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Abstract - Infrared carbonyl frequencies of heterocyclic lactones are tabulated on 
the basis of ring size, number and position of heteroatoms, substituents, UnSatuta- 
tion. and solvent effects 

Among the earliest applications of infrared spectroscopy were structural correlations of lactones, but the 

pioneering work of Bellamy did not address heterocyclic 1actones.l Shortly afterwards, Katritzky and 

coworkers presented excellent treatments of the IR frequencies of heterocyclic systems; but, even twenty- 

five years ago, there.were few literature citations for heterocyclic lactones.2 More recently, carbonyl 

frequencies of heterocyclic lactones were reviewed, but the compilation was limited to those ring systems 

for which the corresponding thiolactone had been reported3 This review presents carbonyl frequencies for 

a wide variety of heterocyclic lactones reported over the past four decades. 

The Tables are organized on the basis of ring size, number and position of heteroatoms, degree and 
position of unsaturation, nature of substituents, and solvent effects. The following abbreviations are used 
for substituents: Ac, acetyl; Ad, adamantyl; Bn, benzyl; Bu, n-butyl; 1-Bu, terl-butyl; Bz, benzoyl; 

c-C~HII .  cyclohexyl; E, ester (CqMe or CqEt ) ;  Et, ethyl; Me, methyl; Ms, methanesulfonyl; MOM, 

methoxymethyl; Ph, phenyl; i-Pr, isopropyl; p-Tol, para-tolyl. Solvents are identified by molecular 

formula. name, or the following abbreviations: DMSO, dimethyl sulfoxide; pyr, pyridine; THF, 

tetrahydrofuran. Mull refers to dispersion in  mineral oil (Nujol); a dash signifies that the phase was 
unspecified. Values of carbonyl frequencies (v-) are reported in wave numbers, cm-1. 

The following trends are observed. Increasing ring size causes a shift to lower frequencies. Endocyclic 

unsaturation which is conjugated with the carbonyl group causes a shift to lower frequencies. but 

endocyclic unsaturation which is conjugated with the ring oxygen of the lactone causes a shift to higher 

frequencies. Exocyclic unsaturation conjugated with the carbonyl gmup causes a shift to lower frequencies 

Alkyl substituents a to the carbonyl group cause small shifts to lower frequencies; aryl substituents in the 

same position cause small shifts to higher frequenc~es. The Tables include only simple alkyl and aryl 

groups as representative substituents. In many cases the literature references contain additional derivatives. 

Solvent effects vary considerably, but higher frequencies are most often observed in carbon tetrachloride. 
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Table I Ring Size: 4 

Heteroatoms: 1,2- 

Compound Phase 
V w  Ref. 

Table I1 Ring Size: 5 (saturated) 

Heteroatoms: 1,2- 

Compound Phase 
V w  Ref. 

B1 R7 R 7 - R s  
H H H H M e  

H H H H B n  

H H H H tBu 

H H  H M e M e  

H H H . P h  Me 

H M e H H B n  

H H  H M e B n  

H Me H Me Bn 

Me Me H ' Ph Bn 

Me Me H Ph Me 

neat 

neat 

neat 
- 

neat 

KBr 

KBr 

CHC13 

CHC13 

neat 

KBr 

CHC13 
KBr 

KBr 
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Table I1 (continued) 

Compound Phase 
V m  Ref. 

M e l v l e l v l e b k  

M e M e M e O H  
Me Me Me OOH 

Ph Me Me Ph 
Ph h4c Me Bn 

Ph Me H Bn 
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Table 111 Ring Size: 5 (unsaturated) 

Heteroatoms: 1,2- 

Compound Phase VUJ Ref. 

0 Rl  fi1 R? tautomer 
H C-H 

Me C-H 
C-H 

H t-Bu C-H 
C-H 

H Ph C-H 
C-H 

N-H 
p-To1 H N-H 

Me Me C-H 
C-H 

N-H 
N-H 

Me t-Bu C-H 
N-H 

Me Ph C-H 
C-H 

N-H 
N-H 

Bn Me N-H 
N-H 

Bn Ph C-H 
N-H 

neat 
CHC13 

CHC13 
CHC13 

CHCI3 
CHC13 

KBr 
mull 

neat 
C C I ~  

neat 
cc14 

KBr 
KBr 

c 2 c h  
CDC13 

CHC13 
CHC13 

CHC13 
KBr 

CHCh 

Ph H N-H - 1663 35 

Ph Me N-H CHC13 1717,1670 32  

Ph Ph N-H KBr 1690,1680 25,3 1 

-(CH2)4- C-H CHC13 1782 23 
N-H CHC13 1752.1735 23 

mull 1692 23 

N-H KBr 1690.1660 33 
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Table 111 (continued) 

Compound Phase 
V m  Ref. 

z - 
CH2 C-H 

C-H 
KBr 

KBr 

NaCl 
NaCl 

CHClj 
- 

NaCI 

mull 
- 
- 

mull 

CHC13 
cc14 

CHCl3 
c2cb 
KBr 
KBr 
CHC13 
KBr 
KBr 
KBr 
mull 

mull 
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Table I11 (continued) 

Compound Phase 
VCV Ref. 

z 
CH2 KBr 
0 KBr 

Bn Me Me neat 
Ph Ph Ph KBr 
HO Me I-Bu KBr 

mull 

KBr 

KBr 

KBr 
KBr 
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Table 111 (continued) 

Compound Phase v m  Ref. 

Ph CHC13 
KBr 

Ph KBr 
Ph KBr 
Me KBr 

Ph KBr 
Me KBr 

Ph KBr 

mull 



Table 111 (continued) 

Compound Phase v m  Ref. 

R I R ?  
H Me neat 1790 52 

Me Me neat 1780 53 

KBr 1757,1730,1661 54 
KBr 1786.1675 54 

R R - 1 - u  

H 
R 1 ~  H E E - 0 KBr KBr 1790 

1750 

I !L 
t-Bu t-Bu - KBr 1752 

CHC13 1740 
R2 

t-Bu 1-Bu 0 KBr 1792 
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Table 111 (continued) 

Compound Phase Ref. 

DMSO 1686 61 
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Table IV Ring Size: 5 (saturated) 
Heteroatoms: 1,3- 

Compound Phase vw Ref. 

R u  El- R 
Me Ms H CHC13 

Bn Ms H C C ~  

Ph Ms H CHC13 
KBr 

H Bz I-Bu KBr 

cis Me Ms Me CHC13 
cis Bn Ms Me CHC13 

H NO Ph CHC13 

KBr 

KBr 
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Table lV (continued) 

Compound Phase v m  Ref. 

trans Me t-Bu 

cis Bn t-Bu 
cis Ph t-Bu 

CC14 1819 
cc14 181 1 

C C I ~  1823 
neat 1811 
KBr 1790 

CHC13 1795 
CDCl3 1801 

CDCl3 1801 
cc14 1810 
KBr 1785 
KBr 1800 
c a 4  1810 
neat 1800 
KBr 1801 
C C 4  1810 

mull 1795 

CHCl3 1770 
CHClj 1775 

KBr 1785 
neat 1795 



570 HETEROCYCLES, Vol. 47, No. 1,1998 

Table l V  (continued) 

Compound Phase 
V m  Ref. 

RI R7 Rq 
Me Me Me 
Bn Me lvle 

Ph Me Me 
R2 Me trans Me t-Bu 

Me tram Me Ph 

H iCH2)5- 

C C I ~  

C C I ~  
KBr 

cc14 

KBr 

KBr 

neat 
CHzCl2 
NaCl 

KBr 

CDCl3 

CDC13 

KBr 

neat 

neat 

neat 

KBr 

neat 
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Table IV (continued) 

Compound Phase V m  Ref. 

RI R2 

cis Me H 

trans Me H 

cis Bn H 
cis Ph H 

Me Ph 
Me Bn 
Me ally1 

neat 
KBr 

KBr 

KBr 

CHCI3 
CDC13 
CDCI~ 

KBr 
KBr 
- 
- 

CHC13 

c 4 c k  

neat 
CHC13 

neat 
CHC13 

CHC13 
CHCb 

CHCb 
CHC13 

neat 
cc14 
NaCl 
KBr 

1769 78 

1765 79 

ino 79 

1765. 79 
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Table V Ring Size: 5 (unsaturated) 

Heteroatoms: 1,3- 

Compound Phase 
V w  Ref. 

- R1 R? R.c 

Ph H 

Me Me 
Ph Me 

PhS Me 
Ph Me 

Ph Me 

Ph Ph 

H CF3 

Tvk CF3 

Ph CF3 

Me2N CF3 
BnS -(CH2)5- 
PhS -(CH2)5- 

Bn Ph 

Ph2CH Ph 

Ph3C Ph 

Ph Ph 

Ph Me 

i-h BnO 

i-Pr 1-BuO 

i-h . EtS 

C C I ~  

neat 
CHC13 

neat 

CHC13 

CHC13 

neat 
neat 
mull 

KBr 

neat 
neat 
CHC13 

neat 

neat 
neat 
mull 

CHC13 
CHC13 

CHC13 
CH2Ch 
KBr 

neat 
CHC13 
KBr 

CHC13 

KBr 

KBr 

KBr 
- 

neat 
neat 

KBr 
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Table V (continued) 

Compound Phase 
VW Ref. 

El R2 R? 
Et Ph Me 
ally1 Ph Me 
Bn Ph Me 

Me Me Ph 

allyl Ph Ph 

Bn Ph Ph 

neat 

neat 

neat 
KBr 
KBr 
mull 

neat 
C C I ~  

KBr 
mull 

CHC13 

mull 

- 

KBr 
mull 

KBr 
mull 

KBr 

KBr 

KBr 

KBr 
mull 

KBr 
mull 

KBr 

KBr 

KBr 

- 
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Table V (continued) 

Compound Phase Ref. 

H 2-thienyl Ph 

H 3-thienyl Ph 

H MeS Ph 

H BnS Ph 

Ph H Ph 

CHCI3 
- 
- 

cc14 

KBr 

KBr 
KBr 
KBr 

KBr 
KBr 

- 
- 
- 

CHC13 
mull 

mull 

mull 

CHC13 
mull 

mull 

mull 

mull 

mull 

CHC13 
mull 

mull 

mull 

CHC13 

KBr 
mull 
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Table V (continued) 

Compound Phase 
V w  Ref. 

Ph Ph Ph 
H Ph BnO 

iCH2)5- Ph 

-(cH2)6- Ph 

cc14 
KEir 
mull 

CHC13 
KEir 
mull 

CHCI3 
- 

mull 

CHC13 
KBr 
mull 
mull 

CHCl3 
mull 

CHC13 1783 
KBr 1780 
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Table V (continued) 

- -  

Compound Phase VW Ref. 

CHC13 

KBr 

KBr 

KBr 

KBr 

KBr 

R - 
H KBr 

Me KBr 
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Table VI Ring Size: 5 (saturated) 
Heteroatoms: 1,4- 

Compound Phase V m  Ref. 

i-Pr 

Bn 

Ph 

Ph 

<CI 
H 

H 

H 

M 
H 

H 

H 

trans Ph 

cis Ph 

trans Ph 

Ph 

Ph 

Ph 

Ph 

cis H 

cis H -(CHz)j- H 

cis; trans H <CH2)4- H 
cis H <CH2)5- H 
cis H -(CH2)6- H 

cc14 

CHC13 
KBr 

mull 

CHCI3 

CHC13 

CHC13 
KBr 

KBr 
KBr 

KBr 

neat 
neat 

CHC13 

CHC13 

KBr 
KBr 

mull 

KBr 

KBr 

KBr 

KBr 

KBr 

KBr 

KBr 

KBr 

CH2C12 
KBr 

KBr 
- 

KBr 

KBr 
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Table V1 (continued) 

Compound Phase V w  Ref. 

fZ1 R7 R1 

SiMq H H 

Me H H 

Me H Me 

Me H Ph 

cis Me PI1 Ph 

C ~ S  Me -(CH2)4- 

El R7 R3 

H H H 

Me H H 

Ph H H 
H M e H  

H vinyl H 

H Ph H 

cis Me Me H 

trans Me Me H 

cis Ph Ph H 

H Me Me 

i C H d 4 -  H 

KBr 

KBr 

KBr 

CHC13 

neat 
- 

KBr 

neat 
NaCl 

- 

CHC13 

neat 

KBr 

KBr 
KBr 

KBr 
KBr 
- 
- 

KBr 

KBr 

KBr 

1745 
1751 

1750 

1753 

1740 

1750 

1740 

1730 

1740 
ino 
1740 

1730 

1730 

1740 

1740 
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Table VI (continued) 

Compound Phase 
V w  Ref. 

H H mull 1775,1770 171 

cis Bz 
Ph 
I 

CHzCl2 1785,1710 156 
KBr 1785.1705 157 

KBr 1735 168 

KBr 1730 

KBr 1778 

KBr 1787 

CHC13 1774 

KBr 1768 
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Table V1 (continued) 

Compound Phase V w  Ref. 

R I A & >  
H H H H  

M e H H  H 

neat 

neat 

KBr 

KBr 
mull 

KBr 
KBr 
KBr 
KBr 

KBr 

KBr 
KBr 

neat 
CHC13 
cc14 
cc14 
neat 
CHC13 
cc14 

KBr 
' 3 2  
- 
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Table VI (continued) 

Compound Phase V m  Ref. 

cis Ph 

ham Ph 
H 

cis H 
Me 
CI 

cis Ph 

cis CI 

KBr 
KBr 
- 

KBr 
- 

neat 

CHC13 

KBr 

KBr 

cis 

trans Me 

neat 
CHC13 

Me neat 
neat 
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Table VII Ring Size: 5 (unsaturated) 
Heteroatoms: 1,4- 

Compound Phase 
VC=O Ref, 

KBr 

KBr 
KBr 
KBr 
KBr 

CHzClz 
KBr 
- 
- 
- 

KBr 
- 

KBr 

KBr 
KBr 

KBr 

KBr 

KBr 

KBr 

neat 

neat 
CHC13 

mull 

KBr 

mull 

mull 

CHC13 
KBr 
mull 

neat 

CHC13 
KBr 
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Table VII (continued) 

Compound Phase VW Ref. 

KBr 
KBr 
CHzClz 

CHC13 
KBr 
mull 

CH2CIz 
KBr 
KBr 

neat 
neat 

KBr 

neat 
C c 4  

CHC13 
C C I ~  
KBr 

cc14 

KBr 
cc14 
KBr 
neat 
neat 

neat 

- 
- 
- 
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Table VII (continued) 

Compound Phase V w  Ref. 

CHC13 
C C I ~  
KBr 

THF 

T H F  

KBr 

neat 
neat 

neat 
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Table VII (continued) 

Compound Phase 
V w  Ref. 

KBr 1750 223 

Table V l l l  Ring Size: 5 

Heteroatoms: 1,2,3- 

Compound Phase VW Ref. 
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Table IX Ring Size: 5 

Heteroatorns: 1,2,4- 

Compound Phase 
v m  Ref. 

R I R ? d A  

Me -(CH=CH)3- Me KBr 

Ph qCH2)s- Me CHCb 
Ph Ph H tBu mull 

Bz Ph H Ph CHCI3 

Z 
CH2 neat 

0 CHC13 

CHC13 

mull 

KBr 

CHCI3 

CHC13 

KBr 

KBr 

KBr 

1740 

1748 

i n s  

1790 

1750 

1740 

1786 

1770 

1786 

1780 

1776 

1780 

1786 

i n o  

1780 
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Table IX (continued) 

Compound Phase 
V w  Ref. 

L? 
t-Bu neat 1880,1835 237 

Ph CHCl3 1866.1834 233 
- 1855,1828 238 

CH2=C(Ph) KBr 1880.1840 148 

Table X Ring Size: 5 
Heteroatorns: 1,3,4- 

Compound Phase 
V m  Ref. 

KBr 18M) 241 
CC14 1835 242 
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Table X (continued) 

Compound Phase 
V w  Ref. 

allyl Ph 

propargyl Ph 

Ph Et 

Ph Ph 

R - 
CF3 
MOM 

R - 
Me 

Ph 

2-pyridyl 

- 
neat 

KBr 
KBr 
CHC13 
'334 
KBr 
cc14 

CHzClz 
Cc14 

KBr 
KBr 
mull 

CHC13 
mull 

KBr 

neat 

neat 

neat 

C C I ~  
mull 

mull 

1770 

1780 

170 

ino 
im 
1787 
1764 

1805 

1800 

in9 
1795 

1786 

im 
17% 

1781 
1783 

1790 

1887 

1875,1825 

1760 

1780,1750 
1740 

17% 
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Table XI Ring Size: 6 

Heteroatoms: 1,2- 

~~~ 

Compound Phase V m  Ref. 

dioxane 1760 
KBr 1760 

KBr 1720 263 

mull 1745 
- 264 

1750 265 
CHC13 1734 266 

dioxane 1745 262 
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Table XI1 Ring Size: 6 

Heteroatoms: 1,3- 

Compound Phase 
V m  Ref. 

CHC13 

neat 

mull 

- 

- 

c a 4  

CC14 
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Table XI1 (continued) 

Compound Phase 
V m  Ref. 

KBr 
KBr 

a 1 3  
KBr 
c c l 4  

CHC13 

CHC13 
CHCI3 
CHC13 

CHC13 
mull 

mull 
mull 

C C I ~  

KBr 
KBr 
mull 
KBr 

mull 

KBr 

KBr 
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Table XI1 (continued) 

Compound Phase 
V c a  Ref. 

mull 1760 283 

CHCI? lm 284 - 
CC4 1770 28 1 
KBr 1770 282 
- 1760 285 

KBr 1760 107 

KBr 1757,1740 282 

KBr 1760 286 

KBr 1760 282 

KBr 1740 280 

KBr 1760 280,287 

KBr 1890,1790 287 

mull 1765 288 

mull 1770 288 

KBr 1770 289 

KBr 1760 289 
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Table XI1 (continued) 

Compound Phase 
Vc=a Ref. 

KBr 

KBr 

KBr 

1780 

i n o  

KBr 1754 
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Table XI1 (continued) 
~ - 

Compound Phase V m  Ref. 

KBr 1770.1758 294 

KBr 1750 295 

KBr 1760 295 

0 

KBr 1760 295 

KBr 1770 286 
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Table XI1 (continued) 

Compound Phase V- Ref. 

R I A  
H H 

cis Me H 

trm Me H 

Me Bn 
cis H H 

H Me 
H Me 

cis Me Me 

Me Bn 

cis Me H 

RIA  
H H 
H H 

H H 

H H 

Me H 
cis Me H 

t r m M e  H 

Me H 
Me H 
Me Me 

KBr 

KBr 
KBr 

KBr 
KBr 

KBr 
KBr 

KBr 

KBr 
KBr 

- 
- 

neat 
neat 

neat 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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Table XI1 (continued) 

Compound Phase 
VC=O Ref. 

neat 
KBr 
KBr 
neat 
KBr 

neat 

CHC13 
CHC13 
CHC13 
CHC13 
CHC13 
KBr 

CHC13 
CHC13 
neat 

CHC13 
CHC13 
CHCb 
CHC13 
CHC13 

KBr 
KBr 
CHC13 
KBr 
KBr 
KBr 
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Table XI1 (continued) 

Compound 

RI RZ 
H 1-Bu KBr 

Me Me CHC13 

R1 Rz 
H H 

H Ph 

Me PhO 
Me BnO 

Me t-BuO 

KBr 

KBr 

CHC13 

mull 

neat 

KBr 

neat 

KBr 
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TableXlI (continued) 

Compound Phase 
V w  Ref. 

KBr 
KBr 
KBr 
KBr 

CHC13 
cc14 
KBr 
CHC13 

CHCI3 

CHC13 
C C I ~  
mull 

CHCI3 

KBr 
KBr 

CH2C12 

CC14 

KBr 
CHC13 
- 

mull 
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Table XI11 Ring Size: 6 

Heteroatoms: 1,4- 

Compound Phase VC=O Ref. 

RI R? R3-EQ 

H H M e H  neat 

H Bn Bn Ph mull 

Me Bn Bn Ph CHC13 

Bn Bn Bn Ph CHC1-j 

neat 
neat 
neat 

KBr 

neat 
neat 

R1 R2 

Me Me CHC13 

Me 2-naphthyl KBr 
i-Pr Ph KBr 

Ph Ph KBr 
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Table XI11 (continued) 

Compound Phase 
V w  Ref. 

R1 R.2 
H Me C C I ~  1705 333 

H 1-Bu CC14 1715 333 
R2 H Ph C C I ~  1730 333 

KBr 1710 333334 

iCH2)4- KBr 1740 333 
tram iCHz)4- mull 1700 334 

KBr 1735 335 

KBr 1740 335 

neat 173 1 328 

Ph 

R1 R.2 R? 
CI CI H KBr 170 336 

CI CI Me KBr 1760 336 

CI CI Bn KB r 1755 336 

R2 CI C1 Ph KBr 1770 336 

Br Br Me KBr 1740 336 

R - 
H KBr 1759.1740 337 

Me CHC13 1752,1745 338 

Ph CHC13 1740 338 

NH2 mull 1790 339 
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Table XI11 (continued) 

Compound Phase V w  Ref.  

cis 

trnm 

mull 1725 340 

KBr 1745 341 

KBr 1750 341 

neat 1740 343 

R I R . , R ? R ~  
M e H M e H  mull 
Me Ph Me Ph - 
Ph Ph Ph Ph - 

neat 
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Table XI11 (continued) 

Compound Phase Vc=a Ref. 

H  H H  H 
M e H H  H 

t-Bu H  H  H  

H  H M e H  

R3 H H P h H  
H H H M e  

H H  H r-Bu 

H  H  H  vinyl 

KBr 

KBr 

KBr 

- 
neat 

neat 
- 

KBr 

neat 
neat 

KBr 

KBr 

neat 

KBr 

neat 
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TableXIIl (continued) 

Compound 

- 

Phase V m  Ref. 

I n I CH mull 1750 354 

N mull 1760 354 

Table XIV Ring Size: 6 

Heteroatoms: 1,s- 

Compound Phase 
V m  Ref. 

&;tram H -(CH2)5- H 

cis;nam H H <CH2)4- 
cis H H -(CH2)5- 

trans H H -(CH2)5- 
P h H H H  
P h H M e H  
Ph H H Me 

neat 
KBr 
KBr 
- 

KBr 
KBr 
KBr 
KBr 
KBr 

mull 

mull 

mull 
mull 
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Table XIV (continued) 

Compound Phase V w  Ref. 

BI R7 R-, 
H 4CH2)4- mull 1740 360 

H 4CHzk-  mull 1720 360 

Me iCHz)4- mull 1725 360 

mull 1760,1695 361 

mull 1760,1710 361 

KBr 1724 362 

KBr 1745 363 

KBr 1735 364 

- 17.35 365 
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Table XIV (continued) 

Compound Phase V w  Ref. 

B1 R7 R-3-& 

H H H H  

tram Me H H Me 

H M e M e H  

P Y ~  i n o  367 
- 1763 368 
- i n o  368 

CHC13 1770 367 
mull 1760 369 
- 1784 368 

KBr 1785 367 

neat 1747 144 
CHC13 1779.1753 180 
C C I ~  1776,1768 180 
CHC13 1742 370 

CHC13 1752.1737 370 
CHC13 1749 370 

Iil R7 R1 

H H H neat 

H H Me neat 

4CH2)s- H neat 



BOB HETEROCYCLES, Vol. 47. No. 1,1998 

Table XIV (continued) 

Compound Phase 
V m  Ref. 

neat 1755 

CH2CIz 1800 

KBr 1695.1680 

KBr 1700 

KBr 1700 

KBr 1685 
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Table XV Ring Size: 6 

Heteroatoms: 1,2,4- 

Compound 

- - 

Phase V m  Ref. 

KBr 

KBr 

KBr 

KBr 

KBr 1750 

KBr 1745 

KBr 1715 
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Table XVI Ring Size: 6 

Heteroatoms: 1,2,5- 

Phase V m  Ref. 

Rr R? Rq 

Me Ph Me KBr 1820,1700 177 

Ph ~h ~e KBr 1805,1700 in 
-(CHz)s- Me KBr 1800,1700 177 

Me hk Bn KBr 18~0,1700 i n  

KBr 1750 377 

Table XVII Ring Size: 6 
Heteroatoms: 1,3,4- 

Compound Phase 
V m  Ref. 

mull 

KBr 

KBr 
KBr 

KBr 

KBr 
- 

KBr 

KBr 
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Table XVlIl  Ring Size: 6 
Heteroatoms: 1,3,5-; 1,4,5-; 1,2,4,5- 

Compound Phase 
V, Ref. 

KBr 

A neat 
1810,1740 387 

0 0 
I I 

't-Bu 
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Table XIX Ring Size: 7 

Heteroatoms: 1 ,  1,4-; 1 1,6- 

Compound Phase V m  Ref. 

mull 
- 

mull 

mull 

mull 



HETEROCYCLES, VOI. 47, No. 1,1998 ell 

Table XIX (continued) 

Compound Phase V m  Ref. 

- 6 1730,1718 185 
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