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THIOPHOSPHATES AND SELENOPHOSPHATES IN ORGANIC SYNTHESIS.
A NEW APPROACH TO EXOCYCLIC OLEFINS AND BICYCLIC ENONES.

ALEKSANDRA SKOWRONSKA,* EWA KRAWCZYK, MAREKKOPROWSKI
AND PIOTR DYBOWSKI

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences,
90-363 Lodz, Sienkiewicza 112, Poland

Abstract: Efficient synthesis of a-methylene-cycloalkanones, a-methylene-Iactones and
cc-alkylidene-lactones as well as bicyclic enones were developed using thiophosphates 3,
9,15 and selenophosphates 4 as key intermediates.

We have recently reported a new methodology for stereoselective conversion of carbonyl
compounds into various functionalized (Z)-olefins via readily available S-(2-oxoalkyI)thio-
phosphates,2 S-(2-oxo-3-alkenyl)thiophosphates and their seleno analogues.

Herein we present an extention of this useful approach to the synthesis of a-methylene-
cycloalkanones, a-methylene-lactones, and bicyclic enones.
a-Methylene-lactones and a-methylene-cycloalkanones are key elements of many naturally
occurring sesquiterpenes or antibiotics. It is not very surprising that numerous procedures have
been developed for effecting a-methylenation of various carbonyl compounds.

Our approaches are outlined in Scheme I and Scheme 2. The carbonyl compounds 1 and
7 when first O-silylated, are thiophosphorylated using (RO)2P(O)SC1; this provides efficient
synthesis of both new thiophosphates 3 and 9. Selenophosphates 4 have been prepared by other
protocol, the treatment of cycloalkanones 1 with (RO)2P(S)SeBr in the presence of pyridine. As
expected selective reduction of the aldehyde function of phosphates 3, 4 and 9 using NaBH<
proceeded smoothly to give a-methylene-cycloalkanones 5, a-methylene-y-lactones and a-
methylene 5-lactones 10.

R=6-Me,4-Me,3,3,5-Me
R'=Me,CCH2; n=1,2

A/SeP(0R')2

R"WCH?>n

O O

SP
:HO

3

iii (a)

I : Me3SiCI, Et3N ; i i : (EtO)2P(O)SCI; iii: NaBH4, - 7 0 t ; iv: (R'O) 2P(S)SeBr, Py
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m ci _ / H 0 N a

/ > n \ —U.

o

(H2C)n-fCCH0

I-
(H,C)n-

(b)
I: M«3SiCI, EtjN ; ii: (EtObP(O)SCI;

Hi: NaBHj, - 7 0 ^ ; Iv: NaH, HCOOEt

R = H, CH 3 ; n=1,2

Scheme 1

The transformation of the thiophosphates 3, 4 and 9 into cycloalkenones 5 and lactones
10 is exemplified in Scheme 2.

O

,SP{OR)2
HO

(CH2)n
3

(CH2)n

5

NaBH4

-70°C

n=1,2

-(RO)2P(O)O-

Scheme 2

P(OR)2

H2

"n
CHCH2

3b

The reaction of the thiophosphate 3 with sodium borohydride results in the formation of
the oxyanions 3a. The intermediates 3a undergo rearrangement involving migration of a
phosphoryl group from sulfur to oxygen affording thiolate anions3b. Subsequent cyclization of
3b with the elimination of phosphate anion, and spontaneous desulfurization of resulting
episulfide afford a-methylene-cycloalkanones 5.

It is noteworthy, that all syntheses presented above can be performed as a 'one pot
reaction'. The simple protocol, efficiency and mild conditions make the reactions described
here attractive alternatives to known for the ct-methylenation.

We have been also successful in the synthesis of dienes 16 containing both alkylthio
(acylthio, dialkoxyphosphorylthio or diphenoxyphosphorylthio) and diethoxyphosphoryloxy
substituents from readily available thiophosphates 15 (Scheme 3).

MmSICI.Na^ I

EUN, CHjCN1 / ^

(CH,)™ (CH'»;

n=1,2

(EtOl2P(O)SCI

or A

^ O E t

^OEt
EI2O

(CH2), (CHi),T 16

Scheme 3
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ines

Treatment of thiophosphates 15 with NaH affords enolate anions 15a which undergo
rearrangement to thiolates 15b. The latter react with a number of electrophiles producing
desired dienes 16 in good yield.

Cycloaddition of these new dienes 16 to a variety of dienophiles either in toluene
solution at reflux or under Lewis acid catalysis produce the corresponding adducts in good
yield. All the cycloadditions studied proceed with complete regio- and (endo)-stereoselectivity.
In every case the functional group of dienophile is oriented 'orto' to the sulfide group of the
diene. Here, the regiochemistry of cycloaddition is controlled by the sulfur substituent.
Analogous regiocontrol by phenylthio group has been observed in the Diels-Alder reaction of
several alkoxy- and acyloxy-phenylthiobutadienes. The structure and configuration of the
adducts 17 (see Scheme 4) were determined on the basis of'H (including COSY experiments),
"C, 3IP, IR and high resolution MS data.
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R1=Ac,R2

Ri,R2 = C(O)OC(O)
R1 = C(O)OMe, R2 = C(O)OMe
R 1 " COCH2SP(O)(OEt)2, R2 = H
R1,R2 = C(O)CH=CHC(O)

Conditions: a: loo'b, toluene b: 70 C, ZnBr2, toluene c: from -78 C to 0 C, EtAICfe,CH2Cl2

Scheme 4

The synthetic utilities of this new annelating procedure are manifold:
1. The sulfur substituent of adducts 17 can be easily removed. We have made two interesting
and useful observations:
a) Adducts 18 containing an excellent leaving group like (PhO)2P(O)S undergo spontaneous
elimination under conditions of cycloaddition to produce the new 1,3-dienes 19.

3Ot

ied

lio

xy

o
(EtO)2PO,

SP(OPh)2 O

(EtO)2PO,

I-Ph

(Cri2)n 18

-(PhO)2P(S)OH

n=1,2
(CH2)n 19

b) An efficient way to catalyzed elimination of sulfur substituent is to deposit the adducts in 5:1
CCl</ethyl acetate solution on silica gel at r.t. overnight, but after a further 12 h the 1,3-dienes
21 aromatize to 22.

20 21 22
2. The diethoxyphosphoryloxy group can be removed by the action of NH4F or alternatively by
basic or acid catalyzed hydrolysis.
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(EtO)2PO^^v. CHO

H;

<y 0.5 N NaOH

O SC(O)lBu

| | 15%H2SO4/C6H6

Ph

SC(O)*Bu

r.t
Ph

3. The regiochemistry observed here complements the regiochemistry obtained with
2-alkoxyphosphoryloxy dienes.*
4. We have demonstrated that Diels-Alder additions of dienes 16 to dienophiles can be used as
convenient route to bicyclic enones, enol phosphates and aromatic phosphates. The reaction
course depends on the substituents in the diene and dienophile as well as the reaction
conditions.

(CH2)n
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