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SPECTROSCOPY LETTERS, 2 4 ( 5 ) ,  635-652 (1991) 

INFRARED STUDY OF THE INTERACTION BETWEEN CARBAMATES AND 

PROTON DONORS 

Keywords : Aliphatic c-rbamates - phenols - hydrogen 
bonds - thermodynamic data - infrared spectra. 

K. Platteborze, J. Parmentier and Th. Zeegers-Huyskens 

Department of Chemistry, University o f  Leuven, 
Celestijnenlaan 200F, B-3001 HEVERLEE, Belgium 

INTRODUCTIQtJ 

Owing to its great importance as a structural link 

in proteins, the NH-CO amide group has been the subject 

of numerous experimental and theoretical investigations. 

In contrast, the -NH-COO-carbamate group has been 

re atively ignored despite its importance in biologically 

ac ive molecules such as local anaesthetics1-2. U p  to 

now, no experimental studies concerning the proton 

acceptor ability of carbnmates have appeared in the 

literature. It must be pointed out however thnt ab 

initio calculations were carried out for the interaction 

between simple carbarnates and model molecules such as N- 

635 
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636 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

methylacetamide or phenol3. In this work, the complexes 

between N-methyl methyl-carbamate ( M M C )  and N,N-dimethyl 

methylcarbamate (DMMC) and model proton donors (phenol 

derivatives) are studied by IR or FT-IR spectroscopy 

CH /O 
H:\N-C 

b - C H 3  

CH 3\N- C / / O  

CH;/ ‘0 -C H 

MMC DMElC 

A s  shown by theoretical4 and X-ray data5-6, the 

carbarnates are in a Z conformation, trans for MElC. It is 

generally accepted that Lhe I, conformers of esters are 

more stable than the morp sterically hindered E 

conformers{. 

EXPERIMENTAL SECTION 

M M C  and D M M C  have been synthetized from 

methylchloroformate and the corresponding amine 

(methylamine or dimethylami ne ) * .  
products has been checked by l H  NMR spectroscopy. 

solvents were dried by t,he standard methods. 

The purity of  the 

The 

The stability constants ( K )  havp been determined 

from the absorbance of t h r  VOH stretching vibration of 

the phenol derivatives a t  concentrations of p h e n o l s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



XNTERACTION BETWEEN CARBAMATES AND PROTON DONORS 637 

ranging from 0 . 0 0 5  to 0 . 0 1  H in order to avoid 

selfassociation. The base was always in escess (0.01 - 

0 . 0 5  M). The enthalpies o f  complex formation have been 

computed from the K values at 2 9 8  and 3 2 3  K. 

The infrared spec1.r.a were recorded on the Pprlrin- 

Elmer 8 8 3  and on the R r u k e r  FT-IR 8 8  spect,rophotometers 

at a resolution of 2 cm-I. 

The integrated m o l a r  absorption coefficient I\ 

defined as 

A = l/cd In I o / I  d v  (1mol-lcm-2 ( 1 )  i 
(c = molar concentralion, d = cell thickness in cm) 

has been computed from the Bruker integration 

program. 

EXPERIMENTAL RESULTS AND D!SCUSSION 

a) Thermodynamic Data 

The exper imentn 1 I-esu 1 ts ( K, - A l l  ) for Lhe comp I exes 

involving MMC and DMMC arid some phenol drrivatives are 

given in tables 1 and 2. These tahles also r e p o r t  the 

A V O H  values defined as (.he frequency difference ( i n  cm-l) 

between the absorption maximum of the OH stretch o f  the 

free and bonded phenol. The same parameters useful f o r  

the comparison of the r e s i i l t s  have also been measured for 

some complexes involving N-methylacetamide ( “A)  as 

proton acceptor. These ciala are collected in table 3 .  
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638 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

' I A A L E  1 
Thermodynamic Data and Av,,[l Values for the Complexes 
between MMC and Phenols. Solvent = CCl4. 

4-CH30 phenol (10.21) 23.1 11.6 22.4 222 
phenol (9.95) 32.3 16 23.3 227 
4-Br phenol (9.34) 60 28.6 24.8 258 
3-Br phenol (9.03) 71.2 34.2 25.7 263 
3,4-diCl phenol (8.58) 126.5 58.2 26.8 287 
3,5-diC1 phenol (8.18) 177.9 71.6 27.9 297 

3,4,5-triC1 phenol ( 7 . 7 5 )  280 120 29.1 306 

a The pKa of the phenol i s  indicated in parentheses. 
Standard deviation = 5%. 
Computed from the I< values obtained from the least- 
mean-square plot of l o g  I< vs pya. 
Error on the maximum = +_ 5 cm- . 

TABLE 2 

Thermodynamic Data and &v,,,~ Values f o r  the Complexes 
between DMMC and phenols. Solvent = C C 1 . 1 .  

'VOtI Phenol derivative ~ 2 9 8 K  1i323K 

M- 1 El- 1 Ir Jmol- c m - l  

4-CH30 phenol 29 14.8 22.6 239 
phenol 36.1 17.2 23.3 2 4  7 

4-Br phenol 88.4 39.6 24.9 280 
3,4-diC1 phenol 198 85.6 27 3 16 
3.5-diC1 phenol 258 114 28.1 323 
3,4,5-triC1 phenol 4 1 3 166 29.3 335 
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INTERACTION BETWEEN CARBAMATES AND PROTON DONORS 639 

TABLE 3 
Thermodynamic Data and Avo11 Values for Some Complexes 
between NMA and Phenols. 

Phenol derivative ~ 2 9 8 K  

M--l  

4-CH30 phenol 
phenol 
4-Br phenol 
3,4-diC1 phenol 

69 
96 
210 
560 

35 21.9 
47 23.1 320 
95 25.7 345 
230 28.9 380 

a Reference 9. 

One example of a spectrum i n  the VOH region is shown in 

figure 1. 

The logarithms of the formation constants are 

linearly related to the pK, of the phenols. A least- 

mean-square treatment yields the following expressions : 

For the MMC systems : 

log K298K = 5.873 - -0.440 pKa 

log K323K = 5.200 - 0.404 pKa 

For the DMMC complexes : 

log K298K = 6.344 - 0.477 pKa 

log K323K = 5.660 - 0.440 pKa 

(r=0.9988) 

(r=0.9975) 

(r=0,9963) 

(r=0.9958) - 

As usually found for closely related complexes, 

greater slopes and intercepts are associated with 
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640 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 
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Figure 1 

FT-IR spectrum in the v0[1 region. 

A : MMC (c = 0.011 M )  
B : 3,4,5-triCl phenol ( c  = 0.008 M )  
C : 3,4,5-triC1 phenol (c: = 0.008 M I  and PlElC ( c  = 0.010 

M )  . Solvent = CCl4. (1 = 0 . 3  cm. 

stronger complexes. A s  shown by the data of  tables 1 and 

2, the formation constants of the DMMC-systems are higher 

than of the MMC complexes and this can be accounted f o r  

by the electron donating properties of the C H 3  g r o u p .  

Owing to the experimental error on the ent,halpies which 

are ?: 1.5 kJmol-l, the difference between the MMC and 
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INTERACTION BETWEEN CARBAMATES AND PROTON DONORS 641 

DMMC are not significnt jve. The same remarlc al.so holds 

for the entropy variations which range between - 4 5  and 

-48  Jmol-lK-l for the t w o  systems. 

t i )  Spectroscopic Chararteristics 

The AvOH values r a n g i n g  from 2 2 0  to 3 3 5  cm-' are 

typical for hydrogen bond complexes of medium strength1'. 

They are ordered according t,o the acidity of the proton 

donor and show that thr 1)FlEIC complexes are a little bit 

stronger than the MMC cr)in[) Lexes. 

A s  shown in figurca 1 ,  complex formation brings about 

R strong intensity incrr~risc of the VOH vibration. The 

values of the integrated molar intensity of the v ( , ~  band 

(AC) have been calculated b y  equation ( 1 ) where c ,  t h e  

molar concentration o f  complexes has been deduced from 

the K values. The Ac v a l r i c s  are indicated in table 4 

along with the square root o f  the intensity enhancement 

(AA'l2). This table also l i s t s  the dipole niomerit, 

derivative taken with respecl .  to the normal coordinate 

( d U / d Q )  or to the internuclear distance ( d i l / d r o I l )  which 

ran be calculated from l l i e  expression 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  a U  

a Q  T N  
---- = + 

pred being the reduced ninss of the OH bond. 
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642 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

TABLE 4 

I n t e g r a t e d  Molar I n t e n s i  I y of  t h p  v o , ~  Band 

R o o t  of t h e  I n t e n s i t y  E r i l i a n c e m e n t  a n d  D i p o l e  

Moment D e r i v a t i v e s  f a i t / d O )  n n d  du/c3rotI) f o r  Complexes  

b e t w e e n  DMMC a n d  P h e n o l s .  S o l v e n t  = C C 1 , t .  

( A c ) ,  S q u a r e  

P h e n o l  d e r i v a t i v e  Rr 
1 m o  I - ' c i n - 2  

II-CH3O p h e n o l  n - i .  5 5 0  

p h e n o l  8 2 . 2 7 0  

4-Rr p h e n o l  1 0 6 . 9 9 0  

3-Br p h e n o l  1 0 0 . 2 9 0  

3 , 4 - d i C l  p h e n o l  1 1 2 . 1 9 0  

3 , 5 - d i  C 1  p h e n o l  1 1  I . 4 4 0  

3 , 4 , 5 - t r i C 1  p h e n o l  1 2 0 . 8 1 0  

2 7 4 . 4  3 5 3 . 3  4 . 3 1  

2 6 6  3 4 2 . 5  4.18 

3 0 3 . 3  3 9 0 . 5  4 . 7 6  

2 9 4 . 3  3 7 8 . 1  4 . 6 1  

311.1 3 9 9 . 9  4 . 8 8  

3 0 9 . 2  3 9 8 .  6 4 . 8 7  

3 7 9 . 6  415 5 . 0 6  

The d i p o l e  moment d e r i v a t i v e s  d o  n o t  marked  Ly d i f f e r  

f rom t h e s e  computed  f o r  the  N , N - d i m e t , h y l a r e t n m i d r  

complexes1 7 1 2 .  They a 1 e or-dered according t o  t h e  

s t r e n g t h  o f  t h e  i n t e r a c l  o n  a n d  t h i s  is  shown i n  f i g u r e  2 

w h e r e  d p / d r O I l  has b e e n  p o t t p d  a g a i n s t   AVO^^. 

The f r e q u e n c y  sh I f 1 of' the VOII s t r e t c h i n g  v i b r a t i o n  

t o  lower wavenumbers ,  l i s t  ~( i  i n  t a b l e  5 ,  i n d i c a t e s  t h a t  

c o m p l e x  f o r m a t i o n  O C C I I I S  at  t h e  o x y g e n  a t o m  of  t h e  

c a r b o n y l  f u n c t i o n .  O n e  e x a m p l e  of  a s p e c t r u m  i n  the  V C = O  

r e g i o n  is r e p r o d u c e d  1 ri f 1 g u r e  3 .  T h e s e  f i n d i n g s  a g r e e  

w i t h  t h e  ab i n i t i o  c a l c i i l n t i o n s  of  Remko e t  a l a 3  for t h e  

2 -me thoxyca rbamate -phe r lo l  c o m p l e x .  The  g r e a t e s t  
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INTERACTION BETWEEN CARBAMATES AND PROTON DONORS 643 

5 0  

L 5  

L . 0  

Figure 2 

250 3 00 350 
b V O H /  c m - ’  

dp/arOH as a function of AvOll (DMMC complexes). 

‘I.’ABLE 5 
AVC=O Values for the Complexes between MMC and DMMC and 
Phenols. Solvent = CClq. 

Phenol derivative Avc=o(MMC)~ A V ~ = ~ ( D M M C ) ~  
cm-1 cm- 1 

4-CH30 phenol 17 
phenol 19 

4-Br phenol 2 1  

3-Br phenol 2 2  

3,4-diC1 phenol 23 

3,4,5-triCl phenol 25 

3,5-diC1 phenol 23 

16 

19 

2 1  

2 2  

23  

23  

24 

a The VC=O vibrations of tree MMC and DMMC are observed 
at 1735 and 1711 cm’] respectively. The spectra have 
been reco ded in extended scale and the error on A v p o  
is f l  cm‘ f . 
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6 44 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

1 2 0 . 0  

m 
x 
Y 

w 
0 
z 
," 5 0 . 0  
c 

x 
Ln 
z 
w 
k- 

- 
a 

- 2 0 . 0  , L , L I 

1740  1720  1 7 0 0  1 6 8 0  1 6 6 0  
WRVENUMBER C M - I  

Figure 3 
FT-IR spectrum in the v(;=~,)  region. 

A : DMMC (c = 0.0065 MI 
B : DMMC (c = 0.0065 M )  R I I ~  3,4-diC1 phenol (c = 0.023 M) 

interaction energy ( 2 2  I r J r n ~ l - ~ )  is found for the hydrogen 

bond formed between the 011 group and the carbonyl oxygen 

atom. This value agrees very well with the experimental 

value of 23 kJmol-l forrrrd in this work. The calculated 

energy for the hydrogen bond formed between the NH 

function of the carbarnate and the oxygen atom of phenol 

acting as proton acceptor is lower (16.3 kJmol-l). This 

structure ia not detectrd in the infrared spectrum. 
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INTERACTION BETWEEN CARBAMATES AND PROTON DONORS 645 

Indeed, only a small s h i  I t o f  4 cm-I to lower frequency 

(figure 1 )  is observed and t h i s  shif’l. can be attributed 

to a secondary perturbat inn brought about by the 

formation of the C=O...HO hydrogen bond. Formation of a 

NH...O bond should brvaderi and shift the V N H  band by 

about 100 cm-’. For I h e  interaction between N- 

phenylurethane and di-n-propylether which can be 

considered as a strong?rr’ base than phenol, the V N I ~  band 

is shifted by 150 cm-’ 1 3 .  

Table 5 reports t h e  Av(;,() values for the PlPlC and 

DMMC complexes. Generally, the A V + O  values for carbonyl 

acceptors split into lines when plotted against A v g ~ ~  (or 

-AH) for the common proloti dond4-I5. This has been 

extensively discussed i n  a recent work1‘. PIMC arid DPlMC 

are closely related carborryl acceptors and as shown in 

figure 4, -AH vs A v C Z O  givps a single relation. 

Interestingly, the correJnt.ion is not obviously linear, 

even in this limited - A H  domain. This has been discussed 

in a recent theoretical work for the interaction between 

H$=O with H20 and varjoiis cations17. 

-AH vs AVC=O line is s i r c h  that each kcal.mo1-1 in - A H  is 

associated with a decrenqe of the vc.0 frequency of 2 

cm’l. The experimental results depicted in figure 4 show 

that a difference of 1 kcal.mo1-l in -AH corresponds to a 

decrease of the VC=O frequency of about 3.5 cm-l. 

is not unexpected owing t o  the stronger electron donor 

properties of the substituents of MElC and DMMC as 

The slope of the 

This 
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3 0  

28  

26 

2 L  

20 
17 19 21 2 3  

Figure 4 

25 

-AH versus A V C = O  for complexes involving phenols and 

0 : MMC, 0 : DMMC 

compared with H2CO15.  

A V C = O  correlation has been accounted for by some mixing 

of  the vc-0 vibration W I  t h other modes17. 

pointed out however, that t h e  experimental values of the 

energies contain all the terms (electrostatic, repulsion, 

polarisation and charge t r a n s f e r )  contributing to the 

T h e  non-Linearity o f  the -AH vs 

It must be 
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INTERACTION BETWEEN CARBAMATES AND PROTON DONORS 647 

'I'ABL,E 6 

K298K, CUI and CUR' for s o m e  carbonyl bases complexed 
with phenol. 

Base 

DMA 

NMA 
DMMC 
MMC 
MeAc 
Ac 

g298B 

130 
96 
36 

32 

7 . 5  

11 

0.02 -2.11 
0 04 -1.81 
0 , 3 1  - 2 . 4 8  

0 , 3 3  - 2 . 2 8  

0.21 - 1 . 0 9  

-0.08 -0.50 

total energy. The Av{.=o values are related to the 

increase o f  the polarity of' the C = O  bond and depend 

mainly on the dispersion a n d  charge transfer 

contribution. This may also contribute to the deviation 

to the linearity. 

c. Comparison with Other- Closely Reiated Systems 

Table 6 allows to compare the experimental value of 

the formation constant oI' N,N-dimethylacetamide (DMA)18, 

NMA, MMC, DMMC, methy1aceLat.e (MsAc)l9 and acetone (Ac)15 

with phenol as reference acid. This table also indicates 

the sum of the inductive ( C o I )  and resonance ( C U R ' )  

substitution cons tan t s 2 " .  

The logarithms of the stability constants can be 

expressed by the dual expression 
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648 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

l o g  K 2 9 8 K  = 0 . 4 1  - 2 . 2 2  C O I  - 0 . 8 0  CUR' 

which reproduces the evpcrimental values with a 

correlation coefficient of' 0 . 9 8 1 .  Similar correlations 

have been calculated for the A V O H  values of carbonyl 

complexes15. In this rase the p ~ / p ~  ratio is about 1.7. 

The -AH vs A V O H  correlation for complexes involving 

phenols and a common proton acceptor (DMAI8, NMA, MMC, 

DMC, Ac15 and MeAc1Y,21 (figure 5 )  can be written : 

for DMAI8 and NMA complexes : 

- A H  - 8 . 0 2  + 0 . 0 9 6  Avo11 ( r  = 0 . 9 6 6 )  

for MMC and DMMC complexes : 

- A H  = 8 . 8 9  + 0 . 0 6 1  A V O ~ ~  ( r  = 0 . 9 3 4 )  

€or Ac complexes : 

- A H  = - 1 . 6 5  t 0 . 0 8 3  AvoII ( r  = 0 . 9 8 5 )  

for MeAc complexes : 

- A H  = - 2 8 . 4  + 0 . 2 8  AVO[,  ( r  = 0 . 9 6 7 )  

These correlations show that the two carbamates 

studied in this work are situated between the aliphatic 

amides and the aliphatic esters. For the methylacetate 

complexes the A V O H  valiie f o r  a given - A H  value is 

obviously lower than for the other carbony1 systems. 

This can be accounted for, at least qualitatively, by the 

fact that the lone pair o f  electrons of the carboriyl 
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INTERACTION BETUEEN CARBAMATES AND PROTON DONORS 649 

LO 0 

300 

20 0 
"/ 

- A H /  k J rnoi - '  

15 20 25 30 35 

Figure 5 
- A H  vs A V O H  for hydrogen t w n d  compl.exes involving phenol 
derivatives and 0 : I ) F l A ,  : NPIA, A : Ac, 0 : 
MMC, 0 : DMMC, X : F l e A o .  

group in the cis-position with respect to the methoxy 

group is markedly more involved in hydrogen bonding than 

the trans pair. Moreover, as shown by dipolar studies22 

and ab initio calculati o n s Z 3 ,  

the C=O di.rection and the direction of the hydrogen bond 

is not 6 0  but takes values between 4 0  and 4 8 ' .  As a 

consequence, the overlapping between the c r o [ ~ *  and the 

free lone pair will not be optimal and this effect can 

have a greater influence on the A V O H  than on the -A11 

the angle formed between 
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650 PLATTEBORZE, PARMENTIER, AND ZEEGERS-HUYSKENS 

values. Furiher, for Lhe NMA. €120 complex, quantum 

mec ti an i cal calcula t i 0 1 1  s have shown t hat the water 

moLecule is in trans p o s i  tion with respect to the C-N 

bond and that the angle bet.ween tlie C = O  group and the 

hydrogen bond is about 60' 2'1 allowing an optimal 

overlapping between the 0 sp2 and UOH orbitals. 

are no experimental o r  theoretical data on the geometry 

of  cnrbamate complexes. The optimized geometry of 

protonated MMC indicates t h a t  the angle between the C=O 

and the OHt bonds is 58 25. This angle can be slightly 

different in the neutra J complexes. 

There 
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