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Abstract
This work investigated the reactivity of 2-benzyiplyl lithium (2-Pyr)C(Ph)(R)Li (R =

SiMe;, Lil; R = H, Li2) toward benzonitrile derivatives. Based on thded#nt products, the
reaction between lithium salts and nitriles mightalve in addition, elimination and bimolecular
coupling pathways, respectively. Treatment Lot with ArCN (Ar = Ph, p-Tolyl, o-Tolyl,
p-OMePh) yielded an addition intermediate pyridy&Aa-allyl-lithium
[{(2-Pyr)C(Ph)C(ArN(SiMeg)}Li] 2 (1, Ar = Ph) and its corresponding hydrolysis product
2-benzylpyridyl-ketone2-5, respectively, in which the reaction involved il &8-shift of-SiMe;
groupto form a dimeric pyridyl-1-aza-allyl-lithium thefollowed by acidic hydrolysis. The
MeOLi elimination reaction betweehi2 and p-MeO(CGH4)CN resulted in formation of
4-(2-benzylpyridyl)benzonitriles. The reaction oLi2 with p-Me(CsH4)CN in the presence of
TMEDA generated a 1:2 hydrolysis adduct 2-benzythyrenaminone?, however,n the absence
of TMEDA it afforded a coupling product of  bimolecular nitriles,
1-(4-methylphenyl)-2-cyanophenyl-ethano®e We speculated the reaction mechanisms in

sequence. The crystal structured @ind5-8 were analyzed.

Keywords: 2-benzylpyridyl lithium; nitriles; addition; elimation; bimolecular coupling; silyl

group migration.

1. Introduction



The insertion reaction ofi-H-free aromatic nitriles into Li-C has been repdrtfor its
superiority of forming 1-azaallyls [1,2] afiddiketiminates [3,4]. Pyridyl-substituted azaallgisd
B-diketiminates have attracted much more attentimntifie rigidity of N-heterocycle [5,6,7].
Berth-Jan Deelman and his co-workers have obtainethylsilyl-substituted [N,N] bidentate
pyridyl-azaallyl ligands [7and their zirconium complexes [8], which have gasdonating
properties than th@-diketiminates [7]. In further studies, they syrdized a series of [N,N]
bidentate chelating lithium complexes by the resctf —SiMe substituted pyridyl-alkyl lithium
with differenta-H free nitriles [6,7], the product existed as meliic structure. Zsuzsa Majer and
co-workers have prepared a range of [N,O] bidemtittegen ligands, and further synthesized
B-diketiminates [9]. Thomas C.W. Mak has affordedesal group 14 metal-pyridyl-1-azaallyls as
dimmers by the reaction of lithium pyridyl-1-azgall  complex
[L{N(SiMe 3)C(Ph)C(R)(GH4N-2)}]> [R = SiMe or H] with group 14 metal halides, such as
[Ge{C(CsH4N-2)C(Ph)N(SiMg)}Cl 5], [SN{N(SiMe;)C(Ph)C(SiMg)(CsHiN-2)}],

[Pb{N(SiMe3)C(Ph)C(SiMg)(C5H4N-2)}] and [{(CsHaN-2)C(SiMe)C(Ph)N}(u-SiHCI)] [5].

As mentioned above, —SiMsubstituted pyridyl-alkyl lithium Chart 1, A) is often as the
preferred reactant to produce pyridyl-azaallyls. Wave also reported the addition of
2-(trimethylsilyl)pyridylmethyl lithium and nitrile to form pyridyl-1-azaallyllithium complexes
[{2-(6-Me-Pyr)C(H)C(tBu)N(SiMe)}Li] », [{2-(6-Me-Pyr)C(H)C(Ph)N(SiMgJ}Li] » and
[{(2-Pyr)C(H)C(Ph)N(SiMeg)}Li] »[10]. It implies that pyridyl-alkyl lithiums containg —-SiMe;
substituent may take nucleophilic addition reactth nitriles more easily than those of lithium
compounds withoutSiMe; substituent, probably due to th&iMe; group migrating easier than

other alkyl or H atom.

Very recently, we investigated the reactions ofttBApyridyl or 2-methylpyridyl lithium
(Chart 1, B and C) without —SiMg substituent reacts with nitrilegn situ, followed by acid
hydrolysis to give B-pyridyl ketones 1-(2-pyridinyl)-2-propanone,
1-phenyl-2-(2-pyridinyl)-1-propanone and 1-(2-méfenyl)-2-(2-pyridinyl)-1-propanoneegtc
[11], in which the reaction pathway involves in thentermediate adducts

pyridyl-1-aza-allyl-lithiums.
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Chart 1. Different substituted pyridyl lithiums.

Now, we are interested in 2-benzylpyridyl lithiurg@hart 1, D) and their reactivity with
nitriles. According to reports in the literatureb@nzylpyridine has been widely studied due to the
activity of C(sp)-H bonds between the two aromatic rings, suchoasethylenation of
benzylpyridines [12], Oxidative Carbonylation [18],C-metallization [14], nucleophilic addition
of 2-benzylpyridyl lithium and ketones [15]. Nevegtess, influenced by different properties of
substituents and external conditions, the reaabo2-benzylpyridyl lithium and ArCN usually
exerts various mechanisms except addition. Thergbvsubstituents of nitriles and less optimum
conditions may give rise to elimination or bimoli&swoupling outcomes [16] instead of addition

products, especially when the electron-donatingigiie absent in the benzylpyridyl lithium.

Herein, the present work complements the previot(@-Ryr)C(R}Li/nitrile insertion
investigations by extending the system to inclueietions of the carbon anion prepared by the in
situ lithiation of the hitherto unknown 2-benzylyl ligand, (2-Pyr)C(Ph)(R)Li (R = SiMeLi1;

R = H, Li2) (Chart 1, D), with ArCN (Ar = Ph,p-Tolyl, o-Tolyl, p-OMePh). Full details on the
synthesis and characterization of insertion, elation and bimolecular coupling compounds are

provided.

2. Results and discussion

2.1. Reactions of (2-Pyr)C(Ph)(R)(Li) with ArCN

The general synthesis route for compoutd8 are illustrated inScheme 1 The starting
lithium compounds (2-Pyr)C(Ph)(R)(Li) (R = Sié.il; R = H,Li2) were prepared by lithiation
of 2-[(2-trimethylsilyl)-benzyl]pyridine [17] and-Benzylpyridine with"BuLi, respectively. The
dimeric pyridyl-1-aza-allyllithiums were prepareg the addition ofLil with ArCN (Ar = Ph,

p-Tolyl, o-Tolyl, p-OMePh), respectively, but only [{(2-Pyr)C(Ph)C(RI$iMes)}Li] » (1) was



isolated. However, their corresponding hydrolysisrodoicts 2-benzylpyridyl-ketones
(2-Pyr)C(H)(Ph)(CO)Ph2), (2-Pyr)C(H)(Ph)(CO)(4-Me-Ph}g}j, (2-Pyr)C(H)(Ph)(CO)(2-Me-Ph)
(4) and (2-Pyr)C(H)(Ph)(CO)(4-OMe-Php)( were obtained in high yields. The elimination
product (2-Pyr)C(H)(Ph)(4-CNPhp) was synthesized by the reactionLd® with ArCN (Ar =
p-OMePh) via the intermolecular elimination of MeOLi. (2-Pyn)-
C(Ph)C(4-Me-Ph)N(H)(CO)(4-Me-Ph)7Y was given by 1:2 addition dfi2 with ArCN (Ar =

p-Tolyl). Bimolecular coupling op-MePhCN generated (4-Me-Ph)(CO)C(H)(H)(4-CN-P8)) (

Ph Ph
‘ X Ar Ar 2 Ar=Ph
N .SiMes | N 3. Ar=p-Tolyl
UUN . -
] |) AI’CN L|\ /L|\ _ “) H+/H20 _ N () 4: Ar= O-T0|y|
L1 — N N - > 5. Ar = p-OMePh
Me;Si PN | addition products
Ar 2-5
Ph_ R Ph
P Li . -
\ 1: R = SiMes, Ar =Ph
N Ph
4 N.__O
Li1: R = SiMeg - XX \f _
N ii) TMEDA Ar =p-Tolyl
Li2. R=H - | _N Ar Ar
iil) H*/H,0
1:2 addition product
i) p-MePhCN
Li2 ) p 7
o CN
i) p-OMePhCN il) H*/H,O O
iy H*/H,0O O
Ph HsC
| X bimolecular coupling product
8
_N CN
elimination product
6

Scheme 1Synthesis of the compountis8.

2.2. Synthesis and reaction pathways of compounds 1-5

Lil reacts with an equiv. of ArCN to vyield the addumtmpounds1-5. Dimeric
pyridyl-1-aza-allyl-lithiumsl was prepared by insertion reactiorLd@f with PhCN in a 1:1 molar
ratio in EtO for 48 h, and was isolated as orange red criygadblidsl- toluene in a high yield of
96% at room temperature, then followed by acididrbiysis to give 2-benzylpyridyl-ketorizin
83.6% yield Scheme ). Similarly, 2-benzylpyridyl-ketone8-5 were derived fronLil and
p-(Me)PhCN,o-(Me)PhCN ang-(OMe)PhCN as yellow solids in 82.4%, 66.6% andl2®yield,

respectively. Such a reaction involved a 1,2-inserof the ArCN into the Li-C bond to generate



an intermediaté as well as a 1,3-trimethylsilyl migration to foartautomeric azaallylé andll’,

Il was obtained by dimerization df, followed by acidic hydrolysis to affor2t-5 (Scheme 2
This method was related to that previously employedsynthesis of other pyridyl azaalyl
complexese.g. pyridyl-1-azaallyllithium complexes [{2-(6-Me-PYZYH)C(R)N(SiM&)}Li] 2 [R =

tBu or Ph] or [{(2-Pyr)C(H)C(Ph)N(SiMg}Li] » [10], 2,6-pyridyl-linked bis(1-azaallyl) and
2,3-pyrazyl-linked bis(1-azaallyl)alkalimetal compuls [18,19]. Furthermore, a series of derived

pyridyl-1-azaallyl low-valent group 14 compoundsreveescribed [5,20,21].

Ph  Li Ph_ SiMe; Ph_ Li Ar
| SN SiMe, ArCN | A Ar | 1,3-migration of -SiMe; | X I
_ N — N NLi — N N
SiMe;
Li1 | Il
XX
SIMe3
H*"/H,0 \ , _ dimerization
N ’ S|M63
Me38|
2:Ar=Ph
3: Ar = p-Tolyl I
4: Ar = o-Tolyl
5: Ar = p-OMePh

Scheme2. Proposed pathway for the formation2ob.

CompoundL is extremely air- and moisture-sensitive. It ikubte in THF and BD, but poor
solubility in toluene and hexane. It was isolated am orange crystalline suitable for X-ray
diffraction study in toluene at — 30 °C for thremysl. Compound&-5 were obtained as yellow
solids after purification by a flash chromatograpéiyd5 was crystallized as yellow crystals from
mixture of E}O and hexane at room temperature. Compouhésare slightly air-sensitive or
stable. Most commonly, these compounds exist intasbomers: enol and ketone, depending on
the substituent in the molecule [11]. However, tHeNMR spectra of2-5 show no resonance
signals of enol protons D appearing in the range of -1 ppm, which confirmed they exist as

the ketone form alone.
2.3. Synthesis and reaction pathways of compounds 6-8

In contrast,Li2 reacts with ArCN to provide a variety of produ&s3, depending on the

reaction substrates and the presence or absef®dEDA (Scheme L An elimination produc6



towards the reaction @fi2 with p-(OMe)PhCN was synthesized accidentally. When arnveqf
p-(OMe)PhCN was added to the solutionLi® in THF, in situ the mixture was suffered to acid
hydrolysis and purified by column chromatographyytate solidé was obtained in 33.5% yield.
The possible mechanism for the formation6afias shown irScheme 31t depicts that Li atom
was more electropositive whitelDMe group was to the contrary, the carbanion oreyipgridyl
lithium attacked electropositive aromatic-C andiatermolecular elimination reaction between
Li2 andp-(OMe)PhCN was apt to come up to fofvia elimination of LiOMe, which may be
due to the —OMe group more likely to leave wherstexice of a electron-withdrawing group. This
is consistent with the reaction of ortho-methoxywuy in 1- and 2- naphthoic acids with

organolithium to produce a substitution product cmnitantly with elimination of methoxyl

lithium [22].
Ph | Ph
©
@Q\% . O\@\ Liove _ N
_N w CN _N CN
Li2 6

Scheme3. Possible mechanism for the formationGof

When the reaction dfi2 with p-(Me)PhCN was carried out in the presence of TMEDA,
followed by acid hydrolysis, adduct compouhdas given as a yellow solid in 26% yield; but the
same reaction in the absent of TMEDA, coupling pot® was obtained as a white solid in 64.2%
yield. Crystals of7 and 8 suitable for X-ray diffraction study were growrofn a concentrated
CH,CI; solution at room temperature for 3 days, respelstiv

By analyzing the structure @f it is a 1:2 adduct which bearing a large conjadagtructure
instead of the 1-azaallyllithiums as anticipated. iAreported in the literature, TMEDA as an
amine component reagent [23] can effectively pi@elsecondary oligomerizing interactions and
produce monomeric or dimeric lithium complex, whigicreases the carbanionic reactivity
distinctly. Therefore, nucleophilic carbanion ob&nzylpyridyl-lithium is an attack on ArCN to
yield an intermediate l-azaallyl lithium, a secomtthick ArCN to give another intermidiate
1,3-diazaallyl lithium, undergoing hydrolysis tdafl a conjugated product which exists as three
tautomers: pyridyl-imino ketone, 1,2-(dihydropyrdgimino ketone and pyridyl-enaminone
(Scheme ¥ X-ray crystallography and théH NMR spectra (resonance signal ofi Noroton

appearing atd 14.54 ppm) demonstrated that compourdpresented in the form of



pyridyl-enaminone. The pathway is comparable to f{hreviousely reported reaction of

LICH(SiMe3), with PhCN in a 1:2 M ratio to yield the 1,3-diaktgdithium [24,25].

Ph Ph Ph
i N.__NLi

AU _aen, NL AN & O OF T HHQ
N x~_N Ar ~_N Ar Ar

Li2

Ph Ph Ph oo
= | /N\]&O N /N\(O —_— O)\/ \I//
~_N Ar Ar ~_NH Ar Ar XN Ar Ar

7: Ar = p-PhMe
Scheme 4Reaction pathways for the formation7of

Unexpectedly, compound is the hydrolyzate of bimolecular ArCN couplingoguct. We
suggest the formation & as shown irScheme 5i) Lithiation of p-(Me)PhCN occurred byi2
firstly to yield [(4-cyanophenyl)methyl]-lithium,i)i a C-centered nucleophile adds to ArCN
proceeding C-C coupling to give an intermediatkidimine, followed by acidic hydrolysis to
yield 8. It illustrates that with the nonparticipation DMEDA, the insertion reaction dfi2 with
ArCN (Ar = p-Tolyl) was difficult to occur. It may be owing t02 existence as an oligomer,
which reduced its nucleophilic reactivity, by cast, the lithiation of alkyl-substituted arenes is
come up quickly [23]. Meanwhile, it may be thaehydrogen of alkyl-substituted arenes is active
enough to react with organolithium under the stretertron-withdrawing effect of —CN, and
form the constitutionally stable carbanion which efective to couple anothgp-tolunitrile

molecular.

o\

CH, Ph Lisch, NECOCHa
o S L) lithiation of p-MePhCN
~-N i) bimolecular cou
CN

pling
Li2 CN
CN
NLi ‘ CN 0 O
O H*/H,0 O
HsC H,C
8

Scheme 5Possible mechanism for the formatiorBof

2.4. Crystal structures of compounds 1, 5, 6, 7and 8



The molecular structure df(the molecule of toluene has been omitted) isti&ied inFig.
1, the selected bond distances and bond angles@amsnTable 1

The lithium compound 1 exists as the centrosymmetric dimer. Each Li at@m
three-coordinated with N [2.029(3) A, 2.068(4) A993(3) A (Li1-N1, Li1-N2', Li1-N2)]. The
diatance of Li1-N2 is shorter than that of Li1‘Nthd Lil—Né, and is also shorter than that found
in the pyridyl-substituted 1-azaallyl [{2-(6-Me-P@(H)C(tBu)N(SiMe)}Li] »[Li-N=2.207(4) A]
[10]. The distance of Lil atom to pyridine nitrogeit[Li1-N1' =2.029(3) A] is slight longer than
that found in the lithiung-diketiminate [Li{N(SiMe;)C(BU)C(H)C(Ph)N(SiMe)}] 5[1.970(2) A]
[26]. The distance of Lil atom to enamine nitrodéi[Li1-N2' =2.068(4) A] is longer than that
found in the 1,3-diazaallyllithium complexes
[Li{N(R)C(Ph)NC(Ph)=C(H)R}(thf)L[Li-N=1.990(1)] [26]. The atoms of Li1, N2Li1', N2 form
a four-membered ring and they are coplanar. Stenidrance effect results from the aryl groups of
1 generates a distorted six-membered rindN_‘l_C5C6Cl3N2, which is similar to the structure of
pyridyl-1-azaallyllithium [{2-(6-Me-Pyr)C(H)C(tBu)XSiMey)}Li] » [10]. Li1'N2C13 is planar,
and forming a dihedral angle of 62.83(0.12)° to phenar LiIN1C5C13. The distance of C6 to

the planar LiIN1C5C13 is 0.3600 (0.0028) A.

Fig. 1. Molecular structure of compourid

Table 1



Selected bond lengths (A) and angles (°) for comple

Li(1)-N(2)
Li(1)-N(2)'
Li(1)-N(2)’
N(1)-C(5)
N(1)-C(1)
C(5)-C(6)
N(2)-Li(1)-N(2)'
N(2)-Li(1)-N(1)'
N(1)-C(5)-C(6)
C(13)-C(6)-C(5)
C(13)-N(2)-Si(1)
C(13)-N(2)-Li(1)'
Si(1)-N(2)-Li(1)

Li(1)-N(2)-Li(1) '

1.993(3)
2.029(3)
2.068(4)
1.355(2)
1.347(2)
1.485(2)
100.91(14)
160.74 (19)
118.17(14)
122.45(15)
124.40(12)
92.64(13)
121.73(12)

79.09(14)

Li(1) " -N(2)
Li(1) ' -N(2)
Li(1) " -N(2)
N(2) -Si(1)
N(2)-C(13)

C(6)-C(13)

N(1)' -Li(1)-N(2)’

C(6)-C(13)-N(2)

C(5)-N(1)-Li(1)'

N(2)-C(13)-C(14)
C(13)-N(2)-Li(1)
C(1)-N(1)-Li(1)

Si(1)-N(2)-Li(1)

1.993(3)
2.029(3)
2.068(4)
1.7071(15)
1.388(2)
1.374(2)
96.67(14)
125.91(15)
111.99(14)
11380
108aa)
127.29(16)

116.85(12)

The molecular structure & is illustrated inFig. 2, the selected bond distances and bond

angles are shown ifable 2

Compoundb consists of three six-membered rings. The bongtleaf C13-02 [1.219(3) A]
is confirmed as C=0 bond. The distance of C17-GHI(3) A] is shorter than that of
C20-01[1.442(4) A], it may due to thempeonjugation between O1 and benzene. The angle of
C17-01-C20 is 117.3(2)°. The atoms of C20, O1, @13,and benzene with C14, C17 in it are

coplanar, and respectively, forming a dihedral angf 58.29(0.07)°, 78.57(0.08)° with the

benzene contains C6 in it and the pyridine ring.



Table 2

Fig. 2. Molecular structure of compourid

Selected bond lengths (A) and angles (°) for comple

N(1)-C(1)
C(12)-C(6)
C(13)-C(12)
0(2)-C(13)
0(1)-C(20)
N(1)-C(1)-C(12)
C(6)-C(12)-C(13)
0(2)-C(13)-C(14)

C(17)-O(1)-C(20)

1.330(3)
1.523(3)
1.538(3)
1.219(3)
1.442(4)
118.0(2)
113.54(19)
120.4(2)

117.3(2)

C(12)-C(1)
C(6)-C(7)
C(14)-C(13)

O(1)-C(17)

C(6)-C(12)-C(1)
0(2)-C(13)-C(12)

C(14)-C(13)-C(12)

1.523(3)
1.382(3)
1.488(3)

1.361(3)

110.15(19)
120.8(2)

118.8(2)

The molecular structure & is illustrated inFig. 3, the selected bond distances and bond

angles are shown ifable 3

Compounds consists of three six-membered rings. The bondeasigC16-C19-N2 is almost

close to linear [179.1(3)°]. The cyclobenzene v@th6 in it and the atoms of C6, C19, N2 are in



the same plane, and respectively, forming a dithedhgle of 76.82(0.09)°, 77.53(0.10)° with the
benzene contains C7 in it and the pyridine ringe @ilstance between C19 and N2 is 1.136(3) A,

which is demonstrated as=€N bond.

Fig. 3. Molecular structure of compourtd
Table 3

Selected bond lengths (A) and angles (°) for comple

N(1)-C(1) 1.335(3) C(6)-C(1) 1.525(4)
C(6)-C(7) 1.529(4) C(13)-C(6) 1.524(3)
C(19)-C(16) 1.449(4) N(2)-C(19) 1.136(3)
C(1)-C(6)-C(7) 110.4(2) C(13)-C(6)-C(7) 113.8(2)

N(2)-C(19)-C(16)  179.1(3)

The molecular structure df is illustrated inFig. 4, the selected bond distances and bond
angles are shown ifable 4.

Compound7 contains four six-membered rings. Respectively, ibed lengths of C21-O1
[1.218(2) A], N(2)-C(21) [1.366(2) A], C21-C22 [R&(2) A], C7-N2 [1.395(2) A], C6-C7
[1.368(2) A], C1-C6 [1.485(2) A], C1-N1 [1.345(2) Andicating that ,r-electron conjugation
among the structure framework N1=@H=C7N2-(C21=01)C22. The pyridine ring and C86,

C7, N2 are coplanar. The atom of C21 is with aatém of 0.5061 (0.0033) A to the planar. The



structure of7 is distorted because of the steric hinerance ffoon six-membered rings. The

dihedral angle of pyridine ring and cyclobenzent w8 in it is 73.21(0.08)°.

Fig. 4. Molecular structure of compound

Table 4

Selected bond lengths (A) and angles (°) for comple

N(1)-C(1) 1.345(2) C(1)-C(6) 1.485(2)
C(6)-C(8) 1.495(2) C(6)-C(7) 1.368(2)
N(2)-C(7) 1.395(2) N(2)-C(21) 1.366(2)
0(1)-C(21) 1.218(2) C(21)-C(22) 1.496(2)
C(14)-C(7) 1.485(2)

N(1)-C(1)-C(6) 118.78(14) C(1)-C(6)-C(8) 116.01(13)
C(7)-C(6)-C(1) 124.94(15) N(2)-C(7)-C(14) 116.44(13)
C(21)-N(2)-C(7) 129.29(15) 0(1)-C(21)-N(2) 123.80(17)
N@2)-C(21)-C(22)  114.11(15) O(1)-C(21)-C(22)  122.08(16)

The molecular structure & is illustrated inFig. 5, the selected bond distances and bond

angles are shown ifable 5.



Compounds is composed of two cyclobenzenes. The distanc®edCis 1.214(2) A, which
is comparable to the bond lengths of C=0 bond. @%fd the cyclobenzene which contain C10
in it are in the same plane, it is suggested thay tare conjugated. The bond length of

C1-N1[1.141(2) A] is confirmed as=N bond. The dihedral angle of two cyclobenzendSis6

(0.05)°.

€1 Nl

Fig. 5. Molecular structure of compour@l

Table 5
Selected bond lengths (A) and angles (°) for comple
N(1)-C(1) 1.141(2) C(1)-C(2) 1.442(3)
C(5)-C(8) 1.500(3) C(9)-C(8) 1.510(3)
C(10)-C(9) 1.483(3) C(9)-0(1) 1.214(2)
N(1)-C(1)-C(2) 177.8(2) C(5)-C(8)-C(9) 115.37(16)
0(1)-C(9)-C(8) 120.64(18) 0(1)-C(9)-C(10) 120.81(17)

3. Conclusions

To summarize, reactivity of 2-benzylpyridyl lithiunoward benzonitrile derivatives have
been investigated and discussed. Very differenimfrthe 2-alkylpyridyl lithiums, when
2-benzylpyridyl lithium reacts with nitriles, it atd give addition, elimination and bimolecular
coupling products based on the substituent of c@wba The reaction of
2-[(2-trimethylsilyl)-benzyl]pyridyl-lithiums and ACN gave the addition products. Reaction
between 2-benzylpyridyl-lithiums and ArCN may gikise to three different kinds of products:
when TMEDA was added into the system, a 1:2 addws generated, but in the absence of
TMEDA, a coupling product of bimolecular nitrilesag/ obtained, and an elimination product was

came up when methoxyl nitrilgMeO(GH,4)CN reacts with 2-benzylpyridyl-lithium.



4. Experimental

4.1. General

All manipulations were performed under nitrogen @phere by standard Schlenk
techniques. Solvents were dried with sodium, angtilled from sodium, and stored over
molecular sieves (4 A). Deuterated solvents wereddwith sodium/potassium alloy {B¢) and
molecular sieves (4 A) (CD@I All chemicals were purified by distillation. 2eBzylpyridine,
trimethylchlorosilane, benzonitrile,o-tolunitrile, p-tolunitrile, 4-methoxybenzonitrile and
n-butyllithium in hexane (2.5 M) were purchasedrenergy chemicatH and**C NMR spectra
were performed with a Bruker DR800 MHz spectrometer. Elemental analyses were peet

with a Vario EL=1ll instrument.
4.2. Synthesis of 1

"BuLi (4.02 mL, 25 M, 10.00 mmol) was added to thsolution of
2-[(2-trimethylsilyl)-benzyl]pyridine (2.48 mL, 100 mmol) in EfO (30 mL) at 0°C, the
orange-red solution was restored upto room temperand stirred for 24 h. Benzonitrile (1.02
mL, 10.00 mmol) was added to the mixture at’Q warmed to room temperature gradually, and
stirred for 48 h to give a dark red solution migtLifhe solvents of residue were removed in vacuo
to give a dark red solid, and recrystallized asgeacrystals in toluene aB0'C for three days.
Yield: 3.36 g (96%)H NMR (CsDs, TMS, 300MHz):5(ppm) 8.63(d, 2H, PyH), 7.83(d, 4H,
Ar-H), 7.4x7.57(m, 18H, PyH and ArH), 7.24-7.30(m, 4H, PyH and ArH), 0.08[s, 9H,
Si(CHs)al. *C NMR(CsDs, TMS, 75MHz): 5(ppm) 155.7, 149.6, 137.0, 122.7, 120.9-@)
140.0, 134.2, 128.6, 128.3, 127.9 {8), 140.5, 112.8 (C=C), 17.7CHz). Anal. Calcd for

CaHaelioN4Si-C7Hg: C, 77.24; H, 6.86; N, 7.06. Found: C, 77.21; 86N, 7.03.
4.3. Synthesis of 2

Enough distilled water was added to the solutiof (#.12 g, 3.02 mmol) in ED (30 mL) at
0 ‘C and stirred for 24 h, followed by extraction wiithloromethane (50 mLx3). The yellow
subnatant was collected and dried with anhydrouS®gthe volatile solvent was removed in

vacuo, a yellow solid was purified by column chrdogmaphy. Yield: 1.38 g (83.6%). M.p.



132 ‘C. 'H NMR (CDCk, TMS, 300MHz):5(ppm) 8.44 (d, 1H, PyH), 8.00(d, 2H, ArH),
7.55-7.68(m, 4H, PyH and ArH), 7.37-7.38 (m, 4H, PyH and ArH), 7.11(t, 1H, PyH), 7.21
(m, 2H, ArH), 5.56 (s, 1H-CH-). *C NMR (CDCk, TMS, 75MHz):5(ppm) 162.25 (C=0),
150.12, 147.41, 137.21, 136.23, 133.11, 130.38,382828.12, 126.29, 125.57, 122.28, 118.09
(Ar—C and PyC), 54.32 {CH-). Anal. Calcd for GHsNO: C, 83.49; H, 5.53; N, 5.12. Found: C,

83.45; H, 5.62; N, 5.09.
4.4, Synthesis of 3

"BuLi (425 mL, 25 M, 10.48 mmol) was added to thsolution of
2-[(2-trimethylsilyl)-benzyl]pyridine (2.60 mL, 188 mmol) in EfO (30 mL) at 0C, the
orange-red solution was restored upto room tempexand stirred for 24 Ip-Tolunitrile (2.38 g,
10.48 mmol) was added to the mixture af(Q warmed to room temperature gradually, and
stirred for 48 h to give a dark red solution migudust enough distilled water was added to
hydrolyze the above product, followed by extractioith dichloromethane (50 mLx3). The
yellow subnatant was collected and dried with anbyd MgSQ, the volatile solvent was
removed in vacuo, a yellow solid was purified byuocon chromatography. Yield: 2.48 g (82.4%).
M.p. 162.6 C. 'H NMR (CDCk, TMS, 300MHz):5(ppm) 8.45 (d, 1H, PyH), 7.177.33 (m, 2H,
Py-H), 7.07-6.89 (m, 9H, PyH and ArH), 6.78-6.82 (t, 1H, ArH), 6.59 (d, 1H;-CH-), 2.24 (s,
3H, Ar-CHs). °C NMR (CDCL, TMS, 75MHz):5(ppm) 162.29 (C=0), 150.09, 147.45, 137.15,
136.27, 133.03, 130.42, 128.38, 128.16, 126.33,682422.31, 118.12 (A€ and PyC), 30.38
(-CH-), 20.16 £CHs). Anal. Calcd for GoH17/NO: C, 83.59; H, 5.96; N, 4.87. Found: C, 83.55; H,

5.98; N, 4.91.
4.5, Synthesis of 4

"BuLi (401 mL, 25 M, 10.00 mmol) was added to thsolution of
2-[(2-trimethylsilyl)-benzyl]pyridine (2.48 mL, 100 mmol) in EfO (30 mL) at 0°C, the
orange-red solution was restored upto room temperatnd stirred for 24 ko-Tolunitrile (1.18
mL, 10.00 mmol) was added to the mixture atQ warmed to room temperature gradually, and
stirred for 48 h to give a dark red solution migudust enough distilled water was added to

hydrolyze the above product, followed by extractiwith dichloromethane (50 mX3). The



yellow subnatant was collected and dried with anbyd MgSQ, the volatile solvent was
removed in vacuo, a light yellow solid was purified column chromatography. Yield: 1.91 g
(66.6%). M.p. 145~149C. 'H NMR (CDCk, TMS, 300 MHz):3(ppm) 8.52 (d, 1H, Py—H), 7.35
(t, 1H, PyrH), 7.24 (s, 1H, Py—H), 7.01 (m, 9H, P and ArH), 6.86 (t, 1H, ArH), 6.66 (d,
1H, -CH-), 2.31 (s, 3H, AfCHs). *C NMR (CDCk, TMS, 75 MHz):8(ppm) 162.27 (C=0),
150.11, 147.44, 141.35, 140.50, 136.24, 133.02,4030.28.38, 126.34, 125.65, 122.32, 118.14,
108.04 (PhC and PyC), 30.39 {CH-), 20.21 {CHjy). Anal. Calcd for GoH;/NO: C, 83.59; H,

5.96; N, 4.87. Found: C, 83.56; H, 5.93; N, 4.93.
4.6. Synthesis of 5

"BuLi (7.01 mL, 25 M, 1575 mmol) was added to thsolution of
2-[(2-trimethylsilyl)-benzyl]pyridine (3.80 mL, 15.75 mmol) in ED (30 mL) at 0C, the
orange-red solution was restored upto room temperatand stirred for 24 h.
4-Methoxybenzonitrile (3.83 g, 15.75 mmol) was atitte the mixture at 0C, warmed to room
temperature gradually, and stirred for 48 h to givelark red solution mixture. Just enough
distiled water was added to hydrolyze the abovéutem, followed by extraction with
dichloromethane (50 mK3). The yellow subnatant was collected and drieth veinhydrous
MgSQ,, the volatile solvent was removed in vacuo, aoyellsolid was purified by column
chromatography. The product was crystallized asowekrystals from mixture of ED and
n-hexane at room temperature. Yield: 1.38 g (29.24). 195.4 °C. *H NMR (CDCk, TMS, 300
MHz): 8(ppm) 8.42 (d, 1H, Py-H), 7.12.25 (m, 2H, PyH), 7.02-6.78 (m, 9H, PyH and Ar-H),
6.65-6.74 (t, 1H, ArH), 6.56(d, 1H-CH-), 2.21 (s, 3H, ArCH,). *C NMR (CDC}, TMS, 75
MHz): 6(ppm) 162.22 (C=0), 150.03, 147.42, 137.11, 136133.01, 130.38, 128.35, 128.13,
126.32, 125.61, 122.29, 118.11 & and PyC), 30.32 {CH-), 20.12 {CHs). Anal. Calcd for

CooH17/NO2: C, 79.19; H, 5.65; N, 4.62. Found: C, 79.22; 665N, 4.57.
4.7. Synthesis of 6

"BuLi (23.95 mL, 2.5 M, 59.87 mmol) was added to sméution of 2-benzylpyridine (4.00
mL, 24.95 mmol) in THF (100 mL) at (C, the red suspension was restored upto room

temperature and stirred for 24 h. 4-Methoxybenzibmi{3.32 g, 24.95 mmol) was added to the



mixture at 0°C, warmed to room temperature gradually, and stifeed!8 h to give a dark red
clear solution mixture. After the acid hydrolysis6®% HSO, solution under the condition of ice
bath until pH=1, neutralized with saturated NaOHilupH=7, amount of solid arised in the
process and dissolved by just enough distilled nvétdowed by extraction with dichloromethane
(100 mLx3). The mixture was dried with anhydrous3@y, the volatile solvent was removed in
vacuo, a white solid was purified by column chroogaaphy. The product was crystallized as
colorless crystals from mixture of EtOAc and n-hexaat room temperature. Yield: 2.26 g
(33.5%). M.p. 87°C. 'HNMR (CDCk, TMS, 300 MHz):3(ppm) 8.57 (s, 1H, P¥), 7.54 (m, 3H,
Ar-H), 7.05 (m, 9H, PyH and ArH), 6.86 (t, 1H, ArH), 5.69 (s, 1H, CH)**C NMR (CDC,
TMS, 75 MHz):8(ppm) 162.67, 150.59, 149.32, 142.34, 138.20, 333.31.30, 130.37, 129.90,
128.28, 125.08, 123.14, 120.00 (Ar and PyC), 111.62 {CN), 60.08 {CH-). Anal. Calcd for

CiH14N2: C, 84.42; H, 5.22; N, 10.36. Found: C, 84.465t20; N, 10.34.
4.8. Synthesis of 7

"BuLi (24.00 mL, 2.5 M, 60.00 mmol) was added to #wdution of 2-benzylpyridine (4.85
mL, 30.00 mmol) in THF (100 mL) at @C, then TMEDA (9.00 mL, 60.00 mmol) was added, the
red suspension was restored upto room temperatdtestirred for 24 hp-Tolunitrile (3.51 g,
30.00 mmol) was added to the mixture af() warmed to room temperature gradually, and
stirred for 48 h to give a dark red clear solutinixture. After the acid hydrolysis of 60%,80,
solution under the condition of ice bath until pH+agutralized with saturated NaOH until pH=7,
amount of solid arised in the process and dissobyejust enough distilled water, followed by
extraction with dichloromethane (100 mLx3). The mie was dried with anhydrous MgaGhe
volatile solvent was removed in vacuo, a yellowics@as purified by column chromatography.
The product was crystallized as yellow crystalsrir@H,Cl, at room temperature. Yield: 3.15 g
(26%). M.p. 233.5°C.. "H NMR (CDCk, TMS, 300 MHz):3(ppm) 14.54 (s, 1H, NH), 8.64 (d, 1H,
Py-H), 8.01 (d, 2H, PyH), 7.32 (d, 1H, ArH), 6.957.28 (m, 14H, PyH and ArH), 2.46 (s, 3H,
~CH), 2.24 (s, 3H;CHs). **C NMR (CDCE, TMS, 75 MHz):3(ppm) 174.4 (C=0), 164.6 (C=N),
144.2, 132.5, 132.3, 129.8, 129.5, 129.4, 129.8,912128.6, 127.9 (AC), 134.1, 125.9, 122.8,
101.5 (PyC), 93.9 (C=C), 21.3-CHs). Anal. Calcd for GsH.4N,O: C, 83.14; H, 5.98; N, 6.93.

Found: C, 83.11; H, 5.92; N, 6.96.



4.9. Synthesis of 8

"BuLi (23.95 mL, 2.5 M, 59.87 mmol) was added to sbéution of 2-benzylpyridine (4.8 mL,
29.93 mmol) in THF (100 mL) at OC, the red suspension was restored upto room tetopera
and stirred for 24 p-Tolunitrile (3.51 g, 29.93 mmol) was added to thigture at 0 °C, warmed
to room temperature gradually, and stirred for 48 bive a dark red clear solution mixture. After
the acid hydrolysis of 60% 430, solution under the condition of ice bath until gH=eutralized
with saturated NaOH until pH=7, amount of solidsad in the process and dissolved by just
enough distilled water, followed by extraction witichloromethane (100 mLx3). The mixture
was dried with anhydrous MgQ@he volatile solvent was removed in vacuo, a whatd was
purified by column chromatography. The product veagstallized as colorless crystals from
CH,Cl, at room temperature. Yield: 2.26 g (64.2%). M.p6 IC. *H NMR (CDCk, TMS, 300
MHz): 3(ppm) 7.817.84 (d, 1H, ArH), 7.53-7.56 (d, 2H, ArH), 7.287.31 (d, 2H, ArH),
7.20-7.22 (d, 2H, ArH), 4.26 (s, 2H-CH,-), 2.35 (s, 3H-CHs). *C NMR(CDCL, TMS, 75
MHz): d(ppm) 170.37 {CN), 145.56, 141.20, 133.24, 131.44, 130.48, 129A&5C), 46.05
(-CH,-), 22.60 £CHs). Anal. Calcd for GH13sNO: C, 81.68; H, 5.57; N, 5.95. Found: C, 81.62;
H, 5.53; N, 6.01.

Table 6. Details of the X-ray structure determination ofmplexesl, 5, 6, 7, 8

Complex 1-toluene 5 6 7 8

Formula GHaelioNgSi:  CyoHi/NO, CioH14N> CogH24NO CieH1aNO
C:Hg

My(g mol™) 793.04 303.35 270.32 404.49 235.27

T (K) 200(2)K 276(2)K 297(2)K 279(2)K 298(2)K

Crystal system Monoclinic Monoclinic Monoclinic Thinic Triclinic

Space group P2;/n P2:/n P2;/c P-1 P-1

a(A) 13.8654(5) 17.2353(14) 10.910(5) 8.6482(4) 6235(8)

b (R) 9.7373(3) 5.7560(4) 11.857(5) 9.4014(4) 811438)

c (A) 17.6892(6) 32.539(3) 12.016(5) 14.6248(7) 160(2)

a (%) 90 90 90 87.128(2) 83.361(5)

B(° 100.0860(10) 99.676(2) 106.596(13) 82.705(2) 9.706(5)

v (°) 90 90 90 69.5480(10) 71.791(5)

V (A% 2351.34(14) 3182.1(4) 1489.6(11) 1105.08(9) 620.3)

z 2 8 4 2 2

Dcalcd (g crit) 1.120 1.266 1.205 1.216 1.203

i (mmh) 0.113 0.082 0.072 0.074 0.075

F (000) 844 1280 568 428 248




Reflections collected 17066 16590 7996 12273 8194
Independent (R) reflections 4154 (0.0319) 5453 (0.0388) 1732503) 3910 (0.0243) 2290 (0.0225)
Goodness of fit onF 1.045 1.055 1.067 1.027 1.015

Final R indices [>20(1)]

Ry 0.0446 0.0587 0.0479 0.0450 0.0532

WR, 0.1095 0.1497 0.0978 0.1148 0.1305

R indices (all data)

Ry 0.0579 0.0959 0.0849 0.0710 0.0806

WR, 0.1186 0.1740 0.1113 0.1309 0.1551

4.10. X-ray crystallography

Data collection ofl, 5, 6, 7 and8 was performed with Mo &radiation £ = 0.71073 A) on
a Bruker Smart Apex CCD diffractometer. Crystalgaveoated in oil and then directly mounted
on the diffractometer under a stream of cold niérogas. The structures were solved by direct
methods (SHELXS-2014) and refined agairfsby full-matrix least squares using SHELXL-2014.
All non-hydrogen atoms were refined with anisotoogisplacement parameters. Hydrogen atoms
were placed in calculated positions. In the cheEk@port of complexl-toluene, calculated
moiety formula (G4H46Li 2N4Sip, C/H;) was caused by the absence of a hydrogen atorackef
a hydrogen atom resulted from a unordered carbam &C26) of —CH in toluene. Resolution of
data collection of compoun@ was not good enough, which resulted the less vafusine
(theta_max)/wavelength (0.5195). Crystal data amgeemental details of the structure

determinations are listed in Tal8e
Supplementary materials

Crystallographic data for the structural analyséven been deposited with the Cambridge
Crystallographic Data Centre CCDC n0.15717921fon0.15717931571796 for5-8, Copies of
this information may be obtained free of chargemfrdhe Director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; e-mdédposit@ccdc.cam.ac.uk or www:

http://www.ccdc. cam.ac.uk).
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Highlights

® Insertion reaction of 2-benzylpydidyl lithium with nitriles has been investigated
® C-Ccouplingis proceed via a carbanion attack

® Possible mechanism for the formation of different products is been speculated



