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m. Attempts 1.8 extend the LDA-mediated 1-aminoisoquinolinc arynic synthesis to 1.2-dihroma-3.4.5.6- 

temmelhylbenzene ( la )  and fhe helarylacelonilriles 2-(la) and 3-pyridylacetonihilc (2b). 2- (2c) and 3~lhiophene 

acetonitrile (Zd), and 2-henzimidizoylacelonihile (2e) failed: only rearranged 2-hetarylmethyl-3.4.5.6-tenamethyl- 

henzonihiles (3aa-ae) were obtained. Additionally. the reaction of I-chlom-2.5-dimefhylknzene (Ib). 2-bromo- 

4-methylanisale (Ic). hramohenzene (Id). 2-bmmoanisale (le), and I-hramo-2.5-dimeUloxybenzene (10 with 21-e 

gave rearranged niuiles (3) by the tandem addition-rearrangement aryne pathway andlor aryne arylated niuiles (4) by 

the aryne arylation palhway. By evaluating producl3:4ratios from these reactions, an assessment of the influence of 

the nature of the h a l m n e s  and helatylacelonitriles on the competing tandem addition-rearrangement and aryne arylation 

pathways was made, which showed that the preference of the haloarenes for the rearrangement pathway Lo be l a -  Ib  > 

l e  > Id > l e  > If and that for the hemylacetonilriles to be 2c - 2d > 2b > 2a > 2r. An explanation in terms of 

the influence of the haloarene suhsliluents on the ring-closure step of the rearrangement pathway and lhe hetemyclic 

ring of the hetaqlacelonikile on Ule proton absmclion step of the alternate aryne arylation pathway is presented. 

INTRODUCTION 

m e  impetus for studying Ule base-initiated aryne reactions of hclatylacetonitriles with haloarenes was prompted by several recent 

tiidings in our l a b o r a t ~ t y . ' ~  For example, we' showed Ulal I-chloro-2.5-dimelhylhenzene (lb) reacts with 2-pyridylacetonihile ( la )  
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and LDA lo give predominanlly I-amina-3.8di-(2-~ridylmethyl)-7-methylisiIie, and only m e  amounts of the expected 

rearranged prcducl, 3.6dimethyl-2-(2pyridylmethyl)kmniuile We suggested ed t  the expected pmduct was pmbably f m e d  

initially by lhe landem-addition reamangemen1 aryne pathway.5 However. the 6-methyl group, whoseacidily is enhanced by the 

inmduction of the I-cyan0 group, underwent successive metalation and addilion la anothcr molecule of 2a lo yield an m i m i n o -  

niuile intermediate which cyclized lo the observed I-aminoisoquinoline. after p r o m  quench. Since synthetic methodologies for the 

pleparation of I-aminoisoquinalines with welldefined substitution palterns are limited, a study on extending the arynic pmcess lo the 

reaction of 12-dibromo-3.4.5.6-ternmethylbenzene (la) with 2a as well as thereaction of l a  and l b  with 3-pyridylacetoniuile (2b). 

2-(2c) and 3-(24 thiopheneacelonitrile. and 2-henzimidzolylaceloni~e (2e) was initiated. 

In other relaled ~tudies.~" we found that the reaction of cenain haloarenes wilh various akyl- and mylacetonitriles can yield either a- 

arylaled pmducls by the usual aryne mechanism andlor rearranged 2-arylmelhylknzonitriles by the tandem addition-rearrangemcnl 

pathway. For example, halavenes possessing one or more of the electron-donating @oh inductively and mesomerically) melhyl 

group, e.g. 12-dibromo-3,4.5.6-1ctramethylbe~ene (la). I-chloro-2.5-dimethylhen~ene (Ib) and 2-homM-methylanisole (Ic) 

preferenlially follow the Landem addition-rearrangement pathway. In contrast, I-homo-2.5-dimethoxyknzene (10, in which Ule 

electron-donating mesomeric effect of the two methoxy groups is counterbalanced by Ulei electron-almting inductive effect. 

preferentially chwses thearyne arylation pathway when lrealed with arylacetoniviles and LDA. Interestingly, both l a  and l b  react 

with cmlonic acid and Nd-methoxyphenyIcrMonamide dianions to give rearranged 2-naphthol and indane derivatives. respectively. 

presumably by a pmcess which includes the Landem addition-rearrangement pathway in the key initial steps4 However, treatment of 

Ic wilh these diinions supplies only 4-arylcmtonic acid derivatives by the usual aryme arylalion pa~hway.~  These initial studies 

suggest that the partitioning of the initially formed aryne-nucleophilic anion adduct belween Ulese two pathways is highly dependent 

m l  only upon the nature of both the haloarene, whose preference for the landem addition-rearrangement pathway varies along the series 

l a  - I b  > I c  > If, hut also on the nature of the nucleophile. 

RESULTS AND DISCUSSION 

To obtain more information of the role of haloarenes and lilhiated nucleophiles on these competing pathways, the reaclion of 

haloarenes (la-c,0 as well as bromoknzene (Id) and 2-bromoanisole (le) with hemylacelonitriles (2a-e) was performed, and the 

pmduct distributions of the rearranged pmduct(3) lo the aryne a@aled prcduc14 were compiled and assessed. For ease of 

comparison. the prcduct disbibulions (3:4) are arranged in five sels in Table 1. Each set lisls the product distributions in decreasing 

order fmm the reaction of the hal-nes ( la -0  with a panicular hemylacelonitrile. We initially attempted to prepare I-amin* 

isquimlines by the reaction of hemylacetonitriles (2a-e) with 1.2dibmmo-3.4.5.6-lelmethylbenxne ( la)  and lchloro- 
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R' 
LDA 

+ GCHzCN - CN (eq. 1) 
R3 2 R3 CH2G R3 

R4 R4 R4 

1 R1 RZ R3 R4 X Y 1 R L  R2 R3 R4 X Y 

s Me Me Me Me B Br d H H H H B r H  

b Me H H Me CI H e M e O H  H H B r H  

e Me H H MeO CI H f M e O H  H M e O B r  H 

2.5dimeUlylbenzene (lb). since these halavenes are suillbly shuclured to yield requisite pnhp 6-melhyl-l cyano i t m e d i a l e s  

With the exception of the reactions of la. lithium diisopmpylamide (LDA) was used for the generation of the nilrile anion and 

aryne. Since arelatively high temperature (- 0 "C) is required for the generation of 3.4.5.6levdmeUlylknzyne fmm l a  and 

LDA, which mulls in the extensive formation of inuactible lam. Ulis aryne was generated at -50 "C by the action of t-butyl- 
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lithium in the presence of a pre-formed hetatylacetoniVile anion, prepared by the action of KH. As shown in Table I and eq. I. 

the reactions of l a  (runs 1.7.13.19 and 25) and 1b (runs 2.8.14.20, and 26) gave no I-aminoisaquinolines. but rather supplied 

rearranged 2-heWImelhyI-3.4.5.6-teframethylbenzoni~es (3aa-ae) and 2-hel;trylmethyl-3.6-dimethylbenwniuiles (3ba.be). 

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

Sel4. Reaction with 1 and2d Ser 5. Reaction with 1 and2c 
I I I I I I 

a. Product ratio 3:4 determined by integration of the IH nmr signals of Ule respective methylene and a-methine hydrogen atoms. 

b. Major pmduct obtained was l-amino-3.8-dii2-pyridylmethyl)-7-methyliq~noline. 

respectively. in [air to excellent yields. The failure of l a  to supply I-aminoisoquinolines may reflect the decreased acidity of the 6- 

methyl group engendered by the other three electron-donating methyl groups, thus obviating the cmcial melalation step in the 

aminoiscquinoline synthesis. It may well be that h e  reluctance of 3- and 4-substituted hetatylacetonitriles to yield iscquinolines 

stems from the inability of their hetero atom, k ing  removed from the reaction site, to provide a chelaling lcci for possible 

Lransition sute stabilization. However. the inability of 2-thiopheneacetonitnle (Ze) to give isaquinolines suggesls that other 

factors, presenlly unknown. areinvolved. 

n e  data shown in Table I alsoconfm and extend the notion that the 3:4 product distributions depend heavily on the nature of the 

haloarene and hel;trylacelonitrile. For cxample. of the sir haloarenes studied, la and i b  are the most inclined toward the 

rearrangement pathway since each gives rearranged products exclusively when mated with the hetatylacetonihiles (2a-e). In conmt ,  
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I-bmmo-2.5-dimethorybenzene (If) is the least inclined to pursue the rearrangement pathway since the 3:4 ratios from all itreaction 

with 2a-e (i.e. runs 6.12,18.24, and 30) lie heavily in the direction of the aryne arylated producfs (4). The rcgiochemisky of the 

addition of a-hetarylacelonitrile anions to unsymmelric 3-methoxyarynes was assumed to Kcur at the I-position in accord with the 

Smng mela directing ability of the methoiy group.' This proposed regiochemistry was confirmed by single crystal X-ray 

diffractomelric analysis of 2-(2-thiophenemelhyl)-6-melhory-3-methylbezoe whose ORTEP~ is shown in Figure I. 

~ i g ~ r e  1 ORTEP of Molecule 3ce 

By determining the number of 3:4 product ratios 2 5050 from the reaction of each of h e  three remaining halaarenes (Ic-e) with 

(la-r), a qualilative measure of their relative preference for the rearrangement pathway can be assessed. For example, bath 2-bromo-4- 

methylanisole (Ic) (runs 3.9.15.21) and bmmobenzene (Id) (runs 4, LO, 16.22) give four 3:4 ratios > 5050, and therefore exhibit 

greater propensities for the rearranged pathway than le, which yields only three such ratios (runs 5.1 1 and 17). Of the 3:4 ratios 2 

5050 from the reaction of l c  and Id  with a panicul;lr hetarylacelonitrile (i.e. listed in a particular sa), only those in set 2 (runs 9 and 

10) are significantly different (>95:5 vs 6634, respectively). However. Lhb difference indicates that l e  has a greater preference than 

Id for thc rearrangement pathway. Thus fmm the abave considerations, the preference of halavenes for the rearrangement paUlway 

appears to vary along the series l a  - l b  > l c  > Id > l e  >If, which also parallels the variation in the net overall electron-donating 

ability of the ring substituents of the haloarenes. 

A similar assessment of hetarylacetonitriles ( b e )  can be obtained by comparing the variation of the 3:4 product ralios within each of 

h e  five sea. Accordingly, benzimidazoylacetonitrile (2r) has the least pmpensily for the rearrangement pathway since only two of h e  

3:4 listed in set 5 (runs 25.26) fmm the reaction of to with the haloarenes (la-f) are > 5050. In contrast, 2-thiopheneacetoniuile 
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(2r) 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 tne only one of the niViles toreact exclusively with bromobenzene thmugh the rearrangement pathway 

(run IS. set 3). Next in preference for the rearrangement pathway is 3-thiopheneaceloniuile (2d) which reacts exclusively with l a  and 

l b  (runs 19 and 20. set 4) and predominantly with l c  and Id (runs 21 and 22. set 4) d t h e  rearrangement pathway. Similar 

comparisons of the pyridylacetoniuiles (2a) and (2b) indicate that 2b is more inclined loward the rearrangement palhway since it 

gives the m m n g e d  pmducts (3ab). (3bb). and (3cb) exclusively when trealed with la,  l b ,  and lc ,  respectively (runs 7-9, set 2). 

whereas 2a undergces rearrangement exclusively with only in  and l b  (assuming the I-aminoisquinoline proceeds thmugh the 

rearrangement pathway) (nms I and 2. set I) and yields only slightly more 3ca than 4ca (M):40, respectively, run 3, set I) when 

treated with lc. Thus, the variation in preference of 2a-e for the tandem addition-rearrangement pathway is: 2c > 2d > 2b > 2a > 2r. 

A possible explanation to account for the variations of the preference of haloarenes and helarylacetonitriles for the rearrangement 

pathway can be presented by considering the dfect of these reaclanU on the competing tandem addition-rearrangement and axyne 

axylatian pathways suggested in Scheme 1. The variation in the pmlivity of haloarenes for the pathway is directly related to the 

M = Li, 
a. LDA 
b. t-BuLi ~~ ~- 

c. KH 

Scheme 1 

rearrangement Mliation in the net electron-donating ability of their substituents, with the methyl substituted haloarenes ( l a  and 1b) 

exhibiting the highest predilection, methorymethyl substituled arynes ( I r )  and unsubslituted haloarene (Id) displaying a modest 

penchant, &d the methoxy- ( le)  anddimetharyarynes (10 demonstrating the lowest preference for the rearrangement pathway. 'Ibis 

change is in accord with the relative ability of these substituents lo enhaoce the nucleophilicity at the 2-cyclizatian site in adduct (5). 

and hence the rate or ring closure (kl), lhe crucial step in the landem addition-rearrangement pafhway. Because of the increased distance 

between the aromatic ring and the a-meethinyl carbon atom. the effect of aromatic ring subaiaenls on the a-pmton abseaction step 
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(k2) of the aryne arylation mechanism is less pronounced. Consequently. the changes in the praduct ratio 3 4  as the nature of the 

haloarene is vaned are governed by k2. 

The variation of the prcduct disuibution shown by the hetarylacetoniuiles (2a.e) appears to be governed by the rate of a-melhinyl 

proon abshaction, k2. As a result. the rr-excessive thiophene ring delivered to the a-methinyl carbon in adduct 5 by 2e and 2d 

represses by induction the acidity of the a-methine hydrogen atom to such an extent that the rate af proton abstraction, k2 in 5 is 

significantly less than that of the competing ring closure step, kl, resulting in 3:4 product disuibutions lying heavily in favor of 

rearranged pmducts 3. On theother hand, then-deficientpyridine ring supplied to the a-c&n in adduct (5) by 28 and 2b inductively 

enhances the acidity and the rate of proton abstraction of that hydrogen atom to such an extent that k2 predominates over k l ,  which 

leads to 3:4 product ratios heavily in favor of the latter products. BenzimidazoylacefoniuiIe (Ze). the most relucmt of the 

hetarylacetonilriles studied here to give rearranged niuiles, probably owes its recalcihant behavior to its ability to deliver the 

bendmidazoyl ring to adduct (5). which in turn is best able to increase both the acidity and rate of absmt ian  of the a-methine 

hydrogen atom when compared to the olher hetarylacetoniuiles. The increased acidity engendered by the knrimidizoyl ring most likely 

arises by the maual resonance stabilizing inleractions between the a-lithiated carbon and the 3-nitrogen atom of the benzimidawle 

ring of the resulting conjugate base. 

In conclusion, we have shown that the product disuibutions of rearmnged nitriles and aryne arylaled niuiles fmm the LDA-medialed 

reactions of haloarenes and hetarylacetonitriles are a function of the nature of both sming  materials. The reaction of haloarenes 

passessing electon-releasing and acetoniuiles possessing electon-withdrawing groups tends b favor rearranged nihiles. whereas reactiol 

of haloarenes possessing electon-attracting gmps and acetoniuiles conlahirig elecm-releasing groups tends to favor aryne arylated 

niuiles. 

EXPERIMENTAL 

General Asprew IH and 13c nmr spec@= were measured in CDC13 solution on a WP 200-SY Broker spectmmeler. All chemical 

shifts are reported in ports per million downfield frum internal tetramethylsilane. Infrared spectra (ir) were recovered on a Perkin-Elmer 

283 grating specmpholometer. 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. R e p l e d  boiling points are uncorrected: 

melting paints were determined on an elechothermal apparatus and are uncorrected. All reactions were carried out in flamedried flasks 

under nitrogen atmosphere. The haloarenes(lbs1were oblained from Aldrich Chemical Company. Compounds ( la )  and (10 were 

prepared by treatment of 1.2,3A-te@amethylben~ene with 2.2 eq. of NBS in D M F ~  and 1.4-dimethoxybenzene with I .  I eq. of NBS in 

D M F . ~  
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General Procedure Tor the Reaction or Haloarrnes ( I h -0  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 solution of n-BuLi 

(15 mmol, 2.5M in herane) in THF (25 ml) under nitrogen atmosphere (using septum cap technique). After stirring the solution for I1 

min at -78" C. the appropriate helarylacetonihile (2) (I5 mmoll in THF (25 ml) was added over a per id  of 10 min. and the resulting 

solution was warmed a -40-C. At that point, the haloarene (1) (5 mmol) was added dmpwise over 5 min at -40' C, the resulting dark 

brown solution was stirred an additiond 10 min. then was allowed to warm to room temperature. After stlmng overnight, the reaction 

mixture was washed with saturatedaqueous ammonium chloride solution, waservacled with CH2C12 (3 X 25 ml), and the combined 

extracts were dried (Na2S04) and evaporated (rotary evaporator). The individual componenm in resulting residue were obtained in pure 

form by flash chromatography on silica gel using acetone-hexane (595) as eluent. 

General Procedure for the Reaction or 1,2-Dihromo.3,4.5.6-tetramethylbenzene ( la )  with Hetarylacetonitriles 

(28-e), t-Butyllithium and Potassium Hydride. A solution of the niwile (30 mmol) was added lo a solution containing KH 

(3.42 g, 30 mmol) in 40 ml of THF and the resulting reddish clear solution was stirred for 15 min then cooled to -65 "C. Then to this 

solution was added thedibromoarene ( la )  (2.92 g, 10 mmol in ether (90ml) and hexane (10 ml) wasadded dmpwise followed by the 

rapid addition of a solution of 1-BuLi (20 mmol. 11.8 ml of 1.7 M solution in penlane), maintaining ihe temperature at -65 "C. The 

resulting solution. which turned deep red immediately upon addition of the 1-BuLi, was stirred for I h. then was dlowed lo warm to 

nmm 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 f m  (yields shown are isolated yields). 

2-(2-Pyridylmethyl)-3,4,5,6~telramethylbezonitrile (3aa): yield. 48%; yellow solid (from herane), mp 93-96 "C: IH nmr 

(CDC13)S 2.15 (s, 3 H). 2.22(s, 3 H), 2.23 (s, 3 H),2.50(s, 3 H).4.45 6 . 2  Hh6.96-7.01 (m. 2 H). 7.47-7.52 (m. 1 H), 8.48- 

8.52 (m, I H); I 3 c  nmr (CDC13) 6 16.38, 16.66. 17.08. 19.14. 41.33. 112.23. 118.91, 131.16. 122.33. 134.37. 136.46, 136.77. 

137.46, 137.84. 141.05, 149.24, 159.24: i v m a  (CHC13) 2213 cm-l. And. Calcd forC17HlgN2: C, 81.56: H, 7.25: N, ll.19. 

Found: C. 81.72: H. 7.16: N. 11.19. 

2-(3-Pyridylmethyl)-3,4,5,6-tetramethylbenonitril (3ab): yield. 63%; brown solid (from herane), mp 104-105 O C :  'H 

nmr (CDCij) 6 1.96 (8, 3H). 2.14 6 . 6  HI, 2.51 (s, 3 HL4.28 (s, 2 H). 7.16-7.25 (m. 2 H), 7.36(brd, J =  7 Hz.1 H). 8.38 (br s, I 

H); 1% nmrCDCI3)S 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 (CHC13) 2214 cm-I. Anal. Calcd for C17HlgN2: C. 81.56: H. 7.25: N, 11.19. Found: C, 81.70: H, 7.19: N. 

11.21. 

2-(2-Thiophenemethyl)-3,4,5,6-tetramethylhenzonitrile (3arl: yield, 63%: brown oil: IH nmr (CDC13) 6 2.22 (s. 3H). 

2.25 (s, 6 H), 2.49 (s, 3 H), 4.40 (s, 2 H), 6.73-6.75 (m, I H), 6.80-6.87 (m. 1 H), 7.01 (d, J = 5 Hz.1 H); 13c n m  (CDCl3) 6 
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16.41, 17.12, 19.07, 32.93, 111.72. 118.57, 123.57, 124.98. 126.59, 133.56. 134.68, 137.53, 138.71, 141.I2, 142.00: irYmax 

(CHC13) 2212 cm-I. Anal. Calcd for CI6H17NS: C. 75.24: H. 7.24: N. 5.48. Found: C. 75.19: H. 7.1 I; N. 5.34. 

2.(3-Thiophenemethyl)-3,4,5,6-lelramethylbenzonitrile (3ad): yield, 70%: thick oil: IH nmr (CDCIj) 6 2.19 (s, 3H) 

2.21 (s. 3 H), 2.24 (s, 3 H), 2.49 (s. 3 H), 4.22 (s. 2 H). 6.79 (s, 1 H), 6.91 (d. I = 5 Hz. I H), 7.21 (d. I = 5 Hz, I H). Anal. Calcd 

for C16H17NS: C, 75.24: H, 7.24: N, 5.48. Found: C, 75.28: H, 7.22: N. 5.41. 

2~(2-Benzimidazo~lmethyl)-3,4,5,6~telramelhylbenzonitrile (3ae): yield. 66%: mp 249-254 OC (from hexane): 'H nmr 

(CDCIj) 6 2.14 (s, 3H). 2.16 (s. 3 H), 2.34 (s. 3 H), 2.45 (s, 3 H). 4.53 (s. 2 H), 7.13-7.18 (m. 2 H), 7.46 (m, 2 H); ir vmax 

(CHC13) 3384.2214 cm-l. Anal. Calcd for ClgH19N3: C. 78.86: H, 6.61: N, 14.52. Found: C, 79.01: H, 6.71: N, 14.34. 

2-(3-Pyridylme1hyl)-3,6-dimethylbenzonitile (3bb): yield, 51%: brown liquid: I H  nmr (CDC13) 6 2.17 (s. 3H). 2.45 (s. 

3 H), 4.19 (s, 2 H), 7.07-7.36 (m, 4 H), 8.30-8.40 (m. 2 H): I3c  nmr (CDC13) 6 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 (CHC13) 2217 cm-I. Anal. Calcd for C I ~ H I ~ N ~ :  C. 

81.04: H, 6.34: N. 12.06. Found: C, 81.01: H,6.51: N, 12.30. 

2-(2-Thiophenemethyl).3.6-dimethylbenzonitil (3bc): yield. 58%: yellow oil, bp 170-175 C 1 I tom: IH nmr (CDC13) 

6 2.32 (s, 3 H), 2.51 (s.3 HL4.37 (s. 2 HL6.76-6.77(m. 1 HL6.85-6.90 (m, 1 HL6.70-7.12 (m, 2 H),7.26(d. J = 8  Hz. I H): 

I3c nmr(CDCI3)6 19.25.20.57, 32.28. 113.85, 117.44. 123.86. 125.33, 126.71. 128.45. 134.55, 140.18. 141.14. 141.92: ir 

vmax (CHC13) 2217 cm-I. Anal. Calcd lor C14H13NS: C. 73.92: H. 5.76: N. 6.16. Found: C, 73.82: H. 5.86: N. 6.44. 

2-(3-Thiophenemethy1)-3,6-dimethylbenloiti (3bd):. yield, 58%: thick liquid: I H  nmr (CDC13) 6 2.26 (s. 3 H), 2.51 

(s,3 H), 4.20 (s, 2 H), 6.81-7.26 (m.5 H), 7.49-7.51 (m, 2 H): ir (CHC13) 2218 cm-I. Anal. Calcd for C I ~ H I ~ N S :  C, 

73.92: H. 5.76: N, 6.16. Found: C. 73.92: H. 5.96: N. 6.54. 

2- (2 .Benzimidazoylmethyl ) -3 ,6 -d imethylbe i i l  (3be): yield, 51%: mp 258-260 OC (from hexane): 'H nmr (CDC13) 

6 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 ym, (CHC13) 3220, 2215 cm-l. Anal. 

Calcd for C17H15Nj: C. 78.13: H. 5.79; N. 16.08. Found: C. 78.12: H. 5.86: N. 16.44. 

2-(3-Pyridylmclhyl)-6-metboxy-3-methylbitrile (3eb): yield. 46%: thick liquid: I H  nmr (CDC13) 6 2.16 (s. 3 H). 

3.89 (s, 3 H), 4.18 (s, 2 H). 6.79 (d, J = 9 Hz, 1 H)), 7.13-7.41 (m, 3 H), 8.39-8.57 (m, 2 H): ir (CHC13) 2223 cm-I. 

Anal.Calcd 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~meth0~y-3~methylbenzitrile (3ee): yield, 38%: thick liquid: 'H nmr (CDCIJ) 6 2.28 (s, 3 

H). 3.88 (s, 3 HL4.32 (s, 2 H), 6.74-6.87 (m,  3 H). 7.08-7.11 (m, I HL7.24-7.31 (m, 1 H): ir vmax (CHCI3) 2223 cm-l. Anal. 

Celcd for C ~ ~ H I J N O S :  C, 69.12: H, 5.39: N, 5.76. Found: C, 68.99: H, 5.36: N. 5.88. 



1248 HETEROCYCLES, V o l  34. No. 6. 1992 

2-(3-Thiophenemethyl)-6-methox~-3-methylbenzoilrile (3cd): yield, 35%: thick liquid: IH nmr (CDC13) 6 2.58 (s. 3 

H). 3.47 (s. 3 H). 4.12 (s, 2 H), 6.58 (d. J = 8 Hz, 1 H). 7.01-7.44 (m. 3 H), 7.77 (s, I HI: ir vmax (CHC13) 2223 cm-I. Anal. 

Calcd for C I ~ H I ~ N O S :  C. 69.12: H, 5.39: N. 5.76. Found: C, 69.12: H. 5.35 N.5.78. 

2-(2-Thiophenemethyl)benzonitrile (3dcl: yield, 36%. thick liquid: I H  nmr (CDCl3) 6 4.36 (s, 2 H), 6.89-6.43 (m, 2 H), 

7.15-7.64 (m, 5 H): I3c  nmr (CDCI3)S 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 vmax (CHC13) 2233 cm-I. Anal. Calcd for CIZH~NS: 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: I H  nmr (CDC13) 6 4.19 ( s9  H). 6.93-7.02 (m, 2 H). 

7.23-7.63 (m, 5 H): I3c  nmr (CDC1316 34.80. 112.29, 117.83, 122.3, 125.93, 128.71. 127.97, 129.70. 132.78. 138.71, 144.30: ir 

vmax (CHC13) cm-I. Anal. Calcd forClzH9N.S: C. 72.35: H. 4.55: N, 7.03. Found: C, 72.46: H, 4.76: N, 4.44. 

2-(2-Benzimidazoyl)-3-methoxyphenylacetonitrile (Ice): yield. 25%: thick liquid: IH nmr (CDCI3) 6 3.62 (s, 3 H). 5.62 

(s. 1 H).6.81-7.20(m,9H). Anal. Calcd forC16H13NjO: C.72.W. H.4.98;N. 15.96. Found: C, 70.72: H. 5.06: N. 16.17. 

a-(2-Pyridy1)-2,s-Dimethoxyphenylacetonitrie (4fa): yield, 39% thick liquid: IH nmr (CDC13) 6 3.73 (s. 3 H). 3.81 (s. 

3 H), 4.33 (s, 2 H), 6.76 (d, 3 = 9 Hz, I H). 6.98-7.05 (m, 2 H), 7.45-7.49 (m, 2 H). 8.44-8.48 (m. I H). Anal. Calcd for 

C15H14N202: C.70.85: H. 5.55: '~.  1l.M. Found: C.70.72: H, 5.46: N. 11.17. 

a-(3-Pyridyl)-2,5-Dimeth0~yphenyl~cet011itrile (4m): yield. 42%: thick liquid: I H  nmr (CDC13) 6 3.74 (s, 3 H). 3.76 (s. 

3 H). 5.54 (s, I H).6.81 (s, 2 El). 6.94 (s, I H), 6.23-7.27 (m. 1 H),7.66-7.72 [m, I H), 8.50-8.60 (m.2 H): I3c  nmr (CDCI3)S 

34.17, 112.11. 117.57, 124.42. 125.89. 126.84, 126.97. 129.57. 132.65. 132.87, 140.88. 143.86: irvmax (CHC13) 2243cm-I. 

Anal. Calcd for Cl5H14NzOz: C. 70.85: H. 5.55: N. 11.02. Found: C, 70.82: H. 5.66: N. 11.12. 

a-(2-Thirnyl)-2,5-Dimeth~yphrnylacetonitriIe (41~): yield. 44%: thick liquid: 'H nmr (CDC13) 6 3.74 (s. 3 H). 3.81 (s. 

3 H), 5.73 (s, 1 H), 6.83 (s, 2 H), 6.84-7.30 (m, 4 H): ir vmm (CHC13) 2243 cm-'. Anal. Calcd for C ~ ~ H I ~ N O ~ S :  C, 64.86; H, 

5.05: N, 5.40. Found: C. 64.82: H. 5.06. N. 5.44. 

a-(3-Thieny1)-2,s-Dimethoxrphenylpeetoni (4fd): yield. 44%: thick liquid: IH nmr (CDC13) 6 3.72 (s. 3 H). 3.81 

(s. 3 H), 5.75 (s, 1 H), 6.84 (s, 2 H). 6.81-7.32 (m, 4 H): irvmax (CHC13) 2242 cm-I. Anal. Calcd for C I ~ H I ~ N O Z S :  C, 64.86: 

H. 5.05: N. 5.40. Found: C. 64.87: H, 5.06: N. 5.34. 

2-(2-Benzimidaraylmcthyl)-3,6-dimothorybeoitie (4fe): yield. 42%. yellow solid. mp 176.178 'C (fmm hexane): I H  

nmr (CDCIj) 6 3.67 (s, 3 H), 3.82 (s, 3 H), 5.73 (I  H), 6.83 (s, 2 H), 7.02 (s, I H), 7.16-7.24 (m, 2 H), 7.48-7.53 (m, 2 H): I3c 

nmr (CDC13) 6 34.33, 55.60, 55.87, L12.16, 114.30, I14.71, 118.70, 123.42. 124.02. 131.52, 134.81. 148.41, 149.02. 149.97, 
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153.78: irvmax (CHC13) cm-I. Anal. Calcd forC17H1sN302: C.69.61: H. 5.15: N. 14.33. Found: C. 69.82: H. 5.16: N. 

14.21. 
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