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Ultraviolet Spectra of Dehydropeptides by Double Beam Measurement 

By Yasuyuki Shimohigashi, James W. Dunning, jun., Michael D. Grim, and Charles H. Stammer," 
Department of Chemistry, University of Georgia, Athens, Georgia 30602, U.S.A. 

The double beam measurement (d.b.m.) method, in which the U.V. spectrum of an unsaturated peptide is scanned 
using the saturated analogue as a reference, allowed the isolation of the U.V. absorption peaks of the dehydroamino- 
acid moiety in unsaturated dehydropeptides (DHP). Three types of DHP were measured as models: AAla t 
peptides having no P-substituents, showed peaks at 200 and 240 nm ; ALeu peptides with a p-alkyl substituent also 
showed two peaks at 200 and 220-230 nm ; and APhe peptides with a P-phenyl substituent had three peaks at 200, 
220, and 280 nm. These distinct peaks were caused by steric effects about the double bond of the dehydroamino- 
acid moieties. The effect of configuration (Z or E )  was also discussed. 

MANY bioactive dehydropeptides (DHP), which contain 
ctp-unsaturated amino-acids (dehydroamino-acids) , have 
been found in nature.192 In recent years, studies on the 
synthesis of DHP gave been carrecl out in order to pre- 
pare potent analogues of peptide hormones and to de- 
velop further the structure-activity relationship in these 
compo~nds. l -~ I t  is clear that the spectrometric deter- 
mination of a dehydroamino-acid moiety in a peptide 
sequence is important for confirmation of the structure 
of a stereochemically pure synthetic DHP. lH and 
13C n.m.r. spectroscopy is often used for these purposes.2 

We have synthesized several highly active dehydro- 
enkephalins, for example [r>-Ala2, APhe4, Met5]enke- 
phalin amide,4 and during these ~ y n t h e s e s , ~  we found 
that the U.V. spectrum could be used as a very useful 
monitor of the introduction of the dehydroamino-acid 
moiety and for the final characterization of the DHPs. 
Only a few reports of U.V. studies used for identification of 
synthetic and natural DHP have How- 
ever, in these investigations, the dehydroamino-acid 
moiety itself could not be clearly characterized because of 
the strong absorption by peptide bonds below 240 nm. 
Therefore, in this work, we intended to isolate the spec- 
trum of the dehydroamino-acid moiety from the u.v. 
spectrum of the remainder of the peptide sequence. 

"\ C /" R\ CH /H 

I 
-NH-CH-CO- 

It 
-NH-C-CO- 

( 1 )  R = H  
( 2 )  R = CH(CH3$ 
(3) R = C6H5 

Three types of DHP (Ia) were selected as models: 
( la)  a vinyl type, dehydroalanine (AAla); (2a) a p- 
alkylvinyl type, dehydroleucine ( ALeu) ; (3a) a p- 
arylvinyl type, dehydrophenylalanine ( APhe) . In  order 

t Abbreviations according to  IUPAC-IUB Commission, 
Biochemistry, 1972, 11, 1726, are used throughout. Additional 
abbreviations : ButOC1, t-butyl hypochlorite ; A, ap-didehydro ; 
DMF, NN-dimethylformamide ; DBU, 1,5-diazabicycl0[5.4.0]- 
undec-Bene ; Boc, t-butoxycarbonyl ; Bzl, benzyl. 

to extract the absorption of the dehydroamino-acid 
moiety, the saturated analogues (Ib) of these DHP were 
synthesized and used as references. A series of double 
beam measurements (d.b.m.) in which the U.V. spectrum 
of the unsaturated peptide is scanned using the saturated 
analogue as reference are described in this paper. The 
steric effect of the configuration, 2 or E ,  on the U.V. 

spectra of DHP [types (2) and (3)] is also discussed. 

EXPERIMENTAL 

Spectra.-The U.V.  spectra were measured on a Varian 
Cary 219 or a Beckman UV 5260 spectrophotometer. 
Acetonitrile, chloroform, and methanol were of spectro- 
scopic quality and the remaining solvents were reagent 
grade. The measurements were performed such that the 
same concentrations of unsaturated and saturated peptides 
were used. lH N.m.r. spectra were recorded on a Varian 
EM-390 90 MHz spectrometer with tetramethylsilane as 
internal standard. 

Peptides.-All peptides were synthesized by classical 
methods and finally purified by silica gel or Sephadex LH-20 
column chromatography. Their purity was checked by 
t.l.c., lH n.m.r., and elemental analyses. The methods of 
DHP synthesis are described as follows without detailed 
description : the dehydroalanine residue was derived from an 
L-serine residue by tosylation followed by p-elimination 
using diethylamine; lo dehydroleucine was prepared by 
N-chlorination of leucine esters with ButOCl followed by 
dehydrochlorination and isomerization of the intermediate 
imine with DBU; l1 Boc-pGlu-APhe-OBut (VIa) was made 
from the saturated peptide (VIb) by the same method as 
described for the ALeu-peptides,12 but other APhe peptides 
were prepared from threo-DL-P-phenylserine dipeptides by 
dehydroazlactoni~ations.~~ All ALeu and APhe peptides 
except Bz-AELeu-OMe and 2-A"Phe-OEt have the Z-con- 
figurations, as determined by lH n.m.r. 1 4 p 1 5  

RESULTS 

The d.b.m. method allowed the isolation of the U.V. peaks 
below 250 nm as shown in Figures 1-7. The AAla peptides 
afforded a single sharp peak a t  240 nm (Table 1,  Figure 1). 
In the standard measurements, this peak (E 4 000) is observed 
only when the number of amino-acid residues in the peptide 
is small as in (IIa) in Figure 1. In the case of large peptides 
or depsipeptides containing AAla, this peak is discernible 
only as a shoulder.*.9 The regular U.V. absorption spectra 
of P-alkyl-substituted DHPs like dehydroaminobutyric 
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TABLE 1 

Spectroscopic properties of dehydrodipeptides : chemical shift of vinyl proton in lH n.m.r. and U.V. absorption a 

Peptide 
(IIa) Boc-Phe-AAla-OMe 
(I1 b) Boc-Phe-Ala-OMe 
(IIIa) Boc-Phe-ALeu-OBzl 
(IIIb) Eoc-Phe-Leu-OBzl 
(IVa) Boc-pGlu- APhe-OBut 

(IVb) Boc-pGlu-Phe-OBut 

Chemical shift 8 7 

of vinyl proton MeOH 
(CHCl3) A/nm Q 

5.94, 6.66 242 7 000 

6.50 (d) 222 7 400 

7.42 (Ar envelope) 280 18 300 
221 11 700 

< 200 

< 200 

< 200 

U.V. L spectra 
CHCI, 7 

CH,CN 96% EtOH 
A/nm c A/nm c A/nm 
244 6 300 (insoluble) 

227 6 100 220 7300 

279 17 100 280 18000 286 16300 
221 11 000 221 10900 

< 200 < 200 

< 200 < 200 

< 200 < 200 
a Series a were measured by the d.b.m. method while series b were measured by standard methods. 

acid (AAbu), AVal, or ALeu peptides do not even show the 
shoulder,' because the peptide bond has a large absorption 
velow 230 nm. However, by the d.b.m. method, the ALeu 
peptides showed a distinct peak at  220-230 nm (E 5 000- 
7 000), which was detected for the first time (Figures 2 and.4). 
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FIGURE 1 U.V. spectra of (1) Boc-Phe-Ala-OMe (IIb); (2) 
Boc-Phe-AAla-OMe (1  la) ; (3) Boc-Phe-AAla-OMe (IIa) 
(d.b.m.) in CHSCN (3.2 x 10-6~),  and (4) Boc-Phe-AAla-OMe 
(IIa) (d.b.m.) in MeOH (3.2 x 10-6~) 

The APhe peptides showed a peak at  220 nm (e 9000- 
12000) along with a strong peak a t  280 nm (e 16000-  
20 000) (Figures 3 and 7). 

Although all types of DHP showed another peak at  ca. 
200 nm in the d.b.m. spectra as shown in Figures 1-7, i t  
was difficult to estimate the intensity of this peak exactly 
because measurements near 200 nm are quite limited by 
solvents and instrumental techniques. The solvents, 
CH,CN, MeOH, and 96% EtOH, showed a very small peak 

below 205 nm, but the additional peak of all the DHPs near 
200 nm was much more intense than that of solvents and 
should be recognized as a significant absorption. 

The concentrations of both measured and referenced 
peptides must be identical and the purity of both peptides 
must be carefully checked by t.l.c., n.m.r., and elemental 
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FIGURE 2 U.V. spectra of (1) Boc-Phe-Leu-OBzl (IIIb), (2) 

Boc-Phe-ALeu-OBzl (IIIa), (3) Boc-Phe- ALeu-OBzl (IIIa) 
(d.b.m.) in CH3CN (3.2 x 10-6~) ,  and (4) Boc-Phe-ALeu-OBzl 
(IIIa) (d.b.m.) in MeOH (3.2 x 1 0 - 6 ~ )  

analyses. Although the tetrapeptides (V) were measured 
in MeOH (Table 2, Figure 4), pentapeptides (VI) were 
dissolved in 0.1 yo DMF-MeOH because of their insolubility 
in neat MeOH (Figure 5 ) .  Since DMF interfered with 
measurements below 230 nm, the absorption of the ALeu 
peptide (VIa-2) could not be observed (Table 2). In 
CHC1, no peaks for AAla and ALeu were observed even 
though the d.b.m. method was used and there was no sig- 
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FIGURE 3 U.V. spectra of (1) Boc-pGlu-Phe-OBut (IVb), (2) 

Boc-pGlu- APhe-OBut (IVa), (3) Boc-pGlu- APhe-OBd (IVa) 
(d.b.m.) in CH,CN (3.2 x 1 0 - 6 ~ ) ,  and (4) Boc-pGlu-APhe-OBut 
(IVa) (d.b.m.) in MeOH (3.2 x 1 0 - s ~ )  
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nificant influence on the wavelength due to solvent changes 
as shown in Table 1. However, proton-donating solvents 
(MeOH and 96% EtOH) gave slightly more intense absorp- 
tion, probably resulting from solvation of peptide bonds. 

TABLE 2 
Spectroscopic properties of dehydrotetra- and penta- 

peptides 
Chemical 
shift S of U.V. spectra 

Peptide vinyl proton A/nm e 

(Va-2) Boc-D-Ala-Gly-Phe- 

(Va-3) Boc-D-Ala-Gly-APhe- 

(Vb) Boc-u-Ala-Gly-Phe-Leu- 
OBzl < 200 

(VIa-1) Z-Tyr(Cl,Bzl)-AAla- 5.60, 6.20 241 4 100 
Gly-Phe-Leu-OBzl 

(VIa-2) Z-Tyr(C1,Bzl) -~-Ala-  
Gly-Phe-ALeu-OBzl 6.38 (d) ~ 2 3 0  

(VIa-3) Z-Tyr(C1,Bzl) -D-Ala- 
Gly-APhe-Leu-OBzl 7.25 b 276 19 300 

(VIb) 2-Tyr(C12Bzl)-~-Ala- 

ALeu-OCH,Ph 6.40 (d) a 221 7 400 

Leu-OBzl 7.30 276 19 100 
222 9 200 

G1 y-Phe-Leu-OBzl < 200 
* In  CDC1,. In  [2H,]DMS0. 

W 
3 e 

FIGURE 4 D.b.m. spectra of (1) Boc-D-Ala-Gly-Phe-ALeu- 
OBzl (Va-2) and (2) Boc-D- Ala-Gly- APhe-Leu-OBzl (Va-3) in 
MeOH (8.4 x 1 W 6 ~ )  

Acetonitrile seems to be the best solvent with respect to 
solubility, purity, and measurable region. 

Z -  and E-isomers of Bz-ALeu-OMe afforded the different 

20 L 
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1 ' " '  1 
240 260 280 300 320 340 

h/nm 
FIGURE 5 D.b.m. spectra of (1) Z-Tyr(C1,Bzl)-AAla-Gly-Phe- 

Leu-OBzl (VIa-I), (2) X-Tyr(C1,Bzl)-D-Ala-Gly-Phe-ALeu- 
OBzl) (VIa-2), and (3) Z-Tyr(C1,Bzl)-D-Ala Gly-APhe-Leu-OBzl 
(VIa-3) in 0.1% DMF-MeOH (2.6 x 1 0 - 6 ~ )  

TABLE 3 
Stereoscopic properties of Z- and E-isomers of dehydroamino-acid derivatives 

Amino-acid 
derivative 

(VIIa- 22)  Bz- AzLeu-OMe 
(VIIa-2E) Bz-AELeu-OMe 
(VIIb) Bz-Leu-OMe 
(VIIIa-32) Z-AzPhe-OEt 

(VIIIa-3E) Z-AZPhe-OEt 

(VIIb) Z-Phe-OEt 

Chemical shift 6 of 
vinyl proton 

CDCI, CFaC0,H AS (p.p.m.) A/nm 
6.65 (d) 7.15 (d) +0.50 245 
7.09 (d) 6.60 (d) - 0.49 252 

224 
(7.20-7.40) a 280 

221 
7.57 -7.30 a - 0.27 278 

221 
< 200 

e 
5 200 
9 100 

10 600 
17 000 
9 300 

15 700 
9 800 

a Cnntained within the aromatic enveloDe. 
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FIGURE 6 D.b.m. spectra of (1) PhCO-A”Leu-OMe (VIIIa-22) 
and (2) PhCO-AELeu-OMe (VIIa-2E) in CH,CN (8.0 x 1 0 - 5 ~ )  

peaks and intensities (Table 3, Figure 6),  b u t  on the other 
hand, the 2- and E-isomers of 2-APhe-OEt showed almost 
the same pattern of peaks and intensities, appearing a t  200, 
220, and 280 nm (Table 3, Figure 7) .  

0 
200 220 240 260 280 300 320 340 

h / n m  

FIGURE 7 D.b.m. spectra of (1) Z-AZPhe-OEt (VIIIa-82) and  
(2) 2 - A E  Phe-OEt (VIIIa-3E) in CH,CN (6.1 x 10%1) 

DISCUSSION 

The absorption of an ethylene chromophore is due to a 
x+n* transition, which shows intense absorption bands 
(K bands) in the 200-300 nm region in the U.V. spec- 
trum. Since DHPs have a dehydroamino-acid moiety, 
this K band absorption should be shown distinctly by the 
d.b.m. method. Fieser l6 summarized the extensive 
rules of enone absorption as enunciated by Woodward. 
According to Woodward’s rules, the base value of an 
ap-unsaturated carboxylic acid or ester is 195 nm. 
Since the AAla peptides (no p-substituents) have Amax at 
240 nm (Tables 1 and 3) and the AAla derivatives like 
2-AAla-OH have the same A,,,. at  240 nm,ll the incre- 
ment can be estimated as +45 nm for an a-amino and/or 
a-peptidyl (-NHCO-R) substituent, which is well known 
to have partial double bond character.17 The p-phenyl 
substitution of APhe peptides gets a +40 nm additional 
increment in its A,, (280 nm), if the 240 nm absorption 

peak of the AAla peptides is used as the base value for 
DHP. On the other hand, an alkyl substituent like an 
isopropyl group showed a 10-20 nm decrement, since 
the ALeu peptides showed the Amx. at 220-230 nm. In 
addition to this, all of the DHPs had an additional peak 
at  ca. 200 nm. These results suggested some other 
effects on the U.V. absorption of DHPs. 

Forbes l8 has delineated three types of steric effect on 
a conjugated system: type 1, steric interactions which 
cause intensity changes without causing any change in 
wavelength; type 2, steric interactions which cause a 
change in both wavelength and absorption intensity; 
and type 3, steric interactions which cause separation of 
the absorption into two distinct entities because of 
inhibition of conjugation. Crotonic acid showed only one 
peak at 202 nm by the d.b.m. method, while the AAla 
and ALeu peptides had two distinct peaks: AAla (202 
and 240 nm in CH,CN) ; ALeu (195 and 227 nm in CH,- 
CN) (Figures 1 and 2). The steric interactions which 
would occur in the AAla and ALeu peptides by the a- 
peptidyl (-NHCO-R) substitution might cause both type 
2 and 3 steric effects, although there could be no exact 
determination of the intensity of peaks near 200 nm 
because of instrumental limitations. On the other hand, 
the APhe peptides showed three distinct peaks at  203, 
221, and 279 nm (Figure 3). It is certain that the p- 
phenyl substitution caused both type 2 and 3 steric effects 
because the absorption at 221 nm was much more intense 
than those of the AAla and ALeu peptides. The strong 
absorption of the APhe peptides a t  280 nm is attributed 
to the new conjugation of phenyl ring, double bond, and 
peptide bonds. Such effects as observed for DHP 
should be independent of the size of peptides (Tables 1-3, 
Figures 1-5). 

In order to explain the wavelength change of 10-20 
nm between the AAla and ALeu or APhe peptides in the 
region of 220-240 nm, we considered that it might be 
attributed to another steric effect. The ALeu and APhe 
peptides exist as Z- and E-isomers as regard with p- 
substitution and all the ALeu and APhe peptides herein 
measured have the 2-configuration. Unfortunately, the 
synthesis of the E-isomers of the ALeu and APhe peptides 
is very difficult and has not yet been accomplished. Rich 
and Matliiaparanam reported the U.V. absorption peaks 
of both isomers of Boc-NMeAla-Leu-APhe-Gly-OMe: 
2-isomer; AmiLx. 276 nm, (E 18 400), E-isomer; Amx, 
282 nm (E 9 080). However, Rao and Filler l9 observed 
almost the same intensities for the 2-and E-isomers of 
PhCO- APhe-OH and PhCO- APhe-OEt. In this study, 
the 2- and E-isomers of 2-APhe-OEt (VIIIa-32 and 3E) 
showed almost the same patterns and intensities in the 
200-300 nm region (Tible 3, Figure 7). However, the 
2- and E-isomers of PhCO- ALeu-OMe (VIIa-22 and 2E) 
showed different patterns and intensities (Table 3, 
Figure 6). The intensity of the E-isomer, A,,, 252 nm 
(E 9 loo), was about twice that of the 2-isomer, A,, 
245 nm ( E  5 200). Although the reasons for these 
differences are not clear, it seems that an amino-protect- 
ing group like benzoyl might be included in the con- 
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jugation and thus show some effect (Figure 6). We 
think it is important to deal with DHPs, not dehydro- 
amino-acid derivatives, in order to elucidate the steric 
effects on U.V. spectra. 

In general, the syntheses of saturated peptides are 
much easier than those of unsaturated peptides so that 
the d.p.m. method can be used to determine the presence 
of a dehydroamino-acid moiety in a natural compound. 
Further data compilation, like those of Rich et al.,s and 
Caccamese et a1.,Z0 may even allow the assignment of 
configuration to the dehydro-moiety. 

We thank Dr. G .  Coleman and Dr. T. Saiki, University of 
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We also thank Dr. R. Lott and Mr. T. Nitz for their do- 
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the Public Health Service for financial support of this work. 
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