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CD and J H NMR spectra of L-alanine (I), L-leucine (II), L-valine (III) and L-tert-Ieucine (J V) 

N-acetyl N'-methylamides were measured at various experimental conditions involving changes 
of temperature, concentration and solvent polarity. The least flexible tert-Ieucine derivative I V 
exists predominantly either in right handed a-helical (IXR) conformation (fluorinated alcohols, 
ethanol) or in extended (C 5) conformation (cyclohexane, acetonitrile). In this compound the <P 
angle is constrained to about - 120°, excepting aqueous solution. The flexible amides I and II 

exhibit more complex conformational equilibria involving probably the 3 J 0' IXR and C 5 con­
formations. The 3 to helical conformation is favoured in water, acetonitrile and non-fluorinated 
alcohols, while a higher participation of IXR conformation is observed in ~trongly polar fluorinated 
alcohols. Conformational distribution of the valine derivative III is similar to I V in fluorinaled 
alcol1Ols and to amides I and II in other solvents. The c;q conformation is clearly detected 
only in cyclohexane solutions of non-associated forms of 1 and 11. 

Methylamides of N-acetyl-tX-amino acids are models simulating fragments of a peptide 
chain which are composed of two amide groups and one complete amino acid residue 
(the so-called dipeptide unit). They play an important role in initial stages of con­
formational energy calculations of larger peptides and in their conformational 
investigation with the aid of spectroscopic and other methods. Despite these facts 
and numerous experimental and computational studies (e.g. 1

- 7) the conformational 
arrangement of dipeptide units is still not clear in all details. This situation is caused 
primarily by the considerable flexibility, characteristic for the majority of residues 
of naturally occurring amino acids. Therefore it is of advantage to extend the series 
by a compound having more fixed conformational arrangement as a consequence 
of increased steric hindrance. In this communication we present a detailed conforma-

Part CLXXXII in the series Amino Acids and Peptides; Part CLXXXI: J. Chromatogr. 
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tional analysis of N'-methylamides of N-acetyl-L-alanine (1), N-acetyl-L-Ieucine (11), 
N-acetyl-L-valine (Ill) and N-acetyl-L-tert-leucine (IV). The series is chosen in such 

a way that a steric volume of the side chain is gradually increased up to the extreme 
case of tertiary butyl group. We performed also several measurements with N-acetyl­

-L-proline N' -methylamide (V) in order to make a proper comparison with previous 
results 8

. Two members of the set were already investigated by a wide range of physico­
-chemical methods by Ivanov and coworkers l - 3 ,9 . 10 (compounds 1 and Ill) , Madison 

and Kopple 8 (compound 1) and other authors4
.
11 

- 13; recently also a preliminary 

report including IV has appeared l4
. The analysi s IS ba sed on a combined use of CD 

spectra, IH NMR spectra and conformational energy calculation. The results are 

compared with our previous JR spectroscopic investigation l 6
. For the analysis of CD 

data we use the modified factor analysis 16
. 

R 
I 

CH3CO- NH- CH- CO- NH C H3 

J, R = CH 3 

1I, R = CH 2 CH(CH 3)2 

1I1, R = CH(CH 3)2 

IV, R = qCH 3)3 

1/ 'I 
CH 3CO--N -- CH -- CO --NI-lCI-I3 

V 

The compounds J -Ill were synthesized from the corresponding L-amino acids 
by successive esterification , acetylation and reaction with methylamine (ref. 17

). 

N-Acetyl-L-tert-Ieucine N'-methylamide (1V) was prepared [rom L-tcrt-leucinc 
N-carboxyanhydride 18 by a reaction with methylamine and subsequent acetylation. 

EXPERIMENTAL 

\ lelting points were determined on a Kofler block and were not corrected. Samples for elemental 
analysis were dried for several hours at room temperature over phosphorus penlOxide at ISO Pa. 
Optical rotations were determined on Perkin- Elmer 14 J MCA polarimeter. 

N-Acetyl-L-alanine methylamide (1), m.p. 182-1 8Y'e. [0: 10 = - 102'0° (c 0'21, chloroform) 
an d N-acetyl-L-leucine methylamide (II), m.p. 166-1 U, oC, [0:1 0 = - ~ 2fO (c O' 53, chloroform) 
were synthe,ized according to ref17 (reported m.p. 181-182°C, [0:10 = - 51'1 ° (c 2, ethanOl) 
fo r the compound I and m.p. 165- 167°C, [0:1 0 = - 33'90° (c I, water) for the compound 1I). 
N-Acetyl-L-valine methylamide (III), m.p. 233-234°C, [0:1 0 = - 41'2° (c 0'49, water) was 
prepared by an analogous procedure (reported m.p. 235' C, [alo = - 48° (c \'7, water), see ref. I 9) . 

L-Tert-leucine Methylamide (VI) 

[t heral solution (20 ml) of methylamine, liberated from methylamine hydroride (1 g, 15 mmol), 
Was added to N-carboxy-L-tert-Ieucine anhydride (0'5 g, 3·2 mmol) in dichloromethane (10 ml) 
an d the mixture was allowed to stand for 24 h at O°e. The precipitate was filtered off, washed 
with ether and the solution was taken down. The residue was dissolved in minimum amount 
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of ether and the amide was precipitated by light petroleum. Yield 0'33 g (72%), m.p . 92-94°C, 
[Ct. )D + 59· 1° (c 0'30, dimethylformamide). For C 7 H 16N 20 (144'2) calculated: 58'29% C, 
11·1 8% H, 19·43% N; found: 57'97% C. 10'98% H, 19'02% N. 

N-Acetyl-L-tcrt-Ieucine Methylamide (I V) 

A mixture of VI (0'3 g, 2·1 mm o l) and acetanhydride (1 g, 9·8 mmol) was allowed to stand for 3 h 
at room temperat ure and taken down. The res idue was dissolved in a minimum amount of 50~, ,, 

aqueous methanol and filtered through columns of Dowex 50 (25 ml) and Amberlite IR 4C 
(ID ml). The eluate was taken down and the compound was crystallized from benzene- li ght 
petroleum. Yield 0·24 g (62%) , m.p. 218,- 220°C. [Ct.) o = + 41·7° (c 0,52, dimethylformamide), 
Fo r C<)HIsN 202 (180'2) calculated: 58'03 ~;, C, 9·74% H, 15'04% N; found: 58'22% C, 9'75% H. 

1 5 '22 ~;; N. 

Spectroscopic Measurements 

CD Spectra were measured on Rou sse l- Jouan Dichrographe CD I 85/ II equipped with a cryo­
state. The mea surements were performed in ace tonitrile, ethanol, water, 2,2,2-trifluoroethanol. 
I, I , I ,3.3,3-hexalluoro-2-propanol at room temperature. The dependence on temperature was 
measured in cyclohexane (25 -- 7J :'C), acetonitrile ( - ~O to + 30°C) and methanol- ethanol (I : I) 
mixt ure ( - 80 to -i-40°C). The concentration of sol utions was about 2 ' 10 - 3 moll - 1 exceptin g 
cyc lohexa ne solutions (~2 . 10 - 4 mol 1- t , I imited solubility). The dependence on concentrati on 
was mea sured in acetonitrile . The measurements were performed in quartz cells with the optical 
path Icngth of (}OI - 2 cm. Spectral data arc given as molar ellipticities [[19] (dcg cm2 dmol - I ») 

and arc not correctcd for solvent refractive index. 

TIle modifled factor analysis was applied to the set of twenty CD curves of compounds 1- 11 '. 
each of them measured in flve solve nts at room temperature. The procedure was carried Ollt 

as dcscribed in our previous paper t6 The necessary number of subspeetra was determined using 
the eigenvalue drop criterion together with the graphical comparison of calculated and--experi­
mcntal curves. The formalism is de;,.crincd in the appendix. 

I H NMR mea surement s were carried out lI!,ing Varian HA-100 (l00 MHz, CW mode) and 
Varian XL-200 (200 MHz, FT mode) spect rometers. The spectra were recorded in deuteriochloro­
form . t rideuterioa cetonitrile and 1.1.1.3,3,3-hexafluoro-2-propanol (or 2.2,2-trifluoroethanol) 
at room temperature (22 - 27°C) at a concentration of about 2.10- 1 moll - I. The measure­
ment in trideuterioacetonitrile was performed also at a concentration of 3 - 4 . 10 - 3 moll - I 
(FT mode, 500 accumulations) in order to invest iga te the effect of dilution. The assignment of par­
ticular proton signals is based on homonuclear deeoupling experiments. The chemical shifts 
and coupling COnstants were obtained by first order analysis. 

Conformational energy calculations of the compound 1 V were carried out using potential 
functions and com puta tiona I procedu res described in ref. 2 o. 

RESULTS 

ell iropt ica I proper! ies. CD spectra of compounds I - V are given in Tables 1- JV 
and Figs 1- 3. For the curves already reported (refs3 ,~, 14) a reasonable agreeme nt 
is achieved. The couples of amide chromophores give rise to distinct Cotton effects 
within the 11 - n* (205 - 260 nm) and 11 -11* (185 - 205 nm) region. The assignment 
of particular CD bands to these transitions is straightforward with the excepti on 
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TABLE T 

CD Spect ra of co mpo und s [ - V in solven ts of var io us po la rity 

11 - ][ * region 77: - n* region 
Solvent" 

eno va lue" 

compound I 

AeN 21 8 ( - 5'8); 213 ( ·- 5·7) n 198· 5 ( - 13 '0) 190 (+ 1'9) 
Ethano l 210 ( - 7'5) 5 1%'5 ( - 13'2) 185 ( .. j-(i ·6) 

Wa ter 195 ( -· 20' 1) 185 ( - 6·4) 

TFE 209 ( - 10,9) s 204" ( - 11 ·4) 185 ( -I 5·9) 
!-IFP 208( - 11 ,8) 193( - 7'3),; 189( .. - (,·7)s 185 ( - 2'6) 

co mpound II 

ACN 222 ( .- 3' 1); 215 ( - 2'8) n 196·5( - 11 ·8) 185 <+ 8· 4 ) 
Etha nol 214 ( - 5, 1) 5 106 ( - 10'4) 185 (+ 5'8) 
Water 215 ( -I 1· 1) 194 ( - 16'0) 185 ( - 8' 0) 

TFE 2 13 ( - 6'9) 195 ( - 3'9) s 187 ( - 0 '2) 

I-!FP 213 ( - 80) 195 ( -I I· 5) 185 - 8'4) 

co mpou nd III 

ACN 2 16( - 5'9);209( - 5'7) n 196 ( - 10'0) 187 ( + 7·7) 

Etha nol 214 ( - 10'5) 185 ( + 10 '8) 
Wate r 205 ( - 7'2) s 196 ( - 10 ' 5) 185 ( - 3'4) 

TFE 211 ( - 11 '9) 187 ( + 4'9) 185 (-H' 7) 

I-!FP 209 ( - 14·9) 192 ( + 5'0) 185 ( + 1'2) 

compound I J' 

ACN 225( - 1'4) s; 215 ( - 2-2) 186 ( + 6'2) 

Ethanol 215 ( - 7'5) 190( + 14'5) 

Water 211 ( - 4' 8) 192 ( - 0'1i) n 185 ( - 3'7) 

TFE 213 ( - 8'7) 188(+14'3) 

HFP 213 ( - 8'7) 194 (-+ 15'5) 190( + 13 ' 5) 

compound V 

TFE 21O( - 18'7)s 200 ( - 23-4) 185 (0) 

HFP 210( - 22'5)s 203 ( - 26'2) 185 ( - 10'5) 

a ACN acetonitrile, TFE 2,2,2-trifluoroethanol , HFP 1,1,I,3,3,3-hexafluoro-2"propanol ; b Amax 

wavelength of the maximum (nm), [OLnax molar ellipticity of the maximum. 10 - 3 (deg cm2 . 

. dmol - 1 ), n nega ti ve minimum, s sho ulder; C no distinct dichroic absorption in the l1 -n* 
transition region; d val ue influenced by superpositi on of closely lyin g bands with opposite signs; 
e maximum of the n- n* band outside the region accessible to measurement. 
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TABLE II 

Temperature dependence of CD spectra of compound s I-V in acetonitrilea 

Compound 
Temperature 

°C 

-----------~--

+ 40 6200 
- 40 3900 

II + 40 2800 
- 40 300 

III + 40 4500 
- 40 4500 

I V -1 40 1300 
-- 40 1 900 

V + 40 - 17000 
- 40 - 20600 

[0)220 

6900 4900 
1 900 I 100 

3 100 2600 
-+- I 100 + 300 

4800 3300 
3 400 -- 1 600 

1 600 I 100 
1600 500 

- 18500 - 14500 
- 16600 - 10300 

" For units see notes to Table I. [0) molar elli pticity (deg cm~ d mol - 1). 

TABLE III 

Temperature dependence of CD spectra of compounds 1- V in methanol-e thanol (I : I) mixtureG 

Compound 

II 

III 

IV 

V 

Temperature 

"c 

+ 40 
- SO 

+ 40 
- 80 

+ 40 
- 80 

+ 40 
- 80 

+ 40 
-80 

a For units see no tes to Tables I and II. 

[lJhoo [lJ h15 

- 12 600 7400 6300 - 5400 
- 18 600 1400 + 3400 + 3100 

- 9300 4400 4200 - 3800 
- 15300 4700 (, 300 + 4800 

4900 9300 9700 - 8300 
9000 5900 4700 - 3000 

+ 3200 5800 7400 -6600 

+ 7200 6900 8000 -6000 

- 20300 -17 400 -13 400 - 9800 
- 32700 - 19500 - 12600 -6600 
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of cyc10hexane solutions. The short wavelength branch of the 1[ -1[* couplet lies 
in most cases outside the region accessible to I1lea ~ urement , since the 1[ -1[* ab­
sorption maximum of secondary diamides is located at about 185-188 nm 3

• Simul­
taneously with the decreasing flexibility of compo unds 1 - 1 V their CD spectra 
reflect a gradual decrease of sen sitivity to changes of solvent polarity (Table J, 
Figs 1,2) and temperature of the solution (Tables II, lJI , Fig. 3). Within the whole 
set of spectra we can trace three basic spectral types according to the signs of 11 -1[ * 

and 1[ -1[* bands. The first spectra l type (A) is represented by a combination of the 
negative 11-1[* band and the positive 7[-1[ * band (e.g. IV in hexafluoropropanol, 
Fig. 2b). Both these bands exhibit negative signs for the second spectral type (B) 
(e.g. leucine derivative 11 in acetonitrile, Fig. 1b). ]n thi s case the 11-7[* dichroic 
band is usuaIIy detected as a wide shoulder. The third spectral type (C) is approxi­
mately enantiomorphous to the first type (positive /1- 7[* band and negative 1[ - n* 
band (e.g. 11 in water, Fig. 1b). 

Analysing first the dependence of CD spectra on solvent polarity at room tempera­
ture (Table J, Fig. 1, 2) we can differentiate the spectra of compounds 1 -111 from 
those of the compound I V. The spectra of flexible compounds 1-111 exhibit sign 
alterations of both the /1- n* and 7[ - 7[* bands and their dependence on solvent 
polarity displays characteristic isodichroic point s at 200-205 nm and, less clearly, 
at about 225 11m. 011 the contrary, the spectra of compound IV are less sensitive. 
The latter curves belonging invariably to the type A are almost uniformly shaped 
in ethanol, hexafluoropropanol and trifluoroethanol , while a pronounced intensity 
decrease is observed in acetonitrile and water. The spectra of compounds 1 and 11 

TABLE IV 

Temperature dependence of CD spectra of compounds I -- IV in cyclohexanea 

Compound 

II 

III 

IV 

Temperature 
°C 

25 
72 

25 
72 

25 
72 

25 
72 

[Ohoo 

+ 400 
+ 1700 

1900 

+ 1500 

+ 21200 
+ 3000 

a For units see notes to Tables I and II; b not measured . 
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- 3200 - 3000 
- 5800 - 7800 

- 11100 - 13200 
9 000 - 14700 

2600 2600 
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2500 3300 
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FIG. I 

CD Spectra of compounds I (a) and II (b) measured in acetonitrile (-- -- ). water (- - -- - ), tri-
fluo roethanol (-.-. - .), hexafluoropropanol ( ..... . ) 

FIG. 2 

CD Spectra of compounds III (a) and IV (b) mea~ured in acetonitrile (--), water (-----), 
trifluoroethanol (-----.), hexafluoropropanol ( ...... ) 
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possess a gradually changing shape from the type B towards type A when the so lvent 

po larity increa~es. The B spectra are characteristic for compound s J a nd IJ in aceto­

nitri le and ethanol and for the compound III in acetor,itrile and water. In strongly 

po lar so lvent s the contribution of A spectra is gradually lowered with decreasing 

bu lkiness of the s ide ehain (TIe < Val < Leu < Ala). The transformation of the 

spectral type B to A with increas ing so lvent p c larity is rather smooth with the ex­

cep tion of spectra measured in water. Although in o ur so lvent polarity scale (ba sed 

on solvent-induced shift s of the amide 11- 71* dichroic band in rigid polycyclic lacta ms, 

see ref. 21
•
22

) water stands between ethanol and tril1uOfoe thano l, the spectra indicate 

a significant contribution of the spectral type C at least for the flexible compounds 1 

and fl . For JI the type C is quite clearly discernible due to th e prc ~ ence of a positive 

11-71* band, while in the case of J there is no distinct dichro ic absorption within 

the 11-71* transition region, probably as a consequel,ce o f compcnsation of oppm ite ly 

signed bands. The contribution of A spectra is suppressed in aq ueou s solution , 

since it is qualitatively preserved only in the s pectrum of the least flexible IV. Even 

in the case of JIJ the spectrum is of the type B despite the clear appearance of the 

type A in less polar ethanol. Generally, the spectra of compound s I - I V show di stinct 

hy psochromic shifts of the 11-1[ * transition with increasing so lvent polarity , but 

it is difficult to evaluate its magnitude due t o overlapping of bands. In order to 

quantify the above observations this fundamental set of CD curves has been further 

FIG. 3 
Temperature dependence of CD spectra of compounds I (a), II (b), III (e), IV (d) measured 
in methanol-ethanol (1: I) mixture. (-- - ) I = + 4(J°C, (-- ---) I = - 8(J°C 

Col lection Czechoslovak Chern Commun . [Vol. 481 11983J 
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evaluated by the modified factor analysis. It has been proved by dilution studies 
that these spectra are not concentration dependent (range 1O - 3-1O- 4 moll - l). 
The dependence of CD spectra on temperature was measured in acetonitrile (Table ll ) 
and methanol-ethanol mixture (Table III, Fig. 3, see als0 23

). The parallel behaviour 
of compounds I - I V was observed in both solvent systems. Again , we can differen­
tiate the spectra of tert-Ieucine derivative I V from other members of the set. The 
spectra of IV do not exhibit any substantial changes when the temperature is de­
creascd. Tn both solvent systems the spectra can be ascribed to the type A although 
band intensities in acetonitrile are markedly lower. On the contrary, CD spectra 
of compounds J - JJ I exhibit a gradual change from spectral type B to C when the 
temperature is lowered. The change is largest for compounds I and JJ in the spectra 
of which the sign reversal of the /1- n* band is observed . The spectra of I JJ exhibit 
significant decrease of intensity of the negative /1- n* band. 

Since N-acetyl-L-proline N'-methylamide (V) serves as a modelS in which the ¢ 
angle is constrained to about - 60°C we performed CD measurements in trifluoro­
ethanol and hexafluoropropanol (Table I) as well as low temperature studies in aceto­
nitrile (Table Il) and methanol-ethanol mixture (Table Ill). Both CD spectra recorded 
in fluorinated alcohols are of the type B with the n - n* dichroic absorption intensity 
comparable to that found in acetonitriles. Lowering of the negative /1- n* dichroic 
band with decreasing temperature is observed in both low temperature studies with 
t he simultaneous increase of the negative n - n* band. This process corresponds 
qualitatively to the change of spectral type B to C as observed with compounds J 

and I I but in this case no positive n - n* dichroic band can be detected. 

In cyclohexane the spectra of compounds I-IV exhibit invariably a negative 
band of the n - n* transition (Table IV). The maximum of the positive n - n* transi­
tion has been detected only for IV at elevated temperature. In addition, the third 
small band of negative sign is observed in spectra of all compounds at about 215 to 
220 nm. Its intensity decreases with increasing temperature while the intensity 
of the n - n* band increases. This process is clearly observed with compounds I 
and IV. The positive n-n* band of the compound IV decreases markedly with 
increasing temperature. The observed spectral changes correlate with the gradual 
decrease of self-association of these compounds which has been observed under 
similar conditions by IR spectroscopy15. The intensity of the negative n - n* band, 
when recorded at the highest accessible temperature, decreases in the series Leu < 
< Ala < TIe < Val, but these data can be interpreted only semiquantitativel)" 
due to poor solubility of these diamides, especially of the compound III, in cyc1o­

hexane. 

Modified factor analysis. Table V summarizes numerical critelia used for the 
determination of the number of subspectra which are necessary for the description 
of the given set. The sudden drop of significance given by the order of magnitude 
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differcnce between eigenvalues of the fourth and fifth subspectrum is consistent with 
the graphical comparison of calculated and exper imenta l curves. The deviations 
become smaller than the experimcntal crror when fou r subspectra are used in tbe 
linear combination (Table V). The fir st subspectrum adopting exclusively positive 
weight valu es participates most significantly in the spectra of / measured in polar 
so lvents (trifluOfoethanol, hexafiuoropropano l). The lowes t contribution of the 
fi rst subspectrum is found in the spectra of 1 Vexcept i l ~ g aq ueous so luti on . The first 
subsrectrulll can be identified wit h the spec trum o f I in trifluoroe th anol on the ba sis 
of' com pari son with experimental curves (Fig. 4). The second subspectrum adopts 
posit ive as well as nega tive weight s in the range - 50 to + 76% (Fig. 50) . ]11 all so lvents 
tbe weights of the second subspectrum incrca se wi th incrcasing bulkiness of the side 
cha in (the exception exhibited by aceton itrile so luti ons of 11 and 111 is not significa nt 
due to minimal absolute values of the correspond ing weight s). There is a marked 
diO'erentiation of compound 1 V having max imal positive weight and of the com­
pound J exhibiting always negative weight s. The magnitude of co ntributions of second 
subspectrum depend s a lso on the character of so lvent. There is a tendency to in­
crease weights in the scrics water- acctonitrilc- cthanol- trifluoroethanol- hexaf1uoro­
propa nol with the exception of compound I . Apparently, the specific character 
of water is emphasized. The second subspectrlllll can be identified with the experi­
mental curve of I V in hexaft lloropropan ol, i.e. tbe compound having the most 
bulky side cbain in the solvent of highest polarity. The third subspectruI11 , possessing 
no direct experimental equivalent, adopts weight s in the range -44 to +32%. The 
magnitude of its contribution is markedly solvent dependent. The weights of the 

TABLE V 

Criteria for the determination of the number of necessary subspectra 

Sub­
s p~ctrllm 

Eigenva lue 
), j 

12·752 
6 548 
0·298 
0·102 
0·009 
0·005 
0·002 

% Description 
of experimental 

data 

63 ·76 
96·45 
97·94 
97·94 
98 ·49 
98 ·52 
98·54 

Ll a 

[d cg cm2 dmol - 1
] 

338 
80 
44 
18 
15 
11 

8 

a Average mean quadra tic deviation Ll = l i p 'LL1 j ,p denotes number of experimental CD curves. 
j 
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I 

I 

third subspectrum are rather similar for all compounds measured in the same so lvent I 

and exhibit an increase with increasing solvent polarity (Fig. 5b). For compound s 111 
and I V the highest weights are exhibited by aqueous solutions while in the case I 

of compounds I and II the weights of third subspectrum increase in the 5eries aceto­
nitrile- ethanol-water- triftuoroethanol- r,exaftuoropropanol. The fourth s ub~ ~ectrum I 

exhibits significant contributions only to spectra of I I and Ill. There is also no direct 
experimental equivalent of thi s subspectrum. 

I H NMR spectra. The values of coupling constants 3 JNH.Ca l'l (Table VI) increase 
gradually with increasing bulkiness of the side chain up to the extreme case of 1 V. 
In accord with the results of Delaney and coworkers 14, it can be derived from these 
high values that the 4) angle in IV is constrained to about -120° with the exception 
of aqueous solutions. In aqueous solution, a systematic decrease of coupling con­
stants by about 1-1'5 Hz is observed. In other solvents the coupling constants are not 
very sensitive to solvent polarity, the values found in trideuterioacetocitrile and l:exa­
fluoropropanol are almost identical. The dependence on concentration measured 
in trideuterioacetonitrile is negligible. 

FIG. 4 

Modified factor analysis. a) Comparison of the first subspectrum (1, - - ) with the experi­
mental curve of compound I in trifluoroethanol (-----) and the second subspectrum (2, - - ) 
with the curve of IV in hexaf!uoropropanol (-----). b) Decomposition of the curve of com­
pound II in acetonitrile into partial linear combinations of subspectra. (-----) first subspectrulll, 
(-.-.-.) first + second subspectrum, ( ..... . ) first + second + third subspectrum, (-- ) 
combination of first four subspectra which is indistinguishable from the experimental curve 
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Conformatio/lal e/lergy calculations. The map fo r the tert-Ieucine derivative IV 
exhibits global minimum at q) = - 130",1/1 = + 134'" i.e. in the region of extend (C;) 
conformation. The second minimum, the relative energy of which is about 17 kJ . 
. 11101 - t, is located at cp = - lOS' , t/I = - 2r (i.e. in the region of distorted ex-helical 

conformation). TI~ e position of global minimum is not in contrast to the position 

calculated by Dcl;u,ey and coworkers (1/1 = + 100°)14. 

DISCUSSION 

The first decision tbat has to be made is the determination of the minimal number 

of significantly populated conformers which are capable to describe chiroptical 

properties of the given set as a whole. The ba , e for t his decision can be extracted 

from the results of modified factor analysis. In agreement with our previous results 1 
6 

the contribution of the first subspectrulll represents a basic structura l property which 

is more or less present in all members of the set. In our set this property can be identi­

fied with the appeara nce of averaged mixture of conformers the actual composition 

of which is adapted to particular experimenta l situation mainly by the contribution 

of second subspectrum. Since the shape of second subspectrum can be associated 
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Weights of the second (wi2) and third (wi3) subspectrum. The symbols Ala, Leu, Val and Tie 
denote the respective compounds I-IV. ACN acetonitrile, TFE trifiuoroethanol, HFP hexa­

fiuoropropanol 

Collection Czechoslovak Chern. Comm'lll. [Vol. 481 [1983J 



2856 Malon, Pancoska, Budesin sky, Hlavacek, PospiSck, Blaha : 

with the spectral type A (when operating wit h positive weight coefficient) or with 

type C (with negative weight coefficient) and since both these spectra l types can be 

identified with distinct members of the se t we can infer that the contribution repre­
se nted by second subspectrum reflect s the weighted participation of two distinct 

conformer s characterized by nearly el~antiomorphous CD curves. This assignment 
is supported by the fact that we can locate experimenta l conditions under which the A 
and C curves behave like spectra o f p ure conformers (independence on temperature 

of the spectrum of compound 1 V in methanol - ethanol mixture and the general 
trend to change B spectra of compound s 1 an d 11 towards C when the temperature 

is lowered). As further foll ows from the orthogonality of subs pectra at least one 

addit iona l conformer (or fami ly of cl ose ly re lated conformers) has to be present 
in the basic mixture of conformers (represented by the first subspectrum). Chiroptical 

manifes tation of this additional chira l ent it y mll st difTer from the above two con­
formers at least in relative (generally low) intensities of Il- n* a nd n-n* bands 

or possibly even in relative sign pattern . In accord with weights of the first subspec­

trum , which are always posit ive, the add itiona l conform er should be present at least 

to a minor extent in a ll members of the set. It seems sufficient to consider only the 
contributions of first two subspectra since the third and fourth subspectra describe 

the respectivc effect of solvent and potential side chain asymmetry within the given 

conformationa l type . In conclu sion, at least three different conformers playa signifi­

cant role in modelling CD spectra of compounds 1 -1 V in so lvents ranging from 

aceto nitrile to hexafluoropro panol. 

The coupling constants 3 J NH C" 1l exhib it reasonable agreement with the above 

analysis. The systematic decreas~ of about 1-1 ·5 Hz when going from acetonitrile 
to water indicates that the tendency to form CD spectra of the type C involves 

a conformational change characterized by a shift in <D angle values . On the other 

hand, the almost non-changing values of 3 J N1.I.C>H in acetonitrile and hexafluoro-

TABLE V[ 

Solvent and concentration (moll - 1
) de pendence of 3 iNH ,CH (Hz) in compounds I - I V 

Compound 

7·85 7·1 6·9 6.00 7·i' 

II 8· 5 8·2 8·2 6·4 7·9 
III 9·0 8·6 8·6 7·5c 8·4 
I V 9·6 9· 1 9·0 7·9c 9·5 
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propanol suggest that the conformer characterized by the A spectrum and the third 

conformer the chiroptical manifestation of which is hidden in the shape of the first 

subspectrul1l possess similar 1) angles. Consequently. their individuality is concentrat­
ed to the changes of 1jJ. 

In the next st ep we can try to define those particular conformational states which 

are re sponsible for the A and C CD spectra of compo und s 1- 1 Ii. Since the spectral 

type A appears in strongly polar pro tic solve nts it should refer to a conformation 

havi ng carbonyl oxygen atoms access ibl e to the attack of so lvent. In the case of the 

most typical example of the tert-Ieucine derivative 1 V in hexa l1uoropro panol, trilluo­

roethanol or ethanol, the (I; a ngle value is COIl StJ a ined to abo ut -120° (see very high 

values of 3 J1'<H.co ll in hexaf1uoroprop:.II1ol , Tahle VI, a nd methanol, ref.14). There 

are two allowed conforl1:ati or s (co nformation a l cn ergy ca lcL:latiolls of th e compound 

IV) characteri zed by this value - extel~ ded Co and d isto rted a-helical Cf. R conforma­

tion. From these only tl;e latter ca n exhibit , acco rd ing to calculation s of opt.ical 

activi ty 24.25, the observed pa tt ern of ra ther i l1 t e n ~ e CD b'lI; d s. The loss in encrgy 

which is caused by the fact tha t t he Cf. R conforll ' a ti on li es abo ut 17 kJ mol -- J above 

global minimum (for the com pound /V ) ca n be comper,sa ted by go od accessibility 

of both oxygen atom s to hydrogen bonding with even th ose so lvent s whose steric 

demands are con siderable (hexafluoropropanol). Tn fac t, steric bulkiness when 

pre~ ent either in the dipeptide (tert-Ieucine d erivative) or in the solvent (hexafluoro­

propanol) support s strongly the appearance o f the spcctra l type A. I-knce, this 

spectral type can bc ascribed to Cf. R conformation. In principl e, our a ssignment is in 

agreement with results of the very detailed s p ectro~'copic and computational study 

of alanine (1) and proline (V) dipeptides by Madison and Kopple B
• However, they 

did not observe pure type A spectra since p o pulation of the C(R conformation in aceto­

nitrile solution of 1 cannot be large. The proline dipeptide V, which was L1 sed as model 

in the mentioned study, does not exhibit A spectra at any conditions (5ee Tables 

I -III and ref. B
) confirming thus tIl e importance of a change of the 1) angle. 

The assignments reported up to this date which can be related to the spectral 
type C operate with polyprolineJI conformation (PI: cP ~ -80°, IjJ ~ +1500

)8.ll.1B . 

It has been argued, on the basis of optical activity calculations, that PI) regions is the 

only one which can exhibit the positive n - 7[* Cotton effect if we exclude left handed 

a-helical conformation. According to Madison and Kopple B
, PI! conformation is 

present in solutions of compounds 1 and V1 in acetonitrile, dimethyl sulfoxide and 

water. The argumentation is based on close parallelity of CD spectra of both com­

pounds together with 13C chemical shifts and 1 H nuclear Overhauser effects of com­

pound V although NMR data do not exclude other explanations. Detailed analysis 

of our CD data reveals that the ass ignment of PI! conformation to spectral type Cis 

not fully satisfactory. The positive n - n* band, when appearing in real spectra 

of compounds I - IV, is invariably accompanied by the negative 7[ - 7[* band of much 

higher intensity. In several situations (e.g. compcunds ] in water) the positive n-7[* 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983J 



2858 Malon, Pancoska, Budesinsky, Hlavacek, Pospisek , Blaha: 

band is absent or exhibits very low intensity but the inten se n - n* band remains 
present. Consequently, the negative sign of n -n* band seems highly significant for the 
relevant conformation. This observation contradicts current ass ignment, since 
optical activity calculations predict the positive sign of n-n* tran sition for the PH 
conformation region. Such sign pattern was never observed ei ther with compounds 
I -I V or with compound V. Although semiempirica l calculations of optical activity 
are probably not very accurate, the reversal of sign in the middle of a rather well 
defined zone (see Fig. 9c in ref. 25

) can hardly be expected. An alternative explanation 
can be deduced from the inspection of calculated maps of optical rotatory 
strengths2 4

.
2 s

• There is a smal l enclave at ¢ ~ -50° to -60° and 1/1 ~ -20°-0° 
for which the desired sign pattern (negative n -n* rotatory , trength and small or 
positive II-n* rotatory strength) was calculated. This conformation, corresponding 
to 3 1 o-helical arrangement of polypeptide chains, lies at the edge of conformational 
space which is allowed for Ala and Lell residues. It can be accessible for flexible 
compounds I and II in solvents of con siderable solvation ability whose molecules 
are not bulky (acetonitrile , water). The 310 conformation cannot be distinguished 
from PI( conformation on the basis of Cfi-CY chemical sh ift differences exhibited 
by the proline derivative V due to dual meaning of these values (cf. Fig. 4c in ref. 8

). 

The proposed 4> value of - 50° to - 60° corresponds well with lower values of JNH.coH 

observed with so lutions of compounds I - I V in water. It is known that larger seg­
ments of 3 10 helices are rather rare due to unfavourable side chain packing, but 
shorter segments appear at N- and C-terminals of polypeptide chains26

•27 . Thus 
it is possible that a molecule of dipeptide can adopt a conformation of 310 type 
in situations for which the C spectrum is displayed. Notably, this conformation has 
been calculated as the energetically most favourable for cx-aminoisobutyric acid 
residue if the arrangement of bonds on the C· atom was non-symmetricaI28

• 

Assignment of the third conformat ional type can be regarded as an indication 
only. The assumed low intensity (almost featureless) CD spectra might conform well 
to a conformation of extended type (Cs, ¢ -120° to -150°,1/1 +150°), since thi s 
region of allowed conformational space is crossed by nodal planes for both the 
n -n* and n - n* transitions 24

.
2s

• In accord, the low intensity CD spectrum of IV 
in acetonitrile is not dependent on temperature and the associated value of JNH.CCXH 

correspond to ¢ of about -120°. Similar CD spectra are exhibited by compounds III 
and I Vin cyclohexane. Moreover, the lowest energy conformation of IVis of extended 
type and, as follows from calculations of Lewis and coworkers 29

, Cs conformation 
is considerably stabilized by librational entropy, at least in flexible dipeptides I 
and II. Of course, we cannot exclude minor but significant population of c;q con­
former (¢ ~ - 80°, 1/1 ~ + 80°) in acetonitrile solutions of I (see8

) and II. 
The conformational distribution of compounds I - IVin cyclohexane seems slightly 

different due to very low polarity of this solvent. Our conclusions on conformation 
of compounds I and II do 110t differ significantly from the results achieved previously 
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with compo und I (ref. 3
•
B
). The lowest energy c~q con former domina tes the shape 

of CD spectra if se lf-association is avoided. The ass ig nment is bascd on the pattern 
o f CD band s (i ntense nega tive Il -n* ba nd together with the a lm ost ncgligible 
n - n* band), as calculated by Bay ley a nd coworkers24

• Further support is provided 
by I R spectroscopic r esult s achieved with co mpounds I and Jl in tetrachloromethane 
an d tetrachloroethylene! 5 . Low int ensity CD spectra, which are characteristic for the 
less fl exible compo unds IJI and J V, are ascribed to a different type of backbone con­
fo rmati o n. According to confo rma tio na l energy ca lcula tio ns on the compound Ie 
a nd in agreement with IR spectroscopic investiga tio n! 5 we ca n su ggest that th V 
arevaili ng conformer is C s. The o bserved rather pla in C D spectra conform well 
to the proposal. The fact that c~q a nd Cs conforma ti ons persist in cycl ohexa ne solu­
tion s a t e leva ted temperature is in accord with their supposed stabiliza ti o n by entropy. 

The following survey of confo rm ati ons can be suggested. In low po larity so lvents 
(cyclohexane, a nd also n-heptane, tetrachlorometha ne, chl oroform , l,4-dioxane, 
see r efs3

•
B

) c~q conformer is ch aracteristi c for com pounds I , 1J and V while the Cs 
conformer dominates in solutions of compo und s I J I and 1 V. The po pula tion o f c~q is 
rapidly dimini shed with increas ing so lvent po larity a nd conformers of aR a nd 310 type 
become important. The participati on o f C" conformati o n decrcases less rapidly. 
The ra tio of aR and 3! 0 conformatio ns is dependent On solvent and nature of the 
a min o acid side cha in . It ca nn ot be relat ed simply to so lvent polarity since specific 
solute-solvent interac ti ons, including hydrogen bonding, are importa nt. The general 
effect of solvent polarity seems to be observable separately in the third subspectrum 
(Fig. Sb) the weight s of which foll ow the so lvent po larity scale ded uccd from solvent 
dependent CD spectra of ri gid lactamsZ ! .Z 2. The popula tion of art conformati on 

inCI eases in strongly polar solvents interacting predom in a ntly with carbonyl oxygen 
atom s a nd steric hi ndrance has a marked positive effect 011 the popUlation of thi s 
conformer. Hence , the increased p opulation of CXft con formati o n is dictated by a need 
of free accessibility of carbonyl oxygen atoms to solvati o n, in accord with findings 
of M adison and KoppleB• On the other ha nd , 3! 0 co nforma tion is fav ouri zed in solu­
tions of fle xible d ipeptides in solvents interacting either selectively with N- H 
grouping (aceto nitril e) or with both solvati on sites (water). The very high popUlation 
of thi s conformer in aqueou s sol utions o f I and II gives evidence on the exceptional 
character of water as a solvent , even for bulky tert-Ieucine derivative IV a tendency 
to assume 310 conformation (a decrease of J N H P H) is observed. The highest popula­
tion found for aqueou s solution of II can be cau sed by hydrophobic nature of leucine 
side chain. The conformation al di stribution of the diamide 1J I approaches that 
of IV in fluorinated alcohols and that of diamides I and II in other solvents. The 
above characterization of populati on of Cf.R and 310 conformers is quantified ap­
proximately by weights of the second subspectrum (Fig. Sa). High positive weights 
denote increased population of aft conformation and, similarly, high negative weights 
can be associated with increased population of 31 0 conformation. 
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APPENDIX 

The mod ified factor analy~ is is based on the fact that CD spectra of a se t of analogous compounds 
form the finite dimen~ i onal space HI' of single va riable function s. The algorithm finds the projec­
tion opera tor which creates the basis of orthogonal CD curves (subspectra 9 i ) from the set 
of ex pe rimental CD curvcs rep rcsenting vec tors in the HI' space. Simultaneously, thc matrix 
of coefficicnts [<X i j ] is fo rmed which enables to express each expe rime ntal CD curve Yj of the 
given set as a linea r combination of subspectra 9 i 

YJ = taiJS;, 
i = l 

(I ) 

where [! is the dimension of input data ~et.The coeffk ients !Zij a rc norma lized accord in g t o the 
relation 

·--~ .100 

I/a'j/ 
(2) 

i ,~ 1 

alTord in g weights wij . The eigenvalue }.i specifies the amount of informa ti on describcd by the 
respective subspcctrum Hi' The subspectrum charactcrizcd by the la rge:,t eigenvaluc (}.t) reflccts 
basic charactcristics wh ich arc common to a ll CD cu rvcs within the set. The numbcr of sub­
spectra necessa ry for reproducing th~ input CD curves within ex pcrimcntal erro r is usuall y much 
lowe r tha n [! and the d rop of eigenva lues }' i togethe r with graphical comparison of calcu lated 
an d experimental cu rves a re med for its de termination. 

The in te rpretation in structura l terms is carr ied o ut using the notio n of chira l entity. Chiral 
entit y describes a situation in which a certain spatial arrangement of at olll~ connected by chemical 
inte ractions inl~uences chi ropt ica l properties. Hence, chiral entity can be regarded as structura l 
equivalent o f physica l forces determining chiroptical properties of the imestigated molecul e 
o r species. Two enantio morphous arrangements are represented by one chira l entitY.' We as­
sume that, in the given se t, there is always on ly a limited num be r of chiral entities. Prope rties 
of chiral entit ies can be identified with vectors from the space of phy~ical properties. It is a lways 
possible 10 find such linear combination of properties o f chiral entities which corresponds to a vec­
tor from the orthogonal subspaces. Hence, we assume that each subspectrum 9; corresponds 10 one 
independent combination of properties of chira l entities. If chiro pt ical propert ies of some chiral 
entity are linearly independent on other chiral entit ies then we ca n identify the respective sub­
spectrum with the given chiral entit y. In other cases it is possib le to est imate participation of other 
chiral entities in the corresponding linear combination. 

The identification of chiral entities is performed by a comparison of calculated su bspectra 
9 i with expe rimental curves and by a correlation of weights lV ij with variab le structural para ­
meters o f the set (e.g. structura l modifications, chan ges of solvent etc.). We try to find the best 
correlation between weights and structural pa ramete rs of the particular members of the set. 
The sign of lV ij indicates ei ther presence of chiral entity in one or both enantiolllorphous forms 
or higher or lower participation of the given factor as compared with the average situation 
described by the preceeding subspectra. 
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