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MBSTMCT

This-thesis encompasses some investigations into the~tructure

and chemistry of 'iminium salts. The"inte~est in this work stems from

° previous investigations of the visual pigment rhodopsin and a related

protein, b~otQriorhodop9in. Both of these proteins have been Ghown to

cOonsist of an iminium salt linkage between the ohromophore and the

protein. Also, these compounds are able to absorb light in the visible

both solution and the solid states.

J

region of the spectrum and undergo efficient isomeri=ation processes.

A series of iminium salts related to theSe natural chromophores

were prepared and chaiact~ri=ed by a variety of spectroscopic methode in,
In particular, the ground statl:!

~tructure of th~ge positively cha~ged molecules.was examined in terms of

chc!rqe dl:!localL::ation, cation anion interactions and chrol\1ophot"l:! c fJ,nfol."7

m<lt ion. Th"~se pr6"pert ies hay'? b'?'?n pr.qviously sugg'?Gt-'?d to to'? i.mport<lnt

in the natural ~hromophore3. ° One 'conclusion of this. study w.J.~ that

positive charg~ in these "model" systems is locali:ed in theOiminium

portion of the molecule, Secondly, it \{ac found that the conforma~icne

of these molecules.may be different in the solid state from that in

sohltion. In at 10ast one case., the conformation of the chromop11ol."e was

found to be identical to that found in the natural pigment, bactel."ior-

OOhodops in.

The photochemical and thermal reacti~ity of se~eral of the

prepared iminium salts was also investigated using high field lH NMR
'-'
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spectroscopy as an analytical, met~od to directlY monitor these rea~ions.

Using this technique, it ~s found that several of the imi~ium salts

studied underwent titfficient trans to cis photoisomeri::aeion 'react-iong.
-.' /'

In one case, the efficiency of this reaction was very close to that fou~d

for bacteriorhodops-in. Moreover, the primary photoproducts formed 1.n

,
these reactions were found ,to be stable under the exper,imental conditi.ons

used. This ~a9 ~n contr~st to previously reported in~estigati~n~ of,
similar compounds. where cis/trans thermal isomeri:ations occurred in the

..........

reaction medium.
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Vision and Related Processes

Of the five human senses, perhaps vision is the most compl~x.

Light from an object impinges on the eye and £9 focused on the ~ctin~ ~t

the back of the eyeball. Locatec ~ithin the retina is the visual pigment

rhod9psin which absorbs ligh: ~nd triggers a chain of Qvent~ that

ultimaeely result-rn the sending of an electrical impulse to the br~in.

. " .This apparently simple sequence allows us to see objects in near darkn~~r.

or in brilliant sunshine. The human eye can depict all of the colour~ of

the visible spectrum and permits us to

s~:e. Yet this seemingly well defined process _~ stil~ l~rgel; 3.

mys~ery. The mechanisms by which light ene~gy is absorbed. dnd th~n

- transformed in~o an electrical signal are far from ~ell understood.

Cent:"41 to this issue is the struccure of rhodopsin. the visu~l piglll~nt

itself, which may contain impo~tant information in the understanding ot
,

the visual process.

~ comparable process to vis~on occurs in the bacte::,~um .

Halobacterium halobium a~d i~v~lve~. a pigmen~ ~~mi~a: Co t~c v~~ua~

pigment rhodopsin. This pigment. bac~erio::'hodopsin. unde:goes d simila:

chain of events to rhodopsin but allows the organi~m to p:oduc~ ~ner1Y.

rather ~h4n to see. However, the st:uctu:e and mechanism of action of

bacte:io:hodopsin. like that of =hodopsin. is s~ill un:~so~~ed.

1



.'

I.. The Visual .?iqment Rhodoosin

- ,.
:1

The homan visual pigment rhodopsin is a membrane protein found in

,
the ~eceptor cells of the retina in the eye. There are two different

\
types of receptor cells in humans,- rods apd cones, Figure '1-1. \rh~

smaller of theso are the cones ~hich are responsible for vision in bright

light. These can be further subdivided into three types based on their.\..
absorption sp~ctra, which provide ~he. basis for colou~ discernment by

absorbing light in the red, blue and green regions of the spectrum. Rods

on the otherhand can not distinguish colour but can function in dim

light. Sec~use rods ~re more numerous and their isolation is easier most

chemical and biochemical studies are carried out on them.

~. Protein Structure

The protein rhodopsin, 1, i~ comprised or a chromophore, ll-cis

~et~nal (l),linked opsin via a protonated Schiff ·base .
•

Only one of these chromophoric groups'exist pe~ opsin molecule (~) for

all species o~ verta~rates. Rhodop~in has a molecular weight 0: about

~o.ooo (3) and also contains small amount~ of ph~spholipids,

carbohydra~es and cholesterol (~). ?ecently Ovchinnikov and co-workers






































































































































































































































































































































































































































































































