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The Biibstituted (arylthic)-. (arylseleno) - and (arylsuifoxy)-

_acetic acids, RO.H chzcozﬂ (¥ =S, Se, SO;-R ='H, o, m; p-CH/f are studied

a§ ligands’ towards Pt(IT), PA(II) andCu(II) ions. The thio, and‘sel_en‘L

ligands RCGH,XCH,COJH (X ='s, se) form'bis-complexes, MLy, with PE(1I) -

. 7
and Pd(II) whereas the aulfoxy Ligands (¥ = 50) form onlY complexed ions

 with PE(II) and PA(II) (where X = CI, Br)

" Ihie bis-complexes: of platinum(II) and palladium(II) are coordinated.

_via.the thio‘or seleno group and the.cirboxylate group' of the ligands: .,

The assignrent of trans structure is based on the non-coincidencé of the

o and vy o

cansideration.

ranas in the infrared -and Raman spectxa anq also Erom stexic

_In these b:.s—complexes, chelate tomatmn (causes’ magnetic N

. inequivalence of the methylene "oroténs in the M0 n.m.r. spectia, 1 addi-

‘. tion the presence of chiral centezs at sulFur or :seleniun’ atoms resultn X il
in the observations of two, séts of methyl and methylenie absorpticns vhich

" balegos, at high :empexatuxe. " ks olasconncn of the , n n.m.x

psctes’

Lndicates the co~existenca of the diashereqisomsré (meso nnd an’.

(Arylsulfoxy)acetic tid 18 a potentisl anbident ligand. “In the

$ulfoxy complexed ions (vmx2) ‘the sulfoxy grcup utilizes. the sulfur atom

in bonding. The effects of dhelation and stiong electron, withdraving
ability of thé sulfoxy group renderthe “methylene, protons acidic.

For'the bis~complexés of copper(II) , C\IL (¥ =s, se; R=mor

p—CH Vi wheakz the 8 or Se atoms pax:xcxpate in the cnela;e formation *

is" 9ti1] ‘mot clear. I !
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CHAPTER T

,-i-—GENERAL INTRODUCTION .

Recent teseaxches ont uoordmacwn cliemistry have xevealed the wide
‘ecurrence snd goot coozdinating properties of ‘sulfur-and, iaLerituos
containing ligands. & lazqs Aumber of various . £ypes of suliur—contain;ng
néaad.a, a lesser nu\v\ber Df selem\m— ‘and a\fﬁw of tellunun—contain.lnq »:
ligands have been zepqneg ‘hese include tl’%egsul{lde 7:«1 selenide ions”

] ;sz".se "), thiols (as'); yanate Ty}, se anate (sec), .

C‘.hioether (R, 58) ¢ selenoeﬂ‘ler(nzse)\ tthlourea(k{}l CSNH ) , selenouxea

(NH ;CSeNH,, ), ‘thivacetamide (CH CNH) 1 : triphenylphasphine sulﬂda “asd

selenidedy (CgHg) s p:x, ‘where, x-s, ssl v sul.fmdde (n SOY

3 -

sulfite fon

2
(50,77, ete.

The cooxdinatmq pmpexties of the various'types 0f sulfur* and

‘selenl.un-cantazning nganés may be quite dxffezent. For, ingtance; the

>
R;SO. It

complexes of ca(u) ana ‘Nitrz). 2 e :oord)nated thiol complex is able 5

ant as 2 ligand by dunat.xng a second pa}tz ef electzcms £rom the suuuz
. deom,; s, ‘bis-ligand camlaxes of 2-amincethahetliicl wn:h NLED and

BA(ID) Teabt with Jhe ‘::or:sspenc'ung metal salt m yxg].rl & tyimeric <o

camplex. 'tha stzuctuze of ﬁxe nickel cmﬁlsx has’ been confimaj‘by x—ray

. iffxactlon (see P:u;J.). ‘Not only the pclarisabihtms of sulﬁde icn,

1De(:het ‘and sulfoxide decrease in at czder,] but the rumber of Jone
air ! electrons in this se:ies of ligands also decreases 4n’the sane’ order,

2., 9% B> Ry 5 R,S0. 1t has heen suggesr_ed that the :oozdina(inq

prapezr_{es of thiols and ‘thicethers are difierent becauss r.\uols are. nox

W N
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hthLy polarisabla than thicethek but are not as effective d-deteptors

¢ las the latter:® | &

* The present investigation was concerned with carboxylic acids”

; with silfur- or selenl\m\*:cptaiﬂing substituents. The compounds concerned

ypre substituted phenylthic-, phenyldeleno— aid phenylsulfaxﬂaxui‘c

64 2
Ee,_Rm-ac3, prCy x>su)

‘-acids of general Eomula RC H ,XCH O, H (wheu R=H, o-CHay m=CH, p=CH,,

It is’ necessa:y, ﬂxcrefoia, '

N
to comgare the parent’ acxds .and some of their Xslatad cemplexes: before :

procee aan rthet

- The general coperiles of e 1ighnds #nd their knbwn related
prop: g

. eomplexes are zeviewed buefly & dhort account of sche related con=

\\jfs are alsd pregented hex‘e~

“The acid dissoétation constants of“the parent acigis and some

related compounds are’ located in Table 1.

- Table 1 i
. Acid Dissdoiagion Constants (pk)) of X 1, XCH,COH at guﬂc
[ X0 % s’ B x=se.. Xes0' . X0, | J
R 1B 466 307 338 wmas 2,73 2.1
¢ - - S 396 = -
: = p-cy o465 3.20 378 2,76 - 2.57-
S vl . __-L:—cﬂa T, ales’ 322 345 3.83 . 2.74° 2.54

I

Y




measure Of the ability of ‘the atom or-group X to'transmit electronic

cffects from the phenyl rings to “thé carboxyl group. The changes’in acid

ik stxenqth, ApK, when r substituent R is introduced into r.he phenyl. nnq:

. im a meta- ‘or pua-pcnuon can be. pmdxc:ed by the Hamett free enexgy |

s x:eladmshxp

P e

where 0'15.the substituent lxns:an:. : ™ g

“From Zeble 1, it is seen that the acidiéy of RCEH‘XCHZCOEH

decreasesi in.the erdcr 0> 5> se, but increases’ in the order

§ <50 < 50,. ALl o f.heau acids are u:mngu thari the caz:sspandxng
Phenylprapionic acids. . he increase of lcidity caused by the suxfux—
oxygen' linkage u putscuuiy laxge hecan-e th: highly polar suuux»
oxygeri bond has'a strong electron-vithdrawing inductive effect which is
also inaica:;d.w 5 o RaaaE o valug,-uidlolﬂ_n; reduced ability of
the urfoxy group to transmit substituent effects.”

- It is likely that thess-differences in acidity should corpélate’
with donor p-ex. The fact that Gifferent metals form complexes of
r.hﬂ'zrlnq ordeis of stability with ligands was ducusud by Whriana
of.. 1 Ln terms of class "a - and "b" character. cuqs “a® metals form.:

cm'up)‘ex.es suc‘h t.hut

he order-of st. biltty of complexes with group I

1annd.s, Jfor exall\ple, is 025 v S

Te, whereas for. élnss b" com-

plaxss. the uvex'sL is cxue. similar critoria, ‘apply to° gmup v and vni:

ligands.: .- vl

Pearson. mdif!-d and’ extanded the clalaiﬂcncian by using the

terrs "hard® and sofe" to dascdhe both, the TLevis acids, and Lewis baqeu .

- -on_the: buiﬁ of E.hn.Lr pelu’ua.bilxtyv- Thus, “"hard" metal ions’ .(clali




) . - ’ .
“"a") ‘are small, highly charged,|and bind strongly to the lepst polari-

sable (hardest) ligand atom.of'a group, forming more polar-bonds. “Soft"
metal ‘ions (class "b") ‘are large, have a low oxidation state, ‘casily

!

aistorted outer electrons; dnd bind best to the “soft" (easily polari-' . 4

sable) ligand atom of a group, fcming nore’ covalent bow'ss - In the case

of sulfide 8% s hwevTZ, it is hlghly polarissbiesand yet strongly

binding to the p!otun. L owd

These newly developed 1deas of "hard" and "snfc" acids and bAses
had been foreshidoved many years ago.. Several earlier workers,espécially

Fajang. et al’l and Bjerrun’? have noted that the metal igns fall into
. red tha - ke

two categories according to the kinds ‘of hases they prefer to coordimate

e o Le L with

| ' Ahxlanrl has- show, that in class "a" complexes ent:xupy effects, 43,
; dominate thé: themodynamcs, whaides 10 $lass b* domplekes, enthalpy. -
" e R effects, o, hcntbiatsithin thermodgnamics. ' 3 :_4

i .

i 2 nogan"c‘ Dertvatives :

! The mtal’ cmnplexes of ‘sulfur- and salemum—:ontaming ligands

5 P in general ind sl foxide. metal complexes Ln‘pamcula: 4, nve, Boen) o

L viewed. . The organic selénium- and ‘tellurx\_m-contaxnxrnq‘ ligands, have
been less extensively stuied than ‘the"corre'spondivng sémx 1igands. %
oo » N Th.e sulfl)t and selenium llgands whlch are "softer" or. more class
; bt in chardeter. are expected “to form telatxvely stabe’ complexes with

i
|

i

i

.

;‘ g ! "suft" metals such as, Ag(l) v Pd(II), Pt(II], R'h(Z), 11‘(1), Au(I)y etc
’ PR Divalent netals of the first tkansiticn series are "hazder" or more.-

class "a" in character ‘and ;o-wo‘;la be expected to show & comparatively




o smaller affinity for ‘ligands with healy donor atoms than- for' thosf from
the First period. Th\xs, the complexes of some alkylthio-, az"ym-iu-
aliylielenc- andarylasienosacebic acifs with flrst rod d.\valenv. metal‘

ions arg 6f loyf stabl.l:l.\:y 16" the fomation constants indicate ﬂut the.

stabih.ty dec:eases as follows: alkyl > aryl; thio > seleno and

'cu(u) 3 Co(II) - Mn(ID) + ZA(IT) > Ki(IT); with C4(IT) showing variable

class "a" and "b" character. That all -the

drd” metal complexes are

very weak can be seen by comparing theit fornation constants K with

o those of the silver Complexes (Tables 2 and 3).
" rable 2 . , ; B
: ; Formation Constants’By pif Titration (k). °"

i & : y
I T Ligand N # e . s
1 RGeS CulT) WMD) Cotn). MGz
1 . ol ReCH S 676 4.7 27 207 "sB, . 5.2, 2.1 2400 &
h : ReCgH Se 4800 418 19, ) - a3 2.1 40 5620

- Table 3 . . d . i ®

: i :

/' stability Constants (log K)

| ;ig“go i 2g(D) Ph(IT) cd(n) cu(m Ni(1T) m(m A (IT) Zn(1z) '
2%

; - ReHS - T len v 6.98 5808 4. 3#‘ 7.86% w.zo°
fov e . Redgs 416 45580 3.12"'3,05 e 314 siod
! ‘ | ReCHs ’ 7. I TN I R I L
i T "¢ 1n aguous medlum
B i L & in'50 % dioxan:
(] () B ¢
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3
H

(IT1) " the bis-compiexes of cuppez_(II) “with RC)

As can bu segn from the ‘stability constants, the complexes ’

becone weaker in the order Hs ¥ C2H S > CAHS

a pxelxminary study ‘of phenylsulfuxyacetic acid wil'.h divalent

metal ions’indicates that in most ‘cases; the ‘sulfoxy qmup is not .-
par:icséaung in the xeactim'.w In the present work, :'\aexefoxe. only’

relatively "soft" metal iuns have been'used ‘and. the thetal E:Tmplexes have ,

'baen Lsolated tp study spectrosccplcally.

in the present work, su.bsti:u:ed arymuo-. arylssleno- aid "_

arylsulfnxy—auetu: acids, acea XCH2C02H (xes; se, 50), have bean szumed

‘a8’ ligands toward Pt(}x), PA(ID) and cuin) ions 'rhis work inclu}‘les

three parts: LI i &

(1) the bis-compiexes ML, (where MePE(II), PA(II), LeRCH,SCH,CO,"

and- RC,H,SeCH,0,7) .
(1) - the sulfJ:xy campxexes K[ (RC(H,SOCH 00, )(hal) 51 where mapt(xx),

TLa(1n), hal=cl, 5105 and

¥CH,C0, 7. (where

X=S, Se, 'S0). 3
These three types of complexes are discussed in turnin the following

chaptérs.




A

ooozdmation occurs via §'and 0 in H(LH); complexes.

I8 © CHAPTER I1
INNER COMPLEXES OF Pt (II) AND'BA(II) WITH ~
ARYLTHIO- AND ARYLSELENQ-ACETIC ACIDS *
Y :

Introduction

The conplex salts of platinun and morcuy with mer.hylthie- 9 4na

ethylthio- 20 acetic acids werf.studled long-dgo. - Livingstone et a1

reported that o—mathylmexcaptsben;nic acid formed inner cmplexes with

Pa(z1), but not, with pe(rr).? (Phenylth q&eetxc acids have. been' mporeed
briefly to Fofu insoluble. salts with' frir).2? Hwever. due to the 104

solubility ofthis type'of complex,'‘few 1

i 2

The caordinahun chemistzy of some sulfnx—conr.azninq am.\no acid.!

m.x. spectrosccpic data’are

avaulabl

+ such as l:ystemel cystine. lutathi 'Wethionine or ‘penicillamine-are *

OF récent interest'because of their b;o[laqLLal meorcance.“ The

réaction of a S-containing anino dcid with PEII) and PA(II) yields in

Most cases £h¢,chéelates using the sulfur aid amitio qro(zp, while the

capbokylate group semains imcoordinated: 23, the exception 12 the com-

. plexa:icn of cysteife, HSG-I2CH(NH2]COZH, with Puu) ‘4nd PA(II) in thch

24,25+

A serles of crganh: sulfide and sexamda complexes of the type
m (dezL )5 twhere %=c1 ox B:, L-!BZS‘ ste) have been stuﬂied by 1n~ &
frared and H n.m.x. spectroscopy4

In’ the gtudy of the stabl.hties of a series of suver cumplexes

of st i g 9 :ic acids, Pettit and his

collaborators proposed.that for(phenylthidacetic Ac;ds iy ot general

formila RC,H,SCH,CO K, the ‘stability of the species,Agr, AgHL' and agr,”
4 ) =il i




thié'- ﬂl}d‘fPheuylselenq—acet)c acms.

%] : -
tends to increase, as the ‘electron.releasing nature of ‘the phenyl sub-

stituent of the ligand increases; and to dt%c!easg as the sibstituéent’ ©

becomes more el ing: (with the tion of the ‘Substi-

tuents R-o-SCH and p-SCH ond “
since the stab)lituzs of 'the pmtona\:ed silvsz mmplexes AgHL
(where HL=RC(H,SCH, o, ) vary with “the n‘aductlve effects of the sub=
stituents, the. auchcvrs sugqested that  changes in sigma bonding botwgen
sulfur ‘and I major £actors contributing to the free

energy changes ubse’xvea.' Hence,’ they predicted that the bonding of' the

phenyl gzuup ‘to the sulfur aton Would lnatked.\y reduce me stabiliies
27

Jof q}m co’nplaxes relative to the (alkylthic)acetic acid complexes.
“the sta.billty of 'the silver complexes of substitited {phenox»—

(phenylﬂud* and{; phenylselen

—acet).c acxds has been shuwn to decrease in'’

the Grder Se >.8 >> o. I€ was' coricluded that for the subsncuted(phenyk

the Ag—L "bond is enthalpy-stab;lxzed

“ana the. increased sta.bun:y of the selentium. complexes i$ ue entirely
28

to an enthal; effect hé"large increase in scaxuucy 'of conmplexes

eom;ainmg Sulfur or selennlm as donox atons over those cantuimng

;axyqen donot atoms has been atcxu:u:ea to the back aonation’ from £117ed

metal ion d—ox?b).tal’s to empt)[ J,xgand d-aziucals. *! - These two explana—

', tions may be dxfferent aspects of the sane phenomenon since back dona—

i
" tion'inplies_an xncrease in bond order and, presuma.bly, an increhse in

enthalpy of formatisn. 5 ‘
Coa_rdination of ‘a metal ion £othe suifur accm' o'f substituted i

“thioacetic ac:

'is expected to inqrease ‘the acidity of the ‘acid because




i

1%

- E -

clation of ‘the carboxyl prdton. The increase in acidi ¥ of{phenyl—-

ﬂuqacauc acid by 0:76 pK unit on ceordination of silver to e sulfur

atom is to be expected Lf the suver—sulfuz bond is 1argely signa ine, i
character.. The su.bstxt\xtxon of & phenyl group on the su]{fur atom re- .
duées the stability of the complex ms;derabl¥ and this shows that a
redvction in donor capacity of the’ sulfur atom is nét matcheﬂ by ad
increase ih its -acceptor capacity’ 9- P e K

: since the physical meu\eé; such as 'k ’n.’m.‘r.,inf'xared, Ra);\an
ana’ e‘iectmnic spectra are:used to characterize the compounds of the .

. presem—. systen,a shoré account of et Smaith hasyiiistee “systems
is"given below. Also, the t¥pea of dsomstiam which will be dealt with
in the digcuzsion section are glven here. - v .

Proton Magneti (LH n.m.r.),

lﬂ nimr, spec:mscopy hds been erployed to study the mtexactmn

of . some cysteine, S-cH, CH v, jcoo™, Hezxvauus with mﬂ:al fons [e.g.

ﬂg’(xi)l FIt st knovm that. the magnn.ude of thﬂ downfield shift per ... -

p.:oean is usually the' greatest for those ptutcns s)tuated closest to éhe

metal ion’(in terms of bond dist:ance). In an alkaline sol\ztzon‘1 the chxzv_

mical. shifts of ‘the cn a.nd i, gro s of the cystéeine d nv-atives\ expi-

his ‘suggests mat the nqand, ‘cysteine, ac:s as a bidentate ligand in

lin alkart buti.as

ligand,.bonded: bnly' through’

t.hev uu}Eﬁz atom,idn an,v.\cirhc ccndit)on.

The quesuan oi ccnﬂquxationnf sulfur in thioether ccmplexes has

2400 X ;
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) pytmdgl sul fur nverages to a planaz conformation.

" phenomenon was observed for the ompxaxes of ¢ seleniun ligand.

* o i 1 QAL

beén .examined- by Y4 n.m.r. which xndi:ltus sthat at low cqen:uze um
suuux atons are pyramidal, huL on waring inversion otcurs and’ this

et g a smlu

57

The me of cu-bu a ‘ 1oro-
puunun\(h) ‘are Of the AB type. The AB  pattern couaps;s t6 g 1\2
pattern’ at higher " tnmperat\lre while the Pt- coupling is presérved.
Thus, rapid inve:lion of ‘configuration at’sulfur uith, ‘retention of the
Pt-5 Bonds at. mgi.er temporatures is 1nd1cated.‘ A pansu borid btehking

for the 3

and bond” £ td nisg) has been

zo l;nctmu:opy provides a.means of anunquuhsng between, dL

- and 'meso isomers as is well 11].\mtzatedlby the lpac!:n of bis {acagyi-

acetxme) -neso—ltilb!hadiimina .

al uqand and N (11) chelaté IIV qnd v).

ts nickll chelates, aid the analogous ‘




<,

Since the pure isgner was obtained in’each cdse,; me'diffexencés'in the,
1I'i n.m.z. spectka wez‘e ascribed to . maqnet;c effacts arising pn.ncx.yally

from the posit].on of the two phsnyll groups xelatl.ve m each uthgx and to
the other pxotons in-the molecule.”

The- ' n.mir. data of the tio isomeric ligands, dl- and medos ! |

acetylacetone stx].benedum.\.ne and r.hex: m.ckel(n) chelafes are Locaterl .

in Table 4 “The! meso. form has a plane of syxmtry pexpendicular to the
0 bckgs o vilite she it L Mokl Suntaln s Sih pisme but are:

mirror images. of each &ther.

H
1
i
]

i
i
i




P> . Table 4

%8 n.m.r. pata of 1 ilbenediimine Derivatives
Al i Chiemical shift (ppm) 2

] c 2 [ S
(aikedone)  (diketone) " *C  (of briage) C6's
dl ligand (Iv)~ ‘10’ 499 11.73 T7.14
i mesoligand (IV) 1.68 - 4.97 1147 | o iags
} - d1 nickel(II) ] L T s
4 therate (v - 193 150 | 4. oo 438 e30) T
. meso nickel (1I) ; g y s o 1
W chelate (V) e3d AeEH 56, Beod, ° i
1 F ¢ % o
X i .
i . 2 5 |
3 In the free 11gana; the difference betueen the dl and meso fom :

in‘ the x‘esonancg of the, l!thyl_,qtbﬂpl adjlcaﬂt !o the diimine and also Lha >, ¥
3 briﬂq,inq grouwps is explained a5 an effect Ls ateterences in pmxinity :

ri the proton to the ¥ cloud of the phenyl . gnmp on the adjncenc carbon

am‘. “In the dl tom, ﬂle llaﬂ:yl qzvups are on the average fanher from p

the phenyl groups and, I:herefn!!, are. len affacted by the = clnnd than

4 4 ~'xsnwus=1nummsnn. Sk o n Ll : b -
. $ g ’

T REsE mr.kel(ll) chelate,’ the “two hridge pmmns of the meso
i

Lo o0 isomer-are aajacene % one ammaz and m»_h.: nmvad from any diamagnetic

. :hieldmg effects’of ‘the phenyl g ups. In the 4l uorzr, Ln €ne other
: | :
“hand, each pmm is rather str.ongly s}uelﬂad by the 1 clowd of the.

e groups on Lh- next carbun, the Fesonance swcordingly: is mam V

v el shi:lded-z,“




vibrational Spectra

" squave, planar biéentate‘chelates c'omp)exes'u(n—n') such_ ‘as

ms(glycxnata)plaunum(n) may exist in cis'and trans foms

N

e NI NN

s (e -
- o X N g7 ? v on) ]
i % P ‘VID . i |

* As. requiréd by symnetry,’ the -cis isémer with local SommtEy c

showd vield “two mee.u nglmd stretchinqs Eor sacn PR Y e

o, vy o and o Vi, whue the' trans Léongx yith lockl symetry Cy

shodld possess, Jnly one v o and one \z”_“ in' both ‘the l.nfta:ed ar}d ‘Raman

spectral Fuzmemoxe the trans ‘Lsoner has aj center of symnef_zy so that

the metal-ligand stretehing fréquencies Qn ‘not coincide in 'the mﬁtued

and Raman spectza.

" Electronic Spectra

“The ronic spectral is;0f a Eransition metal com-
plex may arise fron ‘the d-d transxtion of the metal fon, ‘the chaxge trans-
for uhich s associatda with a. lxqand to metal or.a matal to uqand s

t:msfer progess, or. an” 1ntraliqar:d tzansxr.xcn ¢ 3 ) -
% '

: . £ \pt/’ \t/ ‘4
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é . : The elcngntlun along. the z-axis of two me(:al ugand bonds 'in ' an
it L
| nctahedral complex Cespits ina tetragonal’ dxscurno y\ r.he limit of .

a very largs betragnnal aistortion the complex can! best be treated as .

quaze planar; with unly four 1igands.durrounding, the metal atom. . Gray :

E notes that the ‘exact oxder ‘of the d-oxbital splxtting in‘a’ square ‘plahar,

|
i
: ¥ field is mot cextain, but wthe d-orbital’ energy leval' ‘equences a(
: ) [ W — <dxy<dx~y v ‘-’, = » v‘z
’ is most. consistent with xeéuus nhta.lned in stud)es of square Pm_ar Kf
i l:yaxuﬂes and hahdes ,;%“ o T g . ; ?
o o ? For a qrven metal and stereochemxs:ry, 1xqands may be. ax‘rnnged in | e
; she T ‘s'ar:nes ceording c? their capacity to cavse’ d-orbital Spllttinqs Fran_!" et
'i g spe:tza of txans—Pt(L) (pipetxdxne)cl cémpuxes, Chatt! et al. smesmd ¥
' " e fonuwmg spectrochenu.:al series:’’ b ‘ .‘ A
) v 1::(11) Brj<cl’ ¢ Etzﬂ‘g < Bty sé < BesS < As(n-l’r) :
. < pipetiding < Ploepr) 5 < P(ocus_)s A d K
éta!ec‘)isemsn:sm: g ' ¥ K i s
S , e . \_

(R Ak W Stereoisomerism is céncerned with the spatial distibution

. . : i
- " in a'molegule. There are three foms which are of ﬂix’&ct concerh o' the.
-present a”rk: quomer.ncax 1some:ism, opfical Lsclmezism and diastue‘;x "

isomertam, ) . om Bowy 1 s




. ds-trans i

& : - 16

. conversion of the two forms, cis and trans, Until recently. data for

of planar rebanit oaty 1 t.henndynaa.h:

and photochenical Studies. For ekample; cis{bxs(gxycuamp.\adm-{m

* upon’ irradiation of the "d-d" type tands T the near UV, rearranges to

the trans isomer sk oatie of 1smetuatxen constant ot ca o: 13.

The reverse reaction, i.e., trans to gis-isomerifation, aces pot océir, s

alghough prolcnqed irradiation of the charqe[' transfer band' (254 - for!

. thé trans isomer leads to itior

B an i lecular twist

mechanitm (one without bond cleavage) with a tets 1n ate

(gin) hés been pxepos:d!>
. . . ;

3

. cis-singlet . tetrahedral
ground state -’

w P
2 trans singlet
intermediate ground state
triplet State ° “

“i ¢ ViR

‘(glyc.{nltu)Pllt:\num(H). whun hal:ad in the yreésnce ofl
‘39

frée g]lycms, convexu to tHe tréns isomer. 1: hag been suggested _u;acf

e ‘thermal

.(crucly,‘l) c1

xeact.ion proceeds. via via an xntamxecuuz pam _Cis-pe(pEty) L-' -

‘is found to uqdexqo isomerization.in the absence of any cata~




. Redfield dnd Nelson have studied the cis-trans isomerization of
[cgh P (cH) 51,PaCL, and [(C 5) PCH ), 4POCL, and found that the ‘ratio of

cis 6 trans isomers was a function’ of both the solvent~ard thé tempera-

ture, and that uquilibrilum was rapidly esrabllshed.

: S s (b) -

QOptical ‘Isomerism and mascézeoisumamsm N

superimpdsable mirror inages of each other and are able to rotate thie .

. plane of polarization of plane-pdlarized light. They have. identical phy-

sical and‘?nemjcai properties. 7 s

S k3 ) i c ¥ T
A metal complek can gaifi dissynmetry throush (i) theé distribution
: of chelate rings about the central(metal fon, (ii) the:conformations Gf
tha chelate ring, A1id) the cootdination of \msymlv\etrxcal ‘miltLaentate’

llganda‘ (iv) .the coozdxnm:xcn of an optically active ligand and v r.he

4
+ coordination &f ‘a dendr! atum that i3 asymetric. 2 Dissymmetric con -

plexes are uptically adtive, thut contain an axis 'of rotation. For

exmg\ple. the' ci§—qicnlombgs (ethylenedianine) cobalt (1T1) ,Lon with ac,

axis is di ic!” Diastereoi

mer: that have t.he

same élenents of d.xssymmetzy, sore but not all of which are enanuo—‘

‘meric. An asymmetric :rnplvx LL entirely “oid ot Srmetiy i

. - ‘Conférmational Anays R Ma

. - ! Cl
Conformation is the tem used to demote any one Of a aumbex of |

mmentary arranqemen& of ' the atoms -in space.that result.from rotation

. [ apout. smgle bonds. Conformational anulys).s is' a method of determ:unng




f
i
|

the relative stability df complehes with dlfferent nqand cunfomations\' :

by considering’ various interatomic xntezactions
The ‘bidentate ligands® e thxs work form five-membezeﬂ

zings with the metal atoms, Different conformations. mray be formed- for i

the puckered ring: Ccnfuzmationsl analysis of the ethylenedia!l\ine :

" vomplex [Co(s}n)zl shows e[a: the' energy dxfferem:e of the Ewo- extréme

43

“conformations is 1.8 ](cal/ml'e and the c'tystal structure of A- [Co (en)

canflmd the presence.of: the most Stable conformatxon 4"- '




v .
of ¢
i : o 1 !
N ' : | : : 1
v Experimental Section . :
A. | . Instrumertation | "
< Dy fodrared spectra Gixy . - .
I . T Solid state infrared spectra were obtained in Ker discs Jx nujol '
mulls inlthe range 250 om ) with a i 4x 457 ‘grating spectros

meter, The low frequency-zeqion 450-200 ¢u . was recorded as nujol mills

between pulythene or cesium iodide plates on a Pe:kin—slmex‘ 225 spectro-

meter: The infrared spectra cﬂ:taxned from Pexk1n~5:1me: 57 spectfml\eter

were callhtated by PolRtirene Silmp Viter, vaveur Eron. the ‘machine.

The low frequency regioh was also checked with the spectra obtained from
Perkin-Elmer- 225 spectrometer.
L.t o+ () Rinan spectfa () ' ’ ' P .
E ! . o
'rm -Raman spectra were recorded on solid samples. using a coaerg

cPH 100 Raman spectxnmetet equipped with a Krypton lasez’ sburce. The

spec\:za werT calibrated’by plasma line. ‘When a filter was used, the

e TR e

fxequancles of ‘the bands vere maxﬁq aizectly zwm the dfal :ead).nq of
the Snatriment 46 the ‘spectra were scanned.

ot " . (1i1) Nuclear.M t Speectra (n.m.r.) I

‘Nuclear magnetic resonance spectra were récorded in ‘deuterated

112, s, or dg t 4 vutha

Varian Hodel A—so oxga Varign Model, HA-100 L n.m.x. 5pectrometex!. “The

Varian A-60 apecqemetez vas équipped with Varian vartdsle Lempetaturs .

P ¥ ; .




- (vii)

anits for the variable ) “studies: ilane '(TMS) was

used as an internal referénce. s
3 e |

(iv) = Ultravi aind Vb1 spectih: (uv and visible)

. The ultravxe]et and vislhle spectra were recox‘ded in water, methanol,”

+ chloroform or mer_hylene chloride solut).cn with a Unicam EY 800 spectro-

meter. The solid state nujol mull spectxa of ‘the copper(11). complexes

were :ec_orded on-a Beckman DK2 speccznmeter. : S .

(¥). . Electron spin

¢ Spectra (e.s.r.)

A JES-ME- 3x ,. operati at .X-band freq y was used

to record . the EIEctron spin resonance spectra at vnrio\xs temperatures. * "

(vi)  Molecular Weight Measurements X Vi .

Hulecular weights Hete. measured- ir 1,1, Sz tatsaehioraitine at

X-ray Pouder Diffraction Patfern

| X-ray pwdez diffraction patferns n);ze measured using a Phillips

ﬁlffractometex usmq a Norelco x-ray generator with Cu-target. The Ii’ft-

raction pattems weie recoided on chatt using a PH 800 strip chart xécorder

(viii ‘uaumg Point. Aggaxatus ] . y . .
Heltuq xxunts ( Q) | weze' on a Fi ‘s




tix) c:onciucciviq Brldge S

The canductlvlty in nltzomeﬂmne was meas\zted using an Impedance
Comparator _type 1505-;\" sonductivity bridge (General Radio Co. ) at 25°C
, Pa

The ‘cell constant was determined by use of a standard aqueous -solution

of potassium chloride. .. L “ S

(%) -Elemental Analyses

Microanalyses of carbon, hydrogen, sulfur, seleniym.and halogen

i .
were carried out.by Alfred or. Beller Microanal

West Germany.

Preparation of Ligands .

1) “(Pheﬁylthiglacetit Acid (Ph-SAH)

commxal (phenylth),dacetxb acid, much was purchased fzam Aldnch

chmcal Co., was reczystall:\.zed 1.'rem G’!Clj/ps\:xoleum ether LJo so'c)

before employing: Eor réaction. m.p. 3.5 - 64°C. %

(ii)  o,m dnd pfr&;yl’:piqac?u; Acids. (0;m,p,CH ~SAH) R

Tths lxgands were prepa:ed by treatx.ng the comspondmg t)uol
vith cploreadettd’ acid in aqueous sodx\am hydrmdde. L

i

m;”mcn G0, —Eii'”*—> rsmcou~uac1+ 1,0
! ther achifxed
~

The mluenecnxisss'qexe purchased from Eastman Organic Chenicals.




The preparation of (o—tolylthid‘acec‘i‘c, acid [ié qi‘ven' Below. . The méta+ and
para-derivatives we’:re pxepared similarly. T N o
. To °'CH3C5 Asn‘(so og, 0.410 mole) in 400 m1 aqueous NaOH (32 Eq,
10,820 mole) was added ‘CLCH,C0H (38.7g, 0:410-mle) in 100.81 water. -
The.mixture was refluxed for two hours,.diluted to about 800 ml with water,
and theln acidified with 6.0 M HCL' (0.820 mole, 137wy, e white preci-

. 4, . s 2
pitate was filtered and \tedly & tallized from chloroform/petro=

Teun ether, (ca. 1:2 vol. ratio) to yield the reqdirej product; 61.2g

(82.0%), m.p.’ 108,5-109.5°C, "-(lit, 107-8°C). )

Yield of (m—tolylthic)acenc acx.d (aa;), m. p. 66.8-67.5°C (Ait. 67-

.66.8-67.4°¢%%) . ,vidid of 1p—toly.lthxo)a:et1 acid (68%) " m.p.83-94°C
(it ssAs-éo, Fn.o‘sq,q"e. ). i

(i) - (Pheny’ jafetic Acid. (Ph-SeaH) and(p-tolyl tic Acid
. (p-Cif j-Seni) d

'rne\,.' y 1enu}- and(, c acids were prepaud“

-
by.using Grignard reagent under inere abwsphere

Twd methods .of prepara-

‘tion of {p-toly: selene}aceuc acid are. given below.

. (p~m1y1se1ena)§cetic acid “(p: H; -SeAH)

. Method

p-Bromotoluene -(100g, n.sss mole)' in 300 ml dry ether was 'added

“magnesmin metal (14.255, 0

) .585 mole): and stirred for 10 hcu\rs sele-

|

. ru.um pwdez (46.29,7°0.585 }nole)

45 added slowly to the above. mixture and
mfluxsd for 2 Houzs: 'rha reaction snlmimn vas filtex-aé and pnuxed onto
* ice HCI'mixture.

The ether layer was q\uckxy extracted ux.t_h 97.5 ml of
(A




63 NaOH.,_~To the aquecus solutich-of the extract vas added 200 ml e\:hani:l

and 145'mI of 4M CICH,CO3Na Solution. “The solution was then concentrated '

and ‘cooled to crystallizel The sodium salt ob:nned was recrystallized
: e

from H0-EtOH (8:2) uneilf the yellw ‘coloration of diselenide, was ‘absent. ::

F The free acid, nbtumd by treating the sbdiu'n salt.with conc. HCL, was -

feckystallized from 10% sthanol. Yield: 26. & (208);, m.p, 97-

| C e 97-e00). %

" ethioan T et T

lyleﬂ in ice HCL to convert to the’ yellw disnhnide chh was then e~

duced to form the p-tolyhnloml.

B ‘l‘0 ﬁw diselenide -(18.8g, 0. 05‘9 tele) in 200 ll et_her was added

20 ) ml eum:. H2504 (dlllluﬂ to 100 ll.l).' Zinc dust was Added ilowly
' (“1 L hours) until all the yeuaw color vanished, The colorless ether

layer vu !epl!lteﬂ and eut!acted with - m (~30 ml). “To the aqueous

extiace was ldded 100 ml ethanol fEollowed by &M CICH,C0,Na (27.5 ml).

The “sodium salt of the product was ¥scrystallized twice from B o—z:on(a 2) ’
and_thien’ acidified aid recrystallized ;ireu water. The yield of sodium

vsnltwaslloq(797 Pt i AT

. |vhenzlsniengaceuc acid " (Ph-SenH)

(Phe acid was

. phenyl magn hxm@a\{h selent ant powder,

o, give ‘sé 1, and co the

(lit. i0°c). ¥

to yield the reguired product (15%)m.




(1)- - Reaction at room temperature

Pre n of Platinim(i1) and Palladium(II) Inner Complexes

[ W " Bis (o-tolylthicacetato) platinui (1) (o-cri -5m pt

Several reactions at.different- témperatures. have been carried

out.

i, . ) . "
|7 " An agueous.solution of (otolylthivhcetic acid (0.7268g, 4.00
nimole) neucx'a’uzed by potassium hydfoxide in' 74.0 ml water was added 'to

K - e 5 g = . i -+ & 8
an aqueous solution of potassium tetrachloroplatinate(Ir) (0.8304g, 2.00

futole in . 20,0 1) Thé précipitate which formed after one hour at room

temperature was filtered-and washed with cold water' ‘and 95% éthanol. - Fur- '

© ther crops of the product.could be obtained by mncentxatlnq me filtrate.

'vkec:ystullauatxcn of ‘the prod: ot £rom “vater Yielded pale-ye110w cryetals

of the title compomd; 0.94154 (92.5%) , mp. 214-215°C.. 'Recrystalli
zation from methanol or dichloroethane yielded an almost white powder
of .identical m.p. ana'snfxazed spectrum,

Anal Calcd. for CIBH1804SZPE. i
7 c/38.78 H,3.25 5, 11.50

Found -~ c,.3m83  m, 319 s, 1132

(@) ¥ Rehotion! 5t Sievited

To. a hot. aqueouss solition of potadsium (o-tolyl-thidacetate (2.00

"mmole in 100 ml ‘water) was added an aqueous solution of potassiun tetra-

cHioroplatifate (T1) (100 mole in 30.0 ml'water). The/reaction mixture |°

: was heated on ‘a steam bath. The fine yellow eryStals which forhed imie-
’ :

* diately were filtered while.hot and the filtrate was cooled to room




o

%5 1

'v.enpe,za:uxe to yielda secund, crop; 0.45093:(80:8%), m.p. 215°C.

Infrared spectrum was mentical to that of the recrystallized products

in (1),

(3)  Reaction at low temperature

To an aqueous solution of potassium(o-tolylthicacetate (2.00 mmole

iR 110'ml water) was added an aqueous solution. of potassium te‘cracmom- .

platinate (II) (1.00 mcle in 25.0 ml.water), . After stirrirg for’about

. ; N 2 : . A
70 minutes. in an ice-bath,, cloudiness of the solution vae observed. The

very pale-yellow Bowds® yas filtered after £ive hours and washed with

. cold water-and dried to give the requx.rad p:oduc:, 0.2617g (46. o m. B.

214. sc.’

An._azl. Calca. fazv Clé“mf’f;“

c, 38.78 W, 3:25 s, 11.50
Found: <c; 38.96 “H, 347 L 811:33

(11) - Bis (p-tolylthicacetato) platinum (11) (oo SRYZEE

| '\ Reaétions at different metal-ligand ratios were investigated,

(1) © Metal- ugand ratio (l )
an aqwaous solution of potassi m(p-:o1y1zmqaoeca:e (8.00. mote

in 14D ml ‘water) was adgled toran aqueous _soluuon of ‘potassium tétra-

chlaiaplatinahe(ll) (1:660g, 4.00 molle in 20,0 nl water) .- The pale-

yellow pracipitate which forned: imiediafely ‘was filtered ‘after two hours -

at -zoon temperat\u‘e A further crop wds cbtained by coalipg the 5;1- o

trate. Recrystallizunon of the product-from hot water or methanol
yiidsa pale yellow néedle-shaped czystal4 (OF . the :requited product;




2:001g (89.6%), m.p$213.5-2040C.

Anal. Céld.;fo‘z C1gf 05200 T EY - 3
) , 38.78 . H, 3.25 . s, 11.50 f
. . Found C, 38,60  ®, 3.3 5,°11.37
| @ l‘e’mbligand ratio u:‘u, R .

An aqueous solutien of poussxu-(p—tolyuhiq-cetaee (2.00 s
in'30.0 nl water) was added to an i sel\ltion of iotnlsium tétra-

:Moruplaunate (1), (2.10 mmolu in zq 0 m1 w"ce:) . \The pale’ yenau
3 0. 66749 .

precipitate was filterad azter’teh mnqms, ashadt and azu

|
(83.8%), m.p. 213°C. Infraved :pectza und elenerital malysis £or plati-

nim shoved that 4 bisdoglex vas focaed:
o nec'ax'_ugu.d ratio (1+1) 1d .the presence of bromide ion-, -
"2n aqueous solution of potassium(p-toljlthidacetate (2.00 fmole

in 10.0 nl uau;z) was added slowly to an aqueous. solution &f potassium

terxadﬂnmplatma:a(n) (2.00 mmole) and -potassium bromide (4. on -l?le

- in 30.0 ml water). A sticky pnupxntg fotaed in the reaption Hlask- i3

The precipitate was. separated amr half an hour’
Again

shout. e minutes,
and washed with vater ma acetone; 0.1788g (32%), W.p. 214-215°C.

a his—wmplex was romed
ngux-ysnuxzaum of the pmdm:t.s of x.actxun (ll‘or (2), from
which cantainmi

dichlomer}mne vielded'a quenxnh yellow, precipi
Dtying of :m xlcmnll:ud pra— :

; sdlvem: of . cryuuuuuan m.p. 211

auet in vacus at -90°C ovetniqhi: Yxalded the bxs-eamplex m. p ‘

Juecc. ] ) :

< amal. calcd. for c“umo‘slp:.
-« Cy 38.78 H, 3.25 S, 11.50

Found c, 38.76 . H, 3.37 .5, 1L.28

s




(i) - e tinua(IT) (Ph-SA) Pt = =6

_; Toan aqueous snlm%ian of éadi\-(phenylcmqamhte 0. 76089, 4.00.:
]
mole in 30.0 nl water) vas added an aqueous, solution of potassium tetra-

cnloraphdnatu(n) (Qlamdg. 2.00 mmole in 5.0 ml water). Réaction

occurred’inmediately after. mixing.. ‘The very palc yellow powder yas Fil-
tered after stirring fof an hour at, :Soon ;:qmpeucun,_“washeé with e
andalcghol and dried. Recrystallization by dissvo‘lv;ng the compound é
at 5b-:§"fn'u.owaa by, slov’ evagoration of methanol aé feduced "pra!l\lra

yieldea pale yellw acicular crys!:als of. the cme compound. 0. aaug

. sx). m.p. 206°C.

147472
C, 36,29 -H,

" maal. caled..for'CcH) 0,5 Pt: ' . ° s

L6778, it

Found c, 36.44- 'K, 2.80 . s, 1.97

() 5

. To an_agueous ‘solution of potassium (a-tolylthidacetate '(4.00
mole. in 44.0 nl water) was added an aqueous solution of potassium tetra-

chloz?'plqunamu) (0.8302g, 2.00 mmoYe in 20.0 ml -.cez' m'.cu'nn

ocourred rapidly. The véry pale pzadpn.au was' mumd lftez atlrring
for half an’ hoyr.' Fgurystalh:atinn ef tha ptac.i,pi:ita £rom absolute

ethanal qave the tbtla empouna; 0.9934g (89, zl) 0] np. 214’6. ;

Anal. ‘caled: for c“a “04521%

c. 38.78° §, 3.25 s, 1L50

G387 B 3.27 708, 137,




(") Bis@-tolylselénoacetato)platinum(Ir) (y—CE13~SeA)2Pt

To an agueous solu:wn be sod).um(g~r_olylselenqacet:ate £ 0049'
4.00 mmole in 40.0 1 vater) was'added o ‘agueous solition of potassium
tetrachloxoplacxnate(ll) (0.83029, 2:00 miole in 20.0 ml water). The

precipitate was fxltemd after stirring for tuo hourd and washed with

old watér. Recrystallization from 1 yielded shining

yellow acicular crystals of the title compound; 1.0758g (83.5%), m.p.
210%c, = il X oo ¢ L
. By Con
Anal. lealed.  for € i) 0 se pt: 5 .-
233,19 - H, 2.78  |se, 24.2
7 |

Found ¢, 3314 H, 2.87  Sé, 24.1
Reczystalli:at:\nn of th compound £xon at chloroetHane yxelded a

very pale-

eL1dw powaer vhich had: the same infraréd spectrus and ‘melting

‘point: as ‘the" above. < T LT U e gtk

(vi) © Bf 16) A tinun(I1)- (Pa-Sen) Pt |

“An agueous solution of sodium [phény Lselengacetate *(0.4729g, 2.00

mnole - m 20.0 ml water) was added to an aquee\m.sulu:ion of potassiun

nscxacmumplanna:e an (. “Tlg' 1.00 mmole.in- 10.0 ml water). Re
action oceurred imneaiately. ‘The very pale=yellow procipitato was' fil-
tered after one hodr at room' temperature. Recryst.alhzatibn from boLlinq

water or 1:1 metha.nsl—watex yieldeﬂ glittering pale yellw neeale—shaped

czy'se.a_\s. F&cryshallizatxuh fron ai drlofoethane yieléed a pale'y yellaw o

“-powdéx of the title compound. 0. 5333\; (94\) ,ps 221~222'c

|




2

Adal. c}uca for Cy¢h, “OASeth. -
i c, 30.84 "-H, 2.2 le, 25.3
. Found C, 30.78 . H, 2.11  Se, 25.5.

{vii). Bislo-tolylticacetato)palladiun( u)' lo=cu

SR P -

An aq&aous solution of potassi\m [mto)ylthiducetnte (4.00! mmole
dn Jv o m water) was added slowly o an aqueous solution o?pot&ssmn |
tetrachlotefqllndatelu)‘ (0‘55259, 2.00 mmole in 25,0 ul vater): ’l‘he

deep yellow. precipitite was filtered after. four and chm qua:tezs ot

5 hwzs Yizatiod r: cHlprome th yieldzd tihe Ezh:our

cryst.u]s of the rsqulred compound; 0. ESJg ,(9m ) m.p. 158°C:

_ Anal. calca..for cmnmo‘szrd~ B e !
Coooc 613 s, 13.68 3

» 3.96 .

_mma' c, 46.21. 13. 52

0 neczy:munuon of the ea-peund from chlomfom yieldsd
ozanqe-yeuuu fine needle-shaped nryltall which contained r.mumfom of
c:ysrallizatim. . m'&lvznt of cryltallimtion was ot completely. re-

moved after-heating at 70°C in vacé ovemsgm-.. m.p: 159°C.

- anall ullcd. for c“nm ‘§?Pd Usmm

§8 e @ . C, 43.55. u, 365 L
. Found - C, 43.26 . H, 3.57 5, 12.8
Mas spectrum also indica‘:sd the pusan}ca of -:muzofom of ery-

»stall.‘izutinn. Removal of the so;vem; at hiv‘he: tel\pen:uxa Ganaa, par-

tial decomposition. The color of f.he compound dnnqed from oxanqe—yello'w

to banxsh color and them

dropped .to 154°C. : !

RETENN RS




5 =L 20, 4
& . . S 3 i | -
4 ifi) sgsipneﬂyxuaiouoe'cam)pau.:aiumun _(ph-skyzrd' ) o o
. Jonan aqueots solution of 5od.\ul[ph-nylquaauhe (0. 76084, . (i
Fu © . 4.0 mo1é th 5.0 w1 water) was added an aqueous solution of po’,asli.\na 15

5 e muad\ln!ﬂpalladatz(ll) (D 6528y, 2 Obmcle in 15 0 ml iater). Fe-
attion” occuxmd imdkately. Thee yeilor precipitate was nx:ezed after ' i

snznnq for half an houy, washed with cold water wnd dned in.vacuo

‘ovax ®,0; 'to give the ‘hydrated cm:ponhd; o 75229 (85, 3\1, m.p. 143°c

275

Y s

. Dehydm:icn:c{ cumpnund A at -100°C in vacuo corresponded

‘1s590c. ¢ et % Mo b

T i X &ux calcd. ifor. Cygh qus Pd (product of () aster dehydxahon)
) C T e ‘& 6359 W, 3.20 8, 14.55 "
3 “o U 07 'rowna €, 4340 ®,3.30 s, 14.42

. *The hydrated compound vas: dissolved. in. 80% methanol below 40°C.

4 - Evaporation of -néa-..nox under reduced pressure was carried out with slow

I Slow of ni ogen. orangd agialar crysiais separated out. from the:solu-""

2 .. tion. m.p. 160°

1 W s
5" g2 W 0t s, 1455 P4, 24.14
b - Found W32, s 1433 pq, 2432 :

i The. ‘Eiltrate of (B) was q\uckly ﬂrisd by pumping off the solvent.

The yelion hsidue showed identical infraked.spectrim to conpownd A.

betore dshydxad.um However, heatinq_mpumd A |buve 60°C in.metharol -

“resulted in desowposition l:n a browhish powder. d : v

_R'acryluluu:inJ\ of compound A from dichloroethane yielded-an

-y€liow powder whi




red powder after keéping it in the refrlqerator for sbout o

Compound A is fairly seluble in acetone. Hovever, the ¢

spéctrim ,in acétone shbwed the absence of signals fjx the c

e mor;
omplex.

-8aH) ,PAC:

'{(ix) . Dichloro-bis(phénylthicacetic acid)palladium(11) (Ph

The hydfated compmma (Ph-sp) pahil,0 (0% 9120q, 2i no
treated with 34 EC1 and the residue was recryq:auued from

2 HEL to ‘give the dichloro-complex:. 0.6640g (64.78) jm.p: 1

Anal.” calda.. for cmﬂled‘clzszl’d:.

c, 37.41 . H, 3.14 s, 12.48

s Found ; ¢,.37.30  H; 3.23° 8, 11.59
; « P :

(x)_: - Bis(m-tolylthicacetato)palladium(II) (meHJS.N Pa

" @ .An aquecus solition of potassium(n-tolylthigacetate
in 30.0 ml J{af_er) "was added to an aqueo\*s solution of potas:
chlarcpalladace(IU (0.6528g, .2.00 mmole in 25,0 m1 wa!{.er]

occurted imediatelyn ‘The yellow precipitate was "filtered

ing in vacuo over B0 'gave the zeq\ured hydtated ccmpound,

m.p. 155 1ss°c.
. Anal‘ caled, (for ClB"lE S3Pa-1/2 1,00 @
R . X, c, 45.24 H, 4.01 s, 13.42

¥ £ :

c,745.10  .H, 3. 5,.13.61

mmole) was

57°C.

sium tetra-

after stirrinq

_ for ‘one ‘hour at room temperatire. Recrystallxzar,xon from water! and ary-




the anhydzous mmpuund as a yeuuw Powder; m.p. 160- 161°C.

X Anal._ calc_a ‘for clEH)EQASZPd" o =)
c,_asu: H, 3.87 s, 13.68 -
. Fe\;r;d C, 46.26 H, 3.85 * S, 13.52
Fecrystallizatxun Lf A from chloroicm also.gave compound B. I

Infrared spectxa ot and B are different.

(xi)  Bis(p-tolylthioacetato)palladium(I1) *(p-City~SA) Bd

.. aqueous solution of pbtassl.um(p-toly]th)obzetate (4.00 mmole’

in 35 0 ml water) was added slowly. to an squeons solution of potassium
tatrachloropaliadate(IT) (0:6528g, 2.00 mmole if 15.0 /a1 water).’ The
orange-yellow p'récspinte was"EiTtered after half af hour,. washed with
Gold water and dried over P0o.  mp. 149°C (cempound A). pehyaration

of the compound at ~95°C in vacuo'gave. the title: compound; O.8163g

(87%). | 3 2 . X

Anal.’ caled. for c,git; 0,6,Pd (prodyct of A a‘ftery aehydration) :,

[ W c,-46:13 - H,.3.87 " §; 13.68 , .

Found| c, 46.27 . 1 304 13 57 =
Rscrystallxzatxon Of Cl)mPD\-md A from Chlo[cform yielded the

aznus compound. M.p. 175°<:.‘ 5" . E:
Anal. calcd ‘for ClBHIBD‘SZPd, S

c, 46.13. + 'H, 3.87 8, 13.68
Fcund c, 46.09 M, 3.89 S, 13.52

Fgc:ystalhzatiion of N soo a1, éuzon, (@1,),00 or CH CL-ClHg

mixed solvents all yielded compound B. Yet f_he infrared spectra and m.p.

v‘n‘fied slightly, prébably because the isémer ratio’changed slightly.




|
|
|

N ~88°C for. exght hours; 0.93873° (80.8%), m.p. 140°C (dehydrated), 147°C

G ;
(xii) Bis(p-tolylselenoacetato)palladium(II), (p»CH3>SeAL ,Pd

. . An agueous solution of. sodium(p-tolylselendacetate (1.004g,

a. o mmole’ iy 40.0'mL water) was added to an aquecus solution of pota:
sslum tﬂtrachlnxopalladate (1) (Q 6528g, 2.00 mmole in 25 O ml water)u
'Reaction ‘occurred immédiately. The yellow précipitate. was futerqd

after half an hour, washed with-cold water and dried over P,0; in vacuo.

25 7F

fistnr dPGyara 1 ediim oA s be cramovediafter-Aryiny in"vacus at

(decomposed) Y E ! . ' .

@)

anal. calcd. for Cmulsp‘snzvdm!\a- :
€/ 36.54. ‘H, 3.48 ‘Se, 2671
Found . . C, 37.05 _' H, 3:48  se, 26.90
m::;éclauuaﬂon ofs A £rom Gi Cl) yielded  £ibrous
erystals. mup:! 1575, Te could be reorystallized fron ehlprofori ox

acetone, but it decamposed in acetons-at high r.emperature or in z.cecone

_at 0°C for five days‘ Infrared spectmscopy shoved that me,sa:me re-

: crystalﬂzed from various salventﬁ Ylelded 1dent1ca) spectra.

Elemental analysxs of the sample :e::rystallx.zed fzcm dichloro-

metiidne correshbonded to the anhydrous form.

Bral, Galod 0K Gyl 0,80 06 ) ]

T ©c, 38.43 . H,3.22 - Se, 28,06
Found c, 38.49 H, 3.19 - 'Se, 27.98

f

(xiii) Bis(phenylselenoacetato)palladium(IT} (PhLSAA) 58
= T 5 T

An'aqieous solution of sodium(phenylselendacetate (0.9d4g, 4.00.




° : . R T . L d
‘ * “mmole’in 40.0 ml water) was added slowly to an aqueous, solution of pota-

ssiom cguacmompauaqne(h) (0:65283, 2.00 wmole in 25.0 -1‘-;:';:)_.

The reaction mixture was stirred at xom  temperature, Zor one hour. . The

yellou precipitate vas Tiltered, washed with cold vater'and arica in

vacuo over PO, lh:ryscauna:mn oE the pmduct £rom d.tchlardﬂutlmne .
od gave the z:qu.uréd anhydmus product as a bright yellow nbxous 3 “ 3
" 'cxyscamu 79259" (81.50) , mF 153—15('(:. $ Feutt
L ) ~ Anal. cul_cd. for CmHuoﬂsede. S ) g s :
f ERE ¢, 35.05° "H, 2. 64, Se, 29.5 s ;

c,!36.03 " H

2f.§5 . 8e,'20.3

- Recrystallization “from di chle o yleldeﬂ a ish yellow
18 ﬂ.bxuu! cx:ystals and from chlozo‘fom/cmen {etxlch]ari.de yxelded a’ .
HAS " qh.tbe:.\ng oxmqg—y.u.ow pwden Dissolution of the mmpound in 1:1 )

ethanol-water (uimwt heating) £ollowed by evaporation of the alcohol

in vacuo yielded broansh yellw glitmran stisets. *AlL sasles have in:
frared {pec::a s}-hn to that ‘ot ihe waapiad zo-:xy-nuxiua £rom didﬂoro—

methane.. However, the aqueous saluum of the cospound decomposed’ afu:

‘g vt Rept for sbout & menth.at 0°C. On nenxﬂq, the alcohglic solaon

of the mpazum yiclded a brownish- yeliow fibre-like residue, m.p. 192— ¥

1oa°c - e infrared spectrum !hmeq the presence of free carboxylate

phenyl ring protons and a broad sulg}nt ‘at.

could be detected. .

V
tf A qxoup and the 60- mz u fumr. spectx\m in @ mlso uhmeﬂ the deshielded




Yo Arylthio- ur srylseleno—:amtic acids may behave as  uni--or °’ R i

. bidentate 1igands when they cnordmate to mltd iens. - The reactions: of

2" twhere X=S, ReH, w-CH]. m—cuay p=Cii,; and-
S ReH, proHy) with Ptclf— or pdCl, 2" formed the inner complexes) Tmz

7 mi ligands RC, demzc

; oy ; § i .
Unlike a-amino acids or the e arylsulfox for

which complexes with a 1:1 mefal-ligand ratio could be isolated easily,

Y‘he'se sulfur and selenium ligands formed only 1:2 complexes even when a .

etal-ligand ratio éf 1:1 was used. This suggests that the 1:2 r:amplexes 3

are vety ruch moye stahle ‘than the 1;1 complexes. '3 T R &

r ) . Rece)ﬁ:ly, the mechanssm of the substitution Yeaction of afentoro-

W 4 (meth!.onxne)platxnum(u) wn_h L-—mef_hiunine has’ been mvesuqated. R
Kinetic study under . order, condi tions inaqueous’ solution

‘showed that this <xeac\'_lon took place in two consecutlve steps. The fizst

. step invol{ed the replacement of one chlnrxde ien by the sulfur aton of . /

H . . the entering amino acid. . The rate of the first, which was & slow one, R A
i : g o,

depended op the concentration of the entering amino acid and én the s
i : - " concentration of chloride ion. The second step involved closure of the
methionine ﬂan and. the: rate was a 11n4ax function with respect: to e

x‘ecxprecal of the hydzogen. fon cuncencxatsun. st

“The reagtions xnvestxqat:ed ‘here pzoceeded very fast. Quantaﬁvé o .
_compari.son of the rate of reaction showed that the sulfur~ or seleniun- N ol
containing 14Gapds reacted muich faster than the correspond:.nq amino acid.
5 The ' faster- rate of teactlcn nay be related to the mghu txans effect

. of sulfur and selsutyn Taistive to nitrogen, in these systems. 32

o o b The dichloro(L-meﬂxiomne)plaemum(n) was prepared by the re-




dihydrate’ (Pt(S-N}1C1,.2H,0 vas prepared by. the reacnon of [ee(s-pyaL, ]l -
. 2

+"niuh atom’ (and not throughi .the' acetate qmup) 5 pxaba.b}.y followed by ring

resonance,” éléctronic spéctra and otliers wh.\ch are avrxlable. v Wy =i

with dlamsqnsh.c spe!:xes indicating-little depértire from planar Stiic-

dctl.cm of pocassmm tetrach]oroplatxnate(ll‘) with L-methionine in .

aguéous solution, >’ the mstn‘ thionine)platinim(11) dichlorid

B ;
wn.h an equimnlax anount. of L-methionine in aqueous solution, 4|

Thus, it is . ‘reasonable to assuie that in the present system ‘the L

eira. ngand 1% attached to Pt(II} or’ Pa(11) throuqh the siysus or dele- FE

closure. When tbe second mlecule of l:gand is intrnduced the sulfur - | N
or selenium atom of the ligand should ta}}e the place of the Cl atom in
the trads position with. respe:!‘. to the sulfur or sélenium atom of the
cyclically attacheﬂ ligand moxecme,- su.hsequen‘; rifg closure shuuld

give the trans Jscmerh v ; . B £ B !

i ion of the 1es w ey ]
- e structural elucidition is based'mainly on the elemental .

analyses, spectroscopic data such as infrared, Raman; proton magnetic

* The u\:nducf.:.vn:y measurements of the platinim complexés in e

ni’ a and t.he‘ 11 Aium 1 in- chlorofe show that ﬂ\ey
‘are rion lectzclytes. [ Elemental a.Lalyses are cnns;stent with the

it ,0 -(where MePE(ID)[ Pd(II), J.Faty)thiu— ¢

emplx‘ical representation ML,

or arylselenn-acetate,,#b 173, 1) and molecular weioht data in 1,1,2,2¢
tetrachlorbethane confirm their mononuclear character ir solm;u‘m ﬁ,'
(Ta.ble 5)a: The sharp Y hdr. speCtra for these. complexes uze consistent.

tures, &o that an asswnpc‘mn of ‘sgquare planar geometries seems uppzq- .




b * - Abbre

d  Product’

_04m,p=CH;~SA =0, m ,p~!
p-ciy; “seR =p~CH ;C H  Se

e Preduct obtained from dehydv;aticn of the hydrated l:cmlponnd
Toia A

cncuécnco and

&iscd,”

" compound® -, calcd, Foviid ‘
(r‘n»sn) pa® 1-440.8. ‘ag1 H
(Ph-5R) Pd“ 440.8 465 & # B
(o-cut »sn) Pd 468.9
<m~cu »sa)zpa i 468.9. ! -4
(p=CH;=SA) ,pd ‘468.9; 8
(Bh-se}\) z"" 534.6 J K
(p‘m.iz—Sei\P HPd EGL-‘I i
(o~CH~5M) Pt 57.6
(m-Cit175R) PE 557.6

557.6 " : %
651.4 694
s29.5°" 555 -
‘(Ph»sem;éc,‘ 623, B
‘
a' In1, &z 2~tatkachLo{oet_hane at.72°¢; E ;i
ations: Ph-SA =PhSCH. CO,~, _Ph-SeA =PhSeCH,) <o,

o

Insoluble. .

lized “from di
Ry




A , s F : 38

§ " pxxateA . . — 4

Ce g “rhe undystetzivat nature of Lhe bidentate l)qami RC6H4XCHZCO .

»\pek could lead fo geome:nc isumerism amonq its mel:a thelates.
L;,s' and -trans isomers might be expeoted with the square planar Pt(II)
+and pa(n) dzxxvauves. The dipole ‘moment of 4 cis, complex is m.qhex'

‘than “that of ;the trang complex whu:h has, & moment: close ‘to zero. " However, -

the bis-compotnds prepaxed It rpeanant work-ary J:nsalqb‘le in symmetri=

Sy 2 Ien organic solvents such as' carbon :etxacmende, cyclo‘lexnne, pénzeno "+ .

and others. Hence, useful dipole momknt peasurements could not be. carried
, 5 out. . " v

2 ) .. %-xay cqstallog:whic s:uazefs of, chelated cumplexes of sulfuf—

and selemum—ccmtumng hgands for example, dxchlorom,z dnsopmpyl—

celeroethiane) palladiun(rr) S and dichlGzo(L-methionine) platinun(11) °® =
have indicated that e ghalcogell atoms are pyramidal in t_hs’ ground

N © staté, with the -fourth position about these-atoms presumably-occupied
by'a‘long pair of éléctrons. Thys, the chalcogén atoms dre.centers fi’

asymmetry. * émuazxy the! chielated complexes M(RC(H,XCHC0,)

,:Se,

S M=Pt(II), 2a(11)) studied here have ﬂ)ssymmetx:y imposed not ‘only by the

confc’rmamon of chelated rings but also by the asymmetry of the hgand %

) - In principle, interc on. of of five-membere ; 1

rings can. take placs by ring ir ion (i.e.-interch ‘of envelope and
- " hali-chair :anfomanms)‘ The henyt substl.tuents fonthe ‘pyranidgl sul-

fur stoms of the bis-conplexes mey gosseas padndo Belat or aquatbreal .

character with mspect to th' chelated rings. In addition, they may be

. W pzojected on the sane sids (syn) or on mfagzen: sides (anti) of the |




" 3 .

chelated ‘rings. LIEYS * § j d
: - .
Confoimational studies'of amino acid complexes havé suggésted that’
non-planar, puckered.or enveloped foims are preferable for the five-
membered chelated, rings, bt that.the rings.are less puckered than those
[ o 57,58,59° .o . :

of 'similar’ diamines. some’ possible conformaticns of the chelated
rings of the ‘inner ‘complexes are shown in Fig. 2. . For simplicity, only

one’ chelated ring and dne enantiomeric form are shown.

An x-ray orystall nic study of. dichloro(S-methy] -

paua'ai\m(n) monohydrate has shown that there are two crystaliographically |

ppidspendsnt molecules with. the same square Planar coordination involving

7§ and N from the amino acid lgand and two; Cl-atoms. The cauxa;{natad
B o e

fﬁva—meﬁhezed ring 'has A Thys, the £ bertd chielated
rings of the Pt(II) and Pa(11) T:mp].exes studl.ed here -may possi.bly havg
axnular conformal:u:ns. - &

o ‘; : =
B.° - vVibrational Spectra

. .The infrared and Raman spectra of 'the platinum complexes were ob-
tained in the| solid state. Only the infrared spectra of the palladium
Gomplexes were obtained as these Palladium compléxeswere dasily decom-

posed in the laser light of the .Rarr{an'apectgom‘e?er. '

Higher Frequency Region

The vibfational spectra in e.hss xegion provide the information.of

. ow the caghoxylated ‘are ‘coordinated to,the metal sons. The carboxi-

late group may cao:ainate to a metal lon edther
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bidentate liqand, to give a symmetrically bridged structure, or as a

T

differentiated by -infrared . For the cazboxyla:e as;a uni-

unidentate ugand in a mananuclear melecule. These two cases can be
T

dentate ligand ) e wide separation of v (co ) and v, (uo ) compared

[ with ‘the £ree ion s expected because of a decrease in the edtvalence
. # of the C-0 bonds. E‘ax the Bylm\etzxcally brldhed strﬂct\lre (X111}, both N S '
-~ the \) (CO ) and V (CO ) freq\xcncies are -shifted in the same direction

upon- changing to sbtal. Furthetmore, for stricture (xnx), the separation

* values A\:(co ) are couparable to those Of the free ion, e.g. sodium or

potassiun salt of the parent acid, ‘while-thé separation value Av(co,, i kar

, " unidentate carhnxylate I:Dm'plex (xn) is usually miich . largez CIS B

' X1z R <4 £ 4 )

For “these, bis- complexss studied here,; the coorrhnatmn of the [
/ . carboxylate group smsts the v,(Co,) "to hiqher frnq‘uancy and v, (o0, 2. to
lower. fmquen:y compaxed with its free.ion. ’l‘he Va (ca ) and \J (co ) uf

" “tne frds lon, for example,’ n-CHBCEHASdHZCGZ k", are'at about 1530 and
S :

'1385 cn™! respectively.. The v, (Co,) and vs,(co2) afe’at ~1650 and ~'i285
™ tivkly for the corr platinum complex and at 1640 and
iry an ! bespectively. for the palladium complex. The wide separation

of the antisymmetric.and symmetric.carboxyl stretching frequencies Av(co,)

of 'these

tes that the Carbdxylate group acts as.a uni-

. ‘dentate ligand 'in these compouids.' (see Table, 6)-




i

. Tuble 6 . .
E % Infrared and Raman Data of Bis-complexes B
- Frequency e T .
Conpount v, (coo) v, (coo) av(E00) v g or
moun ;
So mhesmee ; 1650(s) 1290(s) 360 7314sh)
< 1654 (ma) 1279 (m) 75 730
(n-sem) bt 1655 (s) 1275(s) 380 | ssstsn)
a5 1674 () 1275 () 395 666(m)
(o-C1,-50) P for. o l6s00s) 1297(s) 353 730 (me)
» 1654 im0 1287(m) 367 731(n
(=City=sM) Pt - her 1650 (s} 1279(s) 373 730(m)
. - R 1662 () i28a(ma) 378 733(m)
(p«cn sn):;n_ B, 1655(s) 1280(a) 375 730 (m)
s . r (660 1306(ma % ) 362 D 729(mn
mjsmw) Laesimn |
(orcn-sem e 1635(s) 1205(s) + aso o
‘. tp-ciy-sen) Pc n,0. ] (1300(e)® ' . 366 665(sh)
: 4 . 1278(s) 2
: R xs;g(ru) 1312 () 635(n)
: . . ‘umm) ] f
" (Ph-5a) pa T i 8 1313(s) i
A RRELT s, 12200
1. . R (265500 (132000 - 723 (s
- : 1620 () 127500 ¥ o,
(Phesh) pay20 . Lri 1640061 1280(5) 360 726.4ma) -
(o-ciy=sA) pa Lo 1640(s) 1207(s) an 7180w
. Graisaed’ o den 164015} 1260(5) , 360 685(n)
(p-Ci,~SN) Pa Ye40(s) FEOLTPIR 700 (me)
s Pl o=t Qa9 o g
. ® 1641w 1307(0) 334 7200w
(p-0iy=SA) Pa. 10 " dir. - 1640%6) 1300(5) 340 79(m)
[p-cu ~se) Pd i . 1620(a), 1285(s) 335 670 W)
. (pecny-sen) na 0  d.r. . xejo(:) To- 1292(9) 328 561w
. (Ph—svaA) tirs 16de(s) . 126s(s) 375 " 570 (w)

o equally strong bands are observed. .




wevt s

Rt

-the racry:tallued pmduct £rom water of methanol/water resulted in

| the anti ‘tric. and, carbuxyl

“of all the othér compléxes/are similarly. assigned and théxx cax:espond:.nq

Y (€0,) ‘and- v (C0,) ‘stretéhing frequencies are located in Table 6. '
1t has been ‘found in the amino acid chélates that the magnitude

of the band ‘shifts of ‘the carboxyl stretch).ng frequency increased as the

metal changed ifi the ordér Ni(ID). < Ga(1I) <. Pd(II) <PE(n) and that the .

strength of the metal-oxygen -coordinate bofid became stronger in the same
order of metals.® ol 1

The' slightly larger difference in antisymmetric and symmettic :

'stzetchinq £requencies), Av(co )y for the platinun:conplex than for.the

palladi plex indd that the plaumm—axyqen bond

is pxobably slightly stronger than the corresponding palladium-oxygcn

bond.

Platinum Complexes I g iy B .

vl‘;h'e infrared and Raman ‘spectra 0f tife platinum complexes, which

were obtained in the solid ‘state, are shown in Figs. 3-7 for-the region

below 1800 em™. . 4 B e, ;

_In the case’of the_ seleniun] Complexcs (p-Cily-5e) P, (Flsen) Pt

gl1ttering ‘crystals which contain érie molecnle "Sf water of crystal)iza— g
T A
ion.. Conparisons. of bhe inixared sbectra of the hydrated 204 anhydrous.

“Eqrm | (dehydrated by recrystalllzatxnn from: dichloroethm\e) show that they |

are sunnaz, with the.hydrated forn ex.hunting the. water bands at 3500
and 3400 cm die to V, (1,0) "and v_ (§,0) respectively and at-1605 cm

due! to S(H;D) :The bands lin the hydxated form are ‘broader. i)Ev_wqéex S




nolecule in the Hydrated forn may'be lattlce water or coordinated water. *

. Bgen types uf watez exhibit rodes below soo ™% aypical 1acrscT' v
type water; accozdmg to van der Ehskin and Robinson,“ shows " two -
absorptions ’n the regioh 700-335 om . ln the case of courd)natea water,

. translatmnal and rotatwnal degrees ‘of £reedon are replaced by, the ]

5 vxhxatx.on V(0K , twist and Zock.

ray analysxs on bxs(qucmatn)-

cadmmm(u)monohydrate has lndlcated that two qucmato molecuLes coor- o

~
du\ated to the metal atom by Ebrn\ing a trans planar cture.-while the

other two positibns of gftanedton were’ occupied by carboxyl oxygens of
neiqhbo_m:ing_liqands. The oxygens of thet carboxyl group were tyatoden

bondgd o a water mdlecule of the hydrated crystal.®5 since the plati

num{IT) complexes of the present study may be square planar in structure,”

e is,probable that the water molecules -in these complexes aré lattice-.

type watex. AL . '

* The assiqnmem: of trans structure based on infrared and R

spectra may be ccmpa:ed;

ith'the recent studies"of bis-B-mércaptoethyl- .,

excapto=

amine complaxesA The Vibrabional sé.e;:;:‘ra of the monomeric” bis-
ethylamine complexes of Ni(1D); Fd(II) and Pt(T§) have been reexm«ineae

-using the, evxdence of bo\:h _the mzrazéd and Raman Spectra, a trans square
plnana‘rv s.Lruf:qux:‘e via$ §quested._ In an earlier st‘.ndy, :ne same’ Pdfll)
ana'ni(d1) compounds were va_ss:i.‘glned to a' cis structure'based on the number
of me_t_alvliqand stretching modes assigned in :h‘e_'_ frared spectra Of the’s
cnmpiexe‘s by usé Of the isg‘wpic'subéti:ug:icn' :;f':h\ i

e\ netal atom and the

deutezation shifes OF the uqanm67 an -ray crystallcgraphic study has

shown a smuan munomenc Ni(ZI) cmﬂplsx of N, N'-dxm%thyl—e—mezcapm-
‘68

emylamne o be d—ans squate planar 4n the solid state.
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| hydrat:e\i form.

* tion did causé shifts in’the spectra,

(ii) . Palladium Complexes © 5 Ra g : :

The initial pauaa_mm copLeKes dnd the product Yecrystallized:

Erom water .contain water of grystallization. Recrystallization of the

product from organic! solvents FiBTAsA Ehe Enhyaious Form: The, pxSpertiss‘ .
of the two forms in the solid state are dlffezent (3 zay diffract)an

pvatte_xn, mep; and 1.7.). However, their solution propecties (M .,
electronic spectza) e Suniler: mhs J.nfxared spr:ct.ra of the m forms®

of r.rle palladiun’ complexes in the sana‘so_ate are shawn i# Figs. 8-10. .

'lhe Av (c%) separation is larger in the anhydreus form than’ the ! B

The infrared spectra helow 600 cn™’ show a mitked dffe-

rence between the. two forms in .the low:frequency region, 1 g &

Because Of the.low stability of the palladium complexes towards

X | ¢ ;T
laser light, only. the:Raman spectra of anhydrous (p»cﬂ -SA) ,Pd - and

{PHi-SA) ,Pd ere obtained.. The"infrared spectra of ths hydrateﬂ compcunds

genérally exhibit, fewarbat hznader bands than those of the anhydzous

forms. - .48 ¢

Although .cis-trans isomerism. uf the hydrated and anhydxous form
69

is possible, dxélkylauxtides ana dialkyl- and dlaryl selenides’” forn'

monomeric Fa(11) complexes {Pd(R E)X,) rwneze d Amd se, X=hal)desl

which only sxist i the trans confiquzatiun, as, canfimed By ray

7’ E o
“diffraction of frans Pd(Eczse) Cly o i . . -

The infrared. spectrum of the product x'eczyst.a_uized from. vater was
unchanged fxom that of the original reaction product. u'owevex, fehydra~
Vunous solvenr_q, such as methaxml,

chlorotom, dichlorenethane and’ acetone hnd the sume effect even Whea .

the conditions Were extremely mild. : ¥




. E - 2 51~

5 4 . Ct s knewn ehat the infrdlea fraquancies of o uomponnd aifrer Ve
. £rom one state o another,  The shxfts of the infrared ‘spectra fm‘m the s
hydxefced state to the ‘anhydrous state may be as ‘mach 45 30 en™2,7? The . i

presenge of vater of crystallization may favuur a.certain conformation. . G Tt

- Whether the $hifts pf the band in the hydrated complex: studied here J . f

simply result fmm a diftererice’ uf state or a dxffex‘ence in their con-

formations is not cloar.. - : . . “

3 " Fig. 10a" shows the. infrared spectra (1800-250 cn

) $€ (ph-s) pa
»and (Ph—si\) Pd. 1120. ‘Thee spectra of the -anhydrous form Lsolated frul'l 2 :
S methanol and 'dichloroethane are identxcal, however, they are more compli=-

.Cated than'thoSe of the hydrated form obtained from the initial product

or recrystallized from water. ‘The anhydrous forn-seems to have lower

symnetey \than that of the-hydrated form (see also Figs. 8,9iand 10). i

3 Coordxnatxon of water to Ra(D) is’ not commori because hé “soft!

i metal Lon BA(IT) farms only a weak bond with "hard" oxygen. ~The hydrated ] .

*of.vater and the catboxyx groups. Thus, tl‘fe shiftsof v, (C0,) to lawer
% fxequency_ and \) (CD ) to, hxghnx‘ (a decrease of A\) (CO )) fxequency in the

hydra’ted form seem to agree with the hydmgen bonding at the carboxyl

: group: - : 3 e i

% : ) staté of thes¢ pailadium complexes Probably involves hydrdgen bonding cag
i
P

When the hydrated (Ph-SA) ,PA.H,0 vas treated with 34 HCL, the com-"

] 1. plex pa(pn-sam 1, was isolated. The infrared spectrum of this compound

| shows. a broad band-at ~3000 cm'l’aue to the o-H éuetcnan frequency of
 ehe free carboxylic asid and threo strong bands at 1700, 1395 and 1265

s - e} ‘corrésponding & thé tazboxil stzetchinq fréquencies. in the free

i acid.  Tn 'the low frequency region, a-moderately\strong band at 342 om *

iy 7% For. the Figures 10a-10g see tlie Appendix.
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. 2 e ;
"is’assigned :o 20-C1 stxet.chx.ng frequency.’ - Fergusson et a

1153

assigned

of .the trafis-Pd(R;S) Cl at 330-352 cn The presence of ‘only

Vpa-c1-®

one Bd*Cl stretching frequency‘suggests that the compblmd is prLbably

‘trans m structure, bonded thizough ¥ thio groups of the liqan:ls and - |

two chlorine ‘atomsl . - A

. . Fouy .
The formation of d trans comflex sufgests that the driginal hydra-

ted form is px:ohahl]{ trans in structufe. It has been shown that the

x(eacticms of cis- i :rans»bxs(glyc;nato)placinum(m with concentrated

hydrochloric’ acid were di the trans ‘isomer giying trans-dxcnlozobxs»

i
(slycine) platinlh(1I) in wiiich the glycine ligands wers bowid‘to the
metal through'théir nitrogen atoms only, whereas the cis' isomer only

‘xsacced with one mole of"hydrochlo:ic acid to give’ (Pt(dly)(gly H)Cl)

(whete glyﬂm CH,C(

2 s and ‘quvH=N>H2CH2C02'H) B Ky 5
: o SO ¥ & o | '/"sz Ny
cis-(Pt(gly),) + HCL ‘——> T e i
o 4 o ;e B TN
| o7 ver .
XIv
74

. Bellamy and sheppard show that- the frequency for the C-§ bond
fasrianes, acacsting to' the following sequence:
Sulfur attached to'an aromatic ring* s thiols > sulfided > duultideu

The. c—s-stretchinq in methyltolylsulfides, sulfoxides and sulfones are

.found ta be at 722, 680, 760 cn* respectively.]® 1he assignnents of

at 728-680 cm *

s.at 730 enl (sée Tale 6) may'he compared to the:y,

Ves s

assiqned by Podlaha and Podlahova in did\icacetic uciﬂ complexes As

4 résult of comparing the ‘u.bratk’/nal spectra of suliide ana selenide’

' complexes of platinum and palladium and ﬂ;lexx' free ligandg, the peaks




» } Normal coordin:

-which Shift to lower frequencies in the selenium complexes are assigped

Ve-se (se Table 6. e wiad L

(b) . * Low Frequency Region

The cis isomer of an unsymmetrical bidentate chelate mnpléx 5

==

M(LL') , has C local symmetry and should give rise to two M-S anditvo

M=0 Atietchinq !t.qvenul.es which ceincide in the inharéd and Raman

2.
qucc:a. singe. e trans isomer beloriga‘to! the pint group Czh‘ only

.one.#-5 "and one’M-0 i ar'n L The v, o and

Vucs
‘isoner has a Genter of” nquutzy

. Chelated complexes usually give very complicated vnm:mnax spec=

" {
tra in_the low. frequency region.’’ ‘Assignments for these syptms are,

“therefore, difficult. - However, n‘um’;'un Of both the, infrared and

 adan. spectra and by intercomparison of .lp:ce.m of the closely related

bis—c.helam the metal- ugm-.a etchi are
|- & «.

assxgned.

" . Although normal codrdinate analyses were employed, there are twa

discordant views in the literature regarding the nature of the ¥-O bond

Nakanoto®®

of amino’acid complexes like bis(glycinato) platinum(Ir)

inthe range 420-290 cm™" by assiming a fair amount of co=

assigned; v, -

" valent nature of thes bond, Hovever, Quagliano st al 78 regarded the,M-0

bord ‘as enanually ionic wlth no vy . above ~250" et

analyses havn been c-m.-a out oni the glycinnm

conplexes of platinum and pu}uum and the assigrinents of metal-oxygen

stretching frequericy of the trans complexes at 415 cn \'and 420 cm  have

+do mot- co;ncxde in the lnftugﬂ and Raman’ lpact:a because u-.e trans ,'

TN




L7 0 T.r . been made for the platinus and | palladiun = & ively. Cost

dzate and.Nakanoto have lssiqned another strong band in the zegion |-

385-330 ™! as an out, of plane chelite nng aszormatios.”™ “Ta the pre-

“sent systm of ) pis~chalates's Second_ flizly strong band usually occurs

at 410-320. cm "1, which may pmua)ﬂy arise f£rom’a similar chal’atl ring
7 ¥ B
v deformation. | I ¢ B i

ok, the preseit series ut bis-chelates, it seems zeasuna.hh;_ k3

i assune that'their metal-oxygen bonds havea fair amount of covalent *

o2 R P8 s Ta

ehazacter becausg theit mznna spectra show a wide !uep.xuexun of antis
1 4 ' 5
:nxbonyl Ami their B

= ® _ln' n.m.r. spectra indicate non-labile metal-ligand bond pmpexties-xn *

solution. s 9 W ,
- -7 the tentatively assigned nml-liqard stz-::hmg rxequenciu fa11
N “th. the folleﬁu.nq ranges (from Tahl! 7), W G . L
. Cldfrared . - Raman * % anivarea”
P iy TS e Ger-do7 eat ¥ Via 369397 P
i : V' 304-320 ) '591{304_ ot Vpais , 330-336 et
i 4 Pt_sg 253-267 B | - S ‘ A, T . fin

‘The assignment of sefil-sulfur and metal

eleniun stretching -

- frequencies is nop easy bacause: thise vibrations, are of weak to medium

_ intensity ‘in'both the infraréd-and Raman lpectru and. there may il ly

been mupung w.Lt.h lattice and bendan Todls :oo which octux in cher same

" region.®®" b T, B . SR

For the platinum cunpuus, the ‘fairly strong bands at :53—
375 &~ in the xnfn:h and that at 397-407 cm™ in the Faman are ten-

tativeli’assiqnea to Vv,

—————— i

pror FOT.the palladium clmplexes, thetairly
- Y




" strong bands at 363-397 cm - in'the infrared spectra are assigned-to Vi o °

z 3 ° These i are id

with the literature’ that the metal-

oxygen stretching is found to be intense and broad. in nature®*® Tney

R alm fan in the same nqmn (290-420 om ) wm.:h are assigned by Naka-

g etal: for the

X ino acta =cnplex=s H(glyl (vhexe = spa (1), e,

£ the “n: o bandu ln th in(rlxed and Raman

“rin scxuctux!:. (sce Table kil

T The metalrsulfur and metal-seleniwn stzatchinq E/tequsncina re-

" barted in the.1ikerdbuse; odour. fn'a Wit tung-,' mhe v, o

1 for the cm‘plexes r_nnrrdx (SR, 5.25,-

PYLE

the ‘range. 294—330 e The .

L -1
M-se ATS | assigned in the ranges 307—316 cm

ana 219-235 cm ..
Efespectively for trans-MX,(R,Y), (where n-nux), PaIn; ¥=s; Se;"and

x=cL, Br, .52 the Vygq OF M L (vhera: n-Pc(ln. 2d(I1) (CH 5”2‘:3"5"

ferude-nd'

X=C1, Br) are in the rande ps—su it nnd 285-296"cm

respectively.®? he .

ot reipe 53 e vy g of ox 28R sé) , (R’lrj-y:nz. PhEE) was
found in the' range 205-230 ad.zs- Hovever, in the chelated complexes
o higher frequencies thin those described above havi bedn sdsigned. For
Do L exampres v,

y-g ATE al.igned in the range 313—355 e for thé complexes

i 3.

ks ; MUK, (where n:-vd(xx) or p:(m .
! e \
j

Y

0!_ Y 24 B

. 'and X=Cl oz Br) and vy “at 378 en t

i, e, ¥
2 and vy glat 375 em t for mr;
; © (where 'n=1=a(zn » Pt(xi)

L#uystulne-HSCH CH(NH )co H) B

; .+ The 1n£x‘azad lpuctta of (thsl) Pt lnd (Ph: su ;28 are shown in )
{ ’ S, - iFigl and Fig.. 10a. < Their’ ﬂpectga in the reqio_n_(GDa-?DOy -cnL are

Tob 4d Fig. 10c. Their spectra are fairly Tip\x;ax in the
: S Tee s




!
i
b
i
1
f

fp-aitySen) 10

L3t

: Table 7
Metal-Lﬂqa‘nd 's:ret:hig’m leXi
- TS \ FreqUencP (ch
Compound 5 J Mo | M-§ 6r M-Se
(Eh-SA) Pt 353 (i.x.) 399 (%) ‘ azn(si.xf) 29‘2g§)
(o=Ctiy-Sn) Pt psatiir.) 04GR 3M0Gi.r) 304(R)
(m-CH =SR) Pt 375(i.x.) 407(R) 304(i.x.)  294(R)
(p-Cit ;~5R) Pt 360(i.r.) 40L(R) SH(ir) 201(R)
(Ph-ger) pr © 359G.e0) 408 () 353 (5r.) 23300
(p=Ci 4=Seh) Pt 355¢i.xr.) 404 (R) 267 (i.x.) " 1247(R)
* (eh-sh) Jpa 363(i,r.) :
. (eh=5R) pa.1751,0 S IC
forCii3=SN);Pd 369(1.70) By )
’ (m—alj-SA)de » - 397(1i.x.) _,szx(i.x.)
(m-cHy-sm) P 1/50 0 366 (1. £.) - 303(3.x.)
- {gGily-sn) jbd 396 (4. 7.) 2950.x.)
(Ayrg-Sc_m‘zpdb. X . 393(inx.) 2.7Z(i.r».J
(Ph-sen) pd.i 0. - 3350 | 260(i.x.)
(p-cH =5eA) Jid . 2396(i.x.) 270(i.x.) -




A :egwn above 600 cm . I o region below 60¢ cm %, the bands at 454~

. ) . 491 !cm L are dxfferent. :

w I " . the.metal-ligand stretchings are.expected, the strongeét bands of 353 emt
. g ih :

o and 363 ¢t obsérved in the Tacmm ‘and palladxum cofiplexes may. be ten="

However, i the region below 400 ¢m™* im'which

. X Eatively ossionea daly, o o respectxve[y. The faixly strong.

iy . ' band at 378 cn ", which is present in the spectra of both' the platlnum

v | and, palladium complezces, may ‘probably be. dueto ‘some Setntiationmades

. The presence of oné metal-oxygen stretching in these ‘compounds suggests

. “.that.f_hey are probably £rans, in structure. e o
' “Hooper gt"al. ‘have asslgned the bands at 435<491 ¢ 2 =
. 478 7t 183 4y frans-MR, o skelefal aaformation (when, el ¥ PA(IT) ;|
“ a5 i soleucini Y ‘ i

=C H, (cu jCHCH(NH )COH and Rsvaliné—(cﬂ ) CHCH(NH Jooi |

:especnvelyﬁ In the' spectxs of (Ph—SA) Pt and (Ph-sA),Pd, the o

- at asd- 451 on L are prnbably due’to skeletal defamation. However ; ‘the

patterns of the platinum and palladiun complexes at Shife-raglon;aze diffe-
xent; suggesnng that they.aré probably. not identical ‘in thetr cunforma—

ta tionnl structure. "It is possible that dittezenc cenfam.:nons may. give

ixise to different infrared pattems. b 7ot E
Similarly, a comparison of othér pindnum and palladiun complexes
" of the sané ligand allows the dssiginents of V., and "pa-o‘ Thus, the .

5 21 R .
i Pt-O ana de o are at 354 cm'[ and 359 cn' " respectively for (o=CH, sa)zl‘z:‘

b 3 and “o»cﬂ 881 5P4" (see Fig. 3'and Fig. 10a); at 375 cm 7! and 397 e res-

. VR pectively for (m—CH -SA] Pt “and “(h-cn ,-SR),Pd (saa Fig. 104 dnd Fig. ;05);

at 360 ‘and 396 cn 1 +spucc1ve1y for (p-Ch -s)\) e and (p-ciy —sa)’ pa (sep

v ‘Fig: 5 ‘and Fig: 9); at'360 ‘on ana 393.4n71 xespecuvuy for “(Ph-Sen) Pt

|
i
|
1 / 2 and (Ph-Sen) Pd (sée Fig. 6 and Fig. 8); at 355 en and 396 et res-




i
i
i
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pectively for (p-cH Sea) gFt-and (p-ci j7SeA),Pd (see Fig..7 and F)g‘ 10g) .

 The presence.of dng metal<oxygen stregching | frequency) of “nese cmnplexes

suggests ‘that they pxobably have a trans-structure, dn agiesment with the
gonclusion drawn £rom the non-colncidence of -the metal-okygen szxetchwq

in the infrared and Raman spectra of the putian ccmp].exgs and the con-

- sideration t.haf the palladiunl conplexes have a gpreference for a trans-

stzuctuze. 5 55 Y e

The infrared spectra of the selenium-containing camplexes uf’

" platinim and- palladium have fairly‘simflar patterns’thrbughout the

range 4000-250 i, Since different chelate ring conformations will give

rise to diffe:em: symmetry point group with respect to .the chelate ring

and give rige to digeerent nurber of infrared active bahds) the similarity
betieen the infrares spectrd of the complexes of (P-seh) Pt ana (enbsen) j5a,
(p-CH -SEA) Pt and (p'CH 'SAA) Pd lmplies thnt their chelate xan struc-

I

turés probably are smilar. For the sulfurcox’cunan comp]gxes of pla~’

unmn and paitadbin, thety ;nf:arsd  Battomnd of ‘the same ligand ‘are

"$lightly different.. AléS the quctta of  the aul.fur~containinq complexes give

\iote bands. than thosq.of thé Glosely ‘related seldnium vamcnxn_h_\q camplexes.

c. Proton Magnetic spéct '8 (M0 n.max.)

. ] i

|

The bxs—ccmplexes studied: ‘here were 'not .s%lume in non-pnlar

solvents: They were only sparingly soluble in most of the cpmmon solvents

“so that tha chcica of solvem:s for the H numir. ‘study was resuicted.

neute:atsd ch;’?eofom was' used wherever the solubility auewed. Othex-

vise, 1;1i2 chlox ! dimethylsulfoxide were’

employed




., (vhere M dlu). PLUID), ReH, ©%CHy, 'P-CHy, -CH " X=

he Y3 n.m.r, dta of the inner complexes J(RC, 114xcﬂ £0,) 5 \xH,0

i 3 and BeH, p-CHy,
=Se: x=0, %, or 1) are ‘collected in Tables Sa‘ 8b, 8c.

Chelate formation:has: the effect‘that the methylene ‘protons o | b
the llqand have been substantially deshielded and’become xnequ}.valent.

In addition, the USPt—X)C—H (4=s,"56) spin_coupling 15 evident by the

presence of! satellite peaks which ave.absent in’the corresponding

salladiun complexes..

‘The ,n n.m.z. absurption of the phenyl ring .protons‘shiﬁ!s approxi~
mately . 30-0.75. prm €o thé Lowér fzelr] in’the chelated complex. . The. pro-
\€ons closer to the donor’.atoms encounter a greater amm—fmm shift.

the lazge shift of protons attached to an aromatic ring'not directly

attached to the metal ion suggests fan axtensive’ electron delocalization

has ‘taken place within the ligand-metal systen. A|similar effect was

+ pERsEvad e complex Pacl, (nta) (where nta o-C i, (NH yscu, .2

£

: In-addition o the magnetic xnequxvalencE,of he mechylene' protons;

cootdination: generates chizal centers at the sulfur atom 5o that, dia-

5 L |
steregisomers (méso and dl) may codkist. 2

Two-sets of Ab quartets can be resolvud fut the mathylene protons

of all these bisAcempl'ex'es, with the presence of satellites for .the

" platinun complexes. “They all exhibit 'a doublet-(not neessarily. of equal

populaticn) for the methyl protons, with the exdeption’ of (m-CH=5m) 5

which shows _three peaks1 ¢ . P ’

The exhibitlon of AB pattsrns Dy these cn’nplaxes indicates that
the metal 1igand bondings (both macal-oxyqen a.nd metnl—sulfu: i metal-

ablentum) are charicteristically Jon-Labtls, 'ﬂle,spectra of complexes
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of NTA, MIDA and IDA i.e., amino’acid :{f the general. farmula RY(CH,COM).
(where R=CH2C022‘ C“: and H respectxvelyi have shewn that c mplexes
“with non-labile metal-ligand bonds exhibit A’ patterns while those with

labile metal-ligand bonds do hot exhibit AR panems.ef’ The campound, .

mns—pdwh SAH) c12, in which the palladium-oxygén bonds have been rup=”
turefl, shots. 2 singlet at chemical shift.4:22 ppm for the methylene "

protons. .

(a) ' variable Tempex W nu.r. Studies | { E Lo
Variable temperatire ' n.m . studids of the méthyl resofance
xégion’ of the platinun and palladiun conplexss ‘showed that the f oublat - -
of the methyl sxgnals coalesced to a singlet at elevated tenporature .
(for cdalescence temperature see Table Ba) : dhe douplet was Zostored .
,on cooling. ¢ . . el s Ty B | k
Infrared ;nd Raman spectra i}.dicate a trans .square planar strucs

in the sbud state, 'If cis-trans Loanidtios peis neq].:.g).bla In the ”

tur

sclur_xon, then, the doublet cf the methyl signals might be due to'a

nuxtux‘e of dxastezeoxsomers (nieso and a1 xsomers) or to dxfiarent chelate 2

ring co formatxons. . )

The existence of meso and racemic isomers of organic sulfide and

selenide conplexes in solution has been'demonstrated, by lH'n.m.'z. for

o n—CJH

or 8) %2 and_ also for n'.m"aoden:a:e' sulfide ligands, (R,S) zptcxz (where ,

T ' 30 Y
(953_5?“253"253*‘3)“?}2: (RSCHZCHZS,‘R)P':X (where R—n c4n

" R,=(PCH,) )\ (C o) o1 (Cliy) ) ox PhCH,, R 132 At higlier tenperature,

2’5 zf
the ghalestence phencmenon resuited fram rapid. inversion gt tpe original

3 3

ypyramidal sulfur to gwe a time average p;lanax sxtuatim. Hul‘\tex‘ et al:,




., to inversion at slfur or Selenium “atom. :

however, . interpreted” the coalescence'of 'H n.nm.x.
LQB

signals’ of PdLCl 7 ana

mco)fa {where. L=J—C3H7SECHZCH SeC H, i, and Mok, Moy elevated

a7

temperature as due to chelate ring inversion rather than inversion about

the Se atom. . .

The’ five-merbered chelate :Lngs formed by these bis-compléxes

may'be similak to those of the amino acid cclnplexes.ss

éaneral, Tess pupkered than similar diamines.

=iy inversion is atss 11kel.y to bé- less than for the iamines,

ConiJmatxonal G

- hhalfsis has predicted that the,amino acid chelats ring systems; are, (in

The energy barrier to

and thus

Etia n.nd 7. spectra are much more Likely to be time avesapea. 42

The coalescence tempera‘tutes of' the complexes of “the present

system agh ‘Fairly high, above 65°C" for the palladium complexes and-apove -

i * 4 ot
90°C for the platinum complexes. Figires 1la and I1b show the 11 numx.

spedtra of the methyl protons of (p-CH,-SA) P, (p—CAfSem Pd, “(p-CHy*

‘tures. These ranges’ drg to

(whezd x=cl, Br).’?

-'SA),Pt and’ (m-CH;~SA) P4 in 1;1,7,2-tetrachlbrocthine ‘at viriols tempera-

those of (nscuzcuzsxmx

The gbservation of lower coalescence teémperature

for’ the palladiun complexes than for'the blatinim complexes is also in

agreement with the Iiteradure)?®

suggésting ‘that the phenomenon is. diue

Figure: 11c" shows the. low temperature 1)«1 nim.r. studies of

:p—cH <SA) Pt in o, L,ClL,

Thie separation of the’ peaks of the h\ethyl pro

. tons remain essent)ally unchanged and that! 5 the methylene pzot.ons is

only slightly widened as'the cempexature is lowered to. ~ 40°C:

»51°c, the spe:tral patterns changed.

and ‘an additional peak appeared in the methyl region.

Sa

For Figures’ 11a.,'1lb and 11.e6e the Appendix.

At

THY méthylene protons coalesced,

At low temperature,




. o : d . . T oes

e _the ring invérsion is presunably slow. “The additional peak- in the methyl

Fion at low temgeratuze is ‘probably due to. thé presence of mmpnca-
‘tion of conformational isomers: L

The desence of chiral cen.t;ar at sulfur has been‘shown by x-ray
structural s;:udy of é;ehlo:o(umethionine‘) plakinun(II) where there are
two ifdependent molecules ‘in the asymmetric unxt, the sulfur atoms of
“ which have npposite chitality.”® g :

s a o caons et 21.7% have studied the

variabie temperature 'H n.nm.r.

‘-7 spectra o/fﬁ mixtures of,uan"—(sczs pdtnal); “and Bt X and foind that the

to ‘sulfur Yinvers is' This

- cnaiésfen@e température remains invariant in a variety of non-coordina~
,5. They have observed a'se-,

which is assigned to ligand

.+ ting golvents and 'is independent of free Et.

I 1 cond e at higher’ :
exchange processi The caalescenés aue u;;.exchange ‘process Bial asscad

ti e, me:hanxsm annivgs both Lhe free and complexed liqind!-

/ fhe ¢hermoiadnerization of siare planaz cxs-r_rans isombrs is

L

(known' to proceed’ via an

ular path, which'req “the presence

e of fose digand. o

For the peesent sybtem of bistconplexes, the 1H nomr,

spectra were ‘studied in-thé absence of free liqancL It may be xntexred
that the coalescence observed for these b)s-complexes is probably not due

to

i i izati Fur the variable tenperature

4 ]*u n.m.r. ‘studies, nf the methyl a.bscrptxons of these bis-complaxes show
- « :hat the separacion between the methyl peaks d.;)teases as the tempex‘ature
o 15 raised ard fxnally coalesces :o a sinqle peak. %ha two pea.ks zeappeat

| ‘ as the température is lovieted below its caalescence :mpemcm, “The <

<. relative intensxty of the two peaks rLsmred {s about ‘the same as that ©




¥ before coalescence at that temperature (see Fig. lla and Fig. 11b). For” S

" the' cis-trans'i on; the coal is due. to the con- |
et ’

version’ of one' isomer to another. ‘The, coalssdance phenumsnon should be
an increase inteénsity of. one. peak at_the cxpense oE t:he other. This )

latter phenomenon was not observed in the variable temperature 'H m.m.r.

studies. - . 3

It ie concluded that'the isomers studied in these bis-complexes

2 “from-the prerence of the cr)uaicéntex; at .the sulfur and selenium atoms.:

The coalescence at elevated K S to-a’ n

rapid inversion at the chiral Genter. The rapid inversion process leags:

to the of ! " spectra ing to a weighted

G mean’ of 'the patmetets cf the 1nrhv1&ual ‘conformers. These "averaged"

spectra’ are equivalént to a planar ion at sulfur or seleni

i

“B)|  Normal Probe 4 n.m.r. spectra , - . : z

The i n.m}r. spectra.’(see Tables 8a, 8b, 8e) of the Iplatinum and
i 8 E palladxum complexes in various solvents at normal prote témperatures

are dxﬁcussed below. _—

, * “The a»_mm.x]. sFeE:mu data Of the free ligands RCSH;‘XCH2C(52H . Ny

(=5, Se, ReCHy; H) are collected in Table 8d. 'I‘hefr absézpﬁions are

3.43-3.73. ppm (meﬂ-lylene, singlat), and 2. 27 -2.42 ppm (methyl, singlet) .

i
I = generally at l:hemical shifts of 5. 95-7. -50 ‘ppm’ (phenyl ring, multxglet),
¢
i

o . |
+ @ ° & n.n.r. spettra of Platinim Compl

The ' nim.i. spectra-of these PE(II) complexes are.well,resclved .
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1

and the chemical sl-u.it diffarence of the B prctons were sensitlve to the: -

' - solvent used ‘while -the coupnnq constam: g,

71

i and 195?(—1

2 - ! . < ¢
spin coupling (19%¢, 1=, 33.7% naturdlly abundant) re

sults i

e appearance of satellites about the main (66.34)" proton
reson_ancﬁ“ The pzesence of sa“teilxtes _xm_ucates_ .t.hat any mulecular re-
organization via rupture of .the Pt-§ linkage it be slow on thé nimi
v:ime_scale . .

(p- CH. —SA) Pt was better sbluble in most sclvents than the Othel .

placmum complexes The L nimex. spectra of (p=CHy —s;\) ;Pt isolated from

difterent reaction con

tlons are faitly similar in appearance in CD(’:L3

However, Supermpcsltlon of the spectra howed a slight shlft of the
positinn bt the methylene absorption (see Fig. 11"and table 8a). " Whes

n vie'w of.

ther this 1ndlcates any’ strictural Gifference is fot certai

the very small smn:. The ‘study’ of the. ‘same sample of (p—CH s8) 5 Pt in - \ .

d,iEfe:ent solvents showed that'the posxt:.cn ‘of the mef.hylene abso:pcmn
i

Hoo-p Temain’ constant.” “Thus,”

» comparison Of . Y nom: x. spectra pram platinun and palladiun complexes <

are ‘made cnly in the same solvent., - . T , e
L4 i r. Spe:t{ra in Tecrach'ldmemané . - ’
The spe’ccra of the platinum-sulfide complexts (o,mp-Cif;-5) 2t A

i 1,1,2, 2= ter_rachlozust.hane are. s:

lar, showmg a doublet fof the' .

*methyl ahsorpcion and two sets of AB pa:tezns for the memylene pxucons..

The methyl graup Antensity ratios (pobulation of teomer za:io) of osm,px

1 are app: 2 3, 2.4 and 1.9, respectively
© (the 1over Field methyl absorption peak is asztzarxly taken = ity

arid the ratic ia ob ined from the integration :atxo) ... Their ;pec:za ate

ﬁi.milar {see. Tables 8a, Bb, sc) They fact that the isomer population

a




dyes’ not play a major role in ‘Getermining the isomer ratio. 'The dsorier

o |
) i s o of (p-Cif,-5em) ,PE 15,176, xndicatxng ‘o el sutasibn ob s g
3 ’ g ¥ . fer nexd absorptxon-a,ste{ compared with' its silfide anjmquea. : . S
e, % -3 g L7 Inteqratzuns O[ the, spectza of (o,m,p—LH ~SA) Pt nd (p-CH ] 'ﬂ)zpt s

Sk are apptmc).macely 4 and, that of (Ph-Sem) Pt is apprcximately'

G PR, -the phenyx nng am:l the meLhyLenE protons, in aqreemenL with the Eomula‘. :

. ke & A Cumpaxxson- of | r.he sulfidé and selenide cumplexes in 1 12, 2

B :etmcmezaer_nane shows zhat the methylene Absorptions are very zimilar

.y 3
amorig the sylfide complexes.” .In the 'sulfide complexes the two sets of'

T e omB pac:ems’haveqﬂ te different péram;cexj. However, thé two sets of -, "
I e pattems inthe, sélenide compleses have smallér &i (see o WG
; ’l‘able 8a).: ¥ i au i i e N R

H.onim.r. Spectra ir\’Hexadeutera‘ted Dimethylsylfoxide '

e L nom.xl; spectra of the platimun complexes in d -

{that the cemp).exes weice pa:tially decemposed. The’ spectxal data ‘are 1o-

-cated “in #&BTe 8h. ';ne spegtea shw enly one AR’ quartet in the methylenc 7

regton: . ‘In adaition o u-.e B quartet, a s1nqlbt ag §3. 5.8 ppm Brobably’

may be aué o the  sen, group wuh1 £xee rotation, namely, the PE-0 Link~

age is ruptured and- the posxtxon {sf acqupled by a, DiEQ Solvent nolecule.

An ahscxpt]_l:n at 5m3 3 ppn may’ be igned tn the

jlvent, of Lhe assiqnmznt of cooxcunar.eu ruso at, 83.55 ppm in pq(nnsa) c1
F:

ee DMSO sbsorb9 at 62.50 ppm The me hyl xeqiz)n of (m—CH -SA) Pt (n




(6-Ciiy=sA) Pt. Oné of thesé peaks was. probably Superimposed with the

‘solve'nt-absarp:ion at 62,50 ppm bECai{se .the-partially deuterated DMSO

pedk ‘was ve:y intehse ln these cases. . § B

The presence of an, AB quartat for the methylene protons Ecx tihene

platinum complexes suggests that the chelated ringl is partiaily retatiea

"in d-DHSO. One possible explanation. for the spectra may be,that the di-

mefhyl sulfoxide replaces a PE-0 bond:. "

. DMSO

g fc"zmz
e , RCH,

N

he M nom.x, Spacess 66 g pauadxum cump].exes wece stutfes in

deuterated chlurofom or. teuachloxeethane. The .spectral, data aré conden-

_sed in*Tables 84 and 6c... The spectral patter@ are similar to-those of
‘the platinum camplexes. The two AB q'uartets are easily identified m
95

~the “alisencé bf colnplicétion bip T n—satelutes. Sunilaxly to that of .

:he platinum amplexes,. the cheml.cal shift differem:e B9y, OF the two 1
methylene protons is larger in Coely than that in1,1,2/2-t8trachlore-
ar_hane. The L [BES spect:u reported here wers obtained using'the hy-

arated camplaxes since these were more|soluble than :heu anhydzous ana-

Nevertheless, whenever the lmlubiu;y dllowed, the 1:{ nim,z,

of ‘the =nnydzgua compound was checked and was found to be amuu

to that of “the hyddated form. The, aifference’ in solubility is pxcbnbly




supzy due to the. dunxencu in crystal packing.  © ° T 2

nfe tvo_sets of methylene A3 patterns o‘s-coﬂn&mﬂq palladiva

5 -:_plexes are itk euffeun: while those of the Se-compiexes are’almost

supgeimposatile. The spectxu of the complex (o-Ci,=SA) 7d and its ngand

are shawn in j:q-. 13 and 14 réspectively.

. The lex, ‘m—cu -SA) pd qave a Y tm.r. spectrum which shows a

spunmq f the lower fip1d, methyl ‘resonance.in both chx and 1,1,2,2-

ceuachmxaechanm The chemca.a. shift difference of the split peaks is

" 0,05 ppm.' he i n.m.x. npectzum of the anhydrous’ compound shws the''same

_-pattern of spectra. ‘ALt tihe: pasks ar coelesced toa- smqla: at

70° in'1;1,2, 2-lctrachlornehhan=. The lma‘ll .qp&znien uf uhmical shife

and :he ecalo.cnnce phenomenpn !quent am: :he new’ .gputnnq my prohnhly

‘arise from chelate ring conformation differdnce. Hhe reascn why the

i s
ot | , S (mCii;~68) ,Pa*Behaved differently from'the other| compleés is.pot clear.

Electronic Spectra

The. electronic spectral absorptions of %a transition metal cosplex

: -a} arise fmI the d-d uansxmm ‘of the metal ion, the chaxqe transfer,
or an intratl qand transition. 25 = g . . & I

For & Qiamagnetic celvpleie! there should be ‘three spin—nllmed

d tr " P "‘—» 2
a ansin\nns 4 g2 d!zwd;x;yz-ndd d i—+ag

The aqueous solution da-d-spactrum oI'ncxd " shows threg bands at 21.0

KK(€15) , "25. skx(859), 30.2kK (€64) - oy

The electronxu lbsozpl:ian speccu "of the cumpuxe: of platinum
and palladiun iq ethanol ‘an in chlofoform or natiyléne chlozide ave
ted in Table 9. ) P A '

; v Y

1
3 o
_1n the phcj.nu- cmplueu, the uh-crptlon at za-zskxuogJ‘z)
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P Table -9 o
. Eloctronte Snocten of Bis-comlexes
" = . 7
, N Hethanol Solution | Enloroforn’solution . -
. Compaund Hboorption Bands®(loge . ) Absorption bands (loge,: f
E = fptLon i IOTONRES |
) (o-mlj-skle’t * 28.6 "_ (2.43) .20.5 .5
4 i B 360, L, (.65) ", 32,7 L (3.09)
X L0 NRE] 36.0 (3.67)
4.0 (4.37) 0.4 (4.24)
S ; = B e
. | 5 5
7 ‘ (m-Q-5AY pE 26.6 2l (2.43)
. s hslo ek (h)
b 6.3 .61 . (4.64)
N 3 v ars (a.29) S ase
5 a% 6.5 [EREY - -
& © Ap-Ci snypE 2.9 FERTS o208 Y
s Ty 35,7 (3:83) L 2.9
: - ailo (.35) 35.7,
¢ 47,4 - (4.57) 6.7
. e f EN - 0.3~ ;
“(pn-sn pe 20.7 (2,95 -
N R .0 . (3.54) -
ok I W T =
d . 453, ¢ (ai70) -
T tp-aigsemzpe T 2si0 *(2.32) (2.16)
Gy W . ey (ah): e 2000
R e i - (X R
. # 1 - - 4 (4,30)
. *(o=at,-sA) jPa Dossen. (3.13) ) v (2.98)
o a7 t3.00) - (4.07)
4 . 43.7 t4.28) . . aam)d
. ) 3 47,0 ta.43) R
ST Mo SN PAL/2,0 248 (241, ) (2:96)
i 2 e ! X (3.11) (.17
v, . (4.35)
. forclygh) e . ¥
) oag R, R K ]
: {(p-cit~58) Pd 10 B E )
o e ‘ SEE ‘(a.32)
ok N . 2 Hse)
- gl 30T

(p-city-sn) d

e wnlspa sz

T 25.7 Lzag .
BT FL R £ 7 IO
s P Grges 1
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. Table 9

(a.26)
(.2n)

b iy
(Ph-5h) jpa. 172010

(PheSeH) ,7d.1,0

. (p-cu 5eA) PdI 0 : 3
) (p-Cit-Sen) jed
o o~ci-sm B
i " ©~Ci,~SA K .
: ) J L mecigosh U et
. p-cil -5t
i ‘
> Phesen k' - a
. ; i 3.60)
£ : 3s,um e
2 r3an

(continued)

“1°KkK = Y kiokayser = 1000 .
b. Eleetronic spoctrun In.dicljoromathand’ solution.
o Mo extinotion cooticient vas duterningd.




band at “Ji6 kK (loc -2 &y B prubahl)&due to a s— Pt chazqe

transfer band. The free ligands also show Dands iR the region 34-37 ke, -

gt g R »,thus this asslqnmunt must be comudered tentati

" The ilbsorpt.lcns at'24. 9-25.8 kK (loge-~3)
plexes may be dssaned as a-d trans_\tx(])ﬂs and: Lhose a ;
(16ge ~354) may b duh to.8—» #d charge traisfer. mough\;éqc sifor . L :
1 - . these bands mght seem’a little h.\.gh fozu a 48 transltxon,‘ they are ‘in f o
3 b qoed agreement with palladlum—cystexne complex Pa), (wn;zc L=cysteines

25l s €l (N, CO, ;1) where the observed maxima at 23.6 Kk (1dgc’3.4) ami\\

g 309 ke (1095 3.79) vere assigned to a-a transitioh and s Pd charge.

575, 5 fransfer xespecuvely. The d-d transxtxohs oi’n—ans-?drk 8); x (whm

. | RenzC,ig, i-c fgs 1-CH and fijlogens) are assignodat 22-24 kK and’,
& e gl 5 Uhaoge, thansbar-héanbur, 32 o] ¥ r!Graenuood and nun;er“’.‘ 3

é:udl.ed RAUIT) “and PE(IT) complexes of 1‘ F—bisusopzépyxsex;no)echhne and .

7 found, that the moncmeric PdLCl had bands at 24.05 kX (1oq: 3;28) and ke v

2 i ] oL 1Kk [logti 3.40),in cr\‘_hanollc solution and 23.8 ke (loq: 3: 25) and

i “ | 32. 5 kK (109: p azy in rhloro‘orm solutxon.?z, . J : - B
oo .. The ansoxpuon peresan the” seleniun complexes shaw that there - a
48 not. much difference between § and ée as hqaung atoms. This is in. |

. agreement with the. slight dxff ‘ence in’ sl:abiln:y constants of - :emplexes

0 : The bis- co-nplexes studied. here ate not volafiie: N6 molecular ion’

¥ of*the complex can bé nbtﬂincd £roh the mass spectra, . Since palladium




mass Spectxml peaks wiich-contain paliadium’me(al should- show these reka-

tive shternity patterps. - llowever, the mss spectra of the palladium
.cempxexes do ot shoi the expected pattem at the higher mass numhez re-

giont Thegefore, the’ weak peaks at the hlgher nass num.bez Fegion cannot '

S—_— N . 5

"The major fzuqments:ef the mass spectra of the palladxum cproteEs -

be: assxgned with
Lre'simi}.a: €0 those Of the frec acids.. This'suggests that the metal-ligand

2 N
.bonds ar’d broken prior fo other frailnéntatfons. '( There is not much infor-
.mation. that.could bé dbta}ned £rom-the nass: spectra; ’

The x-ray pomder patterns were obtamed using X, rddiation and the

d-s, apfeiiigd 2t calcuia:ed by the Bragg squatlu

a. :
w : ‘n T T s - e ;
where A=x‘ray waveléngth (a weighted average value of 1.5417 R is used) ;"
stance hetween successive identical planés of -atoms. in the
£ R ;

angle betuden the oty etk diid thesn atomic’ plnnes

=any whule nunber. " L ¢ & 2

The d-spacing’ and the' zelatxve muensx:y of the daiffraction pan:arn :

: of e aa;mpuxes are laz:ated in fable 0. The d;,ffracuun pam:ms uf

the anhydrgus pal.lad um complexes indicate Ehit the cumplexes are uo- X

moz:phmxs.\ Hwevzn the patternslof the (A)" and"the. /ua) torns uf a doui:




I

e ~ ~
(6°T) ¥8°T  (s°T) z2°T’ (0°E) SZ'z  (9°1) -£8°Z (9°T) 6572~ gt
E) PSTE (27Z) 69°€  (S°T) £0°% . (27B)-zp'¥  (OTX\16'% . .{€°T) 02°9...(6°0) LE'Y ofa-pa (vos-Fi-a)
4 - Sy b
" c . i . T BLT - (67T 9871 o e B
W0 T0°Z (TUTY 80°% - (1T 4172 (p7E) $0°y | (0'€) 9T'§n - (oW -0Ls | AQT) 0279 olaime (¥s-"102d)
i ) ST e 68T (62) 86T (0°6) g0 N (8°1). 90°2 zof o
- Som eTE L Ets) wete  (0'@metE (00 0% L (€°6) eV (679) %sow (570) L16. © ofme/tTpel fus- HTE\
., Rt B N vz (W (wnsre’ i ..n
5 (T'2) 0e'z  (9'p)eg'z .G 99'z (9%€) zeE (81D) $0'% - (z°S) TE'y. T (OT) b6y O'HZ/TIPA” (VS- HD-u)
(0°2) LT ..(072) 9072 (0°2) $ET . (0°€) €S°T '(0°2) 857 .{0°€) zu%T " (07zi-oftE.. 5. & Tt
(0%z) vv g (0T)'60°% . (0°S) 8T'yr .(0°T)-TE'F (072)'TS'V . (£'8)pL*Y '(0°L) SB'F * 34" (vs-HO-d)
. 3 b Z8'T) szTT (8jT)8viT o
: (8°S) 6972, (L'D) TH7E . (9°D) 89'E (572) 69'F . (0%) OT"S . (970) 0Z°9 .(£70) ‘LE"9
- N u : —_ . s b
5 . . o s v (LD 902 (v 1) p1E (9°D)LT°E -
(LD ¥eZ (LD ST T zetT  (8YE) 9vT (w2) €572 - L°E) LS°T -(276). 99°C:
(0°f) §8°2° 1S'T):087€ (0°T)-8S°E (€°E) SL'E . (8'8) TvI¥ - (879)-b6°F. - (0T YOS,
- : v . ©'f T (5Eve (572 seT
(Lrg)-ce7e (5°¢) 68°g (v:v) vz @rs) oLtz .(2's) 8L°€ (0°5) .92°p 2 (01) 98°%
. D eeiT e 600 (WY 2iz -(efo) es'z o oT'e (5'D 95°€ - (0D vey
By ;ﬁmﬁuﬁ ﬂ:dﬂwﬁ (¥) Butoeds-p
] k g Toay WEI3ed UGTIORAIINA AeA-X | g

“of ofaey

<




*poor gxff;jzciaq_p,atcém' while the latter resulted'in a good one.’ Their

SA) ,pd and (p- O -Sed) P ‘are only sliqhtly different. ‘However, the

|

£
hydrated (A) form of 1p-cn ~SA) Pa.n 0 gave only a poox diffraction pat— |

tein which is quice aufexen: from its anhydrcus form. 1 . J

£ ,4The c property: among thc s indicates |

that the structures of these cumpounds are pxaba.bly ﬂ{u “same. For the.

structife more favcuranl,e. Thes, it Ls likely that the anhydrous palla-
-

1u n.m.x; svxder:EA. i RN i %
'tho -t srarance in diffraction pa:tern betwsen the hyaratea (A) and
anhydrots’ 18) forms' pay be either bécauss. (A Kas 4 different structure
Seene deedod of crystal packing ls ditferent in the twd cands This
effect is-seen in the i €fzaction patterns of anhydrous ‘(n\ACH‘ 88 pa. i
The infrared spectra of the; sa;\p;es‘ of (m=Cif,~SA) P4 zeLrystaJhnd from

chloxoform ‘and f% .acetone are Sdentical. However, the former gave. %

‘pattérns afe also slightly: different

e ; E ¢ o P Sl s g "
;- Contlision T o '{w } . -
e Ly | :

‘From the above discussien, it is concludéd that 'the bis-conplexes

of platinu'm

ave a trans squdre planar structurs md consist of two Sia~

s!:ezeomex‘s because’ of the pmsence of ehxral centers_at ‘the: ¢helcogen atons.

* The b -cnmplexes of palladiun probably have the same: structuire because

= 'thelx‘ spw:txal properties are fairly similar o' those of the conesponqu{

Uiskiiin Conilexel:- 'thé, flEretance in Ehiinfratel specira’e (s Hydra-

> ted dpd A lexes of palladiim is probably ;impxy|5ue to the -




| BT

presénce of absence’ of vater in the’érystal. However, the solubility of

the enhyfrous palladiin camplexes is so Low that a more extensive study

of :hen'; in solution was not carried out.

I
v . % ’ .-“
ST _
‘“ % . -




o netal cmplexes of amechyi;ulfux;dq (omso) nave shnwn that while - b4

PE(D) and PA(1T). b : 4 E , ]

¢ CHAPTER 111 .

red PLATINUM(II) -AND PALLADIUN(LI) COMPLEXES OF:

- SUBSTITUTED' PHENYLSULFOXYACETIC-ACIDS [° ’

‘ - Introduction” . . o } - 3 :
1 Jrizedie : . e
_The use of sulfoxide as ligand has been widely studied since * o

1960 and has been revlcwnd.l Inf:aredg and x-ray- diffraction atudles 23

dunethylsul{oxlda is generally associated with metal ‘ions through its %

oxygén atom, sulur donation Wb Savousen for. some cztxans, sich: ds g 4

* " However, in the- cecrakxs(malkylsulioxxae)pahadium(u) com— .

plexes, both’sulfur and oxygen bonded dialkylsu!foxxde ugands are rer -

paxted.gﬁ o Dlmethylsulfoxxde forms cis- [PA (e 50, (e 0

12 <whm-."'

&ornors are undezhned) J+ didn-propylsulfoxide ‘and dx-n-butyl—sulfox)da

bot.h foxm trans-[?d(Rzg_O)z(R_zsa 1 and di- xso»pemylsulfoxxde foms S
2+.98

an entlrely oxygen-bonded cation [Fd((x-pentyl) 501,077 It has, been

suggested that,. in the sbsence of severg stéric effects) dxa].kylsu]fcxxdas

e;d\ibit ‘their’ true pzeference Ecr métal-sul fur bonding. Incteasinq cha .

|
steric effects. can prevnnt sulfuf to metal xmmung but still allows oxy—

:qen o st mondlng e tate wmiiea yolsie i ovvens bnnded sulfoxxde S

cation -is’obtained. In the presence of severe steric effects, only the

nxygen-bonded ccmplex is obtained. . " P S L

+ . he nature of x:h sulfur-oxygen bond in' sulfoxhie is a'matter of .

some v: - Dousle bond oy _has been g for the - 7




single bond. However, rather small force constants, strong hydrogen

" ponding

!, and other’ sych as bond refraction and para- ;'

.chbr, have led to the Conclugicn that the sulfur—axyqen linkage of sul- '

) foxides has a semi-polar cHapacter. o, 11»' nymir. spectra indicate that- . . Cf

. I the anisottopy of this grou is more akin cfi that of the 2 e :
i . to eﬁa{af the o=0 bona. 100 . 5 ' L 4
e . o ; - 5

i N + . - e pyranidal nature o of buifoxide sulfur rénders the matlybone,

pmcons in benzylmedwlsulfoxxde nonequ:.val:nt sothat an AB pattezn -in

oo the Wnmr. was observed,’ Purthamiore, it has been shown.:that, oné’ o

- ik, the methylene. ;imr_ons'ex‘cmngcd with deuterium'14 tines 2s x‘apidly_ as’the | .-

other. ' me’ non-equivalence of the methylene _protons in the uqands 4 .

v - m- and p-toly)sulquyacetlc aciaelis Axpected and has been observed. As e

Aur. studxns have showni|that the meta

for the sulfunae ccmplexes, lu
' 101 303 5, 44 / : p

; sulfur bondxng' is retéu.ed in the, solutich,

- * The dohor properties o[ m- and p-tolylsulfexyscenc acxds are
o g B thvestigated here 56 that r:omparl.son wnm those of, the correspondan thio  *

llg‘ands 1s possible. . Althouh stuple summa s as nqanas have been®
ies.
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Bis

~ Method of Leonard andTohnson

Experimental Section-

s b £ wslls
A tion of TolylsulfoXyacetic Acids ;
- T 1

: < £ b )

" The ligands. my and p'-(tulylsulfnxﬁacetic davas wanpbendzen, vl e
2104 by oxidation of the cnrrespondmg P
@_olylthiqp‘cetic acid with sodiun. metaperiodate ‘in methanol: 'The m:hod
of preparation of (m-tolylsulfcxﬁaceuc acid (m-ci -so-m) is given below.

The ccmasponaing prtolyl deriyative'vas ‘prepared _umlany. ;

To a 0.50 " solutmn uE Sodium metayeriodate Nalo, (0. 105 -mola in

210 ml vater) at 0°C was added dxnpw.\se(m-tolylthio)acetxc acid (0.100 mole)

N
in 160 ml méthanol. me Nalo, which precxpl.tated was removed by sutn-

tion after €Ke nifture was stirred at 0-5°C. for’ teh hours.  The chloro-

fom extzact of the flltratel after dryi.ng over “anhydrous . quu was con* i ¥

cent:amd to yxem a white yrdci.pxtata mscrys:a Lization from chloro

form—-pet:aleum Ef_he): gave l:hq teq\umd praduct: (139 g, 708, m.p. 8.0 /

so.s5ec (1ie.” es. 0-89,0°C) .

ks vield af(p—mxylsunfomai:e:ic acid:" (89%), m.p. 105,5-106°C

“(it.” 105.4-105.8°)"

= . .
X of Chielated Complexes -
1) dichl ¢ nlylsulfoxyacetate atinate(IT) e

an. aqnebus sa),ut_tcn of potzssium tetrachloroplatinate (1), u 661 g,

.4.00 le 20 o ml. water) was aarled to an aqueous “solutiop of potassiun




bl

i
!
{

: l . 5 R A 87 ¥ -
i 25 4, . i x . X o
“The product wis récrystallized from 10% ethanol and dried at 90°C in

vacuo ca give u\e title compoind (1.820 g, 91%), -m.p. 2545C (dec.).,
Anal.- l:alcd for C9H9ﬂ203SKFt o . K
©,21.52; " M,1.81F L 5,6.38; 'CL,14.11.

Found _ C,21.70;  H,1.94;\ §,6.56;  c1,13.89
s . histak~ S
| ) i
(ii) Potassium dichl Sno (m-tolylsulfoxyacetato at‘amm(m
S v -

Aqueous’ solutions -of potussxum tetrachlomplatlnate(ll) (L. aslg,

4 00 ‘mmole h’\ 20 0 llll) and (m-tnlylsulfoxﬂacetaté (4. 00 nwole in 24.0 ml)
I
wers mixed. A.yellol-l pxecxpuacg began to' form®after eight hours at,
| zoom tenperature and was filtered after eleven hours. . Recrystallization

s fzem"im ‘ethanol and drying at 90°C, in vacuo gave the title compound. |-

(1.540'g, 77\), m.p. 244°C (dec.).

. H . .
i ; P e
nal. Calcd.- for CQHQCIQOJSKPK: . . i
€252 131;° 8,6038; ¢ Cl,14.110
! Found c,u B H, L. as, §,6.49; . €1,13.83 . L

i k\ mssoluuen f theeproduct in D.0 f 11owed by dxstlllatjon of

2

. the soIvenr. in vaouo'gave. the deutefa:ed mpound.

. (448)  potassium ai 5 opyacktatolplatinate (£1) ¢
| B T e

. An agheous wglition of potassium’ tetrabromoplatinate(II) (2.00.

miole in 45:0 -‘nl) was added to an'dquacus solutian of potassim(p—tulyl—‘v

sulfoxy,acetate (2.00 fimole in'8.0 ml) to.give: a pzscipx:ate which' was

fi1tered, after “twenty-two, hours at “réom tempex‘atuze. Tha ptoduct was.

fucerea off, vashéd with-cold water and dnea in vacuo a{jc to give ’




Wl atenl

PR . *
. . r
the title compound. (0.6525 g, 55%); m.p..225°C: (dec:).

Bnal. caled. for CyligBr 0. SKPt: o ° . £

i €,18.29; ' H,;1,53; ' §,5.42; . Br,27.03

& Foind' c18.405 EN1l65;  5,5.52;  Br,26.98

i atinate(II)

(iv)" Potassium i 3 £

The mixture of aqueous ‘solution of Botassium :ecrahmmopuurfg':e- ®

(xi) (2.00 _muole.in 45.0 ml) and potassium (m»tolylsuliaxjacetita (2.00 '
simole: in 8.0 ml) vas’ stirred at room tempezature unt).l the initisl. dark

A trace of wamsh adcomposed ‘tasidue

brown mlozatum dxsappaa?:l

was futezed off. ' The of

taken up in acﬁm . . slow evapoxatxnn of ‘a water-aceténe (1:3) solution

in. a vacuum dssiauaccxx,\elded a yellowiprecipitate vhich' was filtezed,
|

+ yashed with.cold vgateg,u_nd aried 1A yacuo-at--90°C to Give the: title

compound (0.3890 'q, 33%), m.p..zzznc (dec.).

Anal.' caled. for' cgngsr2ozsm’c - Ly

©,18.20;.  H1.53; .5,5.42; . Br,27.03 . 1
\ . . F
Found _C,18:42; - H,1,61; ' §,5.57;'+ Br,27.08.

uaaz}; (1)

Naii agueous” solution of patassmm ce:zamlgmpanada:e(n) (2.00
40,0 1) wa ded slowly W sticring th an aqueous. solution

. cf pctasssum(p-mlylsuuoxy)mence (2. mmole in°10.0 ml). A bzmmisn/

yellow pze:flpitate which. {emed immedtal ataty vas eiitered atter one hour

at(mam temperature,, ‘washed with - co1d water @nd dried in.iacuo. 0 qive

obtathed fx'\om cooling the yellon solution was




sl ler e hnale cxlcd for Cg“gclz%s“?d

e, G cgeas 197 {s,7.7s;' c1,17.14’
: S0 o g Tt ) .F‘o}x‘{uir c426.18; w2205 §,7.68 . CL,1694 &
| . P : ' .
{ A _— " < : I
E‘ ; . (vi) ' "Potassium monoch (p-tolylsul : .nthar-(vn_
t ; To an”aqueous” Solution: of K[Pt (p-Cil -so;A) c,l 3 /00 nbole: in 100
i P nl) was added an aqueous solution of potassium bromide rq 00 mrolé in
i 16.0.11) ." The voluie of the solution vas reduced to one hird nfher one
‘ hoar at '30°C.  Slow evporation of the solution th vacuan destocator yields
; 2L ed the title campaunm .m.p! 225°C (dec.). !
! L4 vuvcuxolsxm v % .
[ ' RS, s5.87r L9

& 2 H,1.80; ' 5;5.86;  Cl4idz

o " Hisucsesuei A‘ttz_m‘ets» g 7_ .

=i (i) . The reaction of K[Pt (p- Hy so-mclzl and potassium thiocyanate

in aquecus solution )}xemed an_ insoluble yolatincus pracipitam: Recrys
scauuauo'_{: was imp;»ss;ple dQue to 'its 1ﬁso;unia- pzoﬁexcy. The iy{fraxeq .
~spe;ér.xa showed the-pHesence of(p-tolyl%uffoxy)acecéue group et el e
thiodyanate ‘group. However, no analytically pure compounid was ohta\ined.
iy The xeactx}n (of odide ion (cegium'iodide and litfiium imixde pix-
ture) ‘on_ x[Pt(p- 4-S0=A)C1,] in aqueois’ solution under nitrogen atios-
e phere  caused, tie decompa!.itinn o': e BRI RAL SRS TRR,, T black’ aécon-
11 posed residue was ‘removed afte]k one hour and the resulting sol\mon

| s 5 . -

ot

3
i
i
¥
H
|
4




[
|
4

i
|

. yielded a green compound.’ The infrared spectrum of thi green mmpound

‘showed ‘that ‘the qha:ac:e:i.suc peaks of p—taiylsulfcxyacetate 11qané were -

: bromide with KIPt(ijH3>SO—A)C12] in an aquecus solution at: Foom tem -
“wis sunuar to the ccmpnund x[mp-cu ~50A) C18x] and Sfiowed 1o charac

'/(w) The zeaction of” exc’e}s :acraneu:ylumonium bromide on K!Pt(p»m

senta Attempts to’ xecrysr.aluze the product £rom watez-acetone wete

" ® e
ahsent. m.p. 293°C. : d PR g

(111) The Ieactic\x of ‘a; stolchionetric arot of tetramemylammoniun

perature yielded"an crange yellow pucipi .. Its “infrared _spéctrun

:ezunc peak af- :e:xamathylammnium ion at 94.5 dm ¢ . B0R

,s0-R)Cl, 1 in a}n aquedus solution at sorc yJekded an;oili A yellow pow- |

der was pbtained By, grindinq \:he oil with diethylether. -Its 1nfrared

spectn showed that both, ol the chlofine atons were being _exchanged and

tic peak of fmond inn at 945 cm %was pre-

the,

s'uccessiul because 'the same sticky. cil fumuéd aqain.

.o -
W mé reaction of tetrachloropalladate (m and

m—tolylsulfcxyauetate ‘in aquedus solutxon at roon tempe:ature viengd a
pmducc wmcx was brownish yeuw when 1 was wet m\tLbacams dark brown :
_when it waf dried, Atta(npt: o recx‘yitalu.zs At from Ritromsthane and

water wem—'ner\succassful‘ Its 1nfxaxe:1 spectrum showed that the compound

58 béndeé thxquqh axygen of'the sulfoxy group.

(vi) * The :eucticn of potassium tetzuchloropnlladate(u) and potassium

p—tulylsulfoxyaaetate “in Aq\lenus éotution produced i1 addition to K[Pa(p-

‘described’ above a si.mﬂar cclupound to that obtaxnedv in‘(v) . ]

CH j-so-m)c1;

u.bove 5

(vi4) The reaction of potussium tqtrabmmdpalludate(ll) ‘and. potass.\.um 3 i




N i ‘

P

y

[

in.aqueous

o' pure’ compound. was’ obtained

also,




‘@' tive caarge. myJ caus, me Sulfos

= ... Results ahd.Discussion

Arjylspljoxyacghc acid

a potential ambident 1igahd when acting

as.a mcnodentuta‘ ligand. It may also act as a grtating bidentate nqax:d. ;
" rinally; it is known t_hatvtim met;hy'l;na p;,eénns of me ﬁazaqc acid aré
non"eqm»'alent from pxatm'r nagnetic résonance spactxa. [
Zn order’ s conpare. { ~donor prcpe:tles of u'ylsulfoxyacenc and.
arylthioaietic acids, they were’ teactad w,\th platxnm (II) and palladiu‘m(II)

_compoiind under 'similar conti

n’s. Unlike the- ‘thiv ligands which fomed -

innex mp‘lexes sasily as de ibed in Chaptez 11, the fuLresy uqands

The dacmise uf “dono préperty of, sulfoxy liqand ‘compared with' that -
f the. thio ugar\d may; be -attnbu_ted to' the \increase of effactive -
’ 0, - ) 4

chargg; on’ sulfoxide snflefu: mmbax‘ed with suifide’ sulfur. A higher 'pus1—

e to be a scnnewhac batter. acceptux
and thus be:

ess 1i.kaly ‘o 'have a sacond sulfoxy group in’the tzans posi-

: tlon, R—zary enission “has confirmied that ehe o posi-
in
! the. sulﬂde.ms 106° o ®
: o s . . i
; Ve g, ; 4
B[ ' Syntheses of. :hu'cogglaxes o & "

Before pcheeding to the ais:ussian of! che spectzoscopxc data, a

“few gene)al wmmencs onfth@pzepazauve work are qiwn beluw,

The platlnulm derivatives of the type K[Pt(m,p—m -S0-R)X,) were




. I . : T
I g ; : :
"with the potassium salts of ‘the sulfory 1igand in an aqueoss mediun.

The rate of reaction cf the hgands with Pt(ll) and PA{II), deciehses in

the ‘oxder 3 S N

p-m

0-A" > neCH —sq A" and p—CH Sn” ’psCH ~s0-a"

musuteﬁ. The decrease of zats‘ of the m: olyl nqand may be' dus to'a

decrease of ‘eleotron densn:y on sulfur atom of m—télyl 1igand compared

the o eappR ey gk hecause the fomer have two lone paifs
) of e lections on the sulfur aton whﬂe the “latter nave cnly oné o parti-

o o c:.p,ats &én the complax fomation. | In.addition w the, electxon wi thdraje

- ing effect due to the, sulfur-oxygen bond, the oxyden atom ot the sulfoxy

growp may have steric hindramce that prevents, the mrdxnat:on [OF sulfur

¥ g . Sl 2
‘. g ¢ v oeton ko the metaL C (n R -

The bL‘omine denvatwes of K[P:(m,p-

Hy-S

pared

ther trom‘the reaction uf tetrabmmoplamnat.e(rr) Lm& with ths P
‘potassiun salt of | the sulfoxy ligand of by bronu‘.de excharige with the

. chlorine derivatives of the coupiex.‘ Tr;e former method ‘is preferred be-
cause’ the 1a=cer yxeldsd a pax‘txally axcha:\gad pzo\{ucc and often fnmlsd

“an oit sk tatnmathylammonxum bromide was nsed. The purificatlon’of

the pmduct fram r.he exchange method, was dsrficulc.

% 8 N when both X and lms * tons were pressnt in'in aqu\nus solutioﬂ
b " containing the complex ion, & cxystaliine product concam 5 potassmu
5 [}

“ion. as- cation :athEr than the latte: | was Dbtained. 'th comp!sx cohtai.n-

wE ing the tstramethylamomum ion formed a sticky oil il stls preclp&—.

 tatea! clit from ub solftion. Lo

althouqh no quantltatxva measurements of the rate’ of reaction have been

with' that of the p-tolyl llgandA, The thio ligands react ;ﬁuch “Saster than

-A)BX,] Gould be pte— s




Faln o o

The reaction of :e'tr'ahampalﬁaa;cé(m ion with the potassitm

salt of the nqand prcduced two kinds. ff Complexes. The first type, -

K[PAKp CH. «so—n)m 1, is sxmlar to thi placinum complexes The second ~

t_yps was obtained when m-tolylsnlfoxyac tate was reacted’ with tetrachloro-

palladate{]l] don ou-p-tolyl. "and g-toly sl e with
t‘etra.bromopalladate(ll) Aie e u\frated spectza of thesecond: bree.of -

cofiplex show. that. they are bonded thrguih the oxygen of e sulfmdés

\
" group and the carboxylate grdup is pkobably not acting ‘as ‘a.unidentate’
figand. “The v, 00,) of the second typo Complex Shifts to 1590 cn ' com-*
-1

pared with 1?35 ai L for the Fust type and the v, shift‘s to 930 am

frop 1128 cm s Unfuxtunately, stteigts ty iu}'xfy these - compoumk wére

uinsuccesstul. . - ; s s, .
When Kl (p-cHy SD-A’)E‘:C! ] was treatad with t)\lﬂcyanﬂte ionin ~ .

aqueous sofutioh,. a mghly Lnsuluhle Gompound which contains S-bonded

('.hlowanate groug was obtalned. However, no malycxcally siixe. coppound |

cuu!.d be ubtained because no solvent for thz pxlochkt couta be found.

Pinally, t_he aqueous solutdon’of the s-honded ‘éhelated. comgxexes

" studied hers is acidlc. The acidic proton’ could be e tzated with didute

" Prestmably ‘one” of the - p:otcns is” ehe Acxdxc

RSy P IO




. sulfoxyacetate and x-'cx or Br) .

. indicate that ‘they szhl

‘i) Hiqhax Pru.]ub'naj Region N E ! 5

B

. Zesonance hybxid of &e :tzuunuus (xvn-xx)().

& ncn representati

".been Yonfirmed by a, nusbex ot X-ray 'dehelninaﬂans

xpex,) (-lhaxe Mebtan ; a(if); L and p-talyl-

Elecuulyr.as The dimnql\etism of ‘these d

emp)eus svggasts that mey possess a sq\lan planar gmuy The com~
Plex Pacl (n«so) is a.fm:ely square p)anu in the solid stata®® g
which ¢ ibility.

A

7 inaicate :ssantlal ai wq—

netism.

(a) ..Intrared. and Runan Sgectra =

Invn:ki’gltioh‘ of a wide variety of su:'tox;é. c'qxpxesies suggests

t_ha): th ch;ncnon ofchange m ‘energy of S0 -era:dnxng fxequency band

on mordination reflects the donor, atom,.iie. s or 0.7% ‘an increase {n

v, _, ipdicates 2 ‘and a dacrea 5~ oo ion -rm..m
: 107-109-

Thus Aw -D”

(cequx)) x( ne;amn -nuuc.m S-vuoxdination “vhile

. 4if positive indicates o-eunxchnubeu.

" %he electronic :tru:!:u.re er siloxides nay b represented by’




(XVII) and (x ) il u‘lctease and ‘the’ resu}: may be .an increase in'v,

sg0°
e coordination occurs thrmlqh oxygen, the cantnbutian of sEructure .

(XVIII) will incr_‘e‘ase and the' result will k:e a decx‘ease of the §-0 :

strecching “frequency o', 2% e o

N The infrared-and Rahan &pctra (1800-250 ™) of the complex ™

i g By ‘ s

x[P\:('g-cu' -s0-MCL), are s in Fg. 15 & . T e

The infrared and Ramap spectxal data pe:cnnmq to the 's-0 and ~

carbonyl atzetth\ g irequencies are Jocau.-d in Table 11 It ds quite' S

clear that the shife of the 5-0 tretch i in' alléthe compl

K[HLX 1 where n-rd(u), PE(IT) s Len- and p-tolylsulfoxyacetate; X=Cl or

"az')

is negative; thus &5 ting 5-¢ ion for these The
sttonq band at ahcut 1120 e ,\.'n the' ihframd spe?:tra for ‘all the com- -

plexés nay be l:uns).dgred to der).ve most enexgy from’ the 5-0 sr.xen:mng

:esulted in the dLsappearance GF ‘the bands'at 1150 e L ana 1227 o

g

L leaving the 1120 band unchanqed In the complexes K[ (p-—CH $0-

A)x21 (wheze Mrpd(11), p:(m, x=c1 or Br), the assiqnlnent of 3 570,
stretciing fzeqnency is cman\icataa by chn presence of tvwo equally strong

| ‘bands at 1127 afa 1117 et The ‘fres 1igand has a weak band at 1116 at.

Ra.man sgectra also shw r_he presence o£ the two'peakd. with equal inten-

sity st 1127 dnd 1118 cin o1 Dﬁ‘utadum sibstitution did not shift e 2" g Y

confomat.lanul 1somem, lEot example, the mal and equatorial s-o s:ucua-

. ing"grequencies of cyelic sulfite are tepoﬂ:ed’ at 1190, and 1230 cq\
u1; 112

raspectively In the chelated Complex, the sulfur atdm :.s aiehi-. 't

bratt Do iin substitutidn ad dn e Gonplex [Pt (m-c -so-mclzx, S

bands. It is known that e 520 ‘stretching Erequencies are dlfierentdn € bl
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. . ral cen:a:‘ana the 5= \qd nay ec:upy either pseudo-axial or equatut;{l
L '

- position with xespect to’ mei'chela:ed rings Both ofthe peaks at 1127 . - . :

S nls,m 7 are :ollected in-Table 11 becnuse ‘they- cannot be asslgned .
wu_h certainw. Haweven it is passible that they arise from d;ffemn:

|7 conomezsyi s ttow [ G . s

. s adsbrived in Chapter TI, the wide separation of the carbohyl .

‘stretehing frequencies (Av(cnzk-zss.m‘ 1 mmparcd witﬁ that of free

igns (~220 o) (see T§n1e 11') reveals that the carboxnace group func- .

i

e A 5
tions:ds a un dencate ccvalem: ligand m these complexes. . B4
v

"o Ex the above discussion, s ~conc)uﬂed “that - the arylsul foxy='
¥

"afet: te ion a:ts as a bxdentate ligand bonded through the sulfur of the

sulfuxyw gxcup “and the oxygen of the parb xylate group.. The

. Otwo sites of the square pxzme are ‘occupied’'by two halogen atoms: .

T '\ © weak in mtensﬁ.y in'the cegton 760-600 e L. LBy intareomparison of the -

r {nfrared spectra of ‘the sulfoxy complexes in the. -veglon ag0-600 oL and

¢m’ in thesa=ewdfoxy cml\ple'es are tentatxvely ass.\gned to C-5 strétch»

!

i o s ‘fndicated in i Chapter u, the C-§ stretchan banas are usually
i
i

" ing frequéhodes.  Sihee the Bheny rings have strcnq ahsorpn.dns dn“wis 7w
. XEQ].OH74 and thE ccordinatad caxboxyl group also exhxblts ﬂle C= 0 in glane

B s
e i defdmations .in this reqion (e g.. 745 5nd 727 em Ioz txans—Pt(gly’

¢ ' and tran Pd(gly)2 ® respectively) ,/the‘ assignient. of "c-s here must be
. . uonsieexed only tentative:
T SR .

’ ; .
¢, (i)  Low,Frequency Regi.ert « v L ‘ 1 i
: g

2.t . The’cls-MX,L, skalat‘.on has C,, symostry at-most. aou{A symmetric - 1




100 -

and B asymmgtric ‘stretching modes ot H-X are: infrared and Raman active. .

b
The symmetry of trans-MX L’st Dy, .at most. The symmetic M-X stretch-
ing mode. is Raman active and thu asymmetric M-X stretching- (3
113 . .

7 ie inrared active. . o
!The chelated complexes x(m..x 1 (w‘!‘lere e and‘p—tc‘lylsulfoxyv—
adetdte, ¥=Cl or Br), mist be cis and should y).eld ‘i metal-halogen :

'si:.retc‘r;inq nodes, in both the Lnﬁaxsd and Ranan spectra. The'fietal halo-

gen scxe:crung modes’ are: easuy mstxngusshed by (a) theit mcensx:y'm

both the Jnfrared Sa Raman spectxa, (®) xnbercomparisun of chloro and
broms ‘derivatives and © l:ompanson “with dnts, foi sinilan molecules.

The metal-halogen ana, metal—sulfuz stretching frequencies’ are

conected in Tahle 12. A comparison of tHe iffrared spectra of K(Pt(p—

shown in F)q.ls.‘ N

‘The position of the two metal-halogen stretching modés for con-

pounds of ‘the type’ cis“MX,L, is known o vary considerably with the na-.
e ‘az

‘ture of the l)ga.nd L. The inifrared specta[of all the platifum

hloroqdexivativeg' o, 2 meatun intsnstty Hand a 344-339 e nd s
strong band at an}' @t whi"ch may be assigned to the a;ymmecr{c and

symmetric Pe-Cl s:mtchxng irequencles !espe‘cbvely These ‘strong peaks

are. ahsent in the ng btwmn ivatives. ‘The R@m‘Pn P

of Kpk (o at 37S0-R)C1,] also shows’ the two trong bands .at 346 and 317
et respectivély The ::o).ncidence of :hc Pt-Cl stretching modés in t:he

mfraxea and Haman spéctra as expected 4s7in’good agreement with'a

stracture. “These assignments at, in'the samé region as described fnn
\for example, cis-PECL,(NH,) (DMSO) [i.r., 346(s), 312(s) em 1M ana

kAN AR
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Fig. 16 . Infrared spectra of ‘(1) X[Pa (p-CH -50-B) €1,
af [Pt (p-CH~S-A)BE ], (3) X(BE(p-CH,-SO-RICL},
(4)  K[Pt(m-CH,-SO-RA)CL]);" (5) IP:(m—Cﬂa-,SO-A)Bx‘))
ana . (©) - xipd@r-soafel It [x % i
See ref B W e
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Ci8-PRCL (BE,S), (i.%., 330(5), 320(s) om™y, Raman 331(vs) ; 320(sh)

.y !_ns e strong bands “of K[PA(p-Cil 250-R)CL] at 315 ana 301 o

are assigned to dsymretric and symmecnc Pa-cl stxeechmq fzequencles.

‘Since’ the metal-sulfut stretcrung ftequency alsa dceurs in Abe
same - ‘région.as metal-chlorine stretching .Erequency,’ there may have

been appreciable :o\m):nq between metal: 'h)onne and mtalhsulfur‘stretch—

ing frequencies'in the cis camp),ex w e ox R o ¥

. The new'strong bands' at 255 and 217 cm
. - ~

of K[Pc(p-cﬂ3—sc<mﬂtz] and 2407and 2zc/m L in that Of RI[PE(m-CH;-50-

RN are ttzntati,vely assigned'co Pt-Br stretch‘ g fxequéncies. These

in the inffared spectrum

assiqnments fall.in the same region as that ‘of cis-PiBr, (Bt s) 3.k,

230(s), - 218(s) cm™L; Raman, 230(s), 220(m) cm 215 For the” conplex
K[PE (p-Cit ~50-3) C16r], ‘the infrarcd péaks at 316 and 218 om .- and the
Raman peaks at' 316 and 218-cm - aré assigned to Pt-Cl and PtBf stretch-

|

ing frequéncies respectively. ;
Metal-silfur stretching frequericies of cis=Ptx L, {where" LmeuL{al‘

sulfide ligand) have been assigned in the range 270-350 om .7 the

1
infrared peak at-313'cn*in the bromo-platimun_ dorivatives and-a shoul-
der'at 313 cm hv)n the chloro-j platxn\m\ denvacxves are c«ntatrv‘ely assaned

* to Pt-S stretching | ses. the maman spectrum of K!Pt(p~m 50~

MCL,] shows'a’shoulder at 329 cm * which may be dssigned”to Pe-5 ‘streton
ing frequency, However, metal-sulfur stretching bands are. generally:

3 = v
weak In intensity and they occur in the same region as metal-chlorine

stretching. Varicus ligand skeletal bending and deformation modes fur- . ©.
ther. complicate the spectra in. the low ‘Ereguency region and :the possible

.interaftion with ligand modes which ‘occur. in the same region mist make




“ [Bt(Gly #) (Gly)Cl] {(where Gly HaNi,CH,C0 H ‘and Gly=NH,CH,C0,”) to the.

these assignments xamex tentative. ¢ 5

7
‘ For the platinum envanves, the peaks with moderate intensity"

at, 404406 en™} for the chloio derivatives and at 390-395 cn - for tha

bromo derivatives are assigned.to P stretcnmg frequencies. ' The -

peak at 395 cm ' for the . complex” K[Pd(p-cﬂ sc-mcl 1 is assigned ‘to, Pa- o

g . These may be. compared vith those

,reported by’ Kieft: and Nakamoto!1® who have assigned.the peak at 388 emt

in the compound, K[$€ (Gly)Cl,)"and the peak at 407 e ©
COZ
Pt-0 stretch. The metal-oxyger stretching frequencies assigned hore

. are:ir the ‘same region as those assigned in the inner complexes described

in Chapter IT.

) Protoh Magnetic Spectra

e tu n.m.r: spectral data are collected: in Table 13.. The chelated.

complexes studied here are insoluble in non-polar solvents. The lH n.m.T.

spectra of £he complexea’ taken in deuteriim oxide or hexadguiexanad ai.
methylsulfoxide only exhibit the’ Ahsaxptlon signals of rethyl and pt}enyx s

growps, ., g Ty o

|, The absence of the methylene group a.bsorpt;.nn sugqests that the
protons are completely ‘exchanged for deuterx,um after dissolution., Thus
tne Lability. of the methylene protons in, the chelated ce‘mplexes s’ ze-
‘vealed. A similar phendmenon of la.bile methylene protbns was obsewed
in the palladiun (). ccmpl(:xes Of Schiff bases' derived: from pyruvi c .
1acid and glygine and a].so f£rom gloxylic acid and u»alamng.‘” "l’he ”

23 n:m.x. spectrim of Na[Fd(pyv-qu)Cl] (structure XX) in denten\m

in the compound &

b
!

;
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[_ .Structures XX' and KX show the smulanr.y of the meﬂ\ylene group

envxxomcs. In both cases the methylene grdups are actacﬂad to two wi-

sutuxated groups. ’rhe ‘électron dqnsity ei t.he methylene ~px‘dt0ns is’ fur—

ther x‘ed\lcer] through the cooxchnatxon O the donor ace& ( or. 8t the
notal lon.. Thus, 1t id not surpridtng to ses’the memylene protons of

the. su;foxy] chelated con\plex beifig ‘active and easuy Lexchanged with

~“aéuterium in deuterlum oxide. o

The i pum.x.. spectra of the tolyisulhyace < acids or the].z E

sodium salts show the, fouwxng -:hemcal smfts. a mul\txplet at & 7.l-

% 9 pp (phenyl z‘!.nq). an AB quartet centered at 6 93.85 ppm (CH ) ana

/a singlet a 6;2.43 "ppri (cu ) (see Table 13)‘ pon coordination tothe,.

metal, . the, methyl protons pave !lzeen desbielded By, -0.03) ppm while the

. ring protons oxtho t6_the sulfoxy gzoup have been desh).elded by as mu

axOSSygm .

{'The fact, that the methylene pzomns were easily excariged and

< L that the rinq pmtms vere strangly deshielded in the chelated complex -




vsatellites jand a multiplet at §

o Cnhﬂncti.’vitz Measurements ' o T

7

indteates thas the metal- uqana bonds are pmbably 'nm—iabx.le and the

conplex Fetainms its: chelated form.in the solution. P
The '8 pam.r. speatr\m of ‘a chlbzxne-bridged comple; \‘g (Pt (PH= 50~ 5,

C! A “which has _been' reported pzevw}.sly w),l;huut the Yo .m..

/spectxal data, will bs dxscussed here fox the ‘purpos. of, companson wun

ehe’ Spectra of the chelated system.. In ‘r_he chmxme-hnaged complex,
the phenylsulfoxyacetate ;acts as a ynidentate ligand’ bonded Lmly via ‘the
sulfur of the 5u1foxy group. 1es ln n.m.r. spectrin’in g -destone. shows

an A8 que&tet cahtezed ‘at 4. 71 ppm (n\ethylene) flanked with 9%t

.50-8.30 ppm (phenyl.'ring). . The nefthy-
lene protons’ of the! chloring-bridged gl havarbeat; Sntilatind fy

~0.84 Bpn upon, coordination. The presence of the aesmemed AB quartet
4 ;
%,

© vith the presence of 1 Pt satellites indicates that the Bt-§ bond is

‘non—lmle. Thus, t.he a.bsence of The mer_hylene ahsurp'cions in the che-

lated camplexes may be because (i) the meaf lenefpruton.s are more active

in_the chelated oomplex and r_hexe!'ora more. easuy exchanged with deuterium

and (1) fhe 4 oz spectra of the chelated cnmplexes were raccrded %

in 0,0 makmq the exthange xnevxé".‘a’me.

‘The zesxsttmce (R) of-a mtr ethane solution of ithe chelated com="

plexes -in “the concen\:zatwn range.2,x 1077 - 519'4 M at 259C were reasured.

The ‘specific conductivity k=cell constant/R (vhere n-lesxstanca in’ ohm)

and £he molat’ conductance Ay »aré related to.x by. the fomula Ay~ 1000 K/Cyy

{whezs, ¢, =molar concentration). e molar canductances Ay " from three or

. four ts were. plotted graphicall Ias a function of’ J The mo=




lar conductarice at the ‘Corcentration 107’ was read dizectly from the
" graph of. A,'v ./‘cm. The values Gf A, at 1074 are collected ‘in Fable

14. . | 5 "% S}

‘Geary suggested the molariconductance A, in- the range: 7

9, ‘ohm

electmlytes at 10 "3 in nitrmethane soiution 8

’ : cmzmele 1 fox
The values of i, ‘qbtained for these chelated complexes are _m the range

62.9-87 ohn 'en’mole™ . The PA(II) complex was so insoluble.that a more

-
!
|
{

réliablevalue could not.be obtained. - Generally, the values at the lower »
end of .thé range are 1ess‘x'euan1e because these compounds were only

spaxu)qu snlum‘e ‘and prolonged heamﬂg at ~100°C was required. for dis-

. 1 solutinn and partiar precxpitatxon was cbgerved. at-the end. of the mea-
surenents.. However,| the electrical conducc:.nq properties of these cof:

" pounds indiCcate that ‘they are electrolytes, Thus, it is cmncluded that |

these Sislaveaanloosy Soapleangsiare Lol alectiblytan,

i
i

3

i ok @ | Electronic. Spectra: e
§ v Theelectronic spectra of the sulfoxy complexes have no bands’ -
| 'belw 33 kK, The d-d transitions of the metal cannot’ be: isdiqned becaude
{L ) they are masked by charge transfer, bands. ¥

Jnxqensen has poxnterl out LhaJ. thexe is'a dlxeft correlation be-

tween the enerqy of a d-d txansidon b, and the number 'of lone pairs

ori the dotior ‘atom. The, lower the nurbser of, Lone pairs, the highér the
: * + ! .
‘Dq. Tnixs, the ‘anicn xs' with :hrée lone pairs has a lower Dq than the. "
' sulfxde R,S: thh only -&wo. lone pairs whereas the unidentate SQJ with

ope “loné pair has an even higher it wow e =




** gompound reported previously (see ref.18). .

B log
Lo Table 14
Molar "Conduttance in Nitrométhare: (107
Mo : g T 2
Compound Ay (nho mole™ cn
i = b
7 - —
K [Pt (p=CH;-50-R) C1,] iy [ 66.8 (130)
& e *
K [Pt (mCH_-50-A) CL,] ©77.2 (130)
5 3 2 £ x
. Cs TPt (Ph-50-R)CL, ) . :62.9
K{g:"vc(EAma-so-A)arz‘] ©oone2.2
K[PE(ni-CH,-50-A)BL,] * " 86.6
'x(Pd(gS-uirso'—a) CRART 32,17 (%)
Conductance in aqueous solution at 1072 M.




]
{

110

. smparison of the clectrwuc Spectra of ‘the thio cugxexus (ehap

tix I1) and,the sulfoxy’ uaplmrs of the present gtudy indicates’ the
same genersl-trend. . . g e

{The electronic spacm;a of the pnsm: oystan agree with‘a squate .

G|
planat' 1 about the pla 11). Aﬂve rai cumpound

has a unu enequ band at’20. u—zs 0 kK with a molar extinction coeffi~ -

cient of % £ the order of 107 th.ls band i about 10 X luwaz than the corres- -
120

ponding band ih square plaraz e, complexes.

‘(e),  Conclus

The arylsulfoxyacetate  ion acts as a bidentate ligand foming the

chelited complexes mlle_' (Where M=PE(II), Lep- ‘and’ p-tolylsul Foxy=

. acatate; Xecl or Br; aid wePa(ID), L-—p-colynuuoxy-mnu and x=CBem

In thése camplaxed iw. the s\llf\n:/nf the sulfoxy, group and the carboxy-
late nxygen alfe bonded to the métal ion [ominq a ﬁve—uabamd chelated

ring. 'meae :helmed Aom may be opticauy “akiive beckuse- chgy possess

asymmetric centers -E the sylfur acuns A cetnhadrauy coordinated

cantxal sulfur atom bended “to !uur rhfferunt qmpz may, in- pmcxple,

- possess chuanty. optivally active complex of N—gthyl—larmsi.ne has

been studied, 18 4 outd be- ln::ezesting to use an optically: sz 1somer.
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2 .- CHAPTER.IV £

2.-COPPER(II) COMPLEXES OF PHENYLTHIO- AND
" PHENYLSELENO-ACETIC.ACIDS = % TEr "

 Introduction

The c'mmisu—y &8 oodpe: qu’nplgmas in qenezl(l‘ and of ¢he metal
'[ and ‘telluriun has been ‘revi .:1 1_‘ :
The stabuuy conntants ‘of mipuabartiaf chxucubpxync acids with T
Yha¥d" mvaleﬁ: mer‘ll ions were found to be'ir the order cu >N B z'n 2 aa L.

Complexes contﬂ.nlny nuuur,

a of cempe:ing equx-‘

Fard et al. have denved a prapeau:e

L.nm.- betucen silvex and “hard" metal 1ens for coordins r_u{\ to t_he s

fuxh and umu -canuxnxng cmoxyuc -cha 'rhu method is c]nhled

the B'jexm neu;od, vmch is"Dased on the pm‘on displacepient caw& by

m-:pxex formation, betwwen the’ mtal ions and the l\lbsc.lt\lted acids. These

authors QDM thlt tha guplexes fomad verg of low ltahi]-\tx b\lt folm— -
ed the gen;}(l pattern of fopsiation constents.Cia > o< Hn - zn > wx.

cuquxum of the .u,su:y constants of coppar (11} mlpluu

- with the ligands RXCH w H (see Tahle 15) shows’that the s:abkudeu are

. S g
- lin'the urden alkyl > -xyl thio > ox{ and_ thio > seleno. N

and | acids form m\lx weak

( S

“that the s tom of (phenyltl & actd besis not to be. bocde
th uLf A £ ylhi cﬁ 1d b aea

124a.

| with the "hard’ ‘matal his 1 r.hei: st:\l.dy By means of n.m.r. ‘spec-’ .

tmcupy. McCormick gt. u‘? st ssted hhat l’ullllt aLoln “of S-mthyl—!r

cyu.aine is’ anolv-d 1n oo ‘formation with mppexm) while -u-:n s .




C 112

coppex(1T) has :enﬂrmed'thac the s\xlfuz atém is fiot coordinated to the

opger @L) ton: 128 7 L : 5 oy o

- “y G dablens: :
The Stability Constants of Copper (II) Copplexss fith wyc,co 8
i T ) : m . &f.’ : Ve
A e Cftsm s Py 3 123 '1
‘a.' . t cz{‘ss- i " N 3657 3 - 123 ." B .‘,'
. o g 2 e
: R i2en
RN o »L‘GHSS—‘ N L ’ 16,
! s 'v,C‘6H552> X, . 192858 2w 6 ..v
‘cns(cé'zj'zs— i \ '90_ .. » ',1_5 &t .
‘u(a_(c;-iz)fa-' L %0 R U
AN ) E E ¢ . o ¢ £ ;
e Tt W o sond metal complexes wxr_h (alkyﬁt.hxdacenc R ’
# some ﬁuopelycarbaxyllc P .' 8 have been ‘studied and weak -intéraction

S the sulf\xx atom.in the compléx formation had been J\l‘;?estad

“Ihe purposa of the | ql:esanc study i to investigate ke coppet

v T complaxgs of substj.tuted(phenylth)d- anﬂ 1yheny1selan¢-auecic acids by
Visahtmg u-.eu metal, complexes and to detemune whether: the sulfur and

seleniun atoms of the ligands paxtx.c}.pa\;a in covplex fomi\t:.nm “The

e of these complexes is 1y asstimedon the basis of:.




3 magneticimoments, electronic, electron spin resodance, infrared ‘and nu-
: Al B : bR o :
‘clear magnetic resonanoe spectra. . o0 o 3

e ¢ 2 biief account on the background of the electronic and electton

& . spin resqnance spectza of Ceppax[II) complexes is given iglow: B . -

% Electrohic Spectra * : o5 -

H N y i P | 9 &

: The.-copper (II) “ion may be considered to have a 3d° outer electron o
s ' 7. configuration.' The effegtive single electron has ah orbital angular mo- ' ]

"mentim quantum number 2 gqaals 2. - The total orbital angular momentum

Lemtt - .quantum number L equals 2 .and r.he spin multl,pl),cxty (25+1) squals 2 /

Thus, coppgx'(II) icn-has a zD ground state.

5 . .he 3a° outex electron cnnfiguratxon of copper(II) ion lacks full N

i A . cublc symmetry (that is fully "regqular octahedral or tetrahedzal ones)’ . .

,E el mdie 1s sybject ko Jahn-Teller” d).sturtx.cn. Therefore, cep?ertll) “yields -
o ' | dumrted forms of Y_he basic stereochemistry. o o ° . o Ry %

L * The vay in which thé d-orbitals of copper(II) icn split in an,

8o 129

[ ucta.hedral or te't_rﬂhedral crystal f£ield"is shown by the Orgel diagram : g
i oo xnaig.n. ® - . !
e g «. 'Y 1n ‘an elongated tatragonal crydtal £1eld; the levels in the octa= . - -

5 | E
s hedral symn\etry ire further Split.. In the electronic transition, instead

g o “. of :he,.smgle 'r 20 T 21-:q transition, whim occurs for ‘the regular 3 7o

. nctahedron, che tetragonally distorted luolecula will exhibit: two tzan— =
. . i
sitiofs Bzg’“—_ 2519 and sq@— 2n at about the expected (octa- RO
s *" hedrall frequency. A further band at much lower afiergy, is espectud froni | N
. i “ 2 129

32 : 5
e Ay e s »gzansumn. {See nq, 18 i g '




Fig. 17 brgel atigran for octahédral 2

complexes (zeproduced from re

atht F o field field,

». 17).

f
;. 3
v ¥ do
10
: 10 <10 20
a, (k&) B (). =

d tetrahedral
129, p.126).

Fig. 18 Energy L:v-x nche.m for'a® cotahedral cmp),exeu
including J-hn-‘l\auez splitting effects ( Ref. 129

s

ot e s




Eléctron’ Spin Spectra fe.s.r.) i 2

THe copper (IT) icn has an effective spin of. 1/2 and ‘associated - - )

j spin migular yonsntus of [7£1/2 leading to’ ‘3 doubly deqene:ate spxn

dnerqy state inh the absence of a-magngtic ne.ld. . The deqeneracy is 7 ¢

A lifted in the magnet)c £181d and the transitions which; occur betuben

|
e . the uw levéls are given by the,_ condi*ion
i

‘JBH . ¢

" For a fme electrcn, the Landé s“pntcmg Eactax, gv has the value .

2,0023. For an electron in a crystal field the ) value ay, be diffe™)

: £ | ‘zent in aifferent’ én‘urumnents. gis si)\:!'upl.c i o Giblic SvAToARORE

5 L ' in axial and, rhohbic crystal fields o and three dl.fferent g-values
; 130 : N

. are obtained respectively

ey , . " The-e.s.r. spectfa of maqnencauy concentrated copper(II) com=

pl'exes, for example, -Cu(CH ccro)2

0 show strong exchange interaction

g spectra. - The magnetically’dilite syatems sive.a rather more simple e sa—
. The e.sir. spectra due to uncoupled Coppez(II) cempl!xes in‘an "
L ! axial symetty, can be} described by the _spif Hamiltonian -

i

% . ¢
§ e ] beween isolated paixs of cu{II) ions and qwe both low'and igh field
|

|

‘. . 3 lhg_ﬁﬂzszfglﬂlﬂﬂ +HS}+AS! +B(sx#\sx)
: where 8 is the Bbhr magneton, Hi:is the magnetic field, S(r1/2) is ‘the’

x F effective elec'ekon spin, I

/2) is bhe nuclear spin, g, and g, are the

. 8 electrum.c g factors parallel.and parpend.u:ular to the z axis, A and 5
N # :
are the hyperfine interaction paraneters parallel’ and, perpendicilar to

the z axis. The behaviour of the energy levels is illustrated schema-




tically in Fig

to four

192 Thus, an uncoupled copper (I1) mylex_rgivg; rise

= 21,13

s e
L

nq 1'9 anzqy levels of a. cappex(n) xm ( s-l/ ) 1=3/2 )

14nes corr ing to the selo rulodu =0 ana ’ i

[

‘i an appuaa n-m.‘ 2
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Of Coppex (11):

(1) . Bis (phenylthiocacetato) copper (IT] (Ph-sA)

" Methoa (a)

An ajuecus solution of sodxum(phenyxmqacetaze (1.14 g, 6.00
mle in 37.0.m wnter) as added sla\dy to a'warm Sxusous solution of
capper (m bromidl (o, 570 g, 3.00 mmole in 15, o m ‘water). A green pre-'
clpitate foma umeauchy. The. xesxaue was nx:xldted with umurufom
o qive a'green lolut!u\, from vhich the. required pmducc vas. xselited
0.168 g (14.1‘). nip. 147.5-8. s-tf

l.nll. caled. ror.-cls un‘szx:u- J o o

Ceae masn sdear  cuisis

Fona . c,ée.ii _ga.si) silelz - cuisd

‘In mmmn o the above prodict /A muxotom insolsble product

wiich was:probably a a hydrated compoind was alfo cbtatned frim-the' teaction

resxduz, 0.330.g, m.p. 133-34°C ld;hyd ) E ) s

Anal. caled. for C,.H,;0;S,Cu.2H ,0: . Cu,l4.6

16 ll 472
Found . e Cu;14.8'
. .
Method (b \ & . 5

An uconuuc aulution nf(pheny ﬂ\idnet.h: acid (5.04 g, zo n mole
in 20. 0'n1 .95 alcohol) was added to an aqueous suspension of buic "

copper, carbonate’ (L1l

|

5. W mmole in léﬂ ml

ter) . 'l'hevmixtnm was -




i
.

1y recwstallized from’ henzene and £indlly £ron dichidioethans to yield

" ' carbonate (1.11 g, 5. 00 mmolé in zao ml water). The FRES R, W P

& . . ‘118
L “ i f

refluxed for'one hour and the resultantprecipitate was dissolved’in

absolute al:chc‘l, After xémoval of the a‘1c¢>h’o‘1' the Tesidue was repeated- .

il ;
! o product which has xdentical infrared spectra and melr.inq péint to bis- |

(phenylr.\uoace:aco)copgex(m, is1ig Geaw, 2 ’ y e
(1) Bis (eediyithioacetato) ppes (i) m-cH-58) ;4 5 g gt

§ g T ol |
An alcohchsclutiun 6s(m-coly}:m.aacénc deid(1.82 g, 10.0 .: : . .-
J i . f -

mmole in 12.0 ml 95% alcohol) was added slowly to an aqueows suspension

of basic ‘copper. carbonate (0.553,9, 2.50 mmolein 100 ml wateér). The

“hixture was refluxed £oF one. hour ‘and the resultant green precipitaté - - %

was extractpd with chloroform. 'The chloroform was temoved under’ re- :

" Guced .pressure and the Ies).due xecrystallxzed £rom dlethylethet to yxeld ke

“the title, compound; 0% 831 g R ut), m/p. 108 9°C.,

J‘\nal calcd fn: clsﬂ_mo,‘szcu

T
k €,50.75 w426 . 5,15.bs  cu149- ; e

. Found €;50.60" H,4.33 5,15.00 ., Cu,14.7

(14i)  Bis (p-tolylthiocacetato) coppes (IT

An alcvhohc solutmn of(p—tolylduo)acecic acld (3 64 g, 20.0 .

rmole “in 1e 0 m}.) was added to an aqueous suspensinn of busic copper g

o4 Bk e hour and. the resultant precxpxtate was exx:zacted th); chloro-

form, After, zemc}val o{ the chloroforn, ithe green residue was repeatedly’

tallized from di hlorde than '/to‘.g),ve the title compound; 0862 g

ik




2’0.2\);'n.p. 138-9°)

anal. caled. for cmxlao‘szcu. ;
€i50.75 H,4.26 °S,15.05° Cu,14.9
Pound " €,50.92 H.4.36  5,14.97. -cCu,l4.8

(iv)' | Bis(p-tolylselenoacetato)copperdIl) (p-Ci,-SeA), Cu -
{8 i E 3 2 a2

acid (2. .g¢710.0

An ‘alcoholi of(p

;muole in 140.0 m amelute‘ ‘alcohol) was addad to an, alconolic solutipn uf

blA(acet:ntu)coppar(![)mmhydrate (0 998'g, 5,00 mmexa s.n 70:0.m1 dbso-

lute ah:ohcl) [ The mixture’ was refluxad for 23 houn unde: nxtragan at=

mosﬂ-are‘ After the almhcl was !emvud imder fadiced pressuxe, the

“green rasid\w was npeabedly nc.!ystalhzcd from dichlordethane to give '

. the title compound; '1.03 g (39 ) 7 m.p. 151-2‘:.

* Anal. calcd. Eotcwn OS:Cu“ . L SH
Ccaifs A9 Ge,30.38  cuiziz
Pound | C,41.43 . H,3.30 - .Se,30:42  Cu,i2.6
R - :
2 e ! vomee wh
. - Bi 7- {11) (e o

An almhnul: solution af{phenyllulioxy)l etic acid a. a2'q, 10 0.2,

mwle in 70 s m1 n.bsolute ‘alcohol)’ was added to a solution. ol b)s(acntlto .

(0.998°5,

The l\i.xtux‘e was ulluxed for £Dux hp\u'l u.héu nitrogen aunosphexc. 'Atnz‘

“the’ ‘aléohol was' z.mmmd e pa1= hlu restdue vas recrystalhud “Eren

5 00 mmole in 30i0 ml abaolu ¢ -alcoliol) .




mal ulcd rur l:mnuoss2 :




Results and Discussion a3 i /

The, mpper(II) complexes ofithe general formula mcéadxcn co ),ou

{R=H, mrCH 3¢ PCHy, X=5; RTp- 3, =Se) are’ isolatc\i q:nd examined by

physu:a] metmds The resulfs are discussed below: '

P ! : A Magnéetic Moments

The .effective magnetxc mumants of t.he cumplexes, thch are calculated “
corr 13
by ueff4263-/ 2 are in the rangs’1:79-2.06 ‘Bii. at oom’

. s temperature 1'l‘able ie) The obse:vit).on of d homal_magnetic noment in-

X S dicates that the copper(n) complg}ms Studled here ‘are maqnetically!
}
. el ailute. ey, have no ma;m— intetaction between the unpaired electrons

| ‘on - Eh‘fezenl: copper ions. The m " i ilyv

bis (aceta
132
mppar(} ;) monohydrate has a magnetic moment value of ,1.39 B.M.]

I

This phenomenon is: caused by the ﬁp)n spin 1nceracncm hetween cupper(ﬂ)

ions. The)mechanisn u} thls interaction'may ).nvolve a direct copper-

i
copper bond or'a supaz»exr:hanqe mechan sn via a bridgu'g acetate 14-
. i s . - " g B

'Al:houéh bis(ﬂ\ioacetato)copper(ll) is aia-}.agagtic,133 the mla'g—

neti.c nomients of the camplexss -of the Present ‘study| ar sarable €

tHose of, E bis\;_; Y ppex-(11)di]
134

hydrate, which have -

W ogg O 1o 9441 94 B.M. dxys:auograpmc study of bis(pheﬂoxyacetatu)A

mpper(h)amydmce shows that .each: copper atcm\ is eooxdma:ed to two

i w55 iokygen atoms, two carbGxy-oxyg atums and two aquo-ligands, '

oA g - "' forkidg an 3 x 1 distor ei the The K

mpperphennxy—uxyqen bands ar

the:Jong bongds.151 . o e -
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Elegtronic Spectra

The absorption electxonic spectra of the copper (II) complexes
were taken in the s6lid as ml)el mtlls and if solution in methanol or
chloroform. The data are locu:ea 15 Tah]e 17.

These copper (11) complexes show one broad band or two poorl:

'res lved’ Pand; in the visible reqmn nmmd 11.4-14. 7 KX in bach thal

5 solid state and in solution. The positian of the d- o hands in r_ha Bnlu-

tion are similar to those Ln the solid state

Regular octahédral Vhencture of mppcr(ll) is not common. -rhe[

octahedral copper(II) complexes aré.apt to be.deforned by the Jahn-Teller
Rg) : .

effect, the d-d Band ‘2":9 <) is broadened. For a tetranearal

complex, the intensity of the d-d bands is high because of d-p mixing;

It was found that the’l molar® Lntensxcy of the distorted tetrahedral .

Cux‘z" (vhe:e X-ha].ugen) ‘was ~100 fold more intense than the mrrelpand—

irig betahedral hexa-aquo capxexs."?“ Furthermore, the magl\xtud:

«#5.0° kx) of the:ligand ugm parameter u lower than that for’ octahedral

w. The square, plamr ‘copper (17)° o_phxu, bx-ucety)ace:nnno)-

copper(IT). for examplé,. show typ bands of nearly equal intensities in the
vxsmlu Fegion, wh 15.0 and 18. o KK; they are identified as the

zhlv — llglnd 2g — 51 bands ra:pectivel,y i

J'the variation of ‘tne

copper.(1T) compounds.  They have also noted. that not only’ do the ‘spectra

depend upon stereochemistry, [but for -a given stereochemistry, the spectra




ey

.. Table 17

B Spectra of Copper (11) Complex . {
“Solution spectra solid Mull Spectra \ v -~ ' 4
- Sy o 4
% & 5 . Absorption - o Absorption i
compouna | Solveyt bands (kk) 9max - . bands' (kK) A
7 - - H
(Bh=s3) ,Cu e - 2.00 1330, e 2
. g . 2.60° - 114 3
.8 ’ 2,92 . » 2 ]
3 . 3.7 - 5 i
(m=CH=SA) Cu . 14.0 ' 2.19 © o133 - g L Xk
2.5 2.82 1,1 . O
30.0 3.3 { P
3.0 3.43 Sy I |
" 13.8 2.10 133 s
25.5°. 2.76 i .
30.5° *3.08 L
.30 3.20
CHBOH 13.9 2.08 14.8 . %
26.0 2.ﬁ7 -
. i i 30.0 3.00 [
4 36.5 3.92
1 40.5 4.21
g . i . ©45.0 . 4.37 .
-(Ph-50-A4), 0 R A 1.67 . 139
¢ Ve 36,7 2.8l ! i
N A41.7 3.08.
- ails . 331
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atstortion. 130, 1583 pennard et ‘all suggesled thé. extinction ccel’ﬂcients

of 20-50 for tetzagonal fields to 100-400 for tetrahedral fields. 358

o

The d-d bands around 11.4-14.7 kK with 189 es2 observed fop these . 4

oY iseREs, S poss!.b)llties for' the sterenchen\istzies ardund the

coppex(II) : From“the e.s.x. data (vide infra), the ground state of these

copper(1T) -conplexes is-d’s_ s ox-d . i i .
pper (1) -comp: 2ey? OF 'y ] 5

The, observed d-d transitions'of these compléxes may be compared

with the ‘sihgle crystal electronic spectra of tus1enmxyacetatc)impper(u)—

dinydiate, which show makina of the x,y, and = polarlza:ians at 3.7, o
L 13.3 and 1103 kK ively, 138 e ‘of bis( choxy .-
copper (IT) aih} Reohsed ined to bb an’elongated tetragohal
o;it_:ahedrcn..lﬂ, e oy g BEPF LR )

! 2g these coppe:(ItI) cumplexes are six-coordination derivatives,

! the sulfur or selemum aecm probably participata in the chelate fotmatlcn

and their coo‘ ination polyhedron must ‘be completed by ‘sone intemoleculu

interaction probably :hreug“l carboxyl Qxygens E£rom the neighbour, This

Stpe of ieebriination has been £ound in. many compl:xes. For ‘éxample, an

x-xay structural dete s -3¢ bis (methi 4 Bper(IT) _showed

that the complex ‘had '« distsrted cctahedral structire a:ulmd the coppet(ll)
ion:’ tne oxjgen of the carbexylate groip and the amino’ nitrogen are i
bonded €0t ‘the cuppex(xm don in’ an-almost planar configuration;, the octa-
hedral co_oxdxnatv).an being conpleted by- 2 éng copper-oxygen }?q‘nd to ‘the

Gther carboxylate oxygen. fTheré was norsulfur metal interaction.t>’

If  these, comp are ‘o jon- ives, in which'the

sulfuror solen)'um ‘atoms ‘are not- a possible stry

is a comp:eued tetrihedzal structure (qkound State o)+ Hathavay has

indicated’ that the compressed tetrahedral CuN 4 ‘may have d-d bands in the
z e . . B ” Co

7




range 12-16 kx.,lss The pseudo tetrahedral.bis (N~isopropylsalicylidene- .

aminato) copper (I1) .complex ‘has bands at. B.E'kK"uind 13:5 kK assigned as
ho

. 2B/ and 2;\ — 25 respéctively. The ochex‘ possible stereo: -

chenu.st.:y for four: coo:dlnat;on cou\plexes 1s\aquare ccplanar. ‘The re=
! erecenine spestrun™® ot sgmde ccp}anar‘dlomplex of copper(I1),

tee ) ) (CuCL,) , tne Structure of which has been determined by ¥-Zay

crystal!ography, 161 ghows bands at 14.3 kg, 1301 kK, and ~10.9 kK, f :

With the informations available, ‘the Etruct\ue axeund “the coppak(II)

| ion of these complexed is still uncertain.

mecmm Spin Resonanca spectra (e Py o
' - .

The e/s.r. data for the coppez(u) complsxes are, located in 'rah;

|
16." The spectra were measured by xeuatding ‘the, ﬂ.rst d‘etivative sighal as
the field was scanned. Cali_bmtion wns achieved by usinq a speck'of 1 1~v
aiphenyl-2-plcrylhydrazyl (DPPH) on'the qubeA The DPPH, which'has a‘g-

value of 2.0036 fixes the field at oné¢’ point on thd chart.' The'magnetic’

. fleld was measured by using a proton resonance meter. | The field vas’ cal-

culated I;Q,usxng the accu:ately ktown. relationship between the field and

J

the Ereque of the proton

= B2y L
B (Gauss) =2. 3¢B7x10@ (Hz) . "

"The g-value of thésample may be.calculatéd by the x]elatlon

9

hy, "cm:pu) (nspm
- B )
R g ana ¥ are Shio;g-malie and magnetic Aata ot the sample,, and ©
q(DPPH) and H(D‘PPH) are th‘nsg qf t.h‘e DPP!’:X cal).brant. The hyp'erixne

. cbupling constant was obtained by’ measuring the ‘fietd i of. the

e relation

hyberfine ‘peaks a.Td solved by using th

-A=Ar‘i'q‘8 i




G oaike

2590 ° 2600 . 2700 . 7809 . n‘lt lanu s al0 3200 3300 :7:0,5,:

E.s.. x. spectra of (1) (p—dHJ—SA’ Cu at room ueiplrat\u'n,
(2 ,=5A) ,Cu af 123 Koand “(3) - (nCH -SA),Cu at
133 i 02050 A methanol splution.
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“here B Is the Bohr ngnemn;'(ﬂ - 4.6686 x 107> cn L gauss Ly ,
amc? TR o T

and. thus the r:cuplin; l:ﬂnﬁtant l has’ hlw unit a .

The é.5.r. spectra of .an undiluted powder nnd -eﬂwml solution
of, m;sa copper (11) * emplexts show a broad peak of isotropic-g-vaiue’ gt..
xoon| ‘temperature Ta the vitzeous state at about 123 K'axial spectra are

observed (see rlq. 2012 They show resariaricés in positions aqucted for

lwnomlcleax cup;ar(!l) species in agreement vith the maghetic oment

measurements. Thus, significant- i ‘. of big
tmppex(n)monohydrate ‘type do hot exist in these complexes. The resolved

hypgtfi.ne splitting shows: only’the: four lines ‘expected for interaction of .

“an uncoupled elactron with a single uopper nucleus .na also ‘there is no. low

| ror the aimeric seructure of bis (acetato) cop-

neld ahsorpdon obllzvrd

(n)nnm»hvﬂnue. ‘the e.s.

spectzun shows both high and lav ziela

“absorptions. The low field components at -1500 gauss are attnhuted B

Ay ='2 transitions ausmq from dipole-dipole sneancmm between the .~

pairs of copper(II) lcn7 which are part of e aseaits stricture. 2%
The possible oné electron orbital ground states of the cnppnz(ll)
ion may be aistinguished fron the e.s.r. spectra. -A a2 2 lora )

qm\md 5:ate gives’a spectrun with g, > g, > 2.04 in most cases -mun a

‘a 2 ground state usually gives a spectrum with 5> 90 =2 00 'me gxonna

ntateﬁ For thie known ntereuchm\iatz ©Of the copper(II) ion.are nsted /

betow.130 ¢ % | B S
Ground btate " stereochemistry i
dx\_yz & ; elonqattﬂ tctxﬂymal nctahedxai “ .

square coplanar
i § I elongated rhombic. cctahedxal
: square pyfamidal -




S
~

W s . I 1Y
2. | compressed tta&ngonn octanedral
g ) : . compressed rhombic octahedral

lirlear

. . by 3 . - trigonal bipyramidal e N
e .- i . .cis-distorted octahedral-

¥ B o g conpressed tetrahedral -
; 5 Equue mplanur—cu(acacl type. -

* . The g-values observed for thesé exes satisfy the

309 2.04, thus. ‘suggesting a 4,2 z (ox a ) ground state Since

| theq , growmd state is known to be cunﬂmd 6 square coplanar ‘con~

plexes involvuq t:hulate uqands with ﬂ-hemi.lnq potential, as in

[" 4 (aciaoly ind

1:the ground state fcz “these canplexel

may be &.2 2. n fact, " the most common stexeochemhtzy of mpperux)

e .is a distorted

{ which Anvulvu ad2 2 gmund state..

3 -+ . For copper (1) s in i i

the g-valies
%. for the wppar(u) ions wH:h a 51 gmund state are whvn Sy She o

. “139
pression

2,
&2

3 ' = », e g,_;Z- 3 3 all o ‘ . .
> ’ e Lt e ; . e

p X Sl &
b= S s Pt R RO Ein %
; . 2 . 1] =0, Y " ”

by g, & S

whers X i, the oxhxul. nduct:.on factor and A 'is the spln—odu.t coupling

constant,” which for the, free ions’ equals "829 ol ‘Hathaway et al.

2 oL ' < 140~ £ p i
have defined. the ‘term G using -thé expression’ .




e

x v . ;. ’ C iz
5 . % ke P & d

t * and-stated that for two g-valué e.s.r. spectra with the lowest'y value

. .greater’ than 2.04, if the value of G is 4.0-4.5, exchange coupling is
neghqmle: for G=3.5-5.0, exchange cSupling may be small and the ob- * + s

sexved g-valucs meanx.ngful.. For G-valués outside the Tange 3.5-5.0, .. °
130, 140 S

exchanqe coupling invalidates r_he ‘observsdig-values.

Therefore, the chserved G—valne of -4.8 for !'_hese copper (11)

complexes indicates. that the exchange. coupling, is small.-

The e.s.r,. 'data of; these complexes ray be compared with those

of bis(ethuxyacetato)\:oppez (II)d.\hydIate and bis (phenquncetato).copper(II)-

+ spectra of thd forier give 9, g,

s “nend gy to be’z.uss, 2088 and 2,368 zespecuvexyue and. those of the

dihydrate. -The single crystal e.
\

latteF are.2.061; 2.068 and 2.353 respectively. ™

he q—values of the comlexes of présent. study are cnmparahle to
the values. of thosc knownlmﬂpoundsides:ubcd above: However, only two
g-vglues. instead of threé are o’bsex.:ved in i‘_he‘se“‘copper(ll) doratan:
Thik;mu;prisinq, for, cu(m( ) (cur 2)5 has a two g- alue powder

@55, gpectrun’ (g =2.054; § =2.219 and c:l« 217, byt gives a thres q~value

spectrun (g’

singlé crystal e.s.t. .054, 9,=2,058 and 93

D. | Infrared Spectra .|
; i

“The infrared ‘spectra of ‘these mmgi’em give the asymmétric and

syme(-.nc cazbonyl stretching bands at abuut 1580-1610 ci - and 1385~ © .

1400 o respecdvely. }v(see Table xs.) These values are cumpa!ahle to

thoiie of glycinato aha other ‘amiro acxd‘-camplexgs, ‘fqr_example, trans-

bis(glycxnato) cupper(II) gives r.he asymhetric and symmetri¢ carbonyl

g stxeccnmq at 1593 nt and’1392 u'nJ respectl.vely and cis“bis® By e
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pper (11 §i .

‘carboxyl stretching at 1595 cn {.7:1 139 en ! respectively.”? .mme -

of cis-bi - sBper (11) mono} ¢ flas been determined

e !
1»,;;‘ to be a 11y with -two long Cu-0

bonds_uz

“Whether the chllcnqen oms in Jhese copperux) ‘complexes pax:icx-

pate in chelute somatinn 16 ok Slascifoom the intrared spectral data.
in. the 4000-500 :m-‘l ZFegion; because the -5, and.5e utums in sulfide’and

| selenide :ype compvundn do not give st!nnq bands _in th.is region and so

it }s d.{fﬂmllt to dlltlnq\ulh them from o".hlx blndlny
. B comparison of the clrboxyl stretching lreqllencies with' those’of
the £rée fons shows that the tv(co, ! ‘of these complexes is coupanu. o

that' of the free ions. Since these mplm; are soluble in on;anic ‘sol-

¢ vnn:s. such as.chlorofor,” the copperexygm ‘bona: 18 pxnbahly not of ‘fonic

* chiracter as id ‘the fres ion. The small separaticn of the antisymsetric

and carboxyl stz i that the caxhcxy—‘

late p Probably acts as @ bidetate ligand’ boluiod either to one

copper jion or to two copper ions.- ( 5 AP
e Cu-0’ ’ ot 4 w0

foun at About 400 gn” .nd 450 };n'l 144, g, Vouso bands as'f_he (alky2-

-1.127 ‘In

5 are

thio)a:e::zo complsxal are u-iqnea Ln the region 360-410 cm

nay be

3
3




e ——YSSASS

cu-0"

tentat_{vely a551;gned oy G P g 1 oy !
§

The metal-sulfur stxe[ch:_nq basd of the First row transition

- metals have been reported to occur over a'wide frequency rande. 145 e

" pands of to- or aithio-g-aikitonates ‘oot st about 350 an ™, whu’g

. the bands dccur in the range of 298-205 m' in the cases|o: of, ﬂu}aurea

'adagc:s.“a The Cu-S ‘bands ‘of the capperlll) complexas studled he:e may

be weak’, th&:efore, no attempt of Vasﬂglmenc of these peuks is made. .

i

E Nucleak Magnetic spectra (n.m.r:)

The yse of n.m.%. Spectroscopy. for the elucidation of binding

sites of fretals on anino acids is'a weu«eacabushed techm.que. a8
Thel copper(l:[) ion, being paranagnetic, causes pxoton re]axauon effects
and selectively,broaders the signals of prutons near the binding

chies, 147,148

The M p.m.x. spectra’of (ethylthidacetic acid with cog' £(I1) ion

show that the.profon signal of the hethylene group adjacent.to .the car-

boxylic group is more‘and more bma&ened ds’ the amount of copper(I1I) ion

is 'increaseéd. The. proton. sighal of the u\ethylene gzoup: lying, betyeen
the thio and methyl.groups is even more hxcadened than that of the
methylare’ sifiglét of the ace;ate ‘group. However,the methyl growp:is!
Galy slightly bmadened e coppex (i) concentration is mcxease&“?
Th).s résul has i et to confizm the bidentats. progerty of(sthy,lthxd* :

acetiq acia,¥

In the pxesent study, thé U n.in.z.-spectra of 1:2-copper(1T)

'mmpuxes with(tolylthidacetic acids and (tolylselendacetic acid were




effect uhletved il

that of t.he Tmyl. group seems.to suppun: that chelaté fcrmabmn does -

233 &

taken in hekadeuterated dimethylsulfoxide. (Table 19). The signal of the

methylene protons is so broad that it disappears from the spectra, The

“signal ‘of tie methyl protons occurs in the same region as that of partial-

3 - s . s =
Ay dgueratad dinethylsulfoxide impurity. However, the signal of methyl

gronp at 2.5 pom, which has 3 line width of .m—zz Hz'is much less broa-

- dened cmpaxed with. that of “the’ nethylzne Yaotois, ik sigaal of the

phenyl group’ is bxoadaned from ~10-26 Hz in the free uqand to 62-80 ﬁx

'n r_he complexes. £

A]thauqh tne ..zt “spectral evidepcu of the ,J esent systen is no\:.

as strong as t_hncrn the (ef_hyu_hm) acetic ac d,,r.he lazqer ‘brogdening

the mtthylane group and £ng phe vi graup ‘conpared with

oceut in these complexes. - )l! specles in the mlution may be still pax-

thlly coordinated. to the lxqand.

Conclusion e B » . B I

From the above Mstmssmn. [u: is shown that ﬁuna coppex(ux com=-

Flexes are magnetically ailute witha 22 lor-a, ] ground state. Theix

-y
electronic Qpaetn indicate a possnauuy of a ahtotnﬂ ocu‘hedmn or

a : 1oxa square copl: hue is'no \mequivocnl

* evidence from the intrnrod mpect to mppdct the mmursmz of sulfur’

and selenium atoms in these mplexn.. 5 5

*with l:hnse of A 3 ’, P! (u f‘ 'in which chelati

by r.ha (phamxy)ucotltn Ligand has been ‘established by x-ray study. % ‘l‘hs ’

s Ehat the mo—uqu,d- form more: stablé:complexss
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“hay be

than the oxy-ligands.

'
; g
123.124

§ince the magnetic moments of these complexes aré ‘normal,”they

groups, . The bridge, be)ng in an' - anti-anti connguxaucn,l

copper. atoms
inforriations

com:ﬂinatx.on

inate de;

Big

with ‘bridging cax‘jbalxy.l .

52 jo1as, she

too far apart. for any interaction to -occur. thh the

avall.ab)e, the possibility o lereacheniatiten £65 EoUES

for thesg complexes cannot be ignored.

Requuz tetrahedral

coppex(xn\ sysmns are ‘uncommon and the tetrahedron if present, may’ be

a compressed tetrahedzal stmcuxe (ground era\:e ‘a

aistortion of

of of

xy

1

. structure, a squate coplanar structure is also possible.’

135

To.the extrene, of .
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Magnetic Moments . " . x 2. i '
: g The nagnetic ities of" the pis- X of cappaz(n) i
i
were chtained by ‘the Faraday or Gouy méthod at zcom vempavatre) NeERIE Ty i3
(:_at:athmq(anam)cobauate(m(, ng{co (cNs)  }., was‘used as the calibrant.
i el The data collécted are.as foliows. 3 A ¢ Y, :
! : : ;
!’ : 3 g . cort . -6, .
! Compounds’ X410 e (10™%egs g (LMY
¢ 7 - 5 B
} (ph-sa) cu® 3.426 . 1sa2 0 ¢ 1832 *
-(p-cuy-sm o L zdey ST 11 1.832 ; N
. (mTCHJ»SA) 2C\I 3.662 . . 1760 ' . 2.060 . . " .

'-[r (p-cysen) ch . 2.169 - 1346 - .. . .1.803

a ‘By, Faraday method. " w8 3
tb .- By Gouy ‘method:
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