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Earlier studies in this Laboratory' have shown 
that phenyl P-D-glucopyranoside, the configura- 
tionally related phenyl 3-deoxy-p-~-ribu-hexopy- 
ranoside, phenyl @-D-galactopyranoside, and phen- 
yl P-D-mannopyranoside were converted readily 
by hot aqueous alkali into the corresponding 1,6- 
anhydro-P-D-hexopyranoses. The anomeric glyco- 
sides behaved differently, for phenyl a-D-gluco- 
pyranoside and phenyl 3-deoxy-a-~-ribo-hexopy- 
ranoside appeared to be completely stable toward 
alkali ; phenyl a-D-galactopyranoside was attacked 
slowly (sixteen weeks), and the product was the 
same 1 ,fi-anhydro-@-D-galactopyranose that was ob- 
tained from the @-anomer (nine hours)2; phenyl 
a-D-mannopyranoside was attacked readily, but 
most of the material underwent extensive de- 
struction, and only a very small amount of 1,6- 
anhydro-8-D-mannopyranose could be isolated. 

In  continuing the study of the behavior of ano- 
meric pairs of phenyl glycosides toward aqueous 
alkali, we have prepared the anomeric phenyl 
allopyranoside tetraacetates by suitable modifica- 
tions of the Helferich and Schmitz-Hillebrecht 
s ~ i i i t h e ~ i y ~  and then deacetvlated to obtain the 
free glycosides. When phenyl P-D-allopyranoside 
was heated with O.6N aqueous sodium hydroxide, 
it was transformed readily into the known 1)6- 
anhydro-P-~-allopyranose.~ It thus behaved like 
phenyl B-D-glucopyranoside and phenyl 0-D- 
gabctopyranoside ; all three of these have the 
hvdroxvl group a ,  C-2 trans to the p-D-phe- 
nox -1 group at C-1. For such an arrangement, 
AIcCloskey and Coleman6 proposed a mechanism 
that was supported by the subsequent experimental 
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work of Bardolph and Coleman6 and of Dyfver- 
man and Lindberg.' They suggested that the re- 
action consisted of two steps with a double Walden 
inversion, involving a 1,2-anhydrohexopyranose 
as an intermediate.8 The behavior of the anomeric 
phenyl a-D-allopyranoside, however, with its phe- 
noxyl and hydroxyl groups a t  C-1 and C-2 in a cis 
position, stands in contrast to that of the cor- 
responding glucoside (stable) and galactoside 
(converted slowly into the 1,6-anhydride). Jt is 
attacked readily by hot aqueous alkali with much 
decomposition, and no 1,6-anhydro-p-~-allopy- 
ranose could be detected, even by paper chroma- 
tography. 

EXPERIMEKTAL 

Ponta-0-acetyl-0-D-allopyranose. Acetylation of 10 g. of D- 
allose' with acetic anhydride and fused sodium acetate 
yielded 15.4 g. (71%) of the 0-pentaacetate. Seed crystals 
were obtained by slow evaporation of an aqueous acetone 
solution of the sirup. The pentaacetate, after two recrystal- 
lizations from aqueous ethanol, melted at  96-98' and showed 
[a]? -14.8' in chloroform (c, l), in good agreement with 
the m.p. 97-100" and [a]= -14.6' recorded by Lemieux and 
Brice.9 

Anal. (not previously reported) Calcd. for C16HBOI1: C, 
49.23; H, 5.68; CHaCO, 55.1. Found: C, 49.10; H, 5.66; 

Phenyl p-D-allopyranoside. A mixture of 10.7 g. of penta-0- 
acetyl-p-D-allopyranase, 10 g. of phenol, and 0.6 g. of p- 
toluenesulfonic acid monohydrate was fused and then heakd 
at 75-80' in a water pump vacuum for 1.25 hr. The dark 
brown produet was dissolved in 200 ml. of chloroform, and 
the phenol and most of the color were removed by two wash- 
ings with 3y0 aqueous sodium hydroxide. The chloroform 
solution was washed once with water, dried with sodium 
sulfate, filtered with carbon, and concentrated to a sirup 
(10.5 g.; theory, 11.6 g.). The sirup could not be induced to  
crystallize and so was deacetylated with a catalytic amount 
of methanolic sodium methoxide. The resulting crystalline 
product weighed 4.8 g. (68% over-all yield from the penta- 
acetate). Two recrystallizations from hot water followed by 
four recrystallizations from methanol afforded 190 mg. of 
phenyl 8-D-allopyranoside as rectangular prisms with m.p. 
176-178' and [a]y  -54.0' in pyridine (c,  1). 

Anal. Calcd. for CI2H16O6: C, 56.24; H, 6.29. Found: C, 
56.39; H, 6.43. 

Phenyl tetra-0-acetyl-!3-D-allopyranoside Acetylation of 100 
mg. of phenyl p-n-allopyranoside with acetic anhydride and 
pyridine yielded 145 mg. (%yo) of phenyl tetra-0-acetyl-p- 
n-allopyranoside. It was recrystallized from aqueous ethanol 
and then from chloroform-pentane; stout prisms, m.p. 121- 
122' and [a]? -26.7' in chloroform (c,  1). 

Anal. Calcd. for C20H24010: C, 56.60; H, 5.70; CH3C0, 40.6. 
Found: C, 56.60; H, 5.60; CHaCO, 40.0. 

Phenyl tetra-thcetyl-a-D-allopyranoside. When the con- 
densation of penta-0-acetyl-p-D-allopyranose (5  g.) with 
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phenol was repeated, using p-toluenesulfonic acid as cat- 
alyst, the washed and dried chloroform solution showed [ a]: 
+44' calculated as phenyl tetra-0-acetyballopyranoside. 
The chloroform was removed in vacuo, and the resulting sirup 
was dissolved in ethanol, diluted with water, and inoculated 
with the @-anomer. The 1.3 g. of sticky crystals thus obtained 
consisted principally of the p-anomer as shown by the m.p. 
3 10-120' obtained after one recrystallization from chloro- 
form-pentane. The aqueous alcohol mother liquor deposited 
an additional 2.2 g. of product (total yield 3.5 g., 64%) con- 
sisting principally of the a-anomer. This, after recrystalliza- 
tion once from aqueous ethanol and thrice from chloroform- 
pentane, gave 160 mg. of the pure phenyl tetra-0-acetyl-a- 
D-allopyranoside as elongated prisms, m.p 97-98', and [a] '," 
+160° in chloroform (c, 1). 

Anal. Calcd. for C20H24010: C, 56.60; H, 5.70; CH&O, 40.6. 
Found: C, 56.76; H, 5.77; CHjCO, 40.3. 

When fused zinc chloride was used as catalyst. the chloro- 
form solution showed [a]? +64', and the first three frac- 
tions of crystals (2.8 9.) consisted principally of the a-anomer 
while the fourth fraction (0.3 g.) consisted principally of the 
p-anomer; the total yield was 3.1 g. (73y0) from 3.9 g. of the 
p-D-allose pentaacetate. 

Phenyl a-D-allopyranoside. A 526-mg. sample of phenyl 
tetra-O-acetyl-a-D-allopyranoside was deacetylated cata- 
lytically with methanolic sodium methoxide. The product was 
a sirup; on solution in absolute ethanol and dilution with 
pentane a waxy substance was produced. Fine needles were 
finally obtained by dissolving a small sample in 95% ethanol 
and allowing the solution to concentrate slowly a t  room tem- 
perature. The main fraction was then crystallized from 
ethanol-pentane; weight 219 mg. (69'%); m.p. 102-106", un- 
changed by recrystallization from acetone-pentane. The ob- 
served rotation [ C Y ] ?  + 179" in water (c, 1) was probably 
about 5% low because the crystalline material appears to be 
solvated to  a variable degree; thus, samples of the air-dried 
product lost 3.5 and 6.2y0 v-hen dried a t  70" in a high vacuum 
for 2 hr. and 1 hr., respectively The samples melted during 
the drying and were then analyzed. 

Anal. Calcd. for CI2H1606: C, 56.24; H, 6.29. Found: C, 
56.47, 56.36; H, 6.33; 6.30. 

Transformation of phenyl P-D-allopyranoside into 1,6-an- 
hydro-8-D-allopyranose by alkali. A 395-mg. sample of phenyl 
&D-aliopyranoside was refluxed with 40 ml. of 0.6N aqueous 
sodium hydroxide in a silver flask for 8 hr.; the solution had 
then reached a constant rotation [ a ] y  -93" calculated as 
1,6-anhydro-p-~-allopyranose, which is known to show 
[a]*: -75.8' in water.* The solution was deionized, extracted 
with chloroform t o  remove phenol, and concentrated to a 
sirup (150 mg.: theory 250 mg.). The sirup, when dissolved 
in absolute ethanol and inoculated, deposited 136 mg. (54%) 
of 1,6-anhydro-~-~-allopyranosc, identified by melting point, 
mixed melting point, and paper chromatography in three 
different solvents. 

Reactton of phenyl a-D-allopyranoside with alkali. When 90 
mg of phenyl a-D-allopyranoside in 30 ml. of 0.8N aqueous 
sodium hydroxide was refluxed the solution developed color 
slowly, and the rotation dropped from [a]? $186' to +151" 
in 7 hr. At the end of an additional 6 hr. the solution was so 
dark that the rotation could no longer be read in the polar- 
imeter, and consequently it waa decolorized with carbon. 
The colorless solution was concentrated and its rotation 
found to be nearly zero; neither phenyl a-D-allopyranoside 
nor l,B-anhydro-@-o-allopyranose could be detected by paper 
chromatography. The decolorizing carbon was extracted 
with hot acetone and a total of 35 mg. of sirup recovered; 
from this, 23 mg. of unchanged crystalline phenyl a-D-allo- 
pyranoside was obtained, but again no anhydro compound 
could be detected by paper chromatography. 
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Quite recently various analogs of progesterone 
having biological activity greatly enhanced over 
that of the parent hormone have been prepared.2 
Our efforts in this area were initially directed toward 
the preparation of representative 17a-fluoropro- 
gesterone derivatives. These compounds were po- 
tentially of interest, since 21-fluoroprogesterone is 
reported to be two to four times more active than 
progesterone. 

It was our intention to use the recently dis- 
covered4 reaction of perchloryl fluoride with enol 
acetates for the preparation of the 17a-fluor0 an- 
alogs. We initially investigated the reaction of this 
reagent with 3) 20-diacetoxy-3,5,17 (20) -pregna tri- 
ene (I) .6  The ability of this bisenol acetate to react 
with cationoid reagents a t  both C-6 and C-17 was 
demonstrated by treatment of I with sodium hypo- 
chlorite to give the known 60, li'a-dichloroprogester- 
one (11)6 in 74% yield. When the bisenol acetate I 
was treated with perchloryl fluoride in dioxane for 
three and one-half hours, an amorphous product 
resulted. The infrared spectrum of this material 
had bands ascribable to a A4-3-ketone, but it also 
exhibited strong bands a t  5.72 and 8.20 p,  indicative 
of an enol acetate. Kotable by its complete absence 
was a 20-carbonyl band in the 5.85 p region. Ac- 
cordingly, the product was regarded as being es- 
sentially 20 - acetoxy - 6 P- fluoro - 4,17(20) - preg- 
nadiene - 3 - one (III).' Without purification 111 
was treated successively with N-bromosuccinimide 
and hydrogen chloride in acetic acid to give the 
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