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Abstract: The synthesis of an amino acid based phosphodiester linkage contalntng cryptand is described. The 
macrocyclic ring is constructed usmg Eoc-L-Ser(OBn)=OH, Boc-5-Ser(OBn)-OH, diethylene glycol and ethylene 
dioxydiacelic acid. The phosphodiesier linkage was introduced employing 4-chlorobenzyl dlchlorophosphite leading to 
the cryptand 

In a recent communication’, we described the synthesis of a cyclic phosphopeptlde contaming a phosphodiester 

linkage. We were intrigued by the posslbllity that a phosphodlester lmkage between two hydroxyl amino acids might 

serve a similar purpose as a disulflde Ilnkage, i e to retain or stabilize the structure of a protein The synthesis of cyclic 

phosphopeptideslsz aroused our interest in the possibility to employ the phosphodiester linkage as a constraint in the 

construction of semi-peptide phosphate-containing macrocycles 

Macrocyclic structures, which contain a phosphate group, have not been widely studied1‘3. The presence of a “P=o” 

moiety could lead to interesting receptor molecules, which might be able to bind metal ions and organic cations3*4. 

So far the phosphate moiety has not been used as a possible recogmtion unit In the constructlon of macrocycllc 

receptor molecules In contradistlnction, the carboxyllc acid moiety has been extensively studled as a recognition unit in 

the elegant receptor molecules of Rebek ef aL5. 

As an approach towards the design and synthesis of phosphodlester lmkage containing receptor molecules, we 

describe here the first preparation of a phosphodiester linkage containmg, ammo acid based6, cryptand 11 and 

summarize some preliminary data on its host-guest complexation behavior 

We first attempted to synthesize the protected L,L-cryptand 9 Starting from commercially available Boc-L-Ser(OBn)-OH 

(l), the L,L-precursor 6a was prepared in five steps (scheme 1) Unfortunately, we were unable to Introduce the 

phosphate linkage leadmg to the protected L,L-cryptand 9, using bis(N,N-dilsopropylamlno) 4-chlorobenzyl 

phosphoramidite 7’ Even attempts using the more reacttve phosphltylatlng agent 4-chiorobenryl dichlorophosphite B7 

failed. In trying lo explam this flndmg, we reasoned that there might be some kind of geometrical constraint preventing 

the formation of the phosphate linkage. The most obvious cause of geometncal constramt (vtde mfra) IS the 

stereochemistry of one of the serine residues. 

Indeed, when the corresponding L,D-precursor 6b - prepared analogously to the L,L-precursor (vlde supra) - was 

subjected to phosphitylation with the reactive phosphitylatlng agent 8’. we were able to obtain the protected L,D- 

cryptand IO in 31% yield Interestingly, It was not possible to obtain this compound using the less reactive 

phosphitylating agent bis(N,N-dilsopropylammo) 4-chlorobenzyl phosphoramidlte 7, although this reagent has been 

used previously with success to prepare cyclic phosphopeptldesl c2 

The diastereomeric phosphotriesters of the protected L,D-cryptand 10 were formed In approximately equal amounts 

and could not be separated by short column chromatography*. 

Hydrogenolysis of the 4-chlorobenzyl group under buffered9 conditions afforded the sodium salt of the L,D-cryptand 

11’0 
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Scheme I 

H 0 

Bocl: a.b O$~~~>” 
OH - 

1 =\ H-N N-H 
OE3n ‘Boc Boc’ 

9 L,L 10 L,D . 

(a) Dlethylene glycol (IO equiv.), DMAP, CH2Cl2, DCC (80%). (b) Boc-L-Ser(OBn)-OH (a) or Boc-D-Ser(OBn)-OH (b), 

DMAP, CH2Cl2, DCC (79% and 80% resp). (c) Pentafluorophenol, dioxan, DCC (77%) (d) TFA, CH2C12. (e) 4, 4- 

methylmorpholine, THF (step d + step e 35% and 32% resp). (f) t-BuOH, H20, Pd/C, H2 (100%). (g) 8, N,N- 

dilsopropylethylamme, CH2Cl2 (h) mCPBA (step g + step h 31%) (I) 1 f-BuOH, H20, Pd/C, NaOAc (1.1 equiv.), H2, 2. 

Sephadex LH-20 (90%). 
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As to an explanation why phosphitylation leading to the correspondmg L,L-cryptand had failed, we took recourse to 

computer assrsted molecular modeling studresl’. Inspection of the global minimum of the L,L-precursor 6a as well as 

conformations lying within a 10 kJ window showed that the distance between both oxygens of the hydroxyl groups 

varies between 5.1 and 7.7 A, which has to be reduced to a distance of ca. 2 6 A In a model of the protected L,L- 

cryptand 9. Simultaneously, in order to form the protected L,L-cryptand, it appears that the L,L-precursor has to 

undergo extensive unfolding. Rotation of notably the a-C-N(H) bonds, in order to move one of the hydroxyl groups 

through the cavity of the macrocycle, is necessary to approach the geometry of the L,L-cryptand structure. In 

contradistinction, the distance between both oxygens of the hydroxyl groups in the global minimum the L,D-precursor 

6b and conformations lying within a 10 kJ window varies between 2.7 and 6 4 A, which has to be reduced to ca 2.6 A in 

the protected L,D-cryptand 10 The geometry of the global minimum of the L,D-precursor already resembles the 

geometry of the L,D-cryptand structure (see figure I), thus facilitating the formation of the latter The necessity for a 

smaller reductron of the O-O distance in the L,D-cryptand is also reflected in a more favorable enthalpy of formation of 

the protected L,D-cryptand’*: -14.9 kJ/mol as compared to -2 9 kJ/mol for formation of the L,L-cryptand 

Figure 1. Stereovrew of a superimposition of the global minima of L,D-precursor 6b and L.D-cryptand 10 

In conclusion, the described method for the introduction of a phosphodiester linkage leading to a phosphocryptand, 

provides a synthetic route to amino acid based phosphodrester linkage containing cryptands. An acid functionality, the 

phosphodiester, can be Introduced in this type of molecules in a convergent manner. Host-guest complexation 

behavror will be studred usng L,D-cryptand 10 and more lipophikc cryptand derivatives. In addition, changes in the 

structure of the cryptand, i.e. changing the amino acids, the diethylene glycol part or the ethylene dioxydiacetic acid 

part, which may lead to different receptor behavror, are under present investigation. 
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