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In a p rev ious  communica t ion  [1] we desc r ibed  a method for  the p r e p a r a t i o n  of the m -  and p - d i m e t h y l -  
phosphinobenzoic acids and their  analogs  that contain pentavalent  phosphorus .  In the p r e s e n t  p a p e r  we syn-  
thes ized  the m -  and p-phosphino- ,  phosphinyl - ,  thiophosphinyl- ,  and phosphoniobenzoic acids that contain 
ethyl and i sopropyl  r ad ica l s  on the phosphorus  a tom.  These  compounds were  needed for  a study of the 
e lec t ron ic  ef fec ts  of phosphorus -con ta in ing  groupings.  Of the compounds in which we were  in te res ted  only 
p-die thylphosphinylbenzoic  acid is known [2, 3]. To synthes ize  the m -  and p-dia lkylphosphinobenzoic  acids 
and the i r  analogs  that contain pentavalent  P we employed the scheme  desc r ibed  in [1] 

R~PC6H~CHa ,1. H2O~ ~R2P(O)CsHaCOOH O=l-l~OI~ R~P(O)C6HaCOOC~H5 HSiC1~" 
2, KM:n04 H~S04 

R2PC6HaC00C2H~ 

I 
+ + 

R~PCGH4COOH R3PC~H~COOC~Ha tl2P(S)C~H4COOC~H5 
[ Br- Hal- ] I H HBr I~0H 

+ ~ 
RaPC~H4C00H R~P(S)C6H~COOH 
Hal- 

R~C~Hh; i-C3H7 

The d i a l k y l - m -  and d ia lkyl -p- to ly lphosphine  oxides s e rved  as the s t a r t ing  compounds,  which were  con- 
ve r t ed  by oxidation with KMnO 4 [4] to the m -  and p-dia lkylphosphinylbenzoic  ac ids ,  and then to the i r  e s t e r s .  
The reduct ion of the l a t t e r  with s i l i coch lo ro fo rm [1] led to the phosphinobenzoic acid e s t e r s ,  which by 
t r e a t m e n t  with sulfur  or  alkyl  hal ides  were  conver ted  to the co r respond ing  phosphine sulf ides and phos -  
phonium de r iva t ives .  The alkal ine or  acid hydro lys i s  of the obtained phosphorus - subs t i t u t ed  benzoic  acid 
e s t e r s ,  r e spec t ive ly ,  led to the m - a n d  p-d ia lky lphosphinyl - ,  d ia lkylphosphino- ,  dia lkyl thiophosphinyl- ,  
and t r ia lkylphosphoniobenzoic  ac ids .  The phosphinobenzoic ac ids  were  i so la ted  as the hyd rob romides .  

The s ta r t ing  dialkyl tolylphosphine oxides were  synthes ized  mainly  f r o m  the cor responding  d ia lkyl -  
ehlorophosphines  and the m -  and p - b r o m o t o l u e n e s  via the o rganomagnes ium compounds,  and subsequent  
oxidation of the in te rmedia te  t e r t i a ry  phosphines .  In addition, p- to ly ld ichlorophosphine  was used  as the 
s ta r t ing  compound to synthes ize  the d ie thyl -  and d i i sopropy l -p - to ly lphosph ines  [1]. 

The ethyl e s t e r  of p-die thylphosphinobenzoie  acid was a lso  obtained f r o m  p-ca rbe thoxypheny ld i -  
chlorophosphine,  the synthes is  of which was worked out by us  p rev ious ly  [5] 

ChPC6H4COOCdl5 _~,~gBr_. (C:,aHs)~ PC~H,COOCaHa 

However ,  this method lacks any advantages  over  that desc r ibed  above.  The yie lds ,  constants ,  and ana ly t i -  
cal data of the obtained compounds a r e  given in Table  1. 
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The s t ructure  of the compounds (including those descr ibed  previously [1]) was confirmed by the NMI~ 
method. In the NMR spect ra  of the ethyl e s t e r s  and hydrobromides  of the p-dialkylphosphinobenzoic acids 
the protons of the phenyl r ing appear as a multiplet that is cha rac te r i s t i c  for the AB portion of the ABX 
system,  where X is the nucleus of the phosphorus atom {Table 2). More complex spect ra  a re  observed for 
the derivat ives  of the m - s e r i e s .  In the spect ra  of the ethyl e s t e r s  and hydrobromides  of the m-dia lkylphos-  
phinobenzoic acids the protons of the phenyl ring give a multiplet  that is charac te r i s t i c  for the ABCD p o r -  
tion of the ABCDX system,  where X is the nucleus of the phosphorus atom. The compounds of the m - s e r i e s  
were analyzed employing double heteronuclear iH-{31P} suppression (Table 3). 

EXPERIMENTAL METHOD 

The operations with the P(III) compounds were run in an argon atmosphere, including the reerystalli- 

zation of the hydrobromides of the p- and m-dialkylphosphinobenzoie acids. The NMR spectra were taken 

on an RN-2305 NMR spectrometer (60 MHz) using HMDS as the internal standard. 

Diethyl-p-tolylphosphine (I). With stirring, to the Grignard reagent (from 15.0 g of Mg and 68.0 g of 

C2HsBr) in 350 ml of absolute ether was added in drops, at 0 to -i0 ~ 50.0 g of p-tolyldichlorophosphine 

[i], and then 200 ml of saturated NH4CI solution and 50 ml of water were added at 20 ~ until all of the pre- 

cipitate had dissolved. The layers were separated, and the aqueous layer was extracted with benzene 

(3 x 300 ml). The combined extract was dried over Na2SO4, evaporated in vacuo, and the residue was dis- 

tilled to give 42.1 g of (D. 

Diethyl-m-tolylphosphine (H). To 15.3 g of Mg turnings, activated with water, in 300 ml of absolute 

THF was added a solution of 77.4 g of m-bromotoluene in 20 ml of THF in drops. The mixture was re- 

fluxed for 1 h. To the solution at 0 ~ was added 53.0 g of diethylchlorophosphine [i0] in 30 ml of THF, and 

then 60 ml of saturated NH4CI solution, 200 ml of ether ,  and 100 ml of water  were added at 20 ~ until all of 
the precipi ta te  had dissolved. The layers  were separated,  and the aqueous layer  was extracted with ben-  
zene (2 x 100 ml). The combined ext rac t  was dried over  Na2SO4, evaporated in vacuo, and the residue was 
distilled. We obtained 58.3 g of diethyl-m-tolylphosphine (H). 

Diethyl-p-tolylphosphine Oxide (HI) and Diethyl-m-tolylphosphine Oxide (IV). Oxides (HI) and (IV) 
were obtained in the same manner  as the p -  and m-dimethyltolylphosphine oxides [1] by the oxidation of the 
appropria te  phosphines with H202 in acetone.  

p-Diethylphosphinylbenzoic Acid (V). With s t i r r ing,  to a solution of 8.2 g of oxide (HI) in 40 ml of 
pyridine and 80 ml of water ,  heated to 90 ~ was added 32.0 g of KMnO 4 in 1 h. The mixture was refluxed 
for 2 h, af ter  which were added 10 ml of methanol, 100 ml of conc. HCI (until acid), and saturated NaNO 2 
solution until the react ion mixture was completely color less  (several  drops).  The solution was evaporated 
in half, and extracted with CHC13 (4 x 200 ml). The extract  was dried over  Na2SO 4 and evaporated in vacuo; 
the residue was rec rys ta l l i zed  f rom water .  The yield of (V) was 7.0 g. 

m-Diethylphosphinylbenzoic Acid (VI). Acid (VI) was obtained in the same manner  as the p - i s o m e r  
f rom diethyl-m-tolylphosphine oxide (IV). 

Ethyl Es te r  of p-Diethylphosphinylbenzoic Acid (VII). A solution of 3.0 g of acid (V) and 1.5 ml of 
conc. H2SO 4 in 50 ml of absolute alcohol was refluxed for 5 h. The excess  alcohol was distilled off, the 
residue was t reated with 30 ml of water ,  and the mixture was extracted with benzene (3 • 50 ml). The ex- 
t rac t  was washed with 30 ml of saturated NaHCO 3 solution, dried over Na2SO 4, and evaporated in vacuo; 
the residue was distilled. The yield of (VH) was 3.1 g. 

Ethyl Es te r  of m-Diethylphosphinylbenzoic Acid (VIII). Es te r  (VIII) was obtained in the same manner 
as the p - i s o m e r  from m-diethylphosphinylbenzoic acid (VI). The compound is hygroscopic .  

Ethyl Es te r  of p-Diethylphosphinobenzoic Acid (IX). Es t e r  (IX) was obtained by two methods, a) In 
the same manner  as the ethyl e s t e r  of p-dimethylphosphinobenzoic acid [1] f rom the ethyl es te r  of p -d i -  
ethylphosphinylbenzoic acid (VII) by reduction with t r ichloros i lane .  

b) The Grignard reagent  (from 2.3 g of Mg and 9.9 g of C2HsBr) in 150 ml of absolute ether  was 
added in drops,  at - 5 0  to - 60  ~ to 10.0 g of p-carbethoxyphenyldichlorophosphine [5] in 50 ml of absolute 
ether  and 15.3 g of pyridine.  After  adding 30 ml of water (20 ~ the l aye rs  were separated,  the aqueous 
layer  was extracted with benzene (3 x 100 ml), and the combined extract  was dried over Na2SO 4 and evapo- 
rated in vacuo; the residue was distil led. The yield of (IX) was 7.6 g. The ethyl es te r  of m-die thylphos-  
phinobenzoic acid (X) was obtained in a s imi la r  manner  using method a). 
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Ethyl Es te r  of p-Diethylthiophosphinylbenzoic Acid (XI). A solution of 4.1 g of the ethyl e s t e r  of 
p-diethylphosphinobenzoic acid (IX) in 100 ml of absolute benzene was refluxed for  2 h with 0.55 g of sulfur.  
The solvent was removed in vacuo, and the residue was rec rys ta l l i zed .  The yield of (XI) was 3.5 g. 

The ethyl es te r  of m-diethylthiophosphinylbenzoic acid (XII) was obtained in a s imi la r  manner  f rom 
the ethyl e s t e r  of m-diethylphosphinobenzoic acid (X). 

p-Diethylthiophosphinylbenzoic Acid (XIII). A solution of 1.5 g of ethyl e s t e r  (XI) in 10 ml of 50% 
alcohol was refluxed for 3 h with 0.35 g of KOH, evaporated in vacuo, and acidified with AcOH (or HCI). 
The obtained acid was extracted with 100 ml of CHCI 3, the ext rac t  was dried over Na2SQ, evaporated in 
vacuo, and the residue was rec rys ta l l i zed  f rom benzene.  The yield of (XII!) was 1.0 g. 

m-Diethylthiophosphinylbenzoic acid (XIV) was obtained in a s imi lar  manner  f rom the ethyl e s t e r  of 

m-diethylthiophosphinylbenzoic acid (XH). 

Ethyl E s t e r  of p-Trie thylphosphoaiobenzoic  Acid Iodide (XV). A solution of 3.4 g of ethyl es te r  (IX) 
in 20 ml of absolute benzene was refluxed for 2 h with 2.7 g of C2HsI. The obtained precipi ta te  was f i l tered 
and rec rys ta l l i zed  f rom a 1 : 1 ethyl a ce t a t e -me thy l  e thyl  ketone mixture,  and then f rom methyl ethyl 
ketone. The yield of (XV) was 4.0 g. 

The ethyl es te r  of m-tr ie thylphosphoniobenzoic  acid iodide (XVI) was obtained in a s imi lar  manner  
f rom the ethyl e s t e r  of m-diethylphosphiaobenzoic acid (X). 

p-Trie thylphosphoniobenzoic  Acid Bromide (XVtI). A mixture of 7.3 g of ethyl e s t e r  (IX), 15 ml of 
alcohol, and 6.7 g of C2HsBr was heated for 5 h at 100 ~ in a glass ampule in an autoclave. The solution 
was evaporated in vacuo, the residue was refluxed for 2 h with 30 ml of 40~ HBr solution, the mixture was 
evaporated in vacuo, and the residue was rec rys ta l l i zed  from water .  The yield of ,0(VII) was 3.6 g. 

m-Trie thylphosphoniobenzoic  acid bromide (XVIII) was obtained in a s imi lar  manner  f rom the ethyl 
es te r  of m-diethylphosphinobenzoic acid (X). 

p-Diethylphosphinobenzoic Acid Hydrobromide (XIX) and m-Diethylphosphinobenzoic Acid H y d r o :  
bromide (XX). Hydrobromides  (XIX) and (XX) were obtained by the p rev ious ly -desc r ibed  method [i] in'the 
same manner  as the hydrobromides  of the p-  and m-dimethylphosphinobenzoic acids.  The principal  absorp-  
tion bands in the IR spec t rum (cm -1) (in Nujol) are:  for the p - i s o m e r  (XIX): 1240 s (CO), 1500 w, 1510 w, 
1570 w (aromatic ring), 1720 s (C=O); for the m - i s o m e r  (XX): 1225 s (CO), 1590 w, 1600 w (aromatic 
ring), 1720 s (C--O). 

Di isopropyl-p- tolylphosphine (XXI). Compound (XXI) was obtained by two methods: a) in the same 
manner  as diethyl-p-tolylphosphine (I) f rom p-tolyldichlorophosphiae [1] and i sopropylmagnesium bromide;  
b) f rom diisopropylchlorophosphine [12] and p- to ly lmagnes ium bromide.  

Di isopropyl-m-tolylphosphine* (XXII) was obtained in the same manner  as the p - i s o m e r  by method 
b). 

p-  and m-Diisopropyltolylphosphine Oxides (XXIII) and (XXIV), p-  and m-Diisopropylphosphinyt-  
benzoic Acids (XXV) and {XXVI), Ethyl Es t e r s  of p-  and m-Diisopropylphosphinylbenzoic  Acids (XXVII) and 
(XXVIII), Ethyl E s t e r s  of p-  and m-Diisopropylphosphinobenzoic  Acids (XXIX) and (XXX), and Also the p -  
and m-Diisopropylphosphinobenzoic Acid Hydrobromides  (XXXI) and (XXXII). The compounds were obtained 
in the same manner  as the s imi lar  compounds with ethyl radicals  on the phosphorus atom. The principal  
absorption bands in the IR spec t rum (cm -1) (in Nujol) of the diisopropylphosphinobenzoic acid hydrobro-  
mides (XXXI) and (XXXII) are:  for the p - i s o m e r  (XXXI): 1240 s (CO), 1510 w, 1570 w (aromatic ring), 
1720 s (C=O); for the m - i s o m e r  {XXXII): 1270 s (CO), 1580 w, 1600 w (aromatic ring), 1720 s (C-----O). 

C ONC L U S I O N S  

1. The m-  and p-die thyl- ,  and the m-  and p-di isopropylphosphinylbenzoic acids,  and their ethyl 
e s t e r s  were synthesized by the oxidation of the corresponding dialkyltoly[phosphine oxides with potass ium 
permanganate  and subsequent es ter i f icat ion of the formed acids.  

* In o rder  to remove halogen-containing impuri t ies  and acidic compounds the phosphine was heated with 
potass ium for 4 h at 90 ~ 
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2. The reduction of the dialkylphosphinylbenzoic acid e s t e r s  with HSiCI 3 gave the dialkylphosphino- 
benzoic  acid e s t e r s ,  which on hydro lys i s  with hydrobromic  acid gave the hydrobromides  of the c o r r e s p o n d -  
ing dialkylphosphinobenzoic acids .  The ethyl e s t e r  of p-diethylphosphinobenzoic  acid was also obtained 
f rom p-carbethoxyphenyldichlorophosphine  and e thy lmagnes ium b romide .  

3. The diethyl thiophosphinyI-  and t r ie thylphosphoniobenzoic acids were  obtained by t rea t ing  the di -  
ethylphosphinobenzoic acid e s t e r s  with sulfur  or  e thyl  halide and subsequent  alkaline or  acid hydro lys i s .  
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