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ABSTRACT

HNO 3 / AIBN (cat.)
R-COOH o R-NO 5 (major)
(R =vinyl, aryl) MeCN, 50 “C

The nitrodecarboxylation of aromatic a,f-unsaturated carboxylic acids and ring-activated benzoic acids can be achieved using nitric acid (3
equiv) and catalytic AIBN (2 mol %) in MeCN. From the effect of various additives, the nitrodecarboxylation is postulated to involve the
generation of an acyloxy radical RCO,* by a NO3* radical followed by attack of a NO,* radical.

B-Nitrostyrenes are versatile building blocks in organic of 270—300°C to provide nitroalkenes in good yields.
synthesis:? They are generally prepared by the condensation However, under similar conditions, aromatic carboxylic acids
of aldehydes with nitroalkanes, the Henry reaction, or by gave 11—-23% of nitroarenes. More recently, nitrodecar-
the nitration of styrenes. Our recent success in catalytic boxylation of benzoic acids with }s—HNO;z;, AcOH—
halodecarboxylation reaction of unsaturated carboxylic &cids HNO;, and NGX—HNO3 is reported:®
prompted us to find a gateway into nitrostyrenes and nitro-  Prior to 1960, the reaction of styrenes and acrylic acids
arenes via the nitrodecarboxylation reaction (Scheme 1). was carried out by a wide variety of nitrating agehts.
Rationalization of the reactions was complicated by diverse
_ distribution of products. Subsequent literature is testimony
Scheme 1 to the reagent-selective product formation in the nitration of
styrenes. Only in a few cases gfenitrostyrenes obtained
as the major or minor producisTo our knowledge, in no
ANO; case is a nitrodecarboxylation observed. This has now been
realized in the case of aromaticS-unsaturated carboxylic
acids using nitric acid (3 equiv) and catalytic azobisisobu-
Bachman et al. showed that under high dilution conditions, tyronitrile (AIBN).
acyl nitrates, RGEO)ONGO,, could be generated from Taking 4-methoxycinnamic acitlas the model substrate,
aliphatic carboxylic acids with litle or no danger of we carried out a number of optimization experiments.
explosion. Nitrodecarboxylation of acylnitrates was ac- Comparison of data, particularly for the first 1 h of the
complished satisfactorily at the optimum temperature range

ArCH=CHCO,H Cfoz ArCH=CHNO,
ArCOLH } ?

(3) (@) Chowdhury, S.; Roy, Sl. Org. Chem.1997,62, 199;Chem.
(1) (a) Perekalin, V. V.; Lipina, E. S.; Berestovitskaya, V. M.; Efremov, Eng. Newsl997,Jan 27,24. (b) Naskar, D.; Roy, S. Chem. Soc., Perkin
D. A. Nitroalkenes, Conjugated Nitro Compounds; Wiley & Sons, Ltd.: Trans. 11999 2435. (c) Naskar, D.; Roy, S. Org. Chem1999 64, 6896.

Chichester, 1994. (b) Olah, G. A.; Malhotra, R.; Narang, SNifration: (d) Naskar, D.; Roy, Setrahedron2000,56, 1369. (e) Naskar, D.; Das,

Methods and Mechanisms; VCH: New York, 1989. S. K,; Giribabu, L.; Maiya, B. G.; Roy, SOrganometallic00Q 19, 1464.
(2) (a) Adams, J. P.; Paterson, J.JRChem. Sac¢Perkin Trans. 1200Q (4) Bachman, G. B.; Biermann, T. B. Org. Chem1970, 35, 4229.

3695. (b) Adams, J. P.; Paterson, JJRChem. SagPerkin Trans. 11999 (5) Cotelle, P.; Catteau, J. Bynth. Commuril996, 26, 4105.

749. (c) Lewis, R. J.; Moodie, R. Bl. Chem. Sac¢Perkin Trans. 21997, (6) (&) Moodie, R. B.; Sanderson, A. J.; Willmer,RChem. SacPerkin

563 and references therein. (d) Kabalka, G. W.; Guindi, L. H. M.; Varma, Trans. 21991, 645. (b) Moodie, R. B.; Sanderson, A. J.; Willmer,JR.
R. S.Tetrahedron1990,46, 7443. (e) Barrett, A. G. M.; Graboski, G. G.  Chem. Soc.Perkin Trans. 21990, 833.
Chem. Rev1986,86, 751. (7) Titov, A. |. Tetrahedron1963,19, 557 and references therein.

10.1021/010262901 CCC: $22.00  © 2002 American Chemical Society
Published on Web 08/03/2002



] a
3 gy
qm" Bﬂ,” mpgh

3
T g+ ABN
Figure 1. Nitrodecarboxylation of 4-methoxycinnamic acid . . . . .
effect of nitric acid concentration on the yield gitrostyrene2. Figure 2. Nitrodecarboxylation of 4-methoxycinnamic acid
(a) In the presence of oxygen; (b) without AIBN. effect of nitric acid concentration on the yield of 4-methoxy

benzaldehyd@a. (a) In the presence of oxygen,; (b) without AIBN.

reaction, provided meaningful insight into the mechanistic
course of the reaction. Reaction bfvith 2 equiv of nitric along with2a (16%) (Figures 1 and 2). The marked effect
acid and additives such as acetic acid, sulfuric acid, or of nitric acid concentration becomes obvious if one compares
nitronium salts afforded negligible yield of nitrodecarboxy- the data for the first 30 min of reaction. Thus, for nitric acid
lated product. In sharp contrast, facile nitrodecarboxylation concentrations of 2, 3, 4, and 6 mM, the yields2oWere
occurred once the nitric acid concentration was raised to 312, 55, 59, and 59, respectively, after 15 min. With 3 mM
equiv or when catalytic AIBN was added in acetonitrile as nitric acid but under an oxygen atmosphere, the yiel@ of
the solvent at 4660 °C and under an inert atmosphere, sharply decreased to 18%. A control experiment confirmed
giving rise to the correspondirgnitrostyrene2 and 4-meth- the formation of aldehyd®a to be due to the oxidative
oxybenzaldehydga. Henceforth, reactions were carried out decomposition o® by nitric acid.
using 1 mM1in MeCN (2 mL) at the optimized temperature The effect of other additives in the nitrodecarboxylation
of 50 °C and monitored foR and2aby GC at regular time ~ was tested with 3 mM nitric acid in acetonitrile at 3G
intervals for 6 2 Major observations are summarized in (Figures 3 and 4). While lithium nitrate sharply decreased
Figures 1—4. the yield of 2 (15 min, 8%; 30 min, 20%), silver nitrate
A combination of 3 mM nitric acid along with 0.02 mM  remained noninfluential. Note that nitrate salts are known
AIBN (2%) provided the highest yield ¢ (75% after 4 h) to have a marked effect on nitration reactions proceeding
via ionic pathways:1° As stated earlier, AIBN was found to
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(b) C(NG,)s—Py: Penczek, S.; Jagur-Grodzinski, J.; Szwarc,JMAm.
Chem. S0c1968,90, 2174. (c) Fuming HN® Shin, C.-G.; Masaki, M.;
Ohta, M. Bull. Chem. Soc. Jprn1970, 43, 3219. (d) AgN@—PhSeBr—
HgClp: Hayama, T.; Tomoda, S.; Takeuchi, Y.; Nomura, T¥etrahedron
Lett. 1982 23, 4733. () NQX—EtN: Sy, W.-W.,; By, A. W.Tetrahedron
Lett. 1985,26, 1193. (f) AQNQ—I12: Jew, S.-S.; Kim, H.-D.; Cho, Y.-S;
Cook, C. H.Chem. Lett1986 1747. (g) NaN@KNO3s—H3PQy: Grebenyuk,

A. D.; Ismailova, R. A.; Tokbolatov, R. B.; Ovodova, Zh. Org. Khim.
1990,26, 680. (h) C(NQ)s—hv: Mathew, L.; Varghese, B.; Sankararaman,
S.J. Chem. SocPRerkin Trans. 21993, 2399. (i) NaN@-CAN: Hwu, J.
R.; Chen, K.-L.; Ananthan, §. Chem. SocChem. Commuri994, 1425.
(j) NaNO,—CAN—sonication: Hwu, J. R.; Chen, K.-L.; Ananthan, S.; Patel,
H. V. Organometallicsl 996,15, 499. (k) NQ—Os: Suzuki, H.; Mori, T.
J. Org. Chem1997,62, 6498. (l) Clayfen: Varma, R. S.; Naicker, K. P;
Liesen, P. JTetrahedron Lett1998 39, 3977. (m) NQ@-l: Navarro- 10
Ocana, A.; Barzana, D.; Lopez-Gonzalez, D.; Jimentez-Estrad@®riyl. 0

Yield (%)
xNas588 3 8

Prep. Proced. Int1999,31, 117. 360"~
(9) GC Monitoring for Nitrodecarboxylation of 4-Methoxycinnamic 2 240
Acid 1. Nitric acid (21.35 M, 0.15 mL, 3 mM) was added to a stirred % 17"590
solution of1 (178 mg, 1 mM) in MeCN (2 mL) at room temperature under "3’ 30
an argon atmosphere. To this reaction mixture was added AIBN (3.3 mg, % 15 A Non 28N
2 mol %), and the mixture was stirred at 50. An aliquot of 0.2 mL was ) Tino, pg,oH"bu,,,Wos

taken out at different time intervals and quenched with ice-cold water (0.2
mL) followed by triethylamine (0.03 mL), and a known amount of
p-nitrostyrene solution in chloroform (0.134 M) was added as a reference. _. . . . .
The organic layer was separated and directly used for GC analysis. The Figure 3. Nitrodecarboxylation of 4-methoxycinnamic acid
yield of 4-methoxynitrostyren@ was found to be 75% after 4 h. It was  effect of additives on the yield ¢#-nitrostyrene2.

also isolated by column chromatography in 68% vyield.

Additive
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Scheme 3

ArCH=CHCO ;H + HNO 3 — ArCH=CHCO ,NO; + H,0 (1)

ArCH=CHCO yNO, — ArCH=CHCO ;" + NO,’ 2)
3HNO; — NOj,' + NO3 + (H,O.HONO,)  (3)

NO;  + ArCH=CHCO jH — ArCH=CHCO, + HNO;  (4)
NO," + ArCH=CHCO ;" —= ArCH=CHNO , + CO> (5)

Figure 4. Nitrodecarboxylation of 4-methoxycinnamic acid
effect of additives on the yield of 4-methoxybenzaldehgde

catalyze the nitrodecarboxylation reaction, while a nitrone
radical trap N-a-diphenyl nitrone) significantly retarded the
nitrodecarboxylation. Curiously, the yield of aldehyziewas
the highest in case of both lithium nitrate and nitrone as
additives (25% after 4 h), as opposed to all the other reaction
(15—17% after 4 h); the observation remains unexplained
at present.

All of the above results are consistent with a radical rather
than ionic pathway for the reaction. Nitric acid (3 equiv) is
known to generate N®and NQ radicals’**

3HNO, = NO," + NO," + HONO,*H,O

To evaluate whether N©alone can trigger the nitrodecar-
boxylation reaction, we used the recently discovered reagent
HNOs/catalyticN-hydroxyphthalimide (PINOH}? We hoped

that the latter could in principle promote nitrodecarboxylation
by pathways shown in Scheme 2. Surprisingly, PINOH was

Scheme 2
PiN-OH + HNO3 — PIN-O" + NO,' + H,0
PiN-O' + RCOysH —= RCO," + PiNOH
RCO," + NOy'— RNO, + COy

found to retard the nitrodecarboxylation significantly, the
yield of 2 being 35, 44, and 50% after 15, 30, and 60 min,
respectively. We therefore conclude that the ;Nf@dical

has a dominating effect in the initiation step of the reaction.

(10) (a) Titov, A. I.Zh. Obshch. Khim1937,7, 1695. (b) Giziewicz, J.;
Wnuk, S. F.; Robins, M. 4J. Org. Chem1999,64, 2149.
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410.

(12) Isozaki, S.; Nishiwaki, Y.; Sakaguchi, S.; Ishii, ¥.Chem. Sa¢
Chem. Commurk001, 1352.

While detailed mechanistic studies are underway in our
laboratory, a hypothesis for the present nitrodecarboxylation
is presented in Scheme 3. The mechanism is similar to
Bachman'’s original proposal on acylnitrate decomposition
pathways and the mechanism proposed by Moodie &t al.
An acyloxy radical can be generated either by the decom-
position of acylnitrate (step 2) or by the reaction of anNO
radical with acid (step 4). From the observed data, we believe
that the initiation phase majorly involves steps 3 and 4 rather
than 1 and 2. Thereafter, the M®@adical can combine in a
bimolecular fashion with the acyloxy radical to promote
nitrodecarboxylation (step 5). The nature of this bimolecular

Table 1. Nitrodecarboxylation of Unsaturated Carboxylic

Acids to Nitrostyrenes and Niroarenes Using Nitric Acid (21.35

M) and Catalytic AIBN at 50°C?

# acid acid time nitro yield
no. (h) no. nitro
(%)
_ COsH
1 1 4 2 75
e
CO.H
=Me 3 9 4 75
MeO
__COzH
0 P 29 62
3 <O©/‘ 6
4 WO@FCOZH 7° 2 8 80
MeO
OMe
5 L~ 9 24 10 30
_COH
6 ; 1 12 12 40
COOH
7 M= 13 12 14 58
Ph
MeO
MeO@COZH 15 21 16 78
MeQ
9 MeO{ )COH 17° 24 18 40

aUnless otherwise stated, reactions were carried out with 3 equiv of

HNOs in MeCN as the solvent HNO3 (6 equiv).¢ HNOs (1.5 equiv) at
35°C.
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interaction is not yet clear, and we believe that both note that E)-o-phenylcinnamic acid3, having two phenyl
theoretical studies and kinetic experiment will be helpful in groups across the double bond, reacted smoothly in 12 h to
rationalizing the interactio® provide the corresponding (E)-nitrostyretéin 58% yield.

Following the preliminary studies as detailed above, we However, in the case of aromatic carboxylic acids, reaction
tested the nitrodecarboxylation over a number of substituted proceeded only with ring-activated substrates suctbasd
o,-unsaturated carboxylic acids and aromatic acids with 17 to obtain nitroarene$6 (78%) andl8 (40%), respectively.
nitric acid and catalytic AIBN, and the results are shown in  In summary, we have shown that facile nitrodecarboxy-
Table 1% Substituted cinnamic acid8 and 5, bearing lation of unsaturated carboxylic acids in general ang-
electron-donating groups, provided the corresponding ni- unsaturated carboxylic acids in particular can be carried out
trostyrene4 in 75% and6 in 62% isolated yields. In the  under the aegis of HNg-catalytic AIBN, which could be
case of the highly activated substratereaction proceeds at  a meaningful addition to the existing nitration methodologies.
35°C, giving rise to produc8 in 80% yield. An absence of  Evidence of radical rather than ionic pathways for the present
the activating substituent lowered the product yields. Thus, nitrodecarboxylation is reminiscent of Hunsdiecker-type
acids9 and11lyielded corresponding-nitrostyrened.0 and halodecarboxylation reaction. We therefore wish to name it
12in 30% and 40% yields, respectively. It is interesting to the nitro-Hunsdiecker reaction. Studies are underway to
further widen the scope of the reaction.

(13) Hewlins, S. A.; Murphy, J. A,; Lin, J.; Hibbs, D. E.; Hursthouse,
M. B. J. Chem. SocPerkin Trans. 11997, 1559. Acknowledgment. We are thankful to DST, CSIR, and
(14) Typical Procedure. Nitric acid (21.35 M, 0.3 mL, 6 mM) was added for fi ial
to a stirred solution ofi-phenylcinnamic acid 3 (448 mg, 2 mM) in MeCN UGC for financial support.
(5 mL) at room temperature under an argon atmosphere followed by AIBN
gégg,TE-CCMZ m_lt\/l),_ an)d the mlléturetwa(ssstirit)%d at°dlalpgn chrl]Jletiond . Supporting Information Available: General methods,
, monitoring), ice-cold water (5 mL) was added and the produc . . . .
was extracted with diethyl ether (4 10 mL). The organic layer was experimental procedqres, and tables. This material is avail-
separated, dried over anhydrous magnesium sulfate, concentrated, and@ble free of charge via the Internet at http://pubs.acs.org.
subjected to column chromatography (silicagel, eluent 19:Inuhexane/
ethyl acetate) to affordH)-o-phenylnitrostyrend 4 (260 mg, 58%). 0OL0262901

3058 Org. Lett., Vol. 4, No. 18, 2002



