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Pentaacetyl and other derivatives of 5-amino-1,2,3,4-cyclopentanetetrols with 1,2,3,5/4 (14), 1,2,3,4/5 (15),
1,4,5/2,3 (16), 1,3,5/2,4 (17), and 1,2,4/3,5 configuration (18) were prepared from readily accessible derivatives

(3 and 4) of the 1,4/2,3,5 isomer.

The synthetic routes involved displacement of sulfonyloxy group of the
mono-O-sulfonyl (1, 5, 11-13) and di-O-sulfonyl derivatives (8-10) by water.

In an analogous reaction se-

quence the pentaacetyl derivatives of 1,2,4,5/3 (33) and the all-cis configuration (34) were prepared from mesyl-

ates (31 and 32) of the 1,4,5/2,3 isomer.

Though none of the ten possible 5-amino-1,2,3,4-
cyclopentanetetrols (¢f. Chart I) has been encountered
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@ Isomers A-D, having a plane of symmetry, are meso forms.
Of the six racemic diastereomers E-K, the enantiomer has been
depicted which allows clockwise assignment of positional num-
bers as in A.

in nature so far, their chemistry has received considera-
ble attention,®—* deriving its main stimulus from the
occurrence of certain aminocyclopentanepolyol systems
as components in some antibiotics, 7.e., aristeromycin®
and pactamycin.” While it might be surmised from the
structural features of these antibiotics that aminocyclo-
pentanepolyols as such may lack biological relevance,
their preparation and establishment of configuration,
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nevertheless, was deemed prerequisite for further trans-
formations, <.e., conversions into nucleosides. As a
consequence, in this paper we wish to report the
preparation and configurational elucidation of seven
diastereomers of pentaacetyl derivatives of 5-amino-
1,2,3,4-cyclopentanetetrols, of which five had not been
previously prepared, thus providing now a synthetic
route to any one of the ten isomers.
pL~(1,2,3,5/4)-5-Amino-1,2,3,4-cyclopentanetetrol
(E),—While the readily available 2,3-O-cyclohexyli-
dene-(1,4/2,3,5)-5-acetamido-1,2,3,4-cyclopentanetetrol
(3)%5 could be converted into the corresponding 1,4-di-
O-mesyl derivative (1) in good yield (Chart II), selec-
tive mono-O-mesylation could not be achieved. Treat-
ment of 3 with 1.1-1.4 molar equiv of mesyl chloride in
each case yielded mixtures of the mono-O- and di-O-
mesyl compounds (2 and 1) ranging in ratios from 1:1
to 3:2. After removal of the major portion of 1
formed, the resulting mixture of 1 and 2 was subjected
to displacement of the sulfonyloxy group by heating in
water in the presence of sodium acetate, and sub-
sequently acetylated. On separation by column chro-
matography the crystalline 1,4-di-O-acetyl-2,3-O-cy-
clohexylidene-(1,2,3,5/4)-5-acetamido-1,2,3,4-cyclopen-
tanetetrol (7) was obtained. Mild acid hydrolysis of 7
followed by acetylation afforded (1,2,3,5/4)-5-acet-
amido-1,2,3,4-cyclopentanetetrol tetraacetate (14), mp
123-124°8 The 1,2,3,5/4 configuration for 7 and 14
rests on the following evidence. First, compound 7
exhibited three and compound 14 five distinct acetyl
resonances in the r 8 region (¢f. Table I), clearly in-
dicating the presence of an unsymmetrical configura-
tion (E-K, Chart I). Second, on displacement of the
mesyloxy group of 2, the 2,3 positions being sterically
fixed by the cyclohexylidene group, configurational
changes may ocecur at C-1 (or at C-4) and hence con-
figuration K is left as the only choice for com-
pounds 7 and 14. This configurational assignment
is further supported by the fact that the de-O-acetylated
product of 14 (19) yields two distinet mono-O-iso-
propylidene derivatives (20 and 21) on acetonation.
Formation of intermediary oxazolinium ions with
participation of the vicinal trans acetamido groups and
their eis opening by water were proposed as the reaction
mechanism.?
(1,2,3,4/5)-5-Amino-1,2,3,4-cyclopentanetetrol (B).
—On treatment of 1,4-di-O-acetyl-(1,4/2,3,5)-5-acet-
amido-1,2,3,4-cyclopentanetetrol (4)° with mesyl or
tosyl chloride, in pyridine, the 2,3-di-O-mesyl (8) and
2,3-di-O-tosyl (9) derivatives were obtained. Each, on

(8) The melting point previously reported for 14 (116°)5 must be cor-
rected, since further purification raised it to 123~124°,
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Acetyl resonances
—e——e—Configuration — (r value)
Fractional (number of
Formula notation QAc OAc groups) NHAG Mp, °C Ref
A (34) 1,2,3,4,5/0 7.91(2) 7.92(2) 8.03 174-175 5
B (15) 1,2,3,4/5 7.87 (2) 7.94(2) 7.96 145~-146
C (16) 1,4,5/2,3 7.87(2) 7.95(2) 7.97 176.5 4
173.5-174 5
D 1,4/2,3,5 7.92(2) 7.95(2) 8.05 147 3
138.5-140 4
148.5-149.5 5
E (14) 1,2,3,5/4 7.90,7.94,7.96,7.99 8.04 123-124
F (33) 1,2,4,5/3 7.85,7.88,7.93,7.99 8.00 162-163.5
G 1,2,3/4,5 7.88,7.89,7.93,7.94 8.01 192 3
189.5-190.5 5
H (18) 1,24/3,5 7.92,7.94,7.95,7.96 8.04 111-112°
I 1,2,4/3,4 119 3
K (17) 1,3,5/2,4 7.87,7.90,7.937.94 8.04 161,5-162.5

« Assignment of the N-acetyl resonance of the b isomer was established by measurement of the O-trideuterioacetyl derivative,® and
those of the other isomers were carried out by analogy with that of the p isomer.
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displacement of the sulfonyloxy group with water-
sodium acetate, evidently proceeding vie cyclic acetoxo-
nium ions by participation of the vicinal trans acetoxy

groups and their respective cis opening by water,® and
subsequent acetylation afforded the pentaacetyl de-
rivative (15), mp 145-146°. The 1,2,3,4/5 configura-
tion for this compound was established on the basis of
the following findings. The nmr spectrum of 15
revealed three sharp signals with 2:2:1 relative in-
tensities for the five acetyl groups, clearly indicating
the presence of a symmetrical structure (A-~D). Three
of the four compounds had been described®—® (A, C,
and D) and compound 15 was not identical with any one
of the known pentaacetyl derivatives by comparing
their melting point, nmr, and ir spectra. Therefore,
configuration B is given to compound 15. The assign-

(9) H. Paulsen, Advan. Carbohyd. Chem., 26, 133 (1971).
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ment of the configuration is consistent with the fact
that the de-O-acetylated product of 15 (22) yielded
mono-O-isopropylidene (24) and di-O-isopropylidene
derivative (23) on acetonation.

OH

HO
G
NHAc
22
‘740 OAc
O

NHAc
23 24

(1,4,5/2,3)-5-Amino-1,2,3,4-cyclopentanetetrol (C).—
In contrast to reactions of 8 and 9 — 15, the analogous
reaction with the de-O-acetylated product of 8 (10) took
—not unexpectedly —a different course. By participa-
tion of the neighboring hydroxyl groups, the reaction
proceeded vig oxirane intermediates. The oxirane rings
were opened in the trans arrangement by intramolecular
attack of the vicinal acetamido groups, forming oxazo-
linium ions, which were further attacked by water to
give cis-acetamido alcohol. Thus the pentaacetyl
derivative of the 1,4,5/2,3 configuration (16) was ob-
tained on acetylation as the main product, identical
with a sample prepared by another route.*

pi-(1,3,5/2,4)-5-Amino-1,2,3,4-cyclopentanetetrol
(K).—Mesylation of 4 gave a mixture of the mono-0-
mesyl (5) and di-O-mesyl (8) compounds, which were
successfully separated. De-O-acetylation of 5 yielded
the mono-O-mesyl derivative (11), which on treatment
in water-sodium acetate and subsequent acetylation
afforded the (1,3,5/2,4)-5-acetamido-1,2,3,4-cyclopen-
tanetetrol tetraacetate (17), mp 161.5-162.5°. The
nmr spectrum of 17 exhibited five sharp acetyl reso-
nances in the = 8 region, thus establishing an unsym-
metric configuration (E-K). Comparisons of ir data
and melting behavior with that of four other penta-
acetyl derivatives (configuration E-H) showed 17 to be
not identical with any of the four compounds, and for-
mation of a compound with configuration I could not be
conceived in the reaction employed. Therefore, 17 was
reasonably assigned the 1,3,5/2,4 configuration. This
assignment was supported by the fact that an N-iso-
propylidene derivative (26) was formed but no O-iso-

OH OAc
— OAc CH;
HO NHAc A N={
OH OAc  CH,

25 26

propylidene derivative was formed on treatment of the
de-O-acetylated product of 17 (25) with 2,2-dimethoxy-
propane in the presence of p-toluenesulfonic acid and
subsequent acetylation. The analogous reaction mech-
anism via oxirane intermediates as described above was
proposed in this reaction.
pL-(1,2,4/3,5)~-5-Amino-1,2,3,4-cyclopentanetetrol
(H).—By comparison with the stereochemical course of
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other reactions in acetamidocyclopentanetetrol series,
7.e., conversions of 8 and 9 — 15, 31 — 33, 32 — 34, and
other examples,® displacement of the mesyloxy group
in 5 would be expected to yield a product of 1,2,4/3,5 con-
figuration (H). The same would have to be anticipated
for the tosyl analog (6) and their fully acetylated prod-
ucts (12 and 13). Indeed, when subjecting either of
them to the displacement reaction by water—sodium
acetate, followed by acetylation, the pentaacetyl
derivative (18), mp 111-112°, was obtained as the
exclusive product. The ease with which the reactions
of 5, 6, 12, and 13 took place to give 18, together with
the fact that no other isomeric products were detectable
by tle in the reaction mixture, already appears to be
convincing proof of the validity of the mechanistic
rationalizations advanced above, and hence of the
1,2,4/3,5 configuration of 18. Corroborative evidence
is provided by the nmr pattern of acetyl resonances,
exhibiting five sharp signals in the 7 8 region (Table I)
to indicate an unsymmetrical configuration (E-IS), and
by the nonidentity of 18 with any one of the eight other
pentaacetyl derivatives in our hands (A-G and K) with
respect to ir, melting point, and mixture melting point
data.’® Thus, 18 can unequivocally be assigned the
1,2,4/3,5 configuration. A formation of a mono-O-
isopropylidene derivative (28) from the de-O-acetylated

OH OAc
‘ -
HO NHAc AcO NHAc
27 28

product of 18 (27) provided further evidence for the
assigned configuration. In fact, a pentaacetyl deriva-
tive of the 1,2,4/3,5 configuration with mp 123-124°
was reported by Hasegawa and Sable? (compound
XXVIb). Although the melting point of our product
18 (111-112°) is rather close, the two compounds were
found to be not identical with respect to ir and mixture
melting point.*! In addition, an analogous comparison
of XXVIb?® with the above-described 14 showed no
depression of the mixture melting point (123-124°) and
exhibited only minor differences in their ir spectra.!!
Since the configurational proof for 14 and 18 is un-
equivocal, it appears likely that the configuration of
compound XXVIb? will have to be revised to 1,2,3,5/4
arrangement of substituents.

pr-(1,2,4,5/3)- (F) and (1,2,3,4,5/0)-5-Amino-1,2,3,4-
cyclopentanetetrol (A).—Application of the reaction
sequences similar to those used for the conversions 4 —
5 — 18 and 4 — 8 — 15 to compound 30 available from
294 could give the known isomer 34° and its C-3 epimer
33. Mesylation of 30 yielded the expected mixture of
mono-0- and di-O-mesyl derivatives (31 and 32,
respectively), which was subjected to displacement of

(10) The pentaacetyl derivative obtained (18) might be surmised to have
the 1,2,5/3,4 configuration (I), the only isomer not at hand for direct come
parison. Its reported melting point (119° vs. 111-112° of 18; ¢f, TableI}is
very similar; it would feature an analogous pattern of acetyl resonances
and also could give a mono-O-isopropylidene compound, although a di-O-
isopropylidene derivative would be more likely. However, a product with
a configuration as in I cannot intelligibly be conceived to arise from com-
pounds of a 1,4/2,3,5 arrangement of substituents as in 8, 6, 12, and 18.

(11) Dr, H. Z. Sable, School of Medicine, Case Western Reserve Uni-
versity, Cleveland, Ohio 44106, kindly performed these comparative mea-
surements.
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the mesyloxy group with water—sodium acetate and
subsequent acetylation to give a mixture of 33 and 34.

0 HO
O, — <<
NHAc NHAc
OAc OAc
29 30

HO aﬁ Ms

G

NHAc NHAc
OAc OAc
31 32
|
! !
AcO ‘a ‘I
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1245/3 1,2345/0

Separation was achieved by column chromatography
and afforded the major product, the ¥ isomer 33, mp
162-163.5°, while the A isomer 34 was isolated as the
minor product, which was identified with an authentic
sample.! The 1,2,4,5/3 configuration for 33 clearly
followed from its nmr pattern of acetyl resonance signals
(Table I), from its nonidentity with eight of the other
nine isomers (A-E, G, H, and K)—the mixture melting
point of 33 with 16, 17, and 34 showed strong depres-
sion—and from the fact that a compound of configura-
tion I is the only reasonable product to be expected in
this reaction.

Experimental Section

General.—Melting points were determined in capillary tubes
and are corrected. Solutions were evaporated under diminished
pressure. Acetylations were carried out with acetic anhydride in
pyridine in the usual manner. Ir spectra were determined for
potassium bromide disks with a Hitachi EPI-2 spectrophotometer.
Nmr spectra were measured at 60 and 100 MHz on a Varian
A-60D and a Varian HA-100D spectrometer in deuteriochloro-
form with reference to tetramethylsilane as an internal standard
and the peak positions are given in = values. Tlc was performed
on silica gel plates (Wakogel B-10) with 5:1 benzene-ethanol as
a solvent system, if not indicated otherwise. Elemental analyses
were performed by Mr. Saburo Nakada, to whom our thanks
are due.

A. Derivatives of (1,4/2,3,5)-5-Amino-1,2,3,4-cyclopentane-
tetrol (5, 6, and 8-13). 1,4-Di-O-acetyl-2- (or 3-) O-mesyl-
(1,4/2,3,5)-3-acetamido-1,2,3,4-cyclopentanetetrol (5).—To &
solution of 1,4-di-O-acetyl-(1,4,/2,3,5)-5-acetamido-1,2,3,4-cyclo-
pentanetetrol (4) (1.00 g, 3.6 mmol) in pyridine was added
mesyl chloride (0.40 ml, 5.2 mmol). The solution was left over-
night at room temperature and poured into ice water to give
di-O-mesyl derivative 8 (0.44 g) as a crystalline precipitate, which
was collected by filtration. The filtrate was extracted with
chloroform and the chloroform solution was evaporated. The
residue was crystallized from ethanol, giving 5 (0.50 g, 399%),
mp 141-145°. Recrystallization from ethyl acetate yielded the
analytical sample, mp 151-152°.

Anal. Caled for C.HiNOgS: C, 40.77; H, 5.44; N,.3.96;
8, 9.06. Found: C, 40.60; H, 5.19; N, 4.04; S, 8.96.

1,4-Di-O-acetyl-2,3-di-O-mesyl-(1,4/2,3,5)-5-acetamido-1,2,3,-
4-cyclopentanetetrol (8).—To a solution of 4 (0.61 g, 2.2 mmol)
in pyridine (8.0 ml), mesyl chloride (0.65 ml, 8.3 mmol) was
added with cooling and stirring. The mixture was then kept at
room temperature overnight and stirred into ice water to give
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crystalline precipitate. Collection by fltration, washing with
cold water, and drying afforded 8 (0.62 g, 65%) as colorless
crystals, mp 173-176°. Extraction of the aqueous filtrate with
ethyl acetate gave another crop (0.20 g, 21%): nmr (5:1 CDCl,—
pyridine-ds) = 8.03 (s, 3 H, NHA¢), 8.01 (s, 6 H, 2 OAc), 6.73
(s, 6 H, 2 OMs).

Anal. Caled for CuHaNOyS,: C, 36.18; H, 4.92; N, 3.25;
S, 14.84. Found: C, 36.13; H, 4.96; N, 3.40; S, 14.79.

Tosylation of 1,4-Di-O-acetyl-(1,4/2,3,5)-5-acetamido-1,2,3,4-
cyclopentanetetrol (4).—To a solution of 4 (0.50 g, 1.8 mmol) in
pyridine (12 ml), a mixture of tosyl chloride (1.73 g, 9.1 mmol)
and pyridine (3.5 ml) was added under ice cooling with agitation.
After stirring for 4 hr, the solution was poured into ice water,
which subsequently was extracted with chloroform. Evaporation
of the extract gave a mixture of 6 and 9, which was fractionated
on a silica gel column (Wakogel C-200, 30 g) with 8:1 benzene—
ethanol.

Di-O-tosylate 9.—The fractions containing 9 according to tle
(R: 0.6 in the same solvent system as above) were pooled and
evaporated. The residue crystallized on trituration with ethyl
acetate-petroleum ether (bp 30-60°) to give needles (0.32 g
30%), mp 144-145°. Recrystallization from chloroform-—
petroleum ether gave the analytically pure sample: mp 150-151°;
nmr 7 8.09 (s, 3 H, NHAc), 8.05 (s, 6 H, 2 OAc), 7.53 (5, 6 H,
aryl CHs).

Anal. Caled for Cz{,stNOuSzZ C, 51.44; H, 5.01; N, 2.40;
S, 10.97. Found: C, 51.70; H, 4.89; N, 2.43; S, 11.39.

Momno-O-tosylate 6.—The appropriate fractions containing 6
(R; 0.5 in the same solvent system as above) were combined and
evaporated to dryness. The residue was crystallized from ethyl
acetate—petroleum ether to afford 6 (0.30 g, 38%): mp 153-
154°; nmr 7 8.09 (s, 3 H, NHAc), 7.90 (s, 6 H, 2 OAc), 7.54
(s, 3 H, aryl CHj).

Anal. Caled for CisHuNOGS: C, 50.33; H, 5.41; N, 3.26;
S, 7.46. Found: C, 50.47; H, 5.28; N, 3.25; S, 7.08.

2,3-Di-O-mesyl-(1,4/2,3,5)-5-acetamido-1,2,3,4~cyclopentane-
tetrol (10).—Compound 8 (1.44 g) was dissolved in methanolic
ammonia (40 ml) and the solution was stored in a refrigerator
overnight. Evaporation and recrystallization of the residue from
ethanol afforded 10 (0.92 g, 799%,), mp 137-138°.

Anal. Caled for CgHuNOgSz: C, 31.11, H, 493, N, 4.03;
S, 18.44. Found: C, 30.87; H, 4.97; N, 4.02; S, 18.22.

2- (or 3-) O-Mesyl-(1,4/2,3,5)-5-acetamido-1,2,3,4-cyclopen-
tanetetrol (11).—De-O-acetylation of 5 (0.49 g) in methanolic
ammonia (12 ml) and work-up as described for 10 gave 0.28 g
(76%) of crude product, which after recrystallization from etha-
nol melted at 177-178°.

Anal. Caled for C:H;:NO;S: C, 35.67; H, 5.61; N, 5.20;
S, 11.89. Found: C, 36.00; H, 5.52; N, 5.20; S, 11.36.

1,3,4-Tri-O-acetyl-2-O-mesyl-(1,4/2,3,5)-5-acetamido-1,2,3,4-
cyclopentanetetrol (12).—Acetylation of 5 (97 mg) in the usual
manner and recrystallization of the crude product (mp 149-151°)
from ethanol afforded 12 (58 mg, 549) as colorless crystals:
mp 151-152°; nmr 7 8.02 (s, 3 H, NHAc¢), 7.89 (s, 3 H, OAc),
7.88 (s, 6 H, 2 OAc), 6.90 (s, 3 H,O0Ms),365(d, 1 H,J =7
Hz, NH).

Anal. Caled for cMHnNOmS: C, 42.54:; H, 536; N, 3.54;

S, 8.11. Found: C, 42.33; H, 5.10; N, 3.58; S, 8.30.

1,3,4-Tri-O-acetyl-2-O-tosyl-(1,4/2,3,5)-5-acetamido-1,2,3,4-
cyclopentanetetrol (13).—Acetylation of tosylate 6 (200 mg) and
recrystallization of the erude product from acetone-ethyl acetate
afforded 13 (0.15 g, 68%): mp 188-191°; nmr r 8.07 (s, 3 H,
NHAc), 8.04, 7.98, and 7.92 (threes, 3 H, 3 OAc), 7.54 (s, 3 H,
aryl CHy).

Anal. Caled for CongsNOmS: O, 50.93, H, 5.35, N, 2.97,
8, 6.79. Found: C, 50.93; H, 5.13; N, 3.21; S, 6.90.

B. Derivatives of p1-(1,2,3,5/4)-3-Amino-1,2,3,4-cyclopen-
tanetetrol (7, 14, and 19-21). 1,4-Di-O-acetyl-2,3-O-cyclohexyli-
dene-p1-(1,2,3,5/4)-5-acetamido-1,2,3,4-cyclopentanetetrol (7).
—2,3-0-Cyclohexylidene-(1,4/2,3,5)-5-acetamido-1,2,3,4-cyclo-
pentanetetrol (3)® (950 mg, 3.5 mmol) was treated with mesyl
chloride (0.41 ml, 5.3 mmol) in pyridine (12 ml) for 30 min
under ice cooling and agitation. The mixture was left at room
temperature for 1.5 hr and poured into ice water (100 ml) to give
the 1,4-di-O-mesylate (1) as a crystalline precipitate, which was
collected by filtration (3904 mg). Extraction of the filtrate with
chloroform, followed by washing of the organic layer with water,
drying, and evaporation, gave an oily residue (831 mg) comprising
according to tle an approximately 3:2 mixture of monomesylate 2
and dimesylate 1. This mixture was treated with boiling water
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in the presence of sodium acetate (0.98 g) for 1.5 hr and sub-
sequently evaporated to dryness. Upon acetylation of the resi-
due, the mixture was separated on a silica gel column (Wakogel
C-200, 75 g, 35 X 1.8 cm) by elution with 10:1 benzene-ethanol.
The fractions containing 7 according to tle were pooled and
evaporated to dryness. Trituration with ether afforded 288 mg
(239%,) of 7 as colorless crystals: mp 98-100°; nmr 7 8.43 and
8.30 (two m, 4 H and 6 H, cyclohexylidene protons), 8.02 (s, 3
H, NHAce), 7.92 and 7.86 (two s, 3 H, 2 OAc).

Anagl. Caled for CyHxNO.: C, 57.45; H, 7.09; N, 3.94.

Found: C, 57.29; H, 6.94; N, 3.89.

Tetra-O-acetyl-p1-(1,2,3,5/4)-5-acetamido-1,2,3 ,4-cyclopen-
tanetetrol (14).—The cyclohexylidene compound 7 (100 mg) was
refluxed in 809, aqueous acetic acid for 70 min and the solution
was subsequently evaporated to dryness. Acetylation of the
residue as usual and recrystallization of the crude product from
ether afforded 14 (54 mg, 54%,) as needles, mp 123-124°.8 Nmr
data (cf. Table 1) were identical with those of the compound
described previously .

Anal. Caled for CuHuNOy: C, 50.13; H, 5.89; N, 3.90.
Found: C, 50.11; H, 6.02; N, 3.90.

p1-(1,2,3,5/4)-5-Acetamido-1,2,3,4-cyclopentanetetrol (19).—
De-O-acetylation of 14 (400 mg) with methanoclic ammonia over-
night and evaporation of the reaction mixture followed by two
recrystallizations from ethanol afforded 145 mg (68%) of colorless
crystals, mp 123-124°.

Anal. Caled for C;HiNO;: C, 44.22; H, 6.75; N, 7.18.
Found: C, 43.98; H, 6.85; N, 7.33.

3,4-Di-0O-acetyl-1,2.0O-isopropylidene- (20) and 1,4-di-O-acetyl-
2,3-0O-isopropylidene-p1~(1,2,3,5/4)-5-acetamido-1,2,3,4-cyclo-
pentanetetrol (21),—To a solution of acetamidotetrol 19 (85 mg)
in 12 ml of 1:1 acetone-methanol, Drierite (0.3 g) and a drop of
concentrated sulfuric acid were added. The mixture was stirred
for 46 hr and then neutralized with sodium bicarbonate solution,
followed by extraction with chloroform and evaporation of the
extract, The residue was acetylated to give a syrup (172 mg)
comprising according to tlc an approximately 4:1 mixture of two
products (R: 0.67 and 0.54, respectively). Separation was
achieved on a silica gel column (Wakogel C-200, 35 g, 30 X 2 cm)
by elution with 5:1 benzene—ethanol. The appropriate fractions
were pooled and evaporated to dryness. The major product
(113 mg) was recrystallized from ether and again from ether-light
petroleum to give 40 mg (299;) of an isopropylidene di-O-acetate
(tentative structure 21): mp 136-138°; nmr = 8.69 and 8.48
[two s, 3 H, C(CH,)], 8.02 (s, 3 H, NHAc¢), 7.94 and 7.90 (two
s, 3 H, 2 OAc).

Anal. Caled for CuHauNO;: C, 53.32; H, 6.71; N, 4.44,
Found: C, 53.44; H, 6.58; N, 4.36.

The minor product (25 mg, mp 154~156°) was recrystallized
from ether to give 10 mg (79) of di-O-acetylisopropylidene
derivative 20 (tentatively): mp 135-156°; nmr r 8.68 and 8.48
[two ¢, 3 H, C(CHj3),], 8.02 (s, 3 H, NHAc), 7.93 and 7.85 (two
s, 3 H, 2 OAc).

Anal. Caled for CuHaNO;: C, 53.32; H, 6.71; N, 4.44.
Found: C, 33.52; H, 6.76; N, 4.30.

C. Derivatives of (1,2,3,4/5)-5-Amino-1,2,3,4-cyclopentane-
tetrol (14 and 22-24). Tetra-O-acetyl-(1,2,3,4/5)-5-acetamido-
1,2,3,4-cyclopentanetetrol (15). 1. From Dimesylate 8. —A
suspension of 8 (0.61 g) in 30 ml of water containing 0.23 g of
sodium acetate was refluxed for 10 hr. The solution was then
evaporated and the residue was acetylated as usual. Crystalliza-
tion of the produet from ethyl acetate gave 0.28 g (559,), mp
141-145°. Recrystallization from chloroform-ether raised the
melting point to 145-146° (0.11 g, 229,). A mixture melting
point with tetra-O-acetyl-(1,4/2,3,5)-5-acetamido-1,2,3,4~cyclo-
pentanetetrol* showed a remarkable depression.

Anal. Caled for CisHuNOy: C, 50.11; H, 5.90; N, 3.90.
Found: C, 50.38; H, 5.95; N, 3.98.

2. From Ditosylate 9.—Refluxing 9 (400 mg) in 30 ml of 309,
aqueous ethanol containing 0.12 g of sodium acetate for 24 hr,
followed by acetylation and work-up as described under 1, gave
61 mg (25%) of 15, identical in all respects with the product
obtained above.

(1,2,3,4/5)-5-Acetamido-1,2,3,4-cyclopentanetetrol (22).—
Compound 15 (0.19 g) was dissolved in methanolic ammonia
(10 ml) and kept overnight. The solution was evaporated and
the residue was triturated in ethyl acetate to give a erude produet.
Recrystallization from ethanol afforded 22 (77 mg, 769%), mp
173-176°. Admixture with the 1,4/2,3,5 isomer (mp 169.5—
171° 3) showed considerable depression of the melting point.
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Anal. Caled for C;HuNO;: C, 43.96; H, 6.86; N, 7.33.
Found: C, 43.64; H, 6.80; N, 7.21.

1,2:3,4-Di-O-isopropylidene- (23) and 1,4-Di-O-acetyl-2,3-0-
isopropylidene-(1,2,3,4/5)-5-acetamido-1,2,3,4 -cyclopentanetet-
rol (24).—To a solution of 22 (100 mg) in 66 ml of acetone-
methanol (10:1), Drierite (0.30 g) and a drop of concentrated
sulfuric acid were added. The mixture was stirred for 46 hr and
then neutralized with sodium hydrogen carbonate solution, fol-
lowed by extraction with chloroform and evaporation of the ex-
tract. The residue resisted crystallization despite several purifi-
cations via alumina columns. The product 23 of the tentative
structure was characterized as a syrup (84 mg, 599%,), exhibiting
the presence of two isopropylidene functions (two s, 6 H at 8.68
and 8.42) and an acetamido group (s, 3 H at 8.03) in the nmr
spectrum. The aqueous layer was evaporated to dryness, fol-
lowed by acetylation of the residue and usual work-up. Crystal-
lization was achieved from chloroform-ether to give the mono-0O-
isopropylidene derivative of the tentative structure 24 as needles
(33 mg, 22%): mp 204-205°; nmr 7 8.67 and 8.45 [two s, 3 H,
C(CH;).], 8.04 (s, 3 H, NHAc), 7.87 (s, 6 H, 2 OAc).

Anal. Calcd for C14H21NO7: C, 5332, H, 6.71; N, 4.44,
Found: C, 53.06; H, 6.58; N, 4.73.

D. Derivatives of (1,4,5/2,3)-5-Amino-1,2,3,4-cyclopentane-
tetrol (16 and 30-32). Tetra-O-acetyl-(1,4,5/2,3)-5-acetamido-
1,2,3,4-cyclopentanetetrol (16).—A solution of dimesylate 10
(500 mg) and sodium acetate (0.22 g) in water (20 ml) was
heated under reflux for 56 hr. Evaporation of the solution and
acetylation of the residue gave a syrup which crystallized from
ethyl acetate-petroleum ether: 150 mg (26%) of 16 as colorless
crystals; mp 171-173°; for nmr ¢f. Table I.  The product was
identical on the basis of mixture melting point and ir data with
the corresponding pentaacetyl derivative prepared by the method
of Ahluwalia, et al.t

1,4-Di-O-acetyl-(1,4,5/2,3)-5-acetamido-1,2,3,4-cyclopentane-
tetrol (30).—A 0.33-g portion of 1,4-di-O-acetyl-2,3-O-cyclo-
hexylidene-(1,4,5/2,3)-5-acetamido- 1,2,3,4-cyclopentanetetrol*)
(29) was hydrolyzed in boiling 80% aqueous acetic acid (20 ml)
for 100 min and then evaporated. The residue showed a major
component (B¢ 0.6) and a minor one (R; 0.3) on tle, and was
fractionated on a silica gel column (Wakogel C-200, 30 g) with
5:1 benzene-ethanol. The main component was collected and
evaporated to give 0.21 g (53%) of a colorless sirup.

Mixture of 1,4-Di-O-acetyl-2,3-di-O-megyl- (32) and 1,4-Di-O-
acetyl-2- (or 3-) O-mesyl-(1,4,5/2,3)-5-acetamido-1,2,3,4-cyclo-
pentanetefrol (31).—To a solution of 30 (0.21 g, 0.8 mmol) in
pyridine (3.0 ml) was added mesyl chloride (0.14 ml, 1.8 mmol)
under ice cooling and the mixture was kept overnight at room
temperature. The solution was poured into ice water and de-
ionized with Amberlite MB-3. The solution was evaporated and
the residue was chromatographed on a silica gel column (Wakogel
C-200, 30 g) in 5:2 benzene-methanol. The two major compo-
nents were collected and evaporated to give a mixture of 31 and
32 (0.27 g) as an amorphous solid.

E. Derivatives of p1-(1,3,5/2,4)-5-Amino-1,2,3,4-cyclopentane-
tetrol (17, 25 and 26). Tetra-O-acetyl-pr-(1,3,5/2,4)-5-acet-
amido-1,2,3,4-cyclopentanetetrol (17).—Refluxing 11 (0.25 g)
with sodium acetate (0.12 g) in water (15 ml) for 17 hr, followed
by evaporation and acetylation, afforded a product which crys-
tallized from ethyl acetate (0.17 g, 51%, mp 159-161°). Re-
crystallization from ethyl acetate—petroleum ether gave analyt-
ically pure 17, mp 161.5-162.5°; for nmr ¢f. Table 1.

Anal, Caled for Ci;HuNOg: C, 50.11; H, 5.90; N, 3.90.
Found: C, 49.77; H, 5.71; N, 3.88.

p1i~(1,3,5/2,4)-5-Acetamido-1,2,3,4-cyclopentanetetrol (25).—
Compound 17 (138 mg) was de-O-acetylated as described for 22,
and the crude product was recrystallized from ethanol to give
25 (49 mg, 52%), mp 166-167°, showing a single spot on tle in
chloroform—methanol (7:3).

Anal. Caled for C;:HuNOs: C, 43.98; H, 6.85; N, 7.33.
Found: C, 44.31; H, 7.01; N, 7.38.

Tetra-O-acetyl-N-isopropylidene-p1-(1,3,5/2,4)-5-amino-1,2,~
3,4-cyclopentanetetrol (26).—To a solution of 25 (30 mg) in
N,N-dimethylformamide (2 ml), 2,2-dimethoxypropane (0.1 ml)
and p-toluenesulfonic acid (3 mg) were added and the mixture
was kept for 3 hr at room temperature. Neutralization by addi~
tion of Amberlite IRA-400 (OH ~) followed by evaporation and
acetylation as usual gave a syrup which erystallized on trituration
with ether: 33 mg (639%) of colorless crystals; mp 194-196°;
nmr 7 8.47 and 8.28 [two s, 3 H, C(CHjs),), 7.97 and 7.94 (two
s, 6 H, 4 OAc).
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Anal. Caled for C;eHuNOs: C, 53.77; H, 6.48; N, 3.92.
Found: C, 53.50; H, 6.22; N, 4.07.

F. Derivatives of »p1-(1,2,4/3,5)-5-Amino-1,2,3,4-cyclopen-
tanetetrol (18, 27, and 28). Tetra-O-acetyl-p1~(1,2,4/3,5)-5-
acetamido-1,2,3,4-cyclopentanetetrol (18). 1. From 6 or 5.—A
mixture of 0.23 g (0.35 mmol) of 6 (or the molar equivalent of
mesylate 5) and sodium acetate (0.1 g) was refluxed in water
(10 ml) for 2 hr and evaporated. The residue was acetylated and
the product was crystallized in ether to give 0.12 g (63%,) of 18,
mp 108-110°. Recrystallization from the same solvent raised
the melting point to 111-112°. Mixture melting points with
the pentaacetyl derivatives of configuration 1,2,3,5/4 (14, mp
123-124°), as well as 1,2,3,4/5 (15, mp 145-146°) and 1,4/2,3,5
(mp 148.5-149°) showed marked depression in each case; for
nmr ¢f. Table I.

Anal. Caled for Ci:HaNQ: C, 50.11; H, 5.90; N, 3.90.
Found: C, 50.53; H, 6.02; N, 3.84.

2. From 12 or 13.—A mixture of 0.85 g (1.41 mmol) of 13 (or
the molar equivalent of 12), sodium acetate (0.3 g), and water
(40 ml) was refluxed for 17 hr. Evaporation, acetylation, and
work-up in the same manner as described under 1 afforded 0.44 g
(67%) of 18, identical in all respects with the product described
above.

pi~(1,2,4/3,5)-5-Acetamido-1,2,3,4-cyclopentanetetrol (27).—
Compound 18 was de-O-acetylated with methanolic ammonisa as
described for 22 and the syrupy product obtained after evapora-
tion was extracted with hot ethyl acetate. Only part of the
residue which was insoluble in ethyl acetate, showing a single
spot on tle, could be induced to crystallization on trituration with
4:1 2-propanol-ethanol; 36 mg (43%) of colorless crystals, mp
142-144°, was obtained.

Anal. Caled for C:HNOs: C, 43.83; H, 6.86; N, 7.28.
Found: C, 44.31; H, 7.01; N, 7.38.

3,4-Di-O-acetyl-1,2-O-isopropylidene-p1-(1,2,4/3,5)-5-acet-
amido-1,2,3,4-cyclopentanetetrol (28).—Compound 27 (70 mg)
was treated in N,N-dimethylformamide (3.5 ml) with 2,2-
dimethoxypropane (0.20 ml) and p-toluenesulfonic acid (3 mg)
for 3 hr at room temperature. Neutralization, acetylation, and
work-up as described above for 26 gave a syrup which crystallized
from ether: 50 mg (44%) of colorless crystals; mp 135-136°;
nmr 7 8.71 and 8.43 [two s, 3 H, C(CHs)l, 8.01 (s, 3 H, HNAc),
7.94 and 7.92 (two s, 3 H, 2 OAc).

Anal. Caled for C..HaNO;: C, 53.32; H, 6.71; N, 4.44.
Found: C, 53.37; H, 6.63; N, 4.45.
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G. Tetra-O-acetyl-(1,2,3,4,5/0)-5-acetamido-1,2,3,4-cyclopen-
tanetetrol (34).—A mixture (0.25 g) of the mono- and di-O-mesyl
derivatives (31 and 32), as obtained on mesylation of 30 (cf.
section C), was heated in water (10 ml) in the presence of sodium
acetate (0.12 g) for 8 hr and subsequently evaporated. The
residue was acetylated to give a syrupy mixture of 33 and 34,
which was chromatographed on a silica gel column (Walkogel
C-200, 30 g) in 5:1 benzene—ethanol, Fractions showing R; 0.39
(tle) were combined and evaporated to dryness. The residue was
crystallized in ethanol to give 34 (17 mg, 6% from 30), mp 173~
174°. The product was identified by a comparison of ir spectra
and a mixture melting point determination with an authentic
sample of 34, prepared by another route.’

H. Tetra-O-acetyl-p1-(1,2,4,5/3)-5-acetamido-1,2,3,4-cyclo-
pentanetetrol (33).—Those fractions of the above column separa-
tion exhibiting a spot at R; 0.41 (tle) were pooled and evaporated
to dryness. The residue was crystallized in ethyl acetate-
petroleum ether to give 33 (60 mg, 229, from 30), mp 160~161°,
Recrystallization from the same solvent yielded the analytically
pure sample, mp 162-163.5°. Admixture with the 1,3,5/2,4
analog 17 (mp 161.5~162.5°) showed a distinct depression of the
nelting point.

Anal. Caled for C;HaNOy: C, 50.11; H, 5.90; N, 3.90.
Found: C, 50.35; H, 5.80; N, 3.97.
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Several 17-substituted derivatives of 3-hydroxy-3,10-ethano-5a-estrane were prepared. The synthetic
sequence centers about the transformation of dehydroisoandrosterone 3-acetate (4a) into a 19a-methylandro-
stane-3,17,19-trione (7e). Treatment of 7e with ethanolic potassium hydroxide effected an internal condensa-
tion of the 19a-methyl ketone with the 3-ketone moiety to give 3,10-{2'-oxoethano}-5a-estran-3-ol-17-one

(9b).
Ba-estran-17-ol (9¢).

Selective reduction of Ob with lithium tri<ert-butoxyaluminum hydride afforded 3,10-[2’-oxoethano]-
Wolff-Kishner reduction of 9¢ under forcing conditions gave 3,10-ethano-3a-estrane-

3,17-diol (10a) which served as starting material for the synthesis of the 17-substituted 3,10-ethano-5o-estranes.
The circular dichroism properties of the 3,10-[2’-oxoethanol-5a~estranes with various 17 substituents were
studied. The sign of the Cotton effect can be explained if both the back and front octants are considered.

The literature contains but one report on the syn-
thesis of 3,10-ethanocestranes, and this was by Birch
and coworkers.? In order to more fully investigate the
chemical and physical properties of these steroid
derivatives, as well as to study their biological effects,
we undertook the synthesis of the parent steroid and
several 17-substituted derivatives. The Birch syn-

(1) This investigation was supported by Contract NIH-71-2457 from the
Contraceptive Development Branch Center for Population Research, Na-
tional Institute of Child Health and Human Development, National In-
stitutes of Health.

(2) A.J. Birch and B. McKague, Aust. J. Chem., 28, 341 (1970).

thesis of 8,10-ethanoestranes, shown in Chart I, was
accomplished by first isomerizing 1,4-dihydroestradiol
3-methyl ether (1) to a mixture of 1,4~ and 1,2-di-
hydroestradiol 3-methyl ether (1 and 2), followed by a
Diels-Alder reaction on the conjugated diene steroid
2 with methyl vinyl ketone to furnish the ethano-
estrane adduct 3.2

Our initial synthetic efforts followed the precedent
set down by Birch and coworkers.? We found that the
isomerization of 1 to 2 using Triton B catalyst in di-
methyl sulfoxide was superior to the method reported by
Birch; however, we were unsuccessful in obtaining



