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The attachment of biologically active ligands to cadmium
selenide nanocrystals coated with a zinc sulfide shell (core
shells) is a new method of producing novel fluorescent sen-
sors. Several groups have reported attaching proteins and anti-
bodies to nanocrystals and core shells.1-4 We have synthesised
derivatives of melatonin and serotonin which may be attached
to cadmium selenide/zinc sulfide core shell nanocrystals. Such
ligand-conjugated nanocrystals can be used to image the
localisation and distribution of membrane bound receptors,
transporter proteins and ion channels in cell cultures. 

Polyethylene glycol linker arms were attached to 5-
hydroxytryptamine derivatives. A polyethylene glycol linker
arm was used because polyethylene glycols increase the water
solubility of the core shell conjugate and reduce steric inter-
actions between the nanocrystal and the receptor. 

In order to attach the linker arm to the 5-hydroxyindole
derivative, it was necessary to synthesise a polyethylene gly-
col derivative that consisted of a protected thiol at one end of
the chain and a leaving group at the other end of the chain.
This chain may be attached to alcohols via a neucleophilic dis-
placement of the leaving group. We chose the para-methoxy-
benzyl7 protecting group to protect the thiol. This may be
removed under a variety of conditions using silver or mercury
salts or acid hydrolysis. Other protecting groups were consid-
ered5,6 but rejected as they may be unstable under nucleophilic
conditions or their methods of removal may not have been
compatable with our ligands.

Scheme 1 shows the method developed for the synthesis of
the polyethylene glycol derivative. 2-[(2-(2-chloroethoxy)-
ethoxy]ethanol undergoes a nucleophilic displacement by
para-methoxybenzyl thiol resulting in the thioether (1) in a
71% yield. The alcohol is converted to a tosylate by stirring in
pyridine with an equimolar amount of tosyl chloride8 giving
the tosylate (2) in a 72% yield. 

Scheme 2 shows the methods used for the synthesis of mela-
tonin and serotonin ligands. tBOC protected serotonin13 was
coupled to the linker arm in the presence of potassium car-
bonate. The reaction was slow, requiring at least 150 hours to
go to completion. A large excess of base was required to
obtain a 60% yield of (5). When a phthalimido11 protecting
group was used instead of tBOC, the protected serotonin could
be coupled with the linker arm using 3 equivalents of caesium
carbonate in refluxing acetone over a 24 hour period, resulting
in a 60 % yield of (3). 

The protecting group was removed to give (4) using either
trifluoroacetic acid12 or hydrazine to give yields of 92% and
51% of compound (4) respectively. The melatonin derivative
was synthesised by acylating the intermediate (4) with acetyl
chloride to give a 70% yield of (6). The thiol was depro-
tected by using mercury (II) acetate and hydrogen sulfide14

to give (7) in a 27% yield. Compound (4) was deprotected in
a similar manner to give the serotonin derivative (8), in a
39% yield. This compound was found to have an EC50 =
115µM for the serotonin transporter9 when it was conjugated
to core shells. These compounds may be attached to core
shells using the standard ligand exchange reaction described
by Dabbousi et al.10
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Scheme 1 (i) 2-2-2-chloroethoxy(ethoxy)ethanol, Na, ethanol, para-methoxy toluene thiol, reflux 24 hours; (ii) pyridine, 
para toluene sulfonyl choride room temperature 24 hours.
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Scheme 2 (i) N,N-Phthalimido-2-(5-hydroxy-1H-indole-3-yl) ethylamine, CsCO3, acetone, reflux 24 hours; (ii) 3-[2-N-(tert-
butoxycarbonyl)amino]-ethyl]-1H-indole-5-ol, potassium carbonate, acetone, reflux 240 hours; (iii) hydrazine hydrate, ethanol;

(iv) trifluoroacetic acid, room temperature, 2 hours; (v) acetyl chloride, triethylamine, dichloromethane, 18 hours room 
temperature; and (vi) trifluoro acetic acid, anisole, mercury (II) acetate, hydrogen sulfide.


