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Abstract: Iminium Salt Mediated Nitro decarboxylation ef f- Unsaturated Acids has been taken up under
conventional and non — conventional conditionsisieier - Haack (VH) Reagent is used as a souncéhé®
generation of iminium salt. Equimolar mixture ofteir DMF/SOC} or DMF/POC} is used for the preparation
of VH reagent. Reactions afforded good yield ofdurets under conventional conditions with longerctiem
times. Microwave irradiated reactions not only reetli the reaction times but enhanced the yield oflycts
from good to excellent.

Keywords: Nitration;a, B - unsaturated acids; vilsmeier-haack (VH) reagsuitient- free; microwave.

1. Introduction

Nitration is one of the oldest and the most exierlgi studied reactions. It is the most
acceptable and favored route for the manufactupgasfursors, explosives, for dyes and intermediates
and industrial solvents. The most common nitraigstem currently adopted at the industrial scale is
represented by the classic “acid mixture” (HIMQSO,/H,0), which involves two phases viz. the
aromatic phase and the mixed acid phase. The eeaaticurs exclusively in the acid phase in which
aromatics are sparingly soluble. The rate contrglitep involves electrophilic attack of nitroniimn
on the aromatic ring. The reaction is known torbeversible and first order in [Aromatic speciesfla
[Nitric acid]. Among the drawbacks, which are ofteeported with this reaction include poor
selectivity, waste disposal, and process safetgmatic nitro compounds are key synthons in the
preparation of many dyes, plastics, perfumes, eipés, and Pharmaceuticars

Iminium salt is an intermediate in many organic ctems such as the Beckmann
rearrangement, Vilsmeier-Haack reaction, Stephaatian and the Duff reaction. Iminium cation has
the general structure [R,C=NR;R,]* and is as such a protonated or substituted imitteVH
reagents could be prepared from equimolar quasitibE amide [formamide, N, N’- dimethyl
formamide (DMF), or N, N’-diethyl formamide (DEF)and oxy halides such as P@@hd SOGI.
Organic compounds in general and hydrocarbons wittess pi-electrons in particular undergo
formylation very easily on synthetic scaté™® Recent reports on Vilsmeier-Haack (VH) reactions
revealed that these reactions afforded bromo darésawhen VH reagefitis taken with KBr or
NBS.
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Hunsdiecker- Borodin reaction (HBR) is one of the@siversatile reactions in organic
synthesis for the conversion @f-unsaturated aromatic carboxylic acid$tdromo styrene$. Over
a period of years this reaction underwent severaldifications as evidenced from earlier
publications’>* Recent research findings of Jayaprakash Das’arad also from our laboratory and
revealed that nitro decarboxylation of aromatj@ -unsaturated carboxylic acids could be achieved
conveniently to synthesizgNitro styrenes under solution phase and solvesd fronditions within
good yields with high regio- selectivity. Since mothan one decade our group is also actively
working on exploiting the use of a variety of ecerfidly materials such as metal ions and surfastant
as catalysts and non-conventional energy souragsh (as microwave and ultra sound) to assist
various organic transformatiofs® These reports revealed dramatic rate enhancerf@iuwed by
significant hike in the yield of products. Encougddyy the earlier results coupled with a zeal tocde
for less expensive and operationally simple methbdsauthors have embarked on the present study
under Vilsmeier- Haack conditions.

2. Results and discussion

Then, B -unsaturated carboxylic acids such as Cinnamidsaghderwent nitro decarboxylation
when treated with VH reagent (DMF/SQG@Ind DMF/POG) in presence of KN©and NaNQ afforded
good yields of products under stirred conditiohsamm temperature. In this study Kh@nd NaNQ
were used as catalysts for the generation of nitromons.

N COOH NO
« ‘O/\/ D M F/ Oxy Chloride  KNO3/ NaNO, e T
(i) Thermal (stirring at room temp) X | P

(ii) Sonication(rt)
(iii) Grinding (solvent free)
(iv) Microwave irradiation (solvent free)

Scheme 10xy Chloride = POGlor SOC}; X = electron donating or withdrawing groups

To check the generality of the reaction an arrayrefaturated aids were used as substrates under
present reaction conditions as shown in SchemdHié.products (nitro styrene derivatives for Cinnami
acids and nitro olefins fon, B -unsaturated aliphatic acids) were characterizgdpbysical data
(melting/boiling points; table -1YH-NMR, Mass spectra and found to be in consonaritie literature
reports:>** But the rate data presented in tables 2 and &bknd S2 (see supporting information) clearly
indicated that reaction times were too long forred reactions even though the yields are fairly
appreciative. However, the reaction times decreasdédtantially from several (14 to 15) hours to few
minutes under solvent-free (mortar-pestle) grindinegditions followed by a fairly good increase et
product yield. This observation could be attributedan increase in the fraction of activated specie
supplemented by the heat energy generated due twiction in grinding process. By and large sanmil
rate enhancements were observed in the case aSatically assisted reactions. The observed rate
accelerations could be explained due to cavitagophysical process that creates, enlarges, arlddem
gaseous and vaporous cavities in an ultrasoniaeaBisted (irradiated) liquid. Cavitation inducesyMagh
local temperatures in the reaction mixture and ro@s mass transf&¥>® On the other hand in microwave
irradiated reactions, the reaction times furtheluoed dramatically to only few seconds. The yield®
enhanced from good to excellent showing the catagffect of nhon-conventional energy to activate th
reactive species in this study. The observatiomsimaraccordance with the literature reports that th
chemical reactions are accelerated because oftigsel@bsorption of microwave (MW) energy by polar
molecules, nonpolar molecules being inert to the Biglectric loss’*
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Table 1.Melting points offf -Nitro Styrenes in the present study

Entry o, p- unsaturated Melting Point (°C)
carboxylic acid Product Present Work Reference

1 CA B -Nitro Styrene 58 - 62 57 - 58°%

2 4-CICA 4- CI -Nitro 115-118 113-Pi%
Styrene

3 4-OMe CA 4-OM@ - Nitro 82 -88 85871
Styrene

4 4-Me CA 4-Mep -Nitro 104- 106 163
Styrene

5 4-NQ,CA 4-NO, B -Nitro 98-103 94%¢’
Styrene

6 4-OH CA 4-OH -Nitro 166 -172 133-734’
Styrene

7 AA° 1-Nitro ethene 100-162 983"

8 CRA 1-Nitro Propene 131-133 T

9 2-Me CA 2-Meg - Nitro 115-118 114-1%6
Styrene

10 2-CI CA 2- CI -Nitro 48-54 4749
Styrene

a)Note: For Entries (7 and 8) products are liquidserEfore corresponding boiling points are givethmtable.

Table 2 Nitro decarboxylation of Cinnamic acid under gas conditions

Entry Reagents Solvent KNQ NaNQ
RT Yield RT Yield
(h) (%) (h) (%)

1 SOC} DCE 14 18 15 15
2 POC} DCE 14 22 15 18
3 DMF/ SOC} DCE 14 64 15 60
4 DMF/ POC} DCE 14 70 15 65
5 SOC} ACN 14 25 15 20
6 POC} ACN 14 30 15 24
7 DMF/ SOC} ACN 14 74 15 72
8 DMF/ POC} ACN 14 78 15 75

Literature reports and earlier publications fromm taboratories clearly depicted that VH reagents
(DMF/POCE or DMF/SOCY}) generate a variety of cationic, nonionic and ipmtermediates containing
chloro methyliminium moiety. Mechanism of nitratiovith NaNQ in the present study could be
explained due thin situ generation of nitro methyliminium ion due to tleaction of NaN@with chloro
methyliminium ion intermediate as shown in Schemaliro methyliminium ion thus produced interacts
with unsaturated acid and afforlsnitro styrene as the main product.
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0 ?IE K + —
H-b-N_Me +POCI, ———= [MeN-CH-CIIPOSL
NaNO, RCH = GH—COOH
“-&_‘_‘_‘_\-
Hol

[MeN—C HNO,| POCL + RGH = GH—GOONa

| Hal
Me,N—C H 1+ NaPOLCL* 00{/

RCH=CHNO,
SchemeMechanism of nitration with NaNO

Mechanism of nitration with KNgcould be explained in similar lines given in scheidieA
detailed sequence of steps is given in Scheme-3.

MeN-C HNO,]| POCL s+ RCH — CH—COOK

/lm
MeN-C H,0CI + KPOLL, +60 |

RCH=CHNO,
Scheme 2Mechanism of nitration with KN©

3. Conclusion

In summary, the authors developed a protocol faniiim Salt Vilsmeier-Haack Reagent (VHR)
triggered Nitro decarboxylation a@f, 3- Unsaturated Acids for the synthesispefnitro styrenes under
conventional and non — conventional conditionsuitglar mixture of either DMF/SOgbr DMF/POC}
is used as source for the generation of iminiunh $&actions afforded good yield of products under
conventional conditions with longer reaction tim&kn conventional methods (Microwave irradiated,
sonicated and mortar-pestle) not only reduced ¢hetion times but enhanced the yield of produamfr
good to excellent. The present finding is more athgeous because the reactions are conducted with
economically cheap and readily available reagefise reactions occur under mild and under
environmentally safe conditions with a simple wagkat room temperature.

4. Experimental
NMR spectra were recorded on Bruker UXNMR/XWIN-NMRvance-300 MHz, and

GEMINI spectrometers. Chemical shifts are repodednfield from TMS §=0) for '"H NMR. EI-MS
spectra were recorded on a Shimadzu GC-MS instru(@MS-QP2010 plus).
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General Procedure for preparation of Vilsmeier-Haa& Reagent: The Vilsmeier Haack (VH)
adduct is prepared afresh before use from OxyaldofPOC] or SOC}) and dimethyl formamide

(DMF). To a chilled (at —@C) oxychloride in dichloroethane (DCE) or acetaldtr(Me CN),
calculated amount of dimethyl formamide (DMF) wsewly added drop wise, which resulted in a
slurry indicating the formation of VH reagent. Theagent thus obtained is stored under cold
conditions.

General Procedure for solvent mediated Synthesis d#-Nitro Styrenes under Vilsmeier-Haack
conditions: A centi molar (0.01mol) organic substrate, (unsgd acids), 0.01 mole of KN@r NaNQ

and about 0.015 mole of VH reagent and solvent QW& were taken in a previously cleaned in a Round
bottom flask and stirred for about 12 to 16 hodumam temperature. After completion of the reattias
confirmed by TLC, the reaction mixture is treateithv6% sodium thiosulphate solution, followed by th
addition of ethyl acetate. The organic layer wagasated, dried over N8O, and evaporated under
vacuum, purified with column chromatography usirgg pther: ethyl acetate (3:2) as eluent to get pure
product.

General Procedure for Ultrasonically assisted (Sonated) Vilsmeier-Haack Synthesis of-Nitro
Styrenes: To a centi molar (0.01mol) unsaturated acid, Orfaile of KNG, or NaNQ, about 0.015 mole

of VH reagent and solvent (Me CN) were added idearc in a round bottom flask and clamped in a
Sonicator at room temperature. After completiontted reaction, as ascertained by TLC, the reaction
mixture is treated with 5% sodium thiosulphate soiy followed by the addition of ethyl acetate.eTh
separation and purification procedure is by angdaimilar to the above procedure.

General Procedure for Microwave Assisted VilsmeieHaack Synthesis under solvent free
conditions: A centimolar (0.01mol) organic substrate (unsaagtacids), 0.01 mole of KNr NaNQ
and about 0.015 mole of VH reagent were takenpneaiously cleaned 50 mL beaker. About 500 mg of
silica gel were added to the contents and mixedotighly and placed in Laboratory Microwave oven
(CEM - 908010, bench mate model, 300W laboratoigramiave reactor) and irradiated for few seconds.
After completion of the reaction, as checked by Tl reaction mixture is worked up as detailed in
earlier section to get pure product.

General Procedure for solvent free (Grinding)Vilsmeier-Haack Synthesis off-Nitro Styrenes: A
centi molar (0.01mol) organic substrate, (unsagaraicids), 0.01 mole of KNOor NaNQ and about
0.015 mole of VH reagent and solvent (Me CN) wetleeh in a previously cleaned mortar and ground
with a pestle. Completion of the reaction is asieed by TLC. The separation and purification pdure

is by and large similar to the above procedure.

Spectra of certainf-Nitro Styrenes:

B - Nitro styrene'H-NMR (300 MHz, CDC}J) § 6.40-6.44 (d, 1H, H-8, J=18Hz); 7.80 (d, 1H, H-7,
J=18 Hz); 7.48 (d, 2H, H-2, and H-6, J=7.95 Hz$277.65 (m, 3H, H-3, H-4, H-5).EI-M&/z -149
(100), 77(68), 103(71), 51(48), 90(36).

2-Chlorog - Nitro styrene*H-NMR (300 MHz, CDCY) § 6.68 (d, 1H, H-8, J=18.5 Hz ); 8.32 (d,
1H, H-7, J=18.5 Hz); 7.60 (dd, 1H, H-5, J=10 H#8.D Hz); 7.28 (dd, 1H, H-4, J=9.0 Hz, J=7.5 Hz);
7.64 (d, 1H, H-3, J=8.5 Hz); 7.75 (d, 1H, H-6, D=Biz). EI-MSm/z - 183(100), 185(32), 148(48),
137(85), 76(58), 51(22), 111(28).
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2- Methylg - Nitro styrene:*H-NMR ( 300 MHz, CDC}) § 2.95 (s, 3H, Me); 6.78 (d, 1H, H-8,
J=18.5 Hz): 8.28 (d, 1H, H-7, J=18.5 Hz); 7.35 (tid, H-5, J=9.5 Hz, J=8.5 Hz}7.18 (dd, 1H, H-4,
J=10 Hz, J=8.5 Hz,); 7.54 (d, 1H, H-3, J=8.0 H2)78 (d, 1H, H-6, J=9.5Hz[EI-MS nvz - 163(100),
117(55), 148(15), 91(74), 72(34), 51(26).

4-Hydroxyg - Nitro styrene:*H-NMR ( 300 MHz, CDCY) §10.45 (s, 1H, Ar-OH); 6.58 (d, 1H, H-
8, , J=18 Hz) 8.12 (d, 1H, H-7, J=18 Hz); 7.28 (d, 2H, H-3 d#d, J=9.0 Hz,); 7.76 (d, 2H, H-2
and H-6, J=8.5 HZEI-MS m/z -165(100), 119(34), 137(42), 93(46), 148(15), B)(2

4- Chloro nitro StyreneH-NMR ( 300 MHz, CDC}) §6.68 (d, 1H, H-8, J=18.0 Hz); 8.28 (d, 1H,
H-7, J=18.0 Hz); 7.24 (d, 2H, H-2 and H-6, J=81);H.68 (d, 2H, H-3 and H-5, J=8.5HBI-MS
m/z— 183(100), 185(32), 148(55), 137(92), 76(64)2B)(111(19).

4- Nitro g - Nitro styrene:lH-NMR ( 300 MHz, CD(Y) 66.62 (d, 1H, H-8, J=18 Hz); 8.18 (d, 1H,
H-7, J=18.0 Hz); 7.42 (d, 2H, H-2 and H-6, J=9.0 51Z.78 (d, 2H, H-3 and H-5, J=9.5 HZF|-MS
Mz -194(100), 148(34), 122(23), 76(65), 51(16).

4- Methylg - Nitro Styrene:*H-NMR ( 300 MHz, CDCY) §3.02 (s, 3H, Ch); 6.68 (d, 1H, H-8,
J=18 Hz); 7.85 (H-7, d, 1H, J=18.0 Hz), 7.44 (d, B2 and H-6, J=8.0 Hz), 7.65 (d, 2H, H-3 and H-
5, J=8.0 Hz).EI-MS m/z-163(100), 117(42), 148(20), 91(84), 72(26), 5)(32

4- Methoxyg - Nitro Styrene:*H-NMR ( 300 MHz, CDC}) 53.82 (s, 3H, Ch); 6.45 (d, 1H, H-8,
J=18.0 Hz); 7.88 (d, 1H, H-7, J=18.0 Hz); 7.752d, H-2 and H-6, J=8.0 Hz), 7.48 (d, 2H, H-3 and
H-5, J=8.5 Hz)EI-MS m/z -179(72), 133(100), 77(38), 89(46), 63(34).

1-Nitro Ethene:
Hc. NOZ

Hb Ha

'H-NMR ( 300 MHz, CDC}) $5.92 (dd, 1H, Hb, J=11.3 Hz, J=1.5Hz); 6.65 (dd, Hd, J=15.5
Hz, J=11.3 Hz); 7.25 (dd, 1H, Hc, J=15.5Hz, J=15. BI-MS nvz -73(100).

1-Nitro Propene:

Hb NO,

H3;C Ha
H-NMR ( 300 MHz, CDCJ) 682.12 (d, 3H, CH J=6.9 Hz); 7.00 (d, 1H, Ha, J=16.5H%)7.18
(m, 1H, Hb);EI-MS nVz -87(100), 41(88), 46(57), 72(28), 15(36).
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