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STUDIES ON PROSPHOSERINE AND PHOSPHOTHREONINE DERIVATIVES: 

I~-DIISOPROPYLO~PHOSHIOHL-S~NE AND -'lHREONINE IN ALCOHOLIC MEDIA 

Chuaiao Xue, Ying-'iJu Yin, Yu-Fen Zhao* 

Institute of Chemistry, Academia Sinica, Beijing, China 

SW&WY: N-diisopropyloxyphosphoryl-serine and -threonine in alcoholic media 
were found to proceed phosphoric ester exchanges, with the concomitant transfer 
reaction of the phosphoryl group from the amino to the hydroxyl. The participation 
of the amino, the hydroxyl and the carboxyl groups in the molecules is essential 
for these reactions to occur. 

It has been established that the activities of many enzymes are regulated 

through phosphorylation-dephosphorylation at a serine residue which, in most 

cases, is flanked by both basic and acidic amino acid residues. I-3 To understand 

the chemistry of the phosphorylation-dephosphorylation processes, it is of great 

interest to carry out the studies on the properties of phosphoserines. 

In our ,yntheses of M-diisopropyloxyphosphoryl(DIPP)-amino acids, it is 

interesting to find that P:-DIPP -serine (la> exhibits some unusual properties 
4 different from most of other pi-DIPP-amino acids. When compound la was kept - 

warmed in I-butanol at 4O*C for 2 hours, it was found by fast atom bombardment 

mass spectroscopy (FAB-W) that a small amount of a product was formed which 

gave a peak at m/z 2S4 (KH+ of 2 + 14, 1%). The 3'PNMR analysis for this 

solution gave two signals, one at 5.7 ppm which is the resonance of the material 

h and the other at -3.0 ppm (Table I). It seems that the latter IQ4R signal 

could come from the resonance of the formed product btiich has the molecular 

stnxcture of 0-butyloxyisopropyloxyphosphoryl-serine (2a). When the warming time 

of this solution was prolonged to 15 hours, it was found by FABXS that in 

addition to the above peak of & which increased to 3%, a second product 

\lith a peak atm/z 233 (PXII" of & + 23, IZ!) was formed. 3'P-NNR showed a new 

resonance at -1.9 ppm corresponding to this new product which should be proposed 

as O-dibutyloxyphosphoryl-serine (&). The3&ructural assignments of the above 

two products are based on both FAB-MS and P-NNR analyses, and it seems 

reasonable to exclude the formation of other species such as N-butyloxyisopropy- 

loxyphosphoryl-serine and N-dibutyloxyphosphoryl-serine since the 31P-NNR 

chemical shifts at -3.0 ppm and -1.3 ppm of these two products are typical of 
phosphoryl triesters, but not phosphoramidates.5 The change of the media from 

l-butonol to l-hexanol gave analogous results for compound h as given in Table 1. 

In order to understand whether the above results are of generality for 
other hydrow amino acids, we extended the above experiments to a homologue, 
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Table 1 Relative Peal< Intensity of FAD-MS and Chemical. Shifts of 31P-IXR 

for N-DIPP-Amino Acids Which were Warmed in Alcohol at 40°C 

Rrtry Compound a) Media Time FAD-MS($) b, 31P-NIJR(ppm) ') pd) 

(PI-113) (hr) M+l (Mi-Jkt: (M+ol)$?t la-h 2a-h 3ah 

la 

Ic 

Id 

le 

If 

I.&i 

2 

1-butanol 
N-DIPP-Ser 
M=269 

l-hexanol 

1 -butanol 
N-DIPP-Ihr 
M=283 

l-hexanol 

N-KFGb 1 -butsno = 

N-E~~ly I -butan 

N-DIPPSerOMe I -butanol 
M=283 +HOAc 

3 -EFA X l-hexanol 

(~-~~)2b3t I-hexanol 
= +HOAc 

N-DIPPNyp 
ME295 

1-butsno1 

0 

:5 
0 
15 

0 
3 
15 

0 
15 

0 
15 

0 
15 

0 
15 

0 
15 

0 
15 

0 
15 

100 
87 
49 
100 
53 

100 

% 

2 

100 
100 

1?:: 

100 
100 

100 
100 

100 
100 

100 
100 

0 

:z 
0 
36 

0 
0 

iii 
5.7 
5.7 

12 5.6 

0 
11 G 
: 21’ 

612 
-2.4 

9 -2.8 

:: 
6.1 
6.2 

: -3.3 -3.5 

00 -2.8 
-2.G 

0 4.5 
0 4.5 

-2.8 

4 . 

b) . 

4 l 

Amino acids are of the L configuration unless otherwise indicated. 

Abbreviations used are those recommended by the IUPAC-IUB Commission 

on BiochemicaI Nomenclature. HPA=3-hydroxypropionic acid; Iiyp=trens- 

4-hydroxy-L-proline. 

The (M+1)+14 and (M+l)+28 peaks refer -ix those obtained with I-butanol 

as the media, and the (M+l)+42 and (M+l)+S4 peaks refer to those obtained 

with 1 -hexanol as the media. 

Compounds 2a-h and 3a-h correspond to those with (M+l)+14 or +42 and 

(M+1)+28 or4 pe&Tn FAD-MS spectra respectively. 

d) 31 . P-NMR spectra were measured using 85% H3P04 as external reference. 
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N-DIPP-threonine (Ib). After compound j& was heated in I-butanol or l-hexanol 

at 4O'C for different duration, similar results were observed as indicated in 

Table 1. 

From the above results, it is possible to propose that the products 2a-b 

and 2al-b' be derived from the phosphoric ester exchanges of the phosphoramidates 

la_b with the media together with the transfer reaction of the phosphoryl group 

from the amino to the hydroxyl (step 1 in scheme I), and the products 3a_b and 

,3a'-b' result from further phosphoric ester exchanges of the phosphoryl 

triesters 2a-b and 2al-b 1 with tie media (step 2 in scheme 1). 

ScHrnE 1 

M 2a_b, 2al-b' 3a-b. 3aI-b' 

R1=isopropyl a: R=H, R2=n-butyl &: R=H, R2=n-butyl 

2: R&I, N-DIPP-Ser 2: RFCH3, R'Rn-butyl R2=n-butyl 

2: R&X3, N-DIPP-Thr 2a': R=H, R2=n-hexyl 

2: R&3, 

R'=n-hexyl 
?a': R=H, R2=n-hexyl 

3b': R=CR3, R2cn-hexyl 

Iiowever, the N-DIPP derivatives of nonhydroqlated amino acids such as 

h-DIPP-glycine (Ic> and N-DIPP-proline (?d), and an amino acid ester devoid of 

a free carboxyl group such as N-DIPP-serine methyl ester (le) did not undergo 

ester exchanges under the same conditions (Table I). This indicates that the 

hydroxyl and car-boxy1 groups in the molecules la_b are necessary for the reaction 

in step 1 to take place, and conclusion can be drawn that the N-r0 migration of 

the phosphoryl group in step 1 should occur intramolecularly since no phosphoryl 

triesters were found by 31 P-KMR spectroscoW in the heated alcoholic solutions 

of Ic_d. The studies on two model compounds lacking the amino group or both the 

amino and carboxylgroups, 

acid (s6 

namely, 3-(diisopropyloxyphosphoryloxy)-propionic 

end ethyl diisopropyl phosphate (lg) revealed that both the amino end 

carboxyl groups are indispensable for the exchange reaction in step 2 to occur, 

because If-g were unchanged under the same treatment (Table 1). Prom these 

results, it seems that the reaction intermediates in step 1 and step 2 might 

involve the participation of the three groups of the amino, the hydroxyl end the 

carboxyl in a molecule, and the attack of an alcohol at these intermediates will 

result in the formation of compounds 2a_b, 2at-b'. 3a-b and 3a*-b'. 

Although N-DIPP-trans-4-hyd.roxy-L-proline (?h) which has a hydroxyl group 
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in the molecule can meet the above requirement, no rearrangement took place after 

it was warmed at 4O'C in I-butanol for 15 hours. 

from the stereochemical point of view, since the 

group in this molecule are transoid on its rigid 

impossible for 2 to form any intermediate which 

all three groups. It is therefore concluded that 

addition to the presence of all three functional 

This fact can be accounted for 

hydroxyl group and the carboxyl 

ring skeleton, and hence it is 

involves the participation of 

a suitable configuration in 

groups in a system is also 
required for the phosphoric ester exchange and phosphoryl transfer reactions of 

a N-phosphoryl-amino acid in alcoholic media, The result for compound 2 further 
confirms that the phosphoryl transfer reaction should be an intramolecular rather 

than intermolecular one. 

It is mrthwhile to mention that the N-0 migration of the phosphoryl 

seems irreversible because no signals in the region of 0-x) ppm which are typical 

of phosphoramidates were observed in the 31P-NMR spectra after la_b were heated 
at 4O'C in alcohol for 48 hours, and this means that the starting materials la-b 
were completely transformed into the phosphoryl triesters within this duration. 

Our preliminary results illustrate the distinguished reactivities of N- 

phosphoryl-serine and -threonine, which are not possessed by other simple amino 

acids. The studies on the mechanisms of these reactions in more details are 

under progress in our laboratory. 
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