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5-Nitro-6-substituted-2-norbornenes: determination of Diels-Alder
isomer ratios from nuclear magnetic resonance spectra
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The nuclear magnetic resonance spectra of representative 5-nitro-6-substituted-2-norbornenes
(II-VII) are described. From the spectra, ratios of the two possible endo—exo trans stereo-
isomers derived from the Diels—Alder reaction of cyclopentadiene with the appropriate trans
nitrodlefin are estimated as shown in Table II. For all cases, there was predominance (3:1 to
9:1) of the 5-emdo-nitro trams stereoisomer. The synthesis of the 6-(p-nitrophenyl) (V),
6-(2-furyl) (VI), and 6-(2-thienyl) (VII) derivatives is reported and the 6-ethyl derivative

(I1I) has been characterized.

Canadian Journal of Chemistry. Volume 45, 2969 (1967)

Roberts, Lee, and Saunders (1) noted
that the Diels—Alder adduct (I) of cyclo-
pentadiene and nitroethylene was a mix-
ture of emdo- (Ie) and exo- (Ib) nitro
stereoisomers, which they suggested might
contain > 909, of the endo-nitro stereo-
isomer. Fraser (2) subsequently deduced
from -“the nuclear magnetic resonance
(n.m.r.) spectrum that the adduct is the
5-endo-nitro isomer (Ia). His published
spectrum is that of a pure isomer and he
made no mention of the presence of another
stereoisomer. Quellette and Booth (3)
showed that under alkaline equilibration
conditions the ratio of Ie to Ib was 0.64
at 75°. The two isomers could be separated
cleanly by preparative vapor phase chro-
matography (v.p.c.) on a 20 ft 309, SE-30
column, with the 5-endo-nitro stereoisomer
(Ie) having the longer retention time. The
ratio of stereoisomers present in the
original Diels—Alder adduct (I) was not
reported.

Van Tamelen and Thiede (4) showed by
a series of degradative experiments that
the adduct (II, an oil) of cyclopentadiene
and l-nitropropene contains an exo-methyl
and an endo-nitro group, thus accounting

1Taken in part from the summa cum laude senior
thesis of J. W. Manthey, June 1964.

2Students in the advanced organic chemistry
laboratory course at the University of Minnesota,
winter quarter 1965.

3Taken in part from senior thesis research of
G. L. Eian, winter quarter 1965.

for the stereochemistry of the major isomer
(Il@) in what is now seen to be a mixture
of trans stereoisomers. Poos and co-workers
(5) showed the adduct (IV, also an oil) of
cyclopentadiene and {rams-B-nitrostyrene
to be a 3:1 mixture of the 5-endo-nitro-6-
exo-phenyl (IVa) and 5-exo-nitro-6-endo-
phenyl (IVb) trans stereoisomers. We have
essentially confirmed this observation by
analysis of the n.m.r. spectrum of the
mixture, which indicates a 4:1 mixture
of the two stereoisomers. Because of the
anticipated reversal of the Diels—Alder
reaction at the high temperatures required
for v.p.c. analysis (which we have con-
firmed does occur), Poos and co-workers
(5) carried out the analysis by v.p.c. on
the hydrogenated nitro derivatives and
their corresponding amine reduction prod-
ucts, which were characterized as crystal-
line benzenesulfonamide derivatives. At
about the same time, Weinstock and co-
workers (6) also proved, by another series
of degradative experiments, that IVa is
the major component of the adduct IV.
The adduct of cyclopentadiene and cis-8-
nitrostyrene has also been reported to be
an oil (7) but nothing was said about the
ratio of the two possible endo- or exo-5,6-
cis stereoisomers present in the oil.

The preparation and a reaction of
6-ethyl-5-nitro-2-norbornene (III) are des-
cribed in a patent by Weinstock (8), but
no analyses or physical properties are
reported. We have obtained the compound
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from 1-nitro-2-butyl acetate by the n situ
method (9) for generating the nitroélefin,
which was also employed for preparation of

the 6-methyl derivative (II). Analysis of

the n.m.r. spectra of the 6-methyl (II)
and 6-ethyl (III) derivatives shows the
ratio of major (Ila,llla) to minor (110,
111b) stereoisomers to be about 9:1 and 6:1
in the two cases (see Table II). With the

only solid adduct examined in the present -

work, the 6-(p-nitrophenyl) derivative (V),
the ratio of the major (Va) to minor (Vb)
stereoisomers was the - lowest observed,
3:1. With the 6-(2-furyl) (VI) and
6-(2-thienyl) (VII) derivatives, which were
prepared in a manner similar to the
6-phenyl (IV) and 6-(p-nitrophenyl) (V)
derivatives, the corresponding ratios were
6:1 in both cases. Attempted reaction of
3-(2-nitrovinyl)indole with refluxing cyclo-
pentadiene was unsuccessful. Apparently,
this was due to the lower electrophilicity
of the nitrodlefin and its greater steric
requirements. Solid nitrodlefin partially
dissolved in refluxing cyclopentadiene, but
when reflux was continued until all of the
cyclopentadiene had dimerized, the solid
crystallized out upon cooling and was
recovered unchanged in quantitative yield.*

4This experiment was performed by Patrick G.
McCormick at the University of Minnesota.

The oily Diels—Alder adducts of cyclo-
pentadiene and nitrodlefins are exceedingly
difficult to free from some impurities
(eg. dicyclopentadiene). The adducts II
and III derived from the lower aliphatic
nitrodlefins tend also to be contaminated
with diphenyl ether carried along through
the nitroacetate from the original co-distil-
lation (10) of the nitroalcohol with diphenyl
‘ether. The adducts 1V, VI, and VII derived
from B-nitrostyrene and the heterocyclic
nitrodlefins tend to be contaminated with
the nitrodlefin, which accounts for the
ultraviolet absorption in the 309 mgu
(log € 4.22 for B-nitrostyrene) (11) or
345-350 mu regions (for the heterocyclic
nitrodlefins). This probably also accounts
for most of the yellow color of the oils
since the nitrodlefin ultraviolet absorption
tails into the visible region. Poos and co-
workers (5) have noted that a sample of
the adduct IV containing 5.89; B-nitro-
styrene was freed of the QB-nitrostyrene
by two careful fractionations through a
jacketed column with removal of the head
fractions. Our experience with the adducts
from @-nitrostyrene and the heterocyclic
nitrodlefins suggests that dissociation ot
these higher molecular weight adducts into
the starting components seems to occur
more rapidly at the. high pot temperat-
ures normally employed for vacuum distil-
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lation, just as it contributed to the failure
to separate by v.p.c. the stereoisomeric
adducts of IVa and 1Vb.

The Diels-Alder reaction of nitroethyl-
ene with 1,3-cyclohexadiene gives an ad-
duct, 5-nitrobicyclo[2-2-2]oct-2-ene(VIII),
in 339 vyield (12). The Diels—Alder
reaction of B-nitrostyrene with 1,3-cyclo-
hexadiene, without added solvent, is also
reported to give, in 20 (reference 13) — 25
(reference 14) 9, vyield, an adduct, 5-
nitro-6-phenylbicyclo[2-2-2]oct-2-ene (IX),
which was characterized solely by boiling
point and satisfactory elemental analytical
data. Under the conditions we tried, we
were unable to confirm this report.® In
our hands, refluxing a solution of B-nitro-
styrene (60 g, 0.40 mole) in 1,3-cyclohexa-
diene (40 g, 0.50 mole) at 84-85° (bath
temperature) for 6 h gave only unchanged
1,3-cyclohexadiene (30 ml, 639, recovery),
np? 14712, and B-nitrostyrene (58 g,
979, recovery), b.p. 138-140° at 1 mm,
isolated as yellow crystals in the condenser,
which were identified by their melting
point and mixture melting point, 55-56°,
and infrared spectrum in Nujol. The pot
residue did not exceed 5 ml. As might be
anticipated, since l-nitropropene is more

SHigher temperatures and a much longer retention
time are apparently required. Prof. C. F. H. Allen,
now at the Rochester Institute of Technology, has
kindly provided the following statement: ‘‘The best
conditions for bringing about the adduct formation
from cyclohexadiene and @B-nitrostyrene were as
follows. A mixture of 15 g of the hydrocarbon and
25 g of the nitro compound was heated at 100° for
5 days and distilled at 3 mm. Three cuts, totalling
17 g, were made up to 159°...... these were
mainly B-nitrostyrene. The pay cut, b.p. 159-163°,
amounted to 11.5 g. Thank you for noting the error
in giving the wrong boiling point (reported for the
product, b.p. 138-142° at 1 mm (13, 14)); we
agree with yours on the g-nitrostyrene.”

/|
RH

NOZ

exo-nitro series,

VIIIs and 1Xb
R=H
R = C6H5

sterically hindered than nitroethylene and
would be expected to be less electrophilic
than gB-nitrostyrene, the attempted Diels—
Alder reaction of 1-nitropropene, when used
either directly or when generated iz .situ
(15) from 1-nitro-2-propyl acetate, with
refluxing 1,3-cyclohexadiene gave no prod-
uct which could be identified as a Diels—
Alder adduct (16).

The stereochemistry of l-nitropropene,
a liquid, was determined by van Tamelen
and Thiede (4) to be frans on the basis of
the stereochemistry of the predominant
stereoisomer of its adduct with cyclopenta-
diene (Ilez), as noted previously. The
stereochemistry ol 1-nitrobutene, which is
also a liquid, is assumed to be frans by
analogy with l-nitropropene and @-nitro-
styrene. The normal, crystalline form of
B-nitrostyrene is known to have the frans
configuration from dipole moment studies
(17) and the stereochemistry of its Diels—
Alder adduct with 1,3-butadiene (18).
The coupling constants for the vinyl
protons in the n.m.r. spectra of crystalline
B-nitrostyrene (14 Hz), 2-(2-nitrovinyl)-
furan (13.5 Hz), and 2-(2-nitrovinyl)thio-
phene (13.5 Hz) also indicate that these
nitrodlefins have the frams configuration.
Dailey and Shoolery (19) have shown that
there is a linear relationship between the
electronegativity (£) of a substituent in
an ethane, and the difference in chemical
shift (ACH3;~ACH,) between the methyl
and ethyl protons of the ethyl group. Thus,
for nitroethane Eyo, = 0.02315(91 Hz)
+ 1.71 = 3.82. Banwell, Sheppard, and
Turner have shown (20, 21) for substituted
ethylenes that the vicinal proton coupling
constants J;us and J., are related to the
difference in electronegativity (AE) be-
tween the electronegative substituent (in
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TABLE 1

Chemical shifts and multiplicities of the 5-and 6-protons in the n.m.r.
spectra of 5-nitro-6-substituted-2-norbornenes*

Major (a) stereoisomer Minor (b) stereoisomer

Compound 5-Exo 6-Endo 5-Endo 6-Exo

II 5.43t 7.93% 6.19cm 7.20cm
(0.86) (1.04) (0.10) (0.18)

111 5.57t >7.83§ 6.21bp|| 7.13bp||
(0.69) (8.32)§ (0.18) 0.17)
18% 5.19t 6.63bp Y 5.59f 6.19t
(0.78) 1.70)9 (0.20) (0.18)
\ 4.99t 6.45bp** 5.43f 5.98t
(0.71) 1.62) (0.26) (0.27)
VI 4.97t 6.631t 5.6311 6.13t
(0.85) (0.95) (0.15) (0.16)
VII 5.04t 6.478§ 5.66f 5.95t
(0.85) (1.80)88 (0.14) (0.15)

*Chemical shifts are given as  valuest followed by the multiplicity (bp = broad peak,
cm = complex multiplet, f = four-line multiplet, t = triplet). Areas relative to the
total number of protons in the molecule (with major and minor stereoisomers grouped
as one) are given in parentheses.

G. V. D. Tiers. J. Phys. Chem. 62, 1151 (1958); 1+ = 60 Hz (c.p.s.).

iBroad multiplet; wi2 = 14 Hz.

§An extremely complex pattern from 7.83-9.25 (8.32) must include the 6-endo proton
of the major stereoisomer as well as the bridge CH2 and 6-ethyl protons of both stereo-
isomers.

| The analysis of the major stereoisomer is clear, but owing to the presence of some
impurity peaks of comparable mten51ty, analysis of the minor stereoisomer peaks is much
less certain, though the assignments given are consistent with those reported for the minor
stereoisomer of the 6-methyl derivative.

4 Broad multiplet (w12 = 18 Hz) in which the bridgehead H-4 at 6.52 and the 6-endo
proton of the major stereoisomer at 6.63 overlap. The area includes both protons.

**Broad multiplet (w12 = 18 Hz) in which the bridgehead H-4 at 6.32 and the 6-endo
proton of the major stereoisomer at 6.45 overlap. The area includes both protons.

ﬁ'A minor multiplet at 6.79 (0.10), possibly attributable to the bridgehead H-1 of the
minor stereoisomer, over]aps the very rough triplet (wy2 = 8 Hz) at 6.63 (0.95) due to
the 6-endo proton of the major stereoisomer.

11Eight-line multiplet.

§§The bridgehead H-4 and the 6-endo proton of the major stereoisomer appear as a
rough triplet (w12 = 8 Hz) at 6.47 (1.66), with a small shoulder at 6.60 (0.14). The area
includes both protons.

this case NO,, E = 3.82) and the hydrogen
atom (E=2.1 (reference 22)) it replaces by
the following equations:

Toans = 19(1-0.17AE) = 13.4 Hz
Jas = 11.7(1-0.34AE) = 4.9 Hz

1f it is assumed that the phenyl, 2-furyl,
or 2-thienyl substituents which have re-
placed a vinyl proton in the nitrodlefins
have a negligible effect on the coupling
constant, then J ;s 1s in excellent agreement
with the observed vicinal coupling con-
stants of the nitrodlefins which indicates
that they have the trams configuration. It
was not possible to determine the vicinal
coupling constant of the vinyl protons of
p-B-dinitrostyrene because of overlap be-
tween the vinyl and phenyl proton signals,
but this crystalline nitrodlefin is assumed
to have the trans configuration by analogy
with the stereochemistry of crystalline

B-nitrostyrene and the other nitrodlefins.
“ In the n.m.r. spectra of the 5-nitro-6-
substituted-2-norbornenes (II-VII), the
vinyl proton absorption is centered at
7 3.51-3.84. The highest field signals occur
with the 6-methyl (Ile, 7 3.80) and 6-ethyl
(Illa, 3.84) derivatives, whereas the lowest
field signals occur with the 6-(2-thienyl)
(Vlla, 3.55) and 6-(p-nitrophenyl) (V,
3.58) derivatives. These compare with
values of 7 3.91 (or 3.87)¢ (Ia) and 3.90
(I6) for the 6-unsubstituted case, as esti-
mated from the published n.m.r. spectra
(3). In all the cases where the vinyl
proton absorption of the minor (5-exo-
nitro) stereoisomer can be differentiated
(Ib (3), 11, I11b, and VIIb), it is centered
slightly downfield (r 0.01 (reference 3) —
0.05) from that of the major (5-endo-nitro)
stereoisomer (Ia (3), Ila, 11la, and VIla).
The vinyl proton absorption of the homolo-
gous H-nitrobicyclo[2-2-2]oct-2-ene (VIII)
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TABLE 11

Stereoisomer ratios in the 5-nitro-6-substituted-2-norbornenes

Stereoisomer 9, composition

Compound Major (a) Minor (b) Ratio
11 90* 117 9:1
I11 78% 14§ 6:1
v 78|l 199 4:1
\Y% 71 26 3:1
VI 85l 159 6:1
VII 831 14§ 6:1

*Based on the two vinyl, 5-exo, 6-endo, and 6-exo methyl protons.
tBased on the two vinyl, 5-endo, 6-exo, and 6-endo methyl protons.
1Based on the two vinyl and 5-exo protons.

§Based on the two vinyl, 5-endo, and 6-exo protons.

||Based on the 5-¢xo proton.

9/ Based on the 5-endo and 6-exo protons.

appears as a complex multiplet from r
3.43-4.10, in the same general region as
with I.

The electron-withdrawing inductive and
field effects of the nearby 5-nitro group
are assumed to cause the bridgehead H-4
absorption to occur farther downfield
(from 7 6.32 in V to 6.62 in III) than with
the relatively remote bridgehead H-1
(which occurs from r 6.75 in V to 7.43 in
II). These compare with values of 6.53
and 7.05 in Ie (3)® and 7 6.75 and 7.09 in
I» (3). With 5-nitrobicyclo[2-2-2]oct-2-ene
(VIII) the corresponding peaks occur at
r 6.72 and 7.29. The absorption due to
methylene bridge H-7 is best resolved into
a clean AB pattern in the case of the
6-(2-furyl) derivative (Vla), although a
similar but more compressed pattern is
also present in Ile and VIla and probably
in the rest of the derivatives as well,
although in the 6-phenyl cases (IV, V)
there appear to be one or two additional
weak downfield peaks. In Ila, Ve, and
VIla the AB pattern is centered at 7 8.23—
8.36, with a geminal coupling constant of
9-10 Hz. The A portion, which appears
as two peaks at 7 8.10-8.24, is relatively
unsplit, and is attributed to the proton
anti to the double bond, which is in a favor-
able position for coupling only with

tFraser (2) reports for la peaks at 3.87, 5.07
6.47, and 7.01. We have arbitrarily used the values
for Ia estimated from the published spectrum of
Ouellette and Booth (3) because spectra for both
stereoisomers of la and Ib were available under
comparable conditions.

bridgehead H-1 and H-4. Any coupling
(< 0.5 Hz) (23) of the anii proton with
the vinyl protons was not sufficiently
marked to be observed under our condi-
tions. The B portion, at 7 8.32-8.49, is hy-
perfinely split into two four-line multiplets
(]1,7-syn = J4,7—syn = J6—end0,7-syn = 2 PIZ),
and is attributed to the proton syn to
the double bond because of the presence
of long range coupling (23) involving the
6-endo proton. The pattern of hyperfine
splitting of the upfield half of the methyl-
ene bridge absorption is present in the
n.m.r. spectra of all the derivatives Ila—
Vlla.

As shown in Table I, the 5-exo proton
of the major stereoisomer occurs downfield
(from 7 4.97 in Vla to 5.57 in Illa) from

. the b5-endo proton of the minor stereo-

isomer (from 7 5.43 in Vb to 6.21 in I115).
Similarly, the 5-exo proton of la occurs at
5.06 (3),® whereas the 5-endo proton of
the epimer Ib occurs at = 5.78 (3). The
average ATs_gao-s-ezo ftor I-VII is 0.61.
With the homolog VIII, the 5-exo proton
of the major isomer (VIIla), which appears
as a complex multiplet from 7 5.27-5.83,
also occurs downfield from the 5-endo
proton of the minor isomer (VIIIb), also
a complex multiplet, from 5.87-6.13. The
downfield endo to exo shift is also observed
with the H-6 in II and IV-VII. Thus, the
6-exo proton of the minor stereoisomer
appears in the region from 5.95 in VIIb to
7.20 in 116, whereas the 6-endo proton of
the major stereoisomer appears in the
region from 7 6.45 in V to 7.93 in Ila. The
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average ATe-endo-6-ezo tor 11 and IV-VII is
0.53. The downfield endo to exo shift is
also observed with the 6-methyl group,
which appears as a doublet (J = 7 Hz),
at 7 8.94 (endo) in 11b and 7 8.72 (exo) in
Ila, giving a ATego—ezo = 0.22. Flautt and
Erman (24) have pointed out that the
downfield endo to exo shift in the proton
signal, which we have observed with the
5-nitro-2-norbornenes, is a general phe-
nomenon with bornanes, analogous to the
axial-equatorial shift in cyclohexanes.
The n.m.r. spectra of the derivatives
II-VII were subjected to first order
analysis. Coupling of the vinyl and bridge-
head H-4 and H-1 gives an ABXY pattern
as two four-line multiplets, the B portion
of which contains two or three unexplained
additional lines” in the 6-phenyl deriva-
tives IV and V. Constants for coupling of
the bridgehead H-4 and H-1 with the
vinyl protons are all about 3 Hz, while
the coupling constants for the 2,3-vinyl
proton interaction lie in the range of
56 Hz. The 5-exo protons in I1la-VIla all
appear as triplets. This results from the
fortuitous equivalence of the coupling
constants for the 4,5-exo and 5-exo, 6-endo
interactions, which lie in the range of
4-5 Hz. This is in agreement with the
coupling constants of 3.9 Hz reported by
Fraser (2) for the corresponding inter-
actions involving the 5-exo proton in la.

In contrast, the 5-endo protons, in those -

cases where sufficient resolution exists
(IVb, Vb, and VIIb), appear as four-line
multiplets, resulting from non-equivalence
of the coupling constants for the 5-endo,
6-exo (4-5 Hz) and long range (23) 5-endo,7-
syn (2 Hz) interactions. An apparent
exception is the 6-(2-furyl) derivative
(VIb), in which additional coupling (0.7
Hz; 4,5-endo ?) is sufficiently marked so
that the usual four-line multiplet for the
5-endo proton is hyperfinely split into an
eight-line multiplet. In IV)-VIIb, where

7Drs. George 1. Poos and Harold R. Almond, Jr.,
of the McNeil Laboratories, Inc., Fort Washington,
Pennsylvania (to whom we are indebted for having
read and criticized the manuscript) have suggested
that allylic couplings (J1,5 = Js,4 = 0.5 to 1.0 Hz)
(23) might account for some of these extra peaks.

sufficient resolution exists, the 6-exo proton
appears as a triplet. This results from the
fortuitous equivalence of the coupling
constants (4-5 Hz) for the 1,6-exo and
5-endo,6-exo interactions.

EXPERIMENTAL

Melting points were determined on calibrated
Fisher—Johns hot stages. Ultraviolet spectra were
determined on Cary model 11 or Bausch and Lomb
Spectronic 505 spectrophotometers; infrared spectra
were determined on Unicam SP.200, Beckman IRS5,
or Perkin—Elmer model 21 spectrophotometers;
and n.m.r. spectra were determined on a Varian
Associates A-60 spectrometer. Microanalyses were
performed by Dr. T. S. Prokopov and his assistants,
George E. Davis, Robert E. Johnson, and Mrs.
Kathleen Nelson Juneau at the University of
Minnesota.

6-Methyl-6-nitro-2-norbornene (I1I)

The compound was prepared in 44-599, yield®
from 1-nitro-2-propyl acetate and cyclopentadiene
by the iz situ method (9) for generation of the
nitrodlefin according to the procedure of Hart (15).
The sample used for n.m.r. analysis had the follow-
ing properties: pale-yellow oil, b.p. 103-105° at
13 mm, np® 1.4884; wno, (neat) 1 540 (strong)
1 380 (medium strong) cm™; lit. b.p. 94-95° at 15
mm (25), 91.5-92.5° at 11-12 mm (4), and np*
1.4871 (4).

1-Nitro-2-butanol

The compound was prepared according to the
procedure of Hurd and Nilson (26) except that the
reaction solution was warmed in the manner
employed by de Montmollin and Achermann (27)
and, for reasons of safety, the product was co-
distilled with diphenyl ether (28) under reduced

. pressure, according to the method of Roy (10).

Propionaldehyde (100 g, 1.72 moles) was added to
a well-stirred solution of nitromethane (181.1 g, 2.96
moles) and water (50 ml). Sodium carbonate was
added to keep the solution alkaline to litmus paper.
The solution was warmed on a water bath to initiate
the reaction and was kept at 60° for 4.5 h. The
solution was allowed to cool and was extracted
with ether. The ether extract was washed with
water, dried over Na,SQy, and the ether and excess
nitromethane were removed in a rotary evaporator
after removal from the drying agent. The resulting
oil was co-distilled with diphenyl ether (200 g)
under reduced pressure. The distillate, b.p. 63-69°
at 0.25-0.5 mm, was extracted with petroleum
ether (b.p. 60-68°) to remove most of the diphenyl
ether. The lower layer was evaporated in a rotary
evaporator to remove dissolved petroleum ether,
and a crude colorless oil (183.0 g, 89%), np*?

8Charles M. Hall, Phillip D. Hammen, and Eng
C. Wang at the University of Minnesota prepared
this compound in the aforementioned yield.
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1.4682; lit. 679, (26), 829%, (27), b.p. 75° at 2 mm,
np® 1.4425 (29) remained. The high refractive
index of our product indicates that it probably
still contains some diphenyl ether (np* 1.5826).

1- Nitro-2-butyl Acetate (31)

The compound was prepared in 73% yield (b.p.
80-82° at 0.2-0.25 mm, np®-5 1.4463) by acetylation
of 1-nitro-2-butanol with acetic anhydride according
to the method used by Tindall (30) for preparation
of other nitroacetates; lit. (31) zp® 1.4285, b.p.
105-106° at 11 mm. The high refractive index of
our product suggests that it contains some diphenyl
ether carried over from co-distillation. with the
1-nitro-2-butanol.

6-Ethyl-6-nitro-2-norbornene (111)

The preparation is patterned after that of Hart
(15) for 6-methyl-5-nitro-2-norbornene involving
generation of the nitrodlefin i situ (9). A mixture
of 1-nitro-2-butyl acetate (54.8 g, 0.340 mole which
contained some diphenyl ether), anhydrous sodium
acetate (27.9 g, 0.340 mole), and absolute ethanol
(200 ml) was stirred for 2.5 h. Freshly prepared
(32) cyclopentadiene (45.0 g, 0.680 mole) was then
added in a steady stream to the yellow lachrymatory
mixture, and the resulting mixture was heated at
48° with vigorous stirring for 14 h. The two-phase
liquid mixture was filtered through a sintered glass
funnel and the solid sodium acetate was washed
with absolute ethanol until the washings were
colorless. The filtrate and washings were combined,
and unreacted cyclopentadiene and the ethanol
were removed by distillation under reduced pres-
sure. The residual pale-yellow oil was fractionally
distilled, giving a pale-yellow oil (16.24 g, 29%),
b.p. 80-96° at 3.25-3.1 mm, #p® 1.4855. Fractional
redistillation gave an analytical sample, also as a
pale-yellow oil (4.02g, 7%), b.p. 48-49°, np*
1.4881; wno, (neat) 1545 strong, 1380 medium
strong cm™. '

Anal. Caled. for CoH1sNO, (167.20): C, 64.65;
H, 7.84; N, 8.38. Found: C, 64.85; H, 7.47; N, 8.41.

Trans-B-nitrostyrene (32)

The n.m.r. spectrum of a 259, (by weight)
solution in CHCIs-d contains (using the 7 scale,
1 7 =60 Hz, J in Hz & 1 Hgz, areas relative to
seven protons are given in parentheses) the vinyl
proton « to the nitro group as the downfield doublet
of an AB pattern (Jtrens = 14) at 2.10 (1.0 proton)
and the vinyl proton « to the phenyl ring as the
upfield doublet of the AB pattern at 2.48, the upfield
member of which is superimposed on the phenyl
peak at 2.57 (total of 6.0 protons).

5- Nitro-6-phenyl-2-norbornene (IV)

The sample® (5, 34, and 35) used for n.m.r.
analysis had the following properties: yellow oil,
b.p. 124-125° at 0.15 mm, #p2 1.5641; Amex (95%
ethanol) 253mu (log € 2.86), 259 (2.82), 265 (2.74),

9Prepared by Edward M. Felien and James H.
Houchens at the University of Minnesota.

A(not a maximum) 309 (2.39, indicating < 1%
trans-B-nitrostyrene present as a contaminant);
wNos (neat) 1550 (strong), 1385 (medium strong)
cm™; lit. b.p. 121-122° at 0.03 mm, np** 1.5660 (5);
b.p. 136-138° at 1-2 mm, np® 1.5641 (34); b.p.
142-145° at 1-2 mm, #np® 1.5640 (35). Vapor-
phase chromatography separated {rams-B-nitro-
styrene from 5-nitro-6-phenyl-2-norbornene which
was accompanied by some thermal decomposition;
however, separation of the latter into its component
stereoisomers was not achieved.

p-B-Dinitrostyrene (36)

The general procedure of Worrall (33) for trans-3-
nitrostyrene was used, except that 2.8 times the
volume of methanol was found desirable and 8-9
times as much ice water was neded to dissolve the
sodium salt as in the case of B-nitrostyrene. A cold
mixture of p-nitrobenzaldehyde (54.0 g, 0.357 mole),
nitromethane (19.3 ml, 0.357 mole), and methanol
(200 ml) to which a solution (36 ml) of sodium
hydroxide (15.0 g, 0.375 mole) was added dropwise
with stirring at 5° gave, after acidification and
work-up, a 349, yield, m.p. 199-204°. Recrystal-
lization from acetone-water gave yellow crystals,
m.p. 196-199°; lit. 269, (37), 78% (38), m.p.
196-199° (36), 199-200° (39), 203-204° decomp.
(37), 203-204.5°(38); Amax (959 ethanol) 217 mp
(log € 3.99) and 306 (4.35); lit. Amax (CH3;OH) 304
(4.34) (40); vo—c(Nujol) 1640 (medium), 1605
(medium strong), vnos 1 535 (strong), 1350 (very
strong) cm™. The n.m.r. spectrum of an 89, by
weight solution in dimethyl sulfoxide-ds contains a
complex multiplet from 7 1.61-2.01 containing both
the vinyl and aromatic protons.

5- Nitro-6-(p-nitrophenyl)-2-norbornene (V)

p-B-Dinitrostyrene (11.35 g, 0.0584 mole) was
dissolved by heating in a solution of freshly distilled
cyclopentadiene (32) (b.p. 38-40° 15 ml, 0.182
mole) in benzene (200 ml). The solution was refluxed
for 3.5 h and then kept at room temperature over-
night. Unreacted cyclopentadiene and the benzene
were removed in a rotary evaporator. The resulting
yellow solid was crystallized from methanol giving
white needles (14.58 g, 969%), m.p. 103-104.5°;
Amax (959 ethanol) 220 mg inflection (log € 3.94)
and 274 (4.06); wc—c (Nujol) 1600 (medium),
vNo, 1 550 (very strong), 1 515 (strong), 1 350 (very
strong) cm~l. The analytical sample, m.p. 99—
100.5°, was obtained by two recrystallizations from
petroleum ether (b.p. 60-68°); o, (CCls) 1550
(very strong), 1 530 (strong), 1 355 (medium strong)
cm™

Anal. Caled. for Ci3Hi12N2O4 (260.24): C, 59.99;
H, 4.65; N, 10.77. Found: C, 59.76; H, 4.67;
N, 10.97.

Trans-2-(2-nitrovinyl)furan (41, 42)

The compound was obtained (42) in 719, yield,
m.p. 73-75°; Amax (95% ethanol) 237 mu (log € 3.63),
345 (4.27); vo—c (Nujol) 1635 (medium strong),
vNo, 1 505 (strong), 1330 (very strong) cm™. The
n.m.r. spectrum of a 25% (by weight) solution in
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CHCI;-d contains (using the 7 scale, 1 7 = 60 Hz, J
in Hz + 1 Hz, areas relative to five protons are
given in parentheses) the vinyl proton a« to the
nitro group as the downfield doublet of an AB
pattern (Jirans = 13.5) at 2.23 (0.9); the vinyl
proton « to the furan ring as the finely split upfield
doublet of the AB pattern at 2.50, the central
member of which is partially superimposed on the
finely split multiplet at 2.42 attributed to the furan
H-5 (total 2.0 protons); the furan H-3 as a
doublet (J=3.5) at 3.07 (1.0); and the furan H-4
as a four-line multiplet (Js,4 = 3.5; Js5 = 1.8) at
3.42 (1.1 protons).

6-(2- Furyl)-6-nitro-2-norbornene (VI)
Trans-2-(2-nitrovinyl)furan (120 g, 0.86 mole)
was added, with stirring, to cold cyclopentadiene
(32) (200 ml, 2.44 moles). The resulting mixture
was allowed to warm up to room temperature and
was refluxed for 4 h, causing the mixture to become
homogeneous after 1 h of refluxing. The solution
was kept for 2 days and then distilled, giving a
forerun of dicyclopentadiene, b.p. 40-60° at 0.8 mm
and then the product as an orange oil (80 ml, 549%),
b.p. 100-101° at 0.8 mm. Redistillation again gave
an orange oil (19.85¢g, 11%), b.p. 80-84° at 0.2—
0.3 mm, #p®'® 1.5345, having an infrared spectrum
identical with the spectra of the analytical samples.
Fractional distillation gave a yellow forerun
(0.87 g), b.p. 75-94° at 0.38-0.5 mm, shown by
v.p.c. to be a mixture, from which ftrans-2-(2-

" nitrovinyl)furan separated as a yellow solid,

m.p. 63-70°. The product was collected as three
yellow liquid fractions, each of which was shown
to be essentially identical by infrared comparison
and homogeneous by v.p.c.on a 5{t X 1/8 in. 5%
SE-30 on Chromosorb W column at 165° with a
flow rate of 25 ml/min of carrier gas (Linde high
purity nitrogen) and a flame ionization detector:

Fraction (a): 2.91g, b.p. 94-96° at 0.5 mm,

np® 1.5408, d 1.22. The n.m.r. spectrum of a-

209, (by weight) solution in CCly is similar to that
of fraction b.

Anal. Calcd. for C1iH;;NO;y (205.21): C. 64.38;
H, 5.40; N, 6.83. Found: C, 64.67; H, 5.59; N, 6.68.

Fraction (b): 0.87 g, b.p. 96-100° at 0.5 mm,
#np'® 1.5350; Amaz (959 ethanol) 214 mu (log € 3.93),
254 diffuse inflection (2.9), 342 (2.2), indicating
< 0.69, trams-2-(2-nitrovinyl)furan present as a
contaminant; wno, (neat) 1545 (strong), 1375
(strong) cm™. The n.m.r. spectrum is summarized
in Table I.

Anal. Found: C, 64.64; H, 5.59; N, 6.86.

Fraction (¢): 7.39 g, b.p. 96-100°at 0.5-0.3 mm,
np'® 1.5342, d 1.22.

Anal. Found: C, 65.63, 64.10; H, 6.46, 5.60; N,
6.96, 6.82.

As in the previous distillations, there was a large
pot residue resulting from thermal decomposition
of the product during distillation.

Trans-2-(2- Nitrovinyl))thiophene (43, 44)

The compound was obtained (43) in 749 yield,
m.p. 79-80° lit. m.p. 79-80° (43); Ams (95%
ethanol) 228mpu (log € 3.65), 291 inflection (3.73),

and 350 (4.25) ; vc—c (Nujol) 1 620 (medium strong),
vNo, 1530 (medium), 1330 (strong) cm™. The
n.m.r. spectrum of a saturated solution in CCls at
32° contains the 2-vinyl proton (a to the nitro
group) as a doublet (Jirans = 13.5 Hz) at + 1.82 and
the remaining four protons as a complex multiplet
(w12 = 34 Hz) with center at = 2.60.

5- Nitro-6-(2-thienyl)-2-norbornene (VII)

Cold cyclopentadiene (32) (30 ml, 0.365 mole)
was added to trans-2- (2-nitrovinyl)thiophene (19.0 g,
0.122 mole). The mixture was stirred and allowed
to warm up to room temperature, forming a yellow,
viscous solution. The solution was refluxed for
4.5 h, forming a two-phase liquid. The small upper
phase appeared to contain only product, whereas
the larger, lower layer also contained product plus
dicyclopentadiene and {rans-2-(2-nitrovinyl)thio-
phene. These facts, and the progress of the reaction,
were determined by thin-layer microchromatogra-
phy (45) (t.l.mc.) on microscope slides prepared
from E. Merck silica gel G (70 g) in a slurry with
3:2 chloroform—methanol (200 ml) and concentrated
sulfuric acid (5 ml) and allowed to dry in air. The
slides were spotted and then developed with 403:
petroleum ether — ethyl acetate, dried in air and
then on a hot plate. Dicyclopentadiene remained
at the origin as a brown-black spot (R¢ 0.04), the
trans-2- (2-nitrovinyl)thiophene formed a black spot
(R¢ 0.72), and the product formed a deep violet
spot (R; 0.93). The reaction was terminated when
it appeared to be 859% complete. Vacuum distilla-
tion of the two-phase liquid gave: (a) a little
cyclopentadiene; (b) dicyclopentadiene (5.5 g, 23%),
b.p. 36-37° at 0.05 mm which solidified to colorless
crystals, m.p. 32.5-33.5°, the identity of which
was confirmed by t.l.mc.; (¢) trans-2-(2-nitrovinyl)-
thiophene (4.3 g, 23% recovery); b.p. 114-118° at

0.65 mm, which solidified in the condenser, m.p.

78-80°, also identified by infrared and t.l.mc.
comparison; and (d) the product as a yellow oil
(20.3 g, 75%), b.p. 129-132° at 0.65 mm, which
was collected in two fractions: (d,z) n#p* 1.5760,
the infrared spectrum of which (vc_c 1621 (very
weak) cm™!) indicated the presence of a trace of
trans-2- (2-nitrovinyl)thiophene, and (d,%4) #np*
1.5755; Amax (95% ethanol) 234 mu (log e 3.94),
270 diffuse inflection (2.4), and 342 (2.2), indicating
< 0.79% trans-2-(2-nitrovinyl)thiophene present as
a contaminant; wno, (neat) 1545 (strong), 1375
(medium strong) cm™. The n.m.r. spectrum of
fraction d,77 is summarized in Table I.

Anal. Caled. for C1iH1NO:S (221.35): C, 59.68;
H, 5.01; N, 6.36; S, 14.49. Found: C, 59.86, 59.42;
H, 5.97, 5.17; N, 6.72; S, 14.68.

5-Nitrobicyclo[2-2-2]oct-2-ene (VIII)

A sample (12, 16) which had been stored for a
year was redistilled at reduced pressure in a short-
path distillation apparatus, giving a pale-yellow
oil in two fractions: (a) b.p. 55-60° at 0.7 mm,
np?-5 1.4864; and (b) b.p. 61-65° at 0.7 mm, np*''®
1.5004, vxo, (neat) 1 550 (very strong), 1 380 (strong)
cm™!, having an infrared spectrum identical with
that of the distilled sample before being kept for a
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year. First order analysis of the n.m.r. spectrum
of a 319, (by weight) solution of fraction &
in CCl, gave the results which follow (using the
7 scale, 17 = 60 Hz, J and w1/s in Hz 4= 1 Hz, areas
relative to 11 protons are given in parentheses).
The vinyl protons appear as a complex multiplet
from 3.43-4.10 (1.80 protons). The 5-exo proton
of the major stereoisomer appears as a complex
multiplet from 5.27-5.83 (1.16), whereas a small
complex multiplet from 5.87-6.13 (0.23) is attri-
buted to the 5-endo proton of the minor stereo-
isomer. The bridgehead H-4 appears as a broad
peak (w2 = 13) at 6.72 with a broad secondary
peak at 6.92 (total 0.99 protons). Bridgehead H-1
appears as a broad peak (w2 = 12) at 7.29 (0.97).
The three methylene groups appear as a four-line
multiplet (w12 = 13) at 7.99 (1.62) and a complex
multiplet from 8.13-9.17 (4.22) with the major
peak at 8.59. The n.m.r. spectrum suggests the
presence of about 839% (based on the relative
intensity of the 5-exo proton) of the 5-endo-nitro
stereoisomer (VIIIaz) and about 17%, (based on
the relative intensity of the 5-endo proton) of the
5-exo-nitro minor stereoisomer (VIIIb).
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