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Abstract - Attempts t; extend the LDA-mediated 1-aminoisoquinoline arynic synthesis to 1.2-dibromo-3,4,5.6-
tetramethylbenzene (1a) and the hetarylacetonitriles 2-(2a) and 3-pyridylacetonitrile (2b), 2- (2c) and 3-thiophene
acetonitrile {2d), and 2-benzimidizoylaceionitrile (2e) failed: only rearranged 2-hetarylmethyl-3 4.5.6-tetramethyl-
benzonitriles (3aa-ae) were obtained. Additionally, the reaction of 1-chloro-2,5-dimethylbenzene (1b), 2-bromo-
4-methylanisole (1c), bromobenzene (1d), 2-bromoanisole (1e), and 1-bromo-2,5-dimethoxybenzene (10 with 2a-e
gave rearranged nitriles (3) by the tandem addition-rearrangement aryne pathway and/for aryne arylated nitriles (4) by
the aryne arylation pathway. By evaluating product 3:4 ratios from these reactions, an assessment of the influence of
the nature of the haloarenes and hetarylacetonitriles on the competing tandem addition-rearrangement and aryne arylation
pathways was made, which showed that the preference of the haloarenes for the rearrangement pathway (o be 1a~ 1b >
1c > 1d > le > 1f and that for the hetarylacetonitriles to be 2¢ ~ 2d > 2b > 2a > 2e. An explanation in terms of
the influence of the haloarene substituents on the fng-closure step of the rearrangement pathway and the heterocyclic
ring of the hetarylacetoniirile on the proton abstraction step of the alternate aryne arylation pathway is presented,

INTRODUCTION

The impetus for studying the base-initiated aryne reactions of hetarylacetonitriles with haloarenes was prompied by several recent

findings in our l.aboratory.l‘4 For example, we! showed that 1-chloro-2,5-dimethylbenzene (1b} reacts with 2-pyridylacetonitrile (2a)
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and LDA to give predominantly 1-amino-3,8-di-(2-pyridylmethyl)-7-methylisoquinoline, and only trace amounts of the expected
rearranged product, 3,6-dimethyl-2-(2-pyridylmethylybenzonitrile, We suggested that the expected product was probably formed
initially by the tandem-addition rearrangement aryne pathway.5 However, the 6-methy] group, whose acidity is enhanced by the
intreduction of the 1-cyano group, underwent successive metalation and addition to another molecule of 2a to yield an grtho imino-
nitrile intermediate which cyclized to the observed 1-aminoisoquinoline, after proton quench. Since synthetic methodologies for the
preparation of 1-aminoisoquinolines with well-defined substitution patterns are limited, a study or extending the arynic process to the
reaction of 1,2-dibromo-3,4,5,6-tetramethylbenzene (1a) with 2a as well as the reaction of 1a and 1b with 3-pyridylacetonitrile (2b),
2-(2¢} and 3-(2d) thiopheneacetonitrile, and 2-benzimidazolylacetonitrile (2e) was initiated.

In other related studies.24 we found thal the reaction of certain haloarenes with various alky!l- and arylacetonitriles can yield either o
arylated products by the usual aryne mechanism and/or rearranged 2-arylmethylbenzonitriles by the tandern addition-rearrangement
pathway. For example, haloarenes possessing one or more of the electron-donating (both induclively and mesomerically) methyl
group, e.g. 1,2-dibromo-3.4.5.6-tetramethylbenzene (1a), t-chioro-2,5-dimethylbenzene (1b) and 2-bromo-4-methylanisole (1e)
preferentially follow the tandem addition-rearrangement pathway. In contrast, 1-bromo-2,5-dimethoxybenzene (1f), in which the
electron-donating mesomeric effect of the two methoxy groups is counterbalanced by their electron-atiracting inductive effect,
preferentially chooses the aryne arylation pathway when treated with arylacetonitriles and LDA, Interestingly, both 1a and 1b react
with crotonic acid and N-4-methoxyphenylcrotonamide dianions to give rearranged 2-naphthol and indane derivatives, respectively,
presumably by a process which includes the tandem addition-rearrangement pathway in the key initial steps# However, treatment of
1c with these dianions supplies only 4-arylcrotonic acid derivatives by the usuat aryne arylation pathway.® These initial studies
suggest that the partitioning of the initially formed aryne-nucleophilic anion adduct between these two pathways is highly dependent
not only upon the nature of both the haloarene, whose preference for the tandem addition-rearrangement pathway varies along the series
1a ~ 1b > 1c > 1If, but also on the nature of the nucleophile.

RESULTS AND DISCUSSION

To obtain more information of the role of halcarenes and lithiated nucleophiles on these competing pathways, the reaction of
haloarenes (1a-¢,f) as well as brom‘obenzene (1d) and 2-bromoanisole (1e} with hetarylacetoniiriles (2a-e) was performed, and the
product distributions of the rearranged product (3} to the aryne arylated product 4 were compiled and assessed. For ease of
comparison, the product distributions (3:4) are aranged in five sets in Table 1. Each set lists the product distributions in decreasing
order from the reaction of the haloarenes (1a-f) with a particular hetarylacetonitrile. We initially attempted to prepare L-amino-

isoquinolines by the reaction of hetarylacetonitriles (2a-e) with 1,2-dibromo-3 4,5,6-tetramethylibenzene (1a) and 1-chloro-
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2,5-dimethyibenzene (1b), since these haloarenes are suitably structured to yield requisite prthp 6-methyl-1-Cyano intermediates.

With the exception of the reactions of 1a, lithium diisopropytamide (LDA) was used for the generation of the nitrile anion and

aryne. Since a relatively high temperature (~ 0 °C) is required for the generation of 3.4,5.6-tetramethylbenzyne from 1a and

LDA, which results in the extensive formation of intractible tars, this aryne was generated at -50 °C by the action of t-butyl -
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lithium in the presence of a pre-formed hetarylacetonitrile anion, prepared by the action of KH. As shown in Table 1 and eq, 1.
the reactions of 1a (runs 1,7,13,19 and 25) and 1b (runs 2.8,14,20, and 26) gave no I-aminoisoquinolines, but rather supplied
rearranged 2-hetarylmethyl-3,4,5.6-tetramethylbenzonitriles (3aa-ae) and 2-hetarylmethyl-3,6-dimethylbenzonitriles (3ba-be),

Table 1. Yields and Product Distributions of Rearranged Nitriles (3) and Aryne Arylated Nitriles (4)2

Ser 1. Reaction of 1 with 2a Set 2. Reaction of 1 with 2b Set 3. Reaction of 1 with 2¢
Halo- Prod. Prod, Yld (%)| Prod.
arene |3 or[Yld (%)| Dist Halo- |3 or |Yid(%)| Dist. Halo- |3 or[Total Dist,
Run 4 |Tota 34 Run jarene |4 [Total 3:4 Run larne |4 3:4
1 1a aa |82 >95:5 7 la ab 180 >85:5 13 l1a ac |63 >05:5
2 1b ha b - 8 1b bh |73 >05:5 14 J1b be 190 >05:5
3 1c ca |70 60:40 9 1c ch |67 >95:5 15 |1¢ cc_ |75 >05:5
4 1d da 168 653:37 10 {14 db_|67 66:34 16 |1d dc_ |68 »95:5
5 le ea |62 55:45 11 |le eb {70 50:50 17 _|1e ec {40 59:41
6 1f fa_ |65 8.92 12 |1f fb_ |65 7:93 18 11 fc |47 13:87
Set 4. Reaction with I and 2d Set 5. Reaction with 1 and 2e
Halo 3or |YId(%) Prod. Halo- 3 or |Yld (%) Prod.
Run |arene 4 Totai Dist. Run |arene 4 Total Dist
34 3:4
19 1a ad 81 >05:5 25 1a ae 66 >95:5
20 1b hd 70 >95:5 26 1b be 51 »>05:5
21 1c cd 65 87:13 27 1¢ ce 32 21:79
22 1d dd 41 92:8 28 1d de 40 17:83
23 le ed 33 43:57 29 le ee 33 5:95
24 1r ed 46 8:92 30 1f fe 44 7:93

a. Product ratio 3:4 determined by integration of the 1H nmr signals of the respective methylene and o—-methine hydrogen atoms.

b. Major product obtained was 1-amino-3,8-di-(2-pyridylmethyl}-7-methylisoquinoline.

respectively, in fair (0 excellent yields. The failure of 1a to supply 1-aminoisoquinolines may reflect the decreased acidity of the 6-
methyl group engendered by the other three electron-donating methy! groups, thus obviating the crucial metalation step in the
aminoisoquinoline synthesis. It may well be that the reluctance of 3- and 4-substituted hetarylacelonitriles to yield isoquinclines
stems from the inability of their hetero atom, being removed from the reaction site, to provide a chelating loci for possible
transition state stabilization. However, the inability of 2-thiopheneacetonitrile (2¢) to give isoquinolines suggests that other
factors, presently unknown, are involved.

The data shown in Table 1 also confirm and extend the notion that the 3:4 product distributions depend heavily on the nature of the
haloarene and hetarylacetonitrile. For example, of the six haloarenes studied, 1a and 1b are the most inclined toward the

rearrangement pathway since each gives rearranged products exclusively when trcated with the hetarylacetonitriles (2a-e). In conirast,
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1-bromo-2,5-dimethoxybenzene (1f) is the least inclined to pursue the rearrangement pathway since the 3:4 ratios from all its reaction
with 2a-e (i.e. runs 6,12,18,24, and 30} lie heavily in the direction of the aryne arylated products (4). The regiochemistry of the
addition of c—hetarylacetonitrile anions to unsymmetric 3-methoxyarynes was assumed to occur at the 1-position in accord with the
strong metq directing ability of the methoxy group.” This proposed regiochemistry was confirmed by single crystal X-ray

diffractometric analysis of 2-(2-thiophenemethyl)-6-methoxy-3-methylbenzonitrile (3cc)3 whose ORTEP? is shown in Figure 1.

N8I

Figure 1 ORTEP of Molecule 3ecc

By determining the number of 3:4 product ratios 2 50:50 from the reaction of each of the three remaining haloarenes {1¢-¢) with
(2a-e), a qualitative measure of their relative preference for the rearrangement pathway can be assessed. For example, both 2-bromo-4-
methylanisole (1¢) {runs 3.9,15,21) and bromobenzene {1d) (runs 4, 10, 16, 22) give four 3:4 ratios = 50:50, and therefore exhibit
greater propensities for the rearranged pathway than le, which yields only three such ratios (runs 5,11 and 17). Of the 3.4 ratios 2
50:50 from the reaction of 1c and 1d with a particular hetarylacetonitrile {i.e. listed in a particular set), only those in set 2 (runs 9 and
10) are significantly different (>95:5 vs 66:34, respectively). However, this difference indicates that 1c has a greater preference than

ld for the rearrangement pathway. Thus from the above considerations, the preference of haloarenes for the rearrangement pathway
appears to vary along the seties 1a ~ 1b > 1¢ > 1d > 1e >1f, which also parallels the variation in the net overall electron-donating
ability of the ring substituents of the haloarenes.

A similar assessment of hetarylacetonitriles (2a-e} can be obtained by comparing the variation of the 3:4 product ratios within each of
the five sets. Accordingly, benzimidazoylacetonitrile (2e) has the least propensity for the rearrangement pathway since only two of the

3:4 listed in set 5 (runs 25,26} from the reaction of 2e with the haloarenes (1a-f) are = 50;50. In contrast, 2-thiopheneacetonitrile
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{2c) has the greatest preference for the rearrangement pathway since its 3:4 ratios listed in set 3 are on the average higher than of the
other sets. For example, it is the only one of the nitrites to react exclusively with bromobenzene through the rearrangement pathway
(run 15, set 3). Next in preference for the rearrangement pathway is 3-thiophem.=.acetonilrile (2d) which reacts exclusively with 1a and
1b {runs 19 and 20, set 4) and predominantly with 1c and 1d (runs 21 and 22, set 4) via the rearrangemeni pathway. Simitar
comparisons of the pyridylacetonitriles (2a) and (2b) indicate that 2b is more inclined toward the rearrangement pathway since it
gives the rearranged products (3ab), (3bb), and (3¢b) exclusivety when treated with 1a, 1b, and Ic, respectivety (runs 7-9, set 2),
whereas 2a undergoes rearrangement exclusively with only 1a and 1b (assuming the 1-amingisoquinoline proceeds through the
rearrangement pathway) (runs 1 and 2, set 1) and yields only slightly more 3ca than 4ca (60:40, respectively, run 3, set 1) when
treated with 1c. Thus, the variation in preference of 2a-e for the tandem addition-rearrangement pathway is: 2¢ > 2d > 2b > 2a > 2e.
A possible explanation to account for the variations of the preference of haloarencs and hetarylacetonitriles fcn-' the rearrangement
pathway can be presented by considering the effect of these reactants on the competing tandem addition-rearrangement and atyne

arylation pathways suggested in Scheme 1. The variation in the proclivity of haloarenes for the pathway is directly related to the
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rearrangement variation in th_e net clectron-donating ability of their substituents, with the methyl substituted haloarenes (1a and 1b)
exhibiting the highest predilection, melhc_)xymelhyi substituted arynes (1c) and unsubstituted haloarene (ld)ldisplaying a modest
penchant, and the methoxy- (1e) and dimethoxyarynes (1f) demenstrating the lowest preference for the rearrangement pathway. This
change is in accord with the relative ability of these substituents to enhance the nucleophilicity at the 2-cyclization site in adduct (5),
and hence the rate (_)[ ring closure (k). the crucial step in the tandem addition-rearrangement pathway, Because of the increased distance

between the aromatic ring and the o—methinyl carbon atom, the effect of aromatic ring substituents on the o—proton abstraction step
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(k3) of the aryne arylation mechanism is less pronounced. Consequently, the changes in the product ratio 3:4 as the nature of the
haloarene is varied are governed by k3.
The variation of the product distribution shown by the hetarylacetonitriles (2a-e) appears 1o be governed by the rate of o—methinyl
proton abstraction, kg. As a resull, the r—excessive thiophene ring delivered to the a—methinyl carbon in adduct § by 2¢ and 2d
represses by induction the acidity of the o—methine hydrogen atom to such an extent that the rate of proton abstraction, k2 in % is
significantly less than that of the competing ring closure step, kj, resulting in 3:4 product distributions lying heavily in favor of
rearranged preducts 3. On the other hand, the n—deficient pyridine ring supplied to the ct-carbon in adduct (5) by 2a and 2b inductively
enhances the acidity and the rate of proton abstraction of that hydrogen atom to such an extent that ko predominates over k|, which
leads to 3:4 product ratios heavily in favor of the latter products. Benzimidazoylacetonitrile {2e), the most reluctant of the
hetarylacetonitriles studied here (o give rearranged nitriles, probably owes its recalcitrant behavior to its ability to deliver the
benzimidazoy! ring to adduct (5), which in turn is best able to increase both the acidity and rate of abstraction of the a—-mething
hydrogen atom when compared to the other hetarylacetonitriles. The increased acidity engendered by the benzimidizoyl ring most likely
arises by the mutual resonance stabilizing interactions between the a-lithiated carbon and the 3-nitrogen atom of the benzimidazole
ting of the resulting conjugate base.
In conclusion, we have shown that the product distributions of rearranged nitriles and aryne arylated nitriles from the LDA-mediated
reactions of haloarenes ar;d hetarylacetonitriles are a function of the nature of both starting materials. The reaction of haloarenes
possessing electron-releasing and acelonitriles possessing electron-withdrawing groups tends to favor rearranged nitriles, whereas reactior
of haloarenes possessing eleciron-attracting groups and acetonitriles containing eleciron-releasing groups 1ends fo favor aryne arylated -
nitriles.
EXPERIMENTAL
General Aspects: 'H and 13C amr spectra were measured in CDCI3 solution on a WP 200-SY Bruker spectrometer. All chemical
shifts are reported in parts per million downfield from internal tetramethylsilane. Infrared spectra (ir) were recovered on a Perkin-Elmer
283 grating spectrophotometer, Mass spectra (70 eV) were obtained on a Hewlett-Packard Model 5988A chromatograph/mass
spectrometer. E. Merck silica gel 9385 (230-400 mesh) was used for flash chromatography. Reported boiling points are uncorrected;
melting points were determined on an electrothermal apparatus and are uncorrected. All reactions were carried out in flame-dried flasks
under nitrogen atmosphere. The haloarenes(lb-elwere obtained from Aldrich Chemical Company. Compounds (1a) and (1f) were

prepared by treatment of 1,2,3 4-tetramethylbenzene with 2.2 eq. of NBS in DMF> and 1 4-dimethoxybenzene with 1.1 eq. of NBS in

DMF.2
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General Procedure for the Reaction of Haloarenes (1b-f) with Hetarylacetonitriles (3) and LDA. LDA was
prepared in a flamed-dried flask flushed with nitrogen by adding diisopropylamine (2.1 g, 21 mmol} into a -78° C sotution of n-ByLi
(15 mmol, 2.5M in hexane) in THF (25 ml) under nitrogen atmosphere (using septum cap technique). After stirring the solution for 1
min at -78° C, the appropriate hetarylacetonitrile (2) (1S mmal) in THF (25 ml) was added over a period of 10 min, and the resulting
solution was warmed 10 -40 °C. At that point, the haloarene (1) (5 mmiol) was added dropwise over 5 min at -40° C, the resulting dark
brown solution was stirred an additional 10 min, then was allowed to warm (0 room temperature. Afier stirring overnight, the reaction
mixture was washed with saturated aqueous ammonium chloride solution, was extracted with CH2Cly (3 X 25 ml), and the combined
extracts were dried (NazSO4) and evaporated (rotary evaporator). The individual components in resulting residue were obiained in pure
form by flash chromatography on silica gel using acetone-hexane (5:95) as eluent.

General Procedure for the Reaction of 1,2-Dibromo-3,4,5,6-tetramethylbenzene (1a) with Hetarylacetonitriles
(2a-e}, t-Butyllithium and Potassivm Hydride. A solution of the nitrile (30 mmol) was added to a solution containing KH
(3.42 g, 30 mmot} in 40 m] of THF and the resulting reddish clear solution was stirred for 15 min then cooled to -65 °C. Then to this
solution was added the dibromoarene (1a) (2.92 g, 10 mmol in ether (90 mI) and hexane (10 ml) was added dropwise followed by the
rapid addition of a solution of t-BuLi (20 mmot, 11.8 ml of 1.7 M solution in pentane}, mainaining the temperaiure at -65 °C. The
resulting solution, which tumed deep red immediately upon addition of the t-BuLi, was stirred for 1 h, then was allowed to warm to
room temperature where it was worked up in the same manner as that described for the reactions carried out using LDA.

The following compounds were isolated in pure form (yields shown are isolated yields).
2-(2-Pyridylmethyl)-3,4,5,6-tetramethylbenzonitrile (3aa): yield, 48%; yellow solid (from hexane), mp 93-96 °C; 1H nmr
(CDC13) 8 2.15(s, 3 H), 2.22 (s, 3 H), 2.23 (s, 3 H), 2.50 (s, 3 H), 4.45 (5, 2 H), 6.96-7.01 (m, 2 H), 7.47-7.52 ({m, 1 H}, 8.48-
8.52 (m, 1 H); 13¢ nmr (CDC13) 5 16.38. 16.66, 17.08. 19.14, 41.33, 112.23, 11891, 131.16, 122.33. 134.37. 136.46, 136.77,
137.46, 137.84, 141,05, 149.24, 159.24; ir ymax (CHCI3) 2213 cm-l. Anal. Caled for C17H1gN2: C.,81.56: H, 7.25;: N, LL19.
Found: C, 81.72: H, 7.16; N. 1119,

2-(3-Pyridylmethyl}-3,4,5,6-tetramethylbenzonitrile {3ab): yield, 63%; brown solid (from hexane), mp 104-105 °C; 1y
nmr {(CDCI3) & 1.96 (s, 3H), 2.14 (s, 6 H), 2.51 (s, 3 H}, 4.28 (s, 2 H), 7.16-7.25 (m, 2 H}, 7.36 (br d, / = 7 Hz,1 H). B.38 (br s, 1
H); 13C amr CDC13) § 16,33, 16.46, 17.06, 19.07, 35.54, 112.25, 123.24, 133.73, 134.42, 134.86, 137.50, 141.27, 147.50,

149.45; ir \,;max (CHCI3) 2214 cmL. Anal. Calcd for C7H18N2: C.81.56; H, 7.25; N, 11.19. Found: C, 8L.70; H, 7.1%; N,
11.21

2-{2-Thiophenemethyl)-3,4,5,6-tetramethylbenzonitrile (3ac): yield, 63%; brown oil; 1H nmr (CDCI3) § 2.22 (s, 3H),

2.25 (s, 6 H), 2.49 {5, 3 H), 4.40 (s, 2 H), 6.73-6.75 (m, | H), 6.80-6.87 (m, 1 H}, 7.01 (d. J = 5 Hz,] H); 13¢ nmr (CDC13) &
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1641, 17.12, 19.07, 32.93, 111.72, 118.57, 123.57, 12498, 126.59, 133.56, 134.68, 137.53. 138.71, 141.12, 142.00: ir yryax
(CHCI3) 2212 em-1, Anal. Caled for CigH7NS: C,75.24: H, 7.24; N, 548. Found: C, 75.19; H, 7.11; N, 5.34.
2-(3-Thiophenemethyl)-3,4,5,6-tetramethylbenzonitrile (3ad): vyield, 70%; thick oil; H amr (CDCI3} 8 2.19 (s, 3H)
221 (s,3H), 224 (5,3 H),249(s, 3 H), 422 (5,2 H), 679 (5, 1 H),6.91 (d, 7 = 5Hz, | H),7.21(d. J = § Hz, 1 H), Anal. Calcd
for C1gH7NS: C,75.24; H, 7.24; N, 5.48. Found: C, 75.28; H, 7.22; N, 541,
2-(2-Benzimidazoylmethyl)-3,4,5,6-tetramethylbenzonitrile (3ae): yield, 66%; mp 249-254 °C (from hexane); 'H nmr
(CDCI3) 6 2.14 (s, 3H), 2.16 (s, 3 H), 2.34 {5, 3 H), 2.45 (5, 3 H}, 453 (5. 2 H), 7.13-7.18 {m, 2 H), 746 {m, 2 H}, ir ymax
(CHCl13) 3384, 2214 em-l, Anal, Caled for CigHioNa: C,78.86; H, 6.61; N, 14.52, Found: C, 79.01; H, 6.71: N, 14,34,
2-(3-Pyridylmethyl)-3,6-dimethylbenzonitrile (3bb): yield, 51%; brown liquid; 1H amr (CDCI3) & 2.17 (5. 3H). 245 (s,
3H), 4.19 (s, 2 H), 7.07-7.36 (m, 4 H), 8.30-8.40 (m, 2 H); 13C nmr (CDCl3) 8 19.34, 20,51, 34.93, 114,28, 117.45, 123.38,
128.58, 133.77, 134,60, 135.03, 135.51, 140,32, 147.75, 149.55; ir ymax (CHCI3) 2217 em-Ll. Anal. Caled for CisH4Na: C,
81.04; H, 6.34; N, 12.06. Found: C, 81.01; H, 6.51: N, 12.30,

2-(2-Thiophenemethyl).3,6-dimethylbenzonitrile (3be): yield, 58%; yellow oil, bp 170-175 °C / 1 torr; 1H nme (CDCI3)
& 2.32 (s, 3 H), 2.51 (5,3 H), 4.37 (5. 2 H), 6.76-6.77(m. 1 H}, 6.85-6,90 (m, 1 H), 6,70-7.12 {m, 2 H), 7.26 (d. J = 8 Hz. | H};

3¢ nmr (CDCI3) 8 19.25. 20.57, 32.28, 113.85, 117.44, 123.86, 125.33, 126.71. 128.45, 134.55, 140,18, 141.14, 141.9%; ir
vmax (CHCI3) 2217 em-!. Anal, Caled for C14H|3NS: C.73.92; H, 5.76: N, 6.16. Found: C,73.82; H, 5.86; N. 6.44,
2-(3-Thiophenemethyl)-3,6-dimethylbenzonitrile (3bd):. yield, 58%: thick liquid; {{ omr (CDC13) & 2.26 (s, 3 H), 2.51
(5.3 H), 4.20 (s, 2 H), 6.81-7.26 (m.5 H). 7.49-7.51 (m, 2 HY; it ymax (CHCI3) 2218 em1. Anal. Caled for C14H13NS: C,
73.92; H, 5.76: N, 6.16, Found: C, 73.92; H, 596; N, 6.54,

2-(2-Benzimidazoylmethyi)-3,6-dimethyibenzonitrile (3bej: yield, 51%: mp 258-260 °C (from hexane); IY pmr (CDCI3)
8 2.43 (s, 3 H), 2.47 (s, 3 H), 4.48 (s, 2 H), 7.07-7.24 (m, 4 H), 7.49-7.51 (m, 2 H); ir ymax (CHCl3) 3220, 2215 em™l, Anal,
Caled for C17H15N3: C, 78.13; H, 5.79; N. 16.08. Found: C, 78.12; H, 5.86; N, 16.44,
2-(3-Pyridylmethy))-6-methoxy-3-methylbenzonitrile (3cb): yield. 46%; thick liguid; 1Y nmr (CDCI3) 8 2.16 (s, 3 H).
389 (s, 3 H), 4.18 (5, 2 H). 6.79 (d. J = 9 Hz, | H)), 7.13-7.41 {m, 3 H), 8.39-8.57 {m, 2 H); ir ymax (CHCl3) 2223 cml,
Anal.Caled for C15H14N20: C,75.61; H, 5.92; N, 11.02. Found: C, 75.92; H, 5.86; N. 10.88.
2-(2-Thiophenemethyl)-6-methoxy-3-methylbenzonitrile (3cc): yield, 38%; thick liquid; IH nmr (CDCH3) 5 2.28 (s, 3
H), 3.88 (s, 3 H). 4.32 (s, 2 H)}, 6.74-6.87 (m, 3 H), 7.08-7.11 {m, 1 H), 7.24-7.31 (m, 1 H}; ir ymax (CHCI3} 2223 em'l, Anal.

Calcd for C14H13NOS: C, 69.12; H, 5,39, N, 5.76. Found: C, 68.99: H, 5.36; N, 5.88.
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2-(3-Thiophenemethyl)-6-methoxy-3-methylbenzonitrile (3cd): yield, 35%: thick liquid; 14 nmr (CbC13) § 2.58 (s, 3
H), 347 (s, 3 H). 4.12 (s, 2 ), 6.58 (d. / = 8 Hz, 1 H). 7.01-7.44 (m, 3 H), 7.77 (5, 1 H): if ymax (CHC13) 2223 e 1. Anal.
Caled for C1qH13NOS: C, 69.12; H, 5.39; N, 5.76. Found: C, 69.12; H, 5.35 N, 5.78.

2-(2-Thiophenemethyl)benzonitrile (3dc): yield, 36%, thick liquid; 1H nme {CDCI3} 8 4.36 (s, 2 H), 6.89-6.43 (m, 2 H),
7.15-7.64 (m. 5 H); 13C omr (CDC13) 8 34.17, 112,11, 117.57, 124.42, 125.89, 126.84, 126.97, 129.57. 132.65, 132.87, 140.88,
143.86 ; ir ymax (CHCI3) 2233 cro~l. Anal. Caled for C12HgNS: C, 72.35; H, 4.55; N, 7.03. Found: C, 72.31; H, 4.56; N,
7.12.

2-(3-Thiophenemethyl)benzonitrile (3dd): yield, 40%, thick liquid: 'H nmr (CDCI3) § 4.19 (5.2 H), 6.93-7.02 (m, 2 H),
7.23-7.63 (m, 5 H); 13C nmr (CDC13) & 34.80, 112.29, 117.83, 1223, 12593, 128.71, 12797, 129.70, 13278, 138.71, 144,30 ir
vmax (CHCI3) em~l. Anal. Calcd for C2HgNS: C,72.35; H, 4.55; N, 7.03. Found: C, 72.46; H, 4,76: N, 4.44.
2—(2—Benzimidﬂzoy!)-3_-methoxyphenylacetunitrile (4ce): yield, 25%; thick liquid: TH nme (CDCI3) 5 3.62 (s, 3 H). 5.62
(s, 1 H), 6.81-7.20 (m, 9H). Anal. Calcd for C1gH13N30: C, 72.99; H, 4.98; N, 15.96. Found: C, 70.72; H. 5.06; N, 16.17.
o—(2-Pyridyl)-2,5-Dimethoxyphenylacetonitrile (dfa); yield, 39%; thick liguid: 19 ame (CDCIAY 6 3.73 (s, 3 1D, 3.81 (s,
3H),433(s,2 H), 676 (d, J =9 Hz, 1 H), 6.98-7.05 (m, 2 H), 745-7.49 (m, 2 H). 83.44-8.48 (m, 1 H). Anal. Calcd for
C15H14N202: C,70.85; H, 5.55: N, 11.02.- Found: C, 70.72; H, 5.46; N, 11.17.
a—(3-Pyridyl)-2,5-Dimethoxyphenylacetonitrile (4fb): yield, 42%; thick liquid; IH nmr (CDCI3) & 3.74 (s, 3 H), 3.76 (s,
3H), 5.54 (s, 1 K, 6.81 (5,2 H), 694 {5, 1 H),6.23-7.27 {m, 1 H), 7.66-7.72 {m, 1 H}, 8.50-8.60 (m, 2 H); }3C nmr (CDCI3) &
34.17, 112.11, 117.57, 124.42, 125.89, 126,84, 126.97, 129.57, 132,65, 132.87, 140,88, 143.86; ir ymax (CHCI3) 2243 em™l,
Anal, Caled for C15H14N202: C, 70.85; H, 5.55; N, 11.02. Found: C, 70.82; H, 5.66: N. 11.12.
o—(2-Thienyl)-2,5-Dimethoxyphenylacetonitrile {(4fc): yield, 44%; thick liguid: 1H amr (CDCI3) 8 3.74 (s, 3 H), 381 (s,
3 H), 5.73 (s, 1 H), 6.83 (5, 2 H}, 6.84-7.30 (m, 4 H); ir yax (CHCI3) 2243 cm!. Anal. Calcd for C1aH[3NO3S: G, 64.86; H,
5.05; N, 5.40. Found: C, 64.82; H, 5.06: N, 5.44.

o—(3-Thienyl)-2,5-Dimethoxyphenylacetonitrile (4fd): yield, 44%; thick liquid: 1Y nmr {CDCI3) & 3.72 (5, 3 H), 3.81
(s. 3H), 5.75 (s. 1 H). 6.84 (s, 2 H), 6.81-7.32 (m. 4 H): ir ymax (CHCI3) 2242 cm~}, Anal. Calcd for C14H13NO2S: C, 64.86;
H, 5.05; N, 540. Found: C, 6487; H, 5.06; N, 5.34.

2-(2-Benzimidazoylmethyl)-3,6-dimethoxybenzonitrile (4f¢}: yield, 42%, yellow solid, mp 176-178 °C (from hexane); Iy
nmr (CDCl3) & 3.67 (s, 3 H), 3.82 (s, 3 H), 5.73 (1 H), 6.83 (s, 2 H), 7.02 (5, | H), 7.16-7.24 (m, 2 H), 7.48-7.53 (m, 2 H); 3¢

nmr (CDCl3) & 34.33, 55.60, 55.87, 112,16, 114.30, 114.71, 118.70, 12342, 124.02, 131.52, 134.81, 14841, 149.02, 149.97,
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153.78; ir ymax {(CHCl3) cm-l. Anal. Caled for C17H5N3072: C,69.61; H, 5.15: N, 14.33. Found: C. 69.82: H, 5.16; N,
1421,
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