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Table I. The AHo Values (in kcal/mol) for Some Reactions 
Showing Anomeric Effects and the Hardness ( q )  Values (in 

eV) for the Various Molecules Involved’ 

2CH9 CH, + CH,F, 

molecules involved in a particular reaction shows one 
common feature. The hardest species lies on the RHS, i.e., 
on the products’ side. This observation, however, does not 
hold true for example xvii in Table I, where the hardest 
species is found 0x1 the reactants’ side. It has been felt by 

reaction AH0 
-14* (i) 

9 
(ii) 
9 

(iii) 
9 

(iv) 
9 

(VI 
9 

(vi) 
9 

(vii) 
9 

(viii) 
9 

(ix) 
9 

(XI 
9 

(xi) 
9 

(xii) 
9 

(xiii) 
9 

(xiv) 
9 

(xv) 
9 

(xvi) 
n 

9.4” 10.3 7x41- 
2CHqOH CH, + CHJOHL 

7.5b* 10.3 f.581 
CHSF + CH30H = CH, + FCHzOH 

9.4 7.505 10.3 7.55* 
CH3NHz + CH30H = CH4 + HOCHzNHz 

2CH3NHZ = CH4 + CHZ(NHJ2 

CH3NHz + CH3F = CH4 + FCHZNHZ 

7.2 7.50* 10.3 7.08’ 

7.2 10.3 6.47* 

7.2 9.4 10.3 6.995 
2SiH3F = SiH2F2 + SiH4 

5.96* 5.71* 6.8 
2CFzClz = CF4 + CCl, 

5.57* 9.02* 5.6 
3CHqF = 2CHA + CHF, 

9.4- 10.3- 7.92; 
4CHF3 = CH4 + 3CF4 
7.92* 10.3 9.02* 

4CH3F = 3CH4 + CF4 
9.4 10.3 9.02* 

4CH3Cl = 3CH4 + CCl, 
7.5 10.3 5.6 

4CH30CH3 = 3CH4 + C(OCH3)B 
8.0 10.3 6.78* 

4CF3C1 = 3CF4 + CCl, 
6.27’ 9.02* 5.6 

4CH3CH3 3CH4 + C(CH3)4 
8.23* 10.3 8.3 

-15 f 1.5‘ 

-yed 

-yed 

-yed 

-yed 

-8b 

-16.3‘ 

-31.4‘ 

-22.9‘ 

-63, 

4 
-521 

-27.1‘ 

-13, 

4SiHqF = 3SiH, + SiF, -23r 
., 5.96; 6.8 ~ 6.81; 

(xvii)g SiF3H + CF, = SiF, + CF3H 
I) 6.075 9.025 6.81* 7.92* 

-371 

(xviii) C(OCH3)4 + SiHl = CH, + Si(OCH3)4 -144f 

‘The 9 values followed by an asterisk are calculated at the 
MNDO level (see text), and others are obtained experimentally 
(from refs 8 or 9). *From ref 1. cFrom: Schleyer, P. v. R.; Jem- 
mis, E. D.; Spitznagel, G. W. J. Am. Chem. SOC. 1985, 107, 6394. 
As indicated by the ab initio study in: Schleyer, P. v. R.; Jemmis, 

E. D.; Spitznagel, G. W. J. Am. Chem. SOC. 1985,107,6394. ‘The 
AHo value has been calculated by using the AH&98 data taken 
from: Benson, S. W. Angew. Chem., Znt. Engl. Ed. 1978, 17, 812. 
’From ref 5. #This reaction is an exception; see text. 

shell species 21, is equal to the gap between the highest 
occupied molecular orbital (HOMO) and the lowest 
unoccupied molecular orbital (LUMO) (eq 3), where e is 

7 = ( ~ L U M O  - Q H O M O ) / ~  (3) 
energy. The hardness of a species increasea with increasing 
value of q. According to Pearson, the anomeric effect 
‘refers to the stabilization caused by adding several hard 
substituents to the same” central atom. Herein we shall 
examine the various reactions listed in Table I in terms 
of the q values of the various molecules involved in order 
to identify the common driving factor in these reactions. 

The q values used in our present study (Table I) are 
either experimental8tg or were calculated by the MNDO 
method of DewarlO according to eq 3. A standard MOPAC 
program has been used for the MNDO calculations. 
Elsewhere we have shown that q values calculated at  the 
MNDO level usually lie within &lo% of the experimental 
TJ values.11 
All reactions given in Table I proceed thermochemically 

from left to right. A survey of the q values of the various 

9 6.78* 6.8 10.3 4.96” 

(8) Pearson, R. G. Inorg. Chem. 1988, 27,734. 
(9) Pearson, R. G. J. Org. Chem. 1989,54,1423. 
(10) Dewar, M. J. 5.; Thiel, W. J .  Am. Chem. SOC. 1977, 99, 4899. 
(11) Datta, D. Inorg. Chem. 1992, in preea. 
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several workers12J3 in the area that q is an index of re- 
activity; the larger the value of q, the more reactive the 
species. Thus, as a general rule, it would be expected that 
all reactions would tend to generate the hardest possible 
species, so that the reactivities of the products are kept 
at the lowest possible level; otherwise the reverse reaction 
would take place. This notion is in complete agreement 
with all of the reactions listed in Table I, excluding xvii, 
which seems to be an exception. Earlier, while enumer- 
ating Pearson’s hard-soft acid-base principle in terms of 
hardness, we found that an exchange reaction of the type 
shown in eq 4 also proceeds in a direction so as to produce 
the hardest possible species.ll 

P Q + X Y = P X + Q Y  (4) 

We have shown herein that the driving force behind all 
reactions in which anomeric effects are believed to be 
operative is the generation of the hardest possible species. 
Among the 18 reactions studied, we encountered only one 
exception to this rule. Interestingly, the examples of re- 
action 1 show that it is the hardness of CHI, and not of 
the species of type XCH2Y, that drives the reaction. 

Our present observations can be related to the 
“maximum hardness principle” of Pearson which states 
that “there seems to be a general rule of nature that 
molecules arrange themselves so as to be as hard as 
possible”.14 Very recently, Parr and Chattaraj16 have 
provided a theoretical proof of this statement by using 
statistical mechanics under certain constraints. Further 
proof has been provided by Pearson himself, together with 
Palke,l6 by means of case studies following the arguments 
of Parr and Chattaraj. Pearson’s maximum hardness 
principle applies to an individual molecule. We can extend 
this concept to a chemical reaction by stating that in a 
chemical reaction molecules rearrange themselves so as to 
produce the hardest possible species. 

Acknowledgment. Thanks are due to Prof. S. P. 
Bhattacharyya of the Department of Physical Chemistry 
for extending the computational facilities. 

(12) Datta, D. J. Phye. Chem. 1992,2409 and references cited therein. 
(13) Zhou, Z.; Parr, R. G. J .  Am. Chem. SOC. 1990, 112, 5720 and 

(14) Pearson, R. G. J. Chem. Educ. 1987,64,561. 
(15) Parr, R. G.; Chattaraj, P. K. J.  Am. Chem. SOC. 1991,113,1854. 
(16) Pearson, R. G.; Palke, W. E. J.  Phys. Chem. 1992, I, 3283. 

references cited therein. 
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An earlier observation that reaction of O,S,Se-trimethyl 
phoephoroselenothioate with ethanol, catalyzed by silver 
nitrate, is chemoselective and gives exclusively 0,s-di- 
methyl 0-ethyl phosphorothioatel stimulated further at- 
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tempts to utilize Se-alkyl phosphoroselenoates as phos- 
phorylating reagents. We have found that, besides silver 
nitrate, mercuric trifluoroacetate (1) can serve as an ef- 
fective catalyst of phosphorylation. h in the case of silver 
nitrate, ethanolysis of O,O,Se-triethyl phosphoroselenoate 
(2) in the presence of Hg(OCOCF3)2 gives O,O,O-triethyl 
phosphate (3) in quantitative yield. Similarly, treatment 
of a methanol solution of 0,Se-dimethyl N-phenyl- 
phosphoramidoselenoate (4) with 1 led to the formation 
of 0,O-dimethyl N-phenylphosphoramidate (5). These 

AI, 40 
”P + R’OH + Hg(OCOCF3)2 .-c 

B‘ \%R 

2: A = B = OEI, R = Et, R‘ = El 
4: A = OMe, B = NHPh, R’ = Me 

Notes 

isomer of 2-(trifluoroacetoxy)-2-oxo-4-methyl-l,3,2-dioxa- 
phosphorinane (9) (6stp -16.44 ppm) and (methylse1eno)- 
mercuric trifluoroacetate, MeSeHgOCOCF* cis-8 gave 
also an individual isomer of 9 (631p -16.29 ppm) and Me- 
SeHgOCOCF,, respectively. The identity of both com- 
pounds 9 has been confirmed by mass spectrometry. 

Moreover, separated isomers of 9 in a reaction with 
methanol afforded the corresponding phosphates (10) in 
almost quantitative yield. Interestingly, methanolysis of 
trans-9 gave almost exclusively cis-10, and the same 
product was obtained when the methanol solution of 
trans-8 was treated with an equimolar amount of 1. Sim- 
ilarly, methanolysis of cis-8 in the presence of 1 gave ex- 
clusively trans-10. Since the stereochemistry of the 
starting selenoloesters 8 and that of the products of their 
solvolysis, 10, is well documented: the above results could 
be interpreted in terms of a stereoretentive reaction of the 
selenoloesters 8 with 1 leading to the mixed, phosphoric- 
trifluoroacetic anhydrides 9. The phosphorylating prop- 
erties of mixed phosphoric-carboxylic anhydrides toward 
alcohols are well-known from earlier work! In the light 
of the above results, as well as the earlier studies of 
Bartlett? alcoholysis of 9 occurs with inversion of config- 
uration a t  phosphorus. 

Verification of the generality of our observation was 
shown by using another model system. It has been shown 
earlier that diastereoisomers of 0,Se-dimethyl N-(a- 
methylbenzy1)phosphoramidoselenoates (1 1) react with 
ethanol in the presence of AgNO, with inversion of con- 
figuration.’ The resultant 0-methyl 0-ethyl N-(cr- 
methylbenzy1)phosphoramidate (12) in a reaction with 
NaH/CS2, followed by methylation, givea the enantiomeric 
0,s-dimethyl 0-ethyl phosphorothioate (13) of known 
absolute configuration. 

Because the stereochemistry of each step of the con- 
version 11 - 13 is Well-defined,’ we decided to perform 
ethanolysis of the separated isomers (Rp,Rc)-ll @alp 22.86 
ppm) and (Sp,Rc)-ll (6nP 22.74 ppm) in the presence of 1. 
We have proved by means of 31P NMR spectroscopy that 
ethanolysis of 11 in the presence of 1 occurs with inversion 
of configuration a t  phosphorus, most probably by ster- 
eoinvertive solvolysis of the intermediate mixed anhydride 
14.6 

A mechanistic interpretation of the reaction between 
selenoloesters of phosphorus acids and Hg(OCOCF,), is 
not simple. One can postulate a concerted mechanism 
involving simultaneous cleavage of both P-Se and Hg-0 
bonds, accompanied by simultaneous formation of P-0 
and Hg-Se bonds (15),’ which leads to mixed anhydrides 
of type 3 with retention of configuration at  phosphorus. 
Since mercury(II) is a soft acid, ita interaction with a “soft” 
selenium atom seems to be more probable than that with 
the “hard” phosphoryl oxygen atom. Another proposal for 
the mechanism of formation of mixed phosphoric-tri- 
fluoroacetic anhydrides involves participation of the ion 
pair (16). 

3: A = B = OEt, R = Et, R’= Et 
5: A = OMe. B = NHPh, R’= Me 

observations prompted detailed studies on the function 
of Hg(OCOCF,), in the above reactions. The reaction of 
acetonitrile solution of 2 with 1 gave 0,O-diethyl O-tri- 
fluoroacetyl phosphate (6), while 4 under similar conditions 
was converted to 0-methyl 0-trifluoroacetyl N-phenyl- 
phosphoramidate (7). Both reactions, performed in either 

2: A = B = OEt, R = Et 
4: A = OMe, B = NHPh 

A%. 40 
P + RSeHgOCOCF3 (2) 

6‘ \OCOCF, 
6: A = B = OEt, R = Et 
7: A = OMe, B = NHPh 

acetonitrile or methylene chloride, were relatively fast2 and 
accompanied by precipitation of EtSeHgOCOCF, or Me- 
SeHgOCOCF3, respectively. The anhydride structure of 
both 6 and 7 has been proved by their solvolysis. As ex- 
pected, 0,O-diethyl O-trifluoroacetyl phosphate (61, which 
in reaction with ethanol gave O,O,O-triethyl phosphate, 
reacted with aniline to provide anilinium 0,O-diethyl 
phosphate and trifluoroacetanilide. Similarly, methano- 
lysis of 0-methyl 0-trifluoroacetyl N-phenylphosphor- 
amidate (7) led to the production of 0,O-dimethyl N- 
phenylphosphoramidate (5). These preliminary results 
indicated that serendipiously we have discovered a new 
method of cleavage of the P-Se bond and a new synthetic 
route to mixed phosphoric-trifluoroacetic anhydrides, 
which in reaction with alcohols appeared to possess, as 
expected, phosphorylating properties. 

To gain more information on the mechanistic aspects 
of the reaction between phosphoroselenoesters and 1, the 
stereochemistry of these reactions has been studied. As 
model compounds we used well-defined cis- and trans- 
2- (methylseleno)-2-oxo-4-methyl-l,3,2-dioxaphosphori- 
nanes (a)., The reaction of trans-8 with 1 gives a single 

(1) Krzyzanowska, B.; Stec, W. J. Heteroatom Chem. 1991, 2, 123. 
(2) Ethanolysis of 2 in the presence of equimolar amount of Hg(0C- 

OCFJ2 is completed within 10 min in acetonitrile at -40 OC, whereas 
without catalyst it requires refluxing in ethanol for several days. Al- 
though alcoholysis ia stereocontrolled process proceeding with inversion 
of configuration, prolonged reflux can lead to a mixture of cis and trans 
isomers; in the case of cis-8, the substrate is due to the different ther- 
modynamic stabilities of isomers. 

(3) (a) Stec, W. J.; Mikolajczyk, M. Tetrahedron 1973,29, 538. (b) 
Stec, W. J.; Okruszek, A.; Michalski, J. J. Org. Chem. 1976, 41, 233. 

(4) For a review, see: Ramage, R. in Organophosphorus Reagents in 
Organic Synthesis; Cadogan, J. I. G., Ed.; Academic Press: New York, 
1979; Chapter 12. 

(5) (a) Jacobson, N. E.; Bartlett, P. A. J. Am. Chem. Soe. 1983,105, 
1613. (b) Jacobson, N. E.; Bartlett, P. A. J. Am. Chem. SOC. 1983,105, 
1619. 

(6) Detailed mechanistic studies of the rendion between 11 and alco- 
hols in the presence of 1 will be described elsewhere. 

(7) The equally hypothetic transition state, involving an equatorial- 
equatorial six-membered ring with the ‘carbonyl” oxygen atom of tri- 
fluoroacetyl group (equatorial -in”) and alkylselenonium group (equato- 
rial “out”) interacting with phosphorus atom, has been suggested by 
anonymous referee. 
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Besides the stereocontrolled synthesis of a P-chiral 
mixed phosphoric-trifluoroacetic anhydride, the novelty 
of our approach relies upon the development of a new 
stereocontrolled method of cleavage of P-Se bond, which 
complements four known methodologies: treatment of 
P-SeR with sodium alkoxides,14 reaction with halogen in 
al~ohol,'~ reaction with halogenating agents,l5 and reaction 
with silver nitrate in alcohol.8 

Experimental Section 
Solvents and commercial reagents were purified according to 

standard methods prior use.16 Column chromatography and TLC 
analysis were performed on silica gel (230-400 mesh) and silica 
gel Fzsr plates (purchased from E. Merck). TMS and 80% HPO, 
were used as chemical shift standards. Gas chromatography 
experiments were performed with HP-1 capillary columns. All 
melting and boiling points are uncorrected. Reactions were 
performed under an argon atmosphere. Mercuric trifluoroacetate 
(1) was purchased from Aldrich Chemical Co. and was sublimed 
prior use (140 "C/O.l mmHg). 

O,O,Se-Triethyl phosphoroselenoate (2) was prepared 
according to described procedure1' and purified by distillation, 
bp 120 "C (20 mmHg) [lit." bp 120 "C (17 mmHg)]. 

Diastereoisomers of 2-(methylseleno)-2-0~0-4-methyl- 
1,3,2-dioxaphosphorinane (8) were obtained by acid-catalyzed 
rearrangementla of appropriate selenoe~ters.'~ 

trans4 mp 59-60 "C [lit.lB mp 58-60 "C)]; 31P NMR 6 13.39 

crs-8: 31P NMR 6 16.17 ppm, 
0 ,Se -Dim& hyl N-(u-met hylbenzy1)phosphoramido- 

selenoate (11) was prepared and isolated in diastereoisomerically 
pure form.' 

0,Se-Dimethyl N-Phenylphosphoramidoselenoate (4). A 
solution of 6.43 g (0.05 mol) of 0,O-dimethyl phosphorochloridite 
was added dropwise to a suspension of 3.95 g (0.05 mol) of sel- 
enium and 0.11 mol of aniline in dry benzene. The reaction 
mixture was stirred overnight. After extraction with 5% solution 
of hydrochloric acid, drying with MgS04, and concentration, a 
crude oily product was purified by means of silica gel chroma- 
tography, using chloroform as an eluent. The 0,O-dimethyl 
N-phenylphosphoramidoselenoate (MeO)2(Se)NHPh (slP NMR 
6 72.58 ppm, lJp+ = 955 Hz) obtained was dissolved in dry 
benzene, and to this solution was added methyl iodide (14.2 g) 
in one portion. The reaction mixture was stirred at  ambient 
temperature for 72 h. After concentration under reduced pressure, 
product 4 was purified by means of silica gel chromatography, 
using ethyl acetate as an eluent. Crystallization from benzene 
yielded 6.27 g (0.024 mol, 48%) of 4 31P NMFi 6 21.35 ppm, lJPs, 
= 446 Hz; mp 123 "C; MS m/z 265 (M+), 170 (100) (M - Me%)'+, 
92 (PhNH)+. 

1. Ethanolysis of O,O,Se-Triethyl Phosphoroselenoate 
(2) in the Presence of Hg(OCOCFJ2. Into a solution of 2 (0.024 
g, 0.1 mmol) and ethanol (0.05 mL) in dry acetonitrile (0.5 mL) 
was added a solution of 1 (0.043 g, 0.1 mmol) in dry acetonitrile 
(0.1 mL) in one portion at room temperature. 31P NMR spectra 
of reaction mixture recorded after 10 min indicated a complete 
disappearance of the signal of 2 at  25.66 ppm, accompanied by 
appearance of the signal of an exclusive product 3 at 6 -0.81 ppm. 
The identity of 3 was confirmed by comparison with a genuine 
sample. Yield 100% (NMR). 

2. Methanolysis of 4 in the Presence of Hg(OCOCF8)2. 
Into a solution of 4 (0.027 g, 0.1 mmol) and methanol (0.05 mL) 
in dry acetonitrile (0.5 mL) was added a solution of 1 (0.043 g, 
0.1 mmol) in the same solvent (0.1 mL). The white precipitate 
of MeSeHgOCOCF3, which appeared immediately, was filtered 
off, and the filtrate wtu concentrated to give almost exclusively 
5 (31P NMR 6 5.54 ppm): GC-MS (E1 70 eV) m/z 201 (100) (M+), 
169 (M - MeOH)'+. 

ppm, 'Jp-Qe = 468 HZ (CDC13). 
= 499 Hz (CDC13). 

7 3  
0 

II 16 

In such a case the trifluoroacetic ion attacks the phos- 
phorus atom from the side opposite to the most apicophilic 
group, resulting in the formation of pentacoordinate in- 
termediate (17), and a single pseudorotation is required 
for departure of the selenonium group from the apical 
position. The resulting compound (18) collapses via 
cleavage of the P S e  bond to give the mixed anhydride of 
type 3 or 14. Undoubtedly the mechanistic course of 

B 
R 

AgN03-catalyzed solvolysis of phosphoroselenoesters of the 
type 2, 4, or 8 is different from that occurring in the 
presence of Hg(OCOCFJ2.8 Selenoesters 2,4, or 8 do not 
react with AgN03 itself, and methanolysis of 8 in the 
presence of AgN03 is a relatively slow process? which 
supports earlier proposals concerning electrophilic assis- 
tance of silver ion in the solvolytic process of P-Se bond 
cleavage. On the contrary, Hg(OCOCF3)2 reacts rapidly 
with selenoesters giving isolable mixed anhydrides like 6, 
7, or 9; they may undergo further reactions with any nu- 
cleophile present in the reaction medium. As expected, 
their methanolysis occurs with an exclusive attack at 
phosphorus, while aminolysis occurs via an attack at the 
carbonyl carbon atom.1° 

Although the detailed mechanism of the reaction be- 
tween selenoloesters of phosphorus acids and Hg(OC0- 
CF3)2 still remains obscure, we would like to emphasize 
here that, to ow knowledge, we are able to present the first 
stereodefined method of the formation of mixed phos- 
phoric-trifluoroacetic anhydridedl and their stereoinver- 
tive alcoholysis. The only example of formation of phos- 
phoric-(N-phenylimino)benzoic anhydride of well-defined 
stereochemistry was earlier reported from this laboratory, 
as the result of N - 0 phosphoryl group migration in 
N-benzoylated 0,O-dialkyl N-phenylphosphoramidates, 
under the influence of electrophiles like benzoyl chloride 
or trimethylsilyl chloride.12 Interestingly, methanolysis 
of dialkyl phosphoric-(N-phenylimino)benzoic anhydrides 
occurs via an exclusive attack of alcohol at the imino- 
carbonyl carbon atom.I3 

(8) Stec, W. J. Bull. Acad. Polon. Sci., Ser. Sci. Chin. 1973,21,709. 
(9) Methanolysis of 2 catalyzed by AgNO,, under reaction conditions 

analogow to one% performed in the presence of 1, yielded after 24 h about 
25% of required product. 

(10) Jackson, A. G.; Kenner, G. W.; Moore, G. A.; Ramage, R.; Thorpe, 
W. D. Tetrahedron Lett. 1976, 3627. 

(11) For methods of synthesis of mixed anhydrides, see, for example: 
(a) Houben- Weyl, Methoden der Organischen Chemie, Georg Thieme 
Verlag: Stuttgart, 1982; pp 177,257,488. (b) Whitesides, G. M.; Siegel, 
M.; Garrett, P. J.  Org. Chem. 1975,40,2516. (c) whitesides, G. M.; Lewis, 
J. M.; Haynie, S. L. J. Org. Chem. 1979, 44, 864. (d) Helinski, J.; 
Skrzypczynski, 2.; Wasiak, J.; Michalski, J. Phosphorus, Sulfur Silicon 
1990, 54, 225. (e) Dabkowski, W.; Michalski, J.; Wasiak, J.; Skrzyp- 
czynski, 2. Croat. Chem. Acta 1986,59, 1951. 

(12) Baraniak, J.; Stec, W. J. Tetrahedron Lett. 1991, 32, 137. 
(13) Baraniak, J.; Stec, W. J. Tetrahedron Lett. 1991, 32, 4193. 

(14) Hall, C. R.; Inch, Th. D. Tetrahedron Lett. 1976, 3645. 
(15) Krawiecka, B. Reu. Heteroatom Chem., in press. 
(16) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory 

(17) Michalski, J.; Wieczorkowski, J. Roczniki Chemii 1959,33,105. 
(18) Bruzik, K.; Stec, W. J. J. Org. Chem. 1981,46, 1625. 
(19) Mikolajczyk, M.; Luczak, J. Tetrahedron 1972,28, 5411. 

Chemical; Pergamon Press: New York, 1980. 
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Scheme Io 

TRANS-!! TRANS-? a3-g 
a Reaction conditions: (i) mercuric trifluoroacetate (1 equiv), 

MeCN, rt, t = 5 min; (ii) methanol (4-10 equiv), rt, t = 5 min. 

Co-injection of 6 and a genuine sample of 6, prepared inde- 
pendently, additionally confirmed ita identity (GC HP-1, tR 8.7 
min). 

3. Synthesis of 0,O-Diethyl O-Trifluoroacetyl Phosphate 
(6). Into a stirred solution of 2 (0.245 g, 1 mmol) in acetonitrile 
(5 mL) was added dropwise a solution of 1 (0.426 g, 1 mmol) in 
acetonitrile (1 mL) at room temperature. After 5 min dry hexane 
(5 mL) was poured into the reaction mixture, and a precipitate 
was filtered off under nitrogen. Solvents were carefully removed 
under reduced pressure. A residue was distilled under reduced 
pressure. The fraction boiling at 30-35 OC (0.1 mmHg) was 
collected and identified as 6 (,'P NMR 6 -10.29 ppm C&/MecN) 
[lit.20 bp 25 OC (0.01 mmHg); NMR 6 -9.6 ppm]: MS m l z  
250 (M+);  yield 0.2 g (80%). 

The reaction of 6 with an excess of ethanol in MeCN yielded 
3 (,lP NMR 6 -0.81 ppm), whereas aniline provided anilinium 
0,O-diethyl phosphate (31P NMR 6 -0.23 ppm) and trifluoro- 
acetanilide, quantatively: MS m / z  189 (M'+) (loo), 77 (C6Hs)+, 

4. Reaction of 0,Se-Dimethyl N-Phenylphosphor- 
amidoselenoate (4) with Hg(OCOCF& Into a solution of 4 
(0.027 g, 0.1 mmol) in dry acetonitrile (0.5 mL) cooled to -40 OC 
was added a solution of 1 (0.043 g, 0.1 mmol) in acetonitrile (0.1 
mL). The white precipitate of MeSeHgOCOCF, appeared in- 
stantly. The NMR spectrum of the filtrate indicated the for- 
mation of a single product 7 (,'P NMR 6 -2.7 ppm). The spectrum 
recorded after addition of dry methanol (0.05 mL) confirmed a 
formation of 6, as compared with a genuine sample (31P NMR 
6 5.54 ppm): MS mlz  201 (M+) ,  169 (M - MeOH)'+. 

5. Synthesis of 2-(Trifluoroacetoxy)-2-oxo-4-methyl- 
1,3,2-dioxaphosphorinane (cis -9). Into a stirred solution of 
cis-8 (0.230 g, 1 mmol) in dry acetonitrile (5 mL) was added a 
solution of 1 (0.426 g, 1 "01) in dry acetonitrile in one portion 
at mom temperature. After 5 min dry hexane (10 mL) was poured 
into the reaction mixture and a white precipitate was filtered off. 
Solvents were removed under reduced pressure, and the oily 
residue was distilled. The fraction distilling at 50-55 OC (0.1 
mmHg) was collected and identified as cis-9 (,lP NMR 6 -12 

99 (Po&)+, 136 (M - CF3COOH)'+; yield 0.160 g (65%). 
6. Methanolysis of 2-(Methylseleno)-2-0~0-4-methyl- 

132-dioxaphosphorinane (cis-8 and trane-8). Into a solution 
of cis4 (0.046 g, 0.2 mmol) and dry methanol (0.04 mL) was added 
a solution of 1 (0.08 g, 0.19 mmol) in dry acetonitrile (0.1 mL). 
After filtering off the precipitate, the reaction mixture was con- 
centrated and analyzed. Beside the main product trans-10, un- 
reacted cis-8 was present in reaction mixture (10%). 

trans-10 31P NMR 6 -6.5 ppm [lit., S -6.4 ppm]; MS2' m l z  

In an analogous experiment with trans4 used as a substrate, the 
product cis-10 was formed almost exclusively (,lP NMR 6 -5.2 
ppm; lit., 6 -5.1 ppm) with traces of pyrophosphates (6 -18.87 

120 (C~HSNHCO)". 

ppm/CeD6): M8 m / z  249 (M"), 54 (100) (c4b)*+, 55 (C4H7), 

166 (M+), 54 (100) (C4&)'+, 113 (M - C4H5)+, 139 (M - CzH3)+. 

_ _  . .. . . 

ppm, -19.87 ppm j. 
cis-10 MS m / z  166 (M'+), 113 (100) (M - C4H5)*+, 139 (M - 

C2H3)+. Compound MeSeHgOCOCF, precipitating during the 

(20) Dabkowaki, W. Ph.D. Thesis, CBMM PAN, 1985. 
(21) Structural analysis was performed on the basis of mass spectra: 

Zielinska, B.; Stec, W. J. Org. Mass Spectrom. 1978,13, 65. 

0022-32631 921 1957-6060$03.OO/O 

Scheme 11" 

SPRe-u L "  RpRc-ll 

Reaction conditions: methanol (4-10 equiv), mercuric tri- 
fluoroacetate (1 equiv), MeCN, rt. 

reaction course, formed a hygroscopic white powder. I t  was 
washed with dry diethyl ether, dried on vacuum line [M) OC (0.01 
mm Hg)], and analyzed leF NMR 6 -69.15 ppm (pyridine-dd. 
Elemental analysis confirmed the structure (Calcd: H, 0.74; C, 
8.84. Found H, 0.88; C, 8.89). 

7. Reaction of 2-(Trifluoroacetoxy)-2-oxo-4-methyl-1,3~- 
dioxaphosphorinane (trans-9) with Aniline. Into a solution 
of tram-8 (0.046 g ,  0.2 mmol) and 1 (0.08 g, 0.2 mmol) in ace- 
tonitrile (0.5 mL), resulting in the in situ formation of tram-9, 
as confirmed by means of 31P NMR (6 -16.44 ppm), was added 
freshly distilled aniline (0.1 g, 0.11 "01) in acetonitrile (0.1 mL). 
The precipitate was filtered off, and the filtrate containing an- 
ilinium salt of 2-hydroxy-2-oxo4-methyl-1,3,2-dioxaphcephorinane 
was concentrated and its maea spectrum, after silylation with BSA, 
corresponded to 24 (trimethyleilyl)oxy]-2-oxo-4methyl-1,3,2-di- 
oxaphosphorinane: m / z  224 (M'+). The identity of the second 
product presented in solution, namely trifluoroacetanilide, has 
been proved by GC-MS analysis (yield 100%): MS m/z  189 (100) 
(Ma+); 77 (CaHs)+; 120 (C6H5NHCO)'+; GC (HP-1) t~ 5.76 min. 

Ethanolysis of 0 ,&-Dimethyl N-(a-Methylbenzy1)- 
phosphoramidoselenoates (11) in the Presence of 1. Into a 
solution of (Rp,Rc)-ll (0.029 g, 0.1 mmol) in dry acetonitrile (0.5 
mL) was added dropwise ethanol (0.04 mL), followed by a solution 
of 1 (0.043 g, 0.1 mmol), and then the mixture was stirred at  
ambient temperature for 0.5 h. The precipitate was filtered off, 
and the filtrate was concentrated and dissolved in CDClp The 
31P NMR spectrum of resulting material contained only one signal 
at 6 9.32 ppm (CDClJ, characteristic for (Sp,RJ-12 [lit.' ,'P NMR 
6 9.38 ppm]: 'H NMR 6 1.09 (t, 3 H, 3Jm = 6.8 Hz, CH&HPO), 

= 11.3 Hz, CH,O), 3.80-3.90 (m, 2 H, CH20), 4.28 (m, 1 H, 
CH,CH), 7.2-7.9 ppm (5 Hwm). 

In the same way ethanolysis of mixture of (Rp,Rc)-ll and 
(Sp,RJ-ll (1:2.7, respectively, ,'P NMR assay 6 27.0 and 26.4 ppm) 
was performed. Two signals in 31P NMR spectrum in CDCl, were 
observed, 6 9.35 and 9.42 ppm in the ratio ca. 31, corresponding 
to (Rp,Rc)-12 and (Sp,Rc)-12, respectively. Addition of pure 
(Sp,Rc)-12 (0.01 g) gave rise to the expected change of ratio of 
diastereoisomers. 
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Regulation of molecular conformations is a key element 
in biochemical processe% such as enzyme activity1 or oxygen 
transporte2 Conformational changes affect the structure 
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