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The reaction of l-substituted 2,4,6-trinitrobenzenes with 1,3-dicarbomethoxyacetone has been shown to yield

bridgehead-substituted and 2-substituted 3-nitropropene nitronates.

The relationship of these isomeric products

to the cyclohexadienate o complexes formed from the reaction of simple nucleophiles with these aromatic pre-
cursors is discussed. Various mechanistic routes to products are considered, and the absence of isomers in certain
cases is explained, Mechanistic aspects of the reactions of 1-substituted 3,5-dinitrobenzenes are also discussed.

Previous work on condensation-cyclization reactions
of electron-deficient benzenes with ketones and keto
esters has been concerned with systems in which three
electron-withdrawing substituents on the aromatic
ring are symmetrically disposed.® All those systems
we have studied thus far have been 1-X-3,5-dinitro-
benzenes where X = NO,,! CN,* CO.,CH;,! and COR.?
Two possible products, 3 and 4, could result from this
type of aromatic, since the cyclization presumably
could occur through either of the isomeric ¢ complexes
1 or 2.2 Only 3 was formed, however.:? This result
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can be rationalized in two ways. The activated com-
plex for the slow step in the cyclization process re-
gsembles that doubly charged conjugate base of the
product produced by proton abstraction from C-5,°
and the conjugate base of 3 should be much more stable
than that of 4. This stability could result in a lower
energy path for cyclization leading to 3, rather than 4
(X = CN, CO,CH;, or COR).

Alternately, it is possible that the only ¢ complex
precursor to bieyelic product is 2, which may be kinet-
ically favored over 1. Cyeclization of 2 can only yield
3. This latter possibility is supported by the recent
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work of Crampton* and others,’ which provides evi-
dence for kinetically favored ¢ complexes formed by
nucleophilic acetonate attack para to the X substit-
uent (X = CI5 and CO,CH;%). It would require that
eyelization be much more rapid than reversion of 2
to 1, however.

We noted with interest the recent report of the bi-
eyclic nitropropene nitronate 5, prepared from picric
acid and acetone,® which forms in preference to 6.

With the objective of probing further the electronic
structure of the nitropropene nitronate function,” and
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(6) T. Kabeya, K. Kohashi, Y. Ohkura, and T. Momose, ibid,, 19, 645
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BicycLic NITROPROPENE NITRONATES

in order to expand the scope of reactions of electron-
deficient aromatics to yield both bridgehead- and nitro-
nate-substituted bicyclics, we have investigated the
reactions of 1-X-2,4,6-trinitro systems where X is in-
ductively electron withdrawing and electron donating.
It was anticipated that the inductive effect of X might
influence the course of the reaction for preferential
formation of bridgehead-substituted or nitronate-
substituted produets.

The bridging ketonic substrate used in the present
study was 1,3-dicarbomethoxyacetone, which rapidly

8a, X = CH,
b, X = CO,CH,
¢, X = NHC,H,NO,

OH
9a, X = CH,
b, X = CO,CH,

¢, X = NHC,H,NO,

10a, X = CH;,
b, X = CO,CH,
¢, X = NHC,H,NO,
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yields 7 when treated with 1,3,5-trinitrobenzene in
the presence of triethylamine.®! Three possible prod-
ucts, 8,9, and 10, might result from the reaction of 1-X-
2,4,6-trinitrobenzenes with 1,3-dicarbomethoxyacetone.
The reactions of 2,4,6-trinitrotoluene (TNT), methyl
2,4,6-trinitrobenzoate (MTNB), and N-(2-nitro-
phenyl)picramide (NPP) are now considered.

The reaction of TNT with nucleophiles has been
the subject of extensive investigation by several re-
search groups during the past 17 years.® It
has become clear that a variety of different interac-
tions can occur, including charge-transfer complexa-
tion, radical ion formation, proton abstraction, and ¢
complexation. With strongly basic nucleophiles such
as hydroxide and alkoxide, the main processes occur-
ring appear to be a-hydrogen abstraction and radical
ion formation.®sb.d&nkl " With weaker bases such as
cyanide, only ¢ complexation oceurs to vield 11 (X =

X
“O.N ! _NO,
: : Nu
+ H
NO,
11
CH;, Nu = CN).%e TNT ¢ complexes like 11

[Nu = CH:O or 2,4,6-(NO,);CeH.CH,, X = CHj;]
have been reported to form in small concentration in
strongly basic solutions of TN'T, however, %!

Interestingly, with 2,4,6-trinitrobenzaldehyde addi-
tion occurs at C-1 to yield 12 (X = CHO, Nu =
CN).*de  This change in mode of addition with change
in substrate structure is of considerable interest, since
cyclization of carbanionic ¢ complexes (vide supra)
like 12 (Nu = RCH,COCH,) can only yield bridgehead-
substituted products analogous to 9 (and 10). On
the other hand, structures like 11 could yield products
analogous to 8 or 9 (and 10). The preference for 11
or 12 also bears directly on the much diseussed prob-
lem of isomeric addition in 2,4,6-trinitroanisole and
related electron~deficient aromatics.®

Since addition to C-1 of TNT has not yet been ob-
served, whereas C-3 addition of both cyanide and TNT
anion has been reported,? it is quite probable that the
reaction of TNT with 1,3-dicarbomethoxyacetone in
the presence of triethylamine will yield the C-3 adduct
11 [X = CH; Nu = CH(CO,CH;)COCH,CO,CHs].
The cyclization step must then involve intramolecular
attack at C-1to yield 9a or 10a, or at C-5 to yield 8a.
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Addition of excess triethylamine to a saturated solu-
tion of TNT in 5 ml of 1,3-dicarbomethoxyacetone
vields a dark red solution which turns dark orange on
standing. Addition of anhydrous diethyl ether results
in a brown-orange precipitate. After work-up and
recrystallization from ethanol-ether solution, large
orange crystals of product are obtained which analyze
correctly for a 1:1:1 adduet of TNT, ketone, and amine.
The pmr speetrum of this product (see Experimental
Section) is similar to that reported previously for the
analogous 1,3,5-trinitrobenzene adduet,! with one
significant difference. The C-2 nitropropene nitronate
proton which is expected to appear at ~§ 8.5 is absent.
This observation and the quartet observed for the
C-5 proton are consistent only with structure 8a.
The methyl group appears at § 2.46, 0.28 ppm upfield
from that in the precursor TNT. The intermediacy
of 12 [Nu = CH(CO,CH;)COCH,CO,CH;, X = CH,],
at least on the reaction coordinate leading to product,
isruled out by the structure of 8a.

Based on an analogy to tertiary and secondary carb-
anion stability, it might be supposed that 8a would
be less stable than 9a or 10a. This is not necessarily
50, however, since most of the charge on 8, 9, or 10
resides on the oxygens of the nitro groups, and the
carbon framework of the anion might in fact be slightly
positive.:11  If this were the case, 82 might be more
stable than 9a or 10a. It is likely that the reaction
pathway is not controlled by the thermodynamic
stability of the possible products 8 or 9 and 10 in any
case, but is kinetically controlled by the relative sta-
bility of the precursor intermediate 11 [X = CH,,
Nu = CH(CO,CH;)COCH,CO.CH;] and the com-
plexes for the alternate routes of cyclization of 11
through 13a. The preference for cyclization of 13

s 13a,X = CH, L ﬂ

b, X = CO,CH

9a or 10a ’ 23 8a
9b or 10b ¢,X = NHCH,NO, 8b
9¢ or 10¢ 8¢

via path b remains, even when X is inductively electron
withdrawing as in 13b, although to a lesser extent (vide
infra). The electronic effect of X does not cause a pro-
found change in the course of the reaction. The pref-
erence for path b is thus likely to be steric in origin and
probably results from noncoplanarity of the ring and
nitro group ortho to both X and the side chain in 13.
Such noncoplanarity would favor attack by path b,
where the nitro group developing additional charge is
well conjugated with the site of anionic attack. Such
an argument is in accord with that presented to explain
why path b is favored over path a in the cyclization
of 1to 3, rather than 4. It appears that the charge-stabi-
lizing ability of the ring substituent developing charge
in the cyclization step is most ltkely o major directive

(11) H. Hosoya, 8. Hosoya, and 8. Nagakura, Theor. Chim, Acta, 12, 117
(1968).
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influence in intramolecular cyclizations of anionic o
complexes.

The reaction of methyl 2,4,6-trinitrobenzoate (MT-
NB) with 1,3-dicarbomethoxyacetone in the presence
of triethylamine gave two products, each analyzing
correctly for a 1:1:1 adduet of amine, ketone, and
MTNB. These were observed to crystallize separately
from the reaction mixture during work-up (see Ex-
perimental Section). The product formed in larger
quantity (ca. 809) had a pmr spectrum characterizing
8b; the nitronate proton resonance expected for 9b or
10b is absent. The other product isolated in smaller
yield (ca. 209,) showed a singlet pmr absorption at §
8.25, expected for a C-2 nitropropene nitronate pro-
ton,! and only one bridgehead proton, centered at 6
5.20 as a doublet (J = 2.5 ¢ps). The latter proton is
coupled to the C-5 bridging proton at & 4.80, which
also appears as a doublet (J =2 2.5 cps). The proton
a to CO.CH; does not appear as a doublet, as in all
the other 1,3-dicarbomethoxyacetone adducts studied,
but as a singlet. This latter observation, as well as
the above spectral results, provides substantial evi-
dence for structure 10b. The observation of this
bridgehead-substituted product, even in minor
amounts, would seem to support the idea that the
greater electrophilic character of C-5 in 13b, relative
to 13a, may moderate the preference for cyclization
by path b in the former case.

It is interesting to note that, with N-(2-nitrophenyl)-
picramide (NPP), the only product which could be
detected and isolated was 8c. This is not unexpected,
since the m-nitrophenyl group is quite large, and should
favor eyclization at C-3 in 13¢.

It is peculiar that the visible spectra of all the 2-
gubstituted nitropropene nitronates prepared by us
have visible maxima at about the same wavelength as
unsubstituted compounds (from 446 to 499 nm in
MeOH), whereas the only other previously reported
2-substituted structure, 5, has a visible maximum at
398nm.% This latter absorption is similar to that which
we have previously found for nitropropene nitronic
acids, and this suggests that the proposed structure
for 5 may be incorrect. The pmr data reported by
Momose, et al., for 5 are completely consistent with
14, a nitronic acid generated by hydroxylic proton

5 —>

NO, NO,

0

transfer to an adjacent nitronate function of 5, if
proton transfer between nitronate and nitronic acid
functions is rapid compared to the pmr time scale.

Experimental Section

All melting points are uncorrected. Ir and visible spectra were
recorded with PE Models 21 and 402 spectrophotometers, re-
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spectively. Pmr spectra were recorded on JEOL MH-100 and
C-60 HL spectrometers, and chemical shifts are reported with
respect to internal TMS. Elemental analyses were performed by
G. I. Robertson Laboratory, Florham Park, N. J.

Preparation of 8a.—To a solution of 2.0 g (0.0093 mol) of TNT
dissolved in a minimum amount of 1,3-dicarbomethoxyacetone
at 25° was added about 3 ml of triethylamine. After standing at
room temperature for 10 hr, the reaction mixture was washed with
anhydrous ether to remove the unreacted ketone. After several
100-m] washings the oily residue finally solidified to an orange
powdetr, which when reecrystallized from a 1:4 ether-ethanol
mixture yielded cubic crystals of 8a: mp - 116-117°; Amax
(MeOH) 446 nm; ir (KBr) 1730, 1662, 1610, 1555, 1490 1450
cem ™t pmr (DCCls) 5 1.36 [t, 9 H, THN(CH,CH,)], 2.46 (s, 3
H, CH,), 3.18 [q, 6 H, +HN(CH20H3)3], 3.75 and 3.85 (each a
singlet, 3 H each, CO,CHj3), 4.15 (d, 1 H, CHCO,CH;), 4.42 (q,
1 H, CHNOy), 5.30 (d, 2 H, bridgehead protons), 11.08 [br, 2 H,
HN(CH,CHj;); and OH]. A pmr spectrum of the crude product
showed the absence of 9a.

Anal, Calcd fOI‘ ConaoN40uf C, 47.81; H, 6.02; N, 11.15.
Found: C,48,04;H,6.31;N, 11.09, ’

Preparation of 8b and 10b.—To a solution of 2.0 g (0.0074 mol)
of methyl 2,4,6-trinitrobenzoate dissolved in a minimum amount
of 1,3-dicarbomethoxyacetone at 50° was added 2.ml of tetra-
hydrofuran and 3 ml of triethylamine. After 4 hr at 25° the
reaction mixture was washed with 75-ml portions of anhydrous
ether. The resulting oil was dissolved in 35 ml of hot methanol
and 90 ml of ether was added. After standing for 2 days at 25°,
crystals were deposited on the bottom of the flask., Examination
of these with a stereomicroscope showed two distinct crystalline
forms. The crystals formed in larger quantity (ca. 80%) were
a dull orange, while a smaller quantity of bright red-orange crys-
tals were also formed (ca. 20%). These crystals were separated
manually under the microscope, and each was recrystallized from
ether-methanol solution. The product formed in the largest
amount was 8b, the remaining amount being 10b.  There was
essentially no productleft in the mother liguor.

8b had mp 142-143° and was hygroscopic; Amex (MeOH) 499
nm; ir (KBr) 1742, 1725, 1665, 1610, 15655 cm~!; pmr (CDCl;)
8 1.35 [t, 9 H, *HN(CH,CH;)], 8.15 [q, 6 H, THN(CH;CHj)s],
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3.80 (s, 3 H, CO.CHg), 3.85 (s, 6 H, two CO,CH;), 3.82 (d, 1
H, CHCO,CHjy), 4:5 (q, 1 H, CHNO,), 5.26 and 5.46 {two d,
bridgehead protons), 12.1 [br, 2 H, *HN(CH,CH;); and OH].

Anal. Caled for CuHN.Oy:  C, 46.16; H, 5.53; N, 10.25.
Found: C,45.68;H,5.76; N;9.99.

10b had mp 142—143° Amax (MeOH) 497 nm; ir (KBr) 1705
1740, 1650, 1610, 1555 cm“1 pmr (CDCly) 6 1.35 [t, 9 H, *HN-
(CH,CHy)),3.15 [q, 6 H, tHN(CH,CH)s], 3.70 (s,SH COzCHs),
3.85 (s, 6 H, two CO:CH,), 4.80 (s, 1 H, CHCO,CHy), 5.2 (d,
1H, CHNOz), 5.38 (br d, 1 H, bridgehead), 8.75 (s, 1 H, nitro-
propene nitronate), 12.1 [br, 2 H,*HN(CH,CHj;); and OH]

A’)’L(Zl Calcd for 021H30N4013 C 4:616' H 5.53 N 10.25.
Found: C,46.96;H,6.19;N,9.42

Preparation of 8c.—A solutlon of 2 g (0.008 mol) of N- (2-
nitrophenyl)picramide and 3 ml of triethylamine in the minimum
amount of 1,3-dicarbomethoxyacetone necessary for dissolution
was allowed to stand at room temperatute for 4 hr.  After wash-
ing the resulting reaction mixture with two 125-ml portions of
ether an oily residue was obtained, which when recrystallized
from a methanol-ether solution yielded orange crystals of 8c:
mp 155°; Amax (CH3OH) 458 nm; ir (KBr) 1740, 1660, 1610, 1535
em ' pmr (CDClL) 6 1.10 [t, 9 H, "HN(CH,CH;)], 2.85 [q, 6
H, *HN(CH,CHs)s], 3.70 and 3.78 (two &, 3 H each, two CO,-
CH;); 4.1 (d, 1 H, CHCO.,CH,), 4.3 (g, 1 H, CHNO,), 5.15 and
5.50 (two q, 2 H, bridgehead), 7.2-7.8 (m, 4 H, m-NO.CH,),
12.4 [broad s; 2 H, THN(CH,CH;); and OH].

Anal. Caled for CstsstOmZ C, 48.10; H, 518, N, 13.48.
Found: C;47.93;H,5.31; N, 13.34.

Registry No.—8a, 38218-79-0; 8b, 38355-40-7; 8c,
38218-80-3; 10b, 38413-80-8; TN'T, 118-96-7; MTNB,
15012-38-1; NPP, 38229-29-7; 1,3-dicarbomethoxy-
acetone, 1830-54-2.
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Further evidence for the mechanism of the photodimerization of arylazirines was obtained by irradiating a

mixture of phenyl- and dlphenylazn"me

The forrhation of a mixture of endo- and exo-2,4,5-triphenyl-1,3-

diazabicyclo[3.1.0]hex-3-ehe is rationalized in terms of 1 ;3-dipolar addition of the nitrile yhde derived from

dlphenvlazu"me onto the C-N double bond of phenylazxrme
azirine in an inert solvert gave 1,3-diazabicyclo[3.1.01hex-3-enes as primary photoprodugts.

dimers undergo subsequent, photoreactlon

Irradiation of methyl- and dimethylphenyl-
The initial photo-

The products formed depend on the substituent groups, the time

of irradiation, and the particular solvent employed. The photocycloaddition of arylazirines has been found
to proceed with a wide variety of dipolarophiles and provides a synthetic route into systems otherwise difficult

to prepare.

In earlier papers we have shown that arylazirines
undergo photocycloaddition with electron-deficient
olefins to give Al-pyrroline derivatives.!®* The for-
mation of the adducts was interpreted as proceeding
by way of irreversible ring opening of the azirine ring

(1) Part XLVII: A.Padwa, M.Dharan, J. Smolanoff, and 8. I. Wetmore,
Jr., J. Amer. Chem. Soc., 95, 1954 (1978)., Part XLVI: ¢bid., 95, 1945
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to form a nitrile ylide intermediate, which was subse-
quently trapped by a suitable dipolarophile. Aryl-
azirineg are also known to undergo photodimerization
to 1,3-diazabicyclo[3.1.0]hex-3-enes.57 The forma-
tion of these dimers was rationalized in terms of 1,3-
dipolar addition of the initially generated nitrile yhde
onto a ground-state azirine molecule. This conclusion
was reached by a study of the variation of the quahtum

(6) A.Padwa, S. Clough, M. Dharan, J. Smolanoff, and 8. I, Wetmore,
Jr., ibid., 94, 1395 (1972).
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