Current Scfence, August 5, 1981, Vol. 20, No. 15

THE CONFORMATION CF AN LD TRIPEPTIDE N-ACETYL-L-PROLYL-D-ALANYL.
METHYLAMIDE FROM PROTON AND CARBON-13 NMR
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ABSTRACT

The solution conformation of a tripeptide molecitle with both L ard D amino acid residues,
namely N-acetyl-L-prolyl-D-alanyl-methylamide bas beer studied using both proton apd carbon-13
NMR techniques, The results indicate the presence of two cenformers with their percentage frac-
tion varyng in different solvents, The maujor fraction of the conformers have frams acetyl-pro bond
ard assume a eompact f-bend conformation with L-pro and D-ala at the corcers. The mancr
fraction of the conformers have a cis acetyl-pro bond and probably assume an extended struatare,

The carbon-13 spin-lattice relaxation (T} data indicate an overall isotropic mgtion for the
major conformers and a large mobilty for the proline ring carbons which follow the order

P> B> 0.
INTRODUCTION

HE conformation of peptides corsisting of alter-
patic.g I, and D ammno acid tesidues are of inte-
rest because of the occurrence of S-bends, as for
example LD bends in oyclic peptiaes ard peptide anti-
biotics'-5, Detalled thecretical energy calculations®?
have shown interesting possibiities of folded corfor-
mations and chain veversals for ieptides with
alternating L and D amino acid residues.

Duting the past few vears, both protsn and catbon-
13 NMR studies have been extensively used to under-
stand the conformation of peptides and related sys-
temss:?. Large amount of data are available on the
sessible cis-rans conformers in a pumber of prohire
containing peptides’®. In addition, Catben-12 relaxa-
tion time measurements are useful to understand the
dynamics of the molecule®®*?, for exemple, in deter-
muning the mobility of the proline ring carbons in
peotides containing prolive residue®, In this paper
the results of the M and YL NMR studies ard also
the BC spin lattice relaxation time measuiements cn
a m_.de} tripeptide, namely, N-acetyl-L-prolyl- D-alanyl-
methylamide are reported and compared with theo-
retical erergy calculations.

MATERIALS AND METHODS

The proten and the Carbon-13 NMR sjecfra were
recorded using Bruker WH-270 FT spectrometer
equirred with variable temp®iature accesscry. The
Carbon-13 spin-lattice relaxation time (T1) measure-
ments were made using a (180-7-90-T,) pulse sequence
with T, at least five times the largest T, to be
measured. The sample of N-acetyl-L-prolyl-D.alanyl-

" # To whom all corréspondence should be addressed.

methylamide was synthesised in ow labcietry by
Dr. K. 8. N. Tyer and made availeble to us, The
deuterated samples used were obtained from Stohler
Isctopes Inc. The degassed solutions of the sampie
were uzed for T; mcasurements,

RESULTS
(i) " H NMR Studies

The 270 MHz proton NMR spectra of N-acetyl-L-
Prolyl-D-alanyl-methylamide were recorded in CDCJ,,
CD,CN, DMSO {d,) and D,0. The spectra in CDCI,
and DMSO (d;) are shown in Fig. 1a atd 1 b respec-
tively, Assignments of the different resonances have
been made in comparison with the spectra ¢f similar
compounds and using double resonance methods.
The data on chemical shifts (6%} and the spin-spin
couplings (J’s) of various protons are given in Table 1.
In all the spectra in addition {0 the major resonarce
speaks, additional lines of smaller intensity were also
observed. The intensities of these minor resonances
with respect to the corresponding major lines waries
as one goes from non-polar solvents like CDCl; to a
polar solvent DMSOQ {d,). As can be seen from
Table I, the respnance due o NH of methylamide
is shifted by 0'6 ppm low field whereas that of alanyl
amide proton shifts by 1-9ppm as ihe solvent is
changed from CDCl; to DMSO (dg). This is indicative
of the fact that alanyl NH proton 1is perturbed to a
large extent by the protonated solvent compared to
the NH of methylamide. The *J g-ce.y constant for
the alanyl residue in both the solvents remain the
same within experimental errors.

The temperature dependence of the chemical shift
for the two amide peaks in DMSO (d;) is shown in
Fig. 2. The temperature cocfficiant of chemical shift
(d5)dT) Sor the major peaks of the alanyl NH is
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F1G. 1a. The 270} MHz* H NMR s;ectrum of N-acetyl-L-prolyl--D-alanyl-methylamide in CDCI,,
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Fio. 16, The 270 MHz 'H NMF spectrum of N-zcetyl-L-prelyl- D-alapyl-mcthylemide in DMSQ (Z,). The
¢ and the amide region =Xsarsion is giver as insct,

6-5 x 10 ppm/deg as compared to a value of (i) Carbon-13 Chemical Shift

2-5 ¥ 10~* oppm/deg for the NH of methylamide,

It is also seen that the temperature coefficient of The 67-89 MHz BC NMR spectra of N-acetyl-L-
chumical shift for the minor resonances of both the prolyl-D-alanyl-methylamide in CDCly ard DMSO (/)

amide protons is about 65 X 10-* ppm/deg. 1is shown in Fig. 3, The spectra were 2lso recorded
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Tic. 2. The temperature deperderce of chemical
shiftt of the alanyl ard methylamide NH's for the major
and minor confamers of N-acetyl-L-prolyl-D-alar yi-
methylamide in DMSQ (d.).

in D,O. Al assignments are made In ¢omparison
with the spectra of similar compounds!®®, The
chemical shift data of irdividual rescnances i difie-
rent solvents z1€ given in Table 11 {data on the low Hicld
carbonyl region is not included). In addition to the
major peaks another set of reaks of smaller intensity
were also observed and this may be s¢en in Fig. 3.
The ratio of the minor to major resonances varied
from one solvent to the other similar to what was
observed in *H NMR studies.

() > C spin-lattice Relaxation Times

The Carbon-13 spin-lattice relaxation times for the
individual caibon resonances measured for both the
major and nunor pesks, in DMSO{d), are given in
Table 111, It Is interesting to note that the prolyl
and alanyl a-carbons have ncarly the same NT, values
indicating an 18otropic overall motion for the backe.
bone, The N7 values for the ring carbons of the
prolyl residve are larger than the ores coryesyording
to o-carbons, The correlation time (7} of proto-
nated carbons arc calculated frem the gbserved Ty
values assuming the overall moticn to be isotropic
and the mechanism of relaxation to be predominantly
dipolar in pature and using the following equation

T, = Nh*y 29 2r 0% 7o (1)
where N is the namber of attached protons, yp. and p
are the gyromagnetic Talos for carbon and proton
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nuclei, r, 1s the internuclear seperation hetween the

carbon and the attached proton and % is the planck's
constant divided by 2n. In the case of pyrroldine
ring carbons, the 7, may contain a contribution from
internal motion of the ring carbons (+,, ) in addition
to overall molecular reorientation. The internal
mobility  of he. pioline ting catbony wre estimated
asing the expression!* pamely,

1 _1 1 @
"'{Fing T‘tﬁff 7o

where 7 4 is {he oveiall correlation time of pyrrolidine
ring carbons i{i = B, ¥ or 8).

TISCUSSION

(!} Backbore Conformation

The *C chemical shift data (Table IT) for the major
resonances of CF ard CY caborns of the pyrrolidine
rir.g are indicative of a trans acetyl-pro bond ard that
of the mwor resonances correspond to a cis acetyl-pro
bond®??, The proton and Catbon-13 NMR spectra
in different splvepts indicate that the yatio of ¢is to
trans wsomers of the tripeptide varies with the solvents
used. The average value of the percentage of cis
copformer as observed from the 'y NMR data is

Tasce 11

13C Chemical shifts for N-acetyl-L-Profyl-D-alanyl-
methylamide

(Responances from carbonyl carbons pot included)?

[F— - r _ L o by

Ly’ g’

Carton DMSGU DO CDCl,
Pro-a (m] 6L 12 61- 4t 61-97
Pro-a (M) 60 51 60-27 60- 58
Ala-g (m) 49-16 50.20 48-83
Ala-g (M) b 49-86 49-26
Prg-& {m) 4718 47.29 {684
Pro-3 (M) 4%-%5 4391 2%-53
Pro-fi {m) 32.73 31-92 32-27
Pro-f (M} 30-16 29-89 2908
N-CH, 2662 16-Q7 2643
Pro-v (M) 2551 2451 2524
Pro-y {o) 2346 ~2:7) b
CH.CO (m) 232} 21-48 23-09
CH,CO (M) 23.08 b 22-48
Ala-CH, (m) 19:09 b 1863
Ala-Cli; (M) 1844 1659 1770

e e e T e e e g e e e e P e Mg S i

¢ Chemical shifts menasured in ppm with TMS a3
witernal standard.

¥ Could not be peasured due to overlap,
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Fic. 3. The 67-89 MHz ®C NMR spectrum of N.ncetvl-L-orolyl - ,
-acetyl-L-prolyl- D-alanyl-methylamide in (g) CDCl,
(5) DMSO (d,). :

TasLe 111

The NT, values and correlation times (ry, and Tring) JOr ala a and pyrrolidine ring carbons of N-acetyl-L-prolyl-
D-alanyl-methylamide in DMSO (d,),

—y

TE“" X ]-G—ll SBC_]'

a-Carbons Pynolidine carbons

e — e ———

(@) Trans Conformer

Ala-a 630+ 9 68
Pro-a 756::11 6“1 .. -
Pro-8 12124 6 .o 3-80 9.25
Pro-y 1626+12 - 299 S+ 21
Pro=3 1002 £+ 190 . 4- 60 16:04
by cis Conformer
Ala-e - ‘a . .o
Yro-a 675+19 69 . e
Pro-8 880419 . 530 .s
Pro-y 1296 120 .. 3-60 ‘e
Pro-38 720434 . 6-45

[ — _-—
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givent in the last column of Table 1. Thepercentage of
cis conformer increases 88 one goes from a non-polar
to a polar solvent. The data indicate that while the
predominant conformation of the (ripeptide molecule
is the one with rrans acetyl-pro bond, fhe conlotmation
with c¢is acetyl-pro bond also exists.

The large tenwerature coefficient of chemical shift
(=~ 6 X 10~* ppm/deg) for the NH of alanyl residue
compared to smal temperatvre coefficient (2 x 103
Ppmjdeg) for the NHL of methylamide, for the trans
casg, indicates thatl in this conformation the NH of
methylamide is possibly involved in 2n intramciccular
hydrogen bord whereas NH of alanyl residue is exposed
to the solvent. The large teraperature coefficient of
chemical shift for both the amide protons in the case
of cis conformer indicates that probably both the
amide protons are exposed to the solvent. These
results are also supporied by the relatively large low
field shift of 1'9 prm of the alanyl NH as compared
to the shift of 0-6 ppm of the methylamide NH, in
the rraits case in going fiom CDCL o DMSO {d,).
All these data indicate that the tripeptide exists predomi-
nantly in the fbond conformation with an intra-
molecular hydrogen bond between the NH of methyl-
amide and CO of acetyl grouwp such that L-proivl and
D-alanyl residues are at the corrers of the bend., This
conformation 1s very similar o fhat obtained from an
X-ray crystal stiucture analysis of e compound’s,
The fraction of the tripeptide conformeys with the
cis acetyl-pro bond probably assume a linear confor-
mation with both the amide protyns not being invalved
in any intramolecular hydrogen bond.

The approximate dihedral angle O{H-N-C*-H)
deduced from the average coupling constanf, .. .0,
of 7-5 Hz for alanyl NH in the trans conformer in all
the solvents has the two possible values namely, 145°
and 40° on wusing the Kaiplus-like relation between
Jacog and 6'%2%, These & values correspond 10 a ¢
value of B85° o1 —20°, The value of —20° for ¢
however is not energetically favourable for D-alanyl
tesiduc, The mioimum energy conformation i the
f-bend 1egion obtatned from theoretical studies gives
a value of around 90° for the dihedral angle 4. The
value of ¢ for the proline residue in proline containing
peptides is close to —60°. Hence the dihedral angles
b and ¢, for this compound consistent with the NMR
data for the L.prolyl and D-alanyl 1esidues are —~60°
and 93° respectivoly, Moded building with  these
values of ¢ and taking inke account the fact that methyl-
amide NIl is hydogen bonded 1o the acetyl CO group,
the set of values foa the dihedral angles (4, 4 and
(4., §) consistent with the crergy  calculations are
{—70°, 99°) ang {90°, 307). Th~ propostd conforma-
ticn of the molceule with the frans acetyl-pro bond is
shown in Tig. 4,

Curr, S¢i,—4

Frg. 4. The CPK mcdel of the provosed folded
comformation of  N-acetyl-L-p rolyl-D-alanyl-methyl.
amide with the rrans acetyl-sro bond.

(i) Pyrrotidine Ring Mobility

The nearly same NT, values observed foi the protyl
and  alanyl @ carbons given in Table [T indicate an
overall isofropic motion for the backbare of the
molecule, The lacger NT, values for the C B, C7 and
C? carbons show the possibility of additional motion
for the ring carbons. The estimated conelation times
for the B, y and 3 ring carbens indicate that the metion
of the & carbons is restricted while the g and  carbons
have a large motion, the largest being for the ¥ catbon.
The order of mobilities predicted from Carben-13
relaxation time measurements for this molecule is
y>f> b and hence in the trans conformation cf
the melecule the pyrrolidine ying is such that it is the
y ¢arbon which has a large mobility comparcd to the
rest of the atoms.
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TOPOLOGY AND PHYSICAL PROPERTIES OF nALKAMNES

R.S. LALL
Chemistry Departinent, St. Andrew’s College, Gorakhpur 273001, India

ABSTRACT

A relationship between the mean value of the Wiener Number and the physical proper-
ties of n-alkanes is presented. The rogt mean square value of the Wiener Number je defined,
A gocd correlation between the topological index and physical propertics has been obtained.

INTRODUCTION

h OLECULAR tovology is a toplc of current

interest. This discipline of modern mathematics
finds its various applications In chemjstry. The term
topolegy’, in chemical Uterature, is generally uced
to represent the molecular graph?, though both the
terms are nrot Synonymous, The molecular graph
is a set of edges and vertices. The vertices are usually
sp?-C  atoms and edges ate C-C bonds, the bond
lepgihs of which are topologically invariant. The
molecular graph s therefore a topolegy with defined
metric?,

Considering the m-networks of conjugated hydro-
carbonstt and their C-sheéleton molectlar graphs,
topological studies have been made both on simple®
and heterocyclic systerns®$, The problems of afomati-
city and resonance encrgies’ based onr the Huckel
Molecular Orbital Theory, aré row €asy to solve with
the help of topology.

Topological indices®® have beent introduced by vari-
oUs Workers {e.g., Rouvray’s indext, Randic connecti-

vity index??, Platt indexs, and Mosoya index™}. The
Wiener nurnber'® is an imporiant topological index,
which is applied by Trinajstit and Bonchevi®® ang
Sondheimer!? o monocyclic siructures and the changes
in the values are related to the structural features and
the physical and chemical Properuest?,

In this Pagper, it is showyn that the tcpology Can be
equally applied to o-bonded systerms of sp?~C skeleton
gragh, and that the mean value of the Wiener
Number is directly related to the physical properties
of n-alkanes,

THEOoRY

The molecular graph {¢) 1s defined in terms of edges,

the C-C bonds and vertices, the C atoms. A
labelled graph ©f r-butane may be represented by

1 2 3 4

O—0—0—0

The topological distancest¢ are defined as the elements
of a real N x N matrix D {(G), which 15 kaOown as the



