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Abstract - Perchloropyridine (1) reacts smoothly at -70 OC with a-lith~oarylacetonitr1Ies(3) affording a-(aryl). 

2,3,5.6-teuachloro-4-pyridyIacetonil& (4). The 2,5.6-vichloro-3,4-dehydropyridine precursor, 2.3.5.6-tetrachloro- 

pyrldyllithium (S), reacts similarly at -70 "C with 3. but instead of providing 3.4-dehydropyridme products, a-(aryl). 

2.3.4.5-letrachlarophenylacetoni~ile supplies mainly 4 and a-(aryl)-3,5,6-Wi-chlora-2-pyridyIa~et0nitriles (6) plus minor 

quantities of a-(ary1)-3.4.5.6-tetraehlaro-2- (7) and a-(aryl)-2,4,5,6-tetrachloro-3-pyr1dyIa~etonitries (8). The product 

ratios of 4 to 6 from these reactions as well as the relative yields of 4 from the reaction of 1 and 5 with 3 are highly 

dependent upon 3 To account for these results, an explanation in terms of competing lithtum-chlonne exchanges 

hetween 1 or 5 wNh 3 or ashloroarylacetonitr~lcs (9) rs proposed 

During our recent ~ t u d i e s l , ~  on polychlornarenes we obtained two results. Fmt, treatment of perchlorobenzene with a-lithiated aryl- 

acetonitriles supplies a-aryl-2.3.4.5.6-perchlorophenylaceton~ti at remarkably low temperatures (-70 T ) . l  Secondly, new a-aryl- 

2,3.5,6-letrachloraphenylacetonitriIes are obtained, rather lhan perchlorobenryne pmducu, I e.  a-aryl-2,3,4,5-tetrachlorophenyIa~eto~ 

nmles, when one mixes the tetrachloroknzyne precursor. perchlorophenyllilhium, with an a-lithioarylacetonitrile -70°C. which is 

considerably less lhan that (0-20 OC)~ required far perehloraaryne generatton These nttrile products presumably arise by an initial 

Itthtum-chlonne exchange between perchlorobenzene (or perchlorophcnyllithium) and a-llthioarylacetanlvde affording perchloro- 

phenyllithium (or I,4-dilithioperchloroknzene) and an ai.hloraarylacelon~tr11es. Nucleophdic attack of the lithium (or dilithium) 

species onto the a-chlora nmile affords the respective a-aryl nmle  To obtain mom information on the scope and mechamsm of 

these svntheticallv useful reactions, we have extended our studies to the ~entachlaropvridme system. and reDon the results herein. 



RESULTS AND DISCUSSION 

As shown in Eq. I, the reactions of pentachloropyridine (1) with a-lith~oarylacetanitriles (3a-j), which were prepared by treating the 

appropriate arylacetonitriles (2a-j) with n-butylhthium, were carried out at -70°C- over a penod of 2 hand for an additional 14 h at 

roam temperature to afford a-aryl-2,3,5,6-tetrachloro-4-pyridyl~les  ( 4 4 )  in moderate (87-65%, Entries 2, 5. 8.9) to fair (42- 

39%, Entries 3.4, 7) ) t o  poor (< 24%, Entrics 1, 6, 10) isolated ylelds. Attempls to increase the yiclds of 4 by extended heating 

resulted in the formatton of higher molecular weight materials 
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Treating 2,3,5,6-tetrachloro-4-pyndyIlithium (5) (prepared by treatwig 1 with n - h ~ t ~ l l i t h i u m ) ~  and 3a-j similarly gave mainly 4a-j 

and a-aryl-3,5.6-trichloro-2-pyndyla~etonitils (6a-j) plus minor amounts (<lo%) of a-aryl-3.4,5,6-tetrachloro-2-(7a-j)and a-aryl- 

2,4,5,6-tetrachloro-3-pyridylacetonitrils (8s-j). Moreover the product distribut~ons of 4 and 6 are highly dependent upon the nature 

of 3. Thus, 6c, e-g are the principle products (46%, 53%. 83%. 63%. respectwely) from the reactions tnvolving 3% e-g (Entries 

13, 15-17), whereas 4d, i, j are the major products (64%. 39%. 80%. respecuvely) from 3d, i, j (Enmes 14, 19, 20). Roughly 

equal amounts of 4% b, h (24.33%) and 6% b, h (25.32%) are obtained from the other reactions (Entries l I, 12, 18) Moreover, 

the relative yields of 4 produccd from the reaction of 1 with 3 and 5 with 3 also depends upon the a-hthiated nitrde (3). For 

example 4 j  is obtained in a ~ignificantly higher yleld (7646, Entry 20) from the reacllon of 5 w ~ t h  4-methylphenylacemnitrile (3j) 

than from the reaction of 1 with 3 j  (<lo%, Entry 10). whereas 4e is supplied in 83% yield (Entry 5) from the reactton I with 3.4- 

methylenediaxyphenylaceton~trile (3e) and in 10% yield (Entry 15) from the reaction of 5 and 3. 

The I H  nmr spectra and elelnental analysis, wh~ch are llsted in Table 2, and ir speclra of 4 and 6 are consistent with the proposed 

structures. For examvle, their soectra of all woducts reveals a characteristic CN veak at v = 2240~2250 cm-I. Funhermore, the 
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IH nmr spectrum of each 2-pyndyl nilrile (6) exhibits an a-Cfl(Ar)CN) resonance approximately 0 5 0  ppm down ficld from that of 

Table I % Ylelds of Communds (4,6-8) from Reamon of 1 and 5 w t h  3 

Y i e l d s .  

a. Nanc detected, b, except where noted. c Estimated yields from I H  nmr spectrum of reaction mixturc. 

d. Mainly slarting malermls (> 60%) recovered e.  Appror~mately 15.30% starting materials recovered 

11s 4-pyndyl counterpar1 (4). Moreover, t h e l ~  nmr spectrum of each 2-pyridyl nttrlle (6) shows a singlet at 6 7.74 corresponding lo 

thc chem~cal shzft of the hydrogen at the 4 position of the pyridine ring? Single crystal X-ray diffractometry o f  a-(3-thiophenel- 

3.5,6-lnchloro-2-pyridylacetonil~ funher conlimed the orientation of the 4-H atom and 2-CH(Ar)CN substituent of the pyrldme 

ring.4 From the nature of the products and the low temperatures of rhe reuctlons, the aryne and nucleophilic aromatic substitution 

mechanisms for thcse reactions are not likely. Scheme I outlmes a possiblc mechanism for the formation of 4 from the reaction of 1 

and 3 similar lo that proposed for the reaction of henachlorobenxne, and arylacctonilrile anions.l The first step involves a lithium- 

chlorine exchange between 1 and 3 yteld~ng 5 and a~hloro~arylacetonitrile (9) Thls is followed by nucleophllic attack by 5 onto 

the reacuon mlnture y~elding 4, which under the h a w  condmons of the reacuons is most likely deprotonated to its conjugate base(l0). 

Proton quench of 10 yields 4. A simtlar metal-halogen exchangelnucleophilic substitution mechanism was proposed by cilman4 to 

explain the ease with with 2.3.4.5.6-penlachlora-1-trimelhylsllylbenzene is abtamed at -70 OC from the reaction of hexachlarobenzene 

with lrimethylsilyllithium. 
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Scheme 1 

Table 2 P h y s ~ a l  Properties of Compounds (4) and (6) 

Comp AJ mp Anal 
No (OC) Calcd (found) 

1H NMR, 6 ppm 

4 s  C6H5 89- C. 52 65 (52 78); H, 2.04 6.21 (s, I H. CHCN). 7.21-7.29 (m. 5 H) 
90 (2.10): N. 9.45 19.34) 

3.78 (s. 3 H. OCH?). 6.20 (s. 1 H. CHCN), 6.84 (s, I H) 
. . \--.. - --, 
3.79 (s, 3 H, OCH3), 6.18 (s, I H, CHCN), 6 86 (d, J = 
5 . 8 H ~ , 2 H ) , 7 . 2 5 ( d , J = 5 . 8 H r , 2 H )  
3.84(s, 6H,OCH7),  6 18 (s, I H,CHCN),6.86 (d, J =  

5.97 (s: 2 HGOCH~O,  6.14 (s, i H, CHCN), 6.74 ( s ,  I 
H). 6.79 (s, 1 H). 
6.62 (s, I H, CHCN), 7.45 (d, J= 5.1 Hz, 2 H), 7.50-7.62 
(In. 2 H). 7.82-7.9 (m. 3 H). 7.74 (s. 1 H) 
6.15 (s, 1 H), CHCN), 6 92 (m, I H), 6.95 (m, I H). 7.3 
(m. 1 H) 
6.30 (s, I H), CHCN), 7 10 (m, 1 H), 7.20 (m, I HI, 7 30 
(m. I H) 
2.35 (s, 3 H, C H 4 ,  6.20 (s, I H, CHCN), 7 l l (s, 1 HI, 
7.24 (m, 3 H) 
2 34 (s, 3 H, CH3), 6.20 (s, 1 H, CHCN), 7 19 (s, 4 H), 

6.21 (s, I H, CHCN), 7.24 (m, 4 H), 7 70 (s, 1 H, 4-H- 
C5NCI3) 
3.78 (s, 3 H, OCH~) ,  5.45 (s, I N, CHCN), 6.84 (s, 1 H) 
7.22-7.28 (m, 3 H), 7.75 (s, 1 H, 4-HCgNC13) 
3.79 (s, 3 H, OCH3). 5.57 (s. 1 H, CHCN), 6.86 (d. J = 
5.8 Hz, 2 H), 7 25 (d, J = 5 8 Hz, 2 H), 7.74 (s, I H, 4- 
HC<NCI?I 
5.5; (s, ;H, OCHZO), 5.97 (s, I H, CHCN), 6.74 (s ,  1 
H), 6.92 (s, 2 H). 7.74 (s, I H, 4-HCgNC13) 
6.26 (s, I H, CHCN), 7.45 (d, J= 5 I Hz, 2 H), 7.50-7.62 
(m, 2 H). 7 82-7.9 (m, 3 H), 7.74 (s, 1 H, 4-HCgNC13) 
5.86 (s, 1 H), CHCN), 7.10 (m, I H), 7.20 (m, 1 H), 7.30 
(m, I H), 7.74 (s, 1 H, 4-HCgNC13) 
5.70 (s, I H), CHCN), 7.10 (m, I H), 7.30 (m, I H), 7.38 
(m. I HI. 7.74 (s. I H, 4-HC<NCI?) 
z 35 ( s , 3  H, c H ~ ) ,  5.6 (s, I H.CHCN), 7.10 (m. I H), 
7.19 (s. I H. 4-HCgNC13). 7 24-7.31 (m, 3 H) 



Scheme 2 outlmes 

exchange between 

a possrble pathway for the formation of 6 and 4 from 5. As shown, an initial a-lithnum-2- chlorine 

5 and 3 gives the dilithio species (11) and a-chloro "mile (9). Thesc intermediates lhen combme in smilar 

Scheme 2 

L L  In the  same manner as 
4 

-LICI described in S c h e m e  1 

1 

manner to that described in Scheme 1, ytelding 4-ltthia-2-pyndylaceton~trile (12). Internal neutrahzalion of 12 followed by 

proton quench of the resultmg a-hthio nimle (13) ylelds 6. The ohtention of 4 from the reaction of 5 and 3 indicates that 9 

most likely reacts with 5 to ytelds 1, which then is converted lo 4 u pathway described in Scheme I .  The formarm of minor 

perchloro~2-pyndyl- (7) and perchloro-3-pyridylacetonitnles (8) may be similarly farmed since their r e s p t i v e  precursors 

pcrchloro-2-pyrldyllithium and perchloro-3-pyridyllithlum are known to be side products in the n-butyllithrum mediated synthesis 

of 5 from I in THFI hexanes solvent It is possible that 4 could he formed by nucleophilic attack by the 4-lithm carbon ol the 

dilllhiopyrldme ( I  I )  followed by exchange of the resulting Z~lilhnated 4-substituted pyridine with 9 However, thls is not as 

likely due to the greater nucleophil~city of the 2-ltthm site as compared to the 4-lithio silc in 11. Scheme 2 suggests that tnflucnce of 

a-arylacetonxtrile anions (3) on the product distribution of 4 and 6 is an outcome of the competitmn of 11 and 5 for the a-chloro- 

arylaceton~trile (9) Furthermore, it predtcts that an additmal source of chlor~ne other than the 2-chlorine atom in 5 is required for 

thc synrheals of 9. whch may be n-butyllrlhium produced in the n-BULI mcdialed preparation of 5 from 1 

EXPERIMENTAL 

General Data. All preparations were done under an atmosphere of dry 0 2  -free NZ contained in a balloon possesing a needle 

protrudmg lhrough a rubber septum allached to one of the reacuon flask necks. Tetrahydrofuran (THF) war passed through a 

column contamng neutral alumina then refluxed in the presence of sodurn benzophenone kelyl untll a permanent blue color was 

achieved. The arylnitriles, perchlompyridmes, and n-BuLi were ohtamed from Aldnch and were distilled or recrystallmd pprlor to 
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use. Melung points were taken on an electrochemical apparatus and are uncorrected. Ir specua were determmed on a Nicolet Magna 

TM 550 spectmmetcr, the nmr specua werc recorded on a Brucker 200 MHz WPSY 

spectrometer and chemical shlfts are related lo TMS as mternal standard, and the elemental analysis were performed at thc SMU 

Chemisy  Analytical Laboratory using an ERBA elemental analyzer 

General  Procedure for the Preparation of a-Aryl-2,3,5,6-tetraehlor0-4-py1idylaeetitriIe (4). A s o l u t m  of 

n-BuLi (4 ml, 2.5 M in hexanes, I I mmol) was added dropwise to a solution containing 11 mmol of the arylacetoniuiles (3) m 40 ml 

of THF at -70°C. After the resultmg solution of a- arylacetonitriles (3) was stirred far 2 h a t  -70 OC, tt was cannulaled into a 

solution containing containing 2.5 g (10 mrnol) of pentachloropyridine (1) m 40 ml of THF for 2 h a t  -70 OC, and the resulting 

solutmn was stirred an additional 2 h. the acetone-dry ice bath was removed, and the reaction mixture was allowed to warm to room 

temperature where it was stirred overnight. The reacuon mtxturc was then quenched with saturated aqueous NH4CI (25 ml) and 

extracted thrice with 25 rnl porllons of CHZCHZ. The combmed organtc extracts were combined and dried (NzqSOq), the solvent 

removed (rotatory evaporator), and the residue eluted on 600 mesh silica gel (19 1, heiane.acetone) to gwe 4. 

General Procedure for the Preparation of a-aryl.3,5,6-triehloropyridylaeetonitril (6). A solutmn contv~n~ng 10 

mmol of2.3,5,6-letrachlora-4-pyridyllithium (5) was prepared by adding dropwlse 4.0 ml of a 2.5 M solutmn of n~BuLi in hexanes to 

a solution containing 2.49 g (10 mmol) of 2.3.4.5.6-pentachloropyridine (1) in 40 ml of THF at 7 0  "C. The aolutmn was then 

sttrred for 2 h at -70 "C, then cannulated into a solution conlamng I I mmol of 4, preparcd hy tieatmg I I mmol 013  with n-BuLi (4 

ml. 2.5 M in hexanes). The mixture was treated in identical manner as that described above for the preparation of 4 
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