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TABLE 1 n- 6 n-3 18: 2

delta-9, 12 183de|ta912 15 (linoleic
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FORMULATIONS CONTAINING UNSATURATED FATTY ACID

Unsaturated fatty acids, particularly the essential fatty acids (EFAs), shown in Table

I below and certain others, have a range of possible medical uses.

Besides the essential fatty acids, there z{re more particularly oléic acid, parinaric acid
and other fatty acids with conjugated. double bonds, and columbinic acid, a fatty acid with
non-conjugated bonds which, while not being an essential fatty acid, can correct many of
the features of essential fatty acid deficiency. Parinaric acid is an 18:4 n-3 acid (9 cis, 11

trans, 13 trans, 15 cis); columbinic acid is an 18:3 n-6 acid (6, 9 cis, 13 trans).

The bodily conversions of the main series of EFAs appear in the table, which is:-



delta-6 desaturase 18:3 delta-6,9, 12 18: 4

delta-6,9, 12,15 (gamma-linolenic acid) (st earl_d‘onl C

aci d) el ongati on 2

20: 4" del ta-8, 11, 14, 17 (di hono- gamra- | i nol eni c aC|d) ’
del ta-5 desaturase 20:4 delta- 5,8,11, 14

delta-5, 8, 11, 14, 17 (arachidonic aC|d)

(' ei cosapent aenoic acid') 2 el ongati on
22: 4 delta-7,10, 13,16 22:5 delta-7,10, 13, 16, 19
(adreni c acid) delta-4 desaturase 22:5
delta-4, 7,10, 13, 16 22:6 delta-4,7,10,13, 16,19

(' docosahexaenoi ¢ aci d') TABLE 1

3 The above pat hways are not nornmally reversible nor, in man, are
n-3 and n-6 series acids inter-convertible. : The acids, which in

nature are of the all-cis configuration, are systematically naned as
deri vatizfes of the corresponding octadecan@ﬁk, ei cosanoi ¢ or docosanoi c
acids, e.g. delta- 9, 12 octadecadienoic acid or delta-4, 7, 10, 13, 16,
19- docosahexaen0|c acid, but nunerical designations such as,

corr espi@rididelta-9,1218: 2 n-6 or 22:6 n-3 are d83wdeltadhi2,15 I nitials, for

exanpl lingtéid atid) the 20:5 n-3 acid (ei cosa@sdphamiinoienic acid)) or DHA for the

delta-6 desaturase
4

18:3 delta-6,9,12 ! 18:4 delta-6,9,12,15
(gamma-linolenic acid) (stearidonic acid)

|

elongation
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20:3 delta-8,11,14 20:4 delta-8,11,14,17
(dihomo-gamma-linolenic acid) |

delta-5 desaturase
|
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20:4 delta-5,8,11,14 20:5 delta-5,8,11,14,17
(arachidonic acid) (‘eicosapentaenoic acid')
l
elongation
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22:4 delta-7,10,13,16 22:5 delta-7,10,13,16,19 {

(adrenic acid)

l

delta-4 desaturase.
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v

22:5 delta-4,7,10,13,16 - 22:6 delta-4,7,10,13,16,19
('docosahexaenoic acid')



22:6 n-3 acid (docosahexaenoic acid), are also used but do.not serve when

n-3 and n-6 acids of the sane chain | ength and degree of ShdetiiR
exist as for exanple with the 22:5 acids. Trivial names i'llrllHg b laced
common use in the n-6 series are as shown. O the n-3 ser'ionm -3
has a commonly used trivial nane, alpha-linolenic acid, th

stearidonic acid is comng into use for the 18:4 n-3 acid and the nanes

ei cosapent aenoi ¢ acid and docosahexaenbi ¢ acid as such are al so used. The
al pha isomer of Ilinolenic acid was characterised earlier than
gamma- | i nol enic acid and reference in the literature sinply to linolenic
acid, especially in the earlier literature, is to the alpha-acid. .

Many of t hesellieaboye pathwaysare aotrarmaily rexgrsible ngspdnan; greik-diaad ned seeh one
anot her. _For exanple, ganma-linolenic acid (GLA) exerts one set of

anti-i nfGCMFBF‘SﬂVéﬂfb@%t s while eicosapentaenoic acid (EPA) exerts another
set of anti-inflammtory effects. Many of the fatty acids are easily

oxi dised, while oleic acid exerts potent anti-oxidant effects. Arachidonic
acid (AA) is an inportant. constituF{glltF&Hf.cel menbr anes EeUt . ar nf ul

C be

i f  convert ed! MAGHISo WIEH 1D RUESATS © T CRBBTAROY AF V5 %Bﬁggrqaw r
met abol i t eaé . such gﬁ] thr onngne @Per r%. or. | eukotri.enes: .it .‘iis t hgrlg_or e
usef ul t35 GHYIHES O Fe ARMFPRATCRE CELFERRC ™ RATYH OF dacnsator pads, 6.8, 87140 1 o
tzhg gaEer’ngéé,%gd%Qf idnofc dcid or delta~4, 7, 10, 13, 16, 19-docosahexaenoic acid, byt
In nmost countrdes. further h ' 1 hes of Pr p ]ut | raduct s
w11t at A fESantion S b SoRbpaRind 1 £h-gRiBR B S U Etyeliety
conmpoundg,.. su X ty . iac ' r erable to
ceek a pgl'?lgvgsr ?4} &?g@mﬁgﬁgkﬁﬁ tg% &Pgs'{ 1 ac:d?g’lbgsager{tﬁedo% icbcﬁ o?ftﬁ-m & tﬁg

22:6 n-3 acid (docosahexaenoic acid), are also used but do not serve when n-3 and n-6

acids of the same chain length and degree of unsaturation exist as for example with the 22:5

acids. Trivial names in more or less common use in the n-6 series are as shown. Of the n-3

series only 18:3 n-3 has a commonly used trivial name, alpha-linolenic acid, though the

name stearidonic acid is coming into use for the 18:4 n-3 acid and the names

eicosapentaenoic acid and docosahexaenoic acid as such are also used. The alpha isomer of

linolenic acid was characterised earlier than gamma-linolenic acid and reference in the

literature simply to linolenic acid, especially in the earlier literature, is to the alpha-acid.

Many of these fatty acids have actions which appear synergistic with one another.
For example, gamma-linolenic acid (GLA) exerts one set of anti-inflammatory effects while
eicosapentaenoic acid (EPA) exerts another set of anti-inflammatory effects. Many of the
fatty acids are easily oxidised, while oleic acid exerts potent anti-oxidant effects.
Arachidonic acid (AA) is an important constituent of cell membranes but can be harmful if
converted to pro-inflammatory, pro-thrombotic and vasoconstrictor metabolites, such as
thromboxne Aj or leukotrienes: it is therefore useful to administer AA with a fatty acid

which reduces its conversion to the harmful metabolites.



It would therefore be desirable to have a vehicle, for adﬁ+ﬂistration of
fatty acids, I ncorporating different fatty acids in thenﬁnma&n&

nol ecul e, and we propose the use of phosphol i pi ds such a
P-chol i ne, P-ethanol amine, or P-inositol (P- phosphotidy
two sites at which fatty acids nmay be ingcorporated. Such

are close to the natural . phospholipids and not therefore approprlate S|ngle
nol ecul es for delivery of two different fatty acids.

i nvention thus nakes use of phospholipids in which one site is occupled by

one fatty aci dnamdt ¢dumtrddstferthersthe gaidetinRsl fdrpharmiadehiticat ptodusistnvilitate skainst
particularly one which has an action additive to or synergistic with the

first. Theeagtatsepeanice of dangs bhichraePmixdstedyf junds, susty # hixtires oPfatthy
extraction and purification fromnatural products, iin each case by nethods

known i n atidsrsRlis thereforecrefesableao iseskapproval fod singleangibadezhol i pi ds by net hods

known in thensel ves. The fatty acids to be used for preparation
of the phospholipids are the twelve essential fatty acids shown in table 1,
ol eic acid, colunbinic acid and parinaric acid. Preferably there

are present faftwoulditherefoe¢ bedesitatile tmbave A vehicle, foradmitivtraiiod oDty acids,
Anmong fatty acids of particular interest are mma-linolenic acid (GA),
di hono-  isArReratingodiferent faty dacidoimitie fonarqi@rsmg?nmoleavﬂe,chn@m propose the use
-5-
of phospholipids such as P-serine, P-choline, P-ethanolamine, or P-inositol (P-
phosphotidyl), which have two sites at which fatty acids may be incorporated. Such
phospholipids are close to the natural phospholipids and not therefore appropriate single

molecules for delivery of two different fatty acids.

The invention thus makes use of phospholipids in which one sité is occupied by one
fatty acid and the other is occupied by a different fatty acid, particularly one which has an
action additive to or synergistic with the first. The fatty acids may be prepared by chemical
synthesis, or by extraction and purification from natural products, in each case by methods
known in themselves, and may be incorporated into phospholipids by methods known in

themselves.

The fatty acids to be used for preparation of the phospholipids are the twelve

essential fatty acids shown in table 1, oleic acid, columbinic acid and parinaric acid.

Preferably there are present fatty acids selected from GLA, DGLA, AA, EPA and
DHA.

Among fatty acids of particular interest are gamma-linolenic acid (GLA), dihomo-

gamma-linolenic acid (DGLA), arachidonic acid (AA),



ei cosapent aenoi c acid (EPA) and docosahexaenoic acid (DHA):~ O parti-cular-
I nt er est therefore are phospholipids containing any of ThieSkeftak Bich Rbpis,

fatty acids at both positions on the phospholipid, especi
phosphol | pids containing the follow ng pairs of fatty aci "”'
Ganmmae- | i nolenic acid (GLA) or di honp-gamma-linolenic acid (

wi th arachidonic acid (AA - GLA or DALA with eicosapentaenoic acid
( EPA) - GLA or DGLA with docos®ahexaenoi c acid (DHA) - AA with
EPA - AA with DHA - EPA with DHA Because of the
inevitable limtations of the methods of synthesis and separation of the
phosphol i pi ds, any phospholipid preparation nade for use in pharnmaceuti cal
pr oduc teicosapentagnais atid (EB docosahexaeneis acisl (RHA). nOf partieular interest er ent

phospholipids. This invention therefore for preference covers situations

i n whi ¢herefoce arseptiosphetipida censaining anyl of these-pagticular fattyagids ato o, pref erably nore
than 40%_ very preferably nore than _70% and, i deal | y nor E 90% of the
total Hedspesiionsion the prespholipid, especially phospheligidsos qnmleggrfwt Wing,paith| e be
used in the preparatron of foods or skin care preparations or of

phar m@ffatieagidsayent s for oral, enteral, parenteral (|ntravenous

S O o oS ) T e ot oy i b R 7o
Toong 526283%68985&?%?%?&53& y 50019 10 49 of the Specified phospholi pid
per day. W]eéLx q}d}fA w181 eicosapentaenoic acid (EPA)

- GLA or DGLA with docosahexaenoic’acid (DHA)

- AAwithEPA

- AA with DHA

- EPAwithDHA

Because of the inevitable limitations of the methods of synthesis and separation of
the phospholipids, any phospholipid preparation made for use in pharmaceutical products or
foods is likely in practice to be a mixture of different phospholipids. This invention
therefore for preference covers situations in which the specified phospholipids make up at

| least 20%, preferably more than 40%, very preferably more than 70% and ideally more than

90% of the total phospholipid present.

The phospholipids may for example be used.in the preparation of foods or skin care
preparations or of pharmaceutical agents for oral, enteral, parenteral (intravenous,
subcutaneous, intramuscular or any other such route), topical, rectal, vaginal or other route
of administration. They may be desirably administered in pharmaceutical forms at doses of
1mg to 100g, preferably 100mg to 20g and very preferably 500mg to 4g of the specified
phospholipid per day. When used in foods



-6-. or preparations for enteral, parenteral or topical atmntstrat-on———
they may desirably be nade into fornulations containi ng byhisShagitas Becd B¥pliced

60% preferably 0. 1%to 30% and very preferably 1%to 20% f
t he specified phospholi pid. Sui t abl e pharmaceuti cal
are for exanple a hard or soft gelatin gapsule, a tablet, a pastille,

cream a lotion or enulsions. A food may for exanple be a whip, a foam a
powder or a chocolate. For cosnetic use creans and the |ike may be used.
Synthetic routes to phosphol i pids Four cl asses of phospholipids are

consi der eg;;/ P%eﬁarations for entefd] %%@#wa,;ﬁ% g%’ﬂg‘f‘f‘)éﬁf’%t‘%%ﬁ“ 4}) fehey ?i’%ade

phosphat i ol 1 nes (PC) Il ol"am nes

| V. phosphaé ?Mu?ﬁi%h?@&t&iﬁ%k by weight 0.01% 1 60% a5referdbiF0.194 REjoRhEVeIyES are

di acyl phospholipids . osphol i pid synthesi’s can be divided into

two appr Oﬁf%!fé?ﬁbl¥ 1% to 20% ﬁ:h&spﬂbﬁtﬁ@ﬁpﬂwsﬁédiﬁéﬂ ﬁHoE;ﬁioﬁde?e” acyl ation
(ii) acylation tirst then phosphorylation hosphol i pi d synt heses
are usually considered as either partial synthetic routes or total

synthetic routes. Partial synthesis takes advantage of naturally
Suitable pharmaceutical dosage forms are for example a hard or soft gelatin capsule, a

tablet, a pastille, a cream, a lotion or emulsions. A food may for example be a whip, a

foam, a powder or a chocolate. For cosmetic use creams and the like may be used.

Synthetic routes to phospholipids

Four classes of phospholipids are considered:

I.  phospholipid acids (PA)

II.  phosphatidylcholines (PC)

III. phosphatidylethanolamines (PE)

IV. phosphatidyliserines (PS)

In all cases the target molecules are diacyl phospholipids .

Phospholipid synthesis can be divided into two approaches.

(i) phosphorylation first, then acylation

(if) acylation first then phosphorylation

Phospholipid syntheses are usually considered as either partial synthetic routes or total

synthetic routes. Partial synthesis takes advantage of naturally



occurring phospholipids as starting materials while total—-synthesis usually
starts with a glycerol derivative. For mxed acid phosphothipSidetSysBeeeRiptaced
t he second approach is generally nore feasible. (1) Pho |
Synthesis (i) Phosphorvlation step first Method (a) jmm

G ycerophosphati di c acid has been acy_l,gt ed with fatty acid

60-80% vyields. This route is suited to the synthesis of PA's with the sane

acyl group in both positions but nay be adapted to m xed acid synthesis as
for exanple at Il (i)(a). Salts of the fatty acid in question are often

dded, hosphat
o ai 1 SR B e o B e A e R P e
scal e (9] Rurivaive %r'ﬁxe@iwg%% PHOIRId Hictiakis eVl appfoih isinbral

carried Out 1n a fernenter, use glycero | nase, ca?al ytic
anount  ghrdYelsigied an enzymatic systemfor ATP regeneratlon Th| s is the
nost attractive route for the |arge scale production GPA. Cyclic
phosphate formati on can be avoided if the phosphate group is in the form of
a triester. GPA has been prepared by the reaction of sodi um di hydrogen

phosphaire Vphésphdtivic AGH S¥théslte fol | owing reaction may be used: -

() Phosphorylation step first
Method (a)

14
*

Glycerophosphatidic acid has been acylated with fatty acid anhydride in 60-80%
yields. This route is suited to the synthesis of PA's with the same acyl group in both
positions but may be adapted to mixed acid synthesis as for example at II (i)(a). Salts of the
fatty acid in question are often added, to reduce the degree of cyclic phosphate formation

and phosphate migration:

Glycerolphosphatidic acid has been prepared on a large scale (300g) by enzymatic
phosphorylation of glycerol. The reaction, carried out in a fermenter, uses immobilised
glycerol kinase, a catalytic amount of ATP and an enzymatic system for ATP regeneration.

This is the most attractive route for the large scale production GPA.

Cyclic phosphate formation can be avoided if the phosphate group is in the form of a
triester. GPA has been prepared by the reaction of sodium dihydrogen phosphate with

glycidol and the following reaction may be used:-

0
1
-’ \'0R OH
p ==t
oH
oH ol

N
/ "OR
R= Me or - CH,CH,- RO




[err] The internedi ate phosphotriester is th | at ed

with an acid chloride and conversion to the PA conpleted qed
phosphat e protecting groups, for exanple by trimethylsily I l '
Met hod (b) PA's have been prepagged in quantitative : |

scal e by hydrolysis of PC s wusing phospholipase D (from Streptomyces
chr onof uscus) . (i1) Acylation first PA's have been prepared fromthe
correspondi ng 1, 2-di acyl gl ycerol. This starting material 1is comon to a

nunber of t heTke/intemediatehdsphotritedr {sQher dcylabédowith ah aéll chIoFide aid® forfvetsiol
The followng are routes to the PA's using it. Met hod (a) [err]

As gi ven,totthé PA conmplétediby eentviaboffthe pmrhutabmieaﬁwgr&ﬁpw&ﬁ'-exﬂﬂ ber, choice
of an al cohol other than benzyl al cohol expands the applicability of this

route.  tidatettndsilybipdide.
Method (b)

PA's have been prepared in quantitative vield on a small scale by hydrolysis of PC's
using phospholipase D (from Streptomyces chromofuscus).

. {

(ii) Acylation first

PA's have been prepared from the corresponding 1,2-diacylglycerol. This starting material
is common to a number of the syntheses and method for its preparation are given below.

The following are routes to the PA's using it.

Method (a)

Oacyl 0, 0 Oacyl ppen,on [—93¢Y! lilpyridine/ H,0
[:0“ . \\P/ — |oacy! __L_[_O“Yl ZePA
Y 7\ E 0
0 0

L on o9 1 il Hp/Pd
,P-O /p\
N
Q
As given, this is suitable only for saturated acyl groups. However, choice of an

alcohol other than benzyl alcohol expands the applicability of this route.

Method (b)

High yield (>90%) synthesis of PA is given by reaction of 1,2-diacylglycerol with -
POCI3/Et3NS.



High yield (>90% synthesis of PAis given by reaction of

1, 2-diacylglycerol with POC [err]/Et[err]Nerr]. ' chlaced
[err] This route solves the problemof acyl gr |
provi ded the expense, and interactiof of silver ions W|th

fatty acids, is acceptable. Met hod (d) [err]
ROM This gives sane acid PA's, PCs and PS s as well as novel
| i pi d phosphodi esters. The '
Method (c)
0
Oacyl 3 Qacyl HCl{q)/CHCY
acy Atlg)/Lntly .
anq( + Ag-0 \ ) ———EOa: t PA

1 7k )<
/6

This route solves the problem of acyl group migration provided the expense, and

interaction of silver ions with polyunsaturated fatty acids, is acceptable.

Method (d
OH [ I_QH acylation r—Oacyt choline Oacyl
o e Fo 20 fo colo Py
orylatio -
o ProseRery 0POy"~ 0POy \
' _/P\O/\/““Ga
ROH
phospholipase D
Oacyl
Eua:yl
0
0\;
/
-¢" “or

This gives same acid PA's, PC's and PS's as well as novel lipid phosphodiesters. The
initial phosphorylation uses glycereol as a starting material and produces glycerol phosphate
(GPA) in good yiels and in optically pure form. The method starts with the purification of
GPA as a crystalline 4-N,N-dimethylaminopyridine salt and continues with acylation using
fatty acid anhydride and conversion of the PA to PC. The final step is phospholipase D

mediated transphosphatidylation reaction.



i nitial phosphorylation uses glycereol as a starting materi.al and produces_
gl ycerol phosphate (GPA) in good yiels and in optically purg . farm.  The

nethod starts with the purification of GPA as a crystalli néjf.m“"gmtH"sE""’R'“‘plfm‘“1
4- NN-di net hyl am nopyridine salt and contipues with acyl ation L'ﬂ!l‘lﬂ "IIH“"Il Ill
acid anhydride and conversion of the PA-1% PC. The final step

phosphol i pase D nedi ated transphosphatidyl ation reaction.

Met hod (e) This uses a m|d phosphoryl ating agent which does not
| ead to acyl gr m gration: [err] (I'l) Phosphati dvl chol i ne
Synt hesi s Mosohoryl ation step first Method (a)

A ycerophosphati dyl choline has been acylated using a variety of yields
ranging from67 to 88% The use of ultrasound reduces the reaction tine.

Thi teis ljmted tao P Lth th I t,Cl d C2.
Fovever usi ng AP u5Hea DRASTARIGBIEE eaE SepmLAdes agtieRd By Ay oy fugraton:-
foll owed by reacylation. mxed acid PC s can be prepared.
A
N-P-N
sohe
-

(II) Phosphatidvicholine Synthesis

(i) Phosphorylation step first
Method (a)

Glycercphosphatidyl choline has been acyléted using a variety of yields ranging from
67 to 88%. The use of ultrasound reduces the reaction time. This route is limited to PC's
with the same acyl group at C1 and C2. However, using any one of a number of
phospholipase A; enzymes, followed by reacylation. mixed acid PC's can be prepared.
Glycerophosphatidyl choline is commercially available and can also be readily prepared from
egg yolk as a colourless crystalline cadmium chloride complex. A chemical synthesis is the

opening of glycidol with a suitably protected phosphate.

0
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d ycer ophosphatidyl choline is comrercially avail abl e and cth18§h€¢DHd§QeenReplaced

readily prepared fromegg yolk as a colourless crystalline c
conmpl ex. A chemical synthesis is the opening of glycidol w t
prot ect ed phosphat e, [err] The phosphate di ester |s

acylated with fatty acid chI oride and cblnverted to PC by reactlon W|th

:g: tg: :: e@?{? Tv“ eth terna % ou @c&gg canggtg pre glbq%{'ggﬁtiggn?f
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CD:

phosphoryl ati on of P0c13 (d)’/HzO clic phosphate formation
i s avoi ded by keeplng s a phos qlester
N
n Po
P ;0
N U

Alternatively, GPC can be prepared by reaction of solketal with phosphorus

oxychloride followed by choline, with subsequent acid-catalysed removal of the acetonide

group.
Method (b)

Synthesis of GPC or PC by the coupling of solketal or a 1,2-diacyliglycereol and
choline phosphate, the choline phosphate being prepared by enzymatic phosphorylation of

choline.

Method (c)

Cyclic phosphate formation is avoided by keeping the phosphate as a phosphotriester

until a late stage. For example GPC protected as a triester is produced as follows:

0CH,Ph 0CHPh OCHpPh
Eocnzph POCI3 E N excessMeOHE "

OCHzPh —W OUO‘Izph 20°¢ OCHzPh Soc OCHzPh
OH 0 0 o0
\I;lh \“ A\
/7 Br P

el \El Cl/ \0/\/ Meo/ \ONBr
le/cat

MesN OGLA GLA/DCC OH
PC e OGLA ——— OH
0 OMAP 0
N N
P P

ZN\. A BT man” N ABF



unti,l a late stage. For exanple GPC protected as a triester Tsproduced as

follows: [err] This Sheet HaslBeen Rep
Met hod (d) PC s are prepared by exhaustive nethyl ati o

phosphat i dyl et hanol am nes. Met hod (e) PCs are pr epa wll
between PA's and choline under the influence of a phosphate

triisopropyl benzenesul fonyl chloride can booth be used. Met hod (f)

M xed aci%&g_ild an be prepared by phospholipase Alerr] nedi ated

reacyl ati on of |ysophosphatidylcholine with oleic acid in toluene. O her
aci-d derivatives and other reaction conditions can be used. Lipozyne can

agent as in Il (i)(d) above. Trichloroaletonitrile and 2, 4, 6-

be used to nediate the selective esterlflcat éﬁ%"g at the I-p05|t|on
by an aci d anRGamareRrepred pysxhaustiye meshylas H ARQlaes. ¢ oy si ng
sequential use of these two enzynes. (1) AcyI ation first There

is a wde range of reagents for the conversion of a 1, 2-diacylglycerol into

a PC. We&%% ga)

PCs are prepared by reaction between PA's and choline under the influence of a
phosphate activating agent as in II (i)(d) above. Trichloroacetonitrile and 2,4,6-

tritsopropylbenzenesuifonyl chloride can both be used. '

Method (f)

Mixed acid PC's can be prepared by phospholipase Ay ,mediated reacylation of
lysophosphatidylcholine with oleic acid in toluene. Other acid derivatives and other reaction
conditions can be used. Lipozyme can be used to mediate the selective esterification of
GPC at the 1-position by an acid anhydride in 71% yield. For example in a synthesis

comprising sequential use of these two enzymes.

(if) Acylation first

There is a wide range of reagents for the conversion of a 1,2-diacylglycerol into a PC.

Method (a)

The simplest route is the reaction with phosphorus oxychloride followed by choline

(as a chloride, tosylate or tetraphenylborate salt). A modification of this route is the use of

ethane-1,2-diol in the place of choline and although this adds



The sinplest route is the reaction with phosphorus oxychl or.&.hgsesﬁf %Jascmgj by-

choline (as a chloride, tosylate or tetraphenyl borate salt " Hm"ﬂ(mﬂmm

nodi fication of this route is the use of ethane-1,2-diol in
choline and al t hough this adds

- 13- nore steps to the synthesis, p_qgjfication of the internediate (A)
I's easier than direct PC purification. [err]

(A) gag ) ﬁﬁ&ﬂe& PC by
reaction n\}\?rteﬁtelps § ﬁ‘ie swthesns gﬁﬂ ?ggggﬁtl?tgﬁ&o tm xefé egg&cf S 1 nvol ves
phosphol | hydrol ysis of (B) foI | owed by reacylation with a second
fattv aC| ride in the presence of perchloric acid and subsequent

t r eat ment WI atyumeth | ar ni cﬂhg% n daaml of, Lye perchloric acid is to
m nim se ac p_q%a OE;]: Em trdsphat i dyl choline is

however cal I fficlul l:because ydroxyl group is very
sterically crovvded i O can dto o Iems of acyl or phosphate
m gration under the forcing copthtions ne@r?e OoLgr reacylation.

Met hod (b) Phosphoryl ath oy with a Suilably protected phosphoryl

chloride to yield either mterpflgl ate (A Pé) (B) above is followed by
reaction with trinethyl am ne. thod (c) This is the route as in

Il (i) (d) ab@impound (A) can also be converted to a PC by reaction with trimethylamine.
Preparation of mixed acid PC's involves phospholipase A5 hydrolysis of (B) followed by
reacylation with a second fatty acid anhydridF in the presence of perchloric acid and
subsequent treatment with trimethylamine. :I'he function of the perchloric acid is to
minimise acyl group migration. Reacylation of lysophosphatidyicholine is however
chemically difficult because the hydroxyl group is very sterically crowded, which can lead to
problems of acyl or phosphate migration under the forcing conditions needed for

reacylation.

Method (b)
Phosphorylation with a suitably protected phosphoryl chloride to yield either
intermediate (A) or (B) above is followed by reaction with trimethylamine.

Method (c)

This is the route as in II (i)(d) above

(III) Phosphatidviethanolamine Synthesis
() Phosphorylation step first
Method (a)

Glycerophosphatidylethanolamine is commercially available, and though the amino
group is an active nucleophile, thus interfering with the acylation step it can be used as a

starting point for PE synthesis.



(I'1'l) Phosphati dyl et hanol ami ne Synthesis (i) Phosphorylation step first

Met hod (a) d ycerophosphat i dyl et hancl am ne is co rC|-aI I

avai |l abl e, and though the am no group is an active nucle slaced
interfering with the acylation step-14- can be used as a 'm for
PE synt hesi s.

Met hod (b) PE's are prepared from PC s by phospholi pase

cat al ysed transphosphityl ati on. Met hod (c) Usi ng

2, 4, 6- Methabfb) opyl benzenesul fonyl chloride as an activating agent a
prot ect ed formof ethanolamne is coupled to a PA. The protecting group
subsequent |y renoved. Met hod (d) Synthesi s of m xed acid PE: -

[err] Protection of the phosphate as_a nethyl ester gives a
good yi el dPElsrareprepareil fiomPC's by phospholipase D catalysed transphosphxtylatxon

Method (c)

Using 2,4,6-triisopropylbenzenesulfonyl chloride as an activating agent a protected

form of ethanolamine is coupled to a PA. The protecting group subsequently removed.

Method (d

Synthesis of mixed acid PE:-

rOCO myrist yt (;)[fgugco)zg'gfan 0COmyristyl (i)RCOzH,DOC,DHAP
r—OCO myristyl —————a— OH PE
-9 (ii)G adamanteus venom — § (i) Nal,2-butanone
PN g AN TN Meo/p\o/\/nmaoc (i) TFA,CHCL,
Protection of the phosphate as a methyl ester gives a good yield for acylation of the {, _

intermediate lysophosphatidylethanolamine.

Method ()

A protected form of GPE is acylated. Starting from solketal, reaction with
phosphorus oychloride followed by N-protected ethanolamine and finally acid catalysed
deacetonisation of the adduct yields protected GPE as a phosphodiester. An improvement

to synthesis of protected GPE phosphoetriester as shown below:-



I nt er medi ate | ysophosphati dyl et hanol am ne. Met hod (e) ~ - A Jp%e{eet—ed—
formof GPE is acylated. Starting from sol ketal, reacti onmslieetmg&a

oychl oride foll owed by N protected et hanol am ne and fi nal I
deacet oni sati on of the adduct vyields prbi-ected GPE as a ph F mﬂ
| nprovenent to synthesis of protected GPE phosphoetriester

bel ow: - [err] Afer acyl ati on, rem)val of the
met hyl group is by using sodiumiodid in butan-2-one. Further, if
N-t BOC et hangk@ni ne is hosphor vi a{‘ﬁzgoj:t be coupl ed (using either
trichl or oace{on<r PPE r Ro26%tri1sopfopW benzensul fonyl chl oride)
with either Q,Z- di apyf gl ycerotr—Tto yreld protected PE with solketal to
vield (after Te#oval of “tee gcetonide o, 0

J P#

¢ ¢l 0 NHtBOC

x/s
methanol

0
o H*M40 r ><
OH

C

P, /
Me0” S0 NHBOC Med N0~ NHBOC

After acylation, removal of the methyl group is by using sodium iodid in butan-2-one.

Further. if N-tBOC ethanolamine is O-phosphoryvlated it can be coupled (using either
trichloroacetonitrile, DCC or 2,4,6-triisopropylbenzensulfonyl chloride) with either a 1,2-
diacylglycerol to yield a protected PE with solketal to vield (after removal of the acetonide

group) protected GPE.

(ii) Acylation first
Method (a)

PE's can be prepared from 1,2-diacylglycerols by sequential addition of POCl3 and
either ethanolamine or its N-tBOC derivative. When free ethanolamine is used an
oxazaphosphalane is formed. This is opened under very mild conditions (aqueous acetic
acid; room temperature; 2h). The product PE precipitates from solution, thus making this

method attractive for larger scale syntheses.

Oacyl POCL Dacy! *
H'/ Hy0
Eoml—-%r dacyt M0 pe
HON 2 0

OH O\

P
LN




group) protected GPE. (ii) Acylation first Method (a)---- PE s can be
prepared froml, 2-di acyl gl ycerols by sequential addition of, P err] and -
ei ther ethanolanine or its N-tBOC derivative. Wen free et ecn Replaced
used 'an oxazaphosphal ane is formed. Jgis is opened under v '

h

conditions (aqueous acetic acid;, roomtenperature; 2h). T _ :
precipitates fromsolution, thus nmaking this mnethod attractive for |arger

scal e syntheses. [err] _ - 16-
Met hod (Nddthod PE' s have been prepared by reaction of glycerol

i odohydrin diesters with a silver salt of a suitably protected

et hanol am nephosphate. See PA synthesis nmethod (c). Met hod (c) [err]
Met hod (d) This is the route as in Il (i)(d) above.

PE's have been prepared by reaction of glycerol iodohydrin diesters with a silver salt

of a suitably protectéd ethanolaminephosphate. See PA synthesis method (c).

Method (c)
—0acyl (i) {C1)oPIOICHaCHoN(COMC¢H,
EOa eyl PE
OH (i) H,NNH, 4
Method (d)
This is the route as in II (i)(d) above.
{IV) Phosphatidvlserine Svnthesis
(i) Phosphorviation step first
Method (a)
Glycerophosphorylserine is commercially available. A protected form of GPS (N- ’

phthaloyl derivative) has been prepared. Aftere attachment of the acyl groups reaction with

hydrazine yields PS.

Method (b)

PS has been prepared by enzyme-catalysed transphosphatidylation of PC in the

presence of serine, phospholipase D' (from Savoy cabbage leaves) in low yield.



(1V). Phosphatidyl serine Synthesis (i) Phosphorylation step first’ tﬁod_
(a) A ycerophosphoryl serine is comrercially availa

formof GPS (N phthal oyl derivative) has been prepared. H Hli nt
of the acyl groups reaction with hydrqﬁ‘} ne yields PS.

PS has been prepared by enzyne-catal ysét transphosphatidyl ation of PCin
the presence of serine, phospholipase D (from Savoy cabbage | eaves) in | ow

yi el d.

2 3 SEP 1 .

St repr omy OIS 3 Srepromyces ghospholipase D prepsrarion simost quantvit convers il |,
gi ven. Met hod (c) Coupling of a PA and a protected serine
derivative pronoted by 2,4,6- triisopropyl benzenesul fonyl chloride yields
PS' s in 6§¥%@£¥¢%elds. Met hod (d) G ycer ophosphati dyl seri ne has
been prep m sol ket al using phosphoram dite - nmethodol ogy

Coupling of a PA and a protected serine derivative promoted by 2,4,6-

triisopropylbenzenesulfonyl chloride yields PS's in 60-95% yields.

Method (d)

?t'

Glycerophosphatidylserine has been prepared from solketal using phosphoramidite

methodology

0 0
/~—  ,OCH3 W CQ,Pm I CO2Pm
- . — Q=-p-
q_ N p\CI .3:0 /—< %’_Y\ l O/Y

oH HO  NHFmac 0 OMe  NHFmoc

(i) Nal
(i) TFA

PS «—— serine protected GPS

(i) Acylation first
Method (a)

Starting from a 1,2-diacylglycerol reaction with POCI;3 followed by reaction of the
intermediate phosphodichloridate with a protected serine derivative group PS's. Using a
serine derivative protected only on the carboxyl group an intermediate oxazaphospholane is

formed with undergoes facile cleavage.



[erc] PS-- _ serine

protectedGS (it) Acylation first Method (a) Startin r mﬁeplaced
1, 2-di acyl gl ycerol reaction with POCl[err] followed by rea

i nt ermedi ate phosphodi chloridate with a protected serine d?ﬂﬁﬁ‘i H H*HI .
PS's. Using a serine derivative protected only on the carb

I nt er medi at e oxazaphospholane is fornmed wth undergoes facil e cl eavage.
- 18- Met hod (b) This is thd8route as in Il (i)(d) above.
Preparation of 1,2-diacylglycerols A requirenment of phospholi pid
chem stry (and triglyceride chemstry) is the preparation of pure
sane-aci d and nj xed-acid 1, 2-diacyl glycerols, particularly |arge scale
pr epar at iMﬁt.Jﬂ.[&} oblemis that 1,2-diglycerides tend to isonerise very
easily to 1, 3-

This is the route as in II (i)(d) above.

Preparation of 1,2-diacylglycerols

A requirement of phospholipid chemistry (and triglyceride chemistry) is the
preparation of pure same-acid and mixed-acid l,2-diacflglycerols, particularly large scale
preparation. A problem is that 1,2-diglycerides tend to isomerise very easily to 1,3-
diglycerides, complicating purification of the final phospholipid. There is wide variety of
protecting groups that can be used. For example, the trityl group has been successfully
used for small scale preparation of 1,2-diacylglycerols. It is removed under extremely mild
conditions (column chromatography on silicic/boric acids) with the undesired sideproduct,
triphenylmethanol, eluting before the diacylglycerol. An alternative procedure for the
removal of the trityl group is reaction with boron trifluoride etherate, though

triphenylmethanol has to be removed from the reaction product.

A very satisfactory route uses the levulinoyl protecting group. The route is as shown

on the next page. Very little acyl migration accompanis the deblocking procedure.

A second valuable protecting group is the ferr-butyldimethylsilyl group. Reméval of
the silyl group using boron trifluoride-etherate is effected without problems of migration of
the acetate group. The reaction is quenched with excess dry triethylamine, immediately

adding the phosphorylating agent, thereby avoiding an aqueous work up.



di gllycerides, conmplicating purification of the final phosphelpid—Fhere is
w de variety of protecting groups that can be used. For qmgmemash&g laeed
trityl.group has been successfully used for small scale p
1, 2-di acyl gl ycerols. It is renoved under 9ext remely mld W]m
chr omat ogr aphy on silicic/boric acids) W th the undesired
tri phenyl met hanol, eluting before the diacylglycerol. An alternative
procedure for the renmoval of the trityl group is reaction with boron
trifluoride etherate,though triphenylmethanol has to be renoved fromthe
reaction product. A very sati sfaﬁgﬁeg route Jises t he | evul i noyl
protecting group 912 e,utfeﬂzﬂ S COCHaht'2 he- nexq E]pa% S% little acyl
m gration accom&ﬁw iGMg procedure. HoE {0 val uabl e
protecting group hel et - b WICOR net hyl si | yl* PR Reroval of the silyl
group using boron trlfl uori de- e@rlggeframﬁdlﬁogffect ed Wi t hout probl enms of
m gration of t hel 338%k atq gr oupsnelfalcfiemcti on i s quenched with excess dry
triethylamne, i rhERF B addiixgutdhe phosphoryl ati ng agent, thereby
avoi di ng an agueous wor k up (200g;49%) err] :

98% purity after

i crystallisation
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Aqueous work up on a large scale allows time for acyl migration to occur. This
particular silyl group is bulky enough to react with a 1-monoacyliglycerol exclusively at the
3 position, whereas use of the trimethylsilyl group leads to a mixture of silyethers at the 2

and 3 positions. The synthesis takes the following course:

(i) reaction of RCO,H with glycidol to yield 1-monoacyiglycerol

(ii) reaction of the 1-monoacylglycerol with TBDMS-CI to yield the 1-acyl-3-silyl
glycerol |

(iii) reaction of this with R'COCI to yield 1-acyl-2-acyl'-3-silyl glycerol

(iv) removal of the silyl group with BF3Et7,0

(v) quenching of excess boron trifluoride with excess triethylamine and reaction with the

phosphorylating reagent of choice



Aqueous work up on a large scale allows tine for acvl mg_atlon to_occur.
This particular silyl group is bul ky enough to react vmt

| - nonoacyl gl ycerol exclusively at the 3 position, mhereas
trinethylsilyl group leads to a m xture silyethers at t
positions. The synthesis takes the foll o#%fnhg course: (|)

RCO err]Hw th glycidol to yield I-nonoacyl glycerol (ii) reacti on of thel
- nonoacyl gl ycerol with TBDVM5-Cl to yield the 1-acyl-3-sil yI gl ycer ol

(iii) reactjo ) 'eId 1-acyl -2-acyl'-3-silyl glycerol
(1v) renoval=eH - v Biolin ]E[err]O (v) quenching of
excess boron tl’lf| uori de vmth excess tr| et hyl am ne and reaction wth the
phosphoryl ati ng reagent of choice

- 20- Ser hgggcg lof m xed acid phosphatidyl cholines Appr oach |

Regioselective hydrolysis of a same-acid diacylphosphatidylcholine with a

phospholipase A enzyme followed by reacylation with a different acid.

Approach 2
Phoshorylation of a pre-prepared 1,2-diacylglycerol. There is a wide range of
methods for the small scale production of 1,2-diacylglycerols. Care needs to be taken to

avoid formation of the 1,3-isomer as this complicates the purification of the final

phosphatidylcholine.
Approach 3
The following:
0
l_o oH 0CPhy 0CPhy
Eo -o’?\) Eon PhyCCI Eouo RCOC Eocgn
ow 0 0§ ol N
Ip—o P-O - Np—0
N N N
lag‘erzo
OCOR! 0CoR' OH
0COR MeaN Eocna R'COCL Eocoa
00 i — A ——
| o Qi

P=0x~ P"‘Q
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Regi osel ective hydrol ysis of a sane-acid di acyl phosphatidylcholine with a
phosphol i pase Al err] enzyne foll owed by reacylation with fahisdé'ff t CL@&d
Appr oach 2 Phoshoryl ati on of a pre-prepared 1, 2-di X
There is a wide range of nmethods for the small scale pr ocﬂﬂﬂiﬁﬁﬁﬁﬁﬂi‘m
1,2-diacylglycerols. Care needs to be tgken to avoid for
1,3-isonmer as this conplicates the purification of the final i _
phosphat i dyl chol i ne. Approach 3 The follow ng: [err]
Appr oach 4 Li pase nedi at ed nonoacyl ation (exclusively in the 1
position) Appredth 9as been reported using a vinyl ester of the desired
fatty acid. The other product of this reaction is acetal dehyde which
qui ckly evaporates out of the reaction m x. This neans that under suitable
conditions the |lipase reaction is effectively irreversible.
Lipase mediated monoacylation (exclusively in the 1 position) of GPC has been
reported using a vinyl ester of the desired fatty acid. The other product of this reaction is

acetaldehyde which quickly evaporates out of the reaction mix. This means that under

suitable conditions the lipase reaction is effectively irreversible.

Approach 5

Preparation of triglycerides by lipase catalysed exchange of the 1,3-acyl groups of a
same-acid triglyceride with an excess of a fatty acid ester. This approach can be used to
prepare a mixed acid phosphatidylcholine by starting with a same-acid PC and an excess of

a simple ester of the desired fatty acid.



Appr.oach 5 Preparation of triglycerides by |ipase catal ysed——
exchange of the 1,3-acyl groups of a sane-acid triglyceri thMIwBﬂﬁﬁi,écd

of a fatty acid ester. This approach can be used to prepare)l
phosphati dyl choline by starting with a sane-acid PC and an e
sinple ester of the desired fatty acid.

-22- Synt hesi s of
1-(z.z.2-6,9.9, 12- oct adecat ri enoyl ) - 2- ( 28- oct adecenoyl ) - r ac- gl ycer o- 3-
phosphochol i ne (1) A m xture of sol ketal (3.3g, 25 mmmol),

t et rabut yl ammoni um hydrogen sul fate (425ng, 1.25 mml, 5 nol %, sodium
hydroxi de (6.0g, 150 mmol), 4-nethoxybenzyl chloride (4.7g, 30 mmol),

water (6 g nthBds bf ! 0rLoet hane ) yas stirred woru;ly
under refl Rosahoeh oline TO° CLOTTE! TTERANT) — STOMCU tHe- e o 5 be
conpl et e ”'v’:‘"'M“f 7 hours). On conpletion the reaction mxture was

cooled and diluted with water (20m ) and nethylene chloride (20n ). The
organi c |l ayer was _ separated and washed with water until the washings were

neutral (4k 30fmixturgof sotkgtah(3:38.3%cmmebs tetrabutylammetium hydrogemsudfate at ed
Vi el ot HEZPE) §. 25, BiBh: S oyl codiom BEaidal B 456 e, +-methorybenzyl
chloride (4.7g, 30 mmol), water (6 ml) and trans-1-2-dichloroethane (20ml) was stirred
vigorously under reflux until tic (10% acetone/hexane) showed the reaction to be
complete (typically 3-7 hours). On corqgletion the reaction mixture was cooled and
diluted with water (20ml) and methylene chloride (20ml). The organic layer was
separated and washed with water until the washings were neutral (4 x 30ml). The
organic layer was dried (MgSO4) and concentrated to dryness. Purification by flash

chromatography (8% acetone/hexane) yielded the fully protected glycerol as a colourless

oil.

(i) A mixture of the fully protected glycerol (vide supra) (1.0g), hydrochloric acid
(IM, 10ml) and methanol (15ml) were stirred together at room temperature for 1 hour.
(At this point the analysis (25% ethyl acetate/hexane) showed complete disappearance of
the starting material and the formation of one new spot corresponding to the product).
The bulk of the solvent was removed, brine (20ml) was added and the product was
extracted into methylene chloride (4 x 30ml). The combined extracts were dried
(MgS0y4) and concentrated to dryness. On standing under high vacuum the product
crystallised. On one occasion it was purified by flash chromatography (3%
methanol/methylene chloride) although this was not generally necessary. This

monoprotected glycerol was the starting point for attachment of the fatty acids.



(i), A mxture of the fully protected gllycerol (vide supra) (1.09),
hydrochloric acid (1M 10m ) and nethanol (15m ) were sti rmgshgm

roomtenperature for 1 hour. (At this point the analysis (2 ecnRepl“"d
acet at e/ hexane) showed conpl et e di sappearance of the starti ng 'HHm
the formati on of one new spot correspondBng to the product)

the solvent was renoved, brine (20m ) was added and the product was
extracted into nmethylene chloride (4 x 30m). The conbi ned extracts were
dried (MySO4) and concentrated to dryness. On standing under high vacuum
the produdii) crésolation 96 DCOXL.dgeS5.3aumel)and DMAS(Q6iTg, 15i. 3rdmiol) in Insethylene
chromat ography (3% _net hanol / net hyl ene chloride) although this was not
general |y thmsbs(a\ﬂyﬂ) was ad e&mepabumpé&mqmm%slycml §1.9g; 4.7nmal) nt

for attachnent of the fatty acid

-23- (i iany GIA 488 %: iledteaf 4mmol()1n meghylenezhigride) (4amd) aRE undewsmigrogen.3nmol )

i n nmethylene chloride (10n1) was added to a solution of the nonoprotected
gl ycerol (Hheggactionnaottifredgygmigit, wagming up tozogm tampembirg. iAs the raagtiome
chloride (40m ) at O[err]C under nitrogen. The reaction was stirred

over ni ght PI’M%QPWRIB efoficycloRexylyred formed, Hexane-(Omibwas gddsdéeded a
precipitate of, d| hex a forped. Hexane (60m ) was added to

preci pi tatl?é'e‘?’rﬁ‘ﬁte 3}%& )ﬁvfs&aﬂ&%rﬁ@ww. 9631%"4 concenteatedyiog
concentratged to Care ul, purjficatio | a to raphy (20%
et hyl acet @Sﬁeéﬁén lep‘ifi‘féan@EI ¥ B\Wﬁ@%ﬁg‘a@ﬁaﬁa as a

| | tl | h d b f
E Eejznr)nng ifed e moneprEed rerabyieleLps a Cippfss °?ﬁnébwggﬁ:‘§§ﬁ0? deany °
(2ont) wadial ERS hof Bhuamiingied By 3R of fie Brtiirokeied 2dhgioatyleleetol isdmet

(iv) A solution of DCC (0.72g, 3.45 mmol) and DMAP (0.36g, 2.92 mmol) in
methylene chloride (10ml) was added to a solution of the monoprotected 1-
monoacyiglycerol (1.25g, 2.05 mmol) and OA (99%, 0.83g, 2.92 mmol) in methylene
chloride (40mi) at room temperature under nitrogen. The reaction was stirred overnight.
As the reaction proceeded to a precipitate of dicyclohexylurea formed. Hexane (60mi)
was added to precipitate more dicyclohexylurea and the reaction was filtered and
concentrated to dryness. Purification by flash chromatography (8% ethyl acetate/hexane)

yielded the monoprotected diacylglycerol as a colourless oil.

v) Bromodimethylborane (220ul, 2.2 mmol) was added by syringe to a solution of
the monoprotected diacylglycerol (800mg, 1.1 mmol) in methylene chloride (20ml) at
-78°C (external cooling by dry ice/acetone) under nitrogen. After 3 minutes at -78°C
-the reaction was quenched by the addition of diethyl ether (200ml). TIc analysis (4%
acetone/chloroform) indicated that the reaction had gone substantially towards
completion. The mixture was washed with water (5 x 100ml), brine (100ml), dried
(MgSO4) and concentr;ted to dryness. The product was used directly in the next step

without any further purification.



nmonpacyl gl ycerol (1.25g, 2.05 mmol) and OA (99% O0.83g, 2. 38isRkhd
net hyl ene chloride (40m) at roomtenperature under nit rog
was stirred overnight. As the reaction proceeded to a preci a

di cycl ohexyl urea formed. Hexane (60m ) was added to precipi

di cycl ohexylurea and the reaction was fil2ered and concentrated to
dryness. Purification by flash chromat ography (8% et hyl acetate/ hexane)

yi el ded t he nonoprotected diacyl glycerol as a colourless oil. (v)

Br onodi net hyl borane (22[err]l, 2.2 nmol) was added by syringe to a solution
of the nonéy) ot écsajution af the giacytziyrerol §D.amymol). ahdrtriethylaminer2 10|, &rfemmol)
chloride (20m) at -78[err]C (external cooling by dry ice/acetone) under
nitrogen. Awmascodedin(l? s'ﬁlth:ﬂ@@ﬂddpd:a soluaonegat-diﬂmovﬂaﬁ 2edioxaphosphojanerd

addi tion of dieth ether (200M). Tlc analysis (4%, acetone/chl oroform

i ndi cat ed tnmdet(hgomaabﬂﬁ armol) dn tpduese{Sipb: azfteraé guns@further pertioploftheon. The
m xture was washed with water (5 X 100n1d) brine (100m ), dried

(MySq er r | ) chlerophosphidate £150me) wagragdedsan thn@u;swwu@s stirred Queraight, wamming i n
the next step w thout any further purificati

-24- (vi BP tO 100sp [GMPESAUES. ifkeanalya@ﬁ%%ﬁl@fl@pete@/@lm shoxyed almost
triethylamne (210[err 1)) was cooled to Q[err]C. To this

added a sol ﬁ?meﬁ? %qﬂlsappmaa%o 1st§uzg masna ard fisolormation of 4 BS‘(‘V&B"'PQB’@QTgTﬁ& 25
mml) in tol ene After 6 ur afurtaﬂﬁ e‘ilon of, t he

chl orophospr?H%H[% @165 PR FEESEHE AP ARG WCEF VIR AT Ght

war m ng to ro erat Tl c a SiS 0% eth cetate/tol uene)
showed al m) T Sev! ‘P‘gﬁ’e %‘ﬁiﬁ%gﬁﬁ% ‘ﬁ@cé %%l ?%ﬂ%

formati on of a new conpound. The

(vii) A solution of trimethylamine in anhydrous acetonitrile (16g gas in 100ml) was
prepared. The crude product from the previous step was dissolved in this solution (4mi)
and transferred to a sealed tube. The tube was purged with nitrogen and heated at 65°C
for 48 hours. The reaction was cooled. The mixture was two layers. The bottom layer
was the phosphatidylcholine and the top layer solvent. The mixture was dissolved in
chloroform, transferred to a round bottomed flask and concentrated to dryness.
Purification by flash chromatography (chloroform: methanol: water 65:25:4) yielded the
pure mixed acid phosphatidylcholine as a yellow waxy solid. Tlc analysis (chloroform:
methanol: water 65:25:4) showed only one clean spot. A sample of the phospholipid

was transmethylated and the fatty acid methyl esters determined by g.c.

Synthesis of 1,2-di(z,2.2-6,9,12-octadecatrienoyl)-gr-glycerol-3-phosphocoline

A mixture of crystalline L-a-glycerophoshorylcholine-cadmium chloride complex
(from Sigma)(490mg; 1.1 mmol)(dried by evaporation from ethanol) (2 x 30ml) and
toluene (4x30ml), GLA acid chloride (890mg; 3 mmol) and 4-N,N-dimethylaminopyridine)
(370mg; 3 mmol) in methylene chloride (20ml) was stirred overnight under nitrogen at

room temperature. Initiaily the reaction mixture was a dense suspension but after the



solvents were renoved under reduced pressure and, after drying under._vacuum

at ‘45[err]C for several hours, the product was used di‘f‘lﬁs“sthLé( Ls t he next
stage of the reaction. (vii) A solution of trinmethyla d
acetonitrile (16g gas in 100m) was prepared. The cr Udg”'ﬂﬂ ' t he

previous step was dissolved in this sol upson (4n) and a
seal ed tube. The tube was purged with nitrogen and heated at 65 [err]C
for 48 hours. The reaction was cooled. The m xture was two | ayers. The
bottom | ayer was t he phosphatidyl choline and the top | ayer solvent. The

m xture WQgemight Per6d itl was anCAlndsti@ BolutibAN M€ haddsis th Bvd Gatechsye! t omed

flask and concen#at ed to dryness. Purification by flash chromat ography

(chl or of ocHloréf@EARShanolBar :665/287442. ¥hRIrsfogmimethandaitindfiumd aci d
phosphati dyl choline as a yell ow waxy solid. Tlc analysis (chloroform

net hanol : hya#oRideb:565730/4) skidwasietie présencett twoarw cdiffounds.s Thpnejef t he

phosphol i pr d was transnethylated and the fatty acid nethyl esters
det er m nedofipogent had an Rfvahesionsistent with the desired product and the minor component

1,2-di(z,z,z-6.9.12-oct adecatri enoyl ) -gn-gl ycerol - 3- phosphocol i ne
A m xt ur e wais thought td be the dorresmindingrlgsuphesphopychbline. nThe eedotiommixture wase
conplex (from Sigm) (490ng; 1. 1 mmol ) (dried by evaporation from et hanol)
(2 x 30ni xonsedtrated|to dmmegsiarRiDsuspended i methdnel/dhdotoferny/@atny 5/4' 1r(2Gin}). ahd
4- NN- di met hyl ami nopyr i di ne (370ng; 3 nmol) in nethylene chloride (20m)
was st i rr ddnsewehits ppecipitatddformed. r Theemixture wasoapplied e a anined resimioniexchangehe
reaction m xture was _a dense suspension but after the
- 25- ovelumny(appraximately 25mieack of Bowes 5054-d60 (HoT formpand Dowenda2+180s in
two systens (1. chl or of or Ml net hanol /~wat er . 65/ 25/ 4; 2. )
chl or of or fHREfarTa)L| (EhisrBas tvremove both the DMAP and the cadmium chloride). The
phospholipid was eluted with methanol/chloroform/water : 5/4/1 (200ml) and the eluent
was concentrated to dryness. Ethanol and toluene were added to aid complete removal
of water. A solution of the crude mixture in methylene chloride was applied to a column
of silica gel (20ml) which had previously been packed in methylene chloride. GLA was
eluted with methylene chloride (250ml) and the product was then eluted with
methanol/chloroform/water : 5/4/1. Fractions containing the pure product were pooled
and concentrated. The residue was dissolved in methylene chloride, dried (magnesium
sulfate), concentrated and finally dried under high vacuum. The product was a waxy
solid which was homogenous by tlc analysis. At this stage no further analysis has been

carried out. Yield = 310mg (86%).

An analogous procedure has been carried out using GLA acid and anhydride
rather than GLA acid chloride. This gave a much better yield (72% with a 48 hour

reaction period). However, this sample has not been used for testing.



hydroxi de: 65/30/5) showed the presence of two new conpounds. The ngj or
conponent had an Rf value consistent with the desired product and the m nor
conponent was t hought to be the corresponding Iysophosphorychollne The
reaction mxture was concentrated to dr%\ess and suspended in "~

met hanol / chl orof ormwater: 5/4/1 (20m) dense white 8! mﬂB&nReplaced-
formed. The m xture was applied to a m xed resin ion excha

(approxi mately 25m each of Dowex 50x4-100 (H+fornm) and Do iﬂmn
(HO-form). (This was to reane both the DMAP and the cadm um<c

The phosphol i pid was e wi t h et hanol / chl formwater: 5/4/1 (200n1)
and t he eluent was conce ted to dryness. [ECHanol and tol uene were
added tq—&l npl@t g nﬁé of vvat(@) A sq on of the crude mixture

i n et hy hIorlde mas to @ colum =0 \Silica gel (20m) which
had prequngly been packed in yl ene chloride. & as eluted with

net hyl ene chl oride (250m ) an product was thern ted with

met hanol / chl orof ormwater: 5/4/1. ®&acti ons contai ni ng o4& pure product
wer e pool ed and concentrated. The residue was dissolved in nethylene
chloride, dried (rmagnesium sulfate), concentratped and finally dried under
hi gh vacuum The product was a waxy sol i d whi chj@s honpgenous by tic
anal ysis. At this stage no further analysis has bheen carried out. Yield =
3 10ng (86%. An anal ogous procedure has' been carried out usi ng
GLA acid and anhydride rather than GLA acid chloride. This gave a nuch
better yield (72 %with a 48 hour reaction period). However, this sanple

has not been used for testing. - 26- [err]
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-27- CLAIMS .

- f&lol i pid conprising two different
unsaturated fatty a
n-6 and n-3 essenti;

et aci ds being sel ected Trom the Twelve
EIHII u [ oleic acid, parinaric '

col unmbi ni ¢ aci d. ! hol i pid according to E’_&ﬁmmﬁ!‘”ﬂlw“he
fatty acids are selcted from GA, DELA, AA, EPA and . €L s Ax
phosphol i pid according to claim1, wherein the fatty acids are in a

conbi nati on selected from GLA or DGLA with AA, EPA or DHA, AA with EPA
or DHA; and EPA wi t h DHA. 4. A phospholipid according to claiml1,
2 or 3, CIAIMS ng serine, choline, ethanolam ne or inositol. 5. A
phosphol i pid according to any precedi ng clai mwhen for therapeutic,
nutritional or cosnetic use.

1. A phospholipid comprising two different unsaturated fatty acids, the fatty acids being
selected from the twelve n-6 and n-3 essential fatty acids, oleic acid, parinaric acid and

columbinic acid.

2. A phospholipid according to claim 1, wherein the fatty acids are selcted from GLA,
DGLA, AA, EPA and DHA.

3. A phospholipid according to claim 1, wherein the fatty acids are in a combination
selected from GLA or DGLA with AA, EPA or DHA; AA with EPA or DHA; and EPA
with DHA.

4. - A phospholipid according to claim 1, 2 or 3, comprising serine, choline, ethanolamine

or inositol.

5. A phospholipid according to any preceding claim when for therapeutic, nutritional or |

cosmetic use.

6. A phospholipid according to claim S in the form of a composition in which the
specified phospholipid forms, by weight, at least 20%, preferably more than 40%, very

preferably more than 70% and ideally more than 90% of the total phospholipid present.

7. A phospholipid according to claim S in the form of a pharmaceutical or dietary
composition suited to the administration of 1 mg to 100 g, preferably 100 mg to 20 g and

very preferably 500 mgto 4 g of the specified phospholipid daily.



6. . A phospholi plﬂn@@ﬁam ﬁﬁi[ﬁbal m5 in the formof a conposition in
whith the speC|f|e ornms, by weight, at lea
preferably nore tha m&um m r ef er abl y nore than 70% aqulﬂmuuurmﬂfuml
than. 90% of the to d present. 7. A phosphdii §i draceor
toclaim5 in the formof a pharnmaceuti ¢28- or dietary conposition suited

to the admnistration of I ng to 100 g, preferably 100 ng to 20 g and very
preferably 500 ng to 4 g of the specified phospholipid daily.

- 28- 8. A phosphol j pid according to claim5 in the formof a

phar maceut 8cal A phaspkolipidaccording-tetdlaimombes ormmfacnmﬁm m}llﬁlﬂt@ﬁf‘ght 0.01

to 60% preferaply 0.2 to 3 0% and ve 8ref 1 to 20% of the
speci fi ed pewagtiesiompogition comprising by wexg};t 0.01to 60% preferably 0.2 to 30% and very

preferably 1 to 20% of the specified phospholipid.




