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Recording Spectrophotometer 

HIGH PERFORMANCE TO - COST RATIO 

The Wnicam SP700 Double-Beam Recording Spectrophotometer, with its 
wide wavelength/wavenumber coverage (186 p to 3.6 p), prism and grating optics, 
choice of operating conditions and ease and speed of operation, offers outstanding 
performance at a keenly competitive price. This powerful instrument is improving 
results and cutting costs in many laboratories throughout the world. It has also 
achieved distinction for the high quality of its work and its reliability in arduous 
conditions. 

P E R F O R M A N C E  

Easily selected synthetic silica prism or 1500 lines/inch grating gives qu;rlity perforrn:~ncc over the whole operating 
range. 

R E S O L U T I O N  

Typrcal values a t  50000 cm-1 (200 m p) 20 cm-' (0.8 A) 
a t  10000 cm-I (1 y) 50 cm-' (50 A) 
a t  3333 cm-1 (3 y) 3 cm-I (26 A) 
Photometric accuracy -+ 0.5% transmissit~n 

R E L I A B I L I T Y  
Built-in features include a multipotentiometer for accurate beam balarlce over Ii~oy working perk~ds. Monitor points 

on all plug-in chassis for quick check of electronic systems. 

S E R V I C E  
Every SP700 is backcil by the skills aud cxpcrience of thc wo1.1dwkle Unicarn scrvice organi7.atiun - ~ncluding 

regular contract maintenance, if required. 

\ 

For details please wvzte to:  
SOLE DISTRIBUTOliS 

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED 
ALLAHABAD BOMBAY CAL4;CTTA MADILI8~ . NEW DELHI 

Head Office: 6 Tej Bahad~t  '&xpru Road, -4ahabad 
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It is proposed t o  appoint a Chief Editor for the Publications & Information Directorate 
of the Council of Scientific & lndustrial Research in the scale of Rs 1600-100-1900. A higher 
scale of pay may be considered in the case of an exceptionally qualified person. 

The main duties of the post are: (a) editing the "Journal of Scientific & lndustrial 
Research " and the associated scientific journals; (b) building up the background information 
for and publication of the "Wealth of India" series; and (c) publication of monographs, 
reports of seminars and conferences and other scientific and technical literature. 

The Chief Editor wil l  be responsible for the maintenance of a high standard of excellence 
in the editing and production of the journals and the literature published. 

Good basic qualifications in Science wil l  be preferred. In addition, sound knowledge of 
English and experience in publication, production, documentation and editorial work of high 
standard and experience in management wil l  be considered essential: 

There is no standard form of  application. Those who wish t o  be considered are invited 
to send a statement of their curriculum vitae by name t o  the Director-General, Scientific & 
lndustrial Research. Others who may wish t o  send a nomination for the above post may also 
kindly forward their proposals t o  the Director-General. 

All communications wil l  be treated as confidential. Statements and proposals should be 
received by the Director-General on or  before I5 May 1966 at the ofice of the Council o f  
Scientific & lndustrial Research, Rafi Marg, New Delhi I. 



F O R M  I V  

(See Rule 8) 

I. Place of publication 

2. Periodicity of i t s  publication 

3. Printer's Name 

Nationality 

Address 

4. Publisher's Name 

Nationality 

Address 

5. Editor's Name 

Nationality 

Address 

6. Names and addresses of indivi- 
duals who own the newspaper 
and partners or shareholders 
holding more than one per cent 
of the total capital 

NEW DELHl 12 

MONTHLY 

A. KRISHNAMURTHI 

INDIAN 

PUBLICATIONS & INFORMATION 
DIRECTORATE 

HILLSIDE ROAD, NEW DELHl 12 

A. KRISHNAMURTHI 

INDIAN 

PUBLICATIONS & INFORMATION 
DIRECTORATE 

HILLSIDE ROAD, NEW DELHl 12 

A. KRISHNAMURTHI 

INDIAN 

PUBLICATIONS & INFORMATION 
DIRECTORATE 

HILLSIDE ROAD, NEW DELHl 12 
- 

I, A. Krishnamurthi, hereby declare that the particulars given above are 
' true to the best of my knowledge and belief. 

(Sd) A. KRISHNAMURTHI 

4 March 1966 Signature of Publisher 



EDITORIAL BOARD 

DR S. HUSAIN ZAHEER, ' Director- 
General, Scientific & Industrial Re- 
search (ex oficio Chairman), New Delhi 

DR VIXRAM A. SARABHAI, Physical 
Research Laboratory, Ahmedabad 

DR K. VENKATARAMAN, National 
Chemical Laboratory, Poona , 
PROF. S. R. PALIT, Indian Association 
for the Cultivation of Science, Calcutta 

PROF. P. MAHESHWARI, Delhi Uni- 
versity, Delhi 

PROF. B. R. SESHACHAR, Delhi Uni- 
versity, Delhi 

DR M. S. KRISHNAN, Osmania Uni- 
versity, Hyderahad 

PROF. N. R. KULOOR, Indian Institute 
of Science, Bangalore 

SHRI S. B. DESHAPRABHU, ex officio 
Secretary 

SHRI A. KRISHNAMURTHI, Editor 

EDITORIAL STAFF 

Editov: A. Krishnamurthi 

Assistant Editors: R. N. Sharma, I). S. 
Sastry, S. S. Saksena, P. D. Gujral & 
K. Satyanarayana 

Technical Assistants: K. S. Ranga- 
rajan, A. K. Sen, S. Amnachalam, 
R. K. Gupta, Kuldip Chand, D. R. 
Anandakumar, R. P. Grover & 
D. S. R. Murty 

Production Oficer: S. B. Deshaprabhu 

The Journal of Scientific & Industrial Research 
is issued monthly. 

The Council of Scientific & Industrial Research 
assumes no responsibility for the statements 
and opinions advanced by contributors. The 
Editorial Board in its work of examining papers 
received for publication is assisted, in an hono- 
rary capacity, by a large number of distinguished 
scientists working in various parts of India. 

Communicatians regarding contributions for 
publication in the Journal, books for review. 
subscriptions and advertisements should be 
addressed to the Editor, Journal of Scientific & 
Industrial Research. Publications & Information 
Directorate. Hillside Road. New Delhi 12. 

Annual Subssriptlon 

A : For Libraries. Government Departments and 
Industry Rs 15.00 (inlmd) ; h 3.10.0 or 
$ 10.00 (foreign) 

0 : For individuals Ra 11.25 (inlmd) ; f 2.5.0 
or $ 6.50 (foreign] 

Singlm Copy 

Rs 1.00 (inland) ; 6s. or $ I .50 (foreign) 

P~yments in respect of subscriptions md ad- 
vertisements may be sent by cheque. bank draft 
money older or postal order marked pryabld 
ta Publ~crt~ons & Information Directorate, 
Hillside Road, New Deihi 12. 

@ 1966 THE COUNCIL OF SCIENTIFIC & 
INDUSTRIAL RESEARCH. NEW DELHl 

Sole Distributors Outside India 
PERGAMON PRESS 
Oxford London Paris Frankfurt New York 

Journal of Scientific 
& Industrial Research 

VOLUME 25 NUMBER 3 MARCH 1966 

C O N T E N T S  

CURRENT TOPICS 

... Softlanding on the Moon ... ... ... 89 

... Second Exhibition of Scientific & Technical Publications 90 

Sixth International Conference on Soil Mechanics & Foundation 
... ... Engineering ... ... ... 91 

Spectroscopic Methods of Structure Determination: Applications to 
... Natural Phenolic Pigments ... ... ... 97 

... Lipid Metabolism of Insects ... ... ... 119 

S. SRIDHARA 

Reviews ... ... ... ... ... ... 128 

Nonlinear Partial Differential Equations in Engineering; Elementary Particle 
and High Energy Physics; Analysis of Essential Nuclear Reactor Material; 
Oriented Nuclei: Polarized Targets and Beams; Advances in Heterocyclic 
Chemistry: Vol. 4 ;  Optical Rotatory Dispersion and Circular Dichraism in 
Organic Chemistry; Organometallic Synthesis: Vol. I -Transition &fetal 
Compounds; General Chemistry; Sillimanite; Tha Anatomy of the Laboratory 
Mouse 

Notes & News ... ... ... ... ... 132 

New absolute temperature scale for the range 4-14'K.; First observation of Hall 
effect in auperconductors; Raman Laser excited by an ordinary laser; Synthesis 
of cubane, a new bon-like compound; Disulphide interchange and the three- 
dimensional structure of proteins; Role of labile sulphide in metallotlavoprotein 
catalysis; Estrogen action and ribonucleic acid; Mechanism of action Of 
aldolases; Order of induction and deinduction of the eneylncs of the lactose 
operon in Eschcricbia CON; Weizmann Institute of Science, Israel; Dr L. B. 
Singh; Brain Research 

1 Fm Index to Advertisers, see page A21 



Towards Self Sufficiency in 
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by TOSHNIWALS, thereby saving foreign exchange 
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-well known for their reliability and purity. 
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Fig. I - UV absorption spectra in  t:thanol of a chalconr. 
flavanonr, flavone, flavonol and ia~llavono 

are useful in the investigation of trrpenes and 
a few other types of natural product., but the 
interpretation of the UV spectra of phenolic pig- 
ments containing complex chromophorcs has to be 
based on more specific data. Thus Birkinshawg 
examined the UV spectra of a series of hydroxy- 
anthraquinones to locate hydroxyl groups in natural 
anthraquinone pigments. UV spectra arc of value 
in the preliminary identification of a flavonoid 
class as well as the determination of finer structural 
featureslO. Fig. 1 illustrates the UV spectra of a 
chalcone, flavanone, flavone, flavonol, and iso- 
flavone. Further information can be obtained from 
the bathochromic or hypsochromic shifts produced 
by the addition of aluminium chloride, sodium 
acetate, or sodium ethoxide. In combination with 
chromatographic separation procedures Harborne 
has providctl com~rehcnsi\.e UV-visiblo spectral 
data 'for the characterization of a n t l 1 o c ~ a 6 n s ~ ~ ~ ~ .  
UV and IR spectra may sometimes be of little help 
even for identifying functional groups in a complex 
molecule such as terramycin, but the spectra of the 
degradation products may be ~ n u c l ~  more useful1'. 

Infrared Spectra 
IR spectra are well established as the physical 

measurements most commonly used by the organlc 
However, progress in physical mcthods 

(and also in natural products chcmistry) has been 
so rapid that Cole's1* statement in 1956 that " there 
is no doubt today that of absorption studies in all 
parts of the electromagnetic spectrum, the IK 
measurements are generally the most useful for 
structural determinations " is not strictly true at  
the present time. 

As stated by Nakanishi in his most valuable 
bookI3, " for the effective usage of IR  spectroscopy 
in qualitative problems it is important to become 
acquainted with the appearance as well as thc range 
of absorption of the various characteristic absorp- 
tion bands. The simplest way to achieve this is 
naturally to become familiar with actual curves." 
His book accomplisl~es this purpose by presenting a 
wide variety of curves to be analysed in addition to 
data tables and a description of the factors that 
influence band positions and intensities. T l ~ c  two 
main uses of IIC spcctroscopy in the present context 

arc for the idcntific;ltion of functional groups and 
for proof of identity (for instance, of a natural and 
synthetic protlnct) by the supcrposability of the 
spectra, especially ill tllc: ' fingerprint region ', 
the low frequency end of the spcctr~un (< 1400 
cm.-I). In t l ~ e  interpretation of a spcctrurn regard- 
ing functional groups it is to be rcmembercd tha 
the frccluencics of thc vibr:ltions are ;LISO affected t y 
the environment of the I)ond unc1c.r consideration 
in the molccr~lc ;IS a wl~ole. 

The IIC spectra of steroitls havc bccn extensively 
studied in great detail and used cffectivcly for 
strr~ctnre cicterminntion because tht! nr~merous mem- 
bers are built on practically one ~nolcc~~lar skcleton15. 
So far as the flavonoids are concerned, IK spectra 
arc of limited valno, bc~car~se t l ~ c  carbonyl frequen- 
cies in flavones, flnvanones, and isofla\ro~~cs occur 
within a narrow l'l~is is also largely 
true of the natmolly occurring s;~nthones and 
anthculuinones; brtt some applications of IR  data 
to the pigmcnts wc have str~dictl are mentioned 
later. 

Nuclear Magnetic Resonance Spectra 
No spectroscopic tc>chniclr~r, including IR  spectro- 

scopy, is more widely usrtl totlay I,y the organic 
cllemist working on the strr~ctr~res of natural pro- 
ducts than n~~clciu 111agnc:tic resonance (NMK) 
spect ros~opy '~-~.  Aftcsr its di.;co\~cry in 1946 and 
its first application to structnral orga~~ic  cl~cmistry 
in 1953, the organic cl~cmist 11;~s more or less taken 
it out of the hands of the 1)hysicist because of its 
tremendous potcntialitics for structure dotermina- 
tion". I t  docs not tlisplacc lJV or IIZ spcctroscopy, 
but is complementary to them; I~owcvcr, it often 
gives a straight answer to s1)ccific structur;ll prob- 
lems more readily. 'rhc organic cl~c:mist normally 
deals wit11 proton m:rjinctic rcsson;lncc :nltl uses the 
term NMlC us cclr~iv:llc~nt to 1'111<. 

NMR spectra arc, commonly 11st~1 for intc~gr;\ting 
the total nr~rnbcr of protons in ;I molc:cule, for 
characterizing tllc typt5s ol protons (;ls in ;r methyl, 
mcthylcne, mctl~osyl or ltydrosyl group) i l l  terms 
of the c11emic;rl slrift from t11c signal of a standard 
substance such as tctramtttl~ylsil;u~e (TMS), and 
for locating a proton or group of 1)rotons in the 
ncighbourl~ood in tc~rms of the spin conpling. 
NMK spectroscopy provides a methot1 of confirming 
the molecular for1n111;~ based on t l ~ c  proton count; 
it gives det;lilcd information on the! difftsrcnt kinds 
of hydrogen atoms, in thc molcc~tl(: even when the 
molecule h;~s as m;uly as 30 or 40; for estimating 
such groups as metlloxyl and C-mc:tl~yl it is often 
simpler ant1 more ~l(~l)c~~dal)le than cl~c:niic;ll analysis; 
and the spin cot~plil~g patterns (the mr~ltiplicity and 
thc coupling constant J) ,  :r~ralysttd if ncccssary 
with the aid of a co~nputer, rcvcal the number and 
nature of tltc I)ontls separating onc: 1)roton from 
anotl~cbr as wc!ll ;IS thc-il- sp:rti;ll rc.lationsl~ip. 

For NhIIC sl)c*ctroscopy, ulllikc I K  or mass spcctro- 
scopy, wr nc~*tl (111:1ntitic~s 01 t l~e  ortlcr of 25-50 mg., 
althougl~ spc.ci:~l tc~cl~niclr~c~s ;II-~: 11ow ;~v;lil;ll)le for 
handling 1 mg. or lc'ss. I ~ I I I - ~ ~ I c ~ ,  t l~e  compound 
has always to be in sol~~tion, prcfcrul~ly in an aprotic 
solve~lt sucl~ as car1)on tctr;ichloritlt: or dc~~tc-rated 
cl~loroform (CI)CI:,) or tlcutcrium ositle (L),O). A 
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Flavone (Artocarpetin) Flovonol ( M o r ~ n )  

Solvent DMSO Solvent Acetone 

lsoflavone (Muningir.) Flavanone (Artoca:panone) 

( r )3  22 

3,20(dt J59.5) 

Solvent. C DCIJ Solvent; Acetone, Pyridine 

Flavanonol (Dihydromorin pentace!a?e) J = ? ( a x )  3ax  = 12.5 cps 

= 3 ( a x )  3(eq)=17.cps 

= 2(0x) 3(eq)= 4.0cps 

s = singlet 

d = doublet 

q = quadruplel 

Solvent.: CDCI, m = multiplet 

Cllnrt 1 - Chcmical sllifts of  protons in somv llnvol~oirls 

I (PPM) 

F I ~ .  2 - NWR spectrum <)I c~:il!~c~~l~tvrin 



VENI<I?ThRAMAN: SPE(~l'1COSCOI'IC hlETHODS 01: STRUC1'UI(E DETRRUINATION 

M a s s  Spectrometry !? 

hlass sl)c~ctrornc-t~ y:"' \\,;IS first 1iscc1 for th(, c1u;llita- 
tive annlysis of organic comporuitls I)y 13c<y11o1l"' in 
1950, _;tntl it is ~loa.  rc.cog~~izc,tl lo I)c ;l v;~lu;~l)le 
. ~ t l d i t ~ o h ~  < o  the :u.lnoiil-y of tl~c: org;ulic c l ~ c i n i s t " ~ : ~ ~ .  
.'tart ing \\';'I) I\lyl~;tgc's \ \ r~rl i  on pl~tl~ioccrol, a 
n tsy const i t~~cnt  of t l ~ c  ti11)crclt. I)acillus, its possi- 
hi~ities in n;ttural ~ ) ~ - o t l ~ ~ c l s  cl~tmistry I~avc become 
i~ ic r (~ ;~ .< i~~giy  cl(>ar fro111 I < ~ ~ I I ~ ; ~ I I I I ' s  work 011 the 
intlulc ;~lk;~loitls : L I I ~  I)~(~I. ;Lss~'s  Iitlrnerous ~ ~ ~ l > l i c ; ~ -  
tions on ;tlk;~loitls ; I I I ~  k~tos1(*roi(Is:'~. 

In the m:lss sl)c~ctron~ctrr t11c nlolcculcs of a 
compo1111c1 in 1111. g:~s pl~:~sc. arc I~oml)arrlctl with 
IO\V energy clcctrons (;tl)out 70 cV.). A11 c:lectron is 
tlnis c-jcctc,d from t l ~ c  molec~ilc: wl~ic l~  tllrn brc!aks 
up into ;I scric.s of fr;~grncants co~lsisting of positively 
P I I ~  ~ic~g:~tiv(~ly c I ~ ; ~ r g ~ d  ions. Ti~dic;~Is, ilnd ~ i (~ l~ t r ; l l  
molcc~iles. 111 tlic cornmcrci;~l mass spcsctromctcrs, 
the: positively cll;lrgc~tl ions arc scparatcd nccorcling 
to their mass to cl~nrge ratio (nc/c) by ;L m;lgnetic 
annlyscr (siiiglc locr~siilg) or ;1 coml)in;ltion of 
c1ectrost;ltic ;~ntl  1n;lgnc:tic fields (eIoul)l(: focusing) 
and the rn:tss spectru~n is rc.cord(~tl ~)liotograpl~ically 
or I)y otllcr mcalls. 'Tllc intc~isc: pcxk of liigllcst 
m;tss nrlml~rr norm:~lly rcl)rcsc~nts M ' ,  the ion 
formed IIV rcmoval of onc clrctron from the mole- 
culr, :ti~tl tl~rrc~forc, tlic molccr~l;lr weight; ;~no~naloiis 
niolcc~il;lr wcigl~ts ; I I ~  ol)t;~inc,tl i f  M '  II;IS 1,rokc.n up 
1x.forc: rc:tcl~ing the collc~tor 01- i f  two fr:tg~nc-nts 
u~icl(brgo recornl)inati~)l~ lo for111 ;I I I  ion of lligl~cr 
mass t1ia11 M ' .  I;~.orn 1111. cTi~cki~~g ~ ) a t t c r ~ i  11s(~fril 
inform;ttion for tlc,tlr~cing 1I1t. +Ir~rcti~rc- of tllc: inol(,- 
culc m:ly I)(: ol)t;~inc.tl, 1)1it :I nr;lss sl)csctrum is ;lt 
prcstallt f ; ~ r  Inorcb tlil'licr~lt to ii1t1,rl)n.t tl~;un ;I.II I1C 
or ShllC spcnctri~m. 111 111~ e1111:1tio11s of organic 
c11crnistl.y ;tn ; ~ r n ~ w  rtsl)rt,s(,n1.; t\vo-c*l(~ct~.on silifts; 
in I)jc*r;~isi's m;lss sl~c~clrc)xci~~~ic ro~lvc~ti t io~C'~wI~icl l  
I~ilh not I) I*CI I  gc11(~;11ly ;~clol)l(~l) :L tisll hook is ~ ~ s c d  
to sl~o\v (11:11 only OIII. of 1I1c I)or~tlil~g i~lc.ctro~ts is 
r ~ ~ ~ ~ i o v ( ~ I .  S t r ~ i c t i ~ ~ t l  C I I I I C ~ I ~ S ~ ~ I I S  c o ~ i c ~ ~ r ~ ~ i ~ i g  tlie 
f~.agmc,~it:ctio~~ of C I I I I I ~ ) ~ ~ . ~  ~)roeli~cts II:I\-~. to be 
acccq)tc~cl \\.it11 c ; u ~ t i o ~ ~ .  11 is only \ V I I { * I I  ;I sc~ric~s of 
compountls of ;I gi\c11 tvpc 11:lvc II(Y>II  st~~tlicstl tllnt 
the fraglnentatio~~ ~);~ttc<rns c;~n be ;q)l)lictl to thc 
determination of t l ~ c  str~icture of a similar natural 
product. 

In ;I rc-ccLnt I)ookm t(11(, f~.:cg~n.~nt;ttio~~ ~) roccs~cs  
occnrring in org;~nic nioltc~~l(ns ;IF(. tlisc~~ssc.tl, corn- 
mc~ncing wit11 coln1)ountls coi~t;~ining simplc~ func- 
tion;~l groups s ~ i c l ~  :IS CO, 011 ;uiel N11,. 'I'l~os tilt! 
f~-;rgtn~.nt;~tio~i of ; I ~ ~ ~ I ~ ; I I ~ I I ~ I I ( I I I ~ .  ~1ro1~:11~1y pro~c'c-t l*~~ 
as sl1o\\.11 in ('1l;u.t 2. 

Fr; lg~nt .nt ;~t io~~ mc.clt:~nis~ns may ~)ostt~l;it(~tl 
ill tIi18 ligl~t of our g(*~i(,r:~l I ; I I O \ V I ~ ~ I I ~ ~ ~  of r(~;~ctioii 
mccl~;tnisrn, I ) I I ~  tlir~xct ;~ntl (1~-1)c1icl;11)11: 111ctltods 
1):i~c~tl OII  isotol)ct ( I I I ; I ~ ~ I ~ ~  (Ic.l~t(.ri~~~ii) li~l)t~lli~ig ; I I I ~  

on lligli rc,sol~~tion m:ts.; sl)c~clroil~c~t~-v [~ising in'itr11- 
~ncmts giving :I rc~so l~~t i r~r~  of I i l l  RO,O00 or lnorc), 
in \vl~icl~ ~ \ V I J  sl)c~(:ic~$ 01' tIl(- s ; ~ ~ i i ~ ~  I ~ I J I I I ~ I I ; I ~  111;ihs 
ni;ty IN. t l is t i~igi~i~l~c~tl  i f  t l ~ c y  tliffc,r I J Y  ;I 5111:tll 

lr:~ction of t 1 1 ~  I I I ~ I G  I I I I ~ ~ ,  :arcs i ) ( . i~~g  1 l ~ ~ v c ~ 1 o ~ ) ~ ~ e l ~ ~ .  
111 U\' ,  I12 : ~ n d  NMK ,q~c~ctroscol>y tllc, co11111o1u1tl 

11i;ty I)(. rc.covc.rc-tl :tI'tc.r invc.stig;~tion. 1,111 in Inass 
sl)c.ctron~c.trv il ~ ~ ~ ~ t l i . ~ - x o c , s  tlcgl-;ttl;ttion ;tntl i \  
irrc.covcr;~l)lc~; this is not ;I  tlis:~tlv;tnt;~g(~ I)t.c;~~isc- the 

anthraquinone ion Fluorenone  on 180 

Benzyne ion 76 9-Biphenylene ion 152 

Chart 2 -Mass spoctral fragmentation of anlhraquinone 

quantity required is about 1 mg. or less. Another 
important cl~ar;~ctcristic of mass spectrometry is 
that  mass spectra call only be obtained wllen the 
compound is present as  a gas, but the minimum 
v;lpour pressure rrquircd is so small (about 10-5 mm. 
Hg) that  most organic compounds can now be snb- 
mittecl to ninss spectrometry. Compounds with 
insufficicwt v;~porir prcssurc to be introduced through 
tlie inlet system Ilc:lted to  about 350" may be 
directly fed into tlic ion source, but thermal stabi- 
lity in either procedure is a prerequisitc. 

Our own use of mass spectrometry I ~ a s  mainly 
been for the elementary purpose of determining 
~nolccular wcights, but the NCL hopes to acquire a 
CEC type 21-llOU mass spcctrometcr shortly and 
to  study in detail the  fragmentation processes in a 
wide range of natural products. 

X-ray Diffraction 

The X-ray diffraction r n e t l l ~ d ~ ~ ,  with the im- 
portant adv;~nces of isornorphous substitution, the 
introduction of a heavy atom, and the use of crys- 
tals solv;lted by a liquid containing a hcavy atomqg, 
has the tremmdous advantage oI directly yielding 
the three-diiliensiond structure of a lnoleculc in a 
cryst:~l, but from tlic point of \icw of the organic 
c h m ~ i s t  it is the last resort for several reasons. 
T l ~ e  X-ray cryst;tllographer, even if Ile has access 
to a Ilig11 spc.cd digital computer, will not spend a 
few niontlis or niore in dcterminiilg the structure of 
an organic compou~id unless i t  lias special attrac- 
tion such as intract;~bility by chemical and other 
physical lrictl~ods or unusual complesity or bio- 
logical propertics (c.g. \:itamin B,,), although lie 
has somcti~~ics dc;llt with compounds (limonin, 
clerodin, aflatoxin) whose structures were com- 
pletely deter~nincd by chemists. 

Quoting Mathieson4@ the final step of the 
" determination of absolute configuration is a rela- 
tively minor step experinlentally, I ~ u t  it has taken a 
ratller long times to  arrive a t  wh;~t  is now obvious 
- ;L iairly persistvnt pattcrn in rcsearcli ". Using 
ZrKa radiation for effecting a phasc advance in the 
rays refractrd by rubidium, tllr absolute configura- 
tion of N;11<b (+)-txrtrate was determined by 
Hijvoet in 1951. The absolutc configuration of 
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~trychnine~hydrobromide was confirmed by using 
CuKa radiation (Peerdeman, 1955), and this tech- 
nique was used by Mathieson to define the absolute 
configuration of himbacine hydrobromide and jaco- 
bine bromohydrineO. 

Referring to  Bijvoet's X-ray work on absolute 
configuration, Cahn et ~ 1 . ~ 1  have stated: " methods 
are known by which the structure of an optically 
active molecule can be so determined as to require 
its representation, without need or room for con- 
vention, by a unique three-dimensional model. 
We are therefore required to describe such a model 
uniquely, that is, to specify absolute configuration." 

Fortunately X-ray crystallography will never put 
the organic chemist out of business or keep him in 
the subsidiary and inglorious role of providing the 
X-ray crystallographer with suitable crystals. 
Otherwise the contribution of the organic chemist 
to structure determination will be like that of a 
patient with a new and complex disease to medical 
research. Investigation of the structures of natural 
products by chemical methods and instrumental 
techniques (other than X-ray crystallography), which 
the organic chemist can handle and interpret for 
himself, continues to be exciting and profitable 
because of the interest in structure-spectra correla- 
tions, degradation methods, synthetic reactions, 
and biogenesis. A good example is morellin, a 
fascinating molecule which we will discuss in some 
detail later. We had to resort ultimately to X-ray 
crystallography for the complete determination of 
its structure; but the extensive work on UV, IR  
and NMR spectroscopy has not been unrewarding. 
I t  led to a biosynthetic scheme which found supp~r t  
in the isolation of several related pigments, whose 
structures were rapidly unravelled in the light of 
our knowledge of morellin; there are structural and 
mechanistic problems concerning some of the pro- 
ducts obtained from morellin which remain to be 
solved; and the synthesis of morellin is a challeng- 
ing task. 

The modern X-ray crystallographer often prefers 
not to have any chemical evidence placed before 
him and he makes what MathiesoneO has called an 
all-or-none approach; on the other hand, Stout et aLe2 
in their study of the structure of celebixanthone 
used detailed crystallograph$ analysis concurrently 
with chemical investigations for providing confirma- 
tion of the deductions leading to a proposed struc- 
ture, the role classically assigned to synthesis. This 
analysis is no less independently certain in its 
results for having begun with a postulated structure 
than is a synthesis, and it may reasonably be argued 
that the mass of data to be fitted and the difference 
in kind between the deductive arguments and the 
diffraction evidence makes this approach the more 
certain ". 
Pigments of Artocarpus heterophyllus 

Perkin and Cope (1895) reported the isolation of 
cyanomaclurin and morin from the heartwood of 
Artocarpus heterofihyllus (formerly A .  integrifolia). 
We have now isolated six other flavonoids from A .  
hetero$hyllus, and the presence of dihydromorin 
(not found by us) has been reported by other 
workerses. They all have the unique P-resorcylic 

acid orientation of hydroxvl groups in the B 1.i':;. 
not present in any other flavonoids excepting ,. 

isoflavones, ferreirin and homoferreirin. Char : 
presents a biosynthetic scheme for the nine f l . .  - 
noids of A .  heteropiylks in which the hydroxvl; ,,I 
pattern of both the A and B rings is fixx h the 
chalcone stage. 

In 1935 Appel and Robinson proposed structu~-3 
(IIT), the hemiketal form of 5,7,2',4'-tetrahydrdy- 
3-ketoflavan, for cyanomaclurin. Later Robinr,nn 
himselfe4 considered the possibility that cyanon~aclu- 
rin may be a derivative of flavan-3,4-diol, and, 
' the same idea has been, bandied about in several 
personal communications . In 1960 FreudenburgP6 
in a paper on catechins and hydroxyflavandiols 
discussed structures (111) and (IV) for cyanomaclurin. 
Accepting the suggestion that NMR data wer- not 
consistent with the presence of three consecutive 
aliphatic CH groups in the molecule, he favoured 
structure (111), which was supported by the observa- 
tion that the compound did not lose any hydroxyl 
group by catalytic reduction. Clark-Lewise6 also 
discussed the two structures, and he expressed the 
view that all the available evidence is consi:,fc.nt 
with (IV). Chakravarty and Seshadrie3 showe:! (.I] 

the basis of NMR data that cyano~riaclurin d~jes 
not have a benzylic methylene group as req~tired 
by (111), and they supported structure (IV). 

Since the behaviour of cyanomaclurin in c :t:~- 
lytic hydrogenation and in oxidation with mr.,ga- 
nese dioxide or chromic anhydride would be irto- 

malous if structure (IV) is correct, we prop ~sed 
structure (V), which was readily confirmed bq the 
paramagnetic shift suffered by the proton u to t?in 
hydroxyl group in cyanomaclurin trimethyl ether 
when it was acetylatede7. The trimethyl ether 
showed single proton absorptions at  4.61, 4.88 and 
5.67. The first two were readily assigned to  the 
two benzylic and the third to the non-ben~vlic 
-CH-0- groups; between the two benzv11~ 
protons the higher signal a t  4.88 is assigned to thc 
4-H in view of the contiguity to the phloroglucinol 
nucleus. In the acetate spectrum all three protons 
showed absorptions in the region 4.4-4.7. 

Corey et ~ 1 . ~ ~  have stated that " the  stdreo- 
chemistry of substituted flavan derivatives has 
been a more subtle and elusive matter than similar 
problems with saturated carbocyclic ring syst~ms. 
This is mainly because the usual generalizations 
correlating reactivity and stereochemistry are not 
very reliable for a ring system containing a hetero- 
atom and also aromatic unsaturation, features 
which conspire to produce unique complications." 
They have reported the application of NMR to the 
clarification of the molecular configurations of the 
two known flavan-3,4-diols prepared from flavnn- 
3-01-4-one, illustrating the power of NMR as a tool 



V!:XI<.\.l'.\l<,\hInN: SPI(CTII0SCOI'IC h1I':TIIODS OF STRUCTURE DETEKMIN1TIOX 

- 
I A R T O C A R P A N O N E  I 

M O R l N  
(3.5.7.2' 4 - PENTAHYOROXY- 

FLAVONE I 

-GO-CH2-CHOH- 

I 
C Y A N O M A C L U R I N  I V )  N O R A R T O C A R P E T I N  IVI)  ARTOCl iRPESIN 11x1 I 

Chart 3 -13iosynthesis of Arlocarfius flavonoids 

in stcreocl~cmical analysis in which a single me;lsurc- 
mcl., Zlcfined clearly the interrelationship of tliree 
aiymn~c'tric ccntrcs4'. 'I'llc trans or cis rclationsllip 
of the liydrosyl groups in the two diols 11;~s I)ccn 
confirmc:d 11y I IZ  tl;lt;l". 

On t l ~ c  ~nodcl ol cyclohcrcne n Ilalf-c11;lir con- 
form;~tion ll;~s 1)rc.n snggcstcd for the catt~cllins5'. 
Philbin and \Vl~rclcr h ;~ \ fc  ;~lso considcrcci tht. sofa 
or cvclohexcnonc type in wl~ich only tlic C ;ltom in 
the 2-position of chrom:~n li(8s out of tlic: planc of 
the bvnzenc, ring. 'Ill(: fhvonoitl confignr;ltion of 
lowrst cbncrgy 11;~s tlie 2-pllc:nyl in an c~clu;ltorial 
positihn, I)r~t ;IS mentionc:d 1)v (:l;u-k-Lcwis wcS  nus st 
regard conlorm;ltional i~~vcrsion of flnvan drriv;l- 
tivcs ns :t mo1,ilc ccluilil~rium. In cyanomaclurin 
the stc.rPocllc~mistry is ~.c,strictetl (and rllso compli- 
catcd) I)y tl~r. ;~dtlitional dil~ydropyr;~n ring. 'Fhc 
H atom.; in tllc 2- ;11it1 4-l)ositions arc ccluatori;ll, 
and t l ~ c  H ;(tom in ill(* 3-1)osition c;ui 1)e axial or 
equatorial. Altl~ough they li:lve not spc~cificd the 
precise fl:~v:un-3,4-diols wl~ich wtw cxamincd, Clark- 
~ e w i s  and Jack~n;lnbZ Il;lvc. o1)scrvcd t11;tt the 
3,4-coupling constants for 3 (ax)4(eq) and 3(cq)4(cq) 
arc about 6.6 and 0-1.0 cps respectively. A coupling 
constant of tllc order of 6-7 cps was not ol)scr\~cd 
in the spcctrum of cy;unomnclr~rin trimethyl cthcr; 
3-H is thcrrforc ~.cln:itorial, and is trans to  110th 
2-H ; ~ n d  4-H. Howc~vcr, wl~cli tho diliyilropyran 
ring T) fu.;cttl to tlic 13 ring is consitlcrrd, 3-H :ind 
4-H 11av(s to I)(: crx-eq; I ~ u t  tllc: c~spt~ctc~tl J 6-7 is 
;~l,-;cnt. T l~ is  ;lnomaly in tllc stc~rc~ocllcmistry of 

cyanomaclurin and its absolute stereochemistry are 
under investigation. 

On the basis of chcrnic;~l evidence, artocarpetin 
and artocarpanone wcrc shown to  bc the 7-methyl 
etllers of (VI) and (VIT) rcspcctively; artocarpin 
was ;lssigned structure (\'III), and these have now 
reccivc.d synthetic support. Norartocarpetin and 
artoc:lrpcsin were readily identified as (VI) and 
(IX) rcspectively froni our Itnowledge of arto- 
carpctin and artocarpinS3. 

The structure of artocnrpin was confirmed by the 
NMK spectra of the pigment and its derivatives. 
Thc. spectrum (Fig. 3) of tlie dimethyl ether showed a 
clic~l;ltcd hydroxyl (-3.5), an isopropyl [(CH,), 
8.93; CH 7.61 and two methyl groups (8.45; 8.63) 
on double bonds. A total of seven aromatic and 
vinyl protons as well as  one allylic methylene 
(7.1 ; J = 7 cps) which is not attached to an aromatic 
ring, but probably to the 3-position of the flavone 
nucl(:us, were also indicated. Three of the vinyl 
protons c1is:rppeared in tlic tetrahydro-derivative. 
simultanronsly with diamagnetic shifts of the methyl 
groups and thc isopropyl group on double bonds ;LS 

would he txpcctod from structure (VIII). The 
lonc proton of tllc phloroglucinol moiety of tetra- 
llydroi~rtocarpin dimethyl ethcr absorbcd a t  3.87, 
and the 1,2,4-substitution pattcrn of the B ring was 
indicated by tllc nature of tlic abqorptions of the 
3'-, 5'- and 6'-protons [3'-H 3.6 d ( J  = 2.5 cps) ; 5'-H 
3.55 q ;  V-H 2.92 d (J =9.5 cps)]. One feature of the 
NMK spectra of artocarpin and its derivatives 
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courseLb?+: be inferred from the NMR or other 
chemical data available. However, the disposition 
of remaining groups with respect to each other 
revealed by the X-ray structure makes possible a 
rationalization of the more obscure features of the 
NMR spectra of morellin and its derivatives. The 
unsymmetrical quartet (centred at  7.35) represent- 
ing two protons in the spectrum of morellin cor- 
responds to the methylene group of the bicyclic 
system. The proton in the bicyclo-octenone ring 
a to the gcm-dimethyl group seems to be coupled to 
only one of the methylene protons; it gives a 
doublet at  7.7 (J = 4.5 cps) in the spectrum of 
morellin. 

The 9-bromobenzenesulphonyl ester of morellin 
supplied to Prof. Ramachandran was prepared by 
refluxing morellin and P-bromobenzenesulphonyl 
chloride in acetone in presence of potassium carbo- 
nate. Since isomerization to isomorellin is a possibi- 
lity, the fact that structure (XX; R = R, = Me; 
R, = CHO) is that of morellin, and not isomorellin, 
was confirmed by the preparation of the p-bromo- 
benzenesulphonyl ester of isomorellin and comparison 
of the NMR spectra in the aldehyde region. 

Morellin and isomorellin have been shown to 
differ only in the configuration of the groups round 
the double bond of the side-chain carrying the 
aldehyde group; in morellin the methyl and methy- 
lene groups are trans and in isomorellin cis. I n  
the NMR spectra the vinyl and aldehyde protons 
of this side-chain in morellin are at 3.87 and 0.37, 
and they are at  3.52 and 0.73 in isomorellin. In 
the aldehyde signal there is a diamagnetic shift of 
0.36 p.p.m. for iscmorellin, which is apparently 
the result of long-range shielding by neighbouring 
groups. Although A for the vinyl proton in 
morellin and isomorellin is smaller than in other 
a$-unsaturated cis-trans pairs such as methyl croto- 
nate and isocrotonate, or methyl angelate and 
tiglate, the relative stabilities of morellin and iso- 
morellin, isomerization of morellin to isomorellin 
being very facile, confirm that morellin and iso- 
morellin have the structures (XX; R = R, = Me; 
R, = CHO) and (XX; R = R, = Me; R,,= CHO) 
respectively. There are very interesting differences 
in the methyl spectra of Inorellin and i5omorellin, 
which are discussed in detail elsewhere71. 

Desoxymorellin and Dihydroisomorellin 

From the mother liquor after the crystallization 
of morellin from the ethanol extract of the pericarp 
of the seeds of Garcinia morella, three pigments 
were is~lated'~. Two, designated desoxymorellin 
and dihydroisomorellin, have the structures (XX; 
R = = R , = R , = M e )  and (XX; R = R , = M e ;  R, 
= CHO; single bond at  C&). In the light of the 
established structure of morellin, the NMR spectra 
gave enough evidence for the structures, but addi- 
tional UV, I R  and chemical evidence were also 
obtained. In the NMR spectrum of desoxymorellin 
the total proton count is 38 corresponding to the 
replacement of the aldehyde group of morellin by a 
methyl group; the signal of the vinyl proton c at  
3.90 and 3.68 (triplets, J = 7-5 cps) in the morellin 

and isomorellin spectra has shifted upfield to 5.58, 
which is considerably higher than the expected v d  
for the corresponding proton in desoxymorellin. 
The abnormality is ~ re su~rnb ly  caused by f i h a  
magnetic anisotropy-of ' the neighbouring 
The aldehyde signal of morellin disappears an$._"-',.c 
methyl region shows the additional m,ethyl g r ~ , , t r '  
Except for minor differences, which are discussed in 
detail elsewhere, the spectra of desoxymorellin at~tl 
morcllin are vcry similar. The NMR spectrum o l  
dihydroisomorellin has all the rliain features of t!ie 
spectra of morellin and isomorellin, except that t he  
doublet absorption of the vinyl proton h in isomorr.! 
lin is missing in dihydroisomcrellin, showing th- ! 
the CdCb double hond is saturated in the n-.!ir 
pigment. This is confirmed by the number .;' 

protons (11) absorbing in the region 6.0-84 i i ~  

comparison with 8 for morellin and isomorelli~~. 
The triplet absorption at  3.17 corresponding to tl-:; 
vinyl proton c suggests that the side-chain bearing 
the aldehvde group is the sa.me as in isomorellin. 

The third pigment is an artefact arising from the 
addition of ethanol to morellin during crystalliza- 
tion. The NMR spectrum resembles that of di- 
hydroisoniorellin very closely, but shows an ad:li- 
tional C-methyl group which appears as a tripkt 
(J = 6.5 cps) superposed on the tertiary methyl 
signals at  8.86. The triplet methyl absorpti-n 
shows that the new pigment has an ethyl group. 
In the region 6.0-8.0 there are additional protons. 
As in the spectrum of dihydroisomorellin, the signnl 
of the vinyl proton b in morellin or isomorellin hi1.4 
disappeared, and a new single-proton doubl .t 
appears at  5.55 (J = 5 cps). From these da. .,, 
confirmed by other evidence, it was clear that Ihc: 
pigment has the structure ethoxydihpdroisomprdi~~. 
(XX; R = R, = Me; R, = CHO; single b o d  ;it 
CdCb; OEt at  6). 
Gambogic Acid 

Gambogic acid is the main pigment of gamboge, 
the latex of Garcinia halzh4~vryi; its presence in the 
latex of Garckia morella has been mentioned, hut 
we have not been able so far to isolate i t  from this 
material obtained from Mangalore. The probable 
explanation is that G. hanbzcrryi was forme.~ly 
regarded as a variety of G. morella. Gambogic 
acid has not yet been obtained crystalline, but it 
forms a crystalline pyridine salt, acetate, and :li- 
methyl ether-ester; until recently very little K,LS 

known about the structure of gambogic acid. 1 l ~ c  
complexity of the galnbogic acid problem can 
fmagined froni the fact that in a 1962 paperT3 t:;i: 
molecular formula C,,H,,O, and the structure (XX ! ! 
were suggested. 

Dyson and RigbyV4 assigned the molecular forml'l.1 
C,,H,,O, to gambogic acid without mentioning f i ( j $ 3 r  

this was established. Alkali fusion of ganiboc~c 





J .  SCI. INDUSTR. RES., VOL. 25, MARCH 1966 

nalgi i nsip. The NMR spectrum in CDCI, of the 
e t h e r s ;  of endocrocin is in complete agreement 
with the structure (XXIII) : three aromatic protons 
(4,5,7-positions) at  2.12 (singlet), 2.62 and 3.20 
(doubets; J -- 2.5 cps); four methoxyls at  
6.02-6.03 ; and nuclear methyl at  7.60. Powell and 
Sutherland (private communication) recently iso- 
lated ptilometric acid from a crinoid and assigned 
to it the structure (XXVI), a homologue of endo- 
crocin. They compared the NhlR spectra of the 
tetramethyl ether-ester of ptilometric acid and of 
(XXIII) and observed that the agreement was 
satisfactory. 

Cassiamin 
From the root bark of Cassia siawzea Lam. IT. 

have isolated a new pigment, cassiamin, the first 
bianthraquinonyl occurring in a plant and the first 
2,2'-bianthraquinonyl isolated from any natural 
source78. The structure (XXVII) of cassiamin was 
mainly based on UV, IR, and NMR data. The 
Rast method did not give a dependable molecular 
weight, but a consideration.of the NMR data on 
cassiamin and its derivatives and of other physical 
and chemical properties suggested the molecular 
formula, C,,H!,O,, confirmed by the mass spectrum 
kindly determined by Dr Shannon. 

On methylation with dirnethyl sulphate and 
potassium carbonate in acetone cassiamin gave an 
orange-yellow ether, m.p. 295-6", which had no 
active hydrogen. Acetylation of cassiamin with 
acetic anhydride catalysed by perchloric acid 
yielded a yellow acetate, m.p. 182-3". The NMR 
spectrum obtained in CDCI, solution of the methyl 
ether shows three methoxyl signals at  6.01, 6.05 
and 6-3 and one signal a t  7.85 with the intensity 
ratio of 1 :  2: 2: 2. In the spectrum of the acetate 
there are no signals in the region 4-7, showing 
the absence of protons on carbon bound to oxygen; 
four signals at  7.6, 7.66, 7.84 and 7.93 are shown 
with an intensity ratio of 2: 1: 2: 2. From a 
comparison of the spectra of the methyl ether a 
the acetate it is evident that the group of sig 8 .Is 
a t  6.01, 6.05 and 6.3 of the methyl ether is replaced 
in the acetate spectrum by signals at  7.6, 7.66 and 
7.93. The one to one correspondence between the 
methoxyl and acetoxyl signals indicates that the 
weaker signals a t  6.01 and 7-66 in the two spectra 
represent onc methoxyl and acetoxyl group respec- 
tively, and the other signals represent two methoxyl 
and two acetoxyl groups respectively. Cassiamin 
therefore has five phenolic hydroxyl groups; the 
spectrum of the parent compound in dioxane shows 
four distinct signals in the chelated hydroxyl region 
(-2.29 to -1.83); and a fifth hydroxyl at higher 

fie!d (0.75) is readily recognieed as an unchelated 
phenolic hydroxyl group. The 6-proton signals at 
7.85 and 7.84 in the spectra of the ether and the 
acetate indicate two me*?- groups on arowdtiq 
rings. The spectr,ntiiffifr give an aromatic p lggn 
count of seven. A total of 14 substitutable positions 
for the aromatic slzeleton (5 hydroxyls, 2 niethyis, 
acd 7 aromatic protons) pointed to a bianthra- 
quinonyl structure. The relative positions of the 
hydroxyl groups were demonstrated by a further 
consideration of the NMR data, supported by UV 
and IR data. The hvdroxvl signals indicate f o u ~  
a-hydroxyls and one 6 ~ h k  sp&trum of cassiamin 
~entamethvl ether shows a single ~ r o t o n  absorption 
a t  3-25 which is characteristic-OF an anthraquinone 
proton having methoxyls in both ortho position.-9; 
and the doublet character of this absorptiall T 
= 2.5 cps) indicates the presence of a resorci. 
nucleus as in structure (XXVII). 

From the NMR spectrum of cassiamin pen I- 

methyl ether, the low field part of which is s h o ~  n 
in Fig. 10, the resorcinol nucleus of (XXVII) hns 
already been deduced. The a-proton of this nuclc ,IS 

is expected79 to absorb at  about 2.7 and shows up 
at  2.67. Since the absorptions of p-protons that 
have methoxyls wets to them also suffer small but 
definite diamagnetic shifts in methoxyanthraqui- 
nones, all the p-protons of cassiamin niethyl ether 
may be expected to absorb above 2.2, the absorpt~on 
for the p-protons of unsubstituted anthraquinone. 
The spectrum of cassiamin methyl ether indicates 
three protons absorbing below 2.25, which are 
therefore to be assigned to a-positions, giving a 
total of four a-protons in the molecule. I t  folio\ls 
that the anthraquinone moieties of cassiamin :,re 
coupled P-P 

The ABC spectrum of the 7-, 6- and 5-poGns o j  
the chrysophanol part in (XXVII) is traceable in 
the spectrum of the pentamethyl ether: 7H 2.);. 
quartet; 6H 2.39, triplet; 5H 2-17, quartet. In tiae 
spectra of thepentamethylether andpenta-acetate the 
signals of the methoxyl, methyl and acetoxyl groiips 
attached to the I-, 3-, 1'- and 3'-positions show 

Fig. 10 - NMR spectrum of cassiamin pentamethyl ether 
(aromatic region) 
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i l s c r i h ~ ~ ! ~ ~ ~ ~ )  lnetllyl migration to form a tlicrmo- 
dynamiE11ly stabler prodnct. I t  has been observed 
that  zinc dust distillation of l ,&dil~ydrosy- 
3-hydroxy1~1c~thyl-4-methyln;lplrtlralce yields 1,3-di- 
methylnaphthalenesK The behaviour of various 
polyhydroxya~~tl~mqui~ioncs containing a nicthyl 
group in the 1-position towards zinc dust distillation 
is being studied. After our noteM on the revised 
structure (XXX) was communicated, me saw that  
Yates et al." 1i;ld arrived at  thc same conclnsiorl; 
but  their synthetic proof is not mtirely unambiguous. 
Very rcccntly N. S. Ellide (unpriblislied work) has 
confirmed (XXX) by an im~trovcd mcthod of 
synthesis, starting from 3-chloropht11:dic anliytlride: 
; ~ n d  4-hydrosy-3-nic~tlroxytolucnr. 

Luc Dye 

Dimroth and GoldsclnuidtR7 c:trritd out :rn cstcn- 
sive investigation of ' laccaic acid ', the cryst;illine 
pigment isolated by them fro111 I:IC dye and con- 
sidered to be the  main constituent. They did not 
propose ;I structnrc for ' laccaic acid ', C,,H,,O,,, 
but concluded their paper with the statement: 
" I t  would be far more fruitful to resort to  still 
other dcgradative methods for thcs elucidation of 
the constitution of laccaic acid, and research in this 
direction is alrcady in progress. Already in tlrc- 
 resent state of resenrclles on this dyc ;r consider- 
able fragment of the molcc~rle 11;~s been structurally 
established with certainty." Aftcr sumn~arizing 
Dimroth and Goldschmidt's results, 3Iayt'r and 
(:oolins suggcasted structure (XXXII) .  At n vrry 
t:arly stage of the prcscnt work in \vlricl~ \re havv 
been engaged for a mucl~ longer period than wc 
care to  think, it was obscrved th:lt I)imroth's 
laccaic acid was ;I co~npltbs mixture cont;~ining 
about 2 1:t:r cent nitrogvn, ~vl~iclr Uimrotli curiously 
enough llad missed. Color~r rcnctions slrowrd that 
' laccaic :~cid '  is a purpurin dcrivativc ~untl tl~csrc 
was no c\.iilcnce for a C-;~cctyl or C-ctllyl group as 
in (XXXII!. Ho\vcver, c1ivmic:tl c\~idc~ncr for the 
presence of a 3-liytlrosyantl1r:~cluinonc-l,2-di- 
carboxylic acid nrrclcus in one or more. of the lnccaic 
acids w:~s obtained hy osid;~tion of \\,atc:r-crvst;~lliXt!cI 
lac dye wit11 alkaline Iivdrogcn pcrositle. I t  is well 
known that purpurin (XXXI\') I)re;rks down m ~ d e r  
these conditions to phthalic :rcid. Mctliylaticri of 
the product of nciditication 1t.d to tl~c, tc~tramerthyl 
ester (XXXIII)  of aniiolc-2,3,4,5-t(~tr:1~a1-bosylic 
acid, the s tn~c turc  of \vhiclr was provetl by syntlrc~sis. 
The left half of structr~rc (XXXII)  for 1)inlroth's 
1;rca~ic :reid p r o \ ~ ~ s  tl~crclorc to I)(. correct. 

COOMe 

The isolation oI cvc~n one major constituent of 
lac dye as a purc homogeneous compound proved 
to  be thc tougl~cst problem in tlic scp;lr;~tion of 
natural products in our cxperie~ncc,. Witl~oot  going 

into all the cl(:tails of the. sc:p;tr;~tion mc~thotls Ivl~ich 
were c:s;umincd, it 1n;iv Ilc st;~ted that thin l;~ycr 
cl~romatogl;rpl~y on silic;~ gel imprcgnntcd \vi1:1 
ox;ilic acid rtrvcs;lls scvcrn or ,!\I )rv pigmcints, of ~vhich , 
thrco 21-c ~nxjor corml~tll('r~i<: Iiy column cl~ror?;<~: 
gr;iphy of a solution in 1,ut;lnolic Ilydrochloric acid 
on polyc:~prolnct;i~n a nitrogc:n-co~it;~ini~~g pigment, 
which is ;~pp;~n*ntly homogc~nc:ous, ;untl a non- 
~litrogenous pig~nvnt (;I niisturc~ of t\\,o product>) 
were sc,par:~tctl, as wctll as o t l ~ c ~  minor constitucn:.;. 
Ho\trevcr, the, NMlZ tlat;~, on t l ~ c  Ix~sis oI \vl~ich \-*.I. 

arc rtblc to suggest ;L str~~cturc: for :I I;lcc;~ic :~cicl, 
\irc>t.c obt:rinc~tl on t l ~ c  cther-esters ol  the cryst,~!lini! 
prodnet, consisting of thv misctl pigments ;IS intii- 
catc:d ;~l)ovc, ahicll \2.;ls ~)rc.[)arrrl I)y p;~ssing tl~c: 
water wasl~ings ol  stick l ; ~ c  tlrrougl~ a cation- 
c'schange resin From casl~v\v-nr~t sl~cll Iielnid. l'hc 
~)tarcolatc g;lvcV two spot.: on tiltc:r 1):q)ehr, 011c r' 
\vlrich constitr~tc~d tlri, n ~ ; ~ j o r  part scy;~r;~ble I)y a 
second pass;tgc- tlrrougl~ tl~c: s;lnrc r~bsin or rnorc: 
rapidly througl~ 1)owvs-50. 

Nitrogen Cotaterat of Loccaic Acid 

12;lccaic ;~citl ~)rc*p:~rc'd Ily t l ~ :  I)imrotl~ : ~ r ~ t l  Go!:l- 
sclrmidt mt:thotl co11t:lins :~l)out 2 pc:r cent nitrogcn, 
;md tliv nitrogcn coritcSnt o[ tlic watrr-crystnlliad 
lac dye v:lricd fl-om 0.5 to 1.4 pcr cent. Since, t l ~ l  
nitrogvn contcwts of scsvc~r:~l samples dctvrnminctl I)y 
the Ilmnas :111tl I<j(~ltlal~l mcll~otls \vcrc ]no!-e or 
less itlcntic;~l \vith tlic vnluvs ol,t;iincd 1)y van 
Slyltv vstirnntio~~, it \vns consitlrrrd at oneL stageb 
that  nitrogcn in the: I;~ccnic :tcids is prcS.;c.nt as a 

, . primary amino gronl!. l his conclusion II;IS now 
proved to I)v cbrronr.ol~s, ;rnd tli(b v;rn Slykc- va111c is 
;mom;llous. It l1:1s I)(Y.II shown I)? 1i;linz ;uld 
Ilul,csrm t11;ct such :rnomalorrs v:ln Slykc- \.aluci arc* 
obtaint:d I)y pl~c.nols intc>r;~cting \\,it11 nitror~x ;Lcitl. 
From cl~cwic;cl tests, 11<, and NMI< tl:lt;r, wc. I~;r\z. 
now fo11nr1 that t l ~ v  ~ ~ i t r o g c , n - c o n t ; ~ i ~ ~ i ~ i g  lacc;~ic :icitl 
isolated I)y us tlocb.; not carry ;I I)I-im:iry amino group. 
The, 1)1-(.sc,nt ~~vid(>ncc. intlic;rtc~> t l ~ ; ~ t  it is prc.scwt :1.; ;I 

sccontl;~ry :~niino gro111). 

Methylution of Lac Dye 

l 'hc~ c:tlicr-c~tv~-s ol)t;tin~.tl I)y ~nc~tl~yl:~t ion of \ r ;~tcr-  
crystallizc~l I;ic (lye, wit11 dinie~tl~yl su1~11;itc~ :111c1 

potassiunr c;~rl)on;ctc: in ;~ce:tonc~ \re~-e sc.l):~~-:~tc.d hy 
cl~rom:ltogr:~l~l~y of :L I ) ~ . I I % ( ~ I I ( '  solution 011 il silic;~ 
gc.1 colunrn. 11sing thin 1:iyc.r c l ~ r o ~ n : ~ t o g r ; i ~ ~ I ~ y  for 
follo\ving the, ~)rogrc~ss ol the: sc.l);tr:~tion. 1;ivc: 
ctl~cr-esters tlrsign:~tcel bll,:\ (mvlhyl l;lcc;~ic :icid) 
1, 11, 111, I\' ;und \: wvrc tlius sc,l);il-;itctl ;I-; 

I~omog(~11rous cr\rst;~llincs coml)onrrtls mith s1i:u.p 
melting 1)oints. Jisrc~pt JII.i\-IV ivl~iclr 'iv:~.; 01)- 
t;~inc>tl in \.cry s ~ n ; ~ l l  ;~nionnt, t l ~ v  ctl~csr-cst(*r.: \vc.rc 
cl~;it.;lctc:rizc~d by III :I~. ;  spc8ctr;rl molc%c~~l;~r \vcaiphts. 
I!!., 11.I an(I NMI< spc~:tt.;~, ;III(I cIrc~nic;~l 111.o- 
pc:rtics. Only oncx of tl1t.111, 311,,4-III, ront;~inc'tl 
nit rogcn. 

The NhI1.I spt*clt.;~ o l  tlrc. mc~tl~yl;itc~tl I;lcc:~ic ;~citli 
clvarly dc~nonstraic tli;~t stnrclnrc (XXXII)  for 
I;~cc:~ic acid is 1111tc~n;ll)lc. Important fr;lturcs of 
the NhIlZ sl)t>ctl.;l oL :ill tllv 1nct1iyI:~tctl l;lcc;~ic acids 
arc the ahsc~ncc ol vtl~yl ;1nc1 ;~cvtyl groups, tl~c* ])re- 
scSncc of a gro11p o[ t l ~ v  typc: ArCIl,(:II,O-, ;111(1 t111: 
prcsence oI four al-onr;rtic protons. 



Xui~tholoccoic Acids 

.I y(,ry old ;tn(\ \vc~Il-kno\v~~ rv:tctio~~ elf  pnrp~~rin 
(XXXIV) is its r(,tln:.tion to X ; I I I ~ ~ I ~ ~ I I I ~ ~ ) ~ I ~ ~ I I  (XI.) 
, ., trc.:ltrnrnt \\.ill1 :I(III, '"3.. . . " I ~ ~ I I I I ~  I~ytlrositl(- ;und 
tlitiiionitc,. 

o-~; 

HOOC / 

HO \ I I /OH  

0 
OH 

\\'hen I:tc tlyc. w;ts trc.;~tctl wit11 ;Iclrlcous :~lk;tlinc 
sod inn^ tlithionitc. or sul)mittc.tl to c;tt:~lvtic rc,tlr~c- 
tion in ;~llialinc sol~~tion, it untlebrwc.nt thc pl~rl)nrin 
-+ santhopurl)uri~~ cl~;~ngcs. 'I'h(8 ~)rotluct, callctl 
s;~ntl~ol;~cc;~ic ;lc.itls, \\.;IS ;tlso :I 111ist11r(- of se\vral 
constituc~nts. ,1Ivtl1yl;ltion hy n~c.tl~yl iotlidc ;~ntl 
.sil\.c.~- osidc in tli~iic~tl~ylfo~-~n;~~ni(lc. ;tt room trm- 
~ ~ . I - X ~ I I I Y , ,  followc~tl I)? c l~ ro rna tog~q~ l~y  01: silic;t gel, 
Irtl to t11rc*c. vtl~c~r-c~~tc*rr, tlcsign;ttc.tl JIX1.A (rnvthy- 
1;ttc.d s;~ntl~ol;~cr:~ic :~citl) I, 11, :~nd 111. Only 
MXLrZ-111 contnin~~d nitrogcw (2.4 pt!r cmt).  
hlainly Iron1 NMIC tl;~ti~ oht;tinc~tl on kIXLA-I ;mtl 
the. 1)rotluct of its I~vtlrolvsis ;~nrl tl(~c;~rl)osvlation 

Tl~c* mol. \vt ol J1XI.A-I is 578 (mils5 spc*ctrnn~) 
corrrspontling to strncturc: (XXXV) wit11 whicl~ thr 
NMK d;~tn (Fig. 11) arc: I)rondly in :rgrecnlcnt. 
Thc mctl~ylvnc, protons of tllc! group CH,OMc are 
not stcn cle;lrly h c c ; ~ ~ ~ s c  of mcsthosyl protons in 
the. s:krncb rcsgion. The. :lppcs;lr;nlcc~ o l  ;I I I I , \V aromatic 

proton ns :t singlet in MXI,A-I (in comparison with 
,111..4-1 or V) is in ;~ccordancc with the purpurin -t 
s :~nt l~o~)ur l )~" in  ch;~rlge in \vhich a nuclcar hydrosyl 
group is rc~pl;lcctl I)? I~ydrogc~n. A tnethoxyl a t  
6-7 corrvsl)on(ls to tl~c: methosyl in CH,CH,Ollle. 
l'hc SMIZ sprctra point to ;I probable rclntionship 
I)c.t\vc.cw Yl,t\-V and Ib1XI.A-I. Tlic tllrcr-proton 
mnltiplct at  242-3-22 corresponds to tl~rec. protons 
i ~ i  1,2,4-positions in tht. l)c.nzrnc: ring. 

Hytlrolysis of h1XI.A-I with mcthanolic potassium 
I~ytlrosid~* gay(! a cryst;~llinr carboxplic acid and 
tlc.cnrl~osyl;~tion 1)y col)prr hronzc: in boiling di- 
p11c.nyl osidc i~nd ;i It,\\. tlrops ol qninolinc giive s 
conlpountl wit11 t h ~  molccul:ir lorr~lula Cz7H,,07 
(mol. \vt by thv n1;lss spcctritl method 462). Thc 
NMIC sprctrrlm in CCI, is sho\vn in Fig. 12. 

Onlv the crntr;ll peak of thcb triplvt corresponding 
to thc, intlic;~tctl CH, in CH,CH,OJIc is visihle a t  
6.63 itnd thc rcmaindcr is s i i lhrged bclo~v thc 
mcthosyl signals ; ~ t  6.76 :111tl 6.53. The doublct 
:kt 2.0 and tllc. coupling const;lnt snggt,st that it 
occ~~l)ic..; the E-position in an anthmquinone nucleus 
:11id is coupl~d to an o-proton. All t l ~ c  availitblc: 
tlnt:~ ;IW in agreement with tlic structurr (XXXVI). 
t\ddition;~l support for the CH,OM(. group was 
obtainc>tl by the f;~ct that trt,atment with boron 
fluoridr-tbthrratc and acctic ;~nhvtlridc at room 
tc.n~i)rr;tturc~~Qg;~vc. ;I pl-otlnct \vlricll in its NMR 
spectrum (Fig. 13) :lnd other properties agreed 
wit11 (XXXVII). Since thc rc.placemrnt of OMe 
I)y 0 . 4 ~  in CH,OMe h;ls ri~snltcd in a 1:aram;lgnetic 
shift of ;)bout 0.8. thc methvlrnc trii)lrt is now 
c1r;~rly visiblc. 

MLA-I11 and hlXLA-111 correspond to each other. 
, . 
Ihey have respcctively the molccnlar formulae 
C,,H,,NO,, and C,,H,,NO,,. 130th of them contain 
a C-methyl group (I';lnclhare, E, I). & Ramn Rao, 
A. V., unpublished work). 

Structure of u Lucccric Acid 

The NMlZ spc~ctrum of MLA-V (Fig. 14), which 
11:~s :I molecular weight of 652 (mass spectrum), 
shows a proton count of 32, eight Oble groaps, two 
nietl~vlrnc tripl(8ts corresponding to ArCH,CH,OCOK, 

TlPPMl 
I;ig. I 1  - Ni\ll< sl)crtr~lm of mr-thylxfrcl xantl~olnccnic acid (MXI,A-I) 









Lipid Metabolism of Insects 

111 tilt, c;la. of I~ighcr ;uiim;~ls, morc work -A5 has ' hec*n fortl~comi~rg on protc>in ;uitl carl)o- 
hycl~.;ltc ~nctnholism t l ~ ; ~ n  OII lipitl mc.tal)olis~~~ 

in i~isc~!ts. -l'llis is to I>\.  ; t tt~-ilir~tc~l to t 1 1 ~  tlifticulty in 
bringing togctl~cr t l ~ c  \vater-insolr~hl~~ (in sonlch c;~sr~s 
slo~vly tliffu.;il)l(.) lipitl s~ll)tcltc. wit11 t l ~ c  thuzynic. in its 
;iqlleous rni1ic.11 ;IS ;~lso t o  t l ~ r  l;~ck of S I I ~ ~ : I I I I ( >  micro- 
:m:~lytic;ll ~c~cliniclr~cs. I'roni the, ~)rc'sc'nt status ol 
onr knowl(~tlgc, signilicant tliflc~w~rcc~s in lipitl mct;r- 
I~olism c;ln I)c tliscrrnctl I)ctwcc~n ;~nini;~l.; ;111tl insccts. 
.l 'l~(: tlcmo~~.;tr;~tion of stc~rols ;IS cbsscsnti;~l n ~ ~ t r i c n t s  for 
i~xsccts ;uid t l ~ v  non-cssc,nti;~lity of tl~c: fat soluhl~. 
vit:tmins ;irv snggc~sti\.e of t1iflcrcncc.s in the 1nc.t;~- 
1)olisni of otl~c>r lipitl cornl)o~~c.nts ;IS well. l'hc* 
two tcLrm.; fat ;uitl lipitl ;~rc> r~scd synonp~nously. 
I n  this rc.vic\\v, ;~ttctnl)ts 11;1ve 1)cc.n ma~tlc to provitk. 
it11 organizc>tl ;~ccorml of tllc. information gatlirrctl 
on the silkwoi-~n, ant1 ;~lso pul>lisIicd u'ork on other 
insects, 1n;lillly on 111~ frcvb fatty acids ;~ntl  thc~ir cxstcrs, 
sterols (adlicl~ Ilavc. I)(Y.II rcsvicwcd rc~ccntly)' ;nitl 
otllcr r~nsal)o~~ili;~l)lc constituc,~~ts ;~I-I* 1)ric4iy tlr;~lt 
ivitl~. \\'hilt: an intcgr;ltcd ant1 co11erc.nt ~~~~~~~~11 
11;~s not cmc~rgctl from this ill rcisl)cbct of all i~spects 
of lipitl ~nt~t;~bolisrn i l l  insects, it has n o  tlon1)t 
I1(.11)c(l in cl(tarly intlici~ting tlic: I:~rgc g;ll)s still 
;i\\.;iiti~rg lo I)(% iillc:tl in onr k~~owlctlgc and in pro- 
vicling a worki~~g I~ypoll~c~sis to stim~~l;lt(t f ~ ~ t u r ( *  
invcstigntio~~s, 

Composition 
Hild i tc l~~ ,  ( ; ~ I I I I I ) I I ~ : '  ;111(l (;iIl)y1 11av1, c o ~ ~ ~ p i l ( * ( l  t 1 1 ~  

d;ct;~ ; ~ \ , ; ~ i l ; ~ l ) l ( t  on tl~c. eompositio~~ of insect lipitls. 
( 'o~~sitl~.ring tllc.sc, o ~ ~ t  c;ui s;~fc,Iy say that no I)laatl 
gc~~c~r;~liz;~tions c;m II~;L\VII,  ;LIICI it is I I O ~  ccrt;li~l 
\vIi(,tl~c,r 111c 1);lttern of tlistril)utiol~ of k11ty acids 
fits into tl~c. pl~ylogc~nutic sc;~lr ant1 follows a classi- 
fic;~tior~ of sl)c,cit>s on ~norpl~ologic;~l grorintls :is found 
in other c:~sc,s? .l'l~is s i tu;~tio~i  is tluc not only to thc, 
limitation O I I  tl~c. ~ ~ r ~ n ~ l ) c , r  of insccts stutlictl, bnt :tlsc~ 
to  the. limitctl work t l o ~ ~ c ~  011 any single inscsct. 
Ho\vc~vcr, cc.rt;iiti ~ ) ;~ t tc . r -~~s  in thct tlistribntion of 
fatty ;~citls in insc:cts ;~rc. c~mc:rging out. Strong's 
\vork on ; ~ l ) l ~ i ~ l s ~ l ~ o w c ~ t l  tli;~t tl~c:ir fatty ;~cid com- 
1)o.ition I I I : ~ ~  I)c ;I cl~;~r;rctc*ristic of spc~cies r a t l i ~ ~ r  
t11:11r ;I ~ ~ ~ ; \ ~ i i f c ~ s t ; ~ t i o ~ i  of (lictt, Similarly, it :I]>- 
1)carst111;~t 1'almitolt.i~ ;tcitl ; ~ n d  cc~phalin tnny bc 
t l ~ c  ~nos t  ;~l)untl;~nt of 1att.v ;~citls and pliospl~o- 
lipids rt!sl)c~ctivc4v, ;tntl may I)c cl~;~rnctc~ristic of 
1)iFlcrrc 

'l'hc kit cont(mt itsc.lf 11;is 1)(sr11 sho\vn to vary fronr 
;IS loiv as 2 1)cr u.nL to as l ~ i g l ~  ;IS 50 per cent of body 
dry wcigl~t:'. ' ~ ' I I ( ~ I - I ~  exists somt' controvctrsy as to 
\vhcthcr lipitl contcs~~t incrc;~ses or drcrcasrs cluring 
mcta~norl)hosis, ;untl w11c:tllcr fctn;ilcs of ;my p;lrticnl;u 
spcciec.x store Inorc. lipid tl~iln ~ri:~l(~s. T11e former view 
has I1cc.11 ;~rrivc,tl :kt l)y fintli~~g I1ig11c.r percc~ntag~. 

of lipitl in thc 1)11p;~c t1i;ln in tlir larvae. In the 
silk~vorm (L'oiill~yx wori I*.) there is an apparent 
incre;lsc: (;ll~or~t 10 prr cent) in thr lipid content of the 
pupae as 100 g. wet wcight of larvac (dry weight 
20 pvr cc~nt) on transformation to pup;tc weigh 50 g. 
(dry ncigl~t 25 pvr c c ~ ~ t ) .  Sincc thr  loss of lipid 
in t11(. cocoo~i is ncgligiblc, the anionnt of lipid fonrld 
in tilt: pul);lc3 is the samc as that expected in  the 
:~l>scnce of ;tny ~~tiliz;Ltion ;lnd s!rntIiesis or a steady 
st:ttc: (hiring mc:ta~norpliosis~J"' Similarly, Domrose 
;~ntl (;ill)c.rts' foiuicl that  the i~mount of lipid on a 
fresh wc!iglit basis \rould show an increase from the 
20th clay of dcvclopmcnt to  the 2nd day of a d d t  
life in Hyalophora cecrojkz, whereas in absolute 
n~nonnts t l ~ c  lipid content \rlas the samc. On the 
othcr hnntl, Villcnc~~ve and Lemondeio and Barlo\vI1 
showctl a loss of 76 and 7.5 pcr cent respectively 
(luring metamorphosis in the insects they studied. 
ITawzi rt (11." showed that the absolute fat con- 
tent of the fcnralc of Locrrsta n~igratoria was higher 
thiui that of tire male, but the reverse \<,as true 
when this was considcrc:d as prrccntage of body 
weight, sincc thc felllale was twice as heavy as the 
male. B;~rlo\vl~ f o ~ ~ n d  the same percentage of lipid 
in both the males :mtl females of &ria afinis and 
1:. morix. Somv of (lit. ;lvailablc data is tabulated 
in Table 1. 

I\ number of worliers Iiavc found a decrease in lipid 
r o ~ ~ t c u t  during pnpal dcvc~lopmentl"-'? Lambrcmont 
i111d R l r ~ m ' ~  sho\vcd about 50 per cent decrease in the 
total lipids from the beginning of thc pupal stage to  
cmergcncc as :ltlults in holl\\,ecvils. Similar observa- 
tions have hecn made on I'o/illia j a p o n i ~ n ' ~  and 
.blzlst.o do~~lcsticu'~. I t  is snggested that this is 
tlnc, to  thc fact that fat supplies the cncrgy needed at  
this st:lgvl1. Moran1"and Villcncuvc and Lcmondelo 
claimctl frco lipitls to I)c the source of cncrgy for 
clinngc in tlic pupae. .it  this stage also thert: seems 
to he differences bct\vccn males and females. Malcs of 
H. cerropin were fo~intl to store lipids and not to  
~~t i l i zc  them tlnring pnpal development, while fema~les 
ntilized tlicm!'. In I;. nzori 110 reduction in the 
lipid co1rtc.11t was sccn cluring pnpal dc\:clopmcntR. 
.flit usc of lipid as an csncrgy source has more impor- 
tancc th:t~i apparcnt Iicrc and will he disciisscd 
fr~rtlier later. 

Sercral qualitative :tntl qoautit;ltivt: studies 
suggested ;In increasc in thc degrec of saturation of 
lipids th~ring pupation in many i ~ ~ s e c t s ~ " ~ ~ ~ ~ ~ ' .  
Hcrodck and Fark;~s'%notcd that  the fat of B. i~iori 
males c*xIiibitcd a tendency towards saturation, while 
that of frniale were less saturated. NiemierkoZ3 and 
Srit1h;ir;i 2nd Tiliatx 1i:~vc shown that  in the silkworm. 
the iodinc \value of fat increases during metamorphosis. 
I~ambrcniont and 1511irn~~ ohscsn.ed little change in thc 
lipids of I)ollweevils I)y the gas chromatographic 
tcch~iicli~c*. l'llus it is ol~vions that  the data on 
lipid contc*nt of insccts and tlic changes it undcrgocs 
tluriirg its lifc-cycle vary widely, that unified concepts 



Fat (dry wt), ";, 
Total fatty ;~rids, ",, 
I'almitic acicl 
Stcaric acid 
Palnlitolcic acicl 
Olcic acid 
Linolcic arid 
I , inol t*ni~ ;ii.i(l 

arc not readily apparent and can I)(. summed up, 
as Barlo\vll has done, that the qualitative and 
quantitative changes in insect fats clr~ring pupation 
differ with species, sex and agc. 

Some doubts are still expressed that the high 
proportion of free fatty acids (FFA) found in insccts 
may be a11 artifact formed during thc vxtraction of 
lipids by the action of l ipa~es~. '~ .  However, the* 
same view was held By many in the case of FI'A found 
in higher animals till Dolc"%houretl its importance in 
lionual lipid metaholism. Thus numerous observa- 
tions on, the presence of 17FA in \.arior~s insects ant1 
their t i s s u e ~ X ~ ' ~ ~ ~ " ~ ~ a c a l ~ n o t  be rulcd out as of no 
significance. In fact, more attenti011 to the com- 
position and metabolism of ]?FA at  different stages 
of development of insects is urgc~~tly needed. l'hr 
composition of the FFA was found to diffcr from 
that of neutral fat both in apllitls ;~ntl thc, silk- 
worn16,*. 

In their total fatty acid co~nposition, insccts follo\rl 
a pattern similar to that in liiglier animals in that tl~c: 
majority of fatty acids pi-escnt are of chain lcngtl~ 
C,, to C,,. One of the unusn;ll f(5atnres is the 
~~resencc of C,, ~)olyunsatnratcd fatty acids in 1;lrgc: 
a m o U n t S ~ ~ , ~ ~ , ~ ~ . a ~  . I)ij,tevn seen1 to contain more 
palmitoleic acid and it has bccn suggcstcd t l~n t  it 
plays some important role as yet ~~~ icxp la ine t l :~ I -~~ .  
Gilby4, on the basis of the data available, co~iclud~tl 
that since the fat reserve of insects is ~iiainly in tlic 
fat body, extracts of whole body lipids tcnd to 
approximate the composition of tlw lipid in tlic 
fat body and also that thc major fntty acids, :rItt*r 
saponification of crudc lipids, will hc similar to t l ~ c  
fatty acids of the triglyccride fraction. 'Tl~csc 
conclusions arc not valid. Fawzi t t  al.l+l~o\vctl 
that some phospholipids found in thc total lipid \\.;LS 

absent in the fat body. Similarly, in thc silk worn^ 
only about 17 per ccnt of the pllosl>l~olipid ~)rcsont 
ill the total lipid was found in the fat body. I'urtl~cr 
there was no correlation between tho total fat content 
and its composition between the fat I~ocly and the 
whole insrctH. 111 both the cases mmtioncxcl tl~crts 
was a diffcre~lce in tlic: fatty acid composition also 
(Tablc 2). These differc.ncrs becon~e accc~ntu:itctl 
as analysis of other tissues are carried outX. 

The interest in the chemistry of insect phospholipicls 
is increasing with the realization of tlle importance 
and participation of phospholipids in almost all nsprcts 
of normal r n e t a b ~ l i s m ~ ~ . ~ ~ .  A cursory eramination 

of the pul)lisl~ctl t lat ;~ sl~ows that tllc: v;lri;~tion is 
I ~ I I C ~ I  111or(: ~) ro~~o~nicc( l  tlliln i l l  otllc.~. lipid fr;lctiotls. 
'Ill(. p c ~ c ~ ~ t i ~ g c .  of ~)llosl)l~olil)itls in the tot;~l f:lt 
varies from 0 to 40 pel- c ( ~ ~ ~ t l ~ ~ ~ " ~ : ~ ~ : ~ *  ant1 111) to 
60 pcr ccnt in some tissnes. lixwzi 61 al.'\nntl 
Sclnnitlt imd Osrn;i~l:'!~ fornld sonicx pl~ospl~olipitls whicl~ 
do not co~ltain any 11it1-ogcn. F l~ r t l~c~r  fractionntio~i 
of tllcs total pllosl)l~olil~itls into in<livid11;~1 com~)o~icnts 
rcbvcalctl I;trgc* \rnri;ltions, fl-on1 t l ~ c  non-cxistr~~c(: of 
single con~l)one~lt:~(; to t l ~ c  wl~olc pl~ospl~olil)itl Ix:ing 
madc 111) of on(: or two con~l)o~~cnts"~~ ' .  \\'it11 
:ill this variation tl~c: principal constit~~cnts of tllc 
~~l~osl)holipitls I-crii;~in c~sscnti;llly tllc: salnc: as lo111ld in 
I~igli(:r ;lnimals, viz 1)hosphatitlyl cllolinc, ~)l~osl)l~atidyl 
scrin(< and ctl~anolaniin~. ~)lrosphatitlyl inositol, 
sphingosinc and plnsrn;~logr~ns~~~~ (T;tljI(b 3).  :\I) 
c~sccption is tllc tinding of spl~ingomyc~lin in t l ~ c  
11ousc4y. d l .  donzrslic~a, wllosc, cholinc: is rcpl;~cc.d 1)y 
c~tllanol;u~ni~ic~:'. 

i l l t l~or~gl~ Cl~;~utlhary ant1 L ~ ~ n o ~ l d ( : ~ ~  oIjs(:rv~d thc 
chnngc~s in ~)hospl~olipids (luring tllc. lif(:-cycles of 
somc insects to I)c so vari;~l)lc tirat t l~cy wcrc ~uiablc 
to draw any gcnvn~lizations, I%cil)t:r el (11.:"' \vorking 
with ~nod(arn tcclnlicluc~s sllo\vc~l thc ~)lro.;l~l~olipid 
~)attrrtl of Plronr~iu uegirta to 1)c same at ;)I1 stagcs of 
tl(~ve1opment of the i~iscct. l';lylor ant1 Hodgson4" 
found t l ~ c  pl~ospl~olipid 1)rofilc of ~nitocllo~itlri;l, 
microson~es, the solnblc frxction :~ncl the rcsiduc, 
not to dif'fvr significantly from t l ~ : ~ t  of thc nliolc 
organism. Tllcy conclndrtl that ~)l~ospl~olipids 
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Now tthat the rolc of coenzyme J? in mitocholldrial 
 AXLE 3 - 1'110~1~11<11.11'111 ~ O ~ l ~ l l ~ ~ . l ' ~ l l ~  01: S I I \ I I ~  LNSEC.TS lnt%tabolisnl and its biosyllthcsis, probably via 

1. 
li. '11. P. I .  ubichromcnol, and that of vitamin E in reproduction 

, . , , have been fairly well estnblisllcd, it will be worth while 
ti~nl:' to start investigating thcse com~ounds and their role - - 

in insect metabolism, at least to prove or disprove 
I'!~~~s[)l~oli~~i~l* 8.6 18.75 

( l l l f i . / ~ .  "( '1 \ v ( )  
8'01 5'82 the present assmnption tliat fat-soluble vitamins are 

1 i s 1 1 ~ i I  62 17 123 28 not required by insects. Coenzyme Q, nbichromenol 
; I I O ~ ~ I I C  and vitamin R were s11o\m1 to be prclscnt in the silk- 

containillc ctl~:ulol:unint. can cnl-I-v o111 tile functions 
prrfornlc~d in otller org;~ni.;~n.; I)y pl~ospholipids 
containing cllolino. 'l'l~is might I)c tllc rc.a.;on for 
ccphalin I)c,ing tllc: most ; t l )~~n( l ;~n t  C O I ~ ~ ~ I I ~ ~ I I ~  of tll(: 
pllosl~holipids o l  1) iFt~r t i .  111 ;I scric,s of studics 
Xvn.l)~lrgl~ ;ln(l his : I S S O C ~ ; I ~ ( ~ S ~ ~ - ~ ~  IIIIVC SIIO\VII ~ I I C  
ability 011'. rc2,yirua to I-cpl;~cc cl~olinc: it1 ~)l~o.;l)holipicIs 
by 7-mcttl~yl cl~olin(., 2,2-tlim(~tllyl iso;unino-iso- 
prop;inol, tlinlctl~yl ;unino 1nct11:1nol :111(1 n~onornc:tilyl 
anlino mc~tllanol :und ;~lso c-tll;u~olarninc, I)y tilt: 
labt t\r.o \v111,11 grown on syntl1chtic t1ic:ts. Similar 
ability for rc~pl:lcc~~ncnts w;is lorn~cl in .I/,  do/rlestica 
whosc pl~osl)l~olipitl prolil(! is wry  similar to tlrat of 
P. r e g i 1 1 ( 1 ~ : ~ ~ ~ ! ' .  Sritll~ar;l ant1 Ii lr ;~t~ fo~mcl :L \,cry 
rigitlly I)ou~~tl  protc.in :~ncl ~~olys;iccl~;u.itIc wit11 tllc 
])l~osl)l~olipitl. l'llc vast tliHr'rcncc~s lonntl in 1-111: 

distril)ution of ~)l~osl)llolil~id.; in \,arious org;lns of 
the silk\vorm \\.;IS ta1cc.11 to mc,;ln tll;~t tllc tlistribution 
n:ls nccordil~g to tllct ~ntst;tl)olic status of c:lcl~ tissue. 
Tllv c~wlier ol)sc>rv;~tions ol (;rq)t:l and I<ar~i l )o j~~ 
on tilt: rc~l;itionhl~ilj I)c~twc-crl 1111) lipitls and tl~c. ability 
of the silligl:~tld~ lor protc~in syntl~c>sis ant1 sccrc,tio~~ 
\v:rs tllor~gl~t to 1 ~ .  tl11c to t l ~ t *  rolo of ~)l~ospl~olil)ids 
in protein syntl~csis ;inti scscrc:tion\ A similar 
distril~l~tion I)c*twc.cSn ncutritl lipitls and l)llosl)llolipids 
~vas  reportctl I)y I;;~st a ~ ~ t l  l<ro\z~n:". In the silIi\vorrn 
also tilt' 1)attc1-11 w;ts almost simil:lr. 1)ut for tI1t: 
higher stcaric ;~citl co~ltcllt. 'l'ypical of :dl :rnimal 
pl~o.;pl~olipids, tl~ch silk\vorm ])l~oq)l~olipitl cont:titlcd 
morc of stcaric acid tlt:ln ~xilmitic acidx. Sn:lke 
venoms rc~l(~nsc~t1 considcral)lc 1'1;A lrom pllospl~olil)ids 
ant1 I(,citl~ins irt vitro but conclusion as to \vl~etllcr 
only un\;~turatctl fatty :~citls \vc.re I-clc:tsetl conld not 
be rcacllctl? '?'II(. \ r~ .~ lon~s  on i~~j(:ction into sillcworms 
(ap~)rosim;llcly 1 ~ n g .  per I : I~v ; I )  \vcrr not only 1ctli:ll 
within ;~ l~ou t  10 mill. 1,111 also r;lisctl the 1'FA con- 
centration fi\.cfold. l'he fatty :~cid composition of 
this ITA, taking into consitl('r:ltio~l tllc FICA originally 
present, was m:lil~ly 1111sat11r;lted fatty ;~cids ;111(1 was 
in krc.ping wit11 tllc fatty acid co~nposition of IiPA 
relcasctl l ~ y  thrsc vcsiioms irt v i tro on pl~ospholipitl.iX 
(also unpnl~li~llrd data). 

The sterols of insccts 11nvr 1)cc11 e~stalsi\.cly 
rel-irwed1~4~"-". I'rc~vious rc,\.icws on i~~s(<ct  lipids 
have not takcn into consid(-]-ation otllcr lipid colnpo- 
nents, generally clnssificd ;IS unsaponilia1)lt.s. Tl~is is 
due to the ncgligiblc  mount of work tlont: on these. 

worm. Althougt~ adecluate data wcrc not available 
for compauison, lnrgc differences were seen among the 
insects s t~d icc t "~" -~ .  Till the recent isolation of 
vitamin A from the eyes of the housefly and the 
h o n e y b r ~ " ~ ~ , a n d  tllc dcmonstmtio~~ of its possible 
rolc in their vision, the status of vitamin A in insects 
was open to question. Even now answers to such 
questions as to how far vitamin A participates in thc 
vision of insects, ancl if so, what percentage of vision 
is mediated by it compared to other eye pigments, 
will have to await more work. 

Nutrition 

Stltdies on tllc tlnalitative and quantitative lipid 
req~~irements of insects have not been extensive. 
, . I hosc matlc on a few insccts have emphasized the 
similarity between insects rind higher animals 
regarding the necessity of supplying polyunsaturated 
Entty acids from external sources for tlleir rlormal 
growtll :rnd dcvcloprncnt""-"%nd also OII the effect of 
tlietnry fat on depot fat. The first view has been 
corltirmed botll dircctly and indirectly while the 
s cco~~d  one is still debatnble"~GG. Gilmour3 concluded 
tlrnt gcncrnlly 11igt1 fat diets influence body fat 
composition to a greater extcnt than low fat dicts. 
In thc mirlgt:, 7'. Lewis, the adults contained polyenoic 
acids very similar to those in its diet". In tile casc of 
bollwccvils, feeding on both natnral and artificial 
dicts, it was sliowll that thc fatty acids stored in the 
I~ody fat were an exact c1uplic;ltion of those in the 
f~otl". Generally, though the fatty acid pattern of 
thc tlrpot Int is samc as that found in the diet, 
co~~siilc~r;~ble diffcrcnccs ;uc obsc~vcd in thcir pro- 
portion nnd also in tllc manner they are storecl in the 
1)ody. 111 this respect it is also important to note 
that tliffcrcnces are seen I~ctween insccts of the same 
sl)~iccj  grown on sy~ltl~ctic dicts with added fat and 
thosc on natural food with added fat. After an 
oxtc:nsive survey of t11c;t: effects Lambrcmont et aLfiS 
co~icl~~decl th:rt although numerous examples are 
cited in the literature to il1ustr;lte the influence of 
dietary fat on the fatty acid content of depot fat, 
this rrlationship is not easily correlated in insccts 
fceding at random in tllc field or on a large section 
of a plant (or any natural food) in the laboratory. . . lllis argument holds good for some other insects 
as r n ~ l l " ~ ~ , ~ ?  In thc silkworm, fceding of varions 
fatty acids from C, to C!, chain length as sodium salts 
at  nentral PH along w ~ t h  its natural food, the mul- 
I~crry lraf, did not affect the body lipid composition 
signific;lntly. However, the growth of the insect was 
inhibited in a particular fashion and the kit content 
showetl a decreasem. On the other hand, fceding 
of the samc fatty acids ;IS triglyceridcs under thc 
same conditions again ditl not affect the lipid com- 
postion, hnt fitvoured growth and caused an increase 
in the lipid content. 111 the formcr case there was a 



generalized decrease in the activity of lipnsc in the 
gut, while there was an increase in the lattcr. 'Thcsc 
and other r c s ~ ~ l t s  were interpreted to mean that tlrc 
absorption of lipids in thc insect was controlled 
by the lipasc level of the grit, \vhose activity was 
in turn corltrolled I)y the FI'A concentration7. 
That ot l~cr  insects can also mct;ll)olizc estr;~ncous 
fatty acids has been amply d c m o n s t r ; ~ t c ~ ~ ~ ~ . ~ ~ .  

Feeding of glucose hat1 no cffcct on thc. lipid 
composition of the silkworm 1;~rv;lc :rncl the al)sc!nct. of 
conversion of c:lrbolmydratc~ to fat w;ls f ~ ~ r t h e r  con- 
firmed by rdioactive str~dics wit11 lahrllcd glucosc7'. 
Conversion of fat to  carl)olmydratc was cl;iimc:tl Ily 
Hsncn and l';i11g~~ but was not confirrntd I)y st11c1ic.s 
with Iabelletl fatty acids7? Clemrnts7" :~lso shourcl 
the non-con~rrsion of kit to carbolmydratc: in thr 
locust fat body. Dadd7" fount1 thot various fatty 
su1)stances were totally ineffective as suhstitutcs 
for the large proportion of car1)oliydrates reclr~iretl 
in the dict of locnsts. Although ;L definite ant1 
important relationship hetwccn stcrols and fatty acith 
in the nntrition of higher animals 113s been  show!^ 
t o  ~ s i s t ~ ~ , ~ ~  and considerable controversy exists 
as to the relationship of sterol contcnt and athero- 
s c l r r ~ s i s ~ ~ ,  no attempt has been made to examine 
this correlation in insects except in the silkworm 
where neither the fatty acids (both in the freer iurd 
estorified form) nor the sterols had any caffcct on 
each other when included in the ( I i ~ t ~ , ~ $ .  

Su].)plementation of sterols from cstcrnal sourcc's for 
the nornmal dcvclop~ncnt of insects is \veil ~IIOWII*"-*". 
Differences do mist in the ability of various insects 
to rltilizc? sterols supplied in the diet. Lcvinso~~"~~""  
has shown an c\.olution;lry trcc in this respect 
deprntling on tho n~unbcr of stcrols that  an insect c;m 
utiliar. 'l'hc t h c o r ~  of Clark and BIOCII*~ that 
some c<;.;entinl role pl:tyed by cholcstcrol (rcquiri~lg 
only minute cl~~antitics) cannot 1)c achierc!d by 
repl;lcing it with other sterols while all other fnnctions 
can I)(' seems to I)(. gaining support from the studic.; 
of K;~pplanis ct ~ 1 . ~ " .  Thrrc is ;~lso snfficient cvitltancc 
regarding thr: ability of these insects to cffcct tlicsc. 
convctrsi~ns"-~~. I,csvinson'sx demonstration of the 
al~ility of .If. rlontcstic~a to convert 12-sitostcrol to 
cholcstc~rol coultl not be confirmed by l<nppl;l~~is 
et al.x6. That the insect's gut may I)c the sitc! of 
thrsc conversions was dcducecl by considering the 
varions thcorics on thc motle of a11sorl)tion of sterols 
in higher animals as applied to insects ;urd by 
comparing the sr~hstrate specificity of th r  stcrol 
csteriiying cnzymch!'. This enzyme, which lind bctn 
carlicr demonstrate-d in thc tissue; of thc cockro;icl~~~', 
and the one c;ll)al)l~ of Imydrolysing stcrol csstcrs wtLrcs 
shown to bc prescnt in the silktvornl. 'The estcrifying 
cnzymc showcsd ;llniost the same pattern of specificity 
tow;irils sttlrols and particularly h t t y  ;~cids as that 
found in higher animals"~"". .This specificity and 
other consideratio~ls led the author to conclude tlrat 
estcrification might he a prior ncccssity for stcrol 
absorption as suggested by Noland":' and that  this 
determines the differential ability of insects to  otilizc 
more or less numl~er of stcrols depending on thc rate 
a t  which they can I)c c!sterified ;lnd absorhcd". 
Ishii et a l . g ~ o n n i l  high concentrations of estcrifictl 
sterol in the fat I,oclv, wings and ali~nc,ntary tract of 
Pevipluarfa al+zerirc~i~a :~nd  sr~ggestcd that c:stcrific:l- 

tion n ~ n y  I)(' inm1)ort:lnt in sltbrol stor;lgcs. In tlic 
silkworm, I~oivc:vcr, the I)nbsc:ncc: of cstcrifying erlzymc 
a t  I~ighcbr lc:vcls tl1;111 t l ~ c  l~y(l!.jytic ( a ~ r z y ~ ~ ~ c . ,  \vl~ile 
most of the: stcrol was in tl~cl frc:c: forrn, Icil to tlrc 
;~ssn~nption tlr;lt str,rol ~~stc:rs In:ly 1);trticip;ltc: il l  some 
tr;lnsc.stcsrific;~t ion rcL;lctio~ms. 

Nr~trition:~I studicas in insrcts 11;1vc% ;~lso .;lio\.h 
th;lt ccbrt;lin ins{.cts C;LII sclctctivc.ly ; ~ c c ~ ~ m l ~ l a t c *  
cholc;;lcrol from t l ~ c  tlic:t in tl~c! prcsencc of even .. 
grc;~tcr concentration of otl1c.r s t c r o l ~ ! ' ~ ! ' ~ .  1Vhy and 
how this is I)rol~gl~t ;~l)out :trcb fascinating problems 
to tackle. One lnnsil,lc: cxpl;ulation i.; tlr;~t tlic 
stcsrol t!stc~riIying onzymc in the* gut, h: lvi~~g a \,cry 
high specificity to cl~olestc~rol, f;lvor~rs cl~ole.;tcrol 
absorption at  ;I I ~ I I C I I  I:lstcsr ratr, tl1;~11 otlmcrs, i f /  
cstcrificatio~r is ncccss;lry for ;~l)sorption, :ls tli.;cr~.~..cd 
I)rfore. lic:cc~ltly, Sissman ct ul.!'!' I I ; I Y C  s l~owr~ thc 
ingcstctl storol to Ilc tl('gl-;~d(~l ;tnd cscretc:d ;LS follows 
in Z'ribolinri~ coizficsicnt: 

. . Iherc! arc :I numl)c8r of reports i~~dic;lting that  
farnclsol :u~il stcrols arc implicated in I ~ o r m o ~ ~ a l  
n c t i v i t i e ~ ~ " ~ ' - ~ ' ~ .  Some tlonl)ts 11:tvc ;llso I)ecn 1,s- 

prosscd ~ L S  to \vl~ctlr('r t l ~ e s ~  :lctivitic:s ;trc clue to 
cont;~~ni~r;ultsI~~~~I~~~. \Vitl~ tl~c: tlc~nonstmtion of 
filrncsol :IS ;LII insect scs :~ttract;l~lt"'~, some stcsrols ;LS 
ph;~gos t i~n~~l ;u~ts  ;u~tl ;I tritcrponc as ;I ~)ossihle food 
;~ttract;mt~~'*, ant1 thc: krlown vit:lmin n ; ~ t ~ ~ r e  of 
cl~olcsterol, it :lppc5;lrs ;IS i f  tl~csc: v;lrions fr~rlctions 
:Ire intricntcly knit together. This prol~lcm is 
furthcr complicatc~d 1)y the ;d)schncc of any significant 
cffcct on 1:lrv;rl mo~~lt ing.  pr~piltiot~ or ;ltlr~lt clcvelop- 
mcnt by t~strancously ;~il~ni~listc!rctl sterols, evtsn a t  
levels wlrcsrc: accum~~l;ltion occurs ill  it11 tissl~cs of thc 
i ~ l s e c t ~ " ~ ~ ' ! ~ .  

111 almost ;LII thc c:~scts stutlicntl, insects have. I)ccn 
sl~own to rc:cluir(: cl~nlinc~:~. 111c)sitol w;ts ;ll.;o ior~nd 
to I)c i~idis~)t~~~s;lble~~"-I~:: ' .  l'horstc~i~lson ;lntl N;ly;lrtL:' 
havc tl(s~norntratctl tli;lt phosl)h:~titlyl choli~lc: ant1 
~)l~osplri~tidyl-i~~ositol isol;~tc~tl from whc;~t gc:rm oil 
cvokctl fccscli~~g :tctivity from oltl I;ir\.ac: ;lnd ;~tlults of 
two spc3cic.s of gr;~sslloppc.rs. '1'11~ stcrol of the 
mulberry l(::~f, now itlctntitictl ;ls $-sitostcrol (chole- 
sterol h:1s also I,c:cn l o ~ ~ n t l  in pI:t~iti"~) W;LS SI~O\VI I  
to I)c ;I spcscific ;lttr;~ct;~nt for tl~c: ~ i l k w o r r n ~ ~ ~ ~ " ~ .  
'fllcsc \ ,ar io~~s ol)sc~rv;ltions I ~ r i n ~  to the fort. tlrc 
complications that  arise duc to vcry closcly relatcd 
compounds acting as vitamins, I~ormones, attrxctants, 
c:tc., and point to thc tlifficulty of working on these. 
On(! is at  ;I loxs to  tlctcr~ninc wl~cre one function 
ceases ant1 wl~csrc. thc: ~ l c s t  one commences. 

\Yhctl~c~r :dl in.;octs rcscl~~iro p-c;lrote~~ct in thcir diet 
as  ;111 c,sso~~tial n~~t r i r>nt  is still doul) tf~~l .  Dadd7" 
showed tl~;lt $-carotc~nc: w:~s Ilc:cc!ss;lry ;kt least for 
normal pigrnent;ltion in Sclcislocr:crccc :urcl Locr~slu, and 
~ ~ s s i l , l y  for growtl~ :~lso. h lnr t l~y l~ '  11ild S~IOIVII  that 
tlrc silkworm rc:cl~~irc*tl ;l pl(:ntifr~l supply of $-c;~rotc:nc: 
along wit11 otllcr vi t ; lnl i~~s for good growtlr. Till 
very n>cc.ntly it w:ls I)c,lic:vc:d tlr:~t ~-c:~rotc:i~c~ c:lnnot 
convc.rtct1 to vitamir~ A and th(* prcSscsllcc. of tl~c. 1:lttl.r 
itsclt was o p c ' ~ ~  to cl~~c'stion. 1311t with thc dt!~nonstr:~- 
tion of vitamin A in t l ~ o  eyes of the liouscfly and t11c 
l ~ o n c ~ y l , c c " ~ ~ ~ w . ' ~ ,  onc: 1 1 ; ~ ~ ;  to bc c;lrc*ful while putting 































N O T E S  Pt X l S W S  

Pseutlouritlinc II:IS Ixen isol;~tctl 
from commercial ~~r i t l inc  I y  
boiling in l~ytlrazine hytlratcs. .4 
new method Ir:~s I~cen dcvelopctl 
;ur ,,,."r.;-~e tl:c polynuclcotitlc 
plroslil~orfl;~~c. of ICsc.1,. coli. 

I n  tlrc 13iotlvn;11nirs Srction, 
nidation, ovulation, nlannollc~ptu- 

:.nd tl~c, I)iolo~ic:~l nspc.cts of 
the I,rccatlinq 11;ll)its of tl(~st~rt 
ro(lcnts wcbrc ~urtlrr invctstigation. 

I~nni~~nolopic;~l  stutlios on 
gon;~(Iotrolii~ls 11avc lrtl to t l ~ e  
in~provvnic~~t  ;1nc1 purific:~tion 
of t l ~ c  n~;~tc.ri;ll, ant1 to clc:~r 
untlc~stantling of tlle varion< 
comfioncnts. I.:nongIr tecl~nical 
ant1 tlreo~-ctical information 
Iratling to tl~c, I)c~ttrrnmcnt ol t l ~ o  
tcscl~niclucs lor rncy:~surenmcnt of 
got~adotrol)ins in r~rinc ;ultl I)lootl 
;md for the tlctcc-tion nntl c~u;lnti- 
tation 01 I)iologic;~l ant1 i~nniuno- 
1ogic:rl activity, as  well ;IS of 
~mpnriticss in co~~ccnt~. ;~tet l  ;111(1 

relatively puritic-tl cstr ;~cts  II:IS 
I~ern  ohtainc(l. 111 tllc liiol)l~ysil.s 
Stbction, some of t l ~ r  pllysico-cl~cmi- 
c;rl prol)crticis of poly;~n~ino ;~citls 
in solr~tion Ilavc: I)tzen csplorctl 
theorctic;~lly as \\.ell ;IS cspel-i- 
nicmt;~lly. I\;c:\r tc~c:hniclucs I~ave 
been worketl out for t l ~ e  selcctivcb 
chemical cl(~;l\,;~g(: of ~)cbptitlcs ;~ntl 
proteins. 11 method for the syn- 
tlresis of L-cysteinc. pcptitlcs II;IS 
bccn dcvisctl. A new procc~lurc 
for the syntl~csis of poly-I*-lysine, 
vi :~ E, N-triflaoro-accxtyl-a, N-cal-- 
bosyl-lysinc anl~ytlritlc I ~ n s  l~ccn  
evolvetl. A new technicluc has 
bccn \vorkcrl out for the prep;lr;t- 
tion of poly-t-argininc from poly- 
L-ornithine using I-g11:unyl-3,5-di- 
metl~yl  pyri~zole 11itr;Ltc as ;I g11;~- 
ni(liz;ltion re~gc.nt. A mratl~otl of 
selective NRS-clr;~vage of Iristitlyl 
bonds 113s heen tl(~vclopi~tl. 0lttic;tl 
rotatory dispersion ; ~ n d  infrarctl 
studicss matlc on solutions of p l y -  
I-bcnnyl-I.-l~istitli~ic (1'HI.H) in tlrc 
solvent system cl~lorolo~.m-tli- 
chloroacetic ;~c:icl (CHC1,-I)CIZ) 
have int1ic;ltctl that this pol!.mcbr 
esists in thrco tliffcrcnt lonns 
depending on t l ~ c  solvent com- 
position. Thc investigation of the 
protein complrses occurring in 
soyhean II:IS sl~on'n that soyl)c~;un 
meal contains, in ;~tltlition to 1rc.c. 
oligo- ant1 polysacchnritlrs, ncr~tral 
carhohytlratc~s link(5tl to ~)rotc>ins. 
The prescsncc in soyliean of ;I 

mat(,rial associ:~ting rcvcrsilily 
wit11 the triglycosiclc 1,3,5-tri- 
(~-glycosylosypl1c~nyI;1zo)-2,4,h-tri- 

I~ytlrosy-benzene to  form specific 
precipitates has 1)ccn detected. 
A new mt>thod for the isolation 
oI lnrgc clna~itities of cell walls 
ant1 for fractionation by column 
cllromatograpl~y ol  the lysozyme 
digests ol tllcsc walls has been 
tlevi;ed. 

111 thc~ Cell Biology Section, 
studics II;I\Y: been made on the 
~nol(~cular tleterminants of cell 
tlitTcrr%nti;ltion. I t  has been found 
that the t l~ymus induces the dif- 
ferentiation of cells originating 
elscwhcrc~ in the organism. A 
tl~csory suggesting a selective 
action o[ chemical carcinogens in 
tunlour intluction has been de- 
vclope(1. In  thc Chemical Im- 
munology Section, tht. synttiesis of 
lligllly ~.;~tlioaetivc! nntigrnic and 
II~II-antijicnic n ~ ~ ~ l t i c h a i n  polypep- 
titles, making use of tritiated 
;~laninc, llns 1)ee11 mad(-. A metl~od 
lor thc ~I~I~IIIIO-specif ical  anti- 
1)otlic.s to s ~ n : ~ l l  antigens, natoral 
or syntl~ctic, has been developed. 
11 substancc~ has hccn fonnd in a 
r~iulticl~nin copolypcptide that  
induces in guinfa-pigs s prolonged 
state of tlclayed hypersensitivity 
not associatetl with detectable 
circu1;lting antibodies. Poly-DL- 
;~ l ;~nyl  tryisin and poly-IIL-alanyl 
chymotrypsin h ~ v e  heen synthe- 
sizcstl ;lilt1 cl~nractcrizetl. 

In the Electronics Section, 
sc\.eral new instruments have becn 
designed. A detailed study of 
thtt symnmetry ol tllc linear optical 
properties of magnetic materials has 
lcd to  thc prctliction of :I new optical 
(~Hect, namely nonreciprocal biref- 
ringence. :in automatic record- 
ing, constant velocity Mosshauer 
sl)rctrometcr for 57Fe has been de- 
signcbtl ant1 constrnctcd. A set 01 
f i \ . c s  instrnments has been designed 
ant1 constructetl for the measurc- 
ment of minute rilirations (with 
an~l)litutle of the order of a 
f(bm .4ngstroms) and for providing 
suitable permanent facilities for 
future research in magnetism. 
'flic s~~spension of a body without 
any corpuscular contact, with no 
sr~rrounding fluid ant1 without a 
scr\~oniecl~:~nis~n has been made 
possible. A new magnetic device 
consisting of ;I very small magnet 
in a plastic sheet, t l ~ a t  can be 
introtluccd into such tubes in the 
I ~ u m ; ~ n  botly as blood vessels or 
t l ~ v  ocsopl~ag~~s,  lias been dcvelop- 
c ~ l .  '1.0 en:il)lc simrrltancous EEG 
rccortling from a few brain loca- 

tions an arrangement for multi- 
plexing in transistorized networks 
has been d~\~eloped.  

In  the Esperimental Biology 
Section, studies on N-hydroxy- 
urethanemetabolism have led to the 
development 01 a chemical method 
for its estimation in pure solutions 
and biological fluids. Work on 
the esploration of the possibility 
01 obtaining a cell-free protective 
factor from heterologons sources 
(sheep spleen) llas shown promising 
results. Stndj7 on the role of 
progesterone in mammary carcino- 
genesis has led to the unexpected 
finding that  this l~ormone appa- 
rently enhances metastasis develop- 
ment among the mice hearing 
mammatrophic tumours. Several 
instruments have becn developecl 
for implantation of electrodes into 
the brain. 

In the Genetics Section, the 
study of chemical carcinogenesis 
in tissue culture has shown that  
a hereditary cell transfornlation, 
resulting in a change of cellular 
organization can be ~nduced by a 
short-term treatment of hamster 
and mouse cells with 3,4-benz- 
pyrene and 3-methyl cholanthrene. 
Study on differentiation of Iym- 
phocytes and antibody formation 
has shown that  after seeding on a 
feeder layer of niouse embryo cells, 
lymphocytes from the thymus of 
adult mice can differentiate to  mast 
cells that produce histamine. 

In  the Infrared Spectroscopy 
Section, studies have been made 
on the properties of small mole- 
cules. While carrying out cs- 
periments on pressure-induced 
shifts two new effects have been 
observed. \I;'lien DCl gas is per- 
turbed by HC,l, lines associated 
with ground states having odd J 
numbers have been iou~ld to shift 
towards higher frequencies, and 
those with even J towards the 
lower frequencies. When hydrogen 
fluoride is perturbed by xenon 
the pressure-induced shift of lines 
has been observed. A theory has 
been developed of vibration rota- 
tion interactions of the general 
linear molecule. 

In  the Isotope Research Section, 
the de\~elopment of micrometl~ods 
for the an:~l~,sis of stable isotopes 
in materials of biochemical in- 
terest, the low level counting 
of the annihilation radiation of 
positron emitting isotopes and a 
double tracer trchnique for the 



detennination of the rate of de- 
iodination of thyroxine in humans 
are the important achievements. 
An improved large liquid scintilla- 
tion counting system for the detec- 
tion of naturally occurring tritium 
and 14C and a pulse handling unit 
for low level radioactivity counting 
systems have been designed. 

In the Nuclear Physics Section, 
studies have been made on nuclear 
structure, nuclear reactions, many- 
body theory and the Mossbauer 
effect. Mossbauer effect has been 
found to depend primarily on the 
source atom rather than on the host 
lattice. The measurement of the 
magnetic moments of the first 
excited states in even tungsten 
isotopes and in one isotope of 
osmium has shown the strong 
dependence of the magnetic 
moments on the atomic number. 
A new experimental technique for 
measuring mixing ratios between 
electric and magnetic transition 
probabilities by angular correlation 
methods in some particular low 
energy electromagnetic transitions 
and a new method for high 
resolution fast neutron spectro- 
scopy have been developed. A 
heavy particle spectrometer consist- 
ing of specially designed clectro- 
static lenses and an electronic cir- 
cuit capable of automatic and pre- 
cise subtraction of random coinci- 
dences from recorded coincidence 
counts have also bccn developed. 

Among the new compounds 
prepared in the Organic Chemistry 
Section are two isometric bisde- 
hvdro-[I21 annulencs and a number 
of A-homo-steriods ~vith a hetero- 
cyclic ring attached to ring A 
and 3-methylcyclobutene. Elcc- 
trophilic substitution reactions, 
such as nitration, sulphonation, 
etc., have been carried out wit11 
macrocyclic compounds for the 
first time. The structures of 
elateric acid, cann;ibicliol, a major 
constituent of hashish, antibiotic 
cannabidiolic acid, oleuropeic acid 
and pentaphenylpliosphorane have 
been determined. Five nitrogen 
free compounds of a terpenoid 
nature have been isolated from a 
plant of the Solanareat. for thr first 
time. 

In the Photochemistry Section, 
investigation of the applicational 
aspects of the ' photochemical 
memory ' system has been carried 
on. A ' flash pl~otolysis ' appa- 
ratus capable of operating in a 

wide temperaturr range has 1,cc.n 
built. 

In the Plant Genetics Scction, 
much attention has been paid to 
the morphogenesis of reproductive 
plant. A proper radiocarbon 
tracing technique for both IAA 
and its precursor tryptoplianc. and 
a technique for X-ray induced 
growth stimulation of corn seed- 
ling irradiated 24 hr after the 
beginning of germination (hydra- 
tion) and growth under controlled 
light and temperature conditions 
have been found out. 

Dr L. B. Singh 

Dr 1,al Behari Singh has hern 
appointed Director, National 
Botanic Gardens, Lucknou. 

Dr Singh (b. 1 June 1921) had 
his early education in Snltanpur 
district, UP. After graduating in 
agriculture from the Agra Univcr- 
sity in 1943, he proceeded to 
England where he obtained the 
Ph.D. degree in Pomology from 
the University of London in 1948. 
The same year he was appointcbtl 
Assistant Professor of Horti- 
culture, Government Agricultural 
College, Kanpur. In 1949, he 
joined the Fruit Research Station, 
Saharanpur, as Horticulturist 
and in 1957 he became the Dirt:ctor 
of the Horticultural Resrarch 
Institute, Saharanpur, whcre 11e 
worked for five years and raisetl 
the Institute to the status of ;i 

first rate research institution. 
Dr Singh's research work on 

papain during 1956-57 at  Saharan- 
pur earned for him thc tlistinctio~~ 
of being the first to receive tllv 
Rafi Ahmad Memorial A\z;lrtl. 
He also won the Watumull Aw;lrtl. 
the first international award in 
the fiel(l of agriculture confcrrrtl 
by the Watumull Foundation. 
Hawtii, in 1961, for his notahle 
work in the field of horticulturc,. 

T)r Singh proc~edrct al)roatl in 
1958 for sprcial training at tht, 
leading horticulturc resrarcli insti- 
tutes in USA, U K  ant1 at othcbr 
institutions in Europe for a sllort 
period under the Rockefcllrr 
Foundation Grant. 

Dr Singh has puhlishrtl SO 
research papers and is the ;t~itIior 
of three books on horticnlt~~rc. 
His book on mango has bc~cn 
considered as an o~rtst;incling 
publication. He has also heon tllc, 
Editor of Horticrrlti~rul A ~ / ? ~ N I I C C S  

(1957.62). I)r Singli is a Fellow 
of the I(ov;ll Hor~ici~ltrlral Society, 
I.ontlo11. 

New Periodicals - 
.. 

Brain Research 

This new monthly journal $ a ~  
volumes per year), to be published 
hy 1Slsevier Publishing Co., will 
start appearing early in 1966. 
The journal is intrntletl to serve 
as a medium for the publication 
of original research reports, short 
communications, review articles 
and book reviews dealing with 
the central or peripheral nervous 
systcbm and rctlatetl subjects. Its 
scope will cover the following 
tlisciplincs: ncuroanatomy, neuro- 
chemistry, neurophysiology, neuro- 
entlocrinology, neuropharmaco- 
logy, nc.urocommunications, beha- 
vioural sciences, molecular neuro- 
logy arid biocybcrnetics. Results 
of clinic;~l str~tlics of fundamental 
importance having a direct bearing 
on the knowledge of the structure 
and fntiction of thp brain, spinal 
cord ant1 thc pcriplicral nerves will 
also bc ~)ublisl~ed. Subscription 
rate for the journal is $ 16.00 or 
£5.12.6 pc:r volume. 

Announcement 

Atomic and Molecular Dilta 
Information Centre - A specialized 
information ccntrc callctl the 
' Atomic ant1 Molecular Processcts 
1nform;ltion Ctbntre ', \vliich will 
collrct, store, evaluate and dis- 
svminatc. inforn1:~tion relating to 
ato~nic illi(l mol~cnlar interactions 
frotn ;tll ovcsr tht: world, has been 
c~stahlisl~t~tl at thc Oak Kidge 
National Laboratory, USA. .4t 
prcwnt, tlic activities of tlic centre 
will I)(: limitetl to atomic and 
niolccnlar cross-scction data, ant1 
otlicr particlc collision process 
infor~n;ltion i n  thret! areas: the 
intcmction of h(:;ivy particles; 
1);~rticlt: ~x:nc.tratiorr through 
rn;lttc.r; ; L I I ~ ~  (~xcitiltinn, tlissocia- 
tion, io11iz;ltion ;~ntl tlt*tach- 
mrnt I)y c,xtc,rn;ll c.lvctric ant1 
m;l,qnc>tic tic-ltls. Incluirics have 
~ I I  1 ) ~  :~tltlrc~ssc~tl to (:. 1;. Ijarnctt, 
I)ircctor, Aton~ic ;uitl ~Iolrcr~lar 
I'rocc-ssc~s Informatio~l Ce~~trc.. Oak 
llitlgc National I<;il)oratory, I'.O. 
Ijos Y. Oak Ilidge, Tc:nnttssc~r, 
USA [Sci .  ~ ~ ~ ) Y J J z .  Notes 7 (No. 3) 
(1965), 91. 



New Publications 

THE WEALTH OF INDIA 
Industrial Products: Part VI (M-Pi) 

*Contains comprehensive account of development and present position of 28 Indian 

i~dustries, important among them being Machinery, Motor Vehicles, Petroleum 

Refining, Pharmaceuticals, Paints & Varnishes, Paper & Paperboards, Metal 

Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen, 

Pin & Clips, Needles, Match and Papier Mache. 

Pages xiv+315+xii Demy 4t0, 6 plates and 89 illustrations 
Price Rs 28.00 ($8.00, sh.56) 

DRUG ADDICTION 
With Special Reference to India 

by 
R. N. CHOPRA & I. C. CHOPRA 

Contains two parts consisting of 12 chapters dealing with: Drug addiction as a 

world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug 

addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit, Alcohol, 

Barbiturates, Cannabis, Opium, Cocaine, Control of drug addiction in India. 

Pages xiii+264 Royal 8vo Price Rs 12.00 ($3.50, sh.24) 

Copies available from : 

Publications & Information Directorate, CSlR 
Hillside Road, New Delhi 12 



'LAB-CHEM' 
ANALYTICAL BALANCES & 

WEIGHTS 

INDUSTRIAL, RESEARCH & COLLEGE 
. , I -  

LABORATORIES 

Manufactured by 

LAB-CHEM BALANCE WORKS 
BOMBAY II 

Contact Sole Selling Agents: 

INDIA SCIENTIFIC TRADERS 
DEALERS IN LABORATORY EQUIPMENT 

OF EVERY DESCRIPTION 

PEERBHOY M A N S I O N  

460 SARDAR VALLABHBHAI PATEL R O A D  

BOMBAY 4 (BR) 

Phone: 76336 Gram : 'Esvijack' 

S E T T  & DE 
16 Ganesh Chandra Avenue 

Calcutta 13 
Phone : 23-9588 

manufacturers of 

MOVING COIL & MOVING IRON TYPE VOLTMETERS, AMMETERS (PORTABLE & 

SWITCHBOARD TYPES), RESISTANCE BOXES, P.O. BOXES (PLUG & 

DIAL), G.P.O. DETECTORS, EXTERNAL SHUNTS, RHEOSTATS 

A.C.1D.C. CONVERSION EQUIPMENT, ETC. ETC. 

for 

L A B O R A T O R Y  A N D  INDUSTRY 

OUR SERVICE DEPARTMENT IS ALSO AT YOUR DISPOSAL 
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A RANGE FROM THE HOUSE OF 
SCIENTIFIC INSTRUMENTS I 

Equipment and instrurnenta for all branches of scioncs. 
technology md industry 

I E R M A N I  BLOC. SIR P H E R O Z S H A H  M E H T A  ID.. BOMBL1. l .  
v.8 1151, ~ A D U ~ . I  r 8 128, CALCUTTA.I. PB. 192. NEW 0~~tu.1. I 

OUR 0 WN LINE OF 
PRO DUCTS 
" GD " - Pressuvac 
Combined Pressure and Vacuum Pumps 

" GD " - Optika Microscopes 
Student and Medical Models 

" GD " - Centrofix 
Laboratory Centrifuges, 2, 4 and 8 tube 
models 

" GD" - Stirrers 
Ldboratory and Industrial Electrical 
Stirrers, wi th o r  without hotplates 

" GD " - Balances 
Student and Precision, Chemical Models 

" GD " - Laboratory Glassware 

" GD " - Hardware 
Gas and Water Taps, Burners, Clamp, etc. 

" GD " - Orsat Gas Analysis Apparatus 

" GD " - Biological Supplies 
Demonstration and Museum Specimens, 
Charts, Agricultural, Medical and Veterin- 
ary Models. Micro prepared Slides, Stuffed 
Animals, Embalmed Specimens, Skeletal 
Preparations, Plastic Embedded Specimens, 
Slide Cabinets, Insect Boxes, Insect 
Cabinets, Card Index Cabinets, Vasculums, 
Herbarium Presses, Biokits. Specichro- 
grams, Stains Alizarine Preparations, 
Aquaria. Micro Cover Glasses, Microtomes 
and Accessories, Trays, lnspissator 



Bausch & Lomb 
Spectronic 6ooE Spectrophotometer 

Today there are enough good dout,lt. beam U\' \.isihl(, Sl)ectl-opl~otometcrs to makc a 
choice difficult until you sce the Spectronic 600E. 

With two 1200 groove/mm. Gratings in series, you can t;tkc ~)crformancc for granted. 
Wavelength accuracy ant1 bandpass are 0.5 nm. ovcr the. cntirc range . . . stray 
light is less than 0.5 per cent. 

And when you discover the low pricc, thc choicc I~clc-omcs ol~vious. 

Accessories Available 

V.O.M. RECORDERS CONSTANT TEMPERATURE CELL 

DT-20 DIGITAL READOUT MICRO CEI.LS 

REFLECTANCE ATTACHMENT FLAME ATTACHMENT 

END-ON PHOTOMULTIPLIERS U-V REFLECTANCE ATTACHMENT 

FLUORESCENCE ACCESSORY 

[:or [11!1 i ~ ~ f i i ~ ~ ~ t i ~ l i o ~ ~ ,  p l i ~ t s c  x!ritC for i l l1fs ir~t icd c ( i 1 ( 1 1 ~ 1 ~ 1 1 ( ~  111 

SOI~I<  A(;I:KTS 

M A R T I N  & HARRIS (PRIVATE) LTD. 
S C l l < Y ' ~ l l ~ l C  l ) l ~ l ' , \ ~ < ' l ' h l l ~ . \ ' l  

SAVOY CHAMBERS, WALLACE STREPT, BOMBAY 1 BR 
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