
HETEROCYCLES. Vol 22. No. 1 1 ,  1984 
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Abstract - Infrared carbonyl frequencies of thiolactones and t h e  carre- 
sponding lactones are tabulated according to  r ing size, subst i tuents ,  unsat- 
"ration, heterostoms, and solvent e f f e c t s .  

For over t h i r t y  years the  infrared csrbonyl frequencies of l sc tones  and thiolactones have been used 

to  invest igate  r ing  s i z e ,  subst i tvent  position, and locat ion and degree of unsaturation. The 

local ized,  high in tens i ty  nature  of the  carbonyl s t re tching vibrat ions  make them well-suited f o r  

deducing s t r u c t u r a l  re la t ionships ,  and useful  general izat ions  have emerged from such s tudies .  The 

pr incipal  b o o b  and reviews which summarized these  findinge, however, tended e i the r  t o  c i t e  a few 

examples i l l u e t r a t i n g  t h e  obeerved ranges of c-only encountered lacrone 

systems11.30'31*193.194'287 or t o  focus on a pa r t i cu la r  r ing  ~ys tem.  269'289 None of these  t r ea t -  

ments dea l t  primarily with thiolactones.  99s 

The theory of csrbooyl absorptions i s  presented i n  a var ie ty  of textbooks on infrared spectroscopy. 

I n  t h i s  review an attempt hea been made t o  co l l ec t  an extensive (but not exhaustive) s e t  of thio- 

lactones for  which the  C-0 frequencies have been reported. For almost a l l  of the  examplee, data  

for  the  corresponding lactones were located. Thus the  present summary affords an extended s e t  of 

eomparieons useful  f o r  s t r u c t u r a l  corre la t ions .  Prom the  vast  number of thiolactones avai lable  

i n  the  l i t e r a t u r e ,  examples of simple a lkyl  and a r y l  groups were selected as representa t ive  sub- 

s t i t u e n t s .  I n  many cases the  o r ig ina l  a r t i c l e  contained spec t ra l  information on addi t ional  de- 

r iva t ives .  

The Tables are organized on the basis  of r ing s i r e ,  nmber and r e l a t i v e  position of heteroatoms, 

degree and r e l a t i v e  posi t ion of unsaruration, and solvent a f fec t s .  Nomenclature is omitted i n  

favor of formulas. I n  those caees where the  t o t a l  number of subst i tuente  becomes cumbersome f o r  

only a s ing le  generic s t ruc tu re ,  several  formulas are used t o  represent sub-groups of t h e  same 

r ing system. The symbol Z represents the  S o r  0 atom of t h e  lactone moiety and i s  designated as 

posi t ion 1 ;  t h e  symbol Y is used f o r  any other heteroetom. Solvents are iden t i f i ed  by molecular 

formulas, mull r e f e r s  t o  dispersion in mineral o i l  (Nujol), and a dash means t h a t  t h e  phase was 



unspecified. In cases where multiple bands were reported with some marked a s  weak o r  shoulders. 

only t h e  value of the  strong band is tabulated. Values of carbonyl frequencies are i n  wave 

s 0 
numbers, em-'; YCpO r e f e r s  to  th iolactanes ,  vCmO to  laetones.  

In  general, the  following trends are obeerved. For a given thia lactone the  carbonyl freqvency is 

ca. 60-80 lower than the  corresponding lactone. A s  sa turated th iolactooes  change i n  s i z e  - 
from three- to  six-membered r ings ,  the re  is a decrease of z. 40-50 cm-I f o r  each increase of 

one methylene group; comparable decreases occur i n  the  s e r i e s  of corresponding lactones.  Endo- 

cycl ic  double bmds (including benro der ivat ives)  which are a,% t o  the  carbonyl group cause a 

s h i f t  t o  lower frequencies; endocyclic double bands (including benzo der ivat ives)  which ere a,% 

t o  the  hateroatom cause a s h i f t  t o  higher frequencies. Fully-conjugated systems such as thio- 

pyrones and pyronee exhibi t  s h i f t s  to  lower frequencies;  but comparable s h i f t s  i n  coumarina. 

isacoumarine, and t h e i r  sulfur analogues are much l e s s  pronounced. Exocyclic double bonds a 

t o  the  carbonyl group cause a s h i f t  t o  lower frequencies,  whereas exocyclic double bonds a to  the  

heteroatom cause a s h i f t  t o  higher frequencies. Alkyl subs t i tuen t s  exer t  only a minor influence 

on observed frequencies. Phenyl subst i tuents  a t o  the  carbonyl group cause a s h i f t  t o  lower f r e -  

quencies, but t h e  e f fec t  of the same subat i tuent  i n  other posi t ions  is l e s s  predictable.  The 

incorporation of addi t ional  heteroatoms i n  the  lactone r ing r e s u l t s  i n  a var ie ty  of e f f e c t s ,  the  

most pronounced of which occurs when the  second heteraatom 16 a le0 adjacent t o  the  carbonyl group. 

In such cycl ic  carbonates t h e  d i t h i o  analogues are sh i f t ed  by z. 150 cm-I t o  lower frequencies.  

Final ly ,  solvent e f f e c t s  are not always consis tent ;  but ,  i n  general,  higher frequencies are 

observed when the  phase is mineral o i l ,  potassium bromide, o r  carbon t e t r ach lo r ide  while lower 

frequencies ere exhibited by neat l iqu ids  o r  chloroform solut ions .  

Table I Ring s i z e :  3 

Heteroatoms: 1-2 

Unsaturation: none 

Phase 
S Ref. Phase 

0 
Compound "C=O Ref. U ~ = o  
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Table I1 Ring size: 4 

Heteroatans: 1-2 

Unsaturation: none 

Compound Phase S Ref. 
Yc=O 

HCCl3 

neat 

neat 

CC1& 
CC14 

neat 

CC14 

- 
KBr 
DCC13 

0 
Phase V ~ = o  

Ref. 

CC14 1852 32 

neat 1820 122 

neat 1820 122 

neat 1828 83 

neat 1820 122 

neat 1821 83 

neat 1821 83 

KBr 1820 69 



Table I11 Ring size: 4 

Heteroatoms: 1-7. 

Unsaturation: benzo or exocyclic 

Compound 

P 

Phase S Ref. Y ~ = o  

gas 

neat 

- 

- 

neat 

neat 

zeat 
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Table IV Ring size: 5 

Heteroatoms: 1-2 

Unsaturation: none 

Compound 

R1 R2 R3 R4 

H H H H  neat  

HCC13 
- 

neat 

mull 

- 
- 

- 

- 

neat 

neat 

- 

neat 

HCC13 
- 

CC14 

- 

HCC13 

neat 

- 

neat 

neat 

HCC13 

CC14 

- 
neat 

CC14 

neat 



Table IV (continued) Ring S i z e :  5 

Heteroatoms: 1-2 

Unsaturation: none 

Compound hase S Ref .  
c-0 

Phase 
0 Ref.  
V ~ = o  

neat 

- 

KC1 

HCC13 

CC14 

CC14 

HCC1) 

HCC13 

HCC13 
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Table V 

Compound 

Ring s i z e :  5 

Heteroatoms: 1-2 

Unsaturation: endocyclic or exocyclic 

hase 
S Ref. 

v ~ = o  

eat 1675 

1682 

1680 

1670 

1675 

. 1685 

Br 1680 

Br 1680 

:CI4 1720 

:H2C12 1682 

.Br 1655 

- 2 6 0 7 -  

'hase 
0 
Y ~ = o  

Ref. 



Table V (continued) Ring size: 5 

Heteroatoms: 1-2 

Unsaturation: endocyclic or exocyclic 

Compound 

H BT H 

H SMe H 

H OEt H 

'hase 
S 

vc=o Ref. 
0 

Phase Ref. v ~ = o  



Table V (continued) 

Compound 

HETEROCYCLES, Vol 22, No. 11, 1984 

Ring size: 5 

Heteroatoms: 1-2 

Unsaturation: endocyclic or exocyclie 

'hase s 
Ref. 

c=n 

:c1 4 

eat 

- 
- 

e a t  

BT 

- 

. 

e a t  

Phase 
0 

Y ~ = o  Ref. 



Table V (continued) Ring Sire: 5 

Compound 

Unsaturation: endocyclic or enocyclic 

ase 
S 

Ref. 
v ~ = o  

Phase 0 Ref. 
U ~ = o  

neat 1765 152,172 

HCC13 1765 136 

HCC13 1759 302 

mull 1740 239 
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Table VI Ring size: 5 

Heteroatoms: 1-2 

Unsaturation: endocyclic and enocvclic 

hase 
S 

Yc=o Ref. Phase 
0  

v ~ = O  
Ref. 



Table VI (continued) Ring size: 5 

Heteroatoms: 1-7. 

Unsaturation: endocyclic and exocyclic 

Compound hase 
s 

V ~ = o  Ref. 

nvll 1680 154 

(Br 1690 266 

,eat 1660 266 

>eat 1665 266 

(Br 1680 266 

Phase 
0 Ref.  
Y ~ = o  
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Table VII 

Compound 

Ring s i r e :  5 

Hetermtome: 1-2 

Unsaturation: benzo der ivat ives  and exocycl ic  

Phase S 
' e n  Ref 'ham 

0 
v ~ = o  Ref. 



Table VII (continued) Ring size: 5 

Heteroatoms: 1-2 

Unsaturation: benzo derivatives and exocyclic 

Compound Phase 
s 

Ref. 
Y ~ = ~  

null 

null 

a r  

n u l l  

a r  

null 

Phase 
0 
Y ~ = ~  

Ref .  

mull 1770 43 

mull 1775,1745 239 

KBr 1786 222 

KBr 1789 335 

KBr 1785 241 

KBr 1780 27,147 

KBr 1779 65 

mull 1780 43,286 

mull 1787 276 
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T a b l e  VII (continued) 

C o m p o u n d  

H OMe 

Me Me 

Ring s i z e :  5 

Heteroatoms: 1-2 

Unsaturation: b e n z o  derivatives and exocyclic 

Phase s 
Y ~ = o  Ref. 

HCC13 

CC14 

KBr 

KBr 

neat 

HCC1)  

- 

KBT 

HCC13 

KBr 

Phase 
0 

Y ~ = o  Ref. 

HCC1) 

CC14 

null 

neat 

CC14 

KBr 

HCC13 

HCC13 

neat 

Teat 



Table VII (continued) Ring s i z e :  5 

Heteroatorns: 1-2 

Unsaturation: benzo d e r i v a t i v e s  and e x o c y c l i c  

Compound Phase s 
Y ~ = o  Ref. Phase 

0 
U ~ = o  Ref. 

nul l  1833,1740 142 

- 1832,1739 321 
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Table VIII 

Compound 

Ring size: 6 

Heteroatoms: 1-2 

Unsaturation: none; endocyc l ic  or e m c y c l i c  

Phase 
s 

U ~ = o  Ref.  

- 1655 

neat 1664 

neat 1645 

neat 1670 

neat 1665 

neat 1670 

CC14 1680 

- 2 6 1 7 -  

Phase 
0 

V ~ = o  Ref.  

- 

neat 

CC14 

4CC1) 

3S2 

neat 

HCC13 

3C14 

:cl4 

neat 

neat 

neat 

neat 



Table VIII (continued) Ring size: 6 

Heteroatoms: 1-2 

Unsaturation: none: endocyclic or exocyclic 

Compound Phase s 
U ~ = o  Ref. Phase 0 

v ~ = o  Ref. 



Table VIII (continued) 

Compound 

HETEROCYCLES, Yo1 22, No. 1 1 ,  1984 

Ring size: 6 

Heteroatoms: 1-7. 

Unsaturation: none; endocyclic or exocyclic 

Phase 
S 

v ~ = o  Ref. 

mull 

K B r  

K B r  

KBr 

- 

. 

Phase 0 
V ~ = o  

Ref. 

mull 1693 162 



Table IX Ring s i z e :  6 

Heteroatws: 1-2 

Unsaturation: benao derivatives 

Compound Phase 
S Ref. 

v ~ = o  

CC14 

HCC13 

C2C14 

KBr 

KBr 

KBT 

mull 

Phase 
0 Ref. 
U ~ = o  

HCC13 

HCC13 

CC14 

mull 

KBr 

HCC13 

HCC13 

CC14 

- 

KBr 

mull 

KBr 

mull 

mull 

mull 
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T a b l e  I X  ( c o n t i n u e d )  

Compound  

R i n g  s ire:  6 

H e t e r o a t o m s :  1-2 

Unsaturarion: benzo derivatives 

Phase S 
V ~ = ~  

R e f .  

m u l l  

K B r  

K B r  

m u l l  

CC14 

CC14 

C C I 4  

HCC1) 

K B r  

KBI  

m u l l  

CC14 

CC14 

HCC13 

m u l l  

CC14 

m u l l  

Phase 0 
V ~ = o  R e f .  

K B r  

- 

KBr 

KBr 

m u l l  

m u l l  

CC14 

CC14 

C C I 4  

HCC13 

HCC13 

KBr 

m u l l  

CC1& 

CC14 

HCCI3 

HCC13 

KB r 

HCC13 

HCC13 



Table I X  (continued) Ring s i z e :  6 

Heteroatoms: 1-2 

Uasaturation: benzo derivatives 

Compound hase 
S Ref. Yc=o lase 

0 Ref. Yc=o 
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Table IX (continued) 

Compound 

Table X 

Compound 

Ring size: 6 

Heteroatoms: 1-7. 

Unsaturation: benzo derivatives 

Phase 
S 

Ref. 
v ~ = o  

Ring size: 4 

Heteroatoms: 1-2, 3-Y 

Unsaturation: none 

Phase S 
V ~ = o  

Ref. 

mull 1800,1750 123 

2 6 2 3 -  

Phase 
0  
v ~ = o  

Ref. 

Phase 
0  

V ~ = o  
Ref. 



Table XI Ring size: 5 

Hetematoms: 1-2, 2-Y 

Unsaturation: none; endocyclic; benzo derivatives 

Compound Phase S 
Y ~ = o  Ref. 

neat 

neat 

KBr 

KBr 

KBT 

KBr 

KBr 

2C1 4 

a r  

a r  

ar 

Phase 
0 
V ~ = ~  Ref. 
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Table XI (continued) 

Compound 

Ring size: 5 

Heteroatoms: 1-2, 2-Y 

Unsaturation: none 

Table X I 1  

Phase s 
R e f .  Y ~ = o  

Ring size: 5 

Heteroatoms: 1-2, 3-Y 

Unsaturation: none; exocyclic 

Phase 0 
Yc=o 

R e f .  

Compound Phase v s  
c=o 

Ref. 



Table X I 1  (continued) Ring size: 5 

Heteroatoms: 1-2, 3-7 

Unsaturation: none; exocyclic 

Compound Phase S 
Yc=o 

Ref. 

KBr 1658 312 

HCC13 1689 61 

mull 1720,1710 329 

Phase 0 
Y ~ = o  Ref. 
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Table X I 1  (continued) 

Compound 

R i n g  s i z e :  5 

Heteroatoms: 1-2, 3-Y 

Unsaturation: endocyclic and exocvc l ic  

'hase 
S 

v ~ = o  R e f .  %ase 
0 

V ~ = ~  R e f .  

1CC13 

:H2C12 

(Br 

4eCN 

1CC13 

Teat 

(Br 

- 

null  

,eat 

KBr 

KBr 

KBr 



Table XI1 (continued) Ring size: 5 

Heteroatoms: 1-2, 3-Y 

Unsaturation: endocyclic and exocyclic 

Compound Phase 
S 

Y ~ = o  R e f .  

KBr 

KBr 

KBr 

KBr 

HCC13 

HCC13 

KBT 

- 

KBr 

Phase 0 
Uc=o 

Ref. 

KBT 

HCC13 

mull 

HCC13 

mull 

mull 

CC14 

RBr 

- 
null 

- 
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T a b l e  XI11 Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: none 

C o m p o u n d  

cis 

trans 

trans 

cis - 
trans 

trans - 

Phase 
s 

v c = o  Ref. 

neat 

HCC13 

HCC13 

- 

KBr 

HCC13 

HCC13 

HCC13 

neat 

HCC13 

HCC13 

HCC13 

haee 
0 

"c=o R e f .  

eat 

e a t  

ICC1) 

ICC1) 

C C 1 3  

C 1 4  

C 1 4  

C 1 4  

C 1 4  

:s2 

:c1 

- 



Table XI11 (continued) Ring sire: 5 

Heteroatams: 1-2, 4-Y 

Unsaturation: none 

Compound 

cis Me - Me 

trans Me Me 

Phase 
s 

V ~ = o  
Ref. 

neat 

HCC13 

neat 

neat 

- 

KB r 

CC14 

HCC13 

1CC13 

KC13 

?base 
0 

V ~ = ~  
Ref. 



Table XI11 (continued) 

Compound 

HETEROCYCLES, Vol. 22, No. 1 1 ,  1984 

Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: none; exoc~clic 

Phase 
S Ref. 

v ~ = ~  
Phase 

0 Ref. vc=o 



Table XIV Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: endocyclic 

Compound Phase 
S 

Y ~ = ~  
Ref 

neat 

HCC13 

KBr 

HCC13 

- 

HCC13 

HCC13 

KBr 

neat 

neat 

HCC13 

KBr 

Phase 0 
V ~ = o  

Ref 

neat 

neat 

CC14 

CS2 

HCCI3 

CC14 

KBr 

- 

CC14 

CC14 

KBr 

mat 
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Table XIV (continued) Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: endocyclic 

Compound 

-- -- - 

'hase 
s 

-c=o Ref. 

(Br 

(Br 

m4 
rHF 

:a4 
FHF 

CC14 

CC14 

CC14 

KBr 

mull 

- 

?base 
0 
Y ~ = o  Ref. 



Table XIV (continued) Ring s ine :  5 

Heteroatorns: 1-2, 4-Y 

Unsaturation: endocyclic 

Compound Phase S 
vc=O Ref 

KBr 

CC14 

CC14 

THE 

C C 1 4  

mF 

X I 4  

XI4 

:c1 4 
- 

(Br 

- 

- 

Phase 0 
v ~ = O  Ref. 



HETEROCYCLES, Vol 22, No. l 1, 1984 

Table XIV (continued) 

Compound 

Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: endocvclic 

Phase 
5 

Y ~ = o  Ref. Phase 0 Ref. 
Yc=o 

mull 1757 301 



Table XV Ring size: 5 

Heteroatoms: 1-2, 4-Y 

Unsaturation: benro d e r i v a t i v e s  

Compound 

- - 

Phase S Ref. 
Vc=o 

neat 

KBr 

CC14 

KBr 

KBr 

mull 

KBr 

- 

- 

mull 

CC14 

KBr 

?hase 0 Ref. 
Vc=o 

@.r 1767,1726 

[Br 1740 

- 1769,1740 
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Table XVI 

Compound 

Ring size: 5 

Heteroatoms: 1-2, 2-Y, 4-Y and 1-2, 3-7, 4-Y 

Unsaturation: endocyclic 

Phase 
S 

Ref. 
Yc=o 

neat 1760 167,264 

mull 1740 167,264 

CC14 1780,1750 326 

KBr 1680 347 

KBr 1680 347 

KBr 1673 347 

mull 1676 24 

mull 1660 24 

mull 1677 24 

Phase 
0 

Ref. 
v ~ = o  



Table XVI (continued) 

Compound 

R - 
H 

Me 

iPr 

c-C H - 6 11 

C-C H 
- 3 5  

t-Bu - 

Ph 

Et Ph 

OMe Ph 

NH2 Ph 

Ring size: 5 

Heteroatoms: 1-2, 2-Y, 4-Y and 1-2, 3-Y, 4-Y 

Unsaturation: endocyclic 

Phase 
S 

v ~ = o  Ref. Phase 
0 

v ~ = ~  Ref. 

- 

neat 

KBr 

:H2C12 

KBr 

null 
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Table X V I I  

Compound 

Ring size: 6 

Heteroatoms: 1-2, 3-2 

Unsaturation: none; exocyclic 

Phase 
S 

v ~ = O  
Ref. 

K B r  

K B r  

K B r  

KBr 

K B r  

KBr 

neat 

K B r  

Phase 0 
Ref. 

v ~ = o  



Table XVIII Ring size: 6 

Heteroatoms: 1-2, 3-Y 

Unsaturation: endocyclic; benzo derivatives 

Compound Phase s 
Y ~ = o  Ref. Phase 

0 
Ref. 

Y ~ = o  

KBr 

KB* 
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Table XIX 

Compound 

Ring size: 6 

Heteroatoms: 1-2, 4-Y 

Unsaturation: none: endocyclic and benzo derivatives 

Phase 
s 

v ~ = o  
Ref. 

KBr 

KBr 

. 

KBr 

BCBr3 

Phase 
0 

Y ~ = o  
Ref. 

mull 

HCC13 

mull 



Table XX 

Compound 

Ring size: 6 

Heteroatoms: 1-2, 5-Y; 1-2, 2-Y, 3-Y; 1-2, 4-Y, 5-Y 

Unsaturation: benzo derivatives, endocyclic 

Phase S 
Y ~ = o  Ref. Phase 0 

Ref. 
Y ~ = o  

neat 1747 

CC14 1777 

CC14 1776,1768 

HCC13 1779,1753 

HCC13 1751 

- 1733-1724 

neat 1692 



HETEROCYCLES, Vol 22, No. I T ,  1984 

Table XXI 

Compound 

Ring s i ze :  7 ,  8, 12, 16 

Heteroatoms: 1-2 

Unsaruration: none; benzo de r iva t ive  

Phase S Ref. Yc=o Phase 
0 Ref. v ~ = o  

CC14 

C C 1 4  

gas 

CH2C12 

KBr 

neat 

KBr 
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