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Abstract: The effects of solvents and 5-alkyl substituents on the circular dichroism (CD) spectra of a number 
of 5-alkyl-5-(2'-pentyl)barbituric acids are reported. These compounds show three ellipticity bands in the region 
200-300 nm. The bands are found at around 260, 240, and 212 nm. The solvent studies suggest that the 260-
and 212-nm bands arise from a n-7r* and ir-ir* transition, respectively. The intermediate band may be due to an 
n-tr* transition or to a second n-7r* transition. The sign and intensity of the Cotton effects (CE) are discussed 
in relation to the conformation of the barbituric acid ring and the relative steric relationship between the hetero­
cyclic ring and the 5-alkyl substituents. 

The 5,5-dialkylbarbituric acids (barbiturates) are 
highly active molecules in biological systems, the 

best known of which is their sedative action in 
the central nervous system (CNS). Although this 
class of compounds has been extensively used in 
medical and biological studies for many years, the 
molecular basis of their mode of action is unknown. 
Barbiturates are 6-oxo derivatives of uracil, a com­
ponent of the nucleic acids. This similarity may be im­
portant since barbiturates have been found to as­
sociate preferentially with adenine2 analogous to the 
uracil-adenine binding in nucleic acids. The strong 
interaction observed between barbiturates and adenine 
led to the suggestion that the barbiturates exert their 
biological activity by specifically binding and inactivat­
ing a variety of molecules containing adenine, including 
coenzymes and adenosine 5'-triphosphate.2 An im­
portant component of this interaction is the stereo­
chemistry and conformation of the barbituric acid ring 
as well as the C(5) lipopylic side chains known to be 
necessary for CNS activity. In order to gain insight 
into the geometry of the barbiturates, we have con­
ducted a detailed study of the circular dichroism (CD) 
properties of several 5-alkyl-5-(2'-pentyl)barbituric 
acid derivatives. Since a primary consideration in 
efforts to determine molecular stereochemistry from 
CD data is the nature of the electronic transition(s) 
which gives rise to an observed ellipticity band, we 
have devoted considerable effort to establishing the 
types of transitions exerted by these compounds. The 
information gained should also be helpful in determin­
ing the structure of other barbiturates such as biotrans­
formation products. 

In an earlier report we described the syntheses and 
absolute configuration of several (S)-5-alkyl-5-(2'-
pentyl)barbituric acid derivatives.3 The optical rotatory 
dispersion (ORD) spectra of these compounds were 
determined and found to show at least two Cotton 

(1) This investigation was supported by Contract No. PH-43-
NIGMS-65-1057 from the National Institute of General Medical 
Sciences, National Institutes of Health. 

(2) (a) Y. Kyogoka, R. C. Lord, and R. Rich, Nature (London), 218, 
69 (1968); (b) D. Voit and R. Rich, / . Amer. Chem. Soc, 94; 5888 
(1972). 

(3) F. I. Carroll and R. Meek, J. Org. Chem., 34,2676 (1969). 

effects (CE). It was noted that the ORD curve of (S)-
5-ethyl-5-(2'-pentyl)barbituric acid (1) was quite dif­
ferent from the curve of (S)-5-(2'-pentyl)barbituric 
acid (2). The suggestion was put forth that these dif­
ferences may be due to conformation and might be 
helpful in explaining the differences in biological ac­
tivity of these two compounds. 

In view of the biological significance of barbituric 
acid derivatives4 and the current interest in the chir-
optical properties of heterocyclic and biologically in­
teresting compounds,8 we have now investigated the 
ultraviolet (uv) and CD properties of several (S)-5-
alkyl-5-(2'-pentyl)barbituric acid derivatives. All of 
these compounds contain the symmetrical trioxo-
pyrimidine chromophore which can be dissymmetrically 
perturbed by its surroundings, thus giving rise to 
optically active absorption bands. 

Results and Discussion 

The uv, ORD, and CD curves of 5-ethyl-5-(2'-pentyl)-
barbituric acid, measured from 200 to 340 nm in 
methanol-0.1 JV HCl (1 : 1) are presented in Figure 1. 
In agreement with our earlier report based on ORD 
studies, the CD curve of 1 shows a low intensity CE 
at 257 nm and a higher ellipticity CE at 212 nm. In 
addition, the CD curve shows a shoulder at approxi­
mately 238 nm which is not apparent in the ORD curve. 
The uv spectra in the same solvent exhibits a maximum 
at 212 nm but shows only tail absorption in the region 
240-340 nm. In our earlier report,3 based mainly on 
location and relative amplitude of the CE observed in 
the ORD spectra, the high and low wavelength CE 
were attributed to a n-7r* and ir-ir* transition, re­
spectively. In order to more fully determine the nature 
of these electronic transitions and to establish the nature 
of the CE at 238 nm observed only in the CD curve, 
we have studied the effect of solvent and substitution on 
the CE spectra of several (S)-5-alkyl-5-(2'-pentyl)-
barbituric acids. 

Due to the nonbonding electron pairs of the car-

(4) W. J. Doran, in "Medicinal Chemistry," Vol. IV, F. F. Blicke 
and R. H. Cox, Ed., Wiley, New York, N. Y., 1959, p 1. 

(51 P. Crabbe, "ORD and CD in Chemistry and Biochemistry," 
Academic Press, New York, N. Y., 1972. 
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Figure 1. Ultraviolet absorption (....), ORD (—), and CD ( ) 
spectra of (S)-5-ethyl-5-(2'-pentyl)barbituric acid (1) in 50% v/v 
methanol-0.1 N hydrochloric acid. 

Figure 2. The CD spectra of 1 in trimethyl phosphate (...); meth­
anol (-•-); water ( ); trifluoroethanol (—); and trifluoroacetic 
acid ( ) showing the high wavelength low amplitude negative 
Cotton effect. 

bonyl oxygens and the nitrogen atoms of the 
barbituric acid ring, these compounds are capable of 
exhibiting n-ir* transitions. Solvent studies have 
been used to characterize n-7r* transitions and to 
distinguish them from 7r-7r* transitions in many cases 
including a number of heterocyclic systems.6 In pro-
tonic solvents the lone pair of electrons are engaged in 
hydrogen bonding, and the promotion of these elec­
trons to a 7T* orbital requires energy to weaken or 
break the hydrogen bond in addition to the normal 
transition energy. This results in absorption at shorter 
wavelength. Thus, n-7r* transitions show blue shifts 
in going from nonpolar to more polar solvents. In 
contrast TT-T* transitions show red shifts on changing 
from non-hydrogen-bonding to hydrogen-bonding sol­
vents. This results from the favorable interaction of 
the highly polar excited state with the solvent cage of 
the more polar solvents. 

The CD spectra of the higher wavelength CE of 
1 in trimethyl phosphate, methanol, water, trifluoro­
ethanol, and trifluoroacetic acid are shown in Figure 2. 
Figure 3 shows the lower wavelength positive CE of 
1 in dichloroethane, acetonitrile, and methanol. The 
high wavelength negative band as well as the shoulder 
on this band shows a blue shift with increasing solvent 
polarity. The low wavelength positive band shows a 
red shift. The same type of shifts in the positive band 
are also apparent in the ultraviolet spectra in aceto­
nitrile, methanol-H20 (1:1), methanol, and trifluoro-
methanol (see Figure 4). Note the left side of the uv 
curves. Here the absorption is dominated by the 
7r-7r* absorption, and the curves show the character­
istic red shift of such transitions as the polarity of the 

(6) D. W. Miles, M. J. Robins, R, K. Robins, M. W. Wirrtdey, and 
H. Eyring,/. Amer. Chem. Soc, 91, 824 (1969). 
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Figure 3. The CD spectra of 1 in dichloroethane ( ); acetoni­
trile (...); and methanol (—) showing the low wavelength high 
amplitude positive Cotton effect. 

solvent is increased. In our earlier paper the negative 
and positive bands were attributed to n-7r* and tr-ir* 
transitions, respectively. The position of the CD 
bands and their shift with solvent polarity give added 
support for these assignments. The blue shift of the 
high wavelength shoulder suggests that the nonbonding 
electrons are also involved in this band. 

The CD spectra in the high wavelength region of 
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Figure 4. The uv spectra of 1 in acetonitrile (...); methanol (—); 
trifluoroethanol (-•-); and methanol-water (1:1) (——). 
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Figure 5. The CD spectra of 3 in trimethyl phosphate (...); dioxane 
( ); acetonitrile ( ); methanol (•-•); methanol-H20 (1:1) 
(—); and trifluoroethanol (- • • -)• 

(S)-5-allyl- (3), (S)-5-propyl-(4), (S)-5-isopropyl- (5), (S)-
5-methyl-5-(2'-pentyl)barbituric acid (6), and (S)-5-
(2'-pentyl)barbituric acid (2) are illustrated in Figures 
5-9. Representative solvent effect curves are included 
in each figure to ensure that we are observing the same 
transition in each compound. It is apparent that the 
substituent at position 5 can have a profound effect on 

Figure 6. The CD spectra of 4 in trimethyl phosphate (...) and 
trifluoroethanol ( ). 
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Figure 7. The CD spectra of 5 in trimethyl phosphate (...) and 
trifluoroethanol (——). 

the CD curve. Whereas the CD curves of 5-allyl, 5-
propyl, and 5-isopropyl compounds are all quite similar 
to the 5-ethyl derivative (1), the 5-methyl analog 6 
shows two distinct CE's in the high wavelength region 
of approximately equal intensity. However, the most 
dramatic alteration of the CD spectrum of these com­
pounds is encountered with the unsubstituted analog 
2. In complete contrast to the (S)-5-alkyl-5-(2'-
pentyl)barbituric acids, 2 shows two positive CE's in 
the high wavelength region. Even though the magnitude 
of the observed ellipticity in individual cases varied 
and even the sign of the bands in one case was dif­
ferent, the general character of all the curves was 
similar. That is, the two high wavelength bands un-
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Figure 8. The CD spectra of 6 in trimethyl phosphate (. . .) and 
trifluoroethanol ( ). 

Figure 9. The CD spectra of 2 in dioxane (. . .); methanol (•-•); 
methanol-water (1:1) ( ); and trifluoroethanol (—). 

dergo a red shift on changing from polar to less polar 
solvents, the molar ellipticity values decrease, and the 
low wavelength band experiences a red shift in going 
from less polar to more polar solvents. These solvent 
studies strongly suggest that all the (S)-5-(2'-pentyl)-
barbituric acid derivatives studied show a high wave­
length n-7r* ellipticity band, a low wavelength 7r-7r* 
band, and, in addition, a third band at intermediate 
wavelength which is blue shifted in going from non-
polar to more polar solvents. 

It could be argued that the. intermediate band results 
from an enol form B. This band could also result from 

O O 

O^N^O L ^ " ( A N - ^ O H 

H 
A B 

association. However, since the shape and intensity of 
CD spectra of 1 does not change when measured in 
50% v/v methanol-water, 50% v/v methanol-con-
centrated hydrochloric acid, and 50% v/v methanol-
0.1 N hydrochloric acid over the concentration range 
0.2 to 2.1 mg/1., neither of these suggestions seems 
likely. In addition, the CD curve shown in Figure 10 of 
(5)-5-ethyl-l,3-dimethyl-5-(2'-pentyl)barbituric acid (7), 
which is incapable of enolization and probably as­
sociation, shows two negative long wavelength CE 
at X 257-258 and 243-245.5 nm. It is also particularly 
interesting that neither of the ellipticity bands of 7 
shows appreciable shifts with changing solvent polarity. 
This indicates that solvent interaction with the nitrogen 
atom via its attached hydrogen must be occurring in the 
compounds 1-6. Since the 1,3-dimethyl derivative 7 

Figure 10. The CD spectra of 7 in trimethyl phosphate (...); 
acetonitrile (—); and methanol ( ). 

still shows the intermediate CD band and since this 
band in the spectra of 1 is unaffected by changes in pH 
or concentration, we conclude that it is due to a new 
optically active transition. In support of this suggestion 
the uv spectra of 1 (Figure 4) in all the solvents ex­
amined shows a small inflection between 230 and 245 
nm. 
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Figure 11. The CD spectra of 1-8 in 50% v/v methanol-0.1 N 
hydrochloric acid. 

In some cases, amides,7'8 lactams,9'10 and other mole­
cules which contain one or more -CON< 1 1 1 2 groups 
have been found to show three optically active CD bands 
similar to the (S)-5-(2'-pentyl)barbituric acids in this 
study. The high and low wavelength bands have been 
shown to be due to n-7r* and 7r-7r* transitions, respec­
tively. In some cases the intermediate band is due to 
association;l0 in others it is apparently due to a new n-cr* 
transition.7-9'12 Since the heterocyclic ring of the (S)-5-
(2'-pentyl)barbituric acids we have studied contain three 
-CON< groups, the intermediate band we have observed 
may be due to a n-a* transition. This band could also 
be due to a second n—w* transition. However, since both 
a n^(r* and a n-u* transition would show a blue shift 
in going from nonpolar to more polar solvents, solvent 
studies are not useful in distinguishing between the two 
types of transitions. Additional studies involving mag­
netic circular dichroism may be able to establish the 
nature of the intermediate transition. 

In order to find a relationship between the magnitude 
(and possibly the sign) of the two longer wavelength 
CE's and the geometry of the (S)-5-(2'-pentyl)barbituric 
acid derivatives, we have obtained the CD curves of 
1-7 and 5-(ethyl-d5)-5-(2'-pentyl)barbituric acid (8)13 

(7) H. Bosch, M. J. Robins, and N. A. Kuebler, J. Chem. Phys., 47, 
1201 (1967). 

(8) D. G. Barnes and W. Rhodes, J. Chem. Phys., 48, 817(1968). 
(9) N. J. Greenfield and G. D. Fasman, / . Amer. Chem. Soc, 92, 

177(1970). 
(10) M. Goodman, C. Toniolo, and J. Talutta, / . Amer. Chem. Soc, 

91,1816(1969). 
(11) (a) D. W. Urry, J. Phys. Chem., 72, 3035 (1968); (b) D. W. 

Urry, Annu. Rev. Phys. Chem., 19,477 (1968). 
(12) N. J. Greenfield and G. D. Fasman, Biopolymers, 7, 505 (1969). 
(13) (S)-5-(Ethyl-tf5)-5-(2'-pentyl)barbituric acid was prepared from 

ethyl-d5 iodide having a minimum isotopic purity of 98 %. 

in the same solvent system (0.1 N HCl-CH3OH, 1:1). 
The results obtained are shown in Figure 11. 

The Xmax and magnitude of the long wavelength band 
0~258 nm) are almost identical in all the (S)-5-alkyl-5-
(2'-pentyl)barbituric acids. In the case of 3 and 5 
which have a 5-allyl and 5-isopropyl substituent, re­
spectively, the intensity of the band is increased. In 
contrast, the intermediate band (230-244 nm) is ex­
tremely sensitive to changes in the 5-alkyl substituent. 
In the case of 5-ethyl-l,3-dimethyl-5-(2'-pentyl)barbi-
turic acid (7), the intermediate band at Xmax 238 is more 
intense than the long wavelength band, whereas, it is 
only barely detectable in 3 (R = allyl). In the 5-
methyl derivative 6, the two bands have approximately 
the same intensity, and with 1 (R = C2H3), 4 (R = n-
C3H7), and 8 (R = C2D6) the band appears as a low in­
tensity shoulder on the long wavelength band. One 
explanation for this change in the intensity of the inter­
mediate CE with various 5-alkyl and iV-alkyl substit-
uents is that the barbituric acid ring is not rigid and 
that the conformation of the ring is dependent on the 
substituent. In support of this, Gartland and Craven 
have studied the X-ray crystal structure of several 
5,5-dialkylbarbituric acids and concluded that at least 
in the solid state, the ring shows a significant degree 
of puckering.14 

In the unsubstituted (S)-5-(2'-pentyl)barbituric acid 
(2) the long wavelength band is about 15% more in­
tense than the intermediate band; however, even more 
important in this example is the fact that the sign of 
both CE's is opposite to those observed for the (S)-5-
alkyl-5-(2'-pentyl)barbituric acids. This observation 
creates a problem in attempts to correlate the sign of 
the CD curves with the absolute configuration. How­
ever, the change in sign does indicate that the relative 
geometry between the 5-alkyl side chains and the 
NHCO group controls the sign of the n-ir* CE ob­
served. In the case of some lactams and diketopiper-
izines, Urry l l b has shown that the sign of the CE is 
dominated by two opposing terms which are distance 
dependent. It might be that the 5-alkyl group of the 
5-alkyl-5-(2'-pentyl)barbituric acid is close to the 
-NHCO- groups of the barbituric acid ring and thus 
changes the sign of the transition. 

Summary 
Several (5)-5-alkyl-5-(2'-pentyl)barbituric acids have 

been prepared. The compounds show a negative el-
lipticity band at 250-262 nm, which is blue shifted upon 
going from nonpolar solvents to solvents with higher 
polarity, which probably arises from an n-7r* transi­
tion. A second positive ellipticity band centered at 
208-212 nm red shifts with increasing solvent polarity 
and is probably due to a 7r-7r* transition. The spectra 
of the compounds also show a third band at interme­
diate wavelength, which is not due to enolization or as­
sociation. This band red shifts with decreasing sol­
vent polarity; it may be due to a n-a* transition or to a 
second n-x* transition. The magnitude of the inter­
mediate band is extremely sensitive to changes in the 
5-alkyl group indicating that the conformation of the 
heterocyclic ring, the 5-alkyl substituents, or both are 
changing as one of the 5-alkyl groups is varied. 

(14) G. L. Gartland and B. M. Craven, Acta Crystallogr., Sect. B, 
27,1909(1971). 
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Table I. Observed Maxima and Molar EUipticities of (S>5-Alkyl-5-(2'-pentyl)barbituric Acids 
0 

Solvent 

Dioxane 
Acetonitrile 
Methanol 
M e t h a n o l - H 2 0 ( l : l ) 
Trifluoromethanol 
50% v/v methanol-0.1 TVHCl 
Trimethyl phosphate 
Trifluoroethanol 
50% v/v methanol-0.1 /VHCl 
Trimethyl phosphate 
Dioxane 
Dichloroethane 
Acetonitrile 
Methanol 
M e t h a n o l - H 2 0 ( l : l ) 
Water 
Trifluoroethanol 
Trifluoroacetic acid 
50% v/v methanol-0.1 N HCl 
Trimethyl phosphate 
Dioxane 
Acetonitrile 
Methanol 
Methanol -HjO( l : l ) 
Trifluoroethanol 
50% v/v methanol-0.1 /VHCl 
Trimethyl phosphate 
Trifluoroethanol 
50% v/v methanol-0.1 N HCl 
Trimethyl phosphate 
Trifluoroethanol 
50% v/v methanol-0.1 N HCl 
Trimethyl phosphate 
Acetonitrile 
Methanol 
50% v/v methanol-0.1 /VHCl 
50% v/v methanol-0.1 /VHCl 

R 

H 
H 
H 
H 
H 
H 
CH3 

CH3 

CH3 

C2H5 

C2H5 

C2H5 

C2H5 

C2H= 
Q H 5 

C2H5 

C2H5 

C2H5 

C2H5 

C3H5 

C3H5 

C3H5 

C3H5 

C3H5 

C3H6 

C3H5 

W-C3H7 

«-C3H7 

«-C3H7 

/-C3H7 

/-C3H7 

/-C3H7 

C2H5
6 

C2H5" 
C2H5* 
C2H5

6 

C2D5 

Anm 

261 
260 
260 
259 
259 
258.5 
259 
253.5 
256 
262 
258.5 
257.5 
257.5 
257 
257 
255.5 
255 
250 
257 
261 
259 
258 
259 
257 
255 
257.5 
260 
255 
258 
260 
255 
257 
258 
257 
257 
256 
258 

[6] X 10"2 

+ 16.5 
+ 14.2 
+ 16.3 
+ 14.7 
+ 17.6 
+ 14.6 
- 1 0 . 2 
- 1 3 . 2 
- 1 2 . 7 
- 1 5 . 4 
- 8 . 8 

- 1 1 . 8 
- 1 0 . 1 
- 1 3 . 6 
- 1 3 . 9 
- 1 5 . 3 
- 1 7 . 9 
- 1 6 . 0 
- 1 3 . 6 
- 1 0 . 4 
- 1 0 . 9 
- 1 3 . 4 
- 1 2 . 6 
- 1 7 . 8 
- 1 2 . 7 
- 1 7 . 5 
- 1 1 . 2 
- 1 2 . 0 
- 1 3 . 4 
- 1 7 . 3 
- 2 0 . 8 
- 2 1 . 7 

- 8 . 6 8 
- 1 0 . 1 

- 8 . 6 4 
- 1 3 . 0 
- 1 3 . 5 

X n m « 

244 
242.5 
245 (S) 
239.5 
239.5 
239.5 
247.5 
246.5 
243 
241.5 (S) 
240.5(S) 
240 (S) 
242 (S) 
238 (S) 
237 (S) 
236 (S) 
230 (S) 

235 
240 (S) 
239 (S) 
240 (S) 

239 (S) 
240 (S) 
233.5 
233.5 
243 (S) 
232 (S) 
236 (S) 
245.5 
245.5 
245.5 
243 
235 

[8] X 10-2 

+ 12.1 
+ 11.2 
+ 11.8 
+ 11.6 
+ 14.4 
+ 11.3 

- 9 . 7 
- 1 3 . 0 
- 1 2 . 8 

- 4 . 9 
- 2 . 8 
- 4 . 8 
- 3 . 5 
- 2 . 3 
- 4 . 5 
- 6 . 0 
- 2 . 4 

- 3 . 8 7 
- 2 . 4 4 
- 2 . 9 5 
- 3 . 9 0 

- 3 . 7 6 
- 1 . 9 0 
+ 2 . 4 

- 1 0 . 5 
- 1 0 . 1 
- 1 2 . 1 

- 9 . 8 6 
- 1 1 . 5 

- 9 . 0 6 
- 1 7 . 2 
- 3 . 8 9 

Aum 

209 
207 
210 

212 

208 
207 
212 
212 

212 

209 
212 

212 
212.5 

211 

211 

223 

212 

[6] X 10"2 

- 3 4 . 7 
- 3 2 . 3 
- 2 8 . 0 

+ 4 2 . 4 

+ 55.3 
+ 5 6 . 8 
+ 50.5 
+ 6 4 . 0 

+ 6 4 . 2 

+ 63.7 
+ 5 7 . 7 

+ 50.9 
+ 6 6 . 0 

+ 57.5 

+ 6 3 . 0 

+ 4 5 . 6 

+ 6 0 . 7 
a (S) represents shoulder. 6 This compound also has 1,3-dimethyl substituents. 

The CD spectrum of the monosubstituted derivative 
(S)-5-(2'-pentyl)barbituric acid is similar in character 
to the (S)-5-alkyl-5-(2'-pentyl)barbituric acids; how­
ever, the individual ellipticity bands have opposite signs. 
The conformational relationship between the 5-alkyl 
substituent and the heterocyclic ring is apparently 
different in the 5-alkyl-5-(2'-pentyl)barbituric acids and 
the monosubstituted 5-(2'-pentyl)barbituric acid. 

Experimental Section 
Circular dichroism measurements were made at ambient tempera­

tures (~25°) with a Durrum-Jasco Model-20 ORD-CD spectro-
polarimeter calibrated with rf-10-camphorsulfonic acid (0.313° 
ellipticity for a 1 mg/ml solution in water using a 1.0-cm cell at 
290.5 nm). The cell compartment was continually purged with 
dry purified nitrogen. Time constants of 4 and 16 and a low 
scanning speed (~100 nm/hr) were used. In general, measure­
ments were made at path lengths ranging from 0.01 to 0.1 cm and 
for concentrations ranging from 2.0 to 4.0 mg/ml. In studies on the 
effect of concentration, path lengths up to 1.0 cm were used. 
Special precautions were taken to assure that the CD bands in 
regions of strong absorption and weak ellipticity (below ~220 nm 
for the (S)-5-(2'-pentyl)barbituric acids) were real. 

Several CD spectra were recorded at a sensitivity setting of 1.0 
mdeg/cm for every compound studied. The CD spectra are ex­
pressed in terms of molar ellipticity, [6], in deg l./(mol cm), defined 

by 

[6] = 
10/c 

where ~& is the measured ellipticity in degrees, / is the path length in 
centimeters, c is the concentration in grams per milliliter, and M is 
the molecular weight. The results obtained are summarized in 
Figures 1-11 and Table I. 

Ultraviolet absorption spectra were obtained on a Cary Model 14 
spectrophotometer using silica cells of 0.1- and 1.0-cm path length. 

Solvents. Distilled water, spectroquality dioxane, dichloro­
ethane, and acetonitrile from Matheson Coleman and Bell and 
spectrograde methanol from Fisher Scientific Co. were used without 
further purification. Trifluoroethanol (Eastman Organic Chem­
icals), trimethyl phosphate (Aldrich Chemical Co.), and trifluoro­
acetic acid (Matheson Coleman and Bell) were distilled before use. 

General. Melting points were determined on a Kofler hot-stage 
microscope using a calibrated thermometer. Ir spectra were 
measured with a Perkin-Elmer 221 spectrophotometer. Nmr 
spectra were recorded on a Varian Model HA-100 spectrometer 
using tetramethylsilane as an internal standard. All observed 
rotations at the sodium D line were determined with a Perkin-
Elmer Model 141 polarimeter (1-dm cell). Mass spectra were 
determined on an AEI-MS 902 spectrometer. Microanalyses were 
carried out by Micro-Tech Laboratories, Skokie, 111. 

The ir, uv, nmr, and mass spectra of all the (S)-5-alkyl-5-(2'-
pentyl)barbituric acids were in agreement with the assigned struc-
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tures. The purity of the compounds was checked by glc analysis 
using a Varian Aerograph Model 2100-2 gas chromatograph 
equipped with a flame ionization detector. Glass columns (6 ft X 
1/8 in.) packed with 3.8% SE-30 or 3.8% OV-17 on 100-120 mesh 
Chromosorb W (AWS) were used. 

(S)-5-Methyl-5-(2'-pentyl)barbituric Acid (6). The title com­
pound prepared by a procedure previously reported for similar 
(S)-5-alkyl-5-(2'-pentyl)barbituric acids3 was recrystallized from 
ethyl acetate and sublimed, mp 181-182.5°. 

Anal. Calcd for C10H16N2O3: C, 56.49; H, 7.59; N, 13.19. 
Found: C, 56.68; H, 7.55; N, 13.33. 

(S)-5-(EtbyW5)-(2'-pentyl)barbituric Acid (8). The title com­
pound prepared by a procedure previously reported for similar 
(S)-5-alkyl-5-(2'-pentyl)barbituric acids3 was recrystallized from a 
mixture of ethyl acetate and hexane and sublimated: mp 122-123 ° 
(lit.3 mp 121.5-122°) for the nonlabeled compound; mass spectrum 
(70 ev) m/e 231 for molecular ion. 

(S)-5-Isopropyl-5-(2'-pentyl)barbituric Acid (5). The title com­
pound prepared by a procedure previously reported for similar 
(S)-5-alkyl-5-(2'-pentyl)barbituric acid3 was obtained as an oil. It 
was purified by chromatography on silica gel using chloroform and 
chloroform-ethyl acetate mixtures as the eluent. The pure prod­
uct fractions were combined, concentrated on a rotary evaporator, 
recrystallized from an ethyl acetate and hexane mixture, and sub­
limed, mp 130-131°. 

Anal. Calcd for G2H20N2O3: C, 59.88; H, 8.39; N, 11.66. 
Found: C, 59.71; H, 8.48; N, 11.86. 

(S)-5-«-Propyl-5-(2 '-pentyl)barbituric Acid (4). To a suspension 

The thyroid hormones, thyroxine (T4; 1) and 3,5,3'-
triiodothyronine (T3; 2), are necessary for the 

Ry I 

maintenance of normal growth and metabolism in a 
variety of organisms.2a Since their isolation and struc­
ture elucidation in the first half of this century, many 

(1) (a) University of California; (b) Information Systems Design. 
(2) (a) R. Pitt-Rivers and J. R. Tata, "The Thyroid Hormones," 

Pergamon Press, Los Angeles, Calif., 1959, Chapter 5; (b) J. R. Tata, 
Annu. Rep. Progr. Chem., 60, SOl (1963); (d) F. L. Hoch, Physiol. 
Rev., 42, 605 (1962); (d) E. C. Wolff and J. Wolff, "The Thyroid 
Gland," Vol. 1, R. Pitt-Rivers and W. R. Trotter, Ed., Butterworths, 
Washington, D. C, 1964, p 236. 

of 0.10 g of prereduced platinum oxide in 10 ml of ethanol was 
added a solution of 0.57 g (2 mmol) of 3 in 10 ml of ethanol. The 
solution was kept under an atmosphere of hydrogen until hydrogen 
ceased to be absorbed. The catalyst was removed by filtration and 
washed well with ethanol. The solid obtained after concentration 
of the filtrate was recrystallized from a mixture of methylene chlo­
ride and hexane and sublimed to give 0.32 g (69%) of 4, mp 99-
100°. 

Anal. Calcd for Ci2H20N2O3: C, 59.98; H, 8.39; N, 11.66. 
Found: C, 60.21; H, 8.59; N, 11.72. 

(S)-5-Ethyl-l,3-dimethyl-5-(2'-pentyl)barbituric Acid (7). To 1.0 
g (4.44 mmol) of 1 in 20 ml of methanol was added an ethereal 
solution of diazomethane, which contained excess diazomethane, 
and the mixture was stirred overnight at 25°. The excess diazo­
methane was destroyed by the addition of a few drops of acetic 
acid, and the mixture was concentrated to an oil. The oil was 
dissolved in benzene and chromatographed on silica gel using 
first benzene, then 3 % acetone in benzene, as the eluent. The pure 
product fractions (by glc analysis) were combined and concentrated 
by freeze drying to give 0.68 g (61 %) of 7 as a viscous oil. 

Anal. Calcd for C13H22N2O3: C, 61.39; H, 8.72; N, 11.02. 
Found: C, 61.41; H, 8.71; N, 10.86. 

Acknowledgment. We thank Dr. M. E. Wall, Di­
rector of this laboratory, for his kind encouragement 
and support of this work. The (S)-5-isopropyl-5-
(2'-pentyl)barbituric acid was prepared by A. Philip of 
this laboratory. 

theories regarding their mechanism of action have been 
proposed.2 b _ d Also, because of the rather simple 
nature of their structure much work has been done on 
structural analogs of the hormones and, therefore, 
much is known about the structural features necessary 
for activity. However, no theory has yet evolved 
which ties together this detailed understanding of the 
structural requirements for hormone activity and those 
biochemical events governed by the hormones. It was 
thought that a molecular orbital study comparing the 
endogeneous hormones and a highly active methyl-
ene-bridged analog, 3,5-diiodo-4-(4'-hydroxy-3'-iodo-
benzyl)-DL-phenylalanine (MB-T3), with less active an­
alogs, 3,5-diiodo-4-(3 '-iodo-4'-aminophenoxy)-DL-phe-
nylalanine (4 '-NH2) and 3,5,3'-trimethyl-L-thyronine 
(Me3), might reveal characteristics of the structural 
features which would lead to deductions regarding the 
functional role of the hormones. 

We may summarize from earlier studies and from 
recent investigations that for a significant level of thy­
roid hormone activity in mammals the following struc-

Molecular Orbital Studies of Thyroid Hormone Analogs 

Peter A. Kollman,*la Wallace J. Murray, la Merrill E. Nuss, l a 

Eugene C. Jorgensen, la and Steve Rothenberglb 

Contribution from the Department of Pharmaceutical Chemistry, 
University of California, San Francisco, California 94143, and 
Information Systems Design, Oakland, California. Received June 27, 1973 

Abstract: Molecular orbital calculations on thyroxine analogs indicate that the minimum energy conformation 
for 3,5-disubstituted compounds is an important structural feature determining biological activity. The proximal 
conformation OfT3 is predicted to be very slightly (0.2 kcal/mol) more stable than the distal. The representation 
of the valence electrons of Cl, Br, and I with 2s- and 2p-like atomic orbitals appears to give a reasonably satisfactory 
representation of the electronic structure of these halogen compounds. 

Journal of the American Chemical Society / 95:26 / December 26, 1973 


