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Conformation of diastereoisomeric cyclo(L-neopentylglycyl-L-prolyl) (IV) and cyclo(p-neopentyl-
glycyl-L-prolyl) (VIII) in solution was studied by 14 and 13C NMR spectroscopy. Both com-
pounds have approximately the same conformation of the bicyclic moiety in which the 2,5-
-piperazinedione ring exists in the boat form with pseudoaxial proline H(c) atom, and the proline
ring is in the C(y)-exo conformation. Rotation of the neopentyl side chain is markedly hindered.
In the trans-derivative VIII the side chain occupies a pseudoaxial position with staggered
rotamer about the C(x)—C(B) bond, the tert-butyl group pointing from the ring in the direction
of the nitrogen atom. The preferred rotamer of the cis-isomer markedly deviates from this stag-
gered conformation in the exo-direction relative to the piperazine ring. X-Ray diffraction analysis
shows that crystal conformation of the trans-isomer VIII is very similar to that in solution.
According to CD measurements, steric interactions of the acyclic side chain with the dioxo-
piperazine ring lead to twisted boat conformations of this ring with non-planar amide groups.
From comparison with other proline-containing cyclodipeptides it follows that the effect of these
interactions depends on the side chain structure. The neopentyl side chain flattens the boat
conformation and reduces the deviation of the amide groups from planarity.

Cyclodipeptides (3,6-disubstituted 2,5-piperazinediones) are used very often as model
systems for investigation of the peptide (amide) group. Their relatively rigid spatial
arrangement allows detailed studies by physical methods such as NMR spectroscopy
or X-ray diffraction. The knowledge of cyclodipeptide geometry enables then inter-
pretation of their properties, inter alia also chiroptical ones. This aspect has been
studied within the framework of our investigations of chiroptical properties of the
amide grouping 3. In our previous papers we described the preparation, crystal
structure, and spectral properties of a seies of cyclodipeptides*™*6. Using suitable
starting amino acids, we tried to prepare such model compounds in which geometric
parameters are markedly different from those in the parent system, e.g. by annelation
of 4,5 or 6-membered ring®®~1° or by introduction of a spiro-system'>, To study
the effect of side chains, we synthesized compounds containing the tert-leucine

* Part CC in the series Amino Acids and Peptides; Part CIC: Collect. Czech. Chem.
Commun. 52, 1841 (1987).
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(2-amino-3,3-dimethylbutanoic acid) moiety with the extremely bulky tert-butyl
substituent'”!®. Also another amino acid — neopentylglycine (2-amino-4,4-di-
methylpentanoic acid‘g) contains the tert-butyl group, in this case, however, sepa-
rated by one methylene group from the peptide backbone. Thus, the structural
relation between tert-leucine and neopentylglycine resembles that between the coded
amino acids valine (with pronounced steric effect of the side chain) and leucine

(with markedly hydrophobic side chain).
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I, R= CH(CH,), cyclo(t-Val-L-Pro) v, R = CH(CH,), cyclo {(p-Vai-1-Pro}
#, R=C(CH,), cyclo{L-Tte-L~Fro) VI, R=C(CH)), cycto (o-Tie-1-Pro)
Wi, R= CH,CH(CH,), cycto(L-Leu-L-Fro) Vil, R = CH,CH(CH,), cyclo (o-Leu-L-Pro)
IV,R=CH,C(CH,); cyclo{L-Nec-L-Pro) vii, R= CH,C{CH.),  cyclo(o-Nec-L-Pro)

The aim of this study is to determine conformation of two diastereoisomeric cyclo-
dipeptides* cyclo(L-neopentylglycyl-L-prolyl) (IV) and cyclo(p-neopentylglycyl-L-
-prolyl) (VIII) prepared in our previous work!®, and to study their chiroptical
properties.

EXPERIMENTAL

The 'H and '3C NMR spectra (200 MHz or 50-3 MHz, respectively) were measured on a Varian
XL-200 instrument in deuteriochloroform, using tetramethylsilane as internal reference. Chemical
shifts and proton coupling constants were obtained by first order analysis from the expanded
spectra (2 Hz/cm) using exponential multiplication with gaussian apodization function for
resolution enhancement. CD spectra of analytically pure cyclodipeptides were measured with
Roussel-Jouan Dichrographe modet CD 185/II in cells of optical path 1 cm to 0-01 cm at room
temperature (22-25°C). Concentration of the samples was approximately 5.1073 mol1™1.
The data are given in the molar ellipticity units (deg cm? dmol ™!} and are not corrected for
the refractive index of the solvent. Spectra of valyl (I and ¥) and leucyl (ZII and VII) derivatives
are essentially in accord with those published by Madison ef al.2}.

The X-ray diffraction analysis for the trans-diastereoisomer VIII: P2,2,2,, Z= 4, a=
= 10-006(2) A, b = 19-696(6) A, c = 6-365(1) A, CuK,, y= 6:19cm™*, R = 0-065 for 1177
symmetry independent reflections. Details of the analysis are described elsewhere!®.

* Nomenclature and symbois of the amino acids and peptides obey the published IUPAC-
-1UB recommendations®®. Neo is used for neopentylglycine, Tle for tert-leucine.
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RESULTS AND DISCUSSION

NMR Measurements

Structure of the cyclodipeptides IV and VIII was confirmed and their conformation
studied using the **C and *H NMR spectroscopy.

The proton decoupled **C NMR spectra of both compounds IV and VIII exhibit
10 signals of which the strongest belongs to three equivalent methyl groups of the
neopentyl side chain. The signals were ascribed to individual carbon atoms (Table I)
on the basis of chemical shifts, number of directly bonded protons (“attached proton
test” spectrum?2), and comparison with >*C NMR data for other proline-con-
taining peptides. Comparison of **C NMR shifts of analogous carbon atom signals
in compounds IV and VIII shows marked differences (greater than 1 ppm) only for
the neopentylglycine C(a) (3-1 ppm) and C(B) atoms (2:65 ppm). This is in accord
with the fact that both compounds have approximately the same conformation
of the bicyclic moiety and differ in orientation of the neopentyl side chain, this dif-
ference being most sensitively reflected by the C(a) and C(B) atoms. The different
chemical shifts are obviously due to different steric effects and magnetic anisotropy
of the peptide groups in IV and VIII.

Although the 'H NMR 200 MHz spectra of the cyclodipeptides I'V and VIII do not
afford all the NMR parameters (the four proline B-and y-protons appear as a complex
multiplet in the region & 1-8 —2-4), they afford enough information on the configura-
tion and conformational features of both compounds. The obtained 'H NMR
paramcters (Table I) for protons in the bicyclic part of the molecule are very close
to those described® for cyclo(L-Leu-L-Pro) (III) and cyclo(p-Leu-L-Pro) (VII).
Important for the configurational assignment are the extremely different values of
J(a, NH) (47 Hz and 0-7 Hz for the trans-derivative VIII and cis-derivative IV,
respectively). They are consistent with a boat form of the 2,5-piperazinedione ring
and with pseudoaxial proline H(a) proton in both compounds which differ from
each other by orientation of the neopentyl substituent: pseudoaxial in the trans-
derivative VIII and pseudoequatorial in the cis-derivative IV (see formulae IVa,
Villa). These conclusions are confirmed by very similar chemical shifts of all the

IVa, R'=H; R’= CH,C(CH,),
Vila, R'= CH,C(CH,),; R= H
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proline proton signals in IV and VIII. Further proofs are provided by the allyl-
and homoallyl-type long-range interactions of the H(a) atoms in segments including
the C(O)}—N group of partially double bond character. These coupling constants
are very sensitive to the geometric arrangement and achieve markedly high values
when the angle between the C(a)—H bond and the plane of the peptide group is
close to 90° (maximum z-contribution). In our case, such arrangement can be ap-
proximately achieved only with pseudoaxial H(ar) atoms. Therefore, we find non-zero

TABLE 1
1Y and 13C NMR parameters of cyclodipeptides IV and VIII in deuteriochloroform

1H NMR chemical shifts and coupling constants®

Comp. Residue NH?

H(a) H(B) H(y) H(5)
Neo 6:38b 3-95 ddd 1-82 dd 1-62 dd — 1-01s
J(e, By = 9°6; 3-3 JB, ) = 33 J(B, )= 96 9H)
14111 J(o, NH) = 4-6 JB, B) = 142
Pro — 4-09 bdd 2:440m 1-81—2:15m 3'57Tm
J(a, B) = 9-5; 67 (1 H) 3H (2H)
J(et, NH') = 05
Neo 5-88b 3-98 dm 2:56 dd 1-28 dd — 1-00s
J(a, B)= 84;2-2 JB,a)=22JB, a)= 84 (9 H)
w J(o, NH) = 07 JB, B) = 152
J(o, o)y = 15
J(o, 8') = 0-7; 0-6
Pro — 4-13 tm 1-77—2-42m 357m
J(a, By = 9:0; 7-5 (4 H) (ZH)
J(e, NH') = 06
Jo, o) = 15

13C NMR chemical shifts
Compound Residue

=0 Clo) c® C C(3)
vl Neo 166-87 55-98 45-67 30-68 29-72
Pro 169-35 58-:02 28-81 22:32 44-72
v Neo 166-11 52-88 43-02 30-17 29-60
Pro 170-06 59-02 27-94 22-83 45-72

% The absolute values of coupling constants are given; o, B/, &, and NH’ indicate the corresponding
protons of second amino acid residue; ? chemical shifts of NH protons are strongly concentration
dependent.
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values (0-5 Hz) of *J(a, NH') for the proline H(a) protons in both isomers IV and
VIII whereas the neopentylglycine H(cc) proton has non-zero coupling constants
J(a, o) (1-5 Hz) and J(a, 8’) (0-7 Hz) (with proline protons) only in the cis-derivative
IVa in which it occupies a pseudoaxial position.

A detailed description of the proline ring conformation requires a complete set
of its vicinal J constants; however, not all the values were obtained. The available
data, first of all the considerably high values of J(a, B) (= 9 and 7 Hz) and very
similar chemical shifts of both the H(8) protons, indicate preference of a C(y)-exo
conformation with torsion angles between the C(a)}—H(a) and C(B)—H(B) bonds
of about 150° and 30° and with both H(8) atoms situated symmetrically to the plane
of the neighbouring peptide group.

As concerns the neopentyl side chain, the non-equivalence of chemical shifts
of H(B) atoms, and particularly the markedly different pairs of constants J(a, B)
indicate a hindered rotation about the C(a)}—C(B) bond. Usually, analysis of side
chain conformation in peptides concerns only three staggered rotamers 4, B, and C,

A\ EN RN
H(A) o— HB  e— ® Y—
H(0) .) ® H(o) .) HA)  HW) .) H)
H — —_ —_—
(») /N (R) /N H(n) /N
H H H
A B C

whose approximate population can be calculated from the observed constants
J(o, B) and from the reference data for J(o, B) in the gauche and trans arrangement
of the hydrogen atoms (see refs?*:2#). The distinction of rotamers B and C requires
a structural assignment of both H(PB) signals. Application of this approach to the
trans-derivative VIII with J(o, B) = 3-3 and 9-6 Hz, using the values J, = 3-25 Hz
and J, = 12:4 Hz (ref.?*), leads to the following rotamer populations: A = 0-30,
B = 0-70, and C = 0. The rotamer C is destabilized by steric interactions between
the bulky substituent and lone electron pairs of the carbonyl oxygen atom. Steric
interactions can obviously destabilize also the folded rotamer A4, in which the substi-
tuent points over the piperazinedione ring. No such interaction occurs in the rotamer
B which therefore should be preferred, in accord with the observation. Application
of the same approach to the cis-derivative IV cannot lead to reasonable results
because one of the J(«, ) constants is extremely low (2-2 and 8-4 Hz), lower than
usual®>+?* values for J,. This observation might be explained by existence of a pre-
ferred rotamer with torsion angles markedly different from the classical staggered
arrangement (60°, 180°). According to the relationship J(o, B) = 11-0cos? @ — 1-4
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cos © + 1-6sin® @ (ref.2®), the given pair of constants J(o, B) = 2-2 and 8-4 Hz
can correspond to torsion angles of 100° and 20°, or 100° and 140°. These are re-
presented by four rotamers D, E, F, and G. The forms D and E are very unlikely

HiB) H(A)

co-— Co— co—
%{ 2 H(B) ‘.
H(eC) H{) H(el)
H(A) R <X

NG NH— H(A)

NH— H(3) NH—

+100°, -20° -100°; +20° +100°; ~140° -100°; +140°
D E F G

because the neopentyl substituent in them interacts unfavourably with one or another
peptide group, the rotation about the C(B)—C(y) bond being hindered. These inter-
actions are suppressed in rotamers ¥ and G. These two can be distinguished by che-
mical shifts of both H(B) protons which are markedly nonequivalent (A6 = 1-28 ppm).
The signal of the proton, synperiplanar to carbonyl, should be shifted significantly
downfield. Since this lowfield H(B) atom has J(a, B) = 2-2 Hz, corresponding to
a torsion angle 100°, the requirements are met only by rotamer G in which the neo-
pentyl substituent is somewhat nearer to the less sterically demanding N-end of the
peptide group. We can thus assume that, in solution, the cis-derivative IV exists
preferably with the neopentyl substituent in the arrangement G.

Geometry of Cyclopeptide VIII in Crystal

The 2,5-piperazinedione ring assumes a twist-boat conformation with the following
torsion angles: $(Neo) = —29(1)°, ¥(Neo) = 20(1)°, w(Neo) = 8(1)°, ®(Pro) =
= —30(1)°, ¥(Pro) = 21(1)°, w(Pro) = 7(1)°. The proline ring, described analo-
gously as in the interpretation of NMR spectra, has torsion angles: (H'(B)}—C(B}—
= Cla)—H() = —167(4)", (H(B}—C(B—C(a)—H(w) = —51(4)’, (CO—N—C(3)
—H!(8)) = —-71(1)°, (CO—N—C(5)—H?(8)) = 49(1)°. It exists thus in an approxi-
mately symmetrical conformation describable by a C,-axis leading through the C(3)
atom and bisecting the C(a}—C(B) bond. The torsion angles of segments without
hydrogen atoms confirm this symmetry: (C(8)—N—C(a)—C(B)) = 31-2(5)° and
(CE)—Cr)—C(B)—C(w)) = 29-3(6).

The bulky neopentyl pseudoaxial substituent is oriented away from the 2,5-
-piperazinedione ring, the torsion angles being (NH—C(a)—C(B)—C(y)) = 80(1)°
and (CO—C(a)—C(B)—C(y)) = —154(0)°. As follows from the NMR spectra,
this rotamer also predominates in solution. Conformation of the whole skeleton
agrees with that derived from the NMR spectra.
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The nonplanarity of the amide (peptide) groups®’ is described by Xy(Neo) =
= —2(4)°, X¢(Pro) = 0-1(7)°, Xn(Pro) = —52(8)°, X¢(Neo) = 1-0(7)°. Parameters
of torsion about the amide C—N bond?® are v(C—NH) = 12(4)° and 7(C—N) =
= 9-8(8)°. The nonplanar arrangement of both the amide groups is thus mainly
represented by torsion about the C—N bond.

In the studied crystal (obtained by slow evaporation from ethanolic solution)
the molecules of VIII are fixed by a system of hydrogen bonds. The significant
hydrogen bond N—H(Neo)---O(Neo)’ links the molecules into two helices (anti-
parallel) along the axis a. The weak C—H---O bonds fix the neopentyl moiety.

Chiroptical Measurements

The CD spectra of cyclo(L-Neo-L-Pro) (IV) and cyclo(p-Neo-L-Pro) (VIII) (Figs 1
and 2 and Table II) exhibit generally four dichroic bands. The positive band at
205 nm and the negative one at the shortest wavelengths are due to the n—n* transi-
tions of the amide groups, the positive low-intensity band above 230 nm and the
negative band between 220 and 224 nm can be ascribed to the amide n—n* transi-
tions. Similar shape was found also for other cyclodipeptides of the cyclo(X-L-Pro)
type!?-2127, For comparison, spectra of similar cyclodipeptides, containing a bulky
group in the side chain of the moiety X, are also given in Fig. 2.

The similarity of CD spectra of cyclo(X-L-Pro) cyclodipeptides reflects the common
structural fragment consisting of 2,5-piperazinedione ring stabilized in a boat con-
formation by annelated five-membered proline ring'3-21. On the other hand, even
relatively small structural changes of the acyclic substituent in X (the side chain)
change significantly the CD spectra (Fig. 2, Table II) in the region of both the amide
eleciron transitions. It has been already pointed out?!?® that spectra of this type
of compounds have nonconservative character in the region of n-n* bands. The

=
N i
Fig. 1
CD spectra of cyclo(p-neopentylglycyl-L-
-prolyl) in water (———), 2,2,2-trifluoro- 220, 250
ethanol (----- ), and acetonitrile (-.——.-) *
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short-wavelength negative band is invariably much stronger then the positive one
(Figs 1 and 2, Table II). The ratio of apparent intensities of amide n-n* bands, R
(Table III; for definition of R see footnote to Table III), equals at least 2, however,
it may achieve values an order of magnitude (or more) higher. In some cases of bulky
substituents the positive n—n* band is not present at all (e.g. in the spectra of cyclo-

1 I} 1

gol——

220 anm 251 180 220 A,nm 250
b c
FiG. 2
CD spectra of cyclodipeptides cyclo(L-X-L-prolyl) in a water, b 2,2,2-trifluoroethanol and ¢
acetonitrile. X: neopentylglycyl ( ), leucyl (———--), tert-leucyl (———~- , and valyl (-eeeeeeeer )
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TABLE 11
Circular dichroism of cyclo(L-Ne-L-Pro) and cyclo(p-Neo-L-Pro)
4, nm ([8], deg em? dmol ™ 1)
Solvent
Amide n-n* bands Amide n-n* bands
cyclo(L-Ne-L-Pro) (IV)
TFE*® 237-5(+110) 220 ( —4 050) 203-5 (+9 500) 188 (— 23 000)
Acetonitrile — 223 (— 11 300) 206-5 (+7 900) 194 (—15 000)
Water — 220 ( —6 500) 205 (+5400) 189 (—30 000)
cyclo(p-Neo-L-Pro) (VIII)
TFE?® 233-5 (4-300) 220 ( —960) 203 (412 500) 185° (—35 000)
Acetonitrile 242 (4310 222-5 (—4 560) 207-5 (-+12 100) 193 (—24 000)
Water 2355 (+510) 221 (—1400) 205-5 (+ 10 400) 187 (—28 000)

4 2,2,2-Trifluoroethanol; b value of ellipticity at the shortest attainable wavelength.

TasLe III

The amplitude 4 and the ratio R of the apparent amide n—n*bands for several cyclodipeptides

cyclo(X-L-Pro)

TFE?® Acetonitrile Water
X
1073 R 4.107% R A4.107% R
trans-disubstituted
p-Neo 48 2.84 36 20 38 27
p-Leu 94 3.74 111 414 87 3-8
p-Tle 100 35 102 44 124 46
p-Val 105 39 87 43 101 3-7
cis-disubstituted

L-Neo 33 2-4 23 19 35 56
L-Leu 66 58 73 10-8 88 79
L-Tle 44 73 42 28 25) e
L-Val 68) e 71 32 103 275

42,2,2-Trifluoroethanol; ® 4 = [6],4x (Positive band) — [€],,,, (negative band); R = —[6] ..
(negative band)/[6],, (positive band); ¢ for [6],,, (negative band) the eilipticity value at
185 nm has been taken; ¢ the spectrum shows no positive z-z* band, see Figs 2a and 2b, respecti-

vely.
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(v-Tle-L-Pro) (II) in water or cyclo(L-Val-L-Pro) (I) in trifluoroethanol, Fig. 2). The

origin of the nonconservative behaviour has not been so far satisfactorily explained?!-
28-30

This problem was studied by Sathyanaryana and Applequist*°. Using the theory

of dipole interactions, which involves borrowing the rotational strength between
the chromophore and nonchromophoric parts of the molecule and thus also contri-
butions of the side chains, the authors calculated nonconservative spectra of n-r*
transitions with the correct sense for some proline-containing cyclodipeptides.
However, the accord with the experimental data is often insufficient (e.g. for cyclo-
(Gly-L-Pro) or cyclo(D-Val-L-Pro) (V)) or only apparently good, as in the case of
cyclo(L-Val-L-Pro) (I) because the positive band in the compared experimental spec-
trum has entirely an n-n* character!>. For the studied type of compounds, theore-
tical studies?®~3° do not explain even their spectral properties in the region of n-n*
transitions, particularly the presence of the long-wavelength positive band which
can be considerably strong and sometimes is the only observable positive band at
all (as in the case of cyclo(L-Tle-L-Pro) (II) in water or cyclo(L-Val-L-Pro) (I) in
trifluoroethanol; Fig. 2).

Table III summarizes the parameters of the amide n—n* bands for cyclodipeptides
containing bulky isopropyl or tert-butyl group in the side chain: the sum of apparent,
intensities of the n~n* bands, A (amplitude), and their ratio, R. According to the
theory?®73°, the amplitude A reflects the approximate deepness of the boat conforma-
tion (4 increases with increasing folding of the boat). The parameter R is a measure
of the nonconservative character, it cannot be correlated with 4 and probably is
related to another structural parameter of the 2,5-piperazinedione ring. As seen
from Table I11, in the series of rrans-disubstituted 2,5-piperazinediones the param-
eter R depends only little on the side chain whereas in the cis-series this dependence
is much more pronounced and exhibits a certain regularity. Similar situation, save
minor exceptions, exists for the parameter 4. Conformation of the side chains in the
cis-series, as determined from the NMR spectra, is much the same (the so-called
“extended to N” conformation prevails) and does not differ dramatically even
from the conformation of the trans-compounds, at least for the leucine and neo-
pentylglycine dipeptide. We can assume that the differences in the CD spectra of
the studied cyclodipeptides reflect different conformations of the 2,5-piperazinedione
ring rather than of the side chain. The pseudoequatorial substituent (side chain)
in the cis-disubstituted 2,5-piperazinediones interacts sterically more strongly with
the 2,5-piperazinedione ring and affects thus more effectively its conformation than
the pseudoaxial substituent in the frans-diastereoisomers. One of conformational
parameters, affected by these interactions, is necessarily the conformation of the
amide groups (their nonplanar deformation is associated with formation of a twisted
boat form). As shown by energy calculations®!, the occurence of twisted conforma-
tions of piperazinedione ring is probable, and with growing deepness of the boat3?
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these conformations become more stable than classical boat forms. X-Ray diffraction
affords evidence on nonplanar amide groups in crystalline cyclodipeptides cyclo-
(Gly-L-Pro)*?, cyclo(L-Leu-L-Pro)*4, cyclo(p-Tle-L-Pro)*, and cyclo(p-Neo-L-Pro)'®
(studied in this work), all with the positive torsion angle . As follows from investiga-
tion of rigid polycyclic lactams' ~3:3¢, a nonplanar amide group with positive @
gives rise to a positive bathochromically shifted n-n* band and a negative n-n*
band. A positive n—n* band at longer wavelengths in the CD spectra of cyclodi-
peptides of the cyclo(X-L-Pro) type and the pronounced nonconservative character
of the n—n* bands (parameter R) could thus indicate the presence of twisted confor-
mations (their population and/or the degree of nonplanar deformation of the amide
groups). Sathyanarayana and Applequist®® tentatively included a nonplanar amide
group in the calculation of CD spectrum of cyclo(Gly-L-Pro) with promising results.

According to Table 111, trans-disubstituted 2,5-piperazinediones exhibit higher 4
values and thus deeper boat forms of the 2,5-piperazinedione ring than the cis-
-isomers. The extraordinarily low value of 4 for cyclo(D-Neo-L-Pro) (VIII) indicates
a more shallow conformation of the ring. Most probably, this flattening results
from the interactions between the side chain, ending by the tert-butyl group rotor,
and the pseudoaxial a-hydrogen atom of the proline moiety (the interactions are
more significant than for the equally long chain with leucine isopropyl group).
The generally lower values of A for the cis- than for the trans-diastereoisomers can
be interpreted by relative flattening of the 2,5-piperazinedione boat due to the steric
interactions of the pseudoequatorial substituent with the vicinal groups on the 2,5-
-piperazinedione ring, i.e. with the carbonyl oxygen and the amino hydrogen atoms
(cf. ref.!?). These interactions can be diminished by flattening of the boat form and,
of course, also by out-of-plane deformation of the amide groups. This applies parti-
cularly to the amide group whose carbonyl is closer to the acyclic substituent®”.
In the series of cis-disubstituted compounds we observe a clear dependence of the
spectral parameters 4 and R on the side chain structure. Cyclodipeptides with iso-
propyl group in the side chain have similar amplitudes which are higher than those
of cyclodipeptides with tert-butyl group. Similarly, the R value is higher for the
isopropyl cyclodipeptides (except for the pair of the valine and tert-leucine derivatives
in water) but it also depends on the side chain length (on the distance between the
bulky group and the 2,5-piperazinedione ring). The value of R varies with sol-
vent, particularly in the case of tert-leucine cyclodipeptide.

Thus, cyclodipeptides with the isopropyl group in the side chain exist in a deeper
(higher A values) and presumably more twisted (higher R values) piperazinedione
boat than cyclodipeptides containing tert-butyl group. The reason of this difference
is a different kind of interaction of these two types of side chains with the 2,5-
-piperazinedione segment. The leucine and valine side chains can assume (and,
according to NMR spectra, actually do*®) the position extended to N, unsymmetrical
relative to the ring part of the molecule, in which the contact of the side chain with
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the carbonyl oxygen atom is minimized. Under such circumstances, the interaction
with the side chain does not prevent the 2,5-piperazinedione ring from assuming the
energetically advantageous deeper and twisted boat conformation. Such situation
cannot exist in cyclodipeptides containing the tert-butyl group which has a rotor
character. In cyclo(L-Tle-L-Pro) (II) the methyl groups must be engaged in more or
less symmetrical interaction with both vicinal groups which leads to flattening of the
boat, at least in this part of the 2,5-piperazinedione ring. Similar, but weaker, sym-
metrical interactions affect the 2,5-piperazinedione ring also in cyclo(L-Neo-L-Pro)
{a V). The almost eclipsed conformation of the B-hydrogen atoms, found by NMR
spectroscopy, is consistent with this geometry.

The interactions of the side chain with the 2,5-piperazinedione ring manifest
themselves also by the dependence of R on the chain length and on the degree of
solvation. If the bulky group is closer to the piperazinedione ring, its interactions
lead to larger nonplanar deformations of the amide groups. The chain-ring inter-
actions are stronger if the effective volume of the vicinal groups is increased by the
bonded solvent molecules. In this way we can explain the steepest solvent dependence
for the derivative with the bulkier and shorter tert-leucine chain. The largest effect
of this type can be expected in water which can be bonded by hydrogen bridges to
both solvation sites of the amide group (cf. ref.'®).

In many respects, the dependence of the amide n-n* bands on structure of the
acyclic side chain resembles that of the n—n* bands. With trans-disubstituted 2,5-
-piperazinediones only small dependence of n—n* bands on structure was observed
(highest dependence was observed in water, cf. .13). Spectra of the D-neopentylglycine
cyclodipeptide VIII, which are particularly little affected by the solvent, exhibit
a predominant negative n-n* band (Fig. 1). Much more pronounced structure and
solvent effects are observed with cis-disubstituted 2,5-piperazinediones (Fig. 2a—c).
The n-n* bands of the neopentylglycine peptide IV again are least dependent on the
solvent; only one, negative n—n* band was observed, as predicted for a regular boat
conformation of the 2,5-piperazinedione ring?®. Similarly to n-n* bands, also the
n-n* bands indicate a regular rather than twist boat form for both the neopentyl-
glycine dipeptides. In the cis-series, the dependence of the n—n* bands on the structure
of the side chain is strongly influenced by the solvent. The influence is particularly
strong in water (Fig. 2a): the spectra differ so much that the close structural simila-
rity of the compounds is not apparent. Thus also the n-n* bands indicate participa-
tion of the solvent in the interaction of the bulky side chain with the 2,5-piperazine
ring. As seen from Fig. 2a —c, the valine cyclodipeptide I occupies a special position
in the series: In all the solvents its CD spectra exhibit only one, strong positive n-n*
band. This corresponds to its extreme properties in the 7—-n* region where the nega-
tive band is invariably stronger than in other compounds and, on the contrary, the
positive 7—n* band is weak and appears as a shoulder (barely discernible in water)
or cannot be detected at all (in trifluoroethanol). Thus, according to our assumptions,
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both the n-n* and n-n* bands indicate that the highest extent of nonplanar deforma-
tions of the amide groups occurs in cyclo(L-Val-L-Pro) (I).

CONCLUSIONS

The conformation of the piperazinedione ring in compounds of the type (X-L-Pro)
appears as the result of several factors. The basic conformational type, given by
annelation of the pyrrolidine ring of the proline moiety, is modified by interactions
of the other, acyclic, side chain. The extent and conformational effect of these inter-
actions depend on the chain length, its bulkiness and the type of branching. The
conformational role of the solvent, solvating the amide groups, increases with
increasing bulk of the side chain.

Characteristic of the:neopentylglycine side chain are the interactions of its tert-butyl
group, flattening the 2,5-piperazinedione boat conformation and suppressing non-
planar distorsions of the amide groups. The properties of the neopentylglycine side
chain resemble thus the shorter tert-leucine, rather than the equally long leucine,
chain.
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