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'I'l~e hornoly~ic phenylation of 3- and 4-picoline ~111der the conditions of the Gomberg-I-IeJ- 
reaction has been studied quantitatively. ?'he methyl group in  both picolines \\,as found to 
activate the nucleus to the same extent. All the nuclear positions in both systems, cxcept for 
Cs in 3-picoline, were slightly activated as cornpared with any one position in benzene. The 
significance of these results is discussed. 

In previous parts of this series (1, 2) ,  the effects of substituen ts in the aryl radical upon 
thc isomer ratio and upon thc relative reactivities of the nuclear positions in pyridine 
towards free-radical arylation have been studied. On the other hand, the effects of sub- 
stituents present in the pyridine nucleus upon the reactivity of the various positions 
towards homolytic attack have received little attention. A qualitative analysis of the 
products iormccl in the substitution of 4-picoline by 3-pyridyl radicals showcd that  both 
the 3- and 3-(3'-pyridyl) isomers \\-ere for~ned in the ratio of 3: 11 (3). Similar results \yere 
obtained with 4-ethylpyridine (3). Ethyl isonicotinate is reported to give only cthyl 
3-(3'-quinol\.l)isonicotinate 11 it11 the 3-quinolyl radical (-1). The alkylation of 3-picoline 
by met11j.l radicals (from lead tctraacetate) is said to give a mixture of 2,3- and 2,5-lutidine 
(9, t l~ough the other isomers are undoubtedly present as  well (6). 3Iethylation of 3-72- 
butylpyridine ~vitll lead tetraacetate in acetic acid (in which the pyridine is uncloubtedly 
-W-protonated to a large extent) has been cxamined semiquantitatively (7). 'Thc main 
procluct of mono~i~ethylation (60% of total) was 3-n-butyl-2-methylpyridinc, and about  
equal alnounts (slightly less than 20%) of each of the 4- and 6-methyl derivatives were 
obtained. About 2% of thc total product was t l~ought  to consist of 3-n-butyl-5-mctllyl- 
pyridine. A sn~a l l  amount of thc dimethylated 3-7z-butylp~~ridil1es was obtained togcther 
with an  appreciable quantity of a high-boiling residue. 

Thc  present work reports a quantitative study of the l~omolytic phenylation of 3- and 
4-picolinc undcr the conditions of the Gomberg-I-Iey reaction. Since the reactivities of the 
various nuclear positions of pyridine (I) and toluene (8, 9) to~varcls attack by phenyl 
radicals are Icno~vn, it was of interest to determine whether the effects of the nitrogen 
at0111 and of the methyl group in the picolines werc additive in this reaction. 

Of the possible products fro111 the phenylation of 3-picoline, 4-phenyl-3-picoline was not 
1;nown. 5-Phenyl-3-picoline (1) had previously been prepared by the condensation of 
phenylacetaldehyde, propionaldehyde, and ammonia, and had been obtained as a mixture 
with 3,5-diphenylpyridine, 3,5-diphenyl-3-ethylpyridine, and 2-ethyl-3-methyl-5-phenyl- 
pyridine (10). A more conventional approach to this conlpound was used here, starting 
with 3-methyl-5-pyridyllithiurn and cyclohexanone. 5-Bromo-3-picolinc (111) was required 
rund \\-as prepared from 5-amino-3-picoline (11) by the Craig perbromide procedure. An 
at tempt  to make use of the Gatternlann reaction for this purpose gave a basic product 

'For  purt S I I I  i ? ~  t l ~ i s  series, see ref.  2. 
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\\-hose picrate did not analyze correctly for tha t  of 111. When the bromination of 3-picoline 
with I~romine and aluminium chloride (s\\-amping catal) s t  method (11)) \\as carried out, 
a inixture of three products \vas obtained, more than S5yo of lvhich \\-as 5-bromo-3- 
picoliile. The formation of I from l-(3'-n~etl~yl-5'-p~~rid~~l)cyclol~exanol (IV) with con- 
centrated sulfuric acid and glacial acetic acid \\-as unexceptional. 

4-l'henyl-3-picoline (V) was prepared si~nilarly froin 3-metl1yl-4-pyridyIlit11i~ii11 and 
cyclohexanone. A number of attempts were made a t  preparing pure 4-bromo-3-picoline 
(VI). 4-Broino-3-picoline 1-oxide, n1.p. 112-113' (reported (12) 111.p. 72-73'), decomposed 
very readily and could not be used conveniently. Reduction of 4-nitro-3-picoline 1-oxide 
\\-it11 iron and acetic acid gave 4-amino-3-picoline .~\-l~ich, in turn, gave 4-bromo-3-picoline 
(VI) by the Craig method. The  yields of VI were very poor and the compound obtained 
in this way under\vent self-addition very readily, a process probably catalyzed by soine 
in~puri ty  tha t  was present. On the other hand, a reasonably good yield (47y0) of VI was 
obtained on treatment of 4-nitro-3-picoline I-oxide with phosphorus tribromide in ethyl 
acetate. The product could be distilled without decomposition. 

BSPERIMETTXI,  

M e l t i ~ ~ g  p o i ~ ~ t s  are uncorrected. Only the main peaks are reported for the infrared spectra. 

5-Urorrio-5-picoli7ze 
(a,) Fro112 5-Anzino-3-picoli7ze 
A solution of 5-arni110-3-picolil1e (2.0 g) (13) in constant-boiling hydrobromic acid (5.0 ml) ~\~\.ns treated 

with bromine (2.4 ml) dropwise a t  0°, stirring was continllcd for 15 min, and then a sol~rtion of sodiurn nitrite 
(1.0 g) in water (12.0 ml) was added a t  such a rate a s  to keep the temperature a t  0-5'. A vigorous evolution 
of gas occurred a t  the end of theaddition. When the effervescence had subsided the mixture \\.as made alltaline 
and then stearn-distilled. 'rlie distillate was extracted with ether, the ethereal layer n1as dried (Na?SOd) 
and evaporated, and the residue was distilled to give 5-bromo-3-picoline (1.38 g), b.p. 108-110" a t  25 mm. 
Infrared spectrum (liq~lid film): 1 595 (nl), 1445  (s), 1 165 (m),  1 105 (s), 1 035 (s), 1 005 (w), 570 (s), 
880 (s), TOO (s), and 665 (w) cm-I. The picrate crystallized from ethanol and was recrystallized from the 
same solvent. I t  had m.p. 180-181". 

Anal. 1;ound: C, 36.25; 13, 2.47. CGHGNU~.CGI-I~X~O~ recluires C, 35.91 ; 1-1,2.24. 
, , 1 he use of the Gattermann reaction in the synthesis of this compound gave a very impure material which 

did not analyze correctly. 
(b) By the Swawzping Catalyst ilfithod 
-4nhydro~ls 3-picoline (4 g, 0.041 mole) was added dropwise to stirred anhydrous ~ ~ l u m i n i u n ~  chloride 

(14 g, 0.103 mole) (calcium chloride guard tube). I-leat \vas evolved and brornine (4.0 g) was added to the 
mixture over a period of 1.5 h while the temperature was maintained a t  95100°. After being kept a t  room 
te~nperat~rre  overnight the nlisture was decomposed with ice water, made alLaline, and extracted with ether. 
, \ 1 he ether layer was dried (MgS04), the solvent evaporated, and the residue distilled a t  112-114'and 60 I n n  
to give a yellow oil (1.22 g). This \vas analyzed by gas chromatography with a 6 ft X 2 inch l5Yo asphalt on 
Chromosorb W column operated a t  165' and a helium inlet pressure of 45 p.s.i. 'Three peaks were observed; 
the substance giving rise to the major peak (>55%) was collected and shown to be identical with 5-bromo-3- 
picoline by a comparison of its infrared spectruln with that of a sample prepared by method a above. 
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The attempted bromination of 3-picoline in the presence of tliionyl chloride gave a complex mixturc of a t  
least four products which was not exanlined further. 

l-(S'-i~~et~~y~-5'-~1y~idy~)c~~r~ohe.~a~nol 
!\solution of n-butyllitliiuni in hexane (3.5 n ~ l  of a 14.97; solution) and dry ether (2.0 ml) \\:as stirred viyor- 

ously under dry, oxygen-free nitrogen ancl cooled to -@a0 to -74'. 5-Bro1no-:3-picoli11e (1.0 g) in  dry ethcr 
(2.0 ml) was addcd dropwise over a period of 15 rnin, the niisture was stirred for a further 15 mill, and n 
solution of freshly distilled cyclohexar~one (3.0 ml) in dry ether (2.0 ml) was t l~en added slo\\.ly during 30 min. 
After being stirred for another 3 h a t  -62' to -74' the reaction mixture was allowed to come to room temp- 
erature, poured onto crushed ice, and extracted with ether. The dried IMgSO.,) ether extract was evaporated 
to give 1-(3'-metl1yl-5'-pyridyl)cyclohesallol (0.97 g) which, after recrystallizatioii froni acetone, had m.p. 
144-144.5'. Infrared spectrum (ICBr disk): 3 250 (s), 1 595 (ni), 1440 (s), 1 395 (s), 1 320 (In), 1272 (s), 
1 180 (s), 1 145 is), 1 045 (s), 1105 (s), 870 (s), 815 ( ~ n ) ,  795 (w), 715 (s), and 695 (w) cm-I. 

Anal. Found: C, 74.94; 1-I,S.97. ClrI-I17SO requires C, 75.35; I-I, 8.96. 

5-1'/~enyl-3-picoline 
1-(3'-Methyl-5'-pyric1yl)cycloheranol (0.2 g) was boiled under reflux with a n~ixturc of concentrated 

sulfuric acid (1.0 inl) and glacial acetic acid (3.0 ml) for 4 h. hlost of the acetic acid was then distilled off, 
the residue was poured into water, arid the solution was made basic and extracted witii ether. The dried 
(MgSOr) ether extract was evaporated and tlie residue distilled to give 5-phenyl-3-picoline (0.14 g), b.p. 
208-210" a t  60 mm. Infrared spectrum (liquid film): 3 070 (m), 1505  (w), 1425 ( ~ n ) ,  1 155 (m), 1 035 (nl), 
840 (m), 815 (s), 760 (s), 710 (s), 695 (s), and 660 (\I.) cm-1. The picrate was recrystallized froni etliarlol and 
had 111.p. 200-201'. Farley and Eliel (10) give m.p. 191-1'32Ofor this picrate. 

Anal. Found: C, 53.80; I-I, 3.88. C I & I ~ ~ N . C G N ~ S ~ O ~  requires C, 54.27; 1-1, 3.54. 

3- Be?zsylpy~idine 
Bec;luse the red phosphorus and hydriodic acid method of reduction of 3-benzoylpyridine (14) proved to 

be unsatisfactory in our hands, a Wolff-lcishner reduction was used. 
3-Benzoylpyridine (3.6 g) was dissolved in diethylene glycol (30.0 ml), and 90% hydrazine hydrate (3.0 ml) 

and potassium hydroxide (4.0 g) were added. The mixture \vas boiled under reflux for 6-7 h ,  cooled, and 
extracted with ether. The dried (MgSO,,) ether layer was evaporated and the residue distilled. The fraction 
(0.92 g), b.p. 285-2823", crystallized in the refrigerator and gave a picrate, m.p. 124-1.26' when crystallized 
from ethanol. Tschitschibabill (14) reported m.p. 34" for 3-benzylpyridine and m.p. 126-127" for its picrace. 

4-Brovro-S-picoline 1-Oxide 
4-Nitro-3-picoline 1-oxide (1.0 g) (15) mas heated under rellus with constant-boiling hydrobromic acid 

(40 ml) for 24 h. The reaction mixture was poured onto crushed ice and ner~tralized with aqueous sodium 
hyclroxide. The product was extracted with chloroform, the extract dried (Na?C03),  and the solvent evapo- 
rated to give a light-yellow solid (0.92 g) which, after recrystallization from light petroleum (b.p. 60-SO0), 
gave fine white needles of the bromo iV-oxide, m.p. 112-113'. Infrared s p e c t r ~ ~ m  (1CBr disk): 3 400 (m, br), 
1 450 (s), 1400 (s), 1 3390 (I\;), 1 290 (s), 1 245 (s), 1 205 (m), 1 155 (s), 1 005 (m) ,  850 (I\,), 845 (\v), 835 (I\;), 
745 (s), and 695 (m)  cm-1. 

r\nal. Found: C, 38.80; I-I, 3.51. CG1-I~xoBr requires C, 38.32; I-I, 3.1'3. 
Hai and Ogura (12) reported n1.p. 72-7:io for this compound. The picrate was rccr):stallizecl from l)enzene 

and had m.p. 117-118", depressed on ad~nixtirre with picric acid. 

4- Bron?o-3-picoline 
(a) By t1~: Craig I'rocedilre 
4-Anii110-3-picoli11e (2.0 g) (15) in constant-boiling hydrobromic acid (8 mi) \\.as cooled to 0' a l ~ d  treated 

with bromine ('2.4 1111) dropwise. Stirring a t  0' was continued for 15 ~n in ,  and a solution of sodium nitrite 
(4.0 g) in water (12 nil) \\,as then stirred in a t  such a rate that the tenlperature of the mixture remained a t  
0-5". At the end of the addition a vigorous evolution of gas occurred. 'l'lie solution was made basic with 
10% sodium hydroxide solution, tlie temperature not being allowed to rise above 2So, and then steam- 
distilled. Thedistillate\\:asextracted with ether, the organic layer dried (i\/IgSOr), and the solvent evaporated. 
The residue was distilled to give 4-bromo-3-picoline (0,185 g, 5.S%), b.p. 108-110' a t  60 mm. 'l'he picrate 
(crystallized from benzene) was recrystallized fro111 ethanol and had m.p. 139-141'. 

Anal. Found: C, 35.75; FI, 2.55. CUIIGNBr.CGI-IJSa07 requires C, 35.91 ; M, 2.24. 
(b) Fronr 4-iVituo-3-picoline 1-Oxide 
Phosphorus tribrolnide (36.0 g) was added to  a ~iiixture of 4-nitro-:i-picoline 1-oxide (5.0 g) and dry ethyl 

acetate (300 lnl), and the mixture was boiled under reflux for 30 min. 'l'he reaction mixture \\,as poured into 
water and tlie solution extracted \vith ether. The aqueous layer was made alkaline, care being talcen to main- 
tain tlie temperature a t  25-30'. The solution \\,as extracted with ether, the ether layer was dried (9a2CO~) 
and evaporated, and the residue was distilled under vacuum to give 4-bromo-3-picoline (2.06 g),  b.p. 
104-107' a t  GO mm. The picrate had 111.p. 137-13S0, undepressed on admixture with a salnple prepared by 
nietliod a above. Iufrared spectrum of tlie free base (liquid film): 3 040 (m), 1 GOO (it.), 1520 (s), 1470 (m) ,  
1440 (ill), 1 380 (m),  1 350 (s), 1 230 (s), 1 065 (s), 840 (s), 790 (s), 750 (s), 715 (w), 690 (s), and 670 (s) cm-I. 
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I-(Sf-Jfetl~yl-.{'-pyridyl)cyclohexa?tol 
A solution of n-butyllithium in ether was prepared from lithium (0.07 g),  n-butyl bromide (4 ml), and clr>- 

ether (25 ml) a t  -62' to -74'. -4 solution of 4-bromo-3-picoline (0.860 g) in dry ether (5 ~ n l )  was adcicd 
droplvise, \\lit11 stirring, to the butyllithiuni solution over a period of 30 Inin, the temperature being maintained 
a t  -6"" to -74". Cyclohexanone (3.0 g) in dry ether was added dropwise over a period of $. h, and thcn 
stirring \\.as continued for another 3 h, during which time the reaction mixture was allowed to come to room 
temperature. The resulting mixture was poured onto crushed ice and extracted with ether. The dried 
(1\/IgSO.j) cthereal layer was evaporated to give the alcohol (0.418 g), which was vacuurn-distilled a t  205-209O 
and 60 mln and then recrystallized from light petroleum (b.p. 60-SOo). I t  was obtained as colorless prisms, 
n1.p. 95". Infrared spectrum (ICRr disl;): 3 180 (s), 1590  (s), 1Z55 (m), 1210 (m),  1 165 (s), 1 125 (s), 
1 065 (s), 965 (s), S22 (s), 805 (w), 755 (\I.), 745 (m), and 645 (s) cnl-I. 

Anal. I-ound: C, 75.64; I-I, 8.81. CI?I-117N0 requires C, 75.35; I-I, 8.96. 

4-Plzenyl-S-Picoline 
1-(:3'-nlethyl-4'-pyridyl)cyclo1~exa1ioI (0.20 g) was boiled under reflux with concentrated sulfuric acid 

(1.0 ml) ancl glacial acetic acid (3.0 ml) for 4 h, and the reaction mixture worl;ed up as described for 5-phenyl- 
3-picoline. The product (0.054 g) had b.p. 195-198" a t  60 mm. Infrared spectrum (liquid film): 3 340 (m, br), 
1585  (s), 1475  (m), 830 (m) ,  805 (w), 760 (s), 735 (m), and 695 (s) cm-I. Nuclear magnetic resonance spec- 
trum (in CC14): 77.80 (3H, singlet, CIH-Ar), 2.67 (5H, singlet, phenyl protons), 2.1 (11-1, doublet, J = 5 c/s, 
Cj-lI), and 1.4 (2N, lnultiplet caused by the superimposed singlet and doublet of C?-1-1 and Cc-13). 
'The picra te (crystallized from benzene) had m.p. 168-169". 

Anal. Found: C, 54.07; I-I, 3.70. C13Hl1N-Ct1-13N307 requires C, 54.27; M, 3.54. 

General ilJethod Used for the Pkenylalion of the Picolines and the Deter~izinatio7z of the Isomer IZatios 
r\ mixture of a~liline (0.5 g) and concentrated hydrochloric acid (1 mi) was cooled to 0-5' and diazotized 

below 5" with a solution of sodium nitrite (0.42 g) in water (0.75 nll). The diazonium salt solution was slowly 
added over a period of 15 lnin to the picoline (100 ml), which was being stirred vigorously in a thcrmostat 
maintained a t  40 f l o ;  the solution was then stirred a t  that temperature for a further 6 h. Sodium carbonate 
(5 g) was now added, the mixture was stirred a t  room temperature for 15 min and, after being allowed to 
stand for some time, was filtered into a distillation Rasl;, and the solids were washed thoroughly \\,it11 ether 
until free of picoline. 'The combined liltrates were concentrated carefully with a fractionating column to a 
volume of 20-30 ml. This was transferred quantitatively to a conical flasl; with the help of ether, the total 
volume being lcept below 50 ml, and this solution was used directly for the quantitative analyses of the 
isome~- ]ratios by gas-liquid chromatography. 

I:or the quantitative analyses, the internal standard method (16) was used. 'The introduction of a I;no\v~i 
weight of internal standard in the final reaction mixture also permitted the yield of products to bedcterniined. 
The authentic samples prepared as described above were all gas chromatographically pure. 'The conditions 
for the yas-licluid chromatographic analyses are given in each individual case. 

Phcnylatior~ of 3-Picoline 
The diazonium salt solution, prepared as described above, was added to 3-picoline (100 1111) a t  40 f lo  

and \\-orkcd up as usual. 'The reaction mixture was best resolved on a 5 ft X inch colu~nn packed with 
asphalt (15y0 \v/\v) on Chromosorb W (80-100 mesh) and operated a t  220' and a helium inlet pressure of 
40 p.s.i. (flow rate 75 mllrnin). Under these conditions, four pealcs were well resolved and had retention 
times of 24.5, 38.5, 39.5, and 45.0 min, respectively. These correspond to 2-phenyl-3-picoline, 4-phenyl-5- 
picoline, 6-phenyl-3-picoli11e, and 5-plienyl-3-picoli11e, respectively, and were identified by collecting samples 
correspoi~ding to the individual peaks and comparing their infrared spectra with those of authentic samples. 
2-Phenyl-3-picoline and 6-phenyl-3-picoline were available from a previous study (17). No 3-benzylpyridine 
(retention time 12.5 min) could be detected in the reaction mixture. The thermal detector responses of the 
four isomeric phenylpicolines were found to be the same, so that  the relative areas under the chromato- 
graphic peaks could be used directly in the determination of the isomer ratios. 2-Methylbiphenyl was used as 
the inter~lal standard. 'The percentage coniposition thus obtained (average of two runs in triplicate) was: 
2-phenyl-, 43.3 f 0.5%; 4-phenyl-, 28.7 f 0.6y0; 5-phenyl-, 6.9 f O.Syo; and 6-phe11yl-3-picoline, 21.1 
f 0.5%. 

Phe?~yl(ztio?~ (u.4-Picoline 
'The reaction mixture \\;as best resolved on a 6 ft  X $ inch column packed with precipitated asphalt (259; 

by \veigIit) on Chrolnosorb W (60-80 mesh) and operated a t  175' and a helium inlet pressure of 40 p.s.i. 
(flow rate SO ml/min). Under these conditions 3-phenyl-4-picoline had a retention time of 19.3 min and 
2-phenyl-4-picoli~le a retention time of 27.4 min. Only two peaks were observed. Coumarin (retention time 
22.2 ~ n i n )  \\.as used as the internal standard. 'The compound giving rise to the peak corresponding in retenti011 
time to 2-plienyl-4-picolille was collected and found to be identical (melting point and infrared spectrum) 
with a sample prepared from phen~~lli thium and 4-picoline (18). The compound giving rise to the peak corre- 
spo~lding to 3-phenyl-4-picoline was collected and gave a picrate, m.p. 145', undepressed on admixture with 
an  authentic sample of the picrate of this base kindly supplied by Dr. J. N. Chatterjee (19). Infrared spectrum 
of the free base (liquid film): 1 610 (s), 1475  (m), 1455  (ni), 1415  (m), 1 2 2 5  (m), 1015 (s), 830 (s), 766 (s), 
730 (w), and 700 (s) cm-1. 

The molar thermal responses of the two isomers ivcre ditrcrc~lt, so that the internal standard had to be 
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i~ltrocluccd in all the sanlples being analyzed. The percentage composition thus obtained (two runs in 
triplicate) was: 2-phenyl-, 44.9 f l.OYo ; and 3-phenyl-4-picoline, 55.1 + 0.6yo. 

Deterti~i?~ation of g$61T for the Phenylat,ion of 3-P,icoline 
( i )  TT/itl~ a ilIolar Ratio of 3-Picoliwe to Renscne of4:l 
l'he ratio of aniline to total solvent was 1:200. 
l'he d iazoni~~m salt solution from aniline (0.5 g) ,  concentrated hydrochloric acid (1.0 ml),  sodium nitrite 

(0.42 g ) ,  and water (0.7 ml) was added over a period of 15 min, with vigorol~s stirring, to a ~nixture of 
3-picoline (SS.0 ml) and benzene (19.0 ml) maintained a t  40 f lo  in a thermostat. The reaction nlixt~lre was 
stirrcd for a further 6 h and then worked up a s  described in the determination of the isomer ratios. I t  was 
analyzed by gas-licluid chromatography on a 6 ft  X t inch column packed with precipitated asphalt (15Yo 
w/w) on Chromosorb W (60-100 mesh) and operated a t  2'20°and a helium in!et pressure of 40 p.s.i. Under 
these conditions biphenyl had a retention time of 6.3 min. Advantage was taken here of the fact that the 
phenyl-3-picolines have the same thermal detector response, so that  no special calibrations were necessary. 
2-Rromobiphenyl was used as the internal standard. The mean of the results of three runs carried out in 
duplicate gave = 1.39 f 0.05. 

(ii) TT'itl~ CL Molar Ratio of 3-Picoline to Benze?ze of 6:l 
The same proportions of amine to total solvent were ~lsed. I n  this way, %,&IT was found to be 1.4041 0.06. 

Deter~,~ination of %f2B~< for tlze Pl~enylation of 4-Picoline 
The reaction was carried out as described above, but  wit11 4- instead of 3-picoline. The inixt~lres were 

analyzed on a 6 f t  X % inch column paclced with precipitated asphalt (25% 'j,w/w) on Chromosorb W and 
operatedat 175"and a helium inlet pressure of 40 p.s.i. (flow rate SO ml/min). Under these conditions biphenyl 
had a retention time of 8.3 min, and 2- and 3-phenyl-4-picolines retention times of 22.6 and 16.4 min, respec- 
tively. C o ~ ~ m a r i n  was used as the internal standard. The average of the results of three runs carried out ill 
duplicategave 'k$y6K = 1.39 f 0.1. 

DISCUSSIOS 

Since the reaction mixtures were homogeneous in all cases, the argument sometimes 
levelled (20) against the suitability of the Gomberg-I-Iey reaction for quantitative ~vorl; 
that ,  \\.it11 the usual aromatic solvents, the reaction is a heterogeneous one does not apply. 
Selective solvation was not important ~vithin the range of solvent ratios used. T h e  validity 
of isomer ratios obtained in the Goinberg-Hey arylatioil has already been discussed ( I ) ,  
and the conclusion was reached tha t  the a-complexes formed are not selectively removed 
by dimerization or disproportionation. No high-boiling products could be isolated in the 
reactioils \\-it11 the picolines. In view of the ~vork-up and analytic procedure used the errors 
in the quantitative estimations are small and the results are reproducible ~vithin f 2 Y 0  
(in most cases much better than this). 

The averaged proportions of isomeric pl~enylpicolines are given in Table I ,  11-hich also 
includes the data  for the phenylation of pyridine ( I ) .  The  values of the total rate ratios 

TrZBLE I 

rlveragecl percentage ratios of phenylated pyridines formed a t  40 f lo and total  
rate ratios 

Isomer distributioli 
XC&II.tN 

Compound 2- 3- 4- 5- 6- c&eK 

I'yridine (1 j 52 .4  29.6  16.0 - - 1.14 
3-Picoline 43.3  - 26.7 6 . 9  21.1 1 .39 
4-I'icoline 44.9 55.1  - - 1.39 

S C  I1 .;"?K relative to benzene are also given (corrected for the statistical relative amounts 
01 benzene and XCjFIkN used in the competitive reactions). A previous s tudy (I)  had 
s11o11 n tha t  the illost convenient molar ratio of pyridine to benzene to use in the competi- 
tive runs \\.as 4: 1. Under such conditions the mixtures were l~omogeneous and no selective 
SOIT-ntion of the diazonium salt or covalent diazo cornpou~ld was occurring. This was also 
found to be the case here in the competitive ruilswith the picolines and benzene. Increasing 
the molar ratio of 3-picoline to benzene to 6: I had no effect upoil the total rate ratio. 
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The results indicate tlzat the 3- and 4-methyl groups activate the pyridine n~lcleus 
slightly (as expected) to\\rards attacli by phenyl radicals, and to the same extent (F:",K 
= 1.22). This is about the same degree of activation as is imparted by a meth>.l sub- 
stituent ontoa benzene ring ( C ~ ~ ; ~ ~ 3 ~ <  = 1.23) (21). (See, ho\vever, the inore recent results 
with triphenylbisinutl~ as the source of pl~enyl radicals to substitute toluene, in which 
C I1 

H 3 1 <  was found to be 1.99 on the assulnption that there is no side-chain attacli (9). This 
value appears to be too high. Abramovitch and Saha (22), using benzenediazonium 
tetrafluoroborate and pyridine as the source of phenyl radicals, obtained a value of 1.20 
for this total rate ratio.) 

The most abundant isomers obtained in the phenylation of the picolines are those in 
~\~llich the pheilyl group enters ortho to the methyl group, which is consistent \\-it11 the 
orientation observed in previous homolytic substitutions of 3- and 4-alkylpyridines 
(3, 5, 7). The effect of the methyl group may be seen more clearly from a consideration of 
the partial rate factors for the phenj lations. These are given in Table I1 together \\.it11 the 
data for pyridine itself ( I) .  

TABLE 11 

Partial rate factors for phe~~y la t io~ l  a t  40 f 1" 

Partial rate factors 

Compound F2 FJ FI Fj FG 

I'yridine (1) 1 .83  1 .00  1 . 1 8  - - 
3-Picoline 3 . 5  - 2.37 0.57 1 .74  
4-Picoline 1 .87 2.29 - - - 

If the principle of additivity (23) is presumed to hold in these substitutions, then the 
partial rate factors for the various positions in the picolines can be calculated from the 
partial rate factors for the phenylation of pyridine and of toluene. The data  for toluene 
are, as mentioned above, not definitive. The latest values of the isomer ratios as obtained 
from the phenj-lation with triphenylbismuth (9) have beell confirined in our laboratories 
\\-it11 benzoyl peroxide as the source of phenyl radicals, the analysis being carried out b>- 
gas-liquid chroma~ography, using the internal standard technique. The isomer ratio so 
obtained is: o-, 57%; nz-, 25%; and @-, ISYO (24). If the values for the partial rate factors 
originally given by Hey et al. (21) are used in conjunction \\-it11 our data for pyridinc, the 
values calculated for 3-picoline are: F2 = 4.58, F4 = 2.95, Fj = 0.71, and FG = 1.83; 
and those for 4-picoline are: I72 = 1.30 and F3 = 2.50. If the partial rate factors based on 
CGH5CEI 

C G H G 3 1 <  = 1.99 (9) are used, then the calculated values for 3-picoline are: F? = 6.22, 
F4 = 4.0, Fj = 1.6, and FG = 3.48; and those for 4-picoline are: F2 = 2.93 and F3 = 3.4. 
These values are obviously much too high and confirm that the total rate ratio for toluene 
is probably close to 1.23. Using this figure and our data for the isonler ratios (24) leads to 
the follo\ving predicted values for 3-picoline: F2 = 3.85, F4 = 2.47, F5 = 0.92, and FG 
= 2.43; and for 4-picoline: F2 = 1.69 and F3 = 2.10. Except for Fg in 3-picoline (and 
perhaps FG as well), these agree reasonably well with the experitnentally found values. 
This additivity of the substituent effects supports the assuinption tlzat formation of the 
u-complexes is the rate-determining step in such substitutioil reactions. 

The apparent deactivation of Cj in 3-picoline towards attacli by phenyl raclicals is 
unexpected. The proportio~z of 5-isomer obtained in the inethylation of 3-72-butylpyridine 
\\-as sinlilarly lou~ (2%) (7), but partial rate factors are not available in this case. :I similar, 
though lesser, deactivation of the meta position in toluene has been reported (F,,, = 0.71 
(21), li,, = 0.76 (22)) but the data fro111 the reaction \\-ith triphenylbisnzuth give F,,, = 1.G 
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(9). --Jgai11, u s i n g  o u r  data for t h e  i s o m e r  r a t i o  (24)  a n d  C ~ ~ ; ~ ~ 3 ~  = 1 . 2 3 ,  o n e  gets F,,, 
= 0.92,  ~vl i ic l i  is c lose  e n o u g h  to 1 to be \\:ell \\-ithill t h e  e x p e r i m e n t a l  e r r o r .  T h e  still 
l o ~ v e r  y i e ld  of 3-n-butyl-5-methylpyridine o b t a i n e d  in  t h e  m e t h y l a t i o n  of 3-72-butyl- 

p y r i d i n e  i s  r e a d i l y  e x p l a i n e d  OII t h e  bas i s  that m e t h y l  r ad ica l s  are m o r e  nuc leoph i l i c  t h a n  

phe i ly l  radicals (20) ,  so that a d e a c t i v a t i o n  of t h e  p y r i d i n e  fl-posit ion is to be expected 
t o ~ v a r c l s  "nucleophi l ic"  attack. The  low v a l u e  of F5 f o u n d  for t h e  p h e n y l a t i o n  of 3-picol ine  

m i g h t  be d u e  to a s y s t e m a t i c  e x p e r i m e n t a l  e r r o r  a n d  c o u l d  be w i t h o u t  rea l  s ignif icance.  

This s e e m s  to be rather un l ike ly  a t  the m o m e n t .  A n o t h e r  possibility ~ v o r t l i  c o n s i d e r i n g  

is t h a t  p h e n y l  r a d i c a l s  h a v e  a s l i g h t  nuc leoph i l i c  character. All s u b s t i t u e n t s  a c t i v a t e  the 
b e n z e n e  n u c l e u s  t o ~ v a r d s  attack by p h e n y l  r ad ica l s ,  b a r r i n g  s t e r i c  h i n d r a n c e  (25). This 
is probabll- d u e  to t h e  fact that s u l ~ s t i t u e n t s ,  w h e t h e r  e l e c t r o n  a t t r a c t i n g  or d o n a t i n g ,  can 
delocal ize  a s ingle  e l ec t ron  in the U-complexes  obtained by a t t a c k  at the o r t h o  a n d  para 
pos i t ions .  W h e n  the s u b s t r a t e  i s  p y r i d i n e ,  attack by t h e  r ad ica l  a t  the a- a n d  y-posi t ions  

\\-ill e v e n t u a l l y  lead to u -complexes  in  ~ v h i c h  o n e  of the c o n t r i b u t i n g  s t r u c t u r e s  h a s  the 
odd e lec t ron  o n  t h e  n i t r o g e n  atom. No f u r t h e r  de loca l i za t ion  is,  l io\vever,  possible. I t  has 
t e n t a t i v e l y  been s u g g e s t e d  (2) t h a t ,  if a n y t h i n g ,  the phen>, l  radical has to be s l i g h t l y  

nucleopl i i l ic  to a c c o u n t  for t h e  s l i g h t l y  greater r e a c t i v i t y  of p y r i d i n e  c o m p a r e d  w i t h  that 
01 I ~ e n z e n e .  A l t h o u g h  t h i s  \vould  e x p l a i n  t h e  deactivation of C5 i n  3-picol ine ,  i t  ~ v o u l d  leave 
o t h e r  data u n a c c o u n t e d  for, e.g. F,,, for n i t r o b e n z e n e  i s  reported to be 0 . 8 6  (25) .  Since 
m a n y  of these v a l u e s  a r e  very close to I ,  h o w e v e r ,  t h e  slight v a r i a t i o n s  a r o u n d  this f igu re  

ma!., i n  some cases ,  be \\ i thil l  the l i m i t s  of e x p e r i m e n t a l  error a n d  n o t  be s i g ~ l i f i c a ~ l t  a t  all. 
I n  a n y  event, n o  fir111 statelneilt i s  \varrantecl  a t  t h i s  time. 

'The f o r m a t i o n  of the 3 - p h e n y l  d e r i v a t i v e  as t h e  m a i n  p r o d ~ ~ c t  i n  the p h e n y l a t i o n  of 
4-picol ine  is a n o t h e r  e x a m p l e  of a case in w h i c h  the 3 - i somer  i s  t h e  p r e d o m i n a n t  one f o r m e d .  

Other e x a m p l e s  are t h e  o - n i t r o p h e n y l a t i o n  (I) a n d  the o-bromopIien)7latio11 (2) of p y r i d i n e .  
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