
at 0 ~ were filtered off, washed with MeOH, and vacuum-dried. Obtained 0.6 g (14%) of a substance with mp 

102.2-103.8 ~ . Found:C 73.12;H 7.78;S 10.80;B 3.77; N4.86%. CI8H22BSN. Calculated: C 73.22;H 7.51; 
S 10.85; B 3.66; N 4.74%. PMR spectrum (CDCI3): signals from protons of adamantane system (0.55-2.71 
ppm) and signals 13 from aromatic protons of pyridine and thienyl protons (6.21-8.05 ppm). C ~ spectrum 
(5, ppm, CDCI3). broad signals from carbon atoms with boron 26.4 (B-CH2) and 45.2 (B-CH-I > ); signals 

S 

from other carbon atoms in l-boraadamantane, three doublets at 32.16, 32.99, and 39.54 (CH) ; three triplets 
at 34.70, 40.33, and 41.90 (CH2), and signals from carbon atoms of heteroeyclic fragments, thiophene: 120.09 
d, 121.88d, 125.65d, and 154.87s (-C~-~);pyridine: 124.84d, 138.81d, and 144.52 d. Mass spectrum: 

S 
295 (M+), 216 (M + -Py) {maximum peak). 

C O N C L U S I O N S  

From 2-propargylthiophene and t r ia l ly lborane ,  2- (2- th ienyl ) - l -boraadmantane  has been obtained. 

1, 

2. 
3. 
4. 

5. 

6. 
7~ 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

B. 

B. 

B. 

B. 
[in 
B~ 

B. 

B. 

B. 

B. 

B. 

B. 

B. 

L I T E R A T U R E  C I T E D  

M. Mikhailov, V. N. Smirnov,  and E. P. Prokof ' ev ,  Dokl. Akad. Nauk SSSR, 206, 125 {1972). 
M. Mikhailov and V. N. Smirnov,  Izv.  Akad. Nauk SSSR, Set.  Kh im. ,  2165 {1973). 
M. Mikhailov, L. S. Vasi l 'ev ,  and E. N. Safonova, Dokl. Akad. Nauk SSSR, 147, 630 (1962). 
M. Mikhailov and V. F. Pozdnev,  in: Journal  of General Chemist ry .  Problems of Organic Synthesis 
Russian] ,  Nauka, Leningrad (1965), p. 220. 
M. Mikhailov, Soviet Scientific Reviews,  Section B, Chemis t ry  Review (1980), Vol. 2, p. 283. 
M. Mikhailov, Chemis t ry  of the Boron Hydrides [in Russian],  Nauka, Moscow (1967). 
M. Mikhailov and T. K. Baryshnikova,  Dokl. Akad. Nauk SSSR, 243, 929 {1978). 
M. Mikhailov and A. N. Blokhina, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1373 (1962). 
M. Mikhailov and l~. N. Safonova, Izv. Akad. Nauk SSSR, Set.  Khim. ,  1487 (1965). 
M. Mikhailov and K. L. Cherkasova,  J .  Organomet.  Chem. ,  246, 9 (1983). 
M. Mikhailov and K. L. Cherkasova,  Izv. Akad. Nauk SSSR, Ser. Khim. ,  2729 (1979). 
M. Mikhailov and T. K. Baryshnikova,  J .  Organomet.  Chem. ,  219, 295 (1981). 

P. Ve rmee r ,  J .  Meier ,  and L. Brandsma,  Rec.  Tray .  Chim. P a y s - B a s ,  94, 112 (1975). 
Ya. L. Gol 'dfarb,  A. A. Dudinov, and V. P. Litvinov, Izv. Akad. Nauk SSSR, Ser.  Khim. ,  2388 {1982). 
L. Brandsma,  Prepara t ive  Acetylenic Chemis t ry ,  E lsev ier ,  Amsterdam (1971), p. 132. 
C. Fr ise l l  and S . -O.  Lawesson,  Org. Synth.,  43, 55 (1963). 

POLY(DIPHE NYLPHOSPHINYLME THY L) ARENES, 

ORGANOPHOSPHORUS EXTRACTANTS FOR 
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In previous papers the synthesis  and extract ion proper t ies  for tervalent  transplutonium elements ,  eu ro -  
pium and sexivalent uranium are descr ibed of new organophosphorus ext rac tants ,  viz. the oxides of d i - ,  t r i - ,  
and tetraphosphines based on the i somer ic  xylenes,  mesi tylene,  and durene [1, 2]. 

The present  study was conducted to develop a previously advanced thesis  concerning the inclusion in the 
ligand molecule of f ragments  which r e s t r i c t  its conformational  mobility as a method of impart ing high se lec -  
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t ivi ty to the reagent  [3]. In the s e r i e s  of ex t rae tan t s  studied prev ious ly  the se lec t iv i ty  of ex t rac t ion  depends 
on the mutual  posi t ion of the functional diphenylphosphinylmethyl  groups in the benzene nucleus .  Fo r  example ,  
high se lec t iv i ty  towards  uran ium has been noted for  the o r t h o - i s o m e r  of bis(diphenylphosphinylmethyl)benzene 
(I), in con t ras t  to the other  reagents  containing two,  th ree  or  two pa i r s  of diphenylphosphinylmethyl  groups 
in the me ta -pos i t i on  re la t ive  to each  o ther .  

A theore t ica l  conformat ional  calcula t ion of the molecu les  of these l igands,  not combined in a complex ,  
is made in [4]. For  the ligand (I) a global min imum energy  is found, cor responding  to a dis tance of 0.28 nm 
between the oxygen a toms of the phosphoryl  groups p resen t  i n theo r tho -pos i t i on .  This explains the p re fe rence  
for  chelat ion by the ligand (I) of metM ions for  whose coordinat ion polyhedron the dis tance cited is c h a r a c t e r -  
i s t ie  (0 .26-0 .28  nm in the case  of the uranyl  ion). Since for  l igands having a rec ta-pos i t ion  of the phosphoryI  
groups the energy  va r i e s  l i t t le with a change in the dis tance between the oxygen a toms ,  they do not exhibit 
se lec t iv i ty  towards  ions of different r ad ius .  

To conf i rm the effect  found for  the o r tho-pos i t ion  of coordinat ion cen te r s  in the eomplexing agent in tMs 
pape r  the synthes is  and ex t rac t ion  p rope r t i e s  of reagents  (II)-(IV) containing phosphinylmethyl  subst i tuents  in 
the o r tho-pos i t ion  of the a roma t i c  r ing a re  desc r ibed .  

~,>,//ICH~P(0)Ph2 ~)CI-LP(O) Bu2 t~/9,x jCH~P(O) Ph~ 
(~) (H) (m) 

%o.j 
(:v) - 

CH~P(O)Ph~. 
Ph,2P(O)CH~f/~CH@ (O)Ph~  Ph2P(O)CH~//'-~ CH,P(O)Pk 

[~JCHeP(O)Phe Ph~P (O)CH2J%) " 
(v) v~ 

For  c o m p a r i s o n ,  the diphosphine dioxide (VII) analogous to !igand (i), and the diphosphine dioxide (VIII), 
having a per i -naphthylenic  bridge 

(\ --O--CH@(O)Ph~ 
)--o--GnzP(O)Ph.z 

(vn) 

were  also synthes ized  f rom eateehol .  

IVY 
Ph~P(0)CH2 CH~P(O)Ph2 

(VlH) 

The reagen ts  (III)-(VI), (VIII) were  synthesized by the Arbuzov reac t ion  f rom the cor responding ,  wel l -  
known bromomethy l  de r iva t ives  and the ethyl e s t e r  of diphenylphosphinic or  dibutylphosphinic acid in the syn-  
thes i s  of (II) 

Ar(GH~Br)n _u nR~POEt ~ Ar(CH2PR2)n 
II 
0 

R = P h ,  Bu, n ----- 2--4. 

The reac t ion  p roduc t s ,  c rys ta l l ine  polyoxides of polyphosphines ,  a re  isolated in good y ie lds .  The dioxide (VII) 
was synthes ized  by the reac t ion  of the disodium sal t  of  eatechol  with diphenylchloromethylphosphine 

C~H4(ONa)~ + 2C1CH2P(0)Ph 2 --~ (VII) 

The reagen ts  synthesized were  tes ted  as ex t rae tan t s  for  t e rva len t  a m e r i c i u m  and europium and sex i -  
valent u ran ium (241Am, ls2-~S4Eu, 2~3U). Ext rac t ion  f rom 1-15 M HNO~ was c a r r i e d  out with an equal volume 
of a 0. 025 lVl solution of the reagent  in CHCI3. After  allowing to se t t le  and separa t ing  the phases  the r ad io -  
act ivi ty of aliquot port ions of them was m e a s u r e d  and the dis t r ibut ion coeff icients  (D) ca lcula ted .  The resu l t s  
of the m e a s u r e m e n t s  are  p resen ted  in Figs .  1 and 2. 
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Fig. 2 
Fig. 1. Extract ion of amer ic ium (1-6) and uranium (1'-6 ')  by 0. 025 M solutions of the r e -  
agents: (I), (1, 1'); (I1) (2, 2'); (III), (3, 3'); (IV), (4, 4');  (V), (5, 5'); and {VII), (6, 6') in 
chloroform from nitric acid solutions.  

Fig. 2. Extract ion of amer ic ium (1, 1'), europium (2, 2 ') ,  and uranium (3, 3') by a 0. 025 
M solution of reagent (VI) (1, 2, 3~ and a 0.01 M solution of reagent (VIII) (1', 2 ' ,  3') in 
chloroform from nitric acid solutions.  

A compar ison of the extraction power and select ivi ty of reagents containing one or two pairs  of phosphi- 
nylmethyl groups occupying the or tho-posi t ion  in the bridging aromat ic  ring (benzene, naphthalene, dibenzo- 
18-crown-6) shows (see Fig. 1) that all the ligands of this type have a high extract ing power and selectivi ty.  
The separat ion factors  for the U / A m  couple is everywhere  fair ly high and var ies  f rom 1.9-104 for (I) and (IV) 
to 8.3.102 for (VII), whereas the separat ion factors  for Am and Eu are  very  low. It is interest ing that for the 
compound {VII) (curves 6 and 6'), in which the phosphinylmethyl groups are  separated f rom the aromatic  ring 
by oxygen a toms,  the lengthening of the side chains has little effect on the selectivity of the reagent but on the 
whole impairs  the extract ion proper t ies .  

The curves  presented in Fig. 2 for the extract ion of Am, Eu, and U by the tr identate reagent (VI), also 
containing two out of three phosphinylmethyl groups in the or tho-posi t ion,  show that the reagent (VI) differs in 
selectivity f rom reagents  (I)-(V) and is s imi lar  to the reagents  we descr ibed previously in [1], where two P = O 
groups of the substituents occupying the recta-posi t ion part icipate in complex formation with Am [1, 4] : f U / A m  = 

24.0; f Eu/Am = 6.02 in 3 M HNO 3. In the case of reagent (VI) it would seem that phosphinylmethyl groups not 
occupying the o r tho-  and recta-posi t ion also part icipate in complex formation.  

The compound (VIII), in which a r igid,  t ransoidal  ar rangement  of the phosphinyl groups with an increase  
in distance between the oxygen atoms (~ 3.7 A) is observed compared with reagent  (I), differs f rom all the r e -  
agents listed above by low extract ing power,  solubility (_< 0.01 M), and select ivi ty (see Fig. 2). 

A compar ison  of the extracting power of reagents  (I) and (II), which differ in the substituents at the phos-  
phorus atoms (see Fig. 1, curves  1, 1' and 2, 2') would seem to show a regular  increase  in DAm and D U (~by 
factors  of 15 and 10, respectively) when the phenyl substituents are  replaced by less electronegative substi tu- 
ents,  viz.  butyl. However,  this contradicts  the "phenyl effect" which we established previously [5]. 
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So far, we have considered the appearance of a phenyl effect in the extraction of Am in systems contain- 
ing tetraphenylmethylenediphosphine dioxide, where Am is readily extracted. As shown by the calculations in 

[6], the reagent has a stable conformer, the structure of which is favorable for closing a ring containing Am 

without substantial loss in conformation energy. The stacking interaction of the phenyl rings provides an in- 

creased rigidity of this ligand compared with the alkyl-substituted analogs and, as a result, a higher extract- 

ing power. In the present case we are dealing with reagent (I), the structure of whose most stable conformer 
is unfavorable for complex formation with Am, due to the too low distance between the react ion centers  (RO. . .  O) 
[4]. The stacking interaction of phenyl rings provides an enhanced rigidity of the s t ruc ture  compared with the 
butyl-substi tuted analog (reagent (H)) but in the present  case this plays a negative role .  It is possible that a 
change to conformations having a l a rge r  R O . . .  O distance is achieved for  the butyl analog having a less rigid 
s t ruc ture  and this is the reason for the increase  in extract ion compared  with the phenyl-substi tuted reagent .  

The resul ts  obtained confirmed the suggestion made previously [1] that select ivi ty in the group of r e -  
agents studied is determined by the mutual position in the bridging aromat ic  r ing of a pair  of substituents 
containing functional P = O groups;  as was shown in [1], all the reagents  having substituents in the rec ta -pos i -  
tion exhibit the same select ivi ty as the reagents  descr ibed in the present  study, which have substituents in the 
or tho-posi t ion.  Here the select ivi ty is vir tually independent of the number of pairs of substituents and of the 
nature of the substituents at the phosphorus a toms.  

E X P E R I M E N T A L  

1,2-Bis(diphenylphosphinylmethyl)benzene (I), mp 284-285~ synthesized by the method in [1] with a 
yield of 94%. 

1,2-Bis(dibutylphosphinylmethyl)benzene (II). A mixture of 2 g o-xylylene dibromide [7] and 4 .5  g of 
ethyl dibutylphosphinic acid [8] in 10 ml of xylene was heated to 140~ for  ~ 30 rain (in a cur rent  of N2) ; after  
diluting the hot react ion mixture with hexane the precipitate was recrys ta l l i zed  f rom methylethyl ketone (MEK). 
Yield of (II), 2 g (62%), mp 181~ Found: C 67.2; H 10.1; P 14.0. Calculated for C24H4402P2: C 67~ H 10.4; 
P 14.5%. 

2,3-Bis(diphenylphosphinylmethyl)naphthalene (HI). P repared  analogously to (II) by the react ion of 2 g 
of 2 ,3-dibromomethylnaphthalene [9] and 4 g of ethyldiphenylphosphinic acid (EDPA) in 10 ml of xylene; the 
precipi tate  deposited was washed with hot benzene and recrys ta l l i zed  from alcohol. Yield of (III) 3.3 g (93%), 
mp 286-287~ Found: C 77.9; H 5.5; P 11.1%. Calculated for C36H3002P2: C 77.7; H 5.4; P 11.1%. 

Bis(4, 5-diphenylphosphinylmethylbenzo)- lS-crown-6 (IV). P repared  analogously to (II) f rom 1.47 g 
h i s (4 ,5-d ibromomethylbenzo) -18-crown-6  [10] and 3 g EDPA in 10 ml xylene. Yield of (IV), r ec rys ta l l i zed  
f rom an a l c o h o l - c h l o r o f o r m  mixture ,  1.3 g {54%), decomp, temp.  > 325~ Found: C 70.7; H 5.5; P 10.0%. 
Calculated for C72I-I~sOi0P4: C 71.0; H 5.6; P 10.2%. 

1 ,2 ,3 ,4-Tetrakis(diphenylphosphinylmethyl)benzene (V). P repared  analogously to (I1) f rom 2 g 1 , 2 , 3 , 4 -  
te t rabromomethylbenzene [11] and 7.6 g EDPA in 15 ml xylene. Yield of (V), rec rys ta l l i zed  f rom MEK, 2.3 g 
(55%), mp 263-265~ Found: C 74.5; H 5.7; P 13.0%. Calculated for CssHIb004P4: C 74.5; H 5.4; P 13.2%. 

1,2,4-Tris(diphenylphosphinylmethyl  )benzene (VI). P repared  analogously to (II) by the react ion of 1.95 g 
1 ,2 ,4 - t r ib romomethy lbenzene  [12] and 4 g EDPA in 10 ml xylene; after diluting the hot react ion mixture with 
hexane the precipi tate  was rec rys ta l l i zed  f rom MEK. Yield of (VI) 2.3 g (58%), mp 238-240~ Found: C 75.7; 
P 13.0%. Calculated :for C~bH3903P3: C 75.0; H 5.5; P 12.9%. 

1,8-Bis(diphenylphosphinylmethyl)naphthalene (VIII). Obtained from 2 g 1,8-dibromomethylnaphthalene 
[13] and 6 g EDPA in 12 ml xylene, after recrys ta l l iza t ion  h 'om ch loroform,  3.4 g (96%) (VIII), mp 356-357~ 
Found: C 77.6; H 5.3; P 11.2%. Calculated for C36H3002P2: C 77~ H 5.4; P 11.1%. 

1,2-Bis(diphenylphosphinylmethoxy)benzene (VII). To a solution of 0.37 g Na in 6 ml of alcohol was 
added 0.88 g catechol in 5 ml DMPA and 4 g chloromethyldiphenylphosphine oxide in 15 ml DMPA (in a cur ren t  
of N2). The mixture was heated in a sealed ampul for 6 h at 150~ The precipitate was separated off and the 
fi l trate evaporated to dryness  in vacuum. The residue was dissolved in ch loroform,  washed with aqueous 
NaOH solution, then with water  to pH 7, and dried with Na2SO 4. The solvent was removed and the residue r e -  
c rys ta l l ized  f rom MEK. Obtained, 1.7 g {39%) (VII), mp 172-173~ Found. C 71.1; H 5.7; P 11.5. Calcul-  
ated for C32H2804P2: C 71.4; H 5.2; P 11.5%. 
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CONCLUSIONS 

1. New diphenylphosphinylmethyl substituted arenes, derivatives of benzene, naphthalene, and dibenzo- 
18-crown-6 have been synthesized. 

2. The extraction properties of these ligands having limited cor~formational mobility have been studied 
relative to tervalent transplutonium elements, europium, and sexivalent uranium. 

3. It has been shown that the extraction selectivity is dependent on the relative position of the coordina- 
tion centers in the aromatic nucleus. 
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P R O D U C T I O N  O F  S O M E  D E R I V A T I V E S  O F  

1 , 3 , 2 - D I O X A S T I B I N A N E  A N D  T H E I R  

V I B R A T I O N A L  S P E C T R A  

B .  A .  A r b u z o v ,  Y u .  M .  M a r e e v ,  
R .  R .  S h a g i d u l l i n ,  V .  S .  V i n o g r a d o v a ,  
a n d  I .  K h .  S h a k i r o v  

UDC 542.91:543.422:541.64:546.86 

It is known that 2 -a lky l -  and 2-ethoxy-1,3,2-dioxast ibolanes a re  h igh-mel t ing coordinat ion po lymer s  
insoluble in organic  solvents  [1]. The exis tence  of i n t e rmolecu la r  in teract ions  with the fo rmat ion  of s t rong 
Sb202 bridging bonds in 2 - m e t h o x y - 4 , 5 - b e n z o - l , 3 , 2 - d i o x a s t i b o l a n e  [2 ] and S b . . . O  and Sb . . .C1  in teract ions  
in chlorodie thoxy-  and dichloroethoxyant imony [3] in the c rys ta l l ine  s tate  was es tab l i shed  by x - r a y  c r y s t a l l o -  
graphic  ana lys i s .  According to t he  data f rom cryoscopic  and ebull ioscopic m e a s u r e m e n t s  in benzene,  2 - t e r t -  
bu ty l -1 ,3 ,2 -d ioxas t ibo lanes  exis t  in the m o n o m e r i c  f o r m ,  a r e  readi ly  soluble ,  and mel t  at lower  t e m p e r a t u r e s  

[41. 

E a r l i e r  we desc r ibed  the synthes is  of a s e r i e s  of 2-chloro and 2-methoxy der iva t ives  of 1 , 3 , 2 - d i o x a s t i b -  
inane and the i r  v ib ra t iona l  [5] and PMR [6] s p e c t r a .  The compounds a re  cha rac t e r i zed  by high mel t ing  points ,  
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