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REACTION OF TRICOORDINATE PHOSPHORUS COMPOUNDS
WITH PSEUDOHALOGENS, SCOPE AND MECHANISM

ALEKSANDRA SKOWRONSKA, EWA KRAWCZYK and JANUSZ BURSK!
Polish Academy of Sciences, Centre of Molecular and
Macromolecular Studies, Boczna 5, 90-362 +édZ, Poland

Abstract The selectivity of sulphur, selenium and oxygen re-
moval from pseudohalogens: phosphorus disulphides 1 and 2, di-
selenides 3 and oxophosphoranesulphenyl chlorides L4 has been
investigated, A mechanistic rationalization is proposed to
account for sulphur(selenium)/oxygen extrusion variation as

a function of substrates structure and reaction conditions,

As a part of our continuing investigation] of nucleophilic displa-
cement reactions on sulphenyl sulphur we have examined the reac-
tions of a number of pseudohalogens: disulphides™P(0)SSP(0)<<1,
>P(S)SSP(S)<< 2, diselenides =P(0)SeSeP(0)<<3, oxophosphoranesulphe-
nyl chlorides=P(0)SC! 4 and thiocyanogen (SCN)y 5 with various
tricoordinate phosphorus compounds, We have found that pseudohalo-
gens 1,2,3 and 4 are subject to facile desulphurisation, deseleny-
lation and deoxygenation by P(Il1) derivatives, The experimental
data are summarized in the Tabie, In view of the synthetic and me-
chanistic implications of these reactions, a detailed investigation
of their scope and mechanism was undertaken,

We wish to report that depending on the structure of the tri-
coordinate phosphorus compound and on the nature of the pseudohalo-
gen these reactions can proceed under very mild conditions predomi-
nantly or exclusively via two main paths: path a leading to the
desulphurisation or deselenylation products 9 and 10 or path b with
the formation of deoxygenation products 13,14 and 13,14 or both
pathways are involved simultanously. If the P({l11) compounds bear
OR groups susceptible to the nucleophilic attack, the products of
dealkylation (R=alkyl) or desililation (R=Me3Si) 11 and 12 have
also been observed (path c¢).

It was of crucial importance to define the intermediates invol-
ved, as well as the stereochemical consequences on the P(I1]) and
P(1V) centers, Application of the F,T. 3'P NMR at low temperatures
provided important information concerning the existence of possible
short~lived species in desulphurisation, deselenylation and deoxy-
genation of pseudohalogens, A thermally labile phosphonium salt 6
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with P-5-P or P-Se-P bridge was observed at -100°C in the reaction
of 1,2,3 and 4 with selective desulphurisation or deselenylation
reagents (see Table). At higher temperatures clean decomposition

of 6 into the desulphurisation or deselenylation products occured
via nucleophilic attack of the Z~ anion on the phosphoryl center of
6 (step a', Scheme 1), The nature of the deoxygenation process is
also clear in spite of its greater complexity. 31p NMR studies re-
vealed that separate stages can be distinguished in the reactions
of 1,3 and 4 with deoxygenation reagents, At -100°C the phosphate~
phosphonium intermediate 6 was detected (step a, Scheme 1), In the
reaction with non-selective reagents some desulphurisation products
were also noted along with the intermediate 6, Raising the tempera-
ture to -90°C resulted in the formation of a new species, an oxygen
bridged thio(seleno)phosphate-phosphonium intermediate 8 (steps b,
b''). Subsequent temperature elevation resulted in the decomposition
of 8 or 8 to the deoxygenation products by nucleophilic attack of
the Z~ anion on the thio(seleno)phosphoryl centre of 8, Transforma-
tion of the phosphonium salt 6 into 8 is due to nucleophilic ligand
exchange at the phosphonium phosphorus atom (step b} which proceeds
according to the SHAB principle with the formation of a stronger
phosphorus oxygen bond. In the case of C1~ anion, ligand exchange
takes place twice: 6 =78, The structure of phosphonium inter-
mediates 6,8 and 8' is evident from their 3'P chemical shifts and
coupling constant values [e.g.,phosphate-phosphonium salt 6
R=0CH,But 8P(I1V)=5,6 ppm (d), sP(1v*)=38,7 ppm (d), Jpgp=10 Hz;
thiophosphate-phosphonium salt 8 R=0CHBut sP(IV)=51,3 (d}, sP(IV)=
-11,7 ppm (d), Jppp=23 Hz].

The intermediacy of species 6,8 and 8 is in accord with stere-
ochemical results, since desulphurisation of pseudohalogens 1 and 4
proceeds with inversion of configuration at the phosphoryl phospho-
rus atom and with the retention of configuration at the P atom de-
rived from the tricoordinate phosphorus compounds involved. However,
deoxygenation of 1 occurs with inversion of configuration at both
phosphorus centers, whereas deoxygenation of 4 involved inversion
of configuration at P{1V) atom and racemization at P atom derived
from tricoordinate derivative, The experimental facts presented
above are depicted in Scheme 1,

We found that the competitive reactions involving desulphuri-
sation and deoxygenation can be controlled to favour desulphurisa-
tion only, This was accomplished by the addition of boron trifluo-
ride etherate complex in excess to the reaction mixture at -100°C,

Low temperature studies also demonstrated that in addition to
substituent structure at both phosphorus atoms, which play an im-
portant role in the selectivity of desulphurisation, deselenylation
and deoxygenation, also the reaction temperature has a great influ-
ence on the ratio of the products formed, For example, when the
reaction of trineopentyl phosphite with disulphide 1 was carried
out -70°C, the desulphurisation-deoxygenation ratio was 1:3, At
-100°C the same reaction gave only desulphurisation products.
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Disulphide 1 with triphenylphosphine at -70°C afforded a mixture of
products (17% desulphurisation and 73% deoxygenation), whereas at
-100°C only deoxygenation products were obtained.
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Scheme 1

On the basis of the experimental results presented here, the
key intermediate in desulphurisation as well as deoxygenation pro-
cess is the phosphonium salt 6 with the P=5-P or P-Se-P bridge.
Such a salt has electrophilic centres at phosphoryl and phosphonium
phosphorus atoms. Depending on the electronic and steric factors of
substituents at both phosphorus atoms and the reaction conditions,
the nucleophilic attack of the counter-ion may occur on the phos-
phoryl or on the phosphonium centre or on both centres simul tanously,
Therefore, the selectivity of desulphurisation, deselenylation and
deoxygenation depends on the relative rates of nucleophilic substi-
tution on both phosphorus atoms,

Finally we wish to report that the following reactions of pseu-
dohalogens with P(I111) derivatives are noteworthy from the synthe-
tic point of view:

a/ Reaction of disulphides 1 and diselenides 3 with triphenylphos-
phine at -=100°C occurs via path b, Scheme 1 and can be conside-
red as an alternative method for the synthesis of dithio- and
diselenopyrophosphates RR'P(X)OP(X)RR', X=S,Se.

b/ Reaction of diselenides 3 with dialkyltrimethylsilyl phosphite
proceeds exclusively via path ¢, Scheme 1 with the formation of
sym. selenopyrophosphates RR'P{0)SeP(0)RR' . This reaction provi-
des a unique approach to such a class of phosphorus anhydrides,

¢/ The efficient synthesis of acyl, phosphoryl and thiophosphory!l
isothiocyanates including optically active ones in the reaction
of thiocyanogen with mixed anhydrides 15 is of special interest.
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DP=0A + (SCN),——=>P(0)NCS + A-N=C=S
*
15 >P=CgHL0,P; A=RC(0)-, RR'P(0)- ; RR'P(S)-

TABLE, Desulphurisation, deseienylation? and deoxygenationb
of pseudohalogens 1,2,3,h

P(IV) compounds P(111) compounds g b%
[(Eto)zp(o)sjz (Me,N) 5P 100

[(Et0) ,P(0)S], (ButCHZO)gP 25 75
[(Eto)ZP(O)s]Z Ph,P 17 83
[(Eto)zp(o)sjz 8j>P-0Me cis 15 21

—0 t
Bi_O:EP(O)sz t,t (Bu"CH,0) 5P 100
0

E<t:0:>P(0)S]2 t,t PhP 10 90
[ Bu*(Me0)P(0)S], PhP 100
[(EtO)ZP(s)sjz (Me,N) 5P 100
[(Etz)zp(3)s]2 (ButCH20)3P 100
[(ButCHZO)ZP(O)Séjz (Me,N) 5P 100
[(ButCHzo)ZP(o)Se]2 (ButCH20)3P 100
[(Bu™CH,0),P(0)Se], Ph,P 100

(Et0) ,P(0)SCI (Me,N) 5P 100

(Et0) ,P(0)SCI (ButCH20)3P 100

(E£0),P(0)sCI Ph4P 100"

(Et0)EtP(0)SCI (Ph0) 4P 10 90

X reaction was carried out at -1009C
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