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Abstract - Cyclic enediol phosphoranes (2,2,2-trimethoxy-2,2-dihydro-1,3, 
2-dioxaphospholenes), prepared fran a-diketones, RCOCOR, and trimethyl 
phosphite cl?@), give strikingly different acylation products depending 
on the electronic properties of the groups, R, that occupy the 4,5-posi- 
tions in the dioxaphospholene ring with pentacovalent phosphorus. Reac- 
tion of acetyl chloride or bromide with the hexafluorobiacetyl-TMP phos- 
phorane gives exclusively the product of Lqclic 0-acylation, d&ethyl- 
(2-acetoxy-cis-1,2,-bistrifluoromethylvinyl) phosphate. Acylation of the 
biacetvl-IMl?hosohoi%ie gives mixtures of the product of exocvclic O-acv- 
lation’(a cyclic knediol phosphate) and the product of C-agation (an o- 
hydroxy-B-diketone phosphate), the proportions depending on the structure 
of the acyl halide and the solvent. The parent 1,3,2-dioxaphospholene, 
i .c., the glyoxal-TMP phosphorane where R = H, gives exclusively the 
product of endocyclic 0-acylation with both acyl halides in all solvents. 

In 1968 we observed1 that the reaction of the biacetyl-trimethyl phosphite (IMP) oxyphosphorane 

Q,, Scheme I) with acetyl chloride at 55’C in the absence of solvent yielded the product of C- 

acylation, an a-hydroxy-6-diketone phosphate, 3. in over 80% isolated yield. This observation, 

although novel, was not startling since it was already known2 that the biacetyl-IMP phosphorane 

behaved as a “pseudocarbanion” in its reactions with aldehydes and ketones, generating a new 

carbon-carbon single bond in those reactions . Soon4, 3 however, the complexity of the acylation 
reaction of the hiacetyl-TMP phosphorane became apparent, as can be seen in Table I and Scheme I. 

Evidently, exocyclic 0-acylation competes with C-acylation and generates a cyclic enediol phos- - 
phate 2. The proportion exocyclic O-acylation: C-acylation nroducts is very sensitive to the - 
structure of the acvl halide and the solvent. 
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Table I. Acylation of the Biacetyl-Trimethyl Phosphitc Phosphoranc, 2”. 

Solvent React ionb 
time. hr 

Products 
FLxxocvclic 

C-acylation % 0-acylation 9. 

None 90 

Dioxane 150 

Acetonitrile 60 

Dichloromethane 72 

Benzene 3nnc 

None 0.33 

Dioxane 2.0 

Acetonitrile 0.25 

Dichloromethane 1.0 

97 

90 

65 

20 

30 

25 

50 

5 

10 

3 

10 

35 

80 

70 

75 

50 

95 

90 

Benzene 5.0 25 75 

aEqui.molar reagents in 2.7M solution at 40?l°C. 
b At which reaction is virtually complete; no further changes in the products 
are observable with time. 

%nly 80% of reaction. 

The reaction of the glyoxal-IMP oxyphosphorane Ql,, Scheme TI) with acetyl chloride revealed 

a third type of behavior of the cyclic enediol phosphoranes upon acylation 596 . When this reaction 
proceeded at 30°C in dichloromethane solution for 3h, the only detectable product, isolated in 

over 70\ yield, was dimethyl-cis-2-acetoxyvinyl phosphate,h, the result of endocyclic 0-acylation. - 
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Scheme II 

We have ncN found a striking difference between the hexafluorobiacetyl-TMP phosphorane’, 5, 

and the biacetyl-TMP analog, J, in their reactions with acyl halides; the results are described 

in this paper. The paper also includes additional studies of the reactions of the glyoxal-IMP 

phosphorane,j,, to serve as a basis for comparison between different cyclic enediol phosphoranes 

under strictly comparable experimental conditions. 

RESULTS 

As shown in Table II, endocyclic 0-acylation is the only detectable pathway for the reaction 

of the glyoxal-TMP adduct,& with acetyl choloride and bromide in all solvents, and in the 

absence of solvent. The structure and stereochemistry of the product, & have previously been 
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establ ishedsS6. The glyoxal-lMP adduct undergoes acylation at a much faster rate than the bia- 

cetyl-TMF’ analog, and not surprisingly acctyl bromide is more reactive than the chloride in both 

reactions and in all solvents. 

Table II. Acylation of Clvoxal-Trimethylphosphite Phosnhorane, Aa”. 

Solvent React ion t imcb 
(min) 

cH3COCl CH3COBr 

None 30 3 

Dioxane 110 4 

Acetonitrile 45 1 

Dichloromethane 60 3 

Benzene 150 12 

aEouirolar reagents in 2.w solution at 40+l°C. In all cases the only 
detectable product results fran endocyclic 0-acylation,,& 

%. Ime at which reaction is virtually comlete. No further changes in 
the product are observable with time. 

The hexafluorobiacetyl-7 adduct,& is the least reactive of the cyclic enediol phosphor- 

anes as shown in Table III. However, unexpectedly, the only detectable product results from 

endocyclic 0-acylation(.SchemeII); no evidence has been obtained for the formation of the pro- 

ducts of exocyclic 0-acylation or C-acylation as in the case with the biacetyl-7MP analog. The - 
structure of dimethyl-(Z-acetoxy-cis-1, 2,-bistrifluoromethylvinyl) phosphate,,& has been as- - - 
signed as described in the berimental Section. 

Table III. Acy!atior, of the Hexaflurobiacetyl-Trimethylphosphite Phosphorane, Aa. 

Solvent Reaction timeb 

cM3CKl Cl13COBr 

None 230 24 

Dioxane 210 24 

Acetoni tri le 90 8 

Dichloromethane 250 50 

Benzene . . . 85 

%uimolar reagents in 2.7M solution at 40!l°C. In all cases the only detectable 
product results from endocyclic O-acylat ion. 3. 

h . Tlmc at which reaction is virtually comnlete. No further changes in the product 
arc observable with time. 

The tendency for endocyclic O-acylation in the hexafluorobiacetyl-T adduct is also danon- 

strated in its reaction with carbonyldibromide, as shown in Scheme II. Using an excess of the 

bifunctional acylating agent, the bromocarbonyloxyvinyl phosphate,&, is obtained in high yield. 

DISCUSSION 

To account for the unexpected and striking differences in the products of acylation of the 

hiacctyl-TMP and hexafluorobiacetyl-TMP phosphoranas, we asscDne the existence of a relatively 

small amount of an enolate dipolar ion in relatively rapid equilibria with the cyclic enediol 

phosphorane form. Similar ionizations of acyclic aryloxyphosphoranes have been extensively 

studied by Westheimer and his coworkers 8 . Scnne of the possible resonance structures that could 

contribute to the stahilization of the enolatc ion are depicted in Scheme III. Since the induc- 

tive electron-withdrawing effect of the trifluoromethyl group should stabilize, and the electron- 

releasing effect of themethyl group should destabilize, the enolate anion relative to the parent 
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glyoxal-I?@ adduct, one might predict that the amount of enolate ion in equilibria with its 

phosphorane form should increase in the order: biacetyl-TMP<glyoxal-lW<hexafluorobiacetvl-W. 

schane ITT. R = 013, H or CR3 

If the concentration of enolate ion in solutions of the glyoxal-IW and hexafluorohiacetyl- 

IW adducts is significant, one can describe the formation of the product of endocyclic O-acyla- 

tion as shown in Scheme IV. This is essentially a nucleophilic attack by enolate-oxygen at the 

unsaturated acyl halide carbon, follaKed by the usual displacement by halide ion on the methyl 

carbon of a tetraalkoxyphosphoniun ion’. The absence of C-acylation in these tw adducts is not 

predictable apriori, but it should be noted that electron density at carbon should be decreased 

as the substituent becomes electron-withdrawing (CF3). 

scheme Iv. R = H or CF3 

Since no product of e&qclic 0-acylation is observed with the biacetyl-I?@ adduct, either 

the concentration of enolate ion is now vanishingly small, or if there is still an appreciable 

concentration of this ion in equilibriw with the cyclic phosphorane, the rate of enolate O- 

acylation is no longer competitive with the rate of C-acylation. One could justify this second 

alternative on the grounds that carbanion reactivity should be enhanced by the electron-releasing 

methyl substituent. However, this second alternative does not explain why, as enolate-oxygen re- 

activity vanishes, the nucleophilic reactivity of the methoxy-oxygen should appear in the form of 

the product of exocyclic 0-acylation. A more likely interpretation is offered by the asslrmption 

that in solution, the biacetyl-IMP adduct exists virtually in the cyclic phosphorane form. If 

such is the case, the mechanism shown in Scheme V can be written. The reaction is depicted as a 

concerted S,.,Z-type of displacement on the acyl halide. However, an alternative $1 type of dis- 

placement involving an acyliLon cation can not be ruled out in particular with acetyl bromide and/ 

or in the more polar solvent acetonitrile, (E 38, vs dichloromethane, [: 9.0 and dioxane, c 2.0). 

Scheme V 
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A plausible mechanism for the =cycl_ic 0-acylation of the biacetyl-TMP adduct is suggested 

in Scheme VI. Now, in an $2, or mOre likely an $1 type of displacement, the methoxy-oxygen is 

acylated to form a positively charged cyclic phosphorane which is well disposed for a nucleophilic 

attack by halide ion on a methyl group followed by loss of methyl acetate. It should be noted 

that both acetyl branide and acetonitrile shift the mechanism in the direction of Kocyclic O-acy- 

lation and formation of the synthetically useful lo cyclic enediol phosphate. 
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Scheme VI 

If the concentration of enolate ion in equilibrilrm with cyclic phosphorane is insignificantly 

low in the biacetyl-lMP adduct, one should still explain why no product of endocyclic 0-acylation 

is formed from this cyclic phosphorane by a direct attack of a ring oxygen on the acyl halide 

in a reaction similar to that proposed for the exocyclic 0-acylation. Such a mechanism would - 
take the form shown in Scheme VII and there is no apparent reason why this mechanism could not be 

operative vfien R = H or CF3 also. It is conceivable, however, that acylation of an endocyclic 

oxygen is disfavored in the three cyclic phosphoranes, possibly as a result of some type of elec- 

tron delocalization of the lone pairs of the ring-oxygens of the 1,3,2-dioxaphospholene ring, 

with its pentacovalent phosphorus. A corollary of this hypothesis is that the product of endo- 

cyclic 0-acylation which is observed as the sole product under all experimental conditions in the 

acylation of the glyoxal-MP and hexafluorobiacetyl-‘IPIP adducts reflects a relatively fast reac- 

tion of the enolatc dipolar ion present in small amounts in rapid equilibriun with the phosphor- 

ane itself. 
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Scheme VII. Not observed when R = CH3; possible but unlikely when R = H or CF3. 

ExPExIMENrAL SF.CrION 

Reactions of the Glyoxal-‘IMP Adduct,&. .?,2,Z-Trimethoxy-ZS2-dihydro-l.3,2-dioxaphospholene. ,& 
was prepared fran a~hydmus glyoxal as previously described . Fr(uimolar mixtures of the phos- 
phorane, a, and the acyl halide, alone or as 2.W solu 
under argon at 4WC. f 

ions ’ the solvents indicated were kept 
The reactions were monitored by H and yl~-t~R and were found to be vir- 

tually complete in the times listed. The results are given in Table II. In several cases, fhe 
solvent was revlous- 
ly described 

Semoved and the product purified and characterized by its spectral data, as 
1 P . phosphate,_&, has been con IITIM 

b 
b 

The structure of dimethyl-cls-Zracetoxyvln 
elemental analysis , and by a comparlsomf its spectra Y data with those of the products 

o tained when phosgene, CNl 
f * 

was treated with one and two molar equivalents of the glyoxal-M 
phosphorane, a. The endocyc 1c O-acylation character of these reactions and the stereochemistry 
of the products were established by X-ray crystallographic analysis of one of these products his- 
(dimethylphosphatovinyI)carhonate6. 

- 
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(Sml) 
The equirnolar reaction of phosphorane3 (3.3 mnol) with acetyl chloride in dry pyridine 
was carried out at 25oC for 3h. 

lation, jj. 
The only detectable product was that of endocyclic O-acy- 

Reactions of the Hexafluorobiacetyl-‘IMP Adduct,,&. 4,5-bis-TrifIuoromethyl-2,2,2-trimethoxy- 
T;T d-9 
s&b&l :,?:l*3*z . Freshly distl led ace& bromide (1.5~. 11 nrnol) was added at once to a solution of -dloxapho?holene * 

was prepared fromli&afluorobiacetylll as previously de- 

the phosphorane, z (2.34 
was kept for 7 days at & 25 

7.3 mnol) in dichloromethane (2ml), at 25’C, under argon. The flask 
The solution was evaporated in vacutmr and the residue was fraction- 

ally distilled to yield di~thyl-(Z-acetoxy-cis-l,2,-bistriflwromethylvinyl)phosphate a; 1.5~. 
60% yield), b.p. 54OC (0.35rmn). 

- - 

Calcd for C8H906F6P: C,27.75; H, 2.66; F, 32.93. Found: C, 27.68; H, 2.65; P, 32.69. 

IR spectnnn (CH2C17): 1800 cm-’ (strong, C =O); 1670 cm-l (weak C=C) . 

1H MU? (CLCl ): a = 2.33 ppm (singlet, al,cO); 
(CH,0),P(0)),3in a 1:2 ratio. 

6 = 3.92 ppm (doublet, JmP = 11.6 Hz, 

3lP”G (CIKI 3) : 

lgF I’M (CDC13): 

multiplet centered at -5.8 ppm. 

quartet at 12.8 ppm (JFcccG = 12Hz) and a quartet at 15.0 ppm (JPCCCCF=12Hz). 

The reaction of the phosphorane&with acetyl chloride and acetyl bromide was also carried 
out in several solvents under the same conditions as those described above for the glyoxal-‘IMP 
phosphorane , 2. The results are given in Table III. 

Freshly distilled carbonyldibromide13 
(7ml) under argon. 

(5.65g, 30 -1) was dissolved in dichlommethane 
A solution of the hexafluorobiacetyl-TI4P phosphorane Q; 6.4Og, 20 ml) in 

dichloromethane (51~1) was added dropwise over a 10 min period at 25OC. The flask was kept for 3 
da s at 25oC. 

T 
The solution was eva 

co orless liquid remaining (7.728, !? 
rated at 25oC, first at 3Dtmn and finally at 0.51m1. The 

5% yield) proved to be the product of endocyclic 0-acylation, 
A. The analytical sample (b.p. 57oc, O.ZSrmr) was prepared by fractional distillation through a 
12cm Vigreux colurm. 

Calcd for C7H606BrF6P: C,20.45; H, 1.47. Found: C, 2O::O; II, 1.61. 

IR spectrun (CH2C12): 1800 on (strong, C=O); 1680 an (weak C=C). 

1H N!R (CDC13): 

31P !&tR (CDC13): 

d = 3.98 ppm (doublet, JHCop = 11.6 Hz, (CH30)2P(0)). 

multiplet centered at -5.1 ppm. 

“P M (CLXI ): quartet of doublets at 12.4 ppm (JFccccF = 12H2, JFCCOp = 
at 15.4 ppm (3FccccF = 12H2). 

4Hz) and a quartet 
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