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COUIPLMES OF A-H ACIDS WlTH TRIETHYLMNE: SPECIFI- 

CITlES OF SPECTROSCOPIC CHILHBCTPERISTICS 

S.E.Odinokov, A.A.Mashkovsky, A.K.Dzizenko and V.P.Glazunov 

Pac i f i c  I n s t i t u t e  of Bio-organic Chemistry, Far East  Science 
Center, Academy of  Sciences o f  t he  USSR, Vladivostok-22,USSB 
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According t o  the  donor-acceptor model of hydrogen bon- 

ding, the  intermolecular  bonds R-AH.. .BR1 and R-A’. . .H+BR, 

are, i n  the  main, of  t he  same nature’. In t h i s  case,  t he  char- 

ge t r a n s f e r  a t  acid-base in t e rac t ion  

R-AH + BR, - R-AH.. . BR’ - R-A-. . .H+BR, (1 1 
I I1 

causes the  exis tence of H-complexes 1 and 11 and the  majori ty  

of t h e i r  p roper t ies .  For one thing,  t h i s  determines the  s ig-  

n i f i c a n t  changes i n  the  i n t e n s i t y  (A) s t r e t ch ing  v ibra t ion  

$(AH) i n  t he  lR-spectra and i n  the  proton chemical s h i f t  (&) 

i n  the PMR spectra .  I n  view o f  t h i s ,  the  study of changes i n  

the  magnitudes of A and &, when the  acid-base p rope r t i e s  of  

t he  molecules in t e rac t ing  i n  the  r eac t ion  (1) vary widely, 

presents  s ign i f i can t  i n t e r e s t .  T h i s  allows not  only t o  e luc i -  

date  more fully t he  reasons causing changes i n  the  values  A 
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ODINOKOV ET AL. 

and SH, but t o  e s t ab l i sh  t h e i r  bonds with the s t ruc tu re  of 

forming H-complexes and the  enthalpy o f  t h e i r  formation (-AH), 

which f o r  (1) changes from -1 t o  40 kcal/mole . 2 

Recently, we reported394 t h a t  the l i n e a r  dependency 

- A H  = 1.11a~+ 0.49 (2) 

is observed between the magnitude at!= lH-to-$, where J0 and 

Sb a re  the  monomer chemical s h i f t  and cont r ibu t ion  due t o  the  

magnetic anisotropy of t he  molecule of base BB1, respec t ive ly ,  

and the enthalpy of the H-complex R-AH ... BRl. 

I n  t h i s  case,  the sa id  dependency e x i s t s  f o r  d i f f e ren t  

H-complexes up t o  the  symmetric s t ruc tu re  R-A ... 1% ... BR,. I n  

continuing t o  examine the cha rac t e r i s t i c s  JH and A i n  s t rong 

H-complexes, we t h i s  time repor t  on changes i n  these values 

f o r  E t  N H-complexes with ac ids  of d i f f e ren t  s t rength ,  which 

allow the formation of s t ruc tu res  I and I1 i n  a wide range of 

- A H  changes, from -.2 t o  30 kcal/mole. Rather cha rac t e r i s t i c  

s p e c i f i c i t i e s  i n  the  behavior of SH, A and 3 were observed. 

Thus, i n  the H-complexes 11, t h e i r  behavior is  uiametr ical ly  

opposite t o  t h a t  i n  H-complexes 1. The use of only E t 3 N  a s  

a base in  (1) provides f o r  the same Sb contr ibut ion i n  the 

SH value observed. 

instruments. Chemical s h i f t s  were counted from TMS i n  the t! 

scale.  I n  order t o  avoid the  influence of H20 on 4, a l l  ac ids  

and Et3N were thoroughly dr ied ,  and a l l  subsequent operation 

were performed i n  a dry box. 1R-spectra were recorded on UR-20 

3 

PMR spec t ra  were recorded on ZKR-60 and Bruker HX-SOE 
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A-H ACIDS WITH TRIETHYLAMINE 

(Karl Zeiss ,  Jena)  instrument with a logari thmic se l f - recor -  

der .  The IR-band f requencies  were measured a s  t h e  c e n t e r  of 

g r a v i t y  ( so)  by numerical i n t e g r a t i o n ,  and t h e i r  i n t e n s i t i e s  

as the  summary i n t e n s i t y  of a l l  components observed i n  t h e  

complex s t r u c t u r e  9 (AH), t h e  appearance o f  t h e  s a i d  compo- 

nents  i n  t h e  range 3000-1000 cm" f o r  complexes I and 11 w i t h  

- A H >  6 kcal/mole having been caused by t h e  Fermi resonance4'? 

The measurement r e s u l t s  f o r  t h e  magnitudes 4, A and $, of 

t h e  H-complexes s tud ied  a r e  shown i n  Table I .  

E a r l i e r  it w a s  shown4s5 tha t  a c i d s  NP1-8 ( see  Table I )  

w i t h  ?3t N form H-complexes ( 1 : l )  wi th  s t r u c t u r e  I. As i s  ap- 

parent  from Table 1, t h e  va lues  SH and A i n  those complexes 

grow r e g u l a r l y ,  while t h e  value $o decreases  with increased  

va lues  of - A H .  Further  increase  i n  a c i d  s t r e n g t h  .(Ni?9-14) 

l e a d s  t o  formation of H-complexes I T  ( l : I l 5 ,  t h i s ,  i n  t u r n ,  

causing an opposi te  tendency i n  t h e  changes of t h e  above va- 

lues .  Fig.1 and 2 show t h e  genera l  t r e n d  of -AH-dependent 

changes i n  t h e  s a i d  parameters f o r  t h e  complete r e a c t i o n  ( I ) .  

Fig.1 shows t h a t  the  s t r a i g h t  l i n e  drawn through t h e  p o i n t s  

corresponding t o  H-complexes I does n o t  correspond t o  t h e  

d o t t e d  l i n e  drawn i n  accord with ( 2 ) .  The discrepancy is  

o s t e n s i b l y  due t o  t h e  unaccounted anisotropy of t h e  E t  N mo- 

l e c u l e ,  and, as i s  apparent from t h e  f i g u r e ,  Jb=+1.3 ppm. A s  

i s  apparent from the  f i g u r e s ,  t h e  maximum values  f o r  AC&~,., 

&A;;:. ( p o i n t s  of i n t e r s e c t i o n s  of l i n e s )  sha l l  correspond 

t o  R-complexes wi th  s t r u c t u r e s  c lose  t o  the  symmetrical 
2 (R-A ... H...BR,), and would equal  -14 ppm and -5.5.10 

11/2rn,le-1/2cm'1, respec t ive ly .  I n  this case ( f o r  t h e  symmet- 

3 

3 
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ODINOKOV ET AL. 

Table 1. Characteristics f o r  H-complexes 1 and I1 
of various A-H acids with Et N. 3 

A*I04 Q0 -AH * )  

l.mole-1cm-2 cm-’ ppm kcal/mole 
NB Acids 

1. CHC13 

2 .  t -hOH 

3. C4H4NH 
4. p-FPhOH 

5. PhOH in CC14 
6. p-NU2PhOH in CH2C12 

7. CH3COOH 
8. C H COOH in CH2C12 6 5  
9, CH21COOH in CH2C12 
10. CH2C1COOH in CH2C12 

11. CHC12COOH in CH CN 

12. CC13COOH in CH3CN 

13. CF3COOH in CH3CN 

14. HC104 in CDClg 

3 

- - 8.58” 

7.0 3290 3.00 

9.2 3100 10.64 

15.5 2855 9.7312 

17.5 2600 10.45 

21.0 2280 12.24 

25.0 1800 12.90 

36.0 1480 15.25 

24.5 1770 14.90 

23.0 1830 14.50 

16.0 2235 12.10 

14.0 2390 10.80 

12.0 2400 10.45 

6.0 2975 7.40 

4.0” 

5.2’’ 

5.91° 
2 

9.12 

8.9 

9.713 
10.4 

13.0l3 

16. 913(20. 2) 

18. 213( 20,6 ) 

21. ~’~(23.3) 
25. 613(24. 7) 
26.0l3(25.1) 

- (27.0) 

* )  -AH in parenthesis calculated as 2 . ( - a H  SYm ) - (1.11~$+ 
+ 0.49). 

rical H-complexes) the value of -A H for one H-bond would 

be -16 kcal/mole. Similar values (smax.-l3-14 ppm) for sym- 

metrical H-complexes (Hal.. .H.. .Hal)-ButN+ in CH2C12 were ob- 

tained earlier . For the symmetrical H-complex (CF3CO0 ... H... 
... OOCCF )-BU:N+, tH was observed at 18.3 pprn7, which a l s o  

SYm. 

6 

3 
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A-H ACLDS W I T H  TRIETHYLILIINE 

Eig.1. Relat ionship bet- 

ween changes i n  chemical 

18 I 
- 

s h i f t s  and H-bonding 

> energies  o f  H-complexes 

A-H ac ids  w i t h  Et3N. 

Numbering of  H-complexes 

according t o  Table I. 

10 I 14\ I 0  
1 

14 I 

v .  I I I 

I 2 3 4 5  

Fig.2. P l o t  of a t ( s e e  

t e x t )  vs. increasing of  

i n t e n s i t y  J[AH) [ A A ” / ~ =  

- A ” / ~  - compl . -~;f ,)  f o r  II- 

complexes ac ids  with 

Et N .  Numbering o f  H-com- 

plexes according t o  Tab- 

l e  1. 

3 

1/2. 10-2 
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ODINOlCOV ET AL. 

g i v e s  ~ % ~ ~ . - 1 1 4  ppm. We a l s o  s tudied  carboxyl ic  a c i d s  with 

(CH ) NO i n  CH2C12 s o l u t i o n s  which, a t  excess  (CH3)3N0, form 

symmetrical H-bonds (NO.. .H.. .ON>+RCO,' '. According t o  t h e  

data i n  Table 2 ,  t h e  value of &A1/' i s  c lose  t o  those of 

&A;!:. . Unfortunately,  the  SH values  obtained (Table 2 )  do 

not  allow t o  c a l c u l a t e  t h e  va lues  of A$ s i n c e  to f o r  

(CH ) NO'H is unknown, However, judging from t h e  constancy of 

SH ::the H-complexes of  a l l  carboxyl ic  a c i d s ,  t h e  value of 

to, compared with bkmax., s h a l l  probably n o t  exceed -3 ppm. 

It i s  noteworthy t h a t ,  i n  comparing a s  and - A H ,  one should 

be very c a r e f u l  i n  h i s  approach t o  H-complexes which allow 

t h e  formation of symmetrical s t r u c t u r e s  of t h e  type (AHA)- 

and (BHB)'. I n  t h i s  case ,  ~ t ? w o u l d  not  be s u b j e c t  t o  s i g n i -  

f i c a n t  changes (see Table 2), whereas t h e  h e a t  of admixture 

would be r e d i s t r i b u t e d  between the  H-bond and t h e  i o n i c  bond 

i n  t h e  forming i o n s ,  Indeed, f o r  f luorosulphonic  a c i d  t h a t  

p ro tonizes  oxygen bases,  s l i g h t  changes f o r  sH (-12-15 ppm) 

were observed, while  -AH changes wi th in  t h e  range of 14- 

-30 kcal/mole . 

3 3  

8 

According t o  Alexandrov and Sokolov', t h e  following e f -  

f e c t s  c h i e f l y  inf luence  t h e  proton screening magnitude a t  

H-bond formation: I )  change i n  t h e  p o l a r i t y  degree of bond 

A-H (t,); 2)  s t r e t c h i n g  of bond A-H (s2); 3) formation of 

donor-acceptor bond H...B, leading t o  a s h i f t  i n  t h e  c e n t e r  

of  g r a v i t y  of the  cloud of t h e  unpaired B-atom e l e c t r o n s  to-  

ward the  H atom (t3). Moreover, t h e  c o n t r i b u t i o n  i n  SH of 

I) and 2) i s  negat ive ,  and t h a t  of  3 )  is  p o s i t i v e .  The cha- 
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A-H ACIDS W I T H  TRIETHYLAMINE 

Table 2. Characteristics of symmetrical 
hydrogen bond (he3N0.. .H.. .CNbIe3)+. 

N8 Anion A * l O y  
0 
9 

1. CH CH. COC- 3 2  32.0 c 15.08 

15.76 

15.35 
1 150t50 

2. CH2C1CCIO- 33.0 

3. CHC12CW- 33.0 

4. cP3coo- 32.0 1 15-59 

racter of dependency of A! on - A H  for the H-complexes stu- 

died allows to evaluate the inputs in & at different stages 
of proton movement from A to B in (1). As we can see from 

Pig.1 at proton movement to A.. .H.. .B l(k,+t$l >Id',! ; at further 
proton movement to A'. . .H+B 184 > It!l+$A . For the structure 
A . .  .H. ..B, IJ1+$J -lt31 attains the maximum value of - 14 ppm. 

The above results show that a theoretical study o f  the scree- 

ning character of the H-atom nucleus in strong H-complexes 

should essentially account the inputs in t& of all three of 

the 

1. 
2. 

3. 

above-mentioned effects. 
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