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The 35C1 NQR spec t ra  of 2 - subs t i tu ted  1 - c h l o r o m e t h y l - o - c a r b o r a n e s  and of 1 -ch loromethyl -9 ,12-d iha logeno-  
o - c a r b o r a n e s  have been invest igated.  The anomalous  influence of two halogen atoms p r e s e n t  in posi t ions  9 
and 12 of the ca rborane  nucleus  on the e lec t ron  densi ty  of the chlor ine  atom in the CI-I2C1 group is explained 
by the combined act ion of the i r  - I  and +M effects,  and also by the effect of p - * d  conjugation. The compara -  
t ively  high 35C1 NQR frequency for o-C1CH2CB10H10CH is due to the  l a r g e - I  effect of the ca rboranyl  group. The 
induction constants  of a n u m b e r  of groups attached to the ca rborane  r ing  have been evaluated.  In the mole-  
cules of the 2 -subs t i tu ted  1 - c h l o r o m e t h y l - o - c a r b o r a n e s  spatial  in te rac t ion  between X and C1 c lea r ly  appears .  
The subs t i tuents  X in compounds of this s e r i e s  can be divided into three  types according to the i r  e lec t ronic  
influence: 1) e l ec t ron-dona t ing  subs t i tuents ,  2) subst i tuents  containing a mobile hydrogen atom (capable of 
forming a hydrogen bond), and 3) subst i tuents  possess ing  an unshared  pa i r  of e lec t rons  capable of pass ing  
into the vacant  3d orbi ta l  of a chlor ine  atom. 

An invest igat ion of compounds of the ca rborane  s e r i e s  by nuc lea r  quadrupole r e sonance  (NQR) [1-4] has shown 
that  the ca rborane  nucleus  as a subs t i tuent  in the benzene r ing  is an e lec t ron  acceptor ,  and one which is s t ronger  than 
f luor ine and chlor ine  a toms or a COOH group but weaker  than an NO 2 group, and that the t r a n s m i s s i o n  through the c a r -  
borane  sys tem of the influence of subs t i tuents  p r e se n t  in posi t ion 1 and 2 is g rea t e r  than the t r a n s m i s s i o n  through an 
a romat ic  nucleus or  through a - C  =- C -  group. 

We have studied the ~C1 NQR spec t ra  of 2 -subs t i tu ted  1 - c h l o r o m e t h y l - o - c a r b o r a n e s  o-C1CH2CB10H10CX and also 
of 1 - ch lo rome thy l -9 ,12 -d iha logeno-o -ca rbo ranes  (see Table 1). 

The asCl NQR frequency in the spec t rum of C1CH2CBI0H10CH is high - 36.044 MHz - which is due to the g rea t e r  
- I  effect of ca rborany l  group due to the cons iderab le  s - n a t u r e  of the carbon atoms of the ca rborane  nucleus .  If we a s -  
sume that the co r re l a t ion  equation connecting the values  of ~ and o* for molecules  of the RCH2C1 s e r i e s  (o * = 0.806" 
~ --26.615) and the RC1 se r i e s  (o * = 0.365 ~ -12.14)  [5] a re  applicable to 1 - ch lo rome thy l -o - ca rbo rane ,  it is poss ib le  
to evaluate  the Taft  o* constant  for the o - c a r b o r a n - l - y l  and the o - c a r b o r a n - l - y l m e t h y l  groups,  which prove to be +2.4 
and + 1.0, respec t ive ly .  

The value of o* obtained for the o - c a r b o r a n - l - y l  group (+2.4) is in good ag reemen t  with the values  of ~* d e t e r -  
mined f rom the ionizat ion constant  of o - c a r b o r a n e - l - c a r b o x y l i c  acid (o* =2.10) [6]. 

As was to be expected, the introduct ion of two halogen a toms into posi t ions 9 and 12 of the ca rborane  nucleus 
lowers  the e lec t ron  densi ty  on the chlor ine atom in the chloromethyl  group in posi t ion 1. However, b romine  atoms act  
in this  d i rec t ion  more  s t rongly  than chlor ine  or iodine a toms (the ~C1 NQR frequency when b romine  a toms are  p r e sen t  
in the ca rborane  nucleus  is higher than when chlor ine or iodine atoms are  present) .  At the same t ime,  chlor ine a toms 
act  more  s t rongly than iodine a toms.  This t r a n s m i s s i o n  of the influence of halogen atoms through the ca rborane  nucleus 
does not cor respond  to the i r  e lec t ronega t iv i t i es  (C1 3.15; Br 2.90; 1 2.68 [7]) or  the i r  Taft or  Hammett  constants .  

The anomalous  change in the influence of halogen atoms on the e lec t ron  densi ty of the chlorine atom is also cha r -  
a c t e r i s t i c  for  other  s e r i e s  of di-  and polyhalogeno der iva t ives .  Thus,  for example,  in the XCH2C1 se r i e s  (X = F, C1, 
Br,  I), the 35C1 NQR frequency fal ls  in the following sequence of changes in the atom X: C1 >I >Br >F,  in the X2CHCI 
se r i e s  C1 >Br >F,  and in the p-XC6H4C1 se r i e s  F >Br >I~  C1 [8]. Such an unusual  behavior  of the halogens,  which has 
also been detected by other  methods [9-11], and this  also in the ca rborane  nucleus [12], must  be asc r ibed  to the poss ib -  
i l i ty of the superpos i t ion  of the effect of p ~ d conjugation with the par t ic ipa t ion  of the vacant  d -o rb i t a l s  of the chlorine,  
b romine ,  or  iodine a toms combining with the - I  and +M effects of the halogen. 
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The Taft  cons tan ts  for  the 9 ,12 -d iha logenoca rbo rany l  g roups  ca lcu la t ed  [5] f rom the mC1 NQR r e s u l t s  a r e  3.10 fo r  
9 ,12-d i iodo- ,  3.20 for  9 , t 2 - d i c h l o r o - ,  and 3.30 for  9 , t 2 - d i b r o m o - o - c a r b o r a n e .  These  f igu res  show a m a r k e d  i n c r e a s e  
in the e l e c t r o n - a c c e p t i n g  na ture  of the  o - e a r b o r a n y l  group on the addi t ion  of halogen a toms  to the boron a tom in it. 

An unusual  NQR s p e c t r u m  was obta ined  for  8 , 9 , 1 0 , 1 2 - t e t r a c h l o r o - l - c h l o r o m e t h y l - o - c a r b o r a n e .  The echo s ignal  
was o b s e r v e d  in the  25-42 MHz range  (the ac tua l  width of the  l ine is  obvious ly  s t i l l  g r e a t e r ) ,  the in tens i ty  of the s igna l  
being v e r y  high o v e r  the whole r ange .  (Fo r  8 ,9 ,10 ,12 -1 -ch lo rome thy l  c a r b o r a n e ,  ~77 = 37.04 MHz is g iven in the l i t e r -  
a tu re  [4]). The in tegra l  i n t ens i t i e s  (tCH~/2) of the abso rp t ion  bands of the s t r e t ch ing  v i b r a t i o n s  of the C - H  bonds in the 
IR s p e c t r a  of o-XCB~0HIoCH [12] and the s p i n - s p i n  coupling cons tants  IHg_CH 3 in the NMR s p e c t r a  of o-XCBIoH10CHgCH 3 
[13] a r e  connected by l i n e a r  r e l a t i o n s  with the induction cons tant  ~I" This  shows that  the t r a n s m i s s i o n  of the influence 
of a subs t i tuen t  through a C - C  bond of the o - c a r b o r a n e  nucleus  t akes  p l ace  by an induction mechan i sm.  

In c o n t r a s t  to th i s ,  the  35CI NQR f requenc ies  in C1CH2CBIoHI0CX c o r r e l a t e  ne i the r  with the o I va lues  nor  with the 
o ~* va lues ,  nor  with any o ther  ~ cons tan t s  a t  a l l  (see f igure) .  The igF chemica l  shif ts  in the NMR s p e c t r a  of the 2 - s u b -  
s t i tu ted  1 - ( f l u o r o p h e n y l ) - o - c a r b o r a n e s  containing f luor ine  a toms  both in the p a r a  and in the meta  pos i t ions  [14], and the 
pKa va lues  of 2 - subs t i t u t ed  1 - c a r b o x y  and 1 - m e t h o x y c a r b o n y l - o - c a r b o r a n e s  [6] behave s i m i l a r l y .  This  has been ex -  
p l a ined  by the s t e r i c  in te rac t ion  of the subs t i tuen t  with the  r e a c t i o n  cen te r .  
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Fig .  1. Connect ion between the 35C1 NQR f requenc ies  (~ 77)of 
of the 2-s%tbstituted 1 - c h l o r o m e t h y l - o - c a r b o r a n e s  o-C1CH 2 . 
CBi0II~oCX with the  induction cons tan t  o I of the subs t i tuen t s  X. 

The f igu re s  in Table  1 show tha t  the C - d e r i v a t i v e s  of o - c a r b o r a n e  CICH2CBIoHi0CX containing the subs t i tuen t s  
X = CH3, C2H5, CH2CI , SCH3, SH, and COOH, which p o s s e s s  d i f fe ren t  e l e c t ron i c  e f fec t s ,  have p r a c t i c a l l y  the s a m e  ~C1 
NQR f requency  (37.0 :~ 0.2 MHz; the o b s e r v e d  dev ia t ions  (• 0.5%) a r e  within the l i m i t s  due to the c r y s t a l  effect) .  The 
c l o s e n e s s  of the ~77 va lues  of the compounds mentioned,  above  lead  to the a s sumpt ion  of the absence  of a t r a n s f e r  to the 
ch lo r ine  a tom of the induction effect  of the subs t i tuen t  X through the t h r e e  ca rbon  a t o m s  in the -CBloHloCCH 2 -  s y s t e m .  
In f avo r  of th is  hypothes i s  is  the  fact  tha t  even the 3 - c a r b o n  sys tem-CH2CH2CH 2 - s c a r c e l y  t r a n s m i t s  the  induction e f -  
fec t  of subs t i tuen ts .  Consequent ly ,  for  example ,  the va lues  of the  ~5CI NQR f r equenc ie s  of compounds of  the X(CH2)nC1 
s e r i e s  with n ~-3 r e m a i n  p r a c t i c a l l y  cons tant  (33.05 :~ 0.25 MHz) at  any va lue  of X, i .e . ,  they  do not depend on the induc-  
t ion cons tant  of the subs t i tuent .  In addi t ion  to th is ,  for  compounds of the C1CH2CBloHioCX s e r i e s ,  where  X = HgCH3, 
Si(CH3)3, H, COOCH3, and CONH 2 c o n s i d e r a b l e  devia t ions  in the NQR f requenc ies  f rom 37.0 MHz a r e  obse rved ,  which 
shows the influence of t he se  subs t i tuen t s  on the p - e l e c t r o n  env i ronment  of the ch lor ine  a tom.  

This  anomalous  influence of subs t i tuen t s  on the ~CI NQR f r equenc ie s  of CICH2CBIoH~0CX is a ppa re n t l y  connected 
with the p o s s i b i l i t y  of a s t e r i c  in te rac t ion  of c e r t a i n  subs t i tuen t s  X with the  ch lo r ine  a tom,  which is f avored  by t h e i r  
c i so id  a r r a n g e m e n t  in the o - c a r b o r a n e  nucleus .  S t e r i c  f ac to r s  i n t e r f e r e  with the eva lua t ion  of the Taft  cons tants  of the 
2 - s ubs t i t u t ed  o - c a r b o r a n y l  g roups  by the equation given above [5]. Thus,  for  example ,  the o* va lues  of the -CB~0Ht0CCH 3 
and-CBIoH10CCOOH groups  p roved  to be the s a m e  (~ 3.20), which is in con t rad ic t ion  to the e l e c t r o n i c  p r o p e r t i e s  of the 
methyl  and ca rboxy l  g roups .  The Taf t  cons tan t s  of the -CBIoH10CSi (CH~) 3 group (o* = 2.7) and of the -CB10H10CCOOCH 3 
group ((r* = 2.9) a r e  jus t  a s  c lose ,  al though the t r i m e t h y l s i l y l  group is an e l e c t r o n - d o n a t i n g  and the methoxycarbonyl  
group an e l e c t r o n - a c c e p t i n g  subs t i tuent .  
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Table 1. ~C1 NQR Frequenc i e s  at  77~ (v iT) of 2-Subst i tuted 1- 
C h l o r o m e t h y l - o - c a r b o r a n e s  and 1 -Chloromethy l -9 ,12-d iha logeno-o-  
ca rbo ranes  

Compouud ~,77, MHz ~ Xt6 

CICH2CBIoHIoCCOOH 
CtCH2CBIoHtoCCH2CI 
CICH~CBIoH~oCC2Hs 
CICH~CBIoHloCCHo 
CICH2CBtoHloCSCHa 
CICH~CBIoHtoCSH 
CICH2CB~oHtoCSi(CH3) * 
CICH2CBIoHIoCCOOCH3 
CICH2CBIoHtoCCONH2 
CICH2CBtoHtoCH 
CICH~CB,oH~oCHgCH3 
C1CH2CBtoHsCI2CH 
CICH2CBIoHsBr2CH 
CICH2CBIoHsI.~CH 

37,122" 
37,106U 
37,026 
37,02 
36,881 �9 
36,874 
36,349 
36,232 
36,207 
36,044 $ 
35,565 
37,044 :]: 
37,358 
36,848 

+0,28 
+0,17 
--0,05 
--0,05 
+0,19 
+0,25 
--0,12 
+ 0,30 
+0,27 

0,0 
--0,20 

*Mean f requency of the quadruplet  37.756, 37.070, 36.865, and 
36.796 MHz. 
~Mean frequency of the quadruplet  37.407, 37.345, 37.010, and 
36.665 MHz. Approximate ly  the same frequency is given in the l i t e r -  
a ture  [4]. 
SThe same  f requency is given in the l i t e r a tu r e  [4]. 

A more  a t tent ive  cons idera t ion  of the, at f i r s t  sight, chaotic accumula t ion  of points  in the f igure given above, how- 
ever ,  pe rmi t s  the conclusion that, according  to the i r  e lec t ron ic  influence,  the subst i tuents  X in molecules  of the C1CH 2 �9 
CB10H10CX s e r i e s  can be divided into th ree  types.  If X i s a n  e lec t ron-accep t ing  subst i tuent  (CH3, C2H5, Si(CH3)3, HgCH3) , 
a good l i nea r  co r re l a t ion  exis ts  between the values  of v 77 and o I (or o*) (u77=9.7 oi+37.51; r = 0.99 and v77=1.29 a * +  
37.18; r = 0.91) and, as was to be expected, the 35C1 NQR frequency r i s e s  with an inc rease  in the induction constant  
(s t ra ight  l ine I in the figure).  The value of v77 for the compounds containing e lec t ron-dona t ing  subst i tuents  that have been 
cons idered  also has a sa t i s fac tory  l i nea r  co r re l a t ion  with the values  of ICH1/2 in the IR spect ra  of o-XCB10H10CH. All 
this  p e r m i t s  the conclusion that the influence of these subs t i tuents  on the chlor ine  atom takes place in accordance with 
the i r  induction effect. It is found that p ("the t r a n s m i s s i o n  coefficient") charac te r iz ing  the sens i t iv i ty  of the chlor ine 
atom to the influence of subs t i tuents ,  i .e. ,  the tra,as mit tance of the - CH 2CBIOHIOC - sys tem,  has a compara t ive ly  high 
value (p = 1.29), while in the X(CH2)nC1 sys t em with n =0-4 the values  ofp  are ,  respec t ive ly ,  2.7, 1.2, 0.4, 0.0, and 0.0. 

The high value of p in the -CH2CB10HIoC- sys t em cannot be due to the t r a n s f e r  of the influence of the subst i tuent  
along the valence bonds in this f r agmen t  only by an induction mechanism,  s ince even for a single CH 2 group introduced 
into this sys tem p = 1.2 (in the C1CH2X ser ies ) .  In our opinion, the l i n e a r  co r re l a t ion  between v 77 and o I with such a high 
value of p in the case of e lec t ron-dona t ing  subs t i tuents  can be explained by the t r a n s f e r  of the i r  e lec t ron-donat ing  effect 
to the chlor ine atom in C1CH2CB10HIoCX mainly  by a p,Tr conjugation mechan i sm in accordance  with Scheme L 

C1 H.. .O �9 / \ 

H~" "X'/C H 2 S Cti~ 
, c o  ~ 

BIOHIO BIoHI0 BIoHIo 
I I  Ill 

1 

The p re sence  of such conjugation in molecules  containing ~ -e lec t ron ic  sys tems  connected with a CH2CI group 
(C6HsCH~C1, CH 2 ~ CHCH2C1, HC ~ CCH2C1, etc.) has been f i rmly  e s t ab l i shed .  

The 35C1 NQR frequency of compounds in which X = H, SH, and COOH, i.e.,  those in which X is an e lec t ron-accep t ing  
subst i tuent ,  containing a mobile hydrogen atom (in this case,  the format ion by it with the chlorine of an exocyclic hy-  
drogen bond in accordance  with Scheme II or  III is probable  in pr inc ip le) ,  also shows a l i nea r  co r re l a t ion  with e I (s traight  
l ine 1D. Here ,  as a rule ,  the value of v77 r i s e s  with an i nc r ea se  in aI" 

Fo r  other e l ec t ron-accep t ing  subs t i tuents  in C1CH2CB10H10CX, the 35C1 NQR frequency unexpectedly falls with an 
inc rease  in a I (s t ra ight  l ine III). It may be a s sumed  that the cause of this is apparent ly  the superpos i t ion  of the s te r ic  
in te rac t ion  between the vacant  3-d o rb i t a l s  of the chlor ine atom and the unshared  pa i r  of e lec t rons  of subst i tuent  X, 
r a i s ing  the e l ec t ron  densi ty  on the chlor ine  atom in accordance  with Scheme IV. 
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The in terac t ion  of a chlor ine  atom and an e lec t ron-accep t ing  subst i tuent ,  which is favored by the compara t ive ly  
tow e lec t ron  densi ty  on the chlor ine  a tom in C1CH2CBi0Hi0CX must  r i s e  with an inc rease  in the induction constant  of 
this  subs t i tuent  X, which also explains  the observed  anomalous  dependence between v ~7 and a I. 

In conclusion,  it is imposs ib le  not to dwell on some inaccurac ies  to le ra ted  in the l i t e r a tu r e  in the evaluat ion of the 
t r a n s m i s s i o n  of the induction effect f rom the r e su l t s  of NQR spectroscopy.  

It was ment ioned above that  according  to NQR spectroscopy the t r a n s m i t t a n c e  of the sys tem between a substi~zuent 
X and the atom with the resona t ing  nucleus  or  (which is the same thing) the re la t ive  sens i t iv i ty  of the chemicat  shift of 
the NQR frequency of the resona t ing  nucleus  to a change in the na ture  of the subs t i tuent  X is cha rac t e r i zed  by an angle 
of slope of the cor re la t ion  l ine or the p a r a m e t e r  p ( " t r ansmis s ion  coefficient") in the l i nea r  equation connecting the va l -  
ues of the NQR f requencies  and the g - cons t an t s  of the subs t i tuents .  

Hitherto,  the t r a n s m i s s i o n  of the ca rborane  sys t em has been evaluated only approximate ly  (p ~ 2.3), However,  the 
approach to the solution of this question was incorrect in principle. Thus, for example, while Semin et al. [3] compares 

the difference in the NQR frequencies not of the successive pairs of compounds CICH2CBIoHIoCH and CICH2CBIoHIoCCH2CI 
(A~77 = 1.07 MHz) and CICH2C ~-~ CH and CICH~C ~ CCH2CI (~w 77 = 0.56 MHz but of a CICH2CB~0H~0CCH ~ and CICH2CBI0 �9 
HIICCH2CI (A~77= 0.23 MHz) and CICH2C =---CCH3 and CICH2C = CCH2CI (Au~7= 1.01 MHz), the authors came to the di- 
rectly opposite conclusion that the transmittance of the carborane nucleus is low and considerably smaller than that of 
the - C -~ C- group. 

Such cont rad ic tory  and f requent ly  i nco r r ec t  conclus ions  are  due to the fact that the mechan i sms  of the e lec t ron ic  
in te rac t ion  between the subs t i tuents  in the pa i r s  of compounds cons idered  are  by no means  the same.  While in the 
acetylenic  compounds the t r a n s f e r  of the subs t i tuent  effect of the chlor ine atom is effected mainly  through the valence 
bonds by v i r tue  of the l i nea r i t y  of the acetylene s t r uc t u r e s ,  in the o - c a r b o r a n e  nucleus  the de te rmin ing  factor  is the 
spat ia l  in te rac t ion  of the subs t i tuent  with the chlor ine  atom. 

Table 2. Substi tuted 1 - C h l o r o m e t h y l - o - c a r b o r a n e s  

Found, % Calculated, % 
Compound ~ [ ~ ~Empirical ~ F 

C H ! B 2" formula C i H [ B o 

C|CHzCBIoH~oCCOOCH3 53--54 24 34 6 17143,12! I349 C~H ~B oCIQ 23.92:5,9814320 14,18 
CICH~CBloHIoCC2Hs 72--7327,7tl7,9449,44'15,35 C~H!TB~C1 i27120'7,70 4908 16,08 
CICH2CBIoH10CSt'I* 165-- 16,56 6,01!48 33 Call 3B 0CIS i 16,00 5 83 48 21 

166 l ! 
CICH2CB~oHloCSCH3 47--48! 20,72[ 6,32i [ C4H~B~oCIS !2010628 
C1CH2CBIoHIoCSi (CH3)3 "~ 27 21i8 21 C~H2 B oCISi 27,2618 04i 
C1CH2CBIoH~oCCONH2 139 21 16 605 C4HI4B~oCIO 121,8016,421 
CICH2CBIoHsCt:CH 86 13,7914,14!41,52 40 561C3H1 B oC13 13.80 4,23 41,30 40,71 
CICH2CBIoH~Br~CH t 14-- t0 4013 16 30 93 55 70 C~H ~B oC Br: i0 2813 16 30 90 55,72' 

115 I I I I 
CICH~CB~oHsJ2CH 103 i 8,0112 33!24 18 65,73 C~HuB cClI2 8,10~2,50~24,38 65,83 
CICH2CB~oH~CI4CH t84-- 10,99 2 73 32 77 53 73 CaHgBIoCI5 : I0 9t 2 75 32 85 53,70 

185 110,91 

*Found %: S 14.53. Calculated %: S 14.23. 
tBp 145-146~ (2 mm). 

Thus,  the evaluat ion of the t r a n s m i s s i o n  p rope r t i e s  of a p a r t i c u l a r  sys t em by compar ing  the NQR f requenc ies  of a 
n u m b e r  of compounds of analogous s t ruc tu re  is p e r m i s s i b l e  only where there  is not  doubt that the mechan i sms  of the 
e lec t ronic  influence of the subst i tuents  on the resona t ing  nucleus  a re  the same and a re  cha rac t e r i s t i c  for the whole of 
the given s e r i e s .  

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

The 35C1 NQR spec t ra  were  taken on a pulse  NQR appara tus  [15] at 77~ The resonance  f requency was measured  
by means  of a Ch4-9 heterodyne f requency meter .  All the 2 -subs t i tu ted  1 - c h l o r o m e t h y l - o - c a r b o r a n e s  were synthes ized 
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from the lithium derivative of 1-chloromethyl-o-carborane by the general method used in the chemistry of the carboranes. 
The 1-chloromethyl-B-halogeno-o-carboranes were obtained by the electrophilic halogenation of 1-chloromethyl-o- 
carborane. The physical constants and analytical results for the compounds studied are given in Table 2. 
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