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Cyclol intermediates play an important part in several reactions connected 

with the chemistry and the biochemistry of peptides, cyclopeptides and 

cyclodepsipeptides. 

The formation of these generally unstable tetrahedral intermediates 

containing a free OH group, has been well established in amide-amide trans- 

annular interactions 1) , in eminoacyl incorporations 2,3) and has been proposed 

to explain the mechanism of enzymic hydrolysis 4) . 

Many examples of oxacyclols (hydroxy - amide interaction) have been 

reported since the demonstration of the cyclol structure of the alkaloid 

ergotamine5) .,On the other hand azacyclols (amine- or amide-amide inter-' 

action) have been found to be much more unstable and were isolated only in 

two cases, i.e. in a system with fused benzene 6) ring and in synthetic ergot- 

like peptides 7) . 

We wish to report now the observation that some simple N-protected 2-amino. 

acyl-lactams exist in the tautomeric structure of azacyclols. 

The synthesis of the described compounds was accomplished by acylating 8) 

the corresponding N-trimethylsilyl-lactams with the acid chlorides of the 

benzyloxycarbony~ derivatives of glycine, L-alanine and N-methyl-L-a&nine. 

Compounds (IIa,b) were isolated in high yields and could be stored for 

months at -1OOC after purification by preparative thin layer chromatography 

(silica gel, benzene-ethyl acetate). They are colourless oils which failed 

to crystallize (probably due to the presence of two diastereomers). 

(IIa,bf are slightly soluble in water. Soluble in 

can be reprecipitated on acidification and recovered 

0.2 N sodium hydroxide 

by solvent extraction 
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without significant decomposition. Treatment of these two compounds with 

excess methanol at room temperature resulted in the formation of O-methyl 

ethers (IIc,d) in high yields. The reaction appeared to be complete in about 

24 hours in the case of (IIa) and in about 6 days in the case of (IIb). 

Compounds (IIc,d) could also be obtained by reacting (IIa,b) with methyl 

iodide and silver oxide or with an ethereal solution of diazomethane. In 

latter case the reaction was however very slow. 

a, R=-H;R'=-CH ; n=l 8) 
3 

b, R=R'=-CH ; 
3 

n=2 

c, R=R'=-H; n=2e) 

a, R=-9; n=2 a, n=2 

b, R=-3; n=3 b, n=j 

C, R=-CH I 
3 

; n=2 

d, R=-CH ; n=j 
Z = C6H3CH50-C=O 

3 

this 

Evidence for the reverse reaction (IIc,d)- (IIa,b) could be obtained 

allowing (1Ic.d) to stand in a CHCl /H 0 
3 2 

system. Ferric hydroxamate test was 

positive for (Ia,b,c), negative for (IIc,d) and very weak for (IIa,b). 

Treatment of (IIa,b) at room temperature with equimolecular amount of 

HCIOq in ethanol resulted in the formation of crystalline perchlorates to 

which the structure of the resonance stabilized carbonium ions (IIIa,b) was 

assigned. Compounds (IIIa,b) allowed to stand at room temperature in excess 

methanol regenerated the O-methyl derivatives (IIc,d) in fairly good yields. 

(IIIa) m.p. lj2-133OC (ethanol); 
-1 

gmax(KBr) 1805, 1765 (;C=O), 1565 (K&N) 

cm . (II+) m.p. 160-162°C; omax(KBr) 1795, 1770 (%O), 1550 (N=&N)cm-+ 

1.r. data reported in Table I show the lack of the carbamate NH absorption 

(benzyloxycarbonylamino derivatives are characterized by sharp NH absorption 
-1 

at 3430 cm when non bonded and examined in dilute solution of non polar 

solvents) and of amide II band for compounds (IIa,b,c,d). 

In the U.V. spectra, (IIa,b) do not show maxima in the 215 nm region as 

expected for acyl-lactams 9) and as found for (Ia,b). 

N.m.r. spectra (60 MHz,Sp.p.m., J values in Hz) of (IIa,b) show that 8 
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new asymmetric center is formed and that the cyclization is not stereo- 

selective. CH3- signals are clearly seen as two doublets and -OH signals as 

two sharp singlets. (IIa), DMSO-d6 1.32, 1.41 (two d, 3H, J=6.5, U&H-), 

4.05 (two 9, in, ~~6.5, CH&-), 6.83, 6.86 (two 8, lH, -OH exchangeable). 

Table I. 9 max/cm-l ( ccl4 1% ). 

OR NH Amide I Amide II 

(Ia) 

(Ib) 

(ICI 

(IhI 3520- 
-3340 

(IIb) 3520- 
-3340 

(IIc) 2810 

(IId) 2810 

3430 
(3320)* 1745,1725, 1690 

1495 
(1540)" 

1715-1685 

3430 1728,1720, 1495 
1695 

171511690 

1715.1690 

1720-1705 

1720-1705 

8 
In KEr. 

(IIb), DISC-d6 1.33, 1.41 (two d, 3H, J=7.0, CHJEH-), 4.07, 4.10 (two q, lH, 

J=7.0, CH@-), 6.84, 6.?38 (two s, lH, -OH exchangeable). 

The relative intensity of the two methyl doublets corresponds to that of 

the two -OH singlets. From these data a relative proportion of 3:2 and 4:l 

could be determined for the two diastereomers in (IIa) and (IIb) respec- 
10) tively . The chemical shifts of the two O-methyl groups for compounds 

(IIc,d) 
7,ll) . 

(two 9, 

Mass 

are in good agreement with the values reported for a.nalogous systems 

(IIc), CDC13 2.95, 3.11 (two s, 3H, -OCH3); (IId), CDC13 2.88, 3.04 

3H, -0CH3). 

spectra of (Ia,b) show intense molecular peaks and also peaks corre- 
I- -#+ 

sponding to ions C~H~CH~OCOX~(R)=CH-CI!~ (;I, /_c~H~cH~ocox(R)c(cH~)=c=OJ’ (21, 

and m* (i)- C6H5CHpP?(R)=CH-CH3. (Is) gives also rise to a significant peak 

at m/e 112 which can be due to the ion CO- N-CEO+ (3). Analogous cleavage is 
u - 

observed in the case of (Ib). Fragment (3) is characteristic of benzyloxy- 

carbonyl derivatives of linear peptides 12) . 
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Compounds (IIa,b) do not show a molecular peak and the highest mass peak 

is M+-18. Methyl ethers (IIc,d) on the other hand show a weak M+ (for compound 

(IId) the abundance ratio m/e 300 : m/e 332 is 25 : 1) in addition to abundant 

M+-31 and M+-32 peaks. In the case of compounds (IIa,b,c,d) ions corresponding 

to the species (L), (2) and (2) are not observed or are of much lower. abundance 

One of the principal fragmentation routes involves successive elimination of 

carbon dioxide and carbon monoxide from the M'-ROH ion. 

Two factors seem to influence azacyclols formation and are in accordance 

with data on oxacyclols and aminoacyl incorporation: (i) the size of the 

lactam ring 
C 
(Ia) is stable in the open form and no evidence of intramolecular 

interaction was found. Furthermore no M+-18 ion was observed in the mass 

spectrum . 1 (ii) the alkyl substitution on the 2-carbon atom of the 2-amino- 
acyl residue glycyl derivative (Ic) was 

c 
isolated in the open form, whereas 

alanyl derivative (IIa) in cyclol form. It should be noted however that 

compound (Ic) shows clear evidence of intramolecular interaction in the mass 

spectrum: the abundance ratio M+ : M’-l8 is 1:l 
3 

. 
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