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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 (IV) (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 ) 
t o  give 2-5 g. (13% based on starting material unrecovered) 
of 3-nitro-2,4-dimethyl~yridine-6-carboxvlic acid (IV) 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 (VII)  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 (VIII)  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 (VIII)  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'. 
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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 
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hand, chloroberizeiie yielded predominately the 
ortho and para isomers with some meta indicated. 

The mixtures of aryldichlorophosphines were 
converted into aryldialkylphosphines by reaction 
with methyl- and butylinagnesium bromide. The 
borane'O aiid boron tribromide addition compourids 
of the tertiary phosphinrq w r e  prepared and used 
for analysis. 

PCI, 
I Q @ + P C I ~  + AICI, - [complex] 

PR2:BBr3 

RBr3 

lZRhfgX 
YR2 

miiiuin chloride, and 658 g. (4.8 moles) of phwphorus tri- 
chloride vas refluxed for 2.5 hr. and worked up as previously 
described.2 L)istillat.ion at about 1 mm. gave 111 g. (0.537 
mole, 44.7y0 yield) of a colorless liquid boiling a t  91-93", 
The infrared spect,rum of this material indicated a mixture 
of meta- and para-isomers (absorptions a t  12.2 and 12 .61~)  
with an absence of ortho-isomer. The mixture was partially 
resolved using a 2-m. silicone oil/Celite column (Perkin- 
Elmer Column C) at 210' with a helium flow rate of 38 
cc./min. (20 p.s.i.g.). A broad minor peak at 4.2-6.0 min. 
and two slightly tailed, incompletely resolved major peitks 
at 6.3 and 6.9 min. were obtained with :tpparently sonic 
decomposition of the sample. 
ni- and p-Ethylphenyldimethylphosphine (IIIa).  A 307.4-g. 

(1 mole) quantity of m- and p-eth~lphcnyldichlorophosphine 
dissolved in enough ether t,o give 500 ml. total vnliinw was 
slowly added to  2.2 moles of methylmagnesiiini hromidr 
(Arapahoe) to which an additional 800 ml. of ether had tweii 
added. Distillat,ion of the liquid remaining after the usu:il 
work-up with ammonium chloride,* yielded three fractions : 

The infrared spectra (absorptions a t  12.2 and 12 .65~)  of 
these three fractions supported the gas chromatographic 
analysis which indicated only mela- and para-isomers. Frac- 
tions 2 and 3 (147.9 g.) represent a yield of 897, m,- and p-  
ethylphenyldimethylphosphine. Chromatography of the 
samples was carried out using a 2-m. Apieaon "L"/Celitc, 
high temperature column (Perkin-Elmer Column Q-HT) 
a t  225OC. with a flow rate of 50 cc./min. (20 p.s.i.g.). Well 
resolved peaks with complete resolution and almost no ob- 
srrvable tailing were observed a t  1.4, 4.6, 8.6, and 9.8 min. 
Comparison of t.he peak heights of the two major components 
with the 12.65 and 1 2 . 2 ~  aromatic subst,itution bitnds in th r  
infrared spectra showed that  the first peak (8.6 min.) was m- 
ethylphenpldirnethplphosphine and the second pc.ak (9.8 
min.) was p-cthylphenyldimethylphosphine. Comparison 
with retention times for ethylbenzene and phenyldimethyl- 
phosphinc: shoFved that the two minor peaks were these ma- 
terials. 

TU- and p-Elhylphenyldirneth?/lphosphine tribroinoborane 
(IVa).  -4 4.47-g. (0.0178 mole) quantity of boron tribroniidc 
was slowly added with stirring to 2.96 g. (0.0178 mole) of a 
mixture of m- and p-ethylphenyldimethylphosphine dis- 
solved in 25 ml. of dry petroleum ether (b.p. 30-60') which 
wns cooled hy means of :L Thy Icetcctone 1);tth. Filtwtion 

B.P. - 
1. t c  100 18 0 , 3 3 . 6  51 .5  4 4 . 6  
2. 1 0 ~ 1 0 2  18 2 8 .  6b - - 4 9 . 8  50.2 
3. 101-105 1 s  118.3 0.04 - 3 5 .  64 9 

' I  Small quantity, not wighed. b n y  = 1.5404. 

In view of these observations on the isomeric 
purity of the products obtained from the dichloro- 
phosphination of aromatics and of derivatives, the 
data in the literature concerning these compounds 
niust be viewed cautiously. 

EXFERIMEKTAL 

The infrared spectra were drtermined on a Perkin-Elmer 
Model 21 Spectrophotometer. The vapm phase chromato- 
graphic work was done on a Perkin-Elmer Model 154B 
Vapor Fractometer equipped with a Model 194 integrator. 

m- and p-Ethylphenyldichlorophosphine (IIa).  A mixture of 
128 g. (1.2 moles) of ethylbenzene, 213 g. (1.6 moles) ah-  

of the reaction mixture gave 6.63 g. (89%) of crude prodiict, 
m.p. 58-69". Recrystallization from methanol (Sori t?  A )  
yielded 5.38 g. (0.0129 mole, 72.4",) of m- ar id  p-ethyl- 
phenyldimethylphosphine trihromohorane (:hsorptions a t  
12.2 and 1 2 . 6 5 ~ )  ns a white, crystallinr pn\vfl(ir inc~ltinp x t  
08-78°C. 

-1nal. Cdcd. for CloHI5BBr~P:  8, 2.60; Br, 57.52; P, 7.43. 
Found: R,  2.60; Br, 57.3; P 7.38. 

When a portion of the powder was recrystallized slowly 
from a, dilute solution, individual needles formed on the top 
of the main hody of precipitate. Several of these larger 
crystals were separated by use of small tweezers and were 
found to have a melting point of 78-81". An infrared spec- 
trum of it single crystal and of several crystals indicnted thc 
presencc of mostly the para-isomer (sharp absorption at 
12.1 p ) .  

m- and p-Efhylphenyldirnethylphosphine borane (Va) .  The 
interact,ion of 25.8 g. (0.155 mole) of a mixture of m- :ind p- 
f.thylphen3.ldimethplphosphinr m d  20 g. (0.1 74 molt) of 



t rieth).lainirieboriLiic gave an almost quantitative yield, 
87.9 g. (0.155 inole, !)9.6%) of B mixture of ?ti- and p-ethyl- 
phenyldiniethylphosphine borane as a colorless liquid, b.p. 
89-92' at, 0.3 r n ~ n . ~ o  (infrared absorptions a t  12.2 and 
12.65 1). 

Z,j-0iir~etli?/lphenyldzchlorophosphine (111)). Dichlorophos- 
phination of p-xylene, carried out as described above for 
ethylbenzcne, gave varying yields ( 19.0-32.870) of 2,5-di- 
mt:thylphen~ldichlorophosphine as a colorless liquid, b.p. 
134-136" at 18-20 n i n i . 8  An infrarrd ahsorption a t  12.30 p 
indicated only 1,2,4-trisuhstitutiori. 

2,5-l)itneth!/!pheni/Irlii,rethylphosph irie (11111) arid 2,5-(Zi- 
1tiethi/lphen?/lclz'-n-b,it!/lpho.rphine ( I I Ic  j. 2,,5- Dimethylphrn>-l- 
dichlorophosphine was convertrd e i r ~  thc :ippropriate Gri- 
gnard t,o the dimethyl derivative, h.p. 110-112° a t  18 1nm.' 
in 71y0 yield and to the di-n-butyl derivntivc. 11.1). 105-108" 
at 0.2 n1rn.7 in 75.55% yield. Each of these tertiary phos- 
phines had a single sharp absorption a t  12.34 p in the infra- 
red indicative of 1,2,4-trisubstitution. 

Gas chromatography of the di-n-butyl derivative gave a 
single slightly tailed peak (Perkin-Elmer Column C). Simi- 
larly, analysis of the dimethyl derivative showed i t  t o  be 
98.57, pure (Perkin-Elmer Column Q-HT). 

2,5-Dirnethylphenyldi-n-butylphosphine hoiane (Vb). Tri- 
ethylamine borane (11.5 g., 0.1 mole) exchanged &h 25 g. 
(0.1 molc) of 2,5-dimethylphcnyldi-n-butylphosphine t o  
!+Id 23 g. (0.0833 mole, 83.37,) of '7,5-dii~iethylphenyldi-n- 
l)iit).lphosphine borane as a rather viscous, colorless liquid, 
11.p. 1-10-141° at 0.5 mm.'o An ahsorption supporting 1,2,4- 
trisuhstitntion was observed at 12.17 p for thc horane :tnd 
also for thc trihromoboranes I V b  and c. 

2,Li-Ditttoth !/iphcnyldimethylphosphine tribromobora,ne ( IVb). 
This addiict WLS prepared in 86.370 yield from 7.0 g. (0.0440 
mole) of 2,.3-(limrt hylphenyldimethylphosphine and 13.3 g. 
(0.053 molc) of boron tribromide in petroleum ether at 
- 78". Thc prodiict,, :iftcr recrystallization from isopropyl 
alcohol (Soritc'i, w:is o1)t:iinc.d as white needles, m.p. 162.5- 
165". 

.trio[. Calcd. For ( ' , O H , ~ I J B ~ ~ ~ ' :  13, 2.60; Br, 57.52; P, 7.43. 
Forind: 13, 2 . 6 3 ;  Rr,  .57.52: P, 7.47. 

2,j-niitt,e/hr/lphe,t!/ltli-n-hnt!/lphosphine tribromoborane 
( IVc) ,  11 yirl t l  of 88.55; mas obtained froin 6.84 g. (0.0274 
mol(,) OF tliv '1.6-tliiiic~tli~~lphc~iyldi-t~,-hiitylphosphine and 
9.3 g. (0 .0:{72 n ~ o l v )  of boron trihromid(~ using petroleum 
rther as t h r  rc:wtion PnIvvnt :inti iiii(1c.r :in iricrt atmosphere. 
1~ecrystalliz:itioii f rom i i i ( ~ t I i ~ . l  :ilt.ohol g:ivr whitc pl:it,elets 
melting at, 107-109°. 

. l nd .  C h l c t l .  for (',, lrJ71313r.l': 13 ,  '1. I (i: Rr, 17.86; P, 6.18. 
Foiind: H, 2.21 ; T3r, 47.72; l', 5.99. 

n-. m-, and p - ( ' h l n ~ o ~ h ~ r i ~ / ! ~ l i c h l o t ~ n ~ h ~ , ~ ~ h i n e :  (TIC). IXchlo- 
rophosphirxitioii of c~hlorol~cnzerrc~ :is tlvscrihed ahovc for 
rthylhrnzenr g;ivc* (i1.8'; yicsltl of niisc~l chlorophrnyldi- 
chlnrophosphines, 11.p. 120-1:30" ;it 17 mni . l l  The infrared 
spectrum inr1ic:itt.d tha t  thch p r n ~ l i i ( ~ t  W H Y  :L inistiire of ahout 
equal qiiantitirs of thrl ortho- :ind para-isomrrs, absorptions 
at 13.45 and 12.25 p rrsprctively, with n trace of n7eta- 
indicated by a small nhsorption at  12.76 p. 
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In view of the recent interest in amine 
we wish t'o report a convenient laboratory synthesis 
of amine and phosphine boranes. ,Amine boranes 
have previously been prepared by the direct inter- 
action of diborane and by borane exchange 
from pyridine to  trimethylaminefi by the reaction 
of an amine hydrochloride with lithium borohy- 
dride7 and by the reduction of trialkylboranes in the 
presence of a tertiary The only trialkyl- 
phosphine borane known with certaintyg& is tri- 
methylphosphine borane.gb It was shown t,hat with 
borane (BH,) as the reference acid, the base 
strength of trimethylphosphine was greater than the 
base strength of trimethy1amiiie1" and, also, that 
the base strength of trimet'hylamine was greater 
than that of pyridine,6---i.e., (CHa),P > (CH3)& > 
CsH&. The apparent equilibrium nature of these 
reactions suggested that t'he equilibrium might be 
shifted in favor of a desired product by removal of a 
volatile amine (EquatJion 1). 

R3N:BH3 +. R'3X (X = N or P) e 
R'3X:BHg + RSN (1) 

This indeed has been found to be the case. Removal 
of a volatile amine, such as triethylamine, therefore 
provides a convenient method for the essentially 
quantitative preparation of a variety of phosphine 
and amine boranes by borane exchange. In  a typical 
experiment, equal molar amount's of triethylamine 
borane and tri-n-butylphosphine were mixed, under 
argon, and the mixt'ure slowly distilled through a 
Vigreux column to remove triethylamine. ilfter 
approximat,ely two-thirds of the amine had been 
removed, t'he mixture was aspirated t'o remove the 
remaining amine. Distillation of the residue gave a 
79% yield of tri-n-butylphosphine borane. In  a 
similar manner, triethylamine borane or trimethyl- 
amine borane was caused to react with other phos- 
phines and amines. Table I reports the pertinent 
data for some new compounds prepared by borane 
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