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Stereospecific Synthesis of 
Cyclic Adenosine 3',5'-(SP)-[,80]Phosphate+ 

Sir: 

We have recently demonstrated that dialkyl phosphoroan-
ilidates 1 can be easily converted into the corresponding 
phosphorothioates (X = O, Y = S),1 phosphoroselenoates (X 
= O, Y = Se),2 phosphorodithioates (X = Y = S),1 phospho-

A X A X 
N X 1 NaH N_/ + / \ r̂ /V Na (1) 

B NHPh B Y 
1 2 

A,B = alkyl, alkoxyl, aryloxyl, alkylamino, arylamino 
X = O, S, Se; Y = O, S, Se 

* Dedicated to Professor Jan Michalski on the occasion of his 60th birthday. 
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roselenothioates (X = S, Y = Se),2 phosphorodiselenoates (X 
= Y = Se),2 and phosphates (X = Y = O)3 of general formula 
2(eql) . 

It has been proven that the P-N -» P-Y conversion (eq 1, 
X ?= Y) is fully stereospecific and proceeds with retention of 
configuration at the phosphorus atom.1,4 By means of this 
synthetic method, the first stereospecific synthesis of both di-
astereomers of cAMPS has been realized.56 In view of the 
increasing interest in stereospecific methods for the preparation 
of biologically relevant phosphate esters which are chiral at 
phosphorus by virtue of the stable isotopes of oxygen (160,17O, 
18O),7'8 we have applied our method of P-N - • P-Y conversion 
to the synthesis of cyclic adenosine 3/,5/-(5p)-[

l80]phosphate 
(3). The recently described cyclic 7V6,iV6,02'-tribenzoyl-
adenosine 3',5'-(/?p)-phosphoranilidate (4)6 has been used as 
the precursor to 3. Instead of [180]carbon dioxide3 as the 18O 
source, [lsO]benzaldehyde (5)9 has been used. Treatment of 
a tetrahydrofuran solution (10 mL) of 4 (0.120 g, 0.17 mmol) 
with sodium hydride followed by 5 (0.184 g, 1.7 mmol) gave 
cyclic sodium 7V6,yV6,02'-tribenzoyladenosine 3',5'-[18O]-
phosphate (6). After removal of the benzoyl protecting 
groups,10 we obtained [18O]-CAMP (3) in 28% yield. The 18O 
enrichment in 3 was determined after silylation using tert-
butyldimethylchlorosilane-imidazole-DMF; the mass spec
trum of (TBDMS)2-[

18O]-CAMP (M+ - C4H9, m/e 500, 
55%) demonstrated 81.7% 18O enrichment. The configuration 
at phosphorus in 3 is predicted to be S. 

The assumption of retention of configuration in the con
version of 4 -»• 3 is based on our previous experiments in which 
the stereospecificity of the conversion of 1 —>• 2 (X = 16O, Y 
= '8O) was supported by the IR spectra of the methyl esters 
of cis- and rra«5-[180]-2-hydroxy-2-oxo-4-methyl-l,3,2-
dioxaphosphorinanes (7 and 8)11 resulting from trans- and 
cis- 2-phenylamino-2-oxo-4-methyl-1,3,2-dioxaphosphorinanes 
(9 and 1O),12 respectively, after treatment with NaH-5. Be
cause the IR method is not adequate for a quantitative deter
mination of the stereospecificities accompanying the conver
sions of 9 —> 7 and 10 —• 8, in this communication we present 
further experimental evidence that the reaction of phospho-
roanilidates 9 and 10 with NaH-5 proceeds with retention of 
configuration at the phosphorus atom. 

Compound 7 prepared from diastereomerically pure 9 and 
5 was treated with an excess of phenyldiazomethane (ethereal 
solution).'3 The product of this reaction consisted of a mixture 
of the two diastereomeric triesters 11 and 12 in a ratio of 67: 
100, respectively (Scheme I). The product mixture was sepa
rated into pure triesters 11 and 12 by means of TLC (11, 
53Ip(CHCi3) - 7.45 ppm; 12, &IP(CHCI3) - 5.44 ppm).14 Using 
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Table I. Positional Incorporation of 18O into Diastereomeric 2-
Benzyloxy-2-oxo-4-methyl-1,3,2-dioxaphosphorinanes 

compd 

11 
12 
13 
14 

18O enrich
ment measd on 

molecular 
ion, % 

76.0 
75.8 
78.7 
78.8 

distribution of 
in positions 

equatorial, 
% 

94.8" 
97.0 

3.9 
3.6° 

I S 0 

axial, 
% 
5.2 
3.0a 

96.1" 
96.4 

" Measured on the (M - C?H60)+ ion. 

a similar procedure, diastereomerically pure 10 was converted 
into a mixture of 13 and 14, which was then separated into pure 
triesters (13, 53IP(CHCI3) _ 7-45 ppm; 14, 53Ip(CHCi3)

 - 5 - 4 4 

ppm). Electron impact mass spectra showed that the 18O en
richment of compounds 11-14 was lower than that of 5 (see 
Table I). 

The analysis of the mass spectra of trans- and c«-2-ben-
zyloxy-2-oxo-4-methyl-1,3,2-dioxaphosphorinanes ([1 6O]-Il 
and [16O]-H) clearly shows that, in addition to the molecular 
ions (m/e 242), the fragments corresponding to the loss of 
benzaldehyde (M - C 7HeO)+ are fairly abundant (m/e 136, 
31.2% for [1 6O]-Il; m/e 136, 25.5% for [1 6O]-H). 

Since the spatial orientations of the benzyloxy groups in 
[16O]-Il and [1 6O]-H have been assigned14 and since the 
benzyloxy group is lost after one hydrogen transfer during the 
mass spectrum fragmentation process, we have been able to 
assign the distribution of 18O in the axial and equatorial po
sitions of triesters 11-14 on the basis of their mass spectra. The 
results are collected in Table I. An inspection of Table I clearly 
shows that the conversion of P -N - • P- 1 8O proceeded with 
nearly complete retention of configuration at the phosphorus 
atom.18 Thus, the Sp absolute configuration can be assigned 
to 3. 

The lack of complete stereospecificity in the P-N -»• P - ' 8O 
conversion is intriguing and must be answered. However, our 
results allow us to claim that the diastereomeric purity of 3 is 
at least 94.8% and demonstrate the further applicability of 
amidodiesters to the preparation of chiral phosphorus com
pounds. Conversion of deoxyadenosine cyclic 3',5'-(/Jp)- and 
-(5p)-phosphoranilidates19 into [18O]-CdAMP with retention 
of configuration by means of N a H - C ' 8 O 2 is described in the 
accompanying communication.20 
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A Method for the Preparation of Unesterified Acyl 
Phosphates via Stannyl Phosphate Intermediates 

Sir: 

Acyl phosphates are of importance since the compounds 
such as acetyl phosphate,1 adenosine 5'-aminoacyl phosphates,2 

and luciferyladenosine 5'-phosphate3 are known to be biolog
ically significant. Acyl phosphates belong to a class of mixed 
anhydrides consisting of carboxylic and phosphoric acids. 
However, little4 is known concerning a general method for the 
synthesis of analytically pure acyl phosphates because of their 
instability. 

We now report a general and practically useful method for 
the synthesis of unesterified acyl phosphates employing stannyl 
phosphates via the silyl phosphate intermediates. 

Stannyl phosphates were found to react smoothly and stoi-
chiometrically with acyl chlorides. 

When diethyl tri-rt-butylstannyl phosphate (I)5 was treated 
with 1 equiv of acyl chlorides in dry carbon tetrachloride, the 
corresponding acyl diethyl phosphates (2) were obtained in 
almost quantitative yields. The reaction proceeded smoothly 

9 9 -Bu3SnCl ? 9 
R-C-Cl • Bu1Sn-O-P(OEt), > R-C-O-PlOEt), 

3 l in CCi, 2 

111 * (2) 

at room temperature and the complete conversion was moni
tored by its 1H NMR spectra; in the case of acetyl diethyl 
phosphate [NMR (CCl4,60 MHz) <51.90 (d, 3 H, JHP = 2 Hz, 
CH3C(O))] and also in the case of diethyl pivaloyl phosphate 
[NMR (CCl4, 60 MHz) <5 1.25 (s, 9 H, (CH3)3CC(0))]. Both 
compounds are not stable during the distillation and partially 
decomposed. They were isolated in 45 and 66% yields, re
spectively. 

Similarly, aroyl diethyl phosphates such as benzoyl (92%), 
4-chlorobenzoyl (86%), toluoyl (89%), 2-methylbenzoyl (83%), 
and anisoyl (88%) derivatives could be obtained and isolated 
by means of silica gel column chromatography using a mixture 
of rt-hexane and ether (4:1-1:1 v/v). The mixed anhydride 
structure was confirmed by their IR spectrum (^c=O 1750 
cm - 1 , benzoyl). 

Several reports have recently appeared employing tri-«-
butylstannyl group as a leaving group in organic synthesis.6 

In the field of the organophosphorus chemistry, the stannyl 
groups can be also employed for the synthesis of phosphate 
esters. 

It was found that diethyl tri-w-butylstannyl phosphate (1) 
can be converted with trimethylsilyl chloride into diethyl tri-
methylsilyl phosphate (3) almost quantitatively. The conver
sion of 1 into 3 was ascertained by its 1H NMR spectra (CCl4), 
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