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Vibrational spectra of some molecules related
to nucleic acids

NmisH K. SANyAr, S. L. Srivastava AND R K. Gorr*

Department of Physics, University of Gorahhpur, Gorakhpur-273001

The infrared absarption spectra of 5 bromo-, 5 methyl- and 4(6)
amino-Uracil, recorded in the rcgion (350-4000 cm—1!) has been
reported in this paper. Observed bands have been analysed in
terms of fupdamentals and their combinations in each molecule.
Probable modes of vibration of thc fundamentals have also been
discussed.

1. INTRODUCTION

N-hetrocyclic compounds Adenine, Guanine, Cytosine, Thymine and tJracil are
of great biological interest because they arc basic constituents of DNA and
RNA. TIn addition, DNA normally contains uncommon nuclcotides usually in
very small amount. S-bromo-Uracil (1974) is onc of the well known un-
common nucleotides base. As regards the spectroscopic studies of various
nucleic acid constituents, the infrared (1961, 1964) and Raman (1967) spectra
has been studied in detail. Inspite of the hich complexity and low symmetry
of such molecules. a normal coordinate analysis for Uracil is also available
(1971) in literaturc Very little spectroscopic work has been done on the
derivatives (1964) of N-hetrocyclic molecules. As a part of our programme
on N-hetrocyclic molecules, the infrared absorption spectra 5-bromo, 5-methyl-
and 4(6)- amino, -uracil was studiecd and is reported in this paper. In the
abscnoc of thc Raman and vapour phasc infrarcd spectra, the analysis of the
fundamentals and their assignments to the probable modes of vibration is
mainly based on the grouo frequency approach taking into account the spectra
of molecules having similar structurc.

2. EXPERIMFNTATL

Pure chemicals obtained from M/S A. G. Fluka Switzerland were used
without further purification. The infrared absorption spectra have been record-
ed on Perkin Elmer spectrophotometer in KBr phasc. Observed bands have
been caliberated by drawing an crror graph. The accuracy for bands in the
region (350-2000 cm-') is + 10 cm~' whereas for the region (2000-4000) it
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20 cm-'. The position of the bands in c¢m ' alongwith their
intensities, their analysis and modal assignment is presented in table 1-3 for
the threc molecules, respectively. Table 4 contains the correlation of the
fundamental vibrational frequencics associated with the double bonds in case
of substituted Uracils.

Position of

Position of

the band Assignment the band Asstgnment
in cm-1 m cm !

3208 (w) 2% 1609 1784 (w) 12354545
3178 (w) v NH 1721 (8)

3098 (vs) v NH 1712 (s) } V(2¢O
3058 (ms) y CH 1S (s)

2057 (wb) 17054 1235 1690 (3) --
2027 (wh) 12044 1628 1681 (s) ' V(4C -0y
2907 (m) 16764 1235 1676 (vs)

2856 (m) 162841235 1628 (ms) v(C )
2806 (ms) — 1609 (m) A(NT)
2604 (vw) 1609 4- 1008 1550 (w) 7834 763
2570 (vw) 17054872 1496 (m) 8724 620
2511 (w) 1628 872 1464 (w) 1064 } 390
2481 (vw) 1600 | 872 1447 (s) vRing
2454 (ms) 16761 783 1427 (s) B(NH)
2412 (vw) 1628 4783 1407 (w) T8I G20
2304 (vw) 1294 4 1008 1398 (w) 1008-} 390
2274 (mw) 1705 4 560 1376 (m) 763 4 620
2245 (mw) 16284620 1348 (ms) 7834 S60
2230 (mw) 16094620 1324 (mw) 7634560
2217 (vw) 1676 4 545 1315 (mw) 7634 545
2166 (w) 87241294 1294 (m) B(CH)
2107 (mw) 1235 4-872 1235 (vs) v Ring
2078 (mw) 12044 783 1185 (vw) 6204 560
1979 {(ms) 1427 4 560 1130 (m) 560 %2
1965 (w) 14274 S45 1064 (m) v Ring
1940 (w) 1064 4-872 1050 (w) —
1910 (w) 1294 4-620 1008 (ms) v-B Ring
1890 (w) 10084872 945 (w) 3904 545
1818 (m) 14274390 881 (s) -

Posiaon ot

the band
moem !

872
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703
T
709
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678
660)
620

S0

545
458
REN
416
425
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vy = Stretching, § — planar and v nonplanar deformation
vs = very sfrong, s — strong. ms — medium strong, m
vw — very weak and t — broad.

4

Analysis of the Infrared Spectra of 5-Bromo-Uracil

Assignment
(vshy “{(N”)
() v 3 Ring
(3) v(CH)
(m.) —
(m) --
(ms) —
(ms)
(vs) —
(m) f3-Ring
(\s) (),(‘ =0in
Phase
(w) w(C-Br)
(vs) —
(m) -
() ~
(ms) v sheletal
() BC 0 out
"ol Phase
(w)
(W) —
.= medium, w = weak,
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Table 2. Analysis of the Tnfrared Spectra of 5-Methyl-Uracil
Position of Position of
the band Assignment the band Assignment
in cm-1 in cm-1
3672 (w) 28564819 1388 (vs) CH, sym. deformation
3651 (w) 3058575 1383 (m) 985 4-396
359 (w) 31884395 1368 (W) 744 4625
3470 (m) — 1249 (vs) B (CH)
3360 (w) 169041671 1220 (s) v Ring
3230 (w) 2854 4-370 1210 (sb) y (C-CH,)
3209 (vw) 1614 41590 1030 (s) y Ring
3188 (w) v NH 985 (s) v B Ring
3128 (w) v NH 941 (s) -
3058 (w) yCH 852 (vsb) v (NH)
2957 (w) v (C-H) Aliphatic asym 818 (vs) v (NH)
2027 (w) 16711249 763 (vs) v-B Ring
2896 (w) 169041210 749 (vs)
v (CH)
2876 (sh) — 744 (vs)
2856 (w) y (C-H) Aliphatic asym. 680 (vs) —
1989 (m) 12204763 645 (w) -
1863 (w) 14624395 635 (W) —
1805 (w) 9854 818 625 (w) B Rong
1738 (vsb) - 757 (vs) B C=0 in Phase
1690 (s) v (2C=0) 490 (vs) —
1676 (vs) 440 (s) ¥ skeletal
y (4C=0)
1671 (vs) 430 (sh)
1614 (w) v (C=0) 410 (m) —
1590 (w) B (NH) 395 (ms) B C=0 out of phase
1486 (ms) 2% 744 385 (ms) —
1481 (sh) — 380 (ms) —_
1462 (s) v Ring 370 (ms) B (C-CHy)
1452 (vs) CIH, asym. deform 365 (m) —_
1432 (s) 3 (NH) 355 (m) -

Symbols used in this table are the same as used in Table 1.
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Table 3. Analysis of the Infrared Spectra of 4(6) Amino-Uracil

Position of “Position of - PPosiben of
the band  Assignment the band  Assignment the bund  Assignment
in cm—1 incm ! m cem 1
3955 (m) 34304-530 1989 (ms) 1604 4 385 1442 (W) 8824560
3935 (m) 31784763 1975 (w) 15994- 385 1432 (w) 1046 4- 385
3915 (m) 3107 4-808 1950 (m) 14274 530 1427 (w) Q,NH
3895 (m) 21074783 1930 (m) 1294} 035 1398 () —
3885 (ms) 30664808 1925 (ms)  12894-635 304 (m) 7834 530
3864 (m) 31074-763 1890 (m) 14574-430 1294 (ms) 3 (C-N) group
3844 (m)  30664-783 1864 (w) 9804-882 1289 (m) (3 (CH)
3834 (m) 31784560 1849 (w) 12894- 500 1240 (s) v Ring
3814 (w) 31784-635 1844 (ms) 1457 - 385 10do (w) NHL, ‘T wisting
3794 (w) 34004395 1832 (w) 10254808 1025 (w)  yRing
3773 (m) 34004-385 1827 (ms) 104064783 Yib (W) v-f3 Ring
3763 (m) — 1822 (ms) 1427 4-395 381 (mb)  y (NH)
3733 (m) 31784560 1809 (w) 10254783 805 (w)  y (NH)
3703 (m) 31784530 1800 (W) 12404-560 783 (ms)  y-f Ring
3593 (m) 30664635 1791 (w) 986 4- 808 Tod (w)  y (CH)
3672 (m) 31074560 1781 (w) 1025 4+ 703 724 (w) -
3652 (m) 31074530 1777 (w) 12404530 670 (m) —_
3632 (m) 30664560 1758 (m) 2882 680 (ms) -
3612 (m) 21784-430 1743 (m) 9864763 035 (m)  BRirg
3592 (m) 30664530 1724 (w) 12944-430 N (sh)
3561 (w) 31784385 1724 (w) 1289 {-430 500 () BC-0
 phase
3430 (msb) y (NH) 1690 (w) v (2C=0) 330 (ms)  y NH,
asym. gr.
3400 (mb) y (NH) 1662 (ms) y (6C—0) 485 (ms) —_
sym. gr.
3178 (msb) yNH 1622 (ms) y (C-=C) 470 (ms) —_
3107 (ms) yNH 1604 (s) 8 NH, 455 (ms) -
3066 (w) vCH 1599 (w) BNH 450 (mns) —
2926 (ms) 169041240 1579 (w) 1046 4-530 430 (vs) skeletal
2906 (sh) - 1536 (w) 9864 560 410 (vs) —
2866 (sh) - 1528 (w)  2X763 15 (vs)  BC=0out
of phase
2856 (ms) 162241240 1517 (w) 8824-635
2462 (ms) 16524808 1467 (mb)  1046--430 380 (vs) B (C-NHy)
2393 (w) 1604 783 1457 (m) vy Ring 305 (vs) -

350 (ms) -_

B

Symbols used in this table are the same as used n ‘Lable 1.



Nitish K. Sanyal, S. L. Srivastava and R. K. Goel

|

i

1EST T(L961) VET

yJom juasalgd X

2108 wWiydo1133dg ‘(Y[) sewoyyp [ pue pio| ‘DY +
I d|qel 01 Ie[uuis dle 2|qe} SIY) Ul LIS S|OQUIAS .,

BIQNep Jo nud)

(o= " (%) 0691 (s) 0691 + (<) 80L1 (s) 0651 (mA) 0891 +(S) 6691 (s) ool
0=2ov) * tsu) 799] «(SY) €191 +(SY) RL9] (s2) G991 (s3) $$91 +(54) €991 (sA) £991
O=x+*r (sw) 7791 (%) pi191 (str) 379y (w) o791 (w) 5791 (n) 791 (w) ¢791
41 Al dI
juswudissy jorin JeIn . 1IN Al ueurey bei uewey
~ouiwe (9) ¢ BRUIEI -owolig-g LJeIn [{Yn-i| -[oein [Ayjound-¢'y

"(1-WD Ul e Sanjes
[oRI) 3y jo sausnbaig

V) x'UOI2I pUOq 2]qnOP 3Y) UI SIANEBALIOP
palvlju pue UBWEY Oyl JO UOIEIIO) ‘§ dIqRL



Vibrational spectra of some molecules 113

3. DiISCUSSION

From the structural point of view, thc molecules of the present  study
belongs to C - pomt group. Under this point group only two types of vibra-
tions a’ (planar) and a” (non-planar), which are active both in Raman and
infrared, arc permissible. In addition to thesc. vibrations associated with
differcat groups will also appear.

(i) 3500-2800 cm-' CH and NH Stretching Modes.

All the three molecule of the present study containing only one hydrogen
atom attached to the carbon atom of the ring involves a C-H valence oscillation
which has been assigned at 2058, 3058 and 3066 ¢m ' in the three molecules
respectively. ‘This assignment 15 in accordance to that proposed for Uracil
(1971) and its derivatives (1967).

Two molecules, S-methyl- and 4(6) -amino -Uracil contains one CH; and
one NH. group attached to the carbon atom of the ring at 5 and 4(6) positions
respectively. It s, therefore, expected 1 have the vibrations associated with
these groups. The NH. vibration involves symmetric and asymmetric NH.
stretchings. It has been suggested by Bellamy (1959) that two bands appear
in the region (3300-3500 ¢m~") in case of ncarly all the primary aromatic
amines. Out of the (wo, the band observed around 3500 ¢m ' has been
assigned Lo asymmetric and the other appearing around 3400 cm' ! to symmetric
NH. stretching vibration. In case of 4(6) amino-uracil two such bands at
3400 and 3430 cm-' with considerable intensity has been deciphered which
will represent the NH. symmetric and asymmetric stretching vibration.

Two N-H stretching vibration associated with ring in cach molccule is
expected to lic in this region also. In the intrarcd spectra of uracil (1971)
a strong band at 3160 ¢cm~! which is in agreement with a weak Raman band
at 3130 em~!' has been assigned as N-H stretching vibration.  Similar assign-
ments have also bzen made in the spectra of I-methyl uracil (1967). In the
present study two bands at 3098 and 3178 cn-' in 5-Bromo-, at 3128 and
3188 ¢m™' in S-methyl- and at 3107 and 3178 c¢m ' in 4(6) -amino-, uracil
have been identified as N-H stretching vibration  The low value of this
vibration is considsred (o be indicative of the strong hydrogen bonding in
these compounds (1967).

Fox and Martin (1940) after analysing the spectra of large number of
hydrocarbons containing methyl group, found that in all such molccules two
bands appearing around 2962 and 2872 cm~! represents the asymmetric and
symmetric stretching vibration of the methyl group. In the spectra of 5-
methyl-uracil these two vibrations have been assigned at 2957 ¢cm~! and 2856
cm~!. Similar assigniments have also been made by the authors in the spectra
of 2-amino-4-methyl-pyrimidine and 5-methyl -cytosine (Unpublishcd Work),
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(it) 1710-1600 cm~t. Double bond stretching modes

The ncutral form of wuracil and its substituted derivatives have threc
double bonds and their stretching vibrations are expecled to give rise to
three strong infrared bands in this region. Out of three, two strong bonds
at 1678 and 1708 ¢cm~' in 5-Bromo-, at 1673 and 1690 cm~! in 5-methyl- and
at 1662 and 1690 cm-! in 4(6) -amno-uracil are assumed (o be primarily
associated with the two C=O strciching fundamentals. The third vibration
at 1628, 1614 and 1622 cm~! in the three molecules respectively have been
associated with C=C stretching wvibration. Similar assignments are also
available for Uracil (1971), l-methyl- and 1,3-Dimcthyl-Uracil (Table 4).
In the spectra of 5-Bromo-uracil, the 1678 and 1708 ¢m ' band and in 5-
methyl-uracil the 1673 ¢m-! band appears 10 be a closely spaced doublet.
‘This splitting is probably duc to crystal ficld eftect.

i) 1600-1300 cm . Shkeletul mode. CHy sym uand asym. and NI in-plane
deformation

The analysis of the spectra of Uracil, substituted uracil and some of its
deutrated analogucs shows the presence of two NH in-planc deforniation and
onc ring stretchmg mode. Bands observed at 100% and 1427 c¢cm ! in 5-
Bromo-, at 1590 and 1427 ¢m ' in 5-methyl and at 1599 and 1427 ¢cm ! m
4(6)-amino-, uracil have been assigned as NH mn-planc bending vibration.
‘The ring stretching vibration has been assigned at 1447, 1462 and 1457 cm-!
m the three molecules respectively. These assignments are in close agree-
ment with those made for similar molecules (1967, 1971). In addition to
these, two strong bands at 1388 and 1452 cm ' have also buen obscrved in
the spectra of 5-methyl-uracil. These vibrations have been associated with
the symmctric and asymmetric detormation of the methyl group.

(v) 1300-700 ¢m '. C-X stretching, sheletal, CH planar and nonplanar and
NH nonplanar deformation

Spectra analysis of uracil and its dervatives by Susi and Ard (1971)
reveals the intense bands lying in the 1cgion 790-1300 cm ' to skelctal
stretching and stretching bending modes and the band lying in the region
750-800 ¢m ! to NH and CH out of plane deformation modes.

Further the analysis of the spectra of tolucne, andine and their derivatives
shows the presence of C-CHy and C-NH. stretching vibration lying in this
region. On the basis of these data, the bands in the above mentioned region
are assigned in cach case and they arc given in tables 1-3.
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Below 700 cm-

In the shortcr frequency region assignments could not be done due to
non-availability of data. However some of the vibrations have been assigntd
on the basis of the data available for similar molecules and also for those
aromatic molecules which, contains CH, and NH. group as substituents.
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