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Statuary. The syllmeses of five defivalives of EGTA and one EGTA mmlogue me ~ These moleoud~ 
ea¢~ have am orzho ~ 1  sulxe2~-_m positioned such that hradiioa will cut the EGTA coordialon 
gpbae ia two. © 1998 Elsevier Science Ltd. All rights reserved. 

The past 20 years have seen the concomitant development of two photochemical techniques for 

studying living cells: rapid concentration jumps of cellular effectors from biologically inert precursors (caged 

compoundsl) and imaging the concentration changes of small solutes using light microscopy. 2 Th~ paper 

concerns the synthesis of photolabfle derivatives of EGTA, a CaZ+-selective chc~tor, designed so that 

concentration jumps in intracellular Ca 2+ can be achieved by irradiation with near-u.v, light (320-400 nm). 

C.el~ use many means to umlsmit signal.~ received by receptors on thek surface to create second 

messengers in the cytoplasm. The most common inwacellular signal transduction agent is Ca 2+, which, 

unlike other second messengers, is not metabolised by enzymes resident within the cell. 3 Ca 2+ sequestration/ 

extrusion mechanisms are present through which ceils tightly regulate intracellular Ca 2+ concentration at a 

level which is subthreshold or non-activating for the myriad of Ca 2+-dependent physiological processes.4 

Examples of such p ~  are muscle con~action, 5 neurotransmission, 6 ion channel gating, 7 gene 

expression,8 secretion, 9 cell division, I0 etc. 

The strategy developed in this Laboratory during the past I0 years for the release of Ca 2+ uses the 

o-nilrobenzyl protecting group, which was discovered in 1966 by Baltrop et al. 11 and the utility of which 

was greatly extended by Woodward and co-workers. 12 This caged Ca 2+ protocol involves the syrlthesis 13,14 

of photoLahile (o-nitrophenyl) derivatives of molecules of known high affinity for Ca2+; illumination cuts the 

chelator in two, producing molecules of known low affinity, rapidly 15 releasing the bound Ca 2+ (vide Jaffa). 
Two such Ca 2+ cages are commercially available: DM-nitrophen 16 and NP-EGTA. 14 
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This paper describes the synthesis of a range of photoLabfle Ca2+-selective chelators which are designed to 

combine the optical properties of the former with the cation selectivity of the later. S/x new Ca2+ cages have 

been synthes~ed 1-6, as outlined in Schemes 1, 2 & 3. 

The construction of the ethyleneglycol backbone of EGTA is the key synthetic challenge for the 

development of photolabile derivatives of this Ca2+-specific chelator. 13 Three different strategies were 

employed, as shown in Schemes 1, 2 and 3. In the synthesis of dimethoxy derivatives of NP-EGTA (1-3), 
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modification of the original procedure 14 proved very effective. The key chemical transformations proved to 

be u'ansacetalation of the readily available 14 bromodimethoxy acetal 7 with 2-(2-chloroethoxy)ethanol, 

followed by reduction of the acetal to give a molecule having the ethylene glycol backbone of an EGTA-like 

chelator (i.e. 8), bearing the requisite functionality for elaboration into an array of Ca 2+ cages (Scheme 1). 
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Effective consu'uction of this crucial part of the Ca 2+ coordination sphere by this route proved to be very 

dependent upon solvent, concenlration of the reactants, and the acid catalyst employed in the first of the two 

steps. A wide range of conditions were examined and by far the most effective catalyst proved to be PPTS, 

with ani~le as the solvenL Coupling was realised when the concenuation of bromide 7 was 0.25 M and the 

cldoroalcohol was 2.0 M; the reaction mixture was heated for 7 h. at IO0oC. Yields for the two-step 

conversion of 7 to 8 were 61% (RI=MeO, R2=H) and 33% (R I=I-L R2=o-uitrophenyl). Dihalide 8 was then 

converted in to diamine 9 (71% yield) via reduction of the diazide. 14 TetrAJllrylation of 9 with ethyl 

bromoacetate, followed by ester hydrolysis produced 1 (dimethoxynitropbenyl-EGTA, DMNI~) and 4 

0bisnicophenyl-EGTA, B NPE) in 61% and 43% yields respectively. Alkylation of diamiue 9 (R l=MeO, 

R2---H) with isopropyl bromoacetate (10 mole equivalents in MeCN, reflux, 22 h.) gave mono and 

dialkylated products (in yields of 22 and 43% respectively; due to steric hindrance, the benzylic amine is 

much less reactive than the amine distal to the chromophore. No trialkylation was observed). The syntheses 

were completed by exhaustive alkylation of the~ (purified) amines with ethyl bromoacetate, followed by 

ester hydrolysis, to give DMNPE-2 (2) and DMNPE-3 (3). 

An alternative synthesis of a photosensitive ethyleneglycol backbone of EGTA was accomplished by 

regioselective alkylation of the readily available epoxide I0 with 2-(2-chloro-e~oxy)ethanoL The most 

suitable conditions for effective coupling (47% yield) proved to be similar to the transacetalafion above, 

namely PIYI'S catalyst in anisole, at high concentrations of reactants (0.2 M epoxide, 1 M alcohol), heating 
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the reaction mixture for 2 h. at 80oc. Using other catalysts produced rapid decomposition of the epoxide, as 

did lower reactant concenumions: epoxide self-condensation probably competes very effectively with ring 

opening by the chloroalcohol. Transformation of 11 into the target Ca 2+ cage $ proceeded without incident. 

Iodination was effected 13 smoothly (95%), followed by conversion of the diiodide to DMNPE-4 in 45% 

overall yield for the remaining four steps (Scheme 2). 
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The final synthetic route to a photosensitive EGTA-like molecule is outlined in Scheme 3. This mute 

was designed in the hope that a much more chemically efficient route to a Ca 2+-specific chelator might be 

developed, since alkyiation of phenols proceeds under much milder conditions than regular alcohols to 

produce ether linkages. Addition of hromoester 12 (the precursor to 7, RI=MeO) to a solution of the anion of 

the readily available phenol 13 (from the monoal~lation of pyrocatechol with allyl bromide) in DMSO 

yielded 14 in a 60% yield (the reaction was complete upon addition of the bromide at RT). Reduction of 

ester 14 with Dibal in CH2C12 (completed by addition of NaBH4 in MeOH) to alcohol 15 was facile (92%), 

which was converted to diol 16 by in situ reduction of the ozonide (55%). Elaboration of this diol into the 

final product 6 was accomplished by the same synthetic sequence employed for the other chelators (vide 

supra), in an overall yield of 58%. 
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In conclusion, the syntheses outlined in Scheme 1 demonstrate that the previously developed 14 

synthetic route for NP-EGTA is of a more general scope. Furthermore, two new synthetic routes for the 

construction of photosensitive EGTA derivatives have been established. That shown in Scheme 2 is 

accomplished in seven synthetic steps with an overall yield of 13%. Whereas the synthesis of EGTA 

analogue 6 requires 11 steps in all but is slightly more chemically efficient (16% yield). Preliminary data 

indicates that DMNPE-4 is the most promising new Ca 2+ cage described herein, since it releases Ca 2+ with a 

similar time-course to NP-EGTA 15 but has a larger molar absorbtivity (4,600 M -1 cm -t vs. 975 M -1 cm-l). 

Therefore, it has proved to be much more efficient in releasing Ca 2+ in secretory cells than any Ca 2+ cage 

thus far developed. 17 
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