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Abstract-Friedel-Crafts reaction of benzyhc or tertiary nitro compounds with benzene gave normal 
alkylation products. Similarly, 2-nitropropane (2-NP) gave cumene (I) which underwent further 
transformation affording a mixture whose behaviour with time was investigated: results were consistent with 
oxidative formation of the cumyl carbonium ion (7’). 

In a previous communication,’ we reported that Furthermore, it was found (Fig. 1) that cumene (1) 
benzylic (Scheme a) or tertiary (Scheme b) nitro and the two unsaturated compounds (2 and 6) were 
compounds, i.e. compounds which were able to yield formed early and disappeared after long reaction 
particularly stable carbonium ions after retioving a times. The mixture became stabilized after 48 hr, 
nitrite anion, could react with excess benzene in the yielding the three saturated compounds lacking 
conditions of Friedel-Crafts reaction (1 mol AU,) to benzylic hydrogens (3, 4, 5) in a yield ratio of 1: 5:4 
give normal mono- or dialkylated products. respectively. 

On the other hand, primary nitroalkanes did not 
react under similar conditions, whereas a secondary 
nitroalkane (2-nitro-propane = 2-NP) produced a 
mixture from which we could isolate a crystalline 
hydrocarbon identified as 3,3.3’,3’-tetramethylspiro- 
l,l’-biindane (S).‘-’ 

Cumene is the only product whose formation can be 
explained by alkylation of benzene by the secondary 
carbonium ion deriving from 2-NP. 

Since the formation of this hydrocarbon was not 
immediately interpretable, we decided to investigate 
the mechanism of this reaction. Various mixtures, 
obtained at different reaction times, were analysed by 
gas-chromatography. The main components, isolated 
through preparative gas-chromatography, were 
identified by NMR and mass spectrometry. The 
following compounds were found: cumene (l), 1,3,3- 
trimethyl-l-indene (2),6 2,2-diphenyl-propane (3),’ l- 
phenyl-1,3,3_trimethyLindane (4),H - ‘O 3,3,3’,3’- 
tetramethyl- l,l’-Spiro-biindane (5) (cited above) and 
1’,3,3,3’,3’-pentamethyl- l-( 1 ‘-indanyl-methyl- 

ene)-indane (6).’ ’ 

Figure 1 shows that cumene remained low in 
concentration only to disappear after a long period of 
time; apparently, it was rapidly consumed to form 
other components of the mixture. Most likely, it was 
transformed into a benzylic tertiary (cumyl) car- 
bonium ion (7’), i.e. protonated x-methyl-styrene (7), 
since many of the compounds present in our mixture 
are known to be formed by allowing protic or aprotic 
acldstoreact withx-methyl-styrene(7)‘.‘“*‘20rwithits 
precursors like 2-phenyl-2-propanol,3*7*‘3 2-phenyl-2- 
chloro-propane’ or even with its cyclic dimer (4).14 By 
using other alkylating reagents (2-bromo-propane, 2- 
propanol) which would yield the same isopropyl 
carbonium ion as 2-NP in Friedel-Crafts conditions, it 
was possible to exclude hydride ion transfer’5*16 as a 
mechanism for the formation of7’. It has been reported, 
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however. that when a Me-homolop of cumcnc, i.e. p- 
cvmcne. reacts with nitrous anhydride in sutphuric 
acid. 1’: it yields a dimer which is analogous to4. In this 
reaction p-cymene is apparently oxidized by nitrous 
anhydridc into a benzylic tertiary carbonium ion and 
then forms thcdimer. Therefore, it is quite possible that. 
in our case. the nitrite anion, or some other oxidizing 
sprcics (nitrous acid. nitrogen oxides) deriving from 2- 
NI’, transform cumene (1 f into cumyl carbonium ion 
(7’1, possibly through radical-cation tntcrmediates. 

Once cumyt cdrbonium ion (7’) has been formed. the 
formation of the other components can be easily 
explained, provided that there is complete reversibility 
of the electrophilic alkylation reactions under the 
conditions used (55 ) (Scheme C): 7’ may carry out an 
clectrophilic attack on benzene to form 3, or on Q- 
methyl-styrene (7) produced by deprotonating 7’-- 
to yield the cyclic dimer (4); the latter may eliminate 
benzene to yield the indanyhc carbonium ion (2’). 
which through deprotonation gives rise to two alkcnc 
isomers (2 and 2”). of which only the former is 
conceivably stable enough to be isolated and identified. 

On the other hand 2”. if present in adequate 
amounts. may undergo an clectrophilic attack by 7’ to 
yield 5 and by 2’ to form the dimer of trimethyl-indene, 
i.e. 6. The description of these mechanisms is similar to 
that formulated by Barclay12 to explain the formation 
of 5. 

r-Methyl-styrene was not identified in our mixture; 
this was probably due to its easy polymerization,” also 
causing an incomplete overall yield of low molecular 
weight components (SO?,, of the initial 2-NP). 

The two unsaturated compounds (2,6) disappeared 
while the reaction proceeded, probably because they 
are thermodynamically less stable than the saturated 
compounds (3. 4. 5). To confirm the proposed 
reversible mechanisms. we carried out the reaction 
with a limited amount of benzene (stoichiometrically 
caiculatcd to obtain 5) in nrtromethane as a solvent for 
48 hr at 55 . The ratio of yields of the three final 
products (3, 4, 5). was shifted in favour of the last 
compound ( I :2:10) under the new experimental 
conditions. 

EXt’ERtMESTAL 

GeneruI. Elemental analyses wcrc carried out with a 
Hewlett Packard Model IX5 C,H,N analyscr. and were in 
agreement with molecular formulae ofthc hydrocarbons. The 
mp., determined with a Tottoli apparatus, were not 
corrected. IR spectra wcrc taken on a Pcrkin -Elmer 257 
spectrophotometcr as KBr pellets and were all in agreement 
with the hydrocarbon structures. 

‘II-NLIR spectra were recorded with a Varian HA 100 
spectrometer, and the splitting patterns were indrcatcd by 
symbols: s. singlet; d, doublet; t, trtplct: q, quadruplet: m. 
multiplct. The mass spectra were recorded with a 
Hewlett Packard 5992 CC. mass spectrometer. Gas- 
chromatography analysts were carried out with a 
Hcwlctt Packard 5840A apparatus. 

u Preparative gas-chromatography separation was ctrected 
wrth a Hewlett- Packard 5750 apparatus. equipped with a 
8ft x 3:tOin. column and a I:20 splitter; gas flow was 
4tH)ml min: stationary phase and temperature condttions 
were 3s for the analytical separation (set footnote in Table I ); 
one hundredth of the benzene soln was injected for each 
separation run. 
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Co&it 10n~ (?/ firrcci~~l Cr@ rrucri{>ru. An ice-cooled 
suspension of freshly sublimed AICI, (0.03 M) in anhyd 
benzene (IO ml) was added dropwise under magnetic stirring, 
with a soln of nitro compound (0 03 Ml tn IOml anhyd. 
benzene; nitrous vapour formation was observed: the 
mixture was allowed to warm to room temp. and eventually 
heated as desoribcd for the single nitro compounds. Working 
up waseffectcd by pouring into ice and separating the organic 
phase which was washed wtth water and drtcd over Na,SO,. 
The soln was then te>tcd by gas chromatography and treated 
for the isolatton of the products as described for each 
compound. 

( I 1 Phrn~lnirr~~nrerhd,le + hcwxm~. The mixture WIS stnred 
at room temp. for 24 hr. Tic (Kicselgel 60 FLs4, elution wtth 
benzene) showed absoncc of starting material and prcscnce of 
bcnzaldehydc and of it spot wtth high R,. 

The product was ~solatcd by column chromatography 
(silica gel &OS 0.2. clutinn utth bcnzcne). ‘The fraction 
corresponding to the htgh R, spot crystalhzcd complctcly: 
m.p. 26 27 . IR spectrum was identical to that of 3. pure 
sample of diphcnyl-methane: the yield was lo”,, 

(2) 2-.Me1k, I-2-nfr~oproptrrl~ + hta/r;rnc. The mtxturc was 
left at room temp. for 2 hr; no starting material could be 
detected by gas-chromatography. which showed a 40”,, yield 
ofr-butylben/.ene. On evaporating the solvent and the volatile 
fraction, a white <olid residue remained. which could bc 
crystallized from t!:.tOH -water, m.p. 74-76 . This product 
was identtfied as p-di-r-butylbcnzcne by NMR and mass 
spectromctry, the yield 27 “_. 

(3 t 2-iVirrop,nmttr + hrn:c~~e. The mlxturc was kept for 
2 hr at room temp. and then heated at 55 for varr~us periods 
of time (0.5. I. 2. 4. X. 16. 24. 4X and 96 hr). During the first 
2 4 hr. the mixture separated into two phases. the lower 
phase which was darker and contamcd a high concentration 
of unsaturatti components. and the upper phase mainly 
presenting cumcnc and the products (3, 4. 5); whilst the 
unsaturated compounds disappeared, the mixture became 
homogeneous again 

Figure 1 shows pcrccnt ytelds with respect to 2-NP 
dctcrmined by gas chromatography. referred to an intcrna) 
standard (diphcnyl) and to samples of pure compounds 
obtained by preparanvc &as-chromatography” from the 
mixture at the fourth hour: physical and spectroscopic data 
on these samples. as well ;L> retention times in the analytical 
gas-chromatography condttions arc reported in Table 1. 
Isolation of 5 could also be eflktcd by evaporatmg the 
benzcnc soln of 24hr reaction to dryness: the oily residue 
partlycrystalli/edand ll~ccollecled~ol~d \sascr~stull~~edfrt~m 
EtQH (Y 4 20”,,). 

The reaction was repeated using nnromcthane as the 
solvent, whereby the amount of benzene corresponded to the 
molecular ratto 2:3 with 2-NP Reaction time was 48 hr; no 
phase separation was observed. Even though the overall yteld 
was lower I - 20 “ ,,), the ytcld ratto was risibly shifted toward 
the spirobimdane product (Y,:Y,:Y, = 1:2:10). 

The reactton was repeated also using 2-bromopropane or 
2-propanol insteadofZ-NP (time:4 hr)givinga much simpler 
mixture in which t MS present In fairly good concentration. 
but no trace of 2, 3. 4. 5. 6 could be detcctcd. 
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