Notes

trobenzene at 85 °C (75% vield in 30 min). In toluene as sol-
vent, no reaction occurred at 80 °C. At 100 °C, the formation
of a mixture of products was ascertained, but the uranediol
vield was only 20%.

The product [mp 209-211 °C (lit.? mp 211-213 °C); [a]p
3.5° (CHCly) (Jit.5 [r]}y 3.7°)] has been unequivocally identi-
fied through its derivatives 3 and 4. The former [mp 158-160
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°C (lit.5 mp 16¢ °C)] shows the same NMR spectrum reported
in the literature® (see Experimental Section). Compound 4
[mp 169-171 °C (lit.5 mp 171 °C); [a]p —36° (1it.8 [o]p —38°)]
was obtained through the oxidation of 2 with CrQOj, selective
reduction with NaBHj at C-3, and acetylation of the corre-
sponding alcohol.

The improvement of the above synthesis as compared to
the previous procedure is relevant. The latter involved the
formation of 5x-pregnane-353,203-diol 3-acetate 20-tosylate
and rearrangement in formic acid at 23 °C to yield uranediol
3-acetate 17a-formate and uranediol 36

A relevant feature of the reported synthesis is that
Pd(PhCN),CL; reacts more rapidly at the C-20 alcoholic group
than at C-3, although the C-3 position has been shown to be
chlorinated by the complex.” This selectivity, necessary for
the successful course of the reaction, is qualitatively shown
by the reaction time for the uranediol synthesis (30 min) as
compared to the formation time of the 3-chlorocholestanes
(180 min).

In contrast, when Pd(PhCN)»Cl, was made to react in the
same experimental conditions with 5«-pregnane-33,20a-diol
and with its 3-acetate derivative, 173-methyl-18-nor-
3¢, 17c-pregn-13-en-33-ol (or its 3-acetate derivative) was
isolated in 90% yield, together with a small amount of 5a-
pregn-17-en-3i1-ol (5%). The difference in the course of the
reactions of the two pregnane epimers and the relationship
of the products structure to the C-20 configuration of the
starting compound is completely similar to the results ob-
tained by Hirschmann et al. in the formolysis of 33-acetoxy-
Hee-pregnan-20ce-yl tosylate and of its 20-epimer.® This
analogy suggests that in the D-homoannulation promoted by
the complex, the preliminary coordination of the C-20 hy-
droxyl group to Pd(II) occurs with the formation of a complex
such as PA(PhCN)(ROH)Cl. In the next steps, the complex
anion Pd(PhCN)(OH)CL,~ probably behaves as a good leaving
group, just as the tosylate group in the Hirschmann synthesis
does.b8

Experimental Section

Uranediol (2). 5-Pregnane-313,208-diol (1, 200 mg) was dissolved
in nitrobenzene (53 mL) and Pd(PhCN),Cls (240 mg) was added. The
vellow-brown solution was warmed at 80 °C for 30 min with stirring.
After the solution was cooled, diethy! ether was added and then water.
The ethereal extracts were evaporated and the residue was chroma-
tographed on a silica gel column by eluting with benzene-ether 7:3.
A first band of unidentified products was obtained, then 140 mg of
uranediol was recovered. The crystallization from CHCls-hexane
afforded needles: mp 209-211 °C (lit.2 mp 211-213 °C); [ar}p +3.5 (lit.?
+ {a]p +3.7).

Anal. Caled for €2 H;300: C, 78.70; H, 11.32. Found: C, 78.75; H,
11.27.

Uranediol Diacetate (3). By acetylation with AcoO-piridine, 2
gave the diacetyl derivative 3: mp 158-160 °C (from MeOH-CH,Cly)
(1it.% mp 160 °C); {«}py 28.0° (1it.% [or]p 30°). The NMR spectrum of
3 is as follows: 0.85 (s, 18-H), 0.79 (s, 19-H), 0.75 (d, 17-CHj), 2.00 and
2.05 (s, 3-0Ac, 17a-OAc), 4.33 (d, 17a-H).

Anal. Caled for (7[5H4()O45 C, 74207 H, 9.97. Found: C, 74,35; H,
10.02.

Uranol-17a-one Acetate (4). 2 (100 mg) dissolved in acetone (10
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mL, distilled on KMnOy) was treated for 2 min with stirring with 0.46
mL of an aqueous solution of HyCrOy4 (8 N). After 5 min, the excess
oxidant was destroyed with methanol. After addition of water and
extraction with ether, the ethereal phase was washed with aqueous
NaHCOj; and then with water to neutrality. After evaporation of the
solvent, the residue was chromatographed on a SiOz column by eluting
with hexane-ether 4:1; 95 mg of the diketone was obtained. The di-
ketone was selectively reduced with NaBH, (11 mg) in 14 mL of a
mixture of CH3OH-dioxane (1:1) (room temperature, 15 min). After
hydrolysis and extraction with ether, the residue was chromato-
graphed on a SiOs column by eluting with benzene-ether (4:1). The
reaction product (30 mg) was acetylated by standard procedure to 4.
Crystals (from hexane—ether): mp 169-171 °C (lit.* mp 171 °C); [a]p
—36° (in CHCly) (lit.8 [a]p —32°).

1738-Methyl-18-nor-5a,17a-pregn-13-en-383-0l (5). 5c-Preg-
nane-30,20«-diol 3-acetate (100 mg) was dissolved in nitrobenzene
(1.5 mL) and Pd(PhCN)sCly (104 mg) was added. The yellow-brown
solution was warmed at 85 °C for 2 h with stirring. After the solution
was cooled, diethyl ether was added and then water. The residue from
the ethereal extracts was chromatographed on a silica gel column by
eluting with ether-hexane (5:1). The first band was the 3-acetate of
5 (25 mg); the second contained trans-35-acetoxy-da-pregn-17-ene
(6). After eluting the residue with ether-hexane (3:7), a third yellow
band was eluted, which afforded after evaporation a yellow-brown
product. It was probably a complex between Pd(II) and the alkene
5 (as 3-acetate), since by treatment with LiAlH, 5 was quantitatively
obtained. 5 was identified by mp [130-133 °C (lit.8 mp 128.5-131 °C)],
the NMR® and IR® spectra, and the catalytic hydrogenation to
173-methyl-18-nor-5¢,13£,14¢,17«-pregnan-33-ol [mp 119-121 °C
from hexane; lit.8 mp 122-123.5 °C)]. Crystals of 6 (from methanol)
melted at 122-125 °C (lit.? mp 120-121.5 °C).

When 5a-pregnane-33,20a-diol was submitted to the same reac-
tion, the course was just the same. 5a-Pregn-17-en-383-o0l was identi-
fied by its mp, 135-136 °C (from methanol) (1it.? 136-137 °C).
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Electrophilic substitutions of the pyrroles! and five-mem-
bered heterocycles as a group? have been recently reviewed.
We now report briefly two further aspects of the nitration of
pyrrole derivatives.

A. Formation of Polynitropyrrole Derivatives. The
formation of polyhalogenopyrroles upon electrophilic halo-
genation is well known! and is favored by the fact that the
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moderate deactivating effect of the halogen atoms is largely
overwhelmed by the activating power of the heteroatom. We
have now found that formation of polynitropyrroles occurs
smoothly under relatively mild conditions and in good yields
despite the presence of powerful electron-withdrawing sub-
stituents.

1. Formation of Trinitro Derivatives. The synthesis of
each of the isomeric 1-methyltrinitropyrroles occurs in an
unequivocal way from 2,5-dinitro- and 3,4-dinitro-1-meth-
vlpyrrole, respectively, in HoSO4 at 0 °C (Scheme I). Under
the same reaction conditions, the nitration of other 3,4-dini-
tro-1-alkylpyrroles (3b,c) yields 4b and 4c, respectively,
whereas the nitration of 2,4-dinitro-1-methylpyrrole yields
a mixture of 2 and 4a (ca. 3:2). So far 2,3,4-trinitrothiophene
has been the only reported trinitro derivative of a five-mem-
bered heterocyclic ring.? Its synthesis did not involve the ni-
tration of a dinitrothiophene. In principle the nitration of
3,4-dinitrothiophene could be feasible since 2-bromo-3,4-
dinitrothiophene is nitrated satisfactorily to 2-bromo-
3,4,5-trinitrothiophene.? However, attempts to obtain trini-
trothiophenes by nitration of either 2,4- or 2,5-dinitrothio-
phenes were unsuccessful.® The higher reactivity of dinitro-
pyrroles with respect to dinitrothiophenes is consistent with
the trend of the relative reactivity of five-membered hetero-
aromatic rings in electrophilic substitution.2

2. Formation of a Tetranitro Derivative. 2,3,4,5-Tetra-
nitro-1-methylpyrrole is obtained by nitration of 4a in fuming
H,S0, at 65 °C. Hydrolysis of the nitrating mixture and
workup operations were carried out under slightly acid con-
ditions in order to avoid any nucleophilic reaction* on the
tetranitro derivative. So far, this is the first five-membered
heteroaromatic compound bearing four nitro groups bound
to the carbon atoms.

B. Orientation in Nitration of 3-Nitro-1-R-pyrroles
(5a-e). Often the main products are 2,4-dinitro derivatives
(6a—e, Table I), whose formation would be consistent with the
directing effect of the heteroatom and the nitro group. Other
significant products are, however, 3,4-dinitro-1-R-pyrroles.
Authentic samples of 3,4-dinitro-1-alkylpyrroles were pre-
pared by cyclization of primary alkylamines, formaldehyde,
and the dipotassium salt of 2,3,3-trinitropropanal.? 1-Aryl-
3,4-dinitro derivatives obtained on nitration were character-
ized by comparison of their NMR spectra patterns with those
of the 1-alkyl derivatives (presence of a low-field signal, cor-
responding to two equivalent pyrrole ring protons). This is,
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Table I. Relative Yields # in Nitration of 3-Nitro-1-R-
pyrroles

dinitro deriv. trinitro deriv.

2.4- 3,4- 2,3.4- 2,3,3-
R dinitro dinitro trinitro  trinitro
methyl 74 13 9 4
isopropyl 66 23 11 1
tert-butyl 43 41 16
p-nitrophenyl 75 15 10
o-nitrophenyl 72 28

@ Determined by NMR or after chromatographic separation
(see Experimental Section).

Table I1. Nitration of 1-R-Pyrroles: Overall Yields and 2-
Nitro/3-Nitro Ratios

R % yield 2-nitro/3-nitro
methyl 34 3.15
isopropyl 62 0.56
tert-butyl 55 0.25
p-nitrophenyl 3 1.43
o-nitrophenyl 53 1.07

in our knowledge, the first example of electrophilic substitu-
tion yielding 3,4-substituted pyrroles. As the data of Table I
show, the relative amount of the 3,4-dinitro compound in-
creases steadily as the substituent at 1 becomes bulkier.
However, the formation of these derivatives is bound also to
the fact that in the pyrrole ring the a-orienting effect is not
as strong as in the thiophene and in the furan rings.® The ni-
tration of 3-nitropyrroles is similar to that of 3-X-thiophenes
(X = CHO, CN, NOy) in trifluorocacetic acid, yielding sub-
stantial amounts of 4-nitro-3-X-thiophenes.”

2,3,4-Trinitro derivatives and, in some cases, also minor
amounts of 2,3,5-trinitro derivatives were identified among
the reaction products. Since no unreacted 3-nitro derivative
is detected at the end of the reaction and only 1 equiv of nitric
acid or even slightly less is used in the nitration, it is likely that
some of the substrate decomposes at the first stages of the
reaction, so that the remaining part reacts with a small excess
of the nitrating agent.

Experimental Section

Warning! All tri- and tetranitropyrroles must be considered
potentially toxic and explosive and must be treated properly.

Trinitro-1-methylpyrroles. 2,5-8 2,4-8 or 3,4-dinitro-1-meth-
ylpyrroles® (0.2-0.3 g) was dissolved in 10-15 mL of 96% H»SO4. A
nitrating mixture made up with 1 equiv of 100% HNO3 and 2-3 mL
of 96% HoS0, was added dropwise at 0 °C. The reactions of 1 and 3a
were complete within the time necessary for the addition (10-15 min).
The trinitro derivatives were collected by filtration after pouring the
reaction mixture into ice water.

1-Methyl-2,3,5-trinitropyrrole (2): vield 63%; mp 49-50 °C; mass
spectrum, m/e 216 (M*); NMR [(CD3)2CO] 6 4.20 (s, 3 H), 7.83 (s, 1
H).

1-Methyl-2,3,4-trinitropyrrole {4a): yield 76%; mp 111-112 °C; mass
spectrum, m/e 216 (M*); NMR [(CD3)2CO] 6 4.25 (s, 3 H), 8.43 (s, 1
H).
Under these reaction conditions the nitration of the less reactive
2,4-dinitro derivative was not complete within 1 h. The reaction
mixture was characterized by TLC (silica gel, benzene) and NMR by
comparison with authentic samples of the products. The product ratio
was determined from the area ratio of the aromatic NMR signals of
the products.

1-Methyl-2,3,4,5-tetranitropyrrole. HNO3; (100%, 1.35 mL) was
added dropwise with stirring and mild cooling (~10 °C) to a solution
0f 0.2 g of 3a in 3 mL of fuming HoSO4 (20% SO3). The reaction mix-
ture was heated at 65 °C for 15 min, poured onto 50 g of ice, and ex-
tracted with ethyl acetate. The organic solution was dried. After the
solvent was evaporated, the residue was purified by chromatography
(silica gel, benzene); yield 45%; mp 101-102 °C; mass spectrum, m/e
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261 (M*); NMR (CD3CN) 6 4.02 (s).

1-Isopropyl- (4b) and 1-tert-Butyl-2,3,4-trinitropyrroles (4c).
The synthesis of 3b and 3¢ was carried out by the procedure described
for 3a, starting from the appropriate amines.?

3b: mp 95.5-96 °C; mass spectrum, m/e 199 (M*); NMR [(CDs)o-
C0]61.60(d,J = 6.5Hz, 6 H), 4.68 (septet, 1 H,J = 6.5 Hz), 8.06 (s,
2 H).

3c: mp 150-151 °C; mass spectrum, m/e 213 (M*); NMR [(CDg)e-
CO0] 6 1.75 (s, 9 H), 8.07 (s, 2 H).

The nitration of 3b and 3¢ in HySO4 at 0 °C yielded 4b (76%) and
4c (66%), respectively.

4b: mp 139-140 °C; NMR [(CD3)2:C0] 6 1.75 (d, J = 7 Hz, 6 H), 5.55
(septet, 1 H, J = 7 Hz), 8.53 (s, 1 H).

4c: mp 121.5-122 °C; NMR [(CD3)2CO] 6 1.88 (s, 9 H), 8.31 (s, 1
H).

Nitration of 3-Nitro-1-R-pyrroles. The starting materials were
prepared from 1-R-pyrroles® upon nitration with 1 equiv of 100%
HNOj3 in acetic anhydride at —20 (R = alkyl) or 0 °C (R = Ar).8 The
nitrations yielded mixtures of 2-nitro- and 3-nitro-1-R-pyrroles. These
isomers were easily separated by chromatography (silica gel, ben-
zene-ethyl acetate or petroleum ether-benzene) and identified from
their NMR spectra. 2-Nitro derivatives were eluted more rapidly than
3-nitro derivatives. The relative ratios of 2- and 3-nitro isomers are
reported in Table II together with the overall yields. 3-Nitropyrroles
(0.50 g) were nitrated in HoSO4 at 0 °C or room temperature (R =
o-nitrophenyl) with 1 equiv of 100% HNOs. The crude reaction mix-
ture (0.35~0.40 g) was poured into water and extracted with ether or
ethyl acetate. When R was an alkyl group, the composition of the
crude reaction mixture was determined by TLC and NMR spectros-
copy. When R was an aryl group, the NMR spectrum of the crude
reaction mixture was much less simple. Therefore, the reaction
products were isclated by chromatography on silica gel with petroleum
ether (30-50 °C) continuously enriched with benzene and charac-
terized by their spectra. The relative rates of elution were as follows:
2,4-dinitro >2,3,4-trinitro >3,4-dinitro.

Melting Points and Spectral Features of Dinitro- and Trini-
tropyrroles (d, R = p-Nitrophenyl; e, R = 0-Nitrophenyl).!

3d: mp 188-189 °C; NMR [(CD3)2S0} 6 8.08 (d, J = 10 Hz, 2 H),
8.40 (d, 2 H, J = 10 Hz), 8.90 (s, 2 H).

3e: mp 120-122 °C; mass spectrum, m/e 278 (M*); NMR [(CDj3),-
S0} 6 7.7-8.5 (m, 4 H), 8.59 (s, 2 H).

4d: mp 60-63 °C; mass spectrum, m/e 323 (M*); NMR [(CD3)2CO|
$8.05(d,J =10 Hz, 2 H), 8.48 (d, 2H, J = 10 Hz), 8.55 (s, 1 H).
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6b: mp 107-108 °C; NMR (CCly) 6 1.67 (d, 6 H = 7 Hz), 5.53
(septet, 1 H,J = 7Hz),762(d, 1 H,J = 2 Hz), 7. 1 2
Hz).

6c: mp 141-142 °C; NMR (CCly) 6 1.78 (s, 9 H), 7.53 (d, 1 H, J =
2Hz),7.71(d, 1 H,J = 2 Hz).

6d: mp 195-196 °C; NMR [(CH3)2S0] 6 7.86 (d, 2 H, ./ = 8 Hz), 7.95
(d,1H,J =2Hz),833(d,2H,J =8Hz),8.58(d, 1 H,J = 2 Hz).

6e: mp 154-155 °C; NMR [(CD3)2S0] § 7.7-8.6 (m, 4 H), 8.13 (d,
1H,J =2Hz),869(d,1H,J =2Hz).
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4-Methylene-4,5-dihydrooxazoles: Isolation,
Properties, and Use for the Preparation of
Substituted Oxazoles

Summary: 4-Methylene-4,5-dihydrooxazoles are prepared
from benzimidic esters of 1-alkyn-3-ols, and serve as useful
intermediates for the synthesis of highly functionalized oxa-
zoles.

Sir: Several natural products! and pharmacologically active
compounds? contain oxazole rings. Substituted oxazoles also
derive significant importance as azadiene components for
Diels-Alder synthesis, %> with their use in the total synthesis

NH
I R R
L1 A
H* or M+ SN )
RCHC=CR == | & N — 3\% (1)
R’} CHR R CH.R

1
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of pyridoxine (vitamin Bg)14 being a notable example. One
method of preparing substituted oxazoles, which is described
most extensively in the patent literature, is the intramolecular
cyclization of propargylic imidates (eq 1).6 Concentrated
sulfuric acid®® and Ag(I)®P and Hg(II)5Y salts have been re-
ported as catalysts for this conversion, which presumably”
involves the intermediacy of a 4-alkylidene-4,5-dihydrooxa-
zole (1). In this communication we report that when the so-
lution thermolysis of benzimidic esters of 1-alkyn-3-ols is
conducted under basic or neutral conditions the initially
formed 4-methylene-4,5-dihydrooxazoles may be isolated in
good yield (eq 2). We also report a preliminary study of the

NH
I CH;

OCC¢H, )\
X

RICHC==CH —

R (2)
2, R' = CH, | !\\ H
3, Rl =n.CH, H
H
4, R' = CH,
5. Rt = #-C.H:
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