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-: Reaction of 2-chloro-6- cyamwridine with l lipkatic Booo- aM di-alcolbols or 
etkylene glycols l ffozda, dewinq 011 the reaction conditions, l lkosypyridines or hino 
erter pyridilm or l mixture of both types of cmpound8. It is suggested that the product 
dirtrilmtiae is detemiaed by the stability of en imidete anion formd as as intermediate. 
As improved synthesis of 2-cbloto-6-cyaoopyridine is also described. 

In connection ritb studier of rsagentr for liquid-liquid extraction of metal ions us ryntherired 

various substituted pyridine-2-carbosylic acids. Attempts to alkoxylate 2-ckloro-6-cyanopyridine 

according to -es procedurel, but exctbsnging ethylene glycols for linear carbon chain 

dials, did not give the desired dipyridyloxyalkaaer. Instead, imiao ester pyridiner2, mixed imino 

ester alkosypyridines aml mono pyridgloxyalkaner were formed. It is know&9 that a reqio- 

chdcal choice of a nucleopkile, attacking a substrate with two or more reective sites, cm be 

determined by either type of solvent, reaction tin or reaction temperature, or by takinq all 

three variable8 into account 8iwlbneou8lp. Ve now report tbat, by a proper choice of reaction 

conditions, the reactions could be directed toward8 formation of either dipyridyloxyalkaner or 

diimidater . 

RKSULTS 

Reaction of 2-chloro-6-cyanopyridine~0 with varioas alcoholates (results are sl~vrired in table 

1) ia coordinatinq solvents suck as tetrahydroftuan (TEF), moaoglym or a mixture of ethylene 

glycol and xylene at elevatad temperatures (60-1oO’C) gave products remltiug frcm substitutios 

of the chlorine ati, whereas product8 resulting from alcoholate attack at the nitrile function 

were obtained when xylene uas used at rm temperature. A misturs of both types of products, 

alkory- and him ester pyridimer, wre formed in syleae at SO-1OO’C or at room temperature under 

prolonged reaction tiwr. Representative reacthr are rboun in rche~8 1. 
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1,8- CL~~Q&&L ( 5 1, (1 l),! (26) 15 octane- 1:1:2 XYlsas 21 8. c@g’+c”$o” 
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a) ~lcularions bmad on fh. amm,nt of alcohol. 
b) Spsctr. (IR .nd RMP) sha rbat these cDmpouadr .IC alkoxylated 2-picolinic amide- and/or rcidm. 
c) Destroyed in a fire. 
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To obtain alkoxypyridims from alkamdiols aad 1 it was necessary to USC TRy or nonogly~ as the 

solvent (up. 3-9, tab. 1) uhilc ethylene glycols and 1 Save alkoxypyridina even though the 

solvent uas xyleae (exp. l-2). When sodium ethoxide in ethanol at rooa temperature reacted with 

1, ethyl 6-chloropyridine-2-idate uas formed in hi& yield in less than 5 min. (exp. 13). 

Repeating this experiment in refluxinq TW (axp. 91 yielded 2-cyano-6-ethoxypyridine41 and 

6-chloro-2-picolinamide.12 Following exp. 9 on a tic plate revealed (by comparison with an 

authentic sample) that initially the ethyl i&late was also formsd, but at the and of the reac- 
tion the ethyl imidate spot had disappeared. Uhen ethyl 6-chloropyridine-2-i uas added to a 

refluxing TlIy suspension of sodium hydride (exp. 18 at the end of the experimental section) the 

imidate was trassformd into 2-cyano-6-ethoxypyridine (together with so8e 6-chloro-2-aicolinamide 

and 11. From tic one could sea that after 5 tin a considerable amount of 1 had been formed. Since 

the reaction between 1 and ethoxide in ethanol, leading to an imino ester product, was a compar- 

ably fast reaction, t-butanol (dry) was used as a co-solvent with xylene when 1,6-hexanediol was 

reacted with 1 (exp. 121. The formation of the diiminoester compound was at least 50 tims faster 

in xylene/t-butanol 4:1 than in xylene alone (see up. 12 and 11). Unfortunately, an ummnted 

tran6formation13 of the startiap material to 6-chloro-2-picolide took place when t-butanol 

was present (09. exp. 91. Ilo imimo ester product from the reaction of t-butoxide and the cyano- 

pyridine was detected. This behaviour of t-butanol under siailar conditions has been pointed out 

by Serio Du99an u.14 

Following experiment 10 by HPLC shoued that after 24 hours reaction time only the monoimidate 

fra l,s-octanediol had been formsd. Then the monoimidate ws continously transformed into the 

diimidate without any new monoimidate bseing fonsd. After 69 hours all the monoimidate had been 

consumed. The yields obtained show that 1 WI exclusively transformed into the diimidate. This 

suggests that the diol is probably degrading to some other compound/compounds. Similar conclu- 

sions can k drawn from nany of the other experiments (eg. exp. 161. lo attempt to overcome this 

problem with the diols was carried out. 

When expertit 15 (see table 1 and scheme 1) was followed by RPLC one could see that after 1.5 

hours only 2 and 1 had been formed, 1 and 1 were then formed later. The reaction of 1 and 1,4- 

-butanediol in TIE at room temperature yielded, except for the alkoxypyridine collpounds, a mixed 

compound analogous to 4 (up. 17). If the reaction was carried out in refluxing TSP the mixed 

compound uas not formed (exp. 8). 

Both the imino ester pyridiaes and the alkoxypyridines had in most cases significant peaks in 

their 8ass and 11(8 spectra. The isino esters showed typical mass ion fragnnts of m/r 138, 140 

(ClC5E31Kl@l Mmetimes at m/z 139, 1411 and characteristic ASX-coupling patterns in the aroma- 

tic region of the 200 ltsz IIFIIIPI spactra. The alkoxypyridines showed typical MSS ion fragments 

at m/t 120 (OC5H41K@') and 121 U30C5R3RBd1 and in the aromatic region of the 200 16It 

lE-m characteristic ARX-coupling pattern5 were found. 

DISCIISSIOII 

Uhen comparing experiments 1 and 14, which are run under identical conditions, one can see that 

the product distribution is greatly influenced by the type of alcohol used. Tetraethylene 9lycol 

results in the clean formation of a dipyridyloxy compouM wherean l,lO-decansdiol gives a mixture 

of products. The reaction of l,lO-decanediol in wnoglyme, haraver, also affords a dipyridyloxy 

collpound (exp. 51. These results suggest that the product distribution is determined by the co- 

ordinating ability of the alcohol or the solvent. A possible explanation to this may bs that shen 

monoglyme or sylene with a polyethylene glycol are used as solvent6 the alcoholate and the cation 

are fully dissociated. Even though this leads to a naked aM reactive alcoholate, subsequently 

formed imidate anion will be poorly stabilirad since the counter ion is already well solvated, 
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see exp. l-5. 0ther11~~ have also demoustrated that alkoxycyauopyridine foruation takes place 

when a uaked alkoxide ion reacts with a chlorocyaxopyridine. 

The rate of formation of the iuidate auion depends of the degree of association (alcoholate- 

counter ion) and ccaplexation (nitrile-couxter ion). Comparing exp. 9 aud exp. 13 it appears that 

the reversibility of the iridate anion foruation is highly dependent on to uhat extent the 

iuidate anion is foruinp an intiuste ion pair uith the counter ion. Prom exp. 18 it is apparent 

that once the hidate anion has been fornd it dissociates into the cyaxopyridine aud ethoxide 

because of the lou stability of the iuidate - sodiuu ion pair in tBP. In xyleue a strongly 

associated (tight) ion pair is obtained betueen the alcoholate aud the counter ion. Thus the 

reactivity of the alcoholate is diuinirhed (longer reaction times), but uhen the imidate anion is 

forued it beumes stron9lp associated with the counter ion. Considerable amounts of imidate 

product are formed. This is confirmed by exp. 10, 11 aud 16. 

It has been shoun2 that methoxide in methanol reacts with cyanopyridine under catalytic coudi- 

tions. %is means that the imidate anion forued abstracts a proton ftou the solvent, thus drivinq 

the equilibriux towards the product side. In ethanol the imidate anion is obviously stabilized by 

the solvent and not by the counter ion, since this is also well solvated (u. exp. 131. The 

results of experiuent 12 (when coupared to exp. 11) show a large rate increase when t-butanol is 

used as a co-solvent. fhe reaction in exp. 13 is also a coxparatively fast reaction. Pram there 

results one can assuue that complexation (nitrile - protic solvent) takes place to a considerable 

degree. 

In yIW a loose ion pair between the alcoholate and the counter ion is formed and consequently 

soue couplexation could be expected. this is confirmad by the initially forxed ethyl iuidate in 

up. 9 and the ‘uixed’ ccapound in exp. 17. 

Lefour and Loupyl5 (1978) discussed the cause of regioselectivity according to solvents, tupera- 

ture and type of counter ion when a nucleophile reacts with a-enones. yhe a-enones and 2-chloro- 

6-cyanopyridine react analogously frou a regiocheuical point of vieu. In solvents that peruit a 

high degree of couplexation (cation - carbonyl or nitrile) this leads to the foruation of 

1,2-adducts in the a-enone case and iuidate adducts in the chlorocyanopyridine case, while in 

solvents uhere a lou degree of couplexation exist 1,4- and alkoxypyridine-adducts are formed. 

Vhen using a solvent that can give both types of products in both cases the saue trend is seen 

accordinp to reaction temperature, low tmperatures: 1,2- and i&late-adducts, high temperatures: 

1,4- and alkoxy-adducts. 

When wing a solvent with high solvatin9 powr alkoxypyridnes are produced at lamr tauperatures 

than when a solvent of louer solvatinp power is used. I’his is shown by the following exauple; in 

xylene higher teuperatures are required to foa soxe alkoxypyridines (exp. 15) uhile in TW rooa 
teuperature is sufficient (exp. 17). A prolonged reaction tiu ry also lead to the form&ion of 

soue alkoxypyridine products where a shorter reaction time only gives the imino ester pyridine 

(exp. 16 capared to exp. 10). Ihere facts show that iuino ester- and alkoxy-pyridines can be 

produced under kinetic and theruodynauic control, respectively. Table 1 is organized so that 

exp. l-9 are reactions carried out under theruodynauic control and exp. 10-13 are reactions 

carried out under kinetic control. In exp. 14-17 the reactions are carried out under interuediate 

conditions, Kinetic and thermodynaaic control in connection with solvent effects have been demon- 

strated by Wartski atal. (1979116. Finally we conclude that the degree of solvation of the ca- 

tion is dateruining the relative reaction rates of alkoxy- and iuino ester pyridine foruation and 

that the alkoxypyridines are, theruodynauically, the Y)re stable wnpounds. 
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H&iug points usxe deterxixed ce a Hicki xeltiug point apparatus aM are uxcorreced. Ram spectra 
uerenmonanLRR9OOOr pectmnter. m l ectra uere twerded in CRCl, en a Jeel JlRl-HU rpectro- 
meter l t609RIx or on a Gker W 200 spectketer at 2OOI6lr. 1X rpeccda were racordd on i_Perkin 
Xlmr 421 rpectropbutcmter. Rest of tke isolated ampmuds were purified by flash ctuexatography on 
silica gel (Rexck 0.040-0.063 I). Xylene aud euncglyxe were dried over molecular sieves (4 A) aud 
yEy uas distilled frcm beaxopkeuuue ketyl under nitrogen. AI1 experiwta were carried out using oveu 
dried glassuare and in a dry nitxogen atauspherc. 

A suspension of scdiux hydride (80\ dispsrsion iu xiueral oil, RXRCX) in muuoglyw, yEy or xylene was 
allcued to react ritk the appropriate alcokcl for 15 min. A solution of 2-chloro-6-cyanopyridiae uas 
added, usin a syringe or a dropping funnel, and the mixture reacted at the mature indicated in 
tile 1. All experiments were terminated by the addition of a saturated aronium chloride solution. 
Ken wnoglyms or TBP uere used as solvents, after extraction with wnium chloride, the organic 
phase was evaperated and tke resulting material dissolved in CE2C12 and then dried (UgRO,). 

. . 1.10 - 2 B. 1u Chrcaatography eluent: CR Cl - 
XtOAc (85:15), Rf - 0.37,-yield 13\, r&it. frcm EtCE, D.P. 98-1OO’C. IR(RRr): 3310 (R-E), 3353, 
1650 (C-R imidata) cm-‘. lR-IMR (60 REz):~b 1.1-1.9 (168, 8; -CR -), 4.3 (MI, t, J-6 et, O-CR -), 
7.25-7.5 (Pa, n, X-pyridyl), 7.6-7.85 (4X e, AR-pyridyl) and 9.3 (28, I, RE). RR (70 eV) n/r? (rel. 
int. \): 159(4), 157(15), 141(6), 140(29), 139(17), 138(74), 121(19), 113(16), 103(100), 76(42), 
55(22), 51(21), 41(20). Calcd. for C22E28R402C12: C 58.5, E 6.2, I 12.4. Found: C 58.5, R 6.6, R a,. . . 

. . . . Q Chrautcgraphy eluent: _ _ 
CR Cl -XtoAc (85:15), Rf = 0.20, yield 24 or 5\, xp. 102-103-C. IR(XRr): 3310 (R-E), 1745, 1645 
(c?n &ate, a-‘. lE-lW9R (60 HRr): 8 1.1-1.9 (128 m - 

CIi? 
-), 

7.5 (28, m, X-pyridyl), 7.7-8 (IS, m, Abpyridyl) & 9.0 ( 8, 
4.4 (4E, t, J-6 Er, O-CR -), 7.3- 

s, RE). Iss (20 OV), m/x ($01. int. \): 
159(19), 157(56), 140(60), 138(79), 113(37), 103(100), 82(24), 76(M), 67(29), 55(32), 44(29), 
41(24). 

1.6-Q. 11 a~d_l& _ _ Ckrolratcgrapky eluent: 
CE~CI~-X~CR (95:5), Rf - 0.28, yield 13\, recryst. from CE CR, l .p. 106.5-107.5.C. IR (RRr): 3310 
(n-e), 1720, 1650 (C=R i&late) cm -1. la-IRRI (200 REz): b 1.57-1.60 (4E m, O(CR 1 -CR -1 1.83-1.9 
(IE, a, OCR -q$-), 4.38 (48, t, J - 6.5 EZ, O-CR -), 7.37, 7.40, 7.42,‘7.44 (2E? 2, X2pr;idrl), 
7.74, 7.76 t4E, tam peaks, Abpyridyl) and 9.09 (?a, s, RR). R8 (20 eV), m/r (rel. int. \): 159(8), 
157(23), 140(39), 138(100), 113(l)), 103(1CO), 76(24), 67(13), 55(64), 51(13), 43(16), 42(17), 
31(12). 

Ckromatography eluent: CRC1 
yield 78\, recryst. frcq cyclohexane, m.p. llO-111.5.C. IR (Wr): 2230 (CR), 1610, 15%. 

Rf = 0.68, 
1560 (C=C 

and C=R conjugated) cm-l. lE-1I)BL (60 IPlt): b 1.1-1.9 (168, e, -CR2-), 4.25 (48, t; J -~-HZ, 
-CE20Ar), 7.0 (28, dd, J - 8 and 2 Er, 5-pyridyl), 7.4 (28, dd, J = 8 and 2 Ez, 3-pyridyl) and 7.8 
(28, dd, J - 8 and 6 Er, I-pyridyl). 13C-lllR (50.29 RRt) b: 164.41 (C ), 138.87 (C ), 130.68 (C ), 
121.89 (c 1, 117.37 (C 1, 
(C 1. W3(70 00) m/r trel 

116.13 (C 1, 67.03 (C 1, 29.49 (C 1, 29.34 IC 1, 28.81 (e 1 and 26.09 
int. \)! 378(S), 123(20), 121(ltb), 103(49)? 83(20), 69198), 67(21), 

SSljO), 43(24), 41(30), 39(35), 29(43), 27(26). Calcd. for C22E26R402: C 69.8, E 6.9, II 14.8. Found: 
C 69.2, E 6.9, I 14.6 \. 

1.6 Ckramatographr eluent: CE Cl -EtOAc 
(9:1), Ri - 0164, yIe;d II\, recryst. from cyclohexane, 8.p. 124-125’C. IR(XRr):222b (CR) 
1610, 1590, 1560 (C=C, C-R conjugated) cm -l. la-m (60 I(Bz): 6 1.3-2.1 (8E, m, -CR -), 

5-pYridY1). 7.3 (2E, d. J = 8 Ez. 3 
4.4 

(III, t, J = 6 Hz, 0-CE,-), 7.0 (28, d, J = 8 Er, -DYridY) 1 
amd 7.7 (m,dd, J I 8 &nd 6 Ez, 4-hidyl). IIS (70 a%), ;/z~(rel:int. i): 322(l); 20%33); 12l(lC@), 
120(28), 103(32), 92(14), 82(24), 67(26), 55(42), 41(37), 39(15). 

Chromatography eluent: 1) EtOAc-petroleum ether 
(1:l) separating other ccmpounds from the mixture, then taking the material gained from the first 

cyclokexane, m.p. 127-128’C. IR hceg): 2230 (CR), 1590, 1560 (C=C, C-R conjugated) cm- . 
fractions on a neu column. 2) CR Cl -petroleue ether (93:7), Rf = 0.16, yield 3\, recqstiEf~ 

- 
(60 IltIz): b 1.5-2.3 (48, l , -OCE2-Cl+-), 4.4 (48, B, o-CE2-), 7.0 (28, d, J - 8 Es, 5-pyridrl), 
7.3 (28, d, J = 8 Ez, 3-pyridyl) and 7.8 (2E, t, J - 8 Ex, I-pyridyl). IIS (70 eV), m/s (rel. 
int. \): 175(29), 174(1OO), 147(36), 146(38), 145(43), 121(84), 120(57), 103(71), 55(74), 28(34). 

mixture 
Chrwtography: yhe crude reaction 

tra exp. 15, 0.58 p, was separated on a column uitk a diameter of 3 a. The five cc+ 
pounds uere gradually eluted by 1) 250 ml Cl 
and 3) 140 mI C&Cl,-EtOAc (1:l). ha&ions f h-25 ml sire were collected. 8-&droxvoct~l CES - 

XtOAc (85:lS) 2) 250 II CR2Cl -EtOAc (70:30) 

6-cklorcpyridine-%drbcximidate uas obtained from fractions 21-24. Rf = 0.07 (85:15),-Yieid 
ii\, B.P. 78-80’~. IR (XRI): 3400-3100 (0% and Un broad), 1640 (C=N hidate) cm-'. lE-mX (60 
nut): 6 1.1-2.1 (128, m, - 

C? 
-1, 3.6 (28, t, J = 6 Es, - -OE), 4.4 (28, t, J - 6 Es, -C(Ufl,-O- 

;%ab 
), 7.3-7.6 (18, B, X-pyr dyl) amd 7.8-7.9 (28, D, AR- % idyl) (no ItE or 08 peak/peaks, 

Iy due to exckange reactions). RR (20 eV), m/r (rel. int. \): 185(2), 183(4), 159(37), 
157(100), 142(15), 140(52), 138(47), 115(25), 113(81), 103(49), 82(43), 78(34), 68(44), 67(51), 
55(54), 31(13). 
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6 Q Chromatography eluent: CE Cl -XtOR 

(C=N imidate), 
yi;Id 8\, recryst: km CE CN x p 99-IOI’C. IR(XBr): 3320 (NB) 174 

1580, 1565 (C=C and C=R conjugkek b’ ‘. 
3650 

3.6 (28, t, J = 6 Es, - 
“I 

-On), 4.4 (28, t, J = 6 Ex, 
lB-IIR (60 Illr) 6: l.l-2.1’(88, ;, 

-C(NB)-O-C 
3 

-a3-) ) -), 7.3-7.6 (la, m, X-pyridpl and 
7.8-7.9 (28, m, AB-pyridy ). ~3 (70 eV), m/x (rel. int. \): 159(7 , 157(20), l40(30), 138(45), 
113(16), 103(58), 100(73), 76(19), 69(14), 50(45), 31(82), 28(100). 

Chromatography elueat: CE CI -EtOR (9:1), 
), 2230 (CR), 1610, 1590,215a0 (C=C and 

4.3 (28, t, J = 6 61, ArO-CE -), 6.8 (la, d, J = 8 Es, 
-CE -), 3.5 (28, t, J - 6 Ez, 

5-~&l) 7.2 (18 d J 
and 7.6 (la, dd, J = 8 and s2Ex, 4-pyridyl). 115 (70 eV), m/z (rel: int. \)I 2;6(3), 246(4), 12l(lOO), 
120(39), 103(10), 69(14), 67(12), 55(35), 43(13), 41(33). 29(11), 28(10). 

__ _ - Chraatographic procedure: see 8-hydroxyoctyl 
6-chloropyridine-2-carboximidate. 2-Cyano-6(8-hydroxyoctyloxy)pyridine was obtained from fractions 
10-14. Rf - 0.28 (CE Cl -EtOAc (85:15)), yield 7\, B.P. IO-49’C. IR (film): 3350 (O-E broad), 2230 
(CR), 1590, 1560 (Cd &d C=N conjugated) a- 
(28, t, J = 6 Ez, 

'. la-BBR (60 BEr): 8 1.2-2.0 (128, m, -CE -), 3.6 
OB), 4.3 (28, t, J - 6 Hz 

(18, d, J - 8 Ez, ridyl) and 7.7 (18, dd, J 
, Ati-q$-), 6.9 (Ill, d, J = 8 AZ, 5-pyrldyl), 7.3 
= 8 and 6 Es, I-pyridyl). BS (20 eV), m/z (rel. int. 

\): 248(3), 230(l), 122(15), 121(100), 120(55), 82(11), 81(11), 69(26), 68(13), 67(16), 55(27), 
41(17). 

__ _ drorPhaxvlorv)ovridina Chromatography eluent: CE Cl -EtOAc (9:1), 
Rf = 0.21, yield 34\, m.p. 3740%. IR(RBr): 3210 (OB broad), 2240 (CW, 1590, 1565 %! and C-N 
conjugated) a-1. IE-NBR (60 NEr): b 1.1-1.9 (88, m, -CE -1, 3.6 (28, t, J = 6 Ez, -CB2-OE), 4.3 
(28, t, J = 6 az, ArO-CE2-), 6.9 (IR, d, J - 8 Rx, 5-pyrldyl), 7.2 (16, d, J = 8 Es, 3-pyridyl) and 
7.6 (IB, dd, J = 8 and 6 Ex, I-pyridyl). BS (20 OV), m/z (rel. int. \): 220(2), 202(2), l2l(l00), 
120((O), 92(12), 83(11), 82(16), 67(19), 55(33), 44(10), 43(10), 4l(l8). 

Chromatography eluent: petroleum ether - 
BtOAc (l:l), Rf = 0.25, yield 46\( slyly crystallizing oil. IR(X8r): 3400 (OR broad), 2240 (CN), 
1590 (C=C and C-N conjugated) cm- . 

4.4 (28, t, J = 6 EE, 
lam (60 BEs): b 1.5-1.9 (48, 8, -CE -), 3.7 (28, t, J - 6 
ArO-CB -1, 

and 7.7 (la, dd, J - 8 and 2 
6.9 (la, d, J = 8 III, 5-pyridyl), 7.3 (18, d, J = 8 

HZ, 4-pyridyl). BS (70 eV), m/z (rel. int. A): 192(8), 
174(Z), 133(19), 121(95), 120(100), 103(27), 92(47), 55(34), 43(22), 41(23), 39(19), 3l(26). 

(ex~. 15) Chromatographic proce- 
dure: see 8-hydroxyoctyl 6-chloropyridine-2-carboximidate. 8-(Z-Cyano-6-pyridyloxy)octyl 6-chloro- 
pyridine-2-carboxyimidate was obtained from fractions 4-6. Rf = 0.52 (CE Cl -EtOAc (85:15)), yield 
4\, slowly crystallizing oil. IR(KBr): 3280 (NW, 2230 (CR), 1640 (C=N ihdte), 1590, 1560 (C=C and 
C=N conjugated) a-l. la-BBR (200 NEz): 8 1.42 (8R, m, -CR -), 1.78-1.82 (48, m, -CE -), 4.31 (ZE, 
t, J - 6.7 az, O-CR -), 4.36 (ZH, t, J = 6.6 Hz, O-CR -) 2.94 (la, d, J = 8.5 Es, 5?pyridyI), 7.28 
(18, d, 3-pyridy1),‘7.38-7.45 (la, m, X-pyridyl), 7.63 (iH, dd, J = 8.5 and 7.3 At, I-pyridyl), 
7.76-7.79 (ZB, m, AB-pyridyl) and 9.09 (la, I, NE). BS (20 eV), m/z (rel. int. \): 386 (<I), 140(16), 
138(50), 122(g), 121(100), 120(38), 104(10), 103(65), 76(18), 69(17), 67(10), 55(26), 43(10), 4l(2l). 

CR,Cl,-EtOAc 
Chromatography eluent: 

(7:3), Rf = 0.76 yield 8\, slowly crystallizing oil. IR(XBr): 3280 (NE). 2230 (CN). 
1640 tC=N imidate), 1590, 1560 (C=C and C=N conjugated) a- 1. 
-CE -), 1.78-1.85 (4E, m, 

la-BBR(200 BEr): 8 1:52-1.58‘(4iI; m, 
-CE -), 4.33 (28, t, J - 6.6 Er, -O-CR -), 4.38 (28, t, J = 6.5 Ez, 

-o-$E -), 6.93 (la, dd, J = 8?5 and 0.8 Ez 5-pyridyl), 7.28 (la? dd, J 
7.38-3.43 (IE, 8, X-pyridyl), 7.65 (18, dd: J 

= 7.2 and 0.8 Er, 3-pyridyl), 
= 8.5 and 7.2 Rx, 4-pyridyl), 7.76-7.78 (28, 8, 

AB-pyridyl) and 9.10 (la, I, NR). BS (70 eV), m/z (rel. int. \): 360((l), 358((l), 140(24), 138(64), 
lzl(93), 120(42), 103(100), 92(18), 82(17), 76(34), 67(21), 55(38), 4l(32). 

(*x~. 17) Chromatography eluent: 
CR Cl -EtOAc (93-71, Rf - 0.13, yield 3\, slowly crystallizing oil. IR(film): 3290 (N-B), 2240 
(&,‘I650 (C=N ’ imidate), 1595, 1565 (C=C and C-N conjugated) cm-l. la-RBR (200 BEr): b 1.99 (IE,m, 
-CE,-), 4.42-4.45 (IE, l , -O-CE,-), 6.96 (la, d, J - 8.2 Ez, 5-pyridyl), 7.29 (18. d. J - 7.2 Ez. 
3-p$+ridyl), 7.39-7.43 (lH, m, XLpyridyI), 7.66 (la, dd, J =-8.4-&d 7.3-82, I-Ryridyi), 7.79-7.82 
(28, m, AB-pyridyl) and 9.13 (IR, a, NE). BS (20 eV), m/t (rel. int. \): 174(22), l45(24), 140(37), 
138(47), 121(100), 120(89), 140(20), 113(20), lO3(93), 92(34), 76(27), 71(20), 55(35). CaIcd. for 
C16E15N402C1: C 58.09, E 4.51, N 16.94. Found: C 58.4, E 4.1, N 16.8 A. 

Chromatography eluent: petroleum 
ether - EtOAc (1:4), Rf = 0.38, yield 681, recryst. from CC1 , B.P. 67-70-C. IR(RBr): 2990-2860 
(cB~), 2230 (CR), 1615, 1600, 1570 (C=C and C-N conjugated) b-l. ~II-NBR (60 DRIx, (CD ) CO): 8 
3.5-4.0 (128, m, o-CE -CE -o), 
7.6 (ZR, dd, J - 8 ani 1 

4.35-4.6 (la, m, Are-CE ), 7.1 (28, dd, J - 10 and 2 al ‘5-pyridyl) 
2 I, 3 pyridyl) and 7.9 (211, dd, J - 8 and 6 Ez, 4-pyridyl). & (70 ev), miz - 

(rel. int. \): 398((l), 148(10), 147(lCO), 121(13), 113(13), 103(23), 78(g), 76(lO), 45(9). 

Chromatography eluent: CE Cl -EtOAc (9:1), 
(CE,), 2240 (CN). 1620. 16a5.21570 (C=C 

and C-N conjugated) a-1. lo-RIR (200 BRs): 8 3.73 (la, 8, 0-fCB2)2-0), 3.&3.8s (dH,.ar AH’ 
4.47-4.52 (IS, m, ArO-CR -), 7.02 (28, d, J = 8 Ex, 

7.67 (ZR, t, J 2, 
5-pyridyl), 7.30 (28, d, J = 7.2 ES, 

- 7.3 a I-pyridyl). WS (70 eV) m/z (rel. int. \): 354(<(l), 234(3), 
205(4), 190(6), 177(6), 148(10), 147(100), l21(14), 103(23), 76(6), 70(g), 43(5), 28(5). 
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. . 
Q Sodiuu ethoxide was prepared by reacting sodiuu _- 

(3.6 ml, 0.063 g) with etbanol (10 81). to this solution 6-chloro-2-cyauopyridine (3.6 ml, 0.5 g) 
uas added. After 5 uin the reaction uas teruinated by the addition of a few drops of a saturated 
aqueous RR Cl solution. The solvents were evaporated aud the crude product uas distilled in a bulb to 
bulb apparatus, b.p. 5O’C/O.O5 mRg. Ethyl 6-cbloropyridine-2-carboxiuidate uas obtained iu 76\ yield 
(0.50 s1. m.~. 32-34-C. IRMRrl: 3300 0lIIl. 1650 (C-R iuidate), 1580, 1565 (C-C and C-R conjugated) 
cu-1. iR&m‘(60 URr) R: 1:r (3N, t, J = 7.Rt, CR I, 4.5 (2R, ;, J = 7 Ez, CR l, 7.3-7.6 (lH, u, 
X-pyridyl), 7.7-7.9 (28, B, AR-pyridyll aud 9.1 (!a, 8, NW. ILS (20 eVl, u/z &cl. int. \I: 186(<1), 
1(15(<1), 184(2), 183(2), 158(6), 156(17), 142(S), 141(R), 140(24), 139(14), 115(30), 113(100), 
llZ(17); 103(16j, 78(26l, 76(16l, 71(15l, 57(1R), 44(21). 

_ _ Ino. 9l11 Chromatography eluent: petroleuu ether - EtOAc (7:3), Rf = 
0.48, yield 38\, recryst. from petroleuu ether, l .p. 68-69\. 

-12 IR(Wr): 3440, 3260, 3160 (RR), 1700 (C=G) cu-l. US (70 eVl, u/z (rel. 
int. \): 158(12), 156(36), 115(30), 114(14), 113(1OOl, 112(22), 78(48l, 77(6l, 76(17), 51(1Ol, 50(4l, 
44(13), 28(5). 

To a refluxing suspension of sodiuu hydride (32 ug, 1.32 roll in TEF ethyl 6-chloropyridine-2- 
carboxiuidate (0.24 g, 1.32 -01) was added. After 2.5 h the reaction was teruiuated by the addition 
of 1 ul of a saturated aqueous RR Cl solution. The crude product obtained after separation of the 
organic phase uas separated by f&h crouatography (coluun diaueter = 1 al. Eluent: 1) 70 ~1 
petroleuu ether - PtOAc (7:3) and 2) 50 al EtOAc. Fractions of 4-5 xl volune were collected. Pro8 
fractions 3-5 48 ug (26\) of 1, frou fractions 6-12 138 mg (70\) of 2-cyano-6-ethoxypyridine and fron 
fractions 17-19 9 ug (I\) of 6-chloro-2-picolinauide were obtained. 

2-Chloropyridine-N-oxide17 (8.47 g, 65.4 nol) was added in suall portions with stirring to 6.2 ul 
diuethyl sulphate (65.4 wl) keeping the tuperature below IO’C. It is very iuportant that the 
R-oxide is added to the DNS since a reversed order of addition always led to a vigourous and 
uncontrolled evolution of gas. After 1.5 h the reaction nixture began to crystallize. When fully 
crystallized the crystal cake uas crushed and uashed with ether. The l ethylated N-oxide uas dissolved 
in 70 ~1 of water and transferred to a dropping funnel that was connected to a reaction vessel 
containing scdiun cyanide (12.8 g, 261 uuol) in 70 al R20. Air was thoroughly excluded and replaced 
by N 
ueth a 

. The stirred cyanide solution was cooled to -1O’C followed by dropwise addition of the 
lated-N-oxide. White crystals forued iuuediately when the tuo solutions uixed. vhen the addition 

was couplete the product was iunediately filtered off and washed with water. After drying and 
sublination (9O’C/O.O2 uRg) 6.55 g (72.3\) of 1 uas obtained, 8.~. 85-87-C. Spectral data were in 
agreeuent with the structure of 1. 

The author thanks Dr. Christina Moberg for valuable help. This work was supported by the Swedish 
Board for Technical Developuent. 
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