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Abstract—From results of oxidation, protonation, and alkylation of the products arisingrie- or two-
electron reduction ofm-tolunitrile with sodium in liquid ammonia followed a conclusion that these products
are respectively anion-radical of the compound and 3-methyl-1-cyano-2,5-cyclohexadiriop. The
reaction of both reduction products with alkyl halides givise tocompounds of ipso-alkylation with respect
to cyanogroup: the correspondinglkyltoluenes and 1-alkyl-3-methyl-1-cyclohexadienes. The ratithe$e
products depends on thetructure of alkyl hihde. The possibility to prepareselectively m-alkyltoluenes by
reaction of the product of two-electron reductionnetolunitrile with alkyl halides waslemonstrated.

Within the framework of systematic study on of dual character and depends on the nature of the
reductive activation of functional arenes to reactionsalkyl halide [9].

with electrophilic agents we demonstrated formerly The present study is an extension of this research

that anionic products of one- and two-electron reduc-_. o
tion of aromatic mononitriles produced by alkali aimed fo elucidation by an example of cyanoarenes

metal in the liquid ammonia react wigirimary alkyl of the effect ofstructural factors on regioselectivity

halides with replacement of the cyampoup andior and on alkylation mechanism of the anionic reduced

o g . : forms of functional arenes with electron-donor sub-
with ipso-addition disregarding the character of the_. : :
aromatic moiety (phenyl [2, 3], 1-naphthyl [3, 4], stituents. First of all weonsidered the methgroup.

9-anthracenyl [5,6]). In the mechanistic study with As show published daffi0, 11] theanion-radicals of

the use of model reagent dfadical clock type we tolunitriles generated electrochemically in DMF in

established that all reduced forms of thisove mono- Millimolar concentration were quite stable and thus it
nitriles, anion-radicals, cyclodihydroaryl anions, angwas possible to investigate their reaction with alkyl

in the latter casedianion, played in these processes Nalldes. Taking into consideration tizvailable data
the role of nucleophiles. The introduction of an©n unsubstituted aromatic nitriles{d] it seems pre-
additional ~ electron-withdrawing ~ substituent thesumable to generate these anion-radicals in sufficient
second cyangroup, into position2 or 4 of benzo- concentrations for performing chemloakperlments.
nitrile crucially changes the reaction mechanism and3€sides in [11] was made a conclusiérom the

related thereto alkylating orientation. In reactions of€léctrochemicaldata, that anion-radicals of tolu-
anion-radicals formed from terephthalonitrile andnitriles even in reactions wittprimary alkyl halides

phthalonitrile with alkyl halides occurred electron €xhibit both nucleophilic and electron-donor reacti-
transfer followed by recombination of the anion-Vity. In comparison with results we formerly had
radical with alkyl radical. As a resultboth cyano oObtained for anion-radical of benzonitrile [2] and
group and hydrogen were substituted~4:1 ratio dinitriles [7, 8] the above facts showed that the intro-

[7, 8]. The reactivity of terephthalonitrile dianion is duction of a methyl group into the anion-radical of
benzonitrile changed the pattern of iteactivity;

" For communication XIV sed1]. therewith in the case gbaraisomer the change was

™ The study was carried out under financial support of theSimilar to that produced by electron-withdrawing
Russian Foundation for Basic Resear(rant no. 99-03- Cyanogroup. However the approach used by Soren-
33111) and of Ministry of Education of the Russ&iadera- Senet al. [11] cannot reveal the orientation of anion-
tion (grant no.2000.5.90). radical alkylation inherent to eaghechanism. Yet it
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824 VAGANOVA et al.

is known that as a rule thehange of reaction It was established that oxidation with oxygen of the
mechanism is accompanied by the altered orientatioproduct of the two-electron reduction of nitriledid
and therefore by another set of alkylation productsot result in recovery of the initial compound. After
[7-9, 11-13]. Such data give the basis for conclusionsevaporation of ammonia, dilution of the reaction
on the reaction mechanism on the structdealel. In  mixture with water, andextraction we isolated only
the light of the above the goal of this study was1-% of mtoluamide. It is known [16] that at two-
performing one- and two-electron reduction of electron reduction of benzonitrile with potassium in
m-tolunitrile (1) with sodium in liquid ammonia, the liquid ammonia arises a very basic dianion that is
chemical testing of the nature of arising anionicprotonated with ammonia to yield 1-cyano-2,5-cyclo-
reduction products, andstablishing of the character hexadien-1-ylanion. Basing on these data it may be
of alkylation products obtainedherefrom. expected that dianion of tolunitrild)(also undergoes

The reduced forms were generated along th rotonation affording 3-methyl-1-cyano-2,5-cyclo-

procedure that we had frequently used before in th&€xadien-1-yl anionlll ). Apparently the oxidation

same purpose [B]: the reduction was carried out by Of anionlll gives rise to the corresponding methyl-
addingp orl?e orEtv]vo equiv of metallic sodium to )gcyclohexadlenonéﬁee,e.g.,[5]) that by reaction with

solution of nitrile | in the liquid ammonia at33°C.  ©XYgen in an alkaline medium provides products of
The study of reactivity of the anion-radical ottolu-  d€€poxidation, probably witttleavage of the benzene
nitrile (1) might be hampered by its high basicity, skeletonand/or_polymershat are not extract_ed from
aptitude to disproportionation or dimerizatioBince the water solution. In contrast, the protonation of the

the reduction potentials of benzonitrile [14] and nitrile Product of two-electron reductiog of nitrile with
| [11] have closevalues, and the benzonitrienion- water results in recovery o&70% of the initial

radical is stable in the liquid ammonia, it is presum-Nitrile. Taking into account that in reactions with
able that the basicity of anion-radic#ll is also in- Unsubstituted 1-cyano-2,5-hexadien-1-yl ~anion an

sufficient to be protonated bgmmonia. The differ- €!€ctrophile adds to the ipso-position with respect to
ence between thdirst and the second reduction CYanogroup [4] it is presumable that at treating with
potential for benzonitrile and tolunitriles is no lessWater anionlll forms 3-methyl-1-cyano-2,5-cyclo-
than 0.5 V[11, 14], andthis provides a possibility to 1exadiene thatin the course of the workuansforms
regard anion-radicall as not apt to disproportiona- 'Nt0 the initial nitrile 1.

tion using the reasoning previously applied to the Thus the reported data in combination with the
anion-radical of terephthalonitrile7]. To prevent the known facts on reduction of aromatic nitriles in the
two-electron reduction at generation of the aniondiquid ammonia [29] and with results of electro-
radicals we used X15% excess of a substrate with chemical reduction of nitrild [10, 11] permit the
respect to the alkalnetal. Wechecked the degree of assumption that its one- and two-electron reduction
transformation of the initial compound under thesein liquid ammonia performed in this study furnishes
conditions by reaction with oxygen. The recovery ofrespectively anion-radical and anionlll sufficiently
the initial compound in such experiments indicatesstable for investigation of their reactivity with respect
that no deep transformatiomseversiblychanging its  to alkyl halides.

structurehaveoccurred (seeg.g., [4, 7,15]). On the
other hand, it is arvidence of stability of the anion-
radical as a product of one-electron reduction. It wa

established that at treating with oxygen the produc{? llquid ammonia at-33°C. The analyses of com-
of one-electron reduction of nitrile with sodium in _Pounds mixtures formed was performed %y NMR

liquid ammonia preliminary kept for 30 min the SPeCtroscopyGLC, andGC-MS. Thereagents ratio

initial nitrile | is recovered to 75% from the amount @nd products composition are given intable, the
charged. spectral characteristics are listed in EXPERI-

MENTAL.
To ensure the completeness of the two-electron )
reduction in this case was usel.2 equiv ofsodium. It was established that the products of one-electron

and two-electron reduction of nitrileé with sodium
In experiments carried out in liquid ammonia with solutions reacted with butyl bromide to afford mainly 3-butyl-
of concentration-0.01 M andwith amount of reagents0.5 g toluene (V) (table, runsnos. 1, 2).This compound
the relatively volatile organic compounds usually are notand the other alkyltoluengsee below) are described
quantitatively recovered for the compounds aeeriedaway  in the literature (seee.g., [17]) but spectral data
with evaporatedammonia. sufficient for identification are lacking. Therefore we

The alkylation of the reduced forms of nitrilevas
garried out by adding alkyl halides to their solutions

*
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Reaction between products of nitrilé reduction with sodium in liquid ammonia and alkyl halides

RuN Quantity of reagents,mmol Composition of reactionproducts, mmol (GLC data)
no. nitrile 1 sodium AlkHIg nitrile 1 alkyltoluene | cyanodialkylcyclohexadiene

1 3.5 3.0 BuBr 1.6 0.81 (Iv) 1.39 (V) 0.07

2 3.0 6.5 BuBr 6.5 0.05 (Iv) 2.16 (V) 0.08

3 3.0 6.5 Bul 6.5 0.02 (IvV) 2.48 (V) 0.02

4 3.0 6.5 BuCl 6.5 1.49 (IvV) 0.75 (V) 0.02

5 3.0 6.5 i-BuBr 6.5 0.01 (vil) 1.90 (X) 0.30

6 3.0 6.5 sBul 6.5 0.01 (viir) 1.92 (XI) 0.52

7° 3.0 6.5 c-HexBr 6.5 0.70 (IX) 0.40 (XI1') 0.99

" Data averaged for-3 runs.® The mixture of reaction products contained.9 mmol of cyclohexene.

isolated the compounds synthesized from the mixturegegion of olefin protons three groups of signals are
obtained by chromatography, and their structure wasbserved: The most upfield multipleé .35 ppm)
confirmed by spectral method. TH&l NMR spec- having no splitting withJy, y ~10 Hz that is character-
trum of compoundIV by the position and pattern of istic of a vicinal coupling through a double bond
the signals resembles that of its structural analogpelongs to a proton atCadjacent to a methygroup.
3-ethyltoluene [18]:m-Dialkylbenzenes have a char- The protons attached to°@nd € in analogous struc-
acteristic multiplet in the regiod 6.5-7.0 ppm, and tures appear as doublets of triplets in the region
although the individual signals of the four aromatic5.60-6.00 ppm §, ,, 10 and~3 Hz). However in the
protons cannot be singleaut, thepattern cannot be spectrum of compoun¥ the signal of H proton has
mistaken for the corresponding spectra of titho- @ more complicated pattern presumaliigcause of
or paraisomers. Alongside arenelV and initial ~ SPecific stereochemistry of the compoufdd. 3, 6]).
nitrile | in the products mixture is present in a small The structure assumed for nitrilé is also confirmed
quantity (23%) a previously unknown 1-butyl-3- by the data of high-resolution maspectrometry.

methyl-1-cyano-2,5-cyclohexadien®)( The assign- Thus in both caseform the same products with
ment of the signals in itS4 NMR spectrum was done the only difference, that the yield of alkylation pro-
basing on the spectrum of 1-butyl-1-cyano-2,5-cycloducts with anion radicall according to GLC data
hexadiene[3]. The singlet of methyl group at the attains~48% with respect to sodium used; in keeping
double bond appears at1.77 ppm; thesignals of the with the typical stereochemistry in reaction of anion-
butyl moiety attached to £and geminal with respect radical with electrophile it corresponds to the reaction
to cyanogroup are shifted upfield as compared to thecompletion t095%. At thesame time the two-elec-
signals of this substituent in an aromatimg; the tron reduction product is virtually completely
protons of the methylene "BIZ group give rise to a consumed, and butyltoluen®& forms consequently
typical multiplet at 2.57 ppm. In theresonance in >70% yield.

CN Bu CN Alk
Na © (1) n-BuBr
‘ : —-CN~
CEHS (aq) CH, @11 CH, CH,
1| VI IV,VI-IX  |NH,
~NH,
1 CH, CN CN Alk CN -CN°
Na NH, @ AlkHlg @ ]
NH, (aq) cr, NH: cH, cx,
III V, X-XII

Alk = Bu (IV, V), i-Bu (VII, X ), sBu (VIII, XI ), c-Hex (X, XII ).
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Basing on thestructure of the alkylation products 1-cyclohexyl-3-methyl-2,5-cyclohexadiene  XI[).
IV andV obtained, and taking into account the dataAlkyltoluenes VII -IX have been described in the
on orientation of protonation and alkylation of the literature (seeg.g., [17]), and cyclohexadienes<-
reduced forms of benzonitrile [2, 3] the reaction of XIl were synthesized for the firdtme. Compounds
butyl bromide with the products of one- and two- VII -XIl were isolated from the mixtures by
electron reduction of nitrilé may be described by the chromatography, their structure was established from
following scheme: spectral data analogous to the corresponding spectra
of compounddV, V. Alongside the mentioned com-
pounds in the reaction mixtures were present
unidentified compounds in overall amounts not
exceeding<5% (GLC data), and in reaction with
cyclohexyl bromide alongside withv20% of the
recovered initial nitrile somecyclohexene was
ddetected. The reaction of the product of two-electron
reduction of nitrilel with tert-butyl bromide did not
result in alkylation, and 85% of the initial nitrilé
was recovered.

Anion-radical Il, the product of one-electron
reduction of nitrilel, is alkylated into the ipso-posi-
tion with respect to cyangroup affording 1-alkyl-
cyano-3-methylcyclohexadien-4-yl aniorivl that
either suffers decyanation to give arehé or takes
up a proton providing cyanodialkylcyclohexadievie
At the lack of an efficient proton source the secon
reaction route occurs to a smatlegree. Dianion
generated by two-electron reduction of nitrileis
protonated by ammonia giving anidh (cf. [3, 18]
that on alkylation furnishes cyanodialkylcyclohexa- The results of runs nos 2,-8 presented in the
dieneV. However in this case in thmixture arises table show that irrespective of the structure of the
an equivalent amount of amide ion that effectsalkyl moiety the alkylation occurs at thpso-position
dehydrocyanation of nitrileV with formation of with respect to cyanogroup (see the scheme).
dialkylarene IV . Similarly to the data obtained previously both for
| der toelucidate the effect of hal ¢ anion-radicals of aromatic nitriles [2-8] and cyano-

n order loelucidate the etiect of halogen nature gy q4roary| anions [3, 6] thabove mentioned results
and alkyl structure on the alkylation process of thgeiity 1o the occurrence o, reaction mechanism.
reduced forms under investigation we carried Uy, "hoih cases this orientation corresponds to the
reaction of the product of two-electron reduction Ofposition with maximum localization of the negative
nitrile | with a series of alkyl halides. We establishedcharge [6, 7,17]. In contrast, onintroducing the
that a dialkylarendV was the main product of anion gocond cyangroup into the anion-radical dfenzo-

Il alkylation disregarding the halogen nature (HIg = hiyije resulting in thechange of its reactivityfrom

ﬁ" Br, 1) in buty{_ halidih(sbee:alblr—,;{l rqgs nos. %)d nucleophilic to electron-donating one [7, 8] the alkyl-
OWEVEr In reaction with butyl chioride a ConsIAer- otiqn gccurs both in the ipso and unsubstituted posi-

able amount of initial nitrilel is recovered. Taking yjon of thering. Additional proof that in reaction with
into account a similar result obtained at protonation o lkyl halides anionlll plays the role of nucleophile

the product of two-electron reduction of nitrile(see

above) it is presumable that butyl chloride shows not)S the lack of reaction with tert-butyl bromide which
only electrophilic but also CH-acidiproperties. A rovides alkylation products bgr mechanism [8, 9,

Y . : e . 19]. To acertain extent the tert-butyl bromide may be
similar change in reaction direction was preV'OUSIVregarded as a test reagent for primayaluation of
observed in reaction of two-electron reduction pro-, o . ;

) - Ly r f an anion h
ducts obtained from benzonitrile and 1-naphthonitril (he reactivity of an anionic species that may react

. . . , %oth by Sy and E; mechanisms. Nonetheless the
::nhl%?ilgg [g]m butyl iodide and butyl bromide to butyl 5,56 teasoning provides only indirect evidence for

the occurrence of th& mechanism in reactions of
Variation of alkyl moiety was performed in the anion-radicalll and anionlll with alkyl halides. To
following series: BuBr,i-BuBr, s-BuBr, c-HexBr, obtain direct proofs the reactions should be performed
t-BuBr (seetable, runsnos.2, 57). It was established With model_reagents that would fix various §tructural
that in reactions of the above alkyl halides with thefragments in the reaction products depending on the
product of two-electron reduction of nitrile were reaction mechanism. This study is planned for the
obtained the corresponding alkyltoluenes: 3-iso-butylfuture.
toluene VII'), 3-sec-butyltoluene M1l ), 3-cyclo- It is obvious that the ratio of alkylarene to cyclo-
hexyltoluene IX), and the corresponding 1-alkyl-1- hexadiene in the reactions with branched alkyl halides
cyano-3-methyl-2,5-cyclohexadienes:  1-iso-butyl-1-is quite different from that observed at the use ot
cyano-3-methyl-2,5-cyclohexadien&)( 1-sec-butyl- primary alkyl halides. Within the framework of the
1-cyano-3-methyl-2,5-cyclohexadien&l{, 1-cyano- above scheme the growth of diexXeXlIl content in
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the reaction products should be apparently ascribed tenergy 70 eV, column HP5 (5% of diphenylsiloxane,
the increasing aptitude of alkyl halide with branched95% dimethylsioxane), 3®.25<0.25 m, carrier gas
alkyl to operate as CH-acid with hydrogen halidehelium, heating mode: 2 min at 53C, then 16/min,
elimination; this assumption is supported by the5 min at 200C, evaporator temperature Z&0 ion
detection of cyclohexene among the products obtaineslource temperature 173. The data sampling rate
in run no.7 (seetable). This process ensures morel.2 scan/sec in the mass region-880 a.u.

effective neutralization of sodium amide and thus
decreases the dehydrocyanation of gramary reac-
tion product. The recovery of thenitial nitrile in
reaction with cyclohexylbromide, same as in reac-
tion with butyl chloride, is probably due thasic
properties of aniorlll that compete with its nucleo-
philicity.

The following compounds and solvents were used
in the study: Liquid ammonia was purified by dis-
solving sodium metal with subsequent evaporation
into a reactor cooled te70°C. The oxides from the
surface of sodium metal of‘pure” grade were
removed under a layer of dry hexana-Tolunitrile
was obtained by procedure frof22] from m-toluic

In conclusion let us consider the syntheticacid, bp 5#58°C (3mm Hg), publ. 84C (10 mm Hg)
opportunities of the results obtained. The mos{23]. Alkyl halides were purified by passing through
general alkylation method for aromatic ring is tradi- alumina followed by distillation; boiling points were
tionally FriedetKrafts reaction that within over a consistent with published dafa3].
century of its investigation has undergone numerous . o : Lo
modifications resulting in creation of new catalystsIi qlﬁgd:r%trlgg n?;_rn-l:[glgngg:ﬁti((l))nw(;:ch n?gﬁtlelfn;nlqig&?d

and reagents [20]. However the opportunity to pre- : -
pare individual dialkylbenzenes by this reactionammonia (ofconcn. 0.05 M) at-33°C was added

remains very limited. Therefore the alternative\évr?élethsggrmg ?e e;gt?g:ergii E?gnvtlaosf r?w(;?r:?;?&%tﬂi the
methods of aromatic ring alkylation am@@so under

lively development; they are mostly concerned with>2me conditions for £E0 min.
the use of organometallic reagents [21]. Tdlkyla-
tion of reduced forms of easily available tolunitriles
performed in this study by an example of nitrile

REACTIONS OF REDUCTION PRODUCTS
OF mTOLUNITRILE (1) WITH ELECTROPHILIC

may be regarded as such alternative approach to REAGENTS

aromatic ring alkylation. The compounds correspond- o _ .

ing to ipso-alkylation of anion-radicdl and cyano- Oxidation of reductlon products of m-'tolunltrlle
methylcyclohexadienyl anionlll, m-alkyltoluenes (I). Through the solutions of reduction products

IV, VIl =IX, in both casesorm as the mairproduct_ Obta.ined from nitrilel by the action Of30 mmol of
Taking into account the high degree of nitrile sodium (0.069 g) on 3.3 mmol of nitrile (0.386 g)
conversion the reaction between the product of it®r of 6.5 mmol of sodium (0.149 g) on 3.0 mmol of
two-electron reduction and alkyl halides may be useditrile I (0.351 g) waspassed for 1520 min a flow

for preparation of individualm-alkyltoluenes. of oxygen dried by passing through a layer of calcium
chloride. The reaction mixture was stirred for 20n,
EXPERIMENTAL and then was added 5 ml of methanol and 50 ml of

ethyl ether. Thereaction mixture was stirred to

1 . omplete evaporation of liguidmmonia, and to the
B ruEel\”\\;lvlTD 32%%%@ rv(\)/;resgelgtlgsgﬁge(ijn?Dsgect_rrohrgetefesidue 50 ml of water was added. The ether layer
: i . 3 was separated, the water layer was extracted with
precise values of molecular ions mass were measureeqhelr (250 ml). the combined ether solutions were

by high-resolution mass spectrometry on Finnigaq/vashed with water and dried on MgSOAfter

MAT-8200 instrument. Reaction mixtures were . = ;
distilling off the solvent the residue was analyzed by
analyzed by GLC on chromatograph LKhM-7A under1H NMR and GLC. Onoxidation of the product of

the following conditions: stationar hase 15% :

SKTFV-83 (?n Chromosorb W oveny t(leomperatureoone'.eleCtron reduction 0.3 g of compound was
roarammed from 100 to 360G ét a rate 16C/min obtained containing 96% of initial nitrile | (yield
Prog ' 75%). Onoxidation of the product of two-electron

carrier gas helium,flow rate 0.6 | h‘l, column . . . 100
2502 mm. The GC-MS measurements were Carriedreductlonm-toluamlde was isolate(D.042 g,~10%).

out on a Hewlett-Packard system G1081A composed Protonation of the product of two-electron
of a gas chromatograph HP 5890 of seriesand reduction of m-tolunitrile (). To a solution of a
mass-selective detector HB971, ionizing electrons product of two-electron reduction of nitrile | obtained
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by treating with 6.5 mmol of sodiun(0.149 g)
3.0 mmol of nitrilel (0.351 g) wasadded dropwise
while stirring 0.01 mol ofwater (0.18ml). Thereac-
tion mixture was kept for 29nin, andthen 50 ml of
ethyl ether was added-urther workup was carried
out as above. On removing the solvén25 g 70%)
of initial nitrile 1 was obtained.

Reaction of reduction products of m-tolunitrile
(I) with alkyl halides. To a solution of reduction

VAGANOVA et al.

1.59 m (2H, CH), 2.34 s (3H, CH), 2.56 m (1H,
CH), 6.95-7.25m (4H, H*>%). Found:M 148.1246.
CyHye Calculated:M 148.1251.

3-Cyclohexyltoluene (IX). H NMR spectrum
(CDCly), 8, ppm: 1.38 m (4H, 2Ch), 1.78 m (4H,
2CH,), 2.02 m (2H, CH), 2.27 s (3H, CH), 4.27 m
(1H, CH), 6.9127.19 m (4H, H*>%). Found: M
174.1411. G;H, g CalculatedM 174.1408.

products prepared by the above described procedure 1-Butyl-1-cyano-3-methyl-2,5-cyclohexadiene

was added alkyl halide in amount and at reageati®

(V). *H NMR spectrum (CDG)), 8, ppm, 2stereoiso-

indicated in thetable. The reaction mixture was mers: 0.84 m (3H, Cg), 1.10-1.70 (6H, [CH)4],

stirred till evaporation of théalf of liquid ammonia
(~0.5 h), and then 50 ml of ethyl ether waslded.
Further workup was carried out as above. Tdoen-

1.77 s (3H, CH), 2.57 m (2H, H) 5.35 m (1H, H),
5.60d.t, 5.61 d.t (1H, H), 6.03 d.t (1H, H). I35
10 Hz, J54,3.5 Hz, J$%,2 Hz. Found:M 175.1359.

position of reaction products mixtures was determin-C,,H,N. Calculated:M 175.1360.

ed from'H NMR spectra, GLC and GC-M8&nalyses

(seetable). Individual compounds were isolated by

column chromatography on silica gel 40/8; eluent

1-iso-Butyl-1-cyano-3-methyl-2,5-cyclohexa-2,5-
diene (X). 'H NMR spectrum (CDG)), §, ppm, 2

hexaneethyl ether, 95:5 by volume, or by TLC on Stereoisomer€0.91d (6H, 2CH), 1.62.d (2H, CH),

plates with a fixed layer of sorbent (silica gel L3
6/40 n with addition of 13 wt% of gypsum)eluent
hexaneethyl ether, 9:1 by volume. Theisualization

of spots was under UV irradiation of the dried plate.

1.72 s (3H, CH), 1.74 m (1H, CH), 2.55 m (2H,
H%, 5.34 m (1H, H), 5.62d.t, 5.63 d.t (1H, H),
5.88 d.t (1H, H). 353,10 Hz, J51,3.5 Hz, 3512 Hz.
Found: M 175.1362. G,H,,N. Calculated: M

The structure of compounds was derived from175.1360.

'H NMR and high resolution maspectra.

By separation of compounds mixture obtained inene (XII).

reaction of two-electron reduction product of nitrile
and sec-butyl bromidgtable, run no.6) wdsolated
a fraction containing according tdH NMR and

GC-MS data nitrile | and 1-sec-butyl-1-cyano-3-

methyl-2,5-cyclohexadiene X() (M 175). In the
'H NMR spectrum of the mixture to compound
[CDCI;, 6, ppm] correspond the signalsd.80-
1.70m (9H,GHy), 1.77s (3H,CH), 2.57m (2H,
H:), 5.35 m (1H, H), 5.61 m (1H, H), 6.03 m (1H,
H>).

Characteristics of individual compound3:Butyl-
toluene (IV). 'H NMR spectrum (CDG)), 8, ppm:
0.90 t (3H, CH), 1.33 m (2H, CH), 1.57 m (2H,
CH,), 2.27 s (3H, CH), 2.55 t (2H, CH), 6.9
7.18 m (4H, H*>%). Found:M 148.1252. G;H,,
Calculated:M 148.1251.

3-iso-Butyltoluene (VIl). 'H NMR spectrum
(CDCly), 8, ppm: 0.94 d (6H, 2Ck), 1.89sept(1H,
CH), 2.36 s (3H, CH), 2.47 d (2H, CH), 6.95
7.20 m (4H, H*>%). Found:M 148.1250. G;H,
Calculated:M 148.1251.

3-secButyltoluene (VIII). H NMR spectrum
(CDCL,), 5, ppm: 0.83t (3H, CH), 1.23d (3H, CH),

1-Cyano-1-cyclohexyl-3-methyl-2,5-cyclohexa-di-
'H NMR spectrum (CDG)), §, ppm,

2 stereoisomersl.12 m (4H, 2CH), 1.73 s (3H,
CH,), 1.78m (7H, 3CH, CH), 2.53(2H, H), 5.28 m

(1H, HY), 5.55d.t, 5.56 d.t (1H, H), 5.93 d.t (1H,
H%), 33%10 Hz, 3743.5 Hz, 3§42 Hz. Found:M

201.1514. GH;gN. Calculated:M 201.1517.

REFERENCES

1. Selivanov,B.A. and Shteingarts,V.D., Zh. Org.
Khim., 2001, vol. 37, no. 12, pp1800-1803.

2. Bilkis, I.I., Vaganova,T.A., Bobyleva, V.l., and
ShteingartsV.D., Zh. Org. Khim., 1991, vol. 27,
no. 1, pp. 4856.

3. Bilkis, I.I., Vaganova,T.A., andShteingartsy.D.,
Zh. Org.Khim., 1994, vol. 30, no. 6, pp. 898398.

4. Bil'kis, I.1., Vaganova,T.A., andShteingartsy.D.,
Zh.Org.Khim., 1990, vol. 26, no. 10, p2044-2051.

5. Bilkis, I.I., Vaganova,T.A., Pimnev, S.M., and
Shteingarts,V.D., Zh. Org. Khim., 1991, vol. 27,
no. 8, pp. 17221727.

6. Vaganova, T., Panteleeva, E., Tananakin, @htein-
garts V., andBilkis 1., Tetrahedron,1994, vol. 50,
no. 33, pp. 1001110020.

7. Bil’kis, I.l., PanteleevaE.V., TananakinA.P., and
Shteingarts,V.D., Zh. Org. Khim., 1994, vol. 30,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



10.

11.

12.

13.

14.

15.

16.

REDUCTIVE ACTIVATION OF ARENES: XV.

no. 6, pp. 882891.

Bil’kis, I.I., Panteleevak.V., andShteingartsy.D.,

Zh.0Org.Khim.,1998, vol. 34, no. 1, ppl702-1710.

Bil'kis, I.l., PanteleevaE.V., TananakinA.P., and
Shteingarts,V.D., Zh. Org. Khim., 1997, vol. 33,
no. 5, pp. 711719.

Occhialini, D., Kristensen].S.,Daasbjerg, K., and
Lund, H., Acta Chem. Scand., 1992, vol. 46,

pp. 474-481. 20.

SorenserH.S. andDaasbjerg, K.ActaChem. Scand.,
1998, vol. 52, pp. 5361.

Bilkis, I.I., Selivanov,B.A., and ShteingartsV.D.,
Res. Chem. Intermed.1993, vol. 9, no. 5,
pp. 463-489.

Daasbjerg, K. and Christensen,B., Acta Chem.
Scand., 1995, vol. 49, pp. 128132.

Rieger, P.H., Bernal, I., Reinmuth,W.H., and
Fraenkel,G.K., J. Am. ChemSoc.,1963, vol. 85,
no. 6, pp. 683693.

Juchnovski).N., Binev, I.B., andKanety, J.,Com.
Dep. Chem., Bulg. Acadci., 1977, vol. 10, no. 4,
pp. 554-557.

Bilkis, I.I., Vaganova,T.A., Panteleevak.V., Tana-
nakin, A.P., Salnikov, G.E., Mamatyuk, V.l., and
ShteingartsyV.D., J. Phys. OrgChem.,1994, vol. 7,
no. 33, pp. 153161.

17.

18.

22.

23.

829

Miki, Y. and Sugimoto, Y.,Busshitsu Kogaku Kogyo
Gijutsu KenkyushoHokoku, 1998, vol. 6, no. 1,
pp. 3146.

The Sadtler Standar@&pectra. NMR SpectreéRhila-

dephia, Sadtler Research Laboratorié968-1978,

vol. 146.

. Costentin, C. and Saveant;Nl.., J. Am. ChenSoc.,

2000, vol. 122, no. 10, pp2329-2338.
Friedel-Crafts and Relatedeactions, Olah, G.A.,
Ed., Wiley: New-York, 1963-1964; Olah, G.A.,
Krishnamurti, R., and PrakaslG.K., Comprehen-
sive Organic Synthesi®ergamon Press: New-York,
1991, vol. 3, pp. 29339; Miyai, T., Onishi, Y.,
and Baba, A.,Tetrahedron,1999, vol. 55, no. 4,
pp. 10171026; Mahindarante, M. and Wimalase-
na, K., J. Org. Chem., 1998, vol. 63, no. 9,
pp. 28582866.

. Catellani, M. and ChiusoliG.P., J. Organometal.

Chem.,1988, vol. 346, p. 27Lipshutz,B.H., Blom-

gren,P.A., andKim, S.-K., TetrahedrorL_ett., 1999,

vol. 40, no. 2, pp. 197200; Harada, T., Chiba, M.,
and Oku, A.,J. Org.Chem.,1999, vol. 64, no. 22,
pp. 8216-8213.

Bliske, F.F., J. Am. Chem.Soc., 1927, vol. 49,
no. 11, p. 2848.

Aldrich Catalogue / Handbook of Fin€hemicals,
1998-1999.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 6 2002



