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SPECTROSCOPY LETTERS, 27(5), 613638 (1994) 

INFRARED AND RAMAN STUDY W THE LOCAL ANESTHETIC PROCAINE 

KEY WORDS: Infrared spectrometry, Raman spectrometry, Anesthetics, Procaine. 

AM1 

U. Alcolea Palafox 

Departamento de Quimica-Fisica I (Espectroscopia). Facultad de Ciencias 

Quimicas. Universidad Complutense de Madrid. Madrid 28040. SPAIN. 

ABSTRACT 

The infrared and Laser Raman spectra of procaine with free basis in the 

solid state were obtained. The characteristic vibrational frequencies of their 

different modes were identified and assigned from isotope shifts and 

theoretical calculations. A n  infrared study in the liquid phase was also 

carried out. The corresponding rotation and inversion barriers in p-amino 

group were computed by means of different optimization procedures. 

INTRODUCTION 

Several theories' exist in the literature on the mode of action2 in local 

anaesthetics, the phenomena of drug resistance and toxicity. Information on 

the interaction3 of local anaesthetics with phospholipids and lipoprotein 
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614 ALCOLEAPALAFOX 

parts of the membrane can be obtained at the molecular level by spectroscopic 

investigations4 on structural changes of the system. As a first step in these 

investigations, the Infrared I I R )  and Raman spectra of several local 

anesthetics have been reported’. Procaine (2-diethyl-aminoethyl ester 4-amino 

benzoic acid) is another local anesthetic that has important pharmaceutical 

applications. 

X-ray studies of procaine6 (PRC) and its different derivatives’ show a 

structure remarkably similar to natural compounds actively participating in 

nerve impulse transmission. The conformation of the alkylamino end of the 

molecule, the quinonoidal character of the p-aminobenzoate group, and the 

proximity of the carbonyl oxygen to the ammonium nitrogen are considered to be 

necessary for an effective interaction with the receptor’. 

In the present paper, the vibrational spectra and the molecular and 

conformational aspects of PRC. especially in the p-amino group, were studied, 

in order to throw more light on the relationship between structure and 

activity in local anesthetics. 

EXPERIUENTM 

Samples of procaine were obtained from Merck at the highest purity 

avaiiable (99%) and used without further purification L! 0 was obtained from 

Junta de Energia Nuclear [Spain) with a purity of 99.7%. Deuteration of the 

samples was carried out using several methods5” 

Infrared absorption spectra of samples in KBr pellets were recorded using 

a Perkin-Elmer 5998 spectrophotorneter. which is connected to a computer For 

the study of the solid-liquid change, the samples were warmed vith a 

thermocouple in 2 cell witt. external windows of K B r ,  uslng the automatic 

temperature contrcller CTC-250 (Beckmanl The scale employed ranged frorr room 

temperature to ZOC’C 

The Raman spectra were recorded with spectral slit widths of 100-400 pin 

on a Ramanor Model U-1000 Raman spectrophotometer using a Spectra Physics 165 

Ar. ion Laser, at 100-400 mW power. 
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INFRARED AND RAMAN STUDY OF PROCAINE 615 

All MI'' calculatlons were performed with the VAXIIV2 version of W A C  

2 . 1  program The CNDo/2 sealempirical method wlth standard 

parametrlzation" was also considered to optimize the geometry of the amino 

groups and several selected torsional angles. 

To evaluate graphically the correctness of starting geometries prior to 

computation and to review the resulting optimized structure after calculation. 

the DRAW program was used". carried out in a Tektronic 4105 model, a 

high-resolution graphics computer terminal. 

RESULTS AND DISCUSSION 

CLOlIFIRY OPTInIZATION 

The geometry of the PRC molecule in its optimum conformation and the 

geometric parameters obtained with the AM1 method are shown in Fig. 1. The 

intermolecular hydrogen bonds formed i n  the crystal structure of PRC are 

presented ir. Fig. 2.  The geometry of the molecule. especiaily of the p-amino 

group. was theoretically optimized, and a t i l t  angle c of 3.6' of the C-N 

bond with respect to the plane of the aromatic ring was identified 

VIBRATIONAL SPECTRA 

SOL19 STATE 

The infrared spectra of non-deuteratea and deuterated solid PRC are 

illustrated in Figs 3-4, while the Raman spectra are giver, in Figs 5-7 The 

frequencies of the bands, their intensities estimated and the assignments are 

listed in Table 1 

(N-HI stretching vibrations: Since C z y  symmetry is assigned to the 

p-amino group, most of the vibrations observed by IR spectroscopy were 

detected in Raman. In IR. the symmetric and antisymmetric N-H stretching modes 
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616 ALCOLEAPALAFOX 

Fig 1. Optimum geometry of PRC computed by AM1 

@ N  
O C  
0 0  
O H  

Fig. 2 Intermolecular hydrogens bonds in the c r y s t a l  structure of PRZ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



INFRARED AND RAMAN STUDY OF PROCAINE 617 

io a0 YO 10 11 I& 16 Y m a n ! 
,Urn 

I0 LO so 60 

Fig. 3. Infrared spectrum of the PRC a )  in the solid state, 
deuterated, b) in the solid state, non-deuterated. and c) in the liquid phase 
at 7 5 ' ~  near melting point. 

were assignea to the bands at 3360 and 3458 cm-I 13371.5 and 3453.5 cm-' in 

Raman) respectively. the intensity of the Y 1NH ) mode being higher than the 

u (NH2). These frequencies (as ir, Raman) are not in accordance with the 

u = 21 cm-I. This discrepancy Krueger-Thompson relati~nshipl~. L' - 
is compatible with the existence of intermolecular hydrogen bonds. Thus, the 

band at 3240 cn-' in IR could be interpreted as vibrations In N-H groups 

s 2  

as 

ca1.  
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618 ALCOLEAPALAFOX 

14 16 FLm 18 20 2S 5 

I I 1 -  

800 400 
WAVENUMBER (crn-’) 

Fig.  4 .  A detail of the IR 
spectrum in the 200-800 cm-’ 
range of the solid state of 
PRC. a) deuterated (broken 
line) and non-deuterated 
(solid line), b) substracting 

the nondeuterated and 
deuterated spectra in a 

computer program. 

associated with intermolecular hydrogen bonds, or as Fermi resonance between 

the overtone of the 8(NH21 mode and Y (NH21. 
s 

The apparent decrease in intensity on deuteration of the antisymmetric 

and symmetric stretching bands of the free NH is smaller than the band at 

3240 cm-’ I I R J .  which was reasonably attributed to the relative stabilities of 

the N-H...O intermolecular hydrogen bonds in the crystal Thus the hydrogens 

that belong to the intermolecular bonds are more easiiy exchanged by deuterium 

than are those pertaining tc the free amino groups 

Fig. 3b. shows new bands. sharp and relatively intense. a: 2590 and 243s 

_. 
CK. corresponding L O  L’ I N - 3 1  and u (N-CJ in NZ groups, respectively 

The NH/ND relation is 1.333 and 1 3SC ir. the antisymmetric and symmetric modes 

respectively, as in the Raman spectrum. The frequency splitting in ND2 is 

greater than in NH2. with a ratio NH /ND : 0.64. far from that reportedI6 in 

aniline 0.73. 

as 5 

f 2  
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INFRARED AND RAMAN STUDY OF PROCAINE 619 

2500 2750 3000 3250 3500 3750 

2500 2750 3000 3250 3500 3750 

WAVENUMBER 

Fig 5 Raman spectra a' of the non-deuterated PRC in solid state ulth 

laser power of 300 mu and slits = 400 prn b l  of the deuterated PRC in the 

solld state with laser power = 400 mu and slits = 400 prn 
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INFRARED AND RAMAN STUDY OF PROCAINE 62 1 

Using the Krueger-Thompson relati~nship’~. the value w~(N-D)~*’. - 
w~(N-D)’~’’ = 47 cm-’ is higher than in NH group; hence the harmonic 

approximation is not followed in the p-amino group when the isotopic shift is 

produced. Accordingly, the values of the force constants K~ = 6.46 10’ 
h h 

dyn cm-’, and HNH and DND angles BH = 115.5’. 

BD = 118.9’. based on the Linnett” equations. were obtalned. The variation of 

the V2 rotation barrier with deuteration (Table 2) suggests that, when 

isotopic changes are superimposed on a probable increase in the coupling 

between w and w vibrations, there is a real change in the geometry of 

amine group. This fact is in accordance with that observed in other local 

anaesthetics’ and in several chlorinated derivatives of phenol”. as well as 

agreeing with the results using the Krueger-Thompson relationship” in the ND2 

group: wS(N-D) = 723.4 + 0.682 uaS(N-D). Thus, the value 

w ‘ * l . - w  Ox’.= 52 cm-‘ 

Km = 6.59 x lo5 dyn cm-I 

s *S 

obtained is higher than that computed in NH2 group. 

The presence in the IR spectrum of other new bands at 3402 and 2518 cm-’ 

must be attributed to the w(N-HI and u(N-DI vibrations in partially deuterated 

NHD groups. Their frequency ratio u(N-H)/u(N-DI = 1.351 (1.350 in Flaman) is 

in accordance’ with the harmonic approximation. Similar relations in NH and 

ND2 groups for the antisymmetric and symmetric vibrations were also 

calculated, with values 1.335 and 1.378 respectively. The W,~(N-H)~- 

W ( N - H ) ~  difference is larger than w(N-HIm- W.(N-H)~ in agreement with a 

slightly higher contribution of the symmetric character in the N-H bond of the 

NHD group. The lower difference in W*.(N-D)~~- u(N-DIm than that obtained 

between w(N-DItnrn- v , ( N - D ) ~ ~ ~  is in agreement with a slight increment of the 

antisymmetric character in the N-D bond of the NHD group. A greater decrease 

in the intensity of the ws mode than in the was with the isotopic shift is 

also observed. 

Other internal vibrations of p-amino group: Apart from the stretching 

frequencies, the p-amino group has scissoring. rocking, wagging and torsional 

modes. Thus the frequencies at 1625 cm-’ (IR) and 1606 cm-’ (Raman) were 
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INFRARED AND RAMAN STUDY OF PROCAINE 623 
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ALCOLEAPALAFOX 624 

Table 1 Frequencies observed, in cm-'. intensity measured and assignment 

proposal f o r  the bands of PRC. 

Infrared Raman 

solid 1 iquid sol id Assignment 

non-deul. deutcr. 75't 175'C non-deuter d c u l e r  

3456 vs 3450 s 3450 rn 3460 m 3453 5 m 3455 vu v "-HI 
8 5  

3402 s - 3405 m vIh -HI  in NHD 

336C vs 3358 s 3352 s 336C 5 3371 5 vs 3370 IT vSfN-H1 

3240 s 

3060 vu 

3034 u 

2962 s 

2922 vu 

2862 m 

2818 s 

2675 u 
- 

2400 vu 

213C vu 

1920 vu 

3240 u 

3034 u 
- 

2962 s 
2922 vu 

2862 m 

2818 in 
2700 w 

2590 s 

2518 s 

2438 s 

- 
- 

1920 vu 

3190 rn 3205 vw 

- - 
2950 s 2950 s 
2922 sh - 
2862 sh - 
2804 m 2804 rn 
2675 w - 

* 

2130 vw - 
1920 u - 

3300 rn 

3234 rn 

3068 s 
3054.5 m 

3025.5 u 

2989.5 u 

2950.5 vs 

2929 s 
2871.5 m 

2828 u 

u(N-H.. . 1 ,nter 
u(N-H.. . ? - 

3069.5 s u(C-H) 20a 

3053.5 m u(C-H) 20a 
- u(C-H) 20b or 7b 

2990 u ums(C-H) In CH3 
2950.5 vs uaS(C-H) in CH2 
2929 s u (C-H) In CH2 
2871.5 m us(C-H) In CH2 

2828 u uc(C-H) In CH2 

as 

- u(C=C) T(NH2)? 

2590 u uaC(N-D) 

2523 s u(N-Dl in NHD 
2443 vs us(N-DI 

- Bs(NH2) + d(CCC)? 

r(NH2) + u(C=Cl? 

2alC-H) 
1665 vs 1665 vs 1693 vs 1700 vs 1671.5 s 1671.5 s u(C=O) 

Bs(NH21 ? 

1600 vs 1600 vs 1598 v s  1598 vs 1592.5 vs 1594.5 vs u(C=C) 8a 

1570 rn 1570 u 1570 vu 1570 vu 1569.5 m - ulC=C) 8b 

1518 vs 1515 vs 1510 s 1510 s 1521.5 u 1525 vu u(C=C) 19a 

1470 vu 1480 vu - v(C=C) 19b 

1453 s 1451 m 1448 sh 1452 u 1455.5 vu 1456 vu deS(C-H) in CHI 

1660 in - 
1625 vs 1620 sh 1620 vs  1620 vs 1606 u - Bs[ NH2 1 

1442 s 1430 in 1432 m 1435 m 1444 u - aaS(C-H1 in CHI 
1380 s 1380 s - - aaS(C-H1 in CHI 

1374 s 1372 s 1368 in 1375 m 1374 m 1374 5 m aS(C-H) in CH3 

1368 s 1365 s - aS(C-H1 in CH3 
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INFRARED AND RAMAN STUDY OF PROCAINE 625 

Table 1. Continued 

1335 m 

1320 s 
1310 s 

1275 vs 

1242 sh 

1205 in 

1170 vs 

1128 vs 

1110 u 

1080 m 

1050 vu 

1018 s 

988 m 

928 m 
- 

870 w 

842 s 

805 w 

773 vs 

728 m 
703 s 

640 m 

620 s 

575 br 
- 
535 u 
- 

508 s 
470 u 
- 

418 w 
- 
398 u 
- 

1355 sh - 
1345 m - 
1332 m - 
1318 m - 
1306 s 1305 m 

1270 v s  1265 vs 

1240 sh - 

1205 m 1198 u 

1168 vs 1167 vs 

1160 sh - 

1130 s 1108 s 
1108 sh - 
1078 w 1073 sh 

1048 vw - 
1018 s 1008 u 

985 m 965 u 
928 m 926 w 
- - 
867 u - 
842 s 840 s 

805 vw - 
775 vs 770 s 

728 in 730 u 

703 s 695 m 
640 m 639 u 

614 m 615 m 
- - 
- - 
535 u - 
516 sh - 
508 s 506 m 
- - 
- - 
417 vw - 
400 br - 
- - 
380 u 

1305 m 
1265 vs 

- 

119s u 

1167 vs 

- 
1108 s 

- 

1008 vu 

965 u 

- 

840 s 
- 
768 s 

730 u 

695 m 
639 u 

615 m 
- 
- 

- 
506 in 
- 

1323.5 vu 

1309 m 
1276.5 vs 

1243 vu 

1168 5 vs 

1131 vu 

1110 vu 

- 

- 

987.5 vu 

927.5 vu 

890 vw 
867 vs 

847 vs 

- 
775.5 vw 

730 u 

703 u 
639.5 s 

622 m 
- 
- 
536 vu 

- 
519 w 

496.5 u 
- 
414 vu 

- 
401 u 
- 

- BS(NDH) ? 

Bs(NDH) 7 

61C-H) i n  ethyl group 
- &(C-H) i n  ethyl group 

1309.5 u v(C-CI 
1276.5 V S  u(C-N;. uaslC-O-C) 
1243 vu B(C-H) 

6(C-H) i n  ethyl group 

1169 s 6(C-H) 

1160 sh 
- 

- 

988.5 vu 

- 
890 vu 

868 vs 

848 v s  

- 
775 w 

729.5 u 

704 u 
639 s 

618 m 

Bs(ND2J 

d(C-H) 
6(C-H) 
r(NH2) 
&(C-H) 
u(C=C). d(C-C-C) ? 

6(C-H) in ethyl group 
&(C-H) ? 

r(C-H) in CH3? 
r(C-H) 17b 
r(C-H), b(C00) 
~ ( c - H )  in amine fd 
r(Coo), b(C-C-C) ? 

b(C-H) In ethyl group 
r(C-C-C) 4 

~(c-N) in amine fd.  COO) 

6(C-C-C) 6b 

518.5 w 

495.5 vu 

453 vu 

419 vw 

- 
- 
383 vu 

r(NHD) wagging 
r(C-C-C) 16b 
r(NH2) wagging 
r(ND2) wagging 
6(C-N) 
a(ND2) wagging 
r(NH 1 torsion 

a(NDH) uagghg 

(continued) 
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626 ALCOLEA PALAFOX 

Table 1. Continued 

367 w 

- 340 vw 
- 

280 w 

- 

338.5 vw 
- 
300.5 m 
273.5 vw 
- 
225 vw 

182 w 
115 vw 

367. 5 vw 

338. 5 vw 
328 vw 

299.5 m 
270.5 vw 

259 vw 

221.5 vw 

182 vw 
115 vw 

flND2) wagging 

TIC-C-C). a(C-H) 
TINDH) torsion 
aIC=O). r(C-C-C) 

r(C=O). r(C-N) ? 

r(ND ) torsion 

TIC-c-cj 
71NH2). TIC-HI 
TIC-HI. TIC-N) 

Abbreviations: vs, very strong; s. strong; m, medium; w, weak; vw, very weak; 

sh, shoulder; inter, intermolecular; br. broad. 

Table 2 Values of the experimental torsional frequencies I T ) ,  rotational 

constants (B 1 ,  and rotation barriers IV 1 in cm-’. of the NH2 group 

v2 Opt 
Frequencies 17) 

p-amino group Exp. CNDO/Z AM1 Bo Harm approx Hamilt calc 

398 IIRj 3898 4124 

3957 41E5 401 I R I  243 322 10.2 -NH 

3930 4010 280 I I R I  176 

259 I R i  3366 3404 
5.0 -ND, 

( I R J  and I R ) .  values obtained by infrared and Raman spectroscopy, respectively 

interpretated as scissoring mode ps in the NH2 group Their deuterated 

analogues were tentatively assigned to the band at I160 cm-I With 

deuteration. due to NHD groups, bands were detected at 1355 and 1345 cm-I 

corresponding to mode p (NHDI The mode rocking r was identified only in I R  

i ~ r  the N H 2  group at 1080 cm’l 
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INFRARED AND RAMAN STUDY OF PROCAINE 627 

A t  400 and 365 cm-' in the IR spectrum of the deuterated compound very 

broad and weak bands appeared, having their correspondence in the 

non-deuterated spectrum at 575 and 470 em-'. Because of the form and the 

frequency of the bands which appeared. they were assigned to the wagging mode 

in the p-amino group. In the Raman spectrum they were identified in ND at 

495.5 and 367.5, The relation in the 

frequencies a(NH2)/a(ND2), ca 1 .  36. was in accordance with the harmonic 

approximation. For the NHD group, wagging bands were also registered in the IR 

spectrum at 516 cm-' (weak shoulder). and at 380 cm-'. In Raman they were 

identified at 564.5 and 383 cm-I. 

and in NH2 at 622 and 496.5 cm" 

The band corresponding to the torsional mode T occured at 398 cm-' in IR 

with weak intensity and its deuterated analogue at 280 cm-', r(ND2). The 

value of the NH2/ND2 ratio agrees with that reported in other local 

anesthetics5. The torsion vibration in N W  groups (Fig. 7 )  was identified in 

Raman at 328 cm-'. 

These assignments were within the frequency range given by Var~anyi'~'~ 

and are verified in other  investigation^"'-^'. 
C-N and COO vibrations: The C-N stretching vibration can be seen in 

various  compound^'^'^ overlapped by other modes; thus the u(C-N) in p-amino 

group and the ~ ~ ~ ( C - 0 - c )  were observed in IR at 1275 cm-'. The frequency of 

the carbonyl group v(C=O) was registered in IR at 1665 cm-'. In general, 

these bands were detected with very strong intensity in p-substituted benzoic 

acid derivat ives24'25. 

The band at 418 em-' in IR was designated as 6(C-N), in the same way as 

to which a slight contribution of b(CM3) the strong absorption at 620 cm-', 

mode was also assigned. 

C-H vibrations in saturated chain: The v(C-H) stretching frequencies 

were observed in the 2800-3000 cm-' range. In the Raman spectrum, the weak 

band at 2989.5 cm-' corresponded to the antisymmetric mode in -CH,. while 

those detected as strong and very strong intense bands at 2929 and 2950.5 
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628 ALCOLEA PALAFOX 

-1 cm were ascribed to the -CH2- group. These bands appeared with higher 

intensity than IR. The vibrations at 2871.5 and 2826 cm-' in the Raman 

spectrum were assigned to the symmetric mode in -CH - groups 

Regarding the C-H in-plane bending vibrations, the IR absorptions at 

1360. 1366, 1335, 1205 and 1050 cm-I were not observed in the Raman spectra, 

while those at 1455 5, 1444. 1323.5, 1131. 967 5. 927 5 and 730 cm-' 

decreased, appearing with weak or very weak intensity 

Overtones and combinations bands: In IR, the very weak bands which 

appeared at frequencies 1700-2700 c~T-', that could not reasonably be assigned 

to fundamentals, may be combinations and overtones of normal modes, the 

assignments of which appear in Table 1. In the Raman spectra, as in the other 

local anesthetics studied5. overtones and combination bands were not observed. 

No-1 vibrations of the ring: 

A tentative assignment of the ring normal modes is shown in Table 1. 

according to Wilson's notation*'. Vibrational analysis of benzoic acid 

derivatives have demonstrated the slight influence of the different 

substituents on the frequency of the ring normal vibrations. This f a c t  allows 

the study of ring vibrations independently of the substituent internal modes. 

In the tangential vibrations, the Sb and 19b carbon-carbon stretching 

modes appeared at higher frequencies and lower intensities than those which 

corresponded to 8a and 19a vibrations. Thus these last frequencies were 

identified as very intense I R  absorptions at 1600 and 1518 cm-l respectively 

(1592. 5 and 1521. 5 cm-' in Raman). while 8b and 19b were assigned at 1570 cm-' 

(1569.5 cm-' in Raman) and 1470 cm''. These assignments were in the frequency 

intervals established else~here~~'"~ Other bands corresponding to 6(C-H) 

aromatic, within the frequency range 1250-1025 cm-I were observed in the 

spectra. 

The C-H stretching vibrations, corresponding to normal modes 20a. 20b and 

7b. were in the 3000-3100 cm-' range of the radial  vibration^'^; and to 20a 
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INFRARED AND RAMAN STUDY OF PROCAINE 629 

was assigned the very weak IR band at 3060 cm-I (3068 and 3054. 5 cm-' in 

Ramar.!. while the weak I R  absorption at 3034 cm-' (3025.5 cm-l in Raman) was 

tentatively designated at 20b or 7b modes These assignments find support in 

those reported on related molecules Thus in methyl p-hydroxybentoatezo. 7t 

and 2Oa were not identified due to their very weak intensity while 2Ob was 

observed at 3035 cm-I as a weak absorption None of these mooes was 

distinguished in p-aminObenZOic acid2' The skeletal vibration 6(C-C-C) mode 

6 b  was identified in I R  at 640 cm-l (639.5 cm'l in Ramanl while 6a was not 

detected in the spectra. 

To the out-of-plane vibrations belong the skeletal vibrations 4,  16a and 

16b of benzene. The frequency of the normal mode 4 is remarkably insensitive 

to substitution and appears very close to that of benzene, around 700 an-'. 

The strong intense band at 703 cm-I was assigned to this mode. Vibrations 

16a. 16b were within the 395-420 cm-' and 455-570 cm-' intervals 

respectively. The strong IR absorption at 508 cm-' (519 cm-I in Raman) was 

ascribed to the latter while the former was not observed in accordance with 

that described in related derivatives of benzenem. 

Among C-H out-of-plane vibrations, only normal mode 17b was able to be 

assigned in I R  at 870 cm". because the other vibrations have frequencies too 

low or intensities too weak to be observed clearly. In the Raman spectra mode 

17b appeared with very strong intensity at 867 cm". 

LIQUID STATE 

A study with the temperature between 25 and 175'C was carried out 

Infrared spectra were recorded from 3500 to 400 cm-l. Since the melting point 

of PRC is around 61OC. the spectrum recorded at 75'C (Fig 3c) must 

correspond to the substance in the liquid phase which becomes embedded in the 

KBr matrix. Table 1 summarizes the results obtained in the solid phase at 

room temperature, and in the liquid phase in the proximity of the melting 

point, as well as at 175'C. 
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630 ALCOLEAPALAFOX 

The main characteristics observed with the increment of the temperature 

in the vibrational pattern were the extension and the decrease of resolution 

in the bands due to thermal vibrations induced by heating This fact makes 

difficult the detection of weak and very weak intensity bands and, they are 

therefore not included in the third and fourth columns of Table 1 The 

intermolecular interactions were clearly diminished when the temperature 

increased Also noted was a weak displacement toward the low-frequency zone of 

all the bands, recovering a slight displacement in several when the sample 

crossed the melting point and with the increment of the temperature in this 

phase 

The following features were also distinguished between the IR spectra of 

the liquid and solid states. 

A short displacement was observed in the frequencies of the stretching 

bands N-H. antisymmetric and symmetric, which appeared in liquid phase at 3450 

and 3352 cm-' respectively. When the sample passed to liquid state, the 

crystalline net was broken. However. the values of KNH= 6 .46  lo5 dyn cm-' and 

HNH = 116. lo. obtained using the Linnett equations". close to solid state 

values. indicated the slight influence of the crystalline net, and the 

considerable stability of the geometric parameters in the NH group 

A 

The intensity ratio between u(N-H) bands was I S m , / l a n t l r y m m ,  = 1 in 

the solid state in contrast to 1 1.3 in the liquid state at 

175'C, due to a decrease in the intensity of the antisymmetric higher than 

the symmetric vibration when the temperature increased. This fact was also 

noted in other local anesthetics'. 

I s m  /'ant. 1 ryrm. 

A high decrease in the intensity of the torsional 7(NH2) and wagging 

f(NH2) modes was produced when the temperature increased; and they were 

extinguished when the sample was in the liquid phase, 75'C. Similar behavior 

was observed in the rocking mode T(NH2) at 1080 cm-', which disappeared with 

a slight increment of the temperature in the liquid state. These features were 

confirmed in other local anesthetics5 
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INFRARED AND RAMAN STUDY OF PROCAINE 63 1 

When the sample crossed the melting point, an increment ca 28 cm-l in 

the frequency of the band corresponding to the v(C=O) mode and a decrease 

ca. 50 cm-’ in the frequency of the band at 3240 cm-l were observed This 

band at 3240 cm” also showed a continuing increase of the width and a 

remarkable loss of intensity in the liquid phase as the temperature increased 

Other bands also showed a remarkable sensitivity to the temperature, such 

CH3 
as the vibrations in CH2 groups at 2862. 1453 and 1380 cm-I and in 

and ethyl groups at 1368 and 1335. 1320, 928 cm-’ respectively. These bands 

decreased in intensity as the temperature rose, disappearing In several cases 

in the liquid phase. The ring stretching vibrations u(C=C) at 1570 and 1018 

cm behaved similarly. -1 

HINDERED ROTATION OF THL wH2 CRWP 

The rotational barrier V2 corresponding to the torsional .odes 7(NH2) 

in the p-amino group was calculated for a hindered rotation potential 

function25: 

v ( a 1 = v2 / 2 ( 1 - cos 2 a 1 

where a is the rotation angle. Thus, the hindered rotation Hamiltonian is 

solved by using the optimization procedure described else~here~~’~’. and by 

computing the values of the rotation barrier, V2 (seventh column in Table 2). 

This same procedure was also used employing a harmonic approximation (HA). 

sixth column. An increase in the values of V was calculated with a 

Hamiltonian The difference was increased with higher experimental torsional 

frequencies. Nevertheless, the differences with the HA were slight; therefore 

the HA can be considered acceptable for estimating V2 because of its greater 

simp1 i c i t y . 

The torsional frequencies in the NH group, calculated with the CNDO/2 

and AM1 methods, are shown in the third and fourth columns of Table 2. In the 

case of CNM)/2. they were obtained by the potential function, solving the 
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632 ALCOLEA PALAFOX 

torsional Schroedinger eq~ation‘~. These frequencies. which are valid for the 

gas phase. can therefore be used as a test for experimental assignments. 

Although smaller. the CNDO/Z torsional frequencies followec the same 

trend as did the frequencies obtained experimentally for amino groups The 

differences between T“’ and T ~ ~ ~ ~ ’ ~  can be attributed to several causes, 

such as the unavoidable redshift implied by the transition from solid to gas. 

the inaccuracy of the CND0/2 method Itself. the electronlc nature of the 

rotational barrier and, finally, the contributions of some interactions of the 

molecules within the crystalline net of the compound. 

IWVERSION BARRIER IN THE P-AMINO CROUP 

The wagging bands observed in the spectra are combinations between 

torsion and wagging vlbrations” which are active in IR. Since there is no 

selection rule for the transitions, all are possible. Thus a scheme with six 

of these models of the lnversion transitions for the first four energy levels 

was e~tablished‘~. The selection of the most suitable model to the 

experimental data, inversion barrier and inversion angle. reveals the scheme 

of the inversion transitions and the IR and Raman frequencies in the low 

frequency region, < ZOO cm-I. 

To obtain the inversion barrier and the inversion angle three methods 

were used. 

1 1 )  Using an Harmonic approximation (HA) with the experimental average 
A 

frequency of wagging ( ~ ~ 1 ,  the barrier heights I V , )  

The equations ~ s e d ~ ” ~ ~ .  calculate the values of the coefficients V ’ and 

V2‘ Tne inversion constant B, was obtained through the crystallographic 

data and the value of the inversion angle w experimentally reported” in 

aniiine. 37 5‘ 

were calculated, Table 3 

A 

( 2 )  With a torsional Hamiltonian IT ti 1 ,  V, and w were ca!culated 

together. The pr~cedure‘~ was as follows The set of values of inversion 
0 
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lNFRARED AND RAMAN STUDY OF PROCAINE 633 

angles (between 10' and 40') and V (between 60000 and 100000 cm-') obtained 

V2' values. Introducing this set of V ' and V ' values in a torsional 

Hamiltonianz5, the energy levels and wavefunctions were computed in each case. 

With these energy levels the different inversion transitions were determined 

Curves were plotted" f o r  each transition and on these curves the two 

experimental vibrations of wagging were traced These frequencies coincide at 

only one point. from which the optimum values of w o ,  V1' and V ' that 

appear in the third to fifth columns respectively of Table 4 were obtained, 

as well as other inversion transitions. columns six to nine. These values are 

listed in the first row and are associated with the follows scheme of 

transi tionsm: 

JIo'+ JIo'+ JI,'. JIo"+ 11,' and 

In the second row are shown the respective values corresponding to 

deuterated p-amino group. With the isotopic exchange a decrease, low in w 

and even lower in the barrier height was noted. These values were also 

different from those computed by An1 ( 3 4 . 1 7 O .  1463 cm-'1 and cNDo/2 (51.8'. 

3051 cm-'1 methods and agree with those reported in mlllne''31. The 

inversion potential function energy levels and optimum transitions established 

with the IR data are shown in Fig. 8a. while the wavefunctions for the first 

four energy levels are plotted in Fig. 8b. 

(3) The third method employed was an Harmonic approximation of vibration 

(H.A.V. 1 which also calculated together V, and wo. This procedure employed an 

approximation of a double symmetric hole which considers the inversion as a 

vibration movement of harmonic character of the nitrogen atom through the 

plane defined by the two hydrogens of p-amino group and masses centrun of the 

molecule excluding this groupz9. The final results are shown in Table 4, which 

correspond to the same scheme of transitions described in the torsional 

Hami 1 tonian. 

A 

In Table 4 the H.A.V. procedure shows an excessively low value for wo 

V,. related to the amino group in anilinem. However. a better 
h 

and high for 
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634 ALCOLEAPALAFOX 

Table 3. With an Harmonic Approximation (HA) in cm-' 

- 
B I  "1 

p-amino group v 

509 ( I R )  33924 -10690 456 

559 (R) 29'32 40916 -12893 550 -NH2 

383.5 I I R )  34984 -11024 47 1 

410 (R) l6'I4 39985 -12600 538 -ND2 

IR and R. values obtained by infrared and Raman spectroscopy, respectively 

Table 4. Parameters found, in cm-l. for the first four energy levels using a 
Torsional Hamiltonian ( T . H .  ) and an Harmonic Approximation of vibration H . A . V .  

Method used w I") V V V V V 

j - N H 2  1 dR 30 32' 4 

T. H .  

H A V  

I IR 30.2 

1 R 27.2 
-ND2 

[ I R  20 4 

R 18.8 

IR 24 0 

R 16 5 

-NH2 

73189 -21611 

88000 -25507 

70350 -20360 

99000 -27840 

508 

482 

377 

343 

779 

870 

777 

600 

105 575 

125.5 622 

33 400 

85.5 453 

105 575 

125.5 622 

33 400 

85.5 453 

470 445 

496.5 493 

367 298 

367. 5 354 

470 277 

496. 5 320 

367 155 

367.5 214 

IF,, infrarea ansorption R. Laser-Raman spectroscopy 
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INFRARED AND RAMAN STUDY OF PROCAINE 635 

COSINE 

I 

h 
v . . . . .  
10 0 

I . . . . . ,  
0 

Fig 8. a) Inversion potential function, energy levels and optimum 

transitions with a torsional Hamiltonian bl Uavefunctions for the first four 
energy levels. 

agreement was obtained with the H.T. method. This result was a consequence of 

the slight difference of energy that H . A . V  established between the levels 

#os+ *oas and Ills+ $ilaS. 

The bands of the IR and Ranan spectra of PAC were assigned. Special 

attention was centered on the p-amino vibrations. Thus, with relations 
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636 ALCOLEAPALAFOX 

u(NH)/u(ND) previously reported in related molecules, the bands corresponding 

to this group were identified and assigned. The frequencies of the vibration 

bands due to the t w o  conformations of NHD group were also determined and that 

they obeyed the isotopic change rules was verified The identification of 

partially deuterated NHD groups was in accordance with that observed in 

aniline derivatives. 

The NH2 and ND torsional modes, inactive in IR according to the 

conventional selection rules, but observed in the spectra, were interpreted as 

symmetric and antisymmetric combination bands of the pure torsional mode with 

the first inversion transition The inversion transitions between the first 

four energy levels, and the wagging bands in the far I R  were determined 

In the study concerning the temperature of the IR spectrum, when the 

sample reached the melting point, a sudden change in the intensity of the 

bands was noted, especially in the NH stretching modes. 

Several procedures were used to obtain the barrier height and the 

inversion angle. These results complete the theoretical study and are in good 

accordance with those published earlier. 

The author acknowledges and appreciates the co-operation of Instituto de 
Optica Daza de Valdes del CSIC of Madrid, for the facilities for IR and Raman 
spectra Thanks are also due to Dr J L Ndez and Dras J .  Abellanato. C.S 
Siguenza and M Santos for their interest, help and encouragement 
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