Steroidal Nitrones

strengths of these two signals the equilibrium constant for N-ben-
zylidene-m-nitroaniline is calculated to be 0.028 M~1 which is
close to 0.023 M-1 at 25° obtained by uv spectrophotometry.
These facts indicate the stoichiometry of the reaction described
above,.

Rate and Equilibrium Measurements. The reaction was car-
ried out in methanol-acetonitrile (90:10 v/v) and followed in a
cell compartment of a spectrophotometer. The reaction was start-
ed when methanolic potassium hydroxide (0.1 ml) was added to a
thermostated solution of benzylideneanilines (2.9 ml) and the ex-
tinction (E) at an appropriate wavelength (320-340 nm) was fol-
lowed. Because of the excess methanol the equilibrium constant
(Ko) was calculated by the following equation

E,— E,
Ko i e —
E_[MeOH]
where subscripts 0 and « refer to time 0 and equilibrium state,

respectively.

Plot of log (B, — E ) vs. time t gave a good straight line from
which pseudo-first-order rate constant for a reversible reaction,
konsa, Was obtained. Using the values of [MeOH], Ko, and Eobsa,
apparent forward second-order rate constant, kyMeOH wags calcu-
lated by means of the equations

2.303 E, - E,
kobsd = ¢ IOg E? — E

and
- kobdeO
(MeOHIK, + 1

MeOH
k;
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Steroidal 6- and 20-aldonitrones were prepared. 3-Ketonitrones were also prepared, and, in the case of A*-3-
ketonitrones, stereoisomers were separated and configurations assigned on the basis of uv and nmr spectrosco-

py.

Bambury, et al., have published several reports on het-
erocyclic containing nitrones having antimicrobial activi-
ty.1 Nitrone groups increase water solubility and the abili-
ty of a molecule to penetrate cell membranes.2 For these
reasons, we extended our work to the steroid field, and re-
port here some of our findings on the preparation of 6-al-
donitrones, 20-aldonitrones, and 3-ketonitrones.

Several steroidal nitrones are reported as intermediates
in the Krohnke reaction.3 For example, the ketonitrones
1¢ and 2° were prepared and converted to the correspond-
ing a-diketones. Similarly, the 21-aldonitrones 3,5 4,8 and
57 were prepared and converted to the 21-aldehydes.
Other examples of steroid-like nitrones in which the ni-
trone is an integral part of the ring system, such as 6,8 7,8
and 8,% have also been reported. Subsequent to the com-
pletion of this work, Barton and coworkers® reported the
conversion of 3-ketonitrones 9 via a Beckmann-type rear-
rangement to amides 10, but no details for preparing 9
were given,

6-Aldonitrones. Steroidal 6-carboxaldehydes are readily
available from Vilsmeier-Haack formylation of the corre-
sponding 3-enol ethers 11 according to Burn, et al.1! Ex-
perimentation showed that nitrone formation was best ac-

N(CHy),
CHys
/N
0
0 |
H
1
0.
1TI—<<§—N(CHJ)2
0
CH,O
2

complished by heating a mixture of 12, N-alkylhydroxyl-
amine salt, and sodium bicarbonate in agueous methanol
containing pyridine. The resulting nitrones 13 are crystal-
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Table 1
Aldonitrones and Ketonitrones
Compd Ry R: Rs R Rs Misc Mp, °C Yield, % Isomer Formula/
R,
0]
'H.,
CHO CH==N—R,
14 CH.CH.0OH ~OH 231-232dec 67.6 Cy3HNOy
“H
15 CH; < OH 244 .5 68.0 C2H;;:NOg:
“H
i6 CH,CH.OH /COCH;; 124127 30.4 CHy:NO,-H:0
“H
17 CH; /‘COCH3 247-249 55.8 C, Hy:NO; -1/ H0
“H
18 CH,CH,OH (e 13 248-249 7.5 C2HyuNOs -1/ HO
19 CH3 O” 242-244 dec 13.7 szHggNOﬂ
R, CH==NR,
0
Q
22 CH,CH.OH CH, 189191 66.9 C2H»NO;
23 CH; CH, 178-180 35.6 CyHi;:NO,-1/,H,0
24 CH(CH.OH)- CH; 173~176 64 .2 CyHalNO;
CH.CH;
25 CH,CH,;0OH CH,? 217-218 4.5 Co:Hy:NO; -1/ H,0
26 CH,CH.OH CH;? 187, 210 10.4
27 CH, CH,? 182.5-185 19.3 CoHysINOyt
28 CHa CH,e 197-199 dec 22.0 C4H3:N:0, - H,O
29 CH,CH.,OH Hb.d 214-215dec  70.2 CpHuNO,/
30 CH; Hbv.d 229-230dec 68.4 C2HyoNO;
R,
--R,
0
\
N
/
CH3
37 OH H H 1/, H,0 234-235dec 18.5¢ Syn CyHuNG, -1/, H,0
38 OH H H 1/, H,0 170-171 dec 3.8 Anti CyHuNO; -1/ H,0
39 OH H H 1/,H,0 180-182.5 42.2  Anti/syn CyuH;NO;-1/H0
NCH,CH.OH 50:50
40 OH CH,; H 1/,H,O 184-186 23.8 Syn CuHu:NO, - 1/,H,0
41 OH CH, H 1/,H,0 187-189 6.0 Anti CuHyiNO, - 1/,H0
42 OH C=CH H 234-235 dec 26.3 Syn C:2HuNO,
43 OAc H H A8 189-190dec 23.8 Syn CHauNO,
OAc H H A8 187-188 dec Anti
44 OH H H 19-nor 217-218dec  60.5 Syn C1:HasNO,
45 0 H 202-203dec 12.4 Syn CaoHoNO,
R;
0
.-134— RG
l
CH;N T
k
46 H H H H H 152-154 C..H;:NO,
47 H H H H H 185-186 dec Anti C22H33N02
48 H a-OAc H H H 210-212 dec Syn C.H:NO,
H a-OH H H H 231-232 dec Syn C2HsuNOy0
49 H H H OH H 245-247 dec  67.2  Anti/syn CnHiuNOyg
20:80

Anti
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Table I (Continued)

Compd Ri R Rs Ry Rs Misc Mp, °C Yield, % Isomer Formula/
50 H H H OAC H 197-198 31.8 Syn Cz4H35N04
H H H OAC H . 195—-197 dec 10.0 Antl Cz4H35N04
51 H H H H OAc 162-165 8.0 Syn C:H3:NOy
52 H 8-OH H OH OoH v.H,0 259-260 dec 45.8  Anti/syn CyHguNO;-1/,H,O
50:50
53 H g-OH H OH OH NCH.CH,OH 220dec 20.0 Syn CuHysNOs
54 CHs H CHs H H 185——187 24 4 Syn Cz4Ha7N02
55 Oé-CHa H H OAC H 209-212 dec Syn CzaH37N04
56 a-CHa H H OAC H 168-170 dec Antl 025H37N04
57 CH, H H OAc H A8 203 dec 32.2 Syn C2:HysNOy
CH; H H OAc H AS 197-201 12.1  Anti Cy:H3:INOy
R,
R,
0
\ b
RN ]
H
58 CH; 0 150-152 65.0 CyH:NO, -
1/,H,0F
59 CH; OH H - 196-198 43.3 CH3NO,-1/,H0
60 CH,CH.,0OH OH H 195197 73.7 CyuH;:NO; -H-0
61 CH; OH CH; 210-213 39.1 CuHi:NO,
62 CH,CH,OH OoH CH,; 115-117 44 .8 CyH37:NO; -
11/,H,00 1

@ 11-Oxo. ® 17(20)-Ene. ¢ 3-N-Methylnitrone. ¢ 1-En-118-0l. ¢ Yield raised to 74.29, (0.1 M scale) in another run.’ C, H,
and N analyses were within 0.3% of calculated values. ¢ C analysis was within 0.4% of calculated value. * Caled: C, 73.50.
Found: C, 72.97. ¢ Caled: C, 77.70. Found: C, 77.26. ¢ Caled: C, 71.66. Found: C, 71.22. ¥ Caled: C, 73.59. Found: C, 73.14,
! Caled: H, 10.33. Found: H, 9.96.

line solids with ultraviolet maxima at 238-240 (¢ 9000-9600)
and 333-334 nm (e 14,700-17,600) and nuclear magnetic
resonance (nmr) signals for the imino proton at § 7.1-8.2.
This compares with ultraviolet maxima at 219-221 (e
10,000-12,000) and 319-323 nm (e 14,000-16,000) and nmr
signals for the aldehyde proton at 6 10.2 for the parent al-
dehydes. It is interesting that the 178-acetoxy group was
hydrolyzed under these conditions using a hydrochloride
salt of the hydroxylamine. Table I lists the compounds
prepared in this series.

0 > 0
N N/
N |
| CH,
CH, 10
9
3,R=0
OH R
4R= < H
H .
5R=H, — -
CH,0 CH;0
Cl) (I) R CHO
R Na CHj, _N. CH, 1 12
| 0 CHO :
I‘{ Iil CH:T_RZ
7 .
6 0

R=H, OH . 13
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Table 11
Nmr, ppm
Assigned Proton adjacent Proton away from
N-Oxide structure Uv max oxide oxygen oxide oxygen

Nonsteroids Anti 211, 228,304 (higher) 2.38

Syn 205, 221.5, 228 2.16 (higher field)
At steroids Anti 242-243, 293-296 (higher) 6.65-6.85

Syn 288-292 6.00-6.38 (higher field)

20-Aldonitrones. Several steroidal 20-carboxaldehydes
are commercially available or available by a simple one-
step oxidation. These aldehydes 20 were readily converted

CH,
CHO
—_—
0
20
CH=TCHS
0

CH—N

0

28
to the corresponding nitrones 21 by the methods described
above. The nitrones are crystalline compounds readily pu-
rified by silica gel column chromatography.

Reaction of 3-oxopregn-4-ene-20-carboxaldehyde with an
excess of N-methylhydroxylamine hydrochloride gave, in
addition to the expected aldonitrone 23, a second com-
pound which had no carbonyl absorption bands in its in-
frared spectrum and had two NCHj signals in its nmr at
3.70 and 3.72 ppm. Elemental analyses corresponded to
C24H3sN205-H,0, which confirmed the structure as dini-
trone 28. Table I lists the compounds prepared in this se-
ries.

3-Ketonitrones. Reaction of aliphatic ketones with N-
alkylhydroxylamines is reported to be sluggish and the re-
sultant ketonitrones are hygroscopic, unstable species.!2
For example, the N-methyl nitrone of cyclopentanone is
reported as very hygroscopic and is instantly hydrolyzed
by water and decomposed by ethanol.l® To the contrary,
we have found the 3-ketonitrones to be readily formed,
.stable, and only slightly hygroscopic. The 3-ketonitrones
were generally prepared by refluxing overnight a mixture
of steroid, alkylhydroxylamine salt, and sodium bicarbon-
ate in absolute ethanol in the dark. There seems to be
some difference in which acid salt is used in the reaction.
In the case of N-methylhydroxylamine, where both the
hydrochloride and oxalate salts were available, the hydro-
chloride reacted more rapidly, giving a more stereochemi-
cally pure product. The reaction proved quite versatile for
3-keto steroids except dihydroprogesterone, which was
inexplicably refractory.

Silica gel chromatography of the crude product sepa-
rated, in several cases, stereoisomeric pairs of nitrones.
Isomerism in nitrones has been previously reported,12 and

ultraviolet spectra have been used to determine syn and
anti configurations. However, this method of analysis is
still tenuous, since there is no confirmatory evidence for
generalization.

Nitrone 31 with the phenyl group and the oxygen atom
fixed in the anti configuration absorbs at 211, 228, and 304
nm, while nitrone 32 absorbing at 205, 221.5, and 288 nm
is rigidly held in the syn configuration. In other words, the
higher absorbing isomer is anti and the lower absorbing
isomer is syn. These two compounds are redrawn in 31a
and 32a, respectively, with a partial steroid skeleton su-
perimposed in dotted lines to show the relationship of
these two compounds to the steroidal nitrones 33 and 34.
In our steroidal pairs, one isomer absorbed at 288-292 nm
and the other at 242-243 and 293-296 nm. The 293-296
nm absorbing isomers were tentatively assigned the anti
configuration (33) and the other isomer the syn configura-
tion (34) assuming for the moment that assignments by

ultraviolet maxima are valid.

32
syn

il
0
"\\:/i\\/ A1
1 (
|
%,
0
32a

RS

CH,
N Ny
| |

0

CH,

8

33 34

The proton nmr spectrum of dimethylfurazan oxide (35)
consists of two peaks at 2.16 and 2.38 ppm, while that of
dimethylfurazan consists of a single peak at 2.31 ppm.1*
The highfield peak at 2.16 ppm was associated with the
methyl group adjacent to the N-oxide oxygen.'® Similarly,
in assigning chemical shifts of the 4 and 7 protons in ben-
zofurazan oxide (36) the higher field peak was assigned to
the proton adjacent to the N-oxide oxygen (7 proton).1é

H
CH, 4
N= ’ N
0. o 0\ ==
\}II CHg Ir 7
0 o) H
35 36

Thus, one would expect to find that Cg viny! proton of 34
at higher field than the corresponding proton of 33. Also,
one would expect the N-methyl group in 34 to be some-
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what more deshielded than its counterpart in 33 and,
therefore, at lower field. This is indeed the case. The ste-
roids assigned to the anti configuration by uv maxima
have C4-proton peaks at 6.65-6.85 ppm, while the other
isomer has peaks at 6.00-6.28 ppm. Further, the assigned
anti isomers have N-methyl peaks at 3.67-3.70 ppm while
the other isomer has peaks at 3.71-3.84 ppm. These data,
summarized in Table II, confirm the stereochemical
sssignments made for the isomers and corroborate the use
of uv maxima for distinguishing between conjugated syn
and anti nitrone pairs.

Table I lists the androstene, the pregnene nitrones, and
the saturated 3-ketonitrones prepared. The latter com-
pounds were homogeneous by tlc analysis and had no out-
standing spectral characteristics. Thus, although these ni-
trones, too, must exist as stereoisomeric pairs, they were
not detected. Biological testing of the nitrones found them
less active than the parent ketones.

Experimental Section'?

N-(2-Hydroxyethyl)-a-(173-hydroxy-3-methoxyandrosta-3,5-
dien-6-yl)nitrone (14). General Procedure for 6- and 20-Aldoni-
trones. A mixture of 17-acetoxy-3-methoxyandrosta-3,5-diene-6-
carboxaldehyde (30.1 g, 81 mmol), NaHCOj3 (40 g), and N-(2-hy-
droxyethyl)hydroxylamine oxalate (25 g, 0.116 mol) in MeOH (1
1.)-H30 (50 ml)-pyridine (15 ml) was stirred under reflux in the
dark for 22 hr. The hot reaction mixture was filtered and the fil-
trate was concentrated to a yellow paste. The resulting solid (43
g) was crystallized from aqueous MeOH to give 14 (23.5 g).

17¢-Methyl-3-methyliminoandrost-4-en-173-o0l anti- and syn-
N-Oxide (40 and 41). General Method for 3-Ketonitrones. A
mixture of methyltestosterone (30.6 g, 0.1 mol), NaHCOj3 (35 g),
and N-methylhydroxylamine oxalate (18.9 g, 0.1 mol) in absolute
EtOH (75 ml) was stirred overnight in the dark under reflux. The
reaction mixture was filtered and the filtrate was concentrated.
The residue was chromatographed on silica gel (350 g), collecting
250-ml fractions and eluting with Me2CO (1 1), Me2CO-5%
MeOH (1 1.), and MeaCO-10% MeOH (7 1.). Fractions 11-16 were
combined and concentrated and the residue was crystallized from
acetone~ether-hexane to give 40 (8.0 g). Fractions 28-33 were
combined and concentrated and the residue was triturated with
ether to give 41 (2.0 g).
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The stereospecific syntheses of the two epimeric 22-aminocholesterols from the two known epimeric 22-hy-
droxycholesterols via tosylate — azide — amine are described. These amines are also obtained by the reduction

of 22-ketocholesterol oxime.

Recent reviews,?? describing the biogenesis of pregnen-
olone from cholesterol, feature the importance of a C-22

hydroxylated species. Therefore it seemed interesting to
synthesize 22-substituted derivatives of cholesterol in



