
I O N I Z A T I O N  C O N S T A N T S  O F  A L K Y L - S U B S T I T U T E D  

C Y C L O P R O P A N E  C A R B O X Y L I C  A C I D S  

I .  E .  D o l g i i  a n d  A .  P .  M e s h e h e r y a k o v  UDC 537.57 + 547,512 

The informat ion  avai lable  in the l i t e r a tu re  [1-6] on the ionization constants  of cyc lop ropaneca rboxy-  
lic acids r e f e r s  mainly  to cyc lopropanecarboxyl ic  acid i t se l f  and also to phenyl de r iva t ives  because  of the 
poss ib i l i ty  provided  fo r  judging the t r a n s m i s s i o n  of e lec t ronic  ef fec ts  through the cyc lopropane  r ing.  Our 
synthes is  of a n u m b e r  of a lky l - subs t i tu ted  cyc lopropanecarboxyl ic  acids [7-11] has  made  it poss ib le  in this  
p r e s e n t  work  to de te rmine  the re la t ion  of the s t rength  of a cyc lopropanecarboxyl ic  acid to the n u m b e r  and 
s t r u c t u r e  of the alkyl subst i tuents  f r o m  the ionization constants  of these  acids .  Rober t s  and Chamber s  [1], 
who de te rmined  the ionization constants  of var ious  cycloal iphat ic  carboxyl ic  acids in 50% alcohol,  showed 
that in i ts  degree  of  ionization cyc lopropanecarboxyl ic  acid occupies  an in te rmedia te  posi t ion between 
ac ry l i c  and cyclobutanecarboxyl ic  acids,  being weake r  than the f o r m e r  and s t r onge r  than the la t t e r .  L a t e r  
invest igat ions  [3] in which the H a m m e t t  and ionization constants  of c innamic,  2 -pheny lcyc lopropanecarboxy-  
lic, and hydroc innamie  acids we re  de te rmined  showed a g r e a t e r  r e s e m b l a n c e  of the cyclopropane  r ing to 
the group - -  CH 2 - -  C t t  2 n than to - -  CH ~ CH --  with r e spec t  to i ts  power  of t r ansmi t t ing  e lec t ron  ef fec ts .  

Fuchs  and c o - w o r k e r s  [4] m e a s u r e d  the ionization constants  of hydrocinnamie  and 2 -pheny lcyc lopro-  
panecarboxyl ic  acids in 50% alcohol and found that  the second acid is much s t ronge r  than the f i r s t ,  i .e. ,  
that the cyc lopropane  r ing t r a n s m i t s  e lec t ronic  ef fec ts  much be t t e r  than the group n C t t  2 ~ C I - I  2 m does.  
This  is conf i rmed  [5] by a compar i son  of the r a t e s  of alkal ine hydro lys i s  of ethyl hydroc innamate  and ethyl 
2 -phenylcyc lopropanecarboxyla te .  This  d i sc repancy  in the compar i son  of the powers  of an aliphatic chain 
and a cyc lopropane  r ing of t r ansmi t t ing  e lec t ron ic  ef fec ts  was explained [4] by the fac t  that  T r a c h t e n b e r g  
and Odian de te rmined  ionization constants  in water ,  whereas  Fuchs and c o - w o r k e r s  de te rmined  them in 
aqueous alcohol, which i n c r e a s e s  the powers  of the benzene and cyc lopropane  r ings  of t r ansmi t t ing  e l e c -  
t ron ic  effects .  This explanation is in acco rd  with the sti l l  e a r l i e r  obse rva t ion  [2] of the di f ference between 
the ionization constants  of cycloal iphat ic  acids in wa t e r  and in nonaqueous solvents .  

The compar i son  made  in the p r e s e n t  work  (see Table  1) between the ionization constants  of 2 - [ ( t r i -  
methyls i ly l )methyl]  -, 2-[ ( t r ime thy lgermyl )methy l ] - ,  and 2- ( t r i e thy ls i ly l ) -cye lopropanecarboxyl ic  acids  
(VIII), (IX), and (xm)  r e spec t i ve ly  with those  of the acid cor responding  to these  in s t ruc tu re  and n u m b e r  of 
ca rbon  a toms  but not containing s i l icon o r  ge rman ium,  namely ,  2 -neopenty lcye lopropanecarboxyl ie  acid 
(VII) ( respec t ive  values  ofpK A = 6.69, 6.69, 6.58, and 6.54) leads to the conclusion that  in the case  of these  
acids e lec t ron ic  ef fec ts  a re  not t r ansmi t t ed  f r o m  the si l icon o r  ge rman ium atom to the carboxy  group 
through the cyc lopropane  ring. 

It is evident,  however ,  f r o m  [12], which gives the ionization constants  of some al iphatic  s i l i con-con-  
taining carboxyl ic  acids,  that  in these  acids t r i a lky ls i ly l  groups  have a dist inct  e l ec t ron -donor  c h a r a c t e r  
and that  this effect  is t r ansmi t t ed  f r o m  the si l icon a tom to the carboxy  group through an unbranched a l i -  
phatic chain [KA.105 is 0.60 for  (CH3)3SiCH2COOH, 1.00 for  (CH3)3CCH2COOH , 1.24 for  {CH3)3SiCH2CH2COOH , 
and 1.34 for  CH3CH2COOH ]. 

The p r e s e n c e  of s i l icon a toms  in alkyl subst i tuents  in pa r a - subs t i t u t ed  benzoic  acids also leads to 
change in the degree  of ionization of these  acids .  Thus, Chernyshev  and Tols t ikova  [13] found that  p - ( t r i -  
a lkyls i ly l}-subst i tu ted benzoic acids a re  s t r o n g e r  than the cor responding  p-a lkylbenzoic  acids [K A " 106 is 
1.11 fo r  p-(CH3)~SiC6H 4 - -  COOH and 0.70 for  p-(CH3)3CC6H4COOH ]. This  was  explained by the authors  by 
the abil i ty of the s i l icon a tom to f o r m  additional bonds by the filling of i ts  vacant  3d-o rb i t a l s  [14-17], which 
in the case  of benzoic acids leads to a shift  in the ~ -e lec t ron  sy s t em of the a romat i c  r ing toward the si l icon 
a tom and hence to i nc rea se  in the s t rength  of the acids.  
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It  i s  known [18] tha t  the  n a t u r e  of the  s u b s t i t u e n t  on the  s i l i c o n  a t o m  s c a r c e l y  a l t e r s  the e f f ec t  of the  
s i l y l  g roup  in a l i pha t i c  s i l i c o n - c o n t a i n i n g  c a r b o x y l i e  a c i d s .  Th i s  a l so  a p p l i e s  in the  c a s e  of  ( t r i a l k y l s f l y ) -  
s u b s t i t u t e d  c y c l o p r o p a n e c a r b o x y l i c  a c i d s :  the  r e p l a c e m e n t  of S i - m e t h y l  g roups  in the  ac id  (VIII) (PKA 6.69) 
by  a l l y l  g r o u p s  does  not  a l t e r  the s t r e n g t h  of the  ac id  [the ac id  (XIX), PKA 6.65 ]. T h e r e  a r e  d a t a  in the  l i t -  
e r a t u r e  on the  c o m p a r i s o n  of the  e f f ec t s  of c y c l o p r o p y l  and i s o p r o p y l  on the s t r e n g t h  of c a r b o x y l i c  a c i d s .  
Thus ,  L e v i n a  and c o - w o r k e r s  [6] s t ud i ed  the  r e a c t i v i t y  of a r y l  d e r i v a t i v e s  of  c y c l o p r o p a n e  with  the  a id  of 
the  H a m m e t t  equat ion,  and on the b a s i s  of the  i on i za t i on  c o n s t a n t s  of p - c y c l o p r o p y l -  and p - i s o p r o p y l - b e n -  
zo ic  a c i d s  (KA �9 105 = 3.6 and 4.4 r e s p e c t i v e l y )  conc luded  tha t  the  t h r e e - m e m b e r e d  c a r b o n  r i n g  h a s  a h i g h e r  
e l e c t r o n - d o n a t i n g  p o w e r  than the i s o p r o p y l  g roup .  On the b a s i s  of t h i s  we s u p p o s e d  tha t  the  r e p l a c e m e n t  of 
i s o p r o p y l  by c y c l o p r o p y l  in 2 - i s o p r o p y l - 2 - m e t h y l c y c l o p r o p a n e c a r b o x y l i c  a c id  (II) would  l e a d  to a d i m i n u -  
t ion in the  s t r e n g t h  of the  acid ,  but  i t  p r o v e d  tha t  2 - c y c l o p r o p y l - 2 - m e t h y l c y c l o p r o p a n e c a r b o x y l i c  ac id  (XX) 
i s  a c t u a l l y  even  somewha t  s t r o n g e r  than  (II) (pKA = 6.65 and 6.83 r e s p e c t i v e l y ) .  

We c o n s i d e r e d  tha t  a c o m p a r i s o n  of the e f f ec t s  of the  e y c l o p r o p a n e  r i n g  and the - -  CIt 2 - -  Ctt  2 - -  Ctt 2 -  
g roup  on the  s t r e n g t h  of c a r b o x y l i c  a c i d s  a l so  m e r i t e d  a t ten t ion .  F r o m  a c o m p a r i s o n  of the  i on i z a t i on  c o n -  
s t a n t s  of o c t a n o i c  and 2 - b u t y l c y c l o p r o p a n e c a r b o x y l i c  a c i d s  (IV) and (III) (pKA = 6.29 and 6.48), d e c a n o i c  and 
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2-hexylcyclopropanecarboxylic acids (X]I) and (XI) (PKA = 6.37 and 6.68), laurie and 2-octyleyelopropane- 
carboxylic acids (XV) and (XIV) (pK A = 6.35 and 6.72), and 6,6-dimethylheptanoic and 2-neopentylcyclopro- 
panecarbox~ylic acids (X) and (V]I) (pK A = 6.28 and 6.54) it will be seen that replacement of -- CI-I 2 -- CH 2 -- 
CH 2 -- in the molecule of the acid by a cyclopropane ring leads to a diminution in the strength of the acid 
in all these cases. 

Comparison of the ionization constants of the acids (I), (II), and (Ill), in which there are alkyl substi- 
~uents on the carbon atoms of the three-membered ring which, taken together, have the same molecular 
weight, shows that increase in the number of substituents, even from one to two, leads to diminution in the 
strength of the acid (pKA = 6.81, 6.83, and 6.48). On the other hand, increase in the branching of the alkyl 
substituents does not always affect the strength of the acid [the acids (V) and (VII)]. However, the displace- 
ment of only one methyl group from the alkyl substituent to the carbon atom forming the cyclopropane ring 
[the acids (VII) and (V-I)] affects the strength of the acid (reduces it). From the ionization constants of the 
acids (1).and (VII) and (XVI) and (XVII) it is evident that the branching of the alkyl substituents affects the 
strength of cyclopropanecarboxylic acids when a secondary or tertiary carbon atom is in the or-position to 
the carbon atom forming the three-membered ring. 

EXPERIMENTAL 

6,6-Dimethylheptanoic acid was synthesized in accordance with the scheme 

AICla 
1) t-C~HgClq-CH~ = CH2 ----> t-C~H~CHzCH2C1 

] - - I  
2) t-C~HHsCH~CHsMgCld- HH~C--CH2--O--> t-CaHoCH~.CHzCHt2CH~OH 

3) t-C4H9 (CH2)4MgBrd-CQ--> t-Call9 (CH~_)aCOOH . 

1 - C h l o r o  - 3 , 3  - d i m e t h y ! b u t a n e .  A l - l i t e r  autoclave was charged with a mixture of 370 g of 
t-butyi  chloride and 35 g of aluminum chloride, and ethylene was passed  in up to a p r e s s u r e  of 37 arm. The 
mixture was s t i r red  for  about 10 h at between-  9 and - 19 ~ We obtained 160 g of 1-chloro-3 ,3-d imethylbu-  
tane; b.p. 115-116 ~ (753 ram); n D  2~ 1.4152; d42~ 0.8657. Found: MR 34.90. Calculated: MR 34.78. 
The l i terature  [19] gives:  b.p. 61-63 ~ (17 ram); 117-119 ~ (760 ram); nD 2~ 1.4180. 

5 , 5  - D i m e t h y l  - 1 - h e x a n o  1. 80 g of 1-chloro-3,3-dimethylbutane was added dropwise to 20 g 
of magnesium turnings in 500 ml of dry ether  at 35 ~ When heat ceased to be l iberated, the reaction mix-  
ture was cooled to - 10 ~ and ethylene oxide was passed in. The mixture was then heated for  about 12 h in 
a water  bath and t reated with water.  We obtained 45 g of the alcohol; b.p. 177-179 ~ (753 ram); d420 0.8348; 
nD 2~ 1.4277. Found: MR 40.11. Calculated: MR 40.68. 

1 - B r o m o - 5 , 5 - d i m e t h y l h e x a n e .  A m i x t u r e o f  15 g of 5, 5 -d imethyl - l -hexanol  and 1 1 g o f  
PBr  3 was heated for  5-7 h and then t reated with water .  The organic layer  was separated,  washed with so-  
dium carbonate solution, and dried with CaCt 2. We obtained 17 g of the bromide;  b.p.183-184 ~ (758 ram); 
nD 20 1.4500; d42~ 1.1033. Found: Br  39.47%; MR 47.04. CsHIT]3r. Calculated: Br  41.38%; MR 46.95. 

6 , 6 - D i m e t h y l h e p t a n o i c  A c i d .  1 7 g o f  1 -b romo-5 ,5 -d imethy lhexanewas  added dropwise to 
a suspension of 3 g of magnesium in 100 ml of ether.  Then, at between 0 and - 10 ~ carbon dioxide was 
passed through the react ion mixture.  The mixture was t reated with water, and we isolated 10 g of 6 ,6-di-  
methylheptanoic acid; b.p. 125-126 ~ (8 ram); nD 2~ 1.4300; d420 0.8863. Found: C 68.18; 68.25; H 11.57; 
11.60%. acid value 166.8; MR 45.45. C9H1802. Calculated: C 68.31; H 11.46%; acid value 158.2; 
MR 45.53. 

2 - N e 0 P e n t y l c y c l o p r o p a n e c a r b o x y l i c  ' A c i d .  A mixture of 5 g of the ethyl e s t e r  of the 
acid and a solution of 1.8 g of KOH in 18 ml of alcohol was heated for about 20 h with s t i r r ing.  We obtained 
2 . 5 g  of the acid; b.p. 120 ~ (3 ram); nD 2~ 1.4487; d420 0.9493. Found: C 68.68; 68.67; H 10.20; 10.20%; 
MR 44.11. C9H1602. Calculated: C 69.19; H 10.94%; MR 44.04. 

2 - [ ( T r i m e t h y l s i l y l ) m e t h y l ] c y c l o p r o p a n e c a r b o x y l i c  Ac id [ .  A m i x t u r e o f  2 0 g o f t h e  
ethyl e s t e r  of the acid and a solution of 7 g of KOH in 70 ml of alcohol was heated for  about 20 h. We ob-  
tained 14 g of the acid; b.p. 119-121 ~ (7 ram); nD 2~ 1.4553; d420 0.9513. Found: C 55.98; 55.92; H 9.53; 
9.38; Si 16.29; 16.20%; MR 49.16. C8H1602Si. Calculated: C 55.77; H 9.36; Si 16.28%; MR 48.94. 
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2 - [ ( T r i m e t h y l g e r m Y l ) m e t h y l ] c y c l o p r o p a n e c a r b o x y l i c  A c i d .  A m i x t u r e o f  1 9 g o f  
the ethyl  e s t e r  of the acid and a solution of 5 g of KOH in 50 ml  of alcohol was  heated for  about 20 h. We 
obtained l l g o f t h e  acid; b.p.  130-131.5 ~ (7 ram); nD 2~ 1.4705; d42~ 1.1894. Found: C 44.59; 44.39; 
H 7.90; 7.62; Ge 33.37; 33.56%; MR 50.90. CsHIsO2Ge. Calculated:  C 44.31; H 7.44; Ge 33.48%; 
MR 50.62. 

2 - ( T r i m e t h $ 1 s i l ~ l ) c y e l o p r 0 p a n e c a r b o x $ 1 i c  A c i d .  A mix tu re  of 5 g of the ethyl e s t e r  
of the acid and a solution of 1.5 g of KOH in 15 m l  of alcohol was hea ted  for  20 h. We obtained 4.2 g of the 
acid; b.p.  145.5-146.5 ~ (3 ram}; nD 2~ 1.4696; d420 0.9619. Found: C 60.16; 60.25; H 10.22; 10.03; 
Si 13.79%; MR 58.06. Cl0H200~Si. Calculated:  C 59.95; H 10.06; Si 14.01%; MR 58.24. 

E t h y l  2 - D e c y l c y e l o p r o p a n e c a r b o x y l a t e .  A solution o f 1 9  g of d iazoacet ic  e s t e r  in 22 g 
of 1-dodecene was  added dropwise  with s t i r r ing  to a suspension of 1 g of copper  sulfate in 200 g of 1 -do-  
decene at 100-110 ~ When reac t ion  was  complete ,  198 g of 1-dodecene was vacuum-dis t i l l ed  off, and f r o m  
the res idue  was i so la ted  25 g (59.5%) of e thy l -2 -decy lcyc lopropanecarboxyla te ;  b.p.  155.5-157 ~ (7 ram); 
nD 2~ 1.4440; d42~ 0.8902. Found: MR 75.37. C16H200 2. Calculated: MR 76.70. 

2 - D e c ~ l e y c l o p r o p a n e c a r b o x ~ l i c  A c i d .  A mix tu re  of 25 g of the ethyl e s t e r  of the acid 
and a solution of 7 g of KOH in 70 ml  of alcohol was  heated fo r  about 20 h. We obtained 18 g of the acid; 
b.p.  180-181 ~ (5ram}; b.p.  47 ~ (decomp.).  Found: C 74.55; 74.41; H 11.17; 1L40%. Ci4HH~60 2. Calculated:  
C 74.28; H 11.57%. 

D e t e r m i n a t i o n  o f  I o n i z a t i o n  C o n s t a n t s  o f  C y c l o p r o p a n e c a r b o x y l i c  A c i d s .  
The ionization constants  of the a lky l - subs t i tu ted  cyc lopropanecarboxyl ic  acids l i s ted  in Table 1 we re  de -  
t e rmined  f r o m  the ha l f -neut ra l iza t ion  points of solutions of the acids in 50% ethanol on a pH m e t e r  with 
g lass  and ca lomel  e l ec t rodes .  

We a re  e x t r e m e l y  grateful  to V. M. Belikov fo r  providing the appara tus  fo r  the m e a s u r e m e n t s ,  

C O N C L U S I O N S  

1. F r o m  a compar i son  of the constants  of cyc lopropanecarboxyl ic  acids containing t r i a lky ls i ly l  and 
t r i a l k y l g e r m y l  subst i tuents  it follows that  the in teract ion between the si l icon o r  ge rman ium a tom and the 
ca rboxy  group is not t r ansmi t t ed  through the cyclopropane  ring i r r e s p e c t i v e  of whether  the s i l icon a tom 
is  in the ~ -  o r  fl-position re la t ive  to the carbon a tom of the t h r e e - m e m b e r e d  r ing.  

2. Rep lacement  of an al iphatic  chain by a cyclopropane  r ing in a carboxyl ic  acid leads  to diminution 
in the s t rength  of the caid.  

3. I nc r ea s e  in the  number  of alkyl subst i tuents  on the carbon a toms  fo rming  the cyclopropane  ring 
leads  to diminution in the s t rength of the cyc lopropanecarboxyl ic  acid. 

4. Branching of the alkyl subst i tuents  leads  to diminution of the s t rength of the cyc lop ropaneca rboxy  
lic acid when the re  is a secondary  o r  t e r t i a r y  carbon a tom in the subst i tuent  in the ~ -posi t ion re la t ive  to 
the ca rbon  a tom of the t h r e e - m e m b e r e d  ring. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in  the above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  
t i ons  uf  the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  j o u r n a l .  Some or  all o f  this peri- 
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