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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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