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shifted to slightly higher field than those of the starting material III.
When the reaction was judged to be complete, it was filtered and the
solvent was removed on the rotary evaporator at room temperature.
The resulting yellow solid was triturated repeatedly with six 50-ml
portions of ether yielding 25 g of solid after evaporation of the ether.
This substance was then triturated several times with n-pentane with
very brief heating on the steam bath each time, followed by filtration.
Evaporation of the combined filtrates yielded 22 g of a solid. A white
fibrous substance was removed in the filtration step. Finally, the
product was dissolved in n-pentane with gentle warming and allowed
to crystallize overnight in the freezer (—20 °C) yielding 16 g of.slightly
tan, crystalline dibromide 1V, mp 57-58 °C (resolidifies to a fibrous
gel soon after melting). The dibromide IV exhibits a very clean NMR
spectrum (CDCly): two-proton vinyl singlet at 8 6.03, two-proton vinyl
singlet at & 5.97, and four-proton bromomethyl singlet at § 4.15.
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Although solvolytic reactions in the steroid field are of long
established synthetic and mechanistic interest,! the use of a
tertiary trifluoroacetoxy substituent as a leaving group has
received relatively little attention. Just and Di Tullio reported
briefly that the ethanolysis of 3«-methylcholest-5-en-33-yl
trifluoroacetate (5) resulted merely in the recovery of the
starting 38-alcohol (5a).2 Work in other fields suggested,
nevertheless, that tertiary trifluoroacetates react in uncata-
lyzed (neutral) hydrolyses by an alkyl-oxygen fission path or
a mechanism which involves both SN and Ba.2 routes.?
Prompted by these results we have examined the solvolytic
behavior of 17a-methylandrost-5-ene-38,173-diol 3-acetate
17-trifluoroacetate (1)* and its epimer at C-17 (la), both
readily available from the corresponding tertiary alcohols 1b
and lec.

Results and Discussion

When 1 and 1a were solvolyzed in refluxing methanol in the
presence of sodium acetate, the following major products were
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formed. The less polar fractions after chromatography con-
sisted essentially of 17,17-dimethyl-18-norandrosta-5,13-
dien-38-yl acetate (2)® and a mixture of 17-methylenean-
drost-5-en-38-yl acetate (3)¢ and 17-methylandrosta-5,16-
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dien-33-yl acetate (4)7 which could not be separated. The
other products were, in order of elution, the 17a-methoxy-
178-methylandrost-5-en-33-yl acetate (1d), and (from 1 only)
the 178-alcohol 1b.8

The structure of the methyl ether 1d was deduced on the
basis of analytical and spectral data and by comparison of the
C-5 saturated analogue® with an authentic sample.1?

In Table I the yields of the products resulting from the two
methanolyses are compared. The enhancement of the elimi-
nation path for the quasi-axial 17a-trifluoroacetate la has
analogy in the solvolyses of several secondary sulfonate es-
ters.'! The major product 4 should derive from a rapid trans
quasi-diaxial elimination with the 168 proton. In both cases
the unrearranged elimination products are accompanied by
the rearranged A!3 olefin 2, which is the usual product from
a C-17 carbonium ion.? The replacement reaction by alkyl-
oxygen fission, though proceeding by unimolecular heterolysis
(SN1),'2 leads, whatever the substrate, to the 17a-methoxy
derivative 1d, a result which probably depends on the steric
opposition of the 13-methyl group to 8-attack by the sol-
vent.

Methanolysis of 1 in the absence of a buffer gave the ex-
pected enhancement of the rearranged Al olefin 2 at the ex-
pense of the 178-alcohol 1b (only traces).

Turning next to the solvolysis in ethanol, the 17a-ethoxy
derivative 1e!3 was obtained in 11% yield from 1 in the pres-
ence of sodium acetate, together with the usual elimination
products (52% yield), and the 178-alcohol 1b (25% yield).

This result differed considerably from that reported by Just
and Di Tullio for 52 but a reexamination of the ethanolysis of
5 showed that, in addition to a 78% yield of the starting alcohol
5a, only an 8% yield of a hydrocarbon mixture containing both
3-methylcholesta-3,5-diene (6)14 and 3-methylenecholest-
5-ene (7)!¢ and a 9% yield of 33-ethoxy-3a-methylcholest-
5-ene (5b)14 were formed.

As to the aprotic solvents, when dimethyl sulfoxide was
used, in the presence of sodium acetate, the decomposition
of 1 and 1a to the elimination products strongly preponder-
ated, as can be seen from Table L. For 1, the olefin composition
observed appears to minimize the possible intervention of a
preliminary SN2 substitution of the trifluoroacetoxy group
by the solvent (which is more nucleophilic than AcO~ anion)
to give an axial O-alkyl sulfonium salt,!® since this would
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Table I. Percentages 2 of the Products Obtained by Solvolysis of 1 and 1a
MeOH + AcONa® MeOH + LiN3, MeOH, Me.SO+ AcONa MesSO + AcONa (+2% Ho0), MesSO + NaNj,
Product i 1a 1 1 | Ta 1 1
2 10 13 14, 33 12 4 7
3 16.5 21 20 15 42 34 28 44
4 6.5 46 8 10 24 62 25
ib 42 28 6 63
le 9 9 10.5
1d 21 9 22 16
1f 8 13

@ The yields of 2, 1b, 1¢, 1d, and 1f are calculated from weights of chromatographic fractions; those of 3 and 4 are inferred from the

IH NMR spectra of their mixtures. ® Medium. ¢ Substrate.
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produce more 4 than was actually obtained. The alcohols that
occurred in low yield among the solvolytic products of 1 should
arise from hydrolysis of such intermediate species during
workup or, alternatively, from adventitious water present in
the reaction mixture. In fact, since the solvolysis of 1 in MexSO
1+ AcONa in the presence of 2% water raised the yield of 1b to
63%, while leaving that of le practically unaffected, the latter
process should be the more effective for the 173-alcohol and
the former for the 17a-alcohol.

As expected, the solvolysis of 1 in MeoSO in the presence
of the more powerful nucleophile sodium azide gave, in ad-
dition to 2, 3, 4, and lc¢, the 17«-azido-178-methylandrost-
5-en-383-yl acetate (1f) in 13% yield. The 17« configuration of
the azide group was inferred from both mechanistic consid-
erations (mechanism SN2 is predominant in dipolar aprotic
solvents)'? and the following data. The 133-methyl group in
the '"H NMR spectrum of 1f resonates at a value (0.75 ppm)
consistent with those of all the compounds of the 17« series
(1a, 1¢, 1d, and 1e) (0.68-0.77 ppm), while the corresponding
signal of the compounds of the 178 series (1 and 1b) exhibit
a distinct downfield shift. Furthermore, 1f was reduced with
lithium aluminum hydride!6 and the crude amine was acety-
lated to give a 17-acetamido derivative 1g of retained con-
figuration which is different from the known 178-acet-
amido-17a-methylandrost-5-en-38-yl acetate.l” A similar
amount of 1f resulted when the solvolysis was carried out in
hexamethylphosphoric triamide (HMPT), as indicated by the
comparable intensities of the asymmetric azide stretching
band at 2100 cm ™! in the ir spectrum of each crude reaction
residue.

Finally, treatment of 1 with lithium azide in refluxing
methanol resulted in a limited competition between azide ion
and methanol since only an 8% yield of 1f was obtained against
the 22% yield of the methoxy derivative 1d.

In conclusion, we have found that solvolysis of tertiary
trifluoroacetates is useful for nucleophilic substitution at
tertiary centers but, as expected, the yields are strongly lim-

'\\

ited by concurrent eliminations. The latter are not specific and
give merely mixtures “for the balance between E1 and E2 can
be very delicately poised in tertiary structures” '8 and, in
addition, the syn-coplanar mode of E2 elimination in cyclo-
pentyl rings may be only moderately less favorable than the
anti reaction.

Experimental Section

Melting points were determined on a Kofler hot-stage apparatus
and are not corrected. Rotations were taken with a Schmidt-Haensch
polarimeter (1-dm cell) in 1% CHCI; solutions. Where appropriate,
identities of compounds were confirmed by comparison of ir spectra
(KBr disks; Perkin-Elmer 521 grating spectrophotometer). 1H NMR
spectra were measured for solutions in CDCl3 (Me4Si as internal
standard) with a Varian HA-100 spectrometer. Column chromato-
graphies were carried out with deactivated (grade 1I) Woelm neutral
alumina, Dimethyl sulfoxide and hexamethylphosphoric triamide
were refluxed over calcium hydride and distilled in vacuo; methanol
and ethanol were dried by treatment with magnesium, -

17a-Methylandrost-5-ene-38,17-diol 3-Acetate 17-Trifluo-
roacetate (1). 17a-Methylandrost-5-ene-383,17-diol 3-acetate (1b,
1.00 g, 2.9 mmol) and trifluoroacetic anhydride (1.5 ml) in dry pyridine
(7 ml) were set aside at room temperature for 3 h, then poured slowly
into 85 ml of cold aqueous 15% HCI, with stirring. The yellow pre-
cipitate was filtered and dissolved in ether and the extracts washed
with water until neutral. After drying (NasSQy), the ether was evap-
orated and the residue (1.31 g) crystallized twice from methanol (0.72
g): mp 118-120 °C; [a]p —65°; ir CF5C00 1770 cm~Y; 'H NMR 6 0.91
(3H,s, 13-Me), 1.05 (3 H, 5, 10-Me), 1.51 (3 H, s, 17a-Me), 2.00 (3 H,
s, 36-OAc), 4.6 (1 H, m, 30-H), 5.4 ppm (1 H, m, C-6 H).

Anal. Caled for CoyH3sF304 (442.5): C, 65.14; H, 7.51; F, 12.88.
Found: C, 65.42; H, 7.65; F, 12.73.

173-Methylandrost-5-ene-38,17-diol 3-Acetate 17-Trifluo-
roacetate (1a). This was prepared in the same manner as aboveé from
17«-alcohol 1e and crystallized from n-hexane: mp 95-96 °C; [a]n
~109°; ir CF3C0O0 1770 cm~1; 1H NMR 6 0.77 (3 H, s, 13-Me), 1.06
(3H,s,10-Me), 1.67 (3 H, 5, 178-Me), 2.05 (3 H, 5, 36-0OAc), 4.6 (1 H,
m, 3a-H), 5.4 ppm (1 H, m, C-6 H).

Anal. Caled for C24H33F304 (442.5): C, 65.14; H, 7.51; F, 12.88.
Found: C, 65.01; H, 7.52; F, 12.54.

Solvolysis of 178-Trifluoroacetate 1 in- Methanol in the
Presence of Sodium Acetate. A stirred solution of 1 (4.42 g, 10
mmel) in 125 ml of methanol was refluxed for 32 h!® in the presence
of sodium acetate (4.10 g, 50 mmol). Part of the methanol was distilled
and water was added to the mixture. The product was extracted with
ether, and the extract washed with water and dried over NasSO,. The
residue (3.51 g) was chromatographed over 210 g of alumina. Elution
with n-hexane-benzene (7:3) gave 17,17-dimethyl-18-norandrosta-
5,13-dien-33-yl acetate (2, 0.35 g, 10%), identical with an authentic
sample,5 followed by a mixture of 17-methyleneandrost-5-en-38-yl
acetate (3)® and 17-methylandrosta-5,16-dien-38-y! acetate (4,7 0.81
g, 23%). Elution with benzene gave 17a-methoxy-178-methylan-
drost-5-en-38-yl acetate (1d, 0.73 g, 21%): mp 130-131 °C (from
n-hexane); [o]p —90°; INMR 5 0.71 (3 H, 5, 13-Me), 1.05 (3 H, s, 10-
Me), 1.11 (8 H, s, 178-Me), 2.03 (3 H, s, 33-0Ac), 3.18 (3 H, s, 17a-
OCH3), 4.6 (1 H, m, 30-H), 5.4 ppm (1 H, m, C-6 H).

Anal. Caled for Co3Hs603 (360.5): C, 76.62; H, 10.07. Found: C, 76.65;
H, 10.12

Finally, elution with benzene-ether (9:1) gave 17a-methylan-
drost-5-ene-383,17-diol 3-acetate (1b, 1.47 g, 42%), mp 177-179 °C
(from AcOEt).
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Repetition of the procedure on 17«-methyl-5a-androstane-
38,17-diol 3-acetate 17-trifluoroacetate [mp 107-108.5 °C (from
methanol); [a]p —7.5°; ir CF3COO 1770 em~!] resulted in the for-
mation of 17a-methoxy-178-methyl-5a-androstan-38-yl acetate
(23%): mp 94-94.5 °C (from methanol); [a]p —24°; identical with an
authentic sample.1?

In the same manner were carried out the solvolyses of 1a in MeOH
in the presence of sodium acetate and of 1 in MeOH alone and in 0.92
M anhydrous methanolic lithium azide.20

Solvolysis of 178-Trifluoroacetate 1 in Ethanol in the Presence
of Sodium Acetate. Treatment of 1 (1.74 g, 3.9 mmol) with AcONa
(1.62 g, 19.5 mmol) in EtOH (50 ml) in the above manner gave, after
chromatography of the residue (1.36 g) on alumina, 17a-ethoxy-
178-methylandrost-5-en-33-yl acetate (le) (147 mg, 11%): mp
96-97 °C (from MeOH); [a]p —90°; 'H NMR 6 0.68 (3 H, s, 13-Me),
1.04 (3 H, s, 10-Me), 1.10 (3 H, s, 178-Me), 1.11 (3 H, t, J = 7 Hz,
CH3;CH,0-), 2.03 (3 H, s, 38-OAc), 3.3¢ (2 H, q, J = 7 Hz,
CH3;CH20-), 4.6 (1 H, m, 3a-H), 5.4 ppm (1 H, m, C-6 H).

Anal. Caled for Co4Hzg03 (874.5): C, 76.93; H, 10.26. Found: C, 76.93;
H, 10.23.

Solvolysis of 178-Trifluoroacetate 1 in Me2SO in the Presence
of NaN3. 1 (4.4 g, 10 mmol) in MesSO (120 ml) containing NaNj; (6.6
g, 100 mmol) was heated at 80 °C with stirring for 24 h.2! The mixture
was cooled and water was added. The product was isolated with ether,
washed with water, and dried over NazSO,. Evaporation of the ether
gave 3.2 g of an oily residue which was chromatographed on alumina
(192 g). Elution with n-hexane-benzene (7:3) gave 2 (0.23 g, 7%) fol-
lowed by 3 + 4 (1.6 g), by a mixture of 3, 4, and 1f (0.81 g), and by pure
17a-azido-178-methylandrost-5-en-38-yl acetate (1f) (0.20 g): mp
138-139 °C {from n-hexane); [a]p —~109°; ir N3 2100 cm~!; 'H NMR
60.75 (3H, s, 13-Me), 1.05 (3 H, 5, 10-Me), 1.29 (3 H, 5, 175-Me), 2.02
(3H,s, 33-0Ac), 4.6 (1 H, m, 3a-H), 5.4 ppm (1 H, m, C-6 H).

Anal. Caled for CyoH33N3Os (371.5): C, 71.22; H, 8.95; N, 11.33.
Found: C, 71.03; H, 8.92; N, 11.29.

Elution with benzene-ether (9:1) gave 0.38 g of predominantly le,
mp 156-158 °C (from acetone), identical with an authentic sample®
(trace amounts of 1b were present). Repeated chromatographies of
the mixture of 3, 4, and 1f (0.81 g) on alumina as above gave more pure
1f (0.21 g, total yield 13%) in addition to 0.6 g of 3 + 4 (total yield
69%).

In the same manner were carried out solvolyses of 1 and la in
MesSO + AcONa.

17a-Acetamido-173-methylandrost-5-en-33-yl Acetate (1g).
To 0.2 g of LiAlH, in 10 ml of dry ether was added 0.2 g (0.54 mmol)
of 1f in 10 ml of dry ether. The mixture was stirred at room temper-
ature for 5 h, and excess LiAlH, decomposed with AcOEt and water.
The mixture was filtered and the filtrate washed with water. The ether
was evaporated after drying and the crude amino derivative obtained
[0.17 g, ir 3670 and 3600 (NH;) and 3440 cm™! (OH)] was directly
acetylated (AcyO-pyridine) to give 0.21 g of 17a-acetamido-178-
methylandrost-5-en-38-yl acetate (1g): mp 155-156 °C (from iso-
propyl ether); [«]p —96°; ir 3450 (NH), 1720 (38-OAc), and 1665 cm™1
(acetamido); YH NMR 6 0.76 (3 H, s, 13-Me), 1.04 (3 H, s, 10-Me), 1.40
(8H,s,173-Me), 1.92 (3 H, s, NHCOCH3y), 2.01 (3H, s, 38-0Ac), 4.6
(1H, m, 3¢-H), 5.4 (2H, m, C-6 H and NH).

Anal. Caled for Co4H37NO3 (387.5): C, 74.38; H, 9.62; N, 3.61. Found:
C, 74.18; H, 9.49; N, 3.46.

Registry No.—1, 474-34-0; la, 60282-52-2; 1b, 33854-98-7; le,
3090-73-1; 1d, 60282-53-3; le, 60282-54-4; 1f, 60282-55-5; 1g,
60282-56-6; trifluoroacetic anhydride, 407-25-0; 17a-methyl-5a-
androstane-33,17-diol 3-acetate 17-trifluoroacetate, 60282-57-7,
17a-methoxy-178-methyl-5a-androstan-33-yl acetate, 60282-58-8.
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Ethyl 2-acetamido-2-deoxy-8-D-glucopyranoside is found
in some microorganisms! and has a growth-promoting activity
(the bifidus activity) for Lactobacillus bifidus var. pennsy!-
vanicus.?3 The bifidus activity is found in the 8 anomer only,
but the « anomer is inactive.23 Little is known about the
structural specificity of the N-acyl group for the bifidus ac-
tivity.# Therefore, a modification of the N-acyl group is of
significance from these points of view. The bifidus activity was
originally observed with oligosaccharides® and glycopeptides®©
present in human milk.

The anomeric mixtures are generally produced in the course
of the preparation of glycosides by the Fischer method,’ and
the anomeric resolution is one of the important tasks. In the
past, the resolution of anomeric hexosaminides in a prepara-
tive scale has been performed by differential solubilities in
various solvents’® or, more recently, by anion-exchange
chromatography utilizing the difference in acidities of the
glycoside bonds.?

The present paper reports a novel and facile method for the
anomeric resolution of ethyl 2-amino-2-deoxy-D-glucopyra-
noside by cation-exchange chromatography utilizing the
difference in basicities of the amino groups, and the prepa-
ration of some novel N-acyl derivatives by N-acylation with
carboxylic anhydrides.

Results and Discussion

The anomeric ethyl 2-acetamido-2-deoxy-D-glucopyra-
noside was N-deacetylated with 1.0-6.0 N NaOH in a boiling
water bath for 1-5 h. The extent of N-deacetylation was an-

.alyzed by the ninhydrin reaction and by an amino acid ana-

lyzer. The maximum yield (42.6% Ia and 39.8% Ib) was ob-
tained by treating with 2.0 N NaOH in a boiling water bath
for 3 h, and the reaction with 6.0 N Ba(HO); under these
conditions afforded 35.0% Ia and 24.1% Ib. Product degra-
dation occurred with 3.0-6.0 N NaOH in the reaction for 4 h
and longer, and N-deacetylation was incomplete in the reac-
tions with 1.0 N NaoH for 1 h and shorter. The degradation
was evident by the detection of a strong NHj peak by the
amino acid analyzer.



