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AbstraCt--The reactim of several a-anim acids ml peptides (containing Gly. Ldla. L-Leu, 
L- m c1-Phe, and/or L- or D-Val) with air-diluted nitrogen oxides has bem studied to rmmly 
mimic the N-nitmsatim of peptide bonds that the cmtaninated urban air mimt pro&~ in 
pulmmary tissues. Msst N-protected o -tin0 acids give practically mantitative yields of 
N-nitmso derivatives. N-Protected dipeptides afford either dinitmsated mptides, mixtures of 
di- and ncnmitmsated carpands, selectivelymnnitrosated products, w no reaction at all, 
depmding mainly m steric effects. 
(poly)nitmsated y 

The sane trerds are c&wed for sane hi@er peptides. The 
tides tiich retain the chirality of the starting materials, have been 

characterized by H and 1$ FMI spectroscopy ard are cleaved by pywolidine and anim esters 
UKW mild conditims to give (ner) anides or peptides plus diazo derivatives. 

The reaction of nitrous acid with proteins is the basis of an analytical prcce&re airred at estimating the nu&r of free 

anino grcq~s that they cmtain.' &art fmn this deanination reaction, attention has been focused in recent years mtothe 

transfonMims of side chains of peptides by the action of (ingested) NaN+ in acid media.* By cmtrast, the reaction of 

peptides and proteins with nitrogen oxides has been hardly studied despite the fact that Nl2 is a Ibiquitms ainospheric 

pollutmt, rhich suggest that such reactions mimt take place in living tissue. Since N& and N$I~ under neutral m only 

slimtly acidic conditions are nuch nore reactive than NaM$ in mineral acid tcuard anick? t&s,3 it could be envisioned 

that proteins may be danaged by nitrogen oxides under certain conditions, since not only side chains nray react with then2 

but also their snide tends m3y be N-nitmsated4 - 

Before studying the reaction of proteins with nitrogen oxides in natural envinnnmts, there seened reasmzhle +_o inves- 

tigate that of note simple mxiels mder conditions that pmmitted the isolation and/or characterization of the (poly)nitro- 

sated products. By similar reasms. peptides constituted frun a-anim acids containing free anino graos and other fmctims 

able to react with nitrosating agents (tymsine. tryptcphme, etc.)* were ruled cut in this preliminary work. TIM, he 

report here that several anine bonds of protected banin acids and short peptides cmtaining glyt3ne. L-alanine. L-leucine, 

L- or U-phenylalanine, and/or L- or D-valine react very rapidly, in cold organic solvents, with a strean of air-dilut& 

nitrogen oxides (mainly M+) arising fmn copper wire and cont. HJOS to give either unpletely or partially snide-nitmsatm 

products. These ccnpounds cm be readly cleaved by nuclecphiles, e.g. anines. to afford the expect& fragrents.5 

Results md discussion-The ccnpounds shcrm in Table I-14 protecteda-anim acids, 10 protected dipeptides, 2 protected 

trimtides, and 1 protected octapepti&-,rrostprepared bystandardproc&resGorcbtained ftunconnercial smrcess.~ 

ubmtted to the Aal nitrosatim conditions (CH$12 at -20 Oc, Nalt0).3qS In the case of PKMlyU4 (1) the reaction was 

also carried cut in cold M. in cold acetmitrile (with NM added in both cases), and in cold CH$l2/pyridine; since 

good. similar results w3e obtained in all the experinents. the ease of isolation of the nitmsated p*ts frun the CH$12 

solutions decided us to reServe CW. pyridine, etc. for future un-k (e.g., with peptides insoluble in LX$12). 

N-Nitrosaticm cm be rnnitapd by TLC (appearance of yellav spots of large Rf as cmpared with th3se of starting can- 

&s) and 'H tW spectroscopy (disappearance of axvl signals, sinplificatim of NtKbaded Cl+ and/or CH nultiplets. arki 

-field shifts of several sets of protons-see helm). Starting fron ca. 2W q of the peptide the ccmplete nitrosatim 

was usually acccnplished in l/2 - 1 h; even thm@ scne reluctmt snide bonds remi& not-e tine, TLC of the mixture did not 

change after 2 h. 

The influence of steric effects is worth noting (see Table I). f&t sinple anim acids ad mbramhed peptides (such as 

PKD-Gly-GlyU4. E) l~lp nitrosated in less thm 1 h. &teas Z-Val-Le@k (2) gave rx) reaction at all. lhe behavior shokn 

by the renaining cmfpou& may be wrmarized as fcllcus: (i) the mmach of the nitrosatinp soecies to each CC?W bond is 

hindered by the presence ofbrarhed chaimm both sides, so that, in thecaseof PhCWW?+ (11). the cmjmctim of a 

phenyl gmm linked to the c&my1 and a bmzyl graq replacing amethylene hydrogen of a glycine pm&es a rematiable 

decrease in the nitrosatim yield; in fact, the phenyl gr~@ alone (see PMD-GlqcHe. 3, as well as a brm chain alme 

in the a-anino add (see, e.g., EtfUMhe04. 2). does not block the nitrosatim; (ii) fu- the sane Epparent reason the We- 
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Toblr I. Reaction of Peptidesg with Nitrogen Oxides 

starting compound 

MoOCO-GlyOEt 

PhCO-GlyOMc 

PhCO-Gly N3 

MeOCO-AloOEt 

AC-LeuOMs 

EtOCO-LeuOMe 

kc-Lou OMe d 

Z-Lou N3 

EtOCO-PheOMc 

EtOCO-Ph. ND 

Phco-PheOMe 

AC-Vol OMe 

EtOCO-Vol OMe 

EtOCO-Vol N3 

PhCO-Gly-GlyOMs 

Z-Ala-GlyOEt 

$ MeOCO-_(NO)GlyOEt ’ 

2,0, I’KO~NO)GlyOMe 

30 _, PhCO-_(NO)GlyN3 

4a 
m.’ 

MeOCO-_( NO)Ala OEt 

5e AC-_(NO)LWOMO 

60 w’ EtOCO-(NO)Leu OMe 

2. Boc-_(NO)Lau OMe 

80, Z-_(NO)Leu a 

81 EtOCO-_(NO)PheOMe 

no rrrction 

&, PhCO-_(NO)PheOMe 

no reaction 

Boc-Ala-GlyOEt 

Z-Ai 0Me 

PhCO-GI y-PheOMe 

PhCO-a-Phs-GlyOEt 

Z-Phe-GlyOMe 

PhCO-Gly-Vol OMe 

kac-Alo-LeuOMe 

Z-Vol-LeuOMe 

EtOCO-(NOWal OMs 

EtOCO-_(NO)Vol ND 

PhCO-(NO)Gly-(NO)GlyOM. 

Z-(NO)Alo-WO)GlyOEt 
Z-Ala-_(NO)GlyOEt 

Boc-_(NO)Alo-_(NO)GIyOEt 
Boc-Alo-_(NO)GlyOEt 

Z-(NO)Ala-(NO)AlaOMe 
Z-Ala-_(NO)AloONe 

PhCO-(NO)Gly-(NO)f’heOMe 

PhCO-w.-Phe-(NO)GlyOEt 

Z-(NO)Phe-(NO)GlyOMc 
Z-Phs-_(NO)GlyOMc 

PhCO-(NO)Gly-Vol OMe 

Boc-(NO)Ala-LwOMe 

no reaction 

PhCO-a-Phe-Gly-GlyOEt _2&, PhCO-OkPhc-WO)Gly-WO)GlyOEt 

Z-Phe-Gly-LeuOMc 
26obc. Z-(NO)Phc-(NO)Gly-(NO)LwOMe 

fs Z-Pie_(NO)Gly-_(NO)LwOMe 

Boc(-Vol+Vol),OMe no reaction 

nitrosoted product yield(%)’ 
- 

100 

100 

100 

100 

98 

100 

80 

159 

100 

206 

75 

20 

loo 

t: 

62 
ta 

{ 
10 
85 

loo 

96 

I 
70 
26 

loo 

95 

loo 

t: 

‘Along this work dorher indicate the CO-NH bonds; all chiml amino acids os natural enontiomsrs unless 
noted; letters CI, b, ond c point out that the fiat, the second, and the third CO-NH bonds, respectively, 
ore nitrosoted. h Yieldrafter 1-2 h of woction.E MeOCO-N(NO)-CH2-CO0Et.d ButOCO-LwOMO. 
2 Unreoctd moteriol (co. 80%) rocovsred after 2h of reaction. ! f’hCH20CO-Ala-GlyOEt. 

Table Il. Specific Rotations in CH2Cl2, 
before ond after the N-Nitrototion 

compd [I$:, degrees compd [r$, degrees 

1 -4.8 (5 2.3) h -43.0 (5 0.9) 

6 -7.7 (c 1 .O) Q -36.8 (5 1 .O) 

.! -7.1 (5 2.0) 2 -44.5 (5 2.0) 

2 l 51.2(~ 1.7) s -72.0 (5 1.3) 

!.! +76.2 (c 2.0) * -156.0 (5 0.9) 

Q es.6 (c 1 .O) & -105.4 (5 1.0) 

16 -11.7 (5 1.6) 1E -18.2 (5 0.9) 

” +39.0 (c 1 .O) K& -93.5(5 1.0) 

9 -32.7 (5 1.2) 230 -38.5 (5 1.5) 
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Gly and Gly-Gly bonds ofz .mdg am ccqletely nitrosated bile the first a'nida bonds (fM&Fhe) renain practically 

mchaqsd; (iii) whereas z gives mDnonitrosat.ed p&t 2, peptide l9flelds dinitrosated ccnpoLnd lz. which indicated 

that brtiing at positiona with respect to the Cl3 grao m&es the nitrosaticn nore difficult than the sana side chains 

a to the N~H;~ (iv)brarhing mars tn be inportanteven if it occurs far arayfrunthe anideorcarbanate furticns, as 

noted by carpariq methyl esters with pyrrolidinederived anides (ccnpare, especially, the pairs g-10 and 13-14). _- -- 

The peptic& khich give mixtures of nitrosated corpands, f.e. 16-18, ;, ti 26. may be cammted together. The ratios -_ 
of pemitrosated to partially nitrosated prodrcts reflect their relative stabilities under the reaction conditions. since 

they could not teen enha~ed by means of longer reaction tines OT by nitrosating again the isolated mixture. lhere seem 

that the nitrosaticm of the second CI3-W bond increases the steric hindrance, preventing the ccnplete nitrosaticm of the 

first one (carbanate groin); this effect may be related to that cbserved for terminal-p~lidine peptides& l0, and l4, 

after cc&&ring that tj-alkyl+-nitroso md N.N_dialkyl substitumts stuuld shcw similar hirxlerings. Gnqzamd 16 was 

&iced as the representative of such peptides and was dealt with in more depth. Thus, its nitrosaticn was repeated u&r 

the usual conditions, but saq~les wzre rcnoved and analyzed by 1~ W after 10 min. 20 min. 1 h. and 2 h. The first sarple 

contained only starting material ad Z-(M))Ala-GlyXt (lg. 15%). The second one contained 16 (19x), I& (Xl%), dinitrosated 

@t (l&, 32%). ad g (11%). After 1 h, the ratio was 12% of 2, cd. 0% of @, 36% of lg. ad 50x of g. After 2 

_.w,qX,,, 
2 I 

H O 

16ab 

h, ry) zor 16a mined, the reaction mixture king E and E in a 42:58 ratio. Therefore, (i) the Z-Ala bond is lllxp - 

rapidly nitrosated than the Ala-Gly bond, tiich agrees with the relative nitrosation rates observed for EtCWMe. PMDt&, 

ti Dime under cur ccnditicns (1: 1.2 : 4.7, respectively), and (ii) the nitrosation of Z-Ala bond, in contrast with the 

&ove+mtioned reverse case, cbes not hinder that of the Ala-CJy bwd. It cdl be said, in short, that the carbmmte 

nitrosaticm is kinetically favored &ereas that of the amide bad (at least in zand similar peptides) is favored when the 

eguilibriun conditions are react.* 

Several features of the 1~ ard 1% W spectra are Why of mention. lheprotcnsontxXhsi&sofC(IWgraps ladergo 

Mield shifts as a anwe of the N-nitrosaticn, the observed 6 values lying between 0.4-0.6 for MI+J. 0.6-1.0 for 

H)R. 0.8-1.0 for Cl&CO. and 1.3-1.4 for Cl$D; WFS.? values (larger for the protms a, to CO thm for the protons Q to N) 

agree with those observed in sinple nitrosoanickes, 6 for Mich a transoid art--t involving the MN bond is assured, 

179.6 
62.0 3.2 \.(! 

iI! I 62.5 H2C 
;C 

CH3-C-t+CH2-CH2-CH~-CHJ 
'tiH 

f fHf 1 
6XL8M 

L 

\ 
CH2 1.2 

623.0 170.7 39.5 31.6 ? 
42.8 

c 2.7 3.7 174.7 

to i 
kg 

CH3-C-N-CH2-CH2-CH2-Cl13 32.9 H2 C' 'N-NO 

t tNO1 1 
637&A 

L 

\ 
CH2 3.a 

622.5 174.6 38.5 28.9 ? 
36.9 
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3.60 (s, 3H), 4.35 (AB system), 5.35 (s, 2Hl. 6.35 (m, 1Hl. 7.1-7.5 (m, 10Hl. hrbnonitrosated 
benzoxycarbonylphenylalanylglycine methyl ester (2): lH NMR 6 3.1-3.4 (n-i, 2Hl. 3.60 (s. 3H). 
4.35 (AI3 system). 5.05 (s. 2H). 6.10 (m, lH1, 6.70 (d. J=b.O. NSH). 7.1-7.5 (m, lOHI. kbnonitro- 
sated benzoylglycylvallne methyl ester (&?a_): lH NM? S 0.88 (d, 5=7.0. 3Hl. 0.91 (d. 1=7.0, 
3Hl, 1.9-2.3 (m. 1H). 3.60 (s, 3Hl, 4.3-4.6 (m. lH), 4.60 (s. 2H). 6.60 (d, J=8.0, NKH). 7.2-7.8 

5Hl: 
l&H 1 

l3c NMR6 17.8. 18.9 ((C_H3)$H). 31.5 ((CH3)gHl, 42.2 (N(NO)CH2l, 52.4-(mH3). 57.4 
128.2, 130.9, 132.4. 132.8 (aromatic), 164.3 (CONHI. 172.3 (m), 172.5 (ccN(No)I. 

nitrosited tert-butoxyalanylleucine methyl ester (23a):- ‘H NMR 
&no- 

5 0.90 (d, J=5. 6Hl. 1.35 (d. 
5=7, 3H). 1.40 (s. 9Hf, 1.4-1.8 (m, 3H). 3.68 (s.Hl, 4.3-4.7 (m. lH), 5.20 Tbr q. lHl. 6.90 (d. 
J=8. 1H). Dlnitrosated ~-benzoylphenylalanylglycylglycine ethyl ester 125bcl: lH NM? 1.21 
(t, 3z7.0, 3H). 3.2-3.6 (m, 2Hl. 4.10 (9. 1=7, ZHf, 4.40 (s. ZHl, 5.34 fs,l, 6.2-6.6 (m. lHl. 
6.90 fd, J-8.5, 1Hf. 7.1-7.8 fm, 10H). Trinitrosated (benzoxycarbonll)phenylalanylglycyll@ucIne 
methyl ester (26abc 1: ‘H NM? 
3.5 fm, AB partan ABX systeml. 

0.85 fd, 1~6.5. 3Hl, 0.87 fd, 3=6.5, 3H), 1.2-1.9 (m. 3Hl. 3.2- 
3.64 (s, 3H), 5.10-5.25 (Al3 system), 5.20 (m, IH). 5.40 fs. 2H). 

6.37 fm. X part of the ABX system), 7.1-7.5 (m. 10 H). Dlnltrosated fbenzoxycarbonyl l- 
phenylalanylglycylleucine methyl ester (Zbbc): ‘H tM? 6 0.85 (d. J&.5. 3H). 0.87 fd. J=6.5. 
3H). 1.2-1.9 (m. 3H), 3.2-3.5 (m, AB p;rtof an ABX system). 3.65 (~7 3H), 5.05 (s. 2H). 5.zo (m. 
lo), 5.30 (s, ZH). 5.50 (br d. 1H). 6.10 (m, X part of the ABx system), 7.1-7.5 (m, lOHl. 

Nltrosatlon of N-L(ethylpropanamide I N-Methylbenzamide / O_-BenzylN_~thylcarbanrate Mlxtures- 
(il A mixture of 226 m8 (2.59 mnols) of N_-msthylpropanamide and 350 mg (2.59 mmls) of N_-msthylben- 
zamide in 50 mL of CH2Cl2 was sutmitted to the usual nitrosation conditions for a fw min. The 1~ 
M4R spectrum of the crude product showed 75% of nitrosatlon for the alifatic am.Ide and 90-951 for 
the aranatic amide. (iif In a similar way, an equlnmlar mixture of N_-methylbenzamide and G-benzyl- 
N_methylcarbamste yielded 12% of nitrosation for the benzamide and 56% for the carbamxte. (Ill) 
Finally, an equlrrmlar mixture of N-methylpropanamide. N*thylbenzamide. and g-benryl-tj-methylcar- 
bamate gave their corresponding N-nitroso compounds In 53\. 73%. and 90% yields. respectively. 

E%nitrosation-A solution of 227 mg of _5a_ in 80 n3. of CHfil2 was treated with a stream of 
El(g) for 20 min at 0 Oc. the light yellow solution becoming quickly dark yellow; evaporation in 
vacua ylelded 2 (189 mg. 969) as a colourless oil. In a slmllar way. 223 mg of a mixture of 16ab 
and 16b in a 42:58 ratio gave 183 rni (93%) of x. - 

Reaction of Nltroso Ccnpounds with Pyrrolidine-All the nitrosated products (la-2bbc 1 were _- 
treated with an excess of pyrrolidine in CH2CI2, a colour change being almost instantaneously 
observed. The reactions were ctiecked by TLC (with CH2Cl2 or CH2Clz-MeOH 9:1 as the eluenis). by 
comparing the products with authentic samples. In some cases, the resulting o-dlazo compounds were 
tsolated by ‘flash’ chromatography (see Preparation of o-Diazo Canpounds). In n-0st cases. the 
reaction was also follaued by HPLC. 

In a typical procedure. 10 mg of the nitrosated peptide in 1 mL of CH2CI2 were treated with an 
excess(one drop) of pyrrolidine either at 0 Oc or a( room temperature. After ca. 5 min. a TLC am- 
dicated the complete conversxon of nitroso compounds 42, 52. I&. 12. J.Jj.&, z. and u to the 
following derlvatlves: &-D ethyl diazoalaninate fvolune retention: 11.4 mL): a+methyl dfi.~o- 
leucinate (20.6 til: 13a-+ methyl diarovalinate (17.0 mL); 
a-dlazo-N,N-tetramethyleneacetamlde (6.2 mLl, 

15ab-o N-benzoylpyrrolidine (7.2 mL), 
and methyl diazycinate (5.7 I&): 19ab - N-ben- 

zoylpyrrol idine, a-dlazo-tj.fl-tetrametileneacetamide, and methyl diazophenylalaninate9.8 mLT: 20b 
- (N,N_-tetramethylenelbenzoylphenylalanlnamide (19.4 ml.,) and ethyl dlazoglycinate (7.1 ti7 
25bc - (N,N-tetramethylenelbenzoylphenylalanlnamide. 
ethyl dlazogTyflnate. 

a-dlazo-N_,N_-tetrarnethyleneacetamide. and 

Preparation of a-Dlaao Ccmpounds-Ethyl diatoacetate,ethyl 2-diazopropanoate, methyl 2-diaso-4- 
methylpentanoate. methyl 2-dlazo-3-phenylpropanoate. and methyl 2-diazo-3-methylbutanoate were 
prepared from &, s. k. 2, and 9, respectively. accordsng to the follaving procedure: 200-400 
mg of the nitroso compound Mre treated with 1.1 equiv. of pyrrolidine in LO-30 ti of CH2Cl2 at 
roan temperature. After 5 min. the reaction mixture was separated by “flash’ chranatography 

W2Cl21. the yellmv fraction being collected. Elimination of the solvent under vacutm) afforded the 
dlazo esters in 57-74s yields. Ethyl dfazoacetate: lH FPAR 15 1.28 (t. J-7.0, 3Hf. 4.15 fq. 3=7.0. 
2Hl. 4.65 fs. 1Hl; IR 2110, 1705. Ethyl 2-diazopropanoate: lH Whir s1.50 (t, J=7.0, 3Hf. 1.92 fs, 
3H), 4.20 (9. 3=7.0. 2Hl; IR 2100, 1700. Methyl 2-dfazo-4-methylpentanoate: IH NM? 6 0.95 cd. 
&=6.5. 6Hl. 1.4-1.8 (m. lH), 2.30 (d, J-=6.0, 2H). 3.65 (s. 3Hl; IR 2100, 1695. &thy1 2-diazo-3- 
phenylpropanoate: lH NMR 6 3.57 (s, .?Hl. 3.72 fs. 3Hl. 7.18 (s, 5H); IR 2100. 1695. Methyl 2- 
dlazo-3methylbutanoate: 1~ tWR 51.12 (d, L=b.S, 6H). 2.65 (m, L=6.5. lH), 3.65 (s, 3Hl: IR 2100. 
1690. 2-Dlazo-N_,N_-tetrathyleneacetsmide was prepared fran & (116 mg, 0.47 mnols), solved in 30 mL 

of CH2C12, and NaMMeOH (0.1 M, 2 mL): after 5 mln, the mixture was separated by ‘flash’ chrome- 
tography with CH2Cl2 to afford 36 mg (62%) of a yellow oil: lH NMR 6 1.85 (m, 4H), 3.35 (m. 4Hl. 
4.70 (s, 1H); IR 2100, 1605. 

Reaction of 2a with ethyl LeucInateGunpound & (177 mg, 0.80 -3Is, and methyl leucinate 

(145 mg. 1.0 mywere refluxed In 50 I& of CH2Cl2 for 3 days or in 50 mL of CtCl3 overnight. (In 
both cases, TLC indicated the disappearance of &and the formation of ethyl dlazoacetate and 
methyl benzoylleuclnate. as compared with authenttc samp1es.l After washing the final soiut ions 
with cold diluted HZ1 aq and water. drying them over Na2Xt4. and renaving the solvents and volatile 
products in vacua, 219 mg (95%) of ChraMtographically pure methyl benzoylleucinatewereobtalned. 
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Raactlon of zwith Ethyl Glycylglyclnate--Canpound 2 (50 m8, 0.14 mnols) and ethyl 8lycyl- 
glycinate (25 mg. 0.16 mnols) in 20 mL of solvent, worklng as above, afforded quantitatively ethyl 
benzoylphenylalanylglycylglycinate (25). 
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ACS Syrnposillm Series-174. R. A. Scalan. S. R. Tannenbaun, Eds.. Pnerican Chemical Society, 
Washington, 1981. 

(11 L. Tanasic, A. Stefani. G. P. Lorenzi, Helv. Chim. Acta.99, 1282(1980); G. P. Lorenzl, H. 
Jackie. L. Tcmasic, V. Rizro. C. Pedone, J. Am. Chem. Soc.,lO4. 1728(1982). 

(12) Diazo esters are reasonably stable in the presence of the excess of pyrrolidlne: the HPLC 
peaks of the diazo conpounds did not decrease after maintainlng the reactlon mixture In cold for a 
day. 


