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Abstract — The authors are summing up their research in the field of phosphorylation, silylation, and stannyla-
tion of a-mercaptocarbonyl compounds. Synthetic methods were developed for a series of new saturated and
unsaturated organosilicon(tin) reagents that were applied to organophosphorus syntheses. Representatives of
new classes of heterocyclic compounds were prepared: 1,3,2-oxathiaphospholenes with four- and five-
coordinate phosphorus. A new thiophosphitdophosphate rearrangement initiated by molecular oxygen

was discovered.

INTRODUCTION very promising synthesis is that of silylatedmer-
captocarbonyl compounds. Since the energy e50
In the last decades the efforts of chemists are to and S-Si bonds are considerably different, in the
great extent directed to the synthesis of new typeseries of the above compounds may be expected intra-
functionally substituted organophosphorus compoundsolecular transformations including a migration of
containing unusual sequence of bonds and variousmethylsilyl groups. On the other hand, Si,Snh-
combinations of substituents. The attention to thizontaining a-mercaptocarbonyl compounds are un-
field of chemistry is largely due to the possibility of doubtedly interesting as starting objects for phos-
appearance in this type compounds of interestinghorylation with P(lIl) acid chlorides and acyl halides.
intramolecular transformations. In particular, combina-
tion in one molecule of a phosphorus atom and a 1. Silylation and Stannylation
carbonyl group (phosphorylatedx-heterocarbonyl of a-Mercaptoketones
compounds) provides a possibility to perform un-
common intramolecular transformations affording new

linear and cyclic unsaturated organophosphorus cor§nThe principal approach to the synthesis of organo-

: : : osphorus compounds with a carbonyl group in the
pounds with variously coordinated central atom, an®_hosition is based on reacting the corresponding
to extend significantly the theoretical understandin -hydroxy(amino, mercapto)-substituted carbonyl
of the reactivity of P(Ill) acids derivatives. Into the compounds with chlorides and amides of P(lll) acids.
study of phosphorylation of hydroxy and-amino-  an alternative to this preparation technique

carbonyl cor_npounds with derivatives of P(lll) ac'dsketophosphites (amidophosphites,  thiophosphites)
largely contributed Yu.G. Gololobov [1] arfélS. Mu-  consists in reactions of Si, Sn-organic derivatives of

khametov [2] with collaborators. To the beginning ofthe o-functionally substituted carbonyl compounds
our investigations on elementoylation @fmercapto- wjth halides of P(lll) and P(IV) acids.

carbonyl compounds appeared only some publications _ L

on reactions ob-mercaptoacetic acid and its anilides . 1h€ Silylated a-mercaptoketones and derivatives
with P(lll) acid halides and amides [3, 4]. Yet the thereof are convenient reagents for introducing various
performance of reactions betweermercaptocarbonyl structural fragments into organic and organoelemental
compounds and derivatives of P(lll) acids with themolecules.

help of silylating and stannylating agents permits The silylation of the simplest member of the
revealing of the specific features of the reactivityoa-mercaptocarbonyl compounds series, mercapto-
inherent ina-mercaptocarbonyl compounds due to theacetonela, with trimethylchlorosilane in the presence
presence of the mercapto group, preparation of nesf an equimolar amount of triethylamine affords
types of linear and cyclic compounds containing P, Sketone lla, thermally unstable compound tarring at
Si, Sn, and investigation of their characteristics. Afractional distillation [5].
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methyl group. In the reaction between 3-mercapto-2-

MeC(O)CHRSH + MeSiCl butanonelb and trimethylchlorosilane in the presence

la, Ib of triethylamine was obtained and isolated in an

BN MeC(O)CHRSSIM, individual state compoundib that was stored un--

—EGN-HCl lla, b changed at least for 10 days. The silylation of 3-(tri-
methylsilylthio)-2-butanone Ilb  with the second

lla —> MeCf:CHRSH molecule of trimethylchlorosilane (in the presence of

OSiMez triethylamine at prolonged heating) afforded com-

The presence i-mercaptoketones of two reactive
R = H (@, Me (). centers (mercapto and keto groups) suggests a possi-
bility to synthesize silicon-containing heterocycles.
In order to confirm the structure of the compoundThe silylation of mercaptobutanorie with dimethyl-
and to elucidate the factors leading to polymerizatiordichlorosilane in the presence of 2 mol of triethyl-
we studied the unpurified reaction product by meanamine resulted in 2,2,4,5-tetramethyl-1,3,2-oxathia-
of IR spectroscopy. In the IR spectrum of the reactiorsilolene V in 65% vyield [6].
mixture was observed an absorption band at M
1710 cm' belonging to the stretching vibrations of Ib + Me,SiCl, —22 © O\
C=0 bond. On storing compourtha at 20°C for 2 h -2B-HCl | éS'Mez
or after short heating the intensity of the 1710 ¢tm h
(C=0) band in its IR spectrum considerably decreased, \Y;
and appeared an absorption band in 1610'amgion
corresponding to the stretching vibrations of C=C As already mentioned above the synthesis of com-
bond, and a band at 2520 thfrom S-H bond vibra- pound lla failed due to S>O 1,4-migration of the
tions. The comparison of the IR absorption bands lettimethylsilyl group followed by oligomerization of
to conclusion that compounida transformed into the the arising alkene. We presumed that stable sulfur-
corresponding vinylmercaptaill that easily poly- containing organoelemental compounds would be
merized at fractionation. Thus we observed for thebtained with organotin reagents (taking into account
first time in such systems an example of=8) the higher strength of Si$ bond as compared to that
1,4-migration of a trimethylsilyl group from sulfur to of Sn-O bond) [7]. To this end we studied theac-
oxygen atom. The process apparently can occur eithéions of mercaptoketonda andlb with triethylchloro-
intraor intermolecularly, and its driving force is the stannane in the presence of sodium isopropylate; as a
formation of an energetically feasible -®) bond. result we obtained in high yield compound$a and
Since we failed to isolate individual 1-(trimethylsilyl- VIb [8].
thio)-2-propanonella or vinylmercaptanlll we at- PrON
tempted to protect the mercapto group of the formed  1a, Ib + Et38ﬂC|:) MeC(O)CH(R)SSnE}
vinylmercaptan with a trimethylsilyl group. The silyla- ~NaCl Via. Vib
tion of mercaptoacetonka with trimethylchlorosilane ’
in the presence of triethylamine at the reagents ratio
1:2:2 afforded in 34% yield compouri¥a. The use
as silylating agent oN,O-bis(trimethylsilyl)acetamide _ _ _ _
raised the yield of the final product to 76%. As 2. Silylation of Mercaptoacetic acid Esters
showed the'H NMR spectrum, substituted alkehéa

R = H (@, Me (b).

was a mixture ofE and Z isomers [5]. In the literature a reaction is described of trimethyl-
DELN chlorosilane with mercaptoacetic acid and its esters

la, Ib + 2Me3SiCl———» MeC=CH(R)SSiMs, [9] resulting in the corresponding silicon and sulfur
—2EBN-HC (l)SiM containing compounds with a carboxy group. We

& performed an exhaustive silylation of mercaptoacetic

IVa, IVb acid VIl and its esters in order to prepare therefrom

silicon-containing alkenes. It turned out however that

R = H (@, Me (b). the reaction of acid/ll with trimethylchlorosilane in

the presence of triethylamine (at reagents ratio 1:3:3)
The stability of the S-silylation product is consi- at boiling in benzene stopped at the stage of trimethyl-
derably higher if to thea-carbon is introduced a silyl (trimethylsilylthio)acetateVIIl formation.
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PHOSPHORYLATED, SILYLATED, AND STANNYLATED DERIVATIVES 405

A nucleophilic attack of a carbon atom of this

HSCH,COOCH + 3MeSiCl ambident system on a carbon atom of the carbonyl

. Vil group of acetat&/Ill results in intermediat&|. The
BT MesSiSCHCOOSiMe;. silylation of the latter with trimethylchlorosilane gives
Vil compoundXIl that under conditions of the reaction

eliminates a silanol molecule to afford the final reac-

Taking into consideration the weak enolizationyj,n, productXIl . The presence in compoundll of

ability of the carbonyl group in carboxylic acids readily leaving trimethylsilyl groups makes it a

derivatives we used strong bases, sodium or lithiu ey :

bis(trimethylsilyl)Jamides, for cleavage of a protoan'rom".‘:‘Ing reagent f(l)r preparation of unsaturated
from the a-carbon. Reaction of compourMdIl with organic and organoelement structures.
hexamethyldisilazane salts followed by treating the Taking into consideration the data obtained we
reaction mixture with trimethylchlorosilane furnished were interested how would affect the Si|y|ati0n pattern
1-trimethylsilylthio-2,2-bis(trimethylsilyloxy)ethene tne replacement of trimethylsilyl group in compound

X in over 70% yield [10, 11]. VIII by alkoxy group. The study was carried out on
r o M ] reaction of methyl trimethylsilylthioacetatélvVa and
Y ethyl trimethylsilylthioacetateXIVb with trimethyl-
VIl + MN(SiMe3), ——— |Me3SiSCH++ COSiMe; chlorosilane in the presence of sodium and lithium
—HN(SiMe3), IX bis(trimethylsilyl)amides. It was established that with
_ methyl acetateXIVa the reaction resulted completely
ve.siC OSiMes in condensation produckVa.
v Me3S'SCHX‘COS'M@' MesSISCHCOR + MN(SiMe);
0]
M = Li, Na. XIVa, XIVb

The fractionation of the reaction mixture afforded } Me3Si&(”:_COOR’
alongside compoundX a high-boiling reaction ClSiMe; RO-C-CH,SSiMeg;
product that was according 4 and **C NMR and

. K . . . . -MClI
IR spectra 2,4-bis(trimethylsilylthio)-1,3-bis(trimethyl- xva, XVbOS.M
silyloxy)-2-buten-1-one XlIl ). The latter compound MesSiS CH=C{ M€
was obtained as a mixture & and E isomers. 3 OR ’
XVI

Replacing a hydrogen atom in compoundll

metal m form niohX with | liz
by a metal atom forms anio th delocalized M = Li, Na; R = Me (XIVa, XVa), Et (XIVb, XVb, XVI ).

charge.
? At the same time at the use of ethyl acetft¥b
MesSiS-CH-COSiMe; the main product formed 1-trimethylsilyl-2-trimethyl-
| i 2
VIl +IX —> MO-C—CH,SSiMe; siloxy 2_ ethoxy_et_hene XVI), and compoundXVb
| forms in negligible amount. Compoun®&VI on
OSiMe; storage or at heating isomerizes into ethyl (1-trimethyl-
Xl B silyl-1-trimethylsilylthio)acetateXVIl due to O—>C
B (f 1,3-migration of trimethylsilyl group [12].
Me;SiCl Me3SiS-CH-COSiMe; SiMes
_— _ | _ |
-MCl MeQ,SlS(}(l:—CHzSSlMQa, XVI —— Me3SiSCHCOOEt.
OSiMes XVII
Xl Abnormal behavior of compoundVI as compared
? to that of compoundX consisting in unusual 6 C
W Megsi&(”:—COSiMe 1,3-migration of trimethylsilyl group is due apparently
Me;SiSO-C-CH,SSiMe; to a combination of electronic and steric effects of
N substituents at the oxygen atom of the double bond.
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3. SSilylated (Stannylated) o-Mercaptoketones phosphorylating agents.
in the Synthesis of Organophosphorus Compounds.

The reaction of silylatedlb and stannylated/Ib

In section 1 we described the preparation ofderivatives ofca-mercaptobutanone with diethyl and

a-mercaptoketones containing-Si lla and llb and diisopropyl chlorophosphites proceeds at room tem-
S-Sn Via and VIb bonds that should be easily perature resulting in each case in a single product of
cleaved by phosphorus acids chlorides. We usetthiophosphite structureXiIXa and XIXb (5, 188-
linear and cyclic chlorides of phosphorus(lll) acids asl89 ppm).

S
I
(RO),PSCH(Me)COMe
XXla, XXIb
T 1/85
O.
(RO}PCI + MeCOCH(Me)SEMg———> (RO),PSCH(Me)SOMe—= (RO),PCH(Me)COMe,
XVllla, XVIlIb  1ib, VIb T XiXa, XIXb XXa, XXb

R = Et (XVllla, XIXa -XXla), i-Pr (XVIllb, XIXb —XXIb); E = Si (lb), Sn (VIb).

The compounds are stable to heating to 450 disappears, and two signals arise with the chemical
however at contact with the air oxygen they isomerizeshifts of 154 and 136 ppm in 5:1 ratio. The signal at
with strong heat evolution into the correspondingd, 136 ppm completely disappears within 2 days.
dialkyl thiophosphonatesxXa and XXb (8, 88- Basing on®P NMR data we supposed that in the
91 ppm). CompoundXIXa and XIXb readily take mixture are present 1,3,2-oxathiaphospholete¢V
up sulfur to afford dithiophosphateéXla andXXlb. and 1,3,2-dioxaphospholanXVI. We failed to

isolate these compounds in the individual state due to

The reaction of silylthiobutanonigb with 2-chloro- tarring of the reaction mixture at heating. Therefore
1,3,2-dioxaphospholangXIl in the first stage gives we treated the crude reaction products with acetyl
thiophosphiteXXIll (5, 182 ppm) that even at short chloride in the presence of triethylamine and then
exposure to air oxygen immediately isomerizes intcsucceeded in isolation of a compount} (154 ppm)
thiophosphonateXXIV [13]. Unlike that under inert that with the use of'H NMR and IR spectra and
atmosphere in 24 h in theP NMR spectrum of the elemental analysis was identified as 1,3,2-oxathia-

reaction mixture the signal of thiophosphidXIll phospholenexXXViII .
Q
JP(S)CH(Me)COMe
© XXh/
{ OIMJ Me——Q o e
Me

XXI XX XXV XXVI

CompoundXXVIl was also prepared by indepen- Thus the intramolecular interaction of trivalent
dent synthesis by reaction of 2-chloro-1,3,2-oxathiaphosphorus and the oxygen of the carbonyl group in
phospholeneXXVIIl  with ethylene gl-cole acetate the appropriate thiophosphites provides a possibility
XXIX. of new processes affording via an intermediate spiro-
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XXV + MeCOCI
B Me o\
Me——Q EP— MeIO/PO(Cl‘b)zOCOMe
I ,FCl + HO(CH,),0COMe—
Me——d XXVII
XXVIII XXIX
phosphorane the corresponding compouXkad/ and R M
XXVI. Taking into account the published and our P
proper data we assumed that the stabilization of the llb + RPChL ——— CIPSCHCOMe
intermediate spirophosphorane may be attained by XXXIVa, MesSiCl XXXVa,
introducing a pyrocatechol fragment to the phosphorus XXXIVb XXXVb
atom. To this end we studied the reaction between
silylthiobutanonellb and 2-chloro-1,3,2-benzodioxa- Me Q
phoslphoI@(XX. The reaction progress was monitored “HCI I ,PR
by 3P NMR spectroscopy. e—o0
o\ O\ ,}Ae XXVII, XXXVI
b + ECl 5 @[
G[o/ ~Me;SiCl O/PSCHCOMe XXXIV, R = Cl @), Ph ); XXXVI, R = Ph.

XXX XXXI
H Similar reaction pattern is observed on treating
o | Me ') Me silylthiobutanonellb with phenyl dichlorophosphine
. @[ \plsjl: + @[ \PO'C:CSH XXXIVb [13]. The reaction occurs at room tempera-
o oL Me o ture and results in 2-phenyl-4,5-dimethyl-1,3,2-oxa-
thiaphospholeneXXXVI (8, 164 ppm).
XXX XXX

. : Summing up the properties of P(Ill) acids thio-

We established that the reaction proceeo_led foésters containing a carbonyl group in tAeposition

several hours at room temperature to afford th'Ophosv've can state the following. The heterocyclization is
hite XXXI (8p 227 ppm). The latter within-3 days ) i

P P favored by enhanced electrophilicity of phosphorus

is converted into a mixture of two phosphorus-con-%tom, and further transformations are determined by

?)'(n)'('?lg compounds: er main one 1 splrophosp_horar} e character of substituent at P(lll) atom. A new
(% ~7 ppm, Jpy 790 Hz), and the minor feature of P(lll) acids thioesters with a carbonyl
) . yl group
product is phosphitXXXIil (~5%) (p 130 ppm). in B-position is an easily occurring thiophosphite
On dissolving crystalline spirophosphoraxXil in thio tl?os hate rearran en¥ent undergeffect%f molecular
the 3P NMR spectrum again appear two signal$at phosp 9
130 and-7 ppm in 1:19 ratio. We believe that the oxygen.
signal at 6 130 ppm may be ascribed to vinyl _
phosphite XXXIII that in solution occurs in an 4. Synthesis of Organophosphorus Compounds
equilibrium with spirophosphoranXXX. The cycle Starting with 1-Trimethylsilylthio-2-trimethylsilyl-
closure in thiophosphit&XXX| is effected by electro- OXypropene and 2,2,4,5-Tetramethyl-1,3,2-oxathia-
philic attack of phosphorus atom on the oxygen of the silolene
carbonyl group. The existence of spirophosphorane
XXXIlI can be regarded as evidence for the scheme A special place among organophosphorus com-
suggested earlier for the reaction between silylthiopounds belongs to substances with a vinyl fragment
butanonellb and chlorophospholan&XIl . attached to phosphorus via heteroatom. The prepara-
tion methods are sufficiently well developed and the
In the course of investigation of silylthiobutanoneproperties are studied for vinyl phosphites [14] and
lIb phosphorylation with phosphorus trichloride (atvinyl amidophosphites [15]. Vinyl thiophosphites are
1:1 ratio) by*P NMR method we fixed a formation poorly investigated due to the difficulty of their
of dichlorothiophosphiteXXXVa (8, 203 ppm) [13] synthesis. The first vinyl thiophosphites were prepared
which under the reaction conditions underwent cyclizaby Yu.G. Gololobovet al. [16, 17]; they showed that
tion with liberation of hydrogen chloride to furnish on heating the compounds can isomerize into thio-
oxathiaphospholeneXXVllla (6 210 ppm). phosphonates [18].
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In silylthiopropanelVa synthesized by us two re- heating to 100120°C. The data obtained are con-
action centers are present: sulfur and oxygen atonsstent with the suggested reaction pattern including
linked to a double C=C bond. Also there are readilyan electrophilic attack of phosphorus on the sulfur
leaving trimethylsilyl groups. This structure is proneatom. The second trimethylsilyl group linked to
to form new unsaturated linear and cyclic compoundsxygen interestingly is not replaced by P(lIl) fragment
in reaction with P(lll) acids halides. As phosphorylat-even at long heating (at reagents ratio 1:2).
ing agents was used a series of mono- and dichloro-
phosphites, and phosphorus trichloride. Reaction %
compoundiVa with diethyl chlorophosphitxVilla ,
diisopropyl chlorophosphiteXVIllb , acid chloride
XXX, tetraethyldiamidochlorophosphite XXXVII
occurred only at sulfur atom and afforded substitutio
products O,O-dialkyl-S(2-trimethylsiloxy-1-propen-

The possibility of cyclization was demonstrated by
e example of reaction between compouwd with
P(lll) acids dichlorides. The reaction of propehéa
with ethyl- XLIVa and isopropyl dichlorophosphites
nXLIVb , and also with PGIXXXIVa afforded in high
yield 1,3,2-oxathiaphospholen&4$.IVa , XLIVb , and

1-ylthiophosphitesK<XXVIIl —XLI [19]. The reaction <"V
scheme apparently includes an electrophilic attack of Me_ _O
P(lll) atom on sulfur followed by elimination of tri- IVa + RPCh ———— I SR
methylchlorosilane. Va2 e
l\l/le XXXIVb XLIVa, XLV
IVa + RoPCl —————> RoPSCH=GOSiMe;,

XVlila, s XXXV —XLI R = OEt (XLllla, XLIVa ), OPri (XLlllb, XLIVb ), CI

XVIilb, (XXXIVa, XLV ).

XXX,

XXXVII Oxathiaphospholenes were also obtained starting

_ with 2,24 5-tetramethyl-1,3,2-oxathiasiloleng. Its
R = OEt XVllla, XXXVIIl ), OPri (XVIllb, XXXIX ), " reaction with PC] (XXXIVa) or Bu,NPCl, (XLVI )
NEf (XXXVII, XL ), 0-0,CeHy (XXX, XLI'). is carried out at heating to 13050°C for 1 h and

gave rise to 1,3,2-oxathiaphospholen@sxVvill and
It should be noted that compoundXXIX andXL x| v [6].

containing isopropyl and diethylamide substituents

attached to phosphorus exist as a single stereocisomer. V + RPC e O\
Yet alkeneXLI is a mixture ofE andZ isomers. The b _Messiq; I PR
observed distinctions are due apparently to a pheno- XXXIVa, Me——0
menon described in the literature: a decrease in the XLVI XV XLV

energy barrier to rotation around C=C bond if donor
and acceptor groups are bonded at different terminal g = c| (xxvill, XXXIVa ), NBu, (XLVI, XLVII ).
carbons of the alkene fragment [20]. On introduction

to the phosphorus atom of an acceptor pyrocatechol The vinyl thiophosphites obtained unlike the earlier
substituent the energy barrier to rotation is reducegrepared alkyl(alkenyl)thiophosphites are not prone to
and consequently appears a mixture Bf and Z  jsomerization either on heating or in the presence of
ISOmers. the air oxygen [13, 18].

The observed decrease in the yield of thiophosphite , ) o
XLI is caused by partial thermal degradation of the 5. Reactions of Silylated Derivatives
Z isomer resulting in 2-trimethylsilyl-1,3,2-benzodi- Of a-Mercaptoacetic Acid and its Esters with P(lll)
oxaphospholeXLIl and thiirene that polymerizes Acids Chlorides

under the experimental conditions [21]. _ o o
Note that 1-trimethylsilylthio-2,2-bis(trimethyl-

0\ silyloxy)ethene X prepared by us is very sensitive
XLl —> @[ FOSiMe; +|Me-C=C-H to various proton-donor reagents. For instance, the

O Y presence in the reaction mixture of hydrogen chloride

XLII in even catalytic amounts results in immediate reac-

tion of the latter with ethen¥, and thus acid catalysis
The easiest reaction is that between propBfe is impossible in reactions of compoundwith P(III)
and chlorophospholan&XX (at -10°C); reactions acids chlorides. This property may be used in more
with the other P(Ill) acids chlorides occur only atdetailed study of reaction mechanism and provides
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wide possibilities for application of compournd to  butyl dichlorophosphite&ll . The main characteristic
the synthesis of various organic and organophosf these compounds is a significantly increased elec-
phorus unsaturated systems. We used as phosphorylatphilicity of P(lll) atom. The reaction of compound
ing agents diphenylchlorophosphin€LVIIl , tetra- X with acid chlorideXXX occurs at room temperature
ethyldiamidochlorophosphitéXXVII , diethyl chloro- and takes several days. As a result arises a thermally
phosphite XVIlla , dioxaphospholeXXX, ethyl di- unstable vinyl phosphit&lll that in the process of
chlorophosphiteXLIlla . isolation transforms into phosphited IV  (5p

132 ppm) (pathway) andXLIl (5 122 ppm); cyclo-

Reaction of ethenX and chlorophosphin¥LVIII , : e )
proceeds at room temperature and yields thiopho yhosphiteL IV polymerizes within 4 days. The struc

phinite XLIXa that decomposes at fractionation to ure of compound IV is confirmed by the presence

; e . . of a molecular ion 1™ 284) in the electron impact
afford  O-trimethylsilyldiphenylthiophosphinate L spectrum, and also by the appearance in the IR spec-

(pathway @) trum of a band at 2150 cth corresponding to the
X + RoPCl ————> R;PSCH=C(OSiMg) C=C bond vibrations.
—VIE3
XLIXa -XLIXc o\ (|JSiMe3
X+ XXX —— - .

&5 PhP(S)0SiMe + [Me3SiOC=CH], ~Me;SiCl @O/F’OC CHSSiMg

- L

| PN
b, R,PSCHCOOSIMg, W @O/POC CSiMg

Lla, LIb LIV

b .
R = Ph XLIXa ), NEt, (XLIXb, Lla ), OEt (XLIXc, LIb ). LI+ [Me3gSiCH=C=0]
The first act of the transformations considered is
the replacement of trimethylsilyl group at the oxygen
in etheneX by benzodioxaphospholene moiety with
trimethylchlorosilane elimination. As a result forms
compound LIl (8 134 ppm). The latter during

a trimethylsilyl group [22]. Dissimilar paths of trans- fractional dl_stlllatlon_ suffers two type transformations:
; . o= : It loses a trimethylsilanol molecule to afford unsatura-
formation occurring with intermediate compounds . :
XLIXa and XLIXb are due, on the one hand toteoI phosphitd IV (pathwaya), and decomposes into
stabilization of vinyl thiophosphinate structuxéIXa silyl phosphiteXLIl and ketene that undergoes poly-

by the presence of the phenyl groups at the centrﬁ?enzaﬂon (pathwayb).

atom, and on the other hand, to the possibility of The phosphorylation of ethene&X with ethyl
intramolecular processes resulting in the thermoXLIVa and butyl LIl dichlorophosphites occurs at
dynamically feasible thiophosphinate. room temperature within 24 h and affords 2-alkoxy-4-
trimethylsilyl-1,3,2-oxathiaphospholan-5-ondsv(la
and LVIIb ) [23]. Apparently the process includes a
nucleophilic attack of the oxygen from the trimethyl-
silyloxy group on the trivalent phosphorus atom with
liberation of trimethylchlorosilane and intermediate
formation of vinyl phosphitetVa andLVb (8, 167~

The reaction of etheneX with chlorophosphite
XXXVII is similar to that with diphenylchlorophos-
phine and affords thiophospha¥LIXb that at frac-
tional distillation in a vacuum converts into com-
poundLla (pathwayb) due to O—C 1,3-migration of

The reaction of ethen® with diethyl chlorophos-
phite gives rise to a mixture of two isomepsl.IXb
andLIb. As show3P NMR and IR spectra, at pro-
longed standing thiophosphiLIXb is completely
transformed into isomeklb [23]. Thus the reactions

of compound X with chlorides XVllla , XXXVII o
. ’ 169 ppm) that cyclize into unstable phospholenes
XLVIIlI proceed exclusively at sulfur atom to afford LVIb which through O>C 1,3-migration of a tri-

the corresponding thl'oesters of P(II_I) ac_lds that ur_lderr-ne,[hyISinI group afford the final phospholanones

go rearrangement with © C 1,3-migration of a tri- LVila and LVIIb (3, 144-148 ppm)

methylsilyl group. The driving force of the latter P bpm).

process is apparently the thermodynamical stability The studies were further extended to phosphoryla-

of the rearrangement product due to carboxy grougon of an analog of alken&, compoundXVI, with

formation. acid chloridesXXXVIl and XLVIIl . The reaction of

compound XVI  with  diamidochlorophosphite

The second group of phosphorylating reagentXXXVIlI was found to furnish thiophosphiteviila

contains dioxaphosphol&XXX, ethyl XLIVa, and (5, 121 ppm) that under the reaction conditions re-
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that unusual organophosphorus compounds might be

OSiM . . X

X + ROPCh MesSiS-CH=C{ IVIEs obtained by direct phosphorylation af-mercapto-
-Me;SiCl OP(CI)OR ketones whose molecules contained three reactive
XLllla, LVa, LVb sites (mercapto and keto groups, and a labile proton

LIl of CH group) dictating the principal pathways of the
H 5\ process. No publications on these reactions existed,

MoSiol I P-CR and to fill in this gap we studied the reactions of the

3 H . . .
Me3SiO” ~O a-mercaptoketones with some P(lll) acids halides and
LVila, LVIib amides.

Mercaptoacetonda at room temperature does not
react with P(Ill) acids chlorides, the reaction occurs
only at heating in benzene, and the synthetic result is
not affected by the reagents ratio. The main reaction
LVlla, LVIIb product always is 2,5-dimethyl-2,5-endoxy-1,4-di-

thione LXla [22].

—> Me38|0 /p OR

XLV -XLVIIl , R = Et @), Bu (b).

RPC},
arranged into isomeric compoundX (8, 124 ppm) 2la, Ib ? R' ;
(pathwaya) [12]. The addition of sulfur to the latter
provided dithiophosphateX (5, 94 ppm). LXIa, LXIb

OSiMey
I R = Cl, OEt, NE; R = H (a), Me ().

~Me;Si

XXXVII, LVlia, LVIIlb In the similar way proceeds the reaction between
XLVII mercaptobutanonelb with P(lll) acids chlorides

affording 2,3,5,6-tetramethyl-2,5-endoxy-1,4-dithione

R = SiMes S SiMes LXIb [22]. Taking into account some published data

ENEY (EtzN)zpséHCOOEt_)(EtzN)zpslc;HCOOEt we can rationalize this uncommon direction of the

reaction. Thex-mercaptoketones are known to under-

LIX LX o e -
R = go cyclization easily into sulfur-containing hetero-
Ph cycles in the presence of traces of mineral acids [24].
o L +[MesSIO-C=C-H], In the case in question the reaction starts with forma-
tion of a phosphorylated derivativweXll accompanied
R = ELN (a), Ph ). with hydrogen chloride liberation. The latter effects

the a-mercaptoketone condensation into the corres-
The reaction between etherdVl and diphenyl ponding substituted dithionieXl . The water liberated

chlorophosphineXLVIIl  gives thermally unstable inthe process of condensation is consumed in reactions
thiophosphinateLIXb (5, 32 ppm) that at fractiona- with the P(lll) acid chloride and with the phosphoryla-
tion transforms into trimethylsilylthiophosphinate teda-mercaptoketonéXIl . In both cases arises meta-
(8p 68 ppm) [12]. Thus by an example of reactionsphosphorous acid chloride that eliminating the hyd-
between silicon-containing alkenes X, XVI and P(lll) rogen chloride transforms into metaphosphite that
acid chlorides was demonstrated that depending durther polymerizes [25].
the structure of the latter was affected either sulfur or

oxygen atom. These reactions are convenient prepara- 'ﬁ'
tion methods for various cyclic and open-chain P,S,Si- la, Ib + RPChL &= RlF’SCHCOMe + HCI.
containing compounds. Cl

LXII

6. Phosphorylation of a-Mercaptoketones
with P(lll) Acids Halides and Amides The polymeric derivatives of the metaphosphorous
acid are nondistillable viscous fluids of alternating
We described above silylation and stannylation otomposition that prevents isolation thereof in an
a-mercaptocarbonyl compounds and the possibility tandividual state. Thus the research we carried out on
use the products obtained in the synthesis of functicthe reactions ofa-mercaptoketones and P(lll) acids
nalized organophosphorus compounds. We presumetilorides revealed the significant dissimilarity of their
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chemical behavior from that of the oxygen and nitrothe tertiarya-hydroxyketones that results in 1,3,2-di-
gen analogs. oxaphospholenes with an exocyclic C=C bond [29],

To excluce th effctof hyaragen chorice he ref1® ST, 5100 oF S Tesebo S ey o
action of a-mercaptoketonesa and Ib with phos- P y

phorus trichlorideXXXIVa, ethyl dichlorophosphite tris(L, 1-dimethyl-2-oxopropyl)trithiophosphite 3¢

XLIlla, and N,N-diethylamidodichlorophosphite 92 ppm).
LXlllb was performed in the presence of 2 equiv of CH,=,
base [22, 26, 27]. SEEN Fcl
Me Me g
la, Ib + RPCh | Me
XXXIVa, PCly + 3HSCCOM Ve
LXlla, Me | 3ELN |
LX1b LXV -3EgN-HCI P(SFCOM@
R R OH Me
| | LXVI
Cl Cl The phosphorylation of mercaptobutanohXV
A B with ethyl(butyl) dichlorophosphite in the presence of
EtN 'O 2 moles of triethylamine affords dithiophosphites
—> I bR LXVlla and LXVIIb [22].
—Et;N-HCI /
M O Me
2ELN |
LXIVa -LXIVb LXV + ROPCh— 2, ROP(SCCOMe)
—EN-HCI
LXIV, R = NEt, R = H (a); R = OEt, R= Me (b); R = ’ Me
NEt,, R = Me (c). LXVlla, LXVIib

The reactions occur atl0-5°C yielding unsatu-
rated P,0,S-containing 5-membered heterocycles,

1,3,2-oxathiaphospholenes XVa-LXVc [26, 27]. - , .
Note that variation of the initial reagents ratio, reac- The specific behavior of tertiarz-mercaptoketones

. : in the phosphorylation reveals in the lack of hetero-
tion temperature, and solvent nature did not helps tgycles IC<');1mor|?g tﬁ/e reaction products. It is known that

detect the intermediate monochlorothiophosphites f(lll) acids thioesters more readily disproportionate

R = Et @), Bu (b).

This means that the heterocyclization rate in th rgto thermodynamically stable trithiophosphites than

presence of a base is higher or equal to the rate fei
: . . eir oxygen analogs [30]. Therefore probably the
formation of the primary phosphorylation produst Ogisproportionation of the corresponding P(Ill) acid

The results obtained suggest the following pattern of : L
the process [22]. At the first stage occurs phosphoryle{(h'oeSterS occurs faster than heterocyclization.

tion of thea-mercaptoketone to yield the intermediate  The above described data show that the phosphory-
compoundA. It is known [28] that the CH-acidity of lation of variousa-mercaptoketones with P(lIl) acids
organic compounds containing a thioalkyl group isdi- and trihalides depending on the structure cof
considerably enhanced due to stabilization of thenercaptoketones results either in heterocyclization or
conjugate carbanion by the sulfur atom. Therefore thdisproportionation products. There is no published
enolization of the intermediate compouAdshould be data on reactions betweenmercaptoketones and
favored and consequently the heterocyclization shoulchonohalides of P(lIl) acids. Yet the development of
occur considerably easier than with the correspondinmethods for the synthesis d-ketothiophosphites
nitrogen and oxygen analogs. The heterocyclizatiomwould have permitted application thereof as starting
may be described as a succession of equilibrium transompounds for creation of new types phosphorus-
formations including the attack of the oxygen fromsulfur-containing structures. In this connection we
the carbonyl group on the phosphorus atom in the&ndertook the study of phosphorylation ofmer-
intermediateA, and the intramolecular phosphoryla- captoketones with monochlorides of P(lll) acids.

'g?nhlnd:t;e eennoclrfﬁ)rrriroi with simultaneous elimination The reaction of mercaptoacetofee and mercapto-
yarog : butanone Ib  with diethyl(diisopropyl) chlorophos-
Unlike the reaction of phosphorus trichloride with phites XVIlla and XVIlIb and with chlorophos-
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pholaneXX in the presence of triethylamine gave risewe succeeded to fix the formation of intermediate
instead of expected thioesters of P(lll) acids to dialkyphosphorylation productsLXIX whose chemical

thiophosphonated XVllla —-LXVIlic [13]. shifts in the®*’P NMR spectra were in the range 124
Et;N 175 ppm depending on the substituents at the phos-
1a, 1o + (RORPCI— e (RORPSCHCOMe phorus atom. The process takes the second path
XVllia, when the mixture of an appropriate P(lll) amide and
XVIlib, a-mercaptoketone is heated to 280 Thus in contrast
XX to the behavior ofx-hydroxyketones ther-mercapto-

0, ketones in reactions with P(lll) amides can take a new
> (RORP(S)CHCOMe, route resulting ina-mercaptoketones desulfurization
LXVlila -LXVlilc and in diamidothiophosphates formation. This pro-
B _ perty of thea-mercaptoketones is consistent with the
LXX-LXXII, R = OMe @), OBu (). published data on P(lll) amides sulfurization effected
In the reactions of tri- and diamides of P(lll) acidsby mercaptans [33].

Me (@) I
|ﬁ> RPSCHCOMe——> | YR + RPSCHCOMe,
&, |
la + RP(NE), NEL NEt
LXIX LXXa, LXXb LXXla, LXXIb

b
— RP(S)(NE}), + MeCH,COMe,
LXlla, LXIIb LXII1

LXX-LXXIl, R = OMe @), OBu ().

It is necessary to note that the pathwayesulting To establish more complete understanding of the
in thioamodophosphates formation is irreversiblespatial arrangement and electron density distribution
whereas the phosphorylation ai-mercaptoketones in the 1,3,2-oxathiaphospholenes we investigated the
(route @) is a reversible process. The equilibrium canmolecular structure of 2-chloro-5-methyl-1,3,2-0xa-
be shifted to the initial compounds by diethylaminethiaphospholene by means of gas phase electrono-
that liberates in the first stage of the process (if thgraphy [34], and measured photoelectronic spectra of
reaction is carried out under rigid conditions withoutsome 1,3,2-oxathiaphospholenes [35]. The data of gas
elimination of diethylamine from the reaction sphere)phase electronography [34] indicated that the mole-
or by the action of diethylamine evolving in the cular structure of 2-chloro-5-methyl-1,3,2-oxathia-
course of heterocyclization (the latter process resulighospholene corresponded to P-envelope with an axial
in decreased vyield of 1,3,2-oxathiaphospholenesP-Cl bond. From the photoelectronic spectra (ioniza-
Among the significant results of the investigation ontion potentials, eV) of some oxathiaphosphacyclanes-
reactions between-mercaptoketones and P(lll) acids (cyclenes) [35] was established that the unsaturated
amides and chlorides should be mentioned the desxathiaphospholene ring was more electron-withdraw-
velopment of preparation methods for new unsaturateshg (9.36 eV for 2-chloro-5-methyl-1,3,2-oxathia-
P,S-containing heterocycles, 1,3,2-oxathiaphosphghospholene) than the saturated oxathiaphospholane
lenes, possessing interesting chemical properties. one (9.16 eV for 2-chloro-5-methyl-1,3,2-oxathia-

phospholane). Note that the ionization potential of

7. Chemical Properties 2-chloro-1,3,2-dioxaphospholane (10.2 eV) is con-
of 1,3,2-Oxathiaphospholenes siderably higher than that of the sulfur analog. There-
fore the ionization potential of 1,3,2-dioxaphospho-

Chemical behavior of 1,3,2-oxathiaphospholenes ifenes should be significantly higher than that of 1,3,2-
determined by the presence in the molecule of severakathiaphospholenes. The ionization potential values
reactive sites (trivalent phosphorus atom, thiol sulfurcharacterize the nucleophilic nature of the phosphorus
C=C bond), and also by mutual influence of the un-atom in these systems: The increase in the ionization
saturated cyclic fragment and the phosphorus atonpotential evidences the reduced nucleophilicity of the
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phosphorus atom. Therefore 1,3,2-oxathiaphosphd-,3,2-oxathiaphospholenes with alcohols, phenols, and
lenes should easier react with electrophilic reagentsarboxylic acids under previously applied conditions
than 1,3,2-dioxaphospholenes. This fact provides EB6, 37].
possibility to synthesize 1,3,2-oxathiaphospholenes
with tetra- and pentacoordinate phosphorus. On the 2-Diethylamino-5-methyl-1,3,2-oxathiaphospho-
other hand, the strength of the oxathiaphospholenlene (XIVa) reacts with ethanol at 780°C with
ring can be evaluated by reactions with proton-donocleavage of the endocyclic-® and RS bonds, with
reagents. conservation of the AN fragment yielding diethyl-

7 1. Reaction of 2-Substituted amidophosphiteLXXIV and mercaptoacetone. The

1,3,2-Oxathiaphospholenes with Prot@onor glggeusi'i/ylgflde?agisle products is attained at the use of
Reagents and P(Ill) Acids Dichlorides q '

The high stability of 1,3,2-oxazaphospholines and Yet in reaction of oxathiaphospholeh&XIVa with
1,3,2- dloxaphospholenes against the proton-donghenol as show by'P NMR spectra the first bond to
reagents is well known: The hydrolysis thereof retupture is PN to afford phospholenelXXV (3p
quires fairly rigid conditions [36]. In order to compare 166 ppm) that in the course of further phenolysis first
the chemical properties in the series of 1,3,2-diheteragives phosphitdl XXVI (5, 132 ppm), and then tri-
phosphacyclenes we studied reactions of 2-substitutgghenylphosphite 8§ 128 ppm).

@]

2EtOH I
|—> (EtOLPNEbL + MeCCH,SH,

LXXIV

LXIVa M Me

€ PhOH PhOH
PhOH POPh—> (PhO)ZPOC CHSH—— (PhO}P.
—Et2NH

LXXV LXXXVI

The different way of reacting showed by oxathia-phospholenesXLIVa and XLIVb with ethyl di-
phospholeneLXIVa with alcohols and phenols is chlorophosphite and diethylaminodichlorophosphite
apparently due to decrease in nucleophilicity and inf37].
crease in acidity in going from ethanol to phenol. In
the first case occurs the nucleophilic attack of thé7.2. Reaction of 2-Chloro-1,3,2-oxathiaphospholenes
ethanol molecule on the electrophilic phosphorus with N,O-Bis(trimethylsilyl)acetamide
atom of compound.XIVa with the rupture of an en- and Hexamethyldisilazane
docyclic RO or P-S bond, whereas in the second
case the exocyclic nitrogen atom is initially proto- The phosphorylation ofN,O-bis(trimethylsilyl)-
nated, and the diethylamino group is then replaced bgcetamide with 2-chloro-1,3,2-oxathiaphospholenes at
phenoxy group. Similarly occurs the reaction betweemheating provides 2-trimethylsiloxy-1,3,2-oxathiaphos-
oxathiaphospholené&XIVa with the acetic and tri- pholenesLXXIXa —-LXXIXc in 75-80% vyield [38].
fluoroacetic acids resulting in the corresponding

R o
phosphacyclanes XXVila and LXXVIIb [37]. I| 'pCl + MeCON(SIMe),
Me ——O, R
PX ;
LXIVa + 2HX —— M
—EtNH- HX d R——O, S|I b R O‘P
— — iM
LXXVIIa, LXXVIIb “MesSicl” || PNCOMe "Jeen o | J OSiMes
R R
LXXVIl, X = OCOMe @), OCOCK (b). LXXVIlla —LXXVllic LXXIXa —LXXIXc
The replacement of the exocyclic diethylamino orLXXVIIl, LXXIX, R =Me, R=H (a); R = R = Me (b);
ethoxy group was observed in reactions of oxathia- R = R = (CHy), (o).
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Note that at performing these reactions under mild-oxo-1,3,2-oxathiaphospholenesLXXXIllla and
conditions we succeeded in observing the formation oEXXXIIIb  [39]. Under more rigid conditions pro-
intermediate  compounds.XXVIIl  with chemical ceeds the reaction between 2-ethoxy-5-methyl-1,3,2-
shifts 8, 139-142 ppm. Aiming at functionalization of oxathiaphospholene and benzyl iodide [40].
2-chloro-1,3,2-oxathiaphospholenes we  applied
another well-known silylating reagent, hexamethyldi-

silazane. The reaction of 2-chloro-1,3,2-oxathiaphos- YLIVa + Rl — M | O\‘I;/OEt -
pholenes with the hexamethyldisilazane was carried \R
out at 150C with distilling off the liberated trimethyl- |
chlorosilane, and it gave rise to 2-trimethylsilylamino-
1,3,2-oxathiaphospholendsXXXa and LXXXab . Me—[O\P(O)R
Me——0, & d
| pei+ HN(SIMe),
R__S/ LXXXllla, LXXXIIIb

Me—-O,
“Me,SiCl R| PNHSIMe;

LXXXIll , R = Me @), CH,Ph ().

2-Thioxo-2-chloro-1,3,2-oxathghospholenes

LXXXa, LXXXb LXXXIVa and LXXXIVb were prepared by heating
(0.5 h, 150C) of a mixture of 2-chloro-1,3,2-oxathia-
R = H (@, Me (). phospholenes with thiophosphoryl chloride [39].
7.3. Reactions of 2-Substituted Me—-Q, Me—O,
1,3,2-Oxathiaphospholenes with Sulfur, | PCl+ P(S)CEW | P(S)CI
Thiophosphoryl Chloride, Alkyl lodides, R—— R
and Diketones LXXXIVa, LXXXIVb

2-Dialkylamino(alkoxy)-1,3,2-oxathiaphospholenes
add sulfur only at heating (12G, 0.5 h) to afford in
high yield 2-substituted 2-thioxo-1,3,2-oxathiaphos-
pholenes LXXXlaLXXXlac [39].

R = H (@, Me (b).

The heating of oxathiaphospholeneXXXIVb
with phosphorus pentasulfide in the presence of

S catalytic amount of AIC] (2 h, 176-18C°C) provided
M*TO\PR s 18g A M*TO\gR 2-thioxo-2-chloro-4,5-dimethyl-1,3,2-dittpaospho-
Mello/ } Mello/ lene LXXXV (8p 99 ppm) [39].
_ Me—r—
LXXXa -LxXXe BLXXXIVD + PySs o2, | P(S)Cl
P05 Me—L—

R = NEt , NB b), OEt ().
b (@), NBu, (b) © ey
Oxidation of 2-substituted 1,3,2-oxathiaphospho-
lenes with dimethyl sulfoxide (4 h, 16Q) furnished CompoundLXXXV apparently arises in keeping
the corresponding phospholenekXXXlla and with the scheme suggested for the reaction of 2-thioxo-

LXXXIIb  [39]. 2-chloroA®-1,3,2-oxaazaphospholene with the phos-
M S M s phorl_Js pc_antasulfide in the presence of A,,lczi_nq_the
e‘l[ PR + Me,SO | pO)R reaction includes several stages with the initial one
/ —Me,S / consisting in cleavage of the cyclic fragment under
o O the action of AIC, [41].

LXXXlla, LXXXIlb
Compounds containing pentacoordinate phosphorus
R = NEt (a), OEt (). and RP-S bond are virtually unknown. The reactions of
2-diethylamino-5-methyl-1,3,2-oxathiaphospholene
The reaction of 2-ethoxy-5-methyl-1,3,2-oxathia-LXIVa with diacetyl and dibenzoyl afford new bi-
phospholeneXLIVa with methyl iodide occurs at cyclic spirophosphorandsXXXVla andLXXXVIb ,
heating (2 h, 106120°C) and provides 2,5-dimethyl- light yellow viscous fluids with specific odor [39].
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signal, and then it decreased with simultaneous ap-

M Ol\|%t2——R pearance of a resonance &t 237 ppm belonging to
LXIVa + 0=%R_> | Y | bromophospholend XXXVII .
O=CR |:S’ bR _Br
LXXXVIa, LXXXVIb Me~ .~ OP> Nk,
LXIVa + MeCBr— I
LXXXVI , R = Me @), Ph ). S H- O SCMe
. . 0]
7.4. Reactions of 2-substituted LXXXVIII
1,3,2-Oxathiaphospholenes with Acyl Halides " o
\
The reactions of trivalent phosphorus acids thio- — || PBr+ CHC(O)NE%
esters with carboxylic acids halides are known to s
afford P(lll) acids halides and thiol esters of the LXXXVII

carboxylic acids [42]. In this connection it was inte-

resting to investigate the reactions of 2-substituted Thus at lower reaction temperature we were able
1,3,2-oxathiaphospholenes with various acyl halide® observe the formation of intermediate compound
and to look for reactions with ring opening. LXXXVIIl  and to describe the reaction of phos-
pholene LXIVa with acetyl bromide including

OxathiaphospholeneXIVa reacts with acetyl and primary rupture of the endocyclic 48 bond.

benzoyl chlorides in benzene at@ affording chloro-

thiophosphite XLV [43]. The reaction of ethoxyphospholernd.IVa with
acetyl bromide occurs at room temperature to yield
LXIVa + RC(O)Cl —> XLV + RC(O)NEj. bromophospholenelL XXXVII (8, 237 ppm) and

The physical constants of oxathiaphospholen oﬁg;@{é&)(&'&ceg Itbéo'1%%?;’5;%?&2%’
XLV are in agreement with those of an analogous : 431 | E pp ith the data obtained i
compound obtained earlier [26]. isomers [43]. In keeping wi e data obtaned in
the study of the reaction between phospholeKé/a

Oxathiaphospholené.XIVa with acetyl bromide and acetyl bromide by*P NMR spectroscopy the
provides cyclic bromothiophosphiteXXXVII . By following reaction scheme may be assumed for the
means of dynami¢P NMR spectroscopy were ob- reaction of phospholen®LIVa with acetyl bromide
served the following variations with time after mixing [43]. At the first stage of the reaction occurs cleavage
the reaction mixture of oxathiaphospholehXIVa  of the P-S bond of the oxathiaphospholene ring under
and acetyl bromide at-10°C: The signal of the the action of acetyl bromide affording an intermediate
original phospholendXIVa at 6, 147 ppm rapidly C that undergoes disproportionation into vinyl phos-
decreased, and a peak appearedza180 ppm cor- phitesD andE. The heterocyclization of intermediate
responding to the intermediaté&s-(1-acetylthio-1- D provides reaction produdtXXXVIl , and reaction
propene-2-yl)N,N-diethylamidobromophosphite of the liberated acetyl bromide with phosphit&
LXXXVIIl  that in 510 min became the principal finally results in ketophosphonateXXXIX .

_Br N M ~Br M _OFEt |
Me\c/ OP OEt C Br C OEt
2LXIVa + 2MeCBr—— | 2 I SN Il I
I C «— ~Co ~Co
H~ ~> SCMe H S(HlMe H S(HlMe
5 o 5
C D E
~C(0O)CH;
Me. _ OP~ OEt
—— LXXXVII + I + MeCBr.
I
g O~ SCMe o
@]
LXXXIX
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Unlike acetyl bromide, benzoyl chloride reacts withbilized by a phenyl substituent and destabilized by an
oxathiaphospholeneXLIVa only at heating (3 h, alkyl one. In keeping with these findings we can
100-11C°C) yielding chlorophospholen&XLV and presume that at elevated temperature apparently
0,0-diethyl benzoylphosphonatXC (8, —2 ppm) occurs an equilibrium between structurBsand G,
[43]. The formation of the final reaction products mayand the positive charge in catids is delocalized and
be described by a series of successive transformatioptabilized by the phenyl group.
opening of the heterocycle at-8 bond; disproporti- O:= P(OEt)
onation of compound, heterocyclization of dichloro- R -O-P(OEt) R—1T0
phosphiteD, and reaction of benzoyl chloride with R'j[s_c_ph — :Etgfph
vinyl phosphiteE. It is known that vinyl phosphites I R
react with acetyl halides conserving the unsaturated = O G
fragment of the molecule [44]. Abnormal behavior of
compoundE in the reaction with benzoyl chloride is  Although the concentration of th& form is low it
due to the following reasons. According to the pub-s the most reactive one and it reacts with the benzoyl
lished data, in the aromatic sulfur-containing heterochloride to yield ketophosphonatXC and vinyl
cycles (1,3-dithiolium salts) [45] the cation is sta-chloride.

_cl 7 . _CI _OEt |
N R\C/ OPN Ot N cl R\c OEt
2XLIVa + 2PhCCl— 2 T N I I
I HC_ ¢ .~ C .~C—
O SCPh R SfHJPh R SfHJPh
5 o 5
? R. __ClI
— > XLVI + (EtO)LPCPh + T
—PhC(O)Cl I _C
0] R ~ SCMe
XC 5

Thus during the study of reactions between 2The reactions of vinyl phosphite€Cla—-XClc with
ethoxy-1,3,2-oxathiaphosphonates with acyl halideacetyl bromide and benzoyl chloride were carried out
was found a new reaction route including ring openingat the same temperature as used in the simulated
followed by transformation of the intermediately processes.
formed vinyl phosphates. The above reaction schemes

. . : . It was established that although the reaction of
\é\f[g;eessupported by simulation  of the Intermedlatecompound XCla with acetyl bromide occurred at

room temperature, yet the reaction with benzoyl

chloride required prolonged heating to 2QQC°C. In

By reaction of S-acetyl(benzoyl)mercaptoacetones ; . )
with diethyl and pyrocatechol chlorophosphites in thebo'[h cases were isolated the corresponding ketophos

presence of triethylamine were obtained vinyl phosphonatesLXXXIX » XCll . Their structure was con-

; firmed by H, 3P, and IR spectra, and also by com-
phites XCla-XClc [46]. parison of the physical constants of compound
ELN LXXXIX with those of a model compound.
RCSCHCMe + CIPR, ——3—» RCSCH=CCH, _ _ _ _
I I —EN-HCE | The reaction of vinyl phosphit¥Ch with benzoyl
o OPR chloride was carried out at 10010°C for 2-3 h. The
XCla_XClc main product was benzoylphosphondtXXXIX .

Thus the simulation of separate stages of the reac-
R = Me, R = OEt @); R = Ph, R= OEt b); R = Me, tion between oxathiaphospholend.IVa with acyl
R = 0-OCGgH,O (). halides confirmed the validity of the assumed schemes,
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also observed in the reactions of compourXiSla

?,C(O)R and XClb with trimethylsilyldiethylamine XCIII .
RO Me\C/OP\OEt This reaction occurred at 1203C°C and yielded
©) I 0,0O-diethyl-S-(2-trimethylsiloxy-1-propen-1-yl)-4,5-
EX H/C\ SCMe benzo-1,3,2-dioxaphospholaixCVb. Alongside this
I compound were isolatedO,O-diethyl-N,N-diethyl-
XCla, XClb — S amidophosphite XCVlla or 2-diethylamino-1,3,2-
LXXXIX, XClII benzodioxaphospholXCVIlb [46].
| R=PN.PRCOX IXC + PhCSCH=CMe The monitoring of the reaction progress ByP
S & NMR spectroscopy demonstrated that after heating of

the reaction mixture for 30 min to 12030°C in the
spectrum was observed a signaldat136-138 ppm
R' = Me (LXXXIX'), Ph XCII). corresponding to intermediate compoun3lVa and
_ _ _ . XCIVb; as the heating was continued appeared the
and the B-functionally substituted vinyl phosphites signals of the reaction productsXXXIVa and
t_urned out to be interesting objects for heterocyclizay yyyvp (6 184 and 187 ppm). Taking into
tion process study. account the data in the literature on the reaction of
The capability to transformations of vinyl phos- silylated amines with thioacetic acid esters [47] the
phites with a functional group in thg-position was following scheme of reaction may be presumed.

a, A Me\ Y H 1 Me\ Y H
C=C{ ..., — c=C :
-MeCONEy R,PO/~ “SSiM&  pesi0” N SPR
XCla, XClb + MesSiNEt, XCIVa, XCIVb XCVa, XCVb
XClil
b Me\ H 2
> c=c{ + Ry,PNER —x— XCVa, XCVb.
oYl
Me3Sio SCMe | xxiva,
LXXIVb,
XCvi XCVlla,
XCVIib

XCIV, XCV, XCVIl , R = OEt @), 0-OC4H,0 (b).

The presence in compound&Cla and XClb of vinyl phosphites with a sulfur atom linked to various
two reactive sites (a phosphorus atom and a carbamoieties located inp-position.
atom of carbonyl group) provides a possibility of two
reaction pathways. At greater electrophilicity of the Thus the investigations of the reactions between
phosphorus in compounXiCIb the prevailing route is s acetylated a-mercaptoketones with P(lll) acids
b, and in vm'yl phosp_hlteXCIa_lt is the pathwaya.  pglides revealed the curious transformations of vinyl
The forming intermediat&XCIV is unstable and under ,paqphites (intramolecular rearrangement including an
the experimental conditions it provides thiophosphiteg, . ~ 1,4-exchange migration of trimethylsilyl and
i)(fCXiarln thdyéﬁ)\ll/baxljl ps)h_o) sopﬁéfui)-(ggr?tg?ﬁinglggr?élt?gs phosphorus_-containing groups; heterocyclization into

'1,3,2-oxathiaphospholenes). Into the range of reac-

The experimental data show that no compoxiva : . . . .
and XCVb arises in reactions of 1-acetylthio-2-tri- tions under stum_jy are included thg disproportionation
methylsiloxy-1-propeneXCVI with amidophosphites Processes leading to 1,3,2-oxathiaphospholenes, and

XCVIla and XCVIIb . This unusual synthetic out- also to ketophosphonates and to the other compounds.
come, the occurrence of the-$O 1,4-exchange These transformations on the one hand support the
migration of trimethylsilyl and phosphorus-containingassumed schemes of reactions between 1,3,2-oxathia-
groups, demonstrates the great synthetic potential ghospholenes, and on the other hand possess indepen-
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dent value permitting preparation of compounds withL4.
vinylthiol moiety.

As a whole the investigation of reactions between
a-mercaptoketones and P(lll) acids chlorides and®:
amides revealed the specific features of the chemical
behavior of thea-mercaptoketones that was distinct16.
from their heteroanalogs afamino-, a-hydroxy-
ketones). Besides as a result of the investigationsy.
performed were developed synthetic procedures for
preparation of oxathiaphospholenes and P(lll) acidgg
thioesters containing in the-position a keto group.
The compounds obtained are unquestionably interes{-9
ing for the synthesis of new functionalized derivatives
of organic, and in particular organoelement, com-
pounds. 20
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