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REVIEW 

Chrm~ka Chromka, New Series. 13, 71-88 (1984) 

ZYTKPICH JXAPACKEYAZTIKHC XPQMATOrPA@IAC ME TIC KAA- 
ZIKEZ MEOOAOYC AJXOTEPIIENIQCHC TIA TON EEEYTENICMO 
TQN AIOEPQN EAAIQN 

C.E. AIOAAKHC, N.H. TZAMTZHX  at T.K.IIAPIZAKHX 
Tpipa Xqpz~hv  Mqxavz~hv E.M. f i ~ o z ~ ~ v ~ i o o .  

(Ehflq8q 29 Noepppiou 1983). 

Eivat yvoor6, 6zt za at9kpta khata k ~ o u v  psykhq oqpaoia ozq cpappa~opto- 
pq~avia #at Ptopq~avia rpocpipwv, t8taizspa za zshsuzaia ~p6vta p& Paoq zq 
ysvt~fi z6oq npoq avacfizqoq cpuot~hv nphzov uhhv. 

&qv Ehh66a za whsuzaia nkvzs - k k t  ~p6vta,  k ~ ~ t  ~ ~ 6 q h o 9 ~ i  npoon69~ta yta 
zqv ~ahhtkpysta  at aktonoiqoq apopazt~hv cputhv, p& t6taiz~pq kpqaoq zq 
p h a  KOI; h~Pavza, 6noq (paivszat ozo 81-6ypappa l. 

H peh6zq rqq 6ts9vo6q  at Ehhqvt~fiq ayopaq os at9kpta khatc~'-'~ 66st& za 
~ S f i q :  
1. ot ztpkq zwv a~9spiwv shaiwv ~ O L K ~ ~ O ~ V  os psy6ho PaOp6, aviihoya p& zqv 

not6zqza zouq x . ~ .  ozqv Ehhqvt~rj ayoph q nphzqq not6zqzaq pkvza &&t 
zszpanMota ztpfi tqq ~ a ~ h z s p q q  

2. ot ztpkq TWV at9~piov shaiov skaphvzat OE psydh~, Pa9p6 an6 T T )  oxkoq 
npooqop6q  at Lfizqoqq n . ~ .  nayszhvaq ozo Oregon Indiana zqq Apspt~fiq, 
6nou K ~ T ' E ~ O X ~ ~  Kahht~py~izat T )  ~ ~ V T O I ,  E ~ C ~ P E ~ [ O U V  TqV ~ 1 p q  Z f l q  p k v ~ a ~  
FtsOvhq. Anozkhsopa avzorj, sivat o ~ @ q m ~ &  zov atespiov shaiwv va 
O T ~ ~ ~ E T ~ L  npoq 711 ~ E T C ~ T P O ~ C ~  C ~ ~ ~ E P ~ O U  ~haiou (3s o t a ~ ~ p 6 z ~ p q  POP- 

cpq, p p i q  kzot va anatzsizat t6taiz~pq cppovzi6a ozqv an097i~suoq ZOU 

3. q Ehh66a ~Eayst at9kpta khata ~apqhqq not6zqzaq Kat stokyst at9kpta khata 
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- a6eqoq rou plj~ouq tqq oz4hqq 152 
- xpqotponoiqoq ouomjparoq napahhljhwv orqhhv 152 
- a b c q q  rqq Gtapkzpou .tqq orljhqq 156 
- r~xvtikq ~ U V E X O ~ ~  hetroupyiaq 1 19-144  at 180-$3,224,233 
- rexvt~kq ~ n a v a h q n r ~ ~ f l q  ~toaymyflq G~iyparoq 153, 155, 171-173 
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11.3 Xpoparoypacpt~k oua~ljpara ovvs~o6q hstrovpyiaq Btphtoypacpt~fq napanupnfq 
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Xpovo- Zuyypacpsiq Entzs6ypara Zx6hta - naparqpljostq 
hoyisq (AvacpopEq) 

1952 Kirchner 
and 

1955 Miller 
(250,25 1) 

1957 Braverman 
and 
Solomiansky 
(252) 

H npbrq  at iowq n16 ouocaozt- 
~ l j  spyaoia nou Bxst yivst ps 06- 

TqV c ~ R o ' C E ~ ~ C E V ~ O O ~ ~  TWV ale&- 
pi0.l~ shaiov pE ~ C t p c ~ o K ~ u a o ~ t K ~  
uyplj xpoparoypacpia. H Epya- 
oia Bytvs a s  xpovtxlj nspi080 
nou q xpopazoypacpia ljrav os 
uxopaetop&vo zsxvohoyt~d sni- 
~ ~ 8 0 ,  ps a7torBhsopa q 6hq &a- 
Gt~aoia  va sivat sninovoq, xpo- 
vop6pa Kat 6x1 a~ptpljq. 

H spyaoia potticet ap~szci ps q v  
npoq yo6psvq xat ouvsnbq Bxst 
t a  iGta aG6va'~a oqpsia p 'au '~4.  
'Opwq q p s h l ~ q  sni nhkov napa- 
pirpwv, 6nwq n . ~ .  q Gtdpszpoq, 
'CO pqlC0q Tqq ~ ~ l j h q ~ , ,  'CO ~ i80q 
rou nhqpwtt~o6 uht~o6,  o pa- 
8p6q ~opsoporj rqq ozljhqq, BGo- 
OE Guvarqra anoespneviwoqq 
nohd peyaM.rspqq noo6rqraq 
ateepiou shaiov ps noh6 p t ~ p 6 -  
repq ~aravkhwoq Gtahurbv. H 
EPYC~&X ~ ~ p l ~ p i < € W t l  OE atOBpca 
Bhata p ~ ~ & h q <  K E ~ ~ E K T ~ K ~ T T ~ T C ~ ~  

OE rspnivta K.X. ~ 0 ~ ~ p 1 8 0 ~ 1 8 ~ .  

1961 A.B. Herric A~CO'CE~XEV~~OT~ atespiwv E- 

and haiwv p& vyp4 xpwparoypa- 
J.R. cpia avriorpocpqq cpaoqq OE 

Trowbridge ozljhq Gtaozcioawv 45.7 X 5.7 
(253) cm nhqpopivq ps nohupsplj 

npo'i6vra %X. ( ~ ~ ( 3 1 ~ 6  ~hao'C1- 
~ 6 ,  vsonpkvto, Buna s Kat 
Gtah6rq B~houoqq psk~v6hq. 
H avixvsuoq rwv npoGvrwv 
C~houoqq ytvbsav ps Gtaeha- 
a ip~rpo .  
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Xpovo- Zuyypacp~i~ Entte6y para 
hoyiaq (Avacpopi~) 

1964 R. Lasztity H anor~prc~vioor ,  twv atespi- 
J. Nedelko- o v  ~ h a i o v  hspovtod lcat no- 
vits and p r o ~ a h t o 6  ~ E ~ E T T ~ ~ ~ K E  PE 
N. Bogyo an6ora tq ,  ~ ~ ~ 6 h t o q  lcat ~ p o -  
(225) paroypacpia o r q h q ~ .  K a h 6 r ~ -  

pa anotshtopaza ~ T C ' I Y X ~ ~ I E -  

U< 1cot6rqra< a7~0~EpnEvtop6- 
vou ateepiou ~ h a i o u  i 8 o o ~  q 
~poparoypacpla PE nhq port- 
~6 u h t ~ 6  silica gel (~vspyoaot- 
qptvo PE BCppavoq o r o y  
150' &xi 25 h) Kat 6 tah6r~q  
i ~ h o u o q <  TOV K E T ~ E ~ C L I K ~  at- 
&pa Kat 0 5 ~ 1 ~ 6  ~ ~ l e ~ h ~ 6 2 i p ~ 1 .  

E V ~ ~ E O V  PE a v h ~ a r q  O~ppolcpa- 
oia hsttoupyia< rou Xpoparo- 
yp6cpou p t ~ p t  160' C. 
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Xpovo- Cuyypacpsiq Entrs6ypara 
hoyisq (Avacpopiq) 

1966 J.M. Rayan 
and 
G.L. Dienes 
(175) 

1966 G.R. 
Fitch 
(256) 

1968 Dixon, Ma- 
lone and 
Umbreit 
(257) 

Mshercirat o Staxwptop6q rou 
ateapiou shaiov Bergamot os 
x006rqrsq p8xp t  50 m1 p& a8- 
pto xpwpayoypacpt~q orljhq 
~ ~ ~ o T ~ ~ T E C O V  10 X 203 Cm OTOVq 

150' C, p& ~ ~ 0 x 6  rqv anopd- 
vwoq optopivwv ouorat t~hv 
sou. H av6huoq rmv E K ~ O U O -  

p8vmv ~haop6twv ytv6rav pe 
IR, NMR f l  MS. 

nap36ha aurci, oljpapa mors6- 
oupa,6rt OE napaywyt~fl ~ h i p a ~ a  
q uyplj ~popa~oypacpia nheovs- 
~ r s i  os nohhci oqpsia i vwr t  tqq 
atptaq, tStairspa os ecpappoybq 
xou acpopo6v rq cpappa~ofltopq- 
xavia  at apwparonotia 6nwq 
sival o Staxwptop6q o u o m r t ~ h v  
at0spiwv shaiov. 
Cuy~s~ptp8va, Q ~ 8 p t 0 q  Xpwpa- 
roypacpia E p t  TO pstovk~rqpa 
rqq pt~p6zspqq xopqrt~6rqraq 
os zpoqo6ooia, TO np6Phqpa rqq 
pq ~ T ~ O T E ~ E O ~ ~ T L K ~ ~ S  c~uhhoyljq 
TwV Kh~op6twv Kat TqV av6yKq 
xpTlc3tpoxoiqoTlq (SXE'GLK& UWq- 
hhv Osppo~paothv npkypa nou 
& ~ I I ) P E ~ @ ~  O P ~ G ~ ~ V C X  O U ( J T C ~ T ~ K ~  

rwv atespiwv shaiov. 

1969 P.E. Barker 0 Stqoptop6q optop8vwv at- 
and S. Al- 0spiov shaimv pshsn'leq~s p& 
Madfay abpto xpwparoyp6cpo ouvs- 
(124-126) xorjq hstroupyiaq, anotshorj- 

psvoq an6 44 otljhsq Staorci- 
oewv 2.5 X 30 cm. 0 xpwparo- 
yp&cpoq E ~ X E  ~ E Y ~ O Z ~  XWPq'Gt- 
~ 6 r q t a  rpocpo6ooiaq 150 
ml/h Kat avwtkrq Bsppo~pa- 
oia hstroupyiaq 250' C.  
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Xpovo- Zuyy pacpaiq Entteijypara 
hoykq (Avacpopiq) 

1975 L.B.Rockland M ~ h ~ r c i r a t  q arro~opneviwoq 
and C.R. a te~piwv ~ h a i w v  PE xpwpazo- 
Debenedict ypacpia ozrjhqq OE ouv6uaop6 
(258) FE p o p t a ~ r j  a n 6 m a t q .  TO 

n h q p r t ~ 6  U A I K ~  rqq orrjhqq 
Qmv ouSB.capq ahoupiva, EKE- 

S~pyaopivq  ~arc ihhqha  PE o- 
SlK6 C I ~ ~ U ~ E ~ T ~ P C ~ .  X ~ q 0 t p 0 -  
no t r jeq~av  660 KazqyopiEq 
6 t a h u ~ h v  tKhouoq<, 0 TEpnE- 
vtocptht~6q ( n . ~ .  nevrcivto) yta 
rqv anop&~pvvoq r o v  TEPEE- 

viov K ~ L  o oSuyov06~0q (K.x. 
at0av6hq) yla q v  anopci~puv- 

5 0 V  0 5 ~ ~ 0 ~ 0 6 x 0 ~  EV& 

(JEOV. 

1978 R. Bonmati Aivovrat ~cpappoyiq ~ v 6 q  na- Eivat q nphrq o q p a v r t ~ r j  npo- 
and paywyt~o6 Ctbptou xpCO~~oypk-  O T C ~ B E I C ~  ytff TqV Ecpappoyq TTlS 
G. Guiochon cpou x o p q ~ t ~ 6 z q z a q  3-20 tons xpwparoypacpiaq o~ napayoyt- 
(245) /year, yta so 6taxwptop6  at ~ f l  ~ h i p a ~ a .  Avziozot~q aapto- 

anotspnaviooq a t0~piwv E- ~popatoyp&cpot 6tCt~i0Ev~at orj- 
haiwv p& noh6 ~ a h c i  a n o ~ e -  p p a  o r o  ~ p ~ 6 p t 0  p& x o p q r t ~ 6 -  
h iopa ta .  rq ra  pixpt 300 tondyear. 

n a p '  6ha au~c i ,  ~ C I C T T E ~ O U ~ E ,  671 
q uyprj xpwpa~oypacpia ~ i v a t  nhi- 
ov ~ v 8 ~ 6 ~ t y p i v q  (SE napayoyt~r j  
K h i p a ~ a .  
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Summary 

Comparison between preparative chromatography and common separation methods 
fov the detevpenation of essential oils 

S.E. Liodakis, N.E. Tzamtzis and G.K. Pavissakis 

A review on the deterpenation of essential oils and its industrial importance is 
given. The most common methods of producing terpeneless oils such as steam 
distillation, fractional distillation, solvent extraction and hydrotropic extraction are 
critically presented. Preparative chromatography has several advantages over the 
other methods, (i.e. flexibility, high selectivity power), particularly for difficult 
separations heat sensitive materials, when high purity products are required. Such 
separations are encountered for the preparation of high quality terpeneless essential 
oils. The various schemes for increasing the chromatography column utilisation, 
the technological development of preparative chromatography and its applications 
for the separation of essential oils are reviewed. 

Key words. Preparative chromatography, deterpenation, essential oils. 
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3. lk<thvqq,  A.: Ynoupysio reopyiaq, Ats68uvoq A p o p a r t ~ h v   at @ a p p a ~ s u s t ~ h v  
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Summary 

The influence of trivalent chromium ion on the in vitro cholesterol biosynthesis has been 
studied, using c '~c] acetate and [14c] mevalonate as precursors. 

Cholesterol biosynthesis by rat liver 15,000 xg supernatant was inhibited by 
c r3+  at concentrations between 8. 104M and 8 . 1 0 - ~ ~ ;  8. I O - ~ M  cr3+  inversely 
caused an increase of cholesterol biosynthesis. Differences were more pronounced 
when using [14c] mevalonate instead of [ 14C] acetate as precursor. 

Since the cholesterol biosynthetic route involves certain microsomal enzymes 
including cytochrome P450, requiring both NADPH and molecular oxygen, the 
influence of cr3+ on the activity of NADPH-cytochrome C reductase, NADPH- 
oxidase and biphenyl-4-hydroxylase was studied. It was shown that cr3+ in all 
concentrations used inhibited the activity of the above enzymes except at the 
concentration of 8.10 "M which caused a profound increase of the biphenyl-4- 
hydroxylase' activity. 

Key words: Chromium, cholesterol, biphenyl-4-hydroxylase, cytochrome C reductase, NADPH-oxidase 

Introduction 

Among the essential trace metals, chromium is unique in that its concentration 
in animal tissues declines with ageing1, and accumulating evidence suggests that 
human chromium deficiency is an important factor in atherosclerosis 2'3. Chro- 
mium ions have been shown to play a multifunctional role in lipid and 
carbohydrate metabolism4 by mechanisms largely unknown, since the strong inter- 
relationships between these two processes, plus their inherent dependence on 
insulin seriously hinder conclusive interpretation of experimental observations. 
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In vivo observations have indicated that chromium deficiency induces glucose 
intolerance 5 ,  higher levels of serum cholesterol and of aortic lipids, and deposition 
of aortic plaques6, while consumption of water enriched with chromium salts 
restores these disturbances to normal 
In vitro studies have shown that besides the well-known activation of phosphoglu- 
comutase l0 by chromium ions, their critical role in glucose tolerance is most 
probably exerted through a chromium-dependent glucose tolerance factor ' l  , which 
interacts with insulin in cell membranesI2, In contrast, early observations have 
shown chromium ions (5.10"M) to stimulate-rather than inhibit the in vitro 
hepatic biosynthesis of fatty acids and cholesterol from acetate 13. Later studies 14, 
revealed that upon addition of insulin alone, glucose alone, and insulin plus glucose 
into the assay system, containing ~ o - ~ M  chromium ions, the incorporation of [ I4c]  
acetate into the lipids increased up to 6%, 24% and 51% respectively. A reasonable 
interpretation of these effects by the authorsI4 postulates that the stimulatory 
action of chromium ions on cholesterol biosynthesis is a secondary effect, caused 
by the increased NADPM-levels resulting from glucose, especially in the presence of 
insulin. 

Therefore, in searching for an insight into the opposite effects of chromium in 
vivo, it seemed worthwhile to study the concentration-dependent action of 
chromium ion on cholesterol biosynthesis from [I4c] acetate and [ I4c]  mevalonate 
as well as on several microsomal enzymic activities influencing the levels of 
cytoplasmic NADPH. The latter possibility was suggested by the following 
combination of the existing evidence: First, the involvement of microsomal 
enzymes, including cytochrome P450, in the process is manifested by the fact that 
cholesterol biosynthesis is inhibited by carbon monoxide, whereas the rate of 
hepatic biosynthesis of cholesterol from [14c] acetate or [I4c] mevalonate in vitvo 
is highly increased by pre-treatment of the animal with drugs increasing the activity 
of liver microsomal hydroxylases 15,16,'7. Second, the in vitvo activities of several 
microsomal enzymes undergo changes highly responsive to changes of metal ion 
concentrations in the assay system, thus suggesting an important role of essential 
trace metals in maintaining the activities of microsomal enzymes at normal 
levels 18,19,20 

The microsomal enzymic activities selected for this study are NADPH- 
Cytochrome C recuctase, NADPH-oxidase and biphenyl-4-hydroxylase. Measure- 
ments of the activity of the latter activity provides very useful information about 
the liver microsomal enzymes since both, its rate and specificity are largely 
modified by exogenous inducers. Namely, pretreatment of the animal with 
phenobarbital and other non-carcinogenic substances stimulates the 4-hydroxyla- 
tion of biphenyl, whereas pre-treatments with carcinogenic agents (e.g. 3-methyl- 
cholanthrene) stimulates the 2-hydroxylation of biphenyl . 

Materials and methods 

I. Materials 

[14c]. acetate (spec. act. 55 mCi/mmol) and DL-[14c] mevalonate (spec. act. 
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12,9- mCi/mmol) were obtained from CIS company. ATP, NADP, NADPH, 
Glucose-6-phosphate and Glucose-6-phosphate dehydrogenase were obtained from 
Boehringer Man~heim. Biphenyl was recrystallized from 96% ethanol, m.p. 49-70' 
(lit. 70') and 4-hydroxybiphenyl was recrystallized from methanol, m.p. 166-167' 
(lit. 166.5"). The organic solvents used were of the highest commercial purity 
available. P P 0  and POPOP (Scintillation grade) were obtained from Packard 
Instruments International. Radioactive products were separated by thin-layer 
chromatography using silica gel H. 

II. Pvepavation of homogenates 

Adult male rats of Sprague-Dawley strain, weighing between 150 and 200 g 
were used. The rats were killed by a blow on the head and exsanguinated. The 
livers were excised. The homogenates and subcellular fractions were prepared 
essentially as described by Burke and Bridges 2 1 ,  but keeping the pH at 6.5 to avoid 
hydrolysis of chromium salt. The microsomal fraction was suspended in a 1.15% 
KCI. 0.1M potassium phosphate buffer pH 6.5 at a concentration of 10 mg protein 
per ml. The protein content was determined as described by Lowry et a122 using 
bovine serum albumin (Sigma) as standard. 

For the preparation of microsomes from phenobarbital treated animals, five 
animals were injected once daily, intraperitoneally with sodium phenobarbital (10 
mg as a 1% aq. soh .  per 100 g body wt.) for 5 days, while controls were injected 
with saline (0.5 m1 0.9% NaC1). At least 20 h were allowed to elapse between the 
last injection and sacrifice of animals in all cases. 

III. Cholesterol biosynthesis 

Clolesterol biosynthesis in the presence of chrorium ions was carried out as 
follows: Chromium ions (as CrC1 . 6W 2 0 )  at concentration of 8. ~ O ~ M ,  8. I O - ~  M 
and 8.10-6M were added to 1.5 m1 of the 105,000 xg supernatant plus 0.25 m1 of the 
microsomal suspension (2.5 mg of microsomal protein). After preincubation for 30 
min at 37•‹C in a shaking waterbath, the precursors [14c] acetate (500,000 cpm) 
and [I4c] mevalonate (500,000 cpm) were added and the incubate was fortified 
with NADP, 1 pmole; glucose-6--phosphate, 10, pmoles; glucose -6-phosphate 

-dehydrogenase, 0.25 units; ATP, 4 pmoles; MgC1 2 ,  6 pmoles. [I4c] mevalonate 
solution in benzene was then added with 10 p1 of propylene glycol. The final 
volume of each incubation mixture was adjusted to 2.5 m1 with the 105,000 xg 
supernatant. Incubation was further continued for 1 h and terminated by addition 
of 7.5 m1 of methanol-chloroform, 2:l (v/v). 

Lipids were extraced from the incubation mixture with 2.5 m1 chloroform. After 
centrifugation, the chloroform layer was removed and evaporated to dryness 
at  50•‹C under nitrogen. Lipid extracts were chromatographed on silica gel (250 p 
thin layer plates) using ethyl acetate-hexane, 25:75 ( v h )  as developing solvent. 
Radioactive incubation products were localized on the plates by co-chromatogra- 
phy of reference substances and staining with iodine (cholesterol, R f  0.25; 
lanosterol, Rf  0.38). The bands corresponding to the reference substances were then 
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scraped off and transferred to a scintillation vial containing scintillant (5 g PP0 
and 300 mg POPOP in 1 1 toluene). Segments of silica gel from the plates served as 
blanks. Radioactivity was measured in a Packard Tri-Carb liquid scintillation 
spectrometer. Quenching due to the presence of the gel scintillator was negligible. 

IV. Microsomal enzymes assays 

Assay of biphenyl-4-hydvoxylase activity. Biphenyl-4-hydroxylase activity was 
determined by a modification of a procedure described by Prough and Bruke (23). 
Chromium ions (as CrC1 6H2 0 )  at concentrations of 8. 104M, 8.10-~ M and 
8 . 1 0 ' ~ ~  were added to 1.5 m1 phosphate buffer pH 6.5 plus 0.25 m1 of the 
microsomal suspension (2.5 mg of protein). After preincubation for 30 min at 37•‹C 
in an air atmosphere in a shaking waterbath, biphenyl(3.25 mM) was added as a 10 
p1 portion of a 0.65 M solution in dimethyl formamide. NADPH was added as a 
regenerating system consiting of NADP, 5.0 pmoles; glucose-6-phosphate, 25 
pmoles; glucose -6-phosphate dehydrogenase, 2 units; MgC12, 20 pmoles. The final 
volume was adjusted to,.2.0 ql, with p_hosphate buffet ,Incubation was ,conainued 
for a further 20 min period and terminated by the addition 0.5 m1 satureted 
Ba(OH)2 and 0.6 m1 5% ZnS04. Incubation mixtures were extracted in centrifuge 
tubes with 5.0 m1 ethyl acetate using a Vortex mixer for 1 min. After centrifugation 
at 2,000 rpm for 10 min at 5"C, 4.0 m1 of the upper ethyl acetate phase were 
removed and evarorated to dryness at 40•‹C in a 10 m1 spherical flask on a rotary 
evaporator. The residue was redissolved in 0.1 m1 of ethyl acetate and the 4-hydro- 
xybiphenyl formed was determined by GLC (Perkin Elmer F-17). An 1.0 p1 portion 
of the ethyl acetate solution plus 2.0 p1 of the silylating agent (BSA) were injected 
into a 6 ft 3% OV-l column with NZ as carrier gas (50 ml/min) and with 
temperature program. This consited of 4 min post-injection pause at 210•‹C, 
followed by an increase to 235•‹C at a rate of 10•‹C/min and a final 10 min at 
235•‹C. Flame-ionization detector was used. The internal standard was benzylide- 
neacetophenone in ethyl acetate. Corrections for any nonenzymatic formation 
of 4-hydroxybiphenyl were made by subsutracting values from a blank tube 
incubated under identical conditions with an equivalent volume of boiled microso- 
mal homogenate. GLC retention times (min) were: 4-hydroxybiphenyl, 9.5; internal 
standard, 15. The enzyme activity is expressed as nmoles of 4-hydroxybiphenyl 
formed per min per mg of microsomal protein. 

Assay of NADPH-cytochrome C reductase activity. The activity of NADPH- 
cytochrome C reductase was determined according to the method of Philipps and 
~ a n ~ d o n ~ ~ .  Liver microsomes were preincubated with chromium ions for 30 min 
as described in the biphenyl-4-hydroxylase assay. 

Assay of NADPH-oxidase activity. The activity of NADPH-oxidase wase determi- 
ned under the same conditions as those of NADPH-cytochrome C reductase in the 
absence of acceptor other than 0 2 .  



Results 

Inspection of the data depicted in Table I indicates-that high and low concen- 
trations of chromium ions cause an opposite effect on the rate of cholesterol 
biosynthesis from acetate and mevalonate in vitvo. Namely, the stimulatory effect 
(50% with [I4c] acetate and 79% with [I4c] mevalonate caused at a concentration 
of 0.008 mM cr3+ ,  is reversed to inhibition (40% and 55% respectively) at the 
100-fold concentration of 0.8 mM cr3+.  Statistical analysis (t-test) yields a signifi- 
cance level of P G 0.001 for these differences, while at the intermediate concentra- 
tion of 0.08 mM cr3+,  the observed effect is statistically significant only with 
mevalonate as precursor (P 0.01). 

TABLE I: Effect of chromium ions on the incorporation of radioactive acetate and 
mevalonate into cholesterol. 
The res@ts are=.gi~en as,-mean v&.es .f SB of 4 ezperiments. 

Concentration I4c Acetate I4c Mevalonate 
c r  3+ 

(mM) cpm % cpm % 

0 2,020 A 180 100 5,585 f 565 100 
0.8 1,210f200(PG0.001) -40 2,515k290(PG0.001) -55 
0.08 2,210f 210 +9 4,020 f 430 (P G 0.01) -28 
0.008 3,020f 235 (PG 0.001) +50 9,980f 625 (PG 0.0001) +79 

Table 11 shows the effect of chromium ions on several microsomal enzymes. All 
the concentrations of chromium ions used in this study caused a profound inhibi- 
tion of the NADPH-cytochrome C reductase activity, being also inhibitory (to a 
lesser extent) for the activity of NADPH-oxidase. Therefore, of the observed 
concentration-dependent reversal of the chromium-ion effects on the rate of cho- 
lesterol biosynthesis cannot be attributed to these two enzymic activities. 

In contrast, the activity of rat liver microsomal biphenyl-4-hydroxylase was 
influenced by chromium ions in a mode similar to that on the rate of cholesterol 
biosynthesis from acetate and mevalonate. 

The two higher concentrations of chromium ions'were both inhibitory of the 
biphenyl-4-hydroxylase activity to an extent similar to that on mevalonate incorpo- 
ration into cholesterol. Statistical analysis (t-test) indicated also a high significance 
level of these effects (P G 0.001 and P G 0.0001 respectively for the high and low 
concentrations and PGO.10 for the intermediate concentrations). 
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Discussion 

Among pre-existing evidence on the effect of chromium ions on the rate of the 
in yitro incorporation of precursors into cholesterol, most pertinent to the present 
results is the early observation by CurranI3. According to this observation [ I4c] 
acetate incorporation into cholesterol is stimulated by 0.05 mM Cr3+, that 
is, at a concentration expected also by the present data to yield stimulation rather 
than inhibition. 

On the other hand, higher concentrations of chromium ions (1 and 3 mM) were 
reported2' as causing aggregation of microsomes, and decreasing or abolishing 
the activity of P-450 reductase. These observations support and give a most 
probable explanation of the observed inhibitory effects of high chromium 
concentrations on cholesterol biosynthesis, as well as of the inhibition of NADPH- 
cytochrome C reductase and NADPH-oxidase activity observed in all the chro- 
mium concentrations used in this study, which cover a 100-fold range. As has been 
mentioned, the latter effects are not sufficient to indicate any relation of these two 
enzymic activities with the reversal of chromium action on cholesterol biosynthesis. 
However, the observed significant stimulation of the latter by response of one 
single enzyme system, biphenyl-4-hydroxylase, to changes of chromium-ion con- 
centrations provides important insights into a possible mode, by which chromium 
ions may influence the entire process of cholesterol metabolism. Namely, our 
present findings combined with pertinent literature data permit postulating that 
several microsomal mixed-function oxygenases involved in cholesterol biosynthesis 
may resemble biphenyl-4-hydroxylase in its response to chinges of chromium ion 
concentration, thus exerting a concommitant effect on the entire process. In such 
electron-transport systems, one of the carriers is postulated to have an absolute 
requirement for chromium, whereas reversal of stimulation occurs at increasing 
chromium concentrations, which gradually diminish the activity of another carrier 
of the system. 

To support this concept and its implications with respect to the primary role of 
chrouium resulting in its above effects the following data are taken into account: 

Phenobarbital treatment of the donor animal is known to induce a 10 - fold 
increase of the rate of incorporation of [I4C] acetate into cholesterol in vit~o'~, 
whereas the data of Table I1 indicate a 3 - fold increase in biphenyl - 4 - hydroxyla- 
se activity. This higher stimulation of cholesterol biosynthesis in comparison to 
bipheyl hydroxylation supports the postulated contribution of more than one, 
possibly distinct to each other mixed - function oxygenases in the overall effect of 
chromium on the rate of cholesterol biosynthesis. 

The individual microsomal electron - transport systems may be distinct to each 
other not only with respect to the substrate - specificity determining terminal 
oxidase, but also to other subunits. For instance, a carbon - monoxide sensitive2' 
cytochrome P-450 involved in the 7 a - hydroxylation of cholesterol is distinct to 
the cytochrome P-450 mediating drug hydroxylation26. However, increasing 
evidence suggests that at least one of the electron carriers of NADPH - cytochrome 
C reductase may be the same for a whole set of mixed - function oxygenases. Thus, 
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recent studies on microsomal squalene epoxidase, solubilized with Triton X 100 and 
resolved into two fractions, FA and FB,  by DEAE - cellulose chromatography27 
revealed that FB is identical with a detergent - solubilized NADPH - cytochrome C 
reductase and that squalene epoxidation is not inhibited by carbon monoxide28, 
indicating that the oxidase of the system is quite distinct to cytochrome P-450. 

A further implication ~f the so indicated involvement of a common flavoprotein 
subunit, identical to NADPH - cytochrome C reductase in microsomal electrom - 
transport systems is related to the earliest indicntion for a biological role of 
chromium in metabolism, reported by Horecker et in 1939. According to these 
authors the flavoprotein - containing succinate - cytochrome dehydrogenase has an 
absolute requirement for chromium ions. 

In such electron - transprort systems the terminal oxidase might have an 
absolute requirement for chromium ions, whose inhibitory action on the flavopro- 
tein component at low chromium, concentrations is not capable to reverse the 
overall effect, according to the data reported in the present paper, and furthermore 
it would be counterbalanced by" the h@er concentration of the common subunit. 
Higher chromium concentrations gradually would abolish the activity of the 
flavoprotein subunit, thus inhibiting the overall reaction. 

An intriguing implication of the above postulated mode by which chromium 
ions function in cholesterol metabolism lies in its inherent self - regulatory 
mechanism of abolishing often fluctuations and thus serving as a coarse - 
- control of the process. This is manifested by the very wide range in which 
increasing chromium ion concentrations diminish their overall stimulatory effects 
and then, gradually increase treir inhibitory influence. 

Finally, of critical importance to us is the possible significance of the absolute 
correlation of the chromium - concentration dependent effects on cholesterol 
biosynthesis in v i m  reported in this paper, with the observed in vivo cons quences 
of chromium deficiency and its restoration (see INTRODUCTION). Wlthough 
there is no way to compare the concentrations of chromium ions used in this 
investigation with those at the sites of cholesterol biosynthesis in the populations 
used by several investigators of the metabolic role of chromium ions in vivo 
(2,3,6-9), it is important that chromium is well - known to bind itself selectively 
with specific cellular constituents, its highest reported concentration being as high 
as 1200 ppm in complex protein - ribonucleic acid fractions12. Therefore, any 
attempt to obtain such information would be without any immediate significance, 
while a reasonable speculation is that chromium concentration in the micro - 
environment of microsomal electron - transpotrt systems is regulated by special 
molecular species resembling the glucose - tolerance factor, probably identical with 
some component of the microsomal electron - transport systems. 
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Sommaire 

Etude de l'effet d'ion commun sur la variation du coefficient de vitesse de di- 
vers systemes reactionnels constitues d'un alcoolate alcalin (ROM) et un halogenure 
d'alcoyle (R'X) dans l'alcool correspondant a l'alcoolate choisi. 

Variation du degre de dissociation a des formes associees de 1' alcoolate considere dans 
le cas ou le sel forme au cours du temps est partiellement associe en paires d'ions. 

Determination des regions des concentrations initiales en ROM qui sont les plus sensibles 
pour les variations de a au fur et a mesure de l'avancement de Ia reaction. 

Key words: Alcoxides, reactivity of ions and ion pairs. 

Introduction 

Acree a emis au debut du siecle l'hypothese que "les acides, les bases et les sels 
pouvaient reagir sous leurs formes ionisees ou non ionisees"'. 

Cette hypothese dualiste a permis de donner une explication satisfaisante de 
1' "effet de d i l ~ t i o n " ~  qui se manifeste par une variation des coefficients de vitesse 
avec la dilution a temperature constante dans une reaction de substitution 
nucleophile bimoleculaire, telle que la reaction d'un alcoolate alcalin, dans l'alcool 
correspondant, sur un halogenure organique. 

En admettant que les formes ionisees et non ionisees de l'alcoolate reagissent 
concurrement avec des coefficients de vitesse propres ki  pour l'ion et km pour la 
molecule, on aboutit, en adoptant le formalisme classique aux relations 

ou kg est le coefficient de vitesse "global", experimentalement mesure et a,  le 
coefficient de dissociation de l'alcoolate. 
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Depuis l'introduction de la notion des Paires d'ions, on considere volontiers la 
relation d 7 ~ c r e e 2  des entites non dissociees ou paires d'ions, au lieu des molecules 
(coefficient de vitesse kp  au lieu de km). 

Il est a noter que l'hypothese dualiste d'Acree, ayant ete critiquee dans le 
passe2, ne semble plus mise en doute grace en particulier aux nombreux travaux 
de Beronius et ses collaborateurs parus ces dernieres annees3. 

Par ailleurs la relation 2 a ete appliquee generalement avec bonheur dans un 
bon nombre des reactions et a permis un certain nombre de raffinements meca- 
nistiques4. 

Comme cela a ete deja souligne, la relation d'Acree 2 traduit quantative- 
ment l'effet de dilution observe lorsqu' l'on fait reagir un alcoolate alcalin, en 
solution dans l'alcool correspondant, sur un derive halogene. En regle generale, on 
observe un acroissement de la constante de vitesse globale, kg,  avec la dilution (les 
ions libres sont alors consideres comme plus reactifs que les paires d'ions). 
A titre d'exemple on peut citer le cas de la reaction entre l'iodure de methyle et 
d'ethylate de sodium. Nous avons constate que dans 1' ethanol a 2 5 ' ~  les 
coefficients de vitesse kg (1.mole-' .min-').10-~ passent de 96,3 pour la concentration 
initiale en ethylate egale a 0,2 M et 115,9 pour 0,08 M. 

Cet effet, observe sur une serie d'experiences independantes, devait, en toute 
rigueur, se retrouver au cours d'une experience unique, en fonction du temps, au 
fur et a mesure de l'avancement de la reaction. Ainsi si Von considere les constantes 
de vitesse ci-dessus, on voit que, pour un essai dont la concentration initiale en 
ethylate de sodium est de 0,2 M, deja a 60% de reaction (le concentration etant 
alors de 0,08 M), on devrait avoir eu une croissance de 20,495 pour la constante de 
vitesse. 

Neanmoins, ce n'est pas ce que l'on observe experimentalement. Les coefficients 
de vitesse semblent rester constants jusqu'a environ 70% de reaction etant donne 
que les courbes respectives representant la dependence log {b(a - x)/a(b - x) 3 = f(t) 
sont de bonnes droites en accord avec la formulation classique d'une reaction du 
second ordre. Evidemment ces dependences sont parfaitement lineaires seulement 
dans le cas ou kg resterait rigoureusement constant tout au cours de l'experience. 

Nous avons pense, en accord avec la litterature5, que cette situation apparem- 
ment incoherente pouvait etre imputee a la formation du sel alcalin au cours de 
l'avancement de la reaction. En effet, on peut imaginer que celui-ci agit soit par 
effet de sel primaire, soit par effet d'ion commun avec l'alcoolate alcalin. 

Nous n'avons pas retenu la premiere hypothese parce qu' il est connu que pour 
les reactions entre un ion et une molecule neutre, les effets de sel primaire sont, en 
general, faibles et que lorsqu'ils existent, ils se manifestent surtout en solution 
concentree6. 

Par contre, l'bypothese d'un effet de sel secondaire, en affectant par la loi 
d'action des masses l'equilibre de dissociation d'un des reactifs, nous est apparue 
plus apte a donner une explication satisfaisante du phenomene. 

Nous avons ainsi enterpris une etude systematique concernant l'influence du sel 
alcalin forme au cours du temps sur le coefficient de dissociation, a, de l'alcoolate, 
par effet d'ion commun et d'essayer de circonscrire par le calcul son etendue en 
partant de la relation d'Acree. 
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Notons encore que l'effet d i  sel secondaire et les repercussions de ce phenomene 
sur le coefficient kg d'une reaction d'un alcoolate alcalin sur un halogenure 
d'alcoyl*e (dans l'alcool correspondant a I'alcoolate) a fait l'objet d'une etude 
anterieure7. Cependant celle-ci n'etait qu'une description qualitative du phenome- 
ne, etant donne que le coefficient d'activite moyen de deux ions, y*, a ete 
considere,. grace a la simplicite des calculs, comme pratiquemment constant au 
cours du deroulement d'un essai cinetique. Mais si cela est dans certains cas 
particuliers une approximation qui n'affecte en rien le sens de variation de a, il ne 
constitue dans le cas general qu'une approximation plus ou moins satisfaisante. 

Nous avons ainsi ete amenes, dans ce present article, a completer les resultats de 
cette etude anterieure et d'en tenir compte de toutes les variations eventuelles du 
coefficient d'activite y*, en precisant ainsi, quantativement, la repercussion des 
variations de a (coefficient de dissociation de l'alcoolate) sur la constante de vitesse 
kg au cours de l'avancement de la reaction. 

Influence du sel alcalin forme au cours du temps sur la dissociation d'un 
alcoolate alcalin dans un milieu reactionnel homogene 

Dans cette etude nous avons retenu comme reaction modele celle d'un alcoolate 
alcalin (ROM) sur un halogenure d'alcoyle dans l'alcool, exempt d'eau, cor- 
responda a l'alcoolate: 

RO- ,Mt + Rr X ,$ kg M + ,  X- 
Kd # f - R O R ' +  jt Ks (A) 

M+ 4- RO- 4- R'X k ,  M+ + X- 

Tout d'abord, dans ce modele nous supposons que tant l'alcoolate (ROM) que 
le sel alcalin (MX) forme au cours du temps se trouvent sous deux formes que nous 
designerons par "dissociee" et "non dissociee" sans preciser s'il s'agit d'ions libres, 
de paires d'ions separees par le solvant ou de paires d'ions de contact. 

Nous admettons egalement que ces entites reagissant sur I'halogenure orga- 
nique, conduisent par des processus semblables a des vitesses distinctes aux memes 
produits reactionnels. 

Aussi, dans ce traitement nous avons considere les equilibres entre les formes 
non dissociees et dissociees tant de l'alcoolate que du sel alcalin dont les constantes 
de dissociation sont respectivement egales a Kd et K,: 

ou y* est le coefficient d'activite moyen de deux ions dans le systeme reactionnel 
considere. 
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Si nous designons la concentration initiale de I'alcoolate par Co ,  nous pouvons 
ecrire pour le temps t de la reaction (A) les relations suivantes: 

c,= [RO-, M+],+ [RO-lt+ [ROR'], (5) 
et comme 

[ROR'],= [x-],+ [M+ , X-1, (6) 
on aboutit a 

[RO-,M+],+ [RO-],+[x-],+[M+,X-],=C~. (7) 

Si x est le degre d'avancement de la reaction au temps t exprime sous sa forme 
decimale (ex. x=0,20 pour 20% d'avancement de la reaction), on a 

Co.x =[x-],+[M+, X-1,. 
Par ailleurs . 

w + 1 t =  Po- 1 , + ~ ~ - 1 ,  - 

En designant par a, et a,, les coefficients de dissociation des paires d'ions, 
respectivement, (RO- , M+ ) et (M+ , X- 1, nous pouvons ecrire: 

En tenant compte de ces relations, les constantes de dissociation Kd et Ks 
s'expriment: 

Si l'on appelle p le rapport K s / K d ,  on obtient la relation 

qui montre que 

p z o o  si as,= 1 (M' , X- entierement dissocie) ou si 
a,= O(R0- , M+ entierement associe) 
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p = O si a as,= O(M+ , X- entierement associe) et 

p = 1 si K,= Kd (M' , X- et RO- , M+ egalement dissocies). 

De l'equation (17) il resulte que 

En tenant compte des relations (15) et (18) on aboutit a 

ou le coefficient d'activite moyen de deux ions s'exprime par la loi de Debye- 
Huckel: 

dans laquelle les parametres A et B peuvent etre calcules a l'aide des formules 
appropriees8, tandis que a s'identifie a la distance critique de Bjerrum92'O exprimant 
a la realite la distance d'approche minimale a partir de laquelle les deux ions sont 
consideres libres 

En ce qui concerne la force ionique 1 du milieu un calcul simple (a l'aide 
des relations precedentes) nous conduit a 

Finalement, en tenant compte des relations 19-22 on aboutit a 

qui permet de calculer tant les valeurs que les variations du coefficient d'activite 
de I'alcoolate a en fonction du degre d'avancement, x, de la reaction pour diverses 
valeurs des parametres C o ,  Kd et p. 

Afin d'evaluer l'ampleur de ces variations, nous avons examine tout d'abord la 
reaction modele (A) effectuee dans l'ethanol, exempt d'eau, a 25 OC. Dans ce 
modele on a fixe la valeur de Kd a 1,0.10-~ qui correspond a une valeur moyenne 
pour les ethylates alcalins a 25 OC 

Il est a noter que les calculs de a,, a l'aide de la relation 23, ont ete effectues en 
nous servant d'une methode iterative dite des secantes. Nous avons ainsi obtenu les 
valeurs du parametre Ba (Aa =a,=o-a,=l) exprimant la variation totale du 
coefficient de dissociation de l'alcoolate considere pour toute la duree de la 
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reaction. Ces calculs sont resumes par le diagramme de la figure 1. Dans ces calculs 
on a fait varier Co de 0,01 a 7,O M, c'est a dire dans une gamme des concentrations 
couvrant les valeurs de Co qui sont usuelles aux mesures cinetiques. 

Nous avons aussi examine la variation de a, en fonction du degre d'avancement 
de la reaction en tracant les courbes a, =f(x). La figure 2 represente deux 
exemples de ces variations dans le cas ou Co est egal a 0,l et 0,2 M respectivement. 

FIG. 1 .  Variation du parametre Aa(=a,=o-a,= 1 )  en fonctron de la concentratron tnrrrale Co de Palcoolate 
pour diverses valeurs de p = K , / K d .  

Les valeurs rapportees dans les figures 1 et 2 montrent que le coefficient de 
dissociation, a, de l'alcoolate considere reste constant, pour toute la duree de la 
reaction uniquement dans le systeme reactionnel correspondant a p =  1. Etant 
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O 20 40 80 80 
X X  -, 

HG. 2. Variation du coefficient de dissociation a d'un alcoolare alcalin dans I'ethanol pendant I'avance- 
2 ment de la reacrion pour diverses valeurs de p. Kd= 10- . 

donne que, en partant de l'equation d'Acree, la repercussion des variations de a sur 
la constante kg peut s'exprimer a l'aide de la relation 

Bk, = (ki - k,) . Ba (24) 

on constate que uniquement dans ce dernier systeme reactionnel (avec p = 1) le 
coefficient de vitesse kg reste rigoureusement constant tout au cours de la reaction. 

Par contre, si p #  1, les variations de a entrainent generalement des variations 
sur kg qui sont plus ou moins importantes suivant les valeurs correspondantes de 
p (=KJKd) .  

Mais il est interessant de souligner que dans le cas des systemes reactionnels 
correspondant aux valeurs de p voisines de 1, a (et par consequent kg) reste 
pratiquement constant (figure 2) pour la duree habituelle des mesures cinetiques. a 
savoir de O a 70% de transformation. 

Il est egalement a remarquer que les variations de Aa(=a,,o-a,,i) en 
fonction de Co atteignent, a toutes les valeurs de p, des maximums trouves dans 
une region, 6C, des concentrations initiales relativement etroite. Nous avons 
constate que cette region 6C depend sensiblement de Kd etant donne que lorsque la 
valeur de ce dernier parametre est modifiee 6C se deplace a des concentrations Co 
differentes. Dans la figure 3 nous representons ces regions des concentrations etant 
les plus sensibles pour la variation de a en fonction de Kd. 

Notons encore que tous les calculs effectues dans ce travail nous ont revele que 
le remplacement d'un alcoolate par un autre dans la reaction modele (A), un fait 
qui se traduit au niveau des calculs par une modification de la valeur de Kd, est 
peu important en ce qui concerne le comportement qualitatif des systemes 
reactionnels correspondants. 
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FIG. 3. Diagramme montrant en chaque valeur de K d  la region des concentrafrons initiales en alcoolate, 
dC, etant la plus sensible pour la variation de a. 

Conclusions 

L'ensemble des calculs effectues en partant de la reaction modele (A) nous 
permet de formuler les remarques suivantes: 

i. Le coefficient de dissociation, a ,  de l'alcoolate considere reste rigoureusement 
constant pendant toute la duree de la reaction uniquement dans le cas des systemes 
reactionnels ou p = 1. 

ii. Dans le cas ou p# 1 les variations de a peuvent etre positives ou negatives. 
Ainsi si l'alcoolate est moins dissocie que le sel alcalin forme (p =K,/ Kd> l), la 
dissociation de I'alcoolate va regresser en fonction du degre d'avancement de la 
reaction (Aa< O). Par contre, si le sel alcalin est moins dissocie que l'alcoolate 
(p < l), ce dernier sera de plus en plus dissocie au cours du deroulement d'un essai 
cinetique. Notons encore que l'ampleur des variations de a depend sensiblement 
des valeurs des parametres Co (concetration initiale de I'alcoolate) et p(= K,/Kd). 

iii. En chaque valeur de Kd correspond une region des concentrations initiales 
en alcoolate, 6C0, etant la plus sensible les variations de a .  

iv. La repercussion des variations de a (coefficient de dissociation de l'alcoola- 
te correspondant) sur le coefficient de vitesse kg qui est la grandeur experimentale- 
ment determinee depend de la difference ki -kp  (relation 24). Si celle-ci est nulle, 
c'est a dire si k ,= k, ,  il est evident que le phenomene cinetique ne sera pas 
affecte par les variations de s et si encore ces dernieres seraient tres importantes. 
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Summary 

Study of the dilution effect as a function of time by means of Acvee relation 

The subject of this work is to study the influence of the common ion on the 
change of the rate constant of various reactions between alkali metal alcoxides 
(ROM) and alkyl halides (R'X) carried out in solutions of the corresponding to 
ROM alcohol. 

The time dependence of the dissociation contant, a ,  of the associeted ionic 
forms of the alcoxide is studied for all the cases where the alkaline salt formed is 
partially associated in ion pairs. 

The initial concentration ranges of ROM are determined, in which the greatest 
variations of the a values is observed in the course of the over all reaction. 

M&zq pda~z zqg a x h ~ g  zou Acvee zou arcozdE'apazo~ apazda~wc auvapzrja~z zoo 
xpdvov. 

Ezqv spyaoia au~Tj p&h&T6zat q sni6paoq ~o tvo6  t6vzoq n&vo aTq pszaPohTj 
z q ~  st61~Tjq zaxi)m~aq 8taq6pov avzt6p&o~ov p~zat l j  ahKot~t6iou (ROM) Kat 
ah~uhahoyovt6iou (R'X) pioa ozqv avrio~otxq npoq TO ROM ah~o6hq .  

Et~za(ovzat ot p~zapohiq ~ o u  Paepolj 6tao~aosoq a rov s~atptopivov tovt- 
K ~ V  ~ O P @ V  T 0 U  ~ ~ K O ~ E L ~ ~ O U  ( J U V ~ P Z T ~ O & L  TOU X P ~ V O U  G& 6 h ~ ~  E K E ~ V E <  T1q nEPt- 
~ C T ~ O E ~ < ,  TO O X ~ ~ C ~ T L ( ~ ~ E V O  ~1x6 Tqv wd6paoq 6haq (MX) Ppio~szat p&pt- 
~ h q  0s ~az6ozaoq o u ( ~ 6 t s ~ q .  

IIpoo6topi(ov~at aK6pa ot nspto~iq a p x t ~ h v  ouy~svtpho&ov ~ o v  ROM, o z t ~  
onoisq rcapazqpo6vzat ot p~yah6~spsq p&zapoMq ozqv ztpTj zou avziozotxou a 
a& 6hq zq 616p~sta zq< nop~iaq zq< avrtbp6osoq. 
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a) I Iapao~~u i j  lcaz xapalczqpzopdq zmv G~zypa'zmv. 
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4. M&zp+mq Brillouin. 

Ot pezpqoetq auziq iytvav ~pqotponotrAvzaq auppoh6pezpo Fabry-Perot 
~p tnhqq  6tciPaoqq p& Laser t6vzov apyo6 K a t  p q ~ o q  ~ 6 p a z o q  5145 A . H 
npooxinzouoa tox6q zqq 6iopqq (zav nepinou 100 mW  at 6ev n a p a z q p l j 0 q ~ ~  
T O T C I K ~  0ippavoq zwv 6etyp&zwv. 

H p s ~ a z 6 m o q  Brillouin (vp)  ouvSi&zat PE zqv z&x6zqza 8td60oqq zou fix011 
(U) p& zq yvwozq oxioq:  
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Crov n i v a ~ a  I cpaivovrat ot rtpbq -cwv napan6vw p~ye0hv pari PE rqv 
nu~v6rqra rov oraupo6~ophv <n> -' nou avrtorot~o6v os 6t6cpop~q 66ostq 
a~rtvopohiaq R. < n  > &ivat ~ a z 6  p800 6po o apt0p6q -cov povop~phv pov66ov 
p~taS6 660 6 t a 6 o ~ t ~ h v  oraupo6~ophv. 

ITINAKAZ I. A6oq a~ztvoPohiaq (R) ,  nu~v6-cq.t.a oraupo6sophv < n >'l, 6. 
6t60haoqq (n), nu~v6rq-ca ( p )  Kat ouvrshsoz~jq 0~ppt~Tjq 6taorohqq ( P ) .  

Asiypa R < n > - ' x 1 0 - ~  n P p X I O - ~  
Mrad kg/rn K -l 

Mohov6-c~ ~'axot~hbopa-ca aur6 ~pqotponoto6vzat poqOqtt~6 yta rov unoho- 
ytopb 6hhwv ~ E Y E ~ ~ V ,  EV r06~0tq pnop06v va py06v ~ E P L K ~  noh6 ~pTjotpa 
oopnsp&opaza  at an6 avrbq rtq p ~ r p ~ j o ~ t q  'Ono< cpaiv~~at ora C~Tjpara 1 K ~ I .  

2, q ~S6prqoq rwv n,p  at P an6 rq 66oq rqq a~~tvopohiaq dvat E K ~ E Z L K ~ ] .  TO 
ysyov6q auk6 ~ v t o x 6 ~ t  rq 0 ~ o p i a  rou ~opsopo6 6oov acpopk TO o~qpa-ctop6 rwv 
oraupo6~ophv 739. 



ZXHMA 1.  MesaBolij zoo 6 e i ~ s q  6rdBAaqc (n) ~ a r  q c  nomcvdzqsaq swv oraopo6eophv <,>-I oova- 
psijou sqg 6 h q c  q g  a~nvoBoliac (R). 

Z X H M A  2. MeraBolij sqc rro~vdrqrag (p) ~ a r  too ouvseleosij Beppr~ijc 6raosolijc (P) ouvapsijo~r sqc 
6doqq rqg a ~ r r v o ~ o l i a ~  (R). 
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AvziOsza, q ~ 6 6 p z q o q  zwv napanavw peys0hv an6 zqv ~ C U K V ~ T ? ~  zov 
ozaupo6sophv sivat y p a p p t ~ q  p i o a  oza 6pta zwv ns tpapaz t~hv  ocpahpchv. An6 
zqv napazqpqoq auzq pyaivst TO nohO onou6aio oupnipaopa 6zt q ~ 6 6 p z q o q  
nohhhv ~ F ~ o z ~ j r o v  zov 6 t~zuop6zov  an6 rqv a~z tvopohia  Ftixezat an6  zov iFto 

H E ~ & ~ T T ] o ? ~  TT)< E L ~ L K ? ~ ~  O E ~ ~ ~ T ~ Z C ~ S  an6  'CV 8~ppoKpaoiCl o T 0  Ftdozqpa an6  
2 0 ' ~  pixpt 1 5 0 ' ~  sivat y p a p p t ~ l j  yta 6ha za 6~ iypaza .  A m 6  qzav K ~ T L  nou 
~ L V ~ ~ & V O V T ~ V ,  -.~aO6tl; $or0 ~ E ~ ~ o K ~ ~ ~ ~ K ~  CLUZ~.  61&(3~qpCt TO U ~ L K ~  ~ P ~ O K E T O ~ L  

oiyoupa ozqv ~ o p p t h ~ q  ~ a z ~ u z a o q  Kat s n o p i v o ~  FEV u n c t p ~ ~ t  ~ a p p t c i  nsptox~j  
a n o p p 6 q q o q ~ .  Ot ztpiq zqq & t F i ~ q q  o~pp6zqtaq cp yta zq O ~ p p o ~ p a o i a  Fopatiou 
( 2 0 0 ~ )  Kat zou psyi@ouq ~ ~ ~ = d c ~ / d T  cpaivovzato azov n i v a ~ a  11. 

IIINAKAC 11. E t 8 t ~ i ~  Ospp6zqzsq KaL  z a ~ l j z q w ~  6t&6ooqS tou qxou uzouq 2 0 ' ~ .  
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H &56p~1)0~  7q5 z a ~ 6 z q z a ~  6t660(~q< TOU fixou an6 7T)V T C U K V ~ T ~ T C ~  TOV 

ozaupo6~ophv cpaiv~zat ~ n i o q <  ozov n i v a ~ a  11. Ot 6u0 0p66~q 6~60pivwv 
n6p0q~av  E V ~ E I K T ~ K &   at a v z t ~ z o t ~ o 6 v  OE o u ~ v 6 z q z ~ ~  5 MHz (Ultrasonics)  at 5 
GHz (Hypersonics) 11 pt~p6z&pq K a t  p&yahlh&~q avziozot~a n0U ~ ~ q ( 3 t p 0 ~ 0 t f i -  
~ a v .  Tta 6 h q  TL< o u ~ v 6 z q r q  q za~bzqza  cpzciv~t nohb ypfiyopa pm o p t a ~ f i  ztpfi 
n6vw an6 10 Mrad n~pixou. 'Ezot cpaiv~zat 6zt q za~6zqza  6t66ooq~ zou f i ~ o u  6~ 
p~zap6hhszat p& zqv nu~v6eqta  zwv ozaupo6~ophv. ME zq pi0060 TWV &haxi- 
azov zszpayhvov ot o p t a ~ i <  auz& ztpi< Pp i0q~av  1030f 10 ms-l (5 MHz) K a t  

1040+ 20 ms-' (5 GHz), nou pnop06v va 0~wpq006v io~q pioa oza 6pta rwv 
n ~ t p a p a r t ~ h v  ocpahpdzov. 

H otaOep& Gruneisen 
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&n&t8fi G < M,B  at M = pu 2 ,  yta TO PDMS O T ~ V  ~0pptO8q ~ a z d o z a o q  X P O K ~ -  

met  yta zq oza0ep6 p& nohd Kahq npoobyytoq q oxkq :  

Ttp& zou 7 nou npo~dnzouv cm6 zq o ~ b o q  6, xpqotponothvzaq za yvooz6 
nhbov peyk0q TOU 8euzkpou pbhouq, cpaivovrat o ~ o v  n i v a ~ a  111  at ypacpt~6 ozo 
o p j p a  4. 

H a ~ p i p e t a  npoo6toptopod TOU 7, h6yw zwv netpapazt~hv ocpahp6zov zov 
pezpfioewv zov &hhov peye0Ov  at 6tacp6pov npooeyyioeov nou ~pqotponotfi0q- 
KaV, E ~ V U ~  TTlG Z & C ~ S  ZOU 20%. 

Ca y s v t ~ 6  oupnkpaopa n p o ~ d n z ~ t  an6 T O U ~  unohoytopod<, 6zt q oza@&pdl 
Griineisen p t~pa iv s t  ~ a 0 h q  au&vetat q nu~v6zqza zov ozaupo6eophv zou 
~hkypazoq. n a p &  zo psy&ho h60oq nou unstokp~ezat ozouq unohoytoporjq, 
pnopei ~ a v ~ i q  va toxuptozei 671 q ~56pzqoq  ZOU 7 an6 TO pa0p6 8taozaopwoqq 
(nu~vbzqza ozaupo8sopcbv) zou nhkypatoq eivat ypappt~rj .  

IIINAKAC 111. Tt& zqq oza0ephq 7, 6nw5 unohoyiozq~av PE P6oq ~ t q  rtj.Gq 
u an6 ~y US K a t  Brillouin pezprjoe~q. 



Ta ~ u p t h t s p a  oupnsp6opa~a rqq ~pyaoia< a u ~ f i q  sivat: 
a) Optopha  ~Ctpa~TTlptot t~6 p~"y'60q TOU 7LhkypCLt0< 67C~< 0 6&iKTq< 6~601~1- 

oq<, q n u ~ v 6 ~ q ~ a    at ouvz&hso~q< O&ppt~fi< 6taotohfi< ~ ~ a p r h v t a t  E K ~ E Z L K &  an6 
zq 66oq TV< a~ztpohia<.  

p) H z a x h q ~ a  6t660oq~ tou f i ~ o u  6sv skapt6rat oxs66v ~aO6hou an6 tqv 
n u ~ v 6 r q t a  t ov  oraupo6sophv. 

H optopkV?l ~ S 6 p ~ q o q  ~ E P ~ K ~ V  ~CXpaKtl]pt(3tt~(;)V ~ E Y E ~ ~ V  ~ T ~ o P E ~  6ozspa 
an6 ~ a t k h h q h q  paOpov6pqoq va anozehkost ~q P&oq v 6 q  ps066ou yta rq 
pktpqoq TT< n u ~ v 6 t q ~ a q  twv oraupo6sophv ~ o v  nohupsphv. 

y) H ozaOap& tou Griineisen ~hat rhvsza t  ypapp t~6  ~ a O h <  au~6vst  q 
nuKv6t~lta t ov  ozaupo6solLhv. 



Summary 

Relation between Griineisen constant and crosslink density of polymer net- 
works. 

In this work the thermomechanical properties of Polydimethylsiloxane (PDMS) 
networks in the rubbery state are reported. The networks with different crosslink 
densities were formed by y-radiation using CO sources. 

The thermal and mechanical properties are connected by using the Criineisen 
constant known from the solid state Physics. 

In particular, the following measurements were made: 
Specific heat measurements by the Differential Scanning Calorimetry method. 

Sound velocity measurements by Ultrasonic and Inelastic Light Scattering (Bril- 
louin) methods. 

In addition, the density, the refractive index and the thermal expansion 
coefficient have been measured. 

Sound speeds are not sensitive to crosslink density but specific heat is: the 
specific heat of the networks increases linearly with the crosslink density. This is 
explained by the introduction of new vibrational modes due to new links. 

The Griineisen constant decreases linearly with the crosslink density. The values 
of the constant are very close to others reported for other polymeric systems. 
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Summary 

A new simple synthesis of 1,I diacyloxy iodobenzenes from sodium carboxyla- 
tes and 1,I bis (trifluoroacetoxy) iodobenzene is reported. Using the same reaction 
1,I trifluoroacetoxy-acyloxy iodobenzenes are isolated for the first time. The spec- 
tral data and some chemical properties of these new compounds are briefly discussed. 

Key-Words: 1.1 Bis (trifluoroacetoxy) iodobenzene. Sodium carboxylates. 

Introduction 

1,1 diacyloxy iodoarenes ArI(OCOR)2, abbreviated DIA, constitute a well 
known class of compounds the chemistry of which has been recently reviewed'. A 
number of methods for the preparation of these compounds has been d e v e ~ o ~ e d ~ - ~ .  
The use of each method depends mainiy upon the nature of the acyloxygroups and 
the substituents on the aromatic ring. 

In continuation of the interest in our laboratory for the chemistry of I,I 
diacyloxy iodoarenes it is now reported a simple method for the preparation of 1,1 
diacyloxy iodobenzenes, abbreviated DIB, from the easily available8 1,I bis 
(trifluoroacetoxy) iodobenzene, abbreviated TIB. This method involves the 
addition of two m01 of the sodium salt of the appropriate acid to a stirred solution 
of one m01 of TIB in dry acetonitrile, according to the reaction: 

R = -CH3 (a), - Ph (b), p- NO2- c6 H4- (C), -CH = CHPh (trans) (d), 

n-C15H31- (e), 2,4,6,tri Me - C6H& (0. 

The reaction is carried out at r.t. and the DIB formed is usually precipitated 
and filtered off. The advantage of the method is its simplicity and the mild 
contitions under which the reaction takes place. The yields are generally good and 
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this method may be the method of choice for the preparation of various DIB. 
The only limitation of the method is that DIB with acyloxy groups from acids 

stronger than trifluoroacetic cannot be repared. But in that case these DIB can be 6: prepared by the "exchange" reaction . 

where R'COOH is a sti'onger acid than RCOOH. On the other hand few 
carboxylic acids are stronger than trifluoroacetic. That was one reason for the 
selection of TIB as reactant the other being the fact that the sodium trifluoroaceta- 
te formed during the reaction is soluble in acetonitrile and thus the separation of 
the products becomes very simple. 

As for the mechanism of the reaction it may be either an SN1-like or SN2-like 
nucleophilic substitution at iodine, in two steps. 

PliI(OCOCF3)(0COR) + RCOONa --= PhI(OCOR)2+ CF3COONa 
(3) (2) 

In most cases the insolubility of the DIB formed, whereas TIB is soluble in 
acetonitrile, shifts the equilibrium even faster towards its formation. 

The first step of the reaction involves the formation of PhI(OCOCF3) (OCOR) 
(3), the so called mixed 1,I diakyloxy iodobenzene.'Such compounds are not known 
in the literature with one exception; Merkushev et a19 reported in 1973 the 
preparation of the stable PhI(OCOCH2Cl)(OCOCH2Br) (4) by careful sequential 

addition of the two different acids to PhI(OCOCH3)2. 

The prospect to isolate stable mixed DIB with a trifluoroacetate and another 
acyloxy group led to the addition of one m01 of anhydrous sodium acetate to one 
m01 of TIB in acetonitrile. 

The reaction was monitored by the complete disappearance of the insoluble 
sodium acetate (5-10 minutes). The solvent was removed in vacuum, the residue 
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was triturated with CHC13 and the insoluble in CHC13 sodium trifluoroacetate was 
filtered off. From the chloroformic solution white crystals m.p. 127-129 'C were 
isolated. This compound proved to be 1,I-trifluoroacetoxy-acetoxy iodobenzene (6) 
by its spectral data and by elemental analysis. 

The synthesis of PhI(OCOCF3)(0COCH3) (6) was effected also with other 
methods, to exclude the possibility that the compound isolated was an equimolecu- 
lar mixture of TIB and PhI(OCOCH3) 2. Thus (6) was prepared by careful addition 
of one m01 of trifluoroacetic acid to one m01 of PhI(OCOCH3)2. 

PhI(OCOCH3)2+ CF3COOH PhI(OCOCF3)(0COCH3) + CH3COOH 
(6) 

Moreover (6) was later prepared'0 from p-0x0-difluoroacetate di phenyl di 
iodine (7) and acetic acid. 

Thus after the structure of (6) was established, the process was repeated with 
the sodium salts of a series of carboxylic acids. In some cases, although the mixed 
DIB was the major product, either it was not crystallisable or it was contaminated 
with TIB and the corresponding DIB. Beyond any doubt the following mixed DIB 
were isolated in crystalline form and in very pure condition. 

PhI(OCOCF3)(OCOCH2CH3), PhI(OCOCF3)(trans OCOCH = CHPh) and 
(8) (9) 

Although spectral data show the preparation of the mixed 
PhI(OCOCF3)(OCOPh) (l l) and PhI(OCOCF3)(0COCH2Ph) (12) these compou- 
nds are unstable and cannot be isolated in pure condition. 

The salts p-NO2--C6H4-COONa and n-C15H31COONa gave only the DIB 
(2b) and (2e), because of the great insolubility of the latter. 

The isolated mixed DIB (6), (8), (9) and (10) were fairly stable at room 
temperature in the abseqce of light but after 2-3 weeks tended to decompose. It is 
possible that the stability of mixed BIB depends largely upon the nature of the 
acyloxy groups. It is known1' that the nature of the acyloxy groups in DIB affects 
their crystalline structure. In some cases the two different acyloxy groups cannot 
"cooperate" to form a stable crystalline mixed DIB. That was confirmed by the 
fact that these DIB could not also be prepared by using the p-compound 
method1' e.g. 

In these cases mixed DIB are formed but they have the tendency in solution to 
disproportionate into TIB and the corresponding DIB. 
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Many attempts to replace the trifluoroacetoxy group in a mixed DIB with 
another acyloxy group have failed. 

PhI(OC0CF 3)(OCOR) + R ' COONa - PhI(OCOR)(OCOR') + CF3COONa 
(13) 

The reaction proceeds and (13) with no doubt is the major product but it is 
contaminated with small ammounts of other DIB e.g. TIB, PhI(OCOR)2, 
PhI(OCOR'), PhI(OCOCF3)(0COR'), which are impossible to remove. 

The spectral data of the mixed DIB are simmilar to those of DIB. The carbonyl 
stretching band of the trifluoroacetoxy group appears at 1705 cm-' (25-30 cm-' 
lower than the highest band of the same group in TIB), whereas the other carbonyl 
group appears at 1650-1680 cm-'. The n.m.r. spectra show the expected peaks. In 
m.s. no molecular ions are detected. The main fragment is always iodobenzene 
(204). P~I+OCOCF 3 (317), RCOOH + and 1' (127) are other minor fragments. 

Mixed DIB have oxidation properties as all DIB. Their reactivity lies between 
that of TIB and that of the corresponding DIB. Their most interesting reaction is 
acetoxylation. Thus PhI(OCOCF3)(0COCH3) (6) reacts with acetophenone to give 
a mixture of the esters PhCOCH20COCF3 and PhCOCH20COCH3, as monitored 
by their n.m.r. spectra. (6) reacts with cyclohexene at room temperature to form a 
mixture of cis-trans l-trifluoroacetoxy 2-acetoxy cyclohexane (14) which cannot be 
isolated but during the work up hydrolyses to cis-trans 2-acetoxy cyclohexanol(l5). 

The reaction is a chemical proof of the existence of mixed DIB. 
So mixed DIB can be used in one pot synthesis of mixed esters of 1,2 diols.The 

practical aspects of this reaction are under further investigation. 

Experimental 

1.r spectra were recorded with a Perkin-Elmer 297 spectrometer (Nujol mulls). 
Mass spectra were obtained from a Hitachi-Perkin Elmer RMU-6L(single focusing) 
spectrometer at 70 eV. 'H N.m.r.(60 MHz, Me4Si internal standard) were recorded 
on a Varian A-60 A spectrometer. 

TIB was prepared by the standard procedure8. The sodium salts of acids 
prepared from the corresponding acids and ethanolic solution of sodium hydroxi- 
de. Acetonitrile was dried over molecular sieves (type 3A). 
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Typical procedure for the preparation of DIB. 

1320 mg (3 mmol) of TIB were dissolved in dry acetonitrile (20 ml) and to the 
stirred solution 6 mm01 of the sodium salt of the corresponding acid were added. 
After the complete dissappearance of the sodium salt (5-10 min) the clear solution 
was evaporated under reduced pressure and the residue was triturated with an 
excess of warm CHC13. The insohble sodium trifhoroacetate was filtered off and 
DIB was crystallised from the chloroformic solution after the addition of hexane. 
In cases where DIB was relatively insojuble in acetonitrile, the insoluble portion 
was removed by filtration and the work up continued as before in the solution. 

The following DIB were isolated: 
2a yield 87%. m.p. 154-157'~, lit2.m.p.1580~. 
2b yield 68% m.p. 158-160•‹c, lit l*. m.p.158-1600~. 
2c yield 92% m.p. 219-220'~. i.r. vco 1660 cm-'.(Found: C,44,64, 

H, 2,35; N, 5,08. C20H131N204 requires C, 44,77; H, 2,42; N, 5,22%) 
2d yield 46%. m.p. 152-154'~. i.r. vco 1650 cm-'. (Found: C, 57,39;H, 3,81. 

C24H19104 requires C, 57,84; H, 3,84%). 
2e yield 4296, m.p. 79-80'~. i.r. vco 1660 cm-'. (Found: C, 63,35; 

H, 8,95. C38H67104 requires C, 63,86; H, 9,3896). 
2f yield 20%. m.p. 92-95'~ lit13. m.p. 93-96'~. 

Typical procedure for the preparation of mixed DIB. 

1320 mg (3 mmol) of TIB were dissolved in dry acetonitrile (20 ml) and 3 mm01 
of the sodium salt of the corrresponding acid was added to the stirred solution. 
After the dissappearance of the sodium salt (5-10 min) the clear solution 
evaporated under reduced pressure and the residue was triturated with CHC13. 
Hexane was added to the chloroformic solution and the mixture was kept at - 1 0 ' ~  
for 2-5 days during which time crystalls were deposited. The mixed DIB were pure 
enough and needed no further recrystallization. 

The following mixed DIB were isolated: 

(6) yield 73%. m.p. 127-129'~. i.r. v c ~ , c o  1705 cm-', V C H ~ C O  1670 cm-'. 
n,m.r. 6 (CDC13) 2,02 (3H,s), 7,22-7,97 (5H, m). m/z 317 ( 9 ,  204 (loo), 
127(20), 77(65). (Found: C, 31,46; H, 2,03. CIOH8F3IO4 requires C, 31,93; H, 
2,14%). 

(8) yield 64%. m.p. 93%. i.r. VCF,CO 1705 cm-', VCH3 cH2 CO 1670 cm-' n.m.r. 
6 (CDCI,) 1,15(3H,t), 2,40 (2H,q), 7,25-7,94 (5H,m).m/z 317 (3) 204 (loo), 
127 (35), 77(85), 69(64). (Found: C, 33,65; H, 2,31; C11H10F3104requires C, 33,87; 
H, 2 3 % ) .  

(9) yield 28%.m.p. 92-94'~. i.r. V C F , ~ ~  1710 cm", VP~CH=CHCO 1650 cm-'. 
n.m.r.6 (CDC13) 6,43 (lH,d,J 16 Hz), 7,26-8,38 ( 1  lH,m).m/z 204 (100). 147 (8) 131 
(15), 127 (90), 103 (24), 77 (95), 69 (45). Found: C, 43,82; H, 2,48 C1,V 

- 
requires C, 43,96; H, 2,58%). 
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(10)yield22%. m.p. 110-11lUC.i.r. V~~~~01710~m-~,V-~~~~01670~m-'.n.m.r. 
6 (CDCI3) 3,47 (2H,s), 7,24-7,95 (10H,m). m/z 403 (traces), 317 (8), 254 ( 9 ,  
204 (loo), 190 (15), 127 (85), 77 (90), 69 (75). (Found: C, 30,76; H, 1,67. 
C19Hf2F61208 requires C, 30,98; H, 1,63%). 

Reaction of (6) with cyclofiexene. 

750 mg (2 mmol) of (6) were dissolved in cyclohexene (4 ml). After the complete 
reaction of (6), monitored by t.l.c., the solution evaporated under reduced pressure. 
The mixture shows two carbonyls in i.r. (1795 and 1760 cm-'). It was chromato- 
graphed on column (silica gel, CHC13-hexane) and after PhI the only isolable 
product in high yield was cis-trans 2-acetoxy cyclohexanol, (15)i.r. 3500-3350 
cm-' 1760 cm-'. The latter was hydrolysed with sodium hydroxide to cis-trans 

I ' 
I ,2-cyclohexanediol. 

Avacpipszat pta anhq oriv0soq 1,I F ta~uhotu  tw6op~vcohiwv an6 bhaza ps 
vbzpto ~ a p p o k u h t ~ h v  o@ov Kat I,I 6tzptcp0opa~~zoku to60P~v@hto. ME zqv i61a 
avzi6paoq anopovhvov~at p t ~ z b  I ~ ~ ~ ( P ~ o ~ ~ K E T o ~ u  I a~uhoku  to80Psvc6hta. Ta 
c p a C J p a t ~ o ~ ~ ~ t ~ &  6~60piva  Kclt  ~ E ~ I K &  x~)ptK& t 6 t 6 ~ 1 ) ~ ~ q  C ~ U T ~ V  TWV V ~ V  

~ v h o s o v  ~ t s n i ~ o v z a t  p ouvzopia. 
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Abbreviations: 

C U ( P ~ ~ S H ) ~ N O ~  Bis(pyridine-2-thiol) Copper (I) nitrate 

Cu(Py2SH) 3 NO 3 Tris(pyridine-2-thiol) Copper (I) nitrate 

Cu(Py2SH) 3 ( N 0  3)2 Tris(pyridine-2-thiol) Copper (11) nitrate 

Introduction 

There has been considerable interest during the past few years in complexes 
between pyridine-2-thiol and transition metals'-'0 stemming from the similarity 
of this ligand with thiolated nucleosides4. The existence cf pyridine-2-thicl (py2SH) 
in tautomers indicates different potential bonding forms since coordination may 
occur either through the nitrogen or sulfur atoms or through both. Indeed, 
reported data3-'' indicate that the mode of ligation with transition metals depends 
on the central atom. Wilkinson and coworkers have amply demonstrated that in 
the case of Ru(I1) the py2SH ligand is bidentate, coordinating through both 
nitrogen and sulfur atoms whereas in the case of some divalent metals of the first 
transition series coordination occurs only through the sulfur atom 4.  The behaviour 
of py2SH as monodentate ligand was also confirmed by a recent study " of the 
crystal structure of the C U ' ( ~ ~ ~ S H ) ~ N O ~  complex. It was found that there is 
little interaction between the metal ion and the nitrogen atom the bonding occurs 
through the sulfur atom. 

The versatility of the py2SH ligand, can be exploited by preparing new 
complexes. In this work we report the preparation and characterization of 
three new complexes of copper with py2SH. 

Experimental 

Physical Measurements 

Ir spectra were obtained in the region 4000-200 cm-' on a Perkin-Elmer 467 
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spectrophotometer using KBr discs or nujol mulls. Electronic spectra in nujol 
mulls were recorded on a Cary 17 spectrsphotometer. Magnetic susceptibility 
measurements were taken employing the Faraday technique at different magnetic 
field strenghts. Hg[Co(SCN)J was used as the calibrant. Diamagnetic corrections 
were made using Pascal's constants. Thermogravimetric studies were carried out on 
a Perkin-Elmer TG-2 thermobalance. Conductivity measurements in DMF were 
made using a Radiometer conductivity bridge (Model RC 216 B2). Chemical 
analyses for C, H and N were performed on a Perkin-Elmer 240-B Elemental 
Analyser. 

Preparation of the complexes 

i. Prepatation of the complex l Cu(py2SH) ( NO 3 (A) 
This complex was prepared by dissolving 1 mm01 of copper(I1) nitrate in a 

small volume (15 ml) of water. Then, 2 mm01 of py2SH dissolved in the minimum 
volume (15 ml) of ethanol were added. The product was removed by filtration, 
washed .with .a.. small. volume, af cold ethanol -and was vacuum dried at room 
temperature. Yield 70%. 

ii. Preparation of the complex I Cu(py2SH) 3 1 NO 3 (B) 
This compound was obtained by the addition of 5 mm01 of py2SH in ethanol to 

a solution of copper (11) nitrate (1 mmol) in water (15 ml). The resultant solution 
was filtered and the filtrate was allowed to stand for about 24 hrs in the refrigerator 
until the precipitation of crystalline product seemed to be complete. The yellow 
crystals were removed by filtration, washed with a small amount of cold ethanol 
and finaly dried at room temperature. Yield 55%. 

This complex was also prepared by treating the previous product complex A 
with an excess of pyridine-2-thiol in solution. The addition of an excess of 
pyridine-2-thiol (more than 3: 1 stoichiometry) always resulted in the formation of 
complex B. 

iii. Preparation of the complex l C U ' Y ~ ~ ~ S H )  3 1 (NO 3) 2 (C) 
Preparation of this compound was achieved by following the procedure used for 

complex B. After mixing the reactants and filtering to remove any undesirable by- 
products, the filtrate was treated with an aqueous solution of copper(I1) nitrate 
until the colour became dark green. Then the reaction mixture was allowed to 
stand for fifteen minutes at  room temperature. After removing the solid by- 
products by filtration the filtrate was allowed to stand for two days by which time 
the green complex C was separated. The separation could be speeded up by adding 
diethylether (Et20). The green solid was filtered off, washed with EtOH and then 
with E t 2 0 .  Finally it was dried under vacuum. Yield 50%. 

Results and discussion 

The reaction of pyridine-2-thiol with Cu(I1) nitrate gives more products than it 



COPPER COMPEXES OF PYRIDINE-2-THIOL 131 

was previously thought. Thus, following the previously reported procedure for 
preparing complex B, a new complex corresponding to the formula c ~ ( p y 2 s H ) ~ N O ~  
was isolated at the initial steps of the reaction. The new complex is a yellow solid 
with a melting point 22 'C less than that of complex B. Complex A is insoluble in 
ethanol and its dissolution in this solvent is achieved only in the presence of excess of 
py2SH. 

The excess of ligand in a reaction mixture comprising py2SH and I Cu(py2SH) 2 I NO 3 

results in the quantitative formation of complex B, c ~ ( p y 2 s H ) ~ N O  3 .  Any inhibi- 
tion of the reaction by undesirable by-products is prevented by filtering the reaction 
mixture soon after the mixing of the reactants. Precipitation proceeds slowly and 
complex B is obtained as a crystalline solid after a few days. 

Totally'different product is obtained when the addition of py2SH is followed by 
an excess of C U ( N O ~ ) ~ .  Thus, dissolution of complex A in the ethanol-py2SH 
mixture and treatment with an aqueous solution of Cu(N0 3)2 changes the colour 
of the solution to dark green. After two days a green solid is separated having the 
stoichiometry I C ~ ( p y 2 s H ) ~  I(N0 3) 2 .  

Attempts were made to prepare a fourth complex having the formula 
Cu(py2SH) / NO3 by changing the ligand-to-metal ratio. However, the only 

products isolated were complexes A and B. 
Complexes A and B are air-stable solids, insoluble in a wide range of solvents 

including carbon tetrachloride, benzene, toluene, nitromethane, acetonitrile, ace- 
tone, methanol and dimethyl sylfoxide. They are slightly soluble in dimethyl 
formamide. The third complex C is a light hygroscopic polymer insoluble in both 
polar and non polar solvents. It is insoluble even in dimethyl formamide. The poor 
solubility of these compounds prevented molecular weight determination and other 
measurements in solution. Nevertheless the calculated and observed analytical data 
for the complexes show excellent agreement (Table I). 

The formation of three complexes from the same ligand-metal ion pair may be 
related to the structure of pyridine-2-thiol. The ligand can exist in two tautomeric 
forms ' @ l 3  in a thione-thiol equilibrium: 

Coordination might involve either form. Ligation can be achieved through 
either the sulfur or the nitrogen atom. In the deprotonated form 2 both atoms 
could be coordination sites. Evidence on the mode of coordination in the new 
complexes A, B, C may be sought from the ir spectra. 

The most important bands in the ir spectra of the ligand and the complexes are 
tabulated in Table 11. The spectra of the complexes in KBr discs do not contain 
the v(SH) band in the 2500-2600 cm-' regionI4-16. The presence of medium 
broad bands at 3440 cm'' and 31 10 cm-' due to the v(NH) of uncoordinated NH 
group 16,", as well as the characteristic four thioamide bands, indicate that the 
thione form predominates in the complexes. 



TABLE I. Analytical data and other physical properties. 

Analysis (%) AM 

Compound Colour 

cu C H N (ohm-' cm2 rnol-l ) M.~. / 'C  

C ~ ( P Y ~ S H ) ~  NO3 yellow 17,80(18,26)~ 34,14(34,52) 2,84(2,89) 12,06(12,09) 72 86 

W P Y ~ S H ) ~  N o 3  yellow 13,15(13,84) 39,00(39,24) 3,10(3,29) 11,90(12,20) 84 108 

c ~ ( p y 2 S H ) ~  (NO3 )2  dark green 12,40(12,19) 34,54(34,57) 2,60(2.88) 13,05(13,43) decomp. 

a. Theoretical values are in parentheses 

TABLE 11. Most Significant Infrared Absorption Bands (cm-') 

Compound v(N-H) Thioamide I Thioamide I1 Thioamide 111 Thioamide IV v(M-S) 
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Although four thioamide bands usually appear in the ir spectra, those showing 
the most significant changes upon complexation are 111 and IV. Thioamide bands I 
and I1 have a predominant contribution from v(C -- N) + 6(CH) and v(C - S), 
respectively. These bands appear unchanged at the same wavenumbers as the 
ligand. Thioamide bands I11 and IV have a major contribution from v(C -N) 
and undergo negative shifts in comparison to the absorption of the ligand. 

Two medium intensity bands at 630 cm-' and 600 cm-' appeared. These bands 
should be connected with the v(C-S) band of the free ligand that occurs at 610 
cm-' which disappears upon complexation. The ir spectra of complex A did not 
reveal any bands that could be assigned to (Cu-N) stretching vibrations and no 
other evidence for the existence of (Cu-N) bond could be found. Apparently, 
coordination takes place via the sulfur atoms. This is supported by the presence of 
a band at 330 cm-' which is assigned to the v(Cu- S) vibration 18. The ir spectra of 
complex B was similar to that of complex A. 

These observations are consistent with coordination to the metal through the 
sulfur atom 19. Since the shifts induced upon coordination are all in the same 
direction the bonding pattern is deduced to be the same for the two complexes. 

In addition to the bands due to the py2SH, both complexes A and B show the 
characteristic strong absorption at 1360 cm-' due to the asymmetric v(N-0) band of 
ionic nitrate. Two bands at 830 cm-' and 720 cm-' are associated with the out-of- 
plane deformation and the in-plane bend, respectively. These bands are typical of 
the nitrate ion and show that it is not c ~ o r d i n a t e d ~ @ ~ ~ .  The ir spectrum of 
complex C shows some notable characteristics not occuring in the previous two 
complexes. Thus, the strong band due to khe nitrate in 1360 cm-' is absent whereas 
two additional peaks appear at 1460 and 1280 cm-', indicating the presence of 
coordinated nitrate group23324. Further evidence that the NO; is not coordinated 
comes from conductivity measurements. The molar conducatance of the complexes 
A and B in dimethyl formamide is 72 and 84 ohm-' cm2mol-' at 25 'C for 10" M 
solutions respectively, indicating that they are 1: 1 electrolytes 25. 

The electronic spectra of complexes A and B are almost identical and are 
dominated by strong charge transfer bands near the visible region with maxima at 
25000 and 26300 cm-' . The electronic spectrum of complex Cu, is quite different 
from the other two complexes as expected. It is dominated by a single broad band 
(halfband width 3000 cm-'), with band maximum at 14000 cm-'. This band is 
indicative of structural differences and possible different coordination number of 
the central atom in complex C. Despite the strong indications about the local 
symmetry of the copper ion, it would be presumptious to assign the observed 
absorption to a specific transition. 

Further evidence on the oxidation state of copper in complex C comes from 
magnetic susceptibility measurements. Complexes A and B are diamagnetic as 
expected for Cu(1) compounds whereas complex C is paramagnetic. The magnetic 
moment of this compound, peff= 1,84 B.M., falls within the range of square-planar 
copper (11) complexes 26,27. 

The insolubility of the complexes did not permit t h ~  determination of the 
relative molecular mass. However, the stoichiometry of these complexes is in 



TABLE 111. Thermogravimetric Analysis 

Molecular Overall Stepped Mass Losses (%) 
Mass Mass 

Compound Mr LOSS (%l Probable 
(Calc) (expt)(Calc) (T/ O C) (expt)(Calc) Fragment 

347,88 77,5(77,1) 130- 180 22,5(22,7) pyridine 
180-250 21,8(22,7) pyridine 

250-380 12,0(13,2) N o  2 

380-450 18,0(18,4) S 

150- 180 16,5(17,2) pyridine 
180-250 40,5(41,4) two pyridine , one S 

250-380 10,0(10,2) N o  2 
380-420 6,0(6,9) S 

150-240 22,0(2 1,3) pyridinethiol 

240-300 8,0(8,8) N o  2 
300-450 24,0(24,3) NO2, pyridine 
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excellent agreement with the proposed formulae. Further support comes from the 
results of the thermal analysis. The major features of the thermal decomposition of 
these complexes are summarized in Table 111. The thermogravimetric curves have 
not shown any initial mass losses until 130 'C i.e. no trace of solvent retention. The 
thermal curves indicate a four-stage thermal decomposition for all complexes. The 
overall mass losses in the temperature range 130-800 'C show good agreement 
between the theoretical and the observed mass values thus confirming the 
compound stoichiometries. Subsequent heating of the decomposition products 
produces CuO. 

Further investigations on the preparation and structure of such compounds 
with different anion, e.g. sulfate, perchlorate, halides are in progress. 

Abfitract 

Copper Complexes of pyridine-2-tlziol 

The reaction of Cu(N03) 2 with pyridine-2-thiol, (pyZSH), is mbre complicated than was 
previously thought, resulting in three complexes having the formulae Cu(py2SH) 2 N 0  3, 
Cu(py2SH)3 NO 3 ,  and Cu(py2SH)3 (N03)2 .  In all cases the ligand is sulfur bonded. The 
complexes were characterized by chemical analyses, ir  and visible spectra, thermogravimetric 
analyses, conductivity and magnetic data. 

Key words: Copper complexes, pyridine-Zthiol, spectra, thermogravimetric analysis, conductivity 
and magnetic data. 
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