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Ahslrai:! Chloro, Broino, lodo and Acetate derivatives of C6 - spiro steroidal tetrazine, have been prepared Infrared spectra of these denvatives
nul ilic paicni compound have been recorded in the range 630-4000 cm ' Vibrational analysis has been performed in terms of various fundamental 
Mhi.itmiis and combinations of these vibrations These compounds exhibit some interaction vibrations, which indicate the nature of complexities in 
suLh bi]z molecules Assignments of all the observed frequencies are proposed and thermodynamic functions calculated for a few temperatures in the

horn 100 to 1500 K
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R \rs Nos. , 33 20 Ea, 33 20.Tp, H2 60.Lf

I. Lntruduction

Sieioids were first developed in I930's. The Germans first 
I xperiniented on dogs then on their own soldiers in the Second 
Woild War, as well as then on their prisoners to help them stay 
liLMlthy 111. Then in 1950's many Russian and European athletes 
hĉ an to find that steroids were very beneficial to their goal. A 
limeade later steroids were used in medicine, as steroids are 
nicdicinal compound exhibiting a lot o f potentialities to form 
hihci complicated organic compounds, which are more useful 
in the complex diseases. Infrared spectra of steroids are complex 

lo the fact that its structure is not a simple and uniform one. 
have to analyse the infrared spectra by indirect methods 

nnmely, selecting the known fundamentals and combination of 
fundamentals. Most o f the time, these fundamentals and 

^hrnbinations explain the occurrence o f interaction vibrations, 
hydrogen-bonding v ib ration s and other conform ation  
''ihraiions. These com plicated vibrations should be very

^‘̂ rrcsponding Author

carefully identified on the basis of their intensities, their 
occurrence with various fundamentals and their approximate 
magnitudes.

2. Experimental technique

The above com pounds have been prepared in Steroidal 
Research Laboratory, Department of Chemistry, A.M.U. Aligarh
[2], and these compounds were used as such with KBr in the 
form of a circular disc to record the infrared spectra. Infrared 
spectra were recorded on Perkin-Elmer model -  237 infrared 
spectrophotometer. The appearance o f the spectra is quite good 
and sharp. Five infrared spectra are being reported here. They 
have been reproduced in the separate sheet of paper. Vibrational 
frequencies have been reported with the accuracy o f ± 5 cm~^. 
All infrared spectra have been recorded in the region 600-4000  
cm^'. Visual estimates of the intensities have been given in the 
visual scale o f 1 to 10. About 35 to 60 bands have been obtained 
in each infrared spectrum.
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3. Structural formula
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Tabic 1. Observed infrared frequencies for 6'(7' H)-oxo spiro fs^
cholestan] 6.3' (4'H)-[2H thiozolo [3, 2-b]-5-tcirazine.

R = (H,CI,Br,l,aiul OAc)

(i) 6' (7‘ H)-oxo spiro |.Sa -  cholcslanl 6, 3' (4'H)-[2H)
lliia/olo [3.2-b|-5--Lcira/.inc. (or) ICfv SFI’I

(li) 6' (7  H)-oxo S piro  f3(J- Chloro-5a-cholcslan) 6, 3' (4' 
H)-12H1 Thia/olo |3, 2-b] -  5 -  tctra/inc. (or) [C6 -  
ChloroSPTl

(ill) 6' (7' H)-oxo spiro |3(3- Bromo-5a - cholcslan] 6. 3' 
(4‘H)-[2H| Thiazolo |3, 2-bl~5-lclra/inc. (or) |C6 -- 
BronioSFr]

(iv) 6'(7‘ H)-oxo spiro 13[i-loiJ(K5cx - cholcslan] 6, 3' (4'H)- 
|2H1 Thia/olo |3, 2-bl -  5 -tclrazinc. (or) lC6-lodo 
SFT'l

(V) 6'(7' H)-oxo spiro [3|3- accloxy-5(X - cholcslan] (S, 3'
(4'H)-|2H| 'I'hiazolo [3, 2>b|-S-ielrazinc. (or) |C 6- 
Aceloxy SPT]

4. D iscussion a n d  an a ly sis

Chloro, bromo, lodo, and acclalc dcrivalivcs of C6-spiro- 
slcroidal Iclrazincs have been reproduced in Ihc form of their 
molecular slruclurc conlaining various benzene rings. These 
rings arc in associaiion with various molecular bonds. H in the 
position of3P has been replaced by Chlorine, Bromine, Iodine 
and acclalc group. All the four derivatives and the parent 
molecule belong to point group because there is only one 
plane of symmetry /.c. plane of molecule. There will be only two 
types of vibrations that are a' (planer) and a" (non-planer). The 
observed fundamental frequencies and probable assignments 
arc presented in Tables I to 5.

A.R.H. Cole and his Collaborators 13-5] suggested angular 
methyl group bending vibrations lor the methyl group in between 
two six-membered rings (C, ,̂) and in between a five and a six- 
membered rings (C,y) within the region (1374-1392) cm ' and 
( 1372-1383) en r ' respectively. i he bands observed al 1385, 1370 
cm-' in(C6-SPT), 1380, 1375, cm ‘ in (Chloro C6-SPT), 1390, 
1365, cm-' in (Bromo C6-SPT), 1390, 1375, cm ' in (lodo C6- 
SPT), and 1385, 1375, cm ' in (Accloxy C6-SPT), have been

1 R frequency 
(in cm ')

Ini. Species Assignment

68.*5 5 8 a' C -  S stretching

70S 6.5 a" C -  H bending o.o.p

730 6.7 a" C -  H bending o.o.p

7.S0 5.9 a" C -  H bending o.o.p

1065 6 7 a" C -  CH, rocking

1 120 3.4 a' C -  H bending i.p.

1 140 5.8 a' C -  H bending i.p.

1205 6.4 a' C -  H bending i.p.

1240 6.1 a' C H bending i.p.

1260 6.3 a' C -  N stretching

1305 4 2 a' C -  H bending i.p

1370 4.2 a" angular methyl group between : 
five and a six membered nn}̂  {'

1 ^K5 3.6 a" angular methyl group beiwcelj lui 
six membered nngs C,,, \

(705 + 730). (685 + 750) \1435 3 3 A', A”

1470 2 7 a" CH, out of phase dctormaiion

1630 3 2 a' C = N linkage

1760 6 6 a' C = C) stretching

1795 6 8 A' (730 -f 1065)

2070 6 9 A" (685 + 1385)

2 1 00 6 8 A' (730 + 1370)

2130 6 7 A' (2 X 1065)

2240 6 5 A' (1120 + 1140)

2500 6 4 A' (1240 + 1260)

2SK0 1 3 a* Ch, 111 phase stretching

2940 0 7 A' (2 X 1470)

2955 0.8 a" CH, out of phase stretching

3080 3 8 a' C -  H stretching

3 1 00 3 7 A" (1470 + 16.30)

3 140 3 2 a' C -H  stretching

3260 3 9 A’ (2 X 1630)

3440 5 5 a' N - H stretching

3570 6.8 A' (2880 + 685)

3630 6.1 A" (7.50 + 2880)

3640 6.1 A" (685 + 2955)

3890 6 .0 A ” (750 + 3140)

assigned for angular methyl bending vibrations in methyl grou| 
in between two-six membered rings and in between five and sî  
membered rings respectively.

In the steroidal series, a limited number o f compounds ha' i 
been studied, and the results indicate that equatorial substiiuû ’'' 
leads to bands in the (7 5 0 -7 0 0  cm ’ *) region, w h ereas axial 
substitution results in absorption in the (590-690  cm ‘)
[6|. The bands observed at 650  cm*' and 720 cm"' have hee"



Table 2. Observed infrared frequencies for 6'(7' H)-oxo spiro ( 5 a -  
.tuilcsianl 6»3' (4'H)-[2H ihiazolo (3. 2-bl-5-tctrazine.
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l^ble 3. Observed infrared frequencies for 6‘(7' H)-oxo spiro (3p-bromo-
5a-cholestan] 6,3' (4'H)-(2H] thiazolo [3, 2-b]-5-tctrazine.

1 K Irequcncy Int Species

im Jii __

6.4 a'

701) 5.6 a'

72(1 6.4 a"

7U) 6.4 a"

;S() 5.8 a"

5.6 a"

lOM) 6.5 a"

tilSO 5.3 a’

1 1 Id 5.3 a'

1 1 -̂ 0 5.8 a'

r io 6 5 a'

1 MO 6 3 a'

6 2 a'

1 MO 6 2 a'

1 uo 5 4 A"

n 7 ^ 5 0 a"

1 Ŝ(i 5 7 a"

1 V)0 4 6 a"

14>() 3 7 A’, A"

1 170 3,1 a"

hoo 6 0 A’

IMO 1 0 a'

i'lSO 2 0 A'

1 ’M) 4 3 a'

|M,0 .»i 1 A'

IMl) 5 3 A’. A". A'

S 3 A'
ISMl 5 4 A", A’
l')Ml 5 4 A'. A', A"

5 3 A". A"
' Ml 10 5 2 A"

111) 5 3 A', A'
:(I0 5.2 A'
120 5 1 A', A'
(tiO 5 0 A"
'72(1 4.7 A'
’KM) 2.6 A'
1K7U 2.2 a'
192(1 2.0 A'
19(>() 1.5 a"
Mis 4 1 a'
'100 3 6 a'
'Mo 4.2 a’ ^
'020 4.8 A"
M{) 4.8 A"

Assignment

C -  Cl axial stretching 

C ~ S stretching 

C -  H bending o.o.p 

C -  H bending o.o.p 

C -  Cl equatorial stretching 

C -  H bending o.o.p 

C -  CH, rocking 

C -  H bending i.p.

C -  H bending i p 

C - H bending i p.

C -  H bending i p 

C -■ H bending i.p.

C -  N stretching 

C -  H bending i.p 

(620 + 720)

angular methyl group between a 
five und a six membered ring C,^

side chain methyl group

angular methyl group between two 
SIX membered nngs C,„

(70-S 7.30), (700 + 750)

CH, out of pha.se deformation 

(2 X 750)

C = N linkage 

(620 + 1060)

C = O stretching 

(700 •+ 1060)

(700 + 1 I 10), (730 -f 1080), 
(1060 -f 750)

(765 + 1060)

(7.30 + 1150). (620 + 1260)

(700 ^  1260), (720 + 1240), 
(1210 -I- 7.50)

(700 + 1260), (1240 + 750) 

(700 + 1310)
(720 + 1390), (730 + 1380) 

(730 + 17470)

(2 X 1210), (1110 + 1310) 

(1260 + 1380)

(1 1 1 0 +  1610)

(1380 + 1470)

CH, in phase stretching 

(1310 + 1610)

CH, out of phase stretching 

C -  H stretching 

C -  H stretching 

N -  H stretching 

(750 + 2870)

(700 + 2960)

1 R. frequency 
(in c m ')

Int. Species Assignment

650 7.,5 a' C -  Br stretching axial
700 7.5 a' C -  S stretching
705 7 4 a" C -  H bending o o.p
720 7.3 a" C -  Br stretching equatorial
750 7.3 a" C -  H bending o.o.p
770 7 1 a" C -  H bending o.o.p
1060 6 4 a" C -  CH, rocking
1075 6.1 a' C -  H bending i.p
1115 2 8 a' C -  H bending i.p
1 145 5.9 n' C -  H bending i p
1210 4 4 a' C -  H bending i.p.
1225 2 a' C -  H bending i p
1265 4 4 a' C ■> N stretching
1315 5 8 a' C " H bending i p
1365 3 6 a" angular methyl group between a 

five and a six membered nng C,„
1 390 1.5 a" angular methyl group between two 

SIX membered nngs C,„
1480 5 3 a" CH, out of phase deformation
1615 0.3 a' C = N linkage
17 30 l . l a' C = O stretching
1845 8 5 A’. A" (700 + 1145). (77f» + 1075)

1930 8 2 A", A" (705 + 1225), (720 + 1210)
1970 7.9 A" (705 + 1265)

1995 7.8 A" (770 + 1225)
2020 7.6 A" (705 + 1315)

2040 7 5 A" (650 + 1390)
2140 7 0 A' (750 + 1.390)
2160 7 1 A* (770 + 1390)
2180 7 0 A" (700 + 1480)
2300 6 5 A‘ (1075 + 1225)
2460 6 2 A' (1145 + 1315)

2540 5 8 A', A' (1060 + 1480), (1225 + 1315)

26H0 5,5 A" (1315 + 1365)
2860 4.6 a' CH, in phase stretching

2940 3.8 a" CH, asy, .stretching

2970 4.4 a' CH, out of phase stretching

2980 4 3 A" (1365 + 1615)

3040 4 5 a' C -  H stretching

3090 4 3 a' C -  H stretching

3120 3 9 a' C -  H stretching

3150 3.5 a' C -  H stretching

3210 2.8 A" (1480 + 1730)

3430 4.3 a' N -  H stretching

3460 4.3 A" (2 X 1730)

3500 4.2 A" (1730 + 770)

3620 4 8 A" (650 + 2970)

3660 5.1 A' (720 + 2940)

3720 5.1 A‘ (750 + 2970)

3790 4.9 A’. A" (700 + 3090), (750 + 3040)

3920 4.8 A". A" (770 + 3150), (1060 + I860)
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Table 4. Observed i n f r a i e d  f r e q u e r

1 R f r e q u e n c y I n t S p e c i e s

(111 c m  ')

6 7 0 6 5 a'
7 0 0 6 . 3 a'
7 1 0 6 6 a"
7 3  5 6 5 a"
7 8 0 6 0 a"
I 0 6 S 4 2 a"
1 0 8 0 4  1 n'
1 105 4 1 a'
1 141) 4 3 a'
1 1 ^5 4 7 a'
1 2 4 0 4 6 a'
1 2 6 0 4 7 a'
1 3 0 5 5 6 a'
1 17S 5 8 a"

1 V)() 4 4 a"

1 4 0 S 5 0 A"
1 4 7 0 5 2 a"
1 5 1 5 6 1 A'

1 5 6 0 5 8 A '

1 6 4 0 3 4 a'
1 7 3 5 4  1 A "

1 7 5 0 4 8 A ’

1 7 7 5 6 1 A'.  A'

1 7 8 0 b 3 a'
1 8 6 5 6 4 A '

1 8 9 5 6 3 A '

2 0 4 0 6 1 A "

2 0 8 0 6 2 A " ,  A'

2 1 4 0 6 2 A "

2 1 7 0 6 0 A "

2 1 8 5 6 1 A'

2220 6 0 A '

2 2 5 0 6 0 A'

2311) 5 8 A'

2351) 5 9 A "

2 3 8 0 5 8 A'

2 4 8 0 5 8 A'

2 4 9 0 5 8 A "

2 7 2 0 5 4 A'

2 7 8 0 5 4 A'

2 8 7 5 2 8 a'

2 9 2 0 2 ,4 A'

2 9 4 5 1 8 a"

2 9 6 0 1 4 a"
3 0 1 5 4 : ( a '

3 0 2 5 4 7 a'
3 1 2 5 5 0 a'
3 1 7 0 5 .1 A "

3 2 5 0 4 . 8 A ’

3 4 2 0 4  7 a'

3 4 4 0 4  6 a'

3 6 1 0 5 2 A ”
3 7 4 0 5 5 A ’
3 7 9 0 5 7 A ”
3 8 4 0 5 4 A "

Table 5. Observed infrared frequencies for 6’(7* H)-oxo spiro [3P-aceroxv
5a-cholcsian] 6,3’ (4'H)-[2H} thiazolo [3, 2-b]~5-tetrazine. ^

Assignment

r  -  I s t r e t c h in g

C' S s t r e t c h in g

C   ̂ H b e n d i n g  o o  p

C  -  H b e n d in g  o o  p

C  -  H b e n d in g  o o p

C' CM , ro ck in g

c: -  H b e n d i n g  i p

C -  H b e n d i n g  i |i

C  H b e n d i n g  i p

C' -  H  b e n d i n g  i p

r  H b e n d in g  i p

C  -  N s t r e t c h in g

C H b e n d i n g  i p

n n g i i l a i  m e t h y l  g r o u p  b e t w e e n  a

live an d  a six r n e m b e re d  ring  C,^

a n g u l a r  m e th y l  g r o u p  b e t w e e n  tw o

SIX r n e m b e re d  r ings  C,,,

( 6 7 0  + 7 3 S )

C H ,  ou t o f  p h a s e  d e f o r m a t i o n  

(7 1 S  +  7 S 0 )

(2 X 7H0)

( ’ = : ( )  L in k a g e  

( 6 7 0  + 1 0 6 5 )

( 6 7 0  + lOHO)

( 6 7 0  +  I 105).  ( 7 1 0  1 0 6 5 )

C = O  s ir e l c h in g  

( 6 7 0  + I 105)

( 7 0 0  +  I 1^5)

(7*^5 + n 0 5 )

( 7 8 0  + 12 6 0 ) .  ( 7 1 0  + 1 3 7 5 )

( 6 7 0  + 1 4 7 0 )

( 7 0 0  + 1 4 7 0 )

( 1 0 8 0 - +  1 1 0 5 )

( 1 0 8 0  + I 140)

( 7 8 0  + 1 4 7 0 )

( 6 7 0  +  1 6 4 0 )

( 7 1 0  + 1 6 4 0 )

(I  140  -r 1 2 4 0 )

(2 X 1240)

( I 105 + n y o )

( 1 0 8 0  +  1 6 4 0 )

( 1 1 4 0  -r 1 6 4 0 )

CH^ m p h a s e  s t r e t c h in g  

( 1 1 4 0  +  1 7 8 0 )

C H ,  asy,  s t r e t c h in g  

C H ,  o u t o f  p h a s e  s t i e t c h i n g  

C  -  M s t r e t c h in g  

C  -  H s t r e t c h in g  

r  -  H s t r e t c h in g  

( 1 3 9 0  +  1 7 8 0 )

( 1 4 7 0  +  1 7 8 0 )

N -  H s t r e t c h in g  

N -  H s t r e t c h in g  

( 7 3 5  + 2 8 7 5 )

( 7 8 0  +  2 9 6 0 )

( 7 8 0  + 3 0 1 5 )

( 7 1 0  + 3 1 2 5 )

I.R frequency
(m cm ')

Int Species Assignment

695 4.5 a' C -  S stretching

710 2.6 a" C -  H bending o.o.p

730 4.5 a" C -  H bending o.o.p

770 2 8 a" C -  H bending o.o.p

1065 3.2 a" C ” CH, rocking

1085 2 1 a' C " H bending i.p

1110 2 0 q' C -  H bending i.p

1 145 3.8 a' C -  H bending i.p

1180 3 1 u' C -  H bending i.p

1220 3 7 a' C -  H bending i p

1260 0 0 a' C -  N stretching

1310 3 3 a' C -  H bending i p

1340 3.2 a' C 0  .stretching

1375 1 1 a" angular methyl group between a 
five and a six rnembered nnir

1385 0 7 a" angular methyl group between (wd 
SIX rnembered rings C,„

1470 0.8 a" CH, out of phase deformation

1610 1.1 a' C = N linkage

1730 0 2 a' carbonyl stretching m b e t w e e n  
acetoxy group and a six mcinbcnil 
ring

1775 3 1 a' C = O stretching

1910 5.7 A" (730 + 1180)

1950 5.8 A" (770 + 1180)

2020 5 8 A" (710 + 1310)

2180 5.7 A' (710 + 1470)

2290 5 8 A' (1110+ 1180)

2440 5.7 A', A’ (710 + 1730), (2 X 1220)

2460 5:6 A', A" (730 + 1730). (1085 + 1 3 7 S )

2500 5 6 A' (770 + 1730)

2520 5.5 A",A’.A' (1145 + 1375), (1340 + IIH'li 
(1220 + 1260)

2560 5.5 A' (1220 + 1340)

2780 4 9 A" (1310 + 1470)

2870 0 5 a' CH, in phase stretching

2940 0.2 a" CH, asy, stretching

2960 0.0 a" CH, out of phase stretching

3040 2.5 a' C -  H stretching

3080 2.2 a' C -  H stretching

3110 2.1 a' C > H stretching

3140 2.0 a' C -  H stretching

3200 1.9 A' (1470 + 1730)

3430 3.1 o' N -  H stretching

3600 4.3 A" (730 + 2870)

3640 4.6 A" (700 + 2870) ______
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assigned to axial C — Br stretching and equatorial C-Br stretching 
vibrations in (Bromo C6-S1^) respectively.

Axial C-CI stretching vibrations and equatorial C-Cl 
stretching have been observed al 620 cm ' and 750 cm * 
respectively in (Chloro C6 -SPT). Barton r /̂ri/17| has suggested 
these vibrations near 617 cm * and 750 cm * respectively.

Barton, Page, and Shoppcc [7|, suggested C-1 stretching 
vibrations at 672 cm ‘ Cor lodo- slertiidal. 'I'he band observed at 
670 cm ‘ m (IodoC6-SPl ), has been assigned toC-I stretching 
vibration.

The C-S stretching vibration normally appears in the inirarcd 
as a weak absorption in the range 181, (7(K)-6(K) cm *). I he bands 
obscivcdal6S5cm ' in (C'6 -SPT), 7(X)cnr ' in (Chloro C6-SPT), 
7(K)crn in (BromoC6 -SPT), 7(MJem ' in (lodoC6-SPTj, and 
695 cm ' in (Aectoxy C6 -SPT) have been assigned to C-S 
stretching vibrations.

Bellamy |X| and Rao [9| have suggested that N-H stretching 
vibrations occur in the region (.^450-34(K) e iif '). In accordance 
with their conclusions, the bands observed at 3440 em~’ in (C6 -  
SFI ). 3420cm * m (Chloro C6 - lSPT), 3440 cm'̂ * in (Bromo C6-  
SFD, 3420, 3440 cm ' in (lodo C6 -SPT), and 3430 cm ' in 
(Aectoxy C6  - SPT) have been assigned to N-H stretching 
vibrations

Several workers 110-12] reported C = O stretching vibrations 
in five-memhered rings lor steroids al ( I7KO-1778 cm *). The 
observed band al 1760cm ‘ m(C6-SPT), 1730cnr' in (Chloro 
C6 -SPT). 1730cm ' in (BromoC6^ s m  I780cnr'in (lodoC6-- 
SPI ), and 1775 cm ' in (Aectoxy C6-SP1) have been assigned 
as C = O stretching vibrations in five inembercd ring

Had/.i and Skrbljah 113| and Lieher ct al 114] have suggested 
C-N stretching vibrations around 1260 cm ' We observed C-N 
sirciching vibrations at 1260 cm ' in (C6 -SPT), 1260 enr' m 
(ChloroC6-SPT), 1265 cm ' m (Bromo C6 -SPT), 1260 cm * in 
(lodo C6 -SPT), and 1260 ciir' in (Aectoxy C6 -SPT) have 
correlation with the given assignment.

L.iebcr el al\\4\ reported a number ofC = N conjugated ring 
compounds and observed a strong absorption at 1626 enr', 
which they assigned to the C = N linkage vibration. The hands 
observed at 1630 cm"' in(C6 -SPT), 1610 cm ' in (Chloro C6 ~ 
SPT), 1615 enr' in (Bromo C6 -SPT), 1640 cm ' in (lodo C6-  
SPT), and 1610cm ‘ in (Aectoxy C6 -SPT) have been assigned 
to C = N linkage Irequencics.

5. Thermcxlynamic functions

rhe thermodynamic (unctions ol pyridine, benzene derivatives, 
P - riuorobenzyl Alcohol, 2 , 3 -  dimetoxy toluene, 
rrifluoromcthylbenzoyl Chlorides, 6  -  azauracil, 5  -  lodo urcil, 6  

-  methyl uracil, bio -  molecules, have been the subject of many 
investigators 115-22), as the thermodynamical properties of a

molecule may be computed more accurately than measured 
using fundamental frequencies of a molecule. Therefore, 
considered worthwhile to study the thermodynamic properties 
of series of C 6-spiro steroidal tertrazines. The ideal gas state 
thermodynamic functions are computed in the temperature range 
100-1500 K utilizing the spectroscopic data given in Tables (i- 
5). Tbc numerical values for the thermodynamic functions in 
ideal gas stale as given in Table 6 are computed as descrihrri 
earlier [23-25J.

6. Conclusion

Vibrational assignments of such complicated molecules havL‘ 
been performed by taking the help of similar vibrations observed 
m similar molecules. These studies will be helpful to ideniifv 
ground state vibrations of the above steroids. In the cJecironji 
spectra of the steroids, excited state vibrations can be confirmed 
with the help of ground state vibrations observed in the inffard 
spectra of the same molecules. I
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