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ABSTRACT 

The  infrared spectra of some DNP-a-arnino acids were examined using the I<Br technique 
in the region 5000 to  625 cm-'. There is sufficient variation in spectra of closely related 
DXP-arnino acids to  allow positive identification even though the spectra on the whole are 
Inore stri1;ingly similar than they are different. Differences in varying degrees were also noted 
between L- and DL-forms. 

INTRODUCTION 

The DNP4-derivatives of amino acids recently have assumed importance in amino acid 
sequeGce studies on peptides and proteins (1). While the I iBr pellet spectra of a large 
nunlber of the allliilo acids (2, 3) ,  and also of their 3-phenyl-2-thiohpdantoins (4), are 
reported in the literature, there is little inforillation with regard to the infrared spectra of 
DNP- derivative^.^ This study was uildertalten to compare the spectra (a)  of the DNP- 
derivatives of anlino acids with the spectra of the corresponding free amino acids as given 
in the literature, (b) of the DNP-derivatives of conlparable L- and D~-aillin0 acids, and 
(c) of the DNP-derivatives of structurally related acids, to see whether such compounds 
can be identified by their spectra. 

EXPERIMENTAL 

The spectra were taken on a i\/Iodel No. 21 Perltin-Elmer spectrophotonzeter (equipped 
with sodiuill chloride optics). Pellets were made by first nlixing the DNP-amino acids 
with KBr in an agate inortar, and then pressing the material i l l  the Perkin-Elmer die, 
under evacuation. The DNP-amino acids had beell prepared i l l  this laboratory by the 
method of Levy and Chung (5), and each was crystallized several tinles and found pure 
by paper chromatography. Melting points for all derivatives were determined and are 
essentially in agreement wit11 the values given in literature (G).  

DISCUSSION 

Table I lists and characterizes the spectral absorption bands in the 5000 to 625 cm-I 
region. As a result of dipolar ion structure illally ainino acids possess a charactel-istic 
absorptioil frequency a t  about 1587 cm-I which is related to the COO-group, as well as a 
relatively weak absorption a t  about 2128 cin-I which inay be attributed to NH frequencies 
in the -NH3 ion. The absence of this absorption peak a t  2128 cm-I in the case of DNP- 
derivatives of amino acids, where the arnino group is attached to the dinitrophenyl ring, 
was therefore expected. 

lililanzcsolpt received A p r i l  16, 1959. 
Contlibzrtion fro?i~ the Department of Biochemistry, Howard U n i o e ~ s i t y  Medical Sclzool, W a s l ~ i n g t o l ~ ,  D.C.  

I'liis work was supported in part by a grant from the American Cancer Society. 
?Spectra deposited wi th  Docimzenlation of Molecular Spectroscopy, Butterworth Scientific Pzcblications, 

London,  England.  
31,l'ork done dzlring tenzzre of Lederle iliIedical Facztkty Award .  
" D N P  i s  used a s  a n  abbreviation for 2,4d-initrophenyl.  
SThe first systematic stlrdy of the vibrational spectra of a-amino acids was made b y  Edsall and lzis co-workers 

( J .  Pltys. C h e ~ z .  41, 193 (1997); J. Clte7it. Pltys. 4, 1 (1936); 5, 225, 508 (1937); J .  A7iz. Cltem. Soc. 65, 1767 
(1943); 71, 474 (1950); and more recently J .  A m .  Clzenz. Soc. 80, 3807, 3819, 3818, 5823, 5827 (1955). T h i s  
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TABLE I 

Absorption spectra in the infrared in the 5000-625 cm-I region" 

DNP-L-arginine 245-250 ( d ) *  3311sh 2882MB 1658SB 1580SB 1520SB 1484SS 1408SB 1387SS 1335SB 
3236SB 1618SB 1570sh 1464sh 

1451sh 
DNP-L-alanine 182 3311MS 3058MB 1718SS 1675MB 1590SS 1522SS 1464WB 1414SB 1359SB 1333sh 

1623SS 1502MS 
DNP-DL-alanine 180.5 3279MS 3058MB 1709SS 1618SS 1587SS 1522SS 1464WB 1414SB 1364sh 1333SB 

1499MS 
DNP-L-aspartic 186-187 3279MS 3058MB 2857MB 1712SB 1618SS 159OSS 154GMS 1425SB 13GlSB 1333SB 

1522SS 1395SS 
1499SS 

Bis-DNP-L-cysteine 155-158 3279MS 3058MB 2907WB 17485s 1613SB 159OSB 1515SB 1427MB 1385MB 1333SB 
1511sh 

Di-DNP-L-cystine 118-121 3311sh 1745MB 1616SS 1590SS 1520SB 1422MB 1333SB 
3289MS 

DNP-glycine 209 3311MS 1712SS 1608SS 1595sh 1517SB 1447MS 1422sh 1362SS 1335SB 
149755 144lsh 1412SB 

Di-DNP-L-histidine 219 3268MS 3058MB 1715MB 1618sh 1582SS 1511SB 1416SB 1362MS 1333sh 
1613SB 1412sh 1359sh 132GSB 

1321~11 
DNP-hydroxy-L-proline 174-178 3425SB 3095WB 2950WB 1744SB 1610SB 1588SB 1533SB 1464vw 1384sh 1345SB 

3319sh 1512SB 1439MB 
1450sh 

DNP-L-isoleucine 109-110 3289MS 3058MB 2924MB 2538vwB 1712SS 1618SS 1587SS 1515SB 1456MB 1412SS 1364MS 1333SB 
DNP-DL-isoleucine 174.5 3289WS 3030MB 2915MB 1712SS 1621SS 1582SS 1517MS 1453WB 1412SS 1377WS 1332SB 

2833sh 1502MS 1361MS 
DNP-L-leucine 102 3289SS 3030SB 2899SB 1712SB 1018SB 1587SB 1513SB 1464SB 1422SB 1385SS 1325SB 

1495SB 1364SS 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
A

SE
 W

E
ST

E
R

N
 R

E
SE

R
V

E
 U

N
IV

 o
n 

11
/0

9/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



TABLE I (Continued) 
Absorption spectra in the infrared in the 5000-625 cm-I regiona 

G78WB 658WB 
GGOWB 
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TABLE I (Continued) 
Absorption spectra in the infrared in the 5000-625 c~n-I regiona 

DNP-DL-leucine 132-133 3322WS 3058WB 2899MB 1712SS 1618SS 1592SS 
Di-DNP-L-lysine 178-180 3300WS 3058W B 2890WB 1715MS 1618SS l587SS 
E-DNP-L-lysi~~e 197-200 3333MS 2841SB 1724MS 1618SS 1587SS 
D N P - u ~ - m e t h i o ~ ~ i ~ ~ e  122 3279htS 3058MB 2874MB 1718SB 1618~11 l59OSS 

1608SS 
DNP-L-phenylalanine 191 3279SS 3195sh 307Tsh 2882sh 1965WB 1821WB 1742SS 1715sh 1618sh 1580SS 

3247sh 3175sh 1701~11 1608SS 
DNP-DL-phenylalani~~e 219 3279MS 3205sh 3058sh 3003sh 1980WB 1818WB 1742SS 1701~11 1613SS 1580SS 

3247sh 3185sh 1686sh 
3145~11 

DNP- proli line 138 335GWB 3049MB 2833MB 1712SS 1603SS 1577SS 
DNP-DL-serine 197-201 33445s 3077sh 3021sh 2899SB 1757SS lGlGSS 1592sh 

3300SS 2959sh 1587SS 
2941sh 

DNP-DL-threonine 178-179 3390SB 3086MS 2899SB 1757SS 1618SS l587SS 
3333SS 

DNP-L-tryptophan 217-221 ( d )  3401SS 3096MB 2915MB 1715SS 1613SS 1582SS 
3322MS 

Di-DhTP-L-tyrosine 184 ( d )  3390sh 3058WB 1613SS 1582SS 
3279WB 

Di-DNP-DL-tyrosine 207 ( d )  3378MS 3058WB 1715% lGlGSS 1582SS 
3279 htS 

DNP-L-valine 132-133 331155 3215SS 2950SS 2915SS 1748SS 1618SS l587SS 
3145~11 lGlGsh 

DNP-DL-valine 187-189 3279MS 3003MvB 2924MB 2571WB 1712SS 162355 1587SS 
2890sh 
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TABLE I (Continued) 
Absorption spectra in the infrared in the 5000-625 cm-I regiona 

DNP-DL-leucine 132-133 151755 1499MS 1464WS 142255 1387vw 1355MS 1332SB 1302MB 1277MB l2GlSB 1222MS V 
Di-DNP-L-lysine 178-180 151755 141655 1337SB 1307MB 12G9MB 1229MB 2 
E-DNP-L-lysine 197-200 1522SB 1,42055 13GlMS 133050 1312SB 1238SB 1195SB m 
DNP-DL-methionine 122 1541WB 151355 1499SB 1420SB 1357MS 133055 1307SB 1274SB 1266~11 1244SB 1198MB 

141Gsh 1229sh 
E 
m 

DNP-L-phenylalanine 191 1534WB 151555 148855 1451MS 1437sh 1420sh 1401SB 13G2MS 132550 1307sh 123GSB 1203sh 7j 
0 

1395sh * 
DNP-DL-phenylalanine 219 1538\VB 151755 148655 1451WB 1439sh 1420MB 139350 13GGMS 1330~11 1314~11 1287~11 12.4555 1205MB Z 

1321sh 1300~11 1282~11 123550 tl 
131855 120455 9 

DNP-L-prollne 138 1520SB 149555 1447MS 1420MB 137755 132GSB 1297~11 1274sh 1221MB U 
129OSB 

n 
DNP-DL-serine 197-201 151355 149555 l45GMS 143lsh 141255 136255 1335SB 131GSB 1279sh 126655 1232SB 119850 F 
DNP-DL-threonine 178-170 1520SS 1495SB 1420SB 1395sh 1364SB 133555 131GSB 1277SB 1235SB 120GSB H 

1389sh 1357sh 
z 

1381MB 
DNP-L-tryptophan 217-221 (d) 1531MS 151555 1493hIB l449MS 1418SB 13Glsh 1332SB l290SB 127GSB 1250SB 1198SB 

2 
1227SB 

1502MS 1412MB 
u 

Di-DNP-L-tryosine 184 ( d )  1527SB 1340SB 12GGSB cn 
1479MS 'd 

Di-DNP-DL-tryosine 207 ( d )  1531sh 1517SS 149055 1439sh 141655 13G2MB 133055 1312sh 1274SB 1248sh 120555 
m 
0 

1239SB 
DNP-L-valine 132-133 154155 152055 149055 l4GGMS 1447~11 1427MS 140655 137255 133350 1299SB 124555 

1425sh 1391sh 1238~11 
1235sh 

DNP-DL-valine 187-180 1529~11 1520~11 1508SB 1462MS 141255 13G2MS 1332SB 130955 1284SB l2GlSB 1242SB 
1451MS 
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TABLE I (Contim~ed) 
Absorption spectra in t h e  infrared in the 5000-625 cm-I region" 

917WB 
r) 
b 

E - 
b 

917sh Z 
907WB u 

913MS 881WB 6" 
0 

2 
QlGsh 883WB 

r 

QOQWS 
0 
'? 

QOQMB 878WB n 
x 

Q15SB 887MB g 
G 

Q11MB +I ?J 

5 
DNP-L-tryptophan 217-221 ( d )  

Di-DNP-L-tryosine 184 ( d )  

Di-DNP-DL-tryosine 207 ( d )  

DNP-L-valine 132-133 
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TABLE I (Concluded) 

Absorption spectra in the infrared in the 5000-625 cm-I regiona 
- -- .- 

DNP-DL-leucine 132-133 831WS 7G3vw 743MS 715\VB 709v\v GS5MB G5.iWB T 
825\VS ?? 

Di-DNP-L-lysine 178--180 8'31WB S17WB 7Blvw 741MS 709vw m 
703vw 

E-DNP-I.-lysine 197-200 S31MS 818MB 7C3WB 7-1lhIS 609MB m 
DNP-DL-methionine 122 SYOMU S17MB 707\VB 78-i\\'B 7Ci2WB 7.i3MS 720\VB 714\VB G7G\VB w 

0 
DNP-L-pl~enylalanine 191 819WB 831WB S17SS 7G8sh 713MS 717MB 711~11 GGlSB G18MB 

7G2SS 703SS % 
D X P - ~ ~ - p b e n y l a l a ~ ~ i ~ ~ e  219 8S5\VB 833\VB S l l M S  7GSMB 744\VB 719MS 707MS GG3sh G18MB U 

717811 GG2MS 9 
DNP-L-proline 138 820MS SOSMS 773WB 755\?JS 711SS 724MB G90\IrB G-i7WB U 

S2iSS 
r;l 

DNP-DL-serine 107-201 768~11 741SS 715MB GOOMB GS8MB F 
763MB 7 

D N P - ~ ~ - t h r e o n i n e  178-179 867bIB 8'3.1~11 7G4WB 75OMB 715MB tiGO\VB 
S2SMU 7.iIMS 

DNP-L-tryptophan 217-221 (d )  830MS 821bIB 7G8WB 711MB 707WB G58WB 
z w + 

755MB P 
Di-DNP-I.-tryosine 181 (0) 8GGvn' 8'33M B S11vw 7S'1v\v 7G5vw 711MB GG7WB 

865v\v V, 

Di-DNP-DL-tryosine 207 ( d )  831R'B 820hIB 778MB 7G01.w 750MB 711IvLB 'r 
742SB 

m 
n 

DNP-L-valine 132-133 S31MS 820SS 7G2MB 749MB 722SB ci w 
718SB + 

DNP-DL-valine 187-180 8'30\VB 810MS 7GlWS 7.10sh 720WB G92vw GG9WB 
745MS 

"W weak intensity, M medium intensity. S strong intensity, B broad band, S sharp band, sh  shoulder, vw very weak band, 
b ~ h e s e  numbers represeut uncorrected melting points. 
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Amino acids have been reported to show nlarlced sinlilarity in their infrared spectra in 
the region of 1587 to 1333 cm-I. Bands a t  1587 and 1108 cm-I have beell related, respec- 
tively, to the antis~rmmetrical and s~rmmetrical stretcl~ing vibrations of the ionized 
carboxyl group of the dipolar ions. None of the free amino acids studied laclced the 1408 
cm-I band. Among those in which the 1587 cm-I band \vas not observed were L-threonine 
and L-proline (3). All of the DNP-derivatives examined by us, however, exhibit the bands 
a t  1587 and 1408 cm-I, and hence the implication is possible that  these compounds are 
clipolar ions. For the free amino acicls, a band at  1515 cm-I clue to an ?;-I3 deforination 
motion of the a-amino group has been reported, L-leucine, L-serine, and hydroxy-I,-proline 
being among the exceptions (3). Again, there are no such exceptions among the DNP-  
derivatives studied by us; but we believe that  the band here represents antisymmetrical 
aromatic NO? stretch rather than NI-I-cleiormation. In the case of free amino acicls, 
bands a t  14-19 and 1370 cm-I are clue to ant is~~mmetr ical  and symmetrical CH3 and 
possibly CI-I2 deformation motions, respectively. Among the free amino acids in which 
the 1449 em-I band was not apparent were L-valine, L-phenylalanine, hydroxy-L-proline, 
L-aspartic acid, and L-lysine ( 3 ) .  While the DXP-derivatives of I>-aspartic acid and 
L-lysine (both mono- and cli-) and in addition of I>-cysteine, L-cystine, L-histidine (di-), 
L-tyl-osine (di-), ant1 DL-thl-eonine do not sho\v the band, those of I,- and D~-valine, L- and 
DI,-phenylalanine, ancl 11yclros~--I,-proline exhibit it weakly or as a slzoulder. In the 
spectrum of free glycine only, the 1370 cm-I bancl was lacliing (3), and i l l  that  of its 
DNP-derivative it is present. FLII-thermore, the DNP-derivatives of I~-cystine (di-), 
L-lysine (di-) (unlike the monosubstituted forms), and DNP-L-tyrosine (di-) clo not show 
this bancl. A 1333 cnl-' band has been considered to be related to a CH:! wagging motion 
and the only exception among the free amino acicls was clue to  I,-alanine (3). None of the 
DNP-amino acicls studied laclis this bantl. I t  shoulcl be emphasized, ho\irever, that  bancls 
in the region 1330-1370 will be clifficult to interpret, as symmetrical aro~nat ic  NO2 
stretch is in this region ancl is usuall~. intense. 

While many free amino acids possessecl a band a t  236-1 cm-', provisionally assigned to 
the C-I? stl-etching motion (3), but  more likely due to overtone or combinations of the 
strongly anharmonic K-H,, deformations, it is missing in allnost all DKP-derivatives. On 
the other hand, the spectra of DNP-derivatives with the exception of DNP-L-tyrosine 
(di-) and DNP-L-arginine possess a band a t  1724 cm-I, a bancl which is not exhibited by 
the free amino acicls. 

The  spectru~il  of the racemic form of DNP-alanine differs very little from that  of its 
optically active form. The  spectrum of the former does not show the bancl a t  1727 cm-I 
or tha t  a t  1261 cm-I. I n  the case of DNP-isoleucine, the differences are also not very 
marked. There is an additional band a t  733 cm-L in the spectrum of the active form. The 
spectrum of the active for111 of leucine sho\vs additional bands a t  1206, 1076, 939, and 
773 crn-l. The shoulders a t  1420 ancl a t  1203 cm-' of DNP-L-pl~enylalani~le turn into 
medium broad bands for the DL-form. This I,-fornl has an additional band a t  1188, while 
the DL-form also has a n  adclitional band a t  1294 cm-'. For tyrosine the shoulder a t  
3390 cm-I of the L-isomer is a definite dip in the spectrunl of the racemic mixture. 
strilcing difference is the absence of the intense and sharp band a t  1715 cm-l, the medium 
bancl a t  1479 cm-l, and the wealc one a t  1161 cm-I in the DL-form of this amino acid. The 
DL-form has additional bands a t  1362, 1239, 1121, 1089, 939, 750, ancl 711 cm-I. The 
s11oulcle1- a t  1529 cm-I for DNP-DL-valine turns into a definite band for the L-form. The 
inajor differences, ho~vever, bet~veen the spectra for the L- and DL-fol-111s of this amino 
acicl lie between 1429 to 1250 cm-' where the L-form has clearly resolved bands a t  1427, 
1309, and 1261 cm-'. 
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FRIEDBERG A N D  O'DELL: INFRARED SPECTRA 1477 

The question arises as to whether structurally related DNP-ainino acids call be readily 
differentiated. In the case of DNP-L-proline versus DNP-hydroxy-L-proline, for instance, 
the former has pronounced additional peaks a t  1377, 1290, 1221, 1159, 1094, 1040, and 
773 cm-l, the latter a t  1245, 997, and 927 cin-I. The 3226-cin-I band, however, reported to 
be present in the free hydroxy-prolines but not in the spectrum of free proline and 
assunzed to reflect the presence of the -OH group in the former (3), is absent in the 
spectra of the DNP-derivatives of either L-hydroxyproline or L-proline. 

The spectra of DNP-L-valine and DNP-L-isoleucine would be expected to resemble 
each other. DNP-L-isoleucine has additional bands a t  3055, 1222, 1121, and 733 cnl-', 
DNP-L-valine a t  1490, 1427, 1176, and 945 cm-l. In the case of the spectrunl of the 
corresponding free amino acids, L-isoleucine, unlil;e L-valine, shows a sharp and discrete 
band a t  1462 cm-I (3). Such a distinguishing difference is ruled out for the DNP-derivative 
of these anlino acicls. 

I t  mould be surprising if the infrared spectra of closely related compounds did not 
reveal some differences by which pure, illdividual samples of such compounds could 
be differentiated from each other. A review of the table suggests that among the 
DNP-~-amiuo acicls studied the spectra on the whole are rrlore stril;ingly similar than they 
are different, and that  the use of the spectral tool for purposes of identification is much 
weaker and less reliable than such proced~~res as chromatography. There are, however, 
some DNP-amino acids (e.g., leuciile and isoleucine) which are difficult to identify by 
chroinatogi-aphy ancl hence spectral allalysis after purificatioil would still be of value. 
Even the spectra of structurally very similar DNP-amino acids show sufficieilt variation 
to  allow positive ident if i~at ion.~ 
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GWltile i t  i s  recognized that poly?i~o~plz isnt  catt result in spectral changes due to llze allerations itt the ilnmediate 
enc~iron~nents  of llze vibratitzg groups, no  attempt Itas been ?nude here to  evalz~atc th is  factor. 
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