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1. INTRODUCTIOE 

The previous review’ “Chronmtographic ntmlysis of plasnxdogens” (alk-l’- 
enyl ether lipids) scarcely referred to their satul-ated tmalo~s. alkyl ether lipids. In 
the Iast five years. the overwhelming evidence from biochemica1 studies on the bio- 
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synthesis of alkosy-lipids (I-alk-I’-enyl and alkyl glyceryl ether lipids) has clearly 
established the earlier postulate of Thompson’ of a precursor product relationship 
betwxcn them. Hence tihs review, Lvhich summon-izes the various chromatographic 

techniques employed in biochemical and chemical studies of alkosy-lipids in the last 
five years_ is titled “Chromtltographic ana!ysis of alkosy-lipids”_ A small section on 
the chemistry_ biochemistry and synthesis of alkosy-lipids is also included for the 
benefit of- the readers. 

2. CHE;11I_STRY. HlOCHEXllSTRY XKD SYXTHESIS OF ALKOXY-LIPIDS 

Polyol-Iipids containing ether bonds are best classified as aikyl or l-alk-l’- 
enyl ether lipids, \vhere these terms with respect to unsaturation refer only to the cc-19 

cm-bon Iinkrtge of the 0-ttlkosy moiety. The other carbon-to-carbon linkqe may or 
may not he unszlturated_ 

CH:-0-CH,-(CH,j,-CH, CH,-0-CH ==: CH-(CH,),,*-CH, 

eHZ- tiH, 

alkyl ether bond alk-I’-enyl ether bond 

Only the I-alk-l’-enyl ether lipids have been referred to by other names like plasma- 
fogens_ vinyl ethers and cnol ethers_ Roth types of- ether lipids rarei~~ occur fret in 
nature and are usually found chemically linked to other moieties like acyl. phosphate_ 

phosphontlte, phosphorylated bases_ etc_ With the esception of 12-dialkyl-type lipid?. 
the ;~lkyl and I-a&-l ‘-my1 groups are known to be linked to the C-l of plycero14 

(i~~~flrc~/Z~icrm~~~ ~!f~i_i~~idr. I UPAC-I U B Commission on Biochemical Nomenclature)‘. 
In nature, to ;t large extent. the alkyi ethers are found as non-polar neutral lipids. \vhilc 
the I-alk-I’-enyl ethers m-e Found as polar phospholipids. Exceptions to this at-e: alkyl 

ether phospho- and phosphonolipids Ofir(If~I~l~~/??~~/l~I~J~f~fiJf/lZi.Sh and alkyl ether phos- 
pholipids of beef red bIood cells’, A detailed account on the distribution of these 
lipids in nature is av:tilableJ-S_ 

Physiczll methods have been used in the characterization of tllkosy-lipids. In 
the infrared (IR) studies- the alky1 ether lipids are typified by an absorption around 
9.1f (ref- 9)_ This absorption is_ howxer_ masked in 3 phospholipid by phosphate 
absorption in that region- The I-alk-I’-enyl lipids_ on the other hand_ are character- 
ized by an absorption around 6yr (ref. 10). Naturally occurring I-alk-I’-en;1 lipids 
possess cis configurstion at the vinyl ether linkage_ The derived all-I’-enyl ether lipids 
possess both the c-iv and the wcIIz.s configuration. They are easily distinguished by P 
singiet absorption at 1675 cm-’ fcx- the former and a doublet absorption at 16SO cm-’ 
and 1665 cm-’ for the latter”_ 

The technique of nuclear magnetic resonance (NMR) spectroscopy \v;ls used 
to distinguish the isomers of free saturated, monoenoic, and dienoic alkyl glyceryl 
ethers9. NMR studies were also done on narttrzllIy occurring nlkosy-lipids”-“. 
Although mass spectrometry (MS) is becomin g a po\verful tool in the field of lipid 
analysis’“, its appktttion in the characterization of alkosy-Iipids has been iimited’7-‘U_ 

The characterization of alkosy-lipids often involves their chemical degradation 
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from their native state. The desradntion products sometimes m-e further derivatized 
before their chromatographic analysis_ Here only some of the important chemical 
degradation procedures will be described. Literature on derivatization will be cited in 
the Appendix. 

Quantitative removal of acyl and phosphoryiated base moieties from native 
aikosy-lipids by reduction with lithium aluminium hydride” or Vitride”, \vithout 
disturbing the alkyd and I-aIk-I ‘-my1 ether linkage. is a very useful method (Table 6. 
No. I)_ 

The susceptibility ofthe aik-I’-enyi ether linkage to acidic conditions has been 
profitably used either in the liberation of free fatty :tldehydesZ3 or in their transforrna- 
tion to acetal derivatives”. These products are useful in the n~olecular species deter- 
mination of I-aik-1 ‘-enyl ether chains”_ 

The molecular species determination of aikyi ether chains is achieved after its 
cleavage to tllkyl iodide by refiusin, ‘2 lvith hvdriodic acid_ The alkyl iodidts cm be i 
converted to either aikianes by reductive dehaio~enation or to aikenes by deh_vdro- 
i~ala~enation’“. ~11 thcsc derivatives are suitable for ch:tr:tcteriz:ttion by’ pas chromatb- 
gaphg (GC). 

Other cheniical reactions. like saponitication’7. deacyintion with Gripard‘s 
rea~ent’s for the stereospcciiic tinalysis of glycerides containing an ether bond. and 

lipolysis”. have found limited use in the study of alkosy-lipids. 
The determination of the location of unsaturation in the hydrocarbon chains 

of ctiwr lipids has necessitated the use of techniques like reductive ozomwl~sis”“. 
permttnganttte-periodare osidation3’ and chromic acid oxidation-“_ 

/ uj Bio_v~w fjwvi_v of’olj;or~-jij~idk- 

The earlier csperimentai evidence in riro. implicating long-chain alcohols 3s 
the precursors of alkyi glyceryl ether lipids”‘-“‘_ has been confirmed by studies in 

rirr.o”-“s_ The initial belief rhat long-chain t&x~hols and dihydrosyacetonc phosphate 
(DHAP) \vere the precursors of:tIkyl glyceryl ether Iipids3’-3h had to be modified ukn 

it \vas established that DHAP had to bc xylated to acyi DHAP prior to its transfor- 
mation into aikyl DHAP”7.3”. During ether bond formation. the osygen of the long- 
chain alcohol is retained” and the hydrogen attached to the non-phosphorus-con- 
tainins carbon of DHAP is lost’“_ Aikyi DHAP is reduced to alkyi ~i_vcerophosphate 
in the presence of NADPH and subsequently acylated to tlikyi ac_vl gi?cerophos- 
pilate=-‘” _ A Mg’+-requiring phosphatase (incidentiy. this enzyme is inhibited by 
F-1 produces alkyl acyl glycerol from alkyl xyl ~lycet-ophosphnte. The alkyl acyl 
glvcerol is subsequentlv converted into ethtlnolttmine or choline phosphatide by reac- 
tion with CDP-ethanolamine or CDP-choline. respectively”_ Enzyme systems 
catnlvsing such reactions have been detected in neopiastic celis”“-JL-~i nnd normal 
anin& tissues3S-3’-‘S-51_ 

All alternate route for the synthesis of ether lipids has recently been detected. 
This involves aikyl glycerol instead of alkyl DHAP as the precursoi52. The route ap- 
pears to be essential for incorporation of uik_vl ciyceroi derived from dietry sources OI- 

catabolic processes_ Although this ne\v path\\-ay involves other reactions such as 

acyltltion. piiospliorylatiori_ etc-, their order of sequence is not knows at present_ This 



later finding thus supports some of the ertriicr observationsj”-‘3‘j” indicating non- 
involvement of DHAP in ether bond formation_ 

In recent years. :I gettt deal of evidence in m:tmmalitm and non-mammttlittn 
systems 11~s indicated al_k>;i glycerophospholipids IO be the precursors of aik-I’-enyi 
~-I\-crrophosphoiipids”-“- *I_ Recent esperiments ifz +w”-4s and in virrP’-” have 

established that intact i-O-ttlk~I-2-acyl-~s~z-~i~cero-3-phosphor~ieth~t~~ol:t~~~ine is the 
itnmedktte precursor of structurally related 1-0-ttik-I’-enyl-2-ncyl-SW$ycero-3- 
phosphoryletl~xtol~ttnine_ However_ Dchuch and co\vorkersh5-” suggest 1 -O-alkyl-QZ- 
$ycero-3-phosphorylethanoI3mine to he the likely precursor of I-O-:11k-l’-envl-~sil- 
*%cero-3-phosphorvlethanolnmine_ which is subsequently ttcyiated to ethanolamine -_ _ 
plasmaiogcn_ Recen-t reports from the laboratories of Snyder it ~1.‘~ and Paitauf and 
Hoktsek” stygxt the des;tturttse involved in thisconversion to bea mixed function osi- 
dasc sitnilrtr to the one involved in the biosynthesis of monoenoic fatty acids7’-“_ The 
common features between these two reactions arc: cis elimination of hydrogen during 
oictination, requirement of molecuitn- osygen and reduced pyridine nucleotide_ tend 
inhibition by cyanide but not by carbon monoside. 

A tetrah>-dropteridine hydroiase capable of splittin, c* the cthcr bond of tilkyl 
g.IYcerols \\-a5 reported by Tictz cc a/_“_ _ 4n NADPH-linked reducrasc \~ts essential to 
rt&cec:tte the tetrah~dt-opteridine from dihvdropteridine produced duritis the hy- 
dros+tion step. A hemi-ttcetttl structure. \vi;h ;t hydroxyl group on the c:-arbon of 
the 0-atk\-I moiety. is supposed to break spontaneously to ~I-IyceroI and ftltty aide- 
hydc_ In the presence of NAD’ fittty_Fcid is produced. while in the absence of NAD+ 
fatty aldchyde”-‘” atx~ fatty th~1101~~ tire prooduccd_ 

Enzymes captlblc ofcicavins specitically I -alk- 1 ‘-etl_vi-m-, ~~t~cero-3-pliospl~~~r~l- 

cholir&” and l-ttlk-l’-cngl-~-~tc~l-_\-lr-~l~c~ro_j-p$~ospI.~or~i~t~~~~n~~h~~~i~~~~~ arc known. 
A survey of enzb-mes responsible for the clertwge of ester bonds in alkosy- 

lipids has recent13 been publisherl”“. 

The basic requirement for the synthesis of alkosy-lipids is the synthesis of an 
ether bond. It is always easy to hydrogenate 1-alk-1’-enyl ethers of polyols to the cor- 
responding alkyl ethers_ but the reverse chemi& reaction is rather difticuit to achieve. 
Hence_ in this section we \viII consider the chemical synthesis of I-x11;-1 ‘-cnyl ethers 
of polyols and then that of olkyl ethers of poIyols_ 

The chemical synthesis of aik-1’-enyl ether lipids is gmuped into tlww ctlte$orics 
for convenience_ rk_ (i) synthesis of I-alk-I’-enyl ethers of polyois. (ii) rtcyiation of(i) 
to neutral pimmalogens_ and (iii) conversion of (i) to phosphxtide pinsmalogens. 

Cij S>-~rrlwsis (!f I-aik- i’-~w_d cth-_\- oJpo[wi_v. A I? umber of methods are avail- 
abIe for this purpose_ The method developed by Crais and Han~ons’*S’ involves the 

dehalogenation of the condensation product of ?-henzyl$ycerol and 2-bromo-l . I- 
dimethosyaikane with lithium, to yield the cY_s and tmrzs isomers of I-alk-I’-enyl 
ether of glycerol- The isomers_ after acetyltltion, were separated by preparative go- 
liquid chrorr+ography (GLC) (Table 8, No_ 2). A similar transacetalation f&o\\-cd 
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by debronlination approach was used in the synthesis of I-alk-I’-enyl ether of 
ethanediol. The isonm-s were separated by nrgentation thin-layer chromatography 
(TLC)‘j3 (Table 6, No. 5). 

Gigp and co-lvorkers obtained symmetrical t~lkanal di(m-glycerol-2,j-cal: 
bonate) acetal by iransttcetttlatin~ m-glycerol-2,3-carbonutes~ and the correspondins 
alkanal dimethyl acetol. Reaction with acetyl chloride of the condensation product 
produced the correspondin s 1 ‘-chloroether. Subseqlwnt elimination of hydrogen chlo- 
ride by trieth~kunine and hydrolysis of the carbonate group by alkrtli ~_ave predomi- 
nantly the c-k isoniels5-s6_ 

Elimination of either hydrogen iodide or /I-toluenesulfonic acid \vith potas- 
sium fcrt_-butoside from either 1-(2’-iodo-o~--tos~los~~~l~~l)~l~cerol or I-(2’-iodo-or- 
tosylos~~lk~l)-2.3-epo~~pro~~~~e yielded I-alk-I’-enyl glyceryl etheP-” or l-r&-l’- 
en_v1-2.1?1-epos~pr0pa~~ey3-“~. 

(ii) Ac'l'lurioll Of(i) IlJ 1!~*11tl-d ~Jl~lslrrol~:~crl.~~~-~'-Q"_ The ttcyltltion of 1 -alk- l’- 
cnvl $vcerul ethers \vith lon@~ain acid chlorides in py-idine vielded ncutml 
plr&aio~e& A sinlilar approach \i’;ls used to synthesize diol (ce&al) plasn~alo- 
gem’” . A semi-synthetic :ktpprotuzlz \v:is reported by Visuxnttrhm c*r r11_~‘. The LiAlH, 
reduction products of phosphatide plasmt~logens. after cIirom3to~i-rtphic isolation, 
wre interesterilied with reference fatty acid methyl esters in the presence of sodium 
methoside as :I cattllyst_ 

Trnnsacetr~l:ttion of 1 ,Zdiac~lglgceroI kvith either 1 -alk- 1 ‘-my1 ethyl ether or 
diethyl acetal in the presence of p-tol~~cnesLllt.onic t~cid folio\\-ed bx elimination of 
ethanol in the presence of sulfanilic acid yields directly neutral pl~~s~~~alo~e~~s~“_ 

(iii) Cam-cn-sim c!j‘ lil lo plrosph~~lritk ~~lnsilurio~i~i~s. I-Alk-I’-en+X3-eposy- 
propane95.94 on acylation \vith fatty acid chloride or bromide yields 1 -alk-l ‘-enyl-2- 
~~c~lrl~ceroI-3-l~~~Iohydrir?‘Y-’o”. -c_ \vhich is converted to phospharide _plasmslo~ens by 
the cltissical pathwa~sl”l_ 

A method using enhanced reactivity of the primary conlpared to the secondary 
hydrosyl group of I-all-I’-cnyl glyccryl ether involved selective to&tion of the 
primary hydrosy group and then acylation at the secondary hydrosv “roup_ This _ 2 
product \v;ts converted to iodohydrin and then coupled \vith silver dibenzyl or di-/I- 
nitrohenzyl phosphate. yielding a phosphotriester102_ This \~as converted to dimethyl- 
ethanolmnine plt~smr~logen by lye11 kno\vn procedures ofphospholipid chen~istry’03-10~_ 

A senlisynthetic appro;ich involving conversion of beef hem phosphatide 
pl:lSnXtl~~enS (choline ar?d cthanolaminc) by phospholipsse C to l-alk-1’-en+2-acyl- 
gl\-cerol f~ollo~~eci bv its transfornxltion to choline plasmalogcl_enlO~ and phosphatidic 
acid plasnitilogen’“h -has been reported_ 

(h) _+ilk?_i ctlm- lipids. 

For the sake of convenience, the synthesis of t&y1 ether lipids is considered 
under three sub-headings_ viz., (i) synthesis of t&g1 ethers of pol_~ols. (ii) alkosy- 
diglycerides. and (iii) alkos~-phosphoiipids_ 111 derivin g any of these three products. 
one can hydrogenate theccorrespondin E I-alk-I’-enyt ether lipids. Houwcr. this ap- 
prot~h \vould yield only saturated alkyl ether lipids while the ntmnxliy occurring 
:llk?rl ether lipids usually contain poluunsnturated acids and saturated or nwno- 
saturated ether chains. Hence some other svnthetic approaches have been used and 
they are briefly smmnxized here. 
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(i) A/X_?-I ~~l_ww-_~i CI/IL’I-S_ Alkyl halides”‘- *I*. alkyl tosylates’12, and alkyl 
mesylates”3-“4 on condensation with I,?-0-isopropylidene and I .3-benzylidene 
glycerol derivatives followed by acid hydrolysis and hydrogenolysis yield alkyl 
glvcervl-( I) and slvcervl-(2) ethers, t-espectiveiy. The elaidization of unsatumtion A 
from ;he oleyl moit%y of olegl bromide during condensation’“Y was avoided by con- 
densing I _2-isopropylidene-3-tosyl glycerol with sodium oleoside”‘. Preferential 
tritylation of the primary hydrosy I aroup of alkpl glvceryl ethers was used to 
prepare I,?-dialkyl and subsequently trialkyl &ceryl ethers’*‘_ Additional advantage 
of the trityl derivative over benzyl and i ,3-benzylidene derivatives is its easy removal 
by acid hydrolysis_ Thus trityl derivatives m-e useful in the preparation of uns;ttur;lted 
ethers’“. 

Alkyl ethers of I_?-ethanediols were prepared”’ by glyco! cleavage of alkyl 
4vcervl-( I ) ether and subsequent reduction of the resulting alkosy acetaldehyde 

z%h riA1 H,_ 
Ciij A/k-1_/ d~~f_wc*rith_ These were prepared by acylation of alkyl ethers \vith 

acyl chloride in pyridine”‘-I”-‘“. 
(iii) ,-~lk_a-i I’lrcjri~l~oIiI~icls_ Esterification of di-0-tllkyl glycerol in the presence 

of triethylamine and 2-phthalimidoethylphosphonic acid via its monochloride :tnd 
removal of the protective phthaloyl group by hydrazinolysis yield dialkyl phosphon- 
;wz?’ A similar approach_ but with use of a phosphoric xid analog_ yielded phos- _ _ 
ph;~tid~letfittnolt~mine’“. The diether :maloS of phosphatidylcholine 1~1s prepared by 

phosphor&tion of di-0-alkyl glycerol with monophenylphosphoryl dichloride and 
pyridine- followed by esterification of the condensation product \vith choline iodide 
and subsequent removal of the phenyl group by hydropenolysis*‘“_ Interaction of 
alkyl acyl @ycerol diiodide with silver 2-(benz_vlos_vc~~rbon~l~~~~~ino)etl~~l phosphare 
yielded alk\-lacyIcephalin’~l-l~~_ Recently_ syntheses of opticall_v xtivc alkyl ether 
+cerides and phospholipids have been reportedls_ 

An important intermediate in the biosynthesis of alkos\;-phospholipids, I-O- 
alkyl dihydrosyacetone phosphate”-‘-*” was recently synthesized from tilkyl plycer:l- 

( 1) ether_- This compound after brnzoyltltion was oxidized to the keto intermediate 
with dimcthyl sulfoside and dicyclohesyl carbodiimide in the presence of trifuoro- 
acetic acid. The compound after ketalysis and alkaline h>-drolxsis ~1s phosphorylated 
with diphenyl phosphorochloridate- 

This asptax was dealt with in an earlier revie\v’_ Since then_ three nex books 
have been added to the general methodology of lipids”b- IZs_ A recent modification” 
of the Blish and Dyer niethod”O, as applied to materials containins large quantities 
of water_ is a useful one_ 

This aspect wxs also dealt with eshaustively in the previous revie\v*_ Useful 
dctniis can bc had in two of the recent publications’2h-‘2’. The technique ofascending 
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dry column chromatography (CC). as applied to the fractionation of non-polar lipid 

cIz~sses’31, and its extension to the fractionation of polar lipids13’. both on ;t prepara- 
tive scale. is very useful_ A recent useful addition to this is the publication “Qualitative 
analysis of lipid classes by gradient elution absorption chromatography”. by which 
25 components in rat red blood cell lipids could be detected by ;I relatively fast single 
operation _ I” The chromatographic system consisted of :L pressurized apparatus and 
involved the use of u continuous series of gradient changes of pentane. diethyl ether. 
chloroform und methanol containing S y,!,L ammonia with a column packed with 
Corasil II (37-55,~ particle size) modified by treatment with ammonia. 

Theoretical aspects involved in the fractionation of lipids by liquid CC and 
TLC and some practical SLI,= nc>estions for these fractionations have been recently dis- 
cussed’z4_ 

C. Q~rmIilu I iwr t! j’al~ios~--Ii~~i~~.~. 

The available melhods Lvill be considered uiidcr three separate categories: 
(a) Estimation of I-all;-I’-en?1 ether lipids. (b) estimation of nlkyl ether lipids_ and 

(c) estimation of I-AL-I’-enyl and alkyl ether lipids in the presence of one another. 

TXBLE I 

TLC SYSTEMS USED IN THE QU.-\NTlTXTION OF ALKOXY-LIPIDS 

14 

-3 13) 

lb) 
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I-AIk-I’-enyl acyl and diacyl ethzmoI- 
mninr from beef htart lipids 
After acid cleavage of lalk-l’-en_\-I 
Iinky, separation of mono- and di- 
xyI phospholipids and aldch_\-des in 
the tirst dimension_ Subsequent 
methanolysis of acxl phospholipids 
on the plate and then separation in 
the styond dimension_ Estimation x 
with internal standard (gas chronml 
togmphic analysis) - 
I-Alk-I’-enyl content 

First dimension: silica ze:t‘I G:chloro- 150 
form-methzrnol-cont. ammonia 
(70305): swond dimension: 
silica gel Gitolume 

DigIyceridr acetattx dcrked from First dimsnsionr silica gel G/perro- 151 
analogs of phosphatid~-tc[iL~tinc Irum rrhcr-dirrhyt erhcr tSS:tZ); 
isolated from bwf heart srazond dimension: silia gel Gi 
_-Xfcer acid clewagc of I -&-I ‘-enyi tolume 
linlrtSe_ aIdehxdes_ monoac~l_ alkxl 
a&, and dhc~l glyxride xetztttzx 
separated in the first dimension_ 
Subsequent methanoIysis of all acyl 
moieties on the plate and separation 
in the scxond dimension. Estimation 
with internal srmxiard (gas chroma- 
tographic anrtI!sis) 
_Xkyl and I-alk-I’-enyl content 

LiAIH, reduction product of total 
aIkosy-lipids 

Silica gel G,diethyl ether-307;; 1-w 
;~qucous mmmmia ( IOOrlX25) or 

silica gel G,dirthyl ether-\\-urr 
(100:0_5) 

. . _-_.._ -_. _ 

Crr/ E.\-rirrrurion o$ I-ulk-i’-~~~~d rrlrer iipids’ 
It may suftice to say that the ptasn~dogen content of ;t natural lipid mixture 

can be dktermked by rextine the mixture \vith an acidic carbonyl reagent likefuchsin- 
sulfurous acid135*13h or 1_4-dinitrophenylhydrazine-phosphoric acid reagent”’ and 
then measuring spectrophotometricaily the colour complexes ofthe liberated aIdehyde_ 
An alternate but sensitive method of Sigga and Edsber$3S, by which specific iodination 
of an K+; unsaturation in a vinyl ether can be achieved. was successfully used to 
estimate the pktsmttlo_een content of lipids139-‘J”_ 

/b_,I Es-timurimz t>j- uik_d cth- iipidv 

Alkyl ethers, when present IS alkyl glyceryl ethers in $vcerolipids, are isolated _ 
ts free alkyd gtyceql ethers either by saponification (applicable only to non-phospho- 
and nonglyzoglycerolipids) or by acetylosis “I follo\ved by saponification_ These can 
be estimated by periodate oxidationlJ’- Iz3, - m which the vicinal hydrosyl groups of 
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alkyl glyceryl ethers produce formaldehyde that is estimated calorimetrically by rcac- 
tion with chromotropic acid_ 

A semiquantitative method by infriired spectroscopy of free alkyl glyceryl 
ethers in chloroform by measurement of its optical density at 9.0;~ (a strong ethet- 
adsorption) has been reported”‘_ 

Spectrophotometric methods utilisin g eirhcr ultraviolet absorbancies of alkyl 
iodides derived from alkyl glyceryl-(1) ethers at 257 ntn’J’ or cyclic thionocat-bonate 
derivatives of l(3)-alkyl glycerols at 235 nm”’ have been repot-ted. 

Gravimetric estimation of 0-alkyl glycerols, after their isolation by CC pt-o- 

cedures, has been feasibletJ7. All the methods cited above can be applied to free i- 
alk-1 ‘-enyl glycet-_vl ethers after llydrogentttion’4S_ 

Alkyl diol ethers could be estimated by inft-xed spectroscopy”.‘. by alkyl 
iodide spectt-opliot0niett-y*J’, i tnd bv nravitnerric nwztsuren~ent*J7. _ = 

T\vo approaches have been used to achieve this_ riz. (i) conversion of gl;cero- 
lipids to free alkosyglycet-yl ethers followed by rheit- chromatogttphic separation and 
qu:u~U:ltiont’V (Table I_ No_ 6) and (ii) t\vo-dimensional reaction TLC in the sepat-a- 

tion and qunntitation of native phospholipidst5” or their modified derivtltive’5’ (Table 
1. Nos. 4 and 5_ respectively). 

(i) Cot1 wrsit3n of' ~~lrtxw3li~3idv lo f%t* NiI;_l*I ttllrl I -dI< - I ‘-iW_rl _!$WW-?_I t’IJ1tT.S. 

This is achieved by saponification of neutral lipids. rtcetol_vsis of non-polar or polar 
~~lvcct-olipidst”’ 
fie resuirin 

and bx reduction \\-ith lithium aluminium hydride” or Vitridc”‘. 
g alkosy-lipids are isolated by CC and estimated gntvimetrically or sepa- 

rated by TLC and estimated by densitomerry of the charred products”“. 
(ii) T~tu~-~ii~ttt,~rsiott~tI rcwrtiott tlritt-h_wr chl-~~tnrrt~~~l-~tpl~~ 
Xt'trriw ~3ho.~j3l~t3lrj3icIs. The acid hydrolysis of alk-1 ‘-enylrtcy!eth~tnoitImine 

pl~osphtttide’5’-’ and the alkaline ~i~ethanol_vsis’-i’.‘jJ of 2-acyl- and diacylethanolamine 
phosphatide on TLC plates \v;ts sho\vn to be quantitative (Table 1, No. 3)_ Application 
of this techniquet’j 10 ;I r\\o-dimension~tl TLC systeni’s” made it possible not only to 
derermine the i:ttty acid composition ofalkenylac;l- and diacyl- plus ttlkylacylethanol- 
amine phospharides but also the plasmalogen content of the phospholipid and its 
;tldehyde composirion. The plasmalogen content could be determined by alternate 
methods: either by phosphorus determination of the ~lycer_vlpl~osphot-yle~~~~tt~ol~~~~i~~c 
residues released by nlkct~glacyl and d&y! and :tlkylacyl tttxtlops or by the use of a 

methyl ester inrernal srzmdard_ 
Dt*riwtiws (!splt~)_~~)Itolil3ir[.~-_ A modified version of the above-described t\vo- 

dimensional reaction TLC \v;ts developed by out- gt-ro~p’~’ which permitred a quanti- 
tttrive determination of the three analogs_ their individuttl fatty acid composirions 
and fatty aldehyde composirion of the alken_vlac~l atxtlo~. The moditictttion of the 
procedure involved the conversion of analogs of beef heart choline phosphatides into 
three families ofdiglyceride acetate by phospholipttse C action folio\\-cd by ttcetylation 
and_ afret- TLC separation in the first dimension, interesterific:ttion of the digl-l_vcet-ide 
acetates by 2 Nsodium methoside in absolute methnnol”‘. This procedure also helped 
detect rhe presence of dialkylcholine phosphatides in beef heart phosphatides. 

A two-dimensional method for the estimation of the plasmalogen content of 
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a mixture of phospholipid cla~ses*~ was described in the previous review’ (Table 1. 
No. I). 

TLC \vzs used successfully in the isolation of pure alkyl diacyl glyceryl ethers’j’ 
and dialkyl ethers of pentanediol”Y from total lipids of do@sh oil and jaw oil of por- 
poise ( P~I~JCYJCIZU plzoc~~ozrz), respectively. The TLC system silica gel Gjhesane-diethyi 
eth&zsetic acid (90110: I ) n-as used by Malins CI CII_!~’ to separatedixyl glyceryl ethers 
ofdogfish from the accompanying trirtcylg-lycerol (Table I. No. I). On the other hand. 
Varanasi and MaIin~15S_ fractionating the total lipids of porpoise j;t\v oil by adsorption 
TLC using hesane-diethyl ether (SOSO) as the developin, _ c- solvent, isolated a fraction 

TLC SYSTEMS FOR THE ISOLATIOX OF 

Chi 

(iI) 

(b) 

kl) 

(b) 

tb) 

GO 

tW 

Total non-polar lipids of h&an 
prrincphric t-at 
0-XIkyI and 0-alk-I’-enyl di- 
glyxridrs 

Torat non-polar Iipids of pm-poise 
jaw oil 
O-Dinlkyl pentnncxiiol 

Conctkmt~lj of O-alk-I'-en!1 2-acyl- 
ethantdiol 

ConcentraL of 0-alk\-I S~yi- 
rrhanaiiol 
O-AIkyI l-acylethancdiol 

Tota1 non-polar Iipids of thr pink 
portion of the Hard&m gland of 
the New Zahnd White rabbit 
Uncharxterhed ether lipid con- 
taininu_ estrriiitd h~drosv;lIkyI g.I_vc~ryI 
ether moiety 

Silica gel G;hesans-dicrhyl crher- 
axtic acid tYO:IO:l) 

SiIica gc1 Gi hcsanc-diethyl crhcr 
tY55). rcpcatcd chronx~togmphy 

I57 

159 

15s 

Gr.dr IV alumina (thicknc%s 1 mm) 
hrsanr-dirth~l cthrr (70: 1) 

Silica gc1 G; bmzcnr (two dewlop- 161.16~ 
rnents) 

S_\-ntheric mixture of diol-lipids Silica grl Gihesane-dirrhyl cther Y6 
(i) I-rtlk-l~-cn~I rruus-Z-aczlethmol (955) 
(ii) I-aIk-I*-enp1 cis-2-acykthanol 
(iii) rtlkyl 2-xzIrthano1 
(iv) dhcyl cthmol 
- 
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( R, 0.6) which separated completely from the accompanying triacyiglyccrol (Table 2, 
No. -i)_ This fraction_ on reduction with LiAiH,, yielded two fractions (RF 0.13 and 
0.62. in the sane TLC system). The fraction of lower mobility W’;LS found to be alkyl 
*rlvcervl-( 1) ether and the other frrtcrion was characterized by i R and N Vl R spectro- I- > 
scopy and MS as mainiy di:ilkosypenlane having prinm-ily two C,, units. 

in an earlier review’, it \v;ts indicated how repeated chromatography on l-mm- 
thick layers of silica gel G resulted in the concentration of I-alk-I’-enyl and tllkyl 

- - 
diglvcerides from hunxm perinephric fat \vith hesane-diethyl ether (_9>:3) as the devel- _ 
opins solvent. This uitin~atelv Gelded pure fractions of I-alk-I ‘-my1 diglycerides as _ _ 
~~11 as alkyl diglycerides”“ (Table 2: No. 5). 

Recently alkyl and I-alk-I’-cnyi ethers of ethmediol, which constitute about 
35 y,, of the trigiyceridcst \vere isolated by combination of CC tmd TLC from the 
lipids of startish, Di.s~oI~r.~rci-irr.\-im ni~uuP”‘_ The lipids \vere fractionated by clution from 
silica gel KSK colu~nns with :I misture of hesanc-diethyl ether (9515). The tirst 
couple of ZU-ml fractions from the column (40 *-. 3.5 cm) contained the I-alk-I ‘-my1 
ethers of nionoacylated ethanediol tirxl the subsequent couple of fractions contained 
all;_\-1 ethers of nionoac~k~ted cthanediol. The triglycerides UXX~ eluted \vith ;I 1: 1 mis- 
ture of hesane-disthyl ether. The fractions C0llt~lilliil~ the 1 -alk- I ‘-eilyl ether of acyl- 
ethancdiol \vere purified by prepa:-arive TLC on gxde IV tllumim (alkaline) 2.0~nun 

thick plates \vith hesme-diethyl ether (20: I] as the developing solvent. The lipid frac- 
tion \\-ith an I<,- of O-60 ux fo:wd to be mainly the octadeca-1’.9’-dienyl ether of 
stc;iru~lctlinncdiol. On the other hnnd. the frxtions containing the alkyl ether of 
acylethruwdiol UW~ further puritied by preparative TLC on 1 -mm-thick plates made 
fr01ii silica gel derived froni sodium silicate using hesane-diethyl ether (55: 15) iis the 

developing solwnt. The !ipid \\‘;ts mainl_v a mixture of hesadecyl ::nd octadcc~l ethers 
01‘ ~rearo~leriia~iedi~~l_ 1 ii both crises the ether lipids a-ere recovered from the silica gel 
layers by-cstraction \\-ith mistures of chloroform-methanol (4:l) (Table 2: Nos. 4 and 
5, respectivel_v)_ 

Nc\v t\ pes of alko.xy-lipids \vere 13XeIitl>y isolated 1~5 Snyder‘s gl-oup’hl-‘“’ 
from the pink portion ot‘ the Hardcrian _ upland of the Ne\v Zealmd \vhite rabbit_ The 
total lipids of this tissue contain tivo unusual :tlliosy lipids \virh trace aniounZs of 
normal l-~~li;_vl-2_3-diac~l~l~cerol. The minor component of the t\vo unusu:~I lipids 
had the usual I-a12;~1-2,3-iliac~l~l~~erol structure \vith ;I short-chain acid (isovaleric) 
reniaii:itig esteritied speciktlly to the C-2 of 5 _ ~~l~ceroI~“~_ The major component, as 
yet unclianicterized. on the other h;uid_ had asiiii the usual 1-~~I~;\:1-7,3-dit~c~l~l~cerol 
structure_ \vith an ether chain coniprisin, cx either I6 or 1 S carbon atoms having ;I 
hydrosyl group attached to C-IO or C-l 1 and C-l 1 or C-12, respectively’“‘. in the 
native lipid. the hydrosyl goup \v;ts found to be cstcrified. The t\vo unusual tllkosy- 
lipids \vere separated from each other by preparative TLC_ On silica gel G p!ates and 
\vith t\vo developments in benzene, the niinor component of the unusu:il alkosy- 
lipid travelled ahead of the major component of the unusual alkosy-lipid but still 
indicated slolver mobility than the reference triacvl~lvcrrol. In this system, the norn~ttl 
I-alkyl-2%diacylglycerol travelled ahead oftriuc$&cerol (Table 1. No. 6). in another 
TLC systenit silica gel G;hesane-diethyl ether-acetic acid (90: IO: I ). the major unusu;~l 
alkosy-lipid had the smne R, value as the trittcylgl_vcerol but the minor unusual 
alkosy-lipid ttnd the nornml 1 -alkv1-7,~-diacvl~~l~cerol travelled ahead of triacvl4vcerol _ = _ _ Zd 
:IIIJ aIs<> scpmxted fronl oIie :ulothcrlh2. 
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A chromatographic system for the separation of synthetic alkosg-diol lipids 
was reportedyb. This should be useful t-or the isolation of natural slkosy-diol lipids 
(Table 2, No_ 7). 

A variety of alkosy-phospholipids exist in nature and hence one can subdivide 
them into diol alkosy-phospholipids and alkos> r @cerophospholipids. These c;m be _ 
further divided into I-alk-I’-enyl phospholipids and alkyl phospholipids_ 

In the class of diol phospholipids_ so Far the presence of nlk-I’-enyl ethers of 
cthxnediolphosphor_vlcholine and 1-Spropanediolpl~ospl~orylcholinc have been 
established but their isolation has not been achieved’bJ-‘tiJ. No alkyIdiol phosphoIipi& 
have been detected so far_ 

In an earlier review’ _ applications of methods like partition chromatogrtlphtioj~ 
argmtation chronxttography’hO-‘“‘. selective enzymatic hydrolysis’a-‘hU, and alkaline 
h_vJrolysis”‘-“’ for the isolation ofreasonabIy pure concentrates of phosphatide plns- 
nxtlogens wet-e reported. A modified base-catalysed selective methanolysis procedure 
was recently used to isolate ethttnolamine plasmalo~en from bovine white n~atter*i’_ 
Accordins to the latter authors, the method 1~1s based on the resistance of the acyl 
[inkage of the pIttstnttIo~en to mild alkAne hydroIysis in the presence of methanoI 
and in the absence of chlorofomi. The isolated ethanolamine pk~smalogen_ bo\vever_ 

contained about ION?,, of the tllkyl acyl analog_ The acyl linkage of the latter compo- 
nent secnled 10 b:e rqt~nlly resistant to mild ~~lk~li~~e hydrolysis. 

The .s;tme technique of base-catttlysed selective methanolysis wls used in the 
isolation ofalkyl xyl glycerophosphorylethano1rm~ine from the phosphatidyletlxtnol- 
amine fraction of bovine red blood cells”J and ttlk~4 ac~_l l-aminoeth?;lpho>sp~~o~io- 
~~Lvceride from phosphonoglycerides of T~‘I~-~;~I~.III~,~I~I ~~~-~r-rfor~~~ll\- W1’z. = _ 

in the author‘s laboratory, concentration of ethanolttmine plrtsmalo~ens from 
sheep brain 1ipids”j and alkyl xv1 glycerophospl~orylcl~olin~ -ITi. as \wll its alkyl ricyl 

2+ttninoethvlphosphono$yceride “’ _ from lipids of ‘T~~I~-~~h~~tri~.llu was achieved by 
ascendins dry CC, The total lipids xvere fractionatrtd by ascending dry CC (silica gel 
Gichlorot~orm-methacol-ammonizl (65 ~35 15) and diKerent sections of the cohmm 
were rmrtlysed for the nature of the phospholipid. Anion, cx the various frxtions of 
phosphatidylethanolamine isolated from sheep brain_ the ones that \vere ahead \vere 
almosr free ofdiacyl phosphutidyIethanoIaminc_ A similar bchaviour ofphosphatidyI- 
cho!ines isolated from T~truhynctta ~~n-$mmk W by ascending dry CC (silica gel 
Gjchloroform-acetic acid-methanol-water- 75 125 r5 I I.51 nxs observed when re-run 
on a second column Lvith chloroforl,rm-metli~nol-coIic_ ;tnimoni;~ (65 35 5) as the 
developing solvent. 

In spite of the ttvttiktbility of various chromatography techniques. PC_ CC, 
TLC- and CC_ only the last two techniques have found wide application in the study 
of alkosy-lipids. PC hzts been scarcely used :tnd CC tinds some limited use. Hence a 
discussion on the application of CC, TLC. and GC to the study of alkosy-lipids \vill 
fOiIO\V. 
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Since the availability of TLC, especially on a preparative scale with thicker 
layers, the technique of CC has fallen behind. Micro-techniques like coupled GC- 
MSi7 have further contributed to this. In spite of all this, CC has certain advantages. 

Recently, applicttton of ascendiing dry CC”’ to the fractionation of polrtr 
lipids of the protozoan T~*tr-d~~-~wt~~t ~~yrfiwmis was reported from the rtuthor’s. Inbo- 
rator> _ +2 With 200 g of TLC-grade silica pel G, 6 8 of total lipids wet-e successfully 
fractionated and success was achieved in obtaining substantial mnounts of pure alkyl 
acyl 2-an~inoethylphosphonoglvcerides and pure diacyl 2-aminoethylphosphonogly- 
cerides. Usin: the same technique, but on il snxtller scale, it was possible to separate 
alkyl acyl ~lycerophosphorylcholine from diacyl $vcerophosphorylcholine of Terr-cr- 
1~_1w~w~r ~~~r~im~~i.s and 1-alk-I’-enyl acyl glycerylph&pl~ory1ethanoltlmine from diilcyl 
~~l\~cervlphosphorylethanalt~mine of sheep brain”S. 2- _ 

Preparative isolation of free glyceryl ethers . after acetolysis and saponification 
oftish oils. by silicic acid CC was achieved byelution \vith hesme-dieth_vl et1ier(7:3)‘4’. 

Altuninitun oxide (Brocknltm Grade 1, pH 7-O) CC was used to seprwate the 
saturated from the unsaturated alkyl glyceryl ethers. They \vere fractionated ~1s 2,3-O- 
isopropylidene glycrrvl ether adducts of mercury acetate (aceto_symercurimetho.xy 
deriv:uives)_ Petrol&n ether (b-p. 40-60’) wxs used to elutc the saturated alkyl 
glvcervl ethers_ Diethvl ether containing 5 I;.;, methanol eluted the IilonoLlns;ltilT;lte~_ - _ 
Methanol conttlining 1 part of I2 N hydrochloric acid was used to elute the polyun- 
saturated alk_vl slyceryl ethers_ The alkxl gI_vcer_vl ethers Lv-ere penerated from their 
XfdLlCtS by trCilt~llCnt ilt roonl teniprr:iture for 45 inin \vith niethsnol containing 
10 :‘, hydrochloric acid and subsequently extracted in diethy etheP3. 

Separation b?; gel CC of ntltu~tll~ occurring phosphatidylcholine mistures 
nccordin~ to number of ethvlenic linkages was reported by Kins and Clements”‘_ 
They used tt column of Sephrtdcs LH-20 (.an alkylated dew-m) and eluted mercury 
ricetrite addition compounds of unsaturated phosphatidvlcholine2; by the organic 
solvent szsteni benzene-cl~lorot~orm-methttnol (_30:30140) \vith increasing amounts of 
gl:wi:ll acetic acid or chloroform-mrtli~tnol (50~50) \vith increasing mnounts of glacial 
acetic acid, the latter vtwyins from O-01 to O-1 1!{,)_ Their system I-esolved phosphatidyl- 
cholines. isoktted front animal tissues. into at least four molecular species. In prelim- 
inary investigations 3 similar system w;ts used in our laboratory for the fractionation 
of alkyl xyl glycer>-lphosphorylcholine from T~~trd~_wwzrr p_sr-~flbrrnis-. 

Fittty rtlcohols, Adehydes and acids, which m-e constituents of itlkorv-lipids 
itlId which are also used in the synthetic and biochemical studies of tllkosy-lipids. 
occur in nature tls il variety of molecular species Vilr~ill g in chainlenpth (straight and 
branched). unsatur:ttion (number and location), snd substitttent groups (structuree. 
number, :ttld location). Their septlratioc into individual n~olecula- species is achieved 
by a combination of TLC techniques like adsorption chronmtogrtlphy~ ursenttttion 
adsorption chronxttogrttphy, and reversed-phase chronxttography:. Their deriwtiza- 
tion (ozonides, bromides, and nlercuric acetate sdducts) follo\ved by frttctiotltttion by 
adsorption chromatography further ttids in the chnrilcteriztttion of these molec&tr 
species. These methods \vere revie\\-cd earlier’-‘Yu. 

Separation ofspecifically iodinttted choline pltwnalo~en from the corresponding 



con-iodintited diacglcholine phosphatide NXS achieved by preparative TLC on a silicrr. 
*yeI G piare wirh chloroform-merhtlnol-nmmonia (70riOz5) as the dcvelopin~ solvcct- 
?his helped in the determination of the fatty acid composition of both the tuxtlogs 
separately _ “’ TLC was also successfullv used to isolate concentrates of choline and I - 
e~hanolrrminc plasmalogens and to ,separttte alkyl ac_vl and diacyl nnalo~s of l-rm~irw- 
eth~lphospIiono~l~cerides’S’ (Tahltj 3). 

.TAI3LE 3 
iI 

TLC SYSTEMS FOR THE SEPXRATION OF XLt;OSY-P~1OSI’HOLIPl~S I’RO~I THE 
ACCOXIP.L\w-IKG+ DIACYL AXALOGS 

At present r:o chromato~r~lphic sys;tenl is :ivailabIc to acfiiev~ :i yii::i?:irarivc 

scpartltion ket\vecn ditkrent amdogs of ;I phospholipid class. This is only p~4ble 
when rhese are tr:ms!&-med into non-polar deri\aGes such ~1s family of digiyccridc 
;&.cIillt&57_‘s5 _ or dimethyl pl~osphatidntcs’s’_ or 0-mcthylat& N-dir~ilrophcl-~l~~t~d 
deri\‘;ltivea’s5 _ Adsorption chromatographic sgtems on silica Eel G plXrCS 113\-c hWi1 

described (Table ?)_ Thus the family of diglyceride acetales couid be ssparatcd into 
Ihrec rmaio~s by rhe use of petroleum ether (b-p_ JO-ho’)-dicth_vl ether ( I I I ) folIo~~c~l 
by toluenel rhe latter sol\-em hein, ~1 essential to separate the alkosy rmalo~s’s~~ (Tahlc 
-I_ No_ I )_ Degradation of I-alk-I’-enyi digI_\-ceridt acerate \vith hydrochloric x-id 
fumtx fi4io\wd byTLCsep;tration \vith succtisive useot~prtrolcun~ cther(b_p_ -IO-69 )- 
diethyl ether (SSrlZ) and roluene resolved the family of glyceride xetxws into al- 
dehydes. dialkyl glyceride acefale, tilkyl acvl &ceridr acefate, diacyl glyceride acewte 
:md moeoacvl glvceride acerate in that order of decreasing mobilirv”‘. Successive _ _ 
use of hesn~e-chloroforii (416) and toluene-c~il~~~-~~!-or~ii (4:6) live rimes each resulted 
in the sepztrarion ofO-methykttcd N-dinitl-ophen~latrd derivatives of anzllo~ of phus- 
plz:lrid~IcthrtnoIamineis~ (TabIe4, No_ 2)_ Seven successive devclopmcnts wirh the same 
solvmr syskm_ hexme-chloroform ( 1 : 1). resolved dimetliylpl~ospI~~Iridare dcrivativcs 
of phosphatidylcholine an:iIogs’s’J (Table 4, No. 3)_ 

The krto-intermediates 0-rdkyl dihgdrosyacetone phosphate IO-alkyl DHAP! 
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TA13LE -t 

TLC saTEhIs FOR THE sw_-\RA-rIoN OF NON-POLAR I)ERI\‘ATI\+S OI= rwoswo- 
LIPID ANXLOciS 
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T-ABLE 5 

TLC SYSTEMS USED FOR THE CHARACTERIZATION OF KETO-INTERMEDIATES 
INVOLVED IN THE BIOSYiriTHESIS OF 0-ALKYL LIPIDS, AND THEIR DERIVATIVES 
OBT_4ISED BY CHEMICAL AND ENZYMATIC REACTIONS 

X0_ Lipid cot~~pomrrts scparutcci ChtmruIosg-aphic s_wwm Rcf~mrw 

1 0-AIkyI dihydroxyncetone phosphate_ Silica ge1 G/chIorclform-methanol- IS6 
0-atkyl gIyccro1, 0-alkyl dihydrosy- acetic acid (9S:Z:I) 
acetone. fatty :kohoI. and was esters Or silica gel G/petroleum cther- 

diethy ether-methanol-acetic acid 
(70:30:5:1) 

2 O-AlkyI &ceroI and 0-alkyl Silica gel G:dicthyI crher-water 
dihydro.swcetone (7OOIl) 

3 0-Alkyl glycolic acid_ 0-alkyl Siliclt get C’diethyI rthcr-acetic acid 
&colic aIdehyde_ and Fatty akohol IYY.5:0.5) 

4 0-AlIqI cthyknc gI~co1 xctafc and I&y Silk gel Gjhexmc-&ethyl ether 
akohoi acetare (SO20) 

._ 

TABLE 6 

TLC SYSTEMS FOR THE SEP.+R_%TION OF FREE UNESTERlFlED ALKOXY-LIPIDS 
AND CLOSELY RELATED PRODUCTS 

AItyI- and I-alk-I’cnyf c&xxr\-I crhcr 
and fatty alcohols obtained by LiAIH= 
rrxiucrion of nkoxy-Iipids 

S+hetic and natural alkyl &wry1 
ethers: (a) hex:adecyI-gIycrro1: (b) I- 
[!J’I IO’)-h~dros~]he~~~~~~l-~l~cer~~I: 
Ic) l-(~-h~dros~)heszd~~~I-gI\-ccrol 

Synrhetic I- and l-isomers of alkyl 
&ceryI erhers 

Vinylogues of aIky1 glyx~4 ethers 

Geornerrkd isomers of 2-alk-I’- 
cnyIo~xy-erhanol 

AIt>-I, I-nlk-I--en!1 and I’-(methosy)- 
alkyI gIycer_vI ethers derived by LiXIH= 
reduction of storrxi phospharid\-l- 
ethanolamine 

Silica gel G;dicthxl crhcr-xwr it2 
(100:0.5) 

10:; sodium arsmire or 5 “.;; boric acid- 9 
imprcgnatcd silica gel G chloroform- 
mcrhanol (9S2) 

S r., silver nitr~re-impregilIl:cd silica 
gel G chlorc~fonn~th~~~~~~l (90: IO) 

5 ?; sihvr nitrate-imprcgnxcd silica 
gel G: hcsane-diethy ether (iOr30) 

SiIica gel G~perroleum ether-diethy 
crhcr-accric acid (3017011) 

IS7 

s 3 

97 

SnydeP to separate vinyiogues of alkyl glyceryi ethers with chloroform-ethttnol 
(9O:lO) as the developins solvent (Table 6, No. 4)_ 

9’( IO’)-Hydrosyalkyl glyceryl ether_ isolated from the pink portion of the Har- 
derian gland of the New Zealand white rabbit_ has been chromatopraphically char- 
acterized- after conversion to either acetate or isopropylidene or isopropylidene and 
acetate derivatives on silica se1 G plates using either diethyi ether-307: aqueous am- 
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TABLE 7 

TLC SYSTEMS FOR THE SEPARATION OF DERIV_ATtVES OF ALKOXY-LIPIDS 

I 

1 

3 

4 

Acetate, isopropylidene and acetate 
isopropylidene derivatives of 
unesteriticd hydroxyalkyl glyceryl ether 

Cliromrrto.~r~~pJti~- syitcwr 

Silica gel Gjhesane-diethy ether 
(60 :40) 

Alkyl monoiodide and diiodidc 
derived from aikyl glyceryl ether 

Nitrates ofalkyl glyceryl ethers (I- or 
2-isomers) and dirilkyl glyceryl ethers 

Xlkyl ncyl, I-alk-I’-enyl acyl. diac~l. 
dialk~l glycerols and monoethers and 
monoesters of glyxrol and glycol 

Silica gel Hjhrptane 

Silica gel G:hcsnncr-diethyl cthcr- 
111er11a1101 (SO:20:5) 

145 

I90 

1x3 

monk ( 100:0_25) or diethyl ether-water( lCO:O.5). The mixed dcrivativc had the highest 
R, value and the isopropylidene derivative had the lwvest one’h’ (Table 7_ No. 1). 

The charactcrizatioll of n~olccular species of slkosyg!yceryl ethers is often 
achieved by degradation tmalysis. The TLC techniques involved in the characreriza- 
tion of degradation products of alk-I-enyl glyceryl ethers such as aldehydes, dimethyl 
acctals_ cyclic acetals, vinyl methyl ethers. have all been revie\ved earlier’.‘“. 

Alkyl halides_ which are the degadation products of :tlk\rl glyceryl-( 1) ethers, 
are often isolated as alkyl iodidcs for the GC characterization ofalkyl chains. The use 

of hydriodic acid for this purpose usually yields alkyl monoiodides (from saturated 
~*lvccrvl ethers) and alkvl diiodides (from monounsaturtlted glyceryl ethers)_ Although 2_ a 
saturtlted and unstaurated alkyl @yceryl ethers can be separated by either argentation 
cliromato~i-ziph_vLsS or by adsorption cllromato~rnpll~ of the regencrable mercuric 
acetate adducts (silica se1 G/cliethyl thcr)‘sg_ somrtin~es the olkyl glyceryl ethers ob- 
tained by LiAlH, reduction are directly reflused with hydriodic acid_ Under such 
circumstance it becomes necessary to separate the monoiodides ft-om the diiodides by 
adsorption TLC. This is done on silica se1 G plates \vith hepttme as the dew-loping 
solvent”’ (Table 7. No_ 2). 

TLC systems for the separation of alkyl and dialkyl $yceryl ethers as nitrates 
have been reported Iv0 (Table 7, No_ 3)_ 

Various synthetic neutral alkosy-lipids of diols and triols \vere also separated 
bv Mangold’s grou~‘~~ (Table 7, No_ 4)_ 

High-temperature GC of intact lipids. especially non-polar lipids_ is ;I useful 
technique in the molecular species charxterization of alkosy-lipids_ Thus mturrill> 
occurrius glyceryl ether dicsters and families of diglyccridc acetates derived from ana- 
logs of phosphatidylcholine and phosphatidylethanolm~ine of tumor origin_ after 
TLC fractionation and hydrogenation. were separated into various moleculnr species 
on the non-polar stationary phase OV-I (ref. ZS! (Table S, No. 1). 

Bergelson‘s group” used high-temperature preparative GC to separate ethylene 
&co1 dipalmitate from accompanyin g triglycerides of regenemtins rat liver (Table S. 
Nos. 3 and 4)_ QF-1 silicone was used as :t non-polar stationary phase. The smne system 
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TABLE S 

ESPERlhlEX-l-_AL CONDITIONS FOR GAS CHROXIATOGRAPHY OF .-\LKOSY-LIPIDS 
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TABLE 11 

EXPERI~1ENTALCONDITIO~SFORGCOFAL#OXY LIPIDS(FREEALKYLGLYCERYL- 

4 

5 

6 

- 

Isopropylidene derivative of Molecular 
free alkyl giyzegl ether species 

separzltion 

3loIrxxdar 
species 
sepiuiition 

ether 

Alkox~acetaldehyde derived 
from frwtdky1 giyceryl ether 

Dimcthosy derivative of frtr 
rtIk~1 glyce~l ether 

All~l alkyl ethers_ isopropyl- 
idene ethers. cyclic carbonates, 
orcyclic thionocarbonates 

MOkCUlar 

species 
separation 

derived from free&y1 giyceryi and 
ether quantikttion 

specicz 
separation 

XloIecuktr 
species 
separation 

;IIoII3xl3r 

spt33es 
separation 

C/lrof~ruf~~_~r~~pl~ic .v~3-*c*nr Rqf?rmcc~ 

Column (5 ft.) packed with Ann- 173 
chrom AB (60-70 mesh) coated 
with 157: EGSS-Xr isothermal at 
175’: argon flow. 13 lb.&q_ in. at 
inlet 

CoIumn (5 ft. :-: IiS in.) packed IS7 
with Gas-Chrom P ( IOO- 170 mesh) 
coated with 10.5Pt EGSS-X; iso- 
thermal at 170y : helium flow 
variable betwwn4-IS Ib;‘sq. in. 

Cohmm 15 ft_ > I,3 in. or 6.75 193 
ft. :-’ 1.S in.) packed with sitvhted 
Chromosorb W (6040 mesh) 
coated with 5r.i Apiezon L; iso- 
thermal at 250’ 

Column ( 1.5 m :-. -I mm) packed 193 
with Gas-Cbrom P (SO-100 me&) 
coawxi \vitb 20:; EGS: isothermal 
at 160. ; helium Ilow at inlet. 2.3 
kg.km’ 
Or column I I .6 m 0. 3 mm) 
packed \\-ith Gas-Chrom P (SO- 100 
mesh) costed with 15 y.L EGSS-Xr 
tempemtunr progranmcd between 
15lbiSS I helium tlowrtr inlrt. 2.5 
kg cm2 

U-shaped rthnninium tube (2 III) 3’ 

pxked with kieselgtthrcortted with 
25:: high-vacuum grease: iso- 
thermal at 265” I helium flow-rate. 
70 mI.‘min 
Or U-shaped ntuminium (3 m) 
tube packed with kieseiguhr 
coated with 25 7: Reoples 400: 
isothemxd at 216’; helium flow- 
rite_ 50 nit.;min 
Or U-shaped rtluminium tube 14 m) 
pxked \\-ith kicselguhr coated with 
25 X DEGS: isothermal at 243’ : 
helium Ilo\t--rzte_ 10 ml!min 

Stainless-steel column (5 ft_ I: 3 116 
mm) packed with Chromosorb W 
(60-50 mesh) coated \\ith 5 03 SE-30 
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of the derivatives, or the type of stationary phase used , glycol ethers were always eluted 
ahead of their corresponding glycol esters. Similar behaviour was noted for glycero- 
lipids also*s7. The authors also observed that, for thesamecompound. theelution order 
for different types of derivative was TMS, trifluoroacetate (TFA), and acetate on the 
polar phase and TFA, TMS, and acetate on the non-polar phase_ With the esception 
of the results of GC separation obtained with TFA derivatives of glycol ethers and 
esters on the polar phase, the rest could be used for quantitation purposes (Treble lo_ 

No. 3)_ 

Free alkyl glyceryl ether chains, obtained by LiAlH, reduction of non-polar 
lipids or glycerophospholipids and hydrogenation of alk-I-enyl &cer~l ethers_ are 
converted to non-polar derivatives by maskin g their free hydrosyl groups \vith tri- 
fluoroacetyl’s’. dimethosy3’, xetyl. or isopropylidene groups1’3 and then :mslysed by 
GC (Table 11. Nos_ l-4). Sometimes they can be converted to alkos~:lcct:lldeh~dc193 
or ethylene glycol ticet:ae*sh and anttlysed by GC. Their scparakn chitrilctcristics 

T-ABLE 12 

ESPERIXlENTXL CONDlTlOSS FOR GC OF ALKOSY LIPIDS tDli<iR.-\II:\TIO~ PROD- 
UCTS OF FREE ALMOXY CLYCERYL ETHERS) 

Methyl t?itt’r 0P U-shapsd nlwniniuni colunin 32 

nionoc;lrhns~Iic (3 ni - 4 mm) packed with 
acid formed hy Ki*eIguhr 1SlL100 mc2h) 
chrcmic acid coat& xvirh 15 f:; Doa- Corning 
oxidation high-xwzuuni greaser isothcrmd 

at 1 S3 ’ : helium Ilo\v-rate. 50 
nil,;niin 
Or U-shaped oiuniiniuni colunin 
(7 ni :- 4 mi<) packed Gth 
Kieselguhr (SO-100 mesh) costed 
with Rcoples 410: isothernxd at 
165;; helium flow-rate.44 ml.fnlin 
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were as expected. The only point of interest was that TFA derivatives of the I- and 2- 
isomers of alkyl gtyceryi ether could be separated on a stationary polar phasc’si. 

Successful attempts to locate the position of the double bond in the tllkyl chain 
of ~I-!\-cervl ethers bv GC were made_ Small-chain fatty acids produced by oxidation _ _ 
of the double bond with either permang:tnate-periodate reagent’i3 or chromic acid 
reagent” were nnalysed by GC as their methyl esters (Txbie IL Nos_ 2 and 3)_ 

Various derivatives of hydrosyalkyl glyceryl ether were the subject of a recent 

GC sw.?y (Table IO. No. I ). The TMS. the acetate ofisopropylidene. ar:d the TMS 

of isopropylidene derivatives of hylros~~tlkyI gIycery1 ether and the rxeth_vI ester of 
keto-substituted ztlkyiglycolic acid \vhen chromato~rrtphed on :t poiar stationary phttse 
were eluted in the sequence mentioned- 

GC chttrttcterizatiorI of alkyl glyceryl ethers 3s ally1 alkyl ethers. cyclic carbo- 
nates and cyclic thiorwcarbonates wts reported on :L non-polar stationary phrtsc (5 “.. 
SE-30)*‘h (Table 1 I_ No_ 6)_ The authors indicated the potentiality of the cyclic thio- 
nocarbonate derivatives in GC atwlvsis for t\vo reaons. ri:. ( I j The dcrivntizntion 
procedure in ;;n alkaline medium is \\-cl1 suited to prepare similar dcrivarir~es from l- 
alk-I ‘-eny1 &very1 ethers- (2) Identikation of these derixltives in n;lnogxm amounts 
with cithrr t:n electron capture detector or t?rnne photometric method_ 

Altyi monoiodidcs and diiodides \vhich are s?;nthesized from s;uuratcd and 
I:lorroui?Sntur~tted alkyl glyceryl-( I ) ethers (Aso from fatty ~llcohi~ls! 1311 be cluan tita- 
timely anal_\-sed by GC (Table 1 2, No. I ) on :I polar stzttionary phase (ethylene glycol 
succin:tte) after suitable modilicrttion of the injector insert am! suitable correction I:LL-- 

tars for weight respot1se*45_ The usual it>jector insert is replaced \vith another tulx 
which is constricted at the junction to the chromato~l-~tphic column. This moditicati~n~ 
prevents direct on-column injection and thus hclp~c-omplction ~~fdch~d~~~~h~~ll~~ci~~~ti~~r~_ 
preventing tttiling of peaks_ Further_ talk\-I iodides can he anaIvsed by GC after C‘OI?- 
verting them to either r11ka1xs by reductive Jchalo~cn~~tion or to alkcnes by dehydro- 

Mogexttion_ As diiodidc or diene isonwrs do not separate (!uring GC. they car? be 
directly quantitated_ The allanes :rnd alkenes do not need ;I correction factclr for v.+itt 
response. 

ffr rifro f8xmation ofalkanediols from fatty acids w:~?i recwtly Cf~~c~:mcr~tc~il”=_ 

TLC separ:ttion of alkanediols and itlkyl glyceryl ethers or their derivatives is not 
s;ttisfrtctor?_ and hence ii possibility of \\‘ron, ** identitication csistl;. This c:m be ova-- 

come b>- GC. Thus Snyder‘s gzroup achieved GC separation of isoprcrpylidcnc deriva- 
tives of I_?-_ l-3-_ l-4 and I-tetrrtdecy! glyceryl ether on ;L stationary p~~li~r phase. 
The elution order of the isopropylidenes of the a!krmediols \\‘;Ls 1.1 > I.2 > I.3 for 
the hesadtxtne series greater thati I -tetrttdec_vl ylyeryl txher. 

Application of various chromatogrtlphic rechniques. with special emphasis on 

thin-laver and ELIS chromatography. in the studv of the chemistry xnd biochemistry 
ofalkosy-lipids is reported_ 
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