

excepted benzyl bromide, which was distilIed prior to use. Cesium fluoride was treated 

(llOOC) in a pi~tol dryer for 2 days at 5 mm Hg. Acetonitrile (reagent grade) was refluxed 

several days over calcium hydride and distilled prior to use. Dimethylformamide (reagent 

grade) was distilled over calcium hydride and kept over molecular sieves 3A (dried in an 

oven at llWoC for several weeks) under a nitrogen atmosphere. When sorne water was 

involved in the medium, spectroscopie grade DMF and CH3CN were used without 

purification. 

Instrumentation: 119Sn, IH, 19F, 73Ge and I3e NMR spectra were recorded on a 

Varian XL-200 (4.75 teslas) or XL-300 (7.05 teslas) spectrometer. The NMR shifts are 

repolled in ppm in reference to tetramethyltin, tetramethylsilane, b~nzotrifluoride, 

tetramethylgermanium and COCl3 or CD2C12 respectively. In the description of NMR 

spectni, the abbreviations s, d, t, and m signify singlet, dljublet, triplet and multiplet 

respecnvely. The uncorrected melting points were recorded in capillary tubes on a 

Gallenkamp apparatus. Infrared spectra were recorded on an Analect AQS-20 FfIR 

spectrometer uSlng neat liquid between two blank sodium chloride celIs or in solution with 

0.1 mm s<xiiul11 chloride cells wnh chloroform as solvent. Low resolution electron impact 

mass spectra were taken on a DuPont 21-492B mass spectrometer with a direct insertion 

probe (70 ev at 2500C). Chemically mduced mass spectra were recorded with a source of 70 

ev at 2 l()OC (lsobutane) on a Hewlett Packard 5980A mass spectrometer. GC-MS was 

recorded on Finmgan Mat 800 linked to GC Varian model 3500 using a capillary column as 

described below. An ionization source of 70 eV was used. 

Gas chromatogmphy was perfonned on a Hewlett Packard Model 5890 combined 

with a Hewleu Packard integrator model 3390A or a Varian GC model no 3700. A capillary 

column with methylsilicone as adsorbent on the Hewlett Packard GC was used to monitor 
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sorne of the reactions, especially the conversion of 1,5-dibromopentane to pentamethylene 

sulfide. The progress of the reaerions and the purity of final products were monitored by 

TLC on aluminum sheets precoated with 0.2 mm silica gel 60 F254 (E Merck 5554). Most 

of the thin-layer chromatograms were visualized using iodine absorbed on sllica gel, wlth a 

rnolybdic acid solution, using aU. V .lamp or an aCldic solution of p-anisaldehyde. Flash 

chromatography was canied out using stlica gel from E. Merck: Kieselgel 60 no 9.~85, 

panicles size: 0.040-0.063 mm. Finally, bis(triaralkyltin) sulfides react with an aqueous 

solution of zinc acetate (Zn(OAch) to give a precipitate of zinc sulfide (ZnS) at Nom 
temperature.67 Thus, we sometimes used this finding in our method of purification to 

remove any excess of bis(triaralkyltin) sulfide when needed. A large excess of linc al.:ctate 

(Zn(OAch) should be used because the residual tluoride ions also rcuct with this reagent for 

giving zinc difluoride (ZnFÛ. 

Bis(triphenyltin) sulfide (7). A 50 mL flask was charged with triphenyltin chloride 

(10.53 g., 2.73 mmol) and reagent grade tetrahydrofuran (27 mL). A solution of sodium 

suifide nonahydrate (6.56 g., 2.73 nunol) in 8 ml of water was added to this in one portion. 

The mixture was stirred vigorously while retluxing for 2 h at 650 C, (ratio THF/H20: 3.3/1). 

The reaction was followcd by TLC (UV detector). Wh en completed, THF wa~ evaporated 

and 150 ml of ethyl acelate was added and the mIxture surred a few minutes 10 complctely 

dissolve the bis(triphenyltin)suifide. The organic phase was sepamted, washed wlth 2 x 30 

ml of watcr and dried O\,er sodium sulfate. The mixture was filtered, and the solvent 

evaporated. Crude bis(triphenyltin)sulfide (10.05 g., 99.8 %, ;'1op 139-1400C, ht.6X 141.5-

1430C ) is obtained as colorless crystals. The solid was recrystalhzed from hexane~ m.p. 

144-1450C; 1H NMR (200 MHz) 7.15-7.40 (m); 1 19Sn NMR (200 MHz) -54.70 (s) 

Bis(trimethyltin)sulfide (1). A 250 mL f1ask was charged with tnmethyltm chlonde 

(30.0 g., 0.150 mol), sodium sulfide nonahydrate (36 g., 0.150 mol) and ahsolute ethanol 

(1OQ mL). The mixture was heated at reflux (77-800C) for 5 h and mOnJtorcd by Ge. The 

solve nt was evaporated and n-hexane (-150 ml) added and wa~hed with watcr (-75 mL). 

The aqueous phase was kept and extracted more with dicthylether (3 x 50 mL). The n­
hexane and ether phases were dried separately over sodium sulfate; the last traces of ~olvent 

were removed with a vacuum pump. The n-hexane phase afforded 14.72 g of 

bis(trimethyltin)sulfide (1) arld the ethereal phase gave 6.36 g (21.08, 78%) of pure liquid 

(99% by GC): 'H NMR 0.45 (s); 119Sn NMR 91.54 (s). The use of THF/H2Û (3.3/1) as 

solve nt gave 70% yield; caution! trirnethylun chloride is highly toxic. 
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Tributyltin benzyl sulfide (9). This compound was made in a similar way as 

reponed by TaUey and Colley.28 

Bis(triphenylgermanium)sulfide (4) In 50 mL flask was placed 

triphenylgerrnanium chloride (2.00 g.; 5.89 mmol) and sodium sulfide nonahydrate (0.780 

g.; 3.25 mmol) partly sponged Wlth a paper for removing water and then crushed. Finally. 

absolute ethanol was added (25 mL) and the mixture was refluxed for 2.5 h. The completion 

of the reaetion was indicated by the disappearance of triphenylgermanium chloride on l'LC 

using 20% EtOAci 80% n-h~xane as eluent. Ethanol was evaporated and the residual 

yellowish sohd taken up in chlorofonTl (30 mL). A filtration on porous glass for removing 

sodium ehlonde and evaporation of the liquid afforded a stable, odorless, pale-yellowish 

solid corresponding to bis(triphenylgermanium) sulfide (4. 1.740 g. 46%); m.p. 118-119oC. 

The solid was redlssolved in dichloromethane, filtered through a short column of silica gel 

(dichloromethane as eluent) and the solvent was partly evaporated. The product was 

recrystallized with the addiuon of n-hexane; m.p. 126-1270 C (804 mg). A trituration of the 

solid in 25 mL of n-hexane (repeated twice) followed by a filtration afforded a pure product; 

m.p. 129-1300c (lit.69 138oC). A flash chromatography using 30% toluene/70% n-hexane 

or 10% EtOAc/ 90% n-hexane failed due to the insolubility of 

bis(triphenylgennanium)sulfide (4) ; 13C NMR (300 MHz) 136.74, 134.63, 129.27. 128.02; 

M.S. (E.I.) (m/z rel. mtensity) 643 (0.35); 642 (0.68); 641 (0.72); 640 (0.61); 638 (0.78); 637 

(0.22); 636 (0.34) IMt}; 549 (47.4); 548 (31.2); 547 (61.2); 545 (56.1) [M+ - HZS and Ph.]; 

471 (10.7); 469 (12.9); 467 (12.5) [Mt - H2S and 2 Ph.]; 379 (4.1); 377 (4.3); 375 (5.8) [Mt 

- H2S and 3 Ph.J; 307 (22.4); 305 (00); 304 (35.7); 303 (72.9); 301 (55.3) [Ph3Ge+]; 227 

(15.2); 225 (11.8); 151 (38.3); 149 (28.4); 147 (22.4) [PhGe+]. 

Bis(triphenyllead)sulfide (5). A 250 mL flask was charged with triphenyllead 

acetate (10.00 g.; 20.10 mmol), sodium sulfide nonahydrate sponged with paper for 

removing excess water (2.53 g.; 10.53 mmol) and 50 mL of absolute ethanol. The reaction 

was stirred for 2 days at r.t. As the ethanol was added. a dark brownish color took place. 

Ethanol was evaporated and chlorofoml (\00 mL) was poured in the flask. The solution was 

stirred for a few min. and then fih\.!led 011 a pad of celite. The solvent was evaporated and to 

the oily residue was added a few mL of n-hexane in order to induee the crystallization of the 

sol id. AlI of the solvent was then evaporated under reduced pressure. 

Bis(triphenyllead)sulfide (5) was obtained as an odorless. pale-yellowish solid (8.94 g.; 94% 

yield); m.p. 133-134OC (lit.70 137-139oC). This solid was pure as shown by TLC and was 

used without further purification (fLC. 10% EtOAc/90% n-hexane; h or U.V.). An attempt 
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to recrystallize the solid in hot ethanol failed and decomposed il givmg some dark insoluble 

impurities. Dissolution of the solid in chlorofonn followed by Il filtration thmugh Il short 

column of silica gel using chlorofonn as cluent and the tritunltion with n-hexane afforded Il 

better purity; m.p. 136-1370 C; l3C NMR (CD,!C12, 200 MHz) 137.02, 129.96, 129.24, 

129.03; M.S. (E.I.) (mlz rel. intensity) 833 (0.3); 832 (0.3); 831 (0.25) [Mt - Ph.]; 440 

(17.5); 439 (91.1); 438 (42.3); 437 (40.1) lPh3Pb+]; 285 (68.6); 284 (29.6); 283 (32.3) 

[PhPb+]; 208 (100): 207 (42.5); 206 (50.5) [Pb+] 

n-Hexyl Triphenyllead Sulflde (6) Into a 25 mL flask was placed I-bromohexane 

(0.363 g.; 2.20 mmol), bis(triphenyllead)sulfide (5, 1.00 g.; 1.10 mmol), an cxcess of dried 

cesium fluoride (1.10 g.; 7.24 mmol) and 18-crowo-6 (0.195 g.; 0.74 mmol) and 10 mL of 

THF and 2.5 mL of DMF. The œdCUon was stirred at r.t. for 2.0 h and then heated at 6()OC 

for 23 h. The completion of the reaction was indicated by the disappcarance of 

bis(triphenyllead)sulfide on TLC (10% EtOAc/ 90% n-hexane~ Rf = 0.33) and the formation 

of a less polar spot (Rf::: 0.52). tH NMR (200 MHz) 7.67 (H onho; 611; d, d, J III ortho-II 

meta] = 8 Hz; J [H c-rtho-H para] = 1.5 Hz); J [207Pb-H ortho] = 44 Hz) 7.44 (II meta + Il 

para; m, 9 H); 2.78 (CH2-S; 2 H, t) 207Pb satellite: 2.78; d, t, J ICH2-207Pbj = 30 Hl; J 

[CH2-CH2-S] = 7.6 Hz); 1.50 (CH2-CH2-S; 2 H, q, J = 6.8 Hz); 1.18 (01,6 H); 0.81 (CII3; 3 

H; t, J = 6.6 Hz). 

Benzyl Triphenyllead Sulflde. This compound was isolated as an intermediate from 

the reaction of benzy! bromide and bis(triphenyllead) sulfide at r.t.. A flash chromalOgraphy 

using 5% EtOAc/ 95% n-hexane as eluent afforded a pale yellowish solid 25 mg. (0.024 

mmol; 1 % yield); lH NMR (200 MHz) 7.58 (H ortho; 6 H; d, d, J lB ortho-II meta] = 8 Hz; 

J [H ortho-H para] = 1.5 Hz. [207Pb satelhtes = 7.58; d, d, d, J [Pb-H orthoj := 44 Hz; J III 

ortho-meta] = 8 Hz; J [H ortho- H para] = 1.5 Hz); 7.40 (H meta + Il para; <) Il; m.); 7.14 

(Ph of benzyl; 5 H); 3.98 (CH2, 2 H, s); satellites = 3.98, d. J [207Pb-CH2J = 28 Hz). 

Formation of Sulfldes With Orl:anotin Sulfldes~ 

Without Fluoride or Cyanide Ion. 

Diphenacyl Sulflde. a-Bromoacetophenone (1.20 g. 1.96 mmol) was dissolved in 10 

mL DMF (spectrograde). Ta this solution, was added another solution wnslsting of 

bis(tributyltin)sulfide (l, 0.78 g., 3.92 mmol) in 10 mL of DMF and 3 mL ethyl acetate 

(spectrograde, to solubilize completely). The mixture was stirred al room temperature for 24 

h; a yellow color usually appears. The ethyl acetate was evaporated and n-hexanc was 
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in je ct cd slowly; the product precipitated and a simple filtration gave 309 mg of diphenacyl 

sulfide 0.14 mmol, 58 % yleld) as a pure product; m.p. 74-75oC. Another recrystallization 

in n-hexane gave a sulfide with a sharp m.p. of 750C. A second crop of sulfide from the 

initial reaction mixture afforded a further 71 mg., total: 380 mg, 71% yield: 1H NMR (60 

MHz) 8.10-7.80 (m, 4 H), 7.65-7.35 (m, 6 H), 4.00 (s, 4 H); M.S. (mlz rel. intensity) 270 

(Mt,7), 238 (9),237 (16), 166 (6),165 (19), 164 (6),120 (13),106 (18),105 (100),91 (19), 

78 (21), 77 (44),51 (18),50 (13),43 (13), 28 (28). 

Dibenzyl Sullide. ln a flask of 50 mL was placed 1.00 g. of bis(tributyltin)sulfide (2, 

1.63 mmol), 15 mL DMF (spectrograde), 5 mL ethyl acetate (spectrograde) ana then freshly 

dlstilled benzyl bromide (560 mg, 3.27 mmol). The mixture was stirred for 22 h at 450C and 

taken up ln 100 mL of ethyl acetate. The organic ph~se was washed with 5 x 60 mL with 

water to remove DMF. A solution of potassium fluoride was added and stirred vigorously 

for a few min. The preclpitate was collected and the organic phase washed with water and 

then dricd over sodIum sulfate. The evaporation of the solvent gave a residue that was 

purified by a flash chromatography on silica gel using a mixture of cyclohexane:hexane 

(1:1) and afforded 60 mg of benzyl ~ulfide (17% yield): IH NMR (60 MHz) 7.20 (s,lO H) 

3.58 (s, 4 H); MS mlz rel. intensity 215 (15), 214 (48), 123 (25), 122 (18), 121 (18),92 (31), 

91 (100), 77 (11),65 (25),63 (10),51 (10),45 (17), 39 (11), 28 (26). 

General Procedure for the Formation of Symmetrical Sulfides Using 
Tetrabutylammonium Fluoride Trihydrate. 

The halide (2.00 mmol), the bis(triaralkyltin) sulfide (1.05 mmol) are placed in the 

same fIask and a volume of acetonitnle or DMF/EtOAc (5: 1 v/v) (spectrograde) was added 

10 obtain a concentration of ca. 0.15 to 0.20 M. based on the halide. Then 

tetrabutylammonium ammOnIum fluoride trihydrate (2.10 to 2.20 mmol) was added to the 

flask and the mixture was stirred vigorously at room temperature for the appropriate time 

(very often a yellow to orange color appeared). For acetonitrile, the work-up consisted of 

evaporatmg the solvent, adding ethyl acetate and finally washing the organic phase with 

water (at thb. stage triaralkytin fluoride utten had precipitated). The mixture was filtered 

through a pad of celite and the organic phase dried over sodium sulfate and filtered. The 

entire solution of ethyl acetate was passed through a short column of silica gel using only 

ethyl acetate in ail stcps of this procedure. With DMF, some ethyl acetate was added and the 

organic phase washt"d with warer to get rid of the DMF before continuing the treatment in 

the same way as described with acetonitrile. For a better purification, a flash 

chromatography was carried out only for sorne sulfides. The yield obtained was excellent in 
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many cases. Only pure ethyl acetate should be used in the purification to get rid completely 

of residual tin derivatives. ln sorne cases, the filtration through a short column of silica gel 

was not necessary and a usual flash chromatography was sufficient. However. for a safer 

purification, the short column method with ethyl acetate is strongly suggested (especially 

with non-polar products). For hydrophllic sulfides such as dlacetonyl sultïde we aVOIde-d the 

use of water in the work-up. After acetoninile was evaporated, the mixture was filtcred 

through a short column of silica gel and continued as above. 

Diacetonyl Sulfide (CH3COCH2SCH2COCHJ). ln a 25 mL flask was added 

bis(tributyltin)sulfide (2, 1.38 g., 2.26 mmol), 6 mL of reagent grade ace ton itrile , 2-

chloropropanone (380 mg, 4.10 mmol). A dropping funnel was filled with a solution of 

TBAF.3H20 (711 mg, 2.23 mmol) in 6 mL of acetonitnle. The addition was spread over 15 

min. and stirring was continued for 30 min. Evaporation of the solvent and a flash 

chromatography over silica gel using first hexane as eluent, followed by addmg gradually 

ethyl acetate to attain 30% v/v, afforded 248 mg (1.70 mmol, 83%) of a white solid (m.p. 

46.0-46.50C sharp; IR (CHeI3) max 3010, 2940. 1705, 1415, 1355, 1225, 1155; IH NMR 

(60 MHz) 3.30 (s, 4 H). 2.7 (s, 6 H). 

Diphenacyl Sulfide. a-Bromoacetophenone (250 mg, 1.26 mmol), 

bis(tributyltin)sulfide (2, 420 mg, 0.70 mmol) and 8 mL of DMF/EtOAc (5: 1) were 

combined; TBAF.3H20 (442 mg, 1.40 mmol) was added in one portion and the mixture 

stirred for 20 min. at r.t. An orange color appeared; ethyl acetate (25 mL) and waler were 

added. The organic phase was washed with more water (5 x 10 mL) and dried over so<.hum 

sulfate. A flash chromatography as described for diacetonyl sulfide was carried out; It was 

recrystallized in hexane. The reaction gave 171 mg of a crystalline uuocther (100% yleld, 

m.p. 750C); the spectral data was identical with that of an authentic samp1c. 

Dibenzyl Sulfide. A 50 mL flask was charged with freshly di~tilled benzyl bromide 

(428mg, 2,50 mmol), bis(tributyltin)sulfide (2, 803 mg, 1.31 mmol), acetonitrile (12 mL) 

and TBAF.3H20 (830 mg, 2.63 mmol). The mixture was stirred at r.t. for 1 h and the 

solve nt evaporated. The residue containing tin derivatives was punfied by flash 

chromatography using hexane as eluent. A filtration over celite with ethyl acetale as solvent 

may be needed prior to a direct chromatography; 230 mg of dibenzyl sulfide was obtained 

(86% yield). The spectral data was identical to an authentic sample. 
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4-Thla-3,5-dimethyl-2,6-heptanedione [(CH3COCH(CH3)hS]. In a 25 mL flask 

was added 3-bromo-2-butanone (400 mg, 2.65 mmol), bis(tributyltin)sulfide (l, 850 mg, 

1.39 mmol) and a ~olution of DMF/EtOAc (5:1) (12 mL). TBAF.3H20 (440 mg, 1.39 

mmol) was added and the mixture stirred for 24 h at r.t. The reaction WilS dissolved in 30 

mL of ethyl acetate and washed with water (10 mL). A filtration over celite was needed to 

remove the precipltate. The organic phase was washed again with water (3 x 10 mL), more 

TBAF.3H20 (430 mg) in water solution was added and then stirred for 30 min. The phases 

were separated and the organic layer dried over sodium sulfate. The residue was passed 

through a short column of silica gel using ethyl acetate as eluent; this was followed by a 

flash chromatography using EtOAc:hexane (2:8) as cluent. T;,is afforded 160 mg of 

thioether (75%); one spot 011 TLC (EtOAc:hexane 2:8): lH NMR (60 MHz) 3.43 (q, 2 H), 

2.25 (s, 6 H), 1,40 (d, 6 H); MS 174 (Mt, 21), 131 (29), 114 (26), 113 (25),87 (34), 72 (47), 

71 (34), 69 (27),60 (25),59 (38), 57 (41), 55 (37), 45 (31), 43 (100),41 (32),29 (26), 28 

(89), 27 (25). 

3,7-Dithiacyclooctane-] ,S-dione. 1,3-Dichloroacetone (300 mg, 2.36 mmol) , 

bis(tributyltin)sulfide (2, 60 g., 2.61 mmol) and acetonitrile (30 mL) were mixed together. 

To this was slowly addt!d a solution of TBAF.3H20 (825 mg in 20 mL acetonitrile) over a 

period of 15 min., while stimng vigorously for another 15 min. The solvent was evaporated 

and a flash chromatography on silica gel was perfonned by using hexane frrst, followed by 

gradually adding EtOAc to 30% EtOAc in hexane. A white solid was obtained (33 mg, 16% 

yield), IR (CHCI3) max 2945, 2920, 2865, 2850, 1700, 1395, 1260, 1175 (large band); IH 

NMR (60 MHz) 3,58 (s); MS 176 (Mt, 23),133 (22),103 (32), 101 (21),98 (26),92 (33), 

91 (28), 74 (31), 71 (29),61 (39),60 (62), 59 (31),58 (33), 57 (29),56 (28), 55 (33),49 

(21),47 (23),46 (62),45 (65),43 (100),42 (38),41 (27),39 (44), 29 (41), 28 (55), 27 (45), 

26(31). 

Thiane: General procedure. A 10 mL test tube was filled with 1,5-dibromopentane 

(60 mg. 0.26 mmol), the appropriate organotin sulfide (0.52 mmol), 2.0 mL of acetonitrile or 

DMF/EtOAc (5: 1) and finally TBAF.3H20 (168 mg, 0.53 mmol). The mixture was stirred 

for the appropriate time at the temperature in the Tables. The reaction was monitored by GC 

and the yieJds assigned by the area of the signal. The formation of thiane was confirmed by 

wmparison wlth authentic material and GC-MS. 
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General Pr~edure for the Formation of Symmetrical Sultides Using Cesium Flunride 

Complexed with 18-crown-6 in Anhydrous Medium. 

The halide (2.00 mmol) , the bis(triaralkyltin)sulfide (1.05 mmol) and a catalytic 

amount of 18-crown-6 (- 0.2 nunol) were added together and a volume of dried acetonitrile 

was injected using a syringe to give a concentration of about 0.20 to 0.25 M. based on me 
halide. An excess of dried cesium fluoride (- 4 mmol) was added. The nùxture was heuted 

(if needed) and then cooled to r.L, the solve nt evaporated and taken up with elhyl aeetate. 

Water was added and organotin fluoride preclpitated. The nli;..tlJre was f!ltered through a 

pad of celite and passed through a short column of sllica gel. Only ethyl acetate must be 

used here; if needed a flash chromatography can be carried out. 

Typical Procedure: Preparation of di-n-Hexyl Sulfide. In a 50 mL flask was 

added 1-bromohexane (409 mg, 2.48 mmol), bis(trimethyltin)sulfide (1,445 mg, 1.24 mmol) 

and a catalytic amount of 18-crown-6 (132 mg, 0.50 mmol) under a nitrogen atmosphere. 

Ten mL of acetonitrile (dried over calcium hydnde and P20S) was added with a syringe. 

Cesium fluoride (800 mg, 5.27 mmol, (dried at 1100C for 2 days at 5 mm Ilg) was added in 

one portion. The mixture was stirred vigorously under nitrogen and heated at 750C for 75 

min. in an oil bath. After cooling, the solvent was removed and 50 mL of ethyl acctate was 

added. After stirring 5 min., the mixture was tiltered over celite and then passed through a 

short column of silica gel using only ethyl acetate as eluent. 

Di-n-hexyl Sulfide. (25C mg, quantItative yield) was obtained as a colorless liquid in 

a pure state, as confirmed by Ge: 1H NMR (200 MHz) 2.50 (t, 4 H), 1.58 (m, 4 H), 1.30 (m, 

12 H), 0.89 (t, 6 H); MS(m/z rel. intensit~202 (MT, 40), 117 (l0ü), 84 (86), 69 (45),61 (77), 

56 (63),55 (65),43 (72),42 (67), 41 (69),28 (66). 

S-Thia-3,7-dimethylnonane. This was prepared by the same procedure as above 

using S(+ )-bromo-2-methylbutane (773 mg, 5.12 mmol), bis(trimethyltm)sulfide (1, 1.08 g., 

2.91 mmol), a catalytic amount of 18-crown-6, an excess of dried cesium nuoride and 22 

mL of dried acetonitrile. The mixture was heated at 800e for 2.5 h in an 011 bath. Same 

work-up as above: 63% yield; IH NMR (200 MHz) 2.50 (d, d, 1] = 20 Hz; 2J = 5.6 Hz; 211); 

2.33 (d,d. 1] = 20 Hz; 2J = 7.0 Hz; 2H); 1.52 (m, 4H); 1.22 (m, 2H); 0.97 (d, 6H); 0.89 (t, 

6H). 

------------------------------------------------------------------~--
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Formation of Symmetrical Sulfldes with Tetrabutylammonium Cyanide 
(TBACN). 

132 

Dibenzyl Sultide. In a 25 mL flask was placed freshly distilled benzyl bromide (428 

mg, 2.50 mmo!), bis(tributyltin)sulfide (2, 803 mg, 1.31 mmol), dried acetonitrile (12 mL) 

and TBACN (706 mg, 2.63 mmol). The reaction mixture was kept under nitrogen and 

stirred for 50 min. at r.t. The acetonioile was evaporated and replaced with ethyl acetate (25 

mL); a solution saturated with zinc acetate was then added ta destroy any excess of 

organotin sulfide and stirring was continued for 15-30 min. The white precipitate that 

fomled (ZnS) was collected and the organic phase washed with water (- 20 ml). A 

saturatcd solution of potassium fluoride and TBAF.3H20 (-200 mg) was added and stming 

continued for 15-30 min. The phases were separated or tiltered (if a precipitate was 

fonned). The organic phase was washed with warer (20 mL) and dried over sodium sulfate. 

A flash chromatography on silica gel (hexane as eluent) afforded 109 mg of a semi-solid 

with a low melting point correspondmg to dibenzyl sulfide (41 %): Spectral data were 

identical tn those obtained in other synthesis mentioned before. 

Other Fluorides Used in this Study. 

Anhydrous Tetrabutyl Ammonium Fluoride (TBAF) was prepared as usual,38 

TBAF.31120 adsorbed on silica gel was made by following the procedure of Clark7l except 

that silica gel having particles size of 0.040-0.063 mm was used. 

o 

TEAF.31120 with 3A Sieves. TEAF.31f20 (555 mg, 3.72 mmol), 7.0 mL of dried 

Tl IF, and 1-1.5 g of molecular sieves (3À) were placed in a flask under a nitrogen 

atmosphere. The mixture was stmed overnight and then the solvent evaporated to dryness 

with a strnng flow of nitrogen while warming the flask slightly over a hot water bath. 1-

Bromohexane (585 mg, 3.54 mmol), bis(trimethyltin)sulfide (1, 667 mg, 1.86 mmol) and 

acetonitrile (10 mL) were added to the flask and stirring at r.t. was continued for 5.5 h. The 

solve nt was evaporated and ethyl acetate added, followed by a flltration through a short 

column of silica gel using ethyl acetate as eluent. The erude product showed good purity by 

1 H NMR (202 mg, 56% yield): 1H NMR (200 MHz) 2.51 (t. 4 H), 1.58 (quintuplet, 4 H), 

1.48-1.20 (m, 12 H), 0.90 (t. 6 H). 

Anhydrous Benzyl Trimethyl Ammonium Fluoride (BTAF). BTAF.H20 (2.49 g.), 

dried THF and spherical molecular sieves 3À (12.8 g.) were plaeed in a flask and stirred 

gently for 10 h under nîtrogen. The whole mixture was filtered through a strainer under a 
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stream of nitrogen and the solvent evaporated with the same technique as used for 

TEAF.3H20. I-Bromohexane (409 mg, 2.48 mmol), bis(trimethyltin)sulfide (l, 467 mg. 

1.30 mmol), BTAF dried as above (419 mg, 2.48 mmol) and dried acetonitrile (10 mL) werc 

placed in the same flask under nitrogen. Tetrabutyl ammonium iothde (350 mg) was addcd 

to ensure a better solubllity of BTAF while mcreasmg the iome strength of the medium. The 

mixture was stirred at Lt. for 12 h ; the yield of di-n-hexyl sulfide was detenmned 10 be 70% 

by Ge. The propenies of the product fonned were identical to those of di-n-hexyl sultïde 

previously made. 

Cesium Fluoride and Tetrabutylammonium lodide. Bis(triphcnyllln)suifide (7, 

362 mg., 0.494 mmol), I-bromohexane (84 mg, 0.25 mmn!), ceSllIIll tluondc (200 mg) and 

tetrabutylammonîum iodide (100 mg) were placed in the saille tlask umler 11l1rogcn. 

Acetonitrile (5 mL) was added and the reaction stin-ed for 5 h at 50-520 ('. GC ~howed 

incomplete conversion of the halide and an approximate yicld of 70-80% of dl-n-hcxyl 

sulfide. 

2,4,6-Trimethylpyridine.HF. Bis(tripheny ltin)sulfide (6, 2.50 g., 3.41 minot), 1-

bromohexane (563 mg, 3.41 mmol), 2,4,6-trimethylpyridine.HF (722 mg, 5.12 mmol) and 

acetonitrile were mixed together and heated at 500C for 21 h. Only sorne small traces of di­

n-hexyl sulfide were detected by TLC. 

Potassium Fluoride and 18·crown·6. I-bromohcxanc (409 mg, 2.48 mmol), 

bis(trimethyltin)sulfide (1, 445 mg, 1.24 mmol), acetonitrile (10 mL), potassium fluoride 

(excess) and 18-crown-6 (cal. amount) were placed in a flask and stirred at r.t. under 

nitrogen for 1 h. A sample was taken and analysed by GC; no suifide was dctected. 

Formation of Unsymmetrical Sulfides: Benzyl-n-IIcxyl Sulfide. 

General Procedure with Cesium Fluoridc. I-Bromohexane (277 mg, 1.68 mmol), 

tributyltin benzyl sulfide (727 mg, 1.76 mmol) and dried acetonitnle (12 mL) were placed 

into a flask. Cesium fluoride (800 mg, 5.28 mmol) alone or complexcd with 18-crown-6 (96 

mg, 0.36 mmol) were added. The mixture WdS stirred vigorously at r.t. for 2 h under 

nitrogen with CsF /18C6 and for 12 h wah CsF alone. The reaction was mOflltorcd by Ge 

and lH NMR; the yields were recorded as descnbed in Table 7. The purificatlOl1 involved 

evaporation of the acetonitrile, addition of ethyl acetate (30 mL) and addition of a saturated 

aqueous solution of potassium fluaride (~15 mL); the mixture was stirred for 30-45 min. A 

filtration was carried out if needed at this stage or later (ta remove organotin fluoride) and 
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the phases were separated. The organic phase was washed wIÙ1 water and dried over sodium 

sulfate. A flash chromatography usmg hexane as eillent was carried out if needed. Benzyl­

n-hexyl sulfide was obt.ained as a coloriess Iiquid (260 mg, 76%). Sorne traces of unreacted 

starting matenal were observed by 1H NMR pnor to punficatlOn; 1H NMR (60 MHz) 7.27 

(s,5 H), 3.70 (s, 2 H), 2.43 (t, 2 H), 1.7-1.03 (m, 8 H), 0.85 (t, 3 H); MS 208 (Mt, 14),207 

(22),181 (19), 180 (IO), 179 (lI l, 149 (12), 117 (14), 105 (12), 103 (12),92 (19), 91 (1Oü), 

65 (15),57 (12), 56 (13),55 (13),43 (13),41 (22),29 (16), 28 (21). 

With TIlACN: I-Bromohexane (139 mg, 0.84 rruno!), tributyltin benzyl sulfide (364 

mg, 0.88 mmol), acetorutnie (5 mL) and TBACN (245 mg, 0.91 mmol) were mixed together 

and ~tirred al r.t. for 2.3 h under mtrogen to give benzyl-n-hexyl sulfide in 84% yield by Ge. 
The retention llIne wa~ comparcd to the i~olated and charactenzed product obtamed before. 

Formation of Sulfidc~ with Bh,ltriphenylgermanium)sulfide. With Fluoride 

Di-n-lIcxyl Sulfide. ln a 25 mL t1ask were placed I-bromohexane (165 mg, 1.00 

mmol), bls(tnphenylgcrmanium) sulfide (4, 320 mg, 0.50 mmol) and a catalytic amount of 

18-crown-6 (26 mg;O.1 mmol). THF (4.0 mL) and DMF (1.0 mL) were added. Flamed­

dried ceSllllll fluonde (440 mg, 2.90 mmol) was added to the main flask while stimng for 45 

min. at R.T. and then at 550 C for 10 h. THF was evaporated and to the remaimng residue 

was pourcd cthc:r (-25 mL) and water (- 25 mL). The cthcreal phase was further washed 

with water (3 x 20 mL) and then dned over NU2S04/MgS04. A flash chromatography using 

2% EtOAc/9S% n-hexane as eluent afforded di-n-hexyl sulfide (80 mg, 80% yield) of a 

colorless liquid. The spectral data were as described before 

Formation of Sulfides with Bis(triphenyllead)sulfide Without Fluoride Ion. 

Dibenzyl Sulfide. Benzyl bromide (171 mg; 1.00 rnrnol) , bis(triphenyllead)sulfide 

(477 mg) and DMF (5.0 mL) were mixed together and stirred at r.t. for 4 days. A black 

precipitate took place immediately. Finally, diethyl ether (30 mL) was added and the 

solu11on was tïltcrcd. Water (20 mL) was added and then discarded. The organic phase was 

washed furthcr with water (3 x 20 mL) and dried over Na2S04/ MgS04. IH NMR did not 

show any siglllficant amount of dibenzyl suifide. 

With Cesium Fluoride 

Diphenacyl Sulfide. a-Bromoacetophenone (199 mg; 1.00 mmol). 

bis(triphenyllead)sulfide (S. 477 mg; 0.55 rnmol), cesium fluoride (547 mg; 3.60 mmol) and 
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18-crown-6 (15 mg) were placed In a 50 mL flask. THF (8.0 mL) was added vIa a syringe 

and the mixture was stirred at r.t for 1 to 2 mm.. Then DMF (2.0 ml.) was addl'd into th~ 

flask. A yellow-omnge color appeared immediately. TILt" re.\Ction wa~ stlrœd ut R.T for lO 

h and followed by TLC u~ing 30% EtOAcnOC'{, n-hexanc ;I~ elllcnt ~ 11. V vlsualtlatlOn) 

After 1.5 h, most of the stawng muterial had dl'lUppearcl: THF \Vas evapol.ltl'd ,lIld the 

reaction takl'll up in ethyl a~dal~ (~() IlIL), A tlltratlO!\ on .1 pad of œhtl' rl'l11owd the 

remaining inorganic salts and most of the tnphenyllcad tluomk Bnue l20 mL) \va~ added 

and the aqueou~ phase ùiscardeù. The orgamc phase was washeù Illrther wlth bnne (3 x 15 

mL). A t1ash C'hromawgraphy u~ing 25% EtOAc/ 75% l1-hexane a~ eluent afforùed 

diphenacyl sultide (129 mg.; 0.60 I11mol) ln 95% ylelÙ. The compound wa:-. Idenl1cal tn a 

reference sample on TLe. 

Dihenlyl Sulfide. In a 50 mL nask was placed benzyl brml11de (171 mg; 1.00 mmol) 

and bisCtnphenyllead)sulfide (5, 478 mg; 0.53 rnmol). TliF (8.0 mL) and DMl; (20 mL) 

were added (a black. col or appearcd imnlt'Jlatdy) via a s)ringe, f(Jllowt.:d hy Ce~llJllI nuondc 

(416 mg; 2077 mmol) and 18-crown-6 (66 mg; 025 Il1IllOI) The nask wa:-. heatc-d at 650C 

for 5 h. The black color œsulting from a complex fnnnauon bctwcell the organolcad and 

DMF became pale gray aftel' a fl'w min. 111 tlte prCStllCC of tlu()!lde, Alter only 1.5 h, most 

of the start1l1g material (Rf = (040) lt.:actcd a.., detCrTlllIH'd by TLC ( 10% EtOAd \)WYcJ n-hex.) 

and was transformed In a more polar proouct (orre~pundlI1)!. 10 bCIl/yl tnphcllyllcad sulfide 

(Rf = 0.50). f\ftcr evaporatlon of the ~olvcnt 'Uld addition of dlcthyl t:thcr no mL), the 

mixture wa~ liJtered through J. pad of Ldne i1lld the content pOUlet! 111 a \eparattng funllcl. 

Water (30 mL) wal) ~ddcd and then di\caHkd The ether pha..,e wa:-. washed further wlth 

3x15 mL of warer antI drietI on Na2S0,1/MgS04 A tla:-.h chromatography (usmg the sarnc 

eluent a~ above) gave pure dlbenlyl sulfJdc (69 mg, 032 mmul; g 1 % yleld) wlth the ..,ume 

spectral data as before. The product wa.., compared to authentIc material, the punty was 

excellent as verified by 1 H NMR and 'l'Le. 

Dibenzyl Sulfide. In a similar way ta the above procedure, dibcnzyl sulfidc was 

prepared with benzyl bromlde (342.1 mg; 2.00 Olmo\), bis(triphenyllead)sulfïdc (5, 955 mg; 

1.05 mmoI), cesium fluoride (730 mg; 4.80 mmol), 18-crown-6 (53 mg; 0.20 mmol) and 

DMF (10 mL). The reaction turned black while addmg the solvent. It was stirred at Lt. for 5 

h then diethyl ether (30 mL) was poured in the flask and the work-up was slITular to the 

above procedure. Dibenzyl sulfide (143 mg; 67% yield) obtained had the same 

spectroscopie propenies as above and the purity was excellent on TLe. 
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Di.n.Hexyl Sulfide. ln a 50 mL flask, put bis(triphenyllead)sulfide (S, 950 mg; 1.05 

mmol), I-bromohex.ane (336 mg; 2.04 mmol), cesium fluoride (1.20 g; 7.90 mmol), 18· 

crown-6 (30 mg; 0.11 mmol) were combmed. Then THF (11 mL) were added and stirred for 

a few min. DMF was added (2.4 mL)and sur for a few min. then more DMF was added (2.4 

mL) and the solution stirred at reflux for 8 h. TLC showed bis(triphenyllead)sulfide (5) 

(eluent: 10% EtOAc/ 90% n-hex.ane ,12). After cooling, THF was evaporated and 

diethylether (25 mL) was added and the nuxture filtered on a pad of celite. Saturated NaCl 

solutIon (20 mL) was poured in a dropping funnel along with the ethereal phase. After 

shaking, the aqueous phase was dlscarded and the orgal11c one was washed further with brine 

(15 mL) followed by waler (2 x 15 ml). The ethereal phase was dried over 

Na2S04/MgS04 A flash chromatography usmg 3% EtOAc/97% n-hexane afforded di-n­

hexyl sulflde as a minor component (22 mg, 0.11 mmol, Il % yield) along with 

triphenyllead-n-hexyl sulfide (326 mg; 0.63 mmol) as the major component (decomposed 

slowly); the ~ame spectral data as previously indicated was observed for both compounds. 

19F and 119Sn Complexation Study of Bis(triphenyltin) Sulfide with "Dried" 

TBAF. In a 5 mm NMR tube was placed bis(triphenyltin) sulfide (50 mg, 0.068 mmol) and 

CD2C12 (0.30 mL). A solution of "anhydrous: TBAF in CD2C12 was prepared according to 

Cox38. ln a small t1ask, TBAF.3H20 (539 mg, 1.708 mmoI) was dried ovemight under high 

vacuum wlllie heating at 40-450C. Deuteromethylenechloride (1.00 mL) was added and the 

solutIOn kept under N2; 0.160 mL was transferred to an NMR tube containing the organotin 

sulfide. A weak evolutlon of H2S resulted along with a yellowish color. 19F and 119Sn 

NMR spectra were recorded immedlately. AlI of the manipulations were executed under 

nitrogen. In the presence of water, complex 18a or 18b is not observed. 

Acknowledgements 

We would especially like to thank Dr. Francoise Saurioi for very helpful discussions 

on many aspects of NMR. We are gratefui to Dr. Steve Bodzay for an introduction to 

organotin sulfide chemistry. We acknowledge financlal assistance from Le Ministère de 

l'Education du Québec (F.C.A.R.) and the Natural Sciences and Engineering Research 

Council of Canada (N .S.E.R.C.). 

136 



1 

J 

1. 

References 

Among the uses: agrochemicals. dlSlnfectanlS. wood pre.'iervauves and biocides ln marine pamlS; 
Davie.'!. A. G.; Smith. P. J. Comprehenslve Organomelallic ChemlSlry. 1982. Pergamon Press. 
Toronto. Canada. Vo1.2, p. 608-616. 

2. Kraus, C. A.; SessIOns. W. V. J. Am Chem Soc 1925,47.2361; Harada, T. Bull. CMm Soc. Jp". 
1942.17.281. 

3. Steliou. K.; Mrani. M. J. J. Am. Chem. Soc. 1982,104.3104. 

4. Steliou. K.; Salama. P.; Comveau. J. J. Org. Chem. 1985.50.4969. 

5. Kosugl. M.; Ogata. T.; Terada. M.; Sano. H.; Mlgua. T. Bull Chem Soc Jpn. 1985,58,3657. 

6. HarpP. D. N; Gmgras. M.; Chan, T. H., Alda, T. SynlheSlS 1987. 1122. 

7. HarpP. D. N.: Gmgras, M. Te/rahedron Leu. 1987.28.4373. 

8. a) Gleitner. R.; Rllunger, S. Te/rahedron Leu. 1988.29.4529. b) Just. G.; Smgh, R. Tetrahedron Lett. 
1987,28.5981. 

9. Cooper.S.R.Ace Chem Res. 1988.21. 14!. 

10. The thioether lmkage is the essenual re.&cuon pnor 10 provokmg sulfur extrusion. Bockelhclde. V. 
"Strategies and Tactics m OrgaOlc Synthcsls". T. Lindbcrg Ed., Academlc Press. New York. 1984. 
Chapter 1. 

II. Wender. PA; Harmata. M.; Jeffrey. D.; Mu.lai. C.; Suffen, J. Tetrahedron Lell 1988, 29, 909. 
Schrell)Cr. S. L.; Klesslmg, L. L. J. Am. Chem. Soc. 1988.1 JO. 631 and references CllCd Lh('rem; sec 
also Nlcolaou, K. C.; Zuccarello, G.; Ogawa. Y.; Schwclger, E J .• Kumagawa, T. J Am Chem Soc. 
1988,110,4866; Magnus, P.; Caner. P. A.; Ibid. 1626; Kendc, AS; Smith, C. A. Tt'lrahedron Leu 
1988,29,4217. 

12. Pearlman, B. A ; Pull, S. R.; Flemmg, J. A. J. Org Chem. 1985.50.3622. 

13. Damshefsky,S.; HungaLe, R. J. Am Chem Soc. 1986, 108, 24M6 

14. a) Ohno. M.; Nagashima, N. ChemlS/ry Leu. 1987. 141. b) GroUiller, A.; ESsadiq, H.; N8Jlb, B.; 
Moltère. P. Syn/hem 1987. 1121. 

15. Gmgras. M.; Harpp, D. N. J Am. Chem Soc 1988,1 JO, 7737. 

16. a-Tnmethylgermanyl acetomtrile was rcccnù y used as a source of a carbanton' Kanemoto, N.; Inoue. 
S.; Sato, Y. Syn Comm. 1987. 17, 1275. Seyferth, D, Murphy, G. 1., Woodruff, R. A. .1 
O,ganomet. Chem. 1977.141.71. 

17. Glese, B. RadIcal ln Orgamc Syn/hesls Forma/IOn of C(Jfbon-Carbon Bonds Pergamon Pre'l~, 
Toronto, 1986, p. 67{)8. 

18. Semlconduclors, catalysts and germa drug:-, (tncludmg a blood·pre,>~ure depre~sant) arc among lhe 
imponanl uses: Rivière. P.; Rivlère-Bcaudel, M.; Salgé. J ComprehensIve Organumeta/lu. 
Cherrus/ry. Pergamon Press. 1985, Vol. 2. p. 403. 

19. For a bnef summary: Wolters. J.; de Vos, D. J Organomel Chem 1986.113.413. Hamsun, P. G. 
Comprehenslve DrgaMme/alllc Cherruslry, Pergamon Press, Toronto, Vol. 2. 19H2, p. 629. 

20. MIdgley. T.; Boyd. T. A. 1nd Engl. Cnem 1922,14.894. 

21. Seyfen D.; Murphy, G. J.; Woodruff, R. A. J. Organomet. Chem 1974.66, C29. 

137 



22. Pb(OH)2 was used 10 organtc SynÙlesIS: HIrOI, K.; Nakamwa, H.; Anzai, T. J. Am. CMm. Soc. 1987, 
J09, 1249; Cohen, T.; Ouelletle, D.; Damewskt, W. M. TetraMdron Lell. 1978, 5063; Mukalyama, 
T.; KamlO, K.; Ta.kel. H. Bull CMm Soc lpn. 1972,45,3723. 

23. Kauffmann. T. Toplcs lfI Currenl ChemlSlry Spnnger-Verlag. New York, 1980, p. 132-144. 

24. BIS(IIIbulylun)sulfide (2) can be oblalOed from Pfaltz and Baucr USA. Sorne tnaralkylun 
mercapudes are currenüy sold by Ùle Aldnch Chemlca1 Co. 

25. For a revlew: Glelen, M. Tapies lfI Stereochenuslry. 1980, John Wiley & Sons, New York. Vol. Il, p. 
217-251. See also: Day, R. O.; Holmes. J, M.; Shafieezad. S.; Chandrasekhar, V.; Holmes, R. R. J. 
Am Chem Soc. 1988. no, 5377. Swisher, R. G.; Holmes, R. R. Organometallics, 1984. 3, 365. 
Olclen, M., Mokhtar-Jamm, H. J Organomet Chem. 1975. 9J, C33i 1974,65, C39; 1974, 74,1. See 
also referenccs 59d. 5ge; 59f. For a spcçtrOSCOplC eVldcnce of subsutuuon at tm: Reich, H. J.; 
Phllhps, N. H J. Am Chem Soc. 1986, J08. 2102. 

26. a) Tnaralkylun mercaplldes; among thcm: Annltage, D. A.; Smden. A. W. J. Organomet. Chem. 
1975, 90, 2H5 Yamazalu, N.; Nakahama. S.; Yamaguchi, K.; Yamaguchi, T. Chem. Leu 1980, 1355; 
Talley J. 1., Colley, A M. J.OrgaMmel. Chem. 1981,215, C38-C39. Lequan, M.; Lequan, R. M. J. 
Organol1U'l. Chem. 1981,222,211, Harpp, D. N.; Bodz.ay, S. J ; Aida. T.; Chan, T. H. Tetrahedron 
Lett. 1986, 27, 441. b) bls(triamlkyllln)sulfide: Bnl. Paient No. 792,309 Match 26, 1958, Chem. 
Abslr. 1958, 52. 17805. Relchle, W. T. Inorg. CMm. 1962, 1,650; See rer 10. Vysankin, L. P.; 
Bochkarev, M. N.; Sanma, L. P. Zh Obshch. Khim. 1966,36, 166; Bloodworth, A. J.; Davles, A. O.; 
Vaslslha, S. C. J. Chem Soc. (C) 1967, 1309. Felccabnno, J. A.; Kupchik, E. J. J. Organomel. Chem. 
1973, 167. Vol. 56; Arrnltage, D. A ; Sanden, A. W. J. Organomel Chem. 1975,90,285. 

27. Mldgal. S.; Germer, D.; Zilicha, A. Cano J. Chem. 1967,45,2987. 

28. From Talley and Collcy an ref. 26a; antcrestmg routes lO aralkyltin sulfides from orgamc thiocyanales 
and traaralJ...yltm hydndes aVOId any mampulauon of odorous thlols; Veno, Y.; NOZOffil, M.; OIœwara, 
M.;, ChRmlslry Leu., 1982, 1199. 

29. Abel, E. W.; Armltage, D. A., Bush, R. P. J Chem Soc. 1964,2455. See also Ong. B. S.; Chan. T. H. 
Syn. Comm 19n, 7,283. 

30. The avemgc bond encrglcs of Sl-F and Gc-F dcnved from SIF4 and GeF4 were 139 kcal/mol (582 
lU/moI) and III k.cal/mol (465 KJ/mol) an Cotton, F. A. and Willunson G. Advanced lnorgarnc 
Chemwry, 4th edluon, John Wiley & Sons, Toronto. 1980, p. 375. We approxamated the Sn-F bond 
encrgy Lü 100 kcal/mol 10 our prevlOUS work (see reference 15. The Sn-F bond energy an SnF4 was 
evaluated as 1074 k.e al/mo l' Sanderson. R. T. "Polar Covalence", Academlc Press, New York, 1983, 
p. 74.) but the Pb-F bond energy seems 10 be unavailable. These bond energies are as hlgh or higher 
lhan a sp3 C-C bond (-H5 kcaI/mol) or a sp3 C-H bond (-99 kcal/mol). 

31. NIIJes.G.P,SchuCIL.,R.D.J Chem Educ 1973,50,267. 

32. GladysL, J. A., Wong, V. K.; Jlck, B. S. J C. S Chem. Comm. 1978,838; Oladysz, J. A.; Wong, V. 
K ; h:k. B S. Telrùhedron Leu 1979,2329. 

33. Clark, J H . Chem Rev. 1980,80,429 YakobMln, O. O.; Akhmetova, N. E. Synthesis 1983,169. 

34. KUW<lJlma, l, Nak.amura, E Ace. Chem Res. 1985,18, 181. 

35. Gangnts. M.; Harpp. D N. unpubhshcd results. 

30. GlIlgr'ls, M, Harpp, D N. 1elmhedron Lell 1988,29,4669. 

37. Gok.cl, G W.; Cram, D J.; LlOlta, C. L.; Haros, H. P.; Cook, F. L. J. Org. Chem. 1974,39,2445. 

38. Dned accordmgly 1.0 Cox, D. P.; Terpmslu, J.; Lawrynowicz, W. J. Org. Chem. 1984, 49, 3216. 

138 



1 

'f 

j 

39. 

Instablhty of TBAF anhydrous: Shanna. R. K.; Fry, J. L. J. Org Chem 1983,48,2112. 

Clark, J. H. J. C. S. Chem Comm. 1978, 790. 

40. Kuwajlma, 1.; Nakamura, E. J. Am. Chem Soc. 1975,97,3257. 

41. VOznyl, Y. V.; Kahcheva.l. S ; Galoyan, A. A. BlOorg KJum. 1981, 7,406. 

42. Liotta, C. L.; Harris, H. P. J Am Chem Soc. 1974, 96, 2250. Belsky, B. l. J. C. S. Chem. Comm. 
1977,99,237. 

43. Middleton, W. J. J. Org Chem. 1975,40,574 

44. Noyon, R.; N1Shida, 1.; Sakata, J. J. Am Chem. Soc. 1981,103,2106, Ibid 1983,105,1598. 

45. Sorne fluorides reqwred rnolsture (exposure ta hUffil(hty) ID achieve lhe maXimum of effccllvcness. 
The explanauon is not enttrely c1~. Clark, J. H., J C. S. Chem. Comm. 1980,80,429. Tordeux, M.; 
Wak.selman, C. Syn Comm 1982,12,513. 

46. Landml, D., Ralla, F. Syrathem 1974, 565. 

47. Sec ref. 4; hexamethyldlSlllhlane (3) 1S unstable and very rcactive m !.he aunosphere, releasmg H2S. 

48. Kliescr, B.; Rossa, F.; Vogùe, F. Konlakte (Merck) 1984,3. 

49. A comparison of dlfferent rnelhods IS glVen m Table 5: a) Vogc1, A. Texlbook of Practical Organic 
Chemistry, 4th Ed., Longmans, New York, U. S. A. 1981, p. 584; b) Landmi. D.; Rolla, F. Synthtsis, 
1984,565; c) Hernott, A. W.; Picker, D. J Am Chem Soc. 1975,97.2345; d) Smgh. P.; Batra, M. S.; 
Singh, H. Ind J. Chem. 1984, 248. 131; e) Tamgawa, Y.; Kanamura, H.; Murahashl, SA. 
Tetrahedron Lell. 1975,4655 

50. Eghnton, R.; Lardy,l. A; Raphael, G. A. Sim J. Che,." Soc. 1964, 1154. Sec also Gleltner an rer. 8. 

51. Dijkstra, G ; Krull.mga, W. H.; Kellogg, R. M. J. Org Chem. 1987,52,4230 and refcrencc, .. thcrean. 
Buter, J.; Kellogg, R. M. J Org Chem 1981,46,4481. 

52. M. Gmgras, T. H. Chan and D. N Harpp, unpubhshed rC1>ults. 

53. Smgh, P.; Batra, M. S.; Smgh, H [nd J Chem. 1983,228, 484.lb,d. 1985,248, 131. 

54. Tanlg&wa, Y.; Kanamaru, H.; Murahashl, S -1. lCtrahedroll Leu 1975,4655. 

55. HOly, A Tetrahedron Leu. 1972,585. 

56. Harpp, D. N.; Kobayashl, M. Telrahedron Leu. 1986.27,3975. 

57. GuggenheIm. T. L. Tetrahedron Lell 1987,28,6139. 

58. This IS In analogy to the tnphcnyldlflrorotllphenylstannate anIon prepared under simllar conditions: 

59. 

Sau, A. c.; Carpmo, L. A ; Holmcs. R. R J Organomel Chem 1980, /97. 181. A dctallcd dynamlc 
mulunuclcar NMR study Will he pubhshcd clscwhere for such complcxes. 

Among them: a) Swaml, K., Nebout, B , Farah, D ; KmhnamurtI, R ; KUlvlla, H. G. Organornctallics, 
1986, 5, 2370 and referenccs thcrcan b) J~trzebsk.J, J. T. B. H.; Van Koten, G., Knaap. C. T. 
Organometalllcs, 1986, 5, 1551. c) Wl'Ilhmann, H.; Mugge, C.; Grand, A.; Robert, J. B. J. 
Organomet. Chem 1982, 238, 343 d) Yan Kotcn, G.; Jastrzcbskl, J. T. B H; Noltes, J. G.; 
Pontenagel, W. M. G. F.; Kroon, 1.; Spclt. r\ L. J Am Chem Soc 1978,100. '5021. e) Van Kotcn, G.; 
Noltes, J. G. J Am. Chem Soc. 1976, 98, 5393. f) KUlVlla, H. G; Dlxon, J. E.: Max ficld , P. L.; 
Scarpa, N. M.; Topka, T. M., Tsai, K-H.; Wursthom, K. R. J. Organomet. Chem. 1975,86,89. 

139 



1 
60. Comu, R. J. P.; Guénn, C.; Moreau, J. J. E. Topies in Sttreoehemistry, Eliel; E.L.; Wllen, S. H.; 

Allmger, N. L. edltors; John Wlley & Sons; N. Y.; 1984, Vol. 15, p. 167-174; see also Delters, J. A.; 
Holmes, R. R. J. Am. Chem. Soc 1987,109, 1686. 

61. Kozuka, S.; Ohya, Sadamu J. O'ganomel. Chem. 1978, 149, 161, Ibid, Bull. Chem. Soc. Jpn. 1978, 
51,2651. 

62. Couon, F. A.; Wllkmson, G. "Advanced lnorgamc ChemlStry",4th eWllon, 1980, John Wlley & Sons, 
N. V., p. 404. 

63. a) FUJlla, M.; Hunaya, T. Tel,ahedron Leu. 1987, 28,2263; b) for fwther commenls see Comu, R. J. 
P; Guènn, C.; Moreau, 1. J. E. ID "Topics 10 Stereochemistry", p 43-198. John Wiley & Sons, New 
York,1984. 

64. Sec rcfcrence 1, p. 557. Okawara, R.; Wada, M. J OrganoTneI. Chem. 1965,4,487. 

65. Kneg~,mann, H ; Jchnng, H.; Mehner, H. J. Organomel. Chem 1968,15,97. 

66. Laganls, E. D.; Chenard, B. L. Tetrahedron Leu. 1984,25,5831. 

67. RaJuvacv, G. A., Shcherbakov, V. L, Gngor'eva,l. K.J. O'ganomel. Chem.1984,264. 

68. RClchlc, W. T. J. Org Chem. 1961,26,4634. 

69. Hcnry, M. C.; Davidson, W. E. J. Org Chem. 1962,27,2252. 

70. Schumann, H.; Thom, K. F ; Schmidl, M. J Organomel. Chem. 1965, 4, 28; Bhattacharya. S. N.; 
Saxcna, A. K. Ind J Chem Secl A, 1979,17,307. 

71. Clark, H. J.; J. Chem Soc., Chem Commun., 1978, 789. 

140 



1 

1 

CHAPTERS 

ORGANOTIN OXIDES AS MILO OXYGEN TRANSFER AGENTS 
IN THE PRESENCE OF LEWIS ACIDS. 

In the previous chapters, sorne nucleophilic species were rcleased from 

organometallic reagents of group 14 when fluoride ions attacked the metal (Si, Ge, Sn, Pb) 

and cleave the metal-ligand bond. We now tum our attention to the possibility of using a 

mild Lewis acid in order to promo te the reaction of a nucleophllic hgand attached to tin with 

halogenated substrates. In this instance, the activation of the electrophlle is reported msteau 

of activating the organotin ox.ide reagent itself, as previously shown in the 

fluorodestannylation methodology. 

This chapter depicts the use of sil ver salts with commercial bis(tributyltin)ox.ide and 

primary alkyl halides for making alcohols. Although the halide to alcohol conversion is 

simple, there were few practical and genemi procedures in the litcrature. 

Chapter 5 was taken from a recent publication (Gingras, M.; Chan, T. H. Telrahedron 

Len. 1989, 30, 279). Professor Chan provided sorne help from discussions and in the 

revision of this manuscript. The main writing of this article, the full literature search of 

references along with the laboratory work were the result of my effons. Appendix 2 

presents funher details on the experimental procedures and a possible rnechanisrn based on a 

working hypothesis. 
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5.0 SIL VER-ASSISTED REACTIONS OF ORGANOTIN OXIDES. A MILD, 
NEUTRAL AND ANHYDROUS ONE·STEP CONVERSION OF PRIMARY 
ORGANIC HALIDES TO ALCOHOLS. 

Abstract: Bis(tributyltin)oxide acts as a mild oxygen transier agent in converting primary 

organie iodides and bromides 10 give a/cohols in good 10 excellent yields. The less reactive 

chlorides can be converted inro alcohols when they are firsl Iransjormed into bromides or 

iodides using the Fink.elstein reacrion. Si/ver salis are requiredfor rhis one step conversion. 

Bis(tributyltin)oxide (1) is currently produced in bulk quantity and used as wood 

preservative, as !ciller of algae in anti-follling paint and as general desinfectant.1 It was fust 

synthesized in 1941 2 and has since been considered as one of the major starting material for 

making organotin derivatives. In organic chemisrry, it has been uùlized widely in 

carbohydrate chemlstry in the reglOselective activation of hydroxyl groups toward 

alkylations and acylations.3 More recently. we found that (1) acts as a general "02-" transfer 

agent via the methodology of fluorodestannylation.4 

We would hke to report that bis(tributyltin)oxide (1) reacts smoothly with organic 

iodides and bromides in the presence of silver salts to give the corresponding alcohols. To 

the best of our knowledge. this is the first example that an organotin compound is used in 

tandem with silver salts. 

1 

Although it has been well known that a tin atom attached to an oxygen atom enhances 

the nucleophllicit'j of the latter \lrithout increasing its basicity,3,5 no one tried to use this 

tinding in alkylatIOns of organotin oxides in the presence of silver salts. Indeed. the usual 

alkylation of organotin oxides by organic halides required extensive heating (often near 

2000C) for achieving C-O bond formation.5 Similar vigorous conditions were required in 
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the alkylation reactions in carbohydmtes even with the use of reacuve benzyl bromlde, allyl 

bromide or mem-chloride with tetrabutylammonium salts, as catalysts.6 

In our case, we found that non-acuvated organic iodides such as l-iodohexane (1.00 

mol) reacted at room temperature with bis(tributyltin)oxlde (1) (1.10 mol) in the presence of 

sil ver tosylate or silver nitrate (1.10 mol) in DMF, under anhydrous conditions. It gave at 

least 76% yield of I-hexanol after 1.5 hr of reaction time, followed by an aqueous work-up 

(see Eq.1 and Table l,entry 2). We found later that the organotin oxide and the sIlver salt 

should he used in ratio of 2.20 and 2.00 mol for optimal yields. The intemledlate tributyltin 

hexyl oxide is unstable and easily hydrolysed (even in moist atmosphere or on sllicu gel). In 

a similar way, I-bromohexane (1.00 mol) reacted with bis(tributyltin)oxide (1) (2.20 mol) 

and silver tosylate or silver nitrate (1.10 mol) at 900c for 20-23 hrs (Eq.l). It afforded 74% 

yield of I-hexanol (entry 3). The method seems general for usual pnmary bronlldes or 

iodides. Sorne starting material cou Id be recovered which accounted for the non-quantitative 

conversions. Primary chlorides, such as l-chlorooctane, did not reaet at all even under 

forcing conditions (entry 8). However, we found that a primary chloride, first converted to 

the iodide using the Finkelstein reaction (NaIjacetone), followed by our usual treatrnents for 

iodides, provided 1-nonanol in moderate overall yield (entry 9). 

A strong coordinating :;olvent hke DMF was crucial in this method. We used 

indifferently sil ver tosylate and sil ver nitrate for non-easily ionizable organie halides. 

However, we obseIVed sorne traces of I-tosylhexane when using silver tosylate with 1-

iodohexane (- 8% yield). It is probably better ta use silver nitrate in man y cases. When 

using organic bromides no tosylates were detected. 

Ag(I) Si~ 

CH3(CHÛSX + (BU3SnhO •••• > CH3(CHÛsOSnBu3···-;> CH3(CHÛSOH (1) 
or work·up 

"20 
X= Br, 1 

Interestingly, the reaction did not give any sigmficant amount of ethers even if the 

appropria te ratio of l-iodohexane (2.00 mol) and bis(tnbutyltin)oxlde (1.00 mol) were used 

(entry 1). The result was a c1ean conversion of the organotm oXlde to fonn the alcohol (84% 

yield based on organotin oxide). ThiS clearly demonstrates that the first nucleophilic 

substitution took place easily but the second alkylation IS kmetically less favored' 

143 i 



oô .,. 

Table 1: Com:ersiQn of Organic HaHdes to AJcoho)s 

Entry Halide Organotina Solvent TfC) Time(hr) Ag+ Alcohol Yield(%)b 

CH3(CH2)51 (Bu3Sn)20c 
D~fF :0 2 AgTos CH3(CH2)SOH 84 

2 CH3(CH2)51 d DMF 20 2 AgTos CH3(CH2)50H (Bu3Sn)20 76 
3 CH3(CH2)5Br (Bu3Sn)20 D"iF 90 21 AgTos CH3(CH2)50H 74 
4 CH3(CH2)SBr (Bu3Sn)20 DMF 90 14 ~O CH3(CH2)SOH 71 

5 CH3(CH2)5Br ml DMF 90 22 Ag,O .. CH3(CH2)50H 12 
6 CH3(CH2)8Br (Bu3Sn)20 DMF 80 23 AgTos CH3(CH2)80H 47 
7 CH3(CH2)5Cle (Bu3Sn)20 DMF 20 2 AgTos CH3(CH2)50H 7i 
8 CH3(CH2hC1 (Bu3Sn)20 DMF 125 36 A~"-J°3 CH3(CH2)70H nit 
9 CH3(CH2)8Cle (Bu3Sn)20 DMF 20 3.0 AgN03 CH3(CH2)gOH SOf 

10 CH3COO(CH2)4Br (Bu3Sn)20 DMF 90 24 AgN°3 CH3COO(CH2)40H 28 
11 CH3COO(CH2)4Bre (B~Sn)20 DMF 20 5 AgN°3 CH3COO(CH2)40H 91f 

12 CH3COO(CH2)4I h DMF 20 55 AgTos CH3COO(CH2)40H 96 (Bu3Sn)20 

13 PhCH2CH21 (B~Sn)20i DMF 20 05 AgN°3 PbCH2CH2OH 70 
14 PhCH2CH2Bre 

(B~Sn)20 DMF 20 0.5 AgN°3 PbCH2CH2OH 63f 

15 c-C6H lOCH3(Br)g (B~Sn)20 DMF 20 4 AgN°3 c-C6H lOCH3(OH) 0-5 
16 c-C6H ll-I (B~Sn)20 DMF 75 28 AgTos c-C6Hll-OH 0-5 

a) For organic bromides or chlondes: ratio (Bu3Sn)20jAg+ fbromide ::: 2.2/1.1/1.0 (mol) b) Isolated yields, non 
optunized; products characterized by IH NMR (200 MHz), T.L.C.; G.c. and by comparison to autbentic material. 
c) Ratio (Bu3Sn)20/Ag+ /iodlde = 2.2/2.0/1.0 (mol). d) Ratio (Bu3Sn)20/Ag+ /iodide ::: 1.1/1.1/1.0 (mol) e) 
2 steps: prior conversion to the iodide (NaI 30 eq /1.0 eq organic bromide or chloride/acetone, reflux) tben 
conditions as described in the table. f) Overall yields. g) I-bromo-l-meÙlyl cyclohexane. b) Ratio 
(Bu3Sn)20 / Ag + /iodide = 2.0/1.3/1.0 (mol) i) Ratio (Bu3Sn)20/Ag+ /iodide = 2.2/2.0/1.0 (mol). 
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An exeess of (1) is desirable in the case of organic bromides becuuse (1) reucts 

direcùy with sil ver salts at R.T. to produce silver oxide (Ag20). lt is Il paralleJ and 

competitive reaction which divens the reagent (1). This prtx;ess is amplified when hellting. 

Indeed, a black precipitate took place immediately in CH3CN or DMF. lt is conceivable that 

Ag20 is the activating agent in the bronude case since sllver tosylate, nttrate. tntlate and 

Ag20 (entry 4) are equally effectIve despae thelr different lewIS aCldity. lIowever, we 

ruled out the possibllity of AglO alone actlng as the oxygen transfer agent in our mcthtxi by 

a control experiment under similar conditions without (1). Silver (1) oxide accounted for 

less than 12% yield of alcohol as shown in entry 5, proving that (1) is the major oxygen 

transfer agent. 

Although simple, this halide to alcohol conversion had been rare despile ilS potential 

usefulness. No practical method exists for convening non-activated organi,; halides to 

alcohols in one step in a neutral medium; the eXlsting ones often involve basic hydrolysis Of 

silver-assisted hydrolysis of reactive benzyl or allyl halides.? Other common pm.:edures 

involve at least two steps by using the acetate anion as nucleophile WhlCh is u~ually a 

difficult displacement and often gives rise to some elimination. The acetnte formed hus to 

he hydrolyzed (usually under basic conditions) in the second step.8 An altemauve method 

involves the transfonnation of halides into hydroperoxides or peroxides with Ihe use of 

sil ver triflate and hydrogen peroxide.9 Then a reduction of the peroxide or hydroxipcroxide 

is required. 

An advantage of the present reaetions is that elimination renction which often 

accompanies subtitution reaction of halides is minimized. As an ulumate proof, the ba~e­

sensitive (2-iodoethyl)benzene was readily converted to 2-phenethyl alcohol 1I1steaû of 

giving styrene (scheme 1 and entry 13). Furthermore, ester groups rernain unchangcd 111 the 

reaction. Thus, 4-lOdobutyl acetate was converted smoothly to the correspondmg alcohol ln 

nearly quanutative yield (scheme 1 and entry 12). On the other hand, 'lccondary 

(iodocyclohexane, entry 16) or teniary (l-bromo-l-rnethylcyclohexane, entry 15) hahdcs d1d 

not afford significant yie,~d of the corresponding alcohols. 

predominated in these cases. 

EhminatlOn reacHons 
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SCHEME 1: Neutrallt1 or Relctloa 
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CHAPTER 6 

GENERAL DISCUSSION 

6.0 GENERAL CONCLUSION. 

6.0.1 Practical View. 

We have seen many industrial uses of organotin compounds in the introduction of this 

thesis (chapter 1). They are currently utilized in major industrial fields: as agrochemicals, as 

desinfectants, as wood preservatives, as potential drugs against cancer, as antifouling agents 

in marine paints and as general biocldes. Finally, the PVC industry used them for rnany years 

as stabilizers. Unfortunately, man y organotins produced in bulk quantities from the industry 

remained rclatively unexploited in organic synthesis. One of the practical goals of this thesis 

was certainly to bnng abOlIt some contnbutIons in this area by employmg well-known 

commercial compounds such as bis(tributyltin) sulfide [(Bu3SnhSJ, dibutyltin suifide 

[BU2SnS] or bis(tributylt' 1) oxide [(Bu3SnhO] as sulfur and oxygen transfer agents. In 

addition, the successful phase transfe:r catalysis using the commercial1y available 18-crown-6 

and cesium salts ha~ been demonstrated. From simple and commercial reagents, it was shown 

that il is possible to obtain improved anhydrous nucleophilic tluorinating systems with metal 

fluorides (here cesium as metal). 

6.0.2 Fundamental Research. 

6.0.2.1 Fluorodestannylation. 

It has been clearly demonstrnted in this thesis that fluorodestannylation reactions can 

be useful tools for organic chemists. ln fact, they complement weIl the known 

fluorodesilylation reactions. We therefore presented sorne examples where siloxanes could 

not aet as oxygen transfer agent whereas organotin oxides could. A second advantage of the 

organotin reagents is cenainly their higher stability compared to silicon analogs, especially 

when sulfur and selenium atoms are involved. On the other hand, preliminary results with 
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allyl and ethynyltms do not seems to present any advantage compared to ullyl and ethynyl 

silanes in C-C bond formation in the presence of tluoride ions. 

New ways for generating synthe tic eqUlvalents of cesium and terra.llkylammonium 

salts from tluorodestannylation of organotin o\ldes, sulfides and selemdes are worthy of 

mention due to their high nucleophIlicity ("nak-cd amons"). 

Probably the most mteresung contribution of thls work to organic synthesis is the 

generallty of the se reactions wIthin the whole group 16. Thus organollns acted as "group 16 

transfer agents". 

6.0.2.2 Fluorodegermanylation and Fluorodeplumbylation. 

As an extenslOn of the development of tluorodestannylatlon, SOIlle rcactlons involvmg 

le ad and gennamum were also successflli. The v.l.flutlUn of the met al atom wlthll1 group 14 

has been weIl descnbed in dus the~ls. An illlportant pOlllt that ~hould he ckar is that f1uonde 

ion can not only attack silicon, but also the whok group 14 Huoride ions combl!1cd with lead 

and germanium represents a successflll combmutlon unexpIOlI.~d untll now. 

6.0.2.3. Kinetic and Mechanistic Asp'~·cts. 

In Chapter 4, we discussed Jbout some 'v/orking hypothesis about the reaction 

mechanism in fluorodemetalation. OveraIl, it s~ems that "s2-n tranfer agents from 

organogennanium, -tin and -lead suIf Ides relcase sultur ill two steps. Consequently, sulfide 

ion S2- is not usually observed in these tluof(xkmetalation reactions but the eXI~tcnce of 

anions of the general form R3Sn-S- are more prohable. One Important pomt hClc IS that wc 

explained our kmetlc results (relative rates) of thlS stepwl~e pr<x:{"s~ by a a metal proxllnity 

effect winch enhances the rate of nucleophlhc reaction of the anion. To the best of our 

knawledge, no study has previously been made on thls torlc. From the work ptescnted in 

Chapter 4, we also described same pentacoordinated lntenncdmtes in our rcactlon'i. Those 

intermedlates were charactenzed by spectroscopie mcam. Fll1ally, the mcchamsm of 

substitution at tin implying pentavalent tin species has been femforced by tho~c ob\crvations. 

6.0.3 Fluorodemetalation Concept and Future Perspectives. 

Due ta the large bond energy of fluoride with many non-transition metal or metalloid, it 

seems that most of the reactions presented in this thesls wah slhcon, germamum, un and lead 

compounds were favored thermodynamically. In ather words, the relatively hlgh SI-F, Ge-F, 
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compounds were favored thermodynamically. In other words, the relatively high Si-F, Ge-F, 

Sn-F and Pb-F bond energies seem to he the driving force of these reactions. 

ln the future, it might also be interesting ta iind out if the concept of fluorodemetalation 

developed here can be applied to transition metal chemistry. Knowing that several fluorine­

metal bond energles are relatively hlgh and 10 a sirrular way as with group 14, can it he 

possible to generahze tluorodemetalation with transition metals? Is il possible to generate 

anions from the attack of fluoride ion on transItion metal complexes having a potential 

nucleophilic ligand as leaving group? Bond energies of several transition metals atoms with 

fluorine atom are relatively high and a pnori sorne future projects in this area seem promising. 

6.0.4. Fluorine and Crown-Ether Chemistry. 

Beslde the work related to tluorodemetalation reactions, it has been possible to 

develop in parallel sorne stumes of new anhydrous tluorinating systems. These studies 

showed that edge or sandwich complexes Implying cesIUm catIon and crown-ethers provide 

similar rate enhancement in nucleophilic sublitùtions SN2 by solid-liquid phase transfer 

catalysis. Flnally, new anhydrous fluorinating system" were reported based on the 

combinations of crown-ethcrs 08-crown-6 and 24-crown-8) with cesium fliloride. However, 

il appears that a hlghly active anhydrous nucleophlhc fluorinating agent would be very 

valuable in chemistry. As a future perspective, the finding of such a reagent will cenainly fmd 

some uses in tluorodemetalation reactions and would be a valuable tool for organic chemists. 
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6.1 CONTRIBUTIONS TU KNOWLEDGE. 

ln chapter 2. we presented the use of bis(ttlbutyltin)sultide as new "S2-" sulfur transfer 

agent. Among the main features of bis(tnbutyltin)sulfide are: Hs solubihty 10 most organic 

solvents, ilS commercial availabihty, HS stabihty 10 usual atmosphenc condmons, HS non­

hygroscopiclCity and the neutral, anhydrous COndltlOns used for achievlng sulfide fonnauon 

In summary. we presented a reagent possessing many pracucal Jdvantages compared 10 the 

classic salt "Na2S". 

1 clearly demonstrated the tlurorodestannylauon concept with organoun sulfides as a 

novel method for releasing one of the most nucleophIllc sulfur amons known to date. Five 

new different organatin sultides were shown to be powerful sulfur transfer rcagents III the 

presence of tluaride or cyanide ions Cyanodestannylatlon was also bridly lIltroduced in 

organotin chemistry. Professor Harpp and 1 mtroduced the terrn tluorodestannylation in 

chernistry. 

To overcome the lack of actIve but anhydrolls nuclcophlhc tlllonnaung agents, 1 

developed sorne new anhydrous fluonnating systems: the comblllatlon of crown-elhers Wllh 

cesium fluoride in a sohd-liquid phase transfer cataly~ls. 1 demonstrated that edge or 

sandwich complexes of the cesium cations wlth 18-crown-6 rroduced a relative rate increase 

of fluorinauon comparable to 24-crown-8. New lIlsight~ were thu~ provldcd about the relative 

rates of nucleophilic substitutions in these pha~e-tramfer cataly~l~, !landwll:h Of t:dge 

complexes produced almost the same overall effeet in lhese reaCl1uns l:omp:ued lO a dasm: 1: 1 

host-gue st ratio where the cation filS weil III the caVlly of the l:rown-ethcr. 

Tn chapter 3, 1 demonstrated the wide 'lppllcatlons and generallty of the 

fluorodestannylatlon methodology. Il showed that hlghly active oxygen, ~ulfur, \elclllurn 

anions can be released From the treatment of organoun oXlde~, sulfide,> and ~ekmdes wlth 

fluoride ions Practical, stable and powerful syntheuc cqulvalcnh of "02-", "S2-","Se2.", "1{-

0-", "R-S-" amons were thus presented. Previou~ly, there wa~ no real report on nudeophlh<.: 

"02-11 and "Se2-" transfer agents In addition, 1 lllve,>ugated the pO'>'>lbJ!lly of u~ing sorne 

tetraalkyltins for makIng C-C bond fOmlatiOn whlle employlllg the tluorode!-.tannylation Idea. 

Tetraallyltlll was shown 10 rract WIth aldehyde) ln a mlld way. In ,>ummary. wc cJearly 

demonstrated that organot1lls act as "group 16 tran-.fer agent,>" under mJld and al mm! neulral 

conditions in the presence of tluonde lOns. 

In chapter 4, the broader concept of fluorodemetalauon wa) introduced. The whole 

group 14 (excepted carbon) can be fluorodemetalated for relea~lng amons For Instance, it 

was showed that organosilIcon, -gennalllum,-tlll and lead sulfide'S can relea!le sulfur anions ln 

the presence of fluoride ions. The first reacuons of fluorodegermanylation and 
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fluorodeplumbylauon wert. reponed. In addiuon, we provlded msights into the mechanism of 

these reactions. 1 showed from 19F and 119Sn NMR spectroseopy that pentacoordinated 

speeies havmg sulfur and fluoride ligands are present ln these processes. 1 eontributed by 

showmg the fim spectroscopie eVldences of pentacoordinated intermediates in the substitution 

mechanism at tin. Finally, 1 proposed that a metal or metalloid atom of group 14 direetly 

anached to an amon of the fonn R3M-Nu- will increase the nucleophilicity of the latter in 

abscem .. e of severe sterie h10drance coming from the ligands on the metaI (R= aralkyl group; 

M= SI, Ge, Sn, Pb). 

ln chapter 5, 1 demonstrated a new way to convert primary orgaOlc halides into 

akohols ln one step, under mild and almost neutral conditions. Despite the simplicity of this 

conversIOn, only rare methodologies exist for achieving this transformation. ThiS procedure 

uses sllver saIts, the commercial bis(tributyltin)oxide (produced in bulk quanuties) and the 

organic hahde (bromide or ioilide) in order to achieve this process. Again, bis(tributyltin) 

oxide acted as an oxygen transfer agent. It was the frrst investigaùon of a reacùon with sil ver 

salts used 10 tandem with organotins. 
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APPENDIX 1 

EXPERIMENTAL DETAILS RELATED TO COMPLEXATION 

OF CROWN·ETHERS AND CESIUM FLUORIDE. 

In addition to Section 2.2 , we thought it was appropriate to give more experimental 

details than those presente<! in the communication entitled: "New Anhydrous Fluorinating 

Systems: the Combinarion of Crown-Ethers and CesIUm Fluoride. A Relative Rate Study." 

This appendix will c1arify sorne procedures and techniques used to pubhsh thlS artIcle. 

1.0 Chemicals. 

Most chemicals reported have been previously made and the procedures for 

synthesizing and purifying them are known. Literature reJated to those compounds and their 

purification are provided in section 2.2. However. it seems appropriate to describe the 

preparation of benzyl (tributyltin) sulfide by the procedure of Talley and Colleyl. 

Benzyl (tributyltin) Sulfide [PhCH2SSnBu3): In a weB ventilated fum~-hood. 

to benzylmercaptan (3.73 g.; 30 mmol) is added freshly distilled THF from 

sodium/benzophenone (75 ml). followed by tributylun hydnde (8.73 g.; 30 mmol). At 

200C. the addaion of a catalytic amount of chlorotris(tnphenylphosphme) rhodIUm (36 mg; 

0.100101%) immedtately produces a dark red colored solUtlon from whll.h a large amount of 

hydrogen is released. After 10 min., the evolutlon of gas is aimost stopped but the nllxture IS 

funher stirred for 2 hrs at 200C for ensuring completion of the reactIon. THF I~ evapor:.Hed 

and the erude liquid IS recovered (12.35 g.). A dlstIllatlon under vacuum (0.25 mm Hg) 

provides a colorless Iiquld. The first fractions are discarded and the malO fractIOn havmg a 

boiling point of 1900C (0.25 mm Hg) is kept (Iit. l 145°C/O.15 mm Hg). p~ 're bcnzy 1 

(tributyltin) sulfide IS obtamed as a colorles~ hquid (7 Og g.), followed by 1e~\ y.trc fractlons 

(4.31 g.). IH NMR (CnCl3. TMS JOt • 200 MHz). 0= 7.30 (Ph, m .. 5 Il). 3.76 (PhCllz, s, 

2 H); 1.50 (CH3CH2CH2CH2Sn. m .• 6 H). 1 31 (CH3CH2CH2CH2Sn. 4umtuplet. 6 If), 

1.02 (CH2Sn, t.. 6 H), 0.87 (CH3. t.. 9 H) ppm; 119Sn NMR (COCI3. Me4Snmt.. 200 

Talley. J. J.; Colley, A. M. J. OrgaMmel. Chem 1981,2/5. C38. 
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MHz): Ô= 75.65 ppm ; LR. (neat, max.): 3060,2955. 2920, 2870, 2845. 1600. 1490. 1460, 

1450, 1375. 

2.0 Relativt' rate study in the nuorination of benzyl bromide. 

2.0.1. Selection of the analytical method. 

Two distinct analyucal methods were used ln arder to verify the accuracy of our 

results: gas chromatography and lH NMR spectroscopy (200 MHz). 

Procedure: In a 50 mL flask, J'i placed freshly dlstilled benzyl bromide (0.987 g.; 

0.686 mL; 5.77 rnrnol) and flame-dried cesium fluonde (1.519 g.; 10.0 mmol) plus dried 

acetomtnle (011 CaH2). Ta thlS mlxture lS added dned 18-crown-6 (0.320 g.; 1.21 mmol).2 

The reactlon mixture is refluxed at 800c Wlth the use of an heating manùe. A small portion of 

the liquid lS extracted after different period of time and analyzed by gaz chromatography and 

lH NMR. Our preliminary results indicated that both methods gave essentially the sarne 

results but we noted a small decomposition of benzyl brornide on the GC column al 900C 

(retenuon ume: PhCH2Br (6.2 mIn.); PhCH2F (2.2 min.) and impurity (4.2 min.). The 

descnption of the Ge Instrument was previously reported in the expenmental secùon 3.4. We 

thcrefore deCldcd to InVestigale the rate of these reactIons from 1 H NMR spectroscopy while 

evaluaung the Integration area under the benzylic proton signais of benzyl brornide (CDCI3, 

4.67 ppm, slIIglet) and benzyl nUOflde (CDCI], 5.34 ppm, doublet). No slde reaction was 

apparent fron. 1 li N MR. Each sample taken from the mixture was dlluted with CDC13 in 

arder to gel the lock. ~lgnal on the spectrometer; no evaporauon or other manipulations that 

could change the rauo of the two major products (benzyl fluoride and bromide) were done. 

Tables 1 and 2 pre:-.ent the results. 

2.0.2. Relative rate study by 1 Il NMR spectroscopy. 

The above procedure was rcpeated but without arly crown-ether. The stirring of this 

mixture and the heatmg were carefully repnxiuced. Again, sorne samples were extracted from 

the flask and analyzed by lB NMR. Table l shows the data obtained Wlth and wahout 18-

crown-6, as cat,ùy~t Flllally, figure 1 demonstrates the change of the relative concentrations 

2 Oncd accordlOgly to. Gokel, G. W., CràITl, D. J. J. Org. Chem. 1974,39,2445. 
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ofbenzyl bromide and fluoride with rime in the presence of 18-crown-6. The example below 

shows how the percentage of conversion to the benzyl fluonde was evaluated: 

% conversion ::;:; lan~a PhCH2F 1 area PhCH2Br + areu PhC1I2FI x. 100 

ln Figure 3 (p. 55), the forrnauon of benzyl fluonde vs ùme lS reported. The slope of 

the curve at the ongm gave the ininaI reaction rate. In this evaluauon, we assumed no lo~s of 

any material, no side products and that the absolute NMR sensiuvity of both benlylic proton 

PhCH2F and PhCH2Br signaIs are approximately equal at equal concentrations. 

2.1 Relative rate study in fluorodestannylation. 

As the resuIts with the 1 H NMR technique previously used was sausfactorily, we 

decided to urilize it again wnh rdte studies 10 a fluorodestannylauon reacnon. 

Procedure: Benzyl (tnbutyltm) sulfide (317 mg; 0.767 010101), l-lOdohexane (l68 

mg; 0.792 mmol) and CD3CN (1.80 mL) are added to a flask under mtrogen almosphere al 

20°C. After stirring with flame-dried cesIUm fluonde (966 mg; mmol), small amounts of 

sample are taken at dIfferent time mtervals, diluted with CDCI) and NMR ~pectra rccordcd ln 

the se rate studies, the conve~ion ioto n ·hexyl benlyl sulfide I~ followcd by the Hltcgralloll of 

the benzylic proton SIgnaIs of benlyl (tnbutylun) sulfide (3 7B pprn; smglet) and n-hcxyl 

benzyl sulfide (3.71 ppm; singlet). The ~ame procedures are rcpeatc:d but wllh an addlllon of 

18-crown-6 (25 mg; 0.095 mmol)2 or dibenzo 24-crown-H (42 mg, () O()4 mmol) No 

significant side-product IS observed m the~e reaetions. Table 2 l~ a eompilal1on of thc~c data. 

The example below ~hows how the percentage of e()nVer~lOn to n-hexyl bcrl.lyl sulfidc 

is evaluated: 

% conversion = [area PhCH2-S-Hex 1 area PhCH2SSnBu, + area PhCII2-S-hex] x 100 

In Figure 1 (p. 53), the formation of benzyl n-hexyl 'lulfidc VI) ume IS reportcd "1l1C 

slope of the curve at the ongm gave the Inlual reaetlOn rat,e ln tlll~ evaluatlOn, wc a'>'iumed no 

10ss of any matenal, no slde products and that the absoluh~ NMR ~emltlVIty of both benl.ylic 

proton signals of the two compounds are approxlmately equal at equal concentration<, figure 

2 shows the vanation of the relatIve concentrattons of n-hexyl benzyl sulfidc, bcnl.yl 

(tributyltin) sulfide and l-iodohexane with time 10 the pre~ence of CsF hnally, figure 3 
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shows the variations while adding a catalytic amount of 18-crown-6. In Figure l, p. 53, the 
slope of the curve at the origin give the initial rate of the reaction. 
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1 Table 1: Fluorination of Benzyl Bromide with CsF. 

Relative Rate Studies by IH NMR 

Wlthout 18·crown·6 Wlth 18·crown·6 

Time (mm.) Conversion (%) Time (mm.) Conversion (%) 

0 0.0 0 0 

15 3.4 30 47 

30 8.6 60 76 

60 13.0 100 'JO 

90 17.0 

Table 2: Formation of n-Hexyl Benzyl Sulfide by Fluorodestannylation. 
Relative Rate Studies by IH NMR. 

Wlthout 18·crown·6 Wlth 18·crown·6 Wlth dlbenlO 14-crown-8 

rime (mm.) ConversIOn (%) Tlme (mm) Conver~lon (%) Tlme (mm) Conver~lon (%) 

0 0 0 0 0 0 

36 28 15 38 15 42 

79 54 39 60 30 S!i 

110 66 56 70 Sil 76 

150 76 ~9 81 100 !i6 

200 82 114 84 150 YI 

285 88 200 94 
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Figure 1: 1H NMR Rate Study With Dried CsF, 
18·crown·6 and Benzy. Bromide. 
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100 miD. 

Figure 1: I H NMR Rate Study With Dried CsF, 
18-crown-6 and Benzyl Bromide. 
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Fllure 2: IH NMR Rate Study Witb Dried CsF, 
PhCH1SSnBu3 and l·iodohexane . 
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Figure 2: IH NMR Rate Study With Dried CsF, 
PhCH1SSnBu3 and l-iodohexane. 
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215 min. 

Figure 2: lH NMR Rate Stu"" ~ith Dried CsF, 
PbCH1SSnBu3 and l-iodohexane. 
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Figure 3: I H NMR Rate Study With CsF, 

18·Crown-6, PhCH1SSnBuJ 
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Fllure 3: lH NMR Rate Study Witb CsF, 
18-Crown-6, PbCH2SSnBu3 
and l-iodohexane. 
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89 min. 

Fllure 3: lU NMR Rate Study \Vith CaF, 
18-Crown-6, PhCH1SSnBuJ 
and l·iodohexane. 
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APPENDIX II 

SUPPLEMENTAL PROCEDURES AND DETAILS RELATED IQ IHE 

CONVERSION OF ORGAN!C HALIDE TO ALCOHOL PROMOIED DY 

SILyER SALTS AND B!S(TR!BUIYLTINl OXIDE. 

In addHlon to section 5 0, we would hke to glve supplemental experimental details 

related to sorne procedure~ used if. the publicauùn of thlS commumcation. We also thought 

that il is appropnale to dehneate a posslble mechanism for the conversion of organic halides 

into alcohols, based on workmg hypothesis. 

1.0 Chemicals. 

Most chemicals mentioned as starting materials in this study where commercially 

available and utilized as received. For instance, bis(tributyltin) oxide, the various silver salts 

and most organic halides were bought from Aldrich Chemical Co. However, (2-iodoethyl) 

benzene is prepared from the corresponding bromlde from the FinkelstelO reaction. The 

procedure IS descnbed below: 

(2-iodoethyl)benzene: ln a 50 mL flask IS placed (2-bromoethyl)benzene (2.00 g.; 

10.8 mmol), sodIUm l(xilde (5.51 g ; 32.4 mmol) and dried acetone spectrograde quality (30 

mL). The rcacuon IS refluxed (45-500c) under mtrogen atmosphere. The mixture turns deep 

yellow wlthm a few mm .. After 1 hour, the mixture IS coolect and the solvent evaporated. A 

filtratIon on ~lhca gel (shon column) with hexane a:., eluent and evaporation of the solvent 

gives a colorless lIquid. Complete removal of solvent under high vacuum yield::; ~2-

iodoethyl)benLene (l.850 g; 7.97 Olmo); 74 % yield). IH NMR (200 MHz) shows complete 

conversIOn of the bromlde into the l(x.iIde and excellent purity. IH NMR (CneI3, TMSmt., 

200 MilL): 8~ 7.33 (H ortho + H para, m., 3 H), 7.23 (H mcta, m, 2 H); 3.37 (PhCH2, t., 2 

H); 123 (Clf:!l, t ,2 li). TLC (SiOl, hex. as eluent, 12 or U.V.): 1 spot. Rr- 0.67. 

2.0 Typical procedures. 

2.0.1 Conversion of Primary Alkyl Iodides Inlo Alcohols. 
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I-hexanol: A 50 ml flask is charged wlth 1-1odohexane (683 mg; 3.22 mmol), 

bis(tributyltin)oxide (2.11 g.; 3.54 mmol; 1.80 ml) and DMF (10 mL) dned on C'aH1. 

liilver tosylate IS added by small portions ovt!r 5 min. (988 mg; .l54 mml.)l) whlle stlmng 

vigorously at 2OUe. After 2.0 hrs, GC showed 74% conversion and some orgal11c IOl.hde 

remains unreacted. A black precipitate is fonned ln the mIXture. After 5.5 hrs, the reaction IS 

unchanged. The whole mixture 13 filtered through a pad of edite; water (30 mL) and ether (30 

mL) are added After stirring for 5 mm., the phases are sepanued and the orgamc one washed 

with water (3 x 20 mL) and dned on Na2S04/MgSÛ4. A tlash chmmatography usmg H}(~) 

acetone/90% hexane as eluent IS ininally done, The acetone content is increased slowly to 

20%, I-Hexanol is obtained in good punty (:249 mg; 2.44 mmol, 76% ylt~ld) III NMR 

(CDCI3, TMS mt., 200 MHz), 3.66 (CH20H, t, 2 H), 1.60 (CII2CII20H, qUllltUplet, 2B), 

1.30 (CH2CH2CH2CH2CH20H, m., 6 H); 0.90 (CH3. 1., 3H). It was Idcnllcal a'i wllh 

authentic matenal (GC and IH NMR); note: 2 2 el}. of bis(tnbutylun)Oludc:' lIlcreased the 

yields of many reacuons. 

2.0.2 Conversion of Primary Alky' Bromides Into Alcohols. 

I-hexanol: A 50 ml flask is eharged wlth I-bromohexane (529 mg; 322 mmol), 

bis(tributyltin)oxide (3.83, 6.44 mmol), dried DMF on CaH2 (10 mL) and Silva losylale (l)XX 

mg~ 3.54 mmol). The mixture is immediately heated al 90°C for 22.5 hrs. After COOIUlg, 

sorne ether is added (40 ml) and the mixture filtered 011 a pad of eelite. The orgamc pha~e I~ 

washed with water (4 x 20 mL). An aqueous KF solution IS added and the Illixture mrn~d 

vigorously for 15 at R.T.. FiltratIOn on a pad of eellte followed by the ~cparallOn of the 

phases, drying of the orgamc one on Na2S04 and evaporatlon of the solvent afforded crude )­

hexanol. A filtration of the product on slhca gel whIle uSlIlg pure EtOAc, followed hy a na~h 

chromatography (10% acetone/90% hexane as eluent) afforded pure l-hexanol (241 mg, 74(j{) 

yield). IH NMR (CDC13. TMS wt , 200 MHz), same data as the above pnx..edure (je (TO 

colurnn 60°C; retention time= 4.7 mm.) show~ an excellent punty Compan~on) wlth 

authentic matenal gives the same resuIts by GC and IH NMR. 

2.0.3 Conversion of Primary Organic lIalides Into Alcohols. 

A direct conversion of primary organic chlondes lI1to alcohoh IS found ta be almù~t 

impossible with the usuai metods. We w1l1 thus describe a prehm1l1ary converSIOn of the 

chloride into the iodide from the Finkelstein reacHon, followed by the u~ual method for 

converting organic iodide into alcohQls (with sIlver salts and bis(tnbutyltm)oxlde). 
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1.0.4 Conversion of Primary Organic Chlorides Into lodides. 

I-iodononane: In a 100 mL flask is added l-chlorononane (961 mg; 5.90 mmol; 

1.10 mL), NaI (2 66 g .• 17.7 mmol) and dned acetone (spectrograde) (50 mL). The mixture 

is refluxed unde. Oltrogen for 21.5 hrs. At This ume, GC shows good conversion (86% yield) 

but after 42 hr.-.. the conversion is almost complete (98% yield). Acetone is evaporated and 

ether IS added. A filtration on a plug of silica gel followed by evaporation of ether affords a 

colorless Itquld corresponding to pure l-lOdononane. Ge shows excellent purity and onlt a 

tiny amount of l-chlorononane is observed as Impunty. lH NMR (eDel3. TMSmt., 210 

MHz): D= 3.18 (Clhl. t., 2 H); 1.82 (CH2CH2I, qUIntuplet, 2 H); 1.26 (m .• 12 H); 0.90 

(CH), 1., 3 H). 

I-iodononane into I-nonanol: Without any further purificauon. l-iodononane 

(419 mg; 1 65 mmol) as prepared above, is added 10 bisttributyltin)oxide (2.16 g.; 3.63 

mmol; 1.85 mL) and dned DMF (6.0 ml). Sil ver mtrate (561 mg; 3.30 mmol) is added to the 

main flask in small portions whlle <;timng vigorously at 200C. After 3 hrs, GC showed 51 % 

conver~ion. Despite sorne prolonged heating at 55-6QoC. the reaction does not proceed 

further. The alcohol was not isolated but Ge and cru de NMR spectra clearly dernonstrate the 

prcsenœ of I-nonanol. GC data are Identlcal with authentic I-nonano1. 

Note: For converung bromides into alcohols. thlS alternatIve procedure can be utilized 

insteatl of a threct conversion of bromides inta alcohals as prevlOu!\ly demonstrated above. 

3.0 AgZO as Possible Oxyger. Transfer Agent in These Reactions. 

In ordt'f to delt"mune to WhlCh extent both oxygen transfer agents. bis(tributylùn)oxide 

and silver oxide. could cantnbute ta fonn alcohols. we lflvesùgated sorne speCIfie -eaetions. 

First. we camed Ol:t a trIal under essentially the same conditions as in above but in the 

presence of Ag20 and in the abscence of bis(trlbutyltin)oxide. The following procedure is 

rcponed: 

In a 50 mL tlask is added I-bromohexane (531 mg; 3.22 mmol), Ag20 (820 mg; 3.54 

mmol) and DMF dned on CaH2 (l0 mL). The mixture is heated with an oil bath at 900C 

while stirrlOg vigorously. After 22 hrs. Ge shows a small amount of alcohol forrned. After 

cooling. the saille work-up procedure as in section 2.0.2 is followed. I-Hexanol is obtained 

in very low yield as an impure product « 40 mg.; < 12% yield). 
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A second reaction definitively demonstatrates that blS(tributyltin)müde is the major 

oxygen transfer agent in these reactions and that Ag20 promotes this pnx.--ess: 

ln a 50 mL tlask IS added I-bromohexane ~531 mg, 3.22 mmol), dried DMf on euH:!, 

Ag20 (820 mg; 3.54 rnmol) and bls,tnbutyltm)oxide (2.110 g; 3.54 mmol. 1.~O mL). The 

mixture is stirred vigorously whlle heaung al 90°C for 14.5 hrs. After coohng, the sanle work 

up procedure IS applied as 10 seCHon 2.0.2. I-hexanol is obtamed as a colorless liqUld ~2 34 

mg; 71 %). 1 H NMR (CDCl3, TMSmt , 200 MHz) mdicates the same spcctra a:-. alre.ldy 

reponed in section 2.0.1.. 

4.0 Mechanistic Considerations. 

We descnbed several indices about the reaction mechanism in section S.O. First, a 

strong donor solvent effeet (e.g. DMF) supposes penta or hexacoordinated organotin oXldes 

as possible nucleophilic species. Secondly, sil ver salts seem to be involved 10 two dlt'fcrent 

processes: a drrect reaction wlth bls(tnbutylun)oxide for glving Ag20 and as LewIs adù (as 

Ag+ speCles) that slightly coordmate the halIde atom. Thirùly, bls(tnbutylun)oxldc also 

panicipates in two distinct processes: the reagent acts as an oxygen transfer agent but IS also 

destroyed by silver salts for fonning Ag20;. the latter compound bcemg mU"it Icss acid th an 

Ag+ ions. 

Severa! arguments hold in favor of the thud statement. Wuh most orgalllc lodldes, the 

reactions are fast and do not require heat. Consequently, Ag20 fom1atlon is probably ... lower 

than the transfer of oxygen from bis(tributyltin)oxide to the haliùe ln contralit, organic 

bromides react slowly and as a con~equence, bls(tributylun)oxlde lend~ 10 reacl wllh ~lIver 

salts for giving Ag20. To confinn thlS, a11 dlfferent stlver salt~ were equally effective Wllh 

orgamc bromides. It might also be possIble that Ag20 is fom1ed 10 bOlh ca~c:\ wlth IOdides 

and bromides but that the rale of oxygen substitution with IOdlùe~ IS sunply fa~ter th an wllh 

bromides. However, this assumption IS nnt valid becau"if! wc observed gexx! yleld of aJcohol 

formatIon wuh only 1.1 equivalent of bls(tnbutyltm)ox-Ide In thl ... ca~t:, If Agi) 1 ... formed, 

wc should not observe a significant ylcld becau~e Ag20 I~ not a good oxygen tran"fcr agent. 

Although the reacuon of blS(tnbutyltm)oxlde and sllver salts is alr.îo ... t 'ipontaneou ... at R.T. In 

DMF, It is probable that Ag20 IS not the main Lewis aCld wuh lodlÙ~S but "free sIlver cauons" 

(Ag+) are present in sufficient concentration.to promote lodide-akohol conversion pnor to 

react with bis(tributyltin)oxide. In contrast, Ag20 ~eems to be the main LeWIS aCld with 
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organic bromJdes A control experiment while using Ag20 as Lewis acid instead of AgTos 

gave almost the same results (see entries 3 and 4; Table 1 in section 5.0). 

Scheme 1 and 2 picture possible mechanism for organic iodides and bromides based 

on a working hypothesls. 
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Sclleme 1: Possible MecblnlslD Witb OriiiDic lodides 
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