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A 0.474-g amount of unreacted starting material was also isolat-
ed accompanied by 0.418 g of an amorphous substance which was
not identified.

38,158-Diacetoxy-148-hydroxy-58-bufa-20,22-dienolide
(158-Acetoxybufalin Acetate, 3c). Method A. From 14-Dehy-
drobufalin Acetate (1a). Olefin 1a (0.6 g) in acetic acid (36 ml)-
water (1.8 ml) was allowed to react with iodine (1.3 g) and silver
acetate (1.3 g) as described for the Woodward cis hydroxylation of
14-dehydrobufalin (1b). Chromatography of the crude product on
silica gel and elution with 5:1 hexane-acetone yielded 0.123 g
(20.5%) of diacetate 3c as an amorphous solid: TLC Ry 0.37 (green
to light blue color with sulfuric acid); uv Amax (EtOH) 297 nm (log ¢
3.22); ir vmax (KBr) 3420 (OH), 1755 (ester CO), 1740-1710 (ester
CO and conjugated CO), 1635, 1537 (conjugated C=C), 1260, 1250,
1240, 1230 (ester CO), 1120, 1025, 950, 830, 790, 750 cm"1; NMR
(10% solution in CDCls) 6 0.76 (3 H, s, 18-CHj3), 0.97 (3 H, s, 19-
CH3), 2.08 (8 H, s, 3-0Ac¢), 2.11 (3 H, 5, 15-OAc), 5.02 (1 H, broad
peak, 3a-H), 5.54 (1 H, broad t, 15a-H), 6.27 (1 H, d, J = 9.5 Hz,
23-H),7.22 (1 H, d, J = 2.5 Hz, 21-H), 7.84 (1 H, dd, J = 9.5 and
2.5 Hz, 22-H); mass spectrum m/e 486 (M*), 468 (M*+ — H30), 426
(M* — AcOH), 408 (M* — H20 — AcOH), 348 (M* — 2AcOH).

Anal. Caled for CosHas07: C, 69.11; H, 7.87. Found: C, 69.37; H,
7.91.

In addition to 153-acetate 3¢, a 0.231-g amount of unreacted
starting material was recovered.

Method B. From 158-Hydroxybufalin Acetate (3a). A 0.05-g
sample of acetate 3a was acetylated with acetic anhydride (0.7
ml)-pyridine (1.2 ml) at room teniperature over 18 hr. The crude
product (0.06 g) was purified as described in method A to afford
0.043 g (86%) of diacetate 3¢ identical with the specimen obtained
by method A.

Method C. From 158-Acetoxybufalin (3b). Acetylation of ace-
tate 3b (0.06 g) was conducted as described in method B above and
0.041 g (84%) of diacetate 3¢ was isolated and found identical with
the product of method A. ‘

158-HBydroxybufalin (38,148,158-Trihydroxy-58-bufa-20,22-
dienolide, 3d). Method A. From 158-Hydroxybufalin 3-Ace-
tate (3a). A solution of 33-acetate 3a (0.059 g) in 80% ethyl alcohol
(33 ml) containing sulfuric acid (0.22 ml) was allowed to remain at
room temperature for 5 days. The solution was poured into water,
neutralized with dilute sodium bicarbonate, and extracted with
chloroform and the combined extract was washed with water.
After removal of solvent the residue (0.05 g) was chromatographed
on a column of silica gel and the fractions eluted with 3:1 to 2:1
hexane—acetone were recrystallized from acetone-hexane to pro-
vide 0.032 g of 158-hydroxybufalin melting at 267-269° (lit.? mp
266-269°) as needles: TLC Ry 0.15 (light blue color with sulfuric
acid); uv Amax (MeOH) 297.5 nm (log € 3.23); ir ymax (KBr) 3460,
3428 (OH), 1720, 1700 (conjugated CO), 1635, 1540 (conjugated
C==C), 1130, 1040, 1030, 950, 835, 745 cm~1; NMR (10% solution of
CDCl3) 8 0.71 (3 H, s, 18-CH3), 0.91 (3 H, s, 19-CH3), 4.11 (1 H,
broad peak, 3a-H), 4.26 (1 H, broad peak, 15«¢-H), 6.27 (1 H, d, J =
9.5 Hz, 23-H), 7.22 1 H, d, J = 2.5 Hz, 21-H), 7.83 (1 H,dd, J =
9.5 and 2.5 Hz, 22-H), mass spectrum m/e 402 (M*), 384 (M* —
H20), 366 (M* — 2H20).

Anal. Caled for Co4Hs40s5: C, 71.61; H, 8.51, Found: C, 71.55; H,
8.48.

Method B. From 158-Acetoxybufalin (3b). The preceding ex-
periment was repeated employing 153-acetate 3b (0.05 g) in 80%
methyl aleohol (60 ml) containing 0.2 ml of 35% hydrochloric acid.
The product was purified to yield 158-hydroxybufalin weighing
0.019 g and melting at 265-268°.

Method C. From 158-Acetoxybufalin Acetate (3c). The acid
hydrolysis reaction of method A was applied to diacetate 3¢ (0.025
g) using 30 ml of either 80% ethyl alcohol or methyl alcohol con-
taining sulfuric acid (0.1 ml). In this experiment the 153-hydroxy-
bufalin (0.008 g, mp 263-267°) was isolated by preparative thin
layer chromatography.

The specimens of 153-hydroxybufalin (3b) obtained by means of
methods A-C were found to be identical.

38-Acetoxy-148-hydroxy-15-0x0-58-bufa-20,22-dienolide
(4). A solution of 158-hydroxybufalin .3-acetate (3a, 0.075 g) in
acetic acid (1.5 ml) was treated with a solution of chromium triox-
ide (0.028 g) in acetic acid (0.5 mi)-water (0.03 ml). After 1.5 hr,
stirring was discontinued and 3.5 hr later methyl alcohol (0.3 ml)
was added. The mixture was poured into ice-water and extracted
with chloroform and the combined extract was washed with water.
Solvent was removed and the residue (0.077 g) was chromato-
graphed on a column of silica gel. Elution with 6:1 hexane~acetone
and recrystallization of this fraction from acetone led to 0.049 g of

Notes

15-ketone 4 as needles melting at 259-261°. The ketone 4 was
identical with specimens obtained by analogous oxidation of trans
diol 5 and a-epoxide 6.8

Registry No.—1a, 22612-50-6; 1h, 7439-77-2; 2, 39844-84-3; 3a,
39844-82-1; 3b, 55156-32-6; 3¢, 39844-83-2; 3d, 39844-81-0; 4,
31444-12-9; osmium trioxide, 20816-12-0; silver acetate, 563-63-3;
acetic anhydride, 108-24-7; chromium trioxide, 1333-82-0.
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While synthesizing a variety of nitro compounds for use
in connection with our recent study of nitro group reduc-
tion by titanous ion,! we attempted to prepare several ni-
troolefins by dehydration of the corresponding 2-nitro alco-
hols. These nitro alcohols are, of course, readily available
by aldol-type addition of nitroalkanes to aldehydes and ke-
tones.23 A search of the literature reveals that, although a
number of methods have been employed using such re-
agents as phosphorus pentoxide? and phthalic anhydride,’
such dehydrations are normally carried out by first acetyl-
ating the hydroxyl and then effecting elimination with so-
dium acetate.® In our experience, however, yields obtained
using this method were low and variable, perhaps because
of the severe reaction conditions (5 hr, 120°). We have
therefore devised a new, mild method of dehydration which
we wish to report here.

We reasoned that the key to effecting dehydration lay
simply in transforming the hydroxyl into a better leaving
group, and we therefore treated the representative nitro al-
cohol, 2-nitro-3-pentanol, with 1 equiv of methanesulfonyl
chloride in methylene chloride at 0°.7 After addition of tri-
ethylamine and stirring for 15 min at 0°, 2-nitro-2-pentene
could be isolated in 80% yield.?

Some of our results are given in Table L



Notes

Table I
Dehydration of Nitro Alcohols with
Methanesulfonyl Chloride-Triethylamine®

Reaction Yield, %
CH;CHOHCH,NO, — CH,CH==CHNO, 30
3156-73-8 3156-70-5
'CH;CHOHCH(NO,)CH; —> CH,CH==C(NO,)CH, 67
6270-16-2 4812-23-1
CH,;CH,CHOHCH(NO,)CH, —
20575-40-0 CH;CH,CH=C(NO,)CH, 80

6065-19-6
CH;CH,CHOHCH(NO,)CH,CH; —
5342-71-2 CH;CH,CH=C(NO,)CH,CH, 170
4812-22-0
CH,CH,CH,CHOHCH(NO,)CH,CH, —>
5462-04-4 CH,;CH,CH,CH=C(NO,)CH,CH, 178
6187-24-2
2 Registry no. are given below the compounds.

With the exception of the unhindered and sensitive
(toward polymerization) 1-nitro-1-propene, generally good
results were obtained. This fact, together with the mildness
of the reaction conditions, should make the method of
some use in synthesis.

Experimental Section

General Reaction Procedure. Caution! Nitroolefins are la-
chrymatory and allergenic. The following procedures should be
carried out in a fume hood by a gloved operator. The nitro alcohol
(0.040 mol) was dissolved in 40 ml of methylene chloride at 0°

under a nitrogen atmosphere, and 1 equiv of methanesulfonyl

chloride (4.6 g, 3.1 ml, 0.040 mol) was added in one portion. Trieth-
ylamine (16.0 g, 22 ml, 0.160 mol) was then added dropwise, and
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the reaction mixture was stirred for 15 min at 0°. The reaction
mixture was then transferred to a separatory funnel with the aid of
40 ml of methylene chloride, then washed with water, 5% aqueous
HCI, and brine. After concentration at the rotary evaporator, the
residual oil was purified by Kugelrohr distillation. In this manner,
the following compounds were prepared. Product purity was estab-
lished by VPC in all cases.

2-Nitro-2-butene from 3-nitro-2-butanol: ir (neat) 1670, 1520
cm~1; NMR (CCly) 61.88 (d, 3 H, J = 7 Hz), 2.15 (s, 3 H), 7.07 (q, 1

'H, J = 7Hz); bp 80° (20 mm) (Kugelrohr); 2.70 g (67%).

2-Nitro-2-pentene from 2-nitro-3-pentanol: ir (neat) 1670,
1520 em~1; NMR (CCly) 6 1.13 (t, 3 H, J = 7 Hz), 2.13 (s, 3 H), 7.0
(t,1 H, J = 7 Hz); bp 85° (20 mm) (Kugelrohr); 3.70 g (80%).

3-Nitro-3-hexene from 4-nitro-3-hexanol: ir (neat) 1670, 1550,
1520 em™%; NMR (CCly) 6 6.92 (t, 1 H, J = 7 Hz); bp 90° (18 mm)
(Kugelrohr); 3.63 g (70%). The product consisted of a 7:3 mixture
of the conjugated and nonconjugated nitroolefins judging from
NMR.

3-Nitro-3-heptene from 3-nitro-4-heptanol: ir (neat) 1670,
1550, 1520 em~; NMR (CCly) 8 7.02 (t, L H, J = 7 Hz); bp 90° (20
mm) (Kugelrohr); 4.46 g (78%). The product consisted of 65:35
mixture of conjugated and nonconjugated nitroolefins judging
from NMR.

1-Nitropropene from 1-nitro-2-propanol: ir (neat) 1655, 1520
cm~! NMR (CCly) 6 1.95 (d, 3 H, J = 6 Hz), 6.83-7.55 (m, 2 H); bp
70° (20 mm) (Kugelrohr); 1.05 g (30%). This reaction worked best
when only 0.08 mmol of triethylamine was used per 0.04 mmol of
nitro alcohol.
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