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1 Introduction 

Covalent and on!c glasses have several dilfererlces in their structures and properties For 
instances, locdl structures in covalellt glasses are characterized by low cooidinaton while ionic 
glasses are characterized by high coordiriations With increasing ioncity the bonding becomes 
iiond!rect!onal wihlch leads to higher coordir~ations Glasses based on PbO-PbF-. and PbO-PbCI, 
systems are very nteresling since nature of bonding may be changed in the same system PbO is 
covdlentlv bonded whiie PbCI2 of PhF, are ionic. Therefore, different compositions of these 
giasses are expected to possess diMerent degrees of ionicity of bonding iienca the effect of 
nature of bonding on the structure and properties of glasses can be studied by investigating lead 
oxyhalide glasses 

2. Experimental 

PbO-PbF, and PbO-PbCI, glasses have been prepared by melting appropriate quantities of AnalaR 
grade Pb30, and PbF? or PbCI,. Densities and m~crohardnesses and therlnal propenies such as 
heat capacity, C,, glass transition temperature, T,, crystalliiarion temperature. l,,, and change in 
heat capacity, AC, at T, have been measured The methods for these measurements are 
described elsewhere' X-ray ditfraction intensity data were collected on a Philips Xray 
diflractometer The corrected intensity data were Fourier transfoimed to obtain pair dstributlon 
functions IPDFs) EXAFS dbove the L3-edge and XANES associated with all the L-edges were 
recorded at CHESS synchroton facility and anaksed as reported elsewhere3 " For ESR and 
oPtlc?l studies, these glasses were doped with 0 5 mol%. Fe,O, and MnO ESR spectra were 
recorded on a Varian E-I09 spectrometer Optical spectra were recorded on a Pye Unicam 
6P1-800) UV-visible spectrometer Emission and excitation spectra were iecorded on a Shirnatzu 
IflF 5101 spectrometer Effect of temperature and pressure on the elcctrical resistivity of these 
glasses were measured by the methods reported elsewhere' '. 
3. Results end discussion 

PbO-PbF, and PbO-PbCl, systems form glasses in the ranges of 60 to 30 rnolD% PbO and 90 TO 

50 m0l% PbO respectvely' Glass foiination range 1s more extensive in PbO-PbF? system than 
In PbO-PbCt, system, part~cularly on the PbX2-rich site It IS probably due to the ability of fluoride 
'On3 to pamipate in network formation The densities vary lrnearly wrth corrlposrtion !rl both the 
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$resent in all gl,i,'s cun?,!ostions :rricJ ,irt! c:c~r~?i<lt.ri%:l i~s,,~~nri,il tur gl:iss formation 121 Oxygen 
atorns dtr pr-sent in 10i'bnl typt? of (d! ; lor l r~~i i  t~~:lr;~lwirn aria  re primarily responsible far 
establisl-iing network lcatures throug'i cov.iliwt I1or1~Jiii!> 131 Lead Joins possess an anionic 
coordination of six (a cciordin~ron very sirnilGir ti) t r ~ i t  of lo,d in lJl~,.Oi, .rnd PbaOnCI2 compoundsl 
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~oordlnation nurnbcr of halogens varies witli curn:~i.~.;ii,oit. I~i!, i iq hiqh III PbO-rich glasses arid low 
in PtbX,-ri-h cornpositions as i l  is required by cor~ditiori:; of c!lcctric~l noutrnl:ty (or honding rules) 

The structural rnodol ,s consistent with 1111 the 1t:;iiurc:i of the PDFs. A preiim~r~ary neutron 
diffraction study7 of PbO-F'nCI, glassus ;ilso w ~ i ~ o r t s  thc struc!ural rnode:. 

The EXAFS aLjociatcd with the Pb L, edge? of  t iwsc !$s\.,ts hdve oeen analysed toestablish 
the local coordination of  Pb in these $;isses. 4tructtrr;iI p;ii.irneters (bond distances and 
coordination numbers) of the rirsi coord~nation s h l l  o; Pi3 in iibO PbX:> glasses obtalnedfrom this 
analysis indicate that the coordination nunrbzr of l r~t j  I:; close to .;IX iri all glass compositions and 
that the coordination is made up of  approxinl'itely two oxygens and four chlorines. This 
atablishes the structure poStulaled on the basis of X-ray diffraction studies 

The nature of bonding in PbO-PbF, glesses has beon invcstlgated by XANES anahsls of the 
[--edge of Pb4 Since the ionicity of bonding seems to increase w ~ t h  incremng.PbF? cantent, It 
should be expected that the symmetry of [PbOIF,I units also increases ;vitti PbFz conlent. BY 
lnvoklng SYml*,dtrV based Molecular Orbital (MOj theory, variation oi XANES featuias of allthe 
L-edges of Pb in these glasses have bsen shown to be consistent with Increase of symmetryaf 
[ P b W a I  ulits from C, through Cs, to D,, with increasing PbF, content. The white line intenstes. 
of the edges exhibit a decreasing trend with increasing PbF:, content, suggesting an increasein 
lonc i t~  of bonding. The calculations of intensities yield an estimate of about 2 2 4 2 %  changein 
ionlclty In the composition change of 20-60 mole% P ~ F ? .  

The ESR spectra of doped Fe3+ and Mn" ions In pbo-pbx., glasses" show that these ions are 
present mostlv in isolated low (rhornbic) symmetry sites in these glasses. In the case Fe3+ 
ions. ESR spectra of PbO-PbF, glasses are not affected by composition while the spectra of 
PbO-PbCb glasses arc affected quite drastically. The spectra r f  Mn" are affected by 
comPosltlon In both the systems; more drastically In PbO-PbCl, glasses than In F ~ ~ - ~ ~ ~ ~  
glasses Further. ESR spectra of Mn2+ tons in P ~ O - P ~ F ?  glasses are similar to those in 



glasses whereas the MnZt Spectra in PbQ-ObC1z glasses are similar to those in chalcogenide 
glasses. These differences in the Spectra of  the two transition metal ions in the hyo glass 
,,,stems seem to result from at least three imponant causes: (1)  Due to its h ~ ~ h  Ionic potential 
~ ~ 3 +  Ion acquires its own environment in contrasi to M n Z t  ion which substitutes for ?bZ+ ion in 
these glasses. (2) aecause of  the similarities in sizes and nephelauxetic effects of 0 2 -  and F- 

~ n ~ +  ions acquire more symmetrical envlronrnent in fluoride glasses than in chloride 
glasses. (3) Increase in halide ion COncentratIOn Increases the tonicity of bonding and favours 
more symmetrical environment around dopant ions. which causes the observed compositional 
dependence of the Spectra. 

ESR studies of the glasses containing higher concentrations of dopant ions indicate that a 
fraction of these ions are still present as isolated Ions and also a considerable rraction of 
manganese IS in Mn3+ state in these glasses These aspects have been investigeted by optical 
spectroscopyg and magnetic suscept~bil i ty'~ Optical ztudie? show that both MnZ+ and Mn3'  Ions 
are present in octahedral sites. Magnetic susceptibility behav~our sugges~s thdt ~nteract~on 
between transition metal Ions in lead oxyhalide glasses are predominantly antiferromagnetic. 

Glasses of both thn systems have been found to undergo crystallizatio~ urder pressure as 
indicated by the sudden drop in the normallzed resistivities in all thc cases5. Pressure-induced 
transitions in PbO-PbF2 glasses exhib~t a first order like behaviour while those In PbO-PbCIz 
glasses possess features of a continuous transition. Further. the activation volumes of the two 
systems computed from the initial linear rise of normalized resistiv~ty as a functlon of pressure 
exh~bit opposite trends These differences have been attributed to the differences in t ' le ionic 
sizes and mobilities of F- and CI- ions and also to pressure-induced modification of Pb-0 
bondmg. 

The glasses in PbO-PbX2 systems are therefore qulte ;novel in view of the continuous variation 
in the nature of bonding and also in view of tbe presenco of an octahedral motif in the struc:urc of 
all glass compositions. 
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Transformation of progesterone b y  fungal systems: Studies on the lla-hydro) 
lase system from Aspergillus ochraceus by Jayanti Srivntsan 
Research supeniisor: K M. Madyastha 
Department: Organic Chei-nistry. 

1. Introduction 

Microbial hydroxylatons of steroids have cmnr!ti inJwtrioI iil?;roi:;>nce since these reactions: 
commonly used in the synthesis of phc!rmnceut~oi~lly irxpormnt steroid hormones which 
sometimes difficult to synthesize by the conventional ctwrnical routes. Various fungi oft 
genera. Aspergillus and Rhizopus have been shown to hydroxyldte progesterone and relat' 
steroids at lla-positioni-? There are innumerabie icports oil th~s transformation. Howevi 
there are very few reports pertaining to the nature of the wzyma sysrem irwolvedmthrss~eci 
hydro~ylation~,~-'. In the present study, the enzyme system of Aspergillus ochraceus involved 
the conversion of progesterone to lla-hydro~ypr.ogesterone has been studied In great deta 

2. Results and discussion 

The Optimal conditions for higher I lu-hydroxylase activity with  onid id la and vegetative cellsOfi 
o h a c e u s  were established. Arnong the different steroids tested for their ability to induce Ih 
WroWase system, progesterone was found to be the best inducer. The inducible natureofth 
hydroxylase activity was further supported by its inhibition by cycloheximide added duringth 
induction period. 
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lntracellular localisation of this hydrovlase SVstem from the fungi Although the pH required to 
active cell-free extract was 83 .  the hydroxylase had a pH optimum of 7 7 i h e  

nydroxylation reaction required N A W H  as the cofactor and molecular oxygen. The microsomes 
from the induced lnycelium of A ochrnceus, under the optimal conditions, converted 

5 5  90% of the added PrOgeSterOne to 110-~lydroxyprogesterorie in the presence of NADPH and 
o2 The unmduced microsomes did not show any lhydroxylase activily The hydroxylase activity 
was inhibited by rnetyrapone. CO and SKF-525 A. the inhibitors or cytochrome P-450. indicating 
the possible involvement of cytochrome P 450 in the hydroxylatiori reaction The inhibition of the 
hydroxylase by cytochr~me cand the presence of high levels of NADPH-cytochrome c reduztase 
in'tt,e induced microsornes showed its possible involvement in the hydroxylalion reaction 
PhospholipaSeS iC and D) did not inhibit the microsomal hydroxylase activity. The cytochrorne 
p-450 in The microsomes when treated with the substrate, progesterone, elicited a Type I 
spectrum (A max 386 nm. A mln 415 nm) Substrate specificity studies indicated that the 
hydroxylase system accepts only A'-3-keto steroids as substrates. 

A simple method was developed for the isolation of microsomes from the post mitochondrial 
supernate of  the induced mycelium of A. ocl~raceus by aggregation with Ca2+ ions The various 
enzyme activities of  the microsomes obtained by Ca'+ aggregation clearly indicated this method 
to be an alternative for ~~ltracentrifugation method. This inethod has been used for the first time 
to isolate microsomes from a fungus 

rhe membrane bound hydroxylase was solubilised using various ionic and non-lonic 
detergents The non-ionic detergent. Tween-80, was found to be the most effic~ent detergent and 
Tween-80 solubilized membrane fraction contained high levels of cytochrome P-450, NADPH- 
cytochrome c reductase and hydroxylase activities Various biochemical techniques were tried to 
resolve cytochrome P-450 and NADPH-cytochrome c reductase. These proteins were separated 
and partially purified by w-aminohexyl sepharose 4 B column chromatography. Attempts to 
reconstitute the hydroxylase system with the parttally purified proteins (in the absence or 
presence of phospholipid) were not successful Even the partially purified cytochrome P-450 
failed to carry out the hydroxylation in the presence of NalOa. H202 a i d  other peroxides. The 
experiments could not conclusively show whether a two-or a three-protein component system is 
involved in the hydroxylation reaction. Various k~netic parameters of  the partially purified 
NADPH-cytochrome c reductase were determined. These studies indicated that the reductase is 
different from other purified reductases isolated from different sources The reconstitution of the 
Ilu-hydroxylsse system would unequivocally establish the components involved in the 
lla~hydroxylation reaction 

2 1 Transforrnatron o f  progesterone by a Mucor sp 

The fungi of the genera, Mucor have been shown to hydroxylate steroids and cardenolides at 
various positions. Marly o f  the reports regarding the transformations by Mucorales are patented. 
The mode of transformation of progesterone by a Mucorsp. isolated from the soil was studied. At 
least eight metabolites were formed of which four were in major amounts. Five metabol~tes were 
isolated, purified and identified by varlous spectral analyses (uv. ir nmr & mass). The malor 
metabolites were 1 4 ~  hydroxyprogesterone, 78, 14u-dihydroxyprogesterone. 7a. 14u-d1hydroxv- 
PWesteroric and 6p, 14u-d~h~droxyprogesterone. while 58. 14a-dihydroxv~re~nane-3,20-dlone 
was the minor metabolite formed The hydroxvlat~on of stero~ds at 5p- or 7p-posltlon has not 
been reported so far by any Mucor species. The time course experiments carried out with the 
radiolabelled progesterone suggested 14a-hydroxyprogesterone as the first metabolite formed 
during the transformation which was further converted into the dihydroxy metabolites This. 
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Kinetics and mechanism of anodic oxidation of chloral& ion to  perchlorate ion On 

\ead dioxide electrode by N. Munichandraiah. 
Research supervisor: S. Sathyanarayana. 
Department: Inorganic and Physical Chemistry, 

1. Introduction 

In the Present work, a new process has been developed to overcome %he above problems, and 
applied fo the preparation of insoluble anodes of Plead oxide with a fine pore structure On the 



llSc rHrsts assmacrs i h l  

surface (I e . solution side/. low PorosQ on the inner surface 11.e . substrate side), strong 
to titanium substrate. arid good cohesloil w~thin the coatlng, These results have been 
in the present work by the addition to the PbO? coatlng solution, of a foaming agent, 

Teepoi (a mixture of sodium sec a W  sulphates. CnH,,,+~CH(CH3)OS01Na where n = 6 to 16). 

The anod~c ox~datioii of chlorate ion to peichiorate lor wz., 

]sof considerable importance technologically as well as from a scientfic point of view A study of 
the available literature on kinet~cs and mechanism of reaction' reveals that the mechanisms 
suggested are either simply speculated upon, or based on indirect data which do not exclude 
other possible mechanisms in the Present studies. systernatlc kinetic investigations have been 
carried out in order to eltmdate the rnechan~sm of this reaction 

2. Experimental programme 

In order to characterise the porous 0-PhOl(Til electrodes, physical stud~es such ds porosity. X-ray 
powder diffract~on, SEM and BET area and electrochemical studies such as open-circu~t potential 
measurements. galvanostatlc anodic-charg~ng curves and galvanostatic-anodic Tafel polarisation 
measurements in 0 2 M solution of sodium sulphate have been carried out 

In the present investigation k~netic analyses including double layer effects for several possible 
mechanisms of reaction (I) have been carried out, diagnostic crlreria have been deduced. The 
final form of the rate equation derived for a rate determining step in any of the postulated 
mechaiiisms is as follows. 

In(-0 = constant+p In c&,,-rln J + s  pH+ t E 

where. 

din(-;) , din(-0 dh- I )  p = ------ r = -- din(-~)  
dlnJ . s = dpH and t = ------ 

d l n ~ ~ ~ ~ , -  ' d E 

The values of p, r, sand r have been obtained experimentally from steady-state galvanostatic 
~olarlsation measurements. after correcting the current for the oxygen evolution reaction at each 
anode potential. 

3. Main results and conclusions 

The data obtained from anodic-charging. curves and Tafel plots have been used to evaluate the 
surface area of porous p-PbOZ(Ti) electrodes relative to the surface area of compact p-PbOdTi) 
and platinised titanium electrodes For this purpose, the charging curves have been analysed for 
double-layer capacitance, after correcting the charg~ng current for any faradaic current that may 
be present The double-layer capacitance Cd, at a chosen potential E X  is then obtained as 



(1) H10-4 (OH).,+ id* + n '  

C10i+ Ion),, $5 Con + H+ + s 

(2) CIO? F+ (clO&+e~- 

H2O-t 10W)ad+H* +e' 

(CIOda,j+ (OH),, C!Oi + H" 

Both these mechanisms tnvoive oxidation of water In a oneelectron transfer 5teP to give 
adsorbed (OH) radical as the rdte-determintrig step. 



Synthesis and confoamational analysis o f  eyciic cystine peptides by 
Raghuvansh Kishore. 
Research supeivisoi: P. Baiaiani 
Department: Molecwlar Biophysics u n i t  

1, Introduction 

Disulfide bridges formed between two cysteine residues (Cys) which are far apaR in the primary 
structure, may result in the stabilirdtion o i  loops in the polypeptide chain Small disulfide loops of 
the type -Cys-(NH-CH-CO),,-Cys. where I! := 0, 1. 2. i or 4. are frequently observed in many 

proteins, poiypept!de hormones and toxins Small disulfide loops have also been shown to 
constitute the actrve sites of various redox proteins, wh!ch function vla reversible disulfidedithiol 
redox processes. Despite their widespread occurrence and undoubted impo.tance there have 
been relatively few Investigations on the conlolmationa! properties of cyclic peptide disuliides'. 

In the present investigation. 11. 17 and 20-membered cyclic cystine peptides and 22- 
membered cyclic b~scystise peptides have been synthesized and subjected to deta~led 
spectroscop!c analysjs. Id-Membered cycic peptide disulfides, which correspond to the active 
sites of the redox-proteins :hioiedoxins acd glutaredoxins2%ave also been investigated. The 
rnaior goal of this thesis has been lo delineate the conformational characteristics of cvclic peptide 
disulfides having limitea ring sizes (11- to 22-membered rings). 

2. Experimental methods 

Peptides were synthesized by standard solution phase procedures using dicyclohexylcarbo- 
diimide IDCC) or 1-hydroxybenzotriazole (H0Bt)lDCC-mediated coupling. The t-butyloxycarbon~i 
iBoc1, methyiamide (NHCH,) and benzyi [Bzl) groups were used for amino, carboxyl and thiol 
protection, respectively The disulfides were ~repared. f!rst by debenzylation using Nalliquid 
ammonia procedure followed by cyclic oxidation using K3Fe(CN)~ solution, in aqueous medium at 
pH 6 8--7.05 Characterization of peptides at every stage of synthesis was performed by 60 MHz. 
80 MHz and 270 MHz :H NMR. All final peptide disulfides were purified by silica gel co~umn 
chromatography usmg CHCI, or CH30H-CliCI3 mixtures and shown to be homogeneous by high 
Pefformance liquid chromatogia~hy (HPLC) on a reverse phase C-18 column The monomeric or 
dlmeric structures of the peptide disulfides were established by observation of the molecular ion 
peak In fast atom bombardment (FAB) mass spectra 

Conformational stud~es of tI7e peptide disulfides were carried out by using 'H NMR. CD. If? and 
fluorescence spectroscopic methods. In seveial cases. structures have been confirmed by 
Nuclear Overhauser Effect (NOE) measurements 

3. Results and conclusions 

Oxidative cyclization of the tripeptide dithiol Boc-Cys (SHI-X-Cys (SH)-NHCH, yielded products of 
both dimeric and monomeric structures. The dimeric products 



(cyclic Siscystrrx !~i:p!id~$I :;crvO a!: ff~i:::lll.:~: rwrdcl'l fqr iltlI1~H13iici P sheet conformatlons5 
[)ist~rictivo NMR -,i~oc.t::~l p a r m m r >  1':~: lo~Tit?l i i  C"t4 rr!:xm:iricw arid high coupling constants 
('HNC"I11 are ciraraoter~wc lca!:rrr?s of thew ~~ !~ t t~ t l e ' ;  A mvol CD spectral pattern (strong 
positw band at -- 226 nml h3s been nbsr:rv~:rl :ri vmclus SOIVeEtS. On the other hand, the 
monomeric cycli:: cystiric: ~rept~de Boc Cys i AI:r 06 N k i C i l e  adopts a y-turn confomat!on 

I 

s 

The studies on two 1 7-mernuered cycltc pc:~it~rie disiilfitll?~ Bot; Cvr-X-Y-Gly-Cys-NHCH3 where 
I S .  -...S 

X-Y = Gly-Leu or Ala-Aib provide ev~doncu fur a r td rn  i,r the central residue followed by a 
P-sheet-like extended struciure. 

Detailed conforn1ational analysis of the 20 rt?arnhcrc?cJ i:yi:ir: pepttde daulfide. Boc-Cys-Val-Aib- 
S- 

Ala-Leu-Cys-NHCH, establishes that the maiacuie ddoi)ts an ~ntrarnolecular ant~pa;allel Psheet 
- S  

conforrnatlon. generated by means of a cham revers31 ~nvolving an AibAla Type l'p-turn The 
Presence of three ~ntrarnolecular hydrogen bonds and an extended conformation at the Val. Leu 
and CYS residues was established by NMR specrroscopy using solvent dependence of NH 
chemical shifts and by the observat~ons of succcsslve C W  C+NH interresidue NOES. 

Studies On 14-membered cyclic paptide dlsulfides, corresponding to the active Mes of 
redox-proteins thioredoxins and ylutarwloxins have shown that the model peptide disuiflde 

.Boc-Tr~-Cys-Gly-pro-Cys-NHCH~ (6. col; t h l ~ r e d ~ x ~ n  acme s~te) adopts a consecutive pturn 
s--4 

CDCh these peptldes adopt a Type I p t u m  cqnformation, involving the Cys('?NH in an 
intramni""~lar hydrogen bond. However, in (CD,),SO each peptide exhiblts Wo  distinct 
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The effect of addltion of a dlsdflde reducing agent, dlth~othreitol (DTTI, on the fluorescence 
emiss~on spectra of These peptides has cieariy indicated that the aromarlc fiuorophores Trp/Tyi 
are slgn~ircantly quenched by the proxlmetc: dlsuifide bndge7 Thus, thsse peptldes sews to 
rnlmic the spectral changes that occur on reduction on rhe active site disulf~de bndge tn the native 
prote~ns, thioredoxin and glutaredoxin. 

The results described in thls thesis ernphas~re ihe utility of drsulfide bridges in stablllz~ng 
specrf~c pepf~de backbone cor:furmatlons In cycirc peptide d~sulf~des having lirnlted ring sire. 
Fgure 1 summarizes the varlous we!! deilned mtramolecuiarly hydrogen-bonded conformat~ons 
established ir? small cyclic cysiine pnpt~des. 

'IG 1 Folded, hydrogen-bonded structures suggested for small dlsulfied loops 11 1- to 20-membered) 
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Facile routes t o  subst i tuted di -  a n d  t r i formylber lzenes (Part I ) .  Synthesis of 
pterosin-M and o n i t i n  (Part II) by 0.  Haju. 

Research supervisor: G. S. Krishna Rao 
Department: Organic Chemistry. 

A large varlety of smple olefins and conjugated dlenes are known to undergo Vllsmeler rt.actlOnl 
The subdued reactwiry of alkyl-substituted benzenes lowards V~lsmeier reagent 1s well known 
and when the reaction occurs monosubstitution of the electrophil~c Vilsmeler complex 1s a 
general rule. The availability of a large variety of  alkylcyclohexadienes. by B~rch reducl~on~ ofthe 
correspondlng aromatics, led us to examine their reactlvlry towards the Vllsmeier reagent The 
lnvestlqatlon provlded an attractive method for the synthes~s of a varlety of alkyl. alkoxy and 
chloro-substituted polyformylbenzenes which are not easlly obtainable otherwise. 

Open-chaln en01 ethers with a free p-pos~tion are easily accessible to attack by Vilsmeler 
complex' Cyclic dlenol ethers like the various l-rnethoxy-l.4-cyclohexadie~es, prepared from 
substituted anisoles by Birch reduction2, were treated with the Vilsmeler reagent to We 
polyformylchlorobenrenes and this invest~gation resulted in a faale and direct method forthe 
preparation of  several polyformylchlorobenrenes3. 

Arnold's findings' of Vilsmeier reaction on carboxyllc acids enlarge further the Scope of the 
reaction. Under Vilsrneier reaction conditions substituted 1-carboxy-2.5-cycIohexadene~~ 
obtained by Birch reductlon2 of correspondlng aromatics, afforded various di- and 
triformylbenzenes4 The results are of interest not Only from the rnechanistlc polnt of view. but 
also from their preparative value. 

Known instances of in situ formation of cyclic products under vilsmeierl reactlon condltioflsli! 
the literature have been less common Vilsmeler formylation of carboxyllc acids of W e  
RWCOzH gave malonaldehydes with simultaneous decarboxylation. Substituted polWes are 
knownto undergo forrnylatlon w ~ t h  subsequent cyclisation. Both the carboxylic acid functionalltY 
and the butadlene moiety are present in 2.4hexadienoic acids and they are easlly prepared- The 



easy accessibil~i\: of dlenoic acids prompted us to explore rhe V~lsmeier reaction on t h e ~ e  
As expected, the dienolc acids under \liis!mier reaction conditions gave substituted 

oolyiormylbentenes through anrlelatlon of the resultlng ~miniuni salt intermediates. 

A large ntkmber of ketones were subjected to Vilsmeier reactlo?' to give 3-chloroacroleins. 
polyformylatlon of su~tabl\~ suhstltuted carbonvi compounds was achieved by using a large 
excess of the Vilsr-ne~er reagent at elevated temperatures The easy accessibil~ty of subst~tuted 
cyclohexenones prompted us to fxpl0re the Vllsmeier reaction on these substrates and indeed 
the present lnvestigatlon afrorded a faclle method !or the preparaflon of a rich structural variety of 
polyformylbenzenes 

As a d~rect route for the preparation of polyiorrnylbenzenes, the above methodolog~es seem to 
be extremely facile. 

The retrosynthet~c annlysls o f  sf:squi!erpenes. like pterosin M, ontln and onltisin as well as the 
complex plant product, quassin appears to lend to a common starting material, VIZ.. 

2.6-d1methyl-3-hydroxyphenylacetic acid. B~ogenet~c reasoning suggests the monoterpenlc orig~n 
of 2.6dirnethyl-3-hydroxyphenylacetic acid and 2.Sd1methyl-3.4d1hydroxyphenylacetic acid. The 
synthes~s of these two  acids was ach~eved, starting from 2.4d1methylphenol and uslng t-butyl 
group as a posittonal protecting group. 2,6-Eimethyl-3-hydroxyphenyiacetic acid was succsssfully 
elaborated to pterosin Evl and onit~n by a serles of reactions 

References 

2 BIRCH. A. J, AND 

Suosn RAO, G S. R 

3 Ruil, B AND 

KRISHNA Rno, G C 

In linmfurn salts ,n organtc chemrsfry. Part 1. 1976. pp 225-342. Ed Bohme 
and H G V~ehe, John M'tley and Sons. New York. 

In Advances m organic chemisriy. 1972, Vol. 8. pp 1-65. Ed. E. C Taylor. 
John Wlley. New York. 

Vilslneier react~on of some I-methoxy-1.4cyclohexadienes' A convenient 
route !o polyforrnylben?enes, Synthesrs, 1985. 779-81 

Convers~on of l.Cd~hydrobenzo~c ac~ds to  poiyiorrr,ylbe~zenes under 
Vilsmeler reactlon condlt~ons. Synthesis (in press) 

Thesis Abstract  (Ph.D.1 

Triacylglycerel syn thes is  in developing seeds of grou~dnut (Arachis hy~ogaea) by 
V. Sukumar. 
Research supervisor: P. S. Sastry. 
Department: Biochemistiy. 

1. lntroauction 

Econom~cally groundnut 1s one of the most important crops of t h ~ s  country Today lndla 1s the 
largest producer of groundnut and accounts for more than 30% of the world productlor1 
Constderable efforts have been made by plant breeders to Increase the yteld of this Crop though 
with limited success Therefore yield Increases by btochemrcal gnd genetic manlpulatlons 
assume stgn~f~cance In 011 seeds prerequisite to such an approach 1s an updentanding of the 



The? photu!~ynlhr~tc I?, p l . i~ l t~.~ 15 trtl~lc:pOit<!<i tcl till ?.."!lk c - x ~ . ~ ~ l ! - ~ 5 ~ d y  lrt the form of ~ u c r o s e l z  

1s Iri tke bceds that !!:I:; p:or:ir.oi IS :'henncl:r:i:ii to the' :siO:;i!lf' rmduct In oil seeds, energy !s 

stored mainly in Ir;e fl)rlll Ql !ii il.i,iii!<y~ 1 ?i I tic: 171~~~i1i:1:1~ 11, <,I u tllctl srich o selective channel,ng 
occurs in the dcvelop~ri<! swil I- :iot Iknown I: lifir: i a s f : r i  ~iii.,r:rved ir! vamus o~ t  seeds that 
accijrniilation occurs .' :i{li!l:iil:. p~i lO<i  Is> till: ii'"~!:l!~;'lilt:ii~ iv! Ihf! !%?or: ?jut the chsractenstlcsof 
the enrymes ~nvolvcd dlid It ie~r requliltlo~l Ili~vc' nOi 1k'i:l' ~:slilb~lstl:~ij. Thlb i!Ivestlgat~on hasbeen 
c:!rried out to olurldate tiii: p;riiiwny of !r:;~~y':;Iy~:c I!)! Il~o~;?~ltl~l::;i~ ~n tile developing seeds 
groundnut. charactsr!:;o tiiu m:y!ni.s ~::vo!v,!d .&d t i )  ':i!ld? :k CIid!ic;cs in tile levels of these 
enrymes diiring sped devi.lopini?iit 

2. Experimental prograrnrme 

Groundrtut seeds, ohtdlilell from th:? l ( m l  rnsricat, wwc? soakcd in vmter for a few hours and then 
allowed to germlndte on wet co!ton for 2 -2 days. i h  wetllrngs w o e  then planted in potsand 
grown under field conditlcns. Thei plant:, f i i ~u i i~ iod  i r i  8 1 weeks niter $anting. Being a 
self-pollinating flower, the day ot fioweiing was'takl-.:~ :is the dzy o i  femlizalion. Each plantwas 
allowed to flower for 3 days. F!ower:: appedllmj tc f~sra o r  :~ i l e l  ti113 period were removed The 
age of the seeds was expressed in t c m s  of d;!y:; ilk? fcit~licot~ori IiIAFI. Plants were uprooted at 
cpecified days atter lert~Ii?aiion arid the pods rcmoved liiesr: ,#mi? tiirri washed in tap waterand 
the seeds were dissected out ior !he experwr~eri::; 

The ci~aracterist~cs of the various cnryn~es irivolved 111 tr~;~cylglycerol synthesis were then 
determined using 30 CAF seeds. Fatty acid, CoA lhgase wx:; studied by monitoring the 
conversion of [ I  -'4Cl palmitic acid to [ l  -- '"CI p;iImltoyl CoA. Thc assay for snglycerol-3- 
phosphate acyltransferase invo!ved monitorinq the ccmverslon ni  i""PI Diglycerol-3-phosphateto 
phosphatidic acid. The release of ??pi1 orltlopliosphate from l"t'J]-phosphat~d~c acid was takenas 
an index of phosphatidic acid phosphohydroiase dcuv~ty. 'The dincylylycsrol acyltransferase assay 
employed involved studying the acylation of sn 1.2-il~acylglyceiol by (9.10-"1 Oleoyl CoA The 
changes in the levels of these enzymes w ~ t n  age were also monitored 

3. Results and conclusions 

The results presented in this thesis show that the s ~ t e  of triacyiglycerol biosynthesis in the 
developing seed IS pre-microsomes. All the enzymes converi~ng sn glycerol-3-phosphate to 
triac~lglycerol were shown to he max~mally present in this organelle (Table I). The fat fraction did 
not Contain significant enzymic activity. It has been suggested that the floatlng fat layer, obtained 
On homogen~sat~on and subsequent centrifugation of the seed, contains oleosomes which are 
the sites of triacylglycerol synthesls3. To funher conf~rm our findings which suggested that the 
oleosomes have only a storage function In the developing groundnut. studies on the chemical 
composition and protein pattern of these organelles were carr~ed out. SDS-PAGE of the 
oleosomal proteins showed the presence of only 5 protans ranging in molecular weight from 
20.000 to 46.000 daltons. Secondly, the oleosomes were shown to contain only 0.65% of thelrdly 
weight as protein and only about 0.8% as phospholipids. If is, therefore. concluded that the ole0som.S 
cannot have sign~ficant biosynthetic capaclty with its limited repertoire of proteins. Fatty acid: 
CoA b s e ,  sn9lycerOl-3-phosphate acyltransferase and phosphatidic acid p h o s p h o h ~ d ~ ~ l ~ ~ ~  
were also present in signifloant amounts in the m~tochondria. Whether the diacylglycerol formed 
In the mltochondr~a is translocated to the microsomes remains to be investigated. 
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lnrraceilular localisatlon of tne various P recmors  and enzymes for tr~acyigiycerol synthesis, based 
on our findings and tha! of an eariler study in this laborstory (4) is  shown in fig. !. 

Table I 
~ ~ b ~ ~ l l u l a r  locaiisatlon of thE enzymes involved in triacyiglyceroi synthesis 

_LI 

~ ~ ~ ~ t ~ ~ n  Enzyme activity. n moles!h:my protein 

Acyl-CaA Glycerol 3 Phosphatidic acid D~acylglycerol 
synthetase phosphate ohosphatase acyltransferase 

acvltransforase 

liomogenate 192 i 14 1 9 6 9 1 0  35 164 i 5  1 78 8 1 4  1 
Nucleus 4 8 9 i 2 7  0 8 3 f 0 1 3  3 0 3 5 0 8  25 6 i 2  2 
Past-nuclear 
supernatant 358 + 3 4 17 57 f 0 6 251 i 3 6  152 + 8 6  
M~tochondrla 999 e 77 8 838 f 4 1 1415 + 176 135 i 1 2  
M~crosomes 2 183 281 8 389 S F 3 3  1629 +21 6 1814 +31 
Cytosol 106 1 4  13 - - 2 8 5  i 0 5  
Fat layer 153 + 6 9 279 i 43 I77 i 4 4  201 i 2 4  

~ e x o s e  Phosphate 

1 
Fructose > ,6 - Diphosphate 

.I 
OHAP ~ G l y c e r o l d o h y d e -  3- Fhosphate 

1. Intracellular locilisation of the a n m e s  of triacylglycerol synthesis in developing groundnut seed. 



Dur~ng the peak period of iiiwl accumul~~ t~or~ ,  I c. 30 35 DAF, tire developing groundnut seed 
makes 7-8 n~u les  of u i l is i~edic l~~y.  It 118.; bew o l , ~ , ~ i i ~ c t i  th:~t glycerokinase is the rate-lim~ting 
step in the cc~nver~ion of ~F:XOS(?S 10 sfi.gIy(:(?r~l :S phclljphate and its actlvlty during the 
30 -35 DAF period was ostirnated n, k x b  82 457 p ~niolc~,. w?d:day'' The b~osynthetic activit~esof 
the other eniymes in the pathway, h i~scd  or, :hi: study ,drr given tn Table 11. It may be seen that 
sn glycerol 3-phosphate acyllrdnofcrase is tho raru lhrrrrt~n~ step In the entire pathway from 
hexoses. 

The developmenr pattern of tho various enzyme:: In the pdthway, hased on our study and that 
of a previous study in th~s lab. are shown tri t ~ q  2. It car> 50 seen that all the enzymes ~nvolved 

OAF OAF 
FIG 2. Developmental patterns of the enzymes of triacylalycsrol biosynthesis. 
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,,,, a peak of speclhc activ~ty at 30-35 DAF when rnaxlmum l ip~d accurnulai~on occurs 
the enzymes are coordinalelv regulated. This suggests that the regulation of oil 

synthesis in the develomg groundnut 1s at the genetlc level result~rlg In an Increase I" the 
synthesis of the eniyme actlvlty by covalent rnodlf;cal~on as seen In many enzymes in the animal 

systems 
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