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Near-infrared characterization of N-tertiobutoxycarbonyl-L 
amino acids. 

K D e  Wael, C.Bruynee1 and Th.Zeegers-Huyskens 
Department of Chemistry, 200F Celestijnenlaan 300 1 B-Heverlee Belgium 

Keyword: FT-near-infiared spectra (7000-4000 cm-' ), N-tertiobutoxycarbonyl 
amino acids, anharmonicity of the vibrations 

INTRODUCTION 

The near-Sared absorption spectra of open-chain secondary amides and small- 

ring lactams have revealed the sensitivity of certain NH combination bands to 

conformation of the amide grouping'.3 more specifically to the cis and tram 

conformations of the secondary amide grouping2. Some near-Sared 

characteristics of the peptide groups have been reported a long time ago'.' but 

despite their biological interest, no data are available for N-tertiobutoxycarbonyl 

amino acids. In this work, the near infiared spectra of the following molecules 

\p" 
0 H3C' 

R = H, (BGLY), R = CH3 (BALA) R = CH2-CH2-SCH3 (BMET) and 

R = CHz-CSHS (BPALA) 

have been investigated in the solid state and in carbon tetrachloride solution. 
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284 DE WAEL, BRUYNEEL, AND ZEEGERS-HUYSKENS 

It is useful to remember here that if voI and voz are the fiequencies of the 

fbdamental transition and of the overtone, the anharmonicity of the vibration can 

be computed fiom the relation 

x = vo1 - v02l2 

Further the coupling coefficient between two different vibrations 1 and 2 can be 

computed &om the expression : 

XI2 = (vlol + v201) - v02 

EXPERIMENTAL 

The near-hfi-ared spectra have been recorded on the Bruker 66 spectrometer 

at a resolution of 2 cm-'. The spectrometer was equipped with a cooled InSb 

detector, a KBr beamsplitter and a Tungsten source. For the spectra in solution, 

cells equipped with quartz-hfi-asil windows and a pathlength of 5 or 10 cm have 

been used. The spectra in the solid state have been taken in KBr pellets containing 

10% of the product. The experimental errors on the fiequencies are f 1 cm-I for 

the sharp bands and k 5 cm" for the broad bands. 

The N-tertiobutoxycarbonyl amino acids fiom Sigma have been used without 

&her pudication. 

RESULTS AND DISCUSSION 

Bands observed in the near-hfi-ared are primarily attributable to overtones and 

combinations of hdamenta l  and as a consequence, the assignment of the 

vibrational modes in the fimdamental region must precede interpretation of the 

near-infrared spectra. 

I .  Fundamental vibrations of BGLY, BALA, BMET and BPALA. 

The mid-infiared spectra of BGLY, BALA and BMET have been investigated in 

carbon tetrachloride solution in the vOH and vNH stretching range ( 3600-2500 cm- 
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1 7  ) . The mid-infiared spectra of BGLY and BALA in the solid state have been 

recently studied *. In the present work, the mid-idtared and Raman spectra of 

BMET and BGLY have been investigated .The assignment of the vibrations which 

are important for the discussion of the near-infiared spectra are summarized in 

Table 1. 

It is important to stress here that BGLY, BALA and BPALA have not the same 

structure in the solid state. In BGLY, the shorter hydrogen bonds are formed 

between the OH and urethane carbonyl groups and two longer hydrogen bonds 

characterized by distances of 3.02 and 3.12 A are formed between the NH and acid 

carbonyl groups '. This bonding scheme results in two different vm stretching 

fiequencies at 3407 and 3344 cm" and two different VC=O fiequencies for the 

carboxylic and urethane groups. In BALA, the molecules are held together by 

intermolecular OH ... 0 hydrogen bonds between the carboxyl groups which are in a 

cyclic anangement and weak hydrogen bonds are formed between the NH and 

carbonyl urethane. In this molecule, only one vm vibration is observed at 3383 cm- 

I .  In both BGLY and BALA, the HN-C=O group has the trans conformation. 

BPALA has a different structure; the molecules form cyclic dimers between the 

carboxyl and urethane groups. Two Werent NH... 0 hydrogen bonds of 2.85 and 

2.99 A are observed 'OJ' and two vm vibrations are observed at 3314 and 3265 

cm-I. The HN-C=O group has the cis conformation. The X-ray structure of BMET 

is not known. The infiared and Raman spectra of BALA and BMET are very 

similar and this suggests that the two molecules have the same structure. More 

specifically, the non-coincidence of the VC+ idtared and Raman fiequencies 

suggests a centrosymmetric structure for the carboxylic group of BMET. 

The N-tertiobutoxycarbonyl -L- amino acids are strongly associated in carbon 

tetrachloride solution and at the studied concentrations (0.03 to 0.1 mol dm'3), 

about 55% of the NH groups and about 95% of the OH groups are hydrogen 

bonded, forming homodimers or heterodimers' . Absorptions at about 3525 and 

3445 cm-' corresponding to the vOH and vm vibrations of the monomers are 
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BALA 

solid I CCIA 
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BMET BPALA 

solid I CCIA solid I CCld 

TABLE 1:Fundamental assignments for BGLY, BALA BMET and BPALA in the solid state 
and in carbon tetrachloride solution.( data in cm-l) a 

3383 

BGLY 

3528 3524 3526 

3446 3439 3444 

3265 
3264 3365 3256 3257 

t 
3105 

1428 

1410 

3100 3100 3050 ~ 3 1 0 0  3102 
(2600) (2580) (2575) 

1739(IR) 
1693(R) 

1691 

1764 1762 1760 

1718 1728(IR) 1718 1712 1717 
1692(R) 

1714 1718 1717 

1666 1693 1665 1648 1667 

1518 

1454 

1497 1520 1498 1496 1497 

1410 1444 1445 1455 1399b 

1254 
13 94a 

1244 1250 1253 1278 1280b 
b 

Assignmen 

/ 
VNH 

wb 

VNH 

VNH 
b 

b 
VOH 

combination 

A/ 
K O  

d b  
K=0 

L'b 
K O  

amide I1 

&H 

&H 

amide Illb 

amide IIIf, 
amideIIIW 
b 

a v = stretching, 6 = deformation, A and 
groups, = free, = bonded, wb = weakly bonded, dimer absorption, monomer absorption 

refers to the carbonyl of the carboxylic and urethane 
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observed. In some case, a small concentration effect on the 6 0 ~  and amide 111 

vibrations is observed. 

It is also worth mentionining that in the solid state and in solution, the V(,H 

vibration of the hydrogen-bonded species culminate between 3 100 and 3000 cm-I. 

Absorptions of weaker intensity are observed between 2700 and 2000 cm-l. The 

band shaping mechanism is likely the same as in the acetic acid h e r  where the 

maximum of the v ~ ) H . . . ~  absorption is observed near 3030 cm-' . The secondary 

absorptions observed between 2900 and 2100 cm-' have been assigned to 

combinations involving internal modes of the acid I*. 

2. Near-infiared spectra of BGLY, BALA, BMET and BPALA. 

The near-inf?ared spectra of amides are well-documented in the literature but 

there are very few data on the near-inf?ared spectra of carboxylic acids. The first 

overtone of the VCH3 vibration and the second overtone of the VC+, have been 

observed in acetic acid l3 and the first overtone of the V ~ H  vibration in the dmers 

of carboxylic acids has been localized between 5880 and 5455 cm-' 14. In view of a 

better assignment of the overtone spectra of the amino acids, the spectrum of 

acetic acid has been studied between 7250 and 4000 cm-l. The near in!?ared 

spectra taken at Werent concentrations of acetic acid are reproduced in FIG1 

The first overtones of the VCH3 vibrations are observed at 5949 and 5809 cm-' and 

the absorptions oberved at 4338 and 4223 cm-' are assigned to combinations of the 

VCH3 and &W vibrations. The intensity of the absorptions at 5653, 5400, 50 17 cm-l 

and the doublet at 4691-4654 cm'l increases with increasing concentration of 

acetic acid and are therefore assigned to the dimer. A tentative assignment of these 

absorptions which are characterized by weak intensities is presented in Table 2. 

Some of these combinations (liOH(IR) + &H(R), &H(IR) + vc.<,(R)) are also 

observed in the mid-in!?ared region 12. The overtone spectrum of methanol in 

carbon tetrachloride is also characterized by very weak side bands assigned to 

combinations involving the vOH and the &, VC.~, or &-H3vibrations I5-l6. 
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TABLE 2 : Near-IR absorptions of acetic acid in carbon tetrachloride, tentative 
assignment and anharmonicities or coupling constants( data in crn-l) a 

a w = weak, br =broad, 
the SOH and 6CH3 vibration are coupled12 

f and b are the vibration in free and hydrogen-bonded acetic acid. 

The near-infkared spectra of BGLY and BALA in the solid state and in carbon 

tetrachloride solution are reproduced in FIG.2 and FIG.3. The observed 

fiequencies, the assigment of the absorptions and the anharmonicities or coupling 

coefficients are indicated in Tables 3-6. 

The first overtone of the VCH3 vibrations of the tertiobutyl group are observed at 

5955-5965 cm-' and the combinations between the VCH3 and &H3 at 4410 and 4235 

cm". In alanine, these combinations are observed at 4455 and 4385 ern-'.'' and will 

no more be discussed in this work. 

For the four amino acids in solution, the 2 V ~ H  vibration of the fiee OH group is 

observed between 6900 and 6910 cm-' and the corresponding anharmonicity 
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TABLE 3: Near IR absorptions of BGLY in the solid state and in carbon 
tetrachloride. Tentative assignment and anharmonicities or coupling 
constants.( data in crn-1) a 

a same remarks as below TABLE 1 

ranges between 72 and 77 cm-'. In the solid state and in solution, a broad and weak 

band is observed between 5770 and 5820 cm-'. This broad absorption is assigned 

to the 2 VOH vibration of the hydrogen-bonded OH groups. In the fimdamental 

region, this absorption is observed between 3000 and 3100 cm-'. The 

anharmonicities of these vibrations range between 160 and 210 cm-' and this 

clearly show that the formation of these strong hydrogen bonds results in an 

increase of the anharmonicity which is more than twice higher than in the free VOH 

vibration. Anharmonicities higher than 200 cm-' have also been found for the VOH 
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TABLE 4 : Near-IR absorptions of BALA in the solid state and in carbon 
tetrachloride. Tentative assignment and anharmonicities or coupling 
constants.( data in cm-1) a 

a same remarks as below TABLE 1 

vibration in strong hydrogen bonds involving aliphatic alcohols and trimethylamine 
18 

The 2vw vibration of the fiee NH group is observed 6750 and 6777 cm-' and the 

corresponding anharmonicities take values between 64 and 68 cm-I. For weakly 

hydrogen-bonded NH groups such as BGLY and BALA in the solid state, the 

anharmonicities are weaker (52 and 59 cm-' respectively) than for the fiee VNH 

vibrations. When the NH group is involved in a stronger hydrogen bond such as in 

the heterodimers in solution, the anharmonicities increase and take values between 

83 and 86 cm-I. The variation of the anharmonicities as a h c t i o n  of the 

experimental VNH fiequencies are illustated m FIG.4 which clearly shows that the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



294 DE WAEL, BRUYNEEL, AND ZEEGERS-HUYSKENS 

65 

25 

TABLE 5 : Near-IR absorptions of BMET in the solid state and in carbon 
tetrachloride. Tentative assignment and anharmonicities or coupling 
constants ( data in cm-1) a 

solid I CClA solution 
assignment X 

t b b s  
6904w f 72 

64 6750111 

~ 6 3 4 0  b 86 

VOH 

2' dH 
2. VNH 

assignment L 

-13 

6600111 & 

+ amide 111 I -23 4 6 0 6 ~  Ub I vc=o 

5 776m,br A 
I 

507Ow Ab 

4888s 

+2amideII 47 13w 

4650w 
vc=o 

b I vMCT + amide I11 4628m 

=--hXr- 4515w 

-12 I I I  11 
VNH + Vs=o 

29 I 
a same remarks as below TABLE 1 

anharmonicity of the vw vibration in the bonded NH group is lower than that of 

the fiee NH group and that the anharmonicity regularily increases with the strength 

of the hydrogen bond. Owing to the experimental errors on the 6equencies which 

are equal to f 5 cm-', this increase is significant. No data on the variation of the 

anharmonicities in the same family of complexes can be found in the literature. In 

fiee diethylamine, the anharmonicity of the vm vibration is 93 cm-' and decreases 

to 45 cm-' in the self-associated amine where the NH... N hydrogen bond is weak 

. In self-associated imidazole, where the NH... N hydrogen bond is strong (the 19 
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vNH b + amide I11 

TABLE 6 : Near-IR absorptions of BPALA in the solid state and in carbon 
tetrachloride. Tentative assignment and anharmonicities or coupling 
constants ( data in cm-1) a, b 

-36 

295 

a same remarks as below TABLE 1 , 
VNH vibrations at 3314 and 3265 cm-I (solid state) could be detected 

no absorption corresponding to the overtones of the 

VNH .N vibration is observed at 2800 cm-I), the anharmonicity increases fiom 40 to 

175 cm" on going fiom the monomer to the associated species 20. These results are 

in qualitative agreement with the present data. 

In the 5100-4585 cm" region typical absorptions of the peptide group are 

observed 5.17. More specifically, in fibrous proteins, absorptions at 4950 cm-'(v, 

+ v~=0),486Ocm~'(2v~~ + amide 11), 484Ocm" ( vw + amide 11) and 4750 cm-' 

(VC=O + 2amide II) have been identified'. Similar combinations such as vNH + amide 

11, VNH + amide lll, 2vc4 + amide IIl are observed in secondary amides and in 

these molecules, the coupling constants range between 40 and -10 cm-I. The band 

observed between 4618 and 4646 cm-I, assigned in this work to the VNH + amide 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



296 DE WAEL, BRUYNEEL, AND ZEEGERS-HUYSKENS 

Q) 

cw 2 :  

/ 

/ *  

/ *  

0 
W * m 

0 * * 
m 

0 
(v w m 

0 
0 * m 

0 
03 
m 
m 

0 
(D m 
m 

0 
w 
m 
m 

0 
N m 
m 

0 
0 
m 
m 

0 00 

N m 

0 
(D 
N 
m 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



N-TERTIOBUTOXYCARBONYL-L AMINO ACIDS 297 

111 combination is observed with an high intensity in lactams ’ so that the 

assignment of the absorptions in this region to the carboxylic group of the 

amino acid seems unlikely owing to the weak intensities of the bands observed in 

this region in acetic acid. The absorption observed in the solid state between 4580 

and 4500 cm-l probably arises fiom the V ~ H  + 6 ” ~  combination. 

As mentioned before, the urethane group has in the solid state the trans 

conformation in BGLY and BALA and the cis conformation in BPALA. A vNH + 

V C ~  combination is observed near 5 100 cm -’ in the cis-lactams but not in the 

trans open-chain secondary amides This combination is observed near 5070 cm-’ 

in BGLY, BALA and BPALA and does not allow to characterize the conformation 

of the urethane group in the amino acids. 
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