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A dependence  of the e l e c t r o n i c  effects  of the c a r b o r a n y l  g roups  on the posi t ion of the subst i tuent  is c h a r -  
a c t e r i s t i c  for  c a r b o r a n e  s y s t e m s .  The e l ec t ron i c  effects  of the 1 - o - ,  3 - o - ,  4 - o - ,  9 - o - ,  l - m - ,  ? - m - ,  4 - m - ,  
9 - m - ,  l - p - ,  and 2 - p - c a r b o r a n y I  g roups  have been  d e t e r m i n e d  at the  p r e s e n t  t ime  [1-4]. A s tudy  of  the 9 - o - ,  
9 - m - ,  and 2 - p - c a r b o r a n y l  g roups  by va r ious  methods  [3, 4] led to  r e s p e c t i v e  values  for  the induction effects  
of  the 9 - o -  and 9 - m - c a r b o r a n y l  g roups  of  ~i = - 0 . 2 3  and - 0 . 3 4 ,  which con t r ad ic t s  the da ta  given in [4-61 r e -  
ga rd ing  the g r e a t e r  value of  the e l e c t r o n - d o n o r  effect  of  the 9 - o -  when c o m p a r e d  with the 9 - m - c a r b o r a n y l  
group.  

The Taf t  method gives  good r e s u l t s  when d e t e r m i n i n g  the e l ec t ron ic  effects  of the o - ,  m - ,  and p - c a r -  
bo rany l  g roups  that  conta in  a subs t i tuen t  on both  the C a t o m  and the B a toms  of  the c a r b o r a n e  r ings  [1, 2, 7]. 

We s u c c e s s f u l l y  used  the  p r e v i o u s l y  developed [8] method of adding o rgan ic  g roups  to the B a toms  of the 
o - ,  m - ,  and p - c a r b o r a n e s  to s y n t h e s i z e  the  9 - ( f l u o r o p h e n y l ) - o - ,  9 - ( f l u o r o p h e n y l ) - m - ,  and 2 - ( f l uo ropheny l ) -p -  
c a r b o r a n e s .  This made  it  pos s ib l e  to d e t e r m i n e  the e l ec t ron ic  effects  of  the 9 - o - ,  9 - m - ,  and 2 - p - e a r b o r a n y l  
g roups  within the f r a m e w o r k  of  the Taft  method alone.  The 9 - ( f luo ropheny l ) -o - ( I ) ,  (II), and m - c a r b o r a a e s  
(Ig) ,  (IV) a r e  s m o o t h l y  f o r m e d  by  hea t ing  fo r  30 h the  9 - i o d o - o -  and 9 - i o d o - m - c a r b o r a n e s  with the m-  and p -  
f l u o r o p h e n y l m a g n e s i n m  b r o m i d e s  in the  p r e s e n c e  of ca ta ly t i c  amounts  of (Ph3P)2PdC12. 

o,m_HCBz0gd9_I)CH -? m,p-FC~H4MgBr 
Et20 

o,m-HCB~oHg-9-(m,p-CoHaF)CH (I)--(IV) 

The analogous  r e a c t i o n  of  2 - i o d o - p - c a r b o r a n e  with f l u o r o p h e n y l m a g n e s i u m  b r o m i d e s  is much s lower  and r e -  
qu i res  60 h of hea l ing  fo r  comple t ion .  

TABLE i. Elemental Analysis Data and Constants of Substituted p- 

and m-Fluorophenyl-9-o-, 9-m-, and 2-p-carboranes 

Compound !:I I Y ld, mpOC 
c n B 

Empkical 
formula 

IIC--CH 
\/ 
B1oH~-9-m- CGH4F (I) 

HC--CH \/ 
BIolIg-9-p-C6H, F (II) 

m-HCBt01I ~-9-(m-CGH~F)CH (III) 

m-HCBIoH~-9-(p- C~H4F) CH (IV) 

,P-HC BloHr2-( m-C~H4F ) CH (V) 

~-tI CB, ~:I*-2- (p- ~I~,F) CH (VI) 

63 

70 

70 

76 

68 

79 

t32-t34 
(hexane) 

96-97 
(hexane) 

89-9i 
(hexane) 

58-59 
(hexane) 

bp, 120" 
I (1 mm) 

50-51 
(pentane) 

40,33 6,2__~2 
40,32 6,34 
40,07 6,44 

40,47 5,98 
4-o,,3~-! 6,a~- 
40,83 6,20 

6,34 

4O,!~ I 6,a 
40,32 I 6,34" 

[ 

40,33 i 6,3t 
40,82 [ 6,34 

45.34 ! CsH~sB~oF 
45.30 t 
45.2____~3 ! CsHI~BtoF 
45.30 I 
45.61 I CaHIsB~oF 
45.30 J 

45.___~ ! CeHisBloF 
45.30 I 
44,84 I CaHisBloF 

44.83 I CsH~B~oF 
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TABLE 2. Values of 19F NMR Chemical Shifts and of Induction and Resonance Constants of 9 ,0 - ,  9 - m - ,  and 
2 -p -Carborany i  Groups 

HC--CH 
\ /  m-HCBj0Hg--9- (m,p-C6H~F) CH p-HCB,0Hg-2 (m,p-C6H4F) CH Bl~Hg--9-(m, p-C6H4F) 

Solvent 

F 6F Ol OR F OR F F oi  (YR 6p m 6p 6p 6~1 z 

CCI~ 
CHCla 
THF 

+2,59 
+2,23 
+3,34 

+t,76 [ -0,t6 
+1,53 -0,13 
+2,07 -0,2t 

-0,03 
-0,02 
-0,04 

+2,09 
+2,02 
+2,62 

F ol 
6 m 

+t,44 -0,12 
+t,40 -0,tt 
+t,84 -0,t7 

-0,02 
-0,02 
-0,03 

-0,t5 

+0,83 

+0,45 

+0,90 

+0,02 

-024 

+0,02 

+0,002 

p-HCB~0Hg(2q)CH +m,p-FC~H~MgBr , p-HCBz0Hg-2=(m,p-C6H4F)CH 
Et~O (V), (VI) 

The proper t ies  of the obtained compounds are  given in Table 1. On the basis  of the igF chemical  shifts 
of compounds (I)-(VI) the ei and eR ~ for the 9 -o- ,  9 -m- ,  and 2 -p -ca rbo rany l  groups were  calculated by the Taft 
method [9] (Table 2). As can be seen f rom Table 2, the 9-o-  and 9 -m-ca rbo rany l  groups in the studied so l -  
vents have a +I effect,  in which connection the 9-o group is a s t ronger  e lectron donor than the 9 - r e g r o u p ,  
which is in agreement  with the data given in [4-6]. 

The obtained resul ts  conf i rm the postulation [4] that the ei value of the 9 - m - c a r b o r a n y l  group, de t e r -  
mined by the Charton method, is high and does not ref lect  the real  value of the e lec t ron-donor  effect. In the 
case  of the 2 -p -ca rbo rany i  group the value of the effect is smal l ,  and it can be assumed that in its electronic 
effect this group should prac t ica l ly  not differ f rom the H atom. When going f rom such solvents as CC14 and 
CHC13 to THF the value of the e lec t ron-donor  effect of the 9 -o -  and 9 - m - c a r b o r a n y l  groups increases  some-  
what, which is related to an increase  in the electron density on the B atoms of the carborane  nuclei due to the 
formation of a hydrogen bond involving the CH group of the carb0rane  and the O atom of THF. A s imi la r  phe- 
nomenon was observed in the case  of the 3 - o -  and 2 - m - c a r b o r a n y l  groups.  

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

The GLC analysis was run on a Tswett-4 chromatograph equipped with a ka tharometer ,  and using a 
4 mm x 2 m column packed with 5% SE-30 deposited on Chromaton N-AW-HMDS, a t empera tu re  of 180-220 ~ 
and helium as the c a r r i e r  gas. The 19F NMR spect ra  were  measured on a Varian XL-100 spec t romete r  (94.1 
MHz) at 23 ~ using dilute solutions of the compounds (0.2 M) f rom C6HsF as the external  standard in the same 
solvent and the same concentrat ion.  

General  Method for Obtaining 9- (m-  and p-F luorophenyl ) -o -  and m-Carboranes  (I)-(IV). A mixture of 
2.7 g (10 mmoles) of 9 - I - ca rbo rane ,  33.3 ml of a 1.2 M solution (40 mmoles) f luorophenylmagnesium bromide,  
and 0.14 g (0.2 mmole) of (Ph3P)2PdC12 in 50 ml of abs. ether was refluxed for  30 h. After  cooling to 20 ~ the 
react ion mass was diluted with 25 ml of water ,  the organic l ayer  was separa ted ,  washed in success ion with 
dilute HC1 solution and water ,  and the ether  layer  was separated and dried over  Na2SO 4. After  distil l ing off 
the ether  the residue was chromatographed on a 30 x 3 cm column packed with Chernapol s i l ica gel (100/160 
#m), using a 7:3 petroleum e t h e r - b e n z e n e  mixture as the eluant. The yield of the products was 60-7570. 

General  Method for Obtaining 2 - ( m -  and p -F luoropheny l ) -p -ca rboranes  (V), (VI). A mixture of 1 g 
(3.7 mmoles) of 2 - iodo -p -ca rbo rane ,  14.8 mmoles of f luorophenylmagnesium bromide ,  and 0.1 g (0.14 mmoles) 
of (PhaP)2PdC12 in 30 ml of abs. ether was refluxed for 60 h. Then the react ion mass  was cooled, diluted with 
20 ml of water ,  the organic l ayer  was separa ted ,  washed in success ion  with dilute HC1 solution and water ,  and 
the e ther  l ayer  was separated and dried over  Na2SO 4 . After  distil l ing off the e ther  the res idue  was chromato-  
graphed on a 40 • 3 cm column packed with Chemapol s i l ica gel (100/160 pm), using hexane as the eluant. The 
yield of the products was 68-79%. 

C ONC L U S I O N S  

1. We effected the synthesis  of the m-  and p- ( f luorophenyl) -9-o- ,  9 - m - ,  and 2 -p - ca rbo ranes  f rom the 
m-  and p-FC6H4MgBr and 9 - I - o - ,  9 - I - m - ,  and 2 - I - p - c a r b o r a n e s  in the p resence  of (Ph3P)2PdC12. 

2. On the basis of the values of the 19F chemical  shifts of the m-  and p - f luorophenyl -9 -o- ,  9 - m - ,  and 
2 - p - c a r b o r a n e s  in CC14, CHC13, and THF we calculated the ~i and fiR ~ constants of the 9 -0- ,  9 - m - ,  and 2 -p -  
carboranyl  groups by the Taft method. 
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A D D I T I O N  O F  A C E T Y L A C E T O N E  TO 
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Previously [11 it was shown that trichloroacetyl isocyanate (I) reacts with acetylacetone to give carbamate 
(II). On the examples of the subsequently studied reactions of acyl(aroyl) isocyanates with some fi-dicarbonyl 
compounds it was established that the direction of adding isocyanates is determined not only by the ability of the 
fi-dicarbonyl compounds to undergo keto-enol tautomerism, but also by their dual reactivity [2, 3]. This 
caused us to make a detailed study of the reaction of acyl(aroyl) isocyanates with acetylacetone as a simple 
model of a fl-diketone. 

As was mentioned above, (1) reacts with acetylacetone to give (If), in which connection the C-addition 
product was not isolated directly from the reaction mixture. The I12 spectrum of (II) is given in [i]. An ana- 
lysis of the PMR spectrum of (If) disclosed that (II)is a mixture of configuration isomers Z : E = i : 3, which 
follows from the ratio of the integral intensities of the signals of two types of methine protons at 56.18 and 
6.62 ppm (CDCI3). 

R = CCla (II); 

0 

C 
/ \ 

HN 0 0 

/ Me 1 Me' 
R H 

Z 
Ph (V). 

H 
I 

0 0 N .0 

\ c / ~  / \ c  / \ c / /  
t I [1 1 

Me Me 0 R 

E 

It is known [4-6] that in the case  of tr isubsti tuted ethylenes the chemical  shifts are  informative for  de :  
termining the configuration, and not the long-range s p i n - s p i n  coupling constants,  since the lat ter  are  de t e r -  
mined by more  than the geometry  of the C =C  bond. According to these data, the chemical  shifts of the methyl 
protons of t r isubsti tuted ethylenes a re  most  frequently encountered fur ther  upfield for the E than for the Z 
i somers  (A~ - 0.20-0.30 ppm), while for the vinyl protons the r e v e r s e i s t T u e ( A v  -~ 0.50-0.90 ppm). In the 
case  of (II) the Av value for  the vinyl proton of the Z and E i somers  corresponds  to the l i terature  data, where-  
as the A~ value for the CHaC = C  protons is a total of only 0.05 ppm (5, 2.53 and 2.58 ppm), which apparently 
can be explained by the deshielding effect of the acylamido group. The use of the IR spectra l  data to confi rm 
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