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n1.p. 178-180"). Mixed melting point with the biosynthetic 
preparationg was 176-178" (corr.). 

Anal. Calcd. for ClsHn07N. H20: C, 54.40; H, 5.39; N, 
3.96. Found: C, 55.06; H, 5.60; N, 3.62. 

Paper chromatography in 1-butanol-1-propanol-water; 
2/1/1, gave R f  = 0.15; mixed chromatogram with bio- 
synthetic compound gave one fluorescent spot R ,  = 0.19. 
When large amounts were chromatographed, an additional 
slower moving fluorescent spot was observed. This could be 
decreased but not removed by repeated recrystallizations. 
Paper electrophoresis on Whatman 3 MM, pH 9.2, 0.05.l.I 
borate, 500 volts, for 3.5 hr. gave one major fluorescent spot 
which moved 7 cm. toward the anode. The biosynthetic 
preparation had the same mobility. The minor component 
moved 1 cm. toward the cathode. 
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The nitration of 2,B-lutidine using the method of 
Plazek2 gave an 80% yield of 3-nitro-2,B-lutidine 
(I). Upon treating this product with an amount of 
potassium permanganate calculated to oxidize one 
methyl group, an acid (JI) was obtained in 170,;. 
yield which was then decarboxylated in 97y6 yield 
to 3-nitro-2-methylpyridine (111). Again, oxida- 
tion of this material gave 17% of a nitropyridine- 
carboxylic acid which was shown to be 3-nitro-2- 
pyridinecarboxylic acidaa by comparison with the  
corresponding amino compoimd of known st r w -  
ture prepared by S ~ c h a r d a . ~ ~  Kogl and co-workers4 
oxidized 3-nitro-2,4,6-collidine (IV) to a mixture of 
three acids; the main product melted a t  1 3 6 O ,  which 
they assumed to be 3-nitrc~-2,4-dimethylpyridin4- 
carboxylic acid (VI). Wc osidized the nitro- 
collidine and obtained two acids. The third acid, if 
present, was in an amount nut, dctrctcd by our 

( 1) Present address: Chemistry I)epartmeiit, Univeraitj. 
of Kentucky, Lexington, Ky., to  whom all inquiries should 
be directed. 

(2) E. Plazek, Ber., 72,577 (1039). 
(3)(a) E. V. Brown, J .  Am. C h ~ i .  Soc., 76,  316T (1959). 

(4)  F. Kogl, G. M. van der n'ant, and C. A. Salcniirdi, 
( I ) )  E. Sucharda, Ber., 58,  1727 (1025). 

Rec. lrav. chim.,  67, 20 (1918). 

method. The acid melting at  138' \\as the i m i n  
pi oduct and was decarboxylated to 3 
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iiitrolutidino (VII )  wliich on further oxidation gave 
tn-o products both nitromethylpyridinecarboxylic 
acids. The lo\ver melting (1X) of these two acids was 
then decarltosj~lated niid the product proved to he 
3-nitro-4-methylpyridine by reduction to 3-amino- 
4-methylpvridine (X) and comparison with a knowi 
sample. Thtj higher melting acid (VIII) was decar- 
boxylated aiid the product identified as 3-nitro-2- 
methylpyridine (111). Thus it is definitely estab- 
lished that the original main oxidation product of 
nitrucoliidine is 3-nitr0-2,4-dimethylpyridine-cai,- 
boxylic acid (VI) as it is the only one that could pro- 
duce the> obtained result. The second acid melted a t  
233" ivhich was an indication that i t  might be a 4- 
~~:ii~boxylic acid, namely, 3-nitro-2,6-dimethyl- 
p?.l.iiiine--l.-carbox~lic acid (V). This was confirmed 
whcii the product of decarboxylation was shown to 
be 3-iiitro-~,B-lutidine (I). 

EXPERIMENTAL 

3-Sitro-2,O-lulidine. 2,6-Lutidine (174 g.)  was nitratcd 
by the method of PIazek* to give 200 g. (81 %) of 3-nitro-2,Ci- 
lutitiine ( I ) ,  boiling at 105' ( I O  mm) and melting at 38". 

S-.Vitro-2-melh~~lpy~idine-6-carbozylzc acid (11). One hiin- 
dred grams of 3-nitro-2,0-lutidirie in 1.5 1. of w,itcr IV:M 

heated to 90" mid treated with 200 g. of solid potassiiinl 
permanganate in sinall portiuns over a pcriod of 1.5 hr. Aft1.r 
rcrnoval of t,hc munganrse dioxide, the filtrate w a ~  extrttcttd 
with ether  to  rc~~ivc:r 50 g. of unchanged nitro compound. 
Thc  :iqueoas solution \viis evaporated t,o low volunic~ :tnd 
acidified Ten grams of acid was recovered melting at. 12ti'. 

.lnal.b Cnlcd. for CiI&,O,S~: C, 46.16; H,  33.32. X(.III,. 
i!qiiiv.: 182. Fuund: C, 45.96; H. 3.37. Xeut. equiv.. 185. 

d- ~i t ro-B-7ncthy lpyr i t l ine .  3-Titro-2-nietliylp3.riclin~,-(i-c:ii - 
hoxylic :tcid (11.2 g.! I\ its tlocnrhoxylated by heatin:: iiiidi.r 

ni t r t rym (, tmth temp. 205") wider 320 nim. prcssurc'. l'hc,rc* 
\vas olJt:iinetl 10.,5 g. ( Y7.6cJ0) of 3-nitro-~-metIiyl~,yr.idinl.?' 
(111) h i l i n g  a t  104' (15 nim) and melting at 28.5"-. ' 1 1 1 t h  
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picr:ite ineltcd at 122.3', the hydrochloride at 137-158', 
and the chloroferratee at 82.5'. 

3-Aminopyridine-&carboxylic acid. 3-Nitre2-methylpyri- 
dine (111) (25 g , )  was oxidized by 57 g. of potassium per- 
manganate as previously described. There was obtained 3 g. 
of ac,id which was recrystallized from alcohol-water and 
melted at 122-123'. The yield of purified product was 12% 
based on st.arting material not recovered. 

This acid (2 9.) was reduced by heating in a mixture of 
powdered iron, hydrochloric acid, and alcohol for 2 hrs. 
The amino acid was purified thru the copper salt and there 
was obtained 1 g. (6201,) melting at 217'. Mixed melting 
point with a sample of this acid prepared hy  the method of 
S ~ c h a r d a ~ ~  showed no depression. 
S-Nitro-Z,4,fi-collidine. 2,4,6-Collidinp (180 g.) was nitrated 

according to Plszek.* There was obtained 228 g. (93%) 
hoilinn a t  120" (19 mm.) and melting at 38". 

Acid mixtu.re blj oxidation of 3-nilro-2,4,fi-collidine. 3-Nitre  
collidine ( I V )  (200 g.) was oxidized wit,h 400 g. of solid 
potassium permanganate as previously described. The crude 
acid obtained was recrystallized from alcohol-water (1  : 1 ) 
to  give 2-5 g. (13% based on starting material unrecovered) 
of 3-nitro-2,4-dimethyl~yridine-6-carboxvlic acid ( I V )  melt- - _ _  
ing at 138". 

Anal. Calcd. for Cn02N2: C. 48.98: IT .  4.11. Found: C. , ,  _ . _  , 
49.20; €1, 3.59. 

On standing the filtrate gradually deposited 0.5 g. of 3- 
nitro-2,6-dirnethylpyridine-4-carboxylic acid (V) melting 
a t  238". 

Xeut. equiv. Calcd. for C ~ H ~ O Z Y Z :  196. Found: 194. 
J-Nitro-Z,4-dimethylpyridine. 3-Nitro-3,4-dimethylpyri- 

dine-6-carboxylic acid ( V I )  (30 6.)  was decarboxylated a t  a 
bath temperature of 180-220' in a nitrogen atmosphere at 
260 mm. There was obtained 20 g. 186y0) of 3-nitro-2,4- 
dimethylpyridine ( V I I )  boiling at 113' (20 mm.). The ma- 
terial had a freezing point of 9.5', formed a picrate melting at 
151", and a hydrochloride melting a t  144". 

Anal. Calcd. for C7Hs02Nz; C, 55.26; H, 5.30. Found: C, 
54.93; H, 5.36. 

Reduction in a Parr low pressure hydrogenation apparatus 
using palladum on charcoal gave a quantitative yield of 
amine melting at 74-75'. 

Decarboxlylation of 3-nitro-~~,fi-dimrthylp~ret-line-4-cur- 
boxylic acid (V). One gram of this acid was decarboxylated 
in the above manner to give 3-nit,rc+2,6-dimrthvlpyridine 
( I )  melting a t  38". The picrate melted a t  141' a n d  a mixed 
melting point with authentic material showed no depressi.m. 

Acid mixture f rom the oxidation of 6nitro-2,4-i~i,riethyl- 
pyridine. Ten grams of nitro compound (VIT) was oxidized 
b y  20 g. of potassium permanganate i t s  previously described. 
The crude acid mixture so obtained n-as recrystallized from 
alcohol-water (1: 1). The first crop obtained bv cooling a 
short time was 0.5 g. of 3-nitro-4-mzthylpyridine-2-c:tr- 
boxylic acid (IX) melting at 138". 

Aual. Calcd. for C?Hf,O4?!2&?0: C, 42.03; 11, 4.03. Foirnd. 
C, 41.56; H, 3.73. 

On standing overnight the mother liquor from the above 
product precipitated 1.5 g. of 3-nitra-2-methylprric',in~-4- 
carboxylic acid ( V I I I )  melting a t  250-282" (sealed tube). 

Anal. Calcd. for C7HaOlN2: C, 46.16; H, :3.:12. Xcut. 
equiv., 132 Fonnd: C,  46.44; H, 3.45. Neut. cquiv., 185. 

3-Amino-4-methyZpz/ridine. 3-Kitro--2-mPthplpyridine-2- 
carboxylic ( IX)  acid (0.5 g.) was decarboxylated tvith a. batkJ 
temperature of 145'. The decarboxylated material was then 
reduced by refluxing for 1 hr. in a mixture of ethyl alcohol, 
iron powder, and hydrochloric acid. Aftt>r making the mk 
ture basic, extracting with ether and evaporating, there was 
obtained white crystals of 3-amino-4-methvlpyridine (S ) 
rnelting at 105' and giving no melting point depression with 
an authentic  ample.^,^ 

( 6 )  A. H. Blatt and N. Gross, J .  A m .  rhem.  Soc., 77,  

i 7) E. Xoenigs and Fulde, Ber., 60, 2106 (192i). 
t i  I24 (1955). 

5-.~itro-P-rnelhylpyridine. 3-Kitro-2-methylpyridinc-4-car- 
hoxylic ( V I I I )  acid (1.5 g.) was decarboxylated at a bath 
temperature of 280" to  yield 0.8 g. of 3-nitro-2-methyl- 
pyridine38 (111) melting at 28.5'. The picrate melted 122- 
123' and the hydrochloride 157-158'. 

CHEMISTRY DEPARTMENT, 
SETON HALL UNIVERSITY 
SOUTH ORANGE, N. J. 

Dichlorophosphination 

ROGER A. BALDWIN, KENT A. SMITHEMAN, 
AND ROBERT M. WASHBURN 

Received December 19, 1960 

Although the reaction of aromatic compounds 
with phosphorus trichloride and anhydrous alumi- 
nnm chloride, dichlorophosphination, has long been 
known' and improved upon2ta the orientation of the 
entering group has generally been assumed and has 
been determined in only a few cases. For example, 
Kosolapoff 4 , 5  used an extended fractional crystal- 
lization of the mixed tolylphosphonic acids to deter- 
mine the isomer distribution. He found an ortho: 
meta:para ratio of 1.0 : 2.7 : 6.3 for the tolylphos- 
phonic acids witah an approximate 15% loss of the 
acids during the crystallizations. Ethylbenzene 
yielded mainly the para isomer with a small amount 
of an ethylphenylphosphonic acid which was 
thought to he the meta isomer (meta:para = 
ca. 1 .O : 8.3). Other workers have generally assumed 
that dichlorophosphination gives only the para 
isomer2b.6-R or a mixture of ortho and para i ~ o m e r s . ~  

We have examined the dichlorophosphination of 
rthylbenzene, p-xylene, and chlorobenzene, ntiliz- 
ing a combination of infrared and vapor phase 
chroma,tographic techniques to establish the isomer 
distribution. Ethylbenzene formed only the meta 
and para isomers in a ratio of 1.00/1.63,9 and p -  
xylene yielded only the 1,2,4- isomer. On the other 

(1) A.  Michaelis, Ref., 12, 1009 (1879); Ann., 293, 193 

(a) ( :$)  B. Buchner and L. B. Lockhart, Jr , ,  J .  A m .  Chem. 

( 3 )  W. T. The, Jr., .J. A m .  Chem. Soc., 70, 2595 (1948). 
(4) Q. hf. IiosolapoiY and IF', F. Huber, J .  Am. Chprn. 

(5) (2. hf. Kosolapoff, J .  A m .  Chem. Soc., 74,4119 (1952). 
(6) R. H. n'ilcy and C. H. ,Jarhoe, J.  A m  Chem. Sac., 

7 3 ,  4406 (19.5!), 
( 7 )  I. IC. Jackson, Iir C. Dzvis, and W. J. Jones, J .  

C h m  SOC.,  2288 (1930); it'. C. Davis and U7. P. FValters. 
J .  Chem. Soc,,  1786 ( l !R5>  
(S) JV. J. .Jones, W. C Ilavis, <S. 7'. Bowden, C Etiwards, 

V. E,. Davis, and I,. El. 'I'hornas, J .  ("hem. Sac., 1i4f i  : !9.17. 
(9) A small quantity of pheiiSldichlnrophosphine \VRS 

identified prcaumahly arising from n dealkylation of  c.chyl- 
benzene. A similar phennmenon Clas been observed during 
the dichlorophosphination of sw-amylbenzene.* We t h a n k  
Dr. 9. R. Rern for helpful di ussions concerning alk;+,i 
group migrat.ion reaction?. Pee . R. Ft,ern, Ph.D. thesis, 
University of Southern Cxlifoi nix, 1951 
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( I8!W ; 294, 1 (1896). 

Soc.,  73, 755 (1951); ( h )  Orq. Slyntheses, 31, 88 (1951). 

Soc., 60,2020 ( 1  947). 


