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Abhct-The IWO last stages of the unambiguous synthesis of N-hydroxypeprides. i.e. acylarion of N-bcn- 
ryloxyammoacid esters and dcprotection of the resulting N-benzyloxypeptidc. are presenrcd. 

The large number of pcptide analogues so far obtained 

not only include depsipeptides’ and hydrazino-peptides.’ 

but also sulphamide’ and phosphonic analogucs.’ Since 
all these compounds differ drastically from their pro- 

totype. their physiological properties are radically 
changed. It is. however, very likely that the action of 
N-hydroxypcptides. which are closest to natural amides, 

will be only slightly modified. 
The possibility of peptide bond oxidation has not yet 

been reported, although several examples of amide 

oxidation in ho to hydroxamic acids have been cited in 
the literature.’ N-hydroxypcptides can therefore be 

connected with the metabolism of natural peptides. a fact 
that may account for the presence of N-hydroxypeptides 

observed in tumour protein.” Considering the possibility 
mentioned above, Scott’ assumed oxidation of the pep 

tide bond IO be an element of the biosynthesis of & 

lactam antibiotics. The suggestion has also been made 
that biological dehydrogenation of peptides to de- 
hydropcptides may occur through the N-hydroxylation 

process.’ 

These interesting, though incomplete data, prompted 

us more than did the considerable number of the none 
too useful natural hydroxamic acids,’ to continue our 
programme of N-hydroxypcptide synthesis. At the 12th 

Peptide Symposium we proposed” an unambiguous 
synthesis of these compounds with N-alkoxyamino acids 

as key substrates.” Oxygen atom alkylation excluded the 

redox processes which are troublesome in the work with 

N-hydroxyamino acids and prevent 0-acylation which is 
characteristic of hydroxylamino derivatives.” Having 

found 0-henzyl to be the most convenient protecting 

group, we described a method for obtaining N-bcn- 
zyloxyamino acid esters.” The present study deals with 
the last two stages of the synthesis. i.e. ester acylation 

and deprotection of the N-bcnzyloxy peptides. 
Acylation possibilities with phthalyl-glycine were 

studied on the model compounds: N-bcnzyloxy alanine 
t-butyl (la) or methyl ester (lb). The best yields (about 

6&W%) were obtained by the acid chloride and mixed 
anhydridc methods. 

The use of such reagents as DCCI and EEDOS led 
only to M-3055 of phthalyl-glycyl-N-bcnzyloxy-DL- 
alanine ester (ZI). Acylation of the N-bcnzyloxy-M- 
alaninc esters with N-hydroxyphthalimidc or the p-ni- 
trophcnyl ester of phthalyl-glycine failed. 

‘Presented a~ OK 14th European Pcptde Symposium (EPS). 
Wepton. Belprum (April 1976). 

iIK‘CI-d~cyclohexylcarbodiim~de: EEIX)N-carboe~hoxy-2- 
I.?~dihydroqumoline. 

As can be seen, the acylation reaction is relatively 
difficult. Analogies found in the literature only refer to 

acylation of N-&protected hydrazino acid esters on the 
Q atom.” The difficulties encountered in either of these 

cases must be accounted for both by decrease in the 

basicity of the N atom and, above all. by stcric hin- 
drance, although acylation of simple 0-alkyl or N,O- 

alkyl derivatives does not present any difficulty in the 

chemistry of hydroxylamincs.” 

Dht-=N-CH,COCI + NH-CHR’<OOR 

or Z-NH-CHICOOH I 
&Brl 

I 

X-N(H)-CH,~C+N~HR’--COOR 
I 
o-B21 

2 

la: R’ = Me, R’= I-Bu lb: R’ = R’ = Me 
1~: R’=H.R’=I-Bu ld: R’ = i-Bu. R’ = I-Bu 

lc: R’ = Me; R’ = Brl 

2a: X = Phc; R’ = Me. R’= r-Bu 
fb: X = Pht; R’ = R’ = Me 
2~: X=Pht;R’-H.R’-I-Bu 
24: X - Pht; R’ - i-Bu. R’- I-Bu 
2e: X=Z;R’=R’=Me 
21: X = Z; R’ = Me. R’ = B;d 

(where: Pht-phthalyl; Z-zarbobenzoxy) 

Scheme I. 

The protecting group has been removed from the 
N-bcnzyloxy pcptides selectively without difficulty. It 

was also possible, without disturbing the N- 

hydroxypcptidc bond, to split off t-butyl with 
ttifluoroacetic acid from such esters of phthalyl-glycyl- 
N-bcnzyloxy-Dt-alanine (21) or phthaly-glycycCN- 

bcntyloxy-glycinc (2~). The phthalyl group was removed 
from the former substrate (21) by hydrazinolysis to ob 
tain t-butyl ester of glycyl-N-benzyloxy-DL-alaninc 
which was isolated as acetate (C).” 

Acidolysis of rhc methyl ester of bcnzyloxycarbonyl- 
glycyl-N-benzyloxy-Dt.-alanine (Zc) with hydrogen 
bromide in acetic acid led only to the removal of the 

bcnzyloxycarbonyl group. The bcnzyl group could be 
selectively removed from the oxygen in the central 
amide bond, giving the protected N-hydroxypcptidc (6). 
This has been evidenced by the example of hydrogen 
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X-N(H+CH,<O-N-CHR’-COOR’ 

I 

O-Y 

3.a: X = Ph1. Y = Bzl; R’ = Me. R’ = H 
3b: X = Ph1. Y = Bzl; R’ = R’ = H 
4a: X = H. Y = Brl; R’ = Me. R’ = 1-Bu 

4b: X-H,Y=Bzl:R’=R==Me 

ti: X-H.Y=B&R’=CH,.R#=H 
Sb: X=H.Y=Bzl;R’=R’=H 

SC: X=H.Y=Bzl;R’=i-Bu,R*=H 
6: X = Pht. Y - H; R’ = R’ = Me 

Ia: X = H. Y - H; R’- Me. R’= H 

7b: X=H.Y=H;R’-R’=H 
7c: X-H.Y-H;R’=i-Bu.R’=H 

Scheme 2. 

reduction on a palladium catalyst of the methyl ester of 
phthalyl-glycyl-N-bentyloxy-alanine @a) or by the ex- 
periment with acidolysis of this substrate by boron 
trifhroracetate. We first used that reagent in earlier 
work” to remove the benzyl group from N-ben- 
zyloxyamino acids. 

Finally, all protecting groups could bc removed si- 
multaneously by using an adequate set of protections, as 
in the example of the benzyl ester of bentyloxycarbonyl- 
glycyl-N-bentyloxy-M&nine (Zd). 

The free N-hydroxypeptides glycyl-N-hydroxyalanine 
(la). glycyl-N-hydroxyglycine (7b) and glycyl-N- 
hydroxyleucine (7~) are crystalline, chromatographically 
and analytically pure substances whose structure has 
been confirmed by spectral and elemental analysis. They 
are water soluble and can be isolated using ion exchange 
resin. They give a test characteristic of hydroxamic 
acids. Their R, value in chromatographic processes in 
the common peptide solvent system is somewhat higher 
than is this value for parent peptides. 

NMR spectra of a considerable number of N-ben- 
ryloxy- and N-hydroxypeptides have been obtained. 
Table I summarizes the specua of peptides with alanine 

residue and gives a comparison of the chemical shifts of 
protons at the Q carbon on the N-hydroxyamino acid 
residue. Owing to the presence of the 0 atom on the 
amide bond, these protons are more deshielded than are 
normal pepddes by about 0.2ppm for N-benzyloxypep 
tides and 0.82 ppm for N-hydroxypeptides. 

As can be seen, the method of N-hydroxypeptide 
synthesis has been tested only on N-terminal glycyl 
N-hydroxypeptides. In the case of other amino acids the 
acylation processes are likely to be ditlicult. 

We are undertaking further work to study the 
synthesis of N-hydroxypeptides not containing glycine 
residue, and to find other procedures for the formation of 
the N-hydroxypeptide bond. Investigations of the 
stereochemisrry of N-benzyloxy- and N-hydroxypeptides 
are in progress. 

M.ps are uncorrected. Chromatognmr were run on thin layers 
of silica gel (Kkselgel G.. Merck). For developins were used 
ninhydrin. iodine or fenic chloride. NMR spectra were recorded 

on a Tesla. Bmo BS 481. apparatus a1 80 MHz. AU solven1s were 
evapon~ed under reduced pressure in a rotary cvaporaior. Solns 
in orgamc solvcnls were dried over MgSO,. Products otioed by 

various methods were identified by comparing their IR and NMR 
spectra and thin layer chromatograms. 

P&holy/ . glycyl . N . bennryloxy . DL . alorinc f-bury/ tour (2~) 

(a) Acid chloride mefhod. To a soln of la (4.8 g; I9 mmol) in 
EIOAC with sag NaHCO, aq was added dropwise a soln of 

phrhalyl-glycinc chloride (4.2g; 19mmol) in 1be same solvent. 
The mixlure was s1ined for I2 hr. the organic layer was then 
separalcd. washed and dried. and the solvenr was evaporarcd IO 

yield 68 (12%) of h; m.p. afler crystallization from EtOAc 
113-y. NMR da1a are shown in Tabk 1. (Found: N. 6.40. Calc. 

for C,,HIN,OI: N. 6.39%). 
(b) DCCI procedure. To a soln of la (1.26g; 5mmol) was 

added an equimolar quanrity of phthalyl-glycine and DCCI in 
THF. T~K mixrure was left standing for 36 hr at 20’. 0.6 g of a 
product ideruical wi1h 1he peptide prepared by method (a) was 
obtained by the siandard procedure in 27% yield. m.p. 112-6’. 

Tabk I. NMR data (8 m CDCI,) of N-benzyloxy- and N-hydroxypeptides (only alanine dcriv.) 
X-N(H~H,~~N-CHMe-COOR’ (X = Ph1 or Z; Y = Bzl or H) 

I 
OY 

Compound X NH CH, Y CH CH,(d) R 

2a 

2b 

2e 

(bt 

Sal 

6 
Ia! 

Gly-Ala! 

1.6Hm.4H) 4.S(s. 2H) 

1.62(m.lH) 4.48& 2H) 

1.25(s. SH) 
S.OHs. 2H) 
1.25(s. 5H) 
5.0%~. 2H) 
1.97(m.4H) 

S.l(m. IH) 

5.5(m. IH) 

4.12(d. 2H) 

4.Wd. 2H) 

4.W. 2H) 

1.6Hm. 4H) 

8.62ts. 3H) 
I .l??(s. 3H) 

3.82(s. ?H) 

l.l(d. 2H) 

l.Wm. 3H) 3&m. 2H) 

4.6Us.ZH) 
1.3l(m. 3H) 4.5(m. 2H) 
l.l8(m. 3H) 4.02tm. 2H) 

5.0(s. 2H) 

1.32(s. 5H) 
4.95(s. 2H) 

7.27~~. JH) 

4.8Hs. 2H) 
1.22(s. SH) 
4&s. 2H) 
1.2(s. 5H) 
5.20(s. 2H) 

155tm. 5H) 
4 85ts. 2H) 
7.25(s. SHI 
5.12ts.2H) 
1.6@. SH) 
4.W. 2H) 
1.22(s. 5H) 

l.Wd. IH) 

4.l?(q. IH) I 5(d. 3H) 

4.77tq. IH) I 5(d, 3H) 

4.82tm. IH) 1.4Hd. 3H) 

4.82(m. IH) l.5(d. 3H) 

4.9S(q. IH) 1.6S(d. 3H) 

4 7o(q. IH) I&d. 3H) 

4.38tq. IH) l.tid. 3H) 

4 Wm. IH) 1 58td. 3H) 

S.Wq. IH) 1.38(6.3H) 
S.3ltq. IH) l.l(d. 3H) 
4 55(m. IH) l.Wd. 3H) 

I .45(s. 9H 1 

3.61(s. 3H) 

3.5ltr. 3H) 

5.02(s. 2H) 
1.22ts. 5H) 

1.32(s. 9H) 

3.6(s. 3H) 

3.62(s. 3H) 

t In DMSO d, 
tin TFA. 
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(c) Mixed anhydride pnuedure. To a chloroform soln of Glycyl . N . benryloxy . DL - alanine f-bury/ ester acetate (C) 

p&halylglycinc (0.62‘0; 4 mmol) md ttkthytaminc (0.56 ml; Compound t (438 mg; I mmol) was dissolved in I2 ml of 

4 mmol) at - l(P. was added dropwise with stirring isobutyl bcnr..cnc-McOH mixture (5: I) sod reduxcd for 30min with 0.13 g 

cblorofomtate (O.SS ml; 4 mmol). keeping the temp. at 0’. After IO (2 q mol) of bydrazinc hydrate (80% aq. solution). The resulting 

min. la (I g; 4 mmol) was added. The mixture was kept for 24 hr phthakzinodion-I.4 was dissolved in 10% NoJO, aq and the 

at tV. then for 3 days at 2lP. The chloroform soln was washed ester was ex~ractcd witb ether. The etbcr was evaporated and 

witb No&O, aq, then with water, and dried. giving after 0.3 g (97%) of an oily product was obtained wbkh after addirion 

evaporation of the solvent I.358 (77%) of crude product. m.p. of AcOH was convened into acetale. m.p. 6%’ after crystal- 

and structure (NMR) were identical with those of the derivatives lization from ether-petrol ether. For NMR data see Tabk I. 

obtained at (a) and (b). (Found: N. 7.87. Calc. for C,,H&O,: N. 7.60%). 

Phrhalyl . glycyl . N . benryioxy - m. - alanine methyl ester (2b) ’ 

(a) Arid chloride mtihod. This ester was prepared in the same 

manner as 2a. From lb (l.2S g; 6mmol) and phthalylglycinc 
chloride (1.33 g; 6 mmol). 2b (1.3 g: SS%) with m.p. 128-30’. was 
oblzincd. After crystallir.aIion from EtOAc pctrokum ether 
mixture: m.p. 132-4’. NMR data in Table I. (Found: N. 7.12. 
Calc. for C,,HJ$O,: N. 7.07%). 

(b) &EDQ method. Standard procedure.” A soln of N-bcn- 

ryloxy-w-alanit~ methyl oterfl.2S g; 6 mmol). EEDQ (I.50 g; 
6.1 mmol) and phthalyl glycine (l.23g; 6 mmol) in THF gave t 
(0.6 g; 2S%) identical with the former. 

Glycyl _ N . betuyloxy - ot. . olanine methyl ester hydrochloride 

W) 
Compound k (2SO mg; 0.63 q mol) was dissolved in 2 ml HBr 

in AcOH and left for 90 min. The solvent was evaporated and the 
oily residue was dissolved in Na,CO,aq. The free esrer was 
extracted using EtOAc. After evaporation of the solvenr an oil 
was obtained whkb was treated with ethereal HCI and gave 

ICOmg of crystalline hydrochloride. yield S3%. m.p. 142-144”. 
NMR data are in Tabk I. (Found: N. 10.0. Calc. for 

C,,H,,NtO,CI: N.9.2596). 

Glycyl - N . benzyloxy _ DL - Alpine @a) 
Phrhdyl . glycyl N benzyloxy - g/y&e t-bury/ esfer (k) 

This compound was 0Mairkd lihc 2b-mettmd (a) from Ic 

(3.S g; IS mmol) and phthalylglycinc chloride. yield 4.2 g. 66%. 
m.p. MD-~. NMR d (in CDCI,): 1.S (s. 9H. We,). 4.2S (I. 2H). 
4.6 (s. 2H). S.0 (s. 2H. CH,O). 7.42 (s. SH. C&H,). 7.8 (m. 4H. 
C,H,). (Found: N. 6.89. Calc. for C H N 0 N. 6.60%). 2, 11 I 4. 

Phrholyl glycyl . N . bennryloxy . Dt . leucine t-butyl ester fu) 
This N-bcnzybxypeptide was obtained by rhc acid chknide 

metbd previously dcscribui. from Id (2.Sg; 8.S mmol). yield 
2.38 (56%). m.p. 67-71’. Recrystalliration from EtOAc-pc- 

troleum ether mixture raixd the m.p. to 7M’. 

(a) Hydmrindysis and aciddysis. 2a (lIl6mg; Zmmol) was 
rcduxcd wil hydrazinc as above. The oily product was dissolved 
in 2 ml triI3wracetic acid. The acid residue was evaporated and 

700 mg of oil was obtained. The oil was dissolved in EtOH-water 

mixture (4: I) and bltercd through a Zerolitc 22S (H’) column. 
then washed until the eluates were acid free. The N-ben- 

tyloxypcptide was elutcd with 3% aqueous ammonia. The elucnt 
was evaporated and 2% mg (S9%) of a crystalline product. m.p. 
IS&IS!? @cc.) was obtained. NMR data are in Tabk I. (Found: 

N. 11.14. Calc. for C H N 0 : N. 11.11%). 11 1. I . 
(b) Aciddyrir. U (476 mg; I mmol) was dissolved in 3 2 ml of 

NMR spectrum (in CDCI,): 0.9 (m. 6H. 2 x Me). I.18 (I. 2H. 

CHr-C). I.4 (s. 9H. CMe,). I.78 (m. IH. CHX). 4.12 (1. IH. 
CH-N). 4.52 (s. 2H. CHIN). S.02 (I. 2H. CHr-O). 7.32 (s. SH. 
C,H,). 7.65 (m. 4H. C,H>. (Found: N. 6.06. Calc. for 

C,,H,,N,O,: N. S.83%). 

36% HBr in AcOH and kepI for 10 days. The accids were 
evaporaled uhdcr reduced pressure and the oily residue was 
p&cd by repeated addition and evaporation of benzene. The 
N-knzyloxypeptidc was isolated using Zcrolitc as described. 

22Omg of a crude cryshIliac product was obtained, and after 

recrystallization from wactr-EtOH. I80 mg (71%) of 5a identical 
with that described above, m.p. lS3-1%’ (dec.). 

Curbobnzoxyglycyl . N - benryloxy ct - alonine methyl ester 

(Lc) 
This N-bcnzybxypcptkk was prepared like 2a by the mtxed 

anhydrides mctlmd in chloroform from carbobenzoxyglycinc 

(3.8 g: I8 mmol) and N-knrybxy-D-t-alaninc mrIbyl ester (3.8s; 
Ill mmol). 4.0 g (SS%) of an oily product was obtained. NMR data 
are in Tabk I. (Found: N. 7.14. Calc. for C H N 0 : N. 6.99%). I, 21 I 6 

Carbobenzoxyglycyl - N . benzyloxy . DL - olonine benryl ester 

(20 

Glycyl . N . bmryloxy - glycine (SW 
Compound tc (640 mg; 1.S mmol) was treated wiIh hydrazmc 

hydrate and then witb trilluoracetic acid. yielding Sh (22Dmg; 
61%). m.p. lS&l61’. NMR 6 (in 1rilYuoroacctic acid): 3.9 (m. 2H). 

4.S (I. 2H). 4.8s (s. 2H. CH+). 7.3 (s. SH. C,H,). 7.1 (NH,‘). 
(Found: N. Il.80. Calc. for C H N 0 : N. 11.76%). ,I I. I . 

GIycyl . N . bnryloxy . m. - Ieucine (SC) 

A crude oily producl (2Sg) was obtained by the mixed an- 
hydride method from bcnrybxy carbonyl-glycinc (1.S g; 7. I mmol) 
and Id (2.3 g; 7. I mmol). The product was puriIkd on a silica gel 
column using benzene-EtOAc (9: I) as eluent and gave 2.Og 
analyticallypureoil,ykldS9%. For NMRdatasztTabk I.(Foumf: 

N. S.87. Calc. for C H V 0 : N. WB%). I, tla I 6 

After gradual removal of the protecting groups from I mmol of 
2d and purilication wirb a lrrolite was obtained 180 mg (61%) of 

a product with m.p. I2S-l2k (tryst.: water-EtOH). NMR 6 (in 
TFA). 0.82 (d. 6H. 2 x Me). I&2.12 (m. 3H. CHr-CH). 3.88 (m. 

2H. CHr-N). 4.75 (m. IH. CH-N). 4.87 (I. 2H. CHrCt). 7.2 (s. 
SH. C,H,). 7.1 (I. NH,‘). (Found: N. 9SS. Calc. for C H N 0 : I, n I 4 
N. 9X!%). 

Phrhdylglycyl . N bnryloxy . DI. . alanine (3r) 
Compound 2a (438mg; I mmol) was treated witb I ml of 

trifluoracetic acid and kept at room temp. for 30 min. 

The acid was evaporated under reduced pressure. After ad- 
dition of ethyl ether. 380 mg (99%) of the product was collected. 
whtcb had. m.p. IIW-l8S” and HIS-186’ after recrysIallization 
from EtOAc-pctrol ether. See NMR &~a in Tabk I. (Found: N. 
7.26. Calc. for C&fH,,NIO,: N. 7.33%). 

Phrhalylglycyl - N . bmryloxy - giycirv (sb) 
This compouml was obtained as previous using trifluoracctic 

acd. yield from 212 mg (0.5 mmok) of ester (2~): 178 mg-97% 
m.p. 1473. NMR 6 (in DMEO dJ: 4.7 (I. 2H). 4.8S (I. 2H). S.3 
(s. 2H. CH,-O). 7.7 (s. SH. C&H,). 8.15 (m. 4H. C,H.L (Found: N. 
7.12 Calc for C,pH,,NrO; N. 7.6D%). 

Phrhdyl . glycyl - N . hydmxy - tn. . alanine methyl ester (0 
(a) Caralyfiral reduction a (90 mg: 0.23 mmol) was reduced 

for IS hr with H, in tl~ presence of 10% PdX:. The catalyst was 
then filtered off. tbc filtrate was evaporated. giving 60 mg (86%) 
of the product, m.p. after recrysIalliution from EtOAc-petrol 
ether l67-16!?. NMR Dada are in Table 1. (Found: N. 9.46. Calc. 
for C H N 0 f N. 9.lS%). I. I. I ti 

(b) Aciddysis. A solda of Zb (ISOmg; O.Jmmol) in 2 ml 
WiIhioroacelk acid and 2 q mol of boron tris~(triBuoracetatc) was 
kept for 2tu at room temp. AfIer evaporation of the acid and 
ddition of N&O, aq. the product was extracted with EtOAc 
and Ilk solvcnl was evaporated. giving (100 mg; R3%) identical 
with that previously obtained, m.p. l62-16s’. The ti- 
hydroxypeptide gives a red compkx with ferrous chloride soln 




