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Abstract—The reaction of several «-amino acids and peptides (containing Gly, L-Ala, L-leu,
L- or DL-Phe, and/or L- or D-Val) with air-diluted nitrogen oxides has been studied to roughly
mimic the N-nitrosation of peptide bonds that the contaminated urban air might produce in
pulmonary tissues. Most N-protected o -amino acids give practically quantitative yields of
N-nitroso derivatives. N-Protected dipeptides afford either dinitrosated peptides, mixtures of
di- and mononitrosated compounds, selectively mononitrosated products, or no reaction at all,
depending mainly on steric effects. The same trends are observed for some higher peptides. The
(poly)nitrosated qeptides which retain the chirality of the starting materials, have been
characterized by 'H and 13C NR spectroscopy and are cleaved by pyrrolidine and amino esters
under mild conditions to give (new) amides or peptides plus diazo derivatives.

The reaction of nitrous acid with proteins is the basis of an analytical procedure aimed at estimating the number of free
amino groups that they contain. Apart fram this deamination reaction, attention has been focused in recent years onto the
transformations of side chains of peptides by the action of (ingested) NaNOp in acid media.2 By contrast, the reaction of
peptides and proteins with nitrogen oxides has been hardly studied despite the fact that N07 is a ubiquitous atmospheric
pollutant, which suggest that such reactions might take place in living tissue. Since Nx03 and No0g under neutral or only
slightly acidic conditions are much more reactive than NaNOp in mineral acid toward amide bonds,3 it could be envisioned
that proteins may be damaged by nitrogen oxides under certain conditions, since not only side chains may react with them
but also their amide bonds may be N-nitrosated.

Before studying the reaction of proteins with nitrogen oxides in natural environments, there seemed reasonchle ‘o inves-
tigate that of more simple models under conditions that permitted the isolation and/or characterization of the (poly)nitro-
sated products. By similar reasons, peptides constituted from a-amino acids containing free amino groups and other functions
ale to react with nitrosating agents (tyrosine, tryptophane, etc.)2 were ruled out in this preliminary work. Thus, we
report here that several amine bonds of protected a-amino acids and short peptides containing glycine, L-alanine, L-leucine,
L- or DL-phenylalanine, and/or L- or D-valine react very rapidly, in cold organic solvents, with a stream of air-diluted
nitrogen oxides (mainly NOp) arising fram copper wire and conc. HNO3 to give either campletely or partially amide-nitrosated
products. These campounds can be readly cleaved by nucleophiles, e.g. amines, to afford the expected fragmnts.5

Results and discussion—The campounds shown in Table 1—14 protected a-amino acids, 10 protected dipeptides, 2 protected
tripeptides, and 1 protected octapeptide—, most prepared by standard proceduresd or obtained from comercial sources, were
submitted to the usual nitrosation conditions (CHTy at -20 C, NaAcD).3+5 In the case of PhOD-G1y0Me (2) the reaction was
also carried out in cold DM, in cold acetonitrile (with NaAcO added in both cases), and in cold CHxClo/pyridine;  since
good, similar results were obtained in all the experiments, the ease of isolation of the nitrosated products from the CHC1y
solutions decided us to reserve [MF, pyridine, etc. for future work (e.g., with peptides insoluble in 1))

N-Nitrosation can be monitored by TLC (appearance of yellow spots of large Rf as campared with those of starting cam-
pounds) and TH NR spectroscopy (disappearance of CONH signals, simplification of NH-bonded CHp and/or CH multiplets, and
downfield shifts of several sets of protons—see below). Starting fram ca. 200 mg of the peptide the camplete nitrosation
was usually accamplished in 1/2 - 1 h; even though same reluctant amide bonds required more time, TLC of the mixture did not
change after 2 h,

The influence of steric effects is worth noting (see Table I). Most simple amino acids and unbranched peptides (such as
PhCO-G1y-Gly(Me, 15) were nitrosated in less than 1 h, whereas Z-Val-Leu(Me (24) gave no reaction at all. The behavior shown
by the remaining compounds may be summarized as fcilows: (i) the approach of the nitrosating species to each CONH bond is
hindered by the presence of branched chains on both sides, so that, in the case of PhOO-PhelMe (11), the conjunction of a
phenyl grow linked to the carbonyl and a benzyl group replacing a methylene hydrogen of a glycine produces a remarkable
decrease in the nitrosation yield; in fact, the phenyl group alone (see Ph0D-Gly(Me, 2), as well as a branched chain alone
in the o -amino acid (see, e.g., EtOCO-Phe(Me, 9), does not block the nitrosation; (11) for the same apparent reason the Phe-
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Table I. Reaction of Peptides2 with Nitrogen Oxides

starting compound nitrosated product yiold(%)b
1, MeOCO—GlyOF: lo, MeOCO—(NO)GIyOFE: € 100
2, PhCO—GlyOMme 20, PRCO—(NO)GlyOMe 100
3, PRCO-GIyN]) %, PRCO-(NO)GIyN{ 100
:, MeOCO~Alo OFt 2, MeOCO—(NOQO)AIa OFt 100
2, Ac—LeuOMe -52, Ac—(NO)Leu OMe 98
4, EOCO—LewOMe ¢a, E10CO—(NCjLeuOMe 100
z, Bot:—l.ouOMeg Zg, Boc—(NQ)Leu OMe 80
8, Z-LeuN]) 8, Z—(NO)LevN{] 15¢
9, EtOCO—Phe OMe %, EtOCO—(NO)Phe OMe 100
10, ErOCO—Ph.N:) no reaction -
L_d
11, PhCO—Phe OMe 1o,  PhCO—(NO)Phe OMe 20¢
1‘_2', Ac—Val OMe no reoction -
13, EtOCO—Val OMe 133, EOCO—(NO)Vol OMe 75
la, E1OCO-Val N 140, EtOCO=(NO)ValN{] 20
15, PRCO—Gly—GlyOMe 15ab, PhCO—(NO)Gly—(NO)Gly OMe 100
l6ob, Z—(NO)Alo—(NO)GIyOFEt 40
18, Z=Alo=GlyOF: {192, 2—Ala—(NO)Gly OF# {5
17ab, Boc~(NO)Alo~(NO)GIly OFt 62
17, Boc—Ala=GlyOF: {_IJ‘Q, Boc—Alo—(NO)Gly OFt {%
180b, Z—(NO)Ala—(NO)AlaOMe 10
18, Z-Ala—AloOMe { T8, Z-Alo~(NOJMIaOMs 85
19, PhCO—Gly—Phe OMe 19gb, PhCO—(NO)Gly—(NO)Phe OMe 100
20, PhCO—DL-Phe—GlyOFt 206,  PhCO~Di-Phe—(NO)Gly OF! 9
21ab, Z~(NO)Phe—(NO)GlyOMe 70
21, Z—Phe—GlyOMe {_g.l__'b', Z—Phe—(NO)GlyOMe {26
22, PRCO—=Gly—Vol OMe 22a, PhCO—(NO)Gly—Val OMe 100
23, Boc—Alo—LeuOMe 23a, Boc—{NO)Alo—Leu OMe 95
gj, Z—Val—Leu OMe no reaction -
25, PhCO—p1-Phe—Gly—GlyOF: 25bc, PhCO—DL-Phe—(NO)Gly—(NO)Gly OFt 100
260bc, Z—(NO)Phe—{NO)Gly—(NO)Leu OMe &0
26, Z—Phe—Gly—Leu OMe | 3" Z—Phe—(NO)GIy—(NO)Leu OMe {30
?_Z, Boc(—Vol-o-VoI)40Me no reaction -

a Along this work dashes indicate the CO—NH bonds; ol chiral amino acids os natural enantiomers unless
noted; letters o, b, and ¢ point out thot the first, the second, and the third CO—~NH bonds, respectively,
are nitrosated. ) Yieldsofter 1-2 h of reoction.& MeOCO— N(NO)—CHz-COOE' € Bu'OCO—LeuOMe.
® Unreacted materiol {ca. 80%) recovered after 2h of reaction. f PhCH20CO—AIc-GIyOE'

Table II. Specific Rotations in CHaClp,
before and ofter the N-Nitrosation

compd [af g, degrees  compd [q]zg, degrees

5 -4.8(c2.3) 5  -43.0(c0.9)
&  -7.7(c1.0) s -36.8(c1.0)
7 7.1(c2.0) 7o -44.5(c 2.0)
9 +51.2(c1.7) 92 -72.0(c 1.3)
11 +76.2(c2.00  le -15.0(c0.9)
13 +5.6(c1.0) 13 -105.4(c1.0)
16 -1.7(c1.6) 1gab -18.2(c 0.9
19 +39.0(c1.0)  19ab  -93.5(c1.0)
23 -2.7(c1.2) 2% -3B.5(c1.9)
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Gly and Gly-Gly bonds of 20 and 25 are completely nitrosated while the first amide bonds (PhCO-Phe) remain practically
unchanged; (ii1) whereas 20 gives mononitrosated product 20b, peptide 19 yields dinitrosated compound 19ab, which indicated
that branching at position ct with respect to the 00 group makes the nitrosation more difficult than the same side chains
« to the M7 (iv) branching appears to be important even if it occurs far away fram the amide or carbamate functions, as
noted by carparing methyl esters with pyrrolidine-derived amides (cavpare, especially, the pairs 9-10 and 13-14).

The peptides which give mixtures of nitrosated compounds, f.e. 16-18, 21, and 26, may be conmented together. The ratios
of pernitrosated to partially nitrosated products reflect their relative stabilities under the reaction conditions, since
they could not been enhanced by means of longer reaction times or by nitrosating again the isolated mixture. There seems
that the nitrosation of the second CO-NH bond increases the steric hindrance, preventing the conplete nitrosation of the
first one (carbamate group); this effect may be related to that observed for terminal-pyrrolidine peptides 8, 19, and 14,
after considering that N-alkyl-N-nitroso and N,N~dialkyl substituents should show similar hinderings. Campound 16 was
choiced as the representative of such peptides and was dealt with in more depth. Thus, its nitrosation was repeated under
the usual conditions, but samples were removed and analyzed by TH NR after 10 min, 20 min, 1 h, and 2 h. The first sample
contained only starting material and Z-(NO)Ala-Gly0Et (]_B_a.. 15%). The second one contained 16 (19%), 16a (38X), dinitrosated
product (16ab, 32%), and 16b (11%). After 1 h, the ratio was 12% of 16, ca. O% of 16a, 38X of 16ab, and 50% of 16b. After 2
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h, no 16 or 16a remained, the reaction mixture being 16ab and 16b in a 42:58 ratio. Therefore, (i) the Z-Ala bond is move
rapidly nitrosated than the Ala-Gly bond, which agrees with the relative nitrosation rates observed for EtCONHMe, PhOONHMe,
and INMe under our conditions {1: 1.2 : 4.7, respectively), and (ii) the nitrosation of Z-Ala bond, in contrast with the
above-mentioned reverse case, does not hinder that of the Ala-Gly bond. It can be said, in short, that the carbamate
nitrosation is kinetically favored whereas that of the amide bond (at least in 16 and similar peptides) is favored when the
equilibrium conditions are reached.8

Several features of the TH and 13C NR spectra are worthy of mention. The protons on both sides of CONY groups undergo
downfield shifts as a consequence of the N-nitrosation, the observed & values lying between 0.4-0.6 for NCGHp, 0.6-1.0 for
NOHR, 0.8-1.0 for (00, and 1.3-1.4 for CGHROD; these values (larger for the protons « to CO than for the protons g to N)
agree with those observed in simple nitmsoanides,5 for which a transoid arrangament involving the OO-N bond is assumed,
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and differ from those measured from N-nitrosobutirolactame, N-nitrosovalerolactame, and N-nitrosocaprolactamed (see figures
aove) in which the carbonyl oxygen atam and the NO group are obviously forced to be cisoid. When methylene or methine
protons are flanked by two amide groups some corpensation occurs since 0= 1.2-1.4 for CONCHOIN and 8= 1.7-1.9 for
CONCHROON. Shifts to lower field (A5= 0.4-0.5) of CH 000N are also structurally important as they confirm that the nitrosa-
tion of the carbamate function has been carried out.

With regard to 13C spectra, it should be noted that only the (O carbon atams of the amide growps are significantly
shifted to lower field (A = 2.344.0). Indeed, the (O carbon atams of the carbamate groups are shifted to higher field
(@d= 2.4 to -3.0), which suggests that the transoid-transoid arrangement may not be predominant in these cases. Also, the
other carbon atoms are either slightly shifted to higher field (adbetween 0.5 and -2 for (00, GRCD, (ONCHy, and CONGHR)
or undergo even larger wpfield shifts (ad: -5 for NCHRCOOR and NCHOHy).

Racamization apparently did not occur during the nitrosation since very net changes to negative [m]g0 values are observed
for chiral mlecules studied (see Table II). Nevertheless, to prove that some racemization did not take place, a cold GHxClp
of pure 5a was treated with a stream of dry HC1 for a few min; evaporation in vacuo gave chramatographically pure 5 with the
expected specific rotation. In other words, neither N-nitrosation nor N-denitrosation under these conditions seem to affect
the chiral center (Tinked to the nitrogen atam).3 Furthermore, when the mixture of 16ab and 16 arising fram the nitrosa~
tion of 16, [q]b-11.7° {c 1.56, CHXIy), was treated with HC1(g) as above, the denitrosated peptide, [a]p~10.8° (c1.21,
(HxC15), was recovered in 93% yield. Therefore, it can be stated that racemization is not significant.

The nitrosopeptides obtained in this work react with amines and a-amino esters under mild conditions.10 Thus, addition of
a slight excess of pyrrolidine to a 0yCly solution of 2 at room terperature caused a fast colour change, affording quanti-
tatively N-benzoylpyrrolidine and methyl diazoacetate, as shown by TLC and NR camparison with authentic samples. Similarly,
4 was converted to N-(methoxycarbony!)pyrrolidine and ethyl diazoalaninate. Etc. Most of these reactions were also followed
by HPLC (see Experimental Section). Other representative examples of the preference of amines to attack the carbonyl carbon
atom rather than to effect the denitrosation are outlined below. It should be noted that amino esters react far more slowly
than pyrrolidine (Nu), so that the percentages of conversion are only moderate unless long refluxing times are used.

PhCONu
Nu Leu OMe
PhCO—(NO)Gly~(NO)Gly OMe ——« N5=CH-CONu PHCO—(NO)Gly QMe ohCO—Lew OMe
CH,C1 40-60 °C
15ab 252 N, -CH-COOMe 2a 0-60
0-20 °C 2
PhCONu
Nu GlyGlyOEr
PhCO—(NO)Gly~(NO)Phe OMe ———o N2=CH-CONu PhCO-Phe-(NO)G1yOEt ————— PhCOPheG1yG1yOEt
19ab CHCla  N,-c-cooMe 20b 40-60 °C
- 0-20°C  ° CiyPh

EXPERIMENTAL SECTICN

General —The NMR spectra were obtained in CDClj3 on Varian XL-200 (200 MHz for lH, 0.3 MHz for
13cy or Perkin-Elmer R-24B (60 MHz, IH) spectrometers; chemical shifts are reported in parts per
million with respect to internal Me4Si in all the cases, and J values are given in hertz. The IR
spectra were taken as films or CHCl3 solutions with a Perkin-Elmer 681 instrument; only the most
significant absorptions (in cm-1) are listed. Mass spectra were recorded on a Hewlett-Packard 5930
spectrometer. Melting points were determined on a Blichi apparatus and are uncorrected. Silica gel
sheets {Kieselgel 60, F,54, Merck) were used for analytical TLC. Chromatographic separations were
carried out on 70-230 mesh Merck silica gel (column at atmospheric pressure) or on 230-400 mesh
Merck silica gel by "flash® chromatography. HPLC analyses were performed on a Waters instrument
using a Radial-PAK C-18 column (2 ml/min, from 60% MeOH aq to 80% MeOH aq in 10 min; UV detector at
262 nm). Optical rotation measurements w:re obtained on a Perkin-Elmer 141 polarimeter.

Starting Compounds—Protected g-amino acids and peptides used in this work were known (with the
exception, to our knowledge, of 3, 4, 8, 10, 14, 20, and 23) and have been prepared from natural L-
amino acids according to standard procedures.r Esterifications have been performed with MeOH-HCl or
EtOH-HCl; amino esters have been treated with PhCOC!, MeOOOC1, EtOOOC1, PhCHO0OCl1 (2ZC1), AcCl, or
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(Bu‘aD)ZO in the presence of NEt3 to afford the amino-protected derivatives. Dipeptides were
synthesized by coupling the corresponding protected fragments in CHxCl, or THF with the aid of
DCCI. The reaction of 4-benzyl-2-phenyl-5-oxazolone with HGlyOMe and with HGly-GlyOEt furnished 20
and 25, respectively. Tripeptide 19 was obtained from Z-Phe-GlyN3 (prepared from 21) and HLeuOMe.
Dipeptide 24 was bought to Sigma, whereas 27 was prepared by G. P, Lorénzl et al. ™ Compounds 3,
8, lo, and 14 were obtained by heating the correspondmg esters with an excess of pyrrolidine in a
sealed tube at 1009C for 1 day, and were then purified by dilution with CH)Cl,,rinsing with diluted
HCl aq, and column chromatography (CHyCl,-MeOH). N-Methylpropanamide, N-methylbenzamide, and O-
benzyl -N-methylcarbamate have been prepared from the corresponding acid chlorides and aqueous
methylamine.

Nitrosation Products—The nitrosation procedure has been described in a precedent paper.5
Usually, 2-5 mmols of peptide in 80 mL of CHyCl, containing 2-3 g of NaAcO were treated with a
smooth stream of nitrogen dioxide for 1-2 h at -20 °C. Mixtures of "all-nitrosated® and partlally
nitrosated compounds were separated by "flash® chromatography with CHxCl; or CHaCl-MeOH 99:1 as
the eluents to give yellow oils (or, in few cases, yellow solids of low melting point), unstable to
the heat and light. Compound 2 (150 mg in each case) was also nitrosated in 50 mL of DMF (contai-
ning ca. 1 g of NaAcO), in 50 mL of acetonitrile (plus 1 g of NaAcO), and in a mixture of 30 mL.of
CHxCl, and 10 mL of pyridine; before washing with water the final solutions, 100 mL of CHyCl, were
added in all cases; after the usual workup quantitative yields of 2a were always obtained.

Ethyl N-methoxycarbonyl-N-nitrosoglycinate (la): Iy NvR §1.28(¢t, J=7, 3H), 4.07 (s, 3H), 4.10
(@, J=7,7 2H), 4.39 (s, 2H); I3CNMR 6 14.0 (CHpCH3), 41.8 (N(NO)CHp), 55.2 (CH3000), 62.0
(MHZ). 153.8 (OCON(NO)), 165.4 (COO). Methyl N-nitrosohippurate (2a): lHNM.R §3.75 (s, 3H),
4.60 (s, 2H), 7.3-7.9 (m, SH); I3 NMR §40.5 IN(NOXCHp), 52.7 (OCH3), 132.2 (C ipso), 128.3 (C
meta), 130.9 (C ortho), 132.9 (C para), 165.9 (Q00), 172.0 (CON(NO)); IR 1735, 1700; MS, m/z 222
(M*) . N,N-Tetramethylene -2- (N- nltrosobenzamido)aceta:mde (3a): IR 6§ 1.87 (m, 4H), 3.40
(m, 4H), 4.60 (s, 2H), 7.2-7. 8 (m, SH); 3¢ NvR §24.1, 26 2 (CHpCHpCH,CHy), 41.2 (N(NO)CH;),
45.7, 46.2 (CHpCHCH,CH), 132.9 ( C ipso), 128.2 (C meta), 130.8 (C ortho), 132.6 (C para), 166.7
(CON(NO)), 167.6 (CON ). Ethyl N-methoxycarbonyl-N-nitrosoalaninate (4a) H NMR §1.2z2 (¢,
J=7, 3H), 1.40 (d, J=6.5, 3H), 4.05 (s, 3H), 4.14 (q, J=7, 2H), 5.20 (q, J=6.5, 1H). Methyl N-
acetyl-N-nitrosoleucinate (5a): Iy NMR 5 0.85 (d, J=6.5, 3H), 0.96 (d, J=6.5, 3H), 1.6-2.2 (m,
3H), 2.81 (s, 3H), 3.65 (s, 3H), 5.22 (m, 1lH); 13C NMR § 21.7, 21.9 ((CH3)2CH), 22.7 (CH300),
25.2 ((CH3)2CH), 36.7 (CHCHCH), 50.2 (N(NO)CHDO), 52.6 (CH30}, 168.5 (Q0O), 174.0 (CH3Q0); MS, m/z
217 (M+1*), Methyl N-ethoxycarbonyl-N-nitrosoleucinate (6a): IHNMR 5 0.80 (d, J=5.8, 6H), 1.4
(t, J=7.0, 3H),1620(m. 3H).358 (s, 3H), 4.45 (q.J70 2H), 5.20 (t,J60 1H); 13CM4R
14.2 (CH}CHZ), 21.6, 22.9 ((CH3)CH), 25.0 ((CH3)pCH), 137.1 (CHCHCH), 51.5 (N(NO)CHXO), 52.6
(OCH3), "64.8 (CH0), 153.3 (OCCN(NO)), 168.7 (GO0); MS, m/z 247 (M+1*).  Methyl N-(tert-
butoxycarbonyl )-N-nitrosoleucinate (Ta): Iy NMR § 0.85 (d, J=6.5, 3H), 0.87 (d, J=6.5, 3H), 1.3-
1.9 (m, 3H), 1.64 (s, 9H), 3.68 (s, 3H), 5.30 (t, J=7, 1H); I3C NMR § 21.8, 22.8 ((CH3),CH),
25.1 ((CH3)CH), 28.0 ((CH3)3C), 37.4 (CHCH,CH), 50.7 (N(NO)JCHCO), 52.5 (OCH3}, 86.0 ((CH3)iC),
151.2 OCON), 169.0 (COO); MS, m/z 275 (M+1*). Methyl N-ethoxycarbony!-N-nitrosophenylalaninate
(9a): M ANMR 8 1.32 (v, J=7, T3H), 2.95, 3.19, 5.43 (ABX system, JAB=14.0, JAX=12.5, JBX=3.5),
3.65 (s, 3H), 4.40 (q, J=7, 2H), 6.9-7.3 (m, SH); I3C NMR & 14.17(CH3CHp), 33.9 (CHyPh), 52.7
(OCH3), 54.0 (N(NO)CHDO), 64.7 (CH0), 127.0 (C para), 128.5 (C meta), 128.9 (C ortho), 135.9 (C
ipso), 153.1 (OCON(NO)), 167.8 (0C0O). Methyl N-benzoyl-N-nitrosophenylalaninate (1la): lH NMR
3.0-3.4 (m, 2H), 3.68 (s, 3H), 5.75 (m, 1H), 6.9-7.9 (m, 10H). Methyl N-ethoxycarbony] -N-nitroso-
vallnate (13a): H NMR 5 0.65 (d, J=6.5, 3H), 1.15 (d, J=6.5, 3H),1.50 (t, J=7.0, 3H), 2.1-2.7 (m,
1H), 3.60 (s, 3H), 4.50 (q, J=7.0, 2H), 4.80 (d, J=9, 1H); I3c NMR 6 142 (CH3CHp), 18.7, 21.5
((CH3)CH), 27.6 ({CH3)CH), 52.4 (OCH3), 58.1 (N(NO)CH), 64.9 (CH3CHO), 153.6 (OOON), 168.0
(C00); IR 1755; MS, m/z 233 (M+1*) Dinitrosated benzoylglycylglycine methyl ester (15ab): mp
88 ©°C; IHNMR & 3.75 (s, 3H), 4. 45 (s, 2H, N(NO)CH,COO), 5.50 (s, 2H, N(NO)CHCON), 7, a8 8.0 (m,
SH); 13c NvR 5 39.9 (N(NO)CH,COO), 41.8 (N(NO)CH,QON), 52.9 (OCH3), 128.4 (C meta), 131.0 (C
ortho), 132.0 (C ipso), 133.1 (C para), 165.0 (O0D), 167.7 (CH }, 172.0 (PhOON); IR 1735, 1705.
Dinitrosated benzoxycarbonylalanylglycine ethyl ester (lb6ab): H NMR 5 1.25 (t, J=7.2, 3H), 1.52
(d, J=6.5, 3H), 4.05 (q, J=7.2, 2H), 4.30 (s, 2H), 5.40 (s, 2H), 5.98 (q, J=6.5, 1H), 7.29 (s, SH).

Mononi trosated benzoxycarbonylalanylglyclne ethyl ester (16b) IH NMR § 1,25 (t, J=7.2, 3H),
1.47 (d, J=6.5, 3H), 4.05 (q, J=7.2, 2H), 4.40 (s, 2H), 5. 705 (s, 2H}, 5.55 (q, J=6.5, 1H), 5.60 (br
d, 1H), 7.25 (s, SH). Dinitrosated tert- -butoxycarbonylalanylglycine ethyl ester (17ab): Iy NMR
1.25 (t, J=7.2, 3H), 1.53 (d, J=6.8, 3H), 1.56 (s, 9H), 4.05 (q, J=7.2, 2H), 4.50 (s, 2H), 5.98 (q,
J=6.8, 1H). Mononitrosated tert-butoxycarbonylalanylglycine ethyl ester (17b): IHNMR 6 1.25 (t,
J=7.2, 3H), 1.46 (s, 9H), 1.47 (d, J=6.5, 3H), 4.05 (q, J=7.2, 2H), 4.50 (s, 2H), 5,55 (q, J=6.5,
1H), 5.60 (br d, 1lH). Dinitrosated benzoxycarbonylalanylalan|ne methyl ester(l&ab) lH NMR & 1.18
(d, J=6.5, 3H), 1.50 (d, J=6.5, 3H), 3.58 (s, 3H), 5.10{(q, J=6.5, 1H, N(PD)CLKXD), 5.40 (s, 2H),
5.87 (q, J=6.5, 1H, N(NO)CHOON), 7.28 (s, SH). Mononitrosated benzoxycarbonylalanylalanine methyl
ester (18b): IHNMR §1.28 (d, J=7.0, 3H), 1.48 (d, J=6.8 3H), 3.55 (s, 3H), 5.05 (s, 2H), 5.20

(q., J=6.8, 1H), 5.55 (m, 1H), 5.90 (br d, 1H), 7.22 (s, SH). Dinitrosated benzoylglycylphenylala-
nine methyl ester (19ab): TN §3.07, 3.43, 5.51 (ABX system, JAB=14.3, JAX=12.0, JBX=4.0),
3.72 (s, 3H), 5.33 (center of an AB system, N(NOJCH,OON), 6.9-8.0 (m, 10H); 13C NMR & 33.6
(PhCH,), 41.8 (N(NO)CH>), 52.9 (OCH3 and CHOOOMe; separated by means of a DEPT experiment), 127.3,
128.3, 128.8, 128.9, 130.9, 132.1, 133.0, 135.4 (aromatic) 167.1 (CO0), 168.0 (CON(NO)), 171.9
(PhCO); IR 1750, 1710, Mononitrosated DL-benzoylphenylalanylglycine ethy) ester (20b): Iy NvR
1.2 (t, J=7.2, 3H), 3.21, 3.42 (AB part of an ABX system, JAB=14.2, JAX=5.0, JBXSZ).405(

J=7.2, ZH), 4.50 (center of an AB system, CHp000), 6.35 (m, QONHCH), 6.90 (d, J=7.8, CONHCH); lC
NR & 14.0 (CHCH3), 39.9 (N{NO)CHQ0), 38.2 (PhCH,), 53.0 (NHCHOO), 62.1 (CIZHz). 127.1, 127.5,

128.6, 128.8, 129.5, 132.0, 133.5, 135.0 (aromatic), 165.0 (COO), 167.1 (PRCO), 174.9 (CON(NO)).
Dinitrosated benzoxycarbonylphenylalanylglycine methyl ester (2lab): lH NMR §3.1-3.4 (m, 2H),
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3.60 (s, 3H), 4.35 (AB system), 5,35 (s, 2H), 6.35 (m, 1H), 7.1-7

benzoxycarbonylphenylalanylglycine methyl ester (21b): 1y NvR 8§ 3.1-3.4 (m, 2H), 3.60 (s, 3H),
4.35 (AB system), 5.05 (s, 2H), 6,10 (m, 1H), 6.70 (d, J=6.0, NHCH), 7.1-7.5 (m, 10H). Mononitro-
sated benzoylglycylvaline methyl ester (22a): 1§ NMR § 0.88 (d, J=7.0, 3H), 0.91 (d, J=7.0,
3H), 1.9-2.3 (m, 1H), 3.60 (s, 3H), 4.3-4.6 (m, 1H), 4.60 (s, 2H), 6.60 (d, J=8.0, NHCH), 7.2-7.8
(m, S5H); 13c NMR S5 17.8, 18.9 ((CH3),CH), 31.5 ((CH3)CH), 42.2 (N(l\D)CHZ). 52.4 (OCH3), 57.4
(NHCH), 128.2, 130.9, 132.4, 132.8 (aromatic), 164.3 (CCNH), 172,3 (COO), 172.5 (CON(NO)). Mono-

{m, 10H). Mononitrosated

.

5
1-
1

nitrosated tert-butoxyalanylleucine methyl ester (23a): IHNMR 5 0.90 (d, J=5, 6H), 1.35 (d,
J=7, 3H), 1.40 (s, 9H), 1.4-1.8 (m, 3H), 3.68 (s, 3H), 4.3-4.7 (m, 1H), 5.20 (br g, 1H), 6.90 (d,
J=8, 1H)}, Dinitrosated DL-benzoylphenvlalanylgliycyliglycine ethyl ester {25bc): iy vr 1.21

(t, J=7.0, 3H), 3.2-3.6 (m, 2H), 4.10 {q, J=7, 2H}, 4.40 (s, 2H), 5.34 (s, 2H), 6.2-6.6 (m, IH),
6.90 (d, J=8.5, 1H), 7.1-7.8 {m, 10H). Trinitrosated (benzoxycarbonil)phenylalanylglycylleucine
methyl ester {2babc): 1y R 0.85 {(d, J=6.5, 3H), 0.87 (d, J=6.5, 3H), 1.2-1.9 {(m, 3H), 3.2-
3.5 {m, AB part of an ABX system), 3.64 (s, 3H), 5.10-5.25 (AB system), 5.20 (m, IH), 5.40 (s, 2H},
6.37 (m, X part of the ABX system), 7.1-7.5 (m, 10 H). Dinitrosated (benzoxycarbonyl}-
phenylalanylglycylleucine methyl ester (Z26bc): Iy MR 6 0.85 (d, J=6.5, 3H), 0.87 {d, 3=6.5,
3H), 1.2-1.9 (m, 3H), 3.2-3.5 (m, AB part art of an ABX system), 3.65 (s. 3H), 5.05 (s, 2H), 5. 20 (m,
IH), 5.30 (s, 2H), 5.50 (br 4, 1H), 6.10 (m, X part of the ABX system), 7.1-7.5 (m, 10H).

Nitrosation of N-Methylpropanamide / N-Methylbenzamide / O-Benzyl-N-methylcarbamate Mixtures-
(i) A mixture of 226 mg (2.59 mmols) of N-methylpropanamide and 350 mg (2.59 mmols) of N-methylben-
zamide in 50 mL of CHyCl, was submitted to the usual nitrosation conditions for a few min. The Iy
NMR spectrum of the crude product showed 75% of nitrosation for the alifatic amlde and 90-95% for
the aromatic amide. (i1} In a similar way, an equimolar mixture of N-methylbenzamide and O-benzyl-
N-methylcarbamate yielded 12% of nitrosation for the benzamide and 56% for the carbamate. (iii)
Finally, an equimolar mixture of N-methylpropanamide, N-methylbenzamide, and O-benzyl-N-methylcar-
bamate gave their corresponding N-nitroso compounds In 53V, 73%, and 90% yields, respectively.

Denitrosation—A solution of 227 mg of a in 80 mL of CHCl, was treated with a stream of
HCl{g) for 20 min at 0 ©C, the light yellow solution becoming quickly dark yellow; evaporation in
vacuo ylelded 5 (189 mg, 96%) as a colourless oil. In a similar way, 223 mg of a mixture of 1léab
and 16b in a 42:58 ratio gave 183 mg (93%) of l6.

Reaction of Nitroso Compounds with Pyrrolidine——All the nitrosated products (la-26bc) were
treated with an excess of pyrrolidine in CHpCl,;, a colour change being almost Instantaneously
observed. The reactions were checked by TLC (with CHyCl,; or CH>C1>-MeOH 9:1 as the eluenis), by
comparing the products with authentic samples. In some cases, the resulting co-diazo compounds were
isolated by *flash® chromatography {see Preparation of o-Diazo Compounds). In most cases, the
reaction was alsc followed by HPLC,

In a typlcal procedure, 10 mg of the nitrosated peptide in 1 mL of CH)Cl; were treated with an
excess {one drop) of pyrrolidine either at 0 9C or at room temperature. After ca. 5 min, a TLC an¢
dicated the complete conversion of nitroso compounds 4a, 5a, 13a, 15ab, 19ab, 20b, and 23bc to the
following derivatives: 4da—s ethyl diazoalaninate (volume retention: 11,4 mL). Sa—tmethyl diaco-
teucinate (20,6 mL); 133—0 methyl diazovalinate (17.0 mL}; 15ab —» N- benzoy)pyrrohdxne (7.2 mbL},
a—diazo-[{,g'tetrame\hyleneacetamide (6.2 mL}), and methyl dxazoglycmate (5.7 mbL); 19ab —e N-ben-
zoylpyrrolidine, a-diazo-N,N-tetrametileneacetamide, and methyl diazophenylalaninate (19.8 mL); 20b
——e (N,N-tetramethylene)benzoylphenylalaninamide (19.4 mL) and ethyl dlazoglycinate (7.1 mL};
25bg wws (N,N-tetramethylene)benzoylphenylalaninamide, a -diazo-N,N-tetramethyleneacetamide, and
ethyl diazoglycinate,

Preparaticn of a-Diazo Compounds —Ethy! diazoacetate, ethyl 2-diazopropancate, methyl 2-diazo-4-
methylpentanoate, methyl 2-diazo-3-phenylpropancate, and methyl 2-diazo-3-methylbutanoate were
prepared from la, 4a, 52, 3a, and 13a, respectively, according to the following procedure: 200-400
mg of the nitroso compound were treated with 1.1 equiv. of pyrrolidine in 20-30 mL of CHYCl,; at
room temperature. After 5 min, the reaction mixture was separated by "flash®™ chromatography
(CHyC1,), the yellow fraction being collected. Elimination of the solvent under vacuum afforded the
diazo esters in 57-74% yields. Ethyl diazoacetate: Iy VR 6 1.28 (1, J=7.0, 3H), 4.15 (q, J=T7.0,
2H), 4.65% (s, 1H); IR 2110, 1705, Ethyl 2-diazopropanocate: 1HNMR §1.30 (¢, J=7.0, 3H), 1.92 (s,
3H), 4.20 (g, J=7.0, 2H); IR 2100, 1700. Methyl 2-diazo-4-methylpentancate: lHNMR 8§ 0.95 {d,
J=6.5, 6H), 1.4-1.8 (m, 1H), 2.30 (d, J=6.0, 2H), 3.65 (s, 3H}; IR 2100, 1695, Methyl 2-diazo-3-
phenylpropanoate IHNMR & 3.57 (s, 2H), 3.72 (s, 3H), 7.18 {s, SH); IR 2100, 1695. Methyl 2-
diazo-3-methylbutanoate: 1HNMR 51.12 (d, J=6.5, 6H), 2.65 (m, J=6.5, 1H}, 3.65 (s, 3H); IR 2100
1690, 2-Dlazo-N,N-tetramethyleneacetamide was prepared from 3a (116 mg, 0.47 mmols ), solved tn 30 mL
of CHxClp, and NaMeO-MeOH (0.1 M, 2 mL); after 5 min, the mixture was separated by °flash™ chroma-
tography with CHCl, to afford 36 mg (62%) of a yellow oil: 1 NMR $ 1.8% (m, 4H), 3.35 (m, 4H),
4.70 (s, IH); IR 2100, 1605.

Reaction of 2a with Methyl Leucinate-——Compound Za (177 mg, 0.80 nmols,; and methyl leucinate
(145 mg, 1.0 mmo1) were refluxed In 50 mb of CHC1, Tor 3 days or in 50 mL of CHCl3 overnight. {In
both cases, TLC indicated the disappearance of 2a and the formation of methy! dlazoacetate and
methy! benzoylleucinate, as compared with authentic samples.) After washing the final solutions
with cold diluted HCl ag and water, drying them over NaySO4, and removing the solvents and volatile
products in vacuo, 219 mg (95%) of chromatographically pure methyl benzoylleucinate wereobtalined.
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Reaction of 20b with Ethyl Glycylglycinate—Compound 20b (50 mg, 0.14 mmols) and ethyl glycyl-
glycinate (25 mg, 0.16 mmols) in 20 mL of solvent, working as above, afforded quantitatively ethyl
benzoylphenylalanylglycylglycinate (25).
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