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state were calculated from data given by Rossini14 
and were found to be -1397.6 and -1685.6 
kcal./mole, respectively. 

With the above values, the calculated heats of 
formation from the atoms were obtained as 
AHf(298"K.) cyclopentane(g) - B(C-H) + B(C-K) + 

2B(N=N) (7) 
= AHf of structure I for cyclopentyl azide 

AHr(298"K.) cyclohexane(g) - B(C-H) + B(C-N) + 
2B(N=N) (8) 

= AHf  of structure I for cyclohexyl azide 

The structure I1 was not used as a reference for 
(14) F. D. Rossini, "Selected Values of Properties of Hydrocar- 

bons," National Bureau of Standards, Circular c461, Washington, 
District of Columbia, 1947. 

the stabilization energy calculation; as shown by 
Sidgwick, there is no nitrogen-nitrogen triple 
bond value that can be used without ambiguity. 

On the basis of equations 7 and 8 the calculated 
heats of formation were -1571.1 and -11859.1 
kcal., respectively. Comparison of these values 
with those observed leads to  a resonance energy 
of 41.0 kcal. for cyclopentyl azide and 44.8 kcal. 
for cyclohexyl azide. 
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Near Infrared Spectra of Compounds with Two Peptide Bonds and the Configuration 
of a Polypeptide Chain V 

BY SAN-ICHIRO MIZUSHIMA, MASAMICHI TSUBOI, TAKEHIKO SHIMANOUCHI AND MASATOMO ASAI 
RECEIVED JUNE 9, 1954 

The near infrared spectra of acetylpiperidine a-carboxylic acid N-methylamide have been measured in carbon tetra- 
chloride and chloroform solutions. A considerable difference in the behavior of the NH bands has been found between this 
substance and acetylproline N-methylamide. This has been explained as arising from the different steric effects of the five- 
membered and six-membered rings on the internal rotation of these two substances. The piperidine ring affects the internal 
rotation in such a way that the internal hydrogen bond N-H . . . 0 of acetylpiperidine a-carboxylic acid K-methylamide he- 
comes much weaker than that of acetylproline N-methylamide. IntermoZecukzr hydrogen bonding in these two substances 
has also been discussed. 

I n  this series of researches the near infrared spec- 
tra of various acetylaminoacid N-methylamides, 
CH3CONHCHRCONHCHa, have been measured in 
carbon tetrachloride and chloroform 
From the experimental results i t  was concluded that 
there is in general an equilibrium of three molecular 
configurations : extended, folded and associated 
configurations shown in Fig. 1, A, B and C, 
respectively. These configurations correspond to 
the stable positions of internal rotation about the 
four single bonds I, 11, 111 and IV shown in Fig. 
lAk6 In the case of acetylproline N-methylamide 
in carbon tetrachloride the molecules exist only in 
the folded configuration shown in Fig. lD,S which 
is partly converted to another form such as shown 
in Fig. 1E in chloroform in which the internal hy- 
drogen bonding is reduced.6 The interesting be- 
havior of this substance different from that of other 
acetylaminoacid N-methylamide arises from the 
facts that the molecule has only one N-H bond and 
that owing to the ring formation, the C-N (I) and 
C-C (111) bonds cannot form the trans configura- 
(1) S. Mizushima, T. Shimanouchi, hf. Tsuboi, T. Sugita, E. Kato 

and E. Kondo, THIS JOURNAL. 73, 1330 (19.51). 
(2) S. Mizushima, T. Shimanouchi, M. Tsuboi and R. Souda, ib id . ,  

74, 270 (1952). 
(3) S. Mizushima, T. Shimanouchi, M. Tsuboi, T. Sugita, K. 

Kurosaki, N. Mataga and R. Souda, ib id . ,  74, 4639 (1952). 
(4) S. Mizushima, T. Shimanouchi, M. Tsuboi, K. Kuratani, T. 

Sugita, N.  Mataga and R. Souda, ibid., 76, 1863 (1953). 
( 5 )  S. Mizushima, M. Tsuboi, T. Shimanouchi, T. Sugita and T. 

Yoshimoto, ibid., 76, 2479 (1954). 
(6) As to  the  summary of the wurk tin internal rotation, see, for 

example, S. Mizushima, Reilly Lectures V, University Press of Notre 
Dame, 1951; "Structure of Molecules and Internal Rotation," Aca- 
demic Press, Inc.. New York. N. Y . .  1954. 

tion. It would, therefore, be interesting to make 
a similar research on acetylpiperidine a-carboxylic 
acid N-methylamide which has six-membered rings 
instead of five (Fig. lF) ,  as the two rings affect the 
internal rotations quite differently. Such a study 
will make a further contribution to the determina- 
tion of the configurations of aminoacid residues 
building up a polypeptide chain. 

Experimental 
Fourteen grams of acetylpiperidine a-carboxylic acitl 

ethyl ester was dissolved in 35 CC. of methanol cooled a t  
-50" by a mixture of Dry Ice and ethanol. To this solu- 
tion was added 10 g. of methylamine cooled by the same 
cryogen and the reaction product was allowed to stand for 
two weeks. After removal of remaining methylamine and 
solvent, colorless crystal of acetylpiperidine a-carboxylic 
acid K-methylamide was obtained. This was recrystallized 
from chloroform and was used in the measurement, m.p. 

Anal. Calcd. for CgHlg02N2: C, 58.67; H, 8.71; N, 
15.21. Found: C, 58.36; H,  8.59; N, 15.05. 

The infrared absorption measurement was made, using 
the LiF prism in the reflection monochromator constructecl 
in our laboratory. 

107-108". 

Results and Discussions 
A. Intramolecular and Intermolecular Hydro- 

gen Bonds of Acetylpiperidine a-Carboxylic Acid 
N-Methy1amide.-The results of the absorption 
measurements in the 3 p region are shown in Figs. 
2 and 3, each of which consists of two parts, one 
referring to the molar absorption coefficient versus 
wave length and the other to the dependence of the 
absorption coefficient on the concentration of the 
solution. 
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I< ig. 1.-The molecular configurations of acetylamino acid 
N-methylamides. 

As shown in Fig. 2, acetylpiperidine a-carboxylic 
acid N-methylamide exhibits two NH bands a t  2.89 
and 2.95 p in dilute carbon tetrachloride solutions. 
The molar absorption coefficient of these two bands 
is independent of concentration, if this is less than 
0.0003 mole,/l. Therefore, both of these two bands 
arise from NH vibrations of free molecules and the 
one a t  2.89 p can be assigned to the free NH vibra- 
tion and the other a t  2.95 p to that involved in in- 
ternal hydrogen bond. In other words we have 
an equilibrium between a configuration with inter- 
nal hydrogen bond (Fig. IF) and another or others 
without this bond (such as shown in Fig. 1G). 

The intensity ratio of the 2.89 /I band to the 2.95 
b p  and was measured a t  30' and a t  BO" and was 
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Wave no. in cm.-1. 
2800 3000 3200 3400 3600 

3.6 3.4 3.2 3.0 2.8 0.1 0.01 0.001 0.0001 
Wave length, k.  Concn., mole/l. 

Fig. 2.-3 + region infrared absorption spectra of acetyl- 
piperidine a-carboxylic acid 3-methylamine in  carbon 
tetrachloride solutions at 30'. 

found to increase by only 3 - 4% a t  the higher tem- 
perature. This shows that in carbon tetrachloride 
solutions the configuration with internal hydrogen 
bond is more stable than another without this bond 
by only 200 - 300 cal./mole. In  other words the 
internal hydrogen bond in this case is much weaker 
than that in the case of acetylglycine N-methylam- 
ide for which we have found a considerable temper- 
ature dependence of the intensity ratio of the free 
NH band to the bonded band. 

As the concentration of the carbon tetrachloride 
solution is raised (0.0005 mole/l.), the intensity of 
the free NH band a t  2.89 p becomes weaker and 
the bonded XH band a t  2.95 p is overlapped by the 
band a t  2.97 p arising from the intermolecular hy- 
drogen bond and having the same wave length as 
that of the corresponding NH band of N-methyl- 
a~e tamide .~  Furthermore, the intermolecular hy- 
drogen bond begins to be appreciable a t  a concen- 
tration of 0.001 mole/l., just as in the case of N- 
methylamide. Therefore, the associated molecule 
can be considered to have a form as shown in Fig. 
1H. The fact that the 2.97 p band is not shifted 
toward longer wave lengths a t  higher concentra- 
tions or even in crystalline state indicates that the 
associated molecules are not long chain  polymer^.^-^ 
This is probably due to the steric hindrance of the 
piperidine ring. 

In chloroform solutions the wave lengths and the 
molecular absorption coefficients of the free and 
bonded NH bands at  2.89 and 2.94 p become inde- 
pendent of concentration, when this is lower than 
0.01 mole/l. (see Fig. 3). This shows that in this 
range of concentration the molecules of acetylpi- 
peridine a-carboxylic acid N-methylamide are in 
the free state and are in both the hydrogen-bonded 
and non-bonded configurations. From the intensity 
ratio of the bonded and non-bonded NH bands 
shown in Figs. 2 and 3 we see that in chloroform 
solutions the relative amount of the configuration 
with internal hydrogen bond is far less than that 
in carbon tetrachloride solutions. This is due to the 
reduction of hydrogen bonding in chloroform solu- 
tions as reported in a previous paper.j The tem- 

(7)  S .  Mizushima, T. Shimanouchi, S. Nagakura, K .  Ruratani,  M 
Tsuboi, H. Baba and 0. Fujioka, THIS JOURNAL, 73, 3490 (1950); 
&I. Tsuboi, Bull. Chem. Soc., J a p a n ,  33, 215 (1849). 

18) \I. Tsuboi, ibid., 22, 2 5 3  (1949). 
(!I)  11. 'l'suboi, i b i d . ,  25, 38,: (19.5?), 



Dec. 5, 1954 SPECTRA OF COMPOUNDS WITH Two PEPTIDE BONDS 6005 

Wave no. in ern.-'. 
j 2800 3000 3200 3400 3600 

f 140 
.s 1 

3.6 3.4 3.2 3.0 2.80.1 0.01 0.001 0.0001 
Wave length, p. Concn. mole/l. 

Fig. 3.-3 p region infrared absorption spectra of acetyl- 
piperidine a-carboxylic acid N-methylamine in chloroform 
solutions at 30". 

perature dependence of the intensity ratio of the 
2.89 p band to  the 2.94 p band was found to be very 
small in this case also. 

However, if the concentration becomes higher 
than 0.01 mole/l., the relative intensity of the free 
NH band a t  2.89 p is reduced and the bonded NH 
band a t  2.94 p is overlapped by the 2.97 p band aris- 
ing from the intermolecular hydrogen bond. 

Therefore, a t  higher concentrations the associa- 
tion takes place in chloroform solutions also, al- 
though this is much weaker than that in carbon tet- 
rachloride. 

B. Difference in Hydrogen Bonding between 
Acetylproline N-Methylamide and Acetylpiperidine 
a-Carboxylic Acid N-Methylamide. Configuration 
of Proline Residue in Polypeptide Chain.-As 
described above, the internal hydrogen bond of 
acetylpiperidine a-carboxylic acid N-methylamide 
behaves differently from that of acetylproline N- 
me th~ lamide .~ .~  In  the first place the ratio of the 
number of molecules with internal hydrogen bond 
to that without this bond in acetylproline N-meth- 
ylamide is much larger than that in acetylpiperi- 
dine a-carboxylic acid N-methylamide as can be 
seen from the intensity ratio of the two NH bands 
shown in Table I. 

TABLE I 

BONDED NH BAND 
THE INTENSITY RATIO OF THE FREE NH BAND TO THE 

In In 
CC14 CHCla 

Acetylproline N-methylamide 0:lO 4:6 
Acetylpiperidine a-carboxylic acid N-meth- 

ylamide 4 : 6  6:4 

In the second place the shift in the NH frequency 
due to the formation of the internal hydrogen bond 
of acetylproline N-methylamide is considerably 
greater than that of acetylpiperidine a-carboxylic 
acid N-methylamide as shown in Table 11. 

TABLE I1 
SHIFT IN NH FREQUENCY DUE TO THE FORMATION OF IN- 

TERNAL HYDROGEN BOND 
In In 

CCla CHCI: 
Acetylproline N-methylamide -100 115 
Acetylpiperidine a-carboxylic acid N- 

inethylamide 71 57 

These results show that the formation of the inter- 
nal hydrogen bond in acetylproline N-methylamide 
is much stronger than that in acetylpiperidine a- 
carboxylic acid N-methylarnide. This can be ex- 
plained from the difference in molecular configura- 
tion, especially in reference to the internal rotation 
between these two substances. 

The molecule of each of these two substances has 
two peptide bonds which have been shown to be in 
the planar trans configuration in a previous paper.' 
These planes of the two peptide bonds are desig- 
nated by (a) and (b) in Figs. 4 and 5. In acetylpro- 
line N-methylamide shown in Fig. 4 the five-num- 
bered ring can be considered to have almost a pla- 
nar configurationlo and, therefore, the C-C bond 
(111) is in the gauche position with respect to the 
N-C bond (I). This gives rise to a favorable con- 
figuration for the formation of internal hydrogen 
bond, as can easily be seen from Fig. 4. 

Fig. 4.-Top figure, molecular configuration of acetyl- 
proline N-methylamide. 

Fig. 5.-Bottom figure, molecular configuration of acetyl- 
piperidine a-carboxylic acid N-methylamide. 

On the other hand, in acetylpiperidine a-car- 
boxylic acid N-methylamide the six-membered ring 
is considered to have a chair form as in the case of 
cyclohexane.*l This results in the cis relation be- 
tween the C-C (111) and the N-C bond (I), where 
the C-C (111) bond is an equatorial bond of the 
piperidine ring. Therefore, although the N-C bond 
(IV) can be in the gauche position with respect to 
the N-C bond (11) in the ring, the N-H bond be- 

(10) C. W. Beckett, K. S. Pitzer and R. Spitzer, THIS JOURNAL, 69, 
2483 (1947). 

(11) C. Finbak and 0. Hassel, Arch. Math. Naturoidenskab. 45, No. 3 ,  
8 (1941); C. W. Beckett, K. S. Pitzer and R. Spitzer, THIS JOURNAL, 
69, 2488 (1947). 



longing to (IV) does not point to the 0-atom of the 
C=O group (see Fig. 5). This configuration does 
not result in a strong hydrogen bond. If the N-C 
bond (IV) is in the trans position with respect to the 
N-C bond (11)) the configuration cannot a t  all form 
an internal hydrogen bond. However, if the C-C 
bond (111) is a polar bond of the piperidine ring, we 
may again expect the formation of the N-H . . . 0 
internal hydrogen bond which can be concluded to 
be very weak from the inspection of the relative 
position of N- and 0-atoms. In short we cannot 
consider the formation of a strong internal hydrogen 
bond in all the conceivable configurations of ace- 
tylpiperidine a-carboxylic acid N-methylamide in 
which the N-C bond (I) cannot be in the gauche 
position with respect to the C-C bond (111). 

Besides internal hydrogen bond acetylpiperidine 
a-carboxylic acid N-methylamide differs from ace- 
tylproline N-methylamide in intermolecular hydro- 
gen bond. As referred to above, the former sub- 
stance begins to show association a t  0.005 mole/l. 
in carbon tetrachloride solution and a t  0.05 mole/l. 
in chloroform solution, while the latter substance 
shows no association even at  0.05 mole/l. in these 
two solutions. This is due to the fact that in the 
latter substance the N-H group is involved in 
strong internal hydrogen bonding and almost no 
N-H group (in carbon tetrachloride solutions) or 
few N-H groups (in chloroform solutions) are left 
free to form intermolecular hydrogen bond. 

Summarizing the results obtained with regard 
to the hydrogen bonding, all the acetylaminoacid N- 

methylamides of the type of CH3CONHCHRCO- 
NHCH3 (where R = H, CH3, CH(CH&, CHgCH- 
(CH3)z and C H Z C H ~ C H ~ C H ~ )  so far studied in this 
series of researches'-5 showed the" bands involved 
in internal hydrogen bonding in carbon tetrachloride 
and chloroform solutions, when these molecules are 
in the folded configurations. The shift in frequency 
from the free NH band was found to amount to 
about 100 cm.-' just as in the case of the bonded 
NH band of acetylproline N-methylamide. The 
formation of this fairly strong hydrogen bond is due 
to the gauche relation between the N-C bond (I) 
and the C-C bond (111). For the corresponding 
amino acid residues contained in the folded poly- 
peptide chain (i.e., glycine, alanine, valine, leucine 
and norleucine residues), we can consider configura- 
tions similar to this. However, as we have seen 
from the different behavior between acetylpiperi- 
dine a-carboxylic acid N-methylamide and acetyl- 
proline N-methylamide, a change in the internal 
rotation state will affect considerably the intramo- 
lecular and intermolecular hydrogen bonds of a poly- 
peptide chain and hence also the configuration of 
the chain. 
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A Chlorophyll Substance Possessing a Spectrum Very Similar to that of Chlorophyll-b 
BY SIMON FREED, KENNETH hl. SANCIER AND ALFRED H. SPORER 

RECEIVED APRIL 28, 1954 

A chlorophyll substance is obtained along with chlorophyll-b' when chlorophyll-b has been heated in solvents and also with-  
out solvent, in the absence of oxygen and water. I ts  spectrum, and its fluorescence and solvation properties are almoit 
identical with those of chlorophyll-b. Despite the fact that  i t  does not undergo the Molisch phase test, reasons are advanced 
that the three substances, chlorophyll-b, chlorophyll-b' and the new substance, may constitute the three, long-discussed 
possible tautomers of chlorophyll-b whose structures may be written for the chlorophyll molecule by bonding magnesium 
atom in turn to three different pairs of pyrrol nitrogen atoms. There are indications that a corresponding substance existi 
in the chlorophyll-a series also and it is tentatively proposed that these substances be known as chlorophyll-b" and chloro- 
phyll-a ". 

In the preparation2 of chlorophyll-b' from 
chlorophyll-b it was observed during the chromato- 
graphic analyses that in addition to the two zones 
of chlorophylls-b and -b', a distinct third zone 
appeared. The order of the zones, from the top of 
the column consisted of the substance X under 
consideration, chlorophyll-b and finally chloro- 
phyll-b', roughly in the proportions 1 : 4 : 2, respec- 
tively. 

X has a spectrum very similar to those of chloro- 
phyll-b and -b', just distinguishable from them by 
the slight displacements of the corresponding 
maxima. From the table and the figures i t  may 

(1) Research performed under t h e  auspices of t h e  U. S .  Atomic 

(2) €1. H. Strain and W. 11. 3lanninX. J .  B i d .  C h e w . ,  146, 375 
Energy Commission. 

(11142). 

be noted that a t  room temperature X in solution 
has the principal features of its spectrum closer to 
those of chlorophyll-b than does chlorophyll-h' 

TABLE I 
n'AVE LENGTHS O F  ABSORPTION MAXIMA O F  SOLUTIOVS 0 1 '  

CHLOROPHYLL SUBSTANCES 
m'ave lengths were reproducible to +3 A. A t  300°K. the 

solvent was 10% n-propyl ether in methylcyclohexane and 
a t  75'K. it was 10% n-propyl ether in 1: 1 propane, propene. 

7 5 O I C .  300'K. 75'K. 300'K 

Chlorophyll-b 4765 4512 6436 6411 

s 47.76 4506 6443 6411 

Substance 

Chlorophyll-b' 4756 4535 6447 6437 

Allomerized chlorophyll-b 1530 ri i ioo 
Ethyl chlorophyllidc-b 4,523 G42,i 
rilcol)hyt 111 -b XLjO 


