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A PROPOSED STRUCTURE FOR THE COPPER(I1) SALTS 

OF cc-ACYLOIN OXIMES 

I>> 

Conks Cltetnicctl I_abotrtkwi*s, Lotrtsiurru Stnfe Uttiversily, Rdon Rouge, Lolrisiatta (U.S.A.) 

One of the best reagents for the detection and determination of copper (II) is 
the a-isomer of bcnzoin oxime, C,H,-CH(OH)-C(NOH)-C,H,, introduced into analy- 
tical chemistry by FEIGL in 1g23 8. FEICL, S~CIIEI~ AND SINGERS established that the 
ability to form green, water insoluble copper (II) salts is very likely a general property 
of u-isomers of acyloin oximcs. It has been found** 11~ l2 that benzoin oxime acts 
towards copper (II) ions as a “dibasic acid”, Le. the hydrogen atoms of both the 
oxime ztnd the hydroxy groul~s are replaced by one copper atom. The copper (II) 
salt of benzoin oximc is charclcterized by insolubility in most organic solvents and 
by its inertness towards dilute ammonium hydroxide. Insolubility in ammonium 
hydroxide, howcvcr, is not common to all copper (II) salts of acyloin oxime9. 

Although it has been well established that for analytical purposes the copper (II) 
salt of benzoiq oxime can be represented by the formula: 

C,?J,-C -.----.-.- CH-C,H, 

l!J 0 

oJ \cu/ 

tile solubility relationships of the compound cannot be satisfactorily reconciled with 
this structure. 

In the present investigation the behavior of copper (II) salts of some acyloin 
oximcs towards various amincs was examined in order to study the unusual solubility 
relationships of these compounds. 

The copper (II) salts of the a-acyloin oximes given in Table I were included in 
the study. 

A. Orgatric Preparations 

EXPERIMENTAL 

All tcmpcraturcs arc uncorrcctcd and wcrc rccordctl with a N. T3. S. ccrtificd tllcrmomctcr. 
‘11~2 acyloin oximcs prcparcd wcrc obtain4 as white crystalline solids unless otiicrwisc stated. 

From tllc bcllavior of tllesc ncyloin oximcs towards copper (Xl) It is concluded tliat in all casts 
only the u-isomer was isolated. 

1 Present address; Celancsc Corporation of America, Clarkwoocl, Texas 

Refevcnccs p. ‘507. 
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Nn??r.? of cottrporwf I:ormrcla of compou wi 
-_- _~- _--._. ._ _ _ _ _-__.. . _ . _ __. _ ___ 

I3cnzom oxime C,I-I,-c-a t-C,H, 

r-d b1.r 

z.a’-Thcnnin oximc 

Phcnytbcnaoin oximc C,I-t,-C-c(C~tIa)a 

r1ori: &tr 
Mcthytbcnzoin oximc &I-1,-c- C(CI I&&, 

I-IOk &r 

u-l-IyctroxyRcctt,plictlonc? oximc 

. .___._,__,_ ._ _ _ ._-- _I” ._ __.___._---- -- -_.. ._. _I ---- ---_. --. -- .--- ..- .-. -_- ” I.. .-_.. - -.._ . 

13earzoitr oximc. The commcrciatty nvnilablc ~ruduct, Rupplwct by City Clwmic:rt Corporation, 
was rccrystnltizccl frt~nl bunacne: m.p. f 4g- I 5o”, m.p. rcportcdz 150-f 5 IO. 

z,z’-Fwoin ositna. Freshly clist~ilcrl furfurat was conticnsccl with potnssium cy;rnictc nccortting 
to i-~AWl’hfAN AND L)IClClSY ‘1. Tilt furoin obtnincct was oxinxttixt with an ~x~eh~ of l~ytfrosytaminc 
i~yclrocht~~ridc in pyt lctinc and mcthyt ntcohol solutitm. The furoin oxinic wns f~natty rccrystnltircti 
from il misturc of absotiitc nlcoliol iwld pctrolcum cthcr *aU”; m.p. r57-r~8”,m.p,rcf~ortctl” IGo-IGI~. 

r’-l’lwrioit~ oxi~~rc,Thls prcp:Lritti011 was carried out as dcscrilxzct by CAIaImN Ah’]> I_.ANKm.nlA*’ 
T*:e’ final product 1~1 a slight brown cliscoloratiun, whllc the abctvc authors rcptxt a white pro- 
duct; m.p I 5 I-I sz”, m.p. rcpctrtcd6 I 42-1430. 
R~nf. Calcti. for CI,lI,NO,S,: C, 50.2; I-I, 3.8: N, 5~; S, 2G.Y. l~wnrl: C, 50.3; PI, 3.9; N, 5.7; 
s. 2G.G. 

P/rruylhortoi~r osiruc Phcnylbcnzoin was prcparcd by tlic :utclitux~ of plicnylmn~rlcsiutn bromide 
to bcnril according to Acws~: -I. Tlic ux~nic WRY obtninccl by the action of hyttrosytnminc hydro- 
ctilorictc in pyrirtinc atid methyl ntcot~~l solution. l’lic l~rocluct WilS pirrifictl by rccrystntlizntion from 
a mixture of t~clrzcnc nnd pclrolcum cthcr “H“: ni.11~ x48-i4f).s0. 
Awd. Ca~lccl. for C,,fIllNO,: C, 79.2; f.1, 5.7; N, 4.0. l~ouncl; C, 79.4; f-1, 5.~; N, 4.7. 

n/ldliylDer~zoirt o.xiw*. Rlctt~yllmwoin wzks syritliosieccl following the nwtllott clcscributt by 
liOCillRIH; lllcttlyt~n~~~llcSii~n~ tclctidu was iItlCIctt to bollz~t. 

in the silmc manner ns the pl~cnytl~cnzo~n osimc: m.p. I 2 
Ttw oximc was prcpnrcct and purified 

I-1220. 
AwI. Cnhl. for C,,I-I,,NO,: C, 7.1 7; J-f, 63; N, 5.5. Fc~~ntt: C, 74 Y; If, &I; N, 5.8. 

u-llydr,o.ryisobl~~~~~o~/i~~~o~~~ oxiirw : a-f-Iyclros~isoI~i~tyrc~t3l~cr~oric wm prqmrctl bv the nrlttitrou 
of 0.2 molts of ncctonc cwmfthyclr~u to one mote of IJlicnytnin.-ncuiurtl brtm~iclc iti &her solution. 
After elic :t&lition of the cyanohydrin some cthcr was rlistillcd, rcpincing it with dry honzcnc 
until the tcmpcratnrc of the vapor rcnchccl Go0 . Stirring unctcr rcfttts was continuccl for 6 hours 
and :rftcr standing ovcrni#t the niistiirc wns t1yclrotyzctt and ttrc procluct c.xtract.ccl wlttr bcn- 
zcnc, The bcnzcnc? wns ftnslictt c ff and tlic rcs~tlue clistlttccl unclcr rcctucccl twcssnrc. ‘l?tic fraction 
boiling tJd.W_!C!Il 120-f 300 at I 2 nitii was cottcctctl. \Vci#t: i I ._c g or 351{,, 

The oxinie wns prcpnrecl by rcftusing for 6 hours the lcctol ott:Gncrl with a fittcrccl solution of 

Refcwt~ccs p. _!jq* 
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hydroxylnmmc hyclrochlorlclc (G o g )ancl potassium hydroxlcic (5.0 6) in methyl alcohol (Loo ml). 
The prodLlct obtalncd was crystallizccl twlcc from a mlxturc of bcnzcnc and pctrolcum cthcr 
“JS” ; m p 1 X.+-I 15’. m 1’ rcportcd4 xoG”. 
Arral c’;~lcd. for C,,J-I,,XOo,: C, G7.0; l-1, 7.3; X, 7 8. I;oLLnd: C, G7.3. J-I, 7.2: N, 7.7. 

u-~f-lydro.~ycrcelopl~ct~o~~e ostnw. l’hc oximc was prepared by rcflusinfi for 2 lLours a mixture of 
a-hyclrosyacctophcnc~nc (5 a) in methyl alcohol (20 ml) with R solution of hydroxylaminclLy- 
tlrochloridc (3.0 6) ant1 pot9ssLum iiyclroxiclc (2.7 6) in wntcr (20 ml). The rnlxtilrc W;L~ cxtractcd 
with cthcr nncl this sc:lutLon clrictl over nnliyclrous sodium sulfntc. The rcsiduc obtnincd after 
evaporation of tlic cthcr \VDS crystallizccl from ;L misturc of bcnzenc ant1 pctrolcum cthcr ~~l3”, 
m.p. Go-70~. I~ccrystalliaation from water which cont:Linccl home i~tii~iioiii~~~i~ hydroxide gnvc 
;L product of m.p. Gg-70°, n1.p. rcportccl 1-1 70”. 

II. ~_elerr~t~mtfio~r of solicbilrlles 

The copper salts of acylotn OXII~C~ which arc formccl In nmmonL;Lcnl solutmn wcrc tcstccl for 
their solulnlitics III a scrics of arnincs. l’hc solut,ility tlctcrniinations wcrc pcrformctl in the 
following manner: l’o ten drops of the :Lcyloin o.ximc soluticm contnLnct1 iii EL test tub, two 
drops of an rrmmonincnl coppc~ (11) solution wcrL * LLtlrlcil. After the l cltlition of 1 ml of w:Ltcr ant1 
thorough shaking:, the mlxturc w:Ls ccntrifujictl. The rcsitluc 0bt;Lincrl XVRS suspcndcc1 in x ml of 
95’!4, ;Llcohol nntl the SLispcnsion scpnrntccl by ccntri ugation. To tlLc ilroincd rcsiduc, x-2 ml 
of the :Lminc IV;LS ;~tltlcd and the nii.xturc liomojq2nizcd by shaking. After stancling for n. few 
niinutcs. tlic mlxturc w:Ls ccntrifu~ctl ngain. 

Solubility tcrrnh usctl in this stucly : A copper SiLlt was tlcsijinntcd as ~~~~~solul~lc”wl~c~~ the supcr- 
natcnt aniinc was citlicr colorless or so fatntly colorctl as to make a decision difficult. A copper 
sdt was tlcsi~nntccl as ‘5iliKhtly solitl~lc” (sl. sol.) when tlic supcrnatcnt nniinc wnsdistinctly color- 
ccl, IaLit no chnnjic in the amount of solicl cc)ultl bc obscrvcd. A cnppcr SiLlt waS tlcsignntctl nS 
“partly soluble” (partly sol.) when a noticcnldc clu:Lntity of the solitl clissolvctl. :\ copper salt was 
tlcsigmrtccl as ~*holirblc” when no noticcnldc ilIllOLlllt of wliil rcni;iinctl Linclissc~lvccl. 

l’lic fullowin~ solutions wcrc cniployccl in this study: 
I) AmmoniiLcnl copper (1 1) solution : 0. I ~1.1 copper (I I) ~IlIfiltC (c.p. firmic) in I .nAf ammonium 
hytlroxlclc. 1~11 of this solution was q 8. 
2) Acyloin oximc solutions: o r:ll solution of the iLc~l~>ln cluimc 111 g?“;, cthyi ;LIWJIIOI. 

‘I’lic aniincs cmployccl wcrc rithcr c.p. pYLclC or wcrc piirificcl l>y chstilht~rm. \l’hcr discoloration 
of the c.p. grntlc :Lminc: hill1 0ccLLrctl they wcrc also tli~1ill~~cl. ‘I’IIc f0lknvin~ list gives the sources 
of the niatcrinls ns well as the boiling: rnngcs of tlir purificcl ;Lmincs: 

Ammonium liydroxiclc. 27lj;, solution 111 \v;ltcr. Hnkcr’s r\nalyzctl 
hfcthvlnminc : 25(?!. solution in water. Eastman Koclnk. 
Ethy&nine: 33~~;‘~olutLon Ln wntcr. Enstmnn Kotlnk. 
isoPropylaminc: J<astmnn Koclak. 
Aniline: Eastman Iiod;Lk, rccllstLllct1. l3oilLnl: point of fr;Lctlon 18.1-185~. 
IfthylcncclLnm~nc: g.s-roe?:,, Eastman Kodak 
i~icthvlaminc: ThC SlathdGm Co. 
Pir&tlinc: Eastman Kodak. ‘J’hc nroduct WLS tlriccl over solid notasslum h\*tlroxidc and clistil- 

icd. Boiling point of fraction: ’ 
I 

IOfj- 1070. 
MctlLylanilLnc: Eastman J<oclak. rctlistillccl. BoLlLn& point of fraction: rg5-rgb”. 
DLmcthylanilinc: Eastman Kodak. 
Tricthylnminc: Eastman Koclnk. 
Pyriclinc : Baker’s Anolyzccl. 
u:Picolinc: Eastman I<AdiLk, rcclrstLllcc1. 13oLltnfi point of fraction: I27-1300. 
Y-Picollnc: Eastman Kodak. rcclistillctl. T3cnllnP IJoint of fraction : I a?-I 5.1”. 
&nolinc: Eastman JCoclak.~Thc product was &i&l over solul l’otnSs;;;m”l;ytlroxitlc and dlstillccl. 

Boiling point of fraction: 234-235’. 
“Vcrscnc” : o,zAf aq~wous solution of chsodium salt of cthylcncchamine tctrancctic acid. The 
tlisodium salt. ~rsetl was supplictl by the Alrosc Chemical Co. unclcr the triLdC name of “Scqucstrcnc 
NA2”. 

The colors of the copper salts dissolvctl in tlrc amincs wcrc usually green, varying from n ycllow- 
green to a clccp grass-green. Exceptions wcrc the solution colors in ammonium hydroxide, 
mcthylamii c, cthylcncdiaminc, and vcrscnc. In thcsc in tnnccs the colors obscrvccl wcrc blue, 
indicating the formation of the reupectlvc copper (II) ammlnc complcxcs. 

The results arc collcctctl in Table 11. 

Refcreuces p. 507. 
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C. Arzalysis of copper salfs 

The copper content of the copper (I I) salts of mcthylbcnLain ox~mc, thcnoln oximc, a-hytlrosy- 
isobutyrophcnonc oximc nntl a-hytlroxyacctophcrionc nwmc \ViL'P tlctcrrnin<tl by 
prcclpitating a known qunntlty of copIxr from ammoniacal solution with cxccss oximc. The 
compounds obtnincd wcrc thoroughly wnshcd to rcrnovc cxccss rcngcnt ant1 drictl to constant 
wc1gl1t at 125-I .pP. WIth mcthylbcnzoin oxirnc ;rntl thcnoin oximc the cxccss rcngcnt had to bc 
rcmovcrl by \v;wlling with hot cthnnol. 

Toblc I I I rcprodirccs tlic results. hltliorigli tlic nniounts of copper rnctliyll~ciizoin oximc rwcl 
copper thwclln oxlmc obt.?inctl ;lrc somcwhnt hIgh, thcrc is llttlc doubt that the ratlo of copper 
to oxinic IS in ;lII C;LSCS I :I. 

0.Ol.l.) 0. I 185 o.1rs5 
0 O.!_j 1 0.121~ 0. I I xn 

0 0: 7” 0. ’ 337 o 13’5 
C>*O’S3 0.137s o ‘349 

O.C,3 I 7 0. I a?OCJ O.l’OC 
o.c,32*‘i Cl.1227 o.123r 

O.O2.(.l 0.0s I 7 O.OHl7 

0 or53 0 0H.j: o o*17 

D1SCUSS10N 

l’hc present investigation cstcnclcd the study of the charnctcristic xcyloin oximc 
groul)ing, -C(NOl-I)-C(Ol-l)c, towards coplxx (I I) to four compounds not p-c- 
viously invcstigntcd; i-c. 2,~’ -tlicnoin oximc, mctliyl hcnzoin oximc, fl-hydroxyiso- 
butyrolAicnonc osinic, and f~-l~yd~oS~iLccto~~llcnonc ositnc. ‘I’llCSC conlpo~lllck sllowcd 

tiic same rcxctivity as bcnxoin osimc, tllc most readily i~vaiInl)lccollll)outld contain- 
ing the above groul)ing. All coml>ounds form green, water insoluble colqxr (II) 
salts in which the ratio of IllCtill to organic component is r : T. 

‘I’llc bchuvior of the colqxzr salts of thcsc ilCylOit1 osimcs i1S Well ils tllc copper 
salts of bcnzoin osimc, z,z’furoin osimc and phcnylbcn~oin osimc \vils tcstcd towards 
various nmincs. Fl:rct8 was the first to note the unusual bcliavior of the copper (II) 
salts of acyloin osimcs towards ammonia. Surlx-isingly thcsc compounds arc insoluble 
in ammonium hydroxide providccl tllikt the acyloin is dcrivcd from an aromatic 
aldehyclc or an aliphatic aldchyclc with more than four carbon atoms. Exceptions 
to tliis rule arc the copper salts of plicnyl- and bcnzylbcnzoin osimc. FICIGL cxplaincd 
the insolubility in ammonia by assuming the copper (II) compounds to bc inner 
complcs salts. 

I>unsr;\- ANI) L\sc;lsI~~ postulate a dimcric formula for coppcr (II) bcnzoin oximc 
as a basic salt. Thcrmnl an:Llysis of the copper salt’ showccl it to lx anhydrous AOVC 

Go” C. LASGEIP lx-oposctl n dimcric structure which calls for a coorclination number 

itcfrwucrs p. 507. 
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of 3 for the coppc~. f<AY ASI) SES~’ conclude from magnetic susccptihitity studies 

that the copper in the copper lxnzoin oximc compound has a coordination number 

Of ,.+. ‘t’hcy ;wxunc for this cotqwr salt an unending chain structure similar to the 
structure of ant~yclrous tXlllWtiUlYl (IT) chtoridc. Stcric considerations make their 
structure rather unlitwly. 

‘t’t~c insolut~itity in ammoniri of cotqxr salts of acyloin osimcs cxnnot lx sntis- 

factority cst)t;linctl by cork&ring ttwsc comt~ountls as inner corntAx salts. Evidence 

:t~ilillSt. ttiis twStUt:LtC! is afforctcd t)y ttic sot~it~itity txtlnvior Of ttic cot>twr salts of 

tllc Osimc5 of rr-l~yrlrosyi~ol~~ityrc;~~ticnonc and rr-tr~ctrosy;icctot)t~~nOii~. 

‘I’tic t)cti;ivic)r of ttic cotqer sxlt’i Of ilCylOil1 osi1ncs can txst I>:* intqxctctl by 

;IsS\11lli1lg i1 1)otymcric structure for ttlC:SC! co1nt~Oulltls. 13;wxl On t tiis ;issllmt)tion the 

inSOluhility in ninmonia cnn bc cslMiicc1 wittiout rccOurs(: to coortlination to tAcny1 

r;LclicillS or miiltimcmtxxi:d ilti~IlliltiC ridiC;lls. ‘I’tlc cclltrill Cotqxr ilt~~~ll \VoUld be 

Stliclclcd from xii attnck by ttic :tmnioiiix rnotwlltc by ti~~clrothol~ic yroutx such as 

t~tlc~~yl or 1~iutti1r~c1ntx2rcc1 atil>txitic r;diCi~tS. ‘ftlc solubility Of the copter SilttS of 

t~licnyl- ntltl Ix3-w,yllx2~~xoin oxi1nc could bc CX\~lilillWt by ttw inxbitity of ttwsc acytoin 

Osimcs to form sucti t)Olymcrs txxnusc of ttlc size of the orgi~llic conlt~oncnt. ‘L’tlc 

I~ossibility tliat ttic! solut~itity of ttlcsc cornpOunds iii ;mitnoiiia is to I,:* ilscritlCXt to 

ttic fact ttiat ttic tiyclrosy group in ttliw two ilCytOil1 osiinc!s is ;ttt;~chccl to n tcrtkuy 

cnrbon iltOll1 Cilll bc rukct Out from tllc: t)ctlavior Of ttlc colqwr s:Llts of mcttiytbc?nzoin 

osimc and u-tiyclrosyisot~utyrot~ticno~ic osiinc. 
According to t’hl.l’r AND ikIctsAIN1” alltt ~‘AI.ITLG colll)~oUllctS Wtlictl COlltiLin bottl 

I~ydrot~tiot~ic iltld t~yclrot~t~ilic tgOut)s arc: sotul~lc in liquids or misturcs of liquids 

wtlicti COlltilill tjotti tticsc grout)ings. ‘I’llc tX!tlilVior of ttlc cotqwr Si1lt.S of acyloin 

osimcs affords sonic’ cvitloncc iii filVOr of ttiis postlllntc. ‘I’tlc coptwr salts studied 

stiowccl fxxcctlcnt solubility in cttiylcnc diiu~linc, il SolVcrlt for ttlc Orgiulic cOn~)l0llC!llt 

its \VCll ;LS il strong coorcli1i~iti1~g ilgCnt for COt~tWr ion. 17r01n tlic b\w solution color 

it cnn t)cr infcxwd ttliLt ttccom~~ositio1i Of ttlc cotqwr (11) SiLttS tilt<cS t>lilCC. Pyriclinc 

and its 1101~~010guCs whicti illSO fulfill tllC ill>OVC criteria ill32 fair SolVctltS for copper 

(II) acyloin osimcs. 

A structure wtlich socms to fit ~11 irviLilitt,lc datn is given LC~OW. 
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Unfortunately no suitable solvent was found in which molcculnr weight detcrmi- 
nations could be carried out. 

‘l’hc IWALLS~OI of ttw copper (I I) WILS of the u-eumcrs of some ac~loin ovimcs towards a scrics 
ctf stfCctct1 amm~b was t~si~mincti in urclcr to study the utlusttnt sc&ittrtrty rclntionships which 
tlww c0tq)c1 salts cstubit tcwarrls nmtnon1utu hy(lrosidc. l’hc insol1il~iht.y in nnimunlutn hy- 

clroslclc of thaw copper salts of acylo~r~ OYIIIIC~ has t~cn nttrlbutctl to Lhelr being Inner complex 
+alrs. f:v~clcncc 1% preented wlticli 1s contm y ti* this vww. I%tscci on lhc solubilrtic.5 of the 

copper (I I) wfts tnwhti~atcd. n lx)tyntorx strwture for copper (I I) at_vfoin ~smios is proposed. 
‘I’lrc htt~cly inclutlcd tlic fc~ltowin~ u-isomers of ncyluiil usimcs : bcnzwil os~inc, 2.2’-furoin 

cxsimc, pl1cnyttx1i;r.oir1 oximc, nicth~ltxn~cloin oxlnw, r,z’tticnoin osimc, u-l1ydrox~isol~~it~ro~ti~n~11~ 
o.sinic. nntt a-ligtlrr,.u~Rcetr,pticricrnc o.wmc l’11c tnst foirr compounds hnil riot bccri csnmincd 

Iw*\*~i>11siy w tcx ttwr nttillty tc) form cc*ptxx (1 I) salts. 

1,~ comt1t~rtcnicnt tt~h 5~1% rltr cutvre( 11) ctcs u-w~tn~rcs dc quclclucs ncylwnoximch, vis-h-vis 
cl’iinc s<rle cl’xniincs a et& rx:miinC. On :l I)u niiisi i.tiitlwr tcs rolrrbllit& ;Lllormillcs qilc prhcntcnt 
CC’S bi’lh dc culwc clnns lch wltitrcanh d’l~yclrox~tle ~i’;~mmon~un~ C’cttcsotutxtrtrC ;1vait dt& sttritxi&c 

zw fiait cltic lcs ?;cSs ctc cutvrc formcnt nt’cc ccs osirneh dcs ccxnpkxsfs Intcrnes, cc clui n’cst cn 
rchlitC p;re Ic cx:, ISn SC bnsniit \ur Its ?rotiil~it~t&i tic ces scls tic cuivrc( II) unc structure polyrii0re 
cst l>‘olNVG~c. 

1 );I?; \‘crhnttcti clcr I<~ipfcr(I I) si~l7.c ctcr ~~-I~r~tiicrcr~ w-m eiitlgcn Acyloinrtsinten gcgcnutxrcincr 
Hwhc VWI Arrutwn wurdr! untorsucht. Auf rlicsc \VCISC konute man tfw atxwrmnlcn Liishchkcltcn, 
\\clclK! c11csc Kut’fcrsnl~c In r\rli~~ioriii~lliti~~lr~~~~~~l-I.Dsrliil;cri xrifwciscn. untcrsuchcn. I)icso 
I,~~l~ct~lcciL 1st tlor ‘I’atsnclrc ;ziigcwtu-icbcti wortlcii. tlilt;S tlic KupfcrsalLc mit tlicscn Oxitiwn tntcrnc 
f~tmlplose l,tlrl1*11. \VilS 111 \\‘lrkllcllkc*lt lllcflt rtcr I’;111 ht. Chstl1tr.t auf tfw i.osltcl~kotcn 
clwscr KupfcrfI I) s;th* wirct wnc prdymcrc Struktttr vorgcsol~l;~gcu. Ihclru Uritcrsuchunfi wurth 
nilt tlcn folg:cntlen Suhtonzcii aiis~cfiitirL:~cnatJlnl~xrll1, 2,2’-I~iiroino.uilit, l’t~cll~ll,crl/.olllc~slln, 

hlethylbcnru~~iox~tii, 2,z’-‘l’iicttulnrj.uim, a-1 f~~~tros~~sut~~lt~r~l~~~~ri~1i~Sii11 unrl u-tlydroSyi1CCtO- 

pticrionoS1rn. I.?it*sc vicr letzteii St1bStiIll~~l1 ktn~t l~rshcr ncxtt nxlrt ~rittcrsuctit wortlcn. in I3cZU& 

r\uf ihrc I:iitugkctt, S<upfrr( Ii) s;ltxc ~11 btlrtcn. 
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