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ABSTRACT

On the basis of 102 assigned

tions of pyrimidine,pyrimidine-2-4

midine-4,6—d2,pyrimidine—2,4,6—d

3

1989 )

1990 )

frequencies to in plane vibra-

2,pyrimidine —2,5-wiz,pyri—
and pyrimidine—d4,35 valance

force field constants including 14 principals and 21 interac -

tion force constants are calculated. New assignments are suggested

for leb and vl9b normal modes in pyrimidine—2,5—d2 and v14
a i imidine-~d,.
an Visb normal modes in pyrimidine d4

With this new assignments the agreement between observed

and calculated product rule and sum rule has improved.

INTRODUCTION

Vibrational spectra of pyrimidine
has been studied by many investigators
[1-4]. On the basig of assigned fre-
quencies Berzine et all5}and Patine
the

et all6)lhave calculated force

field constants of pyrimidine and
pyrimidine—d4-Sarma[l]has calculated
in plane force field constants for in
pPlane vibrations of these molecules,
Milani-nejad and Stidham [8]have stu-
died the Raman spectra of pyrimidine,
pyrimidine—2—dl,pyrimidine—Z, 5—d2,
pyrimidine—4,6—d2,pyrimidine-2,4, 6 -

17

43

and the IR spectra in vapor and ligquid

and pyrimidine—d4 in liquid phase

phases. .Sarma has used 8 principals

and 4 interaction force constants

derived fromhis privious calculation
[ 7}to determine the in plane vibra -

tions frequencies ofpyrimidine%—dr

pyrimidine-2,5-4 ,pyrimidine-4,6--‘d2

2
and pyrimidine—2,4,6—d3,and also to
predict the in plane vibraticnal fre-

quencies of pvrimidine-5-d. and pyri-

1
midine—4,5,6—d3[9]. Sarma has criti-
cized some of the Milani-nejadet al,

assignments (three in pyrimidine-2-d, .,
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five in pyrimidine-2 r5—d2, two in

pyrimidine~4,6-d., and three in pyri-

2

midine-2,4,6—d3). His c¢riticism is

based on the mistaken assumption that
substitution of hydrogen with deute-
rium only shifts CH stretching and
bending freguencies while acecording
to non-crossing rule in isotopic subs-—
titution the frequencies in a sym —
metry representation do not

[10].

Cross

FORCE FIELD CALCULATIONS AND DISCUS-
SION

The molecular geometry of pyri -
midine has been determined by X- Ray
crystallography[1l] and by microwave
The molecule 1is

spectroscopy[l2].

planar and belongs to C2v point

group. Substitqﬁion of hydrogen with
deuterium in positions(2),{2,5), (4,
6),and(2,4,6)retains the ¢

2v
and pyrimi -

sym -
metry. (Pyrimic‘line—S—dl

also belongs to C

2v
symmetry point group,but due to lack

dine—4,5,6—d3

of experimental information they are
not included in these calculations).
24 vibrational modes are distri-
buted among vibrational representa-
tion as 94 +2A_+8BB_+5B_. A, and B

1 2 1 2 1 1
are the in plane,and A, and 32 are
the out of plane vibrations:

Geometry assumed in these calcu-—
lations which are extracted from
references[11l]and(12 ],are listed in
table 1,and the 24 in plane internal
coordinates are defined in Fig.1l .

Symmetry coordinates are summerized

FPig.l- In plane internal coordinates for pyrimidine.
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Table 1: Assumed geometry for pyrimidine
r (ci)  1.080 A r(2c-N) 1.315 A NCN angle 128.20°
o
r,(CH) 1.085 A r(4ac-N) 1.337 A CNC angle 115.15°
r (CH) 1.090 &  r(Cc-C) 1.372 A NCC angle 116.30°

Table 2:Symmetric coordinates for in plane

vibrations of pyrimidine

1
= = +i
5171 Sg=va (egtag)
S .= L (r.+r ) s =—l—(a +a_)
2 VZ T2t 9 V2 T4 77
1
537, S107va g tag)
1
= =+ =
By Sy (RHRy) 51176
1 1
= = +
85 Vf-(R3+R6) 812 V— (B B )
1
— a1 =__._ +
S¢ vz.(R4 R5) 513 voq B B )
_ 1 _
So=v (e re,) S147F
_ 1 _ 1 _
S157y5 (To7Ty)  SypTya(9y70g)
1 1
S16772 RyTRy) S, T ey mey)
_ 1 L iy -
By S1vE (RyRg) STy (egog)
_ 1 L1 o
sls—ﬁ-(R4 R3} 523 V‘"(B B )
1
519_V§'(a1 u2) V— B B ) J
in table 2. Where U' is transpose of U . 5
Willson g matrix in  internal redundant symmetric coordinates in
coordinates and 35 valance  force Ay and 2 in By representations are
field including 14 principals and 21 eliminated after this transforma-
interaction force <¢onstants are tions.
transferred to G and F matrices by a Principal force constants  in-
U matrix which is constructed from cludes Krl,Kr2 and Kr3 for C-H
the coefficients of symmetric coor- stretches;K ,KRz,and KR3 for C2—N,
dinates. C6—N and C4 N and C-C stretches four
G=ugu’ Hn‘s for in plane CH bendings and
F=Ufy’ four HB,forin plane ring bendings .
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Shacht-S$chinder programs [ 13] have
been used to obhtain a least sguare
fit to the 102 assigned frequencies
assigned to in plane vibrations of
pyrimidine,and deuterited pyri-
midine,by Milani-nejad et al[8]. The
best fit produces the  frequencies
with the average error of 4.5, 6.5,

1

12.3,5.0,8-0 and 14.8 cm -~ for

pyrimidine ,pYrimidine—Z—dl, pyrimi -

dine-2,5-4 ,pyrimidine—4,d—d2,pyri—

2
midine-2,4,6—d3 and pyrimidine—d4,

respectively , relatively large
error for pyrimidine—Z,S—d2andpyri—
midine—d4 indicates that some of the
assigned frequencies in Bl represen-—
tation for these two molecules are
incorrect.

Undoubtly,assignment of 1325 cm_l
EO Vigp

normal mode i1s incorrect. This band

band of pyrimidine—2,5—d2

in pyrimidine and other deuterated

pyrimidines appears at freguencies

higher than v Thus we assign the

12a

1435 cm"l band at the shoulder of

1388.5 cm | band in the liguid phase

IR spectrum of pyrimidine—2,5-d2 to

Ul9b normal mode and the shoulder at

845 cm ~ to in plane CD bending in -

stead of the shoulder at 950 cm_l.
Milani-nejad et al[B]tenetively

assigned the weak band at 1114 cm

in Raman spectrum of pyrimidine-d, to

4
vl4 normal mode. Calculations show
that this mode should appear around

1156 cm_l Sebrana et al[4 | reported

a weak band at 1165 cm T in solid

20

phase spectrum of pyrimidine-d We

4
tenetively assign this band to Vv,,

-1 .
mode and 845 cm band in IR spec-

trum to CD bending.

With these new assignments the
adjusted, force constants (Table 3 )
give the calculated frequencies(Table
4)with an average error of 4.5 ,5.1,
5.1,4.5,4.9 and 5.4 cm_l for pyrimi-
dine,pyrimidine—2—dl—pyrimidine—2,5—

d.,pyrimidine-4,6-d_,pyrimidine=-2,4,

2
6-d

2
3andpyrimidine—d4,respectively.

The ratio of products of fregquencies
of pyrimidine—Z,S—d2 and pyrimidine-

d4 to the products cof frequencies of
pyrimidine in Bl representation are

0.514 (theoretical value 0.524 ) and

0.720{theoretical value(0.276) ,res -

pectively The sum rule{l4]for B

1
repre sentation are:

prrimidine+opyrirnidine—d4

dine—2—d1+cpyrimidine—4,6—d

= Opyrimi -

2

34.74=34.73 A=0.03%

0pyrimidine+opyrimidine—2,4,6—d3=

cpyrimidine—Z—dl+0pyrimidine—4,6~d2

34.74=34.73 A=0.03%
opyrimidine—2-dl+opyrimidine—d4=

prrimidineﬁLS—Q;opyrimidineQ,46—d

3
33.99=33.12 A=0.09%
- 2
Where: gx10 6=4n22u2=4n2C22v
k k K k

and K is the number of normal

modes in each representations. In the

. 2 2
above calculations the constant 4n C
is eliminated from both sides of the

equality.
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Table 3:Valance force field constants for in plane
vibrations of pyrimidine.

Force Description Value
constant

Krl C2-H st 5.025
KJ:2 C4—H st 5.068
Kr 3 C5—H st 5.068
KRl C2—N st 6.720
KR2 C4-N st 5.591
K.R3 c~C st 5.162
Ha.l H_CZ-N bend 0.578
Ha2 H—C4-N bend 0.559
Ha3 H—C4-C bend 0.553
Ha4 H-C4-C bend 0.551
HBl N-CZ_N bend 1.870
Hﬁ2 C2-N_C4 bend 1.496
HB3 N-C-C bend 1.059
H84 c-C-C bend 1.050
FRR'l C,~N st / C,-N st 1.251
FR1R2 C2—N st / C4—N st 1.105
FR1R3 C4-N st / C2-N st 0.935
FR2R3 Cc=-C st / C-N st 0.817
FRlul Cz—N st / H-Cz—N bend 0.519
FR2B2 C2-N st / H-C4—N bend 0.330
FR3c¢3 c-C st / H-C4-N bend 0. I'L84
FR3u4 c-C st / H—C5—N bend 0.157
Fulﬁl H-C~N bend/ N~C-N bend -0.310
F0283 H-C4-N bend/ N-C-C bend -0.216
Fa383 H--C4-C5 bend/ N-C-C bend ~-0.147
F0464 H-CS--C4 bend/ C-C-C bend -0.226
FBIBZ N—Cz-N bend/ C-N-C bend 0.657
F6283 C-N-C bend/ N-C-C bend 0.304
FB 184 N-C-C bend/ C-C-C bend 0.211
F3163 N-C-N bend/ N-C-C bend 0.505
F828'2 Cz-N—C4 bend/ C2-N-C6 bend 0.538
Fg 36 ! 3 N-C 5~ € bend/ N-C-C bend 0.515
FBIB4 N-C-N bend/ C-C-C bend 0.709
F8283 C-N-C bend/ N-C-C bend 0.680
F8284 C-N~C bend/ C-C-C bene 0.513
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