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SYNTHETIC, MECHANISTIC AND BIOLOGICAL ASPECTS OF
PHOSPHORUS-SULFOMIC ACIDS ANHYDRIDES, DIRECT EVIDENCE
FOR THE SNl(P)-ION|C MECHANISM IN PHOSPHORUS CHEM!STRY

JAN MICHALSKI, WOJCIECH DABKOWSKI and ZBIGNIEW SKRZYPCZYNSKI
Polish Academy of Sciences, Centre of Molecular and Macro-
motecular Studies, Boczna 5, 90-362 tdédZ, Poland

Special attention in this Laboratory has been recently given
towards the chemistry of phosphorus-sulfur acids anhydrides
RR'P(X)-0-50,-R” (X=0,5,5e) 1.

Synthesis of phosphorus-sulfur acids anhydrides 1., Satisfac-

tory methods of synthesis of 1 have been devised only recently.1
Among methods which are intended to be published in full in due

course, the methods given bellow are of special interest.

M 2R%50,,0H ,
RR'P-1Im — 0 (R™: Me,CF3,lm)
(R750,),0 1l 2 2
= > . RRPOSO,R (R: Me,CF,) (1
(m=N R 502051Me3 1. %=0 2
= —— e 2 (R®: Me,CFy,C1,1m)

The most interesting synthetic applications are in the field of

nucleotides,
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We observed that imidazolides of phosphorylated nucleosides can be
readily converted into mixed anhydrides, They are excellent inter-
mediates for the preparation modified nucleotides. These possibi-
lities are illustrated in the scheme (2) and (3). The anhydrides
4 have been converted in stereoselective way into the correspon-
ding fluoridates 5, phosphates 6 and amidates 7. The fluoridate 5
reacts with the nucleoside to form the dinucleotide 8.

- Th
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Several other modifications of nucleotides via phosphorus=-sul fonic
acids anhydrides are under study,

Another important approach towards the anhydrides 1 (X=0) is
based on silyl esters of phosphorus acids 9 which are available
either by direct silylation of synthetic or naturally occuring

phosphates or by transylitation of the corresponding alkyl phos-

phates,
2 0
i (R750,),0 i ) ) _
Rr1POS i Me Y RR'POSO,R™ + R SOZOS|Me3
3 R SOZOSIM63 )
9 » 1, (X=0) + (Me3Si)20

The method of activation of phosphorus acids silyl esters has been

extended to the mixed phosphorus-carboxylic acid anhydrides.
RR‘P(O)OSiMeB + (cho)?_o — rr'P(0)-0-C(0)R? + RZCOOSiMe3 (5)

Activation of the silyl esters of nucleoside phosphates according
to schemes (4) and (5) is under study in this Laboratory,

The mixed anhydrides 1 are phosphorylating reagents and our results
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do not confirm the statement that structures such as l are sulfo-

nating rather than a phosphorylating reagents.2

Plll-phosphorus—sulfonic acids anhydrides., The imidazolides

10 react smoothly with RZSOZOH to afford a novel class of trico-
ordinate phosphorus anhydrides, the phosphino-sulfonates.3

1 2R2503H | ) )
RR P-Im ———= R'RP-0S0,R” + Im-R“SOH (6)

3
1 1
The anhydrides 11 are readily oxidized by air and add elemental
sulfur or selenium giving products identical with the anhydrides 1

(x=0,5,Se). Under suitable structural circumstances the anhydrides

11 undergo a novel type of rearrangement 11 12,
i 2 HOH i 2
11— RR P(O)-SOZR —— RR P(0)H + HOS0,R (7)
12
31

The structure of 12 was confirmed by P NMR spectroscopy and by
identification of the appropriate products of hydrolysis, It is of
significance that phosphinoyl sulfinates 12 readily undergo oxida-
tion to give anhydrides 1 (X=0). This observation is relevant to
the recent studies of Cassida and Segall on the oxidative conver-
sion of the phosphinoyl sulfide 13 by peracids as a model for the
enzymatic oxidation of 13, The following hypothetical steps have
been suggested.2

: MCPBA , ) 1 , MCPBA
RR'P(0)-SR® = RR P(0)S(0)-R* ——— RR'P(0)0-5-R® s
13 14

, MCPBA

_— 1 (X=0)

2

RR]P(O)O-SO-R

Our work strongly suggests a different sequence of events, invol-
ving formation of lﬂg its oxidation to 12 and final oxidation to
the mixed anhydride 1 (X=0).

Chemical evidence for the SNl(P) jonic mechanism, We were

able to synthesize two model! anhydrides la (X=S, R=But, R]=Ph,

R2=CF3) and 1b (X=S, R=R1=But, R2=CF3) including optically active
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la and have found that la and 1b dissolved in dry MeCN undergo a
quantitative reaction with two moles of the MeCN leading to the
compounds 16a,b which structure was established by 1H and ]3C NMR.

2MeCN

la,b ———a (R‘Butp=s)+CFBSo§ —_—
15a,b
tH3 _CHy
R 5 Mg i R ,s—cl4 i
SF, N CFyS0; ——= DR SN —H CF,50]
gut” ON = v 3 But NN—¢
SeH Ny
3 16a,b 2

The addition leading to lgg_was completed in 70 h while ]ég was
formed nearly ten times faster. Only a dissociative mechanism for
the solvolysis of 1 with the formation of the ion pair 15 can
explain such a difference in reactivity of la and 1b towards ace-
tonitrile, Any SNZ(P) type process leading to 16b would be slower
than in the case of 16a because of immense steric hindrance caused
by the two t-butyl groups,

Consequently we have examined the reaction of optically acti-
ve 1a with acetonitrile. The adduct 16a formed was optically acti-
ve but its thermal decomposition in anisole at 90°C led to the an-
hydride la which was almost completely racemized. It is likely
that racemisation takes place in both processes: formation of the
adduct 16a and its further decomposition. The high degree of race-
misation observed for la after thermal decomposition of the adduct
léi indicates that the thiophosphacylium cation 15a is formed as
a planar weakly solvated species,

The nucleotide part of these studies were done in collabora-

tion with Prof. F.Cramer (GBttingen),
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