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ABSTRACT: Photo-reactions of tetrazolo[1,5-a]pyrimidine (1) with benzene (2a) and substituted benzenes (2b–f) in
the presence of trifluoroacetic acid (TFA) gave 2-(2-, 3- and 4-substituted anilino)pyrimidines (3–5) together with 2-
aminopyridine (6) and biphenyl (7) or diarylmethanes (8b, 8cand8e). From the effect of heavy-atom solvent on the
reactions, it is reasonable to assume that3–5 are formedvia a singlet species, but6–8 via a triplet species. The
intermediacy of 2-pyrimidylnitrenium ion is consistent with the evidence derived by the above effect, by a Hammett
plot with r =ÿ2.9 and by effects of solvent nucleophilicity and counter-anions. The selective exocyclicN-arylation
giving 3–5 is discussed. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

Nitrenium ions containing divalent nitrogen possessing a
positive charge have been studied recently.1 We have
already reported a direct aromatic amination by nitre-
nium species such as an ethoxycarbonylnitrenium ion,2

arylnitrenium ion,3 arylnitrenium–AlCl3 complexes4 and
a parent nitrenium ion.5 However, we have not succeeded
in the synthesis of heteroaromatic amines by direct
aminations of heteroaromatic compounds by these
nitrenium species because the species are not reactive
towards the protonated forms of the heteroaromatics
under the acidic conditions where the species can be
generated.

Interestingly, as described in this paper, the photo-
reactions (not thermal reactions) using tetrazolo [1,5-
a]pyrimidine6 as a precursor for nitrenium ion in a
mixture of an aromatic compound and trifluoroacetic acid
gave heteroaromatic amines by selective arylation of an
exocyclic N-position of a novel 2-pyrimidylnitrenium
ion. The selectiveN-arylation arouses interest because a
phenylnitrenium ion3 and a pyridylnitrenium ion are
capable of bothN- andC-arylations.

RESULTS AND DISCUSSION

Photo-reactions of tetrazolo [1,5-a]pyrimidine (1) with

benzene (2a) in the presence of trifluoroacetic acid (TFA)
(30%, v/v) produced 2-anilinopyrimidine (3a) along with
2-aminopyrimidine (6) and biphenyl (7) (Table 1). The
tetrazole 1 (1.0 mmol) was heated under reflux in a
mixture of benzene (70%, v/v) and TFA (30%, v/v) for
8 h without irradiation, but all 1 was recovered
quantitatively. Further,1 was not decomposed even by
addition of H2SO4 (1.2 mmol) to the above thermal
reaction system.

The photo-reactions of1 with toluene (2b), ethylben-
zene (2c), anisole (2d) and chlorobenzene (2f) yielded 2-
(2-, 3-, and 4-substituted anilino)pyrimidines (3b–d, 3f,
4b, 4c, 4f, 5b–d and 5f) together with6 and diaryl-

Table 1. Photo-reactionsa of tetrazolo [1,5-a]pyrimidine (1)
with aromatic compounds (2b±g) in the presence of TFA
(30%, v/v) at 25°C for 8 h

Yieldb(%)

Aromatics2 3 4 5 6 7 8

(a) Benzene 66 – – 11 Trace –
(b) Toluene 39 3.2 19 18 – 11
(c) Ethylbenzene 21 4.8 14 27 – 22
(d) Anisole 28 – 24 20 – –
(e) p-Xylene 47 – – 27 – 9.8
(f) Chlorobenzene 21 0.4 6.2 34 – –
(g) Nitrobenzenec 0 0 0 0 – –

a The photo-reaction of1 (4.0 m mol) in a mixture (30 cm3) of aromatic
compound and TFA resulted in almost complete decomposition of1.
b The yields are based on1 decomposed.
c The reaction with2g was performed for 24 h, resulting inca 30%
decomposition of1.
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methanes8b and8c(Table1). (Werecentlyobservedthat
2-pyridylnitrenium ion from tetrazolo [1,5-a]pyridine
underwenttheC- andexocyclicN-arylations;thiswill be
reportedin a future paper.)The reactionwith p-xylene

(2e) also gave 2-(2,5-dimethylanilino)pyrimidine (3e)
alongwith 8e (Table1). However,no reactionwith the
electron-deficientnitrobenzene(2g) tookplace(Table1).

Effect of heavy-atom solvent

Addition of CH2Cl2 or CH2Br2 to thephoto-reactionof 1
with 2aor 2eledto aconsiderabledecreasein theyield of
3a or 3e, andtheeffectof theadditionwasmuchgreater
usingCH2Br2 than CH2Cl2 (Table 2). Taking into con-
siderationthataheavyatomsuchasBr or Cl catalysesan
S–Tconversionvia an intersystemcrossing,theresultis
consistentwith the view that the N-arylationgiving 3–5
proceedsvia a singletspecies(Scheme1). The effect of
CH2Br2 wouldbegreaterthanthatof CH2Cl2 becausethe
z valueof Br is largerthanthat of Cl.

The above addition increasedthe yield of 6 in the
reactionwith 2a (Table2), sothat6 wouldbeformedvia
the triplet speciesaccordingto the heavy-atomeffect
(Scheme1). However,theyield of 6 in thereactionwith
2e was lowered by the addition, and decreasedmore
using CH2Br2 than CH2Cl2 (Table 2). This may be
explainedby consideringthat the formationof 6 asseen

Table 2. Effect of heavy-atom solvent on the reactiona of 1
with benzene (2a) or p-xylene (2e) in the presence of TFA at
25°C

Additive TFA Time Yieldb(%)

ArH Additive (%, v/v) (%, v/v) (h) 3 6 7 8

2a None 0 30 8 66 11 Trace –
CH2Cl2

c 10 27 4 34 19 Trace –
CH2Br2

c 10 27 4 22 21 Trace –
2e None 0 30 8 47 27 – 9.8

CH2Cl2
d 10 27 8 43 11 – 23

CH2Br2
d 10 27 8 22 5.5 – 49

a Thephoto-reactionof 1 (1.0m mol) in asolution(30cm3) resultedin
almostcompletedecompositionof 1.
b The yieldsarebasedon 1 decomposed.
c Theadditive(3.0cm3) wasaddedin a solutioncontaininga mixture
of benzene(18.9cm3) and TFA (8.1cm3), and photolysis(for 4 h)
resultedin ca 70%decompositionof 1.
d This photolysis(for 8 h) using p-xylene insteadof benzenein the
abovecaseresultedin almostcompletedecompositionof 1.

Scheme 1
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in Scheme1 is suppressedby reactionof 6 or the triplet
specieswith a radical (such as a benzylic radical as
shownbelow)formedwith theuseof theadditive;sucha
radical would be favourably formed from 2e using
CH2Br2 comparedwith CH2Cl2 sincetheradicalspecies
might be preferably formed by photolysis of CH2Br2

rather than CH2Cl2 owing to the weak bond energyof
C—Br comparedwith C—Cl.

Theyield of 7 in thereactionwith 2awasinsensitiveto
theaddition(Table2). This is not contradictorysincethe
difficult H-abstraction(giving only a traceof 7) of the
triplet speciesfrom 2a (seeScheme1) would be insen-
sitive to theaddition.

Theyield of 8ewasenhancedby theaddition,andthe
enhancementwas greaterusing CH2Br2 than CH2Cl2
(Table 2). A benzylic radical can be formed by H-
abstractionof not only thetriplet speciesbut alsoradical
species(suchas halogenatoms)given by photolysisof
theadditive,and8 is producedby attack5 of thebenzylic
radicalon thearomaticring of 2 (seeScheme1). In fact,
the reactionof 1 (1.0mmol) in a smaller total volume
(7.5cm3) containing 2e (4.7cm3), TFA (2.0cm3) and
CH2Br2 (0.8cm3) for 8 h gavea loweryield (18%)of 8e,
althoughtheyieldsof 3eand6 arealmostindependentof
the total volume; the reactionin the high total volume
(30cm3) favoursthephotolysisof CH2Br2 to give a high
yield (49%)of 8e (Table2).

The mechanismfor the formationof 3–8 corresponds
to that for the formation of productsderived from the
parentnitreniumion (�NH2).

5

Formation of 2-pyrimidylnitrenium ion

Para- and meta-attacking partial rate factors kf were

determined for the formation of 2-anilinopyrimidine
derivatives, meta-products 4b, 4c and 4f and para-
products5b, 5c and5f, in the reactionsof 1 with 2b, 2c
and 2f in the presenceof TFA (30%, v/v). A Hammett
correlationof log kf against�� givesa goodlinear plot
with r =ÿ2.9 (Fig. 1). The negativer value and the
resultsshowingthe formationof 3–5 via singletspecies
suggestthat a singlet 2-pyrimidylnitrenium ion as a
cationicintermediateis involvedin theformationof 3–5
(Scheme1). The small negativer value (i.e. the low
substrateselectivity)comparedwith that (ÿ4.5)[3a,c]of
a singlet phenylnitrenium ion shows that the singlet
pyrimidylnitrenium ion is more electrophilic than the
singletphenylnitreniumion.

The singlet groundstateof phenylnitreniumion has
beenproposedto be26.1kcalmolÿ1 morestablethanthe
triplet state.7 By thereplacementof thephenylring of the
nitreniumion with a pyrimidyl ring, the positivecharge
canbepreferentiallylocalizedonits exocyclicN-position
since the positive charge unfavourably populatesthe
pyrimidyl ring comparedwith thephenylring owing to a
higherelectronegativityof anN atomcomparedwith aC
atom. This may explain the reason why the singlet
pyrimidylnitrenium ion is more electrophilic for the
arylation than the singlet phenylnitrenium ion, and
undergoesthe selectiveexocyclic N-arylation in spite
of N- and C-arylations3 of the latter ion. The energy
levels of the singlet and triplet statesof the pyrimidyl-
nitrenium ion are not greatly different, consideringthe
productionvia bothstatesevenin theabsenceof aheavy-
atomsolvent.

It is knownthat1 in thepresenceof TFA equilibrates
mainly with a conjugatedacidwhich is protonatedat the
ring N-position of the azido form.8 Thus, the singlet
nitrenium ion is photolytically formed by fast intra-
molecular proton transfer after denitrogenationof the
conjugatedacid, 3–5 being producedby N-arylation of
the singletnitreniumion in additionto the formationof
6–8via the triplet nitreniumion (Scheme1).

We consideredthepossibility thata certainamountof
3–5 is formedby directreaction9 of a 2-pyrimidylnitrene
with aromatic compoundsor by conversion2 (in the
presenceof TFA) of azepinesproducedin a reactionof
the nitrenewith aromatics.However,this possibility is
not plausiblefrom thefollowing data;thephotolysisof 1
in benzene(25cm3)–CH2Cl2 (5.0cm3) at 25°C for 8 h
resultedin 44% decompositionof 1, but 3–5 were not
formed even when TFA was added to the reaction
mixture. At first sight, the formation of 3–5 seemsto
occurby amechanismvia thenitreniumion producedby
protonation10,11 of nitrene. However, this mechanism
is unlikely from the fact that the photolysis of 1
is acceleratedin the presenceof TFA (i.e. in the above
photolysis,the useof TFA insteadof CH2Cl2 resulted
in ca 100% decompositionof 1); this accelerationcan
rule out the spontaneousdecompositionof 1 via the
nitrene.

Figure 1. Hammett plot of �� against log kf for the
formation of 2-(3- and 4-substituted anilino)pyrimidines 4
and 5 in the photo-reaction of tetrazolo [1,5-a] pyrimidine (1)
in a mixture of aromatic compound (70%, v/v) and TFA
(30%, v/v) at 25°C.
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Effect of solvent nucleophilicity

The total yield of 3a and6 increasedwith a decreasein
nucleophilicity (MeOH> AcOH> CF3CH2OH> TFA)
of theaddedsolvent(Table3). This is in accordwith the
proposalthat3aand6 areformedby anionic mechanism
(via the nitrenium ion) in which the reactivity of the
nitrenium ion is decreasedin a highly nucleophilic
solventby solvationand/ortheir yieldsaredepressedby
reaction of the nitrenium ion with the solvent; the
nitrenium ion would be allowed to react with MeOH,
AcOH or CF3CH2OH since 1 was almost completely
consumed,giving a complexmixture of products.

Effect of counter-anions

The photolysisof 1 wascarriedout in TFA (50%,v/v)–
benzene(50%, v/v). The yield of 3a tendsto increase
with an increasedsoft property (ÿO4Cl> ÿBF4 and
ÿOSO3H> ÿOSO2CF3>

ÿOCOCF3>
ÿCl) of the

counter-anion,buttheyield of 6 hasanoppositetendency
(Table4); thecounter-anionshouldcomefrom theadded
acid (usingonly TFA, the counter-anionis ÿOCOCF3).
Sincetheconjugatedacidof 1 is pairedwith thecounter-
anion, the nitrenium ion generatedby photolysisof the
conjugatedacidmaypairwith thecounter-anion(Scheme
1). Henceits reactivity would be higher when it hasa
softercounter-anion.Theresultwell supportsthat theN-
arylationoccursvia thesingletnitreniumion possessing
thecounter-anionwhich perturbsits reactivity.

Effective N-arylation by addition of small amount
of acid

The N-arylation of variousaromaticcompoundsby the
nitrenium ion waseffectively perturbedby the counter-
anionwhenacidwasaddedto thereactionsystem(Table
5). As seenin the reactionwith 2a in Table 5, the N-

arylation occursmore effectively with the addition of
acid in thepresenceof a largeamountof TFA [i.e. when
acid is added in the presenceof TFA of 70% (v/v)
comparedto 50or 30%(v/v), thesingletstateproduct3a
is preferentiallyformed without giving the triplet state
products6 and7]. Theadditionof AcOH cannotvary the
counter-anionbecauseits acidity is lower than that of
TFA, but enhancesthe N-arylation (Table 5). These
results show that the addition of acid brings about a
preferentialreactionvia thesingletnitreniumion, andwe
will explaintheeffect of addedacid in detail in a future
paper.

In the reactionswith alkylbenzenes2b, 2c and2e, the
additionof HBF4 cangeneratethereactivenitreniumion
havingthesoftandnon-reactivecounter-anionÿBF4, and
havean effectiveresult(asseenin Table5) is obtained.
An increasedconcentrationof TFSA,H2SO4 or HBF4 led
to a deceasedyield of 3–5 in the reactionswith the
alkylbenzenes(Table 5). The products 3–5 in these
reactionsareprobablyunstablein thepresenceof sucha
strong acid, consideringthat the gas–liquidchromato-
graphic (GLC) analysisof the reactionmixture shows
manysmallpeaks.In contrast,thetotalyield of 3f–5f was
high enoughusing a relatively large amountof TFSA
(11mmol) (Table5) sinceside-reactionsare impossible
in the reactionwith chlorobenzene2f in the presenceof
TFSA.As for thereactionwith anisole2d, theadditionof
acid loweredtheyield of 6, but the total yield of 3d and
5d wasalmostindependentof theaddition(Table5).This
arisesfrom the diffusion-controlledreactionof highly
nucleophilic2d (seeExperimental).

Theyield of 6 in thereactionswith 2b,2cand2ein the
presenceof TFA (70%, v/v) was not decreasedby the
additionof acidasmuchasin thereactionwith 2a (Table
5). Since the formation of 6 via H-abstractionfrom
alkylbenzenes2b, 2c and2e canoccurmorefavourably
than that from benzene2a, the above result seems
reasonable.The yields of 3a and6 wereindependentof
theconcentration(1.0or 4.0mmol)of 1 (Tables1 and2).

Table 3. Effect of nucleophilicity of added solvent (19 cm3)
on the photo-reactiona of 1 (1.0 mmol) in a mixture of
benzene (8.0 cm3) and TFA (3.0 cm3) in the presence of TFSA
(1.2 mmol) at 25°C for 6 h

Yieldb (%) Total yield of
Solvent 3a 6 7 3a, 6 and7 (%)

TFA 82 0 0 82
CH2Cl2 43 27 0 70
CF3CH2OH 36 16 0 52
AcOH 36 13 0 49
MeOH 0 0 0 0

a The reactionshowedalmostcompletedecompositionof 1.
b The yieldsarebasedon 1 consumed.

Table 4. Effects of counter-anions on the photo-reactiona of
1 (1.0 mmol) with benzene (2a) (15 cm3) in the presence of
TFA (50%, v/v) at 25°C for 8 h

Added Counter- Yieldc(%)

acidb anion 3a 6 7

None ÿO2CCF3 49 17 0
HCl ÿCl 47 23 0
TFSA ÿOSO2CF3 58 12 0
H2SO4

ÿOSO3H 61 9.0 0
HBF4

ÿBF4 61 9.6 0
HClO4

d ÿO4Cl 71 7.0 0

a Thephoto-reactionresultedin almostcompletedecompositionof 1.
b Acid of 1.2mmol wasadded.
c Theyields arebasedon 1 decomposed.
d Underthereactionconditionsin thepresenceof HClO4, 27%of 1 was
consumed.
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This indicatesthat the H-abstractionin the reactionin
benzene–TFAdoesnot takeplacefrom 1.

Theyield of 8 wasalmostinsensitiveto theadditionof
acid(Table5). Fromtheresult,somereactionin addition
to the triplet reaction seenin Scheme1 seemsto be
connectedwith the formation of 8 in the caseof the
additionof acid.

EXPERIMENTAL

IR spectrawere obtainedwith a Hitachi EPI-G3 spec-
trometer.1H NMR spectraweremeasuredwith aNippon-
denshiPMX-60SIinstrument(J valuesaregiven in Hz).
GLC massspectrawererecordedwith a ShimadzuQP-
5000 spectrometercoupled with a ShimadzuGC-17A
chromatographusing a column (15m� 0.25mm i.d.)
coatedwith DB-1 (0.25mm film thickness)from J & W
Scientific.GLC wasperformedwith a ShimadzuGC-8A
chromatographusinga glasscolumn(1 m� 3 mm i.d.)
packedwith 10% SE-30 on 60–80-meshChromosorb
WAW DMCS.Two runsagreedwithin a3%errorfor the
yields of the products, which were determined by
replicateGLC analyses.Whentheortho- or meta-isomer
of thepara-productwasnot isolated,theyield of thenon-
isolatedisomerwasdeterminedby theassumptionthat it
hasthe sameGLC peakareasensitivity as the isolated
product. Photolyseswere performed in a quartz tube
(25� 1.8cm i.d.) usinga 500W high-pressureHg lamp
(EikōshaEHB-W-500)afterpurgingwith N2 for 15 min.

Benzene(2a), toluene(2b), ethylbenzene(2c), anisole
(2d), p-xylene (2e), chlorobenzene(2d), nitrobenzene

(2g), ethyl acetate,CH2Cl2, CH2Br2, AcOH andMeOH
werepurified by standardmethodsbeforeuse.TFA was
purified by distillation. The following compoundswere
of reagentgrade (Nakalai Tesque)and used without
furtherpurification:2-aminopyrimidine(6), biphenyl(7),
trifluoroaceticanhydride,TFSA,H2SO4, HCl andHBF4;
HCl and HBF4 were dehydratedusing trifluoroacetic
anhydride.Tetrazolo[1,5-a]pyrimidine(1) wasprepared
by themethodin the literature.6

Photo-reactions of tetrazole (1) (4.0 mmol) with aro-
matic compounds (2a±g) in the presence of TFA (30%,
v/v). Thereactionconditionsandtheresultsareshownin
Table1. After the reaction,aqueousNa2CO3 wasadded
until thesolutionreachedpH> 7. Theorganiclayerwas
extractedwith CH2Cl2, the productsbeing isolatedby
thin-layer chromatographyusing silica gel (Merk 60PF
254) after column chromatographyusing silica gel
(Wakogel C-200). The yields of the products were
determinedby GLC analysis.The productswere stable
under the reaction conditions.The following products
wereidentified.

2-Anilinopyrimidine (3a)12. This white crystalline
(needles) compound had m.p. 112.5–113°C (from
benzene–ethylacetate);�max (KBr) (cmÿ1) 3240 (NH),
3090and2970(aromaticCH), 1610and1580(NH and
pyrimidyl C=N), 1500and1450(aromaticC=C), 1255
(C—N), 795 (pyrimidyl CH), 750 and 690 (mono-
substitutedPh) and 640 (2-substitutedpyrimidine); �H

(CDCl3) 6.65(1H, t, J = 4.8,H of pyrimidyl C-5), 6.98–
7.67 (6H, m, NH and aromatic H) and 8.35 (2H, d,

Table 5. Photo-reactionsa of 1 (1.0 mol) with aromatic compounds 2a±f in the presence of TFA containing a small amount of
acid at 25°C for 6 h

Acid TFA Yieldb(%)

Aromatic 2 Acid (mmol (%, v/v) 3 4 5 6 7 8

(a) Benzenec None 30 66 – – 11 Trace –
(a) Benzenec H2SO4 1.2 30 46 – – 9.9 0 –
(a) Benzenec None 50 49 – – 17 0 –
(a) Benzenec H2SO4 1.2 50 61 – – 9.0 0 –
(a) Benzene None 70 46 – – 17 0 –
(a) Benzene H2SO4 1.2 70 84 – – 0 0 –
(a) Benzene HBF4 1.2 70 90 – – 0 0 –
(a) Benzene AcOH 1.2 70 85 – – 0 0 –
(b) Toluene None 70 38 2.2 23 13 – 5.0
(b) Toluene HBF4 0.5 70 50 0 35 5.5 – 6.8
(c) Ethylbenzene None 70 36 0.8 32 1.0 – 26
(c) Ethylbenzene HBF4 0.5 70 41 0 37 1.3 – 27
(d) Anisole None 70 40 0 33 5.0 – –
(d) Anisole HBF4 0.7 70 42 0 33 0 – –
(e) p–Xylene None 70 49 – – 1.8 – 12
(e) p–Xylene HBF4 0.5 70 54 – – 0.3 – 13
(f) Chlorobenzene None 70 26 trace 26 0 – –
(f) Chlorobenzene TFSA 11 70 45 0 34 0 – –

a The reactionin a solution(30cm3) resulted in almostcompletedecompositionof 1.
b The yieldsarebasedon 1 decomposed.
c The reactionwasperformedfor 8 h.
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J = 4.8,H of pyrimidyl C-4 andC-6).Found:C, 70.3;H,
5.4; N, 24.45.Calculatedfor C10H9N3: C, 70.15;H, 5.3;
N, 24.55%.

2-(2-Methoxyanilino)pyrimidine (3d). This white crys-
talline (needles)compoundhadm.p.58.5–59.0°C (from
benzene–ethylacetate);�max (KBr) (cmÿ1) 3415 (NH),
3040,3000and2935(aromaticCH), 1610and1590(NH
andpyrimidyl C=N), 1490and1455(aromaticC=C),
1255 (C—O), 795 (pyrimidyl CH), 750 (ortho-substi-
tutedpyrimidine)and635(2-substitutedpyrimidine);�H

(CDCl3) 3.88 (3H, s, OMe), 6.67 (1H, t, J = 4.8, H of
pyrimidyl C-5), 6.88–7.10(4H, m, aromaticH), 7.56–
7.91(1H,br,NH) and8.42(2H,d,J = 4.8,H of pyrimidyl
C-4 and C-6). Found: C, 65.9; H, 5.5; N, 20.8.
C11H11N3O requiresC, 65.65,H, 5.5; N, 20.9%.

2-(4-Methoxyanilino)pyrimidine (5d). This white crys-
talline compoundhadm.p.132.5–133°C (from benzene–
ethyl acetate);�max (KBr) (cmÿ1) 3255(NH), 3099and
2965(aromaticCH), 1620and1590(NH andpyrimidyl
C=N), 1510 and 1455 (aromaticC=C), 1260 (C—N),
1250(C—O), 820(para-substitutedPh),790(pyrimidyl
CH) and635(2-substitutedpyrimidine);�H (CDCl3) 3.78
(3H, s, OMe), 6.61(1H, t, J = 4.8, H of pyrimidyl C-5),
6.78–7.67(1H,br, NH), 7.23(4H,ABq, J = 9.0,aromatic
H) and8.34(2H, d, J = 4.8,H of pyrimidyl C-4andC-6).
Found:C, 65.95;H, 5.6;N, 20.5.C11H11N3O requiresC,
65.65;H, 5.5; N, 20.9%.

2-(2,5-Dimethylanilino)pyrimidine (3e). Thiswhitecrys-
talline compoundhadm.p.64.0–64.5°C (from benzene–
ethyl acetate);�max (KBr) (cmÿ1) 3240(NH), 3020and
2920 (aromaticCH), 1590 (NH and pyrimidyl C=N),
1515 and 1450 (aromatic C=C), 1255 (C—N), 810
(1,2,3-substitutedPh), 795 (pyrimidyl CH) and 635 (2-
substitutedpyrimidine); �H (CDCl3) 2.20 (3H, s, Me),
2.31(3H, s,Me), 6.6(1H, t, J = 5.0,H of pyrimidyl C-5),
6.91–7.32(3H, m, aromaticH), 7.53–7.7(1H, br, NH)
and 8.30 (2H, d, J = 5.0, H of pyrimidyl C-4 and C-6).
Found:C, 72.6;H, 6.65;N, 20.75.C12H13N3 requiresC,
72.35;H, 6.6; N, 20.75%.

2-(4-Chloroanilino)pyrimidine (5f). This white crystal-
line compoundhadm.p.146.0–147.0°C (from benzene–
ethyl acetate);�max (KBr) (cmÿ1) 3260 (NH), 3100
(aromatic CH), 1620 and 1590 (NH and pyrimidyl
C=N), 1495 and 1460 (aromaticC=C), 1255 (C—N),
825 (para-substitutedPh), 795 (pyrimidyl CH), 665
(C—Cl) and645(2-substitutedpyrimidine);�H (CDCl3),
6.63–6.79(1H, t, J = 4.8,H of pyrimidyl C-5),7.17–7.64
(1H, br, NH), 7.41 (4H, ABq, J = 9.0, aromaticH) and
8.39(2H, d, J = 4.8,H of pyrimidyl C-4 andC-6); GLC–
MS, m/z 207 and205 (M�), 206 and204 (M�ÿH), 170
(M�ÿCl), 111, 99, 85, 75, 68, 63 and 53. Found: C,
58.25;H, 3.9; N, 20.25.C10H8N3Cl requiresC, 58.4;H,
3.9; N, 20.45%.

Theproducts2-(2-,3- and4-methylanilino)pyrimidine
(3b,4b and5b) in thereactionwith 2b wereobtainedasa
mixture. Found:C, 71.35;H, 6.0; N, 22.55.Calculated
for C11H11N3: C, 71.35;H, 6.0; N, 22.7%.Thestructure
of the productswas identified by GLC–MS as follows:
the productshave m/z 185 (M�), 184 (M�ÿH), 170
(M�ÿMe), 91, 79, 65, 53, 44 and 44; the relative
intensityof m/z170shouldbehigherin theortho-product
3b thanin 4b and5b; sincethepeakof 4b showsashorter
retentiontimethanof 5b,4b and5b maybethemeta- and
para-products,respectively.

The products2-(2-, 3- and 4-ethylanilino)pyrimidine
(3c,4cand5c) in thereactionwith 2cwerealsoobtained
asamixture.Found:C,72.45;H, 6.5;N, 21.1.Calculated
for C12H13N3: C, 72.35,H, 6.6; N, 21.1%.Thestructure
of the productswascharacterizedby GLC–MS: 3c, m/z
199(M�), 183,170(M�ÿEt), 92,79,77,53 and51; 4c,
m/z199(M�), 198(M�ÿH), 170(M�-Et), 91,79,53and
51; 5c,m/z199(M�), 198(M�ÿH), 184(M�ÿMe), 170
(M�ÿEt), 92,79,77,53 and51.Therelativeintensityof
m/z 170, 198 or 184 was highest for 3c, 4c or 5c,
respectively. This result and the retention times
(3c< 4c< 5c) suggestthat 3c, 4c and 5c are ortho-,
meta- andpara-isomers,respectively.

The structureof 2-(2- and3-chloroanilino)pyrimidine
(3f and 4f) was confirmed by GLC–MS: 3f, m/z 170
(M�ÿCl), 85, 75 and53; 4f, m/z 207and205(M�ÿH),
170,169,84, 75, 68, 63, 53, 52, 51 and50. The results
andthe retentiontimes(3f< 4f) showthat3f and4f are
ortho- andmeta-products,respectively.

Formation of diarylmethanes (8). The diarylmethanes
areformedmainly by ortho andpara attacksof benzylic
radicals on aromatic ring, and bibenzyls are not
formed.5a–d. Diarylmethane8b wasidentifiedaccording
to the literature.13 Diarylmethanes8c and 8e were ob-
tainedasliquids andconfirmedby thefollowing spectral
data.

4-(1-Phenylethyl)ethylbenzene (8c'). �max (KBr) (cmÿ1)
3000,2960and2920(CH),2860,1945,1900,1780,1730
and 1665, 1605 and 1495 (C=C of Ph), 1450, 1420,
1375,1325,1290,1265,1220,1170,1130,1065,990,
920, 840 (para-substitutedPh), 770 and 710 (mono-
substitutedPh),615,570and550;�H (CDCl3) 1.18(3H,
t, J = 7.0, Me), 1.60 (3H, d, J = 7.0, Me), 2.59 (2H, q,
J = 7.0, CH2), 4.11 (1H, q, J = 7.0, CH) and 6.90–7.70
(9H, m, aromatic H); GLC–MS, m/z 210 (M�), 195
(M�ÿMe), 181(M�ÿEt),, 167,165,152,115,105,103,
89, 77 and51.

Compound8c@ hadashorterretentiontimethanthatof
8c', so that it would be an ortho-isomerof 8c'. Further,
8c@ showedthefollowing GLC–MSdata:m/z 210(M�),
195 (M�ÿMe), 181, 179, 178, 167, 165, 117
[M�ÿ(Ph�MeH)], 105, 103, 91, 89, 77, 76 and 51.
Theyield of 8c indicatedin Tables1, 2 and5 meansthe
total yield of 8c' and8c@.
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2-(4-Methylbenzyl)-4-methyltoluene (8e). �max (KBr)
(cmÿ1) 3000, 2900 and 2840 (CH), 1895, 1790, 1735,
1710,1610 and 1500 (C=C of Ph), 1440,1380,1300,
1260,1240,1215,1195,1165,1125,1045,1030,1000,
955,920,895,815(para-substitutedPh),770,730,710,
655,630,600,555,510,490 and440; �H (CDCl3) 2.14
(3H, s, Me), 3.84 (2H, s, CH2) and 6.85–7.40(7H, m,
aromaticH); GLC–MS, m/z 210 (M�), 195 (M�ÿMe),
180,179,178,165,118,105,104,103,91,89,77and51.

Effects of heavy-atom solvent and counter-anion on
the photo-reactions of 1 (1.0 mmol) with benzene in
the presence of TFA. Theeffectsof heavy-atomsolvent
andcounter-anionwereexaminedby variationof theacid
andsolventasshownin Tables2 and4.Theprocedurefor
theisolationandcharacterizationof theproductsandthe
determinationof theiryieldswereperformedasindicated
above.The resultsaregiven in Tables2 and4.

Hammett plot. A solutionof 1 (1.0mmol) in amixtureof
TFA (9.0cm3), benzene(10.5cm3) and an aromatic
compound(10.5cm3) suchastoluene(2b), ethylbenzene
(2c) or chlorobenzene(2f) wasirradiatedfor 0.5h under
conditionssimilar to thoseabove,resultingin a ca 10%
conversionof 1. After the reaction mixture had been
treated as describedabove, the ratios 3a:4b, 3a:5b,
3a:4c,3a:5c,3a:4f and3a:5f weredeterminedby GLC.
The para- and meta-attacking partial rate factors (kf)
werecalculatedonthebasisof theaboveratios,theinitial
concentrationof thearomaticcompoundsandthenumber
of C— H bondsin benzeneand para- and meta-C—H
bondsof the substitutedaromatics.A good linear plot
with r =ÿ2.9 was obtained as shown in Fig. 1; the
correlationcoefficientwasÿ0.983.In thiscorrelation,we
did not usekf for p-OMe as the value was abnormally
lower thanthat expectedfrom the Hammettrelationship
sincethe reactionwith anisoleprobablyproceedsby a
diffusion-controlled process.

Effect of solvent nucleophilicity on the reaction of 1
with benzene (2a). Thereactionof 1 (1.0mmol)with 2a
was conductedin the presenceof various solventsas
shownin Table 3. The procedurethe for isolation and
characterizationof theproductsandthedeterminationof
their yields were carried out as describedabove.The
resultsaregiven in Table3.

Effective N-arylation of the nitrenium ion by addition of
a small amount of acid in the presence of TFA (70%,
v/v). Thephoto-reactionsof 1 with 2a–f wereperformed
in the presenceof TFA (70%, v/v) containing a very
small amount of the acid, as shown in Table 5. The
isolation and characerizationof the productsand the
determinationof the yieldswerecarriedout by methods
similar to thoseabove.The resultsaregiven in Table5.
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