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REACTION OF TH-IANTHRENE CATION RADICAL WITH GRIGNARD 
REAGENTS 

EVIDENCE FOR ELECTRON TRANSFER AND TRAPPING OF ALKYL RADICALS 
BY THE THIANTHRENE CATION RADICAL 

MIROSLAW SoRout and HENRY J. SHINE* 
Department of Chemistry. Texas Tech University, Lubbock TX 79409, U.S.A. 

(Received in U.S.A. I I Ocrober 1985) 

Ab&~%-Re~ti~ns am reported bctwetn RMgCl and thiattthmtt~ GAOU radical ~XC~~OMC m+ClOi) 
suspended in ether and tetrahydrofuran (THF). In ether solution reactions R = Bu, s-Bu, t-Bu, 5-hexenyl, 
and cyclopentylmethyl. Major products were the alkane, the alkene R(-H) in some cases, and, in the 
cases of R = Bu S-hexenyl, and cycloptntyhnethyl. the 5-alkylt.bi~thmni~m ~CICIIIOIMC (ThR+ClOi). 
when 5-hexenylMgCl was used a mixture of S-(5-hexenyl)- and 5-(cyclopentylmcthyl)tbianthrenium per- 
chlorates in the ratio of approximately 2 was obtained. Since the ratio of 5&.xenyl/cyclopentylmethyl in 
the Grignard reagent was 10.4, it is concluded that the C1 sulfonium ions were formed by radical trapping 
by Th’+ after single electron transfer from Grignard to cation radical had occurmd, thus allowing for 
cycliration of 5-hexenyl radical. Formation of TbBu’ClOi is attributed to the trapping of butyl radical 
by Th’+, while formation of RH and R( - H) is in all cases also attributed to alkyl radical reactions. 
Reactions in THF (R = Me, i-R. Bu, s-Bu, t-Bu, Ph) led almost exclusively to RH and lb. Polymerization 
of THF was also initiated and took place slowly giving rise to low molecular weight poly(THF). By using 
THF-d, as solvent for reaction between BuMgCl and Th”, it was possible to 6nd Bu groups (‘H-NMR) 
in the poly(THF-ds). Polymerization of THF is attributed, in some cases (R = Me, Bu), to alkylcation 
transfer from ThR+ to THF. In other cases initiation of polymerization by R+ and THF(-H)+ is 
considered. 

INTRODUCTION 

The chemical literature now abounds in discussions 
of whether or not reactions ordinarily dcscrihed as 
electrophilic and nucleophilic are preceded by single 
electron transfer (SET). The concept of preceding SET 
is so widespread as to embrace two of the cornerstones 
of reaction types in organic chemistry: electrophilic 
aromatic substitution (in which both complete SET 
and charge-transfer complexation have been 
invoked)‘” and the SN2 reaction,‘*2 and to include 
many other well-known reactions, far too numerous 
to document here. 

Among reactions in which SET may he involved 
are those of organic cation radicals with nuclco- 
philes. In this class of reactions documentation con- 
cerning SET is not extensive and also not at all clear. 
Organic cation radicals can undergo substitution or 
addition reactions with nucleophiles. Much of the 
published work on such reactions concerns reason- 
ably stable aromatic and heteroaromatic cation 
radicals reacting with charged and neutral nucleo- 
philes. ‘0.‘.4 Such reactions usually have the stoichi- 
ometry of Eq. 1, in which ArH” represents the 
aromatic or heteroaromatic cation radical. In this 
equation ArNu represents a substitution product at 
a ring carbon atom. An analogous reaction can be 
written for an uncharged nuckophile, say H20 

2ArH++Nu- +ArNu+ArH+H+ (1) 

t Present address : institute of Organic and Physical Chem- 
istry, Technical University, Wroclaw, Poland. 

Many of the reactions which have been studied have 
involved organosulfur cation radicals, and usually in 
these cases the product shown here as ArNu is then a 
sulfonium ion. Such reactions are described later. 

The details of the overall reaction of Eq. 1 can be 
expressed in Eqs 24. These equations are not meant 
to be mechanistically preemptive. They signify that 
the cation radical reacts in a two-electron-bonding 
way, forming a complex or adduct, which is next 
oxidized by a second cation radical. In these equations 
(ArH/Nu)’ represents either the n-type complex of 
Hammerich and Parker’s complexation mechanism or 
the covalently-bound adduct of Blount’s half-regen- 
eration mechanism. lo A number of these reactions 
have been documented kinetically and some have been 
shown to be much more complex than described by 
these simple equations. Ia 

ArH’+ + Nu- c=(A~H/Nu)* (2) 

(ArH/Nu)*+ArH’+ s (ArH/Nu)+ + ArH (3) 

(ArH/Nu) + + ArNu + H + (4) 

Reaction of a cation radical with a nucleophile can 
also lead to SET (Eq. 5). Equation 5 is again not 
preemptive, in that electron transfer may occur after 
compkxation (Eq. 6) as is indicated, for example, by 
kinetics in the reaction of t.hiant.hrene cation radical 
(Th”) with anisole.’ The point here is that a radical 
(NW from Nu-) or another cation radical (NW+ from 
Nu) can be formed by SET to ArH”. In this way a 
cation radical (ArH’+) can initiate oxidative chemistry 
of the nucleophile. This can be a catalytic process, as in 
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Diels-Alder cyclizations catalyzed by (BrC,H,),N’+ 
and reported by Bauld and co-workers,6 or stoi- 
chiometric processes, as with reactions of some azo- 
alkanes and phenylhydrazones initiated by Th’+.‘** 
Other examples of cation radical initiated reactions 
are described by Hammerich and Parker,“’ and by 
Eberson.‘*” 

ArH’+ +Nu- + ArH+Nu. (5) 

(ArH/Nu)* + ArH + Nu (6) 

A third pathway in the reaction of a cation radical 
with a nucleophile may also be initiated by SET. This 
pathway is indicated in Eqs 7-9. It can be seen that 
the overall result is the same as described by Eq. I, 
and that Eqs 7-9 describe a route to ArNu which is 
quite different from that shown in Eqs 24. Again the 
electron transfer step (Eq. 7) is not preemptive of 
others (e.g. Eq. 6). The key point of this pathway is 
that the product (ArNu) is formed by the “sca- 
venging” of a neutral radical (Nu.) by the cation 
radical. 

ArH” +Nu- $ArH+Nu* (7) 

ArH” +Nu. + (ArHNu)’ (8) 

(ArHNu)+ + ArNu+H+ (9) 
In contrast with other cation radical initiated reac- 

tions,‘49*‘0 those described by Eqs 7-9 are not at all 
well known. The questions of whether nucleophilic 
reaction (Eq. 2) or SET (Eq. 7) will occur, and of what 
properties in nucleophiles and cation radicals govern 
which pathway will be taken, have been discussed 
extensively by Eberson,’ ” but the answers 
are still not really clear; nor are there really firm 
examples of the scavenging reaction shown in Eq. 8. 
It has been pointed out that anodic cyanation and the 
homogeneous reaction of cation radicals with cyanide 
ion may occur in this way,’ and that reactions of 
nitrite ion with cation radicals may also involve scav- 
enging of NO2 by a second molecule of cation radical. 3 
The latter reaction is connected with the nitration of 
aromatics for which, in some cases, the same scav- 
enging reaction was proposed some years ago. I2 But, 
the nitration question is still very cloudy, with argu- 
ments and evidence having been presented both for 
and against the a-bond forming reaction of ArH’ 
with N02.“+*” 

Recently, it was proposed that, while the reaction 
of diary1 mercurials with the thianthrene cation 
radical (1, designated as Th’+) appeared to be a dis- 

We have followed up this proposal with more exten- 
sive studies of analogous R2Hg reactions and of 
reactions of Th’+ with Grignard reagents, aimed at 
probing the validity of Eqs 10-12, particularly of 
Eq. 12. Our studies with Grignard reagents are the 
subject of this paper, while those with R,Hg and re- 
consideration of R,Hg reactions will be presented 
separately, later. 

REACl’lON OF Tk” WITH GRJGNARD REAGENTS 

In 1978 Eberson drew attention to the analogy 
between homolytic aromatic substitution (R+Ar) 
and the corresponding reaction of a carbanion with 
the aromatic cation radical (R- + Ai+). He com- 
mented on the possibility of SET in the latter case in 
the following way. “In view of the ease of oxidation 
of carbanions (in the form of organometallics, say 
RLi or RMgX) one would predict that the reaction 
between a carbanion and a radical cation of even 
low oxidizing power would lead to very rapid initial 
electron transfer and hence that products would be 
derived from attack of R on Ar. Somewhat sur- 
prisingly, such studies have to our knowledge not 
been performed before but should be of considerable 
interest . . .‘.I5 

We have investigated the reaction of Th” with a 
number of RMgCl. Our results, presented here in 
detail, will provide evidence for electron transfer and 
for radical scavenging. They will implicate the involve- 
ment of the solvent in hydrogen-atom abstraction 
reactions, and in cationic polymerization induced by 
preceding cation radical reactions. Some of our results 
will be attributable to electron transfer and validate 
the scavenging reaction (Eq. 12). but in others of 
our results the possibility of SET will still remain 
ambiguous. 

Organomagnesium chlorides (RMgCl) were used in 
all of the following work. The reason for this was to 
avoid in the use of RMgBr and RMgI the greater 
possibility of oxidizing the halide ion with Th’+.’ The 
oxidation potential of Th is 1.3 V vs SCE. Oxidation 
potentials of RMgCl appear not to have been 
reported, but an impression of the likely ease of SET 
from RMgCl to Th’+ can be gained from the oxidation 
potentials of some alkylMgBr which are in the range 
of -0.25 to - 1.16V vs NHEinethersolution relative 
to a Pt/Mg/MgBr, cathode,16 and of EtMgBr with a 
peak potential of - 1.73 V vs Ag/O.Ol M Ag+ in THF 
relative to a Pb cathode.” Again, Chevrot et al. have 

1, Th’+ 2 3, ThO 

placement reaction of the customary two-electron reported that in THF a number of RMgCl can reduce 
kind, the reaction of diethyl mercury with Th” some polynuclear aromatic hydrocarbons but not 
appeared to involve initial electron transfer and the others to their anion radicals. For example, pentacene 
scavenging of ethyl radicals by Th’+ (Eqs 10-12)” with a reduction potential of -2.05 V (vs Ag/O.l M 

Th’++Et,Hg+Th+Et,Hg’+ 
(lo) Ag’), was reduced, but naphthacene (-2.44 V) was 

not reduced when R = t-Bu, i-Pr, Et and vinyl.‘* The 

Et,Hg’+ 4 Et. + EtHg+ (11) data indicate that these RMgCl are powerful SET 
agents, and that SET to Th’+ should, from the point of 

Th’+ + Et. + ThEt’ (12) view of oxidation and reduction potentials, be facile. 
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Table 1. Producta of reaction of Grignard reagents with Th’+ClO; in ether 
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Rwa Producls, mmol” Account, %b 
TK’CIO; Hz0 

R IlllXlOl IllIDOl ml RH R(-H) RR Th Tl10 ThR’ClO; Th’+ RMgCl 

BU 1.2 3.00 - 0.29 0.032 0.048 1.88 0.54 0.58 100 82 
BU 1.2 - 0.25 1.24 0.000 0.008 - - - - 104 
S-BU’ 1.6 2.00 - 0.73 0.290 0.050 I .77 0.084 - 93 76 
s-Bu’ 1.6 - 0.25 1.58 0.008 0.007 - - - - 100 
t-Bu’ 1.0 3.00 - 0.63 0.240 0.015 2.04 0.970 - 100 104d 
1-Bu’ 1.0 - 0.50 1.10 0.024 0.007 - - - - 114 

“Identified and assayed as described in Experimental. 
b Sum of product yielda U on a&~ reactant and adjusted for the amount of RR, R( - H) (and a presumed equivalent 

amount of RH) already in the RMgX solution (SIX rcactioo with water). 
cs-BuCl, 0. I3 mmol, was also obtainai and is included. 
d &BuCl, 0.20 mmol, was also obtained and is included. 
‘s-Butyl. 
‘kButy1. 

In proceeding to the details of our results and our 
conclusions, we shall designate RMgCl as if it were 
always the monomer in our reactions. This is not far 
from the truth in THF solutions but is not correct in 
ether solutions for which, in the concentrations used, 
it is more likely that R&Cl is dimeric.” However, 
we must simplify our discussions by treating RMgCl 
as the monomer in its reactions. 

PRODUCTS OF REACllON 

Products of reaction of Th’+ with Bu-, s-Bu- and 
t-BuMgCl in ether are listed in Table 1. Those of S- 
hexenyl- and cyclopentylmethylMgCl are in Table 2, 
while products from a ties of RMgCl in THF are 
listed in Table 3. Product yields are listed in mm01 
rather than as percentage yield. The reason for this is 
to allow for comparison with control reactions with 
water, and also to avoid ambiguities in accounting for 
both reactants, Th” and RMgCI. 

In all cases a large amount of thianthrene (Th) 

was formed, sometimes amounting to 100% of the 
Th’+ used. Thianthrene oxide (ThO) appears in 
Tables 1 and 2, and arose from reaction of Th” with 
water adventitiously present in the solvent in which 
Th’+CIO; was suspended, although only small 
amounts of ThO could have been formed in this way, 
and from quenching unused Th’+ in workup, par- 
ticularly when an excess of Th’+ over RMgCl was 
used. ThO is not listed in the THF reactions (Table 
3) since only traces were found. Alkane (RH) was 
always formed, particularly in large amounts from 
reactions in THF. Alkene, R( - H), was formed in 
significant amounts only from reactions with s-Bu and 
t-BuMgCl in ether. Only traces of alkene were found 
from reactions in THF, and therefore R( - H) does 
not appear in Table 3. Alkenes were not found in 
reactions of cyzlopentyhnethylMgC1. In the case of 5- 
hexenylMgCl we cannot rule out the formation of 
alkene since the authentic product (l,S-hexadiene) was 
not available for GC comparison. 

Dimer (RR) was found in significant amounts only 
in reactions of Bu- and s-BuMgCl in ether. Small 

Table 2. Products of reaction of 5-hexenylMgC1 and cyclopentyhnethylM8Cl with Th’+ClO; in ether 

Reactants Products, mnlol 

RK@ RH ThR+ClO, Acct, %’ 
Th’+CIO; H,O 

R IllUlOl UUtlOl ml I-hcxcne MCP S-hex’ CPM’ Th ThO Th’+ RMsCl 

5-Hex* 1.0 3.0 - 0.24 0.039 0.36’ 0.2N 1.88 0.58 101 84 
S-Hexb 1.0 - 0.25 0.98 0.094 - - - - - 107 
CPM’ 1.2 3.0 - 0.0 0.31 - 0.5@ 1.97 0.50 101 13 
CPM’ 1.2 - 0.25 0.0 1.24 - - - - - 103 

‘Identified and amyed aa drscribcrl in ExperimentpI. 
b 5-Hcxcnyl, but a mixture of 5-hexeoyl and cyclopentylmetbyl assayed by tion with water (line 2) M being in the ratio 

of 10.4: 1. 
c CyclopcntylmctJlyl. 
‘Methykyclopcntane. 
’ 5-Hcxcayl only. 
‘Assay by ‘H-?WR. A second assay by OLC a& conversion to RCI gave 0.27 mm01 and 0.12 mmol, respaztively ; Tb 

(0.51 mmol) was abo obtained. 
gIso&lai yield. A second asany by GLC after conversion to RCl gave 0.52 mm01 ; Th (0.50 mmol) was also obtained. 
*S~ofproduuyickisbaaodoncach~t. 
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Table 3. Products of reaction of Grignard rcagcttts with ThYlO; in THF 

mecl Products,’ mmol Account, %’ 
m+ClO; HI0 

R IMIOI mm01 ml RH RR Th Th’+ RMBCl 

Me 1.9 3.82 - 1.33 0.018 4.1 107 72 
Me 1.9 - 0.3 1.93 0.0 - - 102 
i-Pr 1.9 3.74 - 1.25 0.034 3.5 94 69 
i-Pr 1.9 - 0.3 1.87 - - - 98 
BU 1.9 3.72 - 1.46 I 3.9 105 77 
BU 1.9 - 0.3 2.03 I - - 107 
s-Bub 1.9 3.74 - 1.26 I 3.8 102 66 
s-Bu’ 1.9 - 0.3 1.87 / - - 98 
bBu’ 1.9 3.83 - 1.59 0.01 4.0 104 84 
t-Bu’ 1.9 - 0.3 1.91 0.0 - - 101 
Ph’ 1.8 3.64 - 1.57 I / - 87 
Ph=’ 1.8 - 0.3 1.82 / I 101 

‘Identified and assayed as dcscribai in Expcrimcutal. R( - H) was not found. 
’ s-Butyl. 
’ t-Butyl. 
‘Phcuyl. 
‘Sum of product yields, based on each reactant. Loss of alkyl group from RIM&l is attributed to 

incorporation in poly(THF). 
‘Not dctcrmincd. 

amounts were found in some reactions in THF. A 
small amount of (presumed) dimer was observed by 
GLC in reactions of cyclopentylmethylMgC1. Dimers 
were not sought in reactions of S-hexenylMgCl 
although minor peaks in the GLC of product mix- 
tures may have been caused by dimers. 

A sulfonium salt (ThR’ClO;) was obtained only 
from reactions of Bu-, 5-hexenyl-, and cyclopentyl- 
methylMgCl in ether (Tables 1 and 2). Sulfonium 
salt could not be found in any of the reactions in THF 
carried out in the usual way and documented in 
Table 3, not even from reactions of MeMgCl and 
BuMgCl. This apparent anomaly is discussed later. 
ThBu+ClOi was obtained when reaction of Th’+ with 
BuMgCl in THF was quenched and worked up with- 
out delay. This also is discussed later. 

For the most part product recovery (i.e. material 
balance) was good. We were able to account for all of 
the Th’+, allowing for experimental error, in almost 
all cases. Accounting for RMgCl was not quite so 
good. Errors in quantitative analysis of gas and other 
volatile products were probably larger than errors 
in assaying solid products containing the Th group. 

Reactions in THF led to poly(THF) and, as is shown 
later, this involved incorporation of R groups from 
RMgCI. Incorporation of R in poly(THF) in reactions 
of some RMgCl was detected by ‘H-NMR, and was 
confirmed with the use of BuMgCl in THF-d, as 
solvent. Consequently, the account for RMgCl in 
reactions in THF was always low (Table 3). 

The possibility that a sulfoniurn salt (ThR+ClO:). 
once formed in solution, might react with RMgCi as 
the latter was being added in increments had to be 
investigated. Results from reaction of ThBu’CIO; 
with BuMgCl in ether are described later. 

In the sections that follow we shall consider evi- 
dence piece by piece in sequence. Because the several 
reactions that occur& are inter-related, however, the 
discussions of one piece of evidence will necessarily 
overlap with discussions of another. 

EVIDENCJC FOR ELBCI’RON ‘TRANSFER 

Formation of thianthrene (Th) 
Both in ether and THF, most of the Th” used was 

converted into Th (Tables l-3). To a large extent the 
Th was formed by SET from RMgCI, but we cannot 
ascribe all of the Th to this reaction. We illustrate and 
clarify the complexities with some examples from the 
tables. 

SET appears to be exclusive in the case of t-BuMgCI 
in ether, in which an excess of Th’+ (3.0 mmol) was 
used over the amount of Grignard (1.0 mmol). The 
stoichiometry of the reaction of Th’+ with water 
requires that equal amounts of Th and ThO be 
formed. Since 0.97 mm01 of ThO was obtained, 
0.97 mm01 of Th must also have been formed in the 
workup hydrolysis of unused Th’+. Tbe stoichiometry 
requires, then, that after reaction of Th” with 
t-BuMgCl, 1.94 mmol of Tb” remained for workup 
hydrolysis. Consequently, in the initial reaction the 
Grignard reagent (1.0 mmol) reduced the balance of 
Th” (1.06 mmol) by SET. The data are in reasonable 
experimental agreement. These reactions can be 
described, then, with Eqs 13 and 14. A similar analysis 
can be made of the reaction of s-BuMgCl, although 
an excess of Th’+ was not used in this case. 

Th’++RMgCl+Th+R+MgCl+ (13) 

2Th” +HrO -+Th+Th0+2H+ (14) 

Reaction of BuMgCl with Th” in ether gave some 
ThBu+ (Table I). We shall argue, with the help of 
evidence from using S-hexenylMgC1, that TbBu+ was 
formed by trapping Bu- with Th”. In that light, our 
view is that SET is the initial reaction of BuMgCl with 
Th’+, too, and we can get a reasonable impression of 
reactions and material balance with the help of Eqs 

15-17, in which miIlimohu amounts, taken in part 
(Eqs IS and 16) from Table 1, are written under the 
reactants. If SET and trapping of Bu proceeded as 



Radon of thiaathrme cation radical with Grignard reagents 6115 

dmwa~15aad1~1.22anaoIofTh’+wouldIla~ 
beapkRforwo&uphydroIy&OurassayofThO 
(Q54mmoI)luIuimchet1.o8mlBolbekft.Theac 
&maIeinmaao8a&agmement. 

‘IX++BuMgCI-*Th+Bu~+MgCI+ 

1.2 12 1.2 1.2 (13 

Th’++Btr+ThBu+ 

0.58 0.58 0.58 
(16) 

2’A.++H,O+Th+ThO+W+ 

1.22 0.61 0.61 (17) 

ThedatainTabk3suggestthatinTHFalIRMgCl 
undergo100°kSET.InnocaselistedinTable3was 
a sulfonium saIt (ThR+CIO;) found. Herein lies a 
complication. sulfbnium ion was, we f&1, undoubt- 
edIyformedfrcmtheuseofMcMgaandBuMgcl, 
but was cans\nned iLl initiating poIymerixation of 
THF. Initiation of po@ne&ation by ThBu+ was, in 
fX& X&ved ScporateIy, with isohted ThI)u+ClOi. 
Further, ThBu+CIO; was iaohted, in other experi- 
ments,byrapidworkup,fromrea&onof-IX+with 
BtzMgCIinTHF.Thus,thedatainTabk3are,at 
firstsighqhkelytobemiskadmg.WbeaBuMgClwas 
uscdthemactionsensuingmaybe dthen, 
~~15,16,18aad19.In~asetbedtimate 
fateofTh’+isconw+on intoTh,bUtonIypartof 
thetotaIThwilIhavebeenformedd&etIybySET. 
ThesamemaybesaidofMeMgClinTHF. 

ThBu++THF+Th+THF-Bu+ (18) 

THF-Bu’ +nTHF -, poly(THF) (19) 

Can we rule out anaIogous react&s with the 
bran&d RMgCl? We are not certain of the 
answer, but our incliuation is that tmpping of the 
bra&ted aIky1 radicals does not occur. We discuss 
this Iultber below. 

Hy&ou&ous RH, R( - H) and RR were formed 
from reactions of Bu-, s-Bu-, and t-BnMgCl in ether. 
If we assume that the R(-II) aheady present in 
the Grigaard solutioo (water ma&on data) arose 
&xl alnyl-radicaI dispropor&mation in pqaring 
RMgcland vte for that as weIl as RR 
already prose& we can compute the foBowing for 
the Th’+ mac&us SET gave a&y1 mdicak which 
endcdupasalkarnplrsalkcnephrsdiwrtotBetotal 
extent of 33.5, 68.2 and 83.8%, respe&veIy, from 
Bu-, s-Bu, and t-BuMgCt In the case of BuMgCl 
48.3% of Bu gtoups ended up as ThBu’, so that 
we can account for 81.8% of all Bu groups in that 
reaction. 

Whena&ylradicalswereformedbySETandwere 
not trapped as ThR+, they appear to have under- 
gone H-atom abstraction frm soIvenf d&r* 
portionation, and recoma w&b the fogowing 
distributions, mspcctivaly, w*- (64$ 16 and 20%). 
*Bu (40, 52 and 8%), and t-b (46, 52 and 20/,). 
TheseanaIyaeamayLirlerrorbecawewewaseumbk 
toaccolmtl&aI@cpf~aRylgsoup6iutheRMgCIuKd 
But,thaysigu@tJtataIkybradicaIraac&maarsvdd 
fn3mtheraac&&ofN@gClwitlhTh+ me&s. 

were unable to trace the fate of these radicals. We 
assume, though, that further H-atom abstraction led 
to ethyl vinyl ether (EVE) and that this was poly- 
merixedbyTIi+.Ourreasoninghereisbasedonsep- 
arate polymerization of EVE (see Experimental) and 
analogy with THF reactions, discus& later. In sum- 
mary, the reactions WC identify thus far are : SET (Eq. 
13), radical trapping by Th’+ (Eq. 16) the hydro- 
carbon producing reactions (Eqs 20-22) and the (pre- 
sumed) solvent polymerization sequence (Eqs 23 and 
24) 

R*+Et,O -, RH+CH,CHOEt (20) 

R*+R.+ RH+R(-H) (21) 

R+R*+RR (22) 

R+CH,CHOEt -, RH+CHdHOEt (23) 

Th’+ +CH&HOEt + poly(EVE) (24) 

Reactions in THF led almost exclusively to alkane 
as the hydrocarbon product. When PhMgCl was used 
87% of the phenyl groups ended up as benzene. The 
results reflect the greater ease of abstractin 
atom from THF as compared with ether. 8 

hydrogen 
’ In all of 

that reactions poly(THF) was also formed, and this 
is discussed in more detail below. The simplest rep 
resentation of these findings is that SET (Eq. 13) and 
H-atom abstraction (Eq. 25) occurred exclusively. Sol- 
vent polymerization would then follow (e.g. Eqs 26 
and 27). accounting, thereby, for the linal complete 
conversion of Th’+ into Th. However, it is virtually 
certain that, when BuMgCl was used, some Bus must 
initially have been trapped as ThBu + . Probably, some 
Mr and possibly some i-Pr may also have been 
trapped as the corresponding ThR+. Thereafter, poly- 
merixation of THF by alkylcation transfer must have 
occur&. The overall result is stoichiometrically the 
same as that in Eqs 13 and 25-27, however. It is 
possibk aho that branched radicals, e.g. t-Bu*, and 
even THF( - w, could be oxidized by Th’+ leading to 
polymer-initiating cations and Th. Again the overall 
result is the same stoichiometrically. These points are 
discussed further below. 

R-+THF --c RIF+THF(-H) (25) 

THF(-H).+Th’+ +Th(THF)+ (26) 

Th(THF)‘+nTHF+poly(T’HF)+Tb (27) 

cyc!izatioa of the Ssuxenyl r&al 
Evidence for radical trapping by Th’+. The 

products of reaction of Th’+ with 5-hexenylMgCl 
in ether are listed in Table 2. The composition of the 
Grignard reagent was shown, by decomposition with 
water, to be a mixture of 5-hexenyl- and methyl- 
CyclopentylMgCl in the ratio 10.4 : 1. This ratio is in 
reasonable agreemeat with the literature.*’ We shah 
r&r to this ratio as L/C (linear to cyclic group). 
Tab&2rqx~tsahotherea&m of cydopmtybnethYl- 
MgCI with Th’+. This ma&oil kd to two major 
pfeabm@ methykyclopentane alxI the stlKonium salt 
crart+=&. R Q ““““““F”Y&~ kaR? 
isouad8sMoiIandcharactenmd - or 
weiaaas8yingtbemixtureofauIfamrmsaItsob 
triwdBap5-hexenylM&LTkCPM+JIfoniumsalt 
was ak?o aMlvert& into cydopentylmathyl chloride 
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(93%) and thianthrene (89%) by reaction with LiCl 
in acetone, so as to check this method of assaying 
a sulfonium salt.7 Reaction of S-hexenylMgC1 with 
Th’+ gave two major types of product, the mixture 
of hydrocarbons I-hexene and methylcyclopentane 
(27.9%, L/C approx 6.2) and the mixture of sulfonium 
salts (56%, L/C approx 2). Together, these products 
accounted for 84% of the Grignard reagent. The oily 
mixture of sulfonium salts was assayed by ‘H-NMR 
and also as the corresponding alkyl chlorides after 
conversion by reaction with LiCl in acetone, giving 
L/C ratios of 1.80 and 2.3, respectively. These ratios 
when compared with L/C 10.4 show, without doubt, 
that the S-hexenyl radical was liberated from the 
Grignard reagent by SET and underwent cyclization 
before being trapped by Th”. We know of no other 
reasonable way of explaining this result. Recently, 
Bailey and co-workers have shown that 5-hexenyl- 
lithium undergoes rather rapid cyclization to (cyclo- 
pentylmethyl)lithium, but have noted the earlier 
reports by others of the relatively slow cyclization of 
the Grignard reagent. 23 Therefore., we feel that the 
L/C result obtained now is diagnostic of radical trap- 
ping by Th’+. 

The L/C ratio for the hydrocarbons is 6.2. At face 
value this would suggest that the 5-hexenyl radical 
may react with solvent somewhat faster in com- 
petition with cyclization, than it reacts with Th” (sus- 
pended as Th’+ClO;) in competition with cyclization. 
This is an attractive idea because solvent molecules 
are nearby the radical, that is complexed with the 
Grignard reagent from which the 5-hexenyl radical is 
formed, and are also in greater concentration than 
Th’+. However, the hydrocarbon ratio may be mis- 
leading since 16% of the Grignard’s alkyl groups were 
lost from our accounting. It is less likely that we are 
in error with sulfonium salt recovery than in hydro- 
carbon assay. Also, small amounts of protonation of 
Grignard by acid from pre-reaction hydrolysis of Th’+ 
would affect the hydrocarbon L/C ratio. Therefore, 
we report our data (Table 2). but place significance 
only in the sulfonium salt part. 

POLYhiERUATlON OF SOLVENT 

Pdymerization of THF 
Polymerization of THF occurred in all of the re- 

actions of Th” with RMgCl in this solvent. Poly- 
merization was very slow, but continuous, occurring 
at room temperature or when sealed reaction mixtures 
were placed in the refrigerator for periods of weeks. 
After standing for several weeks a reaction mixture 
would become a gel. Polymerization would continue 

t The reaction of chloride ion with 5-alkylthianthrenium 
ions reported here has a bearing on our earlier work with 
dialkyl mercurials. In that work aqueous LiCl was added to 
the reaction mixture after reaction between RlHg and Th’+ 
was complete in order to convert RHg+ lo covalent, isolable 
RHgCl.‘*” It may be that in that way some of the suifonium 
ion. present in solution as the perchlorate, was destroyed. 

$Thc multiplet at 3.25 ppm is attributed to tbe a-CHI 
in initial group CH,CHICH,CHIS in the polymer. 
Pruckmayr and Wu” assigned 3.41 ppm to these protons 
in poly(THF) in benzene solution. The broad signals at 
0.81 and I .3 ppm in our group are assigned to the CH, 
and B,y-CH,CH~cf. 1.65 ~pm),‘~ respectively. 

if more THF was added. Thus, the polymerizations 
had the characteristics of a living polymer. Polymers 
isolated from such mixtures by preparative TLC had 
rather low average molecular weights, for example 
2300 when MeMgCl was used. 

Polymerization of THF by Th’+ClO; alone has 
been reported to give high-molecular-weight polymer 
(100,000) in 2 d at 30”. 24 We were unable to polymerize 
THF in this way over a period of 6 d. An analogous 
polymerization of THF by perylene cation radical 
perchlorate has been reported but took place very 
slowly. 2’ Polymerization of THF by cation radical 
alone is somewhat ambiguous, since there is no way 
of ruling out initiation by protons formed by adven- 
titious hydrolysis of the cation radical. In connection 
with the ambiguity of cation-radical-induced poly- 
merization, crystalline perylene cation perchlorate is 
prepared by anodic oxidation of perylene in THF.26 

Cationic polymerization of THF can be initiated in 
three ways: protonation, hydride-ion abstraction (a 
rare occurrence. attributed to initiation by PhjC+), 
and by alkylcation addition to the oxygen atom of 
THF. 27 The last method, illustrated, for example, by 
initiation with Me,O+BFi, 2* has been well docu- 
mented. Anion and free-radical polymerization do not 
occur. 

It is improbable that the polymerizations initiated 
by the Grignard reactions were proton catalyzed. The 
polymerizations appear in some cases to be initiated 
by alkylcation transfer from a sulfonium ion. Indi- 
cations that this was an initiating source were given 
by our failure, initially, to isolate sulfonium salts, e.g. 
ThMe+CIOi and ThBu’ClOi, from the Grignard 
reactions in THF even though these salts were known 
to us, from work with dialkyl mercurials, to be 
stable,22 and even though isolation of ThBu+ClOi 
from reaction of BuMgCl with Th’+ in THF was 
achieved finally, by working up the products as soon 
as the Th” had disappeared. Subsequently, poly- 
(THF-I*) was obtained by reaction of BuMgCl with 
Th’+ in THF-& and isolated by preparative TLC. 
The presence of butyl groups in the polymer was ident- 
ified by ‘H-NMR, signals being obtained at 6 3.25, 
1.3 and 0.8. The transfer of Bu+ to THF-d, from 
ThBu+ClO; itself WAS also followed by ‘H-NMR. 
Reaction was carried out in CD2C12 and the change 
in the a-CH2 signal from 6 3.5 in the sulfonium ion to 
6 3.25 in the polymer was followed over a period of 
many days.1 It follows that, ifThBu+ is the initiator 
in the Grignard reaction, transfer of Bu+ from ThBu’ 
to bulk solvent THF occurs relatively quickly (other- 
wise we would have been able to isolate ThBu+ more 
easily), and that polymerization goes rather slowly. 
We are not certain of why polymerization should be 
so slow, but suggest that, perhaps, chain carrying 
THF oxonium ions were in relatively low concen- 
tration, being, instead, in equilibrium with open chain, 
covalently bonded perchlorate ester (Eq. 28). as has 
been documented by others.” 

Is polymerization initiated by a sulfonium ion, e.g. 
the 5-t-butylthianthrenium ion, when the Grignard 
reagent has secondary and tertiary alkyl groups? We 
do not know the answer to that question. Such thi- 
anthrenium ions, to our knowledge, have not been 
made. It may be that when a secondary or tertiary 
alkyl radical approaches Th’+ the radical is oxidized 
to the cation. Perhaps this may be the fate of the 
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THF( - I+ radical too.270-c These cations may then transfer of Bu+ from ThBu+ to THF can also be 
alkylate THF at its 0 atom. Answm to these quea- looked upon as the nucleophihc displacement of 
tions have yet to be found. Bu+ by THF. Therefore, it was necessary to know if 

B’J’KW$)~I,-O* , 
3 

Clod- += BuO[(CH,),]n4(CH2)40C103 (28) 

Polymerization of ethyl vinyl ether 
We leave no direct evidena that EVE was formed 

in the reactions which wsre carried out in diethyl 
ether. All attempts to find EVE by GLC were negative. 
On the other hand, it was also impossible to 6nd 
EVE by GLC when it was introduced repeatedly in 
increments into a suspension of Th’+CIG; in diethyl 
ether. Instead, poly(E!VE) was isolated. The amount 
of poly(EVE) that could be formed in the Grignard 
reactions (Table 1) is very smaIl, since the EVE itself 
could come only from &hydrogenation of the solvent 
by radicals from the Grignard reagent, itself in only 
l-2 mmolar amounts. Therefore, we propose only 
with the help of circumstantial evidence that EVE 
may have been formed in those reactions and then 
polymerized by Th + . 

REACllON OF llSm+ClO; WITH BalbQCl 

Displacement of R+ from ThR+ by chloride ion in 
acetone was facile. Initiation of polymerization by 

nucleophilic displacement of R+ from ThR’ also oc- 
curred by RMgCl in the Grignard reactions in which 
ThR’ was formed. The reaction of ThBu+ClO; with 
BuMgCl in ether gave butane, I-butene and octane in 
the mmolar ratio 0.12, 0.02 and 0.32, respectively, 
accounting for 97.5% of the butyl groups in the reac- 
tants. The relative amount of octane is quite unlike 
that obtained from the reaction of Th” with BuMgCl 
in ether @molar ratio 0.29, 0.032.0.048. Table 1) so 
that it seems uxdikely that reaotion of ThBu+ with 
BuMgCl is important in the Grignard reaction. This 
is understandable because an excess of Th’+ _was used 
in that reaction, allowing for preferential SET between 
Th’+ and RMgCl as the latter was added. 

The question arises whether the reaction of ThBu + 
with BUM&l i~V0heS SET, tO0. The i3nSWe.r CaMOt 

be given clearly. The formation of butane suggests 
that BW is formed. (Eq. 29). The sulfuranyl radical 
(ThBu.), also formed by this SET would then decom- 
pose into Th and Bw. The butyl radicals formed from 
two sources in solvent-cage proximity could combine 
to form octane or dilfuse away to abstract H atom 

fh + 0~. % 0uH + se 

Th + %ba + MgCl+ 

ScJlemc 1. 
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from the tihent. 

%Bu+ +‘&MgCI -r.‘i‘l&u~+B~+MgCl+ (29) 

Sulfuranyl radicals, formed by cathodic reduction 
ofaryl dialkyl sulfonium ions. havebeensbown to be 
very unstabIe. Loss of an alkyl radical occurs so rap- 
idly as to suggest that bond cleavage may be concerted 
with one&xtrob reduction.” The loss of sulfur- 
hound ‘butyl r&M ,ln ah SET reactiun of ThBu+ 
with the Griaard a@nt (Scheme 1) would be con- 
sistent with such stil!branyl radical instability. Diazo- 
titrrtion of 2-aminopheayl 2-R-thidphenyl sulfide 
(R =Me, ‘I%) resulted in ring closure giving Th and 
R- ” also attesting lo the relritive instabiity of sul- 
f&nyl radicals such as shown in Scheme 1. 

An interesting product. identified by mass spec- 
trometry and ‘H-NMR as 2-butyl-2’-(butylthio) 
diphenyhulfidc +4), ,w8s also obtained, albeit in 
small yield (7.5%). ,Tn the tatftext 6f’SET ,we might 
erGsa& this product as aWag ffbm atti of’butyl 
radical on t.hcMdfuraayl raaical (Scheme~l). Aowever, 
WC CZiMOt disting&h ihis pnthw&y and the radical 
pathwayafor feting octaai, too, from those involv- 
ing direct tmckophilii attack of RMgCl on TbBu’, 
At the ring (for 4) ana a-carbonatom (for octane). 

--AL 

AnaIytieai methods. GLC analyses wert made with a 
,Varian model 3700 gas chromatograph equipped with a 
Varian CDS-l 11 or 4270 intagrator. Concentration factors 
were utabli&e&by using solns of standards ; internal stan- 
dardswercnotused.ColuatnsusadforGLCanalyscawcrc 
20% BEEA on Chromosorb PAW, 60-80 mesh (glass, 
6.5 R and 12 fix 118 io), 5% OV-101 and 10% OV-101 on 
Chromosorb WHP, 80-I 00 mesh ; the former was 1.5 ft x 
1/8instainlessjcseiandthelatter3ftxlf8instainkssstacl. 
The cohtmns were used isothermally or under programmed 
heatinn as q m. Woelm (IC!lQ silica ntl (Cat. No. 
4028o!Y) was.& fo; column c&ms&?ap~. pccperative 
TLCwasairrkdottt with E. Mcrck(Cat. No. 5717-7)20x 20 
cm platw, caated with 2 mm of silica gel. Analytical TLC 
was carri& out‘with #*ok (5761)0.25 mmuilica gel plates. 
Low resolution mass spectra were obtained with a Hewlett- 
Packard model, 5995 spectrometer, whik high rcso1rlti00 
outs spectra were recorded at the Midwest Ccntcr for Mass 
Spectrometty.t Gaseous hydrocarbons were from Mat&son 
Gas Products, Inc. Standard solutions of the ga= were 
prepared by&solving a known volume of gas from a gas 
buntte in a known volume of solvent. and checking the 
amount of solute by weighlug. Aliquots of standard~solns 
were sealed in 1 ml ampules at 0” and sto&l in the refrigcr- 
ator for petiodic use. The fdlowing~compounds, also used 
as stand&s and controls In C&C anal+, wzre obtained 
from Aldrich Chcmkal Co.: %2,3dimethylbutane, hcxa- 
methylethane, cyclohexaac, mcthylcyclop&taac, matbyl- 
cnccyclopentane, octane, I-hexcue, cyclohcxene. l-methyl- 
cyclopcntene. 5-bexcn-l-01, cyclopehtylmethanol, z3di- 
dydrofuran, and ethyl vioyl &l&r. Butyl-, s-butyl, and 
t-butykhloride were from Aldrich. Diethyl ether and tetra- 
hydrofumo (THF) for Grignard reactions acie ;distilkd 
three times over LiiH, under argon and W~FC stored 

t An NSF regional facility, University of Nebraska, 
Lincoln, NCbraska. We thank Drs Frank Crow and Ken 
Tomer for their help. 

~WetImnkDrRichardW.T&antlMrBcsna&Yourig, 
Department of Chcmkal &gincering, Texas Tech Univcr- 
sity; foi these. measumments. 

under arpl. PiAymer (solvtnt) mcaccukr r6ight) wese 
tkbsmhd by gal!panmation~f 

Grignardreagenu. s-ButylMgCl and t-butylh&Clh sthcr, 
and all Grinnard reamnts in THF were from Aldrich. Other 
Grignard I&S wcrcpreparad immediately biforc use under 
argon. Assays were carried out tither by.,titmtion” or by 
measuring the volume of alkaoe obtained by decomposing 
an aliquot with water. 

Reagmts andpmducts. bchlo~l-be%cntwas@!pamd 
in7D%‘yklilbyU1~ree&o of5-hca~l-otuffh?h~Prtod 
Ccl;; b.p 12g-129” (685 ntmHg). 211. b@. 13&1300 (768 
lnmHg). ~Cy&pantyhlK&yluhIoride~~~ iii,@% 
yield ,from cy&pentylmethanol in the same mmmer; bp. 
137-138” (685 mmHg). Lit. b.p. 141-143” (755 mmIdg).” 
Z&Dktboxybutanc was obtaiwd as a m&me of dl and 
muo forma in 32% yield by mctioo of dk@lathsr with di- 
t-butyl peroxide,‘6 aod had b.p. 42-45” (21 mmHg). The 
mcso and three isomers have b;p. 138” (745 amiR and 
139:8” (747 ‘mmfIg), respectively.” The d&nor of g&I?F 
~y~l,l’-Mfman,ans~~lyin65°/6yisld 
from m,‘L and bad b.p. 76-80.’ (12.e. Lit. b+. 73- 
76”~(12.s’mmHg).‘* 

Rceetbnw ojX%gndreegents with thimtkrmaeation radical 
perchlorate 

In ether sohrtion. The method in mrpl was .to add the 
Grignard soln dropwise by syringe to a mn of 
Th’+ClO; being vigorously stirred magnetically In a mptum- 
capp&vlalu&&i an:ia.bsthtt&?. Prodtktts~ idtmt- 
iflad, assayed and, in some cases. isolated, by combinations 
of ~GLC, TLC, and wlumn chiomato@apby. !Rmadts arc 
tabdlated -In ?hbk 1. wltlk Jedh .nfn ,h &sc?lb&l ‘gwn 
sp&icaIly blow. An aliquot of each Grignard-soln was also 
&xomposed in a septumcapped vial by adding water by 
syringe, and the hydrocarbon products wmc assayed by 
GLC. Results arc listed in Table 1. 

BuMgCl (~1 1). Reactants were 948 mg (3.00 mmol) of 
Th ‘ClO; in 7 ml of ether and 0.50 ml (1.2 mmol) of 
BuMgCl. After addition of the BuMgCl$S mio) the -8 
of Th’+ClO: had become deposited on the wall of 
the vial as a my-black mixture. The wpasnatant solh was 
analyzed directly on the smalkr BEEA column a&r 1.5 h of 
stirring. Results are listed in Tabk 1. AREX QLiC ansly8i8,2 
ml of water and 5 ml of CHzC12 were injected into the vial 
and stirring was continued until all of the Th’+ClO; had 
disappcafcd. The water layer was -4 and extracted 
w&5x l0mlofCH~l,,n\ecolkcteuCH~solnwa8dried 
om’Mg?IO, and cvapotatui. The residncwasscprrratedwith 
CHP,on2mmTLC’pldteGtogi~,inorderaf~ 
&, 406 mg (1.88 mmol) of thianthscnc (Th), 126 mg (0.54 
mmol) of thiculthrene 5-oaide (TbO), a@ 218 mg (0.58 
mmol) of an oil which was id&nt&d by rH-NMR as 5- 
butylthianthrcnium perchlorate (ThBu*ClO;). Th and 
ThO were removal from the plate material’wlth C&Cl,, 
whik ThBu’ClO; was removed with dry acetone. The 
ThBu+ClG; was crystal&cd three times by ‘ptadpltation 
from CHf12 with dry ether and had m.p. 121-123”, ‘H- 
NMR ICH,Cl,) 6: 0.8 (t. 3H. CH,, J = 6 Hz). 1.5 (m. 4H, 
~_&&)~3.7 (t, iI$ >g$+, J = 6.j Hz). j.8 (m, 
6Hh 8.2 Im. 2H). The oroduct was identical u&b that 
obt&al ‘&her ‘from &c reaction of Th’+CDi with 
Bu$L~.*~ 

s-BuMgCl (run 2). The reactants wtwc 0.63 ml (I.60 mrnol) 
ofarignard soln an&6S2,mg @!@I mmol) of rTh’+ClOi in 9 
ml of ether. Volatik materials ware pumpal olI’and 8nald 
asdcacribedlnruo I,andther&sultsarclistaiinTabkl. 
Thcrcsidocleftintherc&tioovialwaawxtr8Ueddirectly 
with CHQ,. however. and the products PsdR mti by 
column Cl&matography (& 81, W@m) rather than 
bv TLC. -Elutioo wiih C!H,Cl, ‘m 383 tug (1.77 mmol) 
oi Th and 20 mg (0.084 -m&l) of ThO- Elution with 
CH ,CI ,/acctonc gave 23 mg of an unidcnt&labk substance. 

t-BuMgCl (nm 3). I&e&tams were 0.53 ml (I.0 mmoi) 
of a 1.9 M soln of t-BuM$Cl and 948 mg (3.00 mmol) of 
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and 226 mg (0.97-s) of ti. No c&r snhtar&s were 
found. 

rive amounts of the two alkyl groups in the Giignard was 
dctcrminaiby&compo8itlgtkGrigMrdwithwxtuand 
mcasuringtbcamonll~of Mcxkztc~~tanc 
byGLC.-I%eresuItislistaIinTabk2. 

TO the m dWB mg (3.00 mm01) Ofm+ClOi in 
7mloC~wasodded(LSOml(LM)nrmol)ofa20M5- 
hncnylMgUsoh. Again, a black-grcyirachriwptxaipitate 
OftbC~OfTL’+CW)iWSSfonaerlindr(intngWUS 
continued for 2 h. B t&ctberwinW8sa8aayed 
for I-hcxcnc aad methykyclopcntaDe on the SnuBer BEEA 
column. Neither I-mcshykyclopmtcne nor mdtyhe 
cyclopcntancanrrfound. - 

AfterGLCana@isof2mlofWaterandlOmlofCH~, 
were injaxai into the vial and stirring was continued 
Until ii Of tll0 Th’+ClOi .brd &+SIUl. Worhrp 
foUowcd as in run 1. and 5lyt 407 mp (1.88 mmol) of Th. 
134 mg (0.58 mmol) bf G, and 224 & (0.56 mm& of an 
oil, shown to be a mixture of S-(5-hcxcnyl~ and 5-(cyclo- 
pentytmcthy1)thialltum pcrchloratc!S. Analysis of the 
mixture was carried out in two ways. Integration of the 
‘H-NMR (CDCI,) signals of the C&=CH(CHAS+ and 
cyclopcntyl C&S+ protona gave rcspu%vcty 0.36 rmpol of 
tIm 5-hexcnyl and 0.20 UBnol of the cyc~tylmcthyl salts ; 
thus the ratio L/C (Iinear/cyclic) wea 1.80. Thai. tbt CDCl, 
was evapotatal and the oily residue wasdirsoti in 3 ml of 
dryaatonc.Tothero~WPSPddOd300~OtLiCI.~~g 
was wntinuKI Ovonlighk whaoupon mine l-h bsld pro: 
cipitattd.~Orc,4mlofCHFI,~sdded.forcompktc 
solubility and the soln wan aMlyzad by QLC on the 5% ov- 
101 column, iving 0.27 n&l of 5-hwyl-. 0.12 mmd of 
cyclopcntyhncthykhloride, and 0.51 mmol of Th. Thus, the 
ratio L/C by this method wzu 2.3. 

cyclopcnlyImerhy~gCl (run 5). Rractkm With Th” 
ClO; (948 me 3.00 mmolj and 0.50 ml (1.2 mmoll of a 2.4 
M s& of G&nard was &rrial out asuh run 4. ‘krry of 
mcthykyclopcntanc (on cbe 5% OV-101 column) gave 0.31 
mmol: oo other hydromrbcm was found. TLC of the non- 
volatile products gave 427 tug (1.97 mmd) of Th, li2 mg 
(0.48 mmol) of ThO, and 220 mg (0.56 mmot) of 5-(cydo- 
pentyhncthyl)thianthrcnium pcrchlorlue. Tbc stllfoniIIm salt 
was dissolved in 3.0 ml of dry acetone to arpich 300 mg of 
LiCl was added. T~s soln wac stirred overnight, diluted with 
4.0 ml of CHICll IO dissolve Th and anelyzul by GLC (5Y0 
OV-101). Results an listed in Tabk 2. 

&a&w of Tb’+ClOi with ethyl vinyl ether 
TO a surpcnrion of 316 mpg (1.00 mmd) of Th”ClOi in 8 

mlofcthcrat00wasaddcddropWiac%jd(1~mmoI)of 
ethyl vinyl ether. A vigiuo& maction occuIr&but8krge 
amount of Th’+Clo; IumiMd. tlmtzfore, three mare % jd 
aliquots of ethyl v+ly! 6QuIr =re added but @gab& ml@ 
Th”CiOi rrmsined. I& W= dads@ by pddirion Ml.0 
mlof2MNaOHrofo,Vol&km+rjakuempgtpe 
offintonlOmlvdqa~@&5skandandyxdbyGLCas 
dcxriLxY.l carlkr. Ncitkx ethyl vinyl cthu wrany otkr 
volatikproductco8ldk6xmd.Tlleeun-VolatikrodlPc 

t See footnote?, p. 6018. 

*ut&z4npinCH&I,claditS~ Brepnd 
byprcpa&hwTLCgiving+iaimicrof~R, 132mg 
(0.61~of~,~ag(O.#~~;~(er(Rctcd 
with-) 177mgofaaaecy_lae~.Thkh*da’H- 
NMRspctrum co&stent with poly(viny1 ethyl &er) and 
a weight avers+. mol. wt of 1200. 

Reaction of BUM&I with 5-bmtylthiunthreniwn perchlorate 
(ThBU+ClOi) k ether 

To a stirred Mti of 149 mg (0.40 mmol) of ThBu+ 
UOi in5miofCtbCT(as&kktttvohmutodiasolveTh 
PI it was fomrad) was ad&d dropw+ec 0. t 7 ml (0.4 mmol) af 
BuMgClsoht.ThcmixtureWassampkdpcriodicaUybysyr- 
ittgcforGLCmonitoriog.After3hnofurtberincrauein 
the amount of Th wma found. GLC analysis of the volatile 
producta on the w BEEA cdumn gave butane (0.12 
nxnol), bntcne (0~02 mmol), and octane (0.31 mmol). The 
non-voktik prod- were chromatogruphed on 2 mm plater 
witha5:1(v/v)mianaaofCH~,amiacctoneTwobati 
Wcrcobta&d.Tbelower,nwuthcorigin,wasunrca&d 
ThBu+ao; (0.01 mtuol). The uppet was a mixture of thi- 
anthrenc and what is bclkval from maaa rpctromctty to 
be 2-butyl-2’-(lmtyitbio)dipbenyl sutlide. This mixture was 
myal by GLC oo the 10Y0 OV-101 c&mm and gave 0.37 
mmol of Th and 0.03 mmo1 of 2-bubl-~-@utylthio)diphio)dipbmTl 
sul!Idc. Thecoaccntration f&or which was nrod for assaying 
thiscompuMdbyc4mqnltaintcgratioltwaatakcntobcthc 
sumofthe cuncentfation factors of Tb aftd octane. High 
msoltion mass rpstromtryt gave M+ 330.1488 (talc for 
c,.&J, : 330.1476). Low resolution GC/MS suaxtotmtt~ __ -1 _  

gave principal ions ?A) 330 (23), 274 (7), 241 i6), 199 (5). 
198 (24). 197 (Za), 165 (6). 153 (7). 142 (IO). 140 (14), 135 
(I I), 133 (21). 123 (6). 91 (loo), 77 (I I), 57 (I 1). 

Readons ofGrignmd reagents with thianthrene cation radical 
pnchiorate 

InTHFJoh.ArericsoPreactions~carriedout~ 
RMgX and Th’+cIo; in which R = Me, i-Pr, Bn, s-Bo, t- 
BuandPh(phenLI).Agcacruidcacriptionforthisseria 
foUo~andtheres&surelktcdinTabk3.Morcdctaikd 
ductiptioar arc lhto givm~ only for pa&zular reactions. 

Generaf proceakre. A weigbal amount of TK’CIO;, a 
stirringbarand2UmlofTHPwerepkedunderargonina 
scptum.cappcd4o~~mabatbat2(p.Thevial~ 
amnccta! throug% the septrrm b a IIIUU kngtb of I/8 in. 
Tygon tubing to a gas bnrctte. The Grignard SOL was added 
~owlydropwkeviatlaescptumfroma1.0mlcali~ 
syringewhilethemspcm&n Of Th+ClOi Wa ScirTCd vig- 
orousiy. Addition Ww3 *topped when all of the Tb’+Cio; 
had disappeared. Vigurcnm evdution of gas baa observed 
only with additicm’of MoMgCl, a&l i-PrMgCl. In other cae~ 
gascotta prodncts were wdE&~tly solobk in THF so that 
gas evdhtim ~85 not ob~~cd. ma ddith of thC 
Gri8ilardsohtthc mkturcwasstirralforlhbcforctbe 
gas volume, whok apprqxiatc, was mcasnrc4i. Tbaeafter, 
sampla of gas and soln were taken via the septum for 
analyais and assay by GLC on the larger BEEA column. 
After GLC wsir the THF soln was mot&ored for pod- 
uctsbyaoalytkalTLC.OnlyThandtraasofTbOwcrc 
found. Tbt amount of Th in sotn wns mrasuW therefore, 
by ‘H-NMR. Results of analyses and assays arc listed in 
Tabk 3. 

Pol~izat&m uj THF by MoMfl. A snqnasian of 632 
mg (2.00 UtmOi) Of TB’+cK)i in 9 ml Of THP WDBS air& Ps 
duuibcd above. W!ICB the ger tm~U& was rtabiliztd, 0.325 
ml(0~9$)ofa2.9MrohloCMeMbClwspoddcd 
dro+ke dua+ne 2 min. Evolwticm of v (I&+$ during 
addition was viaoroos. All of the Th’+ClO;hsd B 
after 15 mill of &ring. The amount of gas ronned, co& 
tostaDdard~wu0.55~.TtI8vialWasdk- 
~fnmttkImmtteandstoredint&ttf~rfor 
6weckr,atw4ichtiaot&soInh&the~ofbcmcy. 
-nacgrowtbof~(~tok-Bvin%‘~) 
WP9stoPPbdbyodditionofImiof2NNaOHeo~.Extriac- 
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tion with 50 ml of CHQs gave a very viscous product, which 
was chromatographed on a cohrmn of ritica gel. ElutJon with 
cH,a,~~426~(1.57~0L 98.5%) OPTS, dtluti~n 
with accmlegave 3.1 g of viscous nolYfrHF)* waiaht avcraae 
mol.wt2300~ - 

Reacrion of BuMgCl tirh Th’ClO; in THF irohion o/ 
lllBu+Clo; 

Dropwise addition during 2 min of 0.50 ml of 2.2 M 
BuM8Cl soln to a suspension of 948 mg (3.0 mmol) of Th’+ 
CIO; in 7 ml of THF at 0” gave a dark brown mixture. This 
was immediamly poured into a welt-stined mixture of 2 ml 
of water and 10 ml of CH2Cl,. The water phase was separated 
and extracted with 4x 10 ml of C&t&. To the combined, 
dried (MgSG,) CHICll solns was added 60 ml of dry ether. 
A dark, gummy precipitate formed. This was separated by 
decanting the soln, taken up in a few ml of CH& and 
placed on 2 mm TLC plates. Development with CH&- 
acetone (2: 1 v/v) gave two bands, one being Th and t.M 
other (lower) ThBu+ClO;. Extraction gave 89 mg (0.22 
mmol, 22% baxd on BuMgCl) of oily product, idtr&ti&J aa 
ThBu+ClO; by ‘H-NMR. 

Polymerisa& oflXF by ThBu + ClO, in CH#& A soln 
of 100 mg (0.268 mm01) of ThBu+ClOi in 0.4 ml of CHzCl2 
was se&d with 1.6 ml ofTHF in a glass ampule. The ampule 
was heated for 3 h in boiig water, and opet& alter cooling 
in ice. GLC on the smaller BEEA column showed the prea- 
en~t of I-buteoc (0.009 mmol, 3.3% of butyl groups used) 
but not of butane. Five ml of water was added to the ampule, 
and the organic products were extracted with 5 x 10 ml of 
CHzC12. Workup and separation on 2 mm plates with 
CH,Cl*tone (10: 1 v/v) gave 58 mg(0.268 mmol. 100%) 
of Th and 416 mg of very viscous poly(THF). 

Polymerization of THF-I, by TbBu+ClOi br CHrClz (II 
75”. The THF-d, was dried by distillation from sodium 
benzophenone ketyl under argon. A soln of 1 IO mg (0.295 
mmol) of ThBu’ClO; in 200 mg of CHICll and 430 mg of 
THF-d,~rcalsdina5mmNMR~be.Thcsolnwas 
heated in a bath at 75” and the ‘H-NMR spectrum was 
recorded periodically. The triplet signal from the -CH,S+ 
protons al b 3.7 disappeared in time whik a triplet signal 
from <H&t- at d 33 grew in intensity. The tube was 
opened after 24 h and to the viscous product was added 2 
ml of CHIC& and 100 4 of water. The CHP, was dried 
over MgSG, and evaporated to give 377 mg of a viscous 
mixturer Sepamtion on a 2 mm-plate gave-58 mg (0.268 
mmoL 91%) ofTh and nolvtTHF-d.). The lalur was aaain 
chromatographed on a 2 rdn; plate .&d gave 4 mg of Th. 2 
mg of TM), and 290 mg of poly(THF). The Th and ThO 
thus represeoted 98% of UX ~tiginal ThBu+ClOi. 

The poly(lliF-d,) had ‘H-NMR @XXI,) 6: 0.93 (t.3H. 
CH,). 1.4(m.4H.--C~~C~_-~and3.33(t,~.--C~~~, 
J = 7 He). z&say, using HMDSO as an internal standard, 
gave 0.27 mm01 (91.5%) of butyl groups, from which, with 
the amount of polymer used, the average mol wt of the 
poly(THF-d,) was cakulated to be 960. 

Reaction ofIIBU+ClOi with THF-d, in CD&l2 IXI 20” 
Transfer of the butyl group from S to 0 was followed by 

‘H-NMR. A soln of 34.5 mg (0.093 mmol) of ThBu+CIO; 
in 475 ma of CDCL was olaced in a sentumcanned NMR 
tube. T’HF-d, (7‘0 mg) was added dropwise t&l ThBu+ 
ClO; showed S@ of pracipitation. The sdn was kspt at 
room temp (appran 20”) for severaJ weeks, during which the 
‘H-NMR was recorded periodically. The signal at d 3.2 
(a,Cy*) slowly incnxxd while the signal at d 3.5 
(-CH,C&S+) slowly decrea& eventually (68 d) reaching 
thcratio4:l. 

Rwcri~n 0/Bt&igC1 VNh Th:+cIOi in THPI, 
A soln of BuMgCl wm pmpared by stirring overnight 

under argon a mixtureof pl(3.0 mmol) of BuCI, 97 mg 
(4.0 mmol) of Mg and 1.0 ml of THF-d,. Grignard soln 

was added dropwise from a calibrated syringe to a stirred 
WOII of 126 mg (0.4 mm01) of Th’+ClGi in 2 ml of 
THF-d, under argon in a septum~pped vial at 09. When 
all Of the Th’+ClOi had diw (7 min). 88 /d (9.2 
mmOl)otBllMgClsOtohadbeUtaddad.ThepiesCaaof 
ThBu+ClOi could not be detected by TLC and ‘H-NMR. 
Aftar3datroomtempaJlvoktikproductaandsolventwere 
pumpedoBandttpppbdinaliq.W,brth.GUJ~of 
the distillate gave butane (0.138 mmol, 69%), I-butem (tr.) 
andoctane(0.0029Imnol).TheresidmwPI~upin2ml 
of CHIC& and separated on a 2 mm plrte, giving 81 mg 
(0.375 mmol, 93.7%) of Th, 6.0 mg (0.026 mmol. 6.5%) of 
ThO and 40 mg of poly(THF-d,). The prsrma of buty1 
8roups in this polymer was detected by ‘H-NMR signals 
(poorly resolved) at d 3.25, 1.3 and 0.8. 

A~temptedpolymerization O/ THF by Th’+cIOi 
A stirrer bar and 316 mg (1.0 IIUIIO~) of Th’+ClOi were 

placed in a 20 ml septumcapped ampuk The ampule was 
evacuatedtolowpreasurethroughtheseptmnfor4h.after 
which10mlofTHFwasintmducedbysyringe.Theampuk 
was sealed and the suspension of Th’+ClGi was stirred 
for 6 d. No change in visuxity was n&iced. The mixture 
was allowed to stand, whereupon 0.5 ml for ‘H-NMR 
spectroscopy and 5.0 ml for ev&oration were w-itMrawn. 
‘H-NMR showed no Sian of Th. while evanotation kft 
no sign&ant amount oiresidue. The Th+Clbi was then 
6ltered, washed with CCl,, giving 310 mg (98%) recovery. 
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