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GEN.F.,RAL INTRODUCTION
             '
   tt '     t tttt                 tt t                                                        '                                           ' ' The wid6 industTial importance of' dithiocarbamates and

        ' '                             tt                                          '                                                    'their aerivatives as metal complexing agents, herbieides,
                '                                                     '  '       ttfungicides, vulcanizaribn acce!erators etc. has resulted in ,
considerable Tesearch.1'4) Especially, it has been established

                                                           ..during the past decade that metal complexes with dithioÅëarbamate

ligands  (l) exhibit many vmusual properties such as spin . ,- , ..

                                              .t                               - .-• ''  .'  (g)">3.c.-.N<R,) -'R,.dt.e"' ''" ' ''

                     '                                 '                       l- .                                  '    'isomerism of the irong!I) complexes5) and oiigowteric structure$

of the copperg) (tetrameric),6) suver(D (hgxan}er"'c),7), and '

goiaa) (dixp`eric)8) cornpiexes. '' . - - - ''  '  •
                         '                            '                                            ' '                                                        '     Quite recentZy, the dithiocarbamate ligand has been shown
                                   '                   '                                                        'to possess tghe abi2ity to stabMize metai ions in unusualiy
                          tthigh formal oxidation states. This ability has been ration-
a!ized in terms of delocalization of electronic charges9) and

s-s interligand interactions,IO) as shown in the canonical ''
                                                          '

tt  ,,,/.,...P l:t,,(,il,>xiElj.,,t tngPPtY

  R2N=C<g>ii't(/i.g>C:NR,"--R2N--C./,,.g>-Mr'<g>.C--NR2



seems to facilitate a ltumber of studiesi!) on the reaction

                                                            'of dithiocarbamato meta! complexes with oxidizing agents such

                                                              'as halogens, boron trifluoride etc. All the works in this ,

field, however, has been of a preparative nature and there
       '                                     '                                                           '                              'has been no mechanisttc s"v,dy. Thus, the author has initiated

                        tt                             'ihi:e:i,lea?,.kinetiC StUdY in Order to expand the knowledge in

                                 '              '                                             '                                                   )                          '                                                          '     The purpose of this thesis is to elueidate the rnechanism
   '                                                                'of oxidation reacticns of dithiocarbamato metal complexes with
                                                  '
                                            'haiogens aRd thiuram disulfide.. -
                     tt     This thesis consists of four chapters. Chapter 1 and 2

describe the Teactions cf iodine with diethyldithiocarbamato
          '                  '               '                                         'tin(IV) and dibutyldithiocarbamato zinc(!I), respectively.
                                             '                            'In Cha' pter 3, the reactz'ons of dibutyldithiocarbamato gold(I)

dimer with iodine, brornine, and Å}odine bromide are discussed.

The last chapter deals with the reactions oil dithiocarbaiitate

complexes of copper(I) and silver(I) with thiurarn disuZfz'de.

The kinetics of these reactions were a!1 investz' gated employing
                     '                           '                                                        'a stopped-flow technique.

References
      '1) .G. D. Thorn and R. A. Ludwig, "The DithieÅëarbamates and

Related Compounds," ElsevieT, Amsterdam, Z962.. ,
                                         '               '2) D. Coucouvanis, Pyog. rnoyg. ehem..'ll, 233 (l97e).
                                                  '                               '                                   '3) R. Eisenberg, Prog. Inoyg. Chem.Yl2, 295 (1970).

4) L. H. Pignolet, Topies in ezarrent ehemtstyy, 56,91 (1975).

           .. .5) R. L. Martin and A. H. wtTite, Tyansition Met. ehem.,, 4,

!l3 (l968).
             '                                         '                        '6) R. Hesse, Aykiv Kemi, 20, 481 (!963).
                                       '      tt                   '   '                                        '                                                                 c                 '  - ' •• -2- -



 7) R. Hesse and L. Ni!son, Aeta ahem. seand., 23, 825 (1969);

.H.  Ya!ftaguchi, A. Kida, T. Uechi, and K. Yasukeuchi, BuZZ• Che Te

iiglsge';.295.k2ii glXK2'sehe, Aeta ahem seand•• 26• 3sss',.

 9) B. L. Edgar, D. J. Duffy, M. C. Palazzotto, and L. H. '

 Pigftolet, cl. Am. Chem. Soe;, 95, 1125 (1973). S

10) J. P. Faekler, Jr.,' Pyog. Irno.wg. ahem.. 21, S5 (1976).

11) J. Wiilemse, J. A. Cras, J. J. Steggerda, and C. P.

 Keijzers, Strbletuye and Bonding. 28, 83 (!976).
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                                            '       '             '                               '                 '                                      '              '                                                 '        '                        '

--
 3 --



CHAPTER 1 iU3ACT!ONS eF Ieb!NE WI'rH

              BIS(bIETHYLI)ITHIGCARBmaTO)DIMETHYLT!N(IV)
              AND RELATED COMPOUNDS '.,. •, -
                          '                              '                                  '                          '                            '
      'i-1 Intro.ductien
  '
          '                  tt                                                          '                                       '                             tt    . A number of reactions of dithiocarbamato metal eere,plexes
with halegeRs have been studied.i-32) They are clq'ssified

into the following two types; (i) the oxidation of the .' '

dithiocarbamato ligand by haiogen into thiuram Ldisulfrde (1),
R4tds, or dipositive trithiolane (2), [R4bitt]2", which is an

                                                '                   ', r!          'RR>N-c.isLS'Sg>.c-N(RR . (ll>t=ctS's"S/'c:N(RR)

              '
          '                '                                                     '                                '           '                      tt                                  'oxidation product Qf l by halogen, andt (ii) the oxidatio-n of

the cerstral metal ef dithiocarbamato complexes by haiogerk.
                                'A short resume .From the literature of such Teactions is givers

                           ttin Table l-. The kinetics of z'hese reactions, however, have
                                                 '                        '                                                'been littie studied. ' '                                        '                                   '                                                        '                                          '   . Rgcently, it has been noticed that Me2Sn(Et2dtc)2 and,

Me2Sn:, (Et2dtc) rapidly react with !2 to .give MezSn!(Et2dtc)

and tyEe2Sn!2 respecttvely, togetheT with tetTaethylthiuram

qiSulfide. This chapter diescribes the kinetie and mechanistz'c

study of these reacticns in cyciohexane by the stopped-flow
                                '                                              '                                  'puethod. ., The stability conseant of the charge-transfer complex
      'between tetraethylthiuram disulfide and iodine is also reported.

•- 4-



Table 1

eomplexes

Ocl.::t:gn,.g.g:2ycts of the      .reaettons of dithiocarbamato metal

(i) Oxidation of
    tt   or dipositive

   Reactant . -''
              '

dithiocarbamato ligand into
 trithioiane (birt) .• '.• '
                          tt
                  ''. .. .'  ./ •'  '' ''' ''  • pr6dllet '

              ttt

thiuram dÅ}sulfide (tds)

  '
Ref.

\i:[:lg,i\Å},?n• cd,

Pb(dtC)2 .-.

M(dtc)3 (M=As, Sb,
             'Me2 Sn (dtc) 2

Fe(dtc)
       3
PR3Pt(dtc)2

tds 1'
HgZ2(tds) . ..
Cu(dtc)2s Fe(dtc)3,
  '

Rg>

   '

BO

FeCl(dte)

  MuYL2(tds) (X=Cl, Br, I)

  [Znl2(dtc)]-, tds '
  PbX(dte), tds (X=Br, !)

  MX(dtc)2, tds (X=Br, r)

  Me2Sn!(dte), Me2Snl2, tds

  FeX(dtc)2, tds (X=!, !3)

  PR3Ptr(dtc), tds . '
  [bitt]2x (X=Cl, Br, I3).

  [bitt][g-g2X6] '.•
2 [bitt]X (X=CuBrZ-",2ti"eCl4-)

            '          '

4,

17

7

18,

19

26

28

29,

31,

5,

10

 '   '
  '

 25

 30

 32

32

(Å}i) Oxidation of
        '       '          '            '           '    Reaetant

the centra! metal

Product Ref.

 {cu(dtc)]4 - '
 [Cu(dte)]4, Cu.(dte)2

 [Au(dte)]2 .• ' . '
       'tt

                  '  tt ttt '    '      ttNi(dtC)2 - , '  '    tt tt t
                   '  t tt tt ttt     tt t           ' '       '       '    ttt tt t       'M(dtc)2 (M=Pt, Pd)

Fe(dtc>3 .• '•.'' '

Ru (dtC) 3 1 • •- ' '

Mo(dtC)4 ''
oMo (dtC)2

Cp2V(dte)

CuX2(dte) (x=ci,
[cu(dtc)2]I3 ''

[Au(dte)2][AuX2],

 . (X=Cl, Br, !)

[Ni(dtc)3]X (X=Cl

Ni(dtc)2Br2 '
               'Ni!(dtC)2 •'•- '

M>l2(dte)2 (X=Br,

[Fe(dtC)3]!3

Rur(dte)3' !2 '
{Mo(dtc)4]X (X=Br

OMoX2 (dtc) 2'  (X=Cl

[Cp2V(dtc)]Z3 1 •

Br)

 ' '

 AuX2 (dtc)
 '
     tt   '         '     '
S.].fi !3'

        ' tt         '  'T)
        '    tt        'tt

  ttt ttt     '        '
tt  tt  tt tt

        ', z, I3)

, Br) i

3, 4, 6

9, 12

1, 2

4, 8, 9, 13
6

l;

26

27•

!4, 16, 21, 24

20, 23

22 .

-- 5 --



1-2 Experimental
       '
      '     .njate-piaZ$. Bis(diethyldithiocarbamato)dirnethyltin(IV),
              'Me2Sn(Et2dtc)2 (dte= S2CN<), was obtained as has been described
                        'in the literature.33) biethyldithiocarbamatodimethyliodotSn(IV),
                             '                         'Me2Snl(EY2dtuc), was preparecl by the reaction of Me2SrLCI(lit2dtc)

with a large excess of Nal in acetone iri the rnanner deseribed
previously33); it was then recryStanized from ligroin; mp'1240c.

                                                          '                           'Anal. Fou-nd: C, 19.82; H, 4.04; N, 3•509oe CalCd fOr C7I{16NS2'

                                                'ISn: C, 19.84; H, 3.81; N, 3.31e-,. '
     Iodine was purified by sublimation five times. Commercially

avail ab le tetrae thylthiuram disulfi de, Et4tds (tds= > NC (S) S2C (S) N .!) ,

           '                                            'was recrysta!!ized frem 1Å}gro!n; mp 700C. Cyclohexane used as

a solvent in the kinetic experiments was purified in the usua!
       34)manner. .
     Reaetaons. (i) A solutfon of I2 (l.02 mmol) in benzene

(20 fitl) 'w'as addiedi tv- M,e2Sn(Et2dtc)2 (2.38 mmol) x'n the same

solvent (20 ml) at room temperature. The solutibn was stx`rred
                                               'for 30 min, and then evaporated to dr>rness under reduced pressure.
                                                    'The resultz'ng solid was recrystallized from ligroin to afford

white crysta!s of Me2Snl(Et2dtc) (1.87 mmol). The filtrate

after recrystallization was evaperated to dryness again to give

Et4tds (O.84 mmol). - ,,                                         '                                                       '                                     '                                 '     (ii) A benzene soiution (20 ml) containing I2 (O.5 mmol)
and Me2Snl(Et2dtc) (1.9 mmol) was stirred for ! hr'  at room
                                            '                         'temperature; the subsequent application of the procedure deseribed

                                                          'above gave Me2Sni2 (O.6 mmol). , -• '
                                                               '                                          '     (iii) A benzene solution (20 ml) of Me2Sn(Et2dtc)2 (2•3 mmol)
                                       'was added to the 'excess of I2 (4.5 mmoi) in the same solvent
            '                                     '                           '
             '                                                    '            '                              tt                                 '
                              -6-



(20 ml) at roorR temperature. The solution was then stirred for

3.5 hr, filtered, and evaporated to a smail volume. The

precipitate which appeared was collected by filtration and

recrystalli:zed from petroleum ether to afford Me2Snl(Et2dtc)
                                                                 '(O.3 n}mol). The filtrate was evaporated to give a solid product,
                'frorn which Me2Snl2 (LS m,uRo!) was obtained. .
                                              '                                         '                                     '          '   ''SpeetTa. The electronic spectra were recorded on a

Hitachi 124 spectropho'Lo}Reter. The infrared spectra were

measured in Nujol rnulls on a Hitachi EPI-L spectrop.hotometer.

Raptd scanning spectra were measured with a Union RA-13eO

stopped-flow rapid scan analyzer.

     Kinetie$. Kinetic experiments were carried out under
                                     '                  'pseudo-first-order co-nditions at 250C, using at least a ten-
                       '             '     '                                              'fold excess amount of either iodine or the tin coifipo'und. The
    '                                                            'rate of reaction was followed by menitoring the transmittance

at a fz'xed wavelength in the electronic spectra of the reaction
                                    '                '                                           '                            '                          'muixture, using a U'nion PLA-102 stopped-flow spect..-ophotcmetnvr

equirpped with a l.O cm quartz cel!. The ip.st'."u!nent was thermo-

                         ttstated to,Å}•O.20C. The transmittance ehange with time was moni-
                           '                                                    '             'tored orL a Hitachi V-108 memoriscope. Transmittance-time data
                                               '                                                       '
were obtained by photographing the scepe. For each run at
   '
least four measurements were carried out. Piots of ln(Apa-At)
 'vs. time showed a good 1inearity for at least 3 half-lives and
                       'from the slopes pseudo-ft'rst-order rate constants, kobsd, were
                          '                                             'eva!uated by the least-squares method, wheTe At and Aoo are

            t ..tabsorbances at a given wave!ength at a time t and the end of
                        '                                       t tt                 'the reaction, respectively. ' ' ' -

-7-



1-3 Results and Discussion
               '                                     '                              '                                   ''- ' Stoiehiometvy of the Reaetion. ,'  The reaction of I2 with

excess Me2Sn(Et2dtc)2 rapidly proceeds to give Me2S.nl(Et2dtc) '  -

and Et4nds in good yields. Iodine also rect"cts with Me2Snl-

(Et2ditc) to afford Me2Snl2 and Et4tds; this reaction is reversi-

bie.' The forward and backward reactions require a few minutes
and several days respectively to come to an equUibrium.'  Thus,
III:ye it.Oi;)IO.M.e,t.rdY.EO'f.l2e..g?aCtiOn of Me2Sn(Et2dtc)..?. with i2

                                     '                             '                                   '  Me2sn(Et2dtc)'i + }I2 .--2flAL{iE-"St Me2Snl(Et2dtc) + IEt4tds (1)

                               '  lvle2.Sn!(Et2dtc)+-:I2 "-tiOiilow Me2Snl2+IEt4tds (2)

                  '                                            '                                        '                     '
     StabiZity Con$tant of the Chay.ae-tvansfeT eompZex hetween

l2 an a"  Et4 tds. '  By analogy wi th the format x'  on of a stab !e
charge-'L-'rarLsfer complex between I2 and lv-methylthioacetoainide,35)

N-methy!thiocarbamate3S) or other sulfur eontaining cempounds,35, 36)

I2 may be expected to form a complex with Et4tds, which is the

reaction produet between I2 and Me2Sn(Et2dtc)2 or Me2Snl(Et2dtc)•

In accordance with this, cyclohexane solutions containing Et4t(ls

and I2 exhibit an absorption at 355 nm, which is intensified

with an inerease in the amounts of !2,.as is shown in Mgure l.
                                'Thus, the 355 nm band can unequivocally be assigned to the CT

transition from Et4tds to r2. Figure 2 shows the electronic

spectra of I2 in cyclohexane containing varying amounts of

Et4tds. The 520 nm band due to I2 is shifted to a short wave-

length (470 nm) by adding Et4tds, and an isosbestic point is .'
                                      '
observed at 515 nm. The continuous-variation method at 470 nm

         '   tt                          tt                  '                                   ttt                      tt                                                              '                        '                                      tt                                           '                     '                                                           t"                                     '                                                   '                                                     '                   '                                                           '        tt



the foS

ullitiling equiill.librium takes p-iace in soiution: ""th

                 '                     '                 '          '                          '                '    .t 1. I2+Et4ta:s :.g=E==+ I2•lit4tds ..-,,(3)
  '                                                                 '              'EIe,gg"j,kib,l.ixl.c;\s,:,al/'t{,g-•f g;i;gl':n.leg,fi:: ,th.:.ffg.s:I6'ag&e.,g" il .i

tti
.ox..,37) was Kx 3.7scÅ}o.oi) x ie2 in cyciohexane at 2soc. .. '

      '     '
   '. Reae ti on of Z2 ui tk Exee$s Me 2Sn (Et2dte)2 or Me 2Sn -T (Et d. dt c- L

 .. The rapid scanning spectra for the reactibrs of I2 with -
                            '                                                                '.1-i•ifli.iir'1,Siiiii.il,2:,iiil2 ll,li,: d.,li..E.gu 3wh.b •-

                                   '  '                      tt o 8oo.
. 3S Wtveiengtmpt nm '''

Fig. 3. The decay of the electronic spectrum
 mixing I, (1.7Å~10-3M) with Me2Sn(dtc)2
 le-2 M) in cyclohexane at 25 OC.,

         '                '      ' -' -9-

  4rs

 after
(s.eÅ~



that a strong baRd appears at 386 nm ,immediately after mixiRg

and that the band decays with a half-life of about 200 ms.
                                        '              '                                 '            '                                              '                                      ttAn aimost identical half-1ife of decay was feund at the 520
                                               '                                      'nm b4ndr.. The reac,tion ef !zwith exFess.Me2Snl(Et2dtc) 4-iso
              '      'showed the decay of the 386 nm band wi gh a ha.lfrliCe,ef abou`t

40. s. Hewever, the 9T band due to I2•Et4tds at 355 nift was itot ..

ebserved at all. . • ., .. .• • ..• .-  ..-. . .,,
 ' The rate of reaction was followed by measuring the trans-
                        '                                          'iitittances at 386 and 520 nm of a so2ution right a.F..ter the mixing
                         '                                       'ef !2 with exces$ Me2Sn(E'L2dtc)2. Plots of in(At-Aac) vs. time
                                                     '                                                            'showed a good linearity. Thus, tle reaction apparently obeys
                                                              '                                                     tt                                                     L-                                                             '                                       '             'the first-order kinetics with respect to I2. 0bserved pseudc-
                                        '                        '             '                                         'first-order rate constants, kgbsd, obtained at vaTiovts cencen-

'Lrations of Me2Sn(Et2dtc)2 are co!lectea in Table 2.-

                                                  '       rabie 2 Orbserved rate constants for the reaction of Z                                                    2
       with exeess Me2Sn(Et2dtc)2, in eyciohexatte at 250C.

[Me2Sn(Etl.ditc)2]

M

[I2]

 M

 k  ob sd
.-...-•-d :r'
  s
 386'nm S20 rm'

         -3' 3.00 x ZO
  6.oe x io-3

         -3.  9.00 x iO
         -2  l.2o x 1.e
 i• so x ie'2

         -2 i.80 x IO
         -2 2.40 x iO

       -43.00 x IO          g.263
          e.527
          O.846
          'Z.,08

          i.32
          2.57
          2.24

e.268

O.S5S

e.761

l.e2

l.32'

1..63 '

2.16

P2ots ef the rate con$tants obtained frem the decay of the
            '  '                                   tt ttransmittances at 386 and 52e rm against the eoncentration
                                                    '                                                          '                                                '                                       'of Me2Sn(Et2dtc)2.shewed a good linearity, as may be seeR in

-10-



      '                   '              '                        '                                          '    '11 '' ' ' ' ' ''' '2 '' ''' 1 ''' '''' e/ ' '''1

    ' ' .'• rw '- /e ..
                          .e.
            .. o .s ..         . ,, .pt1 ', ./9 ' '' '. ', x
        -• •- - •-•/- -• ,
        '' '' '' ' et .. , .   'i'' ''''1''''''S,)/e/ .;,.....,,,./,.,,

      ', e es 1.o .                                          '                '                                             '   ' ''.- •[M%Sn(dtc>,]xle2, )u[ -•
                Fig• 4• Piots''of the apparent rate constant against ''r'
                 the Me2Sn(dtc)2 concentratioms; e 386nm, O 520

                 nMt ''                                    '                          .1
           '                                                          '                             '                                      'l:i:.T.i,`5.llh,i,..S,gll-?iillll[l.S)l"lsat the 'eaetion is fzr$t-orde. ..

                                                       '           '    .Taking into acco,"n•tt zhis result and the fact that I2 cctnp.

forrn cT compiexes with various suifur-containing compounds,3S' 3 9)

the band at 386 nm may be assigned to the CT eomplex fo.rmed . -
between I2' and Me2Sn(Et2dtc)2 in" the ini#iai process. The .

                                                     'addition of Et4tds to the reactant solution . causea no appreci-

abie decrease in the rate ef reaction.. Thus, the following '
     ' '                        tt         '                                                           'pa ,2;g;:,i;:,:?; ie:;tittt,av 'iZig#?2i,Y,,:e.,IYi:eSt9d". / '...//- g,.,

                                                  '                                     '                                                         '         '                                      '  Mi ?Sn (EY2(ltc) 2' l2 1 .4t Me zsni (E 't 2dt'c) •e ['i-Et '2 dtc] fs)

  [I-Et2dtc]+Me2sn(Et2dte)2 -SetSl9>St Me2SnI(Et2dte)+Et4tds tC6j

Reaction (5) represents the rate-determining step, produciAg '

unstable [!-Et2dtc]. Although there is no evidenee for the .

formatien of [-T-Et2dtc] as an zntermediate, a somewhat analogous

                                                                t                        '      '                                                  '                    - -11- - -



species, !SCN, has been reported to exist in the following
eguuibriuni : 38)

         '
                                    '                                             '                                                             '                                       ..                                                            ..  !' + (scN)2 kw"r---p I(scN)2r.pt IscN + scN- (7)
                                                          '                   '                                  '                                    '       '
It ;nay be possible that the two molecules of [!-Et2dtc] produÅëed
                                                  'in Eq. (5) react with each other to afford !2 a4d Et4tds, but

tnts reaction seems not to occur, since no band was observecl

at 355 ftm (due to I2•Et4tds) at aU in the presence of excess
Me2Sn(Et2dtc)2. Instead, [I-Et2,dtc] nivtst react rapidly with

excess lv6e2Sn(Et2dtc)2 to give Me2Snl(Et2dtc) and Et4tds, as is

shown in Eq.,(6). AccoTding to thÅ}s reaction scheme, kobsd Can

be expressed by Eq. (8):

               k6, gi )sd . Klkl [Me2Sn (Et2dtc) 2] (s)

                          1 + Kl[Me2Sn(Et2dtc)2] .
                       '  '
rf Kl[Me2Sn(Et2dtc)2] is negligibly small compared with unity,
k8bl)sd is reduced to Klkl[1.e2Sn(Et2dtc)2]. This expressian is

ccnsistent with the piots of kobsd against the concentration
       'of MezSn(Et2dtc)2 with a zero intercept (Figure. 4). Thus,
Klkl is oihvtained as 1.s4 x !o2 M'ls-1. .., '

 , Kirietic experiments on the reaction of Me2Sn!(Et2dte) with
                                                    'Zz- were carried out by monitoring the transmittance oRly at 386

rm, since there was Ro marked change in the transmittaRce at

520 nm in this system because of the low solubility of Me2Sn!-

(Et2dtc) in cyclohexane. The k6bsd values obtained at various

con. centrations of Me2Snl(Et2dtc) are listed in Table 3, which '-

shows the reaetion to be first-order in both Me2Snl(Et2dtc)
                                  '                                                            '                                                  '
                                       '
                                     ..                                                          '
                                                    '                                                                 r                                           '



Tab le

u.ith

 3 Observed rate eonstants for the
excess Me2SnZ(Et2dte) in cyciohexane

reaetiOV• Of !2

 at 250c.

IMe2SnZ(Et2dtc)]

     M

[I2i

M

kob$d
s"'1

    '7•59 x lo-'3

9.24 x !o'3

       -2'''1.25 x 10
       -71.55 x.10 "

3.3o x ie-4'-' 'i.io

            Z.24
            tt            1.59
            2.08

x,

x
•x

x

io

l:

10

-2

•- 2 '
-2

-- 2.

                                                          '               -- •• • --;- -- -
By analogy with the Me2Sn(Et2dtc)2-I2 system, E2e-.f.olZoWing

pak2gg;.;,:t:;,2:,po:t"ll".9di,)"here.5;g.21,klg,:,.i,:--.,.. ,,,

                                                               '                                                          '  Me2sni(Et2dtc)ti2 -l-IEItL-L> Me2sni2 + [I-Bt2dtc] ' ,' eo)

 .[T--Etiatc] ` Me2snl(Et2dtci -Åí{t}E"S}St Me2snl2 di Et4tds ' (n)

                                              '
:l.?:-:,gO,ih,K.i.X:S,Xig.:ll221.g.g,5i.ki a?.d K2k2 have beeri ,.- .

     Reaetion of Me2SnrEt2dte)2 zt7tth exee.e$ l2, '' The rate or"

reactio•n was aeteTmined from the decay of the transrnittance at

386 n!lt. A good iinear relationship betweers the ln(A.t-Ao,)" and

the time was ebserved, except fer the finai short perÅ}od, ir. •

which t'ke 355 rrm baRd arising from the proctuct of I2-Bt4.tds is

intensified and the tail of this band is overZapped with the .

386 nm band. The kobsd va;ues ebtained at various concentrations

of !,2 are 2isted in Table 4. Plots of kobsd vs. the square of

i2eoncentratioRs gave a straight line in the pTesence of a large

sk Here , Am was assumed to be zero.

   '

                  -l3-



Table 4 Observed rate constants
Me2Sn(Et2dtc>2 with exÅëe$s I2 in

-for the Teaetion of

cyclohexane at 25eC.

[Me2 Sn (Et2dtc) 2]

' M ..
[r2]

1"" ir
k  obsd

-;:.ri

511o x w-5
5.02 x IO

i.05 x IO
z.sg •x zo

2.ie x io

2.51 x le

3.e! x le

-sti

-- 3

-3

-- 3

-3

.h 3

s.2e x 3o

4.36 x ie

4.20 x 10

6.es x lo

8.77 x 10

i.l3 x 10

-2

-2

-2

-2

-2

-- z

                                     ,,,gs

                       le --
                                 p                     T- .                      th .                         tt                     -k-• • -                     -o
                     'X -o                      i'5
                     .-he O e
                                 '
                                                                  '                                .                      '                         '                          '
                       '                                          '                                      '                                             '                       o                        O 5 10. t                           [i212Å~10G, M2
                Fig. 5. P- iots or the ap.parent ratc constant against the
                 Sla6U-{arMt .Or thC I{ cQncentrations; Mc,Sn(drc): s.lx

            t.                                             '
excess of I2, while a significant deviatiom. frorn it was observedi

in the presence of a small excess of I2, as is showR in Figure 5.

i2;'ilgl•iSil.Ii;e!#l•.:sfi:ge•l2ni.:i•:•i:•l:?l,gSig:i::,i.he.iOii:Wl'?:•.a,.L,'

between Me2Lq)R(Et2dtc)2 ancl !2, which undergoes either consecutive

(k4  a pd k2 zn Scherne) or si; ultaneous (k3) degradatzon to yzeld

                                                                 ' '                           '                              -14- • ,



              '  Sehe!re , '. . . •- •                         '                                                  ''

.]5fe2Sn(Et
?-dte)2' . :tXiiiliii l Me2stt(Et2dtc>ii2 'itt\i}' +i2 Me2sn(Et2dte)2•2i2

 1 . '' kr -[1-Et2dtC] / './ .-,
                                              '                    '   '             '                                    '                                                    '                                             '       '
                                            '                                 '                                        .. .  .. . . Me2Snl(Et2dte) k4- ..k3 - '
      '

''

i'''.•••.''.''' . /1'' 5.i2,.g',';:,.Lli',.,l(l,i:llili2ill:l,.,;l'r.i'.Tr.tt'tc?..,•.

      '                                                          '         t tt tt tt t                                                         '                                                        '                                                   '                                                  tt                       'Nie2Snl- 2 and 'I2"Et4td'se These processes can weU explain the

second-order dependence of "Lb'he I2 concentratton. Taking into
                                                        'accoursst the resul'L that the react!op. is much fasteT than thaz

of I2 wit'n excess Me2Snl(Et2dtc), the simultaneous degradatio!

of the Z:2 adduct is pTeferable to the conEeeutÅ}ve one. , ..-

AnotheT Tosdite is the succes.q.ive forrftation of ewo .Z:! adduets, '
                                                           '.Mc2S.n. (Et2dtc)2'I2 and. P{e2Snl(EF2dtc)•:•2, follow'ed by degrada`L-.;on

such as has been described above.., This .pathway leads us to .
                        t.                                     't;hie ass'amptioft that- the reaction obeys the Åíirst-order gKinet.i"cs,-
                            ' in the r2 concentraticn, because Klkl>> K2k2; .!t may, therefere,
              '                                               '     'be assumed that,'  in the p,resenee of a smail excess of I2, thte '

                                          '                                         tt                                                           'progesses via b,oth the !:i. and i:2 adducts take place.,T:rus-f .
          '                    '                            '                                         ',9:. .!'2;.g;:signg.S ZE.a(l,:;'ie elcf.g,s..og .I2?..the rate eonstant ...

                      . .t               '      ''.' .''
.•

, ''' 1 k.s,2g.6,-,.1. ., KIK3kiiXl], ..11 ' ' /(;2)

 '                                             '                             '        '                                  '                                '                                     '                        '                                          '                                                  '     '        tt                                             '                     tt tt t                       ' If KiK3[I2]2 is negligibly siRall compared with unity, one can

,obtat /n.kSgld= kllK3k3[I2]'2, which conincides with the experimer,tal

                         '                                                           tts                  '                . '' •- 15- ' . i' .



da• ta, ahd xiK.. k' ' 3=- i. 34 -x i.o4 M' 2s-i'
.

                             '                                                      '          '                                        '     TheTe are two possSble mechanisms to form the unstable
                                                '!:2 adduct betweep. Me2Sn(Et2dtc)2 and I2. 0n.e is a nuc!eephilic
                                                                 '                                                         'attack of two I2 molecules gn the tin atom. th;s iS, however,
             '
not !ikely to occur, siRce no eight-coordination of tin is
                           '                         'cog!men. The otler meehantsm is an electTephiiic attack Gr"  I2
                  'oft the sulfur eÅí separate dithiocarbamate ligands in a given

compiex, such as is shewn in 3. ' '
           '                    '       '                                  I2 1-. .
                              Mel '
                         (gN.g.<S,>

                           ; Me
                           Å}2

                        3: S"S= S2CNEt2

                                                         'This can be assumed on the basis of the fact that I2'  fo.r• ms CT

conrtplexes with various sulfur-containirtg cempourids.:'5s 36)

             '     In conclusion, we propose thaet the reaction proceeds
                                                 'through a transjtlon state invo!ving a six-membere6 ring ferrned
                                                             '                            '                    'by the eiectTophUie at-Lack of I2 on the sulfur as follows:
                                                   '       ttt ttt tt tt tt t                                             '             ' I2 •'                  '
>Sln<E,>Cz; :2 rf)sln<S F>c

r "))slR!x.I:.i,>s

   --'e' -S3I " il'Et2dtc.],,--.nt) ....

        tt                                '                                    '            tt                        ttThi's mechanism predicts that the stroltger Sn-S bond weuid be
                        '                               '                           'the less reac`.,.ive toward !                              This is coRsisteRt with- the                          2`
       '                  'present result that the rate of reactien of Me2Sn!(Et2dtc) with
     '
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!2 is slower than that ef Me2Sn(Etz6tc)2, sinee the v(Sn-S)
frequeAcy of Me2Snl(Et2dtc) (393 cm-1' ) is fairly higher than
that of Me2Sn(Et2dtc)2 (366 c!fl'1).. '

1-4 Summary
             '       . ..            '                                                ' '                        t.       '''  - The reaetions of Me2SnL(Et2dtc) (L-= Et2dtc and 1) with"r2
                                                      'in cyclohexane were investigated employing a stopped-flow

technique at 250C. The kinetic data indicate that the reactien
                     'in the presen. ce of a large excess of Me2SnL(Et2dtc) proceeds
                'via a charge-tramsfer complex of Me2SnL(:.t2dtc)•I2, which

decomposes in the rate-<!etermining step to yielcl Me2Sni(L)
                                                     '                     'and unstabZe [I-Ee2dtc]. ThÅ}s uT.istable intermediate reacts

with excess Me2SnL(Et2dtc) to afford Me2SRI(L) altd tetrae'Lk' yl-
                                      'thiuram disulfi,de. The reactiorL of Me2Sn(Et2dtc)2 with a large
       'excess of I2 was also kinetz'calZy studied to reveai the formation
                                                          'of the 1:2 coinpiex, Me2Sn(Et2dtc)2ff 2I2, as an interrnediate;

             ttthis intermediate then underg6es a simultaneous degradatien
                '                                                   'to afford Me2Snl2 and tetraethylthiuram disuZfide. The tran-

sition state in the reaction kTas discussed.
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CKALPTER 2 THE REACT!ON OF IOD!NE WITH
                       '              B .I S (I) ! BUTYLDrTH I OCARBAMATO ) Z INC ( I I )

             '                '                           '                      .t                 tt                      '  '      '2-l !rttroductio•n
      '
                    '                                                      '     As revealed in Chapter 1, the reaction of bis(diethyl-
               'dithie•carbarnato)dimethyltin(IV) with iedine can best be de-
                   t.scribed in terif!s of a mechantsm involving a charge-transfer

                       . ..ceif,ptex,.forned by an electrophilic atrack of I2 on the sulfur
                                                    'atom of the dithiocarbamato iigand, followed by deeomposition.

in the rate-determining step to afford tetraethykhiuram di-

sulfide,and diethy2dithiocarbamatodimethyliodotin(IV) or di-

met:qyldiiodotin(IV). It ts of considerable interest to deter-
                                                      'mine wb-ether• tb-is rn".echanisttt is unique for the tin(!V) complex

or whether it represeRts an example of a more general type of

rnechanism in the reactions of dithiocarbamato meta! complexes
                                                        '                                                           '                                      'with halogens. . ,                                      '                        '         '     This chapter describes the kinettc study on tie reactiop-

of bis(dibutyldithiocarbamato)zinc(II)., Zn(n-Bu2dtc)2, with
                                     ' '                                   'iodine. ThÅ}s reaction was already reported to give diiedo-
                              'eetrabutyithiuram-disulfidezinc(!r), Znl2(n-Bu4tds), by
Brinkboff, et al.1) ' ,' '
                                '                                                   '                                                       -                                        ' '

2-2 . Experimental
                 '      '         '                                                  '    MateyiaZs. ' Zn(n-Bu2dtc)2 was prepared according
literature rnethod,2) and recrystauized from ligroin; mp

(ref. 107.30C). Anal. Found: C, 45.43; H, 7.85; N, 5.88-eu

to the

I070C

.
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CalCd fOr ClsH36N2S4Zn: C, 4S.60; H, 7.65; N, S.91!",. Iodine
                                    tt2.:dcXISIeOhrellne USed aS the soivent were purzfied as described

. ReactaOn•. A solution of 'I2 .(O.50 mrnol) in cyclohexane

(20 ml) was added to ZR(n-Bu2dtc)2 (1.50 mmol) in the sain-e

                                       ttsolvent (20 ml) at room tempeTature. The iedintl"" celor''  , .
          '                                                             '                                                     '                          'dis-appeaTed immediately,. The selution was stirTed ='or iO utin.

The resu!ting precipitate was filtered ancl Tecrystallized
                 'from a carbon disulfide/petroleum ether mixture to afford

:'ni2(n'Bu4tds) (O.4S mmol); mp i52eC. Anal. Found: C, 29.75;
            'H, S.Q8; N, 3.93e-o. Caicd for ClsH36N2S4I2Zn: C, 29.70; Hs 4.99;
                                                       ttt                                         '
                                                          '                     '             tt     The stoichiometry of the reactibn of ;2 witi excess

Zn(n-Bu2dtc)2 is, therefore, expressed as foilows;

                                                          tt                                   '
     Zn(n-Bu2dtÅë)2 +.I2 ------- Znl2(n-Bu4td$)- • ''(1)
                                                     '              '       '                         '         '                            '                                                 tt       '                        '                                            '                                           '                                  '                                '     Speeti)a. Electronic spectra were recorded on a Hitachi
                              .               'l24 spectrophotometer. Rapid scanning spectra were measured eR
                     'a Union RA-13eO stepped-flow rapid scan analyzer. . .'
                                 '              tt tt     Kineties. '' Kinetic runs were carried out undeT pseudo-
                                              '                             'first-order ce! diticp.s with at !east a 20-fold exc'ess amount ef
    '                                                               '                                 '                                    '             'Zn(.n-Bu2dtc)2e The reaction rate was followed by }neasuring the
                                        '                             .ttabsorbance or" the reaetien mixture, using a Union RA-102 stepped-
                     'flew spectrophotometer equipped with a thermostated cell holdeT.

The temperature was maintained eonstant to within Å}O.10C. ''
      '        '                   '     The decay of absorbance with time was monitored on a
                                                            '                       'H'itachi V-108 memoriscope. Absorbance-time data were obtained
                      L                                     '                              '                                 tt t                                     tt                                       ' '                  '              '                                                          '
                '                                                               d        '                                                 '                                                         '



by photographing the seope. For each run at least four meas-
                              'uTements were carried out.-Pseudo-first-order rate cons Pants
                                                             'were obzained from the plots of !n(At-Ave) against time, whe;e
                                                         'At and Avo are abserbances at a given wavelength at a time t '.

an-d the end ef the reaction, respective!y. The plots werg
kge2g.]1 l2ggg.;O.ePi2t,Xg:: Rate co"stants were caicui.t.d b,

2-3

of

in

     Results and Diseussion
                    '                 '                            '          '  Rapidi scanning spectra of the soluticn just after mixing
                            '                                '     '                                                           'I2 with exeess ZnCn-Bu2dtc)2 in cyclohexaAe are j.11ustTated

Figure !, which shows a decay of absorbances at 355 and 48e

               !•e ti msgc" '
  '                      '                                ..           '              g. ,              x              a- .              ts -     . . ei Sfi' '''              p,           '. .q .es ' t           '                        '    '               '           1                    tge .              .. .                 '       ' '                       ;reo                             '                   e'                   sse 3ss 4oo '                  '' 'Wbveletts}ih'', nta '-. 5C)CI- .,

                         '                   '                 Iiz,}re..i•lT?t-ff':;;ySl,,,th,e.tif;gr,x"(l:.s'tT,:},l?ki6kr,m,ttisg

, ,., . "}Mennth).in,Plf"eO}cremXarie. ;SCanMng SpeedtiSO..f.lfft....I{ msee, ceii /, .

nm both with a half-life of about 50 rns.' This resule i$ simiiar
           '                                                               '                    .. .. .t .to thet obtained in the reactibn of dithioc grbamatotin(IV) with
                                                      '     '            'I2 in Chapter i. Ie<!ine, Z,n(n-Bu2dtc)2, and Znl2(n-Bu4tds) do

                      tt    '                                                          'not show any absorption in these regions. The 3S5 mm band is,i
                                 '                         '                                                                'therefore, assigned to the charge-transfer transition from the

                       .t .. ..sulfur atom of the dithiocarbamato ligand to !2 and the 480 nm
        'absorption to the blue-shift band of I2, as discussed in Ch. 1..
                                                '                                            '                                        '                                   '         '                         '                                                . t.t. t                                                               t                                                 '      '                                      '                                          '      '                                                 '



Thus, the CT complex (D formed during the period oÅí mixing

would be  an  intermediate  i : the reaction.

         .t                             '              . t. .                                                     '' '  (g) zn<' 2> ' / L
                                          '                                   '                        '                     .l; sAs= s2CN(n-Bu)2.
                               '                         ... t                                '        t ttt t ttt ttt     The rate of reaction was followed by mon.;toring the decay
                                  'of abserbances at 360 and SOO nm. Pseudo-first-order rate
                                                   t. .. .t                                                   'constants, kobsd, were evaluated from the slopes of the in(At-

A.)'vs. time plots at various concentrations ef Zn(n-Bu2dtc)2.

                                                     '                                     'The results are listed in Table 1. '  •  , ,. ,., / /.
           . TABLE I. Observed Rate CoRstgnts for the Reaction of l2 .. ..
        -. ' with Excess Zn(.n-Bu2dtc>2 ip. Cyciohexane.
                                                     '                                                       '                                               .t '   '                                                              '                      ttt                '  ' ' Ternp le4{I2] le3IZn(n-Bu2dtc>21 kobsd(sec'-;) ' ,

      • (C} Cilf) (jd) •• ..                                  '                                             '  '                                                        '                                                               '                                  '   ' l5.0 2.e3 6.05 . •8.S3' .8S•8.' . .   . •,- 8.e2 -. IL8. 'IL4. . -.                                                       '                                 '                      '                     ' lg.C -- 16;5 173 ' .                        t - t'.             '                . 'i2.0 ' 2eS 22.5 '' ,                                              '       -. . - 16.e . .30.5 32.1 . ,                        .' 25.e LOO.2.04 - L63 i.89' .- -            '                                                               '                                          tt   '                   •. 3.el ' 3.22 '3.57 .  '                             ' • 4.02 4.82 5.21                  '    '            '          '  g:.ei... ,iglz3 ,glsg4 .. . -, •
  - '' ' ' • 1• .,gg2 ' .. ,1 .. .lg12 i6.i ' ,- 1;• . - . ,
                                             '                 ' ' . - • ..' 12.e r' -- ..2S.7 -- .••.   '                                                               '                                                  '                                                             '           ''' - - .- 1."7 3.gl ,. •-'i 3.04 ',• '         .-. '-.' •+i4se '' ''•553 - '' -                                  '                                              - tt.. . •• 6.ee. :• s.s2. -•• .-       '' '' '',•. ••i.7.57 .... • 'l3.8 ,I .' •.-                                    tt tt                                                      '   -. ' ' 9.ee -17.3 - .- ' '        '• '. iZe . 2.3.4• -• ,                    ,. !5,i - -,34.6 + ,                                                 ' tt t          , '''' 2.02' 4.(M ' '. .-' lt.85 '6.i2 , .
          - • - &03 IL6 15.5.                                    '  ,•' .' }2.0- ' 25.e'25S • ''                                              '          '                '       -• ' .."fi..r9 . . 35.7 4g.5 . -. ,   . ', -' .. 20.e'. . 48.7 ,- 52gw ,.-                         ". t l.       - . 35.e 2.03 6.0'2 ' 10.i. 10.8 .'
                            --                      .t .   '• - 890 -., I5.5 1?.6 • -             - 10.e '2L7 .24.9. . -                    '                       t.                         i2.0 27.2 3e.6 ' .                                 '           '. . I6.0 42.6 -••                             . -1 -                        '                                                '                                                 '                             .                                             - ttt-.                                                            '                                          1•        '                                                              '                          '                        '  tt                                                   '                                                            '
                                             '                             '



The fairly good agreement between the kobsd values at 360 and
                            'ggg.2:.,:"g:::gLs.:.h:.#s,gi:R,M.l#i,Oi,l"hi.::iir.i:ll;,"!g#l.#:ii#.2:d

                   Ll

where k is the rate constant of reaction at a fixed concentration
                                   'of Z2. At lower coReentrations of Zn(n-Bu2dÅíe)2, however, the

plots deviate fram ";the st'i'aight line. This behavior suggests '
,

that the reaction rate may be con`Lributed by high-er-order terms

ef t'ne Zn(n-Bu2dYc).2.,concentratien. The data were analy$ed / .

graphicaUy in varigus manners. As a re$ult, the piots of
                                           '                                                              '                                                           '                           '      t tt tt[Zn(n-Btt,2d-Lc)2]lkobsd again's`L 1/[Zn(n-Bu2dtc)2] gave a straight

line over the observed range of exce.g.s Zn(n-Bu2dtc)2 coneentra-'
                                                   '                                                  '                                            'iil\gin.#,S S2P,iS,.gee :,':fX'2,i:. 'Vf, 'esu.it sygggsts the -

            '                       '                      '                                       '                                            '                             '                                                '                              '                               '             '       '                  '                       ' '

                                        '                                                             "
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                Figure 3. Piots Qf IZn(n-Bp2dtc)2)iXebsd 3gainSt
               .il.{(Z.".g".IBdiatz)d;".>t21sgl'ilfizae.rie.afic:'roino..e.fkf.i2withexcess

          '            '                          tt             ttt     Zn(n-By2dtc)2 " I2 raK , 4n(n-Bu2(L9c)2el2'. (3)

                                '                                            l
            '       1. + Zn(n-Bu2dtc)2
       '
                                   '                      '                                '          -e--2S:--• Zn'(n-Bu'2dtc)2 t Znl2(n-Bu4tds) (4)

                     t ..
The equatz'on (3) eoTresponds to "Lhe rapid formation of the
               '                              tL ti:3 charge-transfer complex of !2 vTith Zn(n-Bu2cltc)2, whieh
                                     '                  '                                      ..can react with additicnal Zn(n-Bu2dtc)2 by.a .bimoleeular

manRer (Eq. 4). . ' -                                                 '                                    '                                   '                              '                                     '                    '                                                  '                                            '     According to this rgaction pgthway, kobsd is expressed

                 tt,?i. E"e .fsi. ". ,ii.,gs,,elile21,ii.sliiis,l.igiil,l,1111 ril'eisig", (2,',,,

         '
at high concentrations of Zn(n-Bu2dtc)2 is readily derived

from (5). ,,A transformation of (S) gives (6),'whlch is

                              '                                         '                                            .t                                 '                                   '                                                '                   '                                      '                          '         '              '            '                             '   - [Zn(n-Bu2dtc)2]. i. ' 1. '' '. ..X.... ' (6)
                   '                                                 '            k.b,d , Kl( [Zn(n-Bu2dzc)2] k
                                '
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 consisteRt with the observed rate profile (Figure 3). Thus,

 K andi k were obtained from plots Of [Zn(n-BU2dte)2]/kobsd

 against Y[Zn(n-Bu2dtc)2], with intercept 1!k and slope 11Kk.

../lheregultsT.abrle.2gjvEegn.iiinb.[[..a.b1.e...2t'.htllh.e.dK..a.".dtili.V.a.lt".:Sf.a.'e.

 ., .' 1 the system of 12•-Zn(n-Bu2dtc)2 in cyciohexane. ' ' .
       '

 Teg!p
- --e"--.----

  eC

.lo4p2] -

      '   M
  ' '      '

  -2 ie    K,
"' rl:r
 M

  zo'3k
 '
M"'Zs"1

i5.0

25.0

35.0

2.03

1.00

1.47

2.02

2.g3

2.38' } O.18
l.53 Å} O.27

1.47 Å} e.i2

Z.42 Å} O.Z3

1.07 Å} O.l3

2.44 Å}. 6.08

3•54 Å} Oe43'

3.22 Å} O.2Z

3.41 Å} O.Z8

4.47 Å} e.50

                       ..tt t               . t.1 ..independent of the initial concentration of iodine withim the
exp6rimen-ia"i error. The K va:,ue a.47 x io2' p{-i at 2soc) is

                                                '                           '                                          '                                                   '     'cotapared with those of charge-transfer complexes between I2
and methy! dimethy!dithiocarbamate.3) methyl N--methy!thio- '

carbamate.,4) or related thiones;3•S) .' .' ' 1 ' . '  . '
,

                                              '' . Therxiodynamic parameters of the reactioRs (3) and (4)
                                       '                    'were deteTmined from K and k at three different temperatures
      ' (Table 2).- The plot of lnK against 1/T was iinear, yielding
              '   'the values AH"x -30.2 kJ/mol and AS"t -S9.4 Jf(molK) fer the ,

Teaction (3);, The Arrhenius r}lot oÅí ink against 1!T also '

gave the values Ea= 22.9 kJ/mol and AS*= -109 J/(molK) for
        '                            't'he reactibn (4) .• It is to be noted that the activation ..
                                 '                      'ietl:Xl.:':. g' ,gh:,iiiagXZ:g,g21. .;" i. .2 l:;fi:.;e. gative vaiue, which

                                                    '                                            .t                                          '                              ' . !t would be reasonable to assume that the zinc atom of '

the CT complex (1) is more acidic than that of Zn(n-Bu2dtc)2
                          '  '      '                                       '                                               '              t tt t                                                        '                                                    '                       '                            '         '          t tt t t ttt                                        '                      tt                                                    t. tt .ttt.

. . . . .                                                     '          '                                                               .                                           '                             '      '                                                  '                                                         '                    '                      '
       '



because of the charge-transfer from the su!fur atom to I2
                             '                                               '                                            '                                                 'in the former. This assumption predicts that the increasing
                                      'acidity of the zinc atom facilitates the nucleophilic attack
                                                      '  '                                                '                                    'of the sulfur atom of the additional Zn(n-Bu2dtc)2 moiecu!e
                 'to afford a tran$ition state (2), as .shown in the Scheme.
                                                '                                                       '                                  tt-                           tt
                           f'$ '                   rs                  ,.eS-i,t.`ng7>se',jill>Z't-,'.'.IS

                  'e';)bx•L.-$,)/lz.--2"f.rgs,

                              '
                            '2

The penta-coordination of Zn(II) is
                              '         '                        ..Zn(Et2dtc)2 which exists as a dimer
                        '             '      '
                          (i)zfn<S,

                      (g)z`.<:>

                            3'

                       '          '  'monorneric in cyciohexane.7)

evidience for the actual

      ttan analogous bimolecuiaT ' '
     '    '     'et al. foT the li.eand exchange
       'and its trithioctimato anaiog.8)

* = -

  rS-SN
         -s -. s•. $ ).;..<,.' (,X' `.. z-f.s).J

      .    '

well known in solid
(3),6) whiie it is

)

     Aitheugh theret is no direct

structure of the transition state,

 mecmamsm was suggested by Faekler,

       between bis(aithiocumato)zinc(I!)

2-4 Surnmary
      tt             '   tt         '          tt                                 '                                           '     The reaction ef bis(dibutyldithiocarbamato)zinc(II),
                                     'Zn(n-Bu2dte)2, with iodine in cycZohexane was studied employing
                                                    'a stoppeG-flow technique under pseudo-first-ordeT con{litions
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wlth excess Zn(n-Bu2dtc)2. The rate data indicate,that the ,,
                                '                                               '                     'reactivn proceeds via the formation of a eharge-transfer complex

!2Åí.kzlg",i.gxc];'i.2l.egg,gb,!xi.sg\xgggoe.g2i,i/i":gigs,fi:l.s\g,:gn-

                             '
by a mecb.a! ism ti at involves a bimoleeular reactioy. betweelt

the ch4Tge-traltsfer ccrRtplex and the parent Z'n(n-Bu2dre)2 eent- .

poultdi. The theTmodynamic pararneters for the formation of the
charge-traRsfer complex were dietermined; K= 1.47 x lo2 M'-1,

AH"= -30.2 kJ/mol, AS"= -S9.4 Jl(molK) at 250C. The rate

constant and ac:ivaticn paratrteters for the bimoZecular reactiori
were also determined; k= :.43 x lo3 M,,-ls-1, Eam 22.g kJ/mo!,

                                       '    'bASi:&glgi.I. /S:2i.K.)ya:.,2SpO:6pgggdrhe transitzon state of th.

                                                  '                                '         '                            tt                                           '                                                '                                                         '                        '                            '            tt               '      '2-5. References - ,- '       '
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CKAPTER 3 THE REACTION ffF HALOGENS WITH
                                               '
'. '

. , .,

 .'
..

 ,BIS(v-PIBUTYLP!THIOCARBmaTe-S,S')PIGOI.,P(I)

  '            '3--1 '''!ntreduction , .'  -. .- ..                                                '                             '                                                    '           '                                  '                                         '             '                 '                                              '                               ' . Ameng the two types of reactions of dithioearbarc,ato rnetai
                            'eompiexes with haibgems :. ofte Gf thefit is that the dithiocarbama`Le

!igaR6 is oxidized by halogen to give thiuram disulfiae, aRd

th•e otheT is the oxidatibR of the eentral metal by halogeR,

as suramarized in Table Z of Chapter 1. Chapter$ 1 and 2 de-

scribe the kinetic study on the former `L'ype of reaeticp.. No

kinettc study for, the latter type of reactibn, however, has
        '                                          '                                            'been reported se faT. ' -'                         '
     This ch.m.pter• describes tllte kinetic .ee.udy on tne exiclat• icn.

                                tt                             '            'reaction of b.i.s(v-dibutytdithtocarbamato-S,S')-digeld(I) by

iodine, Å}odine brontde, and bromine Å}n diciloromethane which

belongs :•o the lat•ter type ef react-ion. This reactiop. is''
  '
i:;g2e:2Si. Y.e2?. iS(dibUtYvaithiocarbarciazo)go:, daip dihai.h

3-2 , Experimeptal
  '                    tt               '                                 '                   '                            '     MategeiaZ6t . Bis(p-dibutv. ldithSocarbamato-S,S')-digold(!),
[Au(n'Bu2dtc)]2, was preparee by the literature method3) and ..

Tecrystallize6 twiee from 1,2-dichloroethana Foui}CL: C, 26.70;
              'H, 4.52; N, 3.290!o. Calcd for ClsH36}S'zS4Au2: C, 26•93; H, 4•S2'';' '

N, :'•490'e. . /. - -.                    '                                '                                     '                                                             '                                                               '    '                                              '     Iedine an•d iodine bromide were purified by sublimation and

•- 3O-



brom!ne by distiliation prior to use. A dichloromethaRe so!utjon

of Br2 was sta?ielardized by O.Ol N Na2S203 contaip.ing e.1 M K!

using starch as an indicator before use.. Dichloromethane used.
as a solverit was p-urifjed in the usual methGd.4) .' , ,

     Reaetions of [Aurn--Bu2a'te)]2 with EaZogens. A solutioR of

X2(X2= I2s IBr, aRd Br2) C6•5 rmQl) irL CH2CZ2(15 mi) was mixed

with [Au(n-Bu2dtc)]2(O.5 mmel) in CH2C!2(i5 ml) at room temper- .

ature to give a dark green (I2 aNd IBr) or a red (Br2) so!utioR,

foZ•lowed by rapid 6ecoloration. T'he solution was e.vaporated

to dryness under reduced pressure. The resulting solSd was

r•ecTysta"ilized f•rorn acetonicrile to aEford yellow needles of
[Au,III(n-Bu2cite)2] [•Aul>xcz] (959e based on the afiiount or" go2d).'  '

                                                             'Xz= :'2: mp 1350C (lit.2) i350C). Feund: C, 2e.45; st, 3.44; N,

2.S7eio. Ca!ecl t-or Clgln-s'
.. 6N2S4]2Au2: C, 20.46; eq 3.44; N, 2.65!"o.

X2= !Br: mp. 1390C. Foufid: C, 21.07; H, 3.49; N, 2.88eio. Calcd for

Clskl36N2S4BrlAU2: C, 21•41; H, 3e60; N, 2.78eio. . .'
X7= Br-.;• mp 1430C (1it.2) :,4:-i440C). Fo"ndi: C, 2.2.32; hT, 3.74;

 "klllra.i;.,9.iiOe' Ca;'e`i fer CisHs-6N2S4Br2Auz.: c, 22.46,; H,. 3.7s; N,

                                               '                                                      '          tt
  '    .The stoichiometry of reactien of [Au(n-Bu2dte)]2 with

h'`aie ix:s(.lil,gl.:i;I.O'r,. ilP'e",pt........SSea.:S[lg:1",'ii,,.)i][..k,]

                                                              '                                 '                  '                       '. Speetva. , EiectrGntc spectra weTe recorded on a H!tachi
Z24 Cat 250C) or a Hitac;bbi 356 (at -50aC) spectrophotometer, the

latter of which was equipped with a giass Pewar.' Rapid scanning

:g2:tg:a:' ye l'2rlFeaSUred With a ljMert RA"130e stopped-flow Tap2d

               ..     '                                                   '    tt                    '                                                '                                          '                  '        '  '       '               '                       '
                                                             '                                            '



    Kinetie 1lfeasuyements•. Kinetic runs were carried our,
                                             'under the eonditioms where equimelar amounts of the reactants
                   'were used and either one of those was used excessively relative
                                                          'to the other. IThe rate of reaction was followed by monitoring
                                          '                                        '                                             '                        'the absorbaRce at a fixed wavelength in the eleetronic spectra

of the reactien mixture, u$ing a Unio; RA-413 stopped-fiow -
                   'spectrophotometer equipped with a O..2 cm quartz ceil in a gell
                                                   'holder thermostated krithin Å}O.2eC. Absorbance-time data were
                                            '                                                           '                                 'accumulated at least fi've times on a Union Systerv.-71 data
                                                  '                                      '                                            '                                          '                                                   'processor aRd average absorbance-time curve$ were recorded

using a Nattenal VP-6421A X-Y recorder. Piots of !nlAt-Aptl vs,
                             '                      'time were feiand ro be linear to at ieast 70e-e copa.pletion, where

At annd Apa are absorbances at a given wavelength at a time t and
the end of tl e reactton, respe' ctively., Observed first-er6er

rate constants, kobsd, were obtained by performing the least-
                                                       t ttt
squares analysis on the iinear regicn o-`•' lnlAt-Aeel vs. time piots.

                 '                                   '

3;3 Results and Discussion

        '      '                          '                                            '                                   '                                           '                                                       '     Rapid Seanning Speetua and a Reaetion .rnterwtediate.

Figure i shows a typieal examp2e of rapid $eanning spectra fer

the [Au(n-Bu2dte)]2-I2 $ys#em. Four absorptien pealr.s at 280?

38e,, 460, and 63C Rm are observed immediateiy after mixing of
                            '                                                     '     '              'thelreactants. These bands are weakened with intensifying of
                                       '                          ':c`e,Rg?ss-,:;:-l:',:r\xiti:s.:i2ig.:"e.,z2,z.2m,1.wg.i:.:-,:T:.g$;tg:gd

   '  'at 275, 305, and 350 nm. This spectral change clearZy indicates

the occur•rence ef a transient species as a reactieft intermediate.

                                         '
                                            '                                                              tt '                          '             '                                                  '                                                 '                                                            '
   '
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                                                           '                                        '
    transient species has been frozen at -500C; when a dichlore-

        selutfon of [Au(n-Bu:.dtc)]2 was mixed wi"Lh iodine in the

     soivent at -50eC; th.e solutfon imagdiate2y disp'Liayed g-i'een

       which did mot disappear over !O h a"v' this ".emperature,

       a decolorat'ioR tool piace almose instaRtiy. above -i5"C. '

    abserptz'on speetrum at -5COC was quite siinilar to that imme-

aiateiv after mixtng ar 25"C and the greeza coior eaR be associated
     the 63o nm band.'' lt has been- reported that Aull(Et2dtÅë)2

exnibits an absorptiop near 600 nm.5) . Ne esr slgRal has, however,

     detected foT the gTeen soiution obtained here, indieating.
     the transtent speeies'is net Au!!(n-Bu2dtc)2. By analo-gy
                                                          '
     kinetie studies of the Me2Sn(Et2dte)2-I2 (ChapteT 1) ancl

2n(n'Bu2dtC)zr]' 2 (Chapter 2) sy$tems,.the 380 nrrt Strand can be

assianed to  the  cnarge  trans -le (CT) transztion from sulfur of,



the dithiocarbarnato ligand to I2 and.the.weak absorption at. 46e
                           'nm to a blue-shifted. band of the iodine meiety of the CT complex.

              /,The compositien Qf the CT complex was determined by the rnole '

rat!o  metl,i,ocl  iA  the  visible  spectru .m .g,t  '500C  F. iF.ui .r ..e  2  ShOWS

.. .' -' ' . . zo' '''•'''  ' .. Mt' '''' - '1. 1'

                 o -.      ..  -- • .es -•- ••-- - •-                 h '-                 --L '                                  .t                                                 t.
..  . .g' Le ". 630"M ,.-L,.. ' ' '

                     twt5 LO 20 S.O
                            fl2]f[Au] •
               Fi.tr. 2. Ivfolc ratio study of[.iXu(n-Bu,,dtc)],,-I2 sy.stem in
               . CH,Cl, at -5e "C, {[Au(n-Bu,dtc)],] ==5.0Å~ IO-" M.

                                           '     ' '                                                               '                                                  '   'plots of the absorbance at thTee different wavelengths against

the mole ratio of I2 tc the gold(!) complex, Å}ndicating the .'
                                                              'composition of 1:l. It is to be noted that the baltd character-

2stic of [Au(n-Bu2dtc)]2 underwent only a little shift upon
                                               '                                iCT complexatien (287"`,280 nrn); This facy indicates that the

CT cemplex may retain the parellt dimeric strueture of
 '                                                       '            '                                           '.[Au(n-Bu2dtÅë)]2. The gold-gold distaRee in [Au(n-Pr2dtc)]2
was reported to' be sheTter than that in metaziic geld,6) however

t:tre valeRee state of At/(p, saiO,'predicts the presence of'ne

n}etal-meta! bondings.'In spite of this, the fact that •• •
                      '                                      ..              '[Au(n-Bu2dte)]2•I2 exhibited the absorptioR band at 63o nm

suggests the CT cornpgex involving the skeleton with a gold-
                        '             '                                        'gold interaction shown in 1. The Au(I)-Au(!) interaetion

                                             '                   '  '                                       tt t                          l2 - --..,,., . . .
                                   '                          t'                          t'              '               (g:AR::g). -,, ,-gl ,,,.(.-gu),

                                               '                                                                '                              '                                             '                '                 - .-34-



 I[lheUe3gS[gliig:gxiOr the absorption baRd at 63e nm observed m

      The [Au(n-Bu2dtc)]2-IBr aBd -Br2 syste;\!s also exhibited ' '

 absorptign inaximadue 'Lo the CT transition at 380 ltm. No b:,ue-

 shifted baka of halogens has, bowever, been ebservg.d in these

 syst•gms: (Tab' le S).t T'ihis is probab2y due te the masking ef it ..
Xl,l'l'e.l'21•k,21.Xh:'./i/il;:.2ig.:! ga,"f,;t.XgO,\:'.U'xs,::gg :;/,gmaik

                                                                ' t] at of I2; e4s6 nin= 3•7 x le2, g4o6 nm= 2•6 x 102., altd esos nrn

 = g.o x le-2 N,'lem-1 for IBr, Br2) ar,}d !2 in CH:,C!2, Tespectivelye

      Mo :/ ar ex ti nct ton coe r' x'"' tc ients o f the absorptions aris i ng

 f•rom the CT complex were deceriitiitecl from the visible spectra or"

 clicn!orome'tnane solu'L`-i...on$ coRta2n2ng a fzxed arftount of the Ay-(I)

:.a2-i?.:l.-.g"L';3t..Z'9:l?.i.92,:tE,a,Zl,.[2:(:ggll'?dt-"'i2' i""`"-B"2dtc)2][A"x2i•
., . .

                   ii'liiiSkX'g.t:E[II::r-i.-i" =)\'llft2XkX"f-:zg[i;lrEi}x..--i

[Au(n-Bu2dte)]2 287
                    tt[Au (n-Bu2dte>21 [AUX21

    X2=- Z2 . .27e
               1 32e-

        EBr ' 276
          ' 32'O
        Br2 270
                   320

     44• . oxi, o

  '

4.oxL: e4'

3•gx Lo4

3.sxse4

3•oxlo4

3•sxlo4

3• ixlo4

  '

[Au (n-Bu2dtC) ]2" X2

     x2# r2

       '
         ...
           '       '           '         ..
        IBr

      tt

        Br2

          '28e .b>
          4380 3.9xlO
          3 e)460 &3xle
          4'•630 Z.8xlO

28e b)
380

6•eo

28e

3go

560

  a)
•• b)

  e)

Calculated frem thE visible speetrum at -50bC.

Il::oli'er:SeUtg:dior 'ttne eontlibution Åírom the overiap wxth the cT band-

                                 , .bL
                  '
                         -35-



complex and large excess !2 or vaee veysa at -S.OOC. The. .r- ,esult

                                'is listed in Table 1 together with the e values of ab' sorptioRs
     '                          '                   '             'duxe to [Au (n -Bu2dtc)] 2 -and [Au (n -Bu2dtc) 2] [AuX2 .] r / The e V alue

                                           '                                    ttef the 380 nm band is verv clese to those of CT bands of the
                         v                                                   '                ' '                  '              '    '!2.cofprplexes with methyl dimethyldithi'ocarbamate (g347 nm," 3•O
x lo4 "{-lcm-1) ahd tetraethylthiuram disulfide (e3s6 rm" 3e8 X

lo4 M-icm-1' ).7) on the other hand, the vaiue of the blue' '

shifted band of iodine (460 nm) is larger than those ef other
know'n iodine compiexes (emaktt (2.7-4.2) x le3 ".{-lern'l).7'11)

                                       '                    '               'This is due te aR overlapping of this band with tle tail of
     'the CT'band.
                                          '        .t                           '
     Kaneties. and' Meehanism`.' The rate of reaction was
                            '                                                            '                 'determined by foiiowing the decomposition of [Au(n-Bu2dtC)]2'X2
                                                        '            'and the formation of [Au(n-Bu2dtc)2][AuX2]. Observed first-
                               'oTder rate constants, kobsd., obtained from the decay of three
                                            'band rnaxiTRa ef the 9T eomplex and the rise of a band maximuift

of the product for the reactieri of [Au(n-Bu2dite)]2 w;'tn I2 in

CH2C12 are listed in Table 2, which indicates thae the kobsd
                          '                                          '             'J'1•l:-eg.2bt.iti2,eg,f:,2.:,l.:e.%i.f:.i2::.1'ag:lg".&"h\,2;e.;g":/i;.te"t,

                          'essentialiy the $ame in variou$ concentralions and varying mole
                                                      'ratios of the reactants, indicating that the reaet;'on is inde-
                                      'penderst ef both concentratiens of [Au(n-Bu2dte)]2 and. I2 in ghe

measured range. Similar kinetic resuZts were ebtained in the
                                             '                                      tt                                                 '                                                                '                        '[Au(n-Bu2dtc)]2-IBr and -Br2 systems. The kobsd Values obtained

are listed in Table 3. !t is `Lherefore suggested that the '
                                            '                                  '         'reaction of [Au(n-Bu2dtc)]2 with halogens proceeds via a CT
           '     '                                                        '      ..complex, which decomposes to give the finai product as follows.,

                      '                    '                                        '                               '                   '               '                         '                  '                                    '                                                        '                            '                                                '                                              '                                                  '                                                               t       '
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Teble 2 Observed rate con$tants fer. the reaetion of [Au(n--Btt2atc)]2 witrh Z
2

in c!! cl .    22
-"ne-' itl51;ii-Ti5;;ff1ipt"-li15ZriMWV,npioE!2"o{Auik.ltt,ptd,.

eC M

Temp ioKl{'i2] i" o"Wt"TirAul

           ' ec }1 "-{
k
 olbsd
 $-i

630

•"---""-ptpt"' rm

M   -1
 pt,

630 460 380 320 nm 460 380 nm

25.0

15 .' 5

 1L04
16;4

2e.8

 2.08

 4.93

39.1

 O.946

1.02

i.Ol

2,06

'2. ).1

5.03

 2.oe

20.0

IO.O
2 0e t}

3e,3

39e6

49,8

 9e80

20.0

29.9

40.0

50.0

2.-70

2.43
7•- e60

2.51-

2.65

2et-6

2.50

2.36

2e35

2.35

2.40

2.e6

2 .• 39

1 15
, .1 .2sc

1.27

1..26

1.25

     2.04

     2.e6
     2.•44

     2.23 2.90
2-65 2•11 2p87

2

2

2

2

2

i

1

1

1

1

.

e

.

.

e

-

o

.

.

    2,68

    2e23

OO 2.0S
OO 2.17
28 2.38
lt" 2.29

2S 2.20

35 Ifi..M3,

27 ll.e2.1

21 le17
l.O 1.14

51 1,30

2e.2

10.X

-O.62

l.e23

2.46

te .93

1- .02

!e50

1,e2'

2,05

tg,kO

!.02

2,05

30.2

10eQ

20.4

30.3

39e3

49.8

[!.5e2

20.e

40.e

2e.4

10.2

1.70

1.69

1.74

1e81.

1e68

L83
1.58

!.83

'le83

1.60

le94

X.07

Oe925

o.sg?.

0.892

O.851s

l.8e 1.83
     1.82
le79 .1.e86

!e68 !q80
1.e66 1-66

3.e63 1.e76

1.72 1.69.

Ie77 le76
ll.e73 1-86

!-53 1.e58

I!.-78 [ke74

lo94 Xn89

ko02 le04
O,929 O.842

o.7xo Q.s3t,

e.850 O.880

O,780 O.840
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Table 3 Observecl rate constants for the reaetion of [Au(n-Bu 2dte)]2 wS-th !Br or Sr2 ln eH2Cl2.

Temp.
---k---- ,

 eC

lo4 {I.Br] l64

   M bl
(tw] k      obsd Temp

 oC

...--w-r--'-'ww'-'pt-'

--m.-lg" s'-!

600 380 nm

lo4[Br21

   M

i.o4
{Au]

   M

 kob$d

   -1
  s

 560 380 nm

24.8

20.8

IS.3

lll e 1.

  2.00

 10.0

 2e.o

100

 67.7

 33.9

 13.9

  Oe986

 •9.86

 !9J
 9g.6

  9e86'

 ft9 . 7

  2.eo

 20.0

IOO

 l•O . O

29eO

ie.o

20.0

2e,O

2e.o

ro.l

20.0

1.13'

1.22

l.15

1.29

le21

1.04

1.18

1.el

1.08

e.709

O.617

O.715

Oe774}

1.17•

O.86I

O.59l5

O;540

O.777

1.11

1.02

.1.06

-Z.05

1.29

l.I8

O.990

e.ge2

O.659

O.539

O.951

'O.620

No15

O.820

O.562

O.527

e,737

25.4

20.2

15.4

10.5

3.09

l.29

s.oe

[t.91

1.e18

2.06

13.4

26.8

53.6
IO.O'

21.l

14.4.

28e8

43.5

57e6

12.5

25eO

38.5

5e,0

X5.it

30.1

45.0

6e.3

1

1

1

!

l

1

1

1

1

i

l

1

o

o
1

  927
 tt
O.879

 .950

 e02

e21

.24

e26

.42

.22

e27

.25

n22

.e9

.10

.12

e!l

.

1.36

l.3Q

L23
l.4S

1.28

1e37

1.IS

1. S,6

1.27

1.11

l.e1-4

ke14

X.05

1.I6

e.gse

O.846

1.03



       .Iiu. (n-iu21fc]]2 " Xi. rff=-:lliSt ,.J:YXIi:{2glil.]illi',

1/e:i?:./ll•il'litiii,ii,i•:•l,;Ls•;,E;':irg,,,::?;;,;\i:;;,;,;.,t::Tf.f.

                                                               '
Rate constants and activaticn parameters obtained from the
iV'i"gPi,aSi..l.i.\--.l•;(.lll/llilliig,,i..'1:11",i.i,tl/lllliilllis.ll,i:iil..,i.:ge.:,lili,./r,ij,1.:nT"?ie`e

          - ec s-i '•kimosi Klt:[:i:il:Eri--i--i

!2 IO.1
     15.5
 '
     20.2
     25.0

ZBr llell
     l5.3
     20e8

. 24.8
Br2 IO.5
     15.4
     2e.2
     25.4

 o.sg Å} o.eg

 1.23 Å} e.10

 z.7s Å} o.ie

 2.35 Å} C.24

 O. 68 Å}• e:• i3

-O.82 th O.21

 1.es Å} o.es

- 1.25 Å} O.e9

 o.g7 Å} e.og
 l.zl Å}'o.e3

 1.24 'Å} e.e7

 Z. 3i Å} O. 08

43

26

12

.7 Å} 8.4

   '
.O Å} 16 i

.3 Å} 5.6

-9i.5 Å} 28.9

  t
     '

 '

e' Z56 Å} 55

        tt
-20Z Å} 19

a) Errors quoted are

    't"
         '

standard
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    .Although there is no direct evidence fer another transient

species, at ieast two possible intermediates, 2 and 3, can be

.en r.//safe.e zn t?ei{,;.:::.-;.sitlOi ,Pathllk/: :' z>, ' . '' ,1

    '                     .L 'i- X -                 tt tt                           '                                                   '          '                     2 . •3- '.                                     t ..                                                  ..                                   '                                                                '                                          '       '
!nzermediate 2 which is a mixed va!ence gold(ZI!)-gold(!) cornplex
                   'may be formed by the attack of todine at a single goid atom.

Alternati'vely, the simul`Laneous attack of iodine at both gold
                          'atoms wUl afford the gold(II) complex, 3-. The exi•stence of

both 2 and 3 may be supported from the fact Åíhat amalogous gold

         an, <l[ !..pt- -X •--•- :il ]

                        ..
t.rimerici2) and dimeric13) goida) compiexes wsth haiogen,

    '           'respectiveZY. Of trve two possible intermediates, however,

2 is more appealing since it requires a !ess reorganization

of atoms, foilowed by reductjve elimination at the geXd(I!I)

center to afford the final product, [Au(n-Buzdte)2][AuX2]•

-40-



3-4 Summary
                                                          '                  tt            '              tt tt     Kinetics of the reaction of bis(p-dibutyldithiocarbamato-
  '                                '                                          '                                     '                  '                                                           --.S,S') -digold (I) , [Au (n-Bu2dtc) ]2, w it' h I2, IBr, and B r2/ in -

dichloromethane was studÅ}ed by a stopped-flow technique.
                 'A la charge-transfer complex, [Au(n'Bu2dtc)l2'X2 (X2= I2,-
 '!Br, and Br2), formed in the initial proeess of reactiQn was
                                      'i6entified spectTophotometrically at -500C.. The rates ef
                     '                   'reactjen were almost the same for I2, ;Br, and.Br2,. and inde-.

peltdent of the both [Au(n-Bu2dtc)]2 and halogen eoncentrations.

The reaction was interpreted to proceed vta the charge-transfeT
                   'comp!ex, [Au(n-Bu2dtc)]2•X2, which decomposes in a rate-deter-
                                                       '               '                   'inining step to give the :"inal product, [Au(n'Bu2dtc)2][AuX2]e
                                             '  '                    'The aetivatien parameters for the reactions were determined: .
AH*(kJ/mo2)x 43'.7 (I2), 26.0 (!Br),and IZ.3 (Br2); AS*(J/(mol K))

= -91.5 (!2), -!56 (!Br), and -201 (Br2).
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CHAPTER 4 . THE REACTION OF THE D!THIUCARBAMATES OF
                                                         '                           '              '        '             '    , . -•- COPPER(I) AND SILVER(I) WT-.'i"H THZURAM DISULFIDE

                                           tt                           '                         '                                          '                    '                       '                            '                              '                                               '                                  '                                    '                                           '              tt                       '                                                    '4-1 Introduction • -'' ' -
                                                      '                 t. t                     '                                       '                  '     in preNiious chapters, tn' e oxidatioR reaetions of dithio-
   '                                      '                          '                                             '                             'earbamate cemplexes of tin(IV), zinc(!1),- and goid(I) witl
                   'halegens are discussed, where the reactions ean best be de-

seribed in terms of a" mechanism involving a charge-"Lransfer
                                          '                                                  .. t.tcomplex formed by electrophilic at'i ack of halogen on the sulfur
                               'atom ez" the ditt'iiocarbamate ligand. As an exteRsion of these
                                               '                                  ttwor"Ks, the present chapter reports kinet;c and rnechanist,;e
      '                             'studies oR the o.v:idat' ion reactions ef copper(I) and silver(I)

complexes of difntecarbafftate by thiuram disuir"ide, giviltg

bis(dithiocaTbamato)copper(]I) and sUver(Ir). '

4-2 Experirnental
              '       '                 '                                            '  ' M'ateyiaZs. ' (Dialkyldithiocarbamato)copper(I),
                     '[Cu(R2dtc)]4 (R' Et and n-Pr),!) (dialkyldithiocarbamato)siZver(!),

[Ag(R2dtc)]6 (R= Et, n-Pr, and i-Pr),2) and tetraalkyzthiuram '

disulfide, R4tds (R-' ="t, n-Pr, and i-Pr),2) were prepared

according to the iiterature methods.1 Analyticai data for these
                                                  'ccmplexes (C, H, N) were sati'sfactory. Dichloromethane u$ed
                                                        '                      'as a solvertt was purifi'ed as described in Chapter 3. '

  , Speetra and Kineties. . Electronic spectra weTe recorded

on a Hitachi 124 spectropbotemeter..Rapid scanning spectra were
                                    'measured with a Union RA-413 stopped-flow rapid scanning
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spectrephotometer equipped with a O.2 cm quartz ce!! in a cell

}told'er `L'hermostated within Å}O.20C. The rate of reactiori was
                                     ..fe!lowed by mGnitoring the absorbance at a fi'xed wavelength

in the electronic spectra of the reaction mixture uRqer pseude-

first-order conditiep.s, using a`L least a ten-fold excess of

thiuram disu!fide. Absorbance-time data were aceumula"Led at
                                            'leas'L five times an a Unton System-71 data precessor and

average absorbance-eim, e eurves were recorded using a Natienai
                   '               '                   '                                                             .tVP-6421A X-Y recordeT. Pseado-firs`L-order rate co.nstants,

koi..sd} were calculated from the slope of a iinear part of the

in(Aee-At) vs. ti'me plots by the ieast-$quares me:hod, where
                                             'AN and At are absorbances at the end of the reactton and at a

1 ime t, respect i' vely. •

4-3 Results and Discussion
               '              '
                                                           '                                                   '                           '       '     Reaet'ion of [CurR2akue)]4 with R4tds. The TeaÅëtion• Of
       '                     '[Cu(R2dtc)]4 witnh R4nds rapidly proceeds to give bis(dialkyZ-
                             'diehiocarbamate)copper(II), Cu(R2dtc)2, in quantitative yields.3)

                                                      'The stoichiometry ef reactiori can, therefore, be expressed as
                         ..Eq. (:•). A typicai rapid seanp.ing spectrum after mixiRg t]e

                         '                                                           '         '                                          '     i-[Cu(R2dtc)]4 + li R4Åíds ------> Cu(R2dtc)2 , ,' (1)

                                                     '                                                         '                                '          '                                                  '                                         '      '                           'reactant solut.ions is shown in Figure 1. An absorption baRd

at 303 nm ebserved immediately after ntxing is identical in

wavenumber with the"t of the reactant [Cu(Et2dtc)]4 (Xmaxe 303
nm, emax= 4.s x lo4 }•i'lcm- l in cH2c12>., The finaz spectrum

                                                 tt
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                             '                  4'. • .. I: O.5 sec             1.0 .                  '3 -. . 2: l.O- .
                    '                    - '•3: 2.0                            '                ,2.. ' .' - ,4: oo .
          '                                           '                       '         pt,, - --         X. -1 ' -.,.-4 .         e•e.5 - '                                  '         Åí' . -. '3 -         o' ''         th -.. 2         q-'             '' '' i'           '                                 tt                                            '                            .... .t                          '                                               '                                 '                      '                                           '                                                             '                                                            '                                          '                   '                     3eo 4oo . seo                        tt         Fig.'1 ' .ljaveleftgth, nm
          Spectral chang.es after rnixing et' [eu(Et2dte)]4 .
          <s.l x lo"5 M) with Et4tdsO.e x ie'4 M) in Cli2.C;2

          at '('5Qc.' . .                                          '         - ., . .. ... ..-t.-..                   t.                                               '                                      '             '                    '                             'with "Jnree absorption peaks at 270, 290., and 435 nm is assigned
to Cu(Et2dtc)2 ' (e= 3.1 x 104, i.-.' s x. Ie4 { 1.2 x lo4 Mbelem-Z in

C- H2C: 2, resp-ects`vely).'3-6) Half:lives of ehese absorption

=yuNands were almost ident:ca! with one another, and isosbes`Lie

point• s are foun. d a't 295 and 370 nm. ' '. ' '
                               .s t ..          '                                             '               'T'he rate diata of reaction (l) (R= Et an{3- n-rtir) were obtaine6
                                            'from increase ef t'ne absorbaRce at 43S nrn. .. F, ig.ure 2 sho}rs-g

       '                                                   '                                                       '  -, -, -. {- ,-. .., . .o l'}b.>x... -'''' 1 ' '' '' ''
                                               '      ttt t tt ttt ttt t tt tt t  1 ,- . - --- ,,1- -. 11 . . -- -. .
              A                                            '                                          ' tt ttt " tt t tt tt tt              'ee[' -                                              '                                               tt               ss "i .e ' • '' ' ''
                                                   '                                         ' •-

          -. •s . ., ,''- - .,1..,.., -'.
                          '          tt tt t                     t.i .            '                                              .t.                                             '
                                                        '        '                                                       '                '              '                                                     '   ., -.-2.0- ', • - ''''5 10 l5- -' -' '                       '         ..                                             '                          - Time, msee. . . ' ,.'             Fig. 2 - /  .. Plot$ of ln<A.,-At) against time at '. '' ,. .
 '' .. -.' 25oc; [[eu(Et2dtc)]4)= 1.e x lo'4 M,' . - .. .

' [Et4tds]= l.oxlo`'2 M. .. ,.
                                             '           '                                          '                                                          '                                              '                       '                      ..                                                  '



typica! examp!e ef lp.(Apa•-At) vs. tjrfte plots. gx.cept for initial
                                  '                               'sexrer• al milliseconds, a goocl lineaT relatiop. between them is .'

obtained for at least 80!ee completien of the reaction.' The '
                                                           '                       'linear part of plets was used to determine the value of pseudo-
                     '       ':" iTst-order' rate ce-nstants. Table 1 lists the raÅíe data at
               '                                '                                               '                                                         '   'various eonceRtr gtiens of [Cu(R2dtc)]4 and R4tds. All the

plets of kebsd vs• the coneentration of R4tds at eagh temper-

ature yielaed straight 1ines with zero intercepts. This resUlt'
                                                        tt                  'may suggest the fo!lowing pathways. '

...

                                '  '[Cu(R2dtc)]4 " l"ISt dS [Cti(R2dec)"R4tds'iÅÄ[cu(R2ditc)]3 "SiiZ2iiLS'd.S... K,,.

                         '                                     '   [Cu(R2dtc)•R4tds] ---."> Cu(R2dtc)2 tF R2dtct k
                                                        '                                                   '                                        '   2R2dtc•..rr-t'ieeL.SaSL 'R4-ids- ..''- '.
                                       '                                                  '    '                                                 '             '                        '                               '                      '                     '                                             ' '

Equation C2) coT.isists ef multi-step equiMbriuin reactions,
            '                                    '           'where tetramerie eompound [Cu(R2dtc)]4 dissociates by art attack

ef R4tds te form an adduct, [Cu(R2dtc)tR4tds], and the trimer

[Cu(R2dtc)]3, the la'LteT of whtch successively reacts with
          '                         '                     'R4tds, to form the adduct- i.n a similar rnanneT. The initiaX
                                 '                                                          ..eurvature ef ln(AptTA" vs. tfime plots (Figure 2) may correspond
                                                                'to a preequilib"i"iusm iiTmtediately after mixing, where the ceneen-

                  t ttt'.'ati'en of bi e ad6uct does not reaeh a steady sta`L"e. 'A!though

                                                      ' '                                'there is no direet evidence for the formatien of the adduct as

an intermediate, several metal eomplexes of thiuram disulfide
have been isolated,7-9) and the dissoeiation of [Cu(Et2dtc)]4

by the attack of Et2dte- (Eq. S) has been rep6rted.1)

                                 '                                              '                                                       '         '   [cul(Et2dtc)]4 +4 Et2dtcti -N----b 4 [Cul(Et2dtc)2]' (S)

                                                          '

(2)

(b")

(4)

.- 46 •-



Table 1 Pseudo-first-order rate eonstants for the reaetion of (C"(R2dtc)]4 wtth R4tds in C! 2Ci2•

R Temp
i.o4 [ctt ]   4   [tdsl k10

     ''-' -'i
   Ms

-Åí!b}S!sl R Temp
lo4 [cu] le4Etds] k.bsd R

        pt

Temp io4(cu] io4 [tcls]

eC )f

qke-F..nypt-o

eC M M s
-1 eC M M

k
 pb s'd

-- i
 s

'

ps

"'

Et 10.S

l2.5

15.5

16.9

2e.1

O.501

1.00

O.501

1.00-

O.501

 20.0
 40.0
 59e7
 80.9
100

100
2eo
301
400
500'

 20.0
 t"o.o
 S9e7
 80,9
aeo

leo
2eo
301
400
500

20.0
40.0
59e7
80.9

Z2.
28.
te4•.

59.
73.

8
e
3
3
5

 82.8
1.56

264
3!4
413

18.
33e
48.
70.
89.

1OO
2Y
317
450
S23

24e
43.
65.
83.

4
6
8
4
e

9-

9.

a
1

Et 2C.i 1.00

25.0 O.505
      1.51
      O.625
      O.505

n-Pr 10.9

15.8

1.00

e.529

O.529

roo
200
3el
t+oo

 10.0
 20.1
 25.0
 40.0
 50,!
 80.0
100
200
301

20,8
4e.O
60.4
79.7
99o8

20.8
4e.O
60e4
79.7
99.8

11S
243
312
481

 .1.4.3

 18.8
 38e2
 52.3
 66.3
 93.4
127
245
349

 6,37
13.6
21.3
28.2
35.3

 7.31
V.3
23.7
32.!
te 2,3

n-Pr 2e.3

25eO

O.513

O,529

ll. e 08

1.28
O.513
1.28
O,513
i.28
e.513
1.28
O.Sl3

l.e8
e.513
ie08

 20.
 40.
 50,
 6Z.
 6Q.
 79.
100
loe
203
302
401
5OO

20.
39 .,

1
e
1
5
4
7

1
8

50.I

61.5

 79
100
lee
!23
203
3e2
40!
500

e7

 ll.
 23.
 29.
 36.
 3i.
 39 .,

 50.
 51.
 94.
151
19S•
22i

 14.
 2S.
 28.
 33.
 37.
 44.
 42.
 53.
 65.
 63.
 74..

13lt

192
244
276

5

e
1
8
6
7

4
9
4

7

5
7

l

o
3
3
7'

5
4

7



Thus, two possible structures, 1 and 2, are propesed for the

adduct b ft:::rF,:gr,:og,ep,:;(i) COMPifX i:k..IA],i:',:l,:,li".ifide '

              t' st              e . Ntt            'c'ifT ', . ."cf''        ,!Sh,' -lV '• • . svs ,-, • svs                                                           '                                  '                    '                                    '                                                    '                                               '- -   .- .1': SS-- S2CNR.2 .. '2 .
                                       '                                                   '                            1 ..                                                '                                       '                                                               '                     '  '        '                                                                   '                                             'In either case the adduct may be decomposed in a rate-determining

step (Eq. 3), which involves cleavage of the S-S bond of thiuram

disulfide to give the oxidized copper(I!) product, Cu(R2dtc)2,

and the R2dtc" radieal. The resuiting ra<lical may rapidly
             '
dimerize to afford the thiuram disulfide as reported by Dauquis
:n;I ITIggi)IIi.IilililO/inWhc'il31]jlYe estimateci the rbeate conseant to be

                            ' -, According to the pathway of (2)-(4), tl e kobsd value in

the presence of exÅëess thiuram disulfide is exr.ressed by Eq. (6),
                                             '
                                                     '   '                        '                                                        '   ' ijobsd .= iKik[IIgiftS4t]d.] (6)

                '                               '              .t                                           '
where Ko stands .For the multi'-step equ"ibriun eenstant in Eq.

(2). If one assumes Ko[R4tds]<<1, Eq. (6) can be reduced to

Eq. (7 ), which predicts a lmear relatienshxp between kobsd

  .. ' k.bsd = Kok [R4tds] .. ' ' . .(7) .
                                                    '                                           '
                                                 'and [R4tds] with the s!ope of Kok aRd zero intercept. This is

censistent with the observed rate profiie. Tabie 2 lists the
value of Kok and activatton parameters determined from the '

                                          '                 '                   '          '                             '                                          '             '        '                             '                                                                 t                                                '                             ' '                                                 '                                                   '        ' ' -48 --. .                           '



Tab'le 2

reaet-on

Kinetic attd aetivation parameters
"of [Cu(R2dtc>]4 with R4tds in CH2

 for the•
   a)C12e

R 'Teinp ,

 eC

  -3io    Kok
lig:-r:rg:rl.•-i

  --AH-t-

     ---l kjmo1

 AS* '
    -1 -1'Jmol K

Et-

n-Pr

25.e

2e.z

16.9

15.5

12..5

IC-.5

25.0

20.3

Z5.8

l-g.g

 zi.7 t e.2 '

 ZL7 Å} C.5
• ie.s Å} e.s

 8.86 Å} e.35

 8.19 Å} O.44

 7.60 Å}.O.11

 5.70 Å} O.09

 4.52 Å} O.IO

 4. 29 Å} O. i9

 3.67 Å} O.e3

2e.6 Å} 4.4

Z8.2 Å} 3.1

-97 Å} 10

-IZ2 Å} IO

           a) Errors quoted are standard deviatioRs.

            t t.                '                                                              '                tt                       '             '                      t. ..tt tt t t .t                                '                                     '                     '                                            'Arrhenius plot of 2n(K.k) vs. Z/T. ' '
                                                 '                                                '     Reaetien of [Ag(R2a"q"'e)]6 w.tth R4ta"$. ''. The'qd•di"L"ien eÅí'

                                                               'R4tds to a dichloromethane solution of [Ag(R2dtc)]6 immediateiy
                                                                '                 'causes a biue color, which becomes more int.eRse as more R4tds

is added. Although the blue Ag(R2dtc)2 complex ha$ not been
                                                              'isoiated, its presence in solutien was Åëonfirmed on thg.basis

ef the appearance ef an absorptien maximum atpNv600 nm in the
eiectronic spectrum.3' .6) stoichiometTy for the reaetion of

                                                              '                                                            '         . .. [Ag(R2dtc)]6 with R4tcts (R= Et, n-Pr, and i-Pr) is expressed .

as Eq. (8), and the equilibriurn constants (K) in CHC.13 at 200C.

 '' ': [Ag(R2dtc)]6 t IE R4td.s. xK ,Ag(R2dtc)2. (8). ..

                                                              '                                                                 '                                '                                                                  '                                           '                            tt (see Tabie 3) were determaned spectrophotemetricalZy by ..

                                                                  t        - -- 49- ••



'Table 3

for the
 EguUibrium
reaction of.

eonstants and thermodynaulc parameters
[Ag(R2dtc)]6 with R4nds in CE2Cl2.a)

R Temp

 oC
 K
':r:r
M

"ISt!id...-Q

kjmol-1
Aso ,
jMol'-'ZK"i

Et

n-?r•

i-Pr

25.8 (4.46 Å}

2e.5 (3.8eÅ}
      (3.8xlO

15.1 (3.l4 Å}

le.O (2.71 Å}

24.7 (4.85 Å}•

20.4 (4.i6 Å}

      (5.5xlO

15.5 (3.51 Å}

 9.7 (2.66 Å}

24.5 (9.2Z Å}

20.6 (8.43 Å}

      (1.ixlO

L5.3 (7.3S Å}

il.O (6.6S Å}

 o.23)xlo-4 23.o Å} z.o l2.g Å} 7.4
 o.22>xlo-4

•- 4) b)

 o . 24 kio-4

 o.27)xlo-4

 e. 32)xle"4 27 .g Å} o.4 3e .2 Å} 3.Z

        -4 O.34)xZO
-4 ) b)

 o•2g)xio'4

        -4 O.34)xlO
 o.B)xlo'b'3 26.4 ÅÄ- 'o.4 l6.2Å}3`3

 o.34)kzo'3
-2) b) -

        -3 e.3s)xlo
        -3 e.26)xlo

                            '                   '                                                       '         a) Errors guoted aTe standard deviations.
                                              '         b) In CHCZ3 at 2e"C; ref 3.

                                                             '                                      'Akerstrom.3) we aiso determined the K value in CH2Cl2 at fouT

                'different temperatures by the spectrophotometric methodi (Table 3).
                            '                                                           'Pio'.•s of in(K) vs. 1/T gave linear reiations, from which thermo-

dynamic parameters of the reaetien (8) were obtatned. The'resuits

are iisted in Table 3, which shows the equilibrium iies so far
                                       'to the left. The fact that the K value when R# i-Pr is larger
                'than those when R= n-Pr and Et may be due to a large inductive
                                        tteffect of the isopropy-i group than the n-propyl and ethyl groups
         '                         'of the dithiecarbamate ligand, resulting zln Å}ncreasÅ}r.g stability .

c-f AgCR.2dtc)2 by deiocalization of the electronic charge a$ shown

in b of the canonical structures in general introauction. '

    ' '                       t. t.                                                   '         '                                                                    '                                 '                         '                                                     '           . -50- -•
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            e
            8
            - i.o            gO

              O.5

               '

               '

              Pi o              ' --o-

              i-Pr                 4

     tt
    .A typical -

after nixtng of the

clearly shows tqe
Smax= lo3 x lo4 M-i

There was seen

the equiiibrium of

of Teaction was,

et 62C nrrt (R= i-Pr)

-At) vs. time were

except fer t•he '

in the cepper

constants ebtained

in Table '4. •Plo'Ls

showed pronounced

A typical exampie '

'l.O

O.3

O.2

O.l

   450 509 waveleRg2RO,'nm '" '700--''

         tt
    3 SpeetraZ changes after mixing of
["g(i ;g.g`?gEs'l6ig:9z k,'2- .4 ,:l,\l't2., 2sec.

                     '        '              .. . ehangereOacf...N:'k:.gt'1'.21keCp.Sx.2etCegri,ni;il.::ev:i:iex.c:egion

                                               '    formation of AgU-Pr2dtc)2 (Xma-x= 62C nms
     cia-1 in CH2Ci2;, lig3)Xmax= 620 nm ir2 CHC;3)".•

 little change in the ultraviolet spectra, because

     Eq. (8) Zies so far to the left. The rate

   therefore, followed by measuring the absoybance

      or 600 mri (R= Et and n-Pr). Plots of ln(Ab6 .1

     feund to be 2inear ro at least 80"-, completien

 imtia! short peTied after mixing, as was seen ''
                                                 '
complexes (Figure 2). Pseudo-first-order rate - 1
     g',o:.g.gi:!e',xgg.ig:.gil22,gkogl fti:,list,ed i

    curvature at high concentratioRs of R4•tds.

    zs sbown in Figure 4, which zs in contrast

                                        '                                             '       ..t . .. tt                             '                                                 t               -51 •- . ..



Tab!e 4 Pseudo-first-erder rate eonstants for the reaction ofi {Ag(R2dt.e)]6 wlth R4tds in CH  Cl .22
R Ternp

!o4{Ag] io4 ftds] k
ob$d R

Terltp lo4[Agl io4 [tds] k       Robsd
Temp lo4{Ag]

eC }E

io4{tds] k

M

Qbsd

s
-1 eC M b! s

-i oC }f bl s
-- l

t

ta
N'

Et 10.6

15.2

20.3

25.0

5.Q2

5.e2

5.02

5e02

lee
200
3eo
4oe
500

100
200
300
4eo
500

loe
200
3oe
4oe
seo

200
300
4eo
500

O.108
O.187
O.221
O.262
O,270

o.
o.
o.
e.
o.

e,
o.
o.
o.
o.

o
o
1.

I

179
271
3S7
421
468

302
4S6
562
669
724

.788

.98e

.13

.30

n--Pr 10.3

1.5e2

20.0

25 e l.

5.QO

5.00

Jr .e o

 5.00
10.0
 5.00
10.0
 5.00
10.0
 5.00
le.o
 5.00
ro.o

roe
200
299
4eo
seo

100
,200

299
tioo

500

IOO
200
299
/,oo

500

100

200

300

ta.oO

500

O.0993 i-Pr 10.2
O.I36
O.164
O.205
e.235

O,163
O.261
O.315
O.321
e.36o

O.289
O.414
O.482
O.585
O.670

O.503
o.sel
e.,673
O.786
O.942
O.828
1.e4
O.952
1.04
X.Il

14.9

20.0

25.1

t,.99

4.99

5,OO

5.00

100
20!
301
400
SOI

1.00

201
301
40G
5el

1.eo

201
301
t, oo

501

roo
201
3e!
4oe
501

e
!
l
l
1

.762

. O.1

.17

.32

.40

l.
I.

L
2.
2.

1
2

2

3
3

3
4
4
5
5

15
55
84
oi
22

.91

.55

.92

.13

.36

.03

.12

.68

.05

.54



                  4
                   1
               tp•               {,                utv' 3

                ua                b                e2                x.
                   '           '        ` ' ' 1' '••
                 '        '

                        't it ' t                                ttt               ' 12345 '                 '                tt                    '              'Fig. .4 .' IC2[i-Pr4ta`si, M- '' ,..,..

              ' Piots of kfibsd against [i-Pr4tds]; '
                 [[Ag(i-Pr2dte)hj6] t s.o x le-4M.
     '                                'tcs "Lhe linear reiationshrp for the cop-per s>.7stem.' This char-
                   .                                        '                     '                           'acteristtc difr"erence can be explained by the assumption that
                                              '                             'the multFstep equ21ibrium cor.s`L'ant Ko is larger in eL"he siiver
 '                            '           'system then in the cop},er ene. '
                                                               '                                   ' ' The mechanism proposed above i`or the copper system is,

                         .. .therefore, applicabie to this reactiori.. The reaction pathk'ays
cah be post'  ulated as ilhqs. cg) altd (lo)' ,'  fol!ow6d by dimerÅ}zation.'

                                                     '                                                               '                           '                       ' '                         '                            ..           '                                                                 '.[Ag(k
.2

gtc)]6 1tt-'4t(}'.i [Ag,(R2dzc)•R4tds]ÅÄ[Ag.(R2dtc)]s "tlllS!;'d-VE" .K6i fg)

                                                            '                                            '                     '. .[J?tg (R2dtc); R, 4t9 s' ] ,/.pt Ag (Rzdtc) 2. 1 .t. R;dYc `. • ' • ' .k, (l9]

                                                                 'ef the R2dte• radicaZ according to Eg.' (4). Moreover, the ' '
                                             '                                           '                                      '4ivalent.sUver complex, Ag(R2dtc)2, formed by Eq. (10) is
                     '                                         'expeeted to degrade beca•u-se of i`L-s instabÅ}lity at or around
                                    '                          tt            '   ';com te.mperaturg. Simiiar imstabz'lity h.ans been reported fer
bis(diethylmonothiecarbamate)copper(u) complex,11) which '

                              'ttrapidly undergoes rearrangement to a hexameric monovalent
    '                            '                                      'copper F.emplex accerding `L-o :-q. (li). By analogy with thisl'

                                       '                                                   '             .
                                    tt                                      '                                                '                                                         '                                                    '                             '                                      '                             '                                                  '                                                        .                  '                        '          '                                                       tt                                           '.'



   Cu(SOCNEt2)2 "-• --.-;---••- g [CugSOCiNEt2)]6 + } (Et21C(O)S}2 .. (11)

                                                              '         '                                     '               .....                                         '  '     '                                              'Ag(R2dtc)2 is possible to undergo transformktion as shown in 1

Eq• (l2)t Tl },:.i.g,, Eqsl (9), (10), (4), and (12) constitute a '

/-  Ag(R2dtc)2 pt g'[Ag(R2dte)]6 ÅÄ.• t2- 84egs , • '/ '/ k', 92)

                 t tt                           ttt                                                          '              '    '                                    'cyclic equilibrtum for the [Ag(R2dte)]6-R4tds systeml' According

to this system, t]tre equUibrium constant, K, for t.he overa!i

reaction (Eq. 8) is equa! to Kok/k'. If k<<k', t'nen -Kobsd iS

also gi'vep. by Eq. (6) in the presence of excess R4tds. It ls

apparent frorn Eq. (6) thet the plots of kobsd vs• [R4tds] show

a curvature at sQ high concent..atiolts of R4tds as Ko[R4tds] is

Ni. 'rhi$ is ccp.sistent wi,tnh t•h.e observed kinet;cs (Figure 4).
      '                                                              ''Eq. (6) can be transformed to Eq. (13), which prediets tl at

                111                                                  '             "ii:Mt;:;,sd su1Kok[R4tdsll. " }< ,' (13)

                                                           '     tt                        '       '
T' here should be a Zinear relationship between Z/kobsd vS• 1/

[R4tds], with the intercept of lfk and the slope of 1/K.k. -

An example of the plots is depicted in Figure S, which shows

a linear relatjon over the observed range of R4eds cencentratio.ms

Tke rate aftd equUibrium constants for the [Ag(R2dtc)]6-R4-ids '
sy$tem are sui!tmaTized in Table 5.'  It shou!d be noted that the
                           '                                        'k' values (Eq. 12) are the same order of magnitude as the rate
                                                         '                  'coRstant ef dimerizatien of tije R2dte• radica! in CH3CN (2 x lo5

M-lspl).IP) in view of this result, the reaction of Ag(R2dtc).2.

wzth R2etc (Eq !4) ;Ray be m competztion with that of Eq (12).

                                                               ,        ttt t                                                       '                                         '                                          '                                                          '             '                   '                                                       '                                                               '     '                        '                                               '                     . -54- ' -      ..



TabZe 5 Equilibrium
[Ag(R2dte)]6 with R4

 and

tds

 rate

in CH

 constants
    •a) cz •  22.

for the reaetien of

R T emp- '

 eC

  Ke

wa  -'Z
M

  k

ne  '-i
 s

    b)  k'

  -i
 s

Et

n-?r

i- -P r

25.e
2e•.3

15.2

le.6

25.I

2e.O

15.2

le-.3

25.Z

2e.e

!4.9
ICÅ}.2

28.2'

38.4
31• .8

3e.4

49.I

48.8'

45.6

47.9

86e7

89.4

71.2

79.6

Å} 4.2

Å} 3.9

Å} 5.0

z' 4.7

Å}i2. 3•

Å} 9.0

Å}-6.5

Å}i2.6

Å} 5.3

Å} 4.6

Å} 6.5'

Å} 8e3

2.i7

Z.08

'O.74

e.47

.1.5e

oig7

O.53

O.3C

6.57

4.03

2.73
Z• .70

Å}

Å}•

Å}

Å}

Å}-

Å}

Å}-

Å}

Å}

Å}

Å}

Å}

o.3e

o.le.

o.iz
'O.O7

O.34

O.I5
'O.68

O.07

e.3i

O.I6.

e.2z
e.1• 3
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(z.eg Å}

(7.45 Å}

(5.27 Å}

(ieS2 Å}
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(6.83 Å}
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(2.e3'Å}

O.29) x
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    Ag(R2dtc)2 ÅÄ R2dtc' -•---.p i' [Ag(R2dtc)]6 ,+. R• 4tds. -' . kTr (14)

               '                    .t. ... t.t The rate constant of transfermation of Ag(R2dte)2 into . •. '

  [Ag(R2(ltc)]6 (k' in Eqs. !2 and/or 14) is larger in R= Et and ,-'

 n-PT t] aR in Rat i-Pr, whereas the rate constant of.for}statien

 oi` Ag(R2dtc)2 (k i.p Eq. iO) is in aR opposite tendency. These.
 aTe related'with the:Åíact that the K value of Eq. (8) is iarger

 with R=. -i-Pr than with R= n-Pr and Et, as rneRtie-ned abeve.

   ., Thermodynamic and actjvation parameters calcglated from

  Ke, k, and k' at four different terv,peratures (rable 5) aTe. '

  fummanzed. z? Table 6, ymcn rgvgals th.at the AHft. vaZyes .are

TXg'1"e,,g,.:'ggrm.2.:'X" :i,:,a:.g &Clr,Z;lt:.2",e.gEf:gters for the rea :t..mof

                                           'R A'fi10it.

    -.1.kJmo-1'-

Ase
 Ko
   -z      -1jmol     K

AS.#'
-"..LH`-
     -lkJmoi

ASk

      '-i   --lJmo;     K
      '7C•1 Å} 4ei '-4

74.1 Å} O.8 -2
59.e Å} 1.1 --32

AFf,

kJmol'1

ASi I• ii,

 K '

-•  .•-2      -l     KJmoi

Et -1 Å}7
 'hp-y- r 2' Å} 1

i-Pr 6Å}4

29 Å} 50

38 Å} 10

59 Å} 29

.t 28

-+ g;g

42.5 Å}

46.3 Å}

50 .5 Å}

.2

:.

3

.5

.1

.2

-3.82 t' O.l,4

 8e98 Å} O•39

15 .8 Å} O.7
               '
   a) Errors guoted ar.e standaTd deytations. ... .. .

               . .. . .. .. t   Rear zerc. .The-ASft.- term is., therefore, a dominant factcr to '

   cause the Teaction (9).- The po$itive ASfl. va]ues are consi$tent

   with the stepwise dissociatien or" [Ag(Rzdtc)]6 by the attack of'
   R4zds. The sma]1 negati've ASf values suggest that the reactiofi

   Åí#.x",s. ir,g:el,z,gmi,ilex'cg\r2i,;la2fig.l?.i)`f ;;g;.s ]' gg?".xg:.`g'

                            '   makjp.g of the Ag-S bond between the monovalent silver and the

. dzsulfzde  suifu.  xs  somewhat -a sd6v.anced over  the  SS bond breakm/L



                     s. ,                '           R 2 N -• P, - ?, --S - 5' -N R2 '- .' ,• . . R 2N- F, -• ?- -P- 9, - N R2

             •s, '                                           s,t s               SNt . ,' '' ' SstS'dTt -,              ' ;Ag.I. . /1. ;Ag".I .
               .svs . .•,• sv. s
             ' 3'• • '' 4'                                                   '                       '                                  '                                      '                        '                    '                                                '                         '                '        '          '                                                    '                       ttt tof thinrarn disuifide. '- . , '                              ttt
     Final!y, it shou!d be mentioned that the Kok values for
                                                     '                                                              'the copper system are about twe orders greater than tbose for

the s.i.lver sy.stern in simiiar experimental conditions (Tabie 2

                             ttand 5). !r" addition, the finding of a lineaT dependence of

kobsd on the cencentratioR of thimram disulfrde fer the coppeT
             'system predtcts that tn'e Ko value is not so large as that for
                                                          'the si!ver system, as described above. Thus, the k vaiues for

the eoppeT system must be more than 2 orders greater than 1
                               'those for the sUver syszem. This is in agreement witi the
                                             'fact that the oxtdation to a bivalent state is easier in Cu(I)
complexes than• in Agg) complexes.l2) . ,-
                                                    '

4-4 Summary
                                                      '                                '        '                             '                                               '     Kinetics of the oxidations ef dizhiocarbainato-copper(X)
                        'and -sUver(I) complexes, [M(R2dtc)]n (M= Cu, n=4, R= Et, n-Pr,:,
                                'M= Ag, n= 6, R= Et, n-Pr, a-Pr), with the eorresponding tetra-
                                                    '                                 'a:,kylthiuram disulfide, R4tds, were investigated in dichlore-

methane employing a stepped-f!ow technique. The rate !aw in
the presence ef excess R4tds is ekpressed as v= Kok[R4tds][[M-

(R2dÅíC)]n]/(1  " Ko[R4tds]), where K.k(2SOC)= 1 17 x lo4

..

.(Et),

                                                   '                         . -57- • ••



s.7o.x io3..(n-p.r) M- .i. s'i .with K.<< ieo for the copper syste!n,

alta Ko(at 2seCSx 28.2(Et), 49.1(n-Pr), 86.7(i-Pr) M-l and k

(2soc)= 2.17(E'L"), 1.so(i-br), 6.s7(i-pr) s'1 for the ' Suver

system. T,he reaction has beex interpreted to proceed by a
                        ':::R'::,i::,;n;g:,;:.Eg,i,;/:i•li,f:li.llb,i:me:,ili,i.IIfi.":lll.."iill,

              '                                               '      '                      '                                                       '       '                                                    '
equilil }rium constant= Kc) to form arL adduct, [M(R2dtc)•R4tds].,

which is decomposed in a rate-determining step (the rate
       'constant= k) yielding the final product, M(R2dtc)2t The
                     'activation parameters were al$o determined and rhe nature of

the trans2tioR state was discussed. •
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CONCLUSION

       '              '                                          '                                 '     This study was undertaken to elucidate the mechanism

         .. t        'of oxidation reactions of dithiocarbamato metal complexes with
                       '                             ttha!ogens and thiuram disulfide. The results of the present
                  '                                  '
work aTe summarized as r"ollows. . - . , '
                                          '(1) The reactions ' of di'thiocarbamato tin(IV) complexes, Me2Sp.-

                    '                       . ..    L(S2CNEt2) (L= S2CNEt2 and I) with iodine in cyciohexane
                                     '                                                           '    were investigatea employing a stopped-flow technique. .
                      '    The kinetic data indicate that the reaction in the presence

    of a large excess of Me2SnL(S2CNEt2) proceeds via a charge-
                                                              '    transfer complex of Me2Smb(S2CNEt2)•l2, whieh decomp6ses

    in the rate-determini'ng step 'io yield Me2Snl(L) and un-
                        '    stable [I(S2CNEt2)l. Thts uns. tabie ip.teTmediate reacts
                              '    with the excess Me2SnL(S2CNEt2) to afford Me2Snl(L) and
                                                        '                                                              '    tetraethylthiuram. disulfide• The reaetion of Me2Sn(Sz9NEt2)2
                                                '                            tt    with a !arge exces.c. of ! was also kine.-z'eally studied tc        - -2    revea! the formation of the 1:2 cornplex, Me2Sn(S2CNEt2)2"2!2,
                                  '                               '    as an intermediate, which undergoes a simultaneous degradatien
                                             '                       tt    to .afford- Me2Snl2 and tetraezhylthiurarn disulfide. .The

    transition state in the reaction was discussed.
                                 t tt                        '                                                      '(2) The reacFion of bis(dibutyidithiocarbamato)zinc(I!), Zn-
    (S2CN(n-Bu)2)2, with iodihe ift cyclehexane was studied .
                                   '                          tt    employing a stopped-flow technique under pseudo-first-order
                                                 '                                                      '    conditions with excess Zn(S2CN(n-Bu2).2)2. The rate data

    indicate that the Teaction proceeds via the formation of
                                       '    of a charge-transfer complex Zn(S2CN(n-Bu)'2)2tI2, and obeys

      '    seeond-order kinetics on the concentration of Zn(S2CN(n'Bu)2)2•
                                                   '
                                     '                         '                                                          '                     '                                 '      '                      '                         '     '                           '                                                               '                                   '                                                          '
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(3)

(4)

These results are interpreted by a mechanism that involves
                                                         '2.giexiei:lgi,'!zi!geei:?:?,t2g.$a.:g?-`;:2s[fig.kgepiex

                                             '                                                            'dynamic parameters for the formation of the charge-transfe:
                               'g2:Zl2AI.\:;e,S2.X:I':X":,ds.g;i,:'2f t'ansition state ip..yh.,

                                               'Kinetics of the reacticn of bis(v-dibutyldizhioearba!ftato-
              's,s')-digold(i), [Au(S2CN(n-Bu)2)]2, with I2, IBr, and Br2

in dichloromethatte was studied by a stopped-f!ow technique. ,

A 1:1 charge-transfer co;np!ex, [Au(S2CN(n-BU)2)]2'X2 (X2=

!2, IBr, and Brz), formed in the initia! process of reactibn
                         '                                                             '                'was identified speetrophotometn'cally at -SODC. The rates''

of reacti'oR were a!most t•he same for !2, IBr, aRd BT2, and
                                               'independ.ent ef the both [Au(S2CN(n-Bu)2)]2 and halogen

coneenzrati'ons. The reaction has been interpreted to proceeds

via `Lhe charge-transfer complex, which decomposes in a rate-

determining step to give the finai product, [Au(S2CN(n-Bu)z)2j'
                        ' [AuX2]. rhe activation para}fieters for the reactions were

determined.- ,.,                           '                      tt             'Kinetics of the oxidation ef dithiocarbamato-eopper(!) and
                                                            '       '-silver(i) cemplexes, [M(S2CNR2)]n (\= Cu, n= 4, R= Et, n-Pr;..
        'M= Ag, n= 6, R= Et, n-Pr, a-Pr), wit'n the correspondiltg '

tetraa!kyithiuram disulfide, (R2NC(S)S)2, were investt'gated

in dichloromethane e!Rploytng a stopped-f.low technique. ' The

Teactton has been inteTpreted to pToceed by a mechanism
      '          '              'involving a rapid equilibratien to foTm an adduct,

 [M(S2CNR2)•(R2NC(S)S}2], which is decomposed in a rate-

determining $tep yielding the final products M(S2CNR2)2`
                                   '                '                     '                                                 '                                     '                     '                                        '         '                                    '                           '   '                                                           '            '                 '                             '                                                           t
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