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zatlon from methanol afforded 10 5 g. (69% yield) of the hy- 
tlrochloride salt of XX as small, colorless crystals, m.p. 233- 
235".  

l~econiposit~on of the salt provided XX, colorless needles 
frorn I,canzcxnr-prtroleum ether, m.p. 119-1200 (lit.8 gives 
in p 110') 

I cl, nou~irdymc.nt. The author& are grateful to  hIr. 
1) 1.' Cortright aiid Niss RIary Unroe for the ionic 

halogen and basic nitrogen determinations aiid for 
measurements of ,lltravjolet spectra, and to btr. R, 
H. 'hiley Of these laboratories for preparing "Ie Of 
the compounds. Special thanks are also due Dr. T. 
B. O'Dell and hi< aisoc-iates for furiiishiiig the 
biological data. 
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~ 1 0 1 t o ~ i i l ~ ~ ~ ~ i t i i t ~ i o i i  011 t tw  iiic.th>,lriie group of ethyl 2-pyridylacetate ( I )  was effected by allowing its sodiiiiii derivat,ive to 
wiict  with : i l k ~ . l ,  : i l l ~ ~ l ~  :rnd arJ.1 halides. Substitiit,ion was shown to be on the methylene groiip by hydrolyzing and decarbos- 
>.l;iting th(, l)iit,\,l dcrivlttivc of ( I )  to give a-mnylpj-ridine. Benzoyl chloride reacted with I to give a-dibrnzo!-!-a-(2-pyridyl)- 
:Ic.rt:ttc~. Th(, :iidrh!.de functions of benzaldehyde and of hrxaldehyde were condensed with the methylene group in the pres- 
i ~ i i w  of :t basic catalyst. Acrolein underwent a Michael addition with I in the presence of sodium ethoxide. Nitrosation yielded 
t hr osiinr. 

B iiiimhcr of reactions of I have been reported 
hy previous investigators: the Michael condensa- 
t i o i l '  with acrylonitrile to form y-carbethoxy-y- 
j~-pyritlyl)I,iityroiiitrile (11), the rcactioiis2 with 
othyl c.hloro:wc~tatc and potassium ethoxide to form 
othyl '-p!.ridyiiisiiccinnte (111), with ethyl forinate 
: L i id pota sii I im to f orin et'h yl hydroxyinethyleiie ( 2 -  
I)yrid?.l)ac.(,tnt(, (IT.'), aiid with y-phenoxypropyl 
1)roinidc a i i d  potassium in diethyl et,her to for 
o t  hy1 ph(,iiosy-cu-(a-pyridyI)vnlcrate (V), the coii- 

0 0 

dcnsation3 with p-phenoxyethyl bromide to form 
ethyl a-(2-pyridyl)-y-phenoxy-n-butyrate (VI), and 
the preparation of ethyl cu-bromo-2-pyridylacetate4 
(1711) by the addition of I to a solutioii of bromine 
in carboiidisiilfidc. 

In  our laboratory the sodium derivative of I, 
prcpared in benztme, reacted with bulyl bromide 
giving a ,507, yield of et,hyl cu-(2-pyridyl)caproatc 
(T'III). By usiiig hexyl bromide, a similar yield of 
(thy1 cu-(-3-pyridyl)caprylate (IX) was obtained. 
Lesser yields werc obtaiiied when such basic rea- 
gents as sodium hydride, sodium amide, sodium 
ethoxide, phenyllithium, or butyllithium were 
employed. The butyl derivative of I was converted 
I o arriylpyridine by hydrolysis and decarboxylatioii 
awording to t>hc method described by Docring 
hiid Pa~ t~e r i i ak .~  Thfi sodium derivative of I ,  
prc'pxred by usiiig sodium et hoxide, react>ed with 
h i r z y l  (ahloride t o  give ethyl cu-(2-pyridyl)-d 
phcii~lpropionatc (S) iu yield. X was hydro- 
lizocl aiid drcarbo tcd to 2-phciiylct~liylp~~ritli I I  r 
(dih\-dro-a-stilb>i 

.\s a repi.rseirt:ttiT-c aliphatic ~ ~ ~ ~ s i ~ f i i r : i t t ~ d  WIII-  

poiiiid. allyl 1)roinidc \vas :iddcd t o  t he .sodi~uii 
salt of I niid gave :I 279; yicld of c>t,hFl n-(2-pJ-ridyl)- 
I~-pciitc~iioatc~ (XI) .  Sodiiini i t1  heiin'iic wheii iisctl 
;is i i  hasic wf:ilys!~ pinvidvcl ;I h i t t e r  yield thail 
sodiiim c,thoxidc, i i i  cthniiol. 

F3enzoyl vhloridc iv i ts f o i i i i t l  t o  i w c . t  spon- 
(:tiicwiissly \\-iih t t o  gi1.c whnt pro\wd to  Iw ethyl 
tu-dibriizoyI-cy-(L'-~y~id\-I)ii('et;i tc. (XIT) i i i  .18C;;, 

.. . . 

tl\v:irtls, 11. [!lt:ii)iit, 1;. H .  C 'h rkv ,  : i t ~ r l  '1' 

( . 5 )  \I7. van 17. Ilocriiig :tiid V. Z. l':tst(;riiak, .I. . I  t i l  

Sitigli, ( 'utt .  .J. ( 'he i t / . .  32, 785 (1954). 

/ ' / t e t ! i .  SOC. .. 72 ,  14:j i 1!)50). 
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Fig. 1. The ultraviolet ab- 
sorption of XVI. Solid line, in 
0.lN hydrochloric acid; dashed 
line, in p H  7 ;  dotted line, in 
0.1N sodium hydroxide. Cary-11 
Spectrophotometer 

yield. No monosubstituted compound was isolated, 
either through the use of I or its sodium saIt. Several 
attempts to  isolate a similar compound using 
acetyl chloride failed. 

The procedure by Cope and Hofmanne was found 
to  be the most satisfactory for the condensation of 
aldehydes with I. Benxaldchj.de condensed to  give 
a 41% yield of ethyl cu-(2-pyridyl)-p-phenylacrylate 
(XIII), while n-hexaldehyde gave a 35% yield 
of ethyl a-(2-pyridy1)-A2-octcnoate (XIV). 

Acrolein was found to  add to I in absolute ethanol 
in  the presence of a catalytic amount of sodium 
cthoxide to give a 24% yield of y-carbcthoxy-y- 
(2-pyridyl) butyraldehyde (XV) .' 

The procedure of Adkins and Reeve8 was used to 
conwrt I to  ethyl a-oximino-P-(2-pyridyl)acctate 
(XVI) in 84% yield. The reduction of XVI in a 
Parr hydrogenator yielded the corresponding 
:w~irio compound (XVII). 

Physical methods9 were used to  show that tlic 
iiitrosation took place on the a-carbon atom (A) 
rather than 011 the ring (B). The infrared spectrum 
determined with a Beckman IR-7 Spertropho- 
tometer in a potassium bromide plate, showed a 
C=N group a t  1640 cm.-l The broad low intensity 
lmnd in the infrared around 2600 cin.-l could 
nrisc from hydrogen bonding of the oximc, as in 
0. 

(6) A. C. Cope and C. M. Hofnianii, J .  Am. Chcnt. Soc., 
6 3 ,  3456 (1941). 

( 7 )  0. A. Moe and D. T. Warner (to General Mills, Inc.), 
U. S. Patent 2,599,653, June 10, 1952; Chem. Abstr., 47, 
3330h (1952). 

(8) H. Adkins and E. IV. Rrxve, J .  Am. Chem. Soc., 60, 
1328 ( 1  938). 
(9) 1)c.tr.rtninntionsi~ :ii i(1 iIitc,l.prc.tn!ioris: J .  AI. V:tntlrri- 

l ~ i . 1 1 ,  l ' ; ~ i ~ l ~ t ~ - l ~ ~ ~ v i s  1tesc;crcii L:tboratoric's, ; i i i t i  .Irlior., 1Iicli 

A B 

Of course, the oxime could also be bonded 

26 

to 
the carbonyl of the ester, although the wave 
length of the ester band does not indicate this. 
The ultraviolet curves showed no evidence for the 
nitroso group (B). The increased absorption in 
alkaline solution was consistent with the ioniza- 
tion of the hydroxyl group attached to a chromo- 
phore. Dissociation constants,1° p k ,  2.5 and p H k ,  
9.5 were obtained in a 50% methano1-50% water 
mixture. Yields were generally smaller than those 
obtained in similar reactions with ethylacetoacetate 
or malonic ester. Various amounts of I (up to 30% 
of the original amount used) were recovered. In 
general, there was considerable decomposition 
during the preparation and isolation of the prod- 
ucts. 

 EXPERIMENTAL^ 

Ethyl (2-pyridyl)ncelate ( I ) .  This compound was prepared 
from ethyl chloroformate and 2-picollithium according to a 
modification of the method by Zimmer and Georgelz who 
synt,hesized 4-picollithium. After the reaction of the two 
compounds, 200 ml. of water was added to dissolve the solid, 
followed by :in aqueous paste of 50 g. of sodium carbonate. 
The ether layer was dried over anhydrous sodium sulfate 
and distilled under reduced pressure. A 30% yield was ob- 
tained. 

Ethyl a-(2-p~/rid~/l)cuprouIle (V I IJ ) .  To a solution of 33 g. 
(0.2 mole) of I in 250 nil. of dry benzene was added 4.6 g. 
(0.2 mole) of sodium. This mixture was kept a t  50" for 6 hr. 
after which 24 g. (0.23 mole) of butyl bromide was added 
over a period of 10 min. and the solution refluxed, with 
stirring, for 12 hr. The benzene solution was washed with six 
50-1111. j)ortions of w a h .  The water washes were neutralized 
with dilute hydrochloric acid and extracted three times with 
50-ml. portions of benzene. The combined benzene solutions 
were dried over anhydroiis magnesium sulfate, distilled 
under reduced pressure to remove the benzene, and separate 
the remaining liquid from a black residue which was forined 
during the reaction. Redistillation yielded 22 g. (50%) b.p. 
117-121" (2.5 mm.), ny 1.4906. 

Anal. Calcd for ClaHloNOz: C, 70.54; H, 8.67; N, G . 3 3 .  
Found: C, 70.G8; H, 8.51; N, 6.27. 

Picrate of m-arnyIpyridine.  A 5-g. sample of (XIII) was 
liydrolized and decarboxylated by refluxing with hy- 
drochloric mid for 8 hr. The resulting solution was neil- 
tralized with 10% sodium hydroxide. The ether extractahlc 
material yielded the picrate the melting point of whic!i 
compared favorably with the known melting point of a- 
amylpicrate, 73".  

(10) T.  V. Parke and W. W. Davis, Anal. Chetn., 26 ,  642 

(11) All melting poiiits itncorrccted. 
112) T I .  Ziiiitiiiar :iiid D. I<. George,, Cl'etrt. f j e r . ,  89, 228,; 

(1954). 

( I!KAi). 
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Ethyl a-(B-pyridi/l)c.uprylate (IS). The procedure for 
TI11 \sits employed esccpt t,hat hexyl bromide was used 
instead of butyl bromide. Twenty-four grams (5001,) was 
obtained, b.p. 181-184O (21 nim.), n:: 1.4855. 

Anal. Calcd. for C I K H ~ ~ N O ~ :  C, 72.24; H, 9.32; N, 5.62. 
Found: C, 72.35; H, 9.10; N, 5.45. 

E / h y l  a - ( d - p ~ r i d ~ l ) - p - p h e n y l p r o p ~ o ~ a t e  (X). Four and sis- 
tenths grains (0.2 mole) of sodium was dissohed in 200 nil. of 
absolute ethanol, followed by the addition of 33 g. (0.2 
mole) of I, stirring for 1 hr., dropwise addition of 48 g. 
(0.29 mole) of benzyl chloride in 50 ml. of absolute ethanol, 
and refluxing with stirring for 6 hr. The alcohol was removed 
under reduced prtxssure and the residue was dissolved in 
100 ml. of ether. The ether solution was washed with two 
50-ml. portions of 10% sodium carbonate solution and dried 
over anhydrous sodium sulfate. Distillation yielded 26 g. 
(52%), b.p. 204-209" (18 nim.), n'," 1.5451. 

Anal. Calcd. for C18H17S02: C, 75.27, HI  6.71; N, 5.49. 
Found: C, 75.40; 11, 6.93; N, 5.44. 

d-Phenylethylpyridine (dihydro-ol-stilbazole). Twenty-five 
grams of X was hydrolized and decarboxylated to yield 
15 g. (86%) of the product, b.p. 157-158' (18-20 mm.). 
The melting points of the picrate (125-127') and hydro- 
chloride ( 102-103°) agree with those found by Bergstrom 
and co-workers. 

Elhy l  a-(Z-piiri~?ll)-A4-penlenoate (XI).  Twenty-eight 
grams (0.23 mole) of allyl bromide was added dropwise to 
the sodium salt of 33 g. (0.2 mole) of I in benzene. After 
stirring for 2 hr. the solution was refluxed for 6 hr. The ben- 
zene solution vias washed with two 50-ml. portions of water 
and dried over anhydrous sodium sulfate. Fractional dis- 
tillation yielded 11 8. (37%) of the compound, b.p. 163- - . , _  . -  
168' (18-mm.). 

Anal. Calcd. for C19Hl&'09: K. 6.83. Found: 1%'. 6.46. ._ ." ~ - 
Ethyl a-dibenroyl-a-( 8-pyridyi)acefate (XII). ' Fourteen 

and one-half grams (0.1 mole) of benzoyl chloride was 
stirred with 8 g. (0.05 mole) of I for 1 hr. One hundred 
milliliters of cther was added to the viscous material. 
After stirring for 12 hr. the crystalline compound was 
rccrystslized from a mrthanol-water mixture, yield 10 g. 
(53y0), m.p. 120-122". 

Anal. Calcd. for CZ3HL9NO4: C, 73.93; H,  5.10; N, 3.75. 
I('orind: C, 73.93; HI 4.67; hT, 3.80. 

Ethyl ol-(d-p?/rid~/l)-a-phen?~lacrylate (XIII). Thirt'y-three 
grains (0.3 mole) of I, 28 g. (0.23 mole) of benzaldehyde, 
0.7 g. of piperidine, 2.5 g. of acetic acid, and 100 ml. of 
1)twx~ne w r c  mised and refluxed on a constant watrr-seps- 
rxting distilling :ipp:tratus for 7 hr. Fractional dist,illation 
j.irldcd 21 g. (417, ) ,  11.p. 145' (0.3 inm.), n'"' 1.5965. 

r l ~ i n l .  Cslrtl. for C16F115?;02: C, i5.87; HI 5.9i; N, 5.53. 
Foiind: C, 75.66; H, (3.35; S, 5.44. 

(13) F. \T. 13c~rpsiroiii, l t .  T. Norton, and 11. N. Seiliert, 
J .  Ory. L'hetn., 10, ,454 (1943). 

- ~ ~. 

Ethyl a-(Z-pyridyl)-A*-octenoate (XIV). Twenty-three 
grams (0.23 mole) of n-hexaldehyde was used in place of 
benzaldehyde in the previous experimental procedure, 
yield 17 g. (35%), b.p. 194196' (25 mm.). 

Anal. Calcd. for C ,&HZ~NO~:  C, 72.83; H, 8.57; N, 5.66 
Found: C, 72.67; H, 8.48; N, 5.72. 

-pCarbethoxy- y-( bpyridy1)butyraldehyde (XV). At a tem- 
perature of O', 100 ml. of absolute ethanol, 0.03 g. of finely 
cut sodium, and 33 p. of I, protected by an atmosphere of 
nitrogen, was stirred constantly while 11.8 g. (0.21 mole) 
of acrolein was added. The mixture was stirred a t  0' for 
3 hr. followed by refrigeration for 12 hr. The solution 
was neutralized with a few drops of acetic acid and was 
fractionally distilled to yield 9 g. (24%) of product, b.p. 
115-116" (0.3 mm.), n.y 1.5073. The compound gave a 
positive aldehyde test with Fuchsin reagent. 

Anal. Calcd. for C12HlbN03: C, 65.13; HI 6.85; N, 6.33. 
Found: C, 64.93; H, 6.70; N, 6.35. 

Ethy l  cY-osinino-a-(2-pyridy~)ace~ate (XVI). A solution of 
33 g. (0.2 mole) of I in 50 ml. of glacial acetic acid was 
cooled in an ice bath and 15.9 g. (0.23 mole) of sodium 
nitrite in 40 ml. of water nas added over a period of 30 
min., keeping the temperature betveen 15 and 25". The mix- 
ture was stirred for an additional 30 niin., 120 ml. of water 
was added, and the stirring continued for two more hours. 
The crystals were washed with water, washed four times 
with 5% sodium bicarbonate solution, and again with water. 
Recrystallization from methanol yielded 32 g. (84%) of 
white needles, n1.p. 149-150'. 

Ethyl a-a?nino-a-( 2-p yridyl)acetate (XVII). Nine and 
seven-tenths grams (0.05 mole) of XVI, 150 ml. of absolute 
ethanol, and 1 g. of 50/, palladium on charcoal catalyst were 
placed in a Parr hydrogenator for 3 hr. a t  an initial pressure 
of 50 lbs. After the removal of thr catalyst, fractional dis- 
tillation resulted in 6 g. (75%) of the amino compound, 
b.p. 103" (0.3 mm.), n'," 1.5163. 

Anal. Calcd. for CsHlsNn02: C, 59.89; H, 6.71; S, 15.55. 
Found: C, 60.26; HI 6.76; N, 15.60. 

Physical methods for identification of the ox ime  (XVI). 
Infrared analysis indicated (t C=N bond a t  1660 
Ultraviolet analysis showed no indication of a nitroso group. 
Increased absorption in alkalinr solution was observed. 
Two ionization constants, pK, 2.5 and pK. 9.5 were oh- 
tained for the oxime in a soy0 methanol-50yo water solution. 
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