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line width measurements of the Si-methyl resonance and the N-methyl

. ever;' a sufficiently resolved NMR spectrum ofethe membrdne fragments

' .  ABSTRACT : .-
’, ~ P —————-‘- . ". .
NMR OBSERVATIONS OF SIMULTANEQUS HYDROPHILIC AND

HYDROPHOBI( PRbCESSES OF\ MIXED LABELLED LIPOSOMES

> »

' GEORGE J. VELLA : .

°

The.silicon-containing fatty acid ester, methyl-13,13- °
d{methy1-13-sﬂfgheptadecanoate was gynt#esized and incorporated by

sonication into lecithin vesicles. Nuclear magneiic resonance '(NMR) - !

resonance of the lecithin enabled the observation of mixed liposomes

undergoing a dynamic process. Some of the processes which were moni-~ .

€

to;ed involved lipid-electrolyte and lipid-hydrocarbon interactions.

These interactions set the criteria for observing a cooperative lipid-

’
L)

ionophoric polypeptide effect. The latter process was observed with

and without an electrolyte medium in order ta elucidate any lipid -

\“‘W

architectural changes occurring during ion traﬁépo}t,‘ \ . \\;J} B

N -, ¢
‘ ' \

The observations, in this laboratory, concexping {ncorpora-

tion and function of the ionophore Gramicidin S are in variance with
. - ® !

previougly published results, sta&ing that the effgct is primarily an .

&

electrostatic interaction. Our’ results: depict a hydrophobic as well

as an'electrostatic interaction which seems to suggest a dynamic incor-

poration process is taking;place as- opposed to the.previously allegea T
surface binding enly. ! . . e .

A4 . s 3
, . . . . IS

el N
,

The silated fatty acid was biosynthetically incorporated ,

a

into the membrane of the micro-organism ﬁzcoglasma laidlawii.* How-

v o oo. =
.

was not obtainable. N ' L e
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- '\ CHAPTER I. _  INIRODUCTION - . , : : L.
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T ) . N "In the early 1900!s, biological investigators .believed that the.
T sole purpose of a membrane was to contain a cell and its contents. Thus,
» e . e R ' » ‘ . - " ~
o T i research, at that time, was directed to elucidate the structure and
; L ~ ccimposition of a biological membrane. For a number of years, the pre-
\ - s - . -
' dominant idea was a bimdlecular. lipid leaflet arranged so that the hydro-
E ' * v "‘ ) o ~ .
- a phobic tails opposed each other end to end on the inside, and the polar

f

heads, which constitutéd a basic backbone structure, were on the out\sidel.

It was not until the ,193%’3 that protein layers-wefe associated with this

° "

bimolecular leaflst to form a lipoprotein complex. Th“i_s model for the" .

structure of biologi:cal membranes, was published by Danielli and Davson2

)
1

~and forms the basic concept of membrane organization to the present day.
) ‘ -~

i T
The Danielli-Davson model proposed that t?e protein is ‘in globular form

% .

and‘assocint_ed with'the polar head group of the lipid léaflet. In 1937,

.

Robert:exon3 modified the Danielli-Davson model so that the protein layer

- |

was in'gxtepded/gfom; allowances were also made for asymmetric surfaces.

This model was knowr} as the unit membrane hypothesis. This hypothesis

]
. ‘ »

was universally accepted for a nu-mber of 'years until electrod microsc’:oﬁy
and X-ray diffraction data of various cell tissues revealed subunits in
. the plane of the membtane. The advent of thése new obsgervations led to -

the dearch for a more suitable membrane model. so as to defipe more

» » .
precisely biological membrane ultrastructure. ' ¢
1 ' , (-
L3 .
.o € \ ¢ g B -~ \
N LI .
- ' BN ' Ll
N _ . :
S .
. » -
L o
i
. . ‘ ]
. - - ,
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Up to this point, membrane function did-not enter,into the .

i discussivon of structure. Only within tbe past decade, have investi- :

T gators be'e;f relating structure and functiofi of a biological membrane

as a dual intrinsic pro;;erty. Thus the more” recant hypotheses of

v .,

biological membrahe ultrastructure not only had to comply with

2

. o § .
spectroscdpic evidence, -but also had to contain some functional .
. . ' ) ’ ' . ‘o
i~ element besides a cytoplasmic envelope. - ' ..
" ' . ¢ " ‘ -,
[ . . . ! »

. (=] b .. .+ -
] « ~ v -

Currently, the most generally accepted hypothesis is the )
w b ‘

\ ~ 4 , . I
Singer=-Nicolson mosaic model . This model consists of helicaland .

+
L4

random coil pro?:e;qs inside and outside of a bimoledular polar.l:ﬁ:id o

-

. ‘1'eaif1et. The proteins which penetrate the leaflet are partlyn.madg—
\ . X .

up of hydrophobic ‘amino acid residues which may serve as a perméability
\

’ -

gate in membrane transert mechanisms. A more detailed review‘of
" LKl

¢

varions hypotheses for membrane ultrastruc'tu're wag” published by ’ .

. *

5 N 6 * 7
R.W., Hendler “as well as E.D. Korn and M.S./Byetscher .
- . . - 7 - v

K} 5 N

, 4
o P .
v

¥ It must be borne in mind, that these: hypotheses are of a . .

° 1

-
!
"
:
|

Jgeneral .nature and structure-function relationships in membranes wary

- ~ \ . . ’ . . )

* -~ throughout, thys-making for instarnce the membrane of a nerve cell
different from that of a rough endoplasmic reticulum. Because these  *

a

structures differ in function, they also differ in membrane components

[y
’

giving rise to a new structure-function relationship. Thesé hypotheses.. | .
~ ¢ are - as élways - subject to modification as mémbranologists discover
" more subtle intricacies related to membrane function which may-shed new

light, on membrane structure. ‘I:‘ro'm the get{egal hypotheses, the \.tre,tgi to

F . @
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classify membren,es «into their .§ite of origin, which is synergetically
governed by their function and composition, seems .to' be justified.

;— v b . - ' ’ »
™ . .

- -  Biologital membrane phenomena ciyj

best be related to 'rgtural
living membrane& Unfortunately, instrumental limitations (sgifically

-
£l

¥spectral studies) are not entirely suitable to working with natural .

-
v

circun;yented by the use of membrane

This problem had bee
P

membranes .
L4

'model systems made up of known membrane components.

. LIPS ‘ . . p N '\ - ‘e , . , \/-

~ . o R - ~ .
~ ‘ .

In dilute “aqueous'\ suspensions, most membrane lipids spoﬁtaneously.
. ‘ ! . N

form closed vesicles, which, under ultrasonic irradiation, give“ rise to

Elect roft microscopy and

—

the formation of single walled lipid vesicles.
[ ’ K » .
X-ray diffrdction data yield convincing evidence that these vesicles
b‘
conglst of lipid bilayers~ These liposomes are far froaneing natural

.
membranes, thus.extrapolation of pheuamena abserved to.living membtanes R

A k

J/
must be done wifh extreme discretfon. .o

.

-

[

Liposomes have been used extensi.vely as working models fo:

‘membranes. Not only are spectral studies poasible, but they exhi’oit: niemb,ran!

» / .

-properties which are principaﬂj\ue to nenibrane lipids. These liposomes
provide 8 googl understanding of the physicochemical properties of lipids, in”

'the presence of water. Biophysical studies of. lipoaomes have revealéd

phenomena which ére ntill unclear with r(apecb to their biological implica-
‘ Al

tions, but it is.possible that some structural transitione, which occur in

these lipid-water modeie, may,. indeed be involved in natural membranes. .

o

« Direct evidépceé for this 'is not yet ayailable.




-
»

The most striking similarity between liposomes and intacét

°

membranes is the order-disorder transitions of the membrane lipids.
,Although these transitions are not totally understood, it is poétulated .
that segments of hydro;arban‘cha}ns un&érgo thethdet-disotdet transition
under physiological condiéio;s, inducing ; local segregatio; of lipid

14 B
molecules which may alter lipid-protein interactions thereby exerting

y K

t

a

. 8

a regulatory. effeqgt by the membrane .

+ z . + .
Sonicated vesicles have been employed to esfabliqb correlations

' 9
between structure and spectroscopic signals from various methods. Spin,

i
t - h

' 10 11 . =
fluprescence and NMR ~labels have been incorporated into these liposomes
in order to display the different type of structures. Most of these

3 ’ studies have been conducted when the liposomeg were in a stafic state

with no extqrnal stimuli inducing any perturbation of the bilaygr structure.

-

¢

-

- Only within the last few years havﬁ investigators been qbserving

"liposomes as a dynamic membrane model system so as to correlate any.

12,13 14,15
v b}

. v ! e !
structural transition as a function of protein ,peptide

.. 16, - - 18,19
antibiotic s or electrolyte interaction. .

~ -

‘-

Numerd‘% approaches have been emploied in order to unequivocally

- obsérve these interactions. Nuclear pfignetic resonance and eleéction spin
’ : “S— ¢ ]
regonance have been \a&cessfully applidd to these simple lipid systems.

‘aUnfdrtunatély,mnatural membranes are far too compléx to be studied by
these methods since biological membranes are highly heterogeneous. Thus,'
¥ . « .

P N Lot +
obtained, the information is of little significance

Lol

* a A Y
. even when a spectrum #

9




s

o

aince magnetic resonance studies reveal only averaged pxlopert!.‘eé of
lipids. NMR and ESR techniques become useful when specificﬂl}
laBelled lipids are incorporated into the membrane of an organiam

. or in simple lipid vesiclea. There has bee;x a w;riet;v of NMR and
ESR label's used in 1ipid systems. A review published by A.G. Lee
et al.zo outlines the various applications of NMR (and some E§R) t;
biological membranes. The most kutilized'BSR label used in 1liposomes

: 21 .
and biological membranes are the TEMPO spin labels such as,

1 2,2,6,6, tetramethylpipgridine-l-oxyll. _In conjunction with deutérium

TEMPO .(II)

[
.

\ 22 .
labelling of fatty acid chains , order parameters fot various lipid

~'gystems ha;ve been calculatéd, and the® _data‘corx:el'ate very well between
. \ : 1 31 13 co
the two techniques. Other NMR probes used are B\ P & C techniques’

19
and to a lesser extent F mm

A

< . . :
Restricting ourselves to.proton magnetic resonance studies of

-

: sonicated vesicles, the data obtained from H spectra are generally mofe

13 ) : .,
gifficulg to ‘interpret than C data, Although the PMR spectrum of
A

23,24
lipid vesicles has been thoroughly studied T is difficult to

observe dymi:iic préfses in thege systems without the (me of a probe.

[

Lo




' > - L

A pgoﬂe must be’ chosen with some discretion since an overlap .of - -
-1 \ ; .

'resonances may render a particular phenomenon unnoticed. Secqndl&,

the size of probe must-be képg in mind since extraneous 1ocql
perturbétion‘may lead to misinterpretation of data.

T .
Y -

. < me

~ v
a‘ o . ) Q

T AR o o e

s

. N " A hydrophobic pfobé develoéed and utilized in this laboratory,

* : was a fatty acid chain containing a dimethyl silyl moiety, which would
meet tpe ériterion'outlined above. Th; dimethyl s8ilyl resomnance appear; )
| L T . in the high-field region of the' PMR spectrum not'affe;ting any other
aign&ls; tlus, serving as a useful measuring Qevise fo; any processes
} taking place in the hydrophobic lipoid region of the lipid vesiclgs~'
A survey of the literature indicated that énly o?e such préﬁe'wﬁs used

: ‘ 25
and was reported by Green and Salton . The probe used by these authors

———

was a detergent molecule, sodium 2,2 diyethyl-Z-EiThﬁéntane-S-sulfonate

(DMSP). The probe was used to ,study the hydrophobic properties of - Cw

2 T Micrococcusd: Lysodeikticus membranes. These authors also reported ;hé%
- '9 € ) 0 a
their probe gave no‘evidencekof an interaction with lipid fraction

-

v, " preparations. . . - o @
. - ' -~ ’ P
! : & - .- "
L . " i ] ’

@he present investigation utilizes the reporter mblecule >
7. ’ . . ¢

_ o 13,13-dimethyl~13-silaheptadecanoic acid ' in the form of its methyl
ester, Tbg s&nthegls'o? this silicon-cbataiqfhg fatty acid was ‘first

. reported by Bunnel apdfkhirley » and was slighyly modified in this

L ]

" .
v Ldborh€3ry to improve product yields. - ! .

- -~
~

.
L3
. - - * )

[N . -
The silated fatty acid ester was codispersed and cosonicated
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in liptd vesicles composed of commercial egg yolk lecithin in D20

"A high resolution PMR speccrum of lecithin vesicles is obtained

-

/
containing a sgrong absorption signal.attriputed to the protons

of the methyl groups on the choline moiety of the poiar head -region.

N -

Hence incorporating our hydrophobic feporter molec%}e into

v -

the  1ipid vesicles, our system affords a method whereby any structural .

changes in polar and apolar regions of the lipid bilayer <an be

~ N

explored simultaneously, as the N-CH3 resonance of lécithin serves

as an indicator of the polar, hydrophilic environment. Therefore, any
structural change induced by external atimuli on the 1iposOmes can be
monitored by the regonance gignals of the polar and apolar reporter

molecules. Change in the spectral lines can, be measured as a function -

‘of relaxation rates or mobility. Relaxation ratesof. the\eholine

moiety\have been measured on a qualitative and‘duantitative basis

but difficulty is encountered when'these parameters were sought for

the fatty aeidqchains since the.spectra of the side chains are not

suited for this type,oﬁ_evaluation. Thus, the need for a hydrophobic

- . \ . ® .

. probe is apparent for the purpose of this study. T

' L

~

. " ’
6 . : : SN R
The present investigation shows that independent and simultaneous

'observation of 1lipid vesieles can be condutted by monitoring the 8i- CH3/

and,N-CH3 absorption lines while the liposomes are undergoing a dynamic
A \
process. In mixed vesicles containing n-dodecane, the hydrocarbon

~ -

interacts only with the hydrophobic reporter molecule while the polar

A

moiety’ remains unchanged Cnnversely vesgicles in an agueous Na01

13
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ehwironment shows bérturbation ofache polar head repofter moleculé with

¢

no.interaction with the silyl moiety.

In the presence of divalent .

.

+2 o
cations such as'Ca , a more noticeable effect takes place at the .

polar head region with a concomitant slight perturpation of the hydro-

o

phobic probe. This tipe of interaction indicates a stability pheqpmenoqg7

¢ -

being translated from the polar head moiety to the fatty acid chains as-

14

> ¥

. +2 - 2T
the zwitterionic group binds with Ca ions, causing a generalized S
stabilization of the liposomes. o ' ) ‘
. N
c . > )
The  incorporation and activity of the cyclopen;adecapeptide, -

°
1

Gramicidin S, was also explored with our system. The antibiotic is
B ,‘ -
known to’ possess ionophoric properties and our observations also’'seem

. Y

to suggest ion trankport.; Unequivocal proof could not, however, be
. q

«.obtained in these experiments since our method scrutinizes only the |

~ I3

liposoﬁe and not the peptide. . ) .. . Lo

As previogsl& mentione&, liposomal studies are igveétigdting’

primarily biophysical behaviour Of membrane lipids. In search for a

— -~

* more natural bjological membrane, the hydréphobic probe was sqcééspfully
incorporated into the membrane of g&éoglasma laidlawii in hope of

“attaining membrane fragments of this micro-organism. Unforﬁunatgly! a
well .resolved spectrum of the membrane fragmeﬁts was not obtainable

[

“even at elevated temperatures. However, lipid extraction and isolation -

-~

" revealed that our hydrophobic probe was indeed incorporated biosynchetically,

Y

since the NMR spectrum of the lipid fraction indigated a.sharp high-field

a . -

" “Tegonance attributed to the S1—CH3 moiety of our probe. ' .-
: N . . .
. , . ’ , ‘
'0 » * ' ! \\

N\




.

From this investigation, wé propose a novel membra;re model

system whereby"a ‘further application of proton magnetic resonance

-*  can.be utiliéed to study .b.i.ologi'cal ﬁémbranes and’ related gystems.

l

L3




The main objective of this project, from a synéhetic point *~

i
i ) . of view, was to synthesise gy fatty acid ‘containing a dimethyl silyl

moiety (-Si(CH3)3-) approximately midway on the chain."la The fatt;‘ }

»
acid in mind was an analogue of stearic acid (18 carbons long and

r fully saturated - 18:0). The silyl\moiety would serve as a reporter - °

molecule or label in the hydrophobic region of ‘our membrane model

<
system, ‘e
-]

£

o n T

“

“

. Emphasis must be placed on the ultimate go;al, the membrane .

' model, and the synthetic endeavours-were undertaken solely to achieve

¥

B ety ey o - g

' ‘ . aplausible and étovel membrane model system. Consequently many of -
i A N

the reaction by-products were not isolated nor characterised.

’ ~
L4 . . < »

.

Y

) Organosilicon chemistry exposed us to-many classical and '
" non-clagsical reactions. A review of the literature indicated two
Q i : - ' 3 . ' ) oy
possible ~d‘_i_ff_.ic:ult:iéas: which we might have encountered during t\he :

.- . . . &
‘synthesis: B oo \ r
, . . '

\ .

1)

N

v
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“ . 2), The unfavourable side reactions, such as polymerizations

and telomerizations, decrease the yiéld of expected products quite

L3

substantially.

The latter factor was another reason why the side products

"were not isolated, stressing once again that obtaining the labelled

fatty acid was a prerequisite for the model system and not a new
s T A

synthetic route for theisynthesis of tetra%hlkylorganosilicon

.‘ *

\
compounds. \

'
-y
@ v

)
,

. { ¢ .1., :
Having obtained fhe gilicon-containing fatty acid, varioqs

T
oy ‘

attempts were carried out to incorporate this labelled acid as an
\ ) ) I
integral part of a lecithin molecule., (Lecithin being a necessary

component of the membrane model). Hence a iabelled lecithin would

. -

be at our disposal, These attempts were- successful 6nly in verf

small yields, which proved to be inefficient for the utilization of

this labelled lecithin for the experiments which were in mind.

s '

The synthetic routes for the labelled iecithin ranged from

#0

partial lecithin synthesis (starting from the CdCl2 comﬁlex of

L

glycerolphoéphatidylchoiine), and a biosyntheéic approach, utilizing

ﬁbq fatty acid auxotrophe organism, Mycopiasma laidlawii Strain B.

[

o All these attempts were only partiaily,succeggful since

.

low yields_(§ % 15%) of the labelled lecithin were obtained from the

partial syntheses. fncorporation of the labelled fatty acid %p the

?

Fs

% -
v Il 11 .
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membrane of the bacteria also proved to be successful since the
i

dimethyl silyl resonance was clearly visible in the’ NMR spectrum

O

of the extracted lipids. Classification of the lipids, however,

™ .

o

was not carried out, bo®

.
%
I - \ B
s

Since the labelldd lecithin was not conveniently obtain-
N v I3 1 hd s . !
-able, the membrane model system had to be modified so that the same

° technique (Ehe same label) could still be employed in the experiments:
— B 2 N '
The modified system was compris:d of unlabelled egg yolk lecithin and
o Yo .

the ester of the labelled fatty acid codispersed and cosonicated in T

H o | o
heavy water. v

J 1

. : N\

1.2 SYNTHESIS OF SILICON-CONTAINING FATTY ACID

-

-

Our original aim was to place the dimethyl silyl moiety

(-Si(CH3)2-) in E}g twelfth position from the carboxylic acid group
in a chain eighteen atoms long, so as to observe any perturbation in

the lipoid ‘region. Due to synthetic difficulties as outlined in the

Experimental Chapter, some classical chemical’ reactions did not proceed

\as smoothly as anticipated. , Therefore, the silicon-containing fatty

adidkwas modified to the extent that the long chain was reduced to
thirteen atoms long, with the siiyl moiety on the twelfth positionm,
This approach was‘not/successful. The next'appfoach was to synthesize
a silyl ether, tBus alleviating any steric hindrance which may have
been'inherent in forming a 8i-C bopd of ; tetraralkylsilane. Silicon-

oxygen bonds are easier to form and the chain conceivably could be made

-

]

L4




as /long as desired.  Having had some success with this approach, a survey
j : 1t 26 %

of | the literature revealed the Bunnell and Sh:Lrley,26 synthesis of
| - -

silicon-containing fatty acids with only a minor‘_ difference from the

original labelled fatty acid we had in mind. The silyl moiety was in

tl-,‘e thirteen position of a seventeen atom long chain. This ;ynthesis

’ wés reproduced with a few minor modifications which increased the per-

. . a ]

"cent yield of all steps ih this approach.

’

1.2.1 SCHEME I'- ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL-12-SILA-
) - ’ STEARIC ACID
7/

According to Scheme I, t;he/ fifst synthetic applzl'oach degigned

to obtain a 'labelled" fatty ac{d, was-~ to construct the chain around
7/

. . ~5
4 ! ¢ . .

N ' / t'he‘ dimethyl silyl moiety. Thus, dimetHylhexylsilane (III) was synthesi-
. i DL e

/ zed in good yields. by the action of n~hexyl Grignard reagent on dimethyl-

: . . ¢
: . — chlorosilane. The coupling ‘of (III) with the methyl ester of undecénoic

acid (V) would result in an eighteen atom long silicon-centalning fatty
acid. Speier and coworker528 have shown that silanes add over a double
bond in the presence of Group VIII metal catalysts, such as Plati‘num or
Rutheniung. This reaction is known as‘"hydrosilation“'. Speier has

employed the catalygt chloropldatinic acid (Hth:Cl .6H20) in isopropanol',

6
for these reactions and has showq that concentrations of up to 0:1 mola?:'
are most effective. Hz.;ving atutempted this hydrosilation reag:%:ion on a

, . ’
‘gmall scale, using the silane (III) and the unsaturated ester (V)‘with. ,
chloroplatinic acid i_.n isopropanol, the NMR spectntm of the crude product

= o r
still contained the resonances due to unsaturation. The reaction did not

.

. *

II- 13
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«

proceed to any great extent since the crude product was essentially un-
5 . \ E

- reacted starting material. This hydrosilation reaction was carried out
. * - L J

) « several times using chloroplatinic acid, then pallhdium-onfcharcoal, and

even benzoyl peroxide (since these reactions are also kmown to proceed
, B B !

'
v

via a free radical mechanism). These catalysts proved to be ineffective. o
k] . - . * -
1,22 SCHEME II - ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL-12-
A o . .
’ " SILASTEARIC ACID . | .

’ %

i . o

30 . .
Petrov et al  reported that hydrosilation reactiong*are -most

n »
1}
N 1

' effectivg when_ the silane contains a halogen i.e. RS1HCL, or RZSiHCl:

Therefore, the synthetic route had to be modified in‘oruer‘to carry out
the hy silatlon reactlon with a silane containing a halogen. Scheme II
involves a reaction between n-hexyl Grignard reagent and trichlorosilane

* (VI1) to yield the corresponding dichlorohexylsilane (VII1). The product,,

(VII1I), was used in a ¢rude state since the halogens may have hydrolyzed

y
R s L

. P
E - during purificatlon. The hydrosilation reactlon was carrdied out by reacting §
i v " W . ) ’

- f (VIII) with the unsaturated ester (V) to yield the, expected product (Ix) . :

T ity

.

which was not isolated. Methy1—12 12- dichloro-12 silastearate (IX) was then

r
[ ;; reacted with' a 1arée excess of methyi magnesium iodide (X)- to yield methyl—12,
r 12-dimethyl-12-silagtearate (VI), but upon attempted isolation of the product f

by distillation, no fraction yielded the corresponding fatty acid ester. §

’

Multiple splittihg was observe& in the silyl region of the NMR spectrum as

well as concomitant reduction of the methyl ester resonance, probably due

i Nersadilens Aok

to carbinol formation by attack of excess Grignard reagent‘on the carboxyl

group. Scheme II proved to be a fnuitleee atteﬁpt since the reagtion by-

“ . - v e

: " "o - II - 15
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-~— i ! \ ’ Yy, / . .

products were carried from the previous reaction thereby increuing the
. e probability of undesired products. ' °

. °

X . . ] >

+ » * - ) 4
3
r, . ’ ) w4 .

s Scheme II was attempted once.more using a t-butyl ester instead
of the methyl‘ ester, in order to make the‘carboxyl group more sterically |.

. hindered. -Upon distillatioW, the contents of the flask polymerized into’
M P re
a gel during heatin&\l‘his approach vas _abanddnedq

1.2.3 SCHEHE IEI - ATTEMPTED SYNTHESIS OF 12,12-DIMETFHYL- 12- //

SILASTEARIC ACID -

<. - o A - ¢

a

. Anot_her'eyntﬁetie route was attempted, and this new approach

P

‘ was simply a variation Rf Schemes I and II. Therefore, accorr}ing to

# o , e .

- Scheme III, the hydrosildtion was first carrjed out on the methyl ester ,
-

*

(VI) with dimethylchloros\ilane to yitld methyl-\H -dimethyl- chloro-sila-
5 »
undecanqate (XI), in the presence of ‘ﬁthCI in acetonitrile. Acetoni-

* wrrile was ugsed as a ‘mediating 301vent since hydroeilation reactions are ’ .

- - .

" 30 ; . Iy
\known tp also be“catalyzed by base . The hydrosilation produc KI, was
obtained in good yields and was purified as described in the Exph\rimental

Chapter. 'I’he halqgen of product \g(»I could now be utilized as’a reactive

Jsite for thé n-hexyl Grignard reagent (II) to yield the desired product\
(..ﬂ :
(VI1), After .the reaction betveen Xl’::vand II was carried out; the distill.ate K a

was, collected ‘WhiCh crystallized upon cooling and accounted for 5372 of -

N ' e

t.ﬁheoreticaI yield. NMR of thls product indxcated no terminal CH3 resonance.

MAngxhibited a molecular ion at 530 m/e which was too high .
. — ; .
for’ the desired product. The product was thougl\m tobe a eiloxane;.fpmed

during ﬁhe Teactiofi and may havé been formed as follows: L ' :
. . : -
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The final reaction -involving the Grignard reagent (1I) wak carried out
.at Yow temperature so that carbinol formation would be kept at ‘a minimum.
But upon workup, a large-fraction of n-hexane wag collected indicating

»
that the Grignard reagent did not react to any great extent at lower,
temperafure. The hexane was probably formed durlng workup when the

-

Grignard reagent is destroyed by ice/water and this reaction can‘be

“

expressed by the folloﬁhg\?quation:

-

) | CeH Mgr + K0 - CH, + Mg(OMBr
- ¢ ' . &
(11) n-Hexane = |

-
o

This reaction accounts for the n-hexane formation, But if the Grignard
= ¢ i

reagent did not react, the chlorosilane (XI) won*ld st}\l\l:e present

N

in the reaction mixture.  Thus the chlorosilane in contac _w?.ﬁh ice/water
would hydrolyse to the corresponding silanol as follows: a

PR Y

.

. A

S W T W
c%m(cnz)m'&xcl + 0 > CHy0C(CHy), (SifH

CH, o : ¢
..'-.(!(I) w _ Silanol -

. ' ’ . N

The silanol being a very reactive species, _Q)uld have éasivly reacted with

another molecule of XI or another silanol molecule to-form fhe more stable

e
13

siloxane, as shown below: ’ N~

P -

IL-19 . e
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0
I

CH oC (CH

e,

CH

3 "O
| I

SiOH + C1|Si(CH) COCH3

CH.
3

2)

Silanol

CH, CH, ﬁ
cugoc(ca) ?1 O-|Si(CH) (COC,
4 CH .CH ‘

373

&

Si loqne

0 CHy CH; * 0

CH OC(CH S10OH + HOSi(CH )._- H
.3 <2)10| “k'(2)10cm3

) CH, cH,

Silanol

a

Silanol .

The siloxane being a symetrical molecule, exhibited a1:2 proton ratio
for OGH3 and Si(Cl!:,)2 resonances, on the NMR spectrum of this product.

Furthermore, no,terminal-CH:’ reBonance was observed and the methylene

. .

' signal integrated for 20.3 'H which is much lower than the integration

" count for the /expected product °(VI).

Thé mass spectrum confirmed the

. siloxane formation yielding a molecular ion at 530 m/e, the molecular

»

weight of thé siloxane. . :

)




. - .
Ve The problems encountered in ‘Scheme III were twofold:

e

\# (1) . Two reactive sites were present, which may be attackedﬂby the
- Grignard reagent at. 0°C (carbinol formation). T 2 .
3 ° (2) ° At lower temperature, the Grignard reagdnf would react sluggish-

_ 1y which resulted. in the siloxane formation\with the unreacted stgréing .

: .
- °

22 . material upon workup. o , o C
1.2.4  SCHEME IV - ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL-12- ’
S ... SILASTEARIC ACID i . Q

. . . «

y oo - N ' “
As stated abbve, two competitive~reactive sites were present °
-in XI. By reducing the carboxyl group to the corresponding alcohol,

)

which may then be protected, this particular problem may be alleviated. W

< .

Furthermore, -reaction conditions could probhbly be a little more vigorous

- 8o as to drive the reaction to completion. 'Once the competitive reacp}on
» X . . '
. was carried out, the protected alcohol couldsbe converted to the free . '
) hydroxyl which could'subéequently be oxidized to the acid; éhus,‘obtaining
N . B » . L

the desired product.(VI). The synthetic approach in Scheme IV outli&és

the intended route.

a

v
’ [

The acid (IV) was reduced to the 'algohol (XII) by the action - D

. - of lithium aluminum hydride. This reaction was carried out several times , .~ °

to oBtain on1§ moderate yields. Since the unsaturated alcohol waa.commercial- c .
[ ] ' . ‘ ¥
ly available, the synthesis was commenced from this point. !

.
1
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The active hydrogen of the alcohol oas replaced‘by a4 trimethyl

silyl moiety by reacting (XII) with.brimethylchlorosilane in'benzene and -
1 )
triethylamine as acid binder. The silyl ether is a versatile protecting

groop'and can be easily cleaved off by the addition of water, dilute acid
or base, to furnish the alcohol once again. The proéected alcohol (XIV)
was then subjected to the hydrosilation reaction with- dlmethylchlorosilane

in the presence of HthCI in acetonitrile. The product (XV), 12-chloro-

6
12, lZ-dimethyl-12~silhundecyl-l-tfimethyl silyl ether, was allowed to

)

? [}
react with nﬁhexyl magnesium bromide (II) After workup, the reaction

mixture was distilled and the first fraction collected (36-39 /0 8 mm)
was identified as n-hexyl alcohol implying that thehGrignard reagent had

decomposed. Further distillation yielded & product that contained ne
terminal-CH; resonance on the NMR ‘spectrum, and a’multiplét in the silfl

2N . .
region, probably due to a polymeric product formed during reaction.
- . ]

'Y

. ' . .
To rationalize the decomposition of the n-hexyl magnesium bromide,

2

one must keep in mind tﬁe limitations of the Grignard reagent. Grignard -

reagents are known to decompose in the presence of any compound containing

_J.v

-

a hydrogen atom bound toam eleefronegative atom such as oxygen. Presuma-

bly no active'hydroéen was present in compound (XV), but the piesence of '

a Si-0 bond may have been responsible for the decomposition Silicon 1is

more electropositive than carbon or even, hydrpgcn (electronegativities :
Si=1.8; C=2.5; H=2.1). Conceivably, the S?-O bond may render the silicon /i\

atom acidic enough to decompose the Grignard reaggnt.

N
§ ‘ 1

iherefore, this approach was shelved while a modified scheme

wag attempted.

ISR OP

P
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. ' - T 1.2.5 SCHEME, IV A - MODIFIED APPROACH
- . . )
B B ' ” ]
'g o Since the silyl protecting group was not as effective as
. g gxpected,’an alternate reaction scheme was devised. The first modifica--~
¥ . tion was the use of the trityl protecting group i,e. triphenylmethyl .
¥ ether. The trityl group can be easily cleayed off By shaking with

.

aqueous HBr at room temperature to restore the free alcoliol. Tﬁg

second modification was the use of an organolithium reagent since these

compounds are slightly more reactive than the Grignard reagents.

Th;refore, 10bundeéen-1-ol (XI1) was reacted with trityl
chloride in géngene and in the presence of an acid binder. The protected
alcohol was used as a crude since ;Lé NMR spectrum of this crud; pfoduct
\\\\;~\‘~_ was satisfactory, and”since decompégition may ﬁave‘resultea if distilled. . .

The hydrosilation reaction was cdrried out/by stirring the protected

e
e D K AL 0 s e e B et L ot il A

alcohol .with dimethylchlorosilane in the presence of HZPtCl6 catalyst -
w .
for 10 hrs at 95°C. The resultant crude product was analyzed by NMR

-

e P e

and no unsaturation resonances were observed implying that the reaction

had proceeded. ¢ L )

¢ — ‘ T

e This reaction was carried out again under different reaction '
A}

conditions (2 days at room temperature) and upon workup, a white

i

. . e
5 . crystalline precipitate was isolated. These crystals were identified as .

tritane, or triphenylmethane, (by mixed meltiﬁg point and NMR) and con-

3 stituted an 88.6% yield. This observation indicated that' the proteéiing

group had been cleaved. A possible reaction which may have resulted in

.
-

v
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tritane formation can be rationalized as follows: -

~ . . . - ¢ - .
The Yeaction mixture)'for hydrosilations g/ quires chloroplatinic
acid as a catalyst, v;ﬁefeby the platinum in this compound is reduced to

metallic platinim. Prolonged exposure of the trityl ether to meg:qallic

platinum may have caused.a hydrogenolysis resulting in tritane formation.

‘NMR of this hydrosilatiop product yielded a silicon-éontaining
compound with virtual'l“y no trityl resorganée (integré;:ion 1.4 B cf.
Chapter 11X, Section 1.5.2).. ' N

¢ The‘reaction ‘with hexyl lithium (XX) was c‘grri.ed out with the-
hyd;:os’ilation products o.btaiuhed’ by short exposures®to the chloro.platinic':
gci’d catal'yst, but ‘upon workup, the crude product was unsatisfactory thus
it was not purified. MNMR sp\‘ectrum exhibited a broad silyl resonance and
a .s\mall'tr:ityl signal.' Therefore, this appraach was abandoned due to

‘reasons outlined in the last two reactions. . )

. — -

>

Up to this point, Schemes I - 1V demonstrated the difficulties °

encountered in attempting to synthesize a tetra<alkylsilane, containing
two long chains. Therefore, the final product was modified and instead
of metHyl—-l2,1%—dimthyl-12-sila‘stearate (VI), the synthesis of short

chained silicon-containing fatty acids was attempted,

‘

Py
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1.,'2‘.6 SCHEME V - ATTEMPTED SYNTHESIS OF SHORT CHAINED.SILICON-
. ' GONFAINING FATTY ACIDS ’ Q :
Scheme V outlines the- synthesis of three possible short

' chained fatty acids containing the ‘dimethyl silyl moiety in the™” ' )

twelveth position. . L

N

R ' " Having obtained methyl-12-chlo¥o-12,12-dimethyl-12-gila-

3 E "undecanoate (X1) in good yields and in a fairly pure state, a reaction

with methyl magnesium iodide was carried out utilizing the Elalogen on 3

.
N

the silyl moiety as the reactive site. This would result in a compound

containing a terminal trimethyl silyl moiety whic¢h would exhibit a

) stronger sighal in the NMR spectrum.

[PpE—

¥ - . "

£ B ' 4 N

. ’ . The producﬁ, 'methy1—12,12-dimethy1-12-‘silatridecanoéte (XX11),
. - ey -

LR R

'obtainéd by distillation from the crude reaction mixture contained a

doublet in the silyl region of the NMR spéctrum. This “is certai~n1y not

. : \
satisfactory since only one resonance is desired for the silyl moiety.

- - 1= N

. < a &

3 ' The problem of having two reactive sites (as discussed in
Ay

f ' Scheme III) was inherent in the synthetic. route for product (XXII).

. , R o
1 ‘ The Grignard reaction was carried out at lower temperature (-18 C)

since methyl magnesium iodide is considerably more rcactive than the

n-hexyl Grignard reagent. ‘Nonetheless some carbinol formation was'

evident thus this approach was not pursued.
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OPTION 2
V4

- - .
. . v
[y
’

A h_ydrosilatibn reaction was carried out with the organpsilicon
' ! Ny ., ¢

‘.

alkoxide (XIV) which was obtained conveniently from the unsaturated

alcohol and dimethplchlorosilane. The resultant crude product, (XV),
4 1 ’ " .

was reacted with methyl Grignard reagent -again an atﬁempt to utilize

the h&}\feac‘tivity of the methyl magnesium iodide as o;;posed to that

éf'the n-hexyl mag.nes'ium bromide, Upon workup, the crude produc_'t':r,12,12-
diméthyl-12-silatridecan-'1—ol (XXIII) was analyzed by NMR and a tr’iplet "
and ’singlet were observed in the silyl regioq implying that attack by

the Grignard reagent may have taken place at the ether oxygen once again

(cf Scheme 1V). This approach was abandoned : o . ’ : a

oPTION3 . R

N BN
t
e ¢

. i . K o
Hydrosilation reactions are known to take place with silanes

" which do not contain halogens but these reactions are catalyzed .either

31,32 ‘ 33
by UV ixradiation ’ s or'by the use of peroxides . Not.being equipped.

N , _i! ‘ -
for any’ photochemical reaction, the latter catalyst was used in the form_

®

{

Sta ting from materials at h'anci, d}.methylethylsilane.(XXV) was

1 L]

synthesized by the action of ethyl magﬁesium bromide and dimethylchloro--
{ " ’ ) ' ' ~ ¢

gilane, as Yollows: * .

© . LN
- ey
et st g A

i S
&
T ey

R

o




s

L)

[~
cn cg;}'
° Hls:l.Cl * BngCH C'H.3 E H.|SiCIHZCH3 ~+' ' MgB'l',Cl_
, qﬂ_'; . * CH3 .
\
- DMCS . xxv) - o .

’fhe reaction proceeded smoothl.y but the high volatility of dimeth)}lethyl.—

§ilane (XXV) resulted in low ylelds (217%) due to loss by distillation

9

34
The silane (XXV) was confirmed by NMR and IR . °

. - - . . |
* The reaction conditions for the hydrosilatiod reiact‘ion catalyzed
. - \
'\ 33 -
by peroxidzg were described by G.M, Gadsby who reported a 96"/., yield in
the synthesis of trlphenyl-silylundecanoic acid by reacting triphenylsi&ane

with undecenoic acid in the presence of benzoyl peroxide catalyst. These

' -~

cond-itions were reproduced when methyl—lO-undécenoate ) and dimethylethyl-

silane were mixed together in the presence of recrystallized benzoyl peroxide.
A
Upon workup, unreacted methyl--10-undecenoate was obtained. Repetition of-
4 . N ' -

this reaction under various conditions yielded ‘the same result. ,Gadsby -

-

. utilized a triarylsilepe, which may .be a more reactive species than the

trialkylsilane due to the inductive ‘cefvfect «of the phenyl moieties.

. ~

This-
1 Dj ’
syntheti¢c route was fruitless and thus not pursued.’

] y° &
- .o - 9 .
1.2.7 *SCHEME VI - ATTEMPTED SYNTHESIS OF SHORT CHAINED .SILICON-
’ CONTAINING FATTY ACIDS c
o 2 N ’ : A - 1
) The ‘short chained fatty, acid approach waé not as efficient as was

hoped, substantiating the difficulty of forming tetra-alkylsila,nes. This ~

) difficulty may be circumvented by making an additiomal modification in the

©
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final product. This modification would fgcilitat‘e the syntﬁesis and the

-
silyl molety would still be present at the twelveth position.
. %

Instead of synthesizfﬁg thé tetra-alkylsilane, an attempt to. '
’ }

-

synthesize a’trialkyl silyl ether (organosilicon alkoxide) was under- '
ken. Thus the final product would contain a silicon-oxygen bond which °
: R »
,ma alleviate any steric effects that were gncountered in forming the
P 8

lksificon-carbdr: bond. : T .
14 . : TN
o . !

-~

The starting material for the"silyl alkoxide was campound (XI).

thus utilizing the halogén \ag a reacti\,‘e/_'she in a Williams.ou-type ether

[N
then was to react (X,I»)‘with sodium methoxide

4

in"methanol to obtain ’compound (XXVII), methyl-12,12-dimethyl-12-sila-unde-

synthesis. The first attemp

canoyl-12-methoxide. Q’\e product was analyzed by NMR and two --OCH.3 resfman-,
: N R N

ces were observed at 3,43 and 3.20 ppm. Therefore, a reaction took place

but did not proceed to completion since only 33% of the product (as calcula-

ted by 1ntegrat18n) wc\s evident. -
- ¥
\

N

The mnext approach. wa{ to react (XI) methanol in benzene

in the presence of triethylamine as an acid andgr. Upon workup, the crude

product proveq to be the correct cdmp¢und (XXVII) verified by NMR. The
. w ) ‘
amine salt was isolated quantitatively indicating &¢he react™on had proceeded -
‘ i

,to completion, ~ = - '
- [ . . @ o

-

In order to obtain the ~£ree acid, the methyl ester of product (XXVII)

\mst be hydrolyzed An acid-catalyzed hydroly{is was carried out and upon )
/ ‘ ‘-

4
- s,
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#\\\h/__(expected with moderate yields. This approach was curtailed since a

N

} .
the synthesis of silicon-containing fatty acids. > ,
~ ( ‘ - “ N ?
'1.2.8 SCHRYE VII - SYNTHESLS OF 13;13-DIMETHYL-13-SILA?EPTADECANOIC !
- ' acn?® | )

. L 26

a seventeen atom long chain.

isolation of the crude product, NMR spectrum indicaeeddjrg)oboth the
“ .

methyl ester and the methoxyl moiety had beeg~ﬁ&drolyse .

0o 0

very small resonance for the methoxyl group was evident at 3.5 ppm

Only a

~ »

I —
but the integration count was 0.25 H (cf Chapter III Section 1.7.3).

\ R4
»

.-
N & N i
Since hydtrolysis of the alkoxide is govermed by the length

o in, the next approach was to synthesize a pentyloxy silane in,

8

order to prevent rapid hydrolysis of the alkoxide. Therefore, the pentyl-

oxy silyl ether (XXVIII) was gynthesized in the same fashiqn as described ) k

above. The crude  product eqhibited a correct NMR spectrum. The hydro-

lysis was carried out
. I -~ \

» , ‘ :
the same manner andrzdalysis of the product
with only slight hydro-

indicated that the methyl ester had hydrolys

3

The silyl regonance indicated that some

Lysis of the pentyloxy silane.

hydrolysis had taken place since a singlet (non hydrolyaed product)

A

A}

and a doublet ( polymeric hydrolysis produéc) was evident.

Scheme VI was encouraging since the 'hnﬁfiona were proceeding

<
further investigation 6f the literature discovered a synthetic route for

RIS NN

Bunnel and Shirle} describe a synthesﬁ& of a silated fatty

L

3

acid “heKSNf?e dimethyl silyl moiety is placed on position thirteen of

The'synthetic route util;;es classical
> . ’ ' f

B \ —{/

by, v Nq @:’\.\ ~:Aa»1~né w,.:-m....y‘.,
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reactions since the hydrosilation reaction, using HZPtblsswas not known ‘
N at the time of publication. The difficulty in obtaining a tetra-alkyl-
silane was overccme'ﬁy’using only one functional group at a time, thus

-

eliminating the possibility of competitive reactions. Secondly, the
& reaction conditions are much more vigorous thus fofb;ng the reaction to
{
/g ' take place and increasing product yield. The authofs report that all
- yields in the six step&synthesis were ;bove 501. Furthermore, tﬁ%
gauthors repqgt several,?yhthetif approaches which were unsuccessful in . ! {

producing the final product and in doing so describe a BilSigne ! . }

(R-CCH3)231-0-81(CH3)2-R) formation which is similar to the one which

was obtained and described in Scheme III. - The reaction sequencés which ,
. were attempted by Bdnnel and Shirley éere similar to the attempts which\. ]
| l ., were carried out in this laboratory and they reported tngg these reactiogs . ]
\ 1 were ineffective in obtaining the end product, in ékreement with our ;

’

experience. T LN

Thus, employing their synthetic scheme (with minor modificatiOQg)

“ we were able to improve broduct yields considerably. In the }1ve-step

v

synthesis we report yields above 62% 1n all steps. -
‘ ' 4 W : : ' g

Scheme VII outlines the reaction sequencé described by Bunnel ‘and

. Shirley and the modifications we emplgyed will be discussed where applicable. ° .
. » +

o> .

v - . A ] \

Since the.ungaturated alcohol, lp-undecen-l-ol (X11) wa;vcommetcial- ((
ly available, the sjhthésis was commenced from this pointe. The conversion

ES , .
of (XII) to the corresponding alkyl chloride was reported to have been

N . . -3 1 -
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) )

e ) . carried out with excess thionyl chloride, Ln chloroform by refluxing

S for 8 hrs to yield 78% of pure product. In our case, the alcohol (XII)

was reacted with thionyl chloride (distilled from linseed oil) and the

latter redgent was used as solvent, therefore, in a very large excess.
/;e y

Our reaction time was 6 hrs and we obtained 92% pure product (XXIX),
Workup and purification of 1ll-chloro-l-undecene

< after distillation.

- i . .
(XXIX) was'c&rried\out as described.

. - ’
3 ¢ , \ . N N ,

by

LI - ' * »
fﬁ&“&ikyl halide (XXIX) was used as the precursor for the’

, . . N
formati®h of the corresponding Grignard reagent. Once’formed in the

’ -
usual fashion, the Grignard reagent was reacted with dimethyldichloro-

s
P aalar o oAb o g

silane thus providing the.prohuct, 10-undecenyldimethylchlorosilane

(XXX) in a 72% yield. y

hed -

r
-

The product (XXX) was expdaed to an excess of n-butyl hagngsipm ~

Pl i o S CHPVSRUTE
S
a

K bromide whgreby the Grignard reagent would attack the halide on the gili-
con atom and thus form the long unsaturated silicon-containing chain;
'./’<ahbuty1-10hundé%enyldimethylsﬂlane (XXXI). This product was obtained in

74.5% yield. This reaction produced the tetra-alkylsilane since only’ one

»

~ functional group was present and the reaction conditions were more vigorous

(140°C for 18 hrs) fhan those employed in previous réact§on schemes (-18 to

?
|
k -"
|
|

4 .

1 " 0%c for 2 to 12'hes). . :
| '
~ , n?
. . ’ The next step in the synchesis utilized the double bond of product
(XXXI) as a functional group. Thu:’by the use of benzoyl peroxide, an anti-=
- Markovnikov addition of ha'gen bromide was taking place over t;e dOub'le .

td

T . -

o

-~




bond. The reaction product is (XXXII), ll-bromoundecyl-n-butyldimethyl-
silane, a primary‘alkyl bromide. The second alteration was in the work-

up, whereby the washing with 5% sodium hydroxide was replaced by Si

‘potassium hydroxide. This washing removed the benzoic acid, as its

corresponding salt, formed in the reaction and since potassium benzoate

is more water soluble than sodium benzoate, it was felt that this was a .
L

more efficient method for the removal of benzoic acid. The product

s

(XXXII) was obtained in 62,57 yield.

3

[y

The alkyl %ébmide (XXXII) formed, was now used 'as a prqé;rsor.
for the formation gfg;he\crignard reagent. Due to therlength of the
aikyl group, the Grignard formation was rather difficult. The reactiog)
did not start spontaneously upon heating nor did it commence when a
crystal og 1odin; was ;dded. The reaction wgs initiated by grinding the (\\_{*

alkyl bromide with magnesium in ether in a test tube and theh\adding it

to the bulk of the reaction mixture. The authors report that the reaction

was initiated by the additioh of the more reag¢tive n-butyl bromide to the

< .

-

magnegium and once the reaction was underway, the 11-brombunde9y1-n-buty1-\

dimethylsilane was added." ' \

/

e

. - . )
Once the Grignard reagent was formed, it was added to a slurry
N )
of dry ice and ether, described in Chapter III, Section 1.8.5. The slurgy L

' was prepared, and the reaction was carried out in a glove bag under an

atmosphere of dry nitrogen. AnhydrousAcanditions must be’'maintained duriné
the reaction so as to minihizé any decomposition of the Grignard reagent

by moisture and‘fpus optimize the reaction conditions Théicorresponding
TN ’
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l) g ‘ 4
. .
[

g
acid (XXXIII), 13,13-dimethyl-13-sil§he adecanoic acid was obtained in

¢

- 667 yield,
\
| .

< A
N

', % The acid (XXXIII) was further purified by converting to its
) .
p » , .
v A \‘: barium salt agd decomposing it back to the free acid once again after
E f ‘ rep;}ted washfgé of the salt with acetone.
| ' -
; , v
! ' * The -acid was converted to its methyl ester (XXXIV) by the
> .
- . . action of excess diazomethane in ether. The ester was obtained in
ﬁ ‘ ] ) o )
F 80.5% yield. . .
: The acid chloride and the acid anhydride 'were also formeéqby
5 . conventional methods. The acid (XXXIII) was reacted with oxalyl chloride
"% ; in“order to obtain the acid chloride. tOxalyl—chloriﬁe was preferred over .
’ ‘ 35 ' -~ .
§ & - thionyl chloride since the reaction cogg}tions are not as vigorous and§ ‘
§ only slight decomposition was evident. With thionyl chloride, the result-=
) .
s ’

ant reaction mixture undergoes a drastic colour change to dark brown upon

. .‘ref?uxing.
[ ) 2 N
~ ’ A .+ 7. The acid anhydride was prepared in‘the usual manner by reacting
> ‘ the a’id chloride with free acid (XXXIII) in the presence of an acid
binder, triethylamine or pyridine.
. 4
. _ o ‘
Y T ’
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) Etoring this compound is by forming the cadmium chloride complex. The

1.3. PARTIAL LECITHIN SYNTHESTS ‘ . '

\ »

Lecithin synthesis starting from glycerophosphorylcholine

(G.P.C.) or its cadmium chloride compiéx is known as the partial -

s

lecithin synthesis. Although lecithin can be obtainéd by totaf
.syntﬁeéis, incorporation of expensive or labile fatty acids render
the total synthesis undesirable due to the number of steps involved
and the poor. yields obtained. Thus these particular lecith{ns can
usually be convenientiy obtgined by the pértial lecithin gyﬁthesis.

G.P.C. or(G.P.C.)CdCl2 complex have been prepared by the deacy-
36,37 ‘

&

lation of egg-yolk lecithin which can be purchased commercially

. | 1 .
Therefore, using Chadha's method in this laboratéfy, egg-yolk lecith}n

=il i 4 Hmndom,

. . .
was deacylated in ether by utilization of Ptrabutylammoniumhydroxide
r

in methanol. The G.P.C. is the only ihsoluble'product formed and can be °

'3

isolated and converted to the cadmium chloride complex quite easily in 55%

L e Ty S

yield. Since free G.P.C. is extremely hygroscopic, a convenient method ‘of

(G.P.C.)CdCI2 can be reédily converted to free G.P.C. by passing a solution

. * of the cadmium-thloride addugt through a mixed bed of ion exphéhge resins

to obtain quantitative yilelds. . ‘ )
H . ’ ' ! ¢ |
. i \
r (" 5 A 38'4( .
_* There have been numerous lecithin syntheses described . 7,

where identical saturated or unsaturated fatty acids were reacylated to .

free G.P.C, or its CdCl2 adduct to form the corresponding 1,2 diacyl sn-

. 8lycero-3-phosphorylcholines or lecithins. _Therefore, having obtained

- .




PN
LR

the silicon-containing fatty acid'and the (G.P.C.) CdCl2 complex, attempts

ey

% ' to synthesise the '"labelled" lecithin were. undertaken.
v;‘ . - .. . ‘
™~ ,
1.3.1 :LABELLED" LECITHIN SYNTHESIS BY E.C. ROBLES METHOD

L4

Of all the partial lecithin syhtheses'described, the method

reported by E. Cubero Robles was the most attractive since the product «
¢

was freported to be obtained in 81.4% with no apparent side products

-
\
formed. The reacylation is performed by heating a mixture of free G.P.C.,

fatty acid anhydfide, and the potassium salt of the fatty acid in the molar

ratio of 1:4:2 in vacuum for 48 hrs at 80°C. Therefore, free G.P.C. was

B s g W

o mixed with "labelled" fatty acid potassium salt, (formed in situ by dis-

e Y

solving G.P.C., fatty acid and potassium hydroxide in methanol and the

solvent evaporated under -vacuum). The labelled dfthydride was added and

. 3 N / |
the reaction mixture heated in vacuo as described. - Upon workup and

.

analysis of all fractions obtained, no lecithin formation was evident.

s .
This method was repeated several times to yield the same results. It . ‘ »

was checked' by using stearic acid and 65% of crude lecithin wis¢bbtained. v
*\ . " - , ’
1.3.2 "LABELLED" LECITHIN SYNTHESIS BY BAER-BUCHNEA METHCD A?

Thé‘ﬁaer-Buchnea synthesis was the next method attempted in
acquiring the "labelled" lecithin. This method is’/conducted by mixing
. G.B.C. in its CdClz,cémﬁlex; and fatty acid chloride in 7-10 fold molar i

ratio ‘excess, in the presence of pyridine. The acylation is carried out. :

dry ethanol-free chloroform with glass'beads for 30 minutes at 0°C, followed

by an additional 2 hrs at room temperature. The lecithins, usuall§ purified

: : IS Ry

a
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by elution through a mixed bed of ion exchange resins followed by elution

through a silicic cd}umn'are reported to rdnge from 50-55% with the

additional drawback that by-products are also formed. These by-pfoducts

were indentified as cyclic lysolecithins, i.e. acyl-chlo%odeoxy-glycero-

42 c -
phosphoryl-cholines . Therefore, "the readtants,(G:P.C.)CdClz, 13,13-

dimefhyl-13-si1ahe§£adecanoy1 chlorﬁge, and anhydrous pyridine were mixed

together in dry ethanol-free chloroform for 30 minutes at' 0°C ‘followed by

. v

ol '
vigorous stirring at room temperature for an additional 2 hrs. Upon work-

db, only 10.4% of crude labelled lecithin was formed. This method was

.

"attempted several times to yield between 5-15% yield of crude lecithin.

This method proved to be inefficient since large amauntg. of the "labelled"

lecithin were required. Therefore, another synthésﬁs was~a£¥bmpted.

1.3.3 . "LABELLED" LECITHIN SYNTHESIS BY KATE'S METHOD

2 .

41 !

2 Vb Y

Kates et al | reported a partial lecithin synthesis by reacting

»
(G.P.C.)Z(Cd012)3 with 'a mixed anhydride, formed in situ by mixing the

free fatty acid with trifluoroacetic anhydride, in the presence of trietﬁ&l-

e

amine. The reaction mixture was stirred for 48 hrs at room temperature under
Y

anhydrous condtions. The mixture was worked uﬁ and product purified by

forming the methyl-ester of themcarboxylic acid ,upon addition of methanol

and,\g.01M HC1 solution to free the cadmium chloride complex (no ion

’ . .
exchange is necessary). The solution was diluted with chloroform and

eluted successively through a silicic column witﬁ chlorpfofm, chloroforg ~

,  “methanol 9:1 (V/V), 1:1 (V/V), and 1:4 (V/V) mixturcs. ‘The lecithin was

. A
observed in the 1:1 (V/V) eluant and the authors report a 247 yield.

J s
N > t
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. " ’Iftg,s,‘methodology was adapted to our system utilizing t:tlxe
G |_cadmimn chlor?.de adduct of G.’?.C.,‘13‘,:13,dime\thyl-13-siléheptadeca?101c )
' y, o . e a::id (XX)'(IIi), trifluoroaceyic anhydride, am; anhydrous triet‘i'lylamine.
é‘ 'The reacgants'&ere' mixed together and stirred ;1t room teu_xperature'for

48 hrs. The woi'kup and isolation was conducted in the same manner as -
, .

. . \
described. The reaction mixture was passed through a silicic column

and the eluates were monitored by NMR. Fraction I eluted by chloro-
o ‘g ’

-, form alone, exhibited a typical "abelled" 'fatty acid NMR spectrum,

-

,?“' "
[N
-

3

including a small resonance from the -OCH3 of the esters formed.

o o \ Fractlon kI eluted J{chlorofarm-methanol 9:1 wvivy, contained primariiy
.

- —r"

1 1abeLIed fatt:y acid with a very small N(CH3) resonance which appeared

L mmage STV WYR B -

P

]
as a éoublet. A multialet was also observed in the phenyl region but

\ M - »

this cannot be accounted for. Fraction III eluted by chloroform- -

¥

methanol 1:1 ‘(V/V), contained a larger N(Cljl.3)3 dou'ﬁlet, with a corges- -

-

ponding larger multiplet at 7.& ppm. Both of these resonances integra-
ted for the same number of protons (8.4 H) The methylene resonance T

- integrat:ed for 84 protons instead of 44 protons implying that some :
’

labglled fal‘y acidt is still present in this third fraction. This

. . ]

fracf:;!.on yiel%ed only 77 of the crude lecithin. Fracti:m v eld;ed'
. \ ‘ .

by 'lor‘cfofm-mﬂethanol 1:4 (V/V) yielded a.similar spectrum as Fraction.

.

L,
ILI. .The last’ two fractions were dark green in colour. . R
AR ' h - . ' Y
The ¥he thod was‘fepeatedj with ordinary gtea;ic,acid, in t}lle ’ L
same molar ratio, only to va}.n a smal];er cHbline resonance fownd in. . o
Fractdon 11, , . . ‘ : :
\

. . . II-%2- \
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. : . A
In summary, the "labelled"” lecithin was not conveniently

obtainable from any of the partial lecithh} syntheses attempted. The
method described by Cubero Robles et al, has demdnstrated its merits,
since tbis procedure 13 the most convenient to prepare large quantities
of saturated lecithins although the yields repor\‘ted were found to be
exaggeratedas. Having reproduced their methodology with ordinary
sgtearic acid, godd yields of distearoyl phosphatidylcholine was obtained.
Since thé silicon-containing fatty acid is branched in the t;hi.rteenth
pqsitio::, steric effects may have hindered‘the reaction since no lecithin
was formed at all., Hubbell and Mc:Counell44 acylated a fatty aci;:l contain-

ing a nitroxide spin laiael‘ia the Cubero Robles method but only obtaimed

20% yield. "The dimethyl silyl moiety is not as large as :7! nitroxide

spin label, but the length of the fatty acidu cljain also plays a role.

Lecithin syntheses are generally carried out with C fatty acids

14°’Ce

' e’ since yield of product: decrehses as chain length increases conceivably

little or no lecithin may have formed when our "labelledd fatty acid was

% empllayed. - - ~ ) '

~

) » v
- .

The Baer=Buchnea method pro\duce'd ‘the highest crudec: yield with
our "labelled“ fatty dcid but, ‘as mentioned previously, the formation
of cyclic 1ysolecithin would probably reduce the yi.eld of pure product

quite considerably although no attempt to purify the crude product was '

undertaken. s . . '

Lastly, the me?hod descgibeil by Kates et al seemed to show

¢

gome promise, buﬁ a more detailed procedire for purification and

~
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.

i i s |

-

X IP

" to find a suiteble solvent to solubilize G.P.C. (or CdCl2 adduct)

)

"

isolation-.of our "labelled" lecithin must be conducted in crde; to
¢ ) .

elute the product in one fraction. .This method has yet to prove o
» < '

itself on larger scales, i ’ Cy >

\

The yields from all partial lecithin syntheses cowld = ' »

. N A\ i

proS!!ly be greatly improved if the acylation would be carried 1
9

’ 4

out in a homogeneous state, As far %s we have seen, no attempts ” -
~ - . B

v

‘and fatty acid (acid chloride or anhydride) have been carried

out. Attempts in this laboratory were also snsuccessful. A

homogeneous reaction would reduce reaction times and increase

i

the efficiéﬁcy of the reaction. Until such solvent is found,

. R
synthetic lecithins are obtained primarily by the methods
described. \ ' .
\, ' &" = '
<3 h -

L




2, BIOSYNTHETIC INCORPORATION OF LABELLE) FATTY ACID BY THE .
- . ORGANISM MYCOPLASMA LAIDLAWII STRAIN B 4

B ’

[}

¢ !
Mycoplasma laidlawii B organism was chosen since it is probably

one of the most primitive micro-organisms known. These prokaryotic cells

usually are dependant on an exiprnal,fatty acid source and.repdily’ércor-

porate most fatty acids into their phospho - and glyco - lipids. This

4

organism lacks a cell wall nor are internal membranes present, thus the

E] N ,

b

bulk of the lipid is contained in the external cell mémbrane.
) ! S . Q i "
_ . The oréanism was grown in a defatted‘mediuﬁlsupplemented’with N )
a our '"labelled" thty acid as previously described (cf Chapter III - 1.10.1),

', ‘ The organism, which ordinarily grows in the coccoid form;,assumed a fila-

“ .
mentus morphology whgn the branéhed gsilicon-containing fatty acid was its -
:9n@y source of lipid. The cells ‘dlso Became extremely résistaq; to lysis
by hypotonic shock or even sonication which substantiated an observation

‘ 45 :
reported by Tourtellotte et al . These gross differences were rationa-

4 -
lized by these a,thors as changes in membrane lipid compositionm. -

—

"Labelled" fatty acid incorporation was verified by lipid
7

extraction

. 46 .

by the method of Bligh and Dyer and the isolated lipid was subjected to
. -

.

« PMR analysis. The dimethyl silyl resonance was clearly evident at.0.12 ppm.

-

acid,

. e

L 4

s
1

. II~= 45

4

-

No attempt was made to identify the lipids whjch contained the silated fatty

~,
-

N

>

'
~

The purpose, for e incorporation of {the fatty acid into the

. L

[

Y L8




L %4

membrane of the micro-organisms was to ultimately obtain membrane fragments
vhich would then be utilized as a natural membrane model system., These

~fragments would be monitored by NMR, and observation of the silyl reporter

»

: 4
molecule in the hydrophobic regien of i’e membrane may have elucidated

some biological activity of cellular membranes which must be syneréetically '
]

governed by molecdular structure. For exampléy utilization of this natural

membrane model system for the study of pharmacologicallf active agents,
.may have elucidated drug-membrane interaction, etc. )
N . »
“ / v
Unfortunately, this'ofganism could not be utilized for two
. - o - .
reasons: '

, C ox.
(L) Due to the change in cell morphology by the incorporation of

the branched "labelled" fatty acid, the cells could not be

’

lysed to form membrane fragments or cell ghosts. Various

methods were attempted but to no avail. The cells were

% N %

finally disrupted by physical grinding with carborundum

/7 _ using a mortar and pestle. . »

(2) The membrane fragments, obtained By the‘ﬁrinding action,
AN

were isolated but no well resolved NMR spectrum could be

observed gvgn at elevated temperatures. d

-
R .

.
v ¢

Since the mycoplasma membranes were not conducive g an

improved natural model, all experiments with this organism were' abandoned. -
f ' . ( .

t1 - 406
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, 3. NMR STUDJES ON LABELLED LIPOSOMES®

v
5

a e h
| i MR relaxation time of a given molecule.tsa measure of its
o ;. J‘ ’
% ' ' molecular motion. Spin-spin relaxation time (T2 ox transverse relaxa-
P .
! tion-time ) can be approximated by measuring the width at half-height
= (AY%) of the spectral line and using the following equationb7:
1 ;-
-1
_ _ T, =TWaYy (1) - i
N . *
e ] -1 ‘ . N
3 . . (where T2 is the relaxation rate). .
K} . - o
E This relationship is only an approximation since all factors contributing

; . to 1ipe'£roadening are not sgparated. In generalﬂ line broédening is
| not only due 'to non-secular (T1 spin lattice relaxation time) and secular
N broadening (dibolar) but also due to diamagnetic susceptibility-dependent
.-
(magnetic anisotropy), dipole-dipole (in solidsg and inhomogenats

. field-dependentﬁbroadening (instrumental artifact). Another broadening

\——_méchanism is the chemical shift effect (overlapping of spectral lines)

which generally is of little importance.

Equation I, encompasses all these factors for a Lorentzian

3

shaped absorption line, and thus it is apparent tha(”lg is less well .

defined than T1 (spin lattice relaxation time) éince the latter R

corresponds tQ only one process whereas the former corresponds to

o

several processes (incldding Tl)' Therefore, Equation (1) can be

/’Gxitten in the following manner:

! I

!

\.
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-1 -1 -1~ ~1 )
T, =Ta)j 2T 4T, v Ty (2) S o
T T 3 .
where T; is spin lattice relaxation rate, Top " 1s the magnetic

-1 .
anisotropic effect and T2d isg the dipole broadening of low frequency

s
-

motions (e.g. soli&s). It is agsumed here thét the contributions’ from
& .

v

these line-broadening mechanisms mentioned, are small and can be included

in the observed relaxation rate from equation.I. Secondly, it is under-

¥
stood that-Without pulse NMR methods and data, one cannot rule out these.

contributions which iead to further line broadening. Therefore, we have

v .
chosen to feport all data in terms of line widths (AY%) where applicable,
Y Y

implying that.broadening of an ahsorption line is indicative of restricted o

-

mobility whereas the narrowirng of the resonance is indicative of in-
creésed molecylar motion.

’

In ;he'membrane model system ﬁ?opqéed,(there i{f two absorption
lines which can be monitored conveniéﬁtly. Since the vesicular pfgparatian
is ma?e up of egg—yolk lecithin and the hdeophobic probe, methyl-13,13-
dimethyl-13-silaheptadecanoate, codispersed in gée former lipid, the two
resonanFes, Sg%Me)B (frbm lecithin) and -Si(9ﬂ3)z (from the fagﬁy‘acid

ester) can be'used as reporter molecules which would indicate any change

in' the degree of order or molecular mobility in the hydrophilic and hydro-

phobic regions respectively, of the bilayer system. Although precise

values for Tz'cannof be obtained by the méthod‘employed, natural hydro-
‘ L 13
phobic resonance can be monitored conveniently (unless C or ESR is

used),'thug the silicon-containing fatty acid ester becomes & valid probe

s
iy
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to be used in H-NMR spectrascopy of .lipid systems.

3.1 PROOF _OF INCORPORATION AND CALIBRATION OF MEMBRANE MODEL

Incorporation of the sildted fatty acid into.a lecithin vesicle .%

is,of course a prerequisite for its use as a hydrophobic probe. Fig. 1

v 4

shows the effect of lecithin/labelled fatty acid eéterq(LEC/LFAE) molar

ratio on line width. An arbitrary amount of LFAE was kept constant
. ep

throughout and increasing amounts of lecithin was added. The upper
- s
limiting ratio, -6.0, indicatell formation of larger "onion-like" vesicles
\ i4
which separated durieg centrifugation. This is possibly due to increased
. . -

vesicular size and compression o6f fatty acid chains since a broadening

of both resonances were observed with increasing leqithin concentration.

g

- ]

. Sm
. The lower limiting ratio indicates a slight broadening of both
o : + o
resonancrjj,/( 4.94 Hz for -N(CH3)3+and 3.47 Hz for the -Si(CH3)Zérom their
natural 1ipe widths (2.26,}12 for'-N(CH3)3 and 1.50 Hz for the -Si(CH3)2).

-

The broadening of the N-methyl absorption line is probably due to 'compression .

«
-

of the polar head group region-thus immobilizing the molecule somewhat as a

large amount of LFAE is being incorporated into the lipid. ‘ -

N

54
Tke silyl resonance is broadened due to thg new .hydrophobic environ-

‘ L

ment which restricts its natural mobility. )

The molar ratio effect on line width was observed by maintaining the

i

lecithin concentration constant throughout and increasing™the LFAE concentra-

o
b

v
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tion was varied. ' - - oo
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5.0 |
r
4.0 |
3.0 .| | | - | | - | .,
: 0.5 1 Z 3 4 5 5
o ) . .
MOLAR RATIO LEC/LFAE . :

1

“ Fig. 1: Line width at half-height of the lecithin N-CHy resonamce -
and the labelled fatty.acidiester, methyl —13,13-d.ﬁnethy1-13-silaheptadecanoic
acid, SiCl-l.3 resonance in mixed vesicles prepared by sonication in D,0 at Q°C as

a function of molar ratios. LFAE was kept ¢onstant at 100 mM and LEC concentra-
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tion in each sample. Figure 2 exhiBitq this relationship. The -
+

N(C 8 of the 1 i i tiall h, d the
( H323 resonance e eckh n remains essentially unchanged as

labelled fatty acid concentration is increased. The silyl reporter

~

moiety exhibits an increase, in line width as the reporter molecule is

incorporated into the 1lipid vesicle. Increased incorporation xestricted

. molecular mobility in the lipoid region of the bilayer.

@

-

The lack of effect on the N-methyl signal is indicative that

-

‘the silyl probe causes little perturbation of the lipid bilayer.

£

\

To substantiate the fact of the incorporation of LFAE }nto the
. :

¢

liposomes, the absolute concentration of a standard 3:1 LEC/LFAE molar
' .

was varied, maintaining this molar ratio constant. As can be seen in v
: .

Figure 3, the line widths exhibit no change within éxperimental error
with change in absolute concentl:ation. At the lowest concentrations

(molar ratio 50/16.6 LEC/LFAE) the signal to noise ratio was poor thus

v

making measurements.less precise,which may accouht for-the scattering

of points. But on the whole no change could be observed (see addendum).

‘
'

It may be argued that the molecular distribution of the LFAE

would not remain constant if larger '"onion-like" vesicles were removed
. ’

by centrifugation. To further substantiate LFAEﬂincorporation and

proof of statistical molecular distribution of the silated fatty acid,
standard integration curves were obtained 'by monitoring the N-methyl
and Si-methyl resonances, in carbon tetrachloride. Liposome prépara-\"

tions were then measured under identical.conditions and their integra
p - ..

- -
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+ 2,0 i ] a [ I L 5 2 f‘/

[] L
o~ 0.5 1 2 3 4 5 )
. o ~
MOLAR RATIO LEC/LFAE ; : .

‘Fig. 2: Widfﬁ of half-height of N-CHy resonance from the ﬁecithin,concentra-

tion kept gonstant ‘at 150 mM, and. the SiCH3 reSonance from the labelled fatty acid

aster - concentration varied codispersed and cosonicatﬁd to form mixed vesiclea

in® D20 at 0°C as 'a function of molar ratios. '

v : ' [
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“ compared to the standard curvea to yield 85.9% of the protom count for

-N(Cﬂa) anq 83.0Z’£or the -Si(CH3)2. Expressing these results in

.;\ terms of molar ratio, 3.1:1 LEC/LFAE was observed, ~*

o 'S h‘

3 . .

Since all the 11posomes were prepared in the same fashion,

~

these results proved not -only incorporation but also confirmed that a
/

3:1 molar ratio was maintained throughouc. Figures & and 5 show the

standard curves of the two resonances.

-
i

?;.2 : PERTURBATION OF REPORTER MOLECULES
A :

-

L. - .In order to test the reportegvptoperties of our hydfoyﬁilic and

hydrophobic probes various reagents were used to' perturb these arlecules.
. + 0%

The polar head group probe, N(CH3)3 being hydrophilic can be perturbed’by

the interaction of .electrolytes onﬂehe zwitterionic head group. These

. i cations&,being impermeab}e to a lipid bilayer in the absence of any
active transpo7t can only interact with.the exterhal polar head group,-
not affecting the hydroPhobie probe by molecular or electronié interaction.

The silyl repprter'molecule, being buried in the internal hydro-

phobic region of the bilayet, can be perturbed by incorporating an apolar

-

organic reagent h as, n-dodecane. The hydrocarbon reagent is insoluble .

- .

in aqueous medium.thus would preferentially be cogispersed in the hydro-

'phobic lipid region of the bilayer.

11°- 57 - - o ~
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TABLE IV - STANDARD CURVE

B / FOR-N(CHa)3' 4
Sample No. LEC in mM (gm) Integratio; in mm ’
‘ ) A
1 25 (0.0202) 3.0
2 7 50 (0.0404) 6.5
.3 100 (0.0807) . 11.0
Qw
4 150 '(Qzl211) 13.0°
5 200 (0,1614) 14.0

s

TABLE IV - Standard curve (Fig.4). was obtained from the integration

of the NCH

3

-~

resonance from various concentrations of égg &qlk lecithin

’

in 1.0 m’l-oi cc;a. Vesicular preparation containing 150 mM of decithin?

and 50 mM of LFAE indicate 85.9% proton count measured from the standard

PR

curve. . ‘ .
~ ‘ ' . .
TABLE V - STANDAR) CURVE FOR‘Si(CH'Qg
. “ 3 .
Samele No. LFAE in mM _(gm) ‘ ¢«  Integration in mm’
, = ¥
1. . 10 (0.0033) . 7.5
I g ) 25 (0.0082) 16.0
3 40 5(0.0131) : 22.5 ‘
4 _ 50 (0.0164) 30:5 ’
5 75 (0.0246) © 41,0 |

TABLE v: Standard curve (Fig.S),was obtained from the isdtegration of the

*

S1CH, resonances from various LFAE concentrations in 1.0 ml CCl1,.

sgicular

preparation in 1 mlﬂ D20 containing 150 mM of LEC and 50 mM of LFAE indicated

an 83.0% proton count as measured from the standard curve.

bl
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Integrated 10,0
area of

-N(CHj)3

re songnce
(in mm)

o

J
150

LEC CONCENTRATION (mM)

. Fig. 4 : Standardocurve for the N-methyl moiety obtained by the
integral measuremeodgof LEC dissolved in 1.0 ml of cciy, . - Integral of N-methyl

resonance in liposodies, prepated by sonicating 50 mM of LFAE and 150 mM
LEC, and centrifuging at 20,000 g., indicatel a 128.75 mM concentration of
LEC is codispersed in the D,0 supernatants us indicated by the dotted ldune,

6 3 .
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Integra- 30
ted area
of-Si (CI-I3)2
: resonance

| (in mm)

- . : "LFA CONCENTRATION (mM) . '
3 Fig. 5 : Standard curve for the dimethyl silyl moiety obtained by the .
" the integral measurement of LFAE dissolvetf‘in 1,0 ml of CCl,.* Integral of gilyl c.

» Tresonance in liposomes prepared by sonicating 50 mMof LF and 150 mM of LEC,
and centrifuging at 20,000 g., indicates a 41.5 mH ‘concentration of LFAE is

I codispersed in ‘the DZO supernatant as indicated' by “the dotted line. .
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3;2.1 EFFECT OF NaCl ON LIPOSOMES “
Figuf@_G shows the ef}ect of increasing NaCl concentration
»
: =
. on .the line widths of both N-methyl and Si-methyl resonances. . The line

width of the hydrophilic reporter molecule increases as the salt con-

1
<

. . centration increases, reflecting some interaction between the zwitter-

ionic\polar head group and the electrolyte. The Si-methyl curve shows

e Ay SR caial TN - J

no change with fhcreasing salt concentration below 0.75M. Above this
concentration rgpi& precipitation induced by a "salting out effect"
4 ' became evident with a marked increase in line width of the silyl resonance.

Therefore, perturbation of the N-methyl groups by the increased ionic

strength impedes the mobility of the probe which results in line widening.

. - The electrolyte being impervious to the lipid bilayer shows no perturbation

of the hydrophobic probe, hence reflecting no influence in the apolar.

region of the micelles.
N .

5

3.2.2 EFFECT OF CaCl, ON LIPOSQMES

1

PO " The role of.calcium ionsin membrane chemistry ‘and biochemistry is
still not totally understood, thus in testiné our membrane model system, we

. ¢ . were interested whether CaCl2 would yield simi}ar éesults obtained with the

NaCl experimeng.

H
1 .

There have been numerous contradictory reports/%n the'literature

. - . . 48
on the mode -of binding of cations with phosphplipids . Hauser et al, have
outlined these reports and tried to clarify the controversy by using two

o ., different techﬁiques: surface chemical and NMR methods. Tbéy concluded

[} - -
.
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TABLE VI .- EFFECT OF NaCl

A 55 in Hz
Seﬁﬁfe Molar-Ratio | NaCl final N(CEL) %in $1(CE.)
- LEC/LFAE Conc M ?3 3 372
1 T\~ 3:1 0.01 6,06 ¥ 0.35 4.86 T o1 |
2 3:1 0.04 6.32 ¥ 0.63 4.95 T 0.03
3 3:1 0.1 6.20 1 0.27 4.93 ¥ 0.02
& g 31 0.25 6.78 ¥ 0.13 4.96 ¥ 0.02 |
. )
5 3:1 0.5 6.74 ¥ 0.33 4.93 ¥ 0.01
6 3:1 ° & 0.75 7.05 ¥ 0.13 4.95 T o0.01
e N
7 3:1 1.0 7.47 T 0.26 6.00 ¥ 0.04
: -
TABLE VI : Effect of NaCl environment on the line widths of N(CH,)
; : 33

and Si(CH3}3resonances of mixed 1ipid vesicles containing a 3:1 molar
& .

-

ratio (LEC/LFAE) based on 150 mM of LEC

TABLE VII - EFFECT OF CaCl

-

2
Sample | Molar Ratio CaCl, final AV innz .
No LEC/LFAE Conc_M N(CHy) 4 Si(CHy) 9 .
1 3:1 o.o0 | 651t o0ss | . 4.957% 0.2
2 31 0.02 7.53 F 0.12 5.51 % 0.77
3 3:1 0.03 7.52 T 0.25 5.78 ¥ 0.22 ’
4 3:1 ' 0.04 7.63 ¥ 0.47 5.79 T 0.40
+
5 31 0.05 7.99 T 0.38 5.96 + 0.33
+2 :
TABLE VII : Effect of Ca on the line width

of N(CH3)3and Si(CH3)3

resonances of mixed lipid vesicles containing a 3:1 molar ratio (LEC/

©

LFAE) based on 150 mM of LEC.
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. 4o - <1 1 A . 1 i
0 0.01 0.02 0.03 . 0, 04 ~ 0.05.
lQaCIZ M)

‘

B - a < 3
Fig. 7 : Effect of CaClz_concentratlon on the N-CH3 and SiCH3 line
. M ‘e '

width of a 3:1 LEC/LFAE mixed vesicle (150 mM lecithin).
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13 31
that no effect was observed on the H, C and P NMR spectrum of

) +2
lipid vesicles.with Ca  concentrations of 0.1 to 0.2M. A very weak

. interaction was reported with surface chemical techniques when high

+2 * )
Ca concentrations were used. These observations support findings by

49 50 .
Rojas and Tobias and Hauser and Dawson , using surface radiography

’ +2 +
reported no Ca  interaction with pure egg lecithin at Ca 2 concentra-

. . : 51 R
tions of 0.1 mM and 0.1 uM respectively. Dervichian ilized potentio-

A Y
. '
Vot on e, o e > A R S0 i o U ISt st N b

1

I4

. +2
me?ic titra}}ions and found no binding between Ca  and egg lecithin in

- the pH ra7é‘2 to 8.
.

_ . ) 52,53 45 +2
: On the other hand, Kimizuka et al. utilized Ca  and

s e W w4

reported binding with monolayers and multilayers of egg, soybean and -

. ! KRS 54
dipalmitoyl lecithin. White and coworkers

\

. +2
observed the €Ca distri-

> bution in a two phase syﬁtem using synthetic lecithin and reported that
55,56

ey

the.calcium ion was associated y_ith the phospholipid. Shah and Schulmann

-

. d

+2
- conducted surface potential measurements and concluded that Ca  in a 10 mM¢
L4

X concentration, interacts with both saturated and unsaturated lecithins. '
‘ - !

» " 57 +2 g
< Trauble reported that Ca  binds to phospholipids w‘ich were monitored by

Mw—».,nu POV
o

" +2
~ dipalmitoyl lecithin bilayers. Furthermore, Trauble reports that Ca binds
) 3 -1

|
| ; : ;
4
' F the fluore¢scence of l-anilino-8-naphthalenesulfonic acid incorporated into

wit}x a stability constant K=1O M . Faced with this dichotomy of reports,

our observation from the interaction of CaCl2 with-our membrane model system

.

favors a positive result as seen in jigure 7. The N-methyl curve acquires

B ) a positive slope as the ionic strength increases,indicating restricted
: v L .

mobility of the polar head group. The Mne wiﬁening implies an interaction ’

'

-

between the lecithin and the electrolyte. The effect appears to be consider-

IT - 65 ~ )
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S ably stronger than in the case with monovalent cation sinee a steeper -
. v . !

. y ¥

. +2
slope is achieved 4t much lower concentrations. Above the Ca  concentra-
’ 3 * tion of 0.03&, (50 mM), the upper limit, aggregation and precipitation
N

} ﬂi’ ensued yielding extensive broadening due to the formation of solid parti- -

- -

culates in the sample tube'. Thepe points were omitted for this,reaaoﬁ.

B
- -
4 '

YRR

The hydrophobic probe responded with a slight departure from

linearity. The lipid bilayer is_ impervious to Ca+2 ions in the absence

: B ) ¥ , $

of any active transport, yet the effect of restricted mobility is observed ’ ﬂ{
o N . -{ K

in the hy&rophébic'region of the bilqyer. This changé in the éilyl reﬁorter
moiety imparts that the fatty acid thins exﬁerienée an increased rigidity ’ 'i
. < b

. . " 57
or, stability. This stability supports the Observation by Trauble  although

é, no stability constant was calculated from our data. Furthermore; this 9
5 - . <g -
observation substantiates the findings reported by Papahadjopoulos where

f

A A

'gk’ 4

i ; cationic effects were monitored by changes in the phase. transitions of fheJ

\

A7 BN td, 3

é , , " phospholipid. Papahadjopoulos observed the absence of a 'f:haseﬁ transition

.- +2 -3 ' :
between O-70°C when Ca (1 x 10 M) was added to phosphatidyl serine. S

t’ JE———

. +2 5
Furthermore, X-ray evidence indicated that PS-Ca  bilayers are in a -

B
3

crystalline state at 24°¢. No gignificant effect was observed when pﬁre

(O

A : « .
phosphatidyl choliné was studied in the presence of mond-and divalent cations

Ly .
and he concluded that chain packing is affected by the lipid components,
temperature, ionic composition and is particularly dependent on thé>chemical

3

1 - . nature of the head group. Thus using mixed micelles, in tﬁc‘presencé of

+2 : : '
Ca ©, PS and PC,a-17 degrec increase, ifdthe phase transition was obscrved.
" - -

“ » : .

-
[ » - 1

The lecithin used in our micellar preparation was commercial

F ’ ' grade, implying that a mixfure of phospholipids is present. Since'Ca+2

o \ . II - 66 -
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has a stabilizing effect on bilayars which.result inla shift: to higher

-

. ) transition temperature, in mixed micelles, the changes in the line

— width of the hydrophobic probe implies a similar behaviour in commercial
. ®.

egg yolk lecithin, although no differential scanning calorimetry was

conducted. -

B s o e AR NaY A
-
<

3.2.3 EFFECT OF DODECANE -ON LIPOSOMES . . . -

The effect of the apolar hydrocarbon chain, dodecane, w'\e

line widths 'of the hydrophilic and hydrophobic probes can be seen on
Figure VIII.' The perturbation of the silyl reporter molecule by the

n-dodecane resulted in a negative slope as n-dodecane concentration N

B i ¥ it
. ~ - .
.
-
»

increases. The line narrowing is dndicative of an increased randomness
3 .3
in the hydroPhobic interior as increasing n-dodecane tends to Msolubilize"

1

.- the acyl fatty acid chains, which renders them more mobile. The liposome '
o

— disruption does not appear to be evident since line width of the N-methyl

*
- remains ealentiallytunchanged. This observation also 1mp11es that no-

.

b s

perturbation of the polar head gronp is taking place, as the hydrophobic,

interior achieves a moreidisoraerea state.

(Y

-

{
“ P ~

. These experiments confirm the 'usefulness of the:.reporter mole-
cule in the hydrophilic and hydrophobic regions of a phospholipid bilayer.
. >~ :
Thegse probes, which sifiultaneously exhibit various:interaQF{ons or conforma-

. gl ‘tional changés, which may be induced by other‘reagenps, offer a definite ‘ ) .

advantage as structure-function relationships in ﬁhospholipid bilayers or

*

memb nes are, on starting to be invéstigated.
o N s 8
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"TABLE VIII - EFFECT OF DODECANE v
, - E
| > sample Molar Ratio Dodgcane AYyin e
No LEC/LFAE Conc mM N(CH3)3\‘ Si(CH3)2
» v i‘ g
1 3'& 0 4.10t 0,02 3.10% 0,10
2 . 3:1 10 4,09t 0,01 3.00% 0.13
- > "+ +
3 3:1 .50 4.40 - 0.02|, 2.60 T 0,35,
4 3:1 100 %.09 ¥ 0,03 2.10 ¥ 0,06

TABLE VIL : Efféct of the incorporation of n-ﬂodecane'in;:\$

4

mixed lipid vesicles ®n the line widths of NCH, and SiCH, resonances

The vesicles were prepared in 1.0 ml of D

9
143

a4

2

|

0 based on 150 mM of LEC,
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' ' " Unfortunately, theae results may not ne::esaarily be extrapolated
to natural membranes. A major component of natural membranes is the 1lipp-
protein. Although proteins are mot conducive to high resolution s by

monitoring our system in the presence of a i)olypeptitle xaay reault) in the -

. . . » ' .
acquisitior‘ro‘f structural information for the phospholipid-protein >
interaetioﬁ e . coo ,

L <o '] .o !

3.3 EFFECT OF GRAMICIDIN S WITH AND WITHOUT NaCl - ‘
Ly
- 3.3.1_ .7 INCORPORATION OF GRAMICIDIN S INTO THE MEMBRANE MODEL o
-

;\.

Qtam:lcidin S is a cytlic pentadecapeptide antibtotic and its

1Y

incorporation into a Iipid bilayer is being investigated in this laboratory
l
/l

~Chapman et a"1 and Finer e/t a16 havé"%'ﬁ’udied the interaction of this anti- ;

biotic witt/phoaphol‘id bilayera\ Some of the :aethoci\s employed by these

inveatigations are DSC, ESR NMR, UV 1R, ORD and ultracentri,fugation. ‘
l"‘ Chapman concludes that Gramicidin S interacts with only the pola® head group

of phospholipid bilayers when the antibiotic is heated with lecithin in a
. - / &

o 1:1 or 1:2 rﬁtté. Furtllema;Qothe amfibiot'ie shifts the transition tempe-

t
rature to lower temperature (37°C) when eq.uimolar ratios of lipid and*

-

Gram:l.cidin S are used. - N .
.- 4 * s ]
E ¢ : { .
. . ' # )
L Chapnpn also reported that no broadening of the hydrocarbon NMR .

‘ ° S—’
‘. aignal was observed when Gramicidin S das mixgd with egg yolk lecvhin,

although N(Cl~13)3 signal is. slightly reduced at high a&tibiotic concentra- C
#
tion (Ghapman, therefore, implieg that the antibiotic 1nteract nly with

the polar head® group &rather then the hydrocarbon chain, thud n incorpora-’ .

11 - M

s .
M *
. . .
- . . - ‘ (‘\ k A\
,'l,) K £ v" -
R .
*

- \
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]
! tion was evident and consequently no ion transport could be expected, \

.
-

{
N
¢
]
1
| ' ‘
¢

- When Gramicidin S was mixed with dipalmitoyl lecithin, no~ %
” S

(. e ! i
thyl resonance or methylene signal was observed at room temperature. -~
{ . 1

v ew Aam—

Chapman attributes this observation as the reatticted mobility due to

. p .
; the gel state .since room temperature is below the transition tempera-

' .o ' ture of dipalmitoyl' lecithin. At 55°C, these signlas become evident.
] . )

. »
. f .

: ' Finer et al, observed line broadening of the fatty acid chain . \

£ . 4 ¢ .
signal only wh®n Gramicidin S and the phospholipid are mixed in the

presence of phosphate buffer. Finer also reported that further additiom . ®

of.the antibiotic to unsonicated egg yolk lecithin produced a high re- ;r
L4

. — ¢

solution NMR spectrum at a molar ratio of 1%}.3,bht the bilayer structure

is also degtroyed. Thus the structure of this mixture is not known. RIK
l ' )

- It secems that both.these ipvegtigators used the dihydro- ‘ p
A 4

chloride salt of the antibiotic which is scarcely soluble in wateg, -

-

Finer et al. alg*\report that Gramicidin S is able to solubi*ize lecithin .. - 1

dispersed in water without sonication.'

.

Figure 9 shows the results obtained in this laboratory when ""ﬁ

)

Gramicidin S free .base is cosonicated with egg yolk lecithin. As may

be _seen) the Gramicidin S concentraﬂ&ons ugfd are much lower than those

employed by other investigators, and the low concentrations were chosen 4

because these antibiotics show biological action at comparably low .
f

aconcentratioJ;:\th\range from 50 pg - 250 pg/mole of 1ipid .
. \ ° . . .
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Both reporter ooietieé of the liposome behave in a parallel
fashion as increesing amount of antibiotic is added, with en obsefved ‘
minimum ({.e. line narrowing) occurring at 100 pg/mole of lipid (9 925

M) of antibiotic. Thus an initial narrowing of both line width may be .

indicative of more spatial mobility caused by an expansion of vesicle §ize,

as the Gramicidin S'is'so}ubulized by the phospholipid, ihia line narrowing °

reaches the minimum, perhaps the optimum vesicle size, and as more Em_til::iotic"Lr
is;anorporated a tighter packing of the 1lipid chain also- occufﬁ as is evi-

dent from the positive slopeehogfthe graph of Figure 9. Above 250‘pg/mole

. v
2

of 1ipid, aggregation and precipitation occurreq. ! -

-

i/

Therefore, an effect of the antibiotic on the liooaone was observed

€ i

on both‘reporter moieties at much lower Gramicidin S concentration than that

used by Chapmen and coworkers. Furthermore, we observed a marked effect on

the hydropMobic interior of the bilayer. The minimum observed at IOO‘pélmole

L

of 1lipid, as mentioned above, happens to occur at the same concentration of

v
“

Gramicidin A as used by B.E. Cohen’ "
to hon-electrolytes. The significance of this parti¢ular concentration is,

not re;oily understood, yet may be indicative of a cooperative eifect whereby
oniy a small amount of antibiotic is‘necessary for its‘function. Ths type of

3

cooperative effect has been observed with other antibiotics such as alamethicin
A - :
where each antibiotic molecule induces a new form of aggregate comprised of
.

600 1#pid molecules per molecule of alamethicin. Thus, with our system, 9.925

-

. ’ < ' '
pM of antiblotic is equivalent to 13, 600 lipid molecules per molecule aof anti-

fl
biotic - a 22, 3 fold incxeaq&ﬁ effect than that with alanethicin - supporting

fa

even more 80 the cooperative action of Gramicidin.S.

- a

.-

- .
- v “ ~

Im-72

in his gtudies of liposome permeability ¢
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P R Ty % TR g+ + o

“ rwer

2
¢ R
Sample . - Molar Ratio NaCl .~ AYV5 in Hz X
| ‘ No LEC/LFAE/GRAMTCIDIN final conc M N(CH,) $i(CHs) !
~ () ‘ 373 2
- 5 ) ) -3 - ; '
o R 100:33:9,925x10 o . 4.92% 0,12 | 3.55 % 0.08
: 3 . "’ ,’_3 a e . + : _*: [
| o2 100:33:9,925x10 0,01 . ] 35.21-0,05 | 3.56 - 0,13 |
\
| . -
| : 173 100:33:9.925x10 > \ 0.0 5.51 % 0,04 | 3.86 ¥ 0.06
| . » L _3 | 1. + Lt
R --»f‘*»—-—« el 4 | 100:33:9.925x10 0.10 6.56 =°0,14 | 4,92 - 0,05
. o - . + -
\\' 5 -100:33:9,925x10 3 0.15+ . 7.13 * 0. 20 5.48 - Q, is. .
. “ - . .~
‘ = 6 100:33:9.925x10" 0.20 - |7.19%0.16 |6.63% 0. 6 i
L . \ R i §
i [ . j{ g s T N ' %
T ‘ TABLE X : Effect of NaCl on the line widthsRQf NCH3 and SiCH3 of liposomes ° ;
v containing 100 mM of lecithin, 33 mM of LFAE and 9.925 pM of Gramicidin S. #
' . ) . . ‘ o T
g L
@ , 4 — o iad II - 73
. N . %
,- ' A ; ' .

Q %
€ . =
. > 7 3
. : " TABLE IX - EFFECT OF GRAMICIDIN § _ . 1
t ( - ) : 1
S : - 3.
Smple | .  Molar Ratio - Gramicidin AVyinuw 3
No LEC/LFAE ng/mole of lipid |’  N(CHj), S1(CHy) 9 o
; z B F
- +
1 3:1 50 696t 0,07 438 ¥ 0.09 | i
. §' + b
2 e 311 , 100(9.925uM) - 4.83 % 0.12 3.63 = 0.13 5
3 3:1 © 15H 4.96 ¥ 0,121 4.40 ¥ 0,08 :
o 4, 31, 200 4.88 ¥ 0,131 4.36 ¥ 0,30 :
, . : ' s
.5 31 . 250, s8%0.11|4.38 T 0,57 :
6 - 3:1 . 500 5.92% 0,17{ 5.64 ¥ 0,25
- ° . . i . el .3)
- 1

TABLE IX : Effect of the incorporation of Gramicidin S on the line widths
N N n
) oﬂNCH3 and SiCH3 of’mixed vesicles. Vesicylar preparation in 1 ml-D,0

~ contained 100 mM of lecithin._

v

~

TABLE X'~ EFFECT OF GRAMPCIDIN S AND NaCl

- '
[ O




, 50 100 150 200 250
€ - S C | Gramicidin S (pg/M of Lipid) |
| , Hs. '9: Effect of Gramicidin S on the line widths of NCH, and SiCH, -
| resonatices in mixed'vesiglgs. I_Gran—:ilcidin and lipid were cosonjcated in o

. ,Dzo at 00, . Vesicles molar ratio ‘was 3:1 based on 100 mM of lecithin,
’ ‘% ! : ¢ - .
. . ! ' C I -74 ©
Lo T
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|.
0.01 0.1

NaCl (M)

,Fig. 10 : Effect of NaCl on the line widths of NCH3 and 5iCH, resonances

of mixéd vesicles com:aining LEC/LFAE,. in a 3:1 molar ratio (100 mM of lecithin),
and 100 )Jg/mole of lipid (9.925 )JM) of. Gramicid:l.n S.
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. The next approach was to observe this lipid-polypeptide complex
3

) in the presence of cations such as Na+. -
L ~ o L — - f Q
‘ . 3.3.2 EFFECT OF LiPID-GRAMICIDIN S COMPLEX IN THE PRESENCE OF NaCl °*

\
Qur standard molar )-at:io of LEC/LFAE was maintained at 3:1,based .

.. 4 .
on 100 mM of LEC, with the added feature that 100 pg/mole- (9.925 uM) of Gra-

A

Y- ‘micidin S was now ‘incorporated into the.system. The object of this experim-

ént was-to elucidate any changes in ‘line widths of the reporter molecules in

f’

4, ) '

The gffect of the electrolyte on the lipid-antibiotic system can be
seen on Figure 10. If compared to the NaCl interaction i#n the absence of the

antibiotic, (Figre 6), the changg )ih line widths vary quite drastically.

B LY
Firstly, the interaction exhibited on Figure,10 occurs at much lower plectro-

lyte concentration. Almogt a four-fold increase of the effect has taken

place by the introductioh of the cyclic antibiotic, where maximum intéraction
i

. occurs at 250 mM of Sodium .c_hlor‘.de concentration as compared to R l.OM in

- Figure 6. Above 250 mM, . préacipitation and breakdown of the, 1ip1d system

was apparent .

2

Secondly, comparing the. N-methyl curves of both graphs, a steeper

) i
slope is observed in the system containing the antibiotic. Thls result

!
s

is most likely ,'comprised °f¢ not only electrolye‘-head group interaction

but also catiqh-antibiotic interaction. The latter inte‘ractions.nﬁay,

perhapg, be s#arated'by subtracting the effect shown on Figure 6

- L ! o

*II - 76 "

\this new lipo<peptide ’syséem which may be bripught about:by the presence of NaCl.
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“then result in the immobilization of the lipi%rpﬁase.‘

. \ oA -

(effect of NaCl on liposomes without antibiotic) from that shown on
Figure 10(e}fect of NgCl on liposomes in the presence of the antibiotic).
This_éiéttrolyte-GrAﬂicidin S interacﬁion may be brought about by conforma- ,

tional changes in the antibiotic hydriphilic sites or changes in conforma-

¢

tion of the peptide if indeed the cation is being’ transported through the

hydrophilic channel, Differentiation of these two proEesses cannot be

achieved with the system at hand although an effeét is evident.

1]

‘Thirdly, the most drastic difference between the two égaphs )

is the change in the hydrophobic probe,-Si(CH3)2 Figure 6 shows absolute-
« .
ly no change in the line width except at very low electrolyte concentrations,

'Y . ‘o
(due to stability as discussed in the Caélz;experimenp).

But this effect

is very small. . . 2

. s

V- . -

In the presence of the antibiotic, the hydrOphgbfc'reporter mole-

p+ 8

cule exhibits.a linear change ‘of%line width with increasing electfolyte ) .

.

concentration. This pertd&baclon of the interior reporter moiety may be

indicative of increased stability of the bilayer. It may reflect conforma-

tional changes taking place in the hydgpphobfc amino,acids of the antibigtic b

;s sodium ions are being transpof%ed.' Such conforﬂétional changes would

-

lipid bilayers are impermeable to ion still holds true'gyless the anti-

bilotic creates an ion leak® The chanfes observed on the,behéviour of the

hydrophobi¢ probe, therefore,\imply—that the antibiotic is incorporated
~—— : -

into the lipid bilayer and also suggests‘ion binding 1if nolhtr;nsbort

A}
’

1 - 77 E . .
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. . -

(since transport in the strict sense depends on the exigtence of an
. - 't‘ :
ion gradient, whereas an equilibrium will be reached quickly in our

~

system). o . ’

»

-

The two systems behave differently due to the incorporation

N

\ ,0f the cyclic antibiotic, Gramicidin S. A general "freezing' of the

e

liposomes can be ruled out, \even though Chapman eé al. report that

o

Gramicidin S in solution ‘fo.rms a gel in the presence of salts (such as

C/’ KCl). " In our experiment, however, no gel formation was evident when

sodium chldoride was added to the solution, therefore, we assume that

. .

k. f b
our explanation of the 'experimental findings describes specific )

: + . phenomena gnd not a general effect. ' - ¢

. . ’ - -
—i ~ Our results do not directly answer the question of how the
' antjldotic functions but we believe the nature of tﬁ‘e interaction,

- between lipid and antibiotic, appears to be hydrophobic as well as P

-

electrostatic. We also believe that a codperative effect similar to
F »

that seen with alamethicin may be present with GFamicidin S5, s‘ince only

3 ' L3

(100 pg/mole of lipid) vas required to observe an effect in both regions

of the bilayer. It-also appears likely that the aftibiotic is incorpora- - J

. ted into the lipid bilayer, in variance with the results of the Chapman

f ‘ ' -, -
: \ group., " .
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CHAPTER 1III EXPERIMENTAL

EXPERIMENTAL .
1. 'SYNTHESIS OF .STLICON-CONTAINING FATTY ACID ' .
1.1 SCHEME I -~ ATTEMP&ED SYNTHESIS OF\12,12-DiMETHYL412-SILA-

\
h STEARIC ACID Y, ,a‘
ﬁ.l.l . RATION OF n-HEXYL-MAGNESIUM BROMIDE (II) .
A ” ¢ / N
(4

<~Bromohex3pe, I, (24.8 g - 0.15 mole) was adde6¢tg magnesium

turnings- (5.4 g - 0.225 gram-atomf\ﬁﬂ 50 ml of THF (dried over EiAlHA).
\ - ty v

A crystal.of I, was necéssar& to initiate the reactiom. Once the initial

2
reaction had sﬁbsided, the réaction mixture was refluxed for 1 hour when
finely divided magnesium was evident since the solution turned a grey-
»,
\ . :
black colour. After that time, the reaction mixture was cooled and

filtered répidly to recover theuunreaCCedﬁggénesium (1.9 g - 0,079 gram-

1
3

atom - 99% formation of Grigrnard reagent). The filtrate, containing
the n-hexyl magnesium bormide, II, was ﬁgacted\immediAQely with dimethyl-

cﬂlorosilane (DMCS) (PCR Incorporated, Gainsville, Floridé).

1.1.2 PREPARATION OF DIMETHYLHEXYLSILANE (III)

Dimethylchlorosilane (14.2 g - 0.15 mole) was dissolved in \
20 ml of dried iHF and placed in a dropping funnel. . This solution was

added to the Grigndrd reagent (IL), with cooling at 0°¢ over 15 minutes.

1

Slight warming of the flask was evident as well as the formation of

the magnesium salts, indicating that a reaction was taking place. The
1) .

3

reaction mixture was allowed to warm to room temperature and then

;. S © O LII - 79 - o
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5 ) N\
. »
- ‘ * ' ’ _ b4
P . Vo . . .
gradually warmed to refluxing temperature and maintainéd” for 1 hr. R

. v b »
The magnesium salts. appeared to be slightly -soluble in THF at reflux-

ing temperature. - &/i
o .
», .

~
»

) : . .
The reaction migture was then cooled, filtered and washed with.

v

the same solvent, to recover 77% of the magnesium salts. The solvent

o d

" and excess dimethylchlorosila.ne of the filtrate was evaporated on a

rotary evap%ratorénd a partly crystalline slurry remained. The residue

was taken up in ml of ether, washed twice with 15 ml of 10% HC1, and

in 75+ml of apsolute methanol, To this mfxture, 1 ml of HyS0, was

-7 added and the reactidn mixture wag refluxed for 3‘h‘ours.‘ ' N

. ot .. 1;1-36.

~. " washed thrice with 15 ml of distilled HZO' The ethereal phase was dried
. ) s g -
r over anhydrous Na,SO, and the ether evaporated to yield a yellow liquid’
17 2 4 i
’ , 4 . N v 4 >
(68.5% crude yield). : : o .
r{ >
. l ' ‘ . -
. The ¢rude silane, III, was distilled and the main fracfion
was collected at 146-154"/760 yielding 5.04 g (46.5%) of III. A yellow
- . » . \
7 residue remained in the distillation flask. ’
: k
NMR (,1): Si(CH3)y - doublet at, 0,16 ppm; 6.0H °
§i-1 = - heptet at 3.8 ppm; 1.0H
" (CHp)4 - singlet at 1.16 ppm; 8.5 H
. < % all chemical shifts are given in8values at 60 Mliz.
1.1.3 - PREPARATION OF METHYL-10-UNDECENOATE (V) o . ,‘
: . L . -
“ o , 10-undecenoic acid (IV) (123 g - 0,067 mole) was dissolved

¢

S

e il
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%'—v,v:shﬁw, ¥ 3 RN N
A 3

MMR. (V) : - (cH,)- - singlet at 1.16 ppm; 12.0 H
-0GHy - singlet at 3.22 ppm; 3.0 B g
. CBZ=CH. - multiplet at 3.78 ppm; 2.0 H '
CH,=CH - multiplet at 4.45 ppm;< 1.0 H
N ‘ - = CH - CH, - multiplet at) s
. 3210 ppm; 4.1 H
B CH,-C00 - multiplet at ~ e .,
' J
IR (V) (CHZ)—CH - at 345 p (S) and 3.52 p (M) .
I3 B
- C-C00 - at 8.00 (W); 8.30 (M); 8.51 (M)
"“ ©
C=20 - at 5.90 u (8) =
H
C=¢C - at 6.20 p (W) .
. CHy=CH ¢ at 7.05.n (S) : .
. ' " )
" l.1.4 PREPARATION OF METHYL~12,12-DIMETHYL-12-SILASTEARATE (VI)

N\

’ . AAN

»

Twenty-five ml of@was added to the reaction mixture and the
ester was extracted with 20 ml of ether. The ethereal phase was

washed twice with 15 ml of 8% NaHCO4 solutign, thgn thrice with

’

10 ml of Hy0. The ether layer was dried over anhydrous NaZSO4

and solvent evaporated yielding Ié“ viscous yellow liquid. The

-

crude ester was distilled under vacuum and the main fraction was

collected at 79-81°/0.7 mm which yielded 92% of the ester, V.

o

7 E

Methyl-lb-undecenoate (V) (2,08 - 0.01 mole) and dimethylhexyl-
silane (III) (1.5 g - 0.0l mole) were mixed togéther with 0.5 ml of 0.1M
|

‘chloroplatinic acid in isopropanol and sealed in a tube. This was left
. K

.standing overnight at room t'emperatur'e.'

111 - 81 ’ - ‘ F}
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’I"h‘e sealed tube was opened and the reaction mixture had.

\

acquired_,[a‘ dark brown coloration. The isopropanol_wés evaporated -

on a rotary evaporator to yield the crude product, (VI).

¥ N .(

NMR (VI) crude -C§2=C§ - multiplet at 3.78 ppm; 2.3 H ,

> e

\ .
. e " .

amoupt of n-hexyl Grignard reagent (II) was added to the solution w1th cooling

T 1.2 SCHEME 11 - ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL-12-
Qo SILASTEARIC ACID - ¢
' 2 t- » ~—\‘—\—
1.2.1 PREPARATION OF n;HEXYL ¥AGNESIUM BROMIDE (II) : o -
- - , N . {/ "\.‘/ .
+ Y ) ) ~° < 3 ‘

v - n-Hexyl Grignard reagent was, prepared as previously dgcribed - K

- . h N . ¥ .
. in ction 1.1.1. ) . .- °
L 3¢ N | o
- o “ T (’v"\\ ‘ R % . . ,%
] s ‘<
1,2.2 - PREPARATION OF DICHLOROHEXYLSILANE (VfII) * . é
A N - . -

e . !

- r's N s :

* §
P Trichlorosilane (VII) was dlssolved in drleﬁ THF and an equ'imolar T

” ]

{

and stirring.at 0°C. The reaction mixture was refluxed for 1 hr whereupon :, T
o~

the magnesium salts started to precipitate. The reaction mixture was cooled,

filtered rapidly and washed with the same solvent. The solvent was’“lgxoved . ;

o ~ ’ )
. on a flash evaporator yielding an oil and more wagnesium salts. The residue /’

£ -
was taken up in dty ether, filtered once more, and a clear solut:ion was j L
-

obtained. The ether was then remove’on’f flash evaporator to yleld an . ;
. . 4 ) § H
oil. The product (VIII) was used without further purificatlon and not

! '

isolated since the halogens present may have been eas11y hydrolysed. W

M ’
. .
. . . ~ .
. . ,
.
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1.2.3 °  PREPARATION OF METHYL-12,12-DICHLORO-12-SILASTEARATE (IX)

| . : ) , -

\ . ~
“The crude product (VIII) was taken up in dry dioxane.\\?mthylw_
‘. ~ 3 -

\

10-undecénoate v Was added  to this solutien in the same solvent\ The

' \
.feaction mixtuﬁ; was plaged in a stainless steel autoclave contain\p
2

1 ml of O0.IM H tC16 which was dried azeotropically (usdng benzene and

| 3

chloroform) dissolved in dioxane. The autoclave was sealed and left

overnight at 959C The solvent was then remcqu by evaporation yielding

| . *

. - B
hagk ¢ .

- .
\ A . N ® E-

[y
L] 5
.

1.2.4 €REPARATION OF METHYL-12, 12-DIP1ETHYL-12-‘SILASTEARATE (\j}’

»
©

the crude product IX (?) which was not isolated and used - withoiégfurther /4 . 4

purification.

N
/
v

-

a The crude product (IX) was dissolvyed in ether and allowed to

* A} ¢ - ’ N -
react with the methyl magnesium iodide (X) prepared in a large excess in z

the{usual manner. The addition was carried out at’ 0°C with gfirring. The : ¥

v, - . . .
reaction progeeded -with slight warming and -magnesium salts were evident. :
. .. . - . o . i

The reaction mixture was maiﬁtained\at 0°C for l'hr, then warmed upato ' - .

-
s

room temperature, and’worked up by washing with dilute acid to decompose - .
| . o .
excess Grignard reagent. The ethereal phase was further washed with H,0

and dried over anhydrous Na2§b4. The solvent was removed on a flash - -
© ; )

evaporator yielding g dark brown oil. Upon distillation no fraction ' ’

yfelded the corresponding ester (VI) when analyzed by NMR. o

o “ . '
- \ . i 4
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to obtain 76% yield.

B’ :

N . . NMR (XI) :-S£(CH3)2 - singlet at ‘0.35 ppm;
f - T -(CHY 10 - singlet at 1,25 ppm;
‘ -0CH, o - ginglet at 3,25 ppm;
3 s ’ . . .
’ S no CHy=CH resonances evident,

- i
-

'

< ’

3 n B

-
- s

L

IiL - 84 .

0.1M solution of the catalyst H,PtClg in acetpnitriie.

AN

6
20
3

1.3 . SCHEME III - ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL®

Y

+

.
.

o 4described from (1.7.g - 0.009 méle) of n-hexyl bromid;,}(d.s

B

0
8
0

1.3.1 PREPARATION OF METHYL—IZ~CHLOR0-12,LZ-DIMETHYL-IZ-SILA :

. Methyl-10-undecenoate (v? (2 g - 0.01 mole) and 100% excess
Jof dimethylchlorosilane (.8 g =~ 0,02 mole) wereidissolved in 20 ml

.- of dry acetonitrile and placed: in an autoclave éont;ining 0.5 ml of

'

+

The autoclave was. sealed'andtmaintained at 0°C for g hre ‘then '

. ' ) . %
allowed to warm to room temperature and left overnight. " The resultant

chlorosilané as well as solvent, The crude prpduct‘YXi) was then

@ m::\

* MASS SPECTRUM : molecular ion at 292 mfe . (calculated 292 m/e.).
- s

1,3.2 ' PREPARATION OF METHYL-12,12-DIMETHYL-12-SILASTEARATE (VI)

n~hexyl magnesium bfomidé4(11) was prepared as previocusly

’

&

reaction 'mixture was evaporated under vacuum to remove excess dimethyl-

PO - Q r Y v
distilled under vacuum and & clear oil was collected at’ 130-1320/0.5 mm éa




3

[ 4

e e o it oo

gt e vy s %

L S
" ~

.02 gtam-atom - 100%,excess) of m;gnes:lum'in 50 n]l of ether, The. , ,

4
rasul;\ng Grignard teagent wae added to (2.63 gms - 0.009 mole) of

met:hyl—-lz-chloro—ﬁ 12- dinethyl 12-311hundecanoate (XI) dtssolved s v
’ 5 /
in 15 ml of sodium dried ether. The additioq was carried out at -

’OOC over 30 minutes and left stirring at that ‘temperature for 1 hr,

The ‘reaction mixture was worked- .in the usual manner; pouréd over . »
ice/water, neutralggéd with }5 m} of 10% HCl, washed twice with 10 ml -

of 8% NaHCO3, washed thrice with 18ml of H,0, dried over Na,80, and

e}

solvent removed on a8 rotgry evaporator to field the ctude~‘prgduct.

. LA '
The residue was fractionally distilled under vacuum and the

3

main fraction was collected at 195-205°/0.3 mm to produce a 53% yield.

_ Upon cooling the distillate crystallized, The precipitate was taken up

in l}oillng petroleum ether and recrystallized. The melting point was . _

recorded at 50-51.59.

. o ‘ /
NMR (crude) ; Si(CH3)7 - -singlet at 0.2 ppm; 6,0 H '
‘ (C’*z)n « singlet at 1.2 ppm; 34.0 H

OCH3 ..~ singlet at 3.2 ppm; 2,2 H v

-
L}

CFL3 (terminal) - distorted triplet at 0,9 ppm;3,1 H

- NMR (main fractionm):- Si(CH3)2 - singlet at O, 2 ppm; 6.6 H
) (siloxane) .
- (CHg), - singlet at 1.2 ppm; 20.3 H . '

T OCH3 o singlet at 3.2 ppm; 3.0 H

1 ’ . no terminal CH'3 peak present )y}

MASS SPECTRUM °: molegulat fon at 530 mfe., (which ptoved to be
’ . the siloxane). .

, @9

‘111 - 85 . S 3
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1,4 SCHEME 1V - ATTEMPTED SYNTHESIS OF 12,12-DIMETHYL-12-

SILASTEARIC ACID .

1.4,1 ., PREPARATION OF 10-UNDECEN-1-OL (XII)

LLAIHL'(3 g ¥;9$98 wole - 33% excess) was suspended in sodium

i A

= e e wei s A A
x
,
- -
.
) -
o
v )
’
>
~

' dried ether. 10-undecenoic acid (V) (19'5 - 0,05 mole) was dissolved

in the same solvent and'addfd dropwise to the former solution at 0°C with

3 ’ 4

stirring, over a berioa of 30 minutes. The reaction vessel was maintained

- , * gt 0® for 3 hrs. The resultant slurry was then hydrolyzed cautiously,
4 . . ’
: "~ with cooling, by the addition of 3 ml of H,0/gm of LiAl!{4 used, The

reaction mixture was left stirring until a tqtally white précipitate
(LiA102) was present: The lithium salts were filcered and washed several
. A

times by resuspefision in ether., The filtrate was washed with Hy0, dried

7 o

[

over Na,8§0Q, (anﬁydrous),'and solvent was removed -on the flash evaporator,

i - Thé resultant residue was distilled .under vacuum to yield 52% (9 6g )

;' ' . of the “unsaturated alcohol (XIIJ B.p. 130-132°/16 mm,
NMR (XII) -(Cﬂg)g - singlet at 1,29 ppm; 16,0 H
. ) - ~CH,0 triplet st 3.40 ppm; 2,01 H

* -COH singlet at 4,35 PPM; 0.96 H .
. CBy= CH - multiplet at 4,90 ppm; 1.8 H °

N ,‘ CHp= CH. - multiplet at.5,65 ppm; 90,93 H- -

el

]

1.4.2  PREPARATION OF 10-UNDECENYL-1-TRIMETHYL SILYL ETHER (XIV)

10-undecen— -0l (XII) (5.2 g ~ 0,035 mole) and triethylamine *

(3.3g - 0.033 moles\ibre dissolved in 20 ml of dry benzene, Trimethyl-

_chlorogilane (XIII)' (3,5 g " - 0.033 mole) was placed in a dropping funnel

¢
‘ - 1)




\\\ ’. \ \'

" The sildne.ves added dropwise with

with 15 ml of the .seme solvent.

.. s$irring st ¢°C and & precipitete (truchylﬁine\\hydrochloride) wes B
evi&e\nt fmmediately as well as slight heat evoluu\‘on. The nd&it‘ion
vwas cc\)\mgleted withinlls minutes and the resction mixture was warmed

, gently l>\il refluxing'conuenced The reaction mixture was refluxed
for 1 hr, cpoled and filtered to remove the sslt formed, The hydro-

é 'cbloride sall:\ wag washed wtch benzene, dried and, welghed to yield -~

4,5 g (100’4 re‘overy)

%
| ' - \\ y :
' The filtr«gte was eveporeted under vacuum and 8 967% crude .

yield was obtained, a'l'he crude sproduct wag distilled under vacuum snd
R " the main fraction was ,S0llected at 84-88 0, 5mu The distilled <

- product was 78% of theory with very littLe residue remsining in the

g S S R S
-

distillation flask. . . :

MR (XIV) ;- Bl(CH3)2d{ singlet - 8t 0.16 ppw; 9,0 H

__ (CHy), - singlet at 1,2 ppm; 14,3 H

0 riplet st 3.45 ppm; 2,0 H

CH,~ CH - plet at 4,85 ppm and 5,60 ppm;
3,0H

I

L]

[

no C~OH resonance evident,

1,4,3  PREPARATION OF 12-CHLORO-12,12-DIMETHYL-12+8ILAUNDECYL-1-
| TRIMETHYL BILYL ETHER (XV)

' #
' The-\pilyl ether (XIV) (9.8 g - 0.0% mole) was placed in the
autoclave wi;:h 5% excess dimethylchlorosilampe (5,0 g - 0,051 mole) and.

1,5 ml of O.1M HyPtClg in scetonitrile (dried), The reaction vessel was ’

°

;oo o T e III - 87 . ] .




" evaporsted to remove acetonitrile snd excess silane end the residue’

 and wes left stirring for 12 hrs, '

“ . , . .

-gesled and heated for 12 hre at 95°C. The resction mixture wes then

a . N . .
distilled under vacuum to yield unreacted silyl ether ac 88-90°/0,5 sm;

8 mixture of pro;iucta at 92—120°/0._5 wm snd 8 third frﬁgtion at
. ' "t .
126-129°/0.5 mm; & 46% (6,21 g ) yield, -

¥

\ “MMR (3rd fraction) :

- BL(CH)),. - singdlet at 0,25 ppm; 7.4 H . J
(xv) - C181(CH,), - doublet st 0,15 ppm; 7,8 H
’ ~ (CHp)1q - singlet at 1,2 ppm; 214 H ,

triplet at 3.4Q ppm; 2,0'H .

»

CHp0

-

1.4,4  PREPARATION OF 12,12-DIMETHYL-12-SLLASTEARYL ALCOMOL (XVI)

.

The product (XV) prepared in the pteviouﬁ section was uged

without further purification, Thus the product (XV) (6.2,1‘3. » 0,018
mole) was dissolved in 20 ml of-sodit;m dried ether, To this solution.
was added n-hexyl magnesium bromide (II) (3,6 g - 0,019 mole - 10% .

excees based on XV) prepared in 35 "ml of ether as previously described, -

e ¢ A ST

The addic,LdP was carried out at 0°C with stirring snd was complete in o

3

/
30 minutes. The resction mixture turped & grey-brown colour but no

precipitate was eévident, The reaction mixture wss .wermed to room tempera-
* - . S
ture and 5 ml of THF was added to enhance precipi’te‘ion of the magnesium

salts, After ] br at room temperacuré. 8 slight ptecipitate was evident

r

»

’

/‘

2 ’ ' D
t

The workup was csrried out '‘in the normsl feshion; pouréd over
Sce/H0, washed with 15 ml of LO% KC1, washed twice with 10 ml of 87

NaHCO.

3t waghed three times with 10 ml portions of Hzo,‘dried over. ' ’

o =, ,




[N

 enhydroui sodfum sulfete snd solvent renoved on 8 rotaryjevaporator, The N
" residue vas fractionally distilled under vacuum to yield 8 large fraction

at 36—39010.8 ms and & minor fraction co}lected st 180-230°/0,3 mm,

MR (38-39°/0.8 ms) i - @)y - singlet  at 1,35 ppm; 13,10 K

CH20 - triplet -'at 3,50 ppm; 2,0 H
-~ OH - singlet at 4,90 ppm; 1,0 H v
84(CHg),- multiplet at O,15ppm; 1,2 H '

cuy(temiml) - triplet at 0,85 ppm; 5.0 H.

]

MR (180-230°/0.3 mo): - (CHy)), ~ eimglet &t 1.3 ppm; 34 M.~

Yo aem0 - eriplet -t 3,75 ppm; 2,0 M
R - Bi(cug)z- doublet st 0, 20 ppm; 11.0 H .
L C .
. ' no terminal CH3 evident,
| |
i‘ 4
: i S 1.5 SCHEME IV A - MODIFIED APPROACH -
S’ ,1,5.1 - PREPARATION OF 10-UNDECENYL-1-TRIPHENYLMETHYL ETHER (XVILL)

¢ . ’

The uns;tutated /alcohol (XI1) (5.0‘3, = 0,03 mole) was dissolved
in 50 mnl of dry benzene with’ ttiethylming (3,258 - 0,032 mole,)' 86 aell.d
binder, Chlorotriphenylmethane (9,0 5 - 0,05 mole .- 667 excess) was
dissoived in the same 7golvent and added to the former solution, d:_'opwin
with stirring, " Upon sddition the apine salt precipitated immedistely and
the resction mixture wae warmed 't SC‘°C and maintained for 12 hre, The -

’ smine galt wes filtered, wnhed dried and weighed to yield B37% recovéry,
The filtrate was evaporated under vacuum to rcmove solvent )nd unresctéd

amine, ‘A dark brown oil remained as nuidue combined with sbmll crystaln

(triphenyl carbinol), The residue wae taken up in hexane raqd the crystals

were filtered, washed and dried, 'Melttm‘s point of crude crystals was

111 - 89 °




~~~~~

\

./ *

recorded at 158-161°, (Triphenyl carbinol: mip, 162°), The filcrate

was .evaporsted snd crude product was anslysed by NMR, This preduct
(XV1II1) was hot digtilled for fesr of decomposition, i
- oL A

]

singlet st 1,35 ppm; 16,6 H

~

MR (AVILI) crude }-(GHy),

G—OCH}, » triplet at 3,05 ppm; 2,0 H
-C(Cglls)3 - multiplet at 7,22 ppm; 18,0 H
Cﬁz- cH -~ muitipiet at 4,89 & 5,75 ppm;
N , 3,0 o
1 )

'no hydroxyl resonance evident,

1,5,2 PREPARATION OF 12-CHLORO-12,12-DIMETHYL-12-81LAUNDECYL~1-
+ . - TRIPHENYLMETHYL ETHER (X1X)

The crudc uru;yl ;thet (XVIII) was placcd in an autEnve
‘containing 1,5 ml of 0, lu HchCI6 in dioxane and tbe chlorodimethylulene
(EZO ml) was used 88 solvent, The reaction vusel was sealed and heat;ed
for 10 hre at 95°C, The reaction mixture vas_then evaporated under vacuum
to remove golvent (excess chlorodimethylsilane), NMR of thiﬁ crude product
indicated that hydrosilation took place eince no unsaturstion resonances

were obsexrved, © e

~

This reaction waes repested st the same molar ratio¥ with the:

exception that the sutocleve was-left at room tempersture for five days,

.Upon workup, the product contained s white erystalline precipitate, The
. ¢ . N R

goluction was decan_ce& and the crystals were taken dp in hot: methanol and
o .
recrystallized from the same solvent, The crystals were filtered, washed

and, We'tghad 5,38, The ﬁelﬂng point- of these crystals was 85-89°C,

¢

111 - 90
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y L 1 ETHER (XX1)

*

(Triphenylmethane m,p, 94°), 'WMR ‘of these ctyatals' confirmed that

‘ . S
triphenylmethane was formed, The tritane formation was 88,67 of =
theory; ‘ )
NMR (tritsne) :~C-H - ginglet at 5,42 ppm; 1.0
’ - ~C-(CcHs)4 ~ multiplet at 7,20 ppm; 15.2
NMR (filtrate) :~3£(CH3)2 ~ doublet at 0,2 ppm; " 8,42
-(cuz)m -~ einglet at 1,22 ppm; 23,5
~CH,y0 - triplet  at 3,30 ppm; ‘2.9
i - s ’C(C6H5)3 b multipl‘et at 71‘” ppm; 1:4

1,5.3 'PREPM(\ATION OF n-HEXYL LITHIUM (XX)

;'inély cut Lithium metal (0.90 g - 0,i3 gram-atom - LOOj
excess) vas suspended in 50 ml of dry ether under "2" n-Hexyl bromide
" (I) (10,8 g ~ 0,065 “1e) was placed in a dropping funnel neat, A
few drops were added(to initiate, the reaction ‘and the remsinder of. the
slkyl halide was di¥5olved in 25 ml of dry cther. The addition was
carried out over 1 ﬁr with cooling and a;;trting, Once complel:e’d, the
reaction mixture wags refluxed ov,arnighl; under snhydrous cor;duions. The

organoluhium'gugent could have been used immediately or stored in a.

Iy

sealed veueliundgt N, at °c, - S ’ .

L4

1.5.4  PREPABATION OF 12,12-DIMETHYL-12-SILASTEARYL-]-TRIPHENYLMETHYL

|
P )

The crude product (XIX) wis dissolved in 50ml of dry ether

. . ) \5
4nd the n-hexyl lithium reagent (XX) was placed in a dropping funnel and

o

8
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,

v

i

added to the, former solution under a N, blanket with stirring at 0°C -

+over 15 m@s.‘ No résction was e\;Ldehc during additton‘ a'nd the

reaction mixture was dllo'wed o reach room temperature, ;l‘hel reaction
Y 5

vessel yas then gently heated to refluxing temperat&uie and maintafned

for 15 hrs, The react,toq mixture contained a whit% precipitate ici)

after this timé, and was worked up by pouring over ice/HZO, then

R e

washed with 20 ml of 10% HC1, washed twice with 10 ml of ‘87. NaliCO3

golution, washed three times with 15 ml portions of H,0, dried over
‘ . . \ . e

Na»80, (anﬁydrous) and ether removed on a flash evaporator, A yéllow- . ‘

3 ‘ orange oil remained as the crude ‘product, NMR of this product was not

L

satl‘sfaé’tory thus it was not purified. / :

L

- ) NMR (XXL) crude : -Bi(CH3)3.“ ~ broad singlet a: 0.25 ppm; 7.6 H

- -(CHp)ys - singlet °  at 1.25 ppm; 25.8 H
-CHy (terminsl) - triplet at 0,80 ppm; 6.15 H s ;
-OCH, - tr.fplet gt 3,92 ppm; 2,24 B ‘ %
; %
“C(CgHs)y - nultiplet at 7,15 ppm; 12.4 H j
- . ” }
‘1.6 SCHEME V - ATTEMPTED SYNTHESIS OF SHORT CHAINED SILICON-

CONTAINING PATTY ACIDS '

OPTION 1: | - "

1,6:1 PREPARATION OF METHYL-12,12-DIMETHYL-12-SILATRIDECANOATE (XXII)

; Methyl.-12-chloro~12,12~dimethyl~12~-g4lsundecancate (XI) (1,83 g - "
. 0.006 mole) previously dcf‘:crilwd', wis dissolved (n 15 ml of dry vt:luir and ' -
‘o cooled with stirring at -18°¢, Mcthyl‘ Grignard reagent prepored in the

‘usual manner by rescting methy;l fodide (0,98 g - 0,007 moyle) with

a

“ILY - 92 — 1




st

magnesium tumfngs (0.16 g - 0.007 gram-atom) Ln 15 ml of ether
(firied), was added to the firnt solution 'drop‘;is'e, The resction
mixture was left stirring until the‘ba'th temperature reached between
. =5 to 0°C, and was worked up at that time by pouring over ice/H 0,
then washe:ﬂ with 10 ml of 107 HC1, washed twice with 10 ml of 8%
NaHCO3 solutfion, washed thrice with 10 ml portions of H 0, dried ..

over Anhydrous Mazso4 snd solvent removed on a rotary evaporatot

yleldi

a dark yellow oil which weighed 1,71 g (102% yield).
¥ R N :

L LN

MMR'(XKII) crude . :-81(CHy) 5 singlet at 0,00 ppm; 5.9 H )
- (CHy);o singlet at 1.25 ppm;18.8 H
- 0CH, ° single? at 3.55 ppm; 2.4 H

L4

NMR (XXIT) 160-180°/0,1 mm :-S1(CH ) doublet st 0,00 ppm; 8.7 H
-(ch" doublet at 1,20 ppm;18.6 H
- ‘-OCH3 singlet at 3.55;;&; 3,01

OPTLON 2 ; N ' [ -«

~ . “
v ‘

" 1.6.2. PREPARATION OF 12,12-DIMETHYL-12-8ILATRIDECAN-1-0L (XXII1)

L 4
40-Undecenyl-1~trimethyl silyl ether (XIV)‘, prepared as ¢ -
previously described from 10-undecenol (5 g - 0,029 mble), was used
8s the crude product.and reacted with 20 ml of chlorodimethylsilane” | T

’ (useM solvent) in the pre}sencﬁ.,pf 1.5 ml of'- 0,14 H2Pt016/dio;mne

i) .
solution, The reactents were pTaced\ {n an autoclave, gealed and heated
st 950C for 8 hrs. The react{on mixture was evaporated to remove excess
solvent, yielding the crude p;: duct (XV) which was used without further

purificatfon.




. -

. o Lo : Vs
+ - Product (XV) was taken up in 30 ml of ether and’cooled with gt
- t . ¥ . . 5\ {‘ .
To this solution, was added methyl magpesium 1\%

3
'

"(0,029 mole) of methyl iodide . ' .

stirring at 0°C.

prépared in the usual manner from &.17 g

.

/ and 0.7 g (0.029 gram-atom) of magnesium turnings in 25 ml of dry ether.
Thé reaction was exothermic and 5 ml of THF was addeg to aid the precipi-

The reaction mixture was heated to re- |

-

tation of the magnesium salts.

fluxing temperatuge and maintained for 1% hrs., No precipitate was
; ,

evident after this time so reaction was,left stirring at room ‘tempera-

¥

. . “ y
ture overnight. A white precipitate ensued, thus the reaction mixture .
was worked up in the usual manner. It was poured over ice/HZO, washed

with 15 ml of 10% HCI, ‘washed with 20 ml of 10% NaHCO, solution, washed

3
twice with 20 ml thfions of H,0, dried over sodium sulfate, and usolvent

was removed en a rotary evaporator to yield 8.5‘g (119%) of crude

"

. product (XIII). ' _ : :

o -

singlet at 0.0l ppm; g 9.00
- triplet at 0.2 ppm; )

@\th (XXII1) crude :

s1.oHy);

o *\‘_’] ’ - (CHZ)IO ~ singlet at 1,2Q ppm; .20.0 H
A - OH - singlet at 4.6 ppm; 1,27 H
’ S cuzo " =~ triplet at 3.90 ppm; 2,7 H
° T Iy
L 0 - .
OPTION 3: . )

[N

e 11,603 PREPARATION OF DIMETHYLETHYLSILANE (XXV)

)‘ ’ ¥ -
Ethyl magnesium bromide was prepared in the usual manner from
\\\ h Y .
+ 11.6 & (0.106 mole) of cthyl bhomide, 2.54 g (0.106 grad~atom) of
magnesium and 50 mL of THF, The resultant Grignard reagent was added

o to chlorodimethylsilane (10 g - 0.106 mole) dissolved” inIZQ ml of dried

111 - 94
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JTHF, ‘at 0°C with stirring. A white precipitate was evident immediately,

and the reaction mixture was left stirring for 2 hrs at 0°C, then left

overnight at room temperature. The reaction mixture, was workéd up by

adqitibn of ice/water,.to decomposé unreacted Grignard reagent, washed
three times with 15 ml of distilled water, and dried over anhydrous

sodium sulfate. The organic ‘phase was‘then fractionally distilled R
5 t

. w1 . ,
utilizing a 30 cm column packed with 4 mm glass beads, to give 1(96 g

(21%) of dfmethxleihylsilane (XXv), b.p.’44%A6°C. ‘Literature b.p.: 45.7°C.
NMR (XXV): -S1(CH3)2 ;‘- doublet at -0.61 ppm; 6.0. H
-S81i(H) - multiplet at  3.%9 ppm; 1.0 H -
-SL(CgQCHB) - multiplet from 0.00 ppm to 0.84 ppm; 5.8 H

.
B e Y]
k

IR (XXV) : -SLH - 474 u (2120 ca V) (8) L
-sicH, -11.6 u ( 875 en’ly (s) :
y - 7.95 p (1255 e ) () ' "
’ -11.8 g ( 840 cm” 1) (5) :
N _-CHZCHB' < 3.4 _"g_ﬁ(ggso cm'l) (8)

°

- 7.05 u (1420 cm-i) M)
- 6.85 u (1460 cm ) (M)

o , 34
IR coincided perfectly with spectrum published by W. Westermark .

&, ) R ‘

re k)

- &, ‘.

1.6.4 ' PREPARATION OF METHYR-lZ;123DIMETﬁYL-12-SILATETRADECAN0ATE (XXvI)

Methyl-10-undecenoate (V) (1.0 g - 0.005 mole)ndibsolyed in

15 ml of n~hexane dimethyléthylsilqne (Xxv) (0.44 g - 0.005 mole) JZSsolved
- in 10 ml of the same solvent, and ;eg;oyl peroxide (0.122 g - 0.0005 mole) - -
recrystallized from cold CHC13(MEOH (1:2 Y/V) were gealed in an auéoclave and -

2l

heated to 95°C for 12 hrs. The reaction mixture was heutralized withils,ml

N

s .

'
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TN wn -
- of 100 KOH, then washed twite with 5 ml of 27 NaZS q‘n(aodium meta &
b;mul’fite) solution to decompose unreacned benzoyl peroxide. ,The‘ %
hexane phase'was maﬂheﬂ‘twice with 20 ml of HZO' dried over NBZSO4 ' o

~

"$
.and solvent removed on a rotary evaporator y/plding the crude product,

Y

+

-~

t

14

’ ' - N >
. This reaction was repeated at the same

o

. of;benzene under the same conditions to yield no reaction again

- yielded predominantly starting material with a very small silyl signal.

NMR of crude indicnted no feaction since no ‘silyl resonance was eviéent

.E.' {; -
gle using 20 ml

Even

at elevated temperature (130°C) for 48 hrs, and ZSOA excess o;/;ilaﬁé

v N -~
\ . / \ , -
. et .
1.7 SFHEME"VI%ATTEMPTED SYNTHESIS OF SHORT CHAINED SILICON- ¢ R
. ! . S N
* CONTAINING FATTY ACID. *

£

1.7.1 PREPARATION OF MEXHYL-IZ 12-DIMETHYL~12~ SILAUNDECANOYL-IZ-

(XXVII)

- resultant turbid tethano

T . METHOXIDE
.

. PR
Sodium methoxide was prepared by reacting clean sodium metal

»

(O 5 ga - 0.022 gfam-atom¥ with'SO ml of absolute methenol The

lic solutiow was added dropwise to a solution of

+

chmpound (XI) (2.0g - O. oq7 mole) dissolved in 10 il of godium dried

» o

ethex,, whereupon a white precipitate (NaCl) fotmed The reaction mixture
was heated to réflux and maintained for 2% hrs, "after which time the reaction
\gssael was cooled, and diluted with approximately 20 ml of ice/H20 to de-

compose the excess methoxide. The ethereal phase was washed with ZS;mf.ﬁf
. aRe s .

o

" & (
- 10% HC1, then twice wigh 10 ml of 1021N3HQ03, and finally twife Jith 20 ml

of H,0, dried oversarnhydrous calcium chloridg (which also binds traces of ..
o
-1II - 96 \
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alcohol) and the éolvent was removed on a flash evaporator to’yleld a

,yellow oil, 1.80 gm (91%) crude yield. T , l
] ' ' " .
NMR (XXVII) crude : - 8.1(01«13)‘2 - singlet at " 0.09 ppm; 6.0\2
) - (CH2)8 % ginglet at 1.12 ppm; 16.9.1{ .
. - COOCH3 - singlet at 3.43 ppm; 2.9 H ,
- 0Cl~l3 - singlet at '3.20 ppm; 1.4 H
‘ - OH - singlet (broad) at 4.28 ppm; 0.5 H
bl

1.7,2 "PREPARATION OF XXVII VIA AN ALTERNATE METHOD

¢
2
N\

Compound (XI) (1.0 g - 0.0035 mole) was dissolved in 15 ml of

dried benzene and was added to a solution of absolute methanol (0.25g -

o

0.008 mole - 100% excess) dissolved in 15 ml of the same solvent’containing

tliiethylamine {0.34 g - 0.0035 mole).’  The amine salt precipitated immediate-.

ly upon addition and an exothermic reaction ensued. ¢The reaction mixture

was left atirring‘ét roon ;emperature for 4 hrs after which time _the amine"
salt was filtgred, washed with the same solv;ent! and dried to yleld a §2.5% r
recovery. The filtrate was evaporated on a flash evapowor to remove the -

excess methanol ar;d the solvent, benzene,fand yielded an oil with residual

amine salt dissolved in methanol, The residue was taken up im 10 ml of

"eth;r and the precipitate was filtered, washed and dried. The total amine

[ 9

galt recovered was now 99%.
N ﬁr‘

to yleld :0.98 g (100%) of, the crude product (AXVHL). ,A

. . ! .
. NMR: (XXVII) crude : - Si(CH3)2

The ether in the filtrate was removed by vacuum

t
-

singlet at 0,09 ;;pm; 5.80H -
- (CHZ)B - ginglet at 1.1'0@ .+ 16,00 H ?j

COQCHy - singlet at 3,40 ppm; 2.98 H

G < Si.OCH3 ' - singlet at 3.18 ppm; 2,68 H- - iy
' . no OH resonance. /’
4 - . \/ | ‘g -
‘ 111 - 97 ’ *,
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Z1.7.3 HYDROLYSIS OF XXVII

The cruffe product XXVII (0.98° g - 0.0635 mole) was disgolved

gin 30 ml of methyl alcohol and O, 14 g (Q.0035 mole) of NaOH dissolved

in 10 ml of HZO was added. The reaction mixture was refluxed for 1 hr

and worked up by,evaporeting the solvent to spproximately one~-third its

volume, The residue was diluted with /10 ml of H,0, 25 ml of ether, and

27!
10 ml of 10% Hél The ethereal layer was separated and washed twice with

10 ml of Hy0, dried over CaCl2 and solvent evaporated on a flash evapora-

<~
*

éor to yleld 907% crude product.
' ! . A
NMR ‘(hydrolysis product): - Si(CH3)2 - singlet aﬁ 0.08 ppm; ;

. 5.5 H
doublet at 0,08 ppm; )

L

3

. - (CHy)g - singlet at 1.12 ppmj\ 16.0 H
- OCH3 - sirglet at 3,50 ppm; 0.25 H
- COOH - singlet at 9,08 ppm; 1.3 H

1.7.4  PREPGRATION OF METHYL-12,12-DIMETHYL-12-SILAUNDECANOYLi12-
-  PENTYLOXIDE (XXVIIIL)

L Y

‘ . - Methy1-12-chloro-12 12~ dimetbyl -12- silaundecanoate (X1) (1.0 =~

»

0.003 mole@ dissolved in 20 ml of dried benzene and added with stirring *
to afsolution containing amyl alcohol (0.92¢g - 0.01 mole - 300% excessg)
and triethylamine (0.34 g - 0e003~mole) in 10 ml of the same solvent, Upon
addition, the amine salt ptecipitdted and an exothérmic reaction vas i "
evident, The runctien mixture wo -lc[L/wtirrlng’nt room Lemperature for
12 hrs, The amine salt formed wus filtered, washéd with the same solvent,
dried’ and weighed giving a 747% recgvery of the amine as its salt. The
k - T

NN .
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. filtrate was evaporated 'undér vacuum to remove the ‘excess amyl alcohol

as well ds the solvent, to yield an oil as a crude rqaétion product., The

residue was dissolvad in 20 ml of ether end\quhed several times withV

-

HZO' The ethereal layer was éeparated, dried over-Casz, and the solvent *

was remaved on a rotary evaporastor to yield the crude product,

»

NMR (XXVIII) crude ; - S1(CH3)9 - siﬁglet at 0,06 ppm; 6.07 H
’ . (Cﬁ2)11, . - singlet at 1,24 ppm; -21,06 H
- ~ ‘
- CH3 (terminal)- trxiplet at 0,80 ppm; 3.57 H
- ‘COOCH - singlet at 3.50 ppm; )
3 superimposed
. . ’ total 4,84 H .
- OCH2 . - triplet at 3.45 ppm; '
é - o 2
1.8 SC VII SYNTHESIS OF 13,13-DIMETHYL-13-SILAHEPTADECANOIC ACID
1.8,1 * PREPARATION OF 11-Cﬂﬁ0R0-1-UNDECENE (XXIX) :
. 4 ‘ # oM
’ 10-undecen-1l-ol (10,0.g - 0.06 mole) was ﬁlaced in the reaction

vessel and thionyl chioride(35 ml - 57,33 g - 0,48 mole), distilled from

s

linseed oil, was added dropwise with stirring over a period of 1 ht,. As

the addition took place, the reaction vesse%ﬂwas gently heated until re-
H L

N

fluxing ocdcurred after hpﬁroximately 3Q minutes. The reaction mixture was -

ref}uxed for 6 hrs once the addition.was,completed,'after which time the
reaction mixture was cgéded, the excesé thionyl chloride was removed‘on a
rotary evaporator, and the residue was diluted with 75 ml of. ice/water,

to destroy any residual thionyl chloride. 100 ml of ether was added and

the ethereal layer was separated, washed with 10% NaOH (20 ml) washed

" twice with 20 ml portions of H,0, dried over anhydrdus sodiumtihlfate and

solvent was removed under vacuum to yield a dark oil. The crude product

-
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was %}stilled under vacuum and a main fraction was collected at 61-639/0,25 mm
(10,722 g ) which-was a 92% yleld of the product (XXIX), This fractifin .,

: o . :
exhibited a very strong Beilstein test indicating the presence of halogen.

NMR (XXIX) : - (cu‘2)7 singlet  at 1.10 ppm; 14,0

-

3

H

- CH-Cﬂ2 multiplet at' 1.80 ppm; 2.0, H

triplet at‘3.24.ppm; 2,07 H
H
)
H

1

1]
(o]
==

]
(o]
]

L]

2
L
[
=

;.

multiplet at 4,72 ppm; 2,00

3

multiplet at 5425 ppm; 1.03

=
4
g
»N
]
(2]
e
1

(&.

This reaction was repeated st 50 and 100 g scales to obtain 927 and 90% .

yields respectively.

1,8,2 - PREPARATION OF 10-UNDECENYLDIMETHYLCHLOROSILQgE (XXX,

~

% . . ' .
‘A few drops of the alkyl halide (XXI?)(S.O g - 0,027 mole) vere

s : . —
s added neat to magnesium turnings (0.75 g - 0,03 gram-atom ~ 17% excess)

j ) in 10 ml of dried éther, to initiate the Grignard reagent formation., The
| ) . ) . . - ' T
rematning ‘alkyl halide was dissolved in 20 ml of same solvent and added . i

dropwige to the reaction mixture which was refluxing aéoptaneously; The

- addition was completed in 15 minutes and the reaction mixture was refluxed

~ for 3 hrs until the reactdon wag complete, The unreacted magnesiim was

¥ N .

&
|
i
|
[ - recovered to indicate 100% fo;macfon of the Grignard reagent,
|

The resultant Grignard reagent was added to dimachyldlcﬁloroailang

(15,0 g'- 0.116vm01e - 330% excesa) dissolved in 50 ml of dried ether, No

reaction was evident during addition and the reaction mixture was left to

n

reflux for 18 hrs. ;A white precipitate (magpesium salts) vas evident *

LII - 100
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o 15 minutes after refluxing had commenced, Most of the ether was removed

- on & flash evaparator and .the resulting residue was filtered rapidly to

remove the .magnesium selts, The filtrate was distilled under vacuum to
yleld 4,59 g (72%) of the product, (XXX), collected at 84-'850/0.4 o,
B d f
- ' This reaction vas carried out seversl times at’ 10, 20 and 50 g scales to

L4

produce a 78%, 69%, 70.5% yield respectively.

NMR (XKK) : - B1(CH,), - singlet 'at 0,11 ppm; 6.0 H

e

- (Cﬁ2)7 - singlet at 1,08 ppm; 13.45 H :
-v’CH--Cﬂ2 ~ multiplet at 1.75 ppm; 2,00 H
- n ng-CH - multiplet a¢ 4,69 ppm; 1.9 H
- \ b CH,=CH - multiplet st 5.45 ppm; 1,0 H
v , °
I 1.8,3  PREPARATION OF n-BUTYL-10-UNDECENYLDIMETHYLSILANE (XXXI)
{ i ' '
| _ n-Butyl magnesium bromide was ptepareci, in a 106% exceu,‘by)
re'acting' m‘gguasium‘ (0,90 g - 0.038 gram-atom) with n-butyl‘ ‘bromide
(4.35 g ~ 0;032 mole), initiated by a crysial of 12, in 50 ml of dried
let:hgr.x"rhe‘lre'a‘ctio:i mixtura vas decantea‘rapfdly, 80 as‘ to separat:’e the
,eagpaas'magnesium turn{.nga, and acided t;) a golution of l0-undecenyldimethyl=-
chlorogilane (XXX) (3,87 g - 0.016 mole) dissolved in 20 ml of ‘same solvent,
. Nof reaction wag -evident upon addit}on or during s subnequeht reflux period, |
k Diathyl ether wfns‘replacad‘by addipg 50 ml of n-butyl ether and the golvent
was distilled "ﬁ:om the mtxtu::e until the ten;petet:ure reached 100°C. As .
: ;iistillat-mn was taking place, the sppesrance of the uxz;gncnium palts be-‘
came evident. The mixture was left refluxing with stirring fox_:' 18 ﬁrq ,
- The :alultin;; slurry was p?ured over an.ice/llzo m;.xture contalning
- ' ~ WL - 101 |
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sufficient dflute HCl to dissolve the magnesium salts. The two bﬁaaes

2
and dried over anhydrous Nazsoa. The solvent was removed on a flash

vere separated and the ethereal layer was washed with H, O several times

evaporator and the resulting residue was distilled under vacuum, The

H

produi; (XXXI) was collected between 99-1oi°/q.3 mm to yield 2,13 g

. (50.7%) of the pxoduct, The reaction was repeated to yield 74.5% product

et a 15 g scale and a 79%product at 35.4 g acale,
. I

NMR (XXXI) :

Si(CH3)2 - singlet .t 0.16 ppm; - 5.98 H
(CHy)yo © - singlet ‘at’ 1,20 ppm; + 20,0 H
CHa(cerminal)- triplet at 0,77 ppm; 3,16 H

Cu—Cﬂ2 - - hultiplet'at 1,92 ppm; | 2,37
éﬂz.cu' - 'mgltiplet at 4 ,84ppm; B ‘w
- N CH,=CH {= multiplet at 555 ppm; 1,07 H

P oe

]

1.8.,4 | PREPARATION or 11—BROMOUNDECYL-n-BUTYLDIMETHYLBiLKNé}(XXXII)

n- Butyl lo-undecenyldimsthylnilane (4.92 g - 0,018 mole) was *
disgolved in 15 ml of pecrolcum ethar, with 0.1 g of benzoyl peroxide, f g
rccryacallized from cold CHCI3/MEOH 1:2 V/V., Two drops of Hy0 vers
added and the teaction vessel was cooled 1n‘hn ice bath with stirrins.
Hydrogen bromide gas was bubbled in £rom 8 gas cylinder for 1k hrs .
whereupon the solution.bagnma saturated and obtained a yellow colotntid;.
The vessel was then stoppered and left standing at room temperature ov;r-
night. The resulting. lolution was washad with uzo, then lqucOUl £orroun

lulfnte (to decompono nny—peroxtda), then twice with- 5% KOH (to form the

potassium eslt of benzoic acid), and finally three times with uzo. The

mixture was dried over anhydrous sodium sulfate and oolvingwnvnppratcd

’
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on a flash evaporstor to yield the ctude producc, The residue wés
distilled under vacuum and the product (XXX1I1) was collected between '~ﬁ
148- 151 /O 5 mm yielding 3.98 g (62 5%3 of 11-bromnundecy1-n-butyl-ﬂ
dimethylsilane (XXXII). Repetition of this reaction at 5,0 g and

°37,58 g scalée yielded 63% and 78% of the product,

A

<
A note worth mentioning when larger scales are used is, that
¢
in order to obtain respectsble yields, bubbling of HBx should not he
carried out on batches exceeding 20,0 g of starting materisl, After

~the addition of HBr, the batches may be combined and worked Gp together,

o
NMR (XXXII) : - BL(CH,), - singlet at 0,12 ppm; 5.95 H
‘ - (CHy)y, - singlet at 1,20 ppm; 22,0 H
e ' - CH3 (terminal) - triplet at 0,82 ppm; 3.1 H
= CH,Br - triplet at 3,22 ppm; 1.8 H

., ho unsaturation resonances evident,

K ' . oy
-

“r

1;8,5 PREPARATION QF 13,13~-DIMETHYL~-13-8ILAHEPTADECANOLIC ACID: (XXXIII1)

11-Brom9undecy1-nybucyldimachylsilane (XXXII) (5,0 g - 0,014 mole)
was reacted with magnesium meéal (1,0g ~ 0. %% gram-aboﬁ - 150% excess) in
50 ?1 of ether, The Grignard formation was initlated in a test tube with
grinding and once started, it was added to ths remaining reaction ﬁixtura,
and was refluxed for 3 hrs, The resultant mixture wa; decanted, 80 a8 to

separate the Grisnard reagent from cha excess magnesium,and then added to

.

a carbon dioxide/ether slurry in a glove bag under an atmosphere of dry Nz

: . ' 111 - 103
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The slurry was prepared under Né by taking small pleces of .
80lid o, (in excesg) and dipping e;ch piece in an acetone bath (to
‘remove any H20) ahd then in nh ether bath (to remove any acetone), The
pleces were ground up wich 2 mortar and pestle and placed in a beaker, |
Anhydrous ether wgs added slowly with stirring until the slurry had

formed, ‘ N

" The Grigh;rd réagent wag cooled hndnaddad very slowl& with
vigorous stirripg to the slurry in thevglove bag, kfter’evapbretion of
the CO,, the reaction mixture was cautiously hydrolyzed. by the addition
of HpO and an excess of dilute HCl, The etherasl layer was ;eparated
washed several times with uzo, dried over snhydroua Nuzsoh and aolvent
was removed on a flash evaporator ytelding tha crude acid.‘,The regldue
was distilled under vacuum end the product (XXXIII) was collected at -

"166-170°/0,5 mn as ‘& viecous clesr oil, The, product obtained was 43%

LS
For

bf theory,

Repetition of this éééééion at a lsrger scale (27.68 g); yielded
66% of the product collected at 180j182°/0.75 ",
i
a A small amount.of the acid was further purified by convértini
it to ite barium salt, as denctibeezb to give-the following mmsn‘gpactral
analysie: . " : -

MABS SPECTRUM (XXXIII) : molecular iom at 314 m/e (calculated
~ . 314 m/e)

I11 - 104

— - L




s sl e s

o . "y

o
N

§

NMB (OXIIL) ¢ - 81(CH,), - uinglet  at 0,16 ppm; 6.0 K
) .CHy (CHp) 14 - multiplet at 0,04-2.1 ppm; 31,9 H_
= Q0CCH, - multiplet at 2,10 ppm; 2,04 H.
-~ COOH . - ginglet et - ' 8,91 ppm; 0.92 H
- (CHz)ll - singletﬁ at 1.20 ppm; 21.7 H ,
= CHy (terminsl) - triplet at 0.85‘ppm;b 3.1 .
- sL(cH), - triplec . at 0.38 ppm; 4.1 H

IR (XXXKIII) : - C=0 . at 6:0 p (8)
81(CHz) at 8,15 u (M) : ,
81(CHy) at 12,15 u (W) ~ T
OH at 3.0 p (8) / ) '

L}

1.8,6 PREPARATION OFVMETHYL—lﬁ;lS-DIMETHYL-13-BILAHEPTADECANOATB (XXXIV)

The silicon-containing fatty acid (XXKLIL) (4.0 g -0.012 mole) was
dyssolved in 15 ml of lnhydrbusppxhar and‘cooled to 0°C, Diazomethane
(1,5 g'- 0,035 mole) prepared by the action of 507 KOH on ﬁittoso-methyl- -
urea in ether, was éarefully added to the former nolutioﬁ; Frothing and
gas avolution (Nz),<§as evident immsdiately upon addition which required
approximately 1 hr, The mixture retained the charactaristig yéllggﬂcolour
and was left standing overnight at room temperature to decompose the excess
- ‘ 80, and

2774
solvent was removed on a flash ovapyrator to yleld the crude ester, The.

diazomethane, The resultant mixture was dried over anhydrous Ns
&

residus wag, distilled under raduced pransuré and the product was collected

at 158-161°/0;9 mm, The ester obtained (3.33 g) was 80,5% of thory.

MASBS SPECTRUM (RXXIVX 1 molecular fon at 328 m/e (calculated 328 m/e)
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NMR (XXX1V) : - Si(CH3)2
= (CH
- CH3 (terminal)
- 00!13

1

singlet at 0,16 ppm;

singlet at 1,19 ppm;
triplet at 0,84 ppm;

singlet at 3,24 ppm;

6,0 H

21,4 H
3,15 H

2.8 H

a

. of benzene and vas added dropwise with stirring to & solution of oxalyl

PREPARATION OF 13,13-DIMETHYL-13-8ILAHEPTADECANOYL CHLORIDE

The acid (XXXIII) ( 3,0 g - 0.0l mole) was digsolved in 25 ml

chloride (2.0 ¢ - 0,015 mole - 50% excess) dissolved in 15 ml of same™ - N
solvent, Gag evolution was evident imdiatei& upon addition, Resction
mixture was left stirring at room temperatuw/ until no more gas evplution' o .
H B
was evidept, sfter which time the mixture was refluxed for 3 hrs to de-
compose excess oxalic acid, The mixture wee cooled and ‘solvent and excess
oxalyl chloride weye removed on a flash evaporator to yfeld the crude acid
chloride which was used without further purification, ’ ' o
NMR ¢ no carboxyl hydrogen evident
N {
all resonances- and integration remained the same
) as the carboxylic scid (XXXILI)
’ AN
. ‘ " T
IR : ClC=O atretching at 5,55 u (1795 cm °) (B)
l no OH stretching)hatween 3,0 v and 3,32 u (3300-3000 cm-l)

1.8,8 PREPARATION OF 13,13=DIMETHYL-13-8 LLAHEPTADECANOIC ANHYDRIDE

" The acid chloride (3.2 § - 0.0l mole) wvas dissolved in 20 ml
of .dry benzene containing 2,0 g, (0,02 g)le - 100% excess) of triethyl-
amine, The acid chloride/triethylamine complex was formed as the ructi'or‘;
mixturs was stirred for approximately 5 minutes, To this mixture, was :

' I11 - 106,
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added a solutfon of the acid (XXXIII) (3.1 g -0.01 mole) dissolved in

iS ml of dry benzene, over a 10 minute period witﬁ stirring, The amine
salt separated out during addition, and once complete, the mixture was’
left stirring at room temperature ovefnight. The amine aait was filtered,
wasﬁed, dried and weigﬁed to obtain a ;7.5% recovery, The solvent and
excess triethylamine were removed on a flash uvaporator to yield a brown

coloured crude product, "The anhydiiéi was used without further purifica-

tion, : X

IR " : -C=0 at 5,6 p (1807 cm'lz (8)

1.9 © PARTIAL LECITHIN SYNTHESIS

1.9.1" PREPARATION OF L-ﬁ-GLYCERObHOBPHORYLCHOlINE -~ CADMIUM CHLORIDE36
Commetgial egg yolk lécithin (25.0 gf\WAa dissolved in 250 ml
of anhydrous ether and filtered through cotton wool, Tetrabutylammonium-
hydroxide (25% in meghanol; 25 ml) was n&ded to the filtrate and shaken
for 2 minutes. After app?oximatefy 5 minutes, the solution beéame turbid °
an{ 8 brown golid started to preciéitate. ‘The reaction mixture was left
sppndingﬁfor i hrs at- room tamﬁerathre-and then decanted, The précipitai
—te-was washed with an addi:ional 50 ml of anﬁydrous ether by reﬁuapensibn.
Thc\lolution was decanted after about 10 minutes and the residue was boiled
with absolute alcohol (75 ml) in which it is partially soluble. Hyflo
Super~cell (0.5 g) was ndded and the mixture was filterod hot. The filtra-
te was cooled and 125 ml of anhydrous ether wae added uhereupon 4 brown

precipitgﬁe was formed which yas allowed to settle and the nupernatant

-
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o~ ’ . ' \.
was decanted. 20 ml of‘boiling water was added to the precipitate as

well as a Q,éuon of cadium chloride (CdCL,.2.5H0,-4.0 g in 10 ml

of Hy0) . Ncg ite (0.5 g) and hyflo (1.0 g) were added and the mixture /

‘was brought to bglling and filgered hot, Ethanol (approximately 125 ml)
;vas added to the colourless fiitrate’ until a persistent turbidity Kecame
eviden't. The solution was-cooled to 0-5°C and allowed to stand ovdr-

night at that temperature. The Lp-ob-Gl}'cetophmphorylcholine cadmium " - .

chloride compléx separated as a cologless precipitate. The product “was
2 e
filtered ‘and washed with absolute alcohol, benzehe,/a;a ether then

-,

dried in a vacuum oven, overnight at $0°C/10 mm. The product yield was

7.2 g (50.9%).. 7

«

)\nal 8is for Phosphorus Cal'd - 7.,03%; Found ~ 6.910'/.\
: y P S—\_ ! K S

NMR  in D20 : -N(CH3)3 - singlet at ] 3.26 ppm; 9.0 H
\ CH.CH CH!} - multiplet between 3.45-4.1 ppm;g 8"9 "
CHZCHZ - multiplet between 3.45-4.1 ppm;)

\'a
x ‘Free L-4-GPC was obtalned by passing an aqueous solution of the
cadmium chldri{de addact through a mixed bed ion exchange resin Amberlite

IRC-50 and IR-A5. Fr‘icPG is extremely hygroscogic.

P-4

1.9.2 . ATTEMPTED SYNTHESIS OF Di-(13,13-DI}iETlfYL-13-81LA1~%P’1{ADECANOYL)

40
LECITHIN ~N

GPC-Cd012 (0.58 g - 0.0013 mole) was dissolved in a minimum
amount of H20 and passed through a mixed bed of ion exchange res'ins C;) yleld
0.36 g (92.5%) of free GPC after drying under vacuum.

Il - 108
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-~ . JFree GPC (36.0 g - 0,0014 mqlg)—w%s mixed wit§’13,§§-dimethyl
*-13-silaheptadecanoic acid (0.950 g - 0,003 mole - 114.3% excess), and

,potassium hydroxide (671¥3 g -‘0.0033 mole.- 10% exéé?a) in 20 ml of

-

" absolute methanol. The solution was evaporated ti/jky\kss under reduced
. . ' , ]

pressure on a rotary evgporator to obtain a white powd;r which was dried

o

-

"in%a vacuum dessicptor over P205 for 5 hrs. 13,13-dimethyl~ -ailahepta-

Lo T

decanoic anhydride (3.70 g - 0,006 mole - 228% excessPwas added to the -

. K g powder as well as a few glass beads, to increase syrface area, and the

] heterogeneouq mixturqj losed under vacuum and heated in an oil bath

at\78-79°C for 48 hrgf with stirring. The anhydride (in large excess)

“dissolved the powder to form a thick homogeneous mixture., The reaction

E 4
mixture was cooled to room temperature and 25 ml of anhydrous ether was _

I ' o
added and the solution filtered to separate a very small amount of pre-
40
cipitate. Robles states that the lecithin is contained in this precipitate

e € e an <,

.

SV ‘ which can be obtained by dissolving this precipitate in boiling oroform
and letting the anhydride separate out. The iecithin woﬁld in the
filtréte.-;The small. amount of precipitate we obtained was insoluble in

| ! boiling chl&roform.

<

2

This procedure wps repeated several times to give the same results.
All fractions were anélyz% )and the bulk of the acid and anhydride were
’ \

. 4 . found in t e ethereal fraction, The chloroform fraction yielded neither

-

lecithin nor GPC. Yo X ’ S ’

w
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-+ 1.9.3 ATTEMPTED SYNTHESIS OF Di- (13,13-DIMETHYL-13-SILAHEPTACANOYL) °

s

.
.a

39
LECITHIN -

o -

v
194

e

.ﬁiﬁv éii’C-CdCl2 ((‘).S‘g - O(;Ol m\ole) vas placed in”a react;ioﬂn vegsel
with a few glass beads. The flask'wae\‘cooled in an ice bath, and to the
" . ‘rapidly stii're(d mixture, a thin gtream of freshly prepared 13,;13-d1m1:.;thy1-
13-si,lahepta‘deca;\oy1 chloride (4.9 g - 0.015 mole) dissolved in 10 ml of
et:h‘anol -'f;ee chloroformBg, followed by‘ a_golution of anhydgpus pyr:(.dine\64

(0.9 g - 0.91]: mole) in 15 ml of same solvent:,' was added. A{ber 30 minutes,

N ' -
* the reaction vessel wgg warmed to rﬁ)m temperature and the stirring conti-
’ » )

- nued for 7 hrs. The reaction mixture was then poured through a Buchner

\
funnel without filter, and the glass beads were Ldashed several times with
*\ - ‘ . *
game solvent. The combined filtrates were cengrifugedn and the sol\vent

1 b

3 ’ A}
" was removed on a flash evaporator; the resultant residue was~dried over-.

hg — v

-

\night under vacuum (1 mm) in a bath at 35°C. ‘

Ly . . . \1

Iy

The dried residue was suspended 1n\ 75 ml of anhy‘t’iroqs acetone

~ -\ N - LY
, and centrifuged. The pellet obtained, was washed with an additional 25 ml .

" o

of anhydro;xa acetone in the same manner, followed by a washing with 25 ml

] ~ - -

. :~of anhydrouq‘ether. The resultant pellet was dried under vacuum and last

¥

traces of cadmium chloride, and pyridine hydrochloride were removed by
- @

, dissolving the pellet in-75 ml of chlor’oform, ‘methanol, water (5:4:1 v/v)

\

. o :
&nd passing this solution through a mixed bed of ion exchange resins. The ~—

- -

< bed was washed, with 100 ml of same solvent miyture and the combined eluants
: ~t
{
were evaporated on a rotary evaporator which ylelded a2 yellow oily fidm

i

"{0.10 g - 10.4%) - the crude lccithin.

e 4+ ¢ L Y
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. on (GPC)C4CL

Al

-

NMR - N(CH3)3 very small singlet at 3.47 pbm;

-~
»

TLG - (CHCl5/CH;OH/Hp0 - 65:25;4 V/V) of commercial egg

“yolk lecithin and crude product revealed one pfe-

FY .

dominant spot, Rg=0.8. for the product which

appears to be the labelled fatty acid.

Y

This method of synthesizing the "labelled" lecithin was attempted several
L b .

"times only to yield between 5-15% crude product . .

. -~

3
o

.

1.9.4 ATTEMPTED SYNTHESIS OF Di-(13,13-DIMETHYL-13-SILAHEPTADECANOYL)

41 -
- LECITHIN ‘

. - -

~
The cadmium.chloride complex of GPC (0.5 g - 0.00047 mole)- based

o Was mixed with féee 13,13-dimethyl~13~silaheptadecanoic. )

acid (3.64 g - 0.012 mole), trifluoroacetic anhydride (4.71 g - 0.023 mole)
and anhydrous triethylamine65 (0,06 g -~ 0,0005 mole). The reaction mixture

LQ -
was stirred under anhydrous conditions for 48 hrs at room temperature. The

'

mixture was heterogeneous and a light coloration gnsued. Upon addition of

‘reactants, slight warming of reaction vessel was evident,

\

- [
o

-

Abgolute methanol (1'ml) was added; to ﬁorﬁ the methyl ester of
the excesa~acia, as well'as chloroform (iO ml) and 1,5 ml of 0.01M HCl -

solution, to free the CdCl2 (ion exéhange not ﬁecessary). The .resultant

.

solution was centrifuged and the éupernatant was decanted. The pellet was

washed twice wi'' ml of benzgne and the combined supernatants were evapo-

.

& . ’ ) ha
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L ]
rated to drynesé on & flash evapofator. The residue was dissolved in
10 ml of CH.Cl3 and passed through a 10 cm silica column, The ;olumn
was eluted with 150 m] of chloxoform (where most of the brown colo;a-
tion was removed), then with 100 ml\:}\izl CHC13/ MeOH solution (to -
;emove any free acid), then follow;dxby 200 ml 1:1 CHC13/ Me OH (whiéh
. elutes,the lecithin formed), and finally eluted with 200 ml of 1:4
CHC13/ MeOH (wPich elutes any lysolecithin formed), All fractions were

evaporated to dryness on a flash evaporator to obtain the following

residues:

Fraction I - a dark yellow oil (fatty acid and methyl ester)
\ .

Fraction II - a dark yellow oil (predominantly fatty acid)

Fraction III .

dark green oil' (lecithin 7) = 7.0%

Fractio& IV .- = a dark green sticKy mass (lysolecithin ?)

o

]
\

\
NMMR (Fraction I) : typical labelled fatty acid spectrum containing \\k

AT

the - OCH;F?Ehonanc.‘of the methyl ester (small) at 3.3%\ppm.‘

N s f '

NMR (Fraction II): t}pical labelled fatty acid spéftrum containingg

a small choline resonance.

{

s ' " (J'
-Si(CH3)4 - e;ngleﬁ at 0.2 oom; 12,0 JH

" .(CH,) - singlet  at 1.22 ppm; 69.1 H
- 2722 8 ppm; .

: -N(CH;)3 - doublet (?)at 4.00 ppm; 4,57 H A -
N i

(?) a - multiplet. at 7,40 ppm;  4.57 H ‘

i
J‘\‘
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|
MR (Fraction III) - 7% . L - |
-S1(CHy), - singlet at 0.2 ppm; 12,00 H T \ v
-(CH,) r singlet at 1,22 ppm; 84,0 H ot '
. 2722 : h R
-N(CH3)3 - doublet (?2 at 4,00 ppm; 8.4 __H
° 1%
i ' (- 'multfplegu at 7.40 ppm; 8.4 H .
% ) : ’ -~
k\\‘*“ . NMR.(Fraction IV) | - identicsl spectrum as Fraction IIIL,- i}
,{ The same experimeént was repeated using stearic acid in the same molar
ratio only to obtain an even smaller choline resonance found only in ‘ ‘
» L ‘

1.10 INCORPORATION OF LABELLED EAT%! ACID INTO BACTERIAL MEMBRANE:
. : ’

4

i
‘Fraction II. A . f

- \

{

|

|

|

1

1.10,1 ' ORGANISM AND GROWTH CONDITIONS:

. LA . -
M¥coglaama laidlawii strain B ATCC No.14192 was grown in &'

iGcinas

66 ‘
baaal medium described by Razin et al with minor modificationa, The

medium consisted of 2% tryptose (Difco Laboratories), 0.5%,NaCl, 0.5%

S

Tris (hydroxy methyl) amino’methane, 10% gacto PPLO serum fraction, 0,5%
glucose and (1:2000 W/V) of thallium acetate67 instead of penicillin G.
‘ Crowth Qaa.garriad out in 10 ml volume of medium in Eept tubes incubated

. R
N 4atat1ca11y 'Y 37°C. A 10% inoculum every 48 hra into fresh medium,

main:;ined the organiam thriving. Approximately 3 pasaagea ware reql(ted
for normal growth, which was monitored by nephelomatry (optical density

at 420 nm) . <

" Amprican Type Culture Collection -

- . N R
:‘/ . ‘N .
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Once viability of the organism was confirmed, a 107% inpculum
was added CO\E basal medium containing 2% tryptose which had been
defatted by 12 hrs Soxhlet extraction with chlofoform-methanol -

(2:1 V/V) followed b& a 12 hr extrdction with anhydrous ether, $nd
supplemented with 10 mg/l ’of the sodium salt of the sili_gon-containing
fatty ,acid.\ No PPLO pilasma was gdded and the restb of the :l.ngred!;ents
remained unchanged as well as the growth 'conditions'. Approximately
fivé Paséages were required for norma% growth which- was not as 'vigorous
as growtﬁ in normal medium, Onge‘viabiligy was confirmed, the volume

of the medium was scaled up 10-fold i,e, organism was grown ia 100 ml
Yy . N ' L

volume of medium, contained in 250 ml Eiienmeyer‘fiaska.t’ '
VP N ,

)

The organism was harvested 36 hrs after inoculation (12 hrs
~beyond the end of the logarithmic ‘phase of gj:owth) by c;ntrifugation
at 20,000 g for 20 minutes. The sedimented cells were washed twice
68 _ : ‘ )

wi h,ﬁ-buffer containing 0,156M NaCl, 0Q,05M Tris, &OIM mercapto-
ethanol in delonized water adjuated' to pH 7.4 with HCl; The cells

. . - h *
were centrifuged again to yielﬁl 0.04 to 0,07 g wet weight/lod ml <

culture,

[

€

1.10.2  LIPID EXTRACTION ,

The washed call pgate, from various batches, was pooled
together and homogz;ized by hand in 20 ml of ch1oroform-mechano1,
1:2 V/V)mixture%. To the mixture was added 20 ml of chloroform
and 20 ml of distilled water Kand further homogenized, The homo'ge'nat:e

was then filt:afe} on a Buchner funnel, the layers were allowed to .
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separate to clarfty and the chlofbform phase drawn off and evaporated

to dryness on a rotary evaporator to yield 0.09 g of a sticky mass

(the crude lipids).

o

i

NMR apegtrum of ‘the extracted lipid clearly indicated the

Y

dimathyl silyl fesqnancé at 0,12 ppm, A .doubiet was observed at

3,61 ppm and is probably a glucose residue from phosphatidyl glucoeeﬁ7,

. since &ycoplasma bacterium contains very little phosphatidyl choline,

The.methylené ragonance dppearadega a large singlaet at 1,35 ppm.

*

, Lyophilization of the aqueous phase yielded the water/methanol

' soluble protein., No further classification of the lipid nor of the

protein was carried out, . A ‘
L 4
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2, - ESTIGATIONS: ON D LIPOSOMES

2.1 DESCRIPTION OF INSTRUMENTS

4

All nuclear magﬁetic regonance gpectra ware recorded on a
‘Varian A60 spectromat;r or a Varian T60 spectrometer equipped with
va_constant temperature probe (3800) or a variable temperature probe,

The latter, was interfaced with a PDP-1l computer which was utilized as

8 time averaging instrument, ?his 1ntefchq was Jesigned and .built by

-, ’

69 . \ .
Dr, E, Cerny and H, Lam of the RBlectrical Engineering Pepartment,

Concordia University, Loyola Campus,

Q - « \ (‘4’
. ‘ ’ »
.

'

All NMR samples were run in 0014 (reagent grade) or Dzd

(99.8% purity - Aldrich Chemical Co,) unless otherwine;man:ioned.,

-~

The IR instruments utilizh@ for the ident{fication of samples

were: Backman IR-8, berkin,Elher 457, or a Perkin Elmer 225 spectropho-

tometar, . )

Tha,maai spectra used to verify synthetic samples were taken
on & Hitachi RMU-6 spectrometer,

The UL instrument employad for the nephelometric ob?arvaclon

of the micro-organism Mycoplagma laidlawii was a Beckman DK-24A ratio
recoiting spectrophotometer equipped with a tungaten lamp,

' ¢
‘ : - II1 - 116 ‘ N
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PREPARATION OF LIPOSOMES

Commercial egg yolk lecithin (242,1 mg) (Sigma Chemicals) and
the methyl ester of the silicon-containing fatty acid, methyl-13,13-
dimethyl-13-8ilaheptadecanecate, (16,4 mg), weré dissolved in 2-3 ml of
peroxide free ether and evaporated to dryness'under vacuum, Deut;rlum
oxide (2 ml) was added and the resultant mixture was sonicated at 0-2°¢
for 15 minutes or until optically clear, with a "Sonic 300" dismembrator
5Artek Systems Corp,) at a 180-W outpu; at 20,000 Hz, Tha sonicated
mixture was cantfifuggd in the cold at 15,000 rpm for 30 minutéa to re-
move any metal fragments and 1§rge; mult;laTijlar "onion~-like" vesicles.
The supernatant was used for all tha experiments without further clasai~-
fication. ‘AI; experiments were carried out iﬁ/triplicata aﬁd data shown
are mean values, .The data were subjected to standard deviation calcula-
tions and curves were fiétad by leasf squares method unleas mentioned

8 w
otherwise,

CA

3

. 2,3.1 OPTIMIZATION OF MOLAR RATIO ; LECITHIN/LABELLED FATTY ACID ESTER

~ An arbitra;; amount of the labelled fatty acid ester (LFAR),.
mechyl-ls,13-dimethy1:13-siiaheptadeciﬁaéie (0.0325 g - 100 mM) was kept
conatant thtoughout'uevan samples, Increasing amounts of egg &olk lecithin -
(LEC) (50 gﬁ to 600 mM) were addaed to thegée semples 8o that the molar ratio
(LEC/LPAE) réqged‘fram 0.5 to 6,0, Rach of thasa)samplea Gkra éodiq?etaed,

+ cosonicated and chntrifuged as described above, Plotting the width at half-

o
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height (AY%) v molar gaiio (LEC/LFAE) shown on a Table I, the graph

on Fig,l was obtained,

8imilarly the previous experiment was carrded out once again

but this time each sample contained a constant arbitrary amount of 'agg

. yolk lecithin (0,2421 g - 150 mM), The labelled fatty acid concentra-

!

tion was varied o as to achieve a. final molar ratio ranging from 0,5 -
te 6.0, After codiapersion, coaonlcation‘ and ce‘ntrifugatton, the -

spectrum of each sample was recorded, The data are shown on Table II

and the graph on Fig,2 was obcained t;y plotting Ayk vs molar z:ntf:io
(LEC/LFAE) .

2.3.2 EPFECT OF ABBOL(J'QE LIPID CONCENTRATION ON LIPOSOMES

. 4 L4 .
Maintaining a 3:1 (LEC/LPAE) molar ratio constant, the

absolute concentration was varied, rmging' from 50 to 300 mM based on

lecithin concentration, The data on Table III show the amounts of

lecithin and labelled fatty acig ester and by plo:tingA'z)b Vs absoluts

molareatio the graph on Fig, 3 was obtained,

2.3.3 PROOF OF BTATISTICAL DIBTR’IBUTION OF LABELLED FA'!‘TY ACID IN
LECITHIN VESICLES

N

. . ¢ . . - +
A standard curve was obtained by monitoring the N(cu3)3
a L 4 N -
rasonance by integration of various concentrations of egg yolk lecithin

in 1.0 ml of CCl\a. Lecithin concentrations varied from 25 mM to 200 mM,

A 0.5ml aliquot was placed in an NMR tube.and the spectrum was

4
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Tecorded at 38°C, Table IV 1.nd1cntel the date obtained sand Figure 4
depictl the standard curve for the N(CHg)grelonanca when integration

18 plot:ted against concentration of lecithin,

A
Similarly a ltandatd cutve for the labelled fatty acid astar

was obtained by -the 1ntegution of the 81(0!!3) resonance, LFAE con~
centrations varied from 10O mM. to 75 mM, Table.V and Figure 5 qhow the

data and the standard curve for the allyl resonance.

Liposomg samples with LEC/LEAE (150/50 mM) were prepared as
described and integration indicates that the supsrnatant contains
128,85 mM of lecithin and 41,5 mM of LPAE, which is 3.1:1 molar ratio,

obtained from the standard curves.

2,4,1 EFFECT OF NaCl

Liposomas werq“prepared as previouely described containing
lecithin and the laballed fatty acid ester in a 3:1 molar ratio. The
liposomes  in solution were divided into 0,5 ml aliquots in 10 ml
Erlanmaeyar flukly. Btock solutions céntaining various concentrations
of Nndl were, added to e,ch‘o! the nliquofl, 80 that the final sodium
chlaoride canc}?ntucion rangad from .0.0lM tgo 0,75M, To achieve a 1,0
molar aalt lglution. NaCl was ’addad in solid form since a concentrated

4

stock solution could not be pfo{und dus to wsolubility, "’

. ‘v
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The Erlenmeyer ;lnaks were gently ahaken by hand ‘and the
" solutions were observed by NMR, Table VI shows the data nnzﬁiis, 6
indicates the graph obtained when AVY in Hz is plotted against NaCl

concentration,
)

a .

2.4,2 EFFECT OF CaCl2

Similarly, CaCl2 was added in solution to prefarmed liposomss

containing the same molar ratio but the CaCl, concentrations rnngo‘d £rom

‘ 2
0,0lM to 0,1M where precipitation of the lipid was aevident at the latter”

»

concentration, Table VIL and Fig, 7 show data and graph obtained.

S5 APOLAR REAGENT INTERACTION WITH MEMBRANE MODEL :

2 [] 5 .“I’"WT OF n-DODECANE

. \ .
n-Dodecane was incorporated into the liposomes by adding the

.hydrocarb?n to the lecithin/labelled fatty acid ester mixture prior to .
lipommeomtion. The three components were dissolved togethar im
ether, avaporated to constant waight, cononicutoa for 15 minutes orl
until optically clear, and then centrifuged i{in the same mannar as des~
cribed praviously. Tha apolar reagent is .auumod to be in the hydro-
phobic region of the vesicles and its.effects are shown by the data on
Table VIII, By plotti;g AV ve dodecnm. concentration, the effect can
| .

be .seen graphically on Fig. 8, |

<
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2,6 POLYPEPTIDE ANTIBIOTIC INTERACTION WLTH MEMBRANE MODEL :

2,6.1 EFFECT OF GRAMICIDIN 8
- -

Vario\io mathanolic stock solutions were made up 80 as to
deliver from 50 pg/mole of lipid to 500 mg/mole of lipid of Gramicidin 8.

Thase solutions were added to the lipid solution prior to liposome forma- . .

_ tion. The:mixture wap codispersed in dry ether and the ether and methgnol

were removed by evaporation to dryness. The resultant residue was then

sonicated and centrifug'aE as previouply described. The d;ta on Table IX
L] -

st

depict the effect observed and the graph on Fig., 9 was obtained when

'A'}“: was plotted against Gramiéidi,n 8 concentration, . -

N -

2,6,2 EPFECT OF GRAMICIDIN 8 IN THE PRESENCE OF NaCl

-

Liposomes wers prepared, as deéc;ibed in the previous sectdon,
containing 100 mM of lecithin, 33.3 mM of labelledqfacty acid ester, and !
100 ;‘xg{,/mola of lipid or 9,9 pM of Gramicidin 8. Sodium chloride in.
vari‘f{\:ﬂ c'bncantrat:e& solutions wp:s added to these liposomes and shaken
by hand until well mixgd, The £inal-NaCl concentration ranged from -

10 mM to '250 mM loluti,onal The effec}: of no'dium’chlotide on liposomes’
cont&ining the channél-tolrming antibiotic can bc; ‘seen by the data on
Table X. This ;ffect can be visuslized graphically by plo}ﬁ'ti;tg A')\’?‘ W

vs NaCl concentration (Fig.10). A salting Qut of the lipo-peptide

L

occufred at salt ‘concentration higher than 250 mM,
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CHAPTER 1V, SUMMARY AND CONCLUSION

. '
- o M

-

T@;/silicon-containing fatty acid pgohe proved to be a useful

and novel tool for the NMR spectroscopist investigating biological

membranes and related systems. Incorporation of this hydrophobic probe

into lecithin vesicles enabled sihultaneous observation of both regions

of a phospholipid bilayer during a dynamic process. Therefore, a summary

of experiments conducted and interpretation of the obsérvations is as
foll;ows': &
3 , - : )
¢9) The ;ynthesia of the silicon-containing fatty acid, }3,13;61$enhy1-
13-;ilaheptpdecandic acid, was achieved,

.

' J
Q
(2) The uneucceasful attempts to incorporate the labelled fatty
acid as an integral part of a lecithin molecule led to a modified mixed
lipid vesicle which comprised of a mixture of commercial egg yolk 1ecithin,

“with the methyl ester of the labelled fatty acid’ codiapersed and codonicated

“ +

in Dzo as our membrane model systep.

(3 Optimization of the molar ratio of the components in the vesicular

system made the NMR study feasible. éalihration of the system'and proof

of statistical diatribution of the labelled fatty.dcid in the lipid veaicles

strengthened the reproducibility: of such a model system.

(&)

Selective.and simultaneous qbsérv;tion of the hydrophilic Fe-
+ .

porter molecule N(CH3)3 (from the lecithin) and the hydrophobic probe

-Si(CH3)2 (from the LFAE) of -the lipodomes in an aquuous Bodium chloride

solution indicated an electrolyte fnteraction with the zwilterionic polar
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head group only.

high salt concentration (6.75M) wérelused, which also caused the lipid

4

O

s

chloride, at lower concentrations than that of Fge'previous electrolyte,
The silyl reporter moiet; alé; showed an inérease.in line -width, 1Adica-
. tive of restricted mobility due to th
vesicie

" linking of polar head groups as the divalent cation binds with the

«

.

No perturbationsof the sil

- 3

?

3

1 8

vesicles to aggregate and precipitate out of solution.

' +
In an- aqueous falcium chloride environment, the N(CH3)3

)

kY

19

zwitterionic moiqty .

6)

cane as a hydrophobic probe perturbator exhibited no influence to the

k]

hydrophilic reporter molecui; line width, The mobility of the lipid
regfon increased as the dodecane coﬁcentratlon increased as lndigated

b4 the lineknarrowing of tﬁe hydr;phoﬁic probe's sgignal, Thelinfrqduction
of the hydrocarbon, n-dode;ane, caused a "golubllization" of the fatty-

acid gide chains (and probe) rendering the lipoid region to acquire a

)

The external stimulus provided b

more 'fluid" state,

(M

model system by introducing the cyclic pentadecapeptide antibfptic,
Gramicidin S: into the liposomes by sonication. By nlmuitanedusly
observing the interior hydrophobic }robe and the exterior hydrophilic

reporter molecule,.a parallel behavior is exhibited; 1mp1yiﬁg an inter-

-

Polypeg;ide-lipid inte;fction:yas observed with our membrane

v
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/

a

reporter moiety exhibited a Eﬁronger effect than that caused by sodium

-

e stabilization of the lipid

. <
. This stabilization is believed to be a result of a cross-

°

»

y the incorporation of n-dode-

—

— |

yl moiefy was evident until

s Sha v

Py

4




[ B » 3 . : A
action in both regions ofrug;bilayer as the antibiotic is incorporated

"into the liposomes. \r' ' S

. : ) 1

_(8) The two re;{orter'molew‘pﬁrl\es were monitoréd as lipoaou\el'll
cohﬁairvxipg 9‘.9 BM of Gramicidit;\g,/{lere exposed to an aqueous aod'ium
chlorige -environment, Both moigties exhibited line ﬂ)roadening as

i

aodium chloride cancentration increased indic&tig of attuctural changes

taking place as the electrolyte interacts with the lipid-peptide complex,

] L 4 »

.The antibiotic is.known to possess iomophStic properties but ion t%anaport A

could not be equivocakly elucidated by our model system.

- >
~ - «
-

- (9) The hydrophobic probe was successfully incorp(irat:ed biosynchet\ica

o

ly into the xpembr’ane of the- micro -organism l_&xcoplggma laidlawii. Extraction

and isolation %membrane lipma verified the’ biosynthecic 1ncorp*ion.

Membrane fragmen?s obtained with great difficulty as previoualy discussed,

did not yield a high resolution NMK spectrum, however,
P ' e’ . . -

As-it may be seen from this investj\gation, the'utilization of the

silyl reporter molecule in the NMR-studies of liposomes, can be added to

I3

the large collection of mth@s useful in elucidating membrane phenomena,

<
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e statistical treatment of the data obtained was
conductgd b culculltfng the standard deviation for each data

-
point which was measured in triplicate, The standard deviation

1s portrayed on the graphs itn\sge form of error bars and the T~
points plotted “dre "\}eraged data, ‘ .
. ‘ , o -

Figure 3 depicts ‘A'slight: negative slope for the ) .
silyl resonance, We assume that this change in the ordinate

(0. 2Hz) over the five concentrations is sufficiently small
o
;v,./ﬂ:\/ut it may be considered to experieénce no change in line’ A

width as the absolute concentgation is increased, although the

_-molar ratio is maintained constant,

. V.

. . -
project, . ‘ C e T ' s
- \ i -
bh ‘ ) )
L 4 ‘\ ’ 3 A /
- a R v
] . 125 = /
\ .
‘ .
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2

¢

The {nstrumental accuracy is limited to ¥ 0,3Hz which =
further substantiates that the silyl iine ‘may be assumed to

have. a slope of zero, The points at 100/33 and 150/50 (LEC/

LFAE) have the. least errdr and depict no change in line width,

e ¢ - °

) 45 W !
These were the concentrations and'ratios used throughout the

W
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