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Synopsis 
N-Acetgl-amino acid methylamides CH,CONITCFII:CONIICI1:I were prepared from 

L- and DL-alariiiie, L- and uL-ol-amirio-ri-butyric acid, I,- and Dr,-iiorvaline, i)I,-iiorleiif~iii~, 
L- aiid i)L-methioiiine, 1,- arid DL-leuciiie, L-aspartic acid aiid DL-pheriylalariirie. The d e w  
terium homolo& of the type CHICONI)CHI:CONI)CH,, Cl>,CONI€C~II:CONITCH~ 
and CH~CONHCHItCONHCD>, were also prepared. The infrared spectra of these com- 
poiuids were measured dowii t J  500 cm-' in the f alline state. The infrared spectra of 
N-isopropylacetamide CH,CONIICH(CH,)y, ?j-met hylisobrit yramide (CHa jyCIl- 
CONIICHI aiid their deuterium hoinologs were also meastired. The C=O ill-plane aiid 
out-of-plaiie beriding vibration bands of the CH,CONHC" group (amide IVa aiid V l a j  
arid those of the -C"COh'HCH3 group (amide IVb aiid VIb) were assigned from these 
dat a. Two cnrystalline modificatioiis, form I arid form 11, were found foi, the compound.: 
prepared from L-alaiiine, DL-leucine, L-aspartic acid aiid DL-phenylalaniiie. The t w.) 
forms show quite different skeletal vibrations, which suggest rotatioiial isomerism. Tw.) 
distinct patterns were foriiid as to the positions of  the amide IVa and VIa bands for the 
above compoiuids. The two amide bands were foriiid near 630 mid 600 c1n-I i n  f . rm  I, 
whereas they were foiuid near 600 c1n-l iii form 11. The cryst,als of the remaining coin- 
poiuids were also classified into form I or form I1 o i i  t,he basis of the arrangement of the 
arnide bands. The X-ray structure analyses suggest that, these two forms have difl'ereiit 
hydrogen-bond structures. 

INTRODUCTION 

In a previous paper' n e  reported the infrared spectra of cr~stallirie S- 
acetylglycine methylamide CH&OSHCH&OSHCH,, a model compound 
of the polypeptide chain with the glycine residue, with the emphasis on 
their relationship to the stable conformations. In  the present paper we 
deal with IC-acetyl-amino acid rnrt hylamides CH&OKHCHIICOIYHCH, 
having various side c1i:rins It. 

K-Acetyl-:imino acid met Iiylamidrs prepared from :dariinc, valine, 
leucine, norlrucine : i d  prolirie were studied by JIizushimn et al.2-6 Tlwy 
measured tht. near-infrared spectra of these compouritls in carbon tetra- 
chloride atid chloroform solutions arid found two rotational isomers, the 
extended form nit11 free X-H bonds arid the bent form with an intra- 
molecular hydrogen bond. 

10.'19 

@ ]!I71 by Johii W l l e ~  Cir S(JII+, Iiic. 



1060 KOYAMA ET AL. 

We measured the infrared spectra down to 300 cm-' for crystalline N- 
acetyl-amino acid methylamides CH3CONHCHRCONHCH3 prepared 
from L- and DL-alanine (R = CH,), L- and DL-a-amino-n-butyric acid (R = 

CHZCH,), L- and m-norvaline (R = CH,CH2CH3), m-norleucine (R = 
CH1CH2CH2CH3), L- and DL-methionine (R = CH2CH$CH3), L- and DL- 

leucine (R = CH2CH(CH3)T), L-aspartic acid (R = CH,COOH) and DL- 

phenylalanine (R = CHGH,) .  We tried to  correlate the C=O in-plane 
bending (amide IV), C=O out-of-plane bending (amide VI) and skeletal 
deformation bands with the hydrogen-bond structure and the conforma- 
tion of the peptide backbone. 

EXPERIMENTAL 

The following four methods were adopted for the preparation of N- 
acetyl-amino acid methylamides. 

Method A: Acetyl-amino acid (10 mM) was esterified by the use of etherial 
diazomethane as, described by Neuberger.7 Oily methyl ester was dis- 
solved in methanol (20 ml) and the solution was saturated with gaseous 
methylamine and then allowed to stand at room temperature for two or 
three days. The solvent was evaporated in vacuo and the residue was re- 
crystallized. 

Method B: A mixed anhydride prepared in tetrahydrofuran (40 ml) from 
acetyl-amino acid (10 miur), triethylamine (11 mM) and isobutyl chloro- 
formate (11 mM) was added to  the solution of methylamine (20 mN1) in 
tetrahydrofuran (20 ml). The mixture was stirred in an ice-salt bath for 
two hours and kept a t  room temperature Overnight. The reaction mixture 
was evaporated to dryness in vacuo. The residue was dissolved in 50% eth- 
anol (50 ml) and the solution was treated with Amberlite IR-120 (H+ form) 
and IR-400 (OH- form) by a batch system. Finally, the solvent was 
evaporated in vacuo and the residue was recrystallized. 

Method C: Acetyl-amino acid hydrazide was prepared from acetyl- 
amino acid methyl ester and hydrazine hydrate in methanol. A solution 
of sodium nitrite (5.5 mM) in cold water (3 ml) was added dropwise to the 
solution of acetyl-amino acid hydrazide (5.0 mN1) in 1 N hydrochloric acid 
(I0 ml) and tetrahydrofuran (15 ml) cooled with ice. After 10 minutes 
the azide solution was adjusted to pH 7.5 with triethylamine and added to 
the solution of methylamine hydrochloride (5.0 mnir) and triethylamine 
(5.0 mM) in cold water (5.0 ml). The mixture was stirred for two days a t  
4°C and then the solvents were evaporated in vacuo. The residue was 
treated in the same manner as described in Method B. 

Method D: A mixed anhydride prepared in tetrahydrofuran (25 ml) from 
benzyloxycarbonyl-amino acid (10 mhl), triethylamine (10 mM) and iso- 
butylchloro formate (10 mM) was added to  the solution of methylamine 
(10 mM) in tetrahydrofuran (10 ml). The mixture was stirred in an ice- 
salt bath for two hours and then stored in a refrigerator overnight. The 
solvent was evaporated in vacuo and the residual solid was dissolved in 
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ethyl acetate (50 ml) and water (30 ml). The ethyl acetate layer was sep- 
arated, washed with water, 5% sodium hydrogen carbonate aqueous solu- 
tion, 1 N hydrochloric acid and water and then dried over anhydrous 
sodium sulfate. The solvent was evaporated in uucuo and the residue was 
recrystallized from ethyl acetate-n-hexane. Benzyloxycarbonyl-amino 
acid methylamide thus obtained (10 mAl) was dissolved in 0.4 N hydro- 
chloric acid-methanol (% ml, 11 m;\I) and methanol (15 ml) and was hydro- 
genated with palladium black (0.30 g). The catalyst was removed by 
filtration and the filtrate was dried in uucuo. The residual solid was dis- 
solved in nater (20 ml) and ethyl acetate (10 ml) and the aqueous layer 
was separated and dried in. vacuo. The obtained amino acid methylamide 
hydrochloride (10 mA1) was acetylated with acetic anhydride (10 mM) in 
wetic acid (10 ml) at room temperature (;\lethod Da) or with acetyl 
chloride (12 mAl) and triethylamine (12 m11) in chloroform (25 ml) in an 
ice-salt bath (,\lethod Db). The solvent was evaporated in uucuo and the 
residue was treated in the same manner as described in JZethod B. 

Alethod of preparation, yield and melting point are listed in Table I .  
Optical Activity and the result of elemental analyses are also listed for the 
new compounds. 

S-Isopropylacetamide was prepared from acetylchloride and isopropyl- 
amine arid S-met hylisobutyramide was prepared from isobutyrylchloride 
and methylamine. 

All the acctyl- and ?;-methyl- deuterated homologs were prepared by 
the use of acetic acid-d, and methyl-ds-amine hydrochloride, respectively. 
The S-deut crated homologs were prepared by the exchange reaction in 
deuterium oxide solution. 

Infrared spectra were me:isured with a Japan Spectroscopic Co. 402G 
grating spectrometer (4000-700 cm-') and a Hitachi EPI-L grating spec- 
trometer (700-200 cm-'). The IiBr disc method was used unless otherwise 
mentioned 

Infrared Spectra and Two Crystalline Modifications 
In  the course of the study on the infrared spectra of these compounds, 

two crystalline modifications were found for some of them. S-Acetyl-L- 
alanine met hylamide, S-acetyl-DL-leucine met hylamide and I\;-acetyl-L- 
aspartic acid methylamide give n-ell-grown crystals at  room temperature. 
The absorption curves of the above compounds in the region of 700-300 
cm-' are similar to  each other as shown in Figure la. They have two peaks 
near 630 and GOO cm-'. If on the other 
hand, the crystals are grown from melts between two IiBr or silicone plates, 
these crystals give quite different spectra, which indicate the difference in 
the modifications. These modifications, called form 11, again give the 
spectra similar to  each other in the region of 700-500 cm-' as shown in 
Figure l b .  They have a single peak or almost overlapped two peaks near 
BOO cm-'. When these samples are kept at room temperature for a €ew 
days, they give the spectra of form I indicating that form I1 is a metastable 

These crystals are calledform 1. 
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Fig. 1. Infrared spectra of two crystalline modifications, (a) form I and (b) form 11, 
i n  the region 700-300 cm-'. ( i )  N-Aretyl-L-alariine methylamide, (ii) N-acetyl-Dr,- 
leucine met hylamide, (iii) N-acetyl-L-aspartie acid methylamide and (iv) N-acetyl-m- 
pheriylalaiiine met hylamide. 

state at room temperature. When the crystals of form I are mixed with 
polyethylene and rolled at high temperature, they undergo the phase trans- 
formation and the rolled film gives t,he spectrum of form 11. In  this case, 
the change is irreversible even if it is kept at room temperature. 

N-Acetyl-m-phenylalanine met hylamide has also two crystalline modifi- 
cations (Fig. 1). Honever, the behavior is different. When the sample 
is recrystallized from water, w e  obtain plate crystals showing the spectrum 
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Fig. 2. Infrared spectra of two crystalline modifications, (a) form I and (b) form 11, 
in the region 70&300 cm-' for Ndeuterated species. (i) N-Acetyl-L-alanine methyl- 
amide, (ii) A'-acetyl-Dcleucine methylamide, (iii) N-acetyl-L-aspartic acid methylamide 
and (iv) N-acetyl-Dcphenylalanine met,hylamide. 

of form I. When it is recrystallized from acetone, we obtain fibrous solid 
which gives the spectrum of form 11. The transition to form I occurs when 
the form I1 crystal is melted and cooled between two KBr plates. 

N-Acetyl-m-alanine methylamide gives plate crystals showing the 
spectrum of form I and no transformation is observed. N-Acetyl-L(and 
DL)-a-amino-n-butyric acid methylamide, N-acetyl-L(and m)-narvaline 
methylamide, N-acetyl-m-norleucine met,hylamide, N-acettyl-IA(and DL)- 
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:. 3. Infrared spertra of (a) wideuterat.ed aiid (b)  N-deuterated species for ( i )  
N-acet.yl-ol-amitio-ii-~iityrir acid rnethylsmide, ( i i )  N-nret,yl-riol.valiiie met,hylnmide, 
( i i i )  N-ncet.yl-DL-norleuririe methylamide, (iv) N-acetyl-methioiiiiie methylamide and 
(v)  Pu'-ac.et).l-I,-leii~iiie met.hylamide i i i  the region 700-300 rm-'. Xo significant spectral 
tiifrererice was observed bet,weeii the I,- arid DL- cryst:~ls for t.hr rornpoiiiids ( i ) ,  (ii), aid 

(iv). 
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TABLE I1 
Two Forms of N-Acetyl-amino Acid Met>hylamides 

Residue 

ALA 

ABU 

NVAL 

NLEU 
MET 

LEU 

ASP 
PHE 

-CH, 

-CH2CH3 

-CIIzCHzCH, 

-CHzCHzCHzCHa 
-CHzCH,SCHa 

-CH&H (CH, )z 

-CHzCOOH 
-CHzCsH, 

Crystallizing condition+ 

Form I Form I1 

(AcOEt) from melt 
(AcOEt) - 

- (AcOEt) 
- (AcOEt) 

- (AcOEt) 
- (AcOEt) 
- (AcOEt) 
- (AcOEt) 
- ( AcOE t ) 

(EtOH-EtzO) - 

(AcOEt) from melt 
(MeOH-EtpO ) from melt 
(HzO), (acetone) 

from melt, 

( ): Solvent used for recrystallization. 
h -: Metastable at room temperatiire. 

methionine methylamide and N-acetyl-L-leucine methylamide show the 
spectra similar to  those of form I1 of t,he above compounds as shown in 
Figure 3a and are classified into form 11. Other modifications were not ob- 
served. In  general form I is hard and crystalline and form I1 is soft and 
fibrous. The conditions for the two forms are summarized in Table 11. 

Assignments of Amide IV and VI Bands 

These model compounds have two peptide groups and two amide IV and 
two amide VI bands. The bands due to  the CH3CONHCa- group are 
called amide IVa and VIa, and those due to the -C"CONHCH, group are 
called amide IVb and VIb. 

In  order to  establish the assignments of these bands, the infrared spectra 
were analyzed for N-isopropylacetamide CH&ONHCH(CH&, N-methyl- 
isobutyramide (CH&CHCONHCH,, N-acetyl-L-alanine methylamide 
CH,CONHCH(CH,)CONHCH,, N-acetyl-a-amino-n-butyric acid methyl- 
amide CH3CONHCH(CH2CH3)CONHCH3, N-acetyl-DL-leucine methyl- 
amide CH&ONHCH(CH&H(CH,),)CONHCH, and their deuterium 
homologs. 

N-Isopropylacelamide and N-Methylisobutyramide 

The infrared spectra of these molecules are shown in Figure 4. In  the 
region of 700-500 cm-I N-isopropylacetamide has only a broad band at  606 
cm-l. This band is assigned to  amide IV overlapped by amide VI, since 
it, splits int'o two bands at  577 and 544 cm-l on C-methyl deuteration. 



\ 

\ 

IV V I  

Fig. 4. Infrared spectra of N-isopropylacetamide, N-met,hylisobrityramide and their 
deriterium homologs in  the region 700-300 cm-'. ( i )  CH~CONHCH(CH,)Y, ( i i )  CHI- 
CONDCH(CH,),, ( i i i )  CI),CONHCH(CHI)?, (iv) (CH,)&HCONHCJL, (v) (CIls)? 
CTTCON I ICH,, and (vi ) (CIIJ)?CHCONHC I )a. 

A characteristic behavior of the amide VI band is that  it disappears or 
becomes very weak on N-deuteration unless it is strongly coupled with other 
vibrations. This fact is shown for K-methylacetamide*, N-ethylacetamide 
and X-acetylglycine methylamide. As for the case of S-isopropyl- 
acetamide the situation is the same. On N-deuteration the band at  GO6 
cm-I gets narrower and its peak shifts to  614 cm-I, which can be assigned 
to amide IV. 

The two bands at 643 and 4% cm-I of iX-methylisobutyramide are 
assigned to  the amide IV  and V I  bands, respectively. The band at  645 
cm-' is unaffected by 5-deuteration and shifts to  G32 cm-I on K-methyl 
deuteration. The band at 4SB cm-I also shifts to  476 cm-I on X-methyl 
deuteration. In  this case, the amide VI band remains in the X-deuterated 
species and its frequency is far lower than that of X-isopropylacetamide. 
This fact is ascribed to  the coupling be twen amide VI and the slwletal de- 
formation vibration of (CH&CHCO- group. A weak band at 521 cm-' 
which is unaffected by S-methyl deuteration cannot be assigned to  any 
o f  characteristic amide bands. 

The C=O bending Vibrations of CH3COKH-CH(CH3)-C- and 
-S- CH(CH3)-COKHCH3 may be regarded as similar to  those of CH3- 
CONH-CH(CH3) -CH3 and CH3-CH(CH3)- CONHCH,, respectively. 
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Accordingly, the above assignments suggest that the four amide bands of 
N-acetylalanine methylamide CH3CONH-CH(CH3)-CONHCH3 are in 
the following order: amide IVb, (IVa, VIa) and VIb. 

N-Acetyl-lalanine Methylamide 
The assignments of the amide IVb, IVa, VIa and VIb bands are given 

on the basis of their behavior on C-methyl and N-methyl deuteration. 

7 

Fig. 5.  Infrared spectra of two crystalline modificat>ions, (a) form I and (b) form 11, of 
N-acetyl-L-alanine methylamide and its deuterium homologs in the region 700-300 cm-'. 
(i) CHICONHCH(CH3)CONHCH,, (ii) CHICONDCH(CH~)CONDCH~, (iii) CDJ- 
CONHCH(CHa)CONITCHa and (iv) CH&ONHCH(CH,)CONHCI)3. 



The deuteratiori on one part of the peptide plane must liave a stronger 
effect upon the vibrations mainly associated with the same peptide plane. 
Therefore, the vibrations which are influerieed by S-metliyl deuteration 
are related to the modes in the -CaCONHCH3 group. The disappearance 
of the amide VIa band on X-deuteration was also used for the assignment. 
Tlie assignments for this compound are given in Figure 5 .  

" 

3 

n 
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(i) 

(ii) 

(iii) 

(iv) 

G 0 (r 

700 10 cm-' 
Fig. 7. Infrared spectra of N-acetyl-a-amino-ti-butyric acid methylamide and its 

deuterium homologs in the region 700-300 cm-'. N osigriificant spectral difference was 
observed between the L- and DL- crystals. (i) CH3CONHCHItCONHCH3, (ii) CHI 
CONDCHRCONDCH3, (iii) CD3CONHCHltCONHCH3 and (iv) CH,CONHCHR- 
CONHCD,, where It is CHCH,. VIa overlaps IVa in (iv). 



I;or form 1 the amide IVa m d  VIa. bands are separated arid appear at 
(i84 and 597 cm-'. For form II they are overlapped \\-it11 each other and 
appear at  60.5 cm-I. On S-deuteration the amide VIa band at 597 em-' of 
form I disappears arid the band at, 605 cm-' of form I1 becomes iiarro\ver. 
On C-methyl deuteration these bands move, respectively, to 601 and 530 
cm-' for form I and to  579 and 5% cin-' for form 11. On K-methyl 
deuteration these bands :ue unaffected. 

Tlie amide VIb b a d ,  \\-hich corresponds to  the barid at 4SG cm-' of S- 
nictliylisobutyr:bmide, appears at 5'20 cn-I  for form I and 522  cin-l for form 
11. On K-dcuteratioii it is overlapped \\-it11 the broad amide V b u d  xrid 
appears at 503 and 506 cm-' for forms I and 11, respectively. It rtmaiiis 
on K-deuter:Lt ion as i r i  the case of S-met hylisobut>.ramide. 011 S-methyl 
deuteratioii i t  shifts to 516 and 515 c n - '  for forms I arid 11, respectively. 
On C-methyl deuteratioii it shifts to 4'30 arid 494 cm-' for forms I arid 11, 
showing that this vibration i s  coupled ivitli :tmide IV:L a,nd VIa. 

The amide IVb band is regarded as overlapped \\-it11 tlie amidc V band. 
Tlie sharp bands remaining in the S-deut erat ed compound at  695 arid 
703 cm-' for forms I and I1 are assigiied to amide IVb. On S-methyl 
deuteration t liese bands are sep:Lrated from amide V bands and appear at, 
(i69 and 67'7 cni-', supporting the above assignments. There are :L fc,\v 
\\-eali bmds, \vliose assignments are tiot certain, in tlie region of 700-500 
cm-' for C-mctliyl deuterated compounds. These bands arc not found 
in the i)L-crystal. 

N - A  cetyl-m-leucine Jlethylanzide and N-Acetyl-ac-amir~o-.n-butul.ic 
A cicl Methylamide 

The assignments of the four amide bands for these compounds are ob- 
t,airied in the same \yay as dwcribed above, the results being slio\vii in 
Figures 6 and 7. As for tlie amide I V  uid VI bands, the spectra arid t,heir 
behavior on deuteration for forms I :md 11 of S-acetyl-i)L-leucliie methyl- 
amide correspoiid exactly to  those for forms I and I1 of S-acetyl-1,-alariitie 
mctliyl:imidr:, respcctively. The crystal of S-:ic(~tyl-L(and i)L)-a-:Lmitio- 
ri-butyric iacitl metliylamide, \\-hose spectra and spect r:il cliarigc 011 dcutera- 
tion closely rcwinble to  thosc of form I1 of S-acetyl-L-ul~Liiine metl-iyl- 
amide. is c1:issifid iiito form 11. Thc amide I\Tu and VIa bnnds for form 
I1 are observed separatcly for these compounds. 

For t lie rvmairiiiig compounds, t lie amide IVa and VIa bmds ar t  as- 
signed on the basis of tlieir positions atid tlieir behavior on S-deuteration 
and arc slio\\-ti in l'igures 1-3. 

Conformation of Peptide Backbone 

It1 :L previous p : t p t ~ '  \I (. reported t lit.  rot:itiori:il isomerism of  S-acetyl- 
glgcine metliylumide CH3COSI-I~C:H,--COSHCH3 in the cr>rstalline 
htate, 13 hicli ciiuses a pliuse t rarisformatioii. The  sl;eletal stretching and 
tlcformatiori vibration baritls :ib \\ell a- t lie aniide I\' m d  VI batids in- 



1072 KOYARIA ET AL. 

9 

240 

120 : 
240 # 120 

Fig. 8. Conformation map for N-acetyl-amino acid methylamides. @ Gly A, 0 Gly 
B: N-acetylglycine methylamidel; 0 DL-Abu: N-acetyl-DL-or-amirio-n-butyric acid 
methylamide'O; 0 DL-Leu : N-acetyl-DL-lcucine methylamideg. The regions shown 
with hard arid broken lines are those presented by Ramachandran et  al.11 

dicated that the rotational angles ( c p ,  $) in one modification are near (lao", 
180") and that those in another are near (120°, 0") .  Since this rotational 
isomerism is caused by the internal rotation potential around the CH, 
CONH axis, the same type of rotational isomerism is expected for the pres- 
ent molecules. 

N-Acetyl-L-alanine methylamide has also two crystalline modifications. 
The marked difference observed in their spectra in the region of 500-300 
cm-I, where the skeletal deformation vibration bands appear, suggests 
that the phase transformation involves the rotational isomerism. The 
steric interaction between the peptidc backbone and the side chain methyl 
group should affect the stable conformations. The rotational angles 
(p, $) of the two rotational isomers may be somewhat different from those 
of N-acctylglycine methylamide and may roughly correspond to  those in 
the two sterically allowed regions shown in Figure S. 

Two crystalline modifications found in N-acetyl-m-leucine methyl- 
amide, N-acetyl-L-aspartic acid methylamide and N-acetyl-m-phenyl- 
alanine methylamide also give marked spectral changes in the region of 500- 
300 cm-I. However, they cannot be ascribed only to  the rotational isorn- 
erism about the CHR-CONH axis, because the rotational isomerism in 
the side chain is also possible for these compounds. 

The crystal structure of N-acetyl-Dcleucine methylamide was deter- 
mined by Ichikawa and Iitaka.g The space group is P&/a and four mole- 
cules are in a unit cell with the dimensions, a = 8.46, b = 17.33, c = 8.24 
A and p = 113.5". The molecules in the crystal are connected by hydro- 
gen-bonds, forming a two-dimensional network parallel to  the ab-plane. 
The peptide backbone takes a &like conformation (p = S6", $ = 319" for 
L-molecules) . 
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( a )  

The crystal structure of X-acetyl-i)L-a-amirio-ri-butyric acid metliyl- 
miide lias recently been dctermined by Ihyama,  Sliirnariouclii arid Malta. I" 

l h e  spice group is P.)l/~i arid four molecules are in a unit cell with tlie 
dimensions, a = 16.52, 6 = 11.58, c = 4.84 A arid /3 = 90.9". 111 tlic 
crystal the molecules :ire coririected by tlie Iiydrogen borids, ivliicki form a 
one-dimensional linear cliaiii parallcl to  tlic c-axis. Tlie peptide backbone 
takes also a @-like conformation (p is near 60" and # is near 300" for L- 
molecules). 

111 order to correlate the infrared spectrum witli tlie conformation of the 
peptide backbone for these compouiidb, we measured the X-ray poi! dcr 
pattern of tlie sample used for the infrared measurement. Tlie X-ray- 
poivder patterns of K-acetj 1-i)L-leucine metliylamide (form I) arid N-acetyl- 
uL-a-amino-n-butyric acid metliylamide (form 11) are shown in Figure 9. 
Tliey are explaiiied in ternis of tlie cell dinieiisioiis and tlie structure factors 
used in tlie X-ray analyses. 

As described above, t \ \o  patterns were found as to  tlie positions of tlie 
amide IVa arid VIa bands. Tlie t\vo amide bands \bere found near 630 and 
600 cm-l iri form I, whereas they were found near 600 cm-' in form 11. 
These t \vo  forms \\ ere also distinguished by their physical appearance. 
For N-acetyl-uL-lcuciIIc met1iyl:Lmide the crystals of form I are plates and 
give tlic :midc IV:L :~nd VI:L ~ : L I I &  :it 032 and 600 ciii-'. For K-acetyl-uL- 
a-amino-ri-butyric acid mc.thylamidc t lit. crystals (form 11) :ire firic needles 
:trid give the aniide barids at (510 aiid 601 cm-'. The X-ray structure anal- 
yses revealed that tliesc two patterns do riot directly reflect the conforma- 
tion of the  pcptidc backbone tiiid suggest that tlicy reflect tlic difTercncc in 

,, 
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the way of hydrogen bondings. It is reasonable that the two-dimensional 
hydrogen bondings give plate crystals and that the one-dimensional hydro- 
gen bondings give fine needles. 
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