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A8 an alternative to the use of dibenzyl and di-&-butyl phosphorohalidates for the 

phosphorylation of alcohols.1-3 our reoent studies have ooncentrated on the use of dialkyl 

&&diethylphosphoramidites for the efficient phosphorylation OP alcohols and hydroxy- 

containing biomoleoules. In particular, we have concentrated on the use of benxyl and 

k-butyl groups for temporary phosphate proteotion on aoaount of the facile hydrogenolytia' 

or aoidolytic' cleavage of these phosphate protecting groups. From these studies, we have 

demonstrated that the phosphoramidite reagents, di-k-butyl &~-diethylphosphoramidite & and 

dibensyl b&diethylphosphoramidite &J, are stable yet highly reactive reagents for the 

'phosphite-triester' phosphorylation of simple alkyl alcohols Ifi) (R0j2PNEt2 (R = But or 

Bzl)/lH-tetrazole, (ii) mCPBA1 and give the respeotive di-k-butyl and dibenxyl 

phosphorotriesters in 9U-99% yields (Scheme 1).4*5 In this letter, we report the use of 
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& and & for the efficient 'phosphite-triester' phosphorylation of a proteated serine 

tyrosine derivative, a protected serine-aontaining peptide and a resin-bound proteoted 

serine-oontaining peptide. 
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In the first instance, the 'phosphite-triester' phosphorylation procedure was 

found to be useful for the phosphorylation of simple protected serine derivatives, 

la or lb/U-I-tetrazole treatment of Boo-Ser-ONBzl 2 followed by $~g$,_& non-nucleophilic 

oxidation (mCPBA) affording Boc-Ser(P03But2)-ONBxl 2& and Boo-Ser(P03Bzl2)-ONBzl & in 92 

and 98% yields respeotively (Soheme 2). Products & and &gave typioal 31P NMR ohemical 

shift values of -9.6 and +0.8 ppm respectively and their structures were oonfirmed by the 

observation of phosphorus-coupled doublet signals for the C, and CB oarbons of the seryl 

residue (JpC 5.8 Hz) in their 13C NMR speatra. 
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Alternatively, this prooedure can also be applied to the phosphorylation of 

protected tyrosine derivatives, the phosphitylation of Boc-Tyr-ONBsl using &/lIi-tetrasole 

followed by mCPBA oxidation giving Boo-Tyr(P03Bs12)-ONBx16 1. in near-quantitative yield 

(Soheme 3). This proaedure is far superior to other reported procedures in that it does not 

require pre-generation of the sodium phenoxide'l or suffer from the low reactivity of 

dibenxyl hydrogen phosphonatelcarbon tetraahloride phosphorylation procedure.' 
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In addition, the 'phosphite-triester' phosphorylation proaedure was also extended 

to the phosphorylation of a protected serine tripeptide Boo-Glu(OBu')-Ser-Leu-OBut. The 

synthesis of the serine-containing peptide &Q was aooomplished by the solution phase 

inoorporation of Fmoo-8er(But)-OH using the mixed anhydride coupling prooedure. the use of 

101 diethylaminelDMFP for removal of the Fmoo group from dipeptide 1 and final 

hydrogenolytic removal of the seryl bensyl ether group. The phosphorylation of &Q in dry 

THP using either &or & prooeeded smoothly and gave Boc-Glu(OBut)-Ser(P03But2)-Leu-OBut 

&,Q or Boc-Glu(0But)-~r(P03Bz12)-Leu-OWlt m in 95 and 96% yields respectively after 

purifioation. The structural oharacterisation of these products was readily established by 

their 13C NMR spectraloOll and 31P NMR speotra, 31P NMR values of -9.2 and -0.8 ppm being 

observed for u and m respectively. Subsequent hydrogenolytic or aaidolytia treatment of 

&&g and m respectively in 4G% TFA/AcOH effeoted ready removal of the protesting groups and 

gave the @er-tripeptide CP3C02H'H-Glu-Rer(P03H2)-Leu-OH in quantitative yield. Struotural 

confirmation and the purity of u was established from its 31P NMR speatrum (+O.lO ppm). its 



2371 

13C NMR speotrum and from its FIB-mass spectrum (Ar, +ve mode, m/z 348, N+). Although 

PSer-oontaining peptides have previously been prepared via the use OP temporary bensyl 

phosphate protection, the synthesis of && Prom u represents the first &3er-peptide that 

has been prepared via the use of k-butyl phosphate proteotion. A feature in the use of t- 

butyl phosphate proteotion is that the di-t-butyl phosphorotriester Punctionality is readily 

deproteoted with the use of mild acid treatments and that the isolation of the @er- 

aontaining peptide is simple and eifeated in a metal-free (Ca2+) environment. 

Glu Eer Ima 

Bol 

--Loa ECl.li--0But 

W m 

Roe' ORlIt 

OBl# 

Boo--LOB 

(Ii.) Bml 

ii' 0BlIt 

OR& (iii) Bml 

Boo' 0But 

0BlIt (iv) 

FJos' omt 

omt W 

BLu/ 
IV2 

omt 

(vi) pofi 

CF2co2li.a OH 

(I) m (1eq) tMll RWIBCF (-26,2h), (ii) lorl?t2IB/InF (200. 2W 

(iii) RWIBCF t-200. 2 h), (iv) El2--w/c. AOOE. 

d 

1 

d 

2 

19 

w (po)2~lgt2 (31 - mt oc aol)/~truo~ (10 mi.10, then ~CPBL c-4@. s ti). 

(VI) 40s TFA/A~OE (n = But) 0~ ywc, 401 IFA/AOOE (n = Brl). 

In continuation of this study, both k and & were also suitable for the 'phosphite- 

triester' phosphorylation of the resin-bound seryl-aontaining tripeptide, Z-Glu(OBzl)-Rer- 

Lau- P (P = 1% cross-linked polystyrene resin). The resin-bound tripsptide was prepared 

using Merrifield 1% cross-linked polystyrene resin as the peptide support, the inoorporation 

OP Fmoa-2er(But)-GH into peptide synthesis 0CC/HOBt) using the Herrifield peptide synthesis 

protocol, 20+ piperidine/DUF for removal OP the Fmoa group Prom sand 9m TPA/CH2C12 for 

aaidolytia removal of the seryl t-butyl ether group. The phosphorylation OP J.4 using either 

&or J& proaeeded quantitatively and was aonfirmed by analysis of the 13C NHR and 31P NMR 

speatra obtained Prom the peptide-resins swollen in CJX13, these latter speatra giving 

typiaal ahemioal shift values Por && and &,?k of -9.2 and -0.3 ppm respeatively. In the 

aase of &&, further treatment of the peptide-resin with lG% TFA/CH2C12 readily removed the 

t-butyl groups and gave the protected resin-bound 2er(P03H2)-oontaining peptide 2p. the 

31P NNR speatrum of a showing a broad single peak at 0.0 ppm. These results clearly show 

that the 'phosphite-triester' phosphorylation proaedure aan be extended to resin-bound 

serine-oontaining peptides and, in the case of &-butyl protection, the di-R-butyl phosphates 

can be readily aonverted to their mono-alkyl phosphates. 
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(A) DCC/KIBt (29. 3 h), (Ii) 2OBpiperldioe/lMP (lx3mi.n. lxlmin). 

(ill) 902 l’FA/CH#X2 (60 rin), (iv) @O),PHBt2 (3 = But or Bzl)/lIi-tetrasole (15 mid then 

mCPBA (10 rln), (T) la TPA/CE2C12 (E = But) (30 mid. 

This work clearly demonstrates that & and & are ideal reagents for the 

'phosphite-triester' phosphorylation of proteoted serine derivatives and the phosphorylation 

of serine-aontaining peptides. In view of the ready removal of k-butyl and bensyl phosphate 

groups, we oonsider the phosphoramidite-based phosphorylatlon proaedure desaribed here will 

find wide applioation in the general phosphorylation of other simple serine-oontaining 

peptides and hydroxy-aontaining biomolecules. 
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